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FOREWORD

This consolidated progress repert for 1974 has keen prapared
for the couniries in the NDS service area. It is intended to en-
courage a closer relationship between ember States and provide
for a wider circulation of unpublished progress reports from
countries within the Nuclear Data Seciion service area. A second
report THDC(SEC)-43/L covers countries outside the HDS service
arcae Q

P

The report is arranged alphabhetically by couniry, and renroiucas
the content of sach individual report as it was recsived by the

INDG 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 EXFCR code.

As in =21l progress reports the information included here is
partly preliminary and is to be considered as private commmication.
Consecuantly, the individual revorts are not fo be mroted without
the pnermission of the anthors.
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LS Measuremert of neutron total cross—section ‘-
of Hercury and Dysprosium

( M. Hussain, Enayotullah Molla, N. Islam Molla,

M. Fareeque, M. Hussain’® s E. Islam and M. Hessain*)

Neutfon total cross-%ection data were measursd fer
Mercury between 16,25 and':8.79 MeV and fer Dysprosium between
uocfnh and 1.54 MeV, 3.83 and 5.90 MeV, and 16. 18 and 19.10 MevV,
tra:Zmis<ion metkod. Neutrens were produced by the T(p,n)sﬂe,
D(d,n) He and T(d.n) He reactions. A Zns Seintillator with )
polase shape discrimination was used as neutron detector.
Measurements were made in steps of 100 keV and the beam
energy spread was of the erder of 10 keV. Ceoerrections were

made for background neutrons and in-scattering eoffect. gpﬁl

analysss of the data are in pregress. .

2]

. X
+ Department of physics, Dacca Ugive:;ity. ?”



2. Opticsl model ansgliysis of fast neutron total
cross—-section cf71653Q

( M.Enayetullah and M.Rahman)

Total neutron cross section of 165He in the
energy range of 0.5 to 19 MeV have been gnalysed in
terms of the opticalﬁfodel.Good it has befgrobtained
in the energy range of 2 MeV to 19 MeV. o

In the analysis the interasction potlential.
used was of the type:

V(r)= ~U(r)-ive(r)+(Tg +iw) L& £(x) 1

1
T
ﬁhere,

f(r) has a Saxon-ood form R
f(r)= 1+exp (r-ﬁ)/a ~Tana g(r) either equals f (r) or
has a Gaussian form g(r5 = exp -(r—R)/b)2

U,W,Us end Ws have their normal meaning(énd the nuclear

=T, A1/3

radius R is given by R end a,b are the diffuseness

parsmeters.
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Leng sounter

3. ;ghrevement of Directional Sensitivitxgpfzggb
(No”Islal, D. Hussain, M, Hussain*, B Islal* and

M. Shahjahan®).

A.BF} long counter of the Hanson-uekibbqp tjbe has
been constructed. To make the counter directionaf§ sensitive
a simple detechable co;li-ator has been designed. The angular
rasélution (halfewidth at half height) of the long counter
1s 32° and with the cellimator im front of the eounter, this
becomez 7.2°. This increased resolugion makes the cou;ter\%see'
only a limited experimental area thﬁ-{;educing the backg;oundb
csounts from‘scgttered neutrons and also from gecondary mneutrons
produced in diffe?ont parts of an accelerator specially when
a devteron beam is used, The energy r%qpon.es of the cellimated
and uncollimafed leng counter naye\boen coempared and it is seen
that for source neutrons, the ratio of the counts slo:ly decre-
ases with energy and thé efficicnéy of the counter gémains reason-
ebly constant. Thus @ Hanson-Mckibben long counter with the addi-

tion of a collimator has the general flatness of responaeiof the
\D -

basic counter. The absolute efficienoy of the long counter has
Cf \\‘\\\ ' ;
~ been measured. The calculated absolute efficiency was found to

be 5.6%9

Q&

%

y ol
~ * Department of physics, Dacca University.
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4. Analogue Resonsnces in 5700

(M.2.Rehman,S.Xhatun,M. 1. Awal,M.Rahaer and H.M.Sen Guptax).

; . — 6 , . Ve
The (p,Y)reaction on ?°pe tarzet has been
investigated to identify the isobaric zanalogue states in
= T,
the ccmpound nucleus 37Co corresponding tc t he ground and

low-lying states of the pzarent nucleus 51

Fe.In the present
experiaent the gxcitation function was measu;gd in th%
energy range 1.2 to 2.00 MeV and five analoguz statesNat
Ep=1.246,1.261,1u406,1.6i6 and 1.965 MeV corresponding to
ground,0.014,0.136,0.366 and 0.707 MeV states of 2Tne nave
ﬁeen identified.This work will be extended upto 3.0 MaV.
27Al (Rsp,)

'(M-R.Rahman M L.Awal,S.Khetun,M.Rahman & H.}M.Sen Gupta*)

5. Studv of

Excitation function for elastically“sceattered

27)1 nave been measured 5t 90°,125%°and 140°

protons from
by using surface barrier deté&ctors.The data have been“analysed
by using certain predetermined’resonance shape.This analysis
yieldsinformation on resonance widths.The shape enalysis of
the resonqncés of excitation functions rt various angles

01ves an estlmate of the 1 - values of the resonances Results

obtained are s nown in the table T.

NI

£ hd

* Department of physics,Dacca University.
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Table -~ I

st: E, resonance (Mev) , (k]:v g Parttal
Lab . Cms (mean width
90°  125°  wo® | 90°  125°  140°
1. Telih 14119 1075 1,079 | 1.43 1
2. 1.195 = 1,202 14201 |1.153 14159  1.158 | &.43 K
3e 1.360 1,363 1.312  1.314 | 1,43 1
4, 1,452 1,452  1.452 |1.801  1.4008 1.400 | 1.71 e
5. v 1,496 1.498 1.583  1.bko | 1012 V4
6e 1571 1.571 1.575 | 1515 1¢515 1519 | 3.53
e 10700 14701 1,702 [1.640 1,640 14641 | 1,12
8, 1.792, - 1.794 |1.728 1730 | 2.28
. 94 - . 2,026 2,029 1954 1957 | 2.83" 1
10. 2.473 2.471 |2.385% 2.383 | 3.37
1. | 2.661 . 24566 | I .90 3
12, z.5u1; N 2,547 |2.456 2,456 | 3,37
3. g “ 2.866 | . ’ 24764 | 3.88 1

,,,,,,,
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6. Tz—dependence of Coulomb displacement energy.

(MeAe Rahman, M,A. Awal, S. Khatun, M. Rahman

and H.M. Sen Gupta.*)
'S ’
A least squares analysis has been carrieu out on all
available data on coulonb da.aplacement anergy AE as a fun-
ction of Z/A1/3. Anderson et al. (1) made least squares analysis

of the experimental data on AE, in the mass region A=lO to 165

and obtained
AE, = (1.484,0.005) 2/7a"3 < (1.13.0.04) Mev
In tl:le present case with 21&5 observed values of AE spreading

over a{; mass region A=27 to 238, the result of least squarel
anglysis hae been fou.nd to be | L <

o

AE, = (1+43750.003) z/ﬂ/?' - (1.081,0.02) Mev .

This relation may be used with better accuracy.

At
W

Attempts have allo been made to see the dependence o:l'

’w

/(

AE on T the i-obar:l.c cp:l.n. Te see this the AE ve].uee have

been arranged into several Jg::'mxp- according to 'r values and

o >

least squa.res analyses have been nada. ‘i‘he dependenoe hal 'been
wF

S

v

“founé’ to be elall. @ 8 }'} g

N . -

<

Y

(1) J.T. Andersun, C. Wong and
JeWe McClure, phyn Reve 138(1965) 3615 8

a " . o "

- N " — e
# Departuent of physics, Dacca University. . “
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7« Preton=induced X-ray Fluorescence Analysis of
I: Txrace Elements.

(A.H. Khan, M.B. Zaman, M.M. Islam, M.A. Rahman,

D. Hessain and M.A. Awal).

Under the programme of Fast Particle Activation Analysis
of Trace Elements, at present efforts are being concentrated
only on the subject mentioned above. In this regard, a series
of“experinonts were performed on natural cepper targets of
varying thickness (h0-7Q4g/cnz) to identify the 8.4 keV Cuk,

peak. Proton energy was 1.2 MeV and its beam intensity was 5 _+4A.

Results of these experiments indicated that the signal
to noise ratio was so small that it was not possible to separate
the 8.4 keV peak for Cu. This was due to the poor detection
system in which an uncooled Si(Li) detector was used. Morsover,
the Vacuum chamber was too large (18" diameter) for X=ray

measurementse. o

Attempts are now being -ade‘to set up a new detection
system which will consgist of a high resolution gas filled“pro-
portional counter and a 6* gubic vacuum chamber. Whem this
system is oomplete, it is expected that it will improve upen

the present level of activitiew,



8. Separable potential fer o - Linteraction
( Me Rahman, S. 4li & D. Hussain')

A two term nen-local separable potential haes been used
to study the S,D and G wave X = phase shifts. A careful study

shows that a separable interactiom having a *'long® range attra-

 otiem and a short x-ange repulsion is capable of reproducing the

‘above nentionea phaso shifts within the energy range 0-24 MeV.

A paper based on this work has been reported at Intermational
Centre for Theoretical Physics, Trieste, Italy and has also been

sent for publication in the Physical Review.

So far the intere§t was to reproduce the phase shifts at
energies where the non-elastic contribution te phase shifts
could be neglected, As such the strength of the interaction used
was assumed to ke real. Now attempts are being made to extend
the work for higher energies.

9. Non-local separable potential and pe=p scattering.
( M. Rahman, S. Ali and D. Hua-ain*)

P

A non—local;;eparable interaction having the same form as
that used in ol ~X scattering, has besn used tg study the S-wave
phase ghift fer the p=-p s}stem in the energy ;ange O-"'(#OO MeV. It
is observed that a two-term separable potential is capable of

reproducing the phase shift within this energy range.

A paper based on this work has been reported at ICTP

and has also been accepted for publication in the Physical Review.

* Department of Mathematica, Jahangir Nagar University.
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10. Application of the Resonating group formalism

( S«As Afxal and S. Aldi )

Application of the r>sonating group formalism is done
to the case ef (=X phase shifts. The N-N interaction employed
here is a soft core nucleon=nucleon potential. As it requires
a2 large computer, preliminary computation work was done at CDC
computer of the University of Trieate, Italy; some more calcul-

ation is needed.

11. A note on the anatomy of the S-wave X=X interaction.

( S:A. Afzal, Se Ali and M. Rahman )

The effects of the various terms appearing in the kernel
of the S-wave o =X interaction have been studied. It has been
found possible to identify terms which have representability

for the kermel.

i

12, Study of the p-A scattering phase ‘shifts with non-local
separable potential

( AcA.Z. Anmed and S. Ali )

Satisfactory results have been obtained using a non-local
potential for the phase shift analysis of the S-wave and p=wave
protonﬁlpha scattering. Analysis of the higher e-wave phase

shifts will also be taken up shortly.
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13. Ehote—~disihéegration of hBo

(S.4. afzal, S.M.M.R. Chowdhury and Subrabuddin®).

In this study of %He kf,p) 35, investigation is made
on the effect of strong short range correlation on the photo-
disintegration of hne. In both uﬁe and triton Jastrow type
correla*ion has been introduced and consequently the calocul=-
ation requires huge computation. Pﬁeliminary part of the work

has been completed and the final work is in progress.

¢

14, Calculation of the Energy losses of electrons in thin
fiims with recoil effect.

" ( Se.M.M.R. Chowdhury ).

i

(2) A quantum mechanical formula for the energy loss
function of electrons with trecoil effect upto second order
in electron-plasmon coupling eonstan£>haa been derived. It is
shown that in this approximation the contxribution comes from
the change of electron trijectories by auccessive’gmission or
absorption of plasmons and the result obtain;d agrees with

non-recoil effect,

Thils work is in progress.

N

* Department of Mathematics, Dacca University

B
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(b) BEnergy band of Kol has been calculated by the
linear combination of Atomic orbital (LACO) method using
Hatree Foock type‘ﬁf exchange potential., The exchange=effects
and the influences of admixture of different states to the
oeryastal orbital are extensively -tu&ied. These sffects are

found to change the maximum and minimum of the valence band.

This work is in progress.
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INSTITUTE OF NUCLEAR TECHNOLOGY, DACCA

1, A computer code to generate multigreup cress-sections
( McA.W. Mondal)

It is well known that multigroup methods in neutron
calculations have won wide acceptance in the design of nuclear
reactors. Usually all big laboratories engaged in theoretical
reactor physics works have ﬁheir own computer codes to generate

.

multi-group cross-sections. Here at Dacca we do not have any¥
"
‘codes. But for our calculations we need to generate

suoch computer
multigroup cross-sections. For this reason a computer code has
been developed to generate multi-group cross-sections using the
IEM 1620 computer. This code can generate grouﬁ cross-sections

(r

. neseded for Po - and P, = calculations. Using this code and the

1
analytical expression for the neutron crosswsections of the
proton (1) we have generated a set of 33 group cross-sections
‘Eoveriqg the energy range 10 MeV - O.614ev for water. The results
obtained for slowing down time of neutrons in water using these
multi-group cross-sections agree very well with thosa{&f experi-
ments. At present attempts are belng made to incorporate in this
code the effect of up-seat?gring in the thermal region. The

work is in progress. o

e A. Horsley "Neutron cross-sections of the proton in the

energy range 0.0001ev = 20 MeV", AWRE = O - 23/65 (July 1965)

77N

S
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2+ Studies on slowing down length

( MeA.W. Mondal) w

The aim of this project is to make a detailed study of
the effects of (a) inelastic scattering, (b) anisotrepy of the
scattering processes, (c) leakage of neutrons, (d) variation of
the source neutron energy and (e) finite size of the aourle on
the slowing down length of neutrons. For studying these phen~
omena the problen of calculating the slowing down length has
been formulated with the help of the lpatial moments of the

lloving down fluxes using the multi—energy group technique.

A computer code to generate the multi-group cross-sections

necessary for P _=transport calculations has been developed. Using

1
this code, multigroup cross sections for hydrogen have been~

generated with the help of which some results for the neutron
age of fission neutrons for water systems have been obtained.
It is seen that diagonal transport approximation yields results

which are in good agreement with those obtained from the experi-

3] e

ment and other theoretical methods. As for example, the neutrég

age of Indium resonance (1.46 eV) in water for a fission source

ohtained from our calculation is 2755 en2 while those from the

(1)

experiment and the stochastiec method of calculation of the Yam-
2

amura and Sekiyg)are Tespectively 26.48 4 0,32 and 26,34 cm?,

Compared to the stochastic method of Yamamura and Sekiya our

method is simpler and requires muck less computer time.
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3

The slowing down length has alse been calculated in Qn
infinite spherical geometry for a spherical neutron source of
different radii under the assumption that the source doew not
absorb or scatter any neutron and becomes a part of ihe slowing
down madium gust ;ft?: emitting the neutrons. Results obtained
from this c{:_";'s‘ulatia‘;z indieate that the slowing down length
increases as one increases the finitg size of the source.
Further uﬁrﬁa on this project cre in.progres-.

Wl

(1) Pashal, R.X., Nucl. Sci, ghgg.. 20(1964), 436

(2) Y. Yamamura and T. Sekiya, J.Nucl. Sci. Technol.,
7(1970), 56k,

e

3« Thexrmal Neutron Scattering Xernels in Poly qustallingﬁéolida

( SeAeM.M. Siddiqui )

A computer cé&e is being developed for the thermal neutron
scattering kernel in a poly crystalline material. The customary
approach, due to Schofield and Hassit(1), is to expand the inter- }
mediate scattering function in an infinite series such that the
‘C-th term accounts for the process in which.-e-phonons are
exchanged. The first two terms (i.e. the elastic scattering and
the one phenon ter-) are treated exactly and the remaining terms
are approximated by wsing the central l1limit theorem of statis-
tics, which is supposéd to be a good approximation for terms with

B
large values of‘ze « We therefore expect that an exact treatment
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of the 2,:2 term with the remaining terms approximated by
the central limit theorem would improva the resulis comsider-

ably. Our efforts are also direé&ed towards finding suitable

.
N

}E"“%;esentations for th; frequeney distribution functions, so

\

Cy

Vfgat some of the integrations can be performed an=iytically,
Shats u !

thus reducing the conputaiion time. Two phonon ¢ross sections

Lo

f&r beryllium have been computed by Kothari and Singwi(z), but

our work differs from their?!s in that we use a more realistic

L

model for the tiequenc: distribution function rather than the
Debye spectruigyfor energies upto 20,0 being the Debye parameter.

For energies >-29?§u§b of the Eiastoin model is a gross simpli-
,(/,/
fication resulting in an incorrect distribution of final

O

i

energles., Use of a freqpihcyfspoctrum which accounts for the

spread in energy of the frequency spectrum will give better94>

i
[

reaults. At present, the project is at a computational stage.

fe Schefield, P. and Hassit, A. Proc, Int. Conf. Geneva
16 (1958) 2.7 |

2. Kethari, L.S. and Singwi, K.SeJ. Nuel. Energy 3 ( 1957)342

i

Y
[
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PROGRESS REPORT ON NUCLEAR DATA IN BRAZIL

(June 1973 - May 197%)

7

1. INTRODUCTION

1

This Progress Report has been written on the basis of:
" a) abstracts which have been sent to the INDC Liasion
Officer upon request to individuals.who might represent
grouhsdoingwresearch in nuclear physics, reactor physics,

nuclear chemistry, and nuclear engineering;
- i T

b) abstracts of pipers published by Brazilian scientists
in the "Revista Brasileira de Ffsiqb", and cther internatio

nal journals;

c) abstracts ofupapers presented at the Annual Meeting
of the 8raziljan Society for the Advancement of Science,
1974, "

The material has been selected havipg"in mind the even -
tual interest to. nuclear data compilders ?ﬁd evaluators.
Althbﬁgh it was tried not to, miss any aﬁhcopriate institu -
tion or individual there have beeﬁ‘some“oversight.

The informatiqp herein contained must be considered as

e}

private communications, and should not be quoted without -

author's permission.

'

S
1§

S.B.Herdade b
Liasion Officer for Brazil,

International Nuclear Data Committee
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MAIN EXPERIMENTAL FACILITIES FOR NUCLEAR PHYSICS RESEARCH

2.1 - 22 MeV Herb Pelletron Accelerator (Instituto ,:e Fi-

sica - Universidace de Sao Paulo)

The Pelletron systeam consists of a 4 MV injector and a -
tanden - type accelerator. It is capable of furnishing -
beams of 22 MeV protons, 27 MeV alphas, and heavy ions of
energy 50 MeV for Oxigen to 80 MeV for Sulphur.

Present’ status. in operation

Utilization: fast neutron physics (time-of-flight spectro

o meter) ,heavy ion reactions, nuclear spectros
“ copy, and charged particle reactions.

\
2.2 - PUC- RJ Van de Graaff Accelerator {Pontificia Uni -

versidade Catolica - Rio de Janeiqp)

High Voltage Eng Model KN-4000 machine, with the follownng
characternstncﬁ\ protons or deuterons: 0. 5 to 4.0 Mev, -
3 KeV resolution, 200 ud current; electrons: 1.5 to 3.0 MeV
20 KeV resoldtiég, 900 pA current.

Present status: in operation

Utilization: atomic and nucle&sr physics research (nuclear

_ spectroscopy).

1

2.3 - University of S3o Paulo Electrostatic (Van de Graaff

Accelerator {Instituto de FTsica-Universidaﬁe de Sao
Paulo)

Characteristics: 3.5 MeV proteas or deuterons; 7 MeV alphas.
Beam currents: 10 pA for protons or deuterons, and alphas

up to 3.5 MeV. Above 3.5 MeV the alpha current is approxima
tely 0.1 pA. -

Status: presently not in operation

2.4 - University of Sao Paulo Electron LINAdilnstituto de

Fisica - Universidade de Sao Paulo). »
Characteristics: Electron linear accelerator composed by
two SLAC type section, thrgeymeter long each. Electron beam
is supplied by a 100 kV pulsed electron gun at a repetition
rate of 60, IZO, 180, 240 300 and 360 Hz. Maximum nominal
energy: 75 MeV. Analysed (0.5% resolutlon) current/approx|-
mately IOO nA at 60 H o

Q
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%f¢§tatus: shut down for Power upgrade to 10 M/
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c
Status: in operation in the energy ranée 8 to 45 MeV, with
currents up to 200 nA; the vacuum system will be replaced

by one using ion pumps so that the nominal energy coculd be

reached in a near future. v

IR

Utilization: electrodesintegration studies, electron and

bremsstrak'ung induced fission; delayed neutron studies,

T

and nuclear spectroscopy.

n

2.5 - CBPF Electron LINAC - (Centro Brasileiro de Pesqui-

sas Fisicas - Rio de Janeiro). "

Charécteristics: This machine was designed and buélt by -
the CBPF Accelerator Development Group. Energy: 28 ﬁev;
60 pA mean current} pulsed beam with pulses from 500 ns
to 3 us. - i

Status: in opé}ation

Utilization: nuclear spectroscopy and neutron time-of-flight
experiments. |

it

+2.6 - Variable Energy Cyclotron (Instituto de Engenharig

¥ Nuclear - Rio de Janeiro) 0
Characteristics: Cyclotron Corporation Model CV-28; will
deliver over 50 uA of external beams of tho 24 MeV protoﬁs
3 to 14 MeV deuterons, 5 to 38 Mey 3He++, and 6 to 28 MeV
qu++. Heavier, ions can also be accelerated.

“Status: the aébelerator and chemistry laboratoires building
will be finished in July 1974; operation of the machine es
timated to start in October 1974. i
Utilization: production of neutron deficient radionuclides
"for medical uses; activation analysis; nuch%r chemistry;

‘s

radiation damage; nuclear reactions; neutron cross-section

0

measurements.
X g

2.7 - 1EA - R] Swimming Pool Research Reactor (Instituto de

by

Energia Atomica - Sao Paulo).
Characteristics: Buiflt by Babcock and Wilcox Co. Nominal
power: 5Mw. Has been operated du??ng 17 years at 2 Mw. Faci
lities for experiments and irradiation include: 8 radial
beamrholes, Zﬁtangentigf bea@-holes,"z p admafic “rabbit" ¢

i 3

stations, and 22 irradiation rigs in the core. -

Wtilization: radioisotope production; activation analysis;

nuclear:neutron,and solid state physics experiments.
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2.8 - IPR Triga Reactor {lInstituto de Pesquisas Radioativas

Belo Horizonte

Characteristics: Designer and ‘builder - General Atomic. No--r
minai reactor power: 30 Kw (upgraded to 250 Rw).

Status: in operation. B
Utilizatien:.radloisotope production; activation analysis ;

solid state physics; radiation and nuclear chemistry.

2.9 - .Brazilian Argonauta Research Reactor ( Instituto de

Engenharia:Nuclear - Rio de Janeiro)

i

Characteristics: Designed in ANL, USA, and built by Mecani-
ca CBV Ltda., Rio de Janeiro, Brazil. .
Argonauta type (H 0 - graphite;‘Zoz enriched uranium).

Power: 10 Kw (maxnmum) Fuel: V02~Al pressed pegeer mlxture
with clodding, fabrlcated by thg” Metallurgy Division of tEA,
Sao Paulod Brazil. '
Experimental facilities: neutron beaus (horlzontal-veq£lcal);
lsoEope production (holes, cavities, channels); short time ir
radiation (“rabbit" system); thermal column (internal and
external); shield test removable.

UtllJzatnon. neutron and reactor physics, solid state physics,
engineer%pg tests, radiochemistry, isotope production, gra -
duate education. , “

NUCLEAR SPECTROSCOPY

3.1 - Spectroscopic Factors of Negative - Paritinultiplet

States in 0dd Sn lsotopes

S. de Barros'; M.J.Bechara', T.Borello-Lewin® and V.

Paar++“(lnternational Centre for Theoretical Physics,

Trieste, ltaly).
The spectroscopic factors of the negative-parlty multiplet
states 7/2;, 9/2;, 11/2" 13/2’ and 15/2’ in odd Sn isotopes
are calculated by |nclud|ng leadlng order scattering and
ground- state correlataon process. It is shown that ground-
-state correlations plgy an important role for the spectros-
copic factors of the 7/2; and ll/2; states., The theoretical
results are in good agreement with the available experimen-
tal data. .
(Published in: Physics Letters, 49 B (1974) 113-116).
Permanent address: Instituto de Fisica, Universidade de

Sao Paulo, Sao Paulo, Brazil,

*permanent address: Institute "Rudjer BosKovic', Zagreb,

Yugoslavia.



3.2 - Effective nggetic Cipole Operators and the Life-
2. -
time of the -’27 state in 2"/pb.

M.Dq;t and "J.D. Rogers++

Aellfetlme of T = (e.i5 T o. DB)Mbsec for the 897 KeV 3/2-
st te in 7Pb is determined by the Doppler shift attema- ,
tion mefhod “in thick target Coulomb excitation by 68 and

§l MeV ]60 ions on gbe. The analysis uses the Monte Car .

o

1o method to treat the slowing down of recoiling Pb nuclei
in Pb, and takes into account the effects of partlcle =Y
anqular correlations, finite detector size, and rhu slow-
ing down of the projectiles in the target., The derived va
tue of s(m1, 327+ 1/27) = (0.52%0.,10) (£20)2

cribed with the same effective magnetic monent operator as

can be des

describes the magnetic dipole moment in nuclei around ...
208Pb : N

: I
(Published in: Revista Brasileira de Fisica, Vol.3, n? 2%
(1973) 217). ‘ . Iy

+ Rutgers, The State University, New Brunswick, NJ 08903

++ Instituto de Fisica, Universidade Federal do Rio Grande

do Sul, Porto Alegre, Rio Grande do Sul, Brazil.

N

3.3 - g-Factors ‘of the 264 KeV and 632 KeV States in . 3

Py
" 77As.‘ :

R.P.Livi, J.Schaf and F.C.Zawislak
(instituto de Fisica, UFRGS, Porto Alecre).and
J. M. Gualda and R.N.Saxena : " @

== (Instltuto de Energia Atomlca, Sao Paulo}

The integral perturbed angular correlation technlque has

been used to measure g-factors of the 264 KeV and 632 KeV
17
As.

S

<

The measurement of the 264 KeV level was ¢

performed in an external magnetic field of 30 KO . The 632A

states in

KeV states, having a shorter lifetime was studied with help of
the large hypeffine magnetic field at As nuclei in Fe ma-

trix. 5 . ’

The g-factor of the 264 KeV(S/Z ) state was measured using
the 367-264 KeV gamma cascade while the 558-417 KeV gamma

cascade was used to determine the g-factor of the 532 KeV

(5/2 ) state. The results are: 95,5~ = *+ 0.33% 0.95 and -
95/2+ =+ 1.42% 0.32. The magnetic momen ts calculated from

2



these results are compared with the values obtained from

the models available for the nuclei in this mass region.

3.4 - Half-Lives if Excited States in 77As and 8]Br

R.N.Saxena and A.Bairrio Nuevo Jr.
(Instituto de Energia Atomica, Sao Paule)and
R.P.Livi and F.C.Zawislak ’
(Instituto de Fisica, UFRGS, Porto Alegre)

The odd proton nuclei in the mass region 71 <A < 85 have
a very similar low energy level structure. In particular
the state with spin of 5/2- has been identified in most
nuclei of this mass region. As a part of our systematic
study of nuclear properties in this region, we have mea-
sured the half-lives of the excited states in 77As(26h
kev °/27) and 8'Br (276 kev 2/27). The delayed gamma -
gamma coincidence technique using Pb loaded plastic scin
tilators coupled to the RCA-8275 and -8850 photomulti -
pliers tubes and conventional electronics was utilized.
For the measurement of the 264 KeV state of 77As the
367-264 KeV gamma cascade was used while the 276 KeV sta
te of 8|Br was measured through the 290-276 KeV gamma -
cascade. The half-lives were determined from the slope of
the delayed coincidence curves. The results ate T]/2(264
KeV) = 280% 20 psec and T]/2 (276KeV) = 236t 15 psec.

3.5 - Directional Correlations of Gamma Transitions in
134
Xe,

J.M.Gualda and R.N. Saxena

(Instituto de Energia Atomica, Sao Paulo) and
F.C.Zawislak

(Instituto de Fisica, UFRJ, Porto Alegre)

The directional correlation of coincident y-transitions
134

in Xe have been measured using a Ge(Li)-Nal(T&)spectro
meter . The measurements have been carried out for the -~
405-884-847, 433-(1072)-847, 540-884-847, 595-(540)-884-
847, 621-884-847, 677-884-847, 766-8L47, 857-884-847, 884-
847, 948-(1072)-847, 1072-847, and 1136-884-847 KeV gamma
cascades. Spin assignments have been made for the levels
at 1920 KeVv (3%), 2136 kev (5%), 2272 kev (4%), 2352 Kev
(4*), 2408 Kev (5%), 2588 Kev (47) and 2867 KeV (47). In

addition previous spin assingments of levels at 1613 KeV
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(2+) and 1731 KeV (h+) have also been confirmed. The multi-

pole mixing ratios (E2/M1) obtained from the present data

are: (h05)= 0.80 + o7, (433)= 0.08 & 0.06, (540)=-1.92:0.1%0,
(595)= -0.32 + 0.20, (621)= - 0.76 + 0.05, (677)=-0.32+0.02,
(766)= - 2.4 + 0.2, (857)= - 0.64 + 0.1, (948)= - 0.40+0.1,
(1072)= - 0.16 + 0.02, and (1136)= 0.48 + 0.02.

3.6 - High Resolution Spectroscopy for the s-d Shell.

J.A.Guillaumon Fo. and l.D.Goldman
(Instituto de Fisica - Uﬁiversidade de Sao Paulo)

The decays of the nuclides 2L'Ne, 25

Na, ZSAI and 35P, produced
by "bremmstrahlung'" irradiation at the University of égo Pau-
lo Electron LINAC, are being studied using a Ge(Li) detector
with 2.5 KeV resolution at 1332 KeV, and a X-ray detector with
600 V resolution. ‘
237,

In the decay of the transition of 1153 KeV with a measu-

red intensity of (0.93 + 0.12)% has been detected, besides the

higher intensity transitions 1273 (89.3%), 2028 KeV (3.8%),and
2426 KeV (6%).

3.7 - Measurement of the Transition 3++l+ in the decay of
164m »

Ho. N
V.R.Vanin and !.D.Goldman
(Instituto de Fisica - Universidade de Sao Paulo)

The nuclide ]64Ho has been obtained by ''bremmstrahliung" irra-

diation of H0203 powder at the University of Sao Paulo Elec -
tron LINAC. Thin targets have been utilized due to the high

self-absorption coefficient in Ho. A Ge(Li) X-ray detector ,

associated to a 2048-channel analyser have been used, with a

resolution of 0.6 KeV at 80 KeV, sufficient to separate com -
pletely the line of 94.0 KeV atrributed to the decay of ]6hmHo

“froﬁ the line of 91.4 KeV, produced by the decay of l6th°.

The measurement of the ratio of the cross-over intensity 3+*l+,
of 94.0 KeV, and the intensity of the transition 3+*2+, of 56.6

KeV, resulted in the value 0.006 + 0.001.

PHOTONUCLEAR REACTIONS

E,1 - Cross~sectionsfor the Reaction 232Th(y,n)zBlTh near
threshold.

0.Y.Mafra, M.F.Cesar and C. Renner

(Institlito de Energia Atomica - Sao Paulo) and
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J.Goldemberg
(Ilnstituto de Fisica - Universidade de Sao Paule)

The (y,n) cross-section of 232

Th has been measured by the
activation method, using neutron capture monochromatic gamma-
~rays from 5.43 to 10.83 MeV, at the IEA-RIl research reactor.
The 23]Th activity is measured by the area under the 84 KeV
peak measured with a Ge(Li) spectrometer. A

Irradiations have been carried out near the gamma-ray sour-
ces, with the samples surrounded by cadmium and paraffin to
minimize (n,f) and (n,2n) reactions.

The measured cross-section presented the same structure pre-
viously observed for the (y,f) reaction, with agreement with
the values obtained through the measurement of the total num-

ber of neutrons emitted in the (y,n) process.

4.2 - Formation of ]78Ta Isomeric States.
0.A.M.Helene and 1.D.Goldman

(Instituto de Fisica - Universidade de Sao Paulo)

The experimentally determined isomeric states formation ra -
tios for ]78Ta have been compared with the calculated ones on
the basis of the statistical model. The experimental results
have been obtained by irradiating ]S]Ta samples with bremms -
trahlung produced by the University of Sao Paulo Electron LINAC.
A Ge(Li) detector, with a resolution better than 3 KeV at 1.33
MeV, was utilized to measure the residual activities.

The experimentally determined formation ratio between the sta-
tes 17V and 7-, 8-, or 9 was approximately 1, for electron
beams with energies between 30 and 40 MeV. By irradiating ]8]Ta
near the threshold of the reactyon (ys3n), a value significan-
tly greater than 1 has been obtéined for the formation ratio
between the mentioned states. This result seems to indicate

that the 17 state is the ground state of 178Ta.

L.,3 - lsomeric State Formation by (y,3n) Reaction in ‘h]Pr.
S.A.S.Vitiello and 1.D.Goldman
(Instituto de Fisica - Universidade de $S3ao Paulo)
138m

Sources of Pr and l38gPr were produced by the bremmstran-
lung beam of the Linear Accelerator of the Instituto de Fisi-
ca da Universidade de Sao Paulo, at the energy of 43.5 MeV.

The isomeric state (7,8,9) , T = 2.02h, and the ground state

(I+), T = 1.4min., were indetified by the half lives and the
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transivion of 788.8 Kev, respectively. In order to obtain

sufficient statistics, the analyzed spectra was the result
of 10 runs. The obtained experimental branching ratio, was
0.32, and the comparison with the statistical theory is

presented in Table |I.

Table 1
NY g Square Well Parabolic Exp.
L 2 .038
L 3 324 .336 .u32
4 4 .755
. . . s 107

L.4 - Isomeric State Formation by (y,3n) reaction in Ag.

S.A.S5.Vitiello and 1.D.Goldman

(Instituto de Fisica - Universidade de Sao Paulo)

Natural silver targets were bombarded by the bremsstrahlung
beam of the Line;r Accelerator of the lnstitutcude Fisica
da Universidade de Sao Paulo.

Gamma-ray spectra following the decay were measured, and

the isomeric (2+) and ground state (5+)

are determined by
the transition of 555.8 Kev and separation of the half-lives,
33.5 min and 66.5 min, respectively.

The experimental deduced ratio in energies from 33 to 46 Mev,
are présented in Table 1.

Following Huizenga and Vandenbosch (Phys.Rev. 120(1960)1305
and 1313), 'a comparison of data was done with statistical
theory. The transmission coefficients have been calculated
using a square well and a parabolic potential. The gamma-ray
cascades with a 10% quadrupole admisctures give to the spin

cut-off parameter a value greater than 5.

Table |
Energy (MeV) 33 36 38 4o 42 Ly L6
Ratio .35 .28 .26 .28 .26 17 .18

4,5 - The 55Mn (y,3n)52Mn Reaction,

M.Nielsen and |.D.Goldman

(Instituto de Fisica - Universidade de Sao Paulo)

We have irradiated powder samples of metallic Mn in the Linear

Accelerator of the Instituto de Fisica da Universidade de Sao



Energy
(KeV)

Ratio

(x10

_L')
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Paulo. The bremsstrahlung was obtained using a Zg/cm2 than-
talum irradiator. M

The measurement was made using a Ge-Li deiector and the in-
terference of the 2.6h activity of 56Mn produced by neutron™
capture was avoided by waiting the convenient time.

The measurement of the 529Mn, 5.7 d activity was made fol-
lowing the transitions 744, 935 and 1434 KeV. The yield was
calculated in reference to the san, 300 d activity, 835 KeV
transition. -

The cross section ratio of the 52Mn to Sh

Mn, at energies from
32.5 up to 44 MeV, have been determined and the results pre-
sented on Table 1.

To determine the (y,3n) cross section, we shall use the expe-

55

rimental results from Mn (y,n)sth reaction published by

?.A.Fournay, R.S.Tickle and W.D.Whitehead, Phys.Rev. 120,1424
(1960) and R. Nathans and J.Halpern, Phys. Rev. 93, 437 (1954)
and the thick target bremsstrahlung calculations recently pu-

blished by M.J.Berger and S.M.Seltzer, Phys.Rev. Eg, 621(1970).

Table |

32,5 33,5 35,0 36,5 37,5 38,0 38,2 40 42 k2,5 Lb

0,053 0,065 0,30 0,92 1,92 2,22 3,30 5,27 8,21 7,97 12,30

4.6 - Formation Ratio of the 17, Isomeric States by (y,a)

Reaction.

E.A.Finotti and 1.D.Goldman

(Instituto de Fisica - Universidade de Sao Paulo)

117m ‘Z]Sb(Y,a)
reaction, are very difficult when natural antimony is used as
té?get, due to the formation of ]225n. Even though the ]ZZSn

half~life is 2.8 d, treatgr than the 40 min and il? min half-
117m

Measurements of ll7gIn and In, formed in the

~lives for ]]7g|n and In, respectively, the measurements
of the residual activities are disturbed by the presence of
that antimony isotope. In order to measure easily the charac~
teristic lines of 552.9 KeV from ''/91n and 315.3 KeV  from
]]7mln, a chemical separation of indium from antimony has been
carried out, A result 0.30 + 0.15 has been obtained for the

isomeric state formation ratio Rm/Rg relative to the nuclide
117
in.



- 27 -

4.7 - The (y,n) Reaction in '9¢ and ?3Na in the Energy
Range 0.3 - 1.0 GeV.

F.Salvetti, C.Aurisicchio, V. de Napoli, M.L.Terranova

(Instituto di Chimica Generale ed Inorganica dell'Uni-
versita, Roma) and
H.G. de Carvalho and J.B.Martins

(Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro)
I

Cross=-section per equivalent quantum has been measured for

the reactions ]9F(Y.n)]8

F and 23Na(y,n)zzNa in the energy ran
ge 0.3 - 1.0 GeV. The targets were plates of analytical grade
23Na) and lithium fluoride (73% 19F) in

powder fprm. The powders were packed uniformly between two

sodium oxalate (34%

lucite discs (5cm diameter and 0.05 cm thickness). -
Average absolute cross sections of (1.30 + 0.10) mb and (1.601”
0.20) mb have been calculated for the two reactions, respecti-
vely, over the whole energy range considered, by means of the

photon difference method.

4,8 - The Monte Carlo Method for Photonuclear Reactions.
M.Foshina aqq J.B.Martins '

(Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro)

There are mary published papers on the utilization of the

Monte Carlo method in the study of intranuclear cascades ini-
ciated by protons. Nevertheless, in the case of intranuclear
cascades iniciated by photons there is only the work done by
Gabriel and Alssmiler (Phys. Rev. 182 (1969)1035), that allows
the determination of important parameters in photonuclear reac-
tions up to 0.4 GeV,

For the estimate of values .for the cross-section of photo pro
duction of neutrons in the energy range 200 MeV to 1000 MeV we
have applied the Monte Carlo method, taking into consideration
primary interactions carried out through quasi-deuteron' or
"photo mesonic' processes. 10000stories have been followed and
the probabilities for the photo production of neutrons in the
12¢, "9¢, 23na, 55mn, '3rn, '97au ang 238

nuclei U have been

determined.

4.9 - Photoproduction of Neutrons in Complex Nuclei.

H.G. de Carvalho, J.B.Martins, M.Foshina

(Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro)



¥, di Napoli and M.L. Terranova

(Instituto di Chimica Generale ed lnorganica dell®
Universita, Roma)

The estimates of cross-sections for the photoproduction of
neutrons using the Monte Carlo method have been compared with
previously obtained experimental results, in the energy ran-
ge 300 MeV to 1000 MeV, using the bremsstrahlung beam of the
Frascati accelerator, Estimates of the cross-sections have
also been obtained thourgh simple expressions from the nu -
cleons.

The following results have been obtained for the average va-
lues of the cross-sections in the energy range 300 MeV to
1000 Mev: '2c(y,n)'Te - 0.7 + 0.03; "IF(y,n)"'8F - 1.06 + 0.05;
2

3Na(y,n)zzNa - 1.27 + 0.06; 55Mn(y.n)SI'Mn - 2.6 +0.13 ;
103 Rh(y,n)1%%Rh - .36 + 0.21; '27Au(y,n)'%%Au - 8.03 + 0.40

and - 9.37 + 0.45, in milibarns.

L, 10- A New Method for the Analysis of Electroexcitation

Reactions.
I.C.Nascimento and S.B. Herdade

(Instituto de Fisica - Universidade de Sao Paulo)

In the study of photonuclear reactions the nuclei are irradia-
Fed with photons produced by an external source and, in this
éase, they are plane waves where all the angular momenta enter
in equal proportion. In electrodisintegration reactions the
nuclei are irradiated by photons produced in the electron scat-
tering process in these same nuclei. The virtual photons pro-
duced and absorbed are not plane waves. The analysis of these
reactions used to be carried out by Plane Wave Born Approxima
tion (PWBA) which, for heavy nuclei may lead to contradictory
conclusions as far as the multipolarities of the nuclear tran-
sitions are concerned. Gargaro and Onley (Phys. Rev. C4 (1971)
1032) have been calculated the virtual photon spectra using

a Distorted Wave Born Approximation (DWBA). This method is
being checked in this work by comparing the experimental re-

238U and for the ratio c-/c+.

sults for the electrofission of
where ¢ and c+ are the cross-sections for the reactions
(e,e'n) for electrons and positrons respectively, with the
calculated ones. This work is being carried out with the co-
laboration of Prof. D.S.0nley, Ohio University, Athens,Ohio,

USA.
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4,11 - El Virtual Photon Spectrum for the use in Electrodi-

sintegration Reactions.

E. Wolynec

(Instituto de Fisica - Universidade de Sao Paulo)

The nuclear electroexcitation procesé is Intimately related
to the corresponding photoexcitation process. In beth cases
the nucleus receives the excitation energy through the inte-
raction of an electromagnetic field with the nuclear charges
and currents. By relating the two processes it is possible to
deffhe a virtual photon spectrum N(A,L,Eo,m) and write the to
tal electron inelastic cross-section Og? in a form analogous

to the one for the bremsstrahlung yield:

Eo-mﬂ
d
a (E) = ct (LLIN(ALLLE u) —2 where E =
0 AsL '

= total energy of the incident electron, m, = electron rest
energy, w = photon energy, A = E or M for electric or magre-
tic transitions of multipolarity 2% and ot (L,w) = cross-~-sec-
tion for photoexcitation., Recently, N(A,L,Eo,m) has been cal-
culated using DWBA (Gargaro and Onley, Phys. Rev. C4 (1971)
1032). Nevertheless the calculation results is a non-analytic
expression for the virtual photon spectrum. The calculation
of a particular virtqu photon spectrum using DWBA, which in-
volves the sum of many partial waves, takes a lot of computer
time, which makes prohibitive its use for the énalysis of elec
trodisintegration reactions. -
Using the computer code VIRFO- | develope} by Onley for the
spectrum calculations, we generated 50 points of the El vir-
tual photo? spectrum for different values of-Z and Eo (z = ~
= atomic number of the target nucleus). From these points an
analytical expression has been adjusted to the DWBA calcula-
tedﬁspectrum for E1. This expression is :.

Nt

= “ - 1/3
N(EL, Eo‘ w,2Z) = NP(EI, Eo,m) + [}.ZSxIO Sexp(l.ZQS z ~0.052w)

. [}Ef - mo)/(m ¥)m°) w , where : Z = atomic number of the
target nucleus,‘NP(EJ, Eo,w) = expression for the virtual
photon spectrum in PWBA, and Ef = E, - w.
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4,12 - An Analysis of Electrodisintegration of Nuclei using

El Virtual Radiation Spectra Evaluated with Coulomb

Distoried Waves.

E. Wolynec, G.Moscati, O0.D.Gongalves and M.N.Martins

2 (lnstituto de Fisica - Universidade de Sas Paulo)

Data on the ratio of photo and electrod
1

1 sintegration of se-
veral nuclei ('zc, 6l’tu, 6I*Zn'i:-‘msAg, !

Ta”anq\‘97Au) are
compared with theoretical ratios predicted by pﬁane and disg

00 =

-

torted waves calculations. The analysis with distorted wégé§§

W,

shows that all data are compatible with photoabsorption through
El transitions, as can be explained by the electric dipole
sum rule. This outcome does not agree with published conclu-

sions for high Z nuclei using plane wave approximation.

