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* / 
I n s t i t u t e of P h y s i c s and Power E n g i n e e r i n g - ' 

PAST-NEUTRON RADIATIVE CAPTURE CROSS-SECTIONS 

OF 5 5Kn, 9Ga, 7 1 Ga AND ^%>о 

A.G. Dovbenko, V.E. Kolesov, 
V . P . Koro leva , V.A. T o l s t i k o v 

(Submi t ted t o 'Atomnaja Energ i j a ' ) AE 2& {() £»-$ lA& 

The r a d i a t i v e c a p t u r e c r o s s - s e c t i o n s of ^Ga, "^Ga and f o r 

0 .2 -3*0 MeV n e u t r o n s were measured by t h e a c t i v a t i o n t e c h n i q u e . The 

T ( p , n ) He r e a c t i o n was used as t h e f a s t - n e u t r o n s o u r c e . The f a s t - n e u t r o n 
2^S 

f l ux was moni to red by means of a f i s s i o n chamber c o n t a i n i n g U. (The 

f i s s i o n c r o s s - s e c t i o n s were t aken i n accordance wi th t h e recommendations 

i n W.O. Davey ' s a r t i c l e i n Nuc lea r Sc ience and E n g i n e e r i n g , Vo l . 26, 149, 1966. ) 

The c r o s s - s e c t i o n s o b t a i n e d a r e compared wi th t h e c a l c u l a t e d v a l u e s o b t a i n e d 

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

model of t h e n u c l e u s f o r t h e purpose of c a l c u l a t i n g n e u t r o n p e n e t r a t i o n 

f a c t o r s . 

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

Table I 

69 
P a s t - n e u t r o n r a d i a t i v e c a p t u r e c r o s s - s e c t i o n s of Ga 

En 
keV 

200 266 340 420 455 535 635 680 740 770 8ч5 52 С 
+35 +35 +35 +35 +35 +55 

a 50,2 42,6 37,8 33,3 50 ,1 26,6 25,2 24,6 20,4 21,4 20 ,5 19,4 
mb +3,2 +2,3 +1,9 +1,7 +1,9 +1,7 +1,5 + I r ? +1,7 +1,4 +1,2 * I , 0 

kla» 1025 1335 1400 1550 1745 1685 1945 22IC 2350 2745 3150 
K e v +55 +55 +50 *5C T5G +50 +50 

о 
mb 

18,1 15,5 15,0 13,5 12,0 12,С 11,1 11,2 9,1 8,0 6.S 
+0,9 +0,6 +1,2 +0,8 +0,6 +0,9 +0,7 +0,9 +C.5 +0,5 +0,4 

The t ab l e shows e r r o r s , including experimental e r ro r s and e r ro r s in the 
235 f i s s ion c ross - sec t ion of U. 

^J Edited by A.V. Ignatyuk. 
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Table I I 

Past-neutron radiat ive capture cross—sections of 

En 420 550 655 ?IC 8CC 39G 950' 975 1050 1155 
keV ± 5 5 ± 5 5 - 3 5 ± 3 5 * 3 5 l 3 5 

a 4,5 3,7 3,6 3,2 5,5 5,г 2'„7; 2,65 2,5 2,45 
mb iVi6 £0,5 £0,5 £0,5 £0,5 +0,5 +0,4 +0,4 £ О,'* +0,35 

3n 1255 1430. 1555 163" 1345 2150 2350 2745 3050 3260 3430 
keV +35 £35 +55 « 0 +50 _+5G +5C ri>C +,50 +50 +50 

a 2,4 2,0 2,С 1,9 1,7 1,6 1,65 1,7 1,5 1,45 1,35 
mb 1°«* ±0»3 ±:'»5 Iе«3 ±c«3 t0»25 Iе'«25 +^»25 ±c«2 ±C,2 +0.2 

The table shows errors , including experimental errors and 

reference cross-sections« 

Table I I I 

Past-neutron radia t ive capture crossr-sections of 

E n 222 265 34C 420 455 535 635 680 740 770 845 920 1C3C 
k-e^ +40 +35. +35. T55 +5: -55 

a 45,4 43,3 42,3 39,1 2S.7 23,0 21,1 IS,5 18,1 17,e 17,1 15,6 14,2 
mb +3,5 +2,9 +2,4 +2,2 +1,7 +1,5 +2,2 +1,7 -1 ,1 +1,4 +1,0 +C,? +0,0 

En 1295 1335 1610 1690 1745 1360 1945 2120 2210 2350 2745 ЗГ50 
keV +5C +75 +50 +50 +70 +50 +50 +50 

a 10,7 10,1 8,8 S,I 7,5 7,5 7,4 6,6 6,6 6,4 6,7 6,3 

mb +0,8 +0,7 +0,7 +0,7 +0.5 +0,5 +0,5 +0,5 +0,5 +0,5 +0,5 +0,5 

The table shows er rors , including experimental errors and 
235 

fission cross-section of U. 
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Table ГУ 

98. F a s t - n e u t r o n r a d i a t i v e c a p t u r e c r o s s - s e c t i o n s of t!o 

En 23: 4GC «35 55: 6СЮ 770 315 845 %0 
keV +6C +55 +60 

о 
mb 

45,8 35,6 41,1 36,9 37,2 36,3 33,5 25,0 24,0 
±4,1 ±1.9 ±3,4 +2,2 +2,4 +2,8 +.2,5 +2,1 ±2,3 

En 1025 1240 I30w 1610 1770 2220 2725 
k e V ± 6 0 ± 5 0 ± 8 0 ± 7 0 ± 7 5 

23,3 18,5 16,2 14,1 13,0 12,6 9,8 
a 
mb +1,9 +1,2 +1,6 +1,4 +1,2 +1,3 +1,0 

The table shows errors, including experimen al errors and errors in the 
235 fission cross-section of U. 

RADIATIVE CAPTURE OP 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 
t r i / T Q fT"i ftfl 1 ОЛ 1 Q O 

c ross - sec t ions of Ge, Ga, Ga, Se, Sb and Os, using the ac t iva t ion 
235 method. The thermal- and fast-neutron-induced f i s s ion c ross - sec t ions of ^U 

were used as reference c r o s s - s e c t i o n s . The c ross - sec t ions are given for the 
8°Se(n,Y) 8 l mSe (Fig . l ) and 8 °Se(n ,Y) 8 l g Se (Pig. 2) r eac t ions , and a lso the 
isomeric r a t i o s a /a + a (Pig . 3) for the react ion involving r ad i a t ive 

m m e 80 
capture of fas t neutrons by Se. The r e s u l t s of the measurements are 
compared with ca l cu la t ions performed according to the s t a t i s t i c a l theory of 
nuclear reac t ions (Pig. 4 f ° r Se and P ig . 5 for Os). The black dots on 
the graphs denote the r e s u l t s of t h i s work, the so l id , unbroken l i n e s the 
ca lcu-a ted values for the t o t a l neutron r ad i a t i ve capture c ross -sec t ion and 
+he t h in and broken l i n e s the cont r ibu t ions made by neutron waves with 
/ = 0, 1, 2 and 3 t o o(n,y)» 
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RADIATIVE CAPTURE CROSS-SECTIONS FOR PAST NEUTRONS 
IN THE 10-350 keV FIELD 

A.G. Dovbenko,. V.E. Kolesov, V .P . Koro leva , V.A. T o l s t i k o v 

(Submit ted t o 'Atomnaja e n e r g i j a ' ) 

The a u t h o r s p r e s e n t measured and- c a l c u l a t e d r e s u l t s f o r t h e r a d i a t i v e 
+ • * 63„ 69„ 71 _. 74„ 80„ 87D, 1 2 1 o v 1240 

c a p t u r e c r o s s - s e c t i o n s of Cu, Ga, Ga, Ge, Se, Rb, Sb, Sn, 
1 2 8 T e , l 3 ° T e , 1 9 2 0 s , and 1 9 3 I r f o r 10-350 keV n e u t r o n s . 

The measurements were c a r r i e d out by t h e r e l a t i v e a c t i v a t i o n method on 

a Van de Graaf a c c e l e r a t o r i n a n n u l a r geometry a t an ang le of 105 t o t h e 

d i r e c t i o n of t h e p ro ton beam. The n e u t r o n f l u x was „ .oni tored by a f i s s i o n 
235 

chamber w i th a l a y e r of -<U. The induced a c t i v i t y of t h e samples was 

measured by end-window b e t a c o u n t e r s . The r e l a t i v e v a l u e s of a ( n , y ) were 

no rma l i zed i n o v e r l a p p i n g neu t ron energy r e g i o n s , u s i n g d a t a o b t a i n e d by 

t h e a u t h o r s p r e v i o u s l y . The c a l c u l a t e d c r o s s - s e c t i o n s were o b t a i n e d by 

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

model f o r t h e purpose of c a l c u l a t i n g n e u t r o n p e n e t r a t i o n f a c t o r s . The 

r e s u l t s of t h e measurements a r e shown i n Tab le s 1-15» which g ive t h e t o t a l 

e r r o r s t a k i n g i n t o account t h e i n d e t e r m i n a c i e s i n t h e r e f e r e n c e c r o s s - s e c t i o n s 
235 

t h e f i s s i o n c r o s s - s e c t i o n s of U f o r the rma l and f a s t n e u t r o n s - and a l s o 

i n t h e t h e r m a l - n e u t r o n c a p t u r e c r o s s - s e c t i o n s of t h e i s o t o p e s i n q u e s t i o n . 

Table 1 

63 " 
F a s t - n e u t r o n r a d i a t i v e c a p t u r e c r o s s - s e c t i o n s of Cu 

£-n,&i 9 + 5 2 0 + 6 51 + 9,4 105 + 13 3G3 + 30 

6(nX),"f I 3 8 ± I S 8 5 , 2 » 6.9 44,2 + 4.8 29 » 2 , 6 . 2 1 . 3 » 1,6 

Table 2 

69 
F a s t - n e u t r o n r a d i a t i v e c a p t u r e c r o s s - s e c t i o n s of Ga 

Ел,£э£ 1 1 + 3 , 6 27 + 5,3 53 + 6,7 100 + 8,5 150 + IC.5 

6ln,r),"' г 4 7 ' 8 i 5 6 I 7 2 ' 1 * 3 9 9 9 ' 8 i 2 5 6 C ' 7 i и » 9 5 6 ' 7 i- I 5 ' 2 

£я,«Фв 2D2 + I I 266 • D 3 3 8 + 1 7 

•far),«8 5 1 , 6 + 1 1 , 8 42,6 + 9,6 37,8 + 8,5 
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Table 3 
71 

Past-neutron r ad i a t i ve capture c ross - sec t ions of Ga 

E».**t 11+3,6 27+5,3 53+6,7 100+8,5 150+10,5 202+11 266+15 

&%f 300,6+64 164+34 87,7+20 63,1+15 54,5+13,5 49,4+10,7 43,3+9,1 
_ _ _ _ _ _ _ 

Д ^ у 42,3+9 

Table 4 

Past-neutron r ad i a t ive capture c ross - sec t ions of a 
na tu ra l mixture of ,,Ga isotopes 

Ел.ьЛ H+3,6 27+5,3 53+6,7 100+8,5 150+10,5 202+11 338+17 

6frT).S 268,8+42 169+27 95+16 62+10 56+9,6.51+6,3 39,6+6,1 

Table. 3 

Results of c ross -sec t ion measurements on the Se(n,y) Se react ion 

£n, **/ Л + 3,6 24__4,8 55 _ 7 100 + 8,5 I50+II 338 + Г? 

ifr-li.Mi 4 1 ^ б 1 6 . 2 3 4 6 _ 5 22,7+3,2 В,8+2,0 9,6+1,6 5,9+1,1 

Table _6 

Results of c ross -sec t ion measurements on the Se(n,y) 'Se react ion 

£n.*a/ II_3,6 24+4,8 55+7 I0(k8,5_I5tWC;5'_C2+II 266+15 ЗЗБ+Г7 

<)fi,/)"f I 9 » 9 ± 3 ' 1 I 2 ± 2 9 » 2 ± 1 - 5 ^3+^'т9 7+ГД 7+1 6,5+0,9 6,5+0,9 
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Table 7 

£»», K»t 

GM"*" 

Past-neut 

И+3.6 
61,5+6 

,ron radii 

24+4,8 
48,8+4,7 

i t i v e 

55+7 
32+3, 

capture 

ICO+8,5 
,1 20+1,9 

cross—sect 

150+11 
16,6+1,5 

ions of 

338+1? 
12,5+1, 

80Q Se 

I 

Table 8 
x • . . „ ,, 80„ / ч81т,г_ 
Isomeric r a t i o s for the Se(n,Y) Se react ion 

Bm,t»i I I + - 3 ' 5 2 4 ^ » 6 5 5±7 Ю0+8.5 

, 0,324+0,06 0,262+0,05 0.289 0,315 
<X*4№ " ~ ±0,0054 +6,057 

150+11 

0,^22 
+0,076 

338+17 

0,524 
+Ö.C9I 

Table 9 

Past-neutron r ad i a t ive capture c ross - sec t ions of Rb 

£n, кЛ 

<5Ы).»* 

11+3,6 

51,5+13,5 

24+4,8 

34+8,9 

50+5,8 

18+5 

102+3 

9,3+2,6 

150+10 

10+2.8 

300+17 

8,6+2,5 

Table 10 
121 Past-neutron r ad i a t ive capture c ross - sec t ions of Sb 

Cn, Kit 

6WM 

11+3,6 

1418+217 

24+4,8 

1096+165 

50+5,8 

685+103 

I02+S 

310+47 

152+10 

227+35 

200+12 

221+35 

394+16 

161+24 

Table 11 

Results of c ross - sec t ion measurements on the Sn(n,y) -^Sn react ion 

C*, ** / 9+5 г0+6,ч 51+9 103+13 155+17 217+28 250+30 

(5(«<).*г ,28.5+6,5 IB, 1+4,1 10,2+2.6 6,8+1,6 5,4+1,2 5,8+1,3 5,1+1,2 
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Table 12 

Results of cross-section measurements on the Te(nfy 
r e a c t i o n 

E*.*»t 11+3",б 24+5,3 50+5,5 56+5 IC2+9 150+10 250+13 . 

\%i),л/Г 77,5+22 53,5+15 27+7,3 2^+7,2 17+5 15+4,5 12,7+3,-5 

&, .g j / 356^17 
<fcf).ri 12,2+3,3 

Table 13 

R e s u l t s of c r o s s - s e c t i o n measurements on t h e • T e ( n , y ) Те r e a c t i o n 

4 

fy™.?).^ 

11+3,6-

16,3+5,5 

24+5,3 

[4+4,3 

50+6|7 

12-4 

76+7 

8,6+2,9 

IC2+S 

5,5+2 

20C+I2.. 

5,?+2 

in, * э / 285+25 35S+I7 

6kv>/ s.iTHi 5~I+I ,7 

Table 14 
192 Fast-neutron r ad i a t i ve capture c ross - sec t ions of Os 

in, «>/ 

iu.»s 
П+ 5,6 

173+46 

24+4,8 

108+29 

50+5,8 

75+20 

102+3 

62+16' 

152+10 

58+16 

гог+п 
52+14 

£я;-**/ зза+37 35o+ie 

<5(*4Ы 34+8,7 32+& 

Table 15 
193 

•Past-neutron r ad i a t ive capture c ross -sec t ion of I r 

Ы, хз/ 

<o(«.tl*?. 

10+4,5 

.2662+650 

25+5,3 

1501+370 

51+5 

1214+300 

105+13 

"662+162. 

' 155+17" 

559+137' 

577+J7 

2SI+7I : 
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METHODS OF INTERPOLATION, EVALUATION AND COMPACT 
REPRESENTATION OF DATA ON ELASTIC 
AND INELASTIC NEUTRON SCATTERING 

V.l. Popov, V.M. Sluchevskaya, V.l. Trykova 

(Presented at the Anglo-Soviet Seminar on Nuclear 
Constants for Reactor Computations 

Dubna, ,18-22 June I968 
ASS-68/ll) 

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 0 to 15 MeV can be calculated using a simple algorithm. 

In order to interpolate the angular distributions of ela^tically scattered 
neutrons, the authors use the optical model of the nucleus. As a first step, 
the exnerimental results яге analysed in or^er to find the neutron energy 
dependence of the coefficients for Legendre polynomial expansion of the 
angular distributions. Subsequently, machine searching programmes are used 
to determine 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 

2 3 8U, 232Th, Nb, Cu ANT Fe FOR NEUTRONS WITH AN 
INITIAL ENERGY OF 14.3 MeV 

O.A. Salnikov, G.N. Lovchikova, G.V. Kotelnikova, 
V.l. 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 I968 
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 U, T?h, Nb, Cu and Fe nuclei. The measurements were 

carried out on a time—of-flight spectrometer in cylindrical geometry; 

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

length 2 mf 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. 



T a b l e 1 

I 
i 

N u c l e u s i 
T e f f (MeV) 

>,/> i 60° ! 90° i.I20° i l50° 

e f f 
a v . 

T (MeV) 

3üu ! '60u ! 90u ! I2U U ! I5CU 

T l 
av , 

M e V " 1 p. 
-i-

i n . 
(9°) 

i n 
(90°) 

( 0 . 0 - 4 MeV) 

o. ( 9 & ) 
i n . 4 / 

o. (9o°) 
i n . w ' 

( 4 - 1 4 MeV) 

T h i s R e f . i 

w o r k ß j \ 3 ü o J 6 üo | 9 o ° | l 2 0 ° iI50° J 30° j 60° |Ы 120° {ISO' 

p 0,86+ 0,85+ 0,80+ 0,77+ 0,7?+ 0,72+ 1,66+ 1,48+ 1,55+ l,5'i+ 1,53+ I,'55+ 5,25+ 6,9 0,89+ 0,99+ I 0,84+ 0 ,88 i 1,20+ 0,80+ I 0,86+ 0,6?'+.. 
^ e 0,09 0,09 0,li8 0,08 0,07 0 , 0 7 . 0 , 1 7 0,15 0,15 0,15 0,15 0,15 1,0 > 0,04~ 0,0b'" 0,09~ 0,04~ 0,12" 0,08~ 0,09~ 0,0V~:' 

w 0,80+ 0,62+ 0,65+ 0,64+ 0,65.+ 0,71+ 1,38+ 1,24+ 1,24 + 1,23+ 1,23+ 1,26+ 8,5+ 8,0 0,87+ 1,13+ I 0 ,99+0,98+ 1,35+ 1,26+ I 0,96+ 0,70+ 
'-<* 0,08 0,0b 0,08. 0,06 0,06~ 0,07 0,14 C,I2~ Ü,.I2~ Ö, 13 0,12 0,13 1 , 7 ' 0,04 0,05 0,05~ 0,'05~ 0,05 0,01? 0,IO~0,O7~ 

Kit 0,78+ 0,79+, 0,79t. 0,78+ 0,7Bjh 0,78+ 1,35+ 1,25+ 1,15+ 1,12+ 1,12+ 1,20+ 10,1+ 10,7 0,85+ 1,06+ I 0^95+ 1,01+ 1,33+ 1,33+ 1-0,82+ 0,76 + 
NS d . t f f 0,Off 0,08~ 0,08 0,08 0,Ш~ 0,14~ 0,12~ 0,12~ 0 , ! I ~ 0 , l f 0,12~ 1,0 0,05~ C,05~ Q,05~ 0,05~ 0 , I3~ 0, I I~ 0.08 0,08 

l i _ 

Tk 
l i t 0,46+ 0,43+ 1,44+ 0,41+ 0,42+ 0,43+ 0,65+ 0,61.+ 0,60+ 0.54J; 0,57+ 0,59+ 3 7 , 5 + 2 6 , 5 1,12+ 1,10+ I 0 ,92+0,98+ 

0 , 0 5 - 0 , 0 4 " 4 0,04 0,14 0,04 0,0,' 0,06 0,06 0,05 0,06 0,06 7,5 
-L 

0,17 0,17 0,14 0,15 

J J | 0,48+ 0,48+ 0,4 9+. 0,4'i + 0,44 + 0,47+ 0,66+ 0,66+ -0,67+ 0,62+ 0,60+ 0,64+ 33,18 28,5 1,17+ 0,93+ 1 1,04+ 1,23 + 
У 0,05 0,05 0 ,15 ' 0,04 О,О* 0,.05 0,07 0,0? 0,07 0,06 0,06 0,06 +6,6 0,18 0,14 0,16 0,18 

—j 

I 
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PHENOMENOLOGY OF QUADRUPOLE EXCITATIONS IN EVEN-EVEN NUCLEI 

N.S'., Rabotnov, A.A. Seregin 

(Submitted to Jadernaja Fizxka) 

The authors discuss the choice of an operator for the potential 

energy of quadrupole surface oscillations of even-even nuclei, which 

depends on both deformation variables.- They propose a method for exact 

numerical solution of the Schroedinger collective-model equation with 

selected potential; the method affords adequate accuracy in the deformationally 

transitional, region, where the approximations so far used are unsatisfactory. 

The results obtained make it. possible to 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, Yu.N. Shubin 

(Submitted to Jadernaja Fizika) 

The authors calculate the thermodynamic characteristics of excited 

nuclear states using a single-particle spectrum of Nilsson potential. 

