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distribution:
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     9 times
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E.O. Lawrence (1932)

S. Van der Meer (1984)

G. Charpak( 1992)

Higgs Boson was 

discovered on 

July 4, 2012

at LHC of CERN

Particle accelerators

played a key role in

particle discoveries 
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measurements 

Continious Efforts in Particle Physics 

Research of Human Being



The CEPC-SppC Kick-off Meeting in Beijing
l The Chinese CEPC+ppPC Study Group kick-off meeting took place Sept. 13-14,2013 in Beijing
l Participation by over 120 physicists from 19 domestic institutes
l Domestic accelerator, theoretical and experimental physicists were organized
l International collaboration is open

March 20, 2014

CEPC-SppC was proposed
by Chinese scientists in Sept.
2012 after Higgs Boson was 
discovered on July 4， 2012
at CERNCEPC was firstly

reported in the

ICFA beam Dynamics

Workshop, 

Accelerators for a Higgs

Factory: Linear vs Circular

Nov. 14-16, 2012, 

Fermi National Lab. USA

Organizingg Committee:

A。 Blondel, A. Chao, W. Chou,

J. Gao, D. Schulte, K. Yokoya



Physics Goals of CEPC-SppC
• Electron-positron collider (91, 160，240, 360 GeV)

– Higgs Factory（>106 Higgs）: 
• Precision study of Higgs(mH, JPC, couplings)，Similar & 

complementary to ILC
• Looking for hints of new physics, DM...

– Z & W factory（>1010 Z0）: 
• precision test of SM
• Rare decays ?

– Flavor factory: b, c, t and QCD studies
• Proton-proton collider(~100 TeV)

– Directly search for new physics beyond SM
– Precision test of SM

• e.g., h3 & h4 couplings

Precision measurement + searches: 
Complementary with each other !



CEPC Physics Potentials

Cross sections for Major SM 
physics processes at the electron 

positron collider (without beam 
polarization)

Simulated Higgs signal with different decay final states at 
250 GeV center of mass electron positron collisions, 

using PFA oriented detector design

Anticipated accuracy on Higgs 
properties at CEPC and at LHC/HL-

LHC
Anticipated electro-weak precision of the  

CEPC and comparison to current  accuracy



Proposals of Future HEP Large Facilities in the World
CEPC-SppC: FCC(ee,hh): LCC(ILC,CLIC)

1） Linear colliders：ILC-CLIC
        from Higgs energy upto 3TeV

2） Circular Colliders：

l CEPC-SppC kick-off meeting in Sept. 
2013

l CERN FCC（ee,hh) kick-off meeting 
in Feb., 2014

           
e+ e- LTB

CEPC (100km)
Boostr(100km)

SppC (100Km)

ILC250 

CEPC-SppC 

CLIC 

Maybe later to come...

Muon collider

waiting for

Snowmass,  P5

in 2022



Marica Biagini and J. Gao

B-factories: KEKB & PEP-II:
double-ring lepton colliders, 
high beam currents,
top-up injection

  

DAFNE: crab waist, double ring

Super B-factories, S-KEKB: low by* 

LEP:  high energy, SR effects

VEPP-4M, LEP: precision E 
calibration 

KEKB: e+ source 

HERA, LEP, RHIC: spin gymnastics 
combining successful ingredients of several recent colliders → highest luminosities & energies

L/IP

Future circular lepton factories based on proven concepts and 
techniques from past colliders and light sources

     ACO,VEPP

     Ada

J.L.Xie

B. Touschek， P. Marin and 
J. Haissinski

P. Marin
J. Le Duff

DCI



10

1rst Proposal (1943)

J. Haissinski, “A historical account of the first 
electron positron circular collider-Ada”

IHEP Seminar, Oct. 9, 2018 invited by Prof. Jie Gao

Historical Review of Storage Ring Collider
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Historical Review-AdA (1962-1964)P.  Marin
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Historical Review-ACO (1962-1975)

The first beam-beam tune shift limitation found
in the world

The first diople magnet detector and antisolenoid

The first using sextupoles to correct 
chromaticity

The first observation experimentally electron and
positron polarisation

The first observation of bunch lengthening

....

 

ACO as a museum in LAL, Orsay

P.  Marin The book of P. 
Marin was 
published 
with the help 
of ACO 
Association 
after P. Marin 
passed away 
in 2003

J. Le Duff



Historical Review-DCI (1971-1985)

The first two ring electron 
positron collider in the world

The first experiments on four beam 
collision
to compensate beam-beam effects

The first individual sextupoles to 
correct chromaticity

There are many two ring 
e+e- cirecular colliders 
afterwards: PEP-II, KEK B,
BEPC-II, DAFNE, Super KEK B

.... 
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From BEPC,BEPCII to CEPC 
BEPC, the first collider in China, was completed in 1988 with luminosity  11031cm-2s-1 @1.89GeV

BEPC II was completed in 2009 
Luminosity reached on April 5, 2016:  101032cm-2s-1 @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!

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

Prof. J. L. Xie



Evolution of the Energy Frontier (hadron)

2020 2030 2040 2050 2060

FCChh，SppC 



Past, planned but abandoned, operating & 
future hadron colliders

ISR (p-p) 1970-1983   0.03/0.03 TeV
SPS (p-pbar) 1981-1990   0.3/0.3 TeV
[CHEEP (e± -p) †1978 (?)   0.03/0.3 TeV] 
[PEP (e± -p) †1981 (?)   0.015/0.3 TeV] 
[TRISTAN (e± -p) †1983 (?)  0.03/0.3 TeV]
ISABELLE/CBA (p-p) †1983  0.4/0.4 TeV
Tevatron (p-pbar) 1987-2011   1/1 TeV?
HERA (e± ↑ -p) 1991-2007   0.03/1 TeV?
UNK (p-p) †1992 (?)   3/3 TeV                           
SSC (p-p) †1993  20/20 TeV
RHIC (p↑-p↑ & A-A) 2000-2024?  0.3/0.3 TeV
LHC (p-p & A-A) 2009-2035?  3.5/3.5 & 7/7 TeV
SppC (pp, AA, ep) ~2055?- 100TeV
FCC(hh) (pp, AA, ep) ~2055?-100TeV

Frank Zimmermann

updated by J. Gao



Luminosity from Colliding Beams in Storage Ring
• For equally intense Gaussian beams

• Expressing luminosity in terms of our usual beam parameters

RNfL
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Geometrical factor: 
    - crossing angle
    - hourglass effect

Particles in a bunch

Transverse beam 
size (RMS)

Collision frequency
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where 

Analyical expression for the maximum value of             is the keystone of a 
circular collider both for lepton and hadron one          

max,y

In ACO it is found
that      has a maximum
value

For exampe, for DCI
at 800MeV 

y

024.0y 
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For lepton collider:

For hadron collider: 

J. Gao, “Review of some important beam physics issues

in electron positron collider designs”,

Modern Physics Letters A, Vol. 30, No. 11 (2015) 

1530006 (20 pages)

J. Gao, et al, "Analytical estimation of maximum 

beam-beam tune shifts for electron-positron and hadron

 circular colliders", Proceedings of ICFA Workshop on 

High Luminosity Circular e+e- Colliders – Higgs Factory, 2014

IPRN
er


 61

2845
maxy, 

re is electron radius
γ is normalized energy
R is the dipole bending radius
NIP is number of interaction points

rp is proton radius

max,
2

maxx, y
  J. Gao, Nuclear Instruments and Methods in Physics 

Research A 533 (2004) 270–274

J. Gao, Nuclear Instruments and Methods in Physics 
Research A 463 (2001) 50–61

where

IPy N 0T
2

2845
maxy, π



Maximum Beam-beam  Tune Shift Analytical Expressions
 for Lepton and Hadron Circular Colliders

Keystones

For example: BEPCII@
1.89GeV 04.0maxy, 

For example: SppC@100km, 
75TeV 0056.0maxy ，



Constraints for CEPC Parameter Choice
ØLimit of Beam-beam tune shift

ØBeam lifetime due to beamstrahlung

ØBeamstrahlung energy spread 

ØBeam currect limited by either radiation power or by HOM power per cavity

ØTunnel length and beam synchrotron radiation power
                        L~100km, Prad.=30 (50)MW 

0

0

2845 *
2 2y l

IP

U F
E N


 

