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INTRODUCTION

Particle therapy, unlike conventional photon therapy, has a low entrance dose,
followed by a region of uniform high dose (the spread-out Bragg peak) at the
tumor, then a steep falloff to zero doses. These characteristics make possible a
substantial dose reduction to the normal tissues while maximizing the dose to
the tumor and give proton therapy an inherent advantage over photon
therapy. However, due to the range uncertainty, a safety margin of 3.5% of the
proton range plus an additional setup uncertainty is considered to ensure
adequate tumor control probability.

Prompt gamma (PG) measurement is one of the in-vivo range verification
techniques. The production of the prompt gamma signal comes from the de-
excitation nucleus during the particle therapy[1]. By detecting the intensity of
specific energy peak, one can find the correlation between the intensity of
several spectral lines and the placement of Metallic Implants at different
depths of the proton beam.
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The purpose of the study is to explore the correlation between the intensity of
several spectral lines and the placement of Metallic Implants at different
depths of the proton beam.

METHODS

GATE (Geant4 application for tomographic emission), a Monte-Carlo simulation
program is used. In this work, we implanted an metallic marker (Silver and
Gold) in a cylindrical PMMA phantom (20 cm in diameter, 30 cm in length) at
different depth (Fig.1). The phantom irradiated with 150, 180 and 200 MeV
proton, and metallic marker are placed at R50, to R50; (depth at 50%
maximum dose in proximal/distal side) and the proximal region. For each
simulation, 2 x 107 protons are used. Two physics lists of QGSP_BIC_HP_EMY
and QGSP_BIC_AIIHP_EMY were considered[2], where one is recommended
for medical application, and another for high precision neutron simulation.

Two types of spectra were scored in each simulation: One was the detection of
a HPGe detector, where the energy resolution we set as 0.177% with a
reference energy of 662 keV; the other is the detection of an ideal detector
(perfect absorption and resolution) using the recording of phase space. For
each spectrum, the neuron-induced background or scattered gammas were
removed using the statistics-sensitive non-linear iterative peak-clipping (SNIP)
algorithm([3]. After the background subtraction, each “interested” PG energy
peak is fitted by Gaussian function, yielding the integral of the intensity curve.
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The integral is as follows: i

Fig.1 The visualization of GATE/GEANT4 particle
trajectories along the proton irradiation of PMMA phantom
and metallic implant (cyan). Proton, electrons and photons are
shown in blue, red and green, respectively.
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RESULTS

The influence of two physics lists (QGSP_BIC_HP and QGSP_BIC_AIIHP)
on the PG production was compared. The phase space file record the
creation process of the gamma ray that enters the phase space volume.
The useful PG for proton range monitoring is induced by the proton
inelastic collision. In the QGSP_BIC_AlIHP model, the PG induced by
proton inelastic reaction spreads out and became easily be mistaken for
a continuous background (Fig. 2(a) blue line). In comparison, the J

QGSP_BIC_HP model presents a distinct bell-shaped distribution caused '0}1 : JIJ{’ “Eaa—y U{Jw
by the Doppler broadening effect. The main PG peak (i.e. 4.44MeV form MeV
120444 = ¥Cq5 , 6.13MeV from 0,3 — €0, 5) shows the Doppler
broadening effect (Fig. 2(b)), which has been observed in many
measurement experiments. After the evaluation of two physics lists, the
QGSP_BIC_HP model was selected for the study based on the following
reasons: (1) QGSP_BIC_HP model shows a similar result with the PG
measurement; (2) PG peaks from the AIIHP model were hard to be

defined and interpreted.
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The metallic implants (silver and gold) had its unique PG spectrum (Fig. Y
3). The PG peaks of 635 keV and 1405 keV for gold[4] and 633 keV for g
sliver[5] were selected. The relative intensity of the peaks had a similar

trend with the Bragg peak, each of them showed the highest point near
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Fig. 2 The PMMA phantom spectra of AllHP and HP model. The PG creation process
were classified as (1) proton inelastic (2) radioactive decay (3) neutron inelastic (4)
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Fig. 3 The spectra from metallic implants. (a) Two peaks from the gold
the former was the highest
peak, while the latter one would not be merged by other peak. (b) 633 keV is
and it had high cross-section in low

Simulated detector spectra and energy resolution were illustrated in Fig. marker, 635 keV and 1405 keV, were chosen:

5. We compared the HPGe, CZT, and LYSO for different energy resolutions.
In our research, the HPGe and CZT were able to identify the sliver
marker’s PG peak in PMMA phantom. However, most of the PG peaks
were smoothed because of the low energy resolution.

the highest peak in silver spectrum ,
energy region.

DISCUSSIONS & CONCLUSIONS

The proton inelastic spectrum in the QGSP_BIC_AIIHP physics list shows a smoothed signal, and most of the PG energy peaks
could not be identified from the spectrum. In QGSP_BIC_HP physics list, 4.44 MeV from 12C*, 5.27 MeV from 15N* and 6.13
MeV from 10" can be clearly identified. We inferred that the neutron probability inside QGSP_BIC_AlIHP model dominates the
whole simulation, and suppressed the proton inelastic interaction probability. Both the metallic implants and PMMA phantom
show fewer amounts of PG peaks in this model used. From our point of view, the QGSP_BIC_AIIHP model is not suitable in the
prompt gamma simulation until it modifies the probability of proton signal. The PG intensity curves were influenced by three
factors: (1) proton fluence, (2) proton energy and (3) cross section of the target. The energy peak of 635 keV from the PG
spectrum of the gold holds three high intensities at different depths. Due to the Doppler broadening effect, these closed energy
peaks were merged. Therefore, the 635 keV composed of three closed energy peaks in different depths. The peaks produced
by Aul®7 (p,2n) Hgl%"*, Aul®7(p,4n) Hel94* and Aul®’(p,6n) Hg%2" reaction, the PG energy of three reactions were 635.5, 636.5 and
634.8 keV. The cross-section of each reaction was illustrated in Fig. 6.

Our results indicated that the intensity of the gamma lines pertaining to the metallic implants is correlated with the placement
of Metallic Implants at the depths of the proton beam. This correlation had the potential to help estimate the residual range for
range verification.
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Fig. 5 Simulated detector spectrum. The HPGe energy
resolution is 0.177% at 662 keV, the simulated CZT

detector is 1.1% at 662 keV. LYSO is 14.6% at 511keV.
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Fig. 4 PG intensity curve with the Bragg peak position.
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