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The contribution of the fast recovery constant is accounted for less than 20 % at + 22 to +10 °C. This effect 
can be explained by low concentration of colour centers in the crystal. Decreasing the temperature signifi
cantly reduces the contribution of the fast recovery constant. The recovery time constant for PWO at – 25 °C 
can be evaluated by linear approximation in the low temperature region of the recovery constants obtained for 
the 20 cm long PWO crystal. The recovery time constant for PWO at – 25 °C was estimated at the level of as 
much as 260 000 h (~ 30 years). Conversely, radiation damage of optical transmittance for a PWO crystal can 
be reduced by application of stimulated recovery. The stimulated recovery can be carried out by annealing the 
crystal or by injection of visible light or even infrared radiation. The application of stimulated recovery makes 
it possible to restore optical transmittance in situ either during technological breaks in the operation of the 
accelerator or even during the operation of the accelerator if the photosensor is insensitive for the wavelength 
range of injected photons. The recovery of the optical transmittance of the detector modules of a calorimeter 
will increase their lifetime, maintaining the radiation induced absorption at an acceptable level.

There are two actual processes initiated by the photons: ionisation of colour centers and transport of the cap-
tured electron from ground state of the colour center to its radiation level. The first process depends on the 
energy width of the conduction band and the position of the colour center ground state in the forbidden zone 
and may be initiated in a wide spectral range from UV to visible light. However, ionisation of colour centers 
is an improvident way because the energy Eph of the injected photons should be much greater than the ther-
mal activation energy of colour centers E TA. The second process, called stimulated recovery, is an intra-center 
resonant transition that can be initiated by photons with an energy Eph even as low as Eph ~ E TA, so even infrared 
photons can initiate it. In this case, stimulation can even be applied simultaneously with ionising irradiation, 
in particular, if the photosensor used is blind for the chosen wavelength region. As a consequence, the level of 
the dynamic saturation of the induced optical absorption in the crystal will be reduced.

The spontaneous and stimulated recovery of the transmittance at 420 nm at – 25 °C of a lead tungstate crys-
tal after gamma-irradiation (30 Gy absorbed dose) is shown in fig. 4. The process of transmittance recovery 
was monitored with a 420 nm LED pulsed source with intensity stabilised at the level of 0.1 %. A significant 
acceleration of the recovery of the transmittance is observed with stimulation via intracenter transitions with 
IR photons in the range 850 –1060 nm. This effects is achieved by illuminating with photons at different wave-
lengths produced by laser diodes with an intensity 1 ⋅ 1017 photons per second in the wrapped lead tungstate 
crystal of 20 cm length cooled down to – 25 °C. Deterioration of the relative optical transmittance of PWO crys-
tals was controlled by the monitoring system which provides continuous measurements of the relative optical 
transmission in the blue spectral region with a peak around 420 nm after irradiation and during the stimulated 

recovery. The recovery curves are fitted with a double exponential function of the form 1 1 2
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where a = a1 + a2 is the sum of recovery; t1 and t2 are the fast and slow recovery constants, respectively;  

Fig. 3. Spontaneous recovery of the radiation induced absorption coefficient at 420 nm  
of two PWO samples irradiated and measure at + 22 and +10 °C.  

Samples are courtesy of the PANDA Collaboration at FAIR (Darmstadt)