  Fl: y enhancement by crab waist

*1) J. Gao, emittance growth and beam lifetime limitations due to beam-beam effects in e+e- storage rings, Nucl. Instr. and methods A533（2004）p. 270-274.
* 2) J. Gao, Review of some important beam physics issues in electron positron collider designs, Modern Physics Letters A, Vol. 30, No. 11 (2015) 1530006 (20 pages)   
  3) D. Wang, J. Gao, et al,  Optimization parameter design of a circular e+e- Higgs factory, Chinese Physcis C，Vol. 40, No. 1 (2016) 017001-017007
  4) D. Wang. J. Gao, eta al, Optimization parameter design of a circular e+e- collider with crab-waist, to be submitted to Chinese Physcis C

BS life time: 30 min 20.1
3
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A=0/BS (A3)

1) V. Telnov, arXiv:1203.6563v, 29 March 2012
2) V. Telnov, HF2012, November 15, 2012

J. Gao*

KWIeN bezHOM 5~22*)(kP   Or higher value depending on technology



Basic theory of dynamic aperture in circular accelerator

J. Gao, “Analytical estimation of the dynamic apertures of
circular accelerators”, Nuclear Instruments and Methods in Physics Research A 451 (2000) 545-557.

A nonlinear multipole  

For one multipole 

For more independent multipoles 

DA relation between X and Y 

Standard Mapping
Chirikov Criterion

Hénon and Heiles 
problem

Circular machine

m≥3

Many multipoles

Dynamic 
aperture 
in circular
accelerators
is one of  the 
key limitation
to the machine
performance

Analytical 
expression 
of dynamic 
apertures

Linear Hamiltonion
+nonlinear perriodic
kicks



CEPC accelerator CDR
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CEPC Design –Higgs Parameters

Parameter Design Goal
Particles e+, e-
Center of mass energy 2*120 GeV
Luminosity (peak) >2*10^34/cm^2s
No. of IPs 2

CEPC Design – Z-pole Parameters
Parameter Design Goal

Particles e+, e-

Center of mass energy 2*45.5 GeV

Integrated luminosity (peak) >10^34/cm^2s

No. of IPs 2

Polarization Z-pole polarization under 
design

*Be noted that here the luminosities are the lowest reuiqrement to accomodate different collider schemes



CEPC CDR Accelerator Chain and Systems

Three rings in the sane channel：
Ø CEPC & booster
Ø SppC

Energy Ramp 
10 ->45/120GeV

1) Injector 2) Booster

3) Main Ring

Electron

Positron

10 GeV

45/120 GeV

Booster Cycle (0.1 Hz)

C=100km

The key systems of 
CEPC:
1) Linac Injector
2) Booster
3) Collider ring
4) MDI
5) Civil Eng.

4) Detector Machine
Interface (MDI)

 C=100kmL=1.2km

5) Civil Eng.



CEPC Four Options Evoluting towards CDR

Since Nov 2016

Since May 2015Since Oct 2012

Since May 2016 

CEPC Baseline 
Design
Better performance 
for Higgs and Z 
compared with 
alternative scheme, 
without bottle neck 
problems,  but with 
higher cost
30MW synchrotron
radiation 
power/beam

CEPC Alternative Design

Lower cost and reaching 
the 
fundamental 
requirement for 
Higgs and Z luminosities, 
under the condition that 
sawtooth and beam 
loading effects be 
solved 

CEPC Pre-CDR Scheme (head -on collision) 

Ø CEPC 100km circumference was decided by CEPC SC based on the recommendation from IAC in Nov. 2016
Ø CEPC baseline and alternative options have been decided on Jan. 14, 2017

Crab-waist  collision
in CEPC CDR



Partial Double Ring (PDR) was proposed 
independently at IHEP and CERN：
1）J. Gao, IHEP-AC-LC-Note 2013-012
2）M. Moratzinos and F. Zimmermann，2015
(IPAC 2015 M. Moratzinos and F. Zimmermann)

Partial Double Ring is the unique nature of CEPC and FCCee as
a Higgs Factory



 

1032 1033 1034 1035
L cm 2s 1

2.0

1.5

Machine

LEPII

CEPC 
Single

CEPC
PDR

CEPC
APDR

CEPC
FPDR

LEP

Collider Schemes vs Luminosity Potentials 

- -

CDR BaselineCDR Alternative

Luminosity H              10^32           <~2*10^34    >2~5*10^34 (cm^-2s^-1)

Luminosity Z  10^32                                          <~1*10^34    >10*10^34 (cm^-2s^-1)
 

Key limitations:
Sawtooth effects
Beam loading
Dynamic apertures

CDR luminosity
bottom line



CEPC CDR Baseline Layout

CEPC collider ring (100km) CEPC booster ring (100km)

CEPC Linac injector (1.2km, 10GeV)

H

W and Z

CEPC as a Higgs Factory： H, W, Z, followed by a SppC ~100TeV



CEPC CDR  Parameters
 Higgs W Z（3T） Z（2T）
Number of IPs 2
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/turn (GeV) 1.73 0.34 0.036
Crossing angle at IP (mrad) 16.5×2
Piwinski angle 2.58 7.0 23.8
Number of particles/bunch Ne (1010) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68s) 1524 (0.21s) 12000 (25ns+10%gap)
Beam current (mA) 17.4 87.9 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compact (10-5) 1.11
b function at IP bx* / by* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance ex/ey (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016
Beam size at IP x /y (m) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters x/y 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072
RF voltage VRF (GV) 2.17 0.47 0.10
RF frequency f RF (MHz)  (harmonic) 650 (216816)
Natural bunch length z (mm) 2.72 2.98 2.42
Bunch length z (mm) 3.26 5.9 8.5
Natural energy spread (%) 0.1 0.066 0.038
Energy acceptance requirement (%) 1.35 0.4 0.23
Energy acceptance by RF (%) 2.06 1.47 1.7
Photon number due to beamstrahlung 0.1 0.05 0.023

Lifetime _simulation (min) 100

Lifetime (hour) 0.67 1.4 4.0 2.1
F (hour glass) 0.89 0.94 0.99
Luminosity/IP L (1034cm-2s-1) 2.93 10.1 16.6 32.1



Lattice of the CEPC Collider Ring and MDI

An optics fulfilling requirements of the parameters list, geometry, MDI, 
background and key hardware CEPC MDI 



CEPC CDR Lattice DA with Errors

Higgs

Achieved DA (with errors)@ Higgs: 10σx/21σy/0.00 (on momentum), 2σx/9σy/0.0135 (off momentum) 
        Design DA goal (with errors)@Higgs: 8σx/15σy/0.00 (on momentum), 1σx/1σy/0.0135 (off momentum) 

Component x (mm) y (mm) z (mrad) Field error 
Dipole 0.10 0.10 0.1 0.01%

Arc Quadrupole 0.10 0.10 0.1 0.02%

IR Quadrupole 0.05 0.05 0.05
Sextupole 0.10 0.10 0.1

CDR lattice design
with errors reached 
the DA design goal 



CEPC Collider Ring Impedance Budget
Components Number Z||/n, mΩ kloss, V/pC ky, kV/pC/m

Resistive wall - 6.2 363.7 11.3

RF cavities 336 -1.4 315.3 0.41

Flanges 20000 2.8 19.8 2.8

BPMs 1450 0.12 13.1 0.3

Bellows 12000 2.2 65.8 2.9

Pumping ports 5000 0.02 0.4 0.6

IP chambers 2 0.02 6.7 1.3

Electro-separators 22 0.2 41.2 0.2

Taper transitions 164 0.8 50.9 0.5

Total 10.5 876.8 20.4

Longitudinal wake at the nominal σz = 3mm

Broadband impedance threshold:

Threshold ttbar Higgs W Z

|ZL/n|eff, mΩ 13.6 9.0 8.0 2.1

κy, kV/pC/m 81.2 61.6 69.0 38.7



CEPC Collider Ring SRF Parameters
New machine parameters 
20190226
SRF parameters 20190301

CDR (2-cell) HL-Z (new2) (1-cell) HL-Z (2-cell)
Performance Limits & Risks

H W Z H W Z (a) Z (b) Z

Luminosity / IP [1034 cm-2s-1] 2.93 10.1 32.1 2.93 10.1 74.5 74.5 74.5

SR power / beam [MW] 30 30 16.5 30 30 30 30 30

RF voltage [GV] 2.17 0.47 0.1 2.17 0.47 0.1 0.1 0.1

Beam current / beam [mA] 17.4 87.7 460 17.4 87.7 838 838 838

Bunch charge [nC] 24 19.2 12.8 24 19.2 19.2 19.2 19.2

Bunch number / beam 242 1524 12000 242 1524 14564 14564 14564

Bunch length [mm] 3.26 5.9 8.5 3.26 5.9 10 10 10

Cavity number (650 MHz) 240 2 x 108 2 x 60 240 2 x 120 2 x 120 2 x 60 2 x 120 Smart by-pass could be a better approach than 1-cell.