They discuss the effect of pair correlations on the excitation energy 

dependence of the thermodynamic functions of nuclei. The results of the 

calculations describe fairly well the experimental data on the density 

of excited nuclear states over a broad range of mass numbers» Table 1 

compares the experimental / l _ / an^L calculated entropy values for a 

number of nuclei. 

/~1_7 A.V.: Malyshev, Zh. eksp. teor. Fla. & (1963) 316 



ТаЪ1е 1 

Element 
В n 
MeV 

а 
MeV .-1 

; expt. 
- MeV expt, theor. E cond. 

MeV 
crit, 
MeV 

Ck 
r^ 
M. 
'U 
S t 
Z x 
Co/ 
Cd 
ОП. 

Sn. 
iiTV-
T*. 
n 
rt* 
/*J 

,S>*i-

54 
58 
62 
68 
88 
92 

112 
114 
П 6 
IIB 
120 
124 
126 
144 
146 
148 
150 

9,72 
10,CS 
10,5У 
1 0 , 2 0 
11 ,09 
8 ,63 .•' 
У,05 
9 ,06 
У.50 • 
У,36 
У, 11 
У,42 
У, 10' 
7 ,151 ' 
7,Ч ! . . 
Н-,1.2. 
H .0 I 

7,411 
ft, 7 5 
V,55 

•• У , ( 5 ' 

У, 4 0 
J 1,4 
17 ,6 

• 1 7 , Н . 
15 ,3 
[ 5 , 6 

1 4 , 3 
17,2 

• ( f ' j , 6 

Li,-, У 

W't 
2o,(: • 
2 3 ,3 

2 , HI 
5 , U 
5 , J b 
3,i.W . 

. 2 . У З 
. 2 , 15 

2,7У . 
•2,HV 

2 , 4 8 

2,!-:i .. 
2.6Л 

- 2 , 6 5 
2 , 5 6 • 
• i ° 

2 ,ЗУ " 
2 ,72 

. W , 3 
iv. ,8 
.14, У 

• 16 ,2 
1 7 , 5 
17,2 
2 1 , 0 
2! . ,0 
2 0 , 7 
2 0 , 2 
1У.0 
2 1 , 5 . 
2 1 , 1 
1У.2 
2 0 , 0 
21 ,4 
ci,Z 

l ' i , . ' 
16,1: 
1 6 , 0 
16,4 
17,(1 
17 , , : 
1У,2 

I :.-•,••• 

1 8 , 5 
10 ,7 • 
I B , 6 
2 1 , 1 
20,У 
2 0 , » 
2 1 , 6 
2 3 , 0 

гз,г 

4.У2 
4 ,43 

2 , 6 0 
.2 ,54 
Ü,64i 

•2 .6У 
3,27 
4 , 7 2 
2 , 5 6 

. 3,U6 
' 4 , 5 7 
7 , 1 5 

: 6.У0 
3 ,74 

• 4 , 4 5 
4 , 4 2 

. 4 , 6 7 

0 ,74 
0,7.5 
0 , 6 8 
0 ,72 
0 , 7 3 
0 , 7 1 . 
0 ,67 
0 , 6 6 
0,<A 
0 ,64 

. 0 ,63 
0 , 6 5 
0,bi­
ll , 55 
0 ,54 
0 , 5 5 
0,54 

I 

is the neutron binding energy, ° , • is the pairing energy used in determining 
the effective excitation energy, U* = В - &. , /~1_7» 

expt, 

theor, 
cond. 
crit. 

is the entropy value found from the experimental data on the density of neutron 
resonances, 

is the calculated value using a pairing model, 
is the calculated value for the condensation energy and 
is the. critical temperature. 
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DENSITY OF EXCITEB 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 characteristics of 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 - E 
cond. 

Fig. 1 gives the results of calculations of the condensation energy E 
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 - 6 
Where ° = 0 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 о differs appreciably from 
the condensation energy. From Fig. 1 it can be seen that о 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 a are at present processed £~l_J 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. 
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E cond. G„ = Щ& MeV 
MeV N A 

GM = Щ5- MeV N A 

cond. G = ~ " MeV 
MeV * A 

26.5 MeV 

Fig. 1 Condensation energy for even *. * and odd 
number of nucleons (л represents the deformation of the 
Nilsson p o t e n t i a l ) . 

/~1_7 T« Ericson, Adv. in Phys . , 2 425 ( i960) . 

/ "2_7 A.V. Malyshev, Zh. eksp. t e o r . P i z . 45. 316 (1963). 

/~3_7 A. Gi lbe r t , A. Cameron, Can. J . Phys . , _4J 1446 (1965). 

/~4_J E. ЕгЪа e t a l . , Nuovo Cim., 22 1256 ( I 9 6 I ) . 
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THERMODYNAMIC DESCRIPTION- OP THE ENERGY SPECTRA OP ATOMIC NUCLEI 

Yu.V. Sokolov,. V.S. Stavinsky 

Using the existing spectroscopic data the authors attempt to construct the 

thermodynamics of atomic nuclei from the (p,p') and (a,p) reactions. They 

analyse the functions of the state, 

Z(ß) lIo Qk e~ ß E k С1) 
Since experimental conditions do not furnish a complete energy spectrum 

(the number of levels observed is always finite) or the statistical weights 
of each level, and since some of the levels may be lost, the authors assessed 
the effect of different factors on a system with an equidistant spectrum in 
a thermostat. 

In particular they assessed the 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 experimental spectra the effect of spectral discontinuity 
and loss of levels on the thermodynamic characteristics is taken into account using 
an independent Fermi particle model. It is shown that for nuclei ,of Ca, Cr, 
SS S8 SQ 6l 
Fe, Ре, Ni and Ni the proportion of levels lost is about lOfo and the 

remaining levels are sufficient to calculate Z(ß), if the temperature is not 
greater than 0.5 MeV. 

In order to describe reasonably accuratelyihe statistical properties 

of nuclei in the range of temperatures observed (T ~ 1 MeV) according to estimates 

made using an independent Fermi particle model, it is necessary to know the 

spectra of excited states over a wider energy range up to' and including 20 MeV. 

V 
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DENSITY OP LEVELS OP ATOMIC NUCLEI 

Yu.N. Shubin 

(Presented to the Anglo-Soviet Seminar on "Nuclear Constants for 
Reactor Computations", Dubna, 18-22 June I968 (ASS-68/4)) 

The authors discuss the present state and future prospects of the 

statistical method for describing the density 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 experimental data; 

by taking account of the detailed correlation between the fundamental 

parameter of level density theory (paramater a) and the shell structure, 

one can calculate this value with near-experimental accuracy in all cases 

of practical interest, including the fission fragment region. The authors 

propose a method for precise consideration of the thermodynamic properties 

of nuclei taking into account the discrete, degenerate spectrum of the 

shell model (Nilsson scheme) and present .the corresponding results of 

numerical calculations both for a system of non-interacting particles 

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

type. 

EQUATION OP STATE OP AN INSULATED FERMI GAS 

V.S. Stavinsky, Yu.N. Shubin 

The authors study the equation of state of a Permi gas in thermal 

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 /l_/« 

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 following formula: 

P ~*̂ kt 
kN. = h.n. 3_£(k± ) (1) 

im i«P. v L ' ч ' 
i к 

where N. (in disintegrations per second) is the activity of the isotope (k) 
on completion of irradiation; 

H. (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; 

Л. is the quantity of element (i) in the material (M) in terms of 
weight per cent; 

P and P. are coefficients proportional to the path length of particles 
in the material (M) and element (i); 

" (in microamperes) is the beam current; 

t (in hours) is the irradiation time; and 

*•. (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: 

A i 
P " I/A" (2) 

where A and Z. 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 P^ is determined by a method similar to the Bragg rule: 

p = p + p + * * * + p \->) 
*S *1 *2 hS 

where P, P„ ... Pc are coefficients of the individual components; and 

m, m_ ... nu are the quantities of the individual components as 
fractions of the total weight. 

Formula (l) makes it possible to determine the amount of admixture 
Л. by the absolute method if the value of the isotope yield n. 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: 

kN. P 
T, T) im 3 , x 
im i3N.3PM "J 

where y\. is the quantity of the element (i) in the standard (3) in terms 
of weight per cent; 

n. 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 (l) 
takes the following form: 

-Xkt 
\ш) - (Vim l + V*ra ? ) Pm^H—) (5) 

By irradiating the material under investigation twice (at different 
yield values) we obtain a system of two equations with two unknowns 
(л. and Л - ) which can be determined without difficulty. 4 im Im' 

In all the cases described above it was assumed that the thickness 
of the irradiated samples and standards exceeded the particle path length. 

/~1_7 M.Z. Maksimov, Zh. eksp. teor. Fiz. Д (1959) 127. 
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Values of 

-H 
M> 
и 
Se 
ß 
С 
/V 

' О 
/~ 

/Vc 
/•a 
f19 

и 
Si 
p 

a 
Лг 
/< 

0,364 
0,833 
1,066 
1,115 
1,120' 
1,078 
1,114 
1,147 
1,243 
1.214 
Iflzl 
1,265 
1,324 
1,298 
1,358 
1,530 
1,4:02 
1,509 
1.Л1* " 

c o e f f i c i e n t s 

' Ca 
5c . 
П 
V 
Сг 
fin. 
Fe. 
Co 
NL 
Ou. 
In. 
&c 
G<L 
As 
бе. 
Зг 
Кг 
Ri 
ST. 

1,391 
1,502 

•1,541 
1,588 
1,562 
1,559 
1,576 
- ,6i.5 
1,565 
I ,cA6 
'1,650' 
IL, t * o 

1,743 
1,758 
1,809 
1,790 
i!e37-
1,335 
1,843 

ТаЪ1е 1 

P - — (I Г 

i 

" Y 
i t 
N1 
По 
Го 
Ни. 
kk 
PcL 

h 
cv 
In. 

s^ 
Si 
7V 
J 
Xe 
CV" 
£ a 
La. 

1,832'-
1,344 
1,842 

I,'C-'-a 

1,8*2 
1,556 
1,899 
1,550 
1,925 
1,570 
1,585 
2,020. 
2,041 
c , i u o 

2,065 
2,105 
2,102 
2,141 

2,136 

f o r v a r i o u s 

i 

Ce. 2,126. 
Pv 2,ILL 
ЛV 2,132c 
Pm 2,117 

"An 2,167. 
£u 2,163 
Gd 2,211 
П 2,205 

. 2>/ 2,223 
W0 2.240 
Ег 2,245 
Ttt 2,,245 
У£ 2,272 
U Z, 273 
/// 2,293 
Т"л ~ * ^'n. 

l*r 2 , 3 D 
tt 2,5 IS 
Ci 2 , 5 4 A 

elements 

i 
I t 
ft 
Л* 
^ 

n PI 
Bi 
/>o 

J£ 
IU 

• fn. 

и Ac 
TL 
Pa 
V 
At 
A, 

2,345 
2,357 
2,356 
2,37? 
2,399 
2,405 
2., 4 08 
; v i ; 

2,376 
2,465 
2,47c . 
2,450 
2,^79 
2,512 
2 , t S I 
2,534 
2,502 
2,535 

13N, U C AND X P YIELDS FOR THE'DETERMINATION OP CARBON 
AND OXYGEN IMPURITIES BY ACTIVATION ANALYSIS WITH 

CHARGED PARTICLES (p, d', 3He, a) . 

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

The authors obtained experimental data for the dependence of 
N, С and P yield on the bombarding particle energy when thick carbon 

and oxygen targets are exposed to protons, deuterons, He ions and alpha 
particles. The samples were irradiated in the external beam of the 
1.5-m cyclotron at the Physics and Power Engineering Institute of the USSR 
State Committee on the Utilization of Atomic Energy, which is capable of 
accelerating protons and deuterons.to ~22 MeV, He ions to ~30 MeV and 
alpha particles to ~44 MeV. The particle energy was varied by means of 
retarding foils! The total error in the determination of yieid is + 10$. 
Yield is given in disintegrations per second per microampere-hour 
(disintegrations/sec.nA.hr). On the basis of the data obtained it can be 
concluded that all four types of particles ensure high isotope yields and 
consequently high sensitivity in activation analysis. 
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CYCLOTRON PRODUCTION OF 151Gd AND 153Gd 

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 Physic's and Power Engineering has 
Ъееп equipped with a special target of pure metallic europium for the 
production of 5 Gd and Gd by the (p,n) and (d,2n) reactions. The 
physical yield for such a target is 30% greater than with the ExuCL 
targets used by other investigators ]_ 1_/. 

By irradiating thin foils of metallic europium sandwiched in between 
layers of copper foil in the manner described in J_ 2_y, the authors have 
obtained the excitation functions for the nuclear reactions Eu(d,2n) Gd 
and 153Eu(d,2n) Gd, together with the corresponding yield curves. The 
cross-section and yield values, which are subject to errors of + 20%, are 
shown in Table I. The excitation functions and yield curves are shown 
in Pigs 1 and 2. 

Table I 

Cross-sect ions of (d,2n) reac t ions 

Deuteron Reaction c ross - sec t ion , mb 
energy 
(MeV) 1 5 1Eu(d,2n) 1 5 1Gd 1 5 3Eu(d,2n) 1 5 3Gd 

117 
144 
18? 
233 
295 
305 
260 
180 

68 
3 

21,2 
19,5 
18,1 
16,7 
15,3 
B , 6 
11,8 
9,8 
7,4 

4 ,1 

115 
148 
168 
235 
300 
296 
226 
128 
46 

5 



» 30 ~ 

б в т a w n >s 

Deuteron energy, KeV 

Fig. 1 Exci ta t ion function of the ^ Eu(d,2n) ^Gd react ion _/~lJ7 
151 

and Gd y i e ld curve for a th ick t a rge t 

Fig. 
Deuteron energy, MeV 

2 Excitation function of the ^3Eu(d, 2n) "̂ Gd reaction f \ J 
153 and y Gd yield curve for a thick target 

/"l_7 S. Bjornholm, P.H. Dam, H. Nordby, N.O. Roy Poulsen, Nucl. Instr. 
and Methods % (1959) 196. 

J_ 2_7 P.P. Dmitriev, 1.0. Konstantinov, N.N. Krasnov, Atomnaja Energija 
22 (1967) 310. 
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PROPAGATION OP RESONANCE NEUTRONS IN HOMOGENEOUS MEDIA: 
THEORY AND SPECIAL FUNCTIONS 

L.P. 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 

capacity of the medium and its diffusion characteristics. 

This fact, together with the complexity and multiplicity of forms of 

neutron spectra in fast reactors, has necessitated the formulation of a 

detailed theory for neutron propagation in media with resonance cross-

sections, based on consideration of a rigorous 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 kinetic 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 approximations in which these cross-

sections can be expressed in the form of more or less simple functions of 

resonance parameters. They show that such cross-sections can be obtained 

for a wide class 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, <*» £1 Ф« 

where o r 0 = 4**" S —» 

о is the potential scattering cross-section and 
о 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. 

* " r/A' 
/IIET" 

where д =%j~~Z— 
cos <p, where q> 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 also contains information on use of the results 

of the computations, these results being presented in both graph and 

tabular form. 

SUB-GROUP SYSTEM OP CONSTAHTS 

M.N. Hikolaev, F.V. Khokhlov 

(Presented at the Anglo-Soviet Seminar on "Nuclear 
Constants for Reactor Computations", Dubna, 

18-22 June 1968 (ASS-68/IO)) 

The authors describe a method of calculating sub-group constants on 

the basis of information concerning the resonance structure of the cross-

section set out in the form of the self-screening coefficients presented 

in £~l_J. 

Sub-group constants are adduced for those 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 £~1_J more convenient to use. 

/~1_7 ^.P. Abagyan, N.O. Bazazyants, I.I. Bondarenko, M.N. Nikolaev 

"Group constants for nuclear reactor computations" (in Russian) 

Moscow, Atomizdat, I964. 
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MEASUREMENT OF THE STRUCTURE OP TOTAL NEUTRON CROSS-SECTIONS 

7.V. Filippov, M.N. Nikolaev 

(Presented at the Anglo-Soviet Seminar for "Nuclear 
Constants for Reactor Computations", Dubna, 

18-22 June I968. (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 

T(t) = I f(E)exp(- atot(B)nt)dE (l) 

-3 -4 were measured up to attenuation factors of 10 to 10 ; the divergence 
from the exponential law was a measure of the structure of the total 
cross-section in the neutron energy hand studied ДЕ . 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: 

T(t) - 2 a1exp(-otQtnt) ^ 

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: 

*Р(а + л +)_ J 
tot 

2 a.6(0. .-a. .] . T 1 ч tot tot' i s * : - 2_а^(°+л+-<л+) 
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MEAN CHARACTERISTICS OP THE CAPTURE-TO-FISSIO№PROBABILITY 
RATIOS IN THE RESONANCE AND EPI-RESONANCEiREGION 

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 I968., (ASS-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 fissiom They investigate the values 
a = <a >/<o >t a = <v>/<r)> _ 1, <o> = <a/af> and ä = Г /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 
249 Ц 

yPu they calculate the energy dependence of" a:(E) in the range 
2 4 

10 - 3 x 10 eV taking, into account these effects and also the effect 
of fluctuation of the mean fission and neutron; widths when the neutron 
energy is varied. 

CALCULATION OP 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 gamma spect ra of forward Bremsstrahlung for photon energies 

Ey = (4 - 10) MeV and l imi t ing Bremsstrahlung spectrum energies 

E = (4*5 - 10) MeV from a tungsten t a rge t of thickness t = 0.3 of 

the radia t ion length ( l mm) were ca lcu la ted in the manner proposed by 

Lowson /~1_7 f ° r t a r g e t s with low Z and t < 0.15 of the radia t ion length . 
th ick The desired spectrum o_ i s represented as the sum of the spectra from Brems 

the layers of the target taken with particular weights W = $ 950 t' -
Z 950 "t , (n is the number of the target layers, t is the aggregate 
thickness of n layers of the target in radiation lengths). 
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o_ is the BremsStrahlung spectrum integrated over all 

T is the kinetic energy of electrons which have reached 

thlCK _ TT /m т. \ CL .= Z W or (T ,E ), jBrems , n Brems ч п' у 

where N is the total number of target layers, 
is the BremsStrahlung spec 
photon emission angles and 
is the kinetic energy of e. 

the n-th layer, which depends on t . 

In the calculation it was .assumed that T = T - (.- -rr). "t, 
n о v d t ' i o n ' 

where T i s the i n i t i a l k ine t i c energy of the e lec t rons and 
dT (- -rr). represents the ioniza t ion losses of energy by 

an e lect ron which, for Ey = (4 - Ю) KeV, are taken to be 
л + n 7r MeV 

equal to 7.75 ~ - — —rr. 
Rad. length 

Using the method described, ca lcu la t ions were ca r r i ed out for tungsten 

t a rge t thicknesses t = 3 mm, О.25 mm and 0.125 mm and E = 9 . 6 5 MeV and 
max 

4«5 MeV, for which there are experimental data on the form of the photon 
spectra J_2j. The agreement between the calculated and experimental 
results is fully satisfactory up to Ey = 2.0 MeV. Table 1 shows the thick values of Ey • ov, for tungsten targets with t = 1 mm in relative units. 1 Brems ь ö 

£ \ J Lowson, J., Nucleonics, 10 61 (1952). 

/~2_7 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 I968. (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 small) 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 energy 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 Г^ and the position of 
the level E^ - the authors determine the so-called "transverse fission 
width" Г1^ which represents the sum of the products of the fission 
width amplitudes of the two levels in question in each channel available 
for 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 interference 
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 the 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: 

< Гп Ff > = f̂ ; <ikJki> = Г Fn ; Г = V̂_ 
V rn- 1 + Vr ' F n + Fn' (1 + fr) 2 ' T n 

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. 

v IN THE SPONTANEOUS FISSION OF 242Pu 

Lol. Prokhorova, G.N. Smirenkin, Yu.M. Turchin 

(Submitted to Atomnaja Energija) 

The values published more than ten years ago for the mean number of 
- 2Д2 

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_7 

A knowledge of the value of v for one of the heaviest plutonium isotopes 
is of major importance in investigating the dependence of v on the atomic 
weight A. The idea that v is linearly dependent on A, as proposed in £ 2 _ / , 
has been fairly widely accepted, but calculations ofv based on the fission-

energy balance (_Ъ^ reveal a more complex dependence of v on the A and Z of 
the fissioning nucleus» 

- 242 
For measuring v in the spontaneous fission of Pu the authors employ a 

pulse coincidence counting technique using a neutron detector (12 counters with 
^ie in a paraffin block) and an ionizing chamber placed inside the detector to 
record fission involving the substance under investigation. 
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2Л2 The v value for -Pu was measured in relation to that for the 
244 spontaneous fission of Crn. 
242 244 

The ratio of v for Pu 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 £~Aj we obtain 

for 242Pu v = 2.I3 +0.05. 

Thus'the results of this work support the data reported in /l^y and 

the consequences of the calculations in / 3 _ / regarding the dependence of v 

on A. 

/~1_7 D.A. Hicks, J. Ise, Jr., R.V. Pyle, Phys. Rev. 101 (1956) 1016.' 

