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FOREWORD 

This consolidated progress report for 1974 has been prepared 
for the countries in the ITDS service area.. It is intended to en-
courage a closer relationship between Member States and provide 
for a wider circulation of unpublished progress reports from 
countries v?ithin the Nuclear Data Se c~t iori SSPVXCG si*© R, » A second 
report XIIDG(S5IC)-43/L covers countries outside the IJDS service 
area. // 

The report is arrJinged filolvi'he'tica.H'v by count rv^ and roproduc 
the content of each individual report as it was received by the 
HTDC Secretariat. Also included in the Table of Contents is a 
list of each laboratory, institute and university referred to in 
the report, preceded by its int.ernaxiona.lly used EXFOR code. 

As in all progress reoorts the information included here is * -
partly preliminary and is to be considered as private 'communication 
Consequently, the individual reoorts are not to be quoted yrithout 
the Demission of the authors. 
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ATOMIC ENERGY CENTRE, DACCA 

1 • Meamreatat of neutron total cross-aectloa 
af Mercury and. Dysprosium 
( M. Has sain, Enayatullab Molla, N. Islam Molla, 
H. Fareoque, M. Hussain , £. Islam and M. Ho s sain ) 

Neutron total cross-section data ware measured far 
Mercury between 16«25 and 18.79 MeV and far Dysprosium between 
0.64 and MeV, 3.83 and 5.9O M»V, and 16.18 and 19*10 MeV, 

pulse shape discrimination was used as neutron detector* 
Measurements ware made in steps of 100 keV and tbe bean 
energy spread was ef the order of 10 keV. Corrections were 
made for background neutrons and in-scattering effect. Final 
analyses of tbe data are in pregress. 

.V 

* Department of pbysios, 
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2. Optical model analysis of fast neutron total 
cross-section of 

( M.Enayetullah and M.Rahman) 

165 

Total neutron cross section of He in the 

energy range of 0.5 to 19 MeV have teen analysed in 

terns of the optical model.Good f±fchas "been obtained 

in the energy range of 2 MeV to" 19 MeV. 

In the analysis the interaction potential,, 

used was of the type: 

V(r)= —Uf(r) -i'fg ( r) + (TJ^ + iW g) 1 f(r) 1 

where, 

f(r) has a Saxon-Vfood form 

f(r)= 1 + exp (r-R)/a ~*1and g(r) either equals f (r) or 

has a Gaussian form g(r) = exp -(r-R)/b)^ 

U,W,TJs and Ws, have their normal meaning ftand the nuclear 1/3 
radius R is given by R =rQ A and a,b are the diffuseness 

parameters. 



3% Iapreventnt of Directional Sgnaitiv±ty of BF^ Long counter 
* 4 

(H* Islam, D. Huasain, M . Hussaln , B . I s l u and. 

N> Shahjahan*) . 

A BF., long counter of the Hanson-Mckibben type lias 
been constructed* To make the counter direct!onaly sensitive 
a simple detachable collimator has been designed* The angular 
resolution (half-width at half height) of the long counter 

S 'A 

is 32 and with the collimator in front of the counter, this 
becomes 7*2°. This increased resolution makes the counter *see* 

only a limited experimental area thus ̂ reducing the background 
counts from scattered neutrons and also from secondary neutrons 
produced in different parts of an accelerator speoially when 
a deuteron beam is used* The energy responses of the cellimated 
and uncollimated leng counter have been compared and it is seen 
that for source neutrons* the ratio of the counts slowly decre-
ases with energy and the efficiency of the counter remains reason 
ably constant. Thus a Hanaon-Mckibben long counter with the addi-< 1 

tion of a collimator has the general flatness of response of the 
basic counter. The absolute efficiency of the long counter has <1 ^ 

been measured. The calculated absolute efficiency was found to 
be 

G 
* Department of physics, Dacca University. 
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2 
4• Analogue Resonances in Co 

(>I. A-Rahman, S.Khatun.M. A «Awal,M.Rahman and E.M.Sen Gupta*)-

The (p reaction on ^ F e target has "been 

investigated to identify the isobarie analogue states in 
57 the compound nucleus Co corresponding to t he ground and 

57 
low-lying states of the parent nucleus ]?e.In the present 

experiment the excitation function was measured in the, 

energy range 1.2 to 2.00 MeV and five analogue states at 

S =1.246,1.261,1,.406,1.646 and 1 .965 MeV corresponding to 57 
ground,0.014,0.136,0.366 and 0.707 MeV states of Fe have 

"been identified.This work will be extended upto 3.0 MeV. 

Study of 2 7Al (P ,pQ) Y|i-R.Rahnian,M.A.Awal,S.IC?hatun,M.Hahnian & H.M.Sen Gupta*) 

Excitation function for elastically^scattered 

protons from Al have "been measured at 90 ,125 and 140", 

by using surface barrier detectors.The data have been analysed 

by using certain predetermined''resonance shape.This analysis 
1 

yields information on resonance widths.The shape analysis of 

the resonances of excitation functions rt various angles 

gives an estimate of the 1 - values of the resonances.Results 

obtained are shown in the table-I. 
i 1 , îi 

' r> ,J ' ' ' 
* Department of physics,Dacca University. 



Table - I 

S I . 
No. 

S resonance P (MeV) r 
(keVj Parttal 

Lab CBS ( mean) width. 

90° 125° l40° 90° 125° l4o° 

1. 1.114 1.119 1.075 1.079 1 .43 1 
2 . 1.195 1 .202 1 .201 1.153 1.159 1.158 4 . 4 3 1 

3 -a 
1.360 1 .363 1.312 1.314 1.43 1 

4 . 1*452 1.^52 1.452 1 . 4o i 1 .40011 i . 4 o o 1 , 7 1 

J : 
5 . 1 .496 1.498 1.443 1.440 1 .12 s J : 

6 . 1.571 1.571 1.575 1.515 1.515 1.519 3 .53 

¥ 7 . 1.700 1.701 1.702 1,640 1.64o 1 . 6 4 i 1 .12 

8 . 1.792 1.794 1.728 1.730 2 .28 

9 . v 
=2.026 2.029 1.954 1.957 2 .83 1 

10. 2.473 2 .471 2.385 2 .383 3 .37 

11. 2 .661 C // 
2 .566 4.90< 3 

12. 2.547 /I 
\ \ 2.547 2.456 2.456 3 .37 

13. 
I. 

- J 0 
2.866 2.764 3 .88 1 

Y 
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6. T^-dependence of Coulomb displacement energy. 

(M.A* Rahman, M.A. Aval, S. Khatun, M. Rahman 
and R.M. Sen Gupta ) 

r > 

A least squares analysis has been carried oat on all 
available data on Coulomb displacement energy AE ' as a fun-
otion of Z/A 1^. Anderson et al.^) made least squares analysis 
of the experiment al data on ̂ S in the mass region to 165 o and obtained 

» (1.4^+0.005) Z/A 1 / 3 - (l«13<±0«0fc) MeV 
j 

Xn the present case with 2^5 observed values of A S spreading c /, 
over ri mass region A»27 to 238, the result of least squares 

analysis has been found to be '0 

A B C » (U^37±0.003) V a 1 ^ 3 - (1.081^0.02) MeV ^ 
This relation may, be used with better acouracy. 

a 

o 

Attempts have also been made to see the dependence of 
A E on T » the isobaric cpin. To see this the value* have c » , „ c . o ,) 
been arranged into several groups according to T% values and 
least squares analyses have been made.;The dependence has been 
found to be small. ® 

* <• • ' ' 

(i) J.T. Anderson* C. Wong and ,, 
J.¥. McClure, phys; Rev« 138(196 5 f b615 

* Department of physics, Dacca University. <> 0 
' ' t, " rf o 
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7* Pre ton-induced X-ray Fluoretcence Analysis of 
T: Trace Elements. 

(A.H. Khan, M.B. Zanan, M.M. Islam, M.A. Rahman, 
D. Hossain and M.A* A*al)• 

Under the programme of Faat Particle Activation Analysis 
of Trace Elements, at present efforts are being concentrated 
only on the subject mentioned above. In this regard, a series 
of experiments were performed on natural copper targets of 
varying thickness (40-70/fcg/em2) to identify the 8.4 keV CuK^ 
peak, proton energy was 1.2 MeV and its beam intensity was 5^A» 

Y> 
Result8 of these experiments indicated that the signal 

to noise ratio was so small that it was not possible to separate 
the 8.4 kev peak for Cu« This was due to the poor detection 
system in which an uncooled Si(Li) detector was used. Moreover, 
tbe Vacuum chamber was too large (18" diameter) for X-ray 
measurements* 

Attempts are now being made to set up a new detection 
system which will consist of a high resolution gas filled pro-
portional counter and a 6* eubic vacuum chamber. Vhea this 
system is complete, it is expected that it will improve upen 
the present level of activitiew* 

o 
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8• separable potential for cL - olinter action 
( Me Rah**n, S. All A D. Hussain*) 

A two term nen-local separable potential baa been used 
to study the S»D and 6 wave ot-o( phase shifts. A careful study 
shows that a separable interaction having a 'long* range attra-

t 

ctien and a short ruge repulsion is oapable of reproducing the 
above mentioned phase shifts within the energy range 0—2k MeV* 
A paper baaed on this work has been reported at International 
Centre for Theoretical Physics* Trieste» Italy and has also been 
sent for publication in the Physical Review. 

So far the interest was to reproduce the phase shifts at 
energies where the non-elastic contribution to phase shifts 
oould be neglected* As such the strength of the interaction used 
was assumed to be real. Now attempts are being made to extend 
the work for higher energies. 

9* Non-local separable potential and p-p scattering. 
( M. Rahman, S. All and D. Hussain*) 
A non-local separable interaction having the same form as 

that used in cL-oC scattering, has been used to study the S-wave 
phase shift fer the p-p system in the energy range O-HOO MeV. It 
is observed that a two-term separable potential is capable of 
reproducing the phase shift within this energy range. 

A paper based on this work has been reported at ICTP 
and has also been accepted for publication in the physical Review. 

* Department of Mathematics," Jahangir Nagar University. 
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// 

10. Application of the Resonating group foratliw 
( S-A. Afxal and S. All ) 

Application or the resonating group foraalisB is done 
to the case *f o<-©c phase shifts* The N-N interaction employed 
here is a soft core nucleon—nucleon potential* As it requires 
a large computer* preliminary computation work was done at CDC 
computer of the University of Trieste, Italy; sons more calcul-
ation is needed. 

11* A note on the anatomy of the S-wave oC-ocinteraction. 
( S«A. Afsal, S. All and M. Rahman ) 

The effects of the various terms appearing in the kernel 
of the S-wave <?C - CK interaction have been studied* It has been 
found possible to identify terms which have repreaentability 
for the kernel* 

12. study of the p-o*. scattering phase shifts with non-local 
separable potential 

( A.A.Z. Ahmed and S* All ) 

Satisfactory results have been obtained using a non-local 
potential for the phase shift analysis of the S-wave and p-wave 
protoJ^jLlpha scattering* Analysis of the higher l-wave phase 
shifts will also be taken up shortly* 
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k 13« Bho-te-di'sihfeegration of He 
(S.dfc. Afsal, S.M.1M.R. Chowdhury and Suhrabuddin ). 

4 i 't 

In this study of He Cs,p) fi» Investigation is aade 
on the effect of strong short range correlation on the photo-k 4 
disintegration of He* In both He and triton Jastrow type 
correlation has been introduced and consequently the calcul-
ation requires huge computation. Preliminary part of the work 
has been completed and the final work is in progress. 
14* Calculation of the Energy losses of electrons in thin 

films with recoil effect. 
( S.M.M.R. Chovdhury )• 

(a) A quantum mechanical formula for the energy loss 
function of electrons with recoil effect up to second order 
in electron-plasmon coupling constant has been derived. It is 
shown that in this approximation the contribution comes from 
the change of electron trijeotories by successive emission or 
absoxption of plasmons and the result obtained agrees with 
non-reooil effect* 

This work is in progress. 

* Department of Mathematics, Dacca University 
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(b) Energy band of Kcl lias been calculated by the 
linear combination of Atomic orbital (LACO) method using 
Ha.tree Fook type of exchange potential. The exchange-effects 
and the influences of admixture of different states to the 
orystal orbital are extensively studied. These effects are 
found to change the maximum and minimum of the valence band. 

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

1 a A computer code to generate multigroup cross-sections 
( M.A.V. Mondal) 
It is well known that multigroup methods in neutron 

calculations have won wide acceptance in the design of nuclear 
reactors. Usually all big laboratories engaged in theoretical 
reactor physics works have their own computer codes to generate 

\ i 
multi-group cross-sections* Here at Dacca we do not have anjr 

ij 

such computer codes. But for our calculations we need to generate 
multigroup cross-sections. For this reason a computer oode has 
been developed to generate multi-group cross-sections using the 
H M 1620 computer. This code can generate group cross-sections fr needed for P - and P. - calculations. Using this code and the o 1 
analytical expression for the neutron cross-sections of the 
proton (l) we have generated a set of 33 group cross-sections 
covering the energy range 10 MeV - 0.6l4ev for water. The results 
obtained for slowing down time of neutrons in water using these 
multi-group cross-sections agree very well with those^of experi-
ments. At present attempts are being made to incorporate in this 
code the effect of up-seattering in the thermal region. The 
work is in progress. ,. 

s' 

1. A. Horsley "Neutron cross-sections of the proton in the 
energy range O.OOOIev - 20 MeV", AWRE - 0 - 23/65 (July 1965) 

Vb 
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2* Studies on slowing down. length 
( M . A . V . Mondal) 

The aim of this project is to make a detailed study of 
the effects of (a) inelastic scattering, (b) anisotrcpy of the 
scattering processes, (c) leakage of neutrons, (d) variation of 

\\ 

tbe source neutron energy and (e) finite siae of the source on 
tbe slowing down length of neutrons* For studying these phen-
omena the problem of calculating the slowing down length has o 
been formulated with the help of the spatial moments of tbe 
slowing down fluxes using the multi-energy group technique* 

A computer code to generate the multi-group cross-sections 
necessary for P^—transport calculations has been developed* Using 
this code, multigroup cross sections for hydrogen have been'' 
generated with the help of whioh some results for the neutron 
age of fission neutrons for water systems have been obtained* 
It is seen that diagonal transport approximation yields results 
which are in good agreement with those obtained from the experi-
ment and other theoretical methods* A* for example, the neutron. 
age of Indium resonance (1*46 eV) in water for a. fission source 

2 obtained from our calculation is 27*55 o« while those from tke 
' (0 experiment and the stoohastic method of calculation of the Yam-

(2) 2 amura and Sekiya are respectively 26*48 j. 0.32 and 26*34 em * 

Compared to the stochastic method of Yamamura and Sekiya our 
method is simpler and requires muc|( less oomputer time* 
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The slowing down length, has alse been calculated in an 
infinite spherical geometry for a spherical neutron source of 
different radii under the assumption that the source doe* not 
absorb or scatter any neutron and becomes a part of jihe slowing 
down nuedium just after emitting the neutrons. Results obtained 

A, f ' 

from this c^.-iulation indicate that the slowing down length 
increases as one increases the finite size of the source. 
Further works on this project ere in progress. ••C i, (1) Pashal, R.K., Nucl. Sci. Sngg., 20(1964), 436 
(2) Y. Tamamura and T. Sekiya, J.Nucl. Sci. Teohnol. , 

7 ( 1 9 7 0 ) , 564. 

3. Thermal Neutron Scattering Kernels in Poly crystalling Solids 
( S.A.M.M. Siddiqui ) 

A computer code is being developed for the thermal neutron 
scattering kernel in a poly crystalline material. The customary 
approach, due to Schofield and Hassit^1), is to expand the inter-
mediate scattering function in an infinite series such that the > 
£-th term accounts for the process in which -£-phonons are 
exchanged. The first two terms (i.e. the elastic scattering and 
the one phenon term) are treated exactly and the remaining terms 
are approximated by msing the central limit theorem of statis-
tics, which is supposed to be a good approximation for terms with 
large values of • Ve therefore expect that an exact treatment 
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of the s2 term with, the remaining terms approximated by 
the central limit theorem would improve the results consider-
ably. Our efforts are also directed towards finding suitable 
Presentations for the frequency distribution functions, so 

/ 

some of the integrations can be performed analytically, 
D 

thus reducing the computation time* Two phonon cross sections 
for beryllium have been computed by Kothari and Singwi^), but 
our work differs from their*s in that we use a more realistic i.1 i) 
model for the .fx-equenpy distribution function rather than the 
Debye spectrum,; for energies upto 2©,0 being the Debye parameter. 
For energies > 29^) use of the Eiastein model is a gross simpli-/ 
fioation resulting in an incorrect distribution of final 
energies* Use of a frequency-spec truta whieh account* for the 
spread in energy of the frequency spectrum will give better, r: • f y results* At present, the project is at a computational stage* 

t« schefield, P. and Hassit, A* Proc. Int. Conf• Geneva 
J|6 (1958) 217 H 

2 . Kothari, l«S. and Singwi, K . S . J . Nucl. Energy £ (1957)3^2 



PROGRESS REPORT ON NUCLEAR DATA IN B R A Z I L 

( J u n e 1 9 7 3 - May 197*'i> 

o 

1 . INTRODUCTION 

T h i s P r o g r e s s R e p o r t h a s b e e n w r i t t e n on t h e b a s i s o f : 

a ) a b s t r a c t s w h i c h h a v e b e e n s e n t t o t h e INDC L i a s i o n 

O f f i c e r u p o n r e q u e s t t o i n d i v i d u a 1 w h o m i g h t r e p r e s e n t 

g r o u p s d o i n g r e s e a r c h i n n u c l e a r p h y s i c s , r e a c t o r p h y s i c s , 

n u c l e a r c h e m i s t r y , a n d n u c l e a r e n g i n e e r i n g ; 
\ < * 

b) a b s t r a c t s o f p a p e r s p u b l i s h e d by B r a z i l i a n s c i e n t i s t s 

i n t h e " R e v i s t a B r a s i l e i r a de F f s i c a " , a n d o t h e r i n t e r n a t i £ 

n a l j o u r n a l s ; 

c ) a b s t r a c t s o f p a p e r s p r e s e n t e d a t t h e A n n u a l M e e t i n g 

o f t h e B r a z i l i a n S o c i e t y f o r t h e A d v a n c e m e n t o f S c i e n c e , 

1 9 7 4 . 

T h e m a t e r i a l has b e e n s e l e c t e d h a v i n g i n m i n d t h e e v e n -_ 3 i, 
t u a l i n t e r e s t t o . n u c l e a r d a t a c o m p i l e r s a n d e v a l u a t o r s . 

/ 

A l t h o u g h i t was t r i e d n o t t o m i s s a n y a p p r o p r i a t e i n s t i t u -

t i o n o r i n d i v i d u a l t h e r e h a v e b e e n s o m e ° o v e r s i g h t . 

T h e i n f o r m a t i o n h e r e i n c o n t a i n e d m u s t be c o n s i d e r e d as 

p r i v a t e c o m m u n i c a t i o n s , a n d s h o u l d n o t be q u o t e d w i t h o u t 

a u t h o r ' s p e r m i s s i o n . ^ 

S . B . H e r d a d e « " 
L i a s i o n O f f i c e r f o r B r a z i l , 

I n t e r n a t i o n a l N u c l e a r D a t a C o m m i t t e e 
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MAIN EXPERIMENTAL FACILITIES FOR NUCLEAR PHYSICS RESEARCH 

2.1 - 22 MeV Herb Pelletron Accelerator (Instituto cie FT-
1 „ 

sica - Univers5dace de Sao Paulo) 

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

// 

Present status: in operation 
Utilization: fast neutron physics (time-of-f1ight spectro 

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

v\ 
2.2 - PUC- RJ Van de Graaff Accelerator (Pontificia Uni -

versidade Catolica - Rio de Janeiro) 

High Voltage Eng.Model KN-A000 machine, with the following 
characteristics^: protons or deuterons: 0.5 to 4.0 MeV, 
3 KeV resolution, 200 U5 current; electrons: 1.5 to 3.0 MeV 
20 KeV resolution, 900 current. 
Present status: in operation 
Utilization: atomic and nuclec-r physics research (nuclear 

spect roscopy). 
n 

2.3 " University of Sao Paulo Electrostatic (Van de Graaff 
Accelerator (Instituto de FTsica-Universidade de Sio VI 
Paulo) 

Characteristics: 3.5 MeV protons or deuterons; 7 MeV alphas. 
Beam currents: 10 yA for protons or deuterons, and alphas 
up to 3-5 MeV. Above 3.5 MeV the alpha current is approxim£ 
tely 0.1 yA. 
Status: presently not in operation 

2.k - University of Sio Paulo Electron LINAC(Instituto de 
Ffsica - Universidade de Sao Paulo). 

Characteristics: Electron linear accelerator composed by 
two SLAC type section, three meter long each. Electron beam 
is supplied by a 100 kV pulsed electron gun at a repetition 
rate of 60, 120, 

180, 2^0 , 300 and 360 H z. Maximum nominal 
energy: 75 MeVc. Analysed (0.5$ resolution) cu r ren t^a pp rox i-
mately 100 nA at 60 H^. ^ Q 
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Status: In operation in the energy range 8 to MeV, with 
currents up to 200 nA; the vacuum system will be replaced 
by one using ion pumps so that the nominal energy could be 
reached in a near future. K 
Utilization: electrodesintegration studies, electron and 
bremsstrah^Mng induced fission; delayed neutron studies, 
and nuclear spectroscopy. 

2-5 ~ CBPF Electron L1NAC - (Centro Brasileiro de Pesqui-
sas FTsicas - Rio de Janeiro). u 

Characteristics: This machine was designed and built by -
) 

the CBPF Accelerator Development Group. Energy: 28 MeV; 
60 yA mean current; pulsed beam with pulses from 500 ns 
to 3 \is. ^ 
Status: in operation 
Utilization: nuclear spectroscopy and neutron time-of-f 1 ight 
experiments. 

»2.6 - Variable Energy Cyclotron (instituto de Engenhari^ 
^ Nuclear - Rio de Janeiro) 0 

Characteristics: Cyclotron Corporation Model CV-28; will 
i o 

deliver over 50 jiA of external beams of 2 to 2k MeV protons 
3 to 14 MeV deuterons, 5 to 38 MeV 3 H e + + , and 6 to 28 MeV 
k ++ 
He . Heavier^ions can also be accelerated. 

^Status: the accelerator and chemistry laboratoires building 
will be finished in July 1 9 ; operation of the machine e£ 
timated to start in October 1974. 
Utilization: production of neutron deficient radionuclides flP 
for medical uses; activation analysis; nuclear chemistry; 
radiation damage; nuclear reactions; neutron cross-section 
measurements. o 
2.7 - IEA - R1 Swimming Pool Research Reactor (Instituto de 

Energia Atomica - Sao Paulo). ^ 
Characteristics: Bu.flt by Babcock and Wilcox Co. Nominal 
power: 5Mw. Has been operated during 17 years at 2 Mw. Facj_ 
lities for experiments and irradiation include: 8 radial 

u * 

' beamrholes, 2 tangential beam-ho1es , - 2 pneumatic "rabbit." 1 
„<j o 

stations, and 22 irradiation rigs i n, the core. 
<*. t ) 

ff^Status: shut down for Power upgrade to 10 Mvf. 
| Utilization: radioisotope production; activation analysis; 

nuc1earrneutron>and solid state physics experiments. 
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f? 
tf 

2.8 - I PR Triga Reactor (Instifcuto de Pesqussas Radioativas 
Belo Horizonte 

Characteristics: Designer and builder - General Atomic. No-
mina; reactor power: 30 Kw (upgraded to 250 Kw). 
Status: in operation. 
Uti1ization: radioisotope production; activation analysis ; 
solid state physics; radiation and nuclear chemistry. 

2.9 -Brazilian Argonauta Research Reactor ( Instituto de 
Engenharia.Nuc1ear - Rio de Janeiro) 

Characteristics: Designed in ANL, USA, and built by Mecani-
ca CBV Ltd?., Rio de Janeiro, Brazil. 
Argonauta/ type (H^O - graphite; 20% enriched uranium}. 
Power: 10 Kw (maximum). Fuel: V0_-A1 pressed powder mixture 

f ' ii with clodding, fabricated by the Meta11urgy Division of IEA, 
Sao Pau 1 o B r a z i l . 
Experimental facilities: neutron beaus (ho r i zon ta 1-ve r; t i ca 1 ) ; 
isotope production (holes, cavities, channels); short time ir 
radiation ("rabbit" system); thermal column (internal and 
external); shield test removable. 
Utilization: neutron and reactor physics, solid state physics 
engineering tests, radiochemistry, isotope production, gra -
duate education. 0 

3.NUCLEAR SPECTROSCOPY 

3.1 - Spectroscopic Factors of Negative - Parity Mu1tip1et 
States in Odd Sn Isotopes 
S. de Barros+, M.J.Bechara+, T.Borello-Lewin+ and V. 
Paar + +, ( Internationa1 Centre for Theoretical Physics, 
Trieste,Italy). 

The spectroscopic factors of the negative-parity multiplet 
states 7/2~, 9/2~, ll/2~, I 3/2 ~ and 15/2 j in odd Sn isotopes 
are calculated by including leading order scattering and 
ground-state correlation process. It is shown that ground-
-state correlations p 1 <"/y an important role for the spectros-
copic factors of the 7/2^ and 11/2^ states. The theoretical 

1 results are in good agreement with the available experimen-
tal. data. 
(Published in: Physics Letters, *»9 B (197M 113-116). 
Permanent address: Instituto de F'sica, Universidade de 

Sao Paulo, Sio Paulo, Brazil, 
++ Permanent address: Institute "Rudjer BosKovic", Zagreb, 

Yugoslavia. 



3.2 - Effective Magnetic Dipole Operators and the Life-
time of the ' / 2 ~ State in 2 G 7 P b . 

M.Dost + and j.O.Rogers + + 

A lifetime of T = (C.i5 - 0.03)' psec for the 897 KeV 3 / 2 ~ 
state in is determined by the Doppler shift attema-
tion method~in thick target Coulomb excitation by 68 and 

"16 207 61 MeV 0 ions on Pb. The analysis uses the Monte Caj^ ̂  
lo method to treat the slowing down of recoiling Pb nuclei 
in Pb, and takes into account the effects of particle - y 
angular, correlations, finite detector size, and Xh<± slow-
ing down of the projectiles in the target. The derived v£ 
lue Of B(M1, 3 / 2 % - l / 2 ~ ) = (0.52-0.10) ( ^ c ) 2 can be des^ 
cribed with the same effective magnetic mon.ent operator as 
describes the magnetic dipole moment in nuclei around ... 
2 0 V - • • I 
(Published in: Revista Brasileira de F'sica, Vol.3, n? 
(1973) 217). $ 
+ Rutgers, The State University, New Brunswick, NJ 08903 

++ Instituto de Ffsica, Un i y.er s i dade Federal do Rio Grande 
do Sul, Porto Alegre, Rio Grande do Sul, Brazil. 

3.3 - g-Factors of the 2b4 KeV and 632 KeV States in 
7 7 A S . 
R.P.Livi, J.Schaf and F.C.Zawislak 
(Instituto de F'sica, UFRGS, Porto Alegre) and 
J.M.Gualda and R.N.Saxena -

= (Instituto de Energia Atomica, Slo PauloK1. 
i. 

The integral perturbed angular correlation technique has •v 
been used to measure g-factors of the 264 KeV and 632 KeV 
states in 7 7As. The measurement of the 264 KeV level was t 
performed in an external magnetic field of 30 K0 g. The 632" 
KeV states, having a shorter lifetime was studied with help of 
the large hyperfine magnetic field at As nuclei in Fe ma-
trix. 
The g-factor of the 264 KeV(^^2 ) state was measured using o 
the 367-264 KeV gamma cascade while the 558-417 KeV gamma 
cascade was used to determine the g-factor of the 632 KeV ^ 
( ^ 2 + ) state. The results are: 95/2" = + °«33- 0.05 and 

1; 

9 + = + 1.42- 0.32. The magnetic moments calculated from 5/2 
Q 
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these results are compared with the values obtained from 
the models available for the nuclei In this mass region. 

3.4 - Half-Lives if Excited States in 7 7 A s and 8 1 Br 
R.N.Saxena and A.Bairrio Nuevo Jr. 
(instituto de Energia Atomica, Sao Paulo)and 
R.P.Livi and F.C.Zawislak 
(Instituto de Ffsica, UFRGS, Porto Alegre) 

The odd proton nuclei in the mass region 71 < 85 have 
a very similar low energy level structure. In particular 
the state with spin of has been identified in most 
nuclei of this mass region. As a part of our systematic 
study of nuclear properties in this region, we have mea-
sured the half-lives of the excited states in 7 7As(264 
KeV 5 /2~) and 8 l B r (276 KeV 5 /2~). The delayed gamma -
gamma coincidence technique using Pb loaded plastic scin 
tilators coupled to the RCA-8275 and -8850 photomulti 
pliers tubes and conventional electronics was utilized. 
For the measurement of the 264 KeV state of 7 7As the 
367-264 KeV gamma cascade was used while the 276 KeV sta 

81 — te of Br was measured through the 290-276 KeV gamma -
cascade. The half-lives were determined from the slope of 
the delayed coincidence curves. The results ate T ^ £ ( 2 6 4 
KeV) = 280- 20 psec and T ] / 2 (276KeV) = 236- 15 psec. 

3.5 ~ Directional Correlations of Gamma Transitions in 

J.M.Gualda and R.N. Saxena 
(Instituto de Energia Atomica, Sao Paulo) and 
F.C.Zawi s1ak 
(Instituto de Ffsica, UFRJ, Porto Alegre) 

The directional correlation of coincident transitions 
in ' ^ X e have been measured using a Ge (L i )-Na I (T£) S pec t r£ 
meter . The measurements have been carried out for the 
405-884-847, 433-(1072)-847 , 540-884-847, 595-(540)-884t 
847, 621-884-847, 677-884-847, 766-847, 857-884-847, 884-
847, 948-(l072)-847, 1072-847, and 1136-884-847 KeV gamma 
cascades. Spin assignments have been made for the levels 
at 1920 KeV (3+), 2136 KeV (5+), 2272 KeV (4+), 2352 KeV 
(4 + ) , 2408 KeV {5t), 2588 KeV (4+) and 2867 KeV (4 + ) . In 
addition previous spin assingments of levels at 1613 KeV 
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(2 ) and 1731 KeV (4 ) have also been confirmed. The multi-
pole mixing ratios (E2/M1) obtained from the present data 
are: (405)= 0.80 + (433)= 0.08 + 0.06, (540)=-1.92+0.10, 
(595)= -0.32 + 0.20, (621)= - 0. 76 + 0.05, (677) — 0.32+0.02, 
(766)= - 2.4 + 0.2, (857)= - 0.64 + 0.1, (948)= - 0.40+0.1, 
(1072)= - 0.16 + 0.02, and (1136)= 0.48 + 0.02. 

3.6 - High Resolution Spectroscopy for the s-d Shell. 
J.A.Gui11aumon Fo. and I.D.Goldman 
(Instituto de Ffsica - U;»'i vers i dade de Sio Paulo) 

24 25 29 35 The decays of the nuclides Ne, Na, Al and P, produced 
by "bremmstrah1ung" irradiation at the University of Sao Pau-
lo Electron LINAC, are being studied using a Ge(Li) detector 
with 2.5 KeV resolution at 1332 KeV, and a X-ray detector with 
600 V resolution. 

2 9 
In the decay of Al, the transition of 1153 KeV with a measu-
red intensity of (0.93 + 0.12)1 has been detected, besides the 
higher intensity transitions 1273 (89.3%), 2028 KeV (3-83),and 
2426 KeV (6%). 

3.7 " Measurement of the Transition 1 + in the decay of 

V.R.Vanin and I.D.Goldman 
(Instituto de FTsica - Universidade de Sao Paulo) 

1 64 
The nuclide Ho has been obtained by "bremmstrah1ung" irra-
diation of Ho^O^ powder at the University of Sao Paulo Elec -
tron LINAC. Thin targets have been utilized due to the high 
se1f-absorption coefficient in Ho. A Ge(Li) X-ray detector , 
associated to a 2048-channel analyser have been used, with a 
resolution of 0.6 KeV at 80 KeV, sufficient to separate com -
pletely the line of 94.0 KeV atrributed to the decay of 1 ̂ ""HO 

from the line of 91.4 KeV, produced by the decay of ' ^ ^ H o . 
The measurement of the ratio of the cross-over intensity 3+"*l + , 
of 94.0 KeV, and the intensity of the transition 3+"*2+, of 56.6 
KeV, resulted in the value 0.006 + 0.001. 

4. PHOTONUCLEAR REACTIONS 
2 32 2 31 

4.1 - Cross-section^for the Reaction Th(y,n) Th near 
th res ho 1d. 
O.Y.Mafra, M.F.Cesar and C. Renner 
(Ins t i tuto de Energia Atomica - Sao Paulo) and 
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J . Goldemberg 
(Instituto de FTsica - Universidade de Sao Paulo) 

232 The (y,n) cross-section of Th has been measured by the 
activation method, using neutron capture monochromatic gamma-
-rays from 5.43 to 10.83 MeV, at the IEA-R1 research reactor. 

231 
The Th activity is measured by the area under the 84 KeV 
peak measured with a Ge(Li) spectrometer. 
Irradiations have been carried out near the gamma-ray sour-
ces, with the samples surrounded by cadmium and paraffin to 
minimize (n,f) and (n,2n) reactions. 
The measured cross-section presented the same structure pre-
viously observed for the (y,f) reaction, with agreement with 
the values obtained through the measurement of the total num-
ber of neutrons emitted in the (y,n) process. 

1 7 8 
k.2 - Formation of Ta Isomeric States. 

O.A.M.Helene and I.D.Goldman 
(Instituto de Ffsica - Universidade de Sao Paulo) 

The experimentally determined isomeric states formation ra -
1 78 tios for Ta have been compared with the calculated ones on 

the basis of the statistical model. The experimental results 
1 81 

have been obtained by irradiating Ta samples with bremms -
trahlung produced by the University of Sao Paulo Electron LINAC. 
A Ge(Li) detector, with a resolution better than 3 KeV at 1.33 
MeV, was utilized to measure the residual activities. 
The experimentally determined formation ratio between the sta-
tes 1 + and 7 , 8 , or 9 was approximateJv 1, for electron 1 81 
beams with energies between 30 and 40 MeV. By irradiating Ta 
near the threshold of the reaction (y»3n), a value significan-
tly greater than 1 has been obtained for the formation ratio 
between the mentioned states. This result seems to indicate 

+ 178 that the 1 state is the ground state of Ta. 

4.3 - Isomeric State Formation by (y,3n) Reaction in ^ ^ P r . 
S.A.S.VitieI 1o and I.D.Goldman 
(Instituto de Ffsica - Universidade de Sao Paulo) 

Sources of ' ^ m P r and w e r e produced by the bremmstrah-
lung beam of the Linear Accelerator of the Instituto de Ffsi-
ca da Universidade de Sio Paulo, at the energy of 43.5 MeV. 
The isomeric state (7,8,9) , T = 2.02h, and the ground state 
(1+), T = 1.4min., were indetified by the half lives and the 
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transition of 7 8 8 . 8 Kev, respectively. In order to obtain 
sufficient statistics, the analyzed spectra was the result 
of 10 runs. The obtained experimental branching ratio, was 
0.32, and the comparison with the statistical theory is 
presented in Table I. 

Table I 
N CJ Square Well Parabolic Exp. 

4 2 .038 
4 3 -324 .336 • -32 
4 4 .755 

4.4 - Isomeric State Formation by (y,3n) reaction in 
S . A . S . Vi t i e 1 1 o and I.D.Goldman 
(Instituto de Ffsica - Universidade de Sao Paulo) 

Natural silver targets were bombarded by the bremsstrah Iung 
beam of the Linear Accelerator of the Instituto de Ffsica 
da Universidade de Sio Paulo. 
Gamma-ray spectra following the decay were measured, and 
the isomeric ^ + ̂  and ground state ^ + ) g r e determined by 
the transition of 555.8 Kev and separation of the half-lives, 
33.5 min and 66.5 min, respectively. 
The experimental deduced ratio in energies from 33 to 46 MeV, 
are presented in Table I. 
Following Huizenga and Vandenbosch (Phys.Rev. 12 0(1960)1305 
and 1313), a comparison of data was done with statistical 
theory. The transmission coefficients have been calculated 
using a square well and a parabolic potential. The gamma-ray 
cascades with a 10% quadrupole admisctures give to the spin 
cut-off parameter a value greater than 5 . 

Table I 

Energy(MeV) 33 36 38 40 42 44 46 

Ratio .35 , .28 .26 .28 .26 .17 .18 

4.5 - The 5 5Mn (y,3n) 5 2Mn Reaction. 
M.Nielsen and I.D.Goldman 
( Insti tuto de F' s i ca - Universidade de Sao Paulo) 

We have irradiated powder samples of metallic jMn in the Linear 
Accelerator of the Instituto de FTsica da Universidade de Sao 
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2 Paulo. The bremsstrahlung was obtained using a 2g/cm than-
ta1um i r rad i a tor. 
The measurement was made using a Ge-Li defector and the in-
terference of the 2.6h activity of ^ M n produced by neutron 
capture was avoided by waiting the convenient time. 
The measurement of the 5-7 d activity was made fol-
lowing the transitions 744, 935 and 1434 KeV. The yield was 

54 
calculated in reference to the Mn, 300 d activity, 835 KeV 
transition. 52 54 
The cross section ratio of the Mn to Mn, at energies from 
32.5 up to 44 MeV, have been determined and the results pre-
sented on Ta b1e I . 
To determine the (y,3n) cross section, we shall use the expe-55 54 
rimental results from Mn (y,n) Mn reaction published by 
P.A.Fournay, R.S.Tickle and W.D.Whitehead, Phys.Rev. 120,1424 
(1960) and R. Nathans and J.Halpern, Phys. Rev. 9^, 437 (1954) 
and the thick target bremsstrah1ung calculations recently pu-
blished by M.J.Berger and S.M.Seltzer, Phys.Rev. £2, 621(1970). 

Table I 

Energy 
(KeV) 32,5 33,5 35,0 36,5 37,5 38,0 38,2 40 42 42,5 44 
Rat io 
(xl O-*1) 0, 053 0,065 0 , 30 0 ,92 1, 92 2,22 3 , 30 5 ,27 8, 21 7, 97 12,30 

4.6 - Formation Ratio of the Isomeric States by (y,a) 
React ion. 
E.A.Finotti and I.D.Goldman 
(Instituto de Ffsica - Universidade de Slo Paulo) 

Measurements of and formed in the '^Sb(y,a) 
reaction, are very difficult when natural antimony is used as 

122 122 target, due to the formation of Sn. Even though the Sn 
a • half-life is 2.8 d, treater than the 40 min and 117 min half-

-lives for and respectively, the measurements 
of the residual activities are disturbed by the presence of 
that antimony isotope. In order to measure easily the charac-
ter i s 
1 1 7m 
teristi'c lines of 552. 9 KeV from 1 , 7 g l n and 315-3 KeV from 

In, a chemical separation of indium from antimony has been 
carried out. A result 0.30 + 0.15 has been obtained for the 
isomeric state formation ratio Rm/Rg relative to the nuclide 
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19 23 
A.7 ~ The Cy,n) Reaction in F and Na In the Energy 

Range 0.3 ~ 1.0 GeV. 
F.Salvetti, C.Aurisicchio, V. de Napoli, M.L.Terranova 
(Instituto di Chimica Generale ed Inorganica dell'Uni-
versita, Roma) and 
H.G. de Carvalho and J.B.Martins 
(Centro Brasileiro de Pesquisas Ffsicas, Rio de Janeiro) 

Cross-section per equivalent quantum has been measured for 
19 18 23 22 the reactions F(y»n) F and Na(y,n) Na in the energy ran 

ge 0.3 ~ 1.0 GeV. The targets were plates of analytical grade 
23 19 sodium oxalate (34% Na) and lithium fluoride (73% F) in 

powder form. The powders were packed uniformly between two 
lucitediscs (5cm diameter and 0.05 cm thickness). 
Average absolute cross sections of (1.30 + 0.10) mb and (1.60 + 
0.20),mb have been calculated for the two reactions, respecti-
vely, over the whole energy range considered, by means of the 
photon difference method. 

4.8 - The Monte Carlo Method for Photonuclear Reactions. 
M.Foshina and J.B.Martins 
(Centro Brasileiro de Pesquisas Ffsicas, Rio de Janeiro) 

There are many published papers on the utilization of the 
Monte Carlo method in the study of intranuclear cascades ini-
ciated by protons. Nevertheless, in the case of intranuclear 
cascades iniciated by photons there is only the work done by 
Gabriel and Alssmiler (Phys. Rev. 182 (1969)1035), that allows 
the determination of important parameters in photonuclear reac-
tions up to 0.4 GeV. 
For the estimate of values "for the cross-section of photo pro 
duction of neutrons in the energy range 200 MeV to 1000 MeV we 
have applied the Monte Carlo method, taking into consideration 
primary interactions carried out through quasi-deuteron" or 
"photo mesonic" processes. lOOOOstories have been followed and 
the probabilities for the photo production of neutrons in the 
nuclei 1 2C, 1 9F, 2 3Na, 5 5Mn, , 0 3 R h f

 1 9 7 A u and 2 3 8 U have been 
determ i ned. 

4.9 - Photoproduction of Neutrons in Complex Nuclei. 
H.G. de Carvalho, J.B.Martins, M.Foshina 
(Centro Brasileiro de Pesquisas Ffsicas, Rio de Janeiro) 
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V. di Napoli and M.L. Terranova 
(Instituto di Chimica Generale ed Inorganica dell1 

Universita, Roma) 

The estimates of cross-sections for the phocoproduction of 
neutrons using the Monte Carlo method have been compared with 
previously obtained experimental results, in the energy ran-
ge 300 MeV to 1000 MeV, using the bremsstrahlung beam of the 
Frascati accelerator. Estimates of the cross-sections have 
also been obtained thourgh simple expressions from the nu -
c1 eons. 
The following results have been obtained for the average va-
lues of the cross-sections in the energy range 300 MeV to 
1 000 MeV: l 2 C ( Y , n ) n c - 0.7 + 0.03; l 9 F ( Y , n ) l 8 F - 1.06 + 0. 05; 
2 3Na ( Y,n) Z 2Na - 1 .27 + 0.06; 5 5Mn( Y,n) 5^Mn - 2.6 + 0.13 ; 
1 0 3 R h ( Y , n ) l 0 2 R h - 4.36 + 0.21; 1 9 7 A u ( Y , n ) 1 9 6 A u - 8.03 + 0.40 

and 2 3 8 U ( Y , n ) 2 3 7 U - 9.37 + 0.45, in milibarns. 
n . 

4.10- A New Method for the Analysis of Electroexcitation 
React ions. 
I .C.Nasc•men to and S.B. Herdade 
(Instituto de Ffsica - Universidade de Sao Paulo) 

In the study of photonuclear reactions the nuclei are irradia-
ted with photons produced by an external source and, in this 
case, they are plane waves where all the angular momenta enter 
in equal proportion. In e1ectrodisintegration reactions the 
nuclei are irradiated by photons produced in the electron scat-
tering process in these same nuclei. The virtual photons pro-
duced and absorbed are not plane waves. The analysis of these 
reactions used to be carried out by Plane Wave Born Approxima 
tion (PWBA) which, for heavy nuclei may lead to contradictory 
conclusions as far as the mu1tipo1 arities of the nuclear tran-
sitions are concerned. Gargaro and Onley (Phys. Rev. £4^ (1971) 
1032) have been calculated the virtual photon spectra using 
a Distorted Wave Born Approximation (DWBA). This method is 
being checked in this work by comparing the experimental re-

2 38 — + suits for the el ect rof i ss i on of U and for the ratio a /cr , 
where a and a + are the cross-sections for the reactions 
(e,e'n) for electrons and positrons respectively, with the 
calculated ones. This work is being carried out with the co-
laboration of Prof. D.S.Onley, Ohio University, Athens,Ohio, 
USA. 
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4.11 - El Virtual Photon Spectrum for the use In Electrodi-
sintegration Reactions. 
E. Wolynec 
(Instituto de Ffsica - Universidade de Sao Paulo) 

The nuclear electroexcitation process is intimately related 
to the corresponding photoexcitation process. In both cases 
the nucleus receives the excitation energy through the inte-
raction of an electromagnetic field with the nuclear charges 
and currents. By relating the two processes it is possible to 
define a virtual photon spectrum N(x»L,E q,u) and write the to 
tal electron inelastic cross-section o e> in a form analogous 
to the one for the bremsstrahlung yield: 

E -m„ 

= e o 
J X,L 

<J* (L>di )N(X ,L ,Eo,<u) , where EQ= 

= total energy of the incident electron, m Q = electron rest 
energy, to = photon energy, X = E or M for electric or magne-
tic transitions of mu 1 t i po 1 a r i ty 2*" and a^ (L , cu) = cross-sec-
tion for photoexcitation. Recently, N(X|L,E ,u) has been cal-
culated using DWBA (Gargaro and Onley, Phys. Rev. £4 (1971) 
1032). Nevertheless the calculation results is a non-analytic 
expression for the virtual photon spectrum. The calculation 
of a particular virtual photon spectrum using DWBA, which in-
volves the sum of many partial waves, takes a lot of computer 
time, which makes prohibitive its use for the analysis of elec 
trodisintegration reactions. 
Using the computer code VIRFO- 1 developed by Onley for the 
spectrum calculations, we generated 50 points of the El vir-
tual photon spectrum for different values of Z and Eq (Z = ° 
= atomic number of the target nucleus). From these points an 
analytical expression has been adjusted to the DWBA calcula-
ted spectrum for El. This expression is : 

r -r 1/3 1 
N (EI , E , CJ.Z) - NP (E1 , EO,OI) + 1.29x10 3exp(1 . 2 4 5 Z -0 . 052W) 

r - 1 ° 
• (E. 

- m ) / (ti> + in )lu) , where : Z = atomic number of the 
target nucleus, NP(EI, E0iU)) = expression for the virtual 
photon spectrum in PWB A, and Ê . = E q - to. 



- 30 -

4.12 - An Analysis of Electrodisinteg rat ion of Nuclei using 
El Virtual Radiation Spectra Evaluated with Coulomb 
Distorted Waves. 
E. Wolynec, G.Moscati, 0.D.Gonga1ves and H.N.Martins 
(Instituto de FTsica - Universidade de Sao Paulo) 

Data on the ratio of photo and electrodisintegration of se-
, , . ,12. 64. 6 4 , - 1 0 9 . 181 T . 197A a vera! nuclei ( C, Cu, Zn, Ag, Ta and AuJ are 

V: 

compared with theoretical ratios predicted by plane and dis 
torted waves calculations. The analysis with distorted wages'"--
shows that all data are compatible with photoabsorption through 
El transitions, as can be explained by the electric dipole 
sum rule. This outcome does not agree with published conclu-
sions for high Z nuclei using plane wave approximation. 