Cell number / cavity 2 2 2 1 1 1 1 2 Common 1-cell for Z & H/W necessary or different cavity?

Idle cavities on line / ring 0 12 60 0 0 0 60 0 Z 2x60 symmetry detune parked half cavities for FM CBI

Cavity gradient [MV/m] 20 9.5 3.6 40 17 3.6 7.2 1.8 Current status: ~ 10 MV/m in storage ring. Field emission

Q0 for long term operation 1.5E10 1.5E10 1.5E10 3E10 3E10 3E10 3E10 1.5E10 ~ 1E9 in storage ring. Field emission. Magnetic shield

Input power / cavity [kW] 250 278 275 250 250 250 500 250 ~ 300 kW in storage ring. Window events and damages

Klystron max power [kW] 800 800 800 800 800 800 1400 800 Klystron max power limit: 1200 kW? KLY # & $

Number of cavities / klystron 2 2 2 2 2 2 2 2 Avoid RF power source reconfiguration

HOM power / cavity [kW] 0.57 0.75 1.94 0.29 0.37 2.28 2.28 4.57 HOM coupler capacity (not HOM power per cavity) : 1 kW

Optimal QL 1.5E6 3.2E5 4.7E4 3.1E6 5.8E5 2.6E4 5.2E4 1.3E4 Coupler variation range, coupler kick to beam

Optimal detuning [kHz] 0.2 1.0 17.8 0.1 0.5 32.3 16.1 64.6 Fundamental mode coupled bunch instability

Wall loss / cavity @ 2 K [W] 25.6 5.9 0.9 25.6 4.8 0.2 0.9 0.2 Field emission will drastically increase the cryogenic load.

Total cavity wall loss [kW] 6.1 1.3 0.1 6.1 1.2 0.05 0.05 0.05 (cryogenic wall loss in two rings)



CEPC CDR Booster Parameters @ Injection (10GeV)

  H W Z

Beam energy GeV 10
Bunch number  242 1524 6000

Threshold of single bunch current A 25.7
Threshold of beam current
(limited by coupled bunch instability) mA 127.5

Bunch charge  nC 0.78 0.63 0.45
Single bunch current A 2.3 1.8 1.3
Beam current mA 0.57 2.86 7.51
Energy spread % 0.0078
Synchrotron radiation loss/turn keV 73.5

Momentum compaction factor 10-5 2.44
Emittance nm 0.025
Natural chromaticity H/V -336/-333
RF voltage MV 62.7
Betatron tune x/y/s  263.2/261.2/0.1
RF energy acceptance % 1.9
Damping time s 90.7
Bunch length of linac beam mm 1.0
Energy spread of linac beam % 0.16
Emittance of linac beam nm 40~120



CEPC CDR Booster Parameters @ Extraction
 
  

H W Z
Off axis injection On axis injection Off axis injection Off axis injection

Beam energy GeV 120 80 45.5
Bunch number 242 235+7 1524 6000
Maximum bunch charge nC 0.72 24.0 0.58 0.41
Maximum single bunch current A 2.1 70 1.7 1.2

Threshold of single bunch current A 300   
Threshold of beam current

(limited by RF power) mA 1.0 4.0 10.0

Beam current mA 0.52 1.0 2.63 6.91
Injection duration for top-up (Both beams) s 25.8 35.4 45.8 275.2

Injection interval for top-up s 73.1 153.0 438.0

Current decay during injection interval  3%
Energy spread % 0.094 0.062 0.036
Synchrotron radiation loss/turn GeV 1.52 0.3 0.032

Momentum compaction factor 10-5 2.44
Emittance nm 3.57 1.59 0.51
Natural chromaticity H/V -336/-333
Betatron tune x/y  263.2/261.2
RF voltage GV 1.97 0.585 0.287
Longitudinal tune 0.13 0.10 0.10
RF energy acceptance % 1.0 1.2 1.8
Damping time ms 52 177 963
Natural bunch length mm 2.8 2.4 1.3
Injection duration from empty ring h 0.17 0.25 2.2



CEPC CDR Booster Optics & Geometry

Arc FODO injection

RF region IR bypass

25m separation @ IP



CEPC CDR Booster SRF Parameters
10 GeV injection H W Z
Extraction beam energy [GeV] 120 80 45.5
Bunch number 242 1524 6000
Bunch charge [nC] 0.72 0.576 0.384
Beam current [mA] 0.52 2.63 6.91
Extraction RF voltage [GV] 1.97 0.585 0.287
Extraction bunch length [mm] 2.7 2.4 1.3
Cavity number in use (1.3 GHz TESLA 9-cell) 96 64 32
Gradient [MV/m] 19.8 8.8 8.6
QL 1E7 6.5E6 1E7
Cavity bandwidth [Hz] 130 200 130
Beam peak power / cavity [kW] 8.3 12.3 6.9
Input peak power per cavity [kW] (with 
detuning) 18.2 12.4 7.1

Input average power per cavity [kW] (with 
detuning) 0.7 0.3 0.5

SSA peak power [kW] (one cavity per SSA) 25 25 25
HOM average power per cavity [W] 0.2 0.7 4.1
Q0 @ 2 K at operating gradient (long term) 1E10 1E10 1E10
Total average cavity wall loss @ 2 K eq. [kW] 0.2 0.01 0.02



CEPC CDR Linac Injector

Parameter Symbol Unit Baseline Design reached
e- /e+ beam energy Ee-/Ee+ GeV 10 10
Repetition rate frep Hz 100 100

e- /e+  bunch population 
Ne-/Ne+  > 9.4×109 1.9×1010  / 1.9×1010

nC > 1.5 3.0
Energy spread (e- /e+ ) σe  < 2×10-3 1.5×10-3  /  1.6×10-3

Emittance (e- /e+ )  εr  nm rad < 120 5  / 40 ~120
Bunch length (e- /e+ ) σl mm 1 / 1
e- beam energy on Target  GeV 4 4
e- bunch charge on Target nC 10 10



CEPC CDR Linac Injector Damping Ring
Parameters, lattice and layout

Component Length (m) Waveform Deflection 
a n g l e 
(mrad)

Field (T) Beam-Stay-
clear

H ( m
m)

V ( m
m)

