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FAST-NEUTRON RADIATIVE CAPTURE GROSS-SECTIONS
oF 2%n, %%a, ™ca v Bo

A.G. Dovbenko, V.E. Kolesov,
V.P. Koroleva, V.A. Tolstikov

(Submitted to 'Atomnaja Energija') AE ¢ (r) 6 ’//2;5)

The radiative capiure crosé—sections of 55Mn, 69Ga, 71Ga and 98Mo for
0.2-3.0 MeV neutrons were measured by the activation technique. The
T(p,n)BHe reaction was used as the fast-neutron source. ' TheAfast-neutron
flux was mcnitored by means of a fission chamber containing 235U. (The
fission cross-sections were taken in accordance with the recommendations
in W.C. Davey's article in Nuclear Science and Engineering, Vol. 26, 149, 1966.)
The cross—sections obtained are compared with the calculated values obtained
on the basis of the statistical theory of nuclear reactions, using the optical
model of the nucleus for the purpose of caléulating neutron penetration

factors.

The results obtained are set out in Tables I-IV below.
Table T

Fast-neutron radiative capture cross—-sections of

izv 200 266 340 420 455 535 v635 680 740 770 Bs5 920
+55

135 435 35 . +35 35 =
P 5C,2 42,6 37,8 33,3 30,1 26,€ 25,2 24,6 20,4 21,4 20,5 19,4
mb 3,2 #2,3 +1,9 1,7 21,9 +I,7 +1,5 +I.7 1,7 +I,4 #1,2 <1,0

En

xey 1025 1335 1400 I55C 1745 1685 1945 221C 235C 2745 315C
+55 135 +50 50 50 #50 150

o 18,1 15,5 I5,¢ I3,5 12,0 I2,C 1II,I II,z 9,1 &,C 6,8

ob  ¥0,9 10,8 +I,2 +0,8 +0,5 +0,9 30,7 +C,2 #C.5 #0,5 10,4

The table shows errors, including experimental errors and errors in the

235U.

fission cross—section of

*/ Edited by A.V. Ignatyuk.



Table II

Fast-neutron radiative capture cross-sections of SSMn

En 42C 530 835 7IC 8CG B89G 950 975 IG50 IISS
keV 5 35 35 35 $35 435
o 4,5 3,7 3,6 2,2 3, 3,2 2,7 &.65 2.5 2,43
mb .6 £C,5 #C,5 #C,5 #0,5 20,5 #Uys 20,4 ¢ Cy4 0,35
En 1255 1430 355 IS3C I345 2I50 235C 2745 3050 3260 3430
keV 435 #25  £35 #50 450 50 #5C #30 450 450 #5¢
g 2,4 2,6 ¢,0 I,2 I,7 IS I,65 I, 7 I,5 I45 1,35
mb 204 £0.3 £33 £33 #C0.3 20,25 £0,25 43,25 +C,2 0,2 #G,2

The table shows errors, including experimental errors and errors in all

reference cross—sections.

Table III
s . . (1
Fast-neutron radiative capture cross—sections of Ga

in 222 265 40 420 455 535 635 680 T40 770 84S %20 Ii3C

ev 0 435 455 35 #55 =55

o 45,6 63,5 42,3 39,1 25,7 2%,C 2:,1 18,5 IE,1I I7,8 17,1 15,6 I,
mb 43,5 +2,9 #2,4 2,2 1,7 21,5 21,2 31,7 21,1 21,4 #1,0 20,3 21,0
En 1295 I335 1610 1s9C 745 I36C I%45 2120 2210 2350 2745 5I50
keV 130 £75 +5C 450 #7C $5C 450 50

g 16,7 12,I 8.8 §8,I 7,5 7,5 7,4 6,6 6,6 €,4 £,7 &3
mb  £0:8 20,7 £0,7 23,7 £0,5 28,5 £0,5 #3,5 #0,5 26,5 10,5 40,5

The table shows errors, including experimental errors and errors in the

fission cross~section of 235U.



Table IV

Fast-neutron radiative capture cross-sections of 98Mo

En 235 400 433 30 0D 70 2IS 84S %60
keV +oC +55 +60

45,8 35,6 36,9 37,2 36,3 33,
mb el 2

41'1
tlog i}nh 12.2 22‘“

& R
- -
- o
NS
o &

En I025 I240 I3C. IsIC I770 2220 2725
kel 460 150 +80 £70  #75
23,3 18,5 I6, Ia,1 I3,0 1I2,6 9,8

2
° 1,6 +I,4 41,2 +I,3 +I,0

o 21,9 #1,2

I

The table shows errors, including experimen al errors and errors in the

fission cross—-section of 23DU.

RATCTATIVE CAPTURE OF 0.01-3 KeV NEUTRONS

V.E. Kolesov, V.P. Koroleva, A.V. Malyshev,
V.A. Tolstikov, Yu.Ya. Stavissky

(Presented at the Anglo-Soviet Seminar on Nuclear
Constants for Reactor Computations, Dubna,
18-22 June 1968.  ASS-68/5)

The authors present the results of measurements of the radiative capture

74Ge, 69Ga, 7]'Ga., 8OSe, 1213b and 192Os, using the activation

cross—-sections of
method. The thermal- and fast-neutron-induced fission cross-sections of 235U
were used as reference cross—sections. The cross-sections are given for the
80Se(n,y)elmSe (Fig. 1) and 8OSe(n,y)81gSe (Fig. 2) reactions, and also the
isomeric ratios qm/om + og (Fég. 3) for the reaction involving radiative
capture of fast neutrons by ~ Se. The results of the measurements are
compared with calculations performed according to the statistical theory of
nuclear reactions (Fig. 4 for 80Se and Fig. 5 for 192Os). The black dots on
the graphs denote the results of this work, the solid, unbroken lines the
calcu.ated values for the total neutron radiative capture cross-section and
the thin and broken lines the con.ributions made by neutron waves with

£=0,1, 2 and 3 to o(n,y).
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RADIATIVE CAPTURE CROSS-SECTIONS FCR FAST NEUTRONS
IN THE 10-350 keV FIELD

A.G. Dovbenko, V.E. Kolesov, V.P. Koroleva, V.A. Tolstikov
(Submitted to 'Atomnaja energija')

The authors present measured and calculated results for the radiative

capture cross-sections of 63 69Ga, 71Ga, 74Ge, 8OSe, 87Rb, 121Sb, 124Sn,

'128Te, 130Te, 192Os, and 1931r for 10-350 keV neutrons.

Cu,

The measurements were carried out by the relative activation method on
a Van de Graaf accelerator in annular geometry at an angle of 105o to the
direction of the proton beam. The neutron flux was .onitored by a fission
chamber with a layef of 23§U. The indﬁced activity of the samples was
measured by end-window beta counters. The relative values of ﬁ(n,y) were
normalized.in overlapping neutron energy regions, using data obtained by
the authors previously. The calculated cross-sections were obtained by
means of the statistical theory of nuclear reactions, using the optical
model for the purpose of calculatiﬁg neutron penetration factors. The
results of the measurements are shown in Tables 1-15, which give the total
errors taking into. account the indetérminaoies in the feference cross—-sections -
the fission cross—sections of 235U for thermal and fast neutrons - and also

in the thermal-neutron capture cross-sections ofvthé igsotopes in question.

Table 1

Fast-neutron radiative capture cross-sections of 63Cu

En xsf 9+5 20+ 6 SI+9,6 I03+ I3 303430

Opy), 5 138+ 15 B5,2+6,9 b2 448 2942, 21,3+ L,6

Table 2

Fast-neutron radiative capturé cross~sections of 69Ga

En, cad II +3,6 27 +5,3 53 +6,7 100%86,5 150+ IC,S
dng) ~i S47.E 256 I72,0439 99,8520 60,7+ 15,9 56,72 I5,2
En,xod 202 4 II 266 + I 338 + I7
o’(,.,{),...; 51,6 + 11,8 42,6 + 9,6 37,8 +8,5
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Table 3

Fagt-neutron radiative capture cross-sections of

71Ga

En kst 1133,6  2715,3 S346,7 I00+8,5 IS0+I0,5 202+II  266+I5
5:"5” 300,6+64 164434 B7,7420 63,1415 54,5413,5 49,4+10,7 43,349,1

Es, 204 338417
Ging)«s 42,349

Table 4

Fast-neutron radiative capture cross-sections of a
natural mixture of 1Ga isotopes

3

En,kob 1143,6 2745,3 5346,7 I00+8,5 I50+10,5 202411 338417
Glng) w8 268,B442 163427 95316 62410 5649,6.5128,3 39,6+6,1

Table 5

. 80
Results of cross-section measurements on the

Se(n,y)8lgSe reaction

En «o8 11 +3.6 26_+4,8 55+7 I004+8,5 ISII 338 ¢+ I7
Cha), o5 41.646,2 34645  22,743,2 13,8#2,0 9,621,6 5,9¢1,1

Table 6

Results of cross-section measurements on the 808e(n,y)81m3e reaction

Lo caf  1143,6 2445,8 5547 I00+8,5 ISG+I0;5 202#il 266415 338417

Ghpws 19:%43,1 1242 9,241.5 6,340,9 7+1,I  7+1 6,510,9 6,540,




Table 7

. . 80
Fast-neutron radiative capture cross—-sections of Se

Ew xod IIs3,6 2444,8 5547 IC0+8,5 ISO+II  3384I7
Goajnt 61,5t6  48,8+4,7 3243,1 2041,5 16,6¢41,5 12,5¢1,1

Table 8

81m

Isomeric ratios for the 8OSe(n,Y) 8Se reaction

En, cof 11$3,5 2u#4,8 5547  10048,5  IS04I1 336417

Glog)as$

0,324+0,06 0,262+0,05 0,289 6331:
XY, ro

g 0,422
L7057 40,075

I+ O
- N
[T
O 4~
(=]

Table §
87

Fast-neutron radiative capture cross-sections of ~'Rb

En xad  1143,6 - 2644,8  5C+5,8  I02#8  ISC+I0 300417

Glrg)wE 15£15,5 48,2 1815 9,3%2,5 10+2.8 8,6:2,3
Table 10
$ ot . 121
Fast-neutron radiative capture cross-sections of Sb

£;“,, 1I+3,6 uxy B 5045,8 IOZIS. 152410 200412 394+I8

1414217 I0S6+155 6854103 3IC+47 227435 221435 I6Ix2é

Table 11

Results of cross—section measurements on the 124Sn(n,Y)125gSn reaction

En, xal 95  20e6,4 5149 I33413  ISS4I7 217428 250230

Glog)wd 28.5:6,5 18,Is4,I 10,242, €,821,6 5.42i,2 5,841,5 5,I3l,2

£n. el  338:30
Glag e b 7l
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Table 12

o
Results of cross~section measurements on the 120Te(nfy)129gTe reaction

Enesb 1133,6  2435,5  S035,6  56¢5  IC239 IS0+I0 250413

Gpjnf 77,5122 $3,5:05 27473 2447,2 745 I5#4,5 12,7435

En, ’:)} 5381
Gl 1) u7 1,243,

Table 13

Results of cross—ééétion'measurements on the l'30Te(n,Y)131g'I‘e reaction

Ea, sl 113,56 2:15,3  SO0:6,7 7647 [02#5  20(#lz.
. : > U P USRI = 3 - i
Glnpué  16,315,5 [hth,3 12+ 8,6#2,% 5,542 5,52
En, xal 285425 338417

Gingief  5.2#0,8 53,1317

Table 14 "~

Tast-neutron radiative capture cross—sections of

192Os

fa, el [1x 3,5 24668 5058  IGzeE 152:10 2024l

n, . ‘ Al - -
Glog)ab 17336 105329 75120 5316 SEx15 52414

£n;esl 338437 35041

Glnghwd 34+8,7 323

Table 15

.. ‘ ' . 1
Fast-neutron radiative capture'cross—sectlpn of 93Ir
& eaf T0se,S O 2545,3 SIS IM+I3 I55#17T  3TI¥ET

Glro)w$ 26624550 15004370 I2I4300 6€24162. 5594137 251371
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METHODS OF INTERPOLATION, EVALUATION AND COMPACT
REPRESENTATION OF DATA ON ELASTIC
AND INELASTIC NEUTRON SCATTERING

V.I. Popov, V.M. Sluchevskaya, V.I. Trykova

' (Presented at the Anglo~Soviet Seminar on Nuclear
Constants for Reactor Computations
Dubna, ,18-22 June 1968
ASS-68/11)

The authors propose a method of interpolating experimental results on
inelastic neutron scattering with a view to calculating recommended spectra
for inelastically scattered neutrons. As a result of the interpolation, all
the data on inelastic neutron scattering for one nucleus are reduced to values
for 120 constants, from which the neutron spectra for any initial neutron

energy from O to 15 MeV can be calculated using a =imple algorithm.

In order to interpolate the angular distributions of elaétically scattered
neutrons, the authors use the optical model of the nucleus. As a first step,
the exnerimental results are analysed in ofﬁer to find the neutron energy
dependence of the coefficients for Legendre polynomial expansion of the
angular distributions. Subsequently, machine searching programmes are used
to detérmine the energy dependences of the optic potential parameters which
provide satisfactory agreement between the calculated angular ‘distributions

and the smoothed experimental results.

The energy dependences found for these parameters are then used to
calculate the differential elastic cross—sections in initial neutron energy

regions not previously investigated.
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DIFFERENTIAL INELASTIC SCATTERING CROSS—SECTIONS OF

238 232p, Nv, Cu AND Fe FOR NEUTRONS WITH AN

INITIAL ENERGY OF 14.3 MeV

O.A. Salnikov, G.N. Lovchikova, G.V. Kotelnikova,
VeIl. Moroka, A.M. Trufanov, N.I. Fetisov, A.A. Ivanov

(Presented at the Anglo—Soviet Seminar on Nuclear
Constants for Reactor Computations
Dubna, 18-22 June 1968
ASS—68/6)

The authors present the results of measurements of the angular
distributions of inelastically scattered neutrons with an initial energy
of 14.3 MeV on 238U

carried out on a time~of-flight spectrometer in cylindrical geometiry;

’ 232Th, Nb, Cu and Fe nuclei. The measurements were

the resolving time of the spectrometer was 5-7 seconds, the path

length 2 m, the neutron recording threshold 100 keV and the pulse
repetition frequency 2 Mc/s. The detector used was a liquid
scintillator working in an assembly with 2 FEU-36 photomultipliers. The
inelastically scattered neutron spectra measured for various angles made
it possible to obtain not only the angular distribution but also the
nuclear temperatures and nuclear level density parameters. The results

are given in Table 1.



Table 1

[} [ [ [ i [} [}

\ Lo b o, (8% N (89

| L , b 1 LAt (0.0-4 MeV) * ———(4-14 MeV)

! ) 1a_ Me o ' ‘o

Nucleus: Terr (MeV) jTeffn T (MeV) 1Ty %p ! in.(90 ! 1n.(90 )

' \ ave, " avel This Refas - ,

; ! ' ! ' I ' - ! IR T 'work[ﬁ]' ol ol gl 1 5!_01 g lo! g

pose® 1609 1 900 1120® 11s00 b3 160 190 1zawt 1I1sCP ' v 307 1 60° 9P 1e0® 1500 ¢ 30% ¢ 6C° RiI20° (I50°
r 0,864 0,85: O,bthy 0,774 0,724 0,%2x 1,064 I,48¢ [,55+ 1,504 1,53+ I,55¢ 5,25+ 6,9 0,88+ 0,9% I. 0,841 0,884 1,20t 0,80+ I 0,864 0,69%.
€ 0,09 0,09 0,8 (08 0,7 0,7 0,17 G,I5 0,15 U, 15 0,05 0,15 1,06 & 0,0 G5 0,09 0,04+ 0,12 0,08~ 0,09 0,07
c 0,80+ 0,624 0,634 U641+ 0,65¢ 0,704 [,384 [,o4¢ I,244 1,23% 1,23¢ 1,26+ 8,5¢ 8,0 1,87 L,13+ I 0©,99+0,98+ 1,35+ 1,26+ I 0,94 0,704
““ 0,068 0,06 0,08 0,06 0,6 U7 -0,14 ¢,I12. 0,12 0,13 0,12 13 1,7 o, 0,05 - 0,05 0,05 0,056 0,013 0,I0 0,7
N 0,78+ 0,794 0,'.'91 0,7%¢ 0,78¢ 0,78%.1,35¢ [,25¢ 1,15+ I,12% 1,12+ I,20¢ 10,I% 10,7 0,85¢ I,06¢ I o.kgé,ox__ [,33¢ 1,33+ 1-0,82% 0,76+

0,06 0,08 0,08 0,08 0,08 0,8 0,14 0,12 0,12 0,11 0,[1 0,02 I,0 0,05 G,05 0,05 6,0s. 0,13 0,II 0,08 0,08

Thm 0,464 0,63% 4t 0,41 0,423 0,454 0,65¢ 0,614 0,604 0,543 0,574 0,59¢ 37,54 26,5 1,123 [,10¢ [ 0,924 0,984
0,05 0,06 7w 0,0 U4 0,08 0,0/ 0,06 0,06 0,85 0,06 C,%6 7,5 0,17 0,17 o,1¢ 0,15
280,48+ 0,48+ (1,494 0,004 O,k G147+ 0,664 0,66+ 0,67+ 0,62+ 0,60t 0,644 337'.18 28,5 1,17¢ 0,93+ 1 I,08¢ 1,234
0,05 0,05 0,05 0,6 0,08 0,05 0,7 0,07 0,007 ‘C,06 0,06 0,06 6,6 0,18 0,14 0,16 0,18

_L'[..
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PHENOMENOLOGY OF QUADRUPOLE EXCITATIONS IN EVEN-EVEN NUCLEI
N.S. Rabotnov, A.A. Seregin

(Submitted to Jadernaja Fizika,)

The authors discuss the choice of an operator for .the potential
energy of quadrupole surface oscillations of even-even nhclei, which
depends on both deforﬁation variabless.. They propose a method for exact
numerical solution of the Schroedinger collective-model equation with
selected potential; the method affords adéquate-accuracy in the deformationally
transitional. region, where the approximations so far used are unsatisfactory.
The results obtained make it. possible fo trace the conversion of the
equidistant vibrational spectrum of a spherical nucleus to the rotational-

oscillatory spectrum of strongly deformed nuclei,-

EFFECT OF DISCRETE STRUCTURE OF A SINGLE-PARTICLE SPECTRUM ON THE
THERMODYNAMIC FUNCTIONS OF NUCLEI

A.V. Ignatyuk, YueNe Shubin

(Submitted to Jadernaja Fizika)

The authors calculate the thermodynamic characteristics of excited
nuclear states usihg a single-particle spectrum of Nilsson potentiale.
They discuss the effect of pair correlations on the excitation energy
dependence of the-thermodynaﬁic functions of nuclei. The results of the
calculations describe fairly well the experimental data on the density
of excited nuclear states over a broéd range of mass numbers., Table 1
compares the experimental Z_l_7 and calculated entropy values for a

number of nucleis

Z_l_7 A.V.iMaljéhev, Zhe ekspe teor. Fize 45 (1963) 316



Table 1

Bn e ?expt. S - conds . Tcrit.
Element A MeV  HMev™! MeV expte  theors  n.y eV
Cr 54 9,72 7,40 2,81 L, Sl 9 0,74
fe 58 10,66 6,75 3,1 1,8 Li,4 by 0,73
M 62 10,59 7,55 3. la,s - 16,4 2,60 0,68
Zn 68 10,200 9,08 38 16,2 16,4 2,5 0,72
Sa 88 [L,00 wa0 - 2,03 17,5 17 G, 68 (1,74
2 92 8,65 JI,4 2,13 17,2 . I,2 26y G,71
co 12 Y5 16 209 L 2L I 3,07 67
Cd Il 0,050 0T 2,87 2,00 T By W72 0, 66
Sn I16 9,50 15,3 2,48 T 26,7 18,5 2,56 0,6
Sn. [18 W36 15,6 5f2 T 2u2 RIS AR IS T SV
Sn 120 9,11 “Ih,3 2,81 L IY, 00 IB,G 457,67
Te [24 a2 7,2 2,88 21,5 AN 7,05 U6
Te 126 D00 Inye 2,65 20,0 20,0 6,90 Gy
wd 144 T LG, T S T W) C2U.8 3, © 0,55
wd 146 T N TN v i PIENE 21,6 TR 0,54
Sri [48 Bole 20,00 L 2,59 T 24 25,L i b 0,55
Son 150 8,0l @i 2,0 23, e3, 4,67 Uyl
Bn is the neutron binding energy, 6expt; is the péirigg energy used in determining
the effecﬁive excitation energy, U* = B - 6expt. aws
sexpt. - is the entropy value found from the experimental dgta on the density of neutron
resonances, S = /aU* , ’
expte
stheor. is the calcu}a%ed value ﬁsing a pair;ng model, »
wond, 1S the calculatéd value for the condensation energy and

orit is the critical temperature.

- 61 -
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DENSITY OF EXCITED STATES OF ODD NUCLEI
A.V. Ignatyuk

(Submitted to Jadernaja Fizika)

The author studies the possibility of taking into account the influence
of an unpaired particle on the thermodynamic characteristicgof the nucleus
in the model involving pairing at non-zero temperature. For conversion to
the simple model of non-interacting particles above the phase transition

point it is necessary to introduce the effective energy of excitation:

* = U -
U =D Econd.

Fig. 1 gives the results of calculations of the condensation energy Econd
for the simple and neutron components with a single-particle spectrum of

the Nilsson model.

In analysing experimental data on the density of excited nuclear states

the expression normally used for the effective excitation energy is /1 7

U* =U -0
Where® = O for the odd component and is equal to the pairing energy for
the even component. The value of U obtained in this way does not
correspond to that predicted by theory since ® differs appreciably from
the condensation energy. From Fig. 1 it can be seen that ® corresponds
rather to the difference between the condensation energies of the even
and odd systems. Thus the way in which the experimental data on the
level density parameter & are at present processed [f1_7 does not correspond
to a conversion to the parameter a of non-interacting particles but simply
combines the families of curves of the parameter a for odd, even-even

and odd-odd nuclei.



