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Light yield measurement of the Ce3+
activated LuAG nano-powder garnet
scintillating detector

Hamza Mekki, Lakhdar Guerbous, Hicham Bousbia-Salah, Billel Zahra, and Allaoua Boukerika.

Abstract— This paper focuses on the characterization of nano-powder (NP) scintillator, specifically presenting
preliminary results of the measurement of the light yield (LY) of a newly synthesized Lutetium Aluminum (LuAG) garnet
phosphor NP scintillator, doped with 0.1% cerium. The scintillation light yield was measured using the comparative
method. Considering the light-scattering and self-absorbing properties of powder scintillators, alpha particles from 2*!Am
source were used for excitation instead of Gamma/X rays, while a Ce** activated LuAG single crystal (SC) was employed
as the reference detector due to its well-established light yield. A photomultiplier tube (PMT) served as the photodetector,
and signals were read out by a nuclear instrumentation chain. The results demonstrate that the newly prepared LuAG:Ce
NP exhibits a light output that is approximately 90% of that of the single crystal reference. These findings highlight the
promising potential of NP scintillators as a viable alternative to single crystals, especially in applications where the

preference for powder scintillators is evident.
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NOMENCLATURE
Am Americium
HV High Voltage
LY Light Yield
MCA Mulichannel Analyzer
NP Nano-powder
PL Photoluminescence
PMT Photomultiplier Tube
SC Single crystal

I. INTRODUCTION

Several applications [1], [2] such as homeland security, medical
imaging diagnosis, high energy physics (HEP), industrial
nondestructive control, environmental monitoring rely on
radiation detection using scintillating materials as detectors. In
these applications, certain scintillating detector characteristics
are crucial for their effectiveness. For example, medical
imaging diagnosis applications like positron emission
tomography (PET) require high scintillation light yield (LY)
and fast time resolution to improve signal-to-noise ratio, image
quality, accuracy, and reduce patient dose[ 1], [3]-[5]. In certain
applications, nano-sized scintillator, such as rare earth activated
garnet phosphor NPs, can serve as an alternative to single
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crystal scintillators, as they are easier to synthesize compared
to growing single crystals. This makes them a more cost-
effective option for applications like high energy physics
(HEP) and X-ray computed tomography (CT) [6].

Among the inorganic scintillators, Ce**-activated lutetium
aluminum garnet with the general formula Lu3AI5012
(LuAG:Ce*") in powder form shows promise due to its excellent
properties, including chemical and mechanical stability, good
optical properties, and high density (6.73 g/cm3) [7]. However,
determining the optimal composition for achieving the best
scintillation performances requires both theoretical and
experimental investigations. Scintillators in powder form are
known for light scattering and self-absorption [8]. Powder
samples with a thickness of (1-3) mm are not transparent,
resulting in a significant fraction of generated photons being
scattered and reabsorbed by the material itself. As result, only a
limited number of photons are able to reach the photodetector,
Making it challenging to measure scintillation characteristics in
the absence of certain elements, such as the lack of a photo-peak
in the energy spectrum. This lack of efficiency, especially for
gamma and X-rays is due to the requirement for significant
absorption depth, which is not achievable with small powder
samples. On the other hand, thick powder samples exhibit strong
light scattering and absorption. Consequently, powder materials
are not efficient in terms of gamma and X-ray absorption [9].
Therefore, careful attention should be given for the choice of
excitation radiation when measuring the scintillation properties
of powder materials[1][9]. In characterization tasks, achieving
a high scintillation light yield (LY) is crucial for obtaining
accurate measurement signals. However, obtaining a high LY
with gamma and X-ray radiation is a challenge. On the other
hand, it has been found that alpha particles are more efficient
when interacting with powder scintillators. This is because
alpha particles are absorbed in the surface layers of the sample
(within a few microns) [1], Additionally, alpha particles have
high energy, leading to a greater production of photons and thus
better measurement signals. In such circumstances, the
excitation geometry also plays a role in ensuring a good
collection of the scintillation photons. Considering the
excitation geometry is important for efficiency of the
measurement setup[1][6]. In addition, and for the excitation
with alpha particles, The investigation demonstrated that the
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reflection geometry is more suitable for evaluating the
scintillation properties of powder scintillators, rather than
transmission geometry [1][9].

