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Worldwide High Energy Physics Goal 

Common Efforts and Timelines
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Future large colliders have the 

common physics, accelerator

and detector technologies:

SC accelerator technologies, 

positron source, damping ring,

final focus, MDI, cryogenic 

system, sustainability, industrial 

promotion and participation.

Also, common outreach activities

HALHF was proposed in 2023 as a Higgs factory based on plasma accelerator technology

CEPC
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CEPC Higgs Factory and SppC Layout in TDR/EDR

CEPC towards a green Higgs factory-J. 
Gao Sustainable HEP workshop, May 12-15, 2025 (Online)

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

H/tt-bar

W and Z

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

CEPC/SppC in the same tunnel

CEPC TDR S+C-band 30GeV linac injector
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**   Detector solenoid field is 2 Tesla during Z operation, 3Tesla for all other energies.
*** Calculated using 3,600 hours per year for data collection. 

*     Higgs is the top priority. The CEPC will commence its operation with a focus on Higgs. 

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

CEPC physics white papers:

1: Higgs physics, Chinese Physics C Vol. 43, No. 4 (2019) 043002

https://arxiv.org/pdf/1810.09037

2: Flavor physics,  https://arxiv.org/pdf/2412.19743 (2024)

3: Electroweak physics, to be published

4: New physics, to be published

 

https://arxiv.org/pdf/1810.09037
https://arxiv.org/pdf/2412.19743


Philosophy and Efforts on Green CEPC Higgs Factory

• Optimization design philosophy of the CEPC as a Higgs Factory [1] with maximum the 

scientific outputs and with minimum cost [2] (construction and operation) , energy 

consumption and CO2 emissions [3] 

• Key technology development on efficiencies and less heat loads[4]

• Wast heat recovery or reuse

• Green energy utilizations

References:

[1] J. Gao, D. Wang and Y.F. Wang*, Vision for high-energy frontier particle colliders in China, Annual Review of Nuclear and 

Particle Science, Volume 75, 2025 (accepted for publication).

[2] D. Wang, J. Gao, M.Q. Ruan, Y.H. Li, H.C. Xu, Y.D. Liu, M. Li, Y. Zhang, Y.W. Wang, J.Y. Zhai, CEPC cost model study and 

circumference optimization, 2022 JINST 17 P10018 DOI 10.1088/1748-0221/17/10/P10018  

[3] D. Wang, J. Gao, Y.H. Li, J.S. Huang, S. Jin, M.Q. Ruan, M.S. Chen, S.Z. Chen, The carbon footprint and CO2 reduction 

optimization of CEPC, Radiat Detect Technol Methods, DOI : 10.1007/s41605-025-00535-7, 2025

[4] J. Gao, CEPC Technical Design Report: Accelerator. Radiat Detect Technol Methods 8, 1–1105 (2024). 

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

https://doi.org/10.1007/s41605-024-00463-y
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CEPC Accelerator System Parameters in TDR/EDR

ColliderBoosterLinac

tt H W Z
Off axis 

injection

Off axis 

injection

On axis 

injection

Off axis 

injection
Off axis injection

Circumfer. km 100

Injection 

energy
GeV 30

Extraction 

energy 
GeV 180 120 80

45.5

Bunch number 35 268 261+7 1297 3978 5967

Maximum 

bunch charge
nC 0.99 0.7 20.3 0.73 0.8 0.81

Beam current mA 0.11 0.94 0.98 2.85 9.5 14.4

SR power MW 0.93 0.94 1.66 0.94 0.323 0.49

Emittance nm 2.83 1.26 0.56 0.19

RF frequency GHz 1.3

RF voltage GV 9.7 2.17 0.87 0.46

Full injection

from empty
h 0.1 0.14 0.16 0.27 1.8 0.8

Parameter Symbol Unit Baseline

Energy Ee-/Ee+ GeV 30

Repetition 

rate
frep Hz 100

Bunch 

number per 

pulse

1 or 2

Bunch 

charge
nC 1.5 (3)

Energy 

spread
σE 1.5×10-3

Emittance εr nm 6.5

Transport lines

Higgs Z W 𝒕 ҧ𝒕

Number of IPs 2

Circumference (km) 100.0

SR   power per beam (MW) 30

Energy (GeV) 120 45.5 80 180

Bunch number 268 11934 1297 35

Emittance x/y (nm/pm) 0.64/1.3 0.27/1.4 0.87/1.7 1.4/4.7

Beam size at IP x /y (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

Beam-beam parameters x /y 0.015/0.11 0.004/0.127 0.012/0.113 0.071/0.1

RF frequency (MHz) 650

Luminosity per IP (1034 cm–2 s–1) 5.0 115 16 0.5

Linac

DR

Booster Collider
180GeV

1.1GeV
30~180GeV dump

①
⑨

④

②
⑥

③

⑧

⑦⑤

⑩

CEPC Technical Design Report  (TDR) includes:

1) CEPC Accelerator TDR released on Dec. 25, 2023

2) CEPC Detector TDRrd (rd=reference design)
will be completed by June 2025

Running scenarios: Higgs 10 years, Z 2 years, W 1 year, ttbar 5 years

Lmax [𝒄𝒎−𝟐 𝒔−𝟏]= 𝟎. 𝟏𝟓𝟖𝟏𝟎𝟑𝟒
(1+r)

β𝒚[mm]
𝑹[𝒎]

𝑪γ[𝒎𝑮𝒆𝑽𝟑]𝑵𝑰𝑷
(𝑷𝒃[MW]/𝑬[𝑮𝒆𝑽]𝟐)𝒆

𝜱𝒑

𝟑.𝟐𝟐（1+0.000505∗𝚽𝒑
𝟐）   (J. Gao’s formula) 

Luminosity per IP (1034 cm–2 s–1)

From J. Gao’s formula below

5 115 12 0.59

CEPC towards a green Higgs factory-J. 

Gao Sustainable HEP workshop, May 12-15, 2025 (Online)



CEPC Power Consumptions for Four Energies (SR 30MW/beam)

J. Gao, CEPC Technical Design Report: Accelerator. Radiat Detect Technol Methods 8, 1–1105 (2024). https://doi.org/10.1007/s41605-024-00463-y p. 965

CEPC-TDR p. 965

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


CEPC Design Optimization (Cost and CO2)

D. Wang, J. Gao, Y.H. Li, J.S. Huang, S. Jin, M.Q. Ruan, M.S. Chen, S.Z. Chen, The carbon footprint and CO2 reduction optimization of CEPC, Radiat Detect Technol Methods, DOI : 10.1007/s41605-025-00535-7, 2025. 

D. Wang, J. Gao, M.Q. Ruan, Y.H. Li, H.C. Xu, Y.D. Liu, M. Li, Y. Zhang, Y.W. Wang, J.Y. Zhai, 

CEPC cost model study and circumference optimization, 2022 JINST 17 P10018 DOI 10.1088/1748-

0221/17/10/P10018 

To compare, assuming all projects use

nuclear power electricity, and Higgs 

boson production only.

CEPC is quite efficient as a Higgs factory

in terms of ton CO2 eq/Higgs 

CEPC Project 

total TDR cost of 

36.4B RMB 

(~5.2USD)



China Electricity Carbon Intensity Map

Carbon intensity (kgCO2/kWh)

Electricity Transport:

• North-to-South

• West-to-East
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¸ China national dual-

carbon strategy: CO2 

emission peak before 

2030 and carbon 

neutrality before 2060)



Carbon Intensity Expectation (2025-2035) in China

üThe carbon intensity in China will be reduced rapidly in 2035 when CEPC is expected to be in operation

üSince April 2025, China nuclear power reaches 1.13*10^5MW, the first in the world

ü Since April 2025, the clean wind and photovoltaic electricity powers have surpassed that from the coals. 

ü In 2035, nuclear power in China will be 10% of the total electric power

üChina’s dual carbon strategy goal : achieve peak CO2 emissions before 2030 and carbon neutrality before 2060. 
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Green CEPC Technologies Identification

Reference: Dou Wang; Jie Gao; Yuhui Li; Jinshu Huang; Song Jin; Manqi Ruan; Mingshui Chen; Shanzhen Chen, 
%Wkh fduerq irrwsulqw dqg FR  uhgxfwlrq rswlpl}dwlrq ri FHSF / dffhswhg wr eh sxeolvkhg lq UGPW lq 

According to CEPC power consumption breakdown analysis,

key technologies R&D for green CEPC have been identified 

and carried out as follows:



CEPC 650MHz High Efficiency Klystrons

ẄThe 1st Klystron prototype, achieved efficiency of 62%

ẄThe 2nd Klystron prototype was tested in Aug. 2024, achieved efficiency ~ 78% @ 800kW

ẄThe 3rd Klystron prototype (MBK) with manufacture underway, design efficiency is 80%

ẄThe 4th Klystron (Energy recovery, one stage can reach 85%, two stages could reach 90%)