Figs 1 Condensation energy for even %

[17

[37
L4

% and odd

number of nucleons (1 represents the deformation of the

Nilsson potential).

T. Ericson, Adv. in Phys., 9 425 (1960).
A.V. Malyshev, Zh. eksp. teor. Fiz. 45 316 (1963).
A. Gilbert, A. Cameron, Can. J. Phys., 43 1446 (1965).

E. Erba et al., Nuovo Cim., 22 1256 (1961).
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THERMODYNAMIC DESCRIPTION: OF THE ENERGY SPECTRA OF ATOMIC NUCLEI

Yu.V. Sokoiov, V.S, Stavinsky

Using the existing speétroscopiC'data the authors attempt to construct the
thermodynamics of atomic nuclei from the (p,p') and (@,p) reactions. They

analyse the functions of the state,

-RB
2(8) gL %e (1)

Since experimental conditions do not furnish a complete energy spectrum
(the number of levels obserVed'is~élways finite) or the statistical weights
of each 1ével, and since some of the levels may be lost, the authoré assessed
the effect of different factors on a system‘with an equidistant spectrum in

a thermostat.

In particular they assessed fhe way in which thermodynamic functions are
affected by a spectral discontinuity at the k-th level, the loss of every

n-th level in the spectrum and various types of degeneracy.

In the analysis of experlmental spectra the effect of spectral dlscontlnulty
and loss of levels on the thermodynamlc characteristics is taken into account using
an independent Fermi partlcle model. It is shown that for nuclel of 41 Ca, 51 r,
55Fe, 8Fe, 59Ni and 61Ni the proportion of levels lost is about 10% and the |
remaining levels are sufficient to calculate Z(8), if the temperature is not

greater than 0.5 MeV.

In order to describe reasonably .accurately the statistical propertles

of nuclei in the range of temperaturesobserved (7T ~1 MeV) accordlng to estimates

made using an 1ndependent Fermi particle model, it is necessany 10 'know the

spectra of excited states over a wider energy range up to' and including 20 MeV.
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DENSITY CF LEVELS OF ATOMIC NUCLEI
- Yu.N. Shubin

(Presented to the Anglo-Soviet Seminar on "Nuclear Constants for
Reactor Computations”, Dubna, 18-22 June 1968 (ASS-68/4))

The authors discuss the present state and future prospects of the
statistical method for describing the “dénsity of nuclear levels, which
determine the mean widths of various processes (radiation mean width,
neutron mean width and fission mean width). They show that use of a
model postulating virtually non-interacting particles and employing
phenomenological means to take account of residual interaction (pairing)
provides a satisfactory description of the available experiméntal data;
by taking account of the detailed correlation between the fundamental
parameter of level density theéry (paramater a) and the shell structure,
one can calculate this wvalue with near-experimental accuracy in all cases
of practical ihterest, including the fission fragment region. The authors
prOpoée a method for precise consideration of the thermodynamic properties
of nqclei taking into account the discfete, degenerate spectfum of the
shell model (Nilséon scheme) and present the corresponding results of
numerical calculations both for a system of non-interacting pafticles

and in a model taking into account palr correlations of the superconducting

typec

EQUATION OF STATE CF AN INSULATED FERMI GAS

V.5. Stavinsky, Yu.N. Shubin

The authors study the equafion of state of a Fermi gas in then%al
insulation and show that if the number of particles is small, then at
comparatively low excitation energies the equation of state of such a
system may differ appreciably from the ‘equation of state of a Fermi gas

immersed in a thermostat.
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ACTIVATION ANALYSIS WITH CHARGED PARTICLES -~ THE UNDERLYING NUCLEAR
PHYSICS PRINCIPLES

N.N. Krasnov

The authors have obtained the basic formulas for the determination of
impurities by activation analysis with charged particles. The formulas
are based on use of the concept of isotope yield and an approximate expression
for the path length of charged particles in matter 171_7.

When a material (M) contains an element (i) in the form of one of the
components or as a homogeneous admixture, the activity of the isotope (k)

formed from this element is given by the followirng formula:

kN kB Upm 1 e_ikt
o= B, = (S——) (1)
im iim Pi xk

where kNim (in disintegrations per second) is the activity of the isotope (k)

on completion of irradiation;

kBi (in disintegrations per second per microampere-hour) is the yield

of the isotope (k) when a thick target composed entirely of

element (i) is irradiated;

N, is the quantity of element (i) in the material (M) in terms of

weight per cent;

PM and Pi are coefficients proportional to the path length of particles

in the material (M) and element (i);

J (in microamperes) is the beam current;
t (in hours) is the irradiation time; and
kk (in hours) is the decay constant of isotope (k).

The values of the coefficients P for various elements are given in the
table; they were calculated according to the formula:
P=%Ii | (2)
A
where A and ZA are the mass number and relative charge of the irradiated
element; and
I (in keV) is the effective ionization potential of the irradiated

element.
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Where the irradiated material consists of a number of elements, the

coefficient Py is determined by a method similar to the Bragg rule:

m m m
1 1 2 S :
S =554 eee £ 57 (3)
38 P1 P2 PS
where Pl P2 ces Ps are coefficients of the individual components; and
m, M, «s. M, are the quantities of the individual components as

172 S

fractions of the total weight.
Formula (1) makes it possible to determine the amount of admixture

nim by the absolute method if the value of the isotope yield kBi is known.

To determine impurities by the relative method, i.e. by comparison with
a standard irradiated under exactly the same conditions as the material

studied, the authors derived the following formula:

k. p

P (4)
im 13N13PM
where M. is the quantity of the element (i) in the standard (3) in terms

of weight per cent;

kNi3 is the activity of the isotope (k) in the irradiated standard; and
P is a coefficient proportional to the path length of particles in

3 .
the substance of which the standard is composed.

If experimental data on isotope yields are available, absolute determination
of impurities is possible even when a single isotope is formed from the
various elements making up the impurity. For example in the case of two
elements (i) and (ell), from which a single isotope (k) is formed, formula (1)

takes the following form:

Y

1 1 1 et
-e

. = 5 + Bn, 3 )P I(——) (5)

(i+£) m P, fm P,'m Ak

By irradiating the material under investigation twice (at different
yield values) we obtain a system of two equations with two unknowns

(nim and N which can be determined without difficulty.

zm)
In all the cases described above it was assumed that the thickness

of the irradiated samples and standards exceeded the particle path length.

[1] M.z. Maksimov, Zh. eksp. teor. Fiz. 37 (1959) 127.
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Table 1
Values of coefficients P = %; (IA)4 for various elements
T T T T

H o G3es  Ca 1391 0 Y I,832° Ce 2,026 Iz 2,345
He 0,833 Se. I,5C 2v 1,844 Po 2, 11D Pt 2,357
Le 1,066 . Ti -1,54% NE 1,842 Ad 2,132 Au 2,356
Be I,IIS V 1,588 Mo I,FR Pn 2,117 Hg 2,277
B 1,120 (€, I,562 Te 1,692 Sm 2,167, T 2,399

¢ 1,078 Mn 1,539 Ru 1,55 Ev 2,183 PE 2,408
» LI+ Fe 1,576  Ra L,899  Gd 2,2II  Bi 2,48
0 1,87 Co 1,8I3 Fd  1,33C Ts 2,209 P 2,33
FooI,243 N¢ 1,565 A9 1,%25 Dy 2,223 At 2,376
Ne 1,214 Cuw 1,648 C4 I,%0 Ho 2,240 R 2,483
Na %31 Zn 1,650 Im 1,385 Ev 2,265 - fa  2,47F.
Mg 1,265 - Ga I,716 S 2,20 Tu 2,243 . £a 2,430
AL IZ2s Ge TI,7u3 S 2,01 YL 2,272 Ae 2,470
S¢ 1,298 As 1,758 Te 2,105 Lu 2,273 Th 2,51z
P 1,358 Se [,803 J £,065 Hp 2,28 Fa 2,81
S I1,33¢ B2 L,79C Xe 2,IC5 Ta. 2,200 U 2,53
ce 1402 Ke 1,837 Cso2,1z W o223 Me 2,53
Az 1,508 R4 1,835 Ba 2,Ii1 Re 2,315 P, 2,525
K 1,674 Sz 1,847 La 2,125 Cs 2,344

13, 11; 18 : . . .
Ny, ~°C AND ~ F YIELDS FOR THE DETERMINATION OF CARBON

AND OXYGEN IMPURITIES BY ACTIVATION ANALYSIS WITH
CHARGED PARTICLES (p, dj SHe, «)

N.N. Krasnov, P.P. Dmitriev, Z.P. Dmitrieva, .
I.0. Konstantinov and G.A. Molin

The authors obtained experimental data for the dependence of
13N, 11C 18F y1e1d on the bombarding particle energy when thlck carbon
and oxygen targets are exposed to protons,. deuterons, 3He ions and alpha
particles. The samples were irradiated in the eiternal beam of the
1.5-m cyclotron at the Physics and Power Engineering Institute of the USSR
State Cemmittee_on_the Utilization of Atomic Energy, which is capablebof
acceleratiné protons and deutefonsnto ~22 MeV, 3He ions te ~30‘MeV and
alpha particles to ~44 MeV. The particle energy was Varied‘by means of
retarding foiléi The total error in the determination of yleld is + 10%
Yield is glven in disintegrations per second per mlcroampere—hour )
On the basis of the data obtained it can be

concluded that all four types of particles ensure high isotope yields and

(dlslntegratlons/sec.uA.hr).

congsequently high sensitivity in activation analysis.
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151

CYCLOTRON PRODUCTION OF 12%ga awp 123ga

N.A. Konyakhin, I.O. Konstantinov, P.P. Dmitriev,
N.N. Krasnov, V.M. Tuev

(Submitted to Atomnaja Energija)

The cyclotron at the Institute of Physics and Power Engineering has
been equipped with a special target of pure metallic europium for the
production of 15164 ana 93ca by the (p,n) and (d,2n) reactions.  The
physical yield for such a target is 30% greater than with the E11203
targets used by other investigators 171;7.

By irradiating thin foils of metallic europium sandwiched in between
layers of copper foil in the manner described in [2__7, the authors have

1516a

obtained the excitation functions for the nuclear reactions 151Eu(d,2n)
and 123gu(4,2n)230a, together with the corresponding yield curves. The
cross—section and yield values, which are subject to errors of + 20%, are
shown in Table TI. The excitation functions and yeld curves are shown

in Figs 1 and 2.
Table I

Cross—-sections of (d,2n) reactions

Deuteron Reaction cross—section, mb
energy
(MevV) Plea(a,2n)?ea 23gu(q,2n)t%3ca

21,2 II5 II?
19,5 148 44
i8,I 168 187
16,7 235 233
5,3 300 295
B,6 296 305
11,8 226 260
°,8 I28 180
744 46 68

4,1 5 3
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Fig. 1 Excitation function of the 1” Eu(d,2n)1”'Gd reaction [17
and 151Gd yield curve for a thick target
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Deuteron energy, MeV

Fig. 2 Excitation function of the 153Eu(d,2n)153Gd reaction /1 /
and 153Gd yield curve for a thick target

171_7 S. Bjornholm, P.H. Dam, H. Nordby, N.O. Roy Poulsen, Nucl. Instr.
and Methods 5 (1959) 196.

172;7 P.P. Dmitriev, I.0. Konstantinov, N.N. Krasnov, Atomnaja Energija
22 (1967 310.
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PROPAGATION OF RESONANCE NEUTRONS IN HOMOGENEOUS MEDIA:
'THEORY AND SPECIAL FUNCTIONS

-LeP. Abagyan, F.F. Mikhailus,
M.N. Nikolaev, V.V. Orlov

(Presented at the Anglo~-Soviet Seminar on "Nuclear
Constants for Reactor Computations®, Dubna,
18-22 June 1968 (ASS-68/23))

In fast reactors resonance effects have a marked influence not only
on the size of the absorption cross-section but also the moderating

capabity of the medium and its diffusion characteristics.

This fact, together with the complexity and multiplicity of forms of
neutron spectra in fast feactors, has necessitated the formulation of a
detailed theory for neutron propagation in media with resonance cross-
sections, based on consideration of a rigoroué kinetic equation (since in
fast reactor computations it is often impossible to confine oneself to the

diffusion approximation).

This theory is set out in the first part of this work. It results in
a kinétic equation for neutron flux averaged over a large number of
resonances in which the cross—sections smoothed out in a given manner over

the resonances figure as neutron-physics constants of the medium,

The authors also discuss various apprbximations in which these cross-
sections can be expressed in the form of more or less simple functions of
reéonance parameters. They show that such cross—-sections can be obtained

.for a wide clags of cases provided one has some means of establishing the
factors determining resonance self-screening of the cross-sections, which

are functions of three parameters, @, &, ¢.

a =°}°'/«5‘+f%)

2 'n
where 0o = &g T
0. . 1is the potential gcattering cross-section and
G is the aggregate mean total cross—section of all other

components of the medium, related to a single atom of the given

element with resonance cross-section.

£ = T/8,
EokT
where A = n

cos ¢, where ¢ is the phase of potential scattering coherent with

resonance scattering.
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The second part of the work describes how these coefficients are
determined and computed. It alsb contains information on use of the results
of the computations, these results being presented in both graph and
tabular form.

SUB-GROUP SYSTEM OF CONSTANTS
M.N. Nikolaev, F.V. Khokhlov

(Presented at the Anglo-Soviet Seminar on "Nuclear
Constants for Reactor Computations™, Dubna,
18-22 June 1968 (ASS-68/10))

The authors describe a method of calculating sub-group constants on
the basis of information concerning the resonance structure of the cross-

gsection set out in the form of the self-screening coefficients presented
in [-l;7.

Sub-group constants are adduced for thoge elements and those groups
for which self-screening coefficients are given, i.e. in those cases where

resonance effects are considerable,

The sub-group constants obtained may be used not only for the
sub-group method.

Sub-group representation of a system of group constants make it
possible to determine the macroscopic constants of the system without recourse
to interpolation in regard to the "dilution cross~section™ and temperature
(if there is temperature dependence), which makes the group constants

system described in ZT1_7 more convenient to use.

/17 L.P. Abagyan, N.O. Bazazyants, I.I. Bondarenko, M.N. Nikolaev
"Group constants for nuclear reactor computations" (in Russian)
Moscow, Atomizdat, 1964.



MEASUREMENT OF THE STRUCTURE OF TOTAL NEUTRON CROSS-SECTIONS

V.V. Filippov, M.N. Nikolaev

(Presented at the Anglo-Soviet Seminar for "Nuclear
Constants for Reactor Computations™, Dubna,
18-22 June 1968. (ASS-68/17))

The authors processed the results of measurements of transmission
functions for twenty elements from beryllium to uranium in the energy

range from tens of keV to several MeV.

The transmission functions

P(t) = AL:‘(E)-exp(- otot(E)nt)dE (1)

3 to 10§4; the divergence

were measured up to attenuation factors of 10
from the exponential law was a measure of the structure of the total
cross—-section in the neutron energy band studied AEn. In order to
determine the characteristics of the strucutre the measured transmission
functions T(t) were described as a superposition of weighted exponents

using the least squares method:

n

i

T(t) = 'Z aiexp(-ototnt) (2)
i=1

As a rule it was sufficient in equation (2) to take two exponents; in

only a few cases was it necessary to take into account the contributions

of three exponents.

The total cross-section structure characteristics found in this
manner a; and o, are parameters of the distribution function of the

total cross-section, given in histogram form:

apP(o, \)

do

n .
1
= i)ilaib(otot_atot)
tot -
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MEAN CHARACTERISTICS OF THE CAPTURE-TQ-FISSION: FROBABILITY
RATIOS IN THE RESONANCE AND EPI-RESONANCE: REGION

L.P. Abagyan, N.S. Rabotnov, L.N. Usachev

(Presented at the Anglo-Soviet Seminar for "Nuclear
Constants for Reactor Computations"”, Dubna,
18-22 June 1968.. (4S5-68/2))

The authors discuss the influence of fluctuations in partial widths
relative to the:mean values on the (varyingly averaged) probability
ratios of radiative capture and fission. They investigate the vélues
a = <0y>/<0f>? % =<V>/<T)> -1, <> = <c§/of> and a = fy/f‘f and the
relation between them and show that there is a system of inequalities
<a> >a_ >a >a. On the basis of the known resonance parameters of
239Pu they calculate the energy dependence of a(E) in the rénge
lO2 -3 x 104

of fluctuation of the mean fission and neutron widths when the neutron

eV taking into account these effects and also the effect

energy 1is varied.

CALCULATION OF BREMSSTRAHLUNG ON THICK TARGETS
A.S. Soldatov, G.N. Smirenkin

(Presented at the Anglo-Soviet Seminar on
"Nuclear Constants for Reactor Computations",
Dubna, 18-22 June 1968 (ASS-68/2))

The'gémma spectra of forward Bremsstrahlung for photon energies
Ey = (4 - 10) MeV and limiting Bremsstrahlung spectrum eriergies

Emax = (4.5 - 10) MeV from a tungsten target of thickness t = 0.3 of

the radiation length (1 mm) were calculated in the manner proposed by

Lowson 171_7 for targets with low Z and t < 0.15 of the radiation length.
The desired spectrum 0;2:;: is represented as the sum of the spectra from

the layers of the target taken with particular weights Wn = ‘h 950 t, -
En 950 tn—l (n is the number of the target layers, tn is the aggregate
thickness of n layers of the target in radiation lengths).
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N

thick )
rems f W %Brems (Tn’EY)’
where N is the total number of target layers,
93 rems is the Bremsstrahlpng spectrum integrated over all
photon emission angles and
'I'n | is the kihetiq energf of electrons which have reached

the n-th layer, which depends on tn.

. , ar
In the calculation it was assumed that T =T - (- 3 iont?
where To is the initial kinetic energy of the electrons and
(- %%)ion represents the ionization losses of energy by

an electron which for Ey = (4 - 10) eV, are taken to be

MeV
equal to 7.75 m.

Using the method described, calculations were carried out for tungsten
target thicknesses t = 3 mm, 0.25 mm and C.125 mm and_Emax = 9.65 MeV and
445 MeV, for which there are experimential data on the form of the photon
spectra [f2_7. The agreement between the calculated and experimental
results is fully satisfactory up to Ey = 2.0 NeV. Table 1 shows the

values of Ey - otthk

for tungsten targets with t = 1 mm in relative units.
Brems

/[ 1_/ Lowson, J., Nucleonics, 10 61 (1952).

/[ 27 starfelt, Koch, Phys. Rev., 102 1958 (1956).
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TWO-LEVEL ANALYSIS OF THE FISSION CROSS-SECTION OF
~ PLUTONIUM-239 IN THE RESONANCE REGION

A.A. Lukyanov, A.V. Ignatyuk, V.P. Lunev

(Presented at the Anglo-Soviet
Seminar on "Nuclear Constants
for Reactor Computations",
Dubna, 18-22 June 1968. (ASS-68/3))

The marked influence of interference effects on the energy structure
of the plutonium-239 cross—section in the resonance region is responsible
for the wide use made of multilevel systems of calculation for purposes of
analysis. As a rule, the computational systems are based on use of the
results of R-matrix theory, which makes it possible to find parameters for
the observed cross-sections using a set of energy-dependent parameters;
however, the number of these parameters is normally very large, which
makes the task of practical analysis very cumbersome, and, what is more,
ambiguous, For this reason multilevel computations are carried out
using certain simplifying assumptions regarding the resonance parameters.
In most work these assumptions relate either to the number of fission
channels (which is assumed to be sméll) or to the energy dependence
(the cross-section being represented as the sum of single-level contributions
and a particular cross-section value -~ constant as between each pair of
levels ~ corresponding to interference effects). In this work the authors
use a two-level description of the eﬁergy dependence of the cross-section
between two observed maxima with a given value of total momentum J. The
contribution of the remaining levels is taken into account approximately.
In addition to the ordinary parameters of single-level analysis - the
resonance widths for the individual channels Pké and the position of
the level E, - the authors determine the so-called "transverse fission
width" ka.f, which represents the sum of the products of the fission
width amplitudes of the two levels in question in each channel available
fdr fission. The corresponding value for radiation channels is assumed to

be zero:

The programme for finding the parameters uses the least-squares method.
The analysis that is made of the experimental data-presented in other papers
points to the advantages of a two-level description by comparison with .
other multilevel systems, especially in the vicinity of the interferencei

minima region.
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EFFECT OF FLUCTUATION IN PARTIAL WIDTH ON THE COMPETITION
BETWEEN FISSION AND INELASTIC SCATTERING

N.S. Rabotnov

(Submitted to Jadernaja Fizika)

If account is taken of the fluctuation in fission and neutron widths
relative to tﬁé mean values, this may in certain cases have a qualitative
effect on the results of analysis’of the energy dependence of the fission
cross—-section in threshold elements. In the sub-threshold region, near the

inelastic scattering level, the following approximate relationships hold good:

< Pn Pf > _ Iqf ; <Pn Pn' > = r Fn ; T o= Pn'
Tp+ Ty 1+ Vr Tt T (1 + V_r)2 B o9

In consequence, at low values of r inelastic scattering has a much more
marked competitive effect on the fission cross-section than should be expected

from the observed inelastic scattering excitation functions,.

