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Circular Electron Positron Collider (CEPC)

The CEPC was proposed by the Chinese HEP community in 2012 right after
the Higgs boson discovery, as a Higgs / Z / W factory in China.

To produce Higgs / W / Z / top for high precision Higgs, EW measurements,
studies of flavor physics & QCD, and probes of new physics beyond the SM.

It is possible to upgrade to a pp collider (SppC) of \/i ~ 100 TeV in the future
e T
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Bs. ~100 km accelerator with two detectors " T —
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CEPC Reference Detector TDR

arXiv:2510.05260

Technical Design Report (TDR) released on Oct. 6, 2025
19 chapters, 669 pages
1474 authors from 383 institutes in 43 countries

CEPC
CEPC-SPPC Conceptual Design Report

Preliminary Conceptual Design Report Volume Il - Physics & Detector

Volume I - Physics & Detector

2015

The CEPC Study Group
The CEPC-SPPC Study Group October 2018

March 2015




CEPC operation scenarios

CEPC reference detector TDR: Demonstrate readiness for construction of detector for
baseline scenario. A detector that could be constructed and commissioned within a decade.

After CEPC project approval: Two CEPC detectors will be selected among international
proposals. International collaborations will lead those detector designs and produce
corresponding TDRs adapted to the final operational scenarios.

Baseline scenario

Operation Vs | SR power L [ Liyear Years Total [ £ Event
mode (GeV) (MW) (10 ecm™2s71)  (ab™h (ab™1) yields
H 240 30 5 0.65 15 10 2.0 x10°
Z 91 12.1 26(%) 3.2 + 13 5.6 x 10!
WW~ 155-170 30 16 1.2 | 1.2 1.0 x 107(%)
Upgraded scenario: with international contribution
Operation \s SR power L [ Liyear  Years Total [ L Event
mode (GeV) MW) | (10** cm™2s7!)  (ab™!, 2 IPs) (ab=!, 2 1Ps)| yields
H 240 50 8.3 2.2 10 21.6 4.3 x10°
Z 91 50 192(3) 50 2 100 4.1 x10!2
W+W- 155-170 50 26.7 6.9 | 6.9 5.5 x 107
tt 360 50 0.8 0.2 5 1.0 0.6 x10°




Requirement to the detector

Physics objects  Measurands Detector Perf(.)rmance
subsystem requirement
Coverage | cosé| < 0.99

1 > 7 -

Tracking Recon. efficiency Tracker >99% (pt > 1 GeV/c)

Resolution in barrel
Resolution in endcap

Tpr/pT < 0.3% (|cos 0] <0.85)
O-pT/pT < 3% (| CcoS 9| > (.85)

Leptons (e. 1) PID efficiency Tracker, ECAL >99% (p > 5 GeV/c, isolated)
P M Mis-ID rate HCAL,Muon <2% (p >5 GeV/c, isolated)
PID efficiency > 95% (E > 3 GeV, isolated)
Photons Mis-ID rate ECAL, HCAL < 5% (E > 3 GeV, isolated)
Energy resolution oe/E <3%/\E(GeV) & 1%
Vertex Position resolution Vertex Or¢ =3O o Gev)l gsin_%/z 9 (wm)
Hadronic iets Energy resolution Tracker or/E ~ 30%/+E(GeV) & 4%
] Mass resolution ECAL, HCAL BMR <4%

Jet flavor tagging

b-tagging efficiency
c-tagging efliciency

Full detector

~ 80%, mis-ID of uds < 0.3%
~ 50%, mis-ID of uds < 1%

Charged kaon

PID efliciency, purity

Tracker, TOF

> 90% (inclusive Z sample)




CEPC Reference Detector

Sub-system Technologies 10310312 m 3, ~5000 ton
Beam pipe Beryllium, ¢ 20 mm

LumiCal Silicon tracker + LYSO crystals 3T Magnet Yoke + PFA HCAL
( SC Solenoid) MU (PS+SiPM) (Glass Scintillator)

Vertex Si Pixels: CMOS MAPS+stitching

Inner tracker (ITK) Si Pixels: CMOS MAPS 55-nm
T . ‘ - Crystal PFA ECAL
Gas detector TPC with high granularity LumiCal === vy 7 (Transverse bar)

Outer tracker (OTK) AC-LGAD — TOF (SiDet + LYSO)

» TPC
ECAL 4D transverse crystal bars (Pixelated Micromegas)

HCal Glass scintillator, SiPM + Fe
Magnet LTS Solenoid

Muon Plastic scintillator bars, SiPM (MAPS SiPixel
+ Stitching + Bending)

TDAQ Conventional TK (AC-LGAD strip)

Back-end electronics Common (MAPS SiPixel)




Parallel talks at FP 2026

Details extensively discussed in
parallel talks

Status of CEPC Hadronic Calorimeter
$&E5 A Haijun YANG (Shanghai Jiao Tong University)
CEPC-HCAL-HKU...