Septum 2 DC 77 0.13 63 63

Kicker 0.5 Half_sin 0.2 0.0013 63 63

Circumference [m] 75.4

Beam energy [GeV] 1.1

SR loss/ turn [keV] 36.3

Revolution frequency [MHz] 3.98

SR power / beam [W] 433

Momentum compactor 7.82E-02

Beam current [mA] 11.9

Max Bunch charge [nC] 1.5

Number of bunches stored at a time 2

RF voltage [MV] 2.0

RF frequency [MHz] 650

Harmonic number 164

RF energy acceptance [%] 0.95

Acc. Phase [deg] 88.96

Syn. Tune 0.012

Synchrotron oscillation period [us] 21.7

Longitudinal damping time [ms] 7.6

Longitudinal quantum lifetime [s] 177

Beam storage time [ms] 20.0



CEPC CDR Damping Ring Main RF Parameters
Circumference [m] 75.4

Beam energy [GeV] 1.1

SR loss/ turn [keV] 36.3

Revolution frequency [MHz] 3.98

SR power / beam [W] 433

Momentum compactor 7.82E-02

Beam current [mA] 11.9

Max Bunch charge [nC] 1.5

Number of bunches stored at a time 2

RF voltage [MV] 2.0

RF frequency [MHz] 650

Harmonic number 164

RF energy acceptance [%] 0.95

Acc. Phase [deg] 88.96

Syn. Tune 0.012

Synchrotron oscillation period [us] 21.7

Longitudinal damping time [ms] 7.6

Longitudinal quantum lifetime [s] 177

Beam storage time [ms] 20.0

Cavity Type NCRF

Number of cell/ cavity 5

Cavity effective length [m] 1.15

Cavity number 2

Input coupler/ cavity 1

Total klystron number 2

Cavity voltage [MV] 1.0

Cavity Acc. Gradient [MV/m] 0.87

Q0 33635

R/Q [Ohm] 1100

Beam power/ cavity [W] 216

Wall loss/ cavity [kW] 27.0

Input power/ cavity [kW] 27.2

Coupling Coefficient 1.01

Optimal QL 3.34E+04

Cavity bandwidth at optimal QL [kHz] 19

Detuning angle [deg] -12.4

Cavity filling time [us] 16.3

Optimal detuning at optimal QL [kHz] -2.14

Cavity stored energy [J] 0.22



Injection from Booster to Collider
Mode Higgs W Z

Injection Mode Top-up Full T o p -
up

Full Top-up Full

Bunch number 242 1220 6000

Bunch Charge (nC) 0.72 1 0.72 1 0.384 0.55

Beam Current (mA) 0.5227 0.726 2.63 3.67 6.91 10

Current threshold 1 mA 4 mA 10 mA

Number of Cycles 1 1 2

Current decay 3% 3% 3%

Ramping Cycle (sec)
(Up + Down）

10 6.6 3.8 

Filling time  (sec)
（e+，e-)

25.84 39.6 275.2

Injection period (sec) 47 131 438

Full Injection time 10 min 15 min 2.2 Hour (collide from 
230mA



CEPC CDR MDI Layout and Parameters

• The Machine Detector Interface of CEPC double ring scheme is about 7m long from the IP.
• The CEPC detector superconducting solenoid with 3 T magnetic field and the length of 7.6m.
• The accelerator components inside the detector without shielding are within a conical space with an opening 

angle of cosθ=0.993.
• The e+e- beams collide at the IP with a horizontal angle of 33mrad and the final focusing length is 2.2m
• Lumical will be installed in longitudinal 0.95~1.11m, with inner radius 28.5mm and outer radius 100mm.



CEPC CDR Final Focus Magnets & Cryostat

QD0 QF1

Anti coil



CEPC CDR Cryogenic System



CEPC CDR Power for Higgs and Z
CEPC CDR Cost Breakdwon

(no detector)

266MW

149MW
Total cost of CEPC: 5Billion USD



International Review of CEPC CDR
(June 28-30, 2018, IHEP)

Review Committee Members:
Brian Foster Oxford U./DESY
Eugene Levichev BINP
Katsunobu Oide (chair) CERN/KEK
Kazuro Furukawa KEK
Manuela Boscolo INFN
Marica Biagini INFN
Masakazu Yoshioka KEK/Tohoko University
Norihito Ohuchi KEK
Paolo Pierini    ESS
Steinar Stapnes CERN
Yoshihiro Funakoshi KEK
Zhengtang Zhao (absent) SINAP



International Review Report (draft) of 
CEPC CDR (June 28-30, 2018, IHEP)

　The Review Committee unanimously 
congratulates the CEPC team on the completion 
of the CDR, with remarkable successes in 
various aspects of the design. The progress 
since the pre-CDR has been a major step in the 
project...

The Committee believes that the CDR has 
already reached a sufficient level of maturity 
to allow approval to proceed to a Technical 
Design Report. 



CEPC Accelerator from Pre-CDR, CDR towards TDR 
     CEPC accelerator CDR completed in June 2018 (to be printed in July 2018)

– Executive Summary
1. Introduction
2. Machine Layout and Performance
3. Operation Scenarios
4. CEPC Collider
5. CEPC Booster
6. CEPC Linac
7. Systems Common to the CEPC Linac, Booster 
       and Collider
8.    Super Proton Proton Collider
9.    Conventional Facilities
10.  Environment, Health and Safety 
11. R&D Program
12. Project Plan, Cost and Schedule
– Appendix 1: CEPC Parameter List 
– Appendix 2: CEPC Technical Component List
– Appendix 3: CEPC Electric Power Requirement 
– Appendix 4: Advanced Partial Double Ring
– Appendix 5: CEPC Injector Based on Plasma Wakefield Accelerator
– Appendix 6: Operation as a High Intensity -ray Source 
– Appendix 7: Operation for e-p, e-A and Heavy Ion Collision
– Appendix 8: Opportunities for Polarization in the CEPC
– Appendix 9: International Review Report

March 2015 April 2017
Draft CDR for 

Mini International
Review in Nov. 2017 

CDR Version for International Review  June 2018
Formally relased on Sept. 2, 2018:arXiv：1809.00285

　　http://cepc.ihep.ac.cn/CDR_v6_201808.pdf

CEPC Accelerator Submitted 
to European Strategy in 2019

1) CEPC accelerator: ArXiv: 1901.03169
2) CEPC Physics/Detector: 1901.03170

CEPC CDR 
Vol. I and II 
was publically
released in 
Nov. 2018

CEPC TDR  R
&D Star

ted
 bas

ed
 on CDR si

nce
 20

19



CEPC TDR Optimization Design
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ttbar Higgs W Z
Number of Ips 2
Circumference [km] 100.0
SR power per beam [MW] 30
Half crossing angle at IP [mrad] 16.5
Bending radius [km] 10.7
Energy [GeV] 180 120 80 45.5
Energy loss per turn [GeV] 9.1 1.8 0.357 0.037
Piwinski angle 1.21 5.94 6.08 24.68
Bunch number 35 249 1297 11951
Bunch population [10^10] 20 14 13.5 14
Beam current [mA] 3.3 16.7 84.1 803.5
Momentum compaction [10^-5] 0.71 0.71 1.43 1.43
Beta functions at IP (bx/by) [m/mm] 1.04/2.7 0.33/1 0.21/1 0.13/0.9
Emittance (ex/ey) [nm/pm] 1.4/4.7 0.64/1.3 0.87/1.7 0.27/1.4
Beam size at IP (sigx/sigy) [um/nm] 39/113 15/36 13/42 6/35
Bunch length (SR/total) [mm] 2.2/2.9 2.3/3.9 2.5/4.9 2.5/8.7
Energy spread (SR/total) [%] 0.15/0.20 0.10/0.17 0.07/0.14 0.04/0.13
Energy acceptance (DA/RF) [%] 2.3/2.6 1.6/2.2 1.2/2.5 1.3/1.7
Beam-beam parameters (ksix/ksiy) 0.071/0.1 0.015/0.11 0.012/0.113 0.004/0.127
RF voltage [GV] 10 2.2 0.7 0.12
RF frequency [MHz] 650 650 650 650
HOM power per cavity (5/2/1cell)[kw] 0.4/0.2/0.1 1/0.4/0.2 -/1.8/0.9 -/-/5.8
Qx/Qy/Qs 0.12/0.22/0.078 0.12/0.22/0.049 0.12/0.22/ 0.12/0.22/
Beam lifetime (bb/bs)[min] 81/23 39/18 60/717 80/182202
Beam lifetime [min] 18 12.3 55 80
Hour glass Factor 0.89 0.9 0.9 0.97
Luminosity per IP[1e34/cm^2/s] 0.5 5.0 16 115

CEPC High Luminosity Parameters in TDR



Beam Beam Simulation for High Luminosity 
Higgs

Luminosity
Beamstrahlung 
Lifetime@ Qx=0.562

Beam-Beam Simulations



CEPC High Luminosity Scheme at Higgs Energy after CDR
• Motivation: make the lattice robust and provide good start point for DA
• The design of detectors won’t be affected.

