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A Brief Historical Recall: High Energy Colliders and Factories

SppC, FCC-hh .
Year Muon collider Future Large Colliders:

R - FCC-ee (H,t, ZW...Dark matter) - new paradigm/theory
The era of Higgs CEPC/ILC/CLIC: new e e” cgljider * new colliders equipped with advanced
boson started (B physics...) . - detectors
from 2012, and o iy,
SuperKEKB:+/s ~ 10 GeV, £ =~ ~
we entered the k= 5012 - ~ ~ Higgs, ...
BEST EPOCH of 33
LHC:v/s = 14TeV, £ =\10 LHC/CERN: - b 2012
High Energy (T — charm.) & / : iggs boson 20
Physics BEPCII:y/s =~ 2 — 5 GeV, A= 1033 §, | Crab-Waistin 2014 [~ P b g0 was proposed
In the last 60 years (T mass, charmonium,...) at DAFNE by Chinese scientists in
we have made a VEPP-4:\/s =~ 1.5 — 2.0GeV,X.= 1033;DAFNENT ¢1GeV , £ =~ 1032 || Sept. 2012 after Higgs

(B-quark, CP violation, CKM...) Boson was discovered on

July 4, 2012 at CERN

tremendous
progress in particle L e = N

physics, and we S ‘ ’; Top quark 1995
have to prepare SSC:y/s ~ 40TeV, L ~ 10°° 1993 stopped

for th t (z, W bosons,...) \ \ B J. Gao, “Review of Different Colliders”,
ec))(::iti:gnae:d h HERA: ep International Journal of Modern Physics A,

. . (2021) 2142002 (25 pages).
discovering years

of human being

T —charm,... A
2 W Z eee
. ~ ~ 31 3 .
BEPC:\/s =2 -5GeV,£L =10 W,Z bosons 1983

Bottom,... . ~ 12~46. Gluon 1979
CESR:\/s ~ 10 GeV ﬁ'— PETRA: /s = 12~46.7 GeV GeV | Gluon

i1ab: B k 1977
T o0s Ada.vEPT. ‘ 1575 U/, c-quark, t ... Fermilab: 400GeV p on Cu, Pt ottom quar

VEPP-II, ACO... SPEAR&BNL:+/s
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From BEPC, BEPCII, BEPCII-U to CEPC

BEPC, the first collider in China, was completed in 1988 with luminosity 1x103'cm2s-! @1.89GeV
BEPC Il was completed in 2009
Luminosity reached on April 5, 2016: 10x10%2cm-?s-! @1.89GeV

After BEPCII what is the next high energy collider?
Thanks to the discovery of Higgs at LHC@CERN in July 4, 2012, the answer is clear, CEPC!

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

IPAC (Asia) Top Prize
Named with J.L. Xie

Prof. J. L. Xie

National Scientific and Technology Progress First Prize
for 2016 has been awarded to Prof. J. L. Xie on Jan 9, 2017


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

Upgrade Project for BEPCII (BEPCII-U)

5

Key Technologies: Double beam power & Optics upgrade & Higher gradlent of magnets

BEIC;CH BEPCII-U | BEPCII-U
315Gy | @235GeV | @2.8Gev
L rw0%em=2s71) 3.5 11 3.7
By [cm] 1.5 1.35 3.0
Beam current [mA] | 400 900 450
SR Power [kW] 110 250 250
$y lum 0.029 0.033 0.043
Emittance [nmrad] 147 152 200
Couping [%] 0.53 0.35 0.5
Bucket Height 0.0069 0.011 0.009
0z0 [cm] 1.54 1.07 1.4
o, [cm] 1.69 1.22 1.6
RF Voltage [MV] 1.6 3.3 3.3
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BEPCII-U in Commissioning
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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 .
g i ILE: 250 Gey 500 Gev 1 TV common physics, accelerator
8 years 20km tunnel 3 ab! 4ab? =4-54ab" .
= and detector technologies:

ATk tunnel 40 km tunnel

. CEPC 2035 start physics SC accelerator technologies,
g{ ) 100km tunnel ﬁg’f’;‘;ﬁlﬁwuo Gev SOpC: 75-12% Tav, 10-20 b pOSltron source, damplng ring,

final focus, MDI, cryogenic
system, sustainability, industrial
LHC  HL-LHC (14TeV, 3 ab™) promotion and participation.
ok Also, common outreach activities

2048 start physics
’ 100km tunnel, installation FCC a2/ AN 00 Gy % ' instaliation
| [ = FCC hh

—o— FCC
e CERC (30 MW)
-~ - CEPC (50 MW) i

ILC-Baseine (Snowmass 2021)

“4— CLIC-Baseline (Snowmass 2021) |

100 TeV =30 ab™’

2048 start p ics

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

——uuUn wuiues

Proposals emerging from Snowmass 2021 for a US based collider

Luminosity / 1P [ 10 em?s )
=
'\\

..
T
"f.l_
|

I The common physics goals in complementary I

ccc 2040 stant physics Eoud o PR SN A "
\ CCC: 250 GeV 550 GeV 2 TeV 10° 10°
5 years 8 km tunnel 2 ab? 4 ab? ~ & ab? o [GeV]
by 1 Muon Collider ”:'5 i )
= yern NS, o Snowmass 2021 The complementarity

-0 Note: Possiility of
125 GeV or 1 TeV at Stage 1

between circular and
linear Higgs factories

OR SkmeGiem km ring 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



https://indico.cern.ch/event/1439855/contributions/6542430/attachments/3076609/5444588/Future_Colliders_Comparative_Evaluation_WG_report.pdf

1P
H/tt-ba

r

CEPC has
two detectors

CEPC collider ring (100km) CEPC booster ring (100km)
CEPC TDR S+C-band 30GeV linac injector

ESBS: Electron source & bunching system PSPAS: Positron source & pre-accelerating section
FAS: First accelerating section 585 Second accelerating section
EBTL: Electron bypass transport line TAS: Third accelerating section

EBTL [ ] = Damping ring

ESBS FAS —

Tt 1

S50MeY  1.1Gev 200MeV 1.1GeV  1.1GeW

- 5.5m -

_1o0z.am | _‘ B0O.9rm pii.im 1163.2m
|

1501.3m
1800.0m
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CEPC Physics Goals, Operation Plan and Goals in TDR/EDR

Operation mode ZH z W*W- tt possibly
Z W'W ZH tt
Vs [GeV] ~240 ~91 ~160 ~360 : v : i v
Run Time [years] 10 2 1 5 . <
3 >
L /1P [x10% cm3s] 5.0 115 16 0.5 s
10° L : -"..
l\:\?\l fL dt [ab™, 2 IPs] 13 60 4.2 0.65 A a &
Event yields [2 IPs] | 2.6x108 | 2.5x10%2 | 1.3x108 | 4x105 o Hep z =
SRk : ' WHW-
L/IP[x10% cm2s'] | 8.3 192 267 | 08 al (—‘—KNM o
50 e — : 7 | : ?
MW fLdt[ab?, 2IPs] | 216 100 6.9 1 T I s z | |
Event yields [2 IPs] | 4.3x10° | 4.1x10'2 | 2.1x10® | 6x10° CHF T -
*  Higgs is the top priority. The CEPC will commence its operation with a focus on Higgs. e i 5 10°
** Detector solenoid field is 3 Tesla for all other energies. W fusion
CEPC physics white papers: il
1: Higgs physics, Chinese Physics C Vol. 43, No. 4 (2019) 043002 CEPC operation scenarios: : < Tasion_ —_
https:/arxiv.org/pdf/1810.09037 Hicos 10 vears. Z-bole 2 vears ' | |10
2: Flavor physics, https:/arxiv.org/pdf/2412.19743 (2024) ngg Y o pole £ years, o | |
3: Electroweak physics, to be published year, ttbar > years as upgrade 100 10 a2 @m0 30 a0
4: New Physics Search at the CEPC: a General Perspective Jricev)
https://doi.org/10.48550/arXiv.2505.24810 (2025)
5: QCD, to be published
The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia 9


https://arxiv.org/pdf/1810.09037
https://arxiv.org/pdf/2412.19743
https://doi.org/10.48550/arXiv.2505.24810

