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FOREWORD

This consolidated progress report for 1973 has been prepared for
the countries in the NDS service area, It is intended to en-
courage a closer relationship between Member States and provide
for a wider circulation of unpublished progress reports from
countries within the Nuclear Data Section service area, A second

report INDC(SEC)—36/L covers countries outside the NDS service
area,

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

As in all progress reports the information included here is

partly preliminary and is to be considered as private communication,
Consequently, the individual reports are not to be quoted without
the permission of the authors,




- 1iii -

TABLE OF CONTENTS

Austra‘lia .’....’.......Ql....’..."'O......l......‘........’

(3AULAUA) AAEC Research Establishment, Lucas Heights
(3AULAML) University of Melbourne, Melbourne
(3AULAUF) Flinders University, Adelaide

{3AULUWA) University of Western Australia

(3AULCBR) -Australian National University, Canberra

BansladeSh e e NE N0 eeree0ssNc0080C000000cRoacsssenstecnantsocansescse

(3BANRAM) Atomic Energy Center, Ramna, Dacca

Brazil 00 0008000000000 RPE0000CERISENESscOscEscsnsionstascnoocsorese

(3BZLUSP) TInstituto de Fisica, Universidade de Sao Paulo,
Sao Paulo

(3BZLIEA) Instituto de Energia Atomica, Sao Paulo

(3BZLRIO) Centro Brasileiro de Pesquisas Fisicas,
Rio de Janeiro

(3BZLPUJ) Instituto de Fisica, rontificia Universidade
Catélica, Rio de Janeiro

(3BZLIEN) Instituto de Engenharia Nuclear, Rio de Janeiro
(3BZLIPR) Instituto de Pemquisas Radioativas, Belo Horizonte

(IBZLIDF) Instituto de Fisica, Universidade Federal do Rio
Grande do Sul, Porto Alegre

Indla’ .I‘......l‘..l.......‘..‘.l....l..'l.......‘......‘...

(3INDTEM) Bhabha Atomic Research Centre, Bombay

{(3INDTAT) Tata Institute of Fundamental Research, Bombay

(3INDSAH) Saha Institute of Nuclear Physics, Calcutta

pages
1-21

23-36

37-70

T1-151




( 3XKORSEQ)

- iV -

pages
(INDMUA) Aligarh Muslim University, Aligarh
(3INDAUN) Andhra University, Visakhapatnam
(3INDBHU) Banaras Hindu University, Varanasi
(3INDBIT) Birla Institute of Technology, Pilani
(3INDBOS) Bose Institute, Calcutta
(JINDDAE) Department of Atomic Energy, New Delhi.
(RINDITB) 1Indian Institute of Science, Bangalore
(3INDIIB) Indian Institute of Technology, Bombay
(3INDITK) Indian Institute of Technology, Kanpur
(3INDIIK) TIndian Institute of Technology, Kharagpur
(3INDKUK) Kurukshetra University, Kurukshetra
(3JINDMSB) M,S, University, Baroda
(3INDPRA) Physical Research Laboratory, Ahmedabad
(3INDPUC) Punjab University, Chandigarh
(3JINDPAT) Panjabi University, Patiala
(JINDDLH) University of Delhi, Delhi
(3INDPOO) University of Poona, Poona
(RINDURR) University of Roorkee, Roorkee
(3INDVUU) Vikram University, Ujjain
(3INDUBU) Viswa-Bharati University, Santiniketan
(JINDECB) Government Engineering College, Bilaspur
(3INDPCP) Government Post-graduate College, Panna
KOTef coevecvsenssossscasacsesaonssssssvessoncsncoscsncsae 153-15%5

Koren Atomic Energy Research Institute, Seoul




Romania

PEEDP 000N IRIDICNPVNBR0CO0NCNCIPOONOCOSERENOORABNOS

(3RUMBUC) Institute for Atomic Physics, Bucharest

Republic of South Africa

2000200000 00000000RCNORROOIRDPRORNOOTS

(3SAFSUN) Southern Universities Nuclear Institute, Faure
(3SAFPEL) Physics Division, Atomic Energy Board, Pelindaba

(3SAFUPR) University of Pretoria, Pretoria

Yusos:l-avia‘ .0..0.'0....0.0...‘.........0'.‘..0..‘0.‘..0..‘.
(3YUGRBZ) Institute Rudjer Boskovic, Zagreb

(3YUGBKB) Tnstitute Boris Kidric, Vinca

(3YUGNJS) Institute Jozef Stefan, Ljubljana

Rgges
157-181

183-191

193-201




Progress Report

on Nuclear Duta Activities

in Australia

Compiled by

¥, Gemmell




This is a blank page

©



robertsj
Text Box
This is a blank page


- -

A, AUSTRALIAN ATOMIC ENERGY COMMISSION
RESEARCH ESTABLISHMENT

LUCAS HEIGHTS

1, NUBAR DATA

1,1 Absolute Measurcment

The value for the spontaneous fission from 252Cf remains
Gp = 3,735+ 0,014
Two further sources of error have been considered since the Vienna
meeting,
(i) Variation in the efficiency of the scintillator for
neutron capture detection as a function of capture
position in the scintillator, The effect of the
axial hole has also been considered, The effect
has been shown to be very small (~0,1 per cent),
(ii) Errors in the estimation of the dead time correction
caused by variation in the scintillator dead time
produced by the effect of different background spectrum
on the scintillator triple coincidence, For the
experimental condition of the absolute V measurement
this effect is completely insignificant (~ 0,0l per cent),
An absolute value has been estimated for ;p for the thermal neutron
fission of 235U based on recent experimental data for the 235U fission
neutron spectrum from Holmquist, Knitter and Ferguson, The absolute

value is 2,385 + 0,0095,

1,2 Relative Qp Measurements
A measurement has been made of ;p for the spontaneous fission of

240 242

248 . .
Cm and earlier measurements for Pu and Pu have been revised,

The data are listed in the enclosed papers,

1.3 Energy Dependence of V and the Average Total Fragment

Kinetic Energy

The variation of the average total fragment kinetic energy for




233U with neutron energy has been measured to 1 MeV neutron energy.
The values (see Kiev paper) confirm the earlier QP(EQ) measurements

for 2330. They also suggest a minimum in ﬁp for 233U at 120 kev,

This is to be checked in a future experiment,

52

1,4 Neutron Emission from Spec’®‘: Fission Fragments of 2 Cf

The neutron emission from fission fragments, as determined by a
90 Ki-cm silicon K-X-ray detector (resolution 440 eV FWHM at 26 kev),
were detected in a 40 cm diameter liquid scintillator tank.

The relative v(Z) data for the light and heavy fragment groups,
as well as the total neutron emission vtotal(z) are shown in Figure 1,
Normalisation to the tank efficiency has yet to be done, The shape
of the light fragment data is in good agreement with Nifenecker et al,
(1969)(1)i(resolution 1000 eV at 30 keV), as given in Figure 2 with
an approximate normalisation of the average total neutron emission of
the present work to that in (1), However, the heavy group data exhibits
much less Z dependence than the heavy group data of (1), The effect of
this flatter Z dependence for the heavy group is to produce a substantially
greater shape in the Vt&tal(z) curve than that reported in (1), The
present data imply dvtotaﬁﬁz (Z = 40 - 45)~0,12 n/Z, differing markedly

(1)

from the value ~0,035 n/Z" "', but agreeing well with the data obtained in

(2)

a recent very accurate study in total neutron emission alone . This
value was dvtotal/dz (Z = 40 - 45) = 0,10 n/Z, The present data for

Vtotal(z) are compared with that of (2) in Figure 3,
The lower v(Z) slope for the heavy group is to be expected, of course,
from the well known shape of the V(A) data and because of the correspondence

between A and Z, dv(A)/dA (heavy group) is about one half dv(A)/dA (light

group) in the mass range A = 100-115, corresponding to the range Z = 40-45,

From the present data
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i

40, 42, 44) = 3,61 + 0,19

Viotal (weighted over ZH

]

_(?eighted over ZH 4l, 43, 45) = 3,52+ 0,15

vtotal
Thus the forecast 0,2-0,3 neutrons excess emission for even Z fragment
pairs over odd Z pairs has not been found, in agreement with the findings
of (1) and (2).
Nifenecker et al.(l) reported two plateaux in the heavy fragment v(Z)
curve at Z = 52-53-54 and Z = 55-56-57 and suggested a correlation between

‘this ‘v(Z) 'fine structure' and the fine structure in the 252

Cf mass yield
curve in the same region, The present higher resolution data contain no
.evidence of any such plateaux,

Because of the low count rates, the statistical errors associated
with this work are relatively large, It is intended to increase the
count rate by increasing the fission fragment surface barrier detector

size, The high value for v(Z = 54) is very probably not genuine,

2. ANALYSIS OF ORNL NEUTRON CAPTURE CROSS SECTION DATA

2,1 The experimental raw data from experiments performed on ORELA
at Oak Ridge have been analysed to provide capture cross sections and
relevant parameters, The data are corrected for dead time and time
independent background, A peak search and background fitting routine
is then utilised to obtain first estimates for peak channel numberé,
peak area (minus background) and peak widths, Also the error in the
peak area is calculated at this stage,

The trial estimates are then iterated in a non-linear least squares
fitting program developed at Lucas Heights, The program fits parameters to
up to 10 ‘levels within 2000 energy channels, The majority of levels
detected are unresolved (i,e, have widths much less than the resolufion width)
and are therefore well fitted by a Gaussian line shape of width eQuaI to the
resolution width, Occasionally a broad resonance is resolved however, and

in this case an option to perform a Breit-Wigner fit to such a broad resonance

is provided,




In the next stage of analysis the resonance areas obtained above
are normalised using the 6Li ¢ross section and the quantity gIhry/r
obtained for each resonance, A correction is also applied at this
stage for self shielding effects and for all resolved resonances a
further Monte Carlo calculation is made to correct for multiple
scattering and give an improved self shielding correction, The Monte
Carlo routine is a modified version of a code originating at RPI and
iterates to obtain the best estimates for the resonance parameters,

Because of the high resolution of the ORELA data an unprecedented
number of weak (presumably p-wave) levels are detected, In the final
stage of analysis it is our aim to attempt a separation of s- and p~wave
levels with only values of g[hrk/r to rely upon,

We use Porter-Thomas statistics to decide how many s-wave levels
are present in the final population and for each level a calculation is
made giving the relative probability that it belongs to either s- or p-
wave population, Further, the statistics of the level spacings of the
final s-wave population are compared with the Wigner distribution,

Too many small spacings show immediately the present of p-wave levels
included among the s-wave population, A final calculation of the cross
section is made with the averaged parameters derived from the above
analysis, for comparison with the experimental capture cross section,
This is a further check on the derived p-wave strength function in
particular, An example of this calculation for 134Ba is shown in
figure 4,

2.2

The analysis of the data for calcium isotopes 40-44 highlighted an
interesting feature of the radiation widths, The width of the s-wave

resonances were found to be at least a factor of two greater than p-wave

resonances,




TABLE 1

ANALYSIS OF DATA FOR CALCIUM ISOTOPES 40-44

40C8 azCa 43Ca aaCa
L (s) ev 3.4 1,6 0.8 1,0
FY(p) eV 1.0 0.4 0.4 0.4

This result is evident in Figure 5 where the distribution of
[gr\’,rn/lj/l"y(s) is shown for wCa. A strong peak is observed well
below the s-wave mean and because of the high sensitivity of the
measurement to small resonances, the peak is believed to be real,
Very small values correspond to p-wave resonances with rn‘<l\fand
from these a lower limit of the p-wave strength function can be
obtained using Porter-Thomas statistics, It is found then that in
most cases rn> rY for those resonances in the peak and consequently
fY(p) can be derived,

The statistical model is used to calculate the average capture
cross section with average parameters derived from the resonance
analysis, Different radiative widths are used to calculate the s-
and p-wave components and the results are compared with the averaged
data for AQCa in Figure 6,

2.3

A review of keV capture Y-rays has been published in Nuclear Data
by Bird, Allen, Bergqvist and Biggerstaff(3).

3. INTEGRAL EXPERIMENTS ON THORIUM METAL ASSEMBLY

Pulsed experiments in thorium have been mounted at this laboratory

as an integral check on the 232Th nuclear data, The fission rates of

; 2
237Np, “350 and 239?u have been measured as a function of time and space

following a burst (~10 ns long) of energetic neutrons from the Be(d,n)

(Ed = 2.8 MeV) reaction, Analysis has been completed on experiments

which cover the time range O to 200 ns after the pulse where the average
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neutron energy sweeps through the range ~4 MeV to ~45 keV,

Time dependent diffusion calculations indicate that the precision
with which these experiments have been dome is sufficient to allow
detection of sytematic changes of about 5 to 10 per cent in the elastic
cross section, The sensitivity studies were done assuming that qtotal
was well defined and any change in Te1 produces a corresponding change
in “inel*

The data used in the analysis was ENDF B (1969), much of which comes
from BNL 325 (2nd Edition),

The agreement between theory and experiment is poor in the early
~0 to 100 ns time range, but good from 100 to 200 ns, Further experiments
have been done using longer pulse lengths which should produce information
at longer times and lower energies and also with different source spectra,

The results of these experiments have yet to be analysed,

4, FISSION CROSS SECTION CALCULATIONS

Calculations of the fission, capture and inelastic scattering cross
sections of the fissile nuclei were performed for neutrons in the energy
range of 10 to 500 keV,

The theory used was the Hauser-Feshbach theory with fluctuation
corrections, The transmission coefficientsfor fission were obtained
from the penetration of double humped fission barriers,

Unexpected difficulties were encountered in that the calculated
fission cross sections turned out too small, a situation which could
only be remedied by postulating an inordinately large number of fission
channels, The source of the difficulty appeared to be the fact that
the Hauser-Feshbach theory holds only when the ratio F/D is small where
F is the average total width of the resonances and D the average level
spacing, For the fissile nuclei this condition is not satisfied, It
was therefore decided to use Moldauer's statistical theory which is
based on a multilevel R-matrix formalism, However, upon closer examina-

tion, this theory was found to contain a serious error, In the evaluation




of certain averages the unitarity of the collision matrix was ignored,
The unitarity condition introduces correlations between the complex
partial widths and the level spacings and thus renders Moldauer's
method of averaging invalid,

Attempts at rectifying the error have so far been unsuccessful,
Investigations into this problem are continuing,

Multilevel resonance parameters have been evaluated within the
context of the Adler-Adler resonance theory and a statistical analysis

23 ZBSU'

carried out of the parameters for jU and

5. COMPILATION ACTIVITIES

A compilation of nuclear level schemes and gamma decay data for
the activation analysis of stable nuclides is in progress, A similar
compilation of fission product gamma decay data has been suspended
pending consultation with overseas groups engaged in similar work,

In comnection with the proposed nuclear parameter data file, some
information within the scope of CINDA has been compiled and evaluated,
Musgrove (1973§5gas completed a compilation and evaluation of s- and p-
wave strength functions and proposes similar work on neutron radiation
widths,

6.  REFERENCES
1, Nifenecker, H,, Frehaut, J, and Soleilhac, M, (1969) - 2nd IAEA Symp,
on Phy, and Chem of Fission, Vienna, p., 491,

Nifenecker, H, et, al, (1969) - Nucl, Phys, Al3l, 261, p, 491,

2, Nifenecker, H,, Poitou, J,, Babinet, R,, Girard, J,, Matuazek, J,
and Ribrag, M, (1972) - private communication to R, Walsh,
Paper entitled 'Gamma and neutron emission by fragments of
known charges in the binary and long range particle accompanied

252C

fission of £,

3. Bird, J, R,, Allen, B, J,, Bergqvist, I, and Biggerstaff, J., (1973) -

Nuclear Data 11, 6, 433,
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134Ba i Experimental Cross Section

Cross Section from Resolved Levels
Calculated from Average Parameters
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B, AUSTRALIAN UNIVERSITIES

UNIVERSITY OF MELBOURNE

School of Physics
Physics Theory Group

ANALYSES OF SPIN DEPENDENT DATA FROM INELASTIC NUCLEON SCATTERING

R, Smith, F, Ruzzenc and K, *mos

An antisymmetrized distorted wave approximation has been used to
evaluate the differential cross sections, polarization, spin flip
probability amplitudes and asymmetries associated with inelastic
nucleon scattering from nuclei, Data is available for many of
these quantities, but is predominantly associated with the excita-
tion of the so-called collective states, Miscroscopic distorted
wave analyses of such data is dominated by contributions from the
core polarization reaction mechanism, The direct core polarization
amplitudes, which correspond to the standard generalized optical
model calculations, are normalized by an analysis of the Y-ray
transition rates for the decay of the residual nuclear state in
inelastic scattering, The core polarization exchange amplitudes
are normalized by the properties of giant multipole resonances of
the target, Such amplitudes have been shown to be important and
are essential to understand structure in the spin dependent
measurables associated with inelastic nucleon scattering,
Asymmetries are difficult to predict since they involve differences
between scattering probabilities and thus provide a most semnsitive
test of details of the reaction mechanism,

OPTICAL MODEL CALCULATIONS OF NEUTRON STRENGTH FUNCTIONS

R, F, Barrett

Calculations of the s, p and d wave neutron strength functions based

on the spherical optical model have been performed for the mass region
A = 40-70, The aim was to investigate the radiative neutron capture
observed in this region '=ading tc final states with spin and parity

J* = 5/27 and J® = 7/27, Results of the calculations indicate that
d-wave neutron capture followed by El radiative decay is the most likely
explanation of the process,

