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* A Brief Recall of Physics and Particle Physics Histories in China .

The first ChinesePh.D degree onphysicsis
Dr. Fuji Li, from University of Bonn, Germany, in 1907

1. Early Stage of Particle Physics in China

O Chinese physicists imported particle physics into China (1940s)

O Particle physics under the umbrella of nuclear physics (atomic bomb)
O Chinese scientists in Dubna (1956-1965)

O Mao Zedong--philosophical issue in particle physics (Straton model)
O Zhou Enlai--diplomacy/political tool
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The Rise and Internationalization of

I. Early Stage of Particle Physics in China

O How to develop China’s own particle physics

A-bomb success; withdrew from JINR; career transition; accelerator design discussions

O China-US relationship thawed: CY Yang, TD Lee, CS Wu and Samuel Ting came back to China

cultural revolution, bridge maker of the international cooperation

O Fulfill MAO Zedong and Zhou Enlai’s last wish—Deng Xiaoping era

l e
v Deng&
A > o

| 1972 L 22 1974 = 1976 | 1978
1971 1973 [ 1975 i 1977 |

v

o > & »
Zhou & Yang Zhou & Wu, Yuan , Mao, Zhou &Yang D‘ing
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H. Kissinger visited China (July 1971)
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Particle Physics in China

Liu Jinyan

CEPC/SppCis a continuation of the history of particle physics in China as international projects

Institute for the History of Natural Sciences, CAS
13 Nov. 2025 Geneva

\

4th International Symposium on the History of Particle Physi

The IRL FCPPL (Frai@ieina Particle Physics Laboratory) is finally
bornon June 12, 2026, signed at Paris, Framtgps://fcppn.in2p3.fr/news/
A new milestone of Chinese particle physics international collaborations

e ) M. D a MinghanYe ard ChinaFrance collaborationinhiggener gy Ph
Nov. 1613, 2025, CERMtps://indico.cern.ch/event/1480892/timetable/] | 5 mod. Phys. A 40 (2025) 25450%§Es:lldoi.org/10.1142/80217751X2545005l
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The Classification of Electron Positron Circular Colliders *
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Eq. 1 and Eq. 2 could be found in following reference: = Super KEK B luminosity
J. Gao, AThe CEPC Project Statusofs Nov.. 2025, larXiv:2505.
https://doi.org/10.48550/arXiv.2505.04663 5
= +¢ Super_ <_E_K B_ luminosity with on Super KEK InternationJI
I Classical circular coIIider(=| "_=x FF| - m Az OO ) g on axis injection scheme gggﬁ%ﬁﬁg (I\)/IneSt(iE:;n
.%’ https://kds.kek.jp/event/5
8446/
Ada, VER |, VEPRII, ACO ADONE, SPEARPETRA CESR _SOE Super KEK B luminosity 1
BEPC BEPCII, LEPII, KEKB, PERI, VEPR 4, DAFNE(CW) = experimentally obtained values
II: Advanced circular collider ~ 3 _ Py _ g " °F e ined
SuperKEKB CEPCFCCee LEP3, BEPGIUP (CW), STCF, 3 . 5 10
SCTF... | For Super KEK B=1.6mm~*2 (off axis injection1 Pynm)
)

| For Super KEK B%=0.56mm”2 (on axis injectio

Figure 1: Super KEK B luminosities from the experiments
I SuperKEKB24-Hour Operation Summary (Iivehlitos://wwwlinac.kek.iD/skekb/snaoshot/dailvsnap.htnII and the analytical formulae Eg. 1 and Eq. 2
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CEPC Higgs Factory and SppC Layout in TDR/EDR

CEPC as a Higgs Factoty, \W, £ upgradable tatbar, tollowed by a SppC (a Hadron collider) ~125TeV
her beam (upgradable to 50MW) , high

