@

IN DC INTERNATIONAL NUCLEAR DATA COMMITTEE

THE PROMPT NEUTRON SPECTRUM FROM THERMAL NEUTRON-INDUCED
235

FISSION OF U FOR_THE ENERGY RANGE 30 keV TO 1 MeV

A. Lajtai, J. Kecskemeti, Ds Kluge and G. Petravich
(Central Research Institute for Physics, Budapest, Hungary)

P.P. D'yachenko and V.M. Piksajkin
(Physics and Energy Institute, Obninsk, USSR)

Paper to the 4th All Union Conference on Neutron Physics,
Kiev, 18-22 April, 1977

Translated by the IAEA
February 1978

IAEA NUCLEAR DATA SECTION, KARNTNER RING 11, A-1010 VIENNA



Reproduced by the IAEA in Austria
February 1978

78-1345



INDC(HUN)-14/L

THE PROMPT NEUTRON SPECTRUM FROM THERMAL NEUTRON-INDUCED

235

FISSION OF U FOR THE ENERGY RANGE 30 keV TO 1 MeV

A. Lajtai, J. Kecskemeti, D. Kluge and G. Petravich
(Central Research Institute for Physics, Budapest, Hungary)

P.P. D'yachenko and V.M. Piksajkin
(Physics and Energy Institute, Obninsk, USSR)

Translated by the IAEA
February 1978



17-10740

Pranslated from Russian

THE PROMPT NEUTRON SPECTRUM FROM THERMAL NEUTRON-INDUCED
FISSION OF 227U FOR THE ENERGY RANGE 30 keV TO 1 MeV
A, Lajtai, J, Kecskemeti, D, Kluge and G, Petravich

(Central Research Institute for Physics, Budapest,

Hungary)
P.P, D'yachenko and V,M, Piksajkin
(Phys1cs and Energy Institute, Obninsk, USSR)

ABSTRACT

Data are given for the prompt neutron spectrum from thermal neutron—
induced fission of 235'.! for the energy range 30 keV to 1,2 MeV, The
relative method was used for performing the measurements and the prompt

2520f was taken as standard,

neutron spectrum from spontaneous fission of

A precise value for the prompt neutron spectra from fission of muclei is
of great interest both for miclear reactor calculation and for the development
of ideas about the mechanism of fission neutron emission, At present there is
a comparatively large amount of work being done on this question, However,
the energy range 0 < E < 0.5 MeV has hardly been studied for most muclei,
Exceptions to this are 25201’ and 2350 References [1-4] are devoted to
research on the spectrum for californium in this region, The prompt neutron
spectrum for fission of 2350 by themal neutrons in the energy range
30 keV < E_ < 1 MeV was studied in Refs [5-6].

The aim of our work was to measure the prompt neutron spectra from fission
of 23%, 233(1 and 239Pu by thermal neutrons in the low—energy range using
lithium glasses and the time—of-flight technique, In the presemt paper the
results relating to 2350 are presented,

Figures 1 and 2 show a block diagram of the experiment, The fragment
detector was a gas scintillation chamber working on pure argon at atmospheric

pressure, The inside of the chamber was scanned by a 56~UVP photo-multiplier,



The thermal neutron beam from a tangential channel of the WWR-S reactor at the
Central Institute for Physics Research was formed with a special collimator,
NE-912 lithium glass (45 mm diameter and 9,5 mm thickness) and a 56-AVP
photomultiplier were used as a neutron detector, The detector was placed in
gpecial shielding to reduce the random coincidence background, In addition to
the electronics and the measuring procedure, the designs of the fragment
detector, the collimator and the neutron detector shield are described in detail
in Ref, [6], There was a difference in that, for measuring the background of
delayed gamma rays, NE-913 lithium glass which is insensitive to neutrons was
used in our work, The path length, the wvalue for the analyser chamnel and the
half-height width of the gamma peak were, in our work, 30 cm, 0,47 ns/ channel
and 2,5 ns respectively, Four series of measurements were carried out: 25201‘ - NE-912,
2526e _ WE-913, 2370 - NE-913 and 257U - NE-912, Special attention was paid to
ensuring identical experimental geometry and identical operating conditions for
the recording apparatus in the various series of measurements, For the time

of building up of each energy spectrum the number of fission events recorded
was n = 9,82 x 109, 9.89 x 109, 1,53 x 10'° ana 9.78 x 109, respectively,