CONTINUUM SHELL MODEL CALCULATIONS OF PHOTONUCLEAR CROSS SECTIONS
R, F. Barrett

The bound-state shell model with residual interactions has been used
successfully to describe the giant dipole resonance in many nuclei,
Calculations based on such a model do not treat the continuum nature
of the particle wave functions correctly and thus do not obtain the
widths associated with resonances, The eigenchannel theory of nuclear
reactions was developed to remedy this defect, and many calculations
using the eigenchannel method have been performed for magic nuclei
where the simple one-particle one-hole model has been used as a basis
for the continuum shell model calculations, The eigenchannel method,
however, lends itself readily to the treatment of a more sophisticated
?gclear model, Calculations have now been performed for the nuclei

C and 285i based on an extension of the collective correlation model
of Drechsel, Seaborn and Greiner to include the particle continuum,

These calculations yield substantially improved agreement with experiment
compared with the one-particle one-hole model,




B.2

B.3

- 1Y -

UNIVERSITY OF MELBOURNE (cont'd)

Continuum calculations for the nuclei 1% and 15N have been performed
based on a two-hole one-particle model, and also yield reasonable
agreement with experiment, The nucleus 13¢ is being investigated

in a two-particle one-hole model,

Nuclear Structure Studies - Experimental

New Facilities

Funding has been obtained, and contract entered into, for the purchase
of a 5 UD Pelletron Accelerator (5 MeV protons), This is a single-
stage electrostatic accelerator scheduled for delivery in mid-1974, to
be housed in the new Nuclear Physics Research building at the University,
It will replace the present low-energy Statitron and will complement the
energy range of the Melbourne University Variable Energy Cyclotron,

These accelerators, operated separately, will provide variable and
continuous energy selection up to ~ll MeV protons, ~13 MeV alphas

and 3He,

THE FLINDERS UNIVERSITY OF SOUTH AUSTRALIA
School of Physical Sciences,
Nuclear Theory Group

NUCLEAR STRUCTURE

NAMES: I. R, Afnan, D, R, Cameron, P, Cooke, J, Janiszewski,
I, E, McCarthy, K, F, Tan

DETAILS: Ground state properties of finite nuclei are being
investigated by variational methods using different types
of NN interaction, Methods include Hartree-Fock, and
the use of the eigenstates of a non-local potential in
forming the determinant trial function,

PUBLICA- J, Janiszewski, 'A non-local single-particle potential
TIONS: for nuclei', M,Sc, Thesis,

BOUND STATES AND STRENGTH FUNCTIONS IN SINGLE-PARTICLE POTENTIALS
W, Clerke, P, Cooke and I, E, McCarthy

The description of single particle bound states and strength functions

using complex potentials is being investigated with a view to
correlating data from AAECRE and elsewhere,

UNIVERSITY OF WESTERN AUSTRALIA

Physics Department
Electron Synchrotron Group

PHOTONEUTRON PRODUCTION CROSS SECTION OF URANIUM IN THE RANGE 5-8,5 MeV
P, Holland, R, Koch, R, Kirkman, and H, H, Thies

An experiment is underway to measure with brehmstrahlung from the Perth
30 MeV electron synchrotron the photonuclear production cross section
in a depleted and in a natural uranium target, Neutrons are detected




UNIVERSITY OF WESTERN AUSTRALIA (cont'd)

in a multi-BF3-counter detection system which has a verified flat

response1 (variation of neutron detection efficiency from its

average value less than 5% from 30 keV to 0.75 MeV and less than

17 from 0.75 MeV to 4.5 MeV), The accelerator is operated using
v energy sweepingZ). This means that the peak brehmstrahlung energy
therefore varies with each machine pulse according to a repetitive
program and guarantees that systematic yield errors do not affect
the cross section ordinates calculated by photon-difference methods,
Calculated cross section ordinates are decorrelated3) to avoid the
appearance of any spurious structure, The aim of this experiment
is to investigate with greatly increased precision and resolution
predicted structure in the region of 5 to 8,5 MeV gamma excitation,

REFERENCES:

1, D, M., Crawford, B, W, Thomas, K, Bottcher, R, Koch and H, H, Thies -
Nucl, Inst, and Meth, 106, 1973, 311,

2. H, H, Thies, D, M, Crawford, P, Koch and B, W, Thomas - Nucl, Inst,
and Meth, 100, 1972, 45,

3. D. M. Crawford, R, Koch, K, Bottcher and H, H, Thies - 'Effective
decorrelation of errors of photon difference data' -
submitted to Nucl, Inst, and Meth,

B.4  AUSTRALIAN NATIONAL UNIVERSITY
Department of Nuclear Physics

The Stack of the 14UD tanden accelerator at ANU was recently completed
and voltage tests were made on it at the end of February. At least

18 MV was obtained at a pressure of 100 psi of SFg.  This is entirely
satisfactory. The complex system for handling the 30 toms of SF¢ gas
worked very well, The tube and vacuum system are now being installed,




Facilities: Tandem Accelerator, Cyclotron Injector, 2 MeV Accelerator '
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AUSTRALIAN NATIONAL UNIVERSITY

RESEARCH SCHOOL OF PHYSICAL SCIENCES

DEPARTMENT OF NUCLEAR PHYSICS PROJECTS - 1972

REACTION MECHANISM STUDIES

1.1 Two-step direct reactions in light nuclei
(Maclean, Nurzynski, Treacy)

1.2 The reaction 50Cr(p,d)
(Barbopoulos, Borsaru, Gebbie, Hollas, Nurzynski, Quinton)

1.3 The 54Cr(d,t)S}Cr and 682r(d,t)672n reactions
(Borsaru, Hollas, Merrill, Nurzynski, Whineray)

1.4 The (3He,n) reaction in the 2s-1d shell
(Davis, Nurzynski)

1.5 The optical model for tritons
(Nurzynski)

1.6 Studies of (d,p) - induced fission
(Maclean, Treacy)

1.7 Direct reactions to particle unstable final states
(Treacy)
ISOBARIC ANALOGUE STATES

2.1 A search for the lowest T = 2 state of 12C via isospin -
forbidden reactions
(Abhmad, Gardner, Moss, Spear)

2,2 1Isobaric Analogue resonances in QOZr
(Borsaru, Gebbie, Hollas)

2.3 1lsobaric analogue resonance studies in some rare-earth nuclei
(Borsaru, Hollas, Merrill, Weisser, Whineray, Zuk)

HEAVY-1ON INDUCED REACTIONS

' 16
3.1 Excitation functions for the ~20(%0,0)%%g, '2c(*%0,p)2 a1
and 1ZC(H’O,d)zf’AI reactions
(Branford, Nagorka, Newton, Robinson)
3.2 1Inelastic scattering of lb0 on lZC nuclei leading to the 3
state in 100 at 6,13 MeVv

(Branford, Nagorka, Newton, Robinson)

3.3 Heavy-ion particle transfer reactions
(Branford, Leigh, Parkinson, Weisser)

3.4 Hyperfine interactions of excited l60 and 2ONe excited states
in hydrogen-like ions
(Branford, Ferguson, Foote, Leigh, Newton, Parkinson, Weisser)

RADIATIVE PROTON-CAPTURE STUDIES WITH Ge(Li) DETECTORS

4.1 Studies using the ZBNa(p,Y)ZQMg reaction
(Branford, Carlson, Huang, Ophel)

4,2 The 1522 keV transition in 2881
(Branford, Carlson, Huang, Ophel)
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RADIATIVE CAPTURE OF COMPLEX PARTICLES USING THE 10 in NaI(Tl) DETECTOR

5.1 Alpha capture by Ar nuclei in the region of the giant dipole
resonance
(Bell, Branford, Foote, Huang, Weisser)

5.2 Investigation of the 56Fe(a,Y)60Ni reaction in the region of
the giant dipole resonance
(Bell, Branford, Foote, Watson)

GENERAL NUCLEAR SPECTROSCOPY

6.1 Excited states of 16O between 13,5 and 15,0 MeV
(Martin, Ophel)

6.2 Energy levels of 3051
(Baxter, Hinds, Tiller)

6.3 The 5,80 MeV state of 325
(Carlson, Gardner, Moss, Spear)

6.4 Gamma-ray decay schemes of levels at intermediate energies in 328

(Ahmad, Baxter, Carlson, Gardner, Moss, Spear)

6.5 Gamma transitions in 3“Ar
(Bell, Thompson)

6.6 Spins and lifetimes of levels in “7V and 49V
(Bell, Carlson, Najam, Thompson)

6.7 Lifetimes of states in 62’64Cu and Ca
(Bell, Carlson, Davidson, Najam, Thompson, Zuk)

67,70

6.8 The placement of the 188 keV transition in 7OGa
(Biggerstaff, Carlson, Davidson, Martin, Najam)

6.9 Gamma-ray decay schemes_and angular distribution measurements for
low-lying levels in 70G4a
(Carlson, Davidson, Najam, Zuk)

6.10 Neutron transfer reactions among the selenium isotopes
(Gebbie, Nurzinsky, Quinton)
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ATCOMIC ENERGY CENTRE
DACCA, BANGLADESH

Neutron Total Cross-section

(M. Husain,.Enayetullah, M, Farooque, N.I. Molla,
M. Hussain and M. Hossain®)

Experimental procedure

Neutron total cross section was measured using the
transmission method with "good geometry". D-C beam from the
3 MV Van de Graaff accelerator of the Atomic Energy Centre,
Dacca was used for the production of neutrons using deuteri-
um and tritium solid targets on gold and silver backings.
Neutrons were detected by a ZnS detector with neutron-gamma
pulse shape discrimiation. Background neutrons were measured
by placing a shadow-bar in the neutron beam path., Beam-charge

intergration was used for monitoring purpose.
Results.

Neutron total cross section has been measured for
Dysprosium and lMercury in the following energy ranges in steps

of 100 keV. The beam energy spread was of the order of 10 keV.

(a) Mercury 4 to <) MeV
16 to 19 MeV
(b) Dysprosium 1 to 2 MeV
4 to 6 MeV
16 to 19 MeV

Preliminary analysis of the data have been made.Detailed

calculations are under progress.

* Department of Physics, Dacca University.
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Future programme

Measurements for other elements in different energy

regions with different energy resolutions will be taken up.

Fast neutron Scattering. !
(M.M. Islam, M. Hussain‘, M. Husain and M. Ahmed)

With the installation of a HVEC 4 nanosecond pulsing
system with S MHz repetition rate in our 3 MV Van de Graaff
accelerator, we are now ready for the measurement of fast
neutron scattering. The neutron pit area of the target room is
now being covered with metallic sheets to facilitate the
movement of detectors for angular distribution measurements.
Neutrons will be produced by T(p,n)aﬂe, D(d,n)aﬁe and T(d,n)uﬁe

~eactions using solid and gas targets.

The neutron detectors consist of a NE213 liquid scinti-
llator 2" in diameter and 2" in length, viewed directly by a
RCA 8575 photomultiplier mounted on a constant fraction timing
base, model CRTEC 270. Large detector shieldings are also

being fabricated.

Measurements on the angular distribution of elastically
scattered neutrons on Carbon in the neutron energy range of g

200 keV to 2 MeV will be started soon.

* Department of physics, Dacca University




Measurements will then be continued on heavy elements
and reactor structural materia.s depending on the availabi-

lity of the samples.

Fission neutron energy distributions from heavy elements

will also be studied using fast neutrons to induce fission.

Fast Neutron Induced Fission

( MM Islam, A.H. Khan, M., Husain and M. Ahmed )

A project for the study of fast neutron fission cross-
sections of heavy elements and the fission fragment mass-
energy correlations has been taken up. Neutrons will be
produced by T(p,n)aﬂe D(d,n)aﬂe and T(d,n)qu reactions using
the 3 MV pulsed Van de Graaff accelerator of the AEC, Dacca.
A 18" scattering chamber is already available and heavy ion
detectors of the surface barrier type and other equipment are

being procured for this purpose.

Fagt particle activation

( A.H. Khan, D, Hossain and M.A. Awal )

Recently it has been observed that low energy particle
accelerators are being put to use for solving problems of practi-
cal importance in industries, agriculture,medicine and environ-

mental studies. Keeping in view the limitations of our acceler-

ator which can accelerate positive ions only upto 3 MeV,




we have chalked out the following plan of work accordingly:

) Proton-induced X-ray fluorescence spectroscopy
for elemental trace analysis,

(2) Measurement of activation cross sections by detecting
prompt gamma radiations,

(3) 14-MeV neutron asctivation cross section measurements.

At present work is going on X-ray fluorescence spectros-
copy. Experiments are being performed te indentify the char-

acteristic X-rays of Cu, Zn, Pb and natural uranium. After

completion of this gualitative work, attempts would be made
to measure the fluorescent yields of these target elements as
a function of proton energy. Experimental procedures for these

measurements are as follows:

Targets are prenared either in the metallic or oxide
form by vacuum evaporation on to spectroscopically pure carbon
backing of thickness, 5O-ﬂ00‘pg/cm9, also prepared by the same
evaporation technique. These targets are collected on square
brass frames having a 1 cm diameter hole. Three such frames
can be placed on a brass ladder which is inserted into a 18"
diameter irradiation chamber through a wvacuum lock. A cold
trap is used before the chamber to absorb impurities from the
pumping system. The proton beam is collimated to 2 mm and it N

strikes the target placed at 45° to the beam direction., Protons

are stopped in a Faraday Cup which is insulated from the -
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chamber; the total current is measured by a digital current
integrator. Secondary electrons from the target are deflected

from the cup by an electron suppressor kept at - 250V,

A Si(Li) detector at room temperature, placed at 90°
to the proton beam and connected to a FET preamplifier is
used for the measurements. Pulses are amplified by a research
amplifier and analyzed by a ND 4096 channel Pulse Height
analyzer. A magnet is used infront of the detector to suppress
electrons from the target while an aluminium absorber stops
all scattered protons from reaching the detector. In course
of time, we hope to improve the detection system by using

a cryostat,

Study of Isobaric Analogue Resonances

(M.A. Rahman, S.Khatun, M.A. Awal, M. Rahman and H.M.
Sen Gupta‘)

Isobaric analogue states have been identified by (p,¥)

(pyn) and (p,p) reactions on 27&1, qu, 54Fe, 55Mn, >7Pe ana

59

o target nuclei.

The experiments were performed with proton beam from
the 3 MV Van de Graaff accelerator of the Atomic Energy Centre,
Dacca. A 25° beam deflection was achieved with an analysing
magnet the field of which was measured by a proton - spin

resonance device. An electronic stabilizing system kept the

* Department of physics, Dacca University
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proton energy spread below 1 keV. The experimental arrange-

ments for different reactions studied are as follows:-

(p,¥) experimental set up

The Scintillation spectrometer consists of a 5" x 6"
Nal (T1) crystal mounted on an EMI photomultiplier tube
9578. The detector was shielded by a cylindrical lead shiel-
ding of 10 cm thickness around the crystal and it was kept
at a distance of 9 cm from the target, making sn angle of
550 with the direction of the bombarding proton beam to
ensure that the measured intensities are averaged for all
possible angular distributions. The 'XF ray excitation fun-
ction were measured with two differential discriminators and
scalers. Two channels were set to accept pulses 21.5 and
3.0 MeV arbitrarily corresponding to Y-rays deexciting the
product nuclei resonance levels. Each point of measurement
on the excitation curve corresponds to 100)uc of charge des -
posited on the target as measured by a current integrator.
Signals from the preamplifier output could also be fed to
the multichannel analyzer for the measurement of detector

resolution as well as for the study of decay schemes.

(p,n) experimental set up.

The neutron yields were measured with a 1% x 1" Stil-

bene scintillation detector incorporated with ORTEC




-3 -

n-)’discrimination system. The current signal derived

from the 9th dynode of PM tube and shaped in a fast pream~
plifier model CRTEC 264 is fed to the input of a linear
amplifier (ORTEC 410). The bipolar pulses obtained from the
linear amplifier are fed into a timing single channel analyzer
(ORTEC 420) that provides an output at the time the input
pulse goes throﬁgn gero. The negative fast spike appearing

at the output of the single channel analyzer constitutes what
is called the 'stop' signal of a time-to-pulse-height con-
verter (CRTEC 437). The ‘Start' signal of the TPHC is obtained
from the anode of the P.M. tube through a walkfree time
derivation unit. This is a fast negative timing signal. The
time derivation unit is controlled by an ORTEC 403 time pick
off control unit and the output passing through a gate and
delay generator (ORTEC 416) actuates the 'start'input of the
TPHC. The anode pulses are arranged to arrive in time coin-
cidence or to be slightly delayed with respect to the bipolar
dynode pulses, which have components of different zero cross-
over times, so that a STCP pulse occurs with every START pulse.
The TPHC on receiving the 'Start' and 'Stop' signals converts
the time difference between the two into a voltage signal which
appears at its output. Thus the spectra of the output pulses

from the TPHC shows two peaks corresponding to the neutron

and gamma rays when analyzed in a multichannel analyzer.
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The discriminator level of the single channel analyzer
(ORTEC 420) is then adjusted so that the gamma pulses are
rejected and the neutron output pulses are recorded in a

scaler.

(p,p) experimental set up

Elastically scattered protons were detected by two

2 sensitive area

ORTEC surface barrier detectors of 100 mm
and depletion depths of 5004 and 1009/:respectively. The
energy resolutions of the detectors for 5.477 MeV o(-

2% 4n were 60 keV and 67 keV respectively.

particles from
The target was kept at an angle of 45° with respect to the
proton beam and the detectors were placed at distances of 10
cm inside a 18" scattering chamber. The target holder can
contain 3 targets at a time and can be changed from outside.
Both the target angle and the detector angle can be adjusted

from outside without bresking the chamber wacuun.