– with lower emittance and smaller beam pipe aperture within the region of SCQ
– with shorter anti-solenoid in front of QD0 without change the design of cryo-module

      L*=1.9m, c=33mrad, βx*=0.33m, βy*=1.0mm, Emittance=0.68nm
– Strength requirements of anti-solenoids (peak field Bz~7.2T)
– Two-in-one type SC quadrupole coils (Peak field 3.8T & 141T/m) 

with room temperature vacuum chamber & Iron yoke 

      L*=2.2m, c=33mrad, βx*=0.36m, βy*=1.5mm, Emittance=1.2nm
– Strength requirements of anti-solenoids (peak field Bz~7.2T)
– Two-in-one type SC quadrupole coils (Peak field 3.8T & 136T/m)

CDR 
scheme
(Higgs)

High 
luminosity 
scheme
(Higgs)

Z mode: Q1a=Vertical focusing quadrupole, Q1b+Q2=Horizontal focusing quadrupole
W mode: Q1a+Q1b=Vertical focusing quadrupole, Q2=Horizontal focusing quadrupole
Higher than Higgs energy: Q1a+Q1b+Q2=Vertical focusing quadrupole



CEPC Higgs High Lumi Lattice and Dynamic Aperture Status

Achieved (w/o error): 16�� × 32σ� × 1.9%

• With better correction of 
energy dependent 
aberration and shorter L* 
(without changing the 
front-end position of the 
final doublet cryo-module) 



Change of IP chamber

Be: φ28mm
Al: φ28mm-> 
φ40mm

Cu: φ17mm

Be pipe: 28mm, SCQ Beam pipe:20mm Be pipe: 28mm, Beam pipe:17mm
CDR High luminosity

High Luminosity Scheme at Higgs energy



Injection

Extraction

54

Booster New Parameters after CDR based on TME



• Standard TME cells with combined magnets are chosen for lower booster 
emittance to relax the DA requirement of collider ring. 

• 1.4nm is expected. (CDR: 3.6nm)

High Luminosity Scheme at Higgs Energy

Booster ring



New RF Staging & By-pass Scheme for CEPC 

• Stage 1 (H/W run for 8 years): Keep CDR RF layout for H(HL-H)/W 
and 50 MW upgrade. Common cavities for H. Separate cavities for W/Z. 
Z initial operation for energy calibration and could reach CDR luminosity. 
Minimize phase 1 cost and hold Higgs priority.

• Stage 2 (HL-Z upgrade): Move Higgs cavities to center and add high 
current Z cavities. By-pass low current H cavities. International 
sharing (modules and RF sources): Collider + 130 MV 650 MHz high 
current cryomodules. 

• Stage 3 (ttbar upgrade): add ttbar Collider and Booster cavities. 
International sharing (modules and RF sources): Collider + 7 GV 650 
MHz 5-cell cavity. Booster + 6 GV 1.3 GHz 9-cell cavity. Both low 
current, high gradient and high Q, Nb3Sn etc. 4.2 K?

Unleash full potential of CEPC with flexible operation. Seamless 
mode switching with unrestricted performance at each energy until 
AC power limit. Stepwise cost, technology and international 
involvement with low risk. 

56

CDR



CEPC SRF Parameter with By Pass Schemes
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BEPCII
500 MHz

4.2 K

BEPC3
500 MHz

4.2 K

CEPC
CDR H
30 MW
3E34

CEPC
CDR Z

16.5 MW
32E34

CEPC
1-cell H
30 MW
3E34

CEPC
TDR Z
30 MW
100E34

CEPC
TDR H
30 MW
3E34

CEPC
TDR W
30 MW
10E34

CEPC
Ultimate Z

50 MW
167E34

Beam current (mA) 400 (600) 900 2 x 17.4 460 2 x 17.4 838 2 x 17.4 2 x 87.7 1400

Cell number 1 1 2 1 1 2/1 2/1 1

Cavity number / ring 1 2 2 x 120 60 2 x 120 60 2x(90+60) 2x(90+60) 60

Eacc (MV/m) 6 (1.5 MV) 10 (2.5 MV) 19.7 3.6 40 9.4 19.7 4.2 9.4

Q0 @ 4.2 K / 2 K 1E9 1E9 1.5E10 1.5E10 3E10 1.5E10 1.5E10 1.5E10 1.5E10

Total wall loss (kW) 6.1 0.1 6.1 0.35 6.1 0.27 0.35

Input power (kW) 110 150 250 275 250 500 250/125 250/125 835

Cavity# / klystron 1 1 SSA 2 2/1 1 2/1 2/1 1

Klystron power (kW) 250 150 SSA 800 800 800 800 800 800 1200

Total KLY number 2 4 120 60+120 120 90+120 90+120 120

HOM damper Absorber Absorber Hook+
Absorber

Hook+
Absorber Absorber Hook+

Absorber
Hook+

Absorber Absorber

HOM power (kW) 8* 20 0.6 1.9 0.23 2.4 0.46 / 0.23 1.5 / 0.75 4

* Bunch length 15 mm, cavity cell HOM loss factor 0.1 V/pC, tapers 0.06 V/pC, absorbers 0.26 V/pC.   



Parameter Symbol Unit Designed
e- /e+ beam energy Ee-/Ee+ GeV 20
Repetition rate frep Hz 100

e- /e+  bunch population 
Ne-/Ne+  > 9.4×109  /  >9.4×109

nC > 1.5
Energy spread (e- /e+ ) σe  < 2×10-3  /  < 2×10-3

Emittance (e- /e+ )  εr  nm rad 10
Bunch length (e- /e+ ) σl mm 1 / 1
e- beam energy on Target  GeV 1.1
e- bunch charge on Target nC 10

• In order to relax the DA requirement of 
booster the beam emittance of Linac 
should be controlled as 10 nm with the 
damping ring of energy 1.1GeV.   (CDR: 
40nm)

• By-pass energy is reduced from 4GeV to 
1.1GeV

• The extract energy the end of Linac is 
promoted for 10 to 20 GeV

High Luminosity Scheme at Higgs Energy
LINAC

CDR Linac injector TDR Linac injector



p1 1.2nC, 2.4 GeV

e1

e2
e3

e4

e3

e4

p1

p1

e1/e3 Before
PWFA-I

e3 After
PWFA-I

e2/e4 Before
PWFA-I

e4 After
PWFA-I

p1 Before
PWFA-II

p1 After
PWFA-II

Booster
Requirement

Energy (GeV) 10/10 45.5 10/10 45.5 2.4 45.5 45.5

Bunch Charge (nC) 5.8/0.84 1 15/4.5 >3 1.2 1 0.78

Bunch length (ps) 2/0.257 <1 3/0.7 <1 0.07 <1 <10
Energy Spread ~/0.2% ~1% ~/0.2% 1% 0.2% ~1% 0.2%

Enormal (μm rad) <20*/<100 ~100 <50*/<100 ~100 <50 ~100 <800

Bunch Size (μm) 3.87/8.65 <20 30/20 <20 20 <20 <2000

CEPC Plasma Injector Design

The plasma accelerator performance has been checked with the

 real linac beam quality, and it almost reached the design goal

The reason to 
increase the 
injection 
energy: 

if injection 
energy is 
larger than 40 
GeV, the 
booster dipole 
magnet can 
use normal 
iron material

with low price



   Requirment of Booster to Plasma Injector(@45.5GeV)



Driver initial beam centroid 

30 slice(0.3[kp-1])

CEPC Plasma Injector Start to End Simulation

t~8000 -> hosing
t~13000 -> trailer lost

t~5000 -> hosing
t~8000 -> trailer lost

1kp-1~52.52um

0.11m particles  1.36m particles

beam initial[�, �,  ��,��]~ [0,0,0,0]

Ø Longitudinal shaping is well maintained  TR 
l Big slice jitter in PWFA acceleration  hosing  Transverse-Longitudinal coupling

Beam 
symmetrization

Change beam 
distance Design 

126.7 149 149

40.6 42.80 45.5

0.9 0.7909 0.84



CEPC TDR and R&D 
  

62
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CEPC Accelerator TDR R&D Priority and Plan

1) CEPC 650MHz 800kW high efficiency klystron (80%) (at the end of 2021 complete 
the fabriation, finish test in 2022)

2) High precision booster dipole magnet (critical for booster operation) 
(Complete real size magnet model in 2021)

3) CEPC 650MHz SC accelerator system, including SC cavities and cryomules 
(Complete test cryomodule in 2022)

4) Collider dual aperture dipole magnets, dual aperture qudrupoles and sextupole 
magntes(Complete real size model in 2022)

5) Vacuum chamber system (Complete fabrication and costing test in 2022)

6) SC magnets including cryostate (Complete short test model in 2022)
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7) MDI mechanic system (Remote vacuum connection be test in 2022)

8) Collimator (Complete model test in 2022)

9) Linac components (Complete key components test in 2022)

10) Civil engineering design (Reference implementation design complete in 
2022)

11) Plasma injector (Complete electron accelerator test in 2022)

12) 18KW@4.5K cryoplant (Company)
...
SppC technology R&D

Ion based supercondcuting materials and high field magnets



IHEP 650MHz 2cell and 1.3 GHz 9-cell Cavities

Booster 1.3GHz 9 cell cavity

Collider ring 650Mhz 2 cell cavity

650 MHz 2-cell cavity reached 6E10@22MV/m after N-infusion, which has exceeded CEPC Spec （Q=4E10@Eacc=22MV/m）. 



650 MHz 1-Cell Cavity (Large Grain)
• 650 MHz 1-cell cavity (large grain) is favorable for HL-Z, which have higher 

Q and gradient than fine grain.