CEPC design ha E
two detectors HI(Etm-bar:
@H,W,Z and
ttbar

CEPC EDR cost of

38B RMB (~5B USD)
@SR 30MW, H,W,Z ] ) .
This cost EDR contains | CEPC collider ring (100km) CEPC booster ring (100km)
CEPC TDR Ské&nd 30GeV linac injector

only one detector
PSPAS: Positron source & pre-accelerating section

ESBS: Electron source & bunching system
FAS: First accelerating section SAS: Second accelerating section
TAS: Third accelerating section

EBTL: Electron bypass transport line
EBTL DR: Damping ring
TAS

ESBS EAS ﬁPAS SAS

Tt

50MeV 1.1GeV

200MeV 1.1GeV 1.1GeV
335.5m

80.9m j11.1m
I

102.4m
1601.3m

1800.0m

| Z W,Higgs and ttbar gnergie*

J. Gao, D. Wang and Y.F. Wang*Vision for highenergyfrontier particle colliders in Chin#&nnual Review of Nuclear and Particle Science,
Volume 75, 2025  https://doi.org/10.1146/annurewick1214231011201 7th FCPPN/L Workshop, June-28ly 3, 2026, Lyon, France



https://doi.org/10.1146/annurev-nucl-121423-101120
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https://doi.org/10.1146/annurev-nucl-121423-101120
https://doi.org/10.1146/annurev-nucl-121423-101120
https://doi.org/10.1146/annurev-nucl-121423-101120
https://doi.org/10.1146/annurev-nucl-121423-101120
https://doi.org/10.1146/annurev-nucl-121423-101120

CEPC Accelerator System Parameters in TDR/EDR

Linac Booster Collider
Hi z w
Parameter | Symbol Unit Baseline Oﬁtt . = .HO - f\fN Z 99° “«
Offaxis | Off axis | On axis| - Off axis Off axis injection Number of IPs 2
injection | injection Jinjection| injection
Energy E./E,, GeV 30 Circumfer km 99.955 Circumference (km) 99.955
Lnrﬁfg;n GeV 30 SR power per beam (MW) 30
Repetition
fo Hz 100 - _ E v 120 45.5 80 180
rate p Extraction cev | 180 120 20 455 nergy (GeV)
Bunch energy Bunch number 268 11934 1297 35
Bunch numbe 35 268 |261+7] 1297 | 3978 5967 -
number per lor2 Maximum Emittance g/g, (nm/pm) 0.64/1.3| 0.27/1.4 | 0.87/1.7 | 1.4/4.7
pulse nC [ 0.99 0.7 | 203| 073 0.8 0.81 )
bunch charge Beam size at IPs, /s, (um/nm) 14/36 6/35 13/42 39/113
Bunch nC 15(3) Beam current| mA 0.11 0.94 | 0.98| 2.85 9.5 14.4
charge ' SR power MW [ 0.93 094 | 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 O 1.5 103 RF frequency | GHz 13 Beambeam parametersx, /.x, 0.015/0.110.004/0.1210.012/0.11] 0.071/0.1
RF voltage GV 9.7 2.17 0.87 0.46 RF frequency (MHz) 650
Emittance g nm 6.5 Fullinjection | 01 | 014 [016]| 027 | 18 0.8 Luminosity per IP (10%cmi2s?) | 5.0 115 16 0.5
from empty
) . ) Luminaosity per IP (1034 cm'2s'1) 5 115 12 0.59
Running scenarios: Higgs 10 years, Z 2 years, W 1 year, ttbar 5 )Iears From J. Gaods for %| a below
Factory of p 2 =| \/Q—
4 Million Higgs p O y = ,
4 Trillion Z bsons max[ff0 v ] 8 | — Ijr e MW}/ ) 7 m® o 1+#0.000508 B 6 W® DI 2
. 200 Million W-W- pairs < ! ) ) . L
Transport lines 600K ¢ pairs ) for isomagnetic machine witkerab-waist collision
g Y : : .
CEPC Technical Design Report (TDR) includes:
5 Collider 5 1) CEPC Accelerator TDR released on Dec. 25, 2023
30~0108S(§%re 180GeV F—— qum 2) CEPC Detector ref -TDR (reference design)
DR1.1GeV — > —{ has been. completed and reviewed by ID_RC and
> released in 2025 . Submitted to RDTM in 2026
CEPC Accelerator ED Tgtsard =

