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FOREWORD

This consolidated progress report for 1975 has been prepared
for the countries in the NDS service area. It is intended to en-
courage a closer relationship between Member States and provide
for a wider circulation of unpublished progress reports from
countries within the Nuclear Data Section service area. A second
report INDC(SEC)-51/L covers countries outside the NDS service
area.

The report is arranged alphabetically by country, and re-
produces the content of each individual report as it was received
by the INDC Secretariat. Also included in the Table of Contents
is a list of each laboratory, institute and university referred
to in the report, preceded by its internationally used EXFOR code.

As in all progress reports the information included here is
partly preliminary and is to be considered as private communication.
Consequently, the individual reports are not to be cquoted without
the permission of the authors.
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Progress Report Argentina

1, Research on the decay scheme data of 141La.

D. Otero, A.N. Protoy G. Kalberman, F.C. Iglesias

The decay scheme data of 141La feed by the beta decay of 141y was

studied, a detector of Ge(Li) (2.2 keV resolution) was used together with
a coincidence system slow and slow-fast. Using a detector of Si(Li) for

electrons and a Ge(Li) detector the internal conversion coefficient ol

was determined for the transitions of:

113.04, 276.93, 304.18, 343.66, 457.5, 462.24 and 467.18 keV.

26 "Study of the 141Xe—~)1410s beta decay"

D. Otero, A.N. Proto, F.C. Iglesias

a) 14lxe

211 gamma transitions were identified. Internal coefficients (o, )
were calculated for thelfollowing transitions: 118.71 (0.2 +0.08 )
187.6 (0.16+ 0.06), 362,02 (0.024+0.015), 369.5 (+ 0.023), 388.98 (0.02+0.01),
45912 (0.013+0.006), 467.8 (0.015+0.006), 539.9 (0.011+0.003) and 556.61
(0.008+0.003) keV.

Gamma gamma coincidences were measured, and by this technique were
measured the following levels: 68.98+0.03, 105.96+0.03, 187.72+0.04,
206.69+0.03, 467.93+0.07, 557.10+0.18, 664.25+0.17, 946.01+0.12,
961.98+0.04, 977+53£0.34y 979.86+0.08, 1097.26+0.12, 1234°82i9°04t
124541140406, 1518.28+0.31 and 1556.71+0.11 keVe.

The decay scheme data of 141gg with 39 levels is presented that
includes 95% of the total gamma intensity.

b) 14lgs

189 gamma transitions were identified. The internal conversion electron
coefficients was calculated for the transitions of 48.48 (6.6+0.9) keV.
Ievel schemes were established by gamma-gamma coincidence for the following
transitions: 48.48+0.05, 588.55+0.04, 1194.16, 1748.90+0.1 and 2397.66+0.4 keV.
The decay scheme with 27 levels of 141g, ig presented.



Je Study of 72As and ZﬂAs by means of the nuclear reactions !a. nB!

and (a, 3np) with /CCe and 12Ge,

A.M, Hernandez, A. Filevich, M. Behar and G. Garcfa Bermfidez and
MeAoJ. Mariscotti.

Using the external beam of the Buenos Aires Sincrocyclotron,nuclear
reactions (x, xmp) on enriched targets of [OGe and 12Ge were studied
with energies in between 30 and 55 MeV. The decay scheme level were
also studied by a coincidence system with two Ge(Li) detectors.

4s __Spin and parity of the level of 1958 keV in the 124re,

M.C. Cambiaggio, M. Behar, G. Garcfa Bermfidez Y A. Filevich,

The results of the present experiment shows that the level of
1958 keV is 4%, with the mixing parameter of the transition 709 keV
being & = 0.035+0.040.

Se "System for the measure of the half-life in the range of msec-sec

in the Sincrocxclotron of Buenos Aires".

E.A. Santi, N. Fazzini, J. Sinderman and M.A.J. Mariscotti

A simple electronic and mechanical system has been built designed
to measure short half-lives.

The following half-lives has been measured:

197 pu(ocy 4n )91 Ty = 497:8 msc.
19Tpu (x,20) 1991 T4 = 25:2 msec.

He (o) 8% T 4 = 5.4740.1 msec.
141Pr(a,3n)142Pm T 7& = 2.18+0.03 msec.

6. Study of the decay of 49sc —> 491i

M.T. Bodio, A.M. Hbrnﬁhdez, M.A.J. Mariscotti

In the present work the decay of Sc was measured by means of the
nuclear reaction 48Ca(n, ga.mma.)49Ca.ﬁ sc —> i,

A sample of CO3Ca was irradiated in the ReA.3 and by this means a
sample of 493¢c was obtained.

For the first time the transitions of 380.5 keV and 1381.5 keV of
4971 were observed, however the lines observed were weake.



Te Half-life systematic_of neutron deficient radio-isotopes

L.P, Chimento and M.A.J. Mariscotti

An analysis has been made that includes known isotopes which are
placed at the left of the stability line with Z 2 82 and W > 250 keV.
The variation of T}i is in between 10—2 sec. and 10° sec.

For 0dd4 = N - Z (220 isotopes) the lineal approximation:

log Tg(sec) = 5 a, (~log W (MeV) + by )

describe within an order of magnitude 84% of the cases.

If the analysis is limited to W2 2 MeV the deviation are reduced
to 7.5%.

8. __Total cross section of Cr for neutrons in the thermal and sub-
thermal range.

Fe. Kropff, J.R. Granada, Le.A. Remez, A. Vasile

The total cross section was measured between 1.3 10_4 and 30 eV,
using the time of flight technique with the linear accelerator of Bari-
loche. A theoretical calculation together with a fitting of the ex-
perimental results was used to obtain the value 6a (2200 m/s) = 3.2510.15
barn for the thermal absorption cross section of Cr.
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Atomic Energy Centre
P.0O. Box No. 16“
RKRamna, Dacca,
Bangladesh.

1e Fast neutron induced fission

()l.!. Islam, A.H. Khan, M. Khaliqussaman, !oAO Rahman,
M. Bnayetullah and D,A.M. Abdullah)

A scattering chamber has been specially designed and t-bria‘tod
to study the fast meutron induced fission ﬁeing the 3 NMeV Van de
Graaff accelerator of the Atomic Energy Centre, Dacca. The
fragments are detected with ORTEC heavy ion detectors. Hoaonfo-ent.
~are in progress fer the study ef anisotropy ef fission fragments
produced by neutron interaftion on 23%5-U at a number neutron
energies and on the mass-energy correlation eof fission fragments
as a function ef neutren emergy.

2. Fast Neutron gg.ttorigghl
(Mo Mizanul Islam)

The Neutron pit area has been covered with -;tnllie sheets
te facilitate the movement of detectors for angular distribution
measurements. A neutron detector has been fabricated consisting of
a NE 213 liquid scintillator 2" in dia, & 2" in length yiovod
_dirootly by a RCA 85835 phetemultiplier mounted on a constant
fraotion timing basse, -odol ORTEC 270. One large detector sheilding

made up of brass and filled with paraffin has been also fabricated.

Work will itart on the measurement of mgxbunx dbeteitxotinex
angular distribution ef elastically scattered meutrons on carben in

the incident meutron emnergy range of 200 keV to 2 MeV using 7&1(p.n)
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and T(pen)
[roaotion-. Measurements will then be ocontinued on heavy elements

and reactor structural materials depending on the availability
of the samples. . »
3. surexent of Tot Neutron cross-section of C d Ho
(M. Hussain*® M., Husain, M. Enayetullah, N, Islam and M.Shajhan").
Total neutron ocross sections of Ce and Ho were measured in
the energy ranges 4.04 to 5,62 NeV, 16,40 to 18.98 MeV and 3.74
to 5.69 MeV. The results had statistical errors of 3% for Ce and 2§
for Ho, The present data along with the earlier ones were uged for
Optical model analysis following the procedures of Emmerioh and Buck,

M. Measurement of total Heutron crogs section for V and Te
(M. Hussain®, M. Husain, M. Enayetullah, N. Islam and M. Das’).

Neutron total cross sections for V and Te between energy
range 1,0 to 2,0 MoV at 10 keV energy steps were measured using
oxide samples. The crost-sections have been compared with other

available data and were found to be in goed agreement.

5. Studies of interagction and fission of uranium by fast
neutrons empleoying nuclear emulsion.,

( McMe Kasim )

In ordexr to study the fission process employing nuclear
emulsion technique, four K1 emulsien plates of sigze 5" x 2" x 100
‘PI vere exposed to 17,35 MeV neutrons, The neutrons were obtained
from T(d,n) Bo“ reaction using 1.6 -a/o-z titanium backed tritium

target and deuteron beam of 1.5 MeV from Van de Graaff.The plates

* Dacca University
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were exposed for three hours, The distance between front edge
of emulsion and target was 7 om. The plates were them processed
by the usual precedure. ID19 dovolopor»(dilutod 1+9) and 30%
plain hypo were used during deweloping and fixing respectively.
Lexrge number of reooil proton traocks were found when these
plates were examined under microscopes. Scanning work is in
progress for fimding out (n,) reaction with Ag and Br nuclei

of emulsien,

6. The elgstic gogttering of protons from 27‘;!g.p.) reactien,

(M.A. Rahman, M.A. Aval, M. Behman and H.M. Sen Gupta')

The 2711 (psp.) resonance reaction was investigated in
® eleven isolated resonances
the enorgy region xp s 0,85 to 3.00 MeV and/have been observed,

The resonances have been analysed to obtain their properties.

Bxperimental megsurements:

The experiment has been performed with the proton beam
previded by the 3 MeV Van de Graaff acocelerater at the ARC, Dacoa.
Beam energy spread was about 850 oV, Natural aluminium targets of
thickness 5-20‘,1;-/0-2 (2.2 koV at t’ = 2 NeV) were prepared by
Vacuusm evaporatien on carben backings eof 5-20‘r¢n/o-2 thiock and
uged in the experiment, Twe ORTEC surface barrier detestors of
100 -z sensitive area and depletion depths of soo‘r- and looo'rn
respectively were used for the detection eof elastically scattered

pretons. The target was kept at an angle of 45° with respect te

# Dacea University



10

the proton beam inside a scattering chamber, The protons after
passing throagh the target were collected in a Faraday cup. Bach
point on tho'-oalure-.nt corresponds to 100 }nc of charge. The
desired peak area of the elastically scattered protons from the
target is gated by the discriminator levels of the single channel
analyzer ORTEC 420, The disoriminator levels are adjusted for

every 5 - 10 keV increase in proton energy.

Measurements were carried out at c.m. angles 9o°, 125° and
1%41° in the energy region Ep 2 0,85-340 MeV. A number of resonances
were obsgerved and only the eleven isolated resonances at Ep-1.117.
1.199, 1.363, 1.452, 1.496, 1.574, 1,793, 2.028, 2.472, 2,548 ana

2,866 MeV have been studied in the present work,

Analyses of data

The differential elastic scattering oross-section for
protons from a target nucleus near an isolated resonance relative
to the non-resonant potential scattering cross-section is expressed

by the rolntion')

S (,B) = 1 (e-E)ale) SRR
- 'B) = 1 « (E-x:ﬁ+ (T/2) f:-sﬁ+ (r72)

R

where E is the energy of incident projectile, E° is the resonance
enoergy and A(®) and B(©) are angle facteors which depend eom 1,J,
total resonance width[ and ratio between proton and total

resonance width rb/r .
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rb and [ were given as input for

The parameters Eo‘ 1eJ
analysis and were allowed ¢ vary till an. acceptable fit ias

obtained.

The resonance at Ep = 2,548 MeV was fitted with {a 2.
The shape of the resonance at 90° is different from all other
resonances at this angle. All other resonances needed €=l.

Two of the resonances at Ep = 1.117 and 1.793 MeV were
identified as analogues of the 3,461 and 4.030 MeV levels in 28A1
respectively. For these two states a comparison is made with

spectroscopiec factors giveam by (d,p) stripping reaetionoz’s)

leading to the corresponding parent states.

References

1) R. Bloech, R.E. Pixley and H. Winkler,
Helv. Phys. Acta 40, 832 (1967).

2) S. Chen, J. Rapaport, H, Enge and W.VW, Buechmer,
Nucl.Phys. Al21,97(1972).

39 T.P.G. Carola and G. Van der Baann, Nuol, Phys.
A173, 41k (1971).,

7. Angular distribution of‘f—razs from the 27A1‘g,1!2881

resonance reaction.
(M.A. Rabman, M.A. Awal, M. Rahman and H.M. Sen Gupta')

The present work is concerned with the angular distributien
measurement of gamma rays from the 27A1(p.i)2881 resonance® reaction
at Ep = 2,482, 2,511 and 2.735 MeV.The properties of the

resonance levels are obtained,

# Daeca University



Experiment Procedure

The experiments were performed by using the proton beam
provided by the 5.5. MeV Van de Graaff of Bhaba Atomic Research
Centre, Bombay, India. The targets nominally 20‘P¢-/cnz thick
were prepared by depositing natural aluminium on tantalum backings
by vaouum evaporation. The target was placed at an angle of kj'
with respect to beam direction. A 20 0.0, co-axial Ge(Li) detector
was used for the detection of gamma rays. The angular distribaution

®, 55° and 90° with

of gamma rays were measured at Pnglo. of Oo. 30
the Ge(Li) detector. A 5" x 6" Nal(Tl) deteotor placed atadistance
of 5 om from the target and at an angle of 90o to the beam

direction served as a moniter,

The epins of nuclear states are determined by angular
distribution measurements. The theoretical angular distribution
is expressed by the relatien
v(o)uauzqzrz (Cos ©)e¢A, QP (Cos ©)
vhere ¥(@) is the intensity observed at an anglefand Q, and Q,
are the attenuation factors due to finite size of the detector,
The ratios ‘2/‘b = &, and Ak/‘b = a, depend on the spins of the
initial and final states Ji and Jt and on the multipole mixing
rasio % o The data analysis was done by varying arctan& in the
range of - 90° to + 90° fer an assumed valus of Iy (Jf being known),
Quality of each fit ie given by

e gz (e
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where n 18 the number of data points, Y1 and Ui are experimental

and theoretical yields respectively and Ei is the errer in

experimental yield.

Results of the angular distribution measurements of'(zray.

emitted by resonance levels at 13.980, 14,007 and 14.223 MeV of

2881 at Ep o 2.482, 2.511 and 2.73% MeV show that they are

analogues to the levels at 4,685, 4,741 and 4.928 MeV of 28‘1.

n 57Co and 46 i from proton capture

reactions in 3 lnu!gduggsc.

(MeA. Rabman, M.A. Aval, M. Rahman and H.M. Sen Gupta')

8. ogue states i

The 56ro(p,f) 5760 resonance reaction have been studied in
the emergy region E  =1.20 - 3.03 eV to identify the isobaric
57

analegue states in the compound nucleus Co ocorresponding to the

ground and low-lying levels of the parent nucleus 57!0.

The (p;i) yield curve displays a number of strong resonances.
In the present investigation nine analogue states at Ep = 1,246,
14262, 1.816, 1,652, 2,065, 2,310, 2.525, 2.588, 2,680 and 3.002
MeV corresponding to ground, 0.014, 0.136, 0.367, 0,707, 1,004,
1.196, 1,265, 1,356 and 1,627 MeV states of 57?0 have been tentati-
vely identified. The ooculomb diaplacement emergy for the isobaric
pair 37re - 37Co has been found to be 8.890 s+ 0.052 MeV. .

The (p,Y) ykeld curve from ujso target has been investigated
in the energy range EP = 0,86 - 3.03 MeV. Coulomb displacement

energy as obtained in the present measurements iefE = (7¢61140.063).

#*# Dacca Univorsity



9., Proton induced X-ray fluorespnce spectroscopy
(A.H, Khan, M.Me Islam, M.A. Rabman, M.,B. Zaman and M.A.Awal)

An experimental setup for charged particle induced X-ray
measurements has been established. The purpose of the setup is to
measure the inner shell ionigation oross sections due to ion-atom
collisiona, At present a gas filled proportional X-ray spectrometer

is in use. This is being replaced by a Si(Li) X-ray spectrometer.

¥Vith the present setup the spectrometer has been calibrated
using a variable energy X-ray source prepared by Radio chemical
Centre, Anersham, It has been used to identify the eharnctoriﬁtio
Xerays of Cu, Ti, Pb and U produced by 1.2 MeV proton bombardment.
In additi#n. X-rays from fission fragments from 252-Cf will be
measured with the Si(Li) detector in order to study the nuclear
charge dispersion phenomenon in fisgion,

10. Applicgtion ef the Resonating group formglism. -
(S.A. Afsal and §. All)

Applicatien of the resonating group formalism is done to
the case of o - phase shifte fore = 0 , 284 with different types
of N-N interaotions. Consistent rms, radius and lower bound of
energy had been taken inte account, Out of five N-N interactions

studied, two give good agreement with experimental results.



11« Three bedy problem.
(M. Rahman and S.M.M.R. Chowdhury)

After succesasful appliocations of the separable potential
in reproducing the two body phase-shifts it has been thought worth -
wvhile to apply the same technique to study the three body problem.
There has been a few attempts on the three body problem in the
past; most of them agein the momeatum representation where coulomb
interaction has either been ﬁoglocted or only approximately accoune-

ted for.

In this project we want to formulate the three body problem
in cooerdinate representation which has not been done yet and take

into acecount of the coulomb interaction exactly. For simplicity we

12

take the case of C and study the same as 3 -

The analytical work en the problem is in progresse

12, o -d Model of 18

(S.A. Afzal)

Following resenating group formalismo(- d model of Li‘ has
been critically examined from the point of view of Pauli Exclusion
Principle. A review of literature is in progress,

13 An_Analysis of '2C(’€Q.°¢) 2“l‘ Reaction.
(SoAQ Afzal and A.A.Z. m.d)

An analysis of the nucleon reaction 120(160.06)2“H¢ has
been started. It is of interest to see the validity of clustering
in '20,'60.2“ug as o ~particles, With the availability of beams of
heavy ions lot of experimental data for this reaction are available
but satisfactory theoretical analysis of this reaction from the

clustering point of view has not yet been made. With this point

in view the present project has been taken ap.
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Ingtitute of Nuclear Technology,
Dgcca.

te 2Time behaviour of a neutron pulse in s homogeneous
multiplying medium®

( M.A.W. Mondal )

From a review of the literature, it appears that not much
works have been done to study the behaviour of neutron slowing
down times in multiplying medium. For this reason in this project
io wish to study the slowing down times of a neutron pulse in
homogeneous multiplying media. The problem has been formulated
with the help of the time moments of the neutron diastribution
using a multi-energy group technigue. Using the group constants
compiled by Abagyan et al‘) some results for a homoegeneous 0235
water system have been obtained, The resuls indicate that near
criticality the average slowing down times become very large. This
is not surprising, since in a nearly critical system it becomes
difficult to separate source neutrons from fission neutrons.

Further works are im progress.

1) Abagyan, L.P., Bazaszyants, N.0., Bondarenkeo, I E.,
and Nikolaev, M.N., 196&, Group constants for Nuclear Reactor

calculations (New York: Consultants Bureau),

2,

(McAeW. Mondal, S.A.M.M. Siddiqui, Q. Sharfuddin and M.A.Mannan)

Using a two=-group diffusion theory model, a preliminary
estimate for the neutron flux and critical mass has been obtained.
Some calculations for the shielding design have also been done.

Further detailed calculations are in progress.
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1. INTRODUCTION

This Progress Report has been written on the basis of:

a) published papers; b) institutes and universities annual re-
ports; c) abstracts of papers presented at the Annual Meeting of
the Brazilian Society for the Advancement of Science, Belo Hori-
zonte, July 1975, and d) private communications.

The material has been selected having in mind the eventual
interest to nuclear data compilers and evaluatess. Although it
was tried not to miss any appropriate institution or individual
there might have been some oversight.

The information herein contained should not be quoted whthout

author's permission.

2. MAIN EXPERIMENTAL FACILITIES FOR NUCLEAR PHYSICS RESEARCH.

For data on type, location, characteristics, and utilization
of accelerators and research reactors in Brazil, readers should
referred to the last "Progress Report on Nuclear Data in Brazil
(June 1973-May 1974)", IFUSP/P-esp. or INDC(SEC)-422, December
1974.

Progress report on new facilities :

variable Energy Cyclotron (Institutoc de Engenharia Nuclear - Rio

de Janeiro).
Characteristics: Cyclotron Corporation Model CV-28; can deliver
over 50uA of external beams of 2 to 24 MeV protons, 3 to 14 MeV

++ .
4He . Heavier

deuterons, 5 to 38 MeV 3He++, and 6 to 28 MgV
ions can also be accelerated.
Status: operation has started in October 1974; preliminary expe-

riments on beam alignment and energy calibration have been
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carried out with 14 MeV deuteron and 28 MeV alpha particles; some
excitation functions of targets of interest for radioisotope pro-
duction have been measured.

The machine is going to be used for the production of neutron
deficient radionuclides for medical uses, activation analysis,
nuclear chemistry, radiation damage studies, nuclear reaction stu

dies, and neutron cross-section measurements.

"pPelletron Accelerator" (Instituto de Fisica-Universiddde de Sap

Paulo).

A split-pole high resolution magnetic spectrometer, and a time
of-flight fast-neutron spectrometer have been installed in the
experimental area in addition to other equipment for nuclear reac-
tion and spectroscopy studies. A Honeywell DDP~516 computer cou-
pled to a IBM/360-44 is being used for automatic data collection
and analysis of several experiments .

Beams of 160 (36-40 MeV) 3

He (20 MeV), deuterons, and protons
have been utilized in nuclear physics, (see itens 6 and 7 of this

report).

3. NUCLEAR SPECTROSCOPY

3.1 - Shell model calculations of the 4OK energy levels.

S.A.S.Vitiello and I.D.Goldman (Instituto de Fisica -
Universidade de Sao Paulo).

Energies and spins of the odd parity excited states of 4OK

have been calculated considering particle-hole configurations

and a residual interactdon of the type V = Vo X1 + xo

12 l.02) .
6(;1 - ?2) as the one adopted by Szpikowski (Acta Physica Po-
lonica, 25: 169, 1964). The particle-hole interaction has been

treated as a perturbation of the central field where the
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nucleons move. This perturbation has been assumed to have a very

short range and being represented by forces of the type 6(;1-;2).

For proton holes we used successively:

I) d3/2 and Sl/27 II) d5/2’ Sl/2’ and d3/2; and for neutrons:

I) f7/2 and p3/2; I1) f7/2, p3/2, f5/2, and pl/2' Harmonic oscil-
lator wave functions have been adopted in the calculations.

3.2 - Decay study of 178Ta

O0.A.M.Helene and I.D.Goldman (Instituto de Fisica - Uni-

versidade de Sao Paulo).

A line of 216.7 KeV has been observed in the gamma transitions

178

of Hf, formed by the EC decay of l78mTa(2.l h), and has been

interpreted as a transition between rotational levels in the

K = 8 band. This transition would imply the formation of the 9~
state of 178Hf with an intensity of approximately 0.25%: From
the present result and other previous data for other transitions
we can determine log ft values for the states 8 (1148 Kev), 8~
(1480 KeV), 9 , and 10 , which are 4.9, 4.9, 7.0, and 7.3, res-
pectively. Of the possible values for the spin and parity of this
~"®ra isomer, 7_, 8~ and 9_, the value 7  is eliminated because
it is incompactible with log ft = 7.0 found for the 9 state of

178 178 18

HE. Ta has been obtained from the reaction lTa(Y,an) at

the IF-USP LINAC.

3.3 - Measurements of mean lives of nuclear excited states

and stopping power for heavy ions.

E.P.Madeira, R.V.Ribas, W.M.Roney, W.A.Seale, and T.Pol-
ga (Instituto de Fisica-Universidade de Sao Paulo).
Measurements of mean lives of nuclear excited states by the
plunger method (Phys.Rev. 178:(4), 177,1969), and of stopping po-

wer of some materials for heavy ions are being carried out. The
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technique employed is the observation of the Doppler shift of
the gamma-rays emitted by the recoil nucleus following Coulomb
excitation caused by the bombardment with 16O ions.

123

3.4 - Decay of an isobaric analog resonance in Sb.

H.Miyake and A.F.R.Toledo Piza (Instituto de Fisica -
Universidade de Sao Paulo).
The resonance observed at 8.60 MeV in proton inelastic scat-
tering experiments, for 2t collective excited states in 1223n,
is usually attributed to the state 1 g7/2. Comparison of the cal-
culated values for the spectroscopic amplitudes and partial wid-
ths for decay with the corresponding experimental values inddca-
tes that such resonance is due to the 2 f7/2
Piza and Kerman formalism is employed and delta, quadrupole-qua-

state. The Toledo

drupole and octopole-octopole interaction are inéhduded.

90 9

3.5 - Zr states detected in the reaction lZn(d,t)gozr.

L.C.Gomes, F.C.Sampaio, O.Dietzsch, E.W.Hamburger and G.
Rao (Instituto de Fisica - Universidade de Sao Paulo).

11

A Zr (95% enriched) target has been bombarded by a deuteron

beam at the University of Pittsburgh tandem accelerator, and the
resulting tritons have been detected in nuclear emulsions after
energy separation in a magnetic spectrograph. Exposures have been
carried out at seven angles with an incident deuteron energy of
16 MeV. Data analysis carried out at the University of Sao Paulo
has lead us to the identification of triton groups corresponding

to 16 excited states of 90

Zzr: 0.0, 1.761, 2.190, 2.322, 2.750,
3.077, 3.307, 3.846, 4.234, 4.460, 4.699, 4.832, 5.070, 5.080,
5.348, 5.383 MeV. |

Due to the dong exposure times it was possible to detect weak-
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ly excited levels with a resonable statistics. The DWBA calcula-
tions fitted to the angular distribution curves allowed the de-
termination of the spectroscopic factors and of the relative con-

tributions of different orbital angular momenta. In this way it

is possible to describe the ngr ground state wave function in

terms of the 90Zr states coupled to the single particle states

of the transferred neutron.

3.6 -~ Study of neutron hole states in 123Te.

N.A.G.Fernandes, M.N.Rao and N.Ueta (Instituto de Fisi-

ca - Universidade de Sao Paulo).

123 124

Energy levels of Te have been studied by the Te(3He,a)

123Te reaction induced by 20 MeV 3He particles. The obtained ex-
perimental angular distributions have been compared with the ones
calculated by DWBA using the DWUCK program. The transferred angu-
lar momenta and the spectroscopic factors corresponding to several
transitions are determined.

3.7 - Multipole admixture $§(E2/Ml) of gamma transition in7lGa.

R.N.Saxena, A.Bairrio Nuevo Jr (Instituto de Energia
AtOmica - Sao Paulo) and F.C.Zawislak (Instituto de Fi-
sica ~ Universidade Federal do Rio Grande do Sul).

The directional correlation of y-transitions in 7lGa have been
measured from the B-decay of 7lmZn using automated Ge{(Li)-NaI (T1)
gamma spectrometer. The spin assignments to the levels at 390
(1/27), 487(5/27), 512(3/27) 964(5/27), 1107(7/27), 1494(9/27),
and 2247KeV(7/2+)confirm the results of several previous studies
on this nucleus. The directional correlation data have been ana-
lysed in terms of the multipole mixing ratios §(E2/Ml) for seve-

ral y-transitions. The results are: 6(121) = - O.Zig’i, §(142)

0.04%0.04, 5(386) = 0.06%0.04, 6(487) = 0.04%0.03, &(512) =

+0.8

- 0.14%0.10, 6(620) = 1.3%°5 §(753) = 0.0 ¥0.01 and §(964) =
. 4
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0.9
0.3.

rious nuclear models which are applicable for the odd-A nuclei

=1

The experimental results are discussed in terms of va-

in this mass region.

3.8 - Multipole admixture §(E2/M1l) of gamma transition in

69Ga.

R.N.Saxena, A.Bairrio, Nuevo Jr (Instituto de Energia
Atdmica-Sao Paulo), F.C.Zawislak (Instituto de Fisica-
Universiddade Federal do Rio Grande do Sul) and I.D.Gol-
dman (Instituto de Fisica-Universidade de Sao Paulo).
The directional correlation of <y-transitions in 69Ga have
been measured from the decay of 69Ge using an automated Ge (Li)-
NaI(Tl) gamma spectrometer. The measurements have been carried
out for the following gamma cascades at 553-318, 787-318, 1206-
318, 234-872, 1051-872, 1349-574 and 587-1336 KeV energies. Pre-
liminary analysis of the results confirm 172" spin assignment
for the 318 KeV level in 69Ga. The results are further being a-
nalysed in terms of the multipolarities of 234, 1050 and 1349 KeV
y-transitions. In addition the spin assignments to several levels

69
in Ga will be established.

4. PHOTONUCLEAR REACTIONS

4,1 - The (y,n) reaction in 12C and 14N and (y,2n) reaction

in 9Be at energies between 0.3 GeV and 1 GeV.

V.di Napoli, M.L.Terranova (Instituto di Chimica Ge-
nerale ed Inorganica dell'Universita, Roma) and H.G.
de Carvalho, and J.B.Martins (Centro Brasileiro de
Pesquisas Fisicas - Rio de Janeiro, Brasil).

Cross sections per equivalent quantum of the reactions 12C

(y,n)llc, 14N(Y,n)l3N, and 9Be(y,n)SBe have been measured in

the energy range 0.3 - 1.0 GeV. Average absolute cross-sections
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have been calculated of (0.90 ¥

9

0.10) mb and (0.021 ¥ 0.002) mb
12 11 8 . .

for the C(y,n) "C-and “Be(y,n) Be reactions, respectively, over

the whole energy range considered, by means of the photon diffe-

rence method. As far as the 14N(Y,n)13N reaction is concerned,

the relatively smaller values of the cross sections per equiva-

lent gquantum and the larger experimental errors did not allow to

calculate any absolute cross section value.

4.2 - (y,n) reactions in complex nuclei at intermediate ener-

gies.

V.di Napoli, F.Salvetti, M.L.Terranova (Instituto de Chi
mica Generale ed Inorganica dell'Universita, Roma) and
H.G.dé Carvalho, J.B.Martins, O.A.P.Tavares (Centro Bra-
sileiro de Pesquisas Fisicas - Rio de Janeiro, Brazil).

The work reports measurements of the cross sections per equi-

valent quantum of the (y,n) reaction in 31P, 52Cr, 55Mn, 59Co,

75As, 1271, and 197Au at bremsstrahlung energies ranging between
0.3 GeV and 1.0 GeV. Mean absolute cross sections have been cal-

culated of (1.6 £ 0.1) mb, (2.5 ¥ 0,5)mb, (3.5 ¥ 0,5)mb, (3.0

0.5) mb, (4 £ 1) mb, (5% 2) mb, and (8 ¥ 3) mb, for the above

listed nuclei respectively.

52 52.. m

4.3 - On the isomeric-yield ratio of MnJand Mn~ photopro-

duction from 35 Mn at intermediate energies.

V.di Napoli, G.Persichelli, M.L.Terranova (Instituto di
Chimica Generale ed Inorganica dell'Universita, Roma)
and J.B.Martins (Centro Brasileiro de Pesquisas Fisicas
Rio de Janeiro).
Photonuclear reactions yielding, as final products, pairs of
nuclear isomeric states are very useful in estimating the relati-

ve probabilities of producing each isomer. The knowledge of the
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isomeric-yield ratios can provide information about the spin de-
pendence of the nuclear-level density in the nucleus under inves

tigation and the mechanism of the reaction. We have carried out

yield measurements of the photoproduction of 52Mng and 52Mnm

55

from
Mn at bremsstrahlung energies from 0,3 GeV to 1,0 GeV. Previous

results for rhodium isotopes are also discussed.

164

4.4 - On the yield ratio of Ho isomeric states.

V.R.Vanin and I.D.Goldman (Instituto de Fisica - Univer
sidade de Sao Paulo).

Holmium oxide targets have been irradiated by the bremsstrah-
lung beam of the IF/USP LINAC with energies between 14 and 28
MeV. The isomeric yield ratio has been measured by the residual
activity in the samples with a Ge-Li detector. The yield ratio
of the 6 state is approximately constant and equal to 0.25 in
the above mentioned energy range. This result is compatible with
the predictions based on the statistical model.

4.5 - Isomeric yield ratios of 87Y and 86Y by (y,xn) reactions

as a function of energy.

C.M.Faria (Faculdade de Filosofia, Ciéncias e Letras de
Rio Claro, S.Paulo) and I.D.Goldman (Instituto de Fisica
Universidade de Sao Paulo).

Yttrium oxide targets have been irradiated by a bremsstrahlung
beam (tantalum radiator) of the IF/USP LINAC, in the energy range
32-45 MeV. The residual activities of 87Y corresponding to the
metaestable state 9/2+(l4h) and ground state l/2_ (80h) have been
determined by means of the 381 KeV and 483 KeV transitions, res-

86Y the 208 KeV and 1078 KeV lines have been obser-

pectively. For
ved for the metaestable state 8+(48 min) and ground state 4 (14.6

h), respectively. An increase of the yield ratio as a function of
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energy have been observed in both cases: from 0.28 (32 MeV) to

0.42 (45 Mev) for 87Y, and from 0.012 (36 MeV) to 0.017 (45

MeV) for 86Y. ABNT

55

4.6 - Study of the Mn (Y,3n)52gMn reaction up to 46 MeV.

M.Nielsen and I.D.Goldman (Instituto de Gisica - Uni-
versidade de Sao Paulo).
Mettalic manganese has been irradiated with the bremsstrah-
lung beam of the IF/USP LINAC, in the energy range 32-46 MeV.

The yield of 54Mn and 52gMg for, the reactions 35

55

Mn (y,n) and
Mn(y,3n), respectively, have been determined by the residual

activities in the samples. The activities have been measured

by a Ge~Li detector (3 KeV resolution for the 60Co 1332 KeV 1li-

ne ) following the 835 KeV transition (T = 314 days) of 54Mn,

and the 744, 935, and 1434 KeV transitions of 52

ys). The yield ratio, of 5ZgMn relatives to 54Mn has been found

3

Mn (T = 5,7 da-
to be 1.4 x 10 ° at 46 MeV. .

4.7 - Study of the isomeric yield ratio of 117In by the photo-

alpha reaction in antimony.

E.A.Finotti and I.D.Goldman (Instituto de Fisica - Uni-

versidade de Sao Paulo).

The reaction 121Sb(y,a)ll?gIn, ll7mIn has been studied expe-

rimentally by observing the lines 552.9 KeV (Tl/2 = 44 min) from

117m

11791, and 315 KeV (T = 117 min) from In, with a Ge-Li

1/2
detector. To avoid the interference of the 564 KeV transition

from 122

Sb produced by neutron capture in the target, indium
has been chemically separated from the antimony sample. The iso
meric yield ratio obtained was 0.8 at a bremsstrahlung energy

of 35 Mev.
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4.8 - Measurements of the diferential gamma-ray scattering

cross sections in platinum, tungsten, and silver.

P.Pitanga, S.de Barros (Instituto de Fisica - Universi-

dade Pederal do Rio de Janeiro) and R.Moreira (Institu-

to de Fisica - Universidade de Sao Paulo).
Measurements of the elastic scattering cross sections of 412
KeV gamma rays in platinum, tungsten, and silver has been carri-
ed out at angles of 409, 609, 909, and 1209. The scattered radia
tion has been detected by a 22 cm3 Ge-Li detector with 2.5 KeV
resolution, which allowed a good separation between the elastic
and inelastic scattering. The experimental results in this ener-
gy, where Rayleigh and Thomson amplitudes are dominant, are com-
pared with theoretical calculation on the basis of the form fac-

tor method.

4.9 - Electric quadrupole resonances

E.Wolynec and C.A.Botelho (Instituto de Fisica - Univer
sidade de Sao Paulo).

Quadrupole resonances have been studied by many researchers
that have utilized (e,e'x) reactions at certain scattering angles
in order to enhance electricquadrupole interaction relative to
electric dipole. These studies have the disadvantage of using a
phenomenological analysis for the form factor, which does not
discriminate between E2 and EQ, that have the same angular depen-
dence, or the assumption of a nuclear model, in order to obtain
the differential cross sections. We have performed computer simu-
lation of yield measurements of the electrodisintegration of nu-
clei, suposing the existence of quadrupole components in the pho-
toabsorption, and we have shown. that the electrodisintegration

yield is very sensitive to quadrupole transitions. It is possible
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to obtain the gquadrupole resonance cross-sections by analysing
the electrodisintegration yield measurements on the basis of the
virtual photon formalism, taking into account the Coulomb distor
tion in the calculation. This method has the advantage of being
model independent, depending only on the validity of quantum e-

lectrodynamics.

4.10 - Spin 0 and 1 effects in deep inelastic electron-proton

scattering.

A.Knoth (Instituto de Fisica - Universidade Federal do
Rio de Janeiro)

Recent experimental measurements of the R ratio for deep ine-
g(longitudinal)

lastic electron-proton scattering, where R = and

g (transverse)
the ¢'s represent the virtual photon cross section, have shown a
quite rapid increase in R for small values of the variables
X (x<0.2). Generally, parton models for this case have been
constructed using only spin 1/2 parton. We will attempt to de-
monstrate how the spin 0 and 1 effects can be explained while

still preserving a strictly spin 1/2 parton model. Also, why do

these effects only seem to appear at small x and not large x.

4.11 - Influence of Coulomb distortion in the virtual photon

spectrum.

I.C.Nascimento and E.Wolynec (Instituto de Fisica -
Universidade de Sao Paulo), and D.S.Onley (Ohio Univer
sity, Athens, Ohio - U.S.A).

Measurements of the ratio o_/0+ between the nuclear excitati-
on cross-sections for electrons and positrons, published in the
literature, are compared with calculated ratios using photon
spectra determined in DWBA. The behaviour of this ratio as a func

tion of target atomic number Z and incident electron energy Eo



is shown to be mainly due to Coulomb distortion. These curves do
not present structures corresponding to resonances in the photo-
absorption cross-section, but they are very sensitive to the pre

sence of quadrupole absorption.

4.12 - Influence of Coulomb distortion in the bremsstrahlung

spectrum.

A .N.Fagundes, B.S.Bhandari and I.C.Nascimento(Institu-
to de Fisica - Universidade de Sao Paulo).

The bremsstrahlung spectrum, calculated in first order Born
approximation is largely utilized in the study of photonuclear
reactions. Nevertheless, in a recent paper Gargaro and Onley
indicate that effects of Coulomb distortion may be very signifi-
cant, specially in heavy nuclei. Measurements of the bremsstrah-
lung spectrum have not been performed in the giant resonance re-
gion, so that the precision of the formulas utilized are not
known. In the present experiment the electron beam of the IF/
USP LINAC has been used to bombard several different radiators
with inéreasing atomic numbexr Z, at the energy of 25 MeV, produ-
cing bremsstrahlung, that was detected by the aétivation of cop-
per foils. Taking 12C as a standard radiator for normalization
purposes, the relative yields due to different radiators are com
pared with calculations using conventional formulas in order to

have an idea of the importance of the Coulomb distortion.

5. FISSION AND NUCLEAR MODELS

5.1 - Present status of photofission of actinides near

threshold.
B.S.Bhandari and I.C.Nascimento (Instituto de Fisica
Universidade de Sao Paulo).

The phenomenon of photofission near threshold has received se
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rious attention in the last few years due to its relative impor-
tance in studying the shape of the recently suggested "double
humped fission barrier" and also mainly because of'better'gémma
ray facilities becoming available at several laboratories. Measu-
rements of photofission cross sections and of the angulér distri-
bution of fission fragments permit the determination of the rela-
tive contributions of the varibus fission channels at different
excitation energies.

Presently available data on photofission cross sections, photo
neutron cross section and on angular distribution of photofission
fragménts of actinides have been reviewed and some suggestions for
additional studies have been made with the aim towards a better
understanding of "threshold fission" phenomena in the framework
of a double humped barrier in fission.

238

5.2 - Photofission of U below threshold

B.S.Bhandari (Instituto de Fisica - Unversidade de Sao
Paulo) and D.S.Onley (Ohio University, Athens,Ohio,USA)
Photofission cross-sections of 238U below threshold have been
calculated using a double humped potential barrier parameterized
by smoothly joining four parabolas and a Coulomb potential at and
beyond the scission point. The primary potential well is made ar-
bitrarily wide in order to reproduce a density of states compara-
ble with that known to exist in the compound nucleus and which
manifests itself as fine structure on the transmission resonances.
A "spreading width" method is introduced by taking an average over
this fine structure which results in a broadening of the transmis-
sion coefficient peaks. Relative strength in the fission channel
has been calculated and an attempt has been made to reconcile

the apparent resonance structures observed recently in photofis-

sion experiments and the isomeric and ground state spontaneous
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fission halflives in terms of a single suitable set of parameters

238U. In addition to reproducing

of a double humped barrier for
satisfactorily the observed resonance structure near threshold
the calculation also predicts several low energy resonances in

the cross-sections.

5.3 - Quadrupole component in the 2380 photofission at low

energies.
J.D.T.Arruda Neto, S.B.Herdade, B.S.Bhandari and I.C.

Nascimento (Instituto de Fisica - Universidade de Sao
Paulo).
All nuclei exhibit a resonance in the photonuclear reaction
cross section atributed to the El excitation mode. Recently, Bohr
and Mottelson have made theoretical predictions of a E2 collecti~

ve excitation occuring at 58A-l/3

(A = mass number). Several angu
lar distribution experiments have evidenced the occurence of a
E2 excitation, but with a véry low intensity relative to the El
excitation, making difficult its detection..In the present work
we have developed a method to obtain the quadrupole photofission
cross section from the total electrofission and photofission
yields, and the virtual photon spectrum calculated in DWBA on the
basis of the Gargaro and Onley formalism. The sensitivity of this
method is due to the fact that the ratio of the yields for E2
and E1 is much greater in electrofission than in photofission. A
preliminary analysis of our data have shown the existence of a
guadrupole resonance at about 9 MeV, which is consistent to the
value predicted by Bohr and Mottelson (9.4 MeV).

5.4 -~ Electron induced fission fragment angular distribution

of 238U.

J.H.Vuolo, S.B.Herdade, B.S.Bhandari and I.C.Nascimen-

to (Instituto de Fisica - Universidade de Sao Paulo).
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The angular distributions of the fragments in the electro-
fission of 2.38U have been measured in the energy range 5.78 -
14.38 MeV. The electron beam of the Universidade of Sao Paulo
LINAC was used to irradiate a thin uranium target and the frag-
ments were detected using makrofol. For the data analysis, theore
tical angular distributions of fragments in the electron induced
fission of an even-even nucleus have been calculated in terms of
the usual rotation matrices and the virtual photon spectrum has
been taken from the DWBA formalism given by Gargaro and Onley.
Since the virtual photons are not transverse waves, they don't
contain the different multipole components in equal amounts. In
particular we hope ﬁo use the much stronger quadrupole intensity
in virtual photon spectrum to analyse quadrupole componenfs in
the nuclear spectrum in more detail than is possible with real
photons alone.

5.5 - Measurement of the delayed neutrons in the photofis-
238 23

sion of U and 2Th.

Y.Miyao, M.N.Martins, O.D.Gongalves, L.M.Lunardi, S.
de Barros, and G, Moscati (Instituto de Fisica - Uni-
versidade de Sao’ Paulo).

Pellets of U3O8 and Th02, with thickness 1 to 3 g/cmz,have
been irradiated with bremsstrahlung at the University of Sao Pau-
lo LINAC in the energy range 12 to 30 MeV. The counting system
was formed by a multichannel analyser operated in the multiscaler
mode, which accumulated the neutron counts and the electron beam
charge measured by a secondary emission monitor. The neutrons ha-
ve been detected by BF3 counters immersed in a paraffin moderator.
The data have been analysed by decomposing the decay curves in

components of fixed half-lives, corresponding to the yields of
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precursor groups. The analysis of the results shows that the
yields of the different groups do not vary with energy, which
limits the possible precursors to the peak regions in the fission

fragment mass distribution curve.

5.6 Penetrability through a three humped barrier in quasi-

classical approximation.

B.S.Bhandari (Instituto de Fisica -Universidade de Sao
Paulo).

A three humped barrier has been parameterized by smoothly
joining five parabolic potentials. Expression for the penetrabili
ty through such a barrier has been obtained in quasi-classical
approximation and the behaviour of penetrability versus energy
has been studied. In the light of recently suggested evidence for
a third minimum in the potential energy surface of thorium isoto-
pes, a plausible explanation of their sub-barrier fission charac-

teristics is given in terms of a three humped barrier.

5.7 - Calculation of the penetrability through a two-dimen-

sional fission barrier in the scattering formalism.

T.Kodama and R.A.M.S.Nazareth (Centro Brasileiro de
Pesquisas Fisicas - Rio de Janeiro).
The complete understanding of the fission process requires
a dynamical description of the system. Due to the difficulty to
describe the dynamics as a multidimensional process, éeveral au-
thors solved the problem for the unidimensional case. More recen
tly, Hofmann introduced a two dimensional treatment. The objec-
tive of this work is to determine the penetrability for a certain
fission barrier using the method proposed by Hofmann and to com-
pare the result with the existing experimental values. In this

method a bidimensional collective Hamiltonian is constructed in
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which one of the coordinates (the fission coordinate) defines the
fission path and the other is represented b} harmonic oscillati-
ons transverse to the fission path. The frequencies of the trans-
verse harmonic oscillations are responsible by the coupling bet-
ween the two degrees of freedom of the problem and so contribut-
ing to the evaluation of the fission barrier. In our preliminary
work it has been introduced a correct path for fission through
the simple potential barrier given by Brack. The inertia coeffi-
cients related to the two degrees of freedom, given by Hasse,

are also used.

5.8 - Exact calculation of the penetrability through a bar-

rier for fission of heavy ions in a simple two-dimen-

sional case.

T.Kodama (Centro Brasileiro de Pesquisas Fisicas - Rio
de Janeiro), R.A.M.S.Nazareth (Instituto de Fisica -

Universidade Federal do Rio de Janeiro), and J.R.Nix

{Los Alamos Scientific Laboratory - USA).

In the study of the effect of zero-point quantum oscillati-
ons of nuclei in their fusion cross-sections at low energies, we
have calculated exactly the penetrability through a simple two-
dimensional barrier V(x,y). The coordinate x is related to the
distance between the centers of mass of the two nuclei and y is
related to the sum of their deformations along a common symetry
axis. The parabolic poténtial in x is one of the two harmonic
oscillators in y, depending of the value of x relative to a cri-
tical value X . Both oscillations differ by the positions of
their minima and by thelr curvatures. This simulates the dominant .
characteristics in the two dimensional surface energy potential

with two aligned valleys (the fission and fusion valleys) sepa-
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rated by a hump between them. When an incident wave which is lo-
cated in the fusion valley reaches the potential barrier, it is
partially transmitted and partially reflected in waves that cor-
respond to different excited states in the transverse direction
and to different energy increments in the direction of fusion.
The amplitude of these waves are determined by imposing the condi
tion of continuity to the wave functions (exactly expressed in
terms of cylindric-parabolic functions) and to their derivatives
in X . The penetrability is then obtained from the amplitudes of
the transmitted waves. The presence of the hump and of the fis-
sion valley increases the penetrability for all incident energies,
but the relative increment is bigger for low energies. The penetra
bility is found to vary less with energy than the one calculated
for the same one-dimensional barrier. This effect explain part

of the anomaly that appears among the experimental values of the
curvature parameter n, obtained by analysing the low energy fu-
sion penetrability in terms of a one-dimensional barrier and the
calculated values. The experimental values are substantially smal
ler than the calculated oneé.

238

5.9 - Non-lanthanide fragment yields in U fission indu-

ced by 14 MeV neutrons.

A.V.Bellido and G.M.de Macedo Grassi (Instituto de En
genharia Nuclear, and COPPE- Universidade Federal do
Rio de Janeiro).
238U has been irradiated by 14 MeV neutrons, and from a nitric
solution of the target, the lanthanides have been separated by
Erecipitation with HF and the non fissioned uranium by extraction
with TBP. Tﬁe resulting solution has been analysed with a high

resolution Ge_li detector. Relative yields have been obtained of

mass chains 91,92,93,101,103,105,107,128,129,131,132,133,134,135,
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141 and 142, and converted to absolute yields by normalization
with mass yields already published in the literature.

5.10 - The Wigner and higher order terms in the droplet

mass formula.

T.Kodama (Centro Brasileiro de Pesquisas Fisicas -
Rio de Janeiro) and K.Takahashi (University of Kdéln,
Germany) .

The mass formula of the droplet model proposed by Myers and
Swiatecki is a generalization of the one obtained from the liquid
drop model, in which the concept of density distribution of the
nucleons is taken into account explicity. Several authors have
obtained the droplet parameters and the resulting formulas are
satisfactory at least for the masses in the ground state. Never-
theless, the experimental ‘data are available only in a very nar-
row band of the N-Z plane and, besides this, perturbed by even-
odd and shell effects. This makes the least square fit of the pa
rameters very unstable. The so called Wigner terms and the high
order ones are particularly very difficult to determine. These
terms are carefully investigated in the present work. There
are some indications that the coefficient for the higher order

symetry is much bigger than the values previously assumed.

5.11 - Monopole and dipole resonances and the droplet mo-

del mass formula.

T.Kodama (Centro Brasileiro de Pesquisas Fisicas -
Rio de Janeiro) and E.R.Hill (Th, Darmstadt, Germany)
By calculating the change in potential energy in the dro-
plet formula due to the change in the density distribution para-
meters, we can investigate the giant resonance phenomenon more

satisfactorily than by the utilization of the usual mass formula.
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The kinetic energy for the droplet parameter can be also calcula-
ted. The resonance energy is obtained by diagonalising the total
hamiltonian with respect to these parameters. Comparison with
the experimental value gives information about the droplet para-
meters which cannot be obtained from the nuclear masses in the
ground state. It is also discussed the pulsing mode of the nucle-
us in this model.

6. LIGHT AND HEAVY ION REACTIONS

6.1 - Distortion effects in (p,2p) quasi-free scattering

P.M.Mors (Instituto de Fisica - Universidade do Rio
Grande do Sul).
Results of (p,2p) experiments have been presented, in general,

in the form of energy spectrum and angular correlation curves.
In this work, the presentation of part of these results in the
form of momentum distribution contour diagrams in momenta space,
as suggested by Jacob and Maris, has been investigated. The con-
tour diagrams drawn from a theoretical calculation for the 160
(p,2p)15N reaction, for the ls and 1lp states, at bombarding ener-
gies 200 MeV and 378 MeV, are very sensitive to the distortion
caused by the optical potential on the incident and emergent pro
tons, presenting deformations and dislocations, as compared to
the circular forms centered in the origin that they should have
without distortion. The dislocation and deformation of each dia-
gram are attributed, respectively, to the real and imaginary

parts of the optical potential that actuates on the protons in-

volved in the reaction.

6.2 - On the inversion of the potential scattering problem

on the basis of the harmonic oscillator.

A.F.R. de Toledo Piza and M.M.Watanabe (Instituto de
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" Fisica - Universidade de S3o Paulo).

The representation of a nucleon-nucleon potential on the
basis of the harmonic oscillators from scattering (phase shifts)
informations only, following the procedure utilized by the Uni-
versity of Sussex group (Elliott et al, Nucl.Phys. Al21l: 241,1968)
is analysed for the case of phase shifts produced by known poten-
tials. The adequacy of the method is proved for regular potenti-
als. Nevertheless, the introduction of repulsive cores .leads to
serious problems in the interpretation of the results in the pro-
cedure suggest in Sussex. The effects of possible contributions
outside the energy surface are studied through the potential short
range unitarian transformations, that maintain the phase shifts

invariant.

6.3 - Study of the reaction 7Li(g,n)7Be with a time-of-

-flight system.

W.R.Wylie, E.W.Cybulska, R.A.Douglas, and E.F.Pessoa
(Instituto de Fisica - Universidade de Sao Paulo).

A three-stage beam pulsing system has been designed and
build at the University of Sao Paulo Pelletron accelerator. The
obtained pulse width was less than 2nsec, and the compression fac
tor more than 10. Neutron angular distributions for the reaction
7Li(p,n)7Be, with 8.5 MeV incident protons, have been measured.

6.4 - Study of the 91Zr(d,p)92Zr reactions.

T.Borello-Lewin, L.B.Horodynski Matsushigue, C.M. Oli
van, and F.Sampaio (Instituto de Fisica - Universida-
de de Sao Paulo)
' 91 92 .
The study of the Zr(d,p)  “2r reaction relates to a pro-
gram for obtaining detailed experimental informations on nuclei

with number of protons or neutrons near closed shells (Rev.Bras.
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Fis., 2:157,1972). A self-sustained target, enriched to 89% in
9er, of 540 ug/cm2 thickness, has been bombarded by 12 MeV deu-
terons at the University of Pittsburg tandem. The resulting pro-
tons have been analysed by a magnetic spectrograph and detected
in nuclear emulsions, located at 9 scattering angles, between 8¢
and 559, with a resolution of 12 KeV. The decomposition of the
experimental angular distributions in contributions correspond-
ing to the compatible angular momenta will be made using DWBA
calculations and least square fits. It is expected that that the

results will contribute to the description of collective aspects

of the even nucleus 92Zr.

6.5 - Collective model analysis of deuteron inelastic scat-

tering in 91Zr.

L.B.Horodynski-Matsushigue, T.Borello-Lewin, O.Diet-
zsch, E.Hamburger and H.Miyake (Instituto de Fisica-
Universidade de Sao Paulo).

Nuclear emulsions plates have been exposed in the Universi-
ty of Pittsburg tandem magnetic spectrometer for the study of the
9er(d,d') reaction, as part of a program on detailed spectrosco-
pic studies of nuclei near magic numbers. About 50 levels have
been detected and 27 angular distributions obtained. These distri
butions may be classified by a visual analysis, in three main

9er, with only one neutron besides the

groups. The situation of
magic nucleus 90Zr, is adequate to the de-Shalit simple model,
which consider the coupling of each collective state of the even
nucleus with the extra particle. The description of the excitati-
on process of these even nucleus levels is usually made within

the DWBA formalism. Extensive calculation have been carried out

with the DWUCK program, and macroscopic interaction (R.H.Bassel
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et al, Phys.Rev. 128: 2693,1962). The inclusion of the imaginary
part in the interaction has a pronounced effect on the angular
distributions. For deuterons of 17 MeV incident energy, conside-
ration of Coulomb excitation was important, specially for low
multipolarity states. These calculations have shown that the
three above mentioned groups correspond to transferred angular
momenta L = 2, 3, and 5, in accordance with the more strongly ex
cited states in the neighbour nuclei 902r and 92Zr. The obtained
average deformation parameter BL are, for the case of L=2, clo-
ser to the values for 922r. We are engaged in a more fundamental
description of the 9er levels, using the BCS + RPA approximati-
ons for describing the even nucleus states and cosntructing the

odd nucleus states assuming contributions of more than one confi

guration.

6.6 - Relative Q-values for (d,t) reactions in Zr stable

isotopes.

L.C.Gomes and O.Dietzsch (Instituto de Fisica - Uni-
versidade de Sao Paulo).

Relative Q-values for (d,t) reactions induced in zirconium
isotopes (A=90,91,92,94, and 96) have been determined by a simul
taneous observation of triton groups corresponding to transiti-
ons to the ground states. The target contained all the.mentioned
isotopes, and the tritons have been detected by nuclear emulsion
plates located in the focal plane of the University of Pittsburg
magnetic spectrometer. The Q-values have been normalized, for the
one of 92Zr obtained from the mass excess table of Wapstra and
Gove (Nuclear Data, A9:303,1971). The Q(d,t) results obtained in
this expériment for the mass 90 and 91 isotopes are in good agre-

ement with the ones of the above mentioned table. Nevertheless,
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our results indicate discrepancies in the Q(d,t) values of the
mass 94 and 96 Zr isotopes (27,5 KeV and 22,1 KeV, respectively)
and, therefore, a disagreement in the masses of the isotopes 93
and/or 94, and 95 and/or 96.

6.7 - Inelastic scattering of 3He and o in 124Sn and 124Te

C.A.Appoloni, S.Salém, M.N.Rao, and N.Ueta (Instituto
de Fisica -Universidade de Sao Paulo).

Angular distributions have been determined for the elastic
and inelastic scattering of alpha and 3He particles, of approxi-
mately 20 MeV, in 124Sn and 124Te targets. The inelastic scatter-
ing angular distributions corresponding to one phonon (2+ and 37)
levels have been analysed by DWBA, using the optical parameters
obtained in the analysis of the elastic scattering. Results of
124Te

this analysis and the deformation parameters of 124Sn and

are presented.

6.8 - Optical model parameters for 3He and alpha particle

beams in 2 = 50 nuclei.

A.T.M.Mendes, N.Ueta and M.N.Rao (Instituto de Fisica
Universidade de Sao Paulo)
Angular distributions have been measured for the elastic

3 124Sn, l24Te and 123Sb

scaftering of “"He and alpha particles in
targets, in energies of approximately 20 MeV. The experimental
results have been analysed in order to determine optical model
parameters. These parameters will be utilized in DWBA analysis
of transfer reactions induced by alpha and 3He particles.

6.9 - Study of one proton transfer reactions in tellurium

isotopes.
A.S.Toledo, M.N.Rao, N.Ueta and 0.Sala (Instituto de

Fisica - Universidade de Sao Paulo)
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Levels of 1251 have been studied by the reaction 124Te

(3He,d)1251 with an incident energy of 19,5 MeV. The deuteron
angular distributions have been measured by utilizing surface bar
rier telescopes and particle analog identification. The transfer-
red angular momenta (£p) and the spectroscopic factors for seve-
ral transitions have been obtained by DWBA calculations. The stu-

dies will be extended to the reactions (3He,d) and (a,t) in 122Te

and 124Te.

6.10 - Preliminary results for reactions induced by 160

in 27A£.

J.C.Acquadro, D.Pereira, O.Sala, and N.D.Vieira Jr

(Instituto de Fisica - Universidade de Sao Paulo).

Reactions induced by 16O in 27A£ are studied by identif?-

ing the resulting particles with a proportional counter coupled
to a semiconductor detector. Preliminary results indicate the
possibility of determining cross sections for the transfer of a
few particles, as well as for the formation of a compound nucle-
us or partial fusion.

16 22

6.11 - Study of the reaction loB( 0,0) “Na

J.Hirata, M.J.Bechara, T.Borello-Lewin, E.R.Cruz,
L.C.Gomes, A.I.Hamburger, L.B.Horodynski-Matsushi-
gue, K.Koide, F.Sampaio, E.M.Takagui, N.Marquardt,
and O.Dietzsch (Instituto de Fisica - Universida-
de de Sao Paulo).
Excitation functions of several o particle groups, corres
ponding to low excitation levels of 22Na, populated in the inte-
raction 10B + 16O, have been determined at 8ppp = 09, in steps

of 250 KeV, in the bombarding energy range 36.0 - 39.5 MeV. A

surface barrier semiconductor detector, protected by Ni and A{
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foils with thickness sufficient to stop the incident 16O beam

anda other heavy ions, has been used to detect the alpha particles.
The 16O beam has been produced in the University of Sao Paulo
Pelletron accelerator. Any structure has been observed correspond-
ing to the states 0.58 and 1.9 MeV in ZzNa, contrarily to the obse
servations of other authors in the energy range 40-46 MeV (Campo
et al, Phys.Rev.C, 9:1258,1974). However, our results suggests
structures of 400 KeV width at Ejag = MeV for the transition
corresponding to the ground state and at Eppap = 37 MeV for the

state of Ex = 1.53 MeV.

6.12 - Threshold energies for D(lGO,n)l7F reactions

V.H.Rotberg (Instituto de Fisica - Universidade de
Sao Paulo).

Threshold energies for D(lso,n)l7F reactions, in the char
ge states 4+ and 3+ of the 16O ion, have been utilized for the
energy calibration of the University of Sao Paulo Pelletron acce-
lerator. The neutrons have been detected by a long counter and
the threshold energies utilized to determine the calibration cons
tant of the 909 analysing magnet coupled to the accelerator. The-
se energies have been re-calculated in the present work and the
results presented discrepancies when compared to the values adop-
ted in other léboratories as calibration references. These discre
pancies are due to approximations that are usually valid for kine
matic calculations of endoergic reactions induced by light parti-
cles in heavier targets, but that are nét applied to the present
situation.

6.13 - Excitation of 24Mg by the interaction 10B + 14N

K.Koide, A.Ceballos, N.Marquardt, and O.Dietzsch

(Instituto de Fisica - Universidade de Sao Paulo).



- 44 -

Excitations curves have been determined by the reaction-

10B 14

( N,a)zoNe at 6pap = 09, and for the reaction loB(14N_,p)23Na
at 6ypg = 1659, in the bombarding energy range 9,5 to 13 MeV.

The experimental data have been obtained in the Laboratory of Nu-
clear Physics of the University of Montreal by utilizing a high
intensity ion beam at a tandem Van de Graaff. In both reactions
no evidence has been found for the strong resonance (correspond-
ing to a excitation energy of 33.2 MeV in 24Mg) observed by other
authors in the interaction 12C + 12C. Our data gives a direct

evidence that the formation of this resonant state in 24Mg de-

pends strongly on the entrance channel.

7. NEUTRON PHYSICS

7.1 - Slow Neutron Cross Section of Deoxyribonucleic Acid,

ex-Thymus.
*
R.Fulfaro, V.S.Walder, L.A.Vinhas and L.Q.Amaral

(Instituto de Energia Atdmica - Sdo Paulo).

In order to study the dynamics of water in biological mo-
lecules and the freedom of motion of the hydrogen atoms, the neu
tron transmission through a DNA sample Qas measured in the neu-
tron wave-length interval 4.0 to 6.5 X using a crystal spectrome-
ter. The knowledgement of the bounding state of the water present
in DNA is very useful to study the structures and the function
of biological macromolecules. NMR studies suggest some from of
ice-like coordination for H20 in biological molecules, where as
results obtained from neutron inelastic scattering in polygluta-
nic acid suggest a behaviour similar to liquid water. In the pre-
sent work, measurements were performed at room temperature for a
dry sample and for a wet sample with 7.8% moisture. The total

cross sections, o, and the scattering cross sections per hydro-

* L
Presently at the Instituto de Fisica-Universidade de Sao Paulo
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gen atom, OS/H, were determined in each case, thus obtaining the
cross section of HZO present in DNA. This cross section shows
that the water in DNA presents a behaviour similar to that of 1li-

quid water. By analysing the o curve for dry DNA it is observ-

S/H
ed that the hydrogen atoms have not much freedom of motion in
this biological molecule. Also, the cold neutron inelastic scat-

tering for DNA samples were measured; the results are being ana-

lysed.

7.2 = Liquid-Solid Transition in Cyclohexanol by Neutron

Transmission.

R.Fulfaro and L.A.Vinhas (Instituto de Energia Atdmica
-Sao Paulo).
The total cross section of the cyclohexanol was measured for
6.13X wavelength neutrons, varying the sample temperature in a
range that includes the melting point. From these experimental
results and by comparison with theoretical calculations it was
possible to obtain the Debye temperatures for both states. These
temperatures were used to calculate the disorder entropy varia-

tion near the fusion point.

7.3 - Multiple Neutron Diffraction Experiment with Tempera-

ture Variation.

C.B.R.Parente and R.S.da Costa

Multiple neutron diffraction patterns have been obtained
with an aluminum single crystal at different temperatures. For a
temperature change of 709C the patterns show a distinct variati-
on in the angular position of the peaks ranging from about 0.029
to0.29. To pefform the experiment so that it could be used fbr
the determination of the cell parameter in each temperatufe, a
careful crystal mounting and alignmenﬁ were done. The mechanical

precision of all movable parts of the 26 and 6 axes of the neu-
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tron diffractometer ablows an angular positioning with an error
within 0.019. The goniometer used to set the scattering vector

of the primary reflection along the proper direction as well as
to turn the crystal around it has an angular precision of the sa-
me order. The counting time was 6 minutes which gave an statisti=-
cal fluctuation of the order 0.5% and the angular steps were ta-
ken as 0.059 for narrow peaks and 0.10 for the broad peaks. The
cell pafameter values determined by the angular positions of the

peaks presented calculated errors of the order of 3 x 10-3 X.

7.4 - Hydrogen Concentration Determined by the Neutron

Transmission Method.

L.A.Vinhas, R.Fulfaro, V.S.Walder and C.B.R.Parente.
It has been developed the techniques for determining the
hydrogen content of hydrogenous compounds by neutron transmission.
The method is based in the large slow neutron scattering cross
section of hydrogen compared to carbon and other elements. Using
the crystal spectrometer of IEA, selecting neutrons of energy
0.145 eV, the experimental transmission of 14 standard compounds
have been measured. The precision and accuracy of the method we-

re studied.

7.5 - Measurement of the relative cross—section for the

reaction 103Rh(n,n')103mRh by activation.

S.B.Herdade, E.W.Cybulska, R.A.Douglas, E.F.Pessoa,
and W.R.Wylie (Instituto de Fisica - Universidade de
Sao Paulo)

Following the recomendation contained in INDC(NDS) - 47/L

(1972), the relative cross—-section for the reaction 103Rh(n,n')

103Rh has been measured in the energy range 4.0 - 8.0 MeV. The

7

reaction Li(p,n)7Be produced at the University of Sao Paulo Pel-
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letron accelerator has been utilized as neutron source. The neu-
tron spectra of this reaction, for 8,5 MeV incident protons, has
been determined at several angles by the time-of-flight method.
The activation of the rhodium foils has been detected by means

of the X-rays following internal conversion of the 40 KeV transi-
tion, with a NaI(T¢) detector through a thin Be window. Prelimina
ry results are in agreement with previous measurements by Santry

and Buttler (Can.J.Phys. 52:1421,1974).
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Progress Report

on Nuclear Data Activities in Bulgaria
1974 - June 1975

Compiled by E.Nadjakov

Lisison Officer to the INDZ for Bulgaria
Institute of Nuclear Research and Nuclear Energy
Bulgarien Academy of Sciences, Sofia 13, Bulgsria

A1l the activities have taken place at the Institute mentioned
above, some of them in colleboration with the Joint Institute for

Nuclear Research (JINR), Dubna.

1. Neutron nuclear data

1. Nuclear msterial safeguards developed in Bulgaria (N.Bachvarov,
V.Christov et al) '

a) Special nuclear materisl concentration measurements.

Two techniques have been devéloped. 1) Beta reflectometry: bets
scattering technique has been developed and portable instruments -
fabricated. Used for detcrmination of U, Pu or Th concentrations with
a precision of 0.1 - C.3 per cent. 2) Beta excitation analysis - by
using Ge(Li) or sc1nt1118tlon spectrometers, precision 0.1 per cent
- under developement.

b) Measurement of fresh fuel assemblies.
Four techniques are being used or are under development. 1) Gamma
spectrometric measurements of the fuel enrichment. 2) Gamma spectromet~

238

ric measurements of U concentration. 3) Neutron countlng measurements

of 238U. 4) Weighing of the whole fuel assembly.

c) Measurement of irradiated fuel assemblies.
Included are: 1) Gamma spectrometric measurements; 2) Neutron
and neutron coincidence measurements; 3) In core reactor measuremonts,
4) Reactor physics calculations. ‘ '
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2. Determination of thermalization parameter M2 and neutron
temperature in a water lattice by pulsed source and "non 1/V"
absorber (A.Stanolov, V.Christov)

The method of poisoning with a "non 1/V" sbsorber is used to
determine the neutron thermelization parameter M, in a water 1lattice,
containing hollow tubes with a step of 2 cm, and p=0.2442. The pulsed
experiments have been carried out in Sofia at the reactor IRT-2000
by a fast mechanical chopper.

The value of M2 obtained for water 5.097 cm_] is compared with
the theoreticel values calculated by Honeck. The value of M2 measured

for the investigated lattice 2.92 cn™d

is regulerly smaller as compared
with the experimental value for water. This is due to the relative
decreasc of scattering kernels concentration, and probably salso to the
neutron spectra modification in the lattice caused by the diffusion
cooling effect. Neutron temperatures in homogencous water solutions

and in water lattices have been determined.

3. Determination of the albedo in & moderator with a big spheri-
cal hollow (A.Stanolov, K.Ilieva, V.Christov)

The nonstationary transport of neutrons in a spherical block of
water moderator, containing a big spherical hollow, has been investi-
gated. The quasi-asymptotic decay constants of the neutron flux have
been measured, and the albedo - determined. A compsarison between expe-
rimental and calculated data shows that the diffusion approximation
is applicable to calculations of the albedo Ko in such systems.

