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¢z, Circular Electron Positron Collider

CEPC is proposed by Chinese physicists in 2012 right following Higgs discovery
— A Higgs factory, to measure its properties to unprecedented level — portal to New Physics?

— Also a factory of Z/ W / ttbar, for precision EW studies and heavy flavour studies

A ring of ~100km, at least two interaction points
Potential of upgrade to a pp collider of 4/s ~ 100 TeV in the future
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Gzl Milestones
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= 2025.06 release of
Reference detector TDR

= 2025: CEPC proposal

= 2027: Accelerator EDR

= 15 Five-Year: Construction

starts?

Timeline

CEPC Project Timeline 2012-2015 2016-2020 2021-2025 2026-2030 2031-2035 2036-2040 2041-2045 2046-2050  2051-2055

Conceptual and Technical Design Reports

(CDR & TDR) - coRl oREEE

Key technologies R&D

Engineering Design Report (EDR)
Mass production of devices though CIPC

Civil engineering, campus construction

Accelerator

Construction, installation and upgrade of _ . .

accelerator

Conceptual Design Report (CDR)

New system design & TDR

Construction, installation, upgrade &
commissioning

Detector

Experiments operation Higgs zZ w tt

e . |
Physics, detector and collider design

Sign formal agreements
Detectors: establish two collaborations
Accelerator: finalize contribution details

International
Cooperation

International experiment collaborations

U-I H



gz CEPC Reference Detector TDR

The CEPC study group is preparing for a Reference Detector TDR (Ref-TDR) aiming at
release in June 2025, for domestic endorsement

Better technologies and R&D will continue be pursued
— Final detectors (>=2) will be determined within international collaborations

Date Actions and/or Expectations

Jan 1, 2024 Start the process by comparing different technologies

Baseline technologies, general geometric configuration
and key issues are decided

Discuss the ref-TDR at the CEPC workshop, report
progresses to the CEPC IAC

Dec 31, 2024 | The first draft of the ref-TDR is ready for internal reviews

Jun 30, 2024

Oct 31, 2024

Apr 15, 2025 | international review
Jun 30, 2025 | The ref-TDR for ready for public reviews
Oct 30, 2025 | Submit the ref-TDR for publication




cep€ Operation plan
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Key requirements

Time of flight by AC-LGAD strip

Sub-system Key technology Key Specifications
Vertex 6-layer CMOS SPD Oy ~ 3 um, X/Xy < 0.15% per layer
. CMOS pixel ITK, AC-LGAD strip OTK, 1 s 1x107? )
Liaieldng TPC + Vertex detector g (p_T> ~2x107= O Px sin3/2 0 (GeV™)
. a0
Particle ID dN/dx measurements by TPC Relative uncertainty ~ 3%

o(t) ~ 30 ps

EM calorimeter

High granularity crystal bar PFA calorimeter

EM resolution ~ 3%/,/E(GeV)

Granularity ~ 1x1x2 cm3

Hadron calorimeter

Scintillation glass PFA hadron calorimeter

Support PFA jet reconstruction
Single hadron o***~ 40%/,/E (GeV)
Jet 0/~ 30%/,/E(GeV)

Key specification continue to be optimised
— lterative process as understanding of physics reach evolves




ol Detector overview

ITK TPC
(MAPS SiPixel) (Pixelated Micromegas) OTK
VTX (AC-LGAD strip)
1550 (MAPS SiPixel
- o150 : + Stitching + Bending)
______________________ = Crystal PFA ECAL
______________ - Mag"mﬁg (Transverse bar)
"2 | | é%
R il PFA HCAL
SR _ (Glass Scintillator)
[ ssoEcA) ] LumiCal
1315 6523?2::;?:&0 1315 (S|Det + LYSO)
Yoke + MUON 3T Magnet
(PS+SiPM) ( SC Solenoid)
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¢ MDI, beam background & LumiCal

- 1400

Carbon Fiber Protective Cylinder ‘ b) Flange +
Bellow
| B 4.3 X,

Si wafers
Xy \

LYso

BPM LumiCal Vertex Central Be pipe  Peripheral pipe "t
LumiCal

Machine-Detector Interface involves S
design of central beampipe - T ———
Background rate are simulated and r
digitized — essential input for €
shielding design and subdetectors M &%
LumiCal based on LYSO bar and silicon 4% §
strips aiming for 1e-4 precision el . .. . .

