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Abstract: The present study focuses on the determination of the optimal crystal thickness of LaCl3:Ce
and LaBr3:Ce crystal scintillators for Nuclear Medicine Imaging applications. A theoretical model
was applied for the estimation of the optical efficiency of the two single-crystal scintillators in terms
of Detector Optical Gain (DOG). The theoretical model was validated against the experimental values
of the Absolute Efficiency (AE) of the two crystals, obtained in the energy range 110 kVp–140 kVp. By
fitting the theoretical model to these experimental data, the propagation probability per elementary
thickness k was determined and DOG was theoretically calculated for crystal thicknesses from
0.005 cm to 2 cm, in the energy range of Nuclear Medicine Imaging. k values for LaCl3:Ce and
LaBr3:Ce crystals were significantly higher compared to other single-crystal scintillators. The DOG
values of the two crystals may serve as evidence that the LaBr3:Ce crystal exhibits significantly better
performance compared to the LaCl3:Ce crystal. With an increase in energy, the optimum thickness
increases for both crystals. Additionally, crystal efficiency generally demonstrates a decrease beyond
a certain thickness. The aforementioned insights may provide valuable guidance for the design and
optimization of crystal scintillators in Nuclear Medicine Imaging systems.

Keywords: LaBr3:Ce; LaCl3:Ce; modeling; Nuclear Medicine Imaging applications

1. Introduction

Nuclear Medicine Imaging provides functional or metabolic information by imaging
the distribution and concentration of a radiolabeled compound within the body. There
are two main modalities in Nuclear Medicine Imaging, single photon imaging, which
includes conventional (planar) scintigraphy along with single photon emission computed
tomography (SPECT) and positron emission tomography (PET) [1]. The radionuclides used
in single photon imaging are gamma emitters in the energy range from about 60 keV to
400 keV [1–3]. Such radioisotopes, as shown in Table 1, are 123I, 201Th, 67Ga, 111In, 131I, and
99mTc, the latter being the most frequently utilized due to its numerous advantages [1–4].

Table 1. Nuclear Medicine radionuclides and their corresponding energies [2,4].

Radionuclides γ Energy (keV) and % Ratio
123I 159 (83%)

201Tl 71 (47%), 80 (20%), 167 (10%)
67Ga 93 (40%), 185 (20%), 300 (17%), 393 (20%)
111In 171 (90%), 245 (94%)
131I 365 (82%)

99mTc 140 (89%)
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The radioisotopes used in PET emit β+ particles which interact with electrons inside
the patient’s body and then annihilate, producing two photons, each with an energy of
511 keV. [1]. Nowadays, SPECT and PET are combined with X-ray Computed Tomography
(CT) in hybrid systems SPECT/CT and PET/CT. These systems, through the combination
of anatomical and functional information, obtained in the same imaging session very close
together in time, and the improvement in attenuation correction, provide the opportunity
for a more accurate diagnosis [1,5–12]. The efficiency of these hybrid systems could be
further improved if a common detector was utilized to operate both modalities [13,14].

Two scintillators that are potential candidates for that common detector unit, owing to
their appealing characteristics, are LaCl3:Ce and LaBr3:Ce crystals. These crystals have a
large light yield, 49,000 photons/MeV and 63,000 photons/MeV, fast response with decay
times 28 ns and 25 ns, excellent energy resolution, 3.8% and 2.6%, and max wavelength
emission at 350 and 380 nm, respectively [15–20]. In Table 2, some of the properties of the
two crystals are presented. Their suitability for hybrid imaging systems has already been
investigated under X-ray excitation in previous studies [21,22].

Table 2. LaCl3:Ce and LaBr3:Ce crystal properties [19,20].

Properties LaCl3:Ce LaBr3:Ce

Wavelength, max emission (nm) 350 380
Decay Time (ns) 28 25

Light Yield (photons/MeV) 49,000 63,000
Radiation Length (cm) 2.813 1.881

Density (g/cm3) 3.86 5.2
Hardness (Mho) 3 3

Reflection Loss/Surface (%) 6.8 6.8
Lattice constant (nm) 0.6196 0.6196

Due to their exceptional performance in brightness and response time, these crystals
continue to be subjects of investigation and comparison with other crystals already in
use [23–26]. Apart from medical imaging, their use has been explored in the detection
of protons in nuclear reactions [27], simultaneous detection of high-energy protons and
gamma rays in nuclear reactions, as well as in the precise determination of the radioactive
dose in carbon ion therapy, and in proton tomography [28]. Furthermore, their use has
been examined in innovative gamma-ray detection systems with position sensitivity [29],
in a common detector for neutrons and gamma rays [30], in the detection of gamma rays in
a nuclear power reactor [31], and in the application for a Compton camera used in proton
beam monitoring in hadron therapy [32].