The results are shown in Table 1. Notations: R - spherical hollow
radius, H - water moderator thickness. Moreover:

1

1 - 2(R7 Y41 coth((H+Z_)/L)ID/< V>,

K (A) = (1)

1+ 2(R'1+1,'1<:oth((H+zo)/L))D/<v>T

D =D (1~ (eVEp> o+ A)BD_/cVr2) , L = (D/(<VE) o+ ANF

Zo=0.34 cm; <V>T=2(1T)-*VT H Do - pulse experiment diffusion coeffi-
cient;

K(A) = (Re £¢= [2RA/V, [ N7 (2)
and for x <1 (C=0.5772...):

_ Ww. 1.2 fF.3 . 1,93 4
f(x)-l-§x+zx -Tsx +m(4-20-1n x)x
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4, Two-level analysis of 2‘39Pu neutron induced fission cross
section in the neutron resonances energy region (S.A.Toshkov,

N.B.Yaneva)

The formula for reaction cross section based on the R-matrix
formalism considering the interference between two neighbouring reso-
nances, refered to the same value of total momentum, has been used for

239 . ..
“““pu resonance neutron induced fission.

analysis of cross sections of
Experimental resolution and thermal motion of the target nuclei have
been calculated by numerical integration.

The results of such an analysis of experimental data received
from the IAEA have been presented at the 3rd Soviet Neutron Conference
(Kiev, 9-13. 6. 75). The parameters of some resphances e¢an be seen

in Table 2,

2. Non-neutron nuclear data

g 181 133

1. New data on the decay o La and La (S.Avramov, Ts.Vylov,
S.Batsev, M.Enikova, Zh.Zhelev, I.Penev, H.Protochristov, V.
Fominych)

The activities have been produced by bombarding a Gd target with
660 MeV protons in the synchrocyclotron of JINR, Dubna., After a stan-
dard radiochemical procedure the La fraction has been further mass-
separated. All gamma speqtra have been measured with a Ge(Li) spectro-
meter (volume 47 cm3, resolution 2.5 keV at 1.33 MeV). 35 cm3 coaxial
Ge(Li) detiggors have been used for measuring the gamma-gemma coinci-
La.

The gamma energies and intensities E, I, of

dences in

131 133

La and La are
given respectively in Tables 4 and 5. The results of the coincident

experiment with 133La are presented in Table 3.
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Table 1
R H P (H3BSB) lmeas Ko(Rmeas> Ko("meas)
cm cm mg/cm acc. to (1) acc. to (2)
5.3 12.3 4090 + 15 0.8338 + 0.0011 0.8812
8.0 9.6 3280 + 15 0.8367 + 0.0012 0.8476
S.3 12.3 S.96 12650 + 400 0.7902 + 0.0240 0.6754
8.0 9.6 5.96 8470 + 250  0.7340 + 0.0160 0.6484
14.0 3.6 - S.96 7470 + 250 0.7230 + 0.0200 0.5540
5.3 12.3 14,9 21000 + 700 0.6901 + 0.0350 0.4980
8.0 9.6 14.9 20640 + 750 0.6770 + 0.0400 0.3500
14.0 3.6 14.9 8280 + 200 0.6202 + 0.0150 0.4883
Table 2
E (eV) 2gly (eV) e (eV) J
10.96 0.00444 -0.220 1
11.93 0.00031 0.115 1
14.30 0.00026 -0,080 1
14.74 0.00148 0.102 1
22,34 0.00104 0.114 1
23.995 0.00003 -0,015 1
Table 3

279.5 keV with;

340.1, 385.6, (565.6 + 567.7), 571.2,
584.6, 595.8, 751.5, 820.9, 1061.4 keV

302.0 keV with:

(290.6 + 291.7), 556.3, 584.6, 621.5,

809.8

keV

(565.6 + 567.7) keV with: 279.5, (290.6 + 291.7), 534.8, 751.6,

428.9

keV

595.8 keV with:

279.5, (290.6 + 291.7)

keV

850.3 keV with:

279.5

keV
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Table 4

E (keV) I E (keV) I E (keV) I E (keV) 1

79,8 4,3 434 ,6 2.5 879.1 l.4 1793.5 0.4
107.8 109.3 437.1 0.8 932.8 0.3 1823.7 0.7
140,2 0.4 447,8 2.4 974 .4 4,2 1874 .4 0.5
147.9 1.2 453 .7 35.2 1082. 0.2 1881.4 0.2
183.3 1.2 525.8 49.1 1107.3 0.3 1947.8 0.5
160.6 10.7 961,.,7 7.2 1129.1 0.2 1956.8 0.8
177.8 1.6 °67.3 0.9 1136.0 0.7 2087.6 0.4
194.9 0.2 094.1 10.5 1154.9 0.6 2107.3 0.2
204.2 Oe6 611.2 5.9 1178.1 2.2 2164,3 0.2
208.5 17.7 628,56 0.9 1291.9 0.7 2167.9 0.2
244,8 1.3 657.7 1.8 1368.4 0.3 2180.9 0.2
257.0 18,2 661.3 0.9 1386,.7 0.3 2195.7 0.2
276.9 0.8 718.5 1.0 1390.9 0.5 2206,3 0.2
285.3 63.4 740,0 0.2 1443.9 0.4 2216,2 0.2
316.9 6.1 752.8 0.6 1455.6 0.3 2271.5 0.2
353.6 3.4 766.1 0.6 1476.2 0.3 2357.7 0.1
362.2 7.4 770.,4 1.0 1495.2 0.7 2370,.,4 0.1
365.2 88,8 773.3 0.2 1500.7 1.3
386.7 0.5 838.4 0.5 1696.6 0.4
403.4 4.5 845.1 1.3 1700.8 0.4
417.8 100 866.2 7.0 1718.3 0.3

Table 5

E (keV) I E (keV) I B (keV) I E (keV) I
228.2 4.8 571.2 9.4 911.4 64 1318.6 3.6
239.3 3.6 580.8 6.8 920.7 10 1376.0 2.0
257.0 9.4 084.6 91 949.9 1.3 1387.1 2.8
279.5 1000 691.9 16 965.7 1.1 1398.3 2.9
287.0 75 595.8 200 980.0 1.5 1403.6 1.8
290.6 500 618.2 440 984.0 1.4 1416.1 2.4
291.7 320 621.5 270 991.0 1.6 1494.8 1.9
302.9 66 632.5 530 994.9 1.7 1500.4 1.1
326.5 5.0 653.1 4.4 1009.2 40 1528.3 2.3
328,7 8.3 664.0 39 1021.4 2.3 15651.2 6.0
340.1 14.0 671.9 15 1043.0 4,8 1563.4 4,9
353.0 8.0 676.3 12 109S5.5 3.7 1608.0 8
374.3 2.8 718.3 2.2 1099.8 115 1631.2 0.3
385.6 32 722.1 1.6 1113.1 3.3 1660.2 1.2
428.8 2.1 751.6 2.5 1175.9 2.2 1677.5 1.9
43%5,8 3.9 784.7 2.3 1182.4 1.1 1694 .6 2.4
469.2 9.7 809.8 29 1199.5 12 1730.7 1.2
527.4 35 820.9 6.6 1211.7 25 1757.5 1.2
534.,.8 20 846.0 240 1220,0 1.7 1769.5 4,5
556.3 52 850,3 16 1239.0 3.0 1831.7 1.2
S559.7 11 858.4 200 1260.8 15
565.6 250 874.7 28 1284.0 35
567.7 110 887.0 11 1316.8 11
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2. Lifetime and side feeding measurements of nuclear yrast levels
(B.Bochev, R.Kalpakchieva, S,A.Karamian, T.Kutsarova, E.Nadjakov,
Yu.Ts.0Oganesian et al)

The recoil-distance Doppler-shift method has been applied in
(HI, 4n) reactions at the U-300 heavy ion cyclotron of JINR, Dubna.
A new high precision Doppler chamber has been used. It allowed measure-
ments on high spin yrast levels in the back bending region. Not only
lifetimes, but also side feeding intensities and times could be
obtained.

The results of four Yb isotopes up the bands are presented in
Table 6 and compared to the rigid rotor model. Similar data about the
160Er and 166Hf, 168Hf, 170Hf isotopes are under preparation. A syste-
matics of deduced energy and lifetime paremeters of the Yb isotopes
down the bands, together with preliminary results on the Er and Hf
isotopes, is shown in Table 7.

July 1975
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Table 6
Transition energies Er 1o relative side feeding intensities P;, mean

side feeding times ‘fI and mean lifetimes TI (at spin I) in the
yrast bands of four Yb isotopes
Nucleus Level Ep ; o Py ¥ 1 T1 (ps) Rigid
I (keV) (ps) Experiment rotor
2 243.1 0 182 + 6 182%)
160 4 395.4 O 11.60 ¥ 0.60 12,38
70Yb90 6 508.8 O 2.73 + 0.30 3.235
8 588.7 O 1.29 ¥ 0.30  1.498
10 636 1 12.5 + 2 0.87 ¥ 0.50  0.993
2 166.5 O 578 + 85  578%)
1624y 4 320.3 O 20.3 ¥ 3.0 21.71
70°°92 6 436.2 O 4.6 ¥ 0.9 4.352
8 521.4 1 10 +3 2.0 T 0.7 1.720
2 123.5 0 1272 + 50  1272%)
4 262.8 O 42.8 ¥ 3.0  44.54
6 375.0 0 7.24 ¥ 0.50  7.298
164 8 463.0 0.16 *+ 0.01 6.3 + 5.3 2,20 * 0.70 2.472
sofbgy 10 530.9 0.17 ¥ 0.01 S.1 ¥ 4.2 1.19 ¥ 0.40 1,222
12 576.9 0.14 ¥ 0.01 4.8 ¥ 3.2 0.80 T 0.30  0.794
14 569.7 0.06 ¥ 0.01 2.3 ¥ 1.1 1.05 T 0,30  0.836
16 490  0.12 ¥ 0.015 1.3 ¥ 0.5 2.58 ¥ 0.50  1.748
18 543 0.35 ¥ 0.035 5.3 ¥ 1.5 1.0?7 ¥ 0.50  1.042
2 102.3 0 1789  + 90  1789%)
4 227.8 0 76,3 ¥ 5.0  75.10
6 337.7 O 11.24 ¥ 0.80 10.64
8 430.2 0.12 + 0,02 3.8 + 1.8 3,09+ 0.35  3.109
166y, 10 507.3 0.14 * 0.04 3.7 ¥ 3.1 1.46 T 0.70  1.339
70°°96 12 570.1 0.10 * 0.03 2.5 ¥ 2.2 0.93 ¥ 0.47  0.737
14 603.9 0.11 ¥ 0.03 3.0 % 2,2 0.73 ¥ 0.42 0.547
16 494,1 0.13 ¥ 0.03 3.0 * 1.5 1.65 % 0.39  1.467
18 509.3 0.14 * 0.04 2.0 T 2.3 1.53 ¥ 0.70 1,253
20 588.5 0.26 * 0.05 2.8 ¥ 2.1 0.84 T 0.68  0.608

*) Normalized to experiment
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Table 7
Moments of inertia J = 3/E2¢O , energy ratios E4/E2 =
= (E4+2 + E2+O)/E2+O , intrinsic E2 moments Q and quadrupole defor-
mation parameters ‘/3 of four Yb isotopes, and preliminary results

on one Er and three Hf isotopes

Nucleus J_1 E4/E, Q 13
(Mev™1) (barn)

160y, 12,34 2.626 - 4.8l + 0,08 0.207 + 0.003

70 90 N ] L ] L -— [ ) L] — 0.

1020y, 18.02 2.924 6.07 + 0.45 0.257 + 0,019

10%vb,, 24,29 3.128 6.79 + 0.13 0.284 + 0.006

166

S0Py 29.33 3.227 7.26 + 0.18 0.301 + 0.008

1605 23.89 3.100 6.54 + 0.71 286

CO8rgy . . .54 + 0. 0.286 + 0.031

100z o, 18.90 2.965 5.94 + 0.14 0.241 + 0.006

1ooHE 24,25 3.114 7.12 + 0.13 0.285 + 0.005

17%HE 4 29.91 3.202 7.21 + 0.46 0.286 + 0.018
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CENTRAL RESEARCH INSTITUTE FOR PHYSICS
NUCLEAR PHYSICS DEPARTMENT, BUDAPEST

1./ Van de Graaff-accelerator with the following parameters:

energy range: 0,8 - 5,0 MeV
accelerated ions: H+, D+, 4Ha+

long-time energy stability: AE/E = 2 x 10~ % FwhM
short-time energy stability: AEJE = 1,2 x 10~ 3 FwnM
target places: 3

max. target current: 5 pA

working time: 4000 hours/year

type: EG-2R /home made/

2./ Neutron-generator:

3./

max. voltage: 200 kv
working voltage: 150-180 kV
accelerated ions: H+, pt

max.ion current: 500 uaA

9 2

neutronflux: 3 x 10° n/cm“.s

/1 cm distance from the target at 10 yA deuteron current/
target places: 2

working time: 2500 hours/year

type: NG-200 /home made/

A fast-slow coincidence unit for positron annihilation lifetime measure-

ments with time resolution 0,6 ns /PAN/

4./ A setup for positron annihilation angular correlation measurements /PANNI/

5./

6./

A fast-slow coincidence unit for the investigation of nuclear fission

/gas-scintillation chambers, vacuum-system, etc./

An automatically controlled three-detector system with fast-slow coinci-

dence circuits for the differential and integral perturbed
angular correlation /PAC/ measurements



7.1

8./

9./

lo./

11./

12./

13./

14./

15./

Three-axis goniometer for channeling and back-scattering experiménts.

2 small computers /develgped by -the electronic department of CRIP/ with
memory capacity 4k and 8k respectively /type TPA-1001/
for on-line measurements and for preliminary data analysis.

4096-channel analyser with matrix analog-digital converter.

1024-channel analysers /NTA-512 B/.

512 - channel analysers /NTA-S512 A/.

2 M8ssbauver-spectrometersg, cryostats and furnaces

Ge/Li/ semiconductor detectors /4 cm3 - 80 cm3l.

Ge/Li| X-ray detector /NE-5290/.

Multiwire proportional chambers.



INVESTIGATION OF THE REACTION 2H(n,np) AT P =0° *

J. KECSKEMETI and T, CZIBOK
Central Research Institute for Physics, Budapest
B, ZEITNITZ
II, Institut fiir Experimentalphysik, Universitdt Hamburg

The differential cross section of the 2H(n,np)
reaction was measured at é*h=o°. Because of the applied
gpecial geometry the experimental data extend over e
large fraction of the phase space, including several
final state interaction regions as well as regions far
from the dominance of quasi-two~body processes. The
experiment was analysed with an exact three-body calcu-
lation using s-wave separable potentials, The analysis
of the n-n and n-p final state interaction peaks gave
&,,==16.3 + 2,0 fm for the n-n 180 scattering length
and r  =3.15 & 0.7 fm for the effective range. Remark-
able deviations from the calculated cress sections were
found in regions where no strong final state interaction
was present,

*This work was supported in part by the Bundesministe-
rium fiir Forschung und Technologie, Germany.

Publications: Phys. Rev, Letters 32, /1063-1067/ 1974
to be publighed in Nuclear Physics



Small -~ angle scattering of 1.6 MeV neutrons

G Hrehuss and G. Pélla
Central Research Institute for Physics, Budapest,

Hungary

The differential cross section of Pb
for elastic scattering of 1.6 MeV neutrons from
the 7Li(p,h) TBe reaction is measured at the
angular range 0-2,5% The interaction between the
magnetic moment of neutrons and the nuclear Coulomb
field is investigated at the extremely small angle
elastic scattering, The data collection is in
progress.



Investigation of low~-energy charged particle reaction
cross sections on light nuclei

I. Szentpétery
Central Research Instutute for Physics, Budapest, Hungary

Recently, because of possible interest in energy
~-producing processes, growing world-wide attention is paid
to low energy charged particle reaction data. The body of
the experimental results collected up til now is far not
complete and, on the other hand, some data sets measured
repeatedly by different groups are not consistent. It
should also be noted that the vast majority of the data
in question was measured around the early fifties under
very unadvenced technical conditions as it can be judged
looking back from today. Consequently, there is a rather
urgent need for really "good", reliable, congistent data
for low energy cross sections,

In order to contribute to this important field
low-energy cross section studies have been started in our
Ingtitute, The measurements of the 9Be(pd) and 9Be(pq)
abgolute cross sections in the proton energy region
Ep=50-200 keV are in progress. The emphasis is put on
the exactness of the experimental data. The absolute
errarg of the measurements are expected to be 20 %
maximally, This measurement should be finished in 1975.
The next program is the study of the L11B(pe) reaction,
Por the near future the investigation of the 6I.d.+d
system is planned,
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89/2 analogue resonances in the 64Zn nucleus

I. Fodor, I, Szentpétery, A, Schmiedekemp™
Central Research Institute for Physics, Budapest, Hungary
‘ K, Beckert, H,U, Gersch
Zentralinstitut fiir Kernforschung, Rossendorf bei Dresden GDR
Jo Delanuay, B, Delaunay, R. Ballini
Centre d’Etudes Nucléaire, Saclay, France

/to be published in Nuclear Physics/

¢ Two 89/2 analogue resonances have been found in
4Zn, corresponding to the 1,546 and 1.589 MeV levels in the
parent nucleus 64Cu. The resonances were located through the
.630u(p,r0 reaction at proton bombarding energies E%ab=3.217
and 3,251 MeV respectively. The gamma ray transitions from
the isobaric analogue resonances to the lower lying levels in
64Zn were studied with a Ge(Ll) detector, The asymmetry
ratios, I(0°)/I(90°), were measured for a few prominent gamma
transitions, Based on these studies both the resonances were
assigned as 3~ epin and parity. From the analogue resonances
a large Ml transition strength of about 0.1 W,U, was found to
branch to a level at excitation energy 3.002 MeV which was
identified as the main component of the antianalogue state.
The gstructure of the analogue states is supposed to be
@3/2 g9/2] 3" and a possible mixing with 3~ octupole vibra-
tional states is discussed.

%0n leave of absence from University of Texas, Austin, Texas,
USA o



FISSION NEUTRON SPECTRUM STUDIBS *

L. Jéki, Gy. Kluge, A, Lajtai and I. Vinnay
Central Research Ingtitute for Physics,
Budapest

Possible contribution of hypotetical retarded neutrons
to the energy spectrum of prompt fission neutrons below 400
keV is measured. For neutron energies above 400 keV the
relative yield of the retarded neutrons was found to be at
most 0.3 % of all neutrons.

MEASUREMENT OF ENERGY AND ANGULAR DISTRIBUTION OF PROMPT
PISSION NEUTRONS FROM THE SPONTANEOUS FISSION OF 2°2cf, X

L. Jéki, Gy. Kluge, A. Lajtai and I. Vinnay
Central Research Institute for Physics,
Budapest

The angular and energy distributions of prompt neutrons
from the spontaneous fission of 2520f as functions of fragment
mass are measured in the energy range 2 keV - 1 MeV. This
multi-parameter measurement is being carried out to get
information on the emission mechanism of neutrons of low
energy. |

X 1n cooperation with Institute of Physics and Power
Engineering, Obninsgk, USSR.



ENERGY SPECTRUM MEASUREMENT OF NEUTRONS FROM
2350/nth,f/ REACTION IN ENERGY RANGE OF 0.05 - 1 MeV., X

L.Jéki, Gy.Kluge, A.lajtai and I.Vinnay
Central Research Institute for Physics,
Budapest

Prompt fission neutron spectrum from 0.05 MeV to 1
MeV is measured for 235U'/nth,f/ reaction. The existence
of low energy surplus neutrons relative to the overall
Maxwell distribution is investigated. Due to the large
background of neutrons and gammas from the reactor an
especially long data collection is necessary. The data
accumulation is in progress at the Central Research
Institute for Physics.

MEASUREMENT OF PERTURBED ANGULAR DISTRIBUTION OF GAMMA-
RAYS EMITTED FROM SPONTANEOUS FISSION OF 2°2cf., ¥

L.Jéki, Gy.Kluge, A.lajtal and I.Vinnay
Central Research Institute for Physics,
Budapest

The influence of extranuclear effects to the angular
distribution of figsion gammas is studied. The angular
distribution of gamma-rays emitted from the fission
fragments is measured as & function of pressure of the
gas containing the fragment paths. As a next step, the
angular distributions of gamma-rays from fragments let
through thin foils of different thicknesses are measured.

X In cooperation with Ingtitute of Physics and Power
Engineering, Obninsk, USSR.



EXCITATION OF THE COLLECTIVE STATES OF THE EVEN-EVEN
Sm ISOTOPES BY INELASTIC SCATTBRING OF 40 MeV HELIONS®

G, Pdlla, Central Research Imnstitute for Physics
Budapest, Hungary

Co Pegel, I, Institut fiir Experimentalphysik,
Universitét Hamburg, Germany

In order to investigate the structure of the
low lying collective states and its variation in the Sm
isotopes, which represent such a nuclear range, where a
trangition from the spherical shape to the deformed one
occurs, the coupled channel method is applied using
phenomenological collective models, namely the harmonic
=gnharmonic vibrator, symmetric and asymmetric rotator
in case of the 144, 148 Sm, 1305y anda 1929154s5p nuclet
respectively. The values of the ‘5;; parameters character-
ising the vibrational states, the one=phonon component
of the two-phonon states, furthermore the J* asymmetry
and E>2, p , deformations are determind. The values of
the deformation parameters characterising the nuclear
distributions from /p,p?/ analysis are compared to the
corresponding values characterising the interaction
potential describing the helion scattering.

%*This work has been done at I, Imstitut fiir Experimental-
physik, Universitéat Hamburg.
Supported in part by the Alaxander von Humboldt-Foundation
Publications: Z. Physik 268, /51=55/ 1974
Proc, on Frilhjahrstagung den Haag 1975, C3.6



QUASIELASTIC SCATTERING OF 670 MeV PROTONS ON
DEUTERON CLUSTERS IN 6Li and 7Li NUCLEI

D, Albrecht, G, Chemnitz, J, Eré, Z, Fodor,

Hong Sung Mu, B.,A, Khomenko, N.N, Khovansky, P, Koncz,
S. Koncz, 2,V, Krumstein, Yu,P, Merekov, V,I, Petrukhin,
Z. Seres, M, Téth,

Joint Institute for Nuclear Research, Dubna and
Central Research Institute for Physics, Budapest

Preprint JINR E1-8935 /1975/

Kinematically complete measurements of
quasielastic scattering of 670 MeV protons on deuteron
clusters in 6Li and 7Li nuclei have been made at an
angle of 165° c.m.s. In the Or4 /p,pd/ 4He reaction
alpha particle is produced mostly in the graund state,
For the 7Li /p,pd/ 5He reaction those events are more
probable when the residual nucleus is produced in the
excited state, The half width of intranuclear momentum
distribution of deuteron clusters has been determined
and ig ~ 50 MeV/c for °Li and ~ 65 MeV/c for 'Li,
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Investigation of Space=-sengitive multiwire proportional
chamberes with high detector area

L, Valyi, Zs. Kajcsos

We have continued the investigation and
design of the new types of the Space-sensitive detectors
of high detecting area, the most progressive detecting
methods,

We carried out a systematic examination of
the physical and operational properties of the
1000 x 600 mef sensitiv detector area multiwire
proportional chamber with X and Y coordinate signal
planes, using electron- and QP“-rays of 9OSr and 55Fe
radioactive isotopes respectively with different
filling gas compositions,

The measured energy spectrum of 55Fe gigni-
ficant for the signal wires of the MWPC, it shows
the energy resolution at this energies ~ 20 %.

The efficiency of the MWPC is n/ 100 % in at
operation applied voltage range of /300-350 V/,.



Operation and Development at the 5 MeV Electrostatic
Jon Accelerator of the Central Research Institute for
Physics, Budapest, Hungary.

G.Biirger, E.Klopfer, P,Kostka, A.Kovécs, J.Pazonyi and
J.Roész

The main results of development at the 5 MeV Van de
Graaff pressurized ion accelerator which continued in

the period of 1974-75 have been the increase of energy
stability, of reliability of the machine and of running
time for the experiment. A new rf-ion source with a rela-
tive long life-time was tested and installed. Its life-
time is about 1200 - 1500 hours. Application a special
charging system with brushes instead of needles and
using a conventional manufactured belt, the long-time

energy stability is less than 2x10~%

. Protons, deuterons
and helium ions may be accelerated and changed within a
short time without shut down. The target area was extend-
ed up to three beamlines. Usual target currents are about
l1-5 /uA. In 1974, the accelerator was running more than
5000 hours, during the first half year of 1975 over 2200

hours for the experiments in basic and applied nuclear
physics.



Work at the 200 keV Cascade Accelerator of the Central
Research Institute for Physics, Budapést, Hungary.

G.Blirger and I, Szentpétery

The 200 keV open-air cascade type ion accelerator was
formerly used as a fast neutron source. During the last
year it was used as a proton accelerator only. For this
purpose the vacuum system was reconstructed and a speci-

al beam-line was mounted.



Lattice location of arsenic implanted into silicon”™

G. Mezey, E., Uggerhgj*"

Channeling effect was used to study the
lattice location of arsenic implanted into silicen,
The substrate temperature was maintained at 400 °C
or 500 °C during implantation., The doses of implanta-
tion were between 10%4 and 1017 As/ctt,

Angular scans through the { 111D and <{110)
axes show that the channeling dips obtained on
1.5 MeV 4He+ ion scattering measurements were narrower
for arsenic than for the Si host lattice. This suggest
that gome or all arsenic atoms are displaced from the
lattice sgites.

The minimum yield data show that the arsenic
highly substitutional character. The substitutional
component was between 70-80 per cent in the dose range
used in present experiment,

*Thig work was done in the Universitiy of Aarhus,
Denmark

+pPermanent adress: University of Aarhus
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Drive=-in diffusion studies on antimony and gallium
implanted into silicont

Jo Gyuwlai, L, Csepregi, T. Nagy, G. Mezey, E, Kétai,
P, Révész, A, Manuaba, J.W, Mayer'

Diffusion of antimony and gallium from agn implanted
predeposition was investigated. To prevent antimony out-
diffusion during drive in, a low-temperature /850 °C/ and
5 minutes oxidation was used after implantation, The
diffusion processes were carried out at 1050 °C, Diffusion
of antimony was accordance with diffusion theory., Channel=-
ing measurements showed that the Sb atoms sit predominantly
on subgtitutional lattice sites.

In the case of Ga implants, the experiments, using
low temperature oxidation as encapsulation, led to
different results compared with artimony. Because of the
high golubility of Ga in 8102 almost all of the gallium
diffused instantly onto the outer surface of the oxide,
Completely different picture was found when a reactively
sputtered Si3N4 layer was used for encapsulation. Under
thisg condition extremely fast diffusion was observed and
the resulting distribution was almest flat for exireme
depths.

*Phig work was done on the basis of CRIP - CALTE
agreement -

**pPermanent adress:
California Institute of Technology, Pasadena

Publication: Le Vide 174, 416, 1974
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- Lattice location of group III, and V, elements implanted
into sgilicon

G, Mezey, T. Nagy, E, Kétai, J. Gyulei, P, Révész,
L. Csepregi

Lattice location experiments were made on
As, Sb or Ga implanted silicon during isochronal
ennealing up to 900 °C. The substraetes were at room
temperature during implantation, The Sb implant exhibit=
ed increasing subgtitutional component up to 700 °¢
during the annealing process, The maximum value of
subgtitutional component was about 80 %, At higher amme-
lattice sites,

The implanted As exhibited high 80 per cent
substitutional component too, However, in the tempera-
ture range of 700-800 °c this component showed a reverse
characterigtic,

The Ga~doped silicon gave practically no
substitutional component up to 800 °C anneals. This
differs surprisingly from results of different authors,
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Enhanced oxidation studies by means of 169 ("- ) °L)160
elastic scattering

Te Nagy, E. Kétai, A, Manuaba, G. Mezey, J. Gyulai

The differencial cross section for elastic
scattering of alfa particles by 160 exhibit strong
deviation at 3050 keV energy. This is due to a gi-
ven energy level of 2ONe nuclei. Therefore the
gengitivity for detecting oxigen using a beam of
3,05 MeV 4ge* 1g increased by a factor of 30, The
effect on surface oxidation of group III, and V,
elements implanted into silicon is being investigated.



- 17 =

Pogitron Lifetime Measurements in Aliphatic Hydrocarbons
Zs., Kajcsos, I, Dézsi, D, Horvath

Appl. Phys; 5, 53, /1974/

The positron lifetimes and relative
intengities were measured in highly purified liquid
and solid hydrocarbons. It was found that most of
the lifetime parameters changed at the melting
point of the samples and their values were lower in
the solid than in the liquid phase, A study of
hexane igomers was also performed and there was
found only very small difference for different isomers.
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Pogitron annihilation in ionic crystals
L. Balogh, I, Dézsi, D, Horvédth, Zs. Kajcsos

/Apple Phys. 6, 21-23 /1975/
Izot6ptechnika, 17, 473 /1974//

Positron lifetime measurements were made
on Ca?* doped NaCl, Ba®t doped NaCl and X-ray-and
additively-coloured KCl crystals, In the NaCl(Ca)
system a correlation which could be approximated
by a power equation was found between the dopant
concentration and the positron annihilation para=-
meters., In the NaCl(Ba) system the decay para-
meters do not change significantly as expected.



Pogitron annihilation in amino acids

I, Dézsi, D, Horvath, Zas., Kajcsos

/Chem, Phys. Lette., 24, 514 /1974//.

Pogitron lifetime measurements were per-
formed on eight different amino acidsT 1,'2'2 and
I, values were observed at around 0,35 ps,
0,7-1,2 ns and 20-30 % respectively, The long-
lived component seems to be produced by positronium
states trapped in the crystalline lattice oxr by
positronium bound to molecules,
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Ground state conversion in Fe(BF4)2 . 6 H)0

L. Asch’, I, Dézsi, T. Lohner and B, Molnér

The study of the phase transformation in
Fe(3F4)2 . 6 H,0, The temperature dependence of the
MUssbauer spectira showed that the latexr crystals
undergo the same ground state conversion as the
ferrous perchlorate hexahydrate did., The transition
enthalpies were also determined by calorimetric
measurements,

+Physik Department, Technische Universitédt Miinchen,
Garching, F,R.G.



Interpretation of experimental M&ssbauer
quadrupole splittings of iron pentacyanide
complexes uging molecular osbital theory

A, Trautwein+, F.E, Harris++, I, Dézsi

Teoret, Chim. Acta /Berl./ 35, 231 /1974/

Semiempirical self-consistent-field molecular
orbital calculations were carried out for six
ironpentacyanide complexes and were used to interpret
their experimental quadrupole splittings. Probable
orientations were identified for the 06H2 and NOZ
groups in Fe(CT), NOCcH;” and Pe (CN) NOZ%.
Calculations on Fe(CW); NO™2 and Fe(CN), N0~ could
simultaneously be brought into agreement with experi-
ment by reparametrization to make the NO group more
positively charged. All the calculations indicated
the importance of including all the Fe 384 and 4p
orbitals in the calculations and of considering
neighbouring=-atom effects,

*Pachbereich Angewandte Physik, Universitét des
Saarlandes, Saarbriicken, F.,R.G.

*Department of Physics, University of Utah,
Salt Lake City, Utah, USA



Spin relaxation effects in Fe/NO /3 and Fe/ClO4/3
frozen solutions and in Fe/0104/3 crystal hydrates

F, Sontheimer', D,L. Nagy, I. Dézsi, T. Lohner,
G, Rittert, D, Seyboth®, H, Wegener'

Jo de Physique, 35, C6~-443 /1974/

Spin relaxation was studied in Fe/NO /3 and
Fe/ClO4/3 frozen solutions and in Fe/ClO4/3 crystal
hydrates. Mossbauer spectra have also been measured
in various magnetic fields up to 80 kG, All these
substances showed pronounced relaxation effectse.
The relaxation time in the frozemn solutions was
found to be field dependent and rather long in high
fields / ~ 10~1 g/, In crystal hydrates the relaxa-
tion times turned out to be field independent and
much shorter /«/10'9 8/ The zero field spectra of the
crystal hydrates showed an intermediate character
between isotropic and longitudinal relaxation.

+Physikalischee Ingtitut II, der Universitdt
Erlangen - Hiirnberg, Erlangen, F,R.Ge



Morin transition in « Feao3 diluted with
trivalent metallic ions

I, Dézgi, T, Lohner, B, Molnar, D,L. Nagy

In: Proc, Int, Conf, Mossbauer Spect,, Cracow, 1975,

Phase transformation studies have been
performed on the system (1-x) o -Fey04 - x 41,04
X = 1-8 mol % , Increasing Al-concentration was

found to decrease the Morin-~-temperature and to
increagse the angle between the spin direction and
the [111 ] axise, No intermediate magnetic phase
with AEQ = O was found,
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MSssbauer Effect Study of Co’! and Fe’! Impurities

in Ferroelectric LiNbO3

W, Keunelts.K. Date+, I, Dézsi, U, Gonser'™

to be published in J, Appl. Phys.

The Mosabauer effect observed with LiNbOB:
Co”7 /source/ and LiNb033F957 /absorber/ corystals
showed the existence of high spin Fe2+ and Fe3+
valence states, The Fe2+/Fe3+ ratio could be
changed by reducing or oxidizing heat treatment,
Fe”' in sources and absorbers shows Mdssbauer
spectra which are typical for slow electronic
relaxation between the crystal field states of the
635/2 state ion. For both, Fe>' and Fe2¥, the
principal axis of the electric field gradieat is
found to be parallel to the crystallograpic c-axis,
For ferric iron V.,  is positive, while sz is
negative and strongly temperature dependent for
ferrous iron, The impurity site substitution and
charge compensation mechanism are discussed.

*permanent address: Tata Institute of Fundamental
Research, Bombay, India

**Pachbereich Angewandte Physik, Universitiét des
Saarlandes, Saarbriicken, F,R.Ge
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Mossbauer spectroscopy of Fe-HEDTA frozen solutions

I, Dézai, T. Lohner, D,L. Nagy, G. Ritter®,
He Spiering*

In: Proc. Conf, Mdssbauer Spect., Cracow, 1975,

Different ionic species have been identified
in Fe  ~=-HEDTA /HEDTA=hydroxyethylethylene
diaminetriacetic acid/aqueous solutions, The minimum
of the magnetic susceptibility found at pH=5
was explained by the existence of antiferromagneti-
cally coupled dimeric species with a net spin S=0.
This species were identified by recording spectra
in an applied magnetic field of 50 kG.

III

¥pnysikalisches Institut II der Universitdt
Erlangen=Niirnberg, Erlangen, F.R.Ge.
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Ferroelectric phase transformation in CHBNH3Fe/SO4/2.12 H,O

2

I. Dézsj-’ T. LOhner’ D.Il. Naw

In: Proc. Int. Conf, Missbauer Spect., Cracow, 1975,

Studies of CHBNHBFe/SO4/.12 H,0 have been devoted
to the ferroelectric phase transition which occurs at
169 K, A minimum of the absoption area as a function
at temperature at Tc was found which suggests that
the phonon spectrum of the crystal anomalously
changes around the phase transition temperature,
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Paramagnetic relaxation phenomena in alums

I, Dézgi, T. Lohner, D,I. Nagy, A.M. Afanasiev®

J. de Pnysique, 35, 06-449 /1974/

Paramagnetic spin relaxation has been studied
in alums AFe/SO4/2.12 H,0 /A=NH4, K, T1, Rb, Cs and
CHBNH3/. It was found that in the first four cases
/ A —-alums/ where the local symmetry of the Pet
ions is elmost cubic the <tensor of the transition
probabilities is isotropic. In the last two cases
/ (3 ~alums/ the local emviromment of Fe>* is slightly
distorted which results in an isotropic transverse
characteristics of the relaxation tensor.

®¥],V. Kurchatov Institute of Atomic Energy
Moscow, U,S.S.R,



Can we prepare texture~-free MUssbauer samples?
D.,L, Nagy, I. Dézsi, K, Kulcsér

In: Proc, Int, Conf, MOssbauer Spect,, Crécow, 1975,

A reason for the appearence of texture in
Mbssbauer absorbers is a small pressure on the
surface of the sample, The effect of such pressures on
the agymmetry of a quadrupole doublet was discussed
and it was found thet a relatively small /e.g., 20 %/
deformation of the sample may result in an agymmetry
as high as e.g, 8 %, Using thisg fact the method of
preparing texture~free samples has been worked out.
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Ligand field theory and hyperfine interaction in
giderite

H. Spiering®, R. Zimmermann®, D.L. Nagy

In: Proc. Int. Conf, Missbauer Spect., Cracow, 1975.

The ligand field theory has successfully
been applied to describe the hyperfine interactions
is FeCO;, Supposing a small mixing of the EB doublet
to the Ep ground state doublet the temperature
dependence of the hyperfine field was understood using
a single exchange constant, |

¥Physikalisches Institut II, der Universitét Erlengen=-
Nirnberg, Erlangen, F,R.G.
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Magnetic field induced texture in Mossbauer absorbers

D.L., Nagy, K. Kulcsdr, G, Ritter®, H., Spiering®,
H, Vogel®*, R, Zimmermann®, I, Dézsi, M, Pardavi-Horvéth

Phys, Chem, Solids, 36, 759 /1975/

The reason for the appearence of texture in
Mossbauer absorbers was studied. As a model, poly-
crystelline ‘FeCO3 mixed with active carbon powder
was used, It was found that magnetic fields of
gome kG are able to induce a considerable texture,
The effect was due to the anisgotropy of the magnetic
sugsceptibility and could be described by a simple
phenomenological model, Similar effects have been
observed in FeSO 4.H 0 and Fe012.4 H20 powders mixed
with active carbon,

2

*Physikalhdm Ingtitut II der Universitét Erlangen=-
Mberg, Erlmgen’ F‘ROGO



Production of group constants from the evaluated

nuclear data distributed by IAEA

P. Vértes

Central Research Institute for Physics, Budapest

In order to supply group constants for the
calculations to be performed in the framework of
the ZR-6 project,a new program system has been
elaborated which is able to convert cross-sections
given point-wise or by resonance paiameters into
infinite diluted or screened group averaged cross-
gsections and into inelastic and elastic group
transfer matrix. The group-system and averaging
gspectrum are arbitrary. Up to now the program
system can use files in KEDAK or UK format, but
it will be extended to SOKRATOR and ENDF/B format.
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EXPERIMENTAL FACILITIES

1.
2e
e

Lo
Se

6o

8e

A 0045 mg C£-252 /fission/ neutron source;
200 XV /2 mA/ neutron generator /home made/;

180 kV /1.2 mA/ Activatron-1lll neutron generator, it
can be pulsed, pulse period: down to lo microsec;

Pu-Be neutron sources from 0.5 to 5 Ci ;

4o cm’ Ge/Li/ detector with % keV FWHM at 1332 keV,
and Si/Li/ X-ray spectrometer with 350 eV FWHM at 6.4 keV;

4000 channel DIDAC /Intertechnique/ analyser and
MUITI-20 Plurimat N data processing system with peri-
pherals; three loo channel analysers;

Li-6J/Bu/ crystal spectrometer; He~3 proportional
counter; time~offlight system with associated particle
and klystron bunching method for fast neutrons is
under construction;

Low~background proportional counter for measuring weak
beta and/or gamma rays, eoge tritium, with a sensitivity
of a few pCij; 43'-/bflow gas counter.
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ANGULAR DISTRIBUTION OF FRAGMENTS IN THE
FISSION OF URANIUM AND THORIUM

M.Varnagy, Se.Juhdsz, J.Csikai

The angular distribution of fragments from the
neutron induced fission of 238U and 252Th had been
measured with a polycarbonate /Makrofol E/ detector
at En=l4.1 MeV neutron energy [1,2] .

Now a method has been developed for the automatic
evaluation of angular distribution of fission fragments
from 238U and 252Th induced by 252Cf-neutrons. This
method is based on the jumping spark countinge
A simultaneous measurement was also applied using
the optical method described in ref.[j]. The results

obtained by the two independent methods are in good
agreement.

[1] E. Baratgugil, S. Juhész, M.Varnagy, S.Nagy,
J«Csikai, Nucle Phys. A 173 /1971/ 571
[23 E.Baratgugil, S.Juhész, M.Vérnagy, S.Nagy, JeCsikai,

Nejtronnaja Fizika /Izde. Naukoza Dumka, Kiev 1972/
J=240.



—95-

CALCULATION OF AVERAGE /n,2n/ CROSS-SECTIONS
FPCR Cf-252 FISSION NEUTRONS '

Z.TOB6dy

Fission spectrum average /n,2n/ cross-sections
were calculated for Cf-252 fission neutrons from
experimental excitation functions [1] and from most
probable /absolute/ cross-section values at 1l4.7 MeV
[2]. Different temperatures for fisson were supposed
between the le4 = 1.6 MeV range. A 10 % variation in
the temperature alters the average cross-sections
roughly by a factor of two. The comparison with experi-
mental data makes 1t possible - in principle = to choose
such a temperature by which the commonly used square
root times exponential type model spectrum gives the
best fit to the experimental values. However, in
practice, this choice can not be still done owing to
the lack of the sufficient number of experimental data.

[1] z.T.B8dy, ATOMKI Kdzlemények 16/4e 351, /1974/.

(2] Z.7.Bédy, J.Csikai, Atomic Energy Rev., 1l 153, /1973/.



2525f NEUTRON TRRADIATION FACILITIES

MeBuczkd, M.H.Al-Mundheri®, J.Csikai, Z.Dezs

An activation facility has been designed for
the accomodation and safe-handling up to 50 mg of
Cf-252 neutron sourcee The absolute wvalues of
thermal, epithermal and fast neutron fluxes were
determined by foil activation method using In, Dy,
Au, Al and Fe detectors, and compared with other
experimental results and theoretical estimations.

+ On leave from Iraqi Atomic Energy Commision, Baghdad
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APPLICATION OF SSNTDs FOR NEUTRON RADIOGRAPHY

S.Juhédsz, M.Varnagy

Radiographs of a microswitch and other electric
parts were made with Lexan polycarbonate using U308
/20% 235U/ /n,f£/ converter as well as CA-8015
cellulosenitrate /manufactured by Kodak Pathe, France/
using OLiF /n, &/ converter. The thermal neutron
exposure time was 50 h. 252
sourcee.

Cf was used as a neutron
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DETERMINATION OF THE BITUMEN CONTENT IN ASPHALT
CONCRETE USING A NEUTRON REFLECTION METHOD

MeBuczkd, Z.Dezs8, Je«Csikail

A neutron physical method for the fast,
nondestructive determination of the bitumen
content in asphalt concrete has been developed
[1,2,3]. The determination is performed on
cylindrical asphalt concrete samples containing
desiccated rubble matrix. Using samples of ~looo g
and measuring times of 20 min, the reproducibility
of the bitumen determination is +-0.15 W%, the
sensitivity is 3.10-3 g/ge

[1] M. Buczké, Z.Dezs8, J.Csikai, J.Radidhal.Chen.
25, 179 /1975/

\2}S-Nagy, P.Raics, S.Darbeczy, G.Petd, Z.Dezsd,
M.Buczkdé, J.Csikai, Research Report 1971. K&V
Debrecen, Contract No. 14223/1970.

[BXE.Pittlik, M.Busi, E.Sziics, JeCsikai, M.Buczkd,
SeDardczy, SeNagy.GePet6, PeRaics, Z.Dezsd,
Patent Appl., UE-24, 8 Auge. 1972,
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TITANIUM CONTENT DETERMINATION IN BAUXITE:
A COMPARISON OF NEUTRON ACTIVATION ANALYSIS WITH
X-RAY FLUORESCENCE METHOD

MeBuczkd, SeMukherjee, Z.Dezsé, M.Hegediis, M.Varady

ABSTRACT

Titanium content determination has been investigated
using bauxite samples of various origin, by thermal
neutron activation and x-ray analysis using 2520f-
-fission neutron source and Ge/Li/ detéctor as well
as 5H-exciting source and Si/Li/ detector. For the
same measuring time the sensitivity of the activation
method is 0.35 w% Ti, with an absolufe statistical
error less than 10% in the case of &¥sample weight,
while for the x-ray method is 0.06 w% Ti with an
absolute statistical error less than 5 %.
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APPLICATION OF T-CELLIT DETECTOR FOR THE
STUDY OF NUCLEAR REACTIONS

MeVarnagy, JeCsikai, J.Szabé and S.Szegedi

The T-cellit detector was succesfully used for
measuring the angular distribution of alpha-groups from
9 sa,a/ 170 [1,2] and Be /a,d/ “1i [3,4] reactions
as well as for the determination of the cross section
of the rections “Be /A ,o/ 13 [5,4] and log /Dy%/ Be
[5,6]e |

Now a method has been developed for the simultaneous
determination of the angular distributions of the 5He
and *He particles from the 9713 /DyX/ 5v*He reactions
[7] as well as of the “H, ‘Li and “He particles from
the 6Li /d,p/ 7Li and 6Li /d,%X/ 4He reactions in the
energy region relevant for nuclear astrophysicse Cross
sections for the reaction 6Li /Dy0/ 3He have also been
determined [7].

[1] somogyi Gy., Schlenk B., Varnagy M., Meskd T.,
Valek Ao, ATOMKI KOZLEMANYEK 10 /1968/ 33
[2] &.Somogyi, B.Schlenk, M.Varnagy, L.Meské, A.Valek,
Nuclear Instruments and Methods 63 /1968/ 189
[5] Szegedi S., Thesis /Kossuth University, Debrecen 1970/
[4] S.szegedi, Acta Phys. Acad, Sci. Hungary 34 /1973/ 215
[5] Szabé J., Thesis /Kossuth University, Debrecen, 1971/
[6] J.Szabd, J.Csikai, M.Varnagy Nucl.Phys. A195 /1972/ 527
[7] M.Varnagy, J.Csikai, J.Szabd, S.Szegedi, J.Bénhalmi,
Nucle Instr. and Meth. 119 /1974/ 451
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SPARK COUNTING TECHNIQUES OF ETCHED NUCLEAR
TRACKS FOR NEUTRON DOSIMETRY AND SAFEGUARDS

MoVarnagy, E.Gyarmati, JeCsikai and T.Sztaricskai

A new method based on the Fraunhof¥er diffraction
had been worked out for the determination of the average
diameter of the particle tracdks in solid-state nuclear
track detectors [1].

Now, a Jjumping spark counter /JSC/ has been constructed
for the fission fragment counting and its characteristic
features were studiede. The JSC is suitable either for
step by step or continuous counting of thin /5—18/pm/
polymer foils with etched nuclear tracks. A method has
been developed for the rapid determination of the optimum
values for the factors which may influence the caracteris-
tics of the JSCe. The JSC is applicable in the interval of
0.1 - 5000 spark/cmz. The efficiency is ~100% up to
100 track/cm2 if the fission fragments enter at right
angles to the detector surface. The reproducibility of
the counting is ~2% even at ~5000 spark/cmz. The number
of counts determined by JSC is in good agreement with
that observed with optical microscope. The investigations
showed that there is no effect of gamma exposures on the
counting of fission tracks in the 2,5 - 34,5 Mrad interval.

The decay of the sparking rate and the amplitude
distributions of the sparks were studied with a 4000
multi-channel pulse-height analyser.

The JSC method can be used in the personal and
emergency neutron dosimetry, safeguards of nuclear
materials and evaluation of angular distribution of
fission fragmentse.

[I] M.Varnagy, JeSzabd, S.Juhédsz, J.Csikai,
Nucle.Instr. and Meth. 106 1973 30 :
[2] E.Gyarmati, Prize essay /Kossuth University, 1975/
[3] M.Varnagy, Scientific Session at Kossuth University
/ﬂa% 12-13, 1975/ Debrecen
4l J.0sikai, IAEA Seminar on the Uses of Cf 252 in
Teaching and Research /14-18 April, 1975. Kdlsruhe/
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ESR SRUDY OF IRRADIATED POLYMERS
Me Vérnagy

The types and kinetics of long-lived free
radicals formed upon ¥, UV-and neutron irradiation
of Lexan, Makrofol E and Makrofol KG polycarbonates,
Melinex O polyester, Triafol TN, Triafol TX and
T=-cellit cellulose-acetates, cellulose-~aceto~butirates
and cellulose nitrates were studied at 77°K and room
temperatures in air and nitrogen atmospheres and in
vacuum [i].

These investigations are important to study the
characteristics of thesolid state nuclear track
detectors[2 - 7] .

(1} M.varnagy, Scientific Session at the Kossuth
University /May 12-13, 1975/

[2] G.Somogyi, M.Varnagy, G.Peté, Nucl. Instr. and
Meth. 59 /1968/ 299

[3] G.Somogyi, M.Varnagy, L.Medveczky
JOURENTRA /Clermont-Ferrand, 1969/ III-86

[4] G.Somogyi, M.Varnagy, L.Medveczky
Radiate Eff. 5 /1970/ 111

[5} M.Varnagy, Thesis /Kossuth University, 1970/

[6] M.Varnagy, J.Csikai, S.Szegedi, S.Nagy,
Nucle Instr. and Meth. 89 /1970/ 27

[7] M.Vérnagy, 2nd Meeting of Hungarian Nuclear
Physicists /Debrecen, 4~8 June, 1973/
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MEASUREMENT OF EIECTRON, X-RAY AND GAMMA
RAY DOSES WITH SSCTDs

M. Varnagy, M.Osvay , JeCsikai and SeSzegedi

- The T-cellit cellulose acetate foil had been found
to be suitable for the measurement of doses higher than
1 Mrad {1 - 2].

Now, investigations are in progress to apply polycar-
bonate, polyester, cellulose-acetate, cellulose-nitrate
and cellulose-acetate-~butirate foils for the measurement
of gamma doses in the 1 - 100 Mrad interval. |

[1] M.Varnagy, J.Csikai, S.Szegedi,
Nucle Instr. and Meth. 119  /1974/ 261

[2] M.Varnagy, J.Csikai, S.Szegedi,
Izotéptechnika 17 /1974/ 480
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NONDESTRUCTIVE MEASUREMENTS OF SURFACE DENSITY
ON ROADS

AoPé.ZSit and S -Su.dé.I'

A portable probe has been developed using
radioactive isotope for the mondestructive |
measurement of road surface density. With the
equipment one can determine the density of both
hot and ready roads within lo minutes with errow
of +-0,01 g;/cma. The contribution to the total
scattering events from the upper 4 cm thick layer

is 9745 %
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INSTITUTE OF NUCLEAR RESEARCH

OF THE HUNGARIAN 'ACADEMY OF SCIENCES

DEBRECEN
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INSTITUTE OF NUCLEAR RESEARCH OF THE

HUNGARIAN ACADEMY OF SCIENCES, DEBRECEN

Large experimental equipments of INR.

1./

2./

3./

4./

5./

6./

5 MV Van de Graaff generator of proton, deuteron and alpha beams

Measuring arrangements for the energy and angular distributions of charged
particles have been built, the building of assemblies for gamma and neu-
tron distribution measurements ig in progress. The measuring centre of the

generator consists of a Nuclear Data 50/50 data collecting and processing
system.

1 MV Van de Graaff generator

This accelerator extends the lower energy limit covered by the generator
a/ from 0,8 MeV down to 0,3 MeV. In the accelerétor types a/ and b/ basic
research of nuclear reactions /reaction mechanism, nuclear data collec-
tion/ has been started.

An equipment and program for the "in-beam" measurement of conversion
electrons is being now prepared utilizing of semiconductor detectors and
superconductive transport magnet, destined for operation in connection
with the 5 MeV Van de Graaff generator.

Cockroft-Walton generator with maximum operational voltage of 700 kV

The generator is suitable for the acceleration of protons deuterons and
electrons. The available measuring arrangement covers the cross sections
for and the angular distributions of /d,p/, /d,alpha/ reactions. Research
facilities for use with electron acceleration are now under investigation.

Program for the application of nuclear spectroscopic methods in other
disciplinés and practice /Nuclear physics, chemical information from in-
ternal conversion measurements, ESCA, radioisotopic x-ray fluorescence/.

Neutron Generator

for the production of D+T neutrons with p' ions analysed at 150 kV opera-
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tional voltage, max. ion current .of 500 uA. In the recent past
70Zn/n,pl, 198Ptln,2nl, In,gamma/, /n,p/, /n,d] and /n,alpha/ reactions
were studied /cross section measurement, half-life determination and
gamma spectroscopy/.
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FAST NEUTRON CROSS-SECTIONS OF Os ISOTOPES

P. Kovacs, I. Uray

Cross-section measurements were carried out at 14,7

MeV neutron-energy for several reactions using Os target with

the following results.

Reaction:

18%0s (n,2n) ! #3Mos
18%0s (n,2n) 1 390s
18605 (n,2n) 185 0s
19205 (n,2n)1°1Mpg
19295 (n,2n)1%190s

1920s5(n, a)1%° Os

cross=-section

[mb ]
383+ 75(/«
760£155

1403+282 ,
892+186 .
1176+196 .

0,15+0,03 ¢

Reaction:

18405 (n,p) 1 **IRe
18805 (n,p)'®® Re
18905 (n,p) }®° Re
19005 (n,p) 1 MRe
19005 (n,p) ! ?°9Re

19205 (nIY) 193 Re

cross-section [mb]

100<o <400

»
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DOPPLER BROADENING OF THE LINE AND ANGULAR DISTRIBUTION OF
ALPHA PARTICLES IN THE 9Be’(p,a2)6l_l NUCLEAR REACTION

A. Kiss, E. Koltay, Gy. Szabd

Measurements have been performed in order to check the possibi-
lities using line shape analysis of the Doppler broadened gamma
lines Yy instead of measuring the angular distribution of the
light particles b; emitted in nuclear reactions. The results
obtained for the case °Be(p,2.)°®Li at bombarding energy
Ep=2.567 keV indicate the usefulness of the present method.
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A STUDY OF THE MECHANISM OF 14N(a,p)1°N REACTION AT LOV
BOMBARDING ENERGIES

I. Hunyadi, B. Schlenk, A. Valek and T. Vertse

Angular distributions of the proton groups py, P1+P2, P3s Pu.,

ps from the !*N(d,p)!°N reaction have been measured between

0.32 and 0.63 MeV deuteron bombarding energy. The experimental
data were compared to the incoherent sum of the DWBA and Hauser-
-Feshbach cross-sections. In most cases the measured and.calcu-

lated cross-sections agree quite well,
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INVESTIGATION OF THE 27A1(p,a)2%Mg REACTION

I. Hunyadi, E. Koltay, L. Zolnai

Measuring the excitation function and angular distribution
curves of the 27Al(p,a)2"Mg reaction level characteristics
have been determined for the resonances at 1568, 1580, 1647,
1662, 1725, 1842, 1899, 1909, 1985, 2040, 2135, 2165, 2179,
2206 keV bombarding proton energies. In the case of the first
eight resonances where solid state track detector technique

was used both a, and a; groﬁps have been observed.
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LEVELS OF *'Sc FROM THE 4°Ca(p.p)4°Ca REACTION

E. Koltay, L. Végh

To be published in Nuclear Physics

The R-matrix formalism for multilevel cross-sections has been used
to analyse the data obtained in the elastic scattering measurements
performed on the 5 MV Van de Graaff generator of the Institute.
Excitation energies, width and spin-parity values have been given
for 30 excited levels of *!Sc as follows:

3.412 Mev, 1 kev, 172%; 3.478 MeV, 80 keV, 1/27;

3.728 Mev, 12 kev, 1/2; 3.771 MeV, 0.4 kev, 3/2 ;

4.500 Mev, 1 kev, 3/2%; 4.533 MeV, 12 kev, 3/27;

4.642 MeV, 36 kev, 1/27; 4.775 MeV, 3 kev, 3727
4.865 Mev, 2 kev, 5/2%; 4.945 MeV, 1 kev, 5/27;
4.947 MeV, 2 keV, 5/2 5.020 MeV, 6 kev, 1/2%;
5.036 MeV, 0.4 kev, 9/27; 5,071 Mev, 3 kev, 1/27;
5.082 MeV, 0.7 kev, 3/2%; 5.141 MeV, 3 keV, 3/27;
5.353 MeV, 3 kev, 3/27; 5.372 Mev, 7 kev, 5/2%;
5.393 MeV, 4 keV, 3/2 ; 5,417 MeV, 18 kev, 5/2%;

5.488 MeV, 1 kev, 1/27; 5.491 Mev, 1 kev, 1/27;
5.518 MeV, 0.5 keV, 5/2 ; 5.531 MeV, 20 keV, 3/2 ;
5.574 MeV, 6 keV, 3/2 ; 5.647 MevV, 3 kev, 5/2 ;
5.688 MeV, 1 kev, 1/2 ; 5.702 MeV, 12 kev, 1/2;
5.706 MeV, 12 keV, 5/2 ; 5.753 MeV, 7 kev, 3/27;

N
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INVESTIGATION OF THE STRUCTURE OF #°Sc MUCLEUS
Dang H.U., Fényes T., Gulyds J., Kiss A,, Koltay E., Maté Z.

To be published in ATOMKI K&zlemények

The scattered proton and y-radiations of the *3Sc(p,p’y)"°®Sc re-
action have been studied with surface-barrier Si, and Ge(Li) de-
tectors at 23 2.5; 3; 3.5 and 4 MeV bombarding proton energies.
From the 48 gamma rays, associated with the decay of *°Sc exci-
ted levels, 11 are new, The intensity of gamma-rays was measured
as a function of the bombarding proton energy. In the proton
spectrum 18 inelastically scattered proton groups were observed,
which are connected with *°Sc excited states. The y-radiation

of the *5Ti+"*%Sc decay was also investigated. On the basis of
experimental results we propose a new level scheme of the *3Sc
nucleus. Gamma-ray branching ratios have been obtained for the
excited levels. From the experimental results and different the-
oretical calculations conclusions are drawn on the structure of

the "*5Sc nucleus.
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DECAY MODES OF 199Re

P. Kovacs, I, Uray

The decay modes of !'°°Re have been investigated by means of (n,p)
reaction using 14,7 MeV neutrons. Our measurements indicate that
the 3.2 min half-life belongs to the ground state, while the 3.0
h half-life belongs to the metastable state of the !?°Re. The
measured gamma transitions indicate that the population of the
1387,3; 1995,5 and 2352,5 keV levels follows the ground-state

B~ decay, while energy levels at 1446,5; 1682,0; 1836,6; 2069,7
and 2121,2 keV energies manifest themselves after the B~ decay
of the metastable state.
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K-SHELL IONIZATION BY PROTONS FOR Cr, Cu. In AND BY ALPHA-
PARTICLES FOR Cr, Cu

E. Koltay, D. Berényi, I. Kiss and S. Ricz

K-shell ionization cross-section by proton and alpha impact was
determined in the 0.9-4 MeV region of bombarding energies for

Cr and Cu targets as well as for In by protons in the 0,9-2.5
region. The measurements were performed using a 5§ MV Van de
Graaff generator and Si(Li) X-ray detector. The results are given
in tabulation and compared with BEA (binary-encounter approxi-

mation).

The publication is in preparation.



- 116 -

L-SHELL IONIZATION BY ELECTRON IMPACT

B. Schlenk, A, Valek, S, Ricz and D. Berényi

Total L-shell ionization cross-section was determined by electron
impact using a Cockroft-Walton generator for Yb and Au in the re-
gion from 250 keV to 650 keV by steps of 50 keV. The cross-section
values are varied around 900 barn for Yb and around 300 barn for

Au, The details are given in table.

The publication is in preparation,
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SEARCH FOR VIRTUAL ELECTROM CAPTURE IN THE INVESTISATION OF THE
INTERNAL BREMSTRAHLUNG FROM THE DECAY OF >°Ni

D. Berényi, G. Hock, A. Ménes, G, Székely, Cs, Ujhelyi and A. Zon

The internal bremstrahlung spectrum from the non-unique second
forbidden pure electron capture decay of °°Ni was investigated
in a lime-store low background chamber using a 20 cm?® Ge(Li)

detector to search for the effects of the virtual electron cap-

ture in the spectrum-shape of internal bremstrahlung.

Comparing the experimental data with the Cutkosky, Zon-Rapoport
and virtual capture theory, the best fit was found for the Zon-
-Rapoport theory, and thus the virtual capture theory is not

indispensable at the interpretation of the experiment.

Some additional results are also obtained in the present study.

Thus, the A value, the ratio of matrix elements A=0,030x0,02,

as well as the total disintegration energy, Q(*°Ni-°?Co)=1074,2¢
+1,3 keV have been determined. The existence of a positive beta

branch was proved with the 31072 estimated value of the branching.

The publication is in preparation.
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ELECTRON CAPTURE RATIOS IN THE DECAY OF 12°]

E. Vatai and L. Andé

The L/K and ¢/fY ratios are investigated in the first forbidden
(27+2%) decay of I-126 using inner source scintillation technics.
Preliminary results do not contradict to the decay to the 666.2
keV level or to the theoretical expectations for the 1420 keV
level. Complete evaluation of experimental data, as well as cont-

rol measurements are now under way.
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SUPERCONDUCTING MAGNETIC SYSTEM FOR NUCLEAR SPECTROSCOPIC
APPLICATION

Térkényi Fo, NOVék Do, File Ko

ATOMKI K&zlemények 16/4 (1974) 325-337,

A superconducting magnetic system was built to be used as an
electron transporter in an in-beam conversion electron spectro-
meter. The magnetic characteristics of the system are described.

The field created by the two Nb-Ti coils in a bore of @ 4 cm
and in a length of 2x9 c¢cm, has an average field strength of

32 kOe, while its distribution along the axis guarantees that
the magnetic mirror effect for the transported electrons will

be small,
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EXCITATION OF LIGHT Hg NUCLEI IN THE DECAY OF T1

T. Fényes, I. Mahunka, Z. M&té, R.V. Jolos*, V. Paar**

To be published in Nuclear Physics

Recent YASNAPP (Dubna) experimental results on the decay of
llght thallium isotopes ( 188 189) 190y 191, 192, 193, 191&, 195‘, 197Tl) are
briefly reviewed. From the systematics of available experimental
data on the excited states of light even and odd Hg nuclei gene-
ral conclusions are drawn. New calculations have been performed
for the energy levels and electromagnetic properties of light
even Hg nuclei by coupling two valence-shell proton holes (clus-
ter) to the quadrupole core vibration. The properties of light
odd Hg nuclei have been calculated on the basis of the pairing
plus quadrupole residual interaction model by coupling one neut-
ron quasiparticle to the anharmonic quadrupole core vibration.
These nuclei have also been considered by coupling a three-neut-
ron-hole cluster to vibrations. The theoretical results are
qualitatively similar in both representations and explain many

experimental data.

* Joint Institute for Nuclear Research, Dubna, USSR

* %
Institute "Rudjer Boskovic", Zagreb, Yugoslavia
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INVESTIGATIONS FOR DETERMINING THE OPTIMUM MEASUREMENT
GEOMETRY OF S1(L1) X-RAY SPECTROMETER

M. Kis-Varga and J. Bacsd

The analytical sensitivity of radioisotope excited Si(Li) detec-
tor X-ray spectrometer was investigated. The optimum source-

-sample~detector geometry was determined by measuring the effect
of the sizes (diameter and thickness) of the sample, the source-
-sample and detector-sample distance as well as the effect of the
thickness and diameter of the aperture of source-holder upon the
intensity of fluorescent X-rays. Good agreement was found between
the theoretically calculated and experimentally measured sensiti-

vity in the atomic number region 2=20-40.
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THE DETERMINATION OF TRACE-ELEMENTS BY S1(L1) X-RAY SPECTROMETER
IN CIGARETTES

J. Bacsé, G, Kalinka, M, Kis-Varga, Cs. Ujhelyi

The trace-element content of cigarettes was measured by radioiso-
tope excited X-ray fluorescence method. The inorganic constitu-
“ents in cigarette tobacco, dropped ash, cigarette paper and ci-
garette smoke condensate were determined in the atomic munber

region Z2=19-82,

It was found that the substantial amount of trace-elements in

tobacco was transferred into smoke,
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ON THE SELF-CONSISTENCY OF THE LANE MODEL

R. G. Lovas

Individual search has been performed for the parameters of the
Lane potential by fitting two of the (p,p), (p,ﬁ) and (n,n) dif-
ferential cross-sections for a selection of nuclei. The Lane
potential obtained has been tested by a comparison.with the
cross-section of the third process. It is concluded that only
the approach of fitting (p,p) and (p,n) is practicable, and the
descriptipn of the (n,n) cross-section is satisfactory only if
average proton potential is used and if the real and imaginary
parts of the symmetry potential are not allowed to vary inde-

pendently.
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INVESTIGATION OF THE 3/2~ 770 keV SHORT-LIVED ISOMERIC
STATE OF °*Cr EXCITED BY 14.7 MeV FAST NEUTRONS

P. Dedk, S. Gueth, P, K4lmén and A. Kiss
Acta Phys. Hung. 37./1974/ 339.

The production of 3/2° 770 keV short-lived isomeric
state of 51Cr/n, 2n/ reaction at 14.7 MeV neutron energy.
The measured cross section, combined with that known for
the whole /n, 2n/ process from other experiments, was used
to determine the spin-cut-off factor after deriving the
isomeric ratio. The half-life of the 3/2° state was
deduced as well,

EXPERIMENTAL INVESTIGATION OF THE NEUTRON-GAMMA COMPETITION
IN 14.7 MeV FAST NEUTRON REACTIONS

P. Dedk, S. Gueth, J. Inczédy and A. Kiss
Acta Phys. Hung.

The energy spectra of the evaporated neutrons from
55Mh and 20931 targets were investigated at 14.7 MeV
bombarding energy in order to learn about the probability
of the /n, ny/ process at excitation energies, where the
evaporation of the second neutrons was energetically
allowed. The role of the gamma deexcitation proved to be
negligible in the case of the Bi target, while the
measurements on Mn provided evidence for considerable
larger gamma competition than expected on the bagis of
the usual statistical assumptions.
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DETERMINATION OF THE NITROGEN CONTENT OF THE ORGANIC
COMPOUNDS BY MEANS OF FAST NEUTRON ACTIVATION ANALYSIS

P. Dedk, S. Gueth, A, Kiss and Cs. Siikdsd

The aim of this work was to investigate the
possibility of the adoptation of activation analysis
by 14 MeV neutrons for the determination of the nitrogen
content in the organic compounds. The activity with 10
minutes half-life, produced in the 14N/n, 2n/13N reaction
at 14 MeV neutron energy, is suitable for the exact, .
fast determination of N content without destruction of
the sample. The necessary weight of the samples are
1-5 g. The deviation of the determined N content is
better than 10 %. '
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INTRQDUCTION

The eleventh progress report on Nuclear Data
Activities in India covers the work dome during the celender
year 1974, A part of the work reported here has been
presented at the Nuclear Physics and Solid State Physics
Symposium held at Bombey during December 1974 as well as some
work done during the current year. Apart from the work done
in the field of nuclear fission the major thrust of work in
India is directed towards basic Kuclear Physics resesrch both
theoretical and experimental, The experiments predominently
involve charged perticle reactions or level scheme studies,
However during the current year a small programme has been
started with a view to asses the feasibility for measuring
neutron capture data on 2331h between 0.1 and 2 MeV to 5%
acouracy., It 1s hoped to evolve this programme into a more
extensively data measuring and evaluation progreamme for
Thorium cycle data which may involve collaboration between a
few laboratories in India as well as Bangladesh. A short
summary of thgs preliminary work is given as items number 20,

21 and 22 under section A.

The total number of CINDA entries sent to the Nuclear

Data Section of the International Atomic Energy Agency during
the period of report is 15, The liason activity with computer
programme library (CPL) of the NEA was continued.
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Among the new facilities, the installation of the
224 cm Variable Energy Cyclotron has progressed to a stage
where beam trials are expeeted to start during December this

yeer. The design of the 100 MeV thermal research reactor is

frozen and the civil works have staerted.

m/lgadf«ng‘—‘ '
K. Mehta)

Convener,
Indian Nuclear Deta Group.
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A. BHABHA ATOMIC RESEARCH CENTRE, BOMBAY 400 085

1. Anslytic Distorted Waves for DWBA Celculations -

N.K. Ganguly and D.K. Srivestava - In the computation of

T metrix for reactionchannels the required distorted waves are

generated by numericselly integrating the scattering equation.

In case a finite renge interaction is used the requirement on

the computer time for T metrix evaluation becomes prohibitive.

To circumvent this difficulty some attempss have been made by a
1)

number of workers ‘.,

It is shown that an analytic scattering function can be
obtained by expanmding it in terms of the product of a plane wave
end the value of the 1/ -function at the scattering center and
its derivatives. Analytic expression for a square-well potential
and comparison of the elastic scettering cross-section obtained

in this fashion with the results of exact calculation is presented,

The covergence of the series-expansion of the scattering
1/ -function end its implication for the general DWBA anelysis
of reaction mechenism is studied.
1) R.T. Janus and I.E. Mc Carthy, Phys. Rev. C10C(1974)1041

end references therein.