CEPC Accelerator System Parameters in TDR/EDR

Linac Booster Collider
. . 1] H /4 4 Higgs Z w tt
Parameter Symb0] Unlt Basellne Off axis Off axis | On axis Off axis Off PR .
e O e 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 |, H 100 o E GeV 120 455 80 180
rate rep z Extraction GeV 180 120 %0 45.5 nergy (GeV) .
— cnergy [Bunch number 268 11934 1297 35
une Bunch number 35 268 |261+7] 1297 | 3978 5967
number per lLor2 Maximum |Emittance /€, (nm/pm) 0.64/1.3 | 0.27/1.4 0.87/1.7 1.4/4.7
0.99 . 20.3 . 0.8 0.81
pulse bunch charge | " 07 073 Beam size at IP o./c, (um/nm) 14/36 6/35 13/42 39/113
Xy
Bunch nC 153) 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 §x/§y 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
) i ) 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
R VPp
i Lmax [cm~2 s71]= 0.158x 1034 (1+1) Riml__ p,[MW]/E[GeV]?)e32z (1+0.000505+d2) (). Gao’s formula)
. 200 Millinn W W- puirs By[mm] /¢y [mGev3|Np P
Transport lines 6DNK ¢4 pairs for isomagnetic machine with crab-waist collision
® @
5 . . . .
e CEPC Technical Design Report (TDR) includes:
Booster \® Collider ® 1) CEPC Accelerator TDR released on Dec. 25, 2023
30~180GeV 180GeV > dumpl 2) CEPC Detector ref-TDR (reference design)
DR1.1GeV \ has been completed and reviewed by IDRC in
] — April 2025, and will be relased in 2025
The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Sirsmrmmesmsmmmss e



The Beam-Beam Effects and the Luminosities in CEPC

I Results from J. Gao’s formulae I

Lum/IP [10** ecmZs)

Lum/IP [10%* cm™2s))

Lum1n051ty 31mulat1ons w/ZL / Transverse size simulations
0.9 T T T 5D T T T v 1.6 m T I L P | | ) 2.2 v T
0.85 - ¥ w/ ZL l—i—-i -4 bx*= =12e10*290bunches +—+— 15 - ¥ e+, W/ ZT+ZL + -
0.8 - E 5 14 | % e, WZT+ZL X A 2 X
0.75 |- T A 13 b ] n
0.7 = — 4.5 m _I_i- - = 12 _* A 18 ++ X
0.65 1 ]‘I ! . _ 3 g Llf 1 w6 T
0.6 MHFTTIHE 4 e, T & .3 1 1aF Hx
0.55 .—1- L ) s - +7%
05F 35 ) 0.8 1.2 + N
0.45 |- ARREEES | | N7 1T +
0.4 - " : ttbar 3 Higgs 5, S ttbar' 1 -Higgs e
. | N | A 1 " | A : 1 L ! "
0.35 2.5 ' ‘ ' 0.51 0.52 0.53 0.54 0.55 056057 05808054 0
051 0.52 0.53 0.54 055 0.56 0.57 0.58 0.54 0.55 0.56 0.57 0.58 Ox ' ’
20 T T T T v T /v T T 130 +++t' L T L ¥ 5 —T T T 10000
L ot | WGRG L 3 woZT,w/ZL + i
18 +++«I-{. ++¥+§J¥+ 120 T ¥ *3ez . 43 5( wiZT,wiZL X ] 1000 |
A et A & 1] | o)
¥ T oy 3r SOX. = 100
12 I o 100 1 h’ 1 % 25F X XX ><><>< 1 sl
10 F - 90 | . 2 | ++4 . :
- 80 ® 7 ) B & W—
4 [ 1 L 2 1 A | 4 1 0-55 0-56 0.57 058 0.53 0-54 0-55 0-56 0.57 0. 0‘55 0.56
0.53 0.54 0.55 0.56 0.57 0.58 Qx Qx

" WoZT.wiZL +

w/ZT, wiZL X

¥

0.56 0.57 0.58

Qx

Above results from CEPC accelerator TDR: J. Gao, CEPC Technical Design Report: Accelerator. Radiat Detect Technol Methods (2024). https://doi.org/10.1007/s41605-024-00463-y

Beam-beam simulation results are

consistent with the TDR parameter tables.

The Status of CEPC Project-Jie Gao

*  Luminosity & Lifetime is evaluated by strong-strong simulation
*  X-Z instability is well suppressed even considering Potential Well Distortion

*  Lifetime optimization with both beam-beam\lattice nonlinearity is done

The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia
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https://doi.org/10.1007/s41605-024-00463-y

CEPC Accelerator TDR R&D Completed in 2023 .

i | B qui
. ‘1" -
3 ..v.l-l-lmm-m %
(4

I < .m
4 - l Mv h(v 1 b
ﬂrﬁiHNb ‘h\l\!‘ :

—-M{N'l\bhb\-—- ~ -




CEPC Accelerator International TDR Review and Cost Review
June 12-16, and Sept. 11-15, 2023, in HKUST-IAS, Hong Kong

Table 12.0.2: CEPC project cont breakdown, (Umt; 100,006,000 yuan)

Lol 364 100%,

| Project manngement i 0.8%

| Accelerator 1% | - 529

| Conventional facilites | 1l | 28%

| Grnmuma-ray beam hines i O.8%

| Expenments | 40 | 11"
Contingency (8%%) 27 74%

7.4% ® Project management

CEPC
Techuien! Design Report

= Accelerator
» Conventional facilities

o Gamma-ray sources

» Experiments

CEPC Accelerator TDR Review
June 12-16, 2023, Hong Kong

» Contingency

Distribution of CEPC Project total TDR
cost of 36.4B RMB (~5.2USD)

CEPC accelerator TDR has been completed and
formally released on December 25, 2023:
T L . http://english.ihep.cas.cn/nw/han/y23/202312/t20231229 _654555.html

9t CEPC TAC 2023 Meeting CEPC accelerator TDR has been published formally in Journal

Oct. 30-31, 2023, IHEP Radiation Detection Technology and Methods (RDTM) on June 3, 2024:

DOI: 10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y
The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia 3

CEPC Accelerator TDR Cost Review
Sept. 11-15, 2023, Hong Kong

= I

Domestic Civil Engineering
Cost Review, June 26, 2023, IHEP



http://english.ihep.cas.cn/nw/han/y23/202312/t20231229_654555.html
https://doi.org/10.1007/s41605-024-00463-y

CEPC IARC, IDRC and IAC Meetings since EDR .

