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Institute of Physics and Energetics

NEASUREMENTS OF @ FOR 237pu IN FILTERED BEAMS
OF REACTOR NEUTRONS

V.G, Dvukhsherstnov, Yu,A, Kazensky,
V.M. Furmanov, V.L. Petrov

(Article submitted to At. Fhnerz, UDK-539.172.4)

The authors present the final results of measurementis of
<> =<oc>/<of> for 23%Pu in scindium (2 keV), iron (24.5 keV) and
gilicon (140 keV) filterzd beems of newtrons from the uranium-graphite

reactor of the Obninsk Nuclear Power Station.

The method employed, the appara’us and the experimental geometry
and other conditions have been described in Refs [1,2]. The results
presented below are nommazlized to ath computaed from capture and
fission cross-sections [3,4,53 for a sub-cadmium neutron spectrum in
which calibration measurcnionts have been performed, The value of
ath for 239Pu was found to be 0.589 + 0,027 with allowance for
uncertainties as regards the neutron spectrum and the cross-sections,

Por the measurements in the filtered neutron beams, use was
made of Pu disce weighing 10 g and 30 g, containing ~98,5% 23911'1.1.
(principal impurities 2Z’OP\:. and Ga2) and weldad into stainless steel

jackets ~0,2 mm thick,

For estimating the bveckground cf neutrons and gamma rays occurring
in the scaitering of the beam neoutrons on the nuclei of the sample, use
was made of equivalent Pb scatterwrs and nock-ups of the steel jackets,
The filtered beam neutron r-zeobrs shoua in Figs 1.4 were measured with

proportional recoil proton counters szmnd a scintillation spectrometer.

The main characteristics of the fiitered 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 MH(ih).



Table 1
Neutron energy (keV) 2,0 24,5 140
Energy width (keV) 0.8 2.5 28
Flux (neutrons/cmz's) 5 x 104 1.6 x 104 7 x104
Widths of main filters (g/cmz) 219 Sc 162 Fe 118 Si
6.7 Ti 40.5 Al T.9 T
0,6 Cd 5.7 S 2.5 10g
0.2 10

Width of additional filters for 4.5 Mn 3.4 Ti

estimating background (g/cm?)
Fraction of neutrons not of the 19 6 20

basic energy in the filtered

spectrum (%)
Ratio of filtered radiation to

sum of all backgrounds except

the delayed radiation back-

ground for gamma rays,

D > 0,6 MeV 1,8 0.5 0.5

£ér neutrons,

Ep?_ 1.8 MeV 2.0 1.1 3.6

In the calculation of the values of a, corrections were introduced
for effects caused by the 24OPu 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 monoenergetic. Table 2 gives
the final results of the measurements of a for 239Pu together with the
associated mean-square errors, which were calculated with allowance for
the uncertainties as regards ath, the correction coefficients, the

statistical errors and the internal correlation dependences,

Table 2
Sample thickness 0,3 0.9
(nucle1/barn) (2 x 0.5 keV) (24.5 1.6 keV) (140 X 17 keV)
1.45 x 1072 1.284 + 0,066 - -

4.55 x 1073 1.346 + 0,078  0.384 + 0,036 0,122 + 0,021

-
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Fiﬁ. 1 Spectrum of scandium-filtered neutrons from power reactor

Key: 1. Neutron energy (keV)
2, Neutron flux per lethargy unit (relative units)

3. Filtered neutron spectrum
Filter effect + background

Scandium 219 g/em?
Titan.ium ™
Cadmium 0.6

Background 2
Scandium 219 g/cm
Titanium 6.7
Manganese 4>

u! ~r—Trrrer f.fﬁl f.vv...i T
n ! H

u: . . S ,.. _.,,_.A:_.,I AP wlrPouen poaCeTA :
: ! [ ! } Pasint eom i

¢ erauand 1o 1am? 1
. Tutaw X} H

u : "y ) o0
@ et Bttt TG

Puc. I, Cnesrrp HelTpcHCE 29HoxTA OKAHAKEBOIO
nyqxa peakropa A3C.



Fig. 2 Spectrum of 2-keV peak neutrons after correction for
resolution function

Key: 1. Keutron energy (keV)
2, Neutron flux per lethargy unit (relative units)

3, 2~keV peak of spectrum resulting from scandium filtering
of neutron beam from reactor of Obninsk Nuclear Power Station
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Fige 3 Spectrum of beam of iron-filtered neutrons from power reactor

Key: 1, Neutron energy (keV)
2., Neutron flux per lethargy unit (relative units)

3, Filtered neutron spectrum
Filter effect + background
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Fige

Key:

1.
2.

3.

Spectrum of silicon-filtered neutron beam
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RELATIVE YIELDS OF LELAYED 233U NEUTRONS
IV FISSICY BY JEUTRONS WITH ENERGIES
OF 0.4 + 1,1 MeV

Yu,F, Balakshev, G.I. Volkove, B.P, Maksyutenko

The dependence of the relative yields of delayed 233U neutrons on the
energy of fission-inducing neutrons with energies of 0.4'1 1,1 MeV was

investigated,

The measurements were performed in a KG-2,5 accelerator, The thickness
of the target used for oblaining the neutrons in the reaction T(p,n)3He was
~0,9 mg/cma. Tie sample was U308 powder weighing ~13 g,

Two series of neutron activity decay curves (10-20 measurements)
ware recorded, 5o that the integral count of each of them was 0.7 x 106
pulses (without background), The tackground was ~1% of the initial count
rate, Recording tock 1024 seconds. The neutron activity decay curves
were processed in the interval 5-7S0 seconds ~ the first 60 seconds with
an interval of one second zn2d ¢il the remaining time with an interval of
tea seconds. The totol interval was limited (to 790 s instead of 1024 s)
because of the volume of the comruter memory, However, the difference
in the backgrcund value as betvzen expansion of a curve by the least-
squares method end direct determination of the background over the last

300 s is insignificant.

Values for the relative yielés of four groups of delayed neutrons
wera obtained from the neuviron asctivity decay curves as a result of
processing by the least-squarcs method, The half-life values were taken

from Ref. [1] for the cese of fission by thermal neutrons,

The results are presenied in Table 1 and Fig. 1. For easier
visualization, the yield ratio is shoimn for each series in Fig, 1.
Where the yields are for practical purposes the same, the value has been

placed in a circle,

The data show that, for 2338 znd 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.



