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Â The outer tracker has singlebarrel layer 
and two endcap disks, with a total 
active area of 85 m².   
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EffectiveParticle Identification is crucial for supporting 
flavor physics, searches for long-lived particles, and 
studies of jet substructure composition. 

Detector Performance Requirements

3

ɗ=85

Precision Higgs physics measurements requires a 
transverse momentum resolution at the 0.1% level for 
leptons with momenta below 100 GeV/ὧ.  

OTK is required to provides both high spatial (Ḑ10 ˃ m) and timing resolution (Ḑ50 ps) 
while maintaining a low material budget of <1.6% X0 per layer.



OTK Design
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Design Including Cooling and Mechanics 

OTK endcap 1/16 sector
40 coil layer cooling loops

Ç The OTK endcap 1/16 sector baseline designuses 5-loop water cooling pipes 

with a pipe inner diameter of 2.3 mm, a flow velocity of 2 m/s, and an inlet 

temperature of 5°C. 

Ç The sensor temperature is <15°C and cross sensor temperature gradient is <4°C.

Although water cooling has been adopted as the baseline due to its overall 
system simplicity, we have recently initiated R&D on dual phase CO2 cooling.

300 mW/cm2 heat flux

carbon fiber 
face sheets
sandwiching a 
low-mass, 
carbon fiber 
honeycomb 
core with 
embedded
cooling loops.



Design Including Power and Readout Electronics
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The FEDA, FEDI, OAT, and PAL chips 
are under development by the 

CEPC team.
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AC -LGAD for CEPC OTK with Precision Timing

Â Key parameters of AC-LGAD microstrip 

sensor for OTK:

Å Sensor size:               (3-4.5) cm (3-5) cm 

Å Strip number:             512 or 384

Å Sensor thickness:       300 ʈm
Å Pitch size:                  ~100 ɛm

Å Spatial resolution:      10 ɛm

Å Time resolution:         50 ps

Å Power consumption:  300 mW/cm2
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Â AC-coupled LGAD:

ÅA thin dielectric layer (Si3N4 or SiO2) separates the metal AC pads from the N+ layer. 

ÅPosition information is determined by charge shared between pads.

ÅLess dead area and better position resolution.
AC-signal AC-signal

T



AC -LGAD V0 Performance : Time and Spatial Resolution

Spatial resolution: 

8 ɛmfor 150 ɛmstrip pitch

Laser test
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90Sr test setup

Time resolution: 37.5 ps

90Sr Beta 

source test

NIM A, Volume 1062, May 2024, 169203

Laser test setup

aŜƛ ½ƘŀƻΩǎ report in CEPC Workshop, Nov 2025 @ GuangZhou

https://doi.org/10.1016/j.nima.2024.169203
https://indico.ihep.ac.cn/event/25300/contributions/202554/attachments/96877/128141/Studies%20of%20AC-coupled%20Low%20Gain%20Avalanche%20Detector%20for%20the%20CEPC%20Outer%20Tracker%20System-MZ-1107.pdf


LGAD Readout ASIC (LATRIC)
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Â The first LATRIC prototype, LATRIC-V0 integrates a pre-amplifer, a discriminator, a TDC, and a serializer.

Â Tests find that the LSB is 29.8 ps, meeting the 30ps design goal. 

Â The measured TDC power consumption is 0.1 mA (1.2 V) @ 0.5 MHz, 0.3 mA @ 1 MHz, and 0.5 mA @ 2 

MHz, agreeing with the design. 

TOT transfer function

(10 ps step)

„(TOA) å 8 ps „(TOT) å 12 ps

LATRIC-V0 layout

LSB å 30 ps

TOA transfer function

(4 ps step)

LSB å 30 ps

·ƛƻƴƎōƻ ¸ŀƴΩǎ ǊŜǇƻǊǘ in CEPC Workshop, Nov 2025 @ GuangZhou

https://indico.ihep.ac.cn/event/25300/contributions/203755/attachments/97002/128329/CEPC2025report.pdf
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AC -LGAD and LATRIC Combined Test

Â The combined test of the LGAD and LATRIC ASIC is currently ongoing:
Â The first test board, integrating two LATRIC (V0) chips and one LGAD sensor, has 

been fully designed and fabricated.