The CEPC International Detector
Committee Meeting in 2024

CEPC IARC meeting will be
held from Sept. 16-19, 2025

1 ’M{“«f ﬁ{*ﬁ; ".‘.‘?‘ :

T o - The International Detector Review Committee (IDRC) held its inaugural meeting at
CEPC IARC meeting was held from Sept. 18-20, 2024 IHEP, Oct 21-23, 2024, to review the status and plan of Ref-TDR.

https://indico.ihep.ac. cn/event/223 11/ https://indico.ihep.ac.cn/event/23265/

AINATIONAL DETECTOR
OMMITTEE MEETING IN 2025

CEPC TAC meeting will be
held from Nov. 20-21, 2025
CEPC Detector
Reference Design
Report
CEPC IAC meeting in 2024 was held from Oct. 29-30, 2024 CEPC IDRC meeting was held from April. 14-16, 2025

https://indico.ihep.ac.cn/event/23450/timetable/ https://indico.ihep.ac.cn/event/25539


https://indico.ihep.ac.cn/event/23265/
https://indico.ihep.ac.cn/event/23450/timetable/
https://indico.ihep.ac.cn/event/22311/
https://indico.ihep.ac.cn/event/25539/

Year

2012
Human resources

2013

Accumulated
Accelerator
accelerator
Year human .
resource spending

Billion RMB
2015 50 -
2018 100 -
2023 200 0.2
2025 300 03
2027 500 0.4
2031 2800 9
2035 2500 20

CEPC Kkickoff meeting in Sept. 2013

2012.9 2013.9 2015.3 2017.4 2018.11

CEPC proposed Progress report CDR TDR

¥30000
i
¥25000
B ¥20000  Yearly
3 V10000 L
s accelerator incl. civil & install
&
¥5000 I ﬂ |
o A1 I
st year 2nd year 3rd year 4th year Sth year 6th year 7th year th year

2015
~50

Pre-CDR

2025
~300

2027
~500

2030
~2800

2035
~2500

2017 2018

~100

2023
~200

36.4B RMB
Total constructio

CEPC EDR site
study and civil
engineering design

CEPC detector reference design
completed in June 2025

S 20362037
CEPC commissioning
~2035

Completion

2023.122024 ~

2027

EDR start of construction

The Status of CEPC Project-Jie Gao

The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia 15



CEPC EDR Milestones before Construction

EDR period (2-24-2027)

Year: 2024 2025 2026 i 2027 l 2028

Start EDR site geological studies by civil engineering company; EDR items started to be executed in an industrial
—l 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; CEPC proposal to government,
! ! !

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.

M Start construction

The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia
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CEPC Key System EDR Progresses and Technical Reviews .

CEPC Accelerator Key System EDR Progresses

-2025 March 20, CEPC booster magnet automatic fabrication line ready for
construction

-2025 April 17, CEPC polarization cathode material and test facility ready for
fabrication

-2025 April 25, CEPC vacuum chamber NEG coating automatic fabrication line
ready for construction

-2025 April 28, 650MHz full size cryomodule ready for construction

CEPC Accelerator Key System EDR International Mini Reviews (Required by IARC)

-2025 April 24, CEPC alignment and installation EDR international mini review
-2025 May 14,15, CEPC cryogenic system (+650MHz cryomodule) EDR
international mini review

-2025 May 29, CEPC booster dipole and sextupole combined magnet EDR
international mini review

-2025 June 9-10, CEPC MDI EDR international mini review

-2025 June 9-10, CEPC EDR site geological feasibility study review

-2025 July, CEPC vacuum chamber type EDR international mini review

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



https://doi.org/10.48550/arXiv.2505.04663

CEPC Magnet Automatic Production Line in EDR .

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

Status: construction started, to be completed in 2025



CEPC NEG Coated Vacuum Chamber (200km)
Automatic Production Line in EDR °

NEG coating

RO 1000 ()
X 120000

>
d

[l L1 1E]

Spraying heating film

Layout of production line

Status: construction started, to be completed in 2025
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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 2025

The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia 20



Klystron No. 2 Parameters Value
Efficiency 77% G '- TS .'.‘ '.."?f | — Frequency 5720 MHz
(2021) lnl-l_lsl-.leldl_lelu
Output Power 80MW
S Kiystron No. 3 (MBE Pulsed width 2.5us
Efficiency 65% Efficiency 80.5% Repetition rate 100Hz
(2020) N To be completed in 2025 :
78.5%@803kW CW in 2024 Gain >4 dB
Pulsed RF Mode (30% duty factor, 60ms/5Hz] / ©- @ mn ‘ —
High Voltage vs. Power&Efficency N T Efficiency 47%
08 73l L CW ie el 3dB bandwith +5MHz
800 =  Epme z': =3
. = _~ osE | Beam voltage 420 kV
o // 0 Beam current 403 A
:2: '// AP B R Focusing field 0.28T
60 70 80— PowerdhW) —o—810(%) 110 120 High Vologe
CEPC collider ring 650MHz klystron development in TDR/EDR phase C band 5720MHz 80MW Klystron
C band 5720MHz 80MW

Klystron design completed
'''' Technical assessment has been done
on August 12, 2024, construction
started , to be completed on 2025

The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia




i,

i

&3 CEPC 650Mhz Energy Recovery Klystron Development

The 4t" Klystron (Energy recovery, one stage)

RF OUT
_> _n IA'L/// Typical klystron
=
S |.—§‘__—___~ O ] U Energy recovery klystron
" yes B e imeid
Parameter Value
Operating frequency 650 MHz
Beam Voltage 113 kV
Efficiency 77.5%
Output power 800 kW
Beam perveance 0.25 uP
Beam current 9.5A
Efficiency 859,

(one-stage depressed collector)

ric iy TVWh)

ual alact

Ann

Annual electricity consumption vs, Efficiency

Efﬁ-:iehu:}

== EOMW Power == 100MW Power

4200mm

The 4t Klystron (Energy recovery, one stage) technical review has been done on May 23, 2025 ‘




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) Shuntimpedance per 303

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

:
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2 GHz
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Other CEPC Accelerator EDR Activities .

CEPC Booster Dipole Magnets in EDR CEPC Collider Ring Magnets in EDR

A} Stadies on silicon steell aluminum (plastic) rathen stadies 111 and 12
Coachesion; 1:2 ration could he used

s N .
L\\EE sk

©) Studies on Sgales sextupole

B) Seadicx on silicun steel sheet thickoess studies: 0.Smm and Linm
Conclusion: 1rom ickaen sheet cowbd be uved

Dual aperture quadrupole: block iron core and
new cooling and power line design in EDR

Sextupole magnets under design

CEPC Accelerator Control and Tlmlng_ in EDR CEPC Alignment and Installation Plan in EDR

CEPC MDI in EDR + Alignment accuracy requirement it | ";_;"' i _h\’.‘b ——
Component ? Ax (mum) Ay (mm} | A0 (mrad) - |f R}" .:;v_f’“' )l ' Ny "'ES
-mujr:;rg Dipole | ow | 0w | mo | = K " :
| == =S ,,L.;!g [Arc Guadrupole | 0.10 a1 | 0o o et . X X
- - IR Quadrupole | o ol | 10 Pm-il ng\menl =
S o i e i oeié Sextupole [ 010 | 00 010
= - = *implement beam-hased aligament
._: . - GPS receaiver Surface thn:l il H
r—— . == - - " bechoch b M Erisedciod bowd network "'_\ Wall Control Polnt
i - - 'S (1490"5)
many | = /', €ast point
—— r—— - ;
. Radation background | X ] Racation Mitigaticn : ~&
R Inction ¢
5R Calkasason “.::""’”::;"M L2 ,,M,A,m:l = Masks, m'“m - I ‘ .
== e = A s . i Ground Control Point
More detalled works on MDI need to be done In EDR together with @ - ’ o Lad -~ "“": 1 -
detector group: Background, Be pipe, RVC, integration, alignment, mechanics,.... S < B aa ‘. Pen;\);déni% » . o0 / ;,’rf 2 'x‘ 1 r
F\gg - s ‘ 4&,;*'1: * po. B L = t "3
-~ A . Backbone Control k Tunnel Control network x

’

Ve

A

(short line:300m: loag lime 600m)

CEPC booster and collider rings’ magnets EDR R&D will be completed in 2025

{imerval of 6 meters)



CEPC Tunnel Mockup for Installation in EDR

iy § i e XE R § L 10462 1 L 14540 2
Liil s é; it —~ ) I 1‘ __w—__m_'_’___h_t,-__ =thmib FH:" _—
! ;_4 E‘ »('MNAM&AM — ,,_——"'
_ . 2 = :: ‘ . '_l-_’— i'_;
e W | S| | A A
) ~— 9 I ol _l" L 27800 A
/ - S Ads¥ .l (‘IOUO()

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

The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia 26



Advanced Technologies Development in Progress ..

