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БГУ – столетняя история успеха

c is the residual damage according to range time of illumination; 1− +( )a c  is the total initial damage. For 
more details, the experimental setup for studying stimulated recovery of the radiation damage of lead tungstate 
crystals is described elsewhere [13].

Stimulated recovery provides simultaneous changes of relative transmittance in a wide spectral range. 
The stimulated recovery constants of a lead tungstate crystal for the transmittance at 420 nm and at – 25 °C 
after gamma-irradiation measured for different wavelengths of injected photons are presented in table 2. 

Ta b l e  2
Stimulated recovery parameters of the radiation induced absorption coefficient  

for PWO samples at – 25 °C for different wavelengths of injected photons

Wavelength  
of injected photons, nm

Stimulated  
recovery constant, h

Fraction (  f  ) of fast  
and slow constant, % Total recovery, % Residual damaged  

transmittance, %

tf ts ftf fts a = a1 + a2 c
850 1.9 52.6 2.0 98.0 32.0 3
980 10.7 81.5 8.6 91.4 19.6 14
1060 10.4 106.3 2.2 97.7 15.2 19

As seen, stimulation of the colour centers by IR photons is able to accelerate the recuperation of the crystal 
optical transmittance by three orders of magnitude. This finding makes a very perspective described approach 
to keep ECAL acquisition capabilities at the operation at low temperatures.

Conclusions
An approach to keep ECAL detector capabilities constant, while operating at low temperature is described. 

The PWO scintillator radiation-induced damage recovery stimulation by illumination with external light of IR 
photons was found to be an effective way to recuperate radiation-damaged optical transmittance.

Recovery time may be accelerated by a factor 1000 in a comparison with the spontaneous process. This 
finding may have a strong impact on future detector concepts, how to maintain the performance of electro-
magnetic calorimeters at accelerator experiments based on PWO scintillator. In situ recuperation of optical 
transmission of scintillator elements by stimulated recovery during the breaks between or even in parallel with 
the data acquisition can substantially improve the detector performance and prolong its lifetime under tolerable 
conditions. Since commonly used photosensors are blind in the IR region, stimulated recovery can possibly be 
applied even during detector operation and data acquisition.

Fig. 4. Changes of relative transmittance at 420 nm of a PWO crystal at – 25 °C  
due to spontaneous recovery and under stimulated recovery by photons  

with different wavelengths of intensity 1 ⋅ 1017 photons per second after 30 Gy absorbed dose


