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Experimental method and procedure of measurement

The measurements of the energy dependence of the total DN yields were carried out
on the beams of protons and deuterons at the cascade generator KG - 2.5 of the IPPE. The
monoenergetic neutrons were generated using reactions T(p,n)3He and D(d,n)3He in solid
tritium and deuterium targets. The experimental method employed in measurements was
based on a cyclic irradiation of fissionable samples by neutrons with the subsequent
measurements of the time dependence of DN intensity.

Absolute measurements of the total delayed neutron yields from neutron induced
fission reactions require the knowledge of the energy dependent absolute efficiency of the
neutron detector used for delayed neutron registration. The absolute efficiency of the 4%
neutron detector was determined by two different methods. The first one was the
activation method based on the 5lV(p,n)51Cr reaction. The second method was based on
the measurements of the average number of prompt neutrons from spontaneous fission of
2:>2Cf source coupled with a surface barrier detector. The Monte Carlo calculations were
used to determine the energy dependence of the relative efficiency of neutron detector.

The value of the fission rate in the fissionable samples was obtained on the basis of
the pulse height distributions from two parallel-plate fission chambers positioned in the
front of and behind the sample relative to ion beam.

Experimental results

The measurements of the absolute DN yields include two types of experiments. The
first one consists of the measurements of the relative abundances and periods of separate
DN groups. In this type of experiment the measurements with different irradiation and DN
counting time intervals are foreseen to emphasize the certain DN groups. In the second
type of experiment the measurements were performed using the irradiation time which is
longer as compared to the longest DN period. DN counting time of 720 s was used that
allows determining the neutron background value with high accuracy. The corrections for
the neutron multiple scattering and neutron attenuation effects in the construction
materials and samples as well as for the neutron self-multiplication effect in the samples
were taken into account.

The experimental results of the present studies are shown in fig. 1 where they are
compared to the similar data of other authors. They represent the absolute DN yield from
fission of 235U by neutrons with energy En=1.165 MeV and the energy dependence of the
relative total DN yields in the energy range En=0.77-5 MeV normalized to the value of the
absolute DN yield at the neutron energy En=0.77 MeV obtained by the linear interpolation
of the recommended values Vd(En) for En=THRM (thermal neutrons) and E,,=FAST
(fission spectrum neutrons) from the Turtle's evaluation [2].

In the case of Z37Np the absolute DN yields were measured at neutron energies
En=1.154 and 3.868 MeV and the energy dependence of relative total DN yield Vd(En) in
the energy range 1-5 MeV normalized at En=l MeV on value Vd(En) of the absolute total
DN yield for En=1.154 MeV (obtained in the present work). The assumption was made



that the dependence Vd(En) does not undergo considerable changes in the energy range
En=l-1.154MeV.

Fig. 1. Energy dependence of total DN yield vd(En) from fission of 235U and 237Np
by neutrons. Experimental data of the present work: filled circles - relative
data, filled squares - absolute data. Data obtained within the framework of
parametrization [16]: dashed line (235U) - calculation vd(En), based on
independent fission yield IY (Z,A,En) from paper [3]; solid line ( " U) and
triangle points, connected by a solid line (237Np), - data vd(En), calculated
in view of experimental data on independent fission yields IY (Z,A,E,,); a
dash-dotted line (235U) - data vd(En) taking into account a variation vp(En)
with energy of neutrons En for a light fragment; dashed line (235U) - the
same as dash-dotted, but takes into account the contribution from the
second chance fission.
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