IBS Technol for High Field M t
S Technology for High Field Magnets SppC HF Magnet Development

”w
e ﬂ' . SppC 16 T Model Dipole: Nb,Sn 12¥13 T+ HTS 34 T;
.*0 D £ 1BS solenoid at 32 T 147 has been reached, more test in 2024
100-m 7-core 18S Racetrack at 10T
q‘ tape fabricated 1.3 kA transposed " E gyl B
Z. Zhao « . u\ J,= 100 A/mm’ cable .
IBS (T, 55K) w o0 £10T,4.2K 1,> 450 A/mm? :
o o o2 g -
2008.04 2008.09 2016 2018 2020 2022 i
Discovery of I1BS Discovery of " 25 1BS solenoid at 24 T '
422 phinse 183 “a.— i -< N Racetrack at8 7 ' Challenges: Stress control, quench
H. Hosono > :l \ 3,=300 A/mm? » L protectioe, field quality comtral,
IBS (T, 26K) = €107,4.2K O —

Pcture ot LFFI-U Dual apen‘ure supe.rcondqcting'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 lowe

«» CEPC Polarized Beam Studies(alternative option)

Highest Quench Field Reached in 2024: over 14T @4.2K

YOO NhSa 3 . Palarized
Ty | e e—— = == electron o, polarizalion =R0%
o glectron

| ébln rotaho'rrdesi'gn |

solenokhy: 240 T m, Lsol = 40m (1 61

EBHEAEHHIBIERE

W DOSIUDH _— . —
& unpolarnzed .
electron Ppsitron
101 AR ENEIES @RS LI VS0 LT HT5.0T) WS - ource damping/polarizing nng ‘
; I z -
® | Seif polarization (energy caliration) | | | S T I
electron ol P N\ o <A A
— : -]
—

Polarized electrowg,cathode chip (diameter ~5cm) has been fabricated in June 2025:

Polarization of 85%; tor 1ns 1aser (780nm) pulse length, several nC polarized
electron charge will be obtained with the expected cathode lifetime ~6 months




Compton Polarimeter at BEPCII-U (cepc polarization in Preparation Study)

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

synchrotron radiation observed marks

Experimental hutch successful modifigasi@n of the beam line
BEPCII electron storage ring

A/4 and
A2 wave

Laser
plates expander
h —I_ >

et sl _ B ‘n;
w—
[— — |

polarizer Y
< Ny g

Detector Converter mirror box

Pockels

4

laser optics tuning with circular
polarization manipulation

In collaboration with A. Martens (IJCLab) supported by FCPPN/L
~15.9mm

»
>

ww /°G¢




BEPCIl-based PWFA Test Facility Development Status .,

Beamline |l R AlX
o mem ’

Ao el o ) Lloml-l.mklok ) l.l.l, - -,

CEPC plasma injector scheme: - wnc) i K 3 : . - " 0.9m
B P st SN - P T TR~ S, -
From 10 GeV 2 30 GeV 2> TR = 2 I e WAL - - o v Rt M - . - ey e
Fom 10Gev > 0Ge . S g - . o]
Simulation results show that it works on paper ~ R scsiad, s .&J Beamline |
with reasonable error tolerances for both electron | - PN ] it ot 4
(o CERC 1ARC, 202206 . . l . '

and positron beams injected to the booster \
\ %)
Phase b < VearD-foar2 )

[ .
X :
b [ s

Re-aeiignand el travsgort bea
= From 2023.09 to 2028.08
* Unique TF for e+ and cascaded PWFA 1
e [1PW « 20040 TW)
Beam guality Parameters Unit | BLde- (AM3) | BLA e (IP1] |BL e+ (AM3)| 8L e+ (IP1) | Bl - (P1, block] | BLI e+ (IP1, block)
. Energy | Gev | 2 | 2 |2 | 20| 2 i 2 |
ot FEL studhes — | Charge - 2000 | 2000 | 100 100 | 9.4 | 0.2
Beamline | aunch ogth ___pe. T 19 X3 2 2
PWFA/LWFA TF based on BEPC-ll Linac and HPL has been founded by CAS 50M RMB in Sept. 2023 Geo, emittance  men-mirad 0101 | 03/01 = 04/04 0.4/0.4 0.011/0.005 0.04/0.02

RMS beam siz  pm - | 150/150 - 300/300 30/40 | 54/16

Under development in the experimental hall #10 of BEPC-II

BN
- ) f- - w e ol e

o
Wl oman -9
J , h

Goals: demonstration of acceleration of
positron and electron beams with staging in next few years

' ’ e T —
] : TR e

A - 4

| PWRALAB:3SmX14mx2 | : : )
A N

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
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CEPC Detector Reference TDR Design .

3T Magnet Yoke + PFA HCAL

( SC Solenoid) MU (PS+SiPM) (Glass Scintillator) -

“ﬂr? 3 __—

Y - ¥ separation for 5 GeV photons

Crystal PFA ECAL “‘ ‘—
LumiCal
(SiDet + LYSO)

Potential _ _ _ _ _ _ _
Endcap PID
VTX OTK L T ]
(MAPS SiPixel L
+ Stitching + Bending) ITK AC'LGAD strip) T0C ey

line layout

(MAPS SiPixel)f| . [f=
5 i e Ref-TDR is based on
this configuration



Technologies for CEPC Detector Ref-TDR .

Technologies Supported B
System y PP y =
Baseline For comparison Barrel Yoke Base —
Beam pipe Magnet Barrel Yoke IPEN
LumiCal Barrel HCAL Barrel Yoke | | i
Vertex CMOS Pixel Barrel ECAL Barrel HCAL s
? TPC+ Barrel OTK Barrel ECAL
=
PID Drift Chamber g |[TK TPC
Tracker o
SSD / SPD OTrk Beampipe+VTX+LumiCal ITK
LGAD ToF Endcap Yoke Base
ECAL PS+SiPM+W, GS+SiPM, etc Endcap HCAL Barrel HCAL
HCAL PS+SiPM+Fe, etc Y Endcap ECAL+OTK Barrel HCAL
Magnet HTS o The CEPC study group started to compare different technologies in
Muon RPC January, 2024
] o By the end of June, 2024 the baseline technologies were chosen.
TDAQ Software Trigger
o Multiple factors were considered in the process: performance, cost,
BE electr. Independent R&D efforts, technology maturity, ...




CEPC TDR-ref Detector Specifications

Sub-system Key technology Key Specifications
Vertex 6-layer CMOS SPD Gy ~ 3 um, X/X, < 0.15% per layer
: CMOS SPD ITK, AC-LGAD SSD OTK, 1 _s 1x1073 4
UiEedlie TPC + Vertex detector ¢ (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 gf*%¢~ 40%/./E(GeV)

Jet 61~ 30%/,/E(GeV)

X/

understanding of the physics reach.

X/

s The key specifications continue to be optimized.

+ Design of the CEPC detector evolves with the R&D progressing and our better




Tower-lazz 180 CIS process
Resolation 5 microns, S3mW/cm®

JadePix-3 Picel sz2e ~16+23 ym?

CEPC Detector R&D Progresses-1 .

