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Aim of this study 

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: 
q    Spatial resolution ~ 1.4 mm 
q    DOI capability ~ 2 mm (FWHM) 
q    Energy resolution 16% (FWHM) 

Aim of this study 
To develop a PET module that allows the same performances in term of spatial 
resolution and energy resolution. 
1.  4 to 1 coupling between the detector and the scintillators. 
2.  DOI capability with a single side readout. 
3.  Easy to produce. 
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❏  4x4 MPPC array from Hamamatsu 
❏  Active area 3x3 mm2 

❏  Pitch 3.1 mm 

❏  Crystals: 1.53x1.53x15mm3 LYSO 
❏  Gaps 70 micron 
❏  Separation foil: Vikuiti 
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New method for the DOI: 
q  Only one side readout 
q  A light guide is placed on the top of the module (same dimension of the matrix) 
q  The reflector recirculates the light and redirects it to the MPPC array 
q  Optical treatment of the lateral surfaces of the crystals: depolishing. 
 

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

 
 

A new approach to the DOI(*) 



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 



The procedure 

Obtain the (x,y,z) impact point for each event using combinations of the 
detected charges information.  

q  pi         = charge collected by the i-th detector  

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

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

q  Pmax  = maximum charge among the i charges collected 

(u,v,w)          (x,y,z) 
Y 



Experimantal setup at CERN 
Light sharing bench: 

q Electronic board. 
q CAEN DT5740 Digitizer. 
q The 22Na is placed 10 cm above the top of the matrix. 



Separation of the crystals 
(u,v,w) plots to separate the crystals. 

In the (u,v,w) space it is possible to separate the 64 crystals of the matrix. 
The lateral crystals distributions are tilted by an angle. Using a projection on a rotated 
plan it is possible to separate all the crystal in a 2D plot. 



Energy resolution 

Select the events in one crystal and plot the sum of the charges collected in each 
MPPC for each event. 



W plot 

If we select the photopeak events in one crystal and we plot the w value seems that 
there is a correlation of the w variable and the DOI  
 



DOI bench 

Thanks to the reference crystal 
it is possible to perform a 
vertical scan of the matrix to 
prove that the w variable can 
lead to the DOI identification. 
 
q  Scan of 5 vertical regions 



DOI information 

The w coordinate is clearly correlated to the DOI information and the position of the 
photon interaction can be obtained for each event using the linear equation: 
 



DOI resolution 

 
 
 
The DOI resolution of the module with the glass light guide on top is 4.1 mm (FWHM). 

 



ADC channels correction 

Due to the DOI capability the peak 
position of the single crystal spectrum  
and the w coordinate are correlated. It is 
possible to correct for this effect to 
increase the energy resolution of the 
module. 
 



Comparison between different configurations 

Depolished 
coupled with only 
optical Grease 

Depolished with 
glass light guide 
between the 
MPPC and the 
crystals 

Depolished with 
glass light guide 
on top of the 
crystals and 
grease between 
the MPPC and 
the matrix 

Polished coupled 
using optical 
Grease 

Light Yield 
(number of pixels 
fired) 

8112 7940 7532 9000 

Energy 
Resolution after 
the ADC 
Channels 
correction 

14.9 %  15.2%  14.6%  
 

12% 

DOI Resolution 5.12 mm 
(FWHM) 
 

9.05 mm 
(FWHM) 

3.99 mm 
(FWHM) 

/ 

Comparison of the 16 central crystals. 



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 
Development of a high resolution PET module: 
q 64 depolished crystals on a 16 MPPCs array 
q Vikuiti as separating reflector 
q Light guide on the top of the scintillator 
q Vikuiti as a mirror on top of the light guide 
 
 
Achievement: 
q Identification of the crystals 
q Good energy resolution (less then 15% FWHM) 
q DOI capability (4.1 mm FWHM) 
q Preliminary CTR result (less the 300 ps FWHM) 
 



Backup 

We are working now on a 12x12 LYSO crystals matrix with the single crystal 
dimension of 1x1x15 mm3 


