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Abstract: In nuclear medicine, the development of portable imaging devices that provide high
imaging resolution and sensitivity, capable of imaging gamma rays with a wide energy range
and multiple radioisotopes tracing capabilities, is so important. These goals have been possible
thanks to developing a compact Compton camera, a collimatorless detector coupled to compact
silicon photomultiplier(SiPM) array, using scintillator crystal. In this study, the portable segmented
GAGG:Ce scintillator-based Compton camera (CC) is optimized with the GATE, a Monte Carlo
simulation toolkit based on Geant4, to maximize its performance for a wide range of gamma-ray
energy (364–1000 keV). The geometrical parameters are selected as optimization parameters to
investigate their effects on CC’s performance, including imaging resolution and absolute detection
efficiency (DE𝑎). The geometry parameters of CC include the planner area of scatterer and absorber
detectors, their thicknesses, and the distance between them. The results for the energy range of
364–1000 keV show that the most important contributions to the spatial resolution and DE𝑎 of the
camera are SAD (scatterer to absorber distance) and the scatterer area while changing absorber
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area (𝐴𝐴) showed the most negligible impact. In the short SADs, imaging resolution and DE𝑎 are
significantly affected by the detector’s size and thickness. On the other hand, in the long SADs
(> 4 cm), both spatial resolution and DE𝑎 are significantly affected by the detector’s area but less
affected by the detector’s thickness. Decreasing the scatterer’s thickness and the absorber’s size or
thickness improves imaging resolution without significantly reducing DE𝑎. The simulation study’s
findings presented here will provide valuable guidelines for researchers choosing a desired CC’s
design according to particular objectives, manufacturing limitations in scintillator growth, cost, etc.

Keywords: Portable imaging devices; Compton Camera; GAGG:Ce scintillator; Geometry
parameters
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1 Introduction

Recently, in nuclear medicine, the development of portable systems for medical imaging aimed at
providing high spatial resolution has attracted much attention among researchers and manufacturers [2,
3]. The small-size imaging system, moving around the organ and providing a high-resolution image
quickly, can significantly benefit diagnostic and therapeutic applications [3]. On the other hand,multi-
tracer imaging can provide useful information simultaneously in the detection of a number of
physiologic and pathologic functions by using radioisotope-labeled multitracers and a system that
provides simultaneous imaging is necessary [4, 5].

The standard imaging systems, i.e., PET and SPECT scanners, regarding the bulky, heavy, and
strictly limited gamma energy, do not meet the goals [6, 7].The integration of PET and SPECT
is difficult because a conventional SPECT scanner requires a collimator and their resolutions
are substantially different. So simultaneous imaging with nuclides for PET and SPECT is not
obtainable [4]. These goals have been possible thanks to developing a compact Compton camera,
a collimatorless scintillator crystal-based detector coupled to compact SiPM, as a promising
technique for future molecular imaging [4, 8, 9]. Recently, a segmented GAGG:Ce scintillator has
attracted the researcher’s attention in developing a portable Compton camera due to its excellent
characteristics [8, 9]. The scintillator is characterized by high light output (50000 ph/MeV), good
energy resolution of around 4% (FWHM) for 662 keV gamma ray [11], and fast decay time constant of
the light pulse around 100 ns [12]. Furthermore, it is a high density (6.5 g/cm3) and non-hygroscopic
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crystal without any radioactive elements in its structure and emission maximum (530 nm) suitable
for silicon-based photo-detectors [11–13].

Our group designed two prototypes of SiPM- GAGG:Ce Scintillator Compton Cameras in
different geometrical configurations. Both prototypes showed imaging resolution of 5 mm by MLEM
algorithm for 511 keV gamma ray without any non-optimized setup [14, 15]. Extensive research
has been conducted on the application of the GAGG:Ce scintillator-based Compton camera as a
nuclear medicine imaging device [8] in vivo imaging [6], multiple-gamma coincidence imaging [16],
intraoperative imaging [17] and monitoring of particle therapy (proton therapy and heavy-ion
therapy) [18, 19] and internal radiotherapy [20, 21].

