FTCF2024

g

USTC Hefei

The 2024 InternationalWo rkshdb_

on Future Tau-Charm Facilities
' ‘January 14-18, 2024

R&D of fast maMCP-PMT

Ping Chen

chenping1@opt.ac.cn

Xi'an Institute of Optics and Precision Mechanics
Chinese Academy of Sciences (XIOPM-CAS)

17 January 2024



X IAN[INSTIMUTE{OEIORTIES PRECISIONIMECHANIECSIOEICAS]

STCF PID k () [E3) R} 3 (5 ] 538 E3 0 3 L LA i B3

44 pixels MCP-PMT

15|:-| 570mm |
e 1040mm |
MCP-PMT
— Gain>1E6
— TTS<100 ps for the moment
— QE>20%
— Lifetime >10C/cm2




PMT & MCP-PMT
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« Photon—Electron
 Electron multiplication

« Electron cloud extrication

® Fast time response TTS ~tens ps
# Stable in strong magnetic field ~T
€ Two dimensional detection ~tens um

® Sensitive to X rays y ray, neutron..
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A. Lehmann et al., GSI scientific report 2022D01:10.15120/GS1-2023-00462



MCEP-PMF

Fast MCP-PMT

-

~ Large current

AMCP-PMT..
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| Gated MICP-PM
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Gain=6"

® § : secondary emission coefficient High gain with lower HV for ALD-MCP

but larger nonlinear deviation
— MCP secondary emission layer

— PC-MCP potential — first hit energy

— MCP voltage — subsequent hit energy L

® n : number of hits
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® Current gain ® Photon counting gain
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Gain linearity

® Space charge effect

® long recharge time leads to Positive

C/m"3

15.0
12.8
16.9
9.86
=1y
5.31
3.44

charge accumulation

1.56
-B.313
-2.19

Review of Scientific Instruments 87, 073303 (2016)




Maximum linear voltage(V)
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Photon counting mode
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® Waveform
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2
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® TTS vs. MCP SEE simulations
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® Rise time
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Time characteristics
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e Electron transmission
o PUISe FWHM . Capacitance ?

- Secondary electron emission from anode "
- Backscattered electrons from the 1st MCP
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Time characteristics
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® Waveform simulation vs the capacitance between MCP and anode
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Time characteristics
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® Waveform with considering the secondary emission of anode
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Time characteristics

® Timing distribution simulation with considering the secondary emission of 1st MCP
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® Collection efficiency
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L J
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® Gain
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Magnetic characteristics

® Gain vs. MCP bias angle/HV
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Magnetic characteristics

® Gain vs. magnetic field direction
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Anode output charge in a single pulse (pC)
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X IAN[INSTIMUTE{OEIORTIES PRECISIONIMECHANIECSIOEICAS]

Thank you for your attention!
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