| znde (@R TIE

International Atomic Ehergy Agency INDGHR32
w ENGLISH
W

USSR STATE COMMITTEE ON THE UTILIZATION OF ATONIC ENERGY
NUCLEAR DATA INPORMATION CENTRE

Nuclear Physics Research in the USSR
(Collected Abstracts)

Issue 5, 1967

Obninsk 1967

68-4370






NUCLEAR PHYSICS RESEARCH IN THE USSR

VeN. Andreev

GeZe Borukhovich

D.A. Kardashev

I.A. Korzh

V.Gs Madeev
A.T. Obu.khOV

Yu. Ps Popov

COLLECTED ABSTRACTS

Issue 5

Board of Editors

(Institute of Theoretical and Experimental Physics).

(A.F. Ioffe Institute of Physics and Technology,
USSR Academy of Sciences).

(Chief Editor, Institute of Physics and Power
Engineering).

(Physics Institute of the Ukrainian SSR Academy

of Sciences).
(I.V. Kurchatov Institute of Atomic Energy).
(V.G. Khlopin Radium Institute).

(Joint Institute for Nuclear Research).

Atomizdat, 1967

English translation edited by A. Lorenz,l

Nuclear Data Unit.






Institute of Physics and Power g}ﬂgineering \

LEVEL DENSITY OF ATOMIC NUCLEI

Yue M. Sauoin

(Article submitted to the bulletin of the Information Centre)

The author presents values of the level density parameter a calculated
with the help of a semi~empirical formula obtained on the basis of experi~
mental xdeutron resonance density data and taking into account the grouping
of degenerate single-~particle levels intc shells. The calculations were
performed for nuclei in the mass number range from Ne to Cm and for different
protonineutron ratios. The range of variations in the proton:ineutron ratio
was selected so as to cover the entire region from neutron-deficient nuclei

obtained in reactions of the type (p, n), (d, n) etcs, to neutron-rich nuclei

with a neutron excess of the order of 20 (fission fragments).

INFLUENCE OF THE DEGENERATION OF SINGLE-PARTICLE -
LEVELS ON NUCLEAR STATE SITIES

~Yu. M. Shubin

(Article submitted to "Jadernajs fizika")

The author discusses the irfluence of the detailed structure of the
single-particle spectrum of a shell model on the nuclear state densitys On
the basis of resulis obtained using a simple model of equidistant single-
particle levels with the same degeneration density, the author calculateﬁ
quantitatively the influence of the extent to which the Fermi level is
filled on the nuclear state density (Rosenzweig effect). In the melection
of the model parameters account is taken of the grouping of degeneraie single~
particle‘levels into shells (Proceedings of Conference on Nuclear Data for
Reactors, Paris, 17-21 October 1966). It is shown that allowance for the
Rosenzweig effect substantially improves the agreement between theory and
the experimental values of the level density parameter a.



The results of the calculations performed for light and intermediate
-nuclei indicate that the splitting of & level with given j, caused by a
residual interaction, is significantly less than the average distance be-

tween the degenerate single-particle levels of the shell model,

INFLUENCE OF THE SHELL STRUCTURE OF FRAGMENTS
ON THE FISSICN PROCESS

LeVo Ignatyuk

(Article submitted to "Jaderngjafizika")

_ Using a model with non-interacting particles moving in a deformed

7 potential, the author studiee the influence of shell structure on the de-—
formation of fission productse. The potential energy of the fissioning
nucleus before scission is calculated in order to determine the fission
fragment yield. It is shown that the minimum energy corresponds to assymetric
fission for heavy fissioning nuclei and to symmetric fission for light nuclei.
The calculated Coulomb energy of the deformed fragments at the point of
s¢ission explains the experimental values for the distribution of mean
kinetic energies of the fragments as a function of fragment mass. The

author calculates the most probable charge on fragments with a given mass.

rteedt Apods  CROSS-SECTION RaTIOS FOR 2%y, 2%y anp 2%
U L Ep FISSTON BY FAST NEUTRONS
/ 3
e el e B
/ ; ; p K G«N. Smirenkin and V.G« Nesterov
ég / g P13

(Article submitted to the bulletin of the Information Centre)

Data are presented on cross-~section ratios for 233U, 235U and 239U
" fission by neutrons with energies in the range 0.3-2.5 MeV, The data were
obtained in a single experiment using én ionization chamber and the glass
detector technique. The measurements were accurate to within 3%. The

results of this work are compared with those obtained by other' authors.
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Fig. 1. Energy dependence of the cross-section ratios 63/05 and 09/05

for

it

b
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fisgion by neutrons with energies En = 0.3-2.5 HeV,

Allen, Ferguscn;

Smith, Heukel, Nobles;
White, Hodgkinson, Wellj
Iubrovina, Shigin;
Gorlev et al.;

Dorofeev et al.;
4ndreev et al.;
Smirenkin et al.;

date prescrnted in the present work (® - ionization

chamber, 0 - glasms detector technique).



AVERAGE NUMBER OF PROMPT NEUTRONS IN 2-°U AND 23°Th FISSION

BY NEUTRONS WITH ENERGIES UP TO 3.3 MeV

L.I. Prokhorova and G.N. Smirenkin

The authors pu_blish the results of relative measurements of the
average number of prompt neutronsu in232’1‘h figeion by neutrons with energies
ranging from 1.5 MeV to 3.3 MeV and 235‘5 fission by neutrons with energies
ranging from 0.4 MeV to 3.3 MeV (in energy increments of 0,2 MeV). A
battery of thirty-six 1OBF'3 counters was used to measure v, The fission
events were recorded by means of a multilayer ionization chamber. The
values for U were accurate to within about 1.5% for 23% and sbout 2.5% for
232’1‘21. Measurements of U were performed by comparison withu 2350 for

thermal neutrons.

Neutron energy, En U
| 235
0.37 £ 0.10 2.474 X 0.017
0.59 * 0.10 2.471 * 0.035
0.81 * 0.09 2.461 X 0,035
1,02 £ 0,08 3 N 2.538 £ 0,027
i'23 f g.gg{ R S 2.526 % 0.037
* - ¢ i 2» - 0.0
1.22 + 0.07 e & 2.?83 + o.ogg
1.85 * 0.07 \ 2,619 * 0.034
2,05 * 0,06 2.607 & 0,031
2.25 % 0.06 2.678 * 0.037
2.46 * 0.06 2.760 * 0,042
2.76 * 0.06 2.816 ¥ 0.038
3.06 £ 0.05 2.825 % 0,050
3.25 * 0.05 2.892 % 0.046




Neutron energy, En b
232ny,
1.48 * 0.03 2.179 % 0.096
1.56 £ 0.05 2,096 £ 0.073
1.64 X 0,07 2.132 £ 0.072
2.05 £ 0.06 2.142 * 0,069
2.46 * 0.06 2.221 % 0.052
2.86 £ 0.05 2.213 X 0.054
3.27 * 0.04 2.416 * 0.074

Preliminary results were presented by the authors at the Congris
International de Physique Nucléaire, Paris, July 1964 (paper 24 e/C336,
T.I. Bondarernko et al.) and in the proceedings of the Conference on Nuclear
Data for Reactors, Paris, 17-21 October 1966.

235U FISSICN BY NEUTRONS GIVING RISE TO A COMPOUND NUCLEUS
WITH AN EXCITATION ENERGY OF 22 MeV

P.P. Dyachenko and B.D. Xuzminov

(Articie submitted to "Jaderraja fizika")

The authors report the results of a study of the energy and mass
distributions of particles produced in 2350 fission by 15.5-MeV neutrons.
The results are analysed for the purpose of isolating the fission fragment
distribution corresponding to the excitation energy of the fissioning
2360 nucleus (~ 22 MeV). The authors discuss ithe change in the energy
and mass distributions of the fission fragments as the excitation energy
of the fissioning nucleus increases. It is noted that the energy distri-
butions of the fission fragments change only slightly as the excitation
energy increases from ~ 6 MeV to ~ 12 MeV, whereas there is a substantial
change in the energy distributions of the fission fragments as the excitation
energy increases from ~ 12 MeV to ~ 22 MeV, apparently due to a substantial
decline in the influence of shell changes on the fission process in this

excitation energy range.
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Fission fragment yielde as a function of mass (a), fission
fragment kinetic energies as a funciion of mass (b}, and
mean Bquare deviationg of fizsion fragment kinetic energy as
a function of mass (c¢) ia 235U fission by 15.5-MeV reutrons.

¢ - measured distributions; --~— O — results of analysis
using partial cross-—sections ¢_. = 1.0 barn, 9, = 0.86 barn,
., = 0.60 barn, =.—.-. + ~ redilis of analysis using partial
cress—-gections Gfo = 1.2 barn, cfl = 0.7 bara, sz = 0.47 barn.
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Fig.2. Fission fragment yields as a function of mass (a), fission fragment
kinetic energies as a function of mass (b), and mean square deviations
of fission fragment kineiic energy as_a function of mass (¢} for
different excitation energieg of the €306y fissioning compound nucleus.