Table 1

Relative yields of delayed neutrons in 233U fission

T : 0,4 : 0,5 : 0,6
¥ ; (MeV) 2;/a, : Q—"/Q, ; a; /Qf :
55,0 I I I
20,57 3,051 & 0,062 3,163+ 0,016 3,06 + 0,13
5,0 3,768 + 0,078 3,738+ 0,011 3,62 ¢ 0,16
2,13 4,63 + 0,33 4,01 + 0,38 4,65 + 0,12
T%(l) *Zn 0,7 : 0,8 : 0,9
R ;&MCV) a; /al ; / ; Q;/al
54,0 I 1 t
20,57 3,005 + 0,076 3,104 + 0,040 3,106 3 0,0IS
5,0 3,70 + 0,14 3,476 + 0,0€6 3,7002% 0,0020
2,03 3,847 + 0,015 5,091 + 0,056 5,05 + 0,24
T & K < B -
% E(MQV) Q':L)oﬁf : Q[."}ar
55,0 I I
20,57 3,087 + 0,023 3,103 + 0,028
5,0 3,53 0,10 3,5% » €,093

2,73 8,3% 40,8 4,34 + 0,37
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LEVEL DENSITY OF LIGHT EVEN-EVEN NUCLEI WITHIN
A WIIE RANGE OF EXCITATION ENERGIES

AV, Ignatyuk, Yu,V, Sokolov, Yu.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 OF EXPERIMENTAL DATA ON TRANSMISSION FOR
238y WITH A VIEW TO IETERMINING MEAN RESONANCE
PARAMETERS

A.A, Vankov, Yu,V. Grigoriev
Institute of Physics and Energetics, Obninsk, USSR
B, BUmer, K, Dietze
Zentralinstitut fir Kemforschung
Rossendorf (Dresden), GDR

A comparison is made betwsen 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 Institute of Atomic Ene;gx

NEUTRON RESONANCE PARAMETERS OF TECHNETIUM-99

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

The authors investigate the neutron resonsznces of the fission fragment
muclide 99Tc in the energy region 20--2100 eV, The neutronoscopic study
of this nuclide is of great interest both in nuclear theory and in astro-
rhysics (with regamd to the formation of elements in the Universe) [1].
Foreover, the neutron ciross-sections of 99Tc have great practical
importance :a reactor construction. However, information about the
ncutron resonance parameters of this radionuclide is available only for
energies up to ~300 eV [2,3]; moreover, this information is not complete
cwirg to the low resolution of the spectrometers and to the poor

stalistical accuracy of the measurements.

Measurements of the neutron cross-sections of 99Tc were performed
Yy the time—of-flight method at the I.V. Kurchatov Institute of Atomic
nergy, 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 ns/me  Two NaI(T1) crystals (@ = 200 x 100 mm) were used as detector [4].
The total cross-section was measured by recording the 480-eV photons from
a 108 semple (n3 = 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-
radicactive nuclei. To exclude errors due to the insgtability of the
accelerator power, the measurements were performed in alternating ten-

minute series with a 29Tc sample and both with and without a neutron beam.

Three samples 7O mm in diesmeter and with thicknesses
n =1, = 0.006874 atom/barn and ny = 0.002035 atom/barn were prepared
from high-purity (99,99%) metallic technetium powder. In the total

cross—section measurements, semples with Np =N, +n, or ny vere used.
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In transmission measurements by the self-indication method, samples with

= n, or n, were used, while a sample with np = n, was placed in the

n

T 2 3
detector, The background-to-signal ratio in the measurements of OY 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 determmined 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 methed,

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 1), The parameters of the level for Eg = 5.6 eV
were taken from Ref, [3]- Values of the radiation width, PY’ were found
for 15 strong resonances. The mean value (without allowance for the
level for Ej = 5.6 eV) FY = 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.,
Accordingly, the estimated values of the mean parameters of 99Tc 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 (3) 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 Bé = 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 99Tc levels performed with
the algorithm employed in Ref, [8] does not reveal any non-random
periodicity in their arrangement.

The distribution of the reduced neutron widths was used in detemmining
the So and S1 strength functions. The SO strength function was
calculated by detemining the mean reduced neutron width with respect to
the region 2gr(°) > 0,058 MeV (2gr(°) = 2.00 MeV). The S, strength
function was estlmaxed with respect to the region 2gr(0)<10.058 MeV and
is (1.9 + 0.7) x 10—4 The S1 strength function is detemmined 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 S strength function therefore needs to be determined more exactly.
The so strength function was found to be (O. 53'*3 )y x 104, e
error in So 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
2gr&0) [10,11] The force function in Ref. [3] is 0.43 x 10—4, which
is 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 S as calculated from these authors! data with allowance
for all levels at energies up to 1150 eV is 0,56 x 10"'4

The value S0 = (0453 : g'ig) x 10"'4 does not agree with calculations

based on the optical model, Adopting the shell approach to the theory of
nuclear reactions [12,13], the authors of Ref. [14] showed that the optical
model did not describe the experimental dependence of force functions on

0 strength
function within the framework of this approach give a value of 0,55 x 10-'4

atomic weight in a region of minima, Calculations of the S

Tr 99Tc [15]; the generally accpeted formms and parameters of the
potentials were used and the values of the spectroscopic factors (occupation

numbers) for 34 states were taken into account.
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Table 1

