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A Brief Historical Recall: High Energy Colliders and Factories

SppC, FCC-hh

The era of Higgs
boson started
from 2012, and
we entered the
BEST EPOCH of
High Energy
Physics

new paradigm/theory
new colliders equipped with advanced
detectors

=
"= o, Higgs,...

Year Muon collider Future Large Colliders:
FCC-ee (H,t, ZW...Dark matter) .
CEPC/ILC/CLIC: new e* e~ collider .
(B physics...) oy -~
-
SuperKEKB:\/s =~ 10 GeV, £ ~ Q3>
[= 2012
LHC:y/s ~ 14TeV, £ 31033 \\_ LHC/CERN: -

Higgs boson 2012

(t — charm,...)
BEPCIl:\/s ~ 2 — 5 GeV, A= 1033

In the last 60 years
we have made a
tremendous
progress in particle
physics, and we
have to prepare
for the next
exciting and
discovering years
of human being

(T mass, charmonium,...)

\ Crab-Waist in 2014
at DAFNE

CEPC-SppC was proposed
by Chinese scientists in

VEPP-4:\/s ~ 1.5 — 2.0GeV, N\ =~ 1033;DAFNE®

~1GeV, £ ~ 1032 || Sept. 2012 after Higgs

(B-quark, CP violation, CKM...)

R\ .
SSC:\/s =~ 40TeV, £ ~ 1033 1993 stopped ‘
(Z’ W bOSOhS,...) ‘ 'mdnun- ‘S

o

HERA: ep

T —charm,... -
L W’ Z’...
BEPC:\/s ~ 2 — 5 GeV, £ ~ 1031 \

Boson was discovered on
July 4, 2012 at CERN

Top quark 1995

J. Gao, “Review of Different Colliders”,
International Journal of Modern Physics A,
(2021) 2142002 (25 pages).

W,Z bosons 1983

Bottom,...
CESR:\/s =~ 10 GeV é |

PETRA: /s ~ 12~46.7 GeV GeV

In 60’s, Ada, VEP-I,
VEPP-II, ACO...

(J/p,c-quark, t ...)

Fermilab: 400GeV p on Cu, Pt

Bottom quark 1977

1972

SPEAR&BNL:+/s
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Worldwide High Energy Physics Frontier Goals
Timelines and Common Efforts

B proton collider W Construction/Transformation

B Electron collider :
Preparation / R&D
Muon collider e /

Future large colliders have the

2038 start physics common physics, accelerator
5 e 250 Gay SO0 GeV 1 TV A
g 5 years 20km tunnel e e ANPGRS and detector technologies:
31km tunnel 40 hem wuned SC accelerator technologies,

CEPC 2038 start physics positron source, damping ring,

CepC: 50/160/240 Gev .
0Q/A30 wb final focus, MDI, cryogenic

system, sustainability, industrial

promotion and participation.

(A3 ST, 480 ) Also, common outreach activities
LCF, LEP3,..after ESPPU2026

2048 start physics

FCCam MO/ Gy % 3 instaliation

{1 . = FCC hh

100km tunnel SppC: 75128 Tav, 10-20 ab'

LHC HL-LHC (14TeV, 3 ab™")

—a— FCC
e CEPC (30 MW)
<<n~ CEPC {50 MW) 3

ILC-Baseine (Snowmass 2021)

4

“4— CLIC-Baseline (Snowmass 2021) |

100km tunnel, installation

100 TeV =30 ab™’

2

2048 start p =13
CLIC: 380 GeV 15Tev 3Tev
15ab’ 2.5 ab* 5 ab*

29 krn tunnel S0 km tunnel

11 km tunne!

ST W R A N N O U T OSSN SRR S U
2020 2030 2040 2050 2060 2070 2080 2090

Luminosity / 1P [ 10 em?s )
=

I The common physics goals in complementary I

— Ut e ‘N " il 1
Proposals emerging from Snowmass 2021 for a US based collider T C \ L 3
ccc 2040 start physics ol . PR . i 3
\ CCC: 250 GeV 550 GeV 2 TeV 10° 10°
S yeans 8 km tunnel 2 ab™? 4 ab? w4 ab? s [GGV)

RF upgrade

& Muon Collider s atet s .
a 13 years P . e The complementarity

-0 Note: Possiility of

OR Akm«6km km ring 125 GeV or 1 TeV at Stage 1

between circular and
linear Higgs factories

10km & 16.5 km tunnels

EEEEE CANEEEEEE SESEEEEEE EETEEEEEE CEEEEEEEE SR NS
2020 2030 2040 2050 2060 2070 2080 2090

HALHF as a Higgs factory based on glasrga accElSePrPaLth6r ;:gzchnology
roup eport 5
3076

G. Arduml, et al, Future Colliders Comparative Evaluation - Workmg
tributi 6542430 t
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C

(E'.as a Higgs Factory: H, W, Z, upgradable to ttbar, followed by a SppC (a Hadron collider) ~125TeV
30MW SR power per beam (upgradable to 50MW), high energy gamma ray 100Kev~100MeV

EP

P
H/tt-bar __
CEPC has N S emne
two detectors ; ‘ W and Z

s
> _ e

TUNNEL CROSS SECTION CF ThE A8C ABEs

CEPC

36.4B RMB

CEPC TDR cost of ‘

CEPC collider ring (100km) CEPC booster ring (100km) _
CEPC TDR S+C-band 30GeV linac injector I CEPC/SppC in the same tunnel I

ESBS: Electron source & bunching system PSPAS: Positron source & pre-accelerating section Vo 8 R e -
- . - . - —_—d 4-—.-—' - —
FAS: First accelerating section 5A5; Second accelerating section il "'—---_\_\___\i;_,_,;‘fj St
EBTL: Electron bypass transport line TAS: Third accelerating section e
EBTL [ ] = Damping ring - : 7_.1;--. I .-’ﬂb- = =

ESES FAS B PSPAS  SAS TAS
- w

t 1- 1- ! fnden SERNDY - W01 T A e ———
S0MeY 1.1Gew G4EeV 2000V 1.1GeV  1.1GeV ~ "
- 335.5m " B L RN
L 024 ) N BO.9m pil.1im 1163.4m ¥ e T £
I

- 16501.3m = N P
1800 0m

J. Gao, D. Wang and Y.F. Wang, Vision for high-energy frontier particle colliders in China, Annual Review of Nuclear and Particle Science, I Z,W, Higgs a nd ttbar energies I
Volume 75, 2025, https://doi.org/10.1146/annurev-nucl-121423-101120
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CEPC Accelerator System Parameters in TDR

Linac Booster Collider
: : 1t H w Z Higgs Z W tt
Parameter Symbol Unit Baseline - - - -
Offaxis | Offaxis | Onaxis [ Off axis Off axis injection [Number of IPs 2
njection | injection |injection| injection
Energy E,JE,. GeV 30 Ci.rcur.nfer. km 99.955 Circumference (km) 99.955
Injection GeV 30 SR power per beam (MW) 30
Repetition cnersy
- Hz 100 i . Energy (GeV 120 45.5 80 180
rate /, p Extraction GeV 180 120 30 45.5 gy ( )
e energy [Bunch number 268 11934 | 1297 35
une Bunch number 35 268 [261+7] 1297 | 3978 5967
number per lor2 Maximum |Emittance /€, (nm/pm) 0.64/1.3 | 0.27/1.4 0.87/1.7 1.4/4.7
pulse nC 0.99 0.7 20.3 0.73 0.8 0.81
bunch charge |Beam size at IP o,/c, (um/nm) 14/36 6/35 13/42 39/113
Bunch 0C 1503) Beam current | mA 0.11 0.94 | 0.98 2.85 9.5 14.4
charge ’ SR power MW | 0.93 0.94 1.66 0.94 0.323 0.49 Bunch length (natural/total) (mm)| 2.3/4.1 2.5/8.7 2.5/4.9 2.2/2.9
Energy Emittance nm 2.83 1.26 0.56 0.19
spread og 1.5X1073 RF frequency | GHz 1.3 |Beam-beam parameters & /& 0.015/0.1110.004/0.127]0.012/0.113] 0.071/0.1
RF voltage GV 9.7 2.17 0.87 0.46 |RF frequency (MHz) 650
Emittance £ nm 6.5 Full injection 1 o1 f o014 [ o016 | 027 | 138 08 | [Luminosity per IP (10% em?s) | 5.0 115 16 0.5
from empty
Luminosity per IP (10* cm2 s7!) 5 115 12 0.59
Running scenarios: Higgs 10 years, Z 2 years, W 1 year, ttbar 5 years I From J. Gao’s formula below f
Factory of
illian i _ _ 1_Fr R i?é
 eillion 7 hesras Lmax [cm~2 s™1]= 0.158x 103 B( [mn)l] - [maz:‘,]zw (PLIMW]/E[GeV]?)e322 (1+0.000505+P2) (1. Gao’s formula)
. 200 Million W W- puirs y Y e
Transport lines 6DNK ¢4 pairs for isomagnetic machine with crab-waist collision