NUCLEAR FISSION

5.1 - On the Photofission Cross Sections of 209Bi, 232Th

2336“$t Intermediate Energies,

and

H.G. de Carvalho, J.B.Martins and 0.A.P.Tavares
(Cestro Brasileiro de Pesquisas Fisicas - Rio de Janeiro)
\ and
V. di Napoli and M.L. Terranova ’ .
(Instituto di Chfmiga Generale ed Inorganica dell'
Universita - Romafﬂ .
Photofission cross sections have been estimated for 209Bi,
232Th and 238U, in the enérgy range from 0.15 GeV up to 2 GeV,
using fissibility values computed with the Monte Carlo Method.
For the calculation of the fissibilities, ugé has been made of
some already known resulits of proton~induced intranuclear cas-
cade calculations, in order to obtain information about mass
number, atomic number and excitation energy distFibutionS‘of
the post-cascade nucleus. The calculation ha; been carried out
as a fission-evaporation competition, using an energy depen -
dence of the ratio of the neutron evaporation width tohfission
width. The results have been compared with experimental data,
showing that the photofission cross sections are consistend with
the photomeson mechanism of nuclear excitation.

Published in: Notas de Figica, CBPF, Vol. XXI, n¢5 (1973) ©

@



5.2 - High Eneroy Photofission Cross Sections of Uranium,

Thorium and Bismuth.

i

0.A.P.Tavares N

(Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro)

Bremsstrahlung beams produced in a thin tungsten radiator by
incident electrons accelerated in the '"Deutsches Elektronen
Synchrotron" (Hamburg) at energies ranging from 1 GeV to 5.5

GeV, and in an aluminum radiator by electrons accelerated at

16 GeV in the "Two Mile Stanford Linear Accelerator' (SLAC), s
were used in our experiments. The nuclear emulsion technique

has been employed for fission fragment dg;g:tionf Using a spe-
ajal development process carried out preQiously in our labo-
ratory, discrimination between fission fragments tracks and
alpha particles tracks was possible for nuclear emulsion pel-
licles loaded with uranium and thorium. The photofission cross
sections were obtained from measurements of the cross sections
per equivalent quantum by using 1/k bremsstrahlung spectrum
approximation (k is the photon energy) in energy ranges L GeV-

- 5.5 GeV and 5.5 GeV%f/TGQGeV. The results show a decrease in
the cross sections with energy, which is in good agreement ,
within experimental errors, with the results of other authors
who used not only this technique but mica and glass detectors
as well. For photon energies higher than 1 GeV, the photofis-
sion cross sections decrease asymptotically by about fifty ti-
mes their value at 300 MeV in the case of 238U and 232Th, and,
twelve times in the case of ZDSBi.

5.2 -~ Photofission Cross Section of 238U in the Energy Range

5.43 MeV - 10.83 MeV measured with Polycarbonate Foils
(Makrofol).

M.F.Cesar, A.M.P.Kuniyoshi and 0.Y.Mafra

(Instituto de Energia Atomica, Sao Paulo)

The cross section for the reaction 238U(Y,f) near threshold

has been previously measured in this laboratory by utilizing

a fission chamber, as well as by other authors. Although a

structure had been always observed in the cross section curve

for energies from 5 to 9 MeV ~*here are certain discrepancies

in the data obtained by diffi&;ﬁk research groups. lnzggder to
U for

neutron-capture gamma-rays in the energy range 5.43 to 10.83

check our results, the photofission cross section of
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MeV has been measured again by wmeans of a different technique,
using polycarbonate (Makrofol) foils as fission fragment detec
tors. The behaviour of the experimental curve obtained was the
same one observed in the previous measurements, using a fission

chamber and electronic counting.

S.4 - Angular Distribution of Fragments in the Electron Induced
232Th A

J.H. Vuolo, S.B.Herdade and 1.C.Nascimento

Fission of

(Instituto de Fisica - Universidade de Sao Paulo)

Angular distributions of fragments in the electron-induced fis-
sion of even-even nuclei can be calculated provided the virtual
photon spectr»ﬂ in the magnetic substates M, and the rotation
matrix dJ (69 are known (Huizenga, Nucl. Tech. 13, April 1972,
pg. 20). The dgstr/ bution for e\ectrof155|on differs from the
- one for photofi;;ﬁgn because it includes also the substate M=0
and a differentﬁqjstribution of multipoles. (
The anguiar distributions of the fragments in the electrofis -

232

sion of Th have been obtained in the energies 8 and 9 MeV.

A thorium thin target is irradiated in the electron beam of the
University of Sao Paulo LINAC and the fission fragments are
detected by polycarbonate foils (Makrofol) 10um thick in the an-
gular range from”- 30° to 132° with the beam direction.

The results of this work are being campared with the theoreti-
cally calculated distributions, using a Distorted Wave Born Ap
proximation formalism, as well as with experimental results pre
viously obtained for 238U. éﬁzthe basis of these studies, in -
formations on the shapes of the fission barriers of 232Th"and

238

U may be obtained. The absolute values of the cross- section

232

for the electrofission of Th will also be obtalned in the

energy range 8 - 50 MeV.

5.5 - Electroﬁ-lnduced Fission of ZOSBi.

S.B.Her&gﬁe, J.H.Vuolo and_ [.C.Nascimento

(Instituto de Fisica - Universidade de Sao Paulo)

The electron-induced fission of 209Bi is being studied in the
energy range 40 - 60 MeV at the UﬁivFrsity of Sao Paulo Elec-
tron LINAC, Polycarbonate (Makrofol)&sheets 10um thick are

utilized as fission fragment detectors. Preliminary results

for the 209Bi(e e'f) cross-section have been obtained using a
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bismuth target 2.2 mg/cmz thick; for an electron energy of
(4l2.0 + 0.4) MeVv it was obtained the value (1.5 + O.k)xlﬂ-smb.
Results with better statistical accuracy will be obtained with

a3 better geometrical efficiency of fission fragment detection.
The photofission cross sections will be obtained by an unfolding
procedure using a virtual photon spectrum calculated by a DWBA
formalism (Gargaro and Onley, Phys. Rev. Ch (1371) 1032).

Our experimental results in the energy range 40 - 60 MeV, to-
gether with previously obtained results by other authors in
different energy ranges (Moretto et al, Phys. Rev. 179 (1969)
1176; TUrck et al, Phys. Lett. 498 (1974) 335; Ranjuk et al,
Ukrainsky Fizicnyj Zurnal 14 (1969) 408) will be utilized to
make a better estimate of the value of the fission barrier for
209;. /I

!
i

5.6 - Yields of Lanthanide lIsotopes and Yttrium in the Fission
of 2380 Induced by 14 MeV Protons.
H.C. Machado

(Instituto de Engenharia Nuclear, Rio de Janeiro)

Radiochemical measurement of fissian vyields for many mass num-
bers greatﬂr than about 140 has until recently been difficult
because the great chemical similarity of the ltanthanide elements
effectively precludes rapid chemical purification. As a result,
mass: chain yields have cnly been determined for those masses
where the lon;ést lived member has a half 'life more than about

a few hours.

However in recent years, the advent of high resolution Ge-Li
gamma detectors has made possible the identification and mea-
surement of radioisotopes even in very complex mig}ures since
the accurate gamma energies and the half lives of the peaks
usually enable unambiguous assignnments to particular radio-
isotopes to be made. In these work, a lanthanlde fraction was
separated from the irradiated uranium target wnthln about 15
minutes and 90 minutes of the end of irradiation. This frac-
tion contained isotopes of yttrium, lanthanum and the lantha-
nides. Half lives as short as 10 mins (egssy) could be readily
Jetected and measured, o
To calculated‘the fission yield of each isotope, it is neces-

sary to know the abundance of the gamma ray in the nuclear de-

“cay scheme, and the efficiency of the Ge-Li detector at that

1
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energy. The detector was calibrated in the usual way using
1AEA standard sources. Abundances of the various gamma rays,
however, presented a more difficult problem since literature
values often show large discrepancies, particularly for some
of the shorter-lived isotopes. To overcome this, abundances
were calculated by calibrating with the system 2351] (thermal
n, fission), for which the mass yields have been well esta -
blished. P -

Preliminary results have b;én obtained for the relative yields
of 10 mass chains (93, 9%, 95 Yttrium), 142, 143, 146, 147,

149, 151, 155 La + lanthanides). These have been converted Qb@

-

absolute yields by normalisation with mass yields already puZQW
i

blished i; the literature. i

¥

CHARGED PARTICLE REACTIONS

6.1 - Analog Spectroscopy with Proton Inelastic Scattering.
H.Miyake and A.F.R. de Toledo Piza
& (lnstitufo de Fisica - Universidade de Sao Paulo)

Proton inelastic scattering through isobaric resonances is ana-
lysed in the regions of tin, and of the isotones N = 50 and

N = 82, The scattered wave in the interaction region is decom-
posed in harmonic oscillator&wave functions. The parent states
are ' treated in the BCS + RPA scheme. The single-proton escape
amplitudes are calculated with the 2 body coulomb charge ex -
change force. The partial widths for 2% and Q; states in (p,p')
reactions are then determined. The results aré compared with
the ones obtained using the coupled equations method and with

calculations utilizing the unified model.

6.2 - The Total Width of Isobaric States in 123Sb.
H.Miyake, O.Dietzsch, E.W.Hamburger and A.F.R.de Toledo
Piza

(Instituto de Fisica - Universidade de Sao Paulo)

Excitgrﬁgn functions for the proton inelastic scattering on
l53Sb, :orresponding to excitations of collective 2% and 3
states, have been fitted by a formula containing five parame-
ters, representing a resonant ‘amplitude and an energy indepen-~
dent background amplitude. The energy range of the incident

protons corresponds to the region where the isobaric analog

y
ir
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resonances of the stated with independent particle configura-
tions d5/2 and f7/2 in l23Sb are situated. The fact that the

non - resonant cross section for inelastic scattering is low,
compared with the resonant cross section, f;sulting in small
<€derference effects, allowed us a better determination of the
total widths as compared with previous results from the analy-
sis of the elastic scattering cross section by other authors.

An iterative precess for the data fit with expressions contai-
ning one, two and three resonances, has been utilized. The ener-
gies and total widths obtained in the analysis of the 2% state

¢ dg,, (E = 8.95 Hev,

T =523 KevVl, d5,2(5_= 9.25 MeV, 145 + 3 KeV), ., (E=10.464
MeVL’F' 97 KeV). The 3 state presents only one resonance :
f/2(E = 10.426 HeV, T = 112 Kev). ‘ '
G

excitation functions are, respectively:

]

6.3 - Direct-Compound Contribution to (p,2p) Reactions.

"M.S.Hussein

(Instituto de Fisica -~ Universidade de Sao Paulo)

The term corresponding to the formation of a residual compund
nucleus (R.C.N.) following the knockirny

contribute coherently to the direct tesm in (p,2p) reactions. .

“This, we argue, modifies the angular distribution if one™

T
.treats the residual compound nucleus statistically‘(isotrqp%c i
angular distribution of emitted pé#gicles). It is possible to
isolate ,the contribution of this new component of the ampli -

. I8!
tude using simple Hauser-Feschback analysis on the final nu %

W
clear decay. This is a very ‘important program for the betteré
study 'of hole states in nuclei. Any structure found in the

decay amplitude of the R.C.N., would then be understood as in-
termediate structure in the exit channel. Investigations are
in progress to assess the importance of the compound-compound

contribution at lower bombarding energiesl

\r

. = :l'\ e
6.4 .- The Excitation of '"Gauge Analog States' (GAS) by Heavy

lon Reactions.
M.S.Hussein and H-T. Chen

(instituto de Fisica, Universidade de S3ao Paulo)

A new method for the investigation of the transfer of 4 parti-

cles in heavy nuclei reactions is proposed. The 'Gauge Spin"



concept is introduced to label the different nuclear states

reached by the transfer of an even number of neutrons. This

leads naturally to consider the possibility of exciting the

“"Gauge Analogue State (GAS)of the target nucleus by means of
stripping or pick-up reactions between heavy nuclei.

Reactions with 206Pb or 210

Pb as projectiles and other lighter
or heavier Pb isotopes as targets are suggested. A theory of

two coupled equations is constructed to treat these reactions.

6.5 -~ Measurements of the 27Al(p,n)z7Si and 12C(u,n)lso

Reaction Thresholds.

D. Pereira

(tnstituto de Fisica - Universidade de S3ao Paulo)

The '"counter ratio' technique of Bonner et al (Phys. Rev. gé
(1954)122) has been utilized in the measurements of the thresh-
olds for the rgagtions Eyﬁﬁ(p,ﬂ)275i (Eth=5'7969 MeV) and
lZC(u,n)lsﬁ {éthgll’3§ﬂ8 KeV} as part of the program for cali-
bration of the University of S5ac Paulo Pelletron accelerator.
The calibratiom zonstani of. the analysing magnet obtained from
these measurements, aré’in excellent agreement with the one
obtained by oserving the analog resonance T = 3/2 (Er s=Ilo.231

12 12 . €
MeV), through the C{p.p) “C reaction.

6.6. - Measurement of the ISF(p,n)lgNe Reaction Threshold.
V.H. Rotberg

{Instituto de Fisica - Universidade de S3o Paulo)

The threshold of the reaction ‘QF(p,n)lgNe at 4.233 MeV has
been observed by the used of two BF3 counters in an arrange-
ment similar to the "Bonner system' (Rickards et al, Nucl.Phys.

86 (1966) 167), in order to obtain a calibration for the Uni-

versity of S3o Paulo Pelletron accelerator. The calibration

constant obtained for the 90° analysing magnet from this mea-
surement is in excellent agreement with results from other

similar experiments carried out in the Pelletron laboratory.
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NEUTRON PHYSICS
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7.1 - A Formula for the Fluctuation Cross-Section of Nucle- )

Reactions at Low Energies. v ‘

1

(+)

M.S.Hussein
(International Centre for Theoretical Physics;\frié ‘
taly) |
(+) Permanent address: Instituto de Fisica \Q

Universidade de S3o Paulo ”

Sao Paulo, Brazil ﬂ

An expression is derived for the total fluctuation cross-sec-
tion valid for the general case of any number of directly
coupled open channels. In the limit when this number is very
large one recovers the familiar Hauser-Feshbach result for
inelastic scattering. A different result emerges for the elas-

tic case. Generally, for many overlapping resonances:

g cc' = ( N-1 5 + 1) Pe Per
N+T cc!
(22+1) T A Z
C P [}
c
cll
7.2 - Resonance interference in 232Th - 233Pa Systems .

M.V.Ballariny

fCohissSo Naciona! de Energia Nuclear, Rio de Janeiro)

The validity of the hyZothesis for the separability of reso-
nances in the solution of the Boltzmann equation for the cal-
culation of neutron slowing-down in an absorbing medium depends
upon the importance of the form term due to the resonance in-
terference effect. This effect is related to the Placzek oscil-
lations in the neutron flux and collision density due to the
negative source of neutrons represented by an absorption reso-
nance.

By utilizing pfevious results on the effect of resonance in-
terference in practical homogeneous infinite 232Th - 2325, sys-
tems with a carbon moderator (Ballariny and Marable, Trans.
Amer. Nucl. Soc. 13 (1970) 714), the interference effect terms
have been separated and its relative and absolute variations as
a function of the C/Th ratios and of the resonance spacing have

been studied, leading to the following conclusions:
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The form interference between the 232

Th doublet resonances
is always negative {(constructive) and its variation with
the system degree of moderation presents a maximum.

The total form effect term is greater for well thermalized
systems.

232Th doublet on the 233Pa re

sonance of lower energy, in well thermalized systems, oscil-

The total interference of the

lates around the value of the assymptotic term, with the in-
crease of the resonance spacing in the two nuclides, so that
the form term assumes positive and negative values that can

be neglected.

7.3 - Neutron Transmission Study of the Rotational Freedom

of Methyl Groups in Polydimethylsiloxane.
L.Q.Amaral®, L.A.Vinhas and S.B.Herdade™
(Instituto de Energia Atomica, Sao Paulo)
I.E.A. - Technical Report n¢ 320

The total neutron cross section of polydimethylsiloxane has
been meagured as a function of neutron wavelength in the

nge .
range & A to 10 A at room temperature, using a slow-neutron

chopper and time -of =-flight spectrometer. Scattering cross
sections per hydrogen atom were obtained and the slope (]2.2t
0.2) barns/A has been derived.

Comparison with calculated neutron cross sections using the
Krieger~Nelkin formalism for differcnt dynamical situations
as well as comparison with calibration curves relating the
slope to the barrier hindering internal rotation indicates

the existence of practically free rotation of CH3 groups about

their C, axis.

3

+ Presently at the Instituto de Fisica

Universidade de Sao Paulo
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7.4 - Molecular dynamics of tert-butanol studied by neu-

tron transmission

L.Q.Amaral*, R.Fulfaro and L.A.Vinhas (lnstituto -
de Energia Atdomica - Sao Paulo)

1.E.A, - Technical Report n? 328

Neutron transmission of the globular compound;tert-butanol
(CH3)3C0H have been mﬁasured in the temperature interval -
0°C to L09C for 6.13 A neutrons and in the neutron wave =~
length range 4 to 7.5 K in the 1iquid and solid states.
Results show that the cross-section difference at the sta-
te transition in 24°C is 13%, while it is only ~1% at the
first order phase transition in 149C. Evidence of existen=-
ce of a third crystalline phase with the lowest cross sec~-
tion has been found. The barrier to internal methyl rota -
tion in the solid state is estimated as (3.8 ¥ 0.5) kcal/
mol and does not change much over the phase and state tran
sitions. The observed dynamical changes must be due to mo-
vements of the whole molecule and evidence that tert-buta-
nol is not in the strict sense a plastic crystal; correla-

tion with heat capacity results is discussed.

Presently at the Instituto de Fisica -

Universidade de Sao Paulo.



- 41 -

Progress Revort

on Nuclear Data Activities in Bulgaria

11973

Compiled by E.Nadjakov

A1l the activities have taken place at the Institute of Nuclear
Research and Nuclear Energy, Bulgarian Academy of Sciences, Sofia 13,
some of them in collaborabtion with the Joint Institute for Nuclear
Research (JINR), Dubna.

1. Neutron nuclear data

1. Development and application of the neutron coincidence
method for measuring plutonium in fuel elements of water—-water power
reactors (V.I.Christov, A.I,Trifonov, T.Dragnev)

A device for measuring the quantity of plutonium-240 accumulated
in the uranium fuel elements has been worked out by applying the neutron
coincidence method. The measurements can be performed directly in the
reactor pool. : )

The device allows determination of about 1g Pu-240 in an 1 hour
measurement with a statispical error of 3%. Numerical estimates show
that a reliable determination of the  .quantity of plutonium is possible
in this way in reactors of the above mentioned type at a fuel burnup of
10000 MW.day per 1 ton uranium.

2. Programs for reactor physics calculations (T.Apostolov et al)

a) Program "Burnup'" for nuclear fuel burnup, reproduction and
poisoning by fission products in water-water power reactors.

b) Multigroup two-dimensional program for neutron flux
calculations in rectangular lattice reactors.

3. Multilevel analysis of the 23%py s1ow neuwbtron fission cross
section (N.Yaneva).

A method of interferential analysis of the resonanee neutron

fission cross section has been developed on the basis of the Reich-Moore
R-matrix formalism,
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Programs in FORTRAN 4 for IBM 360/40 computers, in the two-level
and few-level approximation have been prepared. The Doppler and
resolution broadening are taken into account by numerical calculations.
In the unresolved resonance energy region the average cross section
for investigabting the intermediate structure was analysed by using
various theoretical modeis.

Experimental data from NEUDADA were used. Analysis of the 23%py
neutron fission cross section in the energy region O—jO keV was
performed, The two-level resonance parameters and the intermediate -
structure parameters in the energy region up to 2 keV have been obtained
(the intermediate structure data see in Table 1).

A multilevel analysis of 239Pu fission is in progress.

4. Multiplate fission lonization chamber for cooied targets
(E.Dermendjiev et al).

A multiplate fission chamber with~0.5¢ 23°U deplated on 10
targets with 10 cm diameter and a-~0.5 mg/cm2 layer thickness has been
made. The construction permits cooling of U-targets down to liquid
nitrogen temperature T = 79 K. Geometry and dimensions are suitable
for fission and capture gamma-ray measurements.

v 2. Non-neutron nuclear data

1. Photofission cross sectionsof 232Th, 238U, 235U and 239Pu in
the subthreshold region (T.Dragnev, E.Dermendjiev, N.Kalinkova,
N.Kashukeev, N.Tchikov, N.Yaneva).

The photofission cross-sectionshave been measured at gamma-ray
energies E. = 6~9 MeV. (n,)) - reactionson targets of Ca (E, =6.40 MeV),
Ti (6.76), Be (6.83), Pb (7.38), Fe (7.63), Al (7.72), Cu (7.91) and
Ni (8.99) have been used as a source of "monoenergetic' gamma rays.

The tangential channel of the IRT-2000 reactor in Sofia with suitable
filter;bnd collimators has been used as a source of "monoenergetic"

gamma rays. The gamma-ray intensity was high enough, giving the possi-
bility to use thin targets. For the fragments detection a back-to-back
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Table 1

intermediate structure parameters, neutron energy
region: O — 2000 eV

E Fy T [z a Fioe (em
215 0,020 + 0,001 46 + 1 0.031 + 0.002 181 + 2
565  0.048 + 0.002 45 + 1 0.053 + 0.005 189 + 2
1020  0.060 + 0.005 58 + 1 0.049 + 0.006 200 + 3
1364  0.040 + 0,003 50 + 3 0.031 + 0.003 136 + 4
1680  0.025 + 0,001 30 + 2 0.034 + 0.003 140 + 5
1920  0.046 + 0,002 40 + 2
‘ Table 2 W
Photofission cross—-sections & ¢ (m@d )
Skl <§§§> 232y 238y 235y 23%py
Ca  6.40 4,46 + 0.79 2,42 + 114 5.20 + 2,16  15.70 + 2.22
Ti 6,76 10.02 # 1.42 10,04 + 1.30  12.86 + 1.97  48.35 + 6.72
Be 6483 1418 # 1428 8,06 + 3.92  8.50 +11.3  16.32 + 2.35
Pb 7438  3.40 + 1.55 10.00 # 2.54 6,00 + 6.36 17.58 * 2.43
Fe  7.63 6428 # 1.04 10.12 + 1.80 23,38 + 3.82 45,59 + 5.81
Al 7.72 4,02 + 0.46  10.80 + 1412 26,33 + 1,79 41.86 + 6.03
Cu  7.91 1.57 £ 1233 13.62 + 2.33  35.16 + 5.53 63.64 + 8,92
Ni  8.99 3.72 + 1.03 20.07 + 3.78 27.16 + 2.71
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ionization chamber with two different targets on the central elecirode
was used.

The O £ results are shown in Table 2. Tlggzmaxima at E = 6.76
MeV for all the isotopes, and at E = 7.63 for Th must be mentioned.

2. Radioactive decay of neubtron deficient isotopes (Zh.Zhelev,
I.Adam, B.Amov et al).

The isotopes have been obtained on the 660 MeV proton synchro-
cyclotron of JINR - Dubna. Gamma spectra and gamma-gamma coincidences
have been measured with Ge (Ii) spectrometers, and conversion
electron spectra - with a2 magnetic 2n /2 beta spectrometer.

a) Levels of Mo5n excited in the decay of 1455y (5.9 days)

345Eu was obtained by bombarding Ta and Er targets. After chemi-
Ccal séﬁaration, the BEu fraction was mass separated. 24 new transitions
have been assigned to the decay of 145Eu: 213.0 , 252.7., 257.4 ’
266.,6 , 313.7 , 338.0, 343.9, 365.0, 373.4, 434.,3, 440.2 ,
468,55 , 482.4 , 536.3 , 728.2., 872.6 , 89Y8.5, 882.6, 1003.2 ,
1452.6 , 1780,0 , 1847.6 , 1951.9 , 2559,7 keV. By combining several
sets of conversion electron and gamma ray intensities, K-shell internal
conversion coefficients have been assigned to some of the transitions.
From coincidence data levels at 1607.1 , 1843.6 , 2316.9 , 2385.5 ,
2340.5 and 2513.5 keV have been establlshed. The levels proposed
are compared with those from 144Sm(d.P) and 145Sm(p,p) reactions and
with a theoretically calculated level scheme known from the literature.

b) Decay scheme of Homy

47 transitions have been observed and the relative gamma-ray
intensities obtained with.high accuracy. New transitions at 278.0 ,
368.3 , 471.5 , 750.0 , 846.4 , 715430, 1252.0 , 1454.0 ,
1472.1 y 1479.,2 , 1600.8 XkeV have beeﬁ“ﬁbserved. K~shell internal
conversion coefficients have been calculatel:by combining conversion
electron and gamma ray data. Coincidence daba gave additional evidence
for the existence of 12 excmted levels of 147Sm. Log(ft) -values have
bezn calculated by using experimental branching ratios, and quantum
characteristics of most of the excited levels have been determined.
New-levels at 1043.8 and -1600.8 keV have been established.



Table 3
Lifetimes and B(E2) values of nuclear rotational stabtes in Yb isotopes

Nucleus om. Emergy  ILifetime oo lcoop. B(ER2;Ts2—D) éizgz)
I+2—I E (keV) I, /2 (ps) <n Experiment ro%or
2—0 102.3 1240 + 200 2.86  1.05 + 0.17 1.05%
42 227.8 720 + 13 0.176 1.12 + 0.21  1.50
1$8Yb96 6—4  337.5 97 =+ 1.8 0.052 1,26 + 0.23 .65
8—6  429.6 3.0 + 0.7 0.026 1.25 + 0.29 1.73
10—-8° 508 1o+ 0.6 0,017 1,17 + 0.50 1.78
2—0 123.5 882 + 88 1442 0.92 + 0.09 0,922
164y, 4—2  262.8 29.9 + 3.0 0.110 1.35 + 0.4 1.32
70770 e 3750 5.2 + 0.7 0.039 1.40 + 0.19 1.45
86" 462.8 2.0 + 0.5 0,022 1.30 + U.33  1.52
250 166.5 401 + 59 0.50  0.73 + 0.11 0732
162y, 42 320.3 1.1+ 2.1 0,061 1.12 + 0,17 1.05
707792 o a3e.2 3.2 + 0.6 0.026 1.09 +0.20 115
860 5214 T+ U5 0,016 1.03 + 0,37 1421
2~0 243,3 135 + 15 0,142  0.428 + 0.047 0.4282
160y, 42 395.6 8.0 + 2.0 0.033 0.703 + 0.175 0,612
707790 6 508.7  , 2.0 & 0.5 U016  0.813 + U.200 0.674
8—6° 88,7 0.9 + 0.3 0.012 0.875 + 0,290 0,706

a Nc,}rmalized to experiment.

b May have additional systematic error due
to bad separation from the time between reaction and populiation

i

\ , Table 4
Energy parameters (moment of inertia J=3/E2, level energy ratio E4/E2)
and transition rate parameters (intrinsic E2 moment @, deformation ﬁ )

in ¥b isotopes

e

Nucléus J (MeV—1) }Z‘.4/E2 Q (barn) ﬂ
Toooge 29.3 3.23 7425 + 0.6 0.300 + 0,025
I] . »

?ng94 24,3 3.13 648 + U.35 0.285 + U.U15
1624, -

S LI 18.0 2.92 €a1 + U5 0.255 +.0.020
160




c) Decay scheme of 148Eu (50 days)
Sources of 148Eu were obbtained by long irradiations of Er
- targets. The energies and intensities of 130 gamma transitions have
been determined and . new gamma lines at 185.7 , 253.5 5 4375
5775 , 662.6 , 705.2 , 732.6 , 810.8 , .893.8 , 976.4»; 106845 ,
1121.6 4, 1218.0 , 1270.4 , 1480.9 , 1532.8 , 1579.1 , 1592.8 ,
165843 ,+ 1699.1 , 1787.1 , 1840.1 , 1940.0 , 2202.3 keV have
been observed. Conversion coefficients and multipolarities have been
calculated for 52 transitions. New excited levels at 2340.5 , 2389.6 ,
2497.2 , 2693.8 , 2700.6 , 2860.6 XkeV have been established, and
22 levels have been confirmed from gamma-gamma coincidence data. By
using this experimental material and.calculated log(ft) -values, a
level scheme of 14BSm is constructed.

3. Lifetime measurements of nuclear rotational states (B.Bochev,
S.A.Karamian, E.Nadjzkov et al) ’

1

Lifetimes in -the range of 10712 t0 102 s in several ybtterbium

nuclei obtained in a (40Ar,4n) reaction at the U-300 heavy ion
cyclotron of JINR -~ Dubna have been measured. The recoil-distance
Doppler-shift method has been applied. B(E2) wvalues have been deduced
and compared to the rigid rotor model. The data obtained are presentéd
in Tabie 3e

Deduced intrinsic E2 moments Q and deformations JQ are compared
with the energy parameters:moment of inertia J=3/E2 and E4/E2
(10/3 for rigid rotors and 2 for'harmonic vibrators) in Table 4. A
mmpatible decrease of all the quantities is observed with decreasing
A', i.es with penetration into the transitional region.

June 1974 ) Iiaison Officer to the INDC for Bulgaria:

o

Tk

Emil Nadjakov

Institute of Nuclear Research and Nuclear Energy -
- Bulgarian Academy- of Sciences :

Sofia 13, Bulgaria
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INTRODUCTION

Tre tenth progress report on Nuclear Data Activities
in India covers the work done during the year 1973. A part
of the work given in this report has been presented at the
Ruclear Physics and Solid Stete Physics Symposium held at
Bangalore during December 1973. -

The total number of CINDA entries sent to the Nuclear
Data Section of the International Atomic Energy Agency
auring the period of the report is 34. The lialson activity

with computer programme library (CPL) of the OECT Nuclear

SN

Energy Agency was continued.

Progress report on new faciiﬁtiea for research is as

follows

1. 224 cm Variable Energy Cyclotron

Construction work on the components of the 224 cm
Variable Energy Cyclotron at Calcutte is nearing completion
and the assembly work is about to begin. Assembling of the
magnet at the Heavy Engineering Corporation, Ranchi has
started. The main magnet coila‘fabrieated at the Bharat
Heavy Electricals Ltd., Bhopal have been received at the VEC
Laboratory, Calcutta. The fabrication of the RF pane;§,~dee
and dee-stem has been completed at the Central Workshops,

Trombay and these parts are ready for assembling at Calcutta.
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Final testing of the power supplies is under progress.

The hardware for the magnetic field mapping is ready. Work
on the vacuum system, deflector, ion source and other
components is nearing completion. The fabrication of the
first switching magnet has started ¥ajority of tke staff
is now at the VEC Laboratory, Calcutta. Plans for the
-;tilisation of the cyclotron are under way. The cyclotron

is expected to go into operation in 1975.

2. 100 M¥ Thermal Research Reactor

Planning for a 100 MW Thermal Research Reactor for
research purpose is under way. The design parametﬁfs will
be frozen by May, 1975, civil comstruction will s%ﬁrt in
January 1975. The Reactor will have a vertical core and
will be fuelled with metallic natural uranium. It will be
cooled and moderated with heavy water which will also serve
as a reflector. Exper?ﬁenta{ facilities include two enginee-
ring léops, hot and cold neutron sources, two horizontal
beam tubes through the core, and provision of extending

neutron beasms into an e;perimental area outside the contein-

ment building. Neutron flux of about 2 x 1014/cm2[§ec is

expected. The reactor is expected to be commissioned by

* the end of 1979,

(M.K. Mehta)
* Convener
Indian Nucleer Data 8roup.
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A. BHABHA ATCMIC RESEARCH CENTRE, BOMBAY 400 085

1. The Recoil Ranges and Kinetic Energy Distributions in

Reactor Neutron Fission of 232U and 25Txp ana Thermal Neutron
241Pu

Fission of - S5.B. Manohar, A. Ramaswami, S.P. Dange,

P. Prasanna Venkatesan, Satya Prekash and M.V. Ramaniah - Using.
direct counting with Ge(Ii) detector and radiochemical techni-
ques, the recoil ranges of a number of fission products in reactor
neutron fission of 241Pu have been determined. These recoil
ranges were then converted to kinetic energies of fission pré-
ducts with thg help of various range-energy equations. These

data after correction for neutron evaporation gave the kinetic
energy distributions for the two systems. From these distribu-
tions, data on kinetic energy deficit and average kinetic energy
release were obtained. An interesting correlation between

averege total kinetic energy released (Eiﬁ) with fission asymmetry\
and shell structure has been obtained which shows that TKE
increaées 1iﬁear1y as the probability for mess division with

doubly magic core of 50P and 82N increases,

. 2. Pission Fragment Mass versus Angle Correlation in Fast

Neutron Fission of Urenjum 235 - N.N. Ajitanand, R.K. Choudhary,
S.R.S. Murthy, P.N. Rema Rao and 5.5. Kapoor - A gridded back to

back, argon filled ionisation chember was used to study the
angular distribution of fission fragments in 2.2 MeV neutron

induced fission of uranium 235. The neutrons were obtained by
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the T(p,n)He3 reaction with a Van de Graeff accelerator. The
urenium source of thickness SQ/Lgm em™2 electrosprayed on a
VINS support film was mounted in the middle of the chamber and
subtended an 8 degree half-angle at the preoeton spoct. The grid
and collector pulses from each helf of the chamber were ampli-
fied, digitized by & four parameter recorder and written on

5

magnetic tepe. About 10° fast neutron iﬁduced fission events

were recorded. Thermal neutron induced fission events were also
recorded by thermslizing the fast neutrons with a peraffin block.
The datea was analyzed by the CDC 3600 computer to obtain the
fragment mass and energy distributions from the collector pulses.
The grid pulse height distribution for a given mass was analysed
to obtain the angular distributions. The angular distributicns
thus obtained showed a significant variation with fragment mass
establishing tﬁereby that the quantum properties of the transi-
tion point states which decide the sngular distribution of the
fission fragments are different for the symmetric and asymmetric

saddles.

3. Trajectory Calculations in Alpha-particle asccompanied

fission and studies of Scission Configuration - R.K. Choudhury

» end V.S. Ramemurthy - Trajectory calculations were done for the
case of alpha particle accompanied ternary fission with an aim
to obtain information on the emission mechenism of the alpha

» ‘particle. The number of unknown initial parameters were kept
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to a minimum by assuming the velocities of the fragments and
the slphe particle to be zero at the time of scission. The
initial parsmeters were taken to be the interfragment distance,
D, and the coordinates of the( -particle, x and y. The frag-
ments and theX -particle were assumed tc be point chsrges and
the equations of motion were solved numerically in two dimen-
sions. It was found that reasonable sets of initial parameters
could be obtained which reproduced the average experimental
values of fragment kinetic energy, Ey, alpha particle energy,
Ed and elphe perticle angle with respect to light fragment,é&L_
for different mass ratios. The widths of the final distribu-
tions were reproduced by assuming Gaussian distributions of ¥£e
initial parameters around the mean value. It is remarkable to
note that with only three parameters one cen reproduce all the
final distributions within the experimental accuracy. Further
implications of the results of our calculation to the various

existing models of the emission mechenism are discussed.

4. Possible Influence of the 28 Proton Shell on Fission Mess
Digiribution - S.G. Marathe, S.M. Sahakundu, V.K. Bhargavs,

V.K. Rao and R.H. Iyer -.Experimental date on the low yield
products in the highly asymmetric binary fission of uranium
induced by reactor neutrons indicate the presence of ;£ﬁmps' or
'slxoulde;s- in the low yield wings (A {70 and A ) 160) of the
mass distribution curve. A possible explanation of the bumps

on the basis of 28 proton core has been suggested.
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5. Resonances in the Reaction SZSGx;X)36Ar - M.A, Eéwaran,

N.L. Ragoowansi and H.H. Oza - With a view to study the region
in 36Ar close to 10.9 MeV exei tation energy, where the analog
state corresponding to the ground state of 368 is expected,

the excitation function for thﬁkreaction 3ZSGX;K)36Ar has been
measured with o beesm of alpha p;rticles from the Van de Graaff

accelerator at Trombey. With a target of naturel Sb2$ which

3
is 7 keV thick for 4 MeV alpha beam and using a large volume

Nal scintillation detector excitation function for this reaction
was obtained for the bombarding energy range of 4.71 to 4.86 MeV.
Two isolated resonances at Eg = 4.717 + 0.010 and 4.740 + 0.010
MeV have been identified in the reaction 328(0(,'2()36Ar corres-
ponding to the excitation energy of 10.837 + 0.010 and 10.857 + .

36

0.010 MeV in ““Ar. The absolute resonance strengths have also

been estimated.

6. Elastic Scattering of Alpha Particles by Mg -

L.J. Kanetkar*, S.K. Gupta, S. Kailas, 5.5, Kerekatte and

M.K. Mehta - Elastic Scattering of alpha particles by 26Mg has
been studied in the range Ey = 4.2 to 5.2 MeV using MgO target
(26Mg enrichment 99%) evaporated on a thin carbon fiim. Sur-
face garrier detectors were placed at 81°, 118°, 135° and 165°
leb. angies., The first three angleg_are the zeros of Legendée

Pélynomials of all odd, second and ﬁﬁirqﬁorﬁer respectively.
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The absolute differentiasl cross-sections are measured as a
function of energy in 5 keV steps, the experimental resoclution
being of the same order. The excitation functions exhibit
large amount of structure. Strong anomalies are observed around
Ey = 4.25, 4.32, 4.57, 4.70 and 4.92 MeV corresponding to exci-
tation energies 14.33, 14.39, 14.60, 14.72 and 14.91 MeV respec-
tively”in the compound nucleus 3OS:'L. The first four levels are

P
”
[

*, 0% and 17 respectively

assigned spin end parity values of 0%, 0

from the shapes observed ‘at the four angles.
* NSTS Scholar

7. Reaction Mechanism study of the (p,n) Reaction on 51y and

5921 Below 5.0 MeV - S. Kailas, M.K. Mekta and S.K. Gupta - At

proton energies below#’:_the coulomb barrier but above the neutron
threshold, the (p,n) is generally the dominent reaction in the
proton target interaction. This being the case, the ‘assumption:S'
absorptiona G (p.n) is justified and the cross-section may be
calgulated theoretically through the opticel model. In cases where
the above assumption is not valid, Hauser Feshhach calculetions inclu-
ding Moldauer c'orrec‘tion should yield correct fits to the data if
the reaction is compound nuplear. Thése two approaches have been
utilised in arialysis of the absolﬁte cross—-section data measured
at our labora;:rory for the reaction 51V(p,n)‘51cr and |50'l‘:l(p,n) 50V

upto sbout 5.0 MeV. The results of this study indicatZ that

o
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while the optical model yields good fits in case of 51? target,
the non-neutron emitting exit channels (e.g., the compound elas-

50

tic) dominate over neutron emitting channels in case of the Ti

target under proton bombardment at low energies.

8. Study of SOTigp,nK)SOV Resction - S.K. Gupta, S. Saini,

S. Kailas, S.S. Kerekatte end L.j. Kanetker - The >°7i(p,n8)>0v
reaction was studied using an enriched 5OT102 (50Ti enr%ghed to
76.4%) target on tantalum backing employing 30 c.c. Ge(Ii)
detector. 94 keV and 226 keV gamma rays were observed arising
due to the transitions 320 keV-—>226 keV and 226 keV —9%.,6 «
Their yield was found to be significantly higher from En =
3.420 MeV which is -the threshold of 356 keV level. The excita-
tion functions of”94 keV and 356 keV gemma rays have been mea-

sured in 2.5 keV steps. The angular distributions of 94 keV and

226 keV gamma rays have been measured at Ep = 3.430 MeV. TUsing
Iitherland-Ferguson method of analysis, the data suggests assign-

ment of 3+, 4% and Sf to 356, 320 and 226 keV levels respectively.

9. Neutron Resonance Parameters for the states o§_23s -

. M. Balakrishnan, M.K. Mehta, S. Keilas end A.S. Divatie - 134
states have heen identified in the compound nucleus 333, at
excitation energies between 9,29 and 11,76 MeV from the obserqu
resonances in the reaction 2931@X,n)328. Using the principle of
detailed balance, cross-sections have been obtained for the
inverse (n,X) reaction for the equivelent neutron bombarding

)
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energies from 640 keV to 3.111 MeV. UNeutron resonance psra-

nmeters for nineteen resonances have been obtained.

Experimentally measured level and width distributions have
been anslysed in terms of various theoretical expressions of the
statistical model. The drop in the number of levels with separa-
tion less then 10 keV indicates that the distribution is nearer

to the Wigner Category.than the exponential one.

10. Are the Nuclei with N~43 Deformed? - B. Lal and S.M.

Bharathi - The low lying negative parity states in 75,§ZSe and "
;gKr show 1/27, 3/2” and 5/2 levels. In the case of 77Se, the
rates of E(2) trensitions between thége levels have been found
to be 50 times faster than the?Weisskopf estimates. ° Theée
levels have been fitted into a K = 1/27 rotational band built on
the 1/27, /7302_7 Nilsson level. Additional support for the
deformed nature of nuclei in this region comes from the observa-
tion of & K = 3/2” band in '°Se by Protop et al. (Proceedings of
International Conference on Nuclear Physics, Munich, Auwgust 1973,
Vol. %, p. 216) who excited levels upto 13/27 of this band by:

( ,xn) resction on Ge isotopes. The character of these bands and

Coriolis coupling calculations of the X = 1/2” and X = 3/2” bands

in 7SSé have been completed.
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11. Isobaric Analogue States of Sge VIA the 726e13He.d113As

Reaction - C.R. Ramaswamy and N.G. Puttaswamy,end N. Sarma -

The !°Ge(’He,d) ’As reaction has been Studied at 20 MeV incident

3He energy using an MP tandem and a multigep spectrograph. The

energy spectrum of deuterons in the region between 9 to 10.5 MeV

13

exci tation energy of '“As shows analogue states corresponding to

~G.S., 570, 673, 805, 900, 1050 and 1350 keV states of ' Ge.

Angular distributions for the analogue states and the -values
. N l/(

Al

of the transferred protons are extracted}k The results are com-

pared with available data on the levels of | JGe.

i

12, High Resolution Measurements of Prompf Gamma Rays in the

Pission of Californium 252 sccompanied by Iight Charged Particles

N.N. Ajitanand, R.K. Choudhary and S.S. Kapoor - The present work

was carried out to investigate the mechanism of light charged par-

ticle (LCP) emission in fission through a comparative measure-
ment of the yields of specific primary fission products formed in

binary fission éﬁﬁ%ip the fission accompanied by LCP, High

N

resolution measurements of” the proupt gamma rays emitted grom

fission fragments accompanied by LCP and those emitted from

normal binary fission fragments in 2520f fission were simulta-

neously carried out using a 30 c.c. Ge(ILi) detector. A "sandwich"

&

type arrangement in the sour;e—particle defector assembly was

A
. .

- ht
v

\:\\‘\.
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used to eliminate Doppler broadening of the gamma ray lines

in both cases. About 30 lines were assigned to specific
i;otopes by comparison with published results for binary fission,
and the ratio of these gamms ray lines in LCP fission and binary
fission were determined. Assuming that the 2% to 0" tremsitien
intensities of even-even isotopes are a meesure of their yields,
the yields of several such isotopes in LCP fission relative to
binary fission were obtained. The most probable mass and width
of the mess distribution for some specified fragment charges in.
ICP fission were examined in the light of the different proposed

mechanisms of LCP emission in fission.

I

P

Q443: On_the Entropy Method for obtaining Relative Shell
Correction Energies of Nuclei snd the Calculetion of Fission

Barriers - V.S. Ramemurthy and S.5. Kapoor - It has been shown

earlier1) that the shell correction energies of nuclei can be
obtained from aﬂstudy of the high temperature behaviour of their
thermodynamic properties. We have now:formulated a simple method
of celculation of the fission barriers which is based on the
evaluation of the relative shell correction energies of nuclei
as a function of their deformation. It is shown that at tempera-
tures where shell effects have disappeared, th;’ground state

. shell correction energy differences, A2-A| for two adjacent
deformations is equal to the excitation energy differences

(E1-32) plus a wesakly entropy dependent term arising from the

smell differences in the smooth part of the single particle level
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densities for the two deformations. The wvalue ofA 2"A1 can
therefore be obtained by extrapolating the values of (31-32)
to the zero entropy limit. This method has been applied to
the calculation of fission barriers of heavy and superheavy

nuclei.

