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Introduction

* The detection principle in PET can be based on the detection of
instead of scintillation light

- can provide excellent
time-of-flight (TOF) information

e Are viable PET detectors?
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PbF, vs LSO

* PbF, — pure Cherenkov radiator

Scintillator (LSO)

Cherenkov radiator (PbF,)

Density (g/cm3) 7.4 7.8

7. 66 77
Ks11ey (€M) 0.87 1.06
Photofraction (511 keV) 0.32 0.46
Light Yield (photons/511 keV) ~15000 ~20
Relative price 1 1/9
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Challenge

* A small number of produced Cherenkov photons in a 511 keV gamma
interaction in PbF,:

- Single-photon sensors with high photon detection efficiency are

needed
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Challenge

- No energy information is available as only a few
Cherenkov photons are detected at most

- But there is significant amount

of intrinsic suppression o PbF,
- How severe is the negative .
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Our work

 PATE

[

* Monte Carlo simulation using GATE:

- improve detector’s effective sensitivity with
multi-sided readout

- evaluation of image quality based
on NEMA NU-2 2018 standard and comparison to the reference
scanner — Siemens Biograph Vision clinical PET/CT scanner

Scintillator LSO
Crystal size 3.2x3.2x20 mm3
Axial FOV 26.3 cm
Ring diameter 78 cm
Energy resolution 10%
Energy window 435 — 585 keV
CTR 214 ps https://www.siemens-healthineers.com

G. Razdevsek et al.: Cherenkov PET @ FTMI 2022 6



Detector analysis - setup

Back-to-back 511 keV _
gamma source y:

Cherenkov photons
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Detector analysis

Cherenkov Surface Light transfer Coincidence detection | CTR-FWHM
detector treatment efficiency (%) efficiency (%) (ps)
P ’/';/1:/.} Black 17 8.8 145.5
F\ / 1-sided-back
I Reflector 52 35.7 184.8
Black 38 26.1 111.1
2-sided-top-
bottom
Reflector 71 40.4 117.8
6-sided / 95 44.4 115.4

Color shading - designs used in the whole-body PET scanner study
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Cherenkov photon detection
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Whole-body scanner simulation

« Geometry - Siemens Biograph Vision (reference scanner)

Axial FOV: 26.3 cm

Bore size: 78 cm NECR —

350
- Ring: 19 modules
s Module: 2 x 8 block detectors 300
NEMA NECR phantom Block detector: 4 x 2 mini-blocks | T T et e
Mini-block: 5 x 5 crystal array >s0 e

Crystal: 3.2 x 3.2 x 20 mm?
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13mm 10mm

Image quality

22mm 28 mm

Simulated 4-min acquisitions
CASToOR software: OSEM image reconstruction algorithm (8it-5sub)
Attenuation, scatter and random correction applied

Images reconstructed with TOF information

- Double Gaussian TOF kernel used ¢ - ¢«
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13mm 10 mm

Image quality
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Siemens Biograph Vision measurements - van Sluis et al.,, JNM, 2019
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Summary

- improved detection efficiency and
coincidence time resolution (CTR)

« 2-sided crystal readout is almost as good as 6-sided

- can achieve image quality comparable if
not better to that of the current state-of-the-art PET scanners

- can be compensated by PET
detector’s gamma detection efficiency and/or CTR

G. Razdevsek et al.: Cherenkov PET @ FTMI 2022




Next steps

« Start building Cherenkov scanners? - Not just yet...

« Experimental verification of detector designs

106

* Noise of the photodetector was not included 105 | (o= Bum
in the simulation - its impact still needs to 10‘; +SF-6
be evaluated 10 = LF-6V

102
101
100

DCR (Hz/mm?)

* SiPM as a photodetector:

@

* Dark count rates (DCR) are a problem 10t
- Cool the detector, how much? .
% Trigger level? 0 50 IOOTempelr.:E)ure(K)ZOO 250 300

Gola et al., Sensors, 2019

G. Razdevsek et al.: Cherenkov PET @ FTMI 2022




Thank you for your attention!




