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Positron Emission Tomography 

Radiotracer labeled with a 
positron emitter (18F-FDG). 

 

Production of two back-to-back 
gammas (511 keV) due to the 
annihilation of the emitted 
positron. 

Detection of the two gamma in 
coincidence using a scintillator 
detector. 
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State of the art 

The Crystal Clear Collaboration built 
a prototype breast dedicated PET 
scanner ClearPEM that uses as 
scintillators 4x8 LYSO crystals 
matrices read by APDs on the both 
side. The performances are: 
 
Spatial resolution ~ 1.4 mm 
DOI capability ~ 2 mm (FWHM) 
Energy resolution ~ 16% (FWHM) 

2 



Aim of this study 

❏  4x4 MPPC array from Hamamatsu 
❏  Active area 3x3 mm2 

❏  Pitch 3.1 mm 

❏  Crystals: 1.53x1.53x15mm3 LYSO 
❏  Gaps 70 micron 
❏  Separation foil: Vikuiti 

To develop a PET module that allows the same performances in term of spatial 
resolution and energy resolution: 
       4 to 1 coupling between the detector and the scintillators. 
       DOI capability with a single side readout. 
       Easy to produce. 
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To develop a PET module that allows the same performances in term of spatial 
resolution and energy resolution. 
       4 to 1 coupling between the detector and the scintillators. 
       DOI capability with a single side readout. 
       Easy to produce. 
 



New method for the DOI: 
Only one side readout. 
A light guide is placed on the top of the module (same dimension of the matrix). 
The reflector recirculates the light and redirects it to the MPPC array. 
Optical treatment of the lateral surfaces of the crystals: depolishing. 

(*) Patent: Ref. Numb. PTC/EP2015/074462 
 

 
 

A new approach to the DOI(*) 
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Optical treatment of the lateral 
surfaces of the crystals: 
DEPOLISHING. 
 
The DEPOLISHING increases the 
probability for a optical photon to 
escape from the crystal during a 
lateral surface scattering. 
 
It leads to a correlation between 
the light collected by the detector 
and DOI. 
 
 
 

A new approach to the DOI 
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The procedure 
Obtain the (x,y,z) impact point for each event using combinations of the 
detected charges information.  

pi         = charge collected by the i-th detector  

Xi e Yi  = (x,y) positions of the centers of the i-th detector 

P  = sum of the charges collected by all the detectors for each event 

Pmax  = maximum charge among the i charges collected 

(u,v,w)          (x,y,z) 
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Light Sharing Bench 
Electronic board. 
CAEN DT5740 Digitizer. 
The 22Na is placed 10 cm above the top of the matrix. 
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Separation of the crystals 

In the (u,v,w) space it is possible to separate the 64 crystals of the matrix. 
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DOI bench 
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DOI bench 
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DOI resolution 

 
 
 

The DOI resolution of the module is 3.1 mm (FWHM). 
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W plot 
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W plot 
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DOI calibration 
DOI calibration without using the tagging crystal 
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q  W Distribution 
q  Cumulative Function 
q  Relation between the Cumulative 

Function and the vertical 
position of the scintillation 
events 

 



Preliminary time measurements 
The Coincidence Time Resolution (CTR) is a fundamental parameter to reduce the 
signal to noise ratio. 
q  One polished crystal (3x3x15 mm3) in coincidence with the matrix. 
q  Only one MPPC coupled to the matrix is biased. 
q  Coincidence between the reference crystal and 4 crystals of the matrix. 
q  Grease as coupling between the matrix and the MPPC, no glass light guides. 
q  Readout performed with the Nino Chip at CERN. 
q  CTR less than 300 ps (FWHM). 
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Conclusions 
Achievement: 
Identification of the crystals 
Good energy resolution (less then 13% FWHM) 
DOI capability (3.1 mm FWHM) 
Preliminary CTR result (less the 300 ps FWHM) 

Future work: 
Comparison between different matrix samples 
Optimizing the dimension of the light guide 
Studying deeper the time performances 
Building a small PET demonstrator 
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