


General Property of Liquid Xenon

http://www.pd.infn.it/ ~conti/LXe.html
Rich detection media : Scintillation and Ionization

Scintillation Ionization

energy position

photomultipliers lonization chamber with low noise amp. 300e
GEM/photocathod GEM in 2 phase Xe

Avalanche Photodiodes
22,000 VUV photons/511KeV with 3ns, 27ns and 45ns

30,000 electron-ion pairs/511KeV
electron drift at 2.3mm/us with 2kV/cm

At 511 keV, 22% photoelectric, 78% Compton with xenon
half a mm for 511 keV photoelectron

Primary ionization signal is weak: of the order of 1, 10, 100 and 500 keV
for coherent neutrino, dark matter, solar neutrino and PET respectively.
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Fig. 1. Diffusion coefficients of electrons in liquid xenon and 't Netr=1000 and z=24cm,
argon versus the density-normalized electric field. The full Cp/Ngyz= (20pm)*
circles represent the authors’ results and the open circles the  With pad-analog readouft
results obtained by Derenzo {LBL, Group A Physics Note No.

786 (1974) unpublished].  T.Doke, NIM 196 (1982), 87
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Measurement of attenuation length of drifting electrons
in liquid xenon
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To realize a long attenuation length of drifting electrons 1n liquid xenon, a purification system which consists of Oxisorb,
molecular sieves and a Zr-V-Fe alloy getter has been constructed A dual type gridded ionization chamber is used for the
measurement of the attenuation length. An attenuation length longer than 2 m is achieved in the purified liquid xenon.

attenuation length > 2m !, -11% at 24cm drift
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L XeTOF PET, F. Nishikido
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Quantum efficiency measured
at room temperature

Gain (HV = 800V) >10°
Number of dynodes 12 stages
Material of photocathode K-Cs-Sb

21.6x 1.5%

Size of photocathode 18x18 mm?

Material of window Quartz




MEG experiment
2" PMT Development Summary

1st generation R6041Q 2"d generation R9288TB 3rd generation R9869

e

228 in the LP (2003 CEX and 111 In the LP (2004 CEX) Not used yet in the LP

TERAS)

127 in the LP (2004 CEX)

Rb-Sc-Sb K-Sc-Sb K-Sc-Sb

Mn layer to keep surface Al strip to fit with the dynode Al strip density is doubled.

resistance at low temp. patfcern to keep surface 4% loss of the effective area.
resistance at low temp.

1st compact version Higher QE ~12-14% Higher QE~12-14%

QE~4-6% Good performance in high rate Much better performance in very

Under high rate background, BG high BG

PMT output reduced by 10 \?::Iysrl]li%?]t I;ecgiuctmn of output in

-20% with a time constant of
order of 10min.




PMT Readout

x 14 X 14
1792 PMTs FADC FPGA
300MHz Coincidence
128 PMTs
1/14 of ring

corrections:
random, X, ¥, z (DOI)

300MRZ] 4ead time, etc t. Epmr

XpmT = 2Xipi/ Zpi

% e () (0) + npe ()0 yemt = ZVipi/ Zp:
2 e (i) > Npe(1) zpmr =Z(D)

. Npe =Pi
MEG experiment P
Baseline -
?gg;raCtlonMﬁ : Trigger threshold
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Coincidence processor (SET-2400W)

14 1(32 uits = 8P x 4 z)
& H 2= fEl EE A= 850mm

14 groups in total
12
1 coincidence group (15ns) :
1 group and 9 groups
(1) (4-12)

11 4

63 coincidence circuits
9 groups x 7 (angles)

10

=AA R EF= 595mm

total PMTs =32 x 14 x 4= 1792
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X 2 X 18,125 x 2

1 x 10° pads
2.9 x 10°> mm?

ASIC

3x3mm?/pad

anode Front End
pads 16 pads

1.2x1.2cm2/ASIC

TPC Readout
x 18,125 X 2

16 LVDS I

pulse height(pi)
IS proportional
to pulse width

(wi) of LVDS.

X 432 X2
FPGA

300MHz

I/0 >1024

BS, Zpi>Emin
X, Z

.I.

300MHz
BS, 2
X, Z
.l.

X, z (DOI)

T ’ ETPC

XtPc = ZXiWi/ZWi

Ztpc = 2ZiWi/Zwi

YTpPC = V(1'- fo):FOV
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MEG Experiment, A. Maki, 6th September,2006

Position Reconstruction
* Localized Weight Method

PMT output map
onh front face

; * Projection to xandy

directions. N ,
_ *Position reconstruction
* Peak point and using the selected PMT

distribution spread
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x-direction
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MEG Experiment, A. Maki, 6th September,2006

Position Reconstruction
Resolution (o, FWHM=2.350)
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18/ring

Fig. 2. Arrangement of 32 PMTs.
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where N 1is the total number of photoelectrons, N; is the
number of photoelectrons in each PMT, and X;, Y;, and Z;
are the positions of the PMTs. The position distributions of
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Fig. 9. Spectrum of AZ for events in central volume (—2.5 <X <
2.5mm, —2.5 <Y < 2.5mm, and —2.5 < Z < 2.5mm in Fig. 6).