A compact GAGG:Ce scintillator-based high-resolution Compton camera was developed for
molecular imaging by Kishimoto et al., and they successfully obtained a 3-D multi-color image of a
live mouse in just 2 h as pre-clinical evaluation with an excellent spatial resolution of about 3.1 mm
at 511 and 662 keV [6]. Compton camera-based probe with a GAGG:Ce scintillator was developed
for real-time radiation-guided surgery. They demonstrated the proposed system’s effectiveness with
an imaging resolution of 32.5 mm [17]. A novel PET-Compton hybrid simultaneous imager based on
high-pixel-resolution GAGG:Ce scintillator/SiPMs (MPPC) array was developed for multi-nuclide
imaging of PET and SPECT tracers such as 18F-FDG and 111In, respectively [11, 12].The study
aims to explore the effect of the different geometrical configurations of the segmented GAGG
scintillator-based two-layer CC on its performance, including imaging resolution and absolute
detection efficiency (DE𝑎) for a wide range of gamma-ray energy (364–1000 keV). For these
purposes, we performed Monte Carlo simulations. So, the simulation study’s results presented
here provide an initial estimation of the appropriate CC detector size for different medical imaging
applications before the practical development of the CC setup. The geometry parameters of CC
include the planner area of scatterer and absorber detectors, their thicknesses, and the distance
between them. The detector sizes of CC considered in this study are set as small as to provide a
suitable portable imaging system.

2 Materials and methods

The GATE v9.0, a Monte Carlo simulation toolkit based on Geant4 [23], was used to model
the portable CC structure and analyze the effect of each geometry factor on the DE𝑎 and image
resolution of the CC. GATE code offers the simple and easy modeling of different CC configurations
user-friendly based on macro language. The CCMod actor in the GATE code is applied in our
simulations [24, 25]. The CC head considered in this study (figure 1) comprised two plane-type
pixelated scintillator detectors: a scatterer and an absorber. The scatterer and the absorber are
GAGG:Ce scintillators with a density of 6.5 g/cm3 [26]. The pixel area of each GAGG pixel
is 0.85 × 0.85 mm2 with a 0.1-mm pitch, as reported in our previous work that can provide a
sub-millimeter intrinsic spatial resolution of CC. The scatterer’ and absorber’ area (𝑆𝐴 and 𝐴𝐴) and
scatterer’ and absorber’ thickness (𝑆𝑇 and 𝐴𝑇 ), and scatterer-absorber distance (SAD) are variable
geometrical parameters to optimize the Compton camera’s performance.

The simulations were simplified by omitting the insensitive components of the CC prototype,
i.e., crystal reflector, crystal holder, SiPM arrays, and electronic board. The camera was simulated
in the box’s volume filled with air, so the mentioned insensitive components are substituted by air.

– 2 –
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Option 4 of the standard electromagnetic physics list (emstandard_opt4), including the Doppler
broadening effect, was selected. This list models physics from 0 to 100 TeV for gamma, 𝑒− and
𝑒+. The Klein-Nishina model implements Compton scattering. Photoelectric effect and Rayleigh
scattering are both applied by the Livermore models. EM Opt4 is the best set of electromagnetic
physics models selected from the low-energy and standard packages [27]. The cut values for
gamma-ray and the produced electrons for all geometries (scatterer, absorber and reflectors) were set
at 0.01 mm, matching one order magnitude less than their dimension [24, 25]. The point source with
mono energy of 364, 511, 662, and 1000 keV was defined for I-131, Cs-137,F-18, and a high energy
gamma-ray emitter as an example, respectively, with a 3 cm distance away from the center of the
detector. In all studies, the intrinsic spatial blurring was defined as an ideal value by 1 mm FWHM
close to pixel size. Our previous work described the scatterer and absorber’s energy resolution as
18%, 16%, 14%, and 10% for energies 364, 511, 662, and 1000 keV, respectively [15]. No energy
threshold for detectors was defined. Two outputs, including singles and coincidences, are produced in
ASCII and Root formats [28]. The single-mode acquires the incident gamma photons detected only
by the scatterer or the absorber layer. In contrast, the coincidence mode collects the incident gamma
photons detected by the scatterer and the absorber layers. The single events in the scatterer and
absorber layers of CC were sorted into coincidences by applying a 160 ns time coincidence window.

