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CEPC TDR Layout

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

H/tt-bar

W and Z

CEPC as a Higgs Factory：H, W, Z, upgradable to tt-bar, followed by a SppC ~125TeV

Injection energy 20GeV
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30MW SR power per beam (upgradale to 50MW)

CEPC MDI

CEPC Civil Engineering
CEPC TDR S+C-band 20GeV linac injector
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CEPC TDR Parameters
Higgs Z W ttbar

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] 120 45.5 80 180
Energy loss per turn [GeV] 1.8 0.037 0.357 9.1
Piwinski angle 5.94 24.68 6.08 1.21
Bunch number 268 11934 1297 35
Bunch spacing [ns] 591 (53% gap) 23 (18% gap) 257 4524 (53% gap)
Bunch population [10^10] 13 14 13.5 20
Beam current [mA] 16.7 803.5 84.1 3.3
Momentum compaction [10^-5] 0.71 1.43 1.43 0.71
Beta functions at IP (bx/by) [m/mm] 0.3/1 0.13/0.9 0.21/1 1.04/2.7
Emittance (ex/ey) [nm/pm] 0.64/1.3 0.27/1.4 0.87/1.7 1.4/4.7
Beam size at IP (sigx/sigy) [um/nm] 14/36 6/35 13/42 39/113
Bunch length (natural/total) [mm] 2.3/4.1 2.5/8.7 2.5/4.9 2.2/2.9
Energy spread (natural/total) [%] 0.10/0.17 0.04/0.13 0.07/0.14 0.15/0.20
Energy acceptance (DA/RF) [%] 1.6/2.2 1.3/1.7 1.2/2.5 2.3/2.6
Beam-beam parameters (ksix/ksiy) 0.015/0.11 0.004/0.127 0.012/0.113 0.071/0.1
RF voltage [GV] 2.2 0.12 0.7 10
RF frequency [MHz] 650 650 650 650
Longitudinal tune Qs 0.049 0.035 0.062 0.078
Beam lifetime (bhabha/beamstrahlung)[min] 39/40 80/18000 60/700 81/23
Beam lifetime [min] 20 80 55 18
Hour glass Factor 0.9 0.97 0.9 0.89
Luminosity per IP[1e34/cm^2/s] 5.0 115 16 0.5

July 18, 2022 J. Gao 3Seattle Snowmass Summer Meeting 2022, USA



IR=100mm

The DA with erros of 
TDR lattice satisfiy 

the design goal

CEPC Collider Ring TDR Lattice Design
-dynamic apertures  with errors 

—DA w/o error

—DA of each seed

—mean value 

—statistic errors

—requirement

Effects included in 
tracking

Synchrotron motion

Radiation loss in all 
magnets

Tapering

Crab waist sextupole

Maxwellian fringes

Kinematic terms

Finite length of sextupole
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Component x (mm) y (mm) z (mrad) Field error 
Dipole 0.10 0.10 0.10 0.01%
Arc Quadrupole 0.10 0.10 0.10 0.02%
IR Quadrupole 0.10 0.10 0.10
Sextupole 0.10 0.10 0.10
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DA design goal 
7�� × ���� ×1.6%

Higgs: εx=0.64nm, β=0.30m/1mm

Accelerator design 
and challenges



CEPC TDR R&D Status of  Key Technologies
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Magnets

Klystrons

SRF technology Vacuum
Linac injector SC Quadrupole

Kickers

SC cavities
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CEPC S it ing and Civ i l  Engineer ing
( C h a n g s h a  s i t e  a s  a n  exa m p l e )

75m

Very good geological condition



CEPC CDR Power for Higgs (SR 30MW/beam)

266MW

CEPC TDR Power and Green CEPC  

Total TDR power at Higgs (SR 30MW/beam): 272MW
where
Linac:15.5MW
Booster ring: 19.8MW
Coolider ring: 214.664MW

Total TDR power at upgrade Higgs (SR 50MW/beam): 344MW
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Higgs W Z ttbar
Number of IPs 2
Circumference [km] 100.0
SR power per beam [MW] 50
Half crossing angle at IP [mrad] 16.5
Bending radius [km] 10.7
Energy [GeV] 120 80 45.5 180

Energy loss per turn [GeV] 1.8 0.357 0.037 9.1
Piwinski angle 5.94 6.08 24.68 1.21
Bunch number 415 2162 19918 58

Bunch spacing [ns] 385 154 15(10% gap) 2640

Bunch population [1010] 14 13.5 14 20
Beam current [mA] 27.8 140.2 1339.2 5.5
Momentum compaction [10-5] 0.71 1.43 1.43 0.71
Phase advance of arc FODOs [degree] 90 60 60 90
Beta functions at IP (bx/by) [m/mm] 0.33/1 0.21/1 0.13/0.9 1.04/2.7
Emittance (ex/ey) [nm/pm] 0.64/1.3 0.87/1.7 0.27/1.4 1.4/4.7
Beam size at IP (sx/sy) [um/nm] 15/36 13/42 6/35 39/113
Bunch length (SR/total) [mm] 2.3/3.9 2.5/4.9 2.5/8.7 2.2/2.9
Energy spread (SR/total) [%] 0.10/0.17 0.07/0.14 0.04/0.13 0.15/0.20
Energy acceptance (DA/RF) [%] 1.7/2.2 1.2/2.5 1.3/1.7 2.3/2.6
Beam-beam parameters (xx/xy) 0.015/0.11 0.012/0.113 0.004/0.127 0.071/0.1
RF voltage [GV] 2.2 (2cell) 0.7 (2cell) 0.12 (1cell) 10 (5cell)
RF frequency [MHz] 650

Beam lifetime [min] 20 55 80 18
Luminosity per IP[1034/cm2/s] 8.3 26.6 191.7 0.8

CEPC TDR  Parameters (upgrade)

This parameter table
is used by US 
Snowmass21 
for CEPC physics 
performance potential
evaluation

CEPC Accelerator white 
paper to AF03 Snowss21
arXiv:2203.09451
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Two steps of 
upgrades:
l By increasing SR 

power to
      50MW/beam
l By increasing energy 

to ttbar of   
180GeV/beam 



CEPC Staging to SppC 
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

SppC 

SppC lattice design

CEPC 
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SppC Collider Parameters
(updated Feb. 2022) 
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l CEPC CDR relased in Nov. 2018

l CEPC  Accelerator TDR completion time: Dec. 2022
    -Consistent TDR high luminosity parameter design as Higgs factory
    -Key components with prototyping, techincal feasibility demonstrated,  no technical show stopper
    -Design and R&D technical documentation (Data, drawings, etc.) 
    -CEPC accelerator TDR document release in 2023

l CEPC Accelerator EDR Phase Plan:Jan. 2023-Dec. 2025
    -Engineering design of CEPC accelerator systems and components towards fabrication in 
     an industrial way
    -CEPC site study converging to one or two with detailed feasibility studies (tunnel and 
     infrastructures, environment)
   -Site dependent civil engineering design implementation preparation 
   -EDR document completed for government’s approval of starting construction around 2026 
    (the starting of the “15th five year plan” of China)

CEPC Accelerator TDR Status and EDR Plans
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 CEPC Maturity Evaluation

Following the table CEPC 
ranks:
-Design maturity 9
-R&D maturity 9
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Thanks 
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Latest performance of LPF1-U (SppC)

Picture of LPF1-U
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Dual aperture superconducting dipole achieves 12.47 T at 4.2 K
Entirely fabricated in China. The next step is reaching 16-20T field
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