Results of 99Tc measuremants

LBy AE L 2p I Al el alp
: (eV) i(eV) :(MeV) :(MeV) :(MeV) : (MoV)
I 56 - I,84 0,15 054 4
2 21,10 0,02 1,61 0,26 150 50
3 39,75 0,05 0,22 0,02 170 30
4 56,62 0,08 0,60 0,01 150 30
5 61,40 0,09 0,009 €002
6 67,53 0,10 0,010  0,0C2
7 80,9 0,13 0,014 0,006
6  8I,65 0,I 0,020 0,004
9 11,1 0,2 1,33 0,09 170 80
10 14,1 0,2 0,005  0,0CI
Il 123,9 0,3 0,45 0,04 140 50
12 1268 0,3 0,012 0,003
I3 148,2 0,3 0,0018 0,0008
14  163,2 0,4 6,7 0,5 160 0
IS I73,1 0,4 0,023 0,007
16 182,5 0,4 5,6 0,6 1% 80
19,1 0,5 4,2 0,3 180 20
18 19,7 0,5 0,026 0,007
19 206,9 0,5 0,046 0,015
20 2104 0,6 0,051 0,015
2l 215,0 0,6 0,06 0,02
22 21,1 0,6 0,046 0,02
23 226,2 0,7 0,0I9 0,000
26 241,7 0,7 3,09 0,25 200 %
25 262,8 0,8 0,0I7 0,006
26 273,5 0,8 0,053 0,02
27 280,5 0.9 1,01 0.02 170 25
28 301,0 0,9 2,0 0,25
2% 308,0 1,0 1,37 o1l 160 30
% 318,5 1.1 0,058 ¢,G
5L 36,1 1.1 0,03 0,01
32 333,9 10 0,016 0,005
33 346 1.2 ~l0 0,03
3¢ 351,9 12 0,06 0,02
35 359,5 1,3 0,8 0,03
% 366,0 I3 9,4 I,s
37 38I,0 1. 1,7 0,1 150 50
38 3881 1,4 0,08 0,02
39 399,9 1,5 0,040 0,015
40 418.6 1,6 3,8 0,3 200 40
41 428,% 1,8 4,9 0,4 240 50
42 404 I,7 0,080 0,001
43 6492 1,8 0,13 0,03
M 462,0 L,9 2,562 0,14
45 481,53 2,0 [,ez 0,09
46 4694 2,0 0,26 0,03
A7 5104 2,2 0,03 0,01
48 sl,5 2,2 r,2t 0,13
a9 523,7 2,3 1,29 0,13
50 530,6 2,3 0,06 9,8
ST 539,9 2,4 1,50 0,17
52 566,9 2,5 0,55 0,13
53 60L,4 2,8 2,20 0,16
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Table 1, continued

: T el G 2¢ TN a2 id0 T ) aTr
00 Hon i Chen) AT (e (MeT)

Sh 609,88 2,8 1,70 0,24

55  627,2 3,0 0,40 0,06

5 636,2 3,0 0,1 0,04

57 657,8 3,2 2,18 0,31

58 677,% 3,3 1,38 0,23

59 69,9 3,4 0,36 0,07

€ 708,34 3,6 0,06 0,02

6L 700 3,7 AL 0,15

62 749, 3,8 4,75 1,I0 180 30
63 75%6,9 3,9 2,40 0,29

6 1,8 4,0 0,29 0,11

65 810,5 4,3 1,68 0.28

66 BI9.3 4. 1,19 0,21

67 846,5 4,6 4,81 1,37

68 85I,I 4,8 4,80 1,37

69 879,9 4,9 1,00 0,27

0 89,9 5,1 7,0 1,0

T 93,6 5,4 0,12 0,04

m” 98,3 5,8 0,32 0,19

73 1004 3 1,39 0.31

% 1029 3 0,81 0,31

7% 1054 3 1,66 0,31

7% O8I 7 6,1 2.4

77 1094 7 6,1 2,

78 ILIS 7 0.3 0.2

79 1la4 7 3.6 1,5

From 1150 eV to 2110 eV the following resonances
of $ITc were found at the enercies (eV):

I. 1189 4+ 7 9. 1418 4+ 10  17. 1805 » 14
2. I2I2 - B 10. 1459 + 10 I8, 18% 1 IS
3. 1228 1 8 I1. 1491 # 11 19. 1879 &+ 15
4. 1278 1 8 I2. IS ¢+ 11 20, Is%2 s lé
5. 1296 1 9 3. 1606 + 12 2I. 1975+ I6
6. 130439 Ie. 1668 ¢ I3 22, 2005 3 17
7. I3L 49 15, I721 + 15 25, 2I04 t I8
8. 1379 +9 I6. 177% ¢ I4
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FISSION OF 22!Ac BY DEUTERONS

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

(Article submitted to Yad, Fiz,)

27Ac fission by deuterons with

The authors! aim was to study 2
Ed = A-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 Ed = 6,8 MeV, determined the fission yield
in the symmetrical fission peak regicn 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 [1].
Pission fragment spectrometry was carried out using glass-based =solid

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

was prepared by vacuum evaporation.

The effective fissionability of the resulting compound nucleus
of 229Th was determined on the basis of the measured fission cross-
sections (Teble 1): W, _o(*’Th) = 0.25 + 0,04, This value does
not depend on the excitation energy of the 229Th nucleus in the energy
range studied,

9:(0°)

The anisotropy 1§T§3:) was found to be 1,20 + 0,05,

The contribution of the symmetric fission peak neutiuns is 27 # %
and is the same for both 90° and 170° to the direction of the deuteron
beam. Previously, the contribution of the symmeiric fission peak
fragments of the 229Th nucleus had been determined only for comparatively
30 MeV) in an experiment involving the

3].

high excitation energies (E

excit
bombardment of'226

Ra by 3He ions

™
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Table 1

(MeV) 6.8 } 6.1

53

4'0

o (em?) i (145 % 0.2)15%°  (1.34 4 0.16)10%

5

(8 + 1)10°% E(1.3 + 0.6)1'632

o

(1]

(2]
L3]
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INELASTIC SCATTERING CF 4,75-MeV NEUTRONGS
IN COPPER

L.S. Lebedev, Yu.A. Nemilov, A.V. Orlovsky,
L.A, Pobedoncatisev

The spectrum of inelastically scattered neutrons was measured at the
Radium Institute by means of a time~of-flight specirometer in conjunction
with an electrostatic 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 alternating eleciric field to 2 ns at the
target. The pulse recurrence frequency is 2 MHz, The current strength
in the pulse is about 0,5 mA,

Cylindrical stilbens crystals 5C mm in diameter and height together
with FEU-30 photomultipliers were used for neutron recording. By
meang oOf the pulse shape selection cireuit it was possible to reduce
the background to on aversge about 204 of the useful counting efficiency.
The time-of-flight base was 290 cm, A cylinder AC mm in diameter and
50 mm high made of copper of natural isotopic composition was used as scatterer,
The entire neutron-recording system was placed inside a 100 x 150 em block
of paraffin with boron carbide capable of being moved for the measurement
of scattering through different angles. Additional shielding (alsc of
paraffin with boron carbide) in the formm of a cylinder with a central
aperture was placed between fthe scattered-neutron source and the main
shielding. The moment of arrival of the ion pulse at the target was
registered by a capacitative transducer, A time-to-amplitude converter
and an AI-1024 multichannel analyser were used for measuring the time of
flight. Standard targets of titanium 1 mg/cm2 thick and saturated with
deuterium were used as neutron sources,

Energy calibration of the set-up was carried out with neutrons from
spontaneous 252
of the formm N(E) = Noexp(-O.SSE) sin h(V2E) [1].