5. NUCLEAR FISSION 

2Q Q 232 
5.1 - On the Photofission Cross Sections of JBi , J Th 

23 b 
and U at Intermediate Energies. 
H.G. de Carvalho, J.B.Martins and 0.A.P.Tavares 
(Cer.tro Brasileiro de Pesquisas Ffsicas - Rio de Janeiro) 

and 
V. di Napoli and M.L. Terranova ; 

(Instituto di Chimica Generale ed Inorganica dell1 

Universita - Roma)^, , 
20 9 v Photofission cross sections have been estimated for Bi, n 9 o 9 g Q 

Th and U, in the energy range from 0.15 GeV up to 2 GeV, 
using fissibility values computed with the Monte Carlo Method. 
For the calculation of the fissibi1ities , use has been made of 
some already known results of proton-induced intranuclear cas-
cade calculations, in order to obtain information about mass 
number, atomic number and excitation energy distributions of 
the post-cascade nucleus. The calculation has been carried out 
as a fission-evaporation competition, using an energy depen -
dence of the ratio of the neutron evaporation width to fission 
width. The results have been compared with experimental data, 
showing that the photofission cross sections are consistend with 
the photomeson mechanism of nuclear excitation. 
Published in: Notas de FTsica, CBPF, Vol. XXI, n?5 (1973) ° 



5.2 - High Energy Photofission Cross Sections of Uranium, 
Thorium and Bismuth. 
O.A.P.Tavares 'M 

(Centro Brasileiro de Pesquisas Ffsicas, Rio de Janeiro) 

Bremsstrahlung beams produced in a thin tungsten radiator by 
incident electrons accelerated in the "Deutsches Elektronen 
Synchrotron" (Hamburg) at energies ranging from 1 GeV to 5.5 
GeV, and in an aluminum radiator by electrons accelerated at 
16 GeV in the "Two Mile Stanford Linear Accelerator" (SLAC), 
were used in our experiments. The nuclear emulsion technique 
has been employed for fission fragment detection! Using a spe-
cial development process carried out previously in our labo-
V. 
ratory, discrimination between fission fragments tracks and 
alpha particles tracks was possible for nuclear emulsion pel-
licles loaded with uranium and thorium. The photofission cross 
sections were obtained from measurements of the cross sections 
per equivalent quantum by using 1/k bremsstrah 1ung spectrum 
approximation (k is the photon energy) in energy ranges L GeV-
- 5.5 GeV and 5.5 G e V 1 6 ; GeV. The results show a decrease in 
the cross sections with energy, which is in good agreement , 
within experimental errors, with the results of other authors 
who used not only this technique but mica and glass detectors 
as well. For photon energies higher than 1 GeV, the photofis-
sion cross sections decrease asymptotically by about fifty ti-
mes their value at 300 MeV in the case of 2 3®U and 2 3 2 T h , anvi. 209 twelve times in the case of Bi. 

J O p 

5.2 - Photofission Cross Section of II in the Energy Range 
5.;>3 MeV - 10.83 MeV measured with Polycarbonate Foils 
(Makrofol). 
M.F.Cesar, A.M.P.Kuniyoshi and O.Y.Mafra 
(Instituto de Energia Atomica, Sio Paulo) 

o qQ 
The cross section for the reaction J U(y,f) near threshold 
has been previously measured in this laboratory by utilizing 
a fission chamber, as well as by other authors. Although a 
structure had been always observed in the cross section curve o 
for energies from 5 to 9 MeV ̂ r h e re are certain discrepancies 
in the data obtained by diffy^Jt research groups. In order to o "3 0 

check our results, the photofission cross section of U for 
neutron-capture gamma-rays in the energy range 5.43 to 10.83 
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HeV has been measured again by means of a different technique, 
using polycarbonate (Makrofol) foils as fission fragment detec 
tors. The behaviour of the experimental curve obtained was the 
same one observed in the previous measurements, using a fission 
chamber and electronic counting. 

5.4 - Angular Distribution of Fragments in the Electror, Induced 
Fission of Th. 1 

J.H. Vuolo, S.B.Herdade and I.C.Nascimento 
(Instituto de Ffsica - Universidade de Sao Paulo) 

Angular distributions of fragments in the electron-induced fis-
sion of even-even nuclei can be calculated provided the virtual 
photon spectrro in the magnetic substates M, and the rotation 
matrix d M

 a r e known (Huizenga, Nucl. Tech. J_3, April 1972, 
pg. 20). The distribution for electrofission differs from the 
one for photofiss^on because it includes also the substate M=0 
and a different distribution of multipoles. 
The anguiar distributions of the fragments in the electrofis -

232 
sion of Th have been obtained in the energies 8 and 9 MeV. 
A thorium thin target is irradiated in the electron beam of the 
University of Slo Paulo LINAC and the fission fragments are 
detected by polycarbonate foils (Makrofol) 1Oym thick in the an-
gular range f r o m - 30° to 132° with the beam direction. 
The results of this work are being campared with the theoreti-
cally calculated distributions, using a Distorted Wave Born Ag 
proximation formalism, as we,l 1 as with experimental results pre o -5 Q \v ~ viously obtained for U. On the basis of these studies, in -

2 3 2 formations on the shapes of the fission barriers of Th and n ̂  o 
U may be obtained. The absolute values of the cross-section 

232 ° for the e1ectrofission of Th will also be obtained in the 
energy range 8 - 5 0 MeV. 

2 0 9 
5.5 " Electron-Induced Fission of Bi. 

S.B.Herdade, J.H.Vuolo and I .C.Nascimen to ^ 
(Instituto de Ffsica - Universidade de Sio Paulo) 

2 0 9 

The eIectron-induced fission of Bi is being studied in the 
energy range 40 - 60 MeV at the University of Sao Paulo Elec-
tron LINAC. Polycarbonate (Makrofo I ) Itsheets lOym thick are 
utilized as, fission fragment detectors. Preliminary results 209 \ ^ for the Bi(e,e'f) cross-section have been obtained using a 
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2 
bismuth target 2.2 mg/cm thick; for an electron energy of 
(42.0 + 0.4) MeV it was obtained the value (1.5 + 0.4)xl0~ 5mb. 
Results with better statistical accuracy will be obtained with 
a better geometrical efficiency of fission fragment detection. 
The photofission cross sections will be obtained by an unfolding 
procedure using a virtual photon spectrum calculated by a DWBA 
formalism (Gargaro and Onley, Phys. Rev. £4^ (1971) 1032). 
Our experimental results in the energy range 40 - 60 MeV, to-
gether with previously obtained results by other authors in 
different energy ranges (Moretto et al, Phys. Rev. 179 (1969) 
1176; TUrck et al, Phys. Lett. 49JL (1974) 335; Ranjuk et al, , 
Ukrainsky Fizicnyj Zurnal (1969) 408) will be utilized to 
make a better estimate of the value of the fission barrier for 
2 0 9 B i . // 

5.6 - Yields of Lanthanide 1 sotopes and Yttrium in the Fission 
of 2 3 8 U Induced by 14 MeV Proton's"! 

~ H.C. Machado 
(Insti tuto de Engenharia Nuclear, Rio de Janeiro) 

Radiochemical measurement of fission yields for many mass num-
bers greathr than about 140 has until recently been difficult 
because the great chemical similarity of the lanthanide elements 
effectively precludes rapid chemical purification. As a result, 

* mass chain yields have only been determined for those masses 
where the longest lived member has a half life more than about 
a few hours. 
However in recent years, the advent of high resolution Ge-Li 
gamma detectors has made possible the identification and mea-
surement of radioisotopes even in very complex mistures since 
the accurate gamma energies and the half lives of the peaks 
usually enable unambiguous assignnments to particular radio-
isotopes to be made. In these work, a lanthanide fraction was 

// 
separated from the irradiated uranium target within about 15 
minutes and 90 minutes of the end of irradiation. This frac-
tion contained isotopes of yttrium, lanthanum and the lantha-9 5 
nides. Half lives as short as 10 mins (eg y) could be readily 
detected and measured. ft 

To calculated the fission yield of each isotope, it is neces-
sary to know the abundance of the gamma ray in the nuclear de-
cay scheme, and the efficiency of the Ge-Li detector at that 

(I 
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energy. The detector was calibrated in the usual way using 
IAEA standard sources. Abundances of the various gamma rays, 
however, presented a more difficult problem since literature 
values often show large discrepancies, particularly for some 
of the shorter-lived isotopes. To overcome this, abundances 

235 
were calculated by calibrating with the system U (thermal 
n, fission), for which the mass yields have been well esta -
bl i shed. ^ 
Preliminary results have been obtained for the relative yields 
of 10 mass chains (93, 94, 95 Yttrium), 142, 143, 146, 147, 
149, 151, 155 La + 1 an than Ides). These have been converted to. 
absolute yields by normalisation with mass yields already pu-.?/ 
blished in the literature. ^ 

6. CHARGED PARTtCLE REACTIONS 

6 . 1 - Analog Spectroscopy with Proton Inelastic Scattering. 
H.Miyake and A.F.R. de Toledo Piza 
(Instituto de Ffsica - Universidade de Sao Paulo) 

Proton inelastic scattering through isobaric^resonances is ana-
lysed in the regions of tin, and of the isotones N = 50 and 
N = 82. The scattered wave in the interaction region is decom-
posed in harmonic oscillator wave functions. The parent states 
are treated in the BCS + RPA scheme. The single-proton escape 
amplitudes are calculated with the 2 body coulomb charge ex -
change force. The partial widths for 2 + and states in (p,p') 
reactions are then determined. The results are compared with 
the ones obtained using the coupled equations method and with 
calculations utilizing the unified model. 

1 23 
6.2 - The Total Width of Isobaric States in JSb. 

H.Miyake, O.Dietzsch, E.W.Hamburger and A.F.R.de Toledo 
Piza 
(Instituto de Ffsica - Universidade de Sao Paulo) 

Excita\ on functions for the proton inelastic scattering on 
3 ^ + — ^ Sb, corresponding to excitations of collective 2 and 3 

states, have been fitted by a formula containing five parame-
ters, representing a resonant Natnpl i tude and an energy indepen-
dent background amplitude. The energy range of the incident 
protons corresponds to the region where the isobaric analog 



resonances of the stated with independent particle configura-
123 

tions and ' n ^ a r e s ' t u a t e d - The fact that the 
non - resonant cross section for inelastic scattering is low, 
compared with the resonant cross section, resulting in small 
interference effects, allowed us a better determination of the 
total widths as compared with previous results from the analy-
sis of the elastic scattering cross section by other authors. 
An iterative process for the data fit with expressions contai-
ning one, two and three resonances, has been utilized. The ener 
gies and total widths obtained in the analysis of the 2 + state 
excitation functions are, respectively: d ^ ^ ~ 8.35 MeV, 
r = 52 + 3 KeVJ , d 5 / 2(E = 9.26 MeV, 145 + 3 KeV), f (E=l 0.464 
MeV, r = 97 KeV). The 3 state presents only one resonance : 
f ? / 2 ( E = 10.426 MeV, r = 112 KeV). 

6.3 - Direct-Compound Contribution to (p,2p) Reactions. 
M.S.Hussei n 
(Instituto de Ffsica - Universidade de Sio Paulo) 

The term corresponding to the formation of a residual compund 
nucleus (R.C.N.) following the knocking out of a proton would . 
contribute coherently to the direct tejm in (p,2p) reactions.V 
This, we argue, modifies the angular distribution if one-- ' v^ 
.treats the residual compound nucleus s ta t i s t i ca 1 1 y (i so t rop3|c 
angular distribution of emitted particles). It is possible to 
isolate ^the contribution of this new component of the ampli -
tude using simple Hauser-Feschback analysis on the final nu ^ ^ 
clear decay. This is a very important program for the better 
study of hole states in nuclei. Any structure found in the 
decay amplitude of the R.C.N, would then be understood as in-
termediate structure in the exit channel. Investigations are 
in progress to assess the importance of the compound-compound 
contribution at lower bombarding energies. 

6.4 The Excitation of "Gauge Analog States" (GAS) by Heavy 
Ion Reactions. 
M.S.Hussein and H-T. Chen 
(Instituto de FTsica, Universidade de Sio Paulo) 

A new method' for the investigation of the transfer of 4 parti-
cles in heavy nuclei reactions is proposed. The "Gauge Spin" 
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concept is introduced to label the different nuclear states 
reached by the transfer of an even number of neutrons. This 
leads naturally to consider the possibility of exciting the 
"Gauge Analogue State (GAS)of the target nucleus by means of 
stripping or pick-up reactions between heavy nuclei. 
Reactions with 2®^Pb or 2^®Pb as projectiles and other lighter 
or heavier Pb isotopes as targets are suggested. A theory of 
two coupled equations is constructed to treat these reactions. 

6.5 - Measurements of the 2 7A&(p, n) 2 7 S i and l2C(ct,n)150 
Reaction Thresholds. 
D. Pereira 
(instituto de Ffsica - Universidade de Slo Paulo) 

The "counter ratio" technique of Bonner et al (Phys. Rev. 96 
(1954)122) has been utilized in the measurements of the thresh 
olds for the reactions Z 7A£(p,n) 2 7Si (E .=5.7969 MeV) and 
12 15 C(a,n) ^Q (E h=lI,34$$ MeV} as part of the program for cali-
bration of the diversity, of Sao Paulo Pelletron accelerator. 
The calibration cons tan« of the analysing magnet obtained from 
these measurements, are in excellent agreement with the one 
obtained by ©serving the analog resonance T = 3/2 (E =14.231 

12 12 res MeV), through the C(p,p) C reaction. 

19 19 
6.6. - Measurement of the F (p ,n) Ne Reaction Threshold. 

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

19 19 
The threshold of the reaction F(p,n) Ne at 4.233 MeV has 
been observed by the used of two BF^ counters in an arrange-
ment similar to the "Bonner system" (Rickards et al, Nucl.Phys 
86 (1966) 167), in order to obtain a calibration for the Uni-
versity of Sao Paulo Pelletron accelerator. The calibration 
constant obtained for the 90° analysing magnet from this mea-
surement is in excellent agreement with results from other 
similar experiments carried out in the Pelletron laboratory. 
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7. NEUTRON PHYSICS y, 

7-1 - A Formula for the Fluctuation Cross-Section of Nucle>*' 
Reactions at Low Energies. , 
H.S.Hussein 
(International Centre for Theoretical Phys i cs , \Tr i e( 
Italy) V /:-'// 
+ r I • 
( ) Permanent address: Instituto de Ffsica v. 

Universidade de Sio Paulo jj 

Sao Paulo, Brazil j j 

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

a cc' , N-l . Pc Pc' 
(2JI+1 ) if \ c 

' 1T+T 5 c C + 

232 t u _ 233, 7.2 - Resonance interference in Th - Pa Systems . 
M.V.Ballariny 
(Comissao Nacional de Energia Nuclear, Rio de Janeiro) 

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

232 232 
terference in practical homogeneous infinite Th - Pa sys-
tems with a carbon moderator (Ballariny and Marable, Trans. 
Amer. Nucl. Soc, JT3 (1970) 714), the interference effect terms 
have been separated and its relative and absolute variations as 
a function of the C/Th ratios and of the resonance spacing have 
been studied, leading to the following conclusions: 
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- f 

232 The form interference between the Th doublet resonances 
is always negative (constructive) and its variation with 
the system degree of moderation presents a maximum. 
The total form effect term is greater for well thermalized 
systems. 

232 233 The total interference of the Th doublet on the Pa re 
sonance of lower energy, in well thermalized systems, oscil-
lates around the value of the assymptotic term, with the in-
crease of the resonance spacing in the two nuclides, so that 
the form term assumes positive and negative values that can 
be neglected. 

7.3 ~ Neutron Transmission Study of the Rotational Freedom 
of Methyl Groups in Pol ydimethylsi1oxane. 
L. Q.. Ama ra 1 + , L.A.Vinhas and S . B. He r dade 
(Instituto de Energia AtSmica, Sao Paulo) 
I.E.A. - Technical Report n? 320 

The total neutron cross section of po1 ydimethy1si1oxane has 
been measured as Qa function of neutron wavelength in the 
range I A to 10 A t ^ ^ . , 

at room temperature, using a slow-neutron 
chopper and time -of -flight spectrometer. Scattering cross 
sections per hydrogen atom were obtained and the slope (12.2-
0.2) barns/A has been derived. 
Comparison with calculated neutron cross sections using the 
Kr ieger-Ne1kin formalism for different dynamical situations 
as well as comparison with calibration curves relating the 
slope to the barrier hindering internal rotation indicates 
the existence of practically free rotation of CH^ groups about 
their C^ axis. 

+ Presently at the Instituto de Fisica 
Universidade de Sio Paulo 
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7.4 - Molecular dynamics of tert-butanol studied by neu-

tron transmission 
L. Q.. Ama ra 1 R.Fulfaro and L.A.Vinhas (Instituto -
de Energia Atomica - Sao Paulo) 
I.E.A. - Technical Report n? 328 

Neutron transmission of the globular compound , tert-butano1 
(CH_),C0H have been measured in the temperature interval -j j o 
0?C to 40?C for 6.13 A neutrons and in the neutron wave 

o 
length range 4 to 7-5 A in the liquid and solid states. 
Results show that the cross-section difference at the sta-
te transition in 24°C is 13%, while it is only at the 
first order phase transition in 14?C. Evidence of existen-
ce of a third crystalline phase with the lowest cross sec-
tion has been found. The barrier to internal methyl rota -
tion in the solid state is estimated as (3-8 - 0.5) kca1/ 
mol and does not change much over the phase and state traji 
sitions. The observed dynamical changes must be due to mo-
vements of the whole molecule and evidence that tert-buta-
nol is not in the strict sense a plastic crystal; correla-
tion with heat capacity results is discussed. 

+ Presently at 
Un i vers i dade 

the Instituto de F'sica -
de Sao Paulo. 
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Progress Report 
on Nuclear Data Activities in Bulgaria 

m i 

Compiled by E.Nadjakov 

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

1. Neutron nuclear data 

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

A device for measuring the quantity of plutonium-24-0 accumulated 
in the uranium fuel elements has been worked out by applying the neutron 
coincidence method. The measurements can be performed directly in the 
reactor pool. 

The device allows determination of about 1g Pu-24-0 in am 1 hour 
measurement with a statistical error of 3%« Numerical estimates show 
that a reliable determination of the:quantity of plutonium is possible 
in this way in reactors of the above mentioned type at a fuel burnup of 
10000 MW.day per 1 ton uranium. 

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

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

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

p 30 
3. Multilevel analysis of the -^Pu slow neutron fission cross 

section (N.Yaneva). 

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

Experimental data from KSUDADA were used. Analysis of the 
neutron fission cross section in the energy region 0-10 keV was 
performed. The two-level resonance parameters and the intermediate 1 

structure parameters in the energy region up to 2 keV have been obtained 
(the intermediate structure data see in Table 1). 

A multilevel analysis of 2-̂ 'Pu fission is in progress. 

Multiplate fission ionization chamber for cooled targets 
(E.Dermendjiev et al). 

h'" 
A multiplate fission chamber with~-0. 56 235U deplated on 10 

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

2. Non-neutron nuclear data 

1. Photofission cross sections of 232Th, 238U, 2 3 5U and 2^Pu in 
the subthreshold region (T.Dragnev, E.Dermendjiev, N.Kalinkova, 
N.Kashukeev, N.Tchikov, N.Yaneva). 

The photofission cross-sections'have been measured at gamma-ray 
energies E^ = 6-9 MeV. (n,£) - reaction?on targets of Ca (Ey- =6.40 MeV), 
Ti (6.76), Be (6.83), Pb (7-38), Fe (7.63), Al (7.72), Cu (7-91) and 
Ni (8.99) have been used as a source of "monoenergetic" gamma rays. 
The tangential channel, of the IRT-2000 reactor in Sofia with suitable 
filtersjand collimators has been used as a source of "monoenergetic" 
gamma rays. The gamma-ray intensity was high enough, giving the possi-
bility to use thin targets. For the fragments detection a back-to-back 
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Table 1 
2*39 

Two-level intermedo. at e structure parameirers, neutron energy 
region: 0 - 2000 eV 

v r r r r ** ' n £ 12 n ' 12 f (eV) 

215 0.020 + 0.001 46 + 1 0.031 + 0.002 - 181 + 2 
565 0.048 + 0.002 45 + 1 0.053 + 0.005 - 189 + 2 
1020 0 . 0 6 0 + 0.005 58 + 1 0.049 + 0 . 0 0 6 - 200 + 3 
1364 0.040 + 0 . 0 0 3 50 + 3 0.031 + 0.003 - 136 + 4 
1680 0.025 + 0.001 30 + 2 0.034 + 0.003 - 140 + 5 
1920 0.046 + 0.002 40 + 2 

Table 2 
Photofission cross-sections O ff (mb) 

source s r (MeV) 2 3 2 T h 238U f=> 
OJ 239PU 

Ca 6.40 4.46 + 0.79 2.12 + 1.14 5.20 + 2.16 15.70 + 2.22 
Ti 6.76 10.02 + 1.42 10.04 + 1.30 12.86 +1.97 48.35 + 6.72 
Be 6.83 1.18 + 1.28 8.06 + 3.92 8.50 +11.3 16.32 + 2.35 
Pb 7.38 3.40 + 1.55 10.00 + 2.54 6.00 + 6.36 17.58 + 2.46 
Fe 7.63 6.28 + 1.04 10.12 + 1.80 23*38 + 3.82 45.59 + 5.81 
Al 7.72 4.02 + 0.46 10.80 + 1.12 26.33 + 1.79 41.86 + 6.03 
Cu 7.91 1.57 + 1.33 13.62 + 2.33 35.16 + 5.53 63.64 + 8.92 
Ni 8.99 3.72 + 1.03 20.07 + 3.78 27.16 + 2.71 
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ionization chamber with, w o different targets on the central electrode 
was "used. 

The 6xrr results are shown in Table 2. The maxima at E = 6.76 f j o"32 MeV for all the isotopes, and at E = 7.63 for J Th must he mentioned. 

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

The isotopes have "been obtained on the 660 MeV proton synchro-
cyclotron of JI33R - Dubna. Gamma spectra and gamma-gamma coincidences 
have been measured with Ge (Li) spectrometers, and conversion 
electron spectra — with a magnetic zn/2 beta spectrometer* 

a) Levels of ''^Sm excited in the decay of ̂ ^Eu (5.9 days) 
was obtained by bombarding Ta and Er targets. After chemi-

cal separation, the Eu fraction was mass separated. 24 new transitions 
have been assigned to the decay of 14-5Eu: 213.0 , 252.7 -, 257.4- , 
266.5 , 313-7 , 338.0 , 34-3-9 , 365-0 , 373-4- , 4-34.3 , 440.2 , 
468.5 , 482.4 , 536-3 , 728 .2 . , 872.6 , 878.5 , 882.6 , 1003.2 , 
1452.6 , 1780.0 , 1847.6 , 1951.9 , 2559.7 keV, By combining several 
sets of conversion electron and gamma ray intensities, K-shell internal 
conversion coefficients have been assigned to some of the transitions. 
From coincidence data levels at 1607-1 , 1843.6 , 2316.9 , 2385.5 , 
2340.5 and 2513.5 keV have been established. The levels proposed 
are compared with those from /̂f̂ "Sm(d,p) and ^^Sm(p,p) reactions and 
with a theoretically calculated level scheme known from the literature. 

b) Decay scheme of ^^Eu 
47 transitions have been observed and the relative gamma-ray 

intensities obtained with,-.high accuracy. Bew transitions at 278.0 , 
368.3 , 4-71.5 , 750.0 , 846.4 , 1154.0 , 1252.0 , 1454.0 , 
1472.1 , 1479.2 , 1600.8 keV have been observed. K-shell internal 
conversion coefficients have been calculated:by combining conversion 
electron and gamma ray data. Coincidence data gave additional evidence 
for the existence of 12 excited levels of ̂ ^Sm. Log(ft) -values have 
be on calculated by using experimental branching ratios, and quantum 
characteristics of most of the excited levels have been determined. 
Newclevels at 1043.8 and 1600.8 keV have been established. 



Table 3 
Life times ana B(E2) values of nuclear rotational spates in Yb isoi;opes 

Nucleus 
Transi--;-. 
tion S n e r e y 
1+2—>1 E (keV) 

lifetime 
T. 1/2 Cps) 

Total int. 
conv. coef. 

T 
B(E2; 1+2-

Experiment 
(e2b2) 
Rigid 
rotor 

2—»0 102.3 1240 + 200 2.86 1.05 + 0.17 l.05a 

166™ 
70 96 

4-*2 227.8 70 + 13 0.176 1.12 + 0.21 1 . 5 0 
166™ 
70 96 6—+4 337.5 9.7 j- 1.8 0.052 1.26 + 0.23 1 . 6 5 166™ 
70 96 8—»-6 429.6 3.0 + 0.7 0.026 1.25 + 0.29 1.73 

10-^8° 508 1.4 + 0.6 0.O17 1.17 + 0.50 -a
 

* CO
 

2-K) 123.5 882 + 88 1.42 0.92 + 0.09 0.92a 
164™ 
701D94 

4—+2 
6-^4 

262.8 
375.0 

29.9 
5.2 

+ 
+ 

3.0 
0.7 

0.110 
0.039 

1.35 
1.40 

+ 
+ 
0.14 
0.19 

1.32 
1.45 

8-*6b 462.8 2.0 + 0.5 0.022 1.30 + 0.33 1.52 

2-*0 166.5 401 + 59 0.50 0.73 + 0.11 0.73a 
162™ 
70 92 

4-^2 
6— 

320.3 
436.2 

14.1 
3.2 

+ 
+ 

2.1 
0.6 

0.061 
0.026 

1.12 
1.09 

+ 0.17 
+ 0.20 

1 . 0 5 

1.15 
521.4 1.4 + u.5 0.016 1.03 + 0.37 1.21 

2~*0 243.3 135 + 15 0.142 0.428 + 0.047 0.428' 
160Yb 70 90 

4—+2 
6-Vf 

395.6 
508.7 

8.0 
,, 2.0 

+ 
+ 

2.0 
0.5 

0.033 
U.016 

0.703 
0.813 

+ 

+ 
0 . 1 7 5 
U.200 

0.612 
0.674 

8-*6b 588.7 0.9 + 0.3 0.012 0.875 + 0.290 0.706 

Normalized to experiment. May have additional systematic error due 
"to bad separation from the time between reaction and population 

Table 4 
Energy parameters (moment of inertia J=3/E2, level energy ratio E^/E^) 
and transition rate parameters (intrinsic E2 moment Q, deformationJ2 ) 

• 'i-v ; in Yb isotopes 

Nucleus J(MeV~1) 3^/E2 Q (barn) 

70 1 96 2 9 . 3 3 .23 7 . 2 5 + 0 . 6 0 .300 + 0 .025 
1S4yK 

70 °94 2 4 . 3 3 .13 6 . 8 + U.35 0 .285 + 0 .015 
162™ 

70 92 1 8 . 0 2 .92 6 . 1 + U.45 0 .255 + U.U20 

70 1 d 90 1 2 . 3 2 . 6 3 4 . 6 4 + b . 2 5 0 .200 + 0 .010 



c) Decay scheme of (50 days) 
Sources of were obtained by long irradiations of Er 

"targets. The energies and intensities of 130 gamma "transitions have 
been determined and . new gamma lines at 135*7 , 253.5 > 4-37*5 » 
577*5 , 6 6 2 . 6 , 7 0 5 . 2 , 7 3 2 . 6 , 8 1 0 . 8 , . 8 9 3 . 8 , 976 .V" , 1 0 6 8 . 5 , 
1121.6 , 1218.0 , 1270.4 , 1480.9 , 1532.8 , 1579.1 , 1592.8 , 
1658.3 1699.1 , 1787.1 , 1840.1 , 1940.0 , 2202.3 keV have 
been observed. Conversion coefficients and multipolarities have been 
calculated for 52 transitions. New excited levels at 2340.5 , 2389.6 , 
2497.2 , 2693.8 , 2700.6 , 2860.6 keV have been established, and 
22 levels have been confirmed from gamma-gamma coincidence data. By 
using this experimental material and - calculated log(ft) —values, a 148 level scheme of Sm is constructed. 

3» Lifetime measurements of nuclear rotational states (B.Bochev, 
S.A.Karamian, E.Nad^akov et al) 

'i 

Lifetimes in the range of 10~^2 to s in several ytterbium 
nuclei obtained in a (40Ar,4n) 

reaction at the U-300 heavy ion 
cyclotron of JTNR - Dubna have been measured. The recoil-distance 
Doppler-shift method has been applied. B(E2) values have been deduced 
and compared to the rigid rotor model. The data obtained are presented 
in Table 3 . 

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

June 197̂ - Liaison Officer to the INDC for Bulgaria: 
c 

Emil Nadjakov 
Institute of Nuclear Research and Nuclear Energy 
Bulgarian Academy of Sciences 
Sofia 13, Bulgaria 
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H f T H O D P C T I O l f 

The tenth progress report on Nuclear Data Activities 
in India covers the work done during the year 1973. A part 
of the work given in this report has "been presented at the 

Nuclear Physics and Solid State Physics Symposium held at 
o 

Bangalore during December 1973. 

The total number of CI FDA entries sent to the Nuclear 

Data Section of the International Atomic Energy Agency 

during the period of the report is 34. The liaison activity 

with computer programme library (CPL) of the OECD Nuclear 

Energy Agency was continued. 

Progress report on new facilities for research is as 

follows s 

1. 224 cm Variable Energy Cyclotron 

Construction work on the components of the 2?4 cm 
Variable Energy Cyclotron at Calcutta is nearing completion 
and the assembly work is about to begin. Assembling of the 
magnet at the Heavy Engineering Corporation, Ranchi has 
started. The main magnet coils fabricated at the Bharat 
Heavy Electricals ltd., Bhopal have been received at the VEC 
laboratory, Calcutta. The fabrication of the HP panels, dee 
and dee-stem has been completed at the Central Workshops, 
Trombay and these parts are ready for assembling at Calcutta. 
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Pinal testivig of the power supplies is under progress. 

The hardware for the magnetic field mapping is ready. Work 

on the vacuus system, deflector, ion source and other 

components is nearing completion. The fabrication of the 

first switching magnet has started. Majority of the staff 

is now at the TEC Laboratory, Calcutta. Plans for the 

utilisation of the cyclotron are under way. The cyclotron 

is expected to go into operation in 1975. 

2. 100 MW Thermal Research Reactor 

Planning for a 100 MW Thermal Research Reactor for 
,J? a 

research purpose is under way. The design parameters will 

be frozen by May, 1975, civil construction will start in 

January 1975. The Reactor will have a vertical core and 

will be fuelled with metallic natural uranium. It will be 

cooled and moderated with heavy water which will also serve 
as a reflector. Experimental facilities include two enginee-

ring loops, hot and cold neutron sources, two horizontal 

beam tubes through the core, and provision of extending 

neutron beams into an experimental area outside the contain-

expected. The reactor is expected to be commissioned by 

the end of 1979-

ment building. Neutron flux of about 2 x 101 Vcm2/!sec is 14 

(M.K. Mehfa) 
,, Convener, a Indian Nuclear Data ffroup 
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A. BHABHA ATOMIC RESEARCH CENTRE, BOMBAY 400 085 

1. The Recoil Ranges and Kinetic Energy Distributions in 

Reactor Neutron Fission of and 2^NT) and Thermal Neutron 
oj i 

Fission of Pu - S.B. Manohar, A. Rsmaswami, S.P. Dange, 

P. Prasanna Venkatesan, Satya Prakash and M.V. Ramaniah - Using 

direct counting with (xe(li) detector and radiochemical techni-

ques, the recoil ranges of a number of fission products in reactor 

neutron fission of have been determined. These recoil 

ranges were then converted to kinetic energies of fiBSion pro-

ducts with the help of various range-energy equations. These 

data after correction for neutron evaporation gave the kinetic 

energy distributions for the two systems. From these distribu-

tions, data on kinetic energy deficit and average kinetic energy 

release were obtained. An interesting correlation between 

average total kinetic energy released (TKE) with fission asymmetry 

and shell structure has been obtained which shows that TKE 

increases linearly as the probability for mass division with 

doubly magic core of 50P and 82N increases. 

2. Fission Fragment Mass versus Angle Correlation in Fast 

Neutron Fission of Uranium 255 - N.N. Ajitanand, R.K. Choudhary, 

S.R.S. Murthy, P.N. Rama Rao and S.S. Kapoor - A gridded back to 

back, argon filled ionisation chamber was used to study the 

angular distribution of fission fragments in 2.2 MeV neutron 

induced fission of uranium 235. The neutrons were obtained by 
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the T(p,n)He reaction with a Van de Graaff accelera-tor. The 
_2 

uranium source of thickness 5Cy*{.gm cm electrosprayed on a 

VYNS support film was mounted in the middle of the chamber and 

subtended an 8 degree half-angle at the proton spot. The grid 

and collector pulses from each half of the chamber were ampli-

fied, digitized by a four parameter recorder and written on 5 
magnetic tape. About 10 fast neutron induced fission events 

•were recorded. Thermal neutron induced fission events were also 

recorded by thermalizing the fast neutrons with a paraffin block. 

The data was analyzed by the CDC 3600 computer to obtain the 

fragment mass and energy distributions from the collector pulses. 

The grid pulse height distribution for a given mass was analysed 

to obtain the angular distributions. The angular distributions 

thus obtained showed a significant variation with fragment mass 

establishing thereby that the quantum properties of the transi-

tion point states which decide the angular distribution of the 

fission fragments are different for the symmetric and asymmetric 

saddles. 

3. Trajectory Calculations in Alpha-particle accompanied 

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

and V.S. Ramamurthy - Trajectory calculations were done for the 

case of alpha particle accompanied ternary fission with an aim 

to obtain information on the emission mechanism of the alpha 

" particle. The number of unknown initial parameters were kept 
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"to a minimum "by assuming "the velocities of the fragments and 

the alpha particle to he zero at the time of scission. The 

initial parameters were taken to he the interfragment distance, 

3), and the coordinates of the OC -particle, x and y. The frag-

ments and the0(-particle were assumed to he point charges and 

the equations of motion were solved numerically in two dimen-

sions. It was found that reasonable sets of initial parameters 

could be obtained which reproduced the average experimental 

values of fragment kinetic energy, E^, alpha particle energy, 

and alpha particle angle with respect to light fragment,© ™ L 

for different mass ratios. The widths of the final distribu-

tions were reproduced by assuming Gaussian distributions of the 

initial parameters around the mean value. It is remarkable to 

note that with only three parameters one can reproduce all the 

final distributions within the experimental accuracy. Further 

implications of the results of our calculation to the various 

existing models of the emission mechanism are discussed. 

4. Possible Influence of the 28 Proton Shell on Fission Mass 

Distribution - S.G. Marathe, S.M. Sahakundu, V.K. Bhargava, 

V.K. Rao and R.H. Iyer - Experimental data on the low yield 

products in the highly asymmetric binary fission of uranium 

induced by reactor neutrons indicate the presence of 'bumps' or 

'shoulders' in the low yield wings (A^70 and A ^ 1 6 0 ) of the 

mass distribution curve. A possible explanation of the bumps 

on the basis of 28 proton core has been suggested. 
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•2 O TC 

5 . Resonances in the Reaction S(o(,TQ Ar - M.A. Eswaran, 

N.Ii. Ragoowansi and H.H. Oza - With a view to study the region 

in ^ A r close to 10.9 MeV excitation, energy, where the analog •zc 

state corresponding to the ground state of is expected, 

the excitation function for the reaction SCOf,^)'' Ar has been 

measured with a beam of alpha particles from the Van de Graaff 

accelerator at Trombay. With a target of natural Sb2S^ which 

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

Hal scintillation detector excitation function for this reaction 

•was obtained for the bombarding energy range of 4.71 to 4.86 MeV. 

Two isolated resonances at E ^ = 4.717 + 0.010 and 4.740 + 0.010 

MeV have been identified in the reaction corres-

ponding to the excitation energy of 10.837 + 0.010 and 10.857 + 

36 

0.010 MeV in Ar. The absolute resonance strengths have also 

been estimated. 26 6. Elastic Scattering of Alpha Particles by Mg -

1.J. Kanetkar*, S.K. Gupta, S. Kailas, S.S, Kerekatte and 
2 < M.K. Mehta - Elastic Scattering of alpha particles by Mg has 

been studied in the range E^ = 4.2 to 5.2 MeV using MgO target 
26 

( Mg enrichment 99^) evaporated on a thin carbon fiitv. Sur-

face barrier detectors were placed at 81°, 118°, 135° and 165° 

lab. angles. The first three angles are the zeros of Legendre 

Polynomials of all odd, second and third,order respectively. 
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The absolute differential cross-sections are measured as a 

function of energy in 5 keV steps, the experimental resolution 

being of the same order. The excitation functions exhibit 

large amount of structure. Strong anomalies are observed around 

E w « 4.25, 4.32, 4.57, 4.70 and 4.92 MeV corresponding to exci-

tation energies 14.33, 14.39, 14.60, 14.72 and 14.91 MeV respec-
30 tively in the compound nucleus Si. The first four levels are 

x i/' 
assigned spin and parity values of 0 , 0 , 0 and 1~ respectively 

from the shapes observed at the four angles. 

* NSTS Scholar 

7. Reaction Mechanism study of the (p.n) Reaction on and 
5°Ti Below 5.0 MeV - S. Kailas, M.K. Mehta and S.K. Gupta - At 

proton energies below the coulomb barrier but above the neutron 

threshold, the (p,n) is generally the dominent reaction in the 
v proton target interaction. This being the case, the assumption:®" 

absorptions(T*(p.n) is justified and the cross-section may be 

calculated theoretically through the optical model. In cases where 

the above assumption is not valid, Hauser Feshhach calculations inclu-

ding Moldauer correction should yield correct fits to the data if 

the reaction is compound nuclear. These two approaches have been 

utilised in analysis of the absolute cross-aection data measured 

at our laboratory for the reaction 5lV(p,n)510r and 5°Ti(p,n)50V 

upto about 5.0 MeV. The results of this study indicate that 
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228 
while the optical model yields good fits in case of Y target, 

the non-neutron emitting exit channels (e.g., the compound elas-
50 

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

target under proton bombardment at low energies. 

8. Study of 5°Ti(p,nfl)50V Reaction - S.K. Gupta, S. Saini, 

S. Kalias, S.S. Kerekatte and L.J. Kanetkar - The 50Ti(p,n"tf)50V 

reaction was studied using an enriched ^TiOg (^Ti enriched to 

76.4$) target on tantalum backing employing 30 c.c. Ge(li) 

detector. 94 keV and 226 keV gamma rays were observed arising 

due to the transitions 320 keV-*226 keV and 226 keV — 

Their yield was found to be significantly higher from E n = 

3.4-20 MeV which is the threshold of 356 keV level. The excita-

tion functions of 94 keV and 356 keV gamma rays have been mea-
i' 

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

226 keV gamma rays have been measured at E = 3.430 MeV. Using 
* 

Xitherland-Ferguson method of analysis, the data suggests assign-

ment of 3 +, 4 + and 5 + to 356, 320 and 226 keV levels respectively. 

9. Neutron Resonance Parameters for the states of S -

. M. Balakrishnan, M.K. Mehta, S. Kailas and A.S. Divatia - 134 

states have been identified in the compound nucleus S, at 

excitation energies between 9.29 and 11.76 MeV from the observed 

resonances in the reaction 2^Si(of,n)52S. Using the principle of 

detailed balance, cross-sections have been obtained for the 

inverse (n,o0 reaction for the equivalent neutron bombarding 
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energies from 640 keV to 3.111 MeV. Neutron resonance para-

meters for nineteen resonances have "been obtained. 

Experimentally measured level and width distributions have 

been analysed in terms of various theoretical expressions.of the 

statistical model. The drop in the number of levels with separa-

tion less than 10 keV indicates that the distribution is nearer 

to the Wigner Category than the exponential one. 

10. Are the Nuclei with 1^4.3 Deformed? - B. Lai and S.M. 

Bharathi - The low lying negative parity states in 75,^Se and 

^gKr show 1/2", 3/2" and 5/2" levels. In the case of 7 7Se, the 

rates of E(2) transitions between these levels have been found 

to be 50 times faster than thejWeisskopf estimates. These 

levels have been fitted into a K = l/2~ rotational band built on 

the 1/2", /~302_7 Nilsson level. Additional support for the 

deformed nature of nuclei in this region comes from the observa-

tion of a K = 3/2" band in by Protop et al. (Proceedings of 

International Conference on Nuclear Physics, Munich, August 1973, 

Vol. 1, p. 216) who excited levels upto 13/2" of this band by 

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

Coriolis coupling calculations of the K = 1/2" and K = 3/2" bands 
75 1 in Se have been completed. 
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11. Isobaric Analogue States of VIA the 72Ge(^He.d)73As 

Reaction - C.R. Ramaswamy and N.G. Puttaswamy, and If. Sanna -

The Ge( He,d) As reaction has been studied at 20 MeV incident 

^He energy using an MP tandem and a nultigap spectrograph. The 

energy spectrum of deuterons in the region between 9 to 10.5 KeV 
73 

excitation energy of As shows analogue states corresponding to 

G.S., 570, 673, 805, 900, 1050 and 1350 keV states of 7 3Ge. 

Angular distributions for the analogue states and the -values if 
of the transferred protons are e x t r a c t e d T h e results are com-

pared with available data on the levels of^j^Ge. Ci 
12. High Resolution Measurements of Prompt Gamma Rays in the 

Fission of Californium 252 accompanied by tight Charged Particles -

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

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

ticle (1CP) emission in fission through a comparative measure-

ment of the yields of specific primary fission products formed in 

binary fission anix^in the fission accompanied by ICP. High 

resolution measurements of" the prompt gamma rays emitted from 

fission fragments accompanied by ICP and those emitted from 
252 

normal binary fission fragments in ^ Cf fission were simulta-

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

type arrangement in the source-particle detector assembly was 
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•used to eliminate Doppler broadening of the gamma ray lines 

in both cases. About 30 lines were assigned to specific 
li 

isotopes by comparison with published results for binary fission, 

and the ratio of these gamma ray lines in I>CP fission and binaiy 

fission were determined. Assuming that the 2 + to 0 + transition 

intensities of even-even isotopes are a measure of their yields, 

the yields of several such isotopes in 1CP fission relative to 

binary fission were obtained. The most probable mass and width 

of the mass distribution for some specified fragment charges in 

1CP fission were examined in the light of the different proposed 

mechanisms of 1CP emission in fission. 
ii -t 

- 13. On the Entropy Method for obtaining Relative Shell 

Correction Energies of Nuclei and the Calculation of Fission 

Barriers - V.S. Ramamurthy and S.S. Kapoor - It has been shown 

earlier^ that the shell correction energies of nuclei can be 

obtained from a study of the high temperature behaviour of their 

thermodynamic properties. We have now formulated a simple method 

of calculation of the fission barriers which is based on the 

evaluation of the relative shell correction energies of nuclei 

as a function of their deformation. It is shown that at tempera-

tures where shell effects have disappeared, the ground state o 

shell correction energy differences, Ag-Aj f o r a d3 a c ent 

deformations is equal to the excitation energy differences 

(E-j-Eg) plus a weakly entropy dependent term arising from the 

small differences in the smooth part of the single particle level 



densities for the two deformations. The value of A can 

therefore he obtained by extrapolating the values of (S^-E^) 

to the zero entropy limit. This method has been applied to 

the calculation of fission barriers of heavy and superheavy 

nuclei. 

1) V.S. Ramamurthy and 5.S. Kapoor, Physics Letters 
42 B, 399 (1972). 

ii 

14. The Effect of Exchange on the Equivalent Sharp Radius j) 

for Real Proton Optical Potential - D.K. Srivastava and 

U.K. Ganguly - Using Green's strong density^dependent nucleon-

nucleon force and nuclear matter point-densities, the "equiva-

lent sharp radii" Rv, as defined by Myres^ have been calculated 
2 

for real proton optical potential. The effect of exchange 

between the incident nucleon and the target nucleons is studied. 

The value quoted by Myres is Rv = 1.16A1/^+0.45, which he obtai-

ned phenomenologically, and he shows that it can be computed only 

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

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

obtained by Myres using his force. We also fi«d /that (Rv-1.16A 

is dependent on A and shows minima at doubly closed shell nuclei. , yr.i Also it is energy independent upto 100'MeV. / 

11 " " I'1 

When exchange is included, the value increases by about 0.1 fm 

and shows a very weak energy dependence upto 100 MeV (-0.001 

fm/MeV). We feel that the term 0.45 fm is related to the hard 

core-radius of the nucleon-nucleon force. 
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Ref. 1. W.3). Myres, Bucl. Phys. A204 (1973) 465 

2. B.C. Sinha, D.K. Srivastava and N.K. Ganguly 
Phys. I>ett. 43B (1973) 113. 

15. Effect of Short Range Correlation on the (-p.2o) Reaction -

B.K. Jain - The effect of short range correlation (SRC) in the 

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

using 1 60 and as examples. The correlations are introduced 

using the Jastrow prescription and the (p,2p) cross-section has 

been calculated -using the di-proton model. For the long range 

part of the bound states we have used the wave function of Elton 

and Swift. The SRC are found to affect the results,at high 

recoil momentum. 

16. Measurement of Multipolari ties in a Quadraoole Magnet - v 

R.C. Sethi, S.K. Das and A.S. Divatia - To know the quality of 

the quadrupole field the knowledge of the presence of the percen-

tages of various multipolar!ties other than the quadrupole is 

essential. By knowing them one can calculate the aberrations 
1) 

produced by them and hence can correct them in a particular 

plane. A jig has been made to measure these multipolarities. 

With the help of the ball bearings and counter weight the jig 

scans the field in plane without rotating the plane of 

the field measuring probe. So the plane of the measuring probe 

can be set independently. The jig has been tested on a small 

quadrupole magnet. By changing the plane of the probe the field 
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was measured in "both focussing and defocussing plane "by using 

hall pro "be. The data was smoothened and fourier analysed. The 

percentages of dipole, sextupole, octupole etc. at a distance 

of about ^ mm from the quadrupole centre have been found to be 

as high as 12, 8, 5 respectively. The variation of raultipolari-

ties as a function of current and radius of aperture has been 

studied. 

1) Correction of effect of quadrupole magnet multipolarities 
on beam phase space ellipses: B.C. Sethi et al. 
Nuclear Physics & Solid State Physics India J5B, 489 (1973). 

17. Useful Region of YES Quadrupole Magnet - 3.C. Sethi and 

A.S. Divatia - Useful region, where the field gradient is constant 

is affected because of the deviation from the hyperbolic geometry 

to the circular one. The solution for the vector potential was 

obtained by solving the POISSON's equation by Relaxation method 

for the given geometry of VEC Quadrupole magnet pole pieces, yoke 

structure and current coils. The magnetic field, field gradient 

and the value of focal strength were derived from the above vector 

potentials. The maximum value of the focal strength calculated 
* by the above procedure is 0.744 which is very near to the quoted 

o 

value 0.75. The field gradient is fairly constant upto a distance 

of 2.5 cm. from the centre. Hence the useful region of VEC 

quadrupole magnet is not more than 50$ of the total aperture. 

Therefore, to avoid aberrations the elements of the bearc trans-

port system should be placed in such a way that beam divergence 
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in the quadrupole is not no re than 2.5 en. Also the percent-

age of duo-decapole and 20th order pole etc. at a distance of 

2.5 cms. calculated by assuming 8 fold symmetry are found to "be 

about 6.5 and .1 respectively. The possibilities of improving 

the useful region by changing R/a ratio (ratio of radius of 

curvature to the radius of aperture) have been studied. 

r*-

18. A Method to Design Shims to eliminate 9 P Aberration in 

Uniform Pield Circular Magnets - H.K. Bhandari and A.S. Divatia-

The effect of second order aberrations in the dipole magnets is 

to increase the size of the first order image, resulting in a 

"beam with poor energy resolution coming out of the analysing 

slit. The t70 aberration, which is usually the largest, oaft ,"oe 

eliminated by appropriately curving the entry and exit pole 

faces of the magnet. Curving the faces amounts to changing the 

relative bending between the central and off-central rays. A 

method has been developed to simulate the required curvature at 

the faces with the help of shims, which are thin (~0.5 mm) foils 

of the similar,magnetic material as the magnet, placed symmetri-

cally on the pole tips. A simple and quick method of calculating 

the shape of the shims for a uniform field circular magnet has 

been presented and other, design details have been discussed. a 

The method has been applied to calculate the shape of shims 

for xhe switching magnet no. 1 to be used with the 224 cm. 