The proton beam enters the scattering chamber through a
tantalum callimator 2 mm in diameter. The elastically scattered
protons fall on the sensitive area of the detector through a
button magnet and two tantalum collimators of 2 & 3 mm in
diameter placed just in front of the detector. The magnet was
used as a suppressor of electrons., The protons after passing
through the target are collected in a Faraday cup which is

insulated from the chamber. Each point on the measurements

corresponds to 100)pc of charge collected by the Faraday cup,.
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The detector pulses were fed to a set of scalers via

a charge sensitive preamplifier, a linear amplifier and a single
channel analyser. The desired peak area of elastically scatt-
ered protons from the target is gated by the discriminater
levels of the single channel analyser CRTEC 420 which was
previously calibrated. The discriminator levels are adjusted
accordingly for each increase in the proton beam energy so

that only the counts in the desired peak are registered in

the scalers.

Results

The results of the measurements are summarized in table
I. In addition to identifying the analogue rescnances, they
have been assigned to the co:rresponding levels in the isobaric
nuclei., The coulomb displacement enerzy A Ec between the isobaric
pairs has also been calculated.

Some of the ana'ogue resonances in the compound nuclei 520r,

56Fe and 60Ni display fine structures enveloping gross structures
and show assymmetry on both sides of the resonance energies,
Excitation function for elastic scattering of protons on
54Fe and 27A1 have been measured at the laboratory angles of 160?
154°, 149,5°, 140,8°,125,3° and 90°, and 140.8° 125.3° ana 90°
respectively. The proton energy range was 2.2 MeV to 3.0 MeV for

the former and 0.85 MeV to 3,0 MeV for the later. The analysis

of the data is in progress.
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Reaction Mechanisum and life time measurements

( Khaliquzzaman and D. Hossain )

The programme includes the study of the mechanism of
charged particle capture reactions: direct capture processes
and correlation effects; statistical analysis of resonances
(namely Porter Thomas distribution) and the Life time measure-

ments of Nuclear levels by Doprpler shift attenuation method.

No progress has, so far been made in data taking due to
the non-availability of Ge(Li) detector, although couple of
isotopic targets has been procured from the U.K. A.E.R.E.,
Harwell, However, some progress has been made in data handling
process e.g. two computer programmes, one for the location of
new levels and fitting of observed gamma rays to known level
scheme, and the other for automatic location of peaks in the
spectrum, have been developed. Besides,a target holder for 1"

dia. target has been fabricated and vacuum tested. The thinning

of the thick evaporated target has been investigated as well.
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Study of low energy (d,p) reaction

( M. Ahmed and A.K.M. Siddiq )

A programe of studying (d,p) reaction in light nuclei
has been taken up around the 3 MeV Van-de-Graaff accelerator
of the Atomic Energy Centre, Dacca. An 18" seattering chamber
and silicon surface barrier detectors of 1 mm thickness and
25 mm2 sensitive area are being employed for the above experi-
ment. Energy calibration of the pulse height spectrum is done

with a calibrated pulser.

>
A test run with L7A1 target has produced encouraging

€

results from the experimental point of view. Data for "Li will

be taken as soon as the target is available.

* Physics Department, Dacca University
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PROGRESS REPORT ON NUCLEAR DATA IN BRAZ'L+
(June 1972 - May 1973)

Introduction

This Progress Report covers the period: June 1972 -
May 1973. It is a collection of abstracts which have
been submitted to the INDC Liaison Officer upon request.
The request was addressed to individuals who might
represent groups doing research in nuclear physics,
reactor physics, nuclear chemistry and nuclear engineering,
whose results could be of interest to nuclear data
compilers and evaluators. Although it was tried not to
miss any appropriate institution or individual, there
might have been some oversight.

Some of the abstracts here presented have been
prepared to be presented at the Annual Meeting of the
Brazilian Society for the Advancement of Science -

Rio de Janeiro,GB - July 1973.
The information herein contained must be considered

as private communications, and should not be quoted

without author's permission.

S. B. Herdade

+ Work supported by COMISSAO NACIONAL DE ENERGIA
NUCLEAR, Project TC-DPCT N¢ 08/73
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Main Experimental Facilities for Nuclear Physics

Research

22 MeV Herb Pelletron Accelerator (Instituto de

Fisica - Universidade de S3o Paulo)

The Pelletron system consists on a b-MV injector
and a tandem- type accelerator. It is capable of
furnishing beams of 22 MeV protons, 27 MeV alphas
and heavy ions of energy 50 MeV for Oxygen to
80 MeV for sulphur.

The main accelerator and the injector have been
installed and aligned together with the auxiliary
beam handling equipment. Experimental arrangements
are in various stages of development and some groups
have practically completed the mounting of their
chambers and detectors. Beam has been obtained in

the target area.

University of Sao Paulo Electrostatic (Van de

Graaff) Accelerator (Instituto de Fisica -~ Univer-

sidade de Sao Paulo)

This accelerator is capable of producing 3.5 MeV
protons and deuterons and 7 MeV alphas. Beam
currents obtained are 10 pamp for protons and
deuterons, and alphas up to 3.5 MeV. Above 3.5 MeV
the alpha current is approximately 0.1 pamp. The
beam may be either continuous or pulsed at 5 MHz
with about 5 manosecond pulse widths for neutron

time-of-flight experiments.

PUC-RJ Van de Graaff Accelerator (Pontificia Uni-

versidade Catolica - Rio de Janeiro)

High Voltage Eng. Model KN-4000 machine, with
the following characteristics:
protons or deuterons: 0.5 to 4.0 MeV, 3 keV
resolution, 200 uA intensity;

electrons: 1.5 to 3.0 MeV, 20 keV resolution,
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900 pA itensity.
The accelerator is in operation, being utilized

for atomic and nuclear physics research.

75 MeV Electron Linear Accelerator {(lnsituto de

Fisica - Universidade de Sao Paulo)

The University of Sao Paulo linear accelerator
is 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, 240, 300 and 360 cycles per second. After
prebunching and focussing the beam is accelerated
up to 60 MeV by the two sections. An analysing
magnet allows a beam with a resolution of 0.5%
in energy and an analysed current of 0.2 uA at
60 cps.

Research programs include electrodisintegration
studies, electron and bremsstrahlung induced fission,

and nuclear spectroscopy.

Variable Energy Cyclotron (Instituto de Engenharia

Nuclear - Rio de Janeiro)

A CV-28 machine from the Cyclotron Corporation,
will deliver over 50 pA of external beams of 2 to
24 MeV protons, 3 to 14 MeV deuterons, 5 to 38 MeV
3He++, and 6 to 28 MeV 4

also be accelerated. Production of neutron deficient

++ . .
He . Heavier ions can

radionuclides for medical uses will be a practical
application of the cyclotron. Research on nuclear
spectroscopy, neutron physics, activation analysis,
radiation damage, and nuclear reactions will be
stimulated. The housing for the accelerator is
already under construction, and will be a 1500 m2

building with Physics and Chemistry laboratories,

“with a 400 m2 experimental area.
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1EA-R] 5 Mw SWimminQ Pool Research Reactor (lns-

tituto de Energia Atomica - Sao Paulo)

Built by Babcock and Wilcox Co., became critical
for the first time in September 1957. It is
operated normally at 2 Mw, 8 hours a day, 5 days
a week. Low-power operation and mantenance is
carried out one day each fortnight. The facilities
for experiments and irradiation include: 8 radial
beam-holes, 2 tangential beam-holes, 2 pneumatic
“"rabit" stations, and 22 irradiation rigs in the
core.

The reactor is utilized mainly for nuclear, neutron
and solid state physics experiments, radioisotope
production, and activation analysis.

Reactor power is being upgraded to 10 Mw.

IPR Triga Reactor (instituto de Pesquisas Radioa-

tivas - Belo Horizonte)

Reactor type: Solid homogeneous, highly enriched
(20%) uranium, zirconium hydride and light water
moderated, light water cooled, graphite reflected.

Nominal reactor power: 30 Kw (Power is being
upgraded to 250 Kw).

Purpose: Neutron physics, solid state physics,
engineering tests, medicine, chemistry, isotope
production, educational purposes.

Location: Belo Horizonte, MG, Brazil.

Designer and builder: General Atomic, Division

of General Dynamics Corporation.

Present status: in operation.
Brazilian Argonauta Research Reactor (lnstituto
de Engenharia Nuclear - Rio de Janeiro)

Designed in Argonne National Laboratory, USA,

and built by Mecanica CBV Ltda., Rio de Janeiro,

Brazil.
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Type: Argonauta (HZO-graphite; enriched
uranium 20% in 235U).
Power: 10 Kw (maximum)

Fuel: UOZ-AI pressed powder mixture with

cladding. '
Critical mass: 2.088 Kg 235U (one slab loading)
Neutron flux: average thermal: ().57)(10'I n/cmz.s
peak thermal : I.ZOxIO"kn/cmz.s
peak fast : 0.65x10'] n/cmz.s
Experimental facilities: neutron beams (horizontal-

vertical); isotope production (holes, cavities,
channels); short time irradiation (rabbit pneumatic
system); thermal column (internal and external);
shield test removable.

Utilization: neutron and reactor physics, solid
state physics, engineering test, radiochemistry,

isotope production, graduate education.

Electron Linear Accelerator (Centro Brasileiro

Pesquisas Fisicas- Rio de Janeiro)

Energy: 28 MeV; 60 uA mean current; pulsed beam
with pulses from 500 n sec to 3 usec. This
accelerator was designed and built by the Centro
Brasileiro de Pesquisas Fisicas Accelerator
Development Group. It is in operation since 1968
and has been utilized for radio-nuclide production
in nuclear spectroscopy studies. An uranium target
is used for the production of pulsed neutron beams.
Flight paths of 5, 10, 15, 20 and 25 meters are
available for neutron time-of-flight experiments.

A high flux 235U neutron source is being

developed.
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Neutron Nuclear Data

Neutron Cross-section Measurements in the keV

and MeV Energy Regions

Pelletron and Van de Graaff Laboratories (insti-

tuto de Fisica -~ Universidade de Sao Paulo)

A program for neutron cross-section measurements

in the keV and MeV energy regions is being
elaborated with the colaboration of the INDC
liaison officer for Brazil.

This program will be partially based on the
1973 edition of WRENDA, and it is expected that
the first experiments will start in September
1973, at the Herb Pelletron Accelerator (see
§1.1 of this report), using the reaction T(p,n)
as a neutron source.

Both time-of~flight and associate particle
techniques are going to be used for neutron

spectrometry measurements.

Spin Assignment to Neutron Resonances in Silver

odd~odd Compound Nuclei

A. Gongalves, N. Lisbona and S. de Barros
(Centro Brasileiro de Fesquisas Fisicas - Rio
de Janeiro; and Instituto de Fisica - Universi-
dade de Sao Paulo)

The gamma-rays emitted after the capture
107,1 +, 108,110
719 (0, 1)

with a neutron time-of-flight spectrometer in

reaction have been studied
the energy range 7 to L40 eV.

The method of spin assignment to neutron
resonances, based on the multiplicity of the
gamma~gamma cascade, previously applied to odd-
odd target nuclei with relatively high spin, has
been employed with success for the case of the

odd-odd Ag isotopes with spin 1/2.
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Spin 0 has been assigned to the level 139,7 eV

of the lioAg compound nucleus. (See also item 2.7)

2.3 Slow-neutron Scattering Cross-section for Methanol,

Ethanol, Propanol, iso-propancl, Butanol, Ethanediol,

and Propanetriol
C. Rodriguez, L.A. Vinhas, S.B. Herdade' and v

L.Q. Amaral (iInstituto de Energia Atdmica - Sao

Paulo)

J.Nucl.Energy 26, 379(1972)-EXFOR 30230

Slow neutron scattering cross-sections per

proton OS/H for methanol, ethanol, n-propanol,
isopropanol, n-butanol, ethanediol and propanetriol
have been measured in the liquid phase, in order to
study the freedom of rotational motion of hydro-
genous groups. The measurements, at room temperature,
were carried out using a curved slit slow-neutron
chopper and time-of-flight spectrometer. The
slopes of the cross-section curves as a function
of neutron wave-lenght in the range 4.8 A to
10.0A have been derived. The results show the
importance of methyl group rotational motion and
give evidence of the contribution 6f methylene
groups in the inelastic scattering of slow neutrons.
The curve oS/H for methanol is compared with the
already calculated curve on basis of the Krieger-
Nelkin model.

2.4 Study of the Atomic Motions of tert-butanol by

Slow-neutron Scattering
L.Q. Amaral - PhD Thesis (November 1972) insti-

tuto de Fisica ~ Universidade de $3o Paulo (187 -

pages, in portuguese)

The atomic motions of tert~butanol (CH3)3COH,

classified as a globular compound, with a melting

+ Presently at the Instituto de Fisica -~ Universidade
de Sao Paulo
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point at«aZSOC and a first order phase transition
at ~13°C, are studied in the temperature interval
0°¢ to 40°¢C by neutron transmission and neutron
inelastic scattering mea-urements, performed with
a single crystal spectrometer and a Be filter/
chopper/time-of-flight spectrometer at the JEA-RI
swimming-poool research reactor.

A survey about neutron scattering as a spectrometric
technique and a review of the theory, with emphasis
in the incoherent scattering by molecular solids
and liquids, are also presented.

In the data analysis the complementary character
of the information obtained from transmission, ine-
lastic and quasi-elastic scattering is stressed.
~Transmission data, as a function of temperature
and neutron wavelenght, shows that the dynamical
changes are more important at the state transition
and give an estimative of (3.820.5) kcal/mol for
the barrier hindering the CH3 internal rotation.
The generalized frequency spectrum up to 80 MeV
is obtained from the inelastic distribution and
expressed as a sum of seven gaussians, after
correction for the width of the incident line, with
peaks at 4.5, 7.4, 12, 1S, 31 and 58 MeV. The
assignment of the 31 MeV peak as the 1| —= 0
transition of methyl torsion gives a value of
(4.0%0.2) kcal/mol for the three-fold barrier
hindering internal rotation, which is practically
independent of intermolecular forces. The quasi-
elastic line broadening is analysed in terms of
models for diffusion and relaxation processes.

The results evidentiate the sdid-like behavior
of liquid tert-butanol, suggesting that the low
entropy of melting is due to ordering in the liquid
and not to almost free rotation in crystal |.
However, rotational diffusion does occur in the

solid state, but must involve aggregates of bound

molecules,
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2.6

Slow Neutron Scattering in Hydrogenous Molecules

L.Q. Amaral, R. Fulfaro and L.A. Vinhas (Instituto
de Energia Atomica - Sao Paulo)

integral and differential measurements of the
stow-neutron scattering in some Hydrogenous
molecules are being carried out in parallel, with
the objective of obtaining complementary information.
Being sensitive to all kinds of hydrogen motions,
the slow-neutron scattering provides information
on the internal dynamics of the molecula as well
as on the overall molecular rotations, and lattice
vibrations.

Transmission measurements are carried out using
38 crystal spectrometer that, by utilization of
convenient monochromators and filters, can be
operated in the energy range from | meV to | eV.
Differential measurements are being performed with
a Be fiIter/chopper/time-of~flight smpctrometer.,
The quasi-elastic line broadening is analysed in
terms of models for the diffusion and relaxation
processes; from the inelastic distribution the
effective frequency spectrum of hydrogen in the
molecule is obtained up to 80 MeV.

Compounds that present phase transitions in
the solid state are under study. A cryostat
allows measurements until liquid nitrogen
temperature-Globular compounds (tert~butanol,
cyclohexane and cyclohexanol) and biological
molecules (DNA) are being investigated.

Three-axis-Crystal Spectrometer

R. Fulfaro, L.A. Vinhas and L.Q.Amaral (Instituto

de Energia Atomica - Sao Paulo)

A three-axis crystal spectrometer is being built
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at one of the experimental channels of the IEA-RI
research reactor. It is intended to be utilized
for neutron inelastic scattering measurements and
lattice dynamics studies.

The heavy structural and shield parts, built
by a local company, have been installed and aligned
with a laser. The colimation system has been
projected and is being built. The goniometric
tables for the monochromator, sample and analyser
have been imported from Poland. The system for
energy analysis has been ordered from Picker
Company, pyrolitic graphite single crystals are
also being imported. The monochromator controlling
system has been built by a local industry.

This spectrometer is expected to be operational
by the end of 1973.

Radiocactive Neutron Capture in odd-even Nuclei

$. de Barros, A. Gongalves and N. Lisbona(lnsti~-

tuto de Fisica - Universidade de Sao Paulo)

The neutron energy range previously covered
for silver (see §2.2) has been extended up to
900 eV. In the case of cesium, resonances have
been analyséd in the energy range from a few eV
up to 900 eV. Both experiments, on silver and
cesium, are in a phase of data analysis. Spins
are being assigned to several s~-wave resonances
of the odd-odd nuclei 'oa’I]OAg and ‘BQCS.

Spin Assignments to the odd Nucleus 75As+n

N. Lisbona, S. de Barros, and A. Gongalves
(Instituto de Fisica - Universidade de Sao
Paulo and Centro Brasileiro de Pesquisas Fisicas,

Rio de Janeiro)




Spins 2, 1, 2, 1| and | have been assigned to
the resonances 47.0%0.2, 92.4%0.3, 252.7%0.5,
455.5%0.6 and 476.9%0.6 ev, respectively. A
disagreement has been observed for the spin 1, -

assigned in this work to the resonance 326‘7t0.5 ev,

Three new resonance levels have been evidenced,

308%5, 516110, and 7!3113 eV, and are probably
76

related to p-waves in As. Two other levels,
h93.3t0.3, and 874.6%0.6 eV, previously evidenced

by other authors, have been confirmed in the

present work.

as compared with previous assignments (spin 2).
|
|
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Fission Data

Number of Neutrons v Emitted in the Photofission

of 238U

0.Y. Mafra, M.F. Cesar, A.M.P. Kuniyoshi (instituto

de Energia Atomica), and J. Goldemberg (Instituto de
Fisica - Universidade de Sao Paulo)

Measurements of the average number of neutrons v

238

emitted in the photofission of U as a function
of energy in the range 5 to 11 MeV are being carried
out.