2, Effect of Stripping Channel on Energy Dependence of Deuteron
Optical Potential - S. Pal, D.K. Srivastaeva, N.K. Ganguly and

S.N. Mukherjee* - Coupled-channel calculation has been done for

¥ Physics Dept., Benaras Hindu University, Veranasi.
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480&, coupling the elastic and p-stripping channel et five
energies of the incident deuteron, e.g. 5.0, 7.2, 10.0, 13.0

end 16.0 MeV. The stripping cross-sections sre in good egreemant
with experimental data. The calculated elastic scattering cross-

sections fit the experimentsl values qualitatively.

Coupling of reaction channels is expected to remove energy
dependence of the optical potentiegl used in the elastic channel
excepting the intrinsic one. In case of 4BCa, the energy gap
between 07 g.8. and 2% first excited state being large (3.83 MeV),
the coupling of the most probable stripping channel is expected
to remove most of the energy dependence, This was investigated by
fitting the coupled-channel prediction for the elastic scattering
cross-section with & conventional optical model search code. The

nature of the energy dependence of the d-48

Ca optical potential
is similar mainly for the imaginary part as obtained by other
workers in the case of 4oCa both by coupled-channel enalysis

end anslysimg elastic scattering data.

3., Consistent Microscopic and Phenomenological Arslysis of

Composite Particle Optical Potential - Sheela Mukhopadhyay*,
D.K. Srivastave, N.K. Ganguly - A microscopic salculetion of

composite particle optical potential has been done using a
realistic nucleon-helion interaction and folding it with the
density distribution of the targets. The second order effects

were simulated by introducing e scaling factor which was searched

¥ Ph.D. Student
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on to reproduce the experimental scattering results. Composite
perticle opticel potential was also derived from the nucleon-
nucleus opticel potential. The second order term was explicitly
treated as & parameter. FElastic scattering of 20-MeV-3H on targets

4003 to 2OBPb have also been anelysed using phenometne-

ranging from
logicel optical model. Agreement of these results with above
calculations verified the consistency of the microscopic theory.
But the equivalent sharp radius calculated with n-helion inter-
action was observed to be smaller thsn phenomenological value.
This was attributed to the absence of saturation effects in the
densi ty-independent interaction used, Saturation has been

introduced by a density dependent term of the form (1 -Cf2/3),

where -f 1is the compound density of the target helion system.

4. Assymetry Dependence of Proton Opticsl Potentisl -

D.K. Srivaestave, S. Mukhopadhysay*, S. Pel and N.K. Ganguly - In
the optical-model studies the half-value radius of puclear potential
is adopted to vary as A’/3. However, it 18 known from various
studies that at least in isotopic sequences, the half-velue radius
increases less rapidly than A1/3. This is easily resolved by
considering the concept of equivalent sherp radius1’2). The
proton elastic scettering data for 64,66,68-Zn at 30 MeV, for 64,
66,68-Zn at 50MeV, for 112,114,116,118,120,122,124-Sn at 30 MeV
and 144,148,150,152,154-Sn at 50 MeV have been anelysed using
simple opticel model, with sbove mentioned modification, with a

view to know the isospin dependence of optical potential parameters,

oDe udent
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In addition to finding isospin dependence of paremeters, the
volume integrel of imaginary potential per nucleon is found to
vary lineerly with the assymmetry perameter (N-2)/A. This
teken along with similar variation for Q velue for (p,n)
reactions may lead to better understanding of the imeginary
potential.
1) W.D. Myers, Nucl. Phys. A204 (1973) 165
2) D.X. Srivastava, N.K. Genguly end P.E. Hodgson, Phys.

Lett. 51B (1974) 439

5. Study of the Resction >’Mn(p,n)’>Pe from Ep = 1.35 MeV

to 5.4 MeV - S. Kailas, Y,P. Viyogi, S.S. Saini, S.K. Gupta,
N.K. Ganguly, M.K. Mehta, A, Banerjee, S.S. Kerekatte - The
totai (pyn) cross-section for the reaction 55Mn(p,n)ssl‘e was

measured in SkeV steps using a 55Mn target (~ 8 keV thick for

E
p

Ep = 1,35 MeV to 5.4 MeV, The excitation function exhibits @

large number of resonances, some of which can be identified with

3 MeV) and a 41 -geometry neutron counter, from

the isoberic analogue states in the compuund nucleus 56Mn; The
excitation function averaged over 200 keV energy interval is
enalysed on the basis of optical model. Hauser Reshbach . theory
with Moldauer's modification is used to get the fit to the
experimental data, The isobaric analogug resonance at

Ep = 1,54 MeV is analysed to get the spectroscopic factor.
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6. Miesoscopic Approasch to Back-bending Effects in 158@;
162

and Er - M.R. Gunye - The recently observed high spin states

in the rare earth nuclei are studied in & self-consistent
variationel approach with the angular momentum projected Hartree-
BCS wavefunctions. The nuclear Hamiltoniasn employed in the present
work consists of the patring.plus quadrupole 1nteractiona. The
nuclear deformation B, the neutron pairing gep [&n and the proton
vairing gap 'Z&p sre varied to obtain the minimum energy for
each angular momentum state, Our results rule out the suggestion
of a phase tremnsition from a superconducting to & normal state at
the criticel ancular momentum J /212, On the other hand, our
results favour the interpretation of the back-bending effect in
terms of a two-band theory. It should, however, be pointed out
that the peiring gaps Ap and An decresse with the increese in
anguler momentum J. The calculated energy spectre in 158Er end

162Er are in good agreement with the recent experimental data.

7. A_Note on the Determination of Fragment Mass, Energy a

Angular Distributions with a Double Gridded Ionisation Chamber -
1)

K.N. Ajitanand and S.5. Kapoor - Date recorded esrlier ’ event

by event on magnetic tape with a double gridded ionisation chamber
for the case of thermal and 2.2 MeV neutron induced fission of
2350 has been used to investigate the detailed cheracteristics of
observed fragment distributions at various sngles with respect to
the electric field direction of the chember. The relstion between

the grid asnd collector pulse heights ensbled an event by event
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evalustion of the energy end zngle of the fission fragments.

The energy anéd mess distributions of the fragments emitted at
different angles were then studied and it was found that these
distributions are significently distorted at angles near 90° due

to target thickness effects., By considering the dats at those
angles where energy degradation effects are small, one is able to
obtain the mass distributions at various angles in fast and thermal
neutron fission. The fast neutron distribution is divided by the
thermal neutron distribution et each angle to bring out any possible
dependence of the mass asymmetry on the angle in fast neutron
fission.

1) N.N. Ajitanand, R.K. Choudhary, S.R.S5. Murthy, P.N. Rama Rao

and S.S. Kapoor, Nucl. Phys. & Solid State Phys. (India)16B,(1973).

8. Higher Isospin States in 36Ar through X Particle @apture

Resonances ~ D.R. Chakrsbarty, M.A. Eswarsn, H.H. Oza and N.I.

Regoowamsi -~ With a view to locating eand studying the higher

isospin states in the self-conjugate nucleus 36

)36

Ar, the excitation
function in the reaction 325 (¢, ¥)°°Ar has been obtained in the
bombarding energy range, Ey = 4.5 to 4.8 MeV, An isotopically
enriched 325 target of 10Kev thickness and a large volume NaI(T{)
scintillation detector for gamma rays were used. Two isolated
resonances at E, = 4.53 + 0.01 and 4.69 + 0,01 MeV have been
located, corresponding to the excitition energy in 36Ar of

Epy = 10.67 and 10.82 MeV respectively. The decay of these
resonances have been determined &s also the absolute strengths, to
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be 0.86 + 0.13 ev and 2.2 t 0.2 ev respectively. Angular
distribution at the E4 = 4.69MeV resonance has also been measured.
Based on these measurements, possible spin and isospin assignments

of these resonances are discussed,

9. Resonance Spectroscopy of 3051 Nucleus in the Excitation Energy

Renge 14.276 MeV to 15.022 MeV.- L.V. Namjoshi*, S.K. Gupta and
M.K. Mehta - Excitation functions for the reaction 26Mg&x,0026Mg

from 4.185 MeV to 5.145MeV lab, energy measured at esngles 81°,
118°, 135° and 165° have been asnalysed using R-matrix theory of
nuclear reactions, The computer program MULTI coding the multi-
1evel-multichanne1 expression for differential cross section has
been used for the purpose, Shape anslysis of the observed
anomalies have resulted in identification of nine levels in the

compound nucleus 3OSi.

The excitetion energies and spins and
parities of these levels are 14.320(0%), 14.376(0%), 14.597(0%),
14.647(2%), 14.675(17), 14.718(37), 14.874(0"), 14.918(37) and
15.022(4%) MeV. Tentative determination of total widths and

partial widths for (0,00 channel have been made. The average cross
section differs from Rutherford cross section by sbout 304 at all
angles except at 8f°. The average cross section could be fitted with
optical model even thoigh the incident energy is asbout 2 MeV below

the Coulomb barrier.

-
%
=

* NSTS Scholar.
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10. 19FBX,n}22Na Reaction in the Energy Benge 2.6 to 5.1 MeV =~

M. Balekrishnen, S. Kailas, S.S. Kerekatte and M.K. Mehta -

Absolute total cross section for the reaction 19F(O(,n)22Na has
been determined for the incident alpha energy range Ex = 2.6 to
5.1 MeV using thin target ( ~ 6 keV for 2 MeV alphas) and in fine
steps of 5 keV, The excitation function shows some isolated
resonances and also some cluster of states in 23Na in the energy
of excitation 12,6 to 14.7 MeV, An average-strength function is
extracted for the alpha-widths in this energy range., The results
are compared with existing similar data in this region, obtained

from gemma ray information,

1. Qgsiﬂx,n}328 Reaction near Threshold - M. Balakrishnan,

S, Keilas, S.S. Kerekatte and M.K. Mehta - The low energy neutron
cross sections are interesting both from nuclear spectroscopy

points and of astrophysical points. We have measured the reactions
2981(0(,11)328 just near the threshold in the energy range E, = 1.8

to 2.5 MeV after reducing back ground effects substantislly. The
(n,&x) cross sections were obtained using reciprocity relationms.,

The reaction shows some interesting structures of width around

80keV wide and the alpha width, neutron width and reduced widths
have been extracted for these structures., The possible significances
of there structures are discussed. The average alpha strength

functions indicates an abnormal behaviour in this region.
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12 Alphe Perticle Trajectory Calculaetions in Spontaneous Ternery

Pission of 252Cf and_Studies of Scission Point Configurations -

R.K. Choudury and V.S. Ramamurthy - Three-point-charge model
traéectory calculations have been carried out to search for possible
scission configurations in spontaneous ternary fission of 2520f.

The distribution of fragment kinetic energies and alpha particle
energies for various mass divisions were used as input. Three
parameters were used to specify the scission configuration: the
interfragment distance D, the distence of the alpha particle from

the heavy fragment X, and the distance of the lalpha particle from
the fission axis Y. As different from similar earlier investigetions,
for each mass division, not only the moat probable values of the
parsmeters D,X and Y but also their variances have been ohtained.

It is shown thet with these parameters as input, it is possibdle to
explain most of the experimentally observed energy and angular
correlations, An important conclusion arising out of the present

investigations is that the slpha particles originate nearer to either
one of the fragments.

13. Alpha Perticle Trajectory Calculatione in Spontaneous
Quaternsry Fission of 25209 _ S7EY Kataria - The trajectory calcu-

lations heve been performed in an attempt to explain the energy
end anguler correlations between the two light charged particles
(LCP) emitted in the spontaneous fission of 252Cf. Theee possible

emission mechanisms and scission configurations for LCP have been
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tested with trajectory caslculations and compared with the
obaerved energy and enguler correlations. The first hypothesis
is that the two LCP are the result of breakup of CBe. The
second hypothesis is that the two LCP are produced in between
the fragments near the axis of separation, simultaneously. The
last hypothedis tested is that the two LCP are being emitted
from the two fragmentis independent of each other. Only the last
hypothesis predicts angular and energy correlation in sgreemeny
with the experimental results, From trajectory calculations for

quaternary fission, meny important conclusions have been reached

regarding the emission mechanism of LCP.

14, Three Dimensional Gorrelations of Fragment Mass, Fragment
E d L Range Alpha Particle (LRA) Ener in the Fissio

gf U-235 by Thermal Neutrons - D.M. Nadkarni, R.K. Cheudhury,
S.R.S5. Murthy, P.N. Rema Rao and S.S5. Kapoor - To investigate in

detail the various correlations between the energy and mass of
fission frasments snd LRA energy we have carried out a 3-parameter
investigation in the thermal neutron fission of U-235. A back-to-
back gridded ionization chamber was used to measure the energies of
correlated fragments and the energy of coincident LRA was measured
with semiconductor detectors. This setup ensured that events
recorded ere not restricted to eny particular angle between frag-
ments and LRA but cover all the sngles. The data have been
analysed to obtain total coulomd energy distridbutions in binary and
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ternary cases. The average LRA energy was seen to decrease with
asymmetry in mass division. One other new feature observed was

the non-linear anticorrelation between E, and E, and the depen-
dence of this anticorrelétion on the mass asymmetry, With these
data scission parameters in terneary fission are derived by carrying

out trajectory calculations.

15, Shhape Mixing in 184’186Hg - C.V.K, Baba -~ Recent potential
energy calculations on even Hg isotopes have shown that 184’186Hg

are possibly deformed with two energy minima one each for oblate
(/32_=—0.14) and prolate (/3,= 0.28) shefes. The quasi-rotational
levels in these nuclei have been studied by heavy ion reactions at
Berkeley snd Chalk River. The salient features of there studies
are (i) a deviation of the energy levels from a totational sequence
for I £ 6; the levels with higher spSns showing a good rotational
spectrum and (ii) the deviation of the 4+-->2+ and 2+—4'0+, E2
transi tion rates from the rotational value with/61= 0.28. These
features of the spectra are explained on the basis of mixing of
bahds based on the oblate end prolate shapes. The results of a
simple band mixing calculation are presented and they reduce the

observed level spacings and B(E2) values.

16. Nuclear Structure Study of 5°V bx‘t22750T1‘2'n§>50v Resction -
S.K. Gupta, S. Saini, L.V. Namjoshi and M.K. Mehta - The information

on gamma ray transitions, branching ratios, spins and parities of
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low-lying levels of SOV, has been obteined by Ge(Li)-Ge(Li)
coincidence measurements., Comparison of the experimental results
has been made with the calculsations using lowest senority shell

model wavefunctions,

18. On_the Fundamental Representation of SU Group - S.K. Gupta
and I.V.V. Raghavacharyulu -~ In terms of Biedenharn basis it has
been shown that the fundamental representation of SU(3) group is
dependent only on one parameter. The expressions for the
fundamental representation matrices have been derived in terms of
this paremeter. Gellmann~Nishijima representation turns to be one
of the representations which is obtained by substituting different

val ues for the parameter.

193 Spectra of Doubly Odd-Nuclei - S. Saini and S.K. Gupta -
The energy levels of doubly odd nuclei like 428c, 483c and SOV

have been calculated., The two body residual interaction employed
has been a schematic one consisting of a short renge delta-function
plus a long range quadrupole-quadrupole interaction. We have
assumed neutron end proton senorities to be good quantum numbers and
used the lowest senority wave-functions in all these calculations.
The experimental spectra are satisfactorily fitted when the |

parameters of the interaction are suitably adjusted.
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_20:'Measurement of Neutron Cspture Cross Sec¢tion on 232Th

‘between 0.1 and 2 MeV - H.M. Jain, S5.K. Gupta, R.P. Anand, R.N.

Jindal and M.K. Mehta - The capture cross sections on 232Th reported
in the literature in the sbove energy range have errors of the order
of 20%. There ere large discrepancies between different sets of data,
The earlier work was generally done by measuring the induced /3 activi-
ty of 233Th. In order to remove the discrepancy snd as a check on the
previous work it is proposed to measure the cross section with reduced
errors. This would be done by meesuring the intensity of a few
delayed gomme lines emitted following the‘/e decay. With the help

of an accuretely calibrated Ge(L) detector this can be done to

within less than 10% error. This would require the knowledge of

the branching ratios for various gamma rays also to 2n accuracy

better then 10%4. Prelémmnary work to measure this branching retios
end relative photopesk efficiency has been sterted. A simultaneous
irradiation of one thorium and one gold foil, both of 14 mm diameter,
was done in a well thermalized neutron flux (A~ 10° n/cmz/sec) at

the CIRUS reactor at Trombay for 15 minutes, The gamma spectra of

the irrediated were measured with a 27 cc Ge(Li) detector with
resolution 3.3 keV FW¥HM at 662 keV., The mamsumed intensities of

seven different phsétopesks ( 162, 169,441,448,459,670 and 678 keV)
were extracted, and identified to be arisiﬁg from the decey of 233Th
as shown by their hsalf life. The 459 and 670 keV gammas were f£ound
to be prominent. The photopesk efficiencies of the seven gammas will

198

be measured relative to the 412 keV gamma from Au, The computer
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program SAMPO was adapted to BESM-6 for fitting the multiple

pesks.

Using the measured relative efficiencies and thermal

1
232m and '9Tpu, the brenching

neutron cepture cross-section
ratios for the seven gammas will be caelculated. These branching
ratios and the known neutron cepture cross-nection 197Au will be

2320 for higher

used to measure the capture cross section for
energzy neutrons. The cepture cross section on gold is known
to an accuracy of 3-4%, However sbsolute messurement is also
planned where the neutron flux will be measured utilising a

silicon surface barrier sandwich system which is being developed

as described bellow,

21, Neutron Spectrum and Flux Determination usinz Silicon

Surfece Barrier Sandwich System - O.Pe Joneja, J.C. Coachman

end M.P. Navalkar - Among severel neutron detectors aveilsble,

a silicon surface barrier sandwich system enclosing & suitable
rediating materiel can be effectively employed for finding neutron
spectrum as well as neutron flux. The radiating material

3 or Lis. The process of

choosen for the puppose could be He
detection involves neutron interaction with the radiating

material, resulting thereby in two chearged particles moving
approximately in the opposite direction, which cen be easily

detected by two separate detectors arranged in a sandwich geometry.

In order to establish one to one correspondance between neutron
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energy and pulse height, the individual out puts are added up

and in addition 2 coincidence unit is incorporated to avoid

sigle particle eﬁents. The =nalyser oﬁt put is to be corrected

for energy dependent geometry effects, variation of cross-section
with respect to energy and finally resolution correction bvecause of
finite resolution of the system under consideretion. The leskage
factors associated with geometry have been simulated by Monte-
Carlo method whereas the desired point x-sections are suitably
interpoleted from the available nuclear data. As regards

reolution correcticn,e special advancing matrix is constructed

from the thermal response of the spectrometer which can be suitably
operated on the cross-section vector to generate & new cross-
section set. The resulting cross-section set would obvieunaly

contain the effect of resolution correction.

In order to determine the neutron flux for definite
neutron energies produced from an accelerstor, the resolution
correction cen be avoided in case the energy spread due to the
finite solid angle is smaller than the resolution of the system.
The neutron flux csn then be evelusted from the counts under the
peek end suitable leskage and cross-section correction. In
order to meesure neutron fluxes within the error of neutron
cross-section for the reaction of interest, a high degree of
accuracy is desired for identieal properties of detectors as well

as for finding'the totel number of radieting @toms in the system
end defining the aress of the detector correctly.

All the electronics has been fabricsted fof this

spectrometer and initial celibration, study of the detector
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behaviour etc. ere in progress,

22. Summary of the crogss section work done jn TRPS of Reactor

Group - S+B. Garg - Thorium utilization in fast reactors gives
rise to Th-233 which is very short lived, its helf-life being

22 minutes. Th-233 affects the production of U-233 especially
in high flux fest reectors when the cepture reaction is teking
place at a very rapid rate compared to its /5 -decsy process,
The cross-sections of Th-233 ere, thus, important and these have

not been meessured ot all.

To fill this void opticzl model was used to determine
the totesl, elastic end compound nucleus formation cross-sections
in the energy 0.1 MeV to 20.0 MeV. Channel theory of fission
and dipole rediation theory were then used to estimete the

fission ard the capture cross-sections.

In addition to the above, following programmes have been
pursued:

(1) Evaluation of neutron cross-sections in the resolved and
unresclved resonance regions:

(i) A computer code RESEND to evaluate the neutron cross-section,
in the resolved and unresolved resonance regions was modified
and commissioned on COC~3600 computer. The code consists of two
overlays and is based on single and multilevel Breit Wigner
theory and Adler and Aaler rormalism in the resolved resonance

region, and Lan and Lynn theory in the unresolved resonance region.
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(ii) Cross-sections for Na, Fe, Cr, Ni, Th-232, Pu-233, U-233, U-234
U-235, U-236, Pu=-238, P@-239, Pu-240, Pu-241, PQ-242, Am-241, Am-243
and Cm=244 were evaluated in resonance regions with the resonance
parameters taken from ENDF - data files and the point cross-sections thus
generated were combined with the background corrections listed in
ENDF-files. These cross—-sections can, now, directly be used in gene-
rating the unbroadened dilute multigroup cross-secticns tor reactor

physics studies.
{2) Generation of Legendre coefficients and Transformation matriees:

In reactor physics stucies thz Legendre coefficients are used in

the ultratine group treatment of the neutron propagation in order

to calculate correctly the elastic transport and elastic removal
cross~gections and therefore these coefficients are generated at
thousands of energy points., The transformation matrices are calculated

to transform these coefficients from CM to Lab system.

Using the updated scattering cross-section data from ENDF-files

the Legendre coefficients have been generated at 1021 energy points
in the energy range 0.4 ev to 10 MeV with a constant lethargy width
of 1/60 for the nuclides B, C, N, Be, 0, Na, Cr, Fe and Ni,

(3) Generation of multigroup cross-sections

To carry out the reactor physics studies multigroup cross-
sections for fissile, fertile and gtructural materials have bsen
generated in the energy range 0.2 ev to 15 Mev using the point
cross-section data froﬁ ENDF=files., The discrete level, inelastic

and (n,2n) scattering matrices have also besn evaluated,
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B, TATA INSTITUTE OF FUNDAMENTAL RESEARCH BOMBAY 400 005.

1. Internal Conversion Process and Core-Polarization g-Factors -

B.N. Subba Rao - Since 1959 there have been reported several
measurements of the Nuclear structure (Penetration) effect in M1
Internal Conversion in non-deformed &s well as deformed nuclei.
Very few of these cen be explained with the present day nuclear
models, Where such explanations have been attempted, only the
numereator of the penetration paremeter A , i.e, the penetration
matrix element has been evaluated with the model, resulting in
signless (absolute) magnitudes for A\, The !-forbidden M1
trensitions ere of special concern in (non-deformed) retarded M1
transitions and here an effective opereator approach is employed to
evaluate not only the core polerization g-factor, gp, but also the
penetration paremeters, ), , with their sign. In order to keep
track of phase conventions in the definition of nuclesr matrix
elements, the amplitudes of multipele mixing ratio, 5-(E2/M1),
are also evaluated. With such simultaneous comparison of A andd
from both experiment and theory, it is believed thet a better
picture emerges as to the nuclear structure information emerging
from these penetration effect measurements. Odd-proton and odd-

neutron E—forbidden M1 trensitions in 121Te, 123Te, 1291, 13303,

1
141Pr, 143Pr, 147Pm, 149Pm, (175Lu, 181Ta), 97Au, 2O1T1, 203T1,

2°7T1, are considered in this work.
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+ 171 *
2. g Factor of the 635,4 keV 7/2 Level in Tm - S.B. Patel ,

P.N. Tandon end K.P. Gopinathen' - The 635.4 keV level in ' 'Tm
fed in the ‘/3 decay of the 7.5 h 171Er was recently identified
unembiguously to be the 7/27(404) Nilsson state from directional
correlstion studies of 'f rays through that 1evel1i. The half-
life of this level was measured to be 1.26 + 0.06 nsec by delayed
coincidence technique1). Here we report the measurement of the
g factor of this level using the perturbed engular correlation
technique. The measurement wes made using the 277.4 - 210.5 keV
7{—-}( cascade in an externelly applied magnetic field of 10.0kG.
The results are: A, = 0.124 + 0,005, R = 0.047 + 0.007, and

WY = 0,160 + 0.023. Assuming Tm to be in the 3' ionie state

171

after‘/g decey of Er, the g factor is obtained to be 0.3%6 + 0.06.

This value is in good agreement with the Nilsson estimste (g = 0.41)

for this level,

* Present address: Ramnarain Ruia College, Bombay
+ Present address: Reactor Research Centre, Kslpakkam,
1) K.P. Gopinathen and S.B. Patel, in Proc. Internat. Conf. Nucl.
Phys., Munich, 1973, Vol. I, p 300.

3. Potential Energy Curves from the Strutinsky Prescription and
| from a Microscopic Approach - Y.S5.T. Rao, C.S. Warke and S.K.
Mukhopedhyay - Strutinsky shell correction method has been quite
successful in getting potential energy curves for heavy nuclei.

The more microscopic pairing-plus-quadrupole (PPQ) model as used
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by Kumar and Bareanger has been extremely successful in explaining
the properties of medium heavy nuclei. Becsuse of this resason,
it is worth extending shell correction methods towards lighter
mess region and PPQ model to heavier mass region and compare
théir results, We present results of both these methods in the
neighbourhood of Os, Pt, Hg and W, and compare the deformation
energy curves of these two methods. We discuss the significant
differences and similarities in the predictiohs of these two
methods and try to reconcile them,

4. Study of Isobsric Analogue States in 64Zn through Proton

Cepture by 63cn - A. Roy, K.V.K. Iyengar and M.L. Jhingan -

The reaction 630u (p,1)64Zn has been studied in the proton energy
range 1650-2750 keV using the Van de Graeff accelerator at B.A.R.C.
Trombay. About 100 resonances were observed in the excitation
funetion out of which the prominent ones et Ep = 1731, 1882, 2036,
2099, 2312, 2352, 2421 and 2479 keV have been identitied as

analogues of the ground and low-lying excited states of 64

Cu. The
overall energy resolution was 2.5keV, The Coulomb displacement
energy for the isobariec pair 64Cu-643n has been deduced to be

(9.63 + 0,01) MeV, The spectra of ¥ -reys and their angular
distributions have been obtained at resonances corresponding to the
anelogue of the ground and first four excited states of 64Cu. The
resonance strengths and the branching ratios for the Y ~decay of

the resonances will be presented. The M1 width of the ¥ -deeay
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from the resonance at 1731 keV to the ground state of 64Zn,
(0.20 + 0,04) eV, is in excellent agreement with the value
0.19 eV deduced from the log ft value of 5.3 of the /3 ~decay

of the parent anslogue.

5. Measurement of Isotopic Neutron Cepture Cross-Section_ for
128,1
51y, 63, 74,76, 75,4 98,100y, 104p, 115, 128,130,

I c&
]
140,142, 185,187, . E = (25 + 5) keV - R.P. Anend*,

D. Bhattacharya, M.L. dhingan and E. Kondaiah - We have measured
the isotopic neutron capture cross-sections of a number of nuclei,
the majority of which are fission products, st the neutron energy
(25 # 5)keV, The neutron have been obtained from the monoergiec
filtered neutron beam facility thet we have developed at the
reactor CIRUS, B.A.R.C.. This gives & flux of ~ 10° n/cm®/sec.

over an area of 3" diameter.

We have employed the gamma-ray activation techniques which
enables one to get the isopopic cross-section values directly. For
improved accuracy, our measurements have been done relative to the
corresponding thermel values. By this procedure we have been abdle
to bring down the errors consideradbly in most of the cases. The
441, oy gamma-ray coming from 127I(n,'a’)1281 has been used as a flux

monitor.

The data has been analysed within the framework of Lane

and Lynn's theory of neutron capture assuming the inelastie

¥¥PD, B.K.K.0. Bombey.
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processes to be negligible at this energy. The analysis yields
the p-wave neutron strength functions.

8

6. An Anomaly in the Neutron Capture Oross-Section of 19 Au

at 25 keV -~ R.P. Anand*, D. Bhattacherya and E, Xondeish -~ The

9pu at 25 keV, derived from

neutron capture cross-section of !
shell transmission or activation ﬁethods, is frequently referred

to as a standard. However the divergence between the published
values of this cross-section is as much as a factor of two. In

both of the above mentioned methods, self-shielding and multiple
scattering correctionsplay an important role in the final evaluation
of the cross-section., We have made a detailed study of the problem
at (25 + 5) keV neutron besm facility at the reactor APSARA, B.A.R.C.
A stack of gold foils, with thin and thick foils alternately

placed, was irradiated. The specific activity of the foils, when
plotted ggainst foil thickness, is found to fall sharply upto a
thicknessof 150mgms/cm2 but then remains flat right upto a

thickness of 1700mgm/cﬁ2. The thickness of the thin foils used by
us was SOmgm/cmz. This sharp fall suggests that possibly there is
some prominent resonance in the gold cross section at this energy.
Recently Schneider has Been an intermediaste structure in the total
cross-section of gold around 23 keV, Using this intermediate

structure we are now able to explain the anomaly to a good extent.
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7. Level Scheme of 74A . B. Lal, Y.K. Agarwal, S.M. Bharathi

and C.V.K. Baba* - The level scheme of 74As has been studied

through the 74Ge(p,n)74As reaction. Gamma-ray and internsal
conversion electron measurements were carried out using Ge(Ii)
detectors and a six gap electron spectrometer, The kevel scheme

was established by gamma-gamma coincidence measurements., New
levels at 372.7, 525.8, 53%2.8, 632.1, 731.6, 752.7, 758.3, 801.6,
902.9 and 1128.5 keV have been established, Lifetime measurements
on some of the levels were also performed by gamma-electron délayed
coincidence measurements. As a result, the halfelife of 26,8 + 0,5
ns observed in the earlier work and attributed to a level at

~ 278 keV has been found in the present work to correspond to a
level at 258,9 keV, The half-lives of the 271.3 and 277.5 keV
levels were measured to be 1,0 + 0,1 ns and £ 0.3 ns respectively.
The reduced transition probabilitkes deduced from these measurements
are compared with theoretical predictions, and the main configuratione

of a few levels are determined from this comparison.

» N.P.D., B.A.R.C. Bombay.
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C. SAHA INSTITUTE OF NRUCLEAR PHYSICS, CALCUTTA.

1. Lifetimes of Excited Levels and Electromagnetic Transition

Rates in 13o'l‘e - V.K. Tikku, H. Singh and B, Sethi - The

- 130
lifetimes of 2153,0(7") end 1819.3(6+} keV levels in 3 Te

populated in the decay of isomers of 13OSb have been measured
by the delayed coincidence technique using a time to amplitude

130

converter. The results are: T§(2153.0 keV, Te) = 116 + 6 nsec

1
and Ti(1819'3 keV, 3Ome) = 9.0 + 0.4 n sec. These results along

130

with energy and intensity measurements of ]’-transitions in Te

reported earlier by us ") have been utilizged to deduce the
transition probsbilities. The large hindrance (fV’107), observed
for the 333.7 kev (2153.0(77) — 1819.3(6") transition compared
to the s8.p. Weisskopf estimate strongly supvorts the suggestion
that the 2153.0 keV level arises due to a coupling between two
neutrons of type (2d;}2- 1h;1)7-. The results of the experimental
lifetime of the 1819.3(6+) keV i® compared with those obtained
from two proton cluster core coupling model.

1) V.K. Tikku, H. Singh and B, Sethi, Nuclear Physics & Solid

State Physics, (India) 16B (1973),

2. K-Capture Probability in the Decay of 139Ce(140 a)v

B.K. Dasmahapatra - The K-capture probability (Pk)'for the 165.8
keV state of '~ La in the decay of 39%e(140 4) 1s determined by
& method recently developed by us (B.K. Dasmshapatra and P.
Mukherjee, J. Phys. A7(1974) 388). In this method Py is
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determined From the analysis of the KX-ray gamma ray sum-peak
observed with a high resolution (500 eV) X-ray detector in a
close geometry set up. The value of Py obtained is 0.74+0.06.
As the EC feeding to the 165.8 keV state is 100 % and it decays
to the ground state through the 165.8 keV transition only, =
messurement of the KX-rey intensity together with the use of
known oonversion coefficients of the 165.8 keV trensition yield
PK = 0,72 £ 0.04. Using the weighted aversge of Py determined

1
3900 and 139La is observed

as above the mass di fference between
to be 269 + 19 keV in good egreement with the value 275 + 15 keV

obtained from the mass adjustments.

%. Excited states in 853y from the Reaction BSRbQQ,QXQBSSr -

S.K. Basu -~ Inwbeam 1'-ray measurements following the reaction
85Rb(p,nf)858r have been undertaken with a high resolution 3%2.2c¢c.c.
~co-axial Ge(1i) detector at a proton energy of 3.8 MeV. Both
natural as well as entdiched (99.5%) rubidium nitrate targets were
used. To identify the 0 -rays due to (p,n) reaction, spectra
were teken with the proton beam de-graded in energy by mylar
absorbers, The following x'-raya with energies (in keV): 193.9,
231.6, 238.7, 409.6, 504.5, 535.7, 546.7, 612.0, 698.2, 767.5,
788.0, 821.2, 914.0, 1030.5, 1262.0, 1323.8 and 1588.5 have been
assigned to be from levels below 1.9 MeV excitation in 858r.
Twelve levels are proposed to accommodate the observed transitions
of which the levels at 785.9, 936.9, 1398.0 and 1588.5 keV have

not been reported previously. The branching ratios for the
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proposed levels are deduced and the level structure is

1)

discussed in the light of recent experimenteal and theoretical

investigations2).
1) S.K. Basu and A.P. Patro, To be published,

2) S.K. Basu and S. Sen, Nucl. Phys. A220 (1974) 580.

4. Decay Schemes of the 9.7 H and 6.2 D Isomers of 12§Ag -
R.K. Chattopadhyay, P. Bhattacharya, B. Sethi and V.K. Tikku -
The decay schemes of the 9.7 hour 196mAu and the 6.2 d 1%gAu
have been investigated with the help of high resolution X-ray
Ge(Li) end 32c.c. Ge(Li) detectors, using Laben 4096 channel
analyzer. The sources were produced by (n,2n) reaction on
specpure gold with 14 MeV neutrons. In the decay of 1%mAu
7‘-rays with energies of 30.6 and 50.5 keV have been detected
for the firast time., The energies of these 1'-rays are in

excellent asgreement with the conversion electron studies of the

196

transitions in Au reported earlier. The 7{ -rays correspon-

ding to the 84.6 and 174.9 keV transitions in 196Au which were
not found by some of the esrlier workers, have also been
observed. In the decay of 196g,,, it 1s found that the 1271 keV

level in 196

Pt is also polulated in addition to the other levels
reported in the leterature.. 4 393 kev'q{-m@y de-exciting this
level has been detected, The existance of 326 keV tramsition
in 1%Pt has been confirmed. Revised energies snd intensities
of all observed transitions in 196Pt,196Au and 196&3 are given
and the decay schemes of 196 m&gAu besed on these results are

studied.,
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5. Level Structure of 147Pm.- B.K. Sinha, S. Sen and

R. Bhattacheryye - level properties of 147Pm have been studied
from the decay of 1‘7Hd (11.1 d). Experimental set up consists
of a pair of XP 1021 photemultiplier tubes coupled to high
resolution Bicron 1% inches x 1 inch NaI(?1l) phosphors apd en
overlap type of TAC set up using avalanche transitor pulse shaper.
For detection of /3 -rays, 1 inch x 3/8 inch NE 102 plastic
ohosphors are used. Typical time resolution using NaI(T1)

phosphors for the 0060

gemma rays is 600 ps., Mean 1ife of the 91,
410 and 531 keV levels have been determined by measuring the time
distribution of the coincidence events between 870 keV /3 -91 keV
gamma rays, 275 = 319 keV gsmma rays and (370 keV /3 -ray - 531
keV gamme rey respectively. Mean lives of these levels deduced
from centroid shift method are T (91) = 3,80 + 0.04 ns, ¢ (410) =
201 + 20 ps and T (531) £ 10 ps. Angular correlation of the
275-319 keV cascede has been remeesured with a view to clarify
some enomelies in the prévious results, Differential angular
correlation measurement of the 319-91 keV cascade has also been
underteken. Experimental results are compsred with theoreticel
147

calculations of the level structure of Pm using core-particle

coupling model.

’07’1090d excited States oy,

Ag(p,nV) Reactions - ¥.B. Chatterjee, B.B. Baliga and

6. S troscopic Stud f
107.109

R. Bhattacharyya - (p,n) reactions are known to excite both the



- 159 -

single particle states and collective states., Hence they are
ideal to study the low-lying states of several nuclei where the
Q-values are not too negative. The excited states of 107’10906

107’1°9Ag(p,n1) reaction. In beam

have been observed from the
spectroscopic study of gamme ray singles heve been cerried out
with the Ge(Li) detector varying the proton energy from 3.0 to
5.25 MeV in steps of 250 ke¥ Ven-de-Graaff accelerator of BARC,
Energies and intensities of gemma rays have been measured.

Some of the Yevels which were weakly populated in decay have
been strongly exéited in the reaction work. New gamma lines
have been observed which were not reported in our decay works
earlier. PFurther support for the existance of these lines have
been obtained from the published works on (p,n) and (d,p)
reactions, Discussions on various levels of 107’109(}(1 obtained
from reaction data will be presented in the light of decay
data of our earlier experiments and other published works in

the literature.
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D. ANDHRA UNIVERSITY, WALTAIR

1. K-Conversion Coefficients snd K/IL Ratios of 244 and 344 keV

Transitions of Sm-152 & Gd-152 - J. Rama Rao, U.V. Chalpathi

Rao, D.S. Reddy, K.L. Narasimhem and V. Lekshminerayana -

A 35 cc Ge(Li) and a 3 mm Si(Li) detector system has been
calibrated for relative efficiency versus energy for geamma rays
and conversion electrons in the energy range 100-800 keV. Using
the system, the K-conversion coefficients and K/IL ratios ere
meesured for the 244 and 344 keV transitions of Sm-152,and Gd-152
respectively occuring in the decay of Eu-152. Fﬁr the 344 ke?
transition good sgreement is observed between the present results
and theory. However, considersble deviation is noticed in the

case of 244 keV transition of Sm-152,

166110 and the Pseudo-

Sgalar Interaction - K. Venkata Ramaniah end K. Venkata Reddy -

2. Spppe of the 00 Beta Transition of

The beta Spectrum shape of the 00" transition of 110-166 is
studied after a subtraction of the 0—» 2" inner beta transition

in coincidence with the 80 keV gamma ray, corrected for its shape,
from the gross spectrum of 110-166., The measured shape factor is
C(W)=k [1-(0.131+0.003)/W] for an end point energy of 1844+2 keV.
The present shape is well explained by the Nilsson model. An
anelysis employing exact formuletion of Bhalla end Rose yield
Cp/CA.v -2.5 end the ratio of the axial vettor matrix elements

X = =14, These results exclude the predictions of partially
conserved axisl vector current theory due to Tadic. The

paremeters obtained from the present work disagree with the
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theoretical predictions of Rose and Osborn and Pearsson. The
- _*+

deviation of the 0 «»0 Dbeta transition from‘/ﬂ -approximation

is explained as due to the peculiar combination of nuclear

matrix element parameters.

- +
3. Spectral Shapes of the Beta Decay Transitions 1 - 2 and
1" - 0% of the Re-188 Nucleus - K. Venkats Ramaniah and K.

Venkata Reddy - The beta spectrel shapes of the non-unique first
forbidden, 17~ 2+ end 17~ 0" bete transitions in the decay of
Re-188 ere studied employing an intermediate image beta ray
spectrometer, producing the isotope by neutron irradiation of
99.83% enriched Re-187 stable isotope. The shapes of these beta
transitions were found to be essentielly identical fifting into
the shape factor of the form C(W)=k(1+aW) with a=0.123+0.023 in
the case of the 17- 27 beta trensition for an end point energy
of 1962+2 keV and a=0,110+0,0036 in the case of 17~ 0 beta
transition for an end point energy of 212042 keV. The shape
factor results are discussed in comparison with the Nilsson model
in the single particle description. The A valuea for the two
transitions are estimated from the present shape measurements
through the Simm's relations using the theoretical and experi-

mental nuclesr matrix element parameters.

4, Nuclear Structure Effect in the K-conversion Process of the

223 keV Transition in Cs-133 - K., Venkata Ramanish and K. Venkata

Reddy - The highly retarded 223 keV transition in Cs-133 has been
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investigated by determining the K-conversion coefficient of the
223 keV transition using the relative conversion electron
intensity messured with an intermediate image beta ray spectro-
meter and the relative gamme ray intensity using a 35 c.c Ge(Li)
detector through the intense 356 keV gamma trensition, The K-
conversion coefficient is obtained as X=0,092+0.01. The
present K-conversion coefficient is used =2long with the published
gamma-gemme correlation data on the 780-> 223 cascade in a
subsequent analysis for the penetrstion parameter. A value of
+10+0.5 is obteined for the penetration parameter agreeing very
well-with the theoreticel vaue obtained by Church and Weneser
for 2-55.

5. Spectral Shape Measurements of the K-forbidden Beta

Transitions of Fu-152 and Bu-154 - K. Venkata Remanish, Rajan
Mathews and K. Venkata Reddy - The K-forbidden beta transitions

of Bu-152 and Eu-154 are studied in detail for their beta spectral
shapes employing an intermediate image bets ray spectrometer. A
detailed enelysis in terms of C(W)/cB vs W mhere Cp is the
modified Bij shape correction factor, for different velues of D
end W is made. The highest energy (3:§2+) beta groups of
Eu-152 and Eu-154 exhibit large deviations from stetistical shapes
and are well fitted into modified Bi? shepes with end point
energies 1481+2 and 1845+2 keV. The value of D is 6+1 in the case
of Bu-152, The present vesult yields Y2=1.25:Q.25 in the case

of Eu=154, An analysis of the experimental shapes using the
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Nilson model configurations for the initisl snd final states,
yielded that K'=! component is dominating the K-admixure of the
initial states. The shape factor results are discussed
combining with the beta-gamma engular correlation results due to

different authors,

6. First-Forbidden Beta Transitions of 42K - B. Mallikarjuna

Rao, C. Narasimha Rao, P. Mallikherjuna Reo and K. Venkata Reddy -
The 22»2" beta transitions are one of the most interesting and
complicated of the first-forbidden non-unique transitions, since
all the six nuclear matrix elements overate in this beta transiti-
on. There are four earlier shape measurements of this transition,
While the two earlier measuremsnts report & shape consistent with
g_-approximation, Danigl and Andre independly report a deviation
from the statistical shape. Ta clarify the situation further, e
remeasurement of the shape of this transition employing en Inter-
mediate-image focussing beta ray spectrometer was made in this
work. The results are discussed on the basis of the present
megsurements and the nuclear matrix elementé eveluated by other

suthors.

Small order deviatiorsfrom the unique shape of the 2=%0"
transi tion sre reported by Daniel et al. ZEman et 2l and
Abacesis et al have atéempted to interpret these deviations
theoretically. To substantiate the observations made by the
above authors, a careful snalysis of the spectral shape is made

in thts work.
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- 1.
7. 3-—>i+ Beta Decay in 0pe - P, Mallikharjuna Rao, C.

Narasimha Rao, B. Mallikarjuna Rso and K. Venkata Reddy -~ A
detailed and systematic investigation of the shape of the 374"
beta transition of 14oLa have been carried out employing an
optimised Siegbahn-Slatis coincidence beta ray spectrometer. The
experimental shepe factor of this tramnsition is weighted least-
square fitted to s shape correction factor of the form

C(W) = k(1+aW+b/F+cW?)
The applicability of various nuclear models like shell model and
quasi-particle model, to describe the nuclear states involved in
this transition, has been discussed. For a complete description
of the characteristics of this beta transition in terms of
é;-approximation, CVC theory etc..., an evaluation of nuclear
matrix elements NHE) combining the present shepe measurement with

the only other available bete-gamma angulsr correlation data has

also been performed.

8. Bets Decsy to the First 2+ Excited State of 420a - B, Vema
Reddy, M.L. Narasimha Raju and D.L. Sastry - The directionsal

correlation between non-unique first-forbidden 2 MeV beta snd the
1.52 MeV gamma-ray in the decay of K-42 has been mesasured es a
function of beta particle energy in the range 350 to 1850 keV
employing e fest-slow scintillation assembly, Nuclear matrix
elements governing the 2 MeV beta transition are extracted using

the accurzte formalism of Buhring that are modified by Simms.
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The value of )\ » the correction term in the expression of
Demgasrd and Winther for the vector matrix element ratio, is
found to be 1.17 + 0,37, Simple shell model configurations for
the involved states in the transition could not explain the

results on experimental matrix elements.

9. Ihe First Forbidden 358 keV Beta Decay in Yb-175 - D.K.

Priyadersini, M. Srinivasa Reso, B. Vema Reddy and D.L. Sastry -
Beta~Gamma directional correlation measurements for the 358 keV
bets and the following ‘114 keV Gamma cascade were carried out
using a fast-slow Scintillation assembly. The measured aniso-
tropy is

A= 0,1517 + 0.0430 at E/.; = 300 keV,

An ettempt is made to derive the matrix ¢ elements
consistent with the presen§/3~'{ anguler correlation and the
beta spectrum shepe of Reo. The Longitudinal polarisation is
predicted and finally the results are discussed in the light of

the Nilsson model wave functions for the Yb-175 nuecleus.

10. Coupled Channel Calculations for Neutron Scattering from
U-235 - U. Satyanarayana and S. Ramamirty - A coupled chsnnel

caglculetion has been done for inelastic scattering of neutrons

from U=-235 and the results are compared with the Hauser-Feschbach

theory. The results are discussed.
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11, Strong Absorption Model for Neutron Scattering from
Th-232, U-2 U-238 and Pu-239 - U. Setyasnarayana, S. Ramamurty

and N, Lakshmena Das - ELastic and inelastic scattering of

neutrons from Th-23%2, U-235, U-238 and Pu-239 have been

calcul ated using strong absorption model. A computer program

has been developed to do these celculations on IBM 1130, The
differential cross section for elastic scattering has been

calcul sted with and without the strong absorption condition; and
there is s difference of asbout 0.5 barns per sterdian which mey

be attributed to the simplifications msde when ‘strong ebsorption
condition is included in the calculations. The radius parasmeter is

quite different from thet used in optical model calculetions.

12, @ross-section for (n,2n) Reactions at 14 MeV - N.lakshmana

Das, C.V. Srinivasa Reo, B.V. Thirumale Rao, J. Rame Reo and V.
Lakshminarayana - Activation cross-sections for the reactions
Nd-142(n,2n)Nd-141g, Nd-146(n,2n)Nd-147, G4-160(n,2n)Gd-161 end
Er-162(n,2n)Er-163 have been determined at 14 MeV using a 35 c.c.
coaxial Ge(Li) detector and the mixed powder techniques The
finite size of the target samples and their self-sbsorption
effects for gamma rays hsve been experimentally taken into
account by celibrating the Ge(Li) detector for volume sources
using the simulation technique. The measured cross-sections are
compared with previous results using scintillation detectors and

with verious theoretical predictions.
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13. Decay of W-187 - K. Subba Rao*, P. Ila, K. Sudhekar,

K.L. Naresimhen, K. Premchend and V.lLakshminarayana** - The
spectrum of gamma rays accompanying 24 hour decay of W-187 has
been investigaté#d with a calibrated 35 cc Ge(li) detector. From
the estimated reletive photon intensities and the recent conver-
sion electron intensity data, conversion coefficients of eleven
trensitions in Re-=187 have been deduced. 1In particular, the
internal conversion penetration parsmeter of the hindered 35 keV
trensi tion was deduced from the present velue of the conversion
coefficient. The experimental results ere presented and discussed

with respect to spin-parity assignment of levels of Re-187.

14, Gamma-Gamme Anguler Correlation Studies in 0S-188 - D.K.
Priyadaersini, B.R. Sastry, V. Seshagiri Reo end D.L. Sastry -
Gemma-Gamma directionel correlation meesurements between the 931-155,
478-155, (825+829)- 478 keV, cascades involving the states 0+, 2+:
2*, 0%, 2%, (1%, 2%), 2™ in 0s-188 were performed emplyying e
Ge(Li) - NaI(T1l) system available with the NuclearrSpectroscopy
group, TIFR, Bombay., The final results are as follows:

A, (478, 155) = -0,03534 + 0.01399

s, (478, 155) = 0.9889  0.01987

4, (931, 155) = 0,2171 + 0.0452

A, (931, 155) = 1.449 + 0.0473

** Present address: University of Groningen, Groningen, Netherlands.
* Present address: Physics Department, Regional Engineering College,
Warangal.
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A, (8244829, 478) = 0,0003002 + 0.03679
A4 (8244829, 478) = 0.2178 + 0.4999

The results on (478-155) keV Cascade show a quadrupole
content QV;O.99 for the 478 keV gamma transition. The experi-
mental coefficient for the 931-155 keV Cascade are in accordance

with the spin sequence O+ - 2+ - O+.

15. A Hote on the Angul ar Momentum Anslysis of the jj coupling

Shefl Model~III - A. Satyenarayana Reo - In previous notes1’2

the sngular momentum anelysis in the (;j)2 and ()2 configurations

was given an interpretation in terms of elementary solutions of

homogeneous ultrahyperbolic equations of the normal type. 1Im
this note the results of (1) are extended by considering solutions
of these equations by the method of separation of variables.

Polynomial solutions are constructed in an explicit form with a

mention of basic sets of homogeneous hermonic polynomials in

gseveral variables of related equations useful in e closed }j-

coupling shell of identical particles in the j-crbit.

1. 'R note on the Angular Momentum Analysis of the jj-coupling
shell model', Nucl. Phys. & Solid State Phys.(India)15B(1972),
229-232.

2. "A note on the Anguler Momentum Analysis of the jj-coupling
Shell Model-II", Wucl. Phys. & Solid Stete Phys., (India)16B
(1973). |
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E. BANARAS HINDU UNIVERSITY, VARANASI

1., J=Dependence in (d,o} Reactions st Tow Energy - S.N.

Mukherjee - The 2P

3/2™ 22% J-dependence in stripning anguler
distribution and the vector analyzing power for the (d,p) reaction
in calcium isotopes at incident deutron energy around 5.0 MeV

has been studied by coupled channel method and DWBA and the results
are compared with experiments, It is shown that a large portion
of J-dependence is caused by the coupling of the stripping chennel
to the incident deutron chennel., The necessity of including the

deutron bresgk-up channel and the deutron-D state is stressed.

2. Sum Rules for ¥ (d.n)P Reaction - R. Shyaﬁ and S.N. Mukherjee -

Levinger-Bethe sum rules for 7{ (d,n)P reaction have been
evaluated for realistic nucleon-nucleon forces with soft core. The
bremstrahlung weighted and integrated cross sections have been
evaluated and the results are compared with experiments and those
obtained employing Yale and Hamada-Johnson potentials with hard
core. It is seen that the results are insensitive to the nature of

the core.

3. Yolume Integral of the Absorptive Part of Proton Opticel
Potential - D.C. Agrawal - More than a decade ago Feshbach(1958)

suggested that the volume integral of the potential is a better

measure of the strength of the potentlial because it contains the

effect of both the well depth and the geometry., The volume
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integral of the real central potentials have been extensively
studied recently, however, no such investigation has been reported
so far regarding the sbsorptive part of the nuclear potentisl.
Here we present the results of a detsil investigation of volume
integrals of the gbsorptive part of optical potential for protons
with energies varying from 9.8 to 61.4 MeV from target nuclei in
the mass range from 40 to 208, It is found that the total volume
integrel (sum of the surface and volume sbsorption terms) per
particle (J/A) of the absorptive part of the proton optical
potential is a practicelly well-defined quaentity, and independent
of the mass number of the target nucleus, It is well known that
the strength of the absorptive part of the optical potential
increases with the increase of incident proton energy, since more
jnelastic channels get opened; however, J/A is found to be

prectically constant within the above incident proton energy.

4, BackeBending and Band-Crogssing in 15621 - AN, Mentri -

Experimental study of the ground and/B -bsndg in deformed nuclei
has been extended recently to very high spin states. Plots of

| _4 versus W' yield back-bending curves for these states. One of
the explanations put forward for back-behding feature is in terms
of band-crossing. We have analysed the recent experimental results
for 156Dy in terms of a simple-band-crossing model. Assuming the

usual form of the rotation-vibration interaction, results for the

interband-to-intraband B(E2) ratios from such a calculation are
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compared with the available experimental results. The nature of the

intersecting bands is also analysed.

S5« DPhysically Consistent Fermi Gas Model for Nuclear Level
Depsities - A.K. Jain and PsC. Sood - The conventional formulation

of the Fermi gas model for calculating nuclear level densities

gives correct results only over a limited energy range, defined by
the experimental neutron resonance data; its predictions come out
far too low at excitations near the ground state and too high for
excitations above 15 MeV. A modification of the model known as the
back shifted Fermi gas model - yields a better agreement by

treeting the model paremeters 'a' and 'A ' as free, while keeping
the spin cut-off paremeter related to the rigid body moment of
inertia as before. However, in this formulstion one no longér has
the streight forward identification of 'a' and 'A"' with the level
densi ty parameter and the gap parameter, derivable both from the
conventional approach to experimental data and the Strutinsky type
calculations. We suggest that the anomaly is related to the energy
dependence of the moment of inertia and proceed as follows. The

gap parameter 'A' is fixed from the experimental pairing energies,
and the level density parameter 'a' is determined from experimental
resonance deta using the rigid body estimate for the spin out-off
parameter ¢ . Teking 'a' and 'A' to be energy independent, the fits
to low energy levels of these nuclel are obtained by varyingg-. The

results 8o obtained are used to discuss the energy variation of
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pertial wave cen be solved exactly. However separasble

expansion for the Perey-Buck potential will be in fact an
infinite series end difficult to obtain. Similarly the solution
of the Schrodinger eauation for the local opticel potentiael with
Saxon-Wood type radial form can be solved only mumerically. In
view of this we construct a single rank separasble potential which
will replace the locel potentigl in optical model. We sachieve
this by approximeting the locel potential by a set of square well
potentials and then constructing an equivalent one-term nonlocal
separable-potential for the latter for each partial wave for a
given energy. The orbital an-uler momentum dependence of this
potential comes from Bessel function of order (,Zf%), The

usual parameters of theppticel potential can be ratained in this
method to facilitate the least square calculation of the
cross-section. Numericel calculations are carried out to

1llustrate this method.
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G. BURDWAN UNIVERSITY, WEST BENGAL

1. Pairing Vibrations in Zirconium Isotopes - M.K. Ghosh*and

B.C. Sawanta - The Zirconium isotopes span an interesting region
90

around the mass number A-90. The stable isotope Zr has a
closed neutron subshell. The modified rendom phase approxima-
tion (MRPA) has been applied to study pairing vibrations in
Zirccnium isotopes., Pairing correlations in the ground state
and the excited states of Zirconium isotopes have been
calculated snd compsred with experimentsl results. PFor ground
to ground state transitions our results are in good agreement

with the experimental ones. The predicted excited '0' psiring-

vibrational states of Zirconium isotopes, however, occur at

energies somewhat higher than those observed experimentally

by Flynn et a11).

1. EoRo Flynn, JoG. Berry and ACGO Blair, NuC].o Ph.ySo Ag1_§’
285 (1974). |

¥Present address: Mosul University, Ireq.
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H. DIBRUGARH UNIVERSITY, ASSAM

1
1, 0'° Energy Levels from s Reslistic N-N Potentisl — A.K. Deke

and P, Meshanta - Nuclear cslculations during the last few years
have shown thet soft core realistic potentials are more suitable
than the potentisls with ideal hard cores. N-N potential being

a besic tool for nuclesr structure investigation the search for

a good realistic finite N-N potential would continue for some
time. In the present work the reference spectrum and separation
methods as developed by Kuo and Brown ere used to calculate the

shell model energy levels of 018° We use a finite N-N realistic

potential1)

having good fit to the phase shift data. Calcula-~
tions show great improvement over those resulting from use of
bare matrix eléments reported previously and low lying levels
are almost thé sasme &8 obtained from the hard core Hamada-
Johnston potential obtained by Kuo and Brown without core

polsrisation. Moéreover, the charge dependancy of the potential

seems not to be important in the present work.
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I, INDIAN INSTITUTE OF TECHNOLOGY, KANPUR

1. Generalised Ratationally Invariant Core (RIC) Model - A
Two Mass-point Approech - V.R. Prakash - A generalised RIC

model for rotational-vibrational spectra of deformed even-even

nuclei of ellipsoidal shape in the rare-earth region has been-
proposed by incorporating meny important features of various
macroscopic models proposed earlier. The two mass-point model1)
and the governor model2) moments of inertia are obtained on the
basis of the proposed model with eppropriete limiting val ues of
the radius of the RIC. Aléo, the model moment of inertie goes to
zero for spherical nuclel, thus giving no rotational spectra for
such nuclei. A quantum mechanical treatment of the médel on the
besis of the two mass-point concept, is expected to give results

which are in better agreement with experiments.

1) V.R. Prekash, B.M. Bahal and V.K. Deshpende, Can. J. Phys. 51,
2474 (1973).
2) L.E.H. Treinor and R.K. Gupta, Can. J. Phys. 49, 133 (1971).

2. Meesurement of Fast Neutron Scattering and Total Cross

Sections of '*'Pr - R. Singh and H.H. Knitter* - The differential

141
elastic neutron scattering cross sections of 1% were measured

at incident neutron energieas of 1.2, 1.7 and 1.9 MeV in the

angular range between 25 to 150 degrees. The § MeV Ven-de-Graaff

¥ J.N.R.C., C.B.N.M., Geel, Belgium.
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machine at C.B.N.M., Geel was used to obtain proton pulses of
width 1 ns at 1 MHz repetition rate and s 495/“g/cm2 TiT target
for producing neutrons. The measurements were made with flight
paths of 1.43 m at the incident neutron energies of 1,2 and 1.7
MeV and 2.5 m at 1.9 MeV. The over 2ll time resolution was zbout
2.5 ns., At 1.7 MeV the differential inelastic neutron scattering
cross sections corresponding to Q =-1122 keV, and at 1.9 MeV the
ones corresponding to Q =-1122, and Q = -1295 keV were also
determined. In a transmission experiment, the total cross section
was measured between 0.50 and 2.42 MeV., The totel and differential
cross sections were calculated using the nuclear optical model.

The calculated results were compared with the experimental dats,

3. Gamma Decsy in Proton Capture Reactions in 48Ti - H.R.

?raﬁhakara and G.K. Mehta - In lf7/2 nuclei the compound nuclear
states reached by proton cepture reactions using low energy
accelerators are still observable as isolated resonsnces, some of
which can be identified es isobaric anslogue resonsnces having
simple structure. In 48Ti at proton energies 1,387 MeV and 1.564
MeV, 8,115 and 8.289 MeV levels are excited respectively in 49V.
None of these are known to be anzlogue resonances, The resonance
at 1.564 MeV has a simpler decay scheme as compared to the one at

1.387 MeV, The decay properties of these resonances will be

discussed.,
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4. On the Anticoirrelation in LRA Fission - B. Krishnarajulu
end G.K. Mehta - The experimentally observed anticorrelation
between the averege totel Pfragment kinetic energy (EF) and the
slphe energy (E,) could be of considerable importence in
determining the correct set of initial vel ues of, snd correla-
tions between, the initial parameters in trajectory caléulations

on LRA fission.

It is observed that this anticorrelation can be
reproduced by fixing the value of the initial interfragment
distance, D. However, in doing so it is not possible to explain
some asymptotic distributiéns, e.g. the anguler distribution of
the alpha particles; unless one assumes a correlation between D

end the point of emission of the slpha particle, X . The exact

nature of this correlation has not been determined as yet.

We have 2also studied the anticorrelation as s function

of the mass ratio, R.
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Jo KURUKSHETRA UNIVERSITY, KURUKSHETRA

1., Celculated Cross-Sections, Fnergy end Angular Distributions

of Ni-58 Reactions with 14 MeV Neutrons - B.S. Wadhwa and R.K.

Mohindra.- The direct and compound nucleus cross-sections of the
type (n,p), (n,n'), (n,2); (n,n'p), (n,2n), (n,n'a), (n,pn') am
(n,an') have been computed using a diffused edge opticsl model
potential at 14,0 and 14.8 MeV (Leb.). Some of our previous
cross-sections have been modified and corrected1). The spin
dependence, shell and peiring energy effects in various level
density for muiae have been considered, Newton's shell dependent
level density formula with slight modification of effective (23+1)

values gives better agreement for primery and secondary emissions.

Angular distributions in the reactions (n,p), (n,n') and

(n,a) have also been computed using Newton's shell dependent level
density formulé With dependénce on sﬁin and spin cut'off parémeterz).
The calculated energy and esngular distributions of (n,é) and
(n,a) show feirly good agreement with the recent experimental
data3’4).
1) Wadhwa and Mohindra, Proc. Nucl. Phys. and Solid State Phys.

Symp., India, 15B (1972) 139.
2) Douglas and MacDonald, NuclPhys.13(1959) 382.
3) Alvar, Nucl Phys. A 195 (1972) 289,
4) Khan et al., Nucl. Phys. A 202 (1973) 123,
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2. Statisticael Analysis of Neutron Reduced Widths - H.C.

Sharma and Ram Raj and N. Nath - The )L?-distribution of neutron
reduced widths of a large number of nuclides is studied and the
associated degree of freedom (V) for each nucleus obtained, It
is found that )) varies from nucleus to nucleus and could have @
velue different from unity used in the literature for the
estimation of (n,n') reaction yields, It is further noticed thet
the inclusion of statistical weight fector (gy in the anelysis
affects the xz-distribution significantly. The statisticel pro-
cedure for dealing such a xz-distribution with verying degrees

of freeddm is studied,

3., Neutron Shell Effects and Systematics of (n,2n) cross sections

gt 14.7 MeV - B.S. Wadhwa end R.K. Mohindra - The existence of
shell effects in (n,2n) cross sections around 14 MeV has been
controversial1’2). With the availebility of recent systematized
(n,2n) cross section dataB) at 14,7 MeV, it was considered worth-
while to reinvestigate the possible systematics including the
existance, of shell effects. The systematics have been undertaken
with respect to (N-Z)/A, Q-values, B(n)cOmp gnd neutron number,
'‘N'. It is found that in some of these plots closed shell nuclei
with N820, 28 end 50 show some evidence of shell effects while
N=82 and 126 do not give any indication. The careful anelysis of
G- (n,2n) vs (N-2Z)/A in the wvieminity of N=28 and 50 shows that
megic nuclei N=28 have a distinctively slower rise themn their
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non-magic neighbourkng nuclei end elso at N=50, there is lower
trend. The discrepancy in the heavy mass region is evidently
due to the overwhelming effect of the neutron excess over the

coefficient of magicity.

An empiricel relation betweenG(n,2n) and (N-Z)Z/A has
been worked out which predicts results within + 15% for nuclei
in the mess region A 2 110,

1) P. Hille, Nucl. Phys,—A_‘LQ7 (1968) 49,
2) S.M. Qeim, Nucl. Phys. A 185 (1972) 614,
3) Z.T. Body, Atom. En. Rev. 11(1973).
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K. MARATHWADA UNIVERSITY, AURANGABAD

1« Levels of 29P from the ZSSiQQ.D“K)zssi Reaction - R.G.

Kulkarni - The gamma rays were produced by inelastic scattering

of protons by the first excited state of -0

Si at 1.78 MeV, A

3 in. x 3 in. NaI(Tl) crystal was used to detect the gamma rays.
Excitation cruves for the 1,78 MeV gamma rays have been measured
in the proton energy range from 4,6 to 5.0 MeV. Resonances were
observed at Ep= 4,69, 4.89 end 4.95 MeV, At 4.69 and 4.89 MeV,

the angular distributions of the 1.78 MeV gamma rays were measured.
By comparison with theory, the corresponding compound levels of
29P at 7,26 eand T7.45 MeV were assigned spins and parities to be

5/2+ and 5/2°, respectively.

2. Coulomb Excitation of Levels in °Cr - R.G. Kulkerni end P.N.
Patarwale - The excited states of 53Cr were investigated by means
of Coulomb excitation using 5.5 to 7.2 MeV e«particle projectiles.
The de-excitation gamma rays were studied with the aid of a 25 cm3
high-resolution Ge(Li) detector. Six excited states in er were
populated by direct E2 excitation up to an excitation energy of
2322 keV, Energy level measurement with an accurscy of + 2 keV
and B(E2) velues obtained (in units of e2f4) are as follows:

564 keV, 100.0;0.5; 1006 keV, 115.6+0.8; 1287 keV, 253.7+1.8;
1530keV, 28+2; 1970 keV, 195.4+5.2; 2322 KeV, 147.8+5.3. The
meesured B(E2) values are compared with the predictions of a

Core-excitation model of de-Shalit.
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L. PHYSICAL RESEARCH LABORATORY, AHMEDABAD

1., Spontenous Fission Spectrum of Curium - 248 M.N. Rao -

The mass-yield distributions in the spontaneous fission of
Cm242’244, Pu244, cf252

245

and in the neutron induced fission of
Cm and Cf249, determined by rediochemicel, mass-spectrometric
and other methods in different laboratories are studied in detail

to deduce the spontaneous fission spectrum of Cm248

with perticuler
referenfe to the fine structure in the heavy fregment mass-pesgk.
The yields are normelized to mass number 132, The fission xenon
(and krypton) spectra determined mass-spectrometrically in a
special group of extra~terrestrial samples, known as carbonaceous
chondrites (whose composition is similar to thet of our Sun) are
conpared with the laboratory-deduced spontaneous fission spectrum
for Cm248. This study points out that lighter actinides show fine
structure effects in their mess-yield spectra whereas it is not so
with the heavier ones. The significance of the difference in the

mess-spectra of now-extinct nuclides, Pu244 and Cm248 for under-
standing the nucleosynthesis-processes which contributed to our

solar system materials are briefly discussed.

2. Structure of °B with Projected Multi-Mesjior Shell Hartree-Fock
Celculations - V.B. Kamble, S .B. Khadkikar and D.R. Kulkarni -

Major shell-mixing calculations are carried out in the configure-
tion spece of first four major shells within the framework of

Hertree-Fock (H-F) theory for the 8B nucleus incorporating centre
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of mess motion and Coulomb corrections Axial symmetry isassumed.
The intersction used is the realistic interaction obtained by
Sussex group directly from the experimental phase-shifts. Good
angular mcmentum states have been projected from the H-F solution
to explain some of the properties of this nucleus, viz. the
energy levels, magnetic dipole omoment and the electric quadrupole
moment. Preliminary band-mixing calculations for the bends k=1
and k=2 ere also carried out. Energy levels and the magnetic
dipole moment are compered with the experimentsl data and the
asreement is found to te fair, The electric quadruvole moment
has been theoreticslly predicted., The results are slso compared
with other theoreticel celculations,

T4

3. A Shell-Model Calculation of Ga '~ D.P. Analpara and K.H.

74

Bhett-The low-lying energy levels of Ga are studied by simple
shell-model cslculation in which 1¢ is assumed that s proton hole
in orbit 2p3/2 is coupl#d with neutrons in 2p% and 1g7/2 orbits,.
The negetive-parity states are assumed to srise from the configu-
ration!T(Qp;;Q) \l&2p%)2(1g%)3 ] while the positive parity states
are assumed to erise from the configursticn Tl'(2p-1 ) v1}2p%)1
(1g9/2)+] The neutron-neutron effective inter2£iion needed
f8r the celculation wes teken from the experimentally observedl)
‘1g;}2 1g9/2) multiplet in % To get the proton-neutron
interaction, surface-delte interaction was used where the
strength of the interaction was adjusted to fit the (189/2)2

multiplet obtained throughthe particle-hole to particle-particle
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transform of (1g;;2 1g9/2) multiplet in Nbgo. The recently

74 +

observed2) low lying states ct Ga' = are 4,3 ,1 . The model

described cbove gives 4~ as the ground state and 3~ as the

first excited state.

1) Nucl. Phys. Al187, 161 (1972), Y. Yoshida, M. Ogawa, T. Hattori,
H. Taketani, H. Ogata and I. Kumabe,

2) Phys. Rev. C9, 2252 (1974), J. Van Klinken and L.M. Taff,

4, Intermediate Coupling Model Description of Zinc Isotopes -

J.J. Dikshit and B.P. Singh* - The properties of the negative
parity states of 65Zn and 692n sre investigated in the frame

work of the intermediste coupling in the unified vibrational model.
In the model, a quasineutron is coupled to an anharmonically
vibrating core. The neighbouring even-even (A-1) isotope is
considéred as a2 core. Observed properties of the core nucleus

is used to describe its anharmonicities., The model as applied
involves only few free paremeters., Energy levels, electromagne-
tic transition retes, life times, static moments etc. have been
calculated, The results of present calculations have been
compared with experimental results. Drastic chenges in electro-
magnetic properties of the isotopes are very well accounted for.
Also, the model predicts gthe quadrupole moments of first 2+ states

of 64Zn and 66

Zn. The experimental values should be close to
~0¢08 barn and -0.09 barn respectively. Further comments on the

results for °3%n will be made.