® @
(B5) IR

Ly

Collider CEPC Technical Design Report (TDR) includes:
Booster |\ ©® 180GeV © d l 1) CEPC Accelerator TDR released on Dec. 25, 2023
30~180GeV  qump 2) CEPC Detector ref-TDR (reference design)

VL‘LVV

DR1.1GeV A has been reviewed by IDRC in April and Sept. 2025, and submitted
Progress of CEPC acceleT: e —— to arXiv on Oct. 6, 2025, https://arxiv.org/abs/2510.05260
CEPC workshop 2025, Nov. 6, uangzhou, China 6
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https://arxiv.org/abs/2510.05260

CEPC Physics Goals, Operation Plan and Goals in TDR/EDR

- P{ecismn of Higgs coupling measurement ( 7-parameter Fit) 7 WW- ZH possibly
Operation mode ZH z WW- tt R TR & WW M "
‘/5 [GeV] ~240 ~91 ~160 ~360 ~a CEPC 240 GeV at 5.6 ab 'wi/woHL-LHC | "
Run Time [years] 10 2 1 5 g - i
L/IP[x10% cm2s'] | 5.0 15 16 0.5 2 | 23
ow | SLdelabt 21Ps) [ 13 60 42 | 065 2 T ot — B )
Event yields [2 IPs] | 2.6x105 | 2.5x10'2 | 1.3x108 | 4x10° il i [ B——
50 I fidcfab?, 21Ps] | 216 | 100 | 69 | 1 —— ofud e
MW L EventeldleP 43*'0' TR z.mw# T CEPC operation scenarios: (\u\
_ Event yields [2 IPs] | 4.3x10% | 4.1x10'2 | 2.1x10® | 6x10° Higgs 10 years, Z-pole 2 years, /
*  Higgs is the top priority for CEPC W 1 year, ttbar 5 years as upgrade | L™ e
** Detector solenoid field is 3 Tesla for all other energies. §8:1F B
- }g:l' CEPOR | gz lor 1 5107 !-' A'
CEPC physics white papers: % 10t e 1 52102 r
1: Higgs physics, Chinese Physics C Vol. 43, No. 4 (2019) 043002 £ 10wl 1 1 :g‘, F
https:/arxiv.org/pdf/1810.09037 < 0% —- i L
2: Flavor physics, https:/arxiv.org/pdf/2412.19743 (2024) = 10} } 5 102 |
3: Electroweak physics, to be published { 8;{ : 10F
4: New Physics Search at the CEPC: a General Perspective o107 10° 10 ' 10° (Wv )102 10° 10 1‘ 1
https://doi.org/10.48550/arXiv.2505.24810 (2025) — L
5: QCD, to be published I CEPC as high energy SR light sourcel 0

Progress of CEPC accelerator EDR-Jie _
Gao CEPC workshop 2025, Nov. 6, Guangzhou, China 7
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CEPC Milestones and Timeline

Year 2012 2013 2015 2017 2018 2023 2025 2027 ~2030’s construction

Accelerat Accumulated

human | lrator ” Proposal (2030) for CHPC entering 16" five-year-plan
Year human spending

resource .

Billion RMB |h h u J

2015 50 - | U L lJlJ.J.J
2018 100 - .
2023 200 0.2 e
2025 300 0.3
ST T : lh]U | IJ 'J |J h | 36.4B RMB
2031 2800 AL . " Total constructio
2035 2500

CEPC EDR site
study and civil
engineering design

CEPC Kkickoff meeting in Sept. 2013

CEPC detector reference design
released in Oct. 2025

2012.9 2013.9 2015.3 2017.4 2018.11 2023.122024 ~ 2027 ~2030’s construction
CEPC proposed Pre-CDR Progress report CDR TDR EDR

J. Gao, “The Status of the CEPC Project in EDR”, submitted to [IMPA , 2025, arXiv:2505.04663, https://doi.org/10.48550/arXiv.2505.04663

Progress of CEPC accelerator EDR-Jie
Gao

CEPC workshop 2025, Nov. 6, Guangzhou, China 8
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CEPC Accelerator TDR Completed in 2023 ;

] uu“ 7| e v Specification Met
{"/ ql. r\ :“T?f /‘ v Prototype Manufactured
| | v Magnets 27.3%
v Vacuum 18.3%
v RF power source 9.1%
v Mechanics 7.6%

v Magnet power supplies 7.0%

v SCRF 7.1%

v Cryogenics 6.5%

v Linac and sources 5.5%

v Instrumentation 5.3%

v Control 2.4%

v Survey and alignment 2.4%

v Radiation protection 1.0%

IHEP HEPS (4t" generation light source at IHEP) 6 GeV, 36 nhm-rad, has been completed in Oct. 2025 Bl SC magnets 0.4%
CEPC Accelerator TDR was published in Radiation Detection Technology and Methods (RDTM) on June 3, 2024: e 0.2%

DOI: 10.1007/s41605-024-00463-y https://doi.org/10.1007/s41605-024-00463-y



https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y

CEPC IARC, IDRC and IAC Meetings since EDR .

CEPC TIARC meeting was held from Sept. 18-20, 2024 ‘

https://indico.ihep.ac.cn/event/22311/

CEPC IARC meeting was held

from Sept. 16-19, 2025

CEPC IAC meeting in 2024 was held from Oct. 29-30, 2024
https://indico.ihep.ac.cn/event/23450/timetable/

‘ CEPC IAC meeting will be held ‘

from Nov. 20-21, 2025

The CEPC International Detector
Committee Meeting in 2024

The International Detector Review Committee (IDRC)
held its inaugural meeting at IHEP, Oct 21-23, 2024, to
review the status and plan of Ref-TDR.

https://indico.ihep.ac.cn/event/23265/

CEPC Detector Reference
Design Report submitted
to arXiv on Oct. 7, 2025
https://arxiv.org/abs/2510.05260

CEPC IDRC meeting was held from April 14-16, 2025
https://indico.ihep.ac.cn/event/25539

I CEPC IDRC meeting was held on Sept. 10, 17 and 24, 2025 I
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CEPC EDR Milestones

Year: 2024 2025 2026 ! 2027 2028 EDR period (2024-2027)

Start EDR site geological studies by civil engineering company; EDR items started to be executed in an industrial
way, such as magnet and vacuum NEG coating automatic lines, 65S0MHz full size cryomodule, C-band 80 MW
klystron, C-band accelerator test band, CEPC 60m mockup tunnel, MDI SC CCT type quadrupole magnet, MDI
design with SC quadrupole cryomodule, booster and collider ring magnets, civil engineering design, etc.

Complete Detector TDR ref Design report

EDR site geological study completed with good understanding of EDR site for starting site
dependent civil engineering design; Complete following key EDR items: magnet and vacuum
NEG coating automatic lines, 650MHz full size cryomodule, C-band 80 MW Kklystron, CEPC
60m mockup tunnel, etc. ; Continue C-band accelerator test band, MDI SC CCT type
quadrupole magnet, MDI design with SC quadrupole cryomodule, booster and collider ring
magnets, civil engineering design, etc. Obtaining government approval.

