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The scientific importance and strategical value of e*e- Higgs factories is clearly identified.

Pathways to Innovation and Discovery in Particle Physics

2013, 2016: China Xiangshan Science Conference
concluded that CEPC is the best approach and a
major historical opportunity for the national
development of accelerator-based high-energy
physics program.

Explori
the -

8,‘,‘@2‘,%@ Report of the Particle Physics Project Prioritization Panel 2023

2017: Japan Association of High Energy Physicists
(JAHEP) proposes to construct A 250 GeV center
of mass ILC promptly as a Higgs factory.

2020: European Strategy for Particle Physics, - Recommendation 6

An electron-positron Higgs factory is the highest

Convene a targeted panel with broad membership across particle physics later this

priority next collider. For the longer term, the decade that makes decisions on the US accelerator-based program at the time when

i . . . major decisions concerning an off-shore Higgs factory are expected, and/or significant

Q % European particle physics community has the adjustments within the accelerator-based R&D portfolio are likely to be needed. A plan

S~—— T 5 for the Fermilab accelerator complex consistent with the long-term vision in this report
soaouPos o e sty ambition to operate a proton-proton collider at the should also be reviewed.

h . h { h . b/ The panel would consider the following:
Ig £ aaiinduie energy. 1.The level and nature o! US contribution in a specific Higgs factory "\cluding an evaluation
of the associated schedule, budget, and risks once crucial information becomes available.

2.Mid- and large-scale test and demonstrator facilities in the accelerator and collider R&D

2022, ICFA “reconfirmed the international P
. = 3.A plan for the evolution of the Fermilab accelerator complex consistent with the longterm
consensiis on ﬂ’}e II’npOI’fance Ofa nggsfactory as vision in this report, which may commence construction in the event of a more favorable
- = : S . . budget situation.
the highest priority for realizing the scientific
oals of particle physics ’, and expressed support
e —— PP P5 report, USA, 2023

for the above-mentioned Higgs factory proposals

G IERBFARREEL ERcRESH T—AEIRE
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CEPC =4T1HXl

CEPC accelerator TDR (Xiv:2312.14363)

Operation mode ZH Z W*W- tt
Vs [GeV] ~240 ~901 ~160 | ~360
Run Time [years] 10 2 1 ~5
L/IP[x10% cm?2s1] | 5.0 115 16 0.5
30 MW | [Ldt[ab?, 2 IPs] 13 60 4.2 0.6
Event yields [2 IPs] | 2.6x10° | 2.5x10%% | 1.3x108 | 4x10°
L/IP [x10% cm2s1] | 8.3 192 26.7 0.8
50 MW | [ Ldt[ab?, 2 IPs] 22 100 6.9 1
Event yields [2 IPs] | 4.3x108 | 4.1x1012 | 2.1x108 | 6x10°
> FERER B8R Z. W MRS eS5)

B

> EERENE: ARl 855, KYENQCDHFIE
IRRRIFTARBRIFBE
> FIIEIRER . REYIRR. FRESAREE. BNMRIFS, BRE
FTIEEREIR~10 TeV
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(Baseline Design) L IDEA concept
Particle Flow Algorithm 2T Magnet — Il (also proposed for FCC-ee)

Magnet
(3T/2T)

Yoke + Muon

Preshower (ui-RWELL
(RPC or u-RWELL) wer (u )

LumiCal \\ Dual-readout calorimeter

Silicon wrapper

PFA HCAL Drift chamber
Yoke + Muon (u-RWELL)

PFA ECAL
Si Pixel Vertex

Si Pixel Vertex The 4t Concept

—

Scint Glass HCAL

SIT TPC SET
FTD ETD

TPC (Pixelated)

FST concept OTrk (AC-LGAD)

Full Silicon Tracker
( ) Crystal ECAL

ITrk (SiPixel) (Transverse bar)

08/22/2024 7
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Sub-detector Key technology Key Specifications
Silicon vertex detector | Spatial resolution and materials 0.6 ~ 3 um, X/Xq < 0.15% (per layer)
Silicon tracker Large-area silicon detector o(>=)~2x107° & piﬁ% (GeV™H)
TPC/Drift Chamber Precise dE/dx (dN/dx) measurement  Relative uncertainty 3%
Time of Flight detector | Large-area silicon timing detector o(t) ~ 30 ps
Electromagnetic High granularity EM energy resolution ~ 3%/ \/m
Calorimeter 4D crystal calorimeter Granularity ~ 2 x 2 x 2 cm?
Hadron calorimeter Scintillating glass Support PFA jet reconstruction

Hadron calorimeter Single hadron o¢4 ~ 40%//E(GeV)

et o1t ~ 30% //E(GeV)

BEEAR IR AT AR ATHE F JCEPCHIEBE TS
RN, NSSE SR HE R IR
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A TaichuPix-based prototype detector
was tested at DESY in April 2023

[ G

. ' l
S % CIEREYEr CEsgn Goal: o(IP) ~ 5 um for high P | !)

