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Requirements to scintillators 
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Long (>20 cm) crystalline fibers with good transparency (attenuation length Latt >40 cm) [2] 

LuAG:Ce fiber with length 22 cm demonstrate Latt = 104 cm 



Why YAG:Ce? 

- Cost of starting Y2O3 is powder by ~100 times lower then Lu2O3 
 
 

- As YAG:Ce contains light ions, its radiation hardness under high 
energy hadrons is better compared to PWO and other heavy 
scintillators [3, 4] 
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Fabrication method of YAG fibers  
 

m-PD furnace & crystals (ILM, Lyon, France) 

YAG:Ce 



Causes of attenuation length degradation 

Periodical “waves” oriented perpendicular to the growth direction are formed after variation of melt meniscus 

shape, probably, due to supercooling at the crystallization interface and/or instable thermal conditions. 
Supercooling can be caused by formation of foreign phases on the crystallization interface due to Al deficiency 

in the melt.  

LuAG:Ce LuAG:Ce 

YAG:Ce 



Fiber crystal growth from nonstoichiometric melt 

Sample 

  

Ce conc, 

ppm 

Al 

excess, 

ppm 

Overall 

Latt, cm 

Latt of the 

transparent 

part, cm 

Length of the 

transparent part, 

cm 

YCV30 100 <20 17,4 16,5 22 

YCV31 100 110 14,4 20,0 16 

YCV32 100 160 16,3 20,3 18 

YCV33 100 210 10,4 26,7 15 

YCV36 100 370 6,0 21,8 11 

YCV 33 
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Attenuation length vs. Al excess 

Optimal concentration interval of Al excess lies below 400 ppm and provides the improvement of attenuation 
length in the head part of the fibers.  
Fibers grown by µ-PD method providing a large melt surface/bulk ratio, Al2O3 evaporation is a notable factor 
determining the quantity of macrodefects in fibers.  



Obtaining of 22 cm long transparent fibers 
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Name C(Aldoped), 

Ppm 

C(Mg), 

Ppm 

Attenuation 

length, cm 

YCD10 0 20 24.3 

YCD7 0 40 35.7 

YCD11 170 20 6.2 

YCD9 170 40 4.2 

 
- vertical thermal gradient at the crystallization interface was increased; 
 
- melt pressure inside the capillary die was increased. 



Effect of thermal treatment of fibers 
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Post-growth annealing of YAG:Ce fibers in air at 1200 
 

C did not give a reproducible positive result. 
 
Meanwhile, for Mg-doped fibers the effect of thermal annealing is significant and increases with Mg 
concentration .   



Decay time reducing 
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Summary 

- The significant progress in transmission of YAG:Ce-based fibers has been achieved by adding of 

Al3+ excess into the melt and optimizing thermal conditions of crystallization by the µ-PD method. 

As the result, the attenuation length of up to 38 cm was achieved in 22 cm long YAG:Ce fibers.  

- Optimization of thermal conditions and post-growth annealing provided the attenuation length 

enhancement up to 36 cm in YAG:Ce,Mg, which practically meets the requirement of detectors for 

future colliders.  

- The scintillation decay time of the main fast component decreases from 130 to 80 ns with light 

Mg codoping.  
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