*u EDR site dependent civil engineering design completed; Complete

EDR report with following key EDR items completed: magnet and
vacuum NEG coating automatic lines in operation, 650MHz full
size cryomodule, C-band 80 MW klystron, CEPC 60m mockup
tunnel, C-band accelerator test band, MDI SC CCT type
quadrupole magnet, MDI design with SC quadrupole cryomodule,
booster and collider ring magnets, etc., ready for construction with
government approval.

Progress of CEPC accelerator EDR-Jie

Gao

CEPC workshop 2025, Nov. 6, Guangzhou, China



CEPC Accelerator Parameter in EDR-1

Table 1: CEPC parameters in EDR

Table 2: CEPC main parameters with 50 MW upgrade

Higes 3T) | z@2T) | W@ | tt (3T)

[Number of IPs 2
Circumference (km) 99.955
Half crossing angle at IP (mrad) 16.5
Bending radius (km) 10.7
SR power per beam (MW) 50
Energy (GeV) 120 45.5 80 180
Energy loss per turn (GeV) 1.8 0.037 0.357 9.1

N 816/816/40
Damping time 7/7,/7, (ms) 44.6/44.6/22.3 3 150/150/75 13.2/13.2/6.6
Piwinski angle 4.88 29.52 5.98 1.23
Bunch number 446 13104 2162 58
Bunch spacing (ns) 277.0 23.1 138.5 2585.0

[ x 23.08 ns] 12 1 6 112
Train gap [%] 63 9 10 55
Bunch population (10'") 1.3 2.14 1.35 2.0
Beam current (mA) 27.8 1340.9 140.2 5.5
Phase advance of arc FODO (°) 90 60 60 90
Momentum compaction (10-%) 0.71 1.43 1.43 0.71
Beta functions at IP § /4" (m/mm) 0.3/1 0.13/0.9 0.21/1 1.04/2.7
Emittance £/&, (nm/pm) 0.64/1.3 0.27/1.4 | 0.87/1.7 1.4/4.7
[Betatron tune v/ v, 445/445 317/317 | 317/317 445/445
[Beam size at IP . /o, (um/nm) 14/36 6/35 13/42 39/113
Bunch length (natural/total) (mm) 2.3/4.1 2.7/10.6 2.5/4.9 2.2/2.9
Energy spread (natural/total) (%) 0.10/0.17 0.04/0.15 | 0.07/0.14 0.15/0.20
Energy acceptance (DA/RF) (%) 1.6/2.2 1.0/1.5 1.05/2.5 2.0/2.6
Beam-beam parameters &, /&, 0.015/0.11 0.0045/0.13{0.012/0.113 0.071/0.1
RF voltage (GV) 2.2 0.1 0.7 10
RF frequency (MHz) 650
Harmonic number 216720
Longitudinal tune v, 0.049 0.032 0.062 0.078
Beam lifetime (Bhabha/beamstrahlung) (min) 40/40 90/930 60/195 81/23
Beam lifetime requirement (min) 20 81 25 18
Luminosity per IP (103 cm2 s 1) 8.3 192 26.7 0.8

Higgs (3T) Z(2T) [ war) | 2 31)

[Number of [Ps 2
Circumference (km) 99.955
Half crossing angle at IP (mrad) 16.5
Bending radius (km) 10.7
SR power per beam (MW) 30 30 10 30 30
Energy (GeV) 120 45.5 30 180
Energy loss per turn (GeV) 1.8 0.037 0.357 9.1
Damping time 7,/7,/7, (ms) 44.6/44.6/22.3 816/816/408 150/?0/7 13.26/163.2/
Piwinski angle 4.88 24.23 5.98 1.23
Bunch number 268 11934 3978 1297 35
Bunch spacing (ns) 553.9 23.1 69.2 184.6 3969.8

[ x 23.08 ns] 24 1 3 8 172
Train gap [%] 55 17 17 58
Bunch population (10!") 1.3 1.4 1.35 2.0
Beam current (mA) 16.7 803.5 | 267.8 84.1 3.3
Phase advance of arc FODO (°) 90 60 60 90
Momentum compaction (10-5) 0.71 1.43 1.43 0.71
Beta functions at IP 8 "/ " (m/mm) 0.3/1 0.13/0.9 0.21/1 1.04/2.7
Emittance &/¢, (nm/pm) 0.64/1.3 0.27/1.4 0.87/1.7 | 1.4/4.7
Betatron tune n/n, 445/445 317/317 317/317 | 445/445
Beam size at IP s, /s, (um/nm) 14/36 6/35 13/42 39/113
Bunch length (natural/total) (mm) 2.3/4.1 2.5/8.7 2.5/4.9 2.2/2.9
Energy spread (natural/total) (%) 0.10/0.17 0.04/0.13 0.07/0.14 1 0.15/0.20
Energy acceptance (DA/RF) (%) 1.6/2.2 1.0/1.7 1.05/2.5 | 2.0/2.6
Beam-beam parameters x, /x, 0.015/0.11 0.004/0.127 0'0123/0'11 0.071/0.1
RF voltage (GV) 2.2 0.12 0.7 10
RF frequency (MHz) 650
Harmonic number 216720
Longitudinal tune n 0.049 0.035 0.062 0.078
Beam lifetime (Bhabha/beamstrahlung) (min) 40/40 90/2800 60/195 81/23
Beam lifetime requirement (min) 18 77 22 18
Luminosity per IP (103 cm2 s 5.0 115 | 38 16 0.5




CEPC Accelerator Parameter in EDR-2

13

Table 3: CEPC low lum. with 3T detector @ Z for 1% stage running Table 4: CEPC high lum. with 3T detector @Z assuming for 2"! stage running

The Z mode
running of the
CEPC detector
Ref Technical
Design Report

has been based

on the 3T detector
magnetic field, and
TPC technology
has been adopted

7 (37) Z
[Number of IPs 2 [Number of IPs 2
- Circumference (km) 99.955
Circumference (km) 99.955 SR power per beam (MW) 30 350
SR_power per beam (MW) 8.7 | 12.1 Half crossing angle at IP (mrad) 16.5
Half crossing angle at IP (mrad) 16.5 Bending radius (km) 10.7
Bending radius (km) 10.7 Encrgy (GeV) 455
Energy loss per turn (GeV) 0.037
Energy (GeV) 45.5
Energy loss per turn (GeV) 0.037 Damping time 7/7,/z, (ms) 816/816/408
Damping time z./z./z. (ms) 816/816/408 Piwinski angle 24.2 29.5
Piwinski angle 24 Bunch number 11934 13104
Bunch number 3978 ) 23.1 23.1
Bunch spacing (1) 69.2 Bunch spacing (ns) (17% gap) (9% gap)
Bunch population (101 1.22 1.7 Bunch population (10'") 14 21
Beam current (mA) 233.2 325.0 Beam current (mA) 806.9 1345.2
Phase advance of arc FODO (°) 90 60 Phase advance of arc FODO (°) 60
Momentum compaction (10-5) 0.71 1.43 Momentum compaction (10°) 1.43
Beta functions at IP "/ * 0.2/1.0 0.13/1.0 . —
(m/mm) Beta functions at IP #,/4," (m/mm) 0.13/1.0
Emittance &/&, (nm/pm) 0.092/1.7 0.27/5.1 Emittance &/&, (nm/pm) 0.27/5.1
Betatron tune v,/ v, 445/445 317/317 Betatron tune v,/ v, 317/317
Beam size at IP o, /0, (um/nm) 4/42 6/72 Beam size at IP o, /o, (um/nm) 6/72
Bunch length (natural total) (mm) 2.1/8.3 2.1/8.8 Bunch length (natural/total) (mm) 2.5/9.3 2.2/10.6
Encrgy spread (natural total) (%) 0.04/0.11 0.04/0.13 Encrgy spread (natural/total) (%) 0.04/0.15 0.04/0.15
Energy acceptance (DA/RF) (%) L.0/1.9 1.0/2.2 Energy acceptance (DA/RF) (%) 1.2/1.7 1.2/2.1
E;aa‘ft’:;n(gt?metm ST 0'0006(5)/90'“ 0'00331/ 2'082 Beam-beam parameters &,/ 0.0045/0.069 0.0046/0.074
- - RF voltage (GV) 0.12 0.15
RF frequency (MHz) 650 (2 cell cavity) RF frequency (MHz) 650 (1 cell cavity)
Longitudinal tune v, 0.021 0.041 Harmonic number 216720
Beam lifetime ) 120/200 150/180 Longitudinal tune v, 0.035 0.040
(Bhabha/beamstrahlung) (min) — '
Beam lifetime requirement (min) 68 Beam lifetime (Bhabha/beamstrahlung) (min) 170/95800 120/932
Hourglass Factor 0.97 Beam lifetime requirement (min) 77 81
Luminosity per IP (103* cm2 s 1) 24 | 26 Luminosity per IP (103 cm2 s1) 50.3 95.2




