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State-of-the-Art PET/CT
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* Timing resolution: 200-500 ps
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Time-of-Flight (TOF) PET

« Speed of light is
—3x108 m/s
— 30 cm/ns

« Current state of the art is
~250 psecs - localizes
signal to ~3.75 cm

« 20 psecs timing would

localize event to 3 mm | | 2P19)
noise reduction ~ B Ai\



Current work with Scintillators
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Scintillation is a (relatively) slow process
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Cerenkov Radiation in Scintillators
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Using Cerenkov Radiation for Time-of-Flight PET
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Scintillators

Property Nal(Tl) BGO LSO(Ce) GSO(Ce) CsI(Tl) LuAP(Ce) LaBry(Ce) Plastic*
Density (g/cm®) 3.67 7.13 7.40 6.71 4.51 8.34 5.3 1.03
Effective atomic number 50 73 66 59 54 65 46 12
Decay time (nsec) 230 300 40 60 1000 18 35 2
Photon yield (per keV) 38 3 20-30 12-15 52 12 61 10
Index of refraction 1.85 @ 1.82 1.85 1.80 1.97 .8 1.58
Hygroscopic Yes NO No No Slightly No Yes No
Peak emission (nm) 415 480 420 430 540 365 358 Various
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ToF PET with Bismuth Germanate?
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Generation of Cerenkov Photons in BGO
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Time of Flight PET with BGO
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Microchannel Plate Photomultipliers

Single photon time resolution (SPTR) is
critical for very fast timing

Photosensor SPTR (ps)
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Dual-Ended Readout
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MCP-PMTs with Integrated Cerenkov Radiator
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MCP-PMTs with Integrated Cerenkov Radiator

Cerenkov radiator

SiPM Cerenkov radiator
(lead glass) —E (lead glass)
H Photocathode Photocathode
CRI MCP-PMT CRI MCP-PMT

1 ﬂ 1
Bl El
s 46 ps S . 28 ps
= 0. £0.
é -—P_J\,J @I-LM\‘. § FWHM

0 0

-7.0 -6.7 -6.4 -6.1 -5.8 -7.0 -6.7 -6.4 -6.1 -5.8 PR

Coincidence time difference (ns) Coincidence time difference (ns) 71N

In collaboration with Ryosuke Ota and Tomohide Omura HAMAMATSU



Acknowledgements

UNIVERSITY OF CALIFORNIA

Sun Il Kwon Ryosuke Ota
Eric Berg Tokohide Omura

Emilie Roncali

Funding: O\;N— INS)
R35 CA197608 &S

RO3 EB027268 %QA
RO1 EB029633  Puens

SIS

-5¢

FONDAZIONE
BRUNO KESSLER

Claudio Piemonte
Alberto Gola

/ A,
pRIB)

&
~ &



