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I n s t i t u t e of Physios and Energetics

MEASUREMENTS OP a FOR 239Pu IN FILTEHBD BEAMS
OP REACTOR NEUTRONS

V,G. Dvukhsherstnov, Yu.A. Kazsnsky,
V.M. Furmanov, V.L. Pe t rov

( A r t i c l e submitted t o At . Ehnerg. UDK-|)39.172.4)

The authors present the final results of measurements of

<ao = <o >/<o>> for "Tu in scandium (2 keV), iron (24.5 keV) and

silicon (140 keV) filtered beams of neutrons from the uranium-graphite

reactor of the Obninsk Nuclear Power Station.

The method employed, the apparatus and the experimental geometry

and other conditions have been described in Refs [ l ,23. The results

presented below are normalized to a computed from capture and

fission cross-sections [3?4>5J for a sub-cadmium neutron spectrum in

which calibration measurements have been performed. The value of

a fo r ™Pu wag found t o be O.589 + O.C27 with allowance f o r

uncertainties as regards the neutron spectrum and the cross-sections.

For the measurements in the filtered neutron beams, use was

made of Pu discs weighing 10 g and 30 gt containing "SQ.yfc ""Pu

(principal impurities Pu and (Js>.) and welded into stainless steel

jackets "0.2 mm thick.

For estimating the background of neutrons and gamma rays occurring

in the scattering of the "beam neutrons on the nuclei of the sample, use

was made of equivalent Pb scp.ttp: urs and .xock-mps of the steel jackets.

The filtered beam neutron r-sctre- ahona in Figs 1-4 were measured with

proportional recoil proton counters end a scintillation spectrometer.

The main characteristics of the filtered beams and the background

conditions of the measurements with a Pb sample weighing ~10 g are

presented in Table 1 for a reactor power -12 MW(th).
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Neutron energy (keV)

Energy width (ke?)

Flux (neutrons/cm »s)

Widths of main filters

Table

(g/cm2)

Width of additional filters for
estimating background (g/cnj2)

Fraction of neutrons not of the

1

2.0

0.8

5 x

219
6.7
0.6

4.5

19

104

Sc
Ti
Cd

Mn

24.5

2.5

1.6 x 104

162 Pe
40.5 Al
5.7 S
0.2 10B

3.4 Ti

6

140

28

7 x

118
7.9
2.5

20

10*

Si
Ti
ioB

basic energy in the filtered
spectrum {%)

Ratio of filtered radiation to
sum of all •backgrounds except
the delayed radiation back-
ground for gamma rays,
E > 0.6 MeV 1.8 0.5 0.5
for neutrons,
S > 1.8 MeV 2.0 1.1 3.6
P "~

In the calculation of the values of a, corrections were introduced

for effects caused by the Pu and Ga impurities, for neutron and gamma-

ray scattering, absorption and multiplication in the Pu samples and for

the fact that the neutron beams were not raonoenergetic. Table 2 gives
2̂ 9

the final results of the measurements of <x for Pu together with the

associated mean-square errors, which were calculated with allowance for

the uncertainties as regards a , the correction coefficients, the

statistical errors and the internal correlation dependences.

Table 2

1.45 x 10"2 1.284 + 0.066

4.G5 X 10~3 1.346 + 0.078 O.384 + 0.036 0.122 + 0.021
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Spectrum of scandium-filtered neutrons from power reactor

Key: 1. Neutron energy (keV)

2. Neutron flux per lethargy unit ( r e l a t ive uni ts )

3 . F i l t e red neutron spectrum

F i l t e r effeet + 'background
Scandium 219 g/cm2

Titanium 6.7
Cadmium 0.6

Background „
Scandium 219 g/cm
Titanium 6,7
Manganese 4»5

P z o . I , Cnentp HeJiTpcHCE cxpijoKTa

peaKiopa A3C.
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Pig. 2 Spectrum of 2-4ceV peak neutrons after correction for
resolution function

Key: 1. Neutron energy (keV)

2. Neutron flux per lethargy unit (relative units)

3. 2-keV peak of spectrum resulting from scandium fi l tering
of neutron "beam from reactor of Obninsk Nuclear Power Station
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Pig, 3 Spectrum of beam of iron-filtered neutrons from power reactor

Key: 1* Neutron energy (keV)

2. Heutron flux per lethargy unit (relative units)

3* Filtered neutron spectrum
Filter effect + background
Iron 162 g/cm2

Aluminium 4O.5 "
Sulphur 5,7 "
Boron-10 0.2 n

Background „
Iron 162 g/cm
Aluminium 40.5 "
Sulphur 5.7 "
Titanium 3.4 "
Boron-10 0.2 H

r
.w:

J\
•*»•«» III

«Xiiil<,r ^ ^ ^

Ketrpoao* s^os ta xejBO3Hon) nynaa
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Spectrum of silicon-filtered neutron be«

Key: 1. Heutron energy (keV)

2. Heutron flux per lethargy unit (relative units)

3. Silicon 118 g/cm2

Titanium 7.9 "
Boron-10 2.5 "
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RELATIVE HELPS OP EKLAYED 2 3 i U KEUTRQNS
IN PISSICST BY I7EUTRO1IS WITH ENERGIES

OP 0.4 + 1.1 MeV

Yu.P. Balakshev, G.I . Volkova, B.P. Maksyutenko

The dependence of the re la t ive yie lds of delayed -^J neutrons on the

energy of fission-inducing neutrons with energies of 0.4 + 1 , 1 MeV was

invest igated.

The measurements .rare performed in a KG-2.5 accelerator . The thickness

of fciie ta rget used for obtaining the neutrons in the reaction T(p,n)"Tle was

~0.9 rag/cm . The sarople was U,Og povrder weighing ~13 g.

Two se r ies of neutron ac t iv i ty decay curves (10-20 measurements)

were recorded, GO that the in tegra l count of each of them was 0.7 x 10

pulses (without "background). The background was "1% of the i n i t i a l count

r a t e . Recording took 1024 seconds. The neutron ac t iv i ty decay curves

were processed in the interval 5-790 seconds - the f i r s t 60 seconds with

an in terva l of one second and a l l tha remaining time with an in terva l of

ten seconds,, The t o t a l in terval was limited ( to 790 s instead of 1024 s)

because of the volume of the computer memory. However, the difference

in the background value as betv^en expansion of a curve by the l e a s t -

squiires method and direct determination of the background over the l a s t

300 s i s ins ign i f ican t .

Values for the re la t ive yie lds of four groups of delayed neutrons

wer-3 obtained from the neutron ac t iv i ty decay curves as a resu l t of

processing by the leas t -squarss method. The h a l f - l i f e values were taken

from Ref. [ l ] for the case of f iss ion by thermal neutrons.

The re su l t s are presented in Table 1 and Pig. 1. For eas ie r

v isual iza t ion , the y ie ld ra t io i s shcum for each se r ies in Pig. 1.

Where the y ie lds are for prac t ica l purposes the same, the value has been

placed in a c i r c l e .
Oil

The data show that, for u and for neutrons with energies of

0.4 £ 1.1 MeV, no change is observed in the yield ratio of the groups

within the limits of the experimental errors.
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Table 1

Relative yields of delayed neutrons in ^J fission

55,0
20,57
5.0
2.13

20,57
5,0
2,13

T,,(s)

53,0
20,57
5,0

' (MeV)

•(MeV)

3,051
3,788
4,63

ft."