1) V.S. Ramemurthy and S.S. Kapoor, Physics Letters
42 B, 399 (1972),

;
Lt
i

14. The Effect of Exchange on the Equivalent Sharg Radius %}

|

for Real Proton Opticel Potentiel - D.X. Srivastave and

N.K. Ganguly - Using Green's strong density:dependgnt nucleon-
nucleon force and nuclear matter point-densities, the "equiva-
lent sharp radii® Rv, as defined by Myres1 have been calculated
for real proton opticel potential. The effect of exchange2
between the incident nucleon and the target nucleons is studied.
The ﬁalue quoted by Myres is Rv = 1.16A1/3+0.45, which he obtai-
ned phenomenologically, and ﬂe shows that it can be computed only

if a density dependent force is used. We find that when direct

part is used we get a value consistently less than the value

}v/’;;,

v
obtained by Myres using his force., We also f;nggﬁhat (Rv—1.16A1/3)

is dependent on A and shows minima at doubly closed shell nuclei.

L

Also it is energy independent upto 100 MeV, //&JN
A " | .
Wﬂen“exchange is included, the value increases by about 0.1 fm
and shows a very weak energy dependence upto 100 MeV (-0.001
fm/MeV). We feel that the term 0.45 fm is related to the hard

core-radius of the nucleon-nucleon force.
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Ref. 1. W.D. Myres, Nucl. Phys. 4204 (1973) 465
2. B.C. Sinha, D.K. Srivastava and N.K. Ganguly
Phys. Tett. 43B (1973) 113,

15. Effect of Short Range Correlation on the (v.2v) Resction -
B.K. Jain - The effect of short range correlation (SRC) in the

nucleus on the high energy (p,2p) reaction has been studied

160 and 400& as examples. The correlations are introduced

using
using the Jastrow prescription aﬁd the (p,2p) cross-section has
been calculated using the di-proton model. For the long range
part of the bound states we have used the wave function of Elton
and Swift. The SRC are found to affect the resu1t§§at high

recoil momentum.

16. Measurement of Multipolari ties in a Quadrunole Magnet -«
R.C. Sethi, S.K. Das and A.S. Divatia -~ To know the quality of
the guadrupole field the knowledge of the presence of the percen-
tageé of various multipolaritieé‘other than the quadrupole ig
essential. By knowing them one can calculate the aberrations
produced by them and hence can éorrect1) them in a particular
plene. A jig has been ﬁade t&Jmeasure these multipolarities.

With the help of the ball bearings andﬂcounter weight the jig

* scans the field in (¥,0,2) plane without roteting the plane of

the field measuring probe. So the plane of the measuring proﬁe
can be set independently. The jig has been tested on a small

quadrupole magnet. By changing the plane of the probe the field
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wes measured in both focussing and defocussing plene by&uéing
hall probe. The date was smoothened and fourier analysed. The
"ﬁercentages of dipole, sextupole, octupole etc. at a distance
of about # mm from the quadrupole centre have been found to be
as high as 12, 8, 5 respectively. The variastion of multipolari-
ties as a function of current and radius of aperture has been

studied. e

1) Correction of effect of quadrupole megnet multipolarities
on beam phase space ellipses: R.C. Sethi et al.
Nuclear Physics & Solid State Physics India 15B, 489 (1973).

17. Useful Region of VEZ Quadrupole Magnmet - R.C. Sethi and
A.S.‘Divatia - Useful region, where the field gradient is constant
is affected because of the deviation from the hyperbolic geometry
to the circular one. The solution for the vector potential was
obtained by solving the POISSCN's equation by Relaxation method
for the given geometry of VEC Quadrupole magnet pole pieces, yoke
structure and current coils. The magnetic field, field grsdient
and the value of focal strength wers derived from ;he above vector
potentials. The maximuﬁ valuevoi the focal strength calculated

by the above procedure is 0.744 which is very\near *o the quoted
velue 0.75. The field gradient is EAirly constant upnto a distance
of 2.5 cm. from the centre. Hence the useful region of VEC
quadrupole magnet is not more than 50% of the total aperture.
Therefore, to avoid aberrations the elements of the bear trans-

port system should be placed in such a way that beam divergence



in the quadrupole is not more then 2.5 cm. Also the percent-
age of duo-decepole ané‘20th order pole etc. at a distence of
2.5 cms. calculated by assuming 8 fold symmetry are found to be
abocut 6.5 and 1 respectively. The possibilities of improving
the useful region by changing R/a ratio (ratic of radius of

curvature to the radius of aperture) have been studied.

18. A Method to Design Shims to eliminaté Eg'Aberration in
Oniform Field Qircular Magnets - R.K. Bhanderi and A.S. Divatia-
The effect of sécond order aberraticns in the dipole magnets is
to increase the size of the first order image, resulting in a
beam with poor energy resolution coming out of the analysing
slit. The 68’ aberration, which is usually the largest,ic§§ﬁﬁe
eliminated by appropriately curving the entry and exit pole |
faces of the magnet. Curving the faces amounts to changing the
relative bending between the central and off-cenﬁral rays. A
method has been developed to simulate the requir;é curvature at
the faces with the help of shims, which are thin (~ 0.5 mm) foils
of the similer megnetic m&teriQI as the magnet, placed symmetri-
cally on thé pole tips. A simple and qﬁ;ck method of calculating

the shape of the shims for a uniforr field cireular magnet has

been presented and other design details have been discussed.

I

The method has been applied to caelculate the shape of shims
for the switching magnet no. 1 to be used with the 224 cm.
Variable Energy Cyclotron at Calcutta. Calculations have shown

that shimming this magnet will improve its energy resolution
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from 200 keV to 45 keV in 65 MeV for 0.5 mm entry and 1.25 mm

analysing slits at the maximum bend of 40°.

19. Orbit Dynamies in the Simulated Field of the VEC -

P. Neogy, N.C. Bhattacharya and S. Chatterjee — The median plane.
megnetic field of an AVF cyclotron has ccntributions from the
excitation of the main magnet coils (the 'iron field'), and from
the selective exc}tation of the trim coils. The combination is

such as to produce a resultant ‘'isockronous field'.

A model 'iron field' of the VEC, for acceleration of protons
to 60 MeV, has been constructed utilizing the geometry of the
pole pieces and the magnetization curve for the main magnet.
Equilibrium orbits in this model field at various energies have
been computed using the usual jiterative numerical orbit integre-
tion procedure. The equilibrium orbits are, in general, non-
i;gchronousf By a reiterative procedure utilizing tﬁe properties
of equilibrium orbits in the 'iron field', the model field has
~ been modified to yield isochronous orbits. This model field,
which now simulates a combination of the 'iron_field' and the
'%rim coil field', has been used for studying orbit properties

and constructing phase plots.

20. Model Studies on Separated Sectored Cyclotroms - A. Jain
and A.S. Divatia - A set of general equations for optimizing the
sector shapes in isochronous cyclotrons were presentgd recently.1

These equations are also valid for separated sectored cyclotrons

£ .

(-
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in the limit when the valley field tends to zero. These hard edge
equations have been evaluated experimentally for the case of sepa-

rated sectored cyclotrons.

One out of eight periods of a separated sectcred electron
cyclotron megret has been built. The megnetic field of the spiral
sectored magnet was mapped in the median plane using a polar jig.
The equilibrium orbit properties in the measured field were computed
using the ccde ORBIT. These measured orbit properties are compared

with those expected with the hard edge equationms.

Experimental methods developed for the above studies are des-
cribed. Some special techniques necessary for orbit analysis in

*his case are-also discussed.

1) General Design Equations for Isochronous Cyclotrons
A. Jain & A.S5. Pivatia, 1973 Particle Accelerator Conference

San Francisco IEEE Transactions on Nucleer Science, June 1973,
p. 902.
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B. TATA INSTITUTE OF FUNDAMENTAL RESEARCH, BECMEAY 400 005

1. Dependence of the Binding Enerev and the oproverties of
collective states in 016 and Ca40 on _the off-shell scattering

and C.S.Wanke
matrix - Y. Singh,- Phase equivalent potentials have been used to

study the sensitivity of reduced transitiorn probebilities B(El) for

6 40

the decay of 3 and 1 colleétive states in 01 and Ca™. It is

observed that the variation of B(E3) is about 22% both in ca?© ana

016. However the variation in B(El) is less than 2%. As observed

16 are also

in nuclear matter the binding energies of Ca40 and O
sensitive to the off-shell behaviour of the scattering matrix. - The

observed veristion is about 40%.

2. Alpha Decay of Isobaric Anslog States - A. Roy, K.V.K. Iyengar
and M.L. Jhingan - Alpha decay of isobaric anslog states (IAS) is
forbidden as the IAS has isospin T = Ty = To+1, To being the isospin
of the normal compound nuclear state. It is of interest to measure
the & decay of the IAS states as the width of these states givewa
measure of the isospin impurities in the analog state. We have

23

used (p,x) reactions on ““Nea, 27A1 and 51V to excite isobaric anslog

states in 24Mg, 2881 and 520r. The source of protons was the TIFR

Cascade Generator. States in 2

fg (B, = 11.990 MeV), in 2Bsi

(11.898, 11.974 MeV) and 22Cr (11.395 MeV) were studied. Since the
yield of alphas from these reactions is low owing to the low ener-
gles of incident and emitted particles and the forbidden nature of

the decay, special techniques are necessary to detect the alphas



in the presence of the intense background of elastically scettered
protons. Electronic detection technigues normally fail due to pile
up effects. The alphes were therefore detected usirg cellulose
Nitrate. A reagent was used for etching which rendered visible only
the etch pits of alphas. This method has the adventage that the
reaction products can be detected over a large solid angle thus at
least partly compensating for low resction yields. The strength
function for the decay of the 11.395 MeV state in ’°Cr, isobaric
analog of the 0.148 keV state in 52?, is (0.18 + 0.06) eV and this

sets a lower 1limit of 0.02 eV for the ¢{ decay width of this state.

3. Distributed Nuclear Magnetism from Internal Conversion -

141 140
59 Pr82 -~ B.N. Subbareso - With 99.7% Ce enriched Ce02 targets,

20 cc Ge(1i), double—focussing/67-ray spectrometer and intensity
standardised NaI(T1l) spectrometers, a new standard for K-shell con-
version coefficient, of the 145.441 keV transition in 141Pr, of
0.35(6) is obtained. The L, Lyq, Ty41s M, (N+O) and total conver-
sion coefficients are obtained to be 0.0444(6), 0.00344(14),
0.00067(14), 0.0114(10), 0.0022(1) and 0.420(6), respeetively.}.—SL
analyses with a computer require the penetration parameter A (M1)

to be +4.4+0.7 and the E2/M1 mixing ratio 62\< 0.2%. These results
are discussed and theoretical nuclear model calculations of the Ml
penetration matrix element and its relation to distributed nuclear

megnetism of '4'Pr are also studied.
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. 4, Electric Monopole Tremsiticn in 228Th - S.H. Devare and
H.G. Devare - We have studied the 184.5 keV transition arising from

228y, oxcited in the bets decay of 6.1 hr 22CAc.

a 1153.5 keV state in
The gamma spectrum was studied with a 20 cc Ge(Ti) detector with a
resclution of 2 keV in the energy region of interest. The K, LI and
LII conversion lines were measured byTTv[E‘type double focussing
spectrometer, From the gamma spectrum and the LI/III subshell ratio
the EO part in the 184.5 keV transition taking place between 1153.5
keV (2%) state and 969.0 keV (2%) state, was found to be (93+2)%.

The half-life of the 1153.5 keV state was measured by beta-gamma
delayed coincidence technique and obtained as $%=(0.29 + 0.02) x 10-9

sec. The value of the monopole matrix element was calculated from

the conversion electron transition rate as ,D = 0.14.

5. Measurement of Lifetimes of States in 77As end 143Pr -

R.C. Chopra, P.N. Tendon, S.H. Devare and H.G. Devare - The half-
lives of the 632 keV state of '|'As and 350 keV state of % Pr excited
in the decay of 77Ge and 1430; respectively, have been measured ‘l H
using beta gamma delayed coincidence technique. In the case of 77Ge,“
the beta gate was selected at 1100 keV, whils the gemma gate was put
near the Compton edge of 632 keV gamma ray. The time spectrum gave

a slope of (77.2 +1.6) p sec. The prompt spectrum teken with a 60g,
s@;rce end ssme gates, gave a slope of (45.4 + 1.6) p sec. The half-
life of the 632 keV level, deduced from this is (62 + 6) p sec. In
143

case cf Ce, the beta gate was fixed at 800 keV and the gamma gate

near the Compton edge of 292 keV gemma ray. The time spectrum

i
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had a slope of (70 + 3) p sec and the prompt spectrum taken with
6C

Co source using identical gates had a slope of (56 + 2) ﬁlsec.
We conclude from this that the helf-life of 350 keV state of '  Pr

is ,\<_' 45 p sec. The errors quoted in this work include the uncer-

teinty in the time calibration.

6. Electromagnetic Properties of the 264 and 632 keV Tevels in

77As - R.C. Chopra and P.N. Tandon - The g factors of the 264 and

632 keV levels in 77As have been measured using perturbed angular
correlation technique. We have made use of the large hyperfine
magnetic field present at arsenic site in iron host for these mea-
surements. DiJute alloys of germanium with iron were made by melt-
ing in vacuum, radioactive 77Ge and iron. An externalvfield of

10 kG was used to polarize the samﬁie. For measurements of the

é64 keV level, the 211-264 keV gamma cascade was used. A conventional
NeI(T1)-Ge(Li) detector coincidence system was employed. The mean
precession angle obtained wasWT'= 0.255 + 0.025 rad. This corresponds
to g = +0.30 + 0.03 and M= 0.75 + 0.08 n.m. for the 264 keV level.

In the case of 632 keV level, the 558-417 keV gamma cascade was used
along with a conventionel NaI'coincidenée system. The mean precession
angle obtained waswT= 0.12 + 0.02 rad. This corresponds to g =

+ 0.79 £ 0.17 and M = 1.98 + 0.43 n.m, for the 632 keV level.

7. Band Structure in 22Na - M.R. Gunye - The spins and parities of
many nuclear states of 22Na are now well established from the recent

experiments. The purpose of this work is to show that the nearly
rotétional features of the nuclear states of 22Na can be well

explained by microscopic self-consistent calculations in large
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configuration space: The validity of the intrinsic band structure
in this nucleus is seen from the 2lmost correct prediction of the

relative energy separation between the lowest 3+, 1%

and 0+ s?ates
projected frem X =3, T=0, Kk =CT=0eaend =07 =1 bandé
respectively. The nuclear wavefunctions are tested by compering
the computed spectroscopic facers with those extracted from one-
nucleon trensfer reactions. The present celculations predict the
static electromagnetic moments and lifetimes remarkably well.
Finally it should te siressed that the high ft value of the al36wed
‘ﬁ+';ransitibn from the ground state (J = 3° T = 0) of °?Na to the
first excited state (J = 27 T = 1) of °%e is correctly predicted

by our calculations. The large ft value due to the K-forbiddenness

of the allowed/3-transition supports the intrinsic band structure
inz%a.

8. Totel Neutron Emission Cross-sections - E. Kondaiah and

A.L. Athougies* - Weighted averages of ex%erimental (n,2n) cross-
sections at 14-15 MeV reported upto October 1973 have been used to
obtain the total neutron emission c;osg:sections (E;,n'+qg,2n+6;;3;)

for more than a hundred steble nuclides. . When these are divided by

—
B

the non-elastic cross-sections based on optical model calculations
and the resulting ratios are plotted as & function of (N-Z)/A, it

is seen that these lie .on a curve of the type,

B
L

(1-R)

PN
&

k ‘exp(-mx)

f

where R is the ratio and x

(N-Z)/A; the constants k and m are

B

eveluated by a least sqﬁhres fit.

*¥St. Xaviers College, Bombay.
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This curve together with the opticel model non-elastie
cross—sections can be used reliably to predict (n,2n) cross-

section of any nuclide precisely.
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C. SAHA INSTITUTE OF NUCIEAR PHYSICS, CALCUTTA — 9

1. Level Density Parameters for Superheavv Nuclei - Sudip Ghosh

and Aparesh Chatterjee - Introducing the concept of momentum eni-
sotropy in a free Fermi gas system to account for the nuclear inter-
actions i1t is possible to obtain an expression for the nuclear level
density parameter &. The a-parameters computed from this expression
with the help of the regérmalised gas model show good esgreement with
the experimental values. Calculations have been extended to the

region of superheavy nuclei in the mass range 250 A 400.

2. Calculation of the Nuclear Deformation Energies from the
Renormalised Gas Model - Swapna Mukherjee and Aparesh Chatterjee -

By defining the effective single particle occupation factors for a
major shell from an effective shell degeneracy, and by é%timating
th;(average combinatoriel energy corrections for extrabtore particlesd‘
in a given shell, we have calculated the nuclear defgrmation‘gnergies *
from the statistipal approach of our renormelised gaé model (ﬁGM)
usiﬁg the BELYAEV BES treatment of. noninteracting quasi-particles.

dur results have been tested and compared in various ways with other
realistic calculations and with the available experimental informa-
tion. The agreements are reasonebly satisfactory throughout the

region of 'stable nuclei in the mass range 40 A 208.
=

3. A Calculation of fhe Pairing Vibrational State of Pb208 using

Two_Body Potentisl ~ Nendita Rudre and M.K. Pal - The conventional

calculations on the pairing vibrational states are done using model
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potential. In the present peper, pairing vibrational state in

Pb2%8, is cslculated using Gillet type two body potentiel. In &

208

+
(t,p) reaction on Pb , 8 pair of neutrons, coupled to JV = 0, is

added to 208pp core, in Jv = ot state, producing the ground siate of

Pb210. Similerly in a (p,t) reaction, a strongly correlated ground

206

state of Pb“”" is obtained. A pair addition, followed by a pair

removal, will give pairing vibrational state. The conventional TDA
and RPA techniques are used, The results give a good agreement with
the B-E of the neutron pair in ?b210 and Pb208 The energy of the

first o* pairing vibrational level of Pb208 is, however, poorly

reproduced.

4, Magnetic Moment of the 103 Kevy 3/g* State of |22Eu - B.K. Sinhe

and R. Bhattacharyya.- The diffg;ent characteristics of the excited
states of the deformed 0dd-A nucleus '’’Eu have been the subject of
a large number of}experimental studies. The magnetic moment of the
level has been found out both by Mossbauer effect studies as well

as by IPAC studies of the 69-103 keV cascade. The two values differ
substantially. Moreover, the A, coefficients as found from angﬁiar
correlation measurements indicate values of the mixiné ratios which
are not in agreement with the values found from high resolution ICC
measurements. We have studied the engular correlation of the abové
cascade by using sum coincidence techniqug and our results indicate
a somewhat larger G2A2 - coefficient thﬁn that found by othe;J
authors, With the value of G2A2 = 0,028 + 0.006 thus obtained and

==
yith our value of thevrotation of the angular correlation pattern
.xe:

¥,
:

e
S
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we £ind /M = 2.13 i 0.60 which is nearer to the velue as
found by Mossbauer spectroscopy. The significance of this

value is discussed.

e Decay of 42-min 123mSn. - V.K. Tikku, H. Singh, and

B. Sethi - The -transitions associated with the 42-min
123mSn were investig:ted with large volume Ge(Li) detectors.
The 123mSn sources were produced by irradiasting enriched 124511
and 122311 targets with 14.7 MeV and thermal neutrons, respec-
tively. Besides the well known 160 keV '{—transition three new
X-tra.nsitions have been identified and estebdblished as belong-

ing to '2Jsv,

The accurate energy (intensity) values from the
present measurements are 160.0 # 0.3 (100), 381.1 + 0.7 (0.05
+ 0,006), 541.4 + 0,7 (0,02 1‘0.004) and 552.8 + 1,0 (0.01 +
0.003) keV. Based on the measurements a revised decay scheme
of 123I_nSn is proposed with energy levels at 160.05/2, 541.13/2,
712.81/2 keV. A preliminary study of the singles § -X spectra
recorded with the Ge(Li) X-ray detector gives O<k- 0.15 + 0.015
for the 160.0 keV trensition. A cf:mg_arison of the experimental °
valﬁe of O(k with the corresponding theoretical value yields the
160 keV transition to be almost Ml. The measurements for &
and X Kﬁt‘or the transition are continuing using a 30 mn® x 3 om

Si(Li) detector.

4
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6. Decay of 6.2-min Isomer of '20Sb - V.K. Tikku, H. Singh,
and B, Sethi - The decay of the 6.2-min isomer of 130Sb was
investigated with Ge(Li) end scintillation spectrometers. The
13OSb activity was obtained from the fast neutron irradiation
of enriched 130Te target. The electron decay of the irradiated
130pe target in G.M. tube gave two half-life values of 6.2+0.3
min end 41.7+1.7 min. The end-point energy of the highest Jf3
group in the decay of the 6.2 min isomer is found to be 2.710.3
HeV. In 21l 18'K¥rays have been essigned to the short lived
isomer. Theﬁ—b’and ¥- b/coincidence studies are in progress.
The results of the/e,*zrand the coincidence measurgments are
incorporated into a&hitherto unknown demy scheme of the 6.2 min

isomer of 13OSb. -

7ox>Effect of the Coulomb Interaction on Proton Optieal

Potential - S.X. Semaddar* and Subrata Rey -~ In the locel

approximafibn the Coulomb interaction makes the real part of the
proton optical potential deeper compared to that of the neutron.
in the phenomenolqgical analysis this is taken as Woods-Saxon of
depth 0.42/81/3, 1t is ovservea that the Z-dependence part due
to use of an equivsalent local potéﬁtial (ELP) f2lls faster than

Woods-Saron. We have estimeted the contribution due to Coulomb

" excitation which mey be called the intrinsic Z-dependence. If

i

4

this intrinsic Z-dependence is added to the ELP, the total Z-depen-
dence sgrees with the phenomenological value.

* Department of Physics, Chandernagore College, Hooghly.
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8. On the Velidiity of Glauber Theorv - H. Basnerjee, B. Dutta-

Roy and S.K. Sharma - MNany attempts have been made to explain
the remarkable success of Glauber theory. Among these, the first
important attempt was made by Harrington. He proposed that the
success of the Glauber theory is due to cancellations in the
multiple scattéring series, Iatar Pauli =nd Tobocmann, refuting
Harrington, suggested that the: uJuceSS of Glauber theory is due
to the damping of the terms neg*aﬂted in Glauber series. This
damping is brought about bv"Adi.batic apﬁ;oximation“ In this
report we show that the cancellf,:ons proposed by Harrington do
not take place while one con51§§;;%éxact amplitudes. We then
show that in general 'Adiabatic approximation' is not responsible
for the success of Glauber theory. We propose that the validity
of Glauber theory is dependent on the binding energy of the
ﬁucleus. We show that for losely bound nuclei (such as deuteron)
Glauber theory should be very good approximetion. We &lso discuss

its validity in the resonance regionm,

9. p:§g4 and p-016 Elastic Scattering at 1 GeV Energy -

Shibani Devi and Dipti Pal - Using the Glauber's theory of high-
energy multiplélscattering, we attempt to get a theoretical
interpretation to 1 GeV proton elastic scattering data of the

Brookhaven Group for He4

and 016 nuclei. - The generator co-ordinate
method has bteen adopted to construct the nuclear ground state

wave-functions witn the shell-model description of single particle

o

wave-functions, treating the oscillator constants as the” generator‘”

co-ordinates. The variational protlem is then solved with the
’w\

Brink-Bosker force., The theoretical resulte, we get, for the



R

10. Inelestic Pion — Scatiering to the Low Lying T = 1

12 _ 7. Hahelensbis snd A. Choudhury — We have

Stetes of

studied the inelastic scattering of pions leading to the

. . + 4
excitetion of the low-lying T = 1 stetes (T =1, 2

, 17, 27)
of 120, for incident energy of pion from 120-280 MeV. The
results obtained with & simple nuclesr model end impulse
approximation are in good sgreement with experiments. The
inelestic spin-fiip scettering is discuased to give informetion

on nuclear structure.

11. Centrifugal Stretching Effect on the Anomalous Behsviour

of High Spin Rotationsl States — S.C.K. Neir and A. Anspri -
A variational’caiculation after an approximate angular momentum
projection for 1583r has been cerried out which indicates that
the enomalous behaviour of %he energy spactings of high spin
states may be due to centrifugel stretching - an increase in

deformaetion accompanied by & decrease in pairing correletions.

In many other theoreticsl attempts to understend the crigin
of thi; anomalousifegture, often Coriclis-anti-pairing effect is
considered to be %he‘main source. But this is not yet a finally
settled problem. Ve are trying to elucidate more on this by
doing also = constpa{hed Hertree-Bogoliubov calculation taking
the expectation value of the D(-component of the totel angular

momentum, i.e.,(&)as the ccenstraint.

I
J§

7
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12, Excited Band Spectra of 180 in Small-Amplitude

Approximetion Scheme - J.N. De -~ The excited bend spectra

of 18O nucleus and the B{E2) values among various members of

the bands ere thoroughly investigsted in the small-amplitude
approximation (SAA) scheme in a2 multishell harmonic oscillator
besis. The results are quite encouraging. The SAA scheme
reduces the projection algebre to simple decoupling 2nd coupling

of anguler momenta and. thus bypasses the enormous computational

labour invelved in multisheil prcjection.

13, 088 Msss Tellurium Isotopes in a Unifield Vibrationsl

Model -~ S. Sen - The odd-A Te isotopes,”125Te, 127pe end 129Te
are.studied in 2 version of the unifield vibretional model which
incorporates both pairing effects and anharmonicity in thre ccre
vibrations. The neutron quasi particle states in the N = 50-82
shell are coupled to anharmonic vibrations of the ccire8ponding
Tc cores. Essentially, the only sdjustable parameter in the
calculation is the coupling strength. The calculated energy
spectra and the spectroscopic factors are in good agreement with

the corresponding experimental values, The static and dynemic

electromagnetic properties are ‘calculated for some of the levels

Ah

and the results are analysed in the light of the recent experi-

mental findings.

}%, Single Hole-Core Coupling in the‘N = 50 Region.-, S.K. Basu

aﬁd S. Sen — The low-energy nuclear properties of 85Kr, 85Sr,

(f,f : : I
87sr ana 9%zr nuclei have been calculated in & semi-microscopic

‘" model in which the neutron hole motion in the 1g9/2, 2p1/2,2p3/2

Q

¢y R
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and 1f5/2 orbitels in the N = 28-50 shell is coupled to the
quadrupole and octupcle vibrations of the corresponding even
core. Calculated energy spectra, spectroscopic factors, electro-
magnetic moments and transition rates are compered with the

recent experimentel findings.



- 81 -

D. ALIGARH MUSLINM UNIVERSITY, ALIGARH

1. On_the Feddeev-Yacubovsky Model of four particle scattering

problem - V.K. Sharma - The Faddeev-Yacubovsky model of four iden-
tical spinless particles with thelresonating group approximetion is
considered. The integral equations of 4-particle scatteriﬁg problem
are formulated in the case of two-body channel (i.e., one perticle +
bound three particle type, and bound peir + bound pair type). It

is shown that with resoneting group gpproximation the four-particle
scattering problem can be reduced to solve a set of one-dimensional
coupled integral equations. Further, it is noticed that the Fuddeev-
Yacubovsky approach can be reduced to much more simple form with the
nonlocal separable potential, and we believe this might bring the

4-perticle problem within the range of modern computers.

2. Study of (n,Xx) Reactions at Thermal Energy - J. Alam and M.L.

Sehgal - Using the activetion technique, cross-section ratios

G (n,xx)/6 (n,¥) at thermal neutron energy for the target nuclei TSOHf,

203T1, 2085y, ana 299Bi have been measured to be (38.5 + 1.1) x 10-3,

<§ 2.5 x 10-3, (15.4 + 1.7) x 10~2 and (4.4 + 0.4) x 1072 respectively.

181 178m 178

The reaction y Lu has also been studied and the

Ta (n,&)
ratio G 25 min (n,)/65 mn(n,&) for the production of 25 min and

5 min half-lives have been assigned to the.respective isomeric states
of 178LL, the energy difference between the isomeric\states has been
estimated, and the spin assignment to these isomeric states have also

1

been made.
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E. ANDHRA UNIVERSITY, WALTAIR, VISAKHAPATNAM - 3 (AP)

1. Relative Intensities of Genma Rays in Re-187 - K. Subba Reo,

P. Ila, K. Sudhskar, K.L. Naresimham and V. Lekshminarsyana -

Gamma ray spectra resulting from the decay of W-187 are recorded with
a 35 cc Ge(Li) detector and a 512 channel anslyser. The energies and
intensities of the different gamma rays are obtained from a computer
program of the recorded spectrum. Twenty six gemma rays are identified
of which four gamma rays are new. The relative intensities are com-
pared with those of two recent investigations. Considerasble discre-
pancies are noticed in the intensities of gamma rays at low energies.

The data will be presented and discussed in the light of relative

efficiency célibrations.

32

2. Bremsstrahlung from ““P Betas - R. Prasada Babu, V.A. Narasimha

Murty and K. Narssimha Murty - The spectral distributions of the
Internal Bremsstrahlung of 32? is measured from 30 keV to 1200 keV
using a Nal(T1) siiiijki{lletion Specfrometer with a standard geometrical |
arrangemert, Similar to that of XK. Narasimha Murty et al. (Proc.

Phy. Soc,, 1967, 90, 109-123). Gpecéial care is taken to avoid spurious
effects and Go67F8ELions Whkd HéHE Fop sgverel factors such as back-
gréund, energy resolvition, ppukuggatﬁéy;ng! compton aid escape elec-
trons, géon;eti‘iga;i end ghmme detection effielenicy of the erystal,

The éxp@;vimentéi resultf By'e oomparcd with the allowed theory of Fudpp

ted theory due to Tiewis and Ford.
O .
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Using the same experimental arrangeﬁent, the external bremss-
trahlung emitted when the 32? bets rays are completly stopped in
carbon, aluminium, tin and lead is &lso measured end the experimentel
results are compared with theoreticel results of Bethe and Heitler and

also of Elwert.

3. Bete Gamma Directional Correlatior Messurements in the Decay of

Iu-177 - B. Verma Reddy, M.L.N. Raju and D.L. Sastry - The energy
dependence of the 384 ke‘?’ﬁ =113 keVYdlrectlonal correlation is mea-
sured with & conventional slow-fast coincidence scintillation spectro-
meter. The correlation is isotropic within the limits of experimentel
error, disagreeing with the earlier results reporting & non-zero ani-
sotropy. 4n attempt is made to extract the nuclear matrix element
parameters consistent with the Nilson model and available expéiimental

data.

4. Internal Conversion Measurements of Transitions in 143?r -

X. Vgnkata Ramenish, T. Seshi Reddy and K. Venkate Reddy - The internsal
conversion studies in the decay of 33 hour 1486e employing the Sleg—
bahn-Slatis beta ‘ray Spectrometer of the intermediate image tvpe have
been studied. The 231, 293, 351, 492, 665, 723 end 810 keV transi-
tions have’be%h examined in the internal conversion Spgptrum. The
relative geamma ray intensities for the above trénsitioné have beeh”
teken from the Ge(Li) data of P.R. Gregory etiel. (Can. J. Phv. 46,

2797, 1963). Using the well determined k-conversion coefficient of

-~

Al

the 298 keV transition, the following conversion coefficients have

been obtained: = . . 2




s
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232(0,108+0.,02), 351(0.026+0.003), 490(0.018+0,004), 668
(0.005+0.0005), 722(0.005+0.0006) and 810(0.003+£0.0004).,

Some spin snd perity assignments like 5/2 for the 292 keV level
3/2* for the 351 keV level, 3/2% for the 725 keV level snd 5/2*
for the 938 keV level have been established in the light of the
present conversion coefficient datas and gamma-gamme angular
correlation data of S. Venkata Retnam (Ph.D. Thesis, Andhra
University, Weltair, 1972).

143

5. Beta Spectrum of Pr - C. Narasimha Rao, B. Mellikarjuna

Rao, P. Mallikharjuna Reo snd K. Venkate Reddy - The spectrum
shape of 143P; beta transition has been carefully meesured in a
magnetic Intermédia,te-lmage spectrometer. The beta spectrum:
was analysed using exact ERWFs of Bhalla and Rose. A detailed
ana1y81s of the shape factor yields the end point energy sas

Q}4 + 2 keV. The coefficient 'a'' in the shape factor C'(w) =
1+a'(w) is A' = -0.19 + 0.005 which is in striking diéagreemeﬁt

&

with earlier works.

e
el

6+ On the Beta Hindered Allowed Transitions in | °PAgz and |24Cs -

M. Ravindranath, B. Mallikarjuna Rao, C. Narasimha Rao, P. Malli-

N

kharjune Reo and K. Venkate Reddy - The Beta spectra of 110mAg -

an 34Cs were thoroughly investlgated w1th a Siegbahn-31atis
Intermediate Image Spectrometer. Four betas with end p01vt
energies 529, 1462, 2175 end’ ‘2880 keV of 110mAg were observed.
The shapes of the 6 gt ~transition with EO = 5§29 eV in 10mA8

>
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and the 4+-4+ trensition with B0 = 656 keV in 134 Cs were found tc be

. statistical in nature. An attempt is made to explain the high log ft

values associated with the transitions.

T Comparative Study of Various Theories of Rotational Levels for

Selected Iight Nuclei - N. Krishna Rao, U. Satyenarayena and S. Rame-

murty - Verious theories of rotatioﬁal levels Lave been tried for the
rotaticnel bands in O0-16, Sc-43 and Ti-45 indicating the paremeters
for thé nodels, the model which gives the best fit and additional
levels predicted on that meodel. OSome preliminary calculations ere
also reported for Ne-20, Ne-22, Mg-24, 5i-28 and%Ti—48. The models
used are the Rigid Rotator model, the Sood model,~the HolmﬁergJLipas
model, the Variable moment of Inertia model, the Harris model and the

Dismond Stephens-Swiatecki model.

8. Comparative Studv_of Various Theories of Rotational Ievels in

the Rare Earth Region - S. Ramamurty, U. Satyansravansa, N. Krishne Rao

and V.V.V, Subramanysm -~ There have been devé}oped various models qf
rotational levels, We have taken six such moéele nemely the Rigid
Rotator model, the Sood model the Holmberg-Lipas model, the variable
moment of Inertia model, the Haris model and the Diamond-Stephens-
Sw1atecki model and made a comparative studv of how good they are for
Sn-152, Sn—154, Gd 158 Dy-160, Dy-162, Ho-163 Ho-166, Er-166 Yb-168,
Yb-172, Yb-174, Hf-178, w-1e"'°\and 0s-188. The following informsation
is given: the parameters for Eﬁe various models, the model whiech gives

the best fit for each nucleus and two levels predicted on the model

for best fit in addition to&those alrgady known. It is believed that

Iy
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such information should form part of the basis for our views on the

rotational levels of atomic nuclei.,

9. DNegative Parity States in Au-195 - P. Ila and V. Lekshminarayana -

" The nuclear structure end the properties of the low lying levels of

negative parity in Au-195 are investigated in the frame work of the

intermediate coupling approach of the unified model. It is assumed

that the last odd proton has available the h 11/2 state and is coupled

to the collective surface vibrations of the doudbly even core. The

Hemiltonian of the coupled system inciuding 211 the states upto two

phonons of quadrupole vibrations is diagonalized. The coupling para-

meter is veried from 3 to 8. The levels obtained are compared with

the experimental energy levels of spin 7/2, 9/2~, 15/2~ and 11/27,

The negative parity states are reproduced satisfactorily by the model.
p o

The wave functions derf%éd from the best fit are used to calculate

the transition probabilities. From the available experimental con-

version coefficients of‘Eeveral transitions océuring among the negative

perity stetes, mixing ratios ere deduced. Using the theorctical T(E2)

and T(Mi) and mixing ratios, branching ratios are calculated and com-

pared with the experimental velues,

10, Spin of the 1251 Kev Level in Nb-97 - D.K. Priyadarsini, ﬁ;fc_

B. Vema Reddy, B.R. Sestry and D.L. Sastry - The spin of the 1251
KeV level of Nb-97 populated in the decay of Zr-97 is inferred from

a measurement of beta-geamma angular correlation. For the 1410 XeV

3.

. beta and 508 KeV~gaﬁma cascade in the decay of Zr-97, the observed
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angular correlaticn is /%Aﬁ)= 0.5559+0.1599 at.Eys= 1375 KeV.
This result is consistent with & 5/2° spin-parity essignment
to the intermediate 1251 KeV level of Nb-97 nucleus thus
indiceting the inique first forbidden nature of 1410 XeV beta
trensition. .The present result excludes the 1/2° and 3/27

assignments to this level.

.11, Strong Absorvotion Model Cslculastions for the Principel

Fissile and Fertile Fuclei - U. Satvansrayana and S. Remamurty -

S%rong absorption model calculations have been conducted for Th-
232, U-235, U=-238 and Pu-239 on the additional assunmptions thet
the transparency coefficient end the imag}nary vart of the
reflection coefficient are negligible, as was a2lso assumed by
Bassiohis and Dar. The energy range is 1-20 MeV &t intervels

of 1 eV, The principle findings are that the theoreticel cross
gsection is consis;ently lower than the exnerimental cross section
and thet, in the range 2-4 Mev, for all the nuclei investigated,
the calculated crgss section exhibits siﬁgle fluctuatgpn ﬁhich

o X 3y
is superimposed upon en otherwise consistently downard trend of

cross section with energy. .,

o
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F. BANARAS HINDU UNIVERSITY, VARANASI - 5,

1. Three Bodv UPA Calculations with Hamada Johnston and Yale

Potentials - V.S. Mathur, A.V. Lggu and C. Maheshwari - The use of
realistic potentials like Hamaeda Johnston é;d Yale in Faddeev formalisme \b}
for three nucleon systems presents formidable problems of analytical
and computational nature. To simplify the problem computationally,
we have used the Unitery Pole Approximation (UPA) which has been
found to be successful in the case of potentials with hard core
(Mathur et al.). In this method the information regerding the poien—~
tial enters the t-matrix only through the two-body bound stete wave-
function in the triplet channel and the virtually bound state wave-
function in the singlet channel. In the case of triplet chemmel,
these functions are available in numerical as well as analytical form
(Humberston & Wallace, Kottler & Kowalski). ‘The 1S wavefunction is
determined by the method of Mathur et el. after fitting the singlet
potential to an exponential shape. Adapting Fuda‘'s method suitably,
coupled one dimens;onal equations for the three nucleon bound system
have been set up and solved by the usual method of reducing them to a

matrix eigenvalue equation.

2. Variation of Wucleer Potential snd Charge Distribution Radii

A
in Isotopic Sequences - D.C. A%rawal and P.C. Sood - In»the shell

f/—/“’

model and optical model studies the radius of nuclear potent1al is

generally adopted to vary as A /3 in corresvondence with the assump-

tion that the radius of the density distribution in nuclei follows



31/3 dépendence. However, from various experiments e.g. electron
sesttering, atomic spectra studies, it Las been recently concluded
tnat, atleast in isotopic seaquences, the proton distribution radius

1/3

increases less rapidiy than A . Thus the validity of the assumpiicn
of A1/3 dependence of nuclear potential redius in éuch case also needs
confirmation. We have exemined the variation of nuclear potential
radii for nuclei in isotopic sequences and its correlation with
variation in radii of the correspording cherge distributiorns. The
nuclear potenfial radius is obtained by fitting tke last pearticle
binding energy. The possibie physicsl expianation for the observed
correlation between neutron potential radius and the charge distri-

bution radius is discussed.

3. Rotation Particle Coupling in thel;§23?i 521 | — Based Bands

in 166Ho. - D.K. Gupta and P.C. Sood - The coupling of 7/2‘[523?]
proton gnd 1/2"[521#]neutron Nilsson orbitsals gives rise to 3' and

4+ intrinsic states in certain doubly odd deformed nuclei in the

rars earth regien. In the nucleus 166Ho the rotational bands built
on these states are likely to be highly admixed due to rotation
particle coupling term in the Hamiltonian., The indication forhsuch
an effect is provided by the following observations: (a) The same
sﬁin levels of these two bands are observed to ﬁave energy separation
in the range 110 - 135 keV; (b) The known interband transitions do
not tobey Alaga rules% (¢) The inertial parameters calculated assuming
no admixture are fouﬁd to be quite different for the two bands. /I;
this work we report on the analysis of the relevant spectrum to find
the urmixed and mixed level energies and the admf%ture coefficients

din the respective wave functions. Thé implication of these results

N

bR
e
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is discussed.

4, Eveluation of Bend Mixture Coefficient for 183W. -

P.C. Joshi and P.C. Sood - 7The low lying energy levels of the
highly deformed nucleus 183W’mainly consist of the rotational

levels associated with two bends with K" = 1/2~ and K" = 3/27;
these levels deviate strongly from the pfedictions of the
adiabatic model and interpreted as arising from the admixture of
the two bands. However the admixture coefficiént hgé so far been
determined only empirically to obtain the admixed wavefunctions
for investigation of other properties. No attempt 8t theoretical
evaluation of this coefficient has been reported so far. ¥e cal-
culate this coefficient using the Coriolis interaction Hc in a
perturbation approach with modified Hilssonﬁpotential. The effect
of deforming the spin-orbit coupling term is also ihvestigated.
Coupling of the 3/2” band levels with:;ll the possible 3~ states
in the seme oscillator Shell is considered. The results are used

to analyse the characterisation of the non—adiabatié corrections

for this nucleus. “



G. BIRLA INSTITUTE OF TECEROLOGY, RANCHI

1. Single Particle Potential and@ Resrrangement Energy of NWuclear
Matter - K.M. Khenna and P.XK. Barhai - The single perticle potentiel,
effective mass ratio (m*/m) and rearrargement energy, R of nuclear
natter gave been celculated using two density dependent effective
interactions, one with equal exchange mixtures and the other with
unequal exchange mixtures, determined in our earlier work.1 The
values of the effective mass ratio obtained from these interactiéns
are quite comparable to those obteined by Brueckmer and Gemmel? (BG)
gnd others. The value of‘the rearrangement energy, R = 12.37 VeV
for the interaction with>equal exchange mixtures and R = T7.44 MeV
for the interaction with unequel exchange mixtures. The former value
of R is in excellent agreemen?bggth the 12 MeV rearranggment energy
obtained by Brueckner and Gammgli wh;ig the latter is“considerably

lower compared to the BG value.

References:

4

1. K.M. Khanne and P.K. Barhai, Nuecl. Phys. A 250 (1973)

2. K.A. Brueckner end J.C. Gammel, Phys. Rev. 109 (1958), -1023.
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H. BIRLA INSTITUTE OF TECHENOIOGY, FPILANI, RAJASTHAN

1. ZEnergy Ievels of Zirconium Isotoves using Modified Surface

Delta Interaction - G. Ramachandra Rao and X.S. Subudhi - Following

the suggestion made by Moszkowski we have chosen to study surface
delte interaction in modified form (MSDI) for zirconium isotopes
(W = 51 to 56). In MSDI the radial integrals are not assumed to
be the same. Therefore the two particie métrix elements of the
iﬁteraction depend upon two parameters, the strength of MSDI ard
the oscillator constant of the};armonic oscillator well., We con-

sider the space to contain pure configuiations ngé. end those with

one particle raised to 38, end 2d; /5. N

There are 29 experimental energy levels to te determined by
diagonalizing the energy matrices, which depend upon the two pare-

meters mentioned earlier, &nd single particle binding eneregy of

=As

265/2 level., The binding energies of 38% and 2d3/2 are respectively

fixed at 1.57 MeV and 2.32 MeV above that of 2d, s, level.