——— 6.5 MeV; === 0 - 1205 MBV; ind et am sk 22 MevV,
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TIFLUBHCE CF TRAUSITICHAL STATES OF THE FISSICHT! PBKTH KUICLEYS On THE HASS
AND KINETIC ENERGY DISTRIBUTTONS OF THE PFPISSICHN FRAGUENTS

A.1. Sergachev, V.G. Verobyeva, B.D. Kuzminov, V.B. Mikhailov and M.Z. Tarasko

The authors have investigated the mass and kineiic energy distributions
. {'_ : . .
of the fragments produced in ‘Th fizsion by neutrons with energies of

1.38, 1.51, 1.65, 1.9, 2.37, 2.87 and 5.6 KeV. Two surface-barrier counters
were used to record the energies of the fission fragment g, and € Ho*
a H

The figsien fragment masses were determined by means of the relation

The final results were corrected for neutron emiseion by the fiscion fragments.

235

Fragments produced in U fission by thermal neutrons were used for calibration,

allowance being made for the deperdence of pulse amplitude on fissien fragment
mA3S, The main results are presented in the table and figures. As the neutron
erergies increase from 1.5 MeV to 1.65 MeV the mass and kinetic energy dis-
tritotione of the fisszion fragments underwent marked changes, At En = 2,85
there was a stlhetantial increace in ‘the yield of symmetrical fragments., The
abserved effents are attributed to the influence of iransitional states of the
fissioning rucleus. It is rncoted that the difference between nucleon con-
figurations for figsicn through different channels may affect the form 2f the
ruzleus at the moment »f brezk-up, czusing & change ir the fiszinn fragment

yields anid Kinetic energies.
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TIFLUBLCE CF TRAUSITICHAL STATES OF THE FISSICHIANG ?BQT KUOLEYS Ok THE HASS
AxD XINETIC ENERGY DISTRIZUTTONS OF THE FISSICN FRAGHENTS

A.I. Sergachev, V.G. Vcrobyeva, B.D. Kuzminov, V.B. Mikhailov and WM.Z. Tarasko

The authors have investigated the mase and kinetic energy distributions
2
of the fragments produced in ')2Th fizsion by neutrons with energies of
1.38, 1.51, 1.65, 1.9,‘2.37, 2,87 and 5.6 FeV, Tuo surface-barrier ccunters
were used to record the energies of the fissinn fragment € and € Hoe

The fisgion fragment masses were determined by means of the relation

The final results were corrected for reutrnon emission by the fiscion fragments.
Fragmenlis proauced in 235U fission by thermal reutrons were used for calibration,
allowance being made for the <dependence of pulse amplitude on fissinon fragment
TGS, The main results are presented in the table and figures. As the neutron
erergies increase from 1.5 MeV to 1.56% MeV the mass and kinetic energy dis-—
tritutione of the fissziern frasgmentis underwent marked changes, At En = 2,85 KeV
there was a gtlstantial increacse in the yield of symmetrical fragnents. The
obzerved effects are attiributed to the influence of iransitional statee of the
fissioning rucleus, It iz r-ted that the differernce beiween nucleon con=-
murations for fissic-n Shrough different ~hannels may affect the form of the
rusleus at the moment »f brenk-up, czusing a change 1r the fiszinn fragment

yields and kinetic energies.
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Fig. 1 Mass distribution of figsion fragments for 2°Th fission by
neutrons with energies of 1.38 MeV (o), 1.51 MeV (&),
1.65 MeV (@), 5.0 Mev (2).
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Fige 2. Mass dependence of the kinetic energy of fragments produced in
2327y, £ission by neutrons with energies of 1,38 MeV (o),

1451 MeV (A ), 1465 MeV (@), 5.6 MeV (O).

RELATIVE YIELDS OF DELAYED NEUTRONS IN 235U PISSION BY NEUTRONS WITH ENERGIES
OF 18~21 MeV

B.P. Maksyutenko, R. Ramazanov and M.Z. Tarasko

The authors have measured the relative yields of delayed neutrons in
235U fission by neutrons with energies of 1840, 1940, 19.7, 20e3 and 20.5 MeV.
The experiment was performed in a Van de Graaff accelerator using a tritium-
zirconium target with a thickness of 15 mg/cm?. The decay curve calculations

were performed on a computers The recults are presented in Table 1,
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TARLE 1
Ty
< Ratio of Yields
Sec :
Ep = 18,0 MeV
55 I
24 2¢153 + 0,060
1565 , 1.874 + 0,085
Se? 311 4+ Q.13
22 .94 + 0.27
By = 19.0 MeV
55 | I
24 2702 + 0,062
15.5 1.55 + 0.12
5e2 3.86 + 0419
262 6,02 + 0.38
En = 19,7 MeV
55 1
24 2:816 + 0,076
1545 1494 + 0411
5{2 , 3,208 + 0,063
242 ' Te349 + 0,033
En = 9003 MeV
55 T
?4 2.702 + 05096
15.5 2024 + 0013
52 . 26562 + 04037
2s2 10.24 + 0042
Bp = 2045 MeV
55 I
24 34116 + 0,087
155 1e65% + 0,080
5?2 1eH9 4 Dal4

242 6602  + 0427
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RADIATIVE CAPTURE OF FAST NEUTRONS BY 8OSE

VeA. Tolstikov, V.P. Koroleva and V,E. Kolesov

Using the activation method, the authors have measured cross-sections for

80 :
the radiative capture of fasi neutrons in Se and for the reactions

80Se (nyv) 81mSe and 8OSe (nyy) BlgSeo The total radiative capture cross-section

is compared with calculated values obtained on the basis of the statistical

theory of nuclear reactions using *he optical models The isomeric ratio

is constructed on the tagis of ‘thne experimental data.

Tabie I

Cross-sections for the radiative capture of fast neutrons by = Se

B, (keV) 200 266 338 456 635 679 741 111
o (n,{)‘ 15694167 13484148 12454161 11684101 9484068 Toe940475 64 34006 6434046

mb1rn

E, (keV) 844 920 1024 13135 1523 1690 1917 2323 3128
g (n’Y\/.’ 5-25_4;0.55 4.8i0.4 4.4_‘0_:0.4 4.3:0.4 3.4:0.4 2.9_4_-0.3 3.110.3 2.75:'_'0.4 2.310.2

{mbarn)

CROSS-SECTIONS FOR THE RADTATIVE CAPTURE OF FAST NEUTRONS
BY 74Ge, 133cs Anp 19205

VeAe Tolstikovy, VePs Koroleva
VsE: Kolesov and A.G. Dovtenko

(Article submitted to "Atomnaja energija')

The authors present the results of measurements.of crogs—-sections for the
racdiative capture of neutrons with energies of 0,3-3 MeV by 74Ge, 113Cs and
192Os. The neutron capture events were recorded by the activation method. A
fission chamber containing 235U was used as neutron flux monitore The measured
cross~sections are compared with values calculated on the basis of statistical

theory using the optical model for calculating the penetrability of potential

nuclear barriera.

The experimental results are presented in Tables I-IIT,



TABLE 1

Cross—sections for the radiative capture of fast neutrons b,):r 74Ge
En kaV 200 + 30 242 + 35 338 + 37 394 + 60 433 + 60 515 + 58 612 + 56 688 + 55
ognyy mb 17.0 + 1.3 14.8 + 1.1 13.0 + 0.7 15.0 + 0.7 15.1 + 1.2 13.3 + 1.3 11.9 + 0.7 8.7 + 0.7
En keV 720 + 54 11T + 54 824 + 53  929 + 52 1034 + 51 . 1240 + 48 1523 + 75 1690 + 74
on,y mb 8.8 + 0.4 8.0 # 0.7 8.1 + 0.6 6.9 + 0.35 6.5 + 0.3 5s6 4+ 0.4 4:1 + 0.2 3.8 + 0.2
En XeV 1857 + 74 1917 + 7.3 2126 + T1 2186 + 71 2323 + 69 2723 + 66 318 + 65
on,y mb 4.25 + 0.3 4.5 + 0.3 6e6 + 0.3 4.5 + 0.3 4.7 + 0.3 4.74 + 0.3 4.0 + 0.3

TABLE 1I

Cross—sections for formation of the isomer 134mCB in the reaction 133Cs(n,y) l34mCs

En keV 142 + 50 274 + 62 418 + 60 500 + 58 593 + 60 814 + 62
onyy mb 36,0 + 3 29.2 + 2 26,1 + 2.7  25.8 + 1.8 24,5 + 1.7 19.1 + 1.6
En keV 950 + 60 1230 + 57
onyy mb 19.4 + 1.7 17.9 + 1.3




TABLE III

Cross~sections for the radiative capture of fast neutrons by 19203

En keV 200 # 35 338 + 37 423 + 40 433 + 45 505 # 50 600 + 56 824 + 53 960 + 50

onyy mb  49.9 + 3.6 33.7 + 1.9 23.7 + 17 23.4 + 1.2 284 + 1.2 20,1 + 1.0 18.3 + 0.9  18.4 + 1.3

En keV 1140 + 50 1240 + 50 1440 + 48 1690 + 50 1857 + 60 1917 + 73 2120 + 71 2320 + 69

onyy mb  15.9 + 1.4 17.1 + 1.0 16,0 + 1.3 16.7 + 1.3 1502 + 1.0 15.7 + 11 14,9 + 1.0 12.7 + 0.8

En keV 2517 + 68 2624 + 66 3130 + 65
1

on,y mb 12.55 + 1,00  10.4 + 0.7 8.3 + 0.5 3
1




RELATIVE PROBABILITILS OF THOUBRIC STATE EXCITATION IN THE
RADIATIVY CAVICRE OF THERMAL NEUTRONS

A.V. Melyshev

(r=tiole subuitied to "Jadernaja fizike")

The relative probabi. itlzs ol isomeric state formation in the radiative
capture of thermal neutrous zre calculated on the basis of statistical theory.
In order to verify the derendence of nuclear lével density on total nuclear
momentum the author tekewz intoc account the distribution of gamma sources in
each cascade. Taking 28 his example eight odd—odd nuclei for which the
isomeric ratios differ by é factor of ~30 the author shows that, if the
sole parameter of the theory (the density of single-particle states near tho
Fermi energy) is given, sgtesment is obtained with experiment to within 50%.

