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Test beam results of MCP in “ionisation mode” for 
detection of single charged particles and EM showers

MCP as MIP/EM shower TOF detector
PMT-MCP mode 
➡High efficiency & 

excellent time resolution 
(<20ps)


➡Issues for colliders: 
lifetime & radiation 
hardness (photocatode)

i-MCP mode 
➡Secondary emission in 

the MCP, no 
photocathode


➡more radiation hard, 
improved lifetime, 
robust/easier assembly
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Pile-up @ future hadron colliders

Idea: use time-of-flight information in calorimeters to aid 
the full event reconstruction 
➡ pile-up mitigation: remove energy deposits in 

calorimeters not associated to the hard interaction (e.g. 
pile-up jets identification, improve MET resolution…)


➡ triangulate high energy photons from Higgs decay to 
production vertex

High instantaneous luminosity >1034 cm-2s-1 in pp colliders is 
achieved at a cost of large number of collisions for BX. 
e.g.: HL-LHC (2024): 140 PU. Time spread ~200ps

i-MCP test beam setup

How to use the timing information!

9!Jan Steggemann!

•  Scenario 1: Remove PF photons incompatible with coming from the 
primary interaction!
•  Similar to charged hadron !

subtraction!

•  Two sets of cuts:!
•  Loose: -2.5 x σt < t < 1000 ps!
•  Tight: -2 x σt < t < 150 ps!

!
•  Scenario 2: Use timing information in higher-level algorithms, e.g. 

an MVA classifier for pileup jet identification!
•  Advantage: can make full use of the information, e.g. takes into 

account core resolution and tails!

Time (ns)
-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

a.
u.

-310

-210

-110

50 ps resolution
Pileup photons
Pions
Photons

PU = 140, 14 TeV

CMS PhaseII Simulation
<50ps TOF 
resolution is 
needed to get 
rejection in forward 
EM calorimeter of 
pile-up photons 

1 PMT-MCP: trigger and time 
reference (15ps resolution)
Different configurations tested in      
i-MCP mode: 
➡2 MCP layers (d/L=1:40) chevron

➡2 MCP layers (d/L=1:40), surface 

chemically treated to enhance 
SEE, chevron 

➡3 MCP layers (d/L=1:40) Z-stack
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Test beam results of MCP in “ionisation mode” for 
detection of single charged particles and EM showers

Single charged particle results
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Preliminary
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Preliminary

PMT-MCP mode:  
100% efficiency


Z-stack & 
enhanced SEE    
i-MCP mode:       
~ 70% efficiency 


20% improvement 
over standard 
chevron 
configuration

σ(tTRIG-tMCP) ~ 40 
ps for Z-stack & 
enhanced SEE:  
35ps resolution on 
single charged 
particle for a 
single detector

EM shower results
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Double layer - iMCP mode - 3200 V
ZStack1 - iMCP mode - 3200 V
ZStack2 - iMCP mode - 3200 V
SEE - iMCP mode - 2200 V
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Double layer - iMCP mode - 3000 V
ZStack1 - iMCP mode - 3000 V
SEE - iMCP mode - 1900 V
ZStack2 - iMCP mode - 3000

Preliminary

0-5X0 in front of  
i-MCP with 
configurable lead 
absorber

  
100% efficiency 
for EM showers 
after 2-3 X0

σ(tTRIG-tMCP) ~ 30 
ps for showers: 
25ps resolution 
for a single EM 
shower