Vertex detector

Develop CEPCPIx for a CEPC tracke
basing on ATLASPIx3 CNAT/UK/DE

TS1180 nm HV-CMO

2 layers ! ladder Goal: o(IP) = 5 pm for high P track

CDR design specifications
* Single point resolution ~ 3pm
* Low material {0.15% X,/ layer)
*  Low power (< 50 mWicm?)
* Radiation hard (1 Mrad/year)

Sllicon pixel sensor develops In 5 serles:
JadePIx, TalchuPix, CP/Y. Arcadia, CEPCPix

& - B s Arcadia by itakan groups
TalchuPix-3, FS 25«1 5cm:  CPVA(SOI-30) 64.8daray  for IDEA vertex detector

25x25 um pixel size =217 um pixe size LFeundry 110 nm CMOS

" Y ERMTRY

R,-16 mm

—

anitinte {ov)

A oo wesen

2 outer layers

Goal: 30 WK separation up to ~20 GeVic.

Cluster counting method, or dN/dx, measures the
number of primary ionization

Can be optimized specifically for PID farger cel
size, no stereo layers, different gas mixiure

=3, Full siicon
trackers

Garfield++ for simulabion, realistic electronics, peak
finding algaorithm development

| K/ seporation vs momercum |0=50° )
‘ " oo

SepaIusen powat

IHEP and Italian INFN groups have close collaboration and regular meetings.
IHEP joined the TB (led by INFN aroup) in 2021 and 2022 -

Full vertex detector prototype (TaichuPix-3, JadePix-3) has TB at DESY in Dec. 2022.

Seconcary o
Turget , <
Prumary - P
Target ¥ -~ e =3 T2
'/p—:f—‘:— s . izl
% o

'  DESY

Hitmap of 4 GeV e*/e beam

. . |

i bvpary ottt
gz v 4rve

TaichuPix-3
Telescope
(6 layers )

N

particle ID +main tracker —— .

Baseline main tracker
ofr-4) ~100 pm

MOST 1 (IHEP+THU)

;.65 nm CMOS ASIC 5
& . Ban S 3
& == |
y < Power < 2.5 mWi/ch o
\ g GEM-MM cathode TPC Prototype + UV laser beams Low power FEE ASIC

Challenge: lon backflow (IBF) affects the resolution.
it can be corrected by a laser calibration at low
luminosity, but difficult at high luminosity Z.pote.

BT R b s _ l —

" T | -

ffjing

(PO, T owmapm \

Wooa ™

a. < 100 um for drift lenath of 2Tcm



CEPC Detector R&D Progresses-2 y

EM + hadron colarimeters: prototypes

» PFA ScW-ECAL & AHCAL prototypes: Test Beam at CERN SPS H8 (Oct. 2022)
y l @B oo r q 19 ACAL Pratirype .‘,e )

g CEPC AMCAL Prototype ‘[:/'vl-l@

new crystal EM calorimeter for better resolution

Goal
+ Boson Mass Resolution < 4%
+ Better BMR than ScW-ECAL

"+ Much better sensitivity to yle,
especially at low energy.

Long bars: 1 x 40 cm, super-cell. 40x40 cm?

Timing at both ends for positioning along bar. Full Simulation Studies BN Optimizing PFA for crystals

Significant reduction of number of channels.

Main IDEA tracker

Italian groups and IHEP colleagues participated the test beam at CERN.

— with p Performance with jets

[ EIFIR PN EN Fine segmentation in Z, ¢, r e e W T

}
- ™
N = or | -

L 4
i3

"o
"
s

1;

i

5
3 [

| :»,:unn,u

crystal Fan = " i ar J 1 am aan
- IR B - 4 s
» e . il .. L0
BVR of S0 ECAL = 2% gz Sevmrtnt Vs / eV

Dual readout crystal calorimeter also being considered by USA and Italian colleagues

software
CEPCSW Structure
Key4hep: an international collaboration with CEPC participation P
CEPCSW: a first application of Kepdhep - Tracking software | [_Serenter ]
CEPCSW is already included in Key4hep software stack El———— Sttt : T
https:/igithub_comvcepc/CEPCSW E[M_ e

Architecture of CEPCSW k

External libraries |

Core software S Cz

|
CEPC applications for simulation, reconstruction and analysis 1| 1o || pooid || Dodhm

1
1| ReeT | [ Gesnis | | cLner

Core Software = | G | [
Gaudi framework: defines interfaces of all software components and s e
controls the event loop
EDM4hep: generic event data model = .:.<
FWCore: manages the event data _ - ——
GeomSvc: DD4hep-based geometry management service [ ;—- = —.i



CEPC Detector Technology Readiness

System Baseline Readiness Backup Comment
. Achievements: 10-cm long Be pipe of 0.2mm thickness, Be-Al welding and gold coating
MDI ®20mm Be beam-pipe 8 ] Challenges: fragility and production R&D plans: full size Be pipe, anti-corrosion coating
LumiCal SiDet + LYSO 7 Achievements: validation through simulation ~ Challenges: LYSO alignment R&D plans: module prototyping
CMOS MAPS + Achievements: JadePix & TaichuPix chips, prototype detector
Vertex Detector Stitching & Bendi 8 CMOS MAPS | Challenges: vyield with stitching, connection with foundry, material & cooling
titching ending R&D plans: smaller feature size, R&D on stitching, seeking for multiple foundries
SSD+RO Achievements: analog performance of prototype chip validated, full function chip submitted
Inner Tracker CMOS MAPS 7 CMOS SéD Challenges:  ~4 ns timing vs power budget, reliable foundry and process modification
R&D plans::  continue towards a full-size and full-functional chip
SSD or SPD Achievements: LGAD for ATLAS HGTD, short strip AC-LGAD study, long strip sensor and 15t RO ASIC submitted
Outer Tracker AC-LGAD 6 + LGAD Challenges:  size scalability, high-performance readout ASIC
R&D plans: sensor optimization, multiple foundries for process improvements, ASIC development
Achievements: prototype TPC with UV laser system with pad-readout, performance validated with a hybrid module
Gas Tracker Pixelated TPC 8 PID Drift Ch Challenges:  IBF suppression, FEE power consumption
R&D plans: prototype TPC with low-power-consumption FEE & pixelated MM, testbeam, full length prototyping
PS+SiPM+W Achievements: physics prototype evaluated in testbeam, backup(PS+SiPM+W) well established
ECAL Crystal Bar 8 SiDet+W ’ Challenges:  system scalability, light-weighted mechanics and cooling; radiation hardness, linearity of response
iDet 1o R&D plans: address the challenges list above, technological prototype
PS+SiPM+Fe Achievements: high quality small size GS sample, backup(PS+SiPM+Fe) well established
HCAL GS+SiPM+Fe 7 RPC+F ’ | Challenges:  GS with quality matches spec, mass production
e ... R&D plans: full size GS sample, prototyping detector
Achievements: scintillator with high light yield, prototype of detector channels
Muon Detector PS+WLS+SiPM 10 RPC Challenges:  very long detector channel up to 4.65m
R&D plans: improve performance of scintillator, prototype very long detector channel
Achievements: Al stabilized LTS cable production line, short sample cables
Magnet LTS NbTi Cable 9 HTS Challenges: large diameter, contraction & EM force, high precision machining & assembly
R&D plans: full size cable, optimization, mechanical system, validation experiments
- : Achievement: electronic systems for BESIII, JUNO, LHAASO; previous verified key ASIC designs
Electr & TDAQ EUB” d?(ta ’[(Ij‘a_I[1§mISSIOn 8 $a.rtla| F?/?[X Challenges:  high background rate; multiple new ASIC vs limited manpower
ackena lrigger rigger ( ) R&D plans: all ASIC prototype in 3 yrs; detector prototyping & ASIC finalization in 5 yrs
Software, comp., mechanical & integr. 10 R&D plans:  continue CEPCSW development and optimization, mechanical prototyping

Readiness to go ahead with the technology: 0-3: high risk; 4-5:

maybe in 5-8 yrs; 6-7:in 3-4 yrs; 8-9:in 1-2 yrs; 10: now



CEPC Detector International Collaborations

+ The CEPC detector design incorporates experience from other future Higgs factory
proposals, e.g. ILD.