Cf fission, the spectrum shape of which was taken to be

The spectra of the neutrons inelastically scattered in the copper
were measured at an angle of 82°, The width of the elastic-scattering
peak at half-height was 6 ns. More than half of this value was due to



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 |Elastic EO = 4,75 3.8 « 3,07} 3.07 = 2.33 | 2.33 - 1,6 | 1.6 - 0,9
(MeV)
Cross—section 68 20,2 + 1.5 | 13.3 + 0,8 9.7 +0.,5|4.4 + 0.4
(mb) 1
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heavy elements, Prentice-liall (1564).

L2]

scattering {in Russiar), Atomizdat (1572)
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GAMMA RAYS FROM THE REACTION °0r981100,102104p (. y
9119941014103, 105, TDHCED BY THERMAL NEUTRONS

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

The spectra of gamma rays emitted by odd ruthenium isotopes resulting

[
)6’98’100’102’104Ru nuclei were measured

from themal-neutron capture by
using a spectrometer with a Ge(Li) detector in the horizontal channel
of the WWR-M reactor of the Nuclear Research Institute of the Academy of
Sciences of the Ukrainian SSR, The characteristics of the ruthenium
gamples enriched in the corresponding isotopes are presented in Table 1.

The themal-neutron flux at the sample location was 6.5 x 107 neutrons/omQ's.

The measurements were performed in the gamma energy range 2-8 MeV.,
The calibration of the spectrometer and the treabtment of the measured
spectra by means of a BESM-4 computer are described in Ref. [1]. The
following results were obtained. Capture gamma rays of 97Ru and 99Ru
were not detected, In the case of 993u, this may be due to insufficient
101,103,105Ru are

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

enrichment of the sample. Data on the gamma rays of

samples consisting of a natural mixture of ruthenium isotopes [2] and
information about lower levels from works on radicactive decay [3] and
nuclear reactions [4-6], 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:

) 101

E,. 4 = 6.8009 + 0,0033 MeV for " Ru;
E ;4 = 642754 % 0,0035 MeV for 103q,,
Ebind = 59745 + 0,0026 MeV for lOSRu.
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Table 1

Characteristics of samples enriched in ruthenium
igotopes (weight, percentage concentration,
activation cross~section) and investigated
by means of the reaction (n,Y)

EMIEOEd Weldht, o5 | 53 | 99 | 1.0 | I21 | iCZ |
965, 0,5976 93,9 0,4 1,6 0,4 G2 1,5 0,7
8o, 0,5995 1,6 6I,6 21,2 6,2 5,7 4,0 1,6

100:, 2,0252 G,I 0,1 3.6 93,0 1,9 I.d G4
102z, 1,98i3 0,1 0,1 6,1 G, &5 93,2 (.4
04 1,93 (¢, 01 o0 ¢1 2,2 1,2 %,5
0,21 =~ IG,6/6/10,4 00 1.4 05,7
Table 2
100 101
Ru(n,y)" Ru

Gamma BY(M.CV) IY(rel.) Gamma EY(MCV) I.Y(rel-)

line No, line No.

1 §,8821/28, Lus2/7 8 4,8592/234 123/

2 6,5003/34f  1€/a) 9 4,8082/18/  1E/%/

3 0,2714/15/ 10075/ 10 4,7 YYe/I3) Lu/8/

4 €,2482/21)  22/5%/ il 4,820/ 2044/

5 &,0527/41) 1373/ i 4,4531/12) 856/

6 S,3063/11/  63/47 I3 a,2485/331  &0/2C/
? 5,2799/21/ 2C/3/ I4 4,1839/15/ 32/5/

%G . 103

amme rays possibly belonging to Ru.
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Table 3
102 10
Ru(n,y) 3Ru
Gamma| g (MeV) Iy(rel.) Gamma (Me rel
line No. Y ¥ line No. By (MeV) |y (rel)
I 5,6873/19/ /3 1z 4,3285/12/ 4G/4/
2 5,0310/35/ 7/2f % B, 2665710/ 100/10/
3 4,8897/20/ 173 1a 4,2215/22/ 32/7/
4 4,8293/23/ 2076/ Is B,1617/13/ 12/2/
5  8,7932/54/ 15/5/ 15 4,064/ 167 20/%/
6  4,7416/217 2U/s/ 1T 4,0210/15/ 73/9/
7 4,6258/I1/  96/10/ 18 4,0021/28/ 4379/
B 4,50R2/20y s1/%/ 18 3,%73/7/ 28/3/
9 &,4064/58/ 18/6/ 20 3,6777/68/ 24/7/
10 4,3966/12/ 26/3/ 21 3,6528/20Q/ u/1e/
1 4,3513/8/ 83/4/
Table 4
1 10
0430-("”) 5311
Gamma Gamma
Ev(MeV) (rel.) E, (MeW [1_(rel.)
line No. | | ¥ line No.| ' Y
1 5,9105/19/  28/2/ 9 S,1271:11f 2372/
2 5,8893/82/ 973/ 10 5,1079/20/ 9/1/
3 5,7873/35/ 3/1/ il 5,0226/10¢ 100/6/
4 S,7514/16/  X?/1/ 12 4,5851/1C/  10/2/
5 5,586k /18/ 343/ i3 3 7E04/15/ Ia/3/
6 5.5281/38/  w/2/ i4 3,5052/11/  32/4/
7 S,4436/15/ 15/L/ i5 I.&TI8/11/ Sk/8/
8 S, 41e7/37/ 3/17
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GAMMA RAYS FROM THE REACTION 1O041106:108p4.) .y
105,107,109p4 INpUCED BY THERMAL 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
Institute's WWR-M reactor,

The measurement techniques and the methods for processing the
results were the same as those employed in Ref, [1]. The characteristics

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

The following results were cbtained in measuring gamma spectra in the
energy range 2-8 MeV: the reaction 104Pd(n,v)105pd gave very weak gamma
rays, energies and relative intensities (see Table 2); no gamma rays were
*Ba(n,v)! Ppa,

29 gamma rays ascribed to 109Pd were identified in the energy range

detected in the reaction lOéPd(n,Y)loYPd; in the reaction

3.5-6,0 MeV, The energies and relative intensities are given in Table 3.

