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1.1 Motivation

2“  Dynode-PMT

H8500

20“  Dynode-PMT

2“  MCP-PMT

R12860

20“  MCP-PMT

✔ ️ ✔ ️

✔ ️

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!
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2” MCP-PMT  (2010)

5” MCP-PMT  (2011)

Design  2009

8” MCP-PMT  (2012-2013)

   From 2010-2020，the 2”, 5”,8” and 20” MCP-PMT 

prototypes were successfully produced, and the 

performance were also improved for the production of 

High CE MCP modules and high QE photocathode.

20” MCP-PMT  (2017-2020)20” MCP-PMT  (2015)     The Core technologies for PMTs

 The High QE photocathode;

 The High Gain low Noise MCPs;

 The low radioactive glass；

 The Vacuum transfer equipment；

Ref: Sen Qian et al., TIPP2021, Poster 551. 

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

MCP

Anode

Available parameters: Gain, TT, TTS, ER, RT, Electrons angle distribution

Structural parameters are 
consistent with the samples

④ Single photoelectron 
    spectrum （SPE）

Gain = area

② Spread of TT ③Spread of gain

ER = Sigma/MeanTTS = Sigma
Read-out analog circuit

⑤ RT from the output signal
① Angle distribution of output electrons 

2.1 The FPMT Simulation Models

Ref: Qi Wu，Oral report. The performance simulation and Structure Optimization of Small Fast MCP-PMT, IEEE NSS&MIC,2020
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2.2 FPMT Anti-magnetic Performance

Φ  is the angle between the magnetic field and FPMT 

The data of FPMT anti-magnetic performance experiment in IHEP

The magnetic field strength when the  gain is reduced to 
1/100 is used to evaluate the anti-magnetic performance.

----The simulation results are in good consistence with the test results with the 
same construction. -------- proving the reliability of the model.
----With this correct simulation model, we can do the correct design for the new 
construction of different types of FPMTs.

Test result of  the FPMT Sample Simulation result of  the FPMT modle

5 T 5.2T

Ref: Yao Zhu et al., Sensors and Actuators A  318 (2021) 112487. 
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----With 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 TTSSPE, but can get this TTSlimit.

TTSlimit

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. 

2.3 The Limit Time Resolution of the FPMTs
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2.4 Summary of Key Technologies

High Voltage / Light Source

Simulation

✔ ️

✔ ️
FPMT Algorithm

DAQ ✔ ️
✔ ️✔ ️ TTS ✔ ️
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3.1 Sigle Anode FPMT

HV/V gain P/V Amp(SPE) RT FT Width
TTS
@SPE

TTS
@MPE

Photek
210

-4700 2.9E6 2.0 93.2mV 95.8ps 348ps 192.7ps 43.5ps 10.3ps

Plate-
Anode

-2000 1.9E6 28.8 7.59mV 1.41ns 1.42ns 1.8ns 71ps 25ps

Conical
-Anode

-3181 2.6E6 6.3 53mV 153ps 419ps 328ps 27.2ps 4.2ps

Anode Optimization Waveform comparison

ΔV1 Optimization ΔV3 Optimization SPE Spectrum

Ref: Lishuang MA et al., R & D of a novel single anode fast timing MCP-PMT，2022，Pre-proof ，NIMA. 
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SPE-TTS MPE-TTS

SPE spectrum

Average waveform for SPE

2*2  Anodes FPMT

Ref： Sen Qian， Oral report, The R&D of the Ultra Fast 8X8 Readout MCP-PMTs,  ICHEP 2020

HV/V gain P/V
Amplitude

(SPE)
RT/ps FT/ps Width

TTS
@SPE

TTS
@400mV

2*2 
Anodes 

-2500 1.9E6 6.5 33.9mV 243 516 378ps 66.8ps 16.6ps

3.2  2*2 Anodes FPMT
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3.3  4*4 Anodes FPMT
4*4  Anodes FPMT

1660V 
@1×10
7

Light source PS Laser

RT 431.2ps

Amplitude 21.13mV

Gain 9.57×106

P/V 1.83

TTS@SPE 106.6ps

TTS@MPE 28ps

Ref：Lishuang Ma, The status of the R&D of Ultra-Fast 8 times 8 readout MCP-PMTs in IHEP，Pos（ICHEP2020）867
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3.4  8*8 Anodes FPMT

FPMT HV/V gain P/V Amp(SPE) RT FT Width
TTS
@SPE

TTS
@MPE

Photek-
MAPMT253

-2600 1.2E7 11.2 113mV 490ps 1.16ns - 44.3 ps 16 ps

8*8 Anodes
FPMT

-1500 3.9E6 18.6 45 mV 334 ps 660 ps 900 ps 38.5 ps 9.1 ps

Ref: Qi Wu et al., R&D of ultra-fast 8 × 8 anodes MCP-PMT, 2022 JINST 17 T04002. 

Uniformity of Gain Uniformity of TTSUniformity of P/V

TTS Spectrum TTS Variation with  the light intensity 
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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 algorithms.

• 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. 