242

v IN THE SPONTANEOUS FISSION OF Pu

L.I. Prokhorova, G.N. Smirenkin, YuesMe Turchin

(submitted to Atomnaja Energija)

The values published more than ten years ago for the mean number of

242

prompt neutrons v per spontaneous fission of Pu differ appreciably from

each other:

2,11 + 0,09 /1 7 and 2.43 + 0.16 [ 2]

A knowledge of the value of v for one of the’ﬁeaviest plutonium isotopes
is of ﬁajér importance ih investigating the dependencé of v on the atomic
weight Ae The idea that vis linearly dependent on A, as proposed in 1—2_7,
has been fairly widely accepted, but calculations of V based on the fission~-
energy‘balance 1-3;7 reveal a more complex dependence of V on the A and Z of

the fissioning nucleuse

2425, the authors employ a

For‘measuring v in the spontaneous fission of
pulse coincidence counting technique using a neutron detector (12 counters with
3He in a paraffin block) and an ionizing chamber placed inside the detector to

record fission involving the substance under investigation,
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The v value. for 24?Pu was measured in relation to that for the

244

spontaneous fission of Cme

244

The ratio of V for 242Pu to that for Cm, as measured in this experiment,

was 0.737 + 0.014. Taking the v of 44Cm to be 2.71 + 0.04 1—4_7 we obtain

for *4%py v - 2, 13 + 0,05

Thus' the results of this work support. the data reported in Z—LL7 and
the consequences of the calculations in 1—3_7 regarding the dependence of v

on Ae.

/17 D.A. Hicks, J. Ise, Jr., R.V. Pyle, Phys. Reve 101 (1956) 1016,
[ 2] W. w T. Cra.ne, G.Heo ngglns, HeR. Bownan, Physe Reve 101 (1956 1804.

17347 I, I. Bondarenko, B.D. Kuzminov, L. S. Kutsaeva, L. I. Prokhorova, G.N. Smirenking

Paper presented to the Second United Nations International Conference on the
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FISSION CROSS-SECTION OF 2°%Bi, 2%y, 23y, 23Ty awp 2%y

FOR 1-9 GeV PROTONS

E.S. Matusevich; V.I.‘RegusheVSky

The fission cross-sections of were measured on the beam of the Joint

Institute for Nuclear Research's proton-synchrotron using glass detectors.

Cross—section in barns Relgtive
units
1,0 0,26+0,03 0,70+C,07 0,76+C,08 I,I2+0,12 I,I440,12 1,0
2,0 0,24+G, (@ 0,7110,07 C,71+0,07 C,93+C,I0 G,912G,10 C,78
5,0 0,2640,05 0,58+7,06 C,59+C,06 0,800,028 C,6%+C,07 0,67
9,0 10,2510,03 ,O.SSi0,0G‘C.GCio,CS'0,7330.08'0,’ 1G,Cﬁ| C,65
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STATISTICAL DESCRIPTION OF FISSION PRODUCT YIELDS
AV, Ignatyu“{

(Submitted to Jadernaja Fizika)

The shell correction method developed recently ZT1_7 seems
sufficiently reliable not only for calculating the energy of nuclei with
non-equilibrium deformation but also for the purpose of extrapolation to
the region of strongly deformed nuclei. Calculations of the density of
excited states of nuclei in the superfluid nucleus model using the single-
particle spectrum of the shell model 1—2;7 can be used to investigate the
dependence of the density of the excited states of nuclei on their
deformation. Use of these methods of calculation to investigate the
fission—-fragment mass region makes it possible to adhere to a purely
statistical approach Z~3;7 in describing the basic characteristics of
fission fragment yields. The mass and charge yields and distribution
of the mean kinetic energies of fragments of a given mass were calculated

r 2360 (Fig. 1).

/17 V.N. Strutinsky, Nucl. Phys. A 95 (1967) 420.

/27 A.V. Ignatyuk, Yu.N. Shubin, Report to the Eighteenth Conference
on Nuclear Spectroscopy, Riga (1968).

/3.7 P. Fong, Phys. Rev. 102 (1956) 434.
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236

Fig. 1 lean kinetic energies and mass yield of U

e ¢ ewe— Liquid~drop calculations

x X x Calculations taking into account the effect
of shell structure on the energy and density

of excited states of fragments

LA Experimental data on the thermal fission of

235y (n, )
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238

ANGULAR ANTSOTROPY OF NEUTRON-~INDUCED FISSION OF U

NEAR THE THRESHOLD
GeN. Smirenkin, Kh.D. Androsenko

(Submitted to Pisma Zh. eksp. teore. Fiz.)

The authors present the results of detailed studies. of the angular
238

distribution of U fission fragments resulting_frém figsion induced by
0.8-3.4 MeV neutrons. The fragments were recorded by means of the

fission-track technique (glass detectors).

The experimental data are given in compact form in Fig.l. This
figure demonstrates the good agreement between the experimental results

and the formula usedin the Strutinsky-Halpern statistical theory

Sin® 9
W a3 5 X . =3 . 2
(8) ~ sin -9 A x<e Io(x)dx.=w81n $ p{(pSin”e) (1)

e

2 . o%°

where p = == (X_ denotes the distribution width of %, F(%) ~ e °
2%
o]

The way in which the experimental data ars presented in Fig.l makes

use of the fact that the ratio

W(0°) _ 2(psin’g)¥/?

W(8)  3e(pSin’9)
depends on the single parametér X = p-SinZé.

Investigation of 18 ahéuiar'distributioﬁs (for the most part in the
region where there is a precipitous drop in the fission cross-section of)
revealed the exceptional stability of the form W(9,E) and its correspondence
to the statistical distribution F(n) not only around the threshold but in
the sub-barrier energy. region. The fission behaviour of 238U below the
threshold at 0.5-0.7 MeV is consistent with a large number of channels
taking part in the fission. This effect, which is surprising from the
point of view of generally accepted condepts, is susceptible of explana-

tion in the light of the new concept of a "two-peaked" barrier [—2;7.

[—L;7 V.M. Strutinsky, I. Halpern, Report to the Second Geneva Conference
P/1513 (1958).

/[ 27 V.M. Strutinsky, Nucl. Phys. 4 95 (1967) 420.

/[ 3/ Neutron Cross-Sections, BNL-325, Suppl. 2.
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Fig. 1 Comparison of experimental data on W(8) with
formula (1) dreived from the statistical theory
of angular distributions of fission fragments.
The insert shows the energy dependence of the

neutron-induced fission cross-section ¢ (E) of 238U L3/

Legend:
V 0.8 Mev O 0.95 MeV L. 1lel5 MeV
0  1.25 MeV 6 1.55 MeV - 4 1l.65 NeV

.m 1.85 Mev 7 2.2 MeV
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I.V. Kurchatov Atomic Energy Institute*

s AND p LEvELS oF “%0sn

G.V. Muradyan, Yu.G. Shchepkin,
Yu.V. Adamchuk, M.G. Arutyunov

(Presented at the Anglo-Soviet Seminar:
on Nuclear Constants for Reactor Computations,
Dubna, 18-22 June 1968 (Paper No. Ass-68/14))

The authors report on measurements on the identification and determina~
tion of the parameters of s and p levels of 12OSn. The levels were
identified by the moving-sample methedxz-1;7. .The level parameters were
determined from measurements of total eross-seotioﬁsf capture cross—sections
and self-indication. Tt may be noted that previous'investigations of
12OS 1—2;7 with a resolutlon approximately four times worse than in the
present work resulted in a value of So Ok x 104, which is approximately

ten times less than the value predicted by the optical model.

Since, generally speaking,'ﬁn isotopes fall outside the scheme of the
optical model, these diécrepancies.eould be explained on the assumption
that by virtue of some.epecific property of these nuclei, for example the
presence of proton magic, the imaginary part of the optic potential for

certain tin isotopes is anomalously small.

Another, mo}e;Qerisimiiitudinous eiplanatioh of the experimental data

on the SO

Shakin 1'3_7, cons1sts in the assumptlon that in the formatlon of a compound

strengfhﬁfuﬁcfion, whioh has been advanced by Feshbach Block and

nucleus a large role is played by 1ncom1ng three—quasi-particle states.

The probablllty of the appearance of three~quasi-particle states varies non-
monotonously from nucleus to nucleus, so that the strength function may also
be non-monotonous. ‘- -The :question arises whether it is possible to provide

experimental refutation or support for any of these explanations.

This can be done by determining together with the So strength function
the 51 strength function, which corresponds to a neutron p-wave. If, for
example, we assume that in the case of tin the imagihary part of the optic

potential is for some reason or other lowered, then in this region of atomic

* Edited by Yu.V. Adamchuk.
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weights it is not only the SO value which should be low but also the
the Sl value. If experiments show that for a given nucleus SO is lowered

but Sl is not lowered, then the assumption that the imaginary part of the

optic potential is small does not hold good.

In order to measure the 3, strength function it is necessary to

1
identify the levels excited by neutrons with £ = 0 and £ =1 (s and

p levels).

These measurements were performed on the Institute's linear electron
accelerator by the time—-of-flight method. The duration of the accelerator
pulse was C.2 usec, the pulse current 0.5 A, the pulse frequency 244 Hz and
the energy of the accelerated electrons 25 MeV. The samples used in all

measurements were enriched to more than 97% in 120Sn.

Identification of the s and p levels was performed on an orbital
angular momentum selector Zfl_7. Neutron capture in a sample of the
substance studied was recorded by means of a detector placed at a distance
of 37 m from the accelerator target. The sample velocity was 35 m/sec.
The detector consists of 2 NaI(Tl) crystals 200 x 100 mm in diameter

shielded on the side of the sample by a 3.5-cm thickness of lOB.

The external shielding made it possible to reduce the background
considerably and so increase the range of measurements up to about 4 keV.
Reduction of neutron background is particularly important when carrying
out measurements to identify levels by the orbital angular momentum method
owing to the necessity of using thick samples in the detector and for

transmission.

The optimum choice of sample thickness for transmission n_ = 0.0487 at./b

T

and in the detector np, = 0.014 at./b was determinéd on the basis of those
weak resonances (365.2 eV and 1288 eV) for which it is still possible to

carry out an identification in terms of g with an acceptable measurement time.

In order to identify the level it is neoeésary to compare AA

. , theor.
with (AAexpt. + ), where § is the corresponding error. Here AAEXpt. is
the experimentally obtained difference between the arcas § Ni+expt and
E i—expt (or the difference between the number of counts as a function of

channel number)s The signs (-) and (+) correspond to series.of ‘measurements

obtained when the sample is moved in the same direction as the neutron beam,

(=) and in the opposite direction (+). is the value that may be

AA
theor.
theoretically expected for such difference, calculated on a computer with
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known level parameters and taking into account the Doppler effect and

interference between potential and resonance scatiering.

Obviously AAP = 0 for the p level and AA° £ 0 for the

theor. theor.
s level. The error d restricts the accuracy of the identification,
resulting in a number of cases in an ambiguous determination of the
orbital angular momentum of the bombarding neutrons. On the basis of &
it is possible to estimate the probability o and ¢p of the level being

s and p respectively. These probabilities are shown in Table 1.

Measurements of the total cross—section were carried out for a
flight length of 109 m with a resolution of 3.8 nsec/m 1_4;7. The
samples used were 70 mm in diameter and the number of atoms was

0.0191 at./b, 0.0841 at./b and 0.1119 at./b.

The data from the analyser in the form of the number of counts as
a function of channel number were printed out on punch cards and fed into
a computer. Analysis was in two sfages. At the first stage the data
were corrected for counting losses resulting from the dead ‘time of the
recording apparatus. This error was less than 10%. The background

was then subtiracted and the resonance transmission calculated:

exp (- no, + nopot)'

At the second Stage energy intervals were selected for each resonance,
within the limits of which the trough areas were calculated, The interval
boundaries, the resonance energy and the trough areas were fed into the
computer for the purpose of calculating.the dependence an = £(I') (Mbeing
the total width of the level, g a statistical spin factor). This
dependence was found by matching the theoretical area to the experimental,
by means of varying an and T. The theoretical area was calculated on the
basis of the Breit-Wigner formula, taking into account Doppler effect, the
interference between the resonance and .potential scattering and the neutron
specfrometer resolution function. In order to find the errors in I and
an the dependence an = f*(I'") was calculated simultaneously for a deflected

value of the ekperimental area.

Measurement of the total cross—sections with a sufficiently large
amount of the isotope 12oSn made it possible to.identify strong levels
by their shape. The .resonances at 9017 eV, -3128 eV and 951.2 eV were
identified as s levels and the level at 1720 eV as a p level, which
agrees with the results of identification on the orbital angular momentum

selector.
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The capture cross—section and self-indication measurements were
carried out on a neutron spectrometer with a path length of 37 m and
resolution of 12 nsec/m 175_7. .Eor recording the capture gamma rays
the same detector was used as for identification of levels. The samples
used in the measureménts weré 70 mm in diameter with ng = np = 0.00072 at./b,

0.014 at./b and 0.0191 at./b.

The capture and self-indication curves were analysed using the known
curves showing the dépehdence of area orn level parameters, disregarding
interference and resolution. .The successive approximations method was
used to include a.correction tq take account of capture subsequent to

scattering.

Detectoftefficienéy and neutron flux were calibrated over the
parameters of ‘a number of levels, determined from the total cross-section
and self-indication measurements. The results of calibration show that
the maximum variation in détector efficienqy in ‘the event of a transition
from one resonance to another does not exceed +.20%. This indeterminacy
introduces a Basic‘éfrofiinto the capture measurements. . In the self-
indication méésureﬁents"the main source of:error is the statistical error
(5 to 10%). For purposes;of iSOtopeiidentificgtion,‘the total cross—
sections and capture cross-sections o? the'rémaining tin isotopes were

measured.

To determine the level parameteré the'resuits of'megsurements of
Oy qY and Oy Were analysed simultaneously. Fig. 1 gives an example
of the determination of grh and T The parémeters of 20 neutron

resonances determined. in this manner are shown in Table 1.

The energy region where a substantial percentage of the observed
levels was identified comprises 4.3 keV. The majority of levels in this
region are p levels and only two levels were identified with 100% V

" probability as s levelss ° The p ‘level at 1720 eV was found to have
the compound nucleus spin I = 1. The radiation width I was determined .
for five levels. The deviation I i from the mean value f; = 124 + 30
lies for the most part within the error limits except for r} = 202 + 20
for the p level at 427.2 V. Owing to the small number of levels and
the large error in PY it is not possible to make~a_correct statistical

analysis  of. the radiation widths.

The gIl values and the results of identification of levels of orbital

angular momentum were used to calculate thgtstrength,funotions SO and Sl'
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Table 1

Eo ghn [; Iy ‘EK ‘
(eV)  (meV) ?x. (meV) % O O A

67,32 ©,035] 30
150,0 0,045] 20
365,2 3,04 5112711 2 0,94 [0,06 | I
827,2 | II,I 6 |202| 13 1,0 10 1
922,6 | 22 20 @ 1,0 f{o 1
951,8 | 100 10| 76| 30|11 |0 I,0 |o¢
1288 I7,0 6|12 25 0,65 |0,35 | I
1524 35 50 0,95 10,05 |1
1720 187 g} 8s) 3|1 (1,0 |oO 1
2837 45 28 0,65 0,35 |1
3128 780 3 1 |o 1,0 |o
3859 100 5 0,8 |0,37 {(1)
8273 30 50 0,5 |0,5 |-
4379 800 20 1,0 |0 1
5035 110 35
5080 %00 25
7335 180 35
7497 70 50
8157 900 30
9017 |6560 5 0 1,0 |0
9587 {3100 Fi

The calculation was carried out taking into account the probability of the

levels being s or p.

If the energy interval AE in which SO is determined is taken as 4.3 keV,
then

o
(el 9.)

S, = ———2 - (0.043 T 0‘06) x 1074

0 AE - 0.02

If AE is taken as equal to 10 keV and only 100% . 8 levels are used,

then for SO we get (0.09 i 8'3;) x 10-4. From thcese data we can conclude
that
eXpt. _ + 0.12 . —4
5, = (0,07 7 0.04) x 10
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Determination of parameters of the
A27.2 eV level from measurements of
total cross—section and self-indication.

a, a', a" - total cross-section fp = 0.1119 at./b,
0.084 at./b, C.Cl4 at./b

b, b'y b" — self-indication n_ =

T I'lT = 0'072 at./b,

0.014 at./b, 0.01915 at./b
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An important result of this work is the determination  of the strength
function for a neutron p-wave (S )« The calculation was performed using

a formula which takes inteo account the probability ¢%. The value cbtained,

S;th' (3.7~ + 1. g) : 10 4, is in good agreement with the value 3.10,
calculated using tﬁe optical model. The errorsﬁuxsghpt' and STXP * were

calculated in similar manner 176;7.

expt.
ex tQ
optical model while Sl P * agrees with the conclusions furnished by that

From the fact that S is. much less than: the value predicted by the
.model, it follows that the interaction of s and p neutrons with this
nucleus cannoi be described using a single optic potential and that the
incoming states have a marked effect on the formation of the compound

nucleus 21 Sne.
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NEUTRON CROSS~SECTIONS OF 117Sn

Yu.V. Adamchuk, V.S. Zenkevich, S.S. Moskalev,
G.V. Muradyan, Yu.G. Shchepkin

(Presented at the Anglo-Soviet Seminar on
"Nuclear Constants for Reactor Computations",
Dubna, 18-22 June 1968,
(Paper No. ASS-68/12))

The authors have investigated the total cross—-section and. the capture

117

and scattering cross—sections of Sn. These measurements together made .
it possible to determine not only the position of the levels (Eo) and the

parameters gTn, obtained previously from measurements of Ot [—1;7, but

also the spins and radiation widths of a number of levels. Moreover, these
measurements were carried out with approximately four times better resolution
than was used in Ref. Z—l_7 go that it was possible to increase the number of

"‘levels found by about 150% and subject them to statistical analysis.

The measurements were carried out on the Institute's linear electron
accelerator using the time-of-flight method. The length of the accelerator
electrapulse was 0.2 psec, the pulse current 0.5 A, the pulse frequency 122 Hz

and the energy of the accelerated electrons 25 MeV,

The samples used in all measurements were enriched to 88% in
The total cross—section was measured over a flight length of 109 m with

0
a resolution of 3.8 nsec/m. The neutrons were detected by means of a 1 B

sample and eight Nal (T1) crystals 150 mm in diameter using the 104 (n,Y)

117

reaction, the detector efficiency at 1 keV being about 25%. The Sn sample

117

70 mm in diameter with n =A1.45 b'd 10—2 atoms of Sn per barn was placed at

a distance of 37 m from the accelerator target.

Capture and self-indication were measured over a flight length of 37 m

with a resolution of 12 nsec/m. The detector was formed by two Nal (T1)
detectors 150 mm in diameter, shielded by 6LiH, The number of 117Sn atoms
in a sample 70 mm in diameter placed in the detector (ny) was 0.713 x'1072

per barn for the study of capture. Taking also self-indication into account,

117

the number of Sn atoms present in a sample for transmisstion (nt) was

-2 ) .
0.728 x 10 ~ per barn. The results of the total neutron cross-section,
radiative capture and self-indication measurements have been analysed in the

120

foregoing article in this Bulletin ("s and p levels of Sn"). Scattering

was measured over a flight length of 15 m Zh2;7. A sample with n = 0,296 x 10-2
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atoms of Sn per barn, eTFiptical in form and with a surface area of

1238 om2, was placed at an angle of 45 25 cm from the surface of a neutron
source (the moderator surroundlng the accelerator'~ uranium target) and the
neutron detector 15 m away from the' ample. The scattering angle was 90 .

The energy 1ndeterm1naoy in the se. mea urementé'was added to indeterminacies

in measurement of the time of fllght (0.4 usec), indeterminacies in the

flight length: (2 cm) and 1ndeterm1na01eu i the scattering angle (+<b )y
resulting in an 1ndeterm1nacy in’ the amount of energy lost by the neutron in
the event 'of scattering. Above 0.5 keV tihe eaergy indeterminacy ‘is -mainly due
to the indetermtnaoy'infrespedt of time (25 nsec/m) while below 0.3 keV it is

due mainly'to'tﬁe.indeterminacy’in regard to the scattering angle (2 E = 0O, Ol5b)

All me ,urementv (o y 0', ) were made or. the 2048-0 ahnel t1me
A2

D!
analyser uolng a ehannel width of O.?b pSeC. ach oerlea,cf meas arement"
vas repeated thxee to *our tlme for 1<otoo1n 1dent1f1v tion of the levels
the authors also meas ured the total FTOSS—"PFthnS and the capture Cross—

sections 'of ‘the remaining tin isotopes:

I‘ order to oaloulate tne absolute prooa0111ty of neutron scattering
on the sample of t1n—ll7 in questlon, thej al o} oarrled out meaourements w1tn'
a lead sample of thickness 0,569 x 10 at./b. Lhe geometry for measurlng
scattering from the lead sample and the arrangement of sample, detector and

117

neutron ource were absolutely 1dentloa1 "to those adopted for 7 'Sn. - Knowing

117,

the quantltatlve ratio of neutrone scattered on Sn and Pb and taking the

scattering crossfsectloo of lead to be 11.28 + 0,05 barn 1_3_7,“it'Was possible
to determine the-absolute.neﬁtron'scattering orobability'oh the sample of ll?Sn;
Tﬂe.foACtioo.gh hm= }gir-) was Paloulated on a oomputer by matchlnn a
theoretical area to the experimental by varylng P, Pn and g (g = l/A or 3/4)
The theoretiear'area'wﬁétcalculated'oVer'the'PiVen’energy“range'on'the'basis
of Breit- WiéherTé'formuia, aklng into acoount the Doppler effect, potential
ooatterlna and 1nterference “ve tween resonance and’ potential soatterlng.
Account was taKen of "the fact ‘that the ‘scattered neutrons come' from’ various -
depthéJIH tHe'éampre'aﬁd”thatﬁaﬁ ejected' neutron may undergo radiative “Gapture.:
This lastaeffeot is‘olearly“éeeh"ih‘the“area’of good'resolutionf“
F;g, l Showc the energy—dependence of the scatterlnv probablllty on the _
sample 1n queetlon (the dis oontlnultles_oorrespondlng to the omltted resonanees_“

116\ n) For the resonance at 38 80 ev the trough to the rlvht '



of the resonance displays the effect of absorption subsequent to scattering.
The distance between the trough and the resonance precisely corresponds to the

drop in energy in the event of scattering at an angle of 900. The magnitude

117

of this correction (to I'n) for the different Sn levels does not exceed

20%. To take interference and potential scattering into account it is necessary
to know the potential scattering crogs<section, "This was determined from similar -

117

measurements of on scattering in the inter-resonance region. The value

obtained © pot =475 + 0.04'barns-agpeesfwithin the error limits with the
data in Ref. Z—4 7

from the experlmental data in the region where there is no loss of levels

(AE =1 keV) the ‘authors determined the value of the strength_funvtlon Sz
L ’ S --'- B o

— . “.
0 . -3 . . -
so=@ =1.4x103)g22?=(0.1o+88;3,)xlO/J’

2D -2 x 1000 7

The errors in S . were culcalated 51m11arly Z—) 7 . The value of So expt

1s approximately four times leqs than the value of § predicted by

the optical model, which can_obv1ously be explained zytiizréffect of incoming
states when a-oompound nucleus is formed. The small number of levels for which
spins (1) have been determlqed makes 1t 1mposqlble to perform a statistical
analysis, for oxample to 1nvest1 ate the dependence of level density on spin.
Some degree of spin dependence of the levels found can be seer in the mean

radiation w1qth.

