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XEMIS: XEnon Medical Imaging System Suesrech

Motivation: Personalized Medicine

& Concept: Low activity medical imaging

< Principles: 3y imaging & Liquid xenon Compton camera

XEMIS2 R XEMIS3
Total-body imaging

>

| Xe clinical camera

Neurology: ~250 kg
Paediatrics: ~700-800 kg
Whole body: few tons

o 9 “de(\N ay F\)’(,U\’e

L
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Outline

- 3y imaging technique Mg

Purlflcatlon

« XEMIS1: R&D prototype -------- >

Getters

«  XEMIS2: small animal imaging Puriicatior ReStOX XEM.SZ

« Summary
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Principle of the 3y Compton Imaging Supsiech

. - Direct 3D location of the radioactive source | O Radioisotope (B*,y) emitter in quasi-coincidence:
H - Administered activity reduction &/or shorter scan times
B* (Emax = 1.472 MeV) Inserm
& HSC ¢y (Eo=1.157 MeV) | 4mmoux m’"“;‘"‘"’"
............................... Tz =4h Suvsicn Zmee,
Ys11kev Mz (E_, e

\ [0 Position of the source:

LOR S Line of Response (LOR) & Compton Cone

. o , /. /- ,\\ . mpton
VAR : , :
A L Telescope| @ 1 direction reconstruction :
.. ............ / / 0 o Compton 1 1
< »_,-/-»-.-IIIlll-.....::.'.... ."\_ ‘.‘.\ . p . COSQ == 1 + mec2 —_—
/ --,-::,.,' kinematics E, E
/ | < | Spatial Resolution
....... : KO Y & Axis of the cone A
DI W S ol Energy Resolution \
Vo e Tt e ”0 . .
LRV | .  Opening angle & 1 ~_\ong®
----- Comptorrdone che

.‘\\/
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XEMiSa: R&D prototype

5

L Xe Time Projection Chamber (TPC)

Photomultiplier Tubes

)
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v t, U
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Principle

Scintillation signal
VUV detection by PMT
& y—Xe Interaction Time £

lonization signal

Charges transport & collection
S Drift time t4

S Energy E « N,

< (x,y)

= Interaction vertex (x,y,z,E)

N drift field
8 Up to 2.5 kV/cm

FI’ISCh Grld Segmented anode
500LPI 125 um (2.5 x 2.5 cm?active) in 64 pixels



XEMISz: lonization Signal Readout Subrech

IDeF-X Asics
Developed for CdTe @ IrFU (Gevinetal. 2006) Y lonization signals of 64 pixels

Adapted by Subatech for LXe Il

0.2

Er Tl R T e e
g .. Even reconstruction —
/ - i ;yunmmmm \ gonzsfcompton scatteng [ ‘ : |
L @s511keV 5

: g
................................. 1/\

L T R L T |
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"o // \\ %“%%WW«
s R *ﬂ{lz:;:"ﬁ@Fw._:“m:‘T“‘ﬂ 4
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650 .
ime (channels) | Zy -
- i1 & F \‘H il ‘\ |" .

Anode 64 o il | A | il
In LXe node 64 pixels e e e |
\ 3.1x3.1 mm? WW WM j ﬂ MMW
Ultra-low noise front-end electronics ! T =

1 SE“ W'H ZE'WWHL’W

'Noise <100 e (at LXe Temp)

v

L
511 keV (@1 kV/cm) = 27200 e-
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XEMIS1: lonization results@511 keV (12 kV/cm) /U%E@ch

MC simulation of primary electron trajectory

1 1 511keV electrons

Drift time resolution: ~ 5o ns
DOI resolution: ~ 100 pm

L S ~100 pum for 511 keV
jj M| e0 230.5 ¢ 3.0 G :‘
. . £ 4001 p1 -0.08494 + 0.00367
Beglnnlng _ = [ |p2  0.04338 « 0.00322
T 300
0] — -
9‘ A0 ¥* / ndf 340.5 / 360 200
N B -
| £ 4000 Constant  6.159 + 0.006 100 | Nemeasured
|[ﬂ C ! P [ B B | Neionized
| - Slope -0.06413 + 0.00047 -1.s -1 -0.5 0 0.5 1 1.5
300F Drift time (ue) | - —_IFrisch Grid Grid -
u 2/ n 8.546 / 15 = — - . B
NN\ 3 prmmre 1.2 —
y 200__ 'E p1 29.19 = 0.01 B
: = p2 0.05317 =+ 0.00963 1:_ Grid— -
100~ 0.8 ;
| C End -
I C _ r
o 0.6
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: ; 0.4
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XEMIS1: lonization results @511 keV

8

Signal Amplitude (V)
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S/u%&ach

Resolution along the LOR

Entries

| Constant
Mean -0
Sigma

88.29
.1066

581

LOR
7@ 51Tkey

0 5

Sf 1 1
050 =1 + me?( — — —
o8 MeC ( - 1)

10 15
Angle (deg.)