¥ Indien Institute of Geomegnetism, Bémbay.
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5. Spectral Distribution Study of Nuclei in fp-Shell - R. Haq

and J.C. Parikh - Systematics of nuclei in the beginning of fp-
shell are investigated using the spectrel distribution hethod of
French. The centroid energies and widths for various distributions
are avaluated using the intersction of Kuo with the modification
suggested by McGrory et al, The two moment distributiéns are

used to determine ground state energies fractional occupancy of

the single particle orbits for ground states and low lying spectra
of various nuclei in this shell. The results are compared with the
deformed configuretion mixing calculations of Dhar et al. Bearing
in mind the accuracy and limitations of the method, the binding
energies of nuclei are given well despite the lerge variations in
the dimensionalities of the spaces that we are working with., We
observe however that as the speces encountered become 1arger-one
needs to do a finer averaging. We have also investigated the
goodness of Wigner SU(4) symmetry in these nuclei. The mixing of
various SU(4) representations nesr the ground state provide a
measure of symmetry mixing and the substantial admixture in most
of the cases show that it is badly broken, largely due to the

single particle spin orbit coupling.

6. On a New Explasnation of the Coriolis Kinking Effect in
Deformed Odd-Even Nuclei - S.K. Sharma and K.H. Bhatt - '

Experimental spectra of deformed odd-A nuclei do not exhibit a

purely rotational spectrum. According to the collective



- 188 -

rotational model of Bohr and Mottelson, a large part of the
deviatidn of the spectrum from & rotational sequence comes fram
the coriolis coupling between the o0dd particle and the core. This
coupling gives rise to the socalled kinking effect in which the
energy levels of odd-A nuclei can be sepsrated into two groups

of states with opposite (J+1/2) parity, say 3/2, 7/2, 11/2 ...

and 5/2,9/2? 13/2¢¢s.. In the present paper we show explicitly, in
the framework of a schematic model in which a collective set of
levels for the proton group are coupled to a similsr set of levels
for the neutron group, that such a feature in the spectras of even-
odd deformed nuclei results from the higher multipoles (Q4.Q4, Q6.

06 etc.) of the effective interactions operative in these nuclei,

7. A Microscopic Study of the Even-Even Nickel Isotopes in the

2p-1f Shell - S.K. Sharma -~ The even-even Ni isotopes have earlier

been extensively studied within the theoretical framework provided
by the various spproximate methods such as those involving quasi-
particles, as well as in the (exact) shellsmodel scheme, in the
configuration space consisting of only the 2p3/2, 1f5/2 and

2p% orbits, with the nucleus Ni56 as an inert core. Though the
problem of core-excitations (with respect to the Ni56 core) has
also been tackled by including some of the np-nh (with n < 4)
excitations in the diagonalization space, it has still not been
possible to account for the spectra of the low-lying states in a

completely microscopic and parsmeter-free manner. In this paper,




- 189 -

the Njckel, isotopes are studied in the framework of the
Projected HFB method within the complete 2p-1f shell space.

The effective interaction emvloyed is a slightly modified
version of the Kuo-Brown effective interaction for the 2p-1f
shell. This interaction has earlier been shown to reproduce
qualitatively the observed B(E2)(0->2) systematics for Cr and Fe
isotopes. The present calculation yields quite satisfactory
results for the low-lying J=0,2,4 and 6 states in Ni isotoves,
The electric quadrupole transition probsbilities for the states
in the ground state band are also computed.

8. On the Structure of Low-lying Levels in N156 - 5.Kk. Sharme -~

A traditional shelleiodel cslculation for the nucleus Ni56in the

configﬁration space of the complete 2p-1f shell is impossible for
various reasons. It is necessary to resort to some kind of
truncation or approximation while making a choice of the shell-
model basis. Various theoretical schemes, often contradictory,
heve been proposed, in a2 number of calculations carried out
recently, depending on the approximations employed as well as
owing to rather arbitrary choices of the (unknown) parameters as,
for example, the spherical single-particle energies and the two-
body effective interasction. In the present work it is shown that
it is possible to describe the low-lying states in N156 in e
simple ﬁay in terms of the two HF states obtained by carrying out
calculations with a slightly modified version of the Kuo-Brown
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interaction for the 2p-1f shell, The theoretical spectrum
consisting of the spherical HF state, the two 1particle-thole
states with J=2 and J=4 and the states obtained by anguler
momentum projection from the deformed, excited HF solution, is
in quite good qualitative agreement with the observed spectrum

upto sbout 6 MeV.

9. On the Low-lying Levels in Fe-52 - S.K. Sharma - An attempt

is made to provide a microscopic description of the low-lying
excited levels in the nucleus Fe-52, within the frame-work of
the projected HF and projected HF-BCS prescriptions in the
configuration space consisting of the 2p-1f shell orbits.
Deformed HF czlculations, carried out by employing an effective
interaction obtained by a small modification of the Kuo-Brown
effective interaction for thg 2p-1f shell,asre seen to give rise
to two HF minima for Fe-52. The excited HF solution is found to
occur at 3.3 MeV relative to the lowest-energy solution. Whereas
the excited HF solution is unstable towards the onset of pairing
correlations, the one perteining to the ground state is seen to
be quite stable, An improved escription of the excited states
in Fe-52 is thus obtained by carrying'out an HP-BCS calculation.
States with good angulsr momentum are projected from the lowest-
energy HF as well as the exkcited HF-BCS intrinsic states, The
theoreticel (positive parity) spectrum thus obteined compares
very well with the experiments upto about 6 MeV excitation.

Static quadrupole moments O, + and the reduced trensition
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probabilities B(E2) ( J-—>J3 for the low-lying states sre

canputed.

10. On_the Structure of the Lgw~lying o' states in Ni~56 in a

Three-Dimensional Caricature Spece - S.K. Sharma - The purpose of

this paper is to demonstrate that the ground eas well as the first
excited 0+ states in the nucleus Ni-56 are predominantly of Zero-
particle Zero-hole (op-oh) and 4p-4h nature with respect to the
|(1f7/2)16 J=0% core., TFirst we carry out the deformed HF calcu~
lations in the complRte 2p-1f space. A slightly modified version
of the Kuo-Brown two-body interaction is used and the single-
particle energies are taken from Ca-41 spectrum. It is noted

that the excited HF solution is almost 4p-4h with respect to the
ground state. The energy variances 6‘2(=<H§> -(H)? ) for the
two HF states is then computed. Next, a 3x3 Hamiltonian matrix is
constructed in the "caricature®" space consisting of the basis states
with op-oh, 2p-2h and 4p-4h configurations.' The HF energies and
the variances provide infofmation about the two diagonal and the
two off-disgonal matrix-elements., A set of values ranging from
several MeV above it are tgken for the aversge position of all

the (2p-2h) J=0, T=0 states. The results chow that ground

state in Ni-56 is dominantly a op-oh state and the first excited

state is mostly of 4p-4h nature.

11. Bipding Energy Systematics in 1£f-2p Shell Nuclei - A.K. Dhar
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D.R. Kulkerni and K.H. Bhatt - Binding energy (B.E.) systematics
has been studied in the fremework of deformed configuretion
mixing formelism for the isotopes of Ti(A=44-52), V(A=47,51),
Cr(A=48,52), Fe(52,54) and Ni(56), using the modified Kuo-Brown

interaction end 42

Ce single particle energ;es. Contribition to
B.E. arising from two particle-two hole excitation within fp shell
have been estimeted through second order perturbation celculation.
The experimental and theoretical velues, in general are in good
agreement., Deviations in B.E. for higher messs nuclei indicete the

modificetion in T=0 part of the choosen effective interection.,

12. Shepe Indeterminacy and Spectrum of Sy _ a.K. Dhsr, S.B.
Khadkikar, D.R. Kulkarni and K.H. Bratt - The deformed configuration
mixing calcul ations performed in the framework of projected Hartree
Fock (HF) formelism lead to the indeterminancy of ground state
shspe for the nucleus 51V. Multiple HF solutions of elmost-equal
deformetion (110fb%) heve been obtained within ebout 0.5 MeV of
eech other. This indicates lack of collectivity at shell closure.
Because of the dominence of (£7/2) configuration in the low-lying
states of 51V, except for the lowest J=3/2 and 9/2 states, large
overlaps are obtained for the states projected from the above
intrinsic states. The observed low-lying J=3/2 and 9/2 states of

51V are found to belong dominently to the oblate and prolate K=3/2
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intrinsic states respectively. The calculated spectra and B(E2)
values are in good agreement. As in other N=28 nuclei, besides
the low-lying states of smell intrinsic deformation, & band of
states belonging to & highly deformed prolate intrinsic state is
likely to exist quite low in the spectrum of 51V. B(E2) velues
for trensitions between these highly deformed states have been

calcul sted.,

48

13, Collective States in ~~V — A.K. Dhar, D.R. Kulkarni and K.H.

Bhatt - The structure of the low-lying collective states in 8y

has been studied in the framework of deformed configuration mixing
formelism. For the ground state band of states, the reduced elect-
ric quadrupole transiyion probabilities have been calculated. The
structure of the negative parity band of states observed recently
in (160, pn) reaction is shown to be consistent with the descri-
ption of a proton excitation from the d3/2 state to the fp shell
space, The observed vailues of the moment of inertia@arameter S=57.3
keV and the intrinsic electric quedrupole moment of 0.79b of the
negative parity band of states are in very good asgreement with the

corresponding estimated values of 56.9 keV and 0,82b respectively,
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M. PUNJAB UNIVERSITY, CHANDIGARH

144

1. Conversion Coefficient Measurements in PrLA192Pt and 19203,.

Nirmsl Singh, S.S. Bheti, Punjar Dass snd P.N. Trehan - K- end I-

-1
cow ersion lines' intensities have been measured in 144Pr, 92Pt
192

and 0s using a double focusing beta ray spectrometer of TIFR,

Bombey. In addition, gamma ray intensities have been measured in

144Pr using a Ge(li) detector. From these studies, K- and L-shell

conversion coefficients of various traensitions in 144Pr, 192Pt
and 19208 have been calculated. The existance of 1055keV level
192

Pt has been confirmed and a spin 2 has been confirmed for

92Pt. The multipolarities of 196, 308 end
192 192

the 1090 keV level in

604 keV transitions in Pt end 488 keV transitibn in 0Os were
found to be M1+(99.0+0.5)%E2, M1+(96.5+0.5)%E2, m1+(79:$)¢32 end
M1+(94+2)%E2 respectively. The multipolarities and '5' values of
these transitions egree well with the theoretical estimates from
Kumer and Barengesr model. A new level at 804(0+1) keV has been
proposed on the basis of this model to account for the existence

of 314.8 keV trensition (multipolarity M1(87+3)#E2) which can be

fitted between 804 and 489 keV levels.

2. Megnetic Moments via Single-Particle Transfer Resctions -

Ashwani Kumar and R.K. Bansal - Non energy weighted multivole sum
rules have been used to derive expli¢it relationshiv between the
magnetic moment of the target state and the one-pasrticle transfer

strengths, One version of the relationship demands, from a single
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transfer reaction experiment, ccmplete spectroscopiec infor-
mation about bbth the isospin-bands of states of the residual
nucleus, which the experimentslist usually finds very difficult
to obtain., Another version reduires a single experiment to
furnish information only 2bout one isospin-band of states but
one has to do now two experiments-one pickup end one stripoving -
on 8 given target state, to be able to celculate its magnetic
moment., This latter version has been used to calculete ground

1
stete magnetic moments of F 9, Ti47, V51, Y89, Nb93, Pb207

209

and Bi from the available experimental data., The calcula-

ted velues compere reasonsbly well with the known masnetic
moments. It has been emphasized how the cslculastion of
magnetic moment serves 2s a check on the accurecy of the
meesured strengths, especially the distribution of totel stren-
gzth to the verious J-states populated via particle transfer to

a psrticular orbit.

3. Two-particles snd Two-holes-core excitation Effects -

5. Shelly and R.K. Bansal - The formalism for calculating the
effects of two-perticles and two-holes excitastions accompanied
by the isospin excitaticns of the target nucleus on the
structure of the final nucleus states obtained via single orcoton
transfer has been presented., The target considered has a
neutron filled orbit outside & doubly closed shell.inert core
and the proton is added to one of the empty orbits. The

energies, wave functions end spectroscopic factor have been
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calculated for 3/2 excited states of 498e nucleus and §/2
excited states of 61Cu nucleus using some stendard two body

interactions.

A comparison cf the present results with those
obteined by teking into account only the slready knewn isospin
excitations of the core indicetes that the two-particles two-
holes excitation of the target results in many more,.£=1 and
E,-B states in the 4930 and 61Cu spectra respectively than

allowed otherwise., Experiments seem to confirm such a trend.

4. Level Structure Studies in °°Dy - S.S. Bhati, Nirmal Singh,

Punjar Dass and PN. Trehan - Enerzy and intensity measurements

of various gemma rays in 160

Dy have been done using a Ge(Li)
detector. In addition gamma-gemma angular correlation studies
of ten cascades were done in 160Dy using a Ge(Li) - WaI(T1) fast
coincidence set-up. These caséades are 299-966, 299-879, 197-87,
962-87, 879-87, 215-962, 296-(879)-87, 215-(962)-87, 299-(682)-197
and 215-(765)- 797 keV. Out of these 215-(962)-87 and 215-(765)-
87 keV cascades have been attempted for the first time. The
multipolarities of 197, 215, 299, 879 and 962 keV gamma rays

were found to be E2+(2+2)%M3, E1+(2+2)%M2, E1+(0.5+0.5)%M2, M1+
(99.5+0.5)%E2 and M1+4(98+1)%E2 respectively. The reduced E1 and
E2 transition probabilities of verious transitions in 160Dy

have been compared with unified model celculations. This

comperison shows that 1264 keV state belongs to K=2 gamma
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vibrationsl band, while 1286 and 1399 keV states are either

K=0 or K=2 states and 1358 keV state is either EK=0 or K=1 state.

. 140 147

5. Level structure studies in Ce and Pm. S.S. Bhati,

Nirmal Singh, Punjar Dass and P.N. Trehan - ZEnergy ond intensity
99Tc,

measurements with considersble precision have been done in
140 147

Ce and Pm using & 8 c.c. Ge(Li) detector in conjuction with
KD-1100 multichannel analyser., The technique of Gehrke et a11)
was used for energy and efficiency claibration. The accuracy
obtained in energy and intensity measurements were of the order
of 0.05 keV and 3-5% respectively. With this accuracy, it was
possible to improve upon the previous velues of energies and
intensities. In addition, gamma ray coincidence spectra were

140

taken in Ce and 147Pm using a Ge(Li)-Nal(Tl) fast-coincidence

set-up. On the basis of single's as well as coincidence studies,

147Pm has been confirmed.

147

the existence of 312 keV gamma ray in
Also, the existence of 722 keV level in Pm has been confirmed.
The 298 keV gamma ray proposed by H. Singh et. al has not been
observed in the present study.

1) R.J. Gehrke, R.1. Heath end J.E. Cline, Nucl. Inst. and
Methods 91 (1971) 349,
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N. PUNJABI UNIVERSITY, PATIALA

1. Some Internal Conversion Buzzles - H.S. Sahota - Despite
large number of attempts to explain the nature of the 279, 191

1
203T1, 97Au and 114In respectively

and 192 keV trensitions in
they have remained puzzles. In the case of 279 keV transitions
in 203T1 nuclear penetration effects were involved so that an
agreement for mixing ratios obtained from lL-subshell ratios,
electron gamma directional correlations and coulomb excitation
measurements could be found. Later measurements of gamma linear
polarisation-gamme directional correlations gave a much smaller
value for 51' The resonance fluorescence results for 5 were
also in favour of a smaller value, For the 191 keV transition

1
in 97

Au the K-conversion coefficient and subshell ratio
measurements yield a penetration parameter of A =5+2, The s.éan
of )\ obtained from the theoretical calculstions is negative
while the numerical value is 4, in agreement with ebove, For
the 192 keV B4 transition in ' *In the k as well as the I
subshell conversion coefficients are smaller by nearly 30%,
Although the nuclear penetration effects are usually associated
with the lower multiple order transitions yet it becomes

necessary in this case to consider their presence to explsin the

internal conversion process of this transition.

2e : In114 from the Isomeric

cross section Ratios - X.G. Garg and C.S. Khurana - The isomeric
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cross-section retio measurements are a very useful method of
investigating the angular momentum effects in nuclear reactions,
The isémeric ratio may yield information of spin dependence of
nuclear level densities in the final nucleus which is cheracteri-

zed by a spin cut-off paremeter G . In this peper firstly the

44

anelysis has been carried out for Sc45(n,2n)Sc reaction where

a value of 0.483 has been obtained for the theoretical velue of

isomeric cross-section ratio which is in agrecsment with experi-

2’3’4). Also a value of

1]

G~ =3.5 is obtained which is same as that of given in reference *.

mental ones existing in the laterature

Secondly, we have employed this technique of comparison of the
experimental cross-sectiona2l rastios with the theoretical ones
performed forG =3 to assign a value of spin =8 to the 42ms state

of In 114

nucleus, Weisskopf estimates' for the photon transi-~
tion probabilities also strongly support this spin value.
1) J. Karolyi end J. Csikai, Nucl. Phys. A112 (1968) 234,
2) S.K. Mukherjee et. al., Proc. Phys. Soc. London,77A(1967)508.,
3) J+.R.Preswood and B.P.Bayhurst, Phys.Rev.121(1961)1438,

4} L.A. Ra,yburn, Phys. ReVO 122(1961)168'

3 ' 0dd-0dd Deformed Fuclei- S.D.
Sherma and V.P. Gerg - Double Coriolis coupling is expected to

play an important role in the study of spectra, static moments

end transition probabilities of 0dd-0dd nuclei in bsnds with |

k=0-t and 11° Odd-even shift observed in case of.these bands is
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expected to be useful to understand the nature of nuclear forces
as only the tensoriael forces ere likely to exptain the odd-even

shift., As the first step, the effect of double coriolis coupling
on the moments of inertie} of deformed 0dd~0dd nuclei is studied.

The computed results sre compared with the experimental reports.

4.
and_0dd-odd Nuclei - V.P. Garg and S.D. Sharma - Bohr and

Mottelson's symmetric core model wss extended to the €ase of
odd-A nuclei by Chi & Devidgon and further to odd-odd nuclei by
Sherma snd Davidson. The model consists of robating core inert
to vibrations and o0dd nucleon (s) moving in deformed hsrmonic
oscilletor potential well (s) with L.s and 1,1. terms. The odd-
nucleon (8) is (are) taken according to single particle Nilsson
orbitals, The total Hamiltonian consists of rotational pert,
Nilsson's Hemiltonian (s) for odd nucleon {(s), (and the residual
perticle interaction for odd-odd nuclei). Jagdev and Sherma
reported coriolis coupling effect on Moments of Inertia of odd-A
and 0dd-odd nuclei. They also reported meagnetic moment of these
nuclei without configuration mixing. In the present study,
coriolis coupling (which accounts for k=+1 mixing) has been used
to celculate magnetic moments of some of deformed odd-A and odd-
odd ngclei. (The effect of double Coriolis coupling is used for
the states with K=0X ,12), The results are found in better

egreement with experimental reports.
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0. REACTOR RESEARCH CENTRE, KALPAKKAM

1, Evaluation of Fission Width of 1 + Spin State and Updating of

Intermediate Resonsnce Parasmeters Based on Double Humped Fission

Barrier Model for PU-239 - S. Gsnesan - An accurete knowledge of

fission width of J=1+ spin state is important and attractive for

many reasons., After reviewing the theoreticel end experimental
(4

work done earlier, on the gnalysis of intermediete structure ina

the fission cross section of PU-239 and specially the generation

o,

-3

of intermediate resonence parameters based on Weigmenn's formule-
tion of Strutinsky's needvfor updating the intermediate resdnance
persmeters as asny other basic neutron nuclear data is updated.
Starting from the latest recommended values of the ratio of capture
to fission cross section for PU-239, we evaluate by adjustment,

a set of fission width values for 1+ spin state corresponding to
the observed variations in &lpha values. Using these values of
fission widths we obtain a set of 37 intermediste resonance
parameterskusing which one csn generate reliable widths of 1+

spin state for aﬁy energy region below 10 keV,
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P, UNIVERSITY OF DELHI

. _
2 a Strangeness Anslogue State?-Swapne Banerjee

1
1. Is AC
and N, Panchapakesan - Strangeness anslogue states are coherent
superposition of particle-hole states where the particle and

neutron hole occupy identicel orbits. We discuss the possibility
12%

of '?

work of alpha perticle model, We first discuss C

state being a strangeness anslogue state in the freme-
12%

in this
model using equilateral triangle configuretion. This is done
with three different N-N potentials; those of Volkov, Gillet end
Brink-Boeker. The redius and separation of the dlpha clusters

ere determined knowing the binding energy of 012. The same

12%

wavefunction is taken to describe C in which one clustér

A
hes & A -particle in it inséead of a nucleion. With this
wavefunction the A -N potential which gives the observed binding
energy is calculated. This A =N potential is expressed in terms
of en equivelent soft potential which has s volume integral sbout
30% to 50% more than thet obtained from the study of light

| hypernuclei. The idea of strangeness aﬁalogue stete is thus

seen to be consistent with the alpha particle model.

2. Pion Condensation and the Presence of Nuwleon Resonances in

Nuclear Matter - N. Panchapakesan - The presence of mesons like

pions inside the nucleus has been a matter of study for a long
time. Recently it hes been suggested that the pion could be in

a resonent state with the nucleon and be present as a nucleon
resonance /\ of mass 1236 MeV. The attractive interaction of the

pion and rucleion in p-wave has elso led to the suggestion that a
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condensate of coherent pions of same momenta may be formed

in dense systems. We study the intersction of pions in nuclear
matter with the static model. Following Bethe, we use the
theory of refractive index and the requirement of unitarity.

We conclude that the pions, if condensed, must be necessarily
in a2 resonent state with the nucleon forming a /\ resonance.
The critical density for ezppearsnce of the resonance is shown
to be ~s 0.074 beryons F~> muck lower then the nuclear metter
density of ~~0.16 baryons F, The presence cf resonances in
nuclei should, therefore, play a significent role in nucleer

physbces.

3. Magnetic Moment of the Deuteron in the Presence of Fucleon

Resonances - N. Panchepskesan and R. Venkatarsmen - Masgnetic

moment of the Deuteron r1d y includes the intrinsic magnetic
moment of Nucieons and the orbital magnetic moment. The

amount of 3D state present is fixed by the Quadrupole moment

and is teken to be about 7. M4 is celculated to be 0.8400mm,
below the experimental value of 0.8573nm and the difference is
attributed to mesonic effects. One way of taking mesonic effects
into account is to consider the Physical Neucleon to be a
superposition of Nucleon end a A resonance. A has g mess of
1236 MeV and Spin 3/2 and Isospin 3/2. Bethe has shown that
the width of A increases with Nuclear density. We calculate
the probability of the presence of A and calculate the
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contribution of &\ to the megnetic moment. We teke the Dy to
be also in the 38 er 3D states, We obtain a value of 0.86£§;;
which is more than the experimental velue. The result depends on
the Nuclear density and hence on the Deuteron wavefunction. We

present values for two possible models.

4. Nucleer Structure Studies through Proton-Hole State Formation -

R.S. Kaushal and S.K. Monga - In order to understend the nuclear
structure properties, we consider the formation of & resl proton-
hole stete in nuclear metter by doorway mechanism snd investigate
the spreading widths of the hole states thus formed in relation to
the particle-hole energy gap parameter (&) and the saturation
nuclesr density (kF). Our celculsations with rsnk two N-N separab}e
potential of Mongen's type show that the 1So free two-body force
when inserted in fhe Bethe-Goldstone equation is strongly over
repulsive in producing the widths of the expected magnitude., Our
results, which are in agreément with others' investigetions too,
are further confirmed by detailed analysis using different values

of the parsmeters A and kF for the nuclear matter.
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Q. UNIVERSITY OF MADRAS

1. Asymmetry and Polarizstion of the Recoil Nucleus in the
12 12

C~> B + Va - V. Devanathan and P.R.

12

Reaction M~ +

Subramenian - Expressions for the resul tant polarization of B

nuclei recoiling in the experimentsl arrangement of Louvain-

Seclay Collsboration'’

are cderived. How these polarizations are
related to the average polarizstion PN’ the longitudinal poleari-

zation PL and the asymmetry parsmeter X is investigated. The
experiment consists of two parts. In the first (second) part,

the polarization of the nuclei recoiling into the forward(backward)
hemisphere is préserved whereas it is destroyed in the backward

(forward) hemisphere, Of the three quantit¢ies ¢ , P, and P

N L
only PN and PL can be found directly. It is proved that®X -2 P

L

= 1 and this relation is independent of nucleer models and

coupling constants of the muon capture interactionz). Using this

relation, ¢X can be found. It is found that X, Py end P, ere

sersitive to the gP/gA retic but insensitive to the nuclear model

used,

1) For measurements on average polarizstion, see A.,Possoz et 2al,
Phys. Lett. 50B (1974) 438,

2) P.R. Subramanian end V. Devanethan, Phys. Rev.C. to te published.

2. Cascade Process in Muon Capture: Gemma-Neutrino Angular

Corpelations - V. Devanathen end P.R. Subramenian - A nuclear
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cascede process resulting from muon capture and subsequent
de-excitotion by gemma emission is considered., The gamma ray
yield is expressed in terms of certain observable correlations
invalving the three vectors - the gamuma ray momentum k, the
neutrino momentum v, and the muon polarization —P. We heve
investigated the process 160(0+, g.s.)ﬁ-:.y16H(1-,392keV)1#
16N(O-, 120 keV). The angular correlation coefficients are
independent of gP/gA but sensitive to gA/gv and nuclear
structure. We have used the single particle j-J coupling shell-
model and the Gillet and Vinh Meu wave functions. Simple rela-
tions independent of nuclear models and coupling constznt of the
muon capture interaction are obteined between nuclear recoil
asymmetry < and the anguler correlation coefficients. Measure-
ments of correlationcoefficients, therefore, give one 2 handle
to find X 2nd hence present an alternstive to &&hkr efforts
in the field'). |

1) A. Possoz et al., Phys. Lett. 50B (1974) 438,
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-2
p=ppurpmipagaiuu g T

Tehran University Nuclear centre (T.U.N.C) was established in
1959 in order to supply and develope means to utilize this important and
new form of ¢nergy, i.e. Nuclear energy, in various fields, such as science,

Agriculture, Medicine and industry.

T.U.N.C., is functionally administered by a Directorate, assis-
ted by advisory and coordinating committees. Its budget which includes
the salary of the employees, expenses for performing research activities,
and other educational and laboratory expenses is included in the Tehran
University budget. There are a total of 40 scientists in T.U.N.C all -
with doctoral degree from abroad. Major research Facilities at T.U.N.C.
include a S M.W. pool type research reactor, a 3 MeV. Van De Graaf, a
- 6000 curies cobalt source and research laboratories such as: Nuclear
physics, Nuclear Electronics, Radiochemistry, Activation Analysis, Radio-

biology, Food preservation and Carbon Dating.

A e T L
puiprpe e -

A-EDUCATION
1- Academie Courses:

a) Participation in teaching graduate and under granduate courses at
different colleges in Tehran University,

b) Master of Science degree in Nuclear Science in three different majors

of Nuclear physics, Nuclear chemistry and Radiobiology with cooperation
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of Science Faculty, Tehran University.

c¢) Master of public Health degrce in Health physics with cooperation
of Faculty of Public Health of Tehran University and World Health
Organization,

2- Training Courses

Tehran University Nuclear centre organizes annually a Radioiso-
tope course to familiarize participants from Tehran University and other
national organizations on the use of radioisotopes in Science, Industry,
Agriculture and Medicine.

Special Courses in Health physics and radia-

tion protection are held regularly in T.U.N.C.

International and regional courses are also organized at T,.U.N.C
with assistance of such organization as International Atomic Energy Agency,

Food and Agricultural organization, world Health Organization and Central

Treaty Organization.
G

Name of the course § seminar gpd

No. of parti-

. Date .
symposium cipants
1- Ninth Radioisotope course. 29 May 29 June 22
1971,
2- Second course in Health phy- 3 Oct.-7 Nov. 23
sics. 1971,
3- Seminar on utilization of nuc- 11- 14 Dec. 1972 60

lear power reactor in Iran

4- TAEA. International Symposium
on irradiation facilities for
research reactors.

5- Training course for admines-
tration Staff of Nuclear Power
Peactnr,

6- Training coursc for technical
Staff of Nuclear Power Reactor.

7- Tenth Radioisotope course.
8- First Advanced course in Health
physics.
' 9- Eleventh Radioisotope course

6 40 Nov. 1972

23 Dec. 1972
-6 Jan. 1973

23 Dec. 1972
-10 Jan. 1973
20 May-15 June
1973,

8 ‘May-8 June
1973,

9 June-9 July

1973,

110 (24 count-
tries).

8

14
21
18

21
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B-SERVICES:

This includes services in radiation protection (film badge,
dosimetry, area monitoring, repaire of electronic equipments and con-
sultation and assistance to various institutions to train their admines-
trators and emplyees in the use and safe hendling of radioactive materials.
This activity is presented by T.U.N.C. on request of any organization in

need of it.

C-RESEARCH:

The research projects at T.U.N.C are conducted in the various
research section of the centre. Following are the titles of research pro-

jects which are being carried out at present.

1- Reactor power measurement using N-16 Activity,
2- Reactor power measurement using fluctuations of the neutron detector.

3- Neutron spectrum measurement in TURR core and at beam port D,



10-

11-

12-

13-

14-

15-

16-

17-

18-

19-

20-
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Track recording of charged particles in organic materials.
Construction of wire scanning system and thermal neutron flux dis-
tribution measurement using.DY-Al and gold foils.

Investigation on abration of piston rings using Iranian motor oils.
Radiation damage, by proton, on ionic crystals.

Study of Colour Centres in y-irradiated monocrystal of BaClF,
Radioisotope productioniand Quality Control.

y-Ray Polymerization of methacrylic acid in Presence of water and
N.N. dimethyl formamide.

Grafting of acrylic acid onto polyvinyl chloride by direct radia-
tion methods.

Preparation of wood polymer composite by ionzing radiation.
Uranium and Thorium measurement in Iranian rocks.

Trace elements in archeological samples measured by activation
analysis technique.

Radiocarbon dating of archaeological samples .

Measurement of radionucleides and trace elements in Iranian sea
WRter.

Non destructive neutron activation analysis of atmosphere pollutants
utilizing Ge-(Li)-y-ray detectors,

Measurement of trace elements in Iranian cigarett smokes by aeutron
activation analysis.

Dosimetry of Natural radioelements in' the air.

Determination of Iodine in eggs by meutrow activation analysis and

study of possibility to increase iodine in egg by . nutrition behavior.



21-

22-

23-

24-

25~
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Radiation effects on amino acids and peptides.

Effect of cyclohexamide on Salt uptake.

Effect of different levels of phosphours on salt tolerance in Ira-
nian varieties of barley.

Chemical analysis of Iranian Caviar.

Pasteurization of Salmonella and E. Coli contaminated caviar by

y-radiation.
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List of The papers published by T.U.N.C. Academic Staff
1971 - 1973
A-PHYSICS:
1- B. Parsa, A. Ashari, L. Goolvard, and Y.M. Nobar, 1971 Decay Scheme
of 2.7th 2%Sr, "Nuclear physics, A125, 629-640.
ABSTRACT :
Gamma rays emitted in the decay of 2.71 h 928r have investigated with
a Ge(Li) detector. Sources were prepared by Separating Sr from fission
products. A total of 10 y-rays wereattr.ibuted to the decay of 925r in
a complex spectra with interferences from 918r and ng. Gamma coinci-
dences in the decay of 92Sr were observed with a Nal(T1)-Ge(Li)- setup.
The decay scheme of “2Y excited states at 241.4, 892.8, 953.3 and 1383.9
KeV. The observed level structure is compared with previously reported
predictions based on effective interaction calculations. The value for
the half-life of J2Sr was determined to be 2.71 £ 0.01 h.

2 235

RADIOACTIVITY “2sr (from 2>°u (n, fission); measured E.. Y coin, Th

deduced log St. 92Y deduced levels, J.X. Ge(Li) and Nal(T1l) detectors.

2- Y. Yuste, M. Rahmani, D. Jumeau. L. Taurel and J. Badoz, 1973, 'E.S.R.
Study of U2 Centres in Ba CLF". J. Phys, C. Solid State phys., 6,

3167-3173.

ABSTRACT:_
An X Irradiation, at 78 K, of a BaClF crystal containing OH ions leads

to the formation of hydrogen atoms in interstitial sites (Hg or U2
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centres) thermally stable below T “100K. The magnetic properties of the

U, centres are compared with those observed in the case of U, centres in

2 2
NaCl crystal, The thermal stability is studied and compared with those

of the U2 and U3(H§) centres in NaCl.

3- M. Rahmani, "Etude.des Centres Colores qui apparaissent dans le mono
cristal de BaCLF irradie aux rayons - X a 295° K et de leurs Cinetiques

de formation", 1973, Bull. Faculty of Science, Tehran Univ. Vol 4, No. S

RESUME :

Les bandes fines a 308 nm et 288 nm dans le cristal non irradie

sont les resultats des transitions excitoniques des impuretes OH .

Dans le cristal irradie a 295°K, 1a bande a 550 nm et la bande
double a 440 nm mesurees a 78°K sont attribuable respectivement aux

centres F(F ) et F(C17).

La cinotique de formation des centres F(F ) est plus grande que

celle de F(C17).

-
i
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B. Nuclear Technology

1- A, Afshar -Bakeshloo, 1971,"prospect, of Nuclear power plant in Iran"

Economic Integration of Nuclear power Station in Electrical power
Systems, 619, IAEA, Vienna.

ABSTRACT:

Iran, with an area of 1,65 million sz and a population of about
26.5 million, is very rich in fossil-fuel resources. The total amount
of oil, natural gas, and coal reserves in the country are estimated to

be approximately 6000 million tons, 300 trillion ft3

, and 100 million
tons, respectively. The potential hydro power is estimated at about 30
billion KWh/yr. In addition, because of the suitable latitude in south
Iran, there is the possibility of using solar energy. Promising uranium
ere deposits are.also reported in some parts of Iran., Because Iran has
had no need for nuclear raw materials, prospection has proceeded rather
slowly. Thus information about the uranium resources of the country is
very limited at present. However, in a country such as Iran, which is
undergoing a process of rapid industrialization, both future demand and
supply of power are subject to wide uncertainties. So the forecast of
power demand and supply vary within much wider limits than in highly -
industrialized countries. The electrical utility in Iran is under the
Government. The country is divided into 10 electrical zones, each supp-
lied by several units At the end of 1969 the total installed capacity

was 1313 MW(e).
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Details of the forcast future power demand and type of units for all

the zones for 20 years (up to 1987) are presented. Net generation is
expected to be 9574 MH(e) in 1987. This figure reflects the develop-
ment of industry according to Government plans. The estimated specifi-
cations for the required stations are included. Figures are given for
the energy exchange between the electrical zones, Also, price information
on oil and coal are presented. The existing percentages of total capacity
in hydroelectric (35%), steam (33%), diesel (22%) and natural gas (10%)
power stations will be by 1987 respectively 68%, 25%, nil and 7%. Recently,
the Government has been interested in studying the economic feasibility
of nuclear power for the future in Iran, This subject is under study,
but the paper gives some very preliminary estimates of the probable size
of a nuclear power plant. It is concluded that a UNIT of 500 M¥W (e) nuc-
lear power would be desirable in 1980 for an area that is far away from

the fuel resources and also close to the industrial load centre,

2- A, Afshar-Bakeshloo, N.Farivar-Sadri. H. Panahandeh. H. Parnianpour,
A. Pazirandeh, M. Sarram, 1972, '"Peaceful uses of Nuclear Energy and

prospects of Nuclear power in Iran", Peaceful uses of Atomic Inergy,

Vol. 6, 455 IAEA, Vienna.

ABSTRACT:

The first step towards the utilization of nuclear cnergy for peaceful
purpose¢s was initiated by the establishment of the Tehran University
Nuclear Center. The 5-MW rescarch reactor at Tehran University went cir-

tical in November 1967 and has been fully operational since May 1970.
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The research reactor is used for research and educ&tional purposes
and also for the production of radioisotopes. At present, the main emphasis
in peaceful uses of nuclear energy in Iran is put on the utilization of nuc-
lear power plants for productioﬁ of electricity; therefore this paper will -

deal with this subject.

Iran, with an area of 1.65 million square kilometers and a popu-
lation of about 29 million, is very rich in fossil fuel resources. The esti-
mated resources of oil, natural gas, and coal in the country are approxima-

12 t3

tely 70 X 10° barrels, 214 X 1022 £t>, and 4.55 X 10° tons, respectively.

Information regarding the price of oil, gas, and coal is presented. Hydro

9

potential is also estimated to be about 30 X 10° KWh/yR,

Due to a suitable latitude in the south of Iran, there is the
possibility of utilizing solar energy; uranium ore deposits have been repor-
ted in some parts of the country. Because Iran has had no need for nuclear
raw materials, prospecting has proceeded rather slowly. Thus, information
about the uranium resources in the country is very limited at the moment.
However, in a country such as Iran, which is undergoing a process of rapid
industrialization, both future demand and supply of power are subject to

wide uncertainties.
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Iran is divided into 10 electrical zones, each one supplied by
several units. At the end of September 1970, the total installed capcity
was 1330 MW(e). Forecast details for the future power demand for the
type of units for the period up to 1987 are presented. Net generated -
power in 1987 is expected to be 9547 MW (e). This figure reflects, to
large extent, the country's industrial development according to Government

plans. The distribution of the total existing electric power stations is

35% hydro, 33% steam, 22% diesel, and 10% gas. The repective figures for
1987 are predicted to be 68, 25, 0 and 7%.

Recently the Government initiated a feasibility study for utiliza-
tion of nuclear power for future energy demands. A very preliminary study

has shown that a 500-MiW(e) nuclear power plant would be desirable in about

1980.

3- M. Sarram and N. Farivar - Sadri, 1973, "Irradiation Facilities at

the Tehran University Resarch Reactor", Irradian Facilities for Research

Reactors, 385, IAEA, Vienna.

ABSTRACT;
TRRADIATION FACILITIES AT THE TEHRAN UNIVERSITY RESEARCH REACTOR.
The Tehran University Research Reactor is a 5-MW pool type, light-
water moderated, heterogeneous solid fuel reactor. Initial criticality

was achieved in Novembre 1967 and 5-MW operation was reached in January

1968.
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The reactor, being a typical research reactor, has the standard experi-
mental and irradiation facilities such as beam tubes, thermal column,
pneumatic rabbit system. In addition, the reactor has a dry gamma room
and dry neutron irradiation chamber. The design features of thes irra-
diation facilities are presented in detail. In addition, the installation

of various experimental facilities which are under study are discussed.

4- M, Sarram, 1973, "The Current Safety philosorhies for Design and Opera-

tion of Nuclear power plants", Principles and standards of Reactor

Safety, IAEA - SM - 169/1.
ABSTRACT:

Experience has shown that the current safety philosophies prac-
tised in the design of nuclear power plants and their operations are -
more than adequate; however one must always plan for a dditional safety
measures. One of the main problems to be considered in evaluating the
safety of a power plant is the reactor structural design, in particular
the containment. The current containment systems constructed for ther-
mal power plants may be classified as pressure containment, and multiple
containment systems. Salient design features of the multiple containment
system and its safety philosophies are presented. Another main problem
encountered in the design of power plants is the philosophy of secondary
safety systems. The importance of a secondary safety system such as -
emergency cooliﬁg comes into the piéture when one considers the following
figures for energy releases in a typical PWR, 185 MW(e), Maximum Hypo-

7

thetical Accident, with 20% concept of stretch; nuclear excursion:2X10

Btu, chemical reactions: 107 Btu, decay heat:
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3X107Btu°and stored energy in coolant: 108 Btu, which is an order of

magnitude higher than others, The paper also presents other standard
limits for risk evaluation, safety measures to be used for design of

nuclear power plants.

5- H., Karami and A. Afshar-Bakeshllo, 1970,"The Age of 241 Am-Be Neutrons

in H20", Bulletin of Tehran University Nuclear Center, Vol 2, No. 1.

ABSTRACT:

The neutron age for non-fision source241 Am-Be neutrons was mea-
sured in H20. The age was evaluated from the second moment of the slowing
down distribution at the 1.458 ev. resonance of Indium and then the value
of for termal neutrons (%25 eV) are abtained. The age is found to be

97.8 Cm?.

6- M.R. Hamidian and A. Pazirandeh, 1973, "Gamma Dosimetry in the Tehran

University Research Reactor Core."Atomkern Energie, Vol. 22, 67-68.

ABSTRACT:

The BRadio. -photo-Luminescence (RPL) property of some materials can be
utilized for dosimetry purposes. In the present work the FD-R1-1 glass
dosimeter, 1 mm diameter and 6 mm long made by Toshiba was used. First
the glass dosimeter was calibrated using Victorecen Chamber.

The ﬁéutrpn sensitivity. of dosimefer was determined by using dfs-
prosium foii, for absolute flux measurement, and covered glasses with

9 ~2.-1

Cd and Sn the sensitivity was determined to be 1 rem=10" n Cm “S .
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The heating up the dosimeter up to 400 °C was studied and
the sensitivity of heated and unheated glasses are compared. The experi-
mental resuls show that the FD-R1-1 glass loses about 10% of its dose
after 10 minutes being at 200 oC, about 50% at 320 °C and 100% at 400 °c
for the same heating time.
The sensitivity of the fission chamber, used for start-up the
reactor, to gamma was studied. Experimental results show that the fission

neutrons, travelled 30 cm in water.

Gamma dose distribution inside the fuel element of the reactor
during operation and shut down was studied and compared to the neutron
flux distribution.

7- A. PAZIRANDEH, and C.B. Besant 1973, '"Measurement of Fission Ratios

in zero Power Reactors" British Nuclear Energy Society II, 377.

ABSTRACT:

FisSion rate ratios of 238U relative to 235” have been measured in

the University of London reactor CONSORT by detecting the fission product
gamma activity from irradiated uranium foils. It was necessary to utilize

a time-dependent calibration factor to relate the gamma activity ratio to
the true fission ratio. Possible systematic errors in the technique have
been investigated in detail. The technique has been used by other labora-
toriesqur measurements in fast reactors and so the neutron spectrum depen-

dence of parameters, such as the time-dependent calibration factor, has

been examined.
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It has been found that the calibration factor can change by 6% in going
from a typical thermal reactor spectrum to a typical fast reactor spec-
trum. The overall systematic error in fission rate measurements has been

23

reduced to 1.5%. Comparisons between experimental 8U/235 fission ratios

U

and predictions using the GMS-I code have also been made.

8- M, Kasari, H. Panahandeh, A. Pazirandeh and S. Bozorg- Cami, 1973,
“"Farah-Abad gas line test using a radionuclide". Kerntechnik, 9,424-

425,
ABSTRACT:

The test was carried out successfuly and no obstraction was -
found in the pipe. This experiment shows that this type of non-destructive

testing is very cheap and fast and can be utilized in many similar cases,

9- Y.M. Nobar, Dj. Moghimi, and Z. Breezinski, "A New Solid State Safety

Amplifier For Reactor Control", Accepted by Kerntecknik.

ABSTRACT :

A new transistorized safety amplifier has been designed and cons-
tructed for the T.U.N.C. research reactor. The new unit will replace the
present one using vacuum tubes and relays. The input signals for the safety
amplifier come from two ionization chambers. Each ionization chamber ac-
tuates three'memor} circuits which they operate under a majority voting
procedure. Furthermore, each ionization chamber similtaneously actuates
the memory cercuit of the other by cross coupling, Consequently, reactor
scrams will mostly result from faults of nuclear origin, and not of elec-

tronic failures.
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Ease of serveing, exchangeability of components, subasemblies

and the suitable size arc the other advantages of the new system,

10- S. Farrokhi, Dj. Moghimi, R. Nahavandi, M. Pichevar and B. Delaunay,
1972, Le van de Graaff de 3 MeV du centre Nucleaire de Tehran. B.I.S.T.

Commessaria at ia.1'energie atomique. No. 172, 65-70.

ABSTRACT:

A 3 MeY horizontal van de Graaff has been installed in the Tehran
Nuclear Centre.400u A of 3 MeV hydrogen beam, S0u A of 3 MeV proton beam,
and 100u A of 3 MeV electron bcam have been abtained. This operation is

briefly described.

C- Chemistry

I- M. Kasrai and A. U, Maddock, 1970, '"Chemical Effects of Nuc-
lear Transformations in Alkali Chlorides. Part II. Analytical problems

with sulpur - 35 "J. Chem Soc., A 1105,

ABSTRACT:

358 released in an alkali chloride ﬁatrix is present infour
chemically disinguishéble forms. As analytical procedure enabling one
to determine their brqportions is described. Evidence is given that the
four products. Sulphide,'thiocyanate, ﬁﬁlphife,and sulphate, separafed

in the process are derived from four different lattice entities.

2- M. Kasrai, A. U. Maddock, and J.H. Freeman, 1971, "Chemical Effects
of Nuclear Transformations in Alkali Chlorides. Part III. Behaviour

of Ion Imp]antedsss "Trans. Faraday - Soc., 67, 2108.
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ABSTRACT:

The valence distribution of ion implanted 35S in sodium chloride
has been investigated and the influences of pre-bombardment of the crystal
with 0,S and Cl measured. The effects of pre- or post-irradiation of the
crystals with y radiation and of thermal annealing.combined with these -
treatments have been examined. A small part of the 355 penetrates deeply
into the crystal, giving a supertail to the distribution. This phenomenon
is attributed to interstitial diffusion and the valence distribution of
this sulphur has been measured.

3- M. Kasrai, A.G. Maddock, and 1.S. Suh, 1973, ">°

S in Doped Alkalin
Chloride; CN~, SH™, and s” Doping", Presented in the 7th International Hot

Atom Chemistry Symposium, Julich, W. Germany Sept., 10 - 14,

ABSTRACT:

The influence of CN”, SH™ and S  anijonic doping of hydroxide-free
sodium chloride on the initial distribution and the annealing
characteristics of 3SS produced by the (n,p) reaction in the crystals has
been investigated. The analytical prodedure allowing the determination of
four forms of 355 deveioped earlier has been used. The doping leads to spec-
tacular differences in behaviour and provides further evidence of the role

of V centres in the formation of the *SOS= and *804= precursors.

4- M, Kasrai and M. Raie, 1973,"The State of 35. in Doped Crystals of Alka-

S
1i Chlorides", Presented in the 7th International Hot Atom Chemistry

Symposium, Julich, W, Germany, Sept. 10-14.
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ABSTRACT:

It has been shown that when neutron irradiated alkali chloride
crystals are dissolved in carrier solution containing CN  ions, a frac-
tion of 358 appears as CNS~ ions. This fraction has been attributed to
the presence of atomic sulphur in the lattice. In order to examine the
effect of CN” ion in the lattice, samples of potassium chloride have -
been doped with various concentrations of potassium cyanide. After the

irradiation samples were analysed for S, CNS~, 30; and SO4=;

The results show that the SO; and 80: proportions in the doped
crystals are generally low (less than 10%) and as the mole fraction of
CN~ ion is increased the CNS proportion is also increased. There is -
an evidence to show that not all atomic sulphur in the lattice is conver-
ted to CNS™ but some still remains as atomic. Photo and thermal annea-
ling of doped crystals show an increase in the S~ fraction mainly at the
expense of the CNS~ fraction. The results of KCN doping and HCN doping

have been compared. In the latter case it is presumed that an OH  impurity

is replaced by the the CN ion.

These results are interpreted on the basis of disappearance of
usual type of V centres in the doped crystals and the formation of a new
type of centres, "CN" centres, which are less oxidizing entities.

5- G. Marino, L. Valente, R.A.W. Johnstone, F. Mohammedi-Tabrizi. and

G.C. Sodini, 1972, "N-Methylation of peptides", J.C.S. Chem.Comm., 357.

SUMMARY
A method for the N-methylation of peptides (amide bonds) is

described and preferred conditions are suggested whereby all amino-acid
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residues except arginine react without prior modification.

§- Z. Khalkhali, B. Parsa and B. Parsa, 1972, 'Measurement by Non-Des-
tructive Neutron Activation Analysis of Bromine Concentration in the
Secretions of Nursing Mothers, "Nuclear Activation Techniques in the

Life Scicnces, IAEA-SM-157/26, 461 Vienna.

ABSTRACT:

A study was made of secretional pathways of bromine in nursing
mothers. Ten nursing subjects were given a doge Of 0.5g Br/ 50 Kg weight,
and the changes in the bromine concentration in their plasma, milk, swcat
and urine were measured over a period of one week. Activation analysis
of the collected samples was performed bylirradiation at the Tehran Uni-

130 07257 L for a

versity Research Reactor in a thermal flux of 2X 10
period of 1 h, The irradiated samples were analysed by a Ge(Li) detector
and an 800-channel analyser. The bromine concentration in the plasma
and observed body secretions reached its maximum after 48 h. In the case
of plasma it then fell giving a biological half-life of about 4 d and
later levelled off to a longer decay period. Bromine concentration in
urine tended to become steady after the 48-h peak. In the case of milk

a sharp decline with a biological half-life of about 3 d followed the -
observed peak in the second day. A similar situation was obtained with
sweat where the excretion of bromine was mainly in the first few days.
Measurement of bromine concentration in the plasma and body secretions

various individuals revealed that those with higher standards of living

had a bromine concentration about three times greater than that of people
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with low living standards. This is most probably due to the different
dietary conditions. It was concluded that the bromine has a cumulative
effect in the body. By comparison, the tissues have a higher bromine
binding capacity than the plasma components. The high rate of bromine
excretion in the milk suggests a significant poisoning route in case of-
mothers who breast-fced their neworn infants and take bromine compounds

as medication.

7- M. Razeghi and B. Parsa, 1973, "The Determination of Microimpurities
in Quartz Samples by the Radioactivation Method of Analysis, ''Radio-
chemical and Radioanalytical Letters, 13,95,

ABSTRACT:

Seventeen elements at trace levels have been determined by -
neutron activation analysis in a quartz sample. Na, K, Sc, Mn, Fe, Co,
Zr, Nb, Sb, Cs, La, Eu, Yb, Hf, Ta, Au and Th have been determined by

a nondestructive technique using a high resolution Ge/Li/ detector.

8-~ Z. Abedinzadeh and B, Parsa, 1973, ''Determination of Trace Elements
in the Iranian Cigarette Tobacco by Neutron Activation Analysis, “Journal

of Radioanalytical Chemistry, Vol. 14, No. 1, 139.
ABSTRACT:
The concentration of 24 trace elements in the tobacco of two

different brands of Iranian cigarettes. "Zarrin" amd "Oshnoo", has been

measvred. by neutron activation analysis employing a high-resolution
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Ge(Li) detector. These elements are: Na, K, Sc, Cr, Mn, Fe, Co, Zn, Se,

Br, Rb. Ag, Sb, Cs, Ba, La, Ce, Sm, Eu, Tb, Hf, Au, Hg and Th.

9- Z. Abedinzadeh and B. Parsa, "Instrumental Neutror Activation Analysis
of Iranian Wines'", Bull. Faculty of Science, Tehran Univ., 42,4, No.

2.
ABSTRACT:

Instrumental neutron activation analysis employing a high-reso-
lution lithium drifted germanium y-ray detector has been used to identify
some of the trace elements in two different brands of Iranian wine, 'Velvet"
and "1001". This was carried out by irradiating the wine samples in the

13  neutrons

Tehran University Research Reactor at a flux of 2X10 for -

2

. cmé -~ Sec

periods which ranged from 15 minutes to 4 hours. The irradiated samples
were then analyzed at suitable priods with a 40 cm3 Ge(Li) and an 800-channel
analyzer. A total of 10 elements have been identified employing this tech-

nique, These include Na, K, Sc, Cr, Mn, Fe, Co, Br, Rb, and Zn.

10-B. Parsa and S.S. Markowitz, '"Determination of Lead in Atomospheric Air
and in Aluminum by 3He-Induced'Nuclear Reactions', LBL-1901, June 1973

(to be published in the Analytical Chemistry).
ABSTRACT: -

Helium-3 activation analysis has been applied to develop a very

sensitive means of trace lead anélysis. The procedure involves the bom-

207

bardment samples with'sﬂe particles to induce Pb + 3He > Po reaction

on lead isotopes.
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The 992-KeV y-ray of 5.84-hr 207Po is used as the "signal" for lead

determination. Only milligram amounts of sample are required. The
excitation function for the production of 207Po from the reaction of
3He with lead of natural isotopic composition is presented. If necessary,
destructive analysis may be carried out, and a radiochemical separation
procedure to plate polonium onto a silver foil is discussed. The accuracy
of the measurement is about 3 to 5% for comparative analysis. For abso-
lute determinations the error is estimated to be 9-12%. Under reasonable
irradiation .and counting conditions, the detection limit is approximately
S0 pg/cm2 corresponding to 0.5 ppb in a martrix 100 mg/cmz thick.
11-B. Parsa and S.S. Markowitz, "The Half-Life and the Decay Branching
Ratio of 207Po ", LBL-1902, June 1973, to be published in the Journal

of Inorganic and Nuclear Chemistry).

ABSTRACT:

207?0 was produced via 3He activation of lead samples. Polonium

was chemically separated from the irradiated targets. Measurements were

performed with Ge(Li) and surface-barrier type a counters. The decay of

207Po was fdllowed and a half-life of 350.3 * 4.1 min

(or 5.84 * 0.07 hrs) was obtained for 207Po. The a-decay branching of

207

the 092-KeV y-ray of

Po was measured to be 0.0210+0.0018%.
12-A. Owlya and F. Fakhr-Vaezie, 1973 '"Determination of Selenium in
Astragalus Sp. (by Neutron Activation Analysis). Bull. Faculty of Science,

Tehran University, Vol. 5, No.2.
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ABSTRACT:

A report from veterinary faculty indicated that within 1S
days more than 68 sheeps were found dead by eating a plant called "Gavan'.
Later on, sample of this plant was sent to T.U.N.C. for analysis. Cli-
nical evidence showed that the poisening has been possibly due to the
presence of selenium in plant. This element could not be determined by
chemical method, because of its low concentration in the sample. Acti-
vation analysis techinique which is a very sensitive method for the de-
termination of trace elements in biological and nonbiological materials
is being used for this study.

In this work this particular element was determined in the -
sample by nondestructive neutron activation analysis, using a high reso-
lution Ge(Li) detector. After a decay period of one month radionucleids
with short and intermediate half lives die out. Then photopeaks of se-
lenium 75 with half-1ife of 120 days is easily characterized. The @265
and 0.280 MeV peak of selenium-75 are used for this determination. The
result of the several experiments showed the existance of 513+32 ppm. of
selenium in the plant samples which is above the permissible dose of‘-
this element. In this study we did not determined the other trace ele-
ments in the sample.

13- A. Owlya, F.pAKHR-Vaezi and B. Parsa, 1974 '"Determination of the -
Trace Element levels in Iranian Margarine by Neutron Activation -
Analysis", Radiochem., Radioaral. Letters. 16/6/355-362.

ABSTRACT:

By means of neutron activation analysis the concentration levels
of trace clements in Iranian Margarines were studied. A high resolution
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y-ray spectrometer has been used to identify the radionuclids in irra-
diated '"'Shah-Passand" and "Ghoo" samples of Margarines. A total of 13
elements at trace levels have been determined by this technique. They

include C1, Mn, Na, K, Br, La, Au, Cr, Fe, Cs, Sc, Zn, and Co.

14-A. Mahdavi,, 1970, "Instrumental Neutron Activation Analysis Of Some
Rock Forming Minerals'. Bull, Faculty of Science, Tehran University,

! NO. 3’ 24"30.
ABSTRACT:

Rock forming minerals from an '"Oslo essexite'" from Ranviksh-
holman, Oslofjorden and a Larvikite from Malberget, Tj6m, have been ana-
lysed using Nal (T1) detector, by instrumental neutron activation analysis,
In addition, a Norwegian geochemical reference sample apatite from Ode-

garden, Balm, and an apatite from Knipan (Ljosland) were analysed.

15- A. Mahdavi, 1971 "Antimony Contents of some Oslo Essexites'", Bull.

Faculty of Science Tehran Univ. Vol. 3, No. 2,

ABSTRACT:

The antimon content of ten Rock samples and two minerals (bio-
tite and pyroxene) from Oslo essexites determined by neutron activation,
range from 0.03 to 0.35 p.p.m. The highest figures were from two rock
samples higher in sulfide Minerals. Whick are believed to carry most of

the antimony.

The rock samples come from Viksfjell volcanic neck, Hedland area;
the two mineral samples were separated from an essexite rock sample from

ranviksholment,
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16- A. Mahdavi and C.H, Bovington, 1972, "Neutron Activation Analysis
of some Obsidian Samples from archeological and Geological Sites in

Iran" , Journal of British Institute for Persian Study, Vol. 10.
ABSTRACT:

Obsidian is a volcanic glass which occurs in restricted sites.
Cuthing tools and other cbjects made from this material were used by -
prehistoric man and are found in many prehystoric archaeological Sites.
It is possible to characterize and relate archaeological and geological
samples in terms of their trace clement composition. In the present -
work we have analysed a number of excavated and source samples for their
Na and Mn content. The analysis were carried out by neutren Activation.
The results indicate an obvious relation betweeﬁ source samples and --
archaeological Samples, and suggest a pre-hystoric obsidian trade rout

from central Anatabia and lake van area to Hassanlu, Sosa amd Fars.

17- C.H. Bovington, A. Mahdavi, S. Dessaunettes, and R. Masoumi,
1972, "Radio-carbon Date of some Carbonate Concentrations and Su-

rrounding Soil Sample', Bull. Faculty of Science, Tehran Univ. Vol. 4

ABSTRACT:

A preliminary study on the relative radiocarbon ages of cali-
cium carbonate in the surrounding soil has been jointly carried out by
the Soil Institute of Iran and the Radiocarbon Laboratory of Tehran Uni-

versity Nuclear Centre.
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Samples of concretions and surrounding soil were collected from
different locations and the results obtained are based on the 5730 years
half life c14. Benzene synthesis and liquid scintilation were used for
this study.
| Samples came from Chazvin and Shiraz area. The ages obtained
ranges from 10381-15527 years. Both soil carbonates and concertion give

near identical ages.

18- C.H. Bovington and R.Masoumi, 1972, "Tehran University Nuclear -

Centre Radiocarbon List I. Radiocarbon 14, 456.

19- C.H. Bovington, A. Mahdavi, and R, Masoumi, 1973, 'Tehran University

Nuclear Center: Radiocarbon Dates II'', Radiocarbon, Vol.15 No. 3.

ABSTRACT:

Ages reported in this date list are calculated using the Libby
half life of 5568% 30 years with 1959 as the standard year of reference;

results are quoted in years B.C. and A.D,/B.C. time scale .

Since much of our wotk involvés correlations with material in
an historical context in Mesopbtamia it is important that the reader con-
siders the implications of using 5730 years as the half-1ife of C14 and
the corrections proposed by Ralph and Michael (1969) and other to allow
for discrepancies between radiocarbon ages and calendrical ages.
All samples were examined for plant rootlets and other foreign matter,

treated with 3M HCl, 3M NaOH, and de-ionized water. The cbntemporary -

reference used is 0.95 of the specific activity of NBS oxalic acid.
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20- C. Bovington, A, Mahdavi and R. Massoumi, 1973, Radiocarbon evidence
for a chronalogy for S.W. Iran, from the mid fourth to mid third Mi-

llenia B.C. Accepted by ISMEO, East and West.
ABSTRACT:

Attempt has been made to review the radiocarbon evidence for
S.W. Iran and related sites and its consistency with typological evidence.

Considerable confusion exists in many circles about the rela-
tionship between '"Radiocarbon age' and true or callenderical Age. The -
correction Terms proposed by Ralph and “fichael, permit a coversion of -
radiocarbon to callendrical age, sufficiently accurate for the purpose of -
the establishment of a reasomanble chromalogy in S.W. Iran from the mid
IV tomid 111 zd Millenia B.C. evidences for the periods at Shar Sokhte,
tape Yahya, Namazga, and Mundigak have been concidered and the suggested
chreonalogy for this periods does not seem to be in variance with typolo-

gical evidence.

BILOGY.

1- F. Didehvar, 1971, "The phosphorus Fertilization of Alfalfa (Medicago
sativa'. Bull. Faculty of Science, Tehran Univ., Vol. 2, Ne. 4, 25,

Part I:

“Pho§phqurs uptake from top d;essing with Ammonium_php#pﬁate.

| The percentage of P in the plant derived from ferti;izer ésti-
mated from the measurements of p>2 ranged from 22-30 per ceﬁf on fhe ._
older Crop. |

Part E

The effect of differeni methods of cultivation on tﬁe“uﬁfaké-.
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of shesphate by newly seeded Alfalfa. The results suggest that under
experimental Condition disec ploughing and deeper placement of fertilizer
was beneficial to alfalfa in the early stages of growth and maturity.

Part III.

The effect of different methods of cultivation on the uptake of
phosphours by alfalfa and Barly. overall results suggest that the ferti-
lizer may beleast efficiently distributed after chisel ploughing but'’that

the magnitude of the difference can be much affected by condition.

2- F, Didehvar, A. Myers and L, Watson 1971, "Growth of the Wheat Leaf
(Triticum aestivum)', Bull. Faculty of Science, Tehran University,

Vol. 3, No. 3, 9.
ABSTRACT:

The wheat leaf in the early stages of growth consists only of a
blade which grows from the base; when the blade is completed the ligule
forms and from this time no more growth of the blade can be observed.
The sheath then develops proximally to the ligule, its base being the
last part to mature., There is a single basal (intercalary) meristem,

throughout the period of growth of leaves.

3- F. Didehvar, 1972, "Absorption of 32? phosphate by Alfalfa (Medicago
sativa) from Various Depths of Soil', Bull. Faculty of Science, -
Tehran Univ. Vol. 4, No. 2 100.

ABSTRACT:

The results presented here suggest that effectiveness of any

given method of placing the fertilizer depends on the time of the year.
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Shallow placement of fertilizer is more effective earlier in the year

and deeper incorporation is more effective later.

4- N. Rouhanizadeh and Zh. Xhalkhali, 1971, "“Evaluation Biochimique de

la propriete radioprotectrice du "“Shirkhesht',Radioprotection 6, 279,

In order to investigate the radioprotective action of "Shirkhesht",

a non toxic natural substance, a biochemical evaluation of the DNP complex in
irradiated animals has been made both with and without administration of
"Shirkhesht". The sensitivity of the DNP complex to irradiation has also
been investigated. The results so far confirm:
- the considerable change of the DNP complex in the irradiated tissues,
- "Shirkhesht" appears to have quite a considerable radioprotective action

(25-30%) with the main advantage of ‘being administrated orally.
5- N. Rouhanizadeh, L. Riazi, A. Owlya, and Zh. Khalkhali, 1973, '"Pre-

| paration of 1lsmIn - Ferric Hydroxide Macroaggregate For Lung Scanning",

IAEA/SM-171/13.

113m

The aim of this work was to prepare In - labelled iron hyd-

roxide maoroaggregate with pH and pgrticle size suitable for lung Scanning.

The aggregate was prepared by mixing the required amount of FeCl3 with

1lsmln followed by the additionnof NaCland co-precipitation of 113mIn with

Fe'** ions. The final pH was adjusted by gelatine solution and 0.1 N HC1,
The preparcd aggregates were then analysed for activity, pH and particle

size and injected into rats. The distribution of activity in the lungs,
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liver and blood was investigated using scintillation counting.

It was found that the grade and concentration of gelatine and
the PH of the solution at the precipitation step are the most signifi-

cant factors affecting the quality of theégacroaggregate.

6- M. Raie and N. Rouhanizadeh, 1972, "Uptake of 32P in Different Or-

gans of Caspian Sea Fish", Bull. Faculty of Science, Vol, 4, No. 2,

ABSTRACT:
IN VITRO phosphorus absorption in all organs of sturgeon, was
higher than white fish. This may be due to the physiological and struc-

tural differences between the two fish, the higher absorption.

vSeen in the white fish in the in vivo case, may possibly be due
to the higher rate of growth and earlier maturation of the white fish(27).
The higher phosphorus uptake by kidney in both in vivo and in vitro can
be attributed to theparticular structural features and vital functions of

the organ. Similar results were obtained by Anderzej and Ilysak (17).

In order to investigate further details of phosphorus absorption
by different organs of the two fish, differential absorption ratios of
phosphorus was measured. Autohistoradiography of liver and other tests
showed that the strugeon fish in general absorbed more phosphorus than

the white fish,

7- N. Rouhanizadeh, S. Samii et ZH. Khalkhali, 1973. Degradation des

desoxyribopolynucleotides dans les tissus Lymphatiques du Rat Apres Irra-
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diation et action Radioprotectrice du Shirkhesht, Radioprotection, Vol,

8, No, 4,

ABSTRACT:

The aim of this work was to study the radipprotective action of
a natural substance "Shirkhesht". This was performed by a simple biochemi-
cal evaluation of the DNP complex of the irradiated animales prior and after
application of “Shirkhesht', The sensitivity of the DNP complex of the irra-
diated Lympophitic tissues has also been investigated., We concluded that:
Consider able changes occur in the DNP complex of the irradiated animals.

Shirkhesht appears to moderate these changes to an appreciable extent.
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CURRENT RESEARCH IN NUCLEAR PHYSICS, SOLID STATE PHYSICS

AND THEIR APPLICATION IN ACTIVATION ANALYSIS IN IRAQ

FOR 1970-1971

(These are preliminary results and are to be published soon).
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The (n,y) group activities within the physics Department

of Nuclear Research Institute - Iragi Atomic Energy Comm-

ission for the years 1970 - 1971

This group utilizes one of the reactor channels as a source of neutron and
its work is mainly in the {n,y) field. However, a new setup is being completed
to study neutron inelastic scattering on various isotopes. The group is equipped
with a 4096 channel analyzer & two Ge(Li) detector of 30 and 15cc. Also an 8"x12"
NaI(TI) detector for anticoincidence measurements and anticompton experiments.

The group had been completed and are going to complete the following researches

and works during 1970 and 1971.

: 36
1. Measurement of the Reaction 35Cl(n,Y) Cl using a Three~Crystal Pair & Anti-

Compton Spectrometer.

J.D.Jafar, A.A.Abdulla, N,H.Al-Quraishi, M.S.Alwash, J.Kaifosz, M.A.Khalil,
M.H.Al-Kaissy & Z.Kosira.

The Cl(n,y) reaction was investigated and the energies and intensities of 190
resolved y-rays are rcported.

A three-crystal Nai-Ge pair and anti-compton spectrometer was used. A computar
programme useful in the automatic analysis of y-~ray spectra is briefly described.

A boot-strap technique generated a self-consistent energy calibration and thr

binding energy of 36

Cl was determined to be 8580.7 + 1 KeVv.
The appearance of single and double escape peaks in addition to photopeaks
above pair production threshold will complicate the y-ray spectrum even further a::.

may cause ambiguities in its interpretation. It is essential to use pair spectre-

meters for accurate high energy measurements of y-transitions.



- 245 -

In this present work a high efficiency three crystal NaI-GeNaIl pair spectro-
meter has been used iﬁ an investigation of the (n,y) spectrum from natural chlorine,

The intensity of the 25mm extracted neutron beam from the thermal column of
the IRT-2000 was l.5x108n/sec at the target position. The three crystal pair spec-
trometer consits of a splitting annular Na(TI) crystal 12" long x 8" in diameter
with 2" central through-hole. The two halves are optically isolated and each is
viewed by six 2" EMI 9656 phtomultiplier tubes of high quantum efficiency 28%. The
central detector is a 10CC coaxial Ge(Li) crystal mounted at the end of a long right-
angle arm extending from a chicken-feed type LN2 dewar vessel. The measured energy

resolution (fwhm) of one crystal half was 10.6% for Cs137 and 8% and 7.5 for the Co6o.

lines. The resolution of the Ge(Li) detector was 3 KeV for Co60 (1.33 MeV).

The coincidence efficiencies with energy restriction on the annihilation pair
can be high, from 20-25% of the double escape peak area in the single spectrum may
be collected in the coincidence mode. The high-energy data (above 2047.1 KeV) were
taken with the pair spectrometer in a single run of 22 hours. The electronic arrange-
ment permits simultaneous accumulation of data in the two operating modes when two
multichannel analyzers are available.

The results were analyzed by an IBM 1130 computing system. A special programme
was written for the automatic analysis of y-ray spectra where the whole spectrum is
plotted, smoothed and peaks located. Then the whole spectrum was divided inFo inter-
vals for fitting and normalized discrete gaussian shape weighting function was usecd.
After this the energies and intensities of y-rays were determined.

