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	 Sm-doped CaI2 bulk crystals were synthesized by the vertical Bridgman method, and their 
photoluminescence and radioluminescence properties were systematically investigated. The 
samples exhibited a broad emission band centered around 870 nm, attributed to the 5d–4f 
transitions of Sm2+. Decay curve analysis revealed the presence of two distinct components: a 
fast decay component (~0.6 μs) associated with self-trapped excitons, and a slow component 
(2–4 μs) corresponding to Sm2+ emission. These results suggest the potential applicability of 
Sm-doped CaI2 crystals for photon-counting measurements in the NIR region.

1.	 Introduction

	 A scintillator is a luminescent material that emits light when exposed to ionizing radiation 
and has been widely employed in medical imaging, security, environmental monitoring, and 
resource exploration. Previous scintillator development has traditionally focused on phosphors 
emitting in the UV-visible range to match the sensitivity of photomultiplier tubes (PMTs),(1,2) 
whereas recent efforts increasingly emphasize red to NIR scintillators owing to potential 
advantages in emerging applications.(3–9) 600–900 nm is well matched to Si-based 
photodetectors such as Si photodiodes and avalanche photodiodes (APDs), enabling high 
scintillation output; in addition, light at these wavelengths is less absorbed by biological tissues, 
making red–NIR scintillators promising for in vivo monitoring and radiation therapy.
	 Sm2+ ions have attracted attention as novel emission centers that provide broad red–NIR 
emission arising from 5d–4f transitions, typically between 600 and 900 nm.(10–12) The emission 
spectrum of Sm2+ aligns with the spectral response of Si-based avalanche photodiodes, enabling 
efficient detection.(13–21) Furthermore, the ionic radius of Sm2+ is close to that of alkaline-earth 
ions, facilitating its incorporation into divalent cation sites. CaI2 has a relatively high effective 
atomic number among halide hosts, and both undoped and Eu-doped CaI2 have demonstrated 
high scintillation light yields of approximately 80000–100000 ph/MeV.(22) Although CaI2 is 
strongly hygroscopic, the properties suggest that it is a promising host for Sm-based red–NIR 
scintillators. In this study, we investigated the luminescence and scintillation characteristics of 
Sm-doped CaI2 single crystals to evaluate their potential as red–NIR scintillation materials.
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2.	 Data, Materials, and Methods

	 0.3, 1, and 3 atomic% Sm-doped CaI2 bulk crystals were synthesized by the Bridgman 
method. CaI2 (99.9%), SmCl3･6H2O (99.9%), and 0.1 wt% graphite powders were put into a 
quartz ampoule and heated at 300 oC for 3 h. After sealing under vacuum as described 
previously,(23) crystal growth was performed using a Bridgman furnace (VFK-1800, Crystal 
Systems) with a growth speed of 5 mm/h. Photoluminescence (PL) quantum yields (QYs) and 3D 
emission spectra were measured using a Quantaurus-QY spectrometer (C11347, Hamamatsu 
Photonics). X-ray-induced radioluminescence (RL) spectra were measured using a spectrometer 
(QEPro, Ocean Insight), and RL decay profiles were evaluated using our original setup.(24) To 
measure pulse height (PH) spectra under 137Cs γ-rays, a PMT (R7600-20, Hamamatsu Photonics) 
and nuclear instrument modules (556, 113, and 570, Ortec) were used with the shaping times of 
10 μs for the samples and 0.5 μs for the reference Ce-doped Gd2SiO5 (GSO, 8000 ph/MeV, 
OXIDE). 

