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Foreword

This consolidated progress report in 1971 has been prepared for
the first time in response to suggestions received from the NDS service
area. It is intended to encourage a closer relationship between Member
States and provide for a wider circulation of unpublished progress reports

from countries within the Nuclear Data Section service area.

The report is arranged alphabetically by country, and reproduces
the content of each individual report as it was received by the INDC
Secretariat. The original INDC report number assigned to each of the
individual contributions is given in parentheses behind the country name
in the Table of Contents. Also included in the Table of Contents is a
list of each laboratory, institute and university referred to in the
report, preceeded by its internationally used EXFOR code. A brief
description of the facilities known to exist at each of these institu-

tions is also given.

As in all progress reports the information included here is partly
preliminary and is to be considered as private communication. Conse-
quently, the individual reports are not to be quoted without the per-

mission of the authors.
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Pacilities - 2 MeV Van de Graaff
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- 250 XW TRIGA reactor
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PROGRESS ON THE STUDY OF THE THERMAL

NEUTRON RADIATION CAPTURE REACTION

(M.A.,J. Mariscotti, C. Pomar, M. Simon; Cyclotrom Lab.)

One of the irradiation tubee at the RA~3 Reactor, has
been used to extract a 5mm collimated neutron beam for
studies of the (., ¥ ) reaction.

Gamma rays are detected with a Ge(Li) detector and
NaI scintillator both in singles and coincidences, a
target of Cr has been exposed to the beam and the ¥ -spec~-
tra analyzed with the purpose of determining the Ge(Li)
detector efficiency in the high energy range.

Several target elements have been studied; Nd, Y, Ti
and As, and branching ratios have been measured. In the
particular case of Ti the experiment was carried out in
an attempt to establish the existence of low lying excited
states due to core excitations. The results of this inves-
tigation are being analyzed and will be published in the

near future,



1.-

2.“

REACTOR PHYSICS DIVISION

Activation resonance integral of Nd146, Nd148. Ng150

The measurement of Ndl46, Nd148 and Ndl50 activation
resonance integral has been almost completed. Samples
were prepared with natural neodymium and gold as a
standard, activities were obtained by irradiating
bare and cadmium covered samples for two hours in the
internal reflector of the RA-l. The measurements were
made in a Ge(lLi) coaxial detector. Gamma rays of Pmlé49
(285 keV), Ndl47 (532 kev), Pml5l (275 and 342 keV)
and Aul98(412 keV) were measurzd.

Preliminary results agree with that of Alstad et
al (J. Inorganic Nuclear Chem. 29 2155 (1967) and
disagree with the resonance integral calculated from

raesonance parameters (JINR P3=3564 (1967)).

Self-shielding of 2r96

Due to the anomalous characteristics of Zr96 (Canadian
Journal of Physics, 48, 2362 (1970) a careful deter- '
mination of epithermal self-ghielding of Zr96 was under-
taken. Experimental determination has been completed

and preliminary calculations show a good agreement,

indirectly confirming resonance parameters of the 30).eV



3.= The activation resonance integral of Ge74 and ce’6

74 76

The final analysis of the results for Ge and Ge
has been completed and a paper has been prepared for
publication. Self-shielding and infinite diiuted re~
sonance integral are consistently discrepant with the
values calculated from resonance parameters (Maletzki

et al, Atomn. Energ., French Translation, 24 (1968)

173).

4.=- Instyumentation

A Hewlet-Packard computer (2116B) has been put "on li-

nel'

with a Ge-Li spectrometer. A soft-ware has been
developed to calculate on line the data reduction
needed for our experimental work. An automatic sample

changer is being built and will be added to our system,

G. Ricabarra, D. B, de Ricabarra, R, F. de Turjansky,

D. Waisman.~ Reactor Physics Division, Reactor Department,
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The IALE Programme for Nucle-~r» Snectroscopy
Studies of Short-Lived Nuclei

Prcgr¢ss Report 1970

4
Z.0.Achterberg, A.E.Jcch+, E.Kerner, J.M6nico, J.A.Moragues ,
D.Otero, M.L.Perez*, M.A.Pinamonti, A.N.Proto, R.Requejo,
J.J.Rossi, W.Scheuex, J.F.Suarez.

Nuclear Spectroscopy Division
Comisibén Nacional de Energia Atémica
Bucnos Aires = Argentina

A set-up for nuclecar spectroscopy studies of
short~lived, fission-produced radioisotopes beceame Operati-
ve at the Argentine AEC, in Buenos Aires, arournd tihe beginnig
of 1969. The system is of the ISOL type, consisting in a
continuous production and mass separation of the nuclei,
followed by detection of the emitted radiation by means of
solid-state detectors coupled to appropriate analysing de~

vices.

A sample of uranyl stearate containing up to 20 g
of 80% enriched uranium is exposed o a thermal neutron £lux
density of about 108 n.cn™?
tion on 7Li through the use of a Cockcroft-Walton accelera-
tor. The fission products ¢:2 swept into the ion source of
a double-focussing, Scandinavian-type, 90° mass separator
of 1.5 m radius., Xe-I mixtures are used as sweeplig gas.

The activities are collected on fixed or moving collectors,
according to the particular problem being studed. Two Ge(Li)
detectors of nearly 35 cm3, having about 2.2 and 3.0 keV
resolution, and a Si(Li) electron detector with a resolution

-1 - o -
.S ,produced by the (4&,n) reac-

+ Member of the Scientific Research Career of the Argentine
Scientific and Technical Research Council.
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of 7.5 keV, have been uscd up to now., To a leinniz extent
N..I{T1) dctectors are also uzed for half-life determina-
tions. Recently, a lhiigh resolution Si(Li) Z-ray ‘tector
has becn included as an additional facility. The pulses
from “ha detectors aroe fed through conventional ccmmorcial
clectronics to a 2116B Hewlett-Packard computer provided
with two ADC's and a 16K memory, operable az a 4096 channel
pulse height analyscr., A 512 -and a 1600~ channcl PHA are
also in usc.

From the very beginning, our aim was to install
a transport line as suoxt as possible between the uranium
sanmple and the ion source of the mass separator in orcder to
enhance the shorter half-lives, as well as to favour the
collection of halogens. The ovcrall performance of the
set-up» was satiszfactorily tested by reproducing the gamma-

137 to 142, 1)

ray spectra of Xe previcusly reported by TRISTAN™ .

The neutron-reach Xx izotopes were also collected efficien~
tly, including 93Kr, which has a half-life as siort as

1.2 s. Finally, the system proved capable of handling rea-
sonable quantities of bromine and iodine activities.

The research programme started at the beginning

VS~ €
of 1970 with an investigation of the decay of 35741 ¢o
134y, 2)

in 1341 (it had previously been proposedgfrom less cdecisive

« A 3.56 min isomexric state was definitely rnlaced

evidence). Conversion electron measurements established
the E3 multipolarity of the 272.2 keV isomeric transition.
The amount of(gﬁ—branching from the isomeric level was
determined. Measurement of the internal conversion cceffi-
cicnts of 1l transitions belonging to the cecay of 1346,
allowed the determination of the corresponding multipola-
rities and a subseguent reduction of the number of possible

spins and parities proposed 3,4) foxr the 134Xe level schneme.

A determination of conversion coesficients in

several nuclei of the "heavy" 235 5).

U-fission peak followed
Altogether, about 35 of them were measured for transitions
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which proceed in 133, 135, 136Xe, 135, 137, 139CB and

13854, Based upon the published information regarding the
corresponding level schemes, as well as on additional

information we obtained, thae multipolarities determined
were used to assignparities and spinsfor the excited le-

vels.

A study 5) was performed on the dynamics of the
emanation in, and following removal of the gaseous fission
products from,the uranium container, It included a dis-
cussion of the transport times along the tubing connecting
the uranium container to the mass separator ion source
and of the efficiency of the latter. The laws established
were confirmed experimentally. They need to be taken into
account when determining fission yields with ISOL-type
systems.

Under progress is an investigation concerning
the decay of 14 min 138){e. Nagahara et al-G) proposed a
level scheme for 138%cs which includes a postulated-up to
now undetected= 15.4 keV transition, We aim at clarifying
the level scheme by thoroughly investigating the low-ener-
gy gamma-ray spectrum. Single gamma and conversion elec-
tron measurements have been performed, X-ray and coinci-
dence measurements are planned foxr early 1971.

Two contradicting papers 7.8) have been publie
shed on the decay of 55 s 86Br to 86Kr. The discrepan-
cies might be resolved by using a mass separator, which
would avoid the perturbing prescence of 87Br, which has
almost the same half-life. Some exploratory runs have
been performed and it is intended to begin more detai-
led measurements early in 1971.

As in earlier years, the programme enjoyed the
continuous support of the efficient work of technitians
A.Barroetavena, J.Cava, R.D'Agostino, F.di Giacomo, A.Gor-
goshidse, E.S.Menéndez, J.A.Purificato and A.Tersigni.



1)
2)
3)
4)

5)

6)
7)
8)

9)

-8 =
W.L.Talbert; private communication.
Submitted for publication in Phys.Rev.C.
W.G.Winn and D.G.Sarantites; Phys.Rev., 184 (1969) 1188,
E.Takekoshi et al.; Nucl.Phys. Al33 (1969) 493,

Communicated at the 54th meeting of the Argentine Phy-~
sical Society, 1970.

T.Nagahara et al.; J.Phys.Soc. Japan 26 (1969) 232,
E.T.Williams and C.D.Coxryell; Phys.Rev. 144 (1966) 945.
A.Lundan; 2.Physik 236 (1970) 403.

H.Erten and C.D.Coryell; Chemistry Progress Report
MIT-905=-133, p.l14 (1968).
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1. FLSSION PRODUCT EVALUATION

Re-evaluation of capture and total cross sections for all elements
in the A.A.E.C., library is now complete, This data has been transmitted

to the I.A.E.,A, Nuclear Data Section and to the N.N.C.S.C. at Brookhaven,
U.S.A.

Reactivity liftime studics have indicated that adequate accuracy can
be achieved in thermal reactor system calculations with 41 nuclides

Trepresented explicitly and with the remainder lumped together as a pseudo
fission product.

Studies of fast reactor systems are now in progress with the aim of
reducing still further the number of fission products which requir-
explicit representation in burn up calculations.

2. MULTILEVEL ANALYSIS OF CROSS SECTIONS

Cook (AAEC) is developing a new multilevel theory in which the cross
section parameters, as proposed by Adler and Adler, are exact. The
theory distinguishes between the contributions to the reaction matrix
from the resonant compound nucleus processes and the essentially constant
direct processes. Programmes have been written which fit cross sections
to the Adler-Adler scheme and calculate reaction matrix parameters from
Adler-Adler constants,

Cook's theory shows that the same equations and constants for the
fission and capture cross sections are obtained regardless of the spin
assignment, It has proved impossible to make spin assignments without
accurate scattering cross section information, The main advantage of
Cook's work lies in the ease with which analysis of fission and capture
cross sections can be made,

3. FISSION PHYSICS

3.1 Musgrove has made trajectory calculations for the light
particles emitted in spontaneous fission of 252¢¢, Initial dymamic
variableg were found which reproduced the measured energy spectra for
1H, 2H, H and SHe particles, It was also noted that the heavy
fragment separation at scission increased as the mass of the third
particle decreased. A naive interpretation might be that increased

stretching of the neck progressively breaks down the structure of the
third particle,

3.2 Boldeman has spent much time and effort in preparing his
equipment for re-measurements of v, (E) for 235y with energy resolution
of better than +10 keV. This work should commence soon.

3.3 Measurements of the average total kinetic energy (ﬁk) of 233y
with incident energy have been complimentary to his vp(En) data for 233y,

4. CROSS SECTION DATA DISPLAY INFORMATION

A display programme for A.A.E.C.'s IBM360-50 computer and Calcomp
565 plotter enables data libraries and multigroup cross sections to be
displayed. It is flexible and one such feature enables a super-
imposition of cross sections from different sources to be compared.
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It is proposed to expand this work into a full interactive video display.

5. NEUTRON CAPTURE STUDIES

5.1 Resonance keV Neutron Capture

Resolved resonance spectra have been obtained from thin samples of
Ti, Ni and Fe at a 1 metre flight path u51ng §820 X 15 em shtielded Nal
detector. Partial capture yields for 4874 i, “°Ni and 9%Fe have been
analysed to give Oy (Tyy and sometimes [7yj. This information has
enabled partial capture cross sections to be established.

For Ti multiple scattering corrections were ohtained by using two
target thicknesses of 0,5 and 1.0 mm Ti, The yield for the fifth
excited state of 4%Ti was analysed using a multi-level interference
cross section. The ground state transition in 497i confirms the
presence of a d-wave resonance at 39 keV,

]

5.2 Ave_age keV Capture in Zinc .

H

Gamma ray transition strengths in 65zn and ®7zn following neutron
capture were analysed and the results compared with calculations based
on resonance parameters and a statistical neutron capture mechanism.
Estimates of p- and d-wave strength’ functions were obtained. Substantial
deviations from the statistical behaviour of averaged transition strengths
led to the conclusion that configuration effects are important in partial
neutron capture cross sections.

5.3 Interpolations for Nuclear Level Spacings and Radiation Widggg

Nuclear level densities obtained from the free gas model were used
to interpolate unknown level spacings. The model's level density
parameter was fitted semi empirically to give a good fit to measured
level spacings. A formula was obtained for the total radiation width
as a function of mass number, average level spacing and excitation energy.
No correlation between radiation width and neutron strength function was
observed, These parameters have been used to calculate the 30 keV
capture cross sections which have been compared with measurements of
Allen (1970) and calculations of Benzi and Reffo (1969),
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PROGRESS_REPORT ON_NUCLEAR DATA IN PRAZIL

——

May, 1971

1.  INTRODUCTION

Nuclear physics research in Brazil is concentrated mainly in the
following research centers (main experimental facilities are indicate):

Inrcitute of Physics, University of Sao Paulo (3.5 Mev Van de

Graaff, 75 Mev electron LINAC, "Pelletron" tandem accelerator in construc—

tion): charged particle reactions, electron induced reactioms, nuclear
spectroscopy.

Instituto de Enerpia Atomica, Sao Paulo (5 Mw pool reactor) :

neutron cross-sections, photonuclear reactions, neutron capture ganma-ray
studies, nuclear metrology.

Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro (28 Mev

electron LINAC): nuclear spectroscopy, neutron physics.

Catholic University, Department of Physics, Rio de Janeiro(4 Mev

Van de Graaff in construction): nuclear spectroscopy.

Instituto de Engenharia Nuclear, Rio de Janeiro (Argonaut type

reactor): nuclear spectroscopy, neutron spectroscopy.

Ingtitute of Physics, University of Rio Grande do Sul,Porto Ale-

gre (angular correlation equipment): nuclear spectroscopy.
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2.  DEVELOPMENTS IN THE ACQUISITION AND BUILDING OF FACILITIES FOR NUCLEAR
PHYSICS MEASUREMENTS

2.1. "Pelletron" accelerator, Institute of Physics, University of Sao

Paulo

This machine formed by a 4 Mv injector coupled to a 9 Mv Tandem,
will provide continuous and pulsed charged particle beams (f 22 Mev protons,
27 Mev alpha particles, and 200 Mev heavy ions. The bullding 1s finished
and the accelerator is being assembled. The facility includes a IBM/360/44
computer, on-line data processing, scattering chambers, and instrumentation
for gamma, neutron, and charged particle spectrometry. The initial operation
is programmad for the second semester of 1971. Research will include mecha-
nisms of nurzlear reactions, nuclear spectroscopy, charged particle radio-
active capture reactions, angular correlation, Coulomb excitation, neutron
time-of~-flight.

2.2. Electron Linear Accelerator, Institute of Physics, University of

Sao_Paulo

Variable energy up to 75 Mev; 1 pA unanalysed mean current; reso
lution of analysed beam 0.57%. This accelerator has been installed during
1969-70 and is already in operation. Research program includes electrodis-
integration experiments, electrofission, photofission and delayed neutron
studies; nuclear spectroscopy of radionuclides deficient in neutrons;
electron scattering.

2.3. Electron Linear Accelerator, Centro Brasileiro de Pesquisas Fisi-

cas, Rio de Janeiro

Energy: 28 Mev; 60 uA mean current; pulsed beam with pulses from
500 nsec to 3 usec. This accelerator was designed and built by the Centro
Brasileiro de Pesquisas Fisicas Accelerator Development Group. It is in oper
ation since 1968 and has been utilized for radionuclide production in nuclear
spectroscopy studies. An uranium target is used for the production of pulsed
neutron beams. Flight paths of 5, 10, 15, and 20 meters are in use for

neutron time-of-flight spectrometry. Resonant neutron capture studies are
in progress.

2.4, Van de Graaff Accelerator, Catholic University, Department of
Physics, Rio_de Janeiro

This is a High Voltage Eng. Model KN-4000 machine, with the follow
ing characteristics:

protons or deuterons: 0.5 to 4.0 Mev, 3 Kev resolution ,
200 pA intensity

electrons: 1.5 to 3.0 Mev, 20 Kev resolution, 900 uA intensi
ty.

The building for housing the accelerator is already finished and
the accelerator is being assembled. Computer facilities, including IBM-1130
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and IBM-7044 computers, arc available. Future research will include 3He
induced reactions, (d,n) reactions, and Coulomb excitation,

2.5. Other Nuclear Instrumentation

2.5.1. Instituto de Energia Atomica, Sao Paulo

In operation at the IEA-R1l research reactor: neutron capture
gamma-ray collimated beams for photonuclear studies including photofission,
magnetic beta spectrometer for convertion electrons, neutron crystal spectro
meter, neutron diffractometer, Be-filter/slow chopper/time-of-flight spectro
meter,

400 Kv Van de Graaff, pulsed neutron source being used for
fast and thermal neutron pulse propagation studies.

2.5.2. Instituto de Engenharia Nuclear, Rio de Janeiro, GB

T et Wr—— o s e s

A neutron crystal spectrometer has been built and is in oper-
ation at the J-9 beam port of the Argonaut type reactor. Four LiF (111)
crystals assembled together are used as monochromator. The thermal neutron
spectrum and the effective neutron temperature in this beam port has been
measured.

2.5.3. Instituto de Pesquisas Radioativas, Belo Horizonte

A vertical neutron beam tube was installed in the IPR-R1 TRIGA
reactor. At_100 Kw, the thermal neutron flux at the top terminal of the tube
is 7.9 x 10° n/cm?.sec.
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3. _MEASUREMENT, ANALYSIS AND_EVALUATION OF NEUTROX AND NUCLEAR CROSS-

—— e a— 0

" L it Yt 8

Instituto de Energia Atomica, Sao Paulo

The total cross-section and effective absorption coefficient of
a germanium single crystal has beecn measured in the direction (111) using a
crystal spectrometer in the energy range 0.0l ev - 1.0 ev. (R. Ful faro)

The total neutron cross-section of polyethylene has been measured
using a slow-chopper time-of-flipght spectrometer and a crystal spectrometer
in the energy range 0.0008 ev - 0.13 ev; the experimental data are compared
with published calculated cross-sections and emphasis 1s given in the analy
sis of the results in the very low energy region. (S.B.Herdade, CRodrigues,
L.Q.Amaral and L.A.Vinhas)

Neutron scattering cross-sections per hydrogen atom of methanol,
ethanol, n-propanol, iso-propanol, n-butanol, ethanediol, and propanetriol
have been determined at room temperature, in the range 0.0008 ev - 0.13 ev,
by means of a slow-chopper T-0-F spectrometer. (C.Rodrigues, L.A. Vinhas,L.
Q.Amaral and S.B.Herdade)

Cold neutron differential scattering data were obtained for
methanol at room temperature. Experimental studies of the quasi-elastic and
inelastic scattering of cold neutrons in n-propanol, iso-propanol, and t-
butanol are in progress at the Be-filter/chopper/T-0-F facility. (L.Q.Amaral,
C.Rodrigues, L.A.Vinhas and S.B.Herdade)

Measurerent of neutron scattering cross-section per H atom of t-

hutanol above and below the melting point are in progress . (L.Q.Amaral, C.
Rodrigues, L.A.Vinhas, S.B.Herdade and R.Fulfaro)

Institute of Physics, University of Sao Paulo

The ratio of the neutron capture cross-section of Sm, Eu, Gd, Tb,
Dy, Ho, Er, Lu, and Ta, to that of In (assumed as standard) has been measured
at the energies 30, 65, and 300 Kev, The reaction /Li(p,n) has been used as
the neutron source, and a Moxon-Rae detector has been utilized to detect the
gamma-rays. (Jacques Lépine)

3.2. Photonuclear Reaction Data and Electron Induced Reactions

Instituto de Energia Atamica, Sao Paulo . (IEA-R1 research reactor)

The ratio 'n/Tf has been determined fo. 238U and 232Th near thre
shold, using monochromatic neutron capture gamma-rays in the energy range 6
to 9 Mev. (0.Y.Mafra, S.Kuniyoshi, and J.Goldemberg)-

The (y,n) reaction cross-sections for Li, ®Li, and 20981 has been
measured using neutron capture gamma-rays in the energy range 5.43 Mev to
10.83 Mev. (M.F.Cesar, O.Y.Mafra, and J.Goldemberg)
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The cross-section for the reaction 2ll(y,n) reactior has been
measured using gamma lines of different multipole character /72Ga(2.504 Mev),
and 24Na(2.758 Mev)/. (M.F.Cesar, O.Y.Mafra and J.Goldemberg)

Angular distribution studies of fission fragments from 238U(y,f)
reaction are in progress; solid state track detectors such as glass plates

and "makrofol" are used. (S.Kuniyoshi, 0.Y.Mafra, C.Renner, M.F.Cesar, and
J.Goldemberg)

Institute of Physics, University of Sao Paulo.(Electron LINAC)

The ratio o(e,f)/o(y,f) of the electrofission to the photofission
cross-section of 238U and 232Th is being determined in the energy range
20 Mev to_5Q Mev, Studies of delayed neutrons emitted in the photofission of
238y and 23?Th are in progress. (I.C. Nascimento, G.Moscati, J.Goldemberg)

3.3. Charged Particle Reactions

Institute of Physics, University of Sao Paulo

The values of Q_ for the following reactions have been determined:
20Ne(d,a)18F (Q, = 2790 * 0 Kev), and 24Mg (d,n)25A1 .
(L.C.S. Boueres, H.,A.Maia, L.C.Campello, O.Dietzsch)

The excitation curve in the range E, = 1.0 - 2.0 Mev, and the
spectrometry of 41K are being studied for the reaction 40A(p,y)&1K. (M.
Melnikoff, J.P.de Souza and 0.Sala)

Using nuclear emulsion techniques the following reactions in tin
isotopes are under study: 112Sn(d,p)113sn, 122sn(d,p)123sn, 124sn(d,t)123sn.
(T.Borello, 0. Dietzsch, E.W. Hamburger, C.Q.Orsini)
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4.  NUCLEAR LEVEL SCHEMES AND RADIOACTIVE DECAY DATA

Institutq de Energia Atomica, Sao Paulo

Energy levels of 2841 have been studied by the reaction 27Al(n,y?8A1
using a Ge(Li) detector. Twelve new lines have been identified and suggest
the existence of 2 levels near the ground state: 0t(790 £ 20) Kev and
1+(830 ¥ 15) Kev. (M.A.N. de Abreu)

The total internal conversion coefficient of 2031 279 Kev tran-
sition was measured to be 0.233 * 0.003, with systematic error less than
0.5%, using the 4wp(PC)-y coincidence system and the variation of the ef-
ficiency parameter technique. (L.P.Moura)

The half-life of the 514 Kev level of 89Rb has been determined
by measuring the delaﬁed coincidence between the X-rays and the 514 Kev y-
rays in the decay of 5Sr, with the result: 1018 * 80 nanosecond. (L.P.Moura)

The fission track method was used to determine the decay constant
Agp for spontaneous fission of 238y, Samples of natural uranium in contact
with mica remained sealed for 4.216 years. The decay constant was found to
be Ap = (7.30 + 0.16) x 10-17 year‘l. (M.P.T.Leme, C.Renner and M.Cattani)

Institute of Physics, University of Rio Grande do Sul,Porto Alegre

The mean life of the 50 Kev level of 233Ra has been measured by
means of y-y coincidences between the 236 kev and the 50 Kev transitions
with the result Ty, (50 kev) = 580 + 50 psec. (R.Livi, F.C. Zawislak)

The y-y angular correlations for 12 cascades in 131cs have been
measured; the values 1/2 and 5/2 have been confirmed for the spins ' of the
levels 620 Kev and 133 Kev, respectively, and the spin 3/2 has been atributed
to the 124 Kev level. (A.Maciel, A.Vasquez, M.H.P. Correa, and J.D.Rogers).