Â New and improved laser and 90Sr test setups for measuring time and 

position resolutions have been built.

Laser test setup 

LATRIC0

LGAD

LATRIC1

Laser 50%, 

200V: 23.3ps

Laser 50%, 
300V: 25.5ps

Laser 100%, 

300V: 24.7ps

Preliminary time resolution 
measured with two LATRICs

AC-LGAD signal ĄLATRICôs 128 bits raw data packet @720Mhz captured with oscilloscope!!!

90Sr test setups

Programmable 3-axis scanning system with step 
ŀŎŎǳǊŀŎȅ ғ м˃Ƴ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ƳƛŎǊƻǎŎƻǇŜΦ

1064nm NIR 

Picosecond laser



Â A high-speed versatile DAQ system is crucial throughout the entire lifecycle of sensor and module 
development, integration, and validation. It must: 

DAQ Setup for AC -LGAD+LATRIC Test
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Linux host

720MHz Clk

720MHz Clk

KCU105 Evaluation Board

FMC LPC 
Fan-out 
Board

Trigger/Control
AC-LGAD + LATRIC evaluation board_v0

128-bit data 

@720MHz Optical Link

Å accommodate different test setups or sensor/ASIC types.
Å implement real-time data processing, triggering, monitoring, and calibration routines.
Å provide comprehensive electrical and functional testing of fully integrated prototype 

module/detector.
Å support future lab tests as well as the beam test scheduled for the Q3 of 2026. 

Recent 
development
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Dual -Phase CO 2 Cooling
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Â Cooling Capacity: 0.75 kW(upgrading to higher power (1.5 kW) only 
requires replacing the chiller)

Â Temperature Range: -30 to 20°C (± 0.5 °C)

Â Pressure: 2 MPa (-20°C), maximum supported 7 MPa (70 atmospheres)

Â Compact and versatilesuitable for various heat load systems, both within 
and outside the scope of the CEPC 

valve

0.25" to 0.0625" 

adapter

Ti pipe ūi =1.6mmPEEK adapter

inlet

Technical Institute of Physics and Chemistry, CAS 
(New CO2 cooling collaborator) 

The goal is to deliver the first two-ǇƘŀǎŜ /hі ŎƻƻƭƛƴƎ ǇǊƻǘƻǘȅǇŜ 

system (including the integrated control host system) by mid-2026.

Pressure test 
(up to 2.5 MPa)
showedno
leakage.

Recent 
development
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Carbon 

Fiber 

Support 

Structures

Initial truss prototypes

Mold design

Raw material procurement

Fabrication techniques

Recent 
development



R&D Plan Following the Ref -TDR
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4 cm

AC-LGAD

2 cm

AC-LGAD

1 cm AC-LGAD

Isolated structure

Â AC-LGADsensors are advancing toward improved process, larger size, higher 

performance, and lower power consumption

ï The newly developed trenched-isolation LGAD is an important step: reducing the 

capacitance and, consequently, power consumption.

Â LATRIC, moving towards multi-channels:
ï The 8-channel LATRIC-V1 wassubmittedfor tape-out in Oct 2025.

ï The next step will be the development of a 32-channel version by July 2026.

8 channelLATRIC-V1LATRIC-V0 64channelLATRIC-V2

AC-LGAD V0

AC-LGAD & LATRIC 
combined test

*In progress 

Â The latest AC-LGAD sensor v1 was submitted for tape-out in Oct 2025 and is now undergoing dicing. 



Â Improve laser and beta source test setup and 

produce new AC_LGADτLATRIC test board.

ÂA beam telescope is under development, with a full-

system beam test planned for Q3-2026.

Â In parallel, the development of:

ÅMulti-channels high speed DAQ system

ÅCarbon fibre support structures and 

ÅDual phase CO2cooling prototype 

are ongoing.

R&D Plan (continue)
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LATRIC 8-ch

Long Strip AC-LGAD

Goal: A functional detector prototype meeting CEPC detector 
requirements by the end of 2027.



Â Currently active: 29 institutes, 50staff, and 50+ postdocs & students   

Our Research Team
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We welcome collaboration with partners worldwide.
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Â The baseline design of the CEPC Silicon Outer Tracker and the latest R&D progress have 

been presented.