3,005
3,70
3,817

a

5,067
5,53
4,V+

0,4 i

I
+ 0.C62
+ 0,078
t 0,33

0,7

I
+ 0,076
+ 0,14
+ 0,015

1.0

I
+ 0,C23
+ 0.10
± 0,18

0,5

T

3.I6J+ 0,016
3,73Pt 0,011
4,01 + 0,38

0,8

I
3,104 + 0,040
3,476 + 0,066
5,091 + 0,056

I
3,103 + 0,028
3,594 • 0,093
4,34 * 0,37

: o,6

i
3,06 i 0,13
3,62 £ 0,16
4,65 + 0,12

." 0,9

1
3,106 jh 0,015
3,7002^ 6,0020
5.05 + 0,24
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0.4 0.6 0.8 1.0 En (MeV)

Pig. 1 Relative yields of delayed "^U neutron
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LEVEL JESSITC OF LIGHT EVEN-EVEN NUCLEI WITHIN
A WIIE RANGE OF EXCITATION ENERGIES

A.7. Ignatyuk, Tu.V. Sokolov, Tu.N. Shubin

(Article submitted to Yad. Fiz,)

The authors consider a description of the available set of

experimental data on the level density of light nuclei on the basis

of the superfluid-nucleus model. It is shown that the shell structure

has a strong influence on the energy dependence of the level density

at low excitation energies*
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ANALYSIS OP EXPERIMENTAL DATA ON TRANSMISSION FOR
23°U WITH A VIEW TO DETERMINING MEAN RESONANCE

PARAMETERS

A.A. Vankov, Yu.V. Gr igor iev
I n s t i t u t e of Physics and Energetics?, Obninsk, USSR

B. Btfmer, K. Dietze
Zentralinstitut fttr Kemforschung

Rossendorf (Dresden), GDR

A comparison is made "betwaen experimental and calculated

values for the transmission of neutrons in the energy region

0.2-100 keV for uranium samples of different thicknesses and at

different temperatures. Estimates of mean resonance parameters

- especially force functions - are obtained as a result of

statistical processing of the data. The results are interesting

from the point of view of more exact fast reactor calculations, in

particular as regards the Doppler effect.
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I ,V. Kurchatov I n s t i t u t e of Atomic Energy

1JEUTRON EESCSfMCS PARAMETERS OP TECHNETIUM-99

Yu.V. Adamchuk, G.V. Muradyan, Yu.G. Shchepkin
H.A. Vosksnyan

The authors inves t iga te the neutron resonences of the f i s s ion fragment

nuclide ^°Tc in the energy region 20-2100 eV. The neutronoscopio study

of this nuclide is of great interest both in nuclear theory and in astro-
physics (with regard to the formation of elements in the Universe) [ l ] .

99Foreover, the neutron cross-sections of ^Tc have great practical
importance :'a reactor construction. However, information about the
neutron resonance parameters of this radionuclide is available only for
energies up to "300 eV £2,3]; moreover, this information is not complete
owir£ to the low resolution of the spectrometers and to the poor
s ta t i s t ica l accuracy of the measurements.

99Measurements of the neutron cross-sections of "To were performed
by the time-of-flight method at the I.V. Kurchatov Insti tute of Atomic
Snergy, on the 37 m base [4] of the linear accelerator. Measurements
were performed of the total cross-section, the radiative capture cross-
section and self-induction. The resolution of the spectrometer was
12 r.s/m. Two Nal(Tl) crystals (ft « 200 x 100 mm) were used as detector [4] ,
The total cross-section was measured by recording the 480-eV photons from
a B sample (n = 0.024 atom/barn) placed in the detector. The photon
energy discrimination level was 1 MeV in the capture cross-section and
self-induction measurements, compared with 0.5 MeV in measurements of non-
radioactive nuclei. To exclude errors due to the instabil i ty of the

accelerator power, the measurements were performed in alternating ten-
99minute series with a "Tc sample and both with and without a neutron beam.

Three samples 70 mm in diameter and with thicknesses
n, » n2 = O.CO6874 atom/barn and n. «= O.OO2O35 atom/barn were prepared
from high-purity ^99.99$) metallic technetium powder. In the total
cross-section measurements, samples with n_ = n. + n« or n_ were used.



In transmission measurements "by the self-indication method, samples with

n», «= np or n were used, while a sample with n_ ~ n. was placed in the

detector. The background-to-signal ratio in the measurements of o is

1:25 for strong resonances. The background associated with the

recording of resonance-scattered neutrons did not exceed 1$ [5] .

The neutron resonance parameters were determined by the combined

processing of the results of the transmission, radiative capture and

self-induction measurements [6], The area method was used, with

allowance for Doppler broadening and interference between resonance

and potential scattering. The neutron and radiation widths of most levels

were determined by this method.

In the energy region 20-2100 eV, 101 levels were discovered. The

neutron resonance parameters for the first 78 levels (up to 1150 eV)

were determined (Table l ) . The parameters of the level for EQ = 5»6 ©V

were taken from Ref. [3] . Values of the radiation width, P , were found

for 15 strong resonances. The mean value (without allowance for the

level for EQ = 5.6 eV) F = 174 + 8 Mev»

A- comparison of the parameters of the neutron resonances at energies

up to "300 eV from this work and from Refs [2,3] shows that there is an

appreciable level gap in Refs [2,3] and that there are differences between

the parameters of the resonances obtained in the different works.
99Accordingly, the estimated values of the mean parameters of P7Tc presented

in Ref. [7] should be changed.

If one plots the dependence of the number of levels on energy, one

sees that there is no appreciable level gap at energies up to 490 eV.

The mean scattering between levels (D) calculated for this range is

10.8 £ 1,3 eV. The distributions of the reduced neutron widths and

of the distances between levels constructed for this energy range, where

46 levels have been discovered, show that a significant fraction of the

levels found (~20) can be ascribed to interaction with a neutron p-wave.

Setting aside these p-levels, one obtains DQ = 18.8 + 5.0 eV. It

should be noted that this value of the mean distance between S-levels is
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~2 times as great as the mean distance D between all levels (at energies

up to 490 eV). The distribution of the distances between levels is

in poor agreement with the corresponding Wigner distribution. Too

much importance should not be attached to this, however, since - on the

one hand - there is a significant admixture of p-levels and - on the other -

the number of merged pairs of levels is (according to the authors' estimates)

appreciable (~5)» An analysis of the observed ^Tc levels performed with

the algorithm employed in Ref. [83 does not reveal any non-random

periodicity in their arrangement.

The distribution of the reduced neutron widths was used in determining

the SQ and S. strength functions. The SQ strength function was

calculated by determining the mean reduced neutron width with respect to

the region 2gT^°^ > O.O58 MeV (2grf°* = 2.00 MeV). The S, strength
riO)

function was estimated with respect to the region 2gl* '<O.O58 MeV and
A

is (l»9 ± 0.7) x 10 . The S.. strength function is determined mainly

by the strong p—levels, which do not enter into the number of weak levels

leading to a deviation of the experimental distribution of the reduced

neutron widths from the Porter-Thomas distribution [5,9]. The value of

the S1 strength function therefore needs to be determined more exactly.

The Sn strength function was found to be (0.53
+
 rt*,«) x 10 . The

error in SQ is calculated with allowance for the fluctuation of the

reduced neutron widths and the distances between levels, starting with

the distribution of the force functions and the experimental errors in

^ [lO,ll]. The force function in Ref. [3] is O.43 x 10"4, whichis less than the value obtained by the authors of this paper. This is

because some levels are missing at energies up to ~300 eV. It should be

noted that Sn as calculated from these authors' data with allowance

for all levels at energies up to 1150 eV is O.56 x 10 .