- Stacking of 1/3 Production of Assembly of the Field measurement
length core full length cores of the magnet

Status: construction started, to be completed in 2025~2026



CEPC NEG Coated Vacuum Chamber (200km)

Automatic Production Line in EDR 15

NEG coating

r

Layout of production line

Status: construction started, to be completed in 2025~2026

15



CEPC collider ring 650MHz 2*cell short test module has been completed in TDR phase

The collider Higgs mode for 30 MW SR power per beam will use 32 units of 11 m-long collider cryomodules will
contain six 650 MHz 2-cell cavities, and therefore, a full size 650 MHz cryomodule will be developed in EDR
Status: construction started, to be completed in 2026

Progress of CEPC accelerator EDR-Jie

Gao CEPC workshop 2025, Nov. 6, Guangzhou, China 16



CEPC High Efficiency and High Power Klystrons

CEPC 650Mhz Energy Recovery Klystron

Klystron No. 2 | RERSL
Efficiency 77% &%= i o)
(2021) FENENERERE

R | | O | U

W
EE- "'. 3 '!‘(

Klystron No. 1 Klystron No. 3 (MBI}

Efficiency 80.5%

Efficiency 65% . RF OUT
(2020) To be completed in 2025 n Sl Typical klystron
Pulsed RF Mode (30% duty factor, 60ms/5Hz| 78-57e@803kW CW in 2024 [I—” ”_\}} eray recovery Kiystron
High Voltage vs. Power&Efficency o . ed fiis: i iieiiT R\ ), |y B R e Energy Recovery )
MR [ L —
800 e o e . : Parameter Value
™ i / z:;.' Operating frequency 650 MHz
5 04 st Beam Voltage 113 kV
o 03 Efficiency 77.5%
300 zf Output power 800 kw
200 I T R TR T T T TR TP Beam perveance 0.25 pP
60 70 80— PowerddW) —&—RI8(%) 110 120 High Volge (kV) Beam current 95A
. . . Efficiency
CEPC collider ring 650MHz klystron development in TDR/EDR phase (one-stage depressed 85%
— collector)
- i :
=y @ F o
S AR BN YN | C band 5720MHz 80MW
=l ' = L. Klystron design completed
e T to be completed on 2025
s
Progress of CEPC accelerator EDR-Jie _
Gao CEPC workshop 2025, Nov. 6, Guangzhou, China 17



CEPC C-Band Linac Test Bench in EDR ’

CEPC EDR will establish the C-band test bench and test
the components. With pulsed compressor, waveguides,
directional couplers, loads, bend and straight
waveguides, etc. as a basic unit of CEPC C-band linac

The C-band test band is equipped with a CEPC
5720MHz 80MW power source

The CEPC C-band test band will be completed in 2026

C band 5720MHz 80MW Klystron design completed, and
fabrication will be completed in 2025

Cavity shape

The deformation caused
by temperature variation

Modulator

=== High-power SiC load
; 1 Accelerating column
m—— X 3-dB Power hybrid
m Directional coupler

BJ48

Waveguide taper
End
cavity
Match section

Regular section
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CEPC is exploring the Cool Copper C-band linac technology
(5712MHz is the test facility frequency)

Two types of structures have been studied, type | Fre (MHz)@77K 5712
and type I Mode Pi
Type | has reached Eac 92.08MV/m, Q0=26162 Cavity numbers 20

with 20MW input (80MW input will reach Eac 199.2MV/m) Shunt impedance per 303

(Iris diameter 5.25mm) meter(MQ/m)@77K
Type Il will reach 144MV/m with 80MW input EJE, 2.42
(Iris diameter 10.49mm) Q,@77K 31905

Type Il: Aperture diameter 10mm, Length 1m

A e » |
5.715 fé’; TEWE =Y S ,
N 571 = "o
T | -
ﬁ 5.705 ol *
h—’*‘:?\, 5.7 -
5.695 o b Y \_
70 90110130150170190210230250270 —ia e ses cae see she ses nam
JE K
—_— e ' 5 0 g ama w

|1|.|!

This cool coper C-band type-II structure has the ===
potential to be applied to CEPC injector when necessary | = - 1




CEPC Tunnel Mockup for Installation in EDR

we ] _ b E2S ' 10162 4L 14540 4
s:;::“;ja;- _ﬁ\f\\__f , T Y A RN AN
LIl é; ] T = ) I 1‘ __5—__”“_'_’____;__ =thmib FH:" s o dadle
! — " ‘E‘ a9 .8 9 e O SeV i - - ,,_——"'
e W | S| | A A
2 T I ~O BN -l” L. 27800 A
/ ' : U BN | 60000

SamprE-—T-

Collider ring magnets supports
A 60 m long tunnel mockup, including parts ot arc section and part of RF section

To demonstrate the inside tunnel alignment and installation, especially for booster installation on the roof of the tunnel

Plan: to be completed in 2026

Progress of CEPC accelerator EDR-Jie _
Gao CEPC workshop 2025, Nov. 6, Guangzhou, China
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CEPC Accelerator EDR: Survey and Mechanical 2D/3D Design

CEPC Facility components’
naming sysem established

2D/3D linkage design for CEPC
accelerator survey:

— If the 3D model is changed or
replaced, the 2D model will be
updated.

— If the 2D model is replaced or
its location is changed, the 3D
model will be updated.

CEPC 10 vertical shafts and 12 horizontal

access tunnel distribution

Quadrepcle BPA sextupcle dpole

Varuum Conmaction pant \
¢ -
b «
) - £ >

dpole  Vacuum conoection pant  dipole
-

—_ ~ -+ ts
e — 2 =
-
e " -
- -
BPM N Vatuum connection part
AP0k aouum connection @W“DW orrector Dgcle
L3 =
-

#7 We begin horo ]

1 E
FEFR

B4, fEnlid




Other CEPC Accelerator and MDI EDR Activities

CEPC MDI designs

CEPC Collider Ring Magnets in EDR

178
¥y 160 o P
CEPC Collimators
for background and
3 machine protection
® Orkrarizaresl colenamor S WIS, 8w ot \
i : B S E——— Correctors: mechanical design completed
. P4 SOV Rt o (olenane b W5 0 - i 2
™ - o CRATw M (o e 950 10 e
E n - o CHP N Mot e 831 260 v 3 “ o
g2 i
Accelerator

components at MDI
)
_ <o Detector
LTI T components
[ Detector guide rall ] Sextupole magnets under design
Central beampipe | | Y chamber Lumical CEPC Ali
ignment and Installation Plan in EDR
Z: -700~700mm Z: 783~1050mm Z: 800-950mm g S et .
» Alignment accuracy requirement R W s o A ,-,._\,_{\_ -
Component | Ax(mm) | Ay (mm} A, (mrad) - jl:.;y: ’Q" im:'w‘ ) S "ﬁ
i W Dl | o | o1 010 bt R O N
! ‘INE Are Quadrupole 0,10 a0 010 X N .
| IR Quadrupole o | a0 10 ~_
Sextapole 010* | 010 010 ’
*implement beam-hased aligament
GPS receiver Surface Cw:l ; g H
becboch b B Erivedciod bowd “mm’ - Wall Control Polint
j/ l i 1 Ground Control Point
P AN \.q > . L
d"')’ ' B . 1 t
o — e Backb Control k " Tunnel Control network “
- o val of s
P | [Rve IP BPMs Auxiliary support Q13Q1b &Q2 (o o300 gl 60 oo )

Z: 700~783mm Z: 950~1050mm Z: 330073700 mm Z: 18806245mm




BEPCIl-based PWFA Test Facility Development Status ..

