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Abstract: In this study, photonuclear reaction of 27l has been studied by using bremsstrahlung photons of 18
MeV endpoint energy via a clinical linear accelerator. As a result of this, 27I(y,n)*?l and *?"I(n,y)'?® reactions
have been observed. The gamma photons emitted by the excited nuclei have been counted with an HPGe
detector. The experimental data have been analyzed by using gf3 and ROOT spectrum programs and all the
energy transitions have been calculated. The results have been compared with the literature values.
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Iyot izotoplarimin Enerji Seviyelerinin Fotoniikleer Reaksiyon Sonuclari

Ozet: Bu caligmada, bir klinik lineer hizlandiric1 yardimiyla 18 MeV maksimum enerjili bremsstrahlung
fotonlar1 kullanilarak 27T fotoniikleer reaksiyonu ¢alisildi. Bunun bir sonucu olarak, ?7I(y,n)'?®l ve 2"I(n,y)'?8I
reaksiyonlar1 gézlemlendi. Uyarilmis ¢ekirdekler tarafindan yayimlanan gamma fotonlar1 bir HPGe detektor ile
sayildi. Deneysel data gf3 ve ROOT spektrum programlar: kullanilarak analiz edildi ve tiim enerji gegisleri
hesaplandi. Sonuglar literatiir degerleriyle karsilastirildi.

Anahtar Kelimeler: Klinik lineer hizlandirici, fotoniikleer reaksiyon, 126127:128] enerji seviyeleri

1. INTRODUCTION

Nuclear reaction is an important tool to examine
properties of nucleus. It is well-known that there
are different reaction types such as elastic
scattering, inelastic  scattering, quasielastic
scattering, transfer reaction, breakup and knock-
out. Photonuclear reaction is one of these nuclear
reactions. It is an interaction between nucleus and
photon in the general sense. Photonuclear reaction
is very important to understand the structure and
dynamics of the atomic nucleus [1].
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In the present day, different methods to study
nuclear reactions are available. The clinical linear
accelerator (cLINAC) is one of them and has
attracted much attention in nuclear physics
experiments in recent years [2-3]. Mohr et al. [4]
have performed °’Au(y,n)**®Au reaction by using
a cLINAC. They have reported that the cLINACs
are a perfect photon source for photonuclear
experiments. Boztosun et al. [5-6] have been
measured the subsequent transition energies and
half-lives of zinc isotopes via photonuclear
reactions. Aygun et al. [7] have reported the energy
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levels of 9%™Nb with the help of photonuclear
reaction. In this context, to see the applicability of
CLINAC:S for different nuclei would be interesting
and useful when it is considered that the number of
cLINAGCS is increasing every passing day.

In the present work, our aim is to study lodine (1)
element, measure the energy levels of product
nuclei, and increase the applicability of clinical
linacs in experimental nuclear physics. It has 39
isotopes from 17| to 141, which its stable isotope is
approved as !?’l. The isotopes of | element are
widely used for the purposes of research, diagnosis
and treatment in field of nuclear medicine [8]. For
example, 11 is used as a radioisotope in radiation
therapy [9]. %8I can be utilized in diagnostics
researches with a significant reduction of radiation
dose [10]. In this respect, various studies can be
found in the literature [11-14].

In the next section, the experimental details are
given. The results and discussion of the experiment
are conducted in Section 3. Section 4 is devoted to
summary and conclusion.

2. EXPERIMENTAL DETAILS

In the irradiation experiment, we have used a
clinical LINAC (Elekta TM Synergy TM
accelerator) [15]. It can be operated as a
bremsstrahlung photon source. To form the
primary electron beam, an electron gun with an
energy of about 50 keV is used. The average beam
current of the cLINAC is 30 uA for an electron
energy about 18 MeV. The electron beam is
impinged on the tungsten target with a thickness of
3.5 mm which stops the electrons and produces
photon as bremsstrahlung photons.

