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Emission of sub-Coulomb-barrier protons from Ni isotopes

Yuji UENOHARA, Kikuma MORI, Mikio SEI
and Yukinori KANDA

A peak at low region of a proton spectrum in 14 MeV-neutron-induced reactions is

understood to be composed of sub-Coulomb-barrier protons.

It is found by Grimes et

al. in 14 MeV-neutron experiments by an intense neutron source, Rotating Target Neu-

tron Source-I.

They predicted that the spectra calculated from the multi-step Hauser-

Feshbach model agreed with the experimental ones.
We have calculated in the same ways the proton spectra in the neutron-induced

reactions for Ni isotopes near 10MeV.

It has been concluded that the protons emitted

by (n,np) reactions can be distingwished from the protons from the other reactions on
the proton spectra if the incident neutron energies beyond about 3 MeV from the thresh-
old energy of the (n, np) reaction. The experiments are proposed and being made by
Grimes expecting to check the reaction mechanism of emission of sub-Coulomb-barrier

protons.
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Fig. 1 The threshold energies of neutron-
induced reactions for %Niand $Ni
are shown with the incident neu-
tron energies calculated in the pre-
sent work. These programs. are
proposed by Grims.®
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Fig. 2 The proton spectra from 14.8 MeV-
neutron-induced reactions for 5Ni
calculated with a Gilbert-Cameron’s
level density formula and the para-
meters of Cook et al..l® The solid
line are composed of three reactions
(n,p), (n,np) and (n,2p) via com-
pound nuclei and pre-equilibrium
reactions shown by dot-dashed,
dotted, dashed and two-dots-dashed
lines, respectively. The circles
with error bars are experimental
points cited from Grimes et al.?
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Fig. 3 The proton spectra from 14.8 MeV-
neutron-induced reactions for $Ni
calculated with the Gilbert-Came-
ron’s level density formula and the
parameters of Cook et al..'® The
solid line are composed of three
reactions (n,p), (n, np) and (n,2p)
via compound nuclei and pre-equili-
brium reactions. The dominant (n,
p) and (n,np) are shown by dot-
dashed and dotted lines, respective-
ly. The circles with error bars
are experimental points cited from
Grimes et al..?
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Fig. 4 The proton spectra from 14.8 MeV
neutron-induced reactions for #Ni
calculated with the back-shifted
level density formula and the par-
ameters of Dilg et al..1® Refer the
captions of Figs. 2 and 3.
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Fig. 5 The proton spectra of the neutron-

induced reactions for %Ni at 8.0,
9.5 and 11 MeV, shown by the so-
lid, dotted and dot-dashed lines,
respectively, are calculated with
the Gilbert-Cameron’s level density
formula and the parameters of
Cook et al;;1®
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The proton spectra of the neutron-
induced reactions for %Ni at 9.5
and 11 MeV, shown by the dotted
and solid lines, respectively, are
calculated with the back-shifted
level density formula and the para-
meters of Dilg et al..1®
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Table 1. Fractions of protons emitted by the reactions induced by the neu-
trons (in %). The calculations are made with the Gilbert-Cameron’s
level density formula and the parameters of Cook et al.l® for %8Ni
and with the back-shifted level density formula and the parame-

ters of Dilg et al.l® for Ni.

Isotope Incident neutron Reactions

energy (MeV) (n, p) (n, np) (n, 2p)

8.0 100 0 0
#Ni 9.5 99,8 0.06 0.14

! 11.0 83.0 15.3 1.7

14.8 65.5 27.0 7.5

9.5 100 0 0

8ONj 11.0 9. 98 0.02 0
14.8 62.6 37.4 0.001
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