Beamline Il R AlX
2 - y
A= —m--w . = e ol o0 gt - —-g 08
- ." " :"-. -Iom

CEPC plasma injector scheme: ::)c T - -y e :
. b sG> ————=- wimoloplope - T
From 10 GeV - 30 Gev > TR 2 2 e et D — -® - m
e — = e i — e Beamline!
Simulation results show that it works on paper T o Wi 2409 - >\
with reasonable error tolerances for both electron @R - Y Y P 4
: x 10 Se¥ y ey } ! -
and positron beams injected to the booster ‘ "-\j/: CEPC IARC, 202206 5uz | l . l . '
1 fm:m:';:;?‘miflsl‘::wo'lne. stem, } B DA
. cptim e/ am Qualisy” b . . . . Ik
. * From 2023.09 to 2028.08
* Unique TF for e+ and cascaded PWFA :
s [1PW « 20040 TW
Beam quality Parameters | Unit | Bl4e-(AM3) | BL{e-(P1) |BUI e (AM3)| Bt e+ 1P1) | BLd e (1P, block) | BLI e+ (1P1, biock) |
. | Eney | G | 2 | 2 | 2 | 2 | 2 | 2 |
\ e 000 | 3000 | 100 T 94 | o
Beamline!  Lbmhlngh g | 10 [ 1 0 | 1 = G —
PWFA/LWFA TF based on BEPC-ll Linac and HPL has been founded by CAS 50M RMB in Sept. 2023 €a o Geo, emittance  men-mirad 0101 |  01/01 0.4/0.4 0.4/0.4 0.011/0.005 0.04/0.02 |
Under development In the experimental hall #10 of BEPC-I RMS beam size . pm - | 150150 - 300/300 30/40 : 54/76 P
Bk . AlX
o e
" - - Ll'ml'l'mkl"' . |-|-|‘ -’l’}ul -,
Goals: demonstration of acceleration of
positron and electron beams with staging in next few years
Key technology for future linear colliders
’ ' ‘ . 2 ‘ - IR S
. : "\,_\ 3

| PWFALAB:35mX14m X2 |
A -
Dazhang Li, Wei Lu and Jie Gao, Research highlights on plasma-based acceleration at IHEP, AAPPS Bulletin (2025) 35:3, https://doi.org/10.1007/s43673-025-00143-z



https://doi.org/10.1007/s43673-025-00143-z
https://doi.org/10.1007/s43673-025-00143-z
https://doi.org/10.1007/s43673-025-00143-z
https://doi.org/10.1007/s43673-025-00143-z
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PWFA-BL 1 from BEPCII PWFA-BL 2 from L-Band RF gun



CEPC Polarization in Preparation Study

-Compton Polarimeter at BEPCII-U

25

* A Compton polarimeter is now under commissioning at BEPCII-U
* simulated performance: ~1% stats uncertainty within 20 second
* Ready for tuning of laser-electron collision-> backscattered gamma signal from laser-electron collision has been
observed

Experimental hutch

A4 and
A2 wave
plates expander

-le.—i—%

polarizer II Y

Detector Converter mirror box

BEPCII electron storage ring
Pockels
Laser

e L=18 m
In collaboration with A. Martens (IJCLab) supported by FCPP

) 15.9 mm

v

<«

ww /°G¢

Laser power(W)




Advanced Technologies Development in Progress .

IBS Technology for High Field Magnets
SppC HF Magnet Development
"
AT e SppC 16 T Model Dipole: Nb,Sn 12¥13 T+ HTS3™4T;
N - 1BS solenoid at 32 T 147 has been reached, more test in 2024
. " 100-m 7-core 18S Racetrack at 10T
2 s ! tape fabricated 1.3 kA transposed uf — -—c )
Z. Zhao NS 1,2200 A/men? cable i - — i
IBS(T.55K) o0 oo £107,4.2K 1,> 450 A/mm? AT LY
#10T,4.2K M 7.
0 o o
2008.02 2008.04 2008.09 2016 2018 2020 2022 30 o
Diseiary of s Discoveryof  ‘pES SZapere IBS solenoid at 24 T T v a3 e i
' 122 phase IBS ‘%_ -T By Racetrack at8 7T L Challenges: Stress cantrol, quench
H. Hosono T = - _.=__ 3,=300 A/mm’? '™ A protective, field qualay control,
IBS (T! 26K) ; Glor’ ‘.2K ‘—~ x 4‘- DLI. Yo r “ :{.w:|n -~ -~ -
Peture of LFF1-1 Dual aperture superconducting dipoles achieve 12T@4.2 K and 14T@4.2K
' entirely fabricated in China. The next step is reaching 16-20T
J, of IBS expected to be similar as ReBCO in 5 years with better mechanical properties and lower cost
L 1)
T T g P oy CEPC Polarized Beam Studies(alternative option)
At42K@ 10T, Je-600 A/mm Lo E e R
: ¥ L e
E . § <o 2. Cteag, 1K " e« polarization >80%%
g .'.‘-.‘-""A.-' =, A : ------------ IS 2010 4 *Wete vy source electron z_:,‘.' Polarired | | Spin
] Bt g ST o —— | s — S— - | |
g ) - ::: §g§§ > F' t h t '| ::‘:i;;‘“ Positron (
; -t ;-n:-’;;;m’ | '\\ Irs s or COI wource damping/polarizing ring ’ T | Bz
- —~— a1 e . \ 1BS 2019 . | o "oy IP1 |
g - ot I 3 ". Wlt h Self polarization (energy calitration) ///, Mitigation of Resonant
; -L wi . -~ \ o “;‘n"-' e — /'l" 26 \ S0IN resonances Douulmln\lh_’m
£ S e Sl 18S 2016 40%Jc@24T - ) [ \ Collide /l}u i\ \/
g . . / . \ =/
R, > First long coil Wi i
P f Liiis ] Brenee Process Nb Sn \ . P2 —__’,. ‘ -
il - LIt \ with , , , . , _
, I x x Polarized electron cathode chip (diameter ~5cm) has been fabricated in June 2025:
0 .. .
Appliod Maguatc Field (T) 80%Jc@10T Polarization of 85%, for 1ns laser (780nm) pulse length, several nC polarized

electron charge will be obtained with the expected cathode lifetime ~6 months




FMNEDESPHARLE -

 The 8 CCT magnets have been delivered to CERN, final 2 magnets will be delivered at the end of
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2025. Magnets delivered have been successfully tested and reached the design goals at CERN.
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3T Magnet
( SC Solenoid)

w3l o-exiTenan
37 weands Rirherfiod cabie Al-NUBe stabelizer +Rirebrertond cable

LumiCal
(SiDet + LYSO)

Potential
Endcap PID

VTX
(MAPS SiPixel
+ Stltchlng + Bendlng)

Yoke +
MU (PS+SiPM)

ITK

(MAPS SiPixel) il

DLL  LVOS drivenraceiver up to 1.28Gb's

PFA HCAL
(Glass Scintillator)

TPC

Readout ASIC

Ref-TDR is based on
this configuration

(3T)

TDC delay
line layout

CEPC Detector Reference TDR Design 2

soseensi i nERe
.
S
4 2

(P|xelated Micromegas)

i!