< International detector R&Ds

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

= Much broader participations in the ECFA DRD all 8 programs

Sub-system DRD Sub-system DRD Sub-system DRD
Pixel Vertex Detector 3 Electromagnetic Calorimeter| 6 |Super Conducting Magnet
Inner Silicon Tracker 3 Hadron Calorimeter 1, 6 | Mechanical and Integration | (8)
Outer Silicon Tracker 3 Machine Detector Interface | (8) | General Electronics (7)
Gas Tracker 1 (TPC/DC) |Luminosity Calorimeter Trigger and DAQ (7)
Muon Detector 1 (RPC) Fast Luminosity Monitor 3 | Offline Software

« Direct participation from international collaborators in the CEPC R&Ds.



CEPC EDR Site Investigation

CEPC EDR site implementation plan

2024

2025

2026 2027

Design Stage

2|4]6]|810[12

2|4/6[810]12

2/4|6|8|10]12 2141618[10]12

Preliminary Site
Selection

: Preliminary Site Selection
Preliminary Site Selection Report

WS"@ Selection

Feasibility Study

(Including Site
Seletion & Project

%Feasxmmy Study

Proposal)

=

Project Proposal

Preliminary Design

*

Tender Design

I | l
1 1

Tender

CEPC construction plan

» In-depth study of the Zhejiang Huzhou Site

3. Analysis of the Construction Plan

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

52 montt Total duration of CEPC project: 96 months

T Preparatory construction period: 14 month

= Preparation period: 3 months

\

Main ring tunnel

® Civil construction duration: 52 months
® EM equipment installation: 48 maonths

® Overlap period: 15 months

® Total duration: 96 months

‘ Main ring tunnel lining and grouting: 18 months

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

excavation and support:
30 months

¥

Civil construction completion period: 1 month 20)

The Status of CEPC Project-Jie Gao

e T =] rr\w l W‘frll J{Ffmw“ﬁfw.

The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia

I The number of shafts is under optimization (10 shafts) I

(U]



CEPC Civil Engineering and Conventional Facilities in EDR

2000 1000 8000 1000 CEPC Iinac
EP neral | n xili nnel m along 100km 7,500 : .
CEPC general layout and auxiliary tunnel /500m along 100 — | - cross section
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The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia
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CLELTE

Beam monitoring Cab
Control Cabinet

3

Transformer

0.4kV LV switchgear

10kV HV switchgear

38



CEPC EDR Site Implementation
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Yellow Hiver Fagineeriag Convalting Co., Ll

+ Layout of the Surface Structures

The surface structures are located
close o shafts. Thase buildings house
water cooling facilities, low-

lemperature facilities, ventilation

systems, air compression systems

substations, etc

O 357 S I A L DR R Y R o)

Velhaw River Eagltecring Convalting Co., Lid + General Layout Plan of IP1/IP3

Surface Structure : '”’!”

(')

iCantrol and duty rooms | 1200

Magnet powers sourne | lcﬂ—

High-frequency power sauice f

110kV substation 2000

A e ey

HVAC '.‘ﬁtem 1200

[cyogom: system  Lhaelium compmmor‘w
Isystem 1

i ooling water system 300

2500

txpenmanul assembly and storage hall [ 1500

Tr.nxdrr s,.tom 500

Air mmpreum wnem | 300
o eay i o

Electronic room 1000

Data Center | &0

Miscellaneous 500
otal | 15400

The Status of CEPC Project-Jie Gao
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: Layout of the Surface Structures

i _ Areaof surface structures (m’. S i ) )

s{,dm Structure n (P3) | P2 | P3w2] | P4 |P5 (IP3 P6 Pmpa; P8 | UNAC @ BT Total | TDR |EDR-TDR
Control and duty rooms | 1200 | 300 | 300 | 300 | 1200 | 300 | 300 | 300 | 400 | 4600 | 4800 | ©
Magnet powerssource | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 200 200 | 1200  13%00 | -12700
:';it’(’t"‘"“"‘"”“’ 6000 000 agoy 21800 16400 | 5400
110KV substation | 2000 | | 3000 | | 2000 | 3000 | | ] | 10000 | 14000 | -4000
froxv substation | 1000 |"Bo0 | 1000 | 800 | 3000 | 800 | 1000 | 800 | 600 | | 7800 | 11200 | -3400
HVAC system | 1200 |1000| 1200 | 1000 1200 | 1000 | 1200 | 1000 | 1500 = 300 | 10500 & 14500 | -3500
ICryogenic system
Chelium comprassion 2500 5000 2500 BO0O 17000 10000 | 7000
.wstem' 4 i i 4 i
Coolmgwmr Wm | 3&6 | 2m0 | m : : 2560‘ m 2 1 0

1500 | 1000 | 1000 1000 | 1500

nsfecsystem | 500 | 300 | 400 | 300 | 500 |
ir compression system| 300 | 300 | 300 300 | 300

00

fectronic roam ‘3 1000 | 300 | 300 300 | 1000 300 | 300

staCenter | 800 | | 500 W] [ [l Il £ 2.1, L 16 Al
Bcansous i”"lwﬂa 2001 500 ?9“.“35‘?0*50023‘?0.1“.“‘”.9@?"4509
otal 15400 | 7100 | 23100 | 7100 | 15400 | 7100 | 23100 | 7100 | 15500 = 1150 | 122050 | 140450| -18400

B T Wy L R S W R BT L

Yellow River Engieertng Conssding Ca. Lid

Surface Structure

iControl and duty rooms Crpogness vy
[ o am crETi e

9~

Il-iuncl POWErS source

[High-frequency power source

110kV substation 3000
10KV substation [ 1000
HVAC system | 1200
v:;s:r:u: system  Chelium compression €000
Irool NE Water system | 3000
[Experimental assembly and storage hat | 1000
[Transter system 400
Al compression system 300
l[lechm‘u raom | 300
IDa!a Center

Miscellaneous 500
I‘Tol.l 23!00

The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia 39



CEPC Installation Strategy Study in EDR

Interaction regions

A
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Detector

P2
¢

stralght section regions wy /-

I -

LSS 7
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Installation logistics and
“ y pod storage warehouses
o planning _

are under studies

trnnal

Linac: 1.6km
TL:1.5km
Circumference of
ring tunnel:100km
Collider: 100km
Booster: 100km
Tunnel cross section: 6X5m

SPPC

The Status of CEPC Project-Jie Gao

Tunnel cross section

CEPC component list and quantities

Quadrupole

Corrector
BPM. PR . DCCT.
kicker

Cryomodule
Electrostatic separator
Collimator dump
Superconducting
Magnets

Solenoid

Accelerating structure
Cavit

Electron Source
Positron Source
Detector

Total

16258
4148
3176
7088

3544

68

8
32
32
36

4

34396
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14866
3458
100
2436

2408

32
8
12

23320

Collider Ring Linac, DR, TL

135 31259

714 8320

72 3348

275 9799

180 6132

2 102

2 18

44

32

8 44

4

37 37

577 577

4 4

1 1

1 1

2

2008 59724
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JUNO detector hall:

56.25mXxX49mXx27m

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




CEPC Construction Investment Profiles -

¥300.00 ¥300.00
| ¥250.00 : ‘ u Annual budget for cral cons
¥250.00

® Annual budget for CEPC acc
¥200.00 )

J

¥200.00 u Yearly cumalative budget for civil

| ®m Annual budget for accelesator incl.