Z [em]

Fluence map caused by pair-production




Z2C Vertex detector

356 x498 pixels of 20x29 um? TaichuPix3
Gy ~ 3-4 pm, 5, ~1 ps, ~0.1 W/cm? 1024x512 array of 25x25 um?

80
Q

R&D on MAPS for > 10 years
— Large-size chips achieve <5 um point resolution;
aiming for 3um JadePix4

— Module prototype successfully tested in beams

Baseline: stitching + bent MAPS
— For ultimate goal of 0.15%X, material budget

— Easier cooling with air

Ladder based barrel

6
5015710

= [ 6,=497£00 (stat) um  ....... Data
& 0.11FPVTs ¢ —— Gaussian fit]
Fe=197¢ ]
0.08 T
+ &b 0.04F ]

Figure 4.26: 12 mm bending radius. F
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&2 Inner Tracker

Focus on HVCMOS pixel technology
— Key specs: ~8 um spatial resolution, 3-5 ns timing resolution, <200 mW/cm? power

Exploring domestic 55nm HVCMOS process
— COFFEE2 chip: tested as validation of the process

— COFFEES: submitted for full array readout
System design using common modules for barrel & endcap

Module
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3.6Mm

Key component for tracking (esp. low p) and PID

Pixelated TPC with pad size 500um to suppress lon Back Flow
Novel cluster counting method (dN/dx) for 30 K /m separation

Total mass
1500Kg

TPC

-
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(Timing and) Outer Tracker

pad/pitch percent = A/B

dielectric
thickness

Outermost tracking layer ~ 85m? with g, ~ 10 um
o:~ 50 ps to cover low-momentum PID

AC-LGAD strips to provide both spatial and timing
Sensor prototype submitted for full-length validation

cathode

5 0,15; 4
Scan Line é 0'093 E
3 Sensor
o.oa? * Length = 1,
-40 -30 =20 _wﬂon-l,gscr Iumll“ 20 30 40 2, 4 cm
| Pitch=100,
(b) 1/16 Sector 200, 500 pm
Group D:
Readout ASIC

SPI

Group C:

/r: 406mm - 1816mm
Group B: IS

Data Link Optical module

Group A:




PFA-based calorimetry to achieve Boson Mass Resolution (H—=2jj) < 4%

Long BGO crystal + SiPM, targeting oz /E < 3%/VE, BMR (H>yy) ~0.6 GeV
— Save readout channels, minimise dead materials

— Challenging for pattern recognition: dedicated CyberPFA algorithm

L] L] - L] L] SGEV
— Prototype tested in beams; granularity being optimised L
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call Hadron Calorimeter

mmmmm
Jet energy of 30%/ VE required for WW/ZZ separation Density ~ glom® 6 7.13

Glass scintillator + SiPM explored: iiaeE N ot ool e B s
ngh density |OW COSt Transmittance % 82 70 80 80

] ’ Refractive Index - 2.1 174 1.77 1.7%

GS collaboration formed for better glass and mass i i 480 400 390 380
prOd UCtiOn LightYield, LY ph/MeV 1000 8000 985 2445 1154
A full-scale prototype being built for beamtest Eno/gyjResoIER [ 20 | Y] 2R | a

60, 36, 101, 90,
300 105 1456 300

Decay time ns ~100

» Endcap-module » GS-Cell » Barrel-module
5.20M Pics

X 48

AS-1

o ‘ AS-4 Ass f ﬂ
» Eggdcap-Prototype ; - - ‘d fomatesi ]

» Endcap-Detector

L

X 16
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&2 Muon Detector

Extruded plastic scintillator + WLS fibre + SiPM
Magnet return yoke as muon absorber
Provide Muon ID for p > 4 GeV

Total detection area ~4500 m?, ~40k channels
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Baseline: Low-temperature SC design
— For better uniformity, less space, cost-effectiveness