The optical performance of the detector is greatly influenced by the thickness of the
scintillation crystal when considering a specific X-ray or gamma-ray energy spectrum.
In particular, the thickness of the crystal affects the detection efficiency and the intrinsic
spatial resolution [1]. In addition, an optimal thickness can lead to the production of a high-
intensity signal, thus reducing the amount of radiopharmaceutical required to be injected
into the patient, leading to faster imaging and a lower patient dose. The present study
focuses on the determination of the optimal crystal thickness of the aforementioned crystals
for Nuclear Medicine Imaging applications. For this purpose, a theoretical model [33–36]
is applied for the estimation of the optical efficiency of the two single-crystal scintillators
in terms of Detector Optical Gain (DOG), i.e., the number of emitted optical photons
per incident X- or gamma-ray photons [33,35]. The model describes the light collection
efficiency of a single crystal as a function of thickness and incident X-ray or gamma-
ray energy.

The theoretical model was validated against the experimental values of the Absolute
Efficiency (AE) of the two crystals, i.e., the ratio of the energy flux of light emitted by
the crystal to the rate of incident X-ray exposure [21,22]. The propagation probability per
elementary thickness k was used to theoretically calculate DOG for crystal thicknesses
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from 0.005 cm to 2 cm, in the energies corresponding to Nuclear Medicine Imaging utilized
radiopharmaceuticals. The optimum scintillator thickness determined for both generic (i.e.,
bone imaging, kidney imaging) or more specific (i.e., thyroid, heart) examinations, as well
as for PET applications, may lead to a design of Nuclear Medicine Imaging instrumentation
based on LaCl3:Ce and LaBr3:Ce scintillators, with increased examination speed and
radiation dose savings to the patient.

2. Materials and Methods

According to the applied theoretical model, the crystal can be divided into N ele-
mentary layers. Only a percentage, hereafter called k, of the photons generated in the nth

layer passes to the n + 1 layer and from there to the next, eventually reaching the output
surface of the crystal. The model assumes that this percentage k remains constant for each
layer. The loss of optical photon energy in the crystal is assumed to occur either by internal
optical photon absorption in the crystal mass or by optical photon escape when the photons
reach the crystal surfaces. The model also considers the X-ray attenuation properties in
the crystal, the intrinsic conversion efficiency, showing the fraction of the absorbed X-ray
or gamma-ray energy converted into optical photon energy [36], and the reflection of the
optical photons at the input and output crystal surfaces. A more in-depth explanation of
the model has been described in previous studies [33,35].

It is hypothesized that an equal number of optical photons, produced within the crys-
tal’s mass, are traveling in both forward and backward directions [33,35]. By considering
all the reflections that occur between the entrance and the exit surfaces of the scintillator,
we can determine the proportion of optical photons, produced in the nth layer, that manage
to escape the crystal by the relation [35]:

Mn = (1 − R0)

[
kN−n

1 − k2N R0 R1
+ R1kn+N k2N R0R1

1 − k2N R0R1

]
(1)

where R0 is the output reflectivity, denoting the fraction of photons reflected back into the
scintillator when incident at its exit surface, and R1 is the input reflectivity, referring to the
proportion of optical photons that are reflected back into the scintillator upon encountering
its entrance surface. Both cubic crystals are wrapped with Teflon tape on their five surfaces,
resulting in a high reflectivity close to 100% (R1 = 1) for these surfaces [37]. The exit
surface of the crystals in contact with the photodetector is protected with silicon glass.
Consequently, when determining the R0, the reflection coefficients of crystal–silicon glass
interface (Rcr,Si) and silicon glass–air interface (RSi,air) were taken into consideration. A
fraction (1 − Rcr,Si) of the incident light on the exit surface of the crystal passes through
the interface between the crystal and silicon glass. Subsequently, this fraction reaches
the interface between glass and air, where a fraction RSi,air of it, is reflected and directed
back towards the crystal. In this approach, an error of approximately 1.5% arises due
to reflections on the crystal–glass interface. Considering the above, R0 is given by the
following relation:

R0 = (1 − Rcr,Si) RSi,air (2)

Rcr,Si and RSi,air are defined as [33]:

Rcr,Si =
(n1 − n2)

2

(n1 + n2)
2 (3)

and

RSi,air =
(n2 − 1)2

(n2 + 1)2 (4)

The refractive indexes n1 = 1.9 of the crystals and n2 = 1.47 of the silicon glass used in
relations (3) and (4) were obtained from the literature [38–40].
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Considering all of the layers, the total amount of optical photons generated by X-rays
with energy E and manage to exit through the output is equal to [35,36]:

M(E) =
N

∑
n=1

f (E)e−µAl te−µn∆tµ∆tnc
E

Eλ
(1 − R0)

[
kN−n

1 − k2N R0 R1
+ R1kn+N k2N R0 R1

1 − k2N R0 R1

]
(5)

where f(E) is the incident X-ray fluence obtained from the TASMIP Spectra Calculator [41],
µ is the attenuation coefficient, ∆t is the thickness of each layer n of the scintillator, Eλ is
the energy of the optical photons, and µAl and t are the attenuation coefficient and the
thickness of the aluminum encapsulation of the crystal, respectively. nc is the intrinsic
conversion efficiency and it was calculated for a light yield of LY = 49.000 photons/MeV
and LY = 63.000 photons/MeV for LaCl3:Ce and LaBr3:Ce crystals, respectively, by the
relation [34,36]:

nC =
LY(Eλ)

106 (6)

The theoretical value of AE for a photon of specific energy is given by the following
relation [33,34]:

AE(E) =
N

∑
n=1

γ(E)e−µAl te−µn∆tµ∆tnc(1 − R0)

[
kN−n

1 − k2N R0 R1
+ R1kn+N k2N R0 R1

1 − k2N R0 R1

]
(7)

where γ(E) is a conversion factor converting energy fluence (W/m2) into exposure rate
(mR/s). Considering the whole energy spectrum, AE equals to [34]:

AE =
∑Emax

E=Emin
f (E)AE(E)

∑Emax
E=Emin

f (E)
(8)

The propagation probability per elementary thickness k was determined from relation (8)
by fitting the theoretical equation to experimental AE(E) data. During the fitting procedure,
different values of k were tested in Equation (8) and compared with the corresponding
experimental AE results calculated. Different k values were tested arbitrarily (trial and error
method). The final selected k value was the one where the results of Equation (8) were
equal to the corresponding experimental AE data. These experimental data were obtained
from crystals samples with 10 mm thicknesses, that are commonly used in CT applications
(110 kVp–140 kVp) [21,22]. X-ray irradiation of the crystal samples was performed using
an X-ray tube equipped with a 1.5 mm Al filter, connected to a CPI series CMP 200DR
50kW generator while maintaining a constant current-time product of 63 mAs and an
irradiation duration of 1 s. Additionally, a 20mm Al filtration was introduced at the exit of
the X-ray tube. The exposure rate was measured with RTI Piranha P100B dosimeter. The
experimental setup for the energy flux measurement comprised a light integration sphere
(Oriel 70451) coupled to a photomultiplier tube (PMT) (EMI 9798B) which was connected
to an electrometer (Cary 400) [21,22].

Similarly, the DOG can be determined across the entire range of X-ray energy by the
relation [35,36]:

DOG =
∑Emax

E=Emin
M(E)

∑Emax
E=Emin

f (E)e−µAl t
(9)

For the calculation of DOG for radioisotopes, assuming that fi is the probability of
energy emission Ei, which has an attenuation coefficient µi, relation (5) transforms into the
following form:

Mi(Ei) = ∑N
n=1 e−µAl te−µi∆tµi∆tnc

1
Eλ

(1 − R0)

[
kN−n

1 − k2N R0 R1
+ R1kn+N k2N R0 R1

1 − k2N R0 R1

]
(10)
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Finally, the DOG was calculated as:

DOG =
∑i fiEi Mi

∑i fi
(11)

3. Results

Figure 1 displays the values of parameter k for LaCl3:Ce and LaBr3:Ce crystals within
the tube voltage range of 110 kVp to 140 kVp, demonstrating the propagation of optical
photons through each layer of 5 µm thickness. Both crystals present a stable performance,
with the k values remaining almost constant (from 0.99776 to 0.99768 for LaCl3:Ce and from
0.99876 to 0.99872 for LaBr3:Ce). The results obtained for both crystals can be considered
adequate, as the values of k remain above 0.99 over the entire range of voltages investigated.
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Figure 1. k values of LaCl3:Ce and LaBr3:Ce single crystals in X-ray tube voltage range of 110 to
140 kVp.