The results were found to be in satisfactory agreement with those of Groshev

et al. for the commonly observed lines. The results are listed in Table (1).
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Table 1

Gives the energies and their intensities from 35c1 (n,y) 3603

Eneggz

8580.7
7792.1
7415.4
6979.2
6953.3
6894.6
6870.2
6646.0
6623.9
6620.9
6544.9
6187.4
6423.3
6380.4
6341.9
6268.6
6112.0
6087.8
€051.0
5957.5
5904.0
5778.9
5756.6
5734.8
5716.2
5704.4
5634.7
5604 .49
5585.7
5518.5
5474.7
5372.4
5262.8
5247.8
5205.8
5151.9
5143.8
5125.0
5110.7
5079.1
5018.8
4991.0
4980.3
4954.5
4945.5
4886.4
4846.3
4830.4
4816.1
4758.7

Intensity

3.91

10.38
11.52

2.46
0.16*
0.08*
0.08*
0.01*
4.55
8.97
0.16
0.19
0.33
0.27
0.16
0.44

23.82

1.25
0.05
0.29
1.38
0.15
0.10*
0.48
6.15
0.50%
0.07
0.48
0.58
1.98
0.10
0.06
0.13
0.64
.26
0.18%
0.09*
0.04
0.09
0.17
0.51
0.20%
4.09
0.10%
1.22
0.08
0.04
0.23
0.19
0.14*

No. Energy Intensity
51 " 4752.2 0.13*%
52 4730.2 0.76
53 4684.5 0,05
54 4617.6 0.31
55 4538.1 0.29
56 4549.1 0.66
57 4526.1 0.48*
58 4519.1 0.18%
59 4459.2 0.10
60 4441.3 1.20
61 4416.0 0.34
62 4355.8 0.17
63 4299.0 0.46
64 4282.2 0.05
65 4207.0 0.19
66 4191.6 0.10
67 4165.4 0.08
68 4139.4 0.38
69 4128.5 0.14
70 4112.8 0.06
71 4083.4 0.86
72 4019.3 0.07*
73 4055.5 0.63
74 4042.2 0.07
75 4029.0 0.17
76 3999.9 0.14
77 3981.7 (1.40)
78 3963.6 0.40
79 3917.0 0.11
80 3862.4 0.06*
31 3823.8 1.97
82 3775.1 0.19
83 3750.5 0.36
84 3737.3 0.20
85 3708.0 0.18*
86 3697.4 0.14*
87 3661.4 0.22
88 3665.5 0.28
89 3625.8 0.15*
90 3613.6 0.08*
9l 3604.7 0.36%*
92 3600.6 0.43%
93 3588.8 (0.74)
94 3513.9 0.12*
95 3567.2 0.30*
96 3561.9 0.90*
97 3549.3 0.09*
98 3514.4 0.06*
929 3502.2 0.49
100 3470.0 0.15
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Table 1 (Cont.)

No. Energy Intensity No. Enerqgy _Intensity
101 3460.7 0.07* 153 2296.0 0.28
102 3429.3 0.84 154 2263.1 0.16*
103 3415.1 0.08* 155 2247.4 0.13*%
104 3375.0 9.65 156 2241.1 0.16*
105 3367.1 0.08% 157 2234.1 0.32°'
106 3350.6 0.17 158 2210.9 0.32
107 3333.2 0.84 159 2191.7 0.24
108 3316.5 0.25 160 2169.3 0.62
109 3294.3 0.07 161 2124.6 0.32
110 3273.5 0.04* 162 2110.2 0.26
111 3267.7 0.09 163 2094.8 0.81
112 3250.8 0.21 l64 2063.7 0.45*
113 3245.0 0.11* 165 2058.0 N.82*%
114 3212.5 0.07* 166 2047.1 0.50
115 3201.5 0.11 167 1959.9 10.03
116 3161.8 0.00* 168 1951.7 16.25
117 3152.2 0.06* 169 1625.9 0.19
118 3135.3 0.11 170 1610.1 3.16
119 3116.5 0.92 171 1513.7 0.27
120 3106.6 0.11% 172 1394,7 0.15
121 3095.2 0.07* 173 1327.6 0.92
122 3087.1 c.08* 174 1204.3 0.30
123 3062.1 3.97 175 1165.0 24.40
121 3027.7 0.07* 176 1131.6 1.61
125 3016.3 1.02% 177 788.0 23.35
126 3002.1 0.76 178 633.0 0.33
127 2994.9 0.93 179 609.5 0.23
128 2975.3 1.44 180 596.0 0.90
129 2953.7 0.18%* 181 517.1 27.20
130 2896.3 0.48 182 436.2 0.90
131 2877.5 0.29* 183 357.6 0.07
132 2864.4 0.73 184 337.8 0.09
133 2345,9 0.88 185 325.3 0.17
134 2811.4 0.45 186 291.9 0.31
135 2301.1 1.01 : 187 252.2 0.13
136 2754.4 (0.96) 188 197.0 0.41
137 2740.0 : 0.14* 189 173.8 0.37
138 2711.9 0.09 190 138.1 0.37
139 2677.0 1.56

140 2648.8 0.28

141 2623.7 0.58

142 - 2593.2 0.1l1

143 2538.7 0.33

144 2529.1 c.27

145 2492.7 0.79

164 2470.7 0.90

147 2432.2 0.21

148 2420.4 0.63

149 2397.2 0.17

150 2385.3 0.12

151 2330.8 0.22

152 2316.9 0.87

1) Asterisks indicate poor estimate for the intensity due to complex line shapes.
2) Intensities in parentheses have a slight contamination from known 24Na lines.
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2. Cascade De-excitation of p-levels in Even-0dd Nuclei with 21§ A £41 after

Thermal Neutron Capture.

J.D.Jafar, M.A.Khalil, Fawzia A.H. & A.M.Demidov.

It is observed that the majority of p~levels with a large neutron width
ez(za + 1) also have the largest reduced transition probability (I/E3) when decay-
ing into the single-particle level 2sl1/2 neutron state. However, for 2pl/2 levels
and other p-levels higher than 21>3/2 the largest reduced transition probabilities
are observed for de-excitation into the 2p3/2 state. This enhanced Ml strenght in
comparison with El transitions, in the decay of p~levels, results from the predemi-
nantly single-particle character of p-states and the relatively simple nature of
the M1 transitions involved where only the spin-orbit coupling is affected while the
nuclear core undergoes slight re-arrangement. For example, in 29si the matrix
elements of M1 transitions from the 2pl/2 level nearly equals the single-particle
estimate, whereas the El transition into the 2s1/2 state is only 5.51:1!.0_3 of the

single-particle value. Table (2) gives the radiation width of p-levels.

Table 2 Radiation Widths of p-levels

Nucleus Level Enérgy Transition Type of Experiment Theory
Mev Energy Mev Transition
eV W.U aV
2954 1.93 4.93 El 0.52 6.9.10°3 75
2953 6.33 6.33 El 0.91  5.5.10"3 166
g4 6.33 1.41 M1 0.051 0.9 0.057
4lcqy 2.47 0.52 M1 9.107% 0.35 2.7.10°3
ey 2.47 2.47 E2 9.10% 1.2.1002 7.5.107¢

4lc, 2.47 0.46 El 1007 1073 7.5.1072
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Gamma Rays From Thermal Neutron Capture in Si30 & 534

J.D.Jafar, A.A.Abdulla, N.H.Al-Quraishi, M.S.Alwash,
M.A.Khalil & A.M.Demidov.

. . .30 3l 34 35
Gamma radiation from the reactions Si” (n,y) Si™ and S (n,y) S  was
measured with a Ge(Li) spectrometer. All the observed y-transitions can be place?
. .31 35 . .31
in the decay schemes of Si~ and S~ except the 4093 KeV in Si .

.31 35
The neutron binding enerqgy is 6588.4 + and 6986.4 + 0.3 KeV for Si~ and S

respectively.

The y-ray spectra from thermal-neutron capture in enriched 534 reported here,
had not been previously measured. And only about two or three of the strongest
y-transitions in Si31 and 835 have been identified in previous studies of thermal
neutron capture in natural targets.

In this work the energies and intensities of y-transitions in Si31 and 53S
are listed. The decay scheme for S3$ was constructed, on the ba%is of energy
levels identified in the (4,p) reaction. Primary transitions to the ground or first
excited states were not observed.

In table (3) Report Ph~-3, 1970,the absolute intensities IY and the reduced
transition probabilities, IY/E3 are listed for primary M1 transitions feeding 25i/”
and 143/2 one-particle and one~-hole states for eight nuclel with odd neutrons in th:
mass range A=21-41,

Given the ratio of the reduced primary transition
Probabilities -?f?il-- . The WeissKof single-particle estimate for this ratio is=
0.028 for nucle?(gilh A%30. This reducfion in the transition probability suggests
that "Channel capture" is important in these reactions. The partial radiative width
should then be proportional to E2 and not to E3 as this was predicted by Lane and
Lynn, due to the dependance of the tramsition matrix elements on the level depth

relative to the capture state in channel capture. For this reason the partial rad-

iative width was calculated for two cases :



- 250 -

When width is assumed to be proportional to E3 and to E2 respectively. Table

4, Report Ph-9, 1970, gives the ratio of reduced transition probabilities feeding

2P3/2 and 2P1/2 levels.

It may be concluded that this data lends further support to the importance

of the channel capture mechanism in the processes underx consideration.

Tables (5,6) gives the. energies and their intensities for.both .reactions.



Table 3
INTENSITY & RELATIVE PROBABILITY OF M1 TRANSITION FROU! THE CAPTURE STATE TO 1ld t3 /2 & 25 /2 LEVELS
-1 . . _— -1
Primary transition to 1d3/2 or 1d 3/2 state Primary transition to 251/2 or 2s - state
+ + + +
BML; 1/2'> 3/27) B(Ml: 1/2 * 1/2)
Nucleus E h s LT TP % E 1 R it | B
¥ x -
x \ B(EL; 1727 8/2%) Y s 2% 3/27) n
(MeV) % (MeV) % (MeV)
2lpe. 2.79 3.1 0.33
25 .

Mg 0.976 0.4 0.6 0.584 1.8 0.12 7.33
zgsi 1.273 8 1.3 0 2.4 0.28% 8.48
k)

si 0 1l 0.14 0.752 <0.4 <0.08 6.59
335 0 2.3 1.1 0.842 3.8 2.25 8.64
354 0 <0.1 <0.05 1.572 |<1.6 <1.8 6.99
37

0 10.1 1.4 1.410 8.79
41 . -
Ca 2.01 1.0 2.7 2.571 2.2 10 8.36

Average = 1.0

Average without

Average = 2.1

410a = 0.8

- 162 -
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Table 4

RATIOS OF REDUCED TRANSITION

PROBABILITIES FEEDING 2P AND 2P LEVELS

3/2 1/2
(1, /E3) 29, . (1. /E2 ) 2p
Nucleus Y ; 1/2 X ; %{2
(1, /E}) 20, (1 /€ ) 28y,
2354 1.5 0.86
g 3.0 1.26
34 1.7 0.9
3B 3.1 1.3
M 1.8 1.05
Hea 2.0 1.2
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TABLE 5

30, 31
GAMMA RAYS FROM THE ~ Si (n,y) Si REACTION

This work Beard et al.
E$) Eg) Intensity C) E Intensity

(KeV) (KeV) (KeV)

752.44 + 0.15 0.01 100 753.0 + 1.0 1.1
1306.1 #+ 0.3 0.03 18 1307  + 2 0.081
1695.6 1+ 0.5 0.05 2.3 1694.8 + 1.0 0.032
1837.3 & 0.8 0.07 2.6
2204.6 + 0.8 0.08 12 2206.9 t 0.6 0.11
2316.7 + 1.0 0.09 . 2.8
2781.1 ¢ 0.15 0.13 66 2781.0 + 0.2 0.77
3054.76 + 0.16 0.16 71 3055.0 + 0.4 0.73
353¢ + 1.0 0.22 =5 | 3534.0 + 1.0 0.022
3630.7 + 0.4 0.23 6.3 3630.2 +.0.3 0.076
4382  + 2 0.33 1.7 4381.5 + 0.4 0.018
4529.3 + 0.3 0.36 14 , 4528.3 + 0.2 0.13
4903  +1 0.42 <1.0 (4902) © <0.007
6587.6 % 0.8 0.8 1.1 6588.7 + 0.4 0.018

a) Except for the 49n3 KeV, all the y-rays listed have been included in the

level scheme for 3181.

b) is the recoil-energy correction.

R

c) MNumber of y-rays per 100 neutron captures in 3oSi.
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TABLE 6

35
GAMMA RAYS$S FROM THE 345 (n,Y) S REACTION

a b

EY) ER) Intensity c)
{KeV) (KeV)

646.9 + 0.5 0.00 0.7
775.5 £ 0.15 0.00 19.5
208.1 + 0.3 0.01 0.5
1572.15+ 0.1 0.03 39
1839 + 1 0.05 3.6
2022.8 + 0.2 0.06 12
2082.65¢ 0.1 0.06 18
2347.5 ¢ 0.1 0.08 54
2555.9 ¢ 0.4 0.09 3.4
2614.3 + 0.3 0.10 1.3
2796.6 + 0.5 0.11 6.1
3184.3 + 0.2 0.15 7
3331.08t 0.15 0.16. 7.8
3390.86+ 0.2 0.17 . . 5.5
3802 £ 0.3 0.21 3.6
4189.6 + 2.3 0.26 1.9
4268.4 + 0.7 0.27 . : 0.4
4638.4 £ 0.2 0.32 - 56
4903.4 t 0.3 0.36 3.2
4963.2 + 0.5 0.37 2.6
6078.2 + 1.0 0.50 0.3

35
a) All the v-rays listed have been included in the level scheme for "°S .

b) ER is the recoil-energy correction.

34
c) Number of y-rays per 100 neutron capture in  S.
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Garnma Rays from Thermal Neutron Capture in

Se75, Se78, Seel, M097, Mo9g and M0101.

M.A.Xhalil, M.R.Ahmed, S.pA.DAl-Najar,
A.M.Demidov, F.A.Hussian & Kh.I.Shakarchi.

1
The study of Se75, Se78, Se8 ’ Mog7, Mo99

and M0101 decay schemes by the
thermal neutron capture method carried out by utilizing Ge(Li) detector

and 4096 channel analyzer and the channel No: 1 on the (IRT-2002). The
isotopes of Se78, Seal, M097, Mo99 were studied before by other grouns,

but not accurately. Their intent was to study the low and high energy
portions of the spectra, i.e. below 3MeV and above 6MeV. That portion

of the spectrum lying between 3 and 6 MeV was not studied before becausa

of the difficulties that usually arise in analysing the spectrum associ-
ated with the overlamping of photopeaks with single and double escape neak:.
The great complexity of the spectrum in the medium energy range above the
pair production threshold causes many ambiquities in identifying the “pure”
photopeaks and furthermore misinterpretation of the experimental results.
More thén 50 new y~-lines were found from the results of our experiments &
we introduction about 20 new levels in the decay scheme. ZAlso ﬁe.determin—
ed the binding energy valucs and the intcensity of all y-transitions observedt

The decay scheme for each of Se75, Se78, Se31, Mog7, uo?

9 & MolOL 1so£opes
were constructed. The spectrum calibration utilizing Cl, Si for calibration
the standard_sources 36c1, 2951, 203“9, 13705, 60Co, 57Co & 22Na were used, .
Gain and Zero stabilization techniques were employed and ;hg overall spectral
resolution (FWHM) over 24 hours was approximately 3.5 KeV for EmlMevV and 8KeV
at E=7 MeV. The IBM-1130 computer at the Engineering College was utilized

for sorting out the decay schemes and calculating the enexgy levels for each

isotope.
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To simplify the techniques of sloving the problems of mixing between the
peaks in the spectrum of Se and Mo isotopes pair spectrometer can be emp-
loyed.This technique attenuate the contribution of y-energies which are

not created by pair production. This method was not employed because of

the lack of material and the very small cross sections of Se and Mo isotopes.

Fast Neutron Inelastic Scattering Facility at the
IRT-2000.

A.A.Abdulla, M.R.Ahmed, S.A.Al-Najar, M.A.Al-Amily
¥h.I.Shakarchi.

Inelastic Scattering of Fast Neutrons :-

The nuclear physics group planned to study the feasibility of the inelastic
scattering of fast neutrons using neutron filters for the rcduction of capturc reaci-
ions. Using an extracted beam and Ge(Li) detector we expect that gamma-ray de-
excitation, following neutron inelastic scattering, can be readily identified, énﬂ
that such type of nuclear reactions provided hy pile neutrons will involve a large

amount of separated isotopes, available at this time.

Introduction :-

In this field of research only two experiments were done: The first by
Donahue in 1961 who used an extracted beam and NaI(Tl) detector in anqular corre-
lation measurements. The second by Nichole and Kennet (1971), who used Ge(Li)
detectors for studyind in-coke inelastic scattering expcriments. They also used
neutron filters.

It was decided here to provide such experiments using 30cc coaxial Ge(Li)
detector and 4096 éhanﬂel analyzer,‘and.fhe channel number (8) was chosen for tais

purpose.
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Filters :

0.5mm Cd, 40mm Pb and 10mm B4C filters, Pb stainless steel collimators were
installed into the channel gate and the extracted beam was of the same dimension
of the last collimator {about 25mm). The beam was allowed to pass through series
of filters outside the channel gate to achieve further exclusion of the thermal &
resonance components. These fllters were made of B4C and Cd plates of different
thicknesses, taking into consideration that other materials such as paraffine and
lead may also be used as filters. The filter=box and collimator 20mm in diameter
which was used to collimate the filtered beam, were enclosed together inside a
"shielding block" made in the form of an iron container filled with paraffine. and
heavily loaded with iron and adjacently placed to the reactor wall. The filter-box
together with the steel box plugged in, which was filled with paraffin and iron as a
continuation of the shielding block, was equipped with a pulley to make possible the
process of changing the different filters under investigation.

Set-up of the facility :

The detector shielding assembly was made of three layers Scm Fe, 8cm paraffin
with B4C and 10cm Pb. A cylinder of LiH 20mm in diameter and 1l0cm in lenght was
plugged into the hole made in the detector shield to project additionally the detector
crystal against the scattered fast neutrons.

Calculations :

Calculations were carried out to determine the expected distribution of the
neutron spectrum after transmission through different filters of different thick-
nesses. P2Also the rise of the temperature in the first filter exposed to neutrons
and gamma~-rays was calculated.

Primary Results :

More than 30 y-rays due to Nbgs(n,n'y)ub93 reaction were detected and related
to the excitation of the energy levels : (743.9), (808.5), (978.8), (1082.5), (1296.7),

(1485), (1501), (1684.6), (1911.5), (1968.4) (KeV).
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The Solid State Group activities within the Physics Department of

Nuclear Research Institute - Iraqi Atomic Energy Gommission for

The years 1970 - 1971

The solid State Group is equipped with a 4-circle Neutron diffractometer and
a 4-circle X-Ray diffractometer.

The main work which has been done and carried out so far could be summarised

1. After finishing the commissioning and bringing.the Neutron diffractometer into
working condition. The immediaté work carried out was testing of all systems
of'the N.D. (Monochromator, detection system, and programming control system).
The work include measuring of the :~
a~ PRocking curves of the monochromator at different Bragg angles.

b~ Stability and plateau of the two detection systems (monitor and main
channels).

c~ Automatic operation and reproducibility.

2. The evaluation of the various diffractometer parameters for the powder diff-
ractometry. A Nickle powder has been used as a standard sample. The whole
pattern of Nickle is registered for different collimation conditions in order
"to determine the resolution andrintensity by using different soller slits coll-
imators. Effects of fuel elements arrangements on flux in horizental charnzl

No. 6 were determined.

250, Mgzeo) has been investigated

3. Three powder samples of MgO isotopes (Mg240, Mg
in order to evaluaté the scattering cross section of each isotopes seperately.
In addition to these three isotopes, MgO natural has been investigated also.
This study has been shown that the diffraction maximum intensities with odd
Millers's indices are significantly less than these with even indices. This
indicates that the sign of the coherent scattering amplitudes are pdsitive. The
values at the wavelength A=1.02 A are : b> Mg=0.547 + 0.018, b®>Mg=0.362 + 0.01%,
b26Mg=0.489 + 0.015. And thus the values for the natural mixture of magnesium

isotopes will be equal to 0.523 + 0.017, which is in good agreement with former-

ly measured values.
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At present the Solid State group is engaged in determining the thermal neutron
spectrum of the horizental channel (no.6) using the Lead Siggle Crystal which is
mounted in the Neutron diffractometer aé monochromator.

Expansion of this unit will be in the direction of the Magnetic structure
studies which will be materialised by the installation of a cryostat and magnet and
therefore extending the work to a temperature at or even below the temperature of

liquid helium (4.2°K).

X-Ray Diffraction :

Since the commissioning of the Hilger and Watts single crystal diffractometer.
the intenticn has been to carry our work complementary to the Neutron diffraction.
This was materialised in determining the percentage of Mg(OH)2 in the three isotcpes

255, ug?

of Mgo, Mg240, Mg O by quantitative X-Ray diffraction phase analysis. The
direct method suggested by Alexander and Klug with some modification which were later
used to study their coherent amplitude scattering by neutron diffraction.

Amongst the work that was carried out by this group is the evalution of the
various diffractometer parameters and also the application of quantitative phase anal-
ysis to metallic and Inorganic materials.

At present, preliminary studies are being made to make use of the diffractomcter
in the calculation of absorption coefficients from metallic spherical and cylenderical
single crystals. Future plans include the extension of quantitive phase analysis tc
ternary and quaternary systems and also the apbplication of X-rays in particle size
detemination of powders and colloidal solutions.

Expansion of this unit will be materialised by the installation of a second X-

Ray generator with vertical tube stand, this generator will provide stable X-Réy to

many cameras that are available both in the chemistry and physics department.
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The Activation Analysis Group activities within the Physics

Department of Nuclear Research Institue - Iragi Atomic Energy

Commission for the years 1970 - 1971

The activation analysis laboratory is well-equipped to handle both routjon
analysis & research work. The equipment presently includes 30cc Ge(lLi) detector,
2048-channel analyser, faet puneumatio transport system, and a numbor of Hal dete-
ctors and counting systems.

Rescarch continges ta occupy the major portion af the available operation time
of the measuring facilities in this group. A variety of research projects were under-
taken in the laet ycar, and some of them have been brought 4o a sussessful conclusion
while others are at the developmental stages. Abstracts of the published papers are
included in Section B.

A. Services E
The group also pgrforme o mumber of service analyses for the other depart-
ments of the Institute and for outside agencies. During the last yaar the group
analysed over 1,300 service samples for the following ¢
1- Dept. of Geology,
Dept. of Chemistry,
Dept. of Isotope Production
of the Nuclear Research Institute.
2- Natiaonal Minerals Company,
Dora Oil:Refineries,
Dept. of Geological Survey,
University of Baghdad,
and the Army Chemical Laboratories.
B, Researéh
Below is a list of the rosearch prejects compieted during the 1ast year

or in progress :

Comleted :

1- " The activation analysis of uranium and thorium and tbeix mixtures by

5 delayed neutron detection method. " by E.T.George, G.l.Barisov, G.Y.Al-

Shahery and M.Al-Abbasi.
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The analysis of fisaile isotopes of 2350, and 23

2Th were carried out irn the
IRT-2000 reactor using dalayed neutron detection technique. An automatic vacc-
um pneumatic transporter was used with two channels of irradiation: bare and

cadmium covered. Pressurized 34e detector was used for neutron counting.

The results of the quantitative determination of uranium in several
reference samples '(IAEA standards) and the limit of sensitivity of the method
are presented.

Two maethods of .the quantitative determination of fissile elements in two
component mixtures (with known and unknown total mass of fissile elements) are
described. For a mixture of 2350 and 2380 the range of the determined weight
ratios of 23% ana 3% under both methods is found. For a mixture of U__, and
Th the range of the weight ratios of Unat and Th under their unknown total mass
is found, as well as the limit of sensitivity of the method for thorium under
the zecro content of uranium.

2- "Determinacion of trace elements in Iragli crude oils via NAA". by

Hussain A!-Shahristani and M.Al-Atyia.

The trace elemental composition of crude oil from the various Iragi oil

fields has been studied: The instrumental neutron activation analysis

techniqug was used. The method neither requires chemical separation nor
pre-or powt-concentration of trace elements by ashing. High resolution

Ge (Li) de:ztgtor permitted the simultaneous multi-clemental determination

of V, Al, Ma, and Na.

The vénaﬂm& concentrations remained quite constant within the same rese-

yvolr but varied remarkably among reservoirs of different geological ages.

The vanatiua concentration ranged from 1.6-109 ppm. Manganese generally

followed th same trend as vanadium with its concentration varying fxom
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less than 0.15 to 1.6 ppm. Sodium and aluminum concentrations varie<
from one sample to another even within the same reserwir. Concentra-
tions ranged frem 5-55 ppm and from less than 25-1050 ppm for alumin.an
and sodium respectively.

“Determination of some elements in the sediments of Iraqi rivers by UAL"
by E.T.George and M.J.Al-Atyia.

In this work many sediment sampnles from the Iraqi rivers were analyzel
for geological purposes, using INRA. The y-rays were detected and ana-
lyzed using a high-resolution 30 cm3 Ge(Li) detector and ND-2048 channecl
analyzer. The elements determined are: Wa, Mg, Al, Ca, Ti, V, Mn, Sc &
HE.

Using 3 éec. irradiation, 20 sec. delay and 10 sec. counting Sc and Hf
were successfully determined by their isotopes a6m Sc (T1/2=20.sec.) &
179m Hf (T1/2=19 sec.)

The methodrused in this analysis was simple, non-de;tructive, fast and

quite sensitive.

“Veztic$1 Migration of oil in the Northern Iraqi oil fields: vanadium
concentration evidence®.

by Hussain Al-Shahristani and M. J. Al-Atyia.

A study was made to determine the vanadium concentration in oil sam-ic:
representing the various pay horizons of all the Iraqi 0Oil fields.

Variations of vanadium content of oils from different pays were measure:

' to establish the history of migration and accumulation of these oils.

THe vanadium content of oil from different fields vaiies'drastically from

1.6 to 109 pom whereas the vanadium content of oils drawn from different

welly in the some pay 1S Temarkably constant. In the Kirkuk field, nil

from Lower/Middle Cretaceous reservoirs contains 45 ppm V compared to



<
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26 ppm V for oil from the overlying Oligocene/lLower Miocene reservoirs.
In the Zubair field, oils from the second, third and fourth pays contain
57, 15 and 2 ppm V respectively.

The path of migration of oil in the northern Iraq oil fields is clearly
reflected by the vanadium concentration variation. The results indicate
that oil in Northern Iraq originated during the lLower/Middle Cretaceous, ai::

has migrated vertically to the Tertiary reservoirs where it is found now,

"Determination of Uranium Content in Geological Samples by Neutron Activation®.
by M.R.Ahmed, A.A.Abdulla and G.Y.Al-Shahery.
Samples were irradiated in the IRT-2000 research reactor at the Nuclear

239Pu was measured and compared with

Research Centre. The decay rate of 239Np*
a standard of known uranium content. Two techniques were applied; in the firs:
method a Ge(Li) y-ray spectrometer of high resolution was gsed to measure the
y-ray spectrum from this decay. 1In the second scintillation counters were

placed in coincidence for detecting two~step cascade y-rays from the same

decay. The results from both techniques were in satisfactory agteement,

"Measurement of Neutron and Gamma field Parameters on Irradiation Position
of Vacuum Pneumatic Transporter System'.
by E.T.George, G.I.Borisov, G.Y.Al-Shahery, M.A.Al-Abbasi, 0.K.Zhuravlev.

A system of vacuum pneumatic transporters was assembled and .the tubes
inserted into the IRT-2000 reactor through a horizontal channel. The system
is described in short, listing basic technical characteristics. Given are
the data of the measurements of neutron and gamma field parameters on the

irradiation positions of the pneumatic transporters.
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"Determination of Arsenic in Irag tobacco via NAA",
by H.Al-Shahristani and A. Romaya.

Two methods are under development to measure exceedingly smallvquantities
of arsenic in tobacco samples.

The first involves chemical separation and the second is instrumental

using coincidence technique.

"Investigation of some problems of spectral interferences when analyzing
geological samples”.
by E.T.Beorge and M.Al-Atyia

During the measurement of activated geological samples, a number of

compound peaks are observed. This study has been undertaken to resolve these

peaks and particularly the 511 Kev.

“Determination of cadmium in foods"”,
by H.Al-Shahristani and §.Is'hac
A technique is being developed to determine cadmium concentrations in

local foods. Cadmium is initially a>sorbed on anion exchange resins and its

radioactive indium daughter-product is washed away and counted.

"Determination of elements with very short half lives profluced by (n,y) and
{(n,n') reactions”,
by H.Al-Shahristani, E.T.Georga, M.Al-Atyia and K.Abbas.

Radioactive elements with half-lives ranging from sub-second to few
seconds are being investigated using a fast pneumatic transport system and

synchronised counting facility.
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CURRENT RESEARCH IN NUCLEAR PHYSICS, SOLID STATE PHYSICS

AND THE EXPERIMENTAL NUCLEAR PHYSICS IN IRAQ

FOR 1972-1974

(These are preliminary results and are to be published soon).



- 266 ~

The Solid State Group Activities within the

Physics Department of Nuclear Resdearch

tnstitute, Iragi Atomic Energy Commission

for the Years 1972-1974

Solid state physics group utilizes double axis neutron diffractometer to

identify crystal structures for differeht alloys and materials and to measure

diffraction parameters of irradiated samples. An X-ray diffractometer is used

by the group for crystal and powder studies of various materials.

Specifications and parameters of Iraqi Atomic Energy Commission Diffractometer.

G.Al-Shahery, A.Abul-Khail, F.A.Amin, A.Al-Naimi, A.Al-Saji. V.F.Petronin,
M.G.Zemlyanov.

The equipment parameters were determind using Ni powder as standard
arrangements )
control sample. Effects of fuel elements/cn flux in horizontal channel employ-
ed were determined. The report also includes methods of calculating the various

parameters involved. A breif description of the neutron diffractometer is

also included.

Table 1. Shows results of the measurements of the rocking curves at
different Bragg angles for different Beam Narrowers.

29 Beam Narrower Peak intensity FWHM
m C/10 sec. degree
10 x 10 mm 1562 0.4°
15°©
30 x 30 mm 46496 0.7°
10 x 10 mm 11010 0.4
24° - -—
30 x 30 mm 400056 0.55
10 x 10 mm 3671 0.4
90° v :
30 x 30 mm 145670 0.45
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The experimental statistical distrbution of counts in regions of N + ¥ N and

N + 2 Y N are shown in the following table.

- ——— T — — - —— - - " s = o o T s e - W S T s T -

Mode of statistics Theoretical value Experimental values
main dete monitor

H+ ¢V N 0.680 0.514 0.750

N+2V N 0.954 0.950 0.965

TABLE 2. Effect of control rods on flux

No. of Count/10sec AR RRy RR, Note
observation cn cm cm
1 469821 10.5 23.4 23.4
2 469236 20 22.5 25 AR Variable
3 469036 19 22.5 25 Compensated by
4 450661 25 22 25 RR; while RR,
5 450228 24.5 22 25 constant.
6 436894 30 21.2 25
7 435635 29.8 21.2 25
8 425492 35 20.4 25
9 418473 a0 19.9 25
10 A13352 45 19.4 25
1 450521 25 21.5 25
2 450431 25 22.6 24 RR, variable
3 459957 25 23.8 20 compensated by RRy
4 467664 25 25.8 17 while AR constant
5 4265603 25 27.8 14
6 465641 25 31.7 10
7 A62745 25 33.9 0
8 432629 25.5 14.5 30
2 413011 25 8.1 35
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TABLE 3A- Effect of control rods on flux per cm length

AR influnce
inside Reactor
core in cm

Flux variation
integrated
intensity %

Flux variation per
one cm of AR %

- - T e = > S - -

- o T - — v . T —

1-20 cm 1.382 0.133 RR, constant
- while compens-~
20-35 cm 8.2 0.503 ated by RRl
35-45 cn 2.24 0.213
Total (1-45) cm 11.82 0.749
TABLE 3B
RRy influance Flux variation- Flux variation Note

inside reactor integrated " per one cm of

core in om intensity % RR, %

1-18 1.086 0.1195 AR constant
18-35 9.80 0.4 " compensated by
35-40 1.66 0.326 RRy

Total (1-40) 12.54 0.989



N AR PR, = RR 75 S N AR , = RR VL,
n/n om cm ‘ n/n ca on
1 10 27 1.00 17 33.3 21 0.933
2 16.2 27 0.992 18 7.4 21 0.921
3 23 27 0.976 19 7.2 17.5 1.00
4 28.2 27 0.952 20 20.5 17.5 0.994
s 33.2 27 0.936 21 23.. 17.5 0.986
6 38.3 27 0.940 22 27.5 17.5 0.965
'i 13 24 1.0 23 32 17.5 0.95%
) 15.8 24 0.978 24 36 17.5 0.934
9 22.5 24 0.976 25 39.9 17.5 0.928
10 29 24 0.082 6 20.1 13 1.00
11 36 24 0.952 27 21 13 0.992
12 8.7 24 0.944 28 22.8 13 0.984
13 11.5 21 1.00 29 24.°5 13 0.975
14 16.3 21 0.987 30 26.3 13 0.967
15. 22.2 21 0.970 31 29 13 0.959
16 26.8 21 0.952 32 32 13 0.951
33 13 35 0.944
3 13 39.5 0.93%

- 692 -
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TADLE 0. S5 - Integrated Intensity of Different Bragg Reflections.

i » ' ' ; ! : —'”
hkl Exparmental Tneorc*ical 1ntg?— ' I,CA : I ; Experimental Thaoretical | Residual -
: intensity count sicy P/'IOC\ x10“™ 1°-°2-2- ‘ coun® /c:m2 " relative inten- relative in-| factor
Absolute scale : ! per 8 min. - sity tensity ; K for all
| ] ! i i
; ! { i
11 7722.2 1451495 17103.62 | 1.2482936 ’ 100 100 1
| - e |
200 4312.8 0.25307. 17041.92 | 1.2437905 | 0.552 i 0.560 S
. : )
220 4242.8 0.249852 16981.25 l 1.2393625 0.549 0.553 &
i ; '
;!  6016,65 0.361788 16630.31 | 1.213744 0.779 0.801
222 1886.95 } 0.110519 17088.99 ; 1.2472.258 :  0.244 | 0.245
° . H i
. 400 872.6 0.052212 15€33.64 | 1.1410083 | 0.126 g 0.13¢ |
fEED 3606. 30 % 0.210236 | 17153.57 | 1.2519391 0.467 | 0.466
' ' c f : ? ;
420 3 3094:2 S 1.202067 © 15312.74 © 1,1175877 ' 0.400 ; 0.447 - !

1id value | i 1881, 222 1.210269¢1 0.00285



TA.JE NHo. 5- Ratio of Intensity to Fwhm for Different Collimeters.

e QC% ! |

"'5@4.%". op| Collimation Colli=aticn Collimation
) Sae condition I condicion I condition IIIX Ratio of intensity and FWHU'S in Arbitrary
bf”"a Pattera L Satterr 3 Pattexn C Scale

2) Fig.(14) Fig. (14) Pig. (14)
hkl I, FWHU, I,  PwED, I PWHU | Iy o I Ig Py + Fy: P,
111 49.4 1.4° 17.0 0.7° 12.8 0.55° 1 : 0.344 : 0.259 1 : 0.5 : 0.393
31 39.2 1.5° 12.6 1.15° . 10.5 1.1° 1 : 0,322 : 0.269 1 : 0.78: 0.737
222 12.5 1.5° 4.0 1.25° 3.2 1.2° 1 : 0.320 : 0.251 1 : 0.83: 0.8

- 1le -
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2. The Neutron Coherent Scattering Amplitudes for Magnesium Isotopes.
A.Al-Saji, A.Abul-Khail, F.A.Amin, A.Al=-Naimi, G.Y.Al-Shahery, V.F.Petrunin,
M.G.Zemlyanov.
The neutron coherent scattering amplitudes for the three stable isotopes'
. 24 25 26 . . . . _
of Magnesium i.e. Mg, Mg, =~ Mg has been studied by neutron diffraction tech
nique usin. four-circle neutron diffractometer. The three isotopes were prep-
ared in an oxide powder form, and the investigation was done on each isotope
separatly and so was the calculation.
TABLE 1 - Isotopic Compostion of Samples
No. Name isotope content in percent
24
Mg Zqu 26Mg
1 2%yq0  98.5 .9 .6
2 25u90 4.3 92.0 3.7
3 26M‘g.o 11.4 1.3 87.3
TABLE 2 - Impurities of the Samples
No. " Name impurities
Ba K Na Ca Fe Al Si Cr Ni Cu ™Mn Pb Sn Sr
1 24Mgo 006 006 002 003 002 003 003 006 002 002 003 015 002 006
2 25MgO 02 002 002 013 002 0on2 002 002 002 002 002 002 026 002
3

26MgO 006 002 002 063 002 002 003 002 002 002 003 003 002 006
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Tnermal-Neutron Coherent Scattering Amplitudes and Cross Sections of Lead
Isotopes.

B.Aladdin, M.Sarsam, E.Ajaj, A.Abdullah, A.Abul-Khail, M.G.Zemlyanov.

The thermal neutron coherent scattering amplitudes and cross sections for
lead samples of the natural isotopic mixture and of a mixture enriched with 204.
206, 207 and 208 isotopes were deterﬁined. The samples used in the measurements
were made in cylindrical form by cold pressing, thus diépensing with aluminium
containers. The determination of the constants involved the determination of the
Zero angle position of the main detector, the incident neutron wavelength, the
experimental constant, the neutron beam distortion by the sample, and the angular

distribution of elastically scattered neutrons.

TABLE 1. The Isotopic Composition of the Samples.

Sample No. Isotopic composition, %
204 206 207 208
1 1.48 23.6 22.6 52.3
2 47.90 23.7 il.6 16.8
3 - 87.9 8.8 3.3
4 0.2 3.0 83.3 13.5

S - 0.3 1.0 98.7
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The Razios beyween Integratnd Tntersities for Some
Raflaec:ion of Ph-Powder.
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D
-

The In- earated Intensities of Scettered Neutrons,

D T e e o e A A e A IS b e ERE AL L BeT 0 W AT TEim.ed lmR et 8 e v Ml e F0eT MBS - ePew e iy cbe o

Intecrrat‘*d intan'nti '8 |
h: :1 e imme e mer - e ccer atis e s v e ........ Amaem. et s amra s w aan abr e .iL‘ - ‘ x10-24[-
o LBy (operinental | P, (theoretical) | wa

111 14r60.922 1472¢.,105 1413.822

270 317F.”12 ; 9282.344 i 1399.334

229 3033.728 5 8230.9543 1354.315

et s o e em— - v ——d e -.7-»-‘.4

311 [ 12067.615 | 11952.479 1341.971

222 : 31,062 3651.73< 1353,221

400 _ 1995.909 ; 2064.301 1264.835
i3l A 138,931 : 7920.255 1250.254

ADD - 1$335.85N 5699.373 1213.738

l

' : !
422 ° 5897.0%4 | sTe.177 1229.4€7

i

oo imsendnin e v raace s mmd s cane s

TARLI 7, The Expected Valuds of the Backgrcund from the Container.

valu:s of R.5. for Aluninium container
. hzl u e imimeat i Sweimeemer s a i aa s e SiAiEiasRIa eate Sn mtess asesmean. v o = """"‘V

calculatm’ fmm (220) calcul.ater’ tm K constant J'

o canwm femne er B e emiparsmariia Brevs e

111 1664.791

[T PPOP

2215.797
1 200 : 919.€76 1241.996

a2y : 75€.833 1151.733

o s — . —— e et =

F 311 ; 1153.819 ; 161n.152

{222 g 355,707 | 404,385

. —

' ann : 187.487 256,482
331 i 602.929 827.376 - !
420 = 564.234 775.146

422 : A44.171 613.050
i .

511,333 | 506.159 701.072

440 i 15%.229 : 210.702
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Natura2l Lead
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f“ ———

H

111 !

511,333
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T/N\BLE 8, ‘'*he Transmissipn Measurements for
111 Pb and Ni. Samples.

Bae e W el e A s et te ke o e B afes Ss S @i bRl e R
- ¢ !

_ uk 1

yamnla T TP NS R DS .-.......’

i CalculateAd | obsarves I
' : DY TP N TPIE PR EERIN LS

20+ | i

T 30 § o n.207 P 6.195

i i i

| 2ne E :

: PH P 0,181 i 0.193

: : ;

| 207 :

S . n.193 n.180

Fl. I 9.178 0.173

°b(natural)' n.1082 TS 113 §

Ii(natu*alﬂ 9.417 0.409

U 1 o SO PO VTP

‘____._. O

TABLE 9,
The Nbserved and Calculated Intejrated: Intensities
for Natural Lead.

Inteq:ate& Intensities l . 12
Bt B .‘ (u /K)lo
(oxoertmnn*al)  Pw (tn(oretxcal)
A .-__,_._,".kl_-,.-_,--"~__._-I----._--__M”_-m
10147.914 9832.581 i 3.630135

5102.7F7- 5357.635 3.441435
4633.954 ' 4713.257 3.249793
5913, 385 | 6223.761 3.013106
1571751 | 1339.437 | 3.134152
5%2.090 ' 309,301 2.969709

2723.584 2802.437 P\ 2.614117

2482, 269 ' 2573. 214 2.552575
191,473 1901.692 !  2.461532

20n4,712 2056.367 2.248944 °
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TA3LE 19
The Ol served and Calculated Intejrated Intensities
Ple20) for pb2°4
e 2 e e e e k1 e - e . S e
' i Integrated Intensities : 12
LS | o e i e e e e s : (thl/K) 10
LS J ukl (oxnerivnontal) ; (thnoreucal)
. ....J_ - et e o o v .-...;;..,_ gy TIPS SO O . LT
i | ;
S5 AU 9465.325 % 9N07.189 3.515426
1200 | 571,177 § 4907,121 3.399675
l i
220 ; 4439.023 ! 4310.40n 3.161957
311 % 023,934 ; 5691,107 3.026274
222 | 199.148 . 169%0.075 3.099861
ap 815.173 j 129.433 2.646A78
1331 | 2602.50¢ ? 2553.707 2.590625 |
! :
la20 1 2573.4m8 : 2348.640 | 2.590625 |
422 | 2016.513 i 1735000 2.475044
: !
| 511,333 1301.139 ; 1868.924 2.128593
e s er i et et s 2t et et ek e et coire -
© mpBLR 11
The Observed and Calculated Integrated Intensities for
Ph-20¢ ph>06
: nkl 1 Intu‘lx'ated intensitips 12
i B B e e e (451 /K IO,
| 1P (exnarimantal) , (t.heoretical i ‘
1, - . Y
‘~--~‘--_.-“—T.~ prrp-o T ' e .... .......................................... .
j111 | 9255.126 ' A596,415 - 3.420259 ]
i S .
| 200 | 4572389 4654.767 3.212172
220 1 3947050 4056.611 | 2,951918 '
5 ] - A : s
Pal1 ¢ se23.a11 | 5384466 1 2.804724 !
| :
. 222 1945.308 ' 1581,867 ! 3.071546 '
331 2498.234 2385.871 | 2.470565 |
.' ! i
| 420 2472,088 ¥ 2198.271 [ 2.5277
|511,333]  1697.430 1735.862 | 2.041509
! |
S - 1 i S
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TABLE 12
The Observad and Calculated Integrated Intens§ties for
PH-207 szo
 hkl Integra -ed intensitie., , 12 ]
i mum e n cim e e - ‘(»1, /K) 10 ]
; hl 1(°xn-._ri.menta1 ‘7 (theoreticali l ‘
!—_-_._. ..... v ——— +. e v o B " @ P G At D e ot T..._.-.-.. -......... et e ..;' !
111 5765.329 5711.723 : 3,89017 §
! 200 3257.127 3094.615 i 3.88599 5
. ' , i
l220 | 2549.736 2660.516 . 3.39763 !
’ )

. 1 !
2311 3651.431 3456.441 . 3.34053
} ! i
f222 | 1030.841 | 1014.814 | 3.20345
; ; ! i ;
AU SRS DO R T et :

TABLE 13

£b-208 The Observed and Calculated Inteqrated Intensities for szo
| hk1 ' Inteﬂtated intbnsities ' a2 |
N (PO e s 0 ==y (0 /K10 i
; (exnenmcntal) (thooret:.calq !
R L. T SO R 11+ SN SO |
i ] 3
m £136.951 7647.196 | 3.219937 |
200 A014.557 4175.055 . 3.006165 |
| 1 !
220 3674.006 | 3708.111 : 2,911980 ;
! : .
311 | 5227.03¢ 4936,384 . 2.7851%0
: - P . . . !
222 ! 1720.383 ! 1463.670 . 2.882341
La00 a19.012 ; 729.561 i 2.608236 |
3 2354,799 i 2264.680 P 2.30%921 |
. 1 ; .
B ] \ B
© 420 ' 2251.555 ' 2023.645 L 2.393922 5
| | oo
: 422 1617.477 , 1555.584 . 2.183513 |
: ' ; i ‘
i 511,333; 16€9,75¢ ' 1634,422 - 2,021347 .

; !
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TABLE 1l4. The Corresponding Cross-Section for the
free Atom and the Bound Atom.

LSt LPteee Pt | Soumg T |
i ' ;
| 204 ' !
| ®b [ 11.48307) 11.59509
! 206 i
Ph I 10.0713 ) 10.11A817
. |
;207 i
| Pb ! 11,1635 11.271611
L 208 E
,BD i 2.9029% 3 9.998427
' Ph(natural)l  10.23736S 10.336941
i !
e ena i o e o emaeme st e es s cean s en sromens s
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The Performance of Neutron Diffractometer on the Comparison of Two Monochromators
Crystals.

B. Aladdin, E.Ajaj, A.Abul-Khail & M.G.Zemlyanov.

The performance of a neutron diffractometer is influenced by a number of
parameters that should be rigorously investigated. Among these parameters are
the neutron flux distribution at the sample and the dependence of F.W.H.M. for
Bragg reflections on monochromator angle and anqular divergence of collimators.
This investigation was directed at fixing the suitable parameters and the comp-
arison of two single crystals one made of pyrolytic graphite and the other made

of lead to be used as monochromators.



—{88_

TASLE (1) Comparison oI the two Monochromators Crystals Lead and Graphite
mype ot || Reactcr | Time of  Inteqr- | Angular Divergence | Position of Beam |
monoch- 29m Puwer M measure- ated of collimators limiting device
romator ment SEC Inten-
________________________________________________________ SN Nl NGO ISR SN SN N S
(o 18 1.8 10 87813 30° 30’ 30° 10x10+ 10x10 [10x10
Pb 24 l.8 10 22000 30' 30 30° 10x10 { 10x10 |10x1l0
______________ | RN SN U N SN S U S SN N
TABLE (2) The Chosen Combination of Angular Divergences
T,‘,. ______________ R } _________ . e 7 o e e e e i e e e e i O e i e Y e S 8 0 e e e e e o E
| Combination Angular Divergence
st corlim ]"E;Q‘ESII;; """""""" I smcorin *
1 30! Hollow 30°
2 3¢’ " 20°
3 20" " 30!
I E— L B N HO i
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The (n,y) group activities within the

Physics Department of Nuclear Research.

Institute - Iraal Atomic Eneray Comm-

ission for the years 1972 - 1974

The (n,y) group of this Department studies the problems of nuclear spectroscopy
and nuclear structure bg measuring spectra of y-rays from the inelastic scattering
of reactor fast neutrons.

The measurements are conducted on rare elements and separated isotopes.

The latter are supplied by the Kurchatov Atomic Energy Institute (Moscow) within
the frame work of co-operation between the two Institutes.

The y-spectra obtained are processed on an IBM 1130 Computer to calculate
level populations in the (n,n',y) reaction with the aid of the Hauser-Feshbach
statistical model.

The results of the measurements are to be published in the form of an atlas
divided in to three parts. Results of the separated-isotopes studies are intended
fgr publication in scientific journals. Work is also underway to apply (n,n',y)
spectroscopy for the determination of element composition of various samples using
30 cm3 Ge(Li) detector and 4096 channel analyzer.

New experimental set up is now being constructed for measuring the angular'

distribution of y-rays from these reactions.
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y-Rays from the Se74(n.Y)Se75 Thermal-Neutron Reaction.

M.R.Ahmed, M.A.Khalil, F.A.Hussein and A.M.Demidov.

Spectrum of y-rays from the (n,y) thermal-neutron reaction has been
measured, using a Ge(Li) spectrometer. Energies and intensities for 152
Y-lines of the spectrum have been determined. A diagram of y-transitions

of Se75

has been made.

Table 1.

Isotopic composition and isotope contribution to thermal-
neutron capture by se’4 sample.

Isotope - 74 76 77 78 80 82

Isotope

abundance 40.9 8.1 4.7 13.1 27.1 6.1
in the )

sample, %

Contribution

to neutron-

capture cross- 69 23 6.7 0.2 0.6 0.4
section, % :
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Talle 2,

Energies and intensities for B-rays of Se

75

El'f , KeV IZ ,y % Position in the diagram
of 7 ~transitions; level
energies , KeV

7909.2 (20) 0.20 (10) C~111.6
7734.2 (10) 35 (5) C-286.6
T441.7 (12) 0.93 (20) C-579.4
7398.6 (12) 0.57 (15) C-622,7
7173.2 (15) 0.33 (10) C-847.3
7130.8 (12) 0.28 (8) C-890.5
7064.2 (10) 1.0 (2) C~956.8
7007.3 (10) 1.7 (4) C-1013.5
6841.4 (15) 0.21 (7) C-1179.8
6827.2 (10) 1.0 (3) C-1193.8
6437.8 (10) 3.5 (5) Cc~-1583.4
6317.9 (15) 0.15 (5) C-1703.0
6224.5 (10) 1.9 (4) C-1776.6
6214.2 (15) 0.28 (8) C~1806.2
6131.3 (10) 0.48 (10) ¢-1889.8
6082.5 (15) 0.80 (20) C-1938.0
6071.4 (15) 0.19 (6) C-1949.0
60435 (12) 0.34 (8) C-1976.8
5906.4 (15) 0.22 (7) C-2114.5
5859.1 (10) 0.69 (12) C~2162.0
5766.2 (15) 0.20 (6) C=-2254.5
5755.0 (12) 0.45 (8) C~2265.0
5569.5 (10) 1.4 (3) 0-2452.6
5461.5 (10) 0.96 (20) C~2559.6
542848 (12) 0.59 (12) C~2592.3
5420.0 (12) 0.44 (10) C-2601.1
5397.3 (10) 0.48 (10) 0=-2623.8
5339.7 (12) 0.41 (10) C-2681.4
5289.5 (10) 0.61 (12) C-2731.6
5246.3 (12) 0.43 (10) C-2774.8
522048 (15) 0.21 (7) C-2800,3
5139.0 (10) 0.62 (12) Cc-2882,1



508642 (15)
4064.5 (15)
4992.1 (15)
4922.6 (10)
4875.1 (10)
4844.8 (10)
4817.3 (15)
4803.6 (15)
4756.1 (10)
4692.0 (10)
4687.0 (10)
4632.0 (15)
4563.6 (10)
4487.6 (15)
4463,0 (15)
4438.8 (12)
4416.0(15)

4406.7 (12)
4339.1 (10)
4162.8 (10)
4019.6 (15)
4009.5 (10)
3953.2 (15)
3903.0 (15)
3732.7 (10)
3562.7 (10)
3522.4 (10)
3339.0 (10)
3306.8 (8)

3191.5 (8)

3185.6 (8)

2972.1 (10)
2941.6 (10)
2672.2 (15)
2651.5 (10)
2633.3 (8)

0.61 (15)
0.30 (8)
0.41 (10)
1.1 (3)
0.87 (20)
0.64 (15)
0.21 (7)
0.18 (6)
0.76 (15)
1.2 (2)
1.0 (2)
0.29 (8)
1.1 (2)
0.31 (8)
0.24 (7)
0.59 (10)
0.21 (7)
0.52 (10)
0.68 (10)
0.70 (10)
0.47 (10)
0.97 (15)
0.38 (10)
0.30 (9)
0.40 (10)
0.54 (10)
0.60 (10)
0.28 (8)
0.42 (10)
0.29 (7)
0.26 (7)
0.35 (8)
0.31 (8)
0.21 (7)
0.26 (7)
0.20 (7)

C-2934.9
C~-2956.6
C-3029.0
Cc-3098.5
C-3146.0
C-3176.3
C-3203.8
C=-3217.5
C-3265.0
C~3329.1
C-3334.1
C-3389.1
C-3457.5
C-3533.5
Cc-3558.1
C-3582.3
C-3605.1
C-3614.4
Cc-3682.0
C-3858.3
C-4001.5
C-4011.6

- o ——
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cont..ggpg§22.

. - T s A W At hem e T e W e

1 2 3

2405.2 (7) 0.23 (7)

2277.0 (8) 0.15 (5)

2214.0 (5) 0.48 (10)

2153.4 (6) 0.47 (10) 2265.0~111.6
2135.2 (6) 0.39 (10)

2086.8 (10) 0.28 (8)

2072.8 (10) 0.22 (7)

2037.0 (10) 0.35 (8)

2022,2 (8) 0.39 (8)

1934.7 (8) 0.32. (8)

1882.3 (8) 0.26 (7)

1812.2 (8) 0.30 (8)

1694.6 (10) 0.14 (5) 1806421116
16773 (7) 0.40 (10)

1556.6 (7) 0.23 (7)

1515.6 (5) 0.85 (15)

1490.0 (5) 0.40 (10) 1776.6-286.6
1467.0 (8) 0.18 (6)

1448.8 (5) 0.26 (8)

“436.1 (5) 0.41 (10)

1366.6 (8) 0.25 (7)

1244.9 (5) 0.26 (7)

1224.1 (5) 0.59 (10) 2114.5-890.5
1179.8 (7) 0.10-(5) 1179,8-0
1144.5 (5) 3.0 (6) '

1127.9 (10) '0.10 (5)

1101.7 (8) 0.16 (6) 1949,0-847.3
1082.3 (8) 0.16 (6) 1193.8-111.6
1048.5 (8) 0.21 (7) 1938,0-890.5
1023.7 (5) 0.48 (8)

1004.0 (3) 0.95 (15) 1583.4-5T79.4
9718.€ (3) 1.4 (3)

962.2 (3) 1.9 (4)

252.1 (3) 1.1 (3)

930.2 (5) 0.20 (7 )

225.8 (10) 0.24 (8)



- 289 -

Cont, Table 2,

1 2 3
920.6 (10) 0.20 (8) 1583,4~664.1;
2114.5~1193.8
912.8 (3) 1.5 (4)
897.6 (3) 0.74 (10)
890.5 (10) 0.50 (10) 890.5-0
873.8 (8) 0.38 (10)
859.4 (4) 0.41 (8) 859.6~0
847.3 (6) 0.26 (1) 847.3~0
839.7 (3) 3.0 (7)
812.5 (6) 0.18 (6) 1703,0-890.5
797.0 (7) 0.13 (5) 1976.8-1179.8
789.1 (3) 0.78 (10)
781.1 (6) 0.09 (3)
770.4 (3) 0.57 (10)
748.7 (10) 0.40 (10)
733.7 (2) 3.2 (5)
701.7 (8) 0.17 (5)
675.96 (20) 2,0 (4) 2450.6-1776.6
669.1 (3) 0.21 (7) 956.8-286.6
65840 (3) 0.41 (8)
£34.9 (6) 0.09 (4)
627.71 (20) 0.86 (15)
610.4 (10) 6.0 (10)
585.5 (5) 0.4 (2) 1013,5-428,0
573.0 (4) 1.1 (2) 859.6-286.6
551.5 (8) 0.16 (5) 664,1-1116.6 ;
2265.0-1703.0
516.3 (3) 3.0 (6) 1179.8-664. 1
490,8 (5) 0.81 (15)
467.8 (5) 0.06 (3) 579.4-111.6
461.0 (5) 0.14 (5)
445.3 (4) 0.19 (6)
431.8 (5) 2.2 (5) 859.6-428.0
428,0 (3) 3.5 (6) 428.0~0
405.6 (8) 0.06 (3)
0.12 (4) Asl?

400.8 (6)
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Cont. Talbe 2,

—— - g—— . ———————ar T —— - . > -

377.52 (20)

349.44 (20)
340.3 (10)
319.2 (10)
316.1 (10)
309.3 (8)

292.81 (15)

286,61 (10)
264.65 (10)
211,61 (10)
191.4 (3)
141.0 (4)
136.6 (3)

2 3
3.0 (5) 664.41-286.6;
956.8~579.4
0.77 (12) 1013.5-664,1
0.21 (6)
1.0 (3)
1.0 (3) 428.0--111.6
0.15 (5)
7.2 (10) 579.4~286.6;
956.8-664. 1
75 (10) 286,6-0
1.0 (2) AsT?
1.1 (2)
0.24 (6)
5 (2) 428.0-286.6
1.5 (7) as™
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y-Rays' from the Se77(n,y)Se78 Thermal-Neutron Reactions.

M.R.Ahmed, M.A.Khalil, S.Al-Najar and A.M.Demidov.

A spectrum of y-rays from the Se77(n,y)Se78 thermal-neutron reaction has
been measured with the help of a Ge(Li)-spectrometer. Energies and intensities
have been determined for 124 y-lines of the spectrum. A diagram of y-transition

78

of the Se nucleus is discussed.

Table 1.

Isotopic Composition and Isotope Contribution to Thermal-Neutron

77

Capture by Se - Sample.
Isotope 74 76 77 78 80 82
Isotope
Abundance in
the Sample % 0.3 4.7 68.1 9.9 13.9 3.1
Contribution

to Neutron-
Capture Cross-
Section, % 0.5 12.1 86.8 0.1 0.3 0.2
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Table 2.

Energi.es and Intensities for > -Ray of

5e18

By o R
transitions

(10496,5) ——-
9882,9 (15) 13.0 (20) C-613.9
9188.0 (15) T3 (10) C-1308.9
8998.3 (15) 0.24 (4) C-1499.0
8738.4 (20) 0.05 (2) C-1759.3
8501.6 (12) 2.3 (3) C-1996.3
8168.2 (15) 2.5 (4) C-2327.7
8160.3 (20) 1.9 (3) C-2335.4
7959.4 (12) 0.6 (2) C-2538.0
7814.9 (15) 0.11 (3) C-2683.2
7743.7 (10) 0.55 (8) C-2753.5
7657.7 (10) 0.61 (8) C-2839.4
7598.6 (10) 0.37 (6) C-2898.5
7490.9 (10) 0.96 (12) C-3005,9
7309.9 (20) 0.33 (5) C-3187.4
7254.8 (15) 0.53 (7) C-3242.4
7208.2 (10) 1.9 (3) €-3289.2
7113.1 (10) 0.93 (15) C-3383.4
7048.8 (15) 0.41 (6) C~3448.5
6974.9 (12) 0.58 (13) C-3522.4
6905.2 (10) 0.89 (12) C~-3592.1
6873.0 (12) 0.45 () C-3624.3
6810.6 (10) 0.88 (12) C-3686,7
6498.7 (10) 1.3 (3) €-3999.3
6460.0 (10) 0.54 (1) C-4037.3
6343.8 (15) 0.21 (3) C-4152.5
6315.5 (10) 1.4 (3) c-4181.8
6244.1 (10) 1.1 (2) C-4253.2
6153.8 (15) 0.30 (10) C~4343.5
6133.1 (15) 0.39 (10) C-4364.2
6108.3 (15) 0.42 (15) 0-4389,0
6046.5 (10) 1.0 (2) C-4451.1
6026.6 (12) 0.50 (10) C-4470.7
5967.5 (15) 0.22 (5) C-4529.8
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_Q_O_pt. Tabl.'e 2o

1 2 3
3439.7 (7) 0.74 (15)
3385.0 (8) 0.78 (15) 3383.4-0
3280.5 (8) 0.71 (15)
3220.9 (10) 0.58 (12) 4529,8-1308.9 ?
3184.8 (8) 0.18 (4)
2873.8 (8) 0.84 (15) 4181.8~1308.9
276945 (6) 0.88 (15) 3383.4-613.9
2674.9 (8) 1.2 (2) 3289.2~613.9
2509.3 (10) 0.40 (10)
2476.5 (10) 0.55 (10)
2392,0 (7) 1.0 (2) 3005.9-613.9
2284.6 (6) 1.3 (2) 2898.5~613.9
2240.8 (10) 0.20 (5) 4923.2~2683.2
2199.9 (8) 0.61 (12)
2162.8 (6) 0.82 (12)
2034.0 (6) 0.65 (12)
1995.9 (15) 2.5 (4) ~ 1996, 3-0
1924,0 (5) 1.7 (3) 2538.0-613,9
1894.9 (7) 1.2 (3)
1851.5 (7) 0.70 (15)
1748.4 (8) 0.40 (10) 4645.0~-2898.5
1721.5 (8) 0.9 (3) 2335.4-613.9
1713,8 (6) 1.9 (8) 2327.7-613.9
1672.0 (8) 0.10 (3) 3999.3-2327.7
1652.8 (7) 0.33 (10)
1552.7 (8) 0.16 (6) 4451.1-2898.5
1530.2 (5) 0.98 (15) 2839.4-1308.9
1382.5 (5) 1.7 (3) 1996.3~613.9
1377.8 (8) 0.35 (10)
1373.5 (8) 0.32 (10) 2683.2-1308.9
1339.1 (4) 1.2 (2) 4722.7-3383.4
1309.0 (3) 9.3 (15) 1308.9-0
1293.8 (5) 0.20 (5)
1240.8 (3) 3.1 (5) 1854.7-613.9
1229.3 (7) 0.35 (7) 2538.0-1308.9
1145.4 (5) 2,2 (3) 1759.9-613.9
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. Cont, Table ‘2,

1 2 3

5945.0 (12) 0.54 (8) C=4552,4
5878.5 (12) 0.14 (3) C-461843
5852.4 (15) 0.20 (5) C-4645.0
5812.9 (15) 0.95 (20) C-4684,5
5774.7 (10) 0.42 (10) C-4722,1
5682.8 (10) 0.18 (5) C-4814.6
5615.5 (15) 0.29 (8) c-4881,9
5574.2 (15) 0.20 (5) C-4923.2
5498.1 (15) 0.50 (10) C-4999.3
5436.,6 (15) 0.14 (4) C-5060.4
5369.3 (10) 0.65 (12) Cc-5128.1
5333.4 (12) 0.23 (5)

5252,4 (15) 0.19 (5)

5156.1 (15) 0.22 (5)

5107.8 (15) 0.18 (5)

4985.9 (15) 0.15 (4)

4961.9 (15) . 0.18 (5)

4856.4 (12) 0.19 (5)

4810.8 (15) 0.18 (5)

4689.5 (15) 0.20 (5)

4626.2 (15) 0.29 (7)

4500.8 (15) 0.24 (6)

4452.6 (10) 0.62 (12)

4446.2 (15) 0.50 (10)

4391.5 (15) 0.10 (3)

4376.8 (15) 0.10 (3)

4338.0 (10) 0.51 (10)

4285.3 (15) 0.22 (5)

4262.9 (10) 0.26 (5)

4141.2 (15) 0.34 (6)

4096.3 (15) 0.28 (6)

4071.2 (10) 0.40 (8) 4684.5~613.9
4033.1 (15) 0.34 (6)

3855.1 (8) 0.41 (7)

3631.7 (10) 0.40 (7)

3476.9 (10) 0.20 (5)
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g_o_r_lt « Table 2,

1 3
1080.2 (6) 0.61 (10) 1694.1-613.9
102645 (8) 0436 (8) 2335.4~1308.9
1019.1 (8) 0.38 (8) 2327.7-1308.9
1011.6 (8) 0.40 (8) 4253.2-3242.4
1006.5 (8) 0.53 (10)

960.9 (10) 0.14 (5) 4343.5-3383.4
888.3 (8) 3.3 (10) 1503.2-613.9
885.1 (8) 4.2 (10) 1499,0<613.9
84 3.2 (4) 0.60 (10) 2839.5-1996.3
840.4 (5) 0.18 (6) 3522,4-2683.2
828.6 (4) 0.96 (15) 2327.7-1499.0
743.6 (6) 0.24 (7)

695.0 (2) 17.1 (30) 1308.9-613.9
687.6 (3) 3.6 (6) 1996.3-1308.9
651.9 (5) 0.31 (10)

613.9 (2) 76 (10) 613.9~0

54544 (3) 2e31€6)7) 1854.7-1308.9
4937.8 (9) ©.50 (10) 1996.3~1499.0
355.2 (3) 0.20 (4) 2683.2-232747
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99 101

Gamma~-Spectra of M097, Mo”” and Mo from Thermal-Neutron Capture.

M.R.Ahmed, M.A.Khalil, S.Al-Najar and A.M.Demidov.

96 98

Spectra of y-rays from thermal-neutron capture in Mo”™ , Mo 101

and Mo
have been measured, using a Ge(Li)-spectrometer. Energies and intensities of

the y-lines isolated from the spectrum have been determined. Diagrams of

97 29

Y-transitions of Mo and Mo”~ nuclie have been made.

Table 1.

Isotopic composition of samples (P), isotope contributions to thermal-
neutron capture by samples (Q), and cross-sections of thermal-neutron
capture by Mo-isotopes (y)

Sample Isotope 92 94 95 96 97 98 100
96
Mo P 0.7 0.8 2.5 87.2 5.7 2.3 0.8
0 <0.1 - 23.6 67.9 8.1 0.2 0.1
98
Mo P <0.2 <€0.2 0.9 1.3 1.4 95.1 1.3
0 <0.3 - 40.3 4.9 9.5 44.0 0.8
Moloo o P 1.1 1.3 1.5 1.9 1.7 3.8 88.7
0 <0.9 - 46.9 4.9 8.0 1.3 38.1
) <0.3 - 14.5+ 1.2¢ 2.2¢ 0.15+ 0.20+
0.5 0.6 0.7 0.20 0.05
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Table 2

Energies and intensities for y-rays of Mo>7

EY ¢ KeV IY v % EY P KeV IY ’ %
6141.2 (12) 0.30 (10) l618.6 (4) 0.4 (15)
6100.4 (10) 0.32 (10) 1516.0 (4) 0.35 (10)
5305.1 (8) 0.52 (12)
5063.0 (10) 0.40 (10) 1284.8 (3) 0.90 (20)
4657.7 (12) 0.27 (8) 1268.5 (5) 0.33 (10)
4543.1 (8 ) 1.5 (3) 1265.2 (2) 1.2 (2)
4473.7 (12) 0.12 (4) 1118.0 (5) 0.36 (10}
4323.1 (15) 0.16 (5) 1091.9 (5) 2.1 (6)
4309.0 (8) 0.33 (10) 1024.0 (3) 0.50 (10)
4256.9 (12) 0.24 " (8) 1008.5 (5) 0.65 (10)
4243.1 (15) 0.33 (10) 897.9 (5) 0.25 (10)
4178.7 (12) 0.35 (10) 888.3 (5) 0.35 (10)
4027.8 (8) 0.80 (20) 720.5 (3) 11 (3)
3813.1 (10) 0.72 (20) 679.6 (2) 5.1 (10)
2578.7 (10) 0.36 (10) -658.3 (2) 0.90 (25)
2512.9 (5) 0.52 (12)
2278.3 (7) 0.40 (12) 481.0 (2) 21 (4)
2198.4 (5) 0.33 (10) 407.2 (2) 3.2 (8 )
2152.4 (5) 0.44 (12) 352.4 (4) 0.22 (7)
238.4 (2) 1.5 (3)
118.6 (8) 0.8 (3)



~ 298 ~

Table 3.