/~2_7 W.W.T". Crane, G.H. Higgins, H.R. Bowman, Phys. Rev. 101 (195&)" I8O4. 

[_ЪJ I.I. Bondarenko, B.D. Kuzminov, L.S. Kutsaeva, L.I. Prokhorova, G.N. Smirenkin, 
Paper presented to the Second United Nations International Conference on the 
Peaceful Uses of Atomic Energy 1£ (1958) 353. 

/~4_7- V.l. Bolshov, L.I. Prokhorova, V.N. Okolovich, G.N. Smirenkin, Atomnaja 

Energija Г/_ (1964) 28. 

FISSION CROSS-SECTION OP 2°9Bi, 2 3 5U, 2 3 U, 237Np AND 239Pu 
FOR 1-9 GeV PROTONS 

E.S. Matusevich, V.l. Regushevsky 

The fission cross-sections a were measured on the beam of the Joint 
Institute for Nuclear Research's proton-synchrotron using glass detectors. 

Cross-section in barns Relative 
units 

Eft GeV 2 ° 9 B i
 2 3 8 u 2 35u 237Np 2 3 9 p u 2 3 3 и 

1,0 0,26+0,03 0,70+0,07 0,76+0,08 1,12+0,12 I ,»+0,12 1,0 
2,0 0,24+0,03 0,71+0,07 0,71+0,07 0,93+0,10 0,9I+C,I0 0,78 
5,0 0,26+0,03 0,58+0,06 C,59+C,06 0,80+0,08 C,6S±Q,C7 0,67 
9,0 0,25+0,03 0,55+0,06 G.60+0,06 0,79+0,08 0,68+0,07 0,65 

t ~ f — t t — t — t 
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STATISTICAL DESCRIPTION OF PISSION PRODUCT YIELDS 

A.V. Ignatyuk 

(Submitted to Jaderaaja Pizika) 

The shell correction method developed recently / l _ / 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 £~2j 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 £ 3_/ ^n 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 

for 2 3 6U (Pig. 1). 

£ \ J V.N. Strutinsky, Nucl. Phys. A 95 (1967) 420. 

_/2_/ 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. 



- 41 -

M0 

Y* 

TS Я J7 

N 

\ 
\ 

\ 

Mean k i n e t i c energies and mass y i e ld of U 

• Liquid-drop ca lcu la t ions 

x x x Calculat ions taking in to account the effect 
of she l l s t ruc tu re on the energy and densi ty 
of excited s t a t e s of fragments 

• • • Experimental data on the thermal f i s s ion of 
235U (n , f ) 
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ANGULAR ANISOTROPY OF NEUTRON-INDUCED FISSION OF 2 3 U 
NEAR THE THRESHOLD 

G'.N. Smirenkin , Kh.D. Androsenko 

(Submi t ted t o Pisma Zh. e k s p . t e o r . F i z . ) 

The a u t h o r s p r e s e n t t h e r e s u l t s of d e t a i l e d s tud i e s^ of t h e a n g u l a r 

d i s t r i b u t i o n of U f i s s i o n fragments r e s u l t i n g from f i s s i o n induced by 

0.8-r3»4 HeV n e u t r o n s . The fragments were r eco rded by means of t h e 

f i s s i o n - t r a c k t e c h n i q u e ( g l a s s d e t e c t o r s ) . 

The expe r imen ta l d a t a a r e g iven i n compact form i n F i g . l . Th i s 

f i g u r e demons t r a t e s t h e good agreement between t h e expe r imen ta l r e s u l t s 

and t h e formula u s e d i n t h e S t r u t i n s k y - H a l p e r n s t a t i s t i c a l t h e o r y 

rSin Q 

x V x I (x)dx. = S i n ~ 3 d <p(pSin2$) ( l ) 

I 2 2 2 4 o 
where p = — т (к deno te s t h e d i s t r i b u t i o n wid th of к, F (x) ~ e 2x ° о 

The way i n which t h e expe r imen ta l d a t a a r a p r e s e n t e d in F i g . l makes 

u s e of t h e f a c t t h a t t h e r a t i o 

W(0°) _. 2 ( p S i n 2 a ) 3 / / 2 

W(«) 39(pSin 2 d) 
2 • depends on the single parameter x = p'Sin •&. 

Investigation of 18 angular distributions (for the most part in the 
region where there is a precipitous drop in the fission cross-section a*,) 
revealed the exceptional stability of the form W($,E) and its correspondence 
to the statistical distribution F(K) not only around the threshold but in 
the sub-barrier.energy, region. The fission behaviour of U 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 concepts, is susceptible of explana­
tion in the light of the new concept of a "two-peaked" barrier £ 2_/. 

_/~l_7 V.M. Strutinsky, I. Halpem, Report to the Second Geneva Conference 

P/1513 (1958). 

£ z j V.M. Strutinsky, Nucl. Phys. A 95 (1967) 420. 

_/~3_7 Neutron Cross-Sections, BNL-325, Suppl. 2. 
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Qs Q4 06 at X'pstif» 

Fig. 1 Comparison of experimental data on W(ö) with 
formula ( l ) dreived from the s t a t i s t i c a l theory 
of angular d i s t r i b u t i o n s of f i s s ion fragments. 
The i n s e r t shows the energy dependence of the 

о iR 
neutron-induced f i s s ion c ross - sec t ion O"„(E) of U ^~3_7 

Legend: 
V 0.8 MeV 
0 1.25 MeV 

B 1.85 MeV 

• 0 .95 MeV 

® 1.55 MeV 

? 2 .2 MeV 

Д. 1.15 MeV 

A 1.65 MeV 
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I.V. Kurchatov Atomic Energy In s t i t u t e* 

s AND p LEVELS OP 12°Sn 

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

(Presented at the Anglo-Soviet Seminar' 
on Nuclear Constants for Reactor Computations, 
Dubna, 18-22 June 1968 (Paper No. ASS-68/I4)) 

The authors report on measurements on the i den t i f i ca t i on and determina-
120 •• t ion of the parameters of s and p leve ls of Sn. The l eve l s were 

iden t i f i ed by the moving—sample method / 1 _ / « .The level parameters were 

determined from measurements of t o t a l c ross - sec t ions , capture c ross - sec t ions 

and s e l f - i n d i c a t i o n . I t may be noted tha t previous inves t iga t ions of 

Sn / 2_/ with a resolut ion approximately four times worse than in the 

present work resu l ted in a value of SQ ~ Oil x 10 , which i s approximately 

ten times l e s s than the value predicted by the opt ica l model. 

Since, general ly speaking, tin isotopes f a l l outeide the scheme of the 

opt ica l model, these discrepancies could he explained on the assumption 

tha t by v i r t u e of some specif ic property of these nuc le i , for example the 

presence of proton magic, the imaginary par t of the optic po ten t i a l for 

ce r t a in t i n isotopes i s anomalously small. 

Another, more ver i s imi l i tudinous explanation of the experimental data 

on the S_ s t rength function, which has been advanced by Peshbach, Block and 

Shakin £ 3_7» cons i s t s in the assumption tha t in the formation of a compound 

nucleus a la rge role i s played by incoming t h r e e - q u a s i - p a r t i c l e s t a t e s . 

The p robab i l i ty of the appearance of three—quasi—particle s t a t e s va r i e s non-

monotonously from nucleus to nucleus, so tha t the s t rength function may also 

be non-monotonous. ; The question a r i s e s whether i t i s possible to provide 

experimental re fu ta t ion or support for any of these explanat ions. 

This can be done by determining together with the Sfi s t rength function 

the S, s t rength function, which corresponds to a neutron p—wave. If, for 

example, we assume tha t in the case of t i n the imaginary par t of the optic 

po ten t i a l i s for some reason or other lowered, then in t h i s region of atomic 

Edited by lu.V. Adamchuk. 
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weights it is not only the Sn value which should be low but also the 
the S value. If experiments show that for a given nucleus S_ is lowered 
but S, 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 S1 strength function it is necessary to 
identify the levels excited by neutrons with i> = 0 and i = 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 0.2 usee, 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 

120 measurements were enriched to more than 97л> in Sn. 

Identification of the s and p levels was performed on an orbital 
angular momentum selector J_\J> 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 Nal(Tl) crystals 200 x 100 mm in diameter 
shielded on the side of the sample by a 3«5_°m thickness of B. 

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 = О.О487 at./b 
and in the detector n = 0.014 at./b was determined 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 £ with an acceptable measurement time. 

In order to identify the level it is necessary to compare ДА., 
with (дА . + b), where Ь is the corresponding error. Here A A . is 
the experimentally obtained difference between the areas J H. . and 

1 1 expt. S N. , (or the difference between the number of counts as a function of 1 a expt. ч 
channel number). 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 (+). ДА,. is the value that may be 

"Cneor. 
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 scattering. 

Obviously ДА?, = 0 for the p level and A A ^ d 0 for the theor. theor. ' 
s level о The error о 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 6 
it is possible to estimate the probability <p and <p of the level being 

s P 
s and p respec t ive ly . These p r o b a b i l i t i e s are shown in Table 1. 

Measurements of the t o t a l cross—section were car r ied out for a 

f l i gh t length of 109 m wi;th a resolu t ion of 3«8 nsec/m £~AJ' The 

samples used were 70 mm in diameter and the number of atoms was 

0.0191 a t . / b , O.O84I a t . / b and 0.1119 a t . / b . 

The data from the analyser in the form of the number of counts as 

a function of channel number were pr in ted out on punch cards and fed in to 

a computer. Analysis was in two s tages . At the f i r s t stage the data 

were corrected for counting losses r e su l t i ng from the dead time of the 

recording apparatus . This e r ro r was l e s s than 10%. The background 

was then subtracted and the resonance transmission ca lcu la ted : 

exp (- n a t + n O p 0 i ) . 

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 gV = f(r) (Гbeing 
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 gV and Г. 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 
spectrometer resolution function. In order to find the errors in Г and 
gV the dependence gT = f*(r) was calculated simultaneously for a deflected 
value of the experimental area. 

Measurement of the total cross-sections with a sufficiently large 
120 amount of the isotope Sn 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 /~5_7» ? o r recording the capture gamma rays 
the same detector was used as for identification of levels. The samples 
used in the measurements were 70 mm in diameter with n_ = n_ = 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 dependence of area oh level parameters, disregarding 
interference and resolution. The successive approximations method was 
used to include a-correction to take account of capture subsequent to 
scattering. 

Detector -efficiency 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 detector efficiency in the event of a transition 
from one resonance to another does not exceed ± .20%. This indeterminacy 
introduces a basic error- into the capture measurement's. In the self-
indication measurements the main source of:error is the statistical error 
(5 to 10%). For purposes of isotope identification, the total cross-
sections and capture cross-sections of the remaining tin isotopes were 
measured. .-

To determine the level parameters the results of measurements of 
a., a and q,̂  were analysed simultaneously. Fig. 1 gives an example 
of the determination of gF. and Г. The parameters 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 k e W The majority of levels in this 
region are p levels and only two levels were identified with 100% 
probability as s levels. ' The p 'level at 1720 eV was.found to have 
the compound nucleus spin 1 = 1 . The radiation width Г was determined • 

Y_ 
for five levels. The deviation Г . from the mean value Г = 124 + 30 

Y i -•, Y 
lies for the most part within the error limits except for Г = 202 + 20 

• * . . . у 

for the. p level at 427.2 eV. Owing to the small number of levels and 
the large error in Г it is not' possible to make a correct statistical 
analysis" of the radiation widths. ' • 

The gV values and the results of identification of levels of orbital 
angular momentum were used to calculate the strength .functions 3n and S,. 
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Table 1 

E о 
(eV) 

gPn 
(raeV) % (meV) % % Ъ t 

67,32 

150,0 

365,2 

427,2 

922,6 

951,3 

1228 

1424 

1720 

2837 

3128 

3859 

4273 

4379 

5035 

5080 

7335 

7497 

8157 

9017 

9587 
«rossssaesaa 

0,035 

0,045 

3,04 

I I , I 

22 

100 

17,0 

35 

187 

45 

780 

100 

30 

800 

no 
400 

180 

70 

900 

6560 

3100 

30 

20 

5 

6 

20 

10 

6 

40 

8 

28 

13 

25 

50 

20 

35 

25 

,35 

50 

30 

5 

25 

127 

202 

76 

122 

85 

20 

13 

30 

25 

30 

(2) 

I 

I 

I 

0,94 

1,0 
1,0 

0 

0,65 

0,95 

1,0 

0,65 

0 

0,63 

0,5 

1,0 

0 

0,06 

0 

0 

1,0 

0,35 

0,05 

0 

0,35 

1,0 

0,37 

0,5 

0 

1.0 

I 

I 

I 

с 
I 

I 

I 

I 

0 

( I ) 
-

I 

0 

The calculation was carried out taking into account the probability of the 
levels being s or p. 

If the energy interval ДЕ in which 5Q is determined is taken as 4.3 keV, 
then 

*(gr! О 
s n_ Ts' 
0 " ДЕ - ( о - « « : °0:ib x 10-4 

If ДЕ is taken as equal to 10 keV and only 100$ s levels are used, 
then for SQ we get (0.09 * Q[SL) x 10~4. From thuse data we can conclude 
that 

3 ^ - . (0.07 : 0 . и , х 10-4 
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Determination of parameters of the 
427*2 eV l eve l from measurements of 
t o t a l c ross - sec t ion and s e l f - i n d i c a t i o n . 
a, a 1 , a" - t o t a l c ross - sec t ion n„ = 0.1119 a t . / ъ , 

b, Ъ ' , Ъ" 

0.084 a t . / Ъ , С.014 a t . /Ъ 
se l f - i nd i ca t i on n = n = 
0.014 a t . / Ъ , O.OI915 a t . /Ъ 
se l f - i nd i ca t i on n = n = 0.072 a t . / b , 

К» a» 135" 
<тоV, 
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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 into account the probability Ф . The value obtained, 
S, = (3«7 n'a)-' x-: 10 , is in good agreement with the value 3*10, 
1 — U-»>9/' , . 

calculated using the optical model. The errors;inSn * and S1 were 
calculated in similar manner £6_J. 

Prom the fact that S~ * is much less tham the value predicted by the 

optical model while S, *' agrees with the conclusions furnished by that 

model,, it follows that the interaction of s and p neutrons with this 

nucleus cannot be described using a single optic potential and that the 

incoming states have a marked effect on the formation of the compound 

nucleus Sn. 
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NEUTRON CROSS-SECTIONS OP 117Sn 

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

(Presented ait the Anglo-Soviet Seminar on 
"Nuclear Constants for Reactor Computations", 

Dubna, 18-22 June I968. 
(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 (E ) and the 
parameters gTn, obtained previously from measurements of о /~1_/, 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. £ 1_/ so 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 

electronpulse was 0.2 jisec, the pulse current 0.5 A, the pulse frequency 122 Hz 

and the energy of the accelerated electrons 25 MeV. 

117 
The samples used in all measurements were enriched to 88% in Sn. 

The total cross-section was measured over a flight length of 109 m with 

a resolution of 3.8 nsec/m. The neutrons were detected by means of а В 
sample and eight Nal (Tl) crystals 150 mm in diameter using the В (n,y) 

117 reaction, the detector efficiency at 1 keV being about 25$. The Sn sample 
-2 117 70 mm in diameter with n = 1.45 x 10 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 (Tl) 
detectors 150 mm in diameter, shielded by LiH. The number of Sn atoms 
in a sample 70 nun in diameter placed in the detector (IL) was 0.713 x 10 
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 (n ) 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 w). Scattering 

was measured over a flight length of 15 m /~2_7. A sample with n = О.296 x 10~ 
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117 atoms of Sn per barn, e l 'Mptical in form and with, a surface area of 
138 cm , was placed at an angle of 45 25 cm from the: surface of a neutron 
source ( the moderator surrounding the a c c e l e r a t o r ' s uranium ta rge t ) and the 
neutron de tec tor 15 m away'-from the sample. The' s ca t t e r i ng angle was 90 • 
The energy indeterminacy in these measurements was added to indeterminacies 
in measurement of the time of f l igh t (0 .4 (isec), indeterminacies in the 
f l i g h t length (2 cm) and indeterminacies in the s ca t t e r i ng angle (+?5fj)» 
r e su l t i ng in an indeterminacy in' the amount of energy los t by the neutron in 
the event' 'of s c a t t e r i n g . Above 0.5 keV the energy indeterminacy i s mainly due 
to the indeterminacy i n respect of time (25 nsec/m) while below 0.3'keV i t i s 
due mainly "'to' the. indeterminacy' in regard to the s ca t t e r ing angle (AE = 0.015ft). 

All measurements ( °. , ° , °.T., ° ) were made on the 2048-channel time 
•.; . . • • . - , . t • Y ; *" - s ' . ^ • 

analyser using a channel width of 0.25 usee. Each se r i e s of measurements 
was repeated three to four t imes. For i sotonic iden t i f i ca t ion of the l eve l s 
the authors also measured the t o t a l c ross -sec t ions and the capture c r o s s -
sect ions of the remaining" t i n isotope's. 

In order to ca lcu la te the absolute probabi l i ty of neutron s ca t t e r i ng 
on the sample of tin-117 in quest ion, they also carr ied out measurements with 
a lead sample of thickness О.569 x 10 a t . / b . The geometry for measuring 
s ca t t e r i ng from the lead' sample and the arrangement of sample,' de tec tor and 

. . •. 117 
neutron source were absolutely iden t ica l to those adopted for Sn . ' Knowing 117 the quan t i t a t ive r a t i o of neutrons sca t t e red on • Sri and Pb and taking the 
s ca t t e r i ng c ross -sec t ion of lead to' be 1Г.28 +' 0.06 barn £ 3_7» it 'Was possible 

117 
to determine the absolute neutron s ca t t e r i ng probabi l i ty on the sample of '3n. 

The function gf n = fg(Г ) was calculated on a computer by matching a 
t heo re t i c a l area to the experimental by varying ^, Гп and g (g = 1/4 or b/A)• 
The theo re t i c a l area' was 'calculated over the given'energy'range on the basis 
of Breit-Wigner' 's ' formula,' taking in to account' the Doppler e f fec t , 'potent ia l ' 
scat ter ing ' 'and in ter ference between resonance' and po ten t i a l s c a t t e r i n g . •' 
Account was' taken ö f ' the fact that the sca t te red neutrons come1 fro'm'various 
depth's in the 'sample arid that an ejected1 neutron may undergo rad ia t ive capture.•• 
This l a s t effect i s ' c l e a r l y ' s e e n in" the-'area of good resolution.1 

Pig. 1 shows, the energy-dependence of the s ca t t e r ing probabi l i ty on the 
sample in question (the. d i s con t inu i t i e s corresponding to the omitted resonances 
of.- .Sn and Sri). For the resonance at 38.80 eV the trough to the r ight 



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 90 . The magnitude 

117 of this correction (to Гц) for the different Sn levels does not exceed 
20fo. To take interference and potential scattering into account it is necessary 
to know the potential scattering cross—section. This was determined from similar 

117 measurements of Sri scattering in the inter-resonance region. The value 
obtained °" -.-:4«-75 + 0.04 barns agrees ..within the error limits with the pox. 
data in Ref. J_ AjJ* 

î rom the experimental data in the region where there i s no loss of l eve l s 
(A E = 1 keV) the authors determined the value of the s t rength function S : 

s a W B U x 1 0~3 i
x 22 = (0.16 +°'°h x КГ4 

0 2D • " : 2 x 1000 ':'. :';..., 

The e r ro r s in S .were ca lcu la ted - s imi la r ly Г-Ъ 7 . . The value of S 
о ,...1';-::;::':.^v' u - о expt. is aporoximately four times less than the value of S .. predicted by v- . о theor. 

the optical model, which can obviously be explained by the effect of incoming 
states when ä compound nucleus is formed. The small number of levels for which 

spins (i) have been determined makes it impossible to perform a statistical 

analysis, for example to investigate the dependence of level density on spin. 

Some degree of spin dependence of the levels found, can be seer: in the mean 

radiation width: 

Г (I = 0) = 60 + 15 meV.V Г (i =1 ) = 85 + 20 meV 

.Despite:.-the fact that the strength functions for different spin systems 
include large errors, the values obtained are close to one another: 

So (I =..0) =*(0.2 ^ ) % IQ"4; SQ (1 = 1 ) = (0.25 +°;f) x IQ"4 

It will be noted--that;in'-.the:.-calculations of g^n = f g ( Г ) no account was 
taken of the resolution of the. neutron spectrometer or multiple scattering. 
The error resulting from failure to take resolution into account was reduced 
to a negligibly small level by the choice of a sufficiently;wide energy range 
within which the area is obtained. The error resulting from multiple scattering 
is estimated not to exceed. 10%. 
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Fig . 2 Determination of parameters of the 8l4^5 e ^ leve l from measurements of the t o t a l 
c ross -sec t ion , s c a t t e r i n g "cross-sect ion, capture and s e l f - i n d i c a t i o n . The 
r e l a t ion g^n = ( f )Г i s ca lcula ted from the t o t a l c ross - sec t ion (curve b ) , 
from capture with g = 3/4 and g = 1/4 (curve c ) , from s e l f - i n d i c a t i o n 

- (curve Тэ) and from s c a t t e r i n g with g = 3/4 or g = 1/4 (curve S ) . 
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To determine»the level parameters the authors simultaneously analysed 
the results of the measurement of ° , ° , °" and °\. Fig. ? gives as an 

ъ у XL) s 
example the way in which Гnf Гу 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. / l _ / 24 levels were found. The authors found 32 new 
levels, thanks to the measurements of о with a resolution four times better 
than was used in Ref. £ 1_/ to measure capture. 