Institute of Physics, University of Sao Paulo

The energy levels of negative parity of the odd isotopes of copper
have been studied. (J.A.Guillaumon Filho, I.D.Goldman)

Also concluded:

Time dependent angular correlation measurements for the first 2t
state of 1°0sm recoilling into vacuum. (T.Polga, W.M.Roney, H.W.Kugel, R.R.
Borchers)

The magnetic hyperfine interaction of the first (2+) state of
142¢e in Iron. (H.W.Kugel, T.Polga, R.Kalish and R.R.Borchers)

Department of Physics, Catholic University, Rio de Janeiro

The energy level scheme of 14254 has been studied from the B dis
integration of 142Pr, and Bt disintegration of the chain 1425y - 142py, (F.
Smolka, A.G.de Pinho, and J.M.F.Jeronymo)
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Other recent work:

27 29

The 1/2 ground states of 127¢q and . Cs.

Enhanced low-energy E2 transitions in the odd. A isotopes of Sb,
1, Cs and Pr.

Levels of the odd mass isotopes of Sb and I and the unified
model,
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Progress Report on

Nuclear Data Activities in Bulgaria

Compiled by E.Nadjakov

May, 1971
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PROGRESS REPORT
Bulgaria I970

The activities are going on at the Institute of Physics with

Nuclear Research Centre, Bulgerien Academy of Sclences, Sofia

I. A group /N.Kashukeev, N.Kelinkova et al./ is developing a
programme of photo-fission studies at the IRT-I000 reactor in Sofia
/see Progress Report, Bulgaria I969/. Test results on correlation
measurements of energy, mass and angulaer fission fragment distribut-
ions after neutron irradiation have been obtailned. A double pulse
ionization chamber with grids and electronic collimation has been
applied. Minsk«2 electronic computer data processing has been used.

The energy distribution results ere the following ones:

Time-of~flight Present
method experiment

Light fragment energy 99.4 X T.0 MeV 100.I4 MeV
Heavy fragment energy 68,2 2 0.7 NeV 69.64 MeV
width at I/2h, L I3.8 MeV I2 MeV
width at I/2h, H 20 MeV I9  MeV
Ratio of most

I.46 I.46

probable energles

The total kinetic energy distributions of figsion fragments
for all fragment masses and fixed mass ratios mI/m2 have been obtaine
ed. The average tobal kinetic energy for gll mI/m2 is I68.5 MeV,
distribution width -~ 26 MeV. The total kinetic energy decrease in
the symmetric fission region is estimated to 2I.5 MeV.

The most probable mass rad;:i.o.igm:[/m2 = 1,48, The min/max ratio
in the mass distribution has an order of magnitude I/400.

The fragment renges for Ar + 4% CO, end Ar + 4% CH, have been
studied, The angular distribution has been found to be isotropic,

which 18 a check for angular distribution measurement possibilities,
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2. A group /V.Hristov, A.Stanolov, L.Alexandrov/ continues its
inveatigations on neutron diffusion and thermalization in hetero~
geneous water lattices by pulee methods, using a fast chopper at
the IRT~IO00 reactor in Sofis.

Several series of experiments on thermal neutron heterogeneous

absorption by non-stationary diffusion /parsmeters D and C/ have
been performed, and the data are under processing. The purpose is
to verify recent theoretical results by Kazernovsky, Ilieva /Institute
of Physics, USSR Academy of Sciences, Moscow, to be publisghed/.
Cubic light water lattices with a geometric parameter B® = 0.0695 -
0.3965 cu™ have been used, containing cylindricel aluminium tubes
/lattice spacing I.8'cm, tube radius 0.5 cm/ with water solution of
HyB0,, X, » 0.2 em™T,

Experiments on the dependence of neutron temperature on Ba,

end experiments on M, /thermelization parameter/ by the moderator

poigoning method with a non- I/V absorber are under preparation.

3. A group /N.Antonov, D.Damianov, V.Hristov, T.Troshev/ has
performed experiments on two-group fast neutron diffusion para-
meters for a heterogeneous water medium with empty cylindrical
tubes /lattice spacing I.8 cm, tube radius = 0.5 cm and ratio of
tube to water volumes p = 0.3I98/ at the IRT-IO0O0 reactor in Sofia.

The first group relaxation lengths v&,/&have been determined
by the removel cross-section method. The second group coefficients
L,’,- / Lg; ) Lj /. L: and the coefficient of anisotropy Z ,f /L_f
have been obtained by the exponential method.

The results are as follows:
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Experiment Theory /Behrens/
M 16.75 cm -
3 MeV < E Ay 16.75 cm -
X 16.75 cm I4.18 cm
LPILS 2.16 1.95
Te44 &V < E < 3 MeV Lf//vf I.79 I.79
LE/L] 1,20 1.09

compared with the theory by Behrens D.I. /Proc.Phys.Soc.A62,507,1949/,
One observes that the )\ ,¥A measured velues are slightly higher

than the calculated homogeneous value .X o This could be explained

as a diffusion prolongation according to the theory of Behrens. One

also obgerves that the /[ ,,i/ l: value/ end accordingly [, /4 _: /

is slightly higher than the calculated one. The measured and calculat.

ed Lf /L: values coincide,

4. A group /Z.Zhelev et al./ is working on decay propertiesg
and level schemes of neutron defficient isotopes obtained on a

660-MeV proton accelerator /in Dubna/.

5. A group /E.Nadjakov et al./ is working on decay properties
and level schemes of neutron defficient isotopes obtained on heavy
ion accelerators /U~300 and U-200 in Dubna/.

Liaison Officer to the INDC for Bulgaria:

Emil NadJekov

Ingtitute of FPhysics with Muclear Research Centre
Bulgarien Academy of Sciences

Sofia I3, Bulgaria
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Progress Report on

Nuclear Data Activities in Hungary

Hungarian Academy of Sciences,

Central Research Institute for Physics, Budapest,

-

Department of Atomic Physics,
Roland EG6tvés University, Budapest,

Institute of Bxperimental Physics,
Kossuth University, Debrecen.

dpril, 1971



- 25 -

THE _g-DECAY OF g/, ANALOGUE RESONANCES IN THE
59161,63,650y NUCLET

I. Szentpétery and Judith Sziics
Central Research Institute for Physlcs, Budapest

The excitation function of 20160162,64 yy (py )52161,63,65,
roactions was measured in the Ep = 3,2 = 4,2 MeV energy region
with the 5 MeV Van de Graaff generabtor of the Central Research
Institute for Physics, The excitation functions were measured
with a 7.5 x 7.5 cm Nal crystal; the z‘-spectra of the investi-
gated resonances were taken with a 30 cm3 Ge(Li) detectoxr.

In the case of 28,60,62 Ni the gqh analogue regonances were
found near to the predicted bombarding energy on investigation
of the'r decay of these resonances, strong Ml transitions were
found to the anti-analogue states. This phenomenon has slready
been observed with s—d shell muclei, but it has not been found
previously in the case of f -~ p nuclei. Measurements of the
angular dlstributions for the primary'4[-vtransitions were
carried out as well, The Ty and A, values are given for these
transitions. From the position of the analogue and anti-analogue
states an estimate can be given for the avarage strength of the
Vl(r) symmetry potential.
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GAMMA-GAMMA ANGULAR CORRELATION MEASUREMENTS TN THE

29Co/n,y7°°co REACTTON

by
B, Kardon, D, Kiss, Z., Seres
Central Research Institute for Physics, Budapest, Hungary

Published in the Proteedings of the International
Conference on Angular Correlatlon in RNuclear
Disintegration, Delft, 1970,

Angular correlation measurements of gamms radiation
following thermsal neutron capture in 59Co have bean
performed with a combination of a 10 ccm Ge/Li/ diode
and a ¢12.7 x 12,7 cm NaI/T1l/ detector. In thes decay
of ®0co cascades of 6876.6 — 555,7 keV and 6984.6 -
-~ 447,2 kxeV were observed. The spins and parities of
the 505 keV and 613 keV levels were found to be 3%,
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SMATI~ANGIE SCATTERING OF NEUTRONS BY DEFORMED NUCLETI
G. P4lle

Central Research Instltute for Physics, Budapest.
To be published

It has recently been suggested that long~range interactions
mey be responsible for the "anomalous' small-angle elastic
scattering on.232Th and 23BU.I*: is shown that the existence
of gn anomaly must be considered as a misinterpretation of
the effect of deformation of the nuclei on the values of the

differentisl cross—gection.

PHENOMENOLOGICAL ¥ORMUIA FOR /n,2n/, /p,2n/ AND /p,3n/
REACTION CROSS~SECTIONS

L, Jéki
Central Research Institute for Physics, Budapest

Report EKFKI-71-8 /1971/
A phenomenological formula is suggested to calculate /n,2n/,

/p,2n/ and /p,3n/ reaction cross-sections which gives good
agreemént between the calculated and measured values,
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2523 FISSION NEUTRON SPECTRUM FROM 0,01 TO 1,0 MeV

P.P. Dydchenko, B.D. Kuzminov
Institute of Physics and Power Engineering, Obninsk, USSR

L. Jéki, Gy. Kluge, Gy. Kozma, A. Lajtal
Central Research Institute for Physics, Budapest
To be published

The results of measuremets by time~of-flight technique on
fission neutron spectrum of 2520¢ from 0,01 to 1,0 MeV are
reported.,

A 6Li loaded glassg scintillator and a gas scintiliation
detector (80 % Ar + 20 % Ni) are used for the detection of
fisslon neutrons and fragments, respectively.

The results are digcussed in terms of the evaporation model.

SURVEY OF MEASUREMENTS OF THE FISSION NEUTRON SPECTRUM OF222Cf,

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

Report KFKI-71-9 /1971/

The background sources arising in different techniques for
measuring fission neutron energies were studied in detail
and the background due to the detection of delayed gamma
rays was calculated. The proposed value of the Maxwellian
tomperature for the energy distribution of neubrons from
the spontaneous fission of 2520f is about T=1.57 MeV.
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PRODUCTION OF SPONTANEOUSLY FISSIONING ISOMERS OF
TURANIUM, PLUTONIUM AND AMERICIUM IN THE NEUTRON
REACTIONS

Yu.P. Gangrsky
Joint Instltute for Nuclear Research, Dubna, USSR

T, Nagy., I. Vinnay., I. Kovacs
Central Research Institute for Physlcs, Budapes?t

The cross~sections of production of spontaneously
fissioning lsomers 238U ’ 242Pu ’ 243Am in the reac~
tion ( n , n') and 2*?Am in the reaction ( n,2n )
were measured. The upper limits of the production of
fissioning isomers 231Th ’ 254U ’ 23'7U ’ 238Pu in
the reaction ( n, 2n ) were obtained., The time—of-
~f1light method and neutrons from the reactions 5 H+ a4
and 2 Be + 4 were used,
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UNFOLDING NEUTRON SPECTRA FROM ACTIVATION DATA BY CODES
RFOL AND RF07

L, Turi., A, Fischer,
Central Ressarch Instlitute for Physics, Budapest

Two methods for unfolding neutron spectrum from activatlon
data described., Program RFO1l can be used only for the case

of threshold detectors, while program RFO7 has no such
restrictions and by using proper foils can determine simul-
taneously the spectrum in the whole energy range of reactors.
The algorithm of the methods and input/output specifications
of +the codes are given.

UNFOLDING NEUTRON SPECTRA FROM ACTIVATION DATA BY CODE RFSP

A, Fischer., L. Turi,
Central Reseach Institute for Physics, Budapest

A method for uniolding neutron spectra from activation
data is described, The code RFSP is an advanced version

of the well-known SPECTRA code /1/. The program determine
the sBpectrum which satisfies the activation equations and
minimizes quantity characterizing the deviation from the
reference spectrum. A typicsl run by RFSP requires much
less time than one by SPECTRA. The algorithm of the method
and input/output specifications of the code are given.

/1/. Greer et al. SC-RR-67-746
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PRODGROUP ~ A PROGRAM FOR THE PRODUCTION OF MULTIGROUP
REACTOR CONSTANTS FROM THE EVALUATED NUCLEAR DATA
AVAITABIE AT TAEA

P, Vértes
Central Research Instltute for Physics, Budapest

The evsluated data files available at TAEA are used forxr
generating multigroup constant sets for Pl equations,
The method of data handling and calculation and the
corresonding computer program have been elaborated and
26—group constant sets for 15 elements from KEDAK data
have been obtalned,

A MUFT-TYPE FORTY GROUP CONSTANT LIBRARY

P, Vértes
Central Research Institute for FPhysics, Budapest

A MUFT type library msking use of the evaluated nuclear
data files distributed by IAEA has been produced by means
of a computer program. Sets for 15 elements from KEDAK
data and for % elements from UKAEA data have been obtained.
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SPECTRUM CALCULATION OF NEUTRONS TRANSMITTED THROUGH AND
REFLECTED FROM SLABS OF DIFFERENT MATERIAT, AND THICKNESS

S. Makra, P, Vértes, L, Koblinger

Central Research Institute for Physics, Budapest
To be published.

Partly supported by IAEA Agreement No, 889/CF

An albedo code 1s used for the calculation of neutron spectra.
Discrete energy, fission oxr reactor input spectra are used,

and the spectra of the neutrons reflecdted from, or transmitted
through, slabs of 5 ~ 200 c¢m thickness are calculated. Neutrons
from thermal energies up to 10,5 MeV are considered. Calcula~
tions were performed for the followlng materimls: Hao, /CHg/h,
c, A1, Be, Fe, Pb, concrete, concrete + Fe, concrete + B,
/CH2/n + B, and some selected sandwiches of H,O, Al, and Be

up 0 a maximum number of six layers,
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CALCULATIONS OF DOSE FRACTIONS OF SLOW, INTERMEDIATE,
AND FAST NEUTRONS BEHIND SHIELDS OF DIFFERENT COMPOSITION
AND THICKNESS AS WELL AS READINGS OF SELECTED DOSIMETERS

SQ Mskra and E. Békés
Central Researth Institute for Physies Budapest, Hungary

New Developments in Physical and Biological
Radiation Detectors Symposium, TAEA, Vienna 1970,

The percentage doses of slow, intermediate, and fast neutrons
were determined for a fisslion source shielded by materials
of different compositlon and thicknesses, Water, polythene,
iron, concrete, concrete+iron, and concrete+boron méteriala,
and thicknesses ranging from 5 c¢m to 200 cm were considered,

Making use of these results one can estimate the percentage
dose measured by different dosimeters and hence the correction
foctors to be epplied.

A more sophlsticated method of evaluating the reading is to
nultiply the response functlon by the spectra values and to
integrate over the energy range ln question., On the basis
of these calculatlons, readings are presented for several
dosimeters and the results compared. The results show the
great importance of lntermedlate energy neutrons,.
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NEUTRON AVERAGE ENERGIES:
CALCULATIONS AND THEORY OF MEASUREMENTS

S, Makra
Central Research Institute for Physics, Budapest
Report KFKI-70-6~HP (1970)

r~l
Basic features of neutron average energy /E/ I 2asuring
techniques sre dealt with and calculated § values are
presented,

An sverage energy measuring device determines the following
quantlity:

EZ
y [ Ek(E)P(e)dE
et = —¢

El —

[ k(5)B(E)af

Ey
where @/E/ is the neutron spectrum, and k/E/ is a weight
factor, Generally k/E/ s 1, resulting in a difference

~s
between T /when k/E/ = 1/ and Boppe

In thls paper the Block & Shon technique /based on the
energy dependence of the spatial distribution of thermalized
neutrons in a moderator/, as well the double sphere method
based on the energy dependence of the counting ratio of two
Bonner spheres of different diameters are investigated. The
energy dependence of the sénsitivity, the k/E/ factors, the
accuracy, and the optimum sphere dlameters are calculated.

fad a/
The values of E and Eeff after the neutrons have penetrated
different shields /water, polyethilene, iron, concrete and

some of thelr mixtures/ are determined for some reactor
gources using the spectra calculated by albedo method, and

is some cases are comparted with values measured at different
reactors.

The E values for reactor spectra which have penetrated
through different shields vary by a factor of 25, while the
ratio E;ff/ﬁbis 1,0 + 0,3 fgf both techniques, if §’>>0,5
MeV, but may reach 2- 3 if E is low,
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SPIN CUT-OFF FACTORS FROM /n,2n/ REACTIONS
FOR N <50 NUCLEI

D. Horvath and A, Kiss
Department of Atomic Physilcs
Roland Eotvés University, Budapest

To be published in Act.Phys.Hung,

The experimental data on isomeric ratios messured in
/n,2n/ reactlone are re-evaluated using a method based
on the Huizenga-Vandenbosch assumptions., So far only

the experimental values of isomeric /n,2n/ cross—section
roetios reported for N<50 nuclel at 14 MeV have been re-
—anglysed. The dependence of the extracted spin cut-off
factors on the parameters used is discussed, and their
values are compared with those predicted by the Fermi
gas models their ratios are found to be about 0,5.
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NUCLEAR DATA PROGRAM AT THE INSTITUTE FOR EXPERIMENTAL
PHYSICS, UNIVERSITY OF DEBRECEN

The general actlvities and experimental facilities are
the pame as described in our previous report sent to NDS
on 27 March 1970.

Resultys in the past year and plans for the future.

Measuxrements on the angular distributions of fission
fragments from 232Th and. 238U at 14 MeV have been com-~
pleted, and the results that were sent to NDS are being
published.

The /n,2n/ crosg-section for 258U wag determined. The

analysis of gamma spectra from fission fragments is in
progress for the determination of independent and cumu-—
lative yield for some fragments,

By detailed investigation of the fine structure in the
mass distributions of fission fragments from 257U and
238U at 14 MeV, the enrichment of these isotopes in fuel
elements can be determined., This method would be suitable
for the determination of the enrichment of 227U in unused
canned fuel elements in a safeguard system.

Messurements on prompt gamma-ray spectra from inelastic
scattering of 14 MeV neutrons for U and Fe have been
performed,

In the near future we shall begin systematic investigation
of /n,t/ cross—sections for d+t and d+d neutrons using sa
low background proportional counter.

Present data are rather scanty, though they are important
from the pure scientific-point of view, but also in connec-—
tion with tritium regeneration as regard controlled thermo-
nuclear devices . It is planned to make measurements of

/n, oC/ and /n, 4/ cross—sections below 1 MeV using photo—
neutron sources.
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Progress Report on

Nuclear Data Activities in India

(for the year 1970)
Compiled by M.Balakrishnan

May, 1971
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PREFACE

The seventh progrese report on Nuclear Data Activities in
India covers the work done during the year 1970. A part of the
work outlined in this report has been presenmt ed at the Nuclear
Physics & Solid State Physics Symposium held at Madurai during
December 1970.

The total number of CINDA entries sent to the Internationgl
Atomic Energy Agency during the period of the report is 20 . A
progreees report on Nuclear Data activities has been compiled ami

submitted to the International Nuclear Data Committee.

Studies with KEDAK evaluated cross section library and
unevaluated point cross section data obtained from IAEA nave been
carried out. A 26 group cross section set was generated from the
basic energy point data to study the large power reactors. This
set consists of 20 materials and covers the energy range

0.025 eV - 10.0 MeV.

The progress report on new facilities for research is as

follows:

a) Work on the vyarious systems of the 224 cm Variable Energy
Cyclotron to be installed at Calcutta is under way. The casting
of steel for the 250 tonne magnet &t the Heavy Engineering Cor-
poration, Ranchi is nearing completion, and machining is in progress.
The process technology for the colls has been finalized at the
Heavy Electricals of India Ltd., Bhopal. Work on other systens
and further design studies are in progress at the Bhabha Atomic

Research Centre. The foundation and the basement of the building
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at Calcutta are complete and the superstructure work is in
progress. A User's Committee tor Physice has been set up and

meetings have been held to work out plans for utilisation.

b) A repatitively pulsed fast reactor facility is to be
installed at the Reactor Research Centre at Kalpakkam to serve
49 an intense neutron source for baegic and applied resesrch in
the flelds of solid state and nuclear physices, nuclear and
radiation chemistry, radiation biology, etc. The proposed
pulsed reactor ies basically similar to the IBR reactor in
operation at Dubna in the USSR since 1960, It is to be plutonium
fuelled, alr cooled with an average power dissipation of 30 kW
and provide 50 pulses per second, each of which delivers over

3

2x101 neutrons.

A zero energy fast critical facility to help optimise the
reflection pulsing mechanism design and other reactor parameters
is under construction at Trombay and is expected'to go critical
by the end of 1971. Based on these studies the pulsed fast
reactor design would?@arried out. It is expected that the pulsed
facility would be available for use by 1974.

c) The 2 MeV Van de Graaff accelerator at the Indian
Institute of Technology, Kampur is in operation and an unanalysed
prot m beam of 60 microamperes at 2.2 MeV is available. Studies

on proton - capture reactions have started.
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d) At the Panjab University, Chandigarh, the sub-systems
of the 6 MeV Variable Energy Oyclotron have been.gasembled and
tested. The building to house the cyclotron ie nearing completion.

SapireE2—
(A.S. Divatia)

Convener
Indian Nuclear Data Group



- 42 -

A. BHABHA ATOMIC RESEARCH CENTRE,TROMBAY ,BOMBAY 85

1. TLowest T=3/2 State in 33Gl Observed as & Resonance in

328(p,1)3301 Reaction - M.A. Eswaran,lM.Ismail and N.L.Ragoowansi

- Nuclear Physics Division - The yield of the reaction328(p,1)3301
near the lowest T=3/2 state has been measured by counting the
residual asctivity between burste of a mechanically chopped beam.
A natural target of Sb233 was employed and & Ge(Li) detector was
used for counting the positron annihilation radiation from the
decay of 3301. The resonance was found to be &t Ep=3'371i0°006
MeV in agreement with the elastic scattering experimente. By
comparison of the thick target yield of this resonance with
‘that of the resonance at Ep=2.547 MeV the radiation width F;
has been determined to be 0.56+0,18 ev for this lowest T=3/2
state. The brancning of this state, is found to be ~» 90% to
the 1/2% first excited state in °°Cl., This transition is likely
to be from the analogue to the anti-analogue state and its

radiation width corresponds to 0,22 Weisskopf unit.

20 A Doorway State Observed @8 & rzsonance in the3501(p,pa)

Reaction - S.K. Gupta,S.S. Kerekatte,S.Swami ,M.R. Dwarakanath,
X.X. Seknaran** and A.S. Divatia - Nuclear Physics Division -~ In
the 35Cl(p,po) rdaction 4 resonance of 15 KeV width has been
observed with its shape consistent with 1p=o agsignment, which

corresponds to a level at 10.901+005 MeV in >6pr. This resoname

* Member of I.T.T. Powai, Bombay
*#* Now at the Univereity of Kentucky,U. S.A.
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does not appear in the 328+-<)Cchannel and therefore, it has
been interpreted @as an isolated bound doorway state. The
observed level is in accordance with the predioctione of Payne1)
after taking into account the difference in the penetration
factors for protons and neutrons. Our observations aleso agree
with the shell model calculations ot Glaudemans et ala) who
predict a level at 10,5 MeV with J = 2%,7 = 0 in 2CAr which has
a 674 doorway state configuration of (81/2)3(d3/2)50

1« G.L. Payne, Phys. Rev.174,1227(1968)

2. P.W.M. Glaudemans et al,Nucl.Phye.56,529 and 548(1964).

3. A Study of 64Ni(p,n)640u Reaction -~ S.S. Kerekatte,S. K.

Gupta and A,S. Divatia -~ Nuclear Physice Division - The total
yield of the 64Ni(p,n)640u reaction has been measured using the
AT geometry neutron counter, for incident proton energies from
2.475 to 5.500 MeV, in 5 KeV steps., The excitation function
exhibits the Ericson fluctuations, with an average'level width
of ~ T KeV. Over the fluctuations strong resonances have been
observed at Ep=3.895 and 4.620 MeV, These resonances are iso-
baric analogs of the 3rd and the 6th excited states of 65Ni,in
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the compound nucleus Cu.

4. Evidence for Doorway States in 29Si(°C,n)328 Reaction

- M, Balakrishnan, M.K. Mehta and A.S. Divatia - Nuclear Phyeics
Division - Many evidencees are known to exist for doorway states
in nuclear reactions interpreted as atatee of two particle one

hole, 2 particles two holes etc. and they are observed prominently
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in elastic and inelastic scattering of protons or alphas. 1In
thie work evidence for doorway state for a more complicated
case like the 275i(oC,n)’2S reaction is indicated for incident
alpha energy from 3.00 to 5.40 MeV, as seen by the averaging of
compound nuclear resonances., The widths of structures observed
are around 275 keV. Possible significamnce are discussed, The
strength funotion (r' >/ <D> for the compound resonances in the
region of excitation covered is found to be ~~ 0.3.

5e Taobaric Analogue States in 67Ga -~ M.,4G. Betigeri, C.li.

Lamba, N.Sarma, D.K. Sood and N.S. Thampi ~ Nuclear Phyeics

Divieion -~ The isobaric analogue states of 617
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Zn have been
observed in the compound nucleus Ga through the gtudy of
elastic scattering of protons on 66Zn. This study covexrs the
first six levels analogous to 67Zn. Two of these being high_ﬂ
transitions could not be observed. The energy,,ﬁ -value,total
width and proton partial width of the other four resonances are
determined by a shape fitting procedure and the results are

66

compared with available evidence from = 2n(d,p) reaction.