> - | pA e
L)

Key specifications:

= Single point resolution ~ 3 ym

= Low material (0.15% X, / layer)
Low power (< 50 mW/cm?)
Radiation hard (1 Mrad/year)

JadePix4 TaichuPix3
356 %498 array of 20x29 um? 1024x512 array of 25x25 um?
Oyy ~ 3-4 um, o, ~ 1 ps, ~100 mW/cm?2

3 .
| B
Curved B %
MAPS F
TowerJazz 180nm CIS process Looking into stitching technology
08/22/2024 9



o ]

Q

COFFEEZ2 with SMIC 55nm process

Fl'

.+

20x32 pixels, 72x36um?

Designs of charge collection
& cell electronics
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Focus on HV-CMOS pixel inner tracker of ~15-20 m? AN ) -
: . ~ILZgg : i8558 Y
Ladder design for barrel and disc for endcap T s, GIPTREEZ IR
Data . Optical ~ Optical fiber Sor S) N ; ' 9 ; 3 '/Gs )
. - - aggregation Data Lo convertor UR b 2 .
Given what happened with the TSI 180nm production IR EDS N
a9 ‘ S

line, it is better to have backup foundries
Exploring SMIC 55 nm and TPSCo 65 nm processes

Zonel
6x9 pixels, 80x40um?

Diodes of different
charge collection
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G2 AC-LGAD B} [B] 4225 381 25 =¥
4 N

Barrel : Shingled Support Rings

O The outer silicon tracker ~ 85 m?, the
Z precision is not crucial
= cost-effective Si strip detector

0 Need a supplemental PID to TPC at
low energy = LGAD ToF

0 AC-LGAD Time Tracker combines the
two needs in one detector, and expect
o, ~30-50 ps, orep ~10 um

Strip AC-LGAD by IHEP / IME

Strip size 5.6 mm x 100 um
Pitch: 150, 200, 250 pum

08/22/2024
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« Initial TPC design has difficulty at high luminosity Z pole due to IBF
+ A pixelated TPC achieves o(r-®) ~100 um, with (500 um)? readout pads, IBFxGain ~1 at G=2000
« Full simulation study also shows 30 K/r separation at 20GeV

« Preliminary mechanical design = RL = 15% X, for endcap and 0.55% X, for barrel part

+ Plan to have a test beam this fall to characterize the performance and validate the design

field cage amplification gap
_______________ Hit Pad :
! ! ! I pad response = ch!
amplification & I I8 ﬁ- *
diffusion "-' M B00
ionization drift & dii_qui?E_ - : i I — “ l_p.
"oT e"——‘C‘i‘:'—.—::-:—:—“‘ ji__i;;j:*j:**ill l I ~195F \ ' ' o
i . \
! ' e | ‘ -
I ! \
i '
| ! ' I I \ 2000
1 drift vdlume \
_— — — — — A _ J_!__I . A .
1 -« t L) \ 63 635 64‘ 645 65 655 66
| electrig field keadout pads \ \ X fem]
i I ! \ \
1 1 ! \ \
I 1 ! \ \
I 1 ! \ \
o S Signal Hit Detection &
Ionization I Transport I Amplification | . [ . [ dN/dx
‘ ansport, M) Amp » Generation Clustering » /
Garfield++ . ) e e ] :
Simulation/Digitization Reconstruction
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O ScW-ECAL.: transverse 20x20 cm, 32 sampling layers
~6,700 channels, SPIROC2E (192 chips) Several successful
testbeams @ CERN

TP
iz

¥[em)

O AHCAL: transverse 72x72 cm, 40 sampling layers
~13k channels, SPIROC2E (360 chips)

4 ECAL.: scintillator(strip)+SiPM, CuW

_ it ik i l "]

e it
| Granularity 5x45x2mm3 /

4 HCAL.: scintillator (tile)+SiPM, steel

13

Granularity 40x40x2mm3

-
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4 N
I O Double-end readout, potentially positioning with timing

