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Outline

Scatter properties at high timing Measurements enabled by ver
resolution fast reconstruction
wT OF data correlate strongly winter-crystal scatter detection:
with position Multiple emission tomography
wScatterbased reconstruction wSingle events: mignergy

single gammas theranostics

wTlhree gamma decay: statistics
Increase/positronium lifetime



Scatter and temporal
resolution



WHY FOCUS ON
SCATTER?

A Mean Free Path (MFP) of a 511 keV photon in water
10.5cm

A Major axis adult abdomen: 42 cm ( 4 MFP)
A Most likely scattering angle: SmaBC®

A Compton cross section in water @p "ow
Cfp p TT Ol

A Photoelectric cross section in water @p ®Q @
P& p T o

A Energyloss@ i pBA®P ¢ P 1 u RQW
A Energyloss @ i p g AgplobP v T@QW

A Rule of thumb: ~40% of nerandom coincidences in the
PET energy window have at least 1 photon that underwent

scattering
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Scatter timing
properties in PET:
geometric proble

—very small at 511 keV
e.g.:Shift in detected position large
ocwd OHd mJ vgwa
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Scatter timing
properties in PET:
geometric proble

—very small at 511 keV
e.g.:Shift in detected position large
ocmwd OHdn) puvwa

Jpu O THOAE o @& Q4o
3® PG

Q@ od—aavlffé




GATE
simulation

A Large phantom (major axis
~ human abdomen)

ANEMAIQ like phantom
(bigger, more scatter)

A ~30 cm diameter
(standard NEMA: 22 cm)

A Focus on emission from
central source and
compare expected with
measured parameters
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Detector: Ideal TOF
PET

A «Infinite» TOF

A Perfect DOI

A 4x4x25 mmLYS@ike crystals
A 75 cm ringg 25 cm length

A 10 % energy resolution

A Energy Window: 42§ 650 keV




Known scatter properties
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Scatter: non
TOF sinogram

R [mm]
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A Deflectionover timeis~+100psé Yo OY QU

Timing spectrum
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Reconfrom scatterand TOF?

Exact scattering angle known
Exact TOF known:
Emission Point is known!

Angle is unknown unless
energy resolution<<1%!

M. Conti, |, Hong, and C. Mi che
unscattere® ET coincidences using TOF
Phys. Med. BioJ.vol. 57, no. 15, pp. N30'N317, Aug. 2012.




Angle unknown but TOF Is?

A Angle unknown (smaller <~ 90Exact TOF.

A Event happened along the red curve. It is a (easy
tomographic problem!

M. Conti, |, Hong, and C. Michel, fAReconstru
unscattere@ ET coi nci dences using TOF and energy i nf or ATe
Phys. Med. Bio).vol. 57, no. 15, pp. N3ORN317, Aug. 2012.

attered anc



Takeaway

Scatter is a prevalent problem in human RBEdnner
(Special care is needed if Energy res. under ~12% is
used to improve TOF!)

Increasing TOF resolution (<~150 ps) require thinking
about extremely accurate scatter correction to
achieve unbiased image reconstruction

TOF resolution ~<40 ps (6 mm) allows reconstruction
from trues+scattered coincidences!

Exact algorithm to be implemented and optimized
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MxM detectors
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Depth of interaction and timing

Ax-y position with Anger logic NxN scintillators

. . . Light guide
ADOI from fraction of signal in most o9 MxM detectors
Intense pixel vs overall

ATiming from weighted timestamps
of all pixelsaccounting for DOI
dependent delay

AReadoutiming resolution:16 ps
ADOI resolution: 3.0 mm FWHM
AEnergy resolution 9%

ACTR of 15ps ~

Reflector
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A 1Cprobability. ~60% @ 51keVwith LYSO (single), 84%
coinc

Detected events ina | -
Mean Absoluteerror small(<0.5 mm), largeontributionto
crystal system FWTM

Standard Coincidences (SC): both gamma
rays deposit all their energy in the detector,
each one in an individual crystal

Inter-crystal Coincidences (IC): one
gamma ray deposits all its energy in one
crystal, and the other deposits all its energy in
two crystals

: one gamma ray
deposits all its energy in two crystals, while
the other gamma escapes from the detector




Inter-crystal
scatter
detection

A Analysis of the light
distribution to detect the ~1
kinematics of the event

A Current analysis: linear -1.2
model of energy
deposited in each crystal 14
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Compton
camera

A Estimate from energy and
position the scattering
angle

A There is a cone of
probability of emission
direction



