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ABSTRACT

»Search for retarded neutrons from spontaneous Tis-
sion of 2CT is reported. No evidence of their existence has
been obtained.

PE3IOME

Hamm 6bin M cegoBaH BKNag 3afepXaHHbIX HEeWTPOHOB npu
CMOHTAHHOM [AeneHun ~Cf. Ha ocHoBe pe3ynbTaToB HaCTOSALEro
SKCNepUMEHTA UX CYLIECTBOBaHWE He MNOATBEpPAM/IOCH.

K1VONAT

Mereseket végeztink a 2520f spontan hasadasanal kelet-
kez6 un. retardalt neutronok kimutatdsara. Eredményeink alapjan
ezek létezése nem latszik bizonyitottnak.



Results of some recent experiments [I1-33 have been inter-
preted as evidence of the existence of retarded neutrons emit-

7 to 10_9 sec

ted from fission fragments at times from 10
after the act of fission. V_N. Nefedov and his coworkers [3] used
time-of-flight and delayed coincidence methods to measure the
energies, emission times and yields of the retarded neutrons.

The energies of the different retarded groups were evaluated

as 0.4 to 3.3 MeV, with emission times from 2.3 to 100 nsec and
yields varying between 0.2 and 2.7 per cent of the total number
of neutrons per fTission. Some of these measurements have been
critically revised by L. Jéki and his coworkers [4] and it has
been shown that the conclusions drawn from these experiments
concerning the origin and properties of retarded neutrons are

questionable.

We searched for these neutroqs by utilizing the character-
istic of the angular distribution of fission neutrons* The stop-
ping time of fission fragments in a material can be much less
than the observed life-times of the so-called retarded neutrons.
For tungsten the stopping time is not more than 10 ~ sec, thus
the retarded neutrons emitted from the stopped fragments are
expected to increase the isotropic contribution to the angular
distribution of fission neutrons.



The scheme of the measuring arrangement is shown in
Fig.1. A 2°2
10 fission/sec was mounted at the centre of a vacuum chamber.

Cf source, about 7 mm in diameter and<approximately

It was prepared by selftransfer method with a thin aluminium
oxide Tilm backing, 30 yg/cm2 in thickness. The front-side of
the source was covered by a similar film to prevent self-
-dispersion of californium in the chamber made of 0.4 mm thick
stainless steel. To determine the direction of the flight of
the fTission fragments, a silicon surface-barrier detector, 2 cm
in diameter, was placed at 6.5 cm from source. The neutrons
were recorded iIn coincidence with the fragments by a 22x34 mm
stylbene crystal placed at an angle of 90° relative to the
fragment direction. By electronic n-gamma discrimination [5] the
gamma counts were reduced by a factor of 50 at neutron energies
at the 400 keV threshold energy of the neutron detector and
even more at higher neutron energies. The threshold energy of
the neutron detector was measured by Van-de-Graaf accelerator.

252Cf were

The neutron spectra for spontaneous TfTission of
measured in an energy range from 400 keV to 6 MeV. The depent-
dence of the detection efficiency on neutron energy 1is shown

in Fig- 2. In this experimental arrangement the angular an-
isotropy of the fission neutrons i.e. the ratio of the neutron
counts at 0° to those at 90° relative to the direction of
fragment motion was found to be 4.5. A tungsten foil of 25 ym
thickness was used to stop the fission fragments. It was placed
periodically at a distance of 5 mm from the source to stop

the fragments flying in the direction opposite to that of the
fragment detector without changing any of the other experimental
conditions.

The fragment-neutron coincident counts N2 were recorded
simultaneously with the fragment counts and neutron counts
e The dead time of the coincidence unit was 0.5 ysec. Four
series of measurement were performed with using one or two
stopping foils at both positions of the neutron detector.



Each series consisted of ten runs, each of them comprising
ten distinct successive measurements of ten minutes either
with or without foil to preclude the effect of any instru-
mental instability.

The results of the measurements are summarised iIn the
table. The primed values have been measured with, the others
without the stopping foil. It can be seen that the value
A = (N2 - N2) /N2 , expressing the contribution from retarded
neutrons, does not exceed the range of the experimental error.

It is important to evaluate the sensitivity of the
present experimental method. If retarded neutrons existed the
value of A would be given for the present experiment by

1 eGD NG DdE

for EN
for El < E e

where v is the average number of prompt neutrons per fission,
e( ) i1s the neutron detection efficiency, a. , E1 are the
yield and energy of the 1th—group of retarded neu%rons,
respectively, ET is the fragment kinetic energy per nucleon
and N(En) is the prompt Tfission neutron spectrum at angle

90° relative to the direction of the fragment motion. The
factor 1/2 arises from the fact that only one of two fragments
was stopped in our experiment. It can be seen that the



sensitivity of the present experimental method depends on
the energy of the retarded neutrons. The calculation using
the N (En) data of Bowman et al.[6] for the energy points
with the lowest sensitivity shows the values of A should
be approximately 1.8 and 0.4 % for neutron groups with
energies = 0.5 MeV and = 3 MeV, respectively taking

to be 3% in both cases. Since the energies of the retarded
neutrons measured by V_N_.Nefedov et al. [3] lie iIn an energy
interval where the sensitivity of the present method is even
higher, a value of A above our experimental error should have
been observed.

It is instructive to compare the values of A = (WN-"N)/N
to those of B = (~-N~/N~ obtained under different experimental
conditions. The similar behaviour of these values suggests
that the fluctuations in A observed within the experimental
error are probably due to the scattering of prompt neutrons
by the stopping foil.

The authors are indebted to B.D.Kuzminov for his stimulating
interest and for helpful discussions. The valuable assistance
of N.N.Semenova with the electronics and that of L .S .Kutsaeva,
I.A.Gorohov and A.V.Poljakov in running the measurements are
gratefully acknowledged.
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FIGURE CAPTIONS

Fig. 1 Scheme of the experimental arrangement.

Fig. 2 Detection efficiency e as function of neutron
energy.
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neutron
detector

*The errors

Table

Total number of counts
Number With  foil Without foil
of Fragments o o
foils Coinciden- Neutrons Coinciden- Neutrons
NI ces ces
N2 N3 N2 Na
2 AASAO0000 118606  18757AA7 118268 18368883
1 AASA0000 118707 18796319 117715 18A55699
1 AASA0000 102681 158330A2 102899 15916A93
2 AASA0000 10A255  1605A092 10A663 16277129
are calculated from the dispersion of the runs

Coincidences
A=

=(N2-N2)/N2j
[V.]

0,28 * 0,32*

0,33 -0, As

-0,21 = 0,A3

-0,39 = 0,A9

Neutrons
B=

=(N3 - Ns)/ Ns
M

2,071 0,12~

181 + 0,18

-0,53 T 0,09

-1,39 - 0,20
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