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Similarities and differences
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Similarities Differences
Geometry and granularity Energy range (10GeV-511KkeV)
Detector (Crystals er scintillator) No synchronisation [“ f\
Sensor (PM,APD) --> free running T K
Electronics: Fast (40 MHz), compact electronics ‘
‘Event rate ¢ Data volume (Gbit/s) Multiple vertices
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From HEP to Medical Imaging

Where techniques are transferred to developments in biomedical field
Medical Imaging has so far only partially benefited from new technologies developed for High
Energy Physics detectors

W New scintillating crystals and detection materials

— CMS (WPbO4) Luap ... (Crystal Clear col)
M Protodetectors : Highly segmented and compact

- PMT APD  SiPM

— APD : SSC/SDC (1991) CMS (1996) MicroTEP TEP
W Zlectronics ¢ signal treatemnt  Highly integrated

— Fast, low noise,low power preamp

— Digital filtering and signal analysis
M Trigger/DAQ

—  High level of parallelism and event filtering algorithms

— ‘Pipeline and parallel read-out, trigger and on-line treatment
M Simulation ¢ Computing

— Modern and modular simulation software using worldwide recognized standards

(GEANT)
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PET Principle
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LOOKING LISTENING THINKING REMEMBERING WORKING
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Whole Body PET Study using '°FDG
{-“F— fluorodeoxyglucose)--60 minutes
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Pre-Clinical (3-6 vrs.) i Climical (6-8 yrs.)

IM C‘FI‘DI

Effects of ethanol on rCMglu

Effects of fluoxetine on rCMglu
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Human PET: 3-4mm; Target: 1mm
Animal PET: 1-2 mm; Target: <0.5mm
Fast Dynamic Image Acquisition
High Resolution & High Sensitivity
High-Performance & Low-Cost (HPLC




Multi-Modality Image Integration

Fusion
of PET
& MRI
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Multi-Modality Integrative System

Printiple of MR-PET module _;‘_' .
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Multi-Modality
Bayesian Image
Reconstruction




HRRT modules

e LSO crystals with DOI
capability

good spatial resolution

Throughput — ~2.42mm crystal pitch

— ~10mm DOI resolution

Anlmal Imaglng good detection sensitivity

high count rate

e large detection sensitive area
~25.2cm x17.4cm
72x104 crystals per layer >

o off-shelf, well teste__ \ .
effective design
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* adjustable energy : ‘
coincidence w1nd0w%




Flexible Configuration

Fully 3D Reconstruction without Angular Rotation



Stationary Compact Dual-Panel PET
with Very High Sensitivity




High-Throughput Compact PET

RFOV = 56.3mm

True Compact, Convent’lCompact,
no PSF  gscanner with PSF

FO VH FOV
57.3mm  85.9mm |
Compact  Conventional




etectors

GSO/LSO PMT

0 photo-diodes (or SIPM/MPPC)
scintillator (BGO) PMT ;

hoto diode/SiPM ww”y
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Benefit of TOF

Better image quality
Faster scan time

o S5MctsTOF o SMcts
" IMctsTOF e 1Mcts

13-mm Hot Sphere
T \‘\\\\ L L L L L
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Contrast

/

1 Mcts - no TOF
1 Mcts - TOF
5 Mcts - no TOF
5 Mcts - TOF

cl e o P
0.1 0.15 0.2 0.25 0.3

Background Variability




PET DREAM

T without TOF (>99%)
ercial TOFPET System Available
ec TOF (11.25 cm LOR Resolution)

30 picosec TOF

4.5 mm LOR Resolution
10 picosec TOF

1.5 mm LOR Resolution
3 picosec TOF ~

0.45 mm LOR Resolution 4

Histogramming




Pipeline Architectures

LHC Future PET
40 MHz ¥
COLLISION RATE | DETECTOR CHANNELS
T Digitisation g
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Proposal of Front End Architecture

clock Other ROI
50 MHz channels

photo
detector

y [/

charge shaper Pipelined register
preamplifier CR-RC

ROI Data
/\ FI—H_’_’_'_H £ | 2

Trigger logic processes ‘raw fast information”
Free-running sampling ADC

Digital filter used to extract pulse amplitude and

high resolution timing

Pipelined processing architecture to avoid deadtimes
Only one “channel” to compute either the energy and time

Charge lm=  Fallern

P. Le Du/Saclay




Geant4 — A Common Simulation Platform

High Space
Energy and Medical Technology
Physics Radiation Transfer
B 0
M \.?_WE’ .

GATE --

Geant4 Application for
Tomographic Emission
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B Single pholon responss
B Fulsar-1158 SiPM in the test stand
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42 pm

B Screen shots taken
by Wagner and Xie

- No preamplifier

Resistor S0 Uhm 2

~1 M OYhm
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