6. Fragment Angular Distributions in the 14 MeV Neutron-

Induced Fission of The232, 233, 238. 241

Np237,Pu239nnd Am using

S0lid-Stnte Track Detectors - R.H. Iyer and M.L. Sagu - Radio-

Chemistry Division -~ An efficient and novel experimental set up
which allows simultaneous meagsurement of the angular distribution
of fragments from five independently fissioning nuclei at a time’

has been developed. Laxan polycarbonate plastic was used as the



solid-state track detector. The data have been analysed in terms
of a polynomial of the form A+BCOBEG+CCoe46. From & least square

fit of the experimental data with the above relation, the fragment

anisotropios,c;;(oo)/ CT}(90°),for Th232,U233,U235,UZBS,pr?,Puz39

and Am241

were calculated to be 1.82+0.12, 1.34+0.12, 1.67+0.14,
1.6640.13, 1.28+0.13,1=28+0<68,1.18+0,08 and 1.55+0.10 respectively,
Fragment angular distributions in the fission of Pu239 and 0235
induced by thermal neutrons were found to be isotropic witnin the

statistical errors ( £ 5%) of counting the tracks.

Te Excitation functions for the Neutron Induced Fission of

Heavy Nuclei - X.N. Iyengar*,R.H. Iye?? S.5. Kapoor,D.M. Nadkarni

. Y

and M.L. Sagu - Nuclear Physice Division - This work is a part
of the data of our experiments to measure fisscion cross-zections
of seweral nuclei‘namely,232Th.233U,257Np,239Pu and 241Am relative

to that of 22°

U in the neutron eneigy region of 0.32 to 2.1 MeV

at energy intervals of about 100 keV, Fission events were recorded
using Lexan Solid State Track detectors in a 2 geometry. Mono-
energetic fast neutrons were gene rated with T(p,n)3He reaction

using the 5.5 MeV Van de Graaff Accelerator.

8, Emission of long Range Charged Particlea in the Fission of
235

U by Thermal to 4 MeV Neutrongs - D.M. Nadkarni and S.S. Kapoor,
- Nuclear Phyeics Division -~ The rate of emission of long renge
charged particles in fission has been determined in the case of

fission of 235U induced by thermal, 2 MeV and 4 MeV neutrons.

* Tata Institute of Fundamentzl Research,Bombay-5.
## Radio Chemistry Division.
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The method used conegisted in recording the em rgy spectrum of
these charged particles, using a semiconductor detector, in
coincidence with fiesion fragm nts detected in a 27T geometry
with a parallel plate ionization counter. Together with our
earlier measurements of emission pfobabiiity of long range alpha
particle in 3 MeV neutron induced fission of 235U, the present
resulta indicate a rather weak dependence of emission probability
of charged particles in fission on the excitation energy of the
figeioning nudleus. These results, obtained for the case of &
gingle fissioning nucleus, are compared with those obtained by
other workers at much higher excitation energies where multiple

chance fissions contribute,

9. Kinetic Energy Distribution in Reactor Neutron Induced
241

Fiseion of Am - MM.V. Remaniah, Satya Prakash, S.B. Manohar,

S.P. Dange, A. Ramaswami, A.G.C. Nalr and R.J. Singh -~ Radio-
chemistry Division - Recoil ranges in aluminium of fission pro-
ducts from reactor neutron induced fission of 241Am have been
determined using two different techniques, namely, direct count-
ing of the fission product gammas using a Ge(Li) detector and by
radiochemical techniques. Kinetic energy distribution wae
obtained from recoil range data using semi-empirical range-ere rgy
relations, The observed kinetic enexgy deficit was found to fit
well in the correlation of kinetic energy deficit with shells

*
published earlier from this laboratory.

* J. Inorg. Nucl. Chem., 1969,Vol.31,pp.1217 to 1224,
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10. Elastic and Inelastic Scattering Cross-gections of Chromium,

tron and Nickel - S.B. Garg and B.P. Rastogi - Reactor Engineer-~

ing Division -~ Chromium,iron and nickel act as moderators in fast
powsr reactore as the neutrons suffer elastic and ineleastic colli-
gsions., The elastic and inelastic scattering cross-sections have
been calculated for the neutron incident energies ranging from

1.0 MeV to 10.0 MeV uaing the spherical local optical model. The
best values of optical model parameters have been obtained by fitt-
ing the measured elastic angular distributions. Woods-Saxon form
tor the imaginary part and the Thomae form for the spin-orbit

coupling tem.

11. Triton Knockout From 7Li Nubleus - A,K., Jain and N, Sarma

~ Nuclear Physics Division - The reaction 7Li(p,pt)4He at 55 MeV
incident energy has been studied in the distorted wave impulse
approximation (DWIA) ueing the properly antisymmetrized o - t
cluster model wave function for 7Li nucleus. It ie observed that
the inclusion of the distortion of the incoming and the outgoing
waves affects the results significantly. From the study of the
localization of the reaction it is found that the exchange tems
appearing in the antisymmetrization of the cluster model wave
function atfect the angular correlation appreciably. Calculated

results are compared with the available experimental data.

12, Further Studies of K X-Rays Emission from 2°2Cf Fragments

- 5.S. Kapoor, D.M. Nadkarni, S.,R.S. Murthy, V.S. Ramamurthy and
P.N. Rama Rao -~ Nuclear Physics Division - It ie known that the

K X-rays emitted in fission result from the internal conversion
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proceas during the'ﬁ ~deexcitation ot fission fragmente, and
therefore the average yileld of the K X-rays from specified frag-
ments i¢ related to the average number of transitions which Are
internally converted. In thie work K X-rays emission from 2220¢
fission fragments has been studied to determine (a) average K
X-ray ylelds from different fragments upto 110 nsec and 1000 nooe
after figsion,(b) the average multiplicity ot K X-ray emisetion ‘rum
fragmente of epecified nuclear chargeg and (e) whether the X-ray
emission probability from the pair fragments (ZH’ZL) i indepuend-

ent or correlated. Tisgion fragmente from the 252

Cf sonree were
detected in a 2717 geometry by a mini ion-chamber, and the X-raye
were detected by two independont cooled Si(Li) detectore,planed

on eiuvtier 2ide 0f the chamber and the double and triple coincidence
K X-~ray aspectira were recorded. Information has becn obtajined on
the fivet moment (n > ) wecond moment (<n2>) of to the X-ray
emigsion digstribution function,and the correlation coefficient

R(ZH,EL) and on the intensity of relatively long helf life com-

punente in the X-ray emission from different fragment nud i,

13.. An Unified Theory on the Structure of Atoms and Nuclei

- . Ramanna and 3. Jyothi - Nuclear Physice Division - Recent
developments 1In Mathematics conceming differentiabl e manifolde,
the theovy of differential forms and the geometric theoxry of
partial differential equations have been employed to present an
vnified theory on the structure of atoms and nuclei. The pro-
cedurs consisgts in defining a Schrodinger equation over an Eacli-
dean patch which overlaps with other Euclidean patches in a

gpecified way to torm & manifold. The invariance of the Schrodinger
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equations in the overlapping region leads to a second order
non-linear partial differential equation whose solutione are
doubly periodic functions. There are only two eingle-valued
solutions to this differential equation giving rise to lattices
in the complex space, Of these latticee one consists of corners
of an array of equilatersl triangles and the other consigts of
corners ot an arrsay of isogceles right-angled triangles. The
first solution corresponding to the equilateral triangle lattice
was ueed(1) to derive the ghell structure,Coulomb energies and
binding energies or spin-less stable systems. In this study 1t
is showm that the second solution corresponding to the isosceles
right~angled triangle lattice ie used to calculate the binding
energies ot atoms and these come out to be in agreement of about
3% for the few available experimental values and al:» in good
agreement with those obtaired by the perturbation theory. It

ie aleo shown that this lattice under certain approximations ie
equivalent to a pure Coulomb law and the Bohr orbite of the
hydrogen atom are correctly predicted.

1« R. Ramanna and S, Jyothi, International Journal of
Theoretical Phyeice, Vol.2,N0.4(1969)pm.381-403,

14, Shell Effects on Nuclear Level Dengities - V.S5S. Ramamurthy,
S.K. Kataria and S.S. Kapoor - Nuclear Physicse Division - On the
basis of our microscopic calculation of the nuclear level density
versus excitation energy carried out using a realistic shell-model
single particle level scheme and BCS formalism to include pair-

ing effects, a simplified prescription for taking into account
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rhell effects on nuclear level densities has resulted, It has
been shown earlier by us that contrary to general belief even

at moderate excitation energy of 30~-40 MeV the shell effects on
the level density disappear. In present work we have shown that
the conclusione of Kahn and Rosenwilg and Gilbert showing perei-
stence of shell effects at high excitation energies are based on
a misinterpreation of the ground state shell corrections in the

nuclear masses,

14. On the Production Possibility of Superheavy Nuclei - V,S5,

Ramamurthy and S.5. Kapoor =~ Nuclear Physics Division -~ The in~
clusion of ‘the shell effects in the 1iquid drop model deformmbtion
energy of nuclei has led to the now well known prediction of an
island of stability in the doubly maglic superheavy region around
Z = 114 and N = 192. In the attempts currently being made to
produce superheayy nueclei in the laboratory, in particular by
heavy ion bombardment, the nucleus is unavoidapnly formed with an
excitation energy of a few tens or MeV, and the nucleus must
therefore undergo a cascade ot neutron emission for the end
product to be a stable superheavy nucleus. On the basis of our
level density calculations we have computéd.r}/}: at different
excitation energles for nuclei in the superheavy r&gion, It is
ghown that if the fissioning nucleus iz "hot" (EXC! 30-40 MeV),
the existence of a shell tission barrier in the ground state does
not decrease the otherwise very large!;/g: expected for the case
of zero liquid drop barriér. Consequently the fraction ot com-
pound nuclei surviwing fission and reaching the ground state
after a cascade of neutron emission is expected to be very small,
thereby posing a problem for the laboratory production of these superheavy

nucledi .
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B, TATA INSTITUTE OF FUNDAMENTAL RESEARCH,BOMBAY-5.,

1, The Level Structure of !’Se - Baldev Sahai, B, Lal - The

level structure of 758e has been investigated upto an excitation
energy of 1500 keV by studying the gamma-gamma coincidence
spactta in & reaction 75Ae(p,nt) 7558 &t incident proton energieé
3.0 and 3.5 MeV and aleo by observing the direct gamma-ray
apectra using a 30 o ¢ Ge(Li) detector with incident protons in
the energy range 1.5 to 4.0 MeV, A detailed decay sheme for758e
levels with branching ratios for some of the levele has been

worked owt,

2.  Study of ILow Lying Levels in °'Cr and 2°Ni - B. ILal,

Baldev Saheli - The low lying levels in 51Cr and 59Ni have been
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reached by (p,nY¥) reaction on V and 5900 targete. The angular

distributions of some of the ground state transitione have been
compared with tﬁe statistical model calculations based on Satchler
and Sheldon's formalism to extract the information on the spin

of the levels and the multipole mixing ratios of the traneitions.
The spine of the levele of 51Cr at 749,1165 and 1479 KeV havq

bmen confirmed to be 3/2, 9/2 and 11/2 respectively. The epin

of 879 KeV level of °°Ni is found to be 3/2.

3. Coulomb Excitation of Selenium Ieotqggs(74’76’77’78’8998233

-~ AP, Agnihotry, K.P. Gopinathan, M.C. Joshi and K.G. Prasad - A
thick target of Selenium natural material was exposed to‘alpha

particles from a 5.5 MeV. Van de Graaff accelerator at Trombay
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The?{—raye emitted from the target were detected by a high

resolution (Ge(Li) detector (20 cc). The gamma—-rays correspond-

T4-82

ing to Coulombe excitation of different isotopes Se were

identified. From measuremen ts of thick target yields corrected
for their natural isotopic abundances, the relative B(E2)1‘values

were determined. Using a well known B(EZ)T‘value of 2% level of

788e, absolute values of B(EZ) in units of (10—50.e2.cm4) for

21l the other gamma-rays were determined, 77Sez(z3t2),(18+6i2.0),

145,

(1'0i0'2) fdr 440-,240 and 250 keV levels raspectively,
(48.0+15) for 635 keV (2%) level, ®Se : (45:4) for 560 kev (2%)

78 805¢:(27.642.5) for

level, '“Se: (38.4+.8 for 612 keV(2¥)level,

665 keV(2*) level and stez '20+4) for 654 kev(2t) level. The
B(E2§T'value for 74Se is new. The B(Ez)? value for 250 keV

77Se ie more accurate compared to the earlier valie

level in
obtained from unresolved gamma-rays 240 and 250 keV using NaI(Tl)
scintillation detector. Our improved value is in good apreement
with the value obtained from the half life measurements of this
level, From the observed B(Ez) values the r.m.s, quadrupole
distortion/6r.m.s. are deduced for the Selenium Isotopes.

124

4. g-Factor of the 603 keV Level in Te By Beta-Gamma

Perturbed Angular Correlations - A.P., Agnihotry, M.C. Joshi and

K.G, Prasad -~ We have attempted to extend the/3-33‘perturned
angular correlations to the measurement of nuclear g-factor in

1245, was diffused into

the case of 124Sb —>124Te. The active
a thin (10 mg/cmz) iron foil which was polarized by a small

electromagnet. The internal field acting at the site of Te was
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used for perturbing the beta-gamma angular correlations., Our
result for 2* level at 603 keV ( CT1/2 = 4 PS) in '?4Te indicate
that g-factor extradted (g = 0.45 + 0.1) by this method is in
good agreement with that obtained by conventional gamma-gamma

perturbed angulaar correlation technique,
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C. SAHA INSTITUTE OF NUCLEAR PHYSICS,CALCUTTA-Q.

1« Deexcitation Phenomena in Prompt Fiesion Fragments - Ratna

Sarkar and Aparesh Chatterjee -~ Improvements on our RGH-PES
approach to the fission phenomena are made to study (a) the
partition of the excitation energy of the fissioning nucleus

into the prompt fragments and (b) the prompt gamma deexcitation
processes in the fragments, While studying (&),a simple RGM
gsaturation condition is used to partition the excess excitation
energy of the fissioning nucleus into the conjugate fragmenvcs;

the predictions are compared with the experimental work on fisgsion
of 23201 by 25,7 and 29.5 MeV *He-ions and ot 22%Ra by 13.0 Mev
protons. In etudying (b),the prompt fragment gamma ray deexcita-

tion energies and yields are compared with the experimental in-

formation on the thermal neutron fission of 2350 and spontaneous
7

fieaion of 25“01‘° The predictions agree fairly well with obser-

vations,

9

2 Study of;jp,p') and (p,n) Reactions in Be’ - J, Mahalanabis

- We have calculated the cross-sections for (p,p') and (p,n)
reactions in 9Be at medium energles,leading to excitation of the
2.43 MeV state (5/2) in Be? and ground state of % (isobaric
analouge state), respectively. The results are compared with

the available experimental data, It ie seen that better fit is
obtained with Wilkinson's wavefunction rather than the oscillator

wave-function.
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3. Optical Potential for Deuteron - S.K. Samaddar and Suprokash

Mukherjee ~ An analytic expression for the deuteron optical pote-
ntial given by one of us (Mukherjee) is used to calculate the
differential cross-section for the elastic scattering of the
deuteron in the energy range 11,8 MeV to 27 MeV from various tar-
gets. The nuclear optical potential parameters used are those of
Engelbrecht and Fiedeldey for neutron. The results are in fair

agreement with experiment.

4. Magnetic Moment of the 280 KeV 5/2~ State of As'? - B.Ke

Sinha and R. Bhattacharyya - The magnetic moment of the 280 keV
5/2° level of As75As has been measured using a modified IRF method,
Thie has resulted in a better accuracy of the measured value 10%
compared t0 an accuracy of 20-30% as found in the published

literatures,

5. L/K Capture Ratio From Ge(Ii) Spectrum - B.K. Dasmahapatra

- A new and simple method has been developed for the measurement
ot the L/K electrop capture ratio for the nuclei whose decay
sochemes are known. A careful calibration of the Ge(Li) detector
in the K~-X ray region, together with the accurate determination

of the intansity of the cascade gamma-ray, yield the capture ratio
in a straight forward way. Using this technique the IL/K capture

ratio for the 133Ba decay has been measured,
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126

6. The Decay of I - K.5,N, Murty,B.P. Pathak and M. L.

126

Chatterjee - The decay characterietics of 134 I, produced

by the (n,2n) reaction on amalytically pure ammonium iodide have
been studied. The gamma rayse of energies (relative intensities)
388,4 (100), 491.3 (8.1), 511.0 (5.6), 666.6 (98), 753.9 (12.3),
879.9 (2.2), 1420.1 (0.82) and 2050 (weak) keV have been observed.
The results of beta and gamma measurements have been incorporated

into a decay scheme. The reesults were found to be consistent

with & recent worke

68 €8m

Te Decay of "“Cu(3%0 sec.) And Cu(3,75 min) - V.K. Tikka,

H. Singh and B. Sethi -~ The existence of an isomer of 680u is

confirmed and its half life measured as 3.75+0.05 min. The radio-

68g&m

active sources of Cu were produced by the fast neutron

68Zn and 71Ga and spec pure

irradiation of enriched samples of
Zn0., A new group of energy (intensity) 4.6 MeV (13%) corres-
ponding to the transition 68gCu-— 682n ie obtained, From the
experimental data the isomeric cBoss-section ratio (Om /(Z? )
for the production of the metastable and ground state is cal-
culated to be 0.940.2. The ¥-spectra were recorded using 2.00.cc
Ge(Li) detector. The'X —’X’and/g-Tf coincidences are performed,
Baged on the results a decay scheme is proposed for 68g0u and

68m0u.

8. Excited Tevels of 92Sr - S.K. Basu and A.P. Patro — The

decay of 85Y—isomers (2:9 he & 4.7 h.) to levels in 858r has been

studied using a high resolution Ge(Li) detector. Several gamma
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raye have been identified in the reapective decays. On the
basis of the energles and relative intensities of the observed

gamma rays, & tentative level scheme ot 85Sr has been conetructed.

9. Half Life of the 687 XeV Level and the Energy Levels in

147Pm - H.Singh and B. Sethi -~ The half-life of the 687.42 KeV
147

level in Pm is measured for the first time using the delayed
coincidence technique incorporating & time to amplitude converter.
A value of 2524100 psec. is obtained. Using the previous values
of the conversion coefficients and the mixing ratios and the
branching ratios from this work, transition probabilities ) (E2)
and 7\(M1) are calculated and compared with those ot the

single particle estimates. The gamma spectra in the decay of
14744 wae recorded using 2.5 cc Ge(Li) deteoctor. New gamma-
rays of energies (intensities) 299.65(0.36),312,57 (0.13),
589.89(0.2), 680.79 KeV (0.19) were observed and assigned to
147Pm from their decay origin. These new gamma raye are incor-
porated into the existing decay scheme of 147Pm with additional
levels 2t 723.48,681,01 KeV, Spins and partities of these

levels are deduced.

10. Disintegration of Gallium-65 -~ D. Basu - Disintegration

of Gallium-65 has beenstudied with Ge(Li) detector. Several

new gamma rays have been observed. Following are the gamma-ray

energies in keV: 54, 61, 115, 153, 207, 654, 660, 703, 715, 752,
709, 795, 813, 856, 867, 910, 932, 983, 1047, 1135, 1227, 1261,

1309, 1342, 1353, 1414, 1468, 1525, 1750, 1870, 1870, 1962, 1969

apd 2218, Intensities ha%e been estimated and a suitable level
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scheme has been proposed.

1l1. On the Origin of Hard-Core - Kamales Bhaumik - We have tried

to give a theoretical explanation of the origin of repulsive-core

in N-N interaction. We have been able to form a successful OREP
model which can generate a soft repulsive core. This soft core is,
of course, hard enough to account for the observed change in the

sign of the 1So phase-ghifts. The consistency of this model is being
checked in explaining the experimentally observed quantities e.g.

scattering lengths, effective ranges, phase—shift parameters etc.

12, M1 Transition Strenghts in the Odd-Mass Antimony Isotopes

- S. Sen - Different M1l transition rates (particularly l—forbidden
cases) in the odd-mass Sb isotopes have been calculated in the frame-
work of the core-particle coupling model. Detailed analysis of the
role played by different configurations towards M1 transition strengths
have been made., The results are analyzed with reference to the avail-

able experimental data and the calculations done by other authors.
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1. On the Appearance of Plateau in the Neutron Total Cross

Section - A.N., Sanaria and I Ahmad -~ QOccurence ot plateau in
the neutron total cross section when plotted as a function of
the nuclear radius is analysed. It is found that the modified
form of the Glauber high-energy potential scattering theory
explains quite satisfactorily the existence of the plateau even
in the relatively low-energy neutron total cross section data,
Expreseion for the loci of the plateau in the E-lil"" plane is
obta ined.

2e Statistical Theory Calculations of Neutron Capture Croas

Sections from 200 keV to 800 keV - H.V. Gupta, A.K. Chaubey and

M.L. Sehgal -~ Neutron capture cross sections have been calculated
us ing statistical theory of nuclear reactions in the energy
range from 200 eV to 800 keV for 75As, 793r. 115In and 197Au.
These calculated cross sections were compared with the experi-
mental values ot capture crogss section to test the validity of
statistical theory in the energy range 200 keV to 800 keV. Some
exclted states in these nuclei have more than one spin. It was
tried from the calculations of neutron ocapture cross-section

that which spin is more suitable,

3 Study of P-Wave Neutron Strength Functions - A.K. Chaubey

|
and M.L. Sehgal - P-wave neutron strength functions ( El /D)
have been calculated using 24 KeV neutron capture cross sections

and low energy reesona ce parameters., These values ot strength
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functions were compared with the previous reported values. Some

interesting results have been obtained.

4. Statistical Theory Calculations of Neutron Capture Cross

Sections at 130 KeV = J, Alam and A, Augusthy - Neutron capture
cross-sections have been calcul ated using statistical theory of
nuclear reactions at 130 KeV energy for a large number of cases,
These calculated cross-sections are compared with the exper mental
values to obtain informetions about the parameter §5a1==jf%%j'
These values of g cal 2re then compared with the known experi-

mental values of §>obs obtained from low energy resonance

experiment to check the validity of the statistical theory.

5e 14.8 MeV Neutron Radiative Capture Crose-Section - S.S.Hasan,
R. Prasad and M.L. Sehgal - Neutron radiative capture cross-
gactions have been measured for 103Rh,1271 and 175Lu. Results

of these measurements and those of earlier measurements have been
used to check direct-semi-direct theory for radiative capture. A
comparison of experimental and theoretical values reveals that
for the nuclei near the closed neutron shell these agree well.
However, for other nuclei oniy order of magnitudes agree., Shell
offects in (n,Y ) cross-sections at 14.8 MeV have also been

observed,
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E.LABORATORIES FOR NUCLEAR RESEARCH,ANDHRA UNIVERSITY,WALTAIR

1. New Isomaric Crogs-Section Ratios in Weutron Capthre

Reactions -~ A, Lakshmana Reo, K. Parthasaradhi and J.Rama Rao

- Experimental Isomer Ratios for neutron capture reactions at

25 KeV leading to the Isomaric pairs Ge-75m,g:Rb-86m,g: Pd-11m,g;
Cd-11Tm,g: Sb-122m,g: Sn-125m,g: Eu—152m,m2: and P$%-197m,g have
been measurel for the first time. Activation method and absolute
gamma counting have been employed, using a calibrated well-type
scintillator and a multichannel analyzer. The spin cut-off
factors tor these cases are being extracted ueing Huizenga and
Vandenbosch formalism tor comparison with the predictionsa ot the
Shifted Fermi gas model, Superconductormodel and Independent
pairing model.

2. P-Wave Strength Functions in the Mass Region 140 < A £160

- B.V. Thirumgla Rao, J. Rama Rao and E, Kondaiah -« It is well
known %that there are significant discrepancies between the
theoretical and experimental values of the p-wave neutron strength
function,2 , in the region 140 £ A £160 corresponding to the
valley of the giant resonances, To investigate this point,average
neutron capture crogs-gections in the isotopes Nd-146,Nd-148,
Nd-150 and Gd-158 have been dstermined at 25 XeV usi ng the acti-
vation technique, Employing the recebtly available s-wave reso-
nance parameters (in the KeV region), the s-wave capture contri-
butione are accurately subtracted out to obtain the p-wave cross-

sections which were found to be more than 50% in all these cases.
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The p-wave strength functions for these isotopes are being

extracted for comparison with theoretical predictions.

b P-Wave Neutron Capture in Heavy Nuclel at 25 KeV -~ M,

Sriramachandra Murty, K. Siddappa and J. Rama Rao - A systematic
investigation of the average neutron capture cross-sections at

25 KeV is undertaken to study the structure of giant resonances
in the neutron strength functions. As a part of this programme
and to plug the gaps in the existing cross-section data, the
radiative capture cross-sectimne for the following isotopes have
been measured: Se-74, Sr-84,Ag-109,Te-122,T0-159,Yb~168,Tm-169,
Yb-174,Yb-176 ,Hf-178,Hf=179,Ir-191 and 0s-192, Activation method

and absolute gamma count ing have been employed.

