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Introduction to PET
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Why use MPPC'’s

® Scintillation light
from LSO is blue

® MPPC has high
sensitivity in the
blue range
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Source: Hamamatsu



Why use MPPC's

® Spatial Resolution

® Small size
- p055|b|I|ty to study single crystal
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Reduction of




Energy Resolution

True coincidence Scattered coincidence

® Annihilation point

—>  Gamma ray

Line of response

Why is energy resolution crucial

g .. i Only photo-peak
for PET? i o is allowed
Cut scattered events but keep true §g
events

= need good energy resolution
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Timing Resolution

True coincidence Random coincidence

® Annihilation point

—>  Gamma ray

Line of response

Keep coincidence window as small as possible to
reduce Random coincidences
= need good timing resolution
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Time of Flight PET

® Accuracy of position measurement is: ( for At = 500ps )
N — gAt = 7.59cm
® = No gain in spatial resolution but noise variance decreases
e D 1
e

D: Size of emission source

Conventional Time-of-Flight

Detector SR | | Detector
Module NN | Module

\ \ Detector

Advantages of Improved timing accuracy in PET Cameras using LSO Scintillator, W.W. Moses LBNL-51788
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Setup

Scintillating crystal
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Used Scintillators

Crystal Size P.e a!< Decay time
emission
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Readout with MPPC's
from Hamamatsu

Gain 10>




Results: Energy




| X | X | 5mm?3 LSO with | %X mm?

MPPC
Y~ () ot (5

blue sensitive  _g¥%
MPPC

Resolution

AFE
- ~ 14%

500 1000 1500 2000 2500 3000 3500 4000
QDC Channels
|4

Energy resolution of 14%
(fwhm) was measured

Coupling between
crystal and MPPC is main

systematic error =|0%

Improvement possible!



3%3%|5mm?3 LSO & LFS

with 3%X3mm?2 MPPC's
LSO Crystal LFS Crystal

Resolution * i a Resolution -
(fwhm) : (fwhm) 1
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LSO and LFS are equal within systematics ~3%

Typical value with “traditional” Photomultiplier tube
(51 Ikey,) : 10%
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o Preamplifiers needed!
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Oscilloscope

Oscilloscope:
Tektronix Model
7204, Bandwidth
4GHz, 20GS/s



Timing Measurement

MPPC Signals N
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| . Define coincidence threshold | )
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2. Define timing threshold Ncy:

S Npe A Sg > Npe
Af=14 (Ncut) S tQ(NCUt)




Timing Measurement

“Background event” “Photoelectric event™

Tek  Stopped 1 #0s
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A Background is superimposed and ruins the timing
= Need to go to highlgcoincidence threshold



Results Timing

i i LN NN B q
36.2/42 A
268 = 25.1 !
5.36 = 0.01 5.36 = 0.01
0.309 = 0.021 N
136 = 27.2 ‘ 0-217";;06‘?(7)3
5.37 = 0.02 1 -9: 103
0.607 = 0.029 9= 10.
‘ 3.98 + 37.71

t =(1.4+0.07)ns
(fwhm)

Time [ns]

t = (578 + 35)ps

5.39 = 0.02

(fWh m) 0.246 = 0.015
500 = 212.1

536 = 141

-0.002 = 0.000

~7/0pe

Time [ns]




Conclusion & Outlook

® MPPC's show very promising properties for the application
of Geiger Mode Avalanche Photodiodes in PET

® FEnergy Resolution: 10% (fwhm)
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End of Presentation
Thank you for your
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