Neutron-capture gamma rays produced in the IEA-RI
research reactor are utilized. A fission chamber
is placed in the gamma-ray beam and the neutrons
produced in each fission event are detected by a

“long-counter' formed by 6 BF_ detectors surrounding

3

the chamber. A coincidence system with a variable

delay time is utilized. This system is being

252

initially tested with a Cf source in which the

number of neutrons per fission v is well known.

Angular Distribution of the Fragments from the
238U

Photofission of

S. Kuniyoshi, C. Renner, 0.Y. Mafra (Instituto de
Energia Atomica) and J. Goldember (Instituto de
Fisica -~ Universidade de Sac Paulo)

The angular distribution of the fragments from

the photofission of 238U

induced by monochromatic
photons of 5.43 MeV has been measured using glass
detectors. The gamma-rays have been produced by
thermal neutron capture in sulfur, at the |EA-RI
research reactor. In the analysis of the results

only the contributions of the terms (Jﬂ,K),

(17,0), (17,1) and (2%,0) (Dipole and quadrupole)

have been considered, so that the angular distribution
of the fragments may be given by:

W(B) = a + bsinze + ¢ sin 226
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The following values have been obtained for the
coefficients of the above distribution, already
corrected for the contributions of secondary gamma-
ray lines from the source:

a = 0.03% 0.59

b = 1.2 0.7

c = 0.6 0.3

Therefore, the existence of a strong quadrupole

I+ 14

component has been observed at this energy.

238

Electron Induced Fission of U

J.D.T. Arruda Neto, S.B. Herdade and !|.C. Nascimento

(Instituto de Fisica - Universidade de S3ao Paulo)

The electron induced fission cross-section of
238U has been measured in the energy rang 8 to 52 MeV,
using the electron beam of the Linear Accelerator of
the University of Sao Paulo. Mica foils have been
used as fission fragment detectors.

The experimental results have been compared with
calculated curves for El, Ml and E2 transitioné, and
also with the curve obtained by Onley and Ressler
(Phys. Rev. Letters 22,236-1969) corresponding to
the contribution of the giant resonance for the
cross-section.

For energies above 2( MeV the experimental points
are consistent with the calculations corresponding
to E1 or Ml transitions, excluding the possibility
of significant contributions of E2 transitions. The
comparison with the calculations by Onley and Ressler
shows a pronounced discrepancy that cannot be explain-
ed even taking into éccount corrections for Coulomb
distortions of the electron waves and the experimental

uncertainties.
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High-energy-proton fission Cross-Sections of

U, Th and Bi

H.G. de Carvalho, R.A.M.S. Nazareth and A.F. Stehney
(Centro Brasileiro de P:squisas Fisicas - Rio de
Janeiro)

Notas de Fisica, XIX, No.2 (1972)

Proton fission cross-sections of uranium, thorium
and bismuth at 12.3 GeV were measured using nuclear
emulsion techniques. The results (of(U)=79ht80 mb;
0 (Th)=597%60 mb; o (B1)=114212 mb) show that for
these heavy nuclei, the fission cross~sections all
decrease by a factor of about 2, when compared with
their maximum value in the plateau region of 100 MeV
up to 1000 MeV. A semi-empirical interpretation,
about the mechanism responsible for such a fission

cross-section decrease, was made.

On the Ternary Fission Induced by High Energy Protons

H.G. de Carvalho and H. Schechter (Centro Brasileiro
de Pesquisas Fisicas -~ Rio de Janeiro)

(To be published in *I1 Nuovo Cimento',

1973)

Uranium was irradiated with high~energy protons:
600 MeV, 2.9 GeV, 12.3 CeV and 21.8 GeV. Using
nuclear emulsions as detectors, three-prong events
with cross-sections 1.2%0.1 mb, Z.Zto.l mb,
4.8t0.8 mb and 6.5tl.2 mb, respectively, were
found, along with the usual fission tracks. Our
results show that as well as a true ternary fission
process, a variety of other phenomena exist which can
produce three-prong events and must be taken carefully

into account.

Comparison of Prompt and Isomer Fission Modes

C.A. Fontenla and D.P. Fontenla (Instituto de Fisica

Universidade de Sao Paulo)

Similar but not identical values within errors,




were obtained after a detailed analysis of the

prompt and isomer fission modes of 242Am from a
previous experiment. In this regard all experimental
errors, systematic, accidental and from counting
statistics were propagated step by step through all
the algebra up to the finai formulae. We found that
the fact of having twin experiments allows a partial
cancelation in some systematic errors. In our
results, the known prompt fission trend expected for
fission of a nucleus with increasing excitation energy
is not followed. |If this were the case a more
symmetrical mass yield distribution with a Peak/
Valley value several times greater should be obtained
for isomer fission with E'v 2.9 MeV, in comparison
with the prompt fission with E‘~Y 5.7 MeV. In the
double potential barrier model, the two barriers can
have different width and height, with experimental
evidence for the second one being lower for the

2l‘zAm (Gangrskii et al. Sov. J. Nucl. Phys, 10
(1970)38). Both saddle points may differ in

symmetry of shape (Bolsterli et al., Phys.Rev. cs
(1972 1050). In this case and if the properties of
fission are defined more by the properties of the
first barrier, and isomer fission only by the second,
when tunneling with 14 msec half-life. Nix et al.
(Nucl.Phys. A132 (1969) 60) discussed an inconsistency
for 2l‘zAm when relating pérameters of the spontaneous
fission of the ground state and isomer fission. To
remove the inconsistency they propose a two dimensional
potential energy surface with two different fission
paths. If we assume that a small percent of the
sub-barrier zqum induced fission follows the one
saddle-point path, then there will be small differences
between n-induced and isomer fission. There is no

way of concluding from our experiment that this could
be or not the case. All suggests the necessity of a
systematic study of isomer fission modes as a

contribution to the mass yield distribution theory.
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Determination of the yield of ]‘SAg in the Fission
of 23211 induced by 14.7%0.2 MeV Neutrons

A.M. dos Santos and Bartyra Arezzo (lnstituto de

Engenharia Nuclear - Rio de Janeiro)

A comparison of the mass-distribution curve for

232Th with lh.7t0.2 MeV neutrons
235U and 238

same energy shows some evidence of a small peak in

the fission of
with those of U for neutrons of the
the region of symmetric fission.

Few experimental data have been reported for the
system 232Th (Ih.?tO.Z Mev n,f) in the mass region
A=105-127, where the symmetric peak would be expected.

The present work was undertaken to measure the

fission yield of s

Ag to help to establish the
existence of the symmetric peak. A fast radio-
chemical method was used to separate silver, and
the lISAg was identified by its half-1ife and gamma-

rays measured in a large active volume Ge(Li)

detector.

The result obtained for the fission yield of
]]SAg, 0.94%, and the calculated value for the total
cumulative yield of the 115 chain, 1.11-1.5%,

seem to confirm the observations of several authors.
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Photonuclear Reaction Data

Nuclear Resonance Scattering of Gamma-rays in Sb
A.A. Suarez, N. Bioise, M.L.B.C. Freitas and V.S.

A. Segreto (Instituto de Energia Atomica - Sao

Paulo)

Elastic and inelastic scattering of mono-
chromatic photons were used for studying the
nuclear energy levels of a Sb target; the photons
were produced by thermal neutron capture in
titanium. Two independent resonance levels were
found at 6413 and 6753 keV. Angular distributions
of the observed elastic and inelastic lines were
measured giving the spins of some of the feeding
levels. The total and partial radioactive widths
of the 6413 keV and 6753 keV levels were also
measured.

Re-tnvestigation of Resonant Scattering of Gamma-

rays in Cu Targets

A.A. Suarez, N. Bloise, M.L.B.C. Freitas and V.S.
A. Segreto (Instituto de Energia Atomica - Sao

Paulo)

Elastic and inelastic resonance scattering of
monochromatic photons from Cu has been studied
using a 40 cc Ge(Li) detector. The gamma source
was obtained from thermal neutron capture in
titanium. According to Giannini et al. (Nucl.
Phys. A101 (1967) 145) the resonance energy was
6.07 MeV instead of 6.55 MeV as determined by us.
This discrepancy was probably due to the use of
Nal (T1) detectors and a high level background.

By measuring the angular distribution and realizing
temperature and self-absorption experiments it was

possible to establish the spin, the FO/F ratio and

the total radiocoactive width I' of this resonance level.
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4.3 Nuclear Elastic and Inelastic Scattering of lron

Capture Gamma-rays from Lead and Nickel

F.G. Bianchini (Instituto de Energia Atomica -

Sao Paulo)

Revista Brasileira de Fisica,
Vol.2, No.3 (1972),pg.19]

An experimental study of some highly excited
individual nuclear levels near the threshold for
particle emission was carried out employing
capture gamma-rays from iron, through nuclear
resonant scattering measurements. The experiments
were performed at a direct-beam tube facility of
the 1EA-R]1 reactor. A large volume Ge(Li) detector
installed on a rotating table was used to perform
the measurements. The energies of the elastically
and inelastically scattered gamma-rays, as well as
the angular distribution of the elastically
scattered gamma-rays from lead and nickel are
presented. The spins of the resonant levels were
determined and found to be in agreement with

previous determinations.

L.4 Photonuclear Reactions in 55Mn between 300 MeV

and 1000 MeV
H.G. de Cérvalho, J.B. Martins, 0.A.P. Tavares

(Centro Brasileiro de Pesquisas Fisicas- Rio de
Janeiro) and V. di Napoli, F. Salvetti (iInstituto

di Chimica Generale ed Inorganica dell'Universita -
Roma)

Presented at the International Conference on
Photonuclear Reactions and Applications - Asilomar -

. Pacific Grove ~ California

The present work reports measurements of the

cross-sections per equivalent gquantum for
Mn(y.n)sbﬂn, SSMn(Y,Bn)EzmMn. SSMn(Y,Bn)SZMn
and 55Mn(y,hn)5!Mn reactions by the activation

55
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method, using the irradiations facilities of
the Frascati 1 GeV Electron-Synchrotron at
several maximum energies of the bremsstrahlung
beams ranging from 300 MeV up to 1000 MeV.

The SZMn isomeric yield ratio, as well as the

absolute cross-section, are also presented.

The (y,n) Reaction in ‘SF and 23Na at Energies

between 0.3 GeV and 1 GeV

F. Salvetti, C. Aurisicchio, V. di Napoli (lns~-
tituto di Chimica Generale ed Inorganica dell!
Universita - Roma) and H.G. de Carvalho, J.B.
Martins (Centro Brasileiro de Pesquisas Fisicas-

Rio de Janeiro)

Measurements of the cross-section per equivalent
quantum of the ]9F(Y,n)18F and 23Na(y,n)zzNa
reactions in the energy range 0.3-1.0 GeV have
been carried out. Average absolute cross-sections
have been calculated of (I.30t0.!0) mb and
(l.60t0.20) mb for the two reactions, respectively,
over the whole energy range considered, by means

of the photon difference method.

27

Photoproduction of IBF from Al at energies

between 0.3 and 1| GeV

V. di Napoli, A.M. Lacerenza, F., Salvetti and
S.M. Terenzi (lnstituto di Chimica Generale ed
Inorganica dell'Universita - Roma) and H.G. de
Carvalho and J.B. Martins (Centro Brasileiro de

Pesquisas Fisicas - Rio de Janeiro)

J.inorg.nucl.Chem. 35(1973)1419-1427
Aluminium targets have been irradiated with
bremsstrahlung beams at energies between 0.3 GeV
and 1 GeV and the cross-sections of 18F have been

measured by activation analysis.
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Photon-induced Fragmentation in 27A! and 325

by 1-GeV Bremsstrahlung

V. di Napoli, F. Salvetti, M.L. Terranova (lnsti-
tuto di Chimica Generale e Inorganica dell'Uni-~
versita - Roma) and H.G. de Carvalho and J.B.
Martins (Centro Brasileiro de Pesquisas Fisicas -

Rio de Janeiro)

To be published in Physical Review 1973
Polyethylene, water, lithium fluoride, aluminium,
and sulphur targets have been irradiated with
1-GeV bremsstrahlung beams at the Frascati electron
synchroton and the yields of some spallation
products from 27Al and 325 and of I]C and 78e
12 160, 19F 27Al, 32

from c,

and S have been

*

measured by the induced activity and radiochemical

methods. Evidence has been deduced for fragmentation
from the mass-yield distribution of the photo-
produced nuclides in 27Al and 325.

. 110 . .
Formation of In isomeric States by (y,3n)

Reaction as a Function of Energy
S.A.S. Vitiello, 0.A.M. Helene and 1.D. Goldman

(Instituto de Fisica - Universidade de S. Paulo)

Indium foils (200 mg) have been irradiated at
the USP Linac, with bremsstrahlung in the energy
range 33 to 46 MeV (reaction threshold =
27.1%0.2 Mev).

The induced activity has been measured using
a Ge(Li) deiector, with 3 keV resolution (for the
line 1.33 MeV of Co~60), and the transitions
657.8 keV and 884.7 keV corresponding to the
isomeric states 2+(67 min) and 7+(h.9 h),
respectively, have been studied.

Significant results have been obtained for

energies above 36 MeV, indicating a marked variation

of the ratio R=§:2+/Z7+, from 0.7 to 3.7.
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12

Measurements of the Reaction le(y;a)]‘7ln

by Residual Activity

E.A. Finotti, V.R. Vanin and !.D. Goldman (Ins-

tituto de Fisica - Universidade de Sao Paulo)

Emission of charged particles by excited
nuclei with intermediate mass is strongly R
inhibited by the Coulomb barrier. Previous
experimental results indicate that this emission
is carried out through a compound nucleus
mechanism (Dyal and Hummel, Phys.Rev. 115(1959)1264).
In order to complement these data, preliminary
measurements of the simultaneous reactions (y,n)
and (y,a) in Sb isotopes have been carried out
at 42 MeV using bremsstrahlung from the USP Linac.

The value obtained for the ratio of the yields

of the reactions ‘ZISb(Y,a),'7In and 123Sb(Y,n)‘ZZSb
-4 ‘
was 5x10 .
. . . 120
Formation Ratio of lsomeric States of Sb by

(y,n) Reactions as a Function of Energy

V.R. Vanin, J.S. de Goes and |.D. Goldman

(Instituto de Fisica - Universidade de S.Paulo)

The antimony isotopes (Z=51) behave like
spherical nuclei due to the proton stabilizing
shell. The moment of inertia is reduced, this
characteristics being reflected in the value less
than 3, obtained for the spin cut-off parameter o
in previous results. The variation of the
excitation energy may lead to alterations in o.

Antimony foils have been irradiated with
bremsstrahlung at the USP Linac, in the energy
range 20 to 38 MeV. The residual activity was
measured by following the decay of the transition

1171 keV, common to the states 1t (15.9 m) and

8" (5.8 d). The experimental results indicate an




L1

.12

- 56 -

increase in the formation ratio R=Z28 / Zl+,
with the irradiation energy. Adjusted values of
R for the energies 20 MeV and 38 MeV gave the
values 0.085 and 0.125, respectively. These
results are consistent with the increase of o

with the energy.

Spin Distribution and Transmissibility in the

Statistical Model - lsomeric State Formation
S.A.S. Vitiello and I.D. Goldman (lnstituto de

Fisica - Universidade de Sao Paulo)

The effect of different spin distributions,
including a sharp and a smooth cutoff at a
maximum spin, and the use of a parabolic potential
for transmissibility calculations, was investigated

following Huizenga and Vandenbosch formalism.

”3ln(Y,3n)“°ln

The results have been applied to the

10m .
and ] Iin reaction.

Quadrupole Transition Absorption and the Variation

of lsomeric Rate Formation in the Reaction

]2'Sb(y,n)]205b

0.A.M. Helene, J.S. Goes and |.D. Goldman (lnsti-

tuto de Fisica - Universidade de Sao Paulo)

Calculations with the model proposed by Huizenga
and Vandenbosch give significative variation at
the isomeric rate formation with different
absorption of dipole + quadrupole composition.
In the calculations of the rate£8 /%17 for
'zoSb, we have obtained differences of up to 8.5%
for 80%D + 20%Q composition. From the measurement
of isomeric state formation by photo- and
electrodisintegration, the quadrupole composition

can be deduced.
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L.13 Electron - and Photodisintegration reactions in

lzC, IQF, 35C!, 636u and GSCU

E. Wolynec, M.N. Martins, 0.D. Gongalves,
J.R. Moreira and G. Moscati (lnstituto de Fisica - *

Universidade de Sao Paulo)

Measurements of the ratio of the electron to N
the photodisintegration reaction cross~-section
(oe/oY ) carried out for some nuclides by Barber
(P.R. 111(1958) 1642) and others, have shown that
the results may be explained assuming a convenient
admixture of El and Ml transitions. High Z
nuclides present some difficulties due to
approximations that are used in the theoretical
calculations.