THE REACTIONS Li + gHe, Li + 2He AND Li + iHe AS CYCLOTRON SOURCES OF

'FAST NEUTRONS

2,
N

V.X. Daruga, V.G. Dvikhsherstnov, V.A. Dulin,
No.Ne Kra$nov and F.S. Matusevich

(Article submitsed tc the Lulletin of the

T oy - o o 0 .
LR OTEGcLSh l:e;.\tTE)

The ;uthors heve studied the yields and the energy and angular distri-
butions of fast neutrons (E§13? 1 MeV) from a “hick Li target (natural isotopic
mixture) bombarded with helium icns, deuterons and protons with energies of
42 + 1 MeV, 20 0,5 HeV aﬁd 21 + 0.5 MeV respectively. The l.5-m cyclotron
of the Institute of Physics ard Power Engineering was used for accelerating

the charged particles.

The energy spectra of the neutrons were measured at ~0° and 90° t0 a beam
of charged particles in the energy range 1-18 MeV by means of a single-crystal
scintillatior fast-neutron spectrometer with gamma-ray discrimination by de-
excitation time. Angular distributions within the rangeil-l4oo were measured

by means of the laboratory ZnS (Ag) fast-neutron detector.
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Data on fast neutron yieldes from an Li target are presented in

Table I.
Table I
. Neutron yield at "
S A 'y -~y Y
1 pC, steradian
4sie 42 + 1 6.9.10° + 14% -
2 20 + 0.5 6.2.10'°% 13% JE>1 Mev -
Ly 21 + 0.5 4.2.10° + 108 -
7.6.10° + 15% E>0 4.9.101° + 18%

_
EXCITATION FUNCTION OF THE REACTION ©%Cu (p,n) %zn
P.P. Dmitriev, I.0. Konstantinov and N.N. Krasnov

(aArticle submitted to "Atomnaja energija™)

Using the cyclotron of the Institute of Physics and Power Enginesring and
the foil stack method, the authors have measured the excitation function of the
rcaction 650u (p,n) 652n for proton energies up to Ep = 22 MeV. By integrating
the excitation function over the path length they have obtained a curve showing
the 652n yield for a thick copper target. The results are compared with the

data of other authors and with calculations based on the statistical model.
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INTLASTIO WTIMTROY SCATTIRING
V.M. Sluchevskaya
(article submitted to the builetin

cf the Informaticn Centre)

The author presenté experimental data published before July 1967 con

the followirg:
(a) Inelestic scattering crces-sections;
(b)Y Crozs-cections for level excitation in inelastic scattering;
(¢) Cross-sections for gemme emission in inelaziic ceatterinz; end

\ ) . . . : ; . - . .
(1 Arvguiar distrituiicss of inelastically scothzred reutrcons and

TEMmE T

‘ The paper alsc incliulies rroap oroaz~sections {recommended on the hewels
. : \
ef ow reelyzic of experimonta. dote) fur the Incastic escoibaerins o7 noutrons

3 Em ds 1 R LI, R S A, - X AP S,
S in ceriniv o' enmsnts erployel fn rozctcr conzbruntior
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CRESS-SECTICN BOR 7% {n, 2n) RRACTICH
‘,!?'T. Y"»1.(:1“1.‘Y \(—‘JC

+ 1.
o)

e bulletin

{articie gubmitied t I
Centre)

(e
of the Information

The author progeants date published befeore July 1567 on the measurement

cf cross-sactions for the (n, 2n) reacticn.

%

CTicK

f\

SPECTRA CF SECCHTARY LI

.

NS T OTHE (o, 2n) B

Yu,He Shubin
) J
On the basis of the statistical theory of nuclear reactions, the author

has calculated the spectra of secondary neutrons in the (n, 2n) reaction for
ncident neutron energies of 14 eV, Compariscn of these calculetions with
the resuvlts presented in 173_7 haz shown that the discrete structure of the
spectrum c¢f the lew-lying excited levels of the residual nucleus has &
determining effect on the relative energy distribution of seccndary particles.
From this it may be deduced that, even when the residusl nucleus has a'large
numkber of levels, transiticons tco separate levelz are the hasic pattern, due
to angular mementum selection, Heutrons with en energy of 14 leV intrcduce
a large orbitai momentum (~ 10). At the seme time, inelastically -scattered
neutrcns have a ﬁaxwellian spectrum with a mean energy of about 1 MeV -

ie. they carry off cnly s 1ittle mcmentum (1-27.  Secondary neutrons also
carry off relatively little momentum, so that the rasidusl nucleus necessarily
reteins considerable mcmentum. Tige 1 shows the results of czlculations of the
spectrum of secondary neutrens for treansiticns tc the ground state and the
first excited state of the 47Ti nucieus. These states have fairly high spins
Z.°_7 of 5/2 and 7/4 respectively. It may be concluded from a2 comparison of
the calculated results with the experimental spectrum that, irn the case in
question, transition is basically to the first excited level (E2 = 0.2 HeV),
which hzs a higher spin (7/2) than the ground state (5/2). It should be
noted that the shape of the spectrum is fairly sensitive to the structure of
the spectrum of ithe low-lying excited levels, so that a shift of 0.2 HeV in
the energy of the E2 level leads_to a spectrum shape that differs markedly

frem the experimental shape.
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The maximum energy of the secondary neutrons in the reaction SSMn (n, 2n)

54,

"n is about 2 MeV - i.e. in the case in question transitions ocecur not to
the ground state of the 54Mn nucleus (the maximum energy would then be

3.8 eV [—};7) but to & state having an energy of about 2 MeV (and not less
than 1.8 MeV). One may therefore expect the 54Mn nucleus to have, in the

2-1eV region, a level with high spin (~ 5.6) or a group of levels.

&Eg ) “
cmlg. . 7-l
K :
2 -
E202 MK
14
&0
o/ .
b i r r
1 2 € nd
Fig. ! Relative energy distribution of secondary neutrons in the reaction

19 .
Ti (xn, 2n)

4

7
‘Ti for transition to a single isplated level

(EZ = 0 and I, - 0.2 MeV; continuous curves). The points with

error bars derote the experimental distiidbution.

AN res)
oM 1

34

7 2 €m
Mg. 2 Relative energy distributicn cf secondary neutrons in the reaction
S5, 54.. L . .
““im (x, 2n) “7i'm for transition tc & single level having an energy
~

Ez = 2 ¥eV (continuous curve). The pcints denote the experimental

distribution.,
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In Tig. 2 the experimenfal spectrum is compared with calculations for transitions
to the E2 = 2 HKeV level of the 54Mn nucleus. The agreement between them is
fairly good, except at low energies, owing pogsibly to the energy dependence of
the'cross—section for the reverse process, which is not taken into account in

these calcuiations.

References
[ 17 V.B. Anufrienko et al., Jadernaja fizika 2 (1965) 826.

[fé_7 B.S. Dzhelepov and L.K. Peker, Shemy raspada radiozktivayh jader

(Decay schemes of radicactive muclei), (1966).

[r3_7 J.H.E. Mattauch, W. Thiele and A.H. Vapstra, Nucl. Phys. 67 (1965) 1.

MONTE CARLO CALCULATIONS OF CORRECTIONS TO EXPERIMENTAL
CROSS~SECTIONS FOR ELASTIC NEUTRON SCATTERING

V.I. Popov, V.M. Sluchevgkaya and V.I. Trykova

The authors describe llernte Carlo programmes designed for correcting
meagured differential .elastic scattering cross-sections for effeqts arising
out of the finite sample and detector dimensions (neutron flux attenuation
and multiple neutron scattering in samples, angular resolution of the sample-

detector system). The programme is written in Algol~60.

riow iy bl i g



ANISOTROPY OCF ELASTIC NEUTRON SCATTERING
M.N. Nikolaev and N.O. Bazagyants

(article submitied to the bulletin of the Information Centre)

The authors present the energy dependencies of the Legendre polynomial
expansion coefficients Bn of the angular distributions of elastically
scattered neutrons:

1 N
oglwy B} =7=2 B (E) P, (k)
Nn=0

The number N of terms in the expansion is chosen so as to ensure that

the curve describing the experimental angular distribution data falls

within the error limits.

The authors discuss methods of expansion coefficient determination
that will ensure satisfactory description of the experimental data, the
accepted way of introducing corrections for inelastic scattering, and
other questions concerning the systematic processing of experimental data

and the use of the information in performing calculations.

In the region of sufficiently high energies, where the contribution
of inelastic scattering accompanied by the formation of a compound nucleus
is small, the angular distributions of elastically scattered neutrons are

calculated on the basis of the optical model.

