
ePIC TOF DWG -> ePIC TOF DSC
• ePIC AC-LGAD TOF Detector System

• Barrel: 1 cm*500 um strips, ~10 m2, ~2M channels
• Forward: 500*500 um2 pixels, ~1.4 m2, ~6M channels

• TOF Detector Working Group
• Convener: Constantin Loizides (ORNL), Frank Geurts (Rice), Wei Li (Rice), Zhenyu Ye (UIC)
• DAQ contact: Tonko Ljubicic (BNL)
• Simulation contact: Nicholas Schmidt (ORNL)
• LGAD consortium, eRD109 (ASIC & Electronics), eRD112 (Sensor & Mechanics)

• TOF Detector Subsystem Collaboration
• Nominated for DSL and Deputy DSL: Zhenyu Ye (UIC), Satoshi Yano (Hiroshima University)
• In the process of collecting institutional interests/responsibilities and defining working groups/packages
• Institutions: 

• USA: Brookhaven National Laboratory, Los Alamos National Laboratory, Oak Ridge National Laboratory, Ohio State University, 
Purdue University, Rice University, University of California Santa Cruz, University of Illinois at Chicago

• Japan: Hiroshima University, RIKEN, Shinshu University, University of Tokyo
• India: IIT Mandi, National Institute of Science Education and Research
• Taiwan: National Central University, National Cheng Kung University, National Taiwan University
• China: South China Normal University, University of Science and Technology of China
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Barrel TOF Layout
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More details: https://indico.bnl.gov/event/16765/

STAR Intermediate Silicon Tracker

L=2.4m

ePIC Barrel TOF (~1% X0)

R ~0.64 m

• 288 staves, each with 32 strip sensors wire-bonded to 64 
frontend ASICs on low mass Kapton flex and CF support

• Power consumption: ~4 kW for 500µm x 1cm strips (2.4 kW 
for ASIC, 1.0 kW for DC-DC, 0.6 kW for sensor+cable+RB)

https://indico.bnl.gov/event/16765/


Forward TOF Layout
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More details: https://indico.bnl.gov/event/17336/

• 212 modules, each with 24 to 96 bump-bonded 
pixel sensor + ASIC assemblies on Al disk

• Power consumption: 13 kW for 500x500 µm!

pixels (6 kW for 800 x 800 µm!)

R ~0.67 m

dz < 10cm CMS Endcap Timing Layer
(~8% X0)

https://indico.bnl.gov/event/17336/


TOF Detector - Hardware
Sensor: Design, prototype 

characterization, production QA/QC
Frontend ASIC: Design, prototype 

characterization, production QA/QC

Detector Module Structure: Design, 
prototype fabrication, production fabrication

Sensor-ASIC integration: Prototyping and 
characterization, production and QA/QC 

Low Mass Kapton Flex: Design, prototype 
characterization, production QA/QC 

Detector Module: design, prototype assembly, prototype 
characterization, production assembly, production QA/QC 

Cooling System: design, 
prototyping, production

Service Hybrid: Design, prototyping and 
characterization, production and QA/QC

Backend DAQ Electronics: 
Design, prototyping, production

Detector Support Structure: Design, 
prototype fabrication, production fabrication

TOF Detector Installation and Commissioning

Power Supplies and Cables: design, 
prototyping, production

Alignment System Slow Control
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TOF Detector - Software

Simulation

Reconstruction

Calibration

Alignment

Slow ControlTOF Detector
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TOF On-going/Planned Work
eRD112 [3]
• Sensor (BNL-IO, UCSC, UIC/Fermilab, 

LANL, ORNL, Rice)
• BNL-IO, HPK and FBK productions
• Lab/beam test, irradiation

• Sensor-ASIC integration (UIC)
• Module mechanical structure (NCKU/Purdue)

• Low-density composite structure

eRD109 [3]
• Frontend ASIC: 

• EICROC (IJCLab/OMEGA, BNL)
• FCFD (Fermilab)
• Fast/HPSoC/ASROC (UCSC)

• Frontend electronics
• Low-mass flexible Kapton PCB (ORNL)
• Barrel TOF service hybrid (ORNL) 
• Endcap TOF service hybrid (Rice) 
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[1] https://wiki.bnl.gov/EPIC/index.php?title=TOFPID
[2] https://www.overleaf.com/read/vftxyvjtjrvp
[3] https://wiki.bnl.gov/conferences/index.php/ProjectRandDFY23

Project Engineering and Design (PED) [2]
• Mechanical engineering (NCKU/Purdue, ORNL)

• Mechanical support and services
• Cooling system

• Electric engineering (BNL within DAQ WG)
• Precision clock distribution (<5 ps)
• Timing chips and streaming readout
• Readout board

Simulation [1] 
• DD4HEP geometry, digitization, reconstruction (ORNL, 

UIC, Hiroshima, BNL, OSU)
• Timing resolution requirement
• Spatial resolution requirement
• Material budget requirement

https://wiki.bnl.gov/EPIC/index.php?title=TOFPID
https://www.overleaf.com/read/vftxyvjtjrvp
https://wiki.bnl.gov/conferences/index.php/ProjectRandDFY23


ePIC TOF DWG -> ePIC TOF DSC
• ePIC AC-LGAD TOF Detector System

• Barrel: 1 cm*500 um strips, ~10 m2, ~2M channels
• Forward: 500*500 um2 pixels, ~1.4 m2, ~6M channels

• TOF Detector Working Group
• Convener: Constantin Loizides (ORNL), Frank Geurts (Rice), Wei Li (Rice), Zhenyu Ye (UIC)
• DAQ contact: Tonko Ljubicic (BNL)
• Simulation contact: Nicholas Schmidt (ORNL)
• LGAD consortium, eRD109 (ASIC & Electronics), eRD112 (Sensor & Mechanics)

• TOF Detector Subsystem Collaboration
• Nominated for DSL and Deputy DSL: Zhenyu Ye (UIC), Satoshi Yano (Hiroshima University)
• In the process of collecting institutional interests/responsibilities and defining working groups/packages
• Institutions: 

• USA: Brookhaven National Laboratory, Los Alamos National Laboratory, Oak Ridge National Laboratory, Ohio State University, 
Purdue University, Rice University, University of California Santa Cruz, University of Illinois at Chicago

• Japan: Hiroshima University, RIKEN, Shinshu University, University of Tokyo
• India: IIT Mandi, National Institute of Science Education and Research
• Taiwan: National Central University, National Cheng Kung University, National Taiwan University
• China: South China Normal University, University of Science and Technology of China
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Inquiry for Institutions 
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CMS MIP Timing Detector 
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Possible Working Group Structure for TOF DSC?
• Barrel TOF

• Sensor: sensor, sensor-ASIC integration
• Frontend electronics: ASIC, service hybrid
• Detector Module: module structure, module assembly 

• Forward TOF
• Sensor: sensor, sensor-ASIC integration
• Frontend electronics: ASIC, service hybrid
• Detector Module: module structure, module assembly 

• Common systems
• Backend Electronics: power supplies, DAQ system
• Mechanics: support structure, cooling system
• Alignment system
• Slow control

• Detector Performance
• Simulation and reconstruction
• Database
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