4. Nuclear Energy Level Calculations ¢f Barium Isotopes in the

United Model - C.R. Chandran, M.N. Sitaramnath,M.V. Ramanamurty

and 5. Ramamurty - The low lying levels of ti:2» odd neutron Barium

Isotopes are investigated using the intermediate coupling approach

in the unified model. It is assumed that the last odd neutron in

the s 1/2 and 4 3/2 orbits is coupled to the quadrupole vibrations

of the inert core of the nucleus. <The resulting Hamiltonian is

diagonalised including all states up to two phonons. The coupling
trength and the energy spacing between the s 1/2 and the 4 3/2

levels are varied within reasonable limits. The theoretical values

obtained for the energy levels are in good agreement with the experimen

-tal energy levels,
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5. Internal Conversion Coefficiente Measurements in 133Ba

Decay - C. Narasimha Rao, B. Mallik, K.V. Bamanaiah and K.Venkata
Reddy ~ The internsal conversion coefficients for six transitions,
161,223%,276,302,356 and 385 keV in Cs-133 have been measured by
recording the conversion electron lines with & Seigbahm-Slatis
beta ray spectrometer and ueing the published xrelative photon
intensity data. These are calculated relative to the conver-
gion coefficient of the 356 keV E2 transition.

6. Decay of 8'Mse(57 MIN) and O 8se(18 MIN) ~ S. Venkataratnam

and V. Lakshminarayana - and M.V. Ramanaiah - Radiochemistry
Divieion, Bhabha Atomic Research Centre, Bombay - Tne gamma rays
following the beta decay of 81Se isomere are investigated with

3Ge(Li) detector. Sixteen geamma transitlons are observed

8 2 cm
confirming several already known gamma rays ag well as five new
transitions., All these are fitted in a level scheme requiring
two new levels at 815 keV and 1323 keV. Energies and relative
intensities of the gamma rays and ﬂO% ft values of the various

81

beta branchings,populating levels in ~ 'Br are calculated & analyesed in

relation to their epin and parity assignments.

7. Angular Correlation Studies in Cobalt-59 -~ K. Venkata Ramana

Rao, D.L. Sastry gnd V. Lakshminarayana -~ Angular correla tion
studies are carried out in Co.59 using a sum-peak coincidence
arrangement for three cascades - (190-1100)KeV,(140-1290) KeV,
and (330-1100) KeV. Assuming the spins ot the ground,1100 and'

1290 KeV states to be 7/2,3/2 and 5/2 respectively, the results
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of the angular correlation etudies are employed to obtain
quadrupole contente of the transitions. The 190 keV transition

is found to have quadrupole content of 9%. With 1/2 and 3/2 as
possible spins for the 1430 keV state, the correlation studies

are analysed. For a spin aseignment ot 1/2 for the state, the

1290 keV transition is found to be & pure M1. For & 3/2 =msgsignment
the 330 keV transition is found to have a quadrupole contounl ui
21%, while for a 1/2 assignment the 330 keV transition is 2 pure
Mi.

g, Piesion Properties of Super Heavy Nuclei - S. Rama Murty,

M.V, Ramana Muriy, C.R. Chandran, K. Partha Sarathy - The

fiesion properties of about 50 super heavy nuclei Z2 = 110 to 134
A = 288 to %24 have been calculated. The energy release 1in
binary, ternery and quarternary fiesion, the surface encrgy, the
coulomb energy and the fissility parameter of the fission nucleil,
the terparature, the kinetic energy and the excitation energy

of the fission fragments and number of neutrons liberated per

binary fisslon,have been estimated theoretically.

9, Level Densjity Parameter and Nuclear Shell Structure - S. Rama

Murty,¥. Partha Sarathy, M.V. Ramana Murty and C.R.Chandran - The
influence of nuclear shell structure on the level density para-
meter has been investigated using Lang's formuls and modified
Newton values of effective angular momenta for about 130 nuclei
in the vicinities of magic numbers 2,N=20,28,50 and 82. The

numerical values have been explicitely tabulated.
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85m

10. Decay of Sr -~ K.L. Narasimham, M.N. Seetaramanath and

V. Lakshminarayana and A.P. Patro,Saha Institute of Nuclear
Phyeice, Calcutta - The electron capture and gamma decay of
8r-85m (70m) is studied with & calibrated Ge(Li) detector., The
energles and relative intensities of the gamma rays, and the
intensity of the electron capture branch are obtained. The k-
conversion coefficients for the 232 and 237 keV transitions are
calculated from the published conversion electron data and the
preenet resulte, These are consistant with an M1+E2 nature of
the 232 keV transition and an E3 nature of the 237 keV transition
The latter is in disagreement with the present 1/2” assignment
for the 237 keV state and supports & 3/2° for ite spin. These

results are discussed in relation to the decay scheme of Sr-85m.

11. Beta-Gamma Directional Correlation Measurements in the Decay
of Pr-142 - A Khayyoom, M.L, Narasimha Raju and D.L. Bastry- The

580 keV beta-1570 keV gamma directional correlation was measured
with a slow fast coincidmnce scintillation spectrometer. The
energy dependence of the angular correlation coefficient, A2 is
studied in the energy range 200 - 500 keV in steps of 100 keV,
The observed A2 coefficient is small and independent of energy
within experimental errors. The results are consistent with the g

approximation.

12. Gamma-Gamma Angular Correlations in Nd-147 - B.R. Sastry,

K.L. Naragsimham and D.L. Sastry - The gamma-gamma angular corre-

lations in Nd-147 are investigated for cascades depopulating the
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690, 533 and 490 keV levels using & sum-coincidence scinti-
llation apeétrometer in order to infer about the spins of these
levels and the multipolarities of the respective gamma transi-
tions. The results of the present investigation will be die-~

cussed in relation to the level scheme of Pm~147.
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F. BANARAS HINDU UNIVERSITY,VARANASI-S.

1. Measurement of (n,X¥) Cross Sectiaon Activation Technique

in the keV Region - S.N. Chaturvedi, Rajendra Prasad and N.Nath

- A Bpecially shielded gamma counting set-up has been designed
and fabricated for accounting low level activities employing a
well type of NaI(Tl) crystal. 4 10-Curie Sb(Be) neutron source
was obtained trom B.A.R.C., India for irradiation of target
nuclei. The low counting,set up was used in measuring the (n,Y)
oross section at Ep= 24+35 keV for more than ten nuclei, The
standard reaction in thie study was considered as 1O7Au(n,7()198.ku
with G = (640+25)mb, Cross section for almost all the nuclei
were 2lso palculated theoretically on the basis of optical model
snd & comparison has been made with the present experimental
values and with. those repar ted in earlier studies. Cross-section

in the keV region are helpful in the reactor design,cosmological

studlies of element formation and in the nuclesr reaction studies.

2. Characteristics of the A - Interaction - P.C.Joshi and

P.C., Sood - A systematic examination of tne binding energies of
alpha particle nuclei laads to some interest ing features of the
inter-alpha binding in these nuclei wnich can be used to caracter-
rise the alpha-alpha interaction. We examine these characteristics
vis-a-vis the nucleon-nucleon interaction. The saturation pro-
perties and the approach to the esaturation value is found to be

very similar in the two cases., As a first stop towards character-—

fng the o -o{ interaction we present an empirical formula for
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the binding energies of alpha-particle nuclei.

3. Shell Model Description of (;d3/2)n Nuclei - A.N. Mantri

and P.C. Sood -~ A study of the low lying energy levels of nuclei
with ( d3/2)n contiguration ot n identical or non-identical parti-
cles has been made taking two body interaction as the effective
interaction between two nucleons expressed in terms of the
seniority, the isospin, and the redw ed isospin qusntum members.
Using the Racah-Talmi aproach the matrix elements ot this effe-
ctive interaction in n particle contlguration are expressed as
linear combinations of the matrix elements in two particle con-
figuration. The interaction parameters are determined from the

38K. The low lying energy

known emergy levels of 3401 and
levelse for several ( d3/'2)n nuclei are then calculated and compared

with experimental data.

4. Shell Model Description of ( 93/2)" Nuclei - A.K. Niagam

and P.C. Sood - A study of the low lying energy levels of nuclei
with ( d'5/2)n configuration of n identical particles has been

made taking two body interaction as the effective interaction
between two nucleons in the seniority scheme. Using Racah-Talmi
approach the matrix elements of this effective interaction in a
particle configurations are expressed as linear combinations of
matrix elements in two particle contiguration. The interaction
parameteres are determined from ( d3/2)3 nuclei and the predicted
gpectra tor ( d5/2)3 nuclei are compared with the available experi-

mental data,
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G. BOSE INSTITUTE, CALCUTTA-9.

1. Analytical Formulation of K-Shell Photoeffect - M. Biswas,

New Alipore College, Calcutta-=63, S.0. Roy and A.l{. Ghose,Nuclear
Physica Laboratery - Theoretical cAlcula tion of photoetfect is
not available in analytic form and extraction of photoelectric
cross—~sectione for specific element and gamma energy regquire
formidable amount of computation time. To remove this difficulty
an analytical formula for K-shell photoetfect was developed semi-
empirically valid for any elements of the periiodic table for any
energy above 200 keV. The resulte are in good agreement with

the theoretical calculLation of Schmickley and Pratte

2. Angular Dependence of Pair gnnihilation Radiation -M. Biswas,

New Alipore College, Calcutta-53%, S.C. Roy and A.M. Ghose - Con-
trary to the assumption of isotropic angular dietribution of
annihilated pajir with respect to the direction of the incident

gamma rays, certain angular variation of annihilation radiation

is observed experimentally. This fact necessitates re-evaluation

of pair production cross-section near threshold reported by previous
workers. The measurement was carried out for lead using a special
method of photopeak sharpending in ecintillation spectrometers
developed in our 1aboratory1. The nature of the angular dependence

of annihilation paire will be presented.

1. S.C. Roy, A. Chatterjée and A.M. Ghoee-Nucl.Inet.& Methods,
67 (1969),318.
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H. INDIAN INSTITUTE OF TECHNOLOGY, BOMBAY

1., Compton Scettering By K-Shell Electrons at 1.12 MeV = P.N.

Baba Prasad and P.P. Kane -~ Tne differential cross section for

the compton scattering of 1.12 MeV gammw rays by the K-Shell
electrons of gold at a2 scattering angle of 120° was reported last
year. Similar measuremente were made with a tantalum scetterer,
Further measurements with thin Thorium,lead,gold and tin scatterers
have been periormed at 60°, and with the thorium and gold scatterers
at 90°, The dependence of the ratio de—K/debKN on the bias level

in the gamma channel has also been studied. Measurements of these
crogg sections nave pnot been reported by other workers for gamma

energies in excess of 1,01 MeV.

* Work supported in part by & gramnt from the National
Bureau of Standarde, Wasnington, D.Ce.
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I. INDIAN INSTTMWJTE OF TKCHNOLOGY ,KANPUR-16.

1. Neutron Distribution in Nuclei From Isobaric Analogue

States - M. Murthy - The displacement energies between isobaric
analogue states have bheen used to extract information about the

distribution of neutrons in nuclei.

In isobaric analogue states, one of the excess neutrons
in the parent state is converted into a proton in the analogue
state. Our method is based on the fact that the radial distri-
butions of the neutron excess (in the parent state) and that of
the extra proton (in the =nalogue state) being identical, the
corresponding displacement energy is given by the interaction
of the proton (nmeutron excess) with the charge distribution of
the protons in the core. Our calculations inciude tne corrections
dne to the exchange term, the electromagnetic spin-orbit term and

the charge dependence of the specifically nuclear forces.

2 Systematic of Rotational Nuclei on the Basis of Two-~Centre

Model -~ V.R. Irakash,B.M. Bahal and V.K. Deshpanie -~ The
poseibility of reproducing rotational levels of deformed even-even
nuclei on the basis of & two-centre model was previously invesuti-
gatéd(1). In the present work, the quadrupole m>»ment data has
been correlated with the moment of inertia on the baeis of the
model. The variation of the stiffness with neutron number and
proton numbexr has been studied. Fits are also obtained to the
lowest beta-vibrational levels.

1. V.K. Deshpande, V.R, Prakash, B.M. Bahal, Proc.of the
Nuclear Physics and Sclid State Symposium,N90,(1969).



3, Ge(L1)-Ge(Li) Coincidence Studies in TP, - R. Singh

and G.K. Mehta - The decay scheme of 1473n has been investigated
with Ge(Li)-Ge(Li) fast slow coincidence measurements, Besides
the well established levels at 91, 410.1, 489.9, 531 and 685.8
keV, levels at 182 and 319.5 keVY have been confirmed from coin-
cidence studies. Indications of levels at 275, 680 and 725 keV
are found only from singlee spectra. No evidences are found

for the existence of the levels at 120.5, 211, 231, 398.2, 471,
552 and 763 keV which werc proposed by Bashandy et al.

(E. Bashandy et al. Zeits Fur Nat. 224, 154 (1967)).

4. On the Decay of 115mCd - S.N. Chaturvedi+,c.Rangacharyuluf

*
G.K. Mehta and N. Nath*t, '+'B.H.U.,Varansi,'*' Indian Inetitute
of Technology, Kanpur, '++' Kurukshetra University,Kurukshetra

- The decay scheme of 115m

Cd has been studied using a Ge(Ii)
detector and a NaI(Tl) sum coincidence spectrometer with fast-
slow condition. We confirm the existence of levels at 336,650,
828,864 ,934,1078,1133,1290,1420 and 1450 KeV with an indication
of a level at 970 KeV, In all twenty five transitions heve been
observed in the present study. The existence of 106 and 492 KeV
gamma transitions between the 934 and 336 KeV states reported
earlier1) has been confirmed. In addition t0 the well established
gamma transeitions following new gamma compenents have “.sen
observed: 144, 214, 250, 320, 355, 462, 528, 592, 597 and 970 KeV.
A decay scheme hasbbeen constrcuted with the help of these obvser=~

vationa. Relative intensitlies of most of the gamma transitions

have been determined and compared with the earlier reported values,

7« G.E. Gordon et al P.R. 149,(67)884
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5. Sum Coinclidence studies on 13139 - 0. Rangacharyulu and

G.K. ¥Mehta - A study of the energies of gamma rays in the decay
of 131Ba was carried out. A Ge(Li) detector of depletion deptn
Tmm was used to assign the energies of gamma raye. A sum coin-
cidence spectrometer with slow-faet coincidence was employed to
study the different cascade modes of various levels in 13105.

In addition to the already well established levels, there is
evidence of a new level at 528 KeV and new gamma rays of energies
169, 312, 506 and 528 are aobserved. There is no evidence what-
goever for 32%.9 KeV reported by Karlsson1)and the exietence of
82.4 and 137v2 KeV transitions is doubtful. A decay scheme is

constructed to fit in all the observed gamma rays,

1. K. Karlsoon Arkiv For Fyeik 33, 47(67).
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J. INDIAN INSTITUTE OF TECHNOIOGY, KHARAGPUR~2,.

1. Photodiemtegration of the Alpha Particle ~ H. L. Yadav,

D. Mahanti sand B.K. Srivastava - We use Sum rules of Levinger
and Bethe to calculate the Bremsstrahlung weighted cross-section
and the integrated cross-section for the photodieintegration

ot the alpha particle. 1In our calculation the alpha particle

is described by the Irving wave functlon whose parametera are
determined by variational calculation of the binding energy of
the elpha particle uesing the velocity dependent potential of
Nestor et al, Our values agree reasonably well with experiments

&nd with those given by earlier calculations.
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K. OSMANIA UNIVERSITY, HYDERABAD-7.

1e Compton Scattering By K-Shell Electrone &t Lurve Scutter-

ing Angle -~ V. Govinda Reddy, D.V. Krishna Reddy mnd D. S. R,
Murty - The differemtial cross-section for the compton scattered
gamme raye or energy 662 keV from & 6.0 curie source of lanutua-
137 by the K-shell electrons of Pluntinum, Dismuth and Thortium
to the free electrons was experimentally studied at 2 scattering
angle of 125°,  The scattered energy spectrum was studled on =
twenty channel analyser. Nai(Tl) scintillation spectroumeters
and fast-slow coincidence system have bevn used for the wubove
studiee., The effect of the target thickness on the differential
cross-section ratio and energy spectrum has also been studled,

The results have been compared with avallable tneore tical results.

2e Inelastic Scattering or Gamma Rays by K-Shell H¥lectrons

- D.V. Krishna Reddy, £. Narasimhacharyulu and D.S.R. Murty

-~ The differential cross-section d6¢; for the inelustlically
gcat tered gamma rays of energy 662 K-Shell electrons of plati-
num, Bismuth and Thorium waes studied at 70° and 105° by experi-
ment. The energy spectrum of the scattered gammas was also
studied on a 20 channel analyser., The scatterad gamma rays were
selected in coincidence with the accompanying K X-rays trom the
scatterer usl nz the NaI(Tl) scintillation detectors and fast-
glow coincidence method, The differential ocross-section dGy

is compared with that of the Klein-Nishina cross-section ddg
for free and stationary electrons, The experimentul results

are analyzed in the light of existing theoreis.
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L. PANJAB UNIVERSITY,CHANDIGARH

1, Configuration Mixing vs Effective~Shell Model - Raj K.

Gupta and R.K. Bansal - The ARNL group hae repurted that many
]

puclear properties, in addition te tha ensrgy spectra, are highly
insensitive to the corfiguration mixisg. Tils claim has not been
found to be true is general aund calculatioras using electron

gcat tering probe, on the se culled preudv-~nuclei having non-mixed

parity states, in particular, have disputed this claim,

In the present study we investigate the problem of mixed
confirugation v.s. effective shell model, for pseudo nuclei havirg
mixed parity states,

131

*
2. The Decay of I - K.X. Suri and P.N. Trehan - The level

131

structure of I has been investigated emplying scintillation
spectrometere in 47T sum-peak coincidence and sum-coincidence
modes. On the basis of these investigations, the existence of
the weak gamma transitions of energy 318, 325, 358, 405 and

643 keV and a weakly populated level at 405 keV is verified. It
has, however, not been poerible to confirm the existence of

272 keV gamma ray as reported earlier. Further from the esum-
coincidence epectrum with the gata set at 503 keV and the result
of Graeffe et al., it is inferred that 503 keV gamma ray and
326-177 keV cascade arise in the decay of a level at 667 keV.

The K-conversion coefficient for the 80 keV traneition has been

measured to be 1.31+40,08, which ahowe the transition to be pure

* Department of Applied Sciences, Panjab Engineering
College, Chandigarh.
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M1 in cnaracter. Also on the basis of gamma gamma angular
correlation measurements for the 284-80 keV cascade a&n assign-—
ment of character 1/2+ has been confirmed for the level at 80 keV,

160 160 *
%o The Decay of Tb to Levels in Dy - K.K. Suri and P.N.

160

Trehan - In the decay of To & level at 1538 keV and its decay
modes have been established by faei.-slow zoincidence and sum~
coincidence spectrum studies., Also from the coinclidence data,

the positions of weak gamme transitions of energy 1005, 1115 and
1251 keV have been verified. The directional correlation measure-
pents on seven gamma ray cascadess 299-966, 299-879, 879-87,
962~87, 1178~87, 1272-87 and 216-962 keV have been performed. As
2 consequence of these measurements, spin-parity assignments 3+
and 2 have been confirmed for the levels at 1049 and 1359 keV
respectively and the multipole characters ot the 299, 879, 962,

1178, 1272 and 216 keV gamma transitions determined.

* Department of Applied Sciences, Punjab Engineering
College, Chandigarh. (
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M. SHIVAJI UNIVERSITY, KOLHAPUR

1. The Binding Energy of 1OB Nucleus -~ K,L. Narayana and

Shamrao B, Desai - A correlated nuclear wave function of the type
Y o=5,Co® () [14a])
witn the property of optimum convergency has been used to cal-
culate the ground state encrgy of Boron nucleus, with P12 ag the
space exchange operator ot the two outermost nucleons, and in-
cluding the spin and isospin funoctinn based on a dual core model.
A 5'-force ot strength about =10 MeV to furnish the experimentally
ohoerved binding energy of the boron nucleus indicates either =
predomlnantly 1p-character or a highly correlated motion of the
two nucleong. An important result of the present calculatione
is the predicdtion of a low % analogous 1s-shell orbital for both
the cases in conformity with the studies on Quasi-free (p,2p)

reaction cross-gections.
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N, UNIVERSITY OF RUORKEE, ROURKEE.

1. The Dependence of Nuclear Matter Binding Energy of the

High Energy Phase Shifts -~ M.K. Srivastava - The dependence of

the bindi ng energy per particle in nuclear matter onm the phase
shift, beyond 350 MeV laboratory energy, is investigated by
using the reference spectrum method. Self-consistency with
reapect to the reference speotrum gap parameter and the effective
masa for the occupied spectrum is achieved by interation. Second
rank separable potentiels are used. These have been obtained by
8olving the inverase scattering problem as suggeeted by Fiedeldey1
It ie2 foundl that the resulte are rather insensitive to the form
of the phase shifts in the high energy region in agreement with
the findings of Elliott et alZ,
References:

1. H. Fiedeldey, Nuc.Phys. A135(1969)353

20 J.P. Elliott, A.D., Jackeon,H.A. Havromatis,
H.A. Sanderson and B. Singh, Nucl Phys.A121 (1968)241,

2. Triple Gamma Coincidence and Angular Correlation Studies

in cd' "9From the Decay of Ag' '°®- U.S. Pande and B.P. Singh ~ The
gamma-gamma-gamma coincidence studies are done in Cd110 from the
decay of Ag110m. The two triple gamma cascades thue studied are

1384 keV 884 keV-658 keV and 937 keV-884 keV-658 keV.

For the coincidence and also for angular correlation studies,
tnree WaI(T1l) detectors have been used. The mounting of these
detectors have been dons ih the two geometries (i) Putting all

the three detectors in the plane of the table, equidistant
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from the source. Two of them are fixed and one is movable,
(11) Two detectors are in the plane of the table and one per-
pendicular to the plane of the table. All the three are equi-
distant from the source. 1Two detectors,one in the plane of the
table and other perpendicular to the plane of the talile are
fixed and one in the plane of the table is movable,

The triple gamma angular correlation coefficlente A, and
A4 are given. The spin values for 2925 keV and 2479 keV levels
are discussed. The multipole mixture for 1384 keV gamma tran-

9ition 18 given.

3. Gamna-gamna-gamma Directional Angular Correlation Studies

in Dy'% From the Decay ot T'°0 - U.S. Pande and B.P. Singh

160

- Triple gamma angular correlation studies are one in Dy

from the decay of Tb' °°

using three NaI(Tl) detectors, For

these studies pulses from one of the detectors detecting 87 keV

in 2 volts channel width (2 volts-20 keV) and pulses from other
detector detecting high energy gamma raye using &8s integral
gspectrum above 500 keV are fed to a double coinecidence unit,

The output of this coincidence unit forms as gate for one of

the input of second coincidence unit and the pukes for the second
input of the second coincidence unit are taken from the third
detector which scans the spectrum in one volt channel width.

The triple gamma coincidence spectrum is given which predominently
gives 298 keV-879 keV-87 keV triple cascade. The triple gamma
angular correlat ion studies are made in two geometrical considerats

ions of these three detectors (spectrometers). The angular

correlation coefficients are given. The multipole mixture for
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879 keV gamma transition and epin of excited levels are
considered.

4. Beta~Gamma-Gamma Directional Correlation Studies in Ba' o4

110 110m

from the Decay of 09134 and Cd trom the Decay of Ag

- H.5. Dahiya and B.P. Singh -~ An experimental set up for the
study of Beta-gamma-gamma directional correlation studied ie
degcribed. The beta-gamma-gamma colincidence studies aredone in
Ba134 from the decay of 08134 for the following (i) The beta
group of 410 keV and gamma rays of 1038 keV and 605 keV (ii) The
beta group of 660 keV and gamma rays of 796 keV and 605 keV.