CEPC Detector
Reference Technical
Design Report
reviewed by IDRC in
April and Sept. 2025,
and submitted to arXiv
on Oct. 6, 2025.
https://arxiv.org/abs/25
10.05260



https://arxiv.org/abs/2510.05260
https://arxiv.org/abs/2510.05260

CEPC TDR-ref Detector Specifications

29

Sub-system Key technology Key Specifications
Vertex 6-layer CMOS SPD Oy ~ 3 um, X/X, < 0.15% per layer
. CMOS SPD ITK, AC-LGAD SSD OTK, 1 . 1073 )
fle=tis TPC + Vertex detector 7 (P_T> ~2x 1070 P x sin3/2 0 (Gev™)
. a0
Particle ID dN/dx measurements by TPC Relative uncertainty ~ 3%

Time of flight by AC-LGAD SSD

o(t) ~ 30 ps

EM calorimeter

High granularity crystal bar PFA calorimeter

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

Effective granularity ~ 1x1x2 cm3

Hadron calorimeter

Scintillation glass PFA hadron calorimeter

Support PFA jet reconstruction

Single hadron 6%~ 40%/,/E(GeV)

Jet 61°*~30%/,/E(GeV)

CEPC Detector reference TDR authorship collection invitation page: https://indico.ihep.ac.cn/event/27252/reqistrations/2378/

CEPC Detector reference TDR has been submitted to arXive on Oct. 6, 2025, https://arxiv.org/abs/2510.05260

and be published in RDTM as CEPC accelerator TDR published in RDTM in 2024


https://indico.ihep.ac.cn/event/27252/registrations/2378/
https://arxiv.org/abs/2510.05260

CEPC Civil Engineering and Conventional Facilities in EDR-1
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Progress of CEPC accelerator EDR-Jie
Gao

CEPC linac
£ cross section

-« .:t_" ANEMRREL R A

4000

3500

1000

Beam monitoring Cab
Control Cabinet

Vaccum Cabinet
Secondary power Cabinet / )
| | — |
Primary power Cabme 2= 015G

Transformer

0.4kV LV switchgear

10kV HV switchgear

CEPC workshop 2025, Nov. 6, Guangzhou, China 30



CEPC detector hall design
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CEPC EDR Site Investigation

CEPC EDR site implementation plan

2024 2025 2026 2027
Pesion Sy 2|4a]6|8f10[12]2]|4a]|6|8|10]12]2|a|6]|8|10]/12]2]|4a]|6]|8[10]12
Preliminary Site H Preliminary Site Selection
Selection H Preliminary Site Selection Report
mms‘;z Site Selection L
hionp e %mawm
Proposal) Project Proposal
Preliminary Design h
Tender Design
Tender H

CEPC construction plan

» In-depth study of the Zhejiang Huzhou Site

3. Analysis of the Construction Plan

s of CEP

1% year 2 year 3 year 4™ year 5™ year 6" year T vear 8" year

52 month Total duration of CEPC project; 96 months

T Preparatory construction period: 14 month

B Preparation period: 3 months

i

Main ring tunnel

@ Civil construction duration: 52 months
® EM equipment installation: 48 months
® Overlap period: 15 months

® Total duration: 96 months

CEPC EDR site geological study has been started and
the geological feasibility study will be completed in 2025

‘ Main ring tunnel lining and grouting: 18 months

¥

Civil construction completion period: 1 month [l 20

excavation and support:
30 months

T

Progress of CEPC accelerator EDR-Jie
Gao

CEPC workshop 2025, Nov. 6, Guangzhou, China
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JUNO has been successfully put into operation
on August 26, 2025

JUNO detector hall:

56.25mXxX49mXx27m

CEPC detector hall:
55.5mx31.5mx41.25m

CEPC detector hall “




Green CEPC and Sustainability Efforts y

Participated the 4th edition of the Sustainable High Energy Physics (HEP)
- SR power per beam: 30 MW (CEPC-TDR p965) | workshop, May 12-15, 2025, with green CEPC and sustainability

. Total electricity consumption: 262 MW presentation and Panel discussions https://indico.global/event/4745/

« RF power (109 MW)

« Cryogenics (11.6 MW)
« Other auxiliary power combined (29 MW)

- SR power per beam: 50 MW (CEPC-TDR p967)

On-going sustainability pro;ecis
- High efficiency klystron:
« 650 MHz
« 80 MW C-band

Permanent ma gn ets Permanent quadrupole’s prototypes for ‘

- _ transport lines CEPC collider rings
- Total electricity consumption: 340 MW . High Q-factor SRF cryogenic-modules
» RF power (177 MW) . Recovery of waste heat (HEPS)
. Mggnef (58 MW) Need to « Recovery and recycling of Helium
- Utilities (54 MW) improve these - Photovoltaic (PV) power generation systems (HEPS)

« Cryogenics (11.1 MW)
« Ofther auxiliary power cOmbined (29 MW)

Prototypes have been developed addressing green collider technologies

Power efficiency, energy recycling, and clean energy generation are being addressed as
comprehensive measures for sustainable operation

Publication: Dou Wang; Jie Gao; Yuhui Li; Jinshu Huang; Song Jin; Manqi Ruan; Mingshui Chen; Shanzhen Chen,
"The carbon footprint and CO2 reduction optimization of CEPC*, RDMT, https://doi.org/10.1007/s41605-025-00535-7 (2025).



https://doi.org/10.1007/s41605-025-00535-7
https://doi.org/10.1007/s41605-025-00535-7
https://doi.org/10.1007/s41605-025-00535-7
https://doi.org/10.1007/s41605-025-00535-7
https://doi.org/10.1007/s41605-025-00535-7
https://doi.org/10.1007/s41605-025-00535-7
https://doi.org/10.1007/s41605-025-00535-7
https://indico.global/event/4745/

Participating and Potential Collaborating
Companies in China (CIPC) and Worldwide

LEIKE

Eh et

0 avr© it

System

1 Magnet
2 | Power supplier
3 Vacuum
4 Mechanics
5 RF Power
6 SRF/ RF
7 Cryogenics
8 |Instrumentation
9 Control
0] St
11 Radiati.on

protection
12 | e-et+Sources

Progress of CEPC accelerator

Gao

CEPC Industrial Promotion Consortium

(CIPC, established in Nov. 2017)
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CEPC Industrial Preparation

Large-scale Cryogenic Refrigeration

& Liquefaction Equipment & DHEE (CPCmember)

S wiam

First ISkW@4.5K helium refrigerator fabricated in in China
passes inspection

-1t was \Jc\uluv\:d by the Institute of TIPC,CAS, and integrated and
manufactured by Fulleryo

-The super large horizontal cold box with a length of 28m and o diameter of
4. 2m achieves ultra-high vacuum and extremely low leakage

-The honzontal cold box at megawatt-level is the lnrgest of its kind m China
und even in the world

-The horizontal cold box system has exceeded the set targets

One-site testing: | The mrtightness test of each intemal channel  revenled
g‘lu\ ure mup of 0, surpassing the tarpet § :\-u of 0.02 bar. 2

The o erall leakage rate 15 9, I x10°'" Paums, surpassing the tanget value
of 1x10" Pam’/s

IERPEEEERFHERERATE

-Expected ('l‘ll\ Achieving 3 operutional mode adjustments: the
\.\‘llilh g cl lp it IRkWia4.5K: the cooling capacity in the
supertiuid l‘L]ll m temperature range >4kWia 2K Lid. {CIPC member)

I CEPC eryogenic system need foar 14KWie -tk cryogenic refrigeratons
Spet peeds |REW4 SK beluim O] 25 W

Beijing Sinoscience Fullcryo Technology CO.,

»&» CEPC 650MHz 800kW CW High Efficiency Klystrons

\ BEB7IWAR {CIPC member)

CUOLI INSTITUTE

it dp—

B L1 ] R T 1 Pppe————— Prelimmary mwochanical design
for UHEXPROD
pramiimog D D -"‘ SToUBRIKIW CW in Avgest 13, 2024
Rl e e R S L) TN AR e R