= 85 + 20 meV

Jesplte the fact that the strength functions for different spin systems

include 1arge errors, the values obtained are close to one another:

+0.2 -4

+0. ?5) % 10

) ix 10*4; 8, (I =1) =(0.25 "~

[t will be ngfedwthapﬁln.tHéJcalchations of gln = fg (T ) no account was

taken of the resolution of.tﬁe neutron spectrometer or multiple scattering.

The error resultlng from fallure to take resolutlon into account was reduced

to a negligibly small level by the ch01oe of a sufflﬂlently:wlde energy range
within which the area is obtained. The error resulting from multiple scattering

is estimated not to exceed 10%h.
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To determine *the level parameters the authors simultaneously analysed
the results of the measurement of Ot, 07, (%D and Os' Fig. 2 gives as an
example the way in whichI'n, 'y and g are determined from the results of these
four measurements. Table 1 gives the parameters of the levels found. It will
be noted that in Ref. Z—l;7 24 levels were found. The authors found 32 new
levels, thanks to ﬁhe measurements of Qt with a resclution four times better
than was used in Ref. 1-1_7 to measure capture.
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1630 4 70 30 | 1,7
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1754 4 120 25 | 2,8

1812 5 50 60 | 1,2

1871 5 80 60 | 1,9

1503 6 80 25 | 1,83

20123 5 500 20 | 8,91

2084 6 450 20 |9,8:

2160 6 70 50 | 1,5

2156 6 70 8 | 1,5

2282 7 160 20 | 2,09

2320 7 75 25| 1,5

2587 8 480 20 | 9,43

2975 10 580 25 | 10,6
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NEUTRON~SPECTROSCOPE: INVESTIGATION OF
SEPARATED SILVER ISOTOPES

G.V. Muradyan, Yu.V. Adamchuk

(Presented at the Paris Conference
on Nuclear Data (1966))

(Table corrected in accordance with:
measurements carried out in 1968

The results of study of radiative capture on the silver isotopes 107

109

Ag
and Ag up to ~ 100 eV have eliminated a discrepancy in the theory of level
spacings. The measufements that had been made of the total neutron cross-
sections of a natural mixtufe of silver on the Columbia University synchro-
cyclotron (USA) with the best resolution available at the present time

(0.5 nsec/m) Z—L;7 had lead to an unexpected result: small spacings between
silver levels are encountered.less frequently than one would obtain from
Wigner distribution in the event: that several level systems are superposed
(in the present case more than four systems). This conclusion leaas to
consequénces which entail a radical review of the bresent;day theory of the

nucleuse.

The results obtained by the authors of this article have shown that
the observed absence of sﬁall spacings between the levels is illusory and is
explained by the fusion of the levels of various isotopes within the limits
of their widths and resolution so that measurement of a nétural mixture
made it impossible for the authors of Ref. / 1_/ to identify these cases as
c#ses-of twin levels. - Measurement of separated isotopes enabled the authors
of the present article to demonstirate about twenty new levels. ’The experi-
mental conditions are described in'foﬁegoing arficles in this Bulletin (see

articles on 12OSm and 117Sm).

Table 1 gives the isotoﬁic identification of silver levels. It also
gives the parameters of the levels of 107Ag and 109Ag, mainly taken from
Ref. Z—L;7. An asterisk denotes those levels first discovered in the present
wofk and levels for which tﬁé_values of 2g[h9 have .been clarifiéd. The value

107Ag and 109

of 2gTn°® for the newly discovered levels of Ag was determined

on the assumption I'y = 140 meV.



Fig. 1 shows the level spacing dicstribution as given in Ref. 171;7
109Ag

Ag), plotted from the results presented in the present

and a histogram of the sum of the level spacings for IOJQg and
107Ag + 109

(i.ee

article.

Fig. 1B shows that the -experimental distributions are in good agreement
with Wigner distribution in the event of a number of level systems being
superposed, especially if account is taken’of possible losses of levels
owing to the superposition of levels with different spin sysiems for one

and the same 1sotope.

Thus the discrepancy noted in Ref. 171_7 between the experimental
distribution of silver levels and the theoretical distribution obtained from
the superposition of a number of independent systems of levels disappears.

109

The considerable number of cases where lo?Ag and Ag levels can be

seen to coincide suggests that there is a possible correlation between the
positions of the levels of these isotopes. The authors have undertaken an
analysis to determine this and have found that there is no correlation

107

between Ag and 109Ag levels within the limits of the statistical accuracy

obtained.

The values of the S, and S, strength functions for silver isotopes

0 1

(in units of 104) were found to be as follows:
+0.17 RS U 107
So= 043 5,02 Sy =19 g6  Tor ke
2 +1.1 10
S = 0.83 tg.lg 5. = 1.4 1o for 19
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Table 1

Isotopic identification and parameters
of resonance levels of silver

107

109

Ag Ag
Eo,eV 2grh°, meV Remarks Eo’ eV Zano, meV  Remarks

1 16,30 1,48 #0,06 5,20 8,16 0,06

2 41,50 I,32 5,16 30,50 2,00 +0C,I8

3 44,80 0,27 +T,0k 32,65 G,00I2+7,C004 *
4 51,40 4,48 40,40 40,20 1,36 +0,16

5 83,5C  G,0030+C,0007 55,70 2,56 0,20

6 Ig,6  (,00I5+5,0004 * 70,80 4,76 +0,44

v I1IC,88 G,008 +0,00I 87,67 1,00 +0,C8

B I28,34 0,008 0,004 91,5C 0,005 0,001

9 144,20 0,76 10,08 106,29 0,012 +0,00%

10 I54,7 0,0045+0,3009 ¥ - II3,5 0,0054+C,0C11 ¥
ITI  Ie2,40 0,02 +50,0I - I133,9%C 10,40. 1C,8C

2 167,10 0,0I6 +0,004 - 139,70 GQ,IE +5,QR

I3 I71,2  G,00654¢0,00I3 = 160 0,0075+C, 0016 *
Is  I73,I0 5,00 40,40 169,80 (C,3028 +C,008

I5 183,60 0,CI2 +0,Clw 172,8 6,0 20,5 ¥
I6 202,50 I,I2 40,12 IS8,6  0,0IT £0,82 x
I7 218,2¢ 0,CI2 #0,012 203,60 2,48 +,20

Is 25I,29 G,60 +0,16 ¥ 251,23 0,60 +C,I2 x
19 260 C,0I68+3,0034 * 258,82 0,125 C,CI® ¥
20 264,47 0,24 0,02 265,47 0,022 +0,00 ¥
21 270,5  0,0076+0,00I5 = 272,5  Q,I2 +C0,0I

22 310,% 10,0 #2,C 274,90  0,02C 13,008

23 329 0,0CI8 +0,004 ¥ 283,90 0,0Ie +C,C0C08

24 347,34 C,C20 +C,008 250,86 C,76 £C,C8

25 356,20 (0,020 +C,0C8 293,00 0,020 5,008

26 36l,8 I,80 +C,CE 300,64 0,08 0,02

27 372 8,0145+30,0050 ¥ 316,40 14,0 42,0

28 382,IC GC,020 +C,00e 322,10 0,320 +C,C08

29 40I,70 0,024 +C,012 327,80 0,48 5,05

36 &4IG,0I  G,016 +C,008 340,4 0,0ID +C,002 3%
31 424 0,0073+5,0C015 x 360 0,074 +3,CI5 ¥
32 444,60 1,80 40,20 387,00 3,32 +0,12

33 461,40 1I,08 +C,I2 391,60 0,016 +0,00%

34 466,80 4,60 +I,20 393,0¢ 1,5 +0,08
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Table I (cont.)

35
36
3
38
39
40
41
42
43

48
L6
47
48
49
50
51
52
53

55
56
57
58
cH
€0
51
62

472,2
476,10
479,54
515,47
524,90
532,20
554 ,51
576,67
97,47
605,05
625,59
653,50
674,50
655,89
78,51
721,26
734,70
752,57
784

806

813,0
£u9

£82,33
£26,67
91k 57
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Natural Ag
Crled:
3 (30 \pobuso

Fig. 1 (A) Level spacing distribution in natural mixture of silver
isotopes, from Ref. 171_7.

(3)

Level

Curve
Curve
Curve

109

spacing distribution in 107Ag + Ag (present work).

I~ Wigne} distribution for two systems of levels,
II -Wigner distribution for one system of levels,
III - random distribution.
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So marked a divergence between the S, strength function values of nuclei
with similar atomic weights does not fit within the framework of the optical
model of the nucleus. A possible explanation for it is that incoming states

play a large part in neutron capture by the nuclei of 107Ag and 1O9Ag.

REFERENCE

[1_7 Je«B. Garg , J. Rainwater and W.W. Havens Jr.
Phys. Rev. 137 B547 (1965).
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PARAMWQERS OF NEUTRON RESONANCES OF SEPARATED
< ISOTOPES "OF  ANTIMONY foC

‘G V Muradyan, Yu. V. Adamchuk and Yu.G Shchepkln

(Presented at the Anglo—Sov1et Seminar on Nuclear
Constants for Reactor Computations,
Dubna, 18-22 June 1968 (Paper No. ASS-68/16 and
subsequently submitted.to Jadernaya. F1z1ka))

Following the measurement of the radiative capture of silver isotopes Z_l_7
the authors undertook the study of transmission and radiative capture in

1
separated isotopes of antimony 1215b and 238b.

Antimony, like silver, has two even-odd isotopes which differ from each
other in respect of two neutrons but are almost identical in respect of the
proportions in which they are present in a natural mixture and the half-integral

spin value.

By carrying out measurements with a fairly large amount (~ 400 g) of highiy
enriched (up to approximately 89.5%) separated isotopes of antimony, the authors
were able to obtain qualitatively new data, show up a large number of levels not
previously studied, effect a clear identification of levels by isotopes and so
obtain reliable data on the statistical characteristics and strength functions of

these isotopes.

The results of the measurements were analysed by the areas method taking
into account interference between potential and resonance scattering [_5_7.
The value of the neutron width 2 glh was determined as was also for a number
of resonarces the full width I'. The parameters of most levels were obtained
on the basis of the results of measurements of transmission and radiative capture.
For levels which do not show up in measurements of total cross-sections the value
of 2 gl'n was determined from the results of radiative capture measurements on the

assumption that Ty = (100 + 10) mV.

The main source of errors in the parameters is the statistical error and
the indeterminacy in regard to detector efficiency in the radiative capture
measurements (~ 15%).

About 140 “°'Sb ana 110 123

Sb levels were investigated. The values of the
parameters for antimony levels identified according to isotopes are shown in

Table I together with the corresponding errors.
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; . . . ? 12
Fig. 1 shows the level spacing distribution of 1?15b and 3Sb, together
with theorstical Wigner distributions (curve TI is the Wigner distribution for
one system of levels, curve I that for two systems of levels with identical

mean spacings).

The experimental histograms are closer to the distribution for one system
of levels (curve II), which contradicts what can be deduced from theory.
However, as in the case of silver, this contradiction may be illusory. The fact
is that for each isotope of Sb, two systems of levels show up, belonging to
different spin states; these two systems happen to be superposed on each other

and have approximately identical densities.

The histograms in Fig. 2¥ are very sensitive to any loss of levels. These
losses are not dye to the experimental loss of a level owing to its weakness,
but are the result of the fusion of two levels within the limits of resolation
and intrinsic width. On the basis of the actual resolution of the neutron
spectrometer, and assuming for simplicity's sake that all spacings from zero
to the mean spacing are equally probable, it can be shown that about 6% of the
levels are lost as a result of fusion. Such a low rate of loss cannot be
detected on a histogram showing the number of antomony isotope levels as a
function of neutron energy. The histogram in Fig. 2, however, is highly
<—I];_> ~ 0., If in the

histogram in Fig. 2 we add to the region where fusion of levels takes place

the lost 6% of levels, i.e. four spaces for 1215b and -three spaces for 123Sb,

sensitive to such losses of levels in the vicinity of

the experimental level spacing distribution will be closer to the distribution

for two systems of levels*,

The anomalously large number of spaces. at_2%5_~ 0.5 for the heavy isotope
123, (see Fig. 2) merits attention. The authors observed precisely the same
effect for the heavy isotope of silver 109Ag. '

. 121 123

The values of the SO and S1 strength functions for Sb and Sb were
found to be as follows:

_ +0.05 -4 _ +1l.5 -4 121

Sg = (0.29_0.04) x 1077 5, = (1.1_0_5) x 10 ° for Sb

+0.08 -4 +2 -4 123

So = (0.22_0.05) x 10 7 5, = (2_1) x 10 7 for Sb

{ Translator's Note: Fig. 2 is missing from the original Russian text.
o % After completion of the work reported here the authors obtained the

results of measurements on Sb 2_7 which confirmed their suppositions.



The errors in the S
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values were calculated taking into account fluctuations

in the reduced neutron widths and level spacingé [3_7. '

Such low values of SO do not. agree with the predictions of the.optical
model, any more than do the results of measurements on. separated isotopes of

silver [1_7, and point to the marked effect of incoming states when a compound

nucleus is formed.
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Table I (cont.)

2939.7
-310,2
82,2
32,1
39,5
248,!
356,83
38,8
393-9
507,1
416,1
422,2
432,6

hbd,9 |
$48,0 |
451,8' |

455,5
- 4636
.3
476,6
483,3
499,2
02,1
510,8
5%3,9
54,7
551,2
560,4
565.h
5821
6ol 3
@1.5
53,2
632,5
7,9

“2.9
612,8

679,39
12,1
15,8
720,7
797,6
M.
192,0
191,7
803,5
805.0
841,
861.5
892,1
913.7
919,0
93,8
989.8
964 ,9
99¢,?
1016
1040
todg
1068
119
125
1197
1185

1222
1235
1262
130

1332
1350

1367

ol

0,15

3,7

7.8

1.9

mﬁumuﬁ&ﬂuSmagﬁvagﬁogsgga‘s‘s88\;81‘:8‘“085‘8

]

INHYScKE8BI LG58

[ -
S @I C

25

C,0058
0,20
10,03k
048
0,4k
0,0080
0,013
0,021,
(I8!
0,059
0,034
0,49
0.0096
1,18
1,18
015
7,48
0,084
0,63
0,028
0.058
0,34

 0.058

0,081
0,34
408
0.034
0.0

sBER

%o By o >
®

BE8INBIIW

e NP OO UOO O~ =~—0NOOO 0T W=
SNPOOLIDO S
M- EEE-E K

S wo -
82X

0.5¢
365

2,45

1788

s

6.9
1129 |~
645,08
660,7

o
1120
1160
1228
1299
1253
1276
130

1387
1431
1458
1487

1597
1571
1609
1624

1675
170t
1740

1864
1874
1900
1938
1974

212
U483
2156

2207
24
28
2317

50
W89

2709
by

3020
size
262
3265

-
=

ZE8uagduy

858808858888

]

- X A -1

-
WO

E8RREREIRYERY

0,22
2,24

2,19

0,69

0,97
7.2
0,76
.0
0,96
5,82
.5
3,5
9.5

(L0

|ae



- 68 -

Table I (cont.)

1455
jel-o)
1524
1533
15%9
1579
1599
1645
1701
1729
1743
1™
1804
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2268

2213
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8888

EBAREVRBLYG

EEREREELEERAT
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1215b

E = 700 eV
max

68 levels

1238b

E = 1200 eV
max

54 levels

123

Level spacing distribution for isotopes 1215b and Sb. Curve II -

Wigner distribution for one system of levels; curve I - Wigner

distribution for two systems of levels with identical mean spacings.
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FISSION CROSS—-SECTION MEASUREMENTS IN THE RESONANCE
ENERGY REGION ON LIQUID-NITROGEN-COOLED URANIUM-235

T.A. Mostovaya, V.I. Mostovoy

(Presented at the Anglo-Soviet Seminar on "Nuclear Constants
for Reactor Computations™, Dubna, 18-22 June 1968
Paper No. ASS-68/15))

The resolving power of present-day neutron choppers makes it possible
to obtain cross—sections in the resonance energy region which are to all intents
and purposes distorted only by Doppler broadeninge Further information on the
actual resonance structure of heavy nuclei, where the level spacing is of
the same order as the width of levels;, can be obtained by reducing the
Doppler effecte The work here described was undertaken with a view to
clarifying the.235

U fission cross—section data obtained breviously by
: )
lessening the effect of Doppler broadening Z_L;7.

The measurements were carried out on a neutron chopper by the time-of-
flight method over a path length of 18,15 me The Institute!s electron linac,
giving neutron bursts of duration Tn = 0.2 psec with a frequency v = 25C Hz,
served as neutron source, A special ionization chamber was used for the

measurémentse

The background at various neutron energies was measured by means of

the customary.technique using resonance filters.

Effects from the fission chamber were recorded by a 4096~channel time
analyser with a ferrite memory and at a channel width T = 0,25 psecs At the
same time, the effects from the proportional counter were recorded on a

2048-channel analyser with a magnetic drum memory,

The resolution for measuring fission effects (disregarding the indeterminacy

of the flight length due to the neutron source) was 13 nsec/mo

Provisional measurements show that the chamber as constructed is fully
suitable for recording fission events when the layer is cooled to the temperature

of liquid nitrogenes

Insufficient statistics have as yet been obtained to draw definite

conclusions regarding the efficiency of cooling in measuring fission cross—

235

sections on a U oxides, Thus, it is purely for illustrative purposes that



-T2 -

t .
we give here the fission effects Nf (including background), as measured
directly on the analysera‘ The results of one source of measurements are

given in Figs 1 and 2,

Cooling causes the weak resonances located in the troughs between levels
(10,2, 11675 1209y 1363, 2061, 20.6, 38,4 eV etc°) and on the descending
slopes of strong levels (9e¢3, 4303 eV etce.) to show up more clearly. Isolated
weak levels with small full widths (2004, 4¢85; Tely, 11.7 eV etc.) are
noticeably elongated in the event of coolings Fige 3 illustrates this

effect qualitatively taking as an example the level at E = 7.1 eV,

REFERENCES

1—1;7 ToAs Mostovaya; Bulletin of the Nuclear Data Information Centre
Noo 3 (1966)
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ABUNDANCE OF PARTIAL RADIATIVE TRANSITIONS TO THE
GROUND AND FIRST EXCITED STATES IN THE
RESONANCES OF GADOLINIUM-155

L.S. Danelyan, B.V. Efimov, S.K. Sotnikov

A two-crystal scintillation spectrometer was used to measure the
total abundance of partial gamma transitions to the ground and first
excited states in 23 resonances of the 155Gd(n,y)156Gd reaction. The
measurements were performed on the neutron beam of the I.V. Kurchatov
Institute of Atomic Energy's electron linac. The gamma spectrometer,
which is mounted at a distance of 10.8 m from the target, is designed
on the "summation-coincidence" principle and consists of two detectors
with sodium iodide crystals measuring 120 x 120 mm. This design made
it possible to measure .the background due to the summation of pulses
from two or more gamma quanta. In order to analyse the pulses in
respect of time and pulse height, a multi-dimensional analyser with
altogether 2048 channels was used. The sample was enriched to the
order of 92% gadolinium-155. The relative abundances of transitions

are shown in Table 1,

On the basis of the abundances of two-cascade transitions an attempt
was made to show up resonances with spin 1. Owing to the low summation
background statistics it was not possible to thain a clear picture for
all resonances studied. Nevertheless, in the case of five resonances
it was possible to posit spin 1, while for the remaining 17 resonances
the experimental distribution lies between distribuiions with v = 1 and
v =2, If the resonances are broken down by spins in this way, the
mean abundance values for transitions from 1 states is approximately ten

times greater than for transitions from 2~ states.