3.	 Results and Discussion

	 Figure 1 shows the appearance of prepared Sm-doped CaI2 polished with sandpaper for 
characterization. The polished samples were approximately 1 mm thick and exhibited a 
translucent appearance with a slight green tint. Figure 1 also shows the 3D PL spectra of 
Sm:CaI2. A broad emission band is observed at 870 nm, which is suitable for Si-based 
photodetectors. Notably, the QY reached 61% at 1% Sm:CaI2, while lower and higher 
concentrations (0.3% and 3%) yielded 31% and 17%, respectively. Compared with previously 
reported Sm-doped alkaline-earth halides—CaCl2:Sm (750 nm), SrCl2:Sm (690 nm), and 
BaCl2:Sm (650 nm)(12,25)—the emission wavelength of Sm:CaI2 is significantly longer. The 
observed redshift in CaI2 suggests a weaker crystal field environment, supporting the 
expectation that iodide hosts can extend emission into the NIR region. Unlike previously 
reported Sm-doped phosphors, no emission due to the 4f–4f transitions of Sm3+ was observed, 
suggesting that Sm is predominantly incorporated as Sm2+ in CaI2.
	 Figure 2 shows the X-ray-induced RL spectra of Sm:CaI2 crystals. All the samples exhibit 
emission signals attributed to the 5d–4f transition of Sm2+ like in PL. 0.3% and 1% Sm:CaI2 
show a broad emission band at 410 nm, derived from self-trapped excitons (STEs), as reported 
previously.(25) The emission band was not detected in the PL under the tested excitation 
wavelengths because the reported excitation range for STE emission was 200–250 nm. The STE 
emission band decreases with Sm concentration owing to the absorption of Sm2+ at 430 nm 
shown in Fig. 1.
	 RL decay curves were measured and fitted using exponential functions, as shown in Fig. 3. 
The 3% Sm-doped sample exhibited a single decay component, which is attributed to the 
dominant Sm2+ 5d–4f transition observed in the RL spectrum. Although no available decay data 
for Sm2+ in CaI2 have been reported, decay time corresponding to Sm2+ is expected to follow the 
empirical relationship τ∝λ3. The measured decay time is consistent with the predicted trend 
reported in the literature.(26) Furthermore, Sm:CaI2 exhibits a slightly longer decay time constant 
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(870 nm, 2.1 μs) than Sm:SrI2 (750 nm, ~1.5 μs(15,17)), consistent with the longer emission 
wavelength. The 0.3% and 1% Sm-doped samples showed two decay components. On the basis 
of the spectral features and the relative intensity of the decay components, the slower component 
(τ2~2–4 μs) is attributed to Sm2+ emission, whereas the faster component (τ1~0.6 μs) is likely 
associated with STEs.
	 Figure 4 shows the PH spectra under γ-rays (662 keV) measured using 1% Sm:CaI2 and GSO. 
Since the PMT used has negligible sensitivity at 870 nm, the LY of 1% Sm:CaI₂ is estimated to 
be ~24000 ph/MeV on the basis of the quantum efficiency at 410 nm. Although the RL spectrum 
is qualitative and does not allow direct intensity comparison, the emission at 870 nm is dominant 
over that at 410 nm in 1% Sm:CaI₂, suggesting a comparable LY in the NIR region.

4.	 Conclusions

	 Sm:CaI2 bulk crystals were synthesized by the conventional vertical Bridgman method, and 
their PL and RL properties were systematically investigated. The samples exhibited a broad 
emission band centered at 870 nm, attributed to the 5d–4f transitions of Sm2+. Decay curve 

Fig. 1.	 (Color online) PL 3D spectra of Sm:CaI2. Fig. 2.	 (Color online) RL spectra of Sm:CaI2.

Fig. 3.	 (Color online) RL decay curves of Sm:CaI2. Fig. 4.	 (Color online) PH spectra of 137Cs γ-rays.
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analysis revealed two distinct components: a fast component (~0.6 μs) due to STEs, and a slow 
component (2–4 μs) corresponding to Sm2+ emission. The LY is roughly estimated to be 
20,000–30,000 ph/MeV, which is comparable to those of other Sm-doped materials such as 
Sm:SrCl2 (34000 ph/MeV(20)), Sm:SrBr2 (33000 ph/MeV(23)), and Sm:CsBa2I5 (20500 ph/
MeV(27)). These results demonstrate that Sm:CaI2 is capable of both NIR luminescence and γ-ray 
detection, indicating its potential for photon-counting applications in the NIR region. The 
emission band partially overlaps with the spectral sensitivity range of Si-APDs, suggesting that 
detection using Si-based photodetectors is feasible. Further optimization and integration with Si-
APDs will be explored in future work.
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