'
Kumsdamn Nattonal Researeh Institus has sucoessively devehmped aSOMILANIOKW Khystrom sample tuhes, 6SOMPAN00KW Bigh-cfficienc)
Khystron somple tubes, SAXMH2 pulse kiystro tuhes, 650MHASUORW multhinfection kiystron beam tubes aod the Ltest 22800 pusse
Aheiron tubes Electro yposson products for 50 wx. Poovade high power thye r of GLIS3IOA i Baiches for BEPCH m 2012

1@ HE-RACING Technology and OTIC on SRF Technologies (cipc members)

@_‘_gg (CIPC member)

9%3'(.!! (CIPC msy

2011 DLy - WL

LULS Ty

4 High BRR Nbs showt
W7 NEX 08 STRC - £5S igh b show High RRR Nb ingod  High RRR Grge grain N

HAAISU WO 128 vame, 300 uof the yecgent

CEPC boosier sd colliders: 2GeV 1 3GHZ and 650ME2 SRF aceeleratons (Higgs)
2019 S - RISP, CERN - HLLKC, Frrmilad - ML Shanghal - SHINE 10GeV 1.3GHz and 650MHz SRF accelermtors ( tar)

ARAINU rictitam setetial procussimmest o grugres

W bust S10dt Sher brswrrss selatismbp with resery grost sastoomiers such s DERY, MU, Permtats ILAR ININ, STPC, CIRN, TIIURAT, WL ZANDN, BIEP, 35, MRCAT wh

e 7 RF Shielding all Metal Gate Vacuum Valve
'1‘__J' E§§?4§ m 1E7

® Two prototypes of RF shielding All metal g pepyen o Hzen g = h.w. . s
developed. and the leakage of one of them have been tested é LI | "ol 5% »

B The delivery inspection leakage test results for two valves , ‘;‘ IE2 5= u | g T
conducted by the manufacturer, were found to be < 1x10" g LE-10
mbar L/s (30 times open and closed). 11l !

B The difference of leakage by IHEP & manufacture will be 3 y " h'ﬂ:b W 2y "

checked and retested in next « Tested by [HEP

Expectation leakage < 1x10* mbar L/s

CEPC needs ~ 1700 all metal valves
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CEPC Collaborations in China .
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CEPC International Collaboration-1 .

' CEPC attracts significant International

participation and collaborations CEPC CDR Released (2018.11)

CEPC Accelerator TDR report: 1114 authors from 278 institutes
(including 159 International Institutes, 38 countries ) Published in
Radiation Detection Technology and Methods (RDTM) on

SPCIC OB 3018 0

CEPC

June 3, 2024 _ CEPC

Conceptual Design Report

DOI: 10.1007/s41605-024-00463-y Conceptual Design Report

https://doi. orq/10 1007/s41605- 024 00463-y
- arXiv: 1809.00285 arXiv: 1811,10545

’Ehu me Physics C
Tevhwion! Dexign Repomrt

T ar xrrmz usu C Sty Grows

Aapunt 2018 Oczcbier 2010

CEPC Detector Reference TDR report has been reviewed by
IDRC in April 14-16, and Sept. 10, 17 and 24, 2025, and has S AR ELEU -~
been submitted to arXiv on Oct. 7, 2025, with >1470 authors, B g "°V°'"°°' e lIHEP B"'J "#“ -4
>30% international authors, >384 institutes, >63% international - . | e @ o s
institutes, >43 countries. https://arxiv.org/abs/2510.05260

« 21 MoUs have been signed with international institutions and
universities

« CEPC International Workshop since 2014-now
« EU and US versions of CEPC WS since 2018-now
* Annual working month at HKUST-IAS (mini workshops and

HEP conference)l Hona Kona <ince 2015-now



https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
https://arxiv.org/abs/2510.05260

CEPC International Collaboration-2

HKUST IAS23 HEP Conference, Feb. 14-16, 2023, The 2023 International Workshop on Circular The 2023 international workshop

Hong Kong Electron Positron Collider, EU Edition, on the high energy Circular

https://indico.cern.ch/event/1215937/ University of Edinburgh, July 3-6, 2023 . .
https://indico.ph.ed.ac.uk/event/259/overview Electron Positron Collider (CEPC)
The 2024 HKUST IAS Mini workshop and conference were . - https://indico.ihep.ac.cn/event/ 1'9316/

held from Jan. 18-19, and Jan. 22-25, 2024, respectively.
https://indico.cern.ch/event/1335278/timetable/?view=standard

The 2025 HKUST IAS fundamental physics conference: The 2024 international workshop on the high The 2024 international workshop of CEPC

Jan. 14-17, 2025, Hong Kong energy Circular Electron Positron Collider (CEPC) EU-Edition were held in Marseille, France,
https://indico.cern.ch/event/1454867/overview was held from Oct. 23-27, 2024, Hangzhou, China April 8-11, 2024.

https://indico.in2p3.fr/event/20053/overview

. i https://indico.ihep.ac.cn/event/22089/
CEPC Workshop EU Edition (Barcelona, Spain)
June 16-19, 2025 e e o b o B o e s
https://indico.ifae.es/event/2054/overview

!" ‘\. ‘ illi o » 3]
The 2025 international workshop on the high FCPPNL, Bordeaux, France, June 10-14, 2024

s

- —

| The 2026 HKUST IAS fundamental physics conference: | energy Circular Electron Positron Collider (CEPC) |  https://indico.in2p3 fr/event/20434/overview

Jan. 12:16, 2026, Hong Kon will be held from Nov. 6-10, 2025,
Guangzhou, China
https://indico.ihep.ac.cn/event/25300/

FCPPNL, Qingdao, China, July 21-25, 2025
https://indico.ihep.ac.cn/event/25400/

| CEPC Workshop EU, April 7-10, 2026, Lisbon, Portugal |

Progress of CEPC accelerator EDR-Jie e _
Gao CEPC workshop 2025, Nov. 6, Guangzhou, China 39
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CEPC International Collaboration- examples "

INFN/Italy collaboration on JUNO and BEPCII-U IN2P3/France collaboration on JUNO
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CEPC in ESPPU 2026 ’

Physics Preparatory Group

Karl Jakobs (chair) Xinchou Lou (IHEP)

Gianluigi Arduini Fabio Maltoni

Thomas Bergauer Jocelyn Monroe e
Tommaso Boccali Hugh Montgomery for Particle Plwsics omor
Anadi Canepa Rogerio Rosenfeld —
Cristinel Diaconu Mike Seidel

Pilar Hernandez Yuji Yamazaki

Gino Isidori B2

CEPC-SppC participate actively in the 2026 update of the European Strategy
for Particle Physics (ESPPU 26) with two input documents:

1) The Circular Electron Positron Collider (CEPC)
An input to the European Strategy for Particle Physics - 2026 update
Contact persons: Jie Gao, Miao He, Dou Wang, and Jianchun Wang

2) High Performance and Cost Effective Superconducting Accelerator
Magnet R&D at IHEP
Contact persons: Chengtao Wang, Rui Kang, Chunyan Li,
Yingzhe Wang, Juan Wang and Qingjin Xu

Open Symposium on the European Strategy for Particle Physics
June 23-27, Venice, Italy

June 24

14:30 - 15:05 Yifang Wang (IHEP Beijing)

Status and plans for the realisation of the Circular Electron
Positron Collider (CEPC) and other large-scale projects in China
Sala Perla, Palazzo del Casino

https://agenda.infn.it/event/44943/overview

On July 6, 2025, China Association for

Science and Technology (CAST) delivered
publicly the top ten frontier scientific questions,
where “Higgs particle properties and the origine
of masses” are among the top ten questions
(the second) and CEPC is mentioned in
association with replying this question

https://www.cast.org.cn/xw/BWTJ/art/2025/art_0f20c8a62cfe4584b13a53271ae73837.html



https://agenda.infn.it/event/44943/overview
https://www.cast.org.cn/xw/BWTJ/art/2025/art_0f20c8a62cfe4584b13a53271ae73837.html

