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1. Background-Aim

Applications of scintillators in harsh environments (i.e. high
temperatures or radiation fluxes), such as radiation
chemistry, nuclear reactor monitoring, non-destructive
testing (NDT), in geophysical detectors for deep geology
boreholes, of pipelines in oil and gas industry, space and
marine exploration, etc. show increasing interest.

In this framework, the aim of this study was to examine the
influence of temperature on the luminescence efficiency of
a Gadolinium Aluminium Gallium Garnet (Gd₃Al₂Ga₃O₁₂-
GAGG:Ce) single crystal scintillator.

The crystal output was compared with various crystal
scintillators of equal dimensions, in similar experimental
conditions.



2. Materials & Methods

For the experiments, a CPI series CMP 200 DR medical X-ray source was set to fixed high 
voltage (90kVp), to expose the sample with X-ray radiation, under different temperature 
conditions (23-150 oC). 

20 mm Al was added in addition to the inner filter of the X-ray tube, to simulate 
attenuation from a human chest. 

The GAGG:Ce crystal under investigation has fast decay (<50ns) and light yield (45000 
photons/MeV). 

The crystal sample was heated using a Perel 3700-9 2000W heating gun.

The temperature on the crystal surface was monitored using an Agilent Technologies 
U1253A digital multimeter, coupled to a U1185A thermocouple (J-Type) with temperature 
probe adapter.



3. Materials & Methods

The efficiency of a scintillator to emit light, after X-ray exposure, can be 
experimentally determined under clinical conditions by the absolute 
luminescence efficiency (AE), defined in terms of emitted light energy flux (Ψλ) per 
unit of incident exposure rate, i.e. (Michail et al., 2019):

Where X is the exposure rate measured with a Piranha P100B (RTI) dosimeter. 

AE is expressed in efficiency units (E.U.)

/ X = 



4. Results

Figure shows the variation of the produced voltages, 

from the examined GAGG-45 crystal, after the reading 

of the PMT signal. 

The threshold voltage of the electrometer was set up 

to 1Vpp. with exposure time and temperature. 

All curves are within the examined temperature range 

(23-150 oC). 

The pulses produced during the irradiation show 

initially a sharp increase, followed by a plateau and 

finally a sharp decrease of the signal.



5. Results

The luminescence efficiency (LE) of Gd₃Al₂Ga₃O₁₂:Ce 

decreases constantly with increasing temperature, namely 

between 29.16 EU at 23.7oC to 18.30 EU at 150oC. 

(EU is the S.I. equivalent μWm-2/(mGy/s). GAGG:Ce showed 

comparable or even better performance compared to the 

majority of previously examined crystals in our laboratory. 



6. Conclusions

Data on the thermal behavior of scintillators, such as
GAGG:Ce is useful for various applications, from
medical imaging up to detectors for extreme
environments.
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