Graphs are presented showing the energy dependencies Bn for 46 elements
and isotopes. The upper limit of the energy region considered is 15 MeV.

The work also contains a short survey of the basic characteristics
of the experimental methods used in measuring angular distributions; these
characteristics are presented in a special table together with standard

bibliographical data on the experimental works referred to (over.180).

Graphs showing the energy dependencies of the coefficients Bn are
accompanied by a commentary containing a discussion of the adequacy of
the available déta, the compatibility of the data of different authors,

and an analysis of the possible causes of discrepancies.

The authors give recommended energy dependencies of the Legendre
polynomial expansion coefficients of the angular distiributions of

elastically scattered neutrons.
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NUCLEAR PHYSICS CONSTANTS FOR REACTOR CALCULATIONS
S.M. Zakharova, G.I. Teshinsky and B.N. Sivak

(published in the bulletin of the Information Centre
(issue 3, supplement 1))

- The authore present a cl-group set of nuclear physics constants
compiled on the basis of experimental data on neutron-nucleus interaction
cross-sections published before May 1966. The set is designed for reactor
calculations on a computer and contains the following elements and
isotopes: ' |

.6 10, 11
'

H, °Li, L1, Li, %e, 1%, '3, B, ¢, O, AL, Na, K, Ca, Ti, V,
Cr, PFe, Wi, Cu, Y, Zr, Nb, Mo, Ta, W, Pb, Bi, 239y, 230y, 238y
239Pu, 240Pu, 241Pu, 242Pﬁ and fission fragmehts of 2350. For
. Mn, Co, 63Cu,'650u, Ga, 9OZr, 9er, 922r, 94Zr, 962r, 92Mo, 94Mo,
- o, Puo, Iho, o, 1%, 113cq, c4, 51n (54 min.), sn,
135, 1385, 147g, 1495, 1505, 15l 1525 o 15l
153k, B

and Hf only capture cross-sections are presented, while fission croas-

sections are presented for 237Np.

In éddition to the 2l-group set of constants, the authors have con-
structed 80-group radiative capture cross-sections for all the elements
.and isotopes listed above, as well as v, a, fission croas-gections and '
total absorption cross-sections for the fissile isotopes. For some of the
elements and isotopes listed, cross-sections for the (n, p) and(n, a)

reactions are also presented. 5

As thermal group constants, the authors present, in addition to the
cross-section values for 0.0253-eV neutrons, cross-sections - averaged
over the Maxwellian spedtrum as a function of neutron gas temperature and
the point of thermal and slowing-down spectrum overlap (this relates to
capture, fissiqn and total absorption cross-sections) for

103Rh, 113Cd, 115In, 123Te, 135Xe, 139La, l49$m, lslSm, 151Eu,

153g, 15p, 1554 157gq, 167gy, 168Yh, 176, 17Ty4e 182y,
1855, 191p. 193r. 226Ra, 233y, 235y, 239, 24lp, 242,

and for a l/v absorber. Finally, they present transport elastic cross-
section values averaged over the Maxwellian spectrum for Be and H (in 7
chemical compounds such as water and zirconium hydride).‘
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Ingtitute of Theoretical and Experimental Physics -

-LONG-RANGE PARTICLES WITH Z > 2 IN TERNARY 237U FISSION
BY THERMAL NEUTRONS

4

V.N. Andreev, V.G. Nedopekin and V.I. Rogov

The authors have studied the emission of particles with Z > 2 in
235U fission by thermal neutrons. The particles were recorded by means of
a detector which measured dE/dX, E and R for each particle. Lithium,
beryllium, boron, carbon, nitrogen, oxygen and fluorine were detected.
The ion energy spectra were measured and the isotopic composition of the
ions assessed. There was found to be preferential emission of even Z
ions and ofreven N isotopes. The measured ion yields, the minimum energy
of the detected particles and the fpta.l ion yield estimated by extrepolating
the experimental spectrum into the region of low-energy ions, are presented
in the table below.

Ions ' Yield per fission E%in- Total.yigld
(MeV) per fission
a-particles 2 x 1072 6 21 x107°
lithium (1.33 ¥ 0.08) x 107° 11 1.9 x 1070
beryllium (.13 ¥ 0.22) x 1076 15 6.8 x 10~
beryllium-8 (5% 2) x 1078 15 1077
boron (5.1 £ 0.7) x 1078 20 1077
carbop' (1.9 ¥ 0.1) x 107° 29 1.0 x 1077
nitrogen (8.9 ¥ 0.0) x 1078 33 5 x 107/
oxygen (6.1 ¥ 1.2) x 1077 40 1072
fluorine (2.1 ¥ 0.7) x 1070 47 5 x 1070
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The spectra of the ions at the moment of their formation during fission
are caloulated from the experimentsl spectre. The SpeCtra'Have the form
N(E)) ~ e , where E is the initial ion energy calculated without

allowing for the velocity along the fission axis and T is a parameter.

TOTAL NEUTRON CROSS-SECTION OF 230Th IN THE THERMAL
ENERGY REGION

S.M. Kalebin, P.N. Paley, ReN. Ivanov, Z.K. Karalova,
G.M. Kukavadze, Z.I. Pyzhova and G.V. Rukolaine

230Th

For the investigation of the total neutron crosé-section, l g of
is extracted chemically from uranium ore and purified. The purity of the
sample is determined by mass specfrometry. The neutron cross-section
‘measurements are made on the Institute's méchanical chopper in the energy
" range 0.0141-1.0 eV, As a result of the measurements it is established
that the neutron cross-section of 230Th in the thermal energy region is
characterized by the presence of resonance levels close to this region.
In particular, there is evidence of a negative level with energy close
to zero. The measured total neutron cross-section of 23oTh at the thermal

energy (E = 0.025 eV) is 70 ¥ 3.8 barn.

In measurements with a new thorium sample conducted over a wider
energy range, levels with E = 0.107 eV, 2.390 eV and 7.80 eV have not been
detected. '

The results of the measurements are shown in the figure. Curve I

represents the energy dependence of the total neutron cross-section of
230 » The crosses represent the result of an independent measurement
of this cross-section using a single-~channel time analyser: The measured

230,

total neutron cross-section of 232Th, reiative to which the Th cross-

section is measured, is represented by curve I1I. The circles indicate the

232Th crogs-section data taken from published works.
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A.F, Toffe Ingtitute of Physics and Technology,
USSR Academy of Sciences

MEASUREMENT OF THE REACTOR CROSS-SECTION FOR
463¢ AND O4Cu BURN-UP

I.4. Kondurov, A,X. Fgorov, D.M. Kaminker,
E.M. Korotkilh and A.M. Nikitin

(article sutmitted +o "Atomnaja energija")

The 46‘1‘1 (n, p) 4650 reaction igs a convenient means of monitoring

46

fast neutrons. However, in high neutron fluxes ' Sc may burn up due to

neutron capture and thus lower ithe induced activity, which is a measure

46

of the flux. The cross-section for = S¢ burn-up is measured by determining

47Sc accumlaticn in double neutron capture by stable 45Sc nuclei. By
measuring the ratioc of the activities of 4750 and 46Sc for a known neutron

4656 (n, v)

Sc activities were measured with the help of

flux it is pozsibles {0 determine the cross-section for the
47Sc reaction. The 47Sc and 46
a semiconductor Ge(Li) gamma spectrometer. The measured cross-section was

found *o be:

~

& (4680) = 8.3 + 1.4 barn.

The authors also measured the crosgs-section for 64Cu burn-up. For this

purpose, the 64

Cu activity growth constant was measured by activation
techniques as a function of the irradiation time. The difference between
this constant and the 64Cu decay constant iso f, where ¢ is the cross-section
and f the thermal neutron flux. This difference was found to be less than

2%, corresponding to:

o (64&1) < 6000 barn.

46 64

The authors' estimates show that Sc and Cu burn-up in thermal
neutron fluxes of up to 1014 n/cm2.s does not exceed 1% and may therefore
be disregarded.

PROTOLISINTEGRATION OF 00 WUCLEI

V.P. Denisov, A.P. Komar and L.A. Kulchitsky

(article submitted to “Nuclear Physics")

) 15, 16 16

The cross-sectiors for the 160 (v, o N, 0 (v, p12) 15y ana %

“zero
1

(s P3) 5N - reactions - corresponding tc the formation of lsN nuclei in the

ground, first + second (5.28 MeV and 5.30 MeV) and third (6.33 MeV) excited

states - were determined by analysing photoproton spectra measured for 23

maximum energy values of the gamma emission slowing-down spectrum.
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The first column of Table I shows the energies of 16O levels excited
in the photo—absorption of gamma gquantia. The second and third columns
show absolute integral cross-section values and the relative intensities
of 160 decay leading to the formation of 15N nucleir in the ground state.
The remaining columns show quantities relating to decay to the first + second

. and third excited states of 15N nuclei.

- The integral cross-sections for the corresponding reactions are, within

the limits indicated above, as follows:

43
f‘a (Y,Po) d Ey = 47 + & MeV mbarn;
12.1
26.5
i (Y,plz) d Ey = 10 MeV mbarn;
17.4

7.5
f o (y,py) d By = 22 MeV mbarn.
18.4

The integral cross-section for proton formation in all possible

reactions is as follows:

5 .
fapd Ey = 152 + 22 mbarn MeV.
12.1
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Table I

RATE OF TRANSITIONS TO VARIOUS STATES OF THE 15N NUCLEUS.

