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The timing performance of photodetector is a critical parameter for the development of Radiation Imaging Detectors based on Time Of Flight (TOF) technique, notably in

applications like TOF Positron Emission Tomography (TOF-PET). The small size Microchannel Plate Photomultiplier (MCP-PMT), also referred to as Fast timing MCP-PMT
(FPMT), is a popular candidate photodetector of TOF-PET for its high gain, good detection efficiency, single photon detect ability, magnetic field resistance, ultimately its good time
resolution.

Using the Cherenkov radiator as the light window directly can eliminate the optical interface between the radiator and conventional MCP-PMT, and Cherenkov light will be
directly converted into photoelectrons, thus improving the CTR of Cherenkov TOF-PET. PbF, is a favoured Cherenkov radiator for its high refractive index, high density and pure
Cherenkov radiation. Starting from 2020, the MCP-PMT workgroup has completed the development of FPMT from Glass window FPMT (Glass-FPMT) to Pb Glass window FPMT

(Pb-FPMT), and ultimately advanced to PbF, window FPMT (PbF-FPMT). The structure of the PbF-FPMT was optimized to achieve a better time resolution. The performance of
PbF-FPMT at SPE mode and the CTR of a pair of PbF-FPMT were evaluated.

1. Development of PbF-FPMT

» Using the Cherenkov radiator as the light window directly can improve the CTR of Cherenkov TOF-PET.

»> PDbF, is a favoured Cherenkov radiator for its high refractive index, high density and pure Cherenkov radiation.

» Starting from 2020, Our team has completed the development of FPMT from Glass window FPMT (Glass-FPMT) to Pb Glass window FPMT (Pb-FPMT), and ultimately advanced to
PbF, window FPMT (PbF-FPMT).
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2. Performance of PbF-FPMT , 3. CTR of PbF-FPMT

» Reducing the spacing between the photocathode and the MCP can effectively improve
the TTS » Using the PbF, as the light window directly to produce more Cherenkov photons.

» Using step window insted of flat window structrue to reduce the spacing between

the photocathode and the MCP

» The structure of the PbF-FPMT was optimized to achieve a RT less than 300 ps and a

TTS of 30 ps under single photon mode.

u E-’g.ﬁ«.—
£
i

O, = \/ O_r? +O—r22 T O_ri 2 ooF- m;o?nang
— .(3%8 Window — | - 10?9?17%53
B Photocathode — - B 5 5 15‘;2 ;g.;
MCP-in electrode 4 //////////////, / / ! UDE B 54.96 + 4_9'3_7;
B << - 400F : A 104.1+55
- MCP { = o 920
P e MCP-out electrode — \ \\ < ’ 300 - Y
i :'-' — 2 £ J _ 4" +4.0
» PbF-FPMT P RO 3 I
£ of S e % g I S S g ol ' _ﬁi gl
E &og— - 2 nt 363.9 ) 206 z : g, = m“"L X S : :0'2 = i i i )2' :dl/:’E = L N : o Tme fps]
L | i 40.27 £ 1.27 o h %  EY2i11 % S+a) eV ‘Vidt CW,-V) |
of : = mmiio B EEEE R RE TPy R ettt ! PbF-FPMT
= - p4 1761+ 5.3
" B CTR=129.2%+1.6 ps
Teesaseos i sreasr sl HV(V) Gain PV Peak(mV) RT(ps) FT(ps) Width(ps) TTS(ps)
= = ® 2 9360" 1466 1 1600 1700 1800 1900 2000 0 2200
Time [ns] Time [ps] 20
> Typical waveform > TTS Spectrum > Uniformity of TTS PbE-FPMT-1# 1500 2.6E6  23.9 46.4 284.8 242.8 427.6 34.5
PbF-FPMT-2# 1420 3.5E6 9.5 57.4 277.6 309.8 449.5 33.75
HV(V) Gain PV Peak(mV) RT (ps) FT (ps) Width (ps) TTS (ps)
PbF-FPMT 1420 3.5E6 9.5 57.4 277.6 309.8 449.5 33.75

/ * 4. Conclusions ’ \

» The PbF-FPMT has been successfully developed by the MCP-PMT workgroup.

» The structure of the PbF-FPMT was optimized to achieve a RT less than 300 ps and a TTS of 30 ps under single photon mode.

» The direct use of PbF, as the optical window eliminate the optical interface between the radiator and the detector, significantly enhances the number

\ of Cherenkov photons and the multi-anode structure enables a great spatial resolution. The CTR of the PbF-FPMT can reach 129.2 1.6 ps. /
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