In the present work these measurements are
extended to other elements, covering low, medium
and high Z. Cross-section measurements for

electro- and photodisintegration of ‘ZC. ]9F,

3SCI, 636u and 65

Cu, have been carried out by
irradiating, in each case, 2 thin targets

(n 3x10-3RL) separated by an aluminum radiator
(«;2x10-2RL), in the energy range 18 to 40 MeV,
with 1 MeV energy intervals. Analysis of the
data for ‘ZC has shown an agreement with previous
data in the literature. Results for '9F can

be explained if it is assumed an almost 100%

El transition. Data for the other nuclides are

being processed.
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Charged Particle Reactions

111 113

Energy Levels of Sn, 123

Sn and Sn

T. Borello, E. Frota-Pessoa, C.Q. Orsini, O.
Dietzsch and E.W. Hamburger (lInstituto de Fisica -

Universidade de Sao Paulo)
Revista Brasileira de Fisica,

)113

The reactions
2Sn(d,p)
at incident energies of 12 or 17 MeV. The

Vol. 2, No. 3 (1972) 157
Sn(d,t) Sn, Sn(d,p Sn,
123 124

112 111 112
12 Sn and Sn(d,t)lzBSn were studied

scattered particles were analysed by a high

resolution magnetic spectrograph and detected in

nuclear emulsions; energy resolution was ~9keV.

A large number of energy levels were identified

in the final nuclei: 6 levels of ‘IISn up to

IIBSn and

| MeV excitation energy, 67 levels of
73 levels of '23Sn, up to 5 MeV excitation.

Angular distributions were fitted with the
distorted-wave Born approximation (DWBA),

yielding transfer angular momenta and spectroscopic
factors for 55 states of ll3$n and 39 of ‘ZBSn.

The results obtained are compareuw with pairing

theory and the weak coupling theory.

Some 'hN(d,p)lSN Reactions in the Deuteron Energy

Range from | to 3 MeV

V. Porto (Instituto de Fisica - Universidade de
Sao Paulo)

Revista Brasileira de Fisica,
Vol. 2, No. 2 (1972) 47

In general, the (d,p) and (d,n) reactions in
the energy range from | to 3 MeV in light nuclei
show a large contribution from the stripping

mechanism and also pronounced structures in the

excitation curves. The structures observed seem
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to be associated with the excitation of only a few

particues in the compound nucleus. The purpose of

this paper is to discuss some ideas concerning the -
I“N(d,ph)lsN (ex = 7.16 MeV), '“N(d,ps)‘su
(Ex = 7.31 MeV) and ]“N ISN (Ex = 7.57 MeV)

(dsps)
reaction mechanism and a model is proposed to
explain the broad structure (I'«~ 650 keV) observed

in the pS excitation curves.

Mass Excess for Tin Isotopes

M.J. Bechara and 0. Dietzsch (iInstituto de Fisica -

Universidade de Sao Paulo)

The Q values for the reactions (d,p) and (d,t)
induced in all even isotopes of $n (A = lllellh,
116, 118, 120, 122, 124) have been determined by
the simultaneous observation of the proton and
triton groups corresponding to transitions to the
ground states. A target containing all even Sn
isotopes in equal percentage has been utilized.
The protons and tritons from the reactions have
been detected by nuclear emulsions located in the
focal plane of the magnetic spectrograph of the
University of Pittsburgh. The values of Q(d,p)
and Q(d,t) are in good accordance with the ones
obtained from the table of Wapstra and Gove
(Nuclear Data Tables A9 (1971) 303) for most of
the reactions. Nevertheless, our results indicate

values 10 keV and 18 keV higher for ‘ZOSn and

L4
l]an respectively, than the ones presented in the

table of Wapstra and Gove.

1

Inelastic Scattering of Protons by 225n through

lsobaric Resonances

M.S. de Assumpgao, 0. Dietzsch and E.W. Hamburger
(Instituto de Fisica - Universidade de Sao Paulo)

The level structure of 'ZZSn has been investigated

by observing the states that are populated in the
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decay by protons of isobaric analog resonances
formed in the reaction 122Sn + p. Special
attention has been given to states with excitation
energies greater than the colective states 2+ and
3-. previously investigated (Dietzsch, Hamburger and
Schechet, Bull, Am. Phys. Soc. 12 (67) 19). A
total of 72 levels have been observed in the decay
of the resonances that occur at proton energies
8.95 MeV (d 5/2), 9.25 (d 5/2) and 10.47 MeV

(f 7/2). The experimental resolution for the

four detectors simultaneously utilized in four
different angles in less than 20 keV. The
distribution of the partial widths among the

several populated states is discussed.

9]Zr(d,d')er

T. Borello-Lewin, 0. Dietzsch, E.W. Hamburger

Study of the Reaction

and L.B. Horodynski Matsushigue (Instituto de

Fisica - Universidade de Sao Paulo)

Detailed experimental information on nuclei
with proton or neutron numbers near closed shells
present a great interest since, in this case, the
approximations used in the theoretical calculations
of nuclear structure are less drastic. We know
that 902r (N=50) presents states of strong
colective characteristics; that result from the
coupliing of an independent particle with the
excited states of 90Zr. could be evidenced.

Targets of 9IZr have been bombarded by deuterons

of 17 MeV in the University of Pittsburgh Tandem.

The scattered deuterons, analysed by a magnetic
spectrograph type split-pole, have been detected
in nuclear emulsions with a resolution of 18 keV.

The analysis of the nuclear emulsions has been

carried out in Sao Paulo, and a prelminary study




.2

- 64 -

of the data lead to the identification of 27
energy levels up to 3.3 MeV excitation, with
good agreement with the proton scattering data
(Phys. Rev. 182 (1969) 1320). The analysis of

the angular distributions using DWBA is underway.

Nuclear Level Scheme and Radioactive Decay Data

Nuclear Spectroscopic Studies of Low-Lying States
77
As

in
J.M. Gualda and R.N. Saxena (lnstituto de Energia
Atomica) and F.C. Zawislak (lnstituto de Fisica -

Universidade Federal do Rio Grande do Sul)

The technique of directional gamma-gamma angular
correlation has been used to investigate the decay

of 77Ge to levels in 77As.

The coincidence
measurements were performed using a 35 cm2 Ge(Li)
detector and a 7.6x7.6 cm Na(T1) detector. The
results of nine measured correlations served to
verify the spin assignments of the low energy levels
and in addition yielded values for the multipole
mixing ratios of the involved gamma transitions.

We also make a comparative analysis of 77As and

75 As nuclei; both isotopes have a very similar

low energy level structure.

Conversion Electron-Gamma and Gamma-Gamma ’

Directional Angular Correlations in l600y

F.C. Zawislak, J.D. Rogers and E.A. Menéses
(Instituto de Fisica ~ Universidade Federal do
Rio Grande do Sul)}

Gamma~-gamma and conversion electron-gamma
angular correlations in l60Dy have been measured

for the 298-966 keV and 298-879 keV cascades.

Particle parameters of the 966 keV E2 transition
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were determined to be b,(E2; e ) = +1.23%0.08 and
b,(E2; ey  -\) = +1.27%0.23. The multipole

mixing ratio for the 298 keV radiatio was determined
to be 8§(M2/E1) = +0.04%0.01 and we have confirmed
the value §(E2/M1) = -13%2 for the 879 keV. The
EO-E2 mixture parameter for the 879 keV transition
was determined as 9, = *0.031.09 assuming penetra-

tion effects to be negligible.

6.3 Levels in the N=82 Nucleus ‘thd

F.M. Smolka and A.G. Pinho (Departamento de Fisica,

Pontificia Universidade Catolica - Rio de Janeiro)

Revista Brasileira de Fisica,
Vol. 2, No.3, 1972 -pg 215§

Decays of both ]“ZPr and Il‘sz to levels in the

82 - neutron isotone l“sz were investigated with

Ge(Li) detectors. The MZPm was not separated from

the ‘QZSm source and some ambiguity is present in
the assignment of gamma-rays with energies up to
2.05 MeV. Spin and parity assignments were made
for all levels. The resulting level scheme is

compared with predictions of theoretical calculations.

6.4 The decay of 58C

H.W. Jongsma, J. Bron, H. Verheul (Natuurkundig

U

Laboratorium der Vrije Universiteit, Amsterdam,
The Netherlands), and A.G. da Silva (Instituto

de Engenharia Nuclear - Rio de Janeiro)

Nucl.Phys.A179 (1972) 554-560
The energies and relative intensities of the
gamma-rays and the relative intensity of the
annihilation radiation from the decay of 58Cu
have been measured. Levels at 4449.9 keV and

4538.3 keV in 58Ni were found to be populated in

this decay. The intensity of the B+ feeding of
the 3594.9 keV level was found to be <0.1%.
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Decay Scheme of 228Ac

H.M. Vasconcellos (COPE, Universidade Federal do
Rio de Janeiro), A.G. da Silva, L.T. Auler (Insti-
tuto de Engenharia Nuclear - Rio de Janeiro), and
T.A.E.C. Pratt (lnstituto de Fisica - Universidade
Federal do Rio de Janeiro)

Studies of the disintegration of 228Ac have been

started. Preliminary results indicate new transition.
A computer code has been utilized to obtain the
positions and areas of the peaks appearing in the

gamma-ray spectra.

Excited Levels in 208Tl

A.G. da Silva, L.T. Auler, G.L. de Almeida,

R.H. Topke (instituto de Engenharia Nuclear -

Rio de Janeiro)

The energies and relative intensities of

gamma-rays from excited levels of 208Tl

in the alpha~decay of 2,283 have been measured

populated

using coincidence techniques. These values are
consistent with those obtained from alpha-particle
spectroscopy data. Low intensity gamma-ray
transitions of 493 and 620 keV have been found

which had not been detected before. An upper

Jimit of .004% has been set for the intensities

of possible transitions of 124, 145, 165 and 295 keV
report earlier. K-shell internal conversion

coefficients were obtained. .

Half-lives of some Excited States of ZOBTI

A.G. da Silva, L.T. Auler, G.L. de Almeida, R.H.

Topke (Instituto de Engenharia Nuclear - Rio de

Janeiro)

The Doppler shift attenuation method is being

]Zsec)

utilized to try to measure half-lives (e~ 10
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of excited states of ZDBTI, populated by the

a-decay of 2‘283. This Method is frequently

utilized when the states are reached through

nuclear reactions in light nuclei, since in this

case the Doppler shift is enhanced due to the

high speed of the recoil nucleus. This is not

the case for the recoil nucleus ZOSTI, the

maximum shift being of one part in 1000,

approximately, corresponding to ~300 eV for the

288 keV gamma radiation of this nuclide. Nevertheless,
this effect has been detected by a-y coincidence
measurements using Ge(Li) detector, the 208Tl
recoiling in vacuum, The choice of a convenient
material is under study to be used as a moderator
for the recoil nucleus so that the half-lives

could be evaluated.

Weak Transitions in uuCa

L. Tauhata and A. Marques (Centro Brasileiro de

Pesquisas Fisicas - Rio de Janeiro)

Notas de Fisica,XVIili,No.21(1972)
An analysis has been made of the excited states
4
of Ca using the gamma transitions from the gt

and EC decay of bum’kac

Besides the already
known transitions, two other have been detected,
728 keV and 564 keV, of low intensity.

The transition of 728 keV between the states
0" at 1885 keV and 27 (v=2) at 1157 keV, suggests
the possibility of the state O+ to be formed by
hbm,khsc (tog ft=8.6), being
characterized as a state of core excitation with
configuration described by (f 7/6)6.(d 3/2)‘2 or
(F 772 - p 3/2)%. (s 172 - 4 3/2)7 2.

The asign of (5+,-) has been given to the 2850 keV
state.

the decay of
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IEA-R! Conversion Electron Magnetic Spectrometer

Brigitte R.S. Pecequilo and A.A. Suarez (instituto

de Energia Atomica - Sao Paulo)

The spectrometer has been optimized as far as
the target and detector positions are concerned.

The K 411 conversion line of Hg-198 has been
measured in order to verify intensity effects

observed in the spectrometer.

X,-rays from Heavy Elements: Fluorescence and

L
Coster-Kroning Yieids

M. Weksler and A.G. de Pinho (Departamento de
Fisica - Pontificia Universidade Catolica -

Rio de Janeiro)

The XL-ray spectra resulting from the internal
conversion of nuclear electromagnetic transitions
have been analysed for four heavy elements:

Bismuth (Z=83), Radon (Z=86), Radium (Z=88), and
Neptunium (Z=93). Informations on the fluorescence
yield as well as on the probabilities of relative
transitions by the non-radiactive processes (Auger
and Coster-Kroning) are obtained. The results are
compared with the (few) experimental data already

known and with the available theoretical calculations.

Decay of 2.1-hour l78Ta

0.A.M. Helene and |.D. Goldman (Instituto de Fisica

Universidade de Sao Paulo)

A recent measurement (Helner and Reich, NPA 114
(1968) 649) of the '/°

the existence of a rotational band with K=8, based

Hf levels, has demonstrated

on the 1147.44 keV level. A lower limit for the
existence of the transitions (8“)~*(9-), 116 keV
and (9°) - (8 ), 216.67 keV, was determined

preliminarily with intensities <0.1%.




6.12 Study of the Levels of 53Mn through the decay
of 53Fe

L.F. Ulhoa Canto and S. de Barros (Instituto de
Fisica - Universidade de S3o Paulo)

Excited states of 53Mn resulting from the decay
of 53Fe have been studied with high resolution
Y-ray spectrometry and good statistics. Two new
lines have been observed, 1177 keV and 2306 keV,
attributed to transitions from the level 2686 keV
(already known) to the level 380 keV, and from the
level 1177 keV to the ground state, respectively.
For the B groups that feed the levels 1177 keV
and 2686 keV, values of log ft equal to 5.8 and
5.5 have been determined, respectively.

From the results of the present work, a new

3un

decay scheme for is proposed.

6.13 Study of the Levels of 38Ar through the B-decay

of 38K
S. de Barros, A. Miranda and C. Pascholati (lns-
tituto de Fisica - Universidade de S3ao Paulo)

38

The nuclide K (T‘/2=7.7 min) has been obtained
by irradiation of samples of K| with a bremsstrahlung
beam at the USP Electron Linac. The gamma spectrum
of the activated samples has been analysed with

high resolution and good statistics. A new decay

38

- scheme for

K is proposed.
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The ninth progress report oa Buclear Data Aotivities
in India covers the work dome during the year 1972. A purt
of th-‘nrk ;ina in this report has been presented at the
Nuclear Mic: and Solid State Physios Symposium held at
Chandigarh during Decembar 1972.

The total oumber of CINDA entries sent to the Nuclear
Data Section of the International Atomic Energy Agency during
the period of the report is 75. The liaison activity with
computer pregramme liurery (CPL) of the OECD Buclear Emergy

Agenoy waa continued.

Progress report on new facilities far research is as
followss

1. sed t+ React

Purther design work on the Kalpakkam Pulsed Past Reactor
oontimued during the year. Sinoce the oriticality of the PURNIMA
oritical facility at Trombay, in May 1972, several measurements
have been carried eut in commection with the optimization of the
physios parameters of the Pulsed Fast Reactor. The mean prompt
neutron life time of the Pn02 fuelled reference care has been
measured as 50 nano seconds. Reactivity measurements are being
carried out with sliding blecks of Beryllius, Aluminium, Titanium

etc. which are being considered for the pulsing mechanimm.
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2. 224 om Yaxiable Eoergy Cycletrem

The comstruction work on the 224 om Variable Energy Cyolotron
at Caloutta has made further progress during the year. The fadlri-
cation of the magnet at the Heavy Engineering Cexrporation, Ranchi
is nearing completion, and the delivery is expected around Ootober,
1973. Half of the magnet coils are ready at the Heavy Eleotricals
(India) Limited, Baopal. The R.P. System fabrication is well under
way. The Pewer supplies have been built and tested. The vacuum
system is being assembled at site, and work om the deflector, ion
source and other components is also progressimg. The tender for
the analysing magnet castings has beem issued. The VEC Laboratery
building is ready and it has been occupied. Detailed preparations
for the utilization of the cyclotron have started. The cyclotron

is expeoted to go into opwration im 1974.

MQN‘&

(A.S. Divatia)
Convener
Indian Wuclear Data Group




A. BHABHA ATOMIC RESEARCH CENTRE, BUMBAY 400 085

and 5900 - S.N. Chintalapudi , S. Kailae, N.K. Ganguly, S. K.
Gupta, L.J. Kanetkar, S. S. Kerekatte and M.K. Mehta - Measure-

ments of total cross-sections foar the reactions 5O“l‘i(p,n)SOV,

54 59

n)sgﬂi have been done for the rarges

Cr(p,n)54Mn and ““Co(p,
of proton energy Ep from 3.4 to 4.9 MeV, 2.2 to 5.2 MeV and

2 to 5.1 MeV respectively employing a 47T~ geometry neutron
counter. The thicknessea of the targete were of the order of
4 keV in all cases for Epfv 4 MeV., The excitation functions
measured with keV steps exhibit etructures of about 15 keV
widthe. On averaging the excitation functions over about 100
keV intervals, they show intemediate width structures. The
optical model has been used to calculate theoretical reaction

croes-sections to fit the measured data after performing

averagee over euitable intervals.

2. The Reaction 4OCa.(cx.,'f)MTi in _the Region of
44

i
\
~ ) 50.. 54
LI (p,n) Reaction Cross-Section Measuremente on Ti,” Cr,

Bxcitation Above 8 MeV in T - M. Iemail, M. A. Eawaran and

N.L. Ragoowansi - With a view to study the isobaric analogue
states in the region of excitation function for the reaction
4003(«.‘( )44'131 has been obtained in the range of bombarding
energiee E=3.240 to 3.410 MeV and 4.390 to 4.750 MeV. A weak




resonance wae located at %xa 3.346 .+ 0.015 LeV ("< 5 keV)
correeponding to the compound nucleus excitation of 8.162+0.015
MeV in 44Ti. Thie ie in agreement with the level located at an
excitation of 3.17 + 0.20 MeV in *4Ti by Cerny et a1{')in tneir
study of 8 - delayed o particles from the decay of the neutron -
deficient isotope 44V (T = =1), The upper limit of the strength
of thie resonace hae been determined to be (2J+1)E:l:/41 L 3.5
eV. In the higher range of bombarding energies studied in the
pregent work, two resonarces at E = 4.470 and 4.520 MeV have been
located with widths [7 < 20 keV and M 30 kev respectively.