MeV Ground state First and second excited Third excited state

states (5.28 and 5.30 MeV) (6.33 MeV)

 Mev, 1,% MeV.mp 1, , % MeV. mb 1y, %
17.13 2.0 100 - - - -
17.29
19.0 1.2 55 - - 1 45 .
19.5 2.2 35 2.4 40 1.5 25
21.7 1.7 56 1.6 12 5¢5 32
22,3 8.0 0.6
23.1 2.7 35 0.5 7 4.4 58
24.3 6.0 53 1.5 13 3.8 34
25.0 2.7 80 - - 0.7 20
25.6 1.2 20 3.3 52 1.8 28
26.3 2.5 100 - - - - -
27.4

29.6
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EXCITED STATES OF 12%Cs

A.M. Berestovoy, I.A. Kondurov and Yu. E. Loginov,

The arrangement of the energy levels of 13403 nuclei obtained in the

133¢g (n, ¥) 13404 reaction has been studied using a gamma-gammas coincidence

spectrometer. NaI{T1l) crysiale with FEU-13 photomultipliers were used as
gamma detectors. During the experiment one of these was replaced by a
l-om® 1ithium-drifted germanium detector.

It was shown that 116~-keV and 176-keV gamma iransitions occur from a
level with a half-life of 49 + Ins while the 240-keV gamma transition '
occurs from a level with a half-life of 8.0 + 1.5 ns.

The most intenéiva gamma transitions are included in the level scheme

constructed by the authors. The binding energy of neutrons in 13403 nuclei

was found to be 6892 + 4 keV.

GAMMA EMISSION IN THE '°Se (n, y) !'Se REACTION
I.A. Kondurov and Yu.E. Loginov

Hard and soft gamma emigsion in the 76Se (n, Y) 77Se reaction was

studied using 8-—cn’ 3

and 4-cm” lithium-drifted germanium detectors. Table I
shows the energies and absolute intensities of the gamma transitions and

their arrangement within the scheme of 77Se excited states.
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Table I
Nos. Transition Intensity Location of transition in the
energy (quanta per scheme of77xcited states of
(keV) 100 captures) Se :
1 88 2.0 249 161
2 125 0.7 300 175
3 139 5e2 300 161
4 161 6.2 161 0
5 199 2.8 438 238
6 238 15.4 238 0
1 249 4.3 249 0
8 282 0.7 521 238
9 296 2.2 818 521
10 438 2,2 438 0
11 521 12,1 521 0
12 569 1.4 818 249
13 580 2.0 818 238
14 649 0.7
15 755 1.8
16 819 1.7 818 0]
17 889 3.6 1412 521
18 950 1.3 1188 238
19 1011 1.5 1011 0
20 1179 1.4 1618 438
21 1206 2.8
22 1303 . 2.9 1823 521
23 1380 0.7 1618 238
24 1414 5.3 1412 0
25 1581 3.0 1823 238
26 5593 1.7 1417 1823
27 5793 1.1 7417 1618
28 6008 2.8 7417 1412
29 6230 0.8 T417 1188
30 6409 1.8 7417 1011
31 6596 55 T417 818
32 7178 2.4 1417 238
33 7417 3.4 1417 0
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Physics Institute of the Ukrainian S8R Academy
of Seciences

NORMALIZED DISTANCES BETWEEN LEVELS OF CERTAIN
ISOTOPES ANL 1SOBARS IN THE RECION
OF DEFORMED NUCLEI

V.P. Vertebny, N.L. Gnidak, A.I. Xalchenko,
V.V. Koloty, %.A. Pavlenko, M.V. Pasechnik
and Zh.J. Pisanko

Data on nuclear level densities obtained by measuring the transmission
of samples using mechanical choppers or other pulsed neutron sources provide
valuable information about the properties of single-particle levels - e.g.
the degree of degeneration of such levels, the distance between them and
the extent to which they are filled. The residual interaction - the so-
called pair interaction energy —~ also plays an important part. Unfortunately,
all these properties exert a combined influence and the separation.of their
individual effects depends very largely on the degree of perfection of the
nuclear theories employed. It is therefore worth investigating changes in
level density at .a particular excitation energy as a function of Z and of N
for a lafge number of isotopes. The study of the neutron cross-sections
of such rare isotopes as l62Er, 164Er and 156Dy substantially increases‘the

amount of information available on such uncommon Z-N combinations.
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Fig. 2.

Table 1 and Figs 1 and 2 show the observed distances between the
levels of certain deformed nuclei and their normalized values fof an
excitation energy of 6 MeV. The normalized distances between the levels,
Do’ are obtained from the experimental values by means of the following
formula:

' 2
D, = (21 + 1)1)0bs (8)° exp 2 (/al - /oa),

where I is the spin of the compound nucleus and U the excitation energy
(in MeV).

Dobs agrees with the observed distances between levels without
multiplication by two in the case where the spin of the target nucleus
1 £ 0, since the theoretical formulas generally include both parities,
whereas levels of one parity are observed in neutron capture. The
parameter a is taken from 1-1_7. In the case of erbium isotopes, the
digtances are obtained from the authors' own measurements (Table 2),
performed in a nuclear reactor and with a resolution of 0.05 ps/m. The

distances for 162Dy and 165Ho are taken from Z-L;7.
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It should be noted that the 5.44-eV level atiributed to 162Er

in 1-2;7 belongs to 162

had previously supposed Z-}J7). The increase in resolution compared with

Z-};7 has made it possible to determine the neutron widths of the 162Er

and 164Er levels with much greater precision. A radiation width of 88 MeV

has been used in calculation. The force functions f;o/ﬁ are (1.71 j 1'6) x 1074

x 0.7
for 162Er and (4.9 r f'g) x 1074 for J'(’37.1"21-.

Dy (as some of the authors of the present work

Although the exact value of the derived distances depends on the
method of normalization (see, for example, 1-1_7 and Z-4;7), the general
tendency of D to change with increasing N remains the same in all cases.
This tendency is apparently connected with the existence of a sub-shell at
N = 100.

Table 1

Derived distances between levels

Compound

nucleus ' ‘ :
Nucleus a Ebinding J Dexp. Do

Z N
162 - + +
164p. 68 97 21.404 6.644  6.024 30 8 32 *38
1665, 68 99 20.668  6.438 5.818 53 f14 40 *n

1+

167g, 68 100 20.19 7.769 6.54 4.0%0.5 58 *q

where Ebinding is the energy of neutron separation from the compound
nucleus and U the effective excitation energy = E-P(N)~-P(Z), P being

the pair interaction energy of a nucleon (all in MeV).
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Takle 2

Resonance parameters pf

erbium lzotopes

Erbium-162
E, (ev) pg.  (Me¥) B (eV) o (MeV)
7.60 ¥ 0,03 0.23 ¥ 0.03

+ + + _ +
14.74 ¥ 0.06 0.81 ¥ 0.07 46.2 ¥ 0.5 1.35 £ 0.26
20.5 ¥ 0.14 0.71 ¥ 0.08 47.7 ¥ 0.5 0.40 ¥ 0.09
4+ +
33-6 i 0.3 0.23 t 0.03 51-0 : O.Z 3.0 : 0.6
42.9 i- 0.4 0‘17 i 0.05 57!9 :. O. 7 307 : 1.2
132 -3 4.4 - 1.4
Erbium-164
o o
E (eV) T (MeV) E, (ev) r (MeV)
7.88 ¥ 0.003 0.23 ¥ 0.04 57.2 ¥ 0.6
30.7 ¥ o.3 0.6 ¥o.2 109 1.5
129 I3

Erbium-166
E, (ev) r°  (dev) E, (V) r° (MeV)
15.67 ¥ 0.07 0.55 ¥ 0.06 g5 3
749 11 173 %3
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Erbiuwn—167

T p [#] . ’ s} .
B, (eV) 28T, (MeV) E (eV) 2el_ (MeV)

0. 46 33,0 Yo,z 0.7 ¥o.3

0.58 37.6 oo 0.6 T 0.15
5.97 X o0.01 10.6 T 1.3 19,7 Y o.2 0.7 ¥o.15
7.94 I 0.02 0.14 £ 0,08 42,2 *o.02
9.45 ¥ 0,02 2.2 ¥o.2 29.8 T o.2 1.3 ¥o.
20.3 ¥ 0.06 1.3 *o.2 53.3 L o0.3 4.8 Y o.4
22,06 ¥ 0.07 59.7 L 0.4 1.3 T o.25

+ + '
26.2 = 0.1 28 N > 62.2 % 0.4 1.9 *o.4
27.5 % 0.1 1.1 < 0.4
REFERENCES
1.  GILBERT, A., CAMERON, A.G.W., Can. Jour. Phys. 43, 1446 (1965).
2.  CLAIEN et al. Bull. Am. Phys. Soc., II, 300 (1966).
3. VERTEBNY B.P. et al. The International Conference on the Study of
Nuclear Structure with Neutrons. Antwerp, Belgium, July, 19-23 (1965).

4.  GORDEEV, I.V., KARDASHEV, D.V., MALYSHEV, A.V., Jaderno-fiziZeskie

konstanty (Nuclear physics constants), (1963).
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ENERGY DEPENDENCE OF THE CROSS-SECTION FCR THE SCATTERING OF COLD
NEUTRONS BY LIQUID GALLIUM IN THE WAVELENGTH RANGE 1-8 A

V.P. Vertebay, V.A. Gulko, A.N. Maigtrenkc and V.F. Ragzbudey

(article submitted to "Ukr. fiz. Z.")

