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Scintillator Light Output Decay time  Total Body Cost

(photons/MeV) (ns)
LYSO 33,200 36 ~$ 10 million or more
BGO 8,000-10,000 300 ~$ 5 million or more
BC-480;EJ-200 10,000 2.1 ~5 times less than the crystal-
based
Photomultiplier Tubes (PMTs) Silicon Photomultipliers (SiPMs)
Range (nm) 300-800 400-1000+
Noise Relatively low until the ~800nm Noisier than PMT except at
mark, increases with voltage and ~800nm+, but comparable over
higher emission wavelengths whole range



Liquid Scintillator is easier to scale up than a Crystals Scintillator

Property Argon Xenon
Fast decay time (ns) 7 4.3
Slow decay time (ns) ‘ 22
Light yield (photons/keV) 40 42
Wavelength (nm) 175
Density at boiling temperature at 1 atm (g/cm’) 1.40 2.94
Cost (US$/kg) ) ~2000
Boiling point 87 K 165K

Credit: arXiv:1403.0525




v"The mixture emits scintillation light at a
wavelength of 178 nm.

SiPM Dark Count Rate (DCR)
VIt operates at temperatures close to the vs. Temperature
argon boiling point.
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Y Its triplet state decay time is shorter than
the one of pure liquid argon.

DCR [eps/mm?]

v'The de-excitation process in the mixture

can be accomplished with direct energy b
transfer from argon excimers to xenon  w: i—_;:i* o

and direct emission of xenon light, it will —=¢. >~
be faster than the fluorescence = * T Hi'?
Processes of WLS. https://oar.princeton.edu/rt4ds/file/1663/1610.01915v1.pdf

It has the potential to achieve sub-
nanosecond timing resolution.



> A Total Body, Time of Flight PET scanner
B More compact and more fine-grain photodetection

B Xenon Doped LAr scintillation

B Multiple layers

» Geometry
B 9 annulus detection rings

B Each ring has Liquid Argon sandwiched
Between two layers of SiPMs

® 2 minlength




Noise Equivalent Count Rate (NECR)
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T: True coincidences count rate
S: Scattered coincidences count rate

R: Random (accidental) coincidences count rate System Sensitivity
g =%
tot A
cal

S, =System Sensitivity
R,=True coincidences count

rate with no attenuation
A_,~Line source radioactivity

Three types of coincident events



Peak NECR

( System Sensitivity 1

Peak NECR

(preliminary)

Our TB-PET ~10*keps Our Total-Body TOF-PET:

(preliminary) 500 kcps/MBq
EXPLORER TB-PETICT ~103 kaS

GE SIGNA PET/CT ~200 keps

EXPLORER Total-Body PETICT:
147 kcps/IMBq

CareMainBrain PET  ~20 kcps




Ongoing activities
» Setup at INFN Cagliari, to test coincidence time resolution in the liquid argon-xenon mixture
(Funding:300k€)

» Setup at Princeton to test stability of the Xe-doped LAr

» Agreement with Fondazione Bruno Kessler (FBK) to test their SiPM sensitive to Xe scintillation
with ASIC
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