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БГУ – столетняя история успеха

When a lead tungstate crystal is exposed to ionising radiation, the pre-existing point defects of the crystal 
structure may act as traps for electrons or holes. The resulting charged defects have discrete energy levels and 
optical transitions can be induced, absorbing part of the scintillation light that propagates in the crystal toward 
the photodetector. 

Ionising radiation damage of optical transmission of the inorganic crystal can be considered as a three step 
process consisting of creation of hot electrons and holes from the interaction of ionising particles with the crys-
tal lattice; free carrier separation during the thermalisation (through strong coupling with lattice phonons) and 
diffusion process; localisation of electrons and holes near lattice defects, to balance local charge. This chain 
results in the creation of colour centers overlapping the scintillation band.

Up to five types of colour centers have been identified in lead tungstate with corresponding absorption 
bands at 350 – 400; 470; 520; 620 and 715 nm [11; 12]. Only three of them having absorption bands in the blue-
green spectral range overlap the scintillation band. Absorption bands in the 350 – 400 nm spectral range are 
caused by the recharge of the WO

3

2−  Frenkel-type defect centers, whereas 470 and 520 nm absorption bands, 
which also overlap the scintillation band, are caused by several types of di-O– centers [5]. 

The slowing of spontaneous recovery becomes observable already at the cooling the crystal to +10 °C. 
The spontaneous recovery of the radiation induced absorption coefficient at 420 nm after irradiation of two 
PWO samples at +22 and +10 °C is shown in fig. 3.

Stimulated recovery of the optical transmittance was measured during 50 and 500 h for short and long PWO 
samples, respectively. Irradiation was performed using a 60Co source to a radiation dose of 100 Gy. Recovery 
with a fast constant was not observed in the small samples, since the measurements were taken 30 min after 
irradiation. The measurements for full-size samples were taken 2 min after irradiation.

The experimental data of recovery kinetics are approximated and the parameters of spontaneous recovery 
of the radiation induced absorption coefficient for PWO samples at + 22 and +10 °C are presented in table 1. 
The time constant was evaluated with an accuracy of better than 5 %.

Ta b l e  1
Spontaneous recovery parameters of the radiation induced absorption coefficient  

for PWO samples at + 22 and +10 °С, respectively

PWO sample, cm Temperature, °C
Recovery time constant, h Fraction (  f  ) of fast  

and slow constant, % Amplitude, m–1
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2 × 2 × 2
+ 22 – 9.9 1541.0 – – – – 0.205 1.040
+10 – 18.7 4278.0 – – – – 0.035 1.389

2.5 × 2.5 × 20.0
+ 22 0.18 71.0 109.6 0.000 2 19.2 80.8 0.078 0.190 0.520
+10 0.42 74.3 771.2 10–7 3.0 97.0 0.120 0.240 0.800

Fig. 2. The energy resolution of a 3 × 3 PWO matrix of 200 mm  
long crystals measured at two different operating temperatures  

of – 25 and +10 °C, respectively (after [9])