Using the time-of-flight methed. the authors have measured the total
neutron cross-seciion for liguid gallium {sample temperaxﬁre 31° + O.5°C)
in the Physics Institute’s WWR-N reactor. The resolution was ~ 20 ps/m.
The thicknesg of the samplz was 4.159 x 1022 nuclei/cma. The scattering
cross-section was obtained from totsl crogs-sections by subtracting the
absorption cross-section on the assumption that it changes in accordance
with the 1/u law. 4 value of g5 = 2.77 barn was taken for v = 2200 m/s /1_7.
Data on scattering cross-sections as a function of A are presented in
Table 1.

Using X-ray diffraction data for liquid gallium [ 2_7, the authors

calculated the coherent scattering cross-section by means of the formula

)7 "‘f
o (o6 o2 condE) | Fs.s(aras,

' (o}

where 8 is the scattering angle, S = %‘ Sin %;. and i(S) is the intensity
of the X-ray pattern corrected by the atomic form factor and normalized to
unity as S—» w, Experimental values of i(S) were taken from /2 /. Fig. 1
shows experimental scattering cross-section values and the theoretical

curve.
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Table 1
A () o, (barn) A (R) - & (barn)
1 2 3 4
0.74 7.12 + 0,07 2.51 5.91
0.81 6.95 2.58 6.05 + 0.13
0.88 6.93 2.65 5.63
0.96 6.99 2.73 5.80
1.03 7.01 2.80 5.86
1.11 6.90 + 0.06 2.88 5.68
1.18 _ 6.78 2.95 5.64 + 0.13
1.25 . 6.70 3.02 5.53
1.33 6.55 3.10 5.89
1.40 6.49 3.17 5.65
1.47 6.61 + 0,07 3.24 5.81
1.55 6.57 : 3.32 6.22 + 0.19
1.62 6.59 3.39 ‘ 6.21
1.70 , | 6.30 3,47 6.82
1.77 6436 3.54 6.27
1.84 6.38 + 0.08 3.61 6.14
1.92 6.40 3.69 6.21 + 0.25
1.99 6.32 3.76 6.05
2.06 6.35 ' 3.83 6.05
2.14 6437 3.91 5.84
2.21 6,47 + 0.1 3.98 6.28
2.29 6.36 4.06 5.74 + 0.34
2.36 6.34 4.13 5.55
2,43 6.05 | 4.20 5.86
4.28 5.28 | 5.83 2,01
4.35 5.48 5.90 1.97 + 0.25
4.42 5.36 + 0.41 5.97 1.96
4.50 5426 6.05 1.93
4.57 5436 6,12 1.88
4.65 : 4.82 6419 1.79

4472 5.01 6.27 1.87 + 0.35



1 2 3 4
4.79 4041 + 0.16 634 2.02
4.87 3,94 6.42 2.14
4.94 3.66 6449 2.24
5.01 3.51 6,56 1.82
5.09 Y 6.64 1.62 + 0.41
5416 3.24 1+ 0415 6.71 1.43
5.24 2.52 6.78 1.37
5.31 2.71 6.86 1.10
5.38 2.68 6.93 1.34
5,46 2.65 7.23 1.26 + 0.6
5,60 2.44 + 0.23 7445 1.19 + 0.6
5.68 2.40 7.60 0.68 + 0.6
5.75 2.24 7.74 0.42 + 0.6

7.91 0.43 + 0.6
REFERENCES
1. Handbook on nuclear physics (translated from English),
Fizmatgiz, Moscow (1963). )
2. H. Menke, Phys. Leit., 33, 593 {1932)

H. Hendus, L.f. Naturforschung., B, 2a, 447 {1947).
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PARAKETZRS OF THE OPTICAL WUCLEAR MCDEL FRCi< DATA Ok
BLASTIC SCATTERING CF 1.5-MeV NEUTRORS

I1.A. Korzh, I.3. Kashuba, B.D. Koczin and }.V. Pasechnik

(article submitted to "Jadernaja fizika")

The authcrs present the results of an analysis (based on a local
six-parameter optical model of the nucleus) of experimental data on total and
differential cross-sections for the elastic scattering of neutrons with an

initial energy of 1.5 1leV by the foliowing nuclel:

#a, Al, P, 7i, Cr, Fe, Co, Ni, Cu, Zn, Zr, Wb, o, Ag, In, Sn,

Sb, 1, Sm, Yo, Ta, u, ‘OM, pt, iu, Hg, T1, Pb, Bi, Th, 239y,
238,

The optimum vaiues of the parameters, V, ¥ and a are determined for fixed
values cf T, 1.25 fm, & = 0.98 fm and VCO = 10 HeV. It is shown that, for
2 (v}
deformed nuciei, fitting of the potential parameters of the spherical model

deoes not give agreement tetween calculated and experimental vaiues.,

The table shows the optimum values of the petential parameters, together

with calculated and cxperiments’ total cress-sections.

Cptimum velues of the parameters cof the opticai nuclear
medel chbtained by three-parameter fittingr

Llement U eV ole¥ a Pt (calc) oy (exp) X 2
fm ' "barn barn
! e 2 ; 5 -6 7

i 47.2 2.3 Cui 2,152 2.45 0. 44
AL AT 6.3 Gotb 3.204 3.20 U.132
p 5543 7.9 G54 2.96% 3.00 0.%1¢6
! 15 7. .55 3,212 3,20 5.635
Cr 5C. “e3 0.7 2.2233 .10 5. 06
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RESONANCES OF THE RARE ISOTOFES ~ Ony, 1%°py mxp *py

V.P. Verta'bny, Nole Gnidak., Aol KalChenkO, VoV, KOlOty’
E.A. Pavlenko, M.V, Pasechnik, Zh.I. Pisanko
and VeK. Rudrshin

With a resolution of 0,055 and 0.22 ps/m, the authors measure, in the
Physicez Institute's WWR-M reactor, the transmission of dysprosium oxide samples
anriched to ~ 18% in 156ny, ~ 14% in 1581);: and ~ 68% in 16°ny for neutron
ariergies of 0¢5-1000 eV.

To facilitate identification of levels, the authors also measure the
transmission of natuxal dysprosium, The results are summarized in Table 1.
The identification of levels, and in particular the determination of neutron
widths, is particularly difficult owing to the high level density of 15'Dy and
163ny Above 20 eV, the values of P are therefore only tentative. The levels

for 158ny are detected only after area analysis of the resonances.

Estimates show that, in the energy range 14-50 eV, levels with a neutron
width 1ess than 3 MeV in the case of 17°Dy and less than 7 MeV in the case of
158 Dy may have been omitied due to the fact that the resonances of different
isotopes coincide, rLevels which coincide with the levels of abundant isotopes

6

are marked by an asterisk, The strength function I 17 Dy ® 2,2 x 1074,

The observed distances between levels and those normalized to an excitation
energy of 6 NeV (I = 0) by means of the formula

D = (2 + 1)170“(&)2 exp 2 (Vau - v6a)

norm

are presented in Table 2 (I - spin of compound nucleus, U - excitation energy (MeV),

& - parameter taken from 171_7). The normalization formula applies to the case
where I ¥ Os When I = O, it is necessary to add the coefficient % to the
right-hand side of the formula,



Teble 1

E o
d 8 ° T Tn Yy Comments
g 3 eV MeV MeV - MeV
1 2415 + 0402 0e2 + 04148 +
2 3421 + 0,01 08 + 042 0+45 + 0a1l 158 + I'Y determined by the line width
3 9e19 + 0,04 06 ¥ 0415 0419 * 0,05 108 ¥ 10 | .
4 1502 _'t 0.1 4.6 ;t 0.7 le?2 + 0.2 - -
5 17.4 + Ol 0e32 + 0.2 0,08 + 0.05 -
6 17.7 % 0.1 Oel + Oul 0,02 0,02 -
7 1906 _'!'_ 001 9 _'t 2 2.1 + O.5 Lo B
o 8 24¢5 + 042 ~2e4 ~0.48 - - For ikhis and all subsequent levels,
9 27e4 + 042 Oe4 + Oe4 0.08 + 0,08 - tiie neutron width is determined ir
é 10 28e1 + 042 Oe4 + Oed 0,08 + 0,08 - the zero approximation and given as
o 11 2943 + 0425 ~BaT ~le6 - an indication of the resonance
o 12 3640 + 043 ~9 ~le5 - - characteristics
& 13 378 + 0.4 - - - ' 2 34 MeV if there is only one
& 14 3846 + 0.4 - - - lavel in the range 37.8-38.6 eV
15 4609 i'_ 005 "‘14 ~2 -
16 5200 + 006 ~16 ~2 -
17 68.6 + 006 "‘54 ".’605 -
18 85.5 1102 ~15 ~le7 -
19 90.7 + 14 ~42 ~4 - "Strong" level or group of
20 124 + 2 - - - "strong" levels

_gv-



Table 1

(continued)
o

i Eo r r r Comments
29 MeV MeV MeV MeV

R 1 38 +1 (a) ~22 ~3.6 - (a) Identification not final
g4 2 4546 + 045 ~39 ~5e7 =
] 3 597 + 0.7 (a) ~ - - |
4 A 86 +1.,5(1b) ~81 ~8¢7 - (b) Identification not final; the
g 5 172 + 3 (b) - - - levels may belong to dysprosium-161
& 6 271 + 4 (b) - - - :

3 1 1,88 + 0,02 O0e4 + 0.2 - -
5'—1' 2 TeT2 E 0,03 - - - The level has 60-MeV less energy than
‘? 3 1044 + 0,05% 19 + 3 5¢9 + 049 - the corresponding level of dysprosium-16:
2 4 2045 + 0,1% ~25 ~546 -
@ 5 35 + 0.3% - - -
& 6 85 + 1.5 ~93 ~10 -

-67-



Table 2

- . D

Isotope Gbse Dnaz?. %i%g'
dyspr051um (eV) (e¥) not normalized

158 30 + ﬁf (a) 27 + {3 15.4

. C 4

160 11 4 ; 5% 5.3 50 ,

161 2.2 22 2.3

162 42 + 6 (1) 15 100

163 9+ 1 36 11

164 - - 370

(a) The errors in the level spacings of dysprosium-156, dysprosium~158
and dysprosium-160 are obtained from histograms of the number of

levels against the level energy.

omitted levels.

