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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 (14 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



AC-LGAD TOF Detectors for EIC
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Barrel TOF
Single layer with 30 ps resolution and 
1%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 Sensor R&D - eRD112 
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• R&D Goals for AC-LGAD sensor
• 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 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
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0.6 mm * 6 mm strip sensors

Material budget <1% X0 



AC-LGAD Endcap TOF Detectors for EIC – STAR IST
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Outline
• Particle ID performance from BTOF - DD4HEP

• Impact on tracking by BTOF - Fun4All

• BTOF layout, module design and integration into ATHENA
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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) in ATHENA DD4HEP
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Excellent 𝝅/K/p separation at 0.2-1 GeV/c



Outline
• Particle ID performance from BTOF - DD4HEP

• Impact on tracking by BTOF - Fun4All

• BTOF layout, module design and integration into ATHENA
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ATHENA Baseline 2.0 Tracker – Nick Lukow (10/5/2021)
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Barrel MPGD
R(cm)   Length(cm)  Area(m2)   Resolution(um)   %X/X0
47.72   127.47           3.82
49.57   127.47           3.97            150                      0.4
75.61   201.98           9.59
77.47   201.98           9.83



Baseline 2.0 Tracker + BTOF in ATHENA Fun4All
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Additional Barrel Single Layer AC-LGAD
Z=[-1m, 1m], R=0.5m, Area=6.28 m2, Eta=[-1.44, 1.44]
Strip pitch: 500 um in R𝜑, 2.5 cm in Z
Spatial resolution: 15 um in R𝜑, 2.5/sqrt(12) cm in Z
Material budget: 1.1%X0

BTOF



ATHENA Tracker Baseline 2.0 - Material Scan
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Baseline 2.0 Tracker + BTOF in ATHENA Fun4All
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Very small impact on the momentum resolution at low momentum and
significantly improvement on the momentum resolution at high momentum



Outline
• Particle ID performance from BTOF - DD4HEP

• Impact on tracking by BTOF - Fun4All

• BTOF layout, module design and integration into ATHENA
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ATHENA Barrel TOF Module
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l =½ L = 0.673 m

h=0.642 cm

H=1.242 cm

• 12 AC-LGAD sensors, each with 64(φ)×2(z) strips, are read out by
12 frontend ASICs, each with 128 readout channels

• Low mass flexible Kapton PCB distributes power and I/O signals 
from a low mass connector at the edge

• Liquid coolant in Al cooling tube takes away heat from the ASICs

w
 =
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.6
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m

98 % coverage in Z
5.5 cm

3.
2 

cm



ATHENA Barrel TOF Module 
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• AC-LGAD sensor
• Frontend ASICs
• Carbon foam+

Carbon honeycomb+
CF skins

• Al cooling tube
• Liquid coolant
• Kapton PCB
• Connector

h=0.642 cm

w
 =

 5
.6
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m



ATHENA Barrel TOF Detector Layout
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108(φ)×2(z) modules



ATHENA Barrel TOF Detector Layout
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18 o tilted angle

3 mm overlap

Full azimuthal coverage



service

BTOF
BTOF service

Integration of BTOF into ATHENA
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AC-LGAD Barrel TOF
Z=[-0.673m, 0.673m], R=0.5m, 
Area=4.9 m2, Eta=[-1.11, 1.11]

Services (~1 kW)
Cables for HV/LV, I/O signals
Liquid cooling



Summary
Adding an AC-LGAD TOF layer in the Barrel region at R~50cm can
• Provide low-p PID below DIRC threshold at small R (necessary to remove 𝜌 contamination for exclusive 𝜙)
• Very small impact on the momentum resolution at low p and significantly improvement on the momentum 

resolution at high p (based on Baseline 2.0 tracker design)
• A detector and module design has been worked out that facilitates easy integration into current ATHENA design
• We strongly urge the collaboration to consider including Barrel TOF in the baseline design

Adding TOF in the forward/backward enables PID with nearly 4𝝅 and wide p coverage
• We propose to include the Endcap TOFs as an upgrade option in the proposal
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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]
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10/20/21 Zhenyu Ye @ UIC 26

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

p (GeV/c)

0.5

0.6

0.7

0.8

0.9

1

1.1

β

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

p (GeV/c)

0.5

0.6

0.7

0.8

0.9

1

1.1

β
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

p (GeV/c)

0.5

0.6

0.7

0.8

0.9

1

1.1

β

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

p (GeV/c)

0.5

0.6

0.7

0.8

0.9

1

1.1

β

Forward TOF

PION

KAON

PROTON

ideal p, L and time smeared p, ideal L and t smeared p and L, ideal t smeared p, L and t
𝛿𝑝/𝑝 = 2% 𝛿𝐿/𝐿 = 0.1% 𝛿𝑡 = 20⊕ 20 ps

𝛿𝑝/𝑝 = 2% 𝛿𝐿/𝐿 = 0.1% 𝛿𝑡 = 20⊕ 20 ps
ideal p, L and time smeared p, ideal L and t smeared p and L, ideal t



0 0.05 0.1 0.15
)2 | (GeVt|

2−10

1

210

410

610

710

) 2
 | 

(n
b/

G
eV

t
/d

|
σd

2eAu 18x110 GeV InternalATHENA 

| < 4.0
VM

, |y2 < 20 GeV21 < Q
 > 0.15 GeV/c

T,daug.
| < 1.0, p

daug.
η|

 truth φSartre coherent 
 truth φBeAGLE incoherent 

 contamination0ρ
|<1η residue with PID |0ρ

Low pT PID for Physics Measurements at EIC 

10/20/21 Zhenyu Ye @ UIC 27

𝚲𝐜 (W. Fan)Exclusive 𝛟 (Z. Tu)



Backup
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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 (14 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
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ATHENA Baseline 2.0 Tracker + Barrel AC-LGAD
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ATHENA Baseline 2.0 Tracker + Barrel AC-LGAD
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