The data presented in Figures 2 and 3 allow for a comparison between the experimen-
tal [21,22] and theoretical values of AE for the two crystals. As shown in these figures, a
strong agreement exists between the experimental observations and the theoretical pre-
dictions of AE, for both crystals. For the LaCl3:Ce crystal, the relative difference between
the experimental and the theoretical AE is between 0.05% and 3.86%. On the contrary, for
the LaBr3:Ce crystal, the relative difference between the experimental and the theoretical
values ranges from 0.03% to 2.57%.

The theoretical AE values for LaCl3:Ce and LaBr3:Ce crystals were determined using
an average k value of 0.9977 and 0.9987, respectively. For other scintillators, the values
of the k coefficient, which were calculated using the same model and for an elementary
layer thickness of 1 µm, range between 0.74 and 0.994. Specifically, for the single-crystal
scintillators GSO:Ce, LSO:Ce, LYSO:Ce, and YAP:Ce, the corresponding k values were 0.923,
0.845, 0.860, and 0.74, respectively [33,36]. In the case of CsI:Tl columnar phosphor, the k
value ranged from 0.980 to 0.994 for different column thicknesses [35].
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Figures 4–8 present the DOG values that have been predicted for crystal thicknesses
ranging from 0.005 cm to 2 cm, corresponding to various radioisotopes and X-ray energies.
The results indicate that DOG values attributed to the LaBr3:Ce crystal are generally higher
than those of the LaCl3:Ce crystal for all radioisotopes and X-ray energies examined.
Another deduction derived from the findings is that the crystal efficiency demonstrates a
decrease beyond a certain thickness. This is because although a higher crystal thickness
enhances energy absorption, it also leads to increased loss of optical photons during
propagation towards the output.
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For various medical applications, different optimal crystal thicknesses have been iden-
tified for LaCl3:Ce and LaBr3:Ce crystals. Specifically, for PET applications, the LaCl3:Ce
crystal demonstrates optimal performance with a thickness of 0.6 cm, whereas the LaBr3:Ce
crystal performs best at 0.8 cm. Both crystals, however, show ideal thicknesses of 0.3 cm
and 0.1 cm for 99mTc and 201Tl applications, respectively. For 131I applications, the optimal
thickness is 0.5 cm for LaCl3:Ce and 0.7 cm for LaBr3:Ce, whereas for 123I applications,
both crystals exhibit an ideal thickness of 0.3 cm. Additionally, both crystals demonstrate
ideal performance for 111In and 67Ga applications with a thickness of 0.4 cm. Moreover,
for X-ray energies of 120 kVp and 140 kVp, the LaCl3:Ce crystal shows optimal thick-
ness at 0.2 cm, whereas the LaBr3:Ce crystal exhibits the best performance at 0.08 cm and
0.1 cm, respectively.
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4. Discussion

The presented results are based on a theoretical analytical model which employs basic
physical principles in ionizing radiation transfer and absorption. As such, it can provide a
fast insight into the steps of radiation transfer, radiation absorption, optical photon produc-
tion, and optical photon escape as a function of crystal thickness. The ionizing radiation
interactions are treated assuming exponential attenuation of the radiation in the crystal
while adopting the total attenuation coefficient as the radiation extinction parameter. The
use of the total attenuation coefficient in low energies where the photoelectric absorption
dominates provides accurate radiation absorption results. In the higher energies consid-
ered in this study, especially above 300 keV, the effect of scatter is of importance. The
presented analytical method uses the attenuation coefficient as an extinction factor and
may overestimate the radiation absorption since it assumes that all scatter photons and
the characteristic radiation will be reabsorbed in the crystal. This may be valid for scatter
photons of lower energy that might be subjected to photoelectric absorption, or for interac-
tions in crystals with large dimensions. However, if small crystal thicknesses or secondary
radiation generated close to the crystal surface are considered, then these photons possess
a higher probability of escaping the crystal. Thus, analytical modeling overestimates the
absorbed radiation energy. The extent of the overestimation depends upon the material, the
interaction site, and the radiation energy. Subsequently, the optical photon propagation in
the presented work is treated via an already published semi-empirical approach where the
percentage of the optical photon transmission per layer is obtained by fitting experimental
data, and the variation in the optical photon escape angles is not explicitly considered.