Energies and intensities for y-rays of Mo99

Ey » Kev I, %
ss26.5 1) 2.5 @
5576.4 (10) 2.3 (8)
5020.5 (15) 1.7 (6)
4902.2 (10) 1.8 (6)
4461.0 (10) 1.4 (5)
3996.0 (10) 2.8 (7)
3333.1 (10) 1.6 (5)
1100;8 (8) 5.0 (12)
928.7 (4) 2.3 ( 6)
674.1 (4) 2.5 (7)
656.0 (3) 2.1 (6)
631.8 (2) 6.7 (12)
548.9 (3) 0.8 (3)
534.3 (3) 3.8 (8)
525.6 (2) 4.4 (8)
450.9 (2) 5.5 (10)
427.6 (3) 2.3 (6):
385.5 (3) 0.8 (3)
351.0 (10) | 16 (5)
273.0 (10) 0.4 (2)
264.1 (2) 5.2 (10)
253.3 (10) 11 ()
174.8 (7) 6 (2)
139.8 (15) 10 (4)

97.6 (2) - 35 (8)



Energies and intensities for Y-rays of Mo

Table
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4
101

Ey , Kev Iy » %
5381.5 (15) 0.7 (3)
5267.0 (15) 1.9 (6)
5103.0 (12) 8.2 (20)
4881.6 (15) 1.3 (4)
4555.8 (15) 0.9 (3)
4386.3 (12) 3.5 (9)
4221.4 (12) 2.0 (6)
4104.7 (10) 6.0 (12)
4047.2 (10) 2.1 (6)
3949.4 (10) 3.5 (9)
2089.5 (6) 2.1 (5)
2041.3 (5) 2.6 (6)
2032.9 (5) 9.5 (20)
1841.6 (6) 2.9 (N
1673.6 (6) 2.1 (6)
1542.8 (7) 1.5 (4)
1532.7 (5) 7.0 (15)
1355.7 (7) 1.1 (3)
1345.6 (7) 1.4 (4)
1304.8 (5) 2.7 (D
1251.0 (5) 4.0 (10)
1160.1 (5) 3.6 (9)
1059.2 (10) 1.0 (3)
1032.0 (6) 0.7 (2)

101
Tc

Tc101

101

pcl0l

TclOl

TclOl

pcl01

Tc101

pcl01



Cont. Table 4

1012.4

972.6

967.0

934.4

877.4

833.9

810.9

714.4

590.9

584.1

561.3

545.0

540.0

535.4

506.1

398.5

378.8

365.5

306.5

294.4

276.0

237.2

212.1

191.8

184.7

180.4

157.8

127.4

(3)
(3)
(10)
(3)
(3)
(8)
(10)
(5)
(2)
(3)
(5)
(2)
(10)
(2)
(2)
(3)
(3)
(5)
(2)
(2)
(4)
(2)
(4)
(2)
(3)
(3)
(3)
(2)

Radiative isotope

13 (4)
3.4 (9)
1.3 (4
3.0 (8)
2.6 (7
3.0 (10)
0.86 (30)
6.2 (10)
17 (4)
1.9 (5)
3.0 (8)
5.5 (10)
0.8 (3)
6.6 (10)
10 (2)
1.5 (3)
0.56 (15)
0.7 (2)
90.3

10 (2)
7.3 (15)
11 (2)
1.4 (4)
21 (4)
1.7 (4)
13 (3)

7 (2)

2.7 (6)

rcifl

Tc101

TclOl

Tc101

pc101

pcl01

ry101

Mo100

rcl0l

Tc101

putol

o101

pclOl
ral0l

101
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PROGRESS REPORT

July 1975

The relevant nuclear research to INDC in Israel during the last year was
continued according to the outline given in the consolidated Progress
Report for 1974 (INDC(SEC)-42/L).

The experimental work was concentrated mostly in four main subjects:
Neutron and reactor physics studies
Nuclear fission studies
Gamma scattering measurements

Reactions with accelerated particles.

The major experimental facilities consisted of a 5 MW swimming pool
uranium enriched reactor at the Soreq Nuclear Research Centre, a 26 MW
Heavy Water Tank-Type natural uranium reactor at the Negev Research
Centre, a 6 MeV Tandem, type EN accelerator and a 3 MeV Van-de-Graaf
accelerator at the Weizmann Institute of Science, Rehovoth--this in
addition to other experimental laboratory facilities based on nuclear
spectroscopy and associated equipment. A considerable work was done,

as well in theoretical nuclear studies.

Brief abstracts of the work carried out during the last year, both
published and unpublished, are given in the following section, listed

according to the laboratories.
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TEL-AVIV UNIVERSITY

Theoretical Nuclear Physics Group

The main areas of interest are:

Isobaric Analog Resonances, Coulomb Energies, Giant Resonances in Nuclei,
Pion-Nucleus Interactions, Hartree-Fock Theory, Nuclear Fission and Fusion,
Generalized Approximative Procedures in the Many Body Problem, Weak and

Electromagnetic Interactions of Nuclei, Hypernuclei.

MULTI -DETERMINANTAL HARTREE-FOCK THEORY

G. Shadmon and I. Kelson
(Nucl. Phys., to be published)

Systematic generalizations of the independent particle approximation are
introduced. Functionals which describe the qualities of these approximations
are defined and investigated. Appropriate equations, obtained by applying the
variational principle, are derived and methods of their solution are outlined,

The concept of the Hartree-Fock self-consistent Hamiltonian is generalized.

SPACE AVERAGING TECHNIQUES OF DETERMINANTAL MEASURES

. I. Kelson and G. Shadmon
(Journal of Math. Phys., to be published

Techniques for evaluating approximate space-averages of determinantal
measures are discussed. The concept of Combinatorial Structure Diagrams is

introduced and investigated.

CHARGED PARTICLE DIAGNOSTICS OF LASER PRODUCED PLASMA

I. Kelson and S. Yankielowicz

(Nucl. Inst., to be published)

The use of charged particles from thermonuclear reactions as a diagnostic
tool of high density pellets is suggested and the range of its applicability
investigated. A phenomenological relation between <pr> and the median energy

of the protons in the D-D reaction is obtained.



- 303 -

INTERPRETATION OF COLLECTIVE HYPERNUCLEAR STATES
PRODUCED BY STRANGENESS-EXCHANGE REACTIONS

N. Auerbach and A. Gal
(Physics Letters 48B, 22, 1974)

The concept of Strangeness Analog Resonance may not be useful for des-
cribing low momentum transfer strangeness exchange reactions on nuclei, A
band of collective excitations is expected where the lowest and most enhanced

one is invariably around 10 MeV above hypernuclear ground state,

CORE POLARIZATION AND COULOMB DISPLACEMENT ENERGIES

N. Auerbach
(Nuclear Physics A229, 447, 1974)

A systematic study of the core polarization correction to Coulomb displace-
ment energies is carried out. A zero range density independent and density
dependent force is used to calculate this correction in A = 16, A = 40 and A =
208 regions. It is found that the core polarization correction does not increase
the Coulomb displacement energies and, therefore, cannot resolve the existing
discrepancy between theory and experiment. Moreover, when the mean square radius
of the excess neutron distribution is decreased the core polarization correction
to the Coulomb energy becomes attractive and cancels the gain resulting from the
direct Coulomb term.

Hence, it is concluded that the discrepancy cannot be resolved even when the
excess neutron distribution has an anomalously small radius. It is also pointed
out that when the core polarization term is added the discrepancy isalmost equal
in mirror nuclei with a single hole in the N = Z core and those with a single
particle outside the same core. Evidently, additional charge asymmetric correc-

tions are required to resolve the discrepancies in Coulomb displacement energies.

ANALOG SPIN WAVE FUNCTIONS AND SPREADING WIDTHS
OF ISOBARIC ANALOG RESONANCES

W.M, MacDonald and N. Auerbach
(Physics Letters 53B, 425, 1975)

The coupling of the isobaric analog state (IAS) to the giant isovector

monopole state has been shown by Mekjian and Auerbach to dramatically affect
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the calculation of the spreading width. We show that the inclusion of this
coupling is equivalent to a new definition of IAS as an eigenstate of analog
spin in which each proton radial wave function is distorted relative to the

corresponding neutron radial wave functions by the central Coulomb field.

ISOBAR MIXING AND COULOMB DISPLACEMENT ENERGIES IN NUCLEI

N. Auerbach
(Pysics Letters 53B, 417, 1975)

It is pointed out that because of the electromagnetic mass splitting of
members of a nucleon isobar multiplet (such as the ASS)’ admixtures of this

isobar in nuclei may lead to substantial corrections in Coulomb displacement

energies.

THE ABC EFFECT IN THE REACTION NN -+ dnn

I. Bar-Nir, T. Risser and M.D. Shuster

(Nuclear Physics, in press)

A simple peripheral medel for the reaction NN - NNwm is extended to the
reaction NN » dnw, Predictions for the differential and total cross sections
are compared with recent experiments. The enhancement of the deuteron recoil-

momentum spectrum near the mm threshold (ABC effect) is well reproduced.
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Experimental Nuclear Physics Group

Research Subjects

1) Study of the prompt p-decay following, n" and ©  bombardment of several
nuclei.

2) Study of a-emission following m bombardment of several nuclei.

3) Single pion charge exchange (ﬂ+,n°) measurements on light nuclei.

12 and N14.

4) The reactions (n+,w+n) and (n ,mn) on C

5) Study for design of w° spectrometer.

6) Elastic- and inelastic scattering of high energy electrons on the even
isotopes of Sm.

7) The study of giant resonances excited by electrons, measured in coincidence
with neutrons (proposal).

8) Coulomb excitation of giant resonances by heavy ions..

9) Measurement of parity forbidden a-decay.

10) Direct reactions Zr 2(d,a)Y>C, zr'o(d,m)Y %, zrol(d,He)Y?, Mo”> (p,d)Mo®

and M097(p,d)M096, for nuclear structure purposes.

4

11)° Study of unbound isobaric analog states and their subsequent decay:

(Hes,d) on the Cu-isotopes.

12) Measurement of anisotropy in the decay of the IAS in Cu61.
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+

THE (~,mN) KNOCKOUT REACTIONS ON ¢l
FROM 30 TO 90 MeV

2

J. Alster, D. Ashery, S. Cochavi, M.A. Moinester, A.I. Yavin and M. Zaider
Phys. Rev. 8C, 2039 (1973))

The corss sections for the knockout reactions Clz(n-,n'n)cl1 and
Clz(ﬂ+,n+n+ﬂ°p)cll were measured over the energy range of 30 to 90 MeV by an
activation method, and compared to existing calculations. In this energy range,
the ratio o(n-Clz)/o(n+C12

the corresponding ratio for pions on nucleons, contrary to the expectations of

) of the cross. sections is 2 to 3 times smaller than

the impulse approximation. Such a behaviour has previously been known only near

the energy of the (3,3) resonance.

PION CHARGE EXCHANGE REACTIONS

M. Zaider, J. Alster, D. Ashery, N. Auerbach, S. Cochavi, M.A. Moinester
J. Warszawski and A.I. Yavin
(High Energy Physics and Nuclear Structure, Ed. G. Tibell, 219 (1973)).

Published calculations and data for pion single charge-exchange are presented
and lead to some open questions, We report the results of measurements of the
13C(n+,n0)13N and 11B(n+,n0)11
rage of 30 to 90 MeV by an activation method. The data for 13C correspond solely
13¢ is flat,

in disagreement with available predictions for analog state transitions, using

cross section for the reactions C over the energy

to the excitation of the ground state analog, The excitation curve for

either plane-wave or non-local optical potentials, but can be explained by a local

optical potential.

INTERACTION OF POSITIVE AND NEGATIVE PIONS 27A1 AND 288i

D. Ashery, M, Zaider, Y. Shamai, S. Cochavi, M.A. Moinester, A.I. Yavin and J. Alster
(Phys. Rev. 32, 943 (1974))

The interaction of 25, 70 and 100 MeV positive pions and of 70 MeV negative

27

pions with " Al and 2881 was studied by the detection of y radiation emitted from

residual nuclei formed in the reaction. Large cross sections for the removal of "a
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clusters were found for both nuclei and both pion charges. Very different behavior
is observed for the two target nuclei with respect to both one and three nucleon
removal., A large difference is observed in the population of mirror states in'27A1

and 2881 by respective proton and neutron removal from 2881. A large asymmetry

284

. . . + - .
leading to the same mirror states. The ratio of w to m cross sections for

is observed between the cross sections for the (m ,m p) and (n+,n+n) on

proton knock-out is about a third of the value predicted by a simple impulse

approximation,

+
(n”,7N) KNOCKOUT REACTIONS ON '*N FROM 50 TO 90 MeV

M. Zaider, J. Alster, D. Ashery, S. Cochavi, M,A. Moinester and A.I. Yavin
(Phys. Rev. 10C, 938 (1974))

The cross sections for the knockout reactions 14N(n_,n'n)13N and
14N(n+,n+n+n°p)13N were measured over the energy range of 50 to 90 MeV by an acti-
vation method, The ratio of the cross sections (n14N)/o(n12C) at 70 and 90 MeV
for both m° and 7~ is in good agreement with the similar ratio from high energy
(p,pn) reactions on the same targets. This is consistent with a quasi-free pion-
nucleus knoekout picture. However, the ratio c(n'14N)/o(n+14N), found to be
about a third of the free pion-nucleus ratio, is in disagreement with the simple

impulse approximation model.

STUDY OF THE °Yzr(d,%He)°%y REACTION

S. Cochavi, S. Gilad, M.A. Moinester, J. Alster, M. Buenerd and P. Martin
(Nucl. Phys. A293, 73 (1974)

91Zr(d,SHe)goY reaction was studied at a deuteron energy of 28 MeV.

The
Angular distrubutions were measured from 13° to 47°; Ep values and transition
strengths were determined by DWBA analysis. The angular distributions for the
(npp/z)(vds/z) doublet (g.s. and .20 MeV state) exhibit the characteristic
2 =1 shape. States at 1.42, 1.57, 1,64, and 1.81 MeV were also populated
strongly in the (d,zHe) reaction; the 1.42, 1,57 and 1.81 levels contain & =1
transition strength and are most likely members of the (ﬂpé}z)(vds/z) multiplet.
The 2.03 MeV state has a characteristic & = 3 angular distribution and is sug-

gested to be the only member of the (nf;;Z)(vds/z) sextet to be unambiguously
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observed in this study, most probably the 5 or 4 member. The members of the
(ﬂgg/z)(vds/z) sextet were populated weakly (less than 100 pb/sr) in this reaction.

STUDY OF THE (p,d) REACTION ON °°Mo AND °7Mo

S. Cochavi, A. Moalem, D. Ashery, J. Alster, G. Bruge and A. Chaumeaux
(Nucl. Phys. A211, 21 (1973)

95,9 94,96

"Mo(p, d)

Angular distributions were measured from 11° to 40° and compared with distorted

The reactions Mo were studied at a proton energy of 26 MeV,

wave born approximation calculations; £ values and spectroscopic factor were
extracted for the low-lying states of 94Mo and 96Mo. The angular distributions
of these states have a characteristic & = 2 shape. The ratios of the summed
spectroscopic factors to the 0+, 2+, and 4° states are in good agreement with the
(2d5/ 1“ neutron configurations. The 2" strenggg is strongly fractionated in
both “ Mo is split among two states, whereas in ~ Mo it is concentrated in the

+
second 4 state.

92,96 90,94

STUDY OF THE Zr(d,a) Y REACTIONS

S. Gilad, S. Cochavi, M.A. Moinester, J. Alster, M. Buenerd and P. Martin
(Nucl. Phys. A233, 81, 1974)

The hole-hole structure of 94Y was studied via the reaction 96Zr(d,a)94Y
and compared to the particle-hole structure of 9OY, which was populated by the

92Zr(d,a)gOY. The deuteron beam energy was 28 MeV. Angular distri-

reaction
butions of both reactions were obtained for the prominent lines. New states of
94Y were observed at 0.44, 1,17, 1,39, 1.53, 1,82, 1,90, 2.17, 2.33, 2.46 and
2.77 MeV. Our data are consistent with the previous reported 2 assignment of
the ground state, and we suggest J" = 37 for the 0.44 MeV state, these being
members of the (n2p1/2,vd;;2) dogblet.. The 1.17 state is suggested to be a
g}z,vdg}z) multiplet. The Q-value of the 96Zr(d,a)94Y reaction

was measured to be 7.609+0.020 MeV. The reaction 94Zr(d,a) was performed at two

member of the (vp

angles. Several new states of 92Y were observed at 0.31, 0.78, 1.03, 1.31, 1.49,
1.69 and 1.89 MeV.
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ISRAEL ATOMIC EMERGY COMMISSION

A GENERALIZED PERTURBATION THEORY AND VARIATIONAL PRINCIPLE FOR MULTIPLE RATIOS OF
LINEAR AND BILINEAR FUNCTIONALS(])
E. Greenspan

Variational principles and a generalized perturbation theory for single
(2)

ratios of linear or bilinear functionals were recently published by Stacey "',

The present work extends Stacey's formulation to more general functionals
having the form of a product of an arbitrary number of ratios of linmear flux
functionals and of bilinear functionals, Nuclear systems which are described
by the homogeneous or the inhomogeneous Boltzmann equation were considered.
The computational strategy and effort required for applying the generalized
perturbation theory and variational principle to a multiple ratio were considered

and a possible application of the new formulation was described.

REFERENCES :

1, Greenspan, E,, Nucl. Stt. Fng.,in press.
2. Stacey, Jr., W.M,, J. Math. Phys. 13, 1119 (1972)

AN APPROXIMATION TO THE STATIONARY NEUTRON TRANSPORT EQUATION-SIMILAR TO THE Pn
APPROXIMATION
M. Lemanska

The neutron flux in slab geometry was obtained in the form
2 v
-‘i(i)-+u2 dEx 4+ O LEE L @)
dx 2 v
dx dx

where the function f(x) 1s the solution of

¢(x,u) = £(x) - u

2 Wb 2y
1d%e  1d's 1 a%¢
f-c(f+-—-—+—-—-—+....+————+....) (2)
32758 Tl v
Then
2
f-c(f+%g—§-] 3)
dx

was used as an approximation to calculate the critical thickness of seversl
assemblies in slab geowetry. The results are better than those obtained by the
Pl approximation as may be seen in Table 1.
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TABLE 1

Critical half-thicknesses of an infinite slab
(in mean free paths)

c 'Exact(l) p. (1) P (€ P (;) Present S, code
) -1 3 5 2
. . work

1.02 5.6655 5.839 5.663 5.672 5,795 | 5.754

1.05 3.3002 3,488 3.319 3.307 3.454 3.374

1.10 2.1134 2,309 12,135 (2,121 "2.274 2.198

1.20 1.2893 1,485 1.318 1,298 1,427 1.390

1.40 |' 0.7366 0.919 | 0.779 |0.75 0.806 0.845
-1.60 0.5120 0.680° 0.559 0.530 0.522 0.619

REFERENCE:

1. Bell, G.I. and Glasstone S., Nuclear Reactor Theory, Van Nostrand-Reinhold,
New York, 1970, p. 97.

EXACT SOLUTION OF THE P] TIME-DEPENDENT EQUATIONS WITH TIME-DEPENDENT CROSS SECTIONS
FOR SLAB AND SPHERICAL GEOMETRY'!)

*
M. Lemanska and Y. Menning

The P1 approximation to the time-dependent‘neucroq transport equation
with time-dependent cross sections for slab and spherical geometry was solved
using the generalized Lie series technique. The variables were separated in the
solution obtained, the radial part of which consists of the zero and first
spherical-momente of the staticnary anguiar flux. In this way the discretiza-

tion was obtained in the time variable only.

REFERENCE:
1. Llemanska, M. and Menning, Y., Z. Angew. Math. Phys. 25, 433 (1974)

ON THE ESTIMATION OF ERRORS IN REACTOR THEORY
Y. Ronen

A larger scope for the functional analysis method for exror estimation(l'z)

3)

was obtained by iatroducing L1 space to the calculations ™°, The advantages

of introducing the L1 space are the possible close estimation of errors, and a
simplification of the calculations. Introduction of the L1 space to reactor
physics problems also gives some meaning to the interpretation of errors, because

this is the natural spaceé for reactor theory problems.

*
Swiss Federal Institute for Reactor Research, Wiirenlingen, Switzerland
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The method was illustrated by some examples(a) dealing with the multi-

group diffusion equation, where errors in eigenvalues and in fluxes are estimated

and compared with the actual errors.

REFERENCES:

1. Ronen, Y., Nucl., Sci. Eng. 47, 195, (1972)
. Romen, Y., Nucl, Sci. Eng. 52, 147, (1973)

2
3. Romen, Y., Atomkeroenergie 21, 183, (1973)
4. Ronen, Y., Nucl. Sci. Eng. .54, 467 (1974)

APPLICAEI?N OF TWO-DIMENSIONAL SPLINE THEORY TO THE SPHERICALLY SYMMETRIC TRANSPORT
1
PROBLEM

L. Finkelstein and A.D. Krumbein

The non-conservation form of the spherically symmetric, energy-dependent
transport equation was simulated in a manner which can be solved exactly by a
biquadratic spline. The spline was then calculated by a one-step explicit
formula, The results obtained thus far, (critical parameters and integrated
fluxes), are in excellent agreement with one-gpeed, one-layer bench mark
problems(z). The cases compared ranged from c=1.6, the largest value found in
nature, to c=1,02, where ¢ 1is the average number of neutrons emerging from a

(2)

collision .

The merits of the method are: exact representation of the sources within
the framework of splines, simplicity of the numerical algorithm, and reasonably
short computing times.

Multistep formulas have been tried for a cubic-quadratic spline and were

found to be unstable even for diminishing steps.

REFERENCES:

1. Finkelstein, L. and Krumbein, A.D., Trans. Amer. Nucl. Soc. 18, 166 (1974)
2, Bell, G.I., and Glasstone, S., Nuclear Reactor Theory, Van Nostrand-Reinhold,
New York, 1970, p. 101,

TWO-DIMENSIONAL NUMERICAL TRANSPORT BY THE METHOD OF CHARACTERISTICS
L. Finkelstein and M. Segev

A little exploited method of solution of the neutron transport equation is
to write its leakage term in the form of a full derivative, replace the source
term by a sequence of iteratively defined sources, and then solve numerically

along the characteristics (straight lines) of the differential operator.’

Considerable computational savings which the method provides can be realized
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only if

a) a sufficiently simple and accurate cubature formula for the two-dimensional
source integral is available, and

b) the numerical solution of the ordinary differential equations along the

characteristics can be obtained using relatively large steps.

Our approach to the cubature formula 1s to divide the surface of the
directional sphere into a given number’ of equally shaped subsurfaces in a way
such that a characteristic crosses the centrum of each subsurface. This
discretizes the directions of the angular fluxes, Any directional flux is
then represented by a one-~dimensional spline along 1its characteristic. This

permits large integration steps,

The above method was applied 'to finite cylinders, infinite cylinders,
spheres and slabs. We used one and six energy groups, and also six and eight

directions in the cubature formula.

The results were compared with data from bench marks and also experimen-
tally measured systems, The relative errors in keff were of the_grder of 10-2
for six directions in the cubature formula, and a fraction of 10 = for the
eight direction formula. The cases compared ranged from c=1.6 , the largest
value found in nature, to c¢=1.02, where ¢ 1is the average number of neutrons

emerging from a collision.

An additional advantage of the method is algorithmic simplicity, which

permits easy programming.

VARIANCE REDUCTION IN DYNAMIC MODELS FOR PARTICLE TRANSPORT SIMULATION
*
M. Goldstein and B.P. Zeigler

A new formulation of the Monte Carlo method for dynamic models of three

(1). A’

"basic model" was defined using the standard Monte Carlo procedure. Then two

dimensional particle transport within a homogenous medium was made

variance reduction techniques, statistical weighting and exponential transform,
were formulated by alterations in the basic model, so as to produce so~called
"biased models', Each bilased model was formally shown to produce the same
estimate of the parameter of interest (detector response) as the basic model.
This was done using methods of comparison of dynamic models derived from system
theory. It was also shown that the two variance reduction techniqueq reduce

the running time of the problem significantly.

REFERENCE:
1. Goldstein, M., NRCN-354, 1973,

*
University of Michigan, Ann Arbor, Michigan, U.S.A.
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PARAMETRIC REPRESENTATION OF THE SHIELDING FACTOR CURVES
Y. Gur and S. Yiftah

The self-shielded multigroup cross section set can be divided into two
parts: a) Infinitely diluted cross sections and scattering matrix elements,
which are constants, and b) self-shielding factors (ssf) of two continuous
variables (temperature and background cross section). As the ssf are tabulated
curves, the user must Interpolate between given values and to date there is no
single or even accepted solution to the problem of interpolation. Current
methods were reviewed(l)
both).

and found to be either complicated or inaccuyrate (or

Parametric represéntation is a natural means of representing a curve.
Two new methods for a parametric .representation of the temperature dependent

(1)

ssf curve were developed , one of which was found to fit the data very well,.

That representation is obtained as follows. Write:
Log(ao) = A arctanh [mf(oo) +n] +D

where f(oo) is the shielding factor for the background cross section, ao .
Temperature dependence as well as indexes specifying reaction type and group
number are omitted. As arctanh(x) is defined in the domain ~l¢xgl and the
shielding factor curve has values in the range f(0)$f(co)§1, we choose m and
n so that

m+ n = 1 for the upper limit of f(oo)

nf(0) + n = -1 for the lower limit of f(ao) .
by which m = 2/[1 - £(0)] and n = 1 - 2/[1 - £(0)].

Denote
C=1-£(0)
and obtain
103(00) = A arctanh [%-f(oo)_-f- 1 -%] +D,
Any pair of points foo. f(oo)] defines A and D which, together with C,
completely define the shielding factor curve to be

log(oo) - ?J

C
f(oo) =] - E-[} - tanh A

As A, C, and D are temperature dependent, and 1ogt£(oo)1 is linear in log T, a
gset of six parameters [A(Tl), C(Tl), D(Tl), A(Tz), C(Tz) and D(Tz)] completely
defines f(ao.T).

As different pairs of pointa belonging to the same curve gave different
values for A and D, a best-fit search in the ranges of A and D, found by'caking
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1)

all possible pairs‘of each curve, was tried and best A and D values to

represent the curve were obtained.

More recently, we calculated A and D by each possiblé pair of pointe
[ao. f(oo)]. It was found that there always exists at least one pair whose A
and D are good parameters for the representation of the entire curve. - Moreover,
we found that the pair [10, £(10)] and [100, £(100)] yields good representations
235U (hetter than 22), 238U
(better than 1.5% for 06 £ 100, and better thay 7% in the entire range)56:39Pu
(better than 1% for o < 100, better than 5% in the entire range), and Pu
(better than 1.5% for o< 100 and batter than 6% in the entire range), while
the pair [100, £(100)] and [1000, £(1000)] yields good parametric representation
ZQOP“ (better than 5% for

o, < 1000 and better than 20% in the entire range), and of 242Pu (better than

of the entire set of shielding factor curves of

of the entire gset of shielding factor curves of

10Z in. the entire range). Also, for different temperatures, the deviations of

the same f(co) factor were in the same direction and roughly the same percent,
which reduces the influence of the deviations on the Doppler coefficient. In

the range of importance for fast reactor calculations (above 500 eV), the fit

is very good (much better than 1%) for all isotopes, reaction types, temperatures,
and background cross sections with the pair [10, f(lO)] and {100, £(100)].

Thus, instead of calculating many values per curve and representing the shielding
factor curve as a table, one can calculate only three values per curve and

represent each curve by three parameters per temperature.

A nuclear ‘system representing a large power reactor was calculated with
shielding factors obtained from the parametric representation based upon
[10, £(10)], and [100, £(100)] and then calculated with exact shielding factors.

Very good agreement was found, as may be seen in Table 2,

TABLE 2

k and Doppler coefficient of the Intercomparison-8(3)

L3Py nuclear gystem

calculated with approximated and exact shielding factors

keff ' Doppler coef x 106
Temp.CK 300 900 1500 | 600 900 1200
Parametric 92244 .91512 .91223 |.022125 .010305 .004386
representation
Exact 92254 .91517 .91228 |.022293 .010358 .004383
REFERENCES:

1. Gur, Y., and Yiftah, S., IA-1295, 1974.
2. Gur, Y., and Yiftah, S., Trans. Amer. Nucl. Soc. 19, 391 (1974)
3. Okrent, D., ANL-7120, 1965.
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SELF-SHIELDED GROUP CONSTANTS FOR FAST REACTOR CALCULATIONS(])
Y. Gur, S. Yiftah, M, Segev and L. Gitter

Two identically -generated sets of self-shielded 26-group constants were
conputed by the code system developed here. The infinitely diluted cross
sections and scattering matrix were computed by NANICK(Z)_and its modified
version NAKED(A) from ENDF/B—III(3) tapes and the KEDAK(S)
The shielding factors were generated by NASIF(6) from ENDF/B-III tapes and by
1ts modified version NASIFK from the KEDAK file.

library, respectively.

The outputs of NANICK and NASIF (ENDF/B-III1 based data) and of NAKED and
NASIFK (KEDAK based data) were combined into two libraries for fast reactor

calculations, Elements included in the libraries are H, C, 0, Na, Cr, Fe, Ni,
235U 2380’ 239Pu 240Pu, 241Pu and 242P

» U.

Nuclear gystems were calculated, and comparative analyses performed(7—10).

The differences in the cross sections obtained from different files were studied
and a list of cross sections having keff sensitive to this difference is given

in Table 3, in decreasing order of importance.

TABLE 3

Sensitivity list for ke in order of importance

£f

1. Pu-239 fission cross section in the range 1 to 100 keV

2. U-238 capture cross section in the range 1 to 1000 keV

3. Pu-239 capture cross section in the range 1 to 100 keV

4. U-238 inelastic cross section in the range 10 to 1000 keV
5. U-235 fission cross section in the range 50 to 1000 keV
6. U-238 elastic cross section in the range. 10 to 10,000 keV
7. Pu-239 ¥ in the range 1 to 3000 keV

8. Fe u in the range 10 to 10,000 keV

A comparison betweéen plutonium and uranium cross sections is given in
Table 4.

REFERENCES :

1. Gur, Y., Yiftah, S., and Segev, M., IA-1291, 1973.

2. Gur, Y., TNSD-R/419, Appendix No. 5.

3. Drake, M.K., (Ed.), BNL-50274, 1970.

4. Gitter, L., and Gur, Y., in: IA-1262, 1972, p. 29.

5. Woll, D., KFK-880, 1968. ’

6. Gur, Y., and Yiftah, S., IA-1292, 1973.

7. Yiftah, S., Gur, Y., Segev, M., and Gitter, L., in: Nuclear Data in Science
and Technology, IAEA, Vienna, 1973, Vol. II, p. 75.

8. Yiftah, S., Gur, Y., Segev, M., and Gitter, L., Trans. Israel Nucl. Soc. 1,
6 (1973)

9. Yiftah, S., Gur, Y., Segev, M., and Gitter, L., in: Proc. of Int. Symp. on
Phys. of Fast Reactors, Tokyo, 1973, Vol. 3, p. 1479,

10. Segev, M., Yiftah, S., Gur, Y., and Gitter, L., Nucl. Sci. Eng. 55, 103 (1974)



TABLE 4

Pu and U cross sections from ENDF/B-III and KEDAK

Grou Lower Upper Uranium-235 Uranium-238 Plutonium~239
P energy energy fission capture . fission

(eV) - (eV) . ENDF/B-II1 KEDAK ENDF/B-II1 KEDAK ENDF/B<II1| KEDAK
1 6,500E+06 | 1.050E+07 | 1.577E+00 |1.620E+00| 5.898E-03 {6.873E-03 | 2.184E+00 |2,069E+00
2 4,000E+06 | 6.,500E+06 | 1,074E+00 {1,187E+00| 1.049E-02 |1,186E-02 | 1.699E+00 {1.724E+00
3 2,.500E+06 | 4,000E+06 | 1,207E+0Q |1.282E+00} 2,333E-02 {2,672E-02 | 1,901E+00 |1.865E+00
4 1,400E+06 | 2.500E+06 | 1.289E+00 (1.304E+00| 5,791E-02 {6.592E-02 { 2.021E+00 |1.956E+00
5 8,000E+05 | .1,400E+06 | 1.210E+00 |1.219E+00| 1,227E-01 |1,444E-0Y | 1,745E+00 |1,708E+00Q
6 4 ,000E+05 | 8,000E+05{ 1,164E+00 }1,183E+00| 1,217E-01 |1,.335E~01 | 1,607E+00 |1,607E+00
7 2,000E+05 | 4.000E+05 | 1,288E+00 |1.317E+00.} 1,265E-01 |1,382E-01 | 1,512E+00 |1.495E+00
8 1,000E+05 | 2.000E+05 | 1.510E+00 |1.525E+00} 1.693E-01 }1.898E-01 | 1,542E+00 |1,529E+00
9 4.650E+04 | 1.000E+05 | 1.849E+00 {1.796E+00) 2.679E-01 [2.855E-01 | 1,668E+00 |1.579E+00
10 2,150E+04 | 4.650E+04 | 2,295E+00 |2,222E+00| 4.913E-01 |4,699E-01 | 1,789E+00 (1,688E+00
11 1.000E+04 { 2,150E+04 | 3,129E+00 {2,787E+00{:7.187E-01 }|7.273E-01 | 2,125E+00 |1.898E+00
.12 4,650E+03 | 1,000E+04 | 3,913E+00 |3.790E+00 | 9.694E-01 |1,036E+00 | 2,451E+00 |2,276E+00
13 2,150E+03 | 4.650E403 | 5.543E+00 [5.167E+00| 1.297E+00 |1.241E+00 | 3,200E+00 |2.886E+00
14 "1.000E+03 | 2,150E+03 | 7,922E+00 |7.436E+00| 1,854E+00 |2.257E+00 | 4,954E+00 |3,744E+00
15 4,650E+02 | 1,000E+03 | 1.199E+01 |1.120E+01} 3,534E+00 |3,710E+00 | 9.003E+00 .{7,361E+00
16 2,150E+02 | 4,650E+02 | 1.689E+01 |1.653E+01| 4.486E+00.}4,701E+00 | 1.256E4+01 [1.249E+01
17 1.000E+02 | 2,150E+02'} 2,307E+01 |2,022E+01| 1.841E+01 |1,949E+01 | 1.875E+01 {1,744E+01
18 4,650E+01 | 1,000E+02 |. 3,304E+01 {3,012E+01| 1,628E+01 |2,169E+0Ll | 5,574E+01 |5.483E+01
19 | 2.150E+01 | 4.650E+01{ &4.339E+01 [4.033E+01| 6.426E+01 |8,134E+01 | 1,895E+01 |1.836E+01
- 20 1.000E+01 | 2.150E+01 | 5,453E+01 |4.810E+01| 1.142E+02 §1.121B+02 | 9.180E+01 [9.501E+01
21 4,650E+00 | 1.000E+01 | 5,502E+01 |4.996E+01| 1.535E+02 |1,749E+02 | 3,615E+01 |3,809E+01
22 2,150E+00 | 4.650E+00 | 1,693E+01 |1,759E+01| 6.845E~O1 {6.583E~01 | 1.057E+01 {1.,100E+01
23 | 1.000E+00| 2.150E+00| 3.081E+01 |3.383E+01| 4.915E-01 } 4.938E~01 | 2,213E+01 |2.328E+01
24 4,650E-01] 1.000E4+00 | 6,234E4+01 |6,169E+01| 5.795E-01 | 5.880E-01 | 7.648E+01 }8,914E+01
25 2,.150E-01) 4.650E-01{ 1.429E+02 |1.541E+02| 7.834E-01 | 8,048E-01 | 1.377E+03 }1.515E+03

- 91t =



- 317 -

PRACTICAL PREPROCESSED NUCLEAR DATA FILES FOR FAST REACTOR CALCULATIONS
Y. Gur and S. Yiftah ’

Basic nuclear data libraries, such as ENDF/B-III, are used today for the
generation of multigroup cross section sets. Since the multigroup sets are
determined by calculating the weighted averages of the cross section curves,
knowledge of the weighting function within each group is required. In prinmciple,
this function is r.ot only dependent on the specific reactor, but is also a
function of position in the reactor. With existing codes and methods the
weighing function in the Bondarenko type library is not iterated, since each
time the weighing function is changed, a code that handles the basic data

library and consumes much computer time must be run,

A new method that enables the user to obtain effective, self-shielded
- multigroup cross section sets averaged over any desired weighting function in a
few computer seconds from a preprocessed library, without reference to the basic

)

data library, was developed The preprocessed library is only 2-3 times as

large as a Bondarenko type library and may be: generated using existing codes.

A family of functions with terms into which any weighting function can be
expanded is used. Group averages of each cross section with respect to terms
of the family and a set of shielding factors form the preprocessed library. Two
families of functionms, fn(E). are considered, and two methods are given for the
expansion of W(E) into each series of fn(E). Nuclear parameters obtained via
these methods were compared with the same parameters obtained using the exact
weighting function (SNEAK flux) to chéck the methods. Very good agreement was

found.

A preprocessed compact library of ENDF/B-III materials is available, upon

request, from the authors.

REFERENCES :
1. Gur, Y., and Yiftah, S., IA-1293, 1974

COMPARATIVE ANALYSIS OF AMERICAN AND GERMAN NUCLEAR DATA FILES FOR THE CALCULATION
OF FAST FISSION REACTORS
S. Yiftah, Y. Gur, M. Segev and L. Gitter

The main sources of nuclear data for fast reactor calculations are the
American ENDF/B-III, the German KEDAK, the British UKNDL and the Russian evaluated
nuclear data files, Every country uses its own evaluated files and code package

to obtain the physics parameters of the designed reactors and the question being
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asked is whether these physics parameters would remain the same had another

source been used as an input for the calculation.

A code-péckage named NANICK, which handles both ENDF/B-III and KEDAK via
the same algorithm generating multigroup-self-shielded neutron cross section
sets aﬁd calculates physics parameters of nuclear systems, was completed and
used to calculate a number of fast nuclear systems and critical experiments in
a spherical approximation., These calculations are used as a tool for detecting
discrepancies between nuclear data from different files.,

It was shown(l-a)

that ENDF/B-IIT and KEDAK predict different physics
parameters for fast reactors. A perturbation analysis of these discrepancies
has led to the identification of significant differences between KEDAK and
ENDF/B~III cross sections, These differences are mainly in the fission and
capture cross sections of Pu-239, in the capture and inelastic cross sections

of U-238, and in the huge Na resonance, Viewing file differences as the reflec-~
tion of the experimental state of the art, and based on a goal of 1% accuracy

in kcff prediction, the needed accuracy in cross section measurements was
determined.

REFERENCES :

1. Yiftah, S., Gur, Y., Segev, M., and Gitter, L., in: Nuclear Data in Science
and Technology, LAEA, Vienna, 1973, Vol. II, p. 75.

2, Yiftah, S., Gur, Y., Segev, M., and Gitter, L., in: Trans, Israel Nucl. Soc.
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EVALUATION OF NUCLEAR DATA FOR ACTINIDE ISOTOPES
M. Caner and S. Yiftah

A survey was made of isotopes from U to Cm for which a new nuclear data
evaluation might be of interest. The factors affecting the choice of a given
isotope were:

a. which isotopes influence fast breeder reactor economics(l-a).
b. which evaluations are available(a’s)

, and which isotopes are included in
the ENDF/B and UKNDL files(®’,

¢. which experimental data are available(b-la). Here we were interested in
seceing 1f there were more recent data than those in the last available
evaluation, and 1f there was. enough information to perform optical model and

statistical theory calculations.



- 319 -

d. for which isotopes were requests for new nuclear data measurements made by

(14)

reactor physicists . Here, in particular, we examined the new experi-

mental data to see if they satisfied the requests.

In the light of the above considerations an evaluation of the isotopes 238Pu,

24lAm and 24* (15) was begun.

23
8Pu is an alpha-emitter and is important as a heat source; it has found
application in power supplies in space and in heart pacemakers. 2l’lAm has

potzntial uses as a heat source (through alpha-ray emission), as a gamma-ray

source and as a target for 2I‘ZCm. 244Cm is used as a target material for the

252
production of 3 Cf and as a heat source. The above mentioned isotopes are

economically significant, since they reduce the price of reprocessed nuclear
fuel.
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A NS EVALUATION OF NUCLEAR DATA FOR PLUTONIUM-240, 241, 242(])
* *
. Caner, S. Yiftah, B. Shatz and R. Meyer

The isotopic compositibn of the plutonium produced as a by-product in
thexrmal reactors, which is to serve as fuel for fast reactors, may be typically
in the following range: Pu-239, 50-65%; Pu-240, 20-25%; Pu~241, 10-15%; Pu-242,
5-10%. This means that for a typical 1000 MWe fast reactor fueled with about
three tons of plutonium, almost half, or 1.5 tons, may consist of higher plutonium
isotopes. This cmphasizes the importance of having data files which reflect
the latest available experimental information and evaluated data for these
isotopes. Current data files for Pu-240, Pu-241 and Pu-242 are based on data
prior to the following dates: KEDAK 1967 ENDF/B-11I, 1968 for Pu-240, 1970 for
Pu-241, 1967 (with resonances revised in 1971) for Pu-242. '

* Kernforschungszentrum, Karlsruhe, Federal Republic of Germany
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New experimental data are available on resonance parameters and fission
cross sections, In addition, there are new measurements of the total and

scattering cross sections of Pu-240 in the keV range.

A new evaluation of nuclear data for Pu-240, Pu-241 and Pu-242, based on
the new experimental information and nuclear model calculations, has been
performed by ua(z-a). The numerical data have been incorporated into the new

KEDAK file,

In the present work we have reviewed the most significant nuclear data for
Pu-240, 241, 242 and compared them with the ENDF/B-III file and with our previous
1967 evaluation forming part of the KEDAK file. Discrepant data and parts of

the evaluations based on nuclear model calculations are emphasized.
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NASIF: CODES FOR COMPUTING GROUP SHIELDING FACTORS FROM RESONANCE PARAMETERS
Y. Gur and S. Yiftah '

Four versions of NASIF, computer codes for calculating group shielding

factors from resonance parameters, have been completed.

Version 1 is a fully automatic code for computation from ENDF/B-III tapes(l).
This version treats an entire ENDF/B-III tape in one run, It is automatic in
the sense that the user is not required to be familiar with the contents of the
basic data library. Only the identifying numbers of the isotopes whose shielding
factors are to be computed are needed. In this version the integration of the
cross section is performed with only three resonances (i.e. the resonance nearest

- the energy point and one resonance on each side of it) contributing to the

computed cross section.

Version 2 differs from version 1 in that the number of "side" resonances
is specified by the user (as input data, up to 12 "side" resonances from each
side are permitted). If one "side" resonance is requested the results are
identical to those of version 1.

Version 3 differs from version 2 in that the central and one "side"
resonance contribute to the calculated cross. section in the integration, while

the contribution of the wings of 11 "side" resonances from each side is collapsed
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into a parabola. This version yields results identical to those of version 2

with 12 "side" resonances, yet is as quick as version 1 in computing group
shielding factors(z).

Version 4 computes shielding factors from KEDAK resonance parameters,

Versions 2, 3 and 4 read basic data from cards either punched from

ENDF/B~III tapes or prepared from KEDAK data in the ENDF/B-III format.
Table 5 shows result obtained by the three ENDF/B-III versions.

TABLE 5

239Pu fission self-shielding factors in two groups in the range of
" resolved resonances, at 3000K, and for a background of 10 b

Group | Energy range Number of side resonances (Version 2) Version 3
(eV) 1 2 3 4 9 | 12
1 100-215 0.367 0.380| 0.391| 0.397 0.404 0.406 0.406
2 46.5-100 0.232 | 0.243 | 0.248 0.252 0.259; 0.260 0.260
Time on IBM/370 (sec) 10 13 16.5 20 34.2 44.5 10
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THE HASHOV CODE
A.D. Krumbein

A program, HASHOV, was written in FORTRAN IV for use on the 370/165 IBM
Q)

computer. It combines the Hansen exponential transformation method for the

solution of the space-time dependent diffusion equation in one space dimension,
2)

with certain advantageous features of the SHOVAV code. These include the

capability of-calculating cross section mixing and shielding factorse, temperature
feedback and several forms of reactivity insertion. Steady-state xenon and
xenon feedback routines have also been included.

The code has been successfully checked against the results of prompt

excursion problems originally analyzed by Yasinsky and Henty(3).
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THE ROLE OF DISCRETE RESIDUAL LEVELS IN EVAPORATIVE DE-EXCITATION OF COMPOUND
*
NUCLEL

L. Segal and J. Gilat

In statistical model calculations particle evaporation from excited

nuclei is usually represented by:

1 PCEg ) 5{5 JES
R (E ,J5 E. j,8) = = —— T ,(€)
e £, h p(Ec,J) S=]j-s| =]J-s] ul

where Ru(EC,J; Ef.j,s\ is the rate of emission of particle u (of spin 8)
from a nucleus with an excitation energy Ec gnd angular momentum J to form
a residual nucleus with an excitation energy Ef and angular momentum j;
p(Ec,J) and p(Ef,j) are respectively the level densities of the initial and
residual nuclei; h is Planck's constant and Tul(e) is the transmission
coefficient for the inverse process, i.e. the reaction of particle u with an
¢Bs B 15 the binding

energy of particle u in the initial nucleus) on the residual nucleus.

orbital angular momentum & and energy e(e= EC-E

In most calculations this form is assumed to be valid even at low excita-
tion energies (or near yrast), where the levels of the residual nucleus can no
longer be described by a smooth level density function p(Ef’j). For a more
realistic description of the excited nucleus one should use individual discrete
levels, the spacing of which decreases with increasing excitation energy until

they merge smoothly into a continuous level density function.

Such a model was incorporated into the spin dependent evaporation code
GROGI 2 (1). The resulting new code (named GGL) was then applied to the cal-
culation of cross sections and particle spectra for the reactions

62Ni(p,p')62Ni, 62Ni(p,a)sgCo, 59Co(a,a')59Co and 59Co(a.p)62Ni, at

63

18.06 MeV excitation energy of the Cu compound nucleus. Results of the

calculations were compared with experimental data, recently obtained by Miller

and Jaffe. Good agreement between theory and experiment was achieved for very

2)

reasonable choices of input parameters. Miller and Jaffe proposed {partial)

*
Based on the thesis submitted by L. Segal to Bar Ilan University in partial
fulfillment of the requirements for an M.Sc. degree in chemistry.
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congervation of isospin in these reactions, to explain some discrepancies
betwcen their measurements and conventional spin dependent statistical cal-
culations. When we analyze the data with our improved and more realistic

model, we find no evidence for such isospin conservation.

REFERENCES::
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HIGH PRECISION STUDIES ON THE LEVEL SCHEME OF 80Se BY THE RESONANT-SCATTERING
1)
METHOD(

H. Szichman

The energies and reduced strengths of the y-rays following deexcitation
of the 7818.9 keV highly excited level in 80Se reached by the (y,y') reaction
were measured using a nickel capture Yy source. The level scheme deduced for
this nucleus was given. Measurements of the angular distributions of the
scattered radiation permitted the assignment of spin values for most of the
low-lying levels in this nucleus. Parity determinations were made comparing

the reduced strengths with the statistics of knowm El and Ml transitions.

REFERENCE:
1. Szichman, H., Phys. Rev. C 8, 1429 (1973)

El, M1, E2 AND M2 WIDTHS OF TRANSITIONS FROM BOUND LEVELS EXCITED BY THE
(yov') REACTIONS ()
R. Moreh, A. Wolf, 0. Shahal, and J. Tenenbaum

A comparison was made between the El and Ml transition strengths from

bound levels populated by the (y,y') reaction with the same data from unbound

levels obtalned via the (n,y) reaction. It was shown that there is a clear

increase in the Ml strength nuclel near closed shells. The E2/Ml ratios
were found to be of about the same magnitude as the Weisskopf estimate, while
the M2/El ratios were enhanced by a factor of 103.

REFERENCE:

1. Moreh, H., Wolf, A., Shahal, 0., and Tenenbaum, J., in: Int. Conf. on
Photonuclear Reactlions and Applications, CONF-730301-Pl1, 1973, p. 293.
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CORMENT ON M2-E1 MIXING OBSERVED ‘IN (v,y') REAcTIONS(!)
R. Moreh, A. Wolf and 0. Shahal

It was shown that the effect of overlapping resonances in the photo-
excita*ion process of a (y,v') reaction is very small. The influence of this
effect on the angular distributions of the inelastic transitions and hence on

the M2/El mixing ratios was found to be negligible.
REFERENCE:
1. Moreh, R., Wolf, A., and Shahal, 0., Phys. Rev. C 8, 401 (1973)

TOTAL RADIATIVE WIDTH OF BOUND NUCLEAR LEVELS EXCITED BY THE (v,v') REACTION(])
R. Moreh, A. Wolf, 0. Shahal and J. Tenenbaum

The total radiative widths of bound nuclear levels, at an excitation
energy around 7 MeV, as a function of A were presented. These widths were
measured hy employing self-absorption, temperature variation of the scattering
cross section and absolute cross section measurements. By comparing the present
results with the widths of unbound levels from (n,y) work, it was shown that

the radiative widths are continuous across the (y,n) threshold for these nuclei.
REFFRENCE:

1. Morech, R., Wolf, A., Shahal, 0., and Tenenbaum, J., in: Int. Conf. on
Photonuclear Reactions and Applications, CONF-730301-P1, 1973, p.295.

ELASTIC AND RAMAN SCATTERING OF PHoTons FroM 238y (1)
T. Bar-Noy and R. Moreh

The results of measuring the elastic and Raman scattering cross sections
for 7 discrete photo energles between 7.9 and 11.4 MeV were given. It was
shown that by making slight changes in the parameters of the dipole resonance
of 238U, the measured scattering of the cross secﬁions are found to be ia fair

agreement with predictions of- the simple rotator model.
REFERENCE:
1. Bar-Noy, T., and Moreh, R., in: Int. Conf. on Photonuclear Reactions and
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DELBRUCK SCATTERING OF 7.9 MeV PHOTONS(])
R. Moreh and S. Kahane

‘The elastic scattering cross section of 7.9 MeV photons by U and Th
was measured in the angular range.250 - 140° . It was shown that at this

energy the forward elastic scattering is due almost entirely to Delbruck
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scattering. ‘The results are systcmatically lower by >507 than the calculated
valuess  Good agreement with theory was obtained only after excluding the

contribution of the real part of the Delbruck scattering amplitude.

REFERENCE:
1. Moreh, R., and Kahane, S., Phys. Lett. 47B, 351 (1973)

AN AUTOMATIC COMPTON POLARIMETER FOR GAMMA ENERGIES IN THE RANGE 5-10 Mev(1)
B. Arad and H. Szichman

A linear polarization analyzer based on a Nal Compton polarimeter and
mini-computer was developed. Its use in photonuclear experiments and its
reliability and advantages as compared with similar polarimeters were considered.
Polarization measurements of the ground state transition from the 8.496 MeV

90z

level in r show that the transition is Ml, indicating a positive parity

for this level.

REFERENCE:
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GAMMA .DOSIMETER BASED ON USE OF A NE226 SCINTILLATOR
B. Divon, S. Eckhouse and M. Etzion

A gamma-radiation detector based on the use of a 2"x3" NE226 scinti~
llator and a 56 AVP photomultiplier was tested as a dosimeter for relatively
low ¥y dose rates in the presence of fast neutrons. The light output of the
NE226 scintillator, as obtained for 6000 gamma rays,was measured to be about
30% of that of the NE1Q2A scintillator having similar dimensions and lighf
collection efficiency. The sensitivity of the detector was also measured as
a function of the y-ray energy. Relative sensitivities to gamma rays from
60Co, 13703, 22Na and the 19F(P» GY)160 reaction were found to be equal to
the relative calculated energy absorption coefficlents, within experimental
error. As an example, the relative measured sensitivity of the NE226

scintillator to 1.25 MeV y-rays from 60

Co and 6.5 MeV y-~rays from
lgF(P. GY)160 is 1.77, as compared with 1.71 for the NEl02A scintillator.
The sensitivity to 14 MeV neutrons from the (D,T) reaction was also measured,
and it was found that the relative sensitivity of the NE226 and NE102A
gcintillators is about 0.1l. It was concluded that the relative sensitivity
to 1.25 MeV y-rays and 14 MeV neutrons of the NE226 dosimeter is about

1.5 ¢ 1.
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A WATER CERENKOV DETECTOR FOR THE DETECTION OF GAMMA RADIATION IN THE PRESENCE
OF FAST NEUTRONS

S. Eckhouse, B. Divon and M. Shaanan

A water Cerenkov detector was evaluated as a gamma radiation detector
having a low relative semnsitivity to fast neutrons. Water was chosen as the
medium due tor its good transmission in the UV range. The photon production

per unit volume and unit <y flux at energy E, in a wavelength range X, and

1
AZ is:
(E)

1 1 max dec (E 'T)
6D N(E) = A} - -+ I(B(T))dT

Xl Xz 4aT

Tth
d o(E,T)

where —ar is the Cowmpton differential cross section for electron

"production at energy T. T varies between the Cerenkov threshold and the
Compton edge, and A 1is a constant. I(B(T)) is defined by:

B(T) 3 y-1
(2) I(8(T)) = f (a-—=y £ [@] ds

; nzBZ (1-82)3/2 dx

th

where sch is the value of %’ at the Cerenkov threshold, n is the index of
dE

refraction, and Z; is the stopping power of electrons in water.
Figure 1 1llustrates the calculated results in the interval
20008¢A< 7000, These results were verified experimentally by measuring the
relative sensitivities at known gamma energies. The detector was constructed
~of a 2" diam by 6" high cylindrical container viewed by a 56 UVP photo-
multiplier. The sources used were 60Co, 24Na and the Fl6(p,a)016 reaction
at 3 MeV proton energy. The proton source was the Van de Graaff accellerator
located at the Weizmann Institute. The measured relative sensitivities are

summarized in Table 1.
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1 1 1 A
2 3 4 5
E(Mav)
Fig. 1

6 7

The number of photons in the wavelength interval
2000 & < X < 7000 & produced by a flux of ly/cm?
in 1 cm3 of water as a function of gamma energy

TABLE 1

Relat{ve measured and calculated sensitivities

Sensitivity per unit

Source Fnergies (MeV) disintegration
measured | calculated

6000 1.17 1 )
1.33

24Na 1.37 2.38 2.26
2.75

16 (p,a) % 6 5.8 5.46
7
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The sensitivity of the detector to neutrons was calculated taking into
account the production of y-rays by neutrons through reactions. on 160.
This sensitivity to 14 MeV neutrons was also measured using the (D,T) reaction
and found to be less by a factor of ~ 1.5 than the sensitivity to 1.25 MeV
y-rays from 60Co whereas the calculated sensitivity differs by a factor of
~ 4. This discrepancy seems to be due to the reaction 160(n.p)16N, where

the 16N decays by B emission.

A SYSTEMATIC ODD-EVEN EFFECT IN THE INDEPENDENT YIELD DISTRIBUTIONS OF NUCLIDES
FROM THERMAL NEUTRON FIssIon oF 235 (1)
S. Amiel and H. Feldstein

A detailed analysis of experimental fission yield data was found to
exhibit a systematically consistent odd-even effect in the independent yield
distributions of the nuclides in thermal neutron fission of 235U. The odd-
even effect in the element yield distribution for elements at the fission peaks
appears as a sawtooth structure, in which the amplitudes between the enhanced
even-Z yields and the less favored odd-Z yields are =22% of the mean values.

The elements examined constitute 757% of the fission yield.

The distribution of the isotopic yields in many cases was found to have
a sawtooth pattern superimposed on a gaussian-like shape, where the amplitudes
between the high even-N and low odd-N values are on the average 8% of the
mean values. This effect seemed to be unresolved at the light peak nuclides

while 1t was pronounced at the heavy peak nuclides.

The isobaric dispersions were studied in 24 mass chains (14 at the heavy
mass peak and 10 at the-light peak) and were found to follow the general pattern
of a gaussian with widths varying between 0.45 and 0.8 charge units. The
detailed description of the isobaric dispersion is represented by a sawtooth
structure fluctuating with amplitudes of < 30% around a constant width
gaussian in which the even 2 nuclides are consistently enhanced. The only

appearance of a significant closed shell effect is observed in 134Te

The fact that the neutron pairing effect in the yields as compared with
that of the protons is much smaller is attributed to the evaporation of
neutrons during the de-excitation of the fragments, a process which 18 respon-~
sible for "washing out" of part of the original neutron pairing effect in the

primary fragment formation in fission.
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The experimental and "normal" (i.e., calculated by Wahl) independent

ylelds of the elements formed in fission are presented in Table 2.

TABLE 2

Independent ylelds of complementary elements (Z, 92-2)
in thermal neutron fission of 235U

Elements Exp. !"Normal" (Exp. yield-"Normal" Yiéldl,x 100*
yield,Z {yleld, % "Normal" yield

As-Pr | 1.2:0.1 | 1.4 O -(14.3%7.1)
Se-Ce 4,320.3 3.6 +(19.4%8.3)
Br-La 5.9%0.4 7.6 -(22.4%5.3)
Kr-Ba }15.20.3 12.7 +(20.0+2.4)
Rb-Cs 1{11.7%0.5 15.1 -(22.5%3.3)
Sr-Xe 19.8£1.0 16.0 +(23.746.2)
Y-1  |11.9¢1.0| 15.8 -(24.7%6.4) .
Zr-Te |18.2%0.6 14.7 +(23.84.1)
Nb-Sb 9.1

Mo-Sn 2.9

%=88.211.4

*Average deviation from normal distribution $(22.0%5.4)%

The present set of- experimental data indicates the relative importance
of the individual properties of the fragments versus the collective behavior
of the fissioning nucleus, as described by the calculations of deformations of
shell-corrected liquid drop potential energy surfaces. One is also led to .
conclude that nucleon transfer, apparent from the different charge densities
af the fragments, takes place before scission and that at scission there is a
smaller probability of breaking pair configurations, consistent with energy

considerations.

REFERENCE:
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STATUS OF DELAYED NEUTRON DATA(])
S. Amiel and T. Izak-Biran

The available delayed neutron data werm reviewad. Since a few of the
Pn values were measured directly, we attempted to calculate Pn values on
the basis of experimentally measured delayed neutron yields and the recently
determined fission yields(Z). The contribution of the individual precursors
to delayed neutron groups and total delayed neutron emission in thermal figsion
of 2350 was compared with experimental measurements. The fit seems satis-
factory, but to obtain better accuracy the Pn values will be recalculated
based on newer values of thermal and fast fission ylelds for 235U and 233U

to be determined shortly.
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ON THE DETERMINATION OF FRACTIONAL FISSION YIELDS FROM THE CHEMICAL REACTION
YIELDS IN THE GAS PHAsE(!)
Z.B. Alfassi* and S. Amiel

The determination of fractional fission yields from the measured chemical
yields of gaseous phase reaction products of fission fragments was studied in
view of the kinetic theory of reactions of hot atoms. In order to have a
linear dependence of the hot reactions yields on the reactant concentration it
is suggested that reactants and moderators be used. These have a similar
effect on the decrease of the energy of the hot atom (arfam). For halogen
atoms, it ie suggested that methane be used as a reactant and not methyl halide.

REFERENCE:
1. Alfassi, Z.B., and Amiel, S., Inorg. Nucl. Chem., in press.

ON-LINE STUDY OF GASEQUS FISSION PRODUCTS: RAPID TRAMSFER TECHNIQUES®!)
H. Feldstein and S. Amiel

The time required for a mass separated fission product to reach the
collector may be considered to be composed of the time required to leave the

fission source (by diffusion, emanation or recoil), the transfer time, and the

*
Ben-Gurion University of the Negev, Beer-Sheva
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nean residence time in the ion source. Since it is difficult to analyze each
of these components separately, a number of transfer functions were derived
for different configurations of target, transmission line.and ion source, at
different gas flow conditions, and the contribution of each stage to the

overall delay was evaluated: - & ..

An- adequate knowledge of the transfer time function is required for -
independent fission yield determinations in on-line mass Separation studies,
since the apbatent yield of the séparated fission product counted at the
collector must be corrected for the decay occurring during the transfer from
the irradiated target (especially‘in the. case of short-lived isotopes) and for

the decay of precursors in the target during irradiation and transfer.

REFERENCE:

l. Feldstein, H., and Amiel, S., 1in: Proc. of the 8£ﬁ International EMIS

Conference on Low Energy Accelerators and Mass Separators, Skovde, Sweden,
June 1973, p.420.

A VERSATILE INTEGRATED TARGET-SURFACE IONIZATION SOURCE FOR ON-LINE ISOTOPE
separatIons (V) |

S. Amiel, Y. Nir-E1, M. Shmid, A. Venezia and I. Wismontsky

An integrated target-ion source designed to function both for negative
and positive surface ionization was constructed. Ailarge aréa target consistin
of graphite foils coated with uranium is placed inside an heated chamber and
exposed to a thermal neutron beam. The fission products diffuse out of the
target chamber and pass through an heated tantalum guide tube, where they
undergd ionization and are extracted into the mass separator (SOLIS). In the
case of negative surface ionization, where halogens are separated, the intense
electron emission is deflected by a small magnet placed near the exit of the
ionization tube. The temperatures of the target and ionization chamber are
controlled separately to optimize speed of separation, selectivity and ioniza-
tion efficlencies. Diffusion time, efficiency and specificity as functions of

the temperatures and dimensions were studied.

Collection and decay of activities were obtained for masses 92, 142 with
positive surface jonization, and for masses 136-138 with negative surface
fonization. The experimental surface ionization efficiencies were found in
general agreement within a factor of 10 with the predicted values (e.g. 0.03%
for I at &140000 and >1% for Rb).
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both the values of the wave function and the normal component of the gradient
of the wave function on the absorbing sphere. The solution to both boundary
valuc probiems separately is presented. The reflection from the absorbing
sphere is treated and new formulae are derived. The differential and total
cross sections of the described models are analyzed.

Zeros of the Scattering Amplitude in the Complex Angle Plane

A. Gersten
Nuclear Physics, A219, 317 (1974).

The possibility of reconstructing the “scattering amplitude with the aid
of the zeros in the complex cos 6 plane of the differential cross section is
considered. The reconstruction process is demonstrated in two examples. The
location of the zeros of the scattering amplitude is examined for the strong
absorption and optical models. It appears that there exists a correlation
between the position of the zeros and the strength of the absorption,

Matrix Padé Approximants of the Nucleon-Nucleon Interaction

A. Gersten and Z. Solow
Phys. Rev., D10, 1031 (1974).

The nmatrix Padé approximants. (with 16 x 16 matrices) and the scalar Padé
approximants (with 4 x 4 matrices) of the nucleon-nucleon S-matrix elements
arc calculated for total angular momentum J < 4 and for laboratory kinetic
encxgy up to 425 MeV. The claculations are based on one- and two-pion exchanges
of the pseudoscalar interaction. The éoupling constant g is the only para-
meter of the interaction for which a value, consistent with experimental
results g/4w = 15 is assumed. A simplified calculational scheme and formalism
are presented. In order to interpret the results properly we give estimates
of which energy regions we expect the one- and two-pion exchanges to be
significant. For these energy regions we found that the matrix Padé approximants



- 335 -

describe quite well the nucleon-nucleon interaction and give better approxi-
mation to the experimental data as compared to other methods of unitarization.
The fact that in the framework of quantum field theory it is possible, even

in limited energy regions, to give a reasonable description of the nucleon-
nuclcon scattering, give us more confidence in the pseudoscalar interaction

as the fundamcntal interaction of nucleons and pions.

Regions of the Two-Nucleon Force

A. Gersten
Phys. Rev., Cl10, 1640 (1974).

Using an approximate Bethe-Salpeter equation approximate values were
obtained for the partial wave contributions of the two and three pion exchange
iadder diagrams. With these results the region hypothesis of the two-nucleon
force was tested for this model. No definite region structure was observed for
the S and part of the P and D waves (3P6, 3Pl, 3P2’ 301, 303). A definite
region structure was observed for other waves, but it was impossible to locate
common (to all partial waves) radii for the outer and intermediate regions

of this model of the two-nucleon interaction.

Einstein's Equivalence Principle. An Explicit Statement and its Derivation

from Special Relativistic Presymmetry

Y. Avishai and H. Ekstéin*
Corm. of Math. Phys., 37, 193 (1974).

We propose a statement of the observable implications of the equivalence
principle that is precise and general rather than allusive and illustrative.
This statement is derived from previously formulated principles of special
relativistic presymmetry. The substantial identity of our result with Einstein's
curved-space formulation is exhibited.

*Argonne National Laboratory.
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The Angular Dependonce of a Broad Peripheral Resonance State

R.C. Fuller* and Y. Avishai
Nuclear Physics, A222, 365 (1974).

We discuss the angular dependence of the shape-elastic resonance wave
function for a state so broad decay occurs before the ions orbit the inter-
acticn region. In the shadow of the interaction region the nonstationary
ansular dependence is described by a Legendre function for complex angular
moncntua Pu(cose). In the lit region the same state has the angular dependence
e'lﬂcpa(—cose). After presenting theoretical arguments which show the necessity
of using these different analytic continuations in the shadow and lit regions
10 states of complex angular momentum, we show, by way of illustration of the
theoretical argument, results for a strong absorption model introduced several

years ago oy Austern.

*University of Heidelberg.

Test of the Validity of the Adiabatic Approximation in Scattering Theory

Y. Avishal and A.S. Rinat*

Physics Letters B (in press).

Exact solutions for the scattering of a fast projectife x on deuterium
are ccmpared with various versions of the fixed scatterers approximation. The
content of the approximations for a nucleon and a different projectile is
discusscd. The claculations show the approximate agreement of angular distri-
butions in forward direction and the amount of disagreement in the backward
hnemischere. In the case of nucleon scattering the importance of nucleon ex-
change, neglected in the FSA, is explicitly demonstrated. As expected, the
auality of the tested approximations rapidly improves with diminishing mass
ratio MX/MN .

*Weizmann Institute of Science.
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Solution of the Three Body Problem with Inverse Square Potentials

Y. Avishai
Jour. Mathematical Physics (in press).

The three body problem with two body inverse cube forces is solved by
separation of the variables into an angular and a radial one. The angular
ecuation is an integrodifferential one, which can be solved by splines, while

the radial one is Bessel's.

A Model of Black Nucleus

Y. Avishai
Contributed paper, International Conference on Heavy Ion Scattering, Heidelberg.

A model of strongly absorptive nucleus based on geometrical optics is
presented. The angular distribution at large angles is similar to that of the
optical model. Unitarity is preserved, but the partial wave S matrix is finite

for small angular momenta.
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Simultancous Heating and Temperature Measurements by an Infrared Laser Beam

Y.J. Kaufman® and A. Gersten
Applied Optics (in press, 1975).

A nethod of simultancous heating and temperature measuring by means of

an ir CO, laser is proposed and tested. The proposed method is relatively

simple aid direct. In this experiment the temperature on the beam axis is a
function of tho beam intensity, the beam radius and the absorber mixture is
moesurcd. A good agrecment is obtained between the experimental results and
theoretical predictions based on the level scheme and the physical character-
istics of tho absorber. The temperature measurement proposed in the present
papor is an additional experimental tool in investigating excitation processes

in the ir region.

*Technion - Israel Institute of Technology.

The Relativistic Pseudopotential Equation for Multichannel Baryon-Baryon

Scattering

A. Gersten, P.A. Verhoeven* and J.J. de Swart*
Nuovo Cimento (in press 1975).

The approximation to tho Bethe-Salpeter equation of Blankenbecler and
Suger ard Losunov and Tavkhelidze is applied to the multichannel spin -‘%
baryon-baryon interactions. Formulas for the one-boson-exchange potentials
arc given. It is discussed how to use the formalism when some or all channels

are closed.

*Institute for Theoretical Physics, University of Nijmegen, Nijmegen, The
Netherlands.
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Kinematic Perturbation in the Three Body Problem

Y. Avishai
Phys. Rev. (in press 1975).

The mixed derivatives that appear in the three body Schrddinger equation
(when written in terms of interparticle distances) are treated as a perturbation.

The following results are obtained:

a) 83 2 332 » where Bn is the n body binding energy.

b) For harmonic oscillator potential the calculated binding energy falls

within 3% of the exact one.

Numerical results for attractive square well and exponential potentials are

presented.

Nuclear Phvsics and Snectroscopy

Study of the Energy Levels of 62Ni Using the (v, v') Reaction

R. Moreh, A. Wolf®, I. Jacob® and A. Nof'
Nucl. Phys., A224, 86 (1974).

Elastic and inelastic scatter%gg of monochromatic photons were used for
studying nuclear energy levels in Ni; the photons were produced by thermal
neutron capture in iron. Theenergy of the resonance level in 62Ni was 7646 keV.
The angular distributions of the elastic and two inelastic lines were measured
and the corresponding level spins determined. The parity of the resonance level

was found to be odd using polarization measurements.

*Nuclear Research Center, Negev.
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Study of Nuclear Levels of 139La in the 7.28 MeV Region Using a New Gamma

Monochromator

I. Jacob+, R. Moreh and A. Wolf*
Int. Symp. on Neutron Capture Gamma Ray Spectroscopy, Petten, p. 177 (1974).

A lead target which resonantly scatters the 7.279-MeV line of neutron
capture y rays of iron was used as a source of variable energy y radiation.
Variation of the angle of the resonantly scattered beam between 60° and 120°
nermits an energy variation, AE = 275 eV, below the resonant energy. In 139La,
a transmission experiment using a 139La absorber have yielded 3 dips in the
above angular range. The values of gro of these levels, and the nuclear level

spacing in 139La are deduced.

*Nuclear Research Center, Negev.