(1) J. Gerny, D.R. Gooeman and D.E. Alburger,
Phya. Lett. 37 B (1971) 380.

3. Propertiee of States in 555 - M., Balakrishnan, M. K.

Mehta, S. Kailae, L.J. Kanetkar and A.S. Divatia - Levele in the
compound nucleuse 353 have been investigated by measuring the total
Yield of neutrons from the reaction 2931(0(,n)323 for alpha
energies Eqo = 2.3 MeV to 4.7 MeV in stepe of 2.5 keV using a 4T
neutron counter. The target thicknese wae estimated to be 7.7

keV for 1.6 MeV alphas from a separate alpha scattering measure-
ment. The yieldswere converted to abeslute total croees sections.
103 resonancees were identified and total level widthe determined

for 75 etronger and resolved widthe {x2 andlxna have been deter-

mined for 19 ressnances.
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4. Resonances Below The Analogue Threshold in 73As

#*
- M.G. Betigeri, N.S, Thampi, L.P. Varma and M.Y. Vaze ~ The

elastic scattering of protons im 72Ge in the ‘nmergy range 2.6 =

3.4 MeV in steps of 1.5 KeV wae studied. A pumber of resonances

of approximately 20 KeV width are observed. The results are

12

compared with “Ge(p,p'e) studies in the same energy range. It

is known that the isobaric analogue threshold occurs at Ep =3.37%

whal
MeV. It is interesting to know these resonances are,

5. Statistical Properties of IExcited Nuclei And the

Determination of the Ground-State Shell Correction Energiaee

- V.S. Ramamurthy and S.S. Kapoor - A new method is proposed to
calcgléte the ground-state shell correction energies of nuclel
without recourse to Strutinsky'e smearing procedure. We have
ehown earlier thiﬁ & plot of the square of the calculated ther-
modynamic entropy of a nucleus versue its excitation energy
exhibite in the asymptotic high snergy region, a smooth behaviour
and the energy intercept of the smooth part of'the plot is nume~
rically equal to the ground state shell correction energy of the
nucleus. In the present work, we have examined in detail the
temperature dependence of the thermodynamic quantities, namely
the chemical potential, entropy and the total enefgy of a nucleus,
and show that their asymptotic high energy hbehaviour leads to a
unique definition and determination of the ground atate shell
correction éne:giee. Results of calculati.ne are presented for

a number of nuclei eterting from a modified h&rmonic oscillator

W e S

* Banaras Hindu University, Varanasi
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8ingle particle energy level scheme. The calculated shell
corrections are in close agreement with the valuez obtained

by the Strutineky preecription and, as a function of deforma-
tion, give‘rise to the familiar double huiped fission barriers

for actinide nuclei. -

_ U235 *
6. Hayeer-Feshbasch Calculations on -~ U.Satyanarayana,

S.Rama Murty' and 8.B. Garg - Hauser-Feshbaech calculations have
been performed for UZBS(n,n),En = 1 MeV, taking into account
the five known rotational bande of U235, baged on 0, 0.0003,
0.12927, 0.33282, 0.39319 MeV levels and a 6-parameter Saxon -
Woode form optical potential in an ABACUS programme in order to
gee the role played by the different rotational bands, as also
the spin-parities of 0.01303, 0.04622, 0.051693, and 00,1303 MeV
levels. The parity of a level has a pronounced effect on the
croes section changing even the order of magnitude, whereas the
spin of a level does not have such an effect. The effcct of
the preeence of geveral rotational bands appears clearly and

invariably, to befreducticn in the croes section.

7. Su(4) Symmetry Exhibited By 04d-0dd Nuclei im 1 f 7/2
Shell - S.K. Gupta,~- The experimental separations CxE(Tz+1,£2)

between the lowest T = T, + 1 and T u[rzl gstates for odd-odd
nuclei in the 1 f 7/2 shell show thet A& E(2,1)- AE(1,0)x2[4E
(3,2)- AE(QJ)]?V'E [A 8(4,3) -AE(},B)] Phis feature is very

* Laboratoriee for Nuclear Research, Andhra University,Waltair.




well predicted by the supermultiplet scheme emplying the SuU(4)
graup. It hae been found that the Wigher plue Majorna inter-
action dominates the Bartlett ,lus Helizenberg interaction‘by

analyzing the experimental data.

8. On the Ground State Spin= of the Spherical 0dd-0dd

Nuclei - S. Saini and S.K. Gupta - An up to date analyeis of

the ground estate spine of the odd-odd nuclei has been done.

The epherical nuclei with the configuration (np lp Jp)kp ’

(nn 1n 3n}kn can be clasgsified in to three classes, according
to whether 1) no= ny 1 = 1, 3= J;i 2) 1, Al 3, £ 3y or
lp = ln§ 39 = jﬂ' 3) 3-p #I lns jp
rulee given by Gupts are apolicable. Defining X =

= J,» In the case of (1),

(25, + 1 - 2k)) (23, + 1 ~2ky) and N = o+ 1 4§y + 1y
25, = 1 23, - 1

the nuclei f2lling in the caee (2) are classified according to
whether 2a) A = Q(jp or §, 4 %) and N avaﬁ or odd 2b)A= 0, jp
or j, = & and 2¢) X < 0. 1In cuse (2a-c), the Nordheim's rules,
the De-Shalit end ¥alecka rule and the Brennan and Brenstein

rule are applicable respectively. In case {(3): a new empirical

rule i8 propozed. Assuming a zerp range interaction rules

(2a-c) have been analysed.

9. Neutron Time-Qf-Flieght Spectra in the Reaction

26Mg(OC;nf)2QSi - N.L. Ragoowanei, M.A. Hewaran, H.H. Oza and

Y. Ismail - With a beam of 4.5 MeV particles. from the Van de
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Graaff accelerator, the time-of-flight spectra of several
outgoing neutron groupe have been obtained gimultaneouely in
the reaction 26Mg(c<,n’X)2981. The time range possible in the
syetem is 150 nano-aseconds. With a flight path of 1.5 meters
and ueing the ¥-ray pulse for the start eignal the time-of-flight
spectra were obtained by recording data in a two-parameter mode
in a 64 X 64 channel analyser, with neutron time of flight ae
one parameter and ¥-ray pulse-height as the second parameter.
By thie arrangement time-of-flight soectra for the four neutron
groupe feeding the excited statee at 1.275, 2.032, 2.427 and .
3.069 MeV in 2931 have been obtained simultaneously in a single
accelerator run in coincidence with the corresponding rays

deexciting these four excited states.

10. Evidence for the Simultaneous Emission of Two Light

Charged Particles in Thermal Neutron Fiseion of s 3. 8,

Kapoor, R.K. Choudhury, S.X Kataria, S.R.S. Murthy and V. S.

Ramamurthy - The present investigations in the thermal neutron

fiesion of U235 have shown the occurance of some rare events

which involce 8 gimultaneous emission of two main fragments.

The probability of such events ie found to be about one in v
106 binary fiseion events, if the data are analysed on the

agsumption that the directions of emiseion of the two LCP are

uncorrelated. The energy spectrum of the LCP emitted in such

evente appears to have a two-peaked ghape with the moest probable

energiee in the neighbourhood of 8 MeV and 15 MeV. Different

poeeible mechaniems leading to a simultaneous emiseion of two
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light charged particles in fisson are examined,

11, The (n,2n) Reaction Cross-Section of K39ang
5'* at 14 MeV - S.C. Misra, U.C. Gupta and U.S, Rao -

The I’g(n,Qn)ng and 314(n,2n)x13 cross sections have
been measured relative to the (n,2n) cross section of Cu.e3
at 14.6 + 0,2 MeV, The activity of the irradiated aamﬁlés
was measured by counting the 0.51 NeV annihilation photons
in a well type NaI(T1l) crystal. The measurements were

teken for three different volumes of the sample., Effect

of short term variation of flux was studied by monitoring
the neutron output during irradiation and was found to be
negligidble. The values obtained are 2,12 + 0.15 mb anmd 5.37
:'0.43 md fdr k39 ang n'4 respectively. The (n,2n) cross

section of Cu63 used for these measurements was 532 mb,

12, Energy Variation of Real Optical Potential for

Protons - D.K. Srivastava, B.C. Sinha* and N.K. Ganguly -
The direct and exchange contributions to the real part of

the reformulated optical potential are calculated for Ca-40
and Pb-208 in the energy range of 20-100 MeV, using the strong
density dependent nucleon-nucleon potential of Green. The
direct part and the total real optical potential are found to

decrease linearly with energy with the gradients of 0.05 and

* Visiting Member from King's College, London.
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0.20 respectively. The volume integtral of the real potential

ie also found to decrease with energy.

13. Analysie of the 2881 Elastic Scattering PFrom 2831

- S. Saini and M.K. Mehta - An optical model, with a f- depen-
dence in the imaginary part of the potential; is used to fit
the Chalk River data on 2881 + 2881 elastic scattering. We
have done the fitting with and without the.£ -dependent
imaginary part. We find that at lower energiee (20,25,30 MeV),
a shallow potential fite the angular distributions quite well.
The introduction of ,ﬂ - dependent imaginary potential doee not
change the character of fites at these energies. But at higher
energies (33.5, 38.5, 42 HeV), an l -dependence improves the
quality of the fits. The optical model parameters used arej
V=7.0+0.25 E cm. W=(0.2+0.15 E cm.), R, =5,000F, Rg1.35? and
a=0.49F. The fit to the excitation functione are aleo satis-
factory.

14. Studies on an N=8, E=} ch Spiral Sectored Cyclotron

- A. Jain and A.S. Divatia - Expreesions for the orbit properties
T » ), and Vy convenient for sector deeign and optimization in
azimuthally varying field cyclotrons have been derived and veri-
fied by constructing the sectore for an N=3, % mc2 electron
analogue cyclotron uagnet1). These equatione are now investi-

gated for the case of N=8 eectors. Spiral sectors for an N=8,
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® ncz electron cyclotron magnet have been constructed and
the magnetic field mapped. Difficulties observed in the
numerical integration of the orbits arising fiom the presence
of high field gradients in this case are analysed. In an
attempt to overcome these difficulties, application of an
analytical representation of the magnetic field in a curved
co-ordinate system has been investigated. Orbit properties
expected using the design equatiohs1) are compared with those

obtained by nunérical integration of the orbits.

1) 'Orbit Dynamics and Design Theory for Optimization of
Sector Shapes in Isochronous Cyclotrons', A, Jain and
A.S, Divatia, to be published.

15. He3 Neutron Spectrometer - B.K. Godwal and M.P.

Navalkar - The difficulties encountered in using He3 nucl ear
detector as neutron spectrometer are ma inly two-fold: (a)

Wall Effect and (b) Recoil Effect. In the present work it

is shown how the above limitations in the use of a He3 detec~-
tor can be eliminated and the raw spectrum is made free of
wall and recoil effect events. The resultant spectrum can
then be used directly to obtain the neutron spectrum of any
neutron source. A computer program in Fortran-IV far CDC 3600

has been written in this connection. Preliminary experimental

results have also been obtained.
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16, Recoil Implantation of Ga in Si by Ar' and Kr'Ione

- A.G. Wagh, N. Sarma, D.K. Sood and N.S. Thampi - The technique
of recoil implantation could be an economic means of producing
n-type or p-type layers of submicron thickness on semiconductors
by ueing gas ion beams. To investigate the usefulness of this
technique, we have studied recoil implantation of Ga in Si by
using Ar' and Kr* ione. Single crystale of n-type Si with high
and medium resistivity are chosen. Ga ies vacuum evaporated as

a thin layer on Si, with predetermined thickness monitored by

a quartg cryetal oecillator unit. Such prepared layers are

then bombarded with Ar* and Kr* ions in the energy range of

100 to 300 keV and several samples are prepared with fluences

16

varying from 6.24 X 10 1ona/cm2. The unimplanted Ga ie disolved

on prolonged treatment with coacentrated HNOB.

The number N, of recoil implanted Ga atoms per incident
gas ion is measured by back scattering of 2 MeV alpha particle
beam. Variation of N with the incident ion dose, energy and
mase ig discussed. On annealing at 700°C for 45 minutes in
Rrgon atmosphere, the implanted atoms show electrical activity.
Measuremente on the resietivity of the implanted layers and on
the juncti n characteristice of the p-n junctions thus formed

are in progress,

17. AAE Gas Tonization Chamver For Fission Fragmente

- N.N. Ajitanmd, S.K. Kataria, S.S. Kapoor and P.N. Rama Rao
- In certain fiesion experimenta, which do not require a measure-

ment of kinetic energiee of fragments, but only the separation
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of the light and heavy groups of fragmente and their collimation,
a simple A E device described here can be used with advantage.
This device makes use of the fact that in a selected small central
portion of the fragment-tracks the ratio of the differential energy
losses for the light and heavy groups is even greater than the
ratio of their kinetic energies. Consequentiy this device gives

a better separation of the light and heavy groupe than one which
peasures kinetic energy B, especially for cases of thick and non
uniform sources and aleo for fission of nuclei 1like szsz where
the intrinsic peak to valley ratio of the kinetic energy distribu-
tion ie not very large. Results obtained with a cf252 fission

source are analysed.

18. Cross-Section Work For Reactors = g g, Garg - Reactor

Engineering Division - Emergy point and multigroup cross-sections

were generated in the unresolved resonance region for Pu-239 and
U-238 by taking averages over the Porter-Thomas distribution of
neutron and fiseion widthe and Wigner dietribution of level spac-
inge, Multigroup crose-sectione were also generated for the fuel,
coolant and moderator elements in the resolved reeonance region,
uging single level Breit-Wigner theory and resonance parametere
from ENDF / B and UKNDF libraries. These croess-sections would be

ueed in the neutronic analysis of thermal and fast syetems,

A few interpolation echemes were programmed to obtain

the self-shielding factors given in the 26 group ABBN set, for

various reactor compositions at various temperatures.
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Based on optical and statistical models inelastic
scattering cross-sections were calculated for U-235 at 1.0 MeV
neutron incident energy with five rofational bands. The role of
spine and paritiee in the cross~section evaluation was aleo examined.
It wae concluded that the parity of a level had a pronounced

effect whereas the epin of the level did not have such an effect.

Efforts were also made to commission the ENDF/B data

library and the associated computer codes.

A critical review was made of the various theoretical

models and techniques used to generate energy-point or multigroup

crose-sections from the point of view of reactor applications.
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B. TATA INSTITUTE JOF FUNDAMENTAL RESEARCH, BOMBAY~

1. Multiple Scattering Effects in Charged Particle

Chapbneling and B8lockinz Experimente - K.i. Prasad, J.K.

Srivaetava and R.P. Sharma - The 2 MeV & -particles are
channelled in a <:1Tl> 2ingle cryetal of Ge. The effect of
multiple eéattering on minimum yield ae a function of depth
has been investigated. OSimilarly in the reverse proceas the
dblocking of 3 MeV O -piarticles emitted in 2 resonance reaction
31P(p.oc)52”;5 at 1.51 eV incident proton eilergy hae been used
to etudy multiple ecattering effecte in phoephoroue. In the
blocking measurement the incident proton energy hée been
adjusted to get the o ~particle yield from different depthe.
The'tmportance of multiple ecattering in short nuclear lifetime

meagurements along with other effects such as radiation damage

and surface disorder has been explained.

2. Magnetic !loments of The A = 21 Mirror Nuclei - M.R.

Gunye - The magnetic momente of the J = 3/27 ground states of
1 21

2 Ne,z Na are correctly predicted hy a multisnell Hartree-Fock

21

projection calculation. The energy epectrum of “ Ne ie also

explained.
197

AU. - R.CO Chopr&,

3. Helf Life of 77 KeV Level in

?.N. Tandon, S.d. Devare and H.G. Devare - Recent measuremente

1) 197,44

by Potzel et al on the width >f the sosepauer line in
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indicate that the accepted value of life time of the 77 KeV
level in197Au could be in error. We have therefore remeasured
the half life of this level employing the,/3 -¥ and 3 -e”
delayed coincidence tecnniques. The value obtained from these
ie T1/2= 1.87 + 0.05 neec. Che half life of 263 KeV level

ie estimated uelng the eame technigues and is compared with

the Coulomb excitation data.

4. Blectromagnetic Properties of Low Lying Levels in

Zzég - R.C. Chopra and P.N. Tandon - The half-life of the

280 keV level hae been measured to be T1/2= 0.31 + 0.03 ne
ueing Y- ¥ delayed coincidences. In addition, the g-factors

of the 265 and 280 keV levels have oceen measured to be 0.61 +016
and 0.295+0.049 respectively. The PAC technique wae used for
the measuremente. Electromagnetic properties 0f the various
levele have also been calculated on the core-particle coupling
model. A good agreement with the experimental rezulite ia
obtained. The resulte are compared with other exiesting theo-

retical calculatione.