Variable Energy Cyclotron at Calcutta. Calculations have shown 

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

analysing slits at the maximum "bend of 40°. 

19. Orbit Dynamics in the Simulated Field of the VBC -

P. Neogy, H.C. Bhattachaiya and S. Chatterjee - The median plane 

magnetic field of an AVF cyclotron has contributions from the 

excitation of the main magnet coils (the 'iron field')* and from 

the selective excitation of the trim coils. The combination is 

such as to produce a resultant 'isochronous field1. 

A model 'iron field' of the VEC, for acceleration of protons 

to 60 MeV, has been constructed utilizing the geometry of the 

pole pieces and the magnetization curve for the main magnet. 

Equilibrium orbits in this model field at various energies have 

been computed using the usual iterative numerical orbit integra-

tion procedure. The equilibrium orbits are, in general, non-

isochronous.^ By a reiterative procedure utilizing the properties 

of equilibrium orbits in the 'iron field', the model field has 

been modified to yield isochronous orbits. This model field, 

which now simulates a combination of the 'iron^field' and the 

'trim coil field', has been used for studying orbit properties 

and constructing phase plots. 

20. Model Studies on Separated Sectored Cyclotrons - A. Jain 

and A.S. Divatia - A set of general equations for optimizing the 
>'• 1 

sector shapes in isochronous cyclotrons were presented recently. 

These equations are also valid for separated sectored cyclotrons 
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in the limit when the valley field tends to zero. These hard edge 

equations have "been evaluated experimentally for the case of sepa-

rated sectored cyclotrons. 

One out of eight periods of a separated sectored electron 

cjrclotron magnet has been "built. The magnetic field of the spiral 

sectored magnet was mapped in the median plane using a polar jig. 

The equilibrium orbit properties in the measured field were computed 

using the code ORBIT. These measured orbit properties are compared 

with those expected with the hard edge equations. 

Experimental methods developed for the above studies are des-

cribed. Some special techniques necessary for orbit analysis in 

this case are also discussed. 

1) General Design Equations for Isochronous Cyclotrons 
A. Jain & A.S. Divatia, 1973 Particle Accelerator Conference 
San Francisco IEEE Transactions on Nuclear Science, June 1973, 
p. 902. 
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B. TATA INSTITUTE OP FUNDAMENTAL RESEARCH. BOMBAY 4-00 005 

1. Dependence of the Blading Energy and the pro tier ties of 

collective states in 0 ^ and on the off-shell scattering 
and C. S . W a A & e 

matrix - Y. SinghA- Phase equivalent potentials have heen used to 

study the sensitivity of reduced transition probabilities B(E1) for 

the decay of 3~ and 1" collective states in O 1^ and Ca4®. It is 

observed that the variation of B(E3) is about 22$ both in Ca*° and 

0 1 6 . However the variation in B(E1) is less than As observed 

in nuclear matter the binding energies of 

Ca 4 0 and 0 1 6 are also 

sensitive to the off-shell behaviour of the scattering matrix. The 

observed variation is about 40^. 

2. Alpha Decay of l3obaric Analog States - A. Roy, K.V.K. Iyengar 

and M.l. Jhingan - Alpha decay of isobaric analog states (IAS) is 

forbidden as the IAS has isospin T = T > = T?o+1, T q being the isospin 

of the normal compound nuclear state. It is of interest to measure 

the C( decay of the IAS states as the width of these states give a 

measure of the isospin impurities in the analog state. We have 23 27 c i 
used (p,oc) reactions on *TTa, 'Al and 5 Y to excite isobaric analog 

states in 2 4Mg, 2 8Si and 5 2Cr. The source of protons was the TIFR 

Cascade Generator. States in 2 4Mg (Ex = 11.990 MeV), in 28Si 

(11.898, 11.974 MeV) and 5 2Cr (11.395 MeV) were studied. Since the 

yield of alphas from these reactions is low owing to the low ener-

gies of incident and emitted particles and the forbidden nature of 

the decay, special techniques are necessary to detect the alphas 
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in the presence of the intense background of elastically scattered 

protons. Electronic detection techniques normally fail due to pile 

up effects. The alphas were therefore detected using cellulose 

Nitrate. A reagent was used for etching which rendered visible only 

the etch pits of alphas. This method has the advantage that the 

reaction products can be detected over a large solid angle thus at 

least partly compensating for low reaction yields. The strength 
cp 

function for the decay of the 11.395 MeV state in Cr, isobaric 

analog of the 0.148 keV state in 5 2V f is (0.18 + 0.06) eV and this 

sets a lower limit of 0.02 eV for the o( decay width of this state. 

3. Distributed Nuclear Magnetism from Internal Conversion -

2* 1Pr Q 2 - B.N. Subbarao - With 9 9 . 1 4 0 C e enriched Ce02 targets, 

20 cc Ge(Li), double-foeussingy^ -ray spectrometer and intensity 

standardised Nal(Tl) spectrometers, a new standard for K-shell con-

version coefficient, of the 14-5.441 keV transition in l 4 1Pr, of 

0.35(6) is obtained. The L-j, , L ^ ^ , M, (N+0) and total conver-

sion coefficients are obtained to be 0.0444(6), 0.00344(14), 

0.00067(14), 0.0114(10), 0.0022(1) and 0.420(6), respectively 

analyses with a computer require the penetration parameter ^ (Ml) 

to be +4.4+0.7 and the E2/M1 mixing ratio 0.2^. These results 
are discussed and theoretical nuclear model calculations of the Ml 

/ 

penetration matrix element and its relation to distributed nuclear 

magnetism of 1* 1Pr are also studied. 
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2 2 8 4. Electric Monopole Transition in Th - S.H. Devare and 

H.G. Devare - We have studied the 184.5 keV transition arising from 
p o o o p R 

a 1155.5 keV state in Th excited in the beta decay of 6.1 hr Ac. 

The gamma spectrum was studied with a 20 cc Ge(Li) detector with a 

resolution of 2 keV in the energy region of interest. The K, Lj and 

conversion lines were measured "byIT type double focussing 

spectrometer. Prom the gamma spectrum and the I J/^J J subshell ratio 

the EO part in the 184.5 keV transition taking place between 1153.5 

keV (2+) state and 969.0 keV (2+) state, was found to be (93+2)?S. 

The half-life of the 1153.5 keV state was measured by beta-gamma 

delayed coincidence technique and obtained as T^=(0.29 + 0.02) x 10"^ 

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

the conversion electron transition rate as p = 0.14. 
7 7 1 

5. Measurement of Lifetimes of States in A3 and Pr -

R.C. Chopra, P.N. Tandon, S.H. Devare and H.G. Devare - The half-

lives of the 632 keV state of 7 7As and 350 keV state of l4"^Pr excited 

in the decay of Ge and Ce respectively, have been measured 77 
using beta gamma delayed coincidence technique. In the case of Ge, 

the beta gate was selected at 1100 keV, while the gamma gate was put 

near the Compton edge of 632 keV gamma ray. The time spectrum gave 

a slope of (77.2 +1.6) p sec. The prompt spectrum taken with a 

source and same gates, gave a slope of (45.4 + 1.6) p sec. The half-
life of the 632 keV level, deduced from this is ( 6 2 + 6 ) p sec. In 

14-3 
case cf Ce, the beta gate was fixed at 800 keV and the gamma gate 

near the Compton edge.of 292 keV gamma ray. The time spectrum 
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had a slope of ( 7 0 + 3 ) p sec and the prompt spectrum taken with 

^°Co source using identical gates had a slope of (56 + 2) p sec. 

We conclude from this that the half-life of 350 keV state of 

is 4-5 P sec. The errors quoted in this work include the uncer-

tainty in the time calibration. 

6. Electromagnetic Properties of the 264 and 652 keV levels in 
7 7As - R.C. Chopra and P.N. Tandon - The g factors of the 264 and 

77 
632 keV levels in As have been measured using perturbed angular 

correlation technique. We have made use of the large hyperfine 

magnetic field present at arsenic site in iron host for these mea-

surements. Dilute alloys of germanium with iron were made by melt-77 
ing in vacuum, radioactive 'Ge and iron. An external field of 

10 kG was used to polarize the sample. Por measurements of the 

264 keV level, the 211-264 keV gamma cascade was used. A conventional 

ETaI(Tl)-Ge(Iii) detector coincidence system was employed. The mean 

precession angle obtained wasGL)f= 0.255 + 0.025 rad. This corresponds 

to g = +0.30 + 0.03 and/*= 0.75 + 0.08 n.m. for the 264 keV level. 

In the case of 632 keV level, the 558-417 keV gamma cascade was used 

along with a conventional Nal coincidence system. The mean precession 

angle obtained was(Of= 0.12 + 0.02 rad. This corresponds to g = 

+ 0.79 + 0.17 andJ+- = 1 .98 + 0.43 n.m. for the 632 keV level. 

7. Band Structure in 
- M.R. Gunye - The spins and parities of 

many nuclear states of 2 2Na are now well established from the recent 

experiments. The purpose of this work is to show that the nearly ? ? 

rotational features of the nuclear states of Na can be well 

explained by microscopic self-consistent calculations in large 
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configuration space. The validity of the intrinsic hand structure 

in this nucleus is seen from the almost correct prediction of the 

relative energy separation between the lowest 3 +, 1+ and 0 + states 

projected frcm K = 3, T = 0, E = 0 T = 0 and K = 0 T = 1 bands 

respectively. The nuclear wavefunctions are tested by comparing 

the computed spectroscopic factors with those extracted from one-

nucleon transfer reactions. The present calculations predict the 

static electromagnetic moments and lifetimes remarkably well. 

Finally it should be stressed that the high ft value of the allowed 

transition from the ground state (J = 3 + T = 0) of 2 2Na to the 

first excited state (J = 2 + T = 1) of 22!Te is correctly predicted 

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

of the allowed^-transition supports the intrinsic band structure 

in 2 2Ha. 

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

A.L. Athougies* - Weighted averages of experimental (n,2n) cross-

sections at 14-15 MeV reported upto October 1973 have been used to 

obtain the total neutron emission cross-sections (G~ ,+CT" „ +(f~ a + ~ n,n' n,2n n,3n, 

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

the non-elastic cross-sections based on optical model calculations 
u 

and the resulting ratios are plotted as a function of (N-Z)/A, it 

is seen that these lie on a curve of the type, {I : 
(1-R) = k exp(-mx) 

i 

where R is the ratio and x = (N-Z)/A; the constants k and m are 
> _ 

evaluated by a least squares fit. 

*St. Xaviers College, Bombay. 
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This curve together with the optical model non-elastic 

cross-sections can he used reliably to predict (n,2n) cross-

section of any nuclide precisely. 
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C. SAffA INSTITUTE OF NUCI£AR PHYSICS. CALCUTTA - Q 

1. Level Density Parameters for Superheavy Nuclei - Sudip Ghosh 

and Aparesh Chatterjee - Introducing the concept of momentum ani-

sotropy in a free Fermi gas system to account for the nuclear inter-

actions it is possible to obtain an expression for the nuclear level 

density parameter a. The a-parameters computed from this expression 

with the help of the renormalised gas model show good agreement with 

the experimental values. Calculations have been extended to the 

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

2. Calculation of the Nuclear Deformation Energies from the 

Renormalised Gas Model - Swapna Mukherjee and Aparesh Chatterjee -

By defining the effective single particle occupation factors for a 

major shell from an effective shell degeneracy, and by estimating 

the average combinatorial energy corrections for extractore particles 

in a given shell, we have calculated the nuclear deformation energies 

from the statistical approach of our renormalised gas model (RGM) 

using the BELYAEV BES treatment of,noninteracting quasi-particles. 

Our results have been tested and compared in various ways with other 

realistic calculations and with the available experimental informa-

tion. The agreements are reasonably satisfactory throughout the 

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

3. A Calculation of the Pairing Vibrational State of P b 2 0 8 using 

Two Body Potential - Nandita Rudra and M.K. Pal - The conventional 

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

Pb 2 0 8, is calculated using Gillet type two body potential. In a 
208 ~rr (t,p) reaction on Pb , a pair of neutrons, coupled to J1 = 0 , is 

added to 208p-b core, in J**~ = 0 + state, producing the ground state of 
210 

Pb . Similarly in a (p,t) reaction, a strongly correlated ground 

state of Pb 2 0 6 is obtained. A pair addition, followed by a pair 

removal., will give pairing vibrational state. The conventional TDA 

and EPA techniques are used. The results give a good agreement with 
the B-E of the neutron pair in P b 2 1 0 and Pb 2 0 8. The energy of the 

+ 208 first 0 pairing vibrational level of Pb is, however, poorly 

reproduced. 

4. Magnetic Moment of the 103 Key 3/2* State of 1 5 3Eu - B.K. Sinha 
and B. Bhattacharyya.- The different character!sties of the excited 

153 
states of the deformed odd-A nucleus Eu have been the subject of 

a large number of experimental studies. The magnetic moment of the 

level has been found out both by Mossbauer effect studies as well 

as by IPAC studies of the 69-103 keV cascade. The two valu.es differ 

substantially. Moreover, the Ag coefficients as found from angular 

correlation measurements indicate values of the mixing ratios which 

are not in agreement with the values found from high resolution ICC 

measurements. We have studied the angular correlation of the above 

cascade by using sum coincidence technique and our results indicate 

a somewhat larger GgAg - coefficient than that found by other 

authors. With the value of GgAg = 0.028 + 0.006 thus obtained and 

with our value of the,rotation of the angular correlation pattern 
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we find f<- = 2.13 + 0.60 which is nearer to the value as 

found "by Mosshauer spectroscopy. The significance of this 

value is discussed. 

5. Decay of 42-min 1 2 3 mSn. - V.K. Tikku, H. Singh, and 

B. Sethi - The "^-transitions associated with the 42-min 
1 2 3 m S n were investigated with large volume Ge(Li) detectors. 

The 1 2 3 m S n sources were produced "by irradiating enriched 
122 

and Sn targets with 14.7 MeV and thermal neutrons, respec-

tively. Besides the well known 160 keV Y-transition three new 
Y-transitions have "been identified and established as belong-

123 
ing to Sb. The accurate energy (intensity) values from the 

present measurements are 160.0 + 0.3 (100), 381.1 + 0.7 (0.05 

+ 0.006), 541.4 + 0.7 (0.02 + 0.004) and 552.8 + 1.0 (0.01 + 

0.003) keV. Based on the measurements a revised decay scheme 

of 1 2 3 m S n is proposed with energy levels at 160.05^2, 541.13y/2
t 

712.S^ 2 keV. A preliminary study of the singles spectra 

recorded with the Ge(Li) X-ray detector gives 0.15 + 0.015 

for the 160.0 keV transition. A comparison of the experimental * 

value of with the corresponding theoretical value yields the 

160 keV transition to be almost Ml. The measurements for 2 
and oCj^for the transition are continuing using a 30 mm x 3 mm 

Si(Li) detector. ,, 
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6. Decay of 6.2-iain Isomer of l 3°Sb - V.si Tikku, H. Singh, 
130 and B. Sethi - The decay of the 6.2-min isomer of Sb was 

investigated with Ge(Li) and scintillation spectrometers. The 

activity was obtained from the fast neutron irradiation 
130 

of enriched ^ Te target. The electron decay of the irradiated 
l 3 0Te target in G.M. tube gave two half-life values of 6.2+0.3 

min and 41.7+1.7 min. The end-point energy of the highest ft 

group in the decay of the 6.2 min isomer is found to be 2.7+0.3 

MeV. In all 18 iT-rays have been assigned to the short lived 

isomer. The^~lfandlf- ̂ coincidence studies are in progress. 

The results of the^,if and the coincidence measurements are 
incorporated into a hitherto unknown decay scheme of the 6.2 min 

130 isomer of J Sb. 

7. - Effect of the Coulomb Interaction on Proton Optical 

Potential - S.K. Samaddar* and Subrata Ray - In the local 

approximation the Coulomb interaction makes the real part of the 

proton optical potential deeper compared to that of the neutron. 

In the phenomenological analysis this is taken as Woods-Saxon of 

depth 0.4Z/A^'^. It is observed that the Z-dependence part due 

to use of an equivalent local potential (ELP) falls faster than 

Woods-Saxon. We have estimated the contribution due to Coulomb 

excitation which may be called the intrinsic Z-dependence. If 

/f this intrinsic Z-dependence is added to the ELP, the total Z-depen-

dence agrees with the phenomenological value. 

* Department of Physics, Chandernagore College, Hooghly. 



8. On the Validity of Glauber Theory - E. Banerjee, B. Butta-

Roy and S.K. Sharma — Many attempts have been made to explain 

the remarkable success of Glauber theory. Among these, the first 

important attempt was made by Harrington. He proposed that the 

success of the Glauber theory is due to cancellations in the 

multiple scattering series. Later Pauli and Tobocmann, refuting 

Harrington, suggested that the success of Glauber theory is due 

to the damping of the terms neglected in Glauber series. This 

damping is brought about by 'Adi^hatic approximation'• In this 

report we show that the capcfelletions proposed by Harrington do 

not take place while one considers exact amplitudes. We then 

show that in general rAdiabatic approximation* is not responsible 

for the success of Glauber theory. We propose that the validity 

of Glauber theory is dependent on the binding energy of the 

nucleus. We show that for losely bound nuclei (such as deuteron) 

Glauber theory should be very good approximation. We also discuss 

its validity in the resonance region, 

9. p-He4 and p-01t* Elastic Scattering at 1 GeV Energy -

Shibani Devi and Dipti Pal - Using the Glauber^ theory of high-

energy multiple scattering, we attempt to get a theoretical 

interpretation to 1 GeV proton elastic scattering data of the 

Brookhaven Group for He 4 and nuclei. The generator co-ordinate 

method has been adopted to construct the nuclear ground Btate 

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

wave-functions, treating the oscillator constants as the'generator ' 

co-ordinates. The variational problem is then solved with the 

Brink-Bosker force. The theoretical results, wp get, for the 



10. Inelastic Pion — Scattering to the Low Lying T = 1 
12 States of C — J. Kahalanabis and A. Choudhury - We have 

studied the inelastic scattering of pions leading to the 

excitation of the low-lying ? = 1 states (J = 1 +, 2 +, 1~~, 2") 
1? 

of C, for incident energy of pion from 120-280 JTeV. The 

results obtained with a simple nuclear model and impulse 

approximation are in good agreement with experiments. The 

inelastic spin-flip scattering is discussed to give information 

on nuclear structure, 

11. Centrifugal Stretching Effect on the Anomalous Behaviour 

of High Spin Rotational States - S.C.K. Hair and A. Ansari -

A variational calculation after an approximate angular momentum 

projection for has been carried out which indicates that 

the anomalous behaviour of the energy spactings of high spin 

states may be due to centrifugal stretching - an increase in 

deformation accompanied by a decrease in pairing correlations. 

In many other theoretical attempts to understand the origin 

of this anomalous feature, often Coriolis-snti-pairing effect is K, 

considered to be the main source. But this is not yet a finally 

settled problem. We are trying to elucidate more on this by 
ci 

doing also a constrained Hartree-Bogoliubov calculation taking 

the expectation value of the OC-component of the total angular 

momentum, i . e . t h e constraint. 

J-i 
// 
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I Q 12, Excited Band Spectra of 0 in Small-Anrolitude 
•Approximation Scheme - J.1T. De - The excited hand spectra 

18 

of 0 nucleus and the B(E2) values among various members of 
the bands are thoroughly investigated in the small-amplitude 
approximation (SAA) scheme in a multishell harmonic oscillator 
basis. The results are quite encouraging. The SAA scheme 
reduces the projection algebra to simple decoupling and coupling 
of angular momenta, and,, thus bypasses the enormous computational 
labour involved in multishell projection. 
13, Odd Mass Tellurium Isotopes jr. a Unifield Vibrational 
Model - S. Sen - The odd-A Te isotopes, l25Te, 127Te and 129Te 
are studied in a version of the unifield vibrational model which 
incorporates both pairing effects and anharmonicity in the ccre 
vibrations. The neutron quasi particle states in the N = 50-82 
shell are coupled to anharmonic vibrations of the corresponding 
Tc cores. Essentially, the only adjustable parameter in the 
calculation is the coupling strength. The calculated energy 
spectra and the spectroscopic factors are in good,agreement with 
the corresponding experimental values. The static and dynamic 
electromagnetic properties are calculated for some of the levels 
and thfe results are analysed in the light of the recent experi-
mental findings, 

1,4, S ing le Hole-Core Coupl ing i n the N • 50 Region.-, , S .K. Basu 

and S. Sen - The low-energy nuc lear p r o p e r t i e s of K r , S r , 
Q>7 QQ (j S j 

Sr and y Z r n u c l e i have been c a l c u l a t e d i n a semi-microscopic 

model i n .which the neut ron hole motion i n the 1 ® 9 / 2 , 2 p l / 2 , 2 p 3 / 2 o 
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1 f 
and 5/2 orbitals in the 2T * 28-50 shell is coupled to the 

quadrupole and octupole vibrations of the corresponding even 

core. Calculated energy spectra, spectroscopic factors, electro-

magnetic moments and transition rates are compared with the 

recent experimental findings. 
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D. ALIGARH MUSLIM UNIVERSITY. ALIGARE 

1. On the Faddeev—Yacubovsky Model of four particle scattering 

problem - V.K. Sharma — The Faddeev-Yacubovsky model of four iden-

tical spinless particles with the resonating group approximation is 

considered. The integral equations of 4-particle scattering problem 

are. formulated in the case of two-body channel (i.e., one particle + 

bound three particle type, and bound pair + bound pair type). It 

is shown that with resonating group approximation the four-particle 

scattering problem can be reduced to solve a set of one-dimensional 

coupled integral equations. Further, it is noticed that the Fuadeev-

Yacubovsky approach can be reduced to much more simple form with the 

nonlocal separable potential, and we believe this might bring the 

4-particle problem within the range of modern computers. 

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

Sehgal - Using the activation technique, cross-section ratios 

G" (n,0c)/<J~(n,Y) at thermal neutron energy for the target nuclei 1S®Ef, 
2 0 3T1, 2 0 8Pb and 2 0 9Bi have been measured to be (38.5 + 1.1) x 1C~3, 

^ 2.5 x 10~3, (15.4 + 1.7) x 10~3 and (4.4 + 0.4) x 10~3 respectively. 
181 178 178 The reaction Ta (n,o() m, Lu has also been studied and the 

ratio G*~25 min (n,oO/(T"5 mn(n,0c) for the production of 25 min and 

5 min half-lives have been assigned to the respective isomeric states 

of 1 7 8LU, the energy difference between the isomeric states has been 

estimated, and the spin assignment to these isomeric, states have also 

been made. 
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E. ANJERA UNIVERSITY. WAIT AIR, YISAKHAPATNA& - 5 (AP) 

1. Relative Intensities of Gaaaa Rays in Re-187 - Subba Rao, 

P. H a , K. Su&hakar, K.L. Narasimham and V. Lekshminarayana -

Gamma ray spectra resulting from the decay of W-187 are recorded with 

a 35 cc Ge(Xi) detector and a 512 channel analyser. The energies and 

intensities of the different gamma rays are obtained from a computer 

program of the recorded spectrum. Twenty six gamma rays are identified 

of which four gamma rays are new. The relative intensities are com-

pared with those of two recent investigations. Considerable discre-

pancies are noticed in the intensities of gamma rays at low energies. 

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

efficiency calibrations. 

32 
2. Bremsstrahlung from P Betas - R. Prasada Babu, V.A. Narasimha 

Murty and K. Narasimha Murty - The spectral distributions of the 

Internal Bremsstrahlung of •'2P is measured from 30 keV to 1200 keV 

using a Nal(Tl) sij i i'jĵ  llation spectrometer with a standard geometrical 

arrangement, similar to that of K. Narasimha Murty et al. (Proc. 

Phy. SOQ,, 1967, 90, 109-121); Oyadial care is taken to avoid spurious 

effects and corf fjiofcs Wfcf K ftiasiiP inr a pvgral factors such as back-

ground, energy resolution, bu ,k-̂ f:?ft tt^l s ug, corapton and escape elec-

trons, geometribal and gfeffliafl di§tQctiG?i qfi'iciericy of the crystal. 

The experimeh-fcai results® Iff dfciajjftrad WiMi the Iliowid thigry di' Jitli |»t» 

and Uhlenbeck and Bloeh (KUS theory) arid ftlso with £he coulomb correc-

ted theory due to Tttrfia and Ford. 
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"Using the same experimental arrangement, the external bremss-
32 

trahlung emitted when the P beta rays are completly stopped in 

carbon, aluminium, tin and lead is also measured and the experimental 

results are compared with theoretical results of Bethe and Heitler and 

also of Elwert. 

3. Beta Gamma Directional Correlation Measurements in the Decay of 

Iu-177 - B. Verma Reddy, M.L.N. Raju and D.L. Sastry - The energy-

depend ence of the 384 keVyQ-113 keV if directional correlation is mea-

sured with a conventional slow-fast coincidence scintillation spectro-

meter. The correlation is isotropic within the limits of experimental 

error, disagreeing with the earlier results reporting a non-zero ani-

sotropy. An attempt is made to extract the nuclear matrix element 

parameters consistent with the Nilson model and available experimental 

data. 

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

K. Venkata Ramaniah, T. Seshi Reddy and K. Venkata Reddy - The internal 

conversion studies in the decay of 33 hour 1^8Ce employing the Sieg-

bahn-Slatis beta ray spectrometer of the intermediate image type have 

been studied. The 231, 293, 351, 492, 665, 723 and 810 keV transi-

tions have been examined in the internal conversion spectrum. The 

relative gamma ray intensities for the above transitions have been 

taken from the Ge(Li) data of P.R. Gregory et'/al. ,(Can. J. Phy. 46., 

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

the 298 keV transition, the following conversion coefficients have 

been obtained: 
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232(0.108+0.02), 351(0.026+0.003), 490(0.018+0.004), 668 

(0.005+0.0005), 722(0.005+0.0006) and 810(0.003+0.0004). 

Some spin and parity assignments like 5/2+for the 492 keY level 

3/2+ for the 351 keV level, 3/2+ for the 725 keV level and 5/2+ 

for the 938 keV level have heen established in the light of the 

present conversion coefficient data and gamma-gamma angular 

correlation data of S. Venkata Hatnam (Ph.D. Thesis, Andhra 

University, Waltair, 1972). 

5. Beta Spectrum of ^ ^ P r - C. Narasimha Rao, B. Mallikarjuna 

Rao, P. Mallikharjuna Rao and K. Venkata Reddy - The spectrum 
143 

shape of Pr beta transition has been carefully measured in a 

magnetic Intermedia_^te-Image spectrometer. The beta spectrum 

was analysed using exact ERWFs of Bhalla and Rose. A detailed 

analysis of the shape factor yields the end point energy as 

934 + 2 keV. The coefficient 'a'» in the shape factor C*(w) = 

l+a'(w) is A' = -0.19 + 0.005 which is in striking disagreement 

with earlier works. 

6. On the Beta Hindered Allowed Transitions in 1 1 0 mAg and 1^4Cs 

M. Ravindranath, B. Mallikarjuna Rao, C. Narasimha Rao, P. Malli-
1 1 Am 

kharjuna Rao and K. Verikata Reddy - The Beta spectra of Ag 
- 134„ 

ana "^Cs were thoroughly investigated with a Siegbahn-Slatis 

Intermediate Image Spectrometer. Pour betas with end point 

energies 529/1462, 2175 and 2880 keV of 1 1 0 m A g were observed. 

The shapes of the 6 +-6%transi tion with EO = f?29 keV in 1 1 0 m A g 
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and the 4 +-4 + transition with. EO = 656 keV in were found to "be 

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

values associated with the transitions. 

7. Comparative Study of Various Theories of Rotational levels for 

Selected light Nuclei - N. Krishna Rao, TJ. Satyanarayana and S. Rama-

murty - Various theories of rotational levels have "been tried for the 

rotational "bands in 0*16, Sc-43 and Ti-45 indicating the parameters 

for the models, the model which gives the best fit and additional 

levels predicted on that model. Some preliminary calculations are 

also reported for Ne-20, lTe-22, Mg-24, Si-28 and Ti-48. The models ' t 

used are the Rigid Rotator model, the Sood model, the Rolmberg-lipas 

model, the Variable moment of Inertia model, the Harris model and the 

Diamond Stephens-Swiatecki model. 

8. Comparative Study of Various Theories of Rotational levels in 

the Rare Earth Region - S. Ramamurty, U. Satyanarayana, Krishna Rao 

and V.V.V. Subramanyam - There have been developed various models of 

rotational levels. We have taken six such models namely the Rigid 
,'•'" r.r ; 3-., /i 

Rotator model, the Sood model, the Holmberg-Iipas model, the jysriable 

moment of Inertia model, the Haris model and the Diamond-Stephens-

Swiatecki model and made a comparative study of how good they are for 

Sn-152, Sn-154, Gd-t58, Dy-160, Dv-162, Ho-163, Eo-166, Er-166, Yb-168, 

Yb-172, Yb-174, Hf-178» W-182 and Os-188. The following information 

is given: the parameters for the various models, the model which gives 
the best fit for each nucleus and two levels predicted on the model 

ij 
for best fit in addition to/;those already known. It is believed that 
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such information should form part of the "basis for our views on the 

rotational levels of atomic nuclei. 

9. Negative Parity States in Au-195 - P. H a and V. lakshminarayana -

The nuclear structure and the properties of the low lying levels of 

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

intermediate coupling approach of the unified model. It is assumed 

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

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

Hamiltonian of the coupled system including all the states upto two 

phonons of quadrupole vibrations is diagonalized. The coupling para-

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

the experimental energy levels of spin 7/2", 9/2", 15./2" and 11/2". 

The negative parity states are reproduced satisfactorily by the model. 
i -

The wave functions derived from the best fit are used to calculate 

the transition probabilities. Prom the available experimental con-

version coefficients of several transitions occuring among the negative 

parity states, mixing ratios are deduced. Using the theoretical T(E2) 

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

pared with the experimental values. 

10. Spin of the 1251 Key Level j n Sb-97 - D.K. Priyadarsini, 

B. Vema Reddy, B.R. Sastry and D.L. Sastry - The spin of the 1251 
o 

KeV level of Nb-97 populated in the decay of Zr-97 is inferred from 

a measurement of beta-gamma angular correlation. For the 1410 KeV 

beta and 508 KeV gamma cascade in the decay of Zr-97, the observed 



angular correlation is 0.5559+0.1599 at £^3= 1375 KeV. 

This result is consistent with a 5/2~ spin-parity assignment 

to the intermediate 1251 KeV level of Ub-97 nucleus thus 

indicating the 'jmique first forbidden nature of 14-10 KeV beta 

transition. .The present result excludes the 1/2" and 3/2*" 

assignments to this level. 

11. Strong Absorption Model Calculations for the Principal 

Fissile and Fertile Nuclei - TJ. Satyanarayana and S. "Ramamurty -

Strong absorption model calculations have been conducted for Th-

232, TJ-235, U—238 and Pu-239 on the additional assumptions that 

the transparency coefficient and the imaginary part of the 

reflection coefficient are negligible, as was also assumed by 

Bassiohis and Dar. The energy range is 1-20 MeV at intervals 

of 1 MeV, The principle findings are that the theoretical cross 

section is consistently lower than the experimental cross section 

and that, in the range 2-4 Mev, for all the nuclei investigated, 

the calculated cross section exhibits single fluctuation which 

is superimposed upon an otherwise consistently downard trend of 

cross section with energy. ,, 
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P. BANARAS HINDU UNIVERSITY. YARANASI - 5. 

1. Three Body UPA Calculations with Hamada Johns ton and Yale 

Potentials - Y.S. Mathur, A.Y. legu and C. Maheshwari - The use of 

realistic potentials like Hamad a Johnston and Yale in Faddeev formalism 

for three nucleon systems presents formidable problems of analytical 

and computational nature. To simplify the problem computationally, 

we have used the Unitary Pole Approximation (UPA) which has been 

found to be successful in the case of potentials with hard core 

(Mathur et al.). In this method the information regarding the poten-

tial enters the t-matrix only through the two-body bound state wave-

function in the triplet channel and the virtually bound state wave-

function in the singlet channel. In the case of triplet channel, 

these functions are available in numerical as well as analytical form 

(Humberston & Wallace, Kottler & Kowalski) . The "'s wavefunction is 

determined by the method of Mathur et al. after fitting the singlet 

potential to an exponential shape. Adapting Fuda's method suitably, 

coupled one dimensional equations for the three nucleon bound system 

have been set up and solved by the usual method of reducing them to a 

matrix eigenvalue equation. 

2. Variation of Nuclear Potential and Charge Distribution Radii 

in Isotopic Sequences - B.C. Agrawal and P.C. Sood -^_Tn3>the shell 

model and optical model studies the radius of nuclear potential is 
1 A 

generally adopted to vary as A 1 J in correspondence with the assump-

tion that the radius of the density distribution in nuclei follows 
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A ^ ^ dependence. However, from various experiments e.g. electron 

scattering, atomic spectra studies, it has "been recently concluded 

tnat, atleast in isotopic sequences, the proton distribution r a d i u s 

increases less rapidly than Thus the validity of the assumption 

of A ^ 3 dependence of nuclear potential radius in such case also needs 

confirmation. We have examined the variation of nuclear potential 

radii for nuclei in isotopic sequences and its correlation with 

variation in radii of the corresponding charge distributions. The 

nuclear potential radius is obtained by fitting the last particle 

binding energy. The possible physical explanation for the observed 

correlation between neutron potential radius and the charge distri-

bution radius is discussed. 

3. Rotation Particle Coupling in the C523t + 521^3 - Based Bands 

in 1 6 6HO. - D.K. Gupta and P.C. Sood - The coupling of 7/2~[523t] 

proton and 1/2""Jjj21 neutron Hilsson orbitals gives rise to 3 + and 

4 intrinsic states in certain doubly odd deformed nuclei in the 

rare earth region. In the nucleus 
1 6 6H0 the rotational bands built 

on these states are likely to be highly admixed due to rotation 

particle coupling term in the Hamiltonian. The indication for such 

an effect is provided by the following observations: (a) The same 

spin levels of these two bands are observed to have energy separation 

in the range 110 - 135 keV; (b) The known interband transitions do 

not sobey Alaga rules? (c) The inertial parameters calculated assuming il _ 

no admixture are found to be quite^different for the two bands. In 

this work we report on the analysis of the relevant spectrum to, find 

the unmixed and mixed level energies and the admixture coefficients 

{in the respective wave functions. The implication of these results 
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is discussed, 

4. Evaluation of Bend Mixture Coefficient for 1 8 3W. -
P.C. Joshi and P.C, Sood - The low lying energy levels of tlie 

183 

highly deformed nucleus W mainly consist of the rotational 

levels associated with two hands with K1* » 1/2~ and K71"» 3/2"; 

these levels deviate strongly from the predictions of the 

adiahatic model and interpreted as arising from the admixture of 
; V ^ 

the two bands. However the admixture coefficient has so far been 

determined only empirically to obtain the admixed wavefunctions 

for investigation of other properties. Ho attempt at theoretical 

evaluation of this coefficient has been reported so far. We cal-

culate this coefficient using the Coriolis interaction H in a c 
perturbation approach with modified ITilsson potential. The effect 

of deforming the spin-orbit coupling term is also investigated. 

Coupling of the 3/2" band levels with all the possible states 

in the same oscillntor shell is considered. The results are used 

to analyse the characterisation of the non-adiabatic corrections 

for this nucleus. (y 
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G. EERLA IffSTITUTS OF TSCESOLQgg. RAKCHI 

1. Single Particle Potential end Re arrangement Energy of Nuclear 

Matter - K . M . Khanna and P.K. Barhai - The single particle potential, 

effective mass ratio (m*/m) and rearrangement energy, R of nuclear 

matter have "been calculated using two density dependent effective 

interactions, one with equal exchange mixtures and the other with 

unequal exchange mixtures, determined in our earlier work.1 The 

values of the effective mass ratio obtained from these interactions 

are quite comparable to those obtained by Brueckner and Gaamel (BG-) 

and others. The value of the rearrangement energy, R = 12.37 MeV 

for the interaction with equal exchange mixtures and R = 7.44 MeV 

for the interaction with unequal exchange mixtures. The former value 

of S is in excellent agreement with the 12 MeV rearrangement energy 

obtained by Brueckner and Gammei, while the latter is considerably 

lower compared to the BG value. 

References: 

1. K.M. Khanna and P.K. Barhai, Nucl. Phys. A 250 (1973) 

2. K.A. Brueckner and J.C. Gammei, Phys. Rev. 10^ (1958), 1023. 
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H- BIRLA INSTITUTE OF TECHNOLOGY. PILANI. RAJ AS THAN 

1. Energy Levels of Zirconium Isotopes using Modified Surface 

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

the suggestion made by Koszkowski we have chosen to study surface 

delta interaction in modified form (MSDI) for zirconium isotopes 

(N = 51 to 56). In MSDI the radial integrals are not assumed to 

be the same. Therefore the two particle matrix elements of the 

interaction depend upon two parameters, the strength of MSDI and 

the oscillator constant of the harmonic oscillator well. 77e Jon-
' v 

sider the space to contain pure configurations 2 d ^ those with 

one particle raised to and 2d^y2. ^ 

There are 29 experimental energy levels to be determined by 

diagonalizing the energy matrices, which depend upon the two para-

meters mentioned earlier, and single particle binding energy of 

2d^g level. The binding energies of 3S^ and 2d^/2 &re respectively 

fixed at 1.57 MeV and 2.32 MeV above that of 2d5/2 level. 

The three parameters are varied to fit experimental values of 

29 energy levels and B.E. of 2dl-^2 l e v e l- 7 

o 



- 93 -

I. EURDWAff UNIVERSITY. BUB33VM" 

1 . Asymmetric S.otor Model with Angular-Momentum Dependent 

Momenta of Inertia - B.C. Sam ant a and Banerjee - The 

centrifugal stretching model of Sood and the variable moment 

of inertia (VMI) model of Mariscotti et al. have been particularly 

successful in explaining the rotational spectra of deformed even-

even nuclei. The essential similarity of these models has been 

demonstrated by Wold. For symmetric deformed even-even nuclei, 

Sood has given a formula for the variation of moment of inertia 

with angular momentum of the rotational state. We have assumed 

the formula to be true even in the case of asymmetric even-even 

nuclei. The rotational energies of the different positive parity 

states of the latter type of nuclei have been calculated on the 

basis of the Davydov-Filippov model using the above formula for 

the variation of moments of inertia with"angular momentum. The 

results have been compared with experiment. Good agreement has 

been obtained and a comparison with other works has also been 
a N. made. 

n ^ 
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J. CALCUTTA UNIVERSITY 

1. On the Bound States of Spin Particles for Certain 

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

of the Dirac equation for spin % particles sre investigated 

by the polynomial method for potentials TJ(r) where, rU(r) = 

This includes the Yukawa, Gaussian, and other 

potentials of interest in nuclear theory. 

It is deduced that except for a special class of potentials 

satisfying restrictive conditions, bound states do not exist. 

2. Effect of Deuteron Break-Up Channel on Single Particle 
t,1 

Transfer Reactions - Soumen Kumar Roy* Subrata Ray* Suprokash 

Mukherjee*, and S.K. Samaddar - The reaction cross-sections 

for (d,p) and (p,d) processes have been formulated in such a 

fashion that we can directly estimate the contribution of break-

up channel of the deuteron over DWBA integrals using an average 

energy denominator. Calculations of Ca^(d,p) and Pb^®(p,d) 

exhibit significant contribution of the break-up channel. It 
/ 

is further observed that the angular distributions are somewhat 

sensitive on the value of average energy denominator which 

questions the validity of adiabatic approximation of Johnson et 

al1^. Ambiguity in the choice of effective interaction for the 

inclusion of break-up channel has also been discussed. 

1) R.C. Johnsoi^Tand P.J.R. Soper, Phys. Rev. CI 976(1970) 

J.D. Harvey arid R.C. Johnson, ibid £5 636(1971) 

* Saha Institute of Nuclear Physics, Calcutta-700009. 
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K. LIBRUGARH UNIVERSITY. ASSAM 

1. Shell Model Study of O 1 8 and F 1 8 Using Realistic N-N 

Potential.- A'.K. Deka and P. Mahanta - Shell model calculations 
18 18 of energy levels of 0 and F are made using two realistic soft 

' \ V 

core N-N potentials proposed recently . These potentials obtained 

hy fitting the low energy N-N phase shift use respectively Gaussian 

and Yukawa potentials and are used here for the simplicity in 

evaluating the corresponding Talrai integrals. The potential 
! 

matrix elements are mostly repulsive and the energy levels given 

by the latter potential are very similar to those obtained by OBEP 

, models. None of the potentials reproduces the observed energy 

levels, thus showing the necessity of using the G-matrix formalism 

and probably the inadequacy of soft core potentials. 

1) H. Eikemeier and H.H. Hackenbroich, Nucl. Phys 

A 169(1971)407 : \ 

' I. Ulehla et al., Rutherford Laboratory preprint RPP/C/41 

(March 1972). J ' 

)) 
o 

o 



L. INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 

1. Triton Binding Energy for Local Square Well Potential 

with Faddeev approach - G* Purkayastha and N.C. Sil - The 

triton bound state has been studied by Faddeev approach using 

local two body short range nuclear square well potential. The 

separable representation of the two body t-matrix, corresponding 

to the above mentioned potential, is obtained utilizing a separable 

approximation of the integral representation of the interaction 

potential in momentum space, which is achieved by a summation 

over a suitable and finite number of quadrature points. Then 

this t-matrix, separable in momentum space, has been used in the 

homogeneous integral Faddeev equation to compute the triton 

binding energy. Using a two term and three term expansion for 

the integral transform of the square well potential, the binding 

energy values of the triton have been evaluated considering the 

triplet plus singlet states of the target deuteron of the neutron 

deuteron system for t wo sets of parameters of potential. We have 

compared our result with the convergent theoretical result obtainec 

by Kharchenko and Storozhenko for the same potential. It is obser-

ved that the binding energy vr>lue in the first case is higher 

than the convergent>value of Kharchenko and Storozhenko while in 

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

- • o 
2. Scattering of High Energy Electron bv Oriented 16^HO 

Nucleus in Eikonal Approximation - S. Sarkar and Sofia Khaton -

We have adopted eikonal approximation due to Yennic and Petrov's 
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analytic method to treat the interaction of electron with a nucleus 

having Fermi type charge distribution (which has poles in a complex 
165 

plane) to study the scattering of electron by oriented Ho nucleus 

having quadrupole moment. We have also 

considered the effect of low' 

lying rotational levels of Holmium in order to compare our calculation 

done for 200 MeV electron energy with the experimental findings of 

Safrata. It may be noted that Wright and Onley have treated the 

above mentioned problem considering phase shifted distorted waves (J 

for the electron. Our expression for the scattering by the quadrupole 

moment of the nucleus differs from that of Petkov because we have 

considered Wright's form for quadrupole charge distribution which is 

somewhat different from that 

assumed by Petkov. This expression is 

compared with that of Petkov by numerical computation. We have been 

able to obtain a closed analytical expression for the Born amplitude 

for elastic and inelastic electron scattering by quadrupole moment of 

a nucleus. We have pointed out that if we include a certain term 

(which is very small for very large momentum transfer and perhaps so 

neglected by Petkov) in( Petkov's expression for inelastic scattering 

of electron by nucleus, we can get the expression for Born amplitude 

in Born approximation limit. I J 
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M. INDIAN INSTITUTE 0? TECHNOLOGY KANPUR 

1. Trajectory Calculations on long Range Alpha Fission -

B. Krishnarajulu, A.J. Gadgil and G.K. SJehta - There is a major 

disagreement "between the results of various trajectory calculations 
Si 

as far as the initial kinetic energies of the 0< -particle and the 

fission fragments are concerned. One of the important arguments in 

favour of high initial'energies is based on the observed anticorre-

lation between the finalOf-particle energy (Ea) and the final total 

fragment kinetic energy (E^,). Boneh et al. concluded that the obser-

ved anticorrelation cannot be explained unless one assumes that the 

fragments are moving with about 20?S of th,eir final kinetic energy, 

at the moment of scission. The authors would like to emphasize that 

most trajectory calculations are made by fixing all but one initial 

variable and could thus lead to misleading conclusions. It has been 

shown that an acceptable anticorrelation curve can be obtained with 

low. initial energies by including appropriate variation in the initial 

fragment separation (D) . Inclusion of this variation also explains 

the experimental results on the variation of E ^ with the angle of 

emission of the 0( -particle and the results on the variation of 

as a function of fragment mass ratio. 

2. A Phenomenological Estimation of Renormalisation Corrections 

to Free Nucleon-Nucleon Interaction - I. Mehrotra,-M. Prakash and 
~ ~ — — — — — — — — — — — — — — — — — • — — — — » sy 

Y.R. Waghmare - Effect of central, spin-orbit and tensor components 

of Sussex matrix elements on low energy spectra of ^Li, 1 8F, 1 60, 

and ^2Zr nuclei has been studied. As expected, 
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the level energies receive maximum contribution from the central 

component, while the spin-orbit and the tensor components provide 

the finer details of the spectra. The two-body spin-orbit force 

Js found to be least important. Calculated spectra do not compare 
ft" 

favourably with experiment. We assume that, for TUr, o states, all 

renormalization corrections can be dumped into matrix elements of 

the 3S1 relative state. It is found that if the JS^Sussex matrix 

elements are multiplied by a factor > low lying levels can be 

satisfactorily reproduced by an appropriate choice of ^ . Some 

of the T * 1 low-lying excited states can be obtained if the "i. 

realistic interaction, as represented by the Sussex matrix elements, 

is supplemented by a & -function force of appropriate strength. 

3. Rotational Plow Model and its Significance - V.R. Prakash 

and V.K. Deshpande - Some important features of the Rotational 

Plow Model (HEfl)1'2 with a constant vorticity-flow in three 

dimensions are discussed here. The velocity field obtained on 

the basis of a^constant vorticity flow in an incompressible drop 
of elipsoidal shape is shown to be unique. Further, it is shown 

0 
that to obtain the rotational Hamiltonian in the form H = ^ 

2 % n (I"j/2l^eff), it is essential to assume the frequency„ of 
V - I/ 

intrinsic particle motion to be directly coupled to the rotational 

frequency; (w^) of the elipsoidal drop through the vorticity constant 

(k.) thus, giving adiaha.tic motion only for values of k. much 

larger than u n i t y . ' ^ ^ 

\ From a study of variation of the ratio of effective moment of 

inertia to the rigid body moment of inertia ( 1 ^ ) a s ® 

function of k. for a given deformation and vice-versa, the values II «J ' o ll 
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of fcj*8 8 1 6 shown to lie between 0.8 to 1.0 for the nuclei in 

the rare-earth region. Further, it is shown that small hut 

finite values of I^ eff/l^ could he obtained for very small 

deformations with k^ slightly less than unity in the case of 

REM, and for very large deformations with k^ = 1 in the case 

of irrotational flow model. 