JPET-D4
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System dead time:200ns
Coincidence window:4ns
Energy window:450-550keV




Counting Rates

JPET-D4
solid angle = 0.713
segmentation 24 (ring) x 5 (axis) = 120
maximum NECR = 150kcps / 10kBg/ml

single count = 15Mcps / 10kBq/ml
total count = 2Mcps / 10kBg/ml
true+scatter = 1Mcps / 10kBq/ml
random = 1Mcps / 10kBq/ml

Nishikido LXeTOF PET
solid angle = 0.287
segmentation of "PMT" 103 (ring) x ( 8 (axis) +2 (DOI) ) = 1030
maximum NECR = 150kcps / 20kBgq/ml , 100kcps / 10kBg/ml

TXePET
solid angle = 0.514
segmentation of "PMT" 112 (ring) x 16 (axis) = 1792

General PET ( Shimizu SET 3000GCT )
solid angle = 0.352
segmentation of "PMT" 88 (ring) x 10 (axis) = 880
maximum NECR = 60kcps / 9.8kBg/ml



Assume single count is one of JPET-D4;

single count/total PMTs =15MHz/total PMTs
=15MHz/1792 PMTs
= 8370Hz/PMT

1/8370= 119usec/PMT



PETYA : segmented drift chamber with PMT 1x5x6cm? cell ( LXe écm long )

Table 1. Comparison of the liquid xenon detector with scintillation crystal systems

BGO block L.SO block

PETYA detector detector (CTI)
[20] [21]

Time resolution 1.3 ns 2 ns 1.5 ns
Position resolution 0.8x0.8 mm*(*) 5x5 mm® 2x2 mm®
Interaction depth resolution 2 to 5 mm None 7.5 mm
Energy resolution 15% to 17% 20% 14% to 20% (**)
Efficiency 60% 80% not quoted
Dead time 50 us-cm’ 25 us-cm’ not quoted

# AxxAy; Ax - from the drift time measurement; Ay — obtained with the center of gravity method with the
mini-strip plate (extrapolated from the measurements with a.-source and convoluted with the

photoelectron range)
** for a single crystal

LXe-TPC PET 1x1x9 cm? cell ; a module of 24x60x9cm?® 9cm drift
24x60cm? anode place segmented by 0.5x0.5mm?® pads

PET camera | Activity (kBg/ml) | Sensitivity — Net Trues | Spatial cut Energy  resolution
i (cps/Bg/ml) (spatial  resolution | (FWHM)
at NECR z 30kHz FWHM) (mm)
BGO 80cm®, 15cm 3 30 8,4,30mm> 10 (~7) 26.7
LXe 60cm®| 60cm (.4 190 3(~1.7) 13.8

Table 1: Performances of the proposed LXe-TPC PET compared to a standard BGO PET camera.