Nuclear Photoexcitation

R. Moreh
Review talk presented to the International Symp. on Neutron Capture y-Ray
Spectroscopy, Petten, Holland (1974).

The various methods of nuclear photoexcitation using neutron capture gamma
rays are reviewed. In particular, the photoexcitation of nuclear levels in the
continoum region and the study of Delbruck scattering and nuclear Raman scat-
tering are discussed. In addition, the photoexcitation by the method of random
overlap and also by varying the photon energy either by nuclear scattering or
by Compton scattering are illustrated in detail.
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Study of thc Temperature Effect of Resonantly Scattered Capture y Rays

R. Moreh, O. Shahal+ and I, Jacob+
Nucl. Phys., A228, 77 (1974).

The temperature effect of reSonantly scattered capture y rays was studied
critically in the temperature range 4.2°K - 520°K in zost and in the range

4.2°K - 670°K in 62Ni, The gamma source was produced by thermal neutron capture
in iron; the encrgy of the yiline scattered by 208Pb is 7.279 MeV and by 62Ni

is 7.646 McV. The observed variation with temperature of the scattered intensity
from Ni was found to be in good agreement with Lamb theory using a single Debye
tcmperature, BD = 420°K, throughout. the whole temperature range. In the case

of Pb, the -agreement with Lamb theory using eD = 104°K was not as good, and a
deviation from theory was observed in the temperature range 30° - 70°K; this

deviation is discussed.

*Nuclear Research Center, Negev.

181 237

Photoexcitation of the Giant Dipole Resonance in Ta and Np

T. Bar-Noy+ and R. Moreh
Int. Symp. on Neutron Capture Gamma Ray Spectroscopy, Petten, p. 181 (1974).

181 237N

Ta and p

The elastic and inelastic (Raman) photon scattering from
for energies between 8.5 and 11.4 MeV are measured. At 11.4 MeV, the results
agree well with predictions of the simple rotator model (SRM) and the dynamical
collective model (DCM) of the giant dipole resonance (GDR). At lower energies,
the theoretical cross sections are obscured by the relatively large contribution

of Delbruck scattering where the real amplitudes are not known accurately.

*Nuclear Research Center, Negev.
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32 d 238

Study of the Giant Dipole Resonance of 23214 an U Using Elastic and Raman

Photon Scattering

T. Bar-Néy+ and R. Moreh
Nuclear Physics, A229, 417 (1974).

Differential cross sections for elastic and Raman scattering of photons
from 232Th and 238U targets were measured. Eight photon energies in the range
7.9 - 11.4 MeV were used and were obtained from thermal neutron capture in
Fe, Cr, Cu and Ni. Angular distribution of the elastic and Raman scattered
radiation from 232Th was measured. The results are compared with calculations
of the simple rotator model and the dynamical collective model of the giant

dipole resonance after incorporating the effect of Delbruck scattering.

*Nuclear Research Center, Negev.

Study of the 65Cu Energy Levels Using the (y, v') Reaction

R. Moreh, O. Shahal+ and J. Tene’nbaum+

Int. Symp. on Neutron Capture Gamma Ray Spectroscopy, Petten, p. 173 (1974),

Elastic and inelastic resonance scattering of photons was used for studying
the energy levels of 65Cu. The y source was obtained from thermal neutron
capture in Cr. The spins of the resonance levels at 8484- and 7939-keV were
found to be 1/2 and 5/2 respectively. The partial and total radiative widths
of the 8484-leV level were measured and found to be I = (0.33 + 0.03)eV,
rO/r = 0.90 + 0.05.

+Nuc1ear Research Center, Negev.
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Nuclear Radiation and Physics

An Analytic Expression for the Gamma Ray Self Absorption in the Perpendicular

Axes Configuration

Y.S. Horowitz, S. Mordechai and A. Dubi
Nuclear Instruments and Methods 124, 313 (1975).

An analytic expression for the self absorption of gamma rays emitted from
a point source on the face of a cylindrical absorber is constructed. The symmetry
axis of the absorber makes an angle of 90° with the symmetry axis of the detector.

Photoneutron Reactions in 18O

Y.S. Horowitz, J.D. Allan®, J.W. Jury®, R.G. Johnson*, K.G. McNeill* and
J.G. Woodsworth*
Canadian Journal of Physics (in press).

Photoneutron energy spectra from 180 have been measured by time-of-flight
spectroscopy at bremstrahlung endpoint energies from 11 MeV to 18 MeV in 1 MeV
steps to obtain the (y, no) and (v, "1) differential cross sections. The ground
state photoneutron cross section contains at least 8 major resonances in the
region from 9 to 17 MeV and has an average value of 100 ub/sr. The cross section
‘to the first excited state of 170 contains only two major resonances, at 11.4
MeV and 14.4 MeV; and the average cross section in the region from 11 to 16 MeV
is about 40 ub/sr. Of particular interest is a resonance at 14.4 MeV which
appears to reflect a simple excitation of one of the valence neutrons to the
2P3/2 state. Analysis of the (v, no) and (v, nl) cross sections for this con-
tinuum state leads to estimates of the configuration amplitudes of the ZS%
and lds/2 components of thgs state to ge 0.62 + 0.06 and 0.78 *+ 0.08 respectively
‘and the ratio of the (28%) to (1d5/2) amplitudes in the ground state of

135 to be 0.39 + 0.02.

+Departmom: of Physics, Trent University.
*Department of Physics, University of Toronto.
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THE WEIZMANN THSTITUTE OF SCIENCE

Department of Muclear Physics

RECOIL DISTANCE LIFETIME MEASUREMENTS
OF THE LOWEST 2* AND 4% STATES OF %0!

Z. BERANT, C. BROUDE, G. ENGLER and D. F. H. START ft
Physics Department, Weizmann Institute of Science, Rehovot, Israel

Received 15 March 1974

Abstract: Using the recoil-distance method, mean lives of 3.584-0.18 ps and 24.8-:1.3 ps have been
measured for the 1.98 MeV, 2+ and 3.56 McV, 4+ states in 180.

THE MAGNETIC MOMENT OF THE 4*, 3.55 MeV LEVEL OF '*Ot

Z. BERANT, C. BROUDE, S. DIMA tt, G. GOLDRING
M. HASS, Z. SHKEDI, D. F. H. START ttt and Y. WOLFSON

Department of Nuclear Physi'cs, The Weizmann Institute of Science, Rehovot, Israel

Reccived 4 June 1974
(Rcvised 30 September 1974)

Abstracl The magnetic moment of the 4+, 3.55 MeV level of 180 has been determined to be
lg] = 0.624:0.10 in a perturbed angular corrclation measurement on nuclei recoiling into gas
and vacuum. Analysis of the recoil-into-gas” data using the Abragam-Pound model agrees
with analysis of the recoil-into-vacuum data using a model for the electronic ensemble
described in a previous communication. The value of the g-factor shows the 4* wave function
to consist mainly of the dz? configuration.

NUCLEAR DEFORMATIONS FROM INELASTIC a-SCATTERING
ON RARE EARTH NUCLEI AT ENERGIES NEAR THE COULOMB BARRIER

W. BRUCKNER, D. HUSAR, D. PELTE and K. TRAXEL
Max-Planck Inst. fiir Kernphysik and [. Physikalisches Inst. der Universitiit Heidelberg, Heidelherg,
Germany
and
M. SAMUEL and U. SMILANSKYt
The Welzmann Institute of Science, Rehavot, Israel

Received 24 May 1974

-Abstract: Alpha particles in the encrgy range of 10- 20 McV and scattergd at various angles werc
used to excite the 0*, 2%, 4* members in the ground state bands of *32Sm, !34Sm and 86w,
The micasured excitation probabilities for bombarding cnergics below the Coulomb barrier
were analyzed in the framework of Coulomb cxcitation theory. The resuiting matrix elements
of the E2 and E4 multipole opcrators were interpreted in terms of charge deformation
parameters fi*; . 1.4. The cross sections for highcr energies were analyzed in terms of the
deformed optical potential and resulted in potential deformation parameters £°; .2 4. The
two sets of deformation paramcters show the same gencral trend of variation with target mass
number. Still. significant differences are observed in some particular cases.
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ELASTIC SCATTERING OF *He AND *He
AT INCIDENT ENERGIES NEAR THE COULOMB BARRIER

Y. EISENt, E. ABRAMSON, G. ENGLER 1, M. SAMUEL, U. SMILANSKY and Z. VAGER
The Weizinann Institute of Science, Rehovot, Israel

Received 22 August 1974

Abstract: The elastic scattering of *He and “He from Zr, Mo, Cd, and Te isotopes is studied at
incident energies near the Coulomb barrier. Marked differences are observed between the
excitation curves of *He and *He. These differences are shown to be due to a large surface
absorption in the 3He scattering. A systematic study of the size parameters deduced from the
present and other *He experiments shows deviations from the 4% law for nuclei near closed
neutron shells.

Structure of States in the Mass-90 Region by (p,p'y)

Angular Correlation at the lowest 5/2+ Analogue Resonances
+ tt
N. Cue , I. Plesser, Z. Vager and G.F. Wheeler

The Weizmann Institute of Science, Rehovot
and

Department of Physics, State University of New York

*
at Stony Brook, N.Y. 11790

Abstract: Angular correlations between inelastically scattered
protons leading to the 2" and in some cases the 4" states of even
even nuclei in the mass 90 region, and subsequent 2" > 0" y-rays
were measured. Analogue resonances corresponding to the lowest
5/2° of odd nuclei were observed. The data was analysed using

a method which takes into account compound nuclear enhancement.

Reldative decay partial amplitudes of the analogue resonaces were

deduced.
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*
Nuclear Reactions between Oxygen Isotopes

Lo
D. Kalinsky, D. Melnik, U. Smilansky, N. Trautner and B.A. Watson'
Department of Nuclear Physics, The Weizmann Institute of Science

Rehovot, Israel

Y. Horowitz and S. Mordechai
Department of Physics
Ben Gurion University of the Negev

Beer Sheva, Israel
and

G. Baur and D. Pelte

Max Planck Institut fur Kernphysik

ABSTRACT
Sis%TlC, inciustat and neutron transfer cross. sections in the systems
in i7, 16 18 i7 18 .
G+ "'g, "0+ "0 and "'0 - ""0 have becn measured at c.m. energies
netween 12-16 MeV and angles between 607°-125°. Two position sensitive

detrectors in covincidence were used to perform simultancous measurements
ot the various outgeing channels. The data have been analysed with

pasvieuiar atitention te the ccntributions of exchange effects.

‘Spectrum of protons in fission of ***Cf

_ A. Gavron
Nuclear Physics Depavtment, The Weizmann Instilute of Science, Rehovot, [svael

Y. Gazit
Nuclear Physics Department, Soreq Nuclear Research Center, Yavneh, Isvael
(Received 28 September 1973)

The spectrum of protons in fission of Z2Cf has been measured using an improved collima-
tion technique, which eliminates a large part of the background. The most probable proton
energy was determined to be 7.840.2 MeV and the spectrum full width at half-maximum,
6.1£0.3 MeV. The number of protons emitted per long range a particle is (1.6+0.1)x10™2,
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SHELL MODEL FOR N = 49 NUCLEI

R. GROSS and A. FRENKEL

The Weizmann Institute of Science, Rehovot, Israel
Received 1 October 1974

The behavior of N = 49 nuclei is examined In terms of a model based on a 885t core jwhh a lgy/ neutron-
hole. Effective interactions between lgg/; neutrons and 1gg/2~2p1/2 protops are determmed. from ﬁg‘; spectra
of 88Y.‘ 89 I, 9Nb and °'Mo. Close agzeerent is obtained also with experimental level spacings of ““Tc and

93Ru, as well as binding energies.

A NEW SEMI-CLASSICAL THEORY FOR MULTIPLE COULOMB EXCITATION

S. LEVIT and U. SMILANSKY
Department of Physics, The Weizmann Institute of Science, Rehovot, Israel

and

D. PELTE
Erstes Physikalisches Institut der Universitat Heidelberg, Heidelberg, Germany

Received 12 August 1974

A uniform scmi-classical approach based on the classical limit of Feynman's path-integral representation is ap-
plied for the case of multiple Coulomb excitation. The resulting excitation probabilitics are compared with those
obtained from the conventional semi-classical treatment and also with the results of the full quantum mechanical
coupled channcls treatment.

Dynamic single-particle effects in fission

Y. Boneh

Nuclear Research Center, Negev, Beersheva, Israel,
and Weizmann Institute of Science, Rehovot, Israel

Z. Fraenkel

Weizmann Institute of Science, Rehovot, Israel
(Received 20 March 1974)

We calculate for a model nucleus the single-particle excitations in the transition from the saddle point
to the scission point in the fission process. The model nucleus consists of a square well potential of
finite depth filled with nosinteracting “protons” and “neutrons.” At every stage of the transition
betwcen the saddle point and scission point the shape of the potential surface is equal to the surface of
the fissioning nucleus as predicted by the liquid-drop model but the depth of the potential is held
constant. The rate of changt of the nuclear surface is assumed to be equal to that predicted by the
dynamical liquid-drop-model :calculations of Nix. It is found that for this time scale there is a small
probability for the particles to be raised to levels above the potential well and thus be emitted from
the nucleus. The calculated number of emitted neutrons and protons is in qualitative agreement with
the-experimental results for the emission of scission neutrons and protons. However, there is a large
energy transfer from the collective to the single-particle degrees of freedom and hence the transition
cannot be considered adiabatic for this time scale. The inclusion in the model of a residual interaction
is expected to reduce both the number of particles emitted and the energy transfer from the collective
to single-particle degrees of freedom, thus making the transition more nearly adiabatic.
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1. Inelastic Scattering of Neutrons from Te and 130Te

Energy spectra of 14.7 MeV neutrons inelastically scattered
from enriched isotopes of 128Te and 1?oTe have been taken at angles
of 300, 37° and 40°. Energies of neutrons have been measured by
the time of flight method using the associated particle technique
with a flight path of 2 metres and time resolution of 1.25 nano-
seconds per metre. It was not possible to resolve the ground states
of 128Te and 13o‘l‘e from their first excited states (at about 750 keV).
Some groups of inelastically scattered neutrons have been observed
corresponding to the energy levels in the range 4 to 10 MeV. Measure-
128Te and 130Te at 14.7 MeV

neutron energy have also been made. The data are being analysed

ments of the total cross-sections of

using appropriate computer programmes.

2. Thermal Neutron Capture in even A Neodymium Isotopes

Work was continued on the study of the %Lrays produced as
a result of thermal neutron capture in even A neodymium isotopes.
The analysis of the ' *2Nd(n,¥ )7">Nd data has been finalised and
344 Y-rays have been assigned to 143Nd. A revised decay scheme for
this nucleus based on the singles and coincidence data has been
constructed which consists of 43 excited states and incorporates
173 of the ¥-rays representing more than 80% of the total observed
intensity. Many of these levels have been observed for the first

time.

hya(n, ¥) 19N data is also in

progress. Computer analysis of the previously collected natNd(n,!{ )

Final analysis of the

data has been completed. Moreover, measurements have been made to
obtain the spectrum of gamma rays in the energy range 0.1 to 5.8 MeV
produced in the reaction 1k6Nd(n,X )1‘*7Nd. Thegse data are now being

processed,

3. The 17oEr(n,’o')171Er Reaction

Work has been started on the ?easurement of ¥-rays emitted
in the neutron capture in enriched 70Er and natural Er targets.
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L, In-Beam Neutron Activation Analysis

Non~destructive elemental analysis of stainless steel and iron
ore samples has been carried out using neutron capture gamma rayse.
It has been shown that the use of low energy gamma rays, ranging from
0.2 to 1.4 MeV, helps considerably in reducing the time of analysis.
The problems of congestion of peaks due to compton continuum and the
double and single escape peaks in this region of the spectrum has been
overcome by using the Ge(Li) detector in conjunction with a NaI(T1)
annulus in anti-compton mode. A paper on the work is to appear in ’
Je. Radioanal. Chem. 27 (1975) 115, Work has also been initiated to
determine the protein content in cereals using the 1“N(n.")15N

reaction.

S5 Gamma Ray-Fission Fragment Energy Correlation

Measurement in Spontaneous Fission of 2520f

The data processing of gamma ray-fission fragment energy
correlation measurements for the spontaneous fission of 520f has
been completed and analysis is in progress. The following gamma ray

lines belonging to the ground state rotational bands have been

observed.
Isotope Energy
106 +_ 4
Mo 171.7 keV (2 =0")
102, 151.9 keV (2%->0%)
100, _ 212.7 kev (2¥->0%)
108, 242,3 keV (2*->0%)
1
%4 240.8 keV (2*>0%)
112
Ru 236.8 keV (2%>0")

Half lives and B(E2) values of the transitions are being

calculated. The variation of isotopic yields with total kinetic
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energy of the fragment is presently being looked into.

Experimental preparations are also in progress for the

following measurements :

i) X-ray, ¥-ray coincidence measurements in the

248,

spontaneous fission of me

ii) 'X-raymfission fragment energy correlation measurements

248

in the spontaneous fission of Cm.

6. Phonons in K.5REL51

The phonons in alkali halides of KI and RbIl have been
previously studied by the technique of inelastic scattering of
slow neutrons. It was of interest to find the phonon frequencies
in mixed alkali-halide single crystals. A single crystal of
K _.Rb _I of about 1 cm diameter and 5 cm length has been used
o; th; Triple-axis Neutron Spectrometer and phonons measured
using the spectrometer in the constant Q-mode. The phonons were
measured irn the three symmetry directions 100, 110 and 111 and
the frequencies of the phonons in these directions were found
to be approximately in between those of the KI and RbI separate
crystalss This is an interesting information about phonons in
mixed alkali halides. An other aspect of studying the shell-
model application to disordered alloy systems has also been
looked into and the force constants determined. The work on this

project has been completed and will soon be sent for publication.

7. Debye-waller factors of KBr

Debye-waller factor is a useful parameter of a crystal.
This can be determined from the measurement of the two axis
neutron diffraction pattemof a powder sample. The diffraction
peaks in a two-axis experiment contain considerable amount of
Thermal Diffuse Scattering (TDS) for which theoretical corrections
have to be applied in order to find the correct Debye-Waller

factors. A technique has been developed whereby the diffraction
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pattern is taken in a three-axis mode of the Triple-axis Spectrometer.
The diffraction peaks thus observed contain almost negligible amount
of the TDS. Hence Debye-Waller factors thus determined from the
three-axis diffraction pattern are accurate. Using the KBr powder
sample the Debye-Waller factors have been determined from the observed
three-axis diffraction pattern. The B values determined by this

technique are

o2
B, = 2.67 A
02
BBr = 2433 A
8. Neutron Diffraction from cellulose-l

Unit cell of cellulose-l has been a subject of study for the
past several years by X-ray diffraction and electron diffraction
methods. However the unit cell dimensions determined by X-ray
diffraction were half of those determined by the electron diffraction
method. It was therefore interesting to investigate this controversy
of cellulose~I by a different technique using the neutron diffraction
method. Our results obtained by this method support the results of

the electron diffraction technique.

Work of a similar nature on cellulose-II is in progress.

9, Gaussian Approximation for Phonon Frequency Distribution

Function of PuO2 and 002

The phonon frequency distribution function for Pan and UO2
has been approximated by a one-parameter Gaussian distribution. By
comparing the limiting forms of the specific heat and the Debye-Waller
factor calculated with this approximate distribution function with the
corresponding limiting values of these quantitites in the Debye model,
the value of the parameter is found to vary inversely as the temperature
T. The constant of proportionality is found to be of the order of

Debye's temperature.
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Values of the parameter for UO2 are calculated from its

Debye's temperature and its experimental data on Debye-Waller
factor, Debye's temperature and specific heat. The value of

the parameter is also calculated for PuO2 from its specific
heat data.
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Editor s Note

This progress Reporf on nuclear data research in Poland /May 1974
- April 1975/ contains only information on research, which is clo sely
related to the activities of the International Data Commitce of the Inter-
national Atomic Energy Agency in the field of charged particles and ncu-
tron physics. It does not include any information about other nuclear
research as for example the use of neutrons for solid state physics studies.

'The individual reports are not intended to be complete or formal, and

mu st not be quoted in pubhcatmns without the pcrmlssmn of the authors.
Uwagi od wydawcy

Raport ten zawiera informacje o badaniach w zakresie fizyki jadrowej
$rednich energii przeprowadzonych w Polsce /maj 1974 - kwiecied 1975/
i zw1qzanych z zdzxalalnosmq Komltetu Danych ]qdrowych M1deynarodo-
wej Agencji Energii AtomoweJ

Pominigto wyniki badaril w innych dziedzinach fizyki jagdrowej, w tym
réwniez badan w zakresie fizyki c{ala stalego przy uzyciu neutrondw.

Poszczegdlne prace zawierajg wstepne omdwienie wynikdw badan nie
wyczerpujgce poruszanych tematdw i nie powinny by¢ cytowane bez zgody

autordw.
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3amevarys OT pelaKipiu

9TCT COOPHUK COIEPHUT COOOCWEHMA O NPOBeleHHHX B [loJbue B ne-
puoxn oT Masg 1974 po ampenda 1975 mccaenoBaHUsAX B OOJacTU (-~
3MKM CPEIHNX OHEPIUMM, CBABAHHHX C LEATEIbHOCTEHI KOMITETA IO
Anepurv JlaHHEM [MexIyHapoLHOTO AreHCTBa ATOMHOM JHEDPTWM.

B IanHHe He BKJIOYEHH De3yJAbTaTH KCCJENOBaHU ¢ 00JacTy Ipu-
MeHEeHUs HEHTPOHOB B (PU3KKe TBEPIOI'O Teja. ST IOKJaIH He
ABNTCA NOJHEMI X HE DEKOMEHIyeTCA CCHIATBCA Ha HIX 6e3
COrJIacCifl aBTOPOB. '
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DIFFERENTIAL CROSS SECTION OF 9Be (n,OC) 6He REACTION
AT 12.2, 14.1 AND 18.0 MeV
S.Burzyriski, K.Rusek, W.Smolec, 1.M.Turkiewicz,

J.Turkiewicz -and P.Zupranski

The 9Be (n,oC) 6He reaction was studied with a telescopic system.
Previous measurements at 14.1 MeV [1] have been repeted and extended
to include the differential cross sections for the transition 9Be (n,O[D 6He
leading to the first excited state of 6He. The differential cross sections
have been measured at neutron energies of 12.2, 14.1 and 18.0 MeV. The
results are presented in tables shown below, Data are in the cl.m. system.

The cross section errors are only statistical.

TABLE 1

En =12.2 MeV 9Be<n,oco)6He

5 2 AT d6/d  AdGug
[deg] [deg] [mb/ srl [mb/ sr]
9. 8.5 0.46 0.15
17. 8.0 0.28 0.28
20.7 7.5 0.9% 0.22
29. 7.5 1.50 0.32
39. 7.0 1.10 0.23
56.9 7.0 2.00 0.32
7L. 7.0 2.97 0.43
90.7 6.0 1.93 1.17
117.2 7.0 0.3 0.61
136.5 7.0 1.77 0.35
1£7.6 7.5 1.52 0.29
156.7 5.0 2,23 0.25
161.7 8.0 2.57 0.25
170.0 8.5 £.13 0.30
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TABLE 1I

En = 12.2 MeV Beln,ol) He

S 249 A&/l AdguQ
[deg] [deg] [mb/sr] [mb/sr]

9. 8.5 6.92 0.45
17. 3.0 7.32 0.54
20.7 8.0 6.75 0.45
29. 7.5 7.63 0.62
39. 7.0 6.12 0.51
56.9 7.0 3.45 0.41
74. 6.5 6.2 0.93
90.7 6.0 5.89 2.05

TBALE 111
En = 14.1 MeV 9Be(n,ofg)6He
Sk 24  46/d  AdYYR
['deg] [deg] [mb/ sr] [mb/ sr]

10.5 10.0 0.31 0.15

15.8 9.5 0.46 0.12

27.0 9.0 0.35 0.16

39.0 8.5 0.59 0.13

51.0 8.0 1.23 0.14

62.9 7.5 1.28 0.15

74.0 7.0 1.53 0.20

85.3 6.5 1.16 0.21

96.0 6.0 1.46 0.57
129.5 6.5 0.61 0.29
139.5 7.0 1.00 0.23
1£9.0 8.0 1.11 0.11
158.5 9.0 1.81 0.13
167.5 9.5 2.44 0.15
172, 10.C 3.28 0.18
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TABLE IV~

En = 14.1 MeV 9BeG“0Q)6He

g 280 AR A4Sy

[deg] '[dc..g-_‘[ | [mb/_ sr] [mb/ sr‘]
10.5 10.0 5.05 0.24
15.8 9.5 5.09 0.21
27 .4 9.0 £.58 0.21
39.6 3.5 3.71 . 0,22
51.6 8.0 3.75 0.20
63.8 7.5 4.01 0.18
75.1 7.0 2.48 0.23
86.4 6.5 2.42 0.51
97.2 6.0 1.79 0.66

TABLE V

En = 18.0 MeV gBeéhaQQ6He

> 2aT - d84e  AdQ

' [deg]- ' [d'eg] ' [mb/ sr) ' '[mb‘/ 'sr]
10.5 g.5 0.12 0.06
15.8 9.0 0.12 0.12
27.0 . 9.0 0.14 0.0%4
39.0 3.5 0.20 0.0z
5170 ° 8.0 0.32 0.05
62.9 7.5 0.22 © 0,06,
7L.0 7.0 0.40 “0.08
139.5 8.0 0.18 0.0%
1£9.0 8.5 - 0.37 0.0%4
158.5 9.0 10.58 0.0%4
167.5 -~ 9.0° 0.54" 0.06
172.0 9.5 0.63. 0,05 .
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TABLE VI

- 18.0 MeV IBeln,ofy) Ote

) 2Ad 44  AY%AQ
[de g] [de g-l [mb/ sr] [mb/ sr]

9.7 9.0 2.23 0.10
15.8 8.5 2.53 0.21
27.3 8.5 2.83 0.12
'39.5 9.0 2.05 0.08
51.5 8.5 1.88 0.13
63.6 7.5 1.65 0.14
74.8 7.0 1.71 0.19

1. Progress Report on Nucledar Data Research in Poland,

May 1973 - April 1974

DIFFERENTIAL CROSS SECTIOWS FOR THE (n,oC) REACTIONS
INDUCED BY 14 AND 18 MeV NEUTRONS IN 149 Sm, 171Yb AND
173vp NUCLEI
L.Gtowacka, M. Jaskéta, W.Osakiewicz, J.Turkiewicz, L.Zcmlo
Institute of Nuclear Research, Dept.of Nuclear Reactions, Warsaw
and

Institute of Experimental Physics, University of Warsaw

The absolute differential cross sections for the 1495 (n,OC) lésNd,
171Yb(n,oc) 168 173Yb( ,L) 1708 1 reactions at E_ =14 MeV and
71Yb(n,oc) 168 173Yb( 0(:) 170 Er reactions at 18 MeV have been
measured by direct registration of alpha particles. The experimental
arrangement used in the measurements is described in our carlic work [l]
The neutrons were obtained from the 3H(d,n)4He reaction with deuterons

accelerated in the 3 MeV Van de Graaff accelerator. The neutron flux
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was measured by counting the recoil protons from a thin polyethylenc
foil. Recoil protons were registered by a CsI(Tl) scintillator followed
by photomultiplier and standard electronics. The absolute calibration
of the monitor was performed by measuring of the 847 keV bN -transi-
tion in 56Fe produced in the 56Fe(n,p)56Mn reaction wiih succesive
,/6 -decay of b6Mn. The cross section for the D6Fe(n,p\,56Mn reaction
was taken as 110 mb and 57 mb for neutron energies equal to 14 and

18 MeV respectively fZ] Uncertainty of the monitor calibration amounts.
to about 20 %.

The investigated targets were made of oxides and deposited on the
thick carbon backings by means of sedimentation from suspensions in
isopropyl alcohol.

The energy scale calibration of the alpha spectrometer was performed
with employment of alphas from ThC and ThC "’ and from the reaction
2881(n,°€) 25Mg produced in the silicon detector by the incident neutrons.

The results of measurements are shown in Tables 1 - 5. In the bottom
of each table the energy of neutrons, the angular spread and the energy
spread of measurements are also shown. These spreads were calculated by

Monte Carlo method [3). The errors indicated in the tables are only stat-

istical.

1. M.Jaskéta, ].Turkiewi(.:z, L.Zémto, W.Osakiewicz,
Acta Phys. Pol. B2, 521 /1971/ |

2. D.C.Santry, ]J.Butler, Can. J. Phys., 42, 1030 /1964/

3. L.Zemto, INR Report 1464/1/PL/B [/1973/
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TABLE 1

: 12
Differential cross sections for149 Sm(n,oo Zr6Nd

reaction at En = 14.12 MeV

E,Mev]  ub-srMev! E [MeVI ub sy Mev
15.60 65 + 49 19.76 180 + 21
15.79 116 + 46 19.96 133 + 13
15.99 L5 + £2 20.16 130 + 17
16.19 46 + 42 20.36 103 + 17
16.39 140 + 39 20.56 103 + 15
16.59 142 + 37 20.75 124 + 15
16.79 47 %35 20.95 30 + 15
16.98 130 + 35 21.15 105 + 14
17.18 141 + 32 21.35 128 + 14
17.36 136 + 31 21.55 98 + 12
17.58 131 + 30 21.75 38+ 9
17.78 183 + 30 21.94 19+ 8
17.98 152 + 29 22.14 26+ 7
18.17 200 + 27 22.34 34+ 8
18.37 161 + 25 22.54 34+ 7
18.57 184 + 25 22.7¢4 41 + 8
18.77 160 + 24 22.94 31+ 8
18.97 204 + 23 23.13 3L+ 7
19.17 225 + 23 23.33 27+ 6
19.37 235 + 23 23.53" 12+ &
19.56 195 + 22 23.73 3+ 2

Cross section integrated in the 15.6C + 23.73 MeV range

is equal t0 0.913 + 0.032 mb ‘sr-l.

N T
1 mlll laser 1

ﬂ]’u 3-52° E*H‘L.gi
| ! LV /——L E«

30° 60° 222 232 eV
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TABLE 2

' 8
Differential cross sections for l7le(n,oC) 16 Er

reaction at En = 14,12 MeV

E, [MaV] pbeseMevl EiMevl  pbesrTiMev
16.40 6935 19.97 129 + 15
16.60 24 + 33 20.16 142 + 14
16.80 14+ 31 20.36 158 + 14
17.00 20 + 29 20.56 121 + 12
17.19 19 + 28 20.76 108 + 12
17.39 34 +27 20.96 61 + 11
17.59 68 + 26 21.15 £8 + 10
17.79 35 + 24 21.35 51+ 8
17.99 35 + 23 21.55 37% 8
18.18 60 ¥ 22 21.75 38% 7
18.38 71 + 20 21.95 3+ 7
18.58 39 +19 22.14 29+ 6
18.78 75 + 18 22.34 22:+ 6
18.98 82 ¥ 18 22.54 23+ 5
19.17 91 + 17 . 22.7L 19+ 5
19.37 94 + 16 22.9¢ 20+ 4
19.57 82 + 16 23.13 11x 3
19.77 90 + 15 123.33 3+ 2

Cross section integrated in the 16.40 :+ 23.33 MeV range is equal |
to 0.415 + 0.022 mb - set,

N _ N
. i Q-9.407
C6 J 1
041 1 ;
; En= 14.12 l]g‘fzs :
P
'
L . l . Eﬂ . Eo(
4.0 %4 MV 235 Mev
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17.
17.

18

18.

18

18.
18.
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19

19.
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TABLE 3

Differential cross scctions for

E oC[MeV]

24
43
16.
16,
.03
.23

63
83

42

52
.02
22
L1
61
81

62 .

1 .

reaction at En =

pb -

sr-l‘MeV

51 + 48
17 + 45
7 + 42
96 + 40
62:-_33
63i36
34 + 34
62 + 32
63 + 30
41 + 29
109 + 28
61 + 26
76 + 25
92 + 23
108 ¥ 23

109 + 21 |

-1

14.12 MeV

E, [Mev]

19
19

19.
.00
20,
.39
.59
.79
.99
.19
.38
.58
.78
.98

20

20
20
20
20
21
21
21
21
21

22,

yp(n,e)

L0
.60

80

20

18

170
"pboe sr'-lMc:V.-1
85 +20
92 + 19
103 + 18
124 + 17
119 + 17
135 + 16
111 + 15
74+ 13
54 + 12
29 + 11
32+ 9
O+ 8
15+ 7
12+ 8
22+ 06

Cross section-integrated in the 16,24 22,18 McV range is equal
t0 0.417 + 0,029 mb - sr

a8+

04t

Q=7.977
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TABLE ¢4

_ 68..
Differential cross sections for l71Yb(n,<>(:) 1 Er
reaction En.= 18.18 MeV

E, MeV] ab e st Mev Tt EMev] pb - sr Moy
18.82 _ 170 + 79 23.19 - 158+29
19.01 205 + 75- 23.39 126 ¥ 27
19.21 218 + 70 23.59 135 + 27
19.41 169 + 66 23.79 121 ¥ 26
19.61 104 + 62 23.99 . 148425
19.81 89 + 60 24.19 143 + 24
20.01 » 138 + 56 24.38 132 ¥ 23
20.21 98 + 56 24,58 183 + 23
20.41 148 + 53 24.73 163 + 22
20.61 | 95 + 51 24,93 1467 21
20.80 124+ 48 25.18 91 + 18
21.00 | 189 + 46 25.38 81 + 16
21.20 - 195 « 44 . 25.58 64 + 16
21.40 116 + 41 . 25.78 66 + 14
21.60 . 1497140 25,93 33+ 13
21.80 S 127 +39 . 26,17 39 + 13
22.00 113 + 37 26.37 3L ¥ 12
22.20 - 79 ¥ 35 26.57 16 10
22.40 156 +33  26.77 12 + 10
22.59 167 + 33 2697 11 + 10
22.79 157 + 31 27.17 16 + 10
22,99 111 + 30 27.37 9+ 8

Cross section integrated in the 18.82 & 27.37 MeV range is equal
to 1.019 + 0.052 mb - sr-l

NI N

08+

,J E,=16.18

16 184 MV
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TABLE 5

: : 170
Differential cross sections for 173Yb(n,oC) 17 Er .

reaction at En =18.18 MeV

L [Mev] pb .. s iMev T E,[Mev] ub st Mev !
18.89 - 178 + 73 22.66 142 + 31
19.09 117 + 63 22.86 134 + 23
19.29 182+ 65 . 23,06 127 + 29
19.49 212 + 62 23.26 142 + 27
19.69 2006 + 59 23.46 172 + 26
19.89 191 + 56 23.66 134 + 24
20.08 101 + 52 23.85 . 110 + 23
20.28 95 + 52 24.05 83 + 22
20.438 165 + 49 24.25 93 + 21
20.63 119 + 486 . 24.45 95 + 20
20.88 136 + 45 24,65 98 + 19
21.08 126+ 42 24.85 59 + 13
21.27 180 + 40 25.04 35 + 16
21.47 176 + £9 25.24 46 +15
21,67 140 + 37 25.44 L7 + 1L
21.87 119 + 36 25.64 10 + 12
22.07 154 + 35 25.84 37 + 11
22,27 134 + 34 26.04 15 + 12
22.47 143 + 31 26.23 16 + 11

Cross section integrated in the 18.89 & 26.23 MeV range is equal
to 0.902 + 0.048 mb » sr-1,

N N : N
08+ 1 ’Lk + Q=7977

04 t f -
r £, 1818 ;’r Je3° Fal=25.53
i En ! LY Lk

0 o4 eV 3° 80° 250 260 Me¥
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CROSS.SECTIONS FOR FAST NEUTRON INDUCED REACTIONS ON

1114 AND '%Cd 1SOTOPES

W.Augustyniak, M.Herman and A.Marcinkow ski

Institute of Nuclear Research,Dept.of Nuclear Reactions, Warsaw

Samples of enriched Hleg 94.52% and llsz 95.75% isotopes were
irradiated with 1\Qut1’0ﬁs from the 31-I(d,n)41-le and Zi-l(d,n)3Hc recactions
at Peutron cncrgiés in the range from 3.4 - 18 MeV. The neutron cnergy
was selected by a suitable choice of the emission angle.

The reaction final products were indentified by their characteristic
¥’ -ray transitions. The ¥¥ -activities were measured with a 30 cm
Gé(LD spectrometer. Relative detector efficiency for ¥ -rays in the
energy range from 50 keV to 2 MeV was determined using the known inten-

226 169Yb and 133

sity relations ot ¥’ -transitions in Ra, Ba sources M, 21

The 48 min, 247 keV, 6" -ray activities induced in the cadmium samples

were measured and the population of the final nuclei in the lllCd n n’\)lllmCd

and 12cd(n, 2mttm

112Cd( )11 Ag reaction cross section the 3.2 h, 617 keV, E’ -ray activ-

Cd reactions were extracted. In order to dctcrmmc the

ity was followed after irradiation, The measurements were relerred to the
activities induced in the monitoring reactions 56 Fe(n,p) Mn [3] and
64Zn(n,p 64Cu [4)/at neutron energies ranging from 3-5 MeV/.' |
The attenuation of the ‘S’ -rays in the samples was cvaluated by the
Monte -Carlo method. The decay characteristics of the reasidual nuclei adop-
ted in the present data analysis were taken from the tables of Lederer at al.[5])
The results of measurements are presented in tables 1 and 2, The errors
attached contain statistical errors, errors of detection efficiency determinatior
crrors arising from fluctuations of the neutron flux during irradiation, crrors
of thesample weight and the errors of the cross sections of the monitoring

reactions.
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TABLE 1

Cross Sections for thelllCd(n,n’> lllmCd

En MeV mb
3.4 +0.2 214 + 64
+0.7 430 + 51
12,9+ 0.2 463 + 49
13.0+0.3 248 + 46
13.4 + 0.3 187 + 16
13.9+0.3 144 + 19
14.5 + 0.3 148 + 26
15.0+0.3 148 + 13
15.4+0.3 92 + 14
16.0 + 0.3 125 + 35
.1 111 + 59
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STUDY OF PROTON INELASTIC SCATTERING ON MAGNESIUM
ISOTOPES AT 9.1 MeV

M.Herman, A.Marcinkowski, B.Zwiggliniski, W,Augustyniak,
L ' * .
J.Bielewicz and W.Zych

Institute of Nuclear Research, Dept.of Nuclear Reactions, Warsaw

The inclastic scattering of protons on scparated magnesium isotopes
has been studied at an energy of 9.1 MeV on linear proton accelerator

in Swierk. Particle spectra have been measured by two semiconductor

- 313 -

TABLE 2

' y 1Ll
Cross Scctions [or th‘]'lsz(n,Zn) lmCd, and

E MeV
n

.9 +0.2
.0+0.3
£ +0.3
.9+0.3
.5+0.3
.0+0.3
4 +0.3
.0+0.3
.6+0.1
.4 +0.3
9+0.1

Present address: Department of Physics, Warsaw Institute of Technology

'112Cd(n , p) L 12Ag Reactions

638 + 45
677 + 32
616 + 28
684 + 36
675 + 32
647 + 30
623 + 29
756 +'46

- 004 + 42

624 + 53
479 + 42

112Cd(n,ﬂ“"bl 112Cd(n,P)112R9¢Y
mb mb

16.0+2.9
15.7 + 1.7
15.9+1.3
18.6 + 1.6
22.4 +1.9
19.5+2.3
2.9+ 4.4
23.8+5.3
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detectors with an overall energy resolution of 80 keV. One of the de-
tector served as a beam and target monitor and the second one served for
the angular distribution measurements. The intensities of inclastic groups
have been cstablished with the Berkeley peak-fitting code SAMPO t11.

In tables 1 to 3 the preliminary results of the measurements are collected.
The absolute scale has been cstablished by normalizing the croés scctions
at forwvard angles to the calculated values obtained with the aid of optical
model code SNOOPY [2] and the paramcters -of Perey [3] These are not
very sensitive to the particular choice of the parameters of the optical

model potential. |

References:

1. T.Jorma, Routti UCRL-19452 |
2. P.Schwandt, The Cptical-Model Search Routine SNOOPY, University
of Wisconsin

3. F.G.Perey, Phys. Rev., 131, 745 1963

TABLE 1

v : 2/
Differential Cross Sections for the 24M g(p.p')’"Mg

Reaction at 9.1 MeV™

Eexc—J¥ 0-0Of L37 - 2%
Oc.m. 5] Gc.M, o
[des]  [mb.se?] [deq] [rmb-si]
36.4 210.0+6.0 36.5 14.25 0.7
_ £1.7 6.9++ 0.3
6.7 67.0+1.5 LG.8 1£.7+40.5

.1 . . N . .
Normalized at 30.4 deg to the optical model value 60.[. = 210 mb sr
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TABLE 1 continued

Eexe-d© ~ 0-0F 137 - 2%
Oe.m. ) Oc.m. G
[degl]  [mbes™]  [oegl = [mbesr™]

51.5 36.7+1.0 52.0 19.040.6
57.0 18.410.6 57.1 21.6+0.7
62.0 10.9+0.3 62.3 20.7+1.4
67.2 10.1+0.5 67.4 21.64+0.6
72.2 12.7+0.5 72.4 21.7+0.7
77.3 14.7+0.7 77.5 22.9+0.8
©82.4 15.240.5 82.6 21,7+0.6
87.4 19.5+0.7 - 87.6 2£.7+0.8
L 22.5+0.8 92.6 2£.9+0.3
VA 21.7+0.8 97.6 27.2+0.8
VA 19.8+0.6 102.6 28.6+0.8
.3 18.1+0.8 107.5 30.9+1.0
.2 17.1+0.8 112.4 33.1+1.0
.2 14.4+0.7 117.4 33.8+0.9
.0 11.6+0.3 122.3 33.44+0.7
.0 14£.9+0.6 127.1 35.5+0.9
.8 1£.640.4 132.0 32.6+0.7
.7 18.5+0.6 136.8 33.6+1.0
.5 23.2+0.7 141.7 32.6+1,0
L 21.8+0.9 146.5 30.8+0.9
.2 24.740.5 151.3 28.4+40.9
.1 21.6+0.9 136.1 25.2+0.9
.6 23.3:+0.5 160.9 24.540.53
5.5 22.94+0.9 165.7 21.74+0.9



- 376 =

TABLE 1 continued

o4 - 2%

Ocu. &’ Bc.M. o
[deg] - [mb.se™] L degl [mb.sr]
36.9 8.910.5 36.9 £.5+0.4
52.5 5.840.3 52.5 10.9+0.4
57.7 7.340.L 57.7 10.3+0.5
62.6 7.5+0.4 62.9 11.1+0.3
68.0 9.2+0.4 68.0 10.1+0.5
73.1 9.2+0.4 73.1 9.6+0.4
78.2 9.9+0.5 78.2 10.140.5
83.2 10.1:0.4 83.3 8.0+.03
85.3 10.840.5 83.3 7.940.4
93.3 10.5+0.3 93.3 6.9:0.2
98.3 10.9+0:4 98.3 6.1+0.3
103.2 11.240.4 103.3 5.6+0.3
108.2 11.7+0.5 108.2 5.140.3
113.1 11.4+0.6 113.1 5.1:0.4
118.0 10.440.5 118.0 £.3:0.3
122.8 10.2+0.3 122.9 2.8+0.1
127.7 9.5+0.4 127.7 3.7+0.2
137.3 6.7+0.3 137.4 £.440.2
1£2.1 6.2:0.3 142.1 4.140.2
126.9 £.340.2 1£6.9 £.940.
151.6 £.0:0.2 151.7 5.3+0.2
135.2 2.1+0.2 156.4 6.5+0.2
161.1 2.5:0.1 161.1 5.£+0.2
163.9 1.550.1 165.9 6.5:0.%



TABLE 1 continued

5.24-3%

®C-M. . . . 6‘
[deqd] [mb-sr™]
36.4 2.0+0.2
41.5 2.4+0.2
46.7 1.9+40.1
57.0 2.240.2-
62.1 2.4+0.1
67.2 2.6+0.2
72.2 2.840.2
77.3 2.8+0.2
82.4 2.840.2
87.L 2.54+0.2
92.4 3.140.1
97.4 3.040.2
102.4 3.2+0.2
107.3 3.3+0.2
166.0 4.6+0.3
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TABLE 2

25 A25
Diffaerential cross sections for the ng(p,p ) ‘)Mg

x
reaction at 9.1 MeV

Eexcd®  O—%" 0.59 ~ 45"
Be.M. & ec.M &
[deg] Tmb-a~4l [ degl Crrlsese™t
31.1 175.£+19.9 31.2 0.612+0.012
36.3 158.3+ 2.8 36.4 0.7£9+0 )49
41.5 122,5+ 2.0 41.5 1.020+0,06%
51.8 56.0+ 0.9 51.8 1.078+0.062
62.0 38.9+ 0.7 62.1 0.976+0.0653
72.2 36.8+ 0.6 72.2 1.065+0.117
82.3 33.2+ 0.5
92.3 22.4+ 0.4 92,4 826+0.050
102.3 14,9+ 0.2 102.3 915+0.060
112.2 8.4+ 0.2 112.2 676+0.077
122.0 7.3+ 0.1 |
131.8 9.1+ 0.2
141.5 12,0+ 0,2 141.5 0.853+0.153
151.1 13.4+ 0.4 151.2 0.498+0.099
180.6 15.7+ 0.3 160.8 0.527+0.135

* Normalized ot 51.8 deg to the optical model value

6., =56.0mb sr

&
L=

1
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TABLE 2 continued

0.97- 3% 161-"7%"
Oc.m. o Oc.m. T &
[cl,eg] Lmb. s ] [deg] [m‘o . s 1
31.2 0.776+0.015 31.3 3.43840.164
36.4 1.287+0.061 36.5 5.165+0.123
£1.6 1.606+0,082 41.6 6.192+0.15%
31.9 1.705+0.078 51.9 6.191+0.129
62.1 1.635+0,083 62.2 5.874+0.132
72.3 1.538+0.075 72.4 5.069+0.116
82.4 1.772+0.067 82.5 £,783+0.143
92.4 1.3914+0.072 92.5 £.237+0.139
102.4 1.976+0.083 102.5 £..346+0.086
112.3 1.565+0.250 112.4 4.533+0.063
122.1 2.200+0.077 122.2 4.927+0.109
131.9 1.92£+0,063 131.9 5.104+0.129
141.6 1.85440.071 141.6 4.19640.117
151.2 1.762+0.144 151.3 3.923+0.181
160.8 1.642+0,087 9 3.823+0.130

160,
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TABLE 2 continued

1.86-54" 256 - Y5
Scm. & Ocaa. G
[eea] [rrb -+ st Ldeg) Tmp - o
31.3 1.15£40.099 314 0.151:0.,037
36.5 1.6£9+0.067 36.6 0.357:0.027
£1.7 1.961+0.082 £1.8 0.519:0.039
52.0 1.9684+0.06% 52.1 0.630+0.037
62.3 1.807+0.067 62.L 0.85140.0£6
72.4 1.861+0.06% 72.6 0.632+0.037
52.6 1.578+0.051 82.7 0.806+0.057
92.6 1.61540.085 92.7 0.722+0.053
102.6 1.461+0.048 102.7 0.762+0.036
112.4 1.505:0.231 112.6 0.733+0.177
122.3 1.603+0.039 122.4 0.695+0.043
132.0 1.794+0.074 132.1 0.523+0.046
1£1.7 1.75540.077 1£41.3 0.£18+0.0£2
151.3 1.993:0.127 151.4 0.38310.081
160.9 2.54£40.07L 160.9 0.301+0.033
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TABLE 2 continued

2.74-% and 2.80-%  3.40-%" and 34i-%,
e, 6 O, 6" |
Ldeg] Fmb.gr=+ 7 [ceg]l L b st
31.4 1.169+0.082 31.5 1.633+0.065
36.6 © 2.10140.058 36.7 1.98£40.075
£1.8 2.075+0.104 41.9 . 2.331+0.10%
52.1 2.517+0.096 52.2 2,690+0.058
62.4 2.955+0.135 62.5 2.357+0.073
72.6 © 3.056+0.122 72.8 2.£03:0.076
82.7 2.61240.103 82.9 2.£73+0.110
92.8 2.739+0.292 92.9 2.358+0.078
102.7 2.8£10.066 102.9 2.62£40.066
112.6 2.43240.801 112.8 2.59440.032
122.4 2.533+0.114 122.5 2.02140.030
132.1 2.90140.338 132.2 2.313:0.036
141.8 2.£10+0.281 1£1.9 2.061+0.100
151.4 2,436+0.136 151.5 1.985+0.125
160.9 2.970+0,197 161.0 2.089+0.077



TABLE
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2 continued

5-9’0 -(:7/2' )b%}}}-{.

5.97..'%-_ |

Sem. & O¢. M., o}
[deql Trb- st L deg] Lrnb. st
31.5 0.735+0.083 31.6 0.391+0.032
36.8 1.029+0.115 36.8 0.307+0.092
£2.0 1.293+0.156 £2.0 0.907+0.141
52.4 1.932+0.063 52.4 1.349+0.093
62.7 1.65140.151 62.7 1.28140.036
72.9 1.505+0.135 72.9 1.111+0.103
83.0 1.716+0.103 83.1 1.43£+0.126
93.1 1.55240.086 ©  93.1 1.60240.11¢4
103.0 1.527+0.175 103.1 1.£434+0.127
122.7 1.583+0.070 122.7 272+0.12¢
132.2 1.658+0.112 132.4 1.461+0,132
1£2.0 1.2£5+0.137 142.0 1.170+0.172
161.1 1'162ip°251 161.1 1.113+0.150
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TABLE 2 continued

408-%"

Oe.m. )
Laegd Cenbe o]
31.6 0.672+0.0583
36.8 1.101+0.074
£2.0 1.128+0.113
52.4 1.055+0.113
62.7 1.272+0.073
72.9 1.268+0.180
83.1 0.795+0.129
93.1 0.910+0.107

103.1 1.316+0.132

22 0.9£0+0.125

32.4 1.246+0.164
142.0 0.904+0,206

161.1 0.707+0.,227

T
A OV T N
o o o

161,

40,052

039
039
037

.096

.099
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TABLE 3
.
Differential cross sections for the 261 g(p,p’)zoi\«1g
reaction at 9.1 MeV"
aw - ! :
Eexe™J’ O—O+ 1.5.-27

- Bc.m. ) Oc.m o}
[elegl Lemb.gr] Celes] [mi- sr~4]
31.2 385.8+13.5 31.3 3.6+0.2
36.3 282.2+ 7.0 36.% 7.1+0.3
£1.5 130.8+ 3.5 £1.6 7.2:0.3
L6.6 85.8+ 2.2 46.8 9.0+0.3
51.7 60.6+ 1.2 51.9 9.3+0.2
56.9 £5.5+ 1.3 57.0 13.3+0.5
62.0 37.4+ 1.4 62.1 12.640.5
67.1 28.7+ 0.6 67.2 13.1+0.3
72.2 27.6+ 0.8 72.3 13.7+0.5
77.2. 21.5+ 0.6 77.L 12.8+0.2
82.3 22,4+ 0.9 82.4 13.440.6
87.3 17.6+ 0.5 87 .4 12,5204
92.3 13.5+ 0.5 92.4 11.8+0.4
97.3 11.1+ 0.4 97.5 11.4£+0.4
102.3 8.0+ 0.3 102.Z 11.2+0.4
107.2 5.9+ 0.2 107 .Z 9.6+0.£
112.2 3.8+ 0.2 112.3 9.9+0.4
117.1 2.9+ 0.2 117.2 9.0+0.3
122.0 3.5+ 0.2 122.1 8.5+0.3
126.9 2.8+ 0.2 127.0 7.7+0.3
131.8 4.0+ 0.1 131.9 7.4+0.3
136.6 3.6+ 0.2 136.5 6.6+0.2
141.5 5.5+ 0.2 1£1.6 6.6+0.2

» 146.3 7.3+ 0.3 1£6.3 5.7+0.3
151.2 8.8+ 0.3 151.2 5.2+0.2
136.0 12,0+ 0.4 156.0 5.0-0,2
160.8 11.8+ 0.4 160.8 5.0+0.3
165.6 13.6+ 0.6 165.6 4.6:+0.3

(o9

mb sr

C’)z

* _ \ .
Normalized at 31.2 deg to the optical model value

o
—
i
(93]
UJ
i
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TABLE 3 continued

4.32-4% and 4.353-(2) 4.64-2% anc. 4.60-47

ard 4.35-3+ and. 4.97-0%
Qc.M. & CeM. G
[deg] [ mb-sr] Ldea] Lrmb- s+
31.5 3.01+0.25 31.7 1.71+0.19
36.8 3.38+0.19 36.9 1.86+0.1%
42.1 1.39+0.12
473 1.48+0.14
52.4 3.52+0.19 '
57.5 3.54+0.19 57.7 2.36+0.15
62.7 4.00+0.28 62.9 1.71+0.,07
67.8 £.0010.15
72.9 3.72+0.20 73.1 2.03:0.11
78.0 3.95+0.17 .78.2 1.82+0.05
83.1 £.06+0.28 83.3 1.73+0.07
88.1 3.68+0.19 88.3 1.97:0.14
93.1 £.00+0.22 93.3 1.63+0.12
98.1 3.52+0.20 98.3 1.7740.12
103.1 3.77+0.17 103.3 1.39:0.11
108.0 3.94£+0.20 108.2 1.38+0.11
112.9 3.58+0.15 113.1 1.51+0.09
117.8 3.66+0.17 118.0 1.75+0.12
122.7 4.20+0.17 122.9 1.78:0.11
127.5 3.77+0.19 122.7 2.12+0.1%4
132.4 £4.05+0.14 132.5 2.13:0.09
137.2 3.52+0.15 137.3 2.48+0.12
142.0 3.08+0.19 142.1 2.12+0.1%
146.8 2.57+0.15 1£6.9 2.68:0.1
151.5 2.86+0.14 151.7 2.77+0.12
156.3 2.81+0.15 156.4 3.28+0.17
161.1 1.8540,14 161.1 3.74+0.20
165.6 2.15+0.19 165.9 3.0210.20
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158 158

Eu decays by ﬁ- emission to Gd, which is the double even
deformed nucleus, Such nuclei have g several possible modes of excita-
tion, rotational and ﬁ and 8" vibrational levels couple together,
which complicates the theoretical description. It was felt, that,

an investigation of energy levels and transition 'pr.oblabilities in these
nuclei would proﬁde valuable information about the correlation of nucle-
onic motions,

Thé sources were prepared by means of an /n,p/ reaction in
300 mg Gd203 target, wilth mass 158 enriched to 91252. The 14 MeV neu-
trons were produced by a SAMES generator, The "~ Eu spectra were
measured by means of a 30 cm3 Ge/Li/ spectrometer, PDP -8 computer
was used as a multichannel analyser and performed a preliminary data
analysis. The results were evaluated by means of a procedure based on
Fourier transforms described in Ref. [1] and by a least squares fit,

The energies and the intensities of gamma rays emitted by 7158Eu are
presented in Table 1. The decay scheme is shown in Fig. 1. The results
rpublished in_t2] and [3] were helpful in establishing the low 1ying levels.
The log ft values based on gamma - ray intensities given in Table 1 are
brc sented in Table 11,

The spins and parities were proposed on the basis of the log [t values
and the transition probabilities. Since the adiabatic assumption of Alaga

4] docs not apply for the most branching ratios in 158Eu, the Michailov’s

rule [5] was used for estimation of quantum numbers for several levels.
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The experimental distribution of the beta strength was compared with that
one calculated on the basis of Nilsson model (Fig. 2) using a deformed
oscillator potential and taking into account the’l” term, the pairing interac-

tions and both the quadrupole 82. and hexadecapole £ 4 deformations.
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TABLE 1

Energies and relative intensities of gamma rays observed in Eu decay

X" -ray energy | relative . F -ray energy relative
[keV/ intensity [keV/ intensity
79.640.2 46.4 +4.6 1141.7+0.3 - 097.83+0.08
182.140.2 8.2 +1.1 1180.1+0.3 | 0.9040.20
528.1+0.2 . 6.1 +0.5 +1183.8+0.3 9.9 +0.9
606.640.,2 13.0 0.6 1233.4+0.3. | 0.69+0.15
698.7+0.2 4.0 +0.3 1260.410.,3 1.55+0.20
743.3+0.2 12.2 +0.9 1263.5+0.2 | . 7.504+0.8
750.9+0.3 0.82+0.10 1283.740.3 0.23+0.05
764.040.2 - 1.1540.16. . 1291.940.3 0.96+0.15
769.5:0.2 1.9 +0.2 1300.840.4- |  0.67+0.07
779.140.2 2.97+0.25. - 1311.740.3 1.0640,26
816.5+0.2 1.08+0.09 1323.240.4 0.98+0.9
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TABLE 1 continued

-ray energy .relative X"-ray energy | relative
[keV/ | intensity [keV/ intensity

824.3+0.2 5.1 +0.4 1347.4+0.3 5.9 0.3
828,140.3 | 0.85:0.11 1433.140.4 0.31+0.12
852.610,2 1.49+0.10 1437.840.4 0.1740.07
871.040.2 | 5.1 40.5 1529.440.5 0.25:0.08
897.9+0.2 42.7+1.9 1517.40.5 0.1240.06
907.140.2 6.0 .10.5 1713.410.3 0.78+0.10
917.0+0.3 1,18+0.14 1768.7+0.4 0.22+0.08
922.640.2 5.9 +0.5 1849.3+0.4 0.60+0,15
925.740.3 0.60+0.15 1856.3+0.5 0.56+0.12
940.1+0.3 1.2 +0.3 1883.4+0.3 4.4 +0.3
944.3+0.15 roo 1929.840.5 0,26+0.08
953.440.2 5.8 +0.5 1943.7+0.3 4.8 40.5
962,240.2 6.0 +0.4 1957.140.4 0.48+0.10
977.0+0.15 |52.3 +2.1 1964.2+0.3 0.47+0.08
986,8+0.2 4.9 +0.4 2022.8+0.3 3.4 +0.2
999.140.3 2.0 +0.2 2245.040.4 1.36+0.15
1003.9+0.3 1.78+0.4 2314.4+1.2 0.19+0.10
1005,7+0.3 4.5 0.6 2366.1+0.4 2.4 +0.5
1034.8+0.3 0.46+0.10 2394.8+0.6 0.38+0.10
1061.5:0.3 | 1.82+0.20 2446.9:0.4 2.6 40.3
1107.940.2 ]18.6 +1.0

1116.0+0.3 4.6 +0.4

1137.8+0.4 0.62+0.,08




The values of log ft for the levels populated by
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TABLE 11

1Ssl?,u decay

ﬁ -feeding

Energy level log ft
[keV/ /%]

0 5 8.6
79.55 23.0 7.9
261.6 0.54 9.4
977.2 17.8 7.5
1023.8 21.4 7.3
1041.3 0.005 -
1187.1 1.96 3.3
1195.6 0.92 8.6
0 1260.4 0.77 3.6
1263.5 2.7 8.1
1265.5 0.15 9.3
1403.2 0.44 3.8
1517.4 0.07 9.4
1793.1 5.5 7.3
1848.1 2.5 7.6
1894.5 0.58 8.2
1930.0 6.1 7.1
1963.8 5.3 7.1
2023.8 2.6 7.4
2269.1 1.35 7.4
2324.8 2.5 7.0
2394.9 0.14 8.2
2446.3 1.2 7.1
2498.6 0.43 7.5
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130 30

LEVELS IN Ba FED FROM 1 La DECAY

Ch.Droste, T .Morek, M.Nowicki, J.Srebrny, W. Starosta

Institute of Experimental Physics, University of Warsaw

E.Sayed

University College for Women - Ein Shams University, Cairo, Egypt

The experiment was conducted on the 10 MeV proton linear accelerator

130

of the Institute of Nuclear Research at Swierk. The La sources were

130Ba /p,n/13o

was 9.5 MeV, the Q - value for the /p,n/ reaction being equal to - 6.5 MeV.

produced in the La reaction. The energy of the proton becam

5 mg/cm2 thick targets of enriched 13OBa were prepared from BaClz. After
the -activation was terminated, the gamma - rays were studied by means of
30 cm3 Ge /Li/ detector with a resolution /FWHM/ of 2.4 keV and 2.9 keV
for Ey' =1 MeV and Ey = 2 MeV respectively.
Measurements were performed of:
a/ Gamma spectra from the La-Ba decay.
b/ The decay of the gamma lines; this allowed us to identify the gamma transi-
tions associated with the decay of 13OLa.
¢/ Gamma - rays from the La-Ba decay together with gamma - radiation from

226Ra/; This allowed us to improve

calibration sources /56Co or

the quality of gamma energy determination.
The energies and intensites of 28 gamma transitions following radioactive
decay of 13OLa are listed in Table 1. The level scheme of l308:’1 was con-
structed basing on this data, taking also into acount the information about
lowv lying levels available from the previous works [l]

The level spins in 130Ba were assigned on the basis of log ft values and
the rules given by Raman and Gove [2] Some additional information was ob-
tained when the gamma - transition probabilitiecs were taken into considera-

) 130
tion. The proposed decay scheme of 3 La is presented in Fig. 1.
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The results were compared with the theoretical collective model
of Rohozifski et al. [3]. This model assumes a weak dependence of poten-
tial on the gamma deformation., When comparing the energies given by this
model with the experimental values for levels with well defined spin and
parity, a good fit was obtained / see Table 11/. However, we cncountered
difficulties in cxplaining some of the experimental data:

1. In the energy region near 1.5 MeV we observed three levels with
energics 1361 keV, 1477 keV, 1557 keV and spins 2,3 or 4. Using this
model a multiplet with level spin and parity of 0+, 3+, 4+, 6" she 1d be
expected in the mentioned energy region. We could not observe the 0% and
6" levels because of the spin of the ground state of 130La which equals 3.
The 6% level /Eexcit= 1593 keV/ was observed by Rotter et al. [4] and
Ward et al. [5] in the /HI;xn/ reaction. Among the three mentioned levels,
two can have spin and parity 3+ and 47 /as it is expected from the model/.
The presence of the third level is not predicted by this model, however it
can be explained by assuming that it is a collective level with 1 = 3 /but
there is no experimental evidence for this/.

2. Using this model we could not obtain the reduced transition probablity
B(EZ; 27 0™) and the quadrupole moment Q2+ values comparable with the ex-

perimental ones.

References:

1. A.Abdul - Malek, R.A.Nauman, Nucl. Phys. A 108, 401, /1968/

2. S.Raman, N.B.Gove, Phys. Rev. C7, 1995, /1973/

3. S.G.Rohoziriski, J.Srebrny, K.Horbaczewska, Z.Physik 268, 401 /1974/

4. H.Rotter, K.F.Alexander, Ch.Droste, T .Morek, W.Neubert, S.Chojnac-
ki, Nucl. Phys. A133, 643 /1969/

5. D.Ward, F.S. Stephens, R.M.Diamond, Lawrence Radiation Laboratory,
University of California, Report UCRL -18667 /1969/.
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TABLE 1

Gamma-ray energy
[keV/

[ arbitrary units/
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TABLE 11
. . 130
Experimental and calculated energy levels in Ba.
In the last column spins and parities of all possible

levels belonging to the multiplets are given

Iexp E-exp/kev/ Etheory/kev/ 1theory

2" 357 363 L2,
A 908, 902 895 2 ¢

¥ 1593 1582 o*, 3" 4t 6"

* 2396 2408 2% 47, 57, 6%, 87

HIGH-SPIN EXCITED STATES AND EVIDENCE FOR PARTICLE-CORE

COUPLING IN THE N=83 NUCLEI lZ'éSZSm AND léZGd

J.Kownacki, Z.Haratym, J.Ludziejewski and Z. Sujkowski
Institute of Nuclear Research, Dep. Phys. 1A, Swierk
05-400 Otwock, - Poland

1.Adam
Charles University, Prague, 12116 Praha 2, Czechoslovakia

H.Ryde

Roskilde University Center, Roskilde,Denmark

High spin states in the lZ"SSm and 147Gd nuclei having one extra
neutron outside the N=82 closed shell have. been populated through the
' . . 144 144 .
Col ,on‘h) and <06,n*6') rcactions on the Nd and Sm enriched targets.,
Singles B‘—ray, 8’-3" coincidence spectra, angular and time distribution

of B" -rays with respect to the beam bursts have been measured. The level
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schema proposed for 1455m and l47Gd on the basis of the obtained

results are shown in Fig. 1 and Fig. 2, respectively. From the time
distribution of 8’ -rays it follows that the.l3/2+ excited statcs populated
in these nuclei show the half life time T =15.5+2.0ns in 165 Sm and

1/2
=23.5+5.0ns in 14—/Gd.

T2
The hindrance factor:

B(E 3)exp

G(-3) - o

B(E 3, li 7/2)

13/2
145

calculated for these half-life values are equal to 8.2 and 11.5 for and

147

Gd respectively. This enhancements of the EJ3 transitions indicates that

the 13/2+ states contain important contribution of the 13/2+ member of the

.(2f7/2 (€N 3_)mu1tip1et:

113/2+> = 1“13/2> ¥ 8\(2‘?7/2 S 3—>13/2+>

147

/=
with 82 = 40 % for 1-'DSm and E,Z =59 % for Gd.

Also the lowest 9/2— states should be a fnixing of the 9/2— member of
the (2£, ), ® 2") multiplet and the lhy ),

lowest 11/2 states my be interpreted as being due to the coupling of a

single particle state, while the

particle in the 2f orbital to the 2* one - phonon state in the lZ"Z"Sm and

146 7/2

Gd core, respectively. The simplest and most probable interpretation
of the ground state 7/2_ and the 3/2 state is to describe them as due to
, 1A . o 5 o ) . _

the single -particle orbitals ..f7/2 and “p3/2’ 1c$pcct1ve1y.

The higher-lying states my be interpreted as due to the coupling of a

ara o tigpa

states in th; Sm and Gd core, resulting in three particle states.

_ _ + + -
ncutron in thc ._f_ or li orbital to the 4 and 6 two proton

The largest possible spin values achieved in the V (11 )T(Zd_ )
13/2 5/2
and V (11 "/')3 Sl (Zd_/,)lg_/./zv coupling are indaced 21/2+ and 25/2%¥re spectively.
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. /.
HIGH-SPIN STATES IN 1é6Nd g, OBSERVED
IN THE (o ,2n) REACTION

L.E.De Geer and A.Kerek
Research Institute for Physics, 10405 Stockholm 50, Sweden

Z .Haratym, ]J.Kownacki and J.Ludziejewski
Institute of Nuclear Research, Dep. Phys. 1A, Swierk
05-400 Otwock, Poland

142

The excited states of 144Nd have been studied using the Ce

142Ce (oC,an‘) lM’Nd reaction. Singles ‘6’ -ray, 8’-‘8‘ coincidence

spectra, angular and time distributions of X’-rays with respect

to the beam bursts have been measured by means of Ge(Li)detectors.

The results obtained allowed to construct the level schema of 144Nd

shown in Fig. 1. Energies and intensities /in parantheses/ are given.

No isemeric states with half life longer than 1 ns have been found.
The majority of the observed states with spin values up to 12 can

be explained as two-quasiparticle states. Several of the highest-spin

states can be explained qualitatively as fourquasiparticle states,
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INTRODUCTION

The report on the nuclear data activities in Romania pre-
sents the work carried out during 1974 as follows:

A. A brief review of activities connected with the compu-
terising of compilation and evaluation processes of neutron nu-
clear data and the calculation of multigroup constants for reac-
tors, activities which had an increased importance during this
period.

B. A brief review of the activities concerning experimen-
tal measurements of neutron and non-neutron data.

C. A brief review of some activities regarding data com-
pilation on reactions of producing strange particles.

D. Reports and abstracts_regarding results obtained in
the enumerated fields, published or to be published.

They 4o not claim to be complete or formal. In consequence
their quoting or reproduction will be done only with permission
of the authors.

Both theoretical and experimental works on nuclear data
were carried on according to the National Nuclear Program, in
accordance with "own requirements" and at the same time with
the WRENDA requirements for data.

The above-mentioned activities were mainly carried out
within the Institute for Atomic Physics - P.0.B. 5206,
Bucharest, Romania, and the Institufe for Nuclear Technology,
P.0.B. 5204, Bucharest, Romania.

The new list of Romanian Nuclear Data Committee'’s

members is given.
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So as in previous years, part of the research was developed
in collaboration with similar institutes abroad or during specia-
lization stages.

We wish to thank the institutes and specialists that have
cooperated with us or that have accepted Romanian specialists in
their laboratories offering them optimum working conditions.

At the same time, we have benefited of the permanent
support of I.A.E.A. and especiallv of the Nuclear Data Section,
for which we express our grateful thanks.

We hope that in the future also, the multiple and effi-

cient collaboration in this field will develop.

A. A BRIEF REVIEW OF THE ACTIVITIES OF COMPILATION, EVALUATION

AND CALCULATION OF MULTIGROUP CONSTANTS FOR NEUTRON NUCLEAR

DATA.

During 1974 this activity has developed significantly
within the I.A.P. Nuclear Data Laboratory, as follows:

The DANEX experimental neutron nuclear data library was-
areated, adopting a format similar to the CSISRS_library and
to that adopted by I.A.E.A. The storage is done on 9 track
magnetic tape. Programs INDEX, SINTEX-1, SINTEX-2 and REDEX
are used to introduce data on the magnetic tape and for their
selective retrieval.

In the storage manner adopted, besides integral, dif-
ferential and partial cross-sections, a number of quantities are
introduced, characterizing thermal neutrons (frequency distri-

bution functions f(w), g(y), p(B), the scattering law
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s(a, B) scattering cross-section of bound atom, etc.).

At present in the DANEX library are introduced neutron data
for Be, O, Di, DZO; Th-232, U-235, U-238, compilated in part within
the laboratory and in part received through the kindness of the
I.A.E.A. Nuclear Data Section.

With the view to later processing of data for evaluation
by means of the PREG-1 and PREG-2 programs data processing is
carried out using a DANEX tape as input. As output is obtained
another tape containing renormalized numerical data, selected for
a given element and ordered according to energies in a format
compatible with the subsequent processing programs.

Further, by means of the LISTPLOT program, the cross-sec-
‘tions, the errors in cross-section and in energy are plotted on
the printer to determine the discrepancies and gaps allowiné the
elimination of some data. |

The fitting of experimental data is done by means of the
SPN~SIGMA-FIT program by cubic splines, optimized by an x2 cri-
terion. The last three programs are mutually compatible as
input-output and start from a data tape of the DANEX library. To
cover gap regions and to clarify some discrepancies in the experi-
mental data, and in general for theoretical calculations, several
programs were adopted or created, namely:

- In the field of thermal neutrons by means of the
program SEINT, the neutron scattering law is calculated, as well
as the total scattering cross-section, the inelastic cross-section,
the elastic cross-section, the transport cross-section.

- In the field of fast neutrons program JUPITOR was
adapted for computing the total, elastic, reaction cross-sec-

tions and the angular distributions through the coupled -
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channel theory.

- By means of ohe of the above mentioned programs preli-
minary evaluations for Be were performed.

An ABBN multigroup constant library for fast reactors was
created. The EXDATA code prepares the tape of evaluated data
using as input the DANEM evaluated data library. This tape is
used by the ETDAN code for computing self-shielding factors in
the resonance zone, as well as the infinite dillution sections
and the inelastic transfer matrix for energy structures up to 50
groups.

The ETLIB code allows all necessary operations with multi-
group data stored on the tape . The library contains at present
ABBM multigroup constants for Be; U-235, U-238, Pu-239, Np-237,
Th-232, D, O-;G in various energy structures.

In the field of thermal reactor data the efforts were con-
centrated on adapting some computing codes on generating, prepa-
ring and handling the data as follows:

- generating, from the scattering law of thermal multi-
group sections (30 groups) through the BLITHE code;

| - putting into operation the library of epithermal and
fast multigroup data (code BINHDT, NUTAPE-II).

The BRT-1v UNIVAC 1108 code was also adapted for the
IBM-370/135 (DOS) system, testing on a number of 9 cases.

The code HRG-3 was put into operation for the calcula-
tion of the epithermal and fast spectrum (and of multigroup cell
constants) allowing thus, in conjunction with BRT-2R a complete
description of a spectrum in a thermai reactor cell.

At the same time, within the Institute for Nuclear

Technology (I.N.T.) nuclear data activity is closely connected
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with core physics calculations for thermal and fast reactors, fuel
burn-up, shielding, neutron dosimetry and the calculations regar-
ding nuclear fuel development.

Interest is directly connected with evaluated nuclear data
which can be transformed in multigroup model as well as general
microscopic multigroup sets.

In collaboration with the I.A.P. nuclear data laboratory,
a calculation program for generating multigroup data in ABBN
scheme was elaborated.

I.N.T. is also concerned in the improvement of multigroup
nuclear data using integral experiments.,

In this respect a neutron standard spectrum generating

facility was built.

B. BRIEF REVIEW ON ACTIVITIES REGARDING EXPERIMENTAL NUCLEAR DATA

MEASUREMENTS.

Within the nuclear physics sections of the I.A.P., the ac-
tivity of obtaining experimental nuclear data was continued and
developed in 1974.

As regards the material basis which 1lied at the bed-vock
of these measurements, it did not indicate an obvious development
during this period.

It is however to be mentioned that the semiconductor
detectors and most of the new modules and electronic devices were
of awn production.

The main facilities used were:
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- the U-120 cyclotron,tandém F-M, betatrons, and'the VVR-S
reactor.

At the cyclotron were approached the subjects for which
the weak energyresolution of the bombarding beam had no influence
on the accuracy and value of experimehtal results.

The following measurements were carried out:

- neutron interaction with energies of the MeV order with
the isotopes of boron:;

- obtaining and study of new fissionable isomers of the
Am, Pu, U} region;

- measuring the angular distributions of neutrons resulted
from reactions (p, n) and (o, n) on medium nutlei;

- simulation of irradiation defects produced by fast neu-
trons by irradiation with alpha particles.

Another category of measurements performed at the cyclotron
was that connected with obtaining of non-neutron data of lafge
use in the economical and social life as for instance:

- measurement of excitation functions of some reactions
to determine the optimum output of producing new radioisofopes
which had tolproducing isotopes of Fe, F, Co, Ga and I within
the I.A.P.;

- measuring production sections of fluorescence X rays by
charged particle and neutron activation.

This activity is supported in part by I.A.E.A.

The first results of these measurements were used to de-
termine the concentration of elements in soil and subsoil ahd in
a number of applications in metallurgy, mining and medicine.

Another group of measurements aimed at accumulating new

informations on the atom nucleus and the mechanisms of producing
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nuclear reactions:
- measurements on the lifetime of excited nuclear states

in the range 10710 - 10713

sec by the method of attenuating the
Doppler (DSMA) and Planger shift;

- obtaining of new isomers and determination of g factors
for medtum nutdei. B

This category of measurements was much developed especial-
ly at the I.A.P. tandem, namely:

~ Y spectroscopy in heavy ion reactions,

- study of analog isobar resonances and of some anomalies
in the excitation functions (d, p), and (p, p) on opening other
channels,

- measurement- of angﬁlar'distributions'for-the particles
resulted from reactions with trahsfer‘of one or more nucleons,

- méasurement of internal conversion X rays and of
gamma rays |

We appreciate that the results obtained are of real value
by the novelty of their scientific content.

Using the betatron accelerators, a number of measurements

181(7, Xn)

were performed on the cross-section of the reaction Ta
as well as the delayed released gamma rays by photofission of
natural and enriched uranium.

At the I.A.P. reactor the research carried out was meant
to supply new neutron data:

= study of the behaviour of some material for thermal,
epithermal neutron transmission and simultaneously of neutrons
and gamma rays,

- analysis by the method of delayed neutrons of U and

Th from geological samples,
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~ calculation of correlation coefficients between neutron
reduced widths and the binding energy of the neutron in nuclei of
isotonic group,

- high accuracy absolute determination of neutron fission

235U (also object of I.A.E.A. contract).

cross-section of
By thermal neutron techniques determination were made on
static and dynamic structure for some metals and molecular systems

in liquid and solid state.

C. SHORT REVIEW ON THE ACTIVITY OF COMPILATION OF DATA FOR

STRANGE PARTICLE PRODUCTION

In the High Energy Laboratory of the Institute for Atomic
Physics, the activity of cémpilation of data on reactions with
strange particle production has been continued. During the year
1974 in collaboration with the Joint Institute for Nuclear Re-
search - Dubna, the University of Bucharest and the University
of Helsinki (the BUDHE Collaboration), the data on cross-sections
for strange particle production in proton-proton collisions have
been compiled. Also, the compilation of cross-sections for stran-
ge particle production in T p collisions has been up dated.

The group activity has been extended to data compilation
on mean strange particle multiplicities. Moreover, the dependence
of the mean multiplicities of strange particle production on
energy has been investigated, the available data being parame-
trized in a fashion interpretable within the framework of some
theoretical models. A comparative study of the dependence on
energy of the mean multiplicities of strange and non-strange

particles has been done.
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D.1. INDEX, SINTEX AND REDEX - PROGRAMS FOR THE STORAGE AND

RETRIEVAL OF THE EXPERIMENTAL NEUTRON NUCLEAR DATA -
S. Mateescu, G. Vasiliu

According to I.A.E.A. recommendations concerning computerised
neutron nuclear data libraries, the program INDEX assures the storage of
the typical neutronic nuclear data on magnetic tapes.

The program SINTEX retrieves compressed information regarding the
institute; laboratory, first author, isotope and reaction type, energy range,
number of experimental points, for a fast and qualitative analysis of the
data.

The program REDEX retrieves and prints all information regarding

a given isotope for one or more reaction types.

2. PREG-1 AND PREG-2 -~ PROGRAMS FOR THE PROCESSING OF THE

NEUTRON NUCLEAR DATA - G. Vasiliu, S. Mateescu

The program PREG-1 selects from a DANEX tape a minimum quantity
of information for identification of data and numerical data, generating an
output tape BL 1 for a given isotope and reaction type.

Any later processing of these data can start with this tape which
is shorter than the original DANEX tape.

The program PREG-2, using the BL 1 tape generated by PREG-1 as in-
put, made uniform the data units, made the renormalization of the data and
excludes Some- data.

As output the program PREG-2 generates the tapes BL 2 or BL 3, res-
pectively.

3. LISTPLOT - A PROGRAM FOR THE PLOTTING OF THE EXPERIMENTAL

AND/OR COMPUTED NEUTRON DATA - G. Vasiliu, S. Mateescu

Using as input the tape BL 2 generated by PREG-2, the
program LISTPLOT made on the printer, a plot of nuclear cross-
sections, energy errors and cross—-sections errors from different
references with different signs. The plot is made on 11 energy
-3

subranges between 10 eV and 20 MeV with a particular scale for
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each range or with a scale for all ranges.

According to the extreme values ratio of the quantity to be ploted,
the scales can be lin-lin, log-lin, and sqrt-1lin.

Because of the large number of points the program made averaged values
for the all points arrising from one reference to be ploted at one energy.

This type of plot is used for the analysis and selection of the data
according their quality for evaluation.

Using the tape BL 3 with the complet processed data,the program
permites the plotting with the same sign of the weighted averaged data to
choose the ¥nots for their fitting with the programe SPN-SIGMA-FIT. |

4. SPN-SIGMA-FIT - PROGRAM FOR FITTING OF NUCLEAR DATA -

- S.Rapeanu, G. Vasiliu, S. Mateescu

The program SPN-SIGMA-FIT represents a chain of two programs, SPN
for fitting of the data using cubic splines and the program SIGMA for the
optimization of the spline’s parameters by X2 criterion. Both SPN and
SIGMA programs, contain subroutines for the calculation of interpolated
cross—-sections, for plotting the experimental, computed and optimised data.

They print also tables containing energies, experimental cross-sec-
tions by initial and optimised splines and suitable errors, allowing a fast

analysis of the results.

5. SEINT - A PROGRAM FOR THE CALCULATION OF SCATTERING LAW
AND OF SOME NEUTRON CROSS-SECTIONS IN THERMAL ENERGY RANGE

- C. Munteanu, N. Mateescu

The program compﬁtes the scattering law of neutron, the total scat-
tering cross-section, the inelastic cross-section:, the elastic cross-section
and the transport cross-section for thermal neutrons.

The incoherent approximation is taken into account and the multipho-
nonic extension is used.

For 2 W > 6 the program uses "the short time" extension.
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6. A MODIFIED VERSION OF THE PROGRAM JUPITOR FOR THE CALCULATION

OF THE CROSS SECTIONS BY THE COUPLED CHANNEL THEORY -

S. Mateescu, E. Badescu, N. Dragan

The program computes the total, elastic and reaction cross-sections,
and the angular distributions of the secondary neutrons. Using the coupled
channel theory for nuclear reactions(T.Tamura),the program takes into account
the case of collective nuclei: vibrationales (permanently deformed) and rota-
tionales (temporary deformed). The original version has been phased and

requests now only 165 k bytes memory. It is compatible with IBM-IAP computer.

7. COMPUTATION PROGRAM FOR GENERATION OF GROUP CONSTANTS FOR

FAST REACTORS - D. Gheorghe, V. Cuculeanu

The program conceived in the year 1973 was accomplished and the first
execution tests were done.

Using the A.B.B.N. schema, the code computes the multigroup cross-sec-
tions (total, fission, capture, elastic and inelastic scattering ) for infinite
dilution, the selfshielding factors for six dilutions, the average number of
neutrons per fission, the mean logarithmic energy decrease’ per scattering and
the average cosine of the scattering angle.

The code accepts maximum 50 groups.

The code is optimized, using a 189 kbytes memory, and a file on disk
of 20 cylinders. |

Up to now we have made calculations for U-235, U-238, Pu-239 with 26
groups and for Be, Nb, O, D with 4O groups.

In order to develop this program we intend to introduce special sub-
routinesto compute the elastic scattering matrix and the multigroup constants

for the PN approximations.

8. BRT-2R- AN IBM 370/135 VERSION OF THE BRT~1 CODE - I.Preda

BRT-2R is a transport code which computes the thermal neu-
tron spectrum depending on the position into one reactor cell.

Initiated by Honeck, the code has been developed and im-
proved by C.L.Bennet et al. (BNWL 1434), on UNIVAC 1108 computer.
The subroutines SETDAR, OPDMWT, CLDAWT, have been reéemoved
depending on the UNIVAC 1108 system.
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Consequently we lost some facilities of the program as the random
access possibility to the library.

The main modifications have been: passing to the sequential access to
the data library for thermal neutrons by modifications of the RBLITHE code,
which generates the thermal multigroup constants from the scattering kernels
and by rewriting the TAPISO subroutine.

The other unsignificant modifications are: the changing of specific
formats of the UNIVAC-1108 version and the reducing of some code dimensions
(consequently the program allows up to 20 spaced points and 5 mixtures).

The program has been multiphased too, and has been checked for 9

control cases.

9. PRESENT STATUS OF THE MULTIGROUP NUCLEAR DATA SET FOR FAST

BREEDER REACTORS AT THE INSTITUTE FOR NUCLEAR TECHNOLOGY -

V. Cuculeanu, D. Mocioiu

During the year 197L we have made a great effort in order to imple-
ment at I.N.T. a nuclear data file containing the A.B.B.N. set, 196k and 1972
versions, and those published by Cosini and Salvatores |RT/FI (72)LkL| .

He and Cl were taken from Huschke's paper |KFK - 7701 .

We have now data for Mn and Co.

We have also given attention to the development of the computer
codes for processing basic multigroup data in such a way to be compatible
with criticality calculating codes.

In this respect, we can mention the PRESEC code, which caleulates
the macroscopic cross-sections for the homogeneous zones and the BIZON code

used for the fast reactor two-region cylindrical cells in square lattice.

10. INES - INT - STANDARD NEUTRON SPECTRUM IN THE INTERMEDIATE

ENERGY RANGE - I.Girlea, A.Thurzo, B.Cirstoiu, P.Ilie,

L. Moisin

In order to establish neutron  properties of the INES-INT facility
during 1974 neutron measurements and calculations begun.

The flux characteristics in the empty cavity have been measured as
follows: absolute thermal flux, spatial distribution of thermal neutrons
and Cd ratio. These measurements have been necessary for the knowing of the

neutron properties of INES - INT facility and for the establishing of
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experimental conditions for comparison between the following system: INES~INT
~ Bucharest Romania, — Mol, CEN/SCK Belgium and NISSUS - Imperial College of
Science and Technology - London - England.

Calculations have shown the spectra in the two systems
Mol and INES - INT are the same (or identical within calculetions approxima-
tion scheme) but differ to some extent from NISSUS spectrum, due different
geometry of the English driver.

The measurements of neutronic spectrum by spectrometric method with
semiconductors with Li6 deposits have been carried out by joint efforts of
CEN/SCK Mol and INT,

On this occasion, the experimental conditions necessary for measure-

ments (as reactor power, detector locations) have been established.

11. STATISTICAL PARAMETERS FOR TWO La ISOTOPES FROM

134 134 '1363a(p,n)136

Ba(p,n) La AND La REACTIONS -

Elena Nicuti, R. Dumitrescu

The level density parameter "a" is of essential importance for the
nuclear level density calculation generally used in cross-section evaluation
in the frame of the statistical model of the nuclear reactions.

Although, in the last time, the pre-equilibrium decay model was suc-—
cessful in explanation of the apparent variation, with bombarding energy of
the level density parameter of a certain nucleus, however, the absolute value
predicting of the cross-sections remains an open problem yet.

As a result of the experimental'evidence accumulated, it has remained
an established fact that, the more precise determination of the level density
parameter can be obtained from angular distributions of the emitted particles
in reactions with compound - nucleus formation, on condition that the real
statistical character of the respective reaction be verified.

This condition is realised by choosing low energies for projectile
particle and for emitted particle especially at a backward angle asgainst
the bombardment particle direction, where the mechanism of reaction is prac-
tically statistical.

In this sense, the present work had as purpose the determination of
the statistical parameters of some elements situated in the heavy mass region
to complete the picture of the statistical paremeter values for isotopes

unstudied yet.
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Thus, was studied the lantan element through two of its isotopes namely

134 136 13k 13h 136 )136

La and La as residual nucleil in Ba(p,n) - La and Ba(p,n

tions. The information concerning level densities was obtained from statistical

La reac-

emission study of the neutrons resulted from the reactlions afore mentioned and
the analysis of the experimental results was made in the frame of the Fermi-gas

model of the nucleus.

The values of the level density parameter”a"and of the nuclear tempera-

134

ture T for the isotope La were extracted from an energy spectrum at 130O

angle, at excitation energy of 3 MeV and for a bombarding energy E = 9.158 MeV.
The values of the some parameters for the isotope 136La were extragted from an
energy spectrum at 1500, at excitation energy of 4 MeV and the same bombarding
energy.

The results obtained are indicated in table I and they are in very good
accord with the values published by other authors for some elements situated

in this mass region.

Table I

Element Parameter
a(MeV ) T(MeV)
13hLa 17.2 £ L1 0.579 + 0.069
i 136La 17.3 = 4.1 0.633 + 0.075

The curves of angular distribution were also analysed at the mentio-
134

ted  pombarding easrgy for some intervals of excitation energy in
136
La

La and

The value practically constant of the double-differential section at
angles larger than 900, on all considered excitation energy region is a proof
that in our case, the emission at backward angles is purelly statistical and

that the values of the parameters obtained in the present work are reliable.

12. THEORETICAL AND EXPERIMENTAL RESEARCHES OF DOPPLER EFFECT

ON THE NEUTRON RESONANCES - V.Mateiciuc, M.Constantinescu,
T.Stadnicov.

The shape of the neutron absorption line for an atom which is bound
in a crystal lattice, was calculated by Lamb. In this case, the neutron

cross—-section for a weak lattice binding, in the neighbourehood of the ab-
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sorption resonance is given by the following relation:
1/2
o =0 + (=— c VY
(B) x) p (E ) 0o (B) x)
vhere, op is the potential cross section, E_ and En are the neutron energies in
laboratory coordinates, Oo defines the total cross section for x = 0 and
¥(B, x) is the so called Doppler function.

For two temperatures, the ratio of the neutron cross-sections. is:

a,/0, = ¥(B,s x)/¥(B,,s x)

When x = @, the Doppler function depends only of 8, which is given
by the relation:
24
r

Where, A is a function of the temperature and I the total neutron width.

8 =

The Doppler functions can be calculated for different temperatures
and T widths.

Two problems can be resolved:

- when the ratio 01/02 at two temperatures T, and T, is known, the
total neutron width can be calculated, and,

- when the total neutron widh, 'y and the neutron cross section, 01,

at room temperature are known, the neutron cross section, o

? for the other

temperature can be calculated.
Fig. 1 represents the ratio of Doppler functions for differents 61,

and B,, and Fig.2 , the variation of W(B1, 0)/¥(B8,., 0) versus T for different

o9
temperatures.

The curves of fig. 1, can be used in the determination of the neutron
cross section for other temperatures and the curves of fig., 2 fqr the total T
width determination.

Experimentally, these grafics have been verified for the nuclear

parameters determination at 6.24 eV resonance of 121Sb.
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13. THE EFFECTIVE CROSS SECTION OF THE 18lTa(y, xn) REACTION -

D. Catand, G. Baciu. V.I.R. Niculescu

The systematics of the giant dipole resonance, which characterizes the
absorption of electromagnetic radiation by nuclei in the energy range from
about 10 to 30 MeV, is of a great interest today. Such experimental results
are necessary in order to check different competing nuclear models for compu-
tation of photoabsorption cross-section; these cross-sections are needed in
the evaluation of the (n, y) cross-sections.

In a continuing series of experiments, the photonuclear group at the
Betatron Laboratory has undertaken to conduct such a survey. The measurements
reported here on the 181Ta nucleus is part of the investigation regarding
heavy nuclei.

The yield curve of the 181Ta(Y, xn) reaction has been measured from
the threshold of the reaction up to 23 MeV with 0.1 MeV spacing, and a sta-
tistical error less than 1%. The computation of the total photoneutron cross-
section from the measured yield curve of 181Ta(y, xn) reaction is based on

the least structure solution with S, smoathing matrix, using the corresponding

forward-direction thick-target bremistrahlung (FDTTB) spectrum for a Ta
target of 0.382 g.cmTz thickness.

The multiplicity correction for (y, 2n) reaction contribution cannot
by directly evaluated when a low efficiency system is used, which is the case
in our experiment (about 10%). Consequently, this contribution to the measured
total photoneutron cross-section of 181Ta(y, xn) reaction has been estimated
by considering (y, 2n) data from measurements by Bergére et al.

In fig. 1, the total photoabsorption cross-section is represented by
bars indicating the uncertainties due to experimental error in the measured
yield curve.

Also in fig. 1, the computed total E1 photoabsorption cross-section

18

for 1Ta under the approximation of single-parcle transitions® is given.

14. DELAYED GAMMA RAYS EMITTED IN NATURAL AND ENRICHED

URANIUM PHOTOFISSION WITH BETATRON BREMSSTRAHLUNG -

V. Galatanu, M. Grecescu, G. Baciu

The purpose of this investigation is the determination of absolute

yields for the production of delayed gamma-rays emitted after uranium
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photofission with a bremsstrahlung beam. The necessity for these nuclear data
was emphasized by T.A. Byer in the Draft Working Paper for IWGNSRD on Non-
Neutron Data Needs for Safeguards Development Purposes at a I.A.E.A. meeting
in 1972.

The dependence of the absolute yield versus end-point energy of the
bremsstrahlung was measured for natural uranium in the energy range 8-16 MeV.
Some illustrative results for the most prominent gamma rays are given in
Table 1. At 16 MeV, the absolute yield were measured versus the concentra-

235

tion of U in different enriched samples. Some preliminary results are

given in Table 2. For most observed gamma-rays, the yield is increasing

linearly with the 235

10’4TC a 132

U concentration with the exception of those belonging to
an Te which are decreasing linearly. The data processing is still

in progress.

15. MEASUREMENTS OF STATICAL AND DYNAMICAL STRUCTURE

FACTORS FOR SOME METALS AND MOLECULAR SYSTEMS IN LIQUID

AND SOLID STATE - V. Trepadug, I. Padureanu, O. Dumitru

The statical and dynamical structure factors for Cu and Al-alloys
were measured by thermal neutron scattering.

We have tried to put in evidence the clustering near the melting
point.

Information about pair-interaction-potential were obtained starting
from the liquid state theories existing at present. For this, the structure
factors were measured over a large range of the momentum transfer, covering
a large domain of temperature. The measurements were corrected for multiple

scattering, resolution, absorption, etc.

16. CROSS SECTIONS FOR STRANGE PARTICLE PRODUCTION IN n*
INDUCED REACTIONS - T. Begsliu, M.Gavrilag, I.Berceanu,
S. Berceanu, C.V.Kautis, A.L.M.Mihul, T.Nygren,
K.vV.Laurikainen. EL-7380, JINR Commun. (Dubna)

A computerized compilation of cross sections for strange particle
production in the collisions of the 1" mesons with protons, neutrons and
deuterium is presented. 256 reactions with strange particle production have
been compiled. For reactions with more than 5 data points, plots of the

dependence of the cross-sections on primary energy are presented.



Absolute yields (quanta/gram.Rdntgen)

Table

1

T; =2.5h T, =2.5h

E, T, Ezr (MeV)

(keV) (h) 8 9 10 11 12 13 14 15 6
228.6 10 18.2+0.6 19.2+0.6 19.9+0.6 21.5+0.6 24.,1+0.7 28.4+0.8 32.4+ 0.9 Li.h+ 1.2 L45.L+ 1.5
24k9.63 26 17.1+0.5 17.820.6 21.2%0.6 Lh.1+1.L  66.0+1.9 76.9+2.2 84.6* 2.5 105.8+ 3.4 12L4.2%+ 4.0
293.26 10 31.7+#0.9 32.8+40.9 34.6+1.0 35.1+1.0 38.0+1.1 39.8+1.2 Lh2.7+ 1.3 L9.5+ 1.6 5h4.2+ 2.0
306.8 0.5 L8.3+1.6 52.4+1.8 55.842.0 10L.7+3.3 210.5%6.1 250.4+7.5 304.3+ 9.0 375.1+10.9 L428.5+1L.5
357.96 0.5 19.8%0.6 21.1x0.6 29.2+40.9 L41.6x1.2 50.9+1.6 57.8+#2.0 69.5+ 2.2 86.3+ 2.5 9L.u+ 3.0
529.90 26 12.9+0.3  16.8+0.4 29.7+0.9  L1.7x1.2 52.3x1.6 57.8+t 2.0 73.3t 2.3 8kL.6% 2.5
555.57 26 - 2.9+0.1 3.940.2 8.5+0.3 10.7+0.4 12.4+0.4 15.5+ 0.5 18.0+ 0.6 22.0+ 0.7
641.22 0.5 52.4+1.8  90.2+#2.8 167.1+#5.0 241.3+7.0 279.7+8.4 343.1+10.0 381.3+11.9 L35.5%£13.0
657.92 10 19.2+#0.6 Lo.2+1.2  64.9+1.8 87.0¢2.6 103.L+3.0 130.2+ 3.8 158.1x 4.5 180.5+ 5.5
667.69 26 9.4+0.3  10.7+0.L4  13.L4+0.4  15.6%0.5 20.5+ 0.6 28.1x 0.8 34.8+ 1.0
724. 4 0.5 21.6+0.6 32.5#0.9 L41.8+1.2 52.8+1.6 62.1+x1.8 79.2+ 2.4k 96.0+ 2.9 11L4.5+ 3.5
T43.28 10 153.7+4.5 158.4+L.6 16L.8+4h.7 17L.4:5.0 185.5% 5.3 203.8+ 6.0 235.2+ 7.0
T4o.84 10 5.3+0.2 8.3+t0.3  10.5#0.L  13.5#0.5 16.8+ 0.6 20.1+ 0.6 26.5+ 0.8
772.55 26 7.1+0.3 8.1+0.3 10.2+0.4  11.9+0.4 15.6+ 0.5 21.6+ 0.7 26.8+ 0.8

1260.45 10 14.6+0.5 22.2+0.7 26.4+0.8 31.3#1.0 3L4.5+ 1.2 L1.0+ 1.3 50.7+ 1.5

1383.97 10 2.0%0.1 5.4+0.2 7.9+0.3 8.9+0.3 10.5% 0.4  12.9+ 0.4 15.7+ 0.5

1435, 7k 0.5 77.8+2.2 9k.3+2.5 98.5+2.6 150.3+4k.2 221.1%6.5 253.8+7.5 286.8+ 7.7 373.7+10.6 L1k.3213.0

- ey -



Table 2

Absolute yields {quanta/gram.Réntgen)
T. =2.5h; T =2.5h E' = 16 MeV
i m ir

EY Isotope T1/2 T U235 concentration

(keV) (n) 0.72% 5.2% 16.6% 93.1%

228.16 52Te132 78.2 h 10 bs.h £ 1.5 45.0 + 1.4 Ly L £ 1.3 38.7 £+ 1.0
249.63 SuXeBS 9.16h 26 12b.2 £ 4.0 150.0 + 4.5  212.0 + 6.0 613.4 + 18.0
293.26 580e1h3 33.0 h 10 sk.2 + 2.0 70.4 = 2.3 117.0 + 3.3 409.2 + 11.9
306.8 h3Tc1O; 1L.0 m 0.5 4L28.5 + 1L.5 465.3 + 16.0 560.5 + 19.0 1187.7 + 31.0
357.96 h3T$;§ 18 m 0.5 ok.4 + 3.0 91.2 + 2.7 83.7 + 2.5 32.2 + 0.9
529.90 531 20.9 .h 26 84.6 + 2.5 93.4 + 2.8 119.2 + 3.k 262.7 + 8.0
555.57 39Y9132 49.71m 26 22.0 + 0.7 26.8 + 0.8 38.5 + 1.2 101.1 + 3.0
641.22 57La 92.4 m 0.5 435.5 + 13.0 479.8 + 15.1 598.5 + 18.1 1180.3 + 30.0
657.92 h1Nb97 71 m 10 180.5 + 5.5 207.5 + 6.1 269.6 + 8.2 598.1 + 17.5
667.69 531132 2.28h 26 34.8 + 1.0 39.6 £ 1.2 51.0 £+ 1.6 111.3 £ 3.5
7244 thu105 4.4kh 0.5 11k.5 + 3.5 130.0 + L.O 160.1 + 5.0 395.8 + 12.1
Th3.28 lnNb97m 59 s 10 235.2 + 7.0 266.1 + 8.1 349.5 + 10.8 T773.7 + 20.5
749.8U 3881{2; 9.48h 10 26.5 + 0.8 32.3+ 1.0 W74 £ 1.6 122.5 £ 3.9
T72.5 53I135 2.8 h 26 26.8 + 0.8 30.5 + 1.0 39.1 £ 1.2 85.0 * .5
1260.45 _531 6.72h 10 50.7 + 1.5 57.8 + 1.8 77.1 £ 2.3 171.6 + 5.2
1383.97 388r92 2.71h 10 15.7 + 0.5 23.7 * T h.h £ 1.L 194.0 + .0
1435, 7k Cs138 32.3m 0.5 h1h.3 + 13.0 L68.4 + 14,5 626.5 + 18.5 1426.8 + 40.0

- Gey -
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17. ON MULTIPLICITY SYSTEMATICS OF HO, Kg AND A PRODUCTION IN

HIGH ENERGY COLLISIONS - S. Berceanu, T. Ponta . E1-7501,

JINR Commun. Dubna.

It is shown that the experimental data on Ho, Kg)and A multiplicities

in H-p and pp collisions can be parametrized by a unique function within the
framework of the Koba, Nielsen and Olesen semiinclusive scaling prediction
on larger energy ranges than those quoted earlier. However, the ratios of

moments <nqnc> <n> 4 <'nc>—1 seem to increase with energy.

18. ON REGULARITIES OF STRANGE PARTICLE PRODUCTION IN HIGH

ENERGY COLLISIONS - S. Berceanu. E1-8559, JINR Commun.

Dubna.

Available data on total strange particle cross-sections (Kﬂ and YOK)
from nip and pp collisions are surveyed. Fits and comments on the change
with energy of average multiplicities of ni, Ki, 3 , A/Zo, Ko/ko from pp

collisions and A/ZO and Ko/ko from 11 p collisions are presented.
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REPUBLIC OF SOUTH AFRICA

PROGRESS REPORT TO THE INDC

1974

Compiled by D. Reitmann

1. PHYSICS DIVISION, ATOMIC ENERGY BOARD, PELINDABA, TRANSVAAL

The major facilities used for neutron physics research

‘remained unchanged. They are the 20 MW research reactor,
Safari I, and the pulsed 3 MV Van de Graaff accelerator with

terminal bunching and an on-line computer.

1.1 Neutron capture reactions

C. Hofmeyr

The results obtained from thermal neutron capture in
58Ni were reported at the "Second International Symposium
on Neutron Capture Gamma-Ray Spectroscopy and Related Topics",
Petten, Sept. 1974. Coincidence measurements with two Ge(Li)-
detectors on the gamma-ray cascade following neutron capture
were found to be feasible, utilizing the data-link to the
on-line computer., Under the given experimental conditions
a five-day run is normally sufficient to see a good fraction
of the lines observed in singles spectra by sorting 4K-channel

spectra into up to 32 preselected windows.

1.2 Scattering of fast neutrons
E. Barmard, D,T,L. Jones, J.G. Malan and D. Reitmann

The results of a comprehensive study of fast neutron
scattering from cesium have been publishedl). An investigation
of fast neutron interactions with titanium, which was carried
out in co-operation with a group from the Argonne National
Laboratory, has also led to publicationz). Good progress

was made with the measurement of fast neutron scattering
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103Rh. The effective cross section for

cross sections for
excitation of the 40 keV isomeric state obtained from detailed
microscopic inelastic scattering cross sections, agrees
remarkably well with the activation results of Santry and
103ph exhibits

some very interesting properties and Hauser-Feshbach

Butler3). The level and decay scheme of

calculations of inelastic scattering cross sections seem to re-
quire unusual treatment of the optical model potential.
Preliminary results were presented at the conference on

Nuclear Cross Sections and Technology, Washington, March 1975,

1) Z. Physik 271(1974)1
2) Nucl. Phys. A229(1974)189
3) Can. J. Phys. 52(1974)1421

1.3 (p,n) reactions

E. Barnard, J.,A.M, de Villiers, J.G. Malan and P. van
der Merwe

7

Some additional measurements were made on the 1Ga(p,n)71Ge

71Ge
1) -

up to 1.3 MeV was completed and the results were published ’,

reaction, the analysis of the level and decay scheme for

A similar investigation of the 73Ge(p,n)73As reaction was

2)

also completed and published™’.

1) Nucl., Phys. A227(1974)399
2) Nucl. Phys. A240(1975)273

2, SOUTHERN UNIVERSITIES NUCLEAR INSTITUTE, FAURE, CAPE PROVINCE

The major research facility is a 5.5 MV pulsed Van de
Graaff accelerator. The research program covered a wide
variety of topics in basic and applied science, of which

the most relevant are listed below:

2.1 Neutron induced reactions
115

2.1,1 The level structure of In from (n,n'y) measurements
I.J, van Heerden and W,R, McMurray

A large amount of data relating to the level structure



- 429 -
of 115

hole state to a 2+ excitation of the even 116Sn core. These

160 and 12C

2)

7.04 MeV protons3). Several llbIn levels have however been

In has been explained quantitatively by coupling a 1 g9/2

‘data were observed by Coulomb excitationl) with
ions and by inelastic scattering of 12 MeV deuterons and of
observed which cannot be fitted into this hole-vibration

picture. 1In recent —-decay studies of 11SCd and 11SmCd,

Graeffe et al.4) have shown states in 115In at 934.4, 1133.0,
1292,2, 1419.4 and 1450.1 keV, whereas Bachlin et al.S)

observed states at 828 and 864 keV, to which they have assigned
spins and parities of 3/2+ and 1/2% or 3/2% respectively. The
strongly enhanced E2 transition between these two levels,

formed the basis for Bachlin et al. suggesting that the 828

and 864 keV levels may form the beginning of a K = 1/2 rotational
band based on the Nilsson state %+ [431].

The present work was initiated to possibly reveal further
members of the proposed rotational band. All reactions studied
such as Coulomb excitation, transfer reactions and inelastic
scattering are comparatively selective regarding the nature
of populated states. The (n,n'y) reaction is not so selective
regarding excitation mode and might make it possible to also
observe deformed states in a nucleus with a spherical ground

state,

In previous (n,n'Y) measurements carried out with neutrons
produced in the 7Li(p,n)7Be reaction, it was found that
scattering of the 430 and 477 keV Y —rays produced in the
(pyn) and (p,p') reactions on 7Li, caused a large low-energy
vy -ray background. This made it impossible to observe low
energy Yy ~rays resulting from the (n,n'Y) reaction on 115In.

We therefore repeated our previous measurements using the

T(p,n) reaction as our source of neutrons.

115

Gamma rays from levels in In were observed following
inelastic neutron scattering at several neutron energies up
to 2.5 MeV. A consistent level scheme was deduced taking

into account the y-ray threshold energies, and the shapes
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of the excitation curves. The observed Y -ray yields have
been determined using the SAMPO programme and corrected for
incident neutron flux, gamma attenuation in the scatterer,
detection efficiency and for the effect of the time-gate

used to depress neutron induced y-rays in the Ge(Li) detector.
Inelastic neutron scattering cross sections as a function of
neutron energy are at present being compared with Hauser-
Feshbach calculations, corrected for level width fluctuations,

using the NEARREX programme.

As a start, optical model parameters obtained from neutron

4)

elastic scattering were used, and it was found that these
did not give best fits to the excitation curves of levels
with known J7 as at 933.6 kev (7/27), 941.2 kev (5/27),
1448.4 keV (9/27) and 1462.4 keV (7/27). These parameters
were therefore adjusted and the values which, up to now, have

given the best fits are:

Vo = 48.9 MeV (Saxon-Woods form), W, = 5.8 MeV (surface
derivative form), Voo = 8,00 MeV, a = 0,66 fm, b = 0.48 fm

and R = 1.25 Al/3 fm,

1) F,S., Dietrich, B. Herskind, R,A, Naumann, R,G. Stokstad
and G.,E, Walker ©Nucl. Phys. Al155 (1970) 209

2) S.A. Hjorth and L.H. Allen, Ark. Phys. 33(1967)121
3) R.D, Sharp and W. Buechner, Phys. Rev. 112(1958)897

4) G. Graeffe, C,W, Tang, C.D, Coryell and G.E, Gordon,
Phys. Rev. 149(1966)884

5) A. Bichlin, B. Fogelberg and S,G. Malmskog, Nucl., Phys.
A96(1967)539 : '

2,1,2 Study of the level structure of 232Th

W.R. McMurray and I,J. van Heerden (SUNI),
E. Barnard and D.T.L, Jones (AEB)

We have continued the investigation of the level
structure of 232Th using the (n,n') and (n,n'y) reactions.

During 1974 additional measurements of the inelastic neutron
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spectra were obtained over the neutron energy range 500 to
1600 keV using the Van de Graaff accelerator at the AEB,
Pretoria. Better resolution was achieved with a flight path
of 2 m.« A low background resulted from efficient shielding
of the detector placed at 1250 to the incident neutron beam.
Elastic scattering cross sections will also be obtained to
complete this part of the study. Measurements of the (n,n'y)
angular distributions are still required to complete the
gamma measurements for this project.

114’116Cd level structure from the (n,n'y) reaction

D.R. Gill2), N. Ahmed3), W.J. McDonald3), G.C. Neilson?)
S.A. ElBakrb), I.J. van Heerden and W.K, Dawsona)

2.1.3

The even-=A Cadmium isotopes exhibit level schemes which
in previous investigations have been attributable to collective

114’1160d nuclei have

vibrations. No (n,n'yY) studies of the
as yet been reported, probably due to the large quantities
of separated isotopes required by conventional techniques.
The present study was carried out using the close neutron
source~to~scatter geometry and data analysis techniques
described previouslyl’z) which allowed the use of small
scattering samples of about 4 g each. In most of this work
the 3H(p,n) reaction was used as a neutron source, the
tritium target consisting of tritium embedded in metallic

erbium deposited on a Ta backing.

In the 114Cd nucleus, analysis of the excitation function
confirms the spins of the 558, 1134, 1210, 1284, 1365 and
1733 keV levels as 2,0, 2, 4,2 and 4 respectively., The Y -ray
excitation cross section for the 1306 keV level is too weak
to confirm the J7 = 0+ assignment, as most of its strength
decays by internal conversion3). In addition to these, the
spin of the level at 1843 has been determined as 1. -The
doublet at 1861 and 1865 keV agrees with J = (0) and 1

assignment respectively.
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In 116Cd results, we have confirmed the spins of the levels

513, 1213, 1220 and 1381 keV as 2, 2, 4 and O respectively.
Also, the spin.of the 1283, 1644 and 1917 levels have been
assigned to be 0, (2,3) and O respectively. Only tentative

spin assignments could be made to the levels above 1900 keV,

4)

These results have been presented in a recent publication”’,

a) Nuclear Research Centre, University of Alberta, Edmonton,
Canada

b) Dept. of Physics; University of Manitoba, Winnipeg, Canada

1) S.A. Elbakr, I.J. van Heerden, W.K, Dawson, W,J., McDonald
and G.,C, Neilson, Nucl. Instr. 97(1971)283

2) S.A. Elbakr, I.J, van Heerden, W.K. Dawson, W,J, McDonald
and G.C. Neilson, Nucl., Phys. A211(1973)493

3) A. Bachlin, N.E. Holmberg and G. Backstrom, Nucl. Phys,
80(1966)154

4) D.R. Gill, N. Ahmed, W,J., McDonald, G.,C., Neilson, S,A., Elbakr,
I.J. van Heerden and W.K. Dawson, Nucl. Phys. A229(1974)397

2.1.4 Polarization in neutron-deuteron scattering
M. Steinbock, F,D., Brooks (UCT)
I.J. van Heerden (SUNI)

Further studies have been made of the polarization Pnd

in neutron-deuteron elastic scattering at energies in the range
7.9 - 21,6 MeV, using the deuterated anthracene scintillation
polarimeter described in previous reportsl). Analysis of the
data obtained at 7.9, 16.4 and 21.6 MeV is now nearing completion.
The present preliminary values at 16.4 MeV are consistent with
the distribution predicted by the phase analysis and with
previous measurements for incident neutrons and protons. A
detailed comparison will be made between the proton and neutron
data at this energy and at the other energies under study to
determine whether anything of significance can be deduced

relative to the charge symmetry of nuclear forces.

1) Annual Research Reports SUNI-23(1972), item 2.1.7;
and SUNI-27  (1973), item 2.1.6.1
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2.1.5 Angular correlation of neutrons from 252Cf
spontaneous fission
J.S. Pringle and F.D. Brooks -

In an attempt to gain further insight into fission neutrqgn
emission processes, an investigation is being undertaken of the

252Cf spon-

angular correlation of prompt neutrons emitted in
taneous fission. A neutron-neutron angular correlation measure-
ment was reported in 1948 by de Benedetti et al.l) for thermal

23SU. However, to the best of our

neutron induced fission of
knowledge no further reports of any experiments of this kind

have appeared in the literature.

In the present experiment, two neutron detectors are used
to measure the fission neutron coincidence rate for pairs of
neutrons emitted at relative angles ranging from 0° to 180°,
The measured singles rates in the two detectors and the
coincidence rate are used to calculate a ratio R(9®) which is
proportional to the angular correlation function. The ratio
R(8) is defined so as to be independent of the experimental
geometry and insensitive to small variations in the detector
efficiencies. In the measurements made at small angles
0 ~ 40°, shadow shields are used and corrections are made
to eliminate false coincidences arising from a single neutron

scattering between the two detectors.

The experimental results were compared with a computer-
generated distribution of R(6). This distribution was generated
by a Monte Carlo calculation in which an evaporation model was
used to describe the neutron emission in fission. The fission
process was simulated step-by-step for a large number of
fissions (4 x 104), the behaviour of the "fissioning nucleus"
and the subsequent "fission fragments" being selected in a
random manner from existing possibilities. The choices made
in the selection process were weighted according to the
probability of their occurrence as defined by the modél.
"Prompt neutrons" emitted from the fissions were trécked,
their energy spectrum was accumulated and thF probabilities

of their detection by "detectors" having the same properties
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as those used in the actual experiment were determined.
Several cross checks were included at intermediate stages

in the simulation to confirm the validity of the calculation.
One such check was a comparison of the computer-generated
angular distribution of neutrons relative to the direction
of motion of the light fragment with the experimental

measurement of Bowman et alz).

It is clear from these comparisons that a simple
evaporation model in which it is assumed that all prompt
neutrons are emitted isotropically in the frames of the
fully accelerated fragments is unable to account accurately
for the experimental measurements. At present the model is

2)

also to allow for the anisotropic emission of neutrons in

.3)

the fragment frames as proposed by Ericson and Strutinski®’.
252Cf and 235

being extended to include a scission neutron component and

Further experiments, on both U, coupled with
more elaborate fission models promise to yield much evidence

on the nature of neutron emission in fission.

1) S. de Benedetti, J.E. Francis, W.,M, Preston and
T.W. Bonner, Phys. Rev. 74(1948)1645

2) H.R. Bowman, S.G. Thompson, J.C.D, Milton and W,J.
Swiatecki, Phys. Rev. 126(1962)2120

3) T. Ericson and B. Strutinski, Nucl. Phys. 8(1958)284

2,1.6 Direct excitation of analogue dipole states in 28Al

K. Bharuth-Ram, S,M, Perez, F.D. Brooks, W.R. McMurray
and S. Wynchank

Studies of analogue dipole states in 28Al via the

28Si(n,p)28A1 reaction are continuing. The experiments

1)

counter telescope consisting of three Si surface barrier

outlined in a previous report were carried out using a
detectors one of which was also the target for the (n,p)
reaction. This detector and the center detector of the

telescope formed the two sides of a time-of-flight system
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which was used to select protons against a background of
deuterons and heavier particles arising from competing

reactions in silicon.

The analyses carried out during the past year have
revealed appreciable and unexpected time-walk effects in the
constant fraction discriminators. The data have had to be
reanalised in consequence, and new methods of analysis have
had to be devised to deal with the low energy region (Ep <6 MeV)
where the effects of time walk were most serious. No final re-
sults are available as yet from the analysis and it might prove

necessary to repeat some of the measurements.

1) SUNI-28(1973)Item 2.1.7

2.2 (p,ny) Reactions

I.J. van Heerden, R.J. van Reenen, J.V. Pilcher and

W.R, McMurray

Studies of (p,n) and (p,ny) reactions have proved to be
successful in determining the level structure of many nuclei
in the mass region A = 45 to 65. In many cases the reaction
Q-values are well suited to the available 5,5 MeV proton
energy, allowing the excitation of the interesting lower
energy levels. The mentioned mass region is of interest
insofar as a number of nuclear models are applicable so that
acquired experimental data become immediately useful in

evaluating the success of the various models.

6SZ

In an effort to determine parameters of levels in n

via the 6SCu(p,nY) reaction, angular distribution measurements
were obtained at various proton energiesl); It was found

that these distributions were inconsistent probably as a
result of instabilities in the monitoring system. It will
therefore be necessary to repeat these measurements for

the completion of the project.

The study of the properties of excited levels in 49V and
50¢r using the (p,ny) reaction of 49Ti and 9%V has been
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2)

continued®’. Gamma-rays from reactions on

50

V were positively
identified by comparing y-ray spectra obtained from natural
and enriched V205 targets., Additional particle-gamma co-
incidence measurements are being planned to separate Y -rays

produced in the (p,nY) and (pp'Y) reactions on 5OV.

1) Report SUNI-28(1973), Item 2.2.1
2) Report SUNI-28(1973), Item 2.2,2
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I. NEUTRON DATA

NEUTRON CAPTURE DIFFERENTIAL CROSS SECTION FRCM THE SEMIDIRECT
CAPTURE MODEL

A.Likar, M.Potokar and F.Cvelbar

Institute "Jozef Stefan" jubl jan Yugoslayi
The differen f&lubross gectfzg Ffrdufg Pf mngﬂtrg§9§a3¥&§

tive capture is derived on the'grounds of the direct-semidirect
model. Numerical results for neutron capture to three single
particle levels in 888r are considered. It is found that the
anisotropy in general is not small and is also dependent on the

incident particle-target nucleus coupling interaction used in
the calculation.

Fig.l Neutron energy de-
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9 -=CLR Symposium on Neutron Cap-
05 & co., -+ COMPLEX P 18472 ture Gamma Ray Spectroscopy
- “e.. En and Related Topics, Petten,
0 f——1 1 L TP S R 1974
o B T T R ) lC"-...'I.S_ 20 Mev
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THE MECHANISM OF THE RADIATIVE NEUTRON CAPTURE IN HEAVIER NUCLEI
WITH CLOSED NEUTRON SHELLS AT THE EXCITATION ENERGIES OF DIPOLE
GIANT RESONANCES

M.Potokar, A,.Likar and F.Cvelbar

Institute "JozZef Stefan", Ljubljana, Yugosleavis .
The present experimental data on fast neutron radiative

capture in 208Pb, 13 8883 and 40Ca is sufficient to show
that direct-semidirect model does not account for the capture

9
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dynamics satisfactorily. However, the recently proposed re-
fined direct-semidirect model, which involves the complex
coupling interaction between the incident nucleon and the
target nucleus reproduces the experimental results well.
This may be an indication that some more complex configu-
rations cannot be ignored when describing the reaction me-
chanism.
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Fig.l. The experimental excitation functions for the radiative captu-
re of fast neutrons to the ground and first excited single
particle state of 2Ong(s) compared with the excitation func-
tions calculated according to different approaches to the DSD

model. The corresponding values of free parameters 71 and Ul
are given in the Table.

Reported to the Second International Symposium on Neutron
Capture Gamma Ray Spectroscopy and Related Topics, Petten,1974

RECENT TRENDS IN FAST NUCLEON CAPTURE STUDIES

M.Potokar .
Institute "JoZef Stefan", Ljubljana, Yugoslavia
With the appearance of a new generation of nucleon radia-

tive capture data, namely the excitation functions for fast
neutron capture to particular final states of the residual
nucleus, it was possible to make a further step in the theo-
retical description of the observed data. The original direcs-
semi-direct (DSD) model (1’2) assumed that two processes are
important in the fast nucleon capture reaction; direct dipole
capture in the average nuclear field and semi-direct capture
connected with the dipole excitation of the target nucleus by
inelastic scattering of the incoming nucleon to a single par-
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ticle bound state, in the first step, and with the radiative
deexcitation of the target nucleus, in the second step. This
model has now been refined by allowing the coupling between
the incident nucleon and the vibrating target nucleus to be
complex (3). The imaginary coupling was introduced in a semi-
phenomenological way. The parameters attributed to it were
taken from the imaginary part of the symmetry optical poten-
tial in the same way as the parameters of the real coupling
were in accordance with the real part of the symmetry optical
potential.

The meaning of the imaginary term has been traced into
the formal derivation of the model on the basis of the Fesh-
bach?’s unified reaction theory.

References:

1. G.E.Brown, Nucl. Phys. A95 (1964) 339

2. C.F.Clement, A.M.Lane and J.R.Rook, Nucl.Phys. 66 (1965)
273, 293

3. M.Potokar, Phys.Lett. 46B (1973) 346

4. M .Potokar, thesis, unpublished

Reported to the Annual Meeting of Yugoslav Nuclear Physicists,
Cortanover 1974

PERSPECTIVES OF LOW ENERGY ACCELERATORS IN FAST NEUTRON CAPTUGRE
STUDIES

F.Cvelbar

Institute "JoZef Stefan", Ljubljana, Yugoslavia
The present status of research in the field of fast neu-

tron radiative capture is briefly described and perspectives
for future study are indicated. Special attention is paid to
the measurements of promtp J -ray spectra and excitation func-
tions leading to the excitation of particular final states in
nuclei studied. Comparison of these data with the results of
the calculation on the basis of the semidirect capture theory
is discussed. The first results of the measurements of the an-
gular distribution of capture jf;rays is considered from the
theoretical and experimental point of view.

IAEA Meeting on tHe Use of Low Energy Accelerators, Zagreb,1974
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ARGULAR DISTRIBUTION OF NEUTRON CAPTURE y:RAYS IN THE SEMI-

DIRECT CAPTURE MODEL

A.Likar, M. Potokar and F, Cvelbar
Institute "Jozef Stefan", Ljubljan

a . Yugoslavia
The angglar distribution of prompt Xr;rays from the
radiative capture of a neutron in the region of giant di-
pole resonance is calculated according to the semi-direct
radiative capture model. Results are compared with a few

available experimental values. For further analysis more
experimental data are needed.

Fig.l Comparison of experimental
| and calculated a, coefficient
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To be submitted for publication in Phys.Lett.
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B. Antolkovié, Z. Dolenec: The neutron-induced IEC(Q,nllﬁ‘
reaction at l4.4. MeV in a kinematically complete experiment,
Nucl. Phys. 4237(1975)235

A three-particle coincidence measurement of the
n+12C —s n+3, reaction at En=l4.4 MeV has been performed.
The reaction proceeds via several sequential decay processes.

The inelastic scattering of the incoming neutron on 120

and the subsequent 3 decay of 9.%6, 10.84, 11.83 and
12.71 MeV excited states of 12C amounts 90% of the total
yield. 10% of the total cross section is attributed to the
12C(n a<)9Be(n 2x) reaction proceeding through an inter-
mediate 9Be state at 2.43% MeV. The density distribution of
3 & correlation spectra are consistent with I?'assignment
3, 1 and 1t anticipated for the 9.63, 10.84 and 12.71 lMeV
states of 12C respectively. However, for the 11.83 lieV
state of 1°C the spin and parity value 1~ is suggested.

B. Antolkovié, J. Hudomalj,: 3« decay of the 10.84 and
11.83 MeV states of ~<C , Nuel. Phys. A237 (1975) 253

The theoretical density distributions for the 120 - 3
break-up have been compared with those obtained experimentaly
for the 10.84 and 11.83 NeV states of 126, The good fit
obtained for the I = 1":L state at 10.84 MeV has confirmed
the validity of the theoretical approach used in the present
calculation. The theoretical density distribution for the
12011.85 - 3>« break-up has been conputed for both tentative
spin assignments 1 and 2. To explain experimental data
on K- correlation spectrum it is necessary to accept

theI%” value for the spin and parity of the 11.83 lMeV state
of ~C.
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3. M. Turk, B. Antolkovié, D. Winterhalter: Three-body
breakup of L' induced by fast neutrons, Fizika 7 (1975) 23

The correlation spectra of the three-body breakup of

qu system have been studied at incident neutron

the n+
energies 1l4.4 and 18.2 MeV. The Dalitz plot analysis
shows that the sequential decay proceeds either through
the ground state of 8Be at the 8.9~, 9.2-, 11.3-, 12.6-
and 14.0-MeV states of llB, the last three being excited
with 18.2 MeV neutrons. A level in 11B at an excitation
of 12.56 MeV has been assumed to be the lowest T=3/2
state in llB
the 7Li(a<,c<)7Li reaction as well as in the present
experiment suggests that it also contains some T=1/2
admixtures. The relative contributions of the various
decay modes have been calculated and given in a tabular
form.

. However, the presence of this resonance in

4, B. Antolkovié, M. Turk: Role of quasifree processes in
14.4 MeV neutron induced multiparticle breakup on light
nuclei, Proceed of the Intern. Conference '"Clustering
Phenomena in Nuclei', Marvland 21-25 April 1975

6

An experimental study of n+ Ii —» n+<+d and
n+1°B-—7¢<+d*n reactions at 14.4 MeV gave indication
on the presence of quasifree processes. The data of the
6Li(h,na()d reaction were analysed in the frame of the
PWIA. The extracted Fourier transform agrees with the
calculated one using Hankel wave function and a cut off
radius of 2.7 fm. No contribution of the QF process has
been found in the analysis of the three body breakup
reaction n+1°B —> X + « +t. However, by applying a simple
PWIA to the experimental data of the four body breakup
n+1°B —~ A+ A+d+m, a well resolved low momentum lump is

obtained which is in favour of a quasifree process and
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can be explained by the 8Be2 9(n,n) and 8Be2 9(n,v<)
quasi elastic and quasi reaction processes, with
deuteron beeing a spectator particle.

5. B. Antolkovié: Neutron induced multiparticle break-up

of light nuclei in nuclear emulsions, IAEA Meeting on
"Utilization of Low Energy Accelerators', Zagreb, 1974

The review of the investigations of the neutron

induced three- and four-particle breakup reactions on

light nuclei which can be performed with low-voltage

accelerators is given.
The following topics are discussed

- Interest of such a study from the fundamental as well
as applied points of view.

- Description of the nuclear emulsion technique and data
processing df a "storage experiment'.

- Experimental features of the kinematically complete
experiment and representation of data by generalized
Dalitz plots, illustrated by several representative
correlation spectra of the neutron-induced multiparticle
breakup reactionss on light nuclei. '

— Comparison of the nuclear emulsion technique with respect
to the other measuring techniques both to the character
of data and to the costs they impose.
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STUDY OF SOME SYSTEMATIC TRENDS AND NONEQUILIBRIUM
EFFECTS IN (n,2n) REACTIONS AROUND 14MeV

E. Holub and N, Cindro

Institute "Rudjer Boskovié", Zagreb, Yugoslavia

The mechanism of (n,2n) reactions has arisen conside-
rable interest in view of contradictory conclusions drawn in
recent systematic studies (1-7) and also in view of the growing
awareness of the role of nonequilibrium processes in the (n,2n)
reactions (8,9).

Total (n,2n) cross sections at 14.6 ¥ 0.3 MeV for the

84 86 88 93Nb llaIn, 134 136

Sr, Sr, Sr, ’ Ba and Ba targets were
measured using the activation technique and a Ge(Li) detection
system. Isomeric cross section ratios were calculated oh the
basis of the statistical theory using the shifted Fermy-gas and
supraconductivity models. Theoretical results are compared with

Py, 109yg, 154

experimental data. In several cases (888r, Ba,

136Ba and 1583&), it was not possible to measure total cross
sections, and therefore the theoretical prediction of the iso-
meric cross section ratio was used to determine the total (n,2n)
cross section. The results obtained in this work are shgwn in
Table 1. These results and other recent literature data are ana-
lysed in terms of the neutron excess of residual nuclei (N—Z)R

at a constant value of the residual excitation energy. The syste-
matics of recent data fit a smooth gross trend well and show that
there are no significant minima in the total (n,2n) cross section
mass dependency in the neighbourhood of closed neutron and pro-

ton shells ( see Figs. 1 and 2.) Evidence for the existence of
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the preequilibrium mechanisms in (n,2n) reactions around 14 MeV
at higher residual excitation energies (~ 6 MeV) was found in
the systematic deviation of experimental (n,2n) data data from
statistical predictions ( Pearlstein semiempirical formula)

(Fig. 3.).

References:

1) P, Hille, Nucl. Phys. A107 (1968) 49

2) A. Chatterjee and S. Chatterjee, Nucl. Phys Al25 (1969) 593

3) S.M. Qaim, Nucl. Phys. Al185 (1972) 614

4) S.M. Qaim, Nucl. Phys. A224 (1974) 319

5) E. Holub, Master’s Theses, Univ. of Zagreb, 1974

6) E, Kondaiah, J. Phys. A7 (1974) 1457

?7) E. Holub and N. Cindro, To be published in J. Phys. G: Nucl.
Phys.

8) Proceedings of the International Symposium on Fast neutron

induced reactions, Smolenice, CBBR, September 1974, To be publi-

shed in Acta Physica Slovaka. _

9) E, Holub and N. Cindro, Phys. Lett. 56B (1975) 143

10) S. FPearlstein, Nuclear Data A3 (19€7) 327.
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Table 1. Results for (m,2n) cross sectiohs obtained in
this work, compared with the statistical theory.

5 = 14.6:0.3 LoV
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pregoat werk proesent work (mb)
sr s T 2.4k 172 39457 e
ggSr 8250 g 70m 1727 270450
8585y 9 64 4 /2" 676250
$5ts5; 9 946490 )
790
225r 8Tmsy 12 2.83 b 1/27 283423
8785, 11 stab, g/2" 765+74
87t
93yp 92m;§ iz 10.16 * ot &
41 _ 16a 25 48450
2y 10 30y 71" 1078+111
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II. NON-REUTRON DATA

THE STRUCTURE OF THE PHOTONUCLEAR GIANT RESONANCE IN 7°7r

D. Brajnik, D. Jamnik, G. Kernel, M. Korun, U. MiklavZi& , B. Pucel}
end A, Stanovnik

Institute "Jo%ef Stefan", Ljubljana, Yugoslavia

From spectra of pﬁotoprotons measured at different end point
energies of bremsstrahlung cross sec ions for /y?po/ reaction

and for /),p/ reactions leading to three groups of excited states
in 89Y have been determined. In contrast to the //{po/ reaction the
cross sections tor the photoproton reacitons leading to the excited
states in 89Y show considerable contribution in the region of the
expected T + 1 resobance.

The isosipln splitting of the dipole resonance is also supported by
the measured ratio of the cross sections tor the /yr np/ and A/:2n/
reaction which is greater fhan expested from the statistical calcu-
lation of the assumed two-step process for both reacitons.

The 4/;np/ and /j{Zn/ cross sections have been determined by the me-
thod of Penfold and Leiss from the measurements of the residual
activity.

Repotted to the International Conference on Nuclear Structure and
Spectrocopy, Amsterdam 1974.

902r /f,p,/ 89 Y and 9°2r /fn,/% 2r REACTIONS CROSS SECTIONS IN
THE REGION BF GIANT DIPOLE RESONANCE

D. Brajnik, D. Jamnik, G. Kernel, M. Korun, U. MiklavZi&, B. Pucelj,é

A, Stanovnik
Institute "JoZef Stefan", [ L ub Yugoslavia

Cross sections for the reactions 90 Zr/ sD /§9Y ana 9° ZrA/fhl/89Zr,
leading to the 909 keV isomeric state of 9Y ’ tl/2 = 16 sec.
and 588 keV isomeric state of 89Zr, t1/2 = 4,18 min. were de-

termined by measuring the induced activity at different dbremss-
trahlung. and point energies. In both cases gamma rays were me-
asured with a Ge /Li/ detector. Irradiation and counting times were
chosen to be four times t1/2' A specially designed electronic
controller provided the requered timing and acquisition of data.

Reported to the Annual Meeting of Yugoslav Nuclear Physicists,
Sortanovei 1974.
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ANBULAR DISTRIBUTIONS OF GAMMA RAYS FROM BOUBD STATES ALIGHNED
BY PHOTONUCLEON REACTIONS

G. Kermel
Institute "JoZef Stefan", Ljubljana, Yugoslavia

An expression for the angular distribation of deexcitation gamma
raxs from excited nuclear states populated in photonuclear reactions
was obbained. The main advantage of such experiments for the study
of reaction channel configurations is the incoherent contribution of
different particle psbtial waves. The expression simplifies con-
siderably in the region of the giant dipole resonance. Particularly
when the photonuclear reaction is performed on & J = o* nucleus,
only three photonuclear parameters define the A, end A, Legendre
polynomial coefficients. In addition, a restriction is imposed by
the dominance of the non-spin-flip transition in the photonuclear
process, thus limiting the alignements of the residual nuclear
states. Therefore, some spectroscopis informations about the nu-
clear levels involved are also gained from such experiments.

Reported to the International Conference on Nuclear Structure and
Spectroscopx, Amsterdam 1974,
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Study of anomalies in the K, /K ratios

observed following K electron capture

G. Paié and V. Pedar

Institute "Ruder Bogkovié", Zagreb, Yugoslavia

Measurements of Kp /K 4 ratios in the region has been
performed using nuclei decaying via K-electron capture.
Measurements of the Kp /K, ratio has been performed
for Ti, V, Cr, Fe, Cu and Zn. The results show that a
marked difference between the K4 /K, ratios measured by
that method and by x-ray excitation exists for nuclei
with Z<28. The ratio for these nuclei is lower when the
excitation is via electron capture.

K " /K A Ratio for Cu Measured by Different Modes
of Excitation

G. Paié, M. Antié, M. Kréamr, and S. Blagus
Institute "Ruder BoSkovié", Zagreb, Yugoslavia

In order to treat the KD(/K a; ratios with confidence,
it is necessary to ascertain that the most frequently used
techniques of excitation do not affect the value of the Ky /K n
ratio. Several authors have recently measured the K, /K
ratio for different elements. The mesults have been subject
to a rather large scatter depending on the mode of excitation.
It is very difficult to reconcile the existing discrepsncies, and
we therefore performed a measurement:: of the Kak /K n ratio for
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copper by three different techniques of excitation but
using the same detector system and the same evaluation
procedure. The excitations used were:
(i) electron~-capture mode,
(ii) bremsstrahlung spectrum + Mo K-x rays at
Eel = 30 kV, and
(iii) protons of 162 keV.

The data as determined from the present experiment
are in agreement with the latest theoretical estimate of
Scofield, which includes the effect of nonzero overlap
of the wave functions from different subshells. That treatment
yields a Ko</K{5 ratio of 7.24. The present experiment yields
equal values for Kos/K/g ratios obtained from x-ray excitation
and electron capture with ~ 1 percent errors. Such precision
in the knowledge of K, /Kﬂ> makes the use of these ratios for
applied purposes such as detector efficiency determinations
and thickness measurements possible. The relatively important
error in proton excitation data prevents us from drawing the
conclusion whether the lower Ky /K,3 ratio is due to the
higher probability for the formation of multiple vacancies,
as observed for heavy ions at higher energies.
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Radioisotope production

G. Paié, M. Vlatkovié, S. Kaudié, B. Vekié, I. Slaus, J. Nosil
Institute "Rudjer Boskovié", Zagreb, Yugoslavia

The Gat6'7 production with 14 MeV deuterons has been
increased to the level of 1500 mCi/year and further increase
is planned for the next year.

The 28 MeV alpha beam has been used for production
of Rb81 from Br in order to develop a Kr generator for lung

ventilation studies.

Neutron dosimetry
N. Stipéié, I. Slaus, G. Paié, K. Kovacevié

Institute "Rudjer Boskovié", Zagreb, Yugoslavia

A small volume thin Si detector has been tested for
neutron dosimetry. The response of the detector to monoenerggtic
14 MeV and 2.7 MeV neutrons and to neutrons obtained with
14 MeV deuterons on a internal Aluminum target in the
cyclotron has been measured. The efficiency of the detector
satisfy the general requirements for neutron dosimetry in

biological research.
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IT. NOG-WZoidCy Dilh

" 5LRVCTURE OF THE PHOTONUCLEAR GIANT RESONANCE IN 9°Zr

i. Bvajnik, D. Jemnik, G. Kernel, M. Korun, U. Miklavii& , B. Pucvli:
and A. Stanovnik

Tron spectra of photoprotons measured at different end point
caergies of bremsstrahlung cross sec ions for /y”po/ reaction
and for //,p/ reactions leading to three groups of excited states

n 89Y have been determined. In contrast to the ///p / reaction the
cross sections tor the photoproton reacitons leading to the excited
states in 89Y show considerable contribution in the region of the
expected T + 1 resonance.

The isosipin splitting of the dipole resonance is also supported by
the mecasured ratio of the cross sections tor the //ﬁ np/ and // 2n/
reaction which is greater than expected from the statlstlcal calcu-
lation of the assumed two-step process for both reacitons.

The / ,np/ end /J{Qn/ cross sections have been determined by the me-
thod of Penfold and Leiss from the measurements of the residusl
activity. '

Reported to the International Conference on Nuclear Structure and
Spectrocopy, Amsterdam 1974.

992 /py/ 89 Y and 2°zr /fn, /% zr REACTIONS CROSS SECTIONS IN
TEE KEGION OF GIANT DIPOLE RESONANCE

D. Brajnik, D. Jamnik, G. Kernel, M. Korun, U. MiklavZi&, B. Pucel],
A. Stenovnik

Crose gections for the reactions 9°Zr4/:p /89Y, and 9°ZrA¥,nl/89Zr,
lezding to the 909 keV isomeric state of 9Y . t1/2 = 16 sec.,
and 588 keV isomeric state of 89Zr, tl/2 = 4.18 min. were de-

termined by measuring the induced activity at different bremss~
srshlung. and point energies. In both cases gamma rays were me-
s-urcé with a Ge /Li/ detector. Irradistion and counting times were
cl.oscn to be four times t1/2. A specially designed electronic
corcrolier provided the requered timing and acquisition of data.

Zrwzaeted to the Annual Meeting of Yugoslav Nuclear Physicists,
Cortonovei 1974,
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~MGULAR DISTRIBUTIONS OF GAMMA RAYS FROM BOUND STATIS ALIGILD
3Y PIOTONUCLEON REACTIONS

G. Kernel

Aa oxpression for the angular distribution of deexcitation gamma
oLz irem oxcited nuclear states populated in photonuclear recctions
wao obtaincd. The main edvantage of such experiments for the study
of rczction channel configurations is the incoherent contribution of
duifercnt perticle partial waves. The expression simplifies con-
zidorubly ia the region of the giant dipole resonence. Particularly
when the pnotonuclear reaction is performed on a J = o* nucleus,
only ithree photonuclear paremeters define the Ao snd A2 Legendre
polyr.uuial coefficients. In addition, & restriction is imposed by
i dominance of the non-spin-flip trensition in the photonuclear
Troccss, thus limiting the alignements of the residual nuclear
stuves. Therefore, some spectroscopis informations about the nu-
cicur levels involved are elso gained from such experiments.

iiported to the Internestionsl Conference on Nuclear Structure and
Spectroscopy, Amsterdam 1974.



