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XEMIS: XEnon Medical Imaging System

Low activity Medical Imaging (~20 kBq)

3y imaging Liquid xenon Compton camera

Radioisotope (B+, y) for functional imaging: 44Sc Time projection chamber (TPC)

XEMIS2 XEMIS3

Small animal imaging Whole body imaging

From 2020

LXe clinical camera

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

200 kg
12 cm drift TPC 2 X 12 cm drift TPC
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1. 3y Imaging

2. XEMIS1: R&D

3. XEMIS2: Small animal imaging

4. ReStoX: Recovery and Storage of xenon

5. Overview
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Principle of the 3y Compton Imaging

B+ (Emax = 1.472 MGV)

e Radioisotope ([3+,y) emitter in coincidence: 44SC~Ey (Eo = 1.157 MeV)
T,,=4h

¢ Direct 3D reconstruction of the source:
Line of response (LOR) + Compton cone

% (X2,y2,22)

e Reconstructed vy direction: st (E1,X1,y1,21)

Compton kinematics

1 1
cosf =1 + meCQ(E - E)

Spatial resolution = axis A of the cone
Energy resolution = opening angle 6

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

e e — ———— S ————a— —_——
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XEMIS: LXe Time Projection Chamber

‘ XEMIS1: R&D prototype ‘

e 30 kg ultra pure LXe
« Active volume 12 (6) x 2.5 x 2.5 cm?

» Field shaping rings (23)
Homogeneous drift field up to 2.5 kV/cm

e 1" square UV sensitive PMT — Trigger

Segmented anode (2.5 x 2.5 cm?2 active)
in 64 pixels

Frisch gria

Energy + 3D Positions
of each interaction
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Gridded lonization Chamber

lonization signal aftected by:

XX Nz '

e
|- 2

anted Anode

- Small pixel effect: induction in
non-collecting pixels

- Transparency of the grid
- Efficiency of the grid

Grid Pitch Thickness Bar thickness
500 LPI 50.8 um 5pum 12 um
200 LPI 127 um 5 um 24 um T mm
100 LPI 254 um 50 um 25 Um 500 pm
70 LPI 362 Um 5 um 18.5 um
50.3 LPI | 505 um 60 pm 30 pm 125 pum
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XEMIS1: lonization Signal Readout

IDeF-X HD LXe Asics Gevin et al. 2006 | Noise <100 e (at LXe Temp) |
Developed for CdTe @ IrFU
Adapted by Subatech for LXe

511 keV (@1 kV/cm) = 27200 e-

Slow Control 2 x Idef-XHD
64 voies

Noise (e)

Vacu

Anode 64 pixels

31x31mm2 1 |
~ 95__ .............................................................................................................................................
3 90__ ................. ........................... ........................... ........................... ........................... ...........
o | | | | |

- Ultra low noise front-end electronics
- 32 channels per |IDeF-X HD LXe
- Two chips — one channel per pixel

g5 N — S "

80:_ .................. ........................... .......................... ........................... ......................... Q...

75:.—----.- ...... - r ...... R r ...... i , ...... N , ...... i
Good linearity and stability 0.2 0.4 0.6 0.8 1

Grid - anode distance (mm)
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XEMIS1: lonization results @511 keV
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XEMIS1: Resolution along the LOR

AL resolution along the LOR = @, a-distribution Entries 581
*~HLEN B B S N S S N N B | Constant  88.29
Detector Source Detector 90 — Mean -0.1066
. fal ao: 0.75 kV/ cm ‘ Sigma 4.06

7@ 511keV Sy @ 51 1keV = 4

! 70— k!

i 60— K

| Compton telescope I -~

i 50 - !

r- E RSSTEEEE a0 7

! E, E; e -

30 E

20;_ -

10° =

T T 5 0 5 10 15

cos =1 + m.c? i — i AAngee (deg.)

© E., Fy

* Angular resolution limited by active area of XEMIS1

* Improvement expected at higher electric field
« XEMIS2 is the key

Gallego et al., NIMA (2015)

Equivalent to AL = 8.2 mm
(FWHM) for a 5 cm distant
source
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XEMIS2

Scintillation Cathode LXe: 200 kg

Fiducial volume ~-24 L

380 x 1" PMTs In LXe

High Purity LXe
at 1.2 bar (168 K)

||||||||||||||||||||||||||||||||||||||||||||||

LXe TPC
Active volume
-axial 1 2x12cm i L | 03| lonization
- depth : 12.cm 2.104 pixels - 3.1 x 3.1 mm?
- Tmin : 7 CM Ultra low noise FEE
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XEMIS2: lonization Signal Readout

IDeF-X HD_LXe XTRACT: Xemis TPC Readout for
Imaging Detector Front-end Acquisition of Charge and Time

9900000000999 9999% ¢ |

FERRVRRERERTLEED

o_ |
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o
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._L—.
L

= Address l

Trigger

S Amplitude ’
: . Time ’

A 1 %

IRFU - SUBATECH MICHRAU - SUBATECH

~20000 electronic channels
Challenge: continuous read-out with negligible dead-time

XTRACT v1 is on test since summer 2016. Final version expected for 2017

Lucia Gallego Manzano December 6, 2016

11



XEMIS2: Light Signal

Hamamatsu R7600 1” PMT

Used as time measurement for the charge signal
readout and interaction volume determination

