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2P Research background

= Uses difference in photon detection times to
guess at tracer emission point

+ without timing info, emission point could be
anywhere along line

» ¢ = 3x10"%m/s, so At = 600 ps ~ Ad = 10 cm
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B Traditional TOF-PET
Scintillator detector + PMT

» Time resolution is not high > 50ps

» Thickness of the scintillator > 3cm

» Low reception, information is wasted
— Long detection time, poor accuracy
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[M. Couceiro et al. Portugal 2012]

B MRPC TOF-PET
Advantages

Excellent time resolution < 20ps
Ultrathin sensitive zone ~ 100um
Large area — whole body PET
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Make up for the low efficiency for y




P Others’ work

B 20 gas gaps double- stack MRPC with Multi-layer Copper Converters
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B RPC-PET for small animals
- ; ~_ [Paulo Martins et al. 2014]

Depthof ,
interaction

Improve the detection efficiency by increasing the number of converters and gas gaps
— |ow time resolution, poor positioning accuracy, high cost for too many electronic channels



2 Our research route

% Develop a 4-stack 32-gap MRPC prototype with 128 pm gas gap
M Time resolution for cosmic rays < 20 ps ; for gamma < 58 ps
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* Make a thin 8-gap MRPC prototype with 128 um gas gap
M Sensitive area thickness < 5 mm

M Time resolution for cosmic rays < 39 ps ; for gamma < 50 ps
% Build a TOF PET system

Place three 8-gap MRPCs on each side of 22Na for positioning
The electronics of each MRPC are read out separately
[] Positioning accuracy <3 mm

% Create a high efficiency, high time resolution RPC prototype
M Sensitive area thickness <3 mm
] Time resolution < 20 ps
[1 Detection efficiency > 7%
1 Energy resolution <20%
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"2 Our studies

z'ime resolution for different MRPC: Electronics Noise ~20fC Charge induced in different MRPC
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¥ 4-stack 32-gap MRPC cosmic ray test
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PMT2

Tektronix Oscilloscope

2 GHz, 6.25Gs/s
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glass material

glass thickness

readout strips

128 pm
4 chambers X 8 gaps

low resistivity glass
400

5 mm in width
(2 mm clearance)

S Os’cilloscope |

S,
NS

~

200

180}

Counts

160;
140?
120
100
ao;
sof—
405—

200

Entries 3666
Mean -0.6363
Std Dev 47.2
%2/ ndf 69.4/51
Constant 192.9 +4.0
Mean -0.285 £+ 0.675
Sigma 39.38 £ 0.50

[ra——

I
—%UCI —600

- L
—400

-200

|
0

200 400 600 800

Time/ps

Time resolution ~ 27 ps
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2 »» 4-stack 32-gap MRPC gamma test

PMT1
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Time difference

N Time difference
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Time resolution ~ 58 ps
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2D Research of ultra-thin MRPC prototype

B Effect of thickness of MRPC on time resolution

XA XB XB Thlckness of MRPC
AL =t +——(t +—) At +4_ZE o}, = 04 + (D262 % 2,0
A c B c c c AL At ( ) V12

Noise reduction PCB

Productlon of ultra-thin MRPC Front-end electronics
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2P Ultra-thin 8-gap MRPC gamma test
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O»®» Anew RPC

| Ultra-thin, high efficiency, high time resolution RPC |

€ Detection efficiency for y (128 pm gas gap)
1-chamber 1-gap ~ 0.2%
1-chamber 8-gap ~ 1.5%
4-chamber 32-gap ~ 6.3%

Cherenkov radiator
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® Performance indicators [A. Breskin et al. Israel 2000]

time resolution < 20 ps, detection efficiency ~ 6.4%
sensitive area thickness < 3 mm, energy resolution < 20%



PP Anew RPC

€ Calculation of optical path difference in Cerenkov radiator (silica)

ol oo : ,,.. silica silica(average) efficiency
m:_ : o 491ps 70ps 16%
0] 5cm 372ps 52ps 13%
3cm 241ps 32ps 8.7%
to0f- 2cm 164ps 20ps 6.4%
R K L TR lcm 80ps 8ps 3.2%

€ Fabrication of the new RPC

'n” I' "\"

K-Cs-Sh+Csl Electric field ~ 180 k\VV/cm, dark current ~ 0.04 nA. 0.03 pA
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" Research plan

O Three 8-gap MRPC are placed on each side of 22Na for positioning

123
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O Develop the high efficiency, high time resolution RPC prototype
Consider a more appropriate Cerenkov photon-to-electron conversion.

Detector number

Y

1.4
16%
; l 0
15%
é 0.6

0.2

| || II Illl 1 1 11 1

Improve the coating process.
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"I Conclusion

€ A 4-chamber 32-gap MRPC prototype has been constructed and tested

» time resolution for cosmic rays ~ 20 ps v mqﬁp S
> time resolution for 0.511MeV gamma ~ 58 ps - ZX AAAAAAAAAAAAAAAAAAAAAAAA | (Sm
> the thickness of MRPC affects the time resolution for gamma ——
4 An ultra-thin 8-gap MRPC prototype has been developed t ------------ ]/ ---------------- j
i

» time resolution for cosmic rays ~ 39 ps

Anode 0V

353 ERERCEREREE R

Signal electrode

> time resolution for 0.511MeV gamma ~ 50 ps
> the different ways that different particles act with MRPC affect the time resolution

€ An ultra-thin, high efficiency, high time resolution RPC was proposed
» use converters to improve detection efficiency = limited improvement
» increase the number of gas gaps — poor positioning accuracy

» use Cerenkov radiator + composite photocathode — 6.4% efficiency for one gap

Thanks For Your Attention!

(liu-jn20@mails.tsinghua.edu.cn)
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