In the experimental process, the sample has been
placed 0.56 m away from the target, which the
process is shown in Figure 1. The sample with
99.99% purity (metals basis) has been procured
from the ACI ALLOYS Company in an airtight
container. The sample in powder was placed into a
40 x 10 x 10 mmd, made of glass with a wall
thickness of 0.0017 m. 2’ has been exposed to
sufficient energetic bremsstrahlung photons
obtained by using the cLINAC. The irradiation

time of the sample is about 35 min. Then, the
sample has been placed into the detector. The
detector used in this work is a high-purity
germanium detector (HPGe).
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Figure 1. Schematic view of the cLINAC setup used for
irradiation of 1271 sample.

The calibration of the detector system has been
provided with two sets of sources. Firstly, the point
sources contained the isotopes such as %’Na, >*Mn,
%Co, %°Co, 1®°Cd, **Ba and **’Cs isotopes supplied
by the Cekmece Nuclear Research and Training
Center (IAEA 1364-43-2) have been used.
Secondly, a soil sample provided by the Turkish
Atomic Energy Authority (TAEK) has been
evaluated. It involved different natural radioactive
isotopes such as “°K, ??°Ra and 2*2Th with known
activities. In calibration with this sample, only the
strongest peaks have been used.

The gamma photons emitted with the decay have
been counted by using an HPGe detector. To
determine the gamma energy values of the decay,
gf3 and ROOT spectrum analysis programs [16-17]
have been applied to the data taken from
MAESTRO32 software [18]. More detailed
information about the data analysis procedure can
be found in the previous studies [6].
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3. RESULTS AND DISCUSSION LI +y 51261 4n (1)
27| jrradiated with bremsstrahlung photons turns We have listed six energy transitions measured

into 12°1 emitting a neutron, and the reaction is in with this study in Table 1.
the following form

Table 1. Gamma-ray energies obtained in the decay of 1?1 in comparison with the literature.

Our results The results of Ref. [19] The results of Ref. [20]

(keV) (keV) (keV)

388.640 + 0.011 388.633 £ 0.011 388.63
491268 +0.014  491.243+0.011 491.24
666.345 + 0.020 666.331 + 0.012 666.33
753.841 £ 0.024 753.819 + 0.013 753.82
879.867 + 0.037 879.876 + 0.013 879.88
1420.151 £ 0.072 1420.19 + 0.03 1420.17

We have displayed the gamma-ray spectrum of 2’I,  with the results of both Katakura and Kitao [19]
without background subtraction, in Figure 2. To and Jackson and Meyer [20], we have observed that
define the compatibility of our results, we have our transition energies are in very good agreement
conducted a comparative study with the literature  with the literature.

[19-20]. When our results have been compared
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Figure 2. An irradiated *?7I spectrum with bremsstrahlung end-point energy of 18 MeV without background subtraction.
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Neutron capture reaction can take place when a
CLINAC has been used in the photonuclear
reaction. This case occurs when neutrons emitted
from the tungsten target interact with ¥’l. The
reaction is written as

127| +n _)1281+,Y

@)

This case is not our main aim in the present study.
However, we have calculated the energy transitions
for this reaction and have given the gamma energy
levels in Table 2. Also, we have shown the gamma-
ray spectrum in Figure 2. When we have compared
our results with the literature [21], we have noticed
that our results are in fairly well agreement with the
results of Ref. [21], especially for 526.541 keV.

Table 2. The same as Table 1 but for 81 decay.

Our results
(keV)
442 .857 +0.030
526.541 £ 0.034
969.374 + 0.057

The results of Ref. [21]
(keV)
442,901 +£0.010
526.557+0.014
969.458 + 0.020

4. SUMMARY AND CONCLUSION

In this study, we have measured the energy
transitions of !®1 and %1 nuclei with
bremsstrahlung photons of 18 MeV endpoint
energy obtained from a clinical linear accelerator.
We have compared our results with the literature
values. We have observed that our experimental
results are in good agreement with the literature.

In the present work, we have also shown the
suitability, achieve results and benefit for some
isotopes of iodine element of a clinical linear
accelerator in experimental studies of nuclear
physics. We think that to see the applicability of
clinical LINACs for different element or its
isotopes would be interesting and useful.
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