Slice

energy

Solid

Product Cryscal/Radiation material fiducial volume position resolution ] sensitivity NECR by NEMA NU 2-2001
pitch| res. angle
at
. tange ) . .
. . inner | field of radially| . 511 NEMA NU2- radiation scatter point
designer name size ) . n- axial (z)| z NECR )
diameter| view dall DOI keV 2001 dose (20®| fraction |source
ia
Y X70(20)L
PET/CT X, Z, Y iIn mm cm cm mm mm mm mm % cps/kBq % keps kBg/ml %
GE ADVANCE BGO 4, 8.1, 30 67.2 15.2 7 30| 7.3, 8.4 33 0 37.6 10 44.8| 0.221
GE Discovery ST Elite |BGO 6, 6, 30 55 15.2| 4.25 30 4.8| 3.27 8.5 0.85 80 12 36| 0.266
Siemens ECAT EXACT HR+ |BGO 4.39, 4.05, 30 65.3 15.5 4.3 30 4.1 8.98| 0.898|27.3(79.2] 6.3(12.5) 37| 0.231
Siemens biograph 16 HI-REZ| LSO 4, 4, 20 58.5 16.2 3.5 20 3.12 2 10 4.92| 0.492 84.77 28.73 34.1| 0.267
Philips Gemini GXL (-TF) | GSO(+Zr) 4, 6, 20 (30) 56 18/4.9-5.5 20| 5.0-6.1 4 8.5 8 0.8 70 11 35| 0.306
Shimazu SET-3000GCT GSO 2.45, 5.1, 30 66.4 25| 2.45 30 5.1] 2.6 19 1.9 60 9.8 50| 0.352
Toshiba Aquiduo PCA-7000B| LSO 4, 4, 20 58.5 16.2 3.5 20 3.12 2 10 4.92| 0.492 84.77 28.73 34.1| 0.267
PET
Hamamatsu SHR-92000 BGO 2.9, 6.3, 20 60 68.5 9.72| 0.972 113.6 10.5 31.4| 0.752
Nantes univ. [.XeTPC PET Lig.Xe 10, 10, 90 (93%) 60 60| 0.25 0.14 0.25 13.8 70 1.5 54.5| 0.707
Coimbra univ. |PETYA Lig.Xe 10, 50, 60 (73%) 0.8| 2.0-5.0 0.8 15-17
NIRS LXeTOF PET Lig.Xe segmentation? 80 24 3. 3. 16 35 3.5 150 10 0.287
KEK-NIRS TXePET Lig.Xe no segmentation 88 48| 1.64 1.64 1.2 16 70 7 300 10 0.479
Brain PET 20® x20L cm?®
CERN brain HPD-PET LSO 3.2, 3.2, 200(z) 35 10 1.9 1.9 4.5 7.5 4 0.4 130 30.4*| 0.275
NIRS jPET-D4 GSO 2.9, 2.9, 7.5x4 25.6 26 2.5 7.5 2.5 16 7.1 0.71 154 11 39.7| 0.713
CPS HRRT LSO-LYSO |2.1, 2.1, 7.6x2 31.2 25|2.4-2.9 2.4-2.9| 3.0-4.0 17 4.5| 0.45 140 13 40| 0.625
Univ. G-PET Angerlogic |,y g 30| 25.6 4 10 5 18| 4.79| 0.479 60 7.4 39| 0.649
Pennsylvania GSO
Hamamatsu SHR-1200(2400) BGO 2.8(1.4), 6.55, 3( 33 16.3 2.9 30 2.9 0.443
Hamamatsu SHR-12000 BGO 2.8, 6.55, 30 50.8 16.3 2.9 30 2.9 0.306
) (2.5D
Small Animal 7L
PET
cm?.MBa/
UvP microPET II LSO 0.975,0.975,12.5 16 4.9 1.17 1.47 1.42 22.6| 2.26 235 2.35 0.293
Biolmaging
SCETI, Univ. of YAP-PET YAP 2,2,30 4 4 1.8 1.8 1.8 14.5 18 1.8 90| 16.6MBq 0.707
Ferrara
Oxford Positron) g ad HIpAC HIDAC 17| 28 1 1 1 18| 1.8 100 0.2|  30-40| 0.855
System
raytest ClearPET LYSO-LuYAP|2, 2, 10x2 22.5 11/1.25-2]1.25-2.4| 1.25-2 30 38 3.8 0.439
LIP RPC-PET RPC 6 10 0.5 0.5 21 2.1 318 2.63 0.857
Philips MOSAIC GSO 12.8 11.9 2.1-2.5 5.7 0.57 0.681
GE eXplore Vista GSO/LYSO |1.55, 1.55, 6.7 4.7| 1.56 1.45 1.74 41.4| 4.14 0.574
Siemens FOCUS 220 LSO 1.5, 1.5, 10 19 7.6 1.3-2.5 18 40 4 0.371
Advanced MI |LabPET7.2 LYSO/HPD |1, 1, 10 11 7.2 1.1 0.548
Gamma Medica| X-PET BGO 10 11.6 2 2 2 83 8.3 0.757
Joseph Fourier univ. Lig.Xe 2, 2, 50(z) 8 5 1 1 8 0.53
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(1) TPCDOKRZZ ( fiducial volume )

9cm X 24 cm X +24cm =5.2x 2 4 ( PETD4 D1, NUH—EI 5 —)

- Central membraneZ A CHEIICZENZN24cmD K ) 7 KZEENHDH D

- PMT (R5900) I&24cm x 24cm x 2D EICHE D, 64x2 KHD £9,

- anodeDEMEDKE S [, 9cm x 24cm x 27T, 3mm x 3mm®Dpad T TE TWVWEXT,

(2) RiAxt/ VD&
5.2x2 4 ( fiducial volume)+ fii{teRILICIHNERRE

(3) M LeRILRE—T\

(4) pad readout system
#92,400x2{E@Dpad ( 150x2 CMOS-FEl6échF v 7 )



DA

TPCRzx + BN E - 2 700A5H

Endplate with anode pads
TPC HV (48kV) ?

Anode pad readout electronics 2 2400x2 pads, 1000Fd/ch, 2403 -
- 150x2 CMOS-FEl6chF v 7, FADC (300MHz,8bit)x150, FPGA(300MHz)

PMT 64x278K+2K Tl = (64x2+2)x17.8= 11757
PMT readout electronics 64x2 PMTs, 22400 /ch, 1445

- FADC(300MHz,8bit)x64x2, FPGA(300MHz)
PMT power supply (10°gain/800V) ?
- EER/EFREIKH6506A divider-16ch, 2350008/ 4, 1417

- HV power supply, KH6600 3kV, 3700003/ 5&, 74/ -
RIKFt /> - 5.2x30%x2=156/5Fx2+more = 3005 7
T LeR{LFZE—T ? 3005 H