Assuming that E1 transitions predominate, it may then be assumed
that transitions from a 2 spin state to the first excited ot state are

forbidden in the 156Gd nucleus.
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Table 1

Total abundance of

res. Spin transitions

eV J 8.44 and 8.52 MeV
62,9 1,940,8
59,5 0,4:0,2
53 1,6:6,5
50,3 8,5:0,5
47,1 4,9+0,5
K2,7 | %) 100 2,2
37,3 | 12,241,6
25,1 | 1% 20, 4+5,9
33,8 9,8+0,7
20,5 1,251,2
29,9 0,80, 4

23,3 | 19 15,3:1,3

| 21,3 %) 14,3+1,4
20,2 1,5:C,8

| 14,54 2,3+1,0

12,05 4,40,8
11,871 1% 4l B+t

10,10 1,5:0,7
7,5 0,01:0,07

’ 53 | 2 2,0+0,5
2,57 2 4,5+2,0

N3 - 7,9:1,1

| 0,0265 2 3,620,5

X . . , . o
} Assumed spin values from the data on two-cascade iransitions.
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SPIN MIXING IN INITIATING CHANNELS OF REACTIONS
K.V. Karadzhev, V.I. Manko, F.E. Chukreev

(Submitted to Jadernaja Fizika)

28..
P (p,ao) ““si

were used to determine the spin mixing coefficient, which is equal to the ratio

31

The angular distributions of alpha particles from the reaction

r r r r » i i j
pO/ pl? where 0 and are the partial proton widths corresponding to the two

ply) 28
P (p,ao) Si reaction, with spins O and 1 res-

possible channels of the
pectively. The distribution of these coefficlents does not agree with the
calculated distribution based on assumptions that the widths FpO and Fpl are
statistically independent and that each of them is subject to Porter-Thomas
distribution. The shape of this distribution shows that there is a correlation
between the widths Pbo and Ppl' This correlation is close to that which must
occur in the event that there is Jj-bonding and this in turn may mean that even

at such high excitation energies (10.0 -12.5 meV) it is possible to speak of the

"appearance of relatively simple shell configurations.

INTERJACENT STRUCTURE OF THE RELATION OF 236U
FISSION PROBABILITY TO EXCITATION ENERGY

" P.Es Vorotnikov

(Submitted to Jadernaja Fizika)

The author shows that in the event of neutron-~induced fission of 235U
the relation (averaged out over the resonances of the compound nucleus) of

fission width to neutron energy displays marked peaks with width € 300 eV
and spacing ~ 1 keV, '
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Institute of Theoretical and Experimental Physics*

NEUTRON POLARIZATION IN (d,n) REACTIONS INVOLVING
NUCLEI OF MEAN ATOMIC WEIGHT

I.I. Levintov, V.V. Okorokov, V.M. Serezhin, V.A. Smotryaév,
D.L.. Tolchenkov, I.S. Trostin, Yu. N. Cheblukov

(Submitted to Jadernaja Fizika)

The authors measured heutron polarization in (d,n) reactions involving the
isotopes 59Co, 56Fe, 60, 62 and 64Ni and 64, 66 and 682r in the range of angles
8y, = 3o°-5o° (Lab. system). . The incident deuteron energy E, was 11.7 HeV
(cyclotron belonging to the Institute). Neutron polarization was determined
from the azimuthal asymmeiry of scattering on carbon, the analysing power of
which hadbeen.previouslyvfound from the scattering of polarized neutrons from
the D (d,n) 3He reaction. Neutron polarization for scattering on carbon at an

angle of 450 (Lab. system) P _. was ~-0.78 + 0.18 for 12.6 MeV neutrons and
~0.60 + 0.09 for 10.2 MeV neutrons.

The scattered-neutron spectra were measured by the time-of-flight method.
The authors determined the polarization of neutrons corresponding to the ground
and adjoining excited states of the residual nucleus (residual nucleus excitation

energy range AE* ~ (0-3.1) MeV + (0-6.7) MeV).

* Edited by V.N. Andreev



The following percehfage values were obtained for the ‘polarization of neutrons:

J
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Target Reaction angle @l4 n (Lab, system)
Co »? - e5,64%,0 | = 13,635,9
Fe % +3,233,8 +0,621,9 0,025,8
L St - =10:85542 | =8,1a75
Zp 65 - - 6,0:17,5
Zn S - - ~8,718,0
A‘;'. G0 “9.3}:5|? "3'0_1:8.0 “’4\0_‘;5-“
M. 62 - _' -q’ﬂia’s
/V‘. 64 - -

"3.515’0

The positive sénse of

-

L~ —
the normal n = k, x k

d n
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LONG-RANGE PARTICLES WITH Z>2 IN TERNARY FISSION OF 239Pu
BY THERMAL NEUTRONS

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

This paper deals with a study of the emission of 4He and particles
with A>4 in 2391“u fission by thermal neutrons. The particles were recorded
using a detector which at the same time measured the specific ionization,
energy and flight path for each particle. Lithium, beryllium, boron and
carbon were observed. The ion yields and energy spectra were measured and
the isotopic composition of the ions estimated. The ion spectra at the
moment of ion formation in the fission process were calculated. The following
table gives the experimentally measured ion yields, the minimum detectableu
particle energy, and the total ion yield, as determined by extrapolation of

the experimental spectra to the low ion-energy range.

Ions Yield per fission E min. Total yield per fission
event event
) _z¥, : ~z¥)
Y-particles 2,27.10 3*) _ ? 2.4 . 10 3
helium  (4,240,5).107° 8,5 6. 107
lithium (1,76+0,5).1076 15 3,6 , 1076
beryllium (4,440,1).1076 21 I, 107
voron (1,25¢0,09).10™7 28 8, 1077
- -? -
carbon (6,640,2).10 36 1,2 , 107

%) Reference values.
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- TOTAL NEUTRON CROSS-SECTION OF 230Th IN THE
THERMAL AND RESONANCE ENERGY RANGES

S.M. Kalebin, P,N. Palei, P.I. Ivanova, Z.K. Karalova,
GeM. Kukavadze, E.I. Pyzhova, G.V. Rukolaine

(Presented at the Anglo~Soviet Seminar on ‘Nuclear Data
for Reactor Computations, Dubna, 18-22 June. 1968
(Paper No. ASS-68/18)) ’

The heavy-water reactor at the Institute of Theoretical and‘
Experimental Physics was used to sfudy the total neutron cross-sections
230'I‘h in the thermal: and resonance energy ranges. The sample of 230Th
was separated from uranium ores (1 gram). The measurements were carried
2300y at
the thermal energy (0.025 eV) was (71 8 + 2) barns, the neutron capture

cross-section (56.8 + 3) barns, and tﬂg potential scatterlng cross—sectlon

(15 +)§v) varns. Y& o = X E D) L“X‘\ Ikt ?

out on a mechanical chopper . The total neutron cross-section of

In the energy range up to 600 eV 29 neutron levels were measured,
including one negative level. The level parameters ‘are glven. The level
parameters were used to calculate the neutron strength functlon and the

total resonance 1ntegral which were equal to (1.30 + 0, Q) x 10 -4 and’

230y,

(1035 +.85) barns, respectively. The mean neutron level spa01ng for
is (9 8 + 1.6) eV,
b

=
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Neutron level parameters

N

E(eV)

Py (meV)

Th(meV) gMf(meV)
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(barns)
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A.F. Ioffe Physico-Technical Institutey; USSR Academy of Sciences*

DEPENDENCE OF GAMMA-RADIATION: ANISOTROPY ON THE OVERALL
KINETIC ENERGIES OF FRAG S AND ON THEIR MASS RATIO
IN THE FISSION OF U BY SLOW NEUTRONS

G.V. Valsky, G.A. Petrov, Yu.S. Pleva

(Submitted to Jadernaja Fizika)

The paper describes measurements of:

(V]

1. The dependence of gamma-radiation anisotropy on the

overall kinetic energies of fragments (Table I, W(30°));

2 The dependence of the number of gamma-quanta emitted in one
fission event at an angle of 90o to the line along which the
fragments fly apart on the overall kinetic energies of the

fragments (B in arbitrary units, Table I);

3. The dependence of gamma-radiation anisotropy on the fragment
mass ratio (W(30°) in Table II, given as a function of the

mass of a heavy fragment);

4. The dependence of the number of gamma-quanta, emitied in one
fission event at an angle of 90o to the line along which the
fragments fly apart on the fragment mass ratio (B in Table III,
given as a function of the mass of a heavy fragment, in

arbitrary units).

Se The dependence of the number of gamma~quanta per unit solid
angle emitted by a fragment at an angle of 30° to its direction
of movement on the mass of the fragment, (B in Table IV, in

arbitrary units).

All the measurements were made for gamma—quanta of energy greater than
100 keV. The anisoiropy is determined, without units, as the ratio of the
gamma~radiation intensities at angles of 30o and 90o to the line along which
the fragments fly apart. No corrections were made for the finite nature of

the so0lid angles.

The mean ratio of the gamma~radiation intensities at angles of 0° and 90°,

without units, and with all corrections, is 0.128 + 0.008.

The mean ratio of the gamma;radiation intensity for the light-fragment

group to that for the heavy group is l.4 + 0.2.

%  Edited by GeZ. Borukhovich.
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Table 1

B w30° AW30° B AB

133,44 «0,0245 0,0393 12,86 1,97
137,50 0,0953 0,0318 10,26 0,64
141,45 0,0645 0,0208 9,45 0,32
145,36 0,0788 0,0150 8,67 0,08
149,17 0,0816 0,0105 8,07 0,06
153,29 0,0630 0,0082 7,85 0,04
157,26 0,0798 0,0068 7,53 0,03
161,15 0,0750 0,0061 7,36 0,03
161,16 0,0772 0,0060 7,09 0,03
168,98 0,0837 0,0062 6,83 0,03
172,95 0,0891 - 0,0069 6,55 0,03
177,00 0,0992 0,0082 6,26 0,03
180,98 0,1099 0,0100 6,00 0,04
184,88 - 0,1162 0,0132 5,70 0,05
188,74 0,1154 0,0195 5,31 0,07
192,64 - 0,1666 0,0360 4,94 0,12
156,52 0,1552 0,0680 4,45 0,46
200,71 0,1429 0,157 4,52 0,74
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Table 11
M W(30%) AW(30°%)
23,5 0,156 0,054
128,1 0,090 0,031
131,2 0,096 0,014
134,2 0,086 0,008
37,3 0,074 0,007
140,0 0,082 0,007
142,9 0,086 0,006
145,9 0,093 0,008
148,8 0,085 . 0,012
151,9 0,114 0,021
155,2 0,081 0,040
158,5 0,071 0,071
Table III

M B AB

122,33 6,617 +0,268
128,10 6,491 0,131
131,20 . 6,202 40,056

134,15 6,283 . 30,034
137,24 . 6,684 40,029
140,04 7,133 . 40,030
142,86 2,473 40,031
145,85 2,587 40,038
148,81 7,589 40,070
149,60 74466 10,100
151,15 9,060 40,130
152,75 7,302 40,180
155,17 7,396 40,192

158,44 - 7,402 40,298
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Table IV
¥ B AB
7,7 1,90 4,09
80,9 - 4,83 2,20
84,0 2,9 1.1%
' 87,2 4,90 0,66
90,1 5,25 0,45
93,1 4,43 0,2
95,9 4,67 0,36
98,8 5,47 0,33
101,8 S,44 | 0,40
104,8 5,64 0,65
107.9 L 7,46 1,53
II1,2 2,73 3,23
122,4 4,96 3,23
128,1 -0,42 1,53
131,2 1,26 0,65
124,2 1,50 0,40
137,2 1,77 0.33
140,1 3,17 0,36
142,9 1,85 0,36
145,9 3,25 0, 44
148,8 3,41 0,66
15I,9 5,13 1,14
155,2 3,33 2,20
158,4 &,06 4,09
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YIELD OF LIGHT NUCLEI FORMED DURING FISSION OF 235U BY THERMAL NEUTRONS
A.A. Vorobev, V.T.rGrachev,-A.P. Komar, A.M. Nikitin, D.N. Seliverstov

(Submitted to Atomnaja Energija)

The yield and energy spectra of hydrogen, helium, lithium and beryllium
235

igotopes formed during U fissioh by thermal neutrons were measured using

6

a magnetic-deflection mass spectrometer. The measured spectra of 2H, 3H, He

and 4He appear to have an almost Gaussian distribution. The distribution

2, 3

parameters and the yield of "H, °H, 6He‘and 4He are given in Table 1. The

3

yield of lithium and beryllium isotopes and of “He and 8He in the measured -

energy ranges is given in Table 2. The data in Table 2 should be regarded as
provisional. An anomalously low yield is observed for the isotopes 3He, 6Li

and 7Be.



Table 1

Yield and energy distribution of "H, “H, 'He, 6He

Energy at . .
Isotope enM:asur:d distribution HWHM Tield ”;a:‘?@s‘f‘?ed Total yield for
P e Sy range max. . MeV energy-range lor 100 a-particles*
eV M 100 a-particles
eV o
2y 4,8-15,0 8,54 0,3  3,4t0,2 0,39 £ 0,03 0,44 £ 0,08
: A ) i
3 4,2-11,6 , 8,I £o0,2 3,I to,r =2 0,15 6,3 to,2 @
4te 10,6-34,2 o 15,7%0,2  4,8%0,I5 90 100
b1e 9,020, 11,8%0,3 %5t0,2 1,04 £ 0,07 1,6 to,I

* In calculating the total yield from the measured
yield, the energy distribution was assumed to be
Gaussian,



Table 2

He, Li and Be isotope yields .
(provisional results)

. )
Energy range Yield per 10
Isotope MeV a-particles*
She 10,5 -22,0° . L0
Byie 9,1 -I2,2 = | >,
6y 16,0 -28,4 C 0,00
L 15,7 -26,6 f 1,9
8L; 15,7 -24,0 0,80
i 15,3 -22,2 Il
TBe 24,5 -44,0 £0,00I
e 23,4 -3%,0 ¥ 0,5
10g0 23,7 -35,0 3,2
Ipe 24,0 -33,0 - om
L2pe 24,5 -31,0 . 40,04

* The isotope yield in the measured
energy interval is referred to the
total yield of alpha particles
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V.G. Khlopin Radium Institute, Leningrad*

RADIOCHENMICAL DETERMINATION OF THE YIELD OF RARE-EARTH ELEMENTS
IN THE FISSION OF 239Pu AND 241Pu BY SLOW NEUTRONS

N.V. Skovorodkin, A.V. Sorokina, S5.P. Bugorkov,
A.S. Krivokhatsky, K.A. Petrzhak

(Submitted to Radiokhimija)

The aim of this work was to determine the cumulative yields of

239 241

rare—earth elements and yttrium in tre fissionof Pu and Pu by slow

neutrons.

For extracting rare-earth groups and yttrium from the irradiated
compounds' and for removing other fission products from them precipitation
methodé were employed. Plutonium was removed by anion exchange. The
rare~earth elements and yttrium were separated chromatographically using
ammonium alpha-oxyisobutyrate. The activity was megsured in a 4% beta

flow counter.

-

The cumulative yields are all given relative to the cumulative yield of
144Ce. The yields were calculated taking account of accumulation during
irradiation and decay when irradiation ceases. The yields obtained are

given in the table.

»* Edited by A.I. Obukhov.
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Table

Cumulative yields of the isotopes of ‘rare-earth

elements relative to the cuﬁﬁlaﬁfve yield of 144Ce,

in the fission o

£ 241

Pu and239Pu by slow neutrons

Relative yields

No. Isotope
2395, 2015,

I.| La -14I I,22*- 0,04 1,10 + 0,02
2°| Ce -4 [,3%2 * 0,02 1,16 * 0,02

3. | Ce - 143 1,04 % 0,03 0,950t 0,02
4. | Py - 143 1,10 # 0,02 1,05 * 0,01

5. | (e - 144 1,000 1,000

6. | Py -145 0,919 ¢ 0,020 0,73% % 0,022
7. | M- 147 0,553 * 0,011 0,572 = 0,008
8. | Pn - 147 0,556 * 0,022 0,570 = 0,023
9. | Md - 149 0,297.¢ 0,0I0 0,360 £ €,0I0
6. | Pm - 148 0,337 * 0,006 0,369 2 0,014
II. | P~ 18I 0,I8I * 0,005 0,207 £ 0,0I0
2. | S - 153 0,0942 £ 0, 0018 0,127 * 0,003
3. | Tt - 155 - 0,0566 * 0,0051
I4. | Sy - 186 0,0248 * 0,0006 0,03872 0,0CI0
I5. | 4 - IS6 0,0322 * Q,0005 0,416 * 0,0007
16. | L1 = I57 0,0198 * 0,0005 0,0319 # 0, 0008
17. | (o - 189 U, 00661 0, 00667 0,0II3= 0,0002
18. 78 - 181 0,00134 * G, 00002 0,001992 0, 00004
Is. | Y -9 0,633 * 0,005 0,407 £ 0,007
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THE ENERGY DISTRIBUTION OF ALPHA PARTICLES FROM THE FISSION
OF PLUTONTUM~-241 AND AMERICTIUM-241 BY THERMAL NEUTRONS

Z«.I., Soloveva

(Submitted to Jadernaja Fizika)

Type P-9-0 nuclear photographic emulsions were used to study the energy
spectra of long-range alpha particles formed during the . fission of plutonium-—-
241 and americium-241 by'thermal'neutroﬁs,,using‘é“method previously .
described [1] . /The spectra are closely approximated by a Gaussian distri-

bution, whose parametero are determined, together with-the statistical errors,

by the least-squares metnod"

241Pu - "24]Am
Most probable energy, B oo 15.0 + 0.6 MeV 158 + 1.2 MeV
Half-height width, A E 8.3 + 0.5 Mev 112 + 0.9 MeV

A comparison is made with the alpha energy spectra in the fission of

other isotopes.

REFERENCE

[l ]N A. Perfilov, Z.I. Soloveva, R.A. Filov, G.I. Khlebnikov, Dokl. Akad.
Nauk $SR 136 (1961) 581.

Zh. eksp. teor. Fiz. 44 (1963) 1832.



THE ENERGY SPECTRA OF PRCMPT NEUTRONS IN THE FISSION
oF 2440m, 242Pu AND 239Pu

L.M. Belov, M.V. Blinov, N.M. Kazarinov,
A.S. Krivokhatsky, A.N. Protopopov

(Submitted to Jadernaja Fizika)

The time—of-flight method was used to measure the neutron energy spectra

244 q 242

for spontaneous fission of Cm an

239

Pu and the neutron energy spectra for
fission of Pu by thermal neutrons. "Zero time" was taken as the moment the

fission gamma quanta were recorded. The measured neutron spectra can be

approximated by a Maxwellian distribution N(E) ~/ Ee-E/T. The parameters T

were found equal to 1.37 + 0.04 MeV, 1l.21 + 0.07 MeV and 1.35 + 0.04 MeV for
244 242 239
£y

energy Eg on the average number of neutrons emitted T\’-.Aa.gr'ees with the results

Cm, Pu and Pu respectively. The dependence of the mean neutron
of Terrell's calculations for the model of boil-off neutrons from excited

fragments.
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Table

E-neutron energy in MeV, N(E)-ordinate value

in relative units, A %-statistical error in %

244 242 239
Cn Pu Pes.
‘ N ME) (€]

E WE) T¥ 81 E N FF O] E NE FE 4],
6,20 240 97 10 4,8+ I50 70 I& 7 IS8T 72 IO
5;I0 464 205 9 4,06 200 I3 I2 5 7I1 318 8
4,30 835 402 7 3,45 370 200 II & 1400 700 7
3,60 1033 330 6 2,98 470 273 I0 3 2670 IS40 6
3,07 1665 950 6 2,59 620 38 9 2,5 3520 2220 5
2,5 2380 1500 S- 2,28 730 48 B 2,0 4780 3380 4
2,07 2920 2020 4,5 2,02 900 633. 7 I1,755300 4020 4
1,90 3040 2200 4,5 1,80 II20 835 7 I,50 5870 4800 &
1,70 3360 2580 4,5 I,6I 1200 1020 7 1,35 6I30 5380 &
1,54 3680 2690 4,5 I,45 I450 1200 7 I,IS 6350 5930 &
1,4 3920 3300 4,5 I,3 ISI0 I300 7 1,00 6070 6670 &
1,28 4020 3550 4,5 1,20 I570 1435 7 0,90 6760 7I30 S
1,16 4460 4080 4,5 I,I0 IeI0 IS67 7 0,80 €560 7800 5
1,10 4390 4IS0 4,5 I,0I 1630 1635 7 0,70 7030 8400 6
1,03 4200 4200 4,5 0,93 1660 1730 8 0,60 7040 9100 7
0,95 4770 4900 4,5 0,77 I700 ‘1930 '8 0,50 7350 I0400 8
0,88 4500 4800. 5 0,65 I550 1930 9 0,40 7010 11100 9
0,78 4630 5250 5 0,52 1920 2660 I0 0,30 6490 II850 9
0,68 46I0 5500 6 0,37 2030 3300 I0
0,59 4760 6200 6
0,49 4340 6200 7
0,41 4360 6800 7
0,39 4140 7100 8
0,29 3220 7100 9
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X~-RAYS FROM FRAGMENTS IN FISSION ACCOMPANIED BY RELEASE
OF LONG-RANGE ALPHA PARTICLES

S.M. Solovev, V.P. Eismont

(Submitted to "Jadernaja Fizika")

To determine the nuclear charge of the fragments and the nature of their
formation in a fission process involving the release of a long-range alpha
particlé, the authors measured the yield and energy distribution of the

K-series of characteristic rays emitted in this process.

The equipment consisted of three proportional counters, arranged in
coincidence, which recorded the X-ray quanta, fragments and alpha particles

235

in the fission of U by thermal neutrons (reactor in the Physico~Technical

Institute, USSR Academy of Sciences).

The measured K—rédiation spectrum is shown‘in the figure, The main
difference from the binaryéfission spectrum obtained under the same conditions
is the shift in the righf}hand (descending) slopes of the peaks for light
and heavy fragments by about 2 keV, which correéﬁonds to a change 6f about

two units in the fragment charge.

A value of 0.9 + 0.2 was obtained for the ratio between the radiation
intensity for fission accompanied by réleése of 'an alpha particle and that
for normal (binary) fission, ' ) \

The results show the close similarity between normal fission and

fission accompanied by the release of a long range alpha particle.
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Measured spectrum of K-radiation from fragments.,

e - alpha fission

0 - binary fission .