— Sample of 5m Aluminum stabilized NbTi Rutherford
Cable produced

R&D on high-temperature SC continues

Central B field 3T

Inner diameter | 7070 mm

Outer diameter | 8470 mm

Thickness 700 mm
Length 9050 mm
Cold mass 185 tons

Yoke weight 2960 tons

Magnet weight | 290 tons

Superconducting Solenoid

B NbTi/Cu cable

[ Pure Aluminum

[ITT1 High Strength and High RRR Aluminum Alloy
[ High Strength Aluminum Alloy

mﬂ |

ATLAS Mu2e CEPC CEPC

C.Ss PS Option A Option B

Opt. A: Second co-extrusion pr(;cess

First co-extrusion
32 strands Rutherford cable Al-Ni-Be stabilizer +Rutherford cable

Opt. B: The Al-Ni-Be stabilizer conductor sample
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Electronics and TDAQ

'\ [Det-asic f_ FEE , ,
‘ Customized
-\ \ e rameions | oo optcs ( ) Tngg'er!e.ss frontend read.out + backend trigger
ecasic—-—f M (FEDD o Maximising common designs
| Det-asIC | Data Link, Clock & Ctrl — Common FE ASICs: data aggregation,
L : .. . g .
S — gy R~ (F(')bnel;) transmission, optical conversion, SiPM
(;:/ff; ) (p;i,mns{:l,) Management readout’ o
- = Rad-tol )
T — Common BE & common trigger
Trigger ost Tr . . —
CommBra b Alternative R&D on wireless transmission to
DAQ Comm-Brd . .
S iR reduce cabling hence material
Common Platform
. e L ma:;;:t:ent SOI—)IIDDI:/IM
Fibel baqupes — i
Fiber . QSFP DCS registers controller
—~——" | General Backend |_Fiber[ Trigger
“end «—— ] Electronics System system [TCP’T'?E“DP Giien o
b ( N —Q I I %) < %)
Fiber B ClOCk 4—.8—4{ GTH Transceiver }—{TTC protocaﬂ —m )) )) )) W
> 1 —)mc)) | Repeater | ‘))m—’
SyStem () SFP+ ATCA Reference clk
b . - = e T +))
Figure 11.57: General off-detector electronics system connection Trigger & Clack Cleaner

system
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i Event Generation CEPC

i 5 ; Applications
: Simulation

l

i Reconstruction Analysis

1

GeomSvc _IJ k4FWCore EDM4hep

Gaudi framework

Core Software

g e S S S U .y L ———

R T R Ao L s o S A T
|

[ LCIO PODIO DD4hep

1

[

I ROOT Geant4 CLHEP

|

: Boost Python CMake

1

1

External Libraries & Tools

CEPCSW structure

Software and computing

CEPCSW framework built upon common HEP packages:
— Gaudi, EDM4hep, k4FWCore,DD4hep

Web-based PHOENIX tool for visulisation
RefTDR detector implemented & released for performance study
Novel technologies being explored: eg. Quantum algorithms

Physics

PHOENIX

- 1 Tracker
- /-_’ Digilg \-
- M

GenAlg _’-—. DetSimAlg

N Rl
. : =>| DigiAlg
Simulation data flow - \-

Table 13.2: Estimation of computational and storage resources

Mode Disk (PB) Tape (PB) CPU (KHS23/KHS06)
Higgs 48 48 220
Low-lumiZ 436 436 1,760
Total 484 484 1,980
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With recent CEPCSW release, benchmarking physics processes identified and being studied

Key performance

Key performance of tracking, PID, jet and PFA are studied

*

CEPC Ref-TDR|

= Data
— Total Fit
===: Background
===: Signal

L LYY TT YTy n

Physics Benchmarks Process @ c.m.e Domain Relevant Det. Performance % 000
H — vy ZH @ 240 GeV Higgs photon ID, EM resolution g [
Recoil H mass ppH @ 240 GeV Higgs Tracking o :
H — hadronic decays ~ ZH @ 240 GeV Higgs PID, Vertexing, PFA (+ JOI) ~, 60000
H — invisible ppH and qgH @ 240 GeV Higgs/NP  PFA, MET, BMR % i
H —LLP ZH @ 240 GeV NP Tracker, Calo, muon detectors u>.| 40000}
Smuon pair @ 240 GeV NP Tracking [
W fusion Xsec vvH @ 360 GeV Higgs PFA, b-tagging -
Top mass & width Threshold scan @ ~ 345 GeV  Top Beam energy 20000
App Z — pp Z — pp @ 91.2 GeV EW Tracking, Acceptance
Ry Z — hadronic @ 91.2 GeV EW PFA +JOI
CPVinD® -5 7ta—7% @ 91.2 GeV Flavor PID, vertex, 7°, EM resolution
FEPLeriDR Smuietion 10-1CEPCref-TDR Simulation CEPC ref~ TOR Simulation
0.0225; ., yTX+ITK+TPC+OTK /1 1 620 0.018f\ — Rt " 15
0.0200F VTX +ITK + TPC E 0 ; 400 § Photon Energy Resolution _
£0.0175F ° VTX + ITK + OTK /- 085 0.015}F ] q;) -
NE= VTX +ITK = S
>§ . =—iLs %1 € € 0.012p Fit function: £ =2 @c ] S 9
e S E 10-2 . 1E  $w a=1.49+0.05% ] o
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PTiun [GeV] p [GeV] Gen