5e Blectromagnetic Transition Probabilities in 165}{0

- S.B. Patil and K.P, 3opinathan - The half-life of the 715.5

1 1 :
keV level in 65H0 populated in the decuay of the 2.3 h 65Dy
hae been measured by ¥ -¥ and1/3 - delayed coincidence

method to be typ = 33 + 5 pe., The upoer limit of the half-life

,',

of the 995,33 keV level 1e determined to be < 30 pe. Angular




- 91 -

correlation measuremente using Ge(Li) and NaI (?1) detectors

gave the following resulte: A, = -0.021 + 0.010, A4,=0 for the

3%}

4

279.8 - 715.5 keV cascade, A, = 0.018 + 0.016 , A,=0.01740.026

2 4
for the 479.7 - 515.4 keV cascade. The XK and L subshell con-
version ratios of the 94.7, 279.8 amd 361.7 keV transitions
have been measured by a double focusing electron spectrometer.
The resulte are: L,/L,,/L,,, = 100/17.5/10.5 for the 34.7 keV
traneition; K/L;+L;,/Ly4, = 100/18.3/3.7 for the 279.8 keV
transition and X/L,/L,,/Ly,, = 100/16.0/4.1/2.4 for the 361.7
KeV transition. From the analyeis of these results the mixing
ratioe of the transitions are determined to be: 94.7 keV - Ml
+(3.9 + 0.3)% E2; 279.8 keV - M1+(2.0 + 0.4)% £2; 361.7 keV-M2.
+(2543)%E3; 715.5 keV-E1; 479.7 keV-£l and 515.4 keV-E2. The
traneition probabilitiee of transitions from the 94.7, 361.7
and 715.5 keV levels have been calculated and compared with

Nileson model predictions.

6. Half Livee of the 635.4 and 912.3 keV Levele in
171 :
7 Tm - S.B. Patel, A.P. Agnihotry and K.P. Gnpinathan - The

limit of the half-life of the 635.4 keV level in 171Tm hae
been measured by delaved coi:icidence methdd uzing faet plaetic
scintillators. From the 277.4 - 210.4 keV ¥- ¥ , and the
580 keV /3 - (277.4 + 210.4) keV ¥ delayed coincidences the
limit of the half-life of the 655.4 keV level has been deter-

mined to be t1/2 (635.4) < 40 pe, and that of the 912.8 keV

level as ty,o (912.8) ¥ 40 ps. The angular correlation of




- 92 -

277.4 - 210 kev ¥ - cagcade has been measured to be

¥(0) =1 + (0.11 + 0.02) P2(coe 9). Analyeie of the resulte

of the angular correlation measurement comoined with the recent
internal conversion measurements uniquely establishee the epin
of the 635.4 keV level to be 7/2 and the mixing ratio of the
277.4 keV transition to be Ml + (9 + 2)% E2. The Nilsson
aggignment of the 635.4 keV level, consistent with the observed

/3 and ¥ traneition probabilities ie sug ested to be 7/2° [_633].

7. Klectromagnetic Propertiee of the 235.5 keV Level

in 239Pu - 8. B. ratel, A.P. Agnihotry, K.P. Gopinathan and

P.N. Tandon - The g-factor of the 235.5 keV 5/2% level in°°pu
has be en measured ueing perturoed angular correlation of the
106.1 - 223.2 keV gamma-gamma cascade in an external field of
20 kG. The rotation of the angular correlation was (W Y

= (0.135 + 0.035) r@d. Ueing the value of the mean life

T = 1.538 + 0.03 ne from our earlier measurement we obtain

3/3 = -0.39 + 0.23 where{ﬁ3i£ the paramagnetic enhancement

factor.

8. Svidence for Core-Excitation in 798r And 813r - R.C.

Chopra - The M1 and 52 reduced traneition probabilities between
the low lyins levels, in the case of !?3p and 813r, have been
cilculated on the De-Shalit core-excitation model. To account

for the obeerved M! traneitiosn probabilities a few percent

admixture among the 1lire 2pin states ie taken. TIn addition, the
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ground etate magnetic moment and quadrupole moment have been
computed. A good agreement with the experimental results is
obtained. The results are comnared with other theoretiocal

calculations,

9. Conversion Electron Studies of the Excited States
74

in 74Aa Prom the Ge(p,n 0)74Ae Reaction - Y.K. Agarwal, S.M.

Bharathi, S.K. Bhattacherjee, 3, Lal and Baldev Sahai - The
internal convereion coefficiente of some of the low emergy

74

transitione in '"As following the 74Ge(p,n)uAs reaction have

been measured with a esix-gap beta-ray spectrometer. From the

1)

known decay acheme ‘' and the multipolaritiee obtained in the
present study, probable spine and parities are asesigned to
levels in 74As upto 477 keV excitation energy. Using an e~ = 1
coincidence set-up, the Life-time of the 274 keV level has been
measured to be 27.0 + 0.2 ns which agreee well with the value
reported in reference 1). The upper limits to the half-lives
ot the 198, 207 and 421 keV levels are found to be ! na, 0.9 ns

and 0.7 respectively.

10. Conversion Electron Studiee in the 208 keV (E1+M2)
1177

And 113 keV (M1+E2) Transitions in Hf - A.P. Agnihotry, K.P.

Gopinathan and H.C. Jain - The electron-gamma and gamma-gamma

¢ T. Christianeen, H.E. Mahnke, E. Recknagel, D. Riegel
and W. Whitthuhn, Nucl. Phye. A164 (1971) 367.
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angular correlations of the 208-113 keV cascade in 1T7H£ have
been studied ueing a single gap electron spectrometer, and
gcintillation and solid state gamma ray spectrometers. The
particle parametere for K-conversion electrons c¢f the 208 and

113 keV traneitions have been measured to be bZK(ZOB) = 1.54+0.14
and b,5(113) = - 0.20s0.02. The K and L subshell conversion
coefficients of the 208 keV transition are measured using a
double foouesing electron epectrometer and the values are 3

oCp = 0.046 + 0,010, ©G, = 0.0075 & 0.0010, %4, = 0.0015 +

L1
0.0004 and X ., = 0.0016 + 0.0004. A least square fit of

the measured values gave the M2 admixture = (0,45+0.30)% and
the penetration parameter ‘A1 = - 2.9 + 2.4 for the 208 keV
transition. The mixing ratio of the 113 keV traneition is
obtained to be c5(113) = -3.75 + 0.25 from the measured gamma -
gamma angular correlation. The analyeis of the particle para-
meter and L subshell ratioe gives the range of the penetration
parameter, -15 < A ( - 1 tor the 113 keV transition. The

values of the mixing ratioe and the penetration matrix elements

are discussed in terms of the existing nuclear models.

11, Capture and Zlastic Scattering of Protons by 517

- K.V.K. Iyengar, A. Roy, M.L. Jhingan, S.K. Bhattacherjee and
U.T. Raheja - Gamma-ray yield from 51V(p,1)520r reaction wae

measured in the proton energy range 720-935 keV with an overall

energy resolution of 2.5 keV. Peaks at Ep(lab)a 755, 766, T7%




734, 800 and 912 keV were the most prominent. Those at
Ep = 766, 784 and 912 keV (Ex = 11,252, 11,2693 amd 11,395 MeV

in 52Cr) were identified as the .naloge of grouri,second and

third excited states of 52?. The level width, the strength
function and the cross section for excitation of the 11.395
MeV state by proton capture were determined to be (1.240.2)kev,
(0.5830{1U)ev and (90130)/ub respectively. Elastic scattering
studies show anomaly at E, = 912 keV. Angular distribution
of the primary ¥ -rays from the decay of the 11.395 MeV state

wag measured and the resonance parameters were obtained from

analysis of elastic scattering data.
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C. SAHA INSTITUPE OF NUCLEAR PHYSICS, CALCUTTA~9.

1 , 51
1. Isobaric Analogue Resonances in VS (o,n)br5

Reaction -~ Kewal Krishan and D. Pal - Appliciation of the shell

model in the continuum theory of lahaux and Weidenmullar hae

51

been made to study the reaction VS1(p,n)Cr with particular

emohaeis on 4% level in Cr’° at 12.8 MeV excitation identified
ag the analogue of the 4% level at 1.55 MeV in VS?.

680u And 30 sec ngCu -.V.K. Tikku,

68m

2. Decaye of 3.75 min

H. Singh and 3, Sethi - The decaysof 3.75 min Cu and 30 sec
68g0u have been studied utilizinz NaI{Tl) and 32.2 cc high
resolution Ge(Li) spectrometers. The radioactive sources were
oroduced by irradiating enriched (99.3%) GaZn targete with

4.7 MeV neutrons. In the prescent investigation we observe
thirty'ﬁ -raye in the decay of the 630u isomers, of these the
following energies 151.6, 499.2, 610.5, 671.2, 736.9, 983.4,
1184.4, M2, 1227.35, 1239.4, 335.3 1423.5, '529.7. 1541.7,
1675.9, 1795.2 and 2110.1 keV were nnt resorted by ue previouely!)

63m

Fourteen ¥-rays were assigned to Cu decay on the bhagis of

detailed studiee of the half livee of the ¥ -transitions. The
iromeric level at 721.7 keV ie seen to decay approximately 93%

through the 1'0.7 keV transition which we deduce to be M3, The

63

84.6 KeV traneiticn in Cu has been inferred to be mixed M1E2,

The résults have heen utilized to discuss the probanle epin -

63,

parity assignments to the excited levels in Cu. 3ased on
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68mcu

the present measuremente, modi fied decay &chemes of

and 6SgCu are proposed. The activation croee gections for

the production of the two activities ha. been estimated.
1. Wuclear Phys. A _174(1971) 426

3. Ere rgy Levele in 94&r From The Decay of 94? - H. Singh,

Vv.K. Tikku and B. Sethi - The decay of 94Y’excited levels in
94, nas been studied by means of Ge(Li) and ecintillation
egpectrometere. The 94Y aources were produced by the irradia-
tion of enriched Mar (92.8%) aa well ae spectroecopically pure
Zr targete with 14.7 MeV neutrons. The 9‘Y electron decay
curvee gave an average Ti = 19.7+0.5 min. aiiip‘-;groupa with
end-point energies of 4. 9039 10, 3.84+0. 20, ¢.54+0 15, 2.08+0. 30
and 1.14+0.30 MeV are veing reported for the first time. The

" -rays found to decay with the above half-life are 337.7+0.8,
551.5+3.0, 588.3+1.5, 753.1+1. O 920.4+0.4, 1139.240.7,1447. 8+1.6,
1672.3+0.8, 1347.0+1.0, 1897. 8+1 0, 2147.041.0,2224.141. 0,
2518.3+1.6 and 2839.2 + 1.6 keV. A decay ecleme of Iy consis-
tent with the resulte of the singlee,3-7¥ and ¥ - ¥ coincidence
experimente ie proposed. The g.=. of 94Y je aseigned a epin -

parity of 27, The crdase sectiondr the reaction 94Zr(n,p)94Y

at 14.7 MeV neutron energy has been measured ae 3.9 + 1.9mo.

4. Disintegration of 1093, _ .8, Chatterjee and B. B.

Baliga - The decay of 13.5h 10983 4o '99iz nae been studied by

observing the gamma raye with a high resolution Ge(Lk) detector.




Enriched isotope of ioan, irradiated with thermal neutrons,

09

produced ! Pd through thermal neutron capture. The gamma

09

raye belonging to ! Ag have been asesigned on the basis of

lifetime measurements. Measured the energiee and intensities

‘OQAg. fesignments of 286keV, 396keV,

of the gamma raye in
49TkeV and 1011keV lines to 109&3 hag been confirmed. A new
gamma line of energy 328keV has been observed from the decay

of 10%p,,

5. ‘Q,Pz Reaction Theory Including Deuteron Break-up

Channel - S. Ray, S.K. Samaddar and Suprokash Mukher jee -~ The

transition amplitude for (d,p) or (p,d) reaction has been
coneidered with the inclueion of the break-up channek of the
deuteron. In normal DWBA calculation, a part of the break-up
channel ie considered indirectly through the deuteron-~target
optical potential but here the whole break-up contribution
hae been conesidered in a direct fashion by ueing Peshbach's
Projection Operator Techniqu¢. We have alsc estimated the
effect of the target excitation through proton-target inter-
action and this ie found to be apout 20% of the total croes

gsection.

6. Neutron Activation Crose Bections,Isomeric Ratios
And Syetematics of (n,p) Reaction at 14,7 MeV - V.X. Tikku ',

H. Singh and B. Bethi - Activation crose sections for thirteen




- 99 -

(n,p) reactione at 14.7 + 0.3 eV wefe determined for the
isotopes of follgwingbnaturally oceurring elemente: Ti, V,Zn,
M3, Sr and Te. 3Both the mixed powder and the internal cali-
bration techniquee with highresolution large volume Ge(Li)
gpectrometer were used. Isomeric {(n,p) and {n,2n) cross

ratioe were determined for the production of 63m&g0u and

I mé&g. L
Mo, respectively., 0n the bagig of the present precisgion

data, a esystematice for the (n,p) reaction cross section ie

obtained. The experimentil values 0of the crosg sections have

been compared with the predictione of the statistical theory.

7. Core-2oliarization : An 4poroximate Method - .K. Pel

and J.N. De - Core-nolarization effects are generally taken
intyo acount either through a renormalisation programme in
ghell-model calculatisdn, or in 2 multi shell Hartree-kock
projection aporoach. an alternate method for treating ¢o re-
polarieation phenomenon in two-valance nucleon aysteme hae
been done and a formal derivation has been Ziven to separate
out the polarizatinon correction in the energy eoectrum. The
theory has been jut to teet in the cage Of 130 nucleue and it
iz found that polarizition corrections are J=indesendent. An

- excellent spect ! fit ie obtained after an effective para-

meterization of the I = 1 matrix elementa.




8. Band-Mixing in 50 Nucleus - J.N. De and M.K. Pal

- The intrineic excited bande of 180 nucleug are generated in

the Tamm-Dancoff approximation and good anguidar momentum states

are projected out. The bands crowd together in 2 narrow energy

interval, so also the projected levels. It is seen that band

mixing ie eizebly lmportant and playe a crucial role inm producing

3 qualitative spectral agreement.




- 101 -

D. ALIGARH MUSLIM UNTVERSITY, ALIGARH

1. The Decay of~187w and Magnetic Moment of 206-KeV

187

State in Re -~ D.K. Gupta; A.¥X. Singhvi and 3. N. Rao,

87

. 187..
(Indian Tnstitute of Technology, Kanour)- The decay of 'j
has been examined with use of semiconductor detector spectro-
meter. A series of timed gamma spectra ie recorded. The
137

gamma raye which follow the decay »f W are recognieced

and their enerzy and relative intensity are determined. The

half-life of the 206=KeV state in 137

Re is measured usiag
delayed coincidence technique. The value obtained for the
half-life (T1/2) ig = 555.3 + 1.7 neec. Using time differ-
ential perturbed angular correlation (TDPAC) technique the
magnetic moment of 206-KeV state is 2lgo measured in an

external magnetic field of 7 KOe. The vialue obtained for

the magnetic moment (/u) ie = + 5.04 + 0.14 nm.

2. Study of (n,ol) Reactions at Thermal Energies

- J. Alam and ¥.L. Sehgal - (n, oC) cross-sections for H{180,

20 20 . i
71 3, Pb 8 and Bi  have been measured by activation tech-
nique making irradiations in the thermzl column of Apeara
Reactor, Bombay (India). These measured values have been

compafed with the calculated values obtained from statistical

theory.,
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E. ANDHRA UNTVERSITY, WALPAIR, VISAKHAPATNA&:}(AP)

1. Lxtended Core Excitation iodel For 4 = 29 apnd N=29

Nuclei - M.N. Seetharamanath and V. Lakshminarayana - The
energy levels and electromagnetic properties of the different
leveles are estimated in 2=29 nuclei Cu-59, Cu-61, Cu-63 and
Cu-65 using extended core excitation model agsuming dipole -
dipole, quadrupole - juadrupole and octupole-octupole terme
in the interaction Hamiltonian. Similar calculations are
also made for N=29 nuclei Ti-51, Cr-53 and Fe-55. In each
case the energy levels, B(E2) and B(Ml) values,electromagnetic
moments And spectroscopic factore are estimated and compared
with the experimental valuee and the theoretical vilues esti-
mated from the intermediate coupling model calculations as
well as core-excitation model calculation of Tankappan and
True-fype. For the nuclei considered the core excitation
models are found to be more suitable than the intermediate -

coupling model in many respects.

2. 0dd Parity States in Au-195 - P, Ila and V. Lakehmi-

narayana - Recent experimental studies on the decay of Hg-195m
indicated several negative parity states in Au-135 and were
accounted qualitatively by the core excitation model. Detailed
caleulations are made ueing the intermediate coupling model of
the intermediate type. The energy levels at 313(11/2-), 525
(7/2-), 706(15/2-) and 894(9/2-), the ratios of the 3(E2) of




the 15/2 —» 11/2 and 7/2 —> 11/2 and the ratios B(M1) of
« the 9/2-—>7/2 and 9/2 —> 11/2 are accounted with a oshonon
erergy of 0.13 MeV and a coupling strength of § = 1.5. The
phonon energy, however, is smaller than that of ¢he core(0.3285).
An alternative approach is being made by the inclueioh of the
anharmondcities and dipole-diple interaction term in addition

to the juadrupole-juadrupole term in the interaction ‘{amiltonian.

3. Shapee of Unique First-Forbidden Beta Ray Spectra

in K-42 and Pr-142.- C. Narasimha Rao, 3. Mallikarjuna Rao

and K. Venkata Reddy - The shapes of the first-forbidden unique
beta transitions in K-42 and Pr-142 have been carefully measured
with an intermediate-image spectrometer and compared with the
theoretical predictions in terms of a linear shape factor of the

form (1+a¥%). The measured form factors are a =(—o.o11i0.005)/m02

for the K-42 ground state transition and a=(—0.029:0.0022)/moc2

for the Pr-142 traneition.

4, Alpha Particle Stopping Cross-Sections - T.V.S. Saetry,

V. Seshagiri Rao and D.L. Sastry - Alpha particle stopping croes
gectione are determined in a large number of elements using

; Americium-241 (predominantly 5.48 deV) nnd Plutonium-239 (pre-
dominantly 5.15 MeV) ueing a Si(Li) detector:. Theoretical
etopping crose-sections are heing calculated at the above energies.