Showing statistical errors calculated as errors for

difference measurements (the errors for binary
fission do not exceed the point size).
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ENERGY DISTRIBUTIONS OF RETARDED FRAGMENTS
S.M. Solovev, V.P. Eismont

(Submitted to Atomnaja Energija)

In order to obtain_new data on fission-fragment energy losses, a
semi-conductor detector was used to measure the kinetic-energy distributions
of fragments which had passed through a-layer of air of known thickness, in
235 '

the fission of U by thermal neutrons. The authors determined.the
dependence of the mean energies and energy spread of light and heavy

fragments on retardation length,

The experimental "flight path/energy"icurve_is gi?en in the figure,
which also shows Fulmer's. data '1_1_7, obtained using scintillation detectors,
and a curve calculated from the theory of Lindhard et alo Zf2_7; It can be
seen that basically the divergence from Fulmer's results does not exceed the
limits of experimental error. It can also be seen that theory underestimates

fragment-energy losses at the begigning of the flight path,

REFERENCES
[1] C.B. Fulmer, Physe Reve 139, BS4 (1965)

[ 27 L. Lindhard, M. Scharff, H.E. Schigtt, Mat.Fys.MeddeDan. Vid. Selske
33, Noe 14 (1963) |
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Fragment energy, MeV
3 8

8

»
/
/
/
£
/

Flight path mm

The dependence of the kinetic energy of 235U fission fragments
on the flight-path length in normal air for light and heavy
fragments (upper and lower curves, respectively)e

o - data from the present work, o — Fulmer's data; the dotted
curves are calculated from the theory of Lindhard et al. All
curves are for initial fragment energies of 6946 MeV and

100,1 MeV.
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233

COMPARATIVE MEASUREMENTS OF CHARACTERESTIC K-RADIATION IN U FISSION

YuePe Davydov, S.M. Solovev, V.P. Eismont

(Submitted to Jadernaja Fizika)

To widen the range of nuclei which have hbeen studied and éo get a
better understanding of the emission of X-rays by fragmenis and of the

properties of nuclear charge distribution in measurements carried. out on

235

U, data were obtained on the K-radiation of fragments: produced: through

233

the figsion of U by thermal neutrons,

The method used was similar to that described in Reference'z—l_7.

The value 0,96 + 0.08 was obtained for the X-ray quantum ratio between

233y ana 2%y fission. ‘ '

233U the mean radiatien energy for a light
035
35U9 and for a heavy fragment

It was found that for
fragment was 0.3 + 0.1 keV less than for
it was 0e2 + Oel keV greaters The difference observed in the energies
corresponds to the difference in charge: ~Ce4 + 0.1 for light fragments
and +0¢2 + O.1 for heavy fragments, or as an average +0e3 + Oul units of

charge.

The result agrees. qualitatively with the predicted rule that decay
chaing should be of equal'iquth and shbws_that, unlike_the.mass; the charge
of a heavy fragment is not unchanged when the nucleonic state of the

fissioning nucleus changese

REFERENCE

Z—l;7 SeM. Solovev, V.P. Eismont, X-rays from fragments in fission accompanied
by release of long-range alpha particles, Jadernaja Fizika,

6, (1968) 96.
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Institute of Physics, Ukrainian Academy of Sciences, Kiev*

THE ELASTIC SCATTERING OF POLARIZED NEUTRONS
OF ENERGY 1.5 MeV BY NUCLEI

I.A. Korzh, V.A. Mishchenko, M.V. Pasechnik,
N.M. Pravdivy, I.E. Sanzhur, I.A. Totsky

(Submitted t® Ukrainskij FiziZeskij Zhurnal
(Ukrainian Journal of Physics))

This study deals with the elastic scattering of polarized neutrons
of energy 1.5 MeV on Mg, Al and Si nuclei in the scattering—angle range
20—143°c The measﬁred differential cross~sections of elastic scattering
of polarized neutrons (P, (33°) = (36 + 2)%) were used to determine the
differential cross-—sections of elastic scattering of non~polarized neutrons
a8 & function of scattering angle, and to find the elastic scattering cross-
sections and transport cross—sections. The measured differential cross~
sections for non~polarized neutrons are given in the form of a Legendre
polynomial expansion d:?; =-igg A, P, (Cog 8)e The numerical values of

the calculated constants and coefficients Ai are given in Table I.

Table IT gives the numerical values of the polarizing power of Mg, Al and

3i nuclei for the neutron energy studied.

* Edited by I.A. Korzhs



Table I

f

91 Oy e % 4 A5 A3 A4 A5
Nucleus barn barmn Cos 8 barn/ barn/ barn/ barn/ barn/ barn/

‘ster. ster.  ster. ster. ster. ster.

M’ 2,542+0,053 I,543+0,075 0,393+0,017 0,202 0,195 0,31 0,050 0,007 0,026

Al 2,55140,059  [,44+0,080  0,426+0,0I8 0,202 (0,223 0,032 0,007 -0,00I 0,006
(/.

S 2,68240,063  1,859+0,057  0,3074+0,010 0,23 0,180 0,148 -0,4I 0,02  -0,006
[}
Table II S
[}
1
Sab M o /9.}; L2 81ab i- ) T £, T —
9 / oY | $4 HE Y

20°  1,816,6 ~0,342,6 -5,743,8  85° 20, Lad o' 20,05 4,8 16 4,2

30° 7,843,0 =3,912 4 5,243,6 rou° 23,645,9 - -8,9+ 6,9 17,254 ,6

50°  14,9+4,8 -1,242,0 +2,742,9 L1sY 16,245,0 -8,22 5,5  II,416,2

550 20,245,3 ©=5,544 () 12,543 ,4 130° -5,546,2 +2,B+11,6 2,446,3

700 24,744,0 ~10,742 4 17,044, 1430 6,147, 1 =7 41,4 2,246,3

—
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FAST-NEUTRON RADIATIVE~CAPTURE CROSS-SECTION

FOR THE ISOTOPES 630u, 650u, 186W

G.G. Zaikin, I.A. Korzh, N.T. Sklyar and J.A. Totsky

(Submitted to Atomnaja Energija)

The activation method was used to measure the energy dependence of the
fast-neutron radiative-capture cross-section for the isotopes 63Cu, 650u
nd 186win the energy range 200-3100 keV.at intervals of 30-60 keV. The

a
activities induced in the samples’ by fast and .thermal neutrons were compared.
The reference cross—sections were  the fast and thermal-neutron 235U fission
cross-sections 171;7, and the thermal-neutron activation cross-sections for

63 186

6
the isotopes. ~Cu, 5Cu and W, which were taken equal to 4.5 + 0.2 barns

Z_2_7, 2.3 barns Z_3_7\and 38 + 2 barns [_3;7_reSpectively.

Tables I, II and IIJ give the measured radiative-capture cross—sections
together with the 235U fission cross-sections. The errors given do not

include the errors in the reference cross-sections.

REFERENCES
. /1.7 Neutron Cross-Sections, BNL-325, 2nd edition, Supp. 2, vol. III (1965)

172_7 L.V, Gordeev, et al., Jaderno-fiziteskie konstanty (Nuclear Physics

Constants), Gosatomizdat, Moscow, 1963

1_3_7 Neutron Cross-Sections BNL-325, 2nd edition, Supp.2, vol IIa (1966)
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Table T Table IT

235, E 235,

of barn onY; m barn kel of, barn om(; mbarn
[,38 23,74 0,8 : 230 1,38 11,3 + 0,5
1,27 17,24 0,8 1 350 1,27 10,6 + 0,5
[,e2 15,0+ 0,5 @ &I0 1,22 7,90+ C,60
I,2C 15,74 0,6 i S%u 1,17 §,524 0,26
1,17 16,24 2,5 1 690 1,17 Ten 4+ 0,7
1 12,24 1,1 @ 790 1,12 2,15 + ¢,2¢
I,1- 12,3 G, 1 CI0 1,20 6,96 40,03
1,27 12,0+ 0,6 @ IGO0 1,23 o, 0,18
1,24 11,1 +C,4 @ 1170 1,27 62+ 0,5¢
1,27 D,7440,26 1 1270 L T,052 0,47
1,30 £,5040,20 @ I3t P80 7,224 0,2
1,21 5,5040,20 1 1als 1,27 7,714 0,46
1,21 6,2780,24 : ISI0 1,27 6,35+ 0,2
1,21 £,304C,30 & [530 1,20 5,434 0,18
1,20 ,5040,16 ¢ 1880 1,31 6,302 0,27
1,20 5,55+C,30 : 1990 1,21 b, lus L 20
1,27 5,6040,38 1 2170 1,31 5,404 0,27
1,27 5,i340.36 : 2320 1,21 5,16+ 0,20
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Table III
186W
235U o i mbarn

%y barn n,y’
1,36 102 + 9
[,27 78 + 3
I,22 62 + 5
[,20 63 + 4
1,17 48,5 + 1,5
I,z 59 + 6
1,27 43 + 6
1,24 42,0 + 3,6
1,27 37,4 + 1,5
[,30 39,0 + 1,5
1,31 33,5+ 1,5
1,31 29,1 + 0,
1,31 27,5 + 1,0
1,30 25,3 + 1,1
[,30 22,7 +0,9
1,27 19,8 + 1,1
[,27 a3, + 1,5
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SCATTERING OF 2.9 MeV NEUTRONS ON TITANIUM AND CHROMIUM NUCLEI
M.V. Pasechnik, M.B. Fedorov, T.I. Yakovenko

(Submitted to Ukrainskij Hizi¥eskij Zhurnal
(Ukrainian Journal of Physies))

The time-of-flight method was used to study the angular distributions
of 2.9 MeV neutrons, elastically scattered by titanium and chromium and in-
elasticall;, scattered with first-level excitation of the main isotopes of

these nuclei.

* The measured angular distributions of elastically scattered neutrons
corrected for multiple scattering and geometric dispersion, are given in

Table I:

Table I

Differential cross-section in

Cosﬁaab' relative units
. Titanium Chromium

0,87 21,2 3 0,6 25,4 ¢ 0,4
0,0 II,2 £ 0,4 I5,2 § J4%
0,50 3,8 ¢ 0,2 4,8 ¢ 0,3
0,26 0,9 £ 0,2 I1,3¢0,2
0 ‘ T 1

~0,26 I,4 ¢ 0,3 2,2 ¢ 0,2
-0,50 2,71+ 0,3 3,1 40,3
-0,70 3,21 0,3 3,7 £ C,3



_107...

The corresponding results for inelastic scattering are given in

Table 11:

Table I1

Differential cross~section in

Cos®. . relative units
lab
Titanium Chromium
0,87 0,9 ¢ 4,1 0,6 + 0,3
0,70 I,I1+0,I I,4 + 0,1
0,50 0,9 + 0,1 1,2 ¢0,I
0,26 1,0 £0,I 0,9+0,I
D I I
0,26 1,0 +£0,1 - 0,9 ¢0,1
-0,50 1,I +0,I . 1,0 ¢ 0,1
-1,70 0,9 ¢ 0,1 I,2 ¢£0,I

The absclute values of the differential inelastic-scattering cross-
sections for the angle 90O are obtained by a comparison with the known (n,p)

scattering cross—-section for a polyethylene sample. They are:

ster

For titanium: do(90°)/dQ = (79 4)-8%6%
For chromium: d 0(900)/d§2= (44 +5) e



- 108 -

MEASUREMENTS OF TOTAL SCATTERING 'CROSS-SECTIONS -
FOR SEPARATED ISOTOPES IN THE THERMAL AND
EPITHERMAL RANGES -

V.P. Vertebny, N.D. Gnidak, E.A. Pavlenko, M.V. Pasechnik

(Submitted to Ukrainskij Fizi8eskij Zhurnal)
(Ukrainian Journal of Physics)

The measurementis were carried out using the time-of-flight method and
4x geometry on the VVB~M reactor at the Institute of .Physics, ‘Ukrainian
Academy of Sciences [—LJ7

With this method it is'pqssible 10 use small amounts of material
(10-100 mg) and thin samples (no, <0.2) [27.

The results given in Table I were obtained in relation to lead, whose
cross—section was taken equal to: 11.5 4+ 0.2 barns. Samples of metallic
cadmium were used in making the-measurements. - The results given in
Tables II and III are related-to vanadium, whose cross-section was taken
equal to 5.1 + O.1 barns. The dysprosium isotopes were used in the oxide
form (Dy203).

Table IV gives the 1sotoplc composition of the dyspr031um samples used.
If 1t 1s assumed that the error in determlnlng the concentratlon of
impurities in the dyspros1um sample is half a unit in the last significant
figure, then the error in determihihg the neutron scattering cross-—section
for E = 0.025 eV must be increased by 0.13 barns for all isotopes.

REFERENCES
[—1_7 I.V. Koloty, et al., Ukrainskij Fizi8eskij Zhurnal, 13, 599, 1968.

[27 V.P. Vertebny, et al., Ukrainskij FiziBeskij Zhurnal, 13, 605, 1968,
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Table I

Total scattering cross-sections of cadmium
isotopes for En = 0.3~9.0 oV

No. . Nucleus ‘ Os barn
I, CdiII natgral ' 5,6 £ 0,3
2 d 5,2+ 0,3
112
3, Ca 6,9 ¢ 0,3
114
4. Cd : 5,2 + 0,3
116 o
5. Cdl 6,4 + 0,3
Table II

Total scattering cross—sections of Pb, C and 11B
nuclei in the range En = 0,02-15 eV,

No. Nucleus ?% barn
I Pb 11,5 + 0,2
2. C 4l8 t O’I

30' llB 4'9 t 0'2
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Table III

Total scattering cross-sections of the dysprosium
isotopes 161, 162, 163, 164

Nou E, oV eI 167, 1(»;31)y T6a,
I. 0.025 22,0 30,4 2,5t 0,8 9,7 0,4 262,01 7,0
2e .05 20,6 £ 0,3 &,1¥0,7 9,7 0,4 250,06 % 5,0
e 0,10 20,0 ¥ 9,2 2,5¢ 0,6 8,6% 0,3 250,0 & 3,0
4, 0,15 18,8 £ 0,2 1,88 0,6 8,4t 0,2 240,02 3,0
5. 0,20 18,0*0,2 1,1¥0,6 7,5¢0,1 230,02 3,0
6o 0,25 18,0 ¥ 0,2 0,9* 0,5 7,0 0,1 220,0 % 3,0
Te 0,30 17,9 £ 0,2 0,6% 0,5 6,4 0,1 210,0 % 3,0
8s 0,40 17,2 £ 0,2 0,3%0,4 5,95 0,1 190,0 ¥ 3,0
s, 0,50 16,8 ¥ 0,2 0,1¥ 0,3 5,9t 0,i . 160,0 £ 3,0

10. 0,60 16,5%*0,2 0 0,8 57¢t0,1 160,02 3,0
1. 0,7 16,0 ¥0,2 o0 *o,8 5,2t 0,1 150,0 £ 3,0
12, 0,8 15,5%0,2 0 ¥0,3 46+0,1 145,01 3,0
13, 0,9 15,0202 0 %0,8 43%t¢c,2 14,0 ¥ 3,0

1%, 1,0 143%¥0,2 0 ¥0,3 %0%0,2 120,0% 2,0

I5. 1,2 15,1%20,2 0 0,3 4,0ft0,2 120,0%3,0

I6. 1,5 0,2t ¢,3 92,0 £ 3,0

17« 2,0 0,7 0,8 76,0 ¥ 3,0
18. 8,0 3,0% 0,3 A 58,0 ¥ 2.0

19, ) 4,0 , - 48,4 b o 2,0

20, 5,0 ‘ 42,0 % 1,5

21, 6,0 ‘ 88,01 1,5

22,0 7,0 83,51 1,5

28. 8,0 82,01 [,5

25, 9,0 28,52 1,5

3. 10,6 ' 27015
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Table IV

Isotopic composition of dysprosium samples

Chemical Isotopic composition in %
compound

Dysprosium 161  Di, 0y Ci6 %42 3,5 L]
" Qez M- = = 0,2 L6 950 3,3
" b3 == = = 0,2 04 2,1 943
“ 16y ="= = = 0 0,3 . 0,8 1.3

046
U,9
4,5
97,0




- 112 -

30

NEUTRON RESONANCES IN THE ISOTOPES . Ba AND 132Ba

V.P. Vertebny, A.I. Kalchenko, M.V. Pasechnik and Zh.I. Pisanko

(Submitted to Ukrainskij FiziSeskij Zhurnal (Ukrainian Journal of Physics))

The time—of-flight method was used on the VVR-M reactor to measure the
transmission of samples of natural barium and the barium isotopes 130 and 132
in the energy interval 3-1000 eV (with a resolution of 0.05 msec/h and
0.03 psec/h). In making the measurements use was made of steel containers
with slit dimensions 28 x 2 x 8 mm. The parameters of the samples are given

130

in the table. Ba levels were observed with energy 46.4 + 0.4 eV and
58.24 + 0.7 ev, and neutron widths of Pn = 27 + 7 meV and Pn = 144 + 27 meV
respectively. It is probable that levels 137 + 3 eV and 186 + 4 eV are also

130

associated with Ba. For the isotope 134Ba no levels were observed in the

range of interest.

Composition and concentration of nuclei in samples

Isotope Natural Ba 13OBa 132Ba
sample

C n C n G n
130 0,I0I 0,0738 14,4 6,5723 0,1 0,0535
132 0,087 0,0709 I 0,4564 8,2 4,3861
134 2,42 1,7680 4,3 1,9626 10,8 5,7768
135 6,59 4,845 7,7 3,5143 11,0 5,8839
136 7,81 5,7058 8,0 32,6513 8,6 4,6001
137 11,32 8,2702 10,3 4,7010 9,6 35,1349
138 71,66 52,353 54,5 24,7831 51,7 27,6538

20 =2

number of nuclei per cm2 in units of 10 cm

concentration of nuclei in %



NEUTRON RESONANCES OF RARE ISOTOPES OF GADOLINIUM
V.P. Vertebny, A.I. Kalchenko, M.V. Pasechnik, ZheI. Pisanko, V.K. Rudyshin

(submitted to Ukrainskij.FiziEeskij Zhurnal (Ukrainian Journal of Physics))

The time-of-flight method was used on the VVR-M reactor to measure the
transmission of the rare isotopes gadolinium 152 and 154, and of natural
gadolinium, for neutrons in the energy range 0.7-3 eV (resolution 002 psec/m)
and 3-1000 eV (resolution 0e05 psec/m).
Table I. The levels were identified and the neutron widihs calculated for
the isotopes 152 and 154 (Table II)e
levels is given together with data for other gadolinium isotopes taken from

the literature (Table III).
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REFERENCE

The sample data are given in

The mean spacing obtained between

[17 Gilbert, A., Cameron, As, Cane Journ. Phys. 43, 1446 (1965)

Table I
Isotope Sample
152 154 natural

n c n C n c
152 10,86 30,5 - - 0,02 0,2
154 3,23 8,3 19,63 57,0 . I,05 2,15 ..
I55 7441 21,5 I1,19. 32,7 7,16 14,73
156 5,21 1552 1,80 5,3 9,88 20,47
157 2,93 By6 0,71 2,1 752 15,68
158 2,94 8,7 0,64 I,9 1II,8 24,87
160 1,9 5,8 0,33 1,0 10,31 21,9

20

C = concentration of nuclei in %

n = number of nuclei per em® in units of 1020 om 2
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Table TI

Gadolinium 152 Gadolinium 154

EO(eV) P:(meV) “Eo(eV) P:(meV)
3,31 + 0,04 0,01 9,4T 4 0,04 0,01
9,55 ¢ 0,04 0,03 11,6 + 0,06 0,12
12,5 + 0,07 I,3 22,7+ 0,2 2,3

21,2 4 0,2 0,I5 30,1 + 0,3 I,
37,1 ¢ 0,4 13,0 36,0 +.0,3 -
39,7 044 7,0 47,4 0,5 2,7
43,1 ¢ 0,4 LI 50,1 ¢ 0,6 -
75,5 ¢+ 1 6,7 . 53,5 + 0,8 1,7
88,0 + 1 (5,7)7 66,0 + 0,8 2,9
93,5 ¢ I,5 - (9,8)? 70,6 ¢ 0,9 1,3
- 79,6 ¢ 1 -

I0I 2 (15,5)?

180 +3 (29,4)?

48 ¢ 3 (24,6)?

Table III.

Istotope | I52 | IS4 ! IS6 ! I58 ! Ie0 ! IS5 ! I57 ! '

7,92

E gMeV; 6,48 . 6,46 6,55 6,05 5,64 8,53
MeV) = 5,51 5,50 - 5,38 5,06 #,67 6,64 6,23
Dobso(eV) 11,5 10,2  33(1) - - 1,8(I) 5,6I)
© Es'  binding (excitation) energy
U=

effective.excitation energy U = E - P(N) - P(Z)
P(N),P(Z):palr-lnteract1on energy 2

D = observed spacing between levels
obse : o . 3 ..
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NEUTRON CROSS-SECTIQNS (OF (CADMIUM ISOTOPES

V.P. Vertebny, M.F. Vlasov, N.D, Gnidak, E.I. Grishanin, R.A. Zatserkovsky
A.L. Kirilyuk, V.I. Lependin, M.V, Pasechnik, N.A. Trofimova,
A.F. Fedorova

(Presented at the Anglo-Soviet Seminar on Nuclear Constants
for Reactor Computations, Dubna, 18-22 June 1968
(Paper ASS-68/20))

A neutron spectrometer, intended for working with small amounts of matgrial
Z—l_7 was used on the VVR-M reactor at the Institute of Physics, Ukrainian
Academy of Sciences, to measure total neutron cross-sections of the isotopes
111 112 114 116 . .

cd, Cd, Cd and Cd. The measurements were made using the time-of-
flight method with a resolution of 6;7;psec/m.(thermal-neutron energy range).
The samples used were in the form of the oxide CdO.

