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AC-LGAD for EIC
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• Large area LGAD detectors are being built 
by ATLAS (6.4 m2) and CMS (15.6 m2) for 
data taking starting in 2026.

• AC LGAD detectors proposed for EIC 
• Roman Pots and B0
• TOF for PID (and tracking) 

• Have common designs in sensor, ASIC etc. 
when possible, combine R&D efforts

LGAD

AC-LGAD



Sensor R&D
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• R&D Goals
• 15-20 ps timing resolution, O(3-50𝜇𝑚) position resolution where needed
• Minimal readout channel density (long strip, rectangular pixel) for reduced power and thus material and cost

• Plan
• Produce and test sensors with thinner active volume to achieve the desired timing resolution 
• Optimize implantation parameters and AC-pad segmentation through simulation and real device studies
• Engage commercial vendors to improve fabrication process and yield



AC-LGAD TOF Detectors for EIC – eRD112
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Barrel TOF
Single layer with 30 ps resolution and 
2%X0 material budget per layer

Forward TOF
Double layer with 25 ps resolution and 
5%X0 material budget per layer

Backward TOF
Double layer with 25 ps resolution and 
5%X0 material budget per layer

START Time
20 ps resolution



AC-LGAD TOF Detectors in ATHENA DD4HEP
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Backward 
TOF

Barrel TOF

Forward 
TOF

Barrel TOF (Area=6.28m2)
Z=[-1m, 1m], R=0.5m, 
Eta=[-1.44, 1.44]

Forward TOF (Area=5.44m2)
Z=1.73m, Rin=0.19m, Rout=0.95m
Eta=[1.36, 2.91]

Backward TOF (Area=5.44m2)
Z=-1.85m, Rin=0.19cm, Rout=0.95m, 
Eta=[-2.97,-1.42]



Barrel TOF (eta=0)
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AC-LGAD Barrel TOF Detector for EIC – STAR IST
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AC-LGAD Barrel TOF Detector for EIC – STAR IST



AC-LGAD Barrel TOF Detector for EIC – STAR IST

10/5/21 Zhenyu Ye @ UIC 11

0.6 mm * 6 mm strip sensors



AC-LGAD Endcap TOF Detectors for EIC – STAR IST
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ATLAS High Granularity Timing Detector (HGTD)
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HGTD (Z=+/-3.5 m, 6.4m2, |Eta|=[2.4, 4]) 
Active area: Rin=0.12m, Rout=0.66 m
Total area: Rin=0.11m, Rout=1.0 m
# of channels: 3.6M 1.3x1.3mm2



ATLAS High Granularity Timing Detector (HGTD)
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ATLAS High Granularity Timing Detector (HGTD)
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0.25X0

0.05X0



CMS MIP Timing Detector (MTD) - Endcap Timing Layer
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CMS MIP Timing Detector (MTD) - Endcap Timing Layer
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CMS MIP Timing Detector (MTD) - Endcap Timing Layer
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Relative contributions in radiation length
~5% from sensor+ASIC
~20% from module service
~30% from frontend electronics boards
~45% from support structure (Al) and cooling



AC-LGAD Endcap TOF Detectors for EIC – eRD112
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pixel/strip size 
(mm*mm)

# of channels per 
unit area (abs)

Power per channel 
(mW)

ATLAS/CMS pixels 1.3*1.3 1 4

Long strip – eRD112 0.5*25 1/7.5 1-2

Rectangle pixel – eRD112 0.5*2.6 4/3 1-2

1. Much lower irradiation level at EIC than HL-LHC: Operating AC-LGAD detectors at room temperature (no 
need for thermal separation from other detectors) without neutron moderator is possible. 

2. Much smaller multiplicity: Using long strip sensors and reducing ASIC power consumption per channel.
Power consumption density could be reduced by ~10. This will dramatically reduce the service materials 
(readout boards, cables, cooling, etc), and in turn the support structure due to the overall weight reduction. 

3. Using light weight materials for module and support structure. Further reduce the material budget. 



AC-LGAD TOF Detectors for EIC – eRD112
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Barrel TOF
Single layer with 30 ps resolution and 
2%X0 material budget per layer

Forward TOF
Double layer with 25 ps resolution and 
5%X0 material budget per layer

Backward TOF
Double layer with 25 ps resolution and 
5%X0 material budget per layer

START Time
20 ps resolution



AC-LGAD TOF Detectors in ATHENA DD4HEP
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Backward 
TOF

Barrel TOF

Forward 
TOF

Barrel TOF (Area=6.28m2)
Z=[-1m, 1m], R=0.5m, 
Eta=[-1.44, 1.44]

Forward TOF (Area=5.44m2)
Z=1.73m, Rin=0.19m, Rout=0.95m
Eta=[1.36, 2.91]

Backward TOF (Area=5.44m2)
Z=-1.85m, Rin=0.19cm, Rout=0.95m, 
Eta=[-2.97,-1.42]