Collaborations]. Gao 17th FCPPN/L Workshop, June-d8ly 3, 2026, Lyon, France



CEPC Milestones and Timeline

Year 2012 2013 2015 2017 2018 2023 202@0252030 YHnonQa Q2

38B RMB
Total constructio

CE
Trchical Design Regort

CEPCAPPC
e

CEPC EDR ste
study and civil >
engineering design g

ICEPC kickoff meeting in Sept. 201I!

o7

2012.9 2013.9 2015.3 2017.4 2018.11 2028424 n q HAHT

CEPC proposed B8R  Progress report CDR TDR EDR
FCCeedecision in 2028 and construction ~2033

CEPC detector reference design
released in Oct. 2025

The European Strategy for Particle Physics: 2026 Update
— Recommendations by the European Strategy Gro(@@ERN
CEPC Accelerator EDR Highlights and ESU2025-002, Dec.2025)

J. Gao, AThe CEPC Project Shtipasd//doscdg/10.48560/arXiv2B03.34668 ar Xi Vv :

17th FCPPN/L Workshop, June-28ly 3, 2026, Lyon, Franc

Collaborations]. Gao https://cds.cern.ch/record/2950671



https://doi.org/10.48550/arXiv.2505.04663
https://cds.cern.ch/record/2950671
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IHEP HEPS!"{4jeneration light source at IHEP) 6 GeV,r86@ad, has been completed in Oct. 2025

CEPC Accelerator TDR was published in Radiation Detection Technology and Methods (RDTM) on June
DOI: 10.1007/s4160924-00463y https://doi.org/10.1007/s416@824-00463y

r,2024:

v Specification Met
v Prototype Manufactured

Accelerator Fraction

v Magnets 27.3%
v Vacuum 18.3%
N RF power source 9.1%
v Mechanics 7.6%
v Magnet power supplies 7.0%
v SC RF 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%
v SC magnets 0.4%
v Damping ring 0.2%


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 EDR Milestones and Check Points

Year: 2024 2025 2026 i 2027 2028 I 2030

Start EDR site geological studies by civil engineering company; EDR items started to be executed in an industria

way, such as magnet and vacuum NEG coating automatic lines, 650MHz full size cryomoduleb&nhd 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 designComplete following key EDR items: magnet and vacuum
NEG coating automatic lines, 650MHz full size cryomodule, ®and 80 MW klystron, CEPC
60m mockup tunnel, etc. ; Continue Gband 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; Completl
EDR report with following key EDR items completed: magnet and

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

* Application for

16" five year
CEPC Accelerator EDR Highlights and plan
Collaborations]. Gao 17th FCPPN/L Workshop, June-d8ly 3, 2026, Lyon, France




CEPC Booster Magnet Automatic Production Line in EDR 0

e T S ¢ ————— —— . ———— "

~ - .
O ey Y

Sl T

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

Status under construction, to be completed by June 2026



CEPC Booster Production Line and Combined Dipole+Sextupole Booster Magnet

B G5 HLGE B EE

The CEPC booster dipole
automatic production line
will be completed bylune 2026

The fabrication of the booster
Dipole+sextupolenagnet has been
completed and are under field anc
alignment measurement
verfications




CEPC NEG Coated Vacuum Chamber (200km)
Automatic Production Line in EDR 12

L D T

CEPC vacuum chamber shape

oy

A The main components of vacuum oven for NEG coating have been manufactured and under are now being assemble
Status under construction, to be completed by June 2026 12



: l“\.v>
N ey Y,,.;n N, l =
v i I\
2 WRN_A m&.ao& e ]
—Ewd nsu e 2>/

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 2027

CEPC Accelerator EDR Highlights and

Collaborations]. Gao 17th FCPPN/L Workshop, June-28ly 3, 2026, Lyon, France 13



CEPC High Efficiency and High Power Klystrons

i" o BB (2021)
ek B Sy

T —

Klystron No. 1
Efficiency 65%
(2020)

