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ABSTRACTE/

' 2

Direct .count of the y-rays emitted under slow neutron bombardment of Pu 39
was made between incident neutron energies of 7 and 550 eV. Measurements were
carrdied out also of the sample transmission and number of fast neutrons per

captuered slow neutron. .

The resiilts of the measurements confirm the possibility of o¥taining level
parameters for Pu” 239 by the similtancous count of secondary y-rays and fast-

neutrons.

Values of f/P are given for & number of levels. Spin assignments
a

were made for five 1evelsa

SUMMARY

The method developed earller for measurlng 71 and the cross—sectlons of
f15$1onab1e isotopes (1-3) was supplemented by equipment for detecting the
Y-rays emltted by the nucleus after capture of 'a neutron. This made it
possible to make 1ndependent measurements oP the absorption cross-— sectlon, as

well as measuring the total and fission cross—sectlonsa

The cross-sections of the isotope Pu239 were measured in the neutron energy

range from T eV to 550 &Vj the resolution of the spectrometer was about
0.02 us/m°

It is concluded, on the basis of the results, that the radiative capture
Y=ray yield and the radiation widths vary little from resonance to resonance.
This Jjustifies use of the method consisting in measuring the y-ray yield to

determine the parameters of the levels of Fu 239 at high neutron energies.

In the energy range up to 100 eV, most of the levels are resolved.
Definite spin values are ascribed to a number of resonances., Further evidence
is given to support the view that the average fission width of the resonances

is strongly dependent on spin.

%¥/  Supplied in English.



The normal method of determining the parameters of the resonance levels
of fissionable nuclei is to use theAresults of measurements of the total and
fission cross—sections. Considerably more complete information may be obtained
by carrying out at the same time independent measurements of -the radiative
capture cross—section or the absorption cross—serti~n., With this aim in mind,
the method developed earlier for measuring m and the cross—sections of figsionable
isotopes (1—3) was supplemented by equipment for detecting the y-rays emitted
by a nucleus after capture of a neutron. Measurements of the y-ray yield of
the sample have been used in a number of works (4,5) to obtain the radiatiye
capture cross—sections. The attempt to use this method for measuring the
cross-sections of fissionable isotopes comes up against a number of difficulties,
resulting from the fact that the total y-ray yield on capture of A neutron by
a fissionable nucleus consists both of radiative capture y-rays and of those

accompanying fission.

The relative size of the effects due to the detection of the fission
and capture y-rays will depend on a2 number of factors which it is difficult
to take into account (shape of spectrum, counting efficiency, geohetry'of‘
equipment), and must bé ‘determined experimentally. All that can be said is
that the average number of y-quanta emitted on fission is apparently a little
higher than during radiative capture (6). The efficiency of detéction must

therefore be higher for cases of Ffission than for cases of radiative capture.

Moreover, the spectra of the fission and capture y-rays must exceed a
certain degree of complexity before the size of the effect detected can be
related with certainty to particular cross—section values. In this case the
variations in intensity of individual lines in the y-spectra (in the transition
from resonance to.resonance) are averaged out by the large number of ﬁransitioné,
and the total y-ray yield will not be subject to chance fluctuations. The
spectra of the y-rays of resonance radistive capture of a neutron by fissionable
niclei are unknown, dbut it may be assumed that, for heavy nuclei far from magic
(with closed shells), they afe close to evaporative (7). In this case the
effect from the detection of radiative capture y-rzays will bo préportional

to the capture cross~section.



The fissign Y-ray spectrum has been obtained for the fission of U"235 hy
al neutrons (6). It is practically uninterrupted; the average energy
. ¢he y—quanta is about 1 MeV. The complexity of the sPeotrum'makes any
marked change in its shape on passing from resonance to resonance unlikely.
There is every justification for assuming that the fisgion y-ray spectra will

be of a similar type for othor fissionable nuclei as well.

I these ideas are correct, the size of the effect recorded by the

v-detector may be written in the form (ignoring corrections for the scattering)

W o Zar T %y amvE (1-1)
[8)
N

wpe;e an, dnY, Gt are the cross—sections of fission and radiative captiure
and the total cross-section,
ﬁ is the denﬁity of the reson~nce neutron [lux,
T is the transmission of the sample, and
. a is the ratic of the officiency of detection of cases of radiative

capture to that of cases of fission.