110

Beta-gamma-gamna coincidence studies are done in Cd from the

1108 £0 0 the following: (i) Beta group of 87 keV and

decay of Ag
gamma rays of 1384 keV and 884 keV (ii) Beta group of 529 keV

and gamma rays of 937 keV and 884 keV,

The angular correlation gtudies are done for these cascade.
The angular correlation coefficients 'Aé' and 'A& for these

cascades are given and the results are diecussed.
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0. CALCUTTA UNIVERSITY

1. Internal Bremsstrahlung Spectrum From 32P -~ M. Nath,

8. Mitra, A.,XK. De, A.K. Das and P.C. Bhattacharya - An experi-
mental study of internal bremsstrahlung accompanying beta decay
of 32P has been carried out for the clarification of the con-
tradictions among the various experimental investigationa.
Bremsstrahlung spectrum ie measured by a sodium iodide scintilla-
tion spectrometer with a modified geometrical arrangement. The
experimental results in the energy region 60-1200 keV are com-
pared with the experimental results of other authors and with

theoretical calculations from KUB-Lewis and Ford-Nilsson theory.
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P. PANJABI UNTVERSITY, PATTALA

32

1. Internal Bremsstrahlung From “"P - N.O5. Pawar and M.Singh

- The experiwental results of earlier workerz on the Internal

Bremgslrahlung ensrgy epectrum and photon yield for 32

P disagree
among themeelves 4g uleo with the KUB theory corrected for Nuclewr
Coulonb gffects. A gtudy of the energy spectrum and photon yield
due tu infernal brems strahlung from tﬂe 2l Llowed beta decay of 52?,
with different methods of measurements to investigete the reasons
forthe disugreement of ewrlier measurements, is in progress.

v

2
2. Measurement of the (82L-R127% ) Angular Correlation in 1i1T§

- Measurement ot the angu lar correlation of 11/2 ~ 3/2 - 1/2 cascade
in 121Te hag been perfurmed with L-converesion electrons and § rayse
The meavured value of the corrvelation A22 = ~0,020+0.03 agrees

with the findings of NMareliug et al1 but differs very much from

the result A22 = 0,007+0.007 of Goldberg and Franke12 ueing a

thin lene beta spectrometler ap & fived detector for electrone and
2 acintillation counter for the movable detector. The L-subshell
particle parmameler for the 82 keV M4 transition has been evaluated

and compared with the theory of Hager and Seltzer.

1. A, Marelius,ll.Pettereson, S. Tornkvist,S5.8., Hagglund and
R. Dumitrescu, Arkiv fur Fyseik, 37,435,(968).

2 N. Goldberg 4nd 3. Frankel, Phys.Rev.100,1350,(1955).
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Progress Report on

Nuclear Data Activities in Iran

Compiled by H. Rouhanine jad

May, 1971
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TEHHAM UNIVERSITY NUCLEAR CENTRE
Nuclear Data Programme,

1971.

Introduction,

At present the only nuclear facility at Tehran University Nuclear
Center is a 5MW pool type reator, the regular utilisation of which for irra-
diation started in August 1970. A 3mev Van de Graff machine is also being
installed. This is expected to be in operation before the end of 1971,
Consequently the n.d.p. at this center is at an early stage. The following
projects reflect the status of T.U.N.C. in this respect. No report concer-
ning activities in this line has so far been received from other institutes

in Iran,

9

l1— Decav Scheme of 2Sr

9

The level structure of
928r

2Y has been investigated through the study
of the decay of Sources were prepared by irradiating samples containing
about 100 mg of uranyl nitrate U02(N03)2. 6H20 of natural isotopic composi~
tion in the Tehram University Nuclear Center 10-15 minutes with a flux of
2x1013n cm_2 Sec_l, following the irradiation, target was cooled for half of
an hour and then the samples were radiochemically separated and Strontium
activity was stripped out as Sr Co3. The complete sepuration procedure took

92

about 2 hours., Gamma rays emitted in the decay of Sr were studied through
the use of a bD—em?Ge(Li) detector. Gamma rays of energies (and relative
intensities) 241,4(2.9), 352.5(0.06), 430.7(3.4), 463.4(0.04), 491.2(0.32),
651.2(0.21), 892.8(0.08), 953,3(4.0), 1142,4(3.0), and 1383.9(100) Kev have
been observed., Gamma-gamma coincidences in the decay of 92Sr were studied
with a NaI(TI) Ge(Li) set-up. A decay scheme is proposed, based on energy
sums and coincidence results of the gamma-ray transitions., All but two of
the gamma rays emitted are placed in the proposed decay scheme. (the full

text is being prepared for publication).
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2~ Standard Spectrum Studies,

In view of the fast developments in the field of the nuclear reac—
tors there has been a great need to determine the necessary nuclear data to
the target accuracy of = 1 %, As such it has become important to determine
the fission spectrum, the fission yield of 0235 and neutron cross sections
averaged over the fission spectrum., Tehran University Nuclear Center has

decided to initiate some measurements in the line,

Irradiation facility:

In order to produce the U235 fission spectrum a. Uranium metal dise,
highly enriched, 50 mm diameter and 1 mm thick affixed on an aluminium box,
will be installed in a cavity, lined with Boral, in the thermal Columm of
the Tehran University Research Reactor. The cavity is cylimndrical shaped,

150 cm high and 120 em in diameter. A hole is provided in the base to let

the neutrons impinge on the neutron converter, At the point of the uranium
disc thermal flux is not more tban 1010n/cm2—sec. The generated heat is
removed from the disc by air blow. During the reactor operation for other
Ugers a cadmium shutter is used to stop thermal neutrons reaching the Uranium

disc, A gadget is used to élace foils at specified distances from the disc.

Method: .

In these measurements threshold detectors are used. The irradiation
periocd depends on the cross section and the half life of the produced isotope.
The foils are counted on a3 "x3" Nal crystal or a Ge(Li) detector available
at this Institute, There are two multichannel analyzers, which will be used

for this purpose,
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A code (photopeak analysis) is used to calculate the net count
under the photopeak, This programme fits a Gaussian equation to the photo-~
peak fror which the area under the peak is obtained, A least square prog-
ram has been prepared, to fit a polynominal to the measured activity along

the vertical axis to the Uranium disc,

3~ Neutron Beam Facility Project,

The swimming pool type research Reactor of Tehran University Nuc-
lear Center is facilitated with seven beam tubes of different sizes and shapes,
Two of these, both 6 "in diameter, will be equipped by the end of 1971 mainly

for the following purposes:

Solid state physics measurements,
Neutron Spectrometry.

Neutron Irradiation.

Cross Section Measurements,
Shielding Studies,

The related equipment for some of these projects have been ordered.

Two collimators for the two 6 "beamtubes are in the designing stage

and their construction will follow after the completion of this stage,

It is hoped that in time more information and complete details of

the rxresearch projects in thig line will be awvailable,
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Progress Report on

Nuclear Data Activities in Korea

(for the period January 1970 to December 1970)

Compiled by M.K. Chung
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PROGRESS REPORT ON NUCLEAR DATA PROGRAMME OF A.E.R.I.

by
M.X.Chung

Liaigon Officer of INDC, Physics Division, Atomic
Energy Research Institute. Republic of Korea

(1) CURRENT STATUS

After establishment of Korean Nuclear Data Centre at’ Physics Division,
A.E.R.I. in 1970, several members including a liaison officer have been
engaged in the works of collection and classification of nuclear data,
neutron cross-section sets and processing codes etc.

At nresent efforts are paid more on the collection of neutron data and
generating group constants which are necessary for fast critical assembly

design than the evaluation of nuclear data or cross-section measurements.

However during the year 1970, the following experiments were carried
out by our research members:

(a) Total Cross Sections of 453c,47ri,49Ti,53Cr and ®Ni in the
keV Region

A research staff of physics division, Mr. M.Cho, was sent to Karlsruhe
to gain experiences in cross-section measurements in keV region. During
his staying in Germany above mentioned measurements were carried out
with the collaboration of Karlsruhe staffs and the results were presented
to the 2nd International Conference on N;Elear Data for Reactors at

Helsinki , 1970. ( Proc. of 2nd Int. Conf. on Nuclear Data for Reactors

at Helsinki, vol. 1, p.p. 619, 1970 )
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(b) Phonon Bxcitations in Titanium Hydride and Deutride by Low
Energy Heutrons ( Y.J.Lee und H.D.Kang )

A newly constructed twin crystal neutron monochromator insgtalled at
the tangential beam tube of TRIGA MARK -1l reactor was used tc measure
the energy dependence of the neutron cross-section of hydrogen and
deuterium bound in titanium metal lattice.

Titanium hydride and deuteride were prepared by diffusion method.

Total cross-section was calculated from the observed transmission
for tatanium dihydride powder sample as a function of neutron energy
between 0.05 eV and 0.22 eV. A cross-section minimum was observed at
the neutron energy of 0.122 * 0,005 eV which corresponds to the thresh-
old energy of phonon excitation.,

A crogss-section minimum of titanium deutride occurs at 0.145 eV of
neutron energy and this value can also be taken as the threshoid energy
of phonon excitation of the optical level in the titanium lattice.

A more refined experiment is now being undertaken in the same labo-

ratory.

(e¢) Radiative Capture Spectroscopy ( M.K.Chung et al.)

For precise analysis of complex gamma-ray spectra due to thermal
neutron radiative capture, a single flat crystal monochromator in
combination with a Ge(Li) diode detector was constructed and is now
under test. And semi-empirical approach was tried to determine full-
pesk detection efficiency of Ge(Li) detector and gave excellent agree-

ment with observed data.
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. 2 ) FACILITIKS AVAILABLE FOR NEUTROR PITYSICS FXPERIMENTS

The following facilities have been used for neutron physics experiments.
(1) A twin crystal neutron monochromator
(11 ) Two sets of double axis neutron monochromator spectrometers
(14i) Two slow choppers

(iv) A rotating crystal spectrometer is nearly at completion of const-
ruction

( v ) 14 MeV neutron generator

Almost all the experiments in the field of neutron physics were
performed by utilizing TRIGA MARK 11 (250 KW). However due to the
insufficient usable neutron flux from TRIGA MARK 11, TRICA MARK 111
( 2 Mw ) reactor is under construction to fullfill the required

flux and will be critical toward the end of 1971.

( 3 ) FACILITIES PLANNED

(i ) Installation of a 5.5 MeV Van de Graaff is planned and its
construction will start at the begining of 1972 after the final
approvement for budget by a government authority.
(31 ) A small scale fast critical facility will be designed and
constructed thoroughly by our research staffs. This project will
start in 1972 and will end in 1976. The characteristice of our FCA
will be almost the same as the critical facility which is now under
construction at BARC in Trombay.

For this project compilation of cross-section data, group constant

sets ané related processing codes were already started at A L.,
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( 4 ) DATA RROUEST

Ve already requested evaluated micrescopic cross-section data on

<39

4
severnl nuclides including Pu in the form of magnetic tape to

INDC and waiting for its delivery.
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Progress Report on

Nuclear Data Research in Poland

(for the period of May 1970 to April 71)

Compiled by A. Marcinkowski



_95_

Polarization of ncutrons from the 3H(d.n)“l{e roaction

st low deubteron energies.

J.Rondio, M.Sieminski, Z.7ilnelmi, W.Zych
and P.Zupratski

Institute of Hucleer Research, Yarsaw
and

Institute of Experimental Physics, Worsaw University.

Polarizetion of neutrons from the BH(d,n)uue resction
appears to be neglipgible for deuberon encrgies up to
300 keV confirming the description of the resction as ah
S-wave formation of a 3/2 + stave in 5He. For deuteron
energy of 1.8 MeV in the rogion of 90° c.m. the polari-
zation amounts to as much as 16% /1/.

We nave performed polarization measurements just in
the region of tresnsition from a non - polarizing resonance
to a reglon of rapidly increasing polasrization. Using
the method and spsratus described in ref /2/ we have
measured the angular distribution of polarization at
deuteron energy 1.4 MeV and the energy distribution of

polarization for angles 60° and 90° for deuteron energles

from 0.5 ieV up to 1.6 MeV. The results sre shown in
Figs 1 and 2.

The results of polarization measurementé have been
snalysed together with the date on total snd differentisl

cross section. The compound nucleus formation has been
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assumed to be mainly responsible for the reaction. Results
of the snalysis point to the existence in ZHe of 8 5/2 +
state at an excitetion energy of about 20 MeV and of a

1/2 + state situated near the well known 3/2 + state at
excitation energy 16.70 LisV.,

Refarencess

1. IL.Xovintov, A. Miller, V.Shamshov, JETP 34, 1030 (1y58).

2. M.Siemirgki,Z.Wilhelmi, W.Zych, P.Zupranski, Hucl. Instr,
and Meth., 64, 77 (1968).
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Cross Sections for the 71Ga(n,p)71m2n,
71Ga(n,2n)7°Gn,75As(n,p)75mGe.75As(n,p)75(’,o,
75As(n,2n)74A8,8°Se(n,2n)79mSe.8°Se(n,np)79Aa,
BZSe(n,Zn)81"Se,117Sn(n.p)q171n.117Sn(n,n')117"8n
and 183n(n,20)1"7%5n Reactions in the Reutron
Energy Range from 13 to 18 NeYV,

P.Decowski, S.El-Konsol*, W.Grochulski, A,Marcinkowsks,
J.Piotrowski,I.M.Turkiowicz, Z,¥ilhelni.

Institute of Nuclear Research,Warsaw
and
. Institute of Experimental Fhysics of Warsaw
University

The absolute cross sections for the /16a(n,p)’ %2z,
776a(n,20)7%a,7%48(0,p) 7720, ?A8(n, )/ 7Go, 7 48 (n,2n) 18,
BOSe(n,2n)79mSe,8°So(n,np)79xa,8280(n,Zn)B“’So.
117Sn(n,p)117In,1175n(n,n‘)117m5n and 1185n(n,2n)117m5n
reactions were evaluated from the gamma activity measurenents
with the use of the scintillation spectrometer. The reaction
final products were identified by their characteristic
gamza-ray transition energies and the least square analysis
of the decay curves. The neutrons were obtained in the Van de
Graaff accelerstor from a 3l:’.(cl,n)"Be xeaction., The proper
choice of the irradistion angle and the deuteron energy
allowed to get neutrons in the energy renge from 13 to 18 MeV,
The measurements were referoed to the well known cross section
of the 56!‘o(x:,:p)salum reaction. The results are abown in
Tables 1 - 11
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Table 1
Cross Section for the 716:(::,31"2:1 Remotion
E, MNeV =b
13.36 X 0.14 10.4 % 0.1
13,90 ¥ 0.09 9.5 ¥ 0.1
14.47 % 0.9 10.4 £ 0,3
15.06 £ 0,17 1.5 £ 0.4
15.36 ¥ 0.20 9.6 ¥ 0.2
15.88 % 0,19 7.1 % 2.0
16.51 £ 0.11 9.5 ¥ 2,1
Table 2
Cross Section for the 71Ga(n,2n)7°Ga Reaction
Ep  MeV b
13.36 £ 0.14 1098 ¥ 26
13.90 ¥ 0.09 153 & 25
14.47 £ 0.1 1135 £ 25
15.06 £ 0.47 1130 ¥ 32
15.36 £ 0.20 148 L 23
16.51 £ 0.11 1046 3127
Table 3
Cross Section for the 75As(n,p)75mGe Resction
E, Mev ab
13.02 £ 0.1% 12.4 £ 1.6
13.% % 0.1 23.3 ¥ 0.5
13.90 £ 0.09 2.7 £ 0.7
15447 £ 0,11 211 £ 0.7
15.06 £ 0,17 18.2 £ 0.8
15.36 £ 0.20 17.9 £ 0.7
15.88 £ 0,19 10.7 £ 1,2

16.51 = 0.14 8.9 L 1.1
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Table 4
Oross Section for the 75As(n,p)75(ia Reaction
B, Mev mb
13.02 £ 0.1 28.5 % 0.9
13.36 £ 0.14 28.8 £ 0.7
13.90 % 0.00 38.1 ¥ 0.8
.47 T 0.1 3.2 1.0
15.06 £ 0,17 26,5 ¥ 0.8
15.56 £ 0,20 30.4 t 0.8
15.88 £ 0.19 27.6 £ 0.9
16.51 ¥ 0.41 19.9 ¥ 0.6
17.32 ¥ 0.20 12,5 1.0
17.78 £ 0,15 12,4 X 0.8
Table 5
Cross Section for the 75As(n.2n)?4As Reaction
E, Unv mb
13.02 £ 0,14 955 £ 15
13.36 ¥ 0,14 890 ¢
13.90 ¥ 0.00 955 £ 21
14,47 £ 0,11 1027 * 10
15.06 £ 0.17 1109 £ 44
15.88 ¥ 0,19 1299 ¥ 19
16.51 £ 0.11 1312 £ 20
17.32 £ 0.20 1245 186
17.78 £ 0.15 1321 322
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Table 6
Cross Section for the 8°Bo(n!2n)79m80 Reaction

En MoV mb
13.02 ¥ 0.14 193 % 37
13.36 ¥ 0.14 196 2
13.90 £ 0.09 165 &
14.47 X 0.1 189 %
15.06 % 0.17 205 ¥ q4
15.36 % 0,20 186 % 5
15.88 0,19 192 & 36
16.51 £ 0.11 178 ¥ 32
17.32 £ 0,20 190 * 36
17.78 £ 0.15 180 £ 21

Table 7
Cross Section for the 8OSo(n,np)'?gAs Reaction

13.36 £ 0.14 3.8 % 5.0
14,47 £ 0,11 1.0 £ 3.2
15.06 £ 0.17 8.t Xy
15.36 £ 0,20 7.3 % 2.4
15.88 £ 0,19 4.1 % 9.2
16.51 £ 0,11 13.2 % 4.2
17.32 ¥ 0,20 35.5 +10.8
17.78  0.15 71.2 3.5
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Table 8
Oross Beotion for the 8%8e(n,20)%'"8e Reaction
Bp MaV Y
13,02 £ 0,14 1506 & 285
13,36 £ 0,14 702 % 20
13,90 % 0.09 1692 £ 37
14,47 £ 0,11 1567 & 37
15.06 £ 0.17 1628 2 18
15436 & 0.20 1616 * 18
15.88 ¥ 0.19 1796 £ 190
1651 £ 0.11 1715 £ 161
17.32 % 0,20 1520 £ 239
17.78 £ 0.15 1425 ¥ 2
Table 9
Cross Beation for the 1178n(n,p)1171n Resotion
B, MoV - )
13.02  0.4a 10,7 % 2.1
13.36 £ 0,14 10.6 £ 0.3
13.90 % 0,09 10,0 £ 0.3
14.47 £ 0,11 10.1 £ 0.4
15.06 ¥ 0,47 12,7 £ 1.4
15.36 £ 0,20 1.6 £ 0.3
16.51 L 0,11 16.9 £ 2.6
Zable 10
Cross 3setion for she 117ga(a,a7717"aa Resction
By Nev nb
13.36 £ 0.18 27 % 3
13,90 % 0,09 Z72:
7.7 £ 0,11 2264 2 1
15.06 £ 0.17 255 2 25

15.36 £ 0,20 2262 8
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Tablo 11
Oross Section for the 1188n(n,2n)"17"sn Reaction
E, MoV mb
13,02 % 0,94 624 L B0
13,36 £ 0.14 761 £ 4q
13.90 X 0.09 808 t 28
14,47 £ 0,11 745 % 59
15.06 % 0.17 805 = 21

15.36 £ 0,20 890 ¥ 34
15.88 £ 0,19 1055 ¥164
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Calculations of the Compound Remction
Cross Sections with Accounting for the Effect

of the Gamma - Particle Competition.

P.Decowaki, W.Grochulski, A.Marcinkowseki, J.Fiotrowski

Institute of Nuclear Research, Warsaw
and

Institute of Experimental FPhysics of Warsaw University.

An algol program for the statistical model calcula-~
tions was elaborated. In the calculations the competition
of the gamma radiation was taken into account with respect
to the neutron and proton emissions on each step of the
reaction. When the experimental strenghts of the E1,E2 and
M1 transitions were used a satisfactory agreement between
the measured and calculated cross sections was obtained.

The superconductivity level density formulae [1]
were moditried in order to introduce the rotational spin
cut - off ("yrast levela"). At low excitation energies the
real level sequences were used as far as their exact energiles,
gpins and parities were known.

The results show that for neutron induced reactions
at 14 eV the influence of the "yrast levels™ on the cross

sections is much lower than of the gamma-ray emission.
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, It was found that the calculated cross section of
the {n,n’) reaction is distinotly influenced by the(n,¥ n’)
Frocess,

An extensive program of calculation of the (n.n')
(n,2n) and (p,¥) cross sections for a wide range of
nuclel is in progress.

References:

1. P.Decowski, ¥.Grochalski, A.Mareinkowski, K.Siwek
and 7.Wilhelmi, Nucl. Phys. A110, 129 (1968).
A.Abboud, P.Decoweki, A.Marcinkowski, J.Piotrowoki,
K.Sivek and Z.¥ilhelmi, Nucl, Phys. A139, 42 (1969).
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Energy Spoctrs of Alpha Particles from the 122Eu(n,o )170Pn,
180py(n,00)1%76a, 162py(n,oc)1°%a ana ®*py(n, x)?®16a
Roactions with 14.2 ileV Neutrons.,

L.Gowacks, M.Jask6ta, W.0sskiewlcz, J.Turkiewicz, L.Zemlo,
B.Zych.
Institute of liucleer Rescarch, wersaw
and

Institute of Experimental Phyeics, University of Warsaw

The studies of the energy distributions of slpha
particles emmited in the (n,0f) reactions induced by
14,2 MeV neutrons on rare earth isotopes, have been con~
tinued. In addition to the energy spectra of alpaas from
the 14.2 ileV reactions induced on 139La, 159Tb, qesz’
163Dy. 166Er, 168Er and qngm, which were earlier des~
cribed /1/ £ /2/, /3/, /4/ the present work gives results
with 127gn, 160py, 162p, gng 18%py targets.

The 14.2 eV neutrons used in the experiment were
obtained from 3H(d,n)qlie reaction with deuterons accele-
rated up to 500 keV in a Van de Graaff accelerator. A
neutron energy spread due to the deuteron energy loss in
the neutron target and geometricsl conditions was about
b4 150 keV., The neutrvn flux incident on the target was
monitored by counting the recoil protoans from a thin poly-

ethelene foil., The accuracy of neutron amonitoring was
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better than 2%.

The targots were usde of oxides and deposited on thick
carbon bockings by means of sedimentution from the suspen-
sions in isopropyl slcohol.

A descriptiodf of the investigoted targeis is given in
Table 1.

Table 1
T T Tifotopic  chemical  Thickmess ,
target a.undance % compound wng/ em®
1538, 90 Eu,0, 3.0
100y 77.6 Dy,03 3.9
162y, 94.0 Dy,05 5.4
164py 97.8 Dy,05 4.9

The alpha particle energy was measured using: n-type
surface -barrier silicun detectors of 15 mm diameter., Tne
experimental arrangement was described in our earlier
work /3/.

The results of alpha sprticle spectra measurements
sre shown in ¥igs 1-2, 41l the spectira were measured Ior
the forward angles (0° % 60°). The error bars in the figu-
res refer to gtatistical errors only.

In Figs 1 end 2 the theoretical predictions obtained
by applying the Welsskopf~Ewing formuls are also shown.
The energy dependence of the level density was taken in

the high excitation energy limit of the free fermion gas
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model with the density parsmeter "a" given by Erba et al,
/5/.

fhe velues used for inverse oross sectious wore taken
Irom the calculations of Huizenga and Igo /6/. The calcu-~
lated curves are not normalized snd sre given to indicate
the sliape and the position of the ovsporation spectra only.

All exverinentsal spectra are significantly shiffted
towsrds aigher energies in comparison witn the predictions
of the stetistvical theory. In addition from plots of the
reduced spectra the values of the level density parameters
much smaller than those reported by Erba et al./5/ were
found. 'Yne couparison of these s-values is shown in table 2.

Table 2

" me En em MR er e e ew G M ST e S e Gr G N S Gm YR Sm R me e e e S em W

ducleus -Lgv-el—dgn§i.§y-pgrgmstgr—“-(gerj)... - e et e

present work Erba et al./s5/

o Em e me e e Gw G wm S e e e S G M e m Y SR AN e m Bm G M e S e e

1505 2.7 -

15764 4.9 20.2
159¢4 7.2 21.6
16254 5.0 22.8

This disagreement and the existence of high energy
alpina purticles in experimental spectra suggest the strong
contribution of direct processes in the investigated

reactions.
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On the Knock-On Mechanism in the (n,oC) Reactions

hi. Koz2owski, M.Jaskéla, W.Osskiewicz, J.Turkiewics

Institute of Nuclear Research, Warsaw
and

Institute of Experimental Fhysics, Warsaw University

During the past few years the (n,oC) reactiens on the
rare~earth nuclei were investigated in our laboratory /1-4/,
It was snown that the compound nucleus mechanism for these
reactions must be excluded due to unphysical {(tco small)
values of the density level parameters which would have been
used.