REFERENCES: 

1. V.R. Prakash, B.M. Bahal and V.K. Deshpande, Can.J.Fhvs.^O 

2957(1972) 

2. V.R. Prakash and V.K. Deshpande, ibid., 1752 (1973). 
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N. INSTITUTE OF MATHEMATICAL SCIENCES \ 
i 

1. Cluster Model Wave Functions of ^Li and 7Li - K. Srinivasa 

Hao - Cluster model wave functions of ^Di and are constru-

cted by considering alpha-deuteron and alpha-triton configuration, 

respectively, for the light nuclei. The wsve functions are 

antisymmetrized and each wave function involves two parameters.^ 

The effect of the antisymmetrization of the wave functions on the 
\ fi 7 root metxn square radii of Li and Li is studied. Results of 

the study, on comparison with-available experimental data, yield ^ 

the allowed range of, the parameters in the wave functions. 
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0. KPRUKSSETRA UNIVERSITY. KURUKSHETRA 

1. Comparison of Various level Density Formulae - B.S. Ws^hwa, 

K.K. Manocha* and R.K. Mohindra - The level density formulae 

based on the Fermi gas model: (i) lang-leCouteur (ii) Constant 

nuclear temperature (iii) Weisskopf and shell dependent formulae 
' " ' I 

due to (iv) Newton and (v) Baba have been compared using recentl; 

compiled data^ for about 200 nucl^iles (neutron resonance capture 

cases). The Newton's shell dependent level "density formula 

gives better results. The effects of closed shells, pairing 

energy, odd-even effects and spin dependence have been studied. ,, 

The best value of the spin out off parameter has been found. 
1. H. Baba, Nucl. Phys. A 159 (1970) 625. 

j 
* ^Present Address: Medical College, Rohtak (Haryana) 
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P. MARATHWADA UNIVERSITY. AURANGABA3)(M.S.) 

55 
1. Electromagnetic Properties of Kn - P.N. Patarwale, 

R.G. Kanitkar and R.G. Kulkarni - The magnetic dipole T(II^) 

and electric quadrupole T(E2) transition probabilities have been cc obtained from the Coulomb excitation reaction on Kn with alpha-
i' 

particles. The electric quadrupole transition probabilities T(E2) 

and the corresponding life times have been found for the four 

excited states of Mn with alpha-particles. • The electric' 

quadrupole transition probabilities T(E2) and the corresponding 
ETC; 

life times have been found for the four excited states, of Kn. 

With the aid of measurred branching ratios, the magnetic dipole 

transition probabilities T(l.^), the reduced M1 transition r •' 

probabilities B(M.,) and mixing ratios^ f o r 126yan'd 9^6 keT 

states in Mn have been determined.- These electromagnetic-
* « * % 55"" - s •" properties of 126 and 986 KeV0 states in Mn have "been found 

for the first time. These^ properties will be discussed in the 
" " . " " V •.„"''"' (1 \ light of theory of life-times of nuclear states ̂  by Kurath) . 

c - • • ' " _
 0

 ' 

Ref^ (1) D. Kurath, Invited Paper, Bull.Am^P'nys. <? 
Soc. 13, U 0 0 (Nov. 1968). 
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Q. MEERUT inTTTSRSITY. MBERTJT 

1 . Study of the 20.5-KeV State in 4He by the Cluster Model -

V.K. Jain and B.B. Sriv&stava - The first excited state of ^He 

at about 20.3 MeV has been observed in many nuclear reactions 

during the past several years. However, the various measurements 

of its excitation energy and width are not consistent. A recent 

investigation by Gross et al,\ yields a value of 20.28+0.05 MeV 

for the excitetion energy and 0.4*1+0.05 MeV for the width of this 

state. On the basis of an analysis of their data these authors 

observe that the state is consistent with a 0 + assignment and 
1 3 corresponds to a pure S-wave resonance in the p- H system. In 

the present study, therefore, a variational procedure has been used 
is 

to calculate the energy of this state described as a triton cluster 

plus a proton. Properly 'anti symmetrized wave function and a 

nucleon-nucleon potential yielding good fit to the low energy 

scattering data have been used. The calculation yields a value 

of 20.54 MeV for the excitation energy of this state relative to 

the ground state which is in quite good agreement with the experi-

mental value obtained by Gross et al. 
1. E.E. Gross et j@l., Phys. Rev. 178(1969)1584. 
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R. PHYSICAL RESEARCH LABORATORY.ABMEDABAD 

1. The Generator-Coordinate Calculations for the Electric 

Quadrupole-Moments and Transition Rates - S.E. Khadkikar and 

D.R. Kulkarni - The electric quadrupole moments and the transition 

probabilities are calculated for all the even-even(N = Z) nuclei in 

the d-s shell using the generator-coordinate formalism. These 
(f 

quantities being quite sensitive to the structure of the eigen-

functions, offer a measure of the goodness of the calculated wave 

functions. It was found that the calculated quadrupole moments of 

the first 2 + states are within the error of the experimental values 

for the nuclei 28 g i 32 S i and 3 6 ^ whereas they are slightly lower 

than the experimental values for the nuclei 20jfe and 24Mg.~ The 

calculated transition rates are consistently smaller than the 

experimentally observed values for all the nuclei. 

2. Energy Ys Deformation Curve for Nuclei in the ds-Shell -

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

spectral distribution method, for the Elliott STJ(3) group, which 

describe the average deformation ( ^ Q j ^ ) R nucleus in the ds-

shell as a function of excitation energy. 

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

and J.C. Parikh - We describe in this note a general method to 

minimize the energy variance 

< H " > - < H > " \ 

for single determinantal states. Calculations for light spherical 

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

Nuclei - R. Haq, J.C. Parikh and K.K. Bhatt - The spectral 

distribution method of French has heen very successful in 

determining ground state energies and mixing intensities of 

various irreps of a group near the ground state. For the SU(4) 

group these methods have been extensively used. The method 

incorporated actually estimates an upper limit for the mixing 

and lower amounts of mixing cannot be ruled out. This is 
v J i. because the total varianceG~ which is composed of ^ e x t e r n a l 

and ^~in-fcernal use(* *>or estimating the amount of mixing. 

Whereas ^ gives rise to spreading of various irreps, it is ^ 
only which leads to symmetry mixing. Better methods of 

estimating the mixing shall be discussed. 

5. On Intra-Shell Quartet Excited States - A.K. Dhar, 
B.R. Kulkarni' and K.H. Bhatt - Possible existence of intreshell 

20 24- 28 quartet excited states for the nuclei Ne, Mg and Si in 

the ds and 4 8Cr and ^2Fe in the fp shells has been examined 

Quartet excited intrinsic states are obtained by exciting two 

protons and two neutrons from the highest occupied to the lowest 

unoccupied orbitals of the lowest energy axially deformed Hartree 

Fock(HF) solutions. Good-J states are projected from the prolate 

and the oblate HF and the quarter excited intrinsic states. Due 

to nonorthogonality of these states it is found that the relative 

separation of the projected states is drastically.changed by 
< \ 

orthogonalization. For 20 N q the low-lying states do not have 

pronounced quartet structure whereas the excited states of 
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and 28 S i which do have dominant quartet structure lie very high 

in energy. For the fp shell nuclei, none of the excited states 

are likely to have a well defined quartet structure. 

6. Shell Model Calculation for Odd Ti Isotopes - D.3. Kulkarni, 

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

Ti isotopes Ti45,47j49»51 are performed in the frame work of 

Projected Hartree-Mock(PHF) formalism using the Kuo Brown effective 

interaction with T = 1 part replaced "by the interaction obtained 

by McGrory et al(l). Different intrinsic states are obtained by 

1p-1h excitations over the lowest prolate and oblate KF solution 

adopting a suitable energy criterion for truncating the Hilbert 

space. The energy spectre of the nuclei are obtained by diagonal!-

zing the Hamiltonian in the basis of projected and orthogonalized 

states. For the nucleus ip^47 the calculated spectrum is in good 

agreement with the observed spectrum upto<-~3 MeV. Certain high 

spin states are predicted in the energy range of 3 to 5 MeV. For 

all other isotopes the energy sequence is well reproduced within 

400 kev. In order to reproduce better relative separation between 

the various states, modifications in the interaction are suggested. 

1) McGrory J.H., Wildenthal B.H,, and 
Halbert E.C., Phys. Rev. C2,(1970), 186. 

7. Band-Mixing Calculations for Na I sotones - D.R. Kulkarni 
? 1 

and S.P. Pandya - The spectra of odd sodium isotopes viz. Ua, 
23 25 

Ua and Na are obtained by performing the band-mixing calcula-

tions in the framework of projected Hartree-Fock formalism. 

Different band's are obtained by various particle-hole excitations 
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over the lowest HP solutions. The two-body matrix elements of 

Freedom et a l ^ are used along with the experimental 17q single 

particle energies. The calculated spectra of nuclei and 

23 N a are in fairly good agreement with the experimental spectra. 

However the spectrum of 25 N a is not so well reproduced. It 

appears that the interaction producing less deformation might 

give better experimental agreement in this nucleus. Some modi-

fications in the interaction to this effect would be suggested. 

I -
1) Freedom B.M. and Wild'enthal B.H. Phys. 

Rev. C6 (1972) 1633. I 

8. Generator Coordinate Spectra of the Nuclei 24^ j, 32^ and 

3,6Ar - S.B. Khadkikar and D.R. Kulkarni - The generator coordinate 

spectra1^ for the nuclei 24 M g 32g and 3 6 ^ are obtained by solving 

the Hill-Wheeler integral equation approximately. The" energy and v 

the overlap kernels required in the equations are obtained in the 

projected and constrained Hartree-Fock formalism. The two-body 
2) 

matrix elements of Freedom et al ' are used along with the experi-

mental 17q single particle energies. Despite the fact that for 

24 M g the triaxial solution is lowest in energy, the first 0 +,2 +,4 +
$ 

6 + and 8 + states are in good agreement with the experimental and 

the shell model states. The first excited 0 + level also agrees 

well with the corresponding state in the shell model spectrum. 

The results for the nuclei 32a and 32. indicate that the two body ° i( AT, . 
/ » interaction needs some modifications. (j 

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

2. Freedom B.M. and Wildenthal B.H. Phys. 
R^v. C6 (1972* 1633. 
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9. Double Humped Barriers in Medium Weight Nuclei - K.H. Bhatt, 

A.K. Dhar and D.R. Kulkarni - The low lying highly collective 

intershell 'Core' excited states in the nuclei in neighbourhood of 

0 1 6 and Ca 4 0 are known. In this note we propose the possible 

existence of low lying highly deformed, intrashell excited states 

for some of the fp shell nuclei. The proposition is borne out by 

Projected Hartree-Fock(PHF) calculations for the nuclei and 
52 / Fe . We have employed the two body effective interaction which 

gives rise to deformations of the fp shell nuclei consistent with 

the experimental E2 transition systematics. The interaction gives 

two distinct Hartree-Fock states, having very different deformation. 

The state with smaller deformation lies lower in energy. Despite 

the large differences in the deformation the other solution lies 

very close to the ground state. It is interesting to note that 

the states projected from the more deformed state are orthogonal to 

the states projected from both the lowest prolate and oblate HF 

states. The existence of such states in fp shell nuclei would be 

analogous>to the fission isomers in heavy nuclei. The experimental 

identification of such states would be interesting and would help 

to improve the effective interaction. 

57 10. Intermediate Coupling Model Description of Fe - J.J. Dikshit 

and B.P. Singh,- The properties of the negative parity states of 
57 
VFe are...investigated in the framework of the intermediate coupling 

in the unified vibrational model. In the model, a quasineutron is 

coupled to on anharmonically vibrating core. Observed properties 
e g of the 5 Fe nucleus are used to describe anharmonicities of the 
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core. The model is applied to this nucleus for the first time. 

Energy levels, electromagnetic transition rates, "branching ratios, 

lifetimes and spectroscopic factors have "been calculated. The 

theoretical results have been compared with experimental results. 

The ground state spin is correctly predicted for reasonable values 
v 

of parameters. Comparison with rotational model calculations shows 
5 7 

that both models have limitations in describing the Fe nucleus. 

It is concluded that a model in which three quasineutrons are coupled 

would give better results. 
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S. PUNJAB UNIVERSITY. CHANDIGARH 

. Gvromagnetic Ratio of the 656 KeV State in IIQCd - Bivup^nder 

Singh, S.C. Bedi, V.R.K. Murty and H.S. Hans - As there is 

considerable disagreement in the measurements of the gyromagnetic 

ratio of the1656 keV state in 110Cd, IPAC method has been used to 

remeasure the gyromagnetic ratio of the 656 keV state. The 

internal hyperfine field acting at Cd nuclei in iron has beenused. 

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

.for measuring the rotation of the angular, correlation pattern. 

The measured value of the gyromagnetic ratio i.e. g * 0.34 + 0.07 

is in good agreement with the value reported by K. Johansson et. 

al1^ making use of the internal field in gadolinium. A couple of 

earlier measurements made through PAC radioactivity and IMPACT 
. o 

methods give a low value with the recent accurate value of the t) " 

hyperfine field. Our measured value agrees well with the value 

estimated on the basis of Greiner model for the gyromagnetic ratio 

of vibrational nuclei. ^ ^ 
1. K. Johansson, E. Karlsson, 1.0. Norlin, R.A. Windahl and 

M.R. Ahmed. Nucl. Phys.' A188 (1972) 600. 

2. Core Excitation Effects and Nuclear Spectra - S. Shelly and 

R.K. Bansal - Fragmentation of spectroscopic strength observed 
J' 

in the spectra of nuclei which consist of a closed neutron shell 

plus a proton in one of the empty shells indicates that additional 

degrees of freedom associated with the core after the proton has 

been added are to be properly taken into account. The formalism 
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for calculating the effects of isospin excitation as well as 

two particles-two holes excitation of the core, for nuclei 

falling in this category, has "been developed. Particular cases 

involving addition of a proton to 4 8Ca and targets have 

been discussed. 
ii 

The single particle strength which is expected to "be 
J ' „ 

concentrated in one level in the absence of core excitations 

is fragmented into 3/2(2j2+1)+2 pieces where 32 is the angular 

momentum of tiie orbit to which the proton is added, thus giving 
" :L o 

rise to a fine structure of the spectrum. 
Systematics of calculated spectroscopic strength distribu-

/I 
tion and-'energy eigen values show a fairly good agreement with 

the experimental results. 
192 192 

3. Level Structure Studies in Pt and Os and Experimental 

Test of Pairing-Plus Quadruple Model - Nirmal Singh, S.S. Bhati, 

P.O. Mangal and P.N. Trehan - Gamma ray intensity measurements 1Q2 192 
have been done with great precision in ^ Pt and 0 8 i n the 

1Q2 

decay of y Ir using 8 c.c. Ge(Li) detector. In addition gamma-

gamma directional correlation measurements have been done for 

296-316, 308-296, 308-612, 308-(296)-3l6, 589-296, 589-(296)-3l6, 

604-316, 468-316, 589-612, 885-316, 1062-316 kev cascades in 
l 9 2Pt and 486-206 kev cascade in l920s^using Nal(Tl)-Ge(Li) and 

Nal(Tl) - Nal(Tl) detectors. Prom the data spin assignments 

have been confirmed for 1379(5) and 1200 (4*) kev levels of , 



1 9 2Pt and 691(3+) kev level of 1 9 20s. Multipole admixtures 

in 296, 303, 589, 604, 885, 1062 end 486 kev gamma rays have 

heen found out to he Ml+( 97+1)5*32, Ml+(96.5+ 5 ) ^ 2 ? E2+(4+2)«H3, 

Ml+(79+7)^E2, E2+ ,04^M3, El+.04#M2 and Kl+(94+2)^E2 respectively. 

The values of multipole mixing "in 296, 308, 604 and 436 kev gamma 

transitions are compared to those predicted by pairing-plus quadrupole 

model of Kumar and Barangar and the agreement is found to "be fairly 

good. 
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T. PUNJABI UNIVERSITY, PAT I ALA 

1. A New Good Quantum Number in Collective Model - S.D. Sharma -

A nuclear spin quantum number of restricted goodness is seen to 

show up in perturbed rotational bands of odd-A and odd-odd nuclei 

due to the physical quantum constraints effective on the systems!! 

A new type of state-labelling is discussed, which can furnish 

information about the nucleonic and coral contributions in separate 

for all such nuclei in deformed regions. Theoretically expected 

v^ystematics of nuclear dynamics below and above this good spin 

are supported by the available experimental reports for many 

nuclei. ^ 

2. Magnetic Dipole and Electric Quadrupole Moments of Deformed 

Odd-A and Odd-Odd Nuclei - Jagdev Gargi and S.D. Sharma -
o 

Afcuitto and Davidson calculated the Magnetic Dipole and Electric 

Quadrupole moments diagonalising the state matrices for<(a set of 

parameters giving the best fit for nuclear spectra using symmetric 

core collective model for deformed,,nuclei. Here instead of 

diagonalising we have simplified the expressions for Magnetic 

Dipole and Electric Quadrupole moments for single nucleonic state 

without configuration mixing. The results are computed and 

compared with experimental reports whereever available and also 

with other theoretical predictions. 

3. ^The Spectra and Static Moments of Re 1 8 6 - V.PV? Garg and 
S.D. Shartaa'- Lowlying spectrum and static magnetic and quadrupole 

186 moments of Re are computed using symmetric and asymmetric core 
SN 
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collective models of odd-odd deformed nuclei. The spectral 

computations are compared with the experimental reports on this 

nucleus by U.K. Sheline et. al. .The model predictions are found 
i 1 

quite satisfactory. 



I 
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TJ. SAKBALPPR UXIIVSRSITY. ORISSA 

1. A Method for Fast Convergence of the Reaction ?.!atri"x(II) -

R.K. Satpathy and 1T.M. Guru _ The reaction matrix of Brueckner 
t is expanded in terms of short-range part t and terms involving S 7 j 

(V.j - Y^) and V 2 only. Here V^ is the long-range part of the 

actual two-body potential and is an auxilliary potential, 

nonlocal and separable in nature. This'expansion is an improve-

ment over our earlier work (Nucl. Phy. 185. 284 (1972). The 

merits of the method are analysed. o 

2. Regge-Type Representations of the Partial Wave Amplitude 

for Spin-One case -- R.K. Satpathy and A.P. Mishra - Regge-type 

representation of the partial wave amplitude in the complex 

angular momentum plane are derived for elastic scattering of 

spin-one particles from nuclei. These representations are 

found to be similar in form to those for spin-zero and spin-half 
o 

particles. The importance of the method is discussed. 

0 



V. UNIVERSITY OP DELHI 

1. V el o ci tr-D e p end en t ITucleon-ffucleon Potential Short-Range 
Correlations - R.S. K&ushal - A velocity-dependent potential is 
c o n s t r u c t e d "by p e r f o r m i n g a u n i t a r y t r a n s f o r m a t i o n , based on 

i: 
J a s t r o w type c o r r e l a t i o n f u n c t i o n , on t h e K a m i l t o n i o n of„ s i n g l e 

p a r t i C I G model . Though t h i s p o t e n t i a l has s t r u c t u r e s i m i l a r t o 

t h a t used e a r l i e r by s e v e r a l a u t h o r s , hov;ever, i t ensures , t o some 

e x t e n t , t h e i n c l u s i o n o f the e f f e c t s of s h o r t - r a n g e r e p u l s i v e 

f o r c e s between n u c l e o n 3 . The parameters of t h i s p o t e n t i a l e r e 

known f rom t h e e x p e r i m e n t s . 1 D C-7'-inT' 

2 . Decay o f l 2 7 m ' g T e To L e v e l s o f 1 2 7 I - S .K . S o n i , Ashok Kumar, 
,'i 

D . Ghosh, S . L . Gupta and S . C . P a n c h o l i - The Gamma s p e c t r i n of 

I27m^ e i n e q u i i i - b r i u j j W i t h 1 2 7 g T e has been s t u d i e d i n s i n g l e s u s i n g 
a 88 cc Ge ( L i ) d e t e c t o r . The" gamma-ray e n e r g i e s i n keV ( r e l a t i v e 

% 

i n t e n s i t i e s i n p a r a n t h e s e s ) were found t o be 5 7 . ' 8 6 + 0 . 0 4 ( 5 8 . 0 + 0 . 7 ) , 
i) v

 — 

8 8 . 2 5 + 0 . 0 4 ( 7 . 9 + 0 . 2 ) , 1 1 5 . 6 + 0 , 1 ( 1 . 0 + 0 . 6 ) , 1 4 5 . 3 4 + 0 . 0 7 ( 0 . 3 + 0 . 1 ) , 

1 7 2 . 1 1 + 0 . 0 6 ( 0 . 0 2 ) , 2 0 2 . 6 9 + 0 . 0 4 ( 5 . 2 + 0 . 2 ) , 2 1 4 . 9 0 + 0 . 0 5 ( 3 . 6 ) , 3 6 0 . 2 3 + 

0 . 0 5 ( 1 3 . 3 + 0 . 3 ) , 3 7 4 . 9 + 0 . 1 ) ( 0 . 0 6 ) , 4 1 7 . 8 7 + 0 . 0 5 ( 1 0 0 ) , 5 9 3 . 1 + 0 . 1 . 

( 0 . 2 9 + 0 . 1 ) , 6 1 9 . 9 + 0 . 3 ( 0 . 0 3 ) , 6 2 9 . 9 + 0 . 3 ( 0 . 0 0 6 ) , 6 5 1 . 9 + 0 . 3 ( 0 . 0 1 ) , 

6 5 8 . 1 + 0 . 1 and 6 8 7 . 4 0 + 0 . 0 9 . V ' 

Gamma-Gamma d i r e c t i o n a l c o r r e l a t i o n measurements have a l s o V- t Sr-
been performed on ( 5 7 - 3 6 0 ) end ( 5 7 - 6 5 8 ) keV cascades u s i n g sn 
q 127m 

aqeous s o l u t i o n o f -Te and a N a l ( T l ) - G e ( L i ) d e t e c t o r c o i n c i d e n c e 

system. 0 
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3. Half-Life Measurement of the 57.6 keV Level in 1 2 7I -
Suvra Sanyal, R.K. Gupta, S.L. Gupta ana S.C. Pancholi - The 

1 2 7 

half-life of the 57.6 keV level in I has "been measured by 

recordings 0 -coincidences in ' Te decay using leading-edge 

timing technique. The time delay curve was analysed by the 

slope method. A half-life value of T^(57.6 keV level in 1 2 7I) 

= 1.98 + 0.01 ns is obtained. The electromagnetic transition 

rates from the low lying states in odd-mass I isotopes are 

discussed and compared with available theoretical results. 

4. High Resolution Study of Low Energy Gamma-Hays in the Decay 

of 2 3 7N? and 2 4 1 AM - S.D. Chauhan, SuVl»a Snnyal, R.K. Garg, 

5.C. Pancholi, and S.L. Gupta - High resolution low energy (Ej-

^ 122 keV) "2f-ray spectra in singles have been studied in the 
p-z«7 PA 1 2 

decay of Np and Am using a 0.4 cn Ge(li) Low Energy Photon 

detector (resolution 300 eV at 6.40 keV and 600 eV at 121.94 keV). 

The measured If-ray energies in keV (relative intensities in 
2 3 7 

parentheses) are as follows: ^'Np: 8.10+0.04 (0.48 + 0.07), 

29.375 (12.0+0.3), 32.05+0.03 (0.16+0.02), 36.28+0.05(0.048+0.017), 

46.*. >0.03 (0.094+0.016), 57.09 + 0.01 (0.35+0.02), 86.41+0.02 

(12.1+0.3), 87.9+0.1(0.095+0.024), 106.2+0.1 (0.02+0.01), 

115.47 ± 0.07 (0.41+0.03)and 117.83+0.03 (0.17+0.02). 
2 4 1Am: 3.43+0.03, 8 . 6 + 0.1, 9.60 + 0.02 (0.28), 26.345 (2.06 + 0.03), 

33.17 + 0.02 (0.13 + 0.01), 43.37 + 0.03(0,07 + 0.01), 55.40 + 0.10 

(0.108+0.004), 59.537 (35.3), 98.89 + 0.05 (0.025 + 0.001) and 

102.86 + 0.05 (0.023 + 0.001). Component L-and KT X ray intensities 

are also measured. 
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W. TiMV-^RSITY OF MADRAS 

1. Trace Techniques for Angular Momentum Operators -

P.R. Suhramanian and V. Devanathan - Traces of angular momentum 

matrices for systems of arbitrary spin are derived using their 

well - established properties. The nature and the general form 

of the trace of a product of an arbitrary number of matrices is 

given. The trace techniques developed herein are supplied to 

the problems of spin orientation. For the purpose of illustration 

we^have obtained the explicit forms for the spin tensors and 

evaluated their reduced matrix elements. Also the elastic scatter-

ing of,particles of arbitrary spin by a target nucleus of zero spin 

is investigated. 

2. Photoproduction of Charged Pions From 4 1K. 6 0Ni and -

G-.N.S, Prasad and V. Devanathan - Numerical results for the 

reactions 41K(*,TT + ) 4 1 A, 60Ni(TFRRF)60Cu, 65Cu(tf,TR+)65Ni and 
Cc __ 

Cu(tf,TT~) Zn are reported and compared with the available experi-

mental results. Independent Particle model for the nuclei and the 

volume and surface production mechanisms are used in the present 

study. The Reactions of the type can be used to extract 

information regarding the low-lying states of the nucleus B which 

are stable against nucleon emission. 

5. On D-State Admixture in if Photoproduction from the Deuteron -

K. Srinivasa Rao,(Matscience)and S. Srinivasa Raghavan - In the 

earlier studies1^ on neutral pion 'photoproduction cross-sections, 
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the effect of the D-state admixture was taken injto account 

through the normalization and scale of the S-state w?»ve function 

only. In this article, we include the D-state admixture explicitly 

(through the radial integrals ana and study the differ-

ential cross section for tf d—* dTT° , near the first pion-nucleon 

resonance region, at fixed momentum transfers. A comparison 

with available experimental data shows that, the cross sections 

are slightly more enhanced than the earlier theoretical results. 

Our results with deuteron wave functions obtained-with (i) the 

soft core OBS? of Ueda and Green2^ and (ii) the Modified Hamada-

Johnston hard core potential , are comparable. The energy 

dependence of the total cross section is also studied. 

1) K. Ananthanarayanan & K. Srinivasa Rao, Nuo. Cim. 
410966) 31; K. Srinivasa Rao, R. Parthasarathy 
and V. Devanathan, J. Physique 34(1973)683. 

2) T. Ueda & A.E.S. Green, Phys. Rev. 174(1968)1304. 

3) J.W. Humberston & J.B.G. Wallace, flucl. Phys. 
A. 141(1970)362. 
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X. 71 ICR AM UNIVERSITY. U J JAIN 

1. Realistic Interactions and Effective Nuclear Force -

Gopal K. Upadhyay and K.P. Joshi - We examine the realistic 
s. 

Yale, Sussex and Tahakin interactions through their equivalents. 

The equivalent potentials are of the form central and tensor 

forces and are determined "by best fitting the relative matrix 

elements of the respective realistic interactions. The equivalent 

potentials are compared with one another end with other pheno-

menological potentials in, widespread use. This leads one to 

draw some conclusion about the general nature of the effective 

nuclear force. 

2. T = 1 Effective Interaction in sd Shell and Configuration 

Space - S.C. Gupta and K.P. Joshi - The T = 1 interactions 

in sd shell are examined in terms of the equivalent potentials. 

The interactions studied are Kuo's interaction derived from 

Hamada-Johnston potential and other phenomenological effective 

interactions. The nature of the effective nuclear force, is 
ll 

discussed and its dependence on configuration space chosen is 

examined. The short-range port of the equivalent potentials is 

found to be very sensitive to the choice of configuration space. 
n 16 3. Single-Particle Energies Near 0 and Effective Nuclear 

Force - S.C, Gupta and K.P. Joshi - The single particle 
16 energies near 0 are calculated using various effective < ri.c 
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interactions used successfully to study sd shell spectra. 

Many "of the interactions fail to reproduce the single-
16 

particle energies near 0 and binding energies. vTe calculate 
the effective two-body 1.s force which will reproduce the 
spin-orbit splittings observed. This is compared with the 
l.s. force components of the widely used realistic interactions, 
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Previous reports published hy the Indian Nuclear 

Data Group (INDG) 

1. A.E.E.T./NP/10 

2. A.E.E.T. - 227 

3. A.E.E.T. - 228 

4. A.E.E.T. - 227 

5. B.A.R.C. - 305 

6. B.A.R.C. - 401 

7 . B.A.R.C. - 4 7 4 

8. B.A.R.C. - 553 

9. B.A.R.C. - 614 

10. B.A.R.C. - 695 

Progress report on Nuclear 
data activities in India-I 1964 

Nuclear Data measuring 1965 
facilities in India 

Progress report on nuclear 
data activities in India-II 1965 

Progress report on nuclear 
data activities in India-Ill'' 1966 

Progress report on Nuclear 1967 
data activities in India-IV 

Progress report on Nuclear 1969 
data activities in India-V 

Progress report on Nuclear . 1970 
data activities in India-VI 

Progress report on Nuclear 1971 
data activities in India-VII 

Progress report on Nuclear 1?72 
data activities in India-VIII 

Progress report on Nuclear 1973 
data activities in India IX '' 
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PROGRESS REPORT 
NUCLEAR DATA PROGRAM AND L W ENERGY NUCLEAR RESEARCH IN ISRAEL 

JUNE 1974 
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St* MARY 

The contribution to nuclear data research in Israel 

consists mainly of research into the evaluation and calcu-

lation of neutron cross sections carried out at the Soreq 

Research Centre and the Haifa Technlon. There is also a 

substantial research program in low energy physics carried 

out at nost of the country's research establishments and 

universities. The experimental programs, are centered around 

three nafor facilities, the Tandem Laboratory at the Veisoaim 
V) 

Institute of Science and the two research reactors at the 

Negev Research Center and the Soreq Research Centre. 
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NUCLEAR EXPEREESTAIIOH F A C I L I T I E S 

'in, : "0 
F a c i l i t i e s a t t h e W e l z n a n n I n s t i t u t e <•• 

A 6 MV T a n d e m a c c e l e r a t o r , t y p e E N , n a n u f a c t u r e d b y HVEC. T h i s 

o a c h l n e I s t h e p r i m a r y i n s t a l l a t i o n o f t h e D a n n i e N* H e i n e n a n 

A c c e l e r a t o r L a b o r a t o r y , a n u c l e a r s t r u c t u r e l a b o r a t o r y owned a n d 

o p e r a t e d j o i n t l y b y t h e W e i z n s n n I n s t i t u t e , t h e H e b r e w U n i v e r s i t y 

i n J e r u a a l e n , t h e T e c h n i o n i n H a i f a a n d t h e B e n G u r i o n U n i v e r s i t y d n 
S/ 

Beer Sheva. 

A 3 MV V a n - d e - G r a a f a c c e l e r a t o r , m a n u f a c t u r e d b y t h e H i g h V o l t a g e 

E n g i n e e r i n g C o r p . o f B u r l i n g t o n , M a s s . , t y p e K . T h i s i n s t r u m e n t w a s 

t h e b a c k b o n e o f t h e n u c l e a r s t r u c t u r e r e s e a r c h a t t h e W e l z s a n n 

I n s t i t u t e i n t h e p e r i o d 1 9 5 7 - 1 9 6 5 a n d v l t h m o d e m a u x i l i a r y e q u i p m e n t 

i t h a s r e c e n t l y a g a i n c o n e i n t o i n t e n s i f i e d u s e . 

T h e c o n s t r u c t i o n o f a n e w a c c e l e r a t o r w a s s t a r t e d r e c e n t l y . T h i s 

w i l l b e a 1 4 IN T a n d e s H P e l l e t r o n a c c e l e r a t o r , t y p e 1 4 UD, m a n u f a c t u r e d 

b y t h e N a t i o n a l E l e c t r o s t a t i c C o r p . o f M i d d l e t o n , W i s e . T h i s n e w 

a c c e l e r a t o r a n d t h e a d j o i n i n g l a b o r a t o r y w i l l a l s o b e j o i n t l y o w n e d 

a n d o p e r a t e d b y s e v e r a l I n s t i t u t i o n s o f r e s e a r c h a n d h i g h e r l e a r n i n g 

i n I s r a e l . 
o 

F a c i l i t i e s a t tt>" j r e q R e s e a r c h C e n t r e 

I R R - 1 R e s e a r c h R e a c t o r 5MW L i g h t W a t e r P o o l T y p e R e a c t o r , 90% 

2 3 5 

e n r i c h e d U f u e l . T h i s r e a c t o r i s u s e d f o r i s o t o p e p r o d u c t i o n , 

a c t i v a t i o n a n a l y s i s , n e u t r o n r a d i o g r a p h y , n e u t r o n i r r a d i a t i o n s , a n d 
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for low energy nuclear research. 

Facilities at the Negev Research Center 

XRR-2 Research Reactor 26 MR Heavy Water Tank Type Reactor, Natural U 

Fuel. Used for studies In fuel irradiation, Isotope production, nuclear 

research, and neutron diffraction studies. 
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RESEARCH PROGRAMS 

Meizmann Institute 

In the Department of Nuclear Physics work is being carried out both in 
theoretical and experimental rcicarch in the fields of nuclear structure and 
particle physics. The theoretical work deals with problems in nuclear 
structure and various nuclear reactions, but most of the effort is in the field 
of subnucicar or elementary panicle physics. The experimental work in 
nuclear physics is concentrated around the rather old 6 million vo't EN 
tandem accelerator. The experimental research in high energy physics (particle 
physics) is in the analysis of bubble chamber photographs taken at the giant 
particlc accelerators in the U.S.A. 

In nuclear structure theory work continued in studying the effective inter-
actions Iretwccn protons and neutrons in nuclei. These were studied both bv 
starting from the interaction between free nucleons using the many body 
theory and from the actual energy levels using the shell model. Nuclcar 
reactions wen investigated extensively, in particular those which involve 
high energy n cleons and pions as projectiles. 

Experimental nuclear structure phytics 

The need for a new accelerator has been felt for a long time. The present 
machine is rather limited in energy. Therefore, many experiments originated 
here had to be carried out in other laboratories. The situation will be greatly 
improved with the planned installation of the most modern and high 
energy 14 U D Pelletron accelerator. This machine is now being constructed 
by the National Electrostatic Corporation in Madison, Wisconsin. Building 
will begin in summer 1973 and it is hoped that the accelerator will become 

I, operational late in 1 'J7-1. The only other accelerator^ of this advanced kind i< 
being installed now at the National Australian University in Canberra. Pre-
liminary tots which have been carried out so far indicate that its perfornuiuc 
is far above what was promised. 

o 
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Experimental Nuclear Structure Physics 

HYPERF1NE INTERACTIONS OF THE FIRST EXCITED T STATE OF 
'"O IN T AND 6- IONS 
G. Goldring, D. A. Hutcheon . \V. L Randolph . D. F. H. Start '; " ' G o l d b e r q and M. Poop 
Perturbed angular correlations were measured between 1.98-MeV y rays 
deexciting the 33-psec 2* state of l s O and the l s O* particles following the 
reaction r-'C( lB0, , sO*) l-'C at 33 MeV. A magnetic spectrometer was used 
to resolve the l sO* ions into the component S", 7', and 6' chaise states, and 
the correlations were determined separately for cach. The measurements yield 
information on hypcrfine interactions in the 7* and 6* charge states. Limits-
are obtained on the ionic ground-state occupancies and on the value of the 
nuclcar g factor. 

THE MAGNETIC MOMENT 3" 5.83 MeV LEVEL IN 14N AND THE 
BLUME-SCHERER MODEL OF PAC IN GAS WITH / \N ARBITRARY 
CORRELATION TIME 
Z. Berant, G. Goldring. M. Hass and Y. Horowitz 

Perturbed angular correlation of an ionic ensemble recoiling into gas is dis-
cussed in the frame-work of the 15lume-Schercr model. The magnetic moment 
of the 3" 5.83 MeV level of " N is deduced. 

Reported also by University of the Negev. 

MAGNETIC MOMENT OF THE FIRST EXCITED STATE OF 10B 
R. Avida, I. Ben-Zvi, G. Goldring, S. S. Hanna , P. N. Tandori and Y. Wolfson 

The magnetic moment of the 1* first cxcitcd state of 1 0B at 0.72 MeV has 
been determined by an integral perturbed angular correlation measurement in 
an external magnetic field. Tile value obtained for the ^-factor, +0.63±0.12, 
is compared with calculations based on the effective-force treatment of 10B. 
A measurement of the perturbation produced in '"B nuclei implanted in iron 
showed that the internal field //i>< at the boron nuclei was less than 4 kG. 
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THE REORIENTATION EFFECT IN , 1 0Cd AND 1 M Cd 
Z. Berant. R. A. Eisenstein-, Y. Horowitz . U. Smilansky. P. N. Tandon . ]. S 
Greenbc.'.j A. M. Kleinfe'S ens H. G. i "acgi 

New detailed measurements of the reorientation effect in the first 2" state of 
""Cd and 1 , 4 Cd were carried out using back scattered 4 He and 1 0O ions. 
They yield 0 2 +-= ( - 0 2 8 ±0 .09) eb with B(E2; 0->2) = (0.513 ± 0.0U5)c-b-, 
or C>.+ = (-0.03 + 0.09) eb wiih B(E2; 0->2) = (.512 J: 0.005)e-b- for 
n 4 C d depending on the sign' of the interference term. The results for l u 'Cd 
are Q 2 + = (-(0.42 or 0.21) ±0 .10 ) eb with B(E2; 0 - » 2 ) = (0-432 ± 
0.0U6)e-h'-. The deduced Q» + for n 4 C d is approximately half of the rotational 
model value. 

Reported also by University of the Negev. 

THE ROLE OF THE „ +' t CHANNELS IN THE COULOMB EXCITATION 
OF THE r STATE IN 7Li > 
U. Smilansky. B. Povh and K. Traxel ^ " 

The role of the virtual excitation of the a+t channcl in exciting the -J" state 
in "Li is discussed in terms of the known properties of the a + t channcl. It is 
shown that this effect is larger than the reorientation caused by1 the ground 
state quadrupole moment. Existing data on the Coulomb excitation of the 

state are analysed ia terms of both the virtual breakup and the reorientation 
cfleets. The resulting p ; t / 2 and B(E2; 3/2—» 1/2) are consistent with values 
obtained in former measurements. 

ELASTIC SCATTERING OF , 0 O AND l s O BY EVEN Ca ISOTOPES, 
~'2Cr AND «-Ni AT INCIDENT ENERGIES NEAR THE COULOMB^ 
BARRIER = 

Y. Eisen, R. A. Eisenstein , U.- Smilansky and Z. Vager 

Elastic scattering of l c O and l s O by even Ca isotopes, r,-Cr and 0:!Ni was 
studied at incident energies near the Coulomb barrier. The excitation func-
tions measured in this experiment show marked differences between 10O and 
"O. The experimental data are analyzed and discussed by means of an 
incoming wave boundary condition method (IWB). 
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SEARCH FOR A POSSIBLE J* = 0 + , T = 2 RESONANCE 
IN ••BaC-r.y/r-C 
S. S Hanns . M_ Haas. Z. Shkedi and Y_ Horowitz 
A cm3 GefLi) detector has been used to reeexamine the reaction 
9Be(T,-;y),2C over a previously reported resonance at E(z) = 1.739 ± 0.007 
MeV which was suggested as the lowest T - 2 stale in '-'C. Tliis state is 
cspected to y decay via the 1 \ T = 1 state at l x l l MeV. However a search 
wiih r bombarding energies ranging two standard deviations above and below 
the reported resonance energy revealed no rcscnancc in high energy gamma 
rays. An upper limit of I%r,/r < 2.0 MeV is established for the T = 2 re-
sonance strength which is one-fourth of the previously reported strength and 
which strongly corroborates an additional negative result reported as 
rrrv/T< 1.5 MeV. Fn the course of the experiment a new value of 

5.94 ± 0.20 keV was obtained for the resonance at Ep= 1.083 
McV in eBc{p,7) i aB. 

Reported also by University of the Negev. 

MEASUREMENT OF THE NUCLEAR RAMAN EFFECT 
M. Hass and t>. Salzmann 

The parameters of the giant dipole resonance of U- : , s are calculated from the 
experimental cross-sections of the nuclear Raman effcct. It is shown that there 
is no need Co include direct mechanisms to explain the interaction of the y 
widi the nucleus. 

ii 
DEPENDENCE OF THE DOPPLER SHIFT LIFETIME METHOD 
ON SLOWING ENVIRONMENT 
C. Broude, P. Enoelstein , M. Popp and P. N. Tandon 

To chcck for systematic analysis errors in the Doppler shift attenuation 
method for nuclear lifetimes, a mean life in " N e has been measured in 39 
different solid elemental slowing materials. A range of lifetimes of 1.9 
strongly correlated with atomic number is observed. 
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A COMPARISON OF SPECTROSCOPIC FACTORS ' 
"•"•Mo (d, ty 'Mo and M M o (p, p 'y)9 ,Mo EXPERIMENTS j / 
E. Ab-^mssn, G. Engler, Z. Yager, i i . Cue , I. Plesser and G. f . Wheel er 

Spectroscopic factors from the : ,3Mo(d, t) ;"Mo reaction have been compared 
with partial decay strengths obtained from the :''Mo(p, p'y) , j4Mo reaction 
proceeding through the 5/2* g.s. analogue resonances The results of the 
comparison support the treatment of the compound enhancement applied in 
the analysis of the ! , 4Mo(p,p'7) ! HMo reaction. 

EMISSION OF THE "He IN THE SPONTANEOUS FISSION OF -~-Cf 
E. Cheifetz. B. Eylon, 2. Fraenkel and A. Gavron 

The emission of 3 H e <7",/-= Sv-10"— sec for decay into a + n) in spontaneous 
fission of ~'"Cf is established front a correlation measurement involving the 
direction and the kinetic energies of the neutrons and the long-range « par-
ticles. Approximately 11% of these o's arc products of r'Hc breakup. The 
initial energy of the fragments and of the "lie at scission arc calculated from 
the properties of the -"l ie decay. They are 3] ±11 and 3.2±0.9 MeV, respec-
tively. 

Theoretical Physics 

THEORY OF EFFECTIVE INTERACTIONS 
M. W. Kirson 

The paper concentrates on the many-body perturbation theory approach to 
the theory of effective interactions. The emphasis is on the relative importance 

. of various effects rather than on agreement with experiment. 

FORCE DEPENDENCE OF 0* STATES IN 2nfBi 
J. Rajewski and M. W. Kirson 

The 0* energy levels of 2 0 SBi are calculatcd with the reaction matrix deduced 
from the Sussex and Tabakin potentials. Spccial attention is paid to the 
isobaric analogue of the ground state of 208P1) which comes 4-o McV below 
the experimental value, and is particularly sensitive to the potential. 
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SHELL MODEL HAMILTONIANS WITH GENERALIZED 
SENIORITY EJGENSTATES 
S. Shlomo and I. Talmi 

The conditions on shell-model Hamiltonians which have eigenstates with 
generalized seniority v = 0 and v = 2 are stated and investigated in detail. 
For even semi-magic nuclei the conditions for v = 0 eigenstates give rise to 
a simple binding energy formula with terms linear and quadratic in nucleon 
number. If also the v — 2 conditions are satisfied, constant spacings, independ-
ent of nucleon number, are obtained between ground states and the low lying 
/ = 2,4, levels. This feature is clearly demonstrated by the existence of a 
single particle operator which transforms the v = 0 state into one with v = 2 
and which obeys a linear equation of motion when acting on the v = 0 state. 
The constant spacings are obtained in the general case for one state with a 
given / , unlike the situation in the quasi-spin scheme in which there are 
^-independent separations between all levels. Examples are given of cases in 
which these conditions are actually fulfilled and yet in which the eigenstates 
are not those of the quasi-spin formalism. 

COULOMB ENERGIES AND CHARGE ASYMMETRY 
OF NUCLEAR FORCES 
S. Shlomo 

Charge-symmetry-breaking potentials suggested in the literature to resolve 
the discrepancy between calculated Coulomb energy differences of analog 
states and the experimental values are considered in detail. We calculate the 
contributions of thesr,•potentials to the ground state energy differences of the 
mirror nuclei He3-H3, O ir'-N lr', F ' 7 -0 ' 7 , Ca:,;,-K'!"' and Sc^-Ca^. It turns our. 
due to the short range character of these symmetry-breaking potentials, that 
their inclusion may resolve the He : ,-IF difficulty but not the Sc41 -Ca" dis-
crepancy. 

VERTEX PARAMETERS AND COUPLING CONSTANTS 
FOR THE VIRTUAL DECAY OF LIGHT NUCLEI n 
A. S. Rinat [Reiner), L. P. Kok and M. Stingl 

Various sources of information on vertex functions are compared. Explicit 
wave functions, scattering and reaction data, and dispersion relations arc 
used to extract range parameters and spectroscopic factors of parametrized 
vertex functions describing the virtual decay of nuclei with A S 6. Mutual 
agreement is found in general, with the exception of the (;Li-'I Ic-d vertex 
parameters. 
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THE CASE FOR DI-NUCLEAR MOLECULES 
A. S. Rinat (Reiner) 

A survey is given of the evidence for di-nuclear molecules drawn from clastic 
and inelastic scattering as well as from rearrangement collisions between 
n-particles clusters. Some tests for additional confirmation of the intermediate 
doorway resonance picture are suggested. Several semi-microscopic descrip-
tions are compared and found to possibly cocxist. 

SCATTERING FROM NON-OVERLAPPING POTENTIALS. 
I. GENERAL FORMULATION 
D- Agassi and A. Gal 

The problem of scattering from an assembly of non-overlapping spherical 
potentials is solved in partial-wave basis for each of the constituent 
potentials. The ' resulting scattering operator is a quotient of two infinite 
matrices and depends on "on-shell" partial wave amplitudes of the individual 
potentials. It suggests in general a truncation scheme which essentially con-
siders only those partial waves effective for cach collision at the given energy. 
The multiple-scattering series is recovered and limiting cases of low energy 
and high energy arc considered. Applications to high energy scattering of 
elementary particles on nuclei are brielly discussed. 

STRIPPING TO ISOBARIC ANALOG RESONANCES 
D. Agassi, N. Auerbach and A. Moalem 

The form factor for the stripping distorted-wave Born-approximation ampli-
tude to isobaric analog resonances is derived using a fine-structure theory of 
these resonances. It is found that the corrections due to compound-nucleus 
mixing are small. Using the derived form factor, the spectroscopic factors 
are calculated for the reaction Mon 2(Hc : ,

) c/)Tcu,\ 
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RESEARCH PROGRAMS 

Israel AEC Research Centres 

RESONANCE SCATTERING MEASUREMENTS WITH Se AND Hg CAPTURE SOURCES 
E. Arad, G. Ben-David and H. Szichman 

Xew experiments on the resonance scattering of photons from Bi, Zr, >1 
Cu and Cd natural targets using a Se(n,v) source are now in progress. 

90" yo 

Resonances at energies of 7413.7 and 500.9 keV were found in ~ bi and Zr 
with respective spin assignenients of 9/2^ ^ and \ Further experiments on 
these nuclei are planned using a Compton polarimeter and a cryostat for 
temperature variation of the intensity of the scattered radiation. 

In preliminary experiments, large resonances were found in the natural 
scatterers Hg, Zr, Mo and Ti using a Hg(n,y) source. 