The DE𝑎 and image resolution characterize the performance of the Compton camera as a
function of geometry parameters as variables, including scatterer and absorber area, scatterer and
absorber thickness, and scatterer-absorber distance. In each study, one geometry parameter was a
variable, and other parameters were constant in all simulations.

Figure 1. (A) a schematic side view and (B) a top view of the segmented GAGG scintillator-based two-layer
Compton camera head.

2.1 DE𝒂, data processing, and image reconstruction

The DE𝑎 was calculated as the CC’s ratio of detected coincidence events regardless of energy
deposition value to all gamma-rays emitted by the isotropic source.

The programs used in our previous work [14], mainly written in C++ using ROOT [29] libraries,
were used to process the data after acquisition by simulation, including data selection and image
reconstruction.

– 3 –
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After the simulation, the energy window in summation of energy in the scatterer (𝐸1) and absorber
(𝐸2) for one incident photon within the range of energy resolution (ΔEFWHM) was applied to extract
desirable coincidence events. The energy window was set at ±9% based on the measured energy
resolution of the CC in our previous work: 364± 33 keV, 511± 46 keV and 662± 60 keV, and 1000±
90 keV. In addition, to eliminate back-scattering events, where the incident gamma rays are scattered at
the absorber and photoelectrically absorbed at the scatterer, the deposited energy at the scatterer was
limited as 𝐸1 < 𝐸/(1 + 2𝐸/𝑚𝑒𝑐2), where 𝐸 is the initial energy of the incident gamma ray. Energy
windows for the absorber are not defined in this study [15]. The selected coincidence events were
used to obtain image reconstruction of the point source using a simple BP (back-projection) algorithm.
An elaborated description of the implementation of the BP algorithm can be found in our previous
work [14]. A 128 mm×128 mm with a pixel size of 4 mm×4 mm was used for all images reconstructed.

2.2 The design of CC’s geometrical optimization

The GATE simulation was performed by varying the following geometric parameters: absorber area
(𝐴𝐴) vs. scatterer area (𝑆𝐴), SAD vs. detector area, absorber thickness (𝐴𝑇 ) vs. scatterer thickness
(𝑆𝑇 ), and SAD vs. detector area. The DE𝑎 and imaging resolution were computed for the four
energies under these conditions.

3 Results

3.1 Geometric variable parameter: 𝑺𝑨 and 𝑨𝑨, constant parameters: 𝑺𝑻 and 𝑨𝑻 , and SAD

Figures 2 and 3 show the influence of the 𝑆𝐴 and 𝐴𝐴 (cm2) on the spatial resolution (FWHM) and
the DE𝑎 (%) of the camera. The detector’s width is equal to its length in the study, and the 𝑆𝑇 and
𝐴𝑇 were 5 mm. To avoid the scape of scattered photon from scatterer’s edge and adsorbe them by
absorber effectively, the scatterer area, which is greater than the absorber area, was ignored.The
scatterer and absorber cross sections are square and the 𝐴𝐴 ≥ 𝑆𝐴

The spatial resolution was increased by increasing the 𝑆𝐴 for a particular 𝐴𝐴. In contrast, it
was nearly constant by increasing the 𝐴𝐴 in the constant 𝑆𝐴. Unlike the 𝑆𝐴 parameter, the spatial
resolution of CC was almost independent of 𝐴𝐴. These differences are due to differences at the
subtended angles by the scatterer and absorber. When 𝑆𝐴 increases, the solid angle of incident
photons subtended by the scatterer from the source as the predominant effect, and the scattering
angle of scattered photons subtended by the absorber from the scatterer increases. So the opening
angle of the cone for these events is greater, and cones with increasing lengths are overlapped and
constructed on the back projection. In other words, the scattering angles increase by increasing
the 𝑆𝐴 and the contribution of overlapped cones while larger opening angles increase. Finally, the
widening of distributions on the back projection is increased.