Simultaneous measurements of the yield of secondary fission neutrons (Nf)
meke 1t possible to calculate “f/Pa, while when the transmission of the sample

is also known, other parameters of the resonance levels may also be obtained.

The authors have measured the yields of fission y-rays and secondary

4 .
239 (thickness 0.0013%25% atoms/barn) in the

range of neutron energies from 7 to 550 eV; for neutrons with energies up

fission neutrons from a sample of Pu

to 100 eV the transmission wasg also measurcd. The measurcments were made on
a neutron spectrometer with a "lflickering beam" from an ITEF cyclotron (1,2)°

The resolution of the spectrometer was ~ 0.02 ks/m,

Four crystals of Nal (T1) 8 cm in diameter and 8-10 om high were used as
Y-ray detectors. These were placed symmetricaliy on two sides of the sample
of Pu239, inside a lead shielding up to 50 cm thick (Migs. 1 and 2). TFor-
protection from the scatfered neutrons the crystals were covered with 1 cm of

boron carbide.

To reduce the background, the multiplicr outputs were connected up in

pairs for coincidence; 1o give maximum efficiency, every possible combination



of the photo-multiplier outputs was ‘used (six coincidence schemes). y=quanta
with energies of morc than ~ 700 keV woere detected; the resolving time of the

coincidence schemeg was ~ 0.1 Ms.

The fisgion neutron counter consisted of two TEU-45 photo-multipliers
coated with a paraffin-zinc sulnhide mizture (1), the pulses from the photo-~

multiplier outputs were added together.

Figo 3 Shows somé of the experimental curves for Nf and NY {neutron
energies 35-600 eV) after subtraction of the background. In spite of the use
. of double coincidences, the background level in the N  curves was fairly high -
nfout 50% of the effect. The baokground remained constant up to neutron energies
of ~ 50 eV, but gradually increascd at hlgner ehefgies (by approximately 30%

at 200 eV). The background of the fission curve N was similar.

The curves were normallzed according to the first resonances of plutonlum
(Eo = 7.8 eV and 15.5 eV). The value of T / Fa for these resonances was set,
on the basis of the resulis of rcference (3)) at 0. 465 and 0.9 respectlvelJc
It is interesting to note that the ratio of the efficiency of detection of
cases of radiative capture to that of cases of fission was a = 0‘7'110,1, in

accordance with the observations already made.

Table T glveq the v“lues of T /P for - resonances in the energy range up
to 90 eVy in this Iange practlcally all the 1evels are resolvedc -In the first
coiumn'are given the results obtalned by comparison of the normallzed curves

N€ and Ny, arnd in the second the data of referenceé (3)=



Table I

EO Present Reference (3) EO Present Reference (3)
work work

T7.84. 0.46+0 05 0.465 49.9 0.65+0.09 0.40+0.10
10.95 0.67+0.06 0.67+0.05 52.7  0.33+0.04 0.1740.05
12.00 0.42+0.05 0.37+0.03 57.8 0.87+0.09 0.80+0.15
15.5 o,9oip°15* 0.90+0.10 59.3 0.82+0.08 0.80+0.15
17.8 0.43+0.05 0.42+0.0% ©62.1  0.8210.2 0.9 0.1
22.4 .0,54+0.05 0.55+0.02 . 65.9 0.61+0.07 0.52+0.10
26.3 0.59+0.12 0.39+0.02 75.0 0.67+0.07 0.5540.10
32.5  0.43+0.2 - _ 81.5 0.70+0.12 0,90+0.10
41.7 0.24+0.05 0.14+0.05 85.6 0.61+0.05 0.62+0.20
44.6 0.1140.03 0.09+0.05 90.3 0,29+0.06 '0.20+0.10
47.8  0.5940.12 '

0.65+0.20

¥  Normalized value.

. Comparison of the results of the measurements shows that in-the cases when
it is possible to disfégard neutron width, the Ff/raiva;ﬁes obtained bj the
two methods agree (within the limits of measureément error, i.e. with-up to
10-15% accu:racy)° This confirms +the validity of the assumption on which the
method is based; that there are comparatively small changes in the shape of
the fission and capture Y-ray spectra on passing from one level to another.
Constancy of the radiation width (within the indicated limits) - a circumstance

noted previocusly (8) - also follows from this.