O Save readout channels, minimize dead area and material

pa
il 1x1x40cm* ﬁ

‘\Phctodenctors (eg. FPMT, SRPM...)/'

<
e
A /s ,’///

0 Challenging in pattern recognitions with multiple particles

2024 CERN beam test at PS-T9: finished in July 10th

4 - Promising EM resolution with 1-5 GeV/c e~ beam

| id ¢ - Data analysis is still ongoing: detailed calibrations, shower profiles
nciaen
o s SRS DA RS SRR A 5GeVe~
. ¢ CEPCcrystal modules ]
partICIeS / 75 Beam test 2024 R 0
ag E H i i Threshold: 0.5 MIP Etoral = 4713.550 MeV
6, H i Event ID: 99 Eyax = 600,435 MeV
5 5. e beam, E,=1~5GeV/c |
\ = 4\ o5/E = 3.729%/VE & 0.63% |
= ; 5 \\ : ]
NG - g o ! e !
R N X w ;Nor;k i|1jpro_u'e§5 =
Reconstruction :5 Lo
o, E_)~ : N e
Jr=] . nergy / Ge
N = Hit (xf_ayjaETE?C)
Cross-location N
N

1 t,

k Achieve high granularity with adjacent layers j

08/22/2024



o To replace plastic scintillator with high density, - 33 gt ,
low cost glass scintillator, for better hadronic o i
i 5.9 g/em’
energy resolution and BMR — Gss [ |
g . 323 ns I
o Key specifications: - 5.6 glem’
GS4 2202 phvev |
- Light yield: 2000~2000 ph / MeV Biosts I GS1 Gd-AL-B-Si-Ce**
+ Density: 5-7 glom’ S Y | B T
- Scintillation time: ~100 ns DB O 4 ?;;Scmj | GS3 Gd-Ba-Al-B-Si-Ce*
o . . — GS2 |570phmev GS4 Gd-Li-B-Si-Ce"*
o The Scintillation Glass collaboration continues 27ns : GS5 Gd-Ga-Si-Ce™*
3 . 3+
to progress on the quest for better GS GS1+ B iy | ALl
1456 ns Density—6 g/cm®
0 The GS1/ GS5 measurements are from (5mm)3 cst = | Light yield—1000 ph/MeV
. . 3 el | Decay time—100 ns
small size samples. Tiles of 40x40x10 mm?3 are 105 ns - 1 ;
needed for GS-HCAL 0.0 0.5 1.0 15 2.0

Target parameter

08/22/2024
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Muon ID, combining with magnet return

Requirement: € > 95%, o; ~1-2 ns

Position resolution: 1.5 cm

Total area ~ 6000 m?2, ~40k channels

PS muon detector \
Extruded plastic scintillator, WLS fibre, and SiPM
Preliminary results: € > 95% and o < 1.5 ns

c 1800 C
1;; e r 2200F
C I = - r
0985 b ; P 1600 (C2) 2000 (d2)
0.96 PO r 1800
30 oal- (bz) % 3| =400 - F
S e T # w1600
%0.92; i © 1200 ,ﬁ.—iﬁﬂﬁ © 1400 l :
09 [ T E
F N .:{4"; 1200F
0.88F 1000 + _%EAHz F % i
g 1 n — 1000_—?
0.86[ C E
0_840:. I ! |...|¥ CLL R R I I I I e T I
4 H 5 8 10 10 15N QbD f25 30 35 20 40 60 80 100 120 140
\ (pe.) umber of p.e. Distance to SiPM (cm)

08/22/2024

Endcap
design

Barrel design

1240

440

140 100
40
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4245

400

100
100

100

3650
3535

650

NbTi Rutherford cable

Pure Al/Doped Al

32
56

5083/6061 Al alloy

b RN

Aluminum stablilized
NbTi Rutherford cable

08/22/2024

B

DRI 2578 F LR

SC coil schematic diagram

Coll parameters:

Central magnetic field | 3T

Inner diameter 7300 mm
Operating current 16702 A
Cable length 33 km
Inductance 11 H
Stored Energy 1.54 GJ

+N,. 4 layersxx10 turns

<p7.2‘m dummy coil

17



Beam pipe

= Inner Diameter 20mm

= Inner Layer with thickness of 0.20mm

= Gap for coolant with thickness of 0.35mm

= Water chosen as coolant instead of paraffin S
= Outer Layer with thickness of 0.15mm