/X7 

/"4.7 

Т. Fuke ta , ' F .A. 
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NEUTRON-SPECTROSCOPE' INVESTIGATION OF 
SEPARATED SIIiVER ISOTOPES 

G.V. Müradyan, Yu.V. Adamchuk 

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

(Table corrected in accordance with 
measurements carried out in I.968')'» 

107 
The results of study of radiative capture on the silver isotopes Ag 
109 

and Ag up to ~ 100 eV have eliminated a discrepancy in the theory of level 

spacings. The measurements that had been made of the total neutron cross-

sections of a natural mixture of silver on the Columbia University synchro­

cyclotron (USA) with the best resolution available at. the present time 

(0.5 nsec/m) J_\J 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 leads to 

consequences which entail a radical review of the present-day theory of the 

nucleus. 

The results obtained by the authors of this article have shown that 

the observed absence of small 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 natural mixture 

made it impossible for the authors of Ref. / l _ / "t° identify these cases as 

cases of twin levels. Measurement of separated isotopes enabled the authors 

of the present article to demonstrate about twenty new levels. The experi­

mental conditions are described in foregoing articles in this Bulletin (see 

articles on Sm and Sm;. 

Table 1 gives the isotopic identification of silver levels. It also 
107 109 

gives the parameters of the levels of Ag and Ag, mainly taken from 

Ref. /~1_7« An asterisk denotes those levels first discovered in the present 

work and levels for which the values of 2gVa have been clarified. The value 

of 2grn for the newly discovered levels of Ag and Ag was determined 

on the assumption Гу = 140 meV. 
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Pig. 1 shows the level spacing distribution as given in Ref. £ l_y 

and a histogram of the sum of the level spacings for \Ag and Ag 

(i.e. Ag + Ag), plotted from the results presented in the present 

article. 

Pig. IB 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 systems for one 

and the same isotope. 

Thus the discrepancy noted in Ref. £ \ J between the experimental 

distribution of silver levels and the theoretical distribution obtained from 

the superposition of a number of independent systems of levels disappears. 

107 109 
The considerable number of cases where 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 
107 109 

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

obtained. 

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

(in units of 104) were found to be as follows: 
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Table I 

Isotopic identification and parameters 
of resonance levels of silver 

107 Ag 109 Ag 
E ,eV 2gVn , meV Remarks E , eV 2g^n , meV Remarks 

1 16,30 1,48 +0,06 
2 41,50 1,32 To,16 
3 44,80 0,27 +0,04 
4 51,40 4,48 +0,40 
5 83,50 G, 0030+0., 0007 
6 Ifi7,6 G,001STG,0004 
7 110,86 0,008 +0,001 
8 128,04 0,008 +0,004 
9 144,20 0,76 +0,08 

10' 154,7 0,0045+0,0009 
11 162,40 0,02 +0,01 
12 167,10 0,016 +0,004 
13 171,2 0,0065+0,0013 
14 173,10 5,00 +0,40 
15 . 183,60 0,012 +0,004 
16 202,50 1,12 +0,12 
17 218,20 0,012 +0,012 
18 251,29 0,60 +0,16 
19 260 0,0168+0,0034 
20 264,47 0,24 +0,02 
21 270,5 0,0076+0,0015 
22 310,92 10,0 +2,0 
23 329 0,018 +0,004 
24 347,34 0 ,020+0,008 
25 556,20 0,020 +0,008 
26 361,83 1,80 +0,05 
27 372 0,0145+0,0030 
28 362,10 0 ,020+0,008 
29 401,70 0,024 +0,012 
30 410,01 0,016 +0,008 
31 424 0,0073+0,0015 
32 444,60 1,80 +0,20 
33 461,40 1,06 +0,12 
34 466,80 4 ,60 T l , 2 0 

5,20 8,16 +0,06 
30,50 2 ,00 +0,18 
32,63 0,0019+0,0004 * 
40,20 1,36 +0,16 
55,70 2,56 +0,20 

i 70,80 4,76 +0,44 
87,67 1,00 +0,08 
91,50 0,003 +0,001 

106,29 0,012 +0,004 
* 113,5 0,0054+0,0011 к 

D3.9C 10,40. +0,80 
D 9 , 7 0 0,18 +0,02 

ж 160 0,0079+0,0016 * 
169,80 0,02E +0,008 
172,8 б , ! +0,5 к 
193,4 0,011 +0,02 a 
209,60 2,48 +0,20 

к 251,29 С,60 +0,12 s 
x 258,89 0,125 +0,019 '* 

264,47 0,022 +_C,0&t * 
a 272,5 0,12 +0,01 

274,90 0 ,020+0,008 
к 283,90 0,016 +0,008 

290,86 0,76 +0,08 
293,00 0,C20 +0,006 
300,64 0,06 +0,02 

* 316,40 14,0 +2,0 
322,10 0,020+0,008 
327,60 0,40 »0,06 
340,4 0 ,010+0,002 * 

ä 360 0.C74 +0,015 * 
387,00 3,32 +0,12 

391.60 0,016 +0,004 
598,ОС' 1,52 +0,08 
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Table I ( con t . ) 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
Ы 
52 
53 
54 
55 
56 
57 
W 
53 
60 
61 
62 
63 
64 

472,2 
476,10 
479,5^ 
515,47 
524,90 
532,20 
554,51 
576,67 
507,4? 
605,06 
625,59 
653,50 
674,50 
655,89 
703,51 
721,26 
734,70 
752,57 
784 
806 
RD,0 
849 
682,33 
$a§ifi? 
m& 

Ü-,72 
0,16 
0,12 
4,4 

±0,08 
+0,C2 
±0,02 

±0,4 
0,020 ±0,008 
0,07 

10,00 
3,04 
C»,4Q 
0,10 
0,64 
1,00 
3,00 
1,03 
0,26 
0,04 
0,C4 
2,CD 
0,21 
0,215 
0,24 
0,30 
«i,0ü 

V№ 
Ч\1М 

+0,02 
±1,00 
±0,40 
±0,60 
±0,02 
±0,08 
±0,C3 
±0,28 

.•0,12 
±0.02 
±o.oi 
tP,Cl 
• 0,50 
±0,04 
+0,040 
±0,06 
±0,05 
±0,60 
±P,Jt» 
±Q№ 

404,40 
42S.40 
441,0 
469,61 
487,72 
495,20 
500,60 
512,27 
526,60 
553 
560,66 
565,43 
607,93 
622,27 
634,27 
648,21 
669,45 

в Ш , 5 0 
гз 637,40 
я 713,87 

726,08 
& 730,39 

747,49 
\ •' ? § M 

?§*,? 
§03,30 
831,39 
849 
861,83 
902,84 

5,0 
0,08 
о.осэ 
2,0 
1,16 
0,04 

10,0 
0,63 
0,04 
0,26 
6,0 
8,0 
2,6 
5,6 
0,04 
0,04 
1,68 
0,16 
о,сз 
0,07 
1,04 
С, 07 
5,2D 
2,P 

11,6 
1.8 
0,20 
0,09G 
0,52 
0,60 

±0,2 
±0,03 
±0,002 
±0,8 
±c,ca 
±0.02 
±1.0 
±о,сз 
±0,C2 
r0,05 
±0,8 
±0,3 
±0,2 
±1,2 
+0,02 
±0,02 
±0,20 
±0.04 
±0,02 
±0,02 
±0.12 
+0,01 
±0,40 
лР,5 
±ь? 
±0»* 
±0,03 

l ±0,014 
±0,03 
±0,12 
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. Natural Ag 

\ J. 

(A) Level spacing distribution in natural mixture of silver 
isotopes, from Ref. /~1_7» 

(B) Level spacing distribution in 'Ag + ^Ag (present work). 

Curve I - Wigner distribution for two systems of levels, 
Curve II -Wigner distribution for one system of levels, 
Curve III - random distribution. 
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So marked a divergence between the SQ 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 

107 109 play a large part in neutron capture by the nuclei of Ag and Ag. 

REFERENCE 

/~1_7 J. В. Garg , J. Rainwater and W.W. Havens Jr. 
Phys. Rev. 137 B547 (1965). 
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PARAMETERS OP NEUTRON RESONANCES OF SEPARATED 
::ISOTOPES OF'ANTIMONY ' ' •: • : • ' " 

G.V. Muradyan, Yu.V. Adamchuk and Yu.G. Shchepkin 

(Presented at the Anglo-Soviet Seminar on Nuclear 
Constants for Reactor Computations, 

Dubna, 18-22 June 1968 (Paper No. ASS-68/I6 and 
subsecjuehtly submitted to Jadernaya-Fizika)) 

Following the measurement of the radiative capture of silver isotopes j_ 1_/ 
the authors undertook the study of transmission and radiative capture in 

121 123 separated isotopes of antimony Sb and So. 

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 highly 
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 j_ 5_/« 
The value of the neutron width 2 gHi was determined as was also for a number 
of resonances the full width Г. 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 gTVi was determined from the results of radiative capture measurements on the 
assumption that Гу .= (lOO + 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%)• 

121 123 
About 140 Sb and 110 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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121 123 Fig. 1 shows the level spacing distribution of Sb and Sb, together 
with theoretical Wigner distributions (curve II 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. 

I 
The histograms in Pig. 7Г are very sensitive to any loss of levels. These 

losses are not due 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 resolution 
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 6fo 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 Pig. 2, however, is highly 
sensitive to such losses of levels in the vicinity of -~^ _ 0. If in the 
histogram in Pig. 2 we add to the region where fusion of levels takes place 

121 124 
the lost 6% of levels, i.e. four spaces for Sb and three spaces for Sb, 
the experimental level spacing distribution will be closer to the distribution 
for two systems of levels*. 

The anomalously large number of spaces. а ^ ^ ^ 5 . ~ 0.5 for the heavy isotope 
Sb (see Fig. 2) merits attention. The authors observed precisely the same 

109 effect for the heavy isotope of silver Ag. 
121 123 The values of the S_ and S strength functions for Sb and Sb were 

found to be as follows: 

so - (°-29!o:o4>x l 0_4 ; si - ( 1 л 5 : 5 ) x lo~4 f o r 121sb 

S0 = (0.22^;°8) x 10"4; Sl = (2^) x 10"4 for 123Sb 

^ Translator's Note: Pig. 2 is missing from the original Russian text. 
* After completion of the work reported here the authors obtained the 

results of measurements on Sb J_ 2_/ which confirmed their suppositions. 
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The errors in the S values were calculated taking into account fluctuations 

in the reduced neutron widths and level spacings £ 3_/» 

Such low values of S- do not: agree with the predictions of the optical 

model, any more than do the results of measurements on. separated isotopes of 

silver £ !_/» an(i point to the marked effect of incoming states when a compound 

nucleus is formed. 
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T a b l e I ( c o n t . ) 
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Table I (cont.) 
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E = 700 eV max 

68 l e v e l s 

N 
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,' LTK1 

l2hb 
E = 1 2 0 0 eV max 
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XI 
05 I l В a % 

121 123 
Pig . 1. Level spacing d i s t r i bu t i on for isotopes Sb and Sb. Curve I I -

Wigner d i s t r i b u t i o n for one system of l e v e l s ; curve I - Wigner 
d i s t r i bu t i on for two systems of l eve l s with iden t i ca l mean spacings. 
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PISSION CROSS-SECTION MEASUREMENTS IN THE RESONANCE 
ENERGY REGION ON LIQUID-NITROGEN-COOLED URANIUM-235 

T.A» Mostovaya, V.l. 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 broadeningo 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 effect. The work here described was undertaken with a view to 
235 

clarifying the. U fission cross-section data obtained previously by 

lessening the effect of Doppler broadening £ 1_/. 

The measurements were carried out on a neutron chopper by the time—of-

flight method over a path length of 18.15 m. The Instituted electron linac, 

giving neutron bursts of duration Tn = 0.2 usee with a frequency v = 25C Kz, 

served as neutron source. A special ionization chamber was used for the 

measurementSo 

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 т » 0.25 usee. At the 
same time, the effects from the proportional counter were recorded on a 
2048-channel analyser with a magnetic drum memorye 

The resolution for measuring fission effects (disregarding the indeterminacy 
of the flight length due to the neutron source) was 13 nsec/m. 

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 nitrogen. 

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 oxide. Thus, it is purely for illustrative purposes that 
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we give here the fission effects Nf (including background), as measured 
directly on the analyser» The results of one source of measurements are 
given in Pigs 1 and 2» 

Cooling causes the weak resonances located in the troughs hetween levels 
(l0«2, lle7, 12»9, 13e3j 20,1, 20»6, 38o4 eV etc«) and on the descending 
slopes of strong levels (9*3» 43o3 eV etc«) to show up more clearly. Isolated 
weak levels with small full widths (20e4t 4«85» 7el, 11*7 eV etc») are 
noticeably elongated in the event of cooling» Fig» 3 illustrates this 
effect qualitatively taking as an example the level at E я 7»l eV» 

REFERENCES 

/ l _ / T.A. Mostovaya; Bulletin of the Nuclear Data Information Centre 
No» 3 (1966) 
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Fig» 1 Effect of fissions (Nf) in the analyser channels (n) 
with cooling of the fissioning layer« 
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Fig» 2 Effect of fission (Nf>) in the analyser channels (n) 
without cooling of the fissioning layer» 
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ABUNDANCE OF PARTIAL RADIATIVE TRANSITIONS TO THE 
GROUND AND FIRST EXCITED STATES IN THE 

RESONANCES OF GADOLINIUM-I55 

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 
155 156 

excited states in 23 resonances of the Gd(n,y) Gd reaction. The 

measurements were performed on the neutron beam of the I.V. Kurchatov 

Institute of Atomic Energy's electron linae. 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 obtain 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 distributions 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 2 state are 
156 

forbidden in the Gd nucleus. 



E res. 
eV 

62,9 
59,5 
53 
50,3 
47,1 
42,7 
o7,o 

•:r: a 
JO, О 
30,5 
29,9 

i 21,3 
| 20,2 
i 14, 54 
j 12,05 
1 11,67 
j 

! 10,12 
! 7,3 
j 5,3 

2,57 
| 2,01 
! 0,026 

Spin 

J 

IX> 

rX) 
-1 

тх) 
I х ) 

I х ) 

2 
2 
I 

8.2 

Total abundance of 
transitions 

8.44 and 8.52 MeV 

1,9+0,9 
0,4+0,2 
1,6+0,5 
8,5_+0,5 
4,9+0,9 

100 +2,2 
12,2+1,6 
20,4+4,9 
9,8+0,7 
1,2+1,2 
0,8+0,4 
15,3+1,3 
14,3-1,4 
1,5-0,8 
2,3+1,0 
4,440,8 
44,8+4 
1,5+0,7 
0,0140,07 
2,0+0,5 . 

•• 4,5+2,0 
b9il>1 

3,6+0,8 

") Assumed spin values from the data on two-cascade transitions 
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SPIN MIXING IN INITIATING CHANNELS OP REACTIONS 

K.V. Karadzhev, V.l. Manko, F.E. Chukreev 

(Submitted to Jadernaja Fizika) 

The angular distributions of alpha particles from the reaction P (p,a„) Si 
were used to determine the spin mixing coefficient, which is equal to the ratio 
Г „/Г where Г „ and Г are the partial proton widths corresponding to the two 
р(У pi' pO pi 28 
possible channels of the P (p,a ) Si reaction, with spins 0 and 1 res­
pectively. The distribution of these coefficients does not agree with the 
calculated distribution based on assumptions that the widths Г and F are 

pO pi 
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 ^ _ and F ,. This correlation is close to that which must 

pO pi 
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 OP THE RELATION OP 2 3 U 
FISSION PROBABILITY TO EXCITATION ENERGY 

P.E. Vorotnikov 

(Submitted to Jadernaja Pizika) 

The author shows that in the event of neutron-induced fission of yM 

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. Smotryaev, 
D.L.. Tolchenkov, I.S. Trostin, Yu. N. Cheblukov 

(Submitted to Jadernaja Fizika) 

The authors measured neutron polarization in (d,n) reactions involving the 
• + 59n 56„ 60, 62 , 6/, 64, 66 J 8 , . lt , , isotopes Co, Fe, ' and TJi and ' and Zr in the range of angles 
8 = 30 -50 (Lab. system). . The incident deuteron energy E was 11.7 MeV 
(cyclotron belonging to the Institute). Neutron polarization was determined 
from the azimuthal asymmetry of scattering on carbon, the analysing power of 
which had been previously found from the scattering of polarized neutrons from 
the D (d,n) He reaction. Neutron polarization for scattering on carbon at an 
angle of 45 (Lab. system) P _ was -O.78 + 0.18 for 12.6 MeV neutrons and 
-O.6O + 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 ДЕ* ~ (O-3-l) MeV + (О-6.7) MeV). 

* Edited by V.N. Andreev 
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The following percentage values" were obtained for the polarization of neutrons: 
i 

Target Reaction angle 9 (Lab. system) 

/ ^ % 
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LONG-RANGE PARTICLES WITH Z^2 IN TERNARY FISSION OF 239Pu 
BY THERMAL NEUTRONS 

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

4 This paper deals with a study of the emission of He and particles 
239 with A>4 in Pu 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 detectable-
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 

Y-particles 
helium 

lithium 
beryllium 

boron 

carbon 

2,27.10 ь 

(4,2+0,5).IO"5 

(I,76+0,5).I0~6 

(4,4+0,I).IO"6 

(I,25*0,09).I0"? 

(6,4+0,2).10 

7 
8,5 

15 
21 
26 
36 

-5*) 2.4 . 10 * 
6 . IO"5 

3,6 . IO"6 

1.4 . IO"5 

8 . IO"7 

1,2 . I0"5 

x) Reference values. 
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TOTAL NEUTRON CROSS-SECTION OF 23°Th IN THE 
THERMAL AND RESONANCE ENERGY RANGES 

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

(Presented at the Anglo-Soviet Seminar on Nuclear Data 
for Reactor Computations, Dubna, 18-22 June. I968 

(Paper No. ASS-68/I8)) 

The heavy-water reactor at the Institute of Theoretical and 

Experimental Physics was used to study the total neutron cross-sections 
230 230 

of Th in the thermal and resonance energy ranges. The sample of Th , 
was separated from uranium ores (l gram). The measurements were carried 

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

the thermal energy (0.025 eV) was (71o8 + 2) barns, the neutron capture 

cross-section (56.8 ± 3) barns, and tht ̂ tential scattering cross-section 

(15 + 2) barns. <*<&« m 3 и К « « ! ^ * 5 

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

/ \ -4 total resonance integral, which were equal to (1.30 + 0.3; x 10 and 
s?K^ ' 230 

(1035 ±J?5) barns, respectively. The mean neutron level spacing for Th 
is (9.8 + 1.6) eV.. 
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A.F. Ioffe Physico-Technical Institute. USSR Academy of Sciences* 

DEPENDENCE OP GAMMA-RADIATION, ANISOTROPY ON THE OVERALL 
KINETIC ENERGIES OP FRAGMENTS 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 Pizika) 

The paper describes measurements of: 

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 90 "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, emitted in one 

fission event at an angle of 90 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). 

5» 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 anisotropy is determined, without units, as the ratio of the 

gamma-radiation intensities at angles of 30 and 90 to the line along which 

the fragments fly apart. No corrections were made for the finite nature of 

the solid 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 1.4 + 0.2. 