113

To reduce the amount of the strongly abscrbing isotope Cd in the samples,

the latter were irradiated in the active zone of the VVR-M reactor using an
integral neutron flux 8 = 4.3 x 1020. The isotopic composition of the enriched
cadmium samples is given in Table I. After irradiation, the concentration

of the impurity 113Cd in the samples of 111Cd, 112Cd, 114Cd and 116Cd was

4.5 x 10—4%, 8.6 x 10—4%, 2.6 x 10_4% and 5.7 x 10—4%, respectively. The
integral neutron flux was .determined by méasuring the neutron transparency

of the samples of natural cadmium and boron before and after irradiation.

In addition, the total neutron scattering cross-sections were measured
in 4n geometry on non-irradiated samples of metallic cadmium. The
experimehtar equipment is described in reference 172;7. The measurements
were carried out using the time~of-flight method with a resolution of 3 usec/m
in the energy range 0.3-9 eV. In view of the absence of low-lying levels in
the cadmium isotopes 111, 112, 114 and 116, the nuclear scattering cross-
section was supposed independent of the neutron energy. Table II gives
the total neutron cross-sections, the total scattering cross-sections, the CdO
lattice scattering cross-sections (NaCl type lattice), and the capture cross-
sections in the form (at - as) for the isotopes 111, 112, 114 and 116,
for En = 0.,0253 Ev.
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Isotopic comqultlon of enriched cadmlum samples
: (in.%) -

Pro- .
Isotope i:iiig?_ 106 108 1100 111 112 113 114 116
cate No.
I1I 252 0,2 0,3 IS5 66,7 Ias 2,5 3,9 0,5
112 237 0.2 04 2,1 I3I 63,6 48 87 I,I
4 29 = = 0,6 0,7 I,28 I3 9,8 I,27
116 253 0,2 0,2 2,6 3T 65 3,2 ILB 72,

Table II

Neutron cross-sections of cadmium isotopes for En = 0,0253 eV

(in barns)

A “Total Lattice Capture
. Total . .
Cadmium  oross— scattering scattering. .cross—
isotope . cross-— cross— section
section ) _ . , :
, . section section ( 0~ aé)
III  II¢I1,5 5,24+0,3 5+I ~ 6¢I,5
II2 9,4%20 6,9+03 7,520,5 0,75
II4 11,6+1,0 5,220,353 6,020,5 5621I,2
116  9,0+1,0 64+0,3 7,5+0,7 1,5¢1I,0
. Natural ' L
 ct .
mix 'LllI‘G 5,6 1 0'3 ‘ ) -
__5/ . Thls is a reactor cross—sectlon detennlned for,
" balanced concentrations of’ the 1sotopes ad
and 11%d. .
Zpl;7 Vlasov, M.F., Kirilyuk, A.L. Ukrainskij FiziB8eskij Zhurnal

(Ukrainian Physics Journal) 8, 947, 1963.

172;7 Gnidak, N.L., Vertebny, V.P., Pavelenko, E.A. Contribution to the
18th Annual Méeting on Nuclear Spectroscopy and Nuclear Structure,

Riga, 1968. Izvestija AN SSSR (in press).
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Kiev State University, Department of Nuclear Physics

ANGULAR CORRELATIONS BETWEEN NEUTRONS FROM THE (ny2n) REACTION
ON LEAD AND BISMUTH NUCLEI

V.A. Voitenko, G.A. Prokopets; V.I, Strizhak

The authors measured the angular distributions of neutrons from the (n,2n)
reaction on lead and bisﬁﬁtb nﬁclei in the horizdntal plane for the range

=13 °-180° relative to the direction of release of one of the neutrons — the
direction making an angle 9 l= 65° to the 1n01dent fluxe The energy of the
incident neutrons was E = 14 MeVe The angplarvindeterminacy bLg = iAlsoo

The results for lead and’biSmuth nuclei areAgivén in the Table.

A certain anisotrOpy‘of the angular distributions was noted forrboth
lead and bismuth, There was an increased probability for the releagg of one
of the neutrons in the direction of the 1nc1dent beams Both distributions
pass through a smooth minimum in the region a = 135 (8 = T0 ), after which
they increase again to a = 165 (@& = 200° )*e In the range of small relative
angles between the two neutron release paths, there is symmetry of the differential
cross—-section relative to the beam. However, this symmetry is destroyed for
very small relative angles a = 100. There is an increased probability for the
release of two neutrons in one spatial direction (a = Oo): the ratio between
the cross-section for a = 130 ( BI = -520) and the cross-section for a symmetrical
angle (relative to the beam) a = 117° ( BI = 520) is approximately three for both
lead and bismuth. This leads to the following conclusioénse The identical
behaviour of the angular distributions of neutrons from the (n,2n) reaction for
bismuth and lead for ®II = 650 indicates that only the structure of the neutron
states in the nucleus has a significant effect on the process; this structure

209... . . 208

is the same for Bi and for the basic lead isotope Pbe Moreover, it cannot
be considered that the (n,2n) reaction for En = 14 MeV has a purely statistical

charactere

Different types of direct interaction probably also play a part in the
mechanism of the (n,2n) reaction in heavy nuclei for En = 14 MeVe In this event
the observed preferential release of iwo neutrons in one spatial direction shows
that it is obviously important to take into account the interaction of neutrons
in the end state and does not exclude the possibility of simultaneous release

of a correlated neutron pair from the nucleus.

* The positive values of 8 correspond to the case of the two detectors situated
in different half-planes and the negative values correspond to the case of
one half-plane.
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I35
150
160
180

The errors indicated are averaged over 10-15 cycles of measurements

for each point,.

Lead

19 ¢9
10,42 3,4
21 ¢+ 7
16,63 2,8
9,2¢ 0,6
8,9¢ 0,6
6,4¢ 3,4
12,8t 1,5
9,2¢ 2,1
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(In arbitrary units)

Bismuth

20 ¢+ 3
9 +3
I8¢+ 6
I9¢1
9,7+ 1,4
9¢1,4
8,3 ¢ 2,4
4,5¢ 1.4
14,8 ¢ 1,7
II 23,4
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Joint Institute of Nuclear Research, Dubna¥*

NEUTRON CROSS-SECTION AND STRENGTH FUNCTIONS FOR GERMANIUM ISOTOPES -
Khe Maletski, L.B. Pikelner, I.M. Salamatin, E.I. Sharapov

(JINR Preprint R3-3456)

The pulsed reactor at the Joint Institute was used under operating
conditions with an electiron éyclotron to measure the transmission and
radiative capture of aeutrons; with a resolution of 3 nsec/m and 12 nsec/m
respectively, on separated germanium isotopes. Table I gives the parameters
of the levels under}sfudy. On the basis‘of these date the authors calculated
the strength functions So’ the mean radiation widths P'Y’ the mean spacing
DY between levels, and the level density parameters a for each germanium

isotopes These mean parametérs are given in Table II,

* Edited by YuePo Popove



Neutron resonance parameters for germanium isotopes

- 120 -

'TableVI

AE r AT r AD
Target o o n n Y Y
nucleus eV eV eV eV eV eV
Ny, . us 4 4,6 1,0 0,160 0,025
1469 5 0,7 0,12 0,150 0,025
1935 8 0,030 0,006
3140 15 0,046 0,0I0
4230 3 0,055 0,025 ,
4378. - 25 5,9 1,2 0,185 0,040
5570 . 35 33 ?
6750 35 IS 5
8535 45 5I 12
9890 60 52 II
10310 90 77 16
11040 100 8,3 4,7
11780 100 2 I0
13200 100 95 I2
18440 150 63 24
23820 300 75 X
25860 300 9% 33
27600 350 141 60
28600 400 75 34
739 %20 0,5 0,000 0,000I0
2 735 2 0,0025 0,0008
- 2I80 ? 0,046 0,009
2614 8 0,79 0,39 0,135 0,030
2143 8 0,40 0,18 0,230 0,040
3650 12 0,83 0,43 0,120 0,030
4560 17 15 3
4949 19 27 5
8980 50 41 6
9640 55 8 5



11170 60 2 T8
12070 70 2 7
19080 130 146 30
29400 300 31 &

f, 1026 0,2 1,30 0,12 0,192 0,030
204,0 0,4 0,23 0,02 0,210 0,030
224,7 0,4 0,45 .. 0,04 0,198 0,030
320,6 0,7 0,23 0,04 0,190 .0,030
332,0 0,7 1,36 . 0,12 s
367,1 0,6 0,72 - 0,06 0,200 10,030
08,2 0,6 0,25 0,03 0,200 0,030
450,3 0,9 2,00 0,15 0,185 0,030
516 I 0,038 0,005
557 I 0,39 0,04 - 0,190 0,030
668 ) 0,026 0,008
735 2 . 0,017 0,005
752 2 0,020 - 0,006
807 2 0,021 0,006
849 2 0,14 0,02
919 2 0,Is . 0,02
1028 2 0,09 " 0,02
1056 2 0,25 0,06
1145 2 2,1 0,6
1218 3 L3 0,2 0,210 0,030
1313 3 i3 0,2 0,210 0,030
1353. - 3 . . 0,9 . 0,05 . :

1526 3 1,2 0,2

1650 A 2,5 0,2 B ,
1802 4 1,6 0,2 0,190 0,030 .
1925 5 0,33 0,20

1934 5 0,5 0,2 o

1950 5 0,8 0,3 - ,
2011 6 4,0 0,4 0,185 0,030
2254 6 1,7 0,2 ' o
2236 6 3.2 0,3 ;

2434 8 0,6 0,2

2558 9 2,1 0,3
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%76 10 I3 0,2
2940 I 2,6 0,3
4040 Is 8,4 L,0
4235 17 6,0 0,9
440 I9 5,5 1,0
4523 2 L4 0,6
5200 25 3,0 0,9
5357 25 81 2
5746 30 5,5 1,1
6200 40 2,7 1,3
@320 40 2,3 1,0
6585 45 11,0 2,0
7770 50 16,5 2,5
8530 50 36 3
7‘?/ ik 5 8,0 2,0 0,150 0,340
2 3035 12 1,0 0,6 0,230 0,343
4170 23 0,064 6,320 -
4590 30 9% 13 -
12030 70 2 I3
19459 I50 120 2
21210 200 50 Is
5100 250 44 21
42300 500 500 110
§IC40 900  &I0 250
7'°é,& 55 I 0,35 9,58 5,115 8,025
4750 2 4,2 & 6,120 0,025
13550 9 I2 8
15050 100 84 I
21043 200 &I 17
22860 200 IS5 22
2900 300 760 190
48700 600 230 120
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Table II

Average parameters for germanium isotopes

Isotope =70 &-72 413 4-n 41

4 +1,0 0,6 40,7 +I,1 +é, ]
510" 2355 1,055 2,055 132155 243215

My 38 - 0,16240,025 0,16040,025 ©2,1974C,029 0,155£0,040 C,1:040,0¢5

LN
2

ISJ 28 13334210 15504270 12615 32004770 42e.sB25

'ﬂlylr","-.' : .
Pl - - = - - - - s ) Lo - v . .
Q uasl 15,7940,25 12,0650,34  12,5040,5¢  11,9540,25 12,74:0,+1
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NEUTRON RESONANCES OF NEODYMIUM ISOTOPES
E.N. Karzhavina, Nguen Nguen: Fong, A.B. Popov, A.I. Taskaev

(JINR Preprint P3-3564)

The neutfon spectrometer in the Neutron Physics Labofatory at the
Joint Instltute (resolutlon 80 nsec/m to: 6 nsec/m) was used to measure
transm1ss1on and neutron-capture gamma—ray emission for samples of natural
neodymium: and of neodymlum enriched by the 1sotopes 142Nd 143Nd, 144Nd
145Nd 146Nd 148Nd, 150Nd. The 1sotopes 43Nd and 145Nd were studled in the
energy range up to 1000 ev, and- the remalnlng were studied in the range up
to 10 keV., For the neodymium isotopes 42Nd 143Nd 144Nd 145Nd 146Nd
148 150Nd respectlvely, the follow1ng level spa01ngs D were obtalned.
1000 * 250, 38 + 6, 520 + 70, 20 + 3, 310 + 43, 200 + 21 230 + 28 and the
follow1ng strength functions S,° (0. 6 + 0.3) x 10 , (4. 3 +1.4) x 10 4
(4.8 + 2.0) x 1074, (3.0 + 0. 7) x 1074, (4.5 +1.9) x 1074,(3.6 + 1.1) x 10‘4
(2.0 + 0.8) x 1074,
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Table 1

142Nd Resonance parameters

Eb, eV I‘n, meV Ps, meV
1685 ¢+ 1IC i8I+ 77 4,4 ¢ 1.7
2538 + 14 180l 238+ 4o
3992 ¢ 28 7801433 12+ ¢
4547 + 34 8300+ 82 23 =717
5533 ¢ 45 45504630 61 4 B
6315 + 5¢ 100041000 I3 + I3
9987 ¢+ 110 1200043505 120 + 35
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Table 2
143

Na Resonance parameters

No. Eq eV I', meV an, meV ZgP: PY' meV
I.  55,4$C,2 20¢2 5,440,5 80420
2, I127,440,4 4504150 180130 3245 U+14
3. I35,440,4 ’ 3145 5,340,2 70123
4, I59,040,5 13004500 600460 9549 83413
5. 179,740,5 320450 4847 6149
6. 187,0¢0,6 16004500 850450 12448 89413
7. 306 #I 355476 4148 67410
8. 324 +I 215460 2448 '
9, 338 ¢I 260440 2845

I0. 3¢+ 1,5 300470 3248

II. 40 #I,5 5204100 52412

12, 408 $I,5 230440 2314 A
I3, 446 #2 900+80 8546 73411
L4, S07 #2 1042 G,940,2

IS. 524 22,5 ' 84416 7,3¢L,4 75425
I6. 555 3 3547 3,010,€

“fe 575 43 71414 £yix1.2

8. 658 b 290350 2z+b 75410
19. 705 »4 187440 Tit3

20. 775 45 580480 4248 TErIi

2I. 806 15. 441 0,234G,07

22. 822 45 3,440,7 0,25+C,25

23, 840 $6 480470 3345

24, 853 16
25. 976 16
26. 988 19
27. ICIo
26, I028 17
29. I0ES +8
35, II27 +8
31. II57 48
3z, 1214 49
33, 1265 49
34, I3ID 4I0

2
-+
-3
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Table. 3

144Nd‘Resonance parameters

No. By, eV T, eV 2y meV Py°, meV
I. 37 ¢ 2 I5¢ 1 790 ¢ 52
2. 736 ¢ 4 0,5840,05 21,4 3 1,8 78 + I2
3. 128046 27,5 21,5 770 & 42 =
4, 16354 8 4,3 40,3 106 + 8 I50 + 8
5. I980 ¢ IO 14 41,6 315_+ 36
6. 2784 ¢ 20 4 41 7 ¢ IS
7. 3567 ¢ 24 17 g2 285 ¢ 34
8. 3760 t 27 ¢ 10
9. 4985 3 40 26 & 370 ¢ 57
I0. 5200 + 45 , < 10
I. 5697 3+ 50 2 ¢ 1 26 ¢ I3
2. 6207 ¢ 60 8 2 I0I ¢ 25
13, 6910 ¢+ 70 43 35 17 ¢ 60
I4, 7594 + 75 3,121,5 36 + 18
IS, 8500 t 85 9,042 ,4 99 ¢+ 26
16, 9611 ¢ 100 22 + 4 225 ¢+ 40
17. 9930 ¢ IIS 24 ¢+ 4 240 ¢+ 4C
I8, 10930 g I30 3 ¢ 5 325 + 48
19. 11730 ¢ I5¢ (8,0) (7%)
20. 13540 ¢ 200 45 ¢+ 8 390 ¢ 70
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Table 4

d Resonance parameters

145y

No. Eo, eV ', meV an, meV Qng PY, meV
1 2 3 4 5 6
I. 42,6 +0,I - 3943 43 .. 155 +16 = 47+ 5

2. 85,710,2 : 7,940,9 1,7 £ 0,2

3. 96,0 +0,2 2,140,3 0,43+0,06

4, 102,2 +0,2. 56 + & II ¢¢C,8

5. 103,53+ 0,2 . 18,5¢2,0 3,6 0,4

6. 147,3 + 0,4 I0+I I,65t0,I6

7. I5I,7 ¢ 0,4 7,8¢0,9 1,2640,14

8. 169,383+ 0,5 I1,240,3 c,I840,5

9. 189,5 0,6 2l ¢ 2 3,0 0,3

10, 233,4 + 0,8 3,340,5 0,4340,6 7
II. 242,54+ 0,9 34 3 4.4 40,4 60 ¢+ ID
12, 249,44+ 0,9 3,2¢40,6 - -0,41:0,08

I3, 259,3 + 0,9 56 ¢+ 5 7,0 $0,6 5% ¢ I0
I4. 275 +1 67+ 6 . 8,1 +0,7 61+ IC
Is5. 307 1 22 ¢+ 6 3,3 10,7 :
Ie. 312 1,2 ISt y IS 17 21,7 SI s 8
I7. 519 B 4 I.S 21810'4 OISZIO'# . ’ '
I18. 343 ¢ I.4 5,5¢0,8  0,60+0,08

Is. 376 + 1,6 26 + & 2,7 10,4
20, 391 ¢+ I,7 23 ¢ 4 2,3 10,4
21, 399 + 1,7 8+1 0,840,
22, 405 _+ 2 336 ¢+ 58 33 + 6
23, W47 2 II8 + I3 II,I_ +I,2 53 ¢ I3
24, 456 ¢ 2 847 ¢ 255 309 ¢+ SI 29 ¢ 5 46 ¢+ 7
25, 488 ¢ 2 198 ¢+ IS 17,9 21,4 584+ 9
26, 499 2 187 ¢ 57 16,7 #4,5
27. S07 +2 784 ¢+ IR 350 ¢ 35 31 ¢+3 67+ I0
28, SI3 2 7¢1 0,6240,08 .
25, S43 g2 £28 ¢ 248 265 ¢ 30 23 ¢+ 3 553 12
3. 570 £ 3 570 ¢ 55 48 + 5 67 ¢ 10
31, 590 +3 4,140,6 G,34+0,05
32, %27 t 3 2,5¢0,5 0,2440,05
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I 2 3k ‘5 6
33, 64l 3 206 ¢ 4F 16 ¢ 3 62 ¢+ 9
33, 650 t 3 24 ¢ 4 1,9+ 0,3

35, 661+ 3 4,1 ¢ 0,6 0,3240,05

36, 69113 (17) (1,3)

37, 699t 3 (19) (I,4)

38. 710 ¢ 4 (13) (0,98)

39, 79 ¢4 (3y (0,97)

40, 758+ 4 600 + 60 = 4345

41, 790 1 4 1,8 ¢0,3 - 0,1340,02

42, . B3l t 4 S I8I ¢ 31 . 1342

43, B850 t 4 - 3450 ¢ 200 99414

44y, 888 ¢ 4 <10 -

45, 906 £ 5 : (1s0). . < (I0).

46, 91915 .~ (200) (13)

47, 948 + 5 233 + 28 1542

48, 978+ 5 403 + 5I 227 +4

49, I0I0 5

620 ¢ 60 3944
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Table: 5
146

Nd Resonance parameters

o}

No. EO, eV ' meV . I‘n, meV I‘n I, meV
I. 36l +1 - 43 ¢ 7 23 .+ 0,4 55 ¢+ 8
2, 65%3 - _ <2 : -

3, BI3 43 12004 450 = I16C:I00 41 ¢ 3,5 S5 4 8
be II75¢ & 7 13500$41000  394¢ 29

5. ISIIs 7 . 3400430C  87,5¢ 7,7

6. 1831+ 9 - 1540360 364 346 -

7. 20494 IT -~ : 42004400 9349

8. 26I5¢+ 20 © 2500032000 490+ 39

9. 2880t 20 < 10

10. 29982 25 36804360 871 6,7

II. 32553 2% 27004400 3547

12, 3677¢ 25 2200042000 3454 34

I3. 4026430 14(02IS00 220t 24

I4. SIO4t 40 <30

IS. 5227+ 45 <30

16. S4€5t 3C 290041100 663 IS

17. 6456¢ 50 (7500); (93)

18, 6723165 (socoy (97)
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Table 6

148Nd Resonance parameters

No. Egy eV L, meV re FY, meV
I.. 1553 0,5  I6IC ¢ 240 129 ¢+ 19 100 ¢ IS
2. 288¢1 2600 ¢ 200 153 3 12 % ¢ I4
3. 399+ 1,5 410 4 30 20,51 I,5 65 + 10
4, 717 ¢ 2 2000 ¢ 100 Ttk % ¢ II
5. 8% 3 199 ¢+ 35 6,7 ¢ 1,2
6. 1060 +5 2350 ¢ 150 ”+5
7. 1183 ;¢ 2700 ¢ 200 79+ 6 148 + 24
8. 135546 1680 ¢ 1I0 46 + 3
9, IS4k g7 3590 ¢ I50 91 t 4
I0.  IEIz » . Z I
II. 2193 s i2 8400 ¢ 700 179 + 15
2, x4+ 13 3900 + 300 80 t 6
I3, 346 ¢ L4 2400 ¢.300 48'y 6
I4, 259 3 20 7900 + 800 155 ¢ 16
IS. 2795 ¢ 20 1400 ¢ 500 26+ 9
I6. . 3CI0 ¢ 25 2000 + 500 364+ 9
I7. 3525 t 25 < IS
I8. 3688 ¢ 25 ¢ 10
I9. 3950 ¢ 30 <10
20, 4I2I 30 13000 ¢ IGOC 203 ¢ 16
2I. 4318 3 31 6530 ¢ 650 99 ¢ I0
22. 4463 ¢ 33 2400 ¢ 600 3549
23,  &704 ¢ 36 6700 + IOCO 98 ¢ IS
24, 5377 ¢ 44 (4400) (60)
25. 6342 % 56 < 30
26. 7172+ 70  I30C0 ¢+ 2000 I53 ¢ 24
27, 7485 ¢ 75 (7400) (85)
28, 7819 + 80  I7000 # 2000 192 + 23
29, 8781 £ 90 28000  3GU0 200 ¢ 32
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Table T

150

Nd Resonance parameters

No.