The objective of this work is to measure the scintillation light
yield of a newly prepared Ce** doped lutetium aluminum garnet
Lu;AlsO12 (LuAG) NP scintillator. The scintillator was
synthesized using the Sol-Gel method, and a previous study
investigated the effect of Ce*" concentration on the
photoluminescence (PL) properties, determining that the
optimal Ce*" dopant concentration for the highest PL
performance is 0.1% [7].

Various methods are commonly used to measure the scintillation
light yield of scintillator detectors, which are detailed in [10]. In
this work, the comparison method was employed, and the light
yield was estimated using a Ce-doped LuAG single crystal as a
reference detector, as its light yield is known (12000-15000
ph/MeV) [11]-[13]. Alpha particles with an energy of 5.48 MeV
from > Am were used for excitation, a photomultiplier tube
(PMT) was served as a photodetector and the reflection
geometry was applied.

II. METHOD AND EXPERIMENTAL DETAILS

A. Samples preparation

Ce*" doped lutetium aluminum garnet NPs (LuAg:Ce®") were
synthesized using the sol-gel method, as described in[7]. The
NP scintillator was synthesized with a Ce** concentration of
0.1%. The resulting NPs were then pressed and compacted to
form a pellet measuring approximately 1 cm in diameter and 3
mm in thickness, as illustrated in Fig. 1.

ry

LuAG :0.1% Ce** (NP)

Fig. 1: Photography of the prepared LuAg:0.1%Ce* (NP) and the
LuAg:0.1%Ce*" (SC), the single crystal was used as a reference detector.

LUAG :0.1% Ce** (SC)

The LuAG:0.1%Ce** SC was developed using the
Czochralski growth method. A small portion of comparable size
with the NP sample was used as a reference for measuring the
light yield. The single crystal sample is shown in Fig. 1. Further
details regarding the development of the single crystal can be
found in[14], [15].

B. Light yield measurement method

The scintillation light yield (LY), measured in Photons/MeV, is
a key characteristic of scintillation detectors. Several methods,
including the method of comparison, are commonly employed
to determine the LY [16]. The comparison method, as described
in the literature[1][10], involves determining the relative light
yield (RLY) by comparing the signal amplitudes of the detector
under characterization with those of a reference detector with a
known LY. Both detectors should be measured in the same
setup and under room temperature. The RLY can be calculated
using Equation (1):

PP G
RLYp (%): _—_ =D % JRD
PP_pp Gp

@)
Where: RLY is the relative light yield (in % of the reference
detector), PP_j, is the signal amplitude from the detector under
test, PP_pp is the signal amplitude from the reference detector,
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Ggrp is the amplifier gain applied to reference detector and G,
is the amplifier gain applied to the detector under
characterization. The absolute light yield (in ph/Mev) of the
detector under characterization can be estimated by multiplying
the RLY by the known LY of the reference detector [1] as given
in the equation (2).

ALYD :RLYD 'LYRD (2)

Where ALYpis the absolute light yield (in ph/Mev) of the
detector under characterization , LYy, is the absolute light yield
of the reference detector (in ph/Mev), the absolute light yield of
the yield is reported in [11].

For the measurement of the light yield (LY) of the prepared
Ce-doped LuAG NP sample, the LuAg:0.1%Ce>" single crystal
was employed as a reference detector. Both of LuAg:Ce SC and
NP are depicted in Fig. 1. A calibrated detection chain was
utilized to acquire measurement signals and to collect energy
spectrums from both the NP and single crystal detectors, in the
same configuration and under the reflection geometry.

Alpha particles were used for excitation for two reasons.
Firstly, their high energy enables effective discrimination of
noise and the production of a well-defined full absorption peak
[1]. Secondly, alpha particles interact effectively with
scintillator materials over short distances (tens of microns). To
determine the light yield (LY), alpha particles with an energy of
5.48 MeV from ' Am (with an 85% yield) were employed as
the excitation source. In order to prevent any external light from
penetrating, a tightly closed box was used to house the excitation
source, samples, and PMT.

