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1.1 Motivation
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IHEP Design:

After the successfully 20 inch MCP—PMT R&D,

the PMT group in IHEP try to design

and produce the 2 inch FPMT(Fast PMT), with high QE photocathode, and low cost!




1.3 The Ability of the R&D for the MCP-PMTs

20" MCP—PMT  (2015) 20" MCP—PMT  (2017—2020) The Core technologies for PMTs
> The High QE photocathode;
» The High Gain low Noise MCPs;

» The low radioactive glass;

» The Vacuum transfer equipment;

8" MCP—PMT (2012—2013) L Fast
_ PM T arge as
5" MCP—PMT (2011) MCP-PMT MCP-PMT
1 QE @ 400nm 30% 30%
o Area 20 inch 2 inch
Design 2009 2" MCP—PMT  (2010)
: Anode 1 8X8
RT@1pe 1.5ns 100ps
. TTS@1pe ~o ns ~ 50ps
:  From 2010—2020, the 2", 5",8" and 20" MCP—PMT :
: : Gain 1X1077 1X107
:prototypes were successfully produced, and the :
:performance were also improved for the production of i DR S0K/PMT | 1Hz/mm?
iHigh CE MCP modules and high QF photocathode. Cost low low

Ref: Sen Qian et al., TIPP2027, Poster 5517 . 4
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¢ 2. The Key Technologies of the FPMTs



2.1 The FPMT Simulation Models
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Ref: Qi Wu, Oral report. The performance simulation and Structure Optimization of Small Fast MCP—PMT, [EEE NSS&MIC, 2020 6



2.2 FPMT Anti-magnetic Performance

, © /B
Vo :' @ is the angle between the magnetic field and FPMT
Cathode :7 1 1 /‘/
MCP;, « [
The magnetic field strength when the gain is reduced to
MCPry «—f— vl - . .
T ——— 1/100 is used to evaluate the anti—magnetic performance.
" The data of FPMT anti—magnetic performance experiment in IHEP
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:: S - Sample 2 § . =
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Test result of the FPMT Sample Simulation result of the FPMT modle

————The simulation results are in good consistence with the test results with the
same construction. ———————— proving the reliability of the model.

————W.ith this correct simulation model, we can do the correct design for the new

construction of different types of FPMTs.
Ref: Yao Zhu et al., Sensors and Actuators A 318 (2021) 112487. 7



2.3 The Limit Time Resolution of the FPMTs
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* The relationship between the number of photonsand TTS is in line with \{_ﬁ
————W.ith enough photons, the TTS of the FPMT will get stable value, the Limit Time

Resolution, the best TTS of the FPMT.

————Some FPMT can not test the SPE spectrum and the TTSgy, but can get this TTS;.
Ref: Yao Zhu et al., Y. Zhu et al., "Study of Time Characteristic Test Method of the Fast Timing MCP—PMT, 2019 IEEE NSS&MIC. 8



2.4 Summary of Key Technologies
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3.1 Sigle Anode FPMT
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Ref: Lishuang MA et al., R & D of a novel single anode fast timing MCP—PMT, 2022, Pre—proof , NIMA. 11



3.2 2*2 Anodes FPMT
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Ref: Sen Qian, Oral report, The R&D of the Ultra Fast 8X8 Readout MCP—PMTs, ICHEP 2020
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3.3 4*4 Anodes FPMT
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Ref: Lishuang Ma, The status of the R&D of Ultra—Fast 8 times 8 readout MCP—PMTs in IHEP, Pos (ICHEP2020) 867




3.4 8*8 Anodes FPMT
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Ref: Qi Wu et al., R&D of ultra—fast 8 X 8 anodes MCP—PMT, 2022 JINST 17 T04002. 14



Summary

FPMT sample tubes of single anode, 2*2 anodes, 4*4
anodes and 8*8 anodes have been successfully developed.
Successfully developed dedicated ultra-fast front-end
electronics, high-frequency signal processing circuits, and ps
waveform analysis algorithmes.

The TTS @ SPE of single anode FPMT can reach 27.2 ps, the
TTS @MPE is less than 5 ps, which is an exciting result for the
development of fast time detection technique.

The TTS@SPE of 8*8 anode FPMT has achieved 38.5 ps,
TTS@MPE is less than 10ps.

Further optimization like rise time and uniformity are in

processing.
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