STUDIES ON THF LEVEL SCHEMES OF 66Zn, 144Sm, 120Sn AND 30Se USING THE (y y') 
REACTION 
G. Ben-David, K. Szichman and B. Arad v J 

The decay schemes of highly excited levels in ^Zn, ^^Sm , and 
80 
Se, reached via the (y y') reaction, were investigated using a nickel cnptur 

source, and the respective level schcmes were deduced. Measurements of the 
angular distributions of the scattered radiation permitted determination of 
the spins of the low-lying levels in these nuclei. The rcduced strength of 
the transitions shows that they are predominantly El. The total radiation 
width of' the 3995 keV resonant level in '*Sm was re-evaluated and found to be 
73+15 :ieV. 

STUDY OF THE ENERGY LEVELS OF 69Ga USING NUCLEAR PHOTOEXCITATION * 
R. Moreh, 0. Shahal, J. Tenenbaum, A. Wolf and A. Nof 

Elastic and inelastic scattering of monochromatic photons were used fr>r 
69 

studying nuclear energy levels in 'Ga. The photons wore produced by thermal 
neutron capture in copper and vanadium. The decay of one resonance at 
7306 keV excited by the copper y-source and another resonance at 6S74 keV 
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excited by the vanadium "v-riource were studied in detail and 30 low lying levels 
were observed from the ground stati up to 3.4 *'cV, 17 o£ which arc believed 
to be nc-' levels in Ga. Tin- angular distribution of some elastic and 
inelastic lines were measured and the following spin determinations were made 
(keV, J17): 320, l'/2~, (3/2~); 574, 5/2~; S72, 3/2"; 14SS, 3/2~, <7,'2~); 
1525 (1/2, 3/2); 1691, 3/2~; 197S, (J/2, 3/2); 2457, 3/2; 24S4, 5/2; (2565), 
(1/2, 3/2); 2660, 3/2; 3051, (3/2, 7/2); 3076, 5/2, 3318, (7/2); 6874, 1/2; 
and 7306, 5/2+, where parentheses denote uncertainties. The parity of•the 
7306 keV level was directly determined using a Compton polarimeter. The 
total radiative width of the 7306 keV level was measured and found to be 
r = 0.105 ± 0.02C eV. For the 6H74 keV level, a positive correlation 
coefficient was obtained, p = 0.69, between the (Y,Y') and (d,n) transition 
strengths leading to the same final states in ^Ga. The levels of ' Ga were 
compared with recent theoretical calculations. 

H" 

STUDY QF THE ENERGY LEVELS OF 100Mo USING PHOTON INELASTIC SCATTERING * 
R. lioreh, 0. Shahal, J. Tenenbaum, /\. Wolf and A. Nof 

Elastic and inelastic scattering of monochromatic photons were used to 
100 

study nuclear energy levels in ' Mo. The photons were produced by thermal 
neutron capture in titanium, coppor and vanadium. The decay of the resonances 
at 7637, 6517, and 6418 keV were studied in detail. The angular distributions 
of some elastic and inelastic lines were measured and the following spin 
determinations were mndu; (keV, J ): 535,2 ; 695,0 ; 1063,2 ; l4ol,2 : 
20.33,0"*"; 2040,2+; 5186,1: 641S,1~; 6517,l"; and 7 6 3 7 , T h e parities of 
the last three levels were directly determined using a Compton polarimeter. 
Total radiative widths were measured and the following results were obtained: 
r(6418) = 50 i 35 me;p;r(6517) = H Q ± 30 meV and r(7637) = 98 ± 15 meV. 
The .'12/E1 mixing ratios for two primary transitions were found to be about 
3 orders of magnitude higher than that predicted by the simple theory. 

LARGE El AND HI RADIATIVE WIDTHS IN NUCLEI NFAR CLOSED SHELLS *"" 
A- Wolf, R. Moreh, A. Nof, 0. Shahal and J. Tenenbaum 

Hie radiative widths, spins and parities of ten levels photoexcited by 
the Of.-f') reaction at excitation around 7 MeV in 139La' 141Pr 142*vi 
144 205 209 ' ' 

Nd, T1 and Bi, were measured. The y beam was produced by thermal 
neutron capture in titanium, iron, cobalt and copper. The spins of the 
resonance levels were obtained by angular distribution measurements and the 
parities were determined by using a Compton polarimeter.\ These levels together 
with other resonance levels i n N * 82 and N % 126 were considered with 
regard to a possible connection to a giant Ml resonance. 

Reported also by University of the Negev. 
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EXCITATION FUNCTIONS AND PHOTON EMISSION IN COMPOUND NUCLEUS REACTIONS WITH HIGH 
ANGULAR MOMENTUM 
J. Gilat,vE.R. Jones, III and O.K. Alexander 

w 

Measured excitation functions were compared with detailed evaporation 
140 ,16. « 156-x^ 144 . ,12 . 156-x_ calculations for the reaction CeC 0,xn) Dy, N a C C,xn) Dy, 

136BaC2°Ne,xn) 156-XDy(x = 5,6,7) , 15*Gd(AKe,xn) 1 5 8 _ XDy (x = 7,8,9) and 
1S1Ta('iHe,xn) 185~XRe(x = 2,3,4). The agreement between theory and experiment 
was found to depend critically on the rate ol photon emission within about 
10 MeV of the Yrast levels. For the first 4 systems above, good fits were 
obtained only when the gamma-emission rate is strongly enhanced with respect to 
the rate indicated by the gamma width of neutron resonances. A gamma emission 
rate proportional to (2J+1) or a constant (independent of J) enhancement factor 
of about 100 led to reasonably good fits with experiment. For the system Ta 
+ ^He such pronounced enhancement does not seem to be required. These results 
were interpreted in terms of the structure of the gamma cascade band. At 
sufficiently high angular momenta, the gamma cascade band is predicted to give 
way to an alpha band. Possibilities for experimental verification of some of 
the theoretical predictions were considered. 

• AM u PARTICLE MONITOR FOR THE NEUTRON GENERATOR 
H. Etzion, H.M. Loebenstein and-Y. Gazit 

A monitor was built for our Texas Nuclear neutron generator. In fast 
neutron activation measurements the knowledge of the integrated neutron flux on 

the sample is crucial. Measurement of the deuteron current on the target is 
not sufficient for monitoring the neutron production rate because the target 
tends to deteriorate with the continuation of the bombardment and also because 
the beam composition of D and particles may vary. Fast neutron detectors 
are bulky, sensitive to scattered lov.T energy neutrons and often need recali— 
bration because of drift problems. Neutron production by the d(t,n)a reaction 
can also be monitored by counting the a-particles produced. BecauiV;~;of the 
high Q-value of the reaction and the almost complete absence of competitive 
reactions, the a-particles can be counted easily. 

A monitor consisting of two silicon surface barrier detectors set at 175° 
to the beam was built. The monitor is easily mounted on the existing bean tube 
and because of the backward geometry of the counters does not interfere with 
experiments. . ,, 

A SIMPLE BEAM CHARGE MONITOR FOR NEUTRON GENERATORS 
H.M. Loebenstein and Y. Gazit 

The D beam in neutron generators is accompanied by a D^ beam. The 
current ratio of the tv.\j beams is not fixed and therefore can be troublesome 
in some experiments. A solid state counter set at a backward angle, 
monitoring the a-particles for the d(t,n) a reaction, can differentiate 
between the contributions of the two beams and thus monitor the beam charge 
composition. 
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L'NFOLDINS OF KEUTROJi SPICKA 
U. Feldman and B. Divon » 

A procedure being developed for. unfolding fast neutron spectra requires 
as an input the detector response function to nonoenergetic neutrons. The 
functions used are based on I-tonte Carlo computations. \ 

: A computer code for smoothing and correcting the computed responses of 
cnanic scintillation dctcctnrs to nionoenergetic neutrons was written. The code 
uses tiic interactive graphics of a CDC computer to sn.ooth the computed response 
in cases of insufficient statistics, and corrects the response for broadening 
caused by statistical photon emission, \ 

The response of a i."E102A plastic scintillator to 14.8 KeV neutrons was 
Measured, and was found to be in good agreement with the computations, which 
took into account the contribution of f's froia neutron inelastic scattering 
from carbon nuclei in the detector. 

APPLICATION OF A He-JET FOR THE RAPID TRANSFER OF FISSION PRODUCTS 
H. Feldstein and S. Aniel 

Rapid transfer at minimum loss of fission products fron a target 
irradiated in a high neutron flux to the ion source of a mass separator, 
is vital for the study of short-lived nuclei with low fission yield. 
Considerable amounts of carrier gas, in excess of the pumping capacity of 
the mass separator, are required to stop fission fragment recoils and for 
rapid transfer. Selective removal of the carrier gas with minimal loss of 
the fission products is, therefore, required for efficient operation of the 
system. 

The helium-jet technique, applied successfully in the case of Cf 
fission products " and cyclotron-produced heavy ions has been studied. 
A —IL'rCP̂ f is si on source with an intensity of 2.4 x 10"* fissions/sec was.used. o n 
The source,^coated with 100 pg/cm"" gold and covered with 1.4 mg/cm" Al—Mylar 
foil, was mounted on a 400 cc chamber in which the fission products weiu 
stopped by water vapor saturated helium. The chamber was irradiated with uv 
light from a 2 kW carbon arc and evacuated at a maximum rate of 5,\ cc STP/scc 
through a 0.5 mm diameter, 5 m long capillary tube \\ 

' Vi 
At the evacuated end of the capillary tube, where a pressure of i. 0.5 

torr was maintained,a well-defined jet of heavy particles with an angle of 
dispersion of ^ 4° was obtained. Autoradiography showed that the diameter 
of the radioactive spot was mm at the end of the capillary tube ana ran 
at a distance of 34 mm. No elemental fractionation (within the accuracy of 
the experiment) was disclosed when the X-ray spectrum of the hoavy-ion jet, 
stopped in a thin graphite filter, was., compared with the spectrum obtained 

Q, ' 950 
by placing the same filter directly in front of the Cf source 
-

The overall transfer efficiencies of the jet as compared with direct 
recoil collection was found to be 30-5021 and the minimum transfer time about 
12 sec. 
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L HIGH INTENSITY EMANATION SOURCE 
!i. Scazi 

Tlie preparation of anovel, highly efficient, emanation source of fission-
product krypton and xenon has beea reported* The emanating power of this 
sc-uxce vas further investigated for long-lived fission product noble gases. 

• The gamma spectrum of a sealed ampo"le containing the irradiated emanation 
source anc the spectru.. of the same ampoule after it was opened and its contents 99a 139 132 
ventilstei". were treasured- Tc, Ba and Te, which are present in 
irradiated source and are not volatile, served as internal standards. » 

NEUTRON RADIOGRAPHY 
Neutron radiography has in recent years become a very important method 

of nondestructive testing in industry and research. This application requires 
a change in the physics and construction of part of the reactor. Ke have 
fitted one of the IKR-I reactor boaa tubes for ncurrcr. radiography by adapting 
the following newly developed methods for appropriately adjusting the neutron 
beam. 

c 

1. A METHOD FOR OBTAINING A HOMOGENEOUS FLUX IN A REACTOR BEAM TUBE :v 
(D. Kedeni, M. Hahlav and I. Pelah) ^ 

To overcome the small diameter of the beam tube in our reactor, a homo-
geneous high neutron flux over a large area was required. Such a neutron beam 
was obtained usinR a plain tube collimator and a shaned absorber, especially 
designed and built for this purpose. Aluminum was chosen for the absorber 
material because its low absorption and scattering cross sections permit-
rounding off of small changes in the flux at adjacent points with gross 
variations in the thickness of the absorber. Other advantages of aluminum are 

• ease with which it can be cut to shape, ability to withstand high radiation 
fields and resulting high temperatures, and short half-life. 

2. A METHOD FOR OBTAINING A LARGE-AREA BEAM FROM A REACTOR BEAM TUBE 
(D. Kedem) , ̂  

The resolution of neutron radiographs is an important parameter and is 
determined by several factors: (a) beam divergence; (b) converter thickness; 
(c) distance betiireen the object and the converter; (d) distar.co between the -
converter and the film; (e) grain size of the film. Gadolinium deposited on 
aluminum foil is the most frequently used converter. Enrichment with ^'Gd 
allows a tninner coating and influences the resolution. The beam divergence 
is measured by the parameter D/I. (inverse of the colliraation ratio 1./V0 and o ? 
about lP'n/cnT are needed for a radiograph. 

We redesigred the set-up so that the entrance slit for thermal neutrons 
was not placed close to the core, hut set at S^ cm from the object to provide 
a larger radiogranh area, while keening the rosojution constant. The col-
limation '?ystpn was tmnrovo.d and is described in detail in Uef. 2. 
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AIT APPROXIMATE A3TALYTIC REPRESENTATION 0? THE ITEUTROIT 3T3RGT 
SFECTRUI-5 HI THE RAI7GE OF U3H3S0LV3D RESOITArTCES 
I>I. Segev 

The neutron energy spectrum in fast reactors in the range of 
•unresolved resonances has "been described. The description is 
analytic, approximate in nature and "based on the statistical 
properties of the resonance population. 

The neutron collision density is given "by: 

F(u) = _1 exp [-v(u)u] 
X(u) 

^(u) and v(u) are parameters which change slowly with lethargy u. 
x(u) is directly related to the statistical averages'"of the scattering 
probability ( scattering, element-/ total, misture). v(u) is related 
to these averages via a transcendental equation. A series solution of 
the transcendental equation was developed and proved effective. 

// ' ii 
All IMPROVED CALCULATION OF THE ELASTIC SCATTERING MATRIX * \ 

// 1 

Y. GUT, M. Segev and S. Yiftah 

The YOM and ABIT methods of treating the elastic scattering in 
a multigroup cross section set by an "elastic removal" cross section 
from a group to its immediate neighbor was modified to include a full 
elastic 'scattering matrix. 

An algorithm xvhich determines the integration limits, Ej^, 
®hk» ®lk f r o m "the scattering kinematics and the group structure was 
built into the code HAHICK U). 

Preliminary results of elastic out-of-group scattering for carbon 
and oxygen were obtained and compared with results obtained by the 
previous ABIT method (Table l). The weighting flux used presently is 
the SNEAK flux and the source for this run is ENDF/B-1. 
0 As could be expected the improved method does modify the elastic 
scattering matrix (note, especially, group 6 of oxygen). The significance 
of the modification will be considered nfter representative nuclear systems 
are calculated by the two methods and compared. 

o 
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TABLE 1 
Elastic out-of-group cross sections for carbon nnJ o:~pon 

Scattering to the next 
group, of Grour> "0. 

CARSON" 1 OXYGEN Scattering to the next 
group, of Grour> "0. 

ABM PKESEXT AEX PRESENT 

1 0.4407 0.3670 U.45S9-' 0.3783" 
0-5S79 0.7135 0.3960 n.5091 
0.9277 0.7156 0.5480 0.3'94 
0.~297 : 0.5791 0.4691 

1.1120 
0.3602 • 1 
0.9106 ' 5 0.5940 0.959S 

0.4691 
1.1120 

0.3602 • 1 
0.9106 ' 

0.798!) 0.8S96 0.8254 ] 1.9710 
7 0.9056 0.9773 0.7407 ] 0.5952 
a 0.8806 ' 0.9513 0.5551 ] 0.5604 

'!, 9 0.8625 ! 0.9074 0.5166 0.5237 
1C |0.7961 1 
11 ;0.S2G8 

0.8469 0.4647 0.4S23 1C |0.7961 1 
11 ;0.S2G8 0.S465 0.4732 0.4831 
12 0.S488 0.S955 0.4555 0.5072 
13 0.7673 0.S21S 0.4375 1 0.4631 
14 0.8035 :i 0.3569 0.45S2 0.4842 
15 0.7600 O.S205 0.4343 | 0.4631 
16 0.7610 0.8110 0.4363 0.4u07 
17 0.6SS0 0.7606 0.3953 0.4290 
18 0.6740 0.7478 0.3ES5 0.4227 

. 19 O 0.6500 0.7262 
• 

0.3760 0.4110 
20 0.6600 0.7355 0.3830 0.4178 
21 1.0130 0.8363 0.5887 0.4',-63 
22 0.7650 ] 0.8271 0.4462 0.4765 
23 0.6937 0.7695 0.4057 0.4419 
24 0.5540 0.6320 I 

L ' 
0.3246 0.3685 

This includes contribution of inelastic scattering. 

NUCLEAR DATA EVALUATION FOR PLUT0NIUM-240 PLUTONIUfl-241 AND PLUTONIUMS 
!l. Caner and S. Y if tail 

1! ">'<0 241 242 The following ~ L'u, Pu and Pu neutron cross sections wore 
evaluated in the range 10~ eV to 15*10 1 eV: total, elastic, radiative 
capture, fission, total inelastic, partial inelastic, (.n.Jn), and 
differential elasLic. Also tlie number of neutrons per neutron-induced 
fission and the average elastic scattering cosine in the lat. system wore 
evaluated. 

The fof low In? ilerived quantities were also tnbulatod: noneJastio, 
absorption and Ir.mspoi L crus;: sections, alpha and eta. 

•The experimental data were supplemented by optical model and statist 
theory code calculations ami by systematica. 

the present work constitutes an updating of a previous evaluation1, 
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PRELIMINARY COMPARATIVE ANALYSIS OF AMERICAN AND GERMAN RSJCLEAR DATA FILES FOR 

T;:E CALCULHT:O?.' OF FAST FISSION REACTORS 

5. Yiftah, Y. Gur, '!. Segev and L. Gitter > 
Viie American KXDF/B III, the German Kedak, tin- British VKI.DL and th<? 

Kussian evaluated nuclear data files serve today as the main sources 01 
nuclear data for tin. calculation of fission rcactors. Specifically, t:.e 
files serve as the r.ajor scujces of nuclcar input for Hit- calculations fur 
the various large fast reactcr programs. Every country, naturally, usos ;rs 
evaluated file and the questions arise as to whether the parameters 
calculated are a function of the specific evaluated data file that is U M - < ; . 

and would those parameters remain the same verc the calculations hated or. 
input of a different data file.- Therefore a comparative analysis of tin-
evaluated files was performed 011 the following levels: the basic 
microscopic ;!ata level, the multigroup cross section set level and the 
parameters of specific systems level. 

Typical 1000-1200 MWe fast reactor systems with a core of about 
4000 liters, modelling the fast reactors bring designed today, were 
calculated^^ using the evaluated nuclear data files EXOF/B III and KKIWK 
as nuclear input. Significant differences in k and the Ka void coof f icie-.-.t et i 
verc found. Identical, techniques were used to obtain :ail tigroup sets fro-
the files. Also the reactor physics codes used were the sane. 

The differences in results, therefore, were attributed dircctlv to 
the ni'cloar data input. 

COMPARISON OF ENDF/S- I I I DATA WITH RECENT OBNINSK ABSOLUTE MEASUREMENTS FOP. 

ALPHA OF PU-239 A N D U-23B 

J. Yiftah and Y. Gur 

An IAEA translation of a F>ussian Obninsk report by Kononov et al. 
on absolute measurement:- of r foi tJ—235 and Pu-239 in the 10 koV - 1 "eV 
neutron energy range as wel.1 as a cory of the third evaluated American file 
F.'.'DF-B/IU were recently received. The crucial importance of .<, (tho 
ratio of c.apfurc-to-f ission cross sections) mainly plutoniun-a, for fast 
breeders, combined with the memory of many past discrepancies, led us tr 

compare tlie a's from tho recent Obninsk measurements with those deduced from 
the recent EKDF-B/I1T file. 

While the Russian ti's were taken directly from the report, two codes 
had to be prepared to extract the data-from EXOF-B/III. The first code, for 

' the tabulated presentation above 25'keV, finds, for fission and capture, the 
two energy points just above and just below the desired energy point, inter-
polates between them using the mode of interpolation as given in the file to 
obtain the cross sections at the desired energy point and divides capture to 
fission to obtain alpha. The second code, for the energv range in which 
unresolved resonance parameters are given, sums up the contributions of all 
(J!.,j) series at the desired energy points both for capture and fission and 
then takes the ratio to obtain alpha. 
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A c a r e f u l look a t th^ c r a j i a r a t i v o r e s u l t s r e v e a l s t h e f o l l o w i n g : 

L:-J35: 1:. the. s o l v e d r<so:ianros energy rare?/- hc-:ow ?5 koV, thi-ri- i s 

marked resnnano.—li;.>> s i ruc iv . rr or l a r g e f l u c t u a t i o n s i n tlie- v a . u e 11; >• In 

the iUissiar. r.e.'sttrc. . v a t s , -,chil<- i t ro i ns al:.:ost c o n s t a n t In - i i / i l l . 

3:-! the raz.ge 25 L---1' to vO '-oV ^ratr-rt'. is pour. husoi.;:; 
data are consistently io-.-.-or than the i~"DF-l;/II I data. 

Ir. the range fin to 1.1 "•'.<-V the agreement is quite good. 

Pu-22?: In the unresolved resonances energy range below 25 koV there is 
again n marked resonance-like structure or large fluctuations in the- Russ ian 

data, vhiie th. • Ar.c-r I can data shows a s;..ooth decrease with increasirg energy. 
The fluctuations .̂Iri the Russian data continue up to about .10 koV. Frnr. iQ 

to £5(> keV the agreement is goou, the Russia;; a being consistent!-.- I <>•-.-. >.;-. 
From 450 keV to 1 "oY there is poor agreement, the ilussian data being higher 
fcy a factor of about 

COMPARISON OF FOUR AVAILABLE CODES FOR THE CALCULATION OFJHE DOPPLER-EROADENEC 
LINE SHAPE FUNCTIONS OF DRETT-WIGNER RESONANCES 
Y. Gur 

V.:ithin the Brcit-iCigner formalism, the contribution of single resonance 
to the capture, fission and elastic cross sections is given by: 

rr 

where y and >; the 1 i nu-saape functions nnd the rest of tht* symbols 
dur.ote resonance parameters. Four existing routines for the numerical 
calculation of ty and x were compared on the IBM 370/ltij: ^ 

PSIKI (X, T, U, V) (by Karlsruhe) 
PSICHI (X, XR, PSI, CHI) (by Karlsruhe) 
WANL (RE/.. AE-1Z, P.kW, AD'W) (by Argonne) 
U (REZ, AIMZ, REN, AD-W) (in the MC~ code; \l 

The WANL routine was found to be the most efficient, namely the most economic 
in computer time, and is r.ov. incorporated in the NAUICK. code system which 
generates group cross sections,from niDK/B-III tapes. 



NANICK - A FULLY AUTOr'J\TIC CODE FOR THE GENERATION OF INFINITE DILUTION 
HULTIGROUP CROSS SECTIONS FROii ENDF/B-II AND ENDF/B-III NUCLEAR DATA TAPES 
Y. Gur 

This code is an extension of the older XANICK" code. It uses 
essentially the sane algorithms, hut accomodates itself to ENDF/B-II arvi 
E>.DF/B-III r-J-.cI.oar data ta-es. 

Major differences between these codes aro in the sections on resonance 
treatment and inelastic scattering which had to be rewritten in order to 
take care""of EXDF/E-III tapes, and some changes in the treatment of tabulated 
cross section files. 

This code was recently used to prepare 2f-group cross section sets tor 
application in transport and diffusion calculations. 

;iASIF - P FULLY AUTOMATIC CODEl'FOR CALCULATING THE GENERATION OF TEMPERATURE 
DEPENDENT ilULTIGROU? SHIELDING FACTORS USING ENDF/B-III DATA LIBRARY TAPES 
Y. Gur 

The shielding Tactor f(jo,T) is the ratio of the te-.perature-
dependent flux, averaged at temperature T and background cross section 
a , to the same cross section at T 0°K and a — ~ (the infinif.e-o o 
dilution cross section). For a given element in a given energy group, 
f(c ,T) is the ratio of the cross section at temperature T of the medium o 
and background cross section a^ for the element considered. The effect 
of temperature and background cross section on the shielding factor,is the 
result of resonant crops sections. // 

Special routines for an efficient evaluation of shielding j^actors were 
written, talcing advantage of tuo fact that the- resonance 1 :neshaSe functions 
are not deoendent on reaction tvpc or on 'j . As a result a very efficient o 
code for the shielding factors calculations both in the resolved and in the 

* unresolved resonance region is now available. ~ 

HAS IF is now being converted to handle Kedak tapes. 
FAST REACTOR KINETICS 
A.D. Kruinbein 

The Hansen exponential transformation method for solving the spnee-
time dependent diffusion equation ••••is combined with cortain advantageous 
features of the r.HOVAV proiir̂ 'i . The resulting code, called HASHOV, is 
capable of calculating cross u-cti 'r n-.-xing «-md shielding factors, as in 
SHOVAV, and in addition retains tV-> torp.-;vnruro fr-.-.Ibnck and reactivity 
insertion formulations of :;K'i".\V.'• 'tASJ.'OV, hov-ver, makes use of the matrix -- . ' i 
factorization method of Hansen's f.'A"J.\", J code. If nlso assumes that the 
neutron and precursor ilc iv: itii-s behavl- exponent i n lly over the tine interval 
used. This latter ;-renise justifies the use of the exponential transformat :n 

As soon as the HAS1I0V program has been entirely "debugged" we will 
-endeavor to determine how the speed and accuracy of "the method compares with 
SHOVAV as well as to experiment with different transformation techniques. 
Thereafter, the prL\t;ram and the calculations will be extended to 2 dimensions 
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A FAST REACTOR DYNAMIC ANALYSIS CODE SET 
D-. Hberg, D. Saphier and S. Yiftah 

The few group space-tine-dependent solution of the diffusion equation 
for a fast reactor requires several steps: 

a) preparation of a multigroup cross section set from a standard cross section 
file; 

b) preparation of multigroup mixture cross sections; 
c) static calculations to obtain the reactor spectra and to collapse the 

multigroup set to a few group cross section set; 
d) few group reactor dynamic analysis. 

Step (a) need be performed only once for several reactor calculations. 
However, steps (b) and (c) must be repeated for every change in the reactcr 
data or geometry. 

To facilitate parametric study of fast reactors the following computing 
scheme was built by using existing codes and preparaing convenient interfaces. 
The flowchart shows the codes used and their interconnection. 

By using the,above scheme, which was implemented on the IBM 370/165 
computer, it is now possible to use ENDF./B-III data for the dynamic analysis 
of fast reactor systems. 
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SOURCE PROJECTION METHODS TO ACCELERATE REACTOR DYNAMIC CALCULATIONS 
D. Saphier 

The implicit relaxation method used in solving the nultigrouy space-
time dependent diffusion equation, while being unconditionally stable, requires 
very long computer times. The source iteration method followed requires many 
iterations until convergence is obtained for a single time step. A new 
method was developed whereby it is possible to "predict correctly" the 
magnitude of the fission source at time = t̂ " + At by a simple, 
inexpensive method. As a result a single iteration in the majority of time stc 

is sufficient to obtain convergence and much bigger time steps may be chosen. 

The new source at is predicted by projecting the existing fission 
i i-1 i-2 

sources at times tJ, tJ , tJ , etc. Three projection algorithms were test,.;, 
namely, linear projection, exponential projection and parabolic projection. 
The exact formulas are given in Ref. 1, and the results are shown in Table 2. 

TABLE 2 
Comparison of computer times required for various methods of source projection 

for solving the multigroup space-time-dependent diffusion equation 

Method of Physical Total Power Time 1 MacM--
Test Case Solution Time (X) Steps 

Required 
e ! ,nr: j («c 

Relaxation 2 msec 265.2 2000 io-6 1£> 
I. . Exponential 2 msec 265.3 513 lO"6 33 
Bare Homogeneous 
Slab Reactor Linear 2 msec 265.3 469 10-6 

_ A 
C 

Parabolic 2 msec 265.2 139 10 6 IP 

Relaxation 20 sec 301.1 13.778 5.10"5 1460 

II. Exponential 20 sec 307.4 426 5.10-3 2=; 

Four Regions, Fast, Linear 20 sec 302.5 417 5.10"5 
Plutonium-Oxide-
Fueled Reactor Relaxation 20 sec i o - 6 1P~ : 

Exponential 20 sec 305.2 757 10 6 

Linear 20 sec 304.1 675 10~6 39.: 
3 estimated value 
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RESEARCH PROGRAMS 

Tel Aviv University 

E X P E R I M E N T A L N U C L E A R P H Y S I C S 

A . I . Y a v i n , J . A l s t e r , D. A s h e r i , M.A. M o i n e s t e r , 5 . C o h a v i 

S t u d e n t s : A . Moalem, G. F i n k e l , Y . S h a m a i , M. Z a i d e r , N . H a i k 

The experimer-t=~; n u c J ^ a r p h y s i c ? g r o u p 5 s c u r r e n t l v e n g n q e d i n t h e 

f o l l o w i n g r e s e a r c h 

1 ) The irensurc-irenc o f t h e c h a r g e e x c h a n g e r e a c t i o n o f p i e n s o n n u c l e i . 

A f i r s t •'s.-ault i i s s b e e n o b t a i n e d a t o n e e n e r g y and t h e p r o j e c t , i s now b e i n g 

t.u ..-.c-i a t d i f f e r e n t e n e r g i e s i n o r d e r t o c l a r i f y t h e l a r g e d i f f e r e n c e s i n 

;v«":i»TeticaI p r e d i c t i o n s o f t h i s r e a c t i o n p r o c e s s a s a f u n c t i o n o f e n e r g y . 

2 ) Good r e s u l t s h a v e b e e n o b t a i n e d f r o m t h e m e a s u r e m e n t o f s t r i p p i n g t o 

u n b o u n d i s o b a r i c a n a l o g s t a t e s . T h i s work i s now b e i n g e x t e n d e d t o m e r e 

n u c l e i i n o r d e r t o t e s t s p e c t r o s c o p i c p r e d i c t i o n s i n some s n l e c t c d n u c l e i . 

3 ) D e t a i l e d s p e c t r o s c o p i c i n f o r m a t i o n h a s b e e n o b t a i n e d i n a s c r i e s o f 

n e i g h b o u r i n g n u c l e i b y d i r e c t o n e - and t w o - n r . o l e o n t r a n s f e r r e a c t i o n s . 

T h i s work c o n t i n u e s f o r a l a r g e r s a m p l e o f n u c l e i w h e r e t h e s p e c t r o s c o p y 

i s l e s s known. 

4 ) S h o r t l y t h e f i r s t e x p e r i m e n t w i l l be p e r f o r m e d on e l a s t i c - and i n e l c - ? i . i c ,, 

e l e c t r o n s c a t t e r i n g f rom d e f o r m e d n u c l e i . T h e s e m e a s u r e m e n t s y i e l d 

d e t a i l e d i n f o r m a t i o n on t h e s h a p e o f t h e c h a r g e d i s t r i b u t i o n s . 

A l l t h e s e e x p e r i m e n t s a r e b e i n g p e r f o r m e d a t :.ha C r n t r e >:'L"tiui•> -. Ni:- lo.-.i - • • 

at. S a c l a y , F r a n c e 

DETECTION OF PION SINGLE CHARGE EXCHANGE IN ZIRCONIUM 

J , A l s t e r , D. A s h e r y , A . I . Y a v i n , J . D u c l o s , J . M i l l e r a n d M.A. M o i n e s t e r 

9 1 + 0 91 
Tho r e a c t i o n Zr(ir , r r ' ) ' Nb* w a s o b s e r v e d by d e t e c t i n g t h e d e c a y 

~ 9 1 
p r o t o n ; i r o m t h e i s o b a r i c a n a l o g s t a t e Nb* i n t h e s e q u e n t i a l p r o c e s s 
91 + o~ 9 0 

Zr:.i7 ,IT p ) Z r . The o b s e r v e d c r o s s s e c t i o n f o r an i n c i d e n t p i o n e n e r g y 

o f 30 MeV i s 1 . 1 - 0 . 8 mb, and i s i n r e a s o n a b l e a g g r e e m e n t w i t h t h e o r e t i c a l 

c a l c u l a t i o n s . 
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(3He,d) STRIPPING TO UNBOUND ANALOG STATES IN Tc ISOTOPES 

D. Ashery, S. Alper, A. Moalem 
Y. Shamai, A.I.Yavin, G. Bruge, A. Chameaux and M.A. Moinester 

A systematic study of 14 unbound isobaric analog states in Tc 
isotopes was performed using the (^He.d) reaction. It is shown that if a 
proton form factor based on a simple single particle resonance model 
is used, the DWBA deduced spectroscopic factors agree very well vith 
existing (d,p) data for the parent states. 

AN EXPERIMENTAL STUDY 
OF THE 92Mo(T,dp)92Mo REACTION 

D. Ashery, S. Alper, A.I.Yavin, 
J.P. Longequeue, D. Kong-A-Siou and A. Giomi 

93 Levels m Tc up to a few MeV above the proton-decay threshold 
92 93 were investigated via the Mo(x,d) Tc reaction. The subsequent proton 

93 decay of six analogs of low-lying states in Mo were also investigated 

i 
92 ~ 92 

via the Mo(t,dp) Mo reaction. On the basis of ( T , d ) , (t,dp), (p,p) and 
(p,p«) reactions it is concluded that the analogs of the first 5/2. l/2, 7 J. Q2 
and V 2 states decay mainly to the ground state of Mo, while the second 
V ^ a n d states decay mainly to the 2+ first excited state of 92Mo. 

T H E O R E T I C A L N U C L E A R P H Y S I C S 

The raain areas of interest aie 

; , thr* THE or / .->T the *hell n\o>Wi, Coulorcb 
e n c t ^ v . :!:/-; vo-^ock T.vcK-rv, -..uciear i-i.MMi, generalized 
appi-.:*i:.isit: »m f./:: -clorvs .a ;nar.> body piooicn. 

In addition. t'us&e rontact5. are maintained with the experimental nuclear 
physics £j®o>rp, >-.th interest for.-.sxn̂  on the interaction of pirns <-::.t' 
conplrX nuclei. 
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ISOtteCTOR MONOPOLE STRENGTH IN NUCLEI 

i>'. Auexbach 

I n t h e p r e s e n t work w e d e a l w i t h t h e i s o v e c t o r m o n o p o l e s t r e n g t h i n 

n u c l e i . I n t h e f i r s t p a r t w e c a l c u l a t e t h e e n e r g y p o s i t i o n s and e i g e n f u r . c t i o n s 

o f t h e i s o v e c o r m o n o p o l e s t a t e i n s e v e r a l N = Z n u c l e i . VJe d i s c u s s s o m e c f t : u 

p r o p e r t i e s o f t h e r e s u l t i n g w a v e f u n c t i o n s . I n t h e s e c o n d p a r t o f t h e wort-

we t r e a t t h e i s o v e c t o r m o n o p o l e s t r e n g t h w i t h an e x c e s s o f n e u t r o n s . E x p r e s s i o i 

f o r t r a n s i t i o n s p r o b a b i l i t i e s t o s t a t e s w i t h definite i s o p i n T + 1 , T and T - 1 

a r e d e r i v e d and e s t i m a t e s o f t h e s e t r a n s i t i o n s a r e g i v e n . T h e i m p o r t a n c e ^ 

t h e i s o v e c t o r m o n o p o l e s t r e n g t h i n v a r i o u s Coulomb m i x i n g e f f e c t s i s d i s c u s s e d . 

U s i n g t h e e s t i m a t e s o f t h e t r a n s i t i o n m a t r i x e l e m e n t s we c a l c u l a t e s o m e o f t h e 

e f f e c t s . T h e s e i n c l u d e : i s o p i n m i x i n g i n g r o u n d s t a t e s , Coulomb e n e r g y s h i f t ? 

w i d t h s o f i s o b a r i c a n a l o g r e s o n a n c e s . 

THE THEORY OF ISORARIC ANALOG RESONANCES 

N. A u e r b a c h , J . H u f n e r , A. K. Kerman a n d C.M. S h a k i n 

A t h e o r y o f a n a l o g r e s o n a n c e s i s r e v i e w e d w h i c h m a k e s u s e o f p r o j e c t i o n 

o p e r a t o r s . The H i l b e r t s p a c e i s d i v i d e d i n t o t h r e e p a r t s : a c o n t i n u u m o r o p e n 

c h a n n e l s p a c e , an a n a l o g - s t a t e s p a c e and a compourid^ppace. T h e p h e n o m e n a a r e d i s -

c u s s e d i n t e r m s o f t h e d y n f l l n i c a l c o u p l i n g o f t h e s e s p a c e s . T h e p a r a m e t e r i z a t i o n 

o f t h e T m a t r i x i s d i s c u s s e d i n d e t a i l , and e q u a t i o n s a r e p r e s e n t e d f o r v a r i o u 

c r o s s s e c t i o n s . T h e c o m m u t a t o r ^ , , "where T_ i s t h e i s o p i n l o w e r i n g o p e r a t o r 

p l a y s an i m p o r t a n t r o l e i n t h e t h e o r y , and t h e v a r i o u s t e r m s w h i c h c o n t r i b u t e 1 t o 

t h i s c o m m u t a t o r a r e d i s c u s s e d . The e n e r g y s p l i t t i n g of t h e i s o p i n m u l t i p l e t . i . 

t h e Coulomb d i s p l a c e m e n t e n e r g y , i s d i s c u s s e d i n d e t a i l . The i m p o r t a n c e o f t h e 

a n a l o g r e s o n a n c e phenomena , f o r - t h e e x t r a c t i o n o f s p e c t r o s c o p i c i n f o r m a t i o n i s 

s t r e s s e d , and i t i s shown how s u c h i n f o r m a t i o n may b e o b t a i n e d . V a r i o u s p r o c e s s 

w h i c h c o n t r i b u t e t o t h e e s c a p e a m p l i t u d e o f t h e a n a l o g s t a t e a r e c l a s s i f i e d , and 

some n u m e r i c a l e s t i m a t e s a r e g i v e n . F o r s e v e r a l r e g i o n s o f t h e P e r i o d i c T a b l e , 

g r a p h s a r e p r e s e n t e d f o r t h e v a r i o u s t h e o r e t i c a l e s c a p e a m p l i t u d e s , c o n t i n u u m 

e n e r g y s h i f t s , a s y m m e t r y p l v . s e s , and c r t i c a l p h a s e s h i f t s , e t c . S p e c t r o s c o p i c 

f a c t o r s a r e c a l c u l a t e d a n d c o m p a r e d w i t h t h o s e p b t a i n e d i n o t h e r e x p e r i m e n t s . 
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DEFORMATION IN THE UPPER s-d SHELL 

I. Kelson ,, 
A simple approximation procedure for perturbing the self-consistent 

Hartree-Fock equations in an enlarged single-particle space is given. Using 
phenomenological interactions and observed single particle splittings, the 
second half of the s-d shell is shotvn to require pear-shaped intrinsic states, 
involving excitations from the s-d to the p-f shell. 

LOWERING OF CALCULATED FISSION BARRIERS OF SUPERHEAVY NUCLEI 

I. Kelson and Y. Shoshani 
The effect of angular momentum explicit conservation i3 evaluated jn 

the framework of models which utilize single-particle wavetimetions to calculatc 
fission barriers. Using simple assumptions, and extrapolating from known data, 
the calculated superheavy barriers are lowered by 2-2.5 MeV. Fission barriers 
for the actinides are unaffected. 
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RESEARCH PROGRAMS 

Univarsity of the Negev 

EXPERIMENTAL ACCELERATOR NUCLEAR PHYSICS 

Optical Model Analysis of the Elastic Scattering of 100 I'-»y 
24 28 1 i Protons from Mg and Si 

Y.S. Horowitz 

Elastic scattering differential cross sections for the interaction of 
24 23 

100 MeV protons with Mg and Si have been measured using a high resolutic 
Ge(li) spectrometer to resolve the inelastic scattering contributions the 
elastic peak. The results have been analyzed using the conventional optical 
model, and the experimental differential cross sections and total reaction 
cross section are excellently reproduced. The results agree with previous 
analyses of tho elastic scattering of 100 MeV protons on lp shell nuclei in 
that no set of geometric parameters can provide a quantitative fit to both 
nuclei. It is observed, however, that the fluctuations of the optical model 
parameters for optimum fits is decreased over the fluctuations observed for 
the lp shell nuclei. The present results combined with previous optical 

24 °>S 
model analyses on Mg and Si at 50 MeV and 40 McV respectively are found 
to be consistent with an energy dependence of .-.-dV/dE = -0.3,,for the depth 
of the real central potential in agreement with other, more extensive, 
investigations of the energy dependence for protons elastically scattered , 16„ , 40„ from 0 and Ca. 

The Reorientation Effect in 110Cd and 114Cd 

Z. Berant •, R.A. Eisenstein , Y.S. Horowitz, tJ. Smilansky , 
P.N. Tandon , J.S. Greenberg , A.M. Kleinfeld and H.G. Maggi 

New detailed measurements of the reorientation effect in the first 2*-
state of and 1̂*'cd were carried out using back scattered "*He and ^ 0 
ions. Q 2 + = C-0.28 ± 0.09)eb with B(E2, 0-2) = CO.513 ± O.OOSle'V , or 

Q = (-0.03 ± 0.09)eb with B(E2, 0-2) = (0.512 ± 0.00S)e b" for ii4Cd 
110 

depending on the sign of the interference term. The results for Cd are 
= {"(0.42 or 0.21) ± 0.10)}eb with B(E2, 0-2) = (0.432 ± 0.006)e2b2 

The deduced C ^ for ^^Cd is approximately half of the rotational model 
value. 

Reported also by Weizmann Institute. 
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Search for a Possible j' = 0+, T = 2 Resonance in 9BeCx,rr)12C 

S.S. Hanna , M. Hass , Y.S. Horowitz and Z. Shkedi 

A 50 en Ge(li) detector has been used to reexamine the reaction 9 
Be(T,rif) " C over a previously reported resonance at E(t) = 1 . 7 3 9 ± 0 . 0 0 7 Mr 

which was suggested as the lowest T=2 state in ~ C. This state is expected 
to ganna decay via the 1+, T = 1 state at 15.11 .MeV. However, a search with 
bombarding energies ranging two standard deviations above and below the 
reported resonance energy revealed no resonance in high energy ganna rays.' 
An upper limit of r>? /r < 2.0 neV is established for the T=2 resonance 
strength which is one fourth of the previously reported strength and which 
strongly corroborates an additional negative result reported as 
rTr /r < 1.5 neV. In the course of the experiment, a new value of 
r, . * 2.94 ± 0.20 keV was. obtained for the resonance at E * 1.085 MeV in lab p 
9 10 "e(P»Y) B. 

Reported also by Reizmann Institute. 

The Magnetic Moment of the 3-.S.83 MeV Level in 14.\ and the 
Blume-Scherer Model of PAC in Gas with an Arbitrary Correlation Time 

2. Berant , M. ilass , Y.S. Horowitz and G. Goldring 

The 12C(3Iie,. )14N reaction was used to populate the 3-,5.83 McV level 
in 14N. The 730 keV gamma rays from the ions recoiling at v/c = 3» into 
vacuum and He at gas pressures up to 600 torr were detected in coincidence 
with back-scattered protons. The results are interpreted in the fraraework of 
the Blune Scherer model and enable a simultaneous determination of the 
correlation time and the g-factor of the excitcd nuclear level. A Is static 

14 

field perturbs the 3-, IS psec. level of N down to hard core. At low gas 
pressures charge exchange collisions tend to distribute the perturbation 
amongst the whole ionic ensenhlc, thus Tctiucing the anisotropy below that 
measured in vacuum. Assuming Is fields dominate the interaction one obtains 
a correlation time at 50 torr of 0.8 r 0.2 ps which with the calculated 
field Iljs = 57.3 MG implies 0.5 < |g| < 0.S5. The calculated g factor 
assuming wave functions from Glendenning is g = 0.S5. 

Reported also by Weizmann Institute. 

Width of the 6.20 MeV, J71 = l" , Level of 180 

M. llass , 2. Shkedi , D.F.H. Start , Y. Kolfson and V.S. Horowit; 

The width of the 6.20 MeV, J11 = l" state of 1S0 has been measur 
using a resonance fluorcsccncc self-absorption technique. For a ground 
state branching ratio, T^/T = 0.38, one finds Tq = 180 ,± 30 -eV. The 
energy of this state was determined to be 6202.7 + 0.S keV. ^ 
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Y.S. Horowitz, J.O. Allan*, J.W. Jurv* 
J.G. Koodworth- . R.G. Johnson - and K.G. *!' IcNeill 

Using the neutron tioe-of-flight facility of the U. of Toronto Electron-
1S Linac Lab. the energy spectra of photoneutrons from 0 were investigated. 

18 18 An 0 target in the fona of 200 grams of D20 enriched 98.7» in 0 was 
irradiated with 10 ns bursts of bremsstrahiung from a thick tungsten target 
at endpoints of IS. S,22.6 and 24.8 MeV. The resulting photoneutrons were 
timed over a 50 n. flight path at 9S° to the bean direction. Distinct peaks 
in the photonetftron energy spectrum were observed at 2.53, 3.11, 3.48, 4.09, 
5.00, 5.87, 6.60 and 7.6D MeV. Also possible peaks could exist at 2.3, 
2.8 and 5.8 MeV. These peaks correspond favourably with structure in 
IS 17 
0(y,p] " measurements. Angular distributions were also r.easured and will 

be discussed. 

The^Angular Distribution of Gararaa Rays 
74 

Following the (p,n) Reaction on Ge 

S. Mordechai, A.A. Jaffe , D. Nir and II. Paul 

The angular distribution of gamma rays excited by the (p,n) reaction 
74 74 on Ge leading to the final nucleus As have been measured. The results have been compared with the compound nucleus statistical model. Possible 

74 
spin values are extracted for the As low lying states at 172, 197, 200, 
206, 267 and 273 keV excitation energy. It was found also that the variation 
of the 

gamma ray angular distribution with incident energy, following the 
Cp.n) reaction, is correctly predicted by the model. 

* Study of 74As by the 73Ce(3Hed)Reaction 

B. Rosner , S. Mordechai and D..J. Pullen 

74 73 3 74 The energy levels of As have been studied by the Ce( Ue.d) As 
reaction, with an overall energy resolution of 20 kcV(FUU'l). 25 levels in 
7^As were identified up to 2.2 MeV excitation energy. Angular distributions 
were measured in the angular interval 3 3/4° to 36°. Spcctroscopic/informat on 
has been extracted for most of the transitions by means of a distorted wave 
analysis of the differential cross Cections. The results are consistent wit 
those previously obtained by (Jile,d) reaction on the even-"Go isotopes'. A 
comparison between the^ JGeC',Ue,d) and - JAsCp,d) reactions established a 

-'?)• . 74 very interesting do'i:-.iet structure m As. 
/ 
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EXPERIMENTAL REACTOR NUCLEAR PHYSICS* 

Utilization of 11.4 V-eV Photons from the 
« ...59, ,.,-60 „ _ M (n.YjNi. Reaction for Scattering Experiments 

R- Moreh and T. Sar-Xov 

A new reaction, Ni59(n,r)Ni60, producing the highest energy of all 
known useful capture y rays is utilized for photon scattering experinents 
in the energy region of the giant dipole resonance. The y line energies 
of the ground state transitions of the NiS9Cn,Y), Ni61(n,y) and Ni63(n,Y) 
reactions were measured and found to be 11387.5 ± 1.7 keV, 10596.2 ± 3.7 keV 
and 9657.4 ±2.8 keV respectively. A comparison is made of the intensity of 
the 113S7.5 keV y line with that obtained front other (n.y) sources. 

