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Intfroduction

Principe of 3Y Imaging

----- Line of response LOR & Compton cone

B+ (Emax =1.472 MeV)
445C~E v (Eo=1.157 MeV)
T1/2 =4 h

vy direction reconstruction :

1 1
0=1 62—__
CcOSs —I—mc(E7 51)

Spatial Resolution
& Axis of the cone A

Energy Resolution
S Opening angle 0

- Direct 3D location of the radioactive source
- Administered dose reduction &/or shorter scan times
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Single Phase LXe TPC

Intfroduction

Direct Electronic Recoil Measurement by lonization
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Scintillation signal
UV detection by PMT
& y—Xe Interaction Time £

lonization signal
lonized electrons transport
&
Electronic signal forming
S Drifttime t; — z
< Amplitude N, — E

< (%)

S Energy E and 3D position (x, y, z)
of each interacion
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XEMIST R&D Pro’ro’rxge

Field ring (23)

XEMIS| R&D Prototype

|”” square UV sensitive PMT]

Cathode

ultra pure LXe
Active volume
12 (6) x 2.5 x 2.5 cm?

ﬂdrift field up to 2.5 kV/cm

Frisch Grid

Segmented anode
(2.5 x 2.5 cm?active) in 64 pixels

Frisch Grid Segmented anode
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XEMIST R&D Pro’ro’rxge

XEMIS| Facility

Experimental Conditions:
168 K - 1.2 bar

|

Liquefaction

- Heat exchanger

;
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XEMIST R&D Pro’ro’rxge

Experimental Set-up @ 51| keV

22Na: (£ axB¥= 545 keV, Ey= 1.274 MeV)
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12.5 MHz digitizer

LXe
intillation signal
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lonisation signal @ 51| keV for Photoelectrics
Event reconstruction: Compton scattering /photoelectric effect identification

W4 pixel§

Anolxsis & Results

Amplitude (V)

1 1 | 1 1
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Sampling rate: 12.5 MHL
1 channel =80 ns
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Analysis & Resulfs
lonisation signal @ 51| keV for Compton

Event reconstruction: Compton scattering /photoelectric effect identification
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Anolxsis & Resulis

Electron Attenuation Length

Electronegative impurities — electron loss during drift

o=t
Q(t) = Qoer
; B - - 160
< l.4p ~511 keV
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| Concentration of | ppb O, equivalent
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Gridded lonization Chamber
lonization signal affe

Frisch grid

Efficiency of the grid

Anolxsis & Resulis

cted by: Segmented Anode

64 pixels

Pixel size:
3.125%3.125 mm?

Small pixel effect:
induction in non-collecting pixels

Grid Tech Pitch Thickness B

ar thickness Gap grid-anode

| mm
500 LPI MM 50.8 um 5 um 12 um 500 pum
200 LPI MM 127 pum 5 um 24 pm 125 pum
100 LPI MW 254 um 50 um 25 um
70 LPI MM 362 um 5 um 8.5 um
50.3 LPI MW 505 um 60 um 30 um
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Anolxsis & Resulis

XEMISI: DOI resolution @51 | keV (I kV/cm)
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Analysis & Results

IONIZED ELECTRON CLOUD DISTRIBUTION

Liquid Xenon

~L 51 1keV Electron Beam

Liquid Xenon

. Spread of the electron cloud due to the chaotic trajectory of |
1 the primary electrons
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Analysis & Results

e
Barycenter of lonized Electrons Clouds

For primary electrons in different energy

Tonisation Charge Distribution Barycenter after
Gamma Interaction in Liquid Xenon
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Anolxsis & Resulis

Barycenter of lonized Electrons Clouds

Simulation result compared to the experimental datas

Emeasured

511 kel
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Analysis & Resulfs
XEMISI: Energy Resolution @511 keV
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Anolxsis & Results

Experimental Set-up : Cone LOR intersection

22Na source (20 kBq)
(EnaxB*= 545 keV, E = 1.257 MeV)

13391311 /1/
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Analxsis & Results

XEMIS|: Resolution along the LOR

Entries 581
vvvvvvvvvvvvvvvvvvvvv | Constant 88.29
) " ) Mean -0.1066
Detector Source Detector
LOR LA 0 75 kV/ cm ‘ Sigma 4.06
7@ 5] 1keV PNy @ 51 1keV ’ -
70 —
60—
Compton telescope und
50
o # w0
-7 B s Ep I
“ 30-
20
10°
| R 2 10 15
B of 1 Angle (deg.)
cos@ =1 + mec*| — — —
E, B

Gallego et al., NIMA (2015)

[ Equivalent to AL = 8.2 mm (FWHM) for a 5 cm distant source j

|| - Angular resolution limited by active area of XEMIS| . XEMIS2 is the key
ﬁ- Improvement expected at higher electric field
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SUMMARY

—

Single phase LXe TPC + low noise read-out

ssldentifier different vertex of one gamma — 3y feasibility
*20keV - 1 MeV gamma lonizafion signal direct measurement
s*Recombination effect measurement (6% energy resolution @511 keV)

“sElectronic recoil effect (100 um @511 keV)
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