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Abstract 

Halide single crystals with relatively small band-gap 

show favorable scintillation properties.  We grew un-

doped and Pr doped CeBr3 crystals by a modified mi-

cro-pulling-down (µ-PD) method.  Crystals of ap-

proximately 10 mm in length and 3mm in diameter 

were obtained. Fast scintillation decay components ob-

served both for the undoped and Pr doped crystals were 

characterized by a decay time of approximately 16 ns.  

From the emission spectra excited by 260 nm light, 

emission peaks originating from Pr 4f-4f transitions 

were observed at 490, 620 and 650 nm in the Pr–doped 

sample.  In excitation spectra for the 400 nm emission 

wavelength, the excitation peak observed around 340 

nm in the undoped sample was shifted to shorter wave-

lengths in the Pr-doped one. 

 

1. Introduction 

  Micro-pulling-down (µ-PD) method [1] is the one of the 

methods of crystal growth from the melt. The -PD method 

can grow a crystal approximately ten times faster than 

conventional methods and it is suitable for  fast search of 

functional single crystals with.  However, conventional 

the halide crystals cannot be usually grown with this meth-

od because of their hygroscopicity. Therefore, we have 

developed a modified µ-PD method for growth of halide 

crystals and we have reported the growth and properties of 

halide scintillator single crystals such as CeCl3, Ce:LaBr3 

and Eu:SrI2 [2,3]. 

  Halide crystals with relatively small band-gap are 

sxpected to show high light yield and energy resolution [4], 

which makes them attractive candidates for scintillation 

materials for many applications [5].  The scintillation 

properties of Ce:LaBr3 have been studied recently [6,7] and 

particularly high light yield (80,000 ph/MeV), short decay 

time (< 30 ns) and high density (5.1 g/cm
3
) were reported 

[8]. Other bromides are also expected to be good candidates 

for new scintillator materials with high performance.  Rare 

earth (RE) ion doping might contribute to improvement of 

scintillation properties by facilitating the energy transfer 

from the host matrix to the luminescence centers. For the 

CeBr3 host material, trivalent RE dopant similar ionic radi-

us, such as Pr
3+

 can be substituted.  However, its influence 

on the scintillation properties of CeBr3 has not been re-

ported so far. 

Based on the above background, the purpose of this 

study is to prepare Pr doped CeBr3 by the modified µ-PD 

method and to evaluate the scintillation properties.   

 

2. Experimental 

In order to prepare Pr doped CeBr3 crystals, mixed pow-

ders with nominal components of (Ce1-xPrx)Br3, x = 0, 0.01, 

0.03, 0.05 and 0.10 were prepared from starting materials 

of CeBr3 (>3N) and PrBr3 (>4N) in a glove box.  To re-

move moisture on the surface of instruments and mixed 

powders a baking precedure under high vacuum state (~10
-4

 

Pa) was performed. The crystals were grown in high-purity 

Ar gas (99.9999%) atmosphere. The carbon crucible was 

selected considering the wettability of CeBr3 melt. The 

crystal growth was performed at pulling-rate of approxi-

mately 0.05 mm/min. In order to study properties of the 

grown crystals, specimens with approximately 1 mm 

thickness were prepared by cutting and polishing the grown 

crystals. 

The decay curves under -ray excitation from 
137

Cs radi-

ation source were evaluated to investigate the decay time. 

Emission and absorption spectra of the polished crystals 

were measured. Samples were excited by monochromatic 

UV photons using Xenon lamp (150W) and a monochrom-

ator (SP2150i, Princeton Instruments) controlled by a 

computer. [9]. 

 

3. Results and Discussions 

  To perform a stable crystal growth of CeBr3 and Pr:CeBr3 

crystals by the modified µ-PD method, a carbon crucible 

with a die with a hole at the bottom was used because melt 

of CeBr3 showed a good wettability for the carbon crucible.  

Figure 1 shows the undoped and Pr5mol% doped CeBr3 

grown crystals.  The crystals of, approximately 10 mm in 

length and 3mm in diameter were obtained.  Both trans-

parent and cracky parts were observed in the polished un-

doped and Pr doped crystals. 

Figure 2 shows decay curves of undoped and Pr 5mol% 
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doped CeBr3 crystals under -ray excitation. Fast decay 

components for the undoped and Pr doped crystals were 

approximately 16 ns.  In contrast, Pr doped crystal showed 

additional slower decay component when compared to the 

undoped one.  The reason of generation of slower decay 

component is not clear now and further research is required 

to clarify the effects of Pr doping on decay time of CeBr3 

crystal. 

Figure 3 shows emission spectra of the undoped and Pr 

doped CeBr3 crystals excited by 260 nm light. Both crystals 

indicated emission peaks around 380 nm which were at-

tributable to Ce
3+

 5d-4f transition.  In addition, emission 

peaks originating from Pr
3+

 4f-4f transitions were observed 

at 490, 620 and 650 nm for the Pr doped crystal.  In the 

excitation spectra for the 400 nm emission wavelength, the 

excitation peak found around 340 nm in the undoped sam-

ple was shifted to shorter wavelength in the Pr doped one. 

On the other hand, the excitation peak around 280 nm was 

shifted to longer wavelength. 

  The details of results about crystal growth and their scin-

tillation properties will be reported in our presentation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig.1 As grown and polished undoped CeBr3 (a,c) and Pr doped 

CeBr3 (c,d) crystals. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Decay curves of undoped and Pr 5mol% doped CeBr3 

crystals irradiated by -ray. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Emission spectra of the undoped and Pr 5mol% doped 

CeBr3 crystals excited with 260 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Excitation spectra of undoped and Pr 5mol% doped CeBr3 

crystals at 400 nm emission wavelength 
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