The value SQ = (0.53
 + Q}Q) X 10"^ does not agree with calculations

based on the optical model. Adopting the shell approach to the theory of

nuclear reactions [l2,13], the authors of Ref. [14] showed that the optical

model did not describe the experimental dependence of force functions on

atomic weight in a region of minima. Calculations of the S_ strength

function within th<> framework of this approach give a value of 0.55 x 10

for ̂ Tc [15], the generally accpeted forms and parameters of the

potentials were used and the values of the spectroscopic factors (occupation

numbers) for 3 states were taken into account.
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Table 1
99Results of -^Tc measurements

• • •• mm

I
2
3
4
5
6
7
6
9

10
II
12
13
14
15
16
I?
18
19
20
21
22
23
24
25
26
27

28
19
30
31
32
33

35
%
37
38
39
HO
41
42
43
4«t

46
*7
46
49
50
51
52
53

• Ko

_ieV)
5.6

21,10
39,75
56,62
61,40
67,53
60,96
81,65

III,I
H4.I
123,9
126,8
146,2
163,2
173,1
182,5
19?, I
196,7
206,9
210,4
215,0
221,1
226,2
241,7
262,8
273,5
28O.S
301,0
308,0
31«,5
326,1
333,9
344,6
351,?
359,5
366,0
381,0
36&,I
399,9
416,6
428,4
440,4
449,2
462,0
481,3
469,*
510,4
521,5
523,7
550,6
539,9
566,9
601,4

,' A E

•:(«v)
-0,02

0,05
0,08
0,09
0,10
0,13
0,1
0,2
0,2
0,3
0,3
0,3
0,4
0,4
0,4
0,5
0,5
0,5
0,6
0,6
0,6
0,7
0,7
0,8
0,8
0.9

0,9
1.0
1,1
I .I
I.I ,
I,?-
1,2
1,5
1,3
I .*
M

1,8
1,7

1.8
1,9

2,0
2,0

2 ^
2,5
2,3
2,4
2,5
2,8

1(MeV)
1,84
1,61
0,22
0,60
0,009
0,010
0,014
0,020
1.33
0,005
0,45
0,012
0,0018
6,7
0,023
5,6
4,2
0,026
0,046
0,051
0,06
0,046
0,019
3,09
0,017
0,053
1.01
2,42
1,37
0,058
0,03
0,016
^,10
0,06
0,83
9,4
1,7
0,05
0,040
3,8
4,9
0,080
0,13
2,42
l,ZZ
0,26
0,03
1,21
1,29
0,06
1,50
0,55
2,20

i(MeV)_
0,15
0,26
0,0<?
0,01
0,002
0.0C2
0,006
0,004
0,09
0,001
0,04
0,003
0,0008
0,5
0,007
0,6
0,3
0,007
0.015
0,015
0,02
0,02
O.OOP
0,25
0,006
0,02
0,02
0,25
0,1
0,02
0,01
0,005
0,03
O.02
0,03
1,5
0,1
0,02
O,0I5
0,3
0,4
0,001
0,03
0,1*
0,09
0,03
0,01
0,13
0,13
0,03
0,17
0,13
0,16

j (MeV)
134
ISO
170
150

170

140

160

190
180

200

no

1(0

190

200
240

: aiy-' '
UMeV)

4
SO
30
30

80

50

40

80
20

40

25

30

50

40
93



- 18 -

Table 1. continued

55
$6
57
58
59

61
62
63
6.4
65
66
67
6ft
69
70
71
72
73
74
75
76
77
78
75

609,8
627,2
636,2
657,9

690,9
708,J
750,1
749,1
756,9
772,8
810,5
819,3
846,5
651,1

879.9
899,9
956,6
981,3

1004
1029
1054
IO8I
1094
III5
1144

2,8
5,0
3,0
3,2
5,3
3,*
3,6
3,7
3,8
3,9
4,0
4,3

4,6

4,9
5,1
5,4
5,8
6
6
6
7
7
7
7

1,70
0,40
o,ir
2,18
1,58
0,36
0,06
0,44
4,75
2,40
0,29
1,48
1,19
4,81
4,80
1,00
7.0
0,12
0,12
1.39
0,81
1,66
6,1
6,1
0,3
3,6

0,24
0,06
0,04
0,31
0,23
0,07
0,02
0,15
1,10

0,11
0,28
0,21
1,57
1,37
0,27
1,0
0,04
0,19
0.31
O.SI
0,31
2,4
2,4
0,2
1,5

ISO 30

Prom 1150 eV to 2110 eV the following resonances
of 99Tc were found at the energies (eV):

~17. 1605 • 14
18. 18J<» t, 15
19. 1679 7 15
20. IS42 r 16
2 1 . 1975 7 16
21. 2 0 2 5 + 1 7
23 . 2104 7 18

I .
2 .
3 .
4 .

5.
6 .
7.
8.

1189
1212
1228
1278
1296
1314
1341
1579

-

if

7
+

7
e
8
8
9
9
9
9

9.
10.
I I .
12.
13.
14.
15.
16.

1418 t
1459 7
1491 7
1570 •
1606 7
1668 7
1721 7
1776 7

10
10
11
II
12
IS
15
14
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FISSION OP 227Ac BY DEUTSRONS

V.A. Nikolaev, Yu.A. Selitsky, V.3. Funshtein
V.I. Shestakov, I.A. Shestakova

(Article submitted to Yad. Fiz.)

227The authors* aim was to study Ac fission by deuterons with

E, = 4-6.8 MeV, and their work represents the first experiment

relating to this phenomenon. They measured the fission cross-sections

and, for a deuteron energy E, = 6.8 MeV, determined the fission yield

in the symmetrical fission peak region and the anisotropy of the

dispersion of the fission fragments. The fission fragments were

recorded in the course of the fission cross-section measurements by

means of mica-based track detectors treated by a well-known technique [l].

Fission fragment spectrometry was carried out using glass—based solid

track detectors with filters [2]. The actinium target (weight 0.84

was prepared by vacuum evaporation.

The effective fissionability of the resulting compound nucleus

of Th was determined on the basis of the measured fission cross-

sections (Table l): VT, --( *Th) = 0.25 + 0.04. This value does

not depend on the excitation energy of the ^Th nucleus in the energy

range studied.
of(0°)

The anisotropy q I'QQO) was found to be 1.20 + 0.05.

The contribution of the symmetric fission peak neuxi-uns is 27 + 7$

and is the same for both 90° and 170° to the direction of the deuteron

beam. Previously, the contribution of the symmetric fission peak

fragments of the *"^Th nucleus had been determined only for comparatively

high excitation energies (E s 30 MeV) in an experiment involving the
226 \ exciT ̂

bombardment of Ra by -He ions L3J*
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(MeV) 6.8

Table 1

6.1 5.3 4.0

a (cm2) ! ( 1 .5 + O.2)1O2 j ( l . 3 4 + O . l6 ) lO 2 9 (8 + l ) l 0 3 1 I ( l . 3 + 0 . 6 ) l 0 3 2
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INELASTIC SCATTERING OP 4,75-MeV NEUTRONS
IN COPPSR

L.S. Lebedev, Yu«A. Nemilovf A.V. Qrlovsky,
L.A» Pobedonoetsev

The spectrum of i ne l a s t i ca l ly scat tered neutrons was measured at the

Radium I n s t i t u t e "by means of a t ime-of-f l ight spectrometer in conjunction

with an e l ec t ro s t a t i c generator operating in a pulse regime. The ion

source of the spectrometer gives off ion pulses with a duration of about

25 ns which are compressed by an a l te rna t ing e l e c t r i c f ie ld to 2 ns at the

t a r g e t . The pulse recurrence frequency i s 2 KHz, The current strength

in the pulse i s about 0.5 mA.