Progress on TPC Technology for e*e~ Collider and Neutrino Detection

$® 5 A Huirong QI (Institute of High Energy Physics, Chinese Academy of Sciences)

TPC_RD_HKUST_..

High-granularity crystal calorimeter for future Higgs factories

$8%5 A Yong LIU (institute of High Energy Physics, Chinese Academy of Sciences)

HGCCAL_IAS_FP...

Silicon Vertex Detector at CEPC

& A Zhijun LIANG (Chinese Academy of Sciences)

Luminosity measurement at the future et+e- collider
& A Lei ZHANG (Nanjing University)

CEPC-vertex-202... 2026Jan_HKUST_...

Development of HYCMOS-based CEPC Inner Tracker

& A: Zijun XU (Institute of High Energy Physics, Chinese Academy of Sciences)

CEPC Reference Detector Performance
&5 A Mingshui CHEN (Chinese Academy of Sciences)

CEPC_Inner_Trac... CEPC Reference .

Overview of the CEPC Outer Tracker and Recent Progress in Key Detector Technologies Learning from All Reconstructed Particle at CEPC

& A Jiajian TEOH (Institute of High Energy Physics, Chinese Academy of Sciences) 845 A: Mangi RUAN (Institute of High Energy Physics, Chinese Academy of Sciences)

IASFP2026_CEPC... Learning From all ...




Machine detector interface

Beam pipe: U ,;,,., 20 mm, double-layer Beryllium, 0.454% X,, water or paraffin cooling
Beam-induced background: background simulation and optimization of shielding

Luminosity measurement: T
Luminosity Calorimeter: silicon detectors + LYSO calorimeters -} U . — k.
Fast Luminosity monitor: diamond slab + SiC detectors
Beam position monitor: U a €m “
Deliver the maximum luminosity without affecting A
detector performance. Most challenging component. R
. . Simulated background
_ Anti-Solenoid
RIS | ~ LumiCal VTX ECAL HCAL  Muon
LN ]| N~ Fastiumi 1 M=z
A\ AHHHH = e : %— THHH .
| iy BPM Detector Beam pipe | |

Cryomodule Final Focusing Magnets



Tracking system

Vertex: MAPS silicon sensors bend to a tube, for G of 5 em
Silicon detectors { 20 m2 inner tracker using HV-CMOS pixel for & & 8n
85 m? outer tracker using AC-LGAD stripsforta (m@,0,a D

Gaseous detector TPC for trackingand PID fort a100e m,dN/ d x a 3 %

2000 |7 T T T T T T T | T T T T | T T T T T T T T [ T T T T
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1000 F E
750 | - E Coverage |cosd| <0.99

) _ﬂ_ggg_@
so0F ‘|'l I e E Recon. efficiency > 99% (pt > 1 GeV/c)

R [mm]

a: —mil .'_"_‘_'_'_.'_'_'_'j_f_'_____.__._f_'_'.ff.féq_s.@k@.-_@..-.-------—wé Resolution in barrel o, /pr < 0.3% (| cos 6] < 0.85)

e | 1 Resolution in endcap o, /p1 < 3% (|cos ] > 0.85)
0 500 1000

L L L L L | L L L L L L L L =
1500 2000 2500 3000
Z [mm]



Vertex detector

C Four inner layers of bent MAPS stitched sensors: e

~0.15 m4 ~0.06%X, each layer

C Two outer layers of double side BECTEE
conventional ladders: 0.28%X, | ———— N
each layer .

C Sitting on top of beam pipe:
iInner layer radius 11.1 mm

Stitching based bent MAPS

TaichuPix-3 chip vs. coin

An example of wafer test result

_______ |saws | CEPCfinalgoal

CMOQOS chip technology Full-size chip with TJ 180 nm CIS TPSCo 65 nm MAPS

Alternative: HLMC 55 nm MAPS 10



Vertex detector: prototypes

10 TalchuPlx chlps

Ladder readout system

12 mm 14 mm

Prototype of 6 double -side ladders A dummy wafer, thinnedto40 € m
(no bent layers) can be curved to 12 mm 11



Vertex detector. mechanics and cooling

The tube of the beam pipe assembly FPCs of the ladders

FPCs of the bent MAPS

Slots for FPCs routing _ The intermediate conical part

The tube of the Beam Pipe assembl

Holes for air ventilation

FPCs of the ladders FPCs holder

(a) (b)