• Target of Vertical test: 5E10 @ 42MV/m at 2.0 K.

• 650MHz 1-cell (large grain) cavity reaches: 2.7E10 @ 35MV/m at 2.0 K 

Large grain Nb sheets made by OTIC



67

CEPC SCRF R&D Progresses

CEPC 2*2cell 650MHz cryomodule with 
beam test later

General superconducting cavity test 
cryomodule in IHEP New SC Lab 

SC cavity vertical test temperature monitor 
system established

General superconducting cavity test 
cryomodule in IHEP New SC Lab 

1.3GHz fine grain single cell:
1) 46MV/m
2) 43MV/m@Q01.3×1010



650 MHz High Power SRF Components
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High power test of one 650 MHz fixed coupling input coupler reached 150 kW SW (corresponding to 400 kW 
TW at the window). Another coupler’s window broke due to excess ceramic heating. New window and variable 
coupler in fabrication.

Wideband high power HOM absorber 
with SiC+AlN material. 5 kW high power 
test planned. 

Four high power HOM couplers fabricated and low power tested. 
Three of them will mount on the 2-cell cavities. Vertical test soon with 
the cavity to verify the notch properties. High power test (1 kW) at 
cryogenic temperature planned.



IHEP New SC Lab (PAPS) in Operation (June 28， 2021) 

New SC Lab Design (4500m^2) SC New Lab (PAPS) has been put to operation in June 2021

Facility: CEPC SCRF test facility (lab) is located in IHEP Huairong Area of 4500m^2 



CEPC 650MHz High Efficiency Klystron Development

• 2016 – 2018： Design conventional & high efficiency 
klystron

• 2017 – 2018：Fabricate conventional klystron & test
• 2018 - 2019 ：Fabricate 1st  high efficiency  klystron & test
• 2020 - 2021 ：Fabricate 2nd high efficiency  klystron & test
• 2021 - 2022 ：Fabricate 3rd high efficiency  klystron & test

Parameters Conventional
efficiency

High 
efficiency

Centre frequency (MHz) 650+/-0.5 650+/-0.5

Output power (kW) 800 800

Beam voltage (kV) 80 -
Beam current (A) 16 -
Efficiency (%) ~ 65 > 80

Established “High efficiency klystron collaboration consortium”, including IHEP & 
IE(Institute of Electronic) of CAS,  and Kunshan Guoli Science and Tech. 

The first CEPC 650Mhz klystron output power has 
reached pulsed power of 800kW (700kW CW), 
efficiency 62% and band width>+-0.5Mhz. 

Facility: CEPC high power and high efficincy test facility (lab) is located in IHEP

800kW Load
2nd Klystron of 77% efficiency
to be completed in 2021

3nd Klystron: Multib-eam Klystron 
of  80.5% efficiency to be completed in 2022

1st Klystron of 62% efficiency completed
in 2020



CEPC Collider Ring dual Aperture Dipole, 
Quadrupole and Sextupole Magnets 
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三维模型

First dual aperture quadrupole magnet 
has been fnished in Nov, 2019. Field 
measurement showed aix shift for 
different energies and the new design 
has been made.

First dual aperture dipole 
test magnet of 1m long
 has been fnished in Nov, 
2019, and the field 
mesurement shows that it 
reached the design goal.

The mechanical design of a full size 
CEPC collider ring dual aperture 
dipole of  5.7m long has been 
designed and be starting fabrication at 
the end of 2021.

Facility: CEPC magnet test facility (lab) is located in

IHEP Dongguan CSNS 



Dual aperture quadrupole

The first dual aperture quadrupole model has not matched the 
requirement with axis shift found. New design shows good results  
and satisfy the design goal (Axis shift problem solved!), and the 
first protptype model will be modified to test the new design in 2021.
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Sextupole design is on going, the

challenge is mechanical design with 

limited transverse

CEPC Collider Ring Dual Aperture Quadropole
and Sextupole Magnets

The first dual aperture 
quadrupole design with a 1m 
long prototype 

The new dual aperture 
quadrupole design reached 
the design goal



CEPC Low Field Booster Dipole Magntes' 
Specifications and Challenges

 BST-63B
Quantity 16320
Minimum field (Gs) 28 
Maximum field (Gs) 338
Gap (mm) 63
Magnetic Length (mm) 4700
Good field region (mm) 55
Field uniformity 0.1%
Field reproducibility 0.05%

Challenges
Ø  Total length of the dipoles ~75km      how to reduce cost
Ø  Field error <29Gs*0.1%=0.029Gs      how to design
Ø  Field reproducibility<29Gs*0.05%=0.015Gs how to measure   
Ø  Magnet length ~4700mm      how to fabricate

10GeV injection 
enegy from 
linac to 100Km 
booster



Two kinds of the dipole magnets with diluted iron cores and without iron core (CT) are proposed and designed

Booster High Precision Low Field Dipole Magnets

1m long CT test booster 
dipole magnet without iron 
core completed in Oct. 
2019, and the test result 
shows that CT design 
reached the design goal.

A full scale CT dipole magnet of 5.1m 
long will be completed at the end of 
2021 

If injection energy is larger than 20GeV, iron 

core magntes could be used, which is adoped in TDR.



CEPC Vacuum System R&D

Copper vacuum chamber 
(Drawing) elliptic 7556,
 thickness 3, length 6000)

Positron ring 
N E G  c o a t i n g 
suppresses electron 
mul t ipact ing  and 
b e a m - i n d u c e d 
pressure  r i ses ,  as 
w e l l  a s  p r o v i d e s 
extra linear pumping.  
D i r e c t  C u r r e n t 
M a g n e t r o n 
Sputtering systems 
for NEG coating was 
chosen.

u The vacuum pressure is 
better than 2 x 10-10 Torr

u Total leakage rate is less 
than 2 x 10-10 torr.l /s.

Facility: CEPC vaccum test facility (lab)

 is located in IHEP Dongguan CSNS 

Two 6m long 
vacuum 
chambers 
both for copper 
and aluminum



CEPC Electrostatic-Magnetic Deflector
The Electrostatic-Magnetic Deflector is a device consisting of perpendicular electric 
and magnetic fields. 

One set of Electrostatic-Magnetic Deflectors including 8 units, total 32 units will be 
need for CEPC.

structure drawing of Electrostatic-Magnetic Deflector electrodecoil

UHV tank

metal-ceramic 
support

Magnet Support
high voltage 
feedthrough

Filed Effective 
Length 

Good field 
region

Stability

Electrostatic 
separator

2.0MV/m 4m 46mm ⅹ11mm 5ⅹ10-4

Dipole 66.7Gauss 4m 46mm ⅹ11mm 5ⅹ10-4

Schematic of  Electrostatic-Magnetic Deflector

under fabrication



Superconducting QD coils

Single aperture of QD0
(Peak field 3.2T)

Mag
net

Central 
field 

gradient 
(T/m)

Magnetic 
length 

(m)

Width of 
Beam stay 
clear (mm)

Min. distance 
between 

beams centre 
(mm)

QD0 136 2.0 19.51 72.61

Room-temperature vacuum chamber 
with a clearance gap of 4 mm

Rutherford NbTi-Cu Cable

CEPC IR Superconducting Magnets (CDR)

Two options w/o iron yoke. 

Superconducting QF coils

There is iron yoke around the quadrupole coil 
for QF1. Since the distance between the two 
apertures is larger enough and there is iron 
yoke, the field cross talk between two apertures 
of QF1 can be eliminated. 