The authors propose a decay scheme of the 1O9Pd nucleus on the basis
of their own measurements and of published data relating to levels of
the 19%pd nucleus from (d,p) and (d,t) reactions [2,3) and to gamma rays
resulting from capture vy a natural mixture of palladium isotopes [a].

The mean binding energy of the last neutron in 1O9Pd, calculated

from the sums of the cascade transition energies, was found to be:

o = 3 0,001
bcb 6.1533 + 0,0019 MeV
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Table 1

Characteristics of samples enriched in

palladium isotopes and investigated

by means of the reaction (n,Y)

iched| Weight |52 T 14 { 105 | 1G6 1+ I8 ; IO
Eghe (g)g (%) | () { () | | (R (%)
Wépy  I,9%3 0,1 90,0 7,8 2,0 0,8 0,1
106, 0,573% 0,1 5,2 9,1 78,8 3,6 3,3
ng 2,749 0,1 0,1 0,3 0,9 9,4 0,4
barn 4,8/15/ =~ - 0,2%2/29/~ -
Table 2
104Pd.(n, Y )105 Pd
Gamma
line E, (MeV) I (rel.)
No. Y Y
L 6,652/8/ 7/20/
2 6,615/5/ 100725/
3 5,9170/26/ 4579/
4 5,526/%/ &/14/
> 5,1B47/15/ 89/11/
Table 3
Gamma Gamma
line FY (MeW) IY(rel.) line EY(MeV) IY (rel.)
No. No.
I $,8340/20/ 6/1/ 16 h,5450/20/ 7/1/
2 5,8270/15/  20/2/ 7 4,5I21/8/ 12/l
3 S, 720h/10/  23/1/ 18 48450020/ 1072/
b 5,5996/26/ S/1/ 19 4,4268/23/ 1072/
S 5,4860/10/ 1571/ 20 4,3588/10/  13/1/
6 5,4564 46/ 311/ 21 4,%155/19/  16/2/
7 5,4305/9/ 16/1/ 22 4,2371/10)  18/1/
8 5,3997/36/ 2/1/ 23 h,0682/17)  41/2/
9 5,2129/5/ 3171/ 24 §,0367/16/  13/2/
10 5,1870/14/ 6/1/ 25 3,9260/21/  1l/2/
II 5,0130/12/doubl 15/37 26 3,9102/23/ 1072/
12 5, 2506/5/ 0073/ 27 3,04e716/  22/3/
13 §,7594/9/ 4172/ 28 3,6909/18/  23/3/
I 4,6752/9/ ir/2s 29 3,6738/26/  25/3/
IS 4,6182/21/ 4/1/
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GAMMA RAYS FROM THE REAcTION 1009187

187,188

Os(n'Y)
Os INDUCED BY THERMAL NEUTRONS

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

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

;186,187

b Os nuclei were measured in the horizontal channel of the Nuclear

Research Institute'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, [1]. The composition of the sample enriched in
18603 is 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 99,54 in 187
0,0938 g In the first sample, the 187

with the 18605 contribution, Consequently, it was possible to identify

0Os and weighed

Os contribution was comparable

in the spectrum only a few gamma lines belonging to 18705 (Table 2).

A1l the gamma rays detected in the reaction 187

to the 18805 (Table 3

Os(n,Y)18805 are ascribed

l8705 and 18803 decay schemes on the basis

The authors construct
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 187Ir [4], 1881r and 188Re [5]. The mean binding energies of the
last neutron in these isotopes are found from the total cascade transition
r 187 L = 6.2952 + 0,0018 MeV; for
Os, the binding energy calculated in this way (Ecb = 7.9886 + 0,0029 MeV)
coincided with the measured energy of the direct transition to the ground
state (B = 7,9887 + 0,0012 MeV),

energies. Fo

188

Og it was found to be Ec
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Table 1
. ey . . 186
Isotopic composition of sample enriched in Os
Isotope 18405 18603 18703 18805 18903 19003 19203
f;;’”“r“m 0,05 421 9.6  17.9 9.2  10.5  10.7
Capture
cross—section - 80/13/ 320/10/ - 61/16/ 16/5/ 11/2/
(bam)
Table 2
18603(n,Y)18703
Gamma .
. Emitting
line E. (MeV) . I (rel.)
No. Y isotope Y
1 7,8348/5¢ 16§ 1241/
2 7,36:7/12/ 188 Ry
3 6,7259/ 19/ ? 91/
4 6,5133/18/ 188 9/1/
5 6,2689721/ 1867 9/z/
6 §,2192/10/ 187 ionse)
7 6,1536/i%/ 187 27/2/
8 5,0202/1%/ 168 2672/t
) 5 £871/2/ - 10/2/
10 5,7921/13/ 187 2372
11 5, 7C05/13/ 188 c0/6/
2 5,5703/i4/ 188 55/4/
13 5,5523/31/ - 1574/
14 5,3578/ 54/ - 21/3)
s £,1739/13/ 187 4373/
16 5,1427/16/ - 2572/
17 5,1006/19/ 188 22/3/
18 5,0709/48/ 1877 19/3/
19 5,0177/13/ 1877 22/2/
20 4,9591/1%/ 1688 12/2f
21 ,9127/15/ I88 2872/
22 4,83157287 188 27440
25 4,2135/13/ 188 99/5/
26 4,7663/16/ 123 LU/
25 1,5557/5,/ 187 79/7/