LumiCal

m 2 parts, first Si wafer + LYSO, second LYSO only

= First Silicon Wafer locates at 560mm, than 640mm

= First LYSO has a length of 23mm(starts from 647mm)
= Second LYSO has a length of 200mm(starts from 900mm)
= Half Moon-cake like design

= Height ~ 39mm, radius ~ 56 mm

39 mm
727 | 47.27 gm

08/22/2024

Vertex LumiCal BPM

CEPC Interaction Region
300 T T Y : ;
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Detector /
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XY Distribution
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https://cepcvis.ihep.ac.cn/#/

Generator CEPC
) - Applications
Simulation
. . O CEPCSW has been developed based
_______ Reconstruction [ Analysis | ; on components of Key4hep: Gaudi,
v 1 s N Sve: EDM4hep, KAFWCore DD4hep
Gaudi framework O Single source of detector information,
___________________________ Core Software ____ but support multiple designs
'|
E LCIO PODIO || DD4hep |! O A web-based tool Phoenix for event
+[__roor Geant4 CLHEP |, and detector visualization
|
: Boost Python Cmake :
:_ External Libraries & Tools I
Key requirement: BMR
Mechanical rﬁl i Féavml
Vertex plt Flavor tanging V.S. VTX geometry
PhySiCS & FIavor tagglng@va
Tracker Performance studies ' &H I
Calorimetry e T ) s
-~ CEPCSW — r ; ' .l
Muon feedbacks Samilld » l
08/22/2024
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/ Strip Endcap
Inner Tracker

Front view

T —

a=30°
L 14 layers

Polyimide Cathode PCB =
OLC layer (<0.1 ym) [, i
P10+100 MO/

P e ——

HURWELL for PS & Muon

08/22/2024

HE2HH R TIE
/~/ ~

Stereo
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Det Technology Det Technology
9 JadePix 4D Crystal ECAL
2 |TaichuPix Stereo Crystal ECAL
%) Arcadia _ |PS/SiPM+W ECAL
é’ CPV(SOI) 2 |siDet+W ECAL
+Stitching £ |ps/SiPM+Fe AHCAL
CEPCPIx / COFFEE § ScintGlass AHCAL
N |Si Strip Detector RPC SDHCAL
g TPC MPGD SDHCAL
o |Drift Chamber DR Calorimeter
_Eé PID DC c Scintillation Bar
— |LGAD ToF S [RPC
AC-LGAD ToF+Trk = u-Rwell
__|SiTrk+Crystal ECAL o HTS /LTS Magnet
% SiTrk+SiW ECAL £ |MDI & Integration

Fast LumMoni

08/22/2024

TDAQ scheme

K

« RS INERRN SR & 1/EA

= Some detector R&D efforts were within the
international detector R&D collaborations, e.g.
CALICE, LCTPC, & RD*

=  Much broader participation now in the ECFA
DRD program

+ [EFr&1E 7 B\ ICEPCHI R M 28 8 &k T4k -
MAPS detector, TPC, PID DC, ...

« AEHRBIEAHEBL (~300 A)

T REE T EH R E e ERBERE
BES, DYBay, LHAASO, JUNO, ...

fEH R AR R E MR BR S E KA :
ATLAS, CMS, LHCb, ALICE, AMS, ...

21
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§

C
2

2

Committee

International
Accelerator Review

Institution Board

Steering Committee

Project Director

International
Advisory Committee

International

Detector Review

Committee

Project Office

Accelerator

Detector

E & RS

Table 7.2: Team of Leading and core scientists of the CEPC

Name

Brief introduction

Role in the CEPC team

0’0

>

o
A

o

0‘0

international participation.

08/22/2024

Institution Board: 32 top domestic universities/institutes
The International Advisory Committee (IAC) started in 2015, and held

Two international review committees for R&D: (IARC, IDRC) started in 20109.