RuFERENCES

No correction was made for

ZTL;7 A Gilvert, A.G.d. Ganmeron, Canadian Journal of Physics 43 (1965) 1446.
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V.G, Kulopin Radium Institute

CROSS~-SECTIONS AND R&SONANCE INTEGRALS FOR THE CAPTURE AND
FI3SSION OF LONG-LIVED AMERICIUM ISOTOPES

M.A. Bsk, A.S., Krivokhatsky, K.A. Petrzhak,
Yu.G. Petrov and E.A. Shlyamin

(article submitted fo "Atomnaja energija")
. ; a2
Targets of 24y (99.9% 241Am+{hxﬁ 3SQIEh) and 2Mam + 243 (7.5% Alpm 4
91.5% 243Am) are irradiated in vhe vertical channels of the WWR-M reactor in
neutron fluxes of (1.5-10) x 1013 n/cmz.s for a period of 5-100 h for the
purpose of obéerving an approximately tenfold increase in alpha activity due

(242 244 ¢m).

to accumulated products Cm and

From the increase in alpha acfivity of fhe irradiated targets and the
change in the figsion count rate in a double ionization chamber the authors

241Am, 242 243Am.

find the capture and fission cross-sections for Cm and

Through simultaneous bombardment of targets with and without cadmium
plating it is possible tc determine the corresponding resonance integralg.

The results are summarized in Table 1.

Table 1
Isot Cross~section Resonance integral
sotope (vrrn) : (barn)
2L, , c; = 670 £ 60 RIi = 2100 * 200
" 11
= + - +
o =70%5 RI_ = 300 % 30
- + o] *+
. = 3.15 % 0.10 RI, =21 %2
2A2
42 im o = 2100 * 200 RI, < 300
ST o =T3%6 RI_ = 2300 % 200




£

NEUTRON FISSION CROSS-SECTION OF 22CRa AND

ANGULAR DISTRIBUTIONS OF THE FRAGMENTS

Yu.4. Babhenko, Yu.A. Nemilov,
Yu.A. Solitsky and V.B. Funshtein

-~

The authors measure the cross-sections for 26Ra fission by neutrons
with .energies of 3-~15 MeV and the angular distributions of fragments
resulting from radium fission by neutrons having an energy of 6.7, ‘8.9,

11.6, 12,5, 13.6, 14.4 and 14.8 MeV. Up to 6 MeV, the effective energy

of the neutrons was determined to within + C.1 MeV, and at higher energles
to within i 0.2 MeV, The fission cross—section doeé not vary monotonically.

227Ra and 226&& fission barriers are

It follows from the curve that the
8.5 £|0.5 MeV. The measured anisotropy of the divergence of thé fission
fragments confirms the presence of emissiveg fission at En>'9 MeV. The
shape of the angular distribution of fragments resulting from radium fission
byrneutroné having an energy of 14.4—14.9 MeV indicates that there is an

increased fission fragment yield at . 60° to the neutron beam.

Table 1

Cross-gection for 22 Ra fission by neutrons

En(MeV) op (mbarns)
3.0 (40 + 20). 107>
3.3 0.4 + 0.1
3.5 0.6 ¥ 0.1
3.8 1.5 + 0.2
4.3 1.7 % 0.3
5.4 2.7 ¥ 0.4
6.0 3.0 + 0.5
6.7 3.1 + 0.5
3.0 3.3 £ 0.5
249 3.5 + 0.5
9.6 3.9 208

10.3 5.4 + 0.8
11.5 6.6 + 1.0
12.5 9+1
13.6 12 + 2
14.0 14 ¥ 2
14.4 5+2
14.8 17%2




_,-___

_53-

Table 2

Angular distribution of fragments resulting from
226

Ra fission by neutrons
.(3°)
Vaiues cf-——(m~&7
C)'f 90
E = 6.7 MeV E = A.9 MeV E = 11.6 MeV E = 12.5 MeV
n n n _ n

113 1.97 1.07 1.1 1.3

21O 1.72 1.2 1.13 - 1.59
340 1.64 1.06 1.22 1.36
470 1.5 1.43 1.14 1.43
610 1.24 1.07 1.04 1.09
760 1.05 : 0. 84 0.96 0.94
90 1.03 1.07 1.09 1.03

En = 13,6 MeV En = 14,4 MeV En = 14.7 MeV

11, 1.39 1.61 1.64
160 1.38 1.27 1.58
230 1.47 1.32 1.36
310 1.37 1.11 1.29
390 1.42 1.04 1.44
a7, 1.15 1,17 1.33
55, 1.32 1.41 1.47
640 1.05 1.37 1.47
13,4 1.17 0.9 1.34
510 0.99 0.94 1.08
90 1.05 1.16 1.0

o (8°)
For E_ = 6.7, 8.9, 11.6, 12.5, 13.6 and 14.4 MeV ;§T§6’7 is determined

to within + 15%; for En = 14.% MeV it is determined to within 1_10%.
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YIELD AND ANGULAR ANISCTRCPY OF 2 Ra PHOTOFISSION FRAGMENTS

Fels Zhagrov, Yu.l&: Nemilcv gnd Yu.A. Selitsky

leing the mica chip method for recording fission fragments, the
authors measure the relative yield of‘226Ra photofission in the effec-
tive gamma energy E° range ¢f 9-25 MeV‘Z_l_Zéé On the basis of 2380
data, they éstablish the dependence of the Ra photofission yield
per roentgen per target nucleus e3 a function of the effective gamma

energy Eo.

The 226Ra photofission threshold is found to be 8.5 + 0.5 MeV. The

angular dependences of the fission ffagments, measured by the mica chip
method, show that for given excitation energies above the threshold the
anisotropy is less in the case of radium than in that of 232Th. The
suthors give the dependence of the anisotropy coefficient a as & funotion

of the bremsstrahlung effective gamma energy (Table 2).

Table 1 Table 2
Energy. . 4 Energy Anisotropy
E, Relative yield E, coefficient
o 226Ra/2380 ()
MeV _ MeV a
25 6.3 . 1072 4 3..107% 26 0.07 + 0,03
19 5.9 . 1073 4 3.1074 22 0.16 + 0.04
16 5.2 .10 + 4.1074 18 0.34 + 0.08
10.7 2.3.103 42,104 14.5 0.65 + 0.22
9.1 4.8 .10%+7.107 1047 2.3 + 0.7

8.3 2.8 .10%4+5.107 9.1 6.1 1+ 2.7
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V.G. Khlopin Radium Institute
Joint Institute for Nuclear Research

GAMMA EMISSION BY Olmb, 92*mb, ®2mb, 3o, 3%Rp ana %ome

Je Vrzal, B.S. Dzhelepov, A.G. Dmitriev, N.N. Zhukovsky,
J. Liptak, L.N. Moskvin, J. Urbanec, L.G. Tsaritsyna

(article submitted to "Izv. Akad. Nauk SSSR, Ser. fiz.")

3

Using germanium—-lithium detectors with sensitive volumes of ~ 5 cm™ and

~ 13.5 cm3, the authors investigate the gamma emission of rubidium isotopes

with A = 81, 82 (isomer), 82, 83, 84 and 86. The rubidium fraction is sepa-
rated from strontium and yttrium targets bombarded with fast protons (Ep ~ 660 MeV)
through preliminary separation of the accompanying elements by co-precipitation

and distributive chromatography.

Dowex~50 is used for final purification of the preparation. The energies
and relative intensities of the gamma lines are determined (Table 1). Five
new lines (hv = 712, 1384, 2162, 2413 and 2480 keV) are found in the gamma
spectrum of 82Rb. The decay schemes of-82*Rb and 82Rb are determined with
greater precision. Three excitation levels, with energies of 2162, 2480 and
3190 keV, are added tc the decay scheme of 82Rb. The percentages of st decay

and orbital electron capture events are determined (Figs 1 and 2).