One of QF1 
aperture

(Peak field 
3.8T)

Rutherford NbTi-Cu Cable

n Bn/B2@R=13.5mm
2 10000
6 1.08

10 -0.34
14 0.002

Mag
net

Central 
field 

gradient 
(T/m)

Magnet
ic 

length 
(m)

Width of 
Beam stay 
clear (mm)

Min. 
distance 
between 
beams 

centre (mm)
QF1 110 1.48 27.0 146.20

QF1 Integral field harmonics with shield
 coils（×10-4）

Facility: CEPC IR SC magnet test facility (lab)

 is located in Keye company joinly with IHEP



The installation design nearby the IP

High Luminosity Scheme at Higgs Energy

IR assembly



Accelerating structure
• The structure is 3 meters long with 

constant gradient design which work 
mode is 2π/3

• The high power test has finished and the 
gradiet is up to 33 MV/m

The acclelerating strucutre 
on high power test bench

Simulation model

Port 1

Port 2

Simulated waveform

Damping ring 5cell Cavity Tunner

Coupl
er 

        Pulse compressor:
Spherical cavity pulse 
compressor has devoloped
The TE113 mode is selected 
and the RF design is finished. 
The Q value is about 140000
The Maximum Energy 
Multiplication Factor M=1.84.

         Damping Ring 5 cell cavity: The The 1.1 GeV 
damping ring need the RF system provide 2 MV.Two 
5 cell constant temperature cavities have 
recommended and the frequency is 650 MHz. 
According to the simulation, each cavity can provide 
1.2 MV cavity voltage when the cavity consumption is 
54 kw

CEPC Linac and damping ring key technology R&D

The finished 
FLUX 
concentrator 

The test 
bench of 
the FLUX  
concentra
tor

The 
mechanical 
design of 
FLUX  
concentrator

Positron source R&D

Facility: CEPC injection linac test facility (lab) is located in IHEP



CEPC 18kW@4.5K Cryogenic Plant R&D
Facility: CEPC18kW@4.5K cryogenic plant test facility (lab) is located in Full Cryo company



Plasma Section

Plasma Dechirper & HTR Experiment Preparation@ SXFEL
Parameter Value 

Energy 0.8GeV
Charge 50pC

Emittance 0.8μm
Beam size 10μm

Peak current 2.4kA
Energy Chirp ~8MeV

Dechirper experiment schedule

Ø First step: Obtaining a stable 
positively-chirped beam with 
few percent energy spread

Ø Second step: Post-processing 
the beam using a passive 
dechirper



main roomBeam test room Laser compressor

Ø Plasma experimental station: preliminary set up on Shanghai Soft XFEL facility
Vacuum system: installation & testing

l Light path
l Beam diagnostic system

CEPC Plasma Injector Experimental Platform 
Facilities: Shanghai S-XFEL facility for electron acceleration and FACETII at SLAC for positron

Two proposals have been sent to

SLAC FACET-II



SppC accelerator design and R&D
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SppC Baseline Design
• Baseline design

– Tunnel circumference: 100 km
– Dipole magnet field: 12 T, using full iron-based HTS technology
– Center of Mass energy: >70 TeV
– Injector chain: 2.1 TeV
– Relatively lower luminosity for the first phase, higher for the second phase

• Energy upgrading phase
– Dipole magnet field: 20 -24T, full iron-based HTS technology
– Center of Mass energy: >125 TeV
– Injector chain: 4.2 TeV (e.g., adding a high-energy booster ring in the main tunnel in the place 

of the electron ring and booster)
• Development of high-field superconducting magnet technology

– Starting to develop required HTS magnet technology; before applicable iron-based HTS wire 
are available, models by YBCO and LTS wires can be used for specific studies (magnet 
structure, coil winding, stress, quench protection method etc.)



SppC Parameter Choice and Comparation
CDR



Parameter Unit Value
PreCDR CDR Ultimate

Circumference km 54.4 100 100
C.M. energy TeV 70.6 75 125-150
Dipole field T 20 12 20-24
Injection energy TeV 2.1 2.1 4.2
Number of IPs 2 2 2
Nominal luminosity per IP cm-2s-1 1.2e35 1.0e35 -
Beta function at collision m 0.75 0.75 -
Circulating beam current A 1.0 0.7 -
Bunch separation ns 25 25 -
Bunch population 2.0e11 1.5e11 -
SR power per beam MW 2.1 1.1 -
SR heat load per aperture @arc W/m 45 13 -

SppC Main Parameters
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General Layout of SppC

• Length of each section at present:

• 8 arcs, total length 83400 m 

• 2 IPs for pp, 1500 m each

• 2 IRs for injection or RF, 1250 m each

• 2 IRs for ep or AA, 1250 m each

• 2 IRs for collimation( ee for CEPC ）, 4300 m 
each

• C = 100 km

ARC FODO cell structure

β(
m

)

SppC ARC
 lattice

SppC interaction 
region lattice



SppC Injector Chain



Major Parameters for the SppC Injector Chain



“Applied High Temperature Superconductor Collaboration” was established in 
Oct. 2016. 
Ø Goal：
     1) To increase the Jc of IBS by 10 times, reduce the cost to 20 Rmb/kAm @ 12T & 4.2K; 
     2) To reduce the cost of ReBCO and Bi-2212 conductors to 20 Rmb/kAm @ 12T & 4.2K; 
     3) Realization and Industrialization of iron-based magnet and SRF technology.
Ø Working groups：1) Fundamental science investigation; 2) IBS conductor R&D; 3) ReBCO 

conductor R&D; 4) Bi-2212 conductor R&D; 5) performance evaluation; 6) Magnet and 
SRF technology.

Ø Collaboration meetings: every 3 months, to report the progress and discuss plan for next 
months.

Domestic Collaboration on HTS for SppC SC Dipole Magnet



The 12-T Fe-based Dipole Magnet

Yoke OD 
500mm

Strand diam. cu/sc RRR Tref Bref Jc@ BrTr dJc/dB

IBS 0.802 1 200 4.2 10 4000 111

C. Wang, E. Kong (USTC), Q. Xu et al.

Design with expected Je of IBS in 2025

Io=9500A

Ø The required length of the 0.8 mm IBS is 6.1 Km/m 
Ø For 100-km SPPC accelerator, 3000 tons of IBS is 

needed
Ø Target cost of IBS: 20 RMB (~2.6 Eur) /kAm @12 T



R&D of 12T Twin-Aperture Dipole Magnet 

Components and assembly3d coil layout

NbTi+Nb3Sn, 2*ф10 
aperture

Nb3Sn+HTS, 2*ф30 
aperture

3D magnetic field distribution

The 1st high field accelerator magnet in 
China!

C. Wang, K. Zhang, Y. Wang, D. Cheng, E. Kong (USTC), Q. Xu et al.

Magnetic flux distribution

All Nb3Sn, 2*ф20 aperture

Operation load line at 12 T:  ~80% at 4.2K



Test of the 1st IBS solenoid coil at 24 T and 
the 1st IBS racetrack coil at 10 T

25T-HM, RT bore Φ38 mm 

Supercond. Sci. Technol. 2020, in press
Supercond. Sci. Technol. 32 (2019) 04LT01

Status of the High Field Dipole Magnet R&D
Facility: SppC high field magnets test facility

 (lab) is located in IHEP of 240m^2 

IHEP multi-material 
SC Dipole@4K reached
12T in June 2021
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Advanced Accelerator SC Magnet R&D
• The dual-aperture model dipole magnet 

reached 12 T at 4.2 K: common-coil 
configurat ion with 15-mm gap and 
Nb3Sn+NbTi coils.