The three parameters are varied to fit experimentel wvalues of

29 energy levels and B.E. of édS/Z level. v
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I, BURDWAN UNIVERSITY, BURDWAN

1. Asymmetric Rotor Model with Ansulsr-Momentum Devpendent

Moments of Inmertia - B.C. Samante and ?.X. Banerjee - The
centrifugal stretching model of Sood and the variable moment

of inertia (VMI) model of Meriscotti et al. have been particularly
successfu%\in explaining the rotational spectra of deformed even—‘
even nuclei. The essential similarity of these models has been”
demonstrated by Wold. For symmetric deformed even-even nuciei,
Sood has given a formula for the variation of moment of inertia
with angular momentum of the rotational state. We have essumed
the formula to be true even in the case of asymmetric even-even
nuclei, The rotationegl energies of the different positive parity
states of ghe latter type of nuclei have been cglculat;a on the
basis of the Davydov-Filippov model using the above formule for
the variation of moments of inertia withtangular momentum. The
results have been compared with experiment. Good agreement has
been obtained‘and a comparisop with other works has also been

8
made,
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J. CALCUTTA UNIVERSITY

1. On_the Bound Stetes of Spin 2 Particles for Certain

Central Potentials - B.G. Sidhaerth - Bound state solutions

of the Dirac equation for spin % particles sre investigated
by the polynomizl method for potentials T(r) where, ri(r) =
This includes the Yukawa, Gaussian, and other

potentisls of interest in nuclear theory.

it is deduced that except for a special class of potentials

satisfying restrictive conditions, bound states do not exist.

2. Effect of Deuteron Bregok-Up Channel on Single Perticle

4

Trznsfer Reactions - Soumen Kumar Royj Subrata Ray$§ Suprokash

Mukherjee*, and S.K. Samegddar - The reaction‘cross-sections
for (d,p) and (p,d) processes have been formuiated in such &
fashion that we can directly estimate the contribution of break-
up channel of the deuteron over DWBA integrals using &n average
energy denominator. Calculations of Ca4o(d,p) and Pb208(p,d)
exhibit significant contribution of the bresk-up charnnel. Tt |
is further observed thaet the angular distributions are somewhaf%
sensitive on the value of average energy denominator which
questions the validity of adiabatic approximation of Johnson et
a11). Ambiguity in the choice of effective intersction for the
inclusion of break-up channel has glso been discussed.
1) R.C. Johnsoi snd P.J.R. Soper, Phys. Rev. C1 976(1970)

J.D. Harvey éﬁi R.C. Johnson, ibid C3 '636(1971)

*  Sagha Institute BQ‘Nuclear Physies, Calcutta—700009.
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XK. DIBRUGARH UNIVERSITY, ASSAM

1. Shell Model Study of 018 and F18 Using Realistie N-N

Potentinal.~ A K. Deka and P. Mghanta - Shell model calculations

of energy levels of O18

and F18 are maq$ using two realistic soft
core N-N potentials proposed recently1.*’These potentials obtained
by fitting the low energy N-N phase shift use respectively Gaussian
and Yukawa potentials and are used here for the si;plicity in
evaluating the corresponding Taimi integrals. The potential
matrix elements are mostly repuisive}and the energy levels given
by the latter potential are very similer to those obteined by OBEP
, models, -None of the potentials reproduces the observed energy
levels, thus showing the necessity of using the G-matrix formaliém
and probabl& the inadequacy of soft core potentials,
| 1) H. Bikemeier and H.H. Hackenbroich, Nucl. Phys
A_169(1971)407 :
* I, Ulehla et @l., Rutherford Laboratory preprint RPP/C/41
(March 1972). .7
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1L, INDIAN ASSOCIATION FOR THE
CULTIVATION OF SCIL=NCE

1t

1. Triton Binding Energy for Liocel Square Well Potentisl

with Faddeev approsch -~ G. Purkayastha and N.C. Sil - The

triton bound state has been studied by Faddeev approsch using
local two body short range nuclear square well potential. The
separsable representation of the two body t-matrix, correspoﬂding
to the sbove mentioned potential, is obtained utilizing a separable
approximetion of the integral representation of the interaction
potential in momentum s?ace, which is achieved by a summation

over a suitable and finite number of quadrature points. Then
this t-matrix, separable in momentum space, has been used in the
homogeneous integrel Faddeev equation to compute the triton
binding energy. Using a two term and three term expansion for

the integral transform of the square well potential, the binding
energy values of the triton have been evaluated considering the
triplet plus singlet states of the target deuteron of the neutron
deuteron system for two sets of paremeters of potential. We heave -
compared our result'with the convergent theoretical result obtained
by ﬁﬁarchenko and Storozhenko for the same potential. It is obser-
ved that the b{iding energy velue in the first cese is higher

than the convergent.value of Kharchenko and Storozhenko while in

the second case, our result is very close to their result. .
¥ ~

. o/
2. Scattering of High Energy Electron by Oriented 165Ho

Nucleus in Eikonal Approximetion - S. Sarkgr and Sofia Khaton -

We have adopted eikonal approximation due to Yennic and Petrov's
\ ’
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anslytic method to treat the interaction of electron with a nucleus
having Fermi type charge distribution (which has poles in a complex
plane) to study the scatteriqg of electron by oriented 165}{0 nucleus
hseving éuadrupole moment. We have also considered the effect of low
lying rotational levels of Holmium in order to compare our calculation
dore for 200 Mev‘electron energy with the experimental findings of
Sefrata. It mey be noted that Wright end Onley have treated the

above mentioned problem considering phase shifted distorted weves o f
for the electron. Our expression for the scattering by the quadrupole

moment of the nucleus differs from thet of Péfkovqbecause we have

considered Wright's form for quadrupcle charge éistribution which is
somewhat different from that assumed by Petkov. This expression is
compared with thatdpf Petkov by numerical computation. We have been
able to obtain & closed enalytical expression for the Born amplitude
for elastic and inelastic eleqtron scatterins by gquadrupole moment of
a nucleus. Ve have pointed out that if we include a certesin term
(which is very small for very large momentum trgpsfer and perhaps so
neglected by Petkov) in Petkov's expégssion for inelastic scattering
‘of electron by nucleus, we can get the exvression for Born amplitude

in Born approximation limit.
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M. IXDIAN INSTITUTE CF ““CHNOLOGVsKAHPUR

1. Trajectory Calculations on Lonz Range Alphe Fission -

E. Xrishrerajulu, £.J. Gadgil and G.X. Mehta - There is e magjor
disagreemént between the results of various trajectory calculations
as far as the initial kinetic energies of‘th£=C(-particle ;nd the
fission fragments are concerned. One of the important arguments in
fevour of high initial“energies is besed on %he obserééd anticorre-
letion btetween the finalQX-perticle energy (Z,) and the final totel
fragment kinetic enmergy (E;). Boneh et al. concluded that the obser-
ved anticorrelation cannot be explained unless one escumes that the
fregments are moving witn about 20% of tue;r final kinetic energy,

&t the moment of scission. The authors wouldﬁiike to empheasize that
most trajectory calculationé ere made by fixing €11 but one initial
variable snd could thus lead to misleading conclusions. It has been
shown thet an acceptﬁ%lé‘anticorfelation curve can be obtaipéd wi th
low initial energies by including appropriate variation in the initiel
fragment separation (D). Inclusion of tkis variation also explains
the experimental results onﬂthe variation of ﬁo(with the angle of
emission of the &X -particle (QL), and the results on the variation of

—

E% as a function of fragment mass ratio.

2. A Phenomenologicel Estimation of Renormalisstion Corrections

to Free Nucleon-Nucleon Interaction - I. Mehrotra,-M. Prakash and
Y.R. Waghmare - Effect of central, spin-orbit amd tensor compon@nts

of Sussex matrix elements on low energy spectra of 6L1, 18F, 18O,

Q)
4 42 42 58N1 and 92 Zr nucle1 has been studled. As expected,

Q

Sc,



e

the level energies receive maximum coniribution from the central
component, while the Spin-orbit and the tensor componente provide
the finer details of the spectra. The two-pody spin-orbit force
is found to be least importent. Calculated spectra do not compare
favm@rably witp experiment. We assume that, for TfQ;O stetes, all

renormalization corrections can be dumped into matrix elements of

. the 3S; relative state. It is found that if the 3S,~Sussex matrix

elements are multiplied by a factor § , low“lying levels can be

satisfactorily reproduced by an appropriate choice of 'K'. Some

of the T = 1 low-lying excited stetes can be obtained if the

‘realistic interaction, es represente&’by the Sussex matrix elements;

is supplemented by a csi—function force of eppropriate strength.

3. Rotational Flow Model and its Significsnce -~ V.R, Prskash
and V.K. ﬁeshpande — Some important features of the Rotetionel

Flow Model (RE!D112 with a constent vorticity:flow in three
dimensions are discussed here. Tﬁe velocity field obtained on

the basis of a_constant voréicity flow in an incompressible drop

of elipsoidal shape is shown to beJunique. Furth;r, it is shown
that to obtain the rotgiional Hamfltonian in the forn B = s
(L?/szeff), it is essential to assume the frequencynéfaﬁ of
intrinsic particle motion to be directly coupled to the rotetionel
frequengj%(wj) of the elipsoidal drop through the vorticity constant

(kj) thus, giving adiab%tic motion only for values of kj much

=

larger then unity." c s

\ From a study of’veriation of the ratio of effective moment of

inertia (Ijéff) to the_?igid bdgy moment of inertia (Ijﬁ) es a

function of kj for a given deformetion and vice-versa, the values
i . o (1 !
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of kj's are shown to lie between 0.8 to 1.0 for the nuclei in
the rare-eerth region. Further, it is shown that small but
finite values of Ijeff/ljR could be obtained for very small
deformations with ky slightly less them unity in the cese of
ﬁFM, and for very large deformations with kj = 1 in the cease

of irrotational flow model. A

REFERENCES:

1. V.R. Prakaéh, B.M. Bahal and V.K. Deshpande, Can.J.Phys.50
2957(1972)
2. V.R. Prakash and V.K. Deshpende, ibid., 51, 1752 (1973).
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N. INSTITUTE OF MATHEMATICAL SCIENCES

1, Cluster Model Wave PFunctions of 6Li and 7Li - K. Srinivassa

Rao - éluster model wave functions of GLi and TLi are constru-
cted“by considering alpha-deuteron and alpha-triton configuration,
respectively, for the light nuclei. The wpove functions are
antisymmetrized end each wave function involves two paremeters.:
The effect of the antisymmetrization of the wave functions on tﬂé
root meun square radii of 6Li and 7Li is studied. Results of

the study, on comparison wiﬁp:awailable experimental data, yield

the allowed range of the parameters in the wave functions,

8
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0. XURUKSHETRA UNIVERSITY, KURUKSHETRA

1. Comperison of Vearious Level Density Formulse - B.S. Wadhws,

K.K. Manoche* and R.K. Mohindra - The level density formulae
based on the Fermi gas model: (i) Lang-LeCouteur (ii) Constant
ﬁﬁclear temperature (iii) Weisskopf and shell depenéent formulae
due to (iv) Newton and (vs Ba‘ba1 have been compared using recently
compileq data1 for sbout 200 nuclﬁfﬁes (neut?on resonance capture
ceses). The Newton's shell dependent level-density formila
‘gives better results. The- effects of closed shells, pairing
energy, odd-even effects and spin dependence have been studied. ;x

The best value of the spin out off paremeter ﬁés been found.

1., H. Baba, Nucl. Phys. A 159 (1970) 625,

Y
* 7 Present Address: Medicsl College, Rohtak (Heryana)

iz
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P. MARATHWADA UNIVERSITY. AURANGABAD(M:S.)

r

1. Electromegpetic Properties of 55ME - P.N. Patarwale,

R.G. Kanitkar end R.G. Kulkarni - The magnetic dipole T(MN,)

and electric quadrupole T(E2) trsnsition probabilities heve been

55

obtaired from the Coulomb excitation reection on “~ 'Mn with alphe-

13

particles. The electiric guadrupole transition pxobabilities T(E2)

and the cdrresponding life times havembeen found for the four
ot B ' v
5’Mn with alpha—particles. -The electric~

quadrupole transltlon probabilities T(VZ) and the correSpondlng

5%

llfe tﬁmes have been found for the four excited state= oT ’Nn

With the aid of measuved branchlng ratlos, ther magnetlc dlpole

NS \1‘

tran81tion probablllties T(h1), the* reduced M1 tran81tion ,,13”

probabllities B(M1) and mixing ratlosg- . for 126‘58116 966 keV
'
55

ki

states in ““Mn have been determlned = Those electromagneflc

W )
properties of 126-and 986 Kevnstates in SBMn havs been found

&7

}
llght of theory of life-times of nuclear states by D. Ku”ath( )

i~ . . . (j -
9 i\ = "

Reff*(1) D. Kurath, Invited Paper, Bull Am, Pnys.~<
: Soc. 13, 1400 (X¥ov. 1968)

"
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Q. MEERUT UNIVERSITY, M=ERUT

1. Study of the 20,5-MeV State in ‘He by the Cluster Model -

V.K. dain and B.B. Srivastava - The first excited state of ‘He

at about 20.3 MeV has been observed in many nuclear reactions
during the past several years. However, the verious measurements
of its excitation energy and width ere not consistent. A recent
investigation by Gross 33‘21.1, yields a value of 20.28+0.05 eV
for the excitetion energy and 0.41+0.05 MeV for the width of this
state. On the basis of an analysis of their data these suthors
observe that the state is consistent with a O assignment and
corresponds to a pure 1S—wave resonance in the p—3H system. In

the present study, therefore, a veriational procedure has been used
to calculate the energy of this state described as a“triton éluster
pluscé proton. Properly ‘antisymmetrized wave function and a
nucleon-nucleon potential yielding good fit to the low energy
scattering date have been used. The ecslculetion yields a value

of 20,54 MeV for the excitation energy of this state relative to
the ground state which is in quite good agreement with the experi-

mental value obtained&by Gross et al.

1. E.E. Gross et al., Phys. Rev. 178(1969)1584.
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R. DPHYSICAL RESEARCH LABORATORY ,AHMEDABAD

1. The Geperator—Coordinate Celculeticns for the Electric

>

Quedrupole-Moments and Trsnsition Rates - S.B. Khadkikar and

D.R. Kulkarni - The electric quadrupole momenis and the trensiticn

probabilities are cszlculated for all the even-even(N =‘Z) nuclei in
the d-s shell using the generator-coordirate formalism. These
quantities b;ing quite sensitive to the structure of the eigen-
functions, offer a measure of the goodness of the calculated wave

4

functions. It was found that the calculated gquadrupole moments of

.the first 2% states are within the error of the experimental velues

for the nuclei 28 32-. &and 36,  whereas they are slightly lower
Si, 5i, Ar

than the experimental values for the nuclei 20Ne and 24Mg.' The

calculeted transition rates are consistently smaller than the

experimentally observed values for all the nuclei.

2. Epnergy Vs Deformation Curve for Nueclei_ in the ds-Shell -

R. Haq and J.C. Parikh - We report here calculations, using the

spectral distribution method, for the Elliott SU(S)hgroup, which

describe the average deformation (<C220>) of & nucleus in the ds-

shell as a function of excitation energy.

3. Minimizetion of Energy Variance for Determinents - V. Satyan

end J.C. Parikh - We describe in this note a genersl method to
minimize the energy variance

1 + > |

G~ = {H > —<KH \

N

for single determinantal states. Calculations for light spheriesl

nuclei have been done and compared with the Hartree-Fock results.
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4. An Improved Estimate of SU(4) Symmetry Mixing in Light

Nuclei - R. Hag, J.C. Parikh and K.H. Bhett - The spectral

distribution method of French has been very succes%ful in
determining ground state energies and mixing intensities of
various irreps of a group near the graﬁnd state. For the SU(4)
group these);eﬁhods have been extensivgly used. The method
incorporated actually estimetes an uppé%llimit for the mixing‘

)

and lower amounts of mixing cannot be ruled out. This is

L3 " . L) > L
because the total variance@ which is composed of O external
L . - - t - -
and QO internal 1S used for estimating the amount of mixing.

Whereas G?;&;gives rise to spreading of various irreps, it is
only (;;;t which leads to symmetry mixing. Better methods of

estimating the mixing shall be discussed.

Se On Intra-Shell Quartet Excited States - A.XK. Dhar,

D.R. Kulkarni-and XK.H. Bhatt - Possible existence of intreshell
iy 24

quartet excited states for the nuclei 2ONe, Mg and °0Si in

the ds and 44Ti, 480r and 52Fe in the fp shells has been examined
Quarfet excited intrinsic states are obtained by exciting two
protons anq two neutrons from the highest occupied to the lowest
unoccupied\orbitals of the lowest energy exially deformed Hartree-
Pock(HF) solutions. Good-J states are projected from the prolate
and the oblate HF and the quarter excited intrinsic states. Due
to nonorthogonality of these states it is found that the reletive
separation of the projected states is drastically changed by

orthogonalizafion. FS% 20Ne the low-lying states do not have

pronounced quartet structure whereas the excited states of 24M
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and 285i whick do have dominant gquartet structure lie very high
v
in energy. For the fp shell ruclei, none of the excited states

are likely to have & well defined quartet structure.

6. Snell Model Calculation for 0dd Ti Isctopes ~ D.R. Kulkerni,

A.K. Dhar and K.H. Bhatt - The band mixing calculations for odd

Ti isotopes Ti45,47,49,51 are performed in the frame work of
Projected Hartree-Mock(PHF) formalism uging the Kuo Brown effective
interaction with T = 1 part replaced by the intersction ctteined

by McGrory et ai(1). Different intrgnsic states are obtained by
1p-1h excitationswover the lowest prolate snd oblate EF solution
adopting a suitaeble energy criterion for truncating the Hilbert
space. The energy spectre of the nuclei are obta{ned by diagonali-
zing the Hamiltonien in the basis of projected and orthogonalized
states. For the nucleus Ti47 the calculated spectrum is in good
agreement with theiobserved spectrum uptor~3 MeV. Certain high
spin states are predicted in the energy range of 3 to 5 MeV. For
all other isotopes the energy seduence is well reprdduced wi thin
400 kev. In order to reproduce better relative separation between
the various states, modifications in the interaction are suggested.

1) McGrory J.H., Wildenthal B.H., and
Halber.t EQCo, Phys, Rev. 02’(1970)’ 186.

T. Bend-Mixing Calculations for Na Isotopes - D.R. Kulkarni
and S.P. Pandya -~ The spectra of odd sodium isotopes viz.21Na,
23

.2 R
Na and 5Na are obtained by performing the band-mixing calcula-
tions in the fremework of projected Haritree-Fock formelism.

Different bands are obtained by various particle-hole excitations
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over the lowest HF solutions. The two-body matrix elements of

Pre=dom et 811) are used eglong with the experimental 170 single
particle energies.{JThe cglculs ted spectra of nucleir:f21Na end
23Na are in fairly good agreement with the experimentel spectra.
However the spectrum of 25Na'is not so well reproduced. It
appears that the interaction.producing less deformation might

give better experimental agreement in this nucleus. Some modi-

fications in the intersetion to this effect would be suggested.

| : |
1) Preedom B.M. and Wildenthal B.H. Phys.
Rev. C6 (1972) 1633. |

8. Generator Coordinate Spectra of the Nuclei ggmgk;zgs_ggg

365, = S.B. Khadkikar end D.R. Kulkarni - The generator coordinate
spectra1) for the nuclei 24Mg 325 end 36, . are obtained by solving
the Hill-Wheeler integral equation approximately. The energy and:\“
the overlap kernels required in the equations are dbtained ir the
projected and ccnstrained Hartree-Fock formalism. The two-body
matrix elements of Preedom et 812) are used along with the experi-
mental 1'7O single partiqge energigs. Despite the fact that for

24Mg the triaxial solutf%h is.loweét in energy, the first O+,2+,4+,
6+ and gt stetes are in‘good agreement with the experimental and

the shell model states. The first excited O level also agrees

well with the corresponding state in the shell model spectrum.

b

The results for the nuclel 324 and ngf
if

interaction needs some modifications. |

indicate that the two body

%,
1. Khadkikar S.B. and Kulkarni D.R. Phys.
Rev. C6 (1972) 866.

2. ZPreedom B.M. and Wildenthal B.H. Phys.
Rev. C6 (1972} 1633,
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9. Double Humped Berriers in Medium Weight Wuclei - K.H. Bhatt,

A.K. Dhar and D.R. Kulkarni - The low lying highly collective ﬂ
intershell 'Core' excited states in the nuclei in neightourhood of
016 and Ca 40 are known. In this note we propose tPe possible
existence of low lying highly deformed, intrashe]lfexcited states
for some of the fp shell nuclei, The proposition is borne out by
Projected Hartree-Fock(PHF) calculations for the nuclei CrEO and
Fe52. We have employed the two body effeq%gve interaction which
gives rise to deformations of the fp shell nuclei consistent with

the experimental E2 tr%psition systematies. The interaction gives
two distinct Harfree—Foek states, having very different deformation.
The state with smaller deformation lies lower.in energy. Despite
the large differences in the deformation the other scolution lies
very close to the ground state, It is interesting to note that

the states projected from the more deformed state are orthogonal to
the states projected from both the lcwest prolate and oblete HF
states. The existence of such states in fp shell nuclei would be
analogous-to the fission isomers in heavy nuclei. The experimgntal
.identification of suchqftates would be interesting and would help

to improve the effective interaction.

i

Tpe -

10. Intermediate Coupling Model Descrivption of JeJ. Dikshit

and B.P. Singh,- The properties of the negative parity states of
SEEP are.investigated in the framework of the intermediate coupling
inwéhe unified vibrational model. In the model, a quasineutroﬁ is
" coupled to on snharmoniecally vibrating core. Observed properties

of the 56Fe nucleus are used to describe anharmonicitiég of the
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core. The model is applied %o this nucleus for the first time.
Energy levels, electromagnetic trensition rates, branching ratios,
lifetimes and spectroscopic fectors have been calculated. The
theoreticsl results have been compared %ith experimental results.

The ground state spin is correc?ly predicted: for reasonsble values

of perameters. Comparison'ﬁith rotationél model celiculations shows
that both models have limitations in describing the 5TPe nucleus.

It is concluded that\aﬂmodel in which three quasineutrqns are coupled

would give better results.,
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S, PUNJAB UNIVERSITY, CHANDIGARH

. t ,
1. Gyromegnetic Ratio of the 656 KeV State in 110Cd - Bhupender

Singh, S.C. Bedi, V.R.K. Murty and H.5. Hans - As there is
considerable disagreement in the measurements of the gyromegnetic
ratio of thé$656 keV state in 110Cd, IPAC method has been u§ed to
remeasure the gyromggnetic ratio of the 656 keV stat%. The
internal hyperfine field écting 2t Cd nuclei in iron hes bgen’used.

1504-656 keV and 1384-885-656 keV caseades were used simultaneously

_for measuring the rotation of the angular correlation pattern.

The measured value of the gyromagnetic ratio i.e., g = 0.34 + 0.07
is in good agreement with the wvalue reported by‘K. Johansson et.
311) meking use of the inéernal field in gadoli;ium. A couple of |
earlier measurements made through PAC radioactivity and IMPACT

methods give a low value with the recent accurate wvalue ofothe

b
SN

hyperfine field. Our measured value agrees well with the velue

estimated on the basis of Greiner model for the gyromegnetic ratio

of vibrational nuclei. ﬁﬁﬁf“ </

1. K. Jdohansson, E. Karlsson L.0. Norlin, R.A. Windahl and
M.R. Ahmed. Nucl. Phys. Aiss (1972) 600.

2. Core Excitation Effects snd Nuclear Svectra - S. Shelly and -

R.K. Bansal - Fragme?tation of spectroscopic strength observed

in the spectra of nucleiawhich consist of a closed neutron shell
plus a proton in one of the empty shel}s indicates tﬁat additional
degrees of freedom associated with the core after the proton has

been added are to be properly taken into account. The formalism



- 112 -

for calculat%ng the effects of isospin excitation as well es
two perticles-two holes excitation of the core, for nuclei

falling in this category, has been develored. Particular cases

= 60

invelving addition of a protdn to 480& and Ni targets have
&

been discussed.

The\gingle particle strength which is expected to be

i

concentrated in one level in the absence of core excitations
is fragmented into 3/2(232+1)+2 pieces where j2 is tke angular
momentum cf the orbit to which the proton is added, thus giving

" P O
rise to a fine structure of the spectrum.

L »

Systematics of calculated spectroscopic strength di'stribu-
« N

tion andiénergy eigen values show a fairly good esgreement with

the experimental resulis.

3. Level Structure Studies iﬂ&192Pt and 19203 and Experimental

Test of Pairing-Plus Quadrupole Model - Nirmel Singh, S.S. Bhati,
P.C. Mengal and P.N. Trehen -~ Gamma ray intensity measurements

\. D 1 2
have been done with great precision in 192Pt and K Os in the

décay of 1921r using 8 c.c. Ge(Li) detector. In addition gemma-
gamma directionsl correlation megsuremgnts have been done for
296~316, 308-296, 308-6?2, 308-(296)-316, 589-296, 589—(?96);316,
604-316, 468-316, 589-612, 885-316, 1362-316 kev cascades in
192p4 and 486-206 kev cascade in 19208 using NaI(T1)-Ge(Li) end
NaI(Tl) - NaI(Tli deteétors. From tﬁé'data spin assignments

have been confirmed for 1379(%) and 1200 (4") xev levels of .



N
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192

Pt and 691(3") kev level of 192

Os. Multipo%e edmixtures

in 296, 308, 589, 604, 885, 1062 end 486 kev gamme Tays have

been found out to be M1+(97_-g1)7'%‘32, m:+(,96.51 5)%4E2,” E2+(4+2)%KH3,
M1+(79+7)%E2, E2+ .C47%N3, E1+.64%M2 and M1+(94+2)%E2 respectively.
The values of multipole mixing in 296, 308, 604 and 436 kev gemma
traﬁé&tions‘are compered to those predicted by pairing-plus quadrupole
model of Kumer end Barangar and the agreement is found to be fairly

B

good.
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T, PUNJABI UNIVERSITY, PATIATA

1. A New Good Quentum Number in Collective Model - S.D. Sharme -

A nuclear spin quantum number of restricted goodness is seen to

show up in perturbed rotational bands of cdd-A and odd-o0dd nuclei

(4

due to the physicsal quantum éonstraints effective on the systems&
A new type of state-labelling is discussed, which can furnish
information ebout tke nucleonic and corel: ccntrlbutions in separate

) for all such nuclei in deformed regions. Theoretfcally expected

\systematlcs of nuclear dynemics below and above tyls good spin

are supported by the available experlmental reports for many

)
nuclei,

2. Magnetic Dipole and Electric Quadrupole Moments of Deformed

" 0dd-A and 0dd-0dd Nuclei - Jaééev Gergi and S.D. Sharma -

el

Agcuitto and~bavidébn calgulated the Magnetic Dipole and Electric
Quadrupole ﬁoments’diagonalising the state matrices fordas set of
parameters gf;ing the best fit for nuclear spectre using symmetric
core collective model for @eformedunuclei. Here instead of
diegonalising we have simpiified the expressiénsffor Magﬁetic -
Dipole and(Electric'Quadrupole moments for single nucleonic state
without con}iguration mixing. The results are computed and
compared with experimental reports whereever aveilable end also

with other theoretical predictions. o

186

3. “The Spectra snd Static Moments of Re - }BmiGarg and

S.D. Sharm& - Lowlying spectrum ahd static magnetic and quadrupole

186
mements of Re ere computed using symmetric and aesymmetric core

Sy
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collective models of 'odd-odd deformed nuclei. The spectral
computations are compared with the experimental reports on this

nucleus by R.K. Sheline et. &l.  The model predictions are found

auite satisfactory.
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U, SAMBALFUR UNIVERSITY, ORISSA

1. A Method for Fast Convergence of the Resction tratrix(II) -

R.K. Satpethy end N.M: Guru._ The reaction matrix of Brueckmer

t is ‘expanded in terms of short-rangé part t, and terms involvinug
(V4 = V,) and ¥y only. Here V, is the long-renge part of the
actual two-body potential and V2 is an auxilliary vpotential,
nonlocel and sepaiable in néture. This expansion is en improve-

ment over our earlier work {Nuecl. Phy. 185, 284 (1972). The
— - .
merits of the method are analysed. = .

<

2, Regge-Type Representztions of the Partiel Wave Anrplitude

for Spin-Cne case .- R.K. Satpsthy end A.F. Mishra - Reggeétype“f
" representation of the partial wave ampliitude in the complex

angular momentum plane are derived for elastic scettering cof

s

spin~-one perticles from nuclei. These representations are

found to be similar in form to those for spin-zero and spin-helf

ety

particles. The importance of the method is discussed.

4
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V. UGHNIVERSITY OF DILHI

- - N 'As‘A
T "'A‘_‘ﬂ«

1. Velioecitv-Dependent Muclecn-Nucleor Portentisl :..d Short-Renge

Correlations - R.S. Ksushal - A veideity-dependent potentiel is
constructed by performing & unitery transformation, based on
.

~Jastrow tyre correlaticn function, on the Hamiltonion of single

perticle mecfel. Though this potential has structure similer %o

that used earlier by seversl authors, however, it ensures, to some

s
. 4
extent, the inclusion of the eifects of short-rengzs rerulsive

forces betweer nucleons. The parameters of this thential ere

known from the experiments. } SRR W
T S5

W

2. Decay of 127m

’gTe To Levels~of'1271 -~ S.X. Soni, Asrok Kumer,

D. Ghosh, S.L. Gupta and S.C. Pancholi - The Gamme spectrum of

n

127mTe in equilibrium with 127gTé ﬁas been studied in singles using

a 88 cc Ge (Ii) detector. The gamma-ray ené}gies in keV (relative
intensities in parantheses) were‘fgénd to be 57:86+0.04(58.Q¢0.7),
88,25+0.04 (7.9+0.2), 115.6:0.1(1.Q£O.6), 345.5110.07(0.310.1){
172.11+0.06(0.02), 202.6910.04(5.2£o.2), 2'{1£4.9010.05(3.6), 360.23+
0.,05(13.3+0.,3), 374.9:0.#) (0.06), 417.87¢0.05(180), 503.1+0,1
(0.2940.1), 619.9+0.3(0.05), 629.9+0.3(0.006), 651.920.3(0.01),
658.10.1 and 687.40£0.09. o

Gemma-Gemma directional correlation meaé@gfments\have'also
! / N
been performed on (57-360) znd (57-658) keV cascades using an
) . e . .,
aqeous aoclution of 127113']3e and & NaI(T1)-Ge(li) detector coincidence

system. ' o o

o
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3. Half-Life Measurement of the 57.6 keV Tevel in 127y _

Suyvs Sanyzl, R.K. Gupte, S.I.. Gupta and S.C. Pancholi - The
half-life of the 57.6 keV level in '2'T has been measured by
recording/g3'-coincidences in 127mTe decey using leading-edge
timing technique. The time delay curve weas analysed by the
slope method. A half-lite value of T%(57.6 keV level in 127I)
= 1,98 + 0.01 ns is obtained. The electromagnetic transition
rates from the low lying states in odd-mass I isotopes are

discussed and compared with available theorefical results.

4, High Resolution Study of Low Energy Gemma-Rays in the Decey

92,237NP egnd 241AM - 35.D. Chauhan, Suvva Sanyel, R.K. Garg,
S.C. Pancholi, and S.L. Gupta - "High resolution low energy (Ejy
< 122 keV)‘U-ray spectra in singles have been studied in the

23Ty 2

decay of . p and 241Am using a 0.4 cnm

Ge(Li) Low Energy Photon
detector (resolution 300 eV at 6.40 keV and 600 eV at 121.94 keV).
The measured K-ray energies in keV (relative intensities in

23TNp: 8.10£0.04 (0.48 + 0.07),

parentheses) eare as follows:
29,375 (12.0+0,.3), 32.05+0.03 (0.16+0.02), 36.2820.05(0.048+0.017),
46... "+0.03 (0.094+0.016), 57.09 + 0.01 (0.35+0.02), £6.41+0.02
(12.1+0.3), 87.9 + 0.1(0.095+0.024), 106.2+0.1 (0.02+0.01),

115.47 + 0,07 (0.41+40,03)and 117.83+0.03 (0.17+0.02).

24Tpns 3.43+0.03, 8.6.+ 0.1, 9.60 + 0.02 (0.28), 26.345 (2.06 + 0.03),
33.17 + 0.02 (0.13 + 0.01), 43.37 + 0.03(0,07 + 0.01), 55.40 + 0.10
(0.10840.004), 59.537 (35.3), 98.89 + 0.05 (0.025 + 0.001) and

102.86 + 0,05 (0,023 + 0.001). Component L-and K+ x ray intensities

are s8lso measured.,
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W, UNIVERSITY OF MADRAS

1. Trace Technigques for Angular Momentum Operators -

P.R. Subramanian and V. Devanathan - Traces of angular momentum
matrices for systems of srbitrary spin are derived using their
well - established properties. The nature and the general form

of the trace of a product of an arbitrary number of matrices is
given. The trace techniques developed herein are supplied to

the problems of spin orientation. For the purpose of illustration
we have obtained the explicit forms for the svin tensors and
evaluated their reduced matrix elemeqts. Alsc the elastic scatter-
ing of particles of arbitrary spin by a target nucleus of zero spin

is investigated.

2. Dhotoproduction of Charged Pions From 41Ki4§ONi and 650u -

G.N.S. Pragsad and V. Devenathen - XNumericel results for the
reactions 41K(K,Tf)41A, 60Ni(6}n7)600u, GGCu(U;n*)SSNi and
650u(3;n’)652n are reported and compared with the available experi-
mental results, Independent Particlé model for the nuclei and the
volumekand surface production mechanisms are used in the present
study. The Reactions of the type A(¥ )P cen be used to extract
information regarding the low-lying states of the nucleus B which

are stable against nucleon emission.

3. On_D-State Admixture in Photoproduction from the Deuteron -

K. Srinivasa Raeo, (Matscience)and S. Srinivasa Raghavan - In the

earlier studies1) on neutral pion bhotoproduction cross-sections,
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the effect of the D-state admixture was taken into eccount

through the normalization and scale of the S-state wave function
only. In this erticle, we include the D-state admixture explicitly
(through the radial integrals FSD“and FDD) end study the differ-
entiel cross section for @ d— aTr’ , near the first pion-nucleon
resonance region, at fixed momentum transfers. A comparison

with eveilable experimentel data shows that, the cross sections -
are slightly more enhanced than the earlier theoretical results.
Our results with deuteron wgve functions obtained.with (i) the

s30ft core OBEP of Ueds and Greenz)

end (ii) the Modified Hamade-
Johnston hard core potentialB), are éomparable. The energy

dependence of the total cross section is also studied.

1) XK. Ananthanarayasnan & K. Srinivasa Rao, Nuo. Cim.
44(1966) 313 K. Srinivasa Rao, R. Parthasarathy
and V. Devanathen, J. Physique 34(1973)683.

2) T. Ueda & A.E.S. Green, Phys. Rev. 174(1968)1304.

3) J.W. Humberston & J.B.G. Wallace, Nucl. Phys.
A. 141(1970)362.
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X, VIKRAM UNIVERSITV, UJJAIN

1. Reglistic Interactions and Effective Nuclear Force -

Gopal K. Upadhyay end K.P. Joshi - We examine the realistic

Yale, Sussex and\Tabakin interactions through their equivalents.
The equivelent potentials ére of the form central and tensor
forces and are determined by best fitting the relative matrix
elements of the respective realistic interactions. The equivalent
potentials are compared with one another and with other pheno-
menological potentials in widespread use. This leesds one to

draw some conclusion atout the general neture of the effective

nuclesr force,

2. T = 1 Effective Interaction in sd Shell and Configurstion

Space - S.C. Gupta and K.P. Joshi - The T = 1 interections
in sd shell are examined in terms of the egquivalent potentiels.
The interactions studied are Kuo's interaction derived from
Hamada-Johnston potential and other phenomenological effective
interactions. The nature of the effective nuclear fé?ce%is
discussed and its dependence on configuration spece chq§%n is

b
examined. The short-range vert of the eaquivalent potentials is

found to be very sensitive to the choice of configuration space.

3. Single-Particle Energies Nesr 16O and Effective Nuclear

Force - S5.C. Gupta and K.P. Joshi - The single particle

. 16 . . .
energies near 0 are calculated using various effective iric:-

" -
.



interactions used successfully to study sd shell spectra.

Many’dé the interactions fail to reproduce the single-

particle energies near 16O and binding energies. TWe calculateﬁ
the effective two-body l.s force which will reproduce the
spin-orbit splittings observed. This is compared with the

l1.s. force components of the widely used rezlistic interactions,
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PROGRESS REPORT

WUCLEAR DATA PROGRAM AND LOY ENERGY NUCLEAR RESEARC!! IR ISRAEL
JUNE 1974

\‘\\
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SUrMARY

The contribution to nuclear data research in Israel
congists mainly of research ﬁto the evaluation and calcu-
lation of neutron cross sections carried out at the Soreq
Research Centre and the Halfa Technion. There 13 also a X
substantial research prégr&m in low energy physics carxried
out at most of the country's research establishments and
universities. The upaﬂméﬁtal prograns. are centered around
threa u,,or facilities, the Tandem Laboratory at the Weizmamn
Institute of Sclence and the two :;uatch reactors at r;'.\\s

Negev Research Center and the Soreq Research Centre.

e
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NUCLEAR EXPERIMENTATION FACILITIES

i
"

Facilities at the Wel._zﬁaun Instiruszte

P

A 6 MV Tandem acceieratOt; type EN, manufactured by HVEC. This
machine 1s\the prirary installation of the Bannie . Heineman
Accelerator Laboratory, & nuclear structure lsboratory owned and
operated jointly by the Weizmsnn Institute, the Hebiew University
in Jerusalen, the Technion in Haifa and the Ben Gurion University &n

e

Baer Shé&a.

~

A 3 MV Van-de-Graaf accelerator, manufactured by the High Voltage
Engineering Corp. of Burlington, Mass., type K. This instrument was
the backbone of the nuclear structure research at the Weizmann
Institute in the period 1557-1965 and with modemrm aﬁiiliary equipment

it has recently again come into intensified usa.

The construction of a new accelerator was started recently. This
will be a 14 MV Tandem-Pelletron accelerator, type 14 UD, msnufactured
by the National Electrostatic Corp. of Middleton, Wisc. This new
accelerator snd fha adjoining laboratory will algo be jointly owned

and opefated by several instisutions of research and higher learning
in Isxael. | *

[
s}

e

3 ¥ B
Facilitles at t¥" Jreq Research Centre

N
IRR-1 Research Reactor 5MW Light Water Pool Type Reactor, 90%

235,

enriched U fuel. This reactor 1s usad for isotope production,

activation analysis, neutron radiography, neutron irradiations, and

‘t
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for low energy nuclear xesearch.

Facilities at the Regev Research Center

IRR-2 Research Rsactor 26 MW Heavy Water Tank Type Reactor, Hatural U
Fuel. Used for studies in fusl irradiation, isotope production, nuclear

raseatch, and neutron diffraction studies.

St

o
e
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RESEARCH PROGRAMS

Weizmann Institute

#

In the Department of Nauclear I.’hysics work is being carried out }’t~$ih in
theoretical and experimental research in the fields of nuclear structare and
particle physics. The theoretical work deals with problems in nuclear
structure and various nuclear reactions, but most of the eflort is in the field
of subnuclear or elementary particle physics. The experimemal work in
nuclear physics is concentrated around the rather old 6 million volt EN
tandem accelerator. The experimental research in high energy physics (particle
physics) is in the analysis of bubble chamber photographs taken at the giant
particle accelerators in the US.A. )

In nuclear structure theory work continued in studying the cffective inter-
actions between protons and neutrons in nuclei. These were studied both by
starting from the interaction between free nucleons using the many body
theory and from the actual energy levels using the shell model. Nuclear
rcactions were investigated extensively, in particular thoce which involve
high energy n -cleons and pions as projectiles.

Experiniental nuclear structure physics

The need for a uew accelerator has been felt for a long time. The present
machine is rather limited in energy. Therefore, many experiments originated
here had 10 be carried out in other laboratories. The situation will be greatly

" improved with the planned installation of the most modern and high

energy 14 UD Pelletron accelerator. This machine is now being constructed
by the National Electrostatic Corporation in Madison, Wisconsin. Building
will begin in summer 1973 and it is hoped that the accelerator will become
operational late in 1974. The only other accelerator,of this advanced kind is
I_vcing_: tnutalled now at the National Australian University in Canberra, Pre-
liminaTy tests which have been carried out so far indicate that jts performance
is far above what was promised.

i
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~ Experimental Nuclear Structure Physics \

HYPERFINE INTERACTIONS OF THE FIRST EXCITED 2° STATE OF
O IN 7° AND 6 IONS =

G. Goldring. D. A. Hutcheon , "N. L Randoiph , D. F. H. Stert//“”18. Goldberg and
M. Popp o

/,/
Perturbed angular correlations were measured between 1.98-MeV v rys

de-exciting the 33-psec 2 state of 0 and the *O* particles following the

reaction 1*C('°0, 1°0")'3C at 33 MeV. A magnetic spectrometer was used

to resolve the 10O* jons into the component §°, 7%, and 6° charge states, and

the correlations were determined separately for each. The measurements yicld

information on hyperfine interacticns in the 7° and 6 charge states. Limiys«
are obtained on the ionic ground-state occupancics and on the value of the

nuclear g factor.

W (/'f‘

THE MAGNETIC MOMENT 3- 5.83 MeV LEVEL 1IN N AND THE
BLUME-SCHERER MODEL OF PAC IN GAS WITH IL},N ARBITRARY
CORRELATION TIME

Z. Berant, G. Goldring, M. Hass and Y. Horowitz

Perturbed angular correlation of an ionic ensemble recoiling into:gas 1s dis-

_ cussed in the frame-work of the Blume-Scherer model. The magnetic moment

of the 37 5.83 MeV level of VN is deduced.

Reporfed also by University of the Negev. ok

MAGNETIC MOMENT OF THE FIRST EXCITED STATE OF 1B

“ R. Avida, 1. Ben-Zvi, G. Goldring, S. S. Hanna , P. N. Tandonn and Y. Wolfson

The magnetic moment of the 1" first excited state of 1°B at 0.72 eV has
been determined by an integral perturbed angular correlation mcasurement in
an external magnetic ficld. The value obtained for the g-factor, +0.63=0.12,
is compared with calculations based on the effective-force treatment of 1°B.
A measurement of the perturbation produced in B nuclei implanted in iron .
showed that the internal feld 7/i: at the boron nuclei was less than 4 kG.
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THE REORIENTATION EFFECT IN 1'°Cd AND 11Cd

Z_ Berant. BR. A. Eisenstein', Y. Horowitz . U. Smilansky, P. N. Tandon , 1. S
Greenbes) AN K}eirﬁe?d <nz H. G. Magg:

New detiled measurements of the rcorientation effect in the first 2° state of
1Cd and MCd were carried out using back scatered *He and O jons.
They yicld Qq+ = (-0.28 £0.09) eb with B(E2; (—2) = (0.513 = 0.003)¢"b5,
or 0:+=(-003+009) eb with B(E2; 0—2) = (512 =0.005)e*b> for

111Cd depending on the sign’ of the interierence term. The results for 11°Cd

are Q2+= (-(042 or 021):=0.10) eb with B(E2; O—2)=(0.432=
0.006)e*h?. The deduced Q.+ for "M*Cd is approximately half of the rotational
model value,

Reported also by University of the Negev.

[ =N

THE ROLE‘OF THE o +'t CHANNELS IN THE COULOMB E)iCITATION
OF THE 1~ STATE IN “Li

U. Smilansky, B. Povh and K. Traxel : . v -

The role of the virtual excitation of the a+t channel in exciting the 1~ state
in Li is discussed in terms of the known properties of the a+t channel. It is
shown that this effect 1s larger than the rcorientation cansed by the ground
staic quadrupole moment. Existing data on the Coulomb excitdtion of the
™ state are analysed In terms of both the virtual breakup and the reorientation

effects. The resulting Q3/2 and B(E2; 3/7—> 1/2) are consistent with values
obmned in former measurements.

