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Abstract: A pulse shape discrimination setup was developed and the pulse shape discrimination method 

was applied to γ-rays emitted from 137Cs radioisotope to test its discrimination performance. The setup was used 

to discriminate the photopeak radiations from the non-photopeak ones arising from scattering, backscattering, 

background, low-energy X-rays and electronic noise etc. To perform this, pulse shape discrimination method 

which is a kind of timing process was used. The discrimination was performed in the region very close to the 

photopeak of the radioisotope. The developed setup showed its success in the discrimination of non-photopeak 

signals from the original photopeak ones. 
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Net Fotopiki Elde Etmek İçin Puls Şekli Ayırma Yönteminin Bir 

Uygulaması 

 
Öz: Bu çalışmada, bir puls şekli ayırma devresi geliştirilmiştir ve bu devreyi test etmek için 137Cs 

radyoizotopunun yayımladığı gamma ışınları üzerine puls şekli ayırma yöntemi uygulanmıştır. Bu devre, 

elektronik gürültü, düşük enerjili X-ışınları, tabi fon, geri saçılma ve saçılmalar nedeniyle ortaya çıkan diğer 

etkileri fotopik radyasyonlarından ayırmak için kullanılmıştır. Bunu gerçekleştirmek için bir çeşit zamanlama 

işlemi olan puls şekli ayırımı metodu kullanılmıştır. Ayırma işlemi radyoizotopun fotopikine yakın enerjideki 

bölgede gerçekleştirilmiştir. Geliştirilen devre, orijinal fotopik sinyallerinden fotopike ait olmayan sinyallerin 

ayırt edilmesinde başarılı olduğunu göstermiştir. 

 

Anahtar Kelimeler: Gama ışınları, puls şekli ayırma yöntemi, NaI(Tl) sintilasyon dedektörü, 137Cs 

 
 

1. Introduction 

Sensing differences in the shape of 

output pulses from a radiation detector may 

provide valuable information on the 

radiation striking on the detector. The pulse-

shape information can be used to identify 

the type of radiation, reduce the background 

events, discriminate between particles of 

different range, discard defective pulses, and 

so on (Nakhostin, 2018). 

An ideal spectrometer should have a 

big sensitivity to incident particles and gives 

a high detection efficiency and a good 

energy resolution in a wide energy range, 

low sensitivity to background and any noise 

components from the electronic devices in 

the system. As is known, additional counts 
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due to environmental radiations such as 

background, scattering from detector 

surrounding material, backscattering from 

the radiation source etc. are always recorded 

in the energy spectra of any specific 

measurement. Since environmental 

radiations affect the original energy spectra 

of measurement particles, these radiations 

must be eliminated or isolated from the 

original energy spectra. To perform this 

firmly, the pulse shape discrimination (PSD) 

technique was applied to gamma ray 

spectrometer. 

Background and noise, shortly 

unwanted signals are always observed in the 

energy spectra. These effects cause some 

difficulties in observing pure particle spectra 

and prevent seeking signals from particles, 

especially in low-energy regions. In 

addition, chance coincidences from cosmic 

rays are effective in the high-energy region, 

as well. To eliminate even these effects, for 

this reason, PSD technique was used. 

PSD is one of the methods to 

increase the spectrum resolution, and the 

technique has wide range of application in 

radiation physics experiments (Pai et al., 

1989; He et al., 1993; Jordanov et al., 1996; 

Knoll, 2010). It is the name given to a 

process that differentiates pulses produced 

by different types of particles in the same 

detector (Tsoulfanidis, 2015). To perform 

this process, the shapes of the signals of 

different particles in the detector are 

analyzed. The shapes of the signals are 

characterized by a quantity named ‘rise 

time’. Rise time is the time between 10% 

and 90% of the amplitude on the rising edge 

of a signal. For this reason, PSD can be 

called as a kind of timing measurement 

process. PSD can be used in neutron-gamma 

discrimination (Senoville et al., 2020; 

Doucet et al., 2020; Yanagida et al., 2019), 

positron annihilation lifetime spectroscopy 

(Petschke and Staab, 2019), pulse pile-up 

effect reduction (Nakhoskin, 2020) and 

various electronics and detector technologies 

(Recker et al., 2020; Langeveld et al., 2020). 

Gridin et al. (2018) and Wahl et al. (2014) 

were studied on the energy resolution 

improvement of 137Cs gamma spectrum. To 

improve pulse shape discrimination 

performance of a pixelated plastic 

scintillator a digitization method was 

proposed by Cieslak et al. (2019). Xue et al. 

(2019) were examined the energy resolution 

performance of various digitizers on 662 

keV-energy peak using different digital 

requirements. Energy improvement studies 

for 137Cs gamma spectrum were performed 

by Qin et al. (2018) using digital shaping 

filter. 

The subject of the present work can 

be summarized in this way: pulse shape 

discrimination method was applied to 

gamma rays emitted from 137Cs radioisotope 

in a developed gamma spectrometer, which 

is composed of NaI(Tl) inorganic 
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scintillation detector and related electronic 

devices, in order to discriminate the 

photopeak radiations from the non-

photopeak radiations. In this way, a different 

method to be increased the energy resolution 

performance of the spectrometer was 

proposed. Obtained experimental PSD 

spectrum was given. 