The authors also determine the experimental yields of reactions resuiting
from deep penetration into yttrium by protons with Ep ~ 660 MeV which lead to
the formation of rubidium radioisotopes (Table 2). Deviations of the experi-
mental cross-sections for deep penetration reactions from cross-sections

calculated on the basis of Rudstam's semi-empirical formulas do not exceed 30%.
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Table 1

Energies and relative intensities of the gamma lines

of rubidium isotopes

—

81 8on - 82 . 83 -~ 8
BTy 47 p) RO(Ty _ 6.4 ), B(Ty )3 min) _BRb('I‘_%_B_} deys) 4Rb('1'% - 33 days)
hy keV 1 hv keV I hv keV T hv keV 1 “hy keV 1
y Y Y - Y Y
190 100 92 0.9 * 0.2 511 1452 490 520 100 . : 863 100
446 24.3 181 1.6 * 0.5 698 1.35 £ 0.08 530  65.7 * 1.5 1020 0.61 £ 0,07
221 2.7 + 0.5 712 0.36 + 0.04 553 37.6. 4+ 1.5 1900 1.10 % 0.07
2713 1.6 + 0.3 117 100 . 192 1.49°% 0.08
402 0.9 #* 0.2 1384 3.98 + 0.15 * 802 0.72 + 0.08
454 1.6 * 0.4 1475 0.63 + 0.03 |
554 79 2 1702 . 0.42 * 0.03
606 2.0 t0.2 2162 0.34 * 0.03
619 48 &2 2412 0.15 % 0.02
698 32 %1 2480 0.22 + 0.05
717 100
828 24 L | '
952 0.68 + 0.07 n
1008 8.3 * 0.1 *®
1082 2.1 % 0.1 !
1044  37.9 % 1.5
1317 29 1
1475 18.3 * 0.9
1650 1.39 % 0.15
1780 0.27 * 0.04
1823 0.03 £ 0.01
1876 0.04 £ 0,01
1960 0.06 £ 0.01
2057 ~0.02
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Table 2

Helative yields of rubidium isotopes from
yttrium target

Cross-section (in mbarn)

Isotope Relative yield

Authors' Rudstam's

results resulis
81y, 100.7 % 3.1 38.9 39.3%/
82% oy 100 38.7 38.7
83y 83.5 + 0.8 32.3 31.9
84py, 53,2 % 0.7 20.6 18.6
86, 7.71 + 0.08 2.98 2,28

*/ Cumulative yield of entire chain:

81, . 8L, 8 81
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165
DETERMINATICN OF THE SPING OF 16’H0 NEUTRON RESONANCES

V.P. Alfimenkov, V.I. Lushchikov, V.G. Nikolenko,
Yu.V. Taran and F.L. Shapiro

(JINR preprint P3-3208, Dubna, 1967)

The authors measure the transmission of polarized neutrons through
a pelarized holmium target using a time»of—flight neutron spectrometer
with a resolution of 25 ns/m. ¥From these measuremenis they determine
the spin, I, of 18 excited states of the compound nucieus 165Ho
corresponding to neutron resonances at the following energies:
21.0 (I = 4); 35.3 (3); 37.0 (4); 39.4 (4); 47.3 (3)5 51.2 (3);
64.7 (4); 7T1.4 (4); 93.6 (4); 101.9 (4); 106.3 (4); 117.7 (4);
83.9 (4); 84.8 (3); 85.7 (3); 126.8 (3); 128.4 (3) and 150.9 (3).

RADIATIVE CAPTURE OF NEUTRONS BY NUCLEI WITH A = 140-200
VeA. Konks, Yu.P. Popov and Yu.I. Penin
(JINR preprint P3-3417, Dubna, 1967)

From spectrometer measurements of the slowing-down timé of neutrons
in lead the authors find the devendence of the cross-sections for the
radiative capture of neutrons with energies up to 50 keV by europium,
europium-153, holmium-165 and lutetium nuclei. By analysing the energy
dependence of the averaged capture cross-sections they obtain strength function

values for s- and p-neatrons (see table).



Results of analysis of averagéd capture cross-sections*

Table I

Other authors

Isotope
So Sy 31 So Sy s1 51
Bugy 5/2 2.3 + 0.3 (165 3.3 107 ; 3 0.6 + 0.3 0.5 + 0.4
3.3 £ 0.5 3.2 + 0.2 113 + 15 0.45 + 0.31
151 |
Eu 2 . 0.9 (16 .0 10 0. 0.
5/ 3.4 + 0.9 (16) 100 (1) 4 T+ 3 5 & 0.5 L+ 0.8
2.7 + 0.5 4.1 + 0.3 115 + 20 1.0 + 0.8
1534, 5/2 1.8 + 0.6 (16 62 (1) 2.5 108 + 4 0.6 + 0.3 0.6 + 0.4
2.7 + 0.6 ) 2.5 + 0.2 105 + 20 0.6 + 0.4
1651{067 1/2 2.5 + 0.4 (16.7) 6.9(7) 0.4 + 0.4(1) 2.5 11.2 + 0.4 1.7 + 0.3
1.9 + 0.4 14.1 + 3.2 1.1 + 0.5 1.5 + 0.9
2.5 11.1 + 0.5
10 + 4 1.8 + 0.5
Lugy 1/2 1.7 + 0.2 (16.7) 107 (7) 0.1 + 0.1(1) 1.7 15.3 + 0.3 0.76 + 0.10 5+ 0.4
D + U
1.35 + 0.05  23.4 + 1.7 0.18 + 0.08 =

LE

" %A11 parameters in units of 10~

4

-29 -



- 63 -

MEASUREMENT OF THE RATIO OF FISSION AND RADIATIVE CAPTURE
CROSS-SECTIONS FOR 235U aND 23%u IN THE
RESONANCE REGION OF NEUTRON ENERGIES

Yu.V. Ryabov, So Don Sik, N. Chikov and N. Yaneva

Using the Institute's pulsed fast reactsr and the time-of-flight
method, with a resolution of 0.4, 0.25, 0.06 g.ngFg.OA, us/m, the authors
measure fission cross-sections O.(E) and a = Eiréy for 23%py in the
neutron energy region 5 eV-22 ksV and for 2350 in the energy region

0.15 eV-30 keV.

A liquid scihti]lation detector with cadmium introduced into the
solution is used for performing the measurements. The fission eventis
are registered by recording the delayed coincidences of pulses from prompt
gammsa rays and the slowed-down fission neutrons, Anticbincidences deter-

mine the counting of radiative capture events.

Additional measuremenits of the cross-section for 235U fission are made
using a gas scintillation counter and a cylindrical ionization chamber.
Figs 1-9 show qf(E) and a(E) for 235U and 23%u., Fission and radiative
cpature resonance integral values for the energy ranges of interest when
one is compiling multi-group constants for reactor calculations are

~ presented in Tables 1-2.

2354

R, (0.15 eV ~ 30 keV) = 283.2 + 8.5 barn;
Ree (1.8 eV - 30 keV) = 175.2 + 5.3 barn;
Rr. (1.8 eV - 30 keV) = 134.2 + 8.1 barn;

<> = 0,766 + 0,069 '

239,

Rrp (5 eV = 20 keV) = 148.1 # 4.5 bvarn;
R (5 eV - 20 keV) = 105.3 + 9.5 barn;
<a> = 0.711 + 0.085

(see pp. 62-69)
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Table 1. Resonance iniegrals of 235U fission and radiative capture*®

£ (o) R RIc
1 2 3 s >
0,15 '
0,35  I45,1
0,45 28,6 28,2
0,50 8,8 8,6
0,55 6,9 7,2
0,70 15,0 14,8
1,0 19,6 19,2
I3 18,0 17,4
1,8 5,6 5,5 5,8
4,5 16,0 14,9 16,6 7,1 . 0,43
5,0 0,88 0,84 0,88 3,2 3,64
7.4 8,9 8,2 9,7 14,1 1,45
10,0 - 21,9 10,4 0,48
15,0 16,4 21,0 1,28
20,5 15,2 11,6 0,76
33,0 16,4 16,0 0,98
41,0 12,7 10,2 0,80
60,0 15,8 II,2 0,71,
73,0 4,4 2,9 0,66
100,0 8,1 5,2 0,64
113,0 2,1 2,3 1,10
200,0 12,0 8,7 0,73
300,0 8,4 4,5 0,54
1000,0 14,5 5,8 0,40
3000,0 7,6 2,8 0,37
10000,0 4,8 1,8 0,38
20000,0 2,1 0,73 0,35
30000,0 0,9 0,33 0,35

*Renanks: 1. = MNMeasurements with gas scintillation ocounter.
2. Measurements with ionization fission chamber.
3, Measursments with liquid scintillation detector.



2
Resonance integrals of

-7l -

Pu fission and radiative capture#*

. Table 2.
; ?
Ewey RL &L <ot
5,0

. 7.4 2,6 0,67 0,27
10,0 12,6 9,1 0,72

15,0 46,4 25,3 0,55

20,5 14,9 6,7 0,45

33,0 10,9 6,4 0,59

41,0 0,43 0,13 0,30

60,0 9,9 9,5 0,%

73,0 5,7 2,5 0,44

100,0  II,8 6,2 0,53

113,0 1,6 1,7 1,06

200,0 7,5 8,6 1,15

300,0 5,4 6,8 1,26

1000,0 7,8 15,4 1,9

3000,0 5,8 4,6 0,79

10000,0 3,55 1,27 0,36

1,25 0,43 0,35

20000,0

N .
Measurements with liquid scintillation detector.