Edited by G.Z. Borukhovich. 
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Table 1 

Ek 

133,44 
137,50 
141,45 
145,36 
149,17 
153,29 
157,26 
161,15 
161,16 
168,98 
172,95 
177,00 
180,98 
134,88 
188,74 
192,64 
196,52 
200,71 

W30° 

-0,0245 
0,0953 
0,0645 
0,0788 
0,0816 
0,0690 
0,0798 
0,0750 
0,0772 
0,0837 
0,0891 
0,0992 
0,1099 
0,1162 
0,1154 
0,1666 
0,1552 
0,1429 

AW30° 

0,0393 
0,0318 
0,0208 
0,0150 
0,0105 
0,0082 
0,0068 
0,0061 
0,0060 
0,0062 
0,0069 
0,0082 
0,0100 
0,0132 
0,0195 
0,0360 
0,0680 
0,1574 

В 

12,86 
10,26 
9,45 
8,67 
8,07 
7,85 
7,53 
7,36 
7,09 
6,83 
6,55 
6,26 
6,00 
5,70 
5,31 
4,94 
4,45 
4,52 

ДВ 

1,97 
0,64 
0,32 
0,08 
0,06 
0,04 
0,03 
0,03 
0,03 
0,03 
0,03 
0,03 
0,04 
0,05 
0,07 
0,12 
0,46 
0,74 
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Table I I 

123,5 
128,1 
131,2 
134,2 
D7.3 
1*0,0 
142,9 
145,9 
148,8 
151,9 
155,2 
158,5 

0,156 
0,090 
0,096 
0,086 
0,074 
0,082 
0,086 
0,093 
0,085 
0,114 
0,081 
0,071 

W(30°) AW(30°) 

Table I I I 

0,054 
0,031 
0,014 
0,008 
0,007 
0,007 
0,006 
0,008 
0,012 
0,021 
0,040 
0,071 

ДВ 

122,33 
128,10 
131,20 
134,15 
137,24 
140,04 
142,86 
145,85 
148,81 
149,60 
151,15 
152,75 

155,17 
158,44 

6,617 
6,491 

6,202 
6,283 
6,644 
7,133 
7,473 
7,587 
7,589 
7,466 
7,060 
7,302 

7,356 
7,402 

±0,268 
±0,131 
±0,056 
40,034 
±0,029 
±0,030 
±0,031 
±0,038 
±0,070 

±0,100 
±0.130 
±0,180 
±0,192 
±Q,298 
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M 

77,7 
80,9 
84,0 
87,2 
90,1 
93.1 
95,9 
98,8 

101,8 
104,8 
107,9 
I I I , 2 
122,4 
128,1 
131,2 
134,2 
137,2 
140,1 
142,9 
145,9 
148,8 
151,9 
155,2 
158,4 

ТаЪ1е IV 

1,90 
4,83 
2,94 
4,90 
5,25 
4,43 
4,67 
5,47 
5,44 
5,64 
7,46 
2,73 
4,96 

-0,42 
1,26 
1,50 
1,77 
3,17 
3,85 
3,25 
3,41 
5,13 
3,33 
6,06 

&в 
4,09 
2,20 
1Л4 
0,66 
0,44 
0,36 
0,36 
0,33 
0,40 
0,65 
1,53 
3,23 
3,23 
1,53 
0,65 
0,40 
0.33 
0,36 
0,36 
0,44 
0,66 
1,14 
2,20 
4,09 

В 
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YIELD OP LIGHT NUCLEI FORMED DURING FISSION OF 235U BY THERMAL NEUTRONS 

A.A. Vorobev, V.T. Grachev, 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 isotopes formed during U fission by thermal neutrons were measured using 

a magnetic-deflection mass spectrometer. The measured spectra of H, H, He 
and Tie appear to have an almost Gaussian distribution. The distribution 
parameters and the yield of H, H, He and lie are given in Table 1. The 

T О 
yield of lithium and beryllium isotopes and of He and He 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 He, Li 

7 and Be. 



Table 1 
Yield and energy distribution of H, H, He, He 

Measured 
Isotope energy range 

MeV 

Energy at 
distribution HWHM 

max.. MeV 
MeV 

Yield in measured 
energy-range for 
100 a-paftieles 

Total yield for 
100 a-particles* 

ZH 

«He 

4,8-15,0 

4,2-11,6 

10,6-34,2 
9,0-20,1. 

8,5 t 0,3 3,4 t 0,2 

8Д * 0,2 3,1 * 0,1 

15,7*0,2 4,8 ± 0,15 
11,8*0,3 4,5 ± 0,2 

0,39 * 0;03 

%2 -t o,I5 

90 
1,04 t o,0? 

0,44 ± 0,04 

6,3 t o,2 

100 

1,4 t 0,1 

i 
OD 
VO 

1 

* In calculating the total yield from the measured 
yield, the energy distribution was assumed to be 
Gaussian. 
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Table 2 

He, Li and Be isotope yields 
(provisional results) 

I s o t o p e Energy range 
MeV 

Yie ld per. 10 
a - p a r t i c l e s * 

JHe 
8He 
6U 
7U 
8U 
9U 
7Be 
he 

I 0Be 
IE 

12 
Be, 
Be 

Ш,5 -22,0 
9,1 -12,2 

16,0 -28,4 
15,7 -26,6 
15,7 -24,0 
15,3 -22,2 

24,5 -44,0 
23,4 -5T,0 
23,7 -35,0 

24,0 -33,0 
24,5 -31,0 

^ 0 , 5 

. > f J 

^ 0,04 
: 1.9 

0,'80 

, 1 ' 1 

<: 0,001 
0,5 
3,2 

0,09 
^ 0,C* 

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

RADIOCHEMICAL DETERMINATION OF THE YIELD OF RARE-EARTH ELEMENTS 
249 241 IN THE FISSION OF J7Pu AND ч Pu BY SLOW NEUTRONS 

N.V. Skovorodkin, A.V. Sorokina, S.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 the fission of Pu and Pu by slow 

neutrons. 

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

The cumulative yields are all given relative to the cumulative yield of 
Ce. 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 y i e lds of the isotopes of r a re -ea r th 
elements r e l a t i v e to the cumulative y i e l d of Ce, 

2Д1 249 
in the f i ss ion of Pu and Pu by slow neutrons 

Relat ive y ie lds 
Isotope 

239 Pu 241 Pu 

LOL -141 

Ce. -*« 
UL - 143 
Pi - 143 

Ce. - 1 4 4 
Ръ - 145 
Md. - 147 
Ptn - 147 
Mä - 149 

Pm - 149 

Ptn. - 151 

Sm. - 153 

1лс- 155 

Jm." I56 

iu. - 156 
lk<. - 157 

Gd -I59 

У -91 

I .22+ - 0,04 
1.32'+ 0.02 
1.04 * 0,03 
1,10 * 0 , 0 2 

1,000 
0.919 t 0,-020 
0,553 ± 0.OH 
0.556* 0,022 
0,297 * 0,010 
0,337 t 0,006 
0,191 * 0,005 
0,0942/0,0018 

0,0248 • 0,0006 
0,0322*0,0005 
0,0198*0,0005 
0,00561 *0,0O6£7 

0»0GI34* 0,00002 

0,639 £ 0*005 

1,10 + 0,02 

1,16 t 0,02 

0,950 t Q,02 

1.05 * 0,01-

X-,000 

0,736 * 0,022 

0,572 t 0.008 

0,570^ 0,023 

0.360 * 0,010 

0,369 2 0,014 

0.207 *" 0,010 

0,127 t 0,003 

0,0566*0,0051 

0,0387*0,0010 

0.416 * 0,0007 

0,0319*0,0008 

0,0113*0,0002 

Q.00199* 0,00004 

0,407 * 0,007 
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THE ENERGY DISTRIBUTION OP ALPHA PARTICLES FROM THE FISSION 
OF PLUTONIUM-24I AND AMERICIUM-24I 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-neutrons,.using ä method previously . 

described [ 1 ] . The spectra are closely approximated by a Gaussian distri­

bution, whose parameters are determined,; together with.the statistical errors, 

by the least-squares method: 

241, 24]. 

Pu - •• Am 

Most probable energy, E 15.0 +0.6 MeV 15.Ö + i.2'MeV 

Half-height width, Д E 8.3 + 0.5 MeV 11.2 + 0.9 MeV 
A comparison is made with the alpha energy spectra in the fission of 

other isotopes. 

REFERENCE 

[ljN.A. Perfilov, Z.I. Soloveva, R.A. Filov, G.I. Khlebnikov, Dokl. Akad. 
Nauk SSR 136 (1961) 581. 

Zh. eksp. teor. Fiz. 4J. (1963) 1832. 
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THE ENERGY SPECTRA OF PROMPT NEUTRONS IN THE FISSION 
OF 244Cm, 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 
244 242 for spontaneous fission of Cm and . Pu and the neutron energy spectra for 

239 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 

Ле"Е/Т. approximated by a Maxwellian distribution N(E) ~J Ее ' . The parameters T 
were found equal to 1.37 + 0.04 MeV, 1.21 + 0.07 MeV and 1.35 + 0.04 MeV for 
244 242 239 ~ 

Cm, Pu and Pu respectively. The dependence of the mean neutron 
energy E on the average number of neutrons emitted v agrees with the results 
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, Д ̂ -statistical error in fo 

244 242 239 
_&& bfe Efek 

6,20 240 97 10 4,8* 150 70 14 7 191 72 10 
5jI0 
4,30 
3,80 
3,07 
2,5 
2,07 
1,90 
1,70 
1,54 
1,41 
1,28 
1,16 
1,10 
1,03 
0,95 
0,88 
0,78 
0,68 
0,59 
0,49 
0,41 
0,39 
0,29 

464 
835 
1033 
1665 
2380 
2920 
3040 
3360 
3680 
3920 
4020 
4460 
4390 
4200 
4770 
4500 
4630 
4610 
4760 
4340 
4360 
4140 
3220 

205 
.402 
530 
950 
1500 
2020 
2200 
2580 
2690 
3300 
3550 
4080 
4190 
4200 
4900 
4800 
5250 
56Q0 
6200 
6200 
6800 
7100 
7100 

9 
.7 
6 
6 
5 
4,5 
4,5 
*,5 
4,5 
4.5 
4.5 
4,5 
4,5 
4,5 
4,5 
5 
5 
6 
6 
7 
7 
8 
9 

4,06 
3,45 
2,98 
2,59 
2,28 
2,02 
1,80 
1,61 
1.45 
1,34 
1,20 
1,10 
1,01 
0,93 
0,77 
0,65 
0,52 
0,37 

200 
370 
470 
620 
730 
900 
1120 
1200 
1450 
1510 
1570 
1610 
1630 
1660 
1700 
1550 
1920 
2030 

130 
200 
273 
384 
485 
633. 
835 
1020 
1200 
1300 
1435 
1567 
1635 
1730 
1930 
1930 
2660 
3300 

12 
II 
10 
9 
8 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
9 
10 
10 

5 711 
4 1400 
3 2670 

2,5 3520 
2,0 4780 
1,75 5500 
1,50 5870 
1,35 6130 
1,15 6350 
1,00 6070 
0,90 6760 
0,80 6%0 
0,70 7030 
0,60 7040 
0,50 7350 
0,40 70Ю 
0,30 6490 

318 
700 
1540 
2220 
3380 
4020 
4800 
5380 
5930 
6670 
7130 
7800 
8400 
9100 
10400 
щоо 
II850 

8 
7 
6 
5 
4 
4 
4 
4 
4 
4 
5 
5 
6 
7 
8 
9 
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 

particle, 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 countersf 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-radiation spectrum is shown in the figure» The main 

difference from the binary-fission spectrum obtained under the same conditions 

is the shift in the right-hand (descending) slopes of the peaks for light 

and heavy fragments by about 2 keV, which corresponds to a change of 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 release 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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30 *0 
Energy (keV) 

1 Measured spectrum of K-radiation from fragments. 

• - alpha fission 
о - 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 OP RETARDED FRAGMENTS 

S.M. Solovev, V.P . Eismont 

(Submit ted t o Atomnaja E n e r g i j a ) 

In o r d e r t o o b t a i n new d a t a on f i s s i o n - f r a g m e n t energy l o s s e s , a 

semi -conduc to r d e t e c t o r was used t o measure t h e k i n e t i c - e n e r g y d i s t r i b u t i o n s 

of fragments which had passed through a ' l a y e r of a i r of known t h i c k n e s s , i n 

t h e f i s s i o n of U by thermal neu t rons» The a u t h o r s de te rmined t h e 

dependence of t h e mean e n e r g i e s and energy sp read of l i g h t and heavy 

f ragments on r e t a r d a t i o n l e n g t h . 

The exper imen ta l " f l i g h t pa th /energy" 5 curve, i s g iven i n t h e f i g u r e , 

which a l s o shows Fu lmer ' s . d a t a £~ 1 _ / , o b t a i n e d u s i n g s c i n t i l l a t i o n d e t e c t o r s , 

and a curve c a l c u l a t e d fron» t h e t h e o r y of Lindhard e t a lo / ^ 2 _ / e I t can be 

seen t h a t b a s i c a l l y t h e d i v e r g e n c e from F u l m e r ' s r e s u l t s does not exceed t h e 

l i m i t s of expe r imen ta l e r r o r . I t can a l s o be seen t h a t t h e o r y u n d e r e s t i m a t e s 

f ragment -energy l o s s e s a t t h e b e g i n n i n g of t h e f l i g h t p a t h . 

• • REFERENCES 

/ ~ 1 _ 7 G.B. Fulmer , Phys . Rev. 13'9, B54 (19^5) 

/ ~ 2 _ 7 L. L indhard , M. Schar f f , H.E. S c h i / t t , Mat.Fys.Medd.Dan. Vid . S e l s k . 

3.3, No. 14 (19.63) . 
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Plight path mm 

The dependence of the kinetic energy of ^U fission fragments 
on the flight-path length in normal air for light and heavy 
fragments (upper and lower curves, respectively), 
о - data from the present work, о - Fulmer's data; the dotted 
curves are calculated from the theory of Lindhard et al. All 
curves are for initial fragment energies of 69.6 MeV and 
100.1 MeV. 
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COMPARATIVE MEASUREMENTS OP CHARACTERISTIC K-RADIATION IN 2^U FISSION 

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

(Submitted to Jadernaja Fizika), 

To widen the range of nuclei which have been studied and so get a 

better understanding of the emission of X-rays by fragments 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 fission of U by thermal neutrons« 

The method used was similar to that described in Reference' j_ !_/• 

The value 0.96 + 0.08 was'obtained for the X-ray quantum ratio between 
233U and 235U fission. 

233 
It was found that for U the mean radiation energy for a light 

235 
fragment was 0.3 + 0.1 keV less than for U, and for" a heavy fragment 

it was 0.2 + 0.1 keV greater. The difference observed: in the energies 

corresponds to the difference in charge: -O.4 + 0.1 for light fragments 

and +0.2 + 0.1 for heavy fragments, or as an average +0.3 + 0.1 units of 

charge. 

The result agrees- qualitatively with the predicted rule that decay 

chains should be of equal length and shows that, unlike the mass, the charge 

of a heavy fragment is not unchanged when the nucleonic state of the . 

fissioning nucleus changes. 

REFERENCE 

/ l _ / S.M. 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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I n s t i t u t e of Physics, Ukrainian Academy of Sciences« Kiev* 

THE ELASTIC SCATTERING OP POLARIZED NEUTRONS 
OP 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 F iz iSesk i j Zhumal 
(Ukrainian Journal of Physics)) 

This study deals with the e l a s t i c s c a t t e r i n g of polar ized neutrons 
of energy 1.5 MeV on Mg, AI and Si nuclei in the sca t t e r ing-ang le range 
20-143 • The measured d i f f e r e n t i a l cross~sect ions of e l a s t i c s c a t t e r i n g 
of polar ized neutrons (P., (33 ) = (36 + 2)%) were used to determine the 
d i f f e r e n t i a l cross—sections of e l a s t i c s c a t t e r i n g of non-polarized neutrons 
as a function of s c a t t e r i n g angle, and to find the e l a s t i c s c a t t e r i n g c r o s s -
sec t ions and t ranspor t cross—sections. The measured d i f f e r e n t i a l c r o s s -
sec t ions for non-polarized neutrons are given in the form of a Legendre 

dCTel 5 
polynomial expansion —ттг- = S A. P. (Cos 9 ) . The numerical values of <ш i = Q г x 
the calculated constants and coefficients A. are given in Table I. 
Table II gives the numerical values of the polarizing power of Mg, AI and 
Si nuclei for the neutron energy studied. 

Edited by I.A. Korzlw 



Table I 

Nucleus 

AI 
О«. 

°el 
barn 

2,542+0,055 

2,551+0,059 

2,682+0,045 

о, t r e 
barn 

1,543+0,075 

1,464+0,080 

1,859+0,057 

Cos 9 

0,393+0,017 

0,426+0,018 

0,307+0,010 

*0 ' 
b a r n / 
s t c r . 

0,202 

0,202 

0,213 

A l 
b a m / 
' s t e r . 

0,195 

0,223 

0,180 

A2 

b a r n / 
s t e r . 

0,151 

0,032 

0.148 

A3 
b a r n / 
s t e r . 

0,050 

0,007 

-0 ,041 

A4 
b a r n / 
s t e r . 

0,007 

-0 ,001 

0,012 

A5 
b a r n / 
s t e r . 

0,026 

0,006 

-0 ,006 

Tab le I I 

' l a b 
I 

Ph 
&.% 

AI & »lab! 
&.% 

V* 
24,1+4,4 

23,6+5,9 

'6,2jh5,0 

- 5 , ^ 6 , 5 

-6 ,1+7,1 

1 ßi 
-20,0+ 4 ,8 

-8 ,9+ 6,9 

-8 ,2+ 5,3 

+2,8+11,6 

-7 +11,4 

! & • 

16 +4,2 

17,2+4,6 

11,4+6,2 

2,4+6,3 

2,2+6,3 

20° I,8+.6,6 

30° 7 ,8+3,0 

40° 14,9+4,8 

55° 20,2+5,3 

70° 24,7 i4 ,0 

-0 ,3+2,6 

-3 ,9+2,4 

-1 ,2+2 ,0 

-5 ,5+4 ,0 

-10,7+2,4 

- 5 , 7 + 3 , 8 

-5 ,2+3 ,6 

+2,7+2,9 

12,5+3,4 

17,0+4,1 

85 u 

I0U° 

115° 

130° 

143° 
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PAST-NEUTRON. RADIATIVE-CAPTURE CROSS-SECTION 

FOR THE ISOTOPES 3Cu, 5Cu, W 

G.G. Zaikin, I.A. Korzh, N.T. Sklyar and I.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 Cu, Cu 

and W in the energy range 200-3100 keV at intervals of 30-60 keV. The 

activities induced in the samples' by fast and .thermal neutrons were compared. 
235 

The reference cross-sections were the fast and thermal-neutron U fission 

cross-sections /l_/» and the thermal-neutron activation cross-sections for 

the isotopes. Cu, Cu and W, which were taken equal to 4-5 +0.2 barns 

£~2_J7 2.3 barns /~3_/ and 38 + 2 barns /~3_7 respectively. 

Tables, I, II and III give the measured radiative-capture cross-sections 
23s 

ther with the U fission cross-sections. Tl 

include the errors in the reference cross-sections. 

23s 
together with the U fission cross-sections. The errors given do not 

REFERENCES 

/~1_7 Neutron Cross-Sections, BNL-325, 2nd edition, Supp. 2, vol. Ill (1965) 

/ 2 _ / I.V. Gordeev, et al., Jaderncb-fiziteskie konstanty (Nuclear Physics 

Constants), Gosatomizdat, Moscow, I963 

/~3_7 Neutron Cross-Sections BNL-325, 2nd edition, Supp.2, vol H a (1966) 
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E n 
keV 

230 

350 

4Ю 

470 

560 

5-0 

r:o 
1100 

1290 

1510 

17Ю 

ISIu 

2IIC 

232. 

2510 

2720 

2910 

3110 

Table I 

6 3Cu 

2 35u 
Op barn 

1,33 

1,27 

1,22 

I,2C 

I , I 7 

T Г " 
i , ; -

I , Ь 
r -j 7 
Ч - ' 
1,24 

1,27 

I,3C 

1,31 

1,31 

1,21 

1,30 

1,30 

1,27 

1,27 

a ; m barn 
ny 

23,7+ 0,9 
1 О о , ,-ч с к , о + ч , * 

Io,u+ 0 ,5 

15,7+ 0,6 

К ,2+ С,5 

12,2+ 1,1 
ГО С + (". .-. 

12,0+ 0,о 

I I , I +0,4 

: ,74+0,г6 

6,00+0,20 

6,2720,24 : 

С, 30+0,30 : 

5,50+0,16 : 

5,55+0,30 : 

5,13+0,34 i 

Е п 
keV 

: 230 

: ЗЬО 

: 410 

: 5SU 

: 650 

• 790 

:' 9 10 

: Г 0 

I27U 

13-и 

1410 

1510 

IS''0 

IS80 

2170 

2320 

2510 

2570 

зпо 

Table 

°р, barn 

1,38 

1,27 

1,22 

1,1? 
I.I-: 

1,1с 
t o r 

1,ее 

i J - ' 

1 ^ 4 

1 , 4 ' 

' 1 -

1,27 

1,30 
T С T 

1,31 

1,3! 
T О 7 
1 ^ w 1 

1,30 

1.27 

1,27 

I I 

о : in barn 
ii-y 

11,9 + 0,5 

10,6 + 0 ,5 

7,90+ 0,60 

6,62+ 0,26 

. , 0 , . + !_ - , ? . . 

3,15 + 0,24 

0,96 +0,oS 
9 4'.+ Г K 

•J,b2+ 0,5 о 

/ , 0 ^ 0 ,4; 

7,22+ 0,чс 

7,71+ 0,46 

6,95+ 0,2i 

6 л- + O,:L 

6,32- о,з: 
&,!»+ о,2с 

5,4:+ 0,21 

5,I9j ; С , 2 : 

-• , 1 - 2. - **-ч-

4 ^с+ " I 7 

4,25+ 0,40 
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E n 
keV 

230 

350 

•410 

470 

570 

S90 

1100 

1310 

1510 

1710 

1910 

2110 

2320 

2510 

2720 

2910 

3110 

Table I I I 

1 8 6 w 

2 3 5u 
CL, Ъагп 

I,3G 

1,27 

1,22 

1,20 

1,1? 
I, IK 

1,27 

1,24 

1,27 

1,30 

1,31 

1,31 

1,31 

1,30 

1,30 

I-, 27 

1,27 

a ; mbarn 

102 + 9 

78 + 3 

62 + 5 

•63 + 4 

48,5 + 1,5 

59 + 6 

43 + 6 

42,0 + 3,6 

37,4 + 1,5 

39,0 + 1,5 

33,5 + 1,5 

29,1 + 0,7. 

