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Introduction

The studies on photo-nuclear reactions are
important nowadays. The data produced in
such reactions have wide applications in ra-
diotherapy, astrophysical nucleosynthesis, ra-
diation shielding design, nuclear waste trans-
mutation and activation analysis[1]. The
data are also needed in the reactor in-core
dosimetry calculations, estimating the radi-
ation damage of reactor structural materi-
als etc. Most of the photo-nuclear experi-
ments carried out so far are focused on the
giant dipole resonance(GDR)[2–4], which is
the prominent mechanism for photon ener-
gies below 30MeV. Bremsstrahlung photon
sources are commonly being used for photonu-
clear experiments and are easier to produce
via betatron or synchrotron. Other facilities
such as positron inflight annihilation, laser
Compton scattered photons, bremsstrahlung
tagged photons are also employed as photon
sources[3].

The use of bremsstrahlung photon source
requires an unfolding of the obtained spectra
in order to obtain the cross section[3]. Even
though this method can provide good results
for continuous photon source, a number of sys-
tematic errors are accumulated in the unfold-
ing technique. One way to overcome this sit-
uation is to use high intense mono-energetic
photon beams with better resolution. How-
ever the production of such photon source is
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more complicated and presently fewer number
of mono-energetic photon facilities are known
to exist in the world. An alternative way to
measure the photo-nuclear reaction cross sec-
tion is surrogate reaction method, which is a
method that can be used if the cross section
of the desired reaction cannot be measured
directly[5]. The basic idea of surrogate ap-
proach is to populate the same compound nu-
cleus in the desired reaction channel through
an alternative feasible direct reaction channel.
Surrogate measurements till date are mainly
focused on neutron induced fission cross sec-
tions. Neutron capture cross sections are also
studied over the years. So far no photo-nuclear
cross section calculations are performed using
surrogate approach. In the present work we
are trying to explore the indirect surrogate re-
action method to determine the photo-nuclear
reaction cross section.

Here we report the measurement of photo-
nuclear cross section of 61Ni(γ,xp) reaction,
for which experimental data is not available
in any of the nuclear data librararies. Nickel
isotopes are important as reactor structural
material which may be exposed to high energy
prompt gamma.

Methods

In order to calculate the cross section of
61Ni(γ,xp) reaction we selected 59Co(6Li,α)
transfer reaction as the surrogate pair of
61Ni(γ,xp) reaction and the transfer reaction
56Fe(6Li,d) is considered as the reference re-
action which correspond to 60Ni(γ,xp) reac-
tion. Experimental measurements were car-
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ried out at BARC-TIFR Pelletron Accelera-
tor facility using 6Li beam. The compound
nucleus 61Ni∗ was populated through trans-
fer reaction 59Co(6Li,α) at Elab = 40.5MeV
and the compound nucleus 60Ni∗ was popu-
lated through the transfer reaction 56Fe(6Li,d)
at Elab = 35.9MeV. The proton decay prob-
abilities of 61Ni∗ and 60Ni∗ for the present
study are taken from the above experimen-
tal data. Present calculations are done by ap-
plying the Weisskopf-Ewing approxiamtions of
the Hauser-feshbach theory. So the ratio of
excitation function of 61Ni∗ to that of 60Ni∗

is calculated using the following simplified ex-
pression:

σ
61Ni(γ,xp)(E∗)

σ60Ni(γ,xp)(E∗)
=
σCNγ+61Ni(E

∗)Γ
61Ni
p (E∗)

σCNγ+60Ni(E
∗)Γ60Ni

p (E∗)

(1)
where σCN (E∗) represents photon induced
compound nuclear formation cross section and
it is calculated using EMPIRE 3.2.2 nuclear
reaction code. ΓCNp (E∗) is the proton de-
cay probability of the corresponding com-
pound nucleus. Using Eq. (1) the cross sec-
tion of 61Ni(γ,xp) reaction is extracted by sub-
stituting CN formation cross section, decay
probabilities and reference reaction cross sec-
tion. The cross section of the reference re-
action 60Ni(γ,xp) is taken from EXFOR data
library[6].
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FIG. 1: The 61Ni(γ,xp) cross section as a function
of photon energy

Theoretical model calculations

Nuclear model calculations are done using
TALYS 1.8 nuclear reaction code for photon
energy range 21-30 MeV. The cross section of
all the prominent proton emission channels viz
61Ni(γ,p),61Ni(γ,np) and 61Ni(γ,2p) are calcu-
lated. Threshold energies for these reactions
are 9.8, 17.35, 18.14 MeV respectively. The
phenomenological level density models such
as Constant temperature model, Backshifted
Fermi gas model and Generalised super fluid
model are used for theoretical calculations.
Parity dependent nuclear level densities based
on microscopic combinatorial model with de-
fault parameter values are also employed.

Result and Discussion

The excitation function of 61Ni(γ,xp) re-
action is obtained using surrogate reaction
method The results are shown in fig. 1. From
the figure it is clear that the results are in
agreement with the theoretical calculations at
an intermediate energies(24-28 MeV). There
are deviations in lower and higher energy re-
gion, the source of these deviations are to be
studied. In order to reach a better conclusion
more experimental data have to be verified us-
ing this method.
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