Developed to work at LXe temperature

Phase 1: 64 x 1" PMTs inside LXe covering 8 sectors
in®

Future upgrade: 380 x 1" PMTs = complete
coverage of the active zone

Lucia Gallego Manzano
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XEMIS2: Recovery and Storage of Xenon

ReStoX:
Recovery and Storage system of Xenon

* Double walled vacuum
Insulated stainless steel cryostat

 Compact (210 kg capacity)
- storage
- distribution
- recovering

¢ Safe
- from room temp. to -110 °C
- 71 bar design pressure

* Ultra pure LXe at 1.2 bar
- ppb impurities level

n—’_llAlR LIQUIDE 5ubot.ech
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ReStoX Weight (kg)

XEMIS2: Recovery and Storage of Xenon

Liquid nitrogen cooling system

il

| -

Nitrogen line

Aluminium Exchanger
High thermal inertia

= "75000 L LN2 at 3 bar abs
1850
o
1800 3
@
p
1750 ‘{.
1700 /
1650 F-T'
T——
1600
17/04/2016 0:30 20/04/2016 0:00 22/04/2016 23:30

Successful injection & liquefaction
of 200 kg of xenon inside ReStoX

“het 1w
:

(L1 AL
(upu]n

kg

AIR LIQUIDE

I

ADVANCED BUSINESS & TECHNOLOGIES
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XEMIS2: purification and re-circulation

&

i : *!';E‘@

”—-‘ - AR B ! ‘ Getters TW»‘*I? jﬂ
¥ XEMIS2 o W

B Pumps

* o il " . n
—8r o . 4 YTy
v . ’ ._J‘ w b

R 1

e
Closed loop I
Reversible transfer ReStoX - XEMIS2
- LXe injection from ReStoX to XEMIS2
L

- Purification & circulation: 30 NI/min
- Recovery from XEMIS2 to ReStoX
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Conclusion

e

“Technical” proof of the XEMIS project feasibility

| - Validation thanks to the XEMIS1 prototype
| - Promising results for the 3y imaging technique
- Development of new technologies & fundamental research

N - —

e

|- Commissioning at Subatech: 2016
- Installation at Nantes Hospital: 2017

- First 20 kBg image: 2017
- Preclinical researches: til 2020

— — = —
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IDeF-X — XTRACT Coupling

Reduce presence of bubbles in the LXe: =5 «Anode
* |IDeF-X Cooling with LXe
« XTRACT Cooling by conduction

IDeF-X LXe HD

8l PCB Interface
Tested on XEMIS1

<4+— XTRACT
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3y Imaging with XEMIS

XEMIS2: A monolithic LXe cylindrical camera for small animal
3y Compton imaging

Lucia Gallego Manzano December 6, 2016 20



Frisch Grid Inefficiency & Ballistic Deficit

2. Frisch grid Inefficiency:

Signal depends on the type of grid Signal depends on the position of
the interaction
- i —— 500 LPI - gap lmm ’?
5l - N BT = e -t
r(; s 50.3 LPI - gap lmm (é = Y, \ z=[1,1.5) mm
_ L 100 LPI - gap 0.5mm ~ B ' z=[1.5,2) mm
B | ] Z=[2,3) mm
_ - — : \ z=[3,5) mm
- -1 ' \ — 2z=[5, mm
g 107 E g 107°F \ i-isi1l) mm
S : o = \ z=[11,21) mm
- B - B z=[21,42) mm
n _ n i \\ z=[42,60) mm
-2 \
_3 1 1 | B
096 4 2 0 2 4 6 8 T ]

Time (Us) :
Frisch grid Time (us)
Grid Pitch Thickness
500 LPI 50.8 um S um
100 LPI 254 um 50 um
70 LPI 362 um 5pum
50.3 LPI 505 pm 60 um
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Event Topology @ 511 keV

Event reconstruction: Compton scattering/photoelectric effect identification
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Event Topology @ 511 keV

Event reconstruction: Compton scattering/photoelectric effect identification

T ol 1164 pixels

Sampling rate: 12.5 MHz
1 channel = 80 ns |
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Scandium-44

Good B+/ y emitter radionuclide for 3y medical imaging: 44Sc

+94.3 % *
MSe 2228 MCatet +ve

L 41004y

24 0.0 3.97H4
51505 \\\\& I9  Logft
QE9=3633.3 kN " 100/ 0.0044 6.6 2+21443 ] 3301.5 35FS
\ .

— 33014
Emission B"' 1.020 516 -2t 3455 | 2656.5 30 FS

Emax = 1.474 MeV 2656.5

T1/2 =4N <

.1l ~100% emission of a
T > 1.157 MeV vy

0+

0.0 STABLE

44
20€324

O O Inserm R&D 4480. production: ARRONAX Cycllotron
ARRONAX | cnibii e st ihes ST e Radiopharmaceutical labeled with 44Sc: CRCNA
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XEMIS2: lonization Signal Readout

LXe Vacuum Air
A

" Cooling LXe -104°C

XTRACT
640x |IDeF-X 040x XTRACT 80 x PU ‘
(32W) 50mw/chip (32W) somw/Chip  (40W) 500mw/PU
Tidef-x = -100°C Txtract > -80°C Tru > -40°C
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