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where F is the Fano factor, and ne is the number of detected photoelectrons. Hence, the stochastic term is 
controlled by both the light yield of the scintillation material and the light collection affecting the transport 
of photons to the photoreceiver window. Thus, the deterioration of the response of the calorimeter is due to 
the loss in the light collection. At such conditions, the rate of the spontaneous recovery of the colour centers, 
in order to keep their dynamical concentration small at a given dose rate, becomes a crucial parameter of the 
detection material. For the lead tungstate scintillation crystal, the light yield of which might be increased by 
cooling, the fast recuperation of the colour centers at low operational temperature stands as a decisive property. 
Unfortunately, the spontaneous recovery processes are significantly slowed down in PWO by cooling [4]. 

A possible way to recuperate the radiation-induced optical transmission damage during the ECAL operation 
will be described here. The method is based on the implementation of stimulated recovery based on the injec-
tion of infra-red (IR) light into each crystal of the electromagnetic calorimeter.

Experimental results and discussion
Lead tungstate is a self-activated scintillator [5]. Therefore, the luminescence has a strong temperature 

quenching, which provides fast scintillation kinetics with a decay constant of about 10 ns. The light yield 
of the lead tungstate crystal varies with temperature coefficient (–3 % / °C) [6; 7] in the temperature range 
from + 50 to – 50 °C. Figure 1 shows dependence of the light output on the integration time of the ensuring 
electronics behind the fast readout photomultiplier tubes at different temperatures. The overall gain factor 
of the light yield at T = – 40 °C compared to T = + 20 °C is seven.

An increase of the light yield allows improving the energy resolution of the detector at hundreds of MeV 
photon energy, which is crucially important for precise spectroscopy in hadron physics. The gain in energy 
resolution obtained with a 3 × 3 matrix made of 200 mm long PWO crystals [8] confirms this statement and is 
presented in fig. 2. Apparently, a decrease of the PWO based detector operational temperature is a prospective 
way to achieve better energy resolution of the PWO based detector. 

According to these experimental results, energy resolutions of s
E
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(in %; E  given in GeV) were deduced at – 25 and +10  °C, respectively. The  reduced energy resolution at 
T = +10 °C is consistent with the lower light output due to thermal quenching and is quantitatively expressed 
by the higher stochastic term in the parametrisation of the resolution [10]. Assuming the ratio of light yields 
at – 25 and +10 °C around 2.5–3.0 from fig. 2, the stochastic terms of energy resolutions from experiment agree 
well with equation (1).

Fig. 1. Gated light output of PWO scintillator (20 × 20 × 200 mm) coupled  
to a Hamamatsu R2059 photomultiplier (Japan) tube at different temperatures