• Next step: 16 T model dipole wi th 
HTS+Nb3Sn coils

12 
Tesla

The 1st full-length prototype magnet for LHC-HL 
CCT SC magnet from China: Performance test 
reached the design target.The 1st prototype CCT 
magnethas been sent to CERN. A good start for 
the 12 units series production.
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CEPC-SppC internation and CIPC collaborations
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http://cepc.ihep.ac.cn/orga.html

IAC: Young-Kee Kim 
(Chair), University of 
Chicago

IARC: Marica Enrica 
Biagini (Chair), INFN

IDRC: Dave Newbold, 
UK, RAL (chair)

The first IAC meeting from Sept. 16-17, 2015

Organigram of CEPC 
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International Advisory Committee

Barry Barish, Caltech

Hesheng Chen, IHEP, Chinese Academy of Sciences

Michel Davier, LAL

Marcel Demarteau, ORNL

Brian Foster, DESY/University of Hamburg & Oxford University

Rohini Godbole, CHEP, Bangalore

David Gross, University of California, Santa Barbara

George Hou, Taiwan University

Peter Jenni, CERN & Albert-Ludwigs-University Freiburg

Young-Kee Kim (Chair), University of Chicago

Eugene Levichev, BINP

Lucie Linssen, CERN

Joe Lykken, Fermilab

Luciano Maiani, University of Rome

Michelangelo Mangano, CERN

Hitoshi Murayama, University of California, Berkeley & Kavli IPMU

Tatsuya Nakada, EPFL

Katsunobu Oide, CERN & KEK

Robert Palmer, BNL

John Seeman, SLAC

Ian Shipsey, Oxford University

Steinar Stapnes, CERN

Geoffrey Taylor, University of Melbourne

International Accelerator Review Committee

Phillip Bambade, LAL

Marica Enrica Biagini (Chair), INFN

Brian Foster, DESY/University of Hamburg & Oxford 
University

In-Soo Ko, POSTTECH

Eugene Levichev, BINP

Katsunobu Oide, CERN & KEK

Anatolii Sidorin, JINR

Steinar Stapnes, CERN

Makoto Tobiyama, KEK

Zhentang Zhao, SINAP

Norihito Ohuchi, KEK

Carlo Pagani, INFN-Milano

International Detector R&D Review Committee

Jim Brau, USA, Oregon

Valter Bonvicini, Italy, Trieste

Ariella Cattai, CERN, CERN

Cristinel Diaconu, France, Marseille

Brian Foster, UK, Oxford

Liang Han, China, USTC

Dave Newbold, UK, RAL (chair)

Andreas Schopper, CERN, CERN

Abe Seiden, USA, UCSC

Laurent Serin, France, LAL

Steinar Stapnes, CERN, CERN

Roberto Tenchini, Italy, INFN

Ivan Villa Alvarez, Spain, Santader

Hitoshi Yamamoto, Japan, Tohoku

http://cepc.ihep.ac.cn/orga.html

Members of CEPC International Committees  

International Committees of CEPC 



CIPC established in Nov. 7 , 2017

CEPC-CIPC Collaboration and CEPC Promption Fund (CPF)

CIPC Annual Meeting, July 26 , 2018

CEPC-Industry Collaboration Meeting Dec. 27 , 2019

CEPC-CIPC Collavoration Meeting and 
CEPC Promotion Fund (CPF) First Meeting 

on Nov. 20, and   2019, IHEP

The first Industry contributed to CPF Jan. 2 , 2020

CPF funding seed
money of 500kUSD
was from Yifang Wang
on Nov. 17, 2019 



CEPC International Collaboration and International Meetings

The first CEPC-SppC international Collaboration Workshop
Nov 6-8, 2017, IHEP, Bejing  (2018, 2019)

http://indico.ihep.ac.cn/event/6618

http://iasprogram.ust.hk/hep/2018

IAS Higgh Energy Physics Workshop
(Since 2015 till now, every year

Workshop on the Circuar Electron Positron Collider-EU  and US editions
May 24-26, 2018, Università degli Studi Roma Tre, Rome, Italy

https://agenda.infn.it/conferenceDisplay.py?ovw=True&confId=14816

2019 May Oxford,UK, 2019 Sept. Chicago,USA; 2020, May Marseille, France,
 Catholic University, Washington DC, April 2020 

The sencond CEPC-SppC international Collaboration Workshop
Nov 12-14, 2018, IHEP, Bejing 

https://indico.ihep.ac.cn/event/7389/

More than 20 
MoUs including 
CEPCcollaboration,
such as KEK, BINP, 
JINR, ...



CIPC established in Nov. 7 , 2017

CEPC Industrial Promotion Consortium (CIPC) Collaboration Status

1) Superconduting materials (for cavity and for magnets)
2) Superconductiong cavities
3) Cryomodules
4) Cryogenics
5) Klystrons
6) Vacuum technologies
7) Electronics
8) SRF
9) Power sources (650MHz Klystron)
10) Civil engineering
11) Precise machinary.....

Now: 
-Huanghe Company,Huadong Engineering 
Cooperation Company,on CEPC civil engineering 
design, site selection, implementation...
-Shenyang Huiyu Company on CEPC MDI 
mechanical connection design
-Zhongxin Heavy Industry on Elecletric-
magnetic seperator design
-China Astronotics Department 508 Institute
on CEPC MDIsupporting design and CEPC magnets 
mechanical designs...
-Kuanshan Guoli on CEPC 650MHz high 
efficiency klystron
-Huadong Engineering Cooperation Company,on
CEPC alignement and installation logistics...

CIPC (>70 companies)



Site selection, civil engineering and timeline  
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1)

2)

3)

4

1

4

5
CEPC Site Selection Status

1) Qinhuangdao, Hebei Province（Completed in 2014）
2) Huangling, Shanxi Province（Completed in 2017)
3) Shenshan, Guangdong Province(Completed in 2016)
4) Huzhou, Zhejiang  Province (Started in March 2018)
5) Chuangchun, Jilin Province (Started in May 2018)
6) Changsha, Hunan Province (Started in Dec. 2018)

6

Three companies are working 
on siting and issues

2019.12月8-11 and 2020.1.8-10 
Chuangchun sitings update

2019.12.16-17 Huzhou siting update

2020.9.14-18 Qinhuangdao updated

2019.08.19-20 Changsha siting update



3             Project Layout and Preliminary Scheme

CEPC Civil Enginnering Design (Qinhuangdao site 100km, example)





CEPC Civil Engineering

Electron source Linac to Booster

Booster and collider ring tunnel Collider ring SCRF

Booster SCRF Detector hall



CEPC Conventional Facility and Civil Engineering 

Electrical Equipment General 
Layout in Auxiliary

 Description Qty. Installed in

Beam monitoring 
cabinet 10

Control roomControl cabinet 44

Vacuum cabinet 42

Primary power 
cabinet 4

Power 
distribution 
room

Secondary power 
cabinet 11

10kV HV switchgear 8

10/0.4kV 
transformer 2

0.4kV LV switchgear 12

Cables installed!



4、工程布置及建筑物-RF高频区 名称
长×宽×

高
备注

SCRF 
auxiliary 
tunnel

1950×8×
7 ×2

SCRF 
collider 
tunnel

3500×6×
5 ×2

Transport 
shaft 15×70 ×2

Travel, 
electric 
cable, 

ventilation 
tunnel

70×10×1
0 ×2

SCRF 
transport 

tunnel

1200×88
×7.5 ×2

CEPC SCRF Region

Auxiliary 
tunnel

Collider 
tunnel

Transport 
shaft

Travel 
shaft

Transport 
tunnel

Power source 
tunnel

Cooling 
system tunnel Public utility tunnel



CEPC IR Region 名称
长×宽
×高

备注

Experimental 
hall

39.4×20.
4×31 ×2

Axiliary hall 101.4×20
×26.2 ×2

Booster tunnel 1679×3.5
×3.5 ×4

Collider tunnel
1659.3x

(6~11.4)x
5

×4

Travel shaft 1200x7.5
x7.5

×2

Connection, 
electric cable 
and ventilation 
shaft

70x10x10 ×2
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CEPC and SppC submissions to Snowmass21

Including SppC and siting 

Collider Design
SCRF
Klystron
Linac+plasma 
accelerator injector
Cost

LOI
Technologies



Summary

111

• CEPC as a Higgs Factory has been proposed in Sept. 2012 after the Higss Boson was found in 
July 2012 at LHC of CERN

• CEPC CDR has been completed in Nov.2018 and accelerator TDR will be completed at the end of 
2022 before three years of Engineering Design Report (EDR)  phase before eventual starting of 
the construction.

• CEPC international, institutional and industrial collaborations with CIPC (> 70 companies) 
progress well.

• CEPC siting and civil engineering designs are in progress

• CEPC and SppC LOIs have been submitted to European HEP Strategy and Snowmass21 of USA

• CEPC is proposed open for high energy physics community world wide
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