27,5 + 1,0 

23,3 + 1 , 1 

22,7 + 0,9 

19,8 + 1,1 

23,1 + 1,5 
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SCATTERING OP 2.9 MeV NEUTRONS ON TITANIUM AND CHROMIUM NUCLEI 

M.V. Pasechnik, M.B. Fedorov, T.I. Yakovenko 

(Submitted to Ukrainskij; tfiziu'eskiji Zhurnal 
(Ukrainian Journal of Physics):) 

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-
elastically 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: 

C0SeLab 

0,87 
0,70 
0,50 
0,26 
0 
-0,26 
-0,50 
-0,70 

Table I 

Differential cross-section in 
relative units 

Titanium 

21,2 i 0,6 
П.2 t 0Л 
5,8 • 0,2 
0,9 t 0,2 

I 
I.* t 0,3 
2,7 t 0,3 
3,2 t 0,3 

Chromium 

25,4 t 0A 
15,г * j,* 
*t'8 ± 0,3 
1,3 t 0.2 

I 
2,2 ± 0,2 
3,1 t 0,3 
3,7 + 0,3 
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The corresponding results for inelastic scattering are given in 
Table II: 

СоаЭ, , lao 

0,87 
0,70 
0,50 
0,26 
0 
-0,26 
-0,50 
-0,70 

Table II 

Differential cross-section in 
relative 

Titanium 

0,9 ± L',I 
I»I t 0,1 
0,9 + 0,1 
1,0 ± 0,1 

I 
1,0 t 0,1 
1,1 ± 0,1 . 
0,9 ± 0,1 

units 
Chromium 

0,6 t 0,3 
I.* ±0,1 
1,2 t 0,1 
0,9 + 0,1 

I 
0,9 ± 0,1 
1,0 ± 0,1 
1,2 t 0,1 

'The absolute values of the differential inelastic-scattering cross-
sections for the angle 90 are obtained by a comparison with the known (n,p) 
scattering cross-section for a polyethylene sample. They are: 

Рог titanium: do(90°)/dQ = (79 + 4) 

For chromium: do(90°)/dQ= (41 + 5) 

mb 
ster 
mb 
ster 
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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 FiziCeskij Zhurnal) 
(Ukrainian Journal of Physics) 

The measurements were carried out using the time-of-flight method and 
4л geometry on the WR-M reactor at the Institute of .Physics, Ukrainian 
Academy of Sciences / l _ / . 

With this method it is possible to use small amounts of material 
(10-100 mg) and thin samples (no <0.2) £~2j. 

The results given in Table I were obtained in relation to lead, whose 

cross-section was taken equal tos 11.5 + 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 +0.1 barns. The dysprosium isotopes were used in the oxide 

form (Dy203). 

Table IV gives the isotopic composition of the dysprosium samples used. 

If it is assumed that the error in determining the concentration of 

impurities in the dysprosium sample is half a unit in the last significant 

figure, then the error in determining 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 FiziCeskij Zhurnal, .13., 599» 1968. 

/~2_/ V.P. Vertebny, et al., Ukrainskij FiziSeskij Zhurnal, ГЗ., 605, I968. 
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Table I 
Total scattering cross-sections of cadmium 

isotopes for E =0.3-9.0 eV 

No. Nucleus °"s barn 

1. Cat natural 5,6 t 0,3 
2. Cd 5,2 + 0,3 

112 
3. COL 6,9 t 0,3 

114 
4. U 5,2 + 0,5 

116 
5. Cd 6,4 ± 0,3 

Table II 
Total scattering cross-sections of РЪ, С and В 

nuclei in the range E = 0.02-15 eV. 

No. Nucleus °s barn 

I Pb 11,5 t 0.2 
2. С 4,8 + 0,1 
3. H B 4,9 + 0,2 
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Table H i 

Total s c a t t e r i n g c ross - sec t ions of the dysprosium 
iso topes 161, 162, 163, 164 

No. 

I . 
2 . 
3 . 
4. 
5 . 
6. 
7* 
8ь 
9 . 

10. 
I I . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 . 
22,0 
23. 
24. 
25. 

E,eV 

0.025 
0.05 
0,10 
0,15 
0,20 
0,25 
0,30 
0,40 
0,50 
0,60 
0.7 
0,8 
0,9 
1.0 
1.2 
1.5 
2,0 
3,0 
*.o 
5.0 
6,0 
7,0 
8,0 
9.0 

J0,0 

Ду 

22,0 -0 ,4 
20,0 * 0,3 
20,0 * 0,2 
18,8 * 0,2 
18,0 * 0,2 
18,0 * 0,2 
17,9 * 0,2 
17,2 * 0,2 
16,8 * 0,2 
16.5 * 0,2 
16,0 * 0,2 
15,5 * 0,2 
15,0 * 0,2 
14.3 * 0,2 
14,1 = 0,2 

Ду 

2.5* 0,8 
4.1* 0,7 
2,5* 0,6 
1,8* 0.6 
1,1* 0,6 
0,9* 0,5 
0,6* 0,5 
0 ,3±0,4 
0 ,1* 0,3 
0 * 0,3 
0 * 0,S 
0 * 0,3 
0 * 0,3 
0 * 0,3 
о * 0 ,3 
0,-2* C.3 
0,7* 0,3 
8,0* 0,3 

1 6 \ 

9,7* 0,4 
9,7* 0,4 
8,6* 0,3 
8,4* 0,2 
7,9* 0,1 
7,0* 0,1 
6,4* 0,1 
5,9* 0,1 
5.2* 0,1 
5.7* 0,1 
5,2* 0,1 
4f6*- 0,1 
4,3* 0,2 
4,0* 0,2 
4,0* 0,2 

16V 
262,0 * 7,0 
250,0 * 5,0 
250,0 * 3,0 
240,0 * 3,0 
230,0 * 3,0 
220,0 * 3,0 
210,0 * 3,0 
190,0 * 3,0 
160,0 * 3,0 
160,0 * 3,0 
150,0 * 3,0 
145,0 * 3,0 
140,0 - 3,0 
130,0 * 2,0 
120,O-*-3,0 
92^0 * 3,0 
76,0 * 3,0 
58,0 ** 2-0 
48,4 ± 2,0 
42,0 * 1,5 
38,0 * 1,5 
33,5 i 1.5 
32,0 * 1.5 
28,5 f 1.5 
27.0 X 1^5 
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Table IV 

Isotopic composition of dysprosium samples 

Chemical 
compound 

Ljysprosium i61 ОуьОз 
" 162 

l b 3 ' - " -

" . 16+ 

Iso topic 

-
-
-
— 

0,6 
0,2 
0,2 
0.1 

composi 

SH,2 
1,6 
0,4 
0,3 

. t ion in 

3,5 
9f,0 
2,1 

. 0,d 

t 
I.I 
a,a 
9i,6 

1,3 

0,6 
u,y 
*,5 
97,0 
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NEUTRON RESONANCES IN THE ISOTOPES 3°Ba AND 132Ba 

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

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

The time-of-flight method was used on the WR-M reactor to measure the 
transmission of samples of natural barium and the barium isotopes 130 and 132 
in the energy interval 3-Ю00 eV (with a resolution of 0.05 msec/та and 
0.03 (isec/m). 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 
in the table. Ba levels were observed with energy 46.4 + 0.4 eV and 
58.24 +0.7 eV, and neutron widths of Г = 27 + 7 meV and Г = 144 + 27 meV 
respectively. It is probable that levels 137 + 3 eV and 186 + 4 eV are also 
associated with Ba. Рог the isotope no levels were observed in the 
range of interest. 

Composition and concentration of nuclei in samples 

Isotope Natural Ba ^ Ba ^ Ba 
sample 

130 0,101 0,0738 K,4 6,5723 0,1 0,0535 
132 0,097 0,0709 I 0,4564 8,2 4,3861 
134 
135 
136 
137 
138 

2,42 
6,59 
7,81 
11,32 
71,66 

1,7680 
4,8145 
5,7058 
8,2702 
52,353 

*.3 
7,7 
8,0 
10,3 
54,5 

1,9626 
3,5143 
3,6513 
4,7010 
24,7831 

10,8 
11,0 
8,6 
9,6 
51,7 

5,7768 
5,8839 
4,6001 
5,1349 
27,6538 

2 20 -2 
n = number of nuclei per cm in units of 10 cm 
С = concentration of nuclei in % 
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NEUTRON RESONANCES OF RARE ISOTOPES OF GADOLINIUM 

V.P. Vertebny, A.I. Kalchenko, M.V. Pasechnik, Zh»I» Pisanko, V.K. Rudyshin 

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

The time-of-flight method was used on the WR-M reactor to measure the 
transmission of the rare isotopes gadolinium 152 and 154» ала of natural 
gadolinium, for neutrons in the energy range 0.7-3 eV (resolution 0.2 (isec/m) 
and 3-Ю00 eV (resolution 0.05 цвес/т). The sample data are given in 
Table I. The levels were identified and the neutron widths calculated for 
the isotopes 152 and 154 (Table II.)» The mean spacing obtained between 
levels is given together with data for other gadolinium isotopes taken from 
the literature (Table III). 

REFERENCE 

/~1_7 Gilbert, A., Cameron, A., Can. Journ. Phys. 4JJ, 1446 (1965) 

Isotope 

152 
15* 
155 
156 
157 
159 
160 

n = number of 

152 
n 

10,66 
3,23 
7.« 
5,21 
2,93 
2,94 
1,94 

Table 

С 
30,9 
8,3 

21,5 
15*2 
8,6 
8,7 
5,8 

nuclei per cm in 

! I 

Sample 

n 
-

19,63 
11,19 
1,80 
0,71 
0,64 
0,33 

units of 

154 
С 
-

57,0 
32,7 
5,3 
2,1 
1.9 
i.o 

-^20 • 10 cm 

natural 

n 
0,09 
1,05 
7,16 
9S88 
7,52 
11,85 
10,31 
-2 

С 
0.2 
2,15.... 
14,73 
20,47 
15,68 
24,87 
21,9 

С = concentration of nuclei in $ 
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Table II 

Gadolinium 152 Gadolinium 154 

E o 
3.31 
9,55 

12,5 
21,2 
37,1 
39,7 
43,1 
75.3 
88,0 
93,5 

(eV) 

+ 0,04 
t 0 , 0 4 
t 0 , 0 7 
Ю . 2 

t 0,4 
±^0,4 
t 0.4 
• I 
+ I 
t 1,5 

0 
Г (meV) 

nv ' 
0,01 
0,03 

1.3 
0,15 

13,0 
7.0 
1,1 
6.7 

(5,7)? 
(9,8)? 

v 
9,41 

11,6 
22,7 
30,1 
36,0 
47,4 
50,1 
53,5 
66,0 
70,4 
79,6 

101 
140 
148 

(eV) 

?'t 0.04 
t 0,06 

t 0,2; 

t 0,3 
+ .0,3 

± 0 , 5 

± 0.6 
• 0,8 
4- 0,8. 
t 0,9 

t I 
±2 
+ 3 
±3 

0 
rn(meV) 

0,01 
0,12 
2,3 
Г.4 
-

2,7 
e» 

1.7 
2,9 
1,3 
-

(15,5)? 
(29,4)? 
(24,6)? 

Table III 

Istotope ! 152 ! 154 ! 156 ! 158 ! 160 ! 155 ! 15? ! 
E (MeV) . 
U (MeV) 
Dobs.(eV) 

6,48 
5,51 

И.5 
E « 
U •• 

6,46 6,35 6,03 5,64 8,53 7,92 
5,50 5,38 5,06 4,67 6,64 6,23 
10,2 33(1) - - 1,8(1) 5,6(1) 

binding (excitat ion) energy 
e f fec t ive .excitation energy U E - P(N) - P(Z) 

P(N),P(Z)=pair—interaction energy 

obs» observed spacing between levels 



- 115 -

NEUTRON CROSS-SECTIONS iQP (ОАЖПМ ISOTOPES 

V.P . Ver t sbny , M.P. Vlasov , N.D. Gnidak , E . I . G r i s h a n i n , R.A. Za t se rkovsky 
A.L. K i r i l y u k , V . l . Lependin , M.V. Pasechn ik , И.А. Trofimova, 

A.P. Fedorova 

(Presented at the Anglo-Soviet Seminar on Nuclear Constants 
for Reactor Computations,.. Dubna, 18-22 June I968 

(Paper ASS-68/20)) 

A neutron spectrometer, intended for working with small amounts of material 
£ \ J was used on the WR-M reactor at the Institute of Physics, Ukrainian 

Academy of Sciences, to measure total neutron cross-sections of the isotopes 

Cd, Cd, Cd and Cd. The measurements were made using the time-of-

flight method with a resolution of 6.7 |asec/m (thermal-neutron energy range). 

The samples used were in the form of the oxide CdO. 

113 To reduce the amount of the strongly absorbing isotope Cd in the samples, 

the latter were irradiated in the active zone of the WR-M reactor using an 
20 

integral neutron flux 9 = 4-3 x 10 . The isotopic composition of the enriched 

cadmium samples is given in Table I. After irradiation, the concentration 

of the impurity Cd in the samples of Cd, Cd, Cd and Cd was 

4.5 x 10 Уо, 8.6 x 10 T°» 2.6 х 10 У, and 5.7 х 10-ч%, respectively. The 
integral neutron flux was determined by measuring 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 4 Л geometry on non-irradiated samples of metallic cadmium. The 
experimentaT equipment is described in reference £ 2 j . The measurements 

were carried out using the time-of-flight method with a resolution of 3 \isec/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 (а - а ) for the isotopes 111, 112, 114 and 116, 
for E = 0.0253 Ev. 

n 
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Table I 

Isotopic composition of enriched cadmium samples 

Pro-
Isotope d u C * X ° n 106 108 110: 111 112 113 114 116 

certifi­
cate No. 

111 232 0,2 0,3 11,5 66,7 14,4 2,5 3,9 0,5 
112 237 0,2 0,4 2,1 П .1 69,6 4,8 8,7 I J 
114 279 . . - - 0,6 0,7 1,24 1,43 94,86 1,27 
116 233 0,2 0 ,2 . 2,6 3,1 6,5 3,2 11,8 72,4 

Table I I 

Neutron cross-sections of cadmium isotopes for E = 0.0253 eV 
(in barns) 

Total Lattice Capture 
mattering scattering, cross-r-
cross- cross- section 
section section (о - a ) 

X S 

Cadmium scattering scattering, cross-r-, cross- ° • - ' isotope ,. cross- cross- section 

111 II £ 1,5 5,2 + 0,3 5 + 1 6 + 1,5 

112 9,4+2,0 6,9 + 0,3 7*5 + 0,5 0,75z 

114 11,6 + 1,0 5,2 + 0,3 6,0 + 0,5 5,6*1,2 

116 9,0 + 1,0 6,4 + 0,3 7,5+0,7 1,5 ± 1,0 
, Natural • 
mixture _ _ _ _ 

5,6 + 0,3 -- • • - • • 

x/ This is a reactor cross-section determined for . 
balanced concentrations of the isotopes Cd 
and n 3 3 d . . • .•••--- • - ' 

£ 1_7 Vlasov, M.P., Kirilyuk, A.L. Ukrainskij Fiziceskij Zhurnal1 

(Ukrainian Physics Journal) _8, 947, 1963. 

J_ 2_/ Gnidak, N.L., Vertebny, V.P., Pavelenko, E.A. Contribution to the 

l8th Annual Meeting on Nuclear Spectroscopy and Nuclear Structure, 

Riga, I968. Izvestija AN SSSR (in press). 
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Kiev State University, Department of Nuclear Physics 

ANGULAR CORRELATIONS BETWEEN NEUTRONS FROM THE (n,2n) 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 bismuth nuclei in the horizontal plane for the range 
a = 13 -180 relative to the direction of release of one of the neutrons - the 
direction making an angle Э •= 65 to the incident fluxe The energy of the 
incident neutrons was E = 14 MeV. The angular indeterminacy ^ о » + 15 « 
The results for lead and bismuth nuclei are given in the Tablee 

A certain anisotropy of the angular distributions was noted for both 
lead and bismuthe There was an increased probability for the release of one 
of the neutrons in the direction of the incident beam» Both distributions 
pass through a smooth minimum in the region a = 135 (® T

 e 70 ), after which 
they increase again to a «* I65 (®T = 200 )*• 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 

о 
very small relative angles a ~ 10 . There is an increased probability for the 
release of two neutrons in one spatial direction (a - 0 ): the ratio between 
the cross-section for a = 13 ( ® T = -52 ) and the cross-section for a symmetrical 
angle (relative to the beam) a = 117 ( ®T = 52 ) is approximately three for both 
lead and bismuth. This leads to the following conclusions. The identical 
behaviour of the angular distributions of neutrons from the (n,2n) reaction for 
bismuth and lead for 9 = 65 indicates that only the structure of the neutron 
states in the nucleus has a significant effect on the process; this structure 
is the same for Bi and for the basic lead isotope Pb. Moreover, it cannot 
be considered that the (n,2n) reaction for E • 14 MeV has a purely statistical 
character« 

Different types of direct interaction probably also play a part in the 
mechanism of the (n,2n) reaction in heavy nuclei for E = 14 MeV. In this event 
the observed preferential release of two 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" 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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d2o 
dQ, dQ_ 

о a 
13.5 
25 
35 
85 
100 
110 
125 
135 
140 
IbO 
180 

(in arbitrary units) 

Lead 

19 t 9 
I0.4t 3.4 
21 t 7 

16,6t 2.8 
9.2t 0,6 
8,9* 0,6 

-
6.4± 3,4 

-
12,8* 1.5 
9,2* 2.1 

Bismuth 

20 ± 3 
9 ± 3 
18 ±6 
19 t I 

9,7 t 1.4-
9 t M 

8.3 t 2.4 
-

* .5±I ,4 
14.8 t 1,7 
II t 3.4 

The errors indicated are averaged over 10-15 cycles of measurements 
for each point« 
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Joint Institute of Nuclear Research, Dubna* 

NEUTRON CROSS-SECTION AND STRENGTH FUNCTIONS FOR GERMANIUM ISOTOPES 

Kh. Mal et ski, L.B. Pikeiner, I.M. Salamatin, E d . Sharapov 

(JINR Preprint R3-3456) 

The pulsed reactor at the Joint Institute was used under operating 
conditions with an electron cyclotron to measure the transmission and 
radiative capture of neutrons, with a resolution of 3 nsec/m and 12 nsec/m 
respectively, on separated germanium isotopese Table I gives the parameters 
of the levels under study« On the basis of these data the authors calculated 
the strength functions S , the mean radiation widths Г , the mean spacing 
D between levels, and the level density parameters a for each germanium 
isotope« These mean parameters are given in Table II« 

Edited by Yu«P« Popov« 
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Table I 

Neutron resonance parameters for germanium isotopes 

Target 
nucleus 

'% 

* 

E 
0 

eV 

III5 
1469 
1935 
3140 
4230 
4378 
5570 
6750 
8535 
9890 

I03I0 
II040 
Л780 
13200 
18440 
23820 
25880 
27S00 
28600 

252,0 
736 
2180 
2614 
2 7 « 
3650 
4560 
4949 
8980 
9640 

ДЕ 
0 

eV 

4 
5 
8 
15 
25 
25 
35 
35 
45 
80 
90 
100 
100 
100 
150 
300 
300 
350 
400 

0,5 
2 
7 
8 
8 
12 
17 
19 
50 
55 

Г 
n 

eV 

4,6 
. 0,70 

0,030 
0,046 
0,055 
5,9 
33 
15 
51 
52 
77 
8,3 
2Z 
95 
63 
75 
94 
141 
75 

0,00034 
0,0025 
0,046" 
0,79 
0,40 
0,83 
15 
27 
41 
8 

ДГ 
n 

eV 

1.0 
0,12 
0,006 

. 0,010 
0,025 
1,2 
7 
5 
12 
I I 
16 
4,7 
10 
12 
24 
26 
33 
60 
34 

0,00010 
0,0008 
0,009 
0,39 
0,18 
С,чЗ 
3 
5 
6 
5 

Г 
Y 

eV 

0,160 
0,150 

0,185 

0,135 
0,230 
0,120 

лг Y 
eV 

0,025 
0,025 

0,040 

0,030 
0,040 
0,030 
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Ш70 60 22 % 
L2070 70 26 '••' 7 
19080 DO 146 30 
29400 300 31 17 

'&, 102,6 
204,0 
224,7 
320,6 
332,0 
367,1 
408,2 
490,3 
516 
557 
668 
735 
•»52 
807 
849 
919 
1028 
1056 
1145 
1218 
1313 
1353 
1526 
.1650 
1802 
1925 
1934 
1950 
2011 
2256 
2236 
2434 
2558 

0,2 
0,4 
0,4 
0,7 
0,7 
0,6 
0-.6 
0,9 
I 
I 
I 
г 
г 
г 
г 
г 
г 
ä 
г 

5 
5 
5 
6 
6 
6 
8 
9 

1,30 
0,23 
0,45 
0,23 
1,36 
0,72 
0,25 
2,00 
0,038 
0,39 
0,026 
0,017 
0,020 
0,0Л 
0,14 
0,15 
0,09 
0,23 
2.1 
L.3 
1.3 
0,29 
1.2 
2.5 
1,6 
0,33 
0.5 
0,8 
4.0 
М 3,2 
0,6 
2,1 

0,12 
0,02 
0,04 
0,04 
0,12 
0,06 
0,03 
0,15 
0,005 
0,04 -

. 0,008 
0,005 
0,006 

. 0,006 
0,02 
0,02 
0,02 
0,06 
0,6 
0.2 
0,2 
0,05 -
0,2 
0,2 
0,2 
0,20 
0,2 
о.з 
0,4 
0,2 
0,3 
0,2 
0,3 

0,192 
0,210 
0,198 
0,190 

0,2С0 
0,200 
0,185 

0,190 

0,210 
О.ЛО 

0,190 
л 

0,185 

0,030 
•о.озо 
0,030 
,0,030 

0,030 
0,030 
0,030 

0,030 

0,030 
0,030 

0,030 

0,030 



- 122 -

2676 10 1,3 0,2 
2940 I I 2,6 0,3 
4040 15 8,4 1,0 
4238 17 6,0 0,9 
4440 19 5,5 I,,0 
4823 22 1,4 0,6 
5200 25 3,0 0,9 
5357 25 I I 2 
5746" 30 5,5 1,1 
6200 ч0 2,7 1,3 

o)320 40 2,3 1,0 
6585 45 I I »О 2,0 
7770 50 16у5- 2,5 
8530 60 36 3 

7 \ 

lit. 