The theoretical stopping cross-sections computed 2t Eg = 2 MeV

ag a function of Z in the range 1 to 48 taking into account the




- 104 -

non-participvation of K and L-shell electrons in the stopping
procese are found to ve quite in accordance with the experi-
mental values reported by Chu and Powers, including a zig-zag

vattern in the intermediate range of the present gtudy.

5. Vibration - Rotation Interaction Model For =235

and Pu-2393 - 5. Ramamurty and 7. Satyanarayana - The parameters

a, b in vibration-rotation interaction model Hr U235 and Pu239

are given below.

The formula used ise

E=a (-1 4,/ 1+b d (741) )

Isotope RBand I IT IIL Iv \'A
239 a 2,230 1.799  1.636  1.352 2,250

b 0.005 0.007  0.008 0.008 0.006
puel9 a 3.043 2.67 2.042 2.239 5.02

b 0.004 0.005 0.005 0.005 0.004
6. Jouble Focussing Beta Ray Spectrometer - P, Jagam,

U.V. Chalapathi Rao, S. Bhuloka Reddy, B.V. Tirumala Rao and

V. Lakehminarayana - A double focuseing veta ray spectrometer
ie cet-up for high resolution conversion electron measurements.
The magnet with a 1{?9 field shaping around /2 = 40 cm wae

obtained from Manchester, “ngland. The magnet provides field
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values up to 1000 gauess with an excitation current upto 100
amperee. The magnet is being powered currently with a heavy
duty battery system, the fine variation of curréﬁt being made
through the varistion of base current of a series power transi-
gtor included in the magnet circuit. The annular vacuum chamber
between the pole pieceé ie evcuated with a high vicuum system
capable of producing 10—6mm. The diffuesion pump cooling ie
effected by water circulation incorporating automatic shut-off
facility. Source mounting arrangement with an air lock is made
with ﬁon-magnetic bragss., A G.M.‘tube is used 28 a detector and
ie eituated at 6 = J2 T with respect to the source. Necessary
baffles are introduced hetween the source and the detectore.
The resolution and tranemission characteristice of the unit are
under study. Preliminary datz indicated 2 resolution of 0.34%

at 624 keV X-line of B3a-137.

7. The Parameters in Variable Moment of Inertia Model for

Light Nuclei ~ U.Satyanarayana and S. Ramamurty - The parameters

Io’co in variable moment of inertia model for light nuclei are

given below

The formula used for the calculation ie

E =_£:J(J+1) + Co (jJ—ﬂQL

P 2T 2
‘ISOtope = Parameters =
T S
Ne<” 1.223 0.5832
Ne,22 1.629 0.2977
Mg~ 2.053 2.19
5173 1,112 0.7345

1‘%8 0.3549 0.04326
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F. BANARAS HINDU UNIVERSITY, VARANASI-5.

1. Negative Isomer Shi fts and Models of Rotational

Spectra - A.N. Mantri and P.C. Sood - Some recent Mosgbauer
studiee and muonic X-ray experiments designed to measure the
changes (isomer shifts) in nuclear charge radii 5(7; >
for the 2% - 0% transition in even-even nuclei have resulted
in the puzzling conclusion that in the case of geveral hard
rotors thie iesomer shift is negative. Such a characterietic
cannot be explained on the basie of any of the otherwice
guccessful phenomenological models of rotational epectra.
These models, explicitly or implicitly, make the usual assum-
ption that rotation causes the charge to epread out (centri-
fugal stretching). A model ie formulated based on the idea
of generalized (effective) stretching which, after incorpora-
ting an appropriate denendence of the nuclear moment of inertia
jr on spin I and generalised stretching parameter, reducee

to a eimple cubic polynomial (CP) expression. Thies CP model
ie found to give shrinkage from the 0" to the 2t atate, i.e.,
J¢2 ie found to be smaller than ~jo’ in line with tne negative
isomer ehift. Conditione for ‘'shrinkage' to occur are derived
in terme of model parameters and especific cases are pointed

out where it may be looked for.

2. Coriolie Couplineg Effects on kKnergy Levels of

3/27 [521] - Based Rotational Bands - P.C. Joshi and ?.C. Sood

- Coriolis coupling term in the Hamiltonian bringe about K = %1




- 107 -

admixture in the levels of any particular K pand. In parti-
cular it introduces a series of terms with the coefficient |
(-1)I+K in the expression for the rotational energy Ex(1). we
have studﬂed the contribution of such a term, theoretically ae
well as f#om experimental spectra, in the rotational bands
based on ﬁhe neutron state 3/2° [521] in odd-mase rare-earth
nuclei in;the region 150 <A <170. Effecte arising from the
coupling with all the six poesible 1/2 etates in W = 5 shell
are calculated and compared with the available experimental

1nformati¢n.

3 ' Limitine Spontaneous Fission Half-Lives For Heagx

Nuclei - P.C. Sood and A.K. Jain - Based on the experimentally

SF of transuranic
nuclidee,ia linear relationship ie deduced between log 'CbFand

observed Fpontaneoue fiesion half-lives T

the fiseility parameter x (proportianal %o Z2/A) which sete an
upper 1idit of experimental 'CSF for each set of isotopee in
the interval 92< 2 104, A comparison of the extrapolated
resultes with the theoretically predicted valuee of '(SF for

guperheavy nuclei reveals significant discrejancies some of

which cannot fit in with the variations expected from shell

correctidne:
|
4. i Sum Coincidence Studies in the Decay of Fe’2 - 1.

' }
Chaturvedi, S.P. Ram, Rajendra Prasad, S.N. Chaturvedi and A.K.

Nigam - Recently few controversies have arisen in the level

i ‘ 5
gtructure of Co J obtained from the decay of 45 day Fe®9
‘ ‘?
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regarding the presemce of 190 keV gamma transition between
1482 keV and 1291 keV states, and few others which are sub-
merged in the large compton cont: ibution. Thie has been
golved by the fast-slow coincidence and sum-coincidence
spectrum studies at 1430 and 1292 keV sum-~-gates.

125

5 Level Structure of Te,S.N. Chaturvedi,Rajendra

Prasad, S.?. Ram, L. Chaturvedi and A.K. Nigam - Level scheme

125Te has been studied following the beta decay of 1258b.

of
The use is made of the high resolution Ge(Li) detector for
singlee gamma ray studies. The genetic relationship between
the obeserved gamma rays has been critically studied employing
gampa-gamma sum-coincidence and slow-fast coimcidence studies
ueing scintillation detectors, In all, twentysix gamma rays
have been observed, out of which two weak gamma rays with
energies 366 and 401 keV have been reported by ue for the
firet time. These gamma raye have been fitted by assigning a
new level of 401 keV energy. The positions of 122 keV and 80
keV gamme rays have been changed on the basis of our sum-coin-

125

cidence measurements. The new level scheme of Te coneistent

with preeent measuremeunts has been reported.

6. Sum~Coincidence Studies in the Decay of Ir192

- S5.P. Ram, Rajendra Praead, L. Chaturvedi, S.N. Chaturvedi

192

and A.K. Nigam - The level structure of Pt and 031920btained

192 yas been investigated using a Ge(Li)

from the decay of Ir
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ana fast-slow coincidence and sum coincidence

192 gide, two new levels at

measuwremente. On Os
118 keV energies have been proposed which are con-

th sum coincidence epectra at 1113 keV and 697 keV

gates giVing new gamma transitions of 912.1 and 623.5 keV

arieing qetween the 1113-206, 1113-439 keV states and 212 keV

between the 903-691 keV states. In Pt

two new d
!
obsgerved

spectrum}

132 level structure,

irect transitions of 921 ani 734.5 keV have been

Wwhich are clearly established by the sum coincidence

192

etudiee. The modified decay scheme of Ir has

been proéosed.

Te
SoPo__ Ram’
decay of

207

Decay of Bi - Rajendra Prasgad, L. Chaturvedi,

S.N. Chaturvedi and A.X. Nigam - The radioactive

20781 has been studied using Ge(Li) gamma-ray

spectrométer, NaI(71)-NaI(Tl) sum coincidence and fast-slow

crincidence techniques. Gamma rays with 375, 570, 890, 1063,

1035, 1235, 1430, 1770 and 1965 keV energiee arz observed. Of
i

these, t%e 375, 1085, 1255 and 1365 keV weak gamma rays are

reported

existing

20

KeV in

8. |

Around 7

by us for the firet time and have been fitted in the

decay scheme by assigning new levels at 1255 and 1965

7 207

Pb. A new decay echeme of Bi has been proposed.

Spontaneous Figeion Half-Livee For &ven Nuclei

= 100 - P.C, Soo0d and C.M. Burman - A plot of experi-

mentally

observed spontaneous fiseion half—livee'tsp versus
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(x - xc), where x and x_ are the fiseility parameters for a

)
particular isotope and the longest-lived (against SF) isotope
respectively of an element, shows very similar behaviour for
nuclei with 2 = 98, 100 and 102. The quantitative results for
-each element are satisfactorily described by a two-parameter

equation corresponding to a hyperbola.

9 Magnetic Moment of Deuteron and Nucleor-Nucleon

Spin-Orbit Potentials - Radhey Shyam and Shankar Hukherjee

- Contribution to the deuteron magnetic moment due to the
presence of epin-orbit term in the nucleon-nucleon interaction
hae been estimated for Reid, Hamada-Johnston and Yale potentials.,
Presgent eetimates are more cloee to experimental value than those
obtained previouely by Feshbach. Importance of these estimates
in clarifying the role of epin-orbit term in nucleon-nucleon

interaction has been pointed out.

10. Triton Binding Ere rgy and n-d Scat tering Lengthe

in UPA, Useing Spin-Dependent Hard-Core Potentials - C. Mahe-

shwari and V.S. Mathur - A calculation for the triton binding
énergy ie made with local potentiale with spin~dependence and
hard-core. A'unitary pole approximation (UPA)' for the input
t-matrix ie used in the three-body equatione. It ie found that
the hard-core doee decrease the binding energy but not to the
extent it doee in a variational calculation. Calculations for

the doublet and quartet n-d scattering lengthe in UPA are also
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done using the same two-body potentials.

1. Volume Integrals of the Optical Potentials - D.C.

Agrawal and P.C. Sood - The ambiguities arieing out of

dif ferent geometry assumed in different optical model analysds
of nucleon-nucleus elastic scattering data have been esought

to be rempved by considering volume integral per particle

J/A of the optical potential rather than the depth parameter
V for a given geometry. These volume integrals have heen
found to be fairly well defined quantities in analysie at any
particular energy; however the energy variation of theee

quantities has not been generally discussed. The available

proton and neutron data at varioues energies,to study thie

feature,dave been examined.

12. 1 Occurence of Gallacher-Moszkowski Pairs in 0dd-Odd
Rare-Earﬁh Nuclei - D.K. Gupta and P.C. Sood - Following our
inveatig#tion of the applicability of Gallagher-ffoszkoweki cou-
pling ruﬂes to the ground state spin-parities of odd-odd rare
earth nuélei (Proc. N,cl. Phys. Symposium (1971) p.255) we have
~ extended the study to examine the excited states in theee
nuclei. %While only & few examples were available where the
anti-parallel epin-spin coupled state (corresponding to the
parallelicoupling in the ground state) had been obserwved, we

have fouﬁd a large number of such casee in excited states of
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the same nuclei wherein both members of the G-M pairs have
been experimentally identified. Nilsson configﬂrations for
the odd neutron and proton giving rise to such peirs is listed

and €baration energy between the two members of each G-N pair

is analysed.
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G. BIRLA INSTITUTE OF TECHNOLOGY, PILANI,RAJASTHAN

1. iMixed~Configuration Shell-Model Wave Functions

51V - G. Ramachzndra Rao and X.3. Subudhi

Ang Energ#es of
- The mixed configuration ehell-model wave functione and
energies ﬁave been calculated for 51V ueing the recent valuee
of effect%ve interaction two-particle matrix elements detér-
mined by #ips and McEllietrem and those determined by Kuo
and Brown. A comparison of the present work with the earlier
work has ﬁéen made. The second 5/2  excited level can be
and 2P

better described with the mixture of 1f con-

| 7/2 3/2
figuration only without coneidering the mixture of 1f5/2‘

2. Realistic Nuclear Charge Distributions and Proton

‘Optical Sotential - P.R. Marwadi and C.S. Shaetry - Electro-
-~ gtatic po#entiale due to the realistic charge distributions

are calcu#ated for O16 : Ca4o 97

yand Ah1 and are compared with
the correéponding potentials due to uniform charge distribu-
tion. The effect of the realistic charge distribution on the

proton-nucleus optical potential is analysed,
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"H. BOSE INSTITUTE, CALCUTTA-9.

1. A Wew Electrospraying Apparatus For The Preparation -

of Thin Targete and ites Application in the Absolute Beta -

Counting in Context of Fast Neutron Crose Section Measurement

By Activation - S. Sen, M., Majumdar and B. Mitra - An electro-

gpraying apparatus has been developed. Very thin)pugm/cmz)
uniform samples could be deposited from solution of different
salts in ethanol, doped with pure 3 -emitters of different
energies. Using these thin radioactive samples, self-scatter-
ing and self-abeorption factors in /G -ray inteneity measure-
mente were determined in an unconventional way by constructing
plots of counts etficiency ys 'Average' beta energies for a

G.M. Counter in ordinary geometry. From the resultant 'regulér'

curve, error factors could be determined down to very low average

beta energy. Application has been made to determine different

(793r and 81Br).

relative 14 MeV neutron cross sections of bromine
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I. DEPARTMENT OF ATOMIC ENERGY, NEW DELHI

Te The effects of the Addition of a Neutron on Nuclear

Propertieé’- Jyoti K.Parikh - In order to carry out the cal-

culations for‘the odd and even isotopes of Ti, Cr, Pe and Zn,
the Haréree—Fock-Bogoliubov formalism is developed for the

odd nucLtei. The blocking effects introduced by the odd nucleon
ie taken into account in the formalism. By comparing the re-
sults of the even-even nuclei one understands the effecte of
the addition of neutrons on the nuclear properties. The cal-
culated binding energies, BE2 values, quadrupole moments and
the neutron and proton pick up strengthe compare very well
with the experimental values. The possibility of obtaining

the "equivalent deformation" for which the Nilsson levels
correspond to the calculated single particle levels is discuseed.

# To be published in Physical Review C.

2. A Study of V, Mn And C~ Isotopes - Jyoti K. Parikh

- The nuclei with odd proton are studied using the Hartree-
Fock-Bogﬁliubov method. The binding energies, =single particle
spectra, quadruppole moments, BE2 valuee and the pick up strengths
are calculated. By comparing the resulte of the neighbouring
even nuclei one can study the sets of isotones. The nuclei

with ¥ = 26, (*®r1, 49, %%, Y ana 2%pe)

N = 28, (?%71, ', %%¢r, *Pun *4Fe ana ?°co) and

N = 30, (53V, 54Cr, 55Mn, 56Fe and 57Co) are studied to
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understand the effects of the addition of a proton on the
deformation, Fermi surface, fluctuations of the proton

geparation energies, pair sepairation energies and the con-

figuration mixing.
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J. INDIAN INSTITULE OF SCIENCE, BANGALORE

1. A Trapped-Electron Cold Cathode Ion Source For Mass

Spectrometry - S. Swaminathan and V.S. Venkatasubramanian - A

new type of ion source, based on the trapped-electron cold
cathode diecharge, first described by MoClure (1) has been
examined for ite characteristics. The diecharge with concen-
tric cylinder geometry, operating without a magnetic field at
voltages ~ 2 KV, and pressure ~ 107 torr, constitutes the
maes spectrometer, and provides stable resolved-ion currents

up to 10784,

Energy epectra of positive ions extracted from this
gource have been obtained by a monitor at the exit of the
electrostatic analyedr. The ione are observed to gain consider-
able energy from the discharge, and the mean energy as well as
the energy spread (~ 200V at FWHM) are consistent with the

motion of the positive ion sheath from the wire anode.

Fragmentation patterns for several gases have been
determined for this source by measurement of relative intensities
of molecular, atomic and multiply-charged ioh peake, and conform
to the pattern obtained for a glow discharge. While the energy
spread necessitates double focuseing, the strong steady ion
beams and the absence of a heated filament and source magnetic

field recommend this ion source for gas analysis.

1. G.W. McCluere-Appl. Phys. Lett., 12,233, (1963).
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K. INBPIAN INSTITUTE OF TECHNOLOGY, BOMBAY

1. Relation Between Life Time and Transit Time for

Single Hole 3tate - R. Shanta, - For 2ingle hole states if

the life time is smaller than a certain critical value which
ie the hole traneit time, significant change is produced in
the momentum distribution. A eimple relation existe between
the life time and the hole transit time. The behaviour of
the complex wave functione and the momentum distributions as
the life time and the transit time are individually varied is

also egtud ied.

2. Hole States in Single Particle Knock-Out Reactions

- R. Shanta - The hole states that are created in gingle par-
ticle knock-out reactions are phyeical states but have finite
life time. The hole is moving in a complex potential the
imaginary part of which is related to the width of the state
and the hole energy and wave functions are complex. The
influence of these features on the momentum distributions of
the hole ie studied for the knock-out of the 1g and lp-protbns
12

from C 2and found to be rather insénificant. However it is

interesting to note that the overlap integral in momentum space

ghows a gignificant change.
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L. _INDIAN INSTITUTE OF TECHNOLOGY, KANPUR

1, Configuration Mixing in Vibrational Nuclei - R.Singh,

G.K. Mehta and Y.R. Waghmare - The configuration-mixed wave
functions for one-phonon and two-phonon 2+>etatee have been
obtained from the experimental energy spectra of various
even-even vibrational nuclei. The reduced traneition pro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>