A more accurate prediction of the radiation and optical photons transfer and escape
in the material, without a priori knowledge of the experimental AE results would require
simulation tools, where an accurate geometry is necessary and the radiation and the
optical transfer properties as well as the photon absorption lengths can be more accurately
considered [42–48]. Despite a degree of overestimation in higher energies by the utilized
analytical methodology and the corresponding assumption in the optical photon exit layer,
the presented method can still provide useful qualitative results in terms of comparing
the efficiency of different crystalline materials at different thicknesses when excited by
ionizing radiation.

As observed in Figure 1, the average values of k for the LaCl3:Ce and LaBr3:Ce crystals
are significantly higher compared to other single-crystal scintillators and comparable to
those for CsI:Tl columnar phosphor [33,35,36]. Based on the assumptions of the model for
the propagation of light within crystals, this difference is mainly attributed to the fact that
all surfaces of the examined crystals, except the output surface, were covered with Teflon,
thus minimizing losses by optical photon escape when the photons were incident on the
crystal surfaces. As previously mentioned, according to the model, light losses, in addition
to lateral light escape, can also occur due to internal optical photon absorption in the crystal
mass. However, the absorption of the generated photons depends on the band gap width
of the crystal in relation to the energy of the photons. In the case of LaCl3:Ce, the energy
of the majority of generated photons is 3.54 eV, whereas the estimated band gap of the
crystal lies between 4.34 and 8.25 eV, with an intermediate value being more probable [49].
For LaBr3:Ce, the photons have an energy of 3.26 eV, and the band gap is estimated to be
between 3.42 and 7.43 eV [49]. Consequently, the reabsorption of the generated photons
occurs in a very small percentage. In other words, both crystals are highly transparent to
the visible radiation they produce.

The DOG values of the two crystals may be evidence that the LaBr3:Ce crystal exhibits
significantly better performance compared to the LaCl3:Ce crystal, primarily due to its
higher light yield [21,22]. The thickness of the crystal affects its optical performance in
two ways. As the thickness increases, so does the absorption of incident X or gamma
radiation and thus the production of optical photons. However, with increasing thickness,
the losses of generated optical photons also exhibit a corresponding rise. Therefore, the
optimal thickness is determined by the optimal combination of these two phenomena. For
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low energies of incident radiation, where their absorption occurs at a shallow depth within
the crystal, increasing the thickness of the crystal would decrease its optical performance,
as it would increase the losses of optical photons without significantly contributing to their
production. For higher energies of incident radiation, which are absorbed at greater depths,
a thicker crystal is required, up to the point where the increased production of optical
photons is not outweighed by their increased losses. Therefore, the optical performance of
the crystal depends on the energy of the incident radiation, the thickness of the crystal, and
the type of crystal.

It is worth commenting that the increased efficiency of LaBr3:Ce in every case, com-
pared to LaCl3:Ce, is not only affected by the notable difference in the corresponding light
yields (i.e., 63,000 photons/MeV for LaBr3:Ce vs. 49,000 photons/MeV for LaCl3:Ce). The
total light output is also affected by the radiation energy absorbed and the probability of op-
tical photon escape. For the same crystal thickness, the higher LaBr3:Ce density (5.2 g/cm3)
with regard to that of LaCl3:Ce (3.86 g/cm3) enhances the probability of radiation interac-
tion and subsequent energy absorption in LaBr3:Ce with respect to LaCl3:Ce. Consequently,
a greater number of optical photons are produced in the LaBr3:Ce scintillator when all the
absorbed radiation is considered. Finally, the optical photon propagation probability per
layer of LaBr3:Ce is slightly higher than the corresponding LaCl3:Ce as shown in Figure 1.
Therefore, the higher probability of radiation absorption, the higher optical photon yield,
and the more efficient optical photon propagation characteristics of LaBr3:Ce combined
result in the higher efficiency of LaBr3:Ce with respect to LaCl3:Ce.

Generally, it is evident that with the increase in energy, the optimum thickness in-
creases for both crystals and reaches its maximum at the higher energy value of 511 keV in
PET. As mentioned earlier, this was expected since the absorption of higher energy X or
gamma photons occurs at a greater depth within the crystal. Thus, for PET applications,
the optimal thickness for LaCl3:Ce and LaBr3:Ce crystals is 0.6 and 0.8 cm, respectively. For
the energy range at which the radionuclides used in SPECT emit, the optimal thickness of
LaCl3:Ce and LaBr3:Ce ranges from 0.1–0.5 cm and 0.1–0.7 cm, respectively, whereas for
120 and 140 KVp, the optimal thickness is 0.2 cm and 0.08–0.1 cm, respectively.