Gallego et al., NIMA (2015)

4.06

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

Angular resolution limited by active area of XEMISa
XEMIS2 is the key Motivati

on!




XEMIS2: Small animal imaging Camera

LXe TPC

Active volume
-axial : 2x12¢cm
- radius: 7->19cm

High Purity LXe
at 1.2 bar (168 K)
LXe: 200 kg

Fiducial volume ~24 L

lonization

2 X 104 3.1X3.1 mm?
pixels with ultra-low 64 x 1" PMTs in LXE

noise cold FEE covering 16 sectors in ¢
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XEMIS2: Complete simulation with Geants Suetiec

Detectable Event Fraction Quite uniform response of the detector!
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XEMIS2: cryogenic commissioning

AIR LIQUIDE Subot@ch

ReStoX: Recovery and Storage system of Xenon

Xenon cryogenics of XEMIS2 : Installation in HOSPITAL

v powerfull (up to 10 kW) |
v' ultra clean (ppb impurities Ivl)

ii % compact (210 kg capacity) 7
ﬁ v’ safe (from RT to -110°Q)

Expectation, observation and prediction for ReStoX warm-up test

11
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05/07/16
06/07/16
07/07/16
08/07/16
09/07/1

Date
Yajing XING - TIPP2017@Beijing

10/07/16

11/07/16

12/07/16

13/07/16

14/07/16




XEMIS2: cryogenic commissioning

Assisted Gravity Recovering

1,50 - . - 1870
Las | A R R e I T
! AAA . :
! A . i
1,40 - | fad, ee®* i - 1850
i Ay i
i AAAA““ . ... :
i . . ' Y s i L
7 |Differential ttesiiiiiin,, e
! Y VY VPN
130 - i °® | Abbdddddaadananpand qg3n
’ pressure A ®e i I ——— T
:‘E Las | i IllIIIIIIII-.........'=.....................;F-IIIIllllllllllll -
1 [ ] —
o LXe subcooled : g
5 120 | i L | 1810 Em'
=R Y - o ! ”
Q@ 145 [WFTFE EEESEmEEEEEs VS About 122 kg 180 £
2 I . . =
@ 1,10 - | . i - 1790 g
1,05 - ; . ; L 1780
' .. !
! e !
1,00 ; » ReStoX pressure .- - 1770
; . First LXe recovery
0.85 1 i .* = XEMIS2 pressure| | ) : | 1760
i [
0,90 | L » ReStoX mass II"I 10 minutes: 1750
. ;
0,85 - ot’-i&——-i—.—o—‘tg—!—.—?—!i'%'—.— ------------------------------------------------------------------------------ e S L 1740
0,80 1730
3 b 3 ] 2 = z 5 k] a ] = o Q & 2 ] N B & ]
s & 8 § § § 8§ § § g § § 8 § § ¥ § § 3 3F 35
Time (HH:MM)

12 May 22, 2017 Yajing XING - TIPP2017@Beijing



XEMIS2: DAQ for lonization Subre

IDeF-X HD LXe

Challenge: continuous read-out with negligible dead-time Imaging Detector Front-end

Goal : record on disc 104 charge and time signals/pixel/s IRFU - SUBATECH

20480 pixels >  640IDeF-X> 640 XTRACT > 80 PU> 6 FPGA>

X 8 X 8 -
L 8

X 32A = +1
IDeF-X [F—=—= XTRACT [[°"*>+ PU —>l

1 MICHRAU - SUBATECH
| |
|

Lelor T 8

Eﬂlﬁﬂl

X8 ___X8 LVDS | XTRACT
8x32A | 2A+1D : Xemis TPC Readout f

] ﬂ Y PU ——— emis eadout for

IDefF-X - XTRACT - : = __Acquisition of Charge and Time

' e

,JX——s X8 - «--220__, F:gA
8x32A C N
S5 IDeF-X [fF=—4 XTRACT [[F**5 PU —— .14
TOperating TiDeF-x = -100 °C TxtrACT=-80°C  Tpu=-30°C  TFPGA = 25 °C
Pleat (32W)somwichip (32W) somw/Chip (40W) 500mw/PU
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Conclusions S/ubaéech

v' 3y imaging will be a new medical modality thanks to LXe
v" Itinvolves lots of technologies and innovations for the camera design
v XEMIS covers initial TRLs inside a scope compatible with Fundamental Research frame
v Expected image qualities are very promising:
- very low activity in the FOV
- good spatial resolution in all the FOV
- fast scan of all the FOV

% XEMIS2: The first LXe camera will be installed in a hospital
|
% LXe technology is scalable: design of large total-body camera could be investigated.
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