Cylindrical s t i lbene crys ta ls 5C' mm in diameter and height together

with FEU—30 photomultipliers were used for neutron recording. By

means of the pulse shape select ion c i rcu i t i t was possible to reduce

the background to on average about 20J» of the useful counting efficiency.

The time-of—flight base was 290 cm. A cylinder 40 mm in diameter and

50 mm high made of copper of natural isotopic composition was used as s ca t t e r e r .

The ent i re neutron—recording system was placed inside a 100 x 150 cm block

of paraffin with boron carbide capable of being moved for the measurement

of sca t te r ing through different angles. Additional shielding (also of

paraffin with boron carbide) in the form of a cylinder with a central

aperture was placed between the scattered-neutron source and the main

shielding. The moment of a r r iva l of the ion pulse at the ta rget was

regis tered by a capaci tat ive transducer, A time-to-amplitude converter

and an AI-1024 multichannel analyser were used for measuring the time of

f l i g h t . Standard t a rge t s of titanium 1 tag/cm thick and saturated with

deuterium were used as neutron sources.

Energy cal ibrat ion of the set-up was carried out with neutrons from
252spontaneous Cf f i ss ion , the spectrum shape of which was taken to be

of the foun H(E) = Noexp(-O,88s) sin h(Y2E) [ l j .

The spectra of the neutrons ine l a s t i ca l ly scattered in the copper

were measured at an angle of 82°. The width of the e l a s t i c - sca t t e r ing

peak at half-height was 6 n s . More than half of t h i s value was due to
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the geometric dimensions of the scatterer and the stilbene crystal

and to slowing-down of the deuterons in the target. For the cross-

section of the inelastically scattered 4.75-MeV neutrons, the authors

used data from Ref. [2], according to which their experimental conditions

corresponded to a value of 68 mbarn. The cross-sections of inelastically

scattered neutrons for a number of energy ranges are presented below:

Energy range
(MeV)

Elastic EQ = 4.75 3.8 - 3.07 3.07 - 2.33 2.33 - 1.6 1.6 - 0.9

Cross—section
(mb) i

68 } 20.2 + 1,5 13.3 + 0. 9.7 + 0 . 5 4.4 + 0.4
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GAMMA RAYS PROM THE REACTION 9 6»9 8 '1 O O» i O 2*1 O 4Ru(n,Y)
97,99,101,103,105^ ujjxjcEjj BY THERMAL ISUTROFS

I.P. Baxchuk, G.Y. Belykh, V.I. Golyshkin
A.P, Ogorodnik, M.M. Tuchinsky

The spectra of gamma rays emitted by odd ruthenium isotopes resu l t ing

from theimal-neutron capture by * »" 7 * » ^Ru nuclei were measured

using a spectrometer with a Ge(Li) detector in the horizontal channel

of the WWR-M reactor of the Nuclear Research I n s t i t u t e of the Academy of

Sciences of the Ukrainian SSR. The charac te r i s t i cs of the ruthenium

samples enriched in the corresponding isotopes are presented in Table 1.

The thermal-neutron flux at the sample location was 6.5 x 10 neutrons/cm *s.

The measurements were performed in the gamma energy range 2-8 MeV.

The cal ibra t ion of the spectrometer and the treatment of the measured

spectra by means of a BESM-4 computer are described in Ref. [ l ] . The
97 99

following results were obtained. Capture gamma rays of Ru and Ru
qo

were not detected. In the case of •'•'Ru, this may be due to insufficient
enrichment of the sample. Data on the gamma rays of ' ' f Ru are

presented in Tables 2-4, Using their own results, data obtained with

samples consisting of a natural mixture of ruthenium isotopes [23 and

information about lower levels from works on radioactive decay [3] and

nuclear reactions [4-6D, the authors constructed decay schemes for

these isotopes. The mean binding energies of the last neutron in each

nucleus was determined from the total energies of the cascade transitions.

They were found to be:

6.8009 + 0.0033 MeV for 1OlRu;

6.2754 + 0.0035 MeV for 103Ru;

5.9745 + 0.0026 MeV for 105Ru.
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Table 1

Character is t ics of samples enriched in ruthenium
isotopes (weight, percentage concentration,
act ivat ion cross-section) and investigated

by means of the reaction (n,,v)

to
9t>Su
y8Ru

100Ru
1 0 2Ru
1 0 4Ru

0,5976
0,5995
2,0252
1,9813
1,9543

96

93,9
1,6
0,1
O.I
0,1
0,21

i *
0,4

61,6
0,1
0,1
0,1
-

1 " !
1,3

21,9
3.6

0.1
0,1

10,6/6/

ICO

0,3
6,2

93,0
a. 1
C.I

10,4

3.7
1,9
C'o
0,2
?,I

j ;c
1,
n.
1,

3J.
T
•*• f

5
0
I
2
2
k

{IC4
0,7
1,6
C,4
0,4

s-e,5
0,7

Table 2

1 O ORu(n,Y) l O 1Ru

Gamma
line No.

By(MeV) Gamma
line No.

E^MeV)

T

2
J
4
5
6
7

6,6821/^3/
6,6C«3/34/
6,2714/15/
6,<24S2/27/
6,0527/41/
5,3063/11/
5,2799/21/

iO./'P/
16/V

100/5/
22/3/
15/3/
63/4/
20/3/

8
9

10
II
12
13
I-V

4,83"2/23/
4t3Ce2/[8/
4,7176/13/
4.C203/IY*
4,4631/12/
'',2445/23/
4,I43Si/i3/

I3/-V
ie/3/
44/8/
2*/*/
55/C/
40/2C/
32/5/

•Gamma rays p o s s i b l y belonging t o ^Ru.
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Table 3

Gamma
line No.

EY(MeV) Gamma
line No.

B^(MeV)

I
2
j

4
5
6
?
8
9

10
II

5,6673/19/
5,0310/35/
4,8897/20/
4,3293/25/
4,7932/54/
4,7414/21/
4,6255/11/
4.5062/2C:'/
«,43&758/
4,3966/12/
4,3513/8/

30/3/
"'72/

r<vv
20/6/
15/5/
20/4/
96/10/
51/7/
16/6/
26/3/
63/*/

I?.
j3

I*
IS
15
I™
IB
19
20
21

M,3235/12/
4,2665/10/
4,2215/22/
4,1617/15/
4,00(10/16/
4,0210/15/
4,0021/23/
3,9473/7/
3,6777/68/
3,6526/20/

4C/V
100/10/
32/7/
12/2/
20/V
73/9/
43/9/
28/3/
24/7/
64/12/

Table 4

Gamma
line No.

I
2
5
4
5
6
7

e

Ey(MeV)

5,9105/19/
5,8893/42/
5,7873/35/
5,7514/14/
5,5864/14/
5,5281/58/
5,4436/15/
5.H47/37/

28/2/
9/3/
3/1/

17/1/
34/3/
4/2/

15/1/
Hi'

Gamma
line No.

9
10
11
12
13
i4
15

Ey(MeV)

5,1271/11/
5,107 9/20/
5,0226/10/
4,5851/10/
3,7604/15/
3.5052/17/
3,4719/11/

yrel.)