FPCs of the bent MAPS

CEPC Ref-TDR
T
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- Airflow speed of 7 m/s, equivalent to a total flow rate of 3500 L/min Airflow speed (m/s)

- Required to keep temperature safely below 30 °C

12



Inner tracker (ITK)

Monolithic HV-CMOS pixel sensors fabricated using a 55 nm CMOS process

Parameter Value
: H E2000k : : no aser-r'n=- 'x (;= :‘ i $0.04 L
Sensor size 2cm X 2 cm (active area: 1.74 cm X 1.92 cm) 35 R %
. O i Wi aser : m = 71+ 0. o=4.27 =+ 0. B
Sensor thickness 150 m 1500} " Rty Bodr
. » 1 O
Array size 512 x 128 ' Laser <
. . 3 0.02
Pixel size 34 um X 150 um 1000f =
Spatial resolution 8 um X 40 um col 1 Coorf
Time resolution 3-5ns i
1 2 : L o.oo'l....l..I....I....I'
Power consumption 200 mW/cm R T R T Sy L s T
Technology node 55 nm Signal output [mV] Time [us]

Tests have been performed

— IV (breakdown at —70 V)

— CV (single pixel ~30-40 fF)

— Leakage current increased from 0.01 nA
to ~1 nA after 10™ n.,/cm? radiation

DLL LVDS driver/receiver up to 1.28Gb/s
COFFEEZ2: exploring COFFEES: verifying
and verifying process readout circuit structures
characteristics and core performances 13

— Laser response observed
— Radioactive source (°°Fe) observed



Inner tracker (ITK)

ITK consists of 3 barrel layers and 4 endcap discs on both sides

FPC (Flex Printed Circuit)

40.1 mm
D

140.6 mm

Stave FPC

4 endcap discs

Sensor Y Module (14 sensors)
Y Stave (7-14 modules) 14



Outer Tracker ( OTK/TOF)

Using microstrip AC-LGAD technology to d ] © Zul 86 nfor150e m
prowde both good spgtlal resolution and e tost © 2 b strip pitch :
time resolution, covering ~85 m? [ /
R&D of large AC-LGAD strip (pitch 100 em) 38 ps 1 ) U
R&D of multi-channel readout chip with f 2 | o
good timing (LATRIC) SRR 0 10 0 %0 20 20 2% 20

LGAD sensor specification for OTK

Sensor size (3-4.5) cm X (3-5) cm

Strip pitch ~100 um
Spatial resolution 10 um
Timing resolution 50 ps

Power 300 mW/cm?

Pitch [pum]

AC-LGAD test performance

AC-LGAD (AC-coupled LGAD)

Continuous gain layer (less dead area)

JAEPRY T
DC cathode —— dielectric ' L
:c I s
N+ TTTtesassmanaaes
ITE Uk

Depletion region
(Active layer)

LATRIC LGAD Readout Chip

________________________________________________________________

43.3MHz

PS— Serializer ..i

e N
==\
W

Ewvent
builder

il15



Outer Tracker (OTK)

OTK consists of one barrel and two endcap discs

(a) Group C Sensors: (b) 1/16 Sector:

Module
(2 2 sensors)

Group D

Power and FPC cabl r: 406mm - 1816mm

2 Sensor module:

FPC cable \L_jig
\| W Optical fiber module Group A

Data Link

(c) Endcap (16 Sectors)

Data Link Optical module

Barrel: rectangle sensors Endcap: trapezoid sensors .



LGAD and LATRIC Combined Test

A joint test for LGAD and the LATRIC (VO0) readout chip
New progress on LGAD (V1) and LATRIC (V1)

2 F ]
L% — E_ —— Laser 50%, 200V ' ﬁ\ Laser 50%
200 — '
0 E._ — Laser 50%, 300V 200\/ 23 ; 3ps
i E— Laser 100%, 300V /‘ Laser 50%'
of- j I 300V: 25.5ps
LATRIC- 120 Laser 100%,
1o0f-- / 300V: 24.7ps
VO 80~ o
60—
wf- .4' ‘
20— s
0 :l VO T BTV [ VT W T L ‘ -— it e P D Ve |
33 3.35 34 3.45 35 3.55 3.6 3‘65Tn'~T,' :[;nZ]

" Programmable 3-axis scaTnning system with step

accuracy < 1um and monitoring microscope.

=== 7.

LGAD v1: first two tape-
out wafers returned

LATRIC-V1

The new 8-channel LATRIC-
V1 submitted for tape-out
17



Time Projection Chamber (TPC)

A chamber (inner and outer cylinders, endplates) with gas mixture
(Ar/CF,/iC,H,, = 95/3/2), for low transverse diffusion and fast drift velocity.