The subtended angles by absorber from scatterer are in limited distribution compared to
scatterer from source, so this distribution is more limited as gamma energy increases (Klein-Nishina
formula) [30]. So, increasing the solid angles subtended by the absorber is not so significant by 𝐴𝐴

increment to degrade the spatial resolution significantly. For example, the Angular distribution of
Compton scattered 1000 keV is almost around−𝜋/4–𝜋/4 according to the Klein-Nishina formula [31].

In addition to geometrical factors, two different parameters compete to influence spatial
resolution: energy resolution and the number of events participating in the image reconstruction

– 4 –
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Figure 2. Spatial resolution as a function of the scatterer area (𝑆𝐴) and absorber area (𝐴𝐴) (cm2) for (a) 364,
(b) 511, (c) 662, and (d) 1000 keV gamma-ray source from the upper left to the lower right. In the study, the
detector width equals its length, and the scatterer and absorber thickness are 5 mm. The 𝑆𝐴 and 𝐴𝐴 pitch is
2 cm for each side of the square area and the 𝐴𝐴 >= 𝑆𝐴. For a constant 𝑆𝐴, the lower value of the 𝐴𝐴 is equal
to 𝑆𝐴 and the upper value is 8 pitches (2 × 8 = 16 cm) larger than the 𝐴𝐴 lower value.

process. By radiation energy increment, energy resolution gets better, as mentioned in materials
and methods. But the number of true coincidences decreases due to the lower number of photons
participating in the image reconstruction process. For energy ≤ 661 keV, spatial resolution is mainly
affected by the second parameter compared with 1000 keV and results in the worst spatial resolution
(FWHM) for 661 keV. On the other hand, for 1000 keV radiation, spatial resolution is more effective
than the number of true coincidences because of significant improvement in energy resolution. It
neutralizes a lower number of actual coincidences effect.

The detection efficiency (DE𝑎) also emphasizes this issue. Figure 3 shows that the detection
efficiency increases by increasing the 𝑆𝐴 and 𝐴𝐴 but decreases by increasing radiation energy.
Therefore, fewer photons participate in image reconstruction and the spatial resolution worsens.

The DE𝑎 was grown by increasing both 𝑆𝐴 and 𝐴𝐴. More photons emitted by the isotropic
source and more Compton photons scattered by the scatterer detector impinge on the larger scatterer
and absorber, respectively. In contrast, they escape in smaller ones without interaction. The
scatterer’s width on the detection efficiency is significantly more pronounced than the influence of

– 5 –
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Figure 3. DE𝑎 (%) as a function of scatterer area (𝑆𝐴) and absorber area (𝐴𝐴) (cm2) for (a) 364, (b) 511,
(c) 662, and (d) 1000 keV gamma-ray sources from the upper left to the lower right. The condition is the same
as what is mentioned in figure 2.

the absorber’s width. It is because the angle of the emitted photon of the isotropic source is in all
directions, unlike the angles of scattered photons from the scatterer with limited range, as mentioned
above. So, more photons are impinged by enlarging the scatter area in the same gain of absorber area.

3.2 Geometric variable parameter: 𝑺𝑨, 𝑨𝑨, and SAD, constant parameters: 𝑺𝑻 and 𝑨𝑻

Figures 4 and 5 show the influence of the SAD and detector Area (𝑆𝐴 and 𝐴𝐴) on the spatial
resolution (FWHM) and DE𝑎 (%) of the camera. In this study, the 𝑆𝐴 and 𝐴𝐴 are equal (their width
equals their length). The spatial resolution shows the same trends for all studied energies. It was
improved with increasing SAD in a constant detector area (𝑆𝐴 = 𝐴𝐴) due to reducing parallax error
and subsequently forming the cones with less uncertainty on axes direction in the BP plane [32].
The trend of spatial resolution also indicated its degradation with increasing the detector area in a
constant SAD due to overlapping cones with increasing lengths constructed on the back projection.

