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What we already know
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Positron Emission Tomography
How does the PET system work?
Coincidence annihilations events:
A (stkevohomn O TWO gamma photons with an energy of 511
keV detected by opposing detectors nearly
positron emitting simultaneously.

- Properties of from the
eomistion =« events:

o Energy:
= E =511keV + 6E
511 keV photon SE is the energy window.
o Direction:
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Why CsI? Why cryogenic?

e Pure CsI @ room temperature has a relatively small Light Yield (LY)

~ few thousands of photons/MeV

22Na coincidence spectrum at T=298 K
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Why CsI? Why cryogenic?

e Pure CsI @ room temperature has a relatively small Light Yield (LY)

e When cooled:

LY increases by a factor of ~15
Slow time constant > O(us)
Emission wavelength shifts
from ~320 to ~ 350 nm

O
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~ few thousands of photons/MeV

22Na coincidence spectrum at T=298 K
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22Na coincidence spectrum at T=104 K
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CsI vs other PET crystals

LYSO 66 114 7.4 35000 40 420
BGO 74 1.12 71 10000 300 480
Csl(TI) 54 1.86 4.5 60000 700 560
Csl @ 100K 54 1.86 4.5 100 000 —i 800 ) 350
 ————
VERY good but also very slow,

energy resolution! challenging a bit
the electronics...



CsI vs other PET crystals

But most important... much cheaper!

Light yield

Emission

Matarial Density {g/ors) (photons/MeV) Decay Ume (n) wavelength (nm) ot (Rlonr)
LYSO 66 114 7.4 35000 40 420 45
BGO 74 2 71 10000 300 480 25
CslI(TD 54 1.86 4.5 60000 700 560 5
Csl @ 100K 54 1.86 4.5 100 000 —i 800 ) 850 N
 ———— T
VERY good but also very slow,

energy resolution!

challenging a bit
the electronics...



Monolithic vs Pixelated crystals

Pixelated

e Each crystal is coupled one-to-one
to a single photosensor

e Spatial resolution given by the
size of the pixel

e Confined light, no pile-up

e DOI is challenging

Monolithic

Continuous block, light distribution
read by an array of
photodetectors

DOI and spatial resolution
determined afterwards

Better light collection efficiency
More affordable




So after all... Why a cryogenic CsI full-body PET?

The cost of crystals and SiPMs scales
Iinequy with the axial Iengfh of the PET - System component cost of a total body PET x.7.7

o For high axial length, these 2 e
domiane The price = Electronics

x4

® Scintillator

Monolithic crystals read out by 6x6 mm2

SiPMs (usually 3x3), reducing by x4 the i
SiPM and electronics component ‘
Cryogenic CsI crystals are x5 cheaper [
than LYSO -
o Liquid nitrogen cooling is a well 20 70 100 140

Axial length

known and relatively cheap

technique (with a ~fixed cost)
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Total reduction factor of approximately
x4, possibly bringing the cost of a
full-body PET below $3M.

200 cm
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