CEPC Energy Recovery Klystron Development

The 4th Klystron (Energy recovery, one stage)

Parameter Value

Operating frequency 650 MHz

Beam Voltage 113 kV

Efficiency 77.5%

Output power 800 kW

Beam perveance 0.25 ƤS

Beam current 9.5A

Efficiency
(one-stage depressed collector)

85%

4200mm

5048mm



Å The SRF system, along with its cryogenic auxiliaries, is one of the major electricity consumers. High 

Q-factor SRF cryo -modules effectively reduce the heat load, resulting in lower energy consumption

Power consumption with respect 

to the cavity Q-factor

CEPC 50MW Higgs operation

Å The CEPC 1.3GHz SRF cavities adopt the mid -temp baking technology, which enhances the Q factor 

by 5 times compared to the EP technique.

Å Using the high -Q SRF in CEPC may reduce the operational power by 10MW , which could result in an 

electricity savings of approximately 60M kWh per year.

High Q SRF Impact on CEPC
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CEPC High Q 650 MHz and 1.3 GHz Cavities
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650 MHz 2-cell BCP

High Q 650 MHz 1-cell

ILC spec

0 5 10 15 20 25 30 35 40
5E9

1E10

2E10

3E10

4E10

5E10

6E10

Note: stainless steel flange loss corrected

 N5 EP

 N6 EP

 N7 EP

 N8 EP

 N10 EP

 N5 mid-T

 N6 mid-T

 N7 mid-T

 N8 mid-T

 N9 mid-T

 N10 mid-T

 N11 mid-T

 N12 mid-T

 N13 mid-T

 N14 mid-T

 N15 mid-T

 N16 mid-T

Eacc (MV/m)

Q
0

LCLS-II&SHINE spec LCLS-II-HE spec

CEPC spec

EXFEL spec

High Q 1.3 GHz 9-cell
Mid-temp baking technology 

has been used



Vapor-diffused Nb3Sn Cavity for CEPC Application

¸ Cryogenic power decrease with high Q SRF Nb3Sn cavities

• ~ 20 MV/ m Nb3Sn 4.2 K cryo efficiency similar to Nb at 2 K, lower than high Q Nb at 2 K (unless 

mitigate Q-slope Q0 > 2.7E10 at higher gradient), assume Coefficient Of Performance (4.2 K / 2 K) = 3.6

• 650 MHz Nb cavity at 4.2 K Q0 ~ 2E9. If use cryocooler at 4.2 K for industry application (~ 10 MV/m), 

Nb3Sn is the only choice. COP of cryocooler not efficient for large accelerators.

Results in June 2024

Continuous efforts in high Q 

Nb3Sn SRF Cavity R&D for CEPC

in addition to TTC collaboration   



Permanent Magnet for Green Machines

Experiences from the permanent magnet utility in HEPS (6GeV 4th generation light 

source in IHEP)

• Equivalent single excitation energy 

consumption of about 1.62kW.

• Equivalent cooling, power efficiency 

additional energy consumption of about 

1.3kW

• 240 magnets in the whole ring

• Annual running time of 8000 hours

Annual saving 

electricity about 5.6 

million kWh

¸ The CEPC try to use permanent magnets (dipole, quadruple) for

• Damping ring ·Transport line
¸ Exploring novel 

ideas for 

quadruples in 

collider rings

100mm

350mm



Novel Concept of Power Supply based on 10kV SST

¸ Numerous media/small magnet power supplies are needed: Quadrupole, Sextupole, corrector, … Lots of cables 

are needed, resulting in energy lost

¸ SST can eliminate the need for 10kV transformer and SVG, which directly converts the AC power from 10kV 

to DC 200V – 1000V DC200V~1kV, with voltage tenability

¸ Rectifier is not needed in the power supplies, reducing the cost, space occupation and power consumption



Advanced Heat-pump Technology Applications for CEPC

• As the rapid development of photovoltaic and heat storage technology, AHP can be served the 

new possible scheme to recover the waste heat.

Cooling tower

30ŏ 23ŏ

condenser

evaporator

30ŏ 23ŏ

condenser
compressor

JT valve
W-

electricity

condenser

ŅThermalņ 
compressor

JT valve

Q-waste

generator

absorber

JT valve

Q-drive energy

Ѓsolar heatɻ

geothermicɻbiomassЄ
35ŏ 45~65ŏ

35ŏ

80~100ŏ

1. Conventional waste 

heat discharged 

through cooling towers  

in accelerator

2ɻRecovery the 

waster heat using the 

electrical heat pump

3ɻHeating condition -

absorption type