Large Ei and Ml Radiative Widths in Nuclei Near Closed Shells 

A. Kolf , R. lloreh, A. Nof , 0. Shahal ?nd J. Tcnenbaun 

The radiative widths, spins and parities of ten levels photoexcitcd bv 
the (Y •Y*) reaction at excitation around 7 MeV in "^La, *4°CE, ^ P R , 
142.,, 144,,, 205_, . 209_. , _ , . rid, Nd, T1 and Bi, were measured. The y bean was produced 
by thermal neutron capture in titanium, iron, cobalt and copper. The spins 
of the resonance levels were obtained by angular distribution measurements 
and the parities were determined by using a Conpton polarimeter. These 
levels together "with other resonance levels in " ^ 82 and " 126 nuclei 
aTC discussed with regard to a possihle connection to a giant Ml resonance. 

Reported also by Israel AEC. 

69 Study'of the Energy Levels of Ga Using Nuclcar Photoexcitation 

R. Morch, 0. Shahal , J. Tenenbaun , A. U'olf and A. Nof 
Elastic and inelastic scattering of monochromatic photons were used 

for studying nuclear levels in Ga ; the photons were produced by thermal 
neutron capture in copper and vanadium. The decay of one resonance at 
7306 keV excited by the copper -y source and -another resonance at 6874 keV 
excited by the vanadium y source were studied in detail and 30 low lying 
levels were observed fron the ground state up to 3.4 MeV, 17 of which are 

69 
believed to be new levels in Ga . The angular distribution of sor.c clastic 
and inelastic lines were measured and the following spin determinations 
were made (keV, J*): 320, 1/2", (3/2"); 574, 5/2"; 872, 3/2"; 14SS, 3/2", 
(7/2"); 1525 (1/2,3/2); 1891, 3/2"; 197S, (-1/2,3/2); 2457, 3/2; 24S4, 5/2; 
(2565), (1/2,3/2); 2660, 3/2; 3051 , (3/2, 7/2); 3076, 5/2; 3318, (7/2); .. 
6874, 1/2; and 7306, 5/2*, where parantheses denote uncertainties. Tne parit 
of the 7306 keV level was directly determined using a Conpton polarineter. 
The total radiative width of the 7306 keV level was measured and found to 
be r = 0.105 ± 0.020 eV. For the 6874 keV level, a positive correlation 
coefFicienfc^was obtained, p = 0.69, between the (Y.Y1) and (&,n) transition 
Reported also by Israel AEC. 
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t!e(psent on M2/E1 Mixing Observed in Cr»Y*) Reactions 
•A 

R. March, A. Wolf and O. Shahal 

It is shewn that the effect of overlapping resonances in the photo-

excitation process of a (Y»Y*3 reaction is very snail. The influence of this 

effect on the angular distributions of the inelastic transitions and hence 

on the M2/E1 nixing ratios is shown to be negligible. 
fr' 

. - j 

II Delbtuck Scattering of 7.9 MeV Photons 

R. Moreh and S. Xahanc 

The elastic scattering cross section of 7.9 MeV photons by U and Th v,^ 

measured in the angular range 2S°-140°. It is shown that at this energy the 

forward clastic scattering is due almost entirely to Delbruck scattering. 
a 

The results are systenatically lower by > 50*. than the calculated values. 

A good agreement with theory was obtained only after excluding the 

contribution of the real part of the Delbruck scattering angilitude. 

235 
Elastic and Raman Scattering of Photons from " U 

T. Bar-Nov >/and R. Moreh 
/ / 

The results of measuri the elastic and Raman scattering cross sections 
for 7 discrete photo energies between 7.9 and 11.4 MeV are presented. It is 
shown that by making slight changes in the parameters of the dipole resonance 
of , U, the neasured. scattering cross sections are found to be in fair 

:/ \ 
• agreement with predictions of the sir.ple rotatoij nodel. 

El, Ml, E2 and M2 Widths of Transitions fron Bound 
Levels Excited by the (Y,Y') Reactions 

R. Moreh, A. Wolf 0. Shahal and J. Tenenbaura 
A comparison is made between the El and Ml transition strengths Fron 

bound levels populated by f,Y',V) ̂ reaction with the sane data fron unbound 
levels obtained via the (r.̂ y) reaction. It is shown that there is a clear 
increase in the Ml strength nuclei near closed shells. The E2/M1 ratios 
were found to be of about the sane magnitude as the Weisskopf estimate, , 
while the M2/E1 were enhanced by a factor of 103 . 

t 
// 
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Total Radiative Width of Bound Nuclear Levels 
Excited by the (y.-y*) Reaction 

R. Moreh, A. Wolf , O. Shahal and J. Tenenbaun 

—,-.e total rsdiative widths of boind nuclear levels, at an excitation 
energy around 7 MeY, as function of A is presented. These widths were 
measured by employing self absorption, temperature variation of the 
scattering cross section and absolute cross section measurements. By 
comparing the present results with the widths of urlound levels from 
Cn.v) work, it is shown that the radiative widths are. continuous across the 
(Y.rO threshold for these nuclei. 

Properties of Nuclear Levels Photoexcited by Neutron 
Capture y Rays of Ti and Cu 

A. Wolf , R. Moreh and 0. Shahal 
Neutron capture y rays of Ti and Cu have been used to photoexcite 

nuclear levels in the 5-8 MeV region. Total and partial radiative widths of 
several levels in various isotopes were determined using nuclear self 
absorption, teaperature variation, and absolute scattering cross section 
measurements. The total radiative widths were found to be of the sare 
magnitude as those of unbound levels obtained in neutron resonances, after 
applying a correction to allow for the different excitation energies. The 
parities^of some resonance levels were measured using a Conpton polarimeter. 
Angular distribution measurements of the scattered radiation were carried 
out for fixing the spins of the resonance levels and for the determination 
of quadrupole admixtures in elastic and inelastic transitions. The E2 widths 
were found to be of the same magnitude as those obtained in (n,Y) experiment 

Properties of Nuclear Levels Excited by Neutron Capture y Rays of Cobalt 

J. Tenenbaum , R. Moreh and A. Nof -- v 

Neutron capture y rays of cobalt have been used to photoexcite nuclear 
levels in the 5-8 McV region. The decay properties of the 7491-keV level in 
5°Mn and the 6877-keV level in 142Nd were strudied in detail. Total and 
partial radiative widths of nuclear levels in several isotopes were determir 
using nuclear self absorption, temperature variation, and absolute scatterin 
cross section measurements. The total radiative widths were found to be of 
the same nagnitude as those of unbound-levels populated in neutron 

resonances. The spins and parities of some resonance levels wore determined 

by carrying out angular distribution and polarisation measurements 

respectively. 
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Study or the Energy Levels of 100Mo Using Nuclear Photoexcitation 

R. !toreh, A. Kolf , 0. Shahal . J. Tencr.bauc and A- Xof 

Elastic and inelastic scattering of nonoehromatic photons was used for 

studying nuclear energy levels in """Mo; the photons were produced by therr_.l 

neutron capture in titariua, copper and vanadiun. The decay of the resonances 

at 7637-, 6517-, and 641S-kcV was studied in detail. The angular distributim 

of soae elastic and inelastic lines were neasured and the following spin 

determinations were made: (keV, S^S, 2*; 694, 0*; 1065, 2*: 1462, 

2033, 0+: 2040, 2*; 5187, 1; 641S, l"; 6517, and 7637, 1~. The parities 

of the last three levels were directly determined using a Coispton polariaeter. 

Total radiative widths were measured and the following results were obtamcJ: 

r[64IS) = 50 - 35 meV, r(6517) « ISO - 100 neV and ?(7637) » 140 - 40 meV. 

The M2/E1 mixing ratios for tvo primary transitions were obtained. 

Reported also by Israel AEC. 

THEORETICAL NUCLEAR PHYSICS 

Complex Hamiltonian and Three Alpha Resonances 

Y. Avishai 

A new method of treating few So- resonances exactly as bound states 
is suggested. Applied to a. system of three alpha particles, we have found 
a I resonance whose position and width are in good agreement with 
experiment. 

First 0+ Excited of 1C0' in the a-Particle Model of Light Nuclei 

Y. i\vishai 
The pole approxination that Narodetskii introduced into the theory of 

four-particle scattcrinp. is here applied to U'n, which is assumed to be 
composed of four structureless a particles. The binding energy of the 
excited 0* state of 160 was calculated by using an Irving variational wave 
functions for the ground state of 1 2 C ^ d taking both Yukawa and^exponetial 
aa potentials. In the light ofSS^ier theoretical results on 'C, cooparir 
thc present results with experiment suggests th'at at least for calculation 
of the bound states, the a-particlc model of 0 is reasonable. 
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Effect of the T=1 Pairing Correlations cn the Nuclear 

Defornation of Some Even-'tass-N'unber Sn Isotopes 

J . Bar-TouV and G.L. Struhle 
The Hartrer-Fock-Eogoliubov equations arc solved for the even Sn 

isotopes between A=112 and A=124- The hypothesis that pairing restores 
spherical symcetry is critically examined and the interplay of the pairing 
and single-particle degrees or freedoa are discussed. 

Relativistic Treatment of Low-Energy JJucleon-Nucleon Scattering 
R.A. Bryan and A. Gersten 

An improved version of the one-boson-exchange model is presented. In 
addition to ir.o.a and XQ, the scalar mesons ryand 5 are used with their 
physical masses. The broad width of the c and u-:'nesons is taken into 
account. The relativistic Bl3nkesfcecler-Sugar equation is utilized over 
the laboratory scattering cnergy_range n to 425 *!eV. A better fit to the 
experinental N-N data is obtained than in previous cme-boson-exchange 
models. Reasonable values of the coupling constants are obtained, which 
agree qualitatively with other experiments. The fitting procedure was done 
including and excluding S-vaves in order to test the influence of the core 
region. An approximate version of the above nodel is developed using the 
SchrQdinger equation in place of the Blankenbecler-Sugar equation. A gocd 
fit to the experiaental scattering data and the dcuteron paraneters is 
obtained with coupling constants sinilar to those of the relativistic 
nodel. 

Zeros of the Scattering Amplitude in the Conplex Angle Plane 

A. Gersten 
The possibility of reconstructing the scattering amplitude with the 

aid of the zeros in the conplex cose plane of the differential cross sectior 
is considered. The reconstruction process is demonstrated in two examples. 
The location of the zeros of the scattering amplitude is examined for the 
strong absorption and optical r.odels. It appears that there exists a 
correlation between the position of the zeros and the strength of the 
absorption. 

Test for T-Violation in N-N Scattering 

J. Binstock , R. Bryan , and A. Gersten 
We nrke predictions for the angular distributions of nuclcon-nucleon 

observables revealing T-violation, in the limit of very short-ranged T-
violating mechanisms. Curves are shown for the observables P - , and 
P. - PD> at 425 MeV for both p-p and n-p scattering. A o i\ 
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RESEARCH PROGRAMS 

Hebrew University 

STUDY OF THE Cd, cp REACTIONS ON h2Ca 5 hSCa S THE SPINS OF THE LOW-
LYING EXCITED STATES IN ^ K . 
M. Paul, A. Marinov, Ch. Drory, J. Burde, E. Navon & Sh. Norfiechai 

Angular distributions of a-groups emitted from the 48Ca(d,ci) '3GK 
42 40 

and the Ca(d,a) K reactions respectively have been measured. 
From their comparison spin values of 2~ and (5-) are proposed for 
the ground state of 4 6 K and for its excited state at 692 keV excita-
tion respectively. 

THE CHARCTER OF THE 5.387- E 5.095-MeV STATE5 IN **9Ca STUDIED VIA 
THEIR ISOBARIC ANALOG STATES IN V 3Sc. 
R. Benin, A. Marinov, Ch. Drory, J. Burde & G. Engler ' 

4 o 
The elastic and inelastic scattering of protons by Ca were 

studied. Two resonances at E p(c.m.) = 7.365 and 8.042 MeV, were ob-
served in the inelastic proton group leading to the 4.51-MeV (3_) 

4 8 state in Ca. The spins and parities and the corresponding values 
of r , r and r , were determined. P P 

ANGULAR DISTRIBUTION OF INELASTIC PROTONS FROM ISOBARIC ANALOG 
RESONANCES IN 1 3 1 1 . 
J. Burde, G. Engler, A. Ginsburg, A.A. Jaffe, A. Marinov & 
.L-. Birstein 

Angular distributions of outgoing protons have been" measured for 
some isobaric analog resonances in 1 3 1 I and their spins and parities 
have been determined. The spin and parity of the state of 1.634 MeV 
in 1 3 0Te is found to be 2+. Two 3/2- resonances decay predominantly 
by. f 7 / ? waves to the first excited state in 1 3 0Te. 
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S T U D Y O F E L A S T I C A N D I N E L A S T I C S C A T T E R I N G 

O F P R O T O N S F R O M x 2 s T e A N D 1 3 0 T c 

A T I S O B A R I C A N A L O G U E R E S O N A N C E S 

J. BURDE, G . ENGLER^A. GINS BURG. A. A. JAFFE, A . MARINOV and L. BIRSTEIN 

Isobaric analogue states in and , 3 , I were studied by (p. p') and (p, p) scattering from 
- re and , 3 0 T e in the incident energy ranges 7.66-11.87 MeV and 7.48-12.65 MeV. respec-

tively. The energy differences between, the resonances and the orbital angular momentum 
transferred in their formation agree very ve i l with the corresponding analogue states which 
have been previously observed by the (d, p) reaction on the same target nuclci. There is fairly 
good agreement between the corresponding spectroscopic factors. The Coulomb displacement 
energies were found to be 13.949 and 13.898 MeV for the pairs of isotopes i ; T e - 1 2 ° I and 
, 3 1 T e - l 3 1 I , respectively. The spins of the resonances at = 10.199 and = 10.545 MeV 
in I 1 9 I and those at £J-m- •= 10.455 and Epm- = 10.520 MeV in 1 3 , I were found to have spin 
and parity f The angular distribution of the inelastic protons from the resonances at — 
V.96 and E% m- = 10.07 MeV in l = , l and at E% m- = 10.20 MeV in t 3 l T c are consistent with an 
assignment oil' to these levels and with a J - .assignment to the resonance at £p"m- = 10.915 
MeV in 1311. The modes of the de-excitation of the two-phonon states and other higher states in 
, J S Te and in 1 3 0 Te were studied by observing the gamma-ray spectra and by coincidence 
measurements between the gamma ravs and the inelastic protons at the various resonances. 
The states at 149S and 1521 keV in u u T e were found to have spins and parities of 4-+ and 2% 
respectively. The 1634 keV level in l 3 0 T e was found to have spin and parity 2*. Upper limits 
were placed on the ratios of the gamma-rav transitions / v ( 2 i — 0 t ) / / . , ( 2 j — 2 f ) in 1 I 3 Te and 
, 3 0 T e of 3 

Seven odd-parity resonances in , : i >! and l 3 1 l are discussed in terms of the core excitation 
model. 

D E N S I T Y D E P E N D E N T E F F E C T S I N T H E O P T I C A L M O D E L 
A N D T H E N U C L E A R M A T T E R R A D I I 

E . F R I E D M A N 
By adding to the reformulated optical model a density dependence of the interaction the discrepancy b e -
tween the results of this model and the Coulomb displacement energies is removed. The results s u r e s t 
that n neutron halo does not exist in heavy nuclei. 

C O U L O M B D I S P L A C E M E N T E N E R G I E S A N D N U C L E A R S I Z E S 

E. FRIEDMAN and B. MANDELBAUM 

: The Coulomb displacement energy between isobaric analogue states is calculated as a 
function of the rms radius of the distribution of the excess neutrons for a known value of the 
rms radius of the charge distribution in the neutron analogue. The exchange term, the Coulomb 
spin-orbit term and the Thomas-Ehrman shift are included and effects of configuration mixing 
are studied. It is concluded that if the rms radius of the charge distribution and the Coulomb 
displacement energies are known, the rms radius of the excess neutrons can be extracted to an 
accuracy of better than ±0 .1 fm. 

E L A S T I C A N D I N E L A S T I C P R O T O N S C A T T E R I N G F R O M 4 0 C a 
A N D T W O - P A R T I C L E , O N E - H O L E S T A T E S I N 4 1 S c 

A . M a r i n o v , Ch . D r o r y , E. N a v o n , J . B u r d e , a n d G. E n g l e r 

The e l a s t i c and i n e l a s t i c s ca t t er ing o£ protons by 4 0Ca w e r e s tudied at bombarding ea^ 
e r g i e s f r o m 4.S to G.2 MeV. CO r e s o n a n c e s w e r e ident i f ied . The s p i n s of m o s t of t h e m 
and the i r part ia l widths for decay to the ground s ta te and to the f i r s t four exc i ted s t a t e s 
in 40Ca w e r e de termined . L e v e l s in 41Sc having conf igurat ions with a l a r g e t w o - p a r t i -
c l e , o n e - h o l e component w e r e ident i f ied and c o m p a r e d with s i m i l a r l e v e l s in J 1Ca. 

i 
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ISOBARIC ANALOGUE STATES OF iU TlII N U M I S O T O P E S 
E. FRIEDM \ N , H. V . , \ N D C i . B \ L M . J . ZJON1. A . A . JAI-I-F. A . M \ R I N O V . 

A. G; SZGI RG :.N<I ». I t.i r/.I R 

Isobaric analogue states wore obsei-vcd as resonances in tbe excitat ion funct ions for the 
(p.ni reaction on Z O Q ' : "' - , ""-u in tbe Mastic -c.iuermiiuf protonsfrom •»>.'•>'>-"^."'-r,.. 
The 'a - comparc-J l.n»»wrj Mrwctutc ->." ..r,«; t o Tc-.ti!;-. of u l . p» 
•:\p.-iimcnls o n ' " R u . The analogue resonances o f t h e u round - i . t t o were idcntitici! in 
all ca^e-, and C o u l o m b displacement energies were d e d u c e J . Some Mroui; ievoir.iii.-ci with 

- 0.2 corresponding t o excited states were :I!M> observed. Total ar.<! part ial p ro ton widt!.-
vvere calculated f o r the strongest resonances. 

T H E CHARACTER OF EXCITED STATES I N 4 , S c 

STUDIED BY ELASTIC AND INELASTIC P R O T O N SCATTERING F R O M *°Ca 

A . M A R I N O V \ Ch. D R O R Y , E. N A V O N , J. B U R D E and G. E N G L E R ^ 

Excitation functions o f clastic and inelastic proton scattering leading to the ground state 
and to the 0 + (3.35 MeV). 3 ~ (3.74 McV) and 2 - (3.91 MeV) excited states o f ° C a were measured 
at 90% 125° and 160° at bombarding energies from 4.S lo MeV. Sixty resonances were identi-
fied. Angular distributions of the inelastically scattered protons were measured at bombarding 
energies corresponding to most o f the resonances observed in the excitation curves. The spins 
of the corresponding levels in ""Se and their partial widths for decay to the ground state and to 
the three excited states in Jt"Ca were determined in most o f the cases. In a few cases de-excitation 
to the 5~ state at 4.49 MeV excitation in "*°Ca was also observed. Levels in i [ S c having config-
urations with large two-particle one-hole component were identified and compared with similar 
levels in 4 1 Ca and with theoretical predictions. 

. . Properties of " ""Rh from the """Rufpai) reaction. J-Ashkena?i. 
E-Fiiedmau. D.Nir. J-Zioni (Hebrew Univ.. Jerusalem. Israeli. 
Mucl.l'hn.A (.Xetlwrlands). vul.A 15S, no.l. p.I4o 5 ; (7 Dee. 10701. 
The threshold energies for the "•K;i(p.n/,,,Rh and '"'Ruip.npRh reactions were 

. . measured as 7 JOi 0.01 and 5.90-0.01 MeV respectiv el}. yielding for the mass 
excess of thi Kli isotopes the values of --7y.(<22 • U.011 MeV C' Rh) and 
-83.16-0.011 MeV C»Rh). By observing delay cJ rays Ibllovvin? the ,'J* • ; 

. decay of the produced Rli isotopes, two hair lives of 1.55; 0.15 lain ami 
9-25.rO.IU min were found in the activiiy of ""Rh and a hall'life of 9.05-lUO 
mill was found for the ""Kb. The above results toeeiher with I lauser I'e.hbach 
analyses of the (p,n) u\eit:ition funetions sugeest the value 3" for the ^piii- and 
parities ol'»°*"Rh. (13 rets.) 

An investigation of proton-rich nuclci and other products from tRS ' -
bombardment of "Mg. -kSi and '-"S by "O ions. J.Zioni. A.AJaiTe. h.Fried 
man. N.Haik, R.Seheetman. ll.Nir(Hebrew Univ.. Jerusalem. Israel). 
Nucl.Phys. A (Xellwrlaiulsl. vol.alSI. no.2. p.4'o-7h (21 Feb: 1M72). 
The and )• ray spectra have been studied resulting from the bombardment of 
"Mg. :"Si and , !S with continuous and chopped beams of "O ions in the 

.energy-rangeof 22-33 Met'. Compound nucleus formation is found to predomi-
nate in the reactions. Proton rich nuclei arc observed via the 0»O.2n) reaction in 
each case. In particular the mass excess of the previous!*, unobserved nucleus 
" C r is fcuad to be -29.46r0.03 MeV; its half life is 0.2ti* 0.06 s. 1 he system-
Sties of the Coulomb displacement energies of the mass triplets up to .1 46 are 
discussed. (IS refs.l 

A comparison of spectroscopic factors from " M o ^ a y M o and 
,-4.Mo{p,p'|-)»iMo experiments. E.Abramson. G.I'n-Jer, Z.Vaeer (Weizmann 
Inst. Sei., Rehovot, Israel). N.Cue, I.PIesser, G.F.Wheeler. 
/Vivs. l.elt. B (Kaherhnds). vol. ?SD, no.2. p.70-2 (24 Jan. 1072). 
Spectroscopic factors from the "Mu(d.t)"Mii reaction have been compared 
with partial decay strengths obtnined from the "Mofp.pfjs'Mo reaction 
proceeding through the 5/2* g.s. analogue resonance. The results of the com-
parison support the treatment of th! compound enhancement applied in the 
analysis of the ,4Mo(p.p,j'),4Mo reaction/ (6 refs.) 

t 
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PR0SR5SS "REPORT OF MTCI-SAR DATA ACTIVITIES IK K0R5A 
T-'ar>n ChO 
liaison Officer of IMX3 . 

Compiled by Jung-Do Kim 
Reactor Physics lab. 
Korea Atomic Energy Research Institute 

NJ-

(1) 033BRVATIOE OF A N5V.T UflCLSAR RSACTION - (2Y . n) R3ACTI0N 
S. K. Nah 
Ulsan Institute of Technology 

The abstract on this subject was written in the Trans-

actions of the Korean Physical Society, Spring Keeting, Seoul 

National University, April 27-28, 1973. 

The (2T , n) reaction, which no one has ever made, was 

observed using the nonoenergetic and -very intense thermal-

neutron-capture gamma rays. At incident -gamira-ray energies 

less than the threshold energies for the photoneutron react— 
fZ-T 

ions in Cu , the single-step reaction tjrocesees, , in 

C u ^ were evidently forbidden but two-step reaction processes, 

( 2 1 , n), could poseibly occur through intermediate states of 

well-defined energies and life-times. The spectra of the 

positron annihilation radiation following the phot©disintegrat-

ion processes were measured with two Kal(Tl) crystals in coin-

cidence. Appreciable cross sections of 5.32*0.51, 2.59-0.31. 

1.31-0.13, and 2.85-0.25 microbarns were obtained at energies 

of 6.072, 6.753, 7.724, and S.997 MeV, respectively. First 

three excited levels were found with good agreement with known 

values. ̂  / 
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However, the excited level at 8.997 Mev was known as 

new. Several different experiments were performed to ensure 

these observed spectra were not due to (n, 2n) reaction in 

Cu° . Analytic expressions for the mechanism of a two-step 

reaction process, (2^ , n), were derived using a distorted-

wave theory. The measured cross sections agreed in magnitude 

with those predicted "by this theory. It is suggested that 

the (2/ , n) reaction, and the analysis given here, promise 

to be a useful tool for the study of higher excited states. 

(1) H. Verheul, Nuclear Data Sheets, B2(35) 1967. 

National Academy of Science, National Research 

Council (U.S. Government Printing Office). 

(2) CALCULATION OP THE T1550NAFC3 INTEGRAL FOR U-?33 USIKG 
ADL̂ a-AT)L?)R KUITILBVKL FORMALISM 
Chang Yul Chi and Chang Hyo Kim 
Seoul National University 
Mann Cho and Kun Joong Yoo 
Korea Atomic Energy Research Institute 

In this study we expressed the capture and the fission 
0" 

cross sections of U-233 covering the resolved resonance 

energy region below 60 eV in terms of Adler-Adler multilevel 

formula. We first confirmed that Adler-Adler representations 

for the reaction cross sections are quite satisfactory, demon-

strating the good agreements between the experimental cross 
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sections and the theoretical ones. We then calculated an 
integral resonance absorption, the infinite dilution reso-
nance integral of U-233. for the purpose of determining the, 
temperature effect on the resonance absorption by this ele-
ment. VJe also compared this calculations with the experiments, 
finding afrain good agreements between calculations 3nd experi-
ments. 

Recently de Saursure ana Perez developed a method which 
can transform, a set of multilevel resonance parameters into 
an eouivalent set of single-level pseudoparameters and a 
smooth backgrouhd. Using this method, we have obtained the 
singHe level pseudoparmeters of U-233. In this calculation 
we intended that these parameters would be useful for those 
reactor codes which are not suitable for multilevel parameters. 

* A paper on this study will be submitted to the Journal of 
the Forean Nuclear Society soon. 

(3) AN ANALYSIS 0? INELASTIC NEUTRON SCATTERING- BY LIQUID 
E T H A N E 

Chans; Hyun Chung and Won Kee Shin 
"Department of Nuclear Engineering, Seoul National University 
Jin Soo Kim 
Korea Atomic Energy Research Institute 

i 
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The paper on this subject was published in the Journal 

of the Korean Nuclear Society Volume 5, Number 4, p.265, 

December 1973 with an abstract as follows. 

The incoherent neutron scattering cross" section of 

molecular liquids is analyzed using a damping function 

model for correlation functions of molecular translations 

and rotations. The present approach is different from „ 

recent works in that the scattering function is evaluated 

directly, not through the intermediate scattering function. 

The damping fuction is determined from a simple relation 

between its long-wa\relength limit and the generalized fre-

ouency distribution function, and translation-rotacion cou-

plings 8re assumed to be neglected. A physical model is used 

for the translational motions of center-of-mass of a molecule, 

including properly its short-time and long-time behaviors. 

A simple model for the rotational motions is suggested which 

relates the damping function to the Fourier transform of the 

dipole correlation function, or equivalently, the infrared 

vibrational absorption spectrum. Theoretical absolute scatter-

ing intensities are computed for liquid methane and shown to 

be in satisfactory agreement with both thermal and cold neutron 

raep surement 3. 
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(4) THE PHOTOPROTOE "FROM 1 3 1Ta(e. e'-p) REACTION 
3. I;. Sv.ns: 

Seoul National University 

The abstract on this subject was written in the 

Transactions of the Korean Physical Society, Spring Meeting, 

Seoul iTational University, April 27-28, 1973. 

The photoproton energy distribution from (e,e'p) reaction 
-1 Q-l 

ar.d (e.e'p) cross sections on "̂ Ta have "been measured with 

the bombarding energies 18.0, 19.0, 19.5, 20.0, 20.5, 21.0, 

21.5 nr.d 22.0 Eev et 9=90° "by using the electron linear nccele-

retor ar.d a "broad range magnetic spectrometer with =100 solid 

Etftc detectors. Two lsrge proton groups in the proton energy 

distributions sre found et 3p = 9-2 I'ev and 3-2=11.5 J'iev in the 'L-

esses of 20.0 Nev. The cross section shows a strong 

resonance at 20.0 Mev which is expected as T coherent state. 

The two main proton groups are resulted through this resonance. 

The modified Nilsson level scheme explained well these proton 

groups. 

o 
(5) REACTOR NEUTRON ACTIVATION ANALYSIS BY A SINGLE COM-

PARATOR METHOD 

Chul lee' 
Korea Atomic Energy Research Institute 
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The paper on this subject was published in the Journal 

of the Korean Nuclear Society Volume 5, Iramber 2, p. 137, 

June, 1973 with an abstract as follows. 

A method of activation analysis, based on the irradiat-

ion and counting of an iron wire which contains manganese 
i 

impurity as the sihgle comparator, has been elaborated by 

critical evaluation of nuclear data involved in activation 

and activity measurement. The variation of effective cross 

section is investigated as a function of the spectral index 

and other parameters such as a measure of the proportion of 

e-oithermr>l neutrons in the reactor spectrum. The errors 

induced by shifts in the neutron spectrum in the irradiation 

positions are discussed. The known amount of each element 

is irradiated simultaneously together with the single com-

parator, and the obtained values are compared with the 'mown 

amount of each element. The results show that in general t^*1 

random errors a.re not greater than those obtained by usirv 

the conventional relative method, but the systematic errors 

were up to about 20$. 
J> 

This method is applied to the determinations of fourteen 

rare earth elements in monazite as well as other seven ele-

ments in the standard kale powder. The satisfactory reproduci-

bility of the present method makes possible the determination 

of the elements with an accuracy attainable with the conven-

tional relative method. 
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(6) SIMULTANEOUS PSTBRPINATION OF ^RCURY." BROMINB, ARSBNIC 
AND CAX/XIU1! IIC BIOLOGICAL KATKRIAL5 BY NSUTRON ACTIVA-
TION ANALYSIS* 
Chul Lee, Nak Bae Kim and Euy Byung Park 
Korea Atomic Energy Research Institute 

The paper on this subject was published in the Journal 

of the TTorean Nuclear Society Volume 5* Number 4, p.279, 

December, 1973-with an abstract as follows. 

A method for the simultaneous determination of mercury, 

bromine, arsenic and cadmium in biological samples is descri-

bed. Following neutron activation and a simple distillation 

of volatile compounds, mercury and bromine were determined 

by gamma-ray spectrometry. Arsenic and cadmium irere further 

separated by cation exchange separation and determined simi-

larly. Determination limits for mercury, bromine, arsenic 

and cadmium were 0.001/»(j , 0.003/^» 0.001/uj- and 0.02/t|, res-

pectively. The method has been apnlied to the determination 

of mercury, bromine, arsenic and cadmium in rice and fish 

samples. Analysis of a standard kale powder yielded the 

values of 0.046/^/g for mercury, 24.5 /^/g for bromine 0.17 

yWg/g for arsenic and 0.50 for cadmium. 

* This work was supported in part ̂ by IAEA under contract 

number 1136/KB. 
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(7) A wTUDT 0? FAST II-^RAC-'-"FRCT-f 28 GeV PROTON 
INTKRAOTIO?7 IN ZOTT-SAH rlTUL̂ IQI-I 
Seung Ai Shin 
Department of Physics, Evha '.vomans University 

The paper on this subject was published in the New 
Physics (Korean Physical Society) Volume 13, Number 2, 
p.45, June, 1973 (in Korean) with an abstract as follows. 

It was found that majority of the Li-fragments were 
emitted by nuclear evaporation process, but that also there 
was a small number of fast Li-fragments ( ̂  60 MeV) not 
explained by this process. In the present paper, these 
fast ones which were emitted in the stars (due to Ag or Br) 
and induced by 28 GeV protons, are described. The angular 

i/ 

distribution and"energy spectra of those fragments were 
determined and analized. 

It seems that the fast Li-frasments are not be produced 
by the evaporation process or by the direct collision pro-
cesses by the primary. It is probable thatDthey may be 
ejected when the nucleons and pions-sets in flight during 
the cascade phase of the disintegration collide with the 
groups of nucleons. Consquently there is the possibility 
of the presence of nucleon clusters in the nuclear periphery. 
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(8) THE T-iO.AT OF l l m Ag: GfljglA-RAY INTENSITY STANDARDI-
SATION AND A SEARCH ?CR rt/g TRANSITIONS 
37. Chuns: and S. Oho 
Korea Atomic Energy Research Institute 
H. 0. Zim 
Department of Physics, Sunrrkyunkvan University 

The T>a"cer on this subject was published in the Journal 
of the Korean Physical Society, Vol. 6, No. 1, P.l, March, 
1973. with an abstract as follows. 

The relative intensities of the ger.ra-ray transitions 
1 10"! 

from the decay of ~ At have been carefully re-determined 
by usinx? a true coaxial G-e(Li) detector with active volume 
of 20 cc. The values obtained for relative intensities are 
listed in the following in parentheses: 446.790^.020(3.72± 
0.11), 620.305-0.015(3.00*0.09), 657.720-0.010(100), 677.590^ 
0.01c(11-39*0.57), 656.965-0.020(6.36-0.41), 706.650-0.020 
(I6.8?±0o9), 744.245-0.020(4.42*0.19) , 763.930±0.020(2".38± 
0.67), 817.995-0.015(7.73-0.25), 834.655*0.015(79. 53*1.33), 
937.445-0.020(37.46-0.83), 1384.230*0.020(26.91*0.32), 
1475.710*0.01^(4.40*0.10), 1504.955*0.020(14.^0*0.31), 1^62 
.235*0.020(1.33±0.04). Apart from these well-known transi-
tions, additional gamma-rays with weak intensities were 
observed at 626.22*0.20, 995.628*0.050 and 1334.303*0.050 
KeV and their relative intensities were evaluated as 0.18* 
0.04, 0.19*0.03 and 0.20*0.03 respectively. Our measured 
results on a search for wea.k transitions well asrree with one 
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of the two data sets (transition energies at 133•97, 566.0, 
667.2, 7/>3.0, 785.0 and 1443.0 keV in Data 1; transition 
energies ?t 626.2?, 9°7.13 and 1^34.16 keV in Data 2) pre-
viously 'reported ana sug-est that the observed weak gamraa-

lO^m rays are_ pot attributable to the decay of ~ Ag. 

(9) AN ir?RQV~T) PI-.C70N COII, Trfl̂ SCO?'-: SI-ITKĈ OR ?0R FAST 
r)T~ I'RO!' Sr53TR06C0PY " 

Moon Kyu Chung and Hec Dong Knr.g 
Korea Atomic Energy Research Institute 
Tong Sco Park 
kyunc pook National University 

The paper on this s'ubj-jct was published in the Journal 
of the T-'orea.n Nuclear Society Volume 5, -lumber 3> p. 191, 
September, 1973 with an abstract as follows. 

For fast neutron spectroscopy in T-IeV region, a recoil 
protcn telescope detector was designed and constructed so 
ns to increase in detection efficiency without appreciable 
deterioration in energy resolution by ad0T)tin.̂  a special 
tytie of recoil nroton rr-diator which is a combination of a 
ring-shaped vertical radiator and a cone-shaped horizontal 
radiator at a. certain geometry. A neutron stopper was built 
in the detector system to minimize the background due to 
direct exposure of the Si(Li) detectors to primary incident 
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neutrons. The detection efficiency and the energy resolu-
tion calculated at various neutron energies and geometries 
are given and these characteristics of the detector system 
vers tested "by 14.1 MeV neutrons. As the calculation pre-
dicted, the re?.ative detection efficiency in case of the 
combined radiator system is almost 2.2 times of that for a 
single, ring-shaped vertical radiator system. The calculated 
energy resolution is 3.7^ FWHM, whereas the measured resolu-
tion was 3-9^ which means resolution broadening of approxi- -
matel7.30'^ was was resulted by introducing a combined radi-
ator system into the telescope. Increase in background less 
than 40"̂  was also observed. 

(10) APPLICATION 0? A SINGLE FLAT CRYSTAL DIFFRACTION 
SPECTROMETER TO TBT,j DECAY 5CHE.'E STTJDY-OF 1 1 Q m Ag 

K. Chung and S. W. Cho 
Korea Atomic 3nergy Research Institute 

The abstract on this subject was written in the Tran-
sactions of the Korean Physical Society, Spring Meeting, 
Seoul National University, April 27-23, 1973. 

To search for the unreported weak gamma-ray transi-
» 

tions in the decay of Ag, a single flat crystal diff-
raction spectrometer, in combination with the large volume 

if coaxial Ge(Li) detector wa.s constructed and annlied to the 
>J 
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verifying of the existence of small photo peaks which are 
usually hidden in the intense Compton background. 

Apart from 15 •well-known transitions, our measure-
ments indicate the existence of additional samma-rays with 
weak intensities at 6?6.22, 995, 628 and 1334.808 keV. By 
careful study of the spectra, of sample sources with 
different cooling times.these weak transitions are proved 
to be from the decay of snd are not to be attributed 
to the decay of 108mAz. 

(ll) TH'i STUDY ON THB JAMFA-RAY TRANSITIONS FOLLOWING- THE 
DECAY 0? In116" 
M. K. Chung and S. W. Cho 
Korea Atomic Energy Research Institute 
C. W. Nam 
Seoul National University 

The abstract on this subject was written in the Tran-
sactions of the Korean Physical Society, Fall Meeting, Ulsan 
Institute of Technology, October 26-27, 1973. 

The decay of In116ra to Sn116 has been studied. Both 
singles and r - / coincidence techniques were -employed 
with the use of Ge(Li) detector. The energies and the 
relative intensities of all the known transitions' were ob-

{"> 

served. 3esides the known transitions, the unreported gamma-
rays with weak intensities were observed. Two of them are 
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new transitions with energies of 277.799 keV and 638.664 
keV which feed from 2390.32 keV(4+) level and 2800.83 keV 
(4+) level to 2111.93 keV(2nd 2+) level respectively. In 
connection with the two other gamma-rays observed at 2226 
.522 keV and 303.297 keV, the possible existence of an 
unobserved level at 2226.522 keV(2+) will also be discussed. 

(12) A -iTT"DY OF 5CHIELDIKS IM SLABS UST3G- TH5 B3AK OF 
OP—5 REACTOR 
Suk Yun Kim 
Department of Applied Physics, Inha University 

The paner on this subject was published in the New 
Physics (Korean Physical Society) Vol. 13. "o. 1, P. 6, 
March 1973 (in Korean) with an abstract as follows. 

Reactor shielding can only be evaluated trough direct 
measurement and extensive numerical calculation. In this 
paper, some results of numerical calculation (flux 8nd 
heat /reflation of fast, thermal neutron and gamma-ray) are 
-presented. The calculations are based on the data obtained 
in the slab shielding experiment usinc the beams in the ANL 
Lid Tank, Shielding Facility of CP-5 Reactor. 
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(13) A STUDY OP THE DOSIMETRY 0? SCATTERED GAMPA-RAYS 
?RCH A COI-LÎ  ATII'C- LEAD OASTIB* 
Jae Shlk Jun 
Korea Atomic Energy Research Institute 

The paner on this subject was published in the Journal 
of the Korean Physical Society, Vol. 6, No. 1, P. 13, March, 
1973 with an abstract as follows. 

Collimated gamma-ray beams from Cs-137 and Co-60 sources 
contained in a lead castle are commonly used for calibration 
of various health phy3ics instruments. Such beams, however, 
carry not only primary radiations, but also include scattered 
components from the collimating lead castle. To determine 
the energy, relative amount, and exposure rate of the scattered 
radiations, a scintillation spectrometer of a dia. X?" long 
Nal(Tl) well-type crystal (well size; dia. Xl^-long) was 
used with a 100 channel pulse height analyzer. 

For the calculations of the exposure rate due to scatter-
ed photons, a simple spectfum-dose conversion method was appli-
ed, instead of correcting the spectrum by response matrix. 
Prior to the conversion procedure, the value of the conversion 
operator, G(E), was calculated as a function of photon energy, 

! 

using the values of photofraction and interaction ratio de-
termined for the scintillator Used in this study. The results ( 
show that th'e relative contribution of the scattered photons 
to total exposure rate is - 2.2^ recardless of the distance u 
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from the source to the detecting position and. that the 
scattered photons contributing to the collimated "beams 
consist mainly of "backscattered photons of an energy given 
by Eb --= E0/(1+2S0/0.51). 

* Part of this experiment was carried out at Laborstorio 
di Dosimetria e Standardizzazione, Centro Studi Nucleari 
della Casaccia, Rome, Italy during the period of 1966 to 
1967 under the ausuices of an IAEA rellowshit). 

(14) DOSIMETRIC AL ' ANALYSIS OF REACTOR TJ'A" AGE SAKHA-RAYS 
BY MEAT'S 0? SCINTILLATION SPECTROI'STRY 
Jae Shik «jun 
Korea Atomic Energy Research Institute 

The paper on this subject was published in the Journr.l 
of the Korean Nuclear Society Volume 5, Number 4, P. 291. 
December, 1973-with an abstract as follows. 

MFUdrMi'U tffitgi dlib to leakage gamma-rays from operating 
re?i-;j '.j 'ih Mrl tt ahd III Mere measured in a horizontal 

HlfcttS l1̂  uf gpiflliliio-kiQfl spectrometry using a 3" X 3" 
pyiitidrionl Nfil̂ '-I) de-fegetsr aesociotecl with B 400 phnnnel 
plliee height analyzer untJ@F varied conditions of reactor 
operation. ' 

In determining exposure rate due to the leakage gamma-
i\ 

& 
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rays at each point of measurement, Moriuchi's spectrum-
exposure rate conversion theory was applied instead of 
using conventional responce matrix method which necessita-
tes very complicated procedures to convert a spectrum into 
exposure rate. 

The results show that a basic pattern of "typical" 
spectrum of the reactor leakage gamma-rays is neither af-
fected by thermal output of the reactor, nor influenced 
by overall attenuation in radiation intensity. It was in-
dicated that the attenuation of the leakage gamma-rays in 
air in terms of exposure rate as a whole follows an expo-
nential law, and the total exposure rate due to the leakage 
gamma-rays at a certain point is nearly proportional to ther-
mal output of the reactor. The complexity in spectrum measured 
for a movable core reactor, TRIGA Mark III, was analyzed 
through spectrum resolution, and proper judgement of the 
leakage gamma-rays in a complex spectrum was discussed. 

(15) GAMMA-RAY DOSIMETRY WITH THIN PLASTIC FILM 
Young Soo Yoo and Seung Gy Ro 
Korea Atomic Energy Research Institute 

t 

The paper onrjthis subject was published in the Journal 
of the Korean Nuclear Society Volume 5, Number 3» 233 > 
September, 1973 with an abstract as follows. 

0 -1: _ 
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Thirty two diffc-~enx kinds of domestic plastic films 
for use i . measuring high gamma-ray dore have "been collect-
ed ana eir dosimetric characteristics investigated with 
the help of a Oo—SO gamma radiation source. 

Among then; a rigid -polyvinyl chloride (TVO) film of 
0.06mm In thickness which is manufactured "by lucky Cheni— 
crl Co. , "Korea, seem to he the most suitable one for this 

e 

purpose. Ths relation between optical density at 3100A 
relation exrosnre in this PVC film was linear in the r rj 

r--:va of 0.6 x 10 R to 1."̂  x 10 R, and also the film -. owed 
r- verrc-ducibility within 9'-' under the standard ex~eri— 
mental condition. The effect of absorbed dose, oxygen con-
tent of surrounding atmosphere and irradiation temperature 
ha%»e a1 so bec-n studies for this film. It arvoerred to hnve 
r. rcod rrorserty ir the dosimetrics! point of view. 

(16) s:.'^\ 'T C? NtttTTROX K:\5RGT- ̂Pi-ICTRUK AN ?41Am-F 
." ••'•••1'HC:;- ^CIMCS r̂.JKq- EPK^lt ^H^ti NSUTriOK SPTOCTRCKrJ'P 2R 
Seur̂ r Gy Ro and <Jn.e Shik Jun 
Korea Atomic Energy Research Institute 

J 
The abstract on this subject was written in t'̂ e Tran-
e 

sacti'ons of the Korean Physical Society, Srrir.f: '-'iee-tins, 
Seoul National University, Anril ?7-?3, 1973. 
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The neutron energy spectrum from an ^^An-F labora-
tory neutron source with the dimension of 4.35cm high "by 
2.24cm in diameter has been meas'ared using a Bonner sphere 
neutron spectrometer which is a ^Lil(Su) thermal neutron 
detector coupled with various polyethylene spheres of 2, 3, 
5, 8, 10, and 12 in. in diamerter. 

Assuming that the entire spectrum consists of the Ea— 
xwellian thermal, uncollided and slowing-do>m components 
and that the former two components are invariable while 
the latter one is of the 1/2* form with a spectral para-
meter A which is variable, the relative intensities of 
three spectrum components were determined with three differ-
ent sizes of polyethylene spheres. A determination of the 
parameter oL can be simply made from the ratio of counting 
rates in two different spheres. However, the value obtain-
ed from five independent determinations of & with six 
spheres., which is agreeable with each other within the ex-
perimental error and conseouently will be more rigorous 
compared to that obtained from the above two spheres, was 
finally taken in this study and is about 1.2. The result 
for ttie^spectrum measurement is presented in the graphical 
form. 
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(17) SETERyINATICK 0? THE ALPHA PARTICLE TRACK RSSISTRATING-
EFFICIENCY OF POSI-FIIK 
Seung Gy Ro and Jae Shik Jun 
Korea Atomic Energy Research Institute 

The abstract on this subject was written in the Tran-
sactions t>f the Korean Physical Society, Fall Meeting, Ulsan 
Institute of Technology, October 26-27, 1973-

Photographic posi-film which is commercially available 
has been found to be a possible alpha particle detector in 
the course of looking for a suitable material to be applied 
to the neutron dosimetry, and its track registration effic-
iency for alpha particles has been detormined. In order to 
determine the efficiency, the posi-film foil has been deter-
mined. In order to determine the efficiency, the posi-film 
foil bas been irradiated to alpha particles emitted from a 

' 241 

thin Am source entering the detector foil "perpendicular 
to the surface. The irradiated foil has been:etched in a 
1.3 g/cra' NaOH solution for 1 hour at about 60°C, and the 
diameter of the;etch-pits was measured under an optical 
microscope. Therefrom, the efficiency was calculated on the 
basis of Fleischer's and Tuyn's-theories. The result seems 
to oe (78.8±4.7)#, and to be agreed well with the value of 
(75»8±2.5)$ obtained by measuring the critical angle for the 
track registration. 
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(18) PROTEOTIVj -rp̂ SCT CP AgSTYLBSIIZOYLACONIE^ AGAINST 
G AMKA-3API AT ION 
Philip 3. Moon 
Korea Atomic Energy Research Institute 

Tve rarer on this subject was published in the Journal 
of the Xorean Nuclear Society Volume 5, Nuinber 2, P. 83, 
June, 1973 with an abstract as follows. 

The protective effects of acetylbenzoylaconine, 2-
aminoethylisothiouronium bromide hydro"bromide, ^-mercap-
toethylamine HCL, and I-thiazolidine-4-carboxylic acid were 
studied on the white male mice, aged 5-6 weeks. The toxicity 
test of acetylbenzoylaconine revealed that the U^q was 2.5mg/ 
kg of body weight. After the administration of test substan-
ces, mice were irradiated with whole body dose of 800 rad by 
the Co-60 source. Observing the number of surviving mice for 
30 days, the survival coefficients for the test groups were 
calculated and with these the protective coefficients against 
radiation injury, PCR, were also calculated. The PGR values 
are 2.24, 2.95, 2.78, and 1.23 for acetylbenzoylaconine, 2-
aminoethylisothiouronium bromide hydrobromide, ^-rcercaptoetfcy-
lamine HCL, and L-thiazolidine^-carboxylic acid respectively. 
These values reveal that the acetylbenzoylaconine has protective 
potency against radiation injury on white male mice. 
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(19) PBNT3K3RA BEEBCT ON INTEGRAL ABSORBED DOSE IN Co-60 
TELETHERAPY 

Philip S. JToon 
Korea Atomic Energy Research Institute 

The paper on this subject was published in the Journal 
of the Korean Nuclear Society Volume 5, Number 2, P. 87, 
June, 1973 with an abstract as follows. 