E

@®
<3

I, meV
n

o ', meV . meV .

I. 78,9 +0,I I27+20 IS, 0 +1,6 1,740,2 IIS 26
2. 314+ 1 420 $ 20 23,7 % IL,4 66 ¢+ 10
3. 487 42 II30 4 100 51 +5 7% ¢ II
4, 774 + 3 560 ¢+ 40 20 + I,4 84 ¢ I3
S, 1035%5 1600 + 140 50 1 4,4 82 3 12
6. 1330 t 6 588 ¢ 80 16 +2 '
7. 1476 ¢+ 7 1830 ¢ I30 47,61 3,4
8., I724 4 B 2000 + 200 48 4+ 5

9. 1784 + 9 1360 ¢+ 160 32 ¢4

I0. I8 +9 162 ¢ 71 3,73 1,6

II. 2550 + 14 C I770 4 IC . 35 'k

2. 2750 + 16 10000 ¢+ I00C 190 4 I9

13. 2870 ¢ 17 - 2990 + 300 54 4+ 6

I4. 3195 3 20 440 4 330 8+6

I5. 3521 ¢ 25 5500 ¢+ 550 93+ 9

I€. 3843 ¢ 30 6500 ¢ 60C 105t IO
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Table:8

Mean parameters of Nd isotopes

V.vn-.nﬁmbe‘r of . | o .‘SO e
Isotope Erg{?(. I.'es.glginces, " D,eV DxeV max. S,"A‘%' -I‘Y, meV
determination true -4
X.lO—A X'].O
V12 e 12
6300 s "10008250 670 1,055 0,610,3 -
/Wiﬁ_- 840 2% - - 3846 = - ' 4,331,4 7611
+3,1 o
'Wns 7000 I4 52070 540 4,511'F 4 82,0 78412
Nd L 1000 50 1943 - =, 3080,7 588
N 4co I3 310443 290 4,€17°¢ 4,5¢1,9 5548
Na ¥ w00 23 200421 198 s.sti'; 3,6:41,1 96414
/VJISO 000 16 230428 255 1,8"1v1 2,040,8 84sI2
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Table 9
T T N A
MeV MeV MeV MeV x.1o"3, MoV L MeV™

I.MNJMZ 0 6,10 1,30 4,77 2,98:0,62 17,3:0,5 4,69
2, N4I33 772 2,81 1,380,99 5,8 57;8 17,740,6 4,89
3, N o 5,97 1,27 8,67 3,8440,52 18,2:0,4 4,75
b, AT T/2 7,53 1,270,901 5,40 I05 £ 17 19,106 5,0
5. M6 0 s 1,27 3,80 6,4610,90 23,010,5 4,82
6. NJ1%8 0 4,98 1,27 t,66 ID$ I 25,440,5 4,90
7. G 4,8 1,27 3,51 8,7+ 0,7 25,940,5 - 4,90

NP0
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NEUTRON RESONANCES OF GADOLINIUM ISOTOPES
E.N. Karzhavina, Nguen Nguen Fong, A.B. Popov

(JINR Preprint P3-3882)

The LNF neutronspectrometer at the Joint Institute was used for
transmission and radiative-capture measurements on the isotopes 1520d,
154Gd, 155Gd, 156Gd, 157Gd, 158Gd, 160Gd. The neutron-resonance parameters
of these isotopes were obtained by area analysis. Resonance parameter
data are given in Tables I, II and III. Table IV gives the mean level
spacing D, the strength functions So,_the mean radiation widthI’Y'
and the level density parameter O. for the Gd isotopes. This same table
also gives. the mean level spacing for the isotopes 1523m and 154Sm;‘ The
radiativé_néutron capture was also measured for-thesevisotopes,'so that
the position of the neutron resonénqes could be determined (data given in

Table V). N
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Table I

Resonance parameters of even Gd isotopes

EO eV I, meV 'n, meV 'y meV
o o (;1152

8,0040,02 5,0 I,8
12,3543,C4 - ' 2,2 £ 0,2 0,6245 405
36,3540,05 146 + 10 8 6 S6 + 12 13,8 +I,C
33,3 40,1 97+ 17 39 3 58 4 17 6,2 +C,5
42,7 40,1 3,1 + 0,6 0,4740,00
74,3 $C,2 fo2 ¢ Is 55 + I3 47 ¢ 20 644 +1,5
85,1 40,2 SR 3,6 +G,6 - 0,3340,0¢
92,4 +0,2 212 ¢ 38 160 ¢ 37 16,6 3,8
IGO.CtO\4 (900) »9)
124,040,4 (8,0) ) 7)
140,440, 4 170 ¢ I7 I24 4 I6 4 3 28 +1.3
185,240,6 167 + 27 105 ¢ 30 62 ¢ 40 +2,2
202 +1 200 t 40 + 3
23 4+ 1 300 ¢ 100 + 6
231 + 1 100 + 40 t 2,6
238 ¢+ 1
252 ¢+ 1,5
293 ¢+ 1,5 _ Gd/”

11,494¢0,04 0,3440,08

22,4 40,1 , 1342

47,0 +C,1 4,5 #0,9

49,5 +5,1 2,4 40,8

€5,0 42,1 93 4+ I 36,5 2,2 57 ¢+ 15
I0C,5 G,2 144 + 50 43 4 7 100 + 50
105,6 43,2 7,7 +1,8

123,56 33,3 130 $23
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2 3 4 5
139,310,3 125432 1143
148,040,4 : 50412 4,241,0
164,94C,5 189413 12048 69415 9,340,6
211 ‘40,7 4346 3,0¢0,5
244 40,0 2747 1,840,5
5
33,I240,04 86413 142 72114 . 2,440,3
80,2 0,2 : 79+8 8,8+0,9
150,11 0,4 4245 3,440,4
198,1 0,5 ° 275433 19,542,3
201,6 +0,5 1745 1,24C,4.
244,0 +0,7 3,140,5 0,2040:,03
380 41 ©(20) (1,1)
377 4l . 226423 11,611,2
452 41 116335 5,5¢1,6
477 41,2 120440 5,541,7
515  ¢I,5 145343 6,4+14%
707  ¢2 (420) (15483
M4 42 (420) (15,7)
732 #2,2 3004100 70 + I 12 4
796 42,5 " 94432 3,3+1,1
823 43 10004300 9% + I5 35 +i0
B45 43 3504120 97 4+ 20 12 +4
856 13 2143 0,7240,1C
900 43 3904140 79 ¢ 16 I3 45
982 13,5 185458 5,941,8
1035 ¢ 3046 0,9440,19
1054 4 50410 1,540,3
1094 ¢4 1543 0,4540,09
1143 4,5 9004200 2746,
IIS4 44,5 )
1185 45 230470 6,742,0
1239 45
1254 45
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I 2 3 4 S
3186 (59) (1.6)
13396 (60) (1,6)
139246 17040 4,6 ¢ I,I
142746 205155 Soh ¢ L4
145147 :
151147
155047
| el 4
22,340,I 9833 6,140,6 ‘92413 1,2940,13
101,040,4 0,840,2' 0,0840,02 .
243,040,5 6846 4,4 30,4
278,010,5 244 1,4 40,2
345 40,7 194450 10,4 32,6
405 31 345457 88417 I7 ¢3
505 3I,2 334443 80116 IS ¢2
589 $I,6 . BUg26 3,5 ¢ 1,1
694 22 7404100 90414 28 ¢+ 4
848 4¢3 18104150 109415 62 +5
92I 33 508¢150- 75315 17 ¢5
1074 +4 3004150 9 + 4
1225 35 . 11604150 33 ¢5
1299 $5 6604180 I8 ¢5
1356 36 cradufil
1346 6 6204150 26 ¢4
1460 ¢7 9804210 I6 ¢+ 6
1554 ¢7 3904120 10 ¢3
cxadufl (“{8)

1655 48
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1 3 4 5
(200) (4,8)
(200) (4,8)
1880410 160450 3,8+1,2
1952410 8504250 1946
2012410 9404250 2146
2118411 craouit
2250412 (1s0) (3)
2338412 4404300 9+6
o
222,0+0,5 60+10 4,040,7
44741 4,640,7 0,2240,04
48041,2 370443 17+1,7
S70+1,5 611 0,25+2,04
75042 : 5¢1 0,184,304
903143 44404340 105415 148412
984 +4 4,640,7 0,I442,.13
124345 3030+500 95414 85414
142545 11204360 98415 3049
169448 (15) . ' (0,36)
181249 80004700 188+16
1964410 330+240 (7,5)
2283+12 13104280 2746
2405413 3600+400 7348
2525415 36004480 NOE
2656115 26704482 56+19
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Table II

lSSGd Resonance parameters

E eV I' meV g™ meV 'y meV" 2g h°
I 2 3 4 S

6,28+0,02 122413 I,1440,39 - I20+I3  0,91+0,07
7,71+0,02 35416 0,68+0,11 05+16  0,43+0,08
9,96+0,03 0,097+0,008 0,060+0,00
11,49+0,04 0,1920,02 0,11+0,01
I11,99+0,04 0,51+0,05. 0,29+0,02
I4,48+0,05 1.340,F 0,68+0,05
17,70+3,06 8,2440,02 0,11+0,C1
19,87+0,06 116416 3,0+0,3 II0+16  I,3410,13
22,96+0,06 97418 10,9+1,3 75¢19  4,8+0,6
23,6040,04 1,520,2 0,62+0,08
27,48+0,04 0,4110,03 0,15+0,01
29,50+0,05 131461 3,510,4 128461  1,2840,16
30,03+0,05 104438 8,9+1,6 87433 3,2540,58
314640,05 0,78+0,I5 0,28+0,U8
33,1440,06 (0,6) (0,11)
34,68+0,06 2,3+0,2 0,76+0,07
35,36+0,06 1,210,2 0,4040,07
36,83+0,07 94 +14 4,0+0,% 86+I5  1,32:0,I3
33,89+0,08 0,7213,08 0,2310,03
43,82+0,39 8,4+1,0 2,53:0,30
45,94+0,09 - 1,640,2 0,4740,06
46,74+0,09 107439 3,740,% 100439 1,08+0,I2
47,5640,1 0,25+0,03 0,7040,09
51,234G,1 , I3+1 2,79+0,28
SI,940,1 120456 9,5¢+1,3 I00+56 2,6440,3%6
5¢,8+0,1 (0,9) (0,25)
53,6+0,1 6,0+0,5 1,6440,18
56,040,1 [,3#2,2 0,3510,35
55,240,1 168455 4,343,5 1,110,153
62,7:0,2 171450 S, k4,6 1,3623,15
65,0+0,2 0,60+3,10 0,150,233
69,4+0,1 3,940,4 - 9,%44G,10
76,840,1 1,0+0,5 0,23:0,H
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1 0,2
90,4+0,1 0,67+0,07 0,14+C,
92,340,1 1,740,2 0,36+0,04
92,7+0,1 2,740 ,4 0,55+0,07
95,6+0,1 2,640,3 0,53+0,35
95, 340,1 2,6%0,3 0,53+0,06
6,240,2 7,2+0,1 1,45+0,20
10C,I+0,2 1,834G,08 0,1743,02
101,3 2,840,7 0,56+3,14
102,0 (0,85) (C,17)
I04,3 3,6+0,6 0,717, 48
105,8 Z,440,2 0,464G,35
107.0 fy14G,4 0,744,038
I0EL 1,830, 0,354,054
A 6,140, 1,15+3,14
IIIL £,941,5 1,67+7,0%
15,4 S itk I Tixs, 0o
118,5 2 ,8350,03 1,5243,17
23,3 e 415472
14,3 4,5+3,5 G,81+0,23
123, T el 1,640,2
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135,7 1943 3,340,5
13,8 1240,2 0,043,303
123,7 1,0¢3,15 5,1742,03
134,7 g,37 c,0I
137,7+40,2 1,540,2 0,254, 24
145,510,3 5,920 ,4 0,6540,07
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I 2 3 4 5
156,2 4,7+0,7 7540,IT
160,0 7,740,8 1240,12
11,6 9,5+1,2 5 40,2
168,1 1241,5 840,
170,3 5,440,B 830,12
171,3 5,440,8 §3+0,12
173,4 Ie3 343,5
177,940,3 - 3,3+0,5 -
180,240,4 5,14G,E be
183,2 3,540,5

Table III

157Gd Resonance pafameters

Eo’ eV I, meV gln meV Iy meV 2grh°
1 2 ' 3 I 5

16,170,06 (2,21) (0,10)
16,7740,06 97410 £,0+0,7 E2:I0  3,940,3
20,49+40,03 97420 T+l 83420 3,I:0,4
23,23+0,04 0,3343,35 0,1240,3%
25,33+0,05 77413 1,03+3,0 75413 50,4143, s
0,05+5,08 - 0,4540,8 0,1%+7,01
44,07+¢9,09  I00+IS 5,540,9 89419  I,7+0,3
48,740,1 TI7+11 17,8+1,2 8, 5,1+0,3
58,1340,13  I25+II 23,121,5 79+¢I2  6.040,4
66,44+3,15 4,740,5 1,1:0,1
81,245,1 6,4+3,5 I,440,2
22,0 3,740,5 0,8245,11
87,72 131455 44412,6 173465 9,%440,1%e
96,542,1 97436 8,0+1,0 81426 1,6+C,2
103,645, 167418 1943 £5419 3,645,5
I04,8 1E+3 3,540,6
107,3 5,840,4 I,Ic+3,08
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306,440 ,8

[ 2 3 5 5
18,9 9,3} (0,06)
130,0 141419 2944 83421 5,540,8
115,2 150475 1042 130475 1,940,4
120,7 268421 9247 84424 16,741,2
137,9 2946 5,0+1,0
138,810,2 (3,840,4) 0,64+0,07
143,7+0,3 4046 6,740,7
I43,3 942 1,540,3
1564 11x2 1,640,3
164,8 1243 2,840,5
"168,2 (0,36) (0,13)
169,5 (1,0) (0,15)
171,540,3 1943 2,940,5
78,6404 1042 1,540,3
182,9 1042 1,5¢0,3
190,6 942 1,3+0,3
194 ,4 2845 4,040,7

- 202,8 3,60,5 0,5010,07
Q05,2 {0,61+0,09) (6,0842,01)
207,740,4 219418 75410 69423 10,4414
217,290,5 . 3,040,3. ' 0,4140,04
221,1 1,5£0,3 0,20+0,04
228,340,5 4,1:0,6 0,5410,08
239,230,6  243+18 5+10 53430 12 ,341,3
2464 $,840,6 0,7440,02
250,2 2,140,3 0,2740,04
25%,0 1,440,2 0,1740,03
260,1 8,241,0 1,040,I°
265,840,6 4,0,4 0,49+0,05

" 268,240,7 ©6,550,9 0,80+0,11
281,8 24k 2,840,5
287,6 8,9¢1,0 1,0:0,1
1290,840,7 2543 2,940,6
29310,8 25¢5 2,7¢0,4
300,9 2045 2,310,6

1,640,3 0,20+0,03



Table 1V,Mean parameters of Gd and Sm isotopes

Target Max.  No. of D e, Z9/° o max. TY  p,  A*Agla o -
nucl eus neutron < reso- _ S aE trye MeV. MeV g MoV MerI
o e
Ise 230 14 1582 4,631,8 4,070 52155*' 6,41 0,97 S.h44 25,3
154 230 13 I5,542,3 2,441,0 2.1:6:?, 63+15 6,41 0,97 5,44 25,2
I55 180 80  1,840,3 2,10+0,35 100410 8,51 1,89 6,62 22,6
156 1200 2b. 474k 1,810,6 1.638:2 ag_ge 6,36 0,97 5,35 22,8
157 300 54 5,640,7 2,1620,85 8&(1)()) 7,92 1,7 6,22 21,6
158 2000 22 859 1,505 1,407 B3 6.5 0,97 5,18 22,2
160 2500 I6 170821 2,641,0  2,7'%+d  98:ls5 5,79 0,97 4,82 22,1
: ' (3)
I52 700 15 4535 5,7 1,22 4,53 26,6
154 1300 20 90410 | 5,27 1,22 4,05 27,6

% In the column Ty, the‘figﬁre in brackets ig the number of

resonances for which the mean value of the radiation width
was determined.

i A A



Table Ve Neutron resonance energies for Sm isotopes

1523m

154Sm

8,03; 62,1; 87,77 I53,7; 185,25 237; 260; 3I5; 526;>584;415; 4843 508; 586{

601 6425 7925 792 BS3; vZ93 9565 991; I050; 10865 IIIS; 1229; I312

95¢ eré 3413 4575 578% 6163 703 718; 8283 1077; 1158; II8L3 mm 12£03
1470 s 16103 1650; 1734: 17683 1835, .

- GhT: -
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ALPHA~-PARTICLE SPECTRA IN THE DECAY OF EXCITED STATES OF 148

WITH 3~ AND 4 SPINS

Sm

Yu.P. Popov, M. Stempinsky

(JINR Preprint P6-3605)

The paper gives the first results of a study of the alpha-particle
spectra obtained with the decay of the different states of samarium-148
' 147

excited by resonance neutron capture on the Sa nucleus. An analysis
of the alpha-particle spectra. makes it possible to identify the resonances
in terms of the sping? For the resonances Eo = 3.4 eV and 18.3 eV spins
3 and 4 can be confirmed respectively, and for the: resonance E0 = 27.1 eV
the value 3 was obtained.

The paper discusses the influence of pair-correlation effects of the
last nucleons on tke reduced alpha widths in the “#'Sa (n,«) reaction

(see Table).
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Table

Characteristics of daughter-nucleus levels and reduced
probability of alpha-transitions to these levels

in the reaction l47$m(nya)l44Nd

i Ey = 3.4.eV; =3 E, = 18.3 eV; =4
E 1
= ) ) ) g2 oxx)
2
r 5
MeV | Na I&i per 2_ ev=* Na Wi per 3 V=
0 0t 62?7 ©,70:0,03 I,680,1 - - -

0,696 2% 716 0,80+3,03 5,250,278  0,05+0.0: 1,040,s

1,30 &t 98 0,1 72t 1 uanwoue 7,810
1,50 (3) 187 0,c.40,05 1243 62 0,0440,00 3,041,6
Ise 2t
2,29 &7

2,37 2% ~35 0,0610,05 100480 ~I0 0,740,156 26422

x) For uuresclved-energy transitions to levels 1.50-1.56 MeV
and 2.29-2.37 MeV the overall widths are given.

xx) For unresolved transitions the mean reduced widths are given.
The errors indicated in the table do not include the standard errors.
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THE EFFECT OF NUCLEAR DEFORMATION ON NEUTRON-RESONANCE
DENSITY IN THE RARE-EARTH RANGE

Vel. Furmexn, A4.B. Popov

(JINR Preprint P4-3925)

The extensive data available on neutron-resonance. density have been
repeatedly analysed on the basis of the statistical model. of the nucleus ZfL;7.
The results of such analyses indicate that the dependence. of the statistical-
model parameter a on the atomic weight A corresponds to the concept of a
nucleus as a gas of’ weakly interacting fermions '( a on average proportional to A),
while the dips in T dependence of a on A, corresponding to the magic
numbers, clearly show the ex1stence of shelY effects. "In reference Z_QJ
the maximum in the dependence of a  on A at A = 150 is of 1nterest- this
maximum appears more clearly in the dependence of a on the number of
neutrons N, at N =90 (see Fig. 1). Although the presence of minima in the
plot a (A) can be qualitatively explained by the filling of shells of
spherical nuclei [—1J7, the eiistence of the maximum at A » 150 is not

explained in this way.

The authors discuss the significance of this maximum and try to explain

it by the filling of a system of single-particle states of deformed nuclei [—4J7.

Using this system it is possible to estimate the density of the single-
particle states close to the Fermi surface €chell” For this, the authors
assumed that the effective experimental deformation of the nucleus corresponds
to the deformation of the neutron system and that the protcn deformation

changes only slightly for each isotope famlly.

Fig. 2 gives a comparison betweén the values of €chell obtalned with
an averaging interval of the grder of the nuclearrtemperature and the

experimental values gexp '=“;3 a . From Fig. 2 it can .be seen that

in the functioans gshell (N) and gexp (N) there is a correlation, although

systematically g ., < Eexp® Thus, the presence of the maximum in Eexp. (N)

at No 90 can be easily understood from the function g ., (N). It can be

stated that the rise in g (N) in the transition region (A ® 150) is

shell
cauged by an increase in the shell density due to the mixing of the sub-shells
2/3). e drop in g, q after As155 and the

for small deformations (BmA~
l/3), which

ensuing slope are due to the change to large deformations (B=A~

lead to discharges in the level system for the centre of the neutron. shell.
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NEW EXPERIMENTAL INSTALLATIONS

In July of this year an electron accelerator (microtron) was put
into operation at the Institute of Physics and Power Engineering.

The main characteristics of the accelerator are as follows:

Maximum electron energy 30 MeV,

Pulse current 80 mA,

Pulse length 2-5 usec,

Pulse frequency up to 100 pulses/sec.

The beam of accelerated electrons is directed at a target in the centre

of the core of the adjacent BFS reactor. The short neutron bursts produced

in the target by photo-nuclear reactions can be used in various reactor—-physics
studies, especially for measuring the éhergy spectra of neutrons emitted from the
core using the time—of-flight method. TFor this purpose the installation is
designed for a flight path of about 800 m with intermediate stations for
installing detectors, at distances of 50 and 200 m from the reactor. In addition,
the installation will be used for research on reactor kinetics, neutron

cross—section measurements and the study of photo-nuclear reactions.
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