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ABSTRACT 
In this work is presented a position sensitive scintillation detector based on a LYSO crystal 
coupled to micro-pixel avalanche photodiodes (MAPD). Used LYSO crystal is two sides 
polished non-matrix form with size of 2.4×2.4×0.5 mm. 4 MAPDs are used for scintillation 
light readout and placed in bottom of LYSO crystal. All MAPDs are in size of 3.7×3.7 mm 
and characterizes with its high pixel density, high photon detection efficiency, 5∙105 gain, 
pixel recovery time less than < 1µs etc. In this paper small model of the position-sensitive 
alpha particle scintillation detector is tested and preliminary results are shown. The spatial 
resolution of the detector obtained less than 2 mm. We conclude that the developed detector is 
useful for some applications where high position sensitivity is not requested such as in 
neutron generators. 

1. INTRODUCTION 
 Position sensitive scintillation detectors have found broad application in several fields 
beginning from PET tomography to dosimetry. Imaging of alpha particles is used to 
distinguish plutonium particles from radon daughters in the facility where plutonium (Pu) is 
handled. The distribution of electrostatically collected radon (Rn) daughters for a radon 
monitor is another example for alpha imaging [1]. There are a lot of methods used for alpha 
imaging. The ZnS (Ag) autoradiography or video camera system is some example used for 
these purposes [1]. Identification flight direction of alpha particles is important for finding 
neutron flight direction in DviN—Stationary setup for identification of explosives [2, 3]. In 
this system hidden substances are identified based on the method of tagged neutrons          
(14.1 MeV).  A beam of tagged neutrons with an energy of 14.1 MeV is formed in the 
reaction   d+t->α+n. Alpha particle with an energy of 3.5 MeV and neutron with an energy of 
14.1MeV is flight in opposite direction of 1800 angle.  Therefore registration of α particle 
allows to find neutron flight direction. 9 channel silicon α detector is used in this system [2, 
3]. It is well known that silicon detectors have low radiation hardness in comparison with 
scintillation detector. Therefore the scintillation detector based on MAPDs is proposed for 
position sensitive registration of alpha particles in this work.  

Recently, a number of SİMP types are produced by various manufacturers and 
available on markets. One of successful types of SİMP is MAPD, which combines the 
advantages of conventional photomultipliers and solid-state photo detectors. The MAPD is 
developed by Zecotek Photonics Inc. [4] (Canada) and characterized by the parameters such 
as low operation voltage (~90 V), high gain (~106), high photon detection efficiency (~40%) 



and high pixel density (up to 4∙104 pixels/mm2). [5, 6] give details of the design concept, 
operating mode and basic performance of MAPDs. 
 Used LYSO scintillator is an organic scintillator with density of 7.1 g/cm3. LYSO has 
a decay time < 47 ns and 65~75% light output (32000 photons/MeV) relative to NaI.  The 
scintillator has an intrinsic radioactivity due to Lu-176 [7]. It is not principle for high count 
rate measurements.  

2. EXPERIMENTAL 
A basic electrical circuit for operating MAPDs and schematic diagram of the detector 

part of the developed position-sensitive alpha detector are demonstrated in Fig. 1 and Fig. 2, 
respectively. MAPD gain is strongly dependent on operational voltage after overvoltage. 
Therefore bias voltage is applied to MAPDs via potentiometers for regulating operation 
voltages of each MAPD.  

 
Fig. 1. A basic electrical circuit for operating MAPDs. 

 
Fig. 2. Block diagram of the experimental setup. 

The detector consists of a LYSO scintillator and MAPD photon readout. The LYSO 
scintillator has thickness of 2 mm, thus the energy of alpha particles from Am-241 (5.5 MeV) 
can be absorbed in the scintillator. The LYSO scintillator had dimensions of 6×6×2 mm 
optically coupled to the MAPD. 4 avalanche diodes of type MAPD-K0 are used in the 
experiment. The MAPD-K0 is in square form with dimensions of 3.7×3.7 mm. The signals 
are fed to the CAEN digitizer. The digitizer is triggered whenever at least one of the signals 
from the MAPD surpasses threshold. Data is stored in the computer disc on an event by event 
mode for off-line analysis. Analysis are performed using C++ based ROOT script on the 
personal computer. Synchronization between signals is taken into account in the script. 
Energy threshold was set to minimum which one can register as low as number of photons 
reached the farthest MAPD diode from interaction point.  