Tue existence of high epnergy o€ -particles in experimen~
tal spectra and the small vaslues of the separation energy of
of-like structure in rare-earth nuclei suggests the assuming
of the direct mecnanism of the investigated reactions. The
incident neutron remove the of-particle from nuclei and
occupies the one-particle state in nuclear well., These types
of reactions correspond to the triangulsr grsphs of the dis-
persion theory of nuclear direct reactions developed by I.S.
Shapiro /5/.

n oC

T T-L T-&Len
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The cross section for the reaction (n,6) which is
dominated by the knock-on mechanism may be written as

follows:

de _ __xy . a V4%
P [arc tan (-———-————z “’,;"5 ) ]

Z + wcosB
x~x(En, %, Vo, Z,Q)
y - y(EQ,ER)
z = z(En,Q)

1

w~w(En,Q)

In the formula (1) B is the kinetic energy of neutrons
in Lab. system, Z is the charge of the final nucleus. The
7;_ » r,"’ are the reduced widths of the O(-particle and
peutron respectively. The Q is the mass differepce of the
entrance and exit channels. The E: and E:_ ars tne
binding energies of the O(-particle and meutron. The
formula (1) cen be applied only for those nuclei for which
E220,0>0 .
In this report we present the analysis of the reaction
162Dy(n.&)1596d. The experimental arrangement was tho
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seme as described in our previous pspers /1-4/. Fig.1 shows
the relstive cross-sections measured for the forward angles
8s the functions of the excitations energy of .the finel
nucleus. Pne solid line represents the calculaoted relative
cross sections. The neutron reduced width were computed
numerically. The Saxon-ifoods well was assumed /6/. The
excitation energies of neutrons were taken from Hilsson
model. The final state interactions of 0(-particle withn
finel nucleus wore also taken into account /7/. Yaking into
account uncertainty in the assignement of the eneryy scale
the oversll agreement of the theoretical predictions with
experimental data is quite good. The investigetion of this

model in the case of oOther nuclel are in progress.
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WDy(n.ol) “Gd

=l 1

4 3 3 T ]
EXCITATION ENERGY [MeV]

Pig. 1. The experimental and theoretical energy spectra

162

of O(- particles from the Dy (n.c{_)159(}d reaction.
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Energy -~ angular distridbution of alpha
particlos emitted during the thermal

neutron fission of 2350

E, Plasecki, M, Dekowski, T. Krogulski, J. Chwaszczowska
and J. Tys

The energy - angular distribution of alpha particles emitted
during &8 thermel neutron fission of 235y nes been measured. The
FHM of the angular distribution is equal 20 + 3 degress,
which is about 50 per cent less then in the case of ternary
fission of 2520£, ag measured by Fraenkel 1/. It suggests that
the kinetic energy of fragments at the scission moment can be
much less then 40 MeV, as celculated in ref. 2.

Unexpectedly high rate of the alpha particles was registered at
angles close to 0° and 180° /asbout 5 per cent of the total
tripartition yield/. The energy spectra of these particles
evidences that there are evaporated in flight from ths fully
accelerated fragments., The anisotropy of emission in the center

of mass system c&n be cséused by the angular momentum of fragments.

References:
1. 2. Fraenkel, Phys. Rev. 156 /1957/ 1284
2. Y. Bonch et al, Phys. Rev. 156 /1967/ 1305
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Pig. 1. Contour dlagrem of the Y(B,, @) dietribution. The mt:naity ie given in
arbitrary units., Ths dashed contour lines display szulta extrapolated
uging the energy spsotra of alpha particlea. The cross dashed line =
energy dependence of the maximum of the angular distridution, the thick dashed

curves - the engular dependence of the mean value of o particle energy distridution.
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Investigation of the nsutron capture high energy

gamma rays

J.8.,Brzocko, B.Glerlik, A.Soltendr., Z.8zeflifski and
Z.Wilhelni

“"Steian Pienkowski"™ Institute of Experimental Physics,
Unlversity of Warpaw

$he measurement of Y -ray spectra from (n,§")
reaction for heavy nuclei; In, Sb, I, Cs, Zb, Ho, Ta, Au
and U have been performed in the neutron energy range
0,03 -~ 1,5 LleVs Tho experimentesl get-up is described in
ret /1/: Some spectra for the neutron emergy B, = 400 keV
are, shown in figs 1,2 and 3. A distinct reinforcement of
tho T -rey intensity 1a the high energy part of the ¥ -ray
spectrum is observed.

The ratios 6'(3‘. ? 3.95 MeV)/ 6, Versus neutron
energy for In, Ta snd Au nuclei are shown in fig.4.

The cross-sections 61(3!‘ > 3.75 ieV) end ratios

6"/6'““; at 400 keV meutron epergy for In, Sb, I, Cs,
Tb, Ho, Ta, Au and U nuclei are summarised in table I.

The theoreticel predictions. cross-sections anda cross-
section ratios obtained with the assumption of compound
nucleus mecnanism /2/ are shown in figs 1,2,3 as solid
lines and in table I, Comparison of the experimental
values with theoretical ones points to the correctness of
the description. The qusntitative and qualitative agree-
ment is obtained whon in the probability of the ¥ -ray
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emission an existance of a "pigmy" resonance /2/ is taken
into account.

The taoeoretical expectation bssed on direct interac-
tions are three orders of magnitude lower then the measu-

red ones (table I).

Heferences

1. J.5.8rzosko, wm.Gierlii, s.Soltan Jr, sand Z.dilhelmi
Report Iuk 1224/1/FL (1970).

2. J«S.Brzosko, BE.Gierlixk, 4.Soltan Jr, and Z.Wilhelmi,
Cen.J.Pnys. 472 (1909) 2849,
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Pig. 1 -~ 3 . The gamma-ray epectra at neutron energy

400 keV,



Table I

Measured values Theoretical calcul
'g s G_sn =.0.4 MeV Gop (Ey 3 3.725 MeV)
S |["imb) | imb) | G (Ep>37500)fO0s | Ly ) ( ﬁ{; |
“In | 1087 | 250 043 * 005 127 0.026
Sb| 655 | 130 a50 = 0.05 74 01
7 | 6725 | 150 044 = 003 67 0.17
Pes| 60=15 | 150 Q40 = 008 65 230
91y | 12929 | 350 a3z = 005 145 -
“So | 102=7 | 300 037 * 005 107 0055
el 685 | 205 034 = 005 55 008
70| 10428 | 190 053 = 003 108 0.021
n| 2823 40 070 = 0.07 32 0.1
¥y | 63=05)| 127 0.050 = 0005 71 -

- ve1 -
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V.S. Xvaayev’, T. Koztowski®, V.B. Rogsnov'

and J. Wojtkowska™

NEUTROR ENERGY SPBCTRA FROM NEGATIVE RUON
ABSORPTION ON COMPLEX NUCLRI

It has been proposed in some theoretical works [1—4],
that in nuclear muon ceépture the oxcitation of collective
atates of the intormediste nucleus is dominsnt. These states
should be the isotope unalosnes of the gient dipole resonance
states excited by photon absorption or inelastic electron
scattering., An indirect confirmétion of this mechanism wes
the agreement of the experimental total muon capture rates
with the theoretical ones obtained under this assumption. It
wag shown by theoretical calculstions that more 130t eridence
should be the measurements of the energy spectri of neutroas
emi;tod from these particle unstable gisat resonsnve states,
In these spectra some structure similar to those observed im
the particle spectra from photo &bsorptiom,;sbould be seen.

In this work the results of neutror rnergy spectra measurements
from muon capture on 160, 325, 4OCL and Pb /previcusxly reported

[5]/& ere prefented. This work was performed using pure muom

+ JINR - Dubna
» Institute of Nuclear Reseerch - 8Bwierk nesr Warsaw
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bean with momentum 150 MeV/c, from the muon channel of the
Dubns 680 MeV synchroeyclotron, Detector and target configuration
ie shown in Pig, 1, Muon stop gvents ware detected by 1234
coincidences, The target thickness in neutron counter direction
wa3d 2 g/cmz, 4 g/cma, 4 g/cma, 6 g/cm2 for water, melted sulfur,
motallie calcium and lead, respectively. 4s noutron detector
the s%ilbeno crystal 30 mm in diameter and 20 mm thick with

56 AVP photomultiplier was used. Neutron events were separated
from gazm& ovents by pulse shape dlscrimination system [6].
Pulses from neutron detector psssed 0.05 /usec after muon
stopping were registered during 2 /usec, 1 /usoc, 1 /usec and
0.3 /aeec time interval for water, sulfur, celcium and lead,
respectively. In muon stopping 8nd neutron spectrometer channel
the anti-pile-up circuits with 6 /usee dead time were used.

The background was measured with LiH as a target. The energy
calidbration of neutrom spectrometer was performed using ]”-ray,
Po-Be Sources, and 14 MeV neutrons from a neutron generator.

The pulse height spsctra were transformed into 1ecoil proton
energy spectra. These spectra were then differentiated sand
corrected for the efficiency of neutron detector. The energy
resolution /FWHM/ for neutrons was: 0,6 MeV for En = 3 MeV

and 1 MeV for B, =10 MeV.

Ho correctiuns for multiple scﬁttering in the stilbens crystal
and the target were applied.
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In Pig. 2-5 neutron enorgy spectra from muon capture on

16O, 528, 10ca ana P are presented. As can be asecen in

these spectra thers are some nérrow peaks and continuous
background. The latter for sulfur, calcium and lead can be
interpreted as due to the svaporation mechsnism. Dotted
curves in Pigs. 3 and 4 prosent the eveporatiom neutroa
spectra assuning constent nuclear tempsrature (7). In

the cses of leasd, Fig. 5, the part of the spectrum below

5 MeV cen be described by Le Couteur’s meny neutrons
evaporation formula. The oxgen data, Pig. 2, show the

lerge peak centered at about 4.5 MoV which was theoretically
predicted [4), &8 result of the trensition from 2~ giant
resonant state in 16N to ground atate of 15R.

In goneral all these spoctra &re similar to photeabsorption
particle spectra. The resonance mechahiam of nucleir meoam
capture is supported by this experiment, It is concludsd
that nuclear muon capture can be applied to the investigations
of high excited nuclear states which cannot be reached in

another way.
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Excitation of isomeric activities in Rdb,
Y, M, Cd, W, Os and Pb using 14.8 MeV

neutrons

E. Rurarz, J, Chwaszczewska, 2, Haratym,
¥, Pietrzykowski and A. Sulik
Inotitute of Ruclear Research

Department of Physica 1IA
Swierk near Otwock

Activation oross-sections of a4mRb, astb, 89m!'
107mpu. 109mfﬂ, 111mcd' 185m"' 190mOB and 203mPb for
14,8 YeV neutrons were measured using Ge(Li) and NaI(T1)
detectors. The following valuea in millibarns were
obtained: %9Rb(n,2n)B*™Rb (20.5 min) 412 ¥ 40;
87Rb (0,2n)%®Rb (1 min.) 432 ¥ 45; 8% (a,n )%™ (16.5 8)
438 £ 44; "%8pa(n,2n)'O"®ps (21 8) 590 £ 60;
MO%(n,2n)1%%p (4.8 min) 554 £ 55; ''%cda(n,20) ' "®ca

Meam,n®) 114 (48 nin.) 167 £ 17;

(48 win.) 812 t go;
186y (n,2n )18 (1.7 min.) 1152 £ 1105 '2%s(n,n")'9%0s

(10 min.) 15 £ 1.5; 2% py(n,20)2%3%p, (6.1 8) 1020 t 100.
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Excitation of 3 min activity in 19 Re

in 19°Os(n,p)19°Ro reaction using 14.8 MeV meutrons.

E. Rurarz and B. liyslek
Institute of Nuclear Research, Swierk/Otwock
and
P, Oblozlnsky
Institute of Thyeics, Slovak Academy of Sciences,

Bratislava.,

Introduction

- e = 00 e s

After irradiation of natural osmium with 14 eV
neutrons gamma lines with the 3 min. half-1life have been
observed. They have been assigned to the decay of tke
L ground state to excited states of 19044 [1] . The
nucleus considered was a subject of considerable number
of studies by neutron capture gemma-ray spectroscopy [2,3],
charged particle excitation [4], decay of the ground and

190

isomeric states of Ir [5] and decey of the 190g, ground
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192

ground ptote oreated in Oa(r,pn) roaction[1]. The aim

of the present work was to study the production of 19°Re

190

in the Os(n,p)199Re reaction.

Experimental procedure

Radionoctiive sources of Re were produced through the
éx,p) reaction on natural osmium metal powder(ég)af
gpectroseopic purity,using 14.8 HeV noutrons, The neutron
flux varied at the sample position between 5'108 - 1-109
neutrons/uec-cmz. The gamma &pectrum was measured using a
5 cm’ Ga(Li) spectrometer. In viow of small intensities
of gamma lines from the docay of Re, ths Ge 1i detector
vas shieided with 15 cm Pb(Cd+Cu lined). In this experi-
ment a cycle of 10 min.irradiation and one minute pause

to avoid the € sec '22Re activity from the 19208<n,p)192Re

reaction, and 10 min. counting period was applied.

Results and discussion

The measured gamma spectrum of 190339 and 1900

08 18
shown in fig. 1., The energy values and intensities of gamma
1ines from the decay of 190830 are in good agresment with
the results of Baustein and Voigt{1] . These authors show
that one particular level 3~ in 199 at 1387 keV is popula-

ted in ~~ 100% beta decay branch. Beaides the gamma lines
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from thh decay of 19081!:; there are prominent lines belonging
to the 10 min. isomer in '2%0s. This fact allows us to deter-

1994 (a,p)'9%Re reaction cross section relative to

mine the
the %008 (n,n *t)) ™0y reaction by comparing the intensities
of the neighbouring lines in the spectrum belonging to Re and
0s rospectively. The conversion coefficients and branching
ratios were taken from refs.[1,5]. Using the 19ooss(n,n 'i‘y9°m03
reaction croos-section as the internal monitor with

G = 15 £ 1.5 mb [6], the cross section of the 1goolz(n,p)wosﬂe
reaction was found to be &= 1.95 £ 0,20 mb.

Attempts wore made to produce the 2.8 h activity reported

ty Baro et al,[7]end Aten and de Feyfer[s] and ascrited to
the isomer of 190‘}1&. Our results confirm the existence of

few lines with similar half-life. The half -life of the stron-

gest line with energy 187 keV was found to be T1/2' 3 : 0.5 h.

operation of the 200 kV accelerator.
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The decey scheme of 2>2pa ¥/

R. Kaczarowski, W, Kurcewicz, A, Plochocki and J. 2ylicz
Institute of Nuclesr Resesrch, Dept, of Physics/IA/, Swierk

Abstruct: Magnetic and semiconductor /Ge snd Si/ spectrometors
were used to study the 2321’5 — 23211 decay schems, The
following Y lines, new with respect to the ssrlier data
reported by Bydrnholm et 81.1/, were observed: 922.7, 1003.3,
1016.4, 1051.4, 1055.4, 1085.4, 1125.1, 1132.7 and 1164.5 keV.
Conversion coefficients &nd multipolarity assignments were
determined for several of these transitions. Due to the e-f
coincidence studies it was possible to show that the 1125.1
&nd 1055.4 keV E1 transitions feed respectivoly the 2% ena 4t
levels of the 253y ground stote bsend. This indicates the
existence of the new 232U levels 8t 1172.8 &and 1212.1 keV

which &re interpreted as 2~ and 3~ members of the i??

=17
octupole band. Another new level is proposed at 1132.9 keV.

As deduced from P-—t coincivence esperiments, the

*/ Institute of Nuclear Research Report 1232/14/FL /1970/
Acta Physice Polonica /im print/

1/ S. Bjfrnholm, P, Boehm, 4.B. Knutsen and O.B. Nielsen,
Nucl. Physics 42 /1963/ 469
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1052.6, 3*) and the octupole bands (K¥ = 0~ : 508.20,
1" and 571.71, 3~ : E® = 17 : 951.91, 1" ; 971.70, 2"
ond 1012.2, 3~ : K% = 27: 1079.20, 2~ and 1127.85, 37).
The 23°Ph —0—25°Th decay energy, Q, is deduced from

the measured rélative probabilities of the XK capture
transitions to several excited states in 230Th:

Q= 1515:18 keV. For 2300, the first excited 2% state is
observed at 51.72 keV and the bandnead state of the

K¥= 0" octupole bund is proposed at 366.5 keV. The
experimental data are discussed in terms of nuclear

models, with emphasis on thne bond-uixing efiects.
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The Code FLANGE - AL 4

J«hrkuszewski, W.Baran, K.Kowalska

Institute of duclear Research, Swierk, Jfoland

Tne code based on the algorithm of the Genersl Atomic
PLALGE code computes tine double difrerential scattering
eross section GB(L',(L), tae zerosit cnu £irst Legendre
moments of the scatiering kernel G2}, G,(i'—z),
the zeroth and first Legendre aonents of tiie single dif-
ferential scuttering cross section EZES'), G6,(x").

411 these quentities are colouluted iron the scattering
law incoherent inelastic thermal scittering of ncutroans
from polycrystalline naterials.

IBJ/1260/XXI/FR Report.

The Code HEXSCAT ~ S
S.Bogumil, K,Kowalska

Institute of Huclear Research, Swierk, foland

The code based on tne General Atozic EE(SCAT code
calculates the zeroth and Tirst Zlezendre -onents of tie
coherent elastic ncutron scattering cross section for.
polycrystalline moderators with hexagonal lattice.
IBJ/1300/XXI/PE Report.
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decay onergy of 232?6 is equal to 1337 + 10 keV. The
disoussion of exparimental dsta in terms of nuclear
models is concentratsd on ths octupole bands &#nd their

Coriolis interaction.
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Levels of 230h and 290 fed in the decay of 23%pa ¥/

W.Kurzcewicz, K.Stryczniewicz and J.Zylicz
Institute of Nuclear Research, Dept., of Physics /14/,
Swierk near Warsaw, Poland

5 *
S.Chojnacki / T.Morek */ and I.Yutlandov

Joint Institute of Nuclear Research, Dubna,USSR

Abstract: The 230Pa decay to levels of 230Th and 230U
is investigated using Si(Li) and Ge(Li) spectrometers
for singles-spectra measurements, and a Ge(Li) spectro-
meter combined with a six-gap B spectrometer or with a
NaI(T1) detector coincidence measurements, The decay
scheme is proposed with accounts for all but one of

the 50 transitions observed in the present investigation.
the following bdands of the 230Th excited states are
established or proposed (in parentheses: level energies
in keV, spin values and parities of the levels); the
ground-state band (53.19, 2% and 174.12 4%), the
quadrupole bands (B: 634.7, 0% and 677.8, 2+; v

781.4, 2% and 825.4, 35 B +y (?): 1009.61, 2% and

—— e > St e s e e g S

*
/ Institute of Nuclear Research, Report 1251/IA/PL(1970).
Acta Physica Polonica /in print/

*%
/ Permanent address: The Warsaw University, Warsaw
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The Routine Production of Thin Tritium~Titanium,
Tritium ~Zirconium end Deuterium~Titanium, Deuterium-

Zirconium Targets.

R.Plejewski, R.Sochacka

Institute of Nuclear Hesearch, Warsaw

A method of production of thin D end T torgets has
‘been devised. The targets posess the following desireable
features:

1. Negligible loss of hydrogen in vacuum.

2. Negligible loss of tritium and deuterium in tempera-
tures up to 300°C.

3. Btrong binding between the absorbing metsl) and the
backing.

The targets produced have beea used in a range of
experiments conducted in the Institute of iiuclesr
Kesearch IBJ.

Also, targets of speclsl construction have been
produced such as targets with a copper backing on which
15/1 silver and subsequently 0.45 mg/cm2 of titanium
with 0.8 Ci tritium absorbed were daposited. Typical
targets have following characteristics:

Tritium targets
Tergets are made of a thick metod backing covered by

a thin layer of titenium or zirconium deposited in vacuum.
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The tritium is absorbed Ln the titanium or zirconium.
The tritium/titsnium, tritium/zirconium atomic ratio
varies from 1,2 - 1,9 .

" et et s e G SE W am Em S em e w0 TN Gm A R ay o U Gw B MW Gy A% W b ae e

tritiated titanium baoking backing Avoroge
titenium zircogtum ¢ mm thickness 0gt.01
zirconium Me/cn mm (= 10%)
% mm
200350 141
25.4 350600 28.5 0.5 2.2
600-900 345
& S E T s T @ sEDm m Dz DS ES - mEmEt mmnmm=m= ==
200350 Tel
25.4 350-600 38.0 0.5 or 1 2.2
600-900 3¢5

Backing metal—cooper or silver.

Deuterium Targets
Deuterium targets are manufsctured exactly in tho same

way as tritium targets. (see above)

The same dimensions are available.

The deuteriun titanium - deuterium zircopium atomic
ratlo varies from 1.4 = 1.9

The amount of deuterium veries from 0.5 -~ 2 ml accor-
ding to thicknes of titanium or zirconium layer.

Tritiun tergets emit bremsstrahlung radiation with
a continucus spectrum of msximum energy 18 keV. This
provides means of differentisting between tritium and
¢euteriun targets, as well as providing a rough check on

the tritium content of a target,
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Annual Report on

Nuclear Data Research in Romania

(during the year 1970)

Compiled by A.Berinde

May, 1971
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DYNAMICS STUDIES IN SOME HYDROGENOUS SUBSTANCES
BY NEUTRON TRANSMISSION

S.Rapeanu, I.Pidureanu, N.Iliescu and O.Dumitru

Cold neutron spectrometry became an powerful tool for
providing information on the molecular dynamics of hydrogenous 1li-
quids and on the chemical bond of hydrogen in the molecules.

Recently in the design of nuclear reactors an increasing
interest was paid to the organic moderators which have a high boil-
ing temperature and a good stability to radiation, a fact which led
to an increasing interest in the study of hydrogenous liquids.

For cold neutrons, the total scattering cross section Ogr
is proportional to the neutron wavelength A v and may be plotted
as gg = a + b.An, the slope b =Aos/AAn is correlated with the mo -
lecular dynamics processes,

Methanol, ethanol and ethylen glycol were investigated
to get scattering cross-section as a function of wavelength (Fig.l),
which from to derive informations concerning the temperature effect
on the rotational freedom of the atoms or groups of atoms within the
molecules.

The transmission of the neutrons were measured using a
crystal spectrometer, and a BF3 detector, with a resolution in A

=3 3%, in the energy range En = 5,4 - 8.0 meV.

Transmission measurements were carried out at temperatures
298°k, 123°k, 78°%k.

nl

Table I. - The slope values

- S, =
Temperature The slopes (Aos/AAn) b/ - H
Substance 298°K 1236k 780K
CH,OH 11.2 + 0.3 6.2 + 0.3 4.1 + 0.3
C,HOH 9.4 + 0.3 [ 5.2 +0.3 [ 3.4 +0.3
C,H, (OH) , 7.8 + 0.3 | 4.5 + 0.3 2.3 + 0.3
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The changes of the slopes (Ao./AAn) put in evidence the role
of the CH3 and CH2 groups on the scattering neutrons in such a hydro-
genous liquids and at the same time the role of the hydrogen bond( OH~
groups) on the rotation motions of the molecules.

This work was performed at the VVR-S reactor of I.A.P.
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Fig. 1

Neutron scattering cross-section per hydrogen atom
in the methanol molecule versus the neutron wave -~
length ( A = 3.5 - 8 R
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IMPURITY INFLUENCE ON NEUTRON CRITICAL SCATTERING
IN FERROMAGNETICS

D.Bally, M.Totia, A.M.Lungu and M.Popovici

Neutron small-angle critical scattering in Fe(Cr) and
Fe (Mo) dilute alloys has been investigated. The measured angular
distributions were found to be similar to those of iron. They are
sensitive to the spin dynamics outside the hydrodynamic region. A
special attention was therefore paid to the inelasticity correct-
ions following Alsgs-Nielsen /1/ , These corrections were introduc-
ed by using the dynamic scaling function f(kllq) calculated by
Résibois and Piette /2/ . The scattering inelasticity outside the
hydrodynamic region was found to account for the shift to tempera-
tures above Tc of the scattered intensity observed in this
region in fixed angle measurements on iton /3,4/ and for the ap -
parent limitations of the Ornstein Zernicke correlation function
reported in several papers / 3 - 5 /.

The temperature dependence of the correlation range
k-i is shown in fig. 1 in a log - log plot against (T - T / Tc)
The critical exponent description of the dilute alloys appears to
be valid only for temperatures at which the correlation range is
smaller than twice the mean impurity spacing. A remarkable feature
of the data in fig. 1 1is the increase of the correlation range
for (T - TC/TC) >»10'-2 by the presence of chromium impurities.This
may have a connection with the observed increase of the Curie tem-
perature (by 1.12 8% and 1.28 ¥ for 2% and 4% Cr respectively; 4%
Mo decreases TC by 0.7% ).

The work was performed at the VVR-S reactor of I.A.P.
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Log - log plot of the temperature dependence of the
correlation range in Fe(Cr) and Fe(Mo) dilute alloys.

The solid line represents the data for iron
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ABSOLUTE MEASUREMENT OF PU239 FISSION ngSS-SECTION

*
FOR 2200 M/SEC NEUTRONS )

C. Borcea, A. Borza, A.Butd, A.Isbdsescu, L.Marinescu
I.Mihai, T.Ndscutiu, M.Petrascu, V.Savu and V.Simion.
An absolute Pu239
performed by using a method /1/ in which the reference to an inter-
mediate cross-section for the flux determination is avoided. The
neutron flux was obtained from VVR-S reactor in Bucharest, the 2200
m/sec neutrons being selected by the time of flight technique.

For the absolute cross-section measurement the determina -

fission cross-section measurement was

tion of the following quantities was necessary: the neutron flux,the
detection efficiency and the density of nuclei in the target.

The neutron £lux is determined by using a thick Blo detec-
tor - target , the neutrons being detected through <%he 477,4 eV
gamma rays of L17 counted with a NaI spectrometer. The gamma ray de-
tection efficiency €y was detigmined by using gold foils irradiated
in the same geometry as the B target. The activity of the gold
foils was measured absolutely with a 4x8 -y counter.