Pulsed RF Mode (30% duty factor, 60ms/5Hz
High Voltage vs. Power&Efficency 50

Klystron No. 2
Efficiency 77%

X
78.5%@803kW CW in 2024

[ —=— CW test results

Pulsed test results g
CST-3D T 2

900 08

800 PR e~ OGR4 i

700 ’ - I — 98 70

600 g':’ E o

500 i =

400 02 ©°

300 0.1

200 0o s
60 70 80-0— PowegbW) —o— R16.(%) 110 120

L ' ' ' 1 '
80 85 20 95 100 105 110 115 10

High Voltage (kV)

Klystron No. 3 (MB}
Efficiency 80.5%

To be completed in 2026

CEPC Accelerator EDR Highlights and

Collaborations]. Gao

CEPC 650Mhz Energy Recovery Klystr

RF QUT
n ./ /7  Typical klystron

(e i el
E ' — Energy recovery klystron
: == —— rm - - s-s-o

)
} Energy Recovery '

KiyPS: ™ 00 Eeeediasos
Parameter Value
Operating frequency 650 MHz
Beam Voltage 113 kV
Efficiency 77.5%
Output power 800 kw
Beam perveance 0.25PS
Beam current 9.5A
Efficiency
(one -stage depressed 85%
collector)

CEPC 650Mhz Energy Recovery
Klystron to be tested in Septin 2026

DI

Linac C band 5720MHz 80MW
Klystron design completed
to be completedin 2026

14



A Full Freqguency Spectrum Klystron Development 15

: : . S bandPPM Klystron L-Ban long pulsed klystron CEPC 650MIHZ MB Tristron
EPC Lin nd high efficiency klystron ~ -
CEPC Linac S band high efficiency Klystron . 500y, eonw/s396 1.3GHZ/10MW/1.5ms/10Hz  R&D, to be completed in 2028
2860MHz/80MW/100Hz/4us/55% Fabrication starts in 2026 t0 be completed by the end of 2026 ’
to be tested in 2026 P y The maturation of pyrolytic
: PPM Klystron i
H y Freq.(GHz) 13 technology, the refinement of
+ T= | Beam Voltage 350KV Y " gate cooling methods and
o V.(kV) advances in brazing technique:
Beam Current 272A Current(A) 2106 have made it possible to produ
o) Rl \evement ', (N Frequency 2856MHz Beam No. 6 higheﬁiciency, highpower
- g gh Tube Radius 13.8mm Rep. Rate(Hz) 10 Tristrons
Beam Radius 9mm Pulse Widthins)
Output Power 50MW Power(MW)
Efficiency 53% Eff.

First edition:
Processing of pyrolytid
graphite gates, and thg
details of laser cutting
for mesh panels (Key
technology of
Tristrong. The first
Tristronto be
completed in 2028

EEETIETOR O EE m e ns'::s.]‘

Beam dynamic

it

JE—T

Klystron structure



CEPC P-Band Resonant Ring (Rf window testing)

Table 1Design valuef P-band TWRR

Waveguide WR1500 | ?
s
Length ofthe ring/m 9.28 (] my. [ —
Coupling coeficeentB ¢10.2 >< ;‘\" )

Attunation/dB -0.10 PN B g
Power Gairtheoretical value/dB 14.14 p——

Power G al n (COId test)/d B 14 . 10 | " H Bent ‘l ’\_\i‘_‘wcs nder Test —’_’s_’,« =' H Bent ‘g

P-band TWRR Power Ring (Cold Test)

P-band TWRR Power vs Time(1.2MW CW)

(650.00, 14.10)

wer (kW)

Power Gain (dB)
=
Por

640.0 642.5 645.0 647.5 650.0 652.5 655.0 657.5 660.0 .
Frequency (MHz) 1me

CEPC Accelerator EDR Highlights and 16
Collaborations]. Gao 17th FCPPN/L Workshop, June-d8ly 3, 2026, Lyon, France



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

Two types of structures have been studied, type | and type I

Type | has reached 128.5MV/m, Q0=31387 with input power

of 32.45MW on Nov. 24, 2025 ( Iris diameter 5.25mm).