Vop 



3. RESULTS 
The LYSO crystals feature intrinsic radioactivity due to lutetium β decay with 

maximum electron energy of 596 keV, 176Lu→176Hf followed by emission of three prompt 
gammas with energies of 88, 202 and 307 keV. Logarithmic spectra for the intrinsic radiation 
of LYSO and Am-241 (alpha, gamma) source measured with MAPDs were shown in Fig. 3. 
As shown in the figure alpha particle peak was observed in high part of the spectrum. It 
allows easily to discriminate alpha particle events from gamma rays (59.6 keV).  

 
Fig. 3. Pulse height spectra for Am-241 (alpha, gamma) and LYSO background. 

 

The Anger logic algorithm was used to determine positions. The algorithm combines the 
amplitudes of the output signals from each MAPD to determine an X and Y position and is 
expressed as follows:    

푋 =
(퐴 − 퐴 ) + (퐴 − 퐴 )
퐴 + 퐴 + 퐴 + 퐴

 

푌 =
(퐴 − 퐴 ) + (퐴 − 퐴 )
퐴 + 퐴 + 퐴 + 퐴

 

The detection system performance was tested with 241Am alpha source (5.5 MeV) as 
mentioned above. In the experiment, the source was placed in different known positions in 
front of the detector at a constant distance of 3 mm with a collimator of holes with 2 mm 
diameter. It was taken into account the different path lengths of the alpha particles in air result 
in the different energy loss and in term the broad energy spectrum. The detector was tested in 
9 positions which were shown in Fig. 4.  
 Amplitude equalization of MAPD signals is important for the Anger logic algorithm. 
In order to implement it, all MAPDs must have the same gain. The intrinsic radiation 
spectrum of LYSO was measured and used to find coefficients for compensations of gains. 
Figure 5 shows an example of the gain match achieved with data from every MAPD after fine 
tuning the operational voltage on each MAPD, including gain coefficients found from spectra. 
 



 
Fig. 4. Pattern of positions where measurements were made with Am-241 source. 

 
Fig. 5. LYSO background spectrum from every MAPD. 

 
Fig. 6. Two-dimensional X-Y histograms for all 9 positions. 

 

Two dimensional histograms were plotted in Fig. 6. In the figure the position of alpha hits 
was shown for different runs, where the source was placed at different positions. The one 
dimensional histograms of the X and Y coordinates were plotted in Fig. 7 as a function of the 
known X and Y coordinates of the source, respectively. As shown in the figure there were 
little differences between both quantities. These differences can be attributed mainly to the 



fact that a significant fraction of the light produced in every event is not well collected due to 
well-polished sides of the scintillator. In addition it is related with wrong placement of the 
collimator. The curve in figure 7 is a calibration function to convert the position obtained 
directly with the Anger algorithm to real positions. 

 
Fig. 7. Centroids of the X and Y histograms as functions of known X and Y coordinates of the 

source, respectively. A linear fit calibrates the system. 

4. CONCLUSION 

Position sensitive scintillation detector based on MAPD was tested in this work. The 
collimator with holes (2 mm diameter) in distance of 2 mm was used to test the detector with 
Am-241 alpha active source (5 MeV). The detector could identify all 9 positions. Obtained 
position resolution was 2 mm. It is planned continue investigation with big size LYSO 
scintillator (10×10 cm) and use as minimum as number of MAPDs for maintaining simplicity 
and cost effective of the detector system. 

ACKNOWLEDGEMENTS 
This work was supported by the Science Development Foundation under the President 

of the Republic of Azerbaijan Grant No. EIF-KETPL-2-2015-1(25)-56/03/1. 
 

 

REFERENCES  

1. S. Yamamoto, T. Iida / Nucl. Instr. and Meth. in Phys. Res. A 418 (1998) 387–393. 
2. V.M. Bystritsky, V.V. Gerasimov, V.G. Kadyshevsky et al. / Physics of Particles and 

Nuclei Letters, 2009, Vol. 6, No. 6, pp. 505–510. 
3. V. Bystritsky, V.V. Gerasimov, V.G. Kadyshevsky et al. / Physics of Particles and 

Nuclei Letters, 5 (5) (2008), pp. 441–446. 
4. http://zecotek.com/zecotek-mapd-photo-detectors/ 
5. Z. Sadygov and A. Sadigov, Russian patent # 2316848, published (2006). 
6. Z. Sadygov et al. / Technical Physics Letters, 2010, Vol. 36, No.6, pp.528–530.  
7. U. Ackermann et al. / Nuclear Instruments and Methods in Physics Research A 786 

(2015) 5–11. 
 

 



 

 

 