26 4,2926/ 14/ - 42/14/
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Table 3
187Os(n,v)18803
Gamma Gamma
line !-'7 (MeV) IY (rel.) line E, (MeV) IY (rel.)
No. _ No,
I 7,9887/12/ 0,0?2/I/ 1§ 5,4666/27/ G, 05/1/
2 ?7.,8544 /5 0,I5/1/ 20 5,3647/13/ 0,10/1/
3 7,3597/10f  ©,0e/3 21 5,3325/18/ 0,077/
4 6,5C29/25/ 0,02/1/ 22 5,2802/22/ 0,63/1/
5 6,5172/17/ 0,05/1/ 23 5,2491/14/ 0,09/1/
§ 6,3737/1%¢ Q,Q2/1/ 2 5,2262/17/ 0,0¢/1/
? 6,i047/52/ C,Caf1/ 2% S. 1718725/ 0.,09/1/
8 6,1.77/12/ 0,05/1f 26 S.l21e/2f u,1C/1/
9 68,0310/, 0,001 27 5,i006/37) 0,20/2/
10 S,n767387 QG214 28 §,9060/23f C,0x/1/
1 9 $.9219/9/ 0.12/1/ 29 4,9623/1a/ JI/L/
12 5,7365/36/ 0,031/ 30 4,9171/2%/ a,u3/1/
I3 5,7027/7/ 0,15/1/ 31 4,8477/13f 0.'&-9/{/_
14 S.6427%/25/  0,07/1/ 32 4,8128/5/ 0,80/1/
is 5,6223/36f 0,05/1/ 33 4,7514/21/ 0, 1372/
16 5,5745/9/ 0,22/i/ 34 4,7116/28/ a,10/2/
17 S,S412/16/ 0,03/2/ 35  &,6749/19/  0,07/%
I8 5,4860/16/ 0,08/1/
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STUDY OF THE INTERACTION OF SLOW NEUTRONS
WITH 190,192,194,196,198Pt

V.P. Vertebny, P.N. Vorona, A,I, Kealchenko
V.Ac Pshenich.n.y, V.K. Rudishin

(Article submitted 1o Conference on Neutron
Physics, Kiev, 1973, and to Yad. Fiz.)

Using the time~of-flight method and the Nuclear Research Institute's
WWR-M reactor, the authors obtained infommation about the neutron
resonances of the isotopes 190’192’194'196’198Pt in the energy region
0-2000 eV, Above 3 eV the resolution was 59 ns/m; below 3 eV it was
1,8 ps/m. The purpose of the measurements was to study the isotopic
dependence of the level density, the potential scattering amplitudes,

the strength function and the partial cross-sections for thermal neutrons.

The resonances of the platinum isotopes are presented in Table 1,
The experimental results were processed on a BESM-4 computer using
programs developed by V,A. Pshenichny and V.XK. Rudishin,

Values of the mean distances between levels and of the distances
reduced to an excitation energy of 6.5 MeV for 192’194’196’198Pt are
given in Table 2, from which it can be seen that the distance is least
in the case of the isotope with 114 neutrons. The observed isotopic
dependence confims the authors' belief that the level density is at

a maximum when N = 112-114,

The strength functions were determined by the least-squares method
from the resonance parameters and the slope of the averaged cross-section
in the energy range 5-50 keV, The strength function values (Table 3)
do not contradict Jain (Nucl. Phys. 50 (1964) 157) as regards the optical
model of deformed nuclei, according to which in the 190-200 keV region
there is a rapid change in the strength function from 4 x 10_4 to
1.5 x 1074,

Knowing the resonance parameters in a wide energy range it was
possible to determine the potential scattering from the cross-section
between resonances, The data obtained are in gcod agreement with the

values of the cross-section for scattering in the themmal region if one



takes into account the contribution of resonances, The experimental
values of the potential scattering amplitudes RY 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 indicat»d for Rf correspo-d to
possible contributions of unknown positive and negative levels, the
statistical error being much less than these levels ~ except for
192Pt, vhere the statistical error is greater.

An attempt was made to study the interaction of neutrons with
190Pt using a sample in which the concentration of this isotope was
0,8%. Only one level was detected (see Table 1),

The total cross—sections of the platinum isotopes in the themmal

aV
scattering cross-section, °, is the capture cross-section for Vo==2200 m/a

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

. . o .
region are subject to the law %ot = op +0C y where op is the

was carried out by the least-squares method. The capture crosg-—
section values for the platinum isotopes were very exact compared with

the available measurement results,

The high capture value and the low I'° value for the 190Pt 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 190’192’194’196’198Pt
E(eV) TR (MeV) | E(eV) TR (MeV)
oy 190
27,6080,05  L,z10,6 2% ¢ I5 327
e 192 650 hd 23 27 * 4
21.6530,05  0,2540,08 11954 30 65 1 10
46,552.0,15 6,2 +0,9 2450 1 80 -
£3,08+0,20 2,02$3,50
55,5610,20 0,124C,05 Pt 196
125,35, 0,7 15,23I,5
148,5+0,9  21,042,5 18, 900,05 6,079,002
177,652 10,55 3064h 8,510,6
333 15 - 576412 4,442,0
366 +6 1710450 150450
3y 120 2450480 -
Pt 1% Pt 198
370 45 7,642,0 96,1$3,5 8¢l
600 +I2 49410 04 ¢ I5 78 & 10
840 ¢ 20 2l £ 3
1340 + 35 130 + 50
Table la
Low-lying resonances of 195Pt
E(ev) JTrf (MeV)] T (Mev)] E (ev)
11,9540,01% 3,240,2 150:15 119,5+1,0%
19,33+0,01% 1,440,607 200,25 139,5+1,3
67,3 +0,4%% - - 150,941,4%%
111,745, - -

*The parameter values and accuracies result from
measurements on all samples,

*®1n accordance with BNL-325, 2nd Ed., Suppl. No. 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 i D (eV) i Do (eV)
P 192 12+ 4 16,5
v 1% 2704 75 310
Pt 196 280 ¢+ IOC 280
“pg 198 ' 3640 ¢ 70 160
Table 3

Strength functions S and potential scattering
amplitudes RY for platinum isotopes

. ‘ R
Isotope |
o ozl'zesong;esi ﬁ@%ﬁ%&-gg%o?? [(Femi)

Pt f.‘sz f3.6 2 0,7 ¢0..¢5 g

Pt 1% 1,54 0,5 ,3 2 0,X 10.5_0#,5

»n 195 - 1,0 40,2 10,4304

n 19 LI 40,6 0,8 1 0,4 r0,170¢¢

n 1% 1,6 3 0,6 1,540, 9 5"'?
Table 4

Scattering and capture cross-sections of
platinum isotopes in the themal-neutron

region
1 g
Imotope | °p (bam) } 9, (bam) t;or Vo = 2200 m/s
n 1% 10 800 t 70
n IR 12,3 ¢+ 1.2 TP 2 45,
P, * "I?lu h4 0.:2 Ilz h 4 1)
s §95 17,1 £ C.2 30 ¢« 1.2
e 196 12,3 £ 0,2 03 & 0,2
Pt 19€ 7,7 % 0,2 8,2 » 0,3
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TOTAL NEUTRON CROSS-SECTIONS oF 11411764177,178,179,180,
IN THE NEUTRON ENERGY RANCE 0.06—0.5 oV