Momentum resolution
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Photon energy

S L
107715 120 125 130 135 140 145 150
Recoil Mass [GeV]

CEPC Ref-TDR ZH- vvgg @ 240 GeV
CEPC Ref-TDR Simulation @ 6 = 85° LENLEL I B L e I
- ! ! --- "/K"dN/dX i } simulation
«- n/K, TOF 25000 L
= 11/K, combined (l) — DSCB it
- Kip, dN/dx S
Kip, TOF 820000 [ mean =126.14  0.01
1 = K/p, combined 1)
N 4 8 0=489:001
bt 815000 C Resolution = (367 £ 001)%
L ] ‘\91
. % 0000 0.00<Icoseml<0.85
L 1 >
A “! 5000 -
I Y/ I ‘.\ S 008 I
0.5 1 2 34 6 10 20 0 . i | :
P (GeV/c) 60 80 100 120 140 160
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CEP Mechanics

Detailed design for detector mechanical structure and installation
Infrastructure, cooling and experimental hall design in place

ACC Component

g

Water tank Water tank

(Vertex)

End HCAL  End ECAL(OTK) ITK TPC(OTK) ECAL HCAL Magnet Yoke
Figure 14.51: Exploded view of sub-detector installation

Itk. Otk
Cooling Auxiliary Hall

—
f

Cooling Underground Experimental Hall

3°C

Figure 14.112: Flowchart of the cooling system

Figure 14.137: Electronics room Figure 14.134: Layout of the auxiliary hall

22




1 [IHEP, CAS All

2 |Inst of Microelectronics SiDet,Elec

3 |Shanghai Inst of Ceramics ECal,HCal

4 |Shanghai Inst of Optics & Fine Mechics |HCal

5 |Zhangjiang Laboratory SiDet

6 |Ganjiang Innovation Academy HCal

7 |Instittute of Modern Physic, CAS GasD

8 |China Institute of Atomic Energy GasD

9 [Shandong Inst of Advanced Tech SiDet,GasD

10 |Peking U GasD,Phys

11 [Tsinghua U SiDet,GasD,Elec,Phys AI I te a m
12 |Fudan U HCal,Mu,Sftw,Phys

13 |Shanghai Jiaotong U MDI,SiDet,ECal,HCal,Mu,Mag,Phys

14 | Zhejiang U SiDet,HCal wo r k'

15 [Nanjing U MDILVTX,SiDet,Elec,Sftw,Phys u

16 |U of Sci & Tech ECal,Elec,Sftw

17 |Beihang U Phys

18 |Southeast U Mu,Phys

19 |Wuhan U Sftw

20 |Harbin Inst of Tech HCal

21 | Xi'an Jiaotong U SiDet

22 |Nankai U VTX,SiDet,Mu,Tdaq,Sftw,Phys

23 [Sun Yat-Sen U SiDet,GasD,HCal,Sftw 40 |Dalian Minzu U SiDet

24 |Sichuan U HCal 41 |Liaoning Normal U Phys

25 [NorthWest Polytechnical U VTX,SiDet,Elec 42 |U South China SiDet

26 [Shandong U VTX,SiDet,GasD,Elec,Tdaq,Sftw 43 [Wuhan Textile U SiDet,Elec
27 |Jilin U MDI,GasD, Sftw 44 |Hubei Polytechnic U SiDet,Elec
28 [Hunan U SiDet,Mech 45 |Jinggangshan U HCal