2846 
3035 
4170 
4990 
12030 
19450 
2I9I0 
25100 
42S00 
61040 

з50 
4760 
13 940 
15050 
21040 
22460 
29600 
48700 

6 
LZ 
25 
30 
70 
150 
200 
250 
500 
900 

j . 

20 
90 
100 
200 
200 
300 
600 

8,0 
1,0 
0,064 
94 
24 
120 
50 
44 
500 
ею 

0,35 
4,2 
12 
84 
41 
195 
760 
230 

2,0 
QV6 
0уЭ2О 
13 -
13 
25 
IB 
21 
ПО 
250 

0,08 
1,8-
8 
II 
17 
гг 
190 
120 

0,160 
0,230 

/ 

G,iI5 
0,120 

0.Q40 
0,040 

0,025 
0,025 
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Table I I 

Average pa rame te r s f o r germanium i s o t o p e s 

I s o t o p e 

$.-*+ 

lb3 эв 

^ - 7 0 

2 3+I.U 

0,162+0,С 

I330+?I0 

J 25 

& - 7 2 

i ' u ~ 0 , ^ 

Ü', 160+0, 

1550+270 

025 

« - 7 3 

2 ,0 + 0 . ? 
' —-J, о 

' :„I :9?+C,029 

.2^+14 
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i-3^;i ' ^i:h • 
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 T 
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NEUTRON RESONANCES OP NEODYMIUM ISOTOPES 

E.N. Karzhavina, Nguen Ngueric Fong, A.B. Popov, A.I. Taskaev 

(JINR Preprint РЗ-З564) 

The neutron spectrometer in the Neutron Physics Laboratory at the 
Joint Institute (resolution 80 nsec/m to" 6: nsec/m) was used to measure 
transmission and neutron-capture gamma-ray emission for samples of natural 
neodymium1 and of neodymium enriched by the isotopes Nd, 143Nd, 144Nd, 
145Nd, 1 4 Ndy 1 4 Nd, 15°Nd. The isotopes 143Nd~and 145Nd were studied in the 
energy range up to 1000 eV, and the remaining were studied in the range up 
to 10 keV. For "the neodymium isotopes 142Nd, 143Nd, 144Nd, 145Nd, 1 4 Nd, 

Nd and Nd, respectively, the following level spacings D were obtained: 
1000 + 25O, 38 + 6, 520 + 70, 20 + 3, 310 + 43, 200 + 21, 230 +28, and the 
following strength functions S : (0.6 + 0.3) x 10 , (4.3 + 1.4) x 10 , 
(4.8 + 2.0) x 10~4, (3.0 + O.7) x 10~4, (4.5 + 1.9) x 10-4,(3.6 + 1.1) x Ю - 4 , 
(2.0 + 0.8) x Ю - 4 . 
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Table 1 
1 4 2Nd Resonance parameters 

No. E n. eV Г , meV Г 0 , meV 
0' n* n' 

:P," » 
i.C^~~' 

1. I6S5 t 10 
2. 2539 + I* 
3. 3992 x 28 ^SCJÄOC) 

4. 4547 ± 34 8300±83ü 

5. 5533 ± 45 4550+6:0 

6. 6315 + 56 I000±1000 

7. 9987 ± H O 12000+3500 

4,4 

238. 

I? 

123 

61 

13 

120 

t 

i 

± 

± 
± 
• 

A . 1 

4 t 

6 
T'J 

8 

13 

35 
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Table 2 

Na Resonance parameters 

No. EL, eV Г, meV g r , meV 2 g r ° Г meV 
0' ' n ' n Y 

«0+150 

I300+.500 

1600+500 

I . 
2 . 
3 . 
4. 
5 . 
6. 
7. 
8. 
9. 

10. 
I I . 
12. 
13. 
I«. 
15. 
16. 
17. 
IS. 
19. 
20. 
21 . 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 

55, 
127, 
135, 

Л+С.2 
,4+0,4 
,4±0,4 

159,0+0,5 
179,7+0,5 
187,0+0,6 
306 
324 
338 
35£ 
401 
408 
446 
507 
524 
555 
576 
653 
705 
775 
806 
822 
840 
353 
976 
988 

1010 
1028 
1085 
1127 
II67 
1214 
1265 
1310 

±1 
±1 
±1 

± 1.5 
±1.5 
±1.5 
+2 
+2 
±2,5 
±3 
±5 
±4 
+4 
+5 
±5. 
±5 
±6 
±6 
±6 
±7 
JU? 

±7 
±e 
+8 

±8 
±9 
±9 
±10 

20+2 
I80t30 
31+5 

600±60 
320±50 
850+50 
355±70 
2I5±60 
260+40 
300+70 
520+Д00 
230+40 
900+80 

10+2 
84±I6 
35±7 
7I±I4 
290x50 

187+40 
580+80 

4+1 
3,4*0,7 
460±70 

5,4+0,5 
52*5 

5,3+0,9 
95+9 
48+7 
I24±8 
4I±8 
24+8 
28±5 
32+8 
52+10 
23*4 
85*8 

0,9+0,2 
7,Й,4 
3,0+0,6 
S,IjI ,2 
22 *> 
•4+3 
42+6 

0,23±C,C7 
0,25+0,05 

33±5 

80+20 
94+Д4 
70±23 
83±I3 
6I±9 
89±I3 
67±IC 

75+i: 

?5±:з 

?6+:: 
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Table.3 

Resonance parameters 

No. E-, eV V , eV Г 0 , meV Г °, meV 
0' n ' n ' у 

1. 374 ± 2 15 t I 790 ± 52 
2 . 736 t 4 0,58±0,05 21,4 ± 1,8 78 ± 12 
3 . 1280 + 6 27,5 ±1,5 7 7 0 + 4 2 
4. 1635 + 8 4,3 tö ,3 106 t 8 150 t 80 
5. 1980 t 10 14 +1.6 3I5_+ 36 
6. 2784 ± 2 0 4 £l 76 t 19 
7. 3567 ± 24 17 ±2 285 ± 34 
8. 3760 ±27 < 10 
9. 4985 ± 4 0 26 ± 4 370 ± 57 

10. 5200 + 45 < 10 
11. 5697 ± 5 0 2 t I. 26 ± 13 
12. 6207 ± 6 0 8 + 2 101 + 25 
13. 6910 ± 7 0 43 ± 5 517 ± 60 
14. 7594 + 7 5 3,I±I,5 36 ± 18 
15. 8300 ± 85 9,0±2,4 99 + 26 
16. 9611 ± 100 22 + 4 225 ± 40 
17. 9950 ±115 2 4 + 4 240 ± 40 
18. 10930 ± 150 34 1 5 3 2 5 + 4 8 
19. II730 ±150 (8,0) (74) 
20. 13540 ± 200 4 5 + 8 390 ± 70 
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Table 4 
145 

Nd Resonance parameters 

No. 

1 

I . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 

10 . 
I I . 
12 . 
1 3 . 
14. 
15 . 
16. 
17 . 
18. 
19. 
20 . 
2 1 . 
2 2 . 
2 3 . 
24 . 
2 5 . 
26, 
27 . 
2 5 . 
29 . 
30. 
3 1 . 
32 . 

] 

42, 
85, 

Ё 0 ' e V 

2 

,6 ± 0 ,1 
,7 ± 0,2 

96,0 + 0 , 2 
102, 
103, 
147, 
151, 
169, 
189, 
233, 
242, 
249, 
259, 
275 
307 
312 
319 
343 
376 
391 
399 
4C5 
447 
4ъ6 
488 
499 
507 
513 
543 
570 
590 
607 

,2 ± 0 , 2 . 
,5 ± 0,2 
,3 ± 0 , 4 
,7 i 0 ,4 
,3 + 0,5 
,5 ± 0 ,6 
,4 ± 0 ,8 
,5 ± 0,9 
Л t 0.9 
,3 ± 0,9 

+ I 
± I 
± 1.2 
t 1.3 
± I , * 
± 1.6 
± I . ? 
± 1.7 

- • 2 
± 2 
± 2 
± 2 
± 2 
+ 2 
± 2 
± ^ 
± 3 
+ 3 
± 3 

Г , meV 

3 

394 ± 43 

847 + 255 

784 + 182 

628 i 248 

Г , meV g n ' 

4 

155 i 16 
7,9+0,9 
2,1+0,3 
56 + 4 

I3,5±2,0 
10 + 1 
7,8+0,9 
1.2+0,3 
21 t 2 
3,3±0,5 
3 4 + 5 
3,2±0,6 
56 t 5 
67_+ 6 
29 ± 6 

151 i 15 
2,8±Q,4 
5,5±0,8 
26 t * 
23 t * 

8 ± I 
336 t 58 
118 ± 13 
309 + 51 
198 ± 15 
187 t 57 
350 ± 35 

7 t I 
265 ± 30 
570 ± 55 

4,1+0,6 
2 ,5*0,5 

2 Г0 

g n 

5 

47 + 5 
1,7 ± 0,2 
0,43+0,06 
I I t 0 .8 
3,6 +0,4 
I ,65±0, I6 

'1,26*0,14 
0,I8±0,5 
3,0 t P , 3 
0 ,43t0 ,6 
4,4 +0,4 
0,41+0,08 
7,0 +.0,6 
8,1 +0,7 
3,3 ±0,7 
17 Ц . 7 
0,52±0,4 
0,60+0,08 
2 ,7 t 0 f 4 
2 ,3 t 0 , 4 
P ,8 t O . I 
33 _+ 6 

I I , I _ + I , 2 
2 9 + 5 

17.9 * I , 4 
16,7 t * , 5 

31 ± 3 
0,,62±0,08 
23 ± 3 
48 t 5 
0,34+0,05 
0,24*0,05 

V 

60 J 

59 • 
61 * 

51 i 

53 1 
46 ± 
58 ± 

67 • 

55 ± 
67 ± 

, meV 

6 

: 10 

: 10 
, 1С 

: 8 

13 
7 
9 

10 

12 
10 
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L 3 

ъъ. 
34. 
35. 
36. 
37. 
38. 
3S. 
40. 
41. 
42. 
43. 
44. 
45. 
чб. 
47. 
48. 
49. 

641 ± 3 
650 ± 3 
661 + 3 
691 ± 3 
699 t 3 
710 t 4 
719 ± 4 
758 + 4 
790 i 4 
831 ± 4 
850 ± 4 
888 + 4 
906 i 5 
919 ± 5 
948 + .5 
978 + 5 
1010 t 5 

206 t 41 
24 * 4 

4,1 t 0,6 
(17) 

im 
(13) 
(13) 

600 + 60 
1,8 ± 0,3 
181 ± 31 

1450 ± 200 

(150) 
• (200) 

233 + 28 
4 0 3 + 5 1 
.620 t 60 

16 ± 3 
1,9 ± 0 , 3 
0,32tO,05 

(1,3) 
(1,4) 
(0,98) 
(0,97) 

43 ± 5 
0,13+0,02 

I3±2 
99±I4 
•*.'I0 • 

:•.: С Ю ) : 
(13) 

I5±2 
?27+4 
39+4 

62 ± 9 
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Table 5> 

Nd Resonance parameters 

No. 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
I?. 
18. 

EQ, eV Г meV Гп, meV 

361 t I 
625 ± 3 
813 t 5 1200 
II75t *'' 
I5II+. 7 
I83I+. 9 
2049+. II -
26I5± 20 
2880+. 20 
2998± 25 
3255+. 25 
3677± 25 
4026+.30 
5I04± 40 
5227+ 45 
5465t 3G 
6456+. 60 
6723+.65 

43 i 7 

t 450 " II6C±I00 
' D500±IO00 

3400±30C 
I540±60 
4200±400 
250Q0i2000 

3680*360 
2-G0+4C0 
2i:CCt20Q0 
i-::o+i50o 

1900±II00 
(7500); 
(80C0) 

n 

23 • 0.* 
< 2 
41 ±3,5 
394f 29 
87,5+ 7,7 
36t 3,6 
93t9 
490+ 39 
<I0 
67± 6,7 
35 ± 7 
345t 34 
22Q± 24 
<30 
<30 
66t 15 
(93) 
(97) 

Г , meV 
Y 

55 ± 8 

55 t 8 
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Table 6 
148. Nd Resonance parameters 

No. E , eV nT ro 
n 

Г , meV 
У 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
II. 
12. 
13. 
I*. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
гг. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

155 ± 0,5 
288 t I 
399 t 1.5 
717 t 2 
876 ± 3 
1060 ± 5 
1183 r о 
1355 t 6 
1544 j ? 
IEIS i 
ll:iz- * 12 
;i..; t 13 
Zr-4t> t 14 
2594 i 20 
2795 ± 20 
3CI0 ± 25 
3525 ± 25 
3688 i 25 
3950 ± 30 
4121 t 30 
4318 ± 31 
4463 ± 33 
4704 t 36 
5377 t 44 
6342 t 56 
7172 ± 70 
7485 ± 75 
7819 ± 80 
8781 ± 90 

I6IC ± 240 
2600 ± 200 
410 ± 30 

2000 ± 100 
199 i 36 

2350 ± 150 
2700 t 200 
1680 ± 110 
3590 i 150 

8400 i 700 
3900 i 300 
2400 i.300 
7900 j - 800 
1400 i 500 
2000 t 500 

I3000 ± 1000 
6500 t 650 
2400 jt 600 
6700 ± IOCO 

(4400) 

13000 ± 2000 
(7400) 

17000 i 2000 
28000 ± 3000 

129 ± 19 
153 i 12 

20,5 ± 1,5 
75 ± 4 
6,7 ± 1,2 
72 ± 5 
79 i 6 
46 i 3 
91 ± 4 
г ic 

179 ± 1-5 
80 ± 6 
48 i 6 
155 ± 16 
26 ± 9 
36 + 9 
<i 15 
С 10 
< 10 

203 t 16 
99 ± 10 
36 i 9 
93* 15 
(60) 

< 30 
153 ± 24 

(85) 
192 i 23 
300 ± 32 

100 t 15 
96 J 14 
65 t 10 
74 ± II 

148 ± 24 
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Table 7 
150 

Nd Resonance parameters 

No. En. eV Г, meV P , meV Г ° n 
0 ' ' n ' n L , meV 

У 
1. 78,9 + 0,1 127 + 20 15,1 + 1,6 1,7 ± 0,2 115 ± 20 
2. 3IÄ + I 420 + 20 23 ,7> 1,4 66 ± 10 
3. 487 ± 2 ИЗО i 100 51 j 5 74 ± II 
4. 774 i 3 560 1 4 0 20 ± 1,4 84 ± 13 
5. 1055 ± 5 1600 ± IkQ 50 i 4,4 82 ± 12 
6. 1340 ± 6 .588 ± 80.' 1 6 + 2 
7. 1476 i 7 1830 ± 130 47,6± 3,4 
8. 1724 ± 6 2000 + 200 4 8 + 5 

9. 1784 i 9 1360 ±160 3 2 + 4 
10. 1371 ± 9 162 i 71 5,7 J 1,6 
11. 2550 +_ 14 1770 _+ I9C , 35 ± 4 
12. 2750 ± 16 ' 10000 i I00G 190 + 19 
13. 2870 + 17 2900 ± 300 54 ± 6 
14. 3195 ±20 . 440 ± 550 8 + 6 
15. 3521 ± 25 5500 +. 550 93 ± 9, 
16. 3843 ± 30 .6500 t 600 105 ± 10 
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Tabled 

Mean parameters of Nd isotopes 

Isotope 
n-number of 

E max. resonances,': 
eV for 

determination 

0 
D, eV T>t eV max. 

true 
X.10 

meV 
-4 X.10 -4 

144 

Ш 
Ш 
Ш 
Ш 

145 
146 
148 
150 

6300 
840 
7000 

1.000 
4000 

4500 

4000 

б 
-..23 
14 
50 
13 

23 

16 

' IÖ00t250 
38±6 
520±70 

I9±3 
3I0±43 

200*21 

230+28 

540 

. +1,2 . 
670 I.0.Q 5 0,6±0,3 -
- * Л.З+Д.,4 76+11 

*t:,-I,8 4,8±2,0 78±I2 
- • 3,0+0,7 58ь8 

290 4,6^|§ 4,5±I,9 55±8 

198 3,5^'^ 3,6*1,1 96±I4 

255 I,8+I'1 2,0+0,8 84+12 
-0,6 



Table 9 

No. T a rf e t Sp
T

in E0 % % U ". ***** \ о 
nucleus I MeV MeV MeV М е у М е у 

X.10 . MeV 

I . 

2 . 

5. 

4. 
5.. 

6. 

7 . 

• " M 

AI/1*3 

AV1** 

AÜM S 

M / 1 * 6 

Л'./1*8 

/V«/150 

0 

7/2 

0 
7/2 

0 

0 

0 

6,10 

7,81 

5,97 
7,53 

5,14 

4,94 

'4,81 

1,30 

1,38 0,99 

1,27 
1,27 0,91 

1,27 

1,27 

1,27 

4,77 

5,44 

4,67 
5,40 

3,84 

3,6ч 

3,51 

2,93±0,62 

57 ± 8 

3,84+0,52 

105 ± 17 

6,46±0,90 

10 t I 

8,7 + Ol? 