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

Total neutron cross-sections of 174'176'177'178'179’180Hf as
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 Institute's WWR-M reactor.
The samples were in the form of HfOz. 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 bamm., The transmissions
of the samples were measured by the time-of-flight method with a resolution
of 1.7 ps/ms The time for one measurement with and without sample was
determined by a specific number of neutron pulses (3 x 105). Information
about sample enrichment and thickness is given in Table 1. The energy
dependence of the total neutron crosg—sections of‘174'176'177’178'179'1803f
in the energy range 0,5-0,06 eV, where the cross-section is subject to

the 1/v law, is expressed by a formula of the type
0t = © +a\/9.-°_§5.1
) s

derived by the least-squares method; here Oiot is the total crogs-section
in barns, o coincides with the scattering cross-section and is defined

as 0, for E—~ ® and 0_ is the absorption cross-section for v = 2200 n/s.

Below 0,02 eV the authors observ:: a departure from the 1/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 L1%Hf was measured directly at the authors' laboratory in

a 4 geometry by N,L, Gnidak,.

Owing to the adjacent *TTHf levels with energies of 1,09 eV and
2,08 eV, the total cross-~section of 177Hf does not obey the 1/v law,
174,176, 177,178,179 .. o

The total neutron cross-sections of
function of neutron energy are presented in Table 3, in which the
statistical errors are also indicated. The upper limit of the error due
to uncertainty as regards the concentration of 174Hf in the samples of
178ye  1T9¢ ana 1%%Hr is less than 1% and lies within the limits of the

statistical accuracy.
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Table

1

Characteristics of samples of hafnium isotopes

v

Sample

1SOTOPE

_—
.

174

176 TN

- X178

v -
H

178 . 180

Ppge (107 P

H 20 R . 20 R . : .
210" ied tn10® ipd inao®) D e . n10®) e fa(10®)

174

13,0 17,5246 9,7 5,6493 20,2 11,6921

73,7 137180 10,7 5,009  23.2 13.4286
176 <0,05 - 68,9 69,5579  19.5 19,6862 6,1 6,156z 1,8 1,8172 3,7 3.7353
177 0,1 0,0147 1,1 0,1615 83,0 13,0639 6.5 0.9541 1.5 0,2202 1.9  0.2783
178 <0,1 - 0,2 0,209 1.3 1,3615 95,3 99,8074 1.6 1.6757 1.6 1.6757
179 <0,05 - 0,4 0,5474 1.8 2,4635 3,0 4,1058 80,9 110,7188 13,9 19,023
180 <0,1 ~ 0,1 - 0.4 0,555 1,0 1,3875 1.4 1,9425  97.2 134.8645

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 | Total eroas-section/ AR F5%0 [Eoigechion
o
isotope ot ( barn) o, (bam) , = Ot (ES0)
174 650 + 50 635 + 50 15 + 3%
176 19 - 15 16 5 15 3.4
177 380 + 10 - -
178 99 . 4 94+ 4 5,4 + 1,2
179 65+ 2,5 58+ 2 6,71
180 Sl + 4 29 + 3 22+ 1

xSc:a.‘t‘tering cross-section obtained by direct
measurements in a 4x geometry,

Table 3

Energy dependence of total neutron cross-sections

of hafnium isotopes

Neutzon Total cross-gectfons (bam)
enesgy  Hafnium:Hafnium Hafnium’Hafnium:Hafnium Hafnium
(e : 114 S CHRP L & S £- T (- TP £
1 i 2 I 3 : 4 i & I g i 1
0,50 105.15 8.3 206+4 271 18 »1 29410,5
C45 II5+15 B3 197+4 28+1 21 «1 29,240,5
040 I25+15 10+3 178+4 29+ 1 20 +I 29,740,5
035 1S7.15 1023 173+4 31 +1 22 41 29,9+0,5
0,30 165+15 II1:5 I71.4 33+1 24 +71 30,54,5
0.25 178 +15 923 169+4 35+1 25 +1 31,5&,5
0,20 205415 623 17624 321 22 +1 322,445,5
C,J9 225+15 833 175:4 40+1 28 +1 33,10,5
0,08 20+10 J1+3 IBx4 41+ 29 +1 32,70,5
C,I7 231+ 10 IIa+2 IBI+4 42+1 290 + 1 33,206
0,16 232+ 10 ?+2 i93 3 4321 29 :1 33,310,5



-39 ~

Table 3 (continued)

Neutron : Total cross-sections (bam)

ener ‘Hafnium{Haium [Hafniur{ Hafnium| Hafnlum }Hafnfum
(e 1+ 174 176 1T 178 179 180
0,15 203,10 Y+ 2 I[85 +3 401 33,110,5  3,30,5
0,74 260:J0 v+ 2 I81 +3 451 3I,1.0,5 34,240,
0,13 %6828 II +2 194 +3 45:1 U2,2:0,5 35,510.5
0,12 28748 11 +2 200 . & 48:1 32,000,6 35,010,5
0,JI 30448 13 s+2 202 .2 S0.I 34,7.0,5 330,040,5
0,0  308.8 12 +2 202+ 2 521 U5,640,5  55,7.0,5
0,09 352:8 I3 +2 2042 551 37,8:0,5 37,7:0,5
C,085 335,38 II +2 229 42 50,1 38,{40,5 38,0.5,5
0,080 348:8 I4 4+ 2 232+3 581 39,240,565 3,3.0,5
0,075 360:8 13 ¢+ 2 239 » 2 60¢1 40,8:0,5 39.040,5
0,070 37648 I4 +2 245 + 3 621 41,740,5 40,040,5
0,065 3u3:8 I6 -2 249 +3 64:1 43,0.0,5 40,6:0,5
0,060 418:8 14 +2 259 s+ 3 60:) 44,6:06,5 42,0:0,5
0,055 427+10 27213

0,050 467410 281 + 3

0,045 483+10 292 + 3

0,040 520.I0 309 + 3

0,035 553+I0 328 + 3

0,030 604+i5 348 + 3

0,0253 650:I5 381 + 3

0,026 75020 433 + 5
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V.G, Khlopin Radium Institute of the
USSR Academy of Sciences

CROSS-SECTION AND ANISOTROPY OF 235U PHOTOFISSION

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

The authors studied the intermediate structure of the fission cross-—
section qyf in the gamme energy range 5-12 MeV and the anisotropy at

i i 64 6-15 eV,
maximum energies ymax of 6-15 lie

The experiments werz psrformed in betatron chambers at the Leningrad
Technological Institvite, The target was a uranium layer 150 pg/cm2 thick
(904 235U, 1.4% 2340, 8.6% 238U). Mica was used for detecting the fission

fragments and standard methods of procsssing and counting were employed,

For studying the photofission yield, the target and the mica detector
were oriented along the axis of the gamma beam, The angular distribution
of the fission fragments was recorded in a sector chamber with a radius
of 34.4 mm at the centre of which o target with a diameter of 3 mm was
positioned at an angle of 45° to the axis of the gamma beam,

The photofission yield (in relative units) is given in Fig. 1.
The statistical error of the measurcments did not exceed 3%, while
the standard deviation of the points on the yield curve was determined

mainly by the error assumed to te asgociated with the ionization chamber
(~10%).

The calculations of 9 £ were parformed using the method of Penfold
and Leiss [1] with a 0.5 MeV interval and a 0,1 MeV shift at the interval
limits with respect to the yield curve approximated by Chebyshov
polynomials by the least-squeres method, An irregular structure is
observed in o ¢ at EY = 545y 643, Ty 8.1, 10,4, 11.4 MeV; it correlates
with measurements [2,3] performed on monoenergetic photons and in part
with data [4] on bremsstr&hlung. The general shape of the cross-—section
in the energy range 5-8 MeV is similar to that found in Ref, [2].

Within the error limits, the previously determined thresholds 5.31 MeV [5]
and 5.75 MeV [6] are in agreement with the values of 5.35 MeV and

565 MeV measured by the authors. The emissive fission threshold



-41 -

is 9.8 MeV (see Fig. 1). The difference between this value and the emissive
figsion 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 beiween the A and B

varriers of 234U,

Fig, 2 shows the anisotropy of the b/a ratio found by representing
the angular distributions of the functions w=a + b sinze by the least-
squares method for nine intervals of the angle 9, as a function of EYmax'
The b/a values are corrected for the number of even-even nuclei using
anigotropy data from Ref, L7]. The data on anisotropy indicate that
it varies non-monotonically when the sign changes in the region of
8, 10, 10,6 MeV, The negative anisotropy near 13.7 MeV probably corresponds
1o the 2340 emissive fission threshold. The positive anisotropy value

for Eymax = T MeV was obtained from three measurements,

The peak on the cross-section curve at EY = 7 MeV and, in part,
the trough in the region 8-10 MeV may be due to the difference in the

anisotropy sign. Investigations are continuing.
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Fig, 1  Energy dependence of the total yield of 2>°U photofission,

Y(E

Ymax) - %

The broken line denotes the dependence of the photofission
cross—section %f., _ The signs x and & denote the results

reported in Refs [ 3] end [2] respectively.
denotes neutron separation energy.

Key: 1. EY (MeV)

2, Y (units illegible in original)
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Angu}a.r distributions of 235U figsion fragments and values
of b/a.

The numbers on the graphs denote maximum bremsstrahlung
energys _ The sifni H and A denote the results reported
9

in Refs [8] and

respectively.

9, (degrees);
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Scientific Research Institute for Nuclear Reactors

v, IN SPONTANEOUS 2440 2450 ang 8oy prssiow

V.V. Golushko, X.D, Zhuravlev, Yu,S. Zamyatnin
N.I. Kroshkin, V.M, Nefedov

Except for 24%Cm, the published data on cadmium isotopes [1-3]
possess a low degree of accuracy (3~T%) . It was therefore decided to

2440111, 24601!1 and 248Chn under identical conditions and

measure Up for
using the same experimental set-up to within ~1%., The results of
such measurements by G.N. Smirenkin et al. [4] became known to the

authors only after the completion of the work summarized here.

In the measurement of 3?, fission fragments recorded by a gas-filled
scintillation detector triggered a gating circuit for 180 us, during
which neutron pulses were recorded., The fission neutrons were recorded
by 48 SNM-18 proportional counters placed in a paraffin moderator
500 mm 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 2520f fission neutrons was 29%. The
measurements of v_ for the isotopes of interest were performed relative
to 2520f, the ;; salue of which was taken to be 3,756 + 0,010 [1].

The results of these measurements are compared with the results
obtained by other authors in Table 1, from which it can be seen that
they are in good agreement with the results presented in Ref., [4] and
indicate a linear growth in —Jp for even isotopes of curium with

increasing mass number,

Values of vp for curium isotopes

Present paper G.N, Smirenkin et al. [4} 1970-71 data
P4 2,680 + 0,027 2,700 + 0,014 2.691 + 0,032 1
246Cm 2.927 + 0,027 2,934 + 0,014 3.20 + 0,22 2

86, 3,173 £ 0.022 3,157 + 0,015 3.1 % 0,09 3




1]

L2}
3]
(4]
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EFIKhAR ~ A LANGUAGE FOR THE DESCRIPTION, MACHINE STORAGE
AND CALCULATICN OF EVALUATED INTEGRAL EXPERIMENTS IN FAST
CRITICAL AND EXPONENTIAL ASSEMBLIES

MJN, Zizin

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 celculations perfomed for the purpose of fitting
neutron cross—-sectionz., By devising a special language it is possible
to avoid ambiguity in the description of experimental and computational
“date.

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 rhysical characteristics of nuclear reactors.

It employs many ALGOL-60 cons*ructions,

Standard designations are intrecduced for all standard quantities
measured in integral experiments, for their errors and for their
calculated values, By erploying 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 prccessing of both the experimental
and the computational information,

The values of the standard quentities for an arbitrary set of
critical assemblies czn b2 put into and storsd in a specially developed
machine ARKhIV (archive).

An EFIKDAR description of experimental data for one critical

assembly is given as an example.