¥150.00 ~ cvil & mstafl

15

g

a Yearly cumulative budget for civil

m Yearly cumulative budget for acc '
¥100.00 " | | ‘
¥100.00 ® Yearly cumulative budget for I ‘ » Yearly cumulative budget for acc.
accelerator incl. civil & install ) 1 ‘
¥50.00 | , | \ _
» Yearly cumulative budget for
¥50.00 'l l I I | | " I' I accelorator incl covil & install
I vo.00 =B I A l ! 3 : ll L | LU L
1st year 2nd year 3rd year 4th year 5th year 6th year 7th year Bth year
¥0.00 _II l st yeal yE ye. y yea year 7th ye. y

1st year 2nd year 3rd year 4th year Sth year 6th year 7th year 8th year

Budget (100M RMB)
-
Budget {1D0M RMB)

Table 12,1.2: CEPC project cost breakdown, (Umt, 100,000,000 yuan)

| Tomal [ 364 100%, ‘
| Project managemens | 3 [ ow% |
¥70 | Accelerntor | NED |
| Conventional facilites | o I
| Ganma-ray beam lines | 3 | |
Y60 | Expeniments | 40 | |
| Comtingency (8%) | 27 | )

¥50
= ® Annual budget for cvil cons. ® Project management
g ¥40 = Accelerator
Z m Annual budget for CEPC acc.
=  Conventional facilities
< ¥30 . gra ® Gamma-ray sources
o ® Annual budget for accelerator
2 ¥20 incl. civil & install. u Experiments

| | I » Contingency
¥10 I
w m.n

Istyear 2nd year 3rd year 4thyear 5thyear 6th year 7th year 8th year

Distribution of CEPC Project total TDR
cost of 36.4B RMB (~5.2USD)




Green CEPC and Sustainability .

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)

. Magnet (58 MW) eed o On-going sustainability projects:

- High efficiency klystron:
- Utilities (44 MW) improve these . I%SO MlHZ y Ky
« Cryogenics (11.6 MW) . 80 MW C-band

« Other auxiliary power combined (29 MW) SNt B o At anc
- SR power per beam: 50 MW (CEPC-TDR p9é67) Tanssor? IinesOg etfs fo ping ring

- 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://indico.global/event/4745/

Participating and Potential Collaborating
Companies in China (CIPC) and Worldwide
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11 Radiati.on

protection
12 | e-et+Sources

The Status of CEPC Project-Jie Gao

CEPC Industrial Promotion Consortium

(CIPC, established in Nov. 2017)
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Large-scale Cryogenic Refrigeration
& Liquefaction Equipment & DE®EE (CIPC member)

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

a4.5K helium refrigerator fabricated in in China
passes inspection

/(,h ETIWAR (cipc member)

CUOLI INSTITUTE

—_—

-It wits dc\ulns\cd by the Institute of TIPC,CAS, and integrated and
manufactured by Fulleryo

-The super large horizontal cold box with u length of 28m and o diameter of
4.2m achieves ultra-high vacuum and extremely low leakage

Y s R AT mrh s v A RANE XD

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

AL e S LT NS SR IR R

-The horizontal cold box system has exceeded the set targets

One-site testing: | The mrtightness test of each intemal channel  revenled
a pressure drop of 0, surpassing the target value of 0,02 bar. 2

I!xc overall leakage rate 159, Ix 10" Paom's, surpassing the tanget value
of =10 Pam’s

SRR SRR Koo Nl Researh i I
Beijing Sinoscience Fullcryo Technology CO.,
Ltd. {CIPC member)

I CEPC eryogenic system need foar 14KWiadK cryogenic refrigerstors
Spel peeds | REWad SK beluim refiy Of 45 W

-Expected Goals: Achieving 3 operational mode adjustments: the
cooling cupacity = 1RkWi@4.5K: the cooling capacity in the
Wk

Aiystron somple tubes, S4XMH pulse kiystrom tuhes, 650
1 ! \hyrirun tubes Exectro vocwam products for 50 years, Provide high power thye
supertfuid  helium temperatare range >4k Wia2

N wenuf sa N

for UHFXPROD1
pr=t=1 D S D 15 W O A 182034

it dp—

Prelommmary mechanscal Jesign

vekmped GSOMILANIOKW Klystrom samplhe tubes, 6SUMHZNO00KW Bigh-cfficioncy
MHLSUORW multhinfection kiyvstron heam tubes aod the

aest 42
for BEPCH i 2012

M pulse

r of GLIS3I6A in baiche

HE-RACING Technology and OTIC on SRF Technologies (cipc members) 939

RF Shielding all Metal Gate Vacuum Valve

viee| B 4BELES

=~ -
B Two prototypes of RF shielding All metal gate valve have been
developed. and the leakage of one of them have been tested,

GWWERE  (CIPC member)

LS

B The delivery inspection leakage test results for two valves ,

conducted by the manufacturer, were found to be < 1x10"

1.3GHe oryomodide assembly mbar L/s (30 times open and closed).

’gt,g!g (CIPC member)

2011 DLy - WL

B The difference of leakage by IHEP & manufacture will be
checked and retested in next

AREXC N K tara, 20% o the prmpert

2912 Michipn State Usiversity - T8

RAREISO NG &

- '
5 torg, TO% af the project 12 j

2214 Fervolab - LOIS N ' :

RREIN0 Ny 5 tars, S0% of the praject - = )

s Sl e High RAR N shot High RRR Nbirgod  High R2R Grge grain Nb ' . . =, . |

(RIS WD: 123 Yarns, 200% o the pregent CERC booster s colliders: 2G¢V 1 3GHE and 65ME SRF acseleratons (Higgs) T T i —

2019 RS - ISP, CERN - ML AKE, Farmilab - IIL, Snanghal - SHINE 10GeV 1.3GHz und 650MHz SRF sccelermiors ( tar) R—— | — L

MRRIU rictiium stetia) procusprmest o g - =

We bt &

1ot B Irswmans selatismmtey with resery prost satmomers such an DESY, M5, Permitaty (LAR (PN, STPC, CERN, TRIUMT, I ZANGA, BIEP, B5, RRCAT w CEPC needs ~1700 all metal valves

V-7, SR

* o
j 1E-% .. o S R o
£ a2 LR R A R
B
glblo

1E-11+4 T T T
n $ n 1$ 20 28 io
Times

¢ Tested by IHEP
* Expectation leakage < 1x107 mbar L/s




CEPC International Collaboration-1

".CEPC attracts significant International
participation and collaborations

CEPC Accelerator TDR report: 1114 authors from
278 institutes ( including 159 International Institutes,

38 countries ) Published in Radiation Detection
Technology and Methods (RDTM) on June 3, 2024:
DOI: 10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-

ORI Meforenre Dot

bebenal Inmigs emaer

=

CEPC Detector Reference TDR report has been completed
and reviewed by IDRC in April 14-16, 2025

* 27 MoUs have been signed with international institutions
and universities

CcEPC
Techuical Deaign Report

arXiviZ312.14363
1114 authors
278 institutes
(150 foreign Institutes)
38 countries
1080 poges

SHARRANAE BX

I Y

» 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), Hong Kong, since 2015-now

PCTIC OB 18 0

CEPC CDR Released (2018.11)

-t ol ALe

CEPC

CEPC
Conceptual Design Report E

Conceptual Design Report

Yolume I - Physics & Detector

arXiv: 1811,10545

arXiv: 1809.00285

Aagunt 2018 Ocsstier 2018

Editorial Team: 43 people / 22 institutions/ 5§ countries

CEPC workshop in Chicag ;

BN R IONRL- WORKSHOP ONH FEiet iR



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

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, EUEdition,University on the high energy Circular
https://indico.cern.ch/event/1215937/ of Edinburgh, July 3-6, 2023

Electron Positron Collider (CEPC)
https://indico.ithep.ac.cn/event/19316/

https://indico.ph.ed.ac.uk/event/259/overview

The 2024 HKUST IAS Mini workshop and conference were
held from Jan. 18-19, and Jan. 22-25, 2024, respectively.
https://indico.cern.ch/event/1335278/timetable/?view=standard

" C;

~- w
7 Waeteha b ot Worare

The 2024 international workshop on the high The 2024 international workshop of CEPC
energy Circular Electron Positron Collider (CEPC) EU-Edition were held in Marseille, France,
was held from Oct. 23-27, 2024, Hangzhou, China April 8-11, 2024.

