
Photon Counting

LYSO scintillating crystal causes 16,000 photon for 511keV gamma rays. 

We see ~one direction out of 6 (L-R,U-D,F-B) direction. 
So ~2,670 photon will come out. 

LYSO is 2mm x 2mm but Sensor is 1mm x 1mm. It is 1/4 
Consequently, only 670 photon will hits the sensor.

case of EasyPET

40% of area is active in SiPM 
= about 270 photons will hits active area 

Max hits is 400. We don’t see bigger than that. 

Non linear!

Observe how the rate goes up when you bring the source close to the detector (the rate is shown in 
the GUI and also on the MCA display 

The “DT5770 Parameters” allow you to change the gain and the internal trigger of the MCA. Observe 
how the signal changes with the gain, and how the rate changes with the trigger. 

 

3. Multi Photon Spectrum 

In the Spectroscopy tab select Single Photon – this sets default values for gain and trigger. Observe 
the spectrum and identify the peaks corresponding to 1, 2, 3 … SiPM cells firing. Use the Fitting Tool 
to measure the peak positions and check linearity. You can adjust the histogram parameters for an 
optimal resolution. 

 

 

Remember the cellular structure of the SiPM: 

 

 

 



SiPM in eazyPET has 400 pixel.

# of photon hits active area



Intrinsic radio activity
LYSO crystal has intrinsic radioactivity. 

5.6. Background from LYSO intrinsic radioactivity

5.6 Background from LYSO intrinsic radioactivity

Figure 5.18: (a) 176Lu decay scheme and (b) calculated energy spectrum for the
dominant �1 transition. Figure is taken from reference [55].

LYSO is cerium doped lutetium yttrium oxyorthosilicate, Lu2(1�x)Y2xSiO5:Ce.

LYSO intrinsic radioactivity mainly comes from the beta decays of 176Lu to the

excited states of 176Hf. Fig. 5.18 shows a simplified decay scheme and a calculated

energy spectrum for dominant beta transition of 176Lu.

We measured the LYSO intrinsic background in higher resolution using a CdTe

detector (Amptek X-123CdTe Complete X-Ray & Gamma Ray Spectrometer [56]).

Fig. 5.19 shows the setup for LYSO background measurements using the CdTe

detector. Fig. 5.20 shows the measured energy spectrum. The observed energy

peaks: 88, 202, and 307 keV correspond with the de-excitation � rays of 176Hf shown

in Fig. 5.18a.

The energy spectrum of LYSO intrinsic background (previously subtracted in

Fig. 5.16) measured by LYSO itself (prototype detector) is shown in Fig. 5.21.

The observed peaks correspond with the simultaneous detection of � and �. The

three highest sawtooth-shaped peaks are: � + 88 + 202 keV, � + 88 + 307 keV, and

�+88+202+307 keV. The small step-like peak is �+88 keV. The shape of this small

peak could also be a↵ected by the energy threshold cut in the prototype detector.

The detection of all these peaks is consistent with previous studies [55, 57].
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Chapter 5. Experiment to evaluate simulation model

Figure 5.19: (a) Photo of the Amptek X-123CdTe detector [56], (b) and (c) show
the setup when using the CdTe detector to measure LYSO intrinsic background.

Figure 5.20: Energy spectrum of LYSO intrinsic background measured by Amptek
X-123CdTe detector. Low energy tails for above 100 keV are due to the insu�cient
charge collection in CdTe semiconductor.
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5.6. Background from LYSO intrinsic radioactivity

Figure 5.21: Energy spectrum of LYSO intrinsic background (previously subtracted
in Fig. 5.16) measured by LYSO itself (prototype detector).
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gamma rays

gamma rays + beta rays



Dark signal
Signal in Dark 

Thermal excitations causes avalanche.  

Event rate for SiPM in EasyPET is 110 kHz 

 110 k in sec ~ 1 in 9 μsec

Probability of overlap on 1 us signal is 1 x 1/9 = 11 %.

1 hit = 110 kHz 
2 hit = 110 x 0.11 = 12.1 kHz 
3 hit = 1.3 kHz 
4 hit = 140 Hz 
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Hits and Signal
Signal is proportional to the number of hits.

Signal

0 1 2 3 4 5

Signal

Gain

Signal is proportional to the Gain.

Gain changes the size of signal but does not change the number of hits.



Threshold

Signal

Gain

Signal is proportional to the Gain.

Threshold

Respond to the signal

4 hit = 140 Hz

3 hit = 1.3 kHz 2 hit =12 kHz 

Intrinsic 35 Hz

~1k Hz

~200 Hz

~35 Hz

Small signals are not seen.



1. SiPM characteristics 

Voltage scan: record and plot the number of dark counts (without any source). A reasonable voltage 
range is 70.0 V … 75.5 V. The MCA displays the counts per second. Record 10 measurements (for 10 
seconds). Report the average (measured counts divided by number of measurements). Plot a curve 
with the average against the bias voltage. You should find a curve that looks like this: 

 

 

 

Identify 3 regions: zero gain, linear gain, Geiger Müller region.  

 

2. Single Pulses 

In the Spectroscopy tab select Oscilloscope, click “Start” and look at individual pulses. 
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5.6. Background from LYSO intrinsic radioactivity

Figure 5.21: Energy spectrum of LYSO intrinsic background (previously subtracted
in Fig. 5.16) measured by LYSO itself (prototype detector).
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External = No beta 
Internal = gamma + beta



10 μCi = 370 kBq

2mm x 2mm

50 mm

370 k x 2x2 / 4 π 50x50 =  370 k x 1.3/10000 =  ~50

Coincidence rate should be an order of ~50. 

Coincidence rate