The DE𝑎 grows by increasing CC area (𝑆𝐴 and 𝐴𝐴). More photons emitted by the isotropic
source and more scattered photons by the scatterer detector impinge on larger scatterer and absorber,
respectively, whereas they escape in smaller ones without interaction. SAD increment significantly
impacted DE𝑎 at the large detector’s area (> 4 cm × 4 cm), which was negligible in the small
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Figure 4. Spatial resolution (FWHM) as a function of scatterer-absorber distance (SAD) and detector area
(cm2) for (a) 364, (b) 511, (c) 662, and (d) 1000 keV gamma-ray source from the upper left to the lower right,
respectively. The detector’s width is equal to its length in the study, and the scatterer and absorber thickness
are 5 mm. 𝑆𝐴 and 𝐴𝐴 are equal and the pitch is not constant. The area was considered to be 2× 2, 4× 4, 8× 8,
16 × 16 and 20 × 20 cm2. The SAD was considered to be 10, 50 and 100 mm.

detector’s area. This phenomenon is due to the difference in the range of Compton photons impinging
on the absorber. In the case of a large detector area, the higher number of Compton photons with
a greater scattering angle striking on the absorber detector’s edge scape significantly by a SAD
increment. In contrast, in small ones, the scattering angle range of Compton photons impinging on
the absorber was not wide, so such phenomena were negligible.

3.3 Geometric variable parameter: 𝑺𝑻 and 𝑨𝑻 , constant parameters: 𝑺𝑨, 𝑨𝑨, and SAD

Figure 6 and 7 show the influence of the scatterer and absorber detector thickness (𝑆𝑇 and 𝐴𝑇 )
on the camera’s spatial resolution and DE𝑎 (%), respectively. In this section, 𝑆𝐴 and 𝐴𝐴 were
considered as constant sizes of 8 · 8 cm2 and 10 · 10 cm2, respectively. We chose medium size among
all studied areas in section 3.1 for three reasons: (I) to be suitable for preclinical or intraoperative
imaging applications such as detector areas, (II) to cover the scattered gamma rays effectively from
the scatterer by setting 𝑆𝐴 < 𝐴𝐴 and (III) to reduce the running time of the simulation compared to
large sizes.

– 7 –
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Figure 5. DE𝑎 (%) as a function of scatterer- absorber distance (SAD) and detector area (cm2) for (a) 364,
(b) 511, (c) 662, and (d) 1000 keV gamma-ray source from the upper left to the lower right, respectively. The
condition is the same as what is mentioned in figure 4.

The thickness of detectors can affect the detection efficiency and imaging resolution as they
can change the interaction probability and position uncertainty, respectively. The spatial resolution
follows almost the same trend (pattern) by changing the detector thickness. The spatial resolution is
increased by increasing the scatterer and absorber thickness. Detector thickness increment increases
the parallax error due to increasing interaction uncertainty in depth [33].

On the other hand, the probability of multiple Compton scattering and backscattering increases
by increasing the 𝑆𝑇 and 𝐴𝑇 , respectively, resulting in interaction position error of incident photon
followed by degradation of image resolution. The lower the multiple scatters, the better the spatial
resolution. The most noticeable change in spatial resolution was shown in high scatterer thickness
by increasing the absorber thickness. It may be due to the effect of multiple Compton scattering of
incident photons in the scatterer. Subsequently, a significant reduction in the number of scattered
photons statically is more dominant than position uncertainty induced by increased 𝐴𝑇 .