The experimental setup used for measuring the light yield of
the prepared sample is presented in Fig. 2. The light emitted by
the scintillators under excitation by alpha particles was detected
by a photomultiplier tube (PMT). The PMT model used was the
6292-DUMONT, featuring a multi-alkali S-9 photocathode. The
spectral response of the PMT is well-matched to the spectral
emission of the Ce-doped LuAG, with a maximum response in
the range of 400-550 nm [17], which exactly aligns with the
peak emission wavelength of LuAg:Ce at 500 nm [18]. Both the
spectral emission of LuAg:Ce and the spectral response of the
PMT fall within the visible light range.

The output of the PMT was connected to the input of the
ORTEC 572 amplifier, which served to amplify and shape
signals. The amplification gain was fixed at 50 for both prepared
and reference detectors. Energy spectra were acquired using the
EASY-MCA-8K-CH multichannel analyzer (MCA) from
ORTEC and collected using Maestro Software, also from
ORTEC.
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Fig.2: Schematic view of the light measurement setup.

A pulse height spectrum was initially recorded using the
LuAg:0.1%Ce*" single crystal reference detector. This process
was then repeated with the LuAg:0.1%Ce** NP detector under
characterization. By comparing the positions of the 5.48 MeV
photo-peak obtained with the LuAg:Ce single crystal and the
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NP, an estimation of the light output of LuAG:0.1%Ce NP can
be determined. Fig. 3 illustrates the pulse height spectra
recorded for both the LuAg:Ce NP and the single crystal under
5.48 MeV alpha particles excitation, using a shaping time of 6
ps for the amplifier. The selected shaping time allows for the
collection of all charges produced in the PMT, ensuring the
maximum collection of photons from the scintillator
detectors[19]. The PMT was biased with a 1400V high voltage
(HV) power supply, and the PMT bias, shaping time, and
amplifier gain were the same for both spectrums. To accurately
determine the photo-peak center positions, Gaussian fitting was
performed on the obtained photo-peaks.
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Fig.3: Pulse height spectra of 5.48 Mev alpha particles recorded with LuAg:
Ce NP and single crystal (HV=1400V,Shaping time = 6us, amplification gain
= 50, spectra were collected for a time of 1000 s)

III. RESULTS AND DISCUSSION

As shown in the Fig.3, both spectrums show different photo-
peak positions. By analyzing the obtained photo-peak for both
the LuAg: 0.1%Ce** NP (detector under test) and the
LuAg:0.1%Ce*" SC (reference detector), it was determined that
the light output of the prepared sample of the LuAg:0.1%Ce**
NP is approximately 89% of the light output of the
LuAg:0.1%Ce*" SC used as reference. Results of the light yield
(LY) measurement are presented in both relative and absolute
values in Table 1. The absolute LY value of the reference
detector used for comparison is that reported in [11] which is of

15000 Ph/MeV.
Table. I
LIGHT YIELD MEASUREMENT RESULTS

s PEAK RELATIVE ABSOLUTE LIGHT

Scintillators LIGHT YIELD
POSITIONS (%) YIELD (PH/MEV)
LuAG SC 343.42+0.4 100 15000
LuAG NP 304.10+0.3 88.55+0.13 13395+25
IV. CONCLUSION

This study is a part of an ongoing endeavor to develop and
enhance NP scintillating detectors. The main focus of this
research was to characterize the scintillation light yield. By
utilizing a reference detector and alpha particles, the light
output of a newly developed Ce-activated LuAG NP scintillator
was successfully measured. The results indicated that the NP
scintillator demonstrates a relatively high light output,
comparable to that of the single crystal reference. These findings
suggest that NP scintillators have the potential to serve as an
alternative to single crystals in certain applications, owing to
their ease of development. However, it is important to
acknowledge that characterizing powder scintillators presents
additional challenges compared to single crystals due to their
tendency for light scattering, which can reduce efficiency when

detecting certain types of radiation, such as Gamma and X-rays.
Further advancements in characterization methods are necessary
in this regard. Future work will involve investigating other
scintillation properties of NPs, such as timing characteristics, as
well as exploring the impact of dopant concentrations on
scintillation characteristics.
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