ELASTIC SCATTERING OF !0 AND 1°0 BY EVEN Ca ISOTOPES,
*Cr AND ®Ni AT INCIDENT ENERGIES NEAR THE COULOMB,
BARRIER

Y. Eisen, R. A. Eisenstein , U. Smilansky and Z. Vager

Elastic scattering of 1°0O and *¥O by even Ca isotopes, *Cr and ®3Ni was
studied at incident energies ncar the Coulomb harricr. The excitation func-
tions measured in this experiment show marked differences between 10 and
1%0. The experimental data are analyzed and discussed by means of an
incoming wave boundary condition method (IWB).
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SEARCH FOR A POSSIBLE J* = 0+, T =2 RESONANCE
IN "'Be(r.y}')mc

S. S. Hannz . M. Haas, 2. Shkedi and Y. Horowitz

A 30 n® Ge(Li) detector has been used to reeexamine the reaction
9Be(z,77)!12C over a previously reported resomance at E(7) = 1.739 £ 0.007
MeV whizh was suggested as the lowest T = 2 state in 'C. This state is
expected to v decay via the 1%, T =1 state at 13.11 MeV. However a scarch
with = bombarding energics ranging two standard deviations above and below
the reported resonance energy revealed no resenance in high energy gamma
ravs. An upper limit of I,I,/T < 2.0 MeV is cstablished for the T = 2 re-
sonance strength which is one-fourth of the previously reported strength and
which strongly corroborates an additional negative result reported as
I [T <5 MeV. In the course of the experiment a new value of

Iy = 2944 0.20 kcV was obuined for the resonance at E, = 1.083
Ve in 9Bef{p,y)\°B.

Benorted also by University of the Negev.

MEASUREMENY OF THE NUCLEAR RAMAN EFFECT

M. Hass and D Salzmann

The parameters of the giant dipole resonance of U= are calculated from the
experimental cruss-sections of the nuclear Raman effect. It is shown that there

is no need o include direct mechanisms to explain the interaction of the y
with the nucleus.

i
DEPENDENCE OF THE DOPPLER SHIFT LIFETIME METHOD
ON SLOWING ENVIRONMENT

C. Broude, P. Engelstein , M. Popp and P. N. Tandon

To check for systematic analysis errors in the Doppler shift atienuation
methed for nuclear lifetimes, a mean life in **Ne has been measured in 39
different solid clemental slowing materials. A range of lifetimes of 1.9
strongly correlated with atoniic number is observed.
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A COMPARISON OF SPECTROSCOPIC FACTORS Thu .«
**Mo (d, )**Mo and Mo (p, p '7)*"Mo EXPERIMINTS |/

£ Abrzmson, G. Engler, 2. Vager, I3 Cue , 1. Plesser and G. F. VWheeler

Spectroscopic factors from the *3Mo{d, t)**Mo reaction have been compared
with partial decay strengths obtained from the “!Mo(p., p'y)¥ Mo reaction
proceeding through the 5/2° g.s. analogue resonance. The results of the
comparison support the treatment of the compound enhancement applied in
the analysis of the **Mo(p, p™y)"\Mo reaction.

EMISSION OF THE “He IN THE SPONTANEOUS FISSION OF 232Cf
E. Cheifetz, B. Eylon, Z. Fraenkel and A. Gavron

The emission of “He {T3/2=8> 102 sec for decay into a+2) in spontancous
fission of **Cf is established from a correlation measurement involving the
direction and the kinetic energies of the neutrons and the long-range a par-
ticles. Approximately 119 of these «'s arc products of "He breakup. The
initial energy of the fragments and of the "le at scission are calculated from

the properties of the *Ie decay. They are 31411 and 32209 MV, respec-
tively.

Theoretical Physics o

THEORY OF EFFECTIVE INTERACTIONS
M. W. Kirson

The paper concentrates on the many-body perturbation theory approach 1o
the theory of effective interactions. The emphasis is on the relative importance

.of various effects rather than on agreement with experiment.

FORCE DEPENDENCE OF 0* STATES IN 2'Bi
). Rajewski and M. W. Kirson

The 0" energy levels of 20%Bi are caleulated with the reaction matrix deduced
from the Sussex and Tabakin potentials, Special attention is paid to the
isobaric analogue of the ground state of 208Ph which comes 45 ‘\.Ic\’ below
the experimental value, and is particularly sensitive o the potential.
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SHELL MODEL HAMILTONIANS WITH GENERALIZED
SENIORITY EIGENSTATES
S. Shlomo and L. Talmi

The conditions on shell-model Hamiltonians which have eigenstates with
generalized seniority =0 and =2 are stated and investigated in detail.
For even semi-magic nuclei the conditions for » = 0 cigenstates give rise to
a simple binding encrgy formula with terms lincar and quadratic in nucleon
number. If also the = 2 conditions are satisfied, constant spacings, independ-
ent of nucleon number, are obtained between ground states and the low lying
] =24, .., levels. This feature is clearly demonstrated by the existence of a
single particle operator which transforms the v = 0 state into one with =2
and which obeys a linear equation of motion when acting on the » = 0 state.
The constant spacings are obtained in the general case for onre state with a
given ], unlike the situation in the quasi-spin scheme in which there are
n-independent separations between all levels. Examples are given of cases in

which these conditions are actually fulfilled and yet in which the cigenstates
are nat those of the quasi-spin formalism.

COULOMB ENERGIES AND CHARGE ASYMMETRY
OF NUCLEAR FORCES
S. Shiomo

Charge-symmetry-breaking potentials suggested in the literature to resolve
the discrepancy between calculated Coulomb energy differences of analog
states and the experimental values are considered in detail. We caleulate the
contributions of these potentials to the ground state encrgy differences of the
mirror nuclei He®H?, O'.N', F17.0'7, Ca®-K* and Se¢’!-Ca*l. It turns ont. )
due to the short range character of these symmetry-breaking potentials, that
their inclusion may resolve the He3-FH3 difficulty but not the Sc41-Ca'! dis-
‘crepancy. ’

.

.

"VERTEX PARAMETERS AND COUPLING CONSTANTS
FOR THE VIRTU”AL DECAY OF LIGHT NUCLEI
A. S. Rinat (Reiner), L. P. Kok and M. Stingl

Various sources of information on vertex functions are compared. Explicit
wave functions, scattering and reaction data, and dispersion relations are
used to extract range parameters and spectroscopic factors of parametrized
vertex functions describing the virtual decay of nuclei with 4 = 6. Mutual
agreement is found in general, with the exception of the SLi<#lle-d vertex
parameters.



THE CASE FOR DI-NUCLEAR MOLECULES
A. S. Rinat (Reiner)

A survey is given of the evidence for di-nuclear molecules drawn from clastic
and inelastic scauering as well as from recxrangement collisions berween
a-particles clusters. Some tests for additional confirmation of the intermediate
doorway resonance picture are suggested. Several semi-microscopic descrip-
tions are compared and found to possibly coexist.

SCATTERING FROM NON-OVERLAPPING POTENTIALS.
I. GENERAL FORMULATION
D. Agassi and A. Gal

The problem of scattering from an assembly of non-overlapping spherical
potentials is «colved in partialwave basis for each of the constituent
potentials. The 'resulting scattering operator is 2 quoticnt of two infinite
matrices and depends on “on-shell™ partial wave amplitudes of the individual
potentials, It suggests in gencral a truncation scheme which essentially con-
siders only those partial waves effective for cach collision at the given encrgy.
The multiple-scattering series is recovered and limiting cases of low cnergy
and high cnergy are considered. Applications to high energy scattering of
elementary particles on nuclei are brietly discussed.

STRIPPING TO ISOBARIC ANALOG RESONANCES
D. Agassi, N. Auerbach and A. Moalem

The form factor for the stripping distorted-wave Born-approximation ampli-
tude to isobaric analog resonances is derived using a fine-structure theory of
these resonances. It is found that the corrections due to compound-nucleus
mixing are small. Using the derived forin factor, the spectroscopic factors
are calculated for the reaction Mo™(He®, d)Tc™.



RESEARCH PROGRAMS

Israel AEC Research Centres

[
RESOUANCE SCATTERING MEASUREMENTS WITH Se AND Hg CAPTURE SOURCES
E. Arad, G. Ben-David and K. Szichman

Yew experiments on the resonance scattering of photons from Bi, Zr, in
Cu and Cd natural targets using a Se(n,Y) source are now in progress.

204G &
Resonances at energies of 7418.7 and 500.9 keV were found in 20 bi and }OZr

- ; . : - - - .
with respective spin assignements of 9/2 and l( ). Further experiments on
these nuclei are planned using a Compton polarimeter and a cryostat for

temperature variation of the intensity of the scattered radiation.

In preliminary experiments, large resonances were found in the natural

scatterers Hg, Zr, Mo and Ti wusing a Hg(n,y) source.

SIUDIES O THF LEVEL SCHEMES OF 6zn, "sm, 12%n pup %se USInG THE (v +v')
REACTIGH

G. Ben-quyd, K. Szichman and B. Arad
A

144 1205

The decay schemes of highly excited levels in 662n, Sm ’ n  and

8OSe, reached via the (v y') reaction, were investigated using a nickel capture
source, and the respective level schemes were deduced. Measurements of the
angﬁlar distributions of the scaitered radiation permitted determination of

the spins of the iow-lying lcvcls”in these nuclei. The reduced strength of

the transitions shows that they are predominantly El. The total radiation
width of’ the 8995 keV resonant level in 1l“’Sm was re-evaluated and found to be

73%£15 lieV.

STUDY OF THE ENERGY LEVELS OF 696a USTNG HUCLEAR PHOTOEXCITATION ¥
R, ioreh, 9. Shahal, J. Tenenbaum, A. Wolf and A. Nof

Elastic and inelastic scattering of wonochromatic photons were used for
. . 69, - -
studying nuclear energy levels in “Ga. The photons were produced by thermal
neutron capture in copper and vanadium. The decay of one resonance at

7306 keV excited by the copper y-source and another resonance at 6874 keV
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excited by the vanadium y-source werc studied in deatail and 30 low lying levels
were observed from the ground state up to 3.4 MeV, 17 of wiiich arc believed

to be new levels in GgGa. The anguiar distribution of some elastic and
inelastic lines were measured and the following spin determinations werc made
(kev, J"): 328, 1727, (3/27); 574, 5/27; 872, 3/2; 1488, 3127, (7/2);

(1/2, 3/2); 1891, 3/2 3 1978, (1/2, 3/2); 2457, 3/2;5 2484, 5/2; (2563},
(1/2, 3/2); 2660, 3/2; 3051, (3/2, 7/2); 3076, 5/2; 3318, (7/2); 6874{ 1724
and 7306, 5/2+, where parentheses denote uncertainties. The parity of . the
7306 keV level was directly determined using a Compton polarimeter. The
total radjative width of the 7306 keV level was measured and found to be

= 0.105 = £.02C eV. For the 6&74 keV level, a positive correlation
coefficient was obtained, p = 0.69, between the (y,y') and (d,n) transition
strengths leading to the same final states in 6()Ga. The levels of 69Ga were

compared with recent theoretical calculations.
I

STUDY OF THE ENERGY LEVELS OF 100Mo USING PHOTON INELASTIC SCATTERING
R. lioreh, 0. Shahal, J. Tenenbaum, A. Wolf and A. Nof
'L
Elastic and inelastic scatteri ing of monochromatic photons were used to

study nuclear energy levels in lPOMo. The photons were produced by thermal
neutron capture in titanium, coppcer and vanadium. The decay of the resonances
at 7637, 6517, and 6418 LeV were studied in detail. The angular distributionS
of some elastic and inclastic lines were measured and the follewing spin
determinations were made: (keV, J“): 535,2+; 695,0+; 1063,2+; lel,2+
2033,07; 2040,27: 5186,1: 6418,17; 6517,17; and 7637,i". The parities of
the last three levels were directly determined using a Compton polarimeter.
Total radiative 'idths ware measured and the following results were obtained:
T (6418) = 50 2 35 me,, TT(6517) = 110 & 30 meV and I(7637) = 98 £ 15 meV.
The '12/El mixing ratios for two primary tranmsitions were found to be about

3 orders of magnitude higher than that predicted by the simple theory.

1

LARGE ET AND M1 RADIATIVE WIDTHS IN NUCLEI NFAR CLOSED SHELLS *
A. HWolf, R. Moreh, A. MNof, 0. Shahal and J. Tenenbaum

The radiative widths, spins and parities of ten levels photoexcited by

the (y,v') reaction at excitatio 139 : 1A0 1“‘ 142
144 205 509 n around 7 MeV in La, Ce, Pr, 7 "Nd,

d, and Bi, were measured. The v beam was produced by thermal

neutron capture in titanium, iron, cobalt and copper. The spins of tihe

resonance levels were obtained by angular distribution measurements and the
parities were determined by using a Compton polarlmeter \ These levels together
with other resonance levels in N ~ 82 and N 126

regard to

WELQ considered with
a possible ‘connection to a giant Ml resonance.

X Reported also by University of the Négev.
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"EXCITATION FUNCTINNS AND PHOTON EMISSIOM IN COMPOUND NUCLEUS REACTIONS WITH HIGH
ANGULAR MOMENTUM -
J. Gilat, .E.R. Jones, III and J.M. Alexander

-

Measured excitation functions were compared with detailed evaporation

calculations for the reaction lAOCe(lso,xn) l)G—ny’ 144Nd(12C,Xn) 156—XDY»
13633(20Ne,xn) 136-ny(x = 5,6,7), lJ['Gd(l‘lie,xn) l)S_ny (x=7,8,9) and

18 5-x
lTa(z‘He,xn) 185 *Re(x = 2,3,4). The agreement between theory and experiment
was found to depend critically on the rate of photon emission within about

10 MeV of the Yrast levels. For the first 4 systems above, good fits were

obtained only when the gamma-emission rate is strongly enhanced with respect to
the rate indicated by the gamma width of neutron resonmances. A gamma emission

rate proportional te (2J+1) or a constant (independent of J) enhancement facter
of abuut 100 led to reasonably good fits with experiment. For the system 181Ta

4 . .
+ "He such pronounced enharcement does not seem to be required. These results
[\

were interpreted in terms of the structure of the gamma cascade band. At

sufficiently high angular momenta, the gamma cascade band is predicted to give

way to an alpha band. Possibilities for experimental verification of some of

the theoretical predictions were considered.
AN « PARTICLE MONITOR FOR THE NEUTRON GENERATOR
M. Etzion, H.M. Loehenstein and Y. Gazit

4 monitor was built for our Texas Nuclear neutron generator. 1In fast

neutron activation measurements the knowledge of the integrated neutron flux on

the sample is crucial. Measurement of the deuteron current on the target is

not sufficient for monitoring the neutron production rate because the target

tends to deteriorate with the continuation of the bombardment and also because

.. + + .
the beam composition of D and D2 particles may vary. Fast neutron detectors

are bqlky, sensitive to scattered low energy neutrons and often need recali-

bration because of drift problems. tieutron production by the d(E,n)a reaction

can also be monitpred by counting the wa-particles produced. BecauiiTof the
high Q-value of tihe reaction and the almost complete absence of competitive

reactions, the a-particles can be counted easilv.

A monitor consisting of two silicon surface barrier detectors set at 1755

to the beam was built. The monitor is casily mounted on the existing beam tube

and because of the backward geometry of the counters does not interfere with
experiments. ~ N
A SIMPLE BEAM CHARGE MONITOR FOR NEUTRON GENERATORS

H.M. Loebenstein and Y. Gazit

)

The D+ beam in neutron gencrators is accompanied by a Dt beam. Tﬂe
current ratio of tho twoe beams is not fixed and therefore can~bc troublesome
in some experiments. A solid state counter set at a backward angle,
meonitoring the a-particles for the d(t,n) a reaction, can differentiate
between the cggtributions of the two beams and thus monitor the beam charge

composition.

N
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UNFOLDING OF HEUTRIN SPICIRA
U. Feldman and R. Divon

wi

. .
A procedure being developed for unfolding fast neutron spectra requires

as an input ti:e deractar respouse function to monoenergetic neutrons. The

functions used are based con Xonte Carlo computations. v )

.

A couputer code for smoothing and corrccting the camputed responses of

cryanic scintillation detectors to monocnergetic neutrons was written. The code

uses tie interactive graphics of a CbC ‘onputor to snooth the coﬂputeu response

in cases of insufficient StutlSthS, and corrects tiie response for broadening

caused by statistical plioton emissiog~ \

The response of a KEIQ2A plastic scinrillator to 14.8 MeV neutrons was
measured, and was found to be in good ngreement with the computations, which
tuok into account the contribution of y's frowm neutron inelastic scattering

from carbon nuclei in the detector.

APPLICATION OF A He-JET FOR THE RAPID TRANSFER CF FISSION PRODUCTS

Tie

Feldstein and S. Amiel

Rapid transfer at minimum loss of fission preducts from a target
irradiated in a higi neutron flux to thie ion source of a mass separator,
is vital for the study of short-lived nucivi with low fission yield.
Considerable amounts of carrier gas, in excess of the pumping capacity of
the mass separator, are required to stop fission fragment recoils .and for
rapid transfer. Selective removal of the carrier gas with minimal loss of

the fission products is, therefore, required for ecfficient operation of the

system.
LB~}

252,
The hollum—Jet technique, applied successfully in the case of Cf
flssxon products  and cyclotron-produced heavy 1ons has been studied.

252
AT Cixfission source with an 1ntons1tv of 2.4 x 10° fissions/sec was .used,

The sourc;;]coated with 100 ug/cm gold and covered with 1.4 mg/cw Al-dylar
_foil, was mounted on a 400 cc chamber in which the fission products wéru

stopped by wégér vapor saturated helium. The chamber was ifradiaﬂod with uv
light from a 2 kW carbon arc and evacuated at a maximum rate of 5\cc 5T?/scc

through a 0.5 mm diameter, 5 m long capillary tube' \
B

At the’evacuated end of the capillary tube, where a pressure of ~ 0.5
torr was maintained, a well-defined jet of heavy particles with an agglc of
dispersion of ~ 4° was obtained. Autoradiography showed that the diameter
of the radioactive spot was ~1 mm at the end of the capillary tube and %3 mm
at a distance of 34 mm. No elemental fractionation (within the accuracy of
the experiment) was disclosed witen the X-ray spectrum of the hecavy-ion jet,
stopped in a thin graphite filter, was.compared with the spectrum obtained
‘by placing the same filter directly in ftont of the 2520f source
~(§ The overall transfer efficicncies of the jet as compared with direct
recoil collection was found to be 30-50% and the minimum transfer time about

12 scc.
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I. KIGH INTEWSITY EMANATION SGURCE -

i. Beazi
The preparatior of anovel, highly efficient, emanation source of fission-
1 .
product krypton and Xenon has been reported. The emanating power oi this

.- Ty
scurce was further

|4

nvestigared for lopg-lived fission product noble gases.
. The garma spectruz oi a sealed amponle containing the irradiated emanatien

source anc the spectru. of the same ampoule after it was opened and its contents

o 139 132 . e
ventilzsted werec neasured- 29 Tc, Ba and Te, which are present in ti:
irradiated source and are not velatile, served as internal standards. >

.
[y

Neutror radiography has in receant years become a very important metbod

of nondestructive testing in industry and research. This application requires

"a changze in the physics and construction of part of the reactor. We have

firted one of the IRR-I reacter bean tubes for neutren radiogriphy by adapting

e —

the following newly developed methods for appropriately adjfsting the neutron

beam. R

: (
i. A METHOD FOR OBTAINING A HOMOGENEOUS FLUX IN A REACTOR BEAM TUBE ‘%
(D. Kedem, M. Mahlav and I. Pelah) «

To overccme the smail diameter of the beam tube in our reactor, a homo-
geneous high neutron flux over a large arca was required. Such a nentron bean
was obtained using a plain tube collimator and a shaped absorber, especially
designed and built for this purpose. Aluminum was chosen for the ahbsorber
materinl because its low absorption and scattering cross scctions pemmit
rounding off of small changes in the flux at adjacent points with gross
variations in the thickness of the absorber. Other advantages of aluminum are
ease with which it can le cut to shape, ability to withstand high radiation

fields and resulting high tempcratures, and short half-life.

A METHOD -FOR OBTAINING A LARGE-AREA BEAM FROM A REACTOR BEAM TURE
(D. Kedem) x

a4

The resolution of neutron radiographs is an importaut'parametnr and is
determined by several factors: (a) beam divergence; (b) converter thickness;
(c) distance between the objcct and the converter; (d) distarce between the
converter and the film; (e) grain size of the film. Gadoelinium deposited on
aluninum foil is the most frequently used converter. Larichmert with ]STGd
allows a tninner coating and iufluences the resolution. The beam divergence
is measured hy the parameter D/L (inverse of the collimation ratio L/B) and

a 2
about 10 n/em” are nceded for a radiograph.

We redesigred the set-un so'that the entrance slit for thermal neutrons
was nél'nlaced close to the core, hut set at 38" cm from the ohject to provide
a larger radiograrh area, wvhile leening the resolution constant., The co]—
limation svsten was imnroved and is described in detail in Ref. 2,

. o : .



AN APPROZTNATES AWALYTIC REPRESENTATION OF THE WEUTRON ZHERGY
SPECTRUI Ii7 TEE RAIIGE OF U.IRZSOLVED RISONANCES

¥

1. Segev

The neutron energy specirum in fast reactors in the range cf
wrrssolved resonances nas veen descrived. thae descriovion is
analytic, approximaie in nature and based on the statistiqal

)

roperties of the resonance population. =
L pop
The neutron collision density is given by:

Flu) = 1 exp [-v(ulh]

x{u) and v(u) are parameters which change slowly with lethargy u.
x{u) is directiy related to the statistical averagesrof the scattering
probability ( scattering, elemeni/ total, misture). v(u) is related
to these averages via a iranscendental ecuation. A series solution of
the transcendental equation was developed and,proyed effective.
EY
1]} ‘ 3 4

AN IMPROVED CALCULATION OF THE BLASTIC SCATTERING IATRIX © ﬁ%

~ /;//‘ R
Y. Gur, M. Segev and S. Yiftah .

The YOM and ABN methods of treating the elastic scattering in
a multigroup cross section set by an "elastic removal" cross section
from a group to its immediate neighbor was modified to include a full
elastic ‘scattering matrix. ©

An algorithm which determines the integration limits, Bhis Eli’
Epky Eix from the scattering kinematics and the group structure was
built into the code NAWICK (1),

, Preliminary results of elastic out-of-group scattering for carbon
and oxygen were obtained and compared with results obtained by the
previous ABN method (Table 1) The wgighting flux used presently is
the SNEAK flux and the source for this run is ENDF/B-1.

As could be expected the improved method does modify the elastic
scattering matrix (note, especially, group 6 of oxygen). The significance
of the modification will be considecred after representative nuclear systems
are calculated by the two methods and comparsd.
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IA2IE 3

Flastic out—of—-group cress sections for carbon and owrroen

- Scattering to cthe next " cagzoN OXYGEXN .
group, of Groun Xo. “
AR | PRESENT | aBN | PReEsmrT
1 n.4407 | 03670 10.4389% | 0.3783%
2 e.3579 } 0.7135 50-3950 n.5091
CO 0.9277 § 0.7156 1 0.5450 | 0.339%
4 6.7207 { 0.5791 30.4691 0.3602
5 p.2240 | 0.95%8 [ 1.1120 § 0.9106 |
6 %c.7ssn | 0.8596 | 0.8254 § 1.9710
7 0.9036 } 0.9773 |0.7407 | 0.5952
3 {0-8806 { 0.9513 §0.5551 { 0.560%
3 9 40.8625 | 0.9074 | 0.5166 | 0.5237 V
i 0.7961 { 0.8:%9 | 0.4647 | 0.4525 |
.11 0.5208 ] 0.5465 }0.4732 i 0.4831 ) Y
12 0.9488 g 0.8955 io.4555 Loosorz 7
i3 0.7673 } 0.8218 ! 0.4375 § 0.4631 |
14 10.3035 j n.8569 | 0.4382 I o.aszn i
15 0.7e00 4 n.8205 10.4343 1 0.4631
16 0.7610 ; 0.8110 |0.43¢3 | 0.4007
17 106580 i 0.7606 © 0.3953 § 0.4200 |
18 i0.6730 - 0.7478 | 0.3885 | 0.4227
. 19 !o.nsno §0.7262 1 0.3760 | 0.4110
20 lo.7609 1 0.7355 | 0.3230 | n.4178 0
21 1.0130 | 0.s363 | 05887 | 0.4ve3 v
22 i0.7650 % 0.8271 | 0.4462 | 0.4765
23 l0.6937 ¢ 0.7695 ' 0.4057 | 0.4410
24 0.5540 i_o.e;zo | 0.3246 | 0.3685

This includes contribution of inelastic scattering.

HUCLEAR DATA EVALUATION FOR PLUTONIUM-240 PLUTONIUN-24] AND PLUTONTIUM-242
1. Caner and S. Yiftah

/
')I/' 241 24
-+ Pl .
Pu neutron cross sections were

The following > Pu, Pu and
evaluated in the range 10-1 eV tan 15-‘106 eV: total, elastic, radiative
capture, fission, total inclastic, partial inelastic, (n,3n), and
differential elastic. Also the number of neutrons per ncutron-induced
fission and the average clastic scattering cosine in the lalh  system were

evaluated.

;
The following derived quantities were also tabulatod: nonelastic,

absorptinng and traspor L cvess sections, alpha and eta.
- )
J

.The cxperimental data werce supplemented by optical model and statistical

B theory code calculations und by systematics.
, .o . . . . )
Lhe present worl constitutes an updating of a previous evaluation® .

]
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PRELIMINARY COMPARATIVE ANALYSIS OF AIERICAN AND GERMAN IUCLEAR DATA FILES FOR
THE CALEULATION GF FAST FISSION REACTORS

<

-
-

iftah, Y. Gur, 'l. Segev and L. Gitter

The American EXDF/B ITI, the German Hedak, the British UXKIDL and the
Russian cvaluated nuclear data files serve teday as the main sources of
nuclear data for the caleulation of fission recactors. Specifically, the
files serve as the wajor scucces of nuclear input for the calculatiens for
the varicus large fast reactor preograms. Every country, naturally, uses its
cevaluated file and the qucstions arise as to whether the parameters
calculated are a function of the specifiec evaluated data file that is used,
and would these parameters remain the same were the calculations based on
input of a different data file.: Therefore a comparative analysis ef the
evaluated files was performed on the following levels: the basic
microscopic data Ievel, the multigroup cross section set level and the vhys!

parameters of specific systoms level.

Typicai 1000~1206 MVe fast reactor systems with a core of about
4000 liters, modelling the fast reactors being designed todav, wereo
calculated using the evaluated nuclear data files ENXDF/B TIT and REDAR
as nuclear input. Significant differences in keff and the Na void cocfficient
wvere found. Identical techniques were used to obrain sultigroup sats fro-

the files. Also the reactor physics cedes used were the sanc.

The Jdifforences in rcsultﬁp therefore, were attributed dircerly to

the avclear data inmut.

CO.IPARISON OF ENDF/8-IIT DATA WITH RECEIT OBNINSK ABSOLUTE MEASUREIMENTS FOR
ALPHA OF PU-239 AlD U-235
5. Yiftan and Y. Gur

An TAEA translation of a Russian Obninsk report by XKenonov et al.
on absolutc measurement: of ¢ for U-235 and Pu-239 in the 16 Lol - 1 ey
neutron enerpgy range as uvell as a copy of the thigd evaluated American file
EXDF-B/111l were rccogtly reecived.  The crucial imporrance of a, (the
ratio of capturc-to-fission cross ;egﬁinns) mainly plutoniun-o, ;S} fast !
breeders, combined witii the memory oE many past discrepancies, led us teo

compare the «'s from the recent Obninsk measuremants with those deduced from
tha recent ENDF-B/ILT file.

While the Russian u's vere taken directly from the report, two codes
had to be prepared to extract the data- from EXDF-B/IIf. The first code, for
the tabulated presentation above 25 keV, finds, for fission and capture, the
two cnergy points just above and just below the desired energy point, inter-
polates between them using the mode of interpolation as given in the file to
vbtain the cross sections at the desired cnergy point and divides capture to
fission to obtain alpha. The second code, for the enérgy range in which
unresolved resonance parameters are given, sums up the contributions of all
(%,3) series at the desired encrgy points both for capture and fission and
tiien takes the ratio to obtain alpha. / jf
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A careful look at the coaparative results reveals tihe following:

E-235: 1z the wunresolved resominces onergy ranze below 23 kel

there is a

Barned rescrance-liie structure or large fluctuatiors in the vi.ue of @ oin

tiie lussian neasurceoents, while It rennins alnoest constant -n LNDi-B/ill.

.

k3 - -~ - - - . - T
H Lot LRT@LLEAT IS L0ul. adae hussian

n the range 23 Lal rg

data are consisteantiy lower than the ¥DF-p/IIi data.:

—t
)
e,
5
n
|4
b3
o
N

0 oV to 1.1 MNeV the agreezent is quite good.

23C: In the unresolved resonances energy range below 25 kel there is

again o marked resonance-like structure or large {luctuations in the

i

data, wiile the Anerlican data shows a siwooth decrease with increasing energe.
T

¥
e
e !

The fluctuations_.in the Russinn date contiaue up to adout 40 koV. ¥
to 430 keV the apreement is good, the Russian o being consistently Iaunr,

to 17cV there is puoor agreement, the Hussian data heing higher

COMPARISON OF FOUR AVAILABLE CODES FOR THE CALCULATION OF THE DOPPLER-BROADENET
LINE SHAPE FUNCTIONS OF DRETT-WIGHNER RESONANCES

- Al

Y. Gur -

Within the Breit-Wigner formalism, the contribution of single resonance

to tiwe capture, fission and elastic ecross sections is given by:

2 3J s ‘ [ TR 1
where % and % are the linc-saape functions nd the rest ol the symbols

durote resonance parameters. Four existing routines for the numerical

caiculation of 3 and x were cnmpnrrdlon the IBX 270/165: Y

PSIVI ¥, T, U, ¥V ) . (by Karlsruhe) o N
PSICHI (X, XR, PSI, CHI) (by Karlsruhc)

PAN (REZ, ATMZ, RIK, ADW) (by Argonne?

I (REZ, AIMZ, RIN, AIMW) (in the :»1c2 code] 3

N

The WANL routine was found to be the most efficient, namely tiic most econoiic
in computer time, and is now incorporated in the NANTCK cede system vhich

gererates group cross sections from LiDF/B-III tapes.
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RANICK - A FULLY AUTOUATIC CODT FOR THE GENERATION OF IRNFINITE DILUTION
MULTIGRQUP CROSS SECTIONS FROIT ENDF/B-II AND FIDF/B-II1 NUCLEAR DATA TAPES
Y. Gur

This code is an extension of the older NANICK code. It uses
essentially the same algorithms, but accomodates itself te ENDF/B-1I and

ENDT/B-TIT nuclear data to-es.

Major differences between these codes arc in the sectiors cn rescnance
treatment and inelastic scattering which had to be rewritten in order to
take care"of EXDF/B-III tapeés, and some changes in the treatment of tadbulareéd

cross section files.

This code was recently used to prepare 26é-group cross socticn sets for

application in transport and diffusion calculations.

HGASIF - A FULLY AUTOMATIC LODE“‘UR CALCULATING THE GENERATION OF TEMPERATURE
DEPENDENT HULTIGROUP SHIELDING FA”TORS USING ENDF/B-II1I DATA LIBRARY TAPES
Y. Gur

The shielding Zactor £(5,T) is the ratio of the temperature-
dependent flux, averaged at temperature T and background cross section
g, to the same cross section at T - 0°K and o, (the infinite-
dilution cross section). For a given element in a given energy group,
f(oo,T) is tie ratio of the cross section at temperature T of the medium
and background cross scction I, for the elcment considered. The effect

of temperature and background cross swctien en the shielding factoi/isAthe

result of resonant cross scctions. Y/

Special routines for an efficient evaluation of shiclding (factors were

S

. - - . s “
vritten, taking advantage ef the fact that the resorance lineshane functions

are not dependent on reaction type or on I As 2 resnlt a very eificient
code for the shielding factors calculations both in the resnkyed and in the

i
unresolved resonance region is now availoble. =

WASIF is now beinpg converted te handle Kedak tapes.
FAST REACTOR KINETICS
A.D. Krumbein
@

The Hansen expounéntial transformation nethod for solving the space-
time depondent diffusion nqv\t:nq s conbined with certain advantageous
features of tihe ﬂﬂnuvfzj prunruﬂ . The resulting code, called HASHOV, is
capable of caleulating cross sectior mixing and shielding factors, as in
SHOVAV, and in addition retains the TeT phrYature Veodback and reactivity
insertion formulations of SHOVAV. HASEOU, hﬁwgyar, makes use of the matrix
faCCnriéacfov mothod of Harsen's (inl‘iz) cade. 1t also assumes that the
neutron and precursor dencitics bothu exponentinlly over the time interval

userd,  This latrer nremise justities the use of the exponential transformat inn

As soon as the HASHOV program has been cntiréiy "debugged" we will

. S
.endeavor to determine how the speed and accuracy of the method compares with
SHOVAV as well as to experiment with different transformation techniques(a)

Thereafter, ihe program and the calculations will be extended to 2 dimensions.
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A FAST REACTOR DYNAMIC ANALY¥SIS CODE SET
D. Ilberg, D. Saphier and S. Yiftah

The few group space-time-dependent solution of the diffusior equation

for a fast reactor requires scveral steps:

a) preparation of a multigroup cross section set from a standard cross section
files
) preparation of multigroup mixture cross sections;
c) static calculations to ohtain the reactor spectra and to collapse the
-nultigroup set to a few group cross section sets

d) few group reactor dynamic apalysis.

Step (a) need be performed only once for several reactor calculations.
However, steps (b) and (c) must be reopeated for every change in the reactor

data or geometry.

To facilitate parametric study of fast reactors the following computing
scheme was built by using existing codes and preparaing convenient interfaces.

The flowchart shows the codes usad and their interconnection.

Reactor geometry sfultigroup isdtopic
cross section library.
Library: ENDF/B~111
26 groups

Regional composition -

Y
Mixture calculations.
Code: 0QOBOJ

|
Multigroup reactor spectrunm

calculations and collapse.
Code: ID Transport-5KG

Few group reactor dynamic
analysis.
Code: SHOVAV

By using the above scheme, vhich was implemented on the IBM 370/165
computer, it is now possible to use ENDE/B-IIT data for the dynamic analysis
of fast reactor systems.
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SOURCE PROJECTIOM METHODS TO ACCELERATE REACTOR DYNAMIC CALCULATIONS

D. Sanhier

The implicit relaxation method used in solving the multigroun space-
T 7 Spac

time dependent diffusion equation, while being unconditionally stable, Tequires

very long computer times.

iterations until convergence is obtained for a single time step.

A new

method was developed whereby it is possible to "predict correctly' the

magnitude of the fission source at time

inexpensive method.

tJ+l - 1

t + 4t by a simple,

The source iteration method followed requires many

As a result a single iteration in the majority of time ste

is sufficient to obtain convergence and much bigger time steps may be chosen.

The new source at t
. i1 io
e, 370, ]

sources at times

j+l

, etc,

is predicted by projecting the existing fission

Three projection algerithms were test.l

namely, linear projection, exponential projection and parabolic projection.

The exact formulas are given in Ref. 1, and the results are shown in Table

TABLE 2

Comparison of computer times required for various methods of source projection

5

for solving the multigroup space-time—dependent diffusion _equation

Method of |Physical |Total Power Time Machi-
Test Case Solution Time ¢9) Steps € ! Tir:
Required i (soc
Relaxation | 2 mscc 265.2 2000 107% e
I. Exponential] 2 msec 265.3 513 107 15
= \
Bare Homogeneous Linear 2 msec 265.3 469 10 6 ot
S§lab Reactor -6
Parabelic 2 msec 265.2 139 10 10
Relaxation | 20 sec 301.1 13.778 | 5.107 1460
- Exponential] 20 sec 307.4 426 5.1077 2
Four Regions, Fast, Lincar 20 sec 302.5 417 5.107° 2!
Plutonium-Oxide~ Relaxation | 20 sec 1076 10"
Fueled Reactor -6
Exponentiall 20 sec 305.2 757 10 a4,
Linear 20 sec 304.1 675 1078 2.

a .
estimated value
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RESEARCH PROGRAMS

Tel Aviv University

EXPERIMENTAL NUCLEAR PHYSICS

A.I. Yavin, J. Alster, [. Asheri, M.A. Moinester, S. Cohavi

Students: A, Moalem, G. Finkel, Y. Shamai, M. Zaider, N. Haik

The experimerts® nucieir physics group is currentlv engnaced in the

X}

following rescarch p-oi-~ctis

(4

1) The measurcrent of thc charge exclhange reaction of picns on nuclel.

A first vosult has been obtained at one ¢nergy and the preoject is now being

o <ned at different energies in order te clarify the large differerces in

Tiearetical pradictions of this reacticn process os a functisn of energy.

2) Good results have been obtained from the measurcment of stripping to
unbound isobaric analcg states. This work is now being extended to more
nuclei in order to test spectrescepic predictions in some sz2lected nucleid.
3) Derailed spectroscopic information has heen cobtained in o =cries of
rfieighbouring nuclei by direct one- and two- nucleon transfer Tenctions.
This work continues for a larger sample of nuclei wlere the spectroscopy

is lecss known.

4) Chortly the first experiment will be performed on elastic- and inelosiic
elentron scattering from deformed nucici. These measurements yvicld

detailed information on thc shape of the charge distributions,

All these experiments are being performed at :he Urntre o'Usudnes Musjeai-..

at Saclay, France

DETECTION OF PION SINGLE CHARGE EXCHANGE IN ZIRCONIUM

J. Alster, D. Ashery, A.I. Yavin, J. Duclos, J. Miller and M.A. Moinester

.91 .+ 0701, .
The reaction ~“Zr(w ,n )  "Nb* was observed by rdetecting the decay

proton : <rom the isobaric analog state gle* in the sequential process

912r;n*,n°p)902r. The observed cross section for an incident pion energy
cf 30 MeV is 1.1:0.8 mb, and is in reasonable agpreement with theoretical

calculatiens.

I
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(?He,d) STRIPPING TO UNBOUND ANALOG STATES IN Tc ISOTOPES

D. Ashery, S. Alper, A. Moalem

Y. Shamai, A.I.Yavin, G. Bruge, A. Chameaux and M.A. Moinester

A systematic study of 14 unbound isobaric analog states in Tc

_ isotopes was performed using the (SHe,d) rcaction. It is shown that if a
proton form factor based on a simple single particle resonance model

is used, the DWBA deduced spectroscopic facstors agree verv well with
existing (d,p) data for the parent states.

AN EXPERIMENTAL STUDY

OF THE 2%Mo(t,dp) ?Mo REACTION

D. Ashery, S. Alper, A.l.Yavin,
J.P, Longequeue, D. Kong-A-Siou and A. Giorni

Levels in gSTc up to a few MeV above the proton-decay threshold
were investigated via the 92Mo(r,d)93Tc reaction. The subsequent proton

decay of six analogs of low-lying states in 9"'Mo were also investigated

i
via the gzMo(t,dg)gzuo reaction., On the basis of (r,d), (<,dp), (p,p) and

. + o4, ot
(p,p') Teactions it is concluded that the analogs of the first 515, Yo, s

.« and 3f£+states decay mainly to the ground state of 92Mo, while the second

. . 92
7/;-and 3/,* states decay mainly to the 2 first excited state of - ‘Mo,

w v —

THEORETICAL NUCLEAR. PHYSICS

The main areas of intcrest are:

350NN TLD ar @ R stacen . whe thesve ot the shell modvi, Coulomb
gacT et | i anoRoln whohTY, 1u01eaT d.saatiy seneralized
approasianrive prooecares . the many body probiem.

physies growp, with intersst foinsing on the 1mteraction of pioms wii:

ConpivX nutlnt,
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ISOYECTOR MONOPOLE STRENGTH IN NUCLEI

N. Auerbach

T
i

In the present work we deal with the isovector monopole strength in

e

npaclei. In the first part we calculate the energy positions and eigenfunctions
of the isovecor monopole state in several N = Z nuclei. We discuss some of tin
properties of the resulting wave functions. In the second part of the work

we treat the isovector monopole strength with an excess of neutrons. Expressior
for transitions probabilities to states with definite isopin T + 1, T tqduT -1
are derived and estimates of these transitions are given. The imporrancé\\Aﬂ
the isovector monopole streﬁgth in various Coulomb mixing effects is discussed.
Using the estimates of the transition matrix elements we calculate some of the

effects. These include: isopin mixing in ground states, Coulomb energy shifts

widths of isobaric analog resonances.
THE THEORY OF ISOBARIC ANALOG RESONANCES

N. Auerbach, J. Hufner, A.X. Kerman and C.M. Shakin

A theory of analog resonances is reviewed which makes use of projection
operators. The Hilbert space is divided into three parts: a continuum or open
channel space, an analog-state space and a.éompuuﬂdappace.The phenomena aré dis-
cussed in terms of the dynamical couﬁling of these spaces. The parameterizativn
of the T matrix is discussed in detail, and equations are presented for variou
cross sections. The commutator[ﬁ, T;];ﬁﬁhére T_ is the isopin lowering oparater
plays an important role in the theory, and the various terms which contribute to
this commutator are discussed. The energy splitting of the isopin multiplet. if
the Coulomb"displacemspt energy, is discussed in detail. The importante of the
analog‘resonance phenﬁﬁenawforithe extraction of spectroscopic information is
stressed, and it is shown how such information may be obtained. Various process
which contribute to the escape amplitude‘of the 38nalog state are classified, and
some numerical estimates are given. For several regions of the Teriodic Tahlc,
graphs are presented for the various thecoretical escape amplitudes, continuum
energy shifts, asymmetry phnses, and crtical phase shifts, etc. Spectroscopic
factors are Ealculated and compared with those obtained in other experiments
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DEFORMATION IN THE UPPER s-d SHELL

I. Kelson i

A simple approximat@on procedure for perturbing the self-comsistent
Hartrce-Fock equations in an enlarééﬁ single-particle space is given. Using
phenomenological interactions and observed single particle splittings, the
second half of the s-d shell is shown to require pear-shaped intrinsic states,

involving excitations from the s-d to the p-f shell.
LOWERING OF CALCULATED FISSION BARRIERS OF SUPERHEAVY NUCLEI

I. Kelson and Y. Shoshani
The efrect of angular momentum explicit conservaticn is evaluated in
the framework of models which utilize single-particle wavefunctions to calculate
fissien barriers. Using simple assumptions, and extrapolating from known data,
the calculated superheavy barriers are lowered by 2-2.5 MeV. Fission barriers

for the actinides are unaffected.
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RESEARCH PRCGRAMS

University of the Negev

EXPERIMENTAL ACCELERATOR NUCLEAR PHYSICS

Optical Model Analysis of the Elastic Scattering of 100 1"~V

el v
Protons from Zdug and “SSi e

Y.S. Horowitz

Elastic scattering differential cross sections for the interaction of
100 MeV protoﬂs with 24Hg and 2851 have been measured ﬁsing a2 high resolutic
Ge(11) spectrometé} to resolve the inelastic scattering contribution /&> the
elastic peak. The results have been analyzed using the conventional optical
model, and the experiﬁéntal differential cross sections and total reaction
cross section are excellently reproduced. The results agree with previous
analyses of the clastic scattering of 100 MeV protons on 1p shell nuclei in
that no set of geometric paramcters can provide a quantitative fit to bhoth
nuclei. It is observed, however, that the fluctuations of the optical model
parameters for optimunm fits is decreascd over the fluctuations observed {or
the 1p shell nuclei. The present results combined with previous optical
model analyses on 24Hg and 2851 at 50 !leV and 40 MeV respectively are found
to be consistent with an encrgy dependence of ~dV/dE = -0.5,for the depth
of the real central potential in agreement with other, more extensive,
investigations of the encergy dependence for protons elastically scattered

fron 160 and 40Ca.

v . Y

The Reorientation Effect in 110Cd and lldc

d

-

Z. Berant:, R.A. Eiscnstein , Y.S. Horowitz, U. Smilansky ,
P.N. Tandon , J.S. Greenberg-, A.M. Kleinfeld" and H.G. Maggi
N~ f

New detailed measurements of the reorientation effect in the first 2+

3 110Cd and 114Cd were carried out using back scattered 4He and 160

2?9
ions. 'Q,, = (-0.28 * 0.09)eb with B(E2Z, 0-2) = (0.513 ¢ 0.005)e’b” , or

state o

- . 2.2
Q,, = (-0.03 £ 0.09)eb with B(EZ, 0-2) = (0.512 * 0.00S)e’b} for 1144
depending on the sign of the interference term. The results for 110Cd are

-
= {-(0.42 or 0.21) + 0.10)}eb with B(E2, 0-2} = (0.432 * 0.006)e"b2
114

Q,,

The deduced Q2+ for Cd is approximately half of the rotational model

value.

