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Introduction

Theranostic radiopharmaceuticals have
shown tremendous promise in the past decade
for the treatment and diagnosis of human
diseases via nuclear medicine procedures.
The radioisotope 117mSn has already been
suggested to be useful both for diagnostic and
for therapeutic purposes at the same time. It
is used as palliative agent in the case of bone
cancer metastasis, leukemia, lymphomas, but
also for diagnostic imaging purposes. 117mSn,
as a conversion electron emitter radioisotope
with its T1/2 = 14 days and therapeutic and
palliative agent in the case of bone metastasis
than the more frequently used β− emitters.
Because of its shorter effective range, it does
not cause significant damages to the very
sensitive bone marrow. Its Eγ = 158.56
keV (86.4%) most intense γ line makes it
suitable for diagnostic imaging purposes. It
has also been reported that 117mSn is the
best choice for commercial production and
labeling a large variety of molecules. The
present study contributes to providing the
theoretical prediction of excitation functions
and Isomeric Cross section Ratios (ICR)
for the reactions 116Cd(α,3n)117mSn using
theoretical model codes such as TALYS 1.95
[1] within the incident alpha energy range of
threshold energy to 40 MeV.
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1. Theoretical nuclear reaction
model calculations

Theoretical calculations of cross sections
carried out using computer codes, TALYS
1.95. In TALYS 1.95 statistical treat-
ment of the compound nucleus is based on
the Hauser - Feshbach model along with
the width fluctuation correction model of
Moldauer and incorporates modern nuclear
models for the optical model, level densities,
direct reactions, compound reactions, pre-
equilibrium reactions, fission reactions, and
a large nuclear structure database. This
code makes use of the Hauser-Feshbach model
(including the width fluctuation correction
(HRTW)) for the statistical part and the ex-
citon model for the pre-compound part of
a nuclear reaction. For input parameters,
the standard library was used. For calcu-
lations on the reactions 116Cd(α,3n)117mSn,
116Cd(α,3n)117gSn and 116Cd(α,3n)117Sn re-
actions the HF+MSC+MSD model as well as
the HF+DEGAS exciton model with angu-
lar momentum conservation and gamma emis-
sion, were used. The energies, spins, parities,
and branching ratios of the discrete levels were
selected from the Nuclear Data Sheets. An-
other important consideration in calculating
the ICR is the spin distribution of the level
density.
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FIG. 1: Excitation function of the
116Cd(α,3n)117Sn reaction.
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FIG. 2: ICR of the reactions 116Cd(α,3n)117mSn
plotted as a function of the alpha energy.

TABLE I: Spins of the relevant states of the iso-
meric nuclide’s of interest

Nuclide Ground state Isomeric state

Jπ T1/2 Level energy (keV) Jπ T1/2

117Sn 1/2+ stable,(7.68%) 314.58 11/2− 14 d

TABLE II: Decay mode of the isomeric nuclide’s
of interest

Reaction Nuclide Decay mode Eγ Iγ

116Cd(α, 3n) 117mSn IT 100% 156.0, 158.6 2.1, 86.4

TABLE III: Threshold of the isomeric nuclide’s
of interest

Reaction Nuclide Threshold (MeV) Decay

116Cd(α, 3n) 117mSn 21.11 117In

2. Results and discussion
A. Excitation functions -

116Cd(α,3n)117mSn reaction

The main goal of this study was the inves-
tigation of the production possibility of the
medically important 117mSn by using high en-
ergy alpha particle beams on enriched tar-
get material. The only direct route to pro-
duce this radioisotope is the (α,3n) reaction
on 116Cd, but it can also be produced from the
decay of the 117m,gIn mother isotopes. Both
isomeric states decay finally to 117mSn via dif-
ferent decay routes. The result of this work is
presented in Fig. 1, together with the results
of the nuclear reaction model calculations with
TALYS 1.95. The results of the theoretical
nuclear reaction model calculations follow the
trend of the experimental data, but both un-
derestimate them around the maximum.

B. Isomeric cross section ratios - ICR

The relative production probability is ex-
pressed as ICR defined as the ratio of the for-
mation cross section of the isomers of high iso-
meric state to the total production cross sec-
tion σm/(σm + σg). The ICR thus calculated
for the production of 117mSn nuclei are de-
termined at various incident energies and are
plotted in Fig.2. It may be noted from the
Fig. 2, that the ICR increases with energy.
Table 1, 2 and 3 shows spins, decay mode and
threshold of the relevant states of the isomeric
nuclide’s of interest. At relatively larger ener-
gies the system is seems to prefer higher spin
states rather than the excitation energy avail-
able for the system as is indicated by relative
population of the above nuclei [2]. In gen-
eral it can be seen that the isomeric cross sec-
tion ratio increases with incident energy in the
cases were the isomeric spin is larger than the
ground state spin. The details will be pre-
sented.
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