As 𝐴𝑇 increases from 2 to 26 mm, the DE𝑎 grows as expected from the exponential attenuation
law. For a certain 𝐴𝑇 , the DE𝑎 grows at the beginning and then declines as the scatterer thickness
(𝑆𝑇 ) is increased. The pattern is the same from low to high 𝐴𝑇 . In this case, the probability of
Compton interaction is increased by increasing the 𝑆𝑇 for incident photon so that the likelihood

– 8 –
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Figure 6. Spatial resolution (FWHM) function of the scatterer and absorber thickness for (a) 364, (b) 511,
(c) 662, and (d) 1000 keV gamma-ray source from upper left to lower right, respectively. In the study, scatterer
size and absorber sizes are 8 · 8 cm2and 10 · 10 cm2, respectively. The 𝑆𝑇 and 𝐴𝑇 pitch were both 5 mm.

of multiple scattering also increases in high 𝑆𝑇 . Therefore, by increasing the 𝑆𝑇 , the number of
scattered photons reaching the absorber increases initially and then decreases due to complete
absorption in the scatterer or escaping from the other side of the scatterer.

3.4 Geometric variable parameter: 𝑺𝑻 and 𝑨𝑻 , and SAD, constant parameters: 𝑺𝑨 and 𝑨𝑨

Figure 8 and 9 show the influence of the SAD and detector thickness on the spatial resolution and
the DE𝑎 (%) of the CC, respectively. In the study, the scatterer thickness equals absorber thickness,
and the scatterer and absorber area are 8 · 8 cm2and 10 · 10 cm2, respectively. There is a paradoxical
effect between SAD and detector thickness on spatial resolution. In general, all studied energies
show the same trends for spatial resolution so that it improved as the SAD increased in a certain
thickness and degrade as the detector thickness increased in a particular SAD. The former and latter
are due to reducing and increasing the uncertainty on the cone axis direction, respectively. In other
words, the parallax error decreases and increases by increasing the SAD and detector thickness,
respectively [32, 33]. The influence of the large SAD on the spatial resolution is significantly more
pronounced than the influence of the detector thickness. Hence, the change range of spatial resolution
is limited in long SAD (> 30 mm) compared to low value SAD while increasing the detector thickness.

– 9 –
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Figure 7. DE𝑎 (%) is a function of scatterer thickness (𝑆𝑇 ) and absorber thickness (𝐴𝑇 ) for (a) 364, (b) 511,
(c) 662, and (d) 1000 keV gamma-ray sources from the upper left to the lower right. The condition is the same
as what is mentioned in figure 6.

The DE𝑎 increase obviously by increasing detector thickness and decrease by SAD increment.
The former and latter are due to the increasing probability of photon interaction with layers and the
decreasing of the solid angle subtended by the absorber from the scatter detector.

4 Discussion

The GATE simulation results obtained in this study are reliable according to good agreement
between experiment and simulation results reported in our previous work [15]. The DE𝑎 and spatial
resolution for the energy range, 364–1000 keV, showed almost the same trends. The spatial resolution
generally is poor when the efficiency is high and vice versa. Our results show that the most important
contributions to the camera’s spatial resolution are SAD and scatterer area at the same changing ratio.
The scatterer area and SAD also offer the most important contributions to the DE𝑎 of the camera
at the same changing ratio, respectively. Increasing SAD and scatterer area decreases DE𝑎 and
increases DE𝑎, respectively. In small SADs, the effect of scatterer area increment on DE𝑎 growth is
more significant than in large SAD cases.
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Figure 8. spatial resolution (FWHM) as a function of scatterer-absorber distance (SAD) and detector thickness
(mm) for (a) 364, (b) 511, (c) 662, and (d) 1000 keV gamma-ray source from upper left to lower right,
respectively. In the study, the scatterer thickness equals absorber thickness, and the scatterer and absorber area
are 8 · 8 cm2 and 10 · 10 cm2, respectively. The 𝑆𝑇 and 𝐴𝑇 pitch were both 5 mm and the SAD was considered
to be 10, 50 and 100 mm.

