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Introduction: CEPC Detector
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The outer tracker hasinglebarrellayer
and two endcap disks, with a total
active area of 85 m?




Detector Performance Requirements
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Precision Higgs physics measurements requires a
transverse momentum resolution at the1% levefor
leptons with momenta below 100 Gel/
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EffectiveParticle Identificationis crucial for supporting

flavor physicssearches for longjved particles, and
studies of jet substructure composition.

OTK is required to provides both high spatizl@>m) and timing resolution[§ 50 ps)
while maintaining a low materidudgetof <1.6%X, per layer



OTK Design
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Design Including Cooling and Mechanics

OTK endcap 1/16 sector s 300mWicm? heat flux

/ . . Static Temperature \
40 coil layer cooling loops ! 1455

Carbon Fiber closeouts 12.99
Ngws= ~ 1222

Cooling Plate : . ’
carbonfiber\l _— wows N , ' // Ik
face sheets o S // 10.66
sandwiching PIKLLLL 9.89
low-mass, / ’i‘:;f_"-‘:' Bt 9.11
carbon fiber
honeycomb x /{ 8.34
core with )/ 756
embedded S/ 676 P
coolingloops. Power FPC | tube 5 tube 4 tube 3 tube 2 tube 1 (C] je

¢ The OTK endcap 1/16 sectmseline designusesb-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 5C.

\c;Thesensor temperature is <2&andcross sensoilemperature gradient is <°4:/

Sensors

Althoughwater coolinghas been adopteds the baselin@ue to its overall
system simplicityve have recently initiated R&D alual phase C{xrooling




I Design Including

Power and Readout Electronics

FrontEnd FrontEnd | Optical Fiber C
ommon
LATRIC Data Data Array
Aggregator Interface | Transceive data
(FEDA (FED) Ry Board
DC-DC (PAL48) % 1 - :
(48 VY 12V) '
Power At LoadPAL [+ Power At LoadPAL
4 Cable p
ower
Front End Board
DC-DC converter Concentrator Card

(12V-1.2v)

——————

FEDA

optical fiber

11.09Gbps

The FEDA, FEDI, OAT, and PAL ch
are under development by the
CEPC team.
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I AC -LGAD for CEPC OTK with Precision Timing

AGcoupled LGAD:

A A thin dielectric layer (Si3N4 or SiO2) separates the metal AC pads from the N+ layer.
A Position information is determined by charge shared between pads.

A Less dead area and better position resolution.

{ E AGsignal

C ACsignal

Key parameters of ADGAD microstrip DCcathode —— éleuictric A
sensor for OTK:
A Sensor size: (3-4.5) cm  (3-5) cm ITE ITE
A Strip number: 512 or 384 i
A Sensor thickness: 300t m T
A Pitch size: ~100 € m bepletion region
A Spatlal resolution: 10e m (Active layer) \\
A Time resolution: 50 ps B
A Power consumption: 300 mW/cm?2 3




Laser test setup
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LGAD Readout ASIC (LATRIC)

The first LATRIC prototype, LATRIC-VO integrates a pre-amplifer, a discriminator, a TDC, and a serializer.
Tests find that the LSB is 29.8 ps, meeting the 30ps design goal.

The measured TDC power consumption is 0.1 mA (1.2V) @ 0.5 MHz, 0.3 mMA @ 1 MHz, and 0.5 mMA @ 2
MHz, agreeing with the design. -
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https://indico.ihep.ac.cn/event/25300/contributions/203755/attachments/97002/128329/CEPC2025report.pdf

Preliminarytime resolution
measured with two LATRICs

The first test board, integrating two LATRIC (VO) chips and one LGAD sens( - SIS L aser 509/ L}
been fully designed and fabricated. 200;— VAL ¥ a\ 200V: 23 fgps
New and improved laser arffiSr test setup$or measuring time and EZi mrimnage Laser 50%.
position resolutions have been built. 140 / 300V: 25.5ps
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| Recent ‘

Laeveopment| DAQ Setup for AC -LGAD+LATRIC Test

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

A accommodate different test setups or sensor/ASIC types.

A implement realtime data processing, triggering, monitoring, and calibration routines.

A provide comprehensive electrical and functional testing of fully integrated prototype
module/detector.

o A support future lab tests as well as the beam test scheduled fotBef 2026.
SIS 201\ Hz Clk

Linuxhost

Optical Link
ACGLGAD +ATRI@valuation board vO 11



Recent | Yo, @ Technical Institute of Physics and Chemistry, CA

evelopment Dual 'Phase CO 2 COOIing ;V ’ ’ (New CQcooling collaborator)

Variable F P
ariable Frequency um&> @ Valve @
I . l
Chiller A D| [ -
I @ |
) v
'3 7
Bypass Valve @ ?;
>«
Condensef Accumulator e ¢
vaporator
D <---_[O

Cooling Capacity.75 kW(upgrading to higher power (1.5 kW) only
requires replacing the chiller)

Temperature Range30 to 20C(x 0.5°C)
Pressure: 2 MPa40°C), maximum supported 7 MPa (70 atmosphere

Compact and versatileuitable for various heat load systems, both wit
and outside the scope of the CEPC

The goal is to deliver the first twoJK I &S / hi 02 2§
system (including the integrated control host system) by-2026.
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Recent
development
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R&D Plan Following the Ref-TDR

