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Abstract: X-ray imaging plays a vital role in nuclear medical diagnostics, industrial non-destructive inspection,
and security inspection, where high-performance scintillators serve as the core materials for efficient X-ray detection
and imaging. Developing new scintillator crystals that combine high absorption efficiency, high light yield, fast de-
cay time, and low detection limit is a key challenge for improving imaging quality and reducing radiation dose. In
this work, Cs;Lu,Cly crystals doped with various Ce’ concentrations were successfully prepared by the Bridgeman
method, and their photoluminescence and scintillation properties were systematically investigated. The undoped crys-

tal exhibits intrinsic broad-band luminescence originating from self-trapped excitons (STE). Ce* doping significantly
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enhances the X-ray excited luminescence intensity. Among them, the Cs;Lu,Cly: 5%Ce crystal exhibits the best over-
all scintillation performance. It shows a radioluminescence (RL) emission peak at 425 nm and achieves a steady-
state X-ray light yield of 20 700 photons*MeV™, which is seven times higher than that of the undoped sample. Its
scintillation decay time is 36. 5 ns. Furthermore, this crystal achieves a low X-ray detection limit of 152 nGy,;,*s”'
and a high spatial resolution of 14. 5 lp>mm™". This work elucidates the mechanism by which Ce™ synergistically en-
hances STE luminescence efficiency in Cs;Lu,Cly, achieved by suppressing non-radiative recombination and facilitat-

ing energy transfer. It thus confirms the great potential of Cs;Lu,Cly: 5%Ce as a high-performance, fast-response X-

ray scintillator for low-dose, high-resolution imaging applications.
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Fig.3 (a)X-ray absorption coefficients of Cs;Lu,Cly: Ce, Csl: Tl and LYSO: Ce single crystals as a function of photon energy.

(b)RL spectra of Cs;Lu,Cly, Cs;Lu,Cly:5%Ce and BGO single crystals under identical measurement condition. (¢) X-
ray-induced scintillation efficiency of Cs;Lu,Cly: Ce with different Ce concentrations. (d) Scintillation decay curve of
Cs;Lu,Cly: 5%Ce crystal under irradiation of *'Am source. (e)Schematic illustration of the scintillation emission path-
ways in the Cs;Lu,Cly: 5%Ce crystal. (f) Radiation stability evaluation of Cs;Lu,Cly:5%Ce under cyclical X-ray irradia-
tion (top) and RL spectra of Cs;Lu,Cly: 5%Ce measured immediately after crystal growth and after three months of stor-

age (bottom)
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Fig.4 (a)Linear relationship between the SNR of X-ray response and the X-ray dose rate for Cs;Lu,Cly: 5%Ce. (b) Schematic
diagram of the X-ray imaging system. X-ray images (left) and corresponding bright-field photographs (right) of (¢)a chip
(partial) and (d)a copper mesh (100 mesh). (e)X-ray images based on Cs;Lu,Cly: 5%Ce scintillation screen of a partial
region of the standard X-ray line pair card. (f)MTFs of the X-ray images of Cs;Lu,Cly: 5%Ce scintillation screen
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