23/2/
3/1/

100/6/
10/2/
14/3/
32/4/
54/5/
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GAMMA RAYS FROM THE REACTION 1 O 4» l o 6 » 1 0 8 pa(n ,Y)
105,107,109pd jjjjjuQgjj B Y THEBMAL NEUTRONS

I . F . Barchuk, G.V. Belykh, V.I. Golyshkin
A.F. Ogorodnik, M.M, Tuchinsky

The spectra of gamma rays produced by the capture of thermal neutrons

by even isotopes of palladium were measured using a spectrometer with

a Ge(Li) detector in the horizontal channel of the Nuclear Research

I n s t i t u t e ' s WWR-M reactor .

The measurement techniques and the methods for processing the

resu l t s were the same as those employed in R<;f. L 1J. The charac ter i s t ics

of samples enriched in the corresponding isotopes are presented in Table 1.

The following resu l t s were obtained in measuring gamma spectra in the

energy range 2-8 MeV: the reaction Pd(n,Y)x Pd gave very weak gamma

rays, energies and re la t ive in t ens i t i e s (see Table 2); no gamma rays were

detected in the reaction Pd(n,y) Pd; in the reaction Pd(n,y) Pd,
109

29 gamma rays ascribed to Pd were ident if ied in the energy range

3.5-6*0 MeV. The energies and re la t ive in tens i t i e s are given in Table 3»

109
The authors propose a decay scheme of the Pd nucleus on the basis

of t h e i r own measurements and of published data re la t ing to levels of

the Pd nucleus from (d,p) and (d , t ) reactions [2,3] and to gamma rays

resul t ing from capture by a natural mixture of palladium isotopes [ 4 ] .

109The mean binding energy of the las t neutron in P&, calculated

from the suras of the cascade t rans i t ion energies, was found to be:

S , = 6.153} + 0.0019 MeV
C D ' " —"
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Table 1

Characteristics of samples enriched in
palladium isotopes and investigated

"by means of the reaction (nfy)

Entfched
in

104W
106w
t 0 8 W

0
barn

Weight

I ,
o,
2,

9943
5734
7498

102 |

0,1
0,1
0,1

4,8/15/

so
5
0

i

,2
.1
-

$5
7.6

0,3

-

! If*

2,0
78,8
0,9

! 108

j (*>
0,4
3,6

98,4

0,292/29/-

-r
!

U )
0,1
3,3
0,4

-

Table 2

Gamma
line
No.

I

2
'
4
5

E (MeV)

6.65?/8/
6,615/5/
5,9170/26/
5,526/3/
5,1847/15/

I (rel.)
Y

77/20/
100/25/
45/9/
64/14/
69/11/

Table 3

Gamma
l ine
No.

I
2
3
4
5
6
7
8
9

10
II
12
13
I i
15

Ey (MeV)

5,8040/20/
5,8270/15/
5,7204/10/
5,69%/26/
5,4800/10/
5,456'»/46/
5,4305/9/
5T3Sif7/36/
5,2129/5/
5,1870/14/

t (rel.)

6/1/
20/2/
23/1/
5/1/

15/1/
1/1/

K/l/
2/1/

31/1/
6/1/

5,0I30/I2Aioubl.»/3/
t ,7546/5/
4 ,7594/9/
4,6752/9/
4,6182/21/

100/3/
41/2/
11/2/
4/1/

Gamma
line
No.

16

n
18
19
20
21
22
23
24
25
26
27
23
29

E (MeV)
i

4,5450/20/
4,5124/8/
4,4450/20/
4,4248/23/
4,3588/10/
4,1155/19/
4,2371/10/
4.C6S2/I7/
4,0367/16/
3,9260/21/
3,3102/23/
3,74^/16/
3,6909/W
3.S733/J6/

ly (rel.)

7/1/
12/1/
10/2/
10/2/
13/1/
16/2/
18/1/
41/2/
13/2/
11/2/
10/2/
22/3/
23/3/
25/3/



GAMMA RAYS FROM THE REACTION l 8 6 » l 8 T O s ( n , y )
l 8 7 , l 8 8 O s jfljjtjQg-u BY THERMAL NEUTRONS

I . P . Barchuk, G.V. Belykh, V . I . Golyshkin
A.P. Ogorodkin, M,M. Tuchinsky

The spectra of gamma rays produced by the capture of thermal neutrons

by f Os nuclei were measured in the horizontal channel of the Nuclear

Research Inst i tute 's WWR-M reactor using a spectrometer with a Ge(Li)

detector. The experimental techniques and the processing of the results

are described in Ref. [ l ] . The composition of the sample enriched in
•I Q C

Os i s shown in Table 1. The sample weight was 0.394 g and the

capture cross-sections of the osmium isotopes were taken from Ref. [ 2 ] ,

The second sample was enriched to more than 99• jf° i n O s ari^ weighedT Q*7

0,0938 g» In the first sample, the Os contribution was comparable

with the Os contribution. Consequently, i t was possible to identify

in the spectrum only a few gamma lines belonging to Os (Table 2),

All the gamma rays detected in the reaction ' Os(n,Y) Os are ascribed

to the l88Os (Table 3).

The authors construct Os and Os decay schemes on the basis

of their own measurement results, of data taken from Ref. [3] (the work

described in which was done with a sample consisting of a natural mixture

of osmium isotopes), and of the results of work on the radioactive decay

of -1 7 I r [4], I r and Re [5] . The mean binding energies of the

last neutron in these isotopes are found from the total cascade transition

energies. For 'Os i t was found to be E = 6.2952 + 0.0018 MeV; for
Iflft ~"

Os, the binding energy calculated in this way (Ecb = 7.9886 + 0.0029

coincided with the measured energy of the direct transition to the ground

state (E =-- 7.9887 + 0.0012 MeV),
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Table 1

186
Isotopic composition of sample enriched in Os

Isotope

Concentration
(*)

Capture
cross-section
(bam)

l84Os

0.05

-

186- i87~Os Os

42.1 9,6

80/13/ 320/10/

I88nOs

17.9

-

l8?0s

9.2

61/16/

^ O s

10.5

16/5/

^ O s

10.7

11/2/

Table 2

186
Os(n,Y)

Gamma
line
No.

I
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Ey (MeV)

?f33'i'i/5/
7,3CA?/I2/

6,7259/IJ/
6,5133/18/
6,2699/21/
6,2:02/10/
6,1^6/14/
5,y2:3/.C3/
5.SS7I/2V
5.79JI/I3/
5.7O05/I3/
5,5708/14/
5,5533/31/
5,3578/14/
5,1739/13/
5,1427/16/
5,1026/19/
5,0709/18/
5,0177/15/
4,9591/19/
4,9127/15/
4,13-15/26/
4,8135/13/
4,7463/1';/
'•,5557/5/
4.2926/14/

Emitting
isotope

IfcS
186

?

188
16?
137
18?
IG8
-

187
188
166

-
-

187
-

188
187?
187?
188
188
1S6

ma
1 U O

18?

I?/I/
lg/l/
Vlt
9/1/

vuI CO/2/
27/2/
25/2/
10/2/
23/2,'
50/4/
55/4/
15/4/
27/3/
43/3/
26/2/
22/3/
19/3/
22/2/
12/2/
28/2/
27/4/
99/5/
00/4/
79/7/
42/14/
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Table 3

Gamma
line
No-

I
2
3
4
5
6
7

e
9

10
II
12
13
14
IS
16
17
18

Ey (MeV)

7,9887/12/
7,8344/5/
7,5597/10/
6,5(29/25/
6,Sr?2/i7/
6,3737/19/
6,Ifl47/I2/
6.K27/I2/
6,0310/12/
5,%76/je/
5,9219/9/
5,7565/36/
5,7027/7/
5,6427/25/
5,6233/36/
5,5745/9/
5,5412/16/
5,4860/16/

Iy (rel
.