Type Il will reach 144MV/m with 80MW input

¢ Iris diameter 10.49mm(

7
Parameters alue |

Fre (MHz)@77K

Mode

Cavity numbers

Shunt impedance per
meter(MQ/m)@77K

Primary Y Axis (1)

2.2641E4

1.5E4

1E4

w
m
w

-1.5582E3

5712
Pi
20

2.51s-

Primary X Axis (0)

T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900 i {

[——CBAND_LRF:LLRFO2:sample_wf4

[——CBAND_LRF:LLRFO2:sample_wf5

rture diameter 5mm, Length 0.5m

Type Il Aperture diameter 10mm, Length 1m

under measurement

and power test in Nov. 2026

This cool coper Gband type-ll structure has the

potential to be applied to CEPC injector
when necessary (also for FEL)

mn X Crucial Parameters | Symbol | Values Units
r@]@ QREY @R D s %% Temperature T 77 K
el | ‘, Resonant Frequency| fo 5712 GHz
man ] = o Working Mode - z -
o + E No. of Cavities n 40 -
el Total Length L 1.17 m
I Gradient @ 64MW G 128.6 MV/m
. MV/m/
o ] Gradient vs Power
}m ratio @eamw | 6/VPm 16.1 VMW
T il e e Ees ees ies G Poeriu 22 | 10487 | om
Diameter 2b 39.24 mm
iﬁﬁﬁi!m Nose Distance d 18.7 mm
] Cell Length p 26.24 mm
" |Copper Conductivity] o77x 4547 x 107] S/m
Q factor(with
Coupler) Qo =1536
Shunt Impedance R 259 MQ/m
E{/Eﬂ Es/EO 196 -
Frequency Sensitivity]  fo 300 kHz/pm
Coupling Strength B 1.007 -
Modified Poynting 2
Vector @ 128MV/m| _5° 45 | Wikm
Pulse Heating
@128MV/m AT 486 K
Hle.pie'r /Hr.‘nufl.y 1.15




Design parameters of SC quadrupoles with CC

coll

18

Design parameters of Qla, Q1lb, Q2 magnet with irefree CCT coil @ Higgs

5

Field gradient (T/m) 142.3
Magnetic length (m) 1.21
Excitation current (A 737 53 ?D(i-:éac(tjc\ll?nn deilll1)g)
Conductor diameter (HTS or LTS, mm) 0.7
Current densityA/mm?) 2030/ 1900
Maximum dipole field in aperture3s) 226
Stored energy (KJ) 16.7
Peak field in cail (T) 4.3
Integrated field harmonics
(Single aperture) Coil inner radius (mm) 20
(Single aperturefoil outerradius(mm) 30.5
Magnet mechanical length (m) 1.23
Net weight (kg) 25

Total weight of QlaQ1b, Q2(kg)
For comparison, oldet weight with iron option
(kg)

Qla: 93, Q1b:124, Q2: 235
Total weight of Qla, Q1b, Q2: 452

Q1a Direct winding CCT caoll
Preliminary design
Round 0.7mm conductor, canted angle: 24 deg

3D calculation in OPERAD
Radius of single aperture <31mm

8 layers CCT quadrupole coil. The inner radius of the coil is 20mm
Excitation current: 730A @4.2K (2K is also under study)

85.4
1.21

640

0.8
1270
124
15.2
3.8
<2, 104

26
Sl
1.23
32
100

96.7
15

760

0.8
1510
127
36.1
4.2

31
44
1.53
43

Direct winding CCT coil is preferred for CEPC

Q1b Q2 Direct winding CCT caoll
Round 0.8mm conductor, canted angle: 24 deg
8 layers CCT quadrupole coll

IHEP fabricated
CEPC CCT call
prototype with
direct winding,
inner diameter
40mm, 600mm
long,to be
vertical tested
by June 2026

After correction, local dipole field decreases to less than 150Gs (Higgs

Calculated integrated field harmonics are smaller thad@*




