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MPGDs in Compton imaging with
liquid-xenon

Outline
1. “3yimaging”
2. XEMIS 1 : Compton Telescope prototype

3. XEMIS 2 : demonstrator for small animal
Imaging

4. A large cryogenic UV-GPM



Nuclear medical imaging (PET)




3 yImaging

Real-time imaging i.e. event by event
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Simulation results of « 3y Imaging »

for small animal imaging

Monolithic LXe Energy and spatial resolution inputs:
Point-like Compton Telescope 0. =6 % @ 1 MEV (E. Aprile, NIMA 480, 2002)
*Sc source (25,2x25,2x12cm?3) o,,=1mm,c,=100 um
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UPET (LSO) for LOR measurement

@ =26cm, FOV =7,6 mm (C. Grignon, PhD thesis, 2007)



Liquid Xenon e,=2kviem

5% Photoelectric effect

Scintillation

Energy required to create a
photon = 61,7 eV
16200 UV/MeV (~Nal)

Charges

lonization yield W, = 17,3 eV
58000 pairs e-/Xe /MeV

95% Compton scattering

Excitation lonization
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XEMIS (XEnon Medical Imaging System)
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Phase diagram of xenon

Getter

Cryostat cut-away view

Liquid xenon Compton Telescope set-up
(1. Hallet, 1961)



Liquid-xenon time-projection chamber
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lonization signal
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Vacuum vessel

Charges readout
plan

XEMIS 2

Internal vessel

Cvlindrical LXe TPC (@ =25 cm)

Large area UV-GPM
with segmented anode

Shaping rings




XEMIS 2 Geometry simulated

with Geant4 and VUV transport MC Code (no Rayleigh, A_;; = 1m)

1,157 Mev y-rays
(*4Sc ) source
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Readout plan segmented 81 PMT
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Typical event signal

Plan threshold = 15 pe-and ¢ = 5 pe-
PMT threshold =3 pe-and o =1 pe-

SiO, window (1,2 mm)
refractive index : ng;o, = 1,62



Simulation with 81 “1 inch PMT”

PMT characteristics

* QE = 35%

* t, = 1,2 mm (SiO, window thickness)
* sensitive area = 40%
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Typical pe/PMT distribution for a
1,157 MeV y-ray

A trigger is possible with PMT
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Simulation of 10000 y-rays of 1,157 MeV

| PMT plan spectrum for multi-hits events |
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Triggering with PMTs

 Challenging with background

» Edge effects

* Dead area

 Non-homogeneous depth response

A possible non-position dependant device...
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High Voltages
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Schematic drawing of the GPM set-up



A large cryogenic UV-GPM

PM QE is better than QE of GPM but ...

MgF, is more transparent to VUV light than SiO,

Results of simulations : GPM characteristics :

- i - QE = 30%
- No dead area : homogeneity QE | |
- Less position dependant t, = 0,5 mm (MgF, window thickness)

Simulation of 10000 y-rays of 1,157 MeV

| GPM spectrum of multi-hits events. |

Reflective Photocathode QE, 75 ,m=30%
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A possible “local triggering”

Opening research volume for the Compton Sequence

Triggering efficiency
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First experimental R&D tests
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Under evaluation




Prospects

Reflective photocathode
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Schematic view of the cryogenic UV photon
detector set-up

» Photocathode deposition at the Weizmann Institute of Science
« Characterization in normal conditions
* Immersion in liquid-xenon (XEMIS1)




GPM into XEMIS 1

Internal vessel



Thank you !