 

2. Material and Methods 

A PSD circuit is purposed to produce 

an output that reflects a variable property in 

the shape of input pulses. Fig. 1 shows the 

schematic block diagram of the 

experimental setup used in this work in this 

manner. 

The experimental setup allows us to 

record the discriminated photopeak 

spectrum in multichannel analyzer (MCA). 

This is a kind of coincidence spectrum 

between energy signals and time signals of 

the photopeak of 137Cs. Gamma rays emitted 

from the radioisotope were detected by a 

Bicron 3"x3" NaI(Tl) scintillation detector 

which was placed inside a lead cover for 

passive background reduction. The detector 

signal was sent to a preamplifier (Ortec 113: 

PA) and then further amplified by another 

amplifier (Ortec 451: A). The bipolar output 

of the amplifier was split into two branches 

in order to gate the photopeak of 137Cs 

radioisotope. The process was performed by 

a timing single channel analyzer (Ortec 

420A: TSCA) and a delay amplifier (Ortec 

427A: DA). The unipolar output of the 

amplifier was fed into a pulse shape 

analyzer (Ortec 552: PSA). This device 

generates two timing output signals. First 

signal is produced when the pulse has the 

amount of 10% of its maximum in the 

leading edge of the input signal. This signal 

is the ‘start’ signal for time to amplitude 

converter (Ortec 566: TAC). The second is 

generated when the pulse has the amount of 

90% of its maximum in the leading edge of 

the input signal. This signal forms the ‘stop’ 

signal of TAC. The time between these 

signals is called rise time of the input signal, 

which is measured by TAC. If any radiation 

different from the photopeak radiations was 

detected in this time interval, this radiation 

will be recorded with a different shape in the 

MCA (Ortec Trump 8k) because of its 

unusual rise time. This is the main 

advantage of the PSD method. 

 
Figure 1. Schematic diagram of the spectrometer: 

DT: Detector, PS: Power supply, PA: Preamplifier, 

A: Amplifier, PSA: Pulse shape analyzer, TAC: Time 

to amplitude converter, TSCA: Timing single channel 

analyzer, DA: Delay amplifier, MCA: Multichannel 

analyzer. 
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The radioactive source used in the 

measurement (5 µCi) is 137Cs radioisotope 

which was embedded in a mylar disk of 

diameter of 25 mm and thickness of 5 mm. 

 

 

 

3. Results and Discussion 

The spectra, which were acquired in 

a 300 s run time at room temperature of 291 

K, were collected in the MCA card and then 

stored in a computer. The experimental 

pulse height spectrum of 137Cs is shown in 

Fig. 2. 

 

 
Figure 2. Gamma ray pulse height spectrum of 137Cs (counts in log scale). 

 

Fig. 3 illustrates the gated photopeak of 137Cs before the discrimination process. 

 
Figure 3. Gated photopeak of 137Cs (counts in log scale). 

 

Final PSD spectrum is also shown in 

Fig. 4. The discriminated radiations from the 

photopeak radiations can be seen on the left 

edge of the photopeak. Since the pulses 

arrive with a constant time difference, one 

observes a single peak in the MCA. One 
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then switches the time delay in the start or 

stop channel by a known amount, and finds 

the peak shift on the MCA display 

(Lakowicz, 2006). This is the reason of the 

peak shift in Fig. 4.  

The energy resolution of 5% was 

found for the isolated photopeak in the PSD 

spectrum in order to test the spectrometer 

performance.  

A PSD setup was developed in order 

to obtain pure source spectrum, and the PSD 

method was applied to the photopeak of a γ 

radiation source (137Cs). For this reason, the 

discrimination process was performed 

successfully in the present work. 

Setting up the 10% and 90% of maximums 

on the leading edge of the input signal in the 

PSA was difficult in shape since the 

maximum values of leading edge of signals 

were changing at the rise time interval. For 

this reason, an approximate time interval 

(0.1 µs) was fixed. This is the reason why 

non-photopeak signals could not be 

separated (but discriminated) from the 

original photopeak signals in the final PSD 

spectrum.  

 

 

 

 
Figure 4. PSD spectrum of the photopeak (counts in log scale). 

 

The proposed detection system 

combines the timing signals with the energy 

signals simultaneously which it is different 

from the conventional ones. Thus, it is 

concluded from the experimental results that 

this method in this work will be helpful not 

only for obtaining pure source spectrum but 

also for increasing the detector resolution 

with the further experiments. It is believed 

that the technique followed here can 

successfully be applied not only to gamma 

detection but also to alpha and beta particle 

measurements for obtaining pure spectra.  
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Consequently, theoretical spectra of 

the source particles interacting with a 

medium and the calculations of the reaction 

parameters will be more reliable with the 

experimental pure source spectra. In this 

connection, the data from the experimental 

setup presented here may contribute to 

improve the results obtained from the 

theoretical calculations. In addition, to 

analyze the different type of particles emitted 

from a radioactive source and to separate 

them from each other with high resolution, 

and the determination of source activity can 

be possible through the presented setup here. 
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