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MCP-PMT

– Gain＞1E6

– TTS＜100 ps

– QE＞20%

– Lifetime＞10C/cm2

for the moment

STCF PID
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Dynode PMT

• Photon→Electron

• Electron multiplication

• Electron cloud extrication

◆Fast time response  TTS ~tens ps

◆Stable in strong magnetic field  ~T

◆Two dimensional detection ~tens μm

◆Sensitive to X rays γ ray, neutron..

MCP-maPMT
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MCP & ALD-MCP

⚫ Conventional MCP

⚫ ALD-MCP based on lead glass

⚫ ALD-MCP based on lead-free glass

Emissive layerEmissive layer

20 inch MCP-PMT for JUNO
CE 100%

Lifetime extended
Argonne Incom. LAPPD 

A. Lehmann et al., GSl scientific report 2022DO1:10.15120/GS1-2023-00462
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2 inch

XIOPM  MCP-PMT

PD

Fast MCP-PMT

Gated MCP-PMT

Large current 
MCP-PMT

Gated MCP-PMT

Large current 
MCP-PMT
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Gain=𝜹𝒏

– MCP secondary emission layer

– PC-MCP potential → first hit energy 

– MCP voltage → subsequent hit energy 

⚫ 𝛅 : secondary emission coefficient

conventional MCP ALD-MCP
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ALD-MCP

conventional-MCP

High gain with lower HV for ALD-MCP
but larger nonlinear deviation

⚫ 𝒏 : number of hits

– MCP L/D

– MCP voltage

Gain
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Gain
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⚫ Current gain 

＜3E6@2100V

⚫ Photon counting gain 

1E7 @2100V
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Gain linearity

⚫ Space charge effect

⚫ long recharge time leads to Positive     

charge accumulation

Evolution of space charge 3D distribution

Self-consistence electric field distribution

t1

t2

t3

t4

t5

Review of Scientific Instruments 87, 073303 (2016)
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Output linearity

Hamamatsu handbook v4

Light pulse FWHM 300ns Photon counting mode
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Time characteristics

⚫ Waveform
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Time characteristics

⚫ TTS vs. MCP SEE simulations

ns

𝝈𝒕𝒕𝒔= 𝝈𝟎
𝟐 + 𝝈𝒑𝒄−𝒎𝒄𝒑

𝟐 + 𝟐𝝈𝒎𝒄𝒑
𝟐 + 𝝈𝒎𝒄𝒑−𝒂𝒏𝒐𝒅𝒆

𝟐

Nuclear Inst. and Methods in Physics Research, A 1005 (2021) 165369
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Time characteristics

⚫ Rise time

HV between PC and MCP

MCP-anode distance 
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Time characteristics

⚫ Pulse FWHM

HV between PC and MCP

MCP-anode distance 

• Electron transmission

• Capacitance

• Secondary electron emission from anode

• Backscattered electrons from the 1st MCP 

?
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Time characteristics

⚫ Waveform simulation vs the capacitance between MCP and anode

Capacitance between MCP and anode
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Time characteristics

Main signal peak

Scattered electron peak

Scattered electron tailing

⚫ 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

Physical processes that lead to an 
output pulse of the MCP-PMT
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Ugrid-mcp =50 V

Ugrid-mcp =80 V

Ugrid-mcp =100 V

Ugrid-mcp =200 V

Ugrid-mcp =300 V
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NIM A 2017, 912: 112-114.
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Magnetic characteristics

NIM A 2019, 936: 580-582.

no magnetic field with magnetic field
⚫ Collection efficiency

d=2mm
U=500V

d=0.3mm
U=300V
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⚫ Electrons trajectory in MCP

2020 JINST 15 C03048

Gain=𝜹𝒏

Magnetic characteristics
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⚫ Gain

Magnetic characteristics
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IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 69, NO. 4, APRIL 2022

Magnetic characteristics

⚫ Gain vs. MCP aperture
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Magnetic characteristics

⚫ Gain vs. MCP L/D

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 69, NO. 4, APRIL 2022
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⚫ Gain vs. MCP bias angle/HV

Magnetic characteristics

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 69, NO. 4, APRIL 2022
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Magnetic characteristics

⚫ Gain vs. magnetic field direction
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⚫ Gain vs. magnetic field direction

Magnetic characteristics
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Magnetic characteristics

⚫ Spatial resolution
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Lifetime
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Lifetime

25-231025
25-231127

25-231109
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Prototype
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ALD-MCP MCP

2 inch
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1 inch

Prototype
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Thank you for your attention！
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