The 𝑆𝐴, compared to 𝐴𝐴, showed more influence on DE𝑎, while 𝐴𝑇 , compared to 𝑆𝑇 , showed
more effect on DE𝑎. The former is due to a significant difference in subtended angles between
the two layers. The latter is due to the importance of thickness on the probability of Compton
and photoelectric occurrence. It is worth mentioning that by doubling the scatterer area, detection
efficiency almost doubles; doubling absorber thickness increases detection efficiency lower than
1.5 times. Therefore, the scatterer area effect is greater than the absorber thickness on detection
efficiency. Among the parameters, the changing in the absorber area (𝐴𝐴) showed the most negligible
impact on DE𝑎 for all studied energies.

The changing in the SAD and absorber area (𝐴𝐴) showed negligible impact on the spatial
resolution for all studied energies. However, both parameters affect the range of subtended angles by
absorber from scatterer as the exact mechanism. It is due to the absorber area equal to or greater
than the scatterer area and the absorber’s limited range of the subtended angles from the scatterer.
Accordingly, the subtended angles by absorber from scatterer were not changed significantly by
increasing the absorber area.

The results show that the dependency of considered parameters on the geometry characteristics
of detectors is significantly reduced when the SAD increases. Imaging resolution and DE𝑎 are
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Figure 9. DE𝑎 (%) as a function of scatterer-absorber distance (SAD) and detector thickness (mm) for (a) 364,
(b) 511, (c) 662, and (d) 1000 keV gamma-ray sources from the upper left to the lower right, respectively. The
condition is the same as what is mentioned in figure 8.

affected considerably by changing the detector’s area and thickness in case of the short SAD. On the
other hand, spatial resolution and DEa are significantly involved by changing the detector’s size.
They are less affected by the detector’s thickness in case of the higher SAD (> 4 cm).

To increase DE𝑎 without noticeable degrading spatial resolution when the SAD is fixed in small
values (< 4 cm), the strategy is to increase the absorber’s area or thickness. However, the latter has a
more dominant effect. To improve imaging resolution without significant reduction of DE𝑎 when
the SAD is fixed in small values (< 4 cm), the strategy is the decreasing the scatterer’s thickness.

Enlarging the detector’s thickness against the area up to an optimized value increases DE𝑎

without significant degrading spatial resolution while taking advantage of long SAD. This observation
is because the detector’s thickness increment enhances DE𝑎 up to a maximum value, then DE𝑎

decreases. When the other geometrical parameters are the same, the optimized thickness differs for
different SADs.

Regarding the effect of energy on spatial resolution in the same geometry, it can be said that it
improves with increasing energy. The improvement is not noticeable when the energy difference
is negligible. But for energy 1000 keV, spatial resolution is significantly improved compared to
low energy. The main reasons are the decrease of uncertainty induced by Doppler broadening in
determining the energy of Compton scatters [34] and the increase of the energy resolution.
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5 Conclusions

This study investigated the impact of altering geometrical parameters on GAGG scintillator-based
CC performance (DE𝑎 and spatial resolution) for different source energies (364, 511, 662, and
1000 keV) by GATE Monte Carlo simulation. These parameters included the planner area of scatterer
and absorber detectors, their thicknesses, and the distance between them. The DE𝑎 and spatial
resolution for the energy range, 364–1000 keV, showed almost the same trends which facilitate the
construction of a particular CC in multi-color imaging. Although the value of CC’s spatial resolution
and DE𝑎 will vary according to input parameters; energy resolution, intrinsic spatial resolution,
time coincidence window, etc., the trends are expected to be maintained. The results showed that
decreasing the scatterer area and increasing the SAD influence the improvement of CC’s spatial
resolution and vice versa for detection efficiency. The results show that the dependency of considered
parameters on the geometrical characteristics of detectors is significantly reduced when the SAD
increases. Considering the dimension of CC’s component detectors and their distance, it is expected
that it could be used as a portable CC. Much analysis of geometrical factors needs to be done before
a CC is designed and finally becomes a viable instrument. The simulation study’s findings presented
here will provide valuable guidelines for researchers choosing a desired CC’s design according to
particular objectives, manufacturing limitations in scintillator growth, cost, etc.
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