Length: 5.8 m, R extension: 0.6-1.8 m.

Endplate Outer barrel ) o
Aluminum + Polyimide

r\ ) '/ Carbon Fiber

Inner barrel

Honeycomb

20.4 mm (outer cylinder)
5.4 mm (inner cylinder)

Aramid paper

Polyimide

The wall of the chamber \Field cage
outer cylinder: 20.4 mm, 0.69% X,
Inner cylinder: 5.4 mm 0.45% X,

Readout modules Cathode Field cages

18



Time Projection Chamber (TPC): Readout

High-granularity readout (500 500 &€ m?) of

Micromegas for good tracking (s~100 € m)
and PID (dN/dx ~3%)

First mesh

Second mesh Pillars (100pm)

Readout pixels

Pillars (100pm)

Readout chips

I
]

o | o — 0 — (0 111110
I O O ]

Double mesh micromegas readout board

Transfer
S e Tl I connection
SRS ‘ S =g 3 TEPIX

244 detector
modules per b
endplate

.........
—

Fibre cable

One ASIC for 256 small pads

TEPIX: Low -power readout ASIC (<100 mW/cm?)

19



Tracking performance: Transverse momentum

Transverse momentum resolution better than 0.3% in barrel and 3% in endcap

- —— only silicon tracker  ~gpc rer.TDR
—=— only TPC

—e— combined

- Barrel
- Requirement: 0.3%

aaaaa

10
P, [GeVic]

Resolution of different detectors at 85

T

o(P )P

1072}

_ - —=—08=90°_ _ _ __ __

T e 10.0° § =~ CEPCREFTOR
—=—0=110° Endcap

—e—0=115°

10
P, [GeV/c]

Resolution of the tracking system at
different polar angles

20



Tracking performance: Particle Identification

Separation power larger than 3 up to 20 GeV when combining TPC and OTK/TOF

R 14 E—
15 R ' o iii”?E{:EF*{:RefTD:FaZ

-----------------------------------------------------------------------------------------------------------------------------------------

e KIH ToF ( o, = 50 ps)

K
—
M

E1

—%
o

Qo

P

Separation Power
Jeparation Power n
(8)]

S|

[ | i i i i i i O_ . . E i i i T e — i i i
7x107 "1 2 3 4 567890 20 30 40 7x107" 1 2 3 4 567890 20 30 40
P [GeV/c] P [GeV/c]

(a) 8 = 85° (b) 6 = 60° 21




Calorimeter

Particle Flow Algorithm (PFA) oriented design
BGO Electromagnetic Calorimeter (ECAL)
Glass scintillator Hadron Calorimeter (HCAL)

Detector Performance

Physics objects  Measurands .
. subsystem requirement

Leptons (e. 1) PID efficiency Tracker, ECAL > 99% (p > 5 GeV/c. isolated)
pons fe. i Mis-ID rate HCAL, Muon < 2% (p > 5 GeV/c, isolated)
PID efficiency > 95% (E > 3 GeV, isolated)
Photons Mis-ID rate ECAL. HCAL < 5% (E > 3 GeV, isolated)
Energy resolution oplE £3%/{E(GeV) & 1%
BT Energy resolution Tracker oglE ~ 30%-/\/5(66\/?) @ 4%
Hadronic Jets  \1ass resolution ECAL. HCAL |BMR < 4%

b-tagging efficiency Full detector ™ 80%, mis-ID of uds < 0.3%

Jet Havor tagging c-tagging efficiency ~ 50%, mis-ID of uds < 1%

22



Electromagnetic Calorimeter

i

[\

18 layers of BGO crystal bars (1.5 1.5 40 cm3),
arranged in the x-y direction alternatively, in
perpendicular to the beam, to achieve fine 3D
granularity, and good position and energy resolution

24 m3 BGO, 570,000 SiPM readout channels
Energy resolution from 2025 beam test:

1.96 % /+/E(GeV) ® 0.54 %

[T

CEPC Ref-TDR
SRR B L

T~ T 1 173
[ @ === Stoc. 1.95%, Cons. 0.61% ]

ISilicon Photomultiplierl 3_5:, —~== Stoc. 1_96"./0, Cons. 0.54%{

e i =0l ¥ smmotimer ]
Crystal ‘ 3 = T % 2.5 _
Scintillator i N iN ‘ U 65;2_0 7
—A | TR = | 5.