29 [Lanzhou University GasD 46 |China Jiliang U HCal

30 (Zhengzhou U VTX,SiDet,GasD,HCal, Tdaq,Sftw,Phys || 47 |yanshan University SiDet

31 |Southwest Jiaotong U MDI,Mag 48 |Zhengzhou University of Light Industry |SiDet,Mech
32 |Central China Normal U VTX,Elec 49 [Gannan Normal University SiDet,Elec
33 |North China Electric Power U Mag 50 |Beijing Conveyi Limited SiDet

34 [Harbin Engineering U HCal 51 |China Building Material Academy HCal

35 |Wuhan University of Technology GasD,HCal 52 |Beijing Glass Research Inst HCal

36 |South China Normal U Mu,Sftw,Phys 53 |Shanghai Superconducting Tech Co  |Mag

37 |Hefei University of Technology SiDet 54 |Citic Heavy Instructries Co Mech

38 [Nanchang U VTX,SiDet 55 |Yellow River Engineering Consulting CdMech

39 |Taiyuan University of Technology SiDet 56 |Wuxi Toly Electric Works Co Mag

1 |CERN ECFA DRD collaborations Nearly All

2 |ALICE collaboration VTX,SiDet
3 [INFN / Milano SiDet,GasD
4 [INFN / Torino SiDet,GasD
5 [INFN / Bari, Politecnico U of Bari GasD

6 |INFN LNF (Frascati) ECal

7 |IN2P3 / IPHC, Strasbourg VTX

8 |IN2P3/ JCLab, Orsay ECal

9 |IN2P3/LLR, Palaiseau ECal

10 |IN2P3 / IP2I, Lyon ECal

11 |IN2P3 / CPPM, Marseille VTX

12 [CEA/ IRFU, Saclay GasD

13 |KIT SiDet

14 [Bonn U GasD

15 [DESY SiDet,GasD
16 |Lancaster U SiDet

17 |Edinburgh U SiDet

18 [Bristol U SiDet

19 INIKHEF GasD

20 |IFAE (Inst De Fiscia d'Altes Energies) VTX

21 |ULB (Universite Libre de Bruxelles) HCal

22 |LPI (Lebedev Physical Inst, RAS) ECal,Mu,Phys
23 |HSE (University Higher School of Economics) Mu

24 |MIPT (Moscow Institute of Physics and Technology)|(Mu

25 |BINP (Budker Inst of Nuclear Physics, RAS) ECal,HCal,Mu
26 |INR (Inst of Nuclear Research,RAS) HCal

27 |JINR (Joint Inst of Nucl Research) SiDet,GasD,ECal,HCal
28 |ISPM (Inst of Synthetic Polymeric Materials,RAS) HCal

29 |Vinca Inst of Nuclear Sciences MDI

30 [University of Belgrade Phys

31 |AGH University of Krakow MDI

32 [JSI (Jozef Stefan Institute,Ljubljana) SiDet

33 [University of Montenegro SiDet

34 |Institute of Physics, IPAS MDI,Elec
35 |National Centre for Physics, Pakistan Phys

36 | Tokyo U GasD,ECal
37 |Shinshu U ECal

38 |lwate U GasD

39 |KEK GasD
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CEPC Reference Detector

Technical Design Report

E 8 3 &8 8 @ 8 &8 s

Physics Goal and Requirements
Concept Introduction

MDI and Luminosity Detectors
Vertex Detector

Silicon Trackers

Gaseous Trackers
Electromagnetic Calorimeter
Hadron Calorimeter

Muon Detector

Superconducting Solenoid Magnet
General Electronics

Trigger and Data Acquisition
Software and Computing
Mechanics and Integration
Physics Performance

Overall Cost and Project Timeline

Ref-TDR status and timeline

16 chapters

Two iteration of IDRC review
— Oct 2024 / Apr 2025

— Alot of constructive suggestions &
recommendations

Finalising the draft — expected release in end
June and publication for journal later

The CEPC International Detector
Committee Meeting in 2024

Oct 21-23, IHEP
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7C Summary

CEPC is preparing for a Reference detector TDR

Many new technologies explored with huge amount of R&D work
Detector design is being optimised for better physics performance
The document is expected to release soon — stay tuned

... and your interest and participation is most welcome!
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