Dv.e to the Co—60 source size, the "osnur.bra in Cc-60 
telether?phy noses a serious problem, even if the extended 
coll_iir.atcrs are used. Here an empirical formula for the 
calculation of integral absorbed dose in the penumbra reg-
ion war. derived. Through a numerical calcu.1 ation, the 
penumbra effect on integral absorbed dose was investigated. 
The longer the scurce-to-skin distance, the larger the in-
tegral absorbed dose of penumbra region, ar.d the larger the 
source diameter, the larger the integral absorbed dose of 
penumbra, region. It was also found that in some case the 
inteera.1 absorbed dose in penumbra, region becomes several 
times larger than the integral absorbed dose of treatment 
region itself if the source-to-skin distance becomes greater. 
Therefore, one must consider the penumbra effect in Co-60 
teletherapy. 





ABUTTAL PB0SBB3S SEPOBT OF HUCLSAB PHYSICS DIVISION 
PAKISTAH INSTITUTE OF HUCLEAB SCIENCE & TECHNOLOGY 

P»Q. NXLORS. RAWALPINDI* 

The nuclear research activities at PIHSTECH are 
centred around a 5 MV wrinlag pool type of Research Seactor 
and a Neutron Generator of Texas Nuclear Corporation design* 
The sain activities are summarised below 

1* Total Neutron Cross-section Measurements* 

A technique lias been developed to measure total 
neutron cross-section for neutron energies fron 1.7 MoT to 
14.7 MeV using a neutron generator* Prinary neutrons of 
energy 14*7 KeV f*oa the neutron generator are elastically 
scattered froa a plastic scintillator and the scattered 
neutrons, after transaission through the sample, are detected 
by a liquid scintillator* The change in neutron energy is 
obtained by changing the angle of scattering of the neutron 
beam* Tine of flight technique and pulse shape discrimin-
ation are used for suppressing the background* Total neutron 
cro88-»sections hare been measured for C, Al and at 
12 different energies between 1*7 end 14*3 MeV* The energy 
resolution varies between 100 and 150 keV* This work has 
been published in Hue* Inst. & Meth. 115* (197*0 3^5- Similar 
measurements are now being made on enriched tellurium isotopes 
128Te and 150Te. 

2* Heutron Induced Reactions* 

Experiments are in progress to measure, at 14 Me? 
neutron energy, the differential cross-sections for (n, CX ) 
reactions and the angular distributions of outgoing alpha 
particles* Previous measurements made on 

the 58Hi(ntc055Fe 
reaction using emulsion plates were reported in Nuo* Phys* A202 
(1973) 123. Work is now in progress on the 28Si (n,a )25Kg 
reaction using solid state detectors* 



— loo — 

3. Thermal Heutron Capture in even JL Keodyaiua isotopes. 

The radiative capture of thermal neutrous in even A 
neodyaiua isotopes is being investigated with, a viev to study 
the behaviour of nuclei in the region of transition from 
spherical to deforaed nuclear shapes* She gamma ray spectra 
from the capture of thermal neutrons in enriched and 
Ikb 

Nd targets were measured in an external target geometry 
using a Ge(Li)-Kal(Tl) pair/anti-Coapton spectroaeter* In each 
case the gaaaa rays originating ftoa the isotope of interest 
vere identified by comparing the spectrua with that obtained 
vith a natural neodyaina target* The data on 
reaction has also been suppleaented vith coincidence 
aeasureaents using tvo Ge(Li) detectors (The coinci-
dence aeasureaents vere aade at Kernforschungszentrua Karlsruhe), 
Preliminary decay schemes of 

and formulated on the 
basis of these measurements consist of fourteen previously 
unreported levels in tbe c&so of and three such levels 
in the case of Nd. The Q values for the reactions 
1if2HdCn,V)1l>5Hd and 1 ̂ H d U , ̂  )1if5Hd have heen estimated as 
6122.7 • 0*5 keV and 5755*3 + 0*7 keV, respectively. Further 
work on the decay sohemes of and 

is in progress* 
Measurements are also being aade for deteraining the spectra 
of gamma rays from thermal neutron capture in Precise Energies of Gamma Bays from ^N* 

Prominent gamma rays from the reaction 
are commonly used for energy calibration in the (n,% ) 
experiments* The energies of thece gamma rays have been 
determined vith improved precision on the basis of a precise 
knovledge of the binding energy of last neutron in derived 
from aaas spectroaetric data* The vork is being processed for 
publication in Nuclear Instruaents & Methods* 

* \ 
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5» Study of rnxrntaneottsly fissioning Heavy Blsaents. 

This programme is directed towards the study of 
the properties of neutron rich fission fragments as veil 
as the fission properties of spontaneously fissioning heavy 
elements. The experiment consists of a correlated three 
parameter study in which the two fission fragments are 
detected by a pair of surface barrier detectors and the 
gaona rays enitted by one of the fragments are detected 
by neans of a high resolution (700 eY at 122 keV) Ge(Li) 
detector* The pulse heights fro® the three detectors for 
each triple coincidence are recorded event by event on a 
magnetic tape* Measurements have been completed for a 
252 

Cf source and the data are being analysed on an IBM 
360/44 computer. Sinilar measurements are now planned 
using a Cm source* 

6* Heutron Diffraction Studies* 
// 

A triple axis spectrometer is being used for neutron 
diffraction and inelastic neutron scattering studies* 
Recently coapleted work consists of a measurement of the 
Debye Waller coefficient of KC1 (to be published in Acta 
Crystallographica-A), and the determination of the unit cell 
dimensions of cellulose I (to be published in the Journal of 
Polymer Science, Physics Section). Experiments, now in 
progress, are aiaed at a study of the phonon dispersion curves 
in a aixed alkali halide crystal K Q 

0> 

O 
O 
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3aflie,LaHU& orfieijQKi^uu 

C<fop.H.UK 3TOT COtjefltt-UT COoJtqeHUdi O npXJBe^eHHMOC, & 

TToJlbUie B ne/iucg vr moa, 1973 go cuyie</UL 

uccjie<jOBaHu&x b ocUnacru HetayzoKHou gdusukUJ cbJL3om. 

Hi>tx, c Q*<sLT-esibxocTj.to KoMurerci no Jlgc/iHuJc DaHMtw 

AreKcTBct ATOUKHOU SHP/CTUU. 

B qcLHHitx He BKAWieHll fieayjbrarriL uccuejoeanuu c 

ncflioti^fo 3ap.aj>ccHHHx. *acTut± a TX**j«:e c oJltacru 

nnuc.HeHeH.uA Heu,Tyio/«?B a <pt<3ut<e r&iyzgoro T-esia. 

UOMSICUJU. STlL Htt AS^SUorcA /10*lHi(~HU U He fieKcmentjtC-

fiy.erc<5L ccu*emeji Ha hux Shs corjiacuJi aaTo/t-oe. 
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T ' M v 1 

D L f f "i'<;n5: i . - ' l c r o n n i- v r j i n >'ov ^ ' ' 3 ; / n, cC / ' i ' ! ! ^ ' ' I. i. 

III- 14 .Vi9 ja :V 

^ / I . o v / / i l l yyiw.v/ 

11 '>±66 2<> 3 2 9 1 M 
1 6 . 1 2 7 9 l G 9 2 0 . 4 0 >,() 
1 0 . 3 2 1 ' 1 9 + 5 0 2 0 • i J " J 2 ' • '>+99 
1b . '51 2 0 . 0 8 
1 b . 7 1 1 9 0 1 ^ 2 , 2 1 - 0 0 1 1 3+21 
1 b . 9 1 1 1 9 + • 
1 7 - H 2 6 2 + 4 0 2 1 . 2 9 1 0 , ' + 1"! 

2 1 . 4 0 !+ ! " 
1 7 - 3 1 1 9 6 1 4 6 2 1 . 6 9 1 0 ° + 1'> 
1 7 . 0 1 1 7 3 + 4 3 2 1 . 0 7 I 2 4 + 2 0 
1 7 . 7 1 1 b 1 + 4 1 n^ o / 10 ' 3 + 1 ' 
17 - 9 0 1 4 4 + 3 9 2 2 . 2 7 1 l ^ t l . ^ 
1 8 . 1 0 1 7 3 i ? 1 1 2 2 - 1 7 7 ' ' + 1 9 
1 8 . 9 0 1 9 2 1 3 7 2 2 . G7 7 '>+19 
1 0 . 9 0 2 4 7 — 3 9 2 2 . H 7 ,.4; >+11 
r i . 7 0 2 3 ^ + 9 9 2 3 . 0 6 ' ' 3 6 + 1 0 
1 9 . 9 0 2 4 7 1 3 7 
19 . 0 9 2 0 4 + 3 6 2 3 . 2 6 " 3 0 ± ' 

2 3 . 4 6 • 4 4 t 1 1 
1 9 . 2 9 2 6 0 + 3 3 2 3 - 6 0 66+1/1 
19 - 1 9 2 3 7 + 3 2 2 3 . B 6 /i f 
1 9 . 9 9 2 7 4 4 3 2 2 4 . 0 6 4 9 1 1 1 
19 . 3 9 3 6 3 * 3 4 24 . 2 6 1 9 ± 7 
2 0 . 0 9 3 0 3 1 3 2 , , 2 4 . 4 9 9 ± 4 

C r o s a s e c t i o n i n t e g r a t e d i n t h e 1 5 . 9 2 - 2 4 . 4 5 i 
• 

9:0 V r a i t ; ;o 

? . ! e q u a l t o 1 . 3 6 1 + 0 . 0 4 6 rnb x - 1 
. o r . 

- 1 
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1' > 1 , , 1'!'' ';rt!i 5. i.al ,-?L.ot ion;* f'.ir "" lX:/.u,c(// rr nut inn 
at 1-1.1'.' i.io.V 

i-yyr,;-:V/ /lb t:r~*1f.!c7 1 yub jv jjT-
17.40 0 3 2 ±4 7 1 J.Ob 

1b1144 1 J .23 173110 
13.0- 11 It 41 
1'> .00 4 M 3 0 13.44 164+17 
16. 2f ? lb 1'J .{>'] 100+17 
16.47 32+34 1 > >± 17" 
1b .o7 1U1+J 1 20 .U'l 1 *+ 1' • 
16 .07 130+30 ^ 20.24 " m i 1 b 
17.07 1bbt20 20.41 130+14 
17 .27 132+23 20.03 1,1 13 

116t2L> 
20 -3 141 + 1 

116t2L> 21.03 ,, 123+1: 
17 .6b .144+24 21.23 121+ 12 
1V .Ob 10'3± 2 3 
1c'. Ob 140±23 "i 1 ,1 0 £_ 1 . ft- 1 (>t 1 3 
1 :\.?i\ 1 b 1 + 21 0 21.02 122+ f: 
10.45 • 162+21 21.02 31+10 
10. b') 171+26 22.U2 32+ 7 
1^.155 179+19 22.22 0+ '1 

Crohn section. integrated in the 15.4C-22.22 iieV io 
equal to 0.928i0.029 mb x m " 1 , 
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193 1 su Differential cro.[5s necti.enu for E n / n " î'i rencl. t^n 
at 1o.1Y i,K-iV 

lyuoi/ /ib :c sr 1Kie7 1 F^/I-ieV/ /.ib sr 
18.84 13 i - 9 6 22 .'">3 64+29 
19.04 137+ 48, 22.23 7 1+23 
19.24 112+45 22.43 94+21 
19.44 150142 22 .b3 ; '-4+ 20 
19.94 111139 22.83 96119 
19) .84 89137 23.03 '>'.+ 20 
20.04 110+35 23.23 sot 10 
20.24 132133 23.4 3 11' *7+18 
20-44 • 149+32 23 .63 '16+13 
£0.64 66130 23 .83 51± 15 
20.04 79+30 24.03 6 9+15 
21 .04 115± 28 24.23 39113 
21 .23 21128 24 .43 13+12 
21 .43 72127 24.63 0±10 
21.63 104±26 24.83 4+ 7 
21 .03 I23t24 

a 

Croos coct ?.on integrated in the 18.84-24 .83 UcV ran;;e 
is equal Lo 0 .rJ26±0 .032 mb JC D I " 1 . 
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T a b l e 6 

Diff ez*ential cross sections for ^^Tb/n, cC/1 "^Eu reaction 
at 18.17 MeV 

^/MeV/ /ib x sr 1IUeV~1 I^/MtV/ yub x 
18.35 203±43 2S;.22 „ 94+21 
19.04 149^45 22 °4 2 103+21 
19,24 101143 22.62 84+20 
19.44 155±41 ![ 22.02 86±18 
19.64 238+39 I 23 .02 61+17 
19.04 152+37 23.21 1034113 
20.04 12'9+ 36 23-41 69± 16 
20.24 1751 33 23.61 54+15 
20.43 164+33 23.81 12+14 
20.63 102+11 24.01 10± 13 

4 20 ,83. 84+ 29 24 .21 4+ 12 
f 21 .03 84i 28 24.41 ?6+12 

21 .23 76+27 24.61 16+11 
21 .4 3 10b+ 26 24 .80 Ot 9 
21 .63 111+25 25.00 Oi o 
21 ,82 79*24 25.20 11+ 9 22 .02 03+23 

Croun section integrated in the 18.85-25.20 MeV ranj-e i;j 
equal to 0.586+0.031 tab x sr~1. 
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R5CEHT STUDIES Oil POLAR F.MISSIOIJ 
E. Piasecki, M. Dakowski and A. Kordya^z 
Institute of Nuclear Research, Dept. IA 
05-400, Swierk near Warsaw, Foland 

Revised Abstx-act 

The intensities and spectra of the polarly 
// emitted protons, deuterons, tritons and ^He particles 

have been investigated in the slow neutron fission of , 
U,. The intensities of these particles relative to 

the alpha particle polar emission are 21.5+1•5* 
2.75+0.5 and 7.3+0.9 per cent and the mean kinetic 
energies are equal to 10jp.5» 11+0.5 and 13+0.5 I.IeV, 

6 ~ 

respectively. Not one polar He event was detected per 
1600 polar alphas. These results are compared with the 
theoretical predictions based on the evaporation hypo-
thesis of the polar emission. The phenomenon can partly 
be explained using this hypothesis, but some puzzling 
disagreements with theory have been observed. 

This work has been carried out under the Interna-
tional Atomic Energy Agency Contract No. 1126/RC. 

J! 
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The angular and energy distributions of alpha 
particles emitted during fission suggest that the time 
and place cir emission is somewhere in the vicinity of 
the scission point. However, recent measurements have 
p r o v e d t h a t at a certain proportion u -particles 
are flying along vthe fission axis, which is difficult 
to interpret- assuming tho usual tripartition mechanism. 
Calculations of the classical trajectories have shown 
that alpha particles emitted from the neck for more 
generally - from the inner part of the two-fragment 
system) would be deflected off the fission axis due to 
the fragment Coulomb forces. For these particles shadow 
cones would exist, centered alGng the fission axis, on 

a 

the outer sides of the system. 
The experimental facts regarding this phenomenon, 

which is referred to as "polar emission", are briefly 
as follows: its intensity determined on the basis of 
angular distribution [ 2} is of about 2SS of the total 
tripartition rate, thus it occurs once per 25 thousands 
of fissions; emission along the light fragment trajecto-
ry is over 3 times as frequent as that in the opposite 
direction, the mean energy of t>c -particles being about 
23 MeV; the mean masses of fragments are in this ,, 
process similar to the ones observed in binary fission, 
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but the mean kinetic energy of the fragments flying in 
the direction of the alphas is diminished by about 
12 MeV (as measured for the light fragments;. We 
performed extensive calculations I 2,j\ trying to verify 
the hypothesis that the polar emission is the"result 
of the in-flight evaporation from the excited fission 
fragments. We are able to explain quantitatively the,'/ 

* J i, 

mean masses of fission fragments in this process, the 
energy spectra of alphas emitted in both directions as 
well as the intensity of emission in the heavy .fragment 
flight direction without applying parameter fitting. 
The observed large anisotropy of polar alpha particles 
emission in the fragment reference system and the 
intensity of emission from the 3 ight fragments are 
difficult to interpret. This intensity appeared to be o 
about 12 times greater than that calculated. 

Cf 
It was possible, to explain the latter fact by 

taking into account the deformation of light fragments, 
however, this explanation was uncertain because of the 0 . r,< ,-j.J i> approximation used as well as of the sensitivity of the 
ft '' ^ // n|psiilts to the parameter uncertainties. 

Basing on the evaporation hypothesis it was 
possible to predict [_2t5~\ the intensity and spectra of n 
particles other than alphas. To verify these predictions 
we performed an experiment iri which we searched for the 

/ 
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polar protons, deuterons, tritons and He. 
The experimental set-up was briefly as follows! 

o * * ' 

the -'U target was irradiated in the reactor" neutron 
beam, the polar particles were identified and t-Uejr <y 

intensities and spectra were measured using n solid 
state telescope and the two-parameter analyser in F dE 
configuration rated by-fission fragments. Geometry nf 
experiment is shown in Fig. 1- Here the preliminary 
results are reported. 

As regards the ^He particles, our calculations [2,5 
indicate that these particlcs would be practically 
absent in the shadow cones, tho predicted intensity 
being of the order of 10 per cent of the polar alphan, 
and this can be compared with the 1 per cent relative 
intensity in normal tripartition. During our measure-
ments we registered 1600 polar alphas and not a single 

G 

polar He event, which at least does not contradict our 
prediction. The calculated results for p,d,t are some-
what shifted towards higher energies as compared with 
the experimental spectra (Pig» 2). These differences go 
ueyond experimental errors, what was already observed 
in ^ -polar emission. In the latter case the agreement 
was improved when the fact of fragment deformation was 
taken into account. The comparison of the predicted and 
measured intensities of polar particles in the fission 
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of U is shown in Fig. 3. It may be seen that the 
evaporation model accounts quite well without any 
parameter fitting for.the relative intensities of polar 
emission of the particles examined, but all the theore-
tical results are too low by a factor of about four. 

\\ w 
The reason of this is not yet clear. In the case o\ 
alpha particles only a part of the discrepancy can'be 
accounted for by the uncertainties of the model para-
meters. Most of it is connected with the emission from 
the light fragments, and we have linked it'with'their 
deformation. In the present experiment we did not 
differentiate between the fragments. However, according 
to our calculations, the inclusion of deformation into 
the evaporation model results in a substantial impro-
vement of agreement with experiment for the alpa -i" 

particles but not for protons, deuterons or tritons. 
The main conclusions of this work are as follows: 

1. There exists not only the alpha but also the proton, 
deuteron and triton polar emission. In fact,"the 
proton polar emission intensity is of a magnitude 
comparable to the intensity of the normal proton Q 

tripartition. = « 
2. Some of the predictions based onJ the evaporation 

hypothesis agree remarkably well with the experi-
mental results, and this/ could hardly be purely 
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accidental. On the other hand the results of this 
experiment can be consider':! as an indication that 
either the approximation used when accounting foi* 
the deformation is in this case not applicable or 
the nature of polar emi.ssj.on is more puzzling than 
vie have expected. 
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PigurrJ capti ons 

Pig. 1. Geometry of the experiment. # is the diameter. 

Fig. 2. Calculated and measured spectra of polar 
particles. 

Fig. 3. Comparison of the measured and calculated 
intensities of polar particles. Note that for 
alpha particles the disagreement is observed 
only for light ^L) fragments. 
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Introduction 

The Progress Report on Nuclear Data Activities in Roma-

nia covers the work done during the year of 197 3 as follows: 

- A short review on nuclear data activities in the In-

stitute for Atomic Physics concerning: facilities, experiments, 

carrying on, compilation and evaluation activities, as i-;ell as 

the activity regarding the forming of a library with evaluated 

microscopic nuclear data; 

- A short review on nuclear data activities in the In-

stitute for Nuclear Technologv, concerning: facilities, eva-

luations and the activities regarding the computing of the mul-

tigroup constants; 

- Individual reports concerning certain results for nu-

clear data in the field of thermal and fast neutrons, both the 

Institute for Atomic Physics and the Institute for Nuclear 

Technology. 

T h e i n d i v i d u a l r e p o r t s a r e n o t i n t e n d e d t o b e c o m p l e t e 

o r f o r m a l . C o n s e q u e n t l y , t h e y m u s t n o t b e q u o t e d , a b s t r a c t e d o r 

r e p r o d u c e d w i t h o u t t h e p e r m i s s i o n o f t h e a u t h o r s . 

A.Short Review on Nuclear Data Activities in the Institute for 

Atomic Physics - P.O.Box 35, Bucharest, Romania, 

The theoretical and experimental researches on nuclear 

data in Romania develop according to the National Nuclear Pro-

gramme, in agreement with our necesities and at the same time 

according to the Wrenda request of data. 



The improve of experimental methods, the acquisition of 

more accurate nuclear data, the covering of the experimental 

gaps in literature, are only a few of the ideas which form 

the basis of our research. 

The greatest part of these activities in Romania are 

carried out in the Institute for Atomic Physics and in the In-

stitute for Nuclear Technology, as well as in other Institutes 

in Romania. 

The main facilities for the experimental research in 

this field and for the data processing are the following: 

- the W R - S nuclear reactor operating with 10% enriched 

U, and using water as a moderator. Its present power is of 3.5 
13 2 

MW, and has a thermal flux of 2.10 n/cm sec. (These characte-

ristics will be improved in the next future by employing cer-

tain new fuel cans). 

The most important research equipment available at the 

reactor consists in neutron crystal and time-of-flight spectro-

meters, neutron monochromators, diffTactometers and neutron po-

larizers, 

- a U-120 type cyclotron accelerating charged particles 

at different energies (from 3 to 13 MeV for protons, 6-13 MeV 

for deuterons and 12-20 MeV for a-jsarticles) . 

- the Van-de-Graaff electrostatic accelerator of the ii 

j i ' 

Tandem type, model FN-15 (USA), accelerating protons at an en-
ergy of 4-15 MeV, producing a beam of a 5 mm diameter and 4-8 
yA intensity. ; '' o - 3 betatrons, having a maximum accelerating energy of 

8.15 and 25 MeV. ( -•' - ' i 
'C/ ' 



- a linear accelerator for electrons of a 2.2-3.1 MeV 

energy. 

- several other neutron generators (both native and im-

ported) and a y source of cobalt-60 having a 10,000 Curie acti-

vity. 

- two subcritical assemblies, one of them with enriched 

U-graphite and the other with natural U-water and a zero power 

reactor with enriched U-light water. 

- different types of lasers (with Helium-Neon, CC^, io-

nized argon or Cd vapours). 

- two "on-line" computers for various experimental fa-

cilities of the PDP-8/1 and PDP-15/20 types. 

- an electronic computer of the IBM-370/135 type, ha-

ving mamm a memory of 192 K bytes, with working capacity on a 

virtual memory of 512 K bytes, Nand ,equipped v/ith various peri-

ferials (line-printer, disk, magnetic tapes and card-readers). 

According to the annual research programme, a number of 

scientists have performed fundamental research activities 

by means of these facilities which have been of a particular 

interest as welLas in other various economic fields such as: me-

dicine/biology, industry, agriculture, etc. 

A brief description of these activities in the Insti-

tute for Atomic Physics (I.A.P.) and in the Institute for Nu-

clear Technology (I.N.T.) is further presented: 

Using the W R - S nuclear reactor, a number of various 

scattering experiments and determinations of the scattering 

laws; for thermal neutrons, on various liquids at low tempera-

tures, as well as on metals (in solid and liquid states) and 
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alloys, by crystal and time-of-flight spectrometry techniques 

have been carried on. 

In order to assure best working conditions at the 

I.A.P. cyclotron, six independent beams have been provided, 

so that certain permanent experimental facilities susceptible 

of a continuous improvement in the future, could be connected. 

The following temperature measurements have been car-

ried out in this direction: density and cross section measu-

rements for the (p,it) and (a,«) . reactions for a number of nu-
-. ... , . ,156 , 15 7t, 5 7., 56,51 v 116,117,118, clei specified m CINDA ( To, I', Fc., 

7 7 9 „ 7 7 5 , . . Su , In, etc.). 

New fissionable isomers have been pointed out and 

their parameters have been also specified (excitation energies, 

spins, Coulombian barrier) . \ 

The codes library (coupled channels, DWBA, optical mo-

del, 

Hasser—Fesbach, special function subroutines, etc.) neces-

sary in nuclear data processing, has been definitely set-up. 

Quite a number of research activities have been initia-

ted concerning the use of the I.A.P. cyclotron in simulating 

certain phenomena developing in fast reactor and in the study 

of the mechanical and electrical property variations of some 

alloys used in reactor construction. 

Starting from 1974 , the activity concerning the neu-

tron nuclear data acquisition will develop on a larger scalep 

alongside the development of the I.A.P. cyclotron. The elas-

tic and inelastic angular distribution measurements of the 

4-14 MeV neutrons on nuclei around CH will be mainly conside-

red in this view. 

As far as the I.A.P. cyclotron is also concerned, the 

ion implantation technique will be developed as well, to be 
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used in the study and acquisition of certain special property 

materials. 

Another application of the nuclear techniques.-will be 
a 

represented by the "charged particle activation analysis (in-

cluding also channeling)". It will be mainly used in analyzing 

the nuclear materials, their structure as well as their purity. 

\The research activities at work by now, will be further 

on developed taking also into consideration the CINDA sugges-

tions . 

As far as the non-neutron nuclear data acquisition is n 

concerned, its volume and accuracy will obviously raise. This 

is possible, due to the commissioning of the I.A.P. 15 MeV tan-

dem, last year. 

A larger number of angular distributions for the follo-

wing reactions will be thus obtained: (p,p')f (a,a), (rf,a), 

3 

( He,a), (p,a), etc. The life-times, electric and magnetic mul-

tipole momenta and some other parameters connected with the so-

lid body properties will be further measured. 

One important groups of research, with three betatrons 

of I.A.P., are related firstly with photonuclear reactions and 

photofission and secondly with measurement of other nuclear da-

ta (the betatron of 30 MeV). 

The collective treatment of the photonuclear giant re-

sonance has been successfully extended to take into account the 

dynamic deformation of the nucleaip ;* xface. This is accom-

plished by considering the coupling between the high energy di-

pole oscilations and the low-energy quadrupole surface vibra-

tions . 

The systematics of the giant electric dipole resonance, 

which characterizes the absorption of electromagnetic radiation 
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by nuclei in the energy range from about 10 to 30 MeV, is of 

great interest today especially in order to verify the theore-

tical predictions. 

Applying the bremsstrahlung radiation in the study of 

photonuclear reactions, we have followed a systematic investi-
n 

gation of the structure of (y,n) and (y,En) reaction cross 
/re-section in order to viast some nuclear models and to define the 

nature of the giant resonance phenomenon. 
if 

Research concerning the bremsstrahlung beam dosimetry, 

the shape of the beam and the processing of the experimental da-

ta has created the possibility for measuring the cross section 

curves for photonuclear reactions on light, medium, and heavy 

weight elements. 

The results obtained in the Electron Accelerators Labo-

ratory in the field of photonuclear reactions, proved that the 

electron accelerators represent a very efficient and suitable 

tool for studying the fine structure in the cross section for 

photonuclear reactions, due to their excellent energy resolu-

tion and stability. These results stimulated us to start a pro-

gramme for calculating the inverse reaction cross sections 

using the experimental^ data already available. 

For a nucleus having a ground state population of N-l 

neutrons, the Ot,y) capture reaction will give rise to an cxci-

(j? ted nucleus of N neutron population. The same nucleus can be 'i 

obtained through excitation of a nucleus with N population by 

absorption of a gamma ray. 

The use of photoneutron reaction cross sections for the 

evaluation of inverse reaction cross section (n»Y) comes out 

to fullfil one of the most promising applications of electron ii f ^ 



accelerators- The ( I I ,Y) cross section evaluation is based on 

the compound nucleus statistical model, 
evaluation 

The main/activity consists in forming a national libra-

ry of evaluated microscopic nuclear data. The DJVNEM adjusted 

shape for data storage represents an adjustment of the ENDF/B 

system to our present possibilities and needs at the same time. 

The code system ncccssary for library use, has been also v/orked 

out (storage, retrival, checking, fitting codes and plots). At 

present, the library contains evaluated data received from INDC 

-IAEA (the KEDAK data, some other data from UKNDL and ENDF/B). 

During the year 1973 the compilation and evaluation of 

nuclear data has been developed both in the I.A.P. and 

abroad by our scientists in order to have a permanent up to 

date library of nuclear data for various internal users. 

An important activity of compilation is being carried 

on at the "Joint Institute for Nuclear Research" - Dubna (S.U.) 

by the Romanian, Russian and Finnish specialists regarding 

"Compilation of the cross sections producing strange particles 

in interactions (TT+,P) EI - 7,380"; the reactions are ordered // 

according to the incident particle masses, charges and momenta. 

At the same time, attention will be also paid to other reactions 

such as: (K+',p); (K ,p) and (pp), in the future. 

Actually, a Collaboration of the University of Bucharest) 

Dubna (JINR) and the Helsinki University (the BUDIIE Collaboration) 

is collecting the data on cross-sections of strange particle 0 

production. In Dubna, one uses the facilities of the Laboratory !l V\of Computing Technique and Automation (the Computers BESM-6 for 
^ CP 
plotting on CALCOMP and the CDC-6200 for Tables). 

I. 
In parallel was began an analysis of the compiled data 



for the observation of renularities of the strange particle 

production. In a first compilation, was studied the systematics 

of multiplicity distributions of the K^-meson and A-hvperon 
v 

produced in high energy collisions and comparedthese data with 

the data for non-stranae oarticle production "On multiplicity 

systematics of K^ and A produced in high energy collisions". 

Also, was started the study of the dependence of the cross-

sections for the strange particle production in respect with 

the center of mass enercv in the framework of different theore-

tical models. 

9 With the view of stimulatincr the activity of nuclear data, 

the lectures of the international school of "Nuclear Data for 

Reactors and Reactor Physics" hold in Bucharest in 1972 are 

printed in a book which we hope to be useful for vounq scien-

tists . 

As a measure of the attention which is paid to nuclear da-

ta compilation and evaluation in our country, I would like to 

mention the fact that during the last years a number of scien-

tists from Pomania have each spent a few months in various 

work centres, doing compilation and evaluation works. 

In addition, for a more efficient coordination of nuclear 

data activities in our country (needs, measurements, comoila-O 

tions, evaluations), the Romanian Nuclear Data Committee was 

founded. 

I would like to thank the specialists which accepted our 

scientists and offered them optimal conditions for their work. 
>r 

I would also like to express my thanks to I7VE7\, and par-

ticularly to the Nuclear Data Section for the permanent and 

efficient help and cooperation in this field, and the hope that 

in the future they will be developed in the same way. 



1. National libraries for evaluated nuclear data by 

A.I.Radescu S., N.Deciu, D.Gheorghe, N.Mateescu, S.Mateescu, 

S.RSpeanu — The paper shows a comparison of structures of dif-

ferent national libraries for evaluated nuclear data ENDF/B 

(USA), KEDAK (FRG), PKNDL (United Kingdom), and namely, concer-

ning the following characteristics: 

- T h e c o n t e n t s o f t h e l i b r a r i e s ; 

- T h e r u l e s f o r s t o r a g e a n d c l a s s i f i c a t i o n o f i n f o r m a t i o n ; 

- The identification of registered data; 

- T h e p r o c e s s i n g o f s t o r e d d a t a ; 

- The physical support for the storaae of information; 

There are shown two different modes of storage standard (MAT, 

MF,,MT, MR) and ALTERNATE (MF, MAT, MT). Finally there is a 

brief description of Pomanian evaluated nuclear data library of 

the Institute for Atomic Physics, Biacharest. 

After this comparative study it was decided to adopt the ENDF/B 

library's format, but slightly modified. 

2. Physical data which are to be stored in evaluted micro-

scopic nuclear data library DANEM - by A.I. Badescu-S, S.Matees-

cu, D.Gheorghe, N.Deciu - I.A.P. - C.P.Box-35, Bucharest. In 

this paper there are described the types of physical data which 

will be stored in the DANEM-I library and the specific modes for 

representation in this library. There are presented also the 

six basic files of the DANEM-I library. The first file is the 

first part of each evaluated data set for a named material and. 

contains the general description of data and one dictionary, 

which adds all the files, the section types contained in each 

.file and the number of records. F i l e d , contains only one 
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s e c t i o n w i t h t h e p o s s i b i l i t i e s f o r t h e e n t r a n c e o f o t h e r s e c -

t i o n s w i t h d a t a a b o u t t h e e f f i c i e n c y o f f i s s i o n p r o d u c t s , n u m -

b e r o f n e u t r o n s p e r f i s s i o n , d e c a y c h a i n , f o r a d o n e n u c l e u s , e t c . 

T h e g e n e r a l d e s c r i p t i o n i s g i v e n b y H o l l e r i t h c h a r a c t e r s . 

A f t e r t h a t , t h e r e a r e g i v e n t e c h n i c a l i n f o r m a t i o n s a b o u t t h e 

s t r u c t u r e o f t h e c a r d , i n BCD t y p e r e a d i n a f o r m a t , a n d a b o u t t h e 

c o n t e n t o f t h e d i c t i o n a r y . F i l e 2 c o n t a i n s t h e d a t a a b o u t r e s o -

n a n c e p a r a m e t e r s a n d h a s o n l y o n e s e c t i o n . T h e n e u t r o n c r o s s -

s e c t i o n s a r e c o n t i n u e d i n f i l e 3 w h i c h i s d i v i d e d i n p a r t s a c -

c o r d i n g w i t h t h e c r o s s s e c t i o n t y p e s a n d e n e r g i e s . T h e f i l e s 4 

a n d 5 c o n t a i n d a t a f o r - a n g u l a r d i s t r i b u t i o n s o f s e c o n d a r y n e -

u t r o n s ( n , n ) , ( H , f i ' ) , a n d e r c r g y d i s t r i b u t i a n s p r o b a b i l i t y p{c-*F') a n d f i l e 

6 c o n t a i n s d a t a a b o u t t h e s c a t t e r i n c r lav? o f t h e r m a l n e u t r o n s . 

3 . T h e s t r u c t u r e o f e v a l u a t e d m i c r o s c o p i c n u c l e a r d a t a l i -

b r a r y - DANEM - b y A . I . B a d e s c u 5 . , S . M a t e e s c u , D . G h e o r g h e , N . 

D e c i u . - T h e n e c e s s i t i e s o f d e s i a n a n d r e s e a r c h e s i n t h e f i e l d 

o f n u c l e a r r e a c t o r s h a v e r e q u e s t e d d u r i n c r 1 9 7 1 - 7 3 , t h e a c h i e v e -

m e n t a t I . A . P . o f t h e f i r s t l i b r a r y f o r e v a l u a t e d m i c r o s c o p i c 

n u c l e a r d a t a , o f o u r c o u n t r y t h e l i b r a r y D A N E M - I . I t i s p r e s e n -

t e d t h e s t o r a g e s y s t e m o f t h e d a t a a c c o r d i n g w i t h t h e p h y s i c a l 

s y s t e m o r t h e " m a t e r i a l " ( n u c l e u s , n a t u r a l e l e m e n t , m o l e c u l e o r 

s t a n d a r d m i x t u r e ) , t h e c o r r e s p o n d i n g d a t a f o r o n e m a t e r i a l b e i n g 

s t o r e d i n f i l e s o n t h e b a s i s o f t h e p h y s i c a l c a t e g o r y ( c r o s s 

s e c t i o n s , r e s o n a n c e p a r a m e t e r s ) . E a c h f i l e i s c o m p o s e d o f a f e w 

s e c t i o n s e a c h o n e c o n t a i n i n g d a t a a b o u t a n a m e d t y p e o f r e a c t i o n , 

n e u t r o n - m a t e r i a l s u c h a s ( i t , n ) , ( i r , i t ' ) , ( I T , a ) , ( n , Zn) . T h e d a t a o f 

t h e D ^ N E M - I l i b r a r y h a v e a l s o d i g i t a l i n d i c a t o r s w h i c h s h o w t h e 

p o s i t i o n i n t h e l i b r a r y , r e a c t i o n t y p e , t h e t y p e o f i n f o r m a t i o n 

a n d t h e m a t e r i a l - i n t h e n e x t s e c t i o n s o f t h e p a c e r , t h e s t r u c -
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ture of the library, is shown in detail, namely, the identifica 

tors, the measurement units, the type of interractions neutron-

material, and the data which are interesting for reactors. 
/A 

V> -

4. The set of programs to manipulate the evaluated micro- 1 

scopic nuclear data stored in computerized library DftNEM-I - by 

5.Mateescu, A.I.Badescu S., N.Deciu - ^here are described the 

programs which follow: 

INDA - for the entrance o-F the evaluated nuclear data in 

the computer memory from the cards. 

REZ0HANT - for the entrance of the evaluated resonance 

parameters from the cards. The entered data are stored on tapes 

REDA 1 / A and PEDA 2 / B - are procrrams for the r e t r i e v a l of 

evaluated nuclear data and resonance parameters - from a magne-

tic tape. 

GRIM - is a program for the plottina of the evaluated 

nuclear data stored in DANEM-I library. 

C0RA 1/A - is a program for checkina the data and for 

changing data on the maanetic tapes. In this paper there are 

presented the flow chart of the procrrams, and the indicators of 

the programs are presented in detail. There are shown also, the 

general forms of records and different files. 

5. Optical model calculations for Cu 63 and Cu 65 in the en-

ergy range 1-15 MeV- by N.IIiescu,V.Benzi",E.Menapace*.Motta* 

The optical model calculations have been considered startino 

from lMeV for the followina reactions: Total, elastic and diffe 

rential elastic,nonelastic,and inelastic for the resolved level 

- Centro di Calcolo (CNEN) - Bologna (Italy) 
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using a code for Optical Model. The main problem in the use of 

the optical potential is the determination of a proper trend for 

the complex potential in concordance with a satisfactory fit 

for the experimental data and a physical consistency fox the be-

haviour for the real and iraainary parts of the potential vs. 

energy. We adopted the following energy dependence of the depths 

of the real and imaainary parts of the potential: 

E<4MzI/. V =54.96-4. 1 4E + 0.877E2 - 0.077E5 (Mef) 

fE In Mel/ In lab .6ijA.te.m) 

E>4MzV V =48.798 - 0.3306E (M^l/) 

(5 In Mel/] 

7 MeV < E < 4\\e.V W = - 7 . 399 + 8. 733E - 2.599E2 + 0.267E5 

E>4tte.V {<] = 9 M e. V 

For the Cu isotopes it seems reasonable to assume a spherical 

symmetric potential adopted in our calculations with the Wood-

Saxon form and a derivative surface absorption term. The fol-

lowing values have been adonted for the parameters: 
fx-

Spin orbit potential term 1/ = 5Mel/ 

Real potential radius = 7.2 5 F 

Imaginary potential radius fi^ = 7.25 F 

Real potential diffuseness-a = 0.68 F 

Imaginary potential diffuseness b = 0.4 8F 

The elastic cross section can be calculated as a sum of the 

shape and compound parts. Differential elastic cross sections 

have been calculated in the following enercry points for compa-

rison with the experimental values: (MeV units): 1.'016, 1.483, 

2.032, 2.510, 3.047, 3.545, 4.063, 4.632, 5.079, 6.186, 7.161, 

8. 177, 14.729, 15 .2 37 .Gtie non elastic cross section has been obtai-

ned by difference between the total cross section and the elas-
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tic one. Inelastic cross sections for all the resolved levels 

of the two isotopes have been calculated by usina the same sphe-

rical optical potential. 

o. The evaluation of neutronic nuclear data for Berillvum 

by - N.Iliescu, N.Mateascu, S.Mateescu, E.Badescu - In the pro-

gramme of the nuclear data laboratory is included an evaluation 

of neutronic data for Berillyum, their writing in the ENDF/B 

format, their processing for engendering of the group constants 

in a number of groups corresponding to the needs of users. The 

compilation of data was made followincr the CINDA and the data 

provided by IAEA. In the range of resolved resonances was used 

a programme based on the single-level Breit-Wigner approximation. 

The experimental resonance parameters were obtained by the im-

provement of existing data in literature. This programme engen-

deres the cross section in a mesh of 40 points. In the range of 

thermal and fast neutrons the evaluation and the comparison with 

the theoretical models are in course. 

27 24 
7. The Al(n,a) Na Cross Section - Evaluation of Experi-

mental Data* by G.Vasiliu -Investigating most of the existina 2 7 24 
experimental literature on Al (n,a) Na reaction, throunh 1973, 

have been done an evaluation of the cross sections for this reac-

tion from threshold 20 MeV, using the up-to date standards for 

renormalization using and experimental data selected according 

to the energy resolution and cross-section accuracy. The recom-

mended curve was obtained by utilizing iterative araphics and 
* Work done during visit to the National Neutron Cross Section 

Center - Brookhaven National Laboratory, USA March-April 19 74. 
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c u b i c s p l i n e f i t t i n c r o f d a t a u s i n g a l e a s t s q u a r e f i t t x n a c r i t e -

r i a . A m a x i m u m v a l u e o f 1 2 8 . 1 3 m b w a s o b t a i n e d f o r t h e c r o s s s e c -

t i o n a t 1 3 . 5 2 M e V . V 7 i t h t h e e v a l u a t e d c u r v e , t h e m i c r o s c o p i c 

2 7 2 4 

i n t e g r a l c r o s s s e c t i o n o f A l ( n , a ) N a r e a c t i o n a v e r a c r e d i n 

"'u t h e r m a l s p e c t r u m , w a s c o m p u t e d , o n t h e b a s i s o f t h e s i m p l e 

f i s s i o n s p e c t r u m f o r m u l a . T h e v a l u e w h i c h w a s f o u n d i s 0 . 7 3 2 mb 

f o r a s p e c t r u m " t e m p e r a t u r e " o f 1 . 3 0 5 MeV i n g o o d a g r e e m e n t w i t h 

t h e e v a l u a t e d v a l u e s o f e x p e r i m e n t a l i n t e g r a l d a t a . 

9 

8 . F a s t n e u t r o n i n t e r a c t i o n w i t h t h e ^ e n u c l e u s , by., V . 

C o r c a l c i u c * , B . H o l m q v i s £ f * G . A . P r o k o p e t s * * a n d m . T - e i e d l i n c r * * * -9 

R e g a r d i n g t h e i n t e r a c t i o n b e t w e e n n e u t r o n s a n d t h e B e n u c l e u s 

t h e r e e x i s t a f e w m e a s u r e m e n t s o f n e u t r o n e l a s t i c a n n u l a r d i s -

t r i b u t i o n s b u t t h e e x p e r i m e n t a l i n f o r m a t i o n o n n e u t r o n i n e l a s -

t i c ( 0 « - 2 . 4 3 M c f ) a n d ( n , 2 n ) r e a c t i o n i s r a t h e r p o o r . T h e 

a i m o f t h i s w o r k w a s t o m e a s u r e e l a s t i c a n d i n e l a s t i c s c a t t e r i 9 

r i n g f r o m B e a n d a l s o t o s t u d y t h e c o n t i n u u m s p e c t r u m d u e t o 

t h e ( n , 2 n ) p r o c e s s e s i n t h a t n u c l e u s . T h e m e a s u r e m e n t s w e r e 

c a r r i e d o u t a t 3 . 5 2 , 4 . 2 0 , 5 . 5 7 , 6 . 0 8 a n d 7 . 0 1 MeV i n c i d e n t 

n e u t r o n e n e r g i e s u s i n g t h e T ( p , n ) a n d P { d , n ) r e a c t i o n s a s n e -

u t r o n s o u r c e s . A n g u l a r d i s t r i b u t i o n m e a s u r e m e n t s o f e l a s t i c 

a n d i n e l a s t i c n e u t r o n s c a t t e r i n g w e r e p e r f o r m e d i n t h e a n g u l a r 

r a n g e 2 0 ° t o 1 6 0 ° i n s t e p s o f 1 0 ° . M e a s u r e m e n t s w e r e a l s o m a d e 

a t 2 . 9 8 a n d 7 . 6 0 M e V i n c i d e n t e n e r g i e s a t 3 0 ° a n d 9 0 ° i n o r d e r 

t o s t u d y t h e c o n t i n u u m s p e c t r u m . T h e s p e c t r a w e r e r e c o r d e d 

w i t h s t a n d a r d t i m e - o f - f l i g h t t e c h n i q u e t o g e t h e r w i t h a 

* On leave from Institute for Atomic Physics,Bucharest, 
Romania. 

** On leave from Kiev State University, Kiev, URSS 
*** Neutron Physics Lab., Studsvik, Sweden 



neutron detector with gamma discrimination properties. The 

flight path was 300 cm. The total energy spread was ±100 keV. 

The neutron elastic angular distributions were analysed in 

terms of a standard spherical optical potential. The contribu-

tion due to compound contributions were calculated using the 

Hauser - Feshbach formalism. The elastic and inelastic angular 

distributions were calculated also using a optical model with 

collective effects. Also DWBA calculations were used taking the 
9 deformation of Be nucleus, into account. 

T 

9. A study of the (n, 2n gama) reaction in the energy in-

terval 16-20 MeV - by G.A.Prokopets V.Corcalciuc **, B.Holm-

qvist - The (n ,1n ) and (u ,n' ) reactions are very interesting 

to study since they are the dominating ones for medium weight 

nuclei when the incident neutron energy is in the internal from 

about 12 MeV to 23 MeV. Because of experimental difficulties 

the data available in this energy interval are very scarce. In 

our experiments the energy dependence of the cross sections for 

the production of discrete gama-ray lines have been measured in 

the neutron energy interval from 16 MeV to 22 MeV for the ele-

ments F, Fe, Co. For this purpose samples {diameter 8.5 cm, 

height 10 cm) were irradiated with 2 n6 hursts of neutrons pro-
_ j f 

duced by theT(rf,n) He reaction. The gama rays following (jrj,2n) 

processes were observed with a well shielded 100 cm 3 Ge (Ll) 

detector. Neutrons were separated from gama rays by time of 

flight technique. The gama ray interval of interest in the mea-

surements was -form 0.2 MeV to 3.0 MeV. The primary neutron flux 
* On leave from Kiev State University, Kiev, URSS 
** On leave from Institute for Atomic Physics, Bucharest Roman 
*** Neutron Physics Lab., Studsvik, Sweden. 



was monitored with a SF^-long counter as well as with a time of 

flight monitor. Contributions of gama-rays from neutron inelas-

tic scattering of V((f,n) neutrons were connected for by making 

a separate scattering experiment with such a neutron source u-

sing the time-of-flight monitor for normalization purposes. The 

background was observed with a plexiglass sample. The cross 

sections were related to the known cross section of Cu (n,Zn) 
6 2 Cu reaction taken from the evaluation of Nakasima (1). (1) 

6 3 62. 

Nakasima: R. and Kikucki K. The Cu (»i,2n) Cu excitation 

function and the knock-out process in nuclear reactions. Progr. 

Theoret. Phys. (Kyoto) _14 (1955) p. 126. 