0,07/1/
0.15/1/
c,ce/i/
0,02/1/
0,05/1/
0,02/1/
0,04/1/
0.C5/I/
0.07/1/
0.G2/I/
0,12/1/
0.C3/I/
0,19/1/
0,07/1/
0,03/1/
0,22/1/
0,03/2/
0.08/1/

Gamma
.)Une

No.

19
20
21
22
23
24
25
£6
27
28
29
30
31
32
33
34
35

EY (MeV)

5,4666/27/
5,3647/13/
5,3325/13/
5,2042/22/
5,2491/14/
5,2262/17/
5.1716/25/
5,1210/2?/
5.IKA/I7/
4,9C 60/53/
4,9628/14/
4,9171/17/
4.SV77/I3/
4,8128/5/
4,7514/21/
4,7116/28/
4,6749/19/

I (rel.
T

0,05/1/
0,10/1/
0,07/1/
0,03/1/
0.C9/1/
0,07/1/
0,09/1/
0,10/1/
0,20/2/
C.05/I/
0,11/1/
0.03/1/
0,09/1/
0,40/1/
0,13/2/
0.10/2/
0,07/1/
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STUDY OP THE INTERACTION OP SLOW NEUTRONS
WITH 1 9O, l92 f 194,196, l98 p t

V.P. Vertebny, P.N. Vorona, A.I . Kalchenko
V.A. Pshenichny, V.K. Rudishin

(Ar t i c l e submitted to Conference on Neutron
Physics, Kiev, 1973, and to Yad. P i z . )

Using the t ime-of - f l igh t method and the Nuclear Research Ins t i tu te ' s

WWR-M reac tor , the authors obtained information about the neutron

resonances of the isotopes 19 0» 192,194,196,198 p t i n t h e e n e r g y r e g i o n

0-2000 eV. Above 3 eV the resolut ion was 55 ns/m; below 3 eV i t was

1.8 \is/m. The purpose of the measurements was to study the i so topic

dependence of the level densi ty , the po ten t i a l s ca t t e r ing amplitudes,

the s t rength function and the p a r t i a l c ross-sec t ions fo r thermal neut rons .

The resonances of the platinum isotopes are presented in Table 1.

The experimental r e s u l t s were processed on a BESM-4 computer using

programs developed by V.A. Pshenichny and V.K. Rudishin.

Values of the mean dis tances between l eve l s and of the d is tances

reduced to an exc i ta t ion energy of 6.5 MeV for 1-?2> 194»19o, 198 p t & p e

given in Table 2, from which i t can be seen tha t the dis tance i s l ea s t

in the case of the isotope with 114 neutrons . The observed i so topic

dependence confirms the au thors ' be l ie f tha t the level densi ty i s at

a maximum when N = 112-114.

The s t rength functions were determined by the l eas t - squares method

from the resonance parameters and the slope of the averaged cross-sect ion

in the energy range 5-50 keV. The s t rength function values (Table 3)

do not cont radic t Ja in (Nucl. Phys. _5_0 (1964) 157) as regards the op t i ca l

model of deformed nuc le i , according to which in the 190-200 keV region

thei

1.5

there i s a rapid change in the s t rength function from 4 x 10 to

Knowing the resonance parameters in a wide energy range i t was

possible to determine the po ten t i a l s ca t t e r ing from the cross-sec t ion

between resonances. The data obtained are in gcod agreement with the

values of the c ross-sec t ion for s ca t t e r ing in the thermal region i f one
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takes into account the contribution of resonances. The experimental

values of the potential scattering amplitudes R* for all platinum

isotopes are higher than those calculated by Jain and are constant

within the error limits (with account taken of the R' fluctuations of

the neutron widths). The levels indicated for R1 correspo d to

possible contributions of unknown positive and negative levels, the

statistical error being much less than these levels - except for

r t , where the statistical error is greater.

An attempt was made to study the interaction of neutrons with
1907 Pt using a sample in which the concentration of this isotope was

0.8$. Only one level was detected (see Table l ) .

The total cross-sections of the platinum isotopes in the thermal

region are subject to the law o + + = ° + o - — r where o is the

scattering cross-section, a is the capture cross-section for V = 2200 m/s

and V is the neutron velocity (see Table 4). Analysis of the data

was carried out by the least-squares method. The capture cross-

section values for the platinum isotopes were very exact compared with

the available measurement results.

The high capture value and the low F° value for the Pt level

detected point to a high level density in the case of this isotope and

to the probable presence of a level near the threshold.
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Table 1

Resonances of 190,192,194,196,198^

E (eV) !

27,oO*0,05
r\

?I,trjto!o5
46,«7.;,15

I25,v... 0,7
143,0^.0,9
177,5Z2
333 7s
366 +6
3*7 +20

Pt
370 +5
600 ±12

n (MeV)

o,2S+r;,O3
6,2 +0,9

I o'tt2+c!o5
15,2*1,5
21,0+2,5
10,5+5

-
-

194
7,6+2,0

49+10

i E (eV) j

70* + 13
JioO + 2D

IIS3 7 30
^450 + 80

ft IS6

16,90^0,05
306-14
576+12

1710+50
2450+80

Pt 198
'J6,I+.a,5
704 +. 15
8V0 ± 20

I3A0 + 35

Table la

I? (MeV)

3 2 + 7
27 + 4
65 + 10

.C,OO7-TO,OC2

8,5iO,6
4,4+2,0
150+50

-

Bjl
78 • 10
2 1 + 3

130 + 50

195Low-lying resonances of Pt

E.(eV) | Tfl (MeV) { V (MeV)l E (eV)
II ,90+0,0[* 3,2+0,2 I50+L5 119tS±l,i^
I9,33+0,CIie 1,4+0,07 200^25 139,5+1,3
67,3 jtO.-t*1* - - I50,9+,I,41Ht

m,v7o.9 - - ^

The parameter values and accuracies result from
measurements on all samples.

**In accordance with BNL-325, 2nd Ed., Suppl. Ho. 2,
these levels are combined ones; their parameters
are reflected in all the observed transmissions.
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Table 2

Distances between levels of platinum isotopes

Isotope
n 192
**t 154
Pt 156
_ . TOO

pt *••*»

!
i D (

12
270
380
340

eV)
+ 4
«• 75
t IOC
±7Q

1

Ib.5
310
280
160

Table 3

Strength functions S and potential scattering
amplitudes R* for platinum isotopes

Isotope on basis
of resonance s

oasis of slopecross-section
R«

(Perai)
Pt
Pt

Pt

Pt

Pt

1*2
19*

195

196

196

3,6
1.5

I . I

1.8

1
1
-

1

1

0.7
0.5

0,6

0,6

1,3

1,0

0,8

1,3

m

1
•

t

t

0,1

0,2

0.4

0,4

I0.5+I.0

Table 4

Scattering and capture crosB-sections of
platinum isotopes in the thermal-neutron

region

Isotope (bam) (barn) for Vo » 22PO m/B
Pt
Pt
P t .
Pt
?t
Pt

190
I°2

136
IS*

12,3

10,1
12,3
7,7

10
+ 1,2

±0,2
• C.2
£0,2
±0,2

800 £ 70
TP i *A

1,2 • 0,4
50 ± 1.2

0,3 £ 0,2
4,2 ±0,3
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TOTAL NEUTRON CROSS-SECTIONS OF 174,176,177,178,179,180^
IN THE NEUTRON ENERGY RANGE 0.06-0.5 eV

V.P. Vertebny, A.I. Ignatenko, A.L. Kirilynk
N.A. Trofimova, A.F. Fedorova

Total neutron cross-sections of 174,176,177,178,179,l80Hf M

a function of neutron energy in the range 0.02-0.5 eV were measured "by the

time-of-flight method in the Nuclear Research Ins t i tu ted WWR-M reactor.