CEPC in Synergy with other Accelerator Projects in China

Project name Machine type Location Cost (B RMB) Completion time
CEPC Higgs factory Led by IHEP, China 36.4 (where Around 2035 (starting time
Upto ttar energy accelerator 19) around 2027)
BEPCII-U ete-collider 2.8GeV/beam IHEP (Beijing) 0.15 2025
HEPS 4th oeneration light source of 6GeV IHEP (Huanrou) 5 2025
SAPS 4th generation light source of 3.5GeV IHEP (Dongguan) 3 2031 (in R&D, to be
approved)
HALF 4th generation light source of 2.2GeV USTC (Hefei) 2.8 2028
SHINE Hard XFEL of 8GeV Shanghai-Tech Univ., SARI and 10 2027
SIOM of CAS (Shanghai)
S3XFEL S3XFEL of 2.5GeV Shenzhen IASF 11.4 2031
DALS FEL of 1GeV Dalian DICP - (in R&D, to be approved, )
HIAF High Intensity heavy ion Accelerator Facility | IMP, Huizhou 2.8 2025
CIADS Nuclear waste transmutation IMP, Huizhou 4 2027
CSNS-1I Spallation Neutron source proton injector of | IHEP, Dongguan 2.9 2029

300MeV

| The total cost of the accelerator projects under construction:39B RMB more than CEPC cost of 36.4B RMB |

| Relevant accelerator human resources and industrial capabilities in China could be measured in relation with these massive investments |




BEPCII-U under Commissioning in 2025 .

EREMRFHIEH (BEPCH) BITRE VT e 12
SR mNG) BHLiNAC) THENenn TOMPRI AR )
M Stondby E§3 W 5y
.‘"la!ga(j"i E)I]CS ;‘VI;‘!"I (l)l(l)‘"ﬂl %.:"F;(l B'\‘ll i
403.8ma
2.2 A [ A A A . A ll'- “‘I" ‘
RELAN \\ [‘.\. 'v,\ \ | \“ [ \
Inianan g \ \\"‘ \."J \l .‘\, “'\,. ; \ \ \ |" N
1.858cwm i '
IurTansm -
280.0ma
1.9""
0.0 masme
BEPCII-U started commissioning in March 2025
3 Nesh' { BEPCIL| gppcni-u | BEPCH-U
A i :.\s.:..\ W 23506V i 2HGoV
L (10%em 2t 35 11 3.7
By [em] 1.5 1.35 3.0
gl Beam current [mA] | 400 900 450
SR Power [kW] | 110 250 250
&y i 0.029 | 0.033 0.043
Emittance [amrad) 147 152 200
Couping [%] 0.53 0.35 0.5
Bucket Height 0.0069 0.011 0.009
a, o [em] 1.54 1.07 1.4
a, |em| 1.69 1.22 1.6
RF Voltage [MV] 1.6 3.3 3.3

J. Gao, “BEPCII and CEPC”, Proceedings of eeFACT 2025, arXiv:2505.02401, https://doi.org/10.48550/arXiv.2505.02401



https://doi.org/10.48550/arXiv.2505.02401

IHEP HEPS Completed in Oct. 2025 .

A B THT AT S

12th turn signa| Semm—"""

Commissioning C|rculat|on beam current V- First light Emittance better beam current
Commenced >10 turns reaches 12mA @ 1D21 than 100pm reaches 100mA

2024.07.2 2024.08.04 2024.09.22 2025.01.02 2025.03.18

2024.07.23 2024.07.29 2024.08.18 2024.10.12 2025.01.12 2025.09.1

1st complete First stored beam current injection scheme Emittance result
turn beam reaches 40mA demonstrated passed review
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 HEPS SR has achieved a beam current > 100 mA (Sept.12, 2025), an emittance of < 100pm and served
beamline tunings.

* HEPS accelerator and SR light lines has reached the design goals on Sept. 29, Oct. 14, 2025,
respectively. HEPS project has been completed on Oct. 29, 2025.




CEPC Host Lab and its Large Science FaC|I|t|es wufl - g HERD (2027) on
| 6 -3 Chinese Space

S Station
v )
L4l - gEC’[AtM | EM Count rt All-sky Monit
InS|ght Hard X- ray Modulation Telescope L\} ravita '022 wave ounterpart Afl-sky vionitor
RN onl- 8 { B = -&59 #‘ﬂw . A&
s [N o NN Huairou Campus

wum«&mﬁ‘\esr&

YBJ (retlred)

International Cosmic Ray Observatory

HEPS High Energy Photon Source

~ BEPC Beijing Electron-Positron Collider
« IHEP Plasma Accelerator Test Facility

— Jinan Campus &8
AI|CPT ’"‘*" ‘

Ali CMB Polarization Telescoper s Sy U _ _ HUNT, underwater
- % I RSN | s S D ‘L@ in south China Sea

'—HAASO 5 e o y - Daya Bay (retired)
Large H|gh Altltude Air Shower Observatory Qo R ¥ |, Daya Bay reactor Neutrino Experiment
S L [ I, | U wsds B
JUNO ‘ Dongguan Campus

J|angmen Underground Neutrino Observatory . ﬁ CSNS China Spallation Neutron Source

The main dut and task of IHEP is to pursue the ener frontier explorations through advanced colliders



Summary

CEPC accelerator full spectrum EDR activities including EDR site geological investigation
and civil engineering design have progressed well according to EDR plan

CEPC detector reference design report has been submitted to arXiv on Oct. 6, 2025,
https://arxiv.org/abs/2510.05260

CEPC will complete EDR and continue to prepare and apply 16% five year plan apply for
construction around 2030’s

International efforts towards Higgs factories are common endeavors of human beings, and
the final goals should be and could be reached with persistence and endurance.

IHEP will always be one of the climbing teams towards energy frontiers
and among the teams to reach the goal

Progress of CEPC accelerator EDR-J1e

Gao

CEPC workshop 2025, Nov. 6, Guangzhou, China
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CEPC in China
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China’s economy: 9.3% of the world, 62.3% of USA,
the second in the world after USA

China’s Industry production: >1/3 (35%) of the world,
the first in the world

China’s Electricity production: 1/3 of the World, the
first in the world

China STEM students: graduate each year >5 Million,
the first in the world

Creative index of China: ranked 10t" of the world
(2025)

CEPC has the potential and the capability to answer
the most fundamental scientific questions on our
Universe (among the top ten scientific questions listed
I%chhina Association for Science and Technology in
https://www.cast.org.cn/xw/BWTJ/art/2025/art _0f20
c8ab2cte4584b13a532713e73837.html )

China has favorable conditions to host CEPC as a Higgs
factorg and has big room to make significant scientific
contributions to the world and peaceful collaborations
with the world through CEPC development

CEPC is a scientific Olympic Games, which will have a
long-lasting impacts on China’s scientific and general
developments, and worldwide development also

Global Innovation Index 2025 rankings

GIlrank Income

l group Region
Economy Score rank rank

1 Switzerland 66.0 1 1
2 Bweden 616 2
3 United States 61.7 3
4 PRepuoblic of KEorea 60.0 4 1
5 Singapo re 509 5 2
& United Kingdom 59.1 6 3
7 Finland 57.7 7 4
8 Netherlands (Kingdom of the)) 570 2 5
9  Denmark 56.9 9 6
10 China 56.6 1 3
11 Germany 5535 10 i
12 Japan 53.6 11 4
13 France 53.4 12 8
14 Israel 523 13
15 Hong Kong, China 51.5 14
16 Estonia 51.1 15
17 Canada 51.1 16
18 Ireland 50.4 17
19 Austria 50.1 18
20 Norway 492 19
21 Belgium 485 20
22 Australia 48.0 21
23 Luxembou rg 473 22
24 Iceland 47.0 23
25 Cyprus 455 24



https://www.cast.org.cn/xw/BWTJ/art/2025/art_0f20c8a62cfe4584b13a53271ae73837.html
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