2024 Q4 2025 Q2 2025 Q4 2026 Q2 2026 Q4 2027 Q2 2027 Q4
>
( OTKLGAD OTKLGAD 1st Sensor || OTKLGAD 2nd Test with ASIC OTKLGAD 3rd Sensor )
4 cm Sensor: | 1 design || submission Test submission Test beam submission Test
AC-LGAD - L AGLGAD VU (4 cm long) (optimization) radiation test (large array) )
( ASIC: LATRIC ASIC AsIC LATRIC ASIC ASIC Test | LATRIC ASIC ASIC Test |
' 1st submission | | Test 2nd submission 3rd submission
&2
2cm
. AGLGAD & LATRIC Module built and test prc_:rtotype
AC-LGAD - - | [Module. combined test 5::-:::;:;5t
S *In progress
1cmAGLGAD | Prog
The latestAGLGADsensor viwassubmitted for tapeout in Oct 202%ndis now undergoing dicing
AGLGADsensors are advancing toward improved process, larger size, higher C=e e *Al/d
. — ¢
performance, and lower powaronsumption Isolated rstructure
Trench

T The newly developed trenched-isolation LGAD is an important step: reducing the
capacitance and, consequently, power consumption.

LATRICmoving towards mukchannels

I The8-channel LATRIZ1 wassubmittedfor tape-out in Oct 2025 1 ITE
i Thenext step will be the development of a @Rannel version by July 2026 Thickness: 50um

metal

Dielectric

14




I R&D Plan  (continue)

Improve laser and beta source test setup and
produce newAC LGADLATRIC test board.

A beam telescopés under development, with a full
systembeam test planned for Q3026

In parallel, the development of:

AMulti-channels high speed DAQ system
ACarbon fibre support structures and
ADual phase C@ooling prototype

are ongoing.

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

[ | Long Strip ACGAD

15




Our Research Team

Currently active29 institutes, 50 staff, and50+ postdocs & students
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Summary

The baseline design of the CEPC Silicon Outer Tracker and the latest R&D progress
been presented.

Our next major focus will be orkR, aiming key technology achievements and prototyp
detector development. Ongoing efforts in sensor technology, readout electronics,
mechanical prototypes, and cooling systems are steadily advancing towago&hef
completing a Silicon Tracker prototype by the end of 2027

These advancements are crucial to meet the stringent performance requirements of
CEPC Silicon Tracker and ensuring the overall success of the CEPC project.

17
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I CEPC Ref -TDR

¢ The CEPC Detector Technical Report{IR&)
was released in Oct 2025:

arXiv:2510.05260

20



https://arxiv.org/abs/2510.05260

LGAD Sensor Development at IHEP

The LGAD (Low Gain Avalanche Detector) sensor developed by IHEP achieves both
precise position and time measuremenitsder high radiation levels -

IHEP(2019) IHEP (2020.9) IHEP (2021.6)

I
S

See details in
MeiZhadQa 0|

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

I First time a domestic silicon sensor was chosen by CERN for an LHC experiment.
21




IOTK Endcap Design  with AC -LGAD Strip Sensor

1/16 Sector Sensory QQ & FSNJ 0 INER

Endcap (16 sectoréQ n¥)

(c)
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A OTK endcap consists of #gs, arranged into 4 groups.

A Each group contains2 subgroups of trapezoid sensors,
dicingfromoney QQ &aAf AO02Yy &I FSNIP

+ : ——3 T 3 N—
g . o fE
g = . = 5 ~
 — ¢ |__ou &
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A Each group of sensors is aligned to a 1/16 sector.
(i Strip pitch 80.59113.03t m e 00 41 F& NJ S IND del] |
u  Strip length 28.1-36.3mm o . y e o © z '
Maximize silicon wafer utilization and reduce masks

OTKendcaphasatotal surface area of 20 m?, including 12,736 _ \ catlt
sensors and 46,336 ASICs, with a power consumption of ~60 kPnly 4 required), while facilitating detector assemblé"z




High Speed ADC Sampling

Standalone ACGAD sensor beam test: ADC FMC 75 KCU105 FPGA
I with quartz Cherenkov Telescope for trigger, which
) : A AD9258 R B4 SPI
requires a lowlatency, highreliability FPGA + ADC ( mwEs ) (s ) csosoarmr | | secoaoac
readout solution. ; i T == | g I S e ™
ThepreliminaryADCdevelopment is based on AD96! <Aogsgs.1) (Ao%gs-z} (’sé‘a'?éé;é)
. RlscV ‘ﬁ%iﬁiﬁ DDRA |«
I four channels at 1.2&sps ﬁ TI ﬁ ﬁ %
i 14 bits RS oo ] NI
\

T 400 kHz to 500 MHz input bandwidth

PC

s)iH abeiany

Quaffz (Cherenkov) SiPMreadout planed for LGAD trigger - .




Development of a System on Chip (SoC)

ASIC development is costly, offers limited configurability, and difficult to implemenhipnalgorithm integration. System
on-Chip (SoC) architecturesncluding CPU, memory, bus, and peripheraispresent the future trend of ASIC
development. RISEcbased ASICs offer unique advantages in flexibility and rapid iteration, enabling better support fc
diverse requirements of HEP experiments, as well as configurable control and comyoleip @hgorithms. The first RISC
chip developed was submitted for tajmeut 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 dgstdroontrol, frontend on
chip computing, and Al integration for HEP experiments.

i Core (TinyRiscY

A RV32IM Core

A 3 stage pipeline

A CoreMark/MHz = 2.4
U JTAG Interface

A OpenOCBupport

A GDB debugging support
U Peripherals

A 55 nm process technology
A 4 KB ROM, 32 KB RAM

A Frequency 50 MHz
A Size 1020 x 1196 um
A Supply Voltage 1.2 V

A Supports multiple serial communication protocols, such
as 12C, UART, and SPI

A Integrated sensor data processing and UDP forwarding A Characterization will be performed in Q1 2026
24