17,3*0,5 

I7,7±0,4 

I8,2±0,4 
I9,I±0,4 

23,0±0,5 

25,4±0,5 

25,9±0,5 

4,69 

4,89 

4,75 
5,0 

4,82 

4,90 

4,90 
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NEUTRON RESONANCES OF GADOLINIUM ISOTOPES 

E.N. Karzhavina, Nguen Nguen Pong, A.B. Popov 

(JINR Preprint P3-3882) 

The LNF neutronspectrometer at the Joint Institute was used for 
I52 

transmission and radiative-capture measurements on the isotopes Gd, 

-3 Gd, "^Gd, Gd, Gd, Gd, Gd. 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 p, the strength functions S , the mean radiation widthT 

and the level density parameter OL for the Gd isotopes. This same table 
152 154 

also gives the mean level spacing for the isotopes Sm and Sm. The 

radiative neutron capture was also measured for- these isotopes, so that 

the position of the neutron resonances could be determined (data given in 

Table V). • ' 
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Table I 

Resonance parameters of even Gd isotopes 

E eV 
0 

8,00±0,02 
12,35+0,С* 
36,35+0,05 
33,3 ±0,1 
42,7 ±0,1 
74,3 ±0,2 
35,1 ±0,2 
92,4 ±0,2 
I00,0tP%* 
I24,0±0,4 
I40,4±0,4 
I85,2±J ,6 
202 ± I 
223 ± I 
231 ± I 
238 ± I 
252 t 1.5 
293 ± 1,5 

I I ,49±0,04 
22,4 ±0,1 
*?.0 ±0,1 
49,5 ±0,1 
fci»0 ±0,1 

100,5 ±0,2 
105,6 ±0,2 
123,8 ±0,3 

Г, meV 

140 ± 10 
97 ± 17 

102 t 15 

212 ± 38 

170 ± 17 
167 ± 27 

— 

93 + 14 
144 + 50 

Гп, meV 

GLlSZ 

5,0 
2,2 ± 0,2 
84 ± 6 
39 t 3 
3 ,1 ± 0,6 
55 ± 1 3 
3,6 ± 0,6 
160 ± 37 

(9 ,0 ) 
.(8,0) 

124 * 1-6 
105 ± 30 
200 ± 40 
300 ± 100 
100 ± 40 

Gu'" 
0,34±0,08 

I3±2 
4,5 ±0,9 
2,4 ±0,4 

36,5 ±4,2 
43 + 7 

7,7 ±1 .3 
130 ±23 

Г у meV 

56 + 12 
53 + 17 

47 + 20 

46. ± 24 
62 ± 40 

57 ± 15 
100 + 50 

rn° 

1,8 
0,62+0,06 

13,8 +1,0 
6,2 ±0,5 
0,47±u,09 
6,4 ±I,,5 
0,39+0,06 

16,6 ±3,8 
( 0 , 9 ) 
( 0 , 7 ) 

10,5 ±1.5 
7,7 ±2,2 
14 _+ 3 
20 ± 6 
6,6 ± 2 ,6 

0,10+0,03 
2 ,7 +0,1, 
0,66+0,13 
0,34±0,06 
* .5 ±0,5 
4 ,3 +0,7 
0,75±0,20 

I2±2 
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...- L 2 3 4__ 5 
139,3*0,3 I25±32 II +. 3 
148,0*0,4 50±I2 4,2+1,0.; 
I64,9±C,5 I89±I3 I20±8 6?±I5 9,3*0,6 
211 ±0,7 43±6 3,0*0,5 
244 ±0,d 27*7 1,8+0,5 

e/56 
33,12*0,04 86+13 
80,2 ±0,2 

150,1± 0,4 
198,1 ±0,5 
201,6 +0,5 
244,0 +0,7 
340 
377 
452 
477 
515 
707 
714 
732 
796 
823 
845 
856 
900 
982 
1035 
1054 
1094 
1143 
1154 
1185 
1239 
1254 

±1 
±1 
±1 
±1.2 
±1,5 
+2 
±2 
±2,2 
±2,5 
±3 
±3 
±3 
±3 
±3,5 
± 
±4 
±4 
±4,5 
±4,5 
±5 
±5 
±5 

14+2 
79+8 
42±5 

275*33 
I7±5 

3,I±0,5 
(20) 

226+23 
116*35 
I20±40 
145+43 

(420) 
(420) 

3öö±ioo 
94+32 

1000*500 
350±120 
21+3 

390iI40 
185*58 
30±6 
50*10 
I5±3 

900*200 

230*70 

72±I4 

70 ± 

94 + 
97 ± 

79 * 

14 

15 
20 

16 

2,4*0,3 
8,8+0,9 
3,4*0,4 

19,5*2,3 
1,2+0,4 

0,20+0,03 
(1,1) 

II,6*1,> 
5,5+1,6 
5,5±I,7 
6 ,4+1^ 

(15,;Б) 
(15,7) 

12 +4 
3,3+1,1 
35 +10 
12 ±4 

0,72+0,1С 
13 +5. 
5,9*1,8 

0,94*0,19 
I,5±0,3 

0,45±0,09 
27*6 
t 

6,7+2,0 
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I g 3 4 5 

mstß (5*) (i.6) 
1339*6 (60) (1,6) 
1392*6 170*40 4,6 t I »I 
1427*6 205*55 5,4 * I»4 
I49I±7 
I5II±7 
1550*7 

2г*3*0,1 98*13 
101,0*0,4 
243,0*0,5 
278,0±0,5 
3.45 *0,7 
409 *I 
505 *I,2 
589 ±1,6 
694 ±2 
848 ±3 
921 *3 
1074 *4 
1225 *5 
1299 t 5 
1356 ±6 
1346 +6 
1460 ±7 
1554+7 
1655 *8 

Gd158 

6,1+0,6 
0,8+0,2 

68+6 
24*4 

194*50 
343±57 
334*43 

84*26 
740*100 

1810*150 
506*150 
300*150 

1160*190 
660tI80 

слабый 
620±I50 
980*210 
390±I20 

сяабыЯ 

92*13 

88*17 
80*16 

90*14 
109*15 
75*15 

1,29*0,13 
0,08*0,02 
M +P.4 
I ,* ±0,2 

10,4 +2,6 
17 t 3 
15 * 2 
3,5 * 1,1 
28 * 4 
£ t 5 
17 * 5 
9 _± 4 

33 * 5 
18 * 5 

26 t * 
16 ± 6 

10 * 3 
(*.8) 
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г-

1880+10 
1952+10 
гокТю 
2II8+II 
2250+12 
2338+12 

(200) 
(200) 

160+50 
850+253 
9*0*250 

слабый 
(150) 

440+300 

(4,8) 
(4.8) 

3,8+1,2 
19±6 

.21+6 

(3) 
9+6 

GJ 160 

222,0+0,5 
447+1 
480+1,2 
570+1,5 
750+2 
*03+3 
984+4 
1243+5 
1425+5 
1694+8 
I3I2+9 
1964+10 
2283+12 
2405+13 
2525+15 
2656+15 

60+10 
4,6+0,7 
370+40 

6+1 
5+1 

Л40+340 
4,6+0,7 
3000+500 
1120+360 

(15) 
8000+700 
333+240 

1310+280 
360J+40Ü 
3600+480 
2870+460 

105+15 

91+14 
У8+15 

4,0+0,7 
0,22+0,04 

17+1,7 
0,25+0,04 
0,18+0,04 

148+12 
0,14+0,.)3 

85+1-̂  
30+9 

(0.36) 
188+16 
(?Т5) 

27+6 
73+8 
71+10 
56+19 
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Table I I 

155, Gd Resonance parameters 

E eV 
0 

I 
6,28+0,02 
7,71+0,02 
9,96+0,05 
11,49+0,04 
11,99+0,0* 
14,48+0,05 
17,70+0,06 
19,87+0,06 
23,96+0,06 
23,60+0,04 
27,48+0,0* 
29,50+0,05 
30,03+0,05 
31+64+0,05 
ЗЗ.РнО.Об 
34,68+0,06 
35,36+0,06 
36,83+0,07 

Г meV 

2 
122+13 
35+16 

116+16 
97+18 

131+61 
104+38 

94+14 

g^n meV 

3 
1,14+0,09 • 
0,685),II 
0,097+0,008 
0,19+0,02 
0,51+0,03. 
i ,3+0,1; 
0,24+0,02 
3,0+0,3 

10,9+1,3 
1.5+0,2 
0,41+0,03 
3,5+0,4 
8,9+1,6 
0,78-0,15 

(0,6) 
2,3+0,2 
1,2+0.2 
4,CW3,4 

Г Y meV 

4 
120+13 
05+16 

110+16 
75+19 

124+61 
87+39 

86+15 

agih0 

5 
0*91+0,07 
0,49+0,08 
0,060+0,00 
0,11+0,01 
0,29+0,02 
0,68+0,05 
O.II^O.CI 
I,34f3,I3 
4,8+0,6 
0,62+0,08 
0,16^),Ol 
1,28+0,16 
3,25*3,58 
0,28+0,J4 

(Ö.II) 
0,78+0,07 
0,40+0,07 
1,32^), 13 

33,89+0,08 0,72+0,08 0,23+0,03 

43,82+0 ,C:9 
45,94^0,09 
46,74+0,09 
47,56+0,1 
51,23+0,1 
51,9+0,1 
52,8+0,1 
53,6+0,1 
56,0+0,1 
59,2+0,1 
62,7+0,2 
65,0+0,2 
69,4+0,1 
76,8+0,1 

107+39 

120+56 

168+55 
171+50 

8,4*1,0 
1,6+0,2 
5,7+0,4 
0,24+0,03 

ÜJ+I 
9,5+1,5 

(0.9) 
6,0+0,5 
1,3+0,2 
4,3+0,5 
5,4+0,6 
0,60+0,10 
3,9+0,4 
1,0+0,5 

100+59 

100+56 

2,53+0,30 
0,47+0,06 
I,08^0,12 
0,70+0,09 
2,79+0.28 
2,64+0,36 

(0,25) 
I,64+p,I4 
0,555>,05 
1,11*0,15 
1,36*3,15 
0,15^0,33 
Э,5*нр,10 
0,25+0 , П 
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1 2 3 4 5 
— N ^ l » • • ! • • > • • • щ ii I H ^ - ^ — — i ii • • • • » — ^ - ^ M i n i m • i i м я т м в н а - ^ * • • • • • 

80,.0+0,1 
80,6+0,1 
83,9+0,1 
84,8+0,1 
90,4+0,1 
92,3+0,1 
92,7+0,1 
95,6+0,1 
96,3+0,1 
-.'6,2+0,2 
100,1+0,2 
I 0 I , 3 ~ 
102,0 
104,3 
105,8 
Ю7.0 
* _ ' - . 7-

A -. i. , ."-

«. . J , •' 

i J. t> ,-t 

118,5 
123,3 
124,3 
- ^ ь - ** % -

* » *~ 
130,7 
132,9 
133,7 
134,7 
137,7+0,2 
l45,5+_0,3 
l46+_0,5 
I48,2+jJ,3 
149,6 
150,0 
152,2 

2,2+0,2 
1,4+0,2 
4,1+1,0 
1,2+0,2 
0,67+0,0? 
1,7+0,2 
2-7+0,4 
2 ,6+0,3 
2 ,6+0,3 
7,2+0,1 
0,83+0,08 
2,8+0,7 
(0Тб5) 

3,6+0,4 
2,4_+u,2 
4,1+0,4 
1,6+0,2 
6,1+0,7 
c,9+1,2 
6,0+0-, £ 
0,63+^,09 

с 3+-'* 
4,3+0,5 
" .3+0. J 

i.1,7) 
19+3 
:Д+о,2 
I , w + u , I J 

d,07 
1,5+0,2 
3,9+,0,ч 
1,7+0,3 
1,7+_0,3 

(13 ,*) 
(14) 

2,9+0,4 

0,49+0,05 
0,31+0,05 
0,89+0,22 
0,26+0,04 
0,14+0,02 
0,36+0,04 
0,55+0,07 
0,53+0,05 
0,53+0,06 
1,45+0,20 
0,17+0,02 
0,56+0,14 

( S . I ? ) 
o,7i+o,_,e 
0,46+.0,G5 
0,?У±0,08 
0,35+0,04 
1,15+:,14 
1,6?+",2 3 
I , I I T . J , I Ü 

1,52 + 0,17-
4,15+72 
0,£1+0,33 
1,4+0,2 

(0,30) 

3,3+0,5 
U , L. £+.'-l , U -> 

0,17+0,03 
0,01 

0,25+0,34 
0,6>+0,07 
0,26+0,04 
0,29+0,04 

(2 ,2 ) 

( 2 , 3 ) . 
0,47+0,0? 
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156,24 ^,?+0,7 0,75+0,11 
160.0 7,7+0,8 1,12+0,12 
161,6 9,5+1,2 1,5+0,2 
168.1 12+1,5 1,8+0,2 
170,3 5,4+0,8 0,83+0,12 
171.3 5,4+0,6 0,63+0,12 
173.4 21^3 3,3±ü,5 
177,9+0,3 • 3,3+0,5 0,50+0,08 
180,2^0,4 5,I+G,8 0,76+0,12 
183.2 3,5+0,5 0,52+0,07 

Table I I I 

157 
Gd Resonance parameters 

E , eV 
0 ' 

I 

16,17*0.06 
I6,77To,06 
20,49+0,03 
23,23+0,04 
25,33+0,04. 
40,06+0,08 
44,07+0,09 
48,7+0,1 
58,15+0,13 
66,44+0,16 
81,2+0,1 
62,0 ' 
67,3 
96,5+0,1 
100,0+0,2 
104,8~ 
107,3 

Г, meV 

2 

97+10 
97+20 

77+13 

IOJ+IS 
II7+II 
125+11 

191+55 
97^26 

127+18 

g ib meV 

3 

(0,21) 
6,0+0,7 

7+Д 
0,30+0,05 
1,03*0,09 
0,45+0,03 
5,5+5,9 

17.8+1,2 
23,1*1,5 
•4,7+0,5 
6,4+u,S 
3,7^0,5 
4,4+0,6 
8,0+1,0 

:эТз 
16+3 

5,8+0,4 

Py meV 

4 

6:*io 
£3+20 

75+13 

89+19 
82J2 
79+12 

173+65 
8lT26 
8S+.I9 

2grn° 

ЛГ 
(0,10) 

3,9+0,3 
3,1+0,4 
0,I2_+0,02 
0,-1+0,J« 
0,:*+•:•,л 
1,7+5,3 
5,1+0,3 
6,0+0,4 
1,1+0,1 
1,4^0,2 
0,82+0,11 
8,54^0,13« 
1,6+0,2 
3,8+0.5 
3,5+0,6 

I,I2+J,u8 
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I 
№, * 
1*0,0 
215,2 
120,7 
137,9 
I38,8+p,2 
U S , 7+0,5 
143,3 
256,4 
X64,8 
168,2 
169,5 
I'll, 5+0,3 
£78,6+0,4 
182,9 
190,6 

m,k 
202,8 
205,2 
20?,7+0,4 
217,2+0,5 
221,1 
228,3+0,5 
239,2j4),6 
246, * 
250,2 
255,0 
260,1 
2G5,B+0,6 
268,2+0,7 
281,8 
287,ё 
290,8+0,7 
293+0,8 
330,9 
306, ^ ' M S 

2 

141+19 
150+75 
268+21 

219+13 

24 5+18 

3 4 
(0,3) 
29+4 83+21 
10+2 I30f75 
92+7 84+24 
29+6 

(3,8+0,4) 
40+4 
Й2 

21+2 
12+3 

(0,86) 
(1,0) 
19+3 
10+2 
10+2 
9+2 

28+5 
mm 3,6+0,5 

(0,61+0,09) 
75+10 69+23 

3,0+0,3 
1.520,3 
4,1+0,6 

95tl0 53+50 
5.B+Ü.6 
2,1+0,3 
1,4+0,2 
8,2+.1,0 
4,0,4 

• 6,5+0,9 
24+4 • 

8,9+1,0 
25^3 
25+.3 
20*5. 

I ,4t0,5. 

5 
(0,06) 

5,5+0,8 
1,9+0,4 

I 6 , 7 i l ^ 
5,0+1,0 

0,64+0,07 

6, *5pf7 
1,5+0,3 

, 1,8+0,3 
' 2,8+0,5 

(0,13) 
(0Д5) 
2,9+0,5 
1,5^0,3 
1,5+0,3 
1,3*0,3 
4,0+0,7 

0,50+0,07 
(0,08+0,01) 
10 ,'4+1,4 
0,41+0,04 
0,20+0,04 
0,5'*+0,08 
12,3+1,3 

0,74+0,03 
0,27+0,04 
0,17+0,03 
I,0tO,I 
0,49+0,05 
o.soTo.n 
2,8+0,5 

1,0+0,1 
2,9+0,4 
2,7+0,4 
2,3+0,6 

0,20+0,03, 



ТаЪ1е IV.Mean parameters of Gd and Sm isotopes 

«• /-• S 
Target Max. No. -of ^0bs So* ^ ° шах* 
nucleus neutron resö- л^ ^rue 

energy nances eV ._̂  x. 10 
Гу 
MeV 

Bn 
. MeV 

А-Д/Лл 
MeV у 

MeV 

a 
MeV -1 

152 230 14 15+2 4,6*1,8 * . 0 j ; | 57+15*' 6,41 0,97 5,44 25,3 

13 15,5+2,3 2,4+1,0 2.1*5*7 6 3±I 5 6,41 0,97 5,44 25,2 154 23ü 

155 180 80 1,8+0,3 2,10+0,35 100+10 8,51 1,89 6,62 22,6 

156 1200 24. 47+4 I,8|0,6 I,6*g;§ 82+12 6,36 0,97 5,39 22,8 

157 300 54 5,6+0,7 2,16+0,45 86+10 7,92 1,70 6,22 21,6 
(TO) 

158 2000 22 85+9 1,5+0,5 I.**§I? 8У+13 6'15 °'97 5 « 1 8 2 2« 2 

(5) 
160 2500 16 170+21 2,6+1,0 2.7+.1,»? 98+15 5,79 0,97 4,82 22,1 

' (з) 
152 700 15 45*5 5,75 1,22 4,53 26,6 
154 1300 20 90+10 5,27 1,22 4,05 27,6 

я In the column Py, the figure in "brackets is the number of 
resonances for which the mean value of the radiation width 
was determined. 



Table V» Neutron resonance energies for Sm isotopes 

152 8,03; 62,1; 87,7; 153,7; IU5.2; 237; 260; 315; 326; 384;4I5; 484;,508; 586; 
m 601; 642; 772; 792; RS3; У29; 956; 991; 1050; 1086; 1115; 1229; 1312 

154 93.0; 261: 341; 457; 578; 616; 703; 718; 828; 1077; 1156; 1181} 1244; 1280] 
Sm 1470; 1552. ш о Iß50 i m . J76fl Ш 5 # 
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ALPHA-PARTICLE SPECTRA IN THE DECAY OP EXCITED STATES OP 148Sm 

WITH 3" AND 4~ SPINS 

Yu.P. Popov, M. Stempinsky 

(JINR Prepr int P6-36O5) 

The paper gives the f i r s t r e s u l t s ' of a study of the a lpha -pa r t i c l e 

spectra obtained with the decay of the d i f ferent s t a t e s of samarium-148 

exci ted by resonance neutron capture on the Sa nucleuso An ana lys i s 

of the a lpha -pa r t i c l e spectra makes i t poss ible to ident i fy the resonances 

in terms of the spins*- For the resonances E_ = 3*4 eV and l8«3 eV spins 

3 and 4 can be confirmed respec t ive ly , and for the resonance E0 = 27el eV 

the value 3 was obtained. 

The paper discusses the influence of p a i r - c o r r e l a t i o n e f fec t s of the 

l a s t nucleons on the reduced alpha widths in the Sm (n ,a) reac t ion 

(see Table) . 
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Table 

Cha rac t e r i s t i c s of daughter-nucleus l eve l s and reduced 
p robab i l i t y of a l pha - t r ans i t i ons to these l eve l s 

in the reac t ion *^Sm(n,a) 1 4 4 *d 

% E ш 3.4.eV; / = 3" E = 18.3 eVj j " . - 4" 
E 1 ! — 

exc 
MeV N I \ . 

a ou. r 1 a di r 1 
0 0+ 62? 0,70+0,03 I,6iO,,I 

0,696 2+ 716 0,5J+u,03 5,2*0,2 78 0,05+0.02 1,0+0,4 

1,31 4+ 98 0 , I I*g ;3 | 7 ,2 t | * | 170 J.11+0,02 7,2+1,2 

1,50 (3) 197 0,2_+u,ü5 I2+3 62 0,04+0,02 3,2+1,6 
I£b 2+ 

2,29 V*" 

2,37 2+ ~35 0,ü<i+0,U5 100+80 -10 0,ПГ?+0,0.;6 26+22 

x) For uurejolved-energy t r a n s i t i o n s to l eve l s I .5O-I.56 MeV 
and 2.29-2.37 MeV the overa l l widths are given. 

xx) For unresolved t r a n s i t i o n s the mean reduced widths are given. 
The e r ro r s indica ted in the t ab le do not include the standard e r r o r s . 
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THE EFFECT OP NUCLEAR DEFORMATION ON NEUTRON-RESONANCE 
DENSITY IN THE RARE-EARTH RANGE 

V.l. Furma», A.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 /~1_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 tua dependence of a on A, corresponding to the magic 

numbers, clearly show the existence of shell.effects. In reference £~2j 

the maximum in the dependence of a on A at A a 150 is of interest; this 

maximum appears more clearly in the dependence of a on the number of 

neutrons N, at N*90 (see Fig. l). Although the presence of.minima in the 

plot a (A) can be qualitatively explained by the filling of shells of 

spherical nuclei j_ 3_/, the existence of the maximum at А и 15O 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 £^J' 

Using this system it is possible to estimate the density of the single-

particle states close to the Permi surface g . For this, the authors 

assumed that the effective experimental deformation of the nucleus corresponds 

to the deformation of the neutron system and that the proton deformation 

changes only slightly for each isotope family. 

Pig. 2 gives a comparison between the values of g , ,, obtained with 

an averaging interval of the order of the nuclear temperature and the 
6 

experimental values g = ~2 a • From Pig. 2 it can be seen that 

in the functions g , ,, (N) and g (N) there is a correlation, although 
Sil 6 X X ®^*P * 

systematically g . ,-. ̂  g • Thus, the presence of the maximum in g . (N) 

at N«* 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 

caused by an increase in the shell density due to the mixing of the sub-shells 

for small deformations (ß*A~ ' ). The drop in g , nn after A»155 and the 
shell _, /-. 

ensuing slope are due to the change to large deformations (ß"A ' ), which 

lead to discharges in the level system for the centre of the neutron shell. 
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« 

Fig. 1 Dependence of the parameter a on the number of neutronso 

Dots - data from the work by Facchini /~"l_7« 

Triangles - data from work /~2_/« 
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т Й? т 

Fig. 2 Comparison between §e;!CPi((N) (full lines) and 

gshell ^ (dotted lines)» 
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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 8o mA, 

Pulse length 2-5 usee, 

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 BPS 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 energy spectra of neutrons emitted from the 

core using the time—of-flight method. For 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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