Â Our next major focus will be on R&D, aiming key technology achievements and prototype 

detector development. Ongoing efforts in sensor technology, readout electronics, 

mechanical prototypes, and cooling systems are steadily advancing toward the goal of 

completing a Silicon Tracker prototype by the end of 2027. 

Â These advancements are crucial to meet the stringent performance requirements of the 

CEPC Silicon Tracker and ensuring the overall success of the CEPC project. 

Summary
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Thank you for your 
attention!
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Ç The CEPC Detector Technical Report (Ref-TDR) 

was released in Oct 2025:

arXiv:2510.05260

CEPC Ref -TDR

https://arxiv.org/abs/2510.05260


IHEP (2020.9) IHEP (2021.6)

IHEP (2022.5) Pre-production for ATLAS (2023.7)

IHEP(2019)

Mass production for ATLAS since 2024.6

Â In May 2023, CERN selected IHEP in the HGTD sensor tendering process: 

ïFirst time a domestic silicon sensor was chosen by CERN for an LHC experiment.

LGAD Sensor Development at IHEP

Â The LGAD (Low Gain Avalanche Detector) sensor developed by IHEP achieves both 
precise position and time measurementsunder high radiation levels.
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See details in 
Mei ZhaoΩǎ ǘŀƭƪ



1/16 Sector 

Å OTK endcap consists of 42rings, arranged into 4 groups.

Å Each group contains 2-4 subgroups of trapezoid sensors, 
dicing from oneуΩΩ ǎƛƭƛŎƻƴ ǿŀŦŜǊΦ

Å Each group of sensors is aligned to a 1/16 sector.

ü Strip pitch 80.59-113.03ʈm

ü Strip length 28.1-36.3mm
Maximize silicon wafer utilization and reduce masks 
(only 4 required), while facilitating detector assembly. 

Sensor: уΩΩ ǿŀŦŜǊ όƎǊƻǳǇ / ǎŜƴǎƻǊǎύEndcap (16 sectors,10 m2)

уΩΩ ǿŀŦŜǊ όƎǊƻǳǇ !Σ .Σ 5 ǎŜƴǎƻǊǎύ

OTKendcaphasa total surface area of 20 m², including 12,736 
sensors and 46,336 ASICs, with a power consumption of ~60 kW.

OTK Endcap Design with AC -LGAD Strip Sensor
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Â Standalone AC-LGAD sensor beam test: 

ï with quartz Cherenkov Telescope for trigger, which 

requires a low-latency, high-reliability FPGA + ADC 

readout solution.

Â ThepreliminaryADCdevelopment is based on AD9695: 

ï four channels at 1.25 Gsps, 

ï 14 bits

ï 400 kHz to 500 MHz input bandwidth

High Speed ADC Sampling

23Quartz (Cherenkov) + SiPMreadout planed for LGAD trigger
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Development of a System on Chip (SoC)

ü Core (Tiny RiscV)

Å RV32IM Core

Å 3 stage pipeline

Å CoreMark/MHz = 2.4

ü JTAG Interface

Å OpenOCDsupport

Å GDB debugging support

ü Peripherals

Å 4 KB ROM, 32 KB RAM

Å Supports multiple serial communication protocols, such 

as I2C, UART, and SPI

Å Integrated sensor data processing and UDP forwarding

Å 55 nm process technology

Å Frequency 50 MHz

Å Size 1020 x 1196 um

Å Supply Voltage 1.2 V

Å Characterization will be performed in Q1 2026

Â ASIC development is costly, offers limited configurability, and difficult to implement on-chip algorithm integration. System-
on-Chip (SoC) architecturesτincluding CPU, memory, bus, and peripheralsτrepresent the future trend of ASIC 
development. RISC-Vςbased ASICs offer unique advantages in flexibility and rapid iteration, enabling better support for the 
diverse requirements of HEP experiments, as well as configurable control and complex on-chip algorithms. The first RISC-V 
chip developed was submitted for tape-out in October, with testing planned next. The next R&D phase will focus on 
radiation-hardening, full integration with the LATRIC ASIC, and further applications in system-level control, front-end on-
chip computing, and AI integration for HEP experiments.


