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Introduction 
 

During the Viability Assessment of the scintillating fibres in February 2013, the referees 

recommended an assessment of the question whether the decay time constant of the considered 

scintillating fibre SCSF-78 remains constant for the relevant ionisation dose (30 kGy). An increase of 

the decay constant after radiation damage could lead to a significant spill-over of signal, in particular 

for hits close to the beam pipe region. The nominal decay time constant of SCSF-78 is 2.8 ns. 

 

Method 
 

The following simple test was performed using the irradiated fibre test plate (plate 1), which was 

already used for the measurement of the light attenuation length (see LHCb-INT_2013-004). 

The fibre set (4 x 2 fibres) was excited by energy filtered electrons (~ 1-2 MeV) from a Sr-90 e-gun 

source. Two aligned scintillating fibres of 1 mm diameter, mounted behind the exit slit of the e-gun 

and read jointly by two SiPM detectors at either side, served for triggering (see below). 

The 8 fibres were read out in common by a SiPM of type KETEK 50D ADV of 1x1 mm2 area. The 

signals were amplified by a fast current amplifier (discrete components) with a current gain of 40. 

The shaping stage is conceived such that it is only sensitive to the fast SiPM fall time component (10 

ns). The signals were recorded by a fast digital oscilloscope (bandwidth 1Ghz, sampling rate 2 GSa/s).  

The trigger of the scope was a coincidence of  

- The signals from the fibre set exceeding -10 or -20 mV  

- The signal of the trigger fibre (after discrimination). 

The tests consist in comparing the waveform of the signals from the fibre set, when the e-gun was 

positioned in the non-irradiated zone (22 cm from readout end) or in the irradiated zone (272 cm 

from the readout end), which received an ionizing dose of 23 kGy. 

Results 
Typical recorded signals from the irradiated zone are shown in Fig. 1. The trigger time was defined 

by the falling edge of the discriminated signal of the trigger fibres only, which is also shown in the 

screen shots.  

As a consequence of the very low photoelectron yield (approx. 2 p.e. in the irradiated and ~10 p.e. in 

the non-irradiated zone) achieved in these specific conditions, the comparison of the waveforms was 

only possible after averaging over a certain number of triggers. Fig. 2 shows a comparison of the 

waveforms, averaged over 500 triggers. The signal of the fibres for the non-irradiated zone were 

delayed (cable delay) in order to compensate for the 250 cm path length difference. Due to the low 

number of photons, the averaging of the statistically fluctuating signals leads to a reduction of the 

peak amplitude and an increase of the apparent rise and fall times.    
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Figure 1: Typical waveforms of the amplified SiPM signal from the irradiated region. The time base of the scope was set 
to 10 ns per division. The green rectangular pulse is the gate based on the trigger fibres. It defines the t0 of the 
measurement. The left hand side plot shows a single photoelectron pulse. The amplitude is about 40 mV, rise time and 
fall times about 2 ns and 5 ns, respectively. The plot on the right hand side shows an event with 2 (or 3) photoelectrons, 
displaced by about 5 ns in time.   

 

    

Figure 2: Waveforms after averaging over 500 triggers. Time base: 10 ns/div. Note the different voltage bases (50 and 20 
mV/div, respectively). Left plot: Non-irradiated region. Right plot: Irradiated region. 
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Figure 3: Averaged waveforms (500 samples) for the non-irradiated and irradiated zone. The irradiated data was scaled 
by a factor 5.25 to achieve the same peak amplitude. Exponential fits to the falling parts of the non-irradiated and 
irradiated data give fall times of 4.1 and 3.3 ns, respectively.  

 

Fig. 3 shows a comparison of the averaged waveforms recorded in the non-irradiated and irradiated 

zones. The latter one is also shown after scaling it by a factor 5.25 in order to achieve the same peak 

amplitude. All waveforms fit in an interval of 20 ns width. The waveform of the irradiated zone 

shows slightly faster rise and fall times than the one of the non-irradiated zone and is therefore 

slightly narrower. The precise reason for this behaviour is not known at this moment. Exponential 

fits to the falling parts of the non-irradiated and irradiated data give fall times of 4.1 and 3.3 ns, 

respectively.  

The measured fall times of the averaged waveforms are in both cases close to the nominal decay 

time of the scintillating fibre (2.8 ns). On the basis of these measurements we draw the preliminary 

conclusion that the radiation damage from an ionizing dose of 23 kGy does not lead to any 

measurable increase of the decay time constant of the scintillating fibre SCSF-78.    
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