7~ hrsen f:;*‘: e | e ay ]

L AT Z g W ) PO T T SN I S o

40 cm d 15 J i | X % ° 1 Rezconstructe3d Energy‘tGeV] ° ° :
i = :
| Mii:j:::/ Beam testin 2025: 72 BGO + 12 BSO bars for
° e a tower of 12! 12! 28.cm3(24.9L)

23



Hadron Calorimeter

48 layers of glass scintillator tiles (4 4 1 cm3) AR
interspersed with steel plates, 63y, 5.3 million SIPM Steelcassette /" ——> 55 Cover 2mm
readout channels, good 3D granularity, cintillato
85 m3 glass scintillator, high sampling ratio (~30%)
and good energy resolution ~30%// ¢

GS+Reflector 10.2mm

j PCB+ASIC 3.2mm
SS Cover 2mm
Cooling tube

—> Absorber 9.8mm

Steel cassette

A detector unit

X 400 B
- r Truth, 6./E = 23.7% /\E ® 4.7%  _
- 35} E

2 |

30f — Digi,o/E=29.8%/VE®65%

25%— =

20" =

15 =

100 ) =

50 — —

O: Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ 1 1 1 ‘ Il I:

0 20 40 60 80 100 120

E [GeV]
Geometric configuration of the GS  -HCAL system Simulated energy resolution 24



Glass scintillator

Using Gadolinium Fluoro-Oxide (GFO) glass

Total volume ~85 m3: High density (6 g/cm?3), large
light yield (1500 ph/MeV), decay time: 500 ns

A glass scintillator collaboration for R&D: 291 GS
tiles produced by three companies, about 57% of
GS tiles with light yield greater than 1000 ph/MeV

Glass scintillator under natural and ultraviolet light

® The light yield of 60.3% of GS is
21000 ph/MeV (70/116)

® The light yield of 20.7% of GS is
21200 ph/MeV (24/116)

LAL/cm

= N W B~ 00 oo N

LI L T T TT T ™
L
|

® The light yield of 54.0% of GS is
21000 ph/MeV (27/50)

® The light yield of 24.0% of GS is

21200 ph/MeV (12/50) CEPC Ref-TDR |

~:s o | @ The light yield of 55.2% of GS is
1000 ph/MeV (69/125)

® The light yield of 30.4% of GSis A~

21200 ph/MeV (38/125) 400 500 600 700 25
Wavelength/nm

Light yield of glass scintillators Attenuation length spectrum of the best sample

o




SIPM and electronics

SiPM Type NDL EQRO06 NDL EQR10  HPK S14160-3010PS An issue common to ECAL, HCAL
Pixel Pitch im 6 10 10 and Muon Detector

Pixel Quantity in 3 x 3 mm? 244719 90,000 89,984 .

Pixel Gain 8 x 10* 1.7 x 103 1.8 x 10° ECAL: larger dynamic range;

Typical peak PDE 30% (at 420nm) 36 % (at 420 nm) 18 % (at 460 nm) HCAL: hlg her detection efﬁciency
Typical DCR (20°C) 2.5MHz 3.6 MHz 700 kHz

Inter-pixel Crosstalk 12 % N/A < 1% New ASIC SIPAC: SiPM ASIC for
Terminal Capacitance (pF) 45.9 pF 31.5pF 530 pF Calorimeter

Candidates of SIiPM for ECAL

Supplier HPK NDL JBT

Type S14160-3015PS  S14160-3050HS ~ EQR20-11-3030-S  JSP-TP3050-SMT § DAC SiPM readout ASIC
[__Pitch [ym] 15 50 20 50 | ; — — TDC [—Tme.0uT

Number of pixels 39984 3531 22500 3364 :

Terminal capacitance [pF] 530 500 157.5 170 (fF) ] E c 03000 Mip n channets

Breakdown voltage (Vi) [V] 38 +3 38 +3 272+ 1 24.6+0.2 SiPM ”r;f“t i serizer [P0

Recommended operation voltage [V] Vg +3 Vg +2.7 Vg +5 Vg +2 : Buffer 1-60 MIPs @_ o

Peak sensitive wavelength [nm] 450 450 420 420 ' & =

Peak PDE at PSW [%] 32 50 47.8 35 § -/ S ’

PDE at 400 nm [%] 27 47 45 33 ; 0.1-1MIPs .

Gain 3.6 x 10 2.5% 100 8.0x% 10° 2.1 % 10 R i
[ DCRTkHZ/mm?] 700-2100 10-100 150—450 120-270 |

Diagram of SIPAC

Candidates of SiPM for HCAL -



Calorimeter performance on Higgs

Higgs boson invariant mass resolution (BMR) based on simulation events
Including tracker, ECAL, and HCAL

(org-2 8 b (°cap-2 8 b

27