The efficiency of fission fragments detection have been de-
termined with two Pu239 targets ( a thick and a thin one) in a dou -
ble fission chamber (a gaseous scintillation chamber and an ionization
chamber), counting the number of events corresponding to the thick
and thin targets ng and né respectively and knowing the ratio be-
tween the target densities p/p’ and the ionization chamber efficiency
(100%).

The density of Pu239
from the alpha zctivity measured in a low geometry arrangement with
a lithium drifted silicon detector.

Many corrections have been taken into account :

nuclei in the target was determined

- the attenuation of the neutron beam due to the chamber

walls, kl.

= the beam attenuation in air between the fission chamber
B10 target, kz'

- the photopeak correction for the gamma ray detection, k3

and the

#*
Preprint IFA N.R.-33-1970

%
‘This work was performed under the research contract RB-422
supported by I.A.E.A,., Vienna.
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In the table I the quantities entering the cross-section

formulz
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£

K
X

N
Y

”
Ny ng
n 1 - K3 K

2

are presented (NF and NY being the number of fission events and neu-
tron number respectively).

Tableg I

The quantities entering the cross-section formula

Ne npr -3
= £ 1 (1.9450)107° + 0.7%
Yy "r 3
pr (2.543)10°° + 0.4%
e, (1.345)1072 + 0.4%
ky (0.805) + 0.2%
k, 1.021  + 0.25%
K, 1.010
k, 1.013 + 0.2%
%
n 0.9348 + 0.1%
og (barns) 741.0 + 7.0

%
) According to De Juren /2/

The value of 741.0 + 7.0 barns obtained for
agreement with that calculated in the thermal neutron region using the

R matrix formalism.

/3/ .

Og is in good
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A STUDY OF THE 236me ISOMERIC FISSION THROUGH THE 23SU(n,1)

E]
REACTION IN THE ENERGY RANGE 0.25 - 4MeV'’

I.Boca, M.Sezon, I.VIlcov and N.Vilcov

2 236mfU

The excitation function of the reaction 35U(n,y)
was measured in the neutron energy range 0.25 - 4 MeV.
The reaction 7Li(p,n) was used as a fast neutron source

(energy dispersion + 450 keV in the energy range 0 - 3 MeV) . The
fission fragments were detected with a self-designed spark counter
filled with nitrogeu at a pressure of 300 torr. We used the cyclo-
tron natural modulation, three out of each four beam pulses being
deflected with an electrically driven beam chopper. The time analy-
sig of induced and isomer fission fragments was made with a time -
amplitude converter over the 300 - 400 ns intervals separating the
neutron bursts (the isomer exponential decay is observable 100-150
ns after the neutron burst).

We measured a half-life Tl/2 = 80 + 20 ns, in agreement
with data given in /1/ , /2/.

The ratio isomeric fission to induced fission cross -
section was in fact the axperimentally determined quantiity as a
function of the incident neutron energy (fig. 1).Its behaviour can
be explained in terms of the double~humped barrier model and the
kinetics of fission isomer population, assuming the same statistic-
al parameters for the isomer potential well and the second hump.

The ratio °m/°f is proportional to pm/ Ny /3/ where
Pm is the level density in the isomer potential well and NB is the
number of transition states at the second hump saddle-point.At high
energies above the second barrier pm/NBﬂoct. In the Eg barrier
neighbourhood NB increases sharply with the energy and om/of in -
creases. A comparison between theory and experiment is also made in
terms of the constant temperature model.

Preprint IFA, CRD-42-1970
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Fig. 1

Isomeric ratio °m/°f vs neutron enerqgy. The full curve
repregsents the theoretical isomeric ratio calculated
for EB = 6.45 MeV and for a value of the isomer energy
Em = 1.61 MeV; the upper and lower dotted curves cor-
respond to a + 100 keV bias of both parameters E;, and

B
Em respectively.
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60

CALCULATION OF THE (n, n) AND (n, n') CROSS SECTIONS ON Ni

A.Berinde , R.Dumitru, N.Martalogu, N.Scintei, C.M.Teodorescu

*/
G.Vladuci and V.Zoran

Differential cross sections for elastic and inelastic
neutron scattering on GoNi at En = 6,44 MeV are analysed by using
the optical model, Hauser ~ Feshbach theory and DWBA method. The
experimental data are taken from ref. / 1 /.

The local equivalent of the non-local optical potentialy
obtained by Wilmore and Hodgson /2/ is used in optical model ana -~
lysis as well as in DWBA calculations. The value of the deformation
parameter is 0.20. The Hauser - Feshbach calculations are perfor -
med with Auerbach and Perey’s transmission coefficients, computed
by using the non-local optical potential of Perey and Buck.

The (n, p) channels are taken into account. The ( n,a )
reaction channels, having a contribution less than 1% in the com~-
pound nucleus cross section, are neglected. The contribution of
the unknown levels from the residual nuclei is included, by using
the Gilbert and Cameron / 3 / level density formula. The good agre-
ement between the theoretical results and experimental data can
be seen in fig., 1.

A simlilar analysis, with rather good results, was per -
formed for the neutron elastic and inelastic scattering on 325 at
E = 5.8 Mev,

This approach will be used for the calculation of the
6°Ni and other
Ni isotopes, at several neutron incident energies. This work is
pertinent to request 373 of RENDA / 4 /.

(n, n) and (n, n ) differential cross sections from
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The theoretical cross sections (full line) represent
the sum of the direct interaction (dotted curves )
computed by using the optical model and DWBA and the
compound nucleus contribution, computed with the
Hauser - Feshbach theory (dashed curves).



- 158 -

LEVEL DENSITY DETERMINATION FROM STATISTICAL REACTIONS

A.Alevra, R.Dumitrescu, I.R.Lukas, M.T.,Magda, D.Plostinaru, E.Trutia

As a part of our programme of level densities determinations,
following nuclei were excited through (p,n) and (a,n) reactions: 55Fe
Bssr, llasb, 138La

Energy and angular distributions have been measured at the
IAP - cyclotron, the experimental set-up being a classical time- of -
flight spectrometer, described earlier / 1 /.

In ovder that the analysis performed in the frame of the sta-
tistical model be reliable, only pure statistical parts of the spectra
were taken into account , non statistical contribution being avoided by
criteria as shape of the angular distributions and determination of the
range of excitation energies where the precompund processes are impor-
tant. The results obtained are included in the table 1.

!

Table 1

Residual Bombarding a T
Reactions -
nucleus energy (MeV) 1 (MeV)
>Spe >2¢r (a,n) e 6.6 + 0.6 | 1.3 + 0.2
856y 8520 (pun) 8 11.9 + 1.4 | 0.78 + 0.08
H8g), 1510 («,n) 1o 18.0 + 2.0 | 0.67 + 0.07
20
138, 13854 (p,n) 7 17.2 + 1.0 | 0.52 + 0.05

The measured a-level density parameters and nuclear temperatures
can be used for level density calculations, required in neutron cross
section evaluation.

Reference

/ 1/ M.T.Magda, A.Alevra, I.R.Lukas, D.Plostinaru, E.Trutia, M.Moclea
Nuclear Physics, A 140 (1970) 23,
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THE CROSS SECTION OF PHOTOFISSION ON THE 2380

D.Catand and G.Baciu

The yield of the photofission reaction on 238U was measur-

ed using the bremsstrahlung beam of the 25 MeV betatron of the Insti-
tute of Atomic Physics - Bucharest. The range 5 -~ 7 MeV was covered ,
with a measuring bin of 200 keV. Photofission fragments were detected
by Si(Li) semiconductor detectors. The uranium target was made by eva-
porating a uranil nitrate solution on an aluminium support having a
thickness of 2 mg/cmz. Target thickness was evaluated at 100ug/ cm?

Special measures were taken to minimize the photoneutron
background in the experimental hall. The fast neutron background in
the high-energy bremstrahlung beam was reduced by means of a paraffin
cylinder set-up along the axis of the beam. It also absorbed nearly
10% of the number of photons at the high-energy end of 15 MeV brems -
gtrahlung.

The Penfold-Leiss analysis method /l1/ was used to obtain
the cross-section from the yield curve. According to this method :

A

Em

o(Em) =

>L~

m *
I BBy 4F) Y(E)

vhere E, is the photon energy for which the cross section is computed,
N-Avogadro’s number, A -energy bin used for analysis, Y'(Ei) - photo-
fission yield in number of fragments per atom-gram cm—z, and Ei - the
maximum energy of the bremsstrahlung sgpectrum used in the measurement,

B numbers given in /1/ were corrected for the absorbtion
in the paraffin cylinder .

Fig. 1 shows the photofission cross section. The cross
section represents a summation of concurrent processes:

o(yF) = a(y,f) + o(y, n £) + oly, 2nf ) + ...

The minimum in cross section curve at about 7 MeV could
be accounted for by the ( y,n) reaction which has the threshold near
6 MeVv / 2 /. The shoulders appearing at 9 MeV and 12 MeV could be
given by the reactions ( y,nf) and (y ,2nf) coming in concurrence.The
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200 mb value at 14 MeV is in good agreement with the one found by
R.B.Duffield / 3 /.
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Fig. 1

The cross section of the 2380 {y,F ) reaction.
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THE FINE STRUCTURE OF THE In(y,fn) REACTION

D.Catand, G.Baciu, C.Iliescu

In a continuing series of experiments, the photonuclear
research group from the betatron of the Inastitute of Atomic Physics
in Bucharest developed an improved method for measuring the (y, £n)
yied curve, with a small bin (about 70 - 100 keV).

This method allowed a good resolution in cross section
measurements to be obtained. The main improvements are : a high sta-
bility of the betatron energy scale ( + 10 keV), a reduction of the
drift of the detection system / 1 / , and a dosimetric system with
a reproducibility within + 0.4% / 2 /. The yleld curve of the
In (v,2n) reaction from 10 MeV to 24 MeV has been measured with a
bin of 95 keV and a statistical error of 0.9%. Using the Penfold-
Leiss analyseis method the cross section of the reaction given in
fig. 1, was calculated. The vertical and horizontal bars are due to
the method of analysis.

A fine structure in the cross section of the reaction
was resolved.

A qualitative comparison of the present results with
the theoretical calculations of the Frankfurt group /3/ is presen -
ted in fig. 1b.One should note that the agreement is obtained only
for the giant resonance region. Fig. lc shows the position and
strength of the transverse mode for an axially symmetric deformation,

Re ferences
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G.Baciu, S.C.F. no. 22, 189, 1970

RM.G.Huber, M.Danos, M.J.Weber and W.Greiner,
Phys.Rev. 155 , 1073 (1967).
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a) Cxperimental cross section of In(y,¥n) reaction;

b) Dipole strengths §2 for 8,= 0.16, E, = 16,125 MeV

E, = 1,6 Mev, Nphonon =8 / 3 /; c) the position

and strength of the transverse mode for an axially
symmetric deformation
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REPUBLIC OF SOUTH AFRICA

PROGRESS REPORT TO THE TINDC

1970

Compiled by D, Reitmann

1. Southern Universities Nuclear Institute, Faure, Cape Province

A considerable amount of time was spent during 1970 on the
installation and improvement of the new pulsing and bunching system

in the 5.5 MV accelerator, Problems with ion source behaviour and

bunching of different mass particles were largely solved and a carbon

foil stripper was installed in the accelerating tube. Research projects

in neutron physics during the year include the following:

1.1 Level structure of 2Nb and | °In from (n,n'¥ ) studies

I.J. van Heerden and W.R. McMurray

1)

and (n,n'¥) reaction studies?)

have contributed to the knowledge abaout excited states in gng.

Inelastic neutron gcattering

The spins of all known levels below 1.5 MeV were determined very
recently by Rogers et al.a). These spin assignments were based

on Hauser-~Feshbach calculations of inelastic scattering excitation
functions and X—ray transition probabilities are in qualitative

agreement with shell model calculations.

[~
The energy levels in 11“In have been studied mainly through

P —decay of 1150d and coulomb excitation hy helium or oxygen ions.

1) D. Reitmann et al., Nucl.Phys. 48(1963)593
2) L.E, Beghian et al., J. Phys.Soc.Jap. 24, Suppl.1(1968)190

3) V.C. Rogers et al., Nucl.Phys. A142(1970)100
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In the shell model the level scheme should be given by the coupling
of states available to single proton holes in the closed Z = 50
shell to vibrations in the 1168n core, In its simplest form this

coupling explains the aobserved strong ground state transitions

but it is unable to reproduce the spin seguence or branching ratins.

In the present experiment a 30 cc Ge(Li) detector was used
to observe the X—rays produced when cylindrical semples of Nb
or In were bombarded with neutraons from the 7Li(p,n)—reaction.
Time gating was used to discriminate against background and neutron
events in the detector. A typical time resolution was about
10 ns. A large number of spectra at 90% were recorded for neutron

energies between 0.75 and 2.7 MeV.

In the case of 93Nb, the level scheme deduced from the
present experiment includes levels at 29, 743.7, 808.4 (doublet),
949.6, 978.,7, 1082.1, 1296.4, 1315.9, 1334.3, 1367.9, 1393.6,
1482.9, 1490.7, 1499.5, 1602.9, 1679.6, 1682.6, 1686.1, 1706.4,
1729.9, 1913.8, 1918.2 and 1940.8 keV. Up to 1296 keV this scheme
is essentially the same as that found by Rogers et al. The
doublet at 808 kgV is based on the existence of X—rays at 779.4
and 808.4 keV. The behaviour of their relative intensities can

+ —
not be reconciled with the known spins of 2 and 5 for the ground-

2
and 29 keV states if both originate from a single level at 808 keV.
The excitation curves for the two X—rays are also different and

indicate that, above 1.3 MeV in neutron energy, the 779.4 keV

Y -ray is being fed through cascades from higher levels.

In the energy range covered by the two experiments, present
results confirm the existence of levels at 1334.3, 1482.9 and
1499.5 keV., New levels were found at 1315.9, 1367.9, 1393.6

and 1490.7 keV. Levels at 1465 and 1528 keV, based by Rogers
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et al. on the existence of 656 and 720 keV Y-rays, were not
observed, The 656.4 keV ¥-line chserved in the present ex—
periment was attributed to & different reaction. However, a
X—ray at 653.4 keV was observed at incident neutron energies
above 1700 keV. This, together with a line at 1602.9 keV with
the same threshold, was attributed to the decay of a new level

at 1602.9 keV.

The level scheme of 1151n, based on thresholds and exci-
tation curves for observed J-rays, contain levels at 336.6,
597.1, 828,7, 864.2, 933.6, 941.2, 1041.6, 1077.6, 1132.6,
1291.3, 1418.6, 1448,.4, 1461.9, 1484.3, 1496.0, 1600.7, 1606.3,
1736.5, 1759.3, 1908.0, 1971.4, 1977.1 and 1998.0 keV. Up to
1450 keV this scheme agrees well with that derived from the
decay of 115Cd. New levels at 941.2 and 1041.6 keV are based
on X—transitions at 941.2 and 705.3 keV which were first ob-

served at incident neutron energies of 1 and 1.1 MeV respectively.

It is known that angular distributions of ¥-rays from
levels excited by inelastic neutron scattering, provide information
on the spins of the excited states, provided these spins sre
larger than that of the ground state. This is especially true
near threshold where the population of magnetic substates is
limited. Unfortunately, both 93Nb and 1151n have ground states
with Spin'%, so that Y¥-ray angular distributions can not provide
unigue spin assignments. Inelastic scattering cross sections
were therefore derived from the X—ray excitation functions and

branching ratios in order to compare these with Hauser—Feshbach

predictions.
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1.2 Gamma transitions from excited states of 7Sas

P.J. Celliers and W,R, McMurray

The study of the 75As level scheme was motivated by the
observation of resonance fluorescence from levels near 1 MeV
excitation (P.J. Celliers and W.L. Mouton). The (n,n'¥ )
reaction is being used to give necessary information about the
level structure and branching ratios of the decay gammas. The
gamma detection system incorporated a time-of-flight—gated Ge(Li)
detector of 57 cc. Using 75A5 pawder in a thin walled aluminium
container, (n,n'¥) spectra have been obtained at incident
neutron energies ranging from 300 to 2200 keV, Excitation
curves for the observed gammas have been obtained. Measurements
with an Fe sample were interpolated to enable absolute crass
sections to be determined. The analysis of the data is not yet
complete but the ohbserved ‘X—rays fit into a level scheme with
excited states at 199.5, 265.7, 280.6, 401.0, 469.0, 572.3,
617.8, 822.1, 861.1, 865.2, 887.2, 1016.0, 1064,1, 1075.2,1129.1,
1205.0, 1301.0, 1304.8, 1310.6, 1350.8, 1371.3, 1432.1, 1607.7

and 1656.8 keV.

1.3 Neutron polarization measurements

F.D. Brooks and D,T.L. Jones

The determination of the neutron polarization in n-p scattering
using the direction sensitive PSD effects observed in anthracene
crystal scintillators has been continued using 22 MeV neutrons of
known polarization frem the T(d,n)SHe reaction, These results

are being analyzed.

The possibility of using n—d scattering in a deuterated

anthracene crystal was also investigated as it is known that the
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polarization produced in this scattering is greater than in
n-p scattering. Various other possibilities for improving

the quality of the results are also being looked into.

1.4 Other relevant progjects

F.D. Brooks and co-workers

Projects under this heading which are still in an early
stage of development include the investigation of the 2H(n,2n)1H
reaction at 22 MeV by using a deuterated scintillator, a search

236 239

for spontaneocusly fissioning isomers of U and U and a

search for super heavy elements.

2. Nuclear Physics Research Unit, University of the Witwatersrand,

Johannesburg

During 1970 the only major research facility was a 1 MWV
Cockcroft-Walton accelerator which produces high energy neutrons by means
of the (D+T)~reaction. An order has been placed with H,V.E,C. for an
EN-tandem,

2.1 Cross sections for reactions 2881 + n for neutron energies
between 12.8 and 16.2 MeV

D.W, Mingay, J.P.F. Sellschop and P.M. Jchnsaon

Total cross sections far the ZBSi(n,d)gsMg and 28Si(n,p)28A1
reactiaons have been measured for neutron energies between 12.B and

16.2 MeV, for the ground and first four resolved excited states

of 25Mg and the unresolved pairs consisting of the ground and first

excited, and second and third excited states of 28Al. The neutron

energy resolution was less than 30 keV.
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An analysis in terms of Ericson fluctuetion theory, which
is also compared with Hauser-Feshbach calculated cross sections,
is being completed which shows that the region studied has many
broad overlapping levels with good statistical properties which
leads to the extraction of an improved value for the mean compound
nuclear lifetime, which is lower than the previously auoted
value, as a result of the fine structure details revealed in

these excitation function measurements.

3. Physics Division, Atomic Energy Board, Pelindaba, Transvaal

The program of neutron physics research was continued at the
3 MV pulsed van de Graaff as well as the 20 MW research reactor,
Safari I. The CDC-1700 computer at the accelerator was used for data
processing and some simple on-line data callection applications. A
new thermal neutron beam tube for capture studies was installed in

the reactor.

3.1 Nuclear spectroscopy from [n,x )-reactions with slow neutrons

M.A., Meyer, C. Hofmeyr and B.C. Winkler

The ariginal tangential thermal beam tube in Safari T was
used as a neutron source and Y-rays were detected in a Ge(Li)-
detectar used singly or in conjunction with Nal-crystals in a
pair spectrometer arrangement. The latter system produced much
simpler spectra, especially at high x—energies, but also reduced
the overall detection efficiency due to the threefold coincidence

requirement.

The investigation of energy levels in 7189 has been nearly

completed and a number of spectra have been recorded from the

(n, ¥ ) reaction in “Oni.
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3.2 Nuclear spectroscopy from (n,n'¥ )-reactions

E., Barnard, N. Coetzee, J.A.M. de Villiers, D. Reitmann

and P, van der Merwe

Fast neutrons from the 7Li(p,n)7Be—reaction and the pulsed
accelerator were used to excite levels up to about 1,5 MeV in
several stable nuclei. A 40 cc Ge(Li)-detector, used in time-

gated mode, was used to detect the resulting Y-rays.

The investigation of energy levels and their decay modes

in 197Au has been completed and the results accepted for publi-

cation in Nuclear Physics., The level schemes for 203

20

T1 and

127I was

5T1 have been published1) and a similar study on
accepted for publication in Zeitschrift fir Physik. The results
from Sb(n,n' ¥ ) have been submitted for publication in Nuclear
Physics and the experimental work on Cs, the two isotopes of

Rb, Br and Ho has been completed. In most cases several new

energy levels in these stable isotopes were discovered.

3.3 Fast neutron scattering

E. Barnard, N. Coetzee, J.,A.M. de Villiers, D. Reitmann

and P, van der Merwe

The results from an investigation of inelastic neutron scattering
from 2DgBi, combined with those on total cross sections and elastic
scattering as measured by A,B. Smith of ANL, have been published?).

A detailed study up to 1.4 MeV of total cross sections as well as
elastic and inelastic neutron scattering cross sections faor asSc

has been completed and the results submitted to Zeitschrift fiir Physik.

1)} Nucl.Phys. A157(1970)130

2) ANL-7635(1969) and Nucl.Sci. & Eng. 41(1970)63
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Inelastic scattzring cross sections for Ti, combined with
glastic and total cross section measurements by an ANL~group,

are being anslysed at ANL. Measurements of inela:ric scattering
cross sections for 238U were presented at the lielsirki sonference
(June 1970). The results fram total, slastic and inelasiic
scattering cross section measurements on Us and Ab are still
being analysed. A series of high resolution measuramznts on

the 900 differential inelastic scattering cross section for the
126 keV level in Mn has been started and data have been taken

in S keV steps from 400 to 1040 keV.
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Progress Report on

Nuclear Data Research in Uruguay

(Submitted by N. Azziz)

June, 1971
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NEUTRON CROSS SECTIONS WITH SINCLE AND DOUBLE PARTICLE EMISSION

N. AZ2241Z - E, HORJALES
Dpto.de Tisioca Nuclear.
INSTITUTO DE FISICA

Abgtract:

The cross sections (mn, n), (n, 2n), (n, &), (n,Xn), (n, nx), (n,p)
etc., for energies in the MeV region, were predicted using an statistical
model and no normalization factor wag needed. As an application CuP? was
taken as a target. The experimental and theoretical predictions show
satisfactory agreement.

I) Introduction:

The nmuclear density formula derived by Gilberi{ and Cameron has been modi~
fied at low energy and applied to calculate fast rn.utron cross sections
using the nuclear statistical model. This very siumple picture of the
nucleus used carefully reproduces the experimental data satisfactorily.
Contrary to most calculations, no normalization factor was used and
satisfactcry agreement with the experiment was obtained.

The capture cross sections, necessary for the calculations, were ob-
tained from experiment, wien available, or theoretical calculatiors which
were based on an optical poiential model for the nucleus.

The code called Reduce and written for this purpose will be available
at Argonne National Center Code Distributica.

1I) Theory:

As is well known, the statistical model of the nucleus is based in the
compound nucleus theory of Bohr and on the time reverse invariance of

the nuclear reactions. This model is an oversimplification of the actual
complex phenomena that occur during a nuclear reaction. However, in
certain neutron energy range this is the only model which allows a
reasonable mathematical itreatment of the problem. The future closed

shell and pairing effects of the nucleus, which we kncw are important,
were included into the model throughout the nuclear temperature parameter.

Two or more particle emission:

Suppose we are dealing with a reaction where &« is the incoming particle,
- and @', § and € are emitted in a successive manner passing through
different residual nuclei.
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Diagrammatically this looks like, X
A+ X — ';3’ t [

c* + J
Y L3
D + £

During this first step we may assume with N. Bohr that the cross section

of(} emission is given by Y—'

(f)

o (%)= 6 (x) o) (23

Where O (& ) is the capture cross section of & by A, r‘( ) the
probability of emission of (Pand [ (c) the total probability of
emission of (?; and any other particle,

) = SL NG
similarly for two pariicle emission,
$)
6o, fp,5) . () E.[(;% -

where P((’?S) is the ccmpound probability of (band 5 emission in a
successive manner.

Accordingly, to the time reverse invariance of the nuclear reactions,
for the one particle emission the following relationship holds

k: r‘(’(b)cr(«) = htp M (x)o (p)

By this relationship (1) may be written as

G (*p) = & (x) [h} c(p)/ 2 R o (i ﬂ (3)

If the particle [5 may be released with & spectrum of energy, then
the probability h},c'((s) for emission of a particle (‘3 is replaced by

the integral T‘(ﬁ)

E,
V(p) - ;%?(7(;;') oA, Ry & (B) e(w)

o

The statistical weighting factor 3,. is equal to (25ﬁ+ 1) for a particle
whose spin is S, . If the emitted object is a gamma ray, then %ub\“;)

is replaced by ( 2 Ep, /e )2, C is the speed of light and E, the
energy of the gamma ray. The quantities ec( V. ) and eﬁ( o7 ) are
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the nuclear densities of the mnuclear densities of the nuclei (A +&)
and B at the excitation eisergies ¥, and Uyrespectively. Theoretically
the capture cross section o (p ) should be calculated at the excitation
energy \» , however, in practice it is done with the nucleus B in its
ground state.