Yifang Wang

Xinchou Lou

Yuanning Gao

Jie Gao

Haijun Yang

Jianbei Liu

Hongjian He

Shan Jin

Nu Xu

Meng Wang
Qinghong Cao
Wei Lu

Joao Guimaraes da Costa
Jianchun Wang
Yuhui Li
Chenghui Yu
Jingyu Tang
Xiaogang He
Jianping Ma

Academician of the CAS, direc-
tor of IHEP

Professor of IHEP

Academician of the CAS, head
of physics school of PKU
Professor of IHEP

Professor of SITU

Professor of USTC

Professor of USTC

Professor of NJU

Professor of IMP

Professor of SDU
Professor of PKU
Professor of THU
Professor of IHEP
Professor of IHEP
Professor of IHEP
Professor of IHEP
Professor of IHEP
Professor of SITU
Professor of ITP

The leader of CEPC, chair of the SC

Project manager, member of the SC
Chair of the 1B, member of the SC

Convener of accelerator group, vice
chair of the IB, member of the SC
Deputy project manager, member of
the SC

Convener of detector group, mem-
ber of the SC

Convener of theory group. member
of the SC

Member of the SC

Member of the SC

Member of the SC

Member of the SC

Member of the SC

Convener of detector group
Convener of detector group
Convener of accelerator group
Convener of accelerator group
Convener of accelerator group
Convener of theory group

Convener of theory group

meeting yearly.

Currently the CEPC study group consists of ~1/4 international members. We hope to boost up

22
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workshop on the high en€rgy Circular Electron Positron Collider CE; -f@g
E 48 o303

2024 7Y, Hotel Mercure Vieux-Port
ork x-Por
shop gy Edition Marseille, 8-11 Apr 2024
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w EPE: Jdt = (2017.11, 2018.11, 2019.11), k& (2020.10 / hybrid), B (2021.11/ online, 2022.11 / online,
2023.10), M (2024.10)

w TERRM: Rome (2018.05), Oxford (2019.04), Edinburgh (2023.07), Marseille (2024.04), Barcelona (2025.05)
. EXEE: Chicago (2019.09), DC (2020.04 / online)

= FEMBKRKFEE015FR85E F7IAS program on HEP”, B4 7E(2025.01)
v EERNSAERRED ST EFTEIN
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https://indico.ihep.ac.cn/event/22089/

¢ CEPCHEZ Bl #it 75 CORMIEIA I TDR

CDR Released (2018.11)

CEPC CEPC
Conceptual Design Report Conceptual Design Report

Volume | - Accelerator Volume Il - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545

The CEPC Study Group The CEPC Study Group
August 2018 October 2018

08/22/2024

Accelerator TDR
Released (2023.12.25)

CEPC
Technical Design Report

Accelerator

B Project management

M Accelerator

m Conventional facilities

arXiv:2312.14363

B Gamma-ray sources

® Experiments

m Contingency

The CEPC Study Group
December 2023

Total 36.4B CNY

CEPCHESIZITIRECDR (INiRssm. YIBFIIRNEE)
E2018F 118 k%

CEPCINIRZZANIRITIRS TDR{E2023F 12 H5eh),
202556 B sehliRllzsaYiRITH ik e Ref-TDR
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Technologies

System

Baseline For comparison
Beam pipe
LumicCal
Vertex CMOS Pixel
PID Drift Chamber
Tracker
SSD / SPD OTrk
LGAD ToF
ECAL PS+SiPM+W, GS+SiPM, etc
HCAL PS+SiPM+Fe, etc
Magnet HTS
Muon RPC

TDAQ Software Trigger
BE electr. Independent

08/22/2024
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Physics goal and requirements
2) Concept introduction
3) MDI and beam measurement

0 B TRABITHRESREZE, ¥ 2)  Vertex detector

5) Silicon trackers

H16E
6) Gaseous trackers
d %EE"JEEEM*EW@S‘Z, EEW%’?"—? 7) Electron magnetic calorimeter
R NZS A ZRIBk R 28Rk s) Hadron calorimeter
0 BRMEIEEER, #HR—INTIHE e
SRR 100 Magnet

11) General electronics

12) TDAQ and online

13) Software and computing

14) Mechanics, integration and installation
15) Global performance

16) Overall cost and timeline
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Date Actions and/or Expectations

Jan 1, 2024 Start the ref-TDR process by comparing different technologies
Jul 1, 2024 Baseline technologies are chosen; start to write TDR and address key issues
Aug 7, 2024 Report to the IDRC chair Prof Daniela Bortoletto

Oct 21-23, 2024 | Review of ref-TDR progress by the IDRC

Oct 23-30, 2024 | 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

April 30, 2025 Finish international reviews

Jun 30, 2025 The ref-TDR is ready %)&;i*.&%}‘*&% |
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