Approximately 80% of all nuclear medicine scans performed globally consist of SPECT
and planar scintigraphy [50]. The most common clinical use of SPECT is in the assessment of
myocardial perfusion and the evaluation of myocardial and coronary artery status following
a cardiac ischemic episode [2,5]. The cardiological application of SPECT surpasses all other
diagnostic applications of SPECT to such an extent that manufacturers offer SPECT systems
that have been optimized for this type of imaging [5]. The most widely used isotope
worldwide in this imaging technique, but not limited to it, is 99mTc [50,51]. For this isotope,
it has been observed that the optimal thickness is 0.3 cm for both crystals. Another isotope
that was initially used in cardiology nuclear imaging but continues to be utilized for certain
advantages it offers, as well as in cases of 99mTc shortage, is 201Tl [52], for which the optimal
thickness of the two crystals is 0.1 cm.

123I and 131I are extensively used in nuclear imaging as well as in the radiation therapy
of neuroendocrine tumors, such as thyroid cancer, comprising a theranostic pair [4,51,53,54].
123I, due to its shorter half-life and absence of beta particle emission, imposes a lower
radiation burden on the subject compared to 131I; therefore, it is more commonly used in
nuclear imaging [4]. It is also particularly effective in visualizing serotonin and dopamine
neurotransmitters, as well as in diagnosing neurodegenerative diseases, cerebrovascular
disorders, and brain injuries [51]. From the results, for applications involving 123I, the ideal
crystal thickness for both crystals stands at 0.3 cm, whereas for 131I, it stands at 0.5 cm and
0.7 cm for LaCl3:Ce and LaBr3:Ce, respectively.

67Ga has been utilized for over fifty years in nuclear imaging, particularly for the
diagnosis and localization of inflammatory areas within the body, such as in the case of
pyrexia of unknown origin [53]. Furthermore, the scintigraphy with this isotope is used
adjunctively for distinguishing between malignant and benign tumors, as well as in the
evaluation of head and neck squamous cell carcinoma [55]. The optimal thickness for 67Ga
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was calculated as equal to 0.4 cm for both crystals. 111In exhibits exceptional characteristics
for nuclear imaging and is used for similar purposes as 67Ga. 111In is typically bound
to antibodies, polypeptides, or white blood cells for the diagnosis and localization of
inflammations within the body, for the diagnosis of cases with fever of unknown origin, or
in cases where other diagnostic and imaging techniques yield ambiguous results [56,57].
Regarding uses related to 111In, the ideal crystal thickness was found equal to 0.4 cm for
both crystals.

In the field of nuclear medicine applications, the choice of the most suitable crystal
scintillator thickness plays a pivotal role in optimizing patient care. An optimal crystal
scintillator thickness allows for improved sensitivity in detecting gamma rays emitted by
radiopharmaceuticals, which in turn translates to reduced required radioactivity adminis-
tered to patients to achieve the desired diagnostic outcomes. This reduction translates to a
substantial decrease in patient radiation exposure. Consequently, patients undergoing nu-
clear medicine procedures experience lower radiation exposure, which not only enhances
their safety but also contributes to a more sustainable and patient-centric approach to
nuclear medicine practice.

The presented theoretical DOG results demonstrate the applicability of different
LaBr3:Ce and LaCl3:Ce crystal thicknesses with the radioisotopes currently in use in nuclear
medicine applications and can be used as an initial reference for the development of crystals
with different thicknesses. A more precise quantitative approach will require experimental
AE results for each case.

5. Conclusions

In the current study, a theoretical model was developed to describe the light propa-
gation within a crystal scintillator and to estimate the optimal thickness of LaCl3:Ce and
LaBr3:Ce single-crystal scintillators in terms of Detector Optical Gain (DOG). Notably, the
strong alignment between experimental observations and theoretical predictions of AE in
both crystals underscores the reliability of the model. The values of k for LaCl3:Ce and
LaBr3:Ce crystals are markedly superior in comparison to other single-crystal scintillators.
Moreover, the discernibly superior DOG values of LaBr3:Ce imply its enhanced perfor-
mance compared to LaCl3:Ce. Our observations also reveal that the optimal thickness
depends on both the material of the scintillator and the energy of the gamma-rays and
X-rays. These findings offer valuable insights into the design and optimization of crys-
tal scintillators in the realm of Nuclear Medicine Imaging systems, providing a robust
foundation for future advancements in this critical field.
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