In analogous way to equation (4) the compound probability F( ’1,;) may
be writien as

E'Mit.
/
(p5)= ag‘;‘zr /( &‘Eﬂ ke O(6) € (V8) s
where the probabili Fi« ie given by

R
e - SReE
Z' R/’n

WA

3

£ A, kY o) p, (v,
pl QTl—’}- ({s (qr‘s)

vherc

. MK
The maximum energy of the emitted particle ¢ E is related to
the energy of the (% particle (see figure 1) by

WA« WAK
E"' S "'{b + @6¢

where

g x
E = B+ Qu,

The residual nucleus after the emission of particle ¢is C = A + &
The Q values for the reaction A (e, ¥ ) (4 +0¢), A ( x,{b ) B and

B ( T, ) C are indicated by Q:@' DRaa o)
‘ AC

The excitation energies AJ are given by

A
’\) =EM‘ -
=% - C{L

and

Ve N E‘b:u- E.'.
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It should be pointed out that we denominaie O"(°<,(5) the cross
section which is free of contributions from any other particle
emigsion. That is, after (3 is emitted, the nucleus B is left in its
ground state or in an excited state that may only decay by | emission,

6= (%, )= oJ(o(.(a)..SfZ: s (%,3,5

where O %( O\,f; ) is determined by (3) and (4).

I1I. HNuclear Deusity:

We have used the nuclear density given by Gilbert and Cameron

e(v.7)= "/L‘ e"(;(iw) (25+1) exp |- (:+g)‘/¢o-=:] (5)

where

&> 0.0985 AP {av

The observable density is given by the sum of ¢ ( V,3) over all
rossible J values.

In absence of other information this summation is replaced by an
integral in J from zero to infinity. The result is

0.2 exp(?'m)
Al all* 2w/ (6)

The parameter A is according to Bethe proportional to the mass

number A, Gilbert and Cameron have included the shell correction S

in the expression of & ., Since the nuclear density is deduced assuming
that the nucleus is a Fermi sea without surface effect or any nuclear
interaction, shell and pairing effect should be included in a semi-
empirical fashion,

e(v)-

Thus they proposed to write

a/A = xS+

where « and (5 are congtant to be determined from experiment. The
pairing effect is taken into account by reducing the excitation energy
by the amount & . This means that 5, must be expended before the
system can be considered as formed by independent nucleons.
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Below we explain how the density at luw energy was alleviated. Tn
this regard we point out that in spite of it is meaningless to talk
about nuclear dencsity a2t low energy, the numerical calculations
depend quite critically on its value. We have taken a simple ex-
pression of @ similar to (6) but the valve of § , the pziring para-
meter, was medified.

For odd-~even and even-even nuclei 5. was reducad with respect to its
value at high energies. For odd-odd, 5 being zero, the desired
effect was obtained by creating a negative pairing effect.

In summary

for even-even, U < & MeV

CS = "S° (‘ - égU ) for odd-even, V< 6 MeV

S.§-v

C for odd-odd and U <« S Mev/

Using this simple criterion, a remarkable agreermznt of the modified
@ at low energy and the temperature model exp [(v- EN/T

whose parameters Egand T are reported by Gilbert and Cameron, was

found. Besides the contlnulty of @ between low and high energy is

automatically obtained because the same analytic form (6) is used
for both regions. Finally at very low energy "W «£L 0.2 MeV was assumed

to an exponential function joining smoothly @ for V0.2 MeV.

The procedure described here gives very good agreement with the

observable level separation distance.

Capture Cross Sections

The neutron capture cross section is quite known experimentally.
However, the o{,p, and ¥ capture are not so well known and we
have used theoretical models for their prediction. The o capture
cross section was obtained using the model of Hizenga and Igo.
This model uses an optical model given by

r—-R J

V(r) = (\/04-&\/\/0)/[1 +exp

where V°= - 50 MeV, R = 1.17 A + 1.77, a = 0.576 and W ranges
between 5 and 30 MeV. The coulomb potential used in this model
is the one proposed by Hill and Ford(3)

-m Mmx
\/_22&?— I R BN (l-e fl 2 )} +_c__
(A R, m 2 ¢’ m+ \ mx z 3 S

-(or X <

\/“Q%ez {_‘-,((% )< MM")] Lor ><v>-l

- 3
X e +:zm+3n\, i
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where X w E:. and Qc " l,l? AV3

¢

The value of n is 10 for heavy elements and is in general,
proportional to A”3

To calculate the proton capture cross sections, an optical model
with the following parameters is used.

L) = V) 1, () (o) o A[ 0] L5

where,

th F) = \/°
- (+) \ 4 expl(r-r)/a ]

\/fwt (") < V.}/o -
L4+ exp [(F-R, )2 ]
V. - 5.5 Mev Q\.; R, = '-2¢ At/z _EM

Y

and &g o'(pg 'g\M , ,@ = O.qc 4(“&
- The depth \/,, of the real part was calculated from the formuia

V.= -0 +03 (E-Ve)- 20 'NF\:? MeV/

deduced from a microscopic many-body theor_y@“)

The last term is equivalent to the symmetry term in the semi-empirical
mass formula.

The incoming proton energy is indicated by E and‘V; represents the
effect of the slowing down of the proton in nuclear matter due to
the Coulomb effect.

If we include a diffusivity effect on the Coulomb distribution,
V., becomes

\f:é.zez((-d) MV

[ N a

The factor (1-d) is of the order of 0.65 for medium and heavy elements.
The ¥ capture cross section was predicted using the formula proposed
by Brink. This formula accounts for the giant dipole resonance with
the empirical value of the resonance energy

E - A% Mev
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end a width 'R = 5 MeV. The formula is ¢ classical Lorentiziun
distribution and reads:

L

G - QOBP: . ] barug
19 Ov\ V) (J:z (1) E

V. Results and Conclusions

In Pigs. 4 to 11 we show our theoreiical predictions by solid curves.
'he experimental ones, when available, =are indicated in the same
figures by arrows. Shaded areas represent the ispersion of such
experimental daia.

The experimental sources for ihe capture cross secticns were taken
from BNL 325. In the calculation of certain cross sections as (n,p)
the capture cross seciion in the inverse reaction, plays an im-
portant role., For energies less than 4 ife{ close to the threshold,
the optical model used to calculate thc p capture was not very
adequate. In that case we took, for energies lesus than 4 MeV the
experimental capture cross sections given in reference 6.

The experimental values of the one and two particle emission used
to amke the comparison with the theoretical predictions, were tak=n
from BNL 325.

As a conclusion we may say that in spite of the simplicity of the model,
when it is worked out carefully, it becomes a powerful tool for the
predictions of fast neuiron cross sections.
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Figure Captions

65

Neutron capture cross section for Cu ~.

The § ¢ for the other isotopes were found to be
quite close (in a 5%) to this one,

Alpha capture cross section for 006‘. Obtained from
calculations with an optical model as explaincd in
section IV,

Proton capture cross section for Ni65, obtained from
calculations and experiment as explained in sections IV
and V.

Cu65 (n,n') Cu65 reaction cross section. The solid curve re-
presents the theoretical predictions.

52 .
Cu65 (n,X) Co’™ reaction cross section. The solid curve
represents the theoretical predictions.

cu®? (n,p) Ni® reaction cross section. The s>lid curve
represents the theoretical predictic igs. The dispersion of the
experimental data is indicated with a shaded area.

Cu65 (n,y ) Cu§§ reaction cross section. The solid curve
represents the theoretical predictions. The dispersion of the
experimental data is indicated with a shaded area.

Cu65 (n, 2n) Cu64 reaction cross section. The solid curve re-
presents the theoretical predictions. The dispersion of the
experimental data is indicated with a shade area.

Cu65 (n, np) Ni64 and Cu65 (n,pn) Nié4 reaction cross sections,
The solid curve represents the theoretical nredictions.

cu®? (n, n) co®! reaction cross section. The solid curve
represents the theoretical predictions. The dispersion of
the experimental data is indicated with a shade area.

Cu65 (n, X n) 0061 reaction cross section. The solid curve
represents the theoretical predictions.
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Progress Report on

Neutron Physics Research in Yugoslavia

Compiled by I. Slaus

June, 1971
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Laboratories in SFR Yugoslavia
working in the field of neutron
physics research

Institute "Ruder Bo3kovicé", Zagreb:
Department of Nuclear and Atomic Physics
chairman Prof.dr. P. Toma$

Department of Theoretical Physics
chairman Prof.dr. G. Alaga

Laboratory for Nuclear Chemistry
Head Prof.dr. P. Strohal

(this is in the Department for the QOceanographic
research)

Institute "Boris Kidrig", Vinda
Department of Physics
chairman Prof.dr. B. Lalovié

Institute "Jozef Stefan", Ljubljana
Department of Physics
chairman Prof.dr. D. Jamnik
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Neutron Ppysics Research

1. S. Lulié, P. Strohal and I. Slaus:
The Study of (n,2p) Reactions at 14 HMeV
Nuclear Physics Al154 (1970) 273-282

The study of (n, 2p) reactions can yield important
information about reaction mechanisms and nuclear spectro-
scopy which cannot be obtained by charged particle induced
reactionsl).

Attempts aimed so far to determine the cross sec-
tion for the (n, 2p) reaction leading to radioactive nuclei
with suitable properties have not been successful. Only
upper limits have been quoted6’7), the values ranging
from 3/ub to 840 ub (refs.6’7)). Husain et al. have measu- |
red the 103Rh(n, 2p)1°2mTc reaction and found 734/ub (ref.B)).
However, an upper limit of 3/ub is quoted for this reaction
in ref.’ . The advent of high resolution Ge(Li) detectors
and on-line computers, with refined chemical separation
techniques, is making the study of (n, 2p) reactions much
mor e promising.

The present investigation relies on the activation
method employing Ge(Li) detectors in conjunction with a
PDP-8 computer used as a 1l024-channel analyser, and the
chemical separation of Z-2 elements from predominantly 2
and Z-) materials.

The cross section was determined by using fthe
internal monitor, i.e. comparing the intensity of photopeaks
belonging to the investigated (n, 2p) reactions with those
from the product of (n, alpha) reactions. The error due to
the efficiency of the chemical separation procedure was
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therefore eliminated, since the products of (n, 2p) and

(n, alpha) reactions belong to the same chemical element.
The uncertainty in the absolute cross section of the (n,2p)
reactions depends upon the accuracy of the (n, alpha) cross
section. Only for TiOo, V205 and Y¥(NO3)3 the monitor was
the (n,p) reaction. The targets used in this study, the
monitor reaction, the vaiue of its cross section and the
half-life are given in table 1.

Table 1
Targets and monitors
Monitor
Target Chemical reaction product value other ref.
separation half-life used values
performed : (mb)
KINO 5 yes j;K(n,m)3821 37.3min 30£62) 31.4% 5 igg
4 + 08 +
Se203 yes Sc(n,L)* K 12.,4h 63=127) ggigz 16 )
40, no  2°0i(n,p)?°Se 1.7min 28 6%) 17E 2 ig%
9 2
27t 3 19)
V50 no 51V(n,p)51’l‘i 5.8min 55%12%) 37§ 3 2?%
22%12 22)
30 6
25t 4 23)
RO, no  *%Mn(n,«)>%v  3.7min 337 g2.5tls 2N
As,04 yes  ?As(n,%)7%Ga 14.1h 9.3%3.1%)10 *0.8 i5g
12 31,1 M
RBNO, ves  STRb(n,«)B%Br 31.8min 59%12°) 39 ¥16 14
¥(NOy)3  yes  27AL(n,p)?Mg 9.5min s2tio?) 87.2% 7 Sgg
93 =10
52.4%9.4 T4
77 %8
53 *g 19)
Nb,05 yes ling(n,*)ggY 3.1h 5.9%2°%) N ig;
130 + a +
CsNO yes Cs(n,x):3-I 12.3h 1.0=0.9 .9 =0.2
La(N83)3 yes 139La(n,¢)13608 13.74 lfﬂ*0.19f} 1.3 29)
2) Ret.?), P) met.®), ©) Re£.9), ) Rer.19), ©) Rer.1ly,
12

f) Ref. 7).
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Gamma-ray spectra were measured using a 20cm3
Ge(Ii) detector coupled to the PDP-8 used as 1024—chan-~
nel analyser., Only the activity produced by irradiation of
the Ti0, target was studied using a 7.6x7.6cm Nal(T1)
scintillation counter in connection with a 256-channel
analyser.

Gamma-ray spectra were analysed and the decay curves
of characteristic photopeaks in the spectra were measured
for several half-lives., Activities due to a specific ra-
dionucleide were calculated from the area under the
photopeak.

The cross sections were determined taking into
account all necessary corrections, such as branching ratios
and the efficiency of the spectrometer as a function of the
y-ray energy.

The quality of the experimental arrangement was tes-
ted investigating the activities of 2-2 products for nucleil
where the Q-value for (n,2p) reactions is less than -14.5
eV and thus cannot occur at our bombarding energy.

The targets Sc203, Vo205, Asy03, Y(NO3)3, Nb, 0,
CSNO3 and La(NO3)3 were irradiated and the chemical separa-
tion of 2-2 products was performed for all targets, except
for V205.

Table 2 shows the experimental results for (n, 2p)
reactions, Columns 1 and 2 list the target and the residual
nucleus,; regpectively. The Q-values of the reactions are
given in column 3, and half-lives in column 4. The reaction
cross sections in /ub obtained in this experiment are
listed in column 5, and the experimental errors are given
in column 6. The upper limits for the investigated reactions
given by Bramlitt and Fink are quoted in the last column.
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Table 3

Cross sections for (n,2p) reactions

Target Residual Q-values Half-lives ( é%) Exp.error Upper
nucleus (MeV) / (f/ub) limit

(/ub)

455 4y ~12.21  22.0 min 25 10 210
51y 905c  -13.74 1.7 min & 60 30
75 pg T46a  -11.72 7.8 min 52 29 500
8%y 8%gp  -11.53 18.0 min 50 40 30
PBmp . %y - 8.87 3.Th 50 20 500
133gg 1327 - 8,95 2.3k 25 20 5

13912 13835  _10.85 32 nin 30 20 46
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2. M. Dik%ié, P, Strohal and I. Slaus:
(n,3He) and (n,t) reaction cross sections at 14 IieV

The experimental data on (n,3He) and (n,t) reac-
tions are very scarce and even when the data exist they
are often contradictory, the results range e.g. for
103Ry (n,He) % e from upper limit of 0.4/ub8 to 1500~
—3500/ub3. The successful measurement of (n,3He) and
(n,t) reaction cross section requires sensitive experimen-
tal techniques which can enable to discriminate the low
yield of (n,3He) and (n,t) reaction in the presence of
large yields of (n,2n), (n,%, (n,ney and (n,p) reactions.
The high resolution gamma spectroscopy coupled with the
radiochemical separations are basic features of our expe-
rimental method. In case of (n,BHe) reactions radiochemical
separations exclude all radioactive products from (n,p) and
(n,2n) reactions.

The present investigations were performed using
the activation method. In some cases radiochemical separa-
tion was also applied, mostly for the separation of (2-2)
elements from the target material.

Experimentally determined cross sections for
(n,BHe) and (n,t) reactions are presented in Tables 1 and
2. All cross sections correspond to measured values cal-
culated on the basis of characteristic photopeaks of their
gamma ray sSpectra. Tables 1 and 2 show the experimental
results for (n,>He) and (n,t) reactions. Columns 1 and 2
list target and residual nucleus, respectively. Target
materials are given in column 3, while Q-values are
present in column 4, and half-lives in column 5. The
reaction cross sections obtained in this work are expressed
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as weighted mean values and listed in column 6. Cross
gection values and upper limits of investigated reactions
are listed in column 7, while column 8 indicate the cor-
responding references.

TABLE 1
Cross sections for (n,3He) reactions
Tor .ct Residual Target Q-value half cross sec- values of KHer.
rrcleus nucleus material Iife tion (mb) other
autors
317 T 29 . +
: Al red -13.0795 6.6 min 222£100 700 2
phosphorus 500 3
4l 3901 KNO, -12,599  55.5 min 848320 2500 2
55yn 23y Uno,, ~12,7017 2 min 800%320 2000-6000 3
50 4
420 2
5%o0  2Tym Co-foil -11.6126 1.7 min 62%30 25 4
) 1000-3000 3
. 100 2
®30u el 63q ~9.5130 99 min 113%40 3200%1100 5
(sep.isot.) 80
Tlea 90y Gag0y  -11.0446 3 min  66%20
g 1ga Asy05  ~-10.1481 294 min  578%200 300057800 3
: 1
500 4
%%z, 94gn 210, ~13.4697 1.35 min 136%50
wo My b0, - 7.7154 50.3 min 17.9¥9.0 60 9
1odun  Lolpg Rh-foil - 8.5503 14 min  16%7 1500-3500 3
l- —l
2.0%0.6 7
90 2
0.4 8
19 4
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Table 1
109 g LoTgy AgNO - 8.7193  21.7 min  23%10
1151, 1134 In-foil - 9.3409 5.3 h 33t15
130p, 1284, 130pg ~10.7969  59.0 min  15%8
(sep.isot.)
167y, 185 Re 0 - 6.5999 50 min 4+3
TABLE 2
Cross sections for (n,t) reactions
Target Residual Target Q-value Hali-1life Cross sec- value of Ref.
nucleus nucleus material (MeV) tion (micro- other
barns) autors
328 EDP sulphur + +
powder -12.6942 2.5 min 154-70 4-1 15
20-2 16
7.5%¢ 17
2200-11% 18
17 19
10 20
49¢a 38y CaCO;  -12.9401 7.71 min 310%180  20000%20% 18
100 16
15 20
20 15
S4pe bemyy  Sdpe ~12.422 21.1 min 351%150 600t100 21
(sep.isot.)
647, °2au Zns0,  ~10.0658 9.76 min 33.7%10 100 15
89y ®Tsr  ¥(N0j); - 9.6919 2,83 h  15.4%10
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3. M. Purié, V. Valkovié, D. Miljanid, P. Tomad and
B. Antolkovié:
Neutron-Proton Bremsstrahlung at 14.4 MeV
Nuclear Physics Al156 (1970) lo5-112

A kinematically complete experiment on the
neutron-proton bremsstrahlung at a neutron energy of
14.4 MeV was performed. Protons and neutrons were
detected on opposite sides of the neutron beam. Protons
were identified and their energy measured. The associated
particle method and the neutron-proton time-of-flight
difference were used to reduce the background. An uppner
limit of 400/ub-s,r"2 was found for the neutron-proton
bremsstrahlung differential cross section at the detec-
tor setting 6 = 0, = 30°.

4, b, Miljanié, M. Furié and V. Valkovié:
A Study of (n,d) and (n,t) Reactions on T1i
Nuclear Physics Al48 (1970) 312-324

Charged~particle spectra from neutron irradia-
tion of 7Li were measured at several angles., The angular
distribution of deuterons from the 7Li(n,d)6He(g.s.)
transition was compared with the DWBA prediction. The
absolute value of the cross section was in satisfactory
agreement, but the shape of the measured angular distri-
bution was not well reproduced by the calculations.

The angular distribution of tritons in the peak
of the spectra was compared with the DWBA prediction
for the pickup of two nucleons. The shape of the angular
distribution was reproduced reasonably well. A discre-
pancy in the absolute value was interpreted as a conse-
quence of quasifree n-t scattering.
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5. V. Valkovié, M. Furidé, D. Miljanié and P. Tomas:
Neutron-Proton Coincidence Measurement from the
Neutron-Induced Breakup of the Deuteron
Physical Review C, No.4 (1970) 1221-1225

A method for measuring neutron-charged-particle
coincidences from the 14.4 NMeV neutron-induced reaction
hag been developed. The n+d—3p+n+n reaction has been
studied by the coincidence detection of the outgoing
Protun and neutron. The cross section has been measured
as a function of five inderendent kinematic variables.
4 contribution of neutron-proton quasifree scattering
has been observed. The cross section for 9n=ep=30O is
found to be 0%37.5i5.8mb/sr2. This result is in fair
agreement with the data for proton-proton quasifree
scattering from the p+d—sp+p+n reaction.

6. B. Antolkovié:
The study of 2°B(n,sok t), 'Li(n, nott) and 120 (n,nax«)
(work in progress)

These reactions have been measured using the
bPhotographic plates. The measurement is a kinematically
complete expeériment.

The results of the measurement are shown in
Figs 1.and 2.

The cross reactions are

T1i(n,t) Hegg  50mb

13 (n,n")Tra% o 182mb

TLin,n")"1i¥ ., 6amb

108(n,t)%e,g  9.3mb

108(n,t)%Be, 4  21.4mb

LoB(n, o) 11, 5 19.2mb

1og(n,d )"Lig o, 10.3mb

All errors are ~ 10%.
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7. I. 8laus, J.W. Sunier, G. Thompson, J.C. Young,
J.W. Verba, D.J. Margaziotis, P. Doherty and
R.T. Cahill:

Neutron-Neutron Quasifree Scattering
Physical Review Letters Vol.26 (1971) 789-792

In collaboration with the group in The University
of California, Los Angeles, the reaction D(n,2n)p was
studied. Th>? data are shown in Fig. 3.

The eff~ctive range, ,r__, has been extracted.

The preliminary value is 2.4-1.6fm. The upper limit for
nd Bremsstrahlung was determined t¢ be 2mb/sr2.

8. b. Miljanié, V. Valkovié, D. Rendié and M. Furié:
Angular Distribution of tritons from the 11B(n,t)gBe
Reaction at 14.4 MeV
Nuclear Physics Al56 (1970) 193-198

The differential cross sections for the
llB(n,t)gBe reaction are shown in table 1.

Table 1

Differential cross section for theollB(n,t)gBe(g.s.)reaction

o, mv/an

0© 2.57 £ 0.08

13°18° 2.15 £ 0.09

26°31° 1.95 ¥ 0.08

39°33° 1.55 £ 0.07

520197 1.07 ¥ 0.09
+

64°43° 0.81 * 0.08
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Experimental facilities

In the Institute Rudjer Boskovié there are two
Cockcroft-Walton accelerators and it is considered to
use the internal beam of the 16 MeV cyclotron to pro-
duce neutrons,

The experimental techniques are improved:

1. V., Valkovié and P. Tomas:
A Position Sensitive Counter Telescope for the Study
of Nuclear Reactions Induced by 14 MeV Neutrons
Nuclear Instruments and Methods 92 (1971) 559-562

A counter telescope consisting of two multiwire
proportional chambers and a residual-energy charged-
-particle detector is constructed. Instead of using
a standard proportional counter, two batteries of a
gas proportional counter were incorporated into the
tandem arrangement of the detectors. The position sen-
sitive part was made from stainless steel wires, 0.02mm
in diameter with a wire spacing of 5mm. The distance
between the mesh and the wires was 15mm., The lumped
delay~line method was used to determine the identifica-
tion pulse that is position sensitive. The spectra of
the energy loss in the chamber were measured in the
proportional region. '

2. I. Slaus, J.W. Sunier, G. Thompson, J.C. Young,
J.W. Verba, D.J. Magaziotis, P. Doherty and R.T. Cahill
Physical Review Letters Vol.26 (1971) 789-792

Neutron-neutron QPFS was studied by bombarding a
cylindrical 2-in.x2-in. CgDg target with the 14.1-MeV
neutron beam defined by associated alpha particles. Two
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outgoing neutrons were detected at en(3)=en(4)=30°,
#=180°%., The overall angular resolution was +69,
The main experimental problem is the large background
from x’s and from direct and elastically scattered
neutrons. The background was reduced by requiring the
four detectors (alpha, target, neutron-right, and
neutron-left) to be in coincidence and by kinematically
over—determining the process by measuring the time of
flight and the scattering angles of the two neutrons
and the energy of the recoil proton (ET)' A further
reduction in background of 20-25% was achieved by re-
quiring that the neutron energy derived from the scin-
tillator light output be compatible with the energy
‘derived from neutron time of flight. Real and acciden-
tal events were accumulated simultaneously.
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Information on the research in Institutes
"Boris Kidrig", Vinda, and "JoZef Stefan", Ljubljana
are not complete due to the reason stated in the
Preface.

Institute "JoZef Stefan":

Dr. N. Cindro has received some data from
Ljubljana and he should be able to inform the I,N,D.C.
The results of some (n, y°) studies are given in:

Nucl. Phys. 130, 401; ibid 138, 412 and 158, 251, as
well as in Fizika 2, 41.

Institute "Boris Kidrid":

1) Capture of thermal neutrons on caesium and lanthanum
- (work in progress).
J. Simié, B. Lalovié, V. Ajdadié, I. Slavié and
B. Koicki
The new decay schemes have been determined.

2) The activation analyses and the gstudy of reactor material
(work in progress).
T, Tasovac, V, Bulovié, R. Draskovié et al.

3) Neutron total cross section measurement on light nuclei
F. Boreli, .
A part of this has been published in Fizika 2, 97 (1970)