10. Neutron elastic scattering at forward angles - by V. 

Corcalciuc* D.Holmqvist**and T,. Wiedling** - The general trend 

of neutron elastic angular distributions observed in the MeV 

range is that they are strongly peaked at forward scattering 

angles. At a constant neutron energy this effect also increases 

with the mass number. However, the angular distributions are u-

sualy only measured for angles larger.than 20° or 30° neglec-

ting the important forward scattering range' where a considera-

ble part of the total elastic cross section is to be found. The 

purpose of the present experiment was therefore to measure neu-

tron elastic scattering from elements of different mass number 

at angles between 10° to 40° and in steps of 2.5°. The measure-

ments have been made with the standard time-of-flight spectro-

meter. The angular spread introduced by the finite dimensions 

* On l e a v e f r o m I n s t i t u t e f o r A t o m i c P h y s i c s , B u c h a r e s t , R o m a n i 

* * N e u t r o n P h y s i c s L a b . , S t u d s v i k , S w e d e n 



of the target - scatterer - detector system was 1.5°. The for-

ward angle differential cross sections were measured for Fe, 

Co, , Pb and Ej. (natural abundances). A standard spherical 

optical model analyses is done using a spin orbit term and with 

Saxon-Woods and derivative Saxon-Woods form factors for the re-

al and imaginary potential parts. 

11. Neutron Measurements for He Induced Reactions - by A. 

Alevra, A.Cnevarier* , N.Chevarier* , R.Dumitrescu, I.R.Lucas, M. 

T.Magda, M.E.Nistor - Energy and angular distributions of neu-
3 

trons resulting in Ke induced reactions were measured at inci-

dent energy of 25.6 MeV. Selfsupporting isotopical enriched 
57 61 6 2 A % targets of Fe , ,'Ji., and Cu were used. An angular 

range between 23° and 145° was covered. A time-of-flight spec-

trometer was used during measurements. The efficiency of the 
5) 

spectrometer was calculated by an analytical method proposed by 
1) 2 ) 

Kurz and a Monte Carlo method . The energy spectra were fit-
ted with the aid of a PDP-8 computer in order to transform the 
spectra from the 

time -of—flight to the energy scale and then 

from the laboratory system to the center-of-mass system. 

REFERENCES: 1) R.J.Kurz - UCRL-11339* (1964) 

2) M.Chemarin, L.Feuvrais, M.Gouanere, G.Nicolai P. 

J.L.Vidal - LYCEN 6877 (1968) 
1 9 12. The Effective Cross Section of F(yfxn) Reaction - by 

7 o 
D.Catana, G.Baciu, C.Ilicscu, V. I .R.Niculcscu,- The 'F(Y,x»i) 

reaction cross section has been measured with 100 keV bin in 

the range from threshold up-to 25 MeV. The analysis of the yield 

* IPN - Lyon, France 



curve is based on the least structure solution using thick tar-

get forward direction bremsstrahlung spectrum. The our experi-
I r ' 

mental data are compared with the total F 7 photoabsorption 
7 0 1) 

cross section computed treating 'F as deformed nucleus ta-
king into account the Hilsson level scheme, and with the total 

2) 
photoabsorption cross section measured by Dolbilkin et al. 

REFERENCES: 1) D.Catana, G.Baciu, C.Iliescu, V.I.R.Niculescu -

Z. fur Physik 261, 125 (1973) 2) E . D o l b i l k i n , V.?.Zarevalov, 

V.S.Korin,^L.E.Lazareva, F.^.Nicolaev - Izv. Akad. Nauk U.S.S.R 

Seria Phys. XXX, 349 (1966) 

Theoretical F 7 photcabsorption cross section for 'F 
(full line). Experimental photoabsorption cross sec-
tion from ref. 2) (points with errors). Cross section 

7 0 of 7F(y,xn) reaction (point line). 

2 3 8 

13. The Delayed on Prompt Neutron Ration from l(Y,4,xn) ~ 

by G.Baciu, D.CatanS, V.I.R.Niculescu -

- Source Bremsstrahlung generated to the betatron ' 

Bremsstrahlung _ 1 3 
target 

Detector C'l " F^ counters embedded in paraffin 

Target Natural (f^Pg 



Maximal 
bremsstrahlung ... , 

energy Np \Jp 
(MeV) 

6,0 1.62 • 10~2 ±0.02 10" 2 

6 r5 1.01 • 10~ 2 

7,0 0.68 • 10~ 2 

7,5 0.34 • io~ 2 

8,0 0.15 • io- 2 , ±0.05 -0 10 ~ 

8,5 1 8,63 • 10" 3 

9,0 7.40 - 10" 3 

9,5 7.12 • 10" 3 

10 ,0 6 .35 . 10" 3 ±0.08 10~ 3 

10,5 5.06 . 10- 3 

11,0 3.65 . 10" 3 u 

11,5 3.78 . 10" 3 

12,0 3.84 . 10" 3 ±0.09 10" 3 

12,5 3.61 . 10"3 ±0.09 10" 3 

14. Delayed Gamma Rays Emitted in Natural Uranium Photofis-

sion with Betatron Dremsstrahlung - by V.Galateanu/, M.Grecescu, 

G.Baciu - The final purpose of this investigation is the deter-

mination of absolute yields for the production of delayed gamma 

rays emitted after Cranium photofission with a bremsstrahlung 

beam. The necessity for these nuclear data was emphasized by T. 

A.Byer in the Draft Working Paper for IWGNSRD on Non-Neutron 

Data Needs for Sofeguards Development Purposes at a IAEA meet-

ing in 1972. Up to the present, the experimental procedure and 



the data processing method were established. The preliminary re-

sults are summarized in table 1, which contains a list of the 

most proeminent gamma rays observed in a natural uranium sample 

bombarded with a 16 MeV bremsstrahlung beam from a betatron. The 

isotopic assignement is based on accurate energy and half-life 

measurements. 

T a b 1 e 1 

({ 

Isotope (keV) Tl/2 
1 n Am 3 

7 6 A S 559.5 26 h 

7 8 G e 277 88 m 
7 8 A S 614 91 m 

8 4 S e 408 3.3 m 0 
8 4 Br 882 32 m 

8 V 2392 2.8 h 
8 8 R b 1836 18 m 

8 9 K r 221 

586 

3.2 m 

8 9 R b 1032 

1248 

15 m 

92_ Sr 1384 2.7 h 

94 Y 918 19 m 

101,, Mo 191 

591 

15 m 
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1 2 3 

1012 
1 G 1 T C 307 14 m 

1C4 T c 358 18 m 

1 3 2 T e 228 78 h 
1 3 2 I 668 

772.5 

2.3 h 

1 3 3 S b 700 

979 

1097 

2 . 7 m 

1 3 3 m T e 913 55 m 

o
1 3 3 T e 312 

408 

12.5 m 

133-j. 530 21 h 

1 3 4 T e 211 

278 

767 

43 m 

134 j 847 

884 

53 m 

135.,. s 
1132 

1260 

6.7 h 

135m X e i) 526.4 16 m 
1 3 5 X e 250 9.2 h 

1 3 7 X e 455 
t-

4 m 

1 3 8 X e 
1' 

258 14 m 



1 3 8 C s 

434 

463 

1010 

1436 

32 m 

1 4 ^ a 211 

" 304 

344 

18 m 

A n \Nf 

1 4 2 B a 
1 4 2 L a 

255 

641 \ 
\ \ 

11 m 

92 m 

1 4 3 C e 293 ^ 33 h 

/j 

15. Tables of Gamma Ravs Emitted by Radionuclides Produced 

through Photonuclear Reactions* - by V.Gaiateanu, M .Grecescu -

This complilation of nuclear spectroscopy data has been prepa-

red as an auxiliary for the interpretation of results in photo-

activation analysis. Most recent data obtained by high-resolu-

tion gamma-ray spectroscopy with Gc(l--c) detectors were used. 

The tables include data concerning the disintegration of radio-

nuclides with half-lives between 5 seconds and 1 year produced 

by (y,n) reactions on all stable isotopes with a relative abun-

dance greater than 1% and by iy,p) reactions on elements with 

Z539. The gamma rays are listed in ascending order of the ener-

gies; half-lives intensities in photons per 100 disintegrations 

and other useful information are also included. The tables are 

* P u b l i s h e d i n J o u r n . F a d i o a n a l . C h e m . 1 0 ( 1 9 7 2 ) 3 1 5 
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of great help in solving two major problems in photoactivation 

analysis practice: isotopic assignment of gamma xavs and deter-

mination of possible interferences. The tables can be employed 

also in activation analysis with fast neutrons based on the 

(n,2n) reaction. 

16. The Influence of the Betatron Target Geometry on the 

Evaluation of Some Non-Neutronic Nuclear Data - by D.Catana, 

V.I.R.Niculescu, G.Baciu - The uses of bremsstrahlung in the 

study of photonuclear reactions lead to experimental results 

which represent integral values weighted by the bremsstrahlung 

spectrum, generally called the reaction yield V(E ). The reac-

tion yield is defined as: 
E 

/ ° a ( D P(E,E ) r'E 
y(F0) = ct 2 (1) 

7 0 P ( F , E ) JE 
o 

The present research was orientated towards the investigation 

of changes in the measured yield values ) as a function of 

different forms of the target producing the bremsstrahlung and 

of various geometrical conditions of irradiation. It has been 

experimentally established that the value of ^(F ) could vary 

drastically (up to 50%) for the same target material but in 

different geometrical forms. The conclusion derived from this 

investigation has allowed to define the optimum target form 

for a betatron, as well as the irradiation geometry of the 

probes under study. Consequently, the comparison of experimen-

tal data can be made only if the effective.,thickness of the 

target and the irradiation geometry are defined and stated. c> 

The present results are necessary for the evaluation of some 

non-neutronic nuclear data. 
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B. Short Review on Nuclear Data Activities in the Institute for 

Nuclear Technology - P.O.Box 35, Bucharest, Romania 

In keeping with its activity displayed the Institute 

for Nuclear Technology takes a particular interest in setting-

up some fundamental neutronic nuclear data libraries, by means 

of which one could generate multigroup microscopic section sets 

quite necessary in nuclear calculations for the fast and ther-

mal reactor designs. 

There are two main directions as regards nuclear data 

in the I.N.T.: 

- Computing of multigroup neutron constants 

- Experimental techniques for adjusting the group-

constants . 

The available facilities helping in solving problems 

connected with nuclear data consist of: 

- The IBM-370/135 computer, belonging to I.A.P. dis-

playing a memory of 142 K bytes with magnetic tapes and disks 

- Experimental device to generate standard fast neutron 

reactor spectra 

1. Computing the multigroup neutronic constants 

As far as calculations of multigroup constants arc con-

cerned, our preoccupations start with fundamental microscopic 

data tapes that have already been formed. 

New efforts have been directed tov/ards the elaboration 

of some calculating codes to generate multigroup microscopic 

cross-sections displaying a variable group structure in keeping 

with the user's requirements. 
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Data processing of multigroup microscopic section sets 

newly generated or already existent are also taken special care. 

The computing codes of multigroup cross-sections for homogenous 

or heterogenous cells are also included using the concept of 

self-shielding factors of resonances. 

2. Experimental techniques for adjustments of group-

constants 

Using a simple facility for generating fast neutrons 

spectra and by means of the correlation method, they try to im-

prove the multigroup cross-sections for fissile, fertile, 

structure and cooling elements. 

1. NERO - as a calculus code of macroscopic cross-sections 

homogenized for heavy water moderated reactors - by I.Cristian, 

B.Carstoiu, A.Badescu, St.Boeriu, D.Cepraga - The cell code NERO 

calculates macroscopic cross-sections homogenized in a four-

group scheme. In this view, the code takes the services of a 

Westcott type data library. The code library includes the neces-

sary data for 30 isotopes. These data are the following: 

- the scattering cross-section weighted on a Maxwell spcctrum 

(t = 20°C) ; 

- the elastic and inelastic scattering microscopic cross-

sections 

- fission cross-sections at 2200 m/s 

- the q(T) and 5(T) Westcott factors 

- the lower cutting energy for the resonance integral of each 

isotop 

- microscopic cross-sections for calctulating the fast fission 

bonus. 
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2. Computation program for generation of group constants 

for fast reactors - by V.Cuculeanu, D.Gheorgne* - At present, we 

have a KEDAX microscopic data tape and a few ENDF-B tape ele-

ments we obtained through the mediation of I.A.E.A. For multi-

group cross-section generation, in collaboration with the I.A.P. 

nuclear data laboratory, a complex program for generation of 

fast neutron group-constants is being drawn up. The program dia-

gram is presented bellow 

microscopic 
data 

preparation 

calculation 
of group 
constants 

calculation 
of self-shielding 

factors 

The spectrum follows the ABBN scheme, namelv <f<(F) = d> (E)/X,(E). 
" o -t. 

$ (E) is supposed to be a Fermi spectrum except the groups cor-0 
responding to high energies in which case it is considered as a 

fission spectrum. The group structure proves to be variable, at 

the user's disposal. The inelastic scattering matrix is calcula-

ted by employing the evaporation model and that of the discrete 

levels. The code calculates dilutions for 6 types of reactions 
\\ 

and the self-shielding factors of the resonances for 5 tempera-

tures . 

3. Computing program for the processing of multigroup mi-

croscopic nuclear data for fast reactors - by V.Cuculeanu, D.Mo-

cioiu, E.Druta, D.Constantinescu - The PRESEC code has been ela-

borated for processing the ABBN multigroup nuclear data sets. 

Using the hyperbolic interpolation among the self-shielding fac-

tors for the tabled dilutions, the code calculates the self-

shielded macroscopic cross sections for any composition of a 

Institute for Atomic Physics 



fast reactor. In calculating the nean neutron number per fis-

sion, a spectrum calculated in the fundamental mode vith a mate-

rial parameter indicated by user is also used. Optionally, it 

can read the fission spectrum or calculate a composition depen-

dent fission spectrum. Alongside the macroscopic sections, the 

program supplies microscopic self-shielded cross-sections used 

in calculating the reaction rates. 

4. Transmission method application for nuclear data (multi-

group cross sections) testing and evaluation by I.Garlea, P.I-

lie, Al.Thurzo, L.Moisin - In view of testing and evaluating 

group cross-sections within an energy range of 10 KeV-3 MeV, a 

facility generating standard spectra for fast neutrons has been 

built. The very simple geometry (one-dimentional)and its small 

number of component parts result in an accurate computation of 

the spectra inside the device employing a calculation transport 

code. The neutron spectrum can be measured by differential me-

thods (proton recoil, spectrometers with LZ , f'c' ) and integral 

methods (fission chambers and activation detectors). If the neu-

tron spectrum in the presence of the elements to be studied;;xs 

known, the group cross-sections can be tested and improved. The 

data for reaching an agreement between calculation and experi-

ment are being adjusted by a correlation mej^iod proposed by Gan-

dino and Salvatores (1973). 
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1. PHYSICS DIVISION, ATOMIC ENERGY BOARD, PELINDABA, TRANSVAAL 

The major facilities used for neutron physics research are the 
20 MW research reactor, Safari I, and a pulsed 3 MV van de Graaff 
accelerator, equipped with terminal bunching and a CDC—1700 on-line 
computer. 

1.1 Neutron capture reactions 
C. Hofmeyr 

A curved wave guide for subthermal neutrons was installed at 
the reactor and produced neutron fluxes comparable to those from the 
tangential beam tube but an improvement in the cadmium ratio by a 
factor four. A data link to the on-line computer was installed in 
order to carry out multiparameter experiments. Angular correlation 

71 59 experiments were done on Ge and Ni. In the former case good 
71 71 

agreement was obtained with results from the Ga(p,n) Ge reaction 
studied at the van de Graaff accelerator (section 1.3). 

1.2 Scattering of fast neutrons 
E. Barnard, J.A.M. de Villiers, J.G. Malan, D. Reitmann and 
P. van der Merwe 

The investigation of fast neutron interactions with caesium 
was completed. Measurements include total cross sections as well as 
elastic and inelastic scattering cross sections. Results were compared 
with optical model and Hauser-Feshbach calculations. The results of a 
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similar study on titanium carried out jointly with a group -from Argonne 
ll National Laboratory, were published as a laboratory report J. Some 

preliminary measurements were done on inelastic scattering of fast neutrons 
103 

from Rh, in an attempt to resolve some of the existing uncertainties 
in its activation cross section."' 

1) Argonne National Laboratory report ANL/NDM-3 (1S73). 

1.3 ("p,^ reactions 
J.G. Malan, P. van der Merwe, E. Barnard and J.A.M. de Villiers 

49 49 The study of the Ti(p,no) V reaction was completed and the results 
11 7 3 - i 73 have been published 1. The experimental work on the Ge(p,nJ wAs reaction 

by means of neutron tine—of—flight and gamma-ray spectroscopy, was completed. 
High resolution gamma spectroscopy and multiparameter y coincidence 

71 
measurements yielded information on the level scheme of Ge as excited 

71 71 
in the Ga(p,n) Ge reaction. Energy levels up to 1300 keV were established 
to within 0.2 keV and two unknown levels were found. The results of the 
latter two experiments were reported at the Munich conference. 
1] Nucl. Phys. A195 (1972) 596 

2. SOUTHERN UNIVERSITIES NUCLEAR INSTITUTE, FAURE, CAPE PROVINCE 

The research program was based on a 5,5 MeV pulsed van de Graaff 
accelerator and covered a variety of topics in basic and applied nuclear 
physics, the most relevant of which are listed below: 

2.1 Neutron induced reactions 

2.1.1 The inelastic scattering of neutrons by 2 3 2 T h 
W.R. McMurray, I.J. van Heerden and R.J. van Reenen (SUNl); 
E. Barnard and P. van der Merwe (AEB) 

The investigation of the details of the Th level structure 
was continued by means of the measurement of inelastic neutron and of 
gamma production cross sections. As 2 3 2 T h is an important fissile 
material, these cross sections are of some importance. Available 
measurements of inelastic scattering cross sections are virtually 
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1) non-existent except for the lowest levels J. 

Absolute cross sections have now been determined •For all the 
levels up to 1100 keV. The measurements -For these results were obtained 
using the time-of—flight system on the van de Graaff accelerator at the 
AEBj Pretoria. Analysis of the data used a line stripping procedure 

2 3) 
based on a detailed knowledge of the levex scheme ' 7. The present 
measurements cover the neutron energy range from 900 to 1250 keV. It 
is intended to extend the range of measurements down to E n = 200 keV 
and increase the statistical significance of the present data. Work 
has begun on the Hauser—Feshbach analysis of the inelastic neutron 

/ / 

scattering cross sections using the ABACUS and NEARREX codes on the 
Stellenbosch IBM 350 computer. ,y 

To obtain precise data on the gamma production cross sections, 
the (n, n'X) reaction has been re-measured over the energy range 750 
to 2100 keV. These will be directly compared with tVvV neutron in-
elastic scattering cross sections. Due to low energy inter-band transi-
tions, E0 decays, and internal conversion of the gamma rays, the relevant 
gamma yields can be lower than expected from the inelastic neutron cross 
sections. This work has been partially analysed using the SAHiPO spectrum 
analysis program. It should also be possible to extend the level scheme 
deduced from earlier studies using the (njn'Y) reaction. 

1) A.B. Smith, P.R. J125 (1962) 718 
2) W.R. McMurray an^I.J. van Heerden, Z. Physik 253 [1972) 289 
3) F.K. McGowan, Oak Ivldge Report C0NF-720669 (1972) 

: V 

0 
23 S 

2.1.2 The collective band structure of U 
W.R. McMurray This work is a part of a continuing effort to determine the 

238 
details of the level scheme of.- U and its collective band structure. 
The relevant experimental studies have been correlated to derive a level 
scheme which is consistent with all the evidence. In previous" work, 
Retailed (but different) collective bands were assigned by Diamond and ' 1) 21 Stephens ' using Coulomb excitation and by Herrman^et al 1 using the 238 radioactive decay of Pa. Additional levels, however, were observed/^ 
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using the (njn'Jf) reaction ' ^ so that neither of the previously proposed 
collective schemes could have been in all respects complete or correct. 

233 51 Additional evidence was provided from u(d,d) measurements On the 
basis of the accumulated evidence, levels at 45, 148, 307, 680, 732, 827, 
927, 931, 950, 956, 997, 1037, (1046), 1D60, 1105, 1128 and 1153 keV 

23S 5l are proposed. The U(d,d) measurements 1 found levels corresponding 
to 2 + members of the jj and bands at 1033 and 1055 keV and observed 
a 3 octupole level at 1164 keV as well as another strongly excited 
level at 993 keV with octupole characteristics. These levels correspond 
to our levels at 1037, 1060 and 1168 and 997 keV respectively. 

The spin assignments proposed are also compatible with the observed 
gamma decay branching from these levels to states in the ground state 
rotational band. A possible exception is the uncertain 1045,9 keV 
level. This level is tentatively assigned J11̂  = 4~ because such a 
weakly excited state is expected in this energy region. Higher spin 

1") 
states found by Diamond and Stephens J are not significantly excited by 
means of inelastic neutron scattering. 

The evidence from different sources, as well as the requirements 
of the proposed band structure, indicates the existence of several over— 

4] 
lapping levels which even the gamma measurements J could not resolve. 
For example, it must be assumed that the 0 + level at 997 keV, firmly 
assigned using Coulomb excitation, must overlap with a 3 level in an 
octupole band. This would explain the observed decays from the 997 keV 
level(s) to 2 + and 4 + states in the ground state band. It would also 
fit the observation in U(d,d) scattering J that the "993 keV" level has 
octupole character and is much too strong to correspond to a 0 + level. 

It is similarly deduced that there are other overlapping levels 
at 1060 and possibly 1168 keV excitation. 

As a check on this level scheme, a Hauser—Feshbac'n analysis was 
undertaken to compare with previously measured neutron inelastic scattering 
cross sections^. The comparison is sufficiently good to provide some 
confirmations of the level scheme proposed. 

The Hauser-Feshbach computations were kindly undertaken by 
D. Wilmore (AERE, Harwell) using his own program. The computation 
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incorporated line width fluctuation corrections and also took account 
of unassigned levels above 1300 keV excitation by using a level continuum, 
the strength of which could be adjusted to fit the integrated inelastic 

7") 
scattering cross section at higher energies J. The optical model para-
meters were obtained from the fit to the elastic scattering cross sections 

238 
for neutrons on U. The calculated H-F inelastic cross sections for 
the well known ground state band also give a reasonable fit to the experimental data. An additional correction was introduced to correct jf 

for the fission channel. 

1) R.M. Diamond and F.S. Stephens, Arkiv for Fysik31 [1966] 221 
2) G. Herrmann et al., Int Conf. on properties of nulei far 

frccn the region of ^-stability, Vol. II, p.985, Csrn (1970) 
3) W.R. McMurray and I.J. van Heerden, Z. Physik 253 (1972) 289 
4) W.P. Poenitz, Argonne App. Phys. Ann. Report, p. 24 (1969-70) 
5) A.T.G. Ferguson and B. Elbek, private communication 
6) E. Barnard et al., Nucl. Phys. 80 (1966) 46 
7) B.H. Armitage et al., Conf. on Nucl. Struct. Study with 

Neutrons, Budapest (1972). 

2.1.3 The level structure of In from (n,n'?) measurements 
I.J. van Heerden and W.R. McMurray 

115 ^ Although the nucleus In has been the subject of man^investiga-
tions, various uncertainties still remain. The ground andkfirst excited 
states form an isomeric pair with assigned spins of 9/2 + and l/2—, and are 

— 1 —1 interpreted in terms of the 1gg^2 anc' ^ 1 / 2 proton-hole configurations 
coupled to vibrations of the Sn core. The 3/2~ level at 597 keV is part: 
, H . j . 

of the multiplet obtained from coupling a 2 excitation of the even core 
to the P>|/2 hole state. 

115 11 Recent investigations of the & -decay of Cd by Backlin et al ' 
115 

have observed states at 828 and 864 keV in In to which they have 
assigned spins of 3/2+ and (l/2+ or 3/2 +) respectively. On the basis 
of the enhanced E2 strength between these levels, it was suggested that 
these levels formed the beginning of a K = 1/2 rotational band. McDonald 

2) 
et al have attempted to identify some of the higher states reached by 
Coulomb excitation as members of this rotational band. 

u 



Recently the collective states of In have been studied by Coulomb 
excitation3^ with and ions and by inelastic scattering of 12 MeV 
deuterons. Strong coupling of the gg/2 proton hole for the vibrational 

116 
states of Sn, produced results in good agreement with the experimental 
levels and other measured pararrsters of these levels. Ita support for the 
existence of a rotational band could be found. 

The present study was performed to possibly reveal further members 
of the proposed rotational band. The (n,n'if) reaction is net so selective 
regarding the mode of excitation of a particular level, and might there-
fore present the possibility of observing deformed states in a nucleus 
with a spherical ground state. 

115 
Gamma rays from levels in In were observed following inelastic 

neutron scattering at several neutron energies up to 2,5 MeV. A consistent 
level scheme was deduced taking into account the Jf—ray threshold energies, 
and the shapes of the excitation curves. The observed ray yields have 
been determined using the SAMPO programme and corrected for incident neutron 
flux, gamma attenuation in the scatterer, detection efficiency and for the 
effect of the time-gate used to depress neutron induced if—rays in the 
Ge(Li) detector. Inelastic neutron scattering cross sections as a function 
of neutron energy are at present being compared with Hauser-Feshbach 
calculations, corrected for level width fluctuations, using the NEARREX 
programme. 

'" As a start, optical model parameters obtained from neutron elastic 
4) 

scattering J were used, and it was found that these did not give best 
fits to the excitation curves of levels with known J71" as at 933,6 (7/2+),^ 
941,2 keV (5/2+), 1448,4 keV (9/2+) and 1462,4 keV (?/2+). The parameters 
are therefore being adjusted and the values which, up to now, have given 
the best fits are: 

V 0 = 48,9 MeV (Saxon-Woods form), W Q = 5,8 MeV (surface derivative 
form), V S q = 8,00 MeV, a = 0,66 fm, b = 0,48 fm and R = 1,25 A 1/ 3 fm. 
Good fits are obtained for the levels mentioned above. Eventually it 
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should be possible to obtain values of j""" for most of the observed 
levels. 

1) Backlin, A., Fogelberxj, B. and Malmskcg, S.G.: Nucl. Phys. 
A96 (1967) 539 

2) McDonald, J., Porter, D. and Stewart, D.T.: Nucl. Phys 
A104 (1967) 177 ^ 

3) Dietrich, F.S., Herskind, B., Naumann, R.A., Stokstad, R.D. 
and Walker, G.E.: Nucl. Phys A155 (1970) 209 

4) Holmqvist, B. and Wiedling, T.: AE-430 (1971). 

75 
2.1.4 The level structure of , As 

W.R. McMurray, P.J. Celliers and R. Saayman 
7S Comparison of theoretical level schemes for As with experiment 

had previously been limited by the paucity of experimental data. The 
75 

present work has now provided a detailed level and decay scheme for As 
up to an excitation of 1B72 keV. The results have been submitted for 
publication. 

The present work has used the (n,n'if) and (n,n') reactions involving 
both gamma detection and neutron detection to derive neutron inelastic 
cross sections and gamma decay information . Together with a Hauser—Feshbach 
analysis of the measured cross sections, this has enabled spin and parity 
assignments to be made for most of the deduced levels. 

A theoretical explanation for the structure of the odd—A\isotopes 
75 ' in the mass region of As is presently only feasible in terms of a 

phenomenological model in which the odd-A nucleus is treated as a single 
particle coupled to the neighbouring even-even core nucleus. The negative 
parity states can be associated with combinations of a single proton in a 1f 

74 or 2p shell with excited states of a Ge core. In the Coriclis coupling 
1) 

calculations of Scholtz and Malik 1 the unpaired proton is in a Nilsson si 
deformed orbit coupled by a Coriolis force to the rotational motion of 
the ever>-even core. Intermediate coupling calculations have been made 
which assume an even-even vibrating core with dipole and quadrupole intern-
actions with the quasiparticle-proton. Both models confirm the presenc^., 
of levels with spins as assigned experimentally. 
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Several positive parity states in As have been positively 
identified using the Ge( He, d) As reaction Such states could 
arise 'From the coupling of an even-even core with a proton in the 1g, 2d 
or 3s shells. The comparison between theoretical calculations and 
experiment favours the rotational description of the core even though 
a vibrational character is expected for nulei in this mass region. 

1) W. Scnoltz and F.B. Malik, Phys. Rev. _176 (1S68) 1355 
2) R.R. Betts et al., Phys. Rev. Lett. 26 [1971) 1576 

16 2.1.5 Scatterina Studies in 0 
S. Wynchank, F.D. Brooks, S.M. Perez and I.J. van Heerden 

It is possible that an optical potential can describe scattering 
16 and reactions with the 0 nucleus. In order to obtain optical model 

parameters for this description of neutron elastic scattering and other 
16 

reactions on 0 preliminary measurements of elastic scattering cross 
sections using a water sample with incident neutrons produced" by the 
D(d,n) reaction have been initiated. Using open geometry and a shadow 
bar, scattered neutron detection was not possible, but after introducing 
the large SUNI neutron detector shielding enclosure, a great improvement 
was observed. It is intended next to employ a variety of neutron energies 
and a liquid oxygen scattering sample. The required dewar has been ordered. 

2.1.6 Three nucleon experiments at neutron energies in the range 7-22 MeV 

The nuclear three-body problem has become highly topical with both 
theorists and experimentalists. For example the application of Faddeev 
methods to the exact solution of this problem has stimulated theoretical 
calculations on topics such as the properties of the bound states (^H 
and ^He), nucleorv-deuteron scattering and deuteron-breakup. Calculations 
have been made using different forms for the nucleon-nucleon potential. 
The choice between one potential form or another must depend ultimately 
on comparisons-with experimental data. The experimental data available 

Ci 
at present on neutron-deuteron scattering and on neutron-induced deuteron 
breakup are very limited. The work reported here was undertaken with a 
view to providing further experimental data on these topics. 
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2.1.6.1 Polarization in neutron-deuteron scattering 
M. Steinbock, F.D. Brooks and I.J. van Heerden 

A scintillation polarimeter based on a deuterated anthracene 
1) 

crystal is being used to study the polarization in n-d scattering J. The 
light collection properties and hence also the energy resolution of the 
system have been greatly improved by mounting the crystal on a light pipe. 
Some preliminary polarization data were obtained at 7,9 MeV. The incident 
neutron beam for this measurement was obtained from the ^Be(cC, n) reaction 
and was 60°/o polarized. The trend of our data is consistent with the 2) 
values reported by Taylor J and confirm the angular dependence reported 
by these authors. 

Measurements have also been made using 10 MeV neutrons from the 
^Nfdjn) reaction and 16 and 22 MeV neutrons from the T(d,n) reaction. 
In the former case the incident neutron beam was parallel to an axis 
of symmetry of the crystal while in the latter case the crystal was 
aligned for maximum dispersion across the plane of pulse height (!_) 
versus PSD (S). The LS spectra are complicated at high neutron energies 
by the presence of an additional 'proton ridge' arising from deuteron 
breakup. However, by taking advantage of the good proton-deuteron 
separation at the symmetry orientation the proton contribution can be 
estimated accurately. The asymmetry in n-d scattering can then be 
determined from the deuteron ridge in the normal way. The data obtained 
at 10, 16 and 22 MeV are now being analysed. 

1) M. Steinbock et al., Item 2.1.7., SUNI Annual Research 
Report, SUNI—23 (1972) 

2) C.J. Taylor et al., Phys. Rev. CI (1970) 803 

2.1.6.2 The n-d breakup cross section between 8 and 22 MeV 
G. Pauletta and F.D. Brooks j| 

The n-d breakup cross section has been measured at eleven energies 
between 8 and 22 MeV by integrating the energy distributions of breakup 

1 2) 
protons in a deuterated scintillator ' J. The breakup protons were 
separated from the recoil deuterons by'pulse shape discrimination. 

Recent calculations of the n-d breakup cross section3""^ based 
8) on the Faddeev 1 formalism have shown sensitivity to the details of the 
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potentials used. The cross sections measured in the present work are 
9—121 3 somewhat larger than other measurements 1 and calculations ' J. It 

is concluded that these measurements "favour calculations using local 
2) potentials J. 

IJ G. Pauletta and F.D. Brooks, Item 2.1.B, SUNI Annual Resesrch 
Report SUNI—23 [1972] 

2) G. Pauletta, Ph.D. thesis submitted to the University of 
Cape Town (1973) 

3) I.M. Sloan, Nucl. Phys. A16B (1971) 211 
4) W.M. Kloet and J.A. Tjon, Proc. Conf. on Few Nucleon Problems 

in the Nuclear Interaction, ed. I. Haus et al. (North-Holland 
Pub. Co.), p. 380 

5) W.M. Kloet and J.A. Tjon, Nucl. Phys. A120 (1973) 380 
6) P. Doleschall, Private communication 
7) S.C. Pieper, Private communication 
8) L. Faddeev, Soviet Physics "Doklady", 7 (1963) 600 
9) M. Holmberg et al., Nucl. Phys. A129 (1969) 327 
10) H.C. Catron et al., Phys. Rev. _123 (1961) 218 
11) E.R. Graves and J.D. Seagrave, NCSAC 38 (1971) 116 
12) R.F. Carlson et al., Los Alamos Conf. (1972). 

28 
2.1.7 Direct excitation of the analogue dipole state in Al 

K. Bharuth-Ram, S.M. Perez, F.D. Brooks, W.R. McMurray 
and S. Wynchank 
This work forms part of a study of the excitation of analogue 

dipole states in (n,p) reactions. The project was motivated by the work 
1) 

of Clement and Perez who have developed a collective theory which shows 
that the excitation of analogue dipole states in (p,n) and (n,p) reections 
proceeds via a direct reaction mechanism. The long—term aim of the 
project is to search for isospin splitting of the giant dipole resonance 
in neutron-rich nuclei. The (n,p) reaction selects the T = T + 1 
component of the-'analogue dipole state (T = ground state isospin of target) 
hence a comparison of data obtained from this reaction with that obtained 
from other reactions which are not subject to this selection rule may provide 
evidence of the splitting of this state. 



- 257 -

28 28 
The initial work reported here was on the Si(n,p) Al reaction 

("For which T^ = 0) and was aimed at testing certain aspects of the theory 
as outlined in the previous SUNI report2^. The target for the reaction 
was a 264 micron thick, totally—depleted, Si surface barrier detector. 
Neutrons of energy 22 MeV were obtained from the T(d,n) reaction. The 
detection system was designed to identify protons, deuterons and alpha-
particles resulting from neutron-induced reactions and to measure their 
energies. To do this two energy parameters and time-of—flight were 
stored on buffer tape (using the ND/PDP15 system) and were analysed in 
detail afterwards. The angular distributions for two energy—regions of 
the proton spectra (v/iz. 7—B MeV and 8,5— 9,5 MeV) are characteristic 
of a direct reaction process. 

Work is now in hand to reduce the relative cross sections to absolute 
28 

values. For this purpose we use the alpha spectrum from Si(n,o<.) reac-
tions detected (as singles) in the target detector as a neutron flux 
monitor. The results will be compared with the theory of Clement and 
Perez. 

The next stage of the investigation, namely the study of (n,p) 
reactions on some neutron-rich targets, has also been started. Pre— 

127 
liminary studies have been made of the l(n,p) reaction using a similar 
experimental arrangement but with a Csl scintillation crystal replacing 
the Si surface barrier detector. 

1) C.F. Clement and S.M. Perez, Nucl. Phys. A165 (1971) 569 
2) Item 2.1.9, SUNI Annual Research Report. 

2.1.8 A high resolution measurement of the neutron total cross 
section of iron from 24 keV to 1000 keV 
N.J. Pattenden, I.T. Belcher, I.M. Blair, P.H. Bowen, G.C. Cox 
and P.E. Dolley (AERE) and W.R. McMurray (SUNI) 

A neutron time-of-flight spectrometer was developed to measure 
neutron total cross sections using the 160 MeV synchrocyclotron at AERE, 
Harwell. A pulsed 140 MeV proton beam was deflected vertically on to an 
internal tungsten target with a repetitition rate of about 800 Hz. The 
evaporation-spectrum neutrons passed through 2 cm of water moderator 
contained in a tantalum box fixed to the target to boost the yield of 
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low energy neutrons. a n. i—loaded glass neutron detector was developed 1 

and used with a digital—time-analyser coupled by a CAMAC interface to a 
DDP 516 Honeywell computer. The neutron detector viewed the target from 
the backward direction along a 100 meter flight path. Details of the 
system have been published. 

Total cross sections for were measured 1 for a sample of 
thickness 0,2546 Fe atom/barn. Many of the narrow p-wave resonances now 
observed had not previously been reported. Together with neutron capture 
cross section data, this would enable the first extensive series of p-wave 
resonance f^ values to be determined. A computer-based tabulation of 
these results has been sent to "The Centre, ENEA de Compilation de Donnees 
Neutroniques, B.P. 9, 91-Gif-sur-Yvette, France". 

1) W.R. McMurray, N.J. Pattenden and G.S. Valail, 
(a) AERE Report R-7396 (1973) 
(b) Nucl. Instr. and Meth. (accepted for publication) 

2) N.J. Pattenden et al., AERE, Report R-7425 (1973) 

2.2 fp,n) Reactions 
Studies of (p>n) and (p,ntf) reactions have proved to be successful 

in determining the level structure of many nuclei in the mass region 
A = 45 to 65. In many cases the reaction Q-values are well suited to the 
available 5,5 MeV proton energy, allowing the excitation of the interesting 
lower energy levels. The mentioned mass region is of interest insofar 
as a number of nuclear models are applicable so that acquired experimental 
data becomes immediately useful in evaluating the success of the various 
models. 

65 2.2.1 Properties of excited levels in Zn 

I.J. van Heerden, R.J. van Reenen and J.V. Pilcher 
65 65 The Cu(p 

,n ) Zn reaction has been investigated with incident 
proton energies between 2,5 MeV and 5,0 MeV. A series of time-gated 
gamma-ray spectra were recorded at systematically increased proton 
energies and a detection angle of 55°. These measurements were used 65 
in determining the level scheme of Zn for excitation energies up to 
2 MeV. The assignment of energy levels to the level scheme was facili-
tated by measuring coincidence spectra with the neutron groups observed 
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in "Fast coincidence with associated gamma-rays. Time-of—"Flight measure-
ments with a 3 m flight path provided positive identification of the 
neutron groups. 

Angular distribution measurements were obtained for incident proton 
energies of 3,4 MeV, 3,8 MeV and 4,2 MeV and analysis of this data is 
at present being carried cut. 

A preliminary measurement, in which neutron t.o.f. spectra and 
the associated gamma-ray spectra were recorded simultaneously in multi-
parameter mode under software control of a POP 15/20 computer, was 
attempted to evaluate the feasibility of employing this type of measure-
ment routinely in (p,ntf) studies. First results seem to indicate that 
a low counting rate detracts from the obvious advantages that this method 
offers for establishing level schemes in a single measurement. 

2.2.2 The ^Tifp,ny)^ 9V and 5°Vfp,ny~)5°Cr reactions 
I.J. van Heerden, R.J. van Reenen, J.V. Pilcher and W.R. McMurray 

49 
The properties of excited levels in V have been studied by means 

of the Ti(p,ntf) reaction (Q = 1,38 MeV) for incident proton energies 
between 2,4 and 4,5 MeV. This work has been undertaken in order to 
extend to higher excitation energies the recently published results of 

1) 
Malan et al J. Gamma-ray spectra were recorded at a detection angle of 
55° and angular distribution measurements were started at a proton 
energy of 3,5 MeV. 

2) Although Raman et al J have published the results of a fairly ex— 50 tensive investigation of the levels of Cr, an attempt is being made to 
solve the reported ambiguities in the decay scheme by studying this 

50 50 
nucleus through the V(p,ntf) Cr reaction. The successful application 
of the multi-parameter method of measurement (mentioned in Item 2.2.1 
above) should readily clear up many of the uncertainties in the decay 
scheme. The first measurements include gamma-ray spectra recorded 
with a target of V^O,- (enriched to 36°/i in ^ V ) in the range E = 2,5 MeV r' c. P to 4,6 MeV in order to determine the excitation of th> lower lying energy 

50 
levels. Positive identification of decay gamm^-radiation from Cr was 
facilitated by the measurement of comparative gamma-ray spectra resulting 
from the bombardment of a natural ^2^5 target. 

1) J.G. Malan, E. Barnard, J.A.M. de Villiers, J.W. Tepel and P. van 
der Merwe. Nucl. Phys. A195 (1972) 596 

2) S. Raman, R.L. Auble, W.T. Milner, J.B. Ball, F.K. McGowan, P.H. Stelson 
and R.L. Robinson. Nucl. Phys. A184 (1972) 138. 
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4. NUCLEAR PHYSICS RESEARCH UNIT, UNIVERSITY OF THE WITV/ATERSRAM3, 
JOHANNESBURG 

Application of activation analysis in the Nuclear Physics Research 
Unit relating to science and industry has involved both neutrons and 
charged particle activation studies. 

Neutron activation research, done in collaboration with the National 
Institute for Metallurgy (NIM) has been applied to an extensive range 
of Geological specimens as well as to specific studies of diamonds and 
biological specimens. Both thermal and epithermal (reactor) neutron 
and fast (generator) neutron sources have been used. 

The recent acquisition of a Tandem van de Graaff accelerator has 
led to the initiation of charged particle activation studies which, in 
the first instance has been related to the determination of trace ele-
ments specifically B and N, in diamonds. Nuclear back—scattering and 
reactions are being used at lower bombarding energies to investigate 
surface and bulk impurities in diamonds. 

Reports and reprints related to relevant work already completed 
are listed below: 

Publications by members of the Activation Analysis Research Group (NPRU) 
during 1973/74 

1. "Clinopyroxene — Ilmenite Xenolith from Kimberlites" J.J. Gurney, 
H.W. Fesq and E.J.D. Kable. A volume in Lesotho Kimberlites 
edited by P.H. Nixon, p. 238-253, 1973 

2. "Use of Discriminant Analysis for Classification of Strata in 
Sedimentary Successions." S.E. Rasmussen and D.M. Hawkins. Math. 
Geology 5, No. 2, 1973 

3. "The Accurate Determination of Oxygen in Geological Materials" 
D.M. Bibby and J.P.F. Sellschop. J. Radioanal. Chem. 20 (1974) 677. 

4. "Some Aspects of the Geochemistry of Kimberlites from the Premier 
Mine, Tvl." H.W. Fesq, E.J.D. Kable and J.J. Gurney. Proceedings 
of Kimberlites Conference, Cape Town (1973) 

5., "A Comparative Trace Element Study of Diamonds from Premier, Finsch 
and Jagersfontein Mines". H.W. Fesq, D.M. Bibby, C.S. Erasmus, 
E.J.D. Kable and J.P.F. Sellschop. Proceedings of Kimberlites 
Conference, Cape Town (1973) 

6. "The Significance of the Inter-Element Relationship of Some Re-
fractory Elements" in Proceedings of Kimberlites Conference, 
Cape Town (1973) 
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7. "The Determination of Oxygen and Silicon in Diamond by 14 MeV 
Neutron Activation Analysis". D.M. Bibby and J.P.F. Sellschop. 
J. Radioanal. Chem. (in Press) 

8. "Studies of Ion Channelling and Surface Impurities in Diamond". 
J.P.F. Sellschnp and W.M. Gibson, Diamond Research, (1973) 32 

9. "Determination of Impurities in Diamond by Nuclear Methods" 
J.P.F. Sellschop. Paper presented at the Diamond Conference, Reading, 
1973 

10. "Neutron Activation Analysis in Geological Problems". J.P.F. Sellschop. 
Paper presented at the Nuclear Activation Analysis Conference, 
Cambridge, 1973 

11. "Characteristics of Sedimentary Strata using Trace Element patterns". 
S.E. Rasmussen, H.W. Fesq, J.P.F. Sellschop and D.W. Hawkins. 12th 
Annual International Symposium on Computer Applications in the 
Mineral Industry (1974) 

12. "Multivariate Techniques for the Classification of Granites". 
J.I.W. Watterson and D.M. Hawkins. 12th Annual International 
Symposium on Computer Applications in the Mineral Industry, 1974 

13. "Sea Floor Basalt Alteration : Some Chemical and Sr Isotopic Effects" 
S.R. Hart, (Dept. of Terrestrial Magnetism CaTnegie Institution of 
Washington and A.J. Erlank and E.J.D. Kable. Submitted to "Contri-
butions to Mineralogy and Petrology". 1973 

NIM Reports 

1. The Activation Analysis of Samples for Molybdenum and other elements 
Watterson. August 1969. No. A.276 

2. The Determination by Neutron Activation and Tracer Techniques, of 
the losses of Iridium during the Fire-Assay Procedure for the 
Platinum-Group Metals. Watterson, Robert and van Wyk. Sept. 1970. 
No. 1048 

3. Distribution of Trace and Minor .Elements in Durban Roodepoort Deep 
Rock Samples. Sellschop, Rasmussen and Fesq.No. C87/69 

4. The Instrumental Neutron-Activation Analysis of Samples Taken at 
Different Levels of the E.R.P.M. Mine. Uken and Erasmus. Sep. 1970 
Na. 1013 

5. The Recovery of Noble Metals for Analysis. A Radiotracer Investigation 
of Losses. Palmer and Watterson. Jan. 1971. No. 1185 

" 6. Neutron Generator Shielding " ., 
Watterson, Uken, Knight, Faure, Steele. No. C32/63A 



The Application of Neutron Activation Analysis for Sorting 
Witwatersrand Gold Bearing Ores. Liken, Watterson, Knight and 
Steele. No. C32/63/E 

Clinopyroxene — Ilmenite Xenoliths from Kimberlites. Fesq and 
Kable. April, 1973 

Determination of Lanthanum and Cerium in Carbonatities from the 
Barberton Area by Neutron Activation Analysis. Oosthuizen, Uken. 
No. 974 

Determination of some of the Major Constituents of ores and Minerals 
by Fast Neutron Activation Analysis. Watterson, Faure, Steele. 
No. 236 

The Determination of the Platinum-Group Metals and Gold in Ore 
Samples. Wattersonr Steele, Robert, Dixon, Fowler, Mallett and 
Pohlandt. No. 526 

The Use of Fission Neutron Sources. Watterson. No. 445 

Kimberlite Heavy Minerals Dissolution. Loo. No. C45/71 

A Magnetic—Tape Oriented System for Data Reduction in Neutron 
Activation Analysis. Watterson, J. & L., Rasmussen. No. 1476 

Simultaneous Radiometric Determination of Uranium and Thorium 
in Ores. E. Uken, J. Watterson, A. Knight. No. L. 10/65 

Simultaneous Determination by Instrumental Thermal Neutron Activation 
Analysis of some selected Trace Elements likely to be present in 
Lunar Material. Erasmus and Uken. No. 889 

Reactor — Neutron Flux Monitoring using Cobalt/Aluminium Wire. 
S.E. Rasmussen, December, 1972 

The Research Reactor "SAFARI I" as a Neutron Source for Activation 
Analysis. J.I.W. Watterson, September, 1973 

Fast Neutron Activation Analysis for the Determination of Oxygen 
in Rock Samples. Bibby. No. 1503 

Neutron Activation Analysis of Samples from the Kimberley Reef 
Conglomerate. Rasmussen and Fesq. September, 1973. No. 1563. 

Standardisation of neutron flux monitoring procedures, S.E. Rasmussen 
Technical Memorandum NIM (1972) 

Reduction of counting errors using sample rotator. N. Hulse, 
Technical Memorandum (1972). 051/74 

Reactor-neutron flux monitoring using cobalt/aluminium wire. 
S.E. Rasmussen NIM Memorandum (1972). 