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

https://indico.ihep.ac.cn/event/22089/

The 2025 HKUST IAS fundamental physics conference:
Jan. 14-17, 2025, Hong Kong
https://indico.cern.ch/event/1454867/overview

®8E CEPC Workshop EU Edition (Barcelona, Spain) ; — S— . -l Il e s
June 16-19, 2025 The 2025 international workshop on the high FCPPNL, Bordeaux. France, June 10-14, 2024
‘ https://indico.ifae.es/event/2054/overview energy Circular Electron Positron Collider (CEPC) https://indico.in2p3.fr/event/20434/overview
i o will be held from Nov. 6-10, 2025,
The 2026 HKUST IAS fundamental physics conference: == Guanszhou. China FCPPNL, Qingdao, China, July 21-25, 2025
Jan. 12-16, 2026, Hong Kong b L Sy .g ’ https://indico.ihep.ac.cn/event/25400/
’ ’ https://indico.ihep.ac.cn/event/25300/ : ——

The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia 47


https://indico.cern.ch/event/1215937/
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https://indico.ihep.ac.cn/event/25300/
https://indico.in2p3.fr/event/20434/overview
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https://indico.ihep.ac.cn/event/25400/

CEPC in ESPPU 2026

Physics Preparatory Group

Karl Jakobs (chair) Xinchou Lou (IHEP)

Gianluigi Arduini Fabio Maltoni
Thomas Bergauer Jocelyn Monroe
Tommaso Boccali Hugh Montgomery
Anadi Canepa Rogerio Rosenfeld
Cristinel Diaconu Mike Seidel

Pilar Hernandez Yuji Yamazaki

Gino Isidori

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

23-27 . '
J U N E European Su-i.c:))f _.
2025 ‘—, w.
-, - —m—] "
"

OPEN SYMPOSIUM

European Strategy
for Particle Physics .

5 :
- (cian iy ¥
Lido di Venezia WX (.'7‘—;‘

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 realization 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
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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 |




IHEP Accelerator Activities in General “

Budget: 0.24 Billion CNY
On time, on budget

Construction years: 2004-2008
Budget: 0.64 Billion CNY
On time, on budget

Construction years: 2011-2018
Budget: 1.87 Billion CNY
On time, on budget

Construction years: 2019-2025
Budget: 4.8 Billion CNY
Completed in 2024, on schedule, on budget

Construction years: 2011-2016
Budget: 0.40 Billion CNY
On time, on budget

[HEP has constructed large-scale
accelerator facilities since 1980’s,
including circular collider, proton
superconducting linac, spallation
neutron source, and a synchrotron
radiation source. All these high-
budget accelerators have been built on

-schedule and on budget



Highlights of HEPS Storage Ring Commissioning
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120 turn signal EEE—m———"
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l m(ﬂw i I'\l : lifetime ~ 2 min
1 YA |

Commissmnmg C|rculat|on beam current First light Emittance better monoEer;matic
Commenced >10 turns reaches 12mA @ ID21 than 100pm light @ ID33
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 2025.04.1

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 an emittance of < 100pm and a beam current of 40mA, and served beamline tunings
* Now in a shutdown to install 166 MHz SRF cavities, with the aim of reaching >100mA beam current later this year



CEPC Host Lab and its Large Science Facilities - e HERD (2027) on

—> Chinese Space
N’n\ & Station
HXMT _ﬁ

Insrght Hard X- ray Modulation Telescope

& GECAM
B Gravitational wave EM Counterpart All-sky Monitor
\ Va2 3

¥ Huairou Campus

Qi e C 3 e TGP HEPS High Energy Photon Source
YBJ (retlred) ) '

International Cosmic Ray Observatory BEPC Beijing Electron-Positron Collider

e » IHEP Plasma Accelerator Test Facility

QEMC‘$MPF\ TN 7 . _ ’§

Jinan Campus
AI|CPT o

Ali CMB Polarization Telescope
e,

HUNT, underwater
in south China Sea

LHAASO e == Daya Bay (retired)
Large ngh AItltude Air Shower Observatory At M ¥, Daya Bay reactor Neutrino Experiment

JUNO ’

Jrangmen Underground Neutrino Observatory |

¥ w9 ‘
Dongguan Campus
CSNS China Spallation Neutron Source
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Roadmap of IHEP 53

Particle
Physics

AlICPT-2
| CSNSII and Future Upgrade

Future light sources, SAPS, FEL, etc.
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CEPC/SppC inputs to EPPSU2026
have been submitted, and
CEPC/SppC delegation will
participate to the “Open
Symposium on the European
Strategy for Particle Physics”,
June 23-27, Venice, ltaly

CEPC Proposal Preparation (2025) and Beyond .

Concerning CEPC entering construction
preparation phase 2026-2027, CEPC civil
engineering design based on EDR site and
geological conditions will be put to high
priority with components’ industrial

mass production and installation
preparations

CEPC accelerator overall survey,
components’ naming system, electronic
management system (DeepC), BIM design,

and Al applications in all CEPC systems, etc.

have been started...

The CEPC Proposal (in Chinese)
will be submit to China’s

“15t five-year-plan” process

in 2025, and a draft has been
completed in June 2025, about
1000 pages

Enhanced international/national
collaborations and preparation for
establishment of the construction team,
long term personnel training,

CEPC headquarter at EDR site will be
put forward in close collaboration

with local government

Recruitments information:
https://www.physicsworldjobs.com/job/2203

6/recruitment-of-overseas-high-level-talent/



https://www.physicsworldjobs.com/job/22036/recruitment-of-overseas-high-level-talent/
https://www.physicsworldjobs.com/job/22036/recruitment-of-overseas-high-level-talent/

Summary

- BEPCII@1.89GeV has reached luminosity of 1*1033cm™%s~1 during routine operation. BEPCII-U@2.35GeV
will reach luminosity of 1.1*1033cm™2?s~1. BEPCII-U is under commissioning from March 2025.

 CEPC accelerator TDR international review and cost review were held from June 12-16, 2023 and Sept. 11-15,
2023, respectively, and endorsed by IAC meeting held from Oct. 30-31, 2023. CEPC Accelerator TDR has be
released formally on December 25, 2023 (arXiv: 2312.14363) and published in Journal Radiation
Detection Technology and Methods (RDTM) on June 3, 2024: DOI: 10.1007/s41605-024-00463-y
https://doi.org/10.1007/s41605-024-00463-y .

« CEPC accelerator EDR including EDR site geological investigation and civil engineering design have
progressed well with corresponding EDR funds and EDR human resources available

« CEPC detector reference design report has been reviewed by IDRC in April 2025.
 EDR site selection and geological feasibility studies have been started and completed in 2025.

» Detailed preparation of CEPC EDR phase (2024-2027) before construction working plan and beyond have been
established and executed with the aim for CEPC proposal to be presented to and selected by Chinese
government around 2025 for the construction start during the "15th five year plan (2026-2030)” (for example,
around 2027) and completion around 2035.

* International collaboration and participation are warmly welcome.

The Status of CEPC Project-Jie Gao The QFTHEP-270 Workshop-School, June 30-July 5, 2025, Moscow, Ruassia SR
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