In the neutron energy range from 100 to 300 eV the positions of the
strongest individual resonances have been determined, and the average values
Gf/ca

following energies (eV): 95.7, 106.2, 118, 132, 143, 156, 163, 173, 185, 193,
200, 260, 270 (Fig. 3). The values of Bf/aé are given in Table II,

obtained. Strong levels (or possibly groups of levcls) occur at the

Table II
I - 7-40 ev A0~106 2V 106210 eV 7-210 eV
Ef/?a 0.57+0.05 0.63+0.07 0.57+0.10 0.5940.04




¥

The error does not take into account the indeterminacy of the value of
Pf/ré taken for the 7.84-eV resonance = 0.465 (3)°

fSiﬁﬁI%éﬁéﬁﬁé"ﬁééﬁhiéméﬁf'B%Jfﬁe”fi sion and absorption. cross— sectlons9
together with the data on transmission of the sa mple, make 1ﬁ noss1ble to
aESéés‘in"Cértaln cases the spin of the Tevels. Tos such a oaloulatlon, Pn
must consultute a considerable part of +ths total resonance width. Table EIT

gives the results of calculations for some levels.

Table IIX
o ] = ¥ r %% o o ' T
%o - / W Zg.n £ A + taken as
.rfresent work .7 -~ I=0 =1 ‘
41.7  0.86+0.09  4.630.5 13 0.87 0.95 o (0)2
44.6  .0.9240.09 - . 5.5+#1.0 5.5 0.80 0.9% . (D)
52.6  0.65+0.07 8.7+1.0 23 0.79 0.91 .0
~ 65,97 " 0,T2407107 T UIGIEHALE T U89 T T0uii 0.0 . Tl
75 .0 0.974+0.10 2545 120 0.76 0.90 I
Average “ralues for the present work and reference (5)
®x I - 40 ueV U is taken as 40 ¢éV :
f Iy Pf 1 T S , .
a

The spiﬁ valuesubbtained cen of g§uise only‘fe'regarded as approximate.
It 1= 1nterest1ng bo‘comparé the asscssed ValuesAwith‘a considgration.of.
1nterferenue effects at théée.energiesa. The energy depohdence of the fission
cross-sectlon in the rénge 55—80 eV indicates the existence of a 1eve1.of
very great width (of the order of sevoral electron volts) situated at
EO =62 &V, The:6559—eV i"esonance9 on the cdge of +this level, is of symmetric
form, and does not ‘apnarently interfere with the level. The next 1eye;
(EO = 75 &V) is markadly asymmetrical. The asymmétfy may be explained by
assuming that this resonance interfercs with the widg <EO»= 62 eV) 1evelf

The results of reference (9) show that interference between levels of
Pu239 with the same spin value is almost maximal. We should consequently
agcripehidegﬁ;ci;"spﬁgwﬁp_ﬁhg'resonance with EO'= 62 eV and 75 eV, and opposite
spin to the level at 65.9 eV. Thies conclusion agrees with the results of rnab1e
{hus it 1§ 1651681 %6 %ake T = 0 for the resonance at 65.9 ev Tand I = 1 for o
the levels at 62 &V and 75 &V. '




The difference in the average fission widths of systems of levels of
Pu239 with different spin vnlues has already been noted (9, 10). This
conclusion was determined %o o considerable extent by the spin of one level
(EO = 15.576V, T, » 16V, I=1). ‘

If we take into consideration another three resonances(Eo = 65a9 eV,
60 MeV, T = O3 EO = 75 eV, Pf .75 eV, T = 13 and EO = 62 eV,
Ff 2 eV, T = 1), we obtain valucs of ff = 350 UeV and ~ 50 MeV for the

systems of levels with I = 1 and O respectively.

T

13

-
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Fig. 3.

Yields of secondary fission neutrons (N¢f) and vy rays (NY)
from sample

Abscissas: Neutron energy (eV)

Ordinates: Nj (arbitrary units) Ny (arbitrary units)



Fig, 1.

Fig. 2.

Layout of experimental equipment

1 - e¢yclotron chamber
3 - paraffin retarder 4

2 ~ B4C shielding
- gollimator 5 - sample

6 ~ detectors T - B4C shielding 8 - lead shielding

9 - cyclotron shielding

10 - cyclotron magnet
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. Arrangement of scintillation counters in relation to sample

Top left:

Middle left (on diagram):

Output cascade of photomultiplier
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