The data were processed as follows, After nomalizing the data to a
particular mumber of fission events from the spectra measured with the
NE-912 detector, the spectra obtained with the NE-913 were subtracted for
californium and uranium, respectively, Then the background of random and
systematic random coincidences was taken into account and the time spectra
were converted to the energy scale, As a result, the spectra N(E)Cf and N(E)U
were obtained for californium and uranium, respectively, It was then necessary
to take the scattered neutron background into account, A correction for
scatter was introduced in the approximation of a single energy dependence of
the scattered neutron background for uranium and califormium, Here it is
easy to show that the uranium neutron spectrum can be found using the following
equation:

$(B)y = ¢(B)gg * Néé%%?g?ang)Cf (1)

Here, *(E) is the prompt neutron spectrum in units of neutron/MeV steradian,

referred to a single neutron fission event, N*(E) = N(E) » nl.y 1, e(E) is
the efficiency of neutron recording, 2 is the solid angle of neutron recording
and OE is the step on the energy scale, For #:(E)cf the following expression

proposed in Ref, [7] was used:



0(E) g = 0,517 212 (0,98%/2 + 1,433/%)71 15

x[exp(~E/0,98) + exp(~£/1,43)]
-Cf and ‘TU were taken to be equal to 3,74 and 2,40, respectively, For E(E)
the data from Ref, [1] were used and were corrected for the difference 1n the
relative 6I..1 content in the NE-905 and NE-912 glasses, Here it should be
pointed out that in the given method, as will be seen from Eq, (1), the
uncertainty regarding efficiency shows itself in the results much less than in
absolute measurements of the type found in Refs [1-4], Figure 3 shows the
curve of efficiency of the neutron detector and the energy dependence of the
relative contribution of the scattered neutron background 5(E) to the spectra

measured, determined according to the fomula:

§(E) = 100 [N/ (E) oy = €(B)+ 0 8B 0(B) o]+ [V (B) o]

It will be noticed that the behaviour of the scattered neutron background is
umusual and is reminiscemt of a reverse efficiency dependence, This behaviour
of D(E) can be understood if one takes the passage of neutrons scattered on
paraffin by the lithium-hydride casing of the neutron detector imto account,

The 2350 fission neutron spectrum data obtained in our work are shown
in Fig, 4. The results predicted by a Maxwellian distribution with the
parameter T = 1,315 MeV (Ref, [8]) are shown by a solid lire, It will be seen
that poimts lie comnsiderably higher, In this way it can be said that our data
show that the prompt neutron spectrum from fission of 35[] by thermal neutrons
is, as with spontaneous fission of californium, comsiderably softer than is
predicted by extrapolation from the higher energy region using Maxwell®s
formula, This conclusion agrees with that reached in Ref. [5l.

Figure 5 shows the energy dependence of the values for californium and
uraniums

e=1oo.[@(E)-O,Sn'3/2T'3/2/E exp(—E/T)]-[p,5n'3/2g'3/2/f exp(-E/T):I"l



Values for T in this expression were assumed to be equal to 1,43 and 1,315 MeV
for califormium and uranium, respectively, It will be seen that for uranium

the spectrum is softened somewhat more than for californium, In Ref, [7], in

an analysis of data on the prompt neutron spectrum for spontaneous fission of
californium, it was suggested that one of the possible reasons for the divergences
discussed could be the presence of an isotropic component of neutron fission,

If this hypothesis is true and applicable to 2350, the results obtained in our
work can be interpreted as indicating that with fission of 23U by thermal
neutrons the comtribution of the isotropic component should be rather greater

$han with fission of 222Cf,
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