The samples were in the form of HfO . The concentration of the

chemical impurities in the samples was such that their total contribution

to the sample cross-section did not exceed 0.01 "barn. The transmissions

of the samples were measured by the time-of-flight method with a resolution

of 1.7 (is/m. The time for one measurement with and without sample was

determined by a specific number of neutron pulses (3 x Kr ) . Information

about sample enrichment and thickness is given in Table 1. The energy

dependence of the total neutron cross-sections of 174,176,177,178,179f

in the energy range 0.5-0.06 eV, where the cross-section is subject to

the l/v law, is expressed by a formula of the type

o _ a +o{
tot s E

derived by the least-squares method; here a . is the to ta l cross-section

in barns, a coincides with the scattering cross-section and is defined

as °+o+ f°r E -» °°f and o is the absorption cross-section for v = 2200 ra/s.

Below 0.02 eV the authors observe a departure: from the l /v law, which

they associate with the shadow scattering of neutrons on grains at small

angles.

Table 2 gives the total neutron cross-sections, the absorption

cross-sections for v = 2200 m/s and the scattering cross-sections obtained

from the experimental results by a least-squares treatment; the scattering

cross-section of '̂ Hf was measured directly at the authors1 laboratory in

a 4n geometry by N.L. Gnidak.

177Owing to the adjacent ''Hf levels with energies of 1.09 eV and

2.08 eV, the to ta l cross-section of 1? 'Hf does not obey the l/v law.

The total neutron cross-sections of 174,176,177,178,179Rf M a

function of neutron energy are presented in Table 3, in which the

s t a t i s t i ca l errors are also indicated. The upper limit of the error due

to uncertainty as regards the concentration of Tif in the samples of
1?8Hf, 179Hf and l80Hf is less than 1% and l ies within the limits of the

s ta t i s t i ca l accuracy.
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Table 1

Characteristics of samples of hafnium isotopes

Sample

174

176

177

178

179

180

174
: : 2Q
: P«5fc : n ( 1 0 )

13.0 7.5246
*0,05

0,1 0.0147
< 0,1 •-

«c0,05 -

<0.I

•

jP*

9.7

68,9

I . I

0,2

0.4

0,1

176

•n(102°)

5,6493
69,5579

0,1615

0,2094

0,5474

-

I S O T
]

= P*

20,2
19.5

89,0

1.3

1,8

0.4

O P

[77

' » (

11

19

13

I

2

0

E

io20)

,6921

,6862

.0639

,3GI5

,4635

,5550

P * :

23.7

6.1

6,5

S5.3

3,0

1.0

178

n(102°)

13,7180
6,1582

0,9541

99,8074

4,1058

1,3875

* * ;

10,2
1,8

1.5

1,6

80,9

1.4

179

n(102°)

5,9039

I.8172

0,2202

1,6757

110,7188

1,9425

23,2
3,7

1.9

1,6

13,9

97,2

ISO

jn<1020)

13,4286

3.7353

0.2789
1,6757

19,0234

134,8645

P - percentage concentration of isotope in sample
n - number of nuclei of isotope in sample per cm^

Table 2

Neutron cross-sections of hafnium isotopes calculated
from experimental data for v = 2200 m/s

Hafnium
isotope

174
176
177
178
179
180

Total cross-section
° (barn)

tot v '
650 + 50

19 - 15
3 8 0 •• 10

99 - 4
65 • 2,5
51 • 4

croWe
o (bam)

635 +
16 +

-

94 +
58 +
29 +

50
15

4
2
3

Scattering
cross-sect ion
a ' a ( £"• °°)

35 + 3X

3 + 4
-

5.4 • 1.2
6.7 • 1

2 2 + 1

scattering cross-section obtained by direct
measurements in a 4% geometry.

Table 3

Energy dependence of total neutron cross-sections
of hafnium isotopes

Neutron
energy
(eV)

I
0.50
C.45
0.40
0.35
0,30
0.25
0.20
0,13
0,18
0,17
0,16

Total <:ross-sections (barn)
; Hafnium;Hafniunf Hafnium; Hafhiurn
• 174 •

?•
105 • 15
115 • 15
125 • 15
157 • 15
165 * 15
178 • 15
205 + 15
225+15
230+10
231 • 10
232+10

176
3

a - 3
8 + 3

10 + 3
10 + 3

II I 3
9 i 3
6 ^ 3
3 + 3

II • 3
11 + 2
7 * 2

:- 177
: 4
206 +
197 +
178 +
173 +
171 ;

169 +
176 +
175 Z
178 +
181 +
193 +

4
4
4
4
4
4
4
4
4
4
3

178
5

2? Z
28 +
29 +
31 +
33 +
35 Z
39 +
40 ^
41 +
42 •
« +

I
I
I
I
1
I
I
I
I
I
I

-Hafnium
; 179

6
18 +
21 1
21 +

22 x

24 ±
25 +
27. +
28 +
29 Z

29 T
29 +

I
I
X
T

T

T

I
I
I
•p
X

I

; Hafnium
; i8o

7

29,4+0,5
29,3+0.5
29,7+0,5
09,9+0,5
30,5+0,5
31,5+0,5
32,4+0,5
33,1+0,5
32,7+0,5
33,3^0,5
33,3*0,5
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Table 3 (continued)

Neutron
energy
(evf
0,15
0,14

0,13
0,12
0,11
0,10
0,09
C,Cti5
0,080
0,075
0,070
0,065
0,060
0,055
0.C50
0,045
0,040
0.035
0.030
0,0253
0,020

i
|Hafoium
t 174

203+IG
26CUI0

268^8
237+8
3047a
30C+S
332+8
335*6
3487a
360<ti
3 7 6 ^
30878
4ieTa
427+10
467+10
483+10
520^.10
553+10
604+15
650+15
750720

Total cross-sections (bam)
Hafiiium

176

y + 2
9 1 ~

II + 2
11+2
13 7 2
12 7 2
13 + 2
II 7 2
14 + 2
1 3 + 2
14 + 2
16 7 2
14 + 2

Hafnium
177

Lfib + 3
191 7 3
I2"t _+ -i
200 7 2
202 ^ ?.
212 ;f 2
J)20 J; 2
229 7 2
232 + 3
i.39 - 3
245 7 3
249 7 3
259 7 3
272 7 3
281 7 3
292 7 3
309 7 3
328 7 3
34« 7 3
3 8 1 + 3
433 + 5

Hafnium
178

-i^71
45^1
4d-1
50j. I

55j,I
5G7I

5G (I
60+1
6211
G4 *•!

cc7i

Hafnium
179

30,:.iU,&
31,1+0,5

J2,«:+0,f)
32,0^0,5
34,v7a,5
35,t+0,5
37.s7o.5
3fci 0-i 0 S

39,2+0.5
40,o>,0,b
41,7+0,5
43,0x0,5
44,G+0,5

Hafnium
180

03.^0,5
34,1:70,5

35,5^0,5
3S.c7o,5
3G,G+p,5
00,7^0,5
37,77o,i>
38,0^,5
3ts,3;_0,5
39.0+.0.5
40,o7o,5
40,6^0,5
42,0^0,5
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V.G. Khlopin Radium I n s t i t u t e of the
USSR Academy of Sciences

CROSS-SECTION AND iOJISOTROPY OP 235U PHOTOFISSION

K.I . Ivanov, Yu.A. Soloviev, K.A. Petrzhak

The authors studied the intermediate s t ructure of the f iss ion c ross -

section o » in the gemma energy rcnge 5-12 MeV and the anisotropy at

maximum energies 2 of 6-15 HeV.

The experiments wers performed in "betatron chambers at the Leningrad

Technological I n s t i t u t e . The target was a uranium layer 150 fig/cm thick

(90$ 235U, 1.4$ 234U, 8.6$ 2 3 8 U) . Mica was used for detecting the f iss ion

fragments and standard methods of processing and counting were employed.

For studying the photofission y ie ld , the target and the mica detector

were oriented along the axis of the geima. "beam. The angular d i s t r ibu t ion

of the f iss ion fragments was recorded in a sector chamber with a radius

of 34»4 nm at the centre of which a target with a diameter of 3 mm was

positioned at an angle of 45° to the axis of the gamma beam.

The photofission y ie ld ( in re la t ive uni ts ) i s given in Pig. 1.

The s t a t i s t i c a l e r ror of the measurements did not exceed 3$, while

the standard deviation of the points on the y ie ld curve was determined

mainly by the e r ror assumed to ba associated with the ionization chamber

The calculat ions of o _ were performed using the method of Penfold

and Leiss [ l ] with a 0.5 MeV in terval and a 0.1 MeV shif t at the in terval

l imi t s with respect to the y ie ld curve approximated by Chebyshov

polynomials by the leas t -squares method. An i r regula r s t ructure i s

observed in o at E = 5.5, 6 .3 , 7, 8 .1 , 10.4, 11.4 MeV; i t corre la tes

with measurements [2 ,3 ] performed on monoenergetic photons and in part

with data [4] on bremsstrahlung. The general shape of the cross-sect ion

in the energy range 5-8 KeV i s s imi lar to tha t found in Ref. [ 2 ] .

Within the e r ror l imi t s , the previously determined thresholds 5.31 MeV [5]

and 5.75 MeV [6] are in agreement with the values of 5.35 MeV and

5.65 MeV measured by the authors. The emissive f iss ion threshold
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is 9*8 MeV (see Fig. l). The difference between this value and the emissive

fission threshold value given by Bowman [3] is greater than the possible

uncertainty associated with the energy scale in the authors* experiment.

In accordance with the "MDB" theory the lower emissive fission threshold

can be explained in terms of the height difference between the A and B

barriers of "U.

Pig. 2 shows the anisotropy of the b/a ratio found by representing
2

the angular distributions of the functions w = a + b sin % by the least-

squares method for nine intervals of the angle 9, as a function of E •
jJUQX

The b / a values are corrected for the number of even-even nuclei using

anisotropy data from Ref. [ 7 ] . The da ta on anisotropy ind ica te tha t

i t va r i e s non-monotonically when the sign changes in the region of

8| 10, 10.6 MeV. The negative anisotropy near 13.7 MeV probably corresponds

t o the ^ J emissive f i s s ion th reshold . The pos i t ive anisotropy value

for E = 7 MeV was obtained from th ree measurements.

Ymax

The peak on the c ross -sec t ion curve at E = 7 MeV and, in pa r t ,

the trough in the region 8-10 MeV may be due to the difference in t he

anisotropy s ign . Inves t iga t ions are continuing.
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Energy dependence of the total yield of 3^U photofission,

Key:

The broken line denotes the dependence of the photofission
cross-section ^f. The signs x and A denote the results
reported in Refs [3] and [2] respectively. The arrow
denotes neutron separation energy,

1. By (MeV)

2. Y (units illegible in original)

PBO. I . 3HepreTMeofcsfl
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Fig, 2 Angular distributions of ^J fission fragments and values
of "fa/a.
The numbers on the graphs denote maximum bremsstrahlung
energy. The signs H and A denote the results reported
in Refs [8] and [9] respectively.

Key: 1. %, (degrees);

2. Ey (MeV)

3.

4.
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Scientific Research Institute for Nuclear Reactors

V IN SPONTANEOUS 244Cni, 246Cm and ^Cm FISSION

V.V. Colushfco, K.D. Zhuravlev, Yu.S. Zamyatnin
N.I. Kroshkin, V.N. Nefedov

Except for Cm, the published data on cadmium isotopes Cl—3j

possess a low degree of accuracy (3—7%). I t was therefore decided to

measure v for '=^Cra. Cm and Cm under identical conditions and
P

using the same experimental set-up to within wl>, The results of

such measurements by G.IT. Smirenkin et a l . [4] became known to the

authors only after the completion of the work summarized here.

In the measurement of v , fission fragments recorded by a gas-filled

scintil lation detector triggered a gating circuit for 180 pis, during

which neutron pulses were recorded. The fission neutrons were recorded

by 48 SNM-18 proportional counters placed in a paraffin moderator

500 ram in diameter and 500 mm long with a central through-channel

90 mm in diameter for the fission fragment detector. The efficiency

of recording of spontaneous Cf fission neutrons was 29$. The

measurements of v for the isotopes of interest were performed relative

to ^2Cf, the v" value of which was taken to be 3.756 + 0.010 [ l ] .

The results of these measurements are compared with the results

obtained by other authors in Table 1, from which i t can be seen that

they are in good agreement with the results presented in Ref. [4] and

indicate a linear growth in v for even isotopes of curium with

increasing mass number.

Values of v for curium isotopes

Present paper G.N. Smirenkin et a l . [4] 1970-71 data

2.691 + 0.032 1

3.20 + 0.22 2

3.11 + 0.09 3

Cm

246c,

248^

2.

2.

3.

680

927

173

+ 0.027

+ 0.027

+ 0.022

2

2

3

.700

.934

.157

+ 0

+ 0

+ 0

.014

.014

.015
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EFIKhAR - A LANGUAGE FOR THE INSCRIPTION, MACHINE STORAGE
AND CALCULATION OP EVALUATED INTEGRAL EXPERIMENTS IN PAST

CRITICAL ACT EXPONENTIAL ASSEMBLIES

M.N. Z i z i n

EFIKhAR was devised for the exchange of information on evaluated

experimental data obtained in integral experiments. It can, however,

also be used for the machine storage of experimental and computational

information and in calculations performed for the purpose of fitting

neutron cross-sections. By devising a special language it is possible

to avoid ambiguity in the description of experimental and computational

data.

EFIKhAR is an extension of the language of the FIKhAR system, which

was developed at the Scientific Research Institute for Nuclear Reactors

for the calculation of the physical characteristics of nuclear reactors*

It employs many ALGOL—60 constructions.

Standard designations are introduced for all standard quantities

measured in integral experiments, for their errors and for their

calculated values. By employing a number of specially developed

programs it is possible to use standard designations in an ordinary

ALGOL program without a description in that program. This enables

one to carry out any additional processing of both the experimental

and the computational information.

The values of the standard quantities for an arbitrary set of

critical assemblies can bs put into and stored in a specially developed

machine AKKhlV (archive).

An EFIKhAR description of experimental data for one critical

assembly is given as an example.