Reported also by Weizmann Institute,
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Search for a Possible J” = 0+, T = 2 Resonance in gBe[r,YY)lzc

S.S. Hanna , M. Hass , Y.S. Horowitz and Z. Shkedi

A50 em® Ge(li) detector has been used to reexamine the reaction
ch(r,yy) 12C over a previously réported resonance at E(1) = 1.739:0.007 ¢
which was suggested as the lowest T=2 gfate in 12 C. This state is expected
to gamma decay via the 1+, T = 1 state at 15.11 !leV. However, a search with
bombarding energles ranging two standard deviations above and below the
reported Tosonance crergy revealed no resonance in high energy garma ravs.o
Ao upper limit of réry/r < 2.0 neV is established for the T=2 resonance
strength which is one fourth of the previously reported strength and which
strongly corroborates an additional negative result reported as

rrrylr < 1.5 meV. In the course of the experiment, a new value of
rlab = 2.94 * 0.20 keV was obtained for the resonance at Ep = 1.083 MeV in

9 1
Be(p,v) UB.

Reported also by Weizmann Institute.

The Magnetic Momen:z of the 3-,5.83 MeV Level in 14X and the
Blume-Scherer Model of PAC in Gas with an Arbitrary Correlation Tine

Z. Berant , M. Hass , Y.S. Horowitz and G. Goldring

N

14 7

The 12C(3He,A) N reaction was used to populate the 3-,5.83 MeV level

in laN. The 730 keV gamma ravs from the 14N ions recoilingat v/¢ = 3% into
vacuun and He at gas pressures up to 600 torr were detected in coincidence
with back-scattered protons. The results are interpreted in the framework of
the Blume Scherer model and enable a simultaneous determination of the
corrclation time and the g-factor of the excited nuclear level. A 1s static
field perturbs the 3-, 18 psec. level of ]42 down to hard core. At low gas
pressures charge exchange collisions tend to distribute the perturbation
arongst the whole ionic emsenble, thus reducing the anisotropy below thut
measured in vacuum. Assuming ls fields dominate the interaction one obtains
a correlation time at 50 torr of 9.8 = 0.2 ps which with the calculated
field H,_ = 57.3 MC implies 0.5 < |g| < 0.35. The calculated g factor

1s
assuming wave functions from Glendenning is g = 0.55.

Reported also by Weizmann Institute.

Width of the 6.20 MeV, J" = 1~ , Level of 18,

M, lass , Z. Shkedi , D.F.H, Start , Y. Wolfson and ¥.S. Horowit:

The width of the 6.20 MeV, J" =17 state of 180 has been measured
using a rcsonance fluorcscence self-absorption technique. For a ground
state branching ratio, YO/T = 0.38, one finds TO = 180 * 30 -eV. The

energy of this state was determined to be 6202.7 * C,§ keV. ~
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Y.%. Horowitz, J.O. Allan*, J.W. Jurv*,
J.G. Woodworth- _ R.G. Johnson™ - and K.G. McNeill

. . Using the neutron time-oé—flight facility of the U. of Toronto Electron-
Linac Lab. the energy spectra of photoneutrons from 130 were investigated. X
An 180 target in the form of 200 grams of 020 enriched 98.75 in 180 was ‘
irradiated with 10 ns bursts of bremsstrahlung from a thick tungsten target
at endpoints of 18.8,22.6 and 24.8 MeV. The resulting photoneutrons were
timed over a 50 m. flight path at 98° to the bean direction. Distinct peaks
in the photoncutron energy spectrum were obhserved atﬂi.SS, 5.11, 3.48, 4.09,
5.00, 5.87, 6.60 and 7.69 eV. Also possible peaks could exist at 2.3,
2.8 and 3.8 !MeV. These peaks correspond favourably with structure i

lsofy,p)17x necasurements. Angular distributions were also reasured and will
be discussed.

g
The 7Angular Distribution of Gamma Rays

Following the (p,n)} Reaction on 74Ge
S. Mordechai, A.A. Jaffe , D. Nir and M. Paul

The apgular distribution of gamma rays excited by the (p,n) reaction
on 74Gc leading to the final nucleus 74As have been measured. The results
have been compared with the compound nuéleus statistical model. Possible
spin values are extracted for the 7?As low lying states at 172, 197, 200,
206, 267 and 273 keV excitation cnergy. It was found also that the variation
of the gamma ray angular distribution with incident energy, following the
(p,n) reaction, is correctly predicted by the model.

NG , ;
) 2 : Study of 74As by the 73Ge(3uead)”keaction

B. Rosner , S. !lordechai and D..J. Pullen
7°Cc(aue,d) ‘4As
reaction, with an overall encrgy resolution of 20 RKeV{FWii'l), 25 levels in

The energy levels of 74As have been studied by the

4As were identified up to 2.2 ‘teV excitation encrgv. Angular distributions
- were measured in the angular interval 3 3/4° to 36°. Spcctroscopigjinformat op
has been extracted for most of the transitions bychans of a .istorted wave
analysis of the differential cross-Sections. The rosults are consistent wit
those previously obtained bty (°ne,d) reaction on the even- Ge isotopeg. A
comparison between thiffsﬂctnue,d) and -7°Asfh,d] reactions estahlished a
very interesting dqpiiét structure in as.

5 <
74 ~
“/

<
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EXPERIENTAL REACTOR NUCLEAR PIYSICS®

Utilization of 11.4 eV Photons from the
A3 .60 -
. Ni"7(n,y)Ni = Reaction for Scattering Experiments

R. Moreh and T. Bar-Nox»

A new reaction, Xisg(n,y)xiso, producing the highest energy of all
known useful capture y rays is‘utilized for photon scattering experiments
in the energy region of the giant dipole resonance. The ¥ line energies
of the ground state transitions of the Ni>(n,y), Ni®!(n,y) and Ni%3(n,v)
reactions were measured and found to be 11387.5 * 1.7 keV, 10596.2 & 3.7 keV
and 9657.4 * 2.8 kel respectively. A comparison is made of the intensity of
the 11387.5 keV y line with that obtained from other (n,y) sources.

Large Ei and Ml Radiative Widths in Nuclei Near Closed Shells

A. Wolf , R. lloreh, A. Nof , O. Shahal and J. Tenenbaua

The radiative widths, spins and parities of ten levels photoexcited by

- - . . 139 40 3
the (y,y') reaction at excitation around 7 !el in >La ! Ce, 1 IPr

142xd, lddxd, ZOSTI and 2098i, vere measured. The Yy bean was produced

by thermal ncﬁtron capture in titanium, iron, cobalt and copper. The spins
of the resonance levels were ohtained by angular distribution measurcments
and the parxtxes were determined by using a Compton polarimeter. These
levels together w1th other resonance levels in N~ 82 and N ~ 126 nucleil

are discussed with xcgard to a possible connection to a giant M1 resonance.

Reported also by Israel AEC.

Study of the Energy Levels of a®° Using Nuclear Photoexcitation

f R. Morch, O. Shahal , J. Tenenbaum , A. Wolf and A. 36f

_ Elastic and inelastic scattering of monochromatic photens were used
for studying nuclear levels in Gaég; the photons were produced by thermal
neutron capture in copper and vanadium. The decay of one resonance at
7306 keV excited by the copper -y source and amother resonance at 6874 lel
excited by the vanadium y source were studied in detail and 30 low lying
levels were observed from the ground state up to 3.4 Mel, 17 of which are
believed to be new levels in Gaﬁg. The angular distribution of some clastic
and ineiastic lines were measured and the following spin deteminations
were made (keV, J'): 320, 1/2°, (3/27); 574, S/27; 872, 3/27; 1488, /27,
(7/27); 1525 (1/2,3/2); 1891, 3/27; 1978? (1/2,3/2); 2457, 3/2; 2484, 5/2;
.(2565), (1/2,3/2); 2660, 3/2; 3051, (3/2, 7/2); 3076, 5/2; 3318, (7/2);
6874, 1/2; and 7306, 5/2‘, vwhere parantheses denote uncertainties. The parit
of the 7306 XeV level was directly determined using a Cormpton polarineter.
The total radiative uldth of the 7306 keV level was nmeasured and found to

be T = 0.105 # 0.020 -V For the 6874 keV level, a positive correlation
’ coefficiénijwas obtained, p = 0.69, between the (y,v') and (qgn) transition.

Reported also by Israel AEC.

(Al
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éﬁzent on M2/E1 Mixing Observed in (y,y') Reactions

- ~

. R. Morch, A. Wolf and O. Shahal
t is shown that the effect of overlapping resonances in the photo-

excitation process of a (y,vy') reaction is very small. Tae influence of this
£

f} effect on the angular distributions of the inelastic transitions and hence

on the M2/El mixing ratios is shown to be negligble.
I
" i¢
g/f

/' Delbiuck Scattering of 7.9 MeV Photons
R. Moreh and S. Xahane
The elastic scattering cross.secfion of 7;9 “leV photons by U and Th was
measured in the angular range 25°-140°, It is shown that at this energy thé

forwvard clastic scattering is due almost entirely to Delbruck scattering.
i

The results are systematically lower by > 50% than the calculated values.
A pood agreerent with theory was obtained only after excluding the

contribution of the real part of the Delbruck scattering amplitude.

L

az
Elastic and Raman Scattering of Photons from 238y

T. Bar-Noy ,and R. Moreh
i
The results of reasuri "3 the elastic and Raman scattering cross sections
~ %4 -

for 7 discrete photo energies between 7.9 and 11.4 McV are presented. It is
shownsthat by making slight changes in the parametcers of the dipole resonance
of "7 U, the measured scattering cross segiicnﬁ'are found to be in fair

: coas . . i
-agreement with predictions of the simple rotato% nodel,

El, Ml, E2 and }12 Widths of Transitions from Bound
Levels Excited by the (y,vy') Reactions
_ R. Yoreh, A. w?lf 0. Shahal and J. Tenenbaun "

A comparison is made bctyeen the E1 and Ml transition stiéngths from
bound levels populated by gyﬁ;‘)greactiOn with the samc data from unbound
lcvels obtained via the (n,y) reaction. It is shown that there is a clear
increase in the Ml strength nuclei near closed shells. The E2/!M1 ratios
werc found to be of about the same magnitude as the ieisshopf estimate, |
while the M2/El were enhanced by a factor of 1034.

[
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Total Radiative Width of Round Nuclear Levels
Excited by the {y,¥') Reaction

R. Moreh, A. Wolf , O. Shahal' and J. Tenenbaum

e total radiative widths of boumd nuclear levels, at an excitation
‘energy cround 7 !leV, as function of A is prescnted. These widths were
zeasured by ecploying self absorption, temperature variatiea of the’
scattering cross section and absolute cross section measurements. By
comparing the present results with the widths of wlound levels from
(n,v) work, it is shown that the radiative widths a;é_continuous across the
(y,n) threshold for these nuclei.

Properties of Nucisar Levels Photoexcited by Neutron ’
_Capture Y Rays of Ti and Cu
A. VWolf , R. Moreh and O. Shahal
Neutron capture y rays of Ti and Cu have been used to photoexcite
nuclear levels in the 5-8 MeV region. Total anc partial radiative widths of
scveral levels in various isotopes were determined using nuclear self
absorption, temperature variation, and absolute scattcring cross sectien
neasurements. The total radiative widths werc found to be of tbc sare
magritude as those of unbound levels obtained %y neutron rgson&nces. after
applying a correction to allow for the different excitation energies. The
paritics of some resonance levels were measured using a Compton polarirmeter.
Angular distribution measurements of the scattered radiation were carried
out for fixing the spins of the resonance levels and for the determination
of{guadrupole admixtures in elastic and inelastic transitions. The E2 widths

were found to be of the same magnitude as those obtained in (n,y) experiment:.

Qroperties of Nuclear Levels Excited by Neutron Capture y Rays of Cobalt
J. Tencnbaum , R. Moreh and A. Nof .Y

Neutron capturc y rays of cobalt have been used to photoexcite nuclear
levels in the 5-8 McV region. The decay properties of the 7491-keV level in
SSHn and the 6877-keV level in Nd were strudied in detail. Total and
partial radiative widths of nuclear levels in several isotopes were determir=>d
using nuclear self absorption, temperature variation, and absolute scatterin?

cross section measurcments. The total radiative widths werc found to be of
the same magnitude as those of unbound.levels populated im neutron

resonances. The spins and paritics of some resonance levels were determined
by carrying out angular distribution and polarization mecasurerments
Trespectively.

L3

IS
2
i
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Study of the Energy Levels of 100, Using Nuclear Photoexcitation

R. loreh, A. WolZ , O, Shahal , J. Tenerbawn and A. Nef

Elastic and inelastic scattering of monochromatic photons was used for
studving nuclear energy levels in 1-:3“0; the photons were p\i‘aduced by thernm.l
neutron capture in titanjum, copper and vanadiuwm. The decar of the resonances
at 7637-, 6517-, and 6:15-1cV was studied in detail. The angular distribuc:
of some elastic and inelastic lines were measurad and the foilowing spin
determinations were made: (keV, J7); 555, 2°; 693, 0°; 1063, 27: 1462, Y
2933, 9': 200, 2°; 5187, 1; 6318, 17; 6517, 1" ; and 7637, 1°. The parities
of the last three levels were directly determined using a Compton polarimeter.
Total radiative widths were measured and the follewing results were oh::axne‘.‘: ’
T(6318) = 50 * 35 meV, r(65i7) = 180 1 100 meV and T(T637) = 140 < 40 mev.

- The M2/E1 mixing ratios for two primary tramsitions were obtained.

Reported also by Israel AEC. :

THEORETICAL NUCLEAR PHYSICS

Complex Hamiltonian ard Three Alpha Resonances
Y. Avishal

\ new method of treating fow ho.  resonances exactly as bound states
is sugg:ested. Applied to a.system o‘f\thmc alpha particles, we have found
a 1 resonznce whose positioh and width are in good agreerment with
experiment.

First 0  Excited of 160' in the a-Particle “odel of Light .‘:uclci‘

Y. Avishai

The pole approxination that xarodctskiiléntrnduccd.into the theory of
four-particle scattering is here applicd to 7 0, uhich‘ls assupcd to be
comﬁgspd of four structurcless o particles. The binding cncfgy.of the
excited o' state of 160 was calcu;ascd hy using an ITving variational wave i}
functions for the ground statg af ltgxand takins both \u%awa an?zcxpcnetia¥Aq
ac potentials. In the light of“earlier theoreﬁégal resuits on ~ C, com?ar1xb
the present results with experiment suggests that at least for calculation

16_ .
of the bound states, the a-particle model of "0 is reasonable. o
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Effect of the T=1 Pairing Correlations cu the Nuclear
Deformation of Some Even-llass-Number Sn Isotopes
J. Bar-Touv and G.L. Struhle
The Hartrec-Fock-Bogoliubov egquations are solved for the even Sn
isotopes between A=112 and A=124. The hypothesis that pairing restores
spherical syrmetry ié critically exanined and the interplay of the pairing

and single-particle degrees of freedon are discussed.

Relativistic Treatment of Low-Energy Nucleon-Nucleon Scattering

R.A. Bryan and A. Gersten
An improved version of the one-boson-exchange model is presented. In

addition to =,0,» and X md & are used with their

0° the scalar mesons zva
physical masses. The broad width of the ¢ and’ ¢

t

nesons is taken into
account. The relativistic Blankenbecler-Sugar egquaticon is utilized over

the lahoratory scatterine cnergy rtange 0 to 425 leV, A bhetter fit to the
experimental N-N data is obtained than in previous one-boson-exchange

rnodels. Reasonable values of the cmmling constants are ohtained, which
agree qualitatively with other experiments. The fitting proccdure was done
inciuding and excluding S-waves in order to test the influence of the core
region. An approximate version of the above model is developed using the
Schrdinger equation in place of the Blankenbecler-Sugar equation. A gocd
fit ta the experimental scattering data and the deuteron paraneters is
obtaiheﬂ with coupling constants similar to those of the relativistic

nodel.

Zeros of the Scattering Amplitude in the Complex Angle Planc

A. Gersten

The possibility of reconstructing the scattering amplitude with the

aid of the zeros in the complex cosé plane of the differential cross sectior

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 therc exists a
correlatioq between the position of the zeros and the strength of the

absorption.

Test for T-Violation in N-N &cattering

J. Binstock , R. Bryan', and A. Gersten
We m-ke predictions for the angular distributions of nucleon-nucleon
observables revealing T-violation, in the limit of very short-ranged T-
violating mechanisms. Curves are shown for the observables P - , and
PA\~ Py at 425 Mev}fgr both p-p and n-p scattering.

'



- 169 -~

RESEARCH PROGRAMS

Hebrew University

42 48

STUDY OF THE (d,a) REACTIONS ON Ca & Ca_ & THE SPINS OF THE LQOw-
LYING EXCITED STATES IN QSK. \

M. Paul, A. Marinov, Ch. Drory, J. Burde, E. Navon & Sh. Mordechai

.
48Ca(d,u)“GK

Ca(d,u)40K reactions respectively have been measured.

Angular distributions of a-groups emitted from the
and the 42
From their comparison spin values of 27 and (5 ) are proposed for
the ground state of 46% ana for its excited state at 692 keV excita-

tion respectively.

THE CHARCTER QOF THE 5.387- & 65.095-MeV STATES IN HQCa STUDIED VIA
THEIR ISOBARIC ANALOG STATES IN ngc.
R. Benin, A. Marinov, Ch. Drory, J. Burde & G. Engler

The elastic and inelastic scattering of protons by 48¢, were
studied. Two resonances at Ep(c.m.) = 7.365 and 8.042 MeV, were ob-
served in the inelastic proton group leading to the 4.51-MeV (37)
state in 4?Ca. The spins and parities and the corresponding values

of T, Fp and Fp, were determined.

ANGULAR DISTRIBUTION OF INELASTIC PROTOMS FROM ISQOBARIC ANALOG
131
1.

RESONANCES IN )
J. Burde, G. Engler, A. Ginsburg, A.A. Jaffe, A. Marinov &

.L. Birstein
s

P
4

Z
Angular distribuélons of outgoing protons have been measured for

S_131 . . C s
some isobaric analog resonances 1n I and their spins and parities

have been determined. The spin and périty of the state of 1.6331 MeV’
Two 3/2- resonances decay predominantly

in 130Te is found to be 2+.

. . 130
by,f7/2 waves to the first excited state in Te.

w

s
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STUDY OF ELASTIC AND INELASTIC SCATTERING
OF PROTONS FROM ***Te AND ¥*°Te
AT ISOBARIC ANALOGUE RESONANCES

J. BURDE, G. ENGITER..' A. GINSBURG. A. A. JAFFE, A. MARINOV and L. BIRSTEIN

Isobaric analogue statcs in '*¥I and 13?1 were studied by (p. p’) and (p, p) scattering from
"3 Ie and *3°Te in the incident enercy ranges 7-66-11.87 MeV and 7.48-12.65 MeV, rospec-
tively. The energy differences between the resonances and the orbital angular momentum
transferred in their formation agree very weil with the corresponding analogue states which
have been previously observed by the (d, p) reaction on the sume target nuclei. There is faizly
good agrecment between the corresponding spectroscopic factors. The Coulomb displucement
cnergics were found to be 13.949 and 13.898 McV for the pairs of isotopes 13%Te~12°1 and
131Te- 131} respectively. The spins olthe resonances at E5™ = 10.199 and E5™ = 10.545 MeV
in 12°] and those at E;™ = 10.455 and E5™ = 10.520 McV in 13'] were found to have spin
and parity 3. The angular distribution of the inclastic protons from the resonances at Ef™ =
9.96 and EZ™ = 10.07 MeV in '*°Land at EZ™ = 10.20 MeV in 3! Tc are consistent with an
assignment of 1~ to these levels and with a 1~ .assignment to the resonance at E;™ = 10.915
MeV in 13'L, The modes of the de-excitation of the two-phonoen states and other higher states in
123T¢ and in 23°Te were studicd by obscrving the gamma-ray spectra and by coincidence
mcasurements between the gamma ravs and the inclastic protons at the various resonuncss.
The states at 1498 and 1521 keV in 28T were found to have spins and paritics of 4* and 27,
respectively. The 1634 keV level in '*°Te was found to have spin and parity 2*. Upper limits
were placed on the ratios of the gamma-ray transitions 7,(23 —~ 0*)/,(2F —2¥)in *3Te and
130Te of 39;. ) )

Scven odd-parity resonances in '*°1 and '?!] are discussed in terms of the core excitation
model.

DENSITY DE"PENDENT EFFECTS IN THE OPTICAL MODEL
AND THE NUCLEAR MATTER RADII

E. FRIEDMAN

By adding to the reformulated optical model a density dependence of the interaction the diserepancy be-
tween the results of this model and the Coulomb displacement encrgies is removed. The results sugwest
that a neutron halo does not exist in heavy nuclei. o

an

COULOMB DISPLACEMENT ENERGIES AND NUCLEAR SIZES
' E. FRIEDMAN and B. MANDELBAUM

ot The Coulomb displacement cnergy between isobaric analogue states is calculated as a
function of the rms radius of the distribution of the excess neutrons for a hnown value of the
rms radius of the charge distribution in the neutron analoguc. The exchange term, the Coulomb
spin-orbit term and the Thomas-Ehrman shift are included and effects of configuration mixing
are studied. It is concluded that if the rms radius of the charge distribution and the Coulomb

displacement encrgics are known, the rms rudius of the excess neutrons can be extracted to an
accuracy of better than 2:0.1 fm.

i
e

ELASTIC AND INELASTIC PROTON SCATTERING FROM “Ca
AND TWO-PARTICLE, ONE-HOLE STATES IN *'Sc

A. Marinov, Ch. Drory, E. Navon, J. Burde, and G. Engler '
The clastic and inelastic scattering of protons by ®ca were studied at bombarding en~
ergies from 4.8 to 6.2 MeV, 60 resonunces were identified. The spins of most of them
and their partial widths for decay to the ground state and to the first four excited st:}tes
in 4°Ca were determined. Levels in iS¢ having configurations with a large two-parti-

+ - sps N PR PO Lo 4t
cle, one~-hole component were identified and compared with similar levels in *'Ca.
o )
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ISOBARIC ANALCGUYE STATES OF BUTHENIUM ISCTOPES

E. FRIEDMAN, B. MANDELBAUN, X ZI0NL A, AL JAFEFE, AL M ARINOV,
AL GINZBURG ond 7 FLITZUR

Isobaric aaatogue states wers obseniad Ay resonnness in the excitation functions for the

rofcozamin and in the clastic santicring o protans from Y005 100103 102

The rolts wore comparsd o baown L] stractaae o 8- 0008
Aoaiments o M-1EUNRY The analogus resonancass of the ground sidates were identiticd in
all sy and Coulomb displacement encrgics wore deducad. Somie srong isonanoes with
i, - 0.2 corresponding to excited states were aho observed. Total and pariial preton width-
were caleulaied for the strongest resonances.

R wmd 20 1osdits of (dopo

THE CHARACTER OF EXCITED STATES IN *'Sc

STUDIED BY ELASTIC AND INELASTIC PROTON SCATTERING FROM *°Ca

A. MARINOV %, Ch. DRORY, E. NAVON, J. BURDE and G. ENGLER**

Excitation functions of clastic and inelastic proton scattering leading to the ground state
and to the 0*(3.35McV), 3~ (3.74 McV) and 27 (3.91 Me V) cxcited states of #2Ca were measured
at 90°, 125° and 160° at bombarding energiss from 4.8 10 6.2 MoV, Sixty resonances wers identi-
fied. Angular distributions of the inelastically scattered protons were measured at bombarding
encrgies corresponding to most of the resonances observed in the excitation curves. The spins
of the corresponding levels in *!Sc¢ and their partial widths for decay to the ground state and to
the three excited states in 2®Ca were determined in most of the cascs. In a few cases de-excitation
to the 5~ state at 4.49 MeV excitation in *°Ca was also observed. Levels in #!S¢ having config-
urations with large two-particle one-hole component were identiticd and compared with similar
fevels in *'Ca and with theoretical predictions.

.. Propcrties of **-**Rh from the *5*Ru{p.n) reaction.  J.A~hhenazi,

E.Fuiedman, D.Nir. § Zioni (Hebrew Univ,, Jerusalem, Lsrachh,

Nucl. Phys. A (Netherlands), vol.A1SS, no.1, p.140 53 (7 Deg. 19700,

The threshold energies for the “Ruitpnp»Rh and “*Rutp.n}*Rh reactions were
.. measured as 7.3020.01 and 3.90+0.01 MeV respectivedy . yiclding for the mass

excess of the Rht isatopes the values of —79.62210011 MeV ("Rh) and
o —83.162 0011 MeV (*Rhi By obsenving delayed p rays following the * -
. decay of the produced Rh isotopes, two halffives of 1552003 min and

9.250.10 min were found in the actinity of *Rh and a hall life of 9.05-0.30

min was found for the **Rh. The abave results torether with tlauser-Feshbach h

analyses of the (p.n) eacitation functions suggeat the value 3+ for the spins and

parities of %9¥Rh, (13 refs.)

.- Ar investigation of proton-rich nuclei and other products from the "~
bombardment of *Mg, »#Si and *S by %0 jons. J.Zioni. A AJdafle, EFried
man, N.Haik, R.Schectman, DLNir (Hebrew Univ., Jerusalem, lsraeh.

Nucl. Phys. A ¢ Netherlands), vol.alS1. no2, p.4635-76 (21 Feb! 1972).

The - and p ray spectra have been studied resulting from the bombardment of
MMg, Si and S with continwous and chopped beams of '*0 jons in the
Jenergy-range of 22-33 MeV. Compound aucleus formation is found to pradomi
nate in the reactions. Proton-rich nuclei are observed via the (020 reaction in
cach casze. In particular the mass excess of the previousty unabeenved nucleus
“Cr is fcund to be —29.46 20.03 MV its half hife is 0.2640.06 . The system-
atics of the Coulomb displacement energies of the mass triplets up to .1 46 are
discussed. (18 refs.)

A comparison of spectroscopic factors from 9Mo(d.t)*Mo and
:-‘.\lo(p,?’y)"‘Mo expcriments.  E.Abramson, G.Engler, Z.Vager (Weizmann
Inst. Sci., Rehovot, Isracl), N.Cue, LPlasser, G.F.\Whedier.
Fhys. Lett. B (Nctherlands), vol. 28D, no.2, p.70-2 (24 Jan. 1972).
Spectroscopic factors from the *Mu(dd)** Mo reaction have been compared
with pastial decay strenpths obwnined from the *Mo(p.py)?™Mo reaction
. proceeding through the 5/24 g.s. analogue resonance, The results of the com-
parison support the treatment of the compound enhancement applied in the
analysis of the %*Mo(p.p'p)**Mo reaction? (6 refs.)
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FRCGRSSS REPORT ON NUCIEAR DATA ACTIVITIES IN KORZIA

HMarnn Cho

ILiaison Cfficer of INDC .

Compiled by Jung-Do ¥im
Reactor Physics ILabdb.
Korea Atomic Energy Research Institute

N
(1) O3ZERVATICE OF A NEW UNCLEAR REACTION - (2Y , n) REAGTION
S. I’;c Na-h
Ulsan Institute of Technolosgy

. The abstrzct on this subject wes written in the Treng-
actions of the Xoresn Fhysical Society, Svoring NMeeting, Seoul

Netional University, April 27-28, 1973.

The (2Y , n) reaction, which no one has ever made, was
observed using the monoenergetic and very intense thermal-
neutron-cavture gamma rays. At incident"gamﬁé—ray energies
less than the threshold energies for the photoneutron react-

63

ions in Cu ”, the single-ctev reaction vrocesces, (¥, n), in

63 were evidently forbidden but two-step reaction vrocesses,
(2%, n), counld nossidly occur through intermediate states of
well-defined energies and life-times. ‘The spectrs of the
positron annihilation radiation following the photodisintegrat;
jon vprocesses were measured with two Xal(Tl) crystals in coin-
cidence. Apprecisble cross sections of 5.32%0.51, ?-59t0o31,
l.3li0.13, and 2.85f0.25 microberns were obtained at energies
of 6.072, 6.753, 7.724, and 2.997 MeV, respectively. First
three excited levels were found with good agreement with known

(1) ' }

values. "



- 164 —

However, the excited level at 8.997 Mev was known as
new. Several different experiments were performed to ensure
these observed spvectra were not due to (n, 2n) reaction in
Cu63. Analytic expressions for the mechaniem of a two-step
resction process, (2¢, n), were derived using a distorted-
wave theory. The measured cross sections agreed in magnitudei
with those vredicted by this theory. It is suggested that
the (2%, n) reaction, and the analysis civen here, promise
to be 2 useful tool for the study of higher excited states.

(1) H. Verheul, Nuclear Data Sheets, B2(35) 1967.

National Acadeny of Science, Nationzl Resezrch

Council (U.S. Government Printing Office).

(2) CALCULATION OF THE RES50NAFCE INTEGRAL FOR U-~233 USING
ADLER-ADNLER MULTILBVEL TFORVMALISM
Chang Yul Chi and Chang Hyo Kim
Seoul National University
Mann Cho and Xun Jobng Yoo

Yorea Atomic Energy Research Institute

In this study we expressed the capture and the f;ssion
cross sections of U-233 covering fhe resolved resongnc%
energy region below 60 eV in terms of Adler-Adler multilevéi
formula. We first confirmed that Adler-Adler representations
for the reaction cross sections sre quite satisfactory, demon-

' strating the good agreements between the experimental cross

i\
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cections end the theoretical cnes. We then calculated an
integrel resonance zbsorotion, the infinite dilution reso-
nance integrzl of U-233. for the purvose of determining the
temperzture effect on the resonance absSrntion by this ele-
ment. Ye also compared this calculations with the exveriments,
"~ finding again good screements between calculations snd experi-
ments,

Recently de Saursure and Perez developed a method which
can trensform a set of multilevel resonance parareters iﬁ%o
an eouivalent set of single-level pseudoverzneters and a
smooth backegrouhd. Using this method, we have obtained the
single level vseudorarmeters of U~233. In this calculation
we intended that these parameters would be useful for those

reactor codes which are not suitable for multilevel paremeters.

* A vaper on this study will be submitted to the Journsl of

tre Yorean Nuclear Society soon.

{

(3) AN ANALYSIS OF INELASTIC NEUTRON SCATTERING BY LICUID

METHANE

Chang Hyun Chung and won XKee Shin

Devartment of Nuclear Engineering, Seoul National University
Jin Soo Kim '

¥orea Atomic Enerey Research Institute
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The vaper on this subject was published in the Journal
of trhe Forean Nuclear Society Volume 5, Number 4, p.265,

December 1973 with an abstrect as follows.

The incoherent neutron scatterinz cross section of
moleculsr liocuids is analyzed using a damping function
model for correlation functions of molecular translations

end rctations. The vresent apvroach is different from
i

recent works in that the scattering function is eValuateé/
directly, not throusgh the intermediate scattering function.

The damping fuction is determined from a simple reletion
between its long-wavelength limit end the generslized fre-
ouency distribution function, and translation-rotation cou-
plings a;e.aséuméd to be neglected. A vhysical model is uééd
for the translational motions of center-of-mass of a molecule,
including oroverly its short-time and long-time bebaviors.

A simnle model for the rotational motions is suggested which
relates the damping function to the Fourier transform of the
dipole correiation function, or equivalently, the infrared
v&bratiopal absorption spectrum. Theoretical absolute scatter-
ing intengities are cgmputéd for liguid methane gnd shown to

be in satisfactory agree?ent with both thermal and cold neutron

measurements.
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T PHOTOPROTOF FRCN ‘8lma(e, e'p) REAGTION
3. §. Sung

T
S

(4)

eoul Fational University

The abstract on this subject was written in the
Transzctions of the Foresn Fhysicsl Society, Scring Neeting,

Seoul i'ational Universityv, April 27-28, 1973.

The photovroton energy distribution from (e,e’p) reaction
and (e,e't) cross sections on lslTa have been messured with
tre bordtarding enersies 18.0, 19.0, 19.5, 20.0, 20.5, 21.0,
21.5 nand 22.0 Mev at 9=90° by using the electron lineer accele-
rator snd a2 broad rance magnetic svectrometer with-100 solid
strte detectors. Two large vroton groups in the proton enercy
distributions are found a% EP = 9.2 ¥ev and 35=11.5 lev in the
cases of Ee>'?0.0 Mev. The cross sectioﬂ:shows a strong
resonance at 20.0 Mev which is exvected as T coherent state.
The two main proton groups are resulted through this resonance.

The modified Nilsson level scheme explained well these proton

grouvs.

.

(\
(5) R3IACTOR NTUTRON ACTIVATION ANALYSIS BY A SINGLE COM-
PARATOR METHOD -

Chul Lee’
Korea Atomic Energy Research Institute
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The varer on this subject was rublished in the Journal
of the Xorean lucleesr Society Volume 5, NKumber 2, ».137,

June, 1973 with an abstract as follows.

A method of sctivation énalysis, based on the irrsdiat-
jon and counting of an iron wire which contazins manganese
impurity as the siﬂgie comvarator, has been elaborated by
critical evaluation of nuclear data involved in activation
end activity messurement. The variation of effective cross
section is investigated as a function of the spectral index
and other varameters such as a measure of tre vprovortion of
enitherm~1 neutrons in the reactor spectrum. The errors
induced by shifts in the neutron svectrum in the irrsdistion
nositions are discussed. The kﬁbwn amount of each elemeni
is irradiated‘simultaneously together with the single com-
varstor, and the obtained values zre comvrered with the 'mown
amount of each element. The results show that in genersl *he
random errors are not greater than those obtained by usin:
the conventional relative method, but the systematic errors

were up to about 20%.
y

Jraed

-+ This method is apvlied to the determinations of fourteen
rare esrth elements in monazite as well as other seven ele-
ments in the standard kale powder. The satisfactory reproduci-
tility of the oresent method makes vossible the determination
of the eléﬁents with an sccuracy sttainable with the conven-

tional/relative method.
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(6) SINULTANEOUS DETERFINATION OF ¥SRCURY, HROMINE, ARSENIC
AXD GATNITE IX SIOLOGICAL MATERIALS BY NEUTRON ACTIVA-
TION ANALVSIS

Chul Lee, Nak Bze Xim 2nd Euy Byung Park
Korea Atomic Hnergy Reseerch Institute

The paper on this subject was published in the Journal
of the Torean Nuclear Society Volume 5, Number 4, p.279,

Lecerber, 1973 .with en abstract as follows.

A method for the simultaneous determination of mercury,
bromine, arsenic and cadmium in biological samples is descri-
ted. TFollowing neutron activation énd a simple distillation
of volatile compounds, mercury 2nd btromine were determined
by gamra~-rey spectrometry. Arsenic and cadmium were further
separeted by cation exchange separation and determined simi-
larly. Determination 1imits for mercury, bromine, arsenic
and cadmium were 0.00l}ﬂ R O'OOB’ﬂ’ 0.00lp? and O.O2ﬂ3, res;
pectively.‘ The method has been avrvlied to the determ;nation'
of mercﬁry, bromine, arsenic and cadmium in rice and fish
samples. Analysis of a standard kaléxﬁowder yielded the
velues 6f 0.046,u3/g for mercury, 24.5 44 /g for bromine 0.17
M§/e for arsenic and 0.50 A&/g for cadmium.

* This work was supported in part by IAEA under contract

nunber 1136/RB.

Ay -
! =

G
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(7) A _STUDY OF FAST LI-TRASUENTS FROM 28 GeV PROTON
INTERACTION TN NUSLEAR SMULSICHN

Ssung Ai Shin

Jevartment of FPhysics, Ewha Womens University

Tre varer on this subject wes published in the New
Physigs (Xorean Physical Society) Volume 13, Number 2,

p.45, June, 12973 (in Korean) withk an abstract 2s follows.

It was found that majorit& of the Li-frzgcments were
emitted by nuclear evarvoration process, but that also there
wes 2 small number of fast Li-fragments ( > 60 MeV) not
exvlained by th%s process. In the nresent varer, these

fast ones vwhich were emitted in the stars (due to Ag or Br)

and induced by, 28 GeV protons, sre descrived. ThHe angular

W ¥

distribution and enersy svectra of those fragments were
determined and anzlized.

%t seems that the fast Li-fragments a2re not be vroduced
by the evaporation process or by the dir;ct collision pro-
cesses by the vrimary. It is probabie thet .they may be
ejected when the nucleons and pions-sets in flirht during
the cas@ade vhace of the disintegration collide-with the
groups of nucleons. Consquently there is the vpossibility

of the presence of nucleon clusters in the nuclear periphery.
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SMA-RAY INTRISITY STANDARDI-

(8) THS nucay OF 1T pgs

TICK AND A SEARTH T

D |2

{oreg Atcmic Enerzyv Zesearch Institute
3, C. Tim :
Nevartment of Ihysics, Sunckyunkwern University

The v»aver cn this subject wes tublished in the Journal

of the Xorean 2hysical Society, Vol. 6, YNo. 1, F.1l, March,

The relative intensities of the =emra-ray transitions
+10m Az have been carefully re—deter*lnedk
bty using a true ccaxiel Ge(Li) detector with =ctive volume‘rr
of 20 cc. The valuess obitzined for reletive intencsities are
listed in *he following in varentreses: 446.790%2,020(%.702%
0.11), 620.325%0.015(3.00%0.00), 657.720%0.010(100), 677.5%0%
0.91%(11.39%0.57), €26.965%0.020(6.36%2.41), 0£.650%9.020
(16.85%0.39), 744.245%0.020(4.42%0,19), 763. 020* .020(23.38%
0.67), 817.995%0.015(7.73%0.25), 884.655%0.015(79.53%1.83),
937.445%0.020(%7.46%0.83), 1384.230%0.020(26.91%0.38),
1475.710%0.015(4.40%0.10), 1504.955%0,020(24.50%0,31), 1562
.235%£0,020(1.33%0.04). Avart from these well-known transi-
tions, additioral gamma-rays with weak intencsities were
observed at 626.22%0,20, 995.628%0.050 and 1334.808%0.050
¥eV and their relative intensities were evsluated ss 0.18%

0.04, 0.19%0,0% and 0.20%0.03 respactively. Our nedsured

results on s search for weak trans i4tione well acree w1th one
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of the two data sets (trensition enercies a+ l,J.J7 566.0,
667.2,‘??,.0 785.0 snd 144%,.0 keV in Dalis 1; trensition

energis Q\"t 626.22, 997.12 snd 1%34.16 keV in DNata 2) cre-

viousiy 1 e“ortvﬁ end’su;fest that the observsd weak gomma

- - - s
rays areﬂpot attributedle to t-e decny of 10%m Az,

il

(9) AX_INDROVED P:CTON 23CCIL PELASCOP DHTICTCR TOR_FALT
SAUIROYT SPSITREGCOPY

-t

floon ¥yu Chunz and Hee Dong #ang
Korea Atomic Znercy Resesarch Institute
Tonz Sco Pork

Nationsl Tniversity

N N

The proesr on this subj:ect was tublished in th

/]

Journal

of the Yorean Nuclear Society Volume S, Xumber 3, p. 191,

Septemter, 127%3'with an abstrazct =s *ollows.

¥or fast neutron svectroscopy in MeV region,:a recoil
proten telescope detector was desiemed and constructed s0
as to increese in detection efficiency with out aporecisble
deterioration in enerey recolution by sdovtinsg a Special
tyvve of recdil nroton rediator wh{éh is s combination of'a
rinq—shaned)vertlca3 Y'ajlator and a cone-shaped horizontal

radistor st 2 certain ceometry. - A neutron stopprer was built

in the detector system to minimize the background due to

.@irect exposure of the Si(Li) detectors to primary incident

4
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neutrons. The dedection efficiency ani the energy resolu-
tion calculpted 2% various reutron energies and ceometries
are given and these charascteristics of the detector system
were tested by 14.1 lieV neutrons. As the calculation pre-
dicted, the relative detection efficiency in case of the

combined radiator system is glmost 2.2 times of that for =

ingle, ring-shaved vertical radiatcr system. The calculated

S AN

energy resolution is 3.7% FWEKE, wheress the measured resolu-
& -

_{

tion wes 3.9% which mweans resolubion broadening of apvroxi-

1

metely.30% wes was resulted br introducing =2 combined radi-

etor system into the telescope. Incresse in background less

»

then 407 wes also cbserved.

(10) APPLICATICN OF A SINGLE FLAT CRYSTAL DIFFRACTION
SPEQTROMETLR TO T8% DEQAY S0HENE STUDY.OF T10M 5.
¥. K. Chune and 8. W. Cho
¥orea Atomic Znergy Research Institute

The ebstract on this subject was written in the Tran-
szctions of the Korean Physical Society; Spring Yeeting,

Seoul Nationsl University, April 27-28, 1973.

To <cearch for the unreported weak gamma-ray transi-
tions in the décay of 1100 A a single flat crystal diff-
rsction spectrometer in combination with the large volume

cozxial Ge(Li) ﬁetvétor ves constructed and avplied to the



- 174 -

verifying of the existence of small phofo peéks which are
usually hidden in the intense Compton backgrourd.

Apart from 15 well-known transitions, our measure-
ments indicate the existence of additional samma-rays with

week intensities at 6?6.22, 995, 628 and 1%34.808 keV. 3By

110m

careful study of the svectra of Ag sample sources with

different cooling times.these weak transitions are proved

to be from the decsy of llomAg snd are not to be attributed

to the decsy of 108mA2

(11) 7THY STUDY ON THE GAMMA-RAY TRANSITIONS FOLLCWING THE
DEIAY OF Inlltm "
M. K. Chung und 8. W. Cho
Korea Atomic Energy Research Institute
C. W. Nam
Seoul Natioral University

A

Th% ebstract on this subject #as written in the Tran-
sactions of the KoreangPh§sical Society, Fall Meeting, Ulsan

Institute 6f Technology,'October 26-27, 1973,

5
ot

116m 116

The decay of In to Sn. has been studied. Both
gsingles and'{ - Y’ coincidence techniques were vemployed
with the use of Ge(1li) detector. The energies and the
relative intensities of all the known transitiodéiwere ob-

{;erve@. Besides the khown'transitions, the unreported gamma-

fays with weak intensities were observed. Two of them sre

. N 7
N i
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new trensitions with energies of 277.799 keV and 688.664
keV yhich feed from 2390.82 keV(4+) level and 2800.83 keV
.(4+)A1evel to 2111.93 keV(2nd 2+) level respectively. In
connection with the two other gemma-rays obsgrved at 2226
.522 keV and 303.297 keV, the vossible existence of an
unobserved level at 2226.522 keV(2+) will 2lso te discussed.

(12) A 97TT'DY OF SCHIELDING IN SLABS USING THI BHAM COF
CP~5 REACTOR

Suk Yun Xim
Devartment of Apvlied Physics, Inha University

_ Tre paner on this subject was éublished in the New
Physice (Korean Physical Society) Vol. 1%, No. 1, P. 6,

March 1973 (in Korean) with an abstract as follows.

Reactor shielding cen only be evalusted troush direct
megsurement and extensive numerical celculetion. In this
raper, some results of numericel calculation (flux snd
henat geé%ﬁation of fast, thermal ned{ron and gamma—ray) are

vpresentqdi The cezlculations are based on the deta obtained
in the slab shieléing experimént usins the beams in the ANL

¢/ Iid Tank, Shielding Facility ot CP-5 Reactor.



- 176 -

(13) A STUDY OF THS DOSIMETRY OF SCATTERSD GAMMA-RAYS
FRCY A CCTLLIVARIMG T.IAD QASTLE*

Jdaze Shik Jun
¥orea Atomic Enersgy Research Institute

The paver on this subject was published in the Journal
of the Xorean Physical Society, Vol. 6, No. 1, P. 13, March,
1973 with en abstract as follows.

Collimated gzemma-rey beams from Cs-137 and Co-60 sources
contained in a lead castle are commonly used for calibration
of various hezalth physics instruments. Such beans, however,
carry not only primary radiations, but also include scattered
components from the collimeting leé& castle. To determine
the enerey, reletive amount, and exvosure rate of the scattered
radiatibns, a scintillation spectrometer of a‘lg dia. X2" long
Nal(T1l) well-tyve crystal (well size; %ﬂ dia. Xl%zlong) was
used with a 100 channel pulse height snelyzer.

For the calculatione of the exvosure rate due to scatter-
ed photons, a simple srectfum-dose conversion method was sppli-
ed.instead of correcting the svectrum by regponse ratrix.

Prior to the conversion procedure, the value of the conversion
operapor, G(3), was églculated as a function of photon energy,
using the values of vhotofraction and intersction ratio de-
termined for the scintilletor used in this study. The results

show that *he relative contribution of the scattered photbns

to totgl exvosure rate is - 2.25% recardless of the distance
. i
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from the source to the detecting rosition =nd. that the

scattered rhotons contributing to the collimazted teams

cons

ist mainly of bacxscattered rhotons of an energy given

by By = B,/(1425,/0.51).

*

(14)

Part cf this exveriment was carried out at Laborstorio
di Dosimetris e 3tendardizzazione, Centre Studil Nucleari
della Casaccia, Rome, Italy during the veriod of 1966 to

1957 vnder the ausvices of an IAEA Tellowshiv.

DCSIMETRICAL ANALYSIS OF REACTOR TWAYAGE GAMMA-RAYS
BY M9ANS OT SCINTILLATION SPuCTRONETRY

Jae Shik dun
Korea Atomic Energy Research Institute

The paper on this subject wzs tublished in the Journ;}

of the Korean Nuclear Society Volume 5, Number 4, P. 2Q1.

December, 1973.with an abstract as follows.

e

HEpgaftive yutef due to leakage gamma-rays from operating

¢ b kvl i1 end IIT were measured in o horizontal

Wane Ty wepie of geinbllistien svectrometry using a 3" X 3"

gylinidrionl Nal(T) déféaﬁpr pesocinted with a 400 ghannel

piles hedght snslyzer undey vapied conditions of reactor

bperation. !

o

i
In determining exposuré rate due to the leakage gamhg-

ol
&
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rays at each point of measurerent, Moriuchi's spectrum-
exposure rate conversion theory was apvolied instead of
using conventional responce metrix method which necessita-
tes very complicated orocedures to convert a spectrum into
exposure rate. - ‘

The results show that a basic pattern of "typical"
spectrum of the reasctor leaskzge gamma-rays is meither =f-
fected by thermal output of the reactor, nor influenced
by overall attenuation in rsdiation intensity. It wss in-
dicsted that the attenuzation of the leakgge gemme~rays in
air in terms of exposure rate as a whole follows en expo-
nentizl law, =znd the total expdsuré rate due to the leakage
gamma~-rays at a certain point is neerly provortionel to ther-
mal output of the reactor. The complexity in spectrum messured
for a movable core reactor, TRIGA Mark III, was analyzed
through spectrumiresolution, end proper judgement of +the

leakage gamme-rays in a complex spébtxum was discussed.

>

(15) GAMMA-RAY DOSIMETRY WITH THIN PLASTIC FILM

Young Soo Yoo snd Seung Gy Ro
¥orea Atomic Energy Research Institute

The paper on,this subject was prublished in fh% Journal
of the Korean Nuclear Society Volume 5, Number 3, P. 233,

September, 1973 with an aﬁgtract as follows. - N
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Thirty twe differerv kinds of domestic DlPQtl films
for use L. messuring high gemma-ray doce heave heen collect-
ed and =" eir dosizetric characteristics investigated with
the =21t of =2 Co0-£0 famma radiestion source.

imongm them a rigid rodyvinyl chloride (IVC) film of
0.0%mm in *hicxness vhicn is menufactured by Iucky Chemi-
cr2 Zo0., Xores, se€sTn to be the most suitadle cne for this
~urmnase. Ths relation between o“‘*cal dencsity at ?1“9A
ar? rrliation exrosure in this PVC Film woe Jinear in the
rerra of 006 x 107R t0 1.5 ¥ 10 R, =2and also the £ilm -. awed

ravredneirility within Q@0 under the stendard ex-eri-—
meavtal condition. The etfect 6f atsorbed dose, oxygen con-—
tent of surroundirng atmosrvhere ond irrsdiation temperstur

heave nlec been siudies feor thies film. It svnerred to0 have ™

a cod wroverty ir the dosiretrical roint of view.
A

241&m-?

P CF MRUTARCY HERARGY: SPACTRUM TROM AN

v e - . T T S T > a3 T e e TN TIT YT PV ST Y [ REAT 1
NOSCUNSY VOTING BONMSL 3rHMIW NEUTACN SPECTRCE BTER

Zeura Gy Ro and Jae Shik dJun
Yorea Atomic knersy Research Institute

i * T~

i :

The aY¥stract on this subject was written in tre ren-
. .
sa tiors of the ¥orean Physicel Society, Svring iieetinz,
Secul Nationsl University, Arril 27-238, 1973,

“
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241

The neutron enersy shectrum from an An-F labora-

toxry reutron source with the 2imension of 4.85cm high by

2.24cm in dizmeler hes becsn measured using a Bonner sphere

neutron spectrometer which is = 6Lil(Eu) thermal neutron
detector coupled with wvarious pglyethyiene spheres of 2, 3,

-~

5, 8, 10, and 12 in. in dJdizmerter.

Assuming that the entire spectrum consists of the Ma-

xwellien thermsl, uncollided znd slowing-down com sponents
and thet tke former two componerts are invariable while

the latter one is of the 1/E¢ form with a spectrel para-
meter & which is veriable, the relati&e intensities of
three spectrum components were determined with three differ-
ent sizes of polyethylene spheres. A determination of the

parameter ol can be simply made from the ratio of counting

rates in two different spheres. However, the value obtain-

<

ed from five independent determinations Qf&C* with six

Pt
3 P

soheres, which is agreeable with eachﬁbther4ﬁithin the ex-~
rerimental error and consecuently will be more rigorous
compared t0 that obtained from the above two gpheres, was
finally taken in this etudy and is about 1.2. The result
for the«snectrum measurement is nre;ented in the graphical

form.

L WhEs , ‘ N
T Y Tt
N
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(27) 2=T ?E.I\%TICL CT 2HZ ALFEA FTARTICLE TR/ “K RESISTRATING

Seung Gy Ro snd Jdze Shik Jun
Korea Atomic Energy Research Institute

The abstract on this subject was written in the Tran-
sactions o0f the Xorean Physicel Society, Fall Meeting, Ulsan
Institute of Technologyv, October 26-27, 1973.

Fhotographic posi-film which ié commercipglly evailable
| has been found to be a possible alpha varticleé detector in
‘the course of looking for a suitable material to be applied
to the neutron dosimetry, and its track registration effic-
iency for alpha psrticles hzs been detormined. In order to
dotermine the efficiency, the posi-film foil has heen deter-
mined. In order to determine the efficiency, the posi~film
foil bas been irradiated to alvha Dartiéies enitted from a
thin 241Am source entering the detector foil perpendicuiar
to the surface. The irradiated foil has been ‘etcned in e
1.3 g/d§3 NeOH zolution for 1 hour at sbout 60°C, and the
diameter of the:-etch-pits was measured under an ootical
micfoscope. Therefrom, the efficiency wes caleulated on the
basis of Fleischer's and Tuyn's- theories. The result seems
to ve (78.8%4.7)%, and to be agreed well with the value of

. (75.8%2.5)% obtained bv measuring the criticel angle for the
trac} registration.

R

N }



- 182 -

-(18) PROTESTIVI ZFTECT OF ACETVLIENZOYLACONTIN® AGAINST
GAMMA_RADIATICN

- Fhilip S. H¥oon
Rorea Atoric Energy Hesegarch Institute

Tve rarer on this subject was published in the Jcournel
of the Xorean Nuclear Society Volume 5, Number 2, P. 83,

June, 1973 with an gbstract 2s follows.

The protective effects of acetylbenzoylaconine, 2-
aminoethyliscthiouronium tromide hydroﬁiomide, p—mercap-
toethylamine HCL; and I-thiazolidine-4-carboxylic acid were
studied on the white male mice, azed 5-6 weeks. The toxicity
test of acetylbenzoylaconine revealed that the LDSO vas 2.5mg/

" kg of body weight. After the administration of test substan-
ces, mice were irradiatgg with whole body dose of 800 rad by
the Co-60 source. Observing the number of surviving mice for
30 days, the survivaf?coefficients for the test groups were /

calculatéd*anq with these the protective coefficients zasinst
radiation injﬁry, PCR, were also calculated. The PCR values

are 2.24, 2.95, 2.78, and 1.2% for acetylbenzoylaconinz, 2-

aminoethylisothiouronium bromide hydrobromide, p -mercaptoethy-
lamine HCL, and L-thiazolidingkf—carboxylic acid resvectively.

These values reveal th?gdthe ac%tylbenzoylaconine has protective

/
potency against radiation injury on white male mice.
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19) DPINIRNERA _ETTECT ON INTEGRAL ABSCRBID DOSE IN Co-60

Thiliv S. Moon
Korea Atomic Zneregy Research Institute

The p»aver on this subject wzs tudlished in the Journel
of the Yorean Xuclear Society Volume S, Numter 2, F. 87,

June, 1973 wi<h abstract as follovws

Tue 1o the Lo-£0 sources size, ithe penunbra in C0-%0
teletheravhy voses & serious v»roblem, even if the extended
collimaters are used, IHere en enpirical formuls for tre

caleculation of integral atsorbed d2se in the tenunmbra reg-

ion wss derived. Throurh

]

numerical celculation, the
renrunbrz effect on integral atsorbed dose was investirated.
ﬁ

The longer tre source-to-skin distance, the lerser the in-

tegsral gbsorbed dose of renumbra region, and the larger the

]

ource dismeter, the larrer the integral zbsorbed dose of
rvenunbra region. It was also found that in some case the
intesral absorbted dose in venumbra region tecomes several

times larger than the integrsl absorbed dose of tresiment

TN

recgion itself if the source-to-skin distance becomes zreater.

Trerefore, one must consider the venunbra effect in Co-60

teletherapy.

w4

e

o)
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ANNUAL PROGRESS REPORT OF NUCLEAR PHYSICS DIVISION

PAKISTAN INSTITUTE OF RUCLEAR SCIERCE & TECHNOLOGY
«0s NILORE, RAWALPINDI.

The nuclear ressarchk activities at PINSTECE are
centred around a 5 N¥ swimming pool type of Research Reactor
and a Neutron Generator of Texas Ruclear Corporation design.

The main activities are summarissd below:-

1. Total Heutron Cross-section MNeasurements.

A technigue has been developed to measure total
neutron cross-section for neutron energies from 1.7 Me¥ %o
14,7 MeV using a neutron generator. PFPrinary neutrons of
energy 14.7 MeV from the neutron generator are elastically
scattered from a plastic scintillator and the scattered
neutrons, after transmission through the sanpie, are detected
by a liquid scintillator. The change in neutron enexrgy is
obtained by changing the angle of ncaitering of the zmeutron
., beame Time of flight technique and pulse shape discrimin-
ation are used for suppresasing the:Backsround. Total neutron
cross~sections have been measured for 120, 27‘1 and 2380 at
12 different esnergies between 1.7 and 14,3 NeV, The energy e
resolution varies between 100 and 150 keV. This work has
been pudblished in Nuc. Inst. & Meth. 115, (1974) 345, Similar
meagurements are nov being made on enriched tellurium isotopes
12874 ana 130,

2+ Neutron Induced Reactions.

Experiments are in progress to meagure, at 14 MeV
neutron energy, the differential cross-sections for (ny X )
roactions and the angular distributions of outgoing alpha
‘particles. Previous measurements made on the 58!1(§.01)55Fo
reaction usiag emulsion plates were roportod:in Nuc. Phja. A202
(1973) 123. Work is now in progress on the 28y (n, X Youg
reaction using solid state detectors.



-~
- v
=

e Thermal Neutron Capture in even A Reodymium isotopes.

The radistive capture of thermal neutrons in even A
neodymium isotopes is being investigated with a view to study
the behaviour of nuclei in the region of tramnsition from
spherical to deformed nuclear shapes. The gamma ray spectra
from the capture of thermal neutrons in eariched 1kand
1thd targets were measured in an external target geometry
using a Ge(Li)-KaI(Tl) pair/anti-Compton spectrometer. In each
case the gamma rays originating from the isotope of interest
were identified by comparing the spectrum with that obtained
with a natural neodymium target. The data on |‘ZNa(a,Y¥ )Vra
reaction has also been supplemented with ¥Y-¥ coincidence
measurements using two Ge(Li) detectors (The Y¥-¥ coinci-
dence measurements were made at Kernforschnngszentrun Karleruhe).
Preliminary decay schemes of 1Q3Nd and 1 SNd formulated on ‘the
basis of these measurements consist of fonrteen previously -
unreported levels in the casc of 1 3Nd and three such levels
in the case of kst. The Q values for the reactions
W283(n, ¥ )1*31a ana ""*Ha(a, ¥)1*7Na have been estimated as
6122.7 + 0.5 keV and 5755.3 + 0.7 keV, respectively. Farther
work on the decay schenes of 3Nd and 1 SKd is in progress.
Heaéureuents are also being made for datornin;ng the spectia
of gamma rays from thermal neutron capture in 1F68d.

b, Precise Energies of Gamma Rays from 15!.

Prozinent gamma rays from the reaction 1“1'(!1,}{ )V
are commonly used for energy calibration in the (n,¥ )
experiments. The energies of thece gamma rays have been
determined with improved precision on the basis of a precise
knowledge of the dinding energy of last neutron in 5! derived
from mass spectrometric data. The work is bdeing processed for
publication in Nuclear Instruments & Methods,

U\\?Q
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Se Study of spontaneously Fissioning Heavy Elements.

Thias programme is directed towvards the study of
the properties of neutron rich fission fragments as well
as the fission properties of spontaneously fissioning heavy
elements. The experiment consists of a correlated three
parameter study in which the two fission fragments are
detected by a pair of surface barrier detectors and the
gamma rays emitted by one of the fragments are detected
by means of a high resolution (700 eV at 122 keV) Ge(Li)
detector. The pulse heights from the three detectors for
each triple coincidence are recorded event by event on a
magnetic tape. Measurements have been completed for a
25262 source and the data are being analysed on an IBM
360/44 computer. Similar measurements are now pilanned |
using a 2 Cm source.

6. Neutron Diffraction Studies.
!

A triple axis spectrometer is being used for neulron
diffraction and inelastic neutron scattering cgtudies, v
Recently completed work consists of a measurement of the
Debye Waller coefficient of KCl (to be publisghed in Acta
Crystallographica-A), and the determination of the unit cell
dimensions of cellulose I (to be published in the Journal of
Polymer Science, Physics Saction). BExperiments, now in |
progress, are aimed at a study of the phonon dispersion curves
in a mixed alkali halide crystal xo.snbo.sx.

A}

O
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Table 6 .
. . . N s 159 156 .
Differential cross sections for Tb/n, i,/ Fu reaction
at 18.17 MeV )
_ -1 -1 X . } -1.. =1
E*/MeV/ ab x osr LleV ﬁ{/MbV/ jub X sr LeV
18 .85 203148 - 22 .22 .94t 21
12.04 149145 2242 103t 21
19,24 101143 22.62 84t 20
19.44 1551 41 h 22 .82 a6t 18
19.04 23¢f 39 | 23.02 61t 17
19.84 1528 37 23.21 10318
20.04 12 36 23.41 63L 16
20.24 175t 33 2361 54+15
20 .43 1641 33 23.81 12814
20 .63 102t 31 24 01 1013
%}20.8}, 84t 29 24 .21 3t 12
7 21.03 B4t 28 24 .41 2612
21.2 6t 27 24 .61 16211
21.43 106t 26 24 .50 ot 9
21.63 1111 25 25 .00 ot
21.82 oL 24 25 .20 11t 4
22,09 83t23

Cross section inteprated in the 18.85-25.20 eV range io

equal to 0.58630.031 mb x s T,
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#) The (n,3n) reactien cross sections were oblacned
assuming' a constant value of the () reaction
cross section on '7°0s in the neutron ue’neryy range
16.6 ~ 128 MeV. " &
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RECEIT STUDLIES ON POLAR EMISSION‘+/
E. Piagecki, M. Dakowski and A. Kordyasz
Institute of Nuclear Research, Dept. IA

. 05-400, éwi;rk near Warsaw, Poland

Revis ed Abvtract

The intgnsities and spectra of the polarly
. - 6 .
emitted protons, deuterons, tritons and "He pariicles
have been investigated in the slow neutron figsion of

EBBUa The intensities of these pgrtidies reiativa to
the alpha particle polar emission aré\é1.5¢1.5,
2¢7240.5 anl 7.310.9 per cent and the mean kinetic
energies are equal to 10+0.5, 11+0.5 dnd 1340.5 IleV,
respectively. Not one polar 6He:§vent was d%tected per

1600 polar alphas. These results are compared with the

theoretlcal predictions based on the evaporat10n~hypo-

thesis of the polar em1351on. The phenomenon can partly

be explained using this hypothe81s, but some puzzling

disagreements with theory have been observed.

+/ This work has been carrled out under the Interna-
tional Atomic Energy Agency Contract No. 1126/RC.
J
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. 23 MeV; the mean masses of fragments are in this

The angular and energy distributions of alpha
particles emitted during fission suggest that{ﬁhe t%me
and place cikemissiog'is somewhere in the vicinity of
the scission point. However, recent measurements havg
proved[1—41that at a certain proﬁortionwd_-particles
are flying alongaxhe fission axis, which is difficult
t0 interpret asgu&?ng thg}gsual tripartition mechanism.
Calculations offthé\classical trajectories have shown.

that_alpha particles emitted from the neck ( or more

generally - from the inner part of the two-fragment

. system) would be deflected off the fission axis due to

the fragment Coulomb forces. For these particleé shadow
cones would exist, centered along the fission axis, on
thenouter sides of the system. o

The experimental facts reéarding this phenomenon,
which is referred to as "polar emission", are Lriefly
as follows: its intensity determined on thé?basis of
angular distribution [ 2] is of about 2% of the total
tripartition rate, thus it oéﬁurs once per 25 thousands
of fissions; emission along the light fragment trajecto-
ry is over 3 ti@eﬁ as frequent as that iﬁ the oppbsiteg
direction, the mean energy of.oc~nparticles being aboué
H

process similar to the ones observed in binary fission,

(‘;‘1\)



"fsults to the parameter uncertalntles.
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but the mean kinetic energy of the fragments flying in
the direction of %he zlphas is diminished by about
12 HeV (as measured for the light irdgments). We
performed extensive éélculatlonq l,,)j trying to verity
the hypothesis that the polar emission is the ‘result
of the in-fliéht évaporation firom the excited fission
frér@gnts. We are able to explain quantitatively fheﬁ
mean masses of fission fragments in this process, the
energy spectra of alphsas emitted“in bhoth direptions 93
well as the int?nsit: of emissioﬁ in the heavy fragunnt
fl%ght directidﬁ without applying parameter fitting.
The observed large anisotropy of volar alpha particles
emission in the fragment reference syst?m and the
intensity of emission from the ]_ggg iraéﬁnnts are
difficult to interpret. This 1nten81ty appoarod to be
about .12 times greater than that calculateé.

It was possibl%\to explain the latter fact by

taking into account the deformation of light fragments,

however, this explanation was uncertaln because of the

9 A ©

approximation used as well as of the senslt1v1ty of the
Sy

Basing on the evaporatlon hypothesis it was \
possible to predict [ 2,5 ] the intensity and spectra of
particles other than alphas. To verify these predictiops

we performed an experiment ir wliich we searched for the

/
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.polar ﬁfotcns, deuterons, tritons and 6He. '

The expsrimental set-up wés‘briefly ag follows:
the zﬁ’U larget Qés irrvadiated in the reacto® neutron
béam, the p%lar particles were identified\anditheir

< : 7 o
intensities and spectra were measured uging a solid
state telescope“and the two-parameter analyéer in F AR
configﬁrntion rgated by~ fission fragments. Geomebry of

experiment ie shown in Fige. 1. Here the preliminary

%
- N

resuits are reported.

As regards the GHe particles, our calcnlations {2,5]
indicate that these particles wouid be practically
absent in the shadowﬁbones, the predicted intensity
being of the order of 10"3 per cent of the polar alphas,
and this can be compared with the 1 per cent relativé
intensity in normal tripartition. During our measure-
menis we registered 1600 polar alphas and not a single
polar 6He event, whichegt least does not contradict our

orediction. The calculated results for p,d,%t are some-

what shifted towards higher energies as5compared‘with

*the expérimental épectra (Fig. 2). These differences go

veyond experimental errors, what was already observed

in % -polar emissior. In the latter case the agreement
was improved when the fact of fragmeht deformation was |
taken into account. The comparison of the predicted and

measured intensities of polar particles in the Tission
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U ig shown in Fig. 3. It may hé gaon that ghe
efaporati;n model accounts quite well ﬁithout4%ﬁ§é
parameter fitting for. the relative intensities of polar
emiassion of the particles examined, but all the theore-
tical results are ftoo low by a factor of about foﬁr.

\

AL
The reason of this is nont yet clear. In the case oI

e
Lo

H

alpha particles only a part of the diserepancy can be

accounted for by the uncertainties of the model para-
meters., Host of it io connected with the emissidh from

' the light fragments, and we have linked it with their

¢ .

deformation. In the present experiment we did no

differentiate between the fragments. However, according

to our calculations, the inclusion of deformaticn into

the evaporation model results in a subgtantial impro-

e

S vement of agreement with experiment for the alpa

Ty
AR o,

particles but not for protons, deuterons or tritons,
The main conclusions of this work are as follows:
s 1. Therc exists not only the alpha but also the proton,
deuteron and triton polar emission. In facti*‘the~
proton polar emission ‘intensity is of a magqitudew

comparable”to the intensity of the nbrmal proton

o

< ‘s e . '
tripertition. < 4

2., Some of the predictions based en’ the evaporation

( i . L X
S hypothesis agree remarkably well with the experi-
) e

N mental results, and~thi§“cou1d‘hardly be pu}ely:

e LA
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acecidental. On the other hand the results of this
experiment can be consider:i as an indication that
either the gpproximation used when accounting fov
the deformation is in this case not applicable orv
the nature of polar emission is more puzzling than

we have expected.
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Fig. 1.

Figs 2.

Figo 30
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Figure captions

Geometry of the experiment. ¢ is the diameter.

Calculated and measured spectra of polar

particles.

Comparison of the measured and calculated
intensities of peolar particles. HNote that for
alpha particles the disagreement is observed

only for light (L) fragments.
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Introduction

[

The Progress Report on Nuclear Data Activities in Roma-

nia covers the work done during the year of 1973 as follows:

- A short review on nuclear data activities in the In-
stitute for Atomic Physics concerning: facilities, experiments,
carrving on, éompilation and evaluation activities, as well as
the activity régarding the forming of a librarv with evaluated

microscopic nuclear data;

- A short review on nuclear data activities in the In-
stitute for Nuclear Technology, concerning: facilities, eva-
luations and the activities regarding the computing of the mul-

b

tigroup constants;

-~ Individual reports concerning certain results for nu-
clear data in the field of thermal and fast neutrons, both the
Institute for Atomic Physics and the Institute for Nuclear

Technology.

The individual reports are not intended to be complete
or formal. Consequently, they must not be quoted, abstracted or

reproduced without the permission of the authors.

A.Short Review on Nuclear Data Activities in the Institute for

Atomic Phvsics - p,0.Box 35, Bucharest, Romania,

The theoretical and experimental researches on nuclear
data in Romania develop according to the National Nuclear Pro-
gramme, in agreement with our necesities and at the same time

according to the Wrenda request of data.



The improve of experimental methods, the acauisition of
more accurate nuclear data, the covering of the experimental
gaps in literature, are onlv a few of the ideas which form
the basis of our research.

The greatest part of these activities in Romania are
carried out in the Institute for Atomic Physics and in the In-
stitute for Nuclear Technology, as well as in other Institutes
in Romania.

The main facilities for the experimental research in

this field and for the data processing are the following:

= the VVR-S nuclear reactor operating with 10% enriched

U, and using water as a moderatcr. Its present power is of 3.5

13 2

MW, and has a thermal flux of 2.10 n/cm“sec. (These characte-

ristics will be improved in the next future by employing cer-

tain new fuel cans).

The most important research equipment available at the

reactor consists in neutron crystal and time-of-flight spectro-

v

meters, neutron monochromators, diffractometers and neutron po-

larizers,

- a U—lzo}type cvyclotron accelerating charged particles
at different energies (from 3 to 13 MeV for protons, 6-13 MeV
 for deuterons and 12-20 MeV for a—éarticles).

- the Van-de-Graaff electrdstatic accelerator of the

Tandem type, model FN-15 (USA), accelerating protons at an en-
ergy of 4-15 MeV,“producing a beam of a 5 mm diameter and 4-8

UA intensity. ;
. !

! D

-3 betat;ons, having a maximum accelerating energv of

'
4t

8.15 and 25 MeV. Q
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— a linear accelerator for electrons of a 2.2—3.1 MeV
energy.

- several other neutron generators (both native and im-
ported) and a y source of cobalt-60 having a 10,000 Curie acti-
vity. '

— two subcritical assemblies, one of them with enriched
U-graphite and the other with natural U-water and a zero power
reactor with enriched U-light water.

— different tyvpes of lasers (with Helium-Neon, C02, io-
nized argon or Cd vapours).

- two "on-line" computers for various experimental fa-
cilities of the PDP-8/1 and PDP-15/20 types.

- an electronic computer of the IBM-370/135 type, ha-
ving ssse a memory of 192 K bytes, with working;capacity on a

virtual memory of 512 K bytes,%and;equipped with various peri-

ferials (line-printer, disk, mégnetic tapes and card-readers).

According to the annual research programme, a number of
scientists have performed fundamental research activities
by means of these facilities which have been of a particular
interest as wellas in other various economic fields such as: me-
dicine,biolog;; industry, agrigulture, etc.

A brief description of these activitieé in the Insti-
tute for Atomic Physics (IVA.P.) and in the Institute for Nu-

clear Technoloov (I.N.T.) is furthex presented:

Using the VVR-S nuclear reactor, a number of various
scattering experiments and determinations of the scattering
lawg for thermal neutrons, on various liquids at low tempera- N

tures, as well as on metals (in solid and liquid states) and
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alloys, bv crystal and time-of-flight spectrometry technicues
have been carried on. ' =

In order to assure best working conditions at the

v

)

I.A.P. cyvclotron, six independent beams have been provided,
so that certain permanent experimental facilities susceptible
of a continuous improvement in the future, could be connected.
The following temperature measurements have been car-
ried out in this direction: density and cross section measu-
rements fér the (p,n) and (a,nr) reactions for a number of nu-
N

cleil specified in CINDA (156'157T SIU, 56,57 116,117,11§,

119$u, ’15Iu, etc.).

b, Fe,

New fissionable isomers have been pointed out and

)

their parameters have been also specified (excitation energies,

«

spins, Coulombian barrier). N ‘

The codes library (coupled channels, DWBA, optical mo-
del, Hasser-Fesbach, special function subroutines, etc.) neces-
sary in nuclear data prdcessing, has been defiﬁitely set—uﬁ;

Quite a number of research activities have been initia-
ted concerning the use of the I.A.P. cyclotron in simulating
certain phenomena developing in fast reactor and‘in the study
of the mechanical and electrical property variations of some
alloys used in reactor construction.

Starting from 1974, the activity concerning the neu-
tron nuclear data acquisition will develop on a larger scalej”

alongside the development of the I.A.P.,éyclotron. The elas-

tic and inelastic anguiar distribution measurements of the

A

4-14 MeV neutrons on nuclei around Cd will be mainly conside-
red in this view.
As far as the I.A.P. cyclotron is also concerned, the

ion implantation technique will be developed as well, to be

4
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used in the study and acquisition of certain special property
materials.
Another application of the nuclear techniques:iwill be
b 3t
A

represented by the "“charged particle activation analys#s (in-

cluding also channeling)". It will be mainlv used in analvzing
the nuclear materials, their structure as well as their purity.

K@he research activities at work‘by noﬁ;/will be further
on developed taking also into consideration the CINDA sugges-
tions.

As far as the non-neutron nuclear data acauisition is
concerned, its volume and acguracy will obviouslv raise. This
is possible, due to the commfégibning of the I.A.P. 15 MeV tan-
dem, last year.

A larger number of angular distributions for the follo-
wing reactions will be thus obtained: (p,p'), (a,a), (d,a).
(SHe,a), (p,a), etc. The life—-times, electric and magnetic mul—i\
tipole momenta and some other parameters connected with the so- M
1lid bodyv properties will be further mecasured.

One important groups of research, with threce betatrons
of I.A.P., are related firstlv with photonuclear reactiéns and

photofission and secondly with measurement of other nuclear da-

ta (the betatron of 30 MeV).
The collective treatment of the photonuclear giant re-

sonance has been successfully extended to take into account the

dynamic deformation of the nucleax’ .?face. This is accom-

Yl 1

plished by considering the coupling between the high energy di-
pole oscilations and the low—energy cuadrupole surface vibra-
tions.

The svstematics of the giant electric dipo%e resonance,

which characterizes the absorption of electromagnetic radiation

of



bv nuclei in the ererqgy range from about 10 to 30 MeV, is of
great interest today especially in order to verify the theore-
tical predictions.

Applying the bremsstrahlung radiation in the studv of

photonuclear reactions, we have followed a systematic investi-

gation of the structure of (y,n) and (y.,In) reaction cross

section in order to {;#3st some nuclear models and to define the

nature of the giant resonarce phenomenon.
O P

- //’
Research concern?ng the bremsstrahlung beam dosimetrv,

the shape of the beam and the processing of the experimental da-

v
)

tahas created the possibility for measuring the cross section
curves for photonuclear reactions on light, medium, and heavv
weight elements.

The results obtained in the Electron Accelerators Labo-
ratory in the field of photonuclear reactions, proved that the
electron accelerators represent a Very efficient and suitable
tool for studying the fine structure in the cross section for
photonuclear reactions, due to their excellent energy r%solu—
tion and stability. These results stimulated us to start a pro-
gramme for calculating the inverse reaction cross sections
using the experimental“data alreadv available.

For a nucleus having a ground state population of N-1
neutrons, the (n,y) capture reaction wiil give rise to an exci-
ted nucleus of N neutron population. The same nucleus can be
obtained through excitation of a nucleus wit@ N population by
absorption of a gamma ray.

The use of photoneutron reaction cross sections for the
evaluation of inverse reaction cross section (5,Y) comes out

to fullfil one of the most promising applications of electron
7/ W
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accelerators. The (n,y) cross section evaluation is based on
the compound nucleus statistical model.

The mgﬁfkiggggky consists in forming a national libra-
rv of evaluated microscopic nuclear data. The DANEM adjusted
shape for data storage represents an adjustment of the ENDF/B
system tn our present possibilities and needs at the same time.
The code system nccossary for librarv use, has been also wo;ked
out (storage, retrival, checking, fitting codes and plcts). 2t
present, the library contains evaluated data received from INDC
-IAEA (the XEDAK data, some other data from UKNDL and ENDF/B).

During theryear 1973 the compilation and evaluation of
nuclear data has béen developed both in the I.A.P. and

abroad by our scientists in order to have a permanent un to
dat; librarycof nuclear data for various internal users.

An important activity of compilation is being carried
on at the "Joint Institute for Nuclear Research" - Dubna (S.U.)
by the Romanian, Russian and Finnish specialists regardihg
"Compilation of’the cross sections producing strange particles

N

in interactions (n+,p) EI - 7,380"; the reactions are ordered
according to the incidéﬁt particle masses, charaes and’momcnta.
At the same“time, attention will be also paid to other reactions
such as: (K+yp); (K-,p) and (pp), in the future.

Actuallyv, a Ccllaboration of the University of Bucharestj
Ddbn§ (JINR) and the Helsinki University (the BUDHE Collaboration)
is collecting the~data on cross-sections of strange particle °
production. In Dubna, one uses the facilities of the Laboratory

N ﬁsf Computing Technique and Automation (the Computers BESM-6 for
\

R

‘plotting on CALCOMP and the CDC-6200 for Tables).

- {
In parallel was began an analvsis of the compiled data

i



for the observation of recularities of the strance particle

production. In a first compilation, was studied the systematics
of rultiplicity distributions of the Kg-meson and A-hvoeron

vroduced in high en=ray ccllisions and comparedthese data with

the data for non-strance vparticle production "On multinlicity

PRI

)
. . - . . "
systeratics of wo; Kq and A prcoduced in hich energv collisions". 7~

Also, was started the stuéy of the dependence of the cross-
sections for the strance particle production in respect with
the ceénter of mass enercv in the framework of different theore-

tical modgls.

N

N With the view of stimulatinca the activity 9f ggclear data,
. z

the lectures of the international school of "Nuclear Data for
Reactors and Reactor Physics" hold in Bucharest in 1972 are &
printed in a book which we hope to be useful for voung scien-
tists. |

As a measure of the attention which is paid to nuclear da-
ta compilation and evaiuation in our countrv, I would like to
mention the fact that durino the last years a number of scien-
tists from Pomania have each spent a few months in various
work centres, doinc compilation and evaluation works. .
In additipn, for a more efficient coordination of nuclear

A

data activitié:$ln our country (needs, measurements, compila-

7

tions, evaluations), the Romanian Nuclear NMata Committee was

O

founded.

i

I would like to thank the specialists which accepted our
scientists and offered.them optiral conditions for their work.
“ I would also like to expresg my thanks to IAEA, and par-

ticularly to the Nuclear Dat;‘Sectinn for the permranent and
efficient help and coormeration in this field, and the hope that

in the future they will be developed in the same wavy.
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1. National libraries for evaluated nuclear data by

A.I.Badescu S., V.Decin, D.Gheorche, N.Mateescu, S-Mateescu,
S.Ré@peanu -~ The paper shows a comrparison of structures of dif-
ferent national librarQes for evaluated nuclear data ENDF/B
{(USA), KEDAK (FhG}, UKNDI, (United Kiﬁqdom); and namely, concer-
ninc the foliowinq characteristics:

- The contents of the libraries;

- The rules for storage and classification of information:;

- The identification of registered data:

- The processing of stored data:

- The physical support for the storace. of information;

" 23 PR
There are shown two different modes of storage standard (MAT, ‘”&\

ety

) ks

MF, MT, MR) and ALTERNATE (MF, MAT, 4T). Finally there is a

brief descriptioﬁ of Pomanian evaluated nuclear data library of o
the Institute for Atomic Physics, Bucharest. ‘
After this comparative study it was decided to adopt “the ENDF/B
library’s format, but slightly modified. |

7

2. Physical data which are to be stored in evaluted micro-.

scopic nuclear data librarv DANEM } by A.I. Badescu-§, S.Mateeé-

“cu, D.Gheorche, N.Deciu - I.A.P. - C.P.Box-35, Bucharest. In
this paper there are described the types of physical data which
will be stored in the DANEM-I library and the specific modes for
representation in this library. There are presented also the

six basic files of the DANEM-I library. The first file is the
first part of each evaluated datavset for a named material and.
contains the general descrivtion of data and one dictionary,
which adds all the files, the section types contained in each

\

file and the number of records. File.l, contains only one



section with the possibilities for the entrance of other sec-
tions with data about the efficiencvy of fission products, num-
ber of neutrons per fission, decav chain, for a done nucleus,etc.
The general description is civen by Hollerith characters.

After that, there are civen technical informations about the
structure of the card, in BCD type readina format, and about the
content of the dicticnarv. File 2 contains the data abéut reso-
nance parameters and has only one section. The neutron cross-
sections are continued in file 3 which is divided in parts ac-
cording with the cross section types and energies. The files 4
and 5 contain dats for anvular distributions of secondary ne-
utrons (n,n), (n,n’),anrd enanQﬁiﬁtﬁﬂmnions;mobdﬁlityp(ﬁ%")and file

6 contains data about the scatterina iayw of thermal neutrons.

-~

3. The structure of svaluated microscopic nuclear data li-

brary - DANEM - by A.I.Badescu 8., S.Mateescu, D.Gheorche, N.

Deciu. - The necessities of desion and researches in the field
of nuclear reactors have requested durino 1971-73, the achieve-
ment at J.A.P. of the first library for evaluated microscopic
nuclear data, of our country the library DANEM-I. It is presen-
ted the storage systemrm qf the data according with the physical
system or the "material" (nucleus, natuyral element, molecule or
standard mixture), the correspondinc data for one material being
stored in files on the kasis of the physical catecory (cross
sections, resonance parameters). Each file is composed of a few
sections each one containinc data about a named type of reacton,
neutron-material such as (n,n),{(n,n’), (n,a),(n,2n). The data of
the DPANEM-I library have also digital indicators Jhich show the
position in the library, reaction type, the tvpe of information

and the material.- in the next sections of the paper, the struc-
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b
Hi

ture of the library, is shown in detail, nemely, the identifica- "

I’
"

tors, the measurement units, the type of interractions neutron-

material, and the data which are interestina for reactors.

N // /,)’[(‘
: . Yoot/
4, The set of programs to manipulate the evaluated micro- ‘

scopic nuclear data stored in computerized library DANEM-I - by

S.Mateescu, A.I.Biddescu S., N.Deciu - There are described the’

programs which follow:

INDA - for the entrance of the evaluated nuclear data in

the comnuter memory from the cards.

REZPNANT - for the entrance of the evaluated resonance
parameters from the cards. The entered data are stored on tapes.

REDA 1/2 and PEDA 2/B - are proarams for the retrieval of
evaluated nuclear data and resonance narameters - from a magne-
tic tape.

GRIM - is a proocram for the rnlottine of the evaluated
nuclear data stored in DANEM-I librarvy.

CARA 1/A - is a prooram for checkina the data and for
chanaing data on the maanetic tapes. In this maner there are
presented the flow chart of the proarams, and the indicators of
the programs are presented in detail. There are shown also, the

general forms of records and different files.

5. Optical model calculations for Cu 63 and Cu 65 in the en-

eray range 1-15 MeV- by N.Iliescu,V.Benzi®,F.Menapace® M. .Motta®-
The optical model calculations have been considered startina
from 1MeV for the followina reactions: Total, elastic and diffe-

rential elastic,nonelastic,and inelastic for the resolved levels,

#
- Centro di Calcolo (CNEN) - Bologna (Italy)



using a code for Optical Model. The rain problem in the use of
the optical potential is the determination of a proper trend for
the complex potential in concordance with a satisfactory fit
for the experimental data and a physical consistency forxr the be-
haviour for the real and iraainary parts of the potential wvs.
eneray. Ve adopted the followino eneray dependence of the depths
of the real ané imacinary parts of the potential:
E<dMeV. V =54,96-4.14E + 0,877E% - 0.077E° (MeV)
{E 4in MeV in Rab.system)

E>4MeV V =48§.798 - 0.3306E (MaV)

(E An Mel)

2 s 0.2676%

1 MelV = E < 4HeV W= - 1.399 + §,733Ct - 2,599t
Ex4MeV 0 = 9leV

For the Cu isotopes it seers reasonable to assume a spherical
symmetric potential adopted in our calculations with the Wood-
Saxon form and a derivative surface absorption term. The fol-
lowing values have been adonted for the parﬁmeters:

Spin orbit potential term UAo = 6MeV )

Real potential radius Ry = 1.25 F

Imacinary potential radius ry = 1.25 F

Real potential diffuseness-a = (0.6§ F

Imaginary potential diffuseness b = 0.48§F

The elastic cross section can he calculated as a sum of the
shape and compound parts. Differential elastic cross sections
have been calculated in the following eneroy points for compa-
rison with the experimental values: (MeV units): 1.016, 1.483,
2.032, 2.510, 3.047, 3.545, 4.063, 4.632, 5.079, 6.186, 7.161,

B.177, 14.729, 15.237.1Thenonelastic cross section has been obtai-

ned by difference between the total cross section and the elas-
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tic one. Inelastic cross sections for all the resoclved levels
of the two isotopes have been calculated by usinoc the same sphe-
rical optical potential.

-~

5. The evaluation of neutronic nuclear data for Berillyum

by - N.Iliescu, N.Mateascu, S.Mateescu, E.BRdadescu - In the pro-
gramme of the nuclear data laboratorv is included an evaluation
of neutronic data for Berillyum, their writing in the ENDF/B
format, their processing for engendering of the oroup constants
in a number of groups correspondina to the needs of users. The
compilation of data was made followina the CINDA and the data
provided by IAEA. In the range of resolved resonances was used

a programme based on the sinagle-level Breit-Wicner approximation.
The experimental resonance parameters were obtained by the im-
provement of existing data in literature. This programme enaen-
deres the cross section in a mesh of 40 points. In the range of
thermal and fast neutrons the evaluation and the comparison with
the theoretical models are in course.

7. The 27A1(n,a)24Na Cross Section - Evaluation of Experi-

mental Data® by G.Vasiliu -Investigating most of the existina
27

experimental literature on Al (n,a)24Na reaction, throuah 1973,

have been done an evaluation of the cross sections for this reac-

7

tion from threshold 20 MeV, usinag the up-to date standards for
renormalization using and experimental data selected according
to the energy resolution and cross-section accuracy. The recom-
mended curve was cobtained by utilizing iterative araphics and

* Work done during visit to the National Neutron Cross Section

Center - Brookhaven National Laboratory, USA March-April 1974.



cubic spline fittine of data usinag a least square fittino crite-
ria. A maxirnum value of 128.13 mb was obtzined for the cross sec-—
tion at 13.52 MeV. ﬁith the evaluated curve, the microscopic
inteagral cross section of 2—iI\l(n,oL)ZANa reaction averaced in
235U thermal spectrum, was computed, on the basis of the simple
fission spectrum formula. The wvalue which was found is 0.732 mb

for a spectrum "temperature" of 1.305 MeV in good agreement with

the evaluated values of experirental inteaqral data.

8. Fast neutron interaction with the Reg nucleus, by, V.

Corcalciuc¥, B.Holmqvis#?*c.A.?rokopets**and ™ Wiedlino**®* -
Regarding the interaction between néutrons and the Be9 nucleus
there exist a few measurements of neutron elastic anacular dis-—
tributions but the exwerimental information on neutron inelas-
tic (0 = - 2.43 MeV) and (n,2n) reaction is rather poor. The
aim of this work was to measure elastic and inelastic scatteri
ring from Be9 and also to study the continuum spectrum due to
the (n,2n) processes in that nucleus. The measurements were
carried out at 3.52, 4.20, 5.57, 6.08 and 7.01 MeV incident
neutron energies ﬁsing the T (p,n)and N (d,n) reactions as ne-
utron sources. Angular distribution measurements of elastic
and inelastic neutron scatterinc were performed in the anaular
range 20é to 160° in steps of 10°. Measurements were also made
at 2,98 and 7.60 MeV incident energies at 30° and 90° in order
to study the continuum spectrum. The spectra were recorded

with standard time - of - flicht technique together with a

* On leave from Institute for Atomic Physics,Bucharest,
Romania. ) .

¥ On leave from Kiev State University, Kiev, URSS

3t

Neutron Physics Lab., Studsvik, Sweden
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neutron detector with gamma discrimination properties. The
flight papb was 300 cm. The total energy spread was 2100 keV.
The neutron elastic angular distributions were analysed in
terms of a standard spherical optical potential. The contribu-
tion due to compound contributions were calculated using the
Hauser - Feshbach formalism. The elastic and inelastic angular
distributions were calculated also using a optical model with
collective effects. Also DWBA calculations were used taking the

deformation of Beg nucleus, into account.

9. A studv of the (h, Z2n gama) reaction in the energy in-

terval 16-20 MeV - by G.A.Prokopets¥®, V.Corcalciuc *¥%, B.Holm-

qvist***-— The ( ,2n) and (,n') reactions are very intéfestiﬂg
to studyysince they are the dominating ones for medium weight
nuclei when the incident neutron enerqgy is in the internal from
about 12 MeV to 23 MeV. Because of experimental difficulties
the data available in this energy interval are very scarce. In
our experiments thé energy dependence of the cross sections for
the production of discrete gama-ray lines have been measured in
the neutron energy interval from 16 MeV to 22 MeV for the ele-
ments F, Fe, Co. For this purpose samples {diameter 8.5 cm,
height 10 cm) were irradiated with 2 ps hursts of neutrons pro-
duced by theT(d,n) He3 reaction. The gama ravs following (7,2n) <
processes werce observed with a well shielded 100 cm3 Ge (L)
detector. Neutrons were sgparated from gama rays byﬂtime of
flight technique. The gama ray interwal of interest in the mea-

surements was £orm 0.2 MeV to 3.0 MeV. The primary neutron flux

P

* On leave from Kiev State University, Kiev, URSS

*®  0On leave from Institute for Atomic Phvsics, Bucharest Romania

##%# Neutron Physics Lab., Studsvik, Sweden.
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was monitored with a BFé—long counter as well as with a time of

flight monitor. Contributions of gama-rays from neutron inelas—
tic scattering of 7(d,n) neutrons were connected for bv making

a separate scattering experiment with such a neutron source u-

sing the time—of-flight monitor for normalization purposes. The
background was observed with a plexiglass sample. The cross

sections were related to the known cross section of 630u n,Zn)

6ZCu. reaction taken from the evaluation of Nakasima (1). (1)

Nakasima:R. and Kikucki K. The 63Cu (n,2n) 62Cu excitation
function and the knock-out process in nuclear reactions. Progr.

Theoret. Phys. (Kyoto) 14 (1955) p. 126.

10. Neutron elastic scattering at forward angles - by V.

Corcalciuc, D.Holmgvist®**and T. Wiedling®* - The general trend
of neutron elastic angulér distributions observed in the MeV
range is that they are strongly peaked at forward scattering
angles. At a constant neutron enerqgv this effect alsc increases
with the mass number. However, the angular distributions are u-

sualy only measured for an%les largexr_ than 20° or 30° neglec-

3

ting the important forward scattering ran@éfwhere a considera-
ble part of thg total elastic cross section is to be found. The
purpose of the present experiment was therefore to measure neu-
tron elastic scattering from elements of different mass number
at angles between 10° to 4(;0 and in steps of 2.5°. The measure-

ments have been made with the standard time-of-flight spectro-

meter. The angular spread introduced by the finite dimensions

1{‘ .

* On leave from Institute for Atomic Physics, Bucharest, Romania

#** Neutron Phy'sies Lab., Studsvik, Sweden
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of the target‘— scatterer — detector svstem was 1.5°. The for-
ward angle differential cross sections were measured for Fe,
Co, Y« , Pb and B{ (natural abundances). A standard spherical
optical model analyses is done using a spin orbit term and with
Saxon-Voods and derivative Saxon-Woods form factors for the re-

al and imaginarv potential parts.

11. Neutron Measurements for SHc Induced Reactions - by A.

Alevra, A.Cnevarier® , N.Chevarier® , R.Dumitrescu, I.R.Lucas, M.
T.Magda, M.E.Nistor - Energy and angular distributions of neu-
trons resulting in SHC induced reactions were measured at inci-

dent energy of 25.6 MeV. Selfsupporting isotopical enriched

61”. 62

targets of57Fc, 4, ‘'L and 630u were used. An angular

range between 23° and 145° was covered. A time-of-flight spec-—

trometer was used during measurements. The efficiency of the

i
spectrometer wss calculated by an analytical method proposed by

Kurzl) and a Monte Carlo methodz). The energy spectra were fit-
ted with the aid of a PDP-8 computer in order to transform the
spectra from the time-of-flight to the enerqgy scale and then

from the laboratory svstem to the center-~of-mass svstem.

“

e
REFERENCES: 1) R.J.Kurz - UCRL-11339%" (1964)

2) M.Chemarin, L.Feuvrais, M.Gouanere, G.Nicoclai 9

J.L.Vidal - LYCEN 6877 (1968)

19
12. The Effective Cross Section of “Fly,xn) Reaction - by

B Q -
D.Catand, G.Baciu, C.Iliescu, V.I.R.Wicplcscu,— The 7‘F(y,xn)
reaction cross section has been measured with 100 keV bin in

the range from tbreshgld up-to 25 MeV. The analysis of the yield

* IPN - Lyon, France



curve is based on the least structure sclution using thick tar-

get forward direction bremsstrahlung spectrum. The our experi-

!

mental data are compared with the total F 1 photoabsorption
1)

s . 10
cross section computed treating F as deformed nucleus ta-

king into account the MNilsson level scheme, and with the total
photoabsorption,éross section measured by Dolbilkin et al.z).

REFERENCES: 1) D.Catand, G.Baciu, C.Iliescu, V.I.R.lliculescu -
z. fir Phvsik 261, 125 (1973) 2) B.S.Dolbilkin, V.Z?.Zarevalov,

V.S.Korin, s .E.Lazareva, F.Pr.Nicolaev - Izv. Akad. Nauk U.S.S.R

Seria Phvs. XXX, 349 {1966)
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Theoretical F 1 photcabsorption cross section for 1‘F
(full line). Ixperimental photoabsorption cross sec-

tion from ref. 2) (points with errors). Cross section
1

of ""F(y,xn) reaction (point line).

. o
13, The Delayed on Prompt Neutron Ration from 238UY,5,xn) -
by G.Baciu, D.Catand, V.I.R.Niculescu ;

~ Source - Breﬁsstrahlung generated to the betatron
Bremsstrahlung Ta
target
Detector EJOFS counters embedded in paraffin
Target Natural U,0Q Ea

2°3



Maximal
bremsstrahlung ﬁi A(Ei
energv dp dp
(MeV)
6.0 1.62 « 1072 £0.02 1072
6.5 1.01 » 1072
7,0 0.68 » 1072
7,5 0.34 - 1072
8,0 0.15 - 1072 : . £0.05 10 °
8,5 8,63 « 10773
9,0 7.40 - 1073
9,5 7.12 » 1073
10,0 6.35 « 103 :0.08 1073
10,5 5.06 - 1073
11,0 3.65 + 1073 v
11,5 3.78 + 1073
12,0 3.84 + 1073 £0.09 1073
12,5 3.61 + 1073 £0.09 1073
14. ' pelayed Gamma Rays Emitted in Na#faral Uranium Photofis-

sion with Betatron Bremsstrahlung - by V.Géléteangﬂ M.Grecescu,

G.Baciu - The final purpose of this investigation is t?e deter-
mination of aEsolute yields for the production of delayed gamma
rays emitted after #ranium photofission with a bremsstrahlung
beam. The necessity for these nuclear data was emphasized by T.
A.B;er in the Draft Working Paper for IWGNSRD on Non-Neutron

Data Needs for Sofeguards Development Purposes at a IAEA meet-

ing in 1972. Up to the present,- the experimental procedure and
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the data processing method were established. The preliminarv re-
sults are summérized in table 1, which contains a list of the

most proeminent gamma ravs observed in a natural uranium sample
bombarded with a lé'MeV bremsstrahlung beam from a betatron. The

isotoric assignement is based on accurate energy and half-life

measurements.
Table 1
{
Ly
Isotope (keV) T1/2
1 3 3
76 s 559 .5 26 h
78Ga 277 88 m
78As 614 91 m
8¢ 208 3.3 m
8]
845 882 32 m
88y 2392 2.8 h
88ph 1836 18 m
89Kr 221 3.2 m
586
89rp 1032 15 m
1248
2¢, 1384 2.7 h
94y 918 19 m
101y, 191 15 m

591
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1 5
1012
161 307 14 m
1040 358 18 m
1324 228 78 h
132 668 2.3 h
772.5
133y, 700 2.7 m
979
1097
133mp., 913 55 m
133q4 312 12.5 m
. R
408
1334 530 21 h
1340 211 43 m
278
767
134, 847 53 m
884
1357 1132 6.7 h
| 1260
135myq ] 526. 4 16 m
135Xe 250 9.2 h
137xe 455 4w
138y, 258 14 m

=



434
1384 463 2 m

1010

1436 N
141g, ‘ 277 18 m

304

344 Sy

142Ba 255 11 m
14212 641 N\ 92 m
143 AN

Ce 293 IENN 33 h

/]
i

“15. Tables of Gamma Rays Emitted by Radionuclides Produced

through Photonuclear Reactions®™ - by V.Galateanu, M.Grecescu -

This complilation of nuclear spectroscopy data has been prepa-
red as an auxiliary for the interrretation Qf results in photo-
activation analysis. Most recent data obtained by high-resolu-
tion gamma-ray spectroscopy with Ge(l{) detectors were used.
The takles include data concerning the disintegration of radio-
ﬁbclidesgwith half-lives between 5 séconds and 1 yeér produced
by (Y,nj reactions on all stable isotopes with a relative abun-
dance greater than 1% and by (y,p) reactions on elements with

Z<39. The gamma rays are listed in ascending order of the ener-

gies; half-lives intensities in photons per 100 disintegrafiopk‘

- and other useful infdfmation are also included. The tables are

B

* Published in Journ. Padioqpal. Chem. 10 (1972) 315§
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of great help in solving two major problems in rhotoactivation
analysis practice: isotopic assignment of gamma rays and deter-
mination of possible interferences. The tables can be employved
also in activation analvsis with fast neutrons based on the

(n,2n) reaction.

16. The Influence of the Betatron Target Geometrv on the

Evaluation of Some Non-Neutronic Nuclear Data - by D.Catand,

V.I.R.Niculescu, G.Baciu - The uses of bremsstrahlung in the
study of photonuclear recactions lead to experimental results
which represent integral values weighted by the bremsstrahlung
spectfum, generally called the reaction yield V(Eo). The reac-

tion yield is defined as:

t
o

I, olT) P(EE) cE

V(Fo) = ¢t (1)

7 © P(E,E ) dE
o]

The present research was orientated towards the investigation
of changes in the measured vield values V(Eo) as a function of
different forms of the target producing the bremsstrahlung and
of various geometrical conditions of irradiation. It has been
experirmentally established that the value of V(Fo) could varvy
drastically (up to 50%) for the same target material but in
different geometrical forﬁs. The conclusion derived from this
investigation has allowed to define the optimum target form
for a betatron, as well as the irradiation geometry of the
probes under studv. Consequently, the comparison of experimen-
tal data can be made only if the effective thickness of the

o

target and the irradiation geometry are defined and stated. 8

The present results are necessary for the evaluation of some

non-neutronic nuclear data.
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B. Short Review on Nuclear Data Activities in the Institute for

Nuclear Technologv - P.0.Box 35, Bucharest, Romania

In keeping with its acti&ity displaved the Institute
for Nuclear Technology takes a particular interest in setting-
up some fundamental neutronic nuclear data libraries, by means
of which one could generate multigroup microscopic section sets
guite necessary in nuclear calculations for the fast and ther-
mal reactor designs.

There are two main directions as regards nuclear data
in the I.N.T.:

- Computing of multigroup neutron constants

- Experimental techniques for adjusting the group-

constants.

The available facilities helping in solving problems

connected with nuclear data consist of:

The IBM-370/135 computer, belonging to I.A.P. dis-
playing a memorv of 142 X bytes with magnetic tapes and disks
- Experimental device to generate standard fast neutron

reactor spectra ’

1. Computing the multigroup neutronic constants

As far as calculations of multigroup constants arc con-
cerned, our pre;ccupations start with fundamental microscopic
data tapes that have already been formed.

New efforts have bheen directed towards the elaboration
of some calculating codes to generate multigroup microscopic
cross—-sections displaying a variable group structure in keeping

with the user’s reaquiremants.
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Data processing of multigroup microscopic section sets
newly generated or already existent are also taken special care.
The computing codes of multigroup cross-sections for homogenous
or heterogenous cells are also included using the concept of

self-shielding factors of resonances.

2. Experimental technicues for adjustments of group-

constants

Using a simple facility for generating fast neutrons
PRy
G
spectra and by means of the correlation method, they trv to im-
prove the multigroup cross-sections for fissile, fertile,

structure and cooling elements,

1. NERO - as a calculus code of macroscopic cross—-sections

homogenized for heavy water moderated reactors - by I.Cristian,

1,

B.Cdrstoiu, A.Badescu, St.Boeriu, D.Cepraga — The cell code NERO

calculates macroscopic cross—-sections homogenized in a four-
group scheme. In this view, the code takes the services of a
Westcott type data library. The code library includes the neces-
sary data for 30 isotopes. These data are the following:
- the scattering cross-section weighted on a Maxwell spectrum
(¢ = 20°0);
- the elastic and inelastic scattering microscopic cross-
sections
- fission cross-sections at 2200 m/s
- the g (T) and S(T) Westcott factors
- the lower cutﬁing energyv for the resonance integral of each
isotop =

- microscopic cross-sections for calctulating the fast fission

bonus.

-

el



2. Computation program for generation of group constants

for fast reactors - by V.Cuculeanu, D.Gheorghe® - At present, we

have a KEDAX microscopic data tape and a few ENDF-B tape ele-
ments we obtained through the mediation of I.A.E.A. For multi-
group cross-section generation, in collaboration with the I.A_P.
nuclear data laboratory, a complex program for generation of
fast neutron group-constants is being drawn up. The program dia-

gram is presented bellow

— - <

microscopid microscopic| | calculation calculation
-> -3 - i i
tape > data of group }jof self-shielding
preparation constants factors

The spectrum follows the ABBN scheme, namely ¢(F) = ¢O(E)/Xt(E).~

¢0(E) is supposed to be a Fermi spectrum except the groups cor-
responding to high energies in which case it is considered as a

fission spectrum. The group structure proves to be variable, at

the user’s disposal. The inelastic scattering matrix is calcula-

ted by employing the evaporation model and that of the discrete
levels. The code calculates dilutions for 6 types of reactions
B

and the self-shielding factors of the resonances for 5 tempera-

tures.

3. Computing program for the processing of multigroup mi-

croscopic nuclear data for fast reactors - by V.Cuculeanu, D.Mo-
cioiu, E.Drutd, D.Constantinescu - The PRESEC code has heen ela-
borated for processing the ABBN multigroup nuclear data sets.

Using the hyperbolic interpolation among the self-shielding fac-

tors for the tabled dilutions, the code calculates the self-

shielded macroscopic cross sections for anvy composition of a "™

S

* Institute for Atomic Physics
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fast reactor. In calculating the mean neutron number per fis-
sion, a srectrum calculated in the fundamental mode with a mate-
rial parameter indicated by user is also used. Optionallv, it
can read the fission srectrum or calcuiéte a composition depen-
dent fission spectrum. Alongside the macroscopic sections, the

program supplies microscopic self-shielded cross-sections used

in calculating the reaction rates.

4. Transmission rethod application for nuclear data (multi-

group cross sections) testing and evaluation by I.Garlea, P.I-

lie, Al.Thurzo, L.Moisin - In view of testing and evaluating
group cross-—-sections within an enerqy range of 10 KeV-3 MeV, a
facility generating standard spectra for fast neutrons has been
built. The very simple geometrv (one~dimentional)and its small
number of component parts result in an accurate computation of
the spectra inside the device emploving a calculation transport
code. The neutron spgctrum can be measured by differential me-

6, Hcs) and integrai

thods (proton recoil, spectrometers with L&
methods (fission chambers and activation detectors). If the neu-
tron spectrum in the presence of the elements to be studied:iis

known, the gfoup cross—sections can be tested and improved. The

data for rcaching an agreement between calculation and experi-
ment are being adjusted by a correlation meﬁ@od proposed by Gan-

'
i

dino and Salvatores (1973).
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REPUBLIC OF OSOUTH AFRICA

PROGRESS REPORT TQ THE INDC

1573

Compiled by D. Reitmann

1. PHYSICS DIVISION, ATOMIC ENERGY BOARD, PELINDABA, TRANSVAAL

The major faéilities used for neutron physics research are the
20 MW research reactar, Safari I, and a pulsed 3 MV van de Braaff
accelerator, equipped with terminsl bunching and a CDGC-1700 on-line

computer.

1.1 Neutron capture reactions

C. Hofmeyr

A curved wave guide for subthermal neutrons was installed at
the reactor and produced neutron fluxes comparable to those from the
tangential beam tube but an improvement in the cadmium ratio by a
factor four. A data link to the on-line computer was installed in
order to carry out multiparameter experiments. Angular correlation
experiments were done on 71Ge and 59Ni. in thé‘former case good
agreement was Dbfained with results from the 71Ga(p,n)71Ge reaction

studied at the van de Graaff accelerator (section 1.3).

1.2 Scattering of fast neutroné

E. Barnard, J.A.M. de Vvillijers, J.G. Malan, D. Reitmann and

P. van der Merwe

The investigation of fast neutron interactions with caesium
. was completed. Measurements include total cross sections as well as
elastic and inelastic scattering craoss sections. Results were compared

with optical model and Hauser-Feshbach calculations. The results of a



similar study on titanium carried out juintly with a group from Argonne
National Laboratory, were published as a laboratery report1). Some

preliminary measurements were done on inelastic scattering of fast neutrions

103

from Bh, in an attempt to resolve some of the existing uncertainties

fade

in its zctivsticon cross sectiond

1) Argonne National Laboratory report ANL/NDM-3 {1573).

1.3 (p,n) reactions

‘J.B. Malan, P.,Qan der Merwe, E. Barnard and J.A.M. de Villiers

The study of the 49Ti(p,n!)agv reaction was completed and the results
have heen published1 . The experimental wark on the 7SGe(p,n)73£§ reaction
by means of neutron time-of-flight and gamma-réy spectroscopy, was completed.
High resolution gamma spectrascopy and multiparameter ¥—-Y coincidence
measurements yielded information on the level scheme of 71Ge as excited
in the 71Ga(p,n)71Ge reaction. Energy levels up to 1300 keV were established
to within 0.2 keV and two unknown levels were found. The results of the

latter two experiments were reported at the Munich conference.

1) Nucl. Phys. A195 (1972) 596

2. SOUTHERN UNIVERSITIES NUCLEAR INSTITUTE, FAURE, CAPE PROVINCE

The research program was based on a 5,5 MeV pulsed van de Graaff
accelerator and covered a variety of topics in basic and applied nuclear
physics, the most relevant of which are listed below:

.

2.1 Neutron induced reactions

2.1.1 The inelastic scattering of neutrons by 232Th

W.R., McMurray, I.J. van Heerden and R.J. van Reenen (SUNI);
E. Barnard and P. g?n der Merwe (AEB)

The investigation o#dfhe details of the 232Th level structure
was coﬁfinueq\by means of the measurement of -inelastic neutron and of
gamma productidp cross sections. As 232Th is an important fissile
mater%;l, these cross sections are of some importance. Available

measurements of inelastic scattering cross sections are virtually
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non—existent except for the lowest levels1).

Absplute cross sections have now been determined for gll the
levels up to 1100 keV. The measurements for these results were gbtained
using the time-of-flight system on the van de Graaff accelerator at the
AEB, Pretoria. Analysis of the data used a line stripping procedure
based on s detesiled knowledge of the leves schemez’a). The present
measurements cover the neutron energy range from 900 to 1250 kev. It
is intended to extend the range of measurements down to En = 200 keV
and increase the statistical significance of the present data. Work
has begun on the Hauser-Feshbach analysis of the inelastic neutron
scattering crossq;ections using the ABACUS and NEARREX codes on the
Stellenbosch IBM 360 computer. |

¢

To obtain precise data on the gamma producticq\cross sections,
the (n,n‘X) reaction has been re-measured over the gp%rgy range 750
to 2100 keV. These will be directly compared with tivi' neutron in-
elastic scattering cross sections. Due to low energy inter-band transi-
tions, EO decays, and internal conversion of the gamma rays, the relevant
gamma yields can be lower than expected from the inelastic neutron cross
sections. This work has been partially analysed using the SAMPO spectrum
analysis program. It should alsc be possible to extend the level scheme

deduced from earlier studies using the (n,n'X) reaction.

1) A.B. Smith, P.R. 126 (1962) 718
2) W.R. McMurray =and I.J. van Heerden, Z. Physik 253 (1972) 289
3) F.K. McGowan, Oak Ridge Report CONF-720669 (1972)

2.1.2 The collective band structure of 2oy

W.R. McMurray

This work is a part of a continuing effort to determine the
details of the level scheme of:gaau and its collectivg band structure,
The relevant experimental studies have been correlated to derive a level
scheme which is consistent with all the evidence. In previous®work,
getailed (but different) collective bands were assigned by Diamond and
Stenhens1 using Coulomb excitation and by Herrm;gf?et a12) using the

radioactive decay of 238Pa. Additional levels, however, were observed’”
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3,4)

collective schemes could have been in all respects complete or correct.
23

using the (n,n'x) reaction sp that neither of the previously proposed

Additional evidence was provided from Bu(d,d) measurementss). On the
basis of the accumulated evidence, levels at 45, 148, 307, 680, 732, 827,
527, 931, 950, Se6, 997, 1037, (1046), 4060, 1405, 1128 and 1168 keV

e 238U(d,d) measurements-) found levels corresponding

are proposed. Th
to 2% members of the ﬁ and ¥ bands at 1033 and 1055 keV and observed

a 3 octupole level at 1164 keV as well as another stromgly excited
level at 993 keV with octupole characteristics. These levels correspond

to our levels gt 1037, 1060 and 1168 and 897 keV respectively.

The spin assignments proposed are also compatible with the observed
gamma decay branching from these levels to states in the ground state
rotational band. A possible exception is the uncertain 1045,9 keV
iével.“ This level is tentatively assigned J¥ = 4~ because such a
weakly excited state is expected in this energy region. Higher spin
states found by Diamond and Stephens1) are not significantly excited by

means of inelastic neutron scattering.

)%he evidence from different sources, as well as the requirements
of the proposed band structure, indicates the existence of several over—
lapping levels which even the gamma measurementsa) could not resolve.
For example, it must be assumed that the 01 level at 997 kev, firmly
assigned using Coulomb excitation, must overlap with a 3 level in an
octupole band. This would explain the observed decays from the 997 keV
level(s) to ot and 4% states in the ground state band. It would also
fit the observation in 238U(d,d) scatterings) that the "993 kev" level has

octupole character and is much too strong to correspond to a 0+ level.

It is similarly deduced that there are other éverlapping levels
at 1060 and possibly 1168 keV excitation.

As a check on this level schems, a Hauser-Feshbach analysis was
undertaken to compare with previously measured neutron inelastic scattering
Cross sectionse). The comparison is sufficiently good to provide some

confirmations of the level scheme proposed.

The Hauser—-Feshbach computations were kindly undertaken by

D. Wilmore (AERE, Harwell) using his own program. The computation
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incorporated line width fluctuation corrections and zlso took account

of unassigned levels gbove 1300 keV excitation by using a level continuum,
the strength of which could be adjusted to fit the integrated inelastic
scattering cross section at higher energies7). The optical model para—
meters were obtained from the fit to the elastic scattering cross sections
for neutrons on 238U. The calculéted H-F inelastic cross sectiens far

the well known ground state band also give a reasonable it to the
experimental data. An additional carrection was introduced'fo correct V

for the fission channel.

1) R.M. Diamond and F.S. Stephens, Arkiv f&r Fysik 31 (1966) 221

2) G. Herrmann et al., Int Conf. on properties of nulei far
from the region of Fu—stability, vol. IT, p.985, Cern {1970)

3) W.R. McMurray and I.J. van Heerden, Z. Physik 253 (1972) 289

a) W.P. Poenitz, Argonne App. Phys. Ann. Report, p. 24 (1965-70)

5) A.T.G. Ferguson and B. Elbek, private communication

6) E. Barnard et al., Nucl. Phys. 80 (1966) 46

?) B.H. Armitage et al., Conf. on Nucl. Struct. Study with

Neutrons, Budapest (1972).

2.1.3 The level structure of "S11 from {n,n'¥) measurements

I.J. van Heerden and W.R. McMurray

.
Although the nucleus 115In has been the subject of manx7f6vestlga-

tions, various uncertainties still remain. The ground and“rlrst excited

" states form an isomeric pair with assigned spins of 9/2 and 1/2 , and are

interpreted in terms of the 1g9é2 -1 and 2p1/2 proton—=hole conflguratlons
coupled to vibrations of the  Sn core. The 3/2 level at 597 keV is part

" of the multiplet obtained from coupling a 2 excitation of the even core

to the p1/2 hole state.

115

Recent investigations of the ﬁ —decay of Cd by Backlin et a11)
115

have observed states at 828 and 864 keV in In to which they have

~assigned spins of 3/2t and (1/2+ or 3/2+) respectively. On tqe basis

of the enhanced E2 strength between these levels, it was suggésted that

~ these levels formed the beginning of a K = 1/2 rotational band. McDonald

et alz) have attempted to identify some of the higher states reached by

Coulomb excitation as members of this rotational band.

7



Recently the collective states of 115In have been studisd by Coulomb

excitations) with 100 and '2C ions and by inelastic scattering of 12 MeV
deuterons. Strong coupling of the gg/2 proton hole for the vibrational
states of 116Sn, produced results in good sgreement with the experimental
levels and other messured peramstars of thsse lewvsls., No support for the

existence of a rotational band could be found.

The present study was performed to possibly reveal further members
of the proposed rotational band. The (n,n'¥) resction is nct so selective
regarding the mode of excitation of a particular level, and might there-
fore present the possibility of observing deformed states in a nucleus
with a spherical ground state.

Gamma rays from levels in 1151n 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 of the excitation curves. The observed ¥~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 ¥-rays in the
Ge(Li) detectar. Inelastic neutron scattering cross sections as a function )
of neutron energy are at present beiné compared with Hauser-Feshbach
calculations, corrected for level Qidth fluctuations, using the NEARREX

programme.

As a start, optical model paramé{ers obtained from neutron elastic
scatteringa) were used, and it was found that these did not give best

fits to the excitation curves of levels with known Jﬂ- as at 933,6 (7/2+),“

~ 941,2 keV (5/2%), 1448,4 kev (9/2%) and 1462,4 kev (7/2"). The parameters

are therefore being adjusted and the values which, up to now, have given

the best Tits are:

Vg = 48,9 MeV (Saxon-Woods form), Wy = 5,8 MeV (surface derivative
form), Vg, = 8,00 MeV, a = 0,66 fm, b = 0,48 fmand R = 1,25 A1/3 fn.

Good fits are obtained for the levels mentioned above. Eventually it
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should be possible to obtain values of J for most of the cbserved

levels.

1) Backlin, A., Fogelberg, B. and Malmskog, S.G.:‘ Nucl. Phys.
Ag6 (1967) 539

2) McDonald, J., Porter, D. and Stewart, D.T.: WNucl. Phys
A104 {1967) 177 o

3) Dietrich, F.S., Hersklnd, B., Naumann, R.A., Stokstad, R.D.
and Walker, G.E.: Nucl. Phys A155 (1970) 209

4) Holmguist, B. and Wiedling, T.: AE-430 (1971).

[

2.1.4 The level structure of 7§As
W.R. McMurray, P.dJ. Celliers and R. Saayman

Comparison of theoretical level schemes for 75As with experiment
had previously been limited by the paucity of experimental data. The
present work has now provided a detailed level and decay scheme for 75As
up to an excitation of 1872 keV. The results have been submitted for

publication.

The present work has used the (n,n'¥) and (n,n') reactions invalving
both gamma detection and neutron detection to derive neutron inelastic
cross sections and gamma decay infarmation. Together with a Hauser—-Feshbach
analysiswof the measured cross sections, this has enabled spin and parity

assignments to be made for most of the deduced levels.

A theoretical explanation for the structure of the odd—Aéisotopes
in the mass region of 75As is presently only feasible in terms of a
phenomenclogical model in which the odd-A nucleus is treated as a single
particle coupled to the neighbouring even—-even core nucleus. The negative
parity states can be associated with combinaticns of a single proton in a 1f
or 2p shell with excited states of a 7 Ge core. In the Coriclis coupling
calculagtions of Scholtz and Malik1) the unpaired proton is in a Nilsson
deformed orbit coupled by & Corioliswfprce to the rotational motion of
the even~even core. Intermediate coupling calculations have been made
which assume an\éﬁen—even vibréfing care with dipoie and quadrupole inter— ~
actions with the quasiparticle-proton. Both models confirm the presence,
of levels with spins as assigned experimentally.
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Several positive parity st=tes in 75As have been positively
identified using the 7aGe(3He,d)75As reactiona). Such states could
arise from the coupling of an even-even care with a proton in the 1g, 2d
or 3s shells, The comparison betwesen theoretical czlculations and
experiment favours the rotationzl description of the core egven though

a vibrational character is expected Tor nulei in this mass region.

1) W. Scholtz and F.B. Malik, Phys. Rev. 176 {1968) 1355
2) R.R. Betts et al., Phys. Rev. Lett. 26 (1971) 1576

2.1.5 Scattering Studies in 160

S. Wynchank, F.D. Broocks, S.,M. Perez and I.J. van Heerden

It is possible that an optieal potential can describe scattering
and reasctions with the 150 nucleus, In order to obtain optical model
parameters for this description of neutron elastic scattering and other
regctions on 160 preliminary measurements of elastic scattering cross
sections using a water sample with incident neutrons producedgby the
D(d,n) reaction have been initiated. Using open geometry and a shadow
bar, scattered neutron detection was not possible, but after intreducing
thke large SUNI neutron detector shielding enclosure, a great impravement
was cbserved. It is intended next to employ a variety of neutron energies

and a liquid,axygen scattering sample. The required dewar has been ardered.

2.1.6 Three nucleon experiments at neutron energies in the range 7-22 MeV

5
1

The nuclear three-body problem has become highly topical with both
theorists and experimentalists. For example the application of Faddeev
methods fo the exact solution of thié problem has stimulated theoretical
calculations on topics such as the properties of the bound states (°H

and 3He), nucleon-deuteron scattering and deuteron-breakun. Calculations
have been made using different forms for the nucleon~-nuclecn potential.
The choice between one potential form or anotherwmust depénd ultimately
on comparisons-with experimental data. The experimental data availablem
at present on neutron-deuteron scattering and on neutron-induced deuter;n
breakup are very limited. The work reported here was undertaken with a

view to providing further experimental data on these topics.
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2.1.6.1 Pglarization in neutron-deuteron scattering

M. Steinﬁock, F.D. Brooks and I.d. van Heerden

Atscintillation polarimeter based on a deuterated anthracene
crystal iswbeing used to study the polarization in n—d scatteringq). The
light collection properties and hence also the energy resclution of the
system have been greatly improved by mounting the crystal on a light pipe.
Some preliminary polarization data were cbtained at 7,2 MeV. The incident
neutron beam for this measurement was obtained from the QBe@i,n) reaction
and was 60% polarized. The trend of our data is consistent with the
values reported by Taylorz) and confirm the angular dependence reported
by these autheors.

Measurements have also been made using 10 MeV neutrons from the
MN(d,n] reaction and 16 and 22 MeV neutrons from the T(d,n) reaction.
In the former case the incident neutron beam was parallel to an axis
of symmetry of the crystal while in the latter case the crystal was
aligned for maximum dispersion across the plane of pulse height (L)
versus PSD (S). The LS spectra are complicated at high neutron energies
by the presence of an additional ‘'proton ridge' arising from deuteron
breakup. However, by taking advantage of the good proton-deuteron
separation at the symmetry orientation the proton contribution can be
estimated accurately. The asymmetry in n-d scattering can then be
determined from the deuteron ridge in the normal way. The data cbtained

at 10, 16 and 22 MeV are now being analysed.

1) M. Steinbock et al., Item 2.1.7., SUNI Annual Research
Report, SUNI-23 (1972)
2) C.J. Taylor et al., Phys. Rev. C1 (1970) 803

oo

2.1.6.2 The n-d breskup cross section between 8 and 22 MeV
G. Pauletta and F.D. Bracks I

The n—-d breakup cross section has been measured at eleven energies
between 8 and 22 MeV by integrating the energy distributions of breagkup
protons in a deuterated scintillatorq’z). The breakup protons were
separated from the recoil deuterons by pulse shape discrimination.

Recent calculations of the n~d breakup cross section3—7) based

on the Faddeevs) formélism have shown séhsitivity to the details of the
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potertigls used., The cross sections megsured in the present work are

9-12)

R a
somewhat larger than other measurements and calculatlonSS’ ). It

is concluded that these measurements favour calculations using local

potentialsz).

1} G. Pauletta and F.D. Brocks, Item 2.1.8, SUNI Annual Resesrch
Report SUNI-23 (1972)

2) G. Pauletta, Ph.D. thesis submitted to the University of
Cape Town (1973)

3) I.M. Sloan, Nucl. Phys. A168 (1971) 211

4) W.M, Kloet and J.A. Tjon, Proc. Conf. on Few Nucleon Problems
in the Nuclear Interaction, ed. I. Haus et al. (Nerth-Holland
Pub. Co.), p. 380

5} W.M. Klost and J.A. Tjon, Nucl. Phys. A120 (1973) 380

6) P. Doleschall, Private communication

?) S.C. Pieper, Private communication

B8) L. Faddeev, Soviet Physics "Doklady", 7 {1963) 600

S) M. Holmberg et al., Nucl. Phys. A129 (1969) 327

10) H.C. Catron et al., Phys. Rev. 123 (1961) 218

11)  E.R. Graves and J.D. Seagrave, NCSAC 38 (1971) 116

12) R.F. Carlson et al., Los Alamos Conf. (1972).

2.1.7 Direct excitation of the analogue dipole state in 28Al

K. Bharuth-RBam, §5.M., Perez, F.D. Brooks, W.R. McMurray
and S, Wynchank

This wark forms part of a study of thé excitation of analogue
dipole states in (n,p) reactions. The project was motivated by the work
of Clement and Per‘ez'l who have developed a collective theory which shows
that the excitation of analogue dipole states in (p,n) and {n,p) resctions
proceeds via a direct resction mechanism. The long-term aim of the
project is to search for isospin splitting of the giant dipole resonance
in neutron-rich nuclei. The (n,p) reaction selects the T = T, o+ 1
component of the‘analogue dipole state (TD = ground state isospin of target)
hence a comparison of data obtained from this reaction with that obtained
from other reactions which are not subject to this selection rule may provide

evidence of the splitting of this state.
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The initial work reported here was on the 2BSi(n,p)28Al reaction
(for which TO = 0) and was aimed at testing certain aspects of the theory
as outlined in the previous SUNT report2). The target for the reaction
was a 264 micron thick, totally—-depleted, Si surface barrier detector.
Neutrons of energy 22 MeV were obtained from the T(d,n) reaction. The
detection system was designed to identify protons, deuterons and alphe—
particles resulting from neutron-induced reactions and to measure their
energies. To do this two energy parameters and fime—uf—flight were
stored on buffer tape (usingfthe ND/PDP15 system) and were analysed in
detail afterwards. The angular distributions for two energy-regions of
the proton spectra (viz. 7-8 MeV and 8,5- 9,5 MeV) are characteristic

of a direct reaction process.

Work is now in hand to reduce the relative cross sections to absolute
values. For this purpose we use the alpha Spectrum from ZBSi(n,dJ reac—
tions detected (as singles) in the target detector as a neutron flux
monitor. The results will be compared with the theory of Clement and

Perez.

The next stage of the investigation, namely the study of (n,p)
reactions on Some neutron-rich targets, has also been started. Pre—

liminary studies have been made of the 127

I(n,p) reaction using a similar
experimental arrangement but with a CsI scintillation crystal replacing

the S5i surface barrier detector,

1) C.F. Clement and S.M. Perez, Nucl. Phys. A165 (1971) 569
2) Item 2.1.9, SUNI Annual Research Report.

2.1.8 A high resolution measurement of the neutron total cross

section of iron from 24 keV to 1000 keV

N.J. Pattenden, I.T. Belcher, I.M, Blair, P.H. Bowen, G.C. Cox
and P.,E. Dolley (AERE) and W,R. McMurray (SUNI)

A neutrén time-of=flight spectrometer was developed to measure
neutron total cross sections using the 160 MeV synchrocyclotron at AERE,
Harwell. A pulsed 140 MeV proton beam was deflected vertically on to an
internal tungsten target with a repetitition rate of about 800 Hz. The
evaporation-spectrum neutrons passed through 2 cm of water moderator

contained in a tantalum box fixed to the target to boost the yield of



low ensrgy neutrons. A q.i—loaded glass neutron detector was ﬁeveloped1)
and used with a digital-time-analyser coupled by a CAMAC interface to a
DDP 516 Honeywell computer. The neutron detector viewed the target from
the backward direction along a 100 meter flight path. Details of the

system have been published.

Total cross sections for 56?8 wEere mea5ured2) for a sample of
thickness 00,2546 Fe atom/barn. Many of the narrow p-wave resonancesS now
observed had not previously been reported. Together with neutron capture
cross section data, this would enable the first extensive series of p—wave
rescnance f} values to be determined. A computer—based tabulation of
these results has been sent to "The Centre, ENEA de Compilation de Données

Neutroniques, B.P. 9, 91-Bif-sur-Yvette, France".

1) W.R. McMurray, N.J. Pattenden and G.S. Valail,

(a) AERE Report R-7396 (1973)
(b) Nucl. Instr. and Meth. (accepted Tor publication)

2) N.J. Pattenden et al., AERE, Repart R-7425 (1973)

2.2 (p,n) Reactions

Studies of (p,n) and (p,n¥) 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 B~-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 acguired experimental
data becomes immediately useful in evaluating the success of the various

models,

2.2.1 Properties of excited levels in 65Zn

I.J. van Heerden, R.J. van Reenen and J,V, Pilcher

The ®Cu(p,n )®2zn reaction has been investigated with incident
proton energies between 2,5 MeV and 5,0 MeV. A series of time-gated
gamme~ray spectra were recorded at systematically increased proton
energies and a detection angle of 55°., These measurements were used
in determining the level scheme of 6SZn for excitation energies up to
2 MeV. The assignment of energy levels to the level scheme was facili-

tated by measuring coincidence spectra with the neutron groups observed



in fast coincidence with associated gamme—rays. Time-of-Tlight measure—
ments with a 3m flight path provided positive identification of the

neutron groups.

Angular distribution measurements were obtained for incident proton
energies of 3,4 MeV, 3,8 MeV and 4,2 NeV and analysis of this data is

at present beirg cerrisd cut.

A preliminary measurement, in which neutron t.o.f. spectra and
the associated gamma—-ray spectra were recorded simultaneously in multi-
parameter mode under software control of a PDP 15/20 computer, was
attempted to evaluate the feasibility of employing this type of measure-
ment routinely in (p,n¥) studies. First results seem to indicate that
a low counting rate detracts from the obvious advantages that this method

of fers far establishing level schemes in a single measurement.

a9_ . -
2.2.2 The Tl(p,nx)49v and 50V[p,n3)500r reactions
I.d. van Heerden, R.J. van Reenen, J.V. Pilcher and W.R. McMurray

The properties of excited levels in agv have been studied by mcans
of the 49Ti(p,nx) reaction (Q = 1,38 MeV) for incident proton energies
between 2,4 and 4,5 MeV. This work has been undertaken in order to
extend to higher excitation energies the recently published results of
Malan et alq). Gamma—ray Spectra were recorded at a detection angle of
55° and angular distribution measurements were started at a proton

energy of 3,5 MeV.

Although Raman et al2) have published the results of a fairly ex—
tensive investigation of the levels of SDCP, an attempt is being made to
splve the reported ambiguities in the decay scheme by studying this
nucleus through the 5DV(p,n‘&)SOCr reaction. The successful application
of the multi-parameter method of measurement (mentioned in Item 2.2.1
above) should readily clear up many of the uncertainties in the decay
scheme. The first measurements include gamma-ray spectra recorded
with a target of v 0g (erriched to 36% in 50V) in the range E, = 2,5 Mev
to 4,6 MeV in order to determine the excitation of th' lower lying energy
levels, Positive identification of decay gamma-radiation from 50Cr was
facilitated by the meagsurement of comparative gamme-ray spectra resulting
from the bombardment of a natural V205 target.

1) J.6. Malan, E. Barnard, J.A.M. de Villiers, J.W. Tepel and P. van

der Merwe. Nucl, Phys. A195 (1972) 596

2) 5. Raman, R.L. Auble, W.T. Milner, J.B. Ball, F.K, McGowan, P.H, ételson

and R.L. Robinson. Nucl. Phys. A184 (1972) 138,
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4, NUCLEAR PHYSICS R™SEASCH UNIT, UNIVERSETY OF THE WITWATERSRAND,
JOHANNESBURG

Application of activation analysis in the Nuclear Physics Research
Unit relating to science and industry has involved both neutrons and

charged particle activation studies.

Neutron activation research, dene in collaboration with the National
Institute for Metallurgy (NIM) has been applied to an extensive range
of Geological specimens as well as to specific studies of diamonds and

biological specimens. Both thermal and epithermal (reactor) neutran

and fast (generatar) neutron sources have been used.

The recent acquisition of a Tandem van de Graaff accelerator has
led to the initiation of charged particle activation studies which, in
the first instance has been related to the determination of trece ele-
ments specifically B and N, in diamonds. Nuclear back—scatterihg and
reactions are being used at lower bombarcing energies to investigate

surface and bulk impurities in diamonds.

Reports and reprints related to relevant work already completed

are listed below:

Publications by members of the Activation Analysis Research Group (NPRU)

during 1973/74

1. "Clinopyroxene = Ilmenite Xenplith from Kimberlites" J,J. Gurney,
H.W. Fesg and E.J.D. Kable. A volume in Lesotho Kimberlites
edited by P,H, Nixon, p. 238-253, 1973

2. "Jse of Discriminant Analysis for Classification of Strata in
Sedimentary Successions." 5.E. Rasmussen and D.M. Hawkins. Math.
Geology &, No. 2, 1973

3. "The Accurate Determination of Oxygen in Geological Materials"®
D.M. Bibby and J.P,F. Sellschop. J. Radioanal. Chem. 20 (1974) 677.

4, "Some Aspects of the Geochemistry of Kimberlites from the Premier
Mine, Tvl." H.W,. Fesg, E.J.D. Kable and J.J. Gurney. Proceedings
of Kimberlites Conference, Cape Town (1973)

5., "A Comparative Trace Element Study of Diamonds from Premier, Finsch

'~ and Jagersfontein Mines". H.,W. Fesq, D.M. Bibby, C.S. Erasmus,

E.J.D. Kable and J.P.F. Sellschop. Proceedings of Kimberlites
Conference, Cape Town (1973)

6. "The Significance of the Inter—Element Relationship of Some Re-
fractory Elements" in Proceedings of Kimberlites Conference,
Cape Town (1973)



10.

1.

12.

13.
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"The Determination of Oxygen and Silicon in Diamond by 14 Mev
Neutron Activation Analysis". D.M. Bibby and J.P.F. Sellschop.
J. Radioanal. Chem. (In Press)

"Studies of Ion Channelling and Surface Impurities in Diamond".
J.P.F, Sellschon and W.M. Gibson, Dismond Research, (1973) 32

"Determination of Impurities in Diamond by Nuclear Methods™
J.P.F. Sellschop. Paper presented at the Diamond Conference, Reading,
1973

"Neutron Activation Analysis in Geoclogical Problems®™. J.P.F. Sellschop.

Paper presented at the Nuclear Activation Analysis Conference,

Cambridge, 1973

"Characteristics of Sedimentary Strata using Trace Element patterns".
S5.E. Rasmussen, H.W. Fesg, J.P.F. Sellschop and D.W. Hawkins. 12th
Annual International Symposium on Computer Applications in the
Mineral Industry (1974)

“"Multivariate Technigques for the Classification of Granites".
J.I.W, Watterson and D.M. Hawkins. 12th Annual Internaticnal
Symposium on Computer Applications in the Mineral Industry, 1974

"Sea Floor Basalt Alteration ; Some Chemical and Sr Isotopic Effects"
S.R. Hart, (Dept of Terrestrial Magnetism Carnegle Institution of
Washington and A.J. Erlank and E,J.D. Kable. Submitted to "Contri-
butinns to Mineralogy and Petrology". 1973 ' ‘

NIM Reparts h ) \ 3 .

1.

The Activation Analysis of Samples for Molybhdenum and other elements
Watterson. August 1969. No. A.276

The Determination by Neutron Activation and Tracer Techniques, of
the losses of Iridium during the Fire-Assay Procedure for the
Platinum-Broup Metals. Watterson, Rebert and van Wyk. Sept. 1970.
No. 1048

Distribution of Trace and Minor Elements in Durban Roodepoort Deep
Rock Samples. Sellschop, Rasmussen and Fesq.No. C87/69

The Instrumental Neutron—-Activation Analysis of/Samples Taken at
Different Levels of the E R.P.M. Mine. Uken and E{asmus. Sep. 1970

No. 1013

The Recovery of Noble Metals for Analysis. A Radiotracer Investigation
of' Losses. Palmer and Watterson. Jan. 1971. No. 1185 ‘

Neutron Generator Shielding B
Watterson, Uken, Knight, Faure, Steele. No. C32/63A



10.

1.

12.

. 13.

14.

18.

16.

17.

18.

19.

20.

21.

22.

23.
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The Application of Neutron Activation Anzlysis for Sorting
Witwatersrand Gold Bearing Ores. Uken, Watterson, Knight and
Steele. No. C32/63/E

Clinopyroxene — Ilmenite Xenoliths from Kimberlites. Fesg and
Kable. April, 1873

Determination of Lanthanum and Cerium in Carbonatities fram the
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