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Current Technical Challenges 
1. Photocathode

• Bialkali photocathode is the only option — K2CsSb
• Operation in Gas environment, atmosphere pressure 
• Survive reasonable Ion Back Flow

2. Detector Design
• Photocathode Integration
• Vacuum assembly
• Minimize Ion Back Flow
• 5cm X 5 cm for prototype (Large area for future)

3. Electronics Design

• PETIROC

• SAMPIC Digitizer
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LDRD uRWELL-PICOSEC
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LDRD uRWELL-PICOSEC
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Infrastructure at JLab
• Vacuum deposition chambers at JLAB CIS group


• Used to manufacture K2CsSb photocathode (decommissioned), needs a bit vacuum work to 
restore

Deposition Chamber in JLab UITF Deposition Chamber in JLab Storage Vacuum Suitcase
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Transferring Photocathode to Detector

8



Photocathode 
Stability in Gas

• Slide From A. Lyashenko 
(Weizmann Institute)

• With no Ion Back Flow
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Photocathode
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Current Technical Challenges — Ion Back Flow

Technical Design Report for the Upgrade of the ALICE Time Projection Chamber,  CERN-LHCC-2013-020, February 19, 2014

• Gas amplification process in GEM foil

• Normal ion back flow 60% per GEM foil

• Long term stable operation for Bialkali photocathode: IBF: 10-3 ~ 10-4

• Single electron detection requires gain ~ 104
Ion Back Flow

• Photocathode lifetime

• Low or Negative Electron Affinity photocathode

• Back flowing ion cause secondary electron 
emission

• Secondary photoelectron also has ion back 
flow

• Cascade reaction — similar process like 
avalanche — discharge

11



Current Technical Challenges — Ion Back Flow
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Slide From A. Lyashenko 
(Weizmann Institute)



Optimize E Field to Minimize IBF — Multiple Layer of Amplification
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IBF Minimization — DMM

Zhiyong Zhang, et al, A high-gain, low ion-backflow double micro-mesh gaseous structure for single electron detection, Nuclear Inst. and Methods in Physics Research, A 889 (2018) 78–82
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Technical Design Report for the Upgrade of the ALICE Time Projection Chamber,  CERN-LHCC-2013-020, February 19, 2014

• IBF reduced to 10-4

IBF Minimization — COBRA GEM Foil (ALICE TPC)
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Electronics Integration — DAQ

SAMPIC
PETIROC
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Path Moving Forward in First Year

• In first year, we use proton to characterize the detector — neutron is only a 
matter of detection efficiency


• Need to go parallel in first year with 4 different configurations:


1. Bare K2CsSb with amplification layer directly beneath it — 200 um away 
(Do it at JLab)


2. Bare K2CsSb with an ion trap (mesh or GEM foil) between 
photocathode and amplification layer (Do it at JLab)


3. Coating K2CsSb with MgF2, Al2O3, carbon flash coatings, try sub-1 nm 
thickness (BNL? JLab?)


4. Coating K2CsSb with graphene — probably the only solution (BNL? 
LBNL?)
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Project Team and Responsibilities

Role Person Capacity Scope FTE 
FY 26

FTE 
FY 27

PI: Xinzhan Bai RD&I scientist 1, 2, 3 25% 25%

Co-I: Kondo Gnanvo RD&I scientist 1, 2, 3 8% 8%

Engineering Support: Seung Joon Lee Biomedical engineer 1, 3 5% 5%

DAQ, Simulation Support: Cameron Clarke BRIC scientist 1, 3 5% 5%

Electronics Developer: Jack McKission Electronics engineer 3 5% 5%

Beam Test, Data Analysis: TBD Postdoc 2, 3 0% 100%

Contributor – Photocathode: Mengjia Gaowei BNL physicist Contributor/Advisor - -

Advisor – Photocathode: John Smedley SLAC/Stanford Advisor - -

Advisor – Detector Physics: Bogdan Wojtsekhowski Hall A physicist Advisor - -

Advisor – Project Supervision: Drew Weisenberger RD&I Group Leader Advisor - -

1. Detector design.    2. Photocathode.    3. Electronics Integration (DAQ) 
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Slide From A. Lyashenko 
(Weizmann Institute)

Summary
• Lots of on-going efforts in this field

• This is a right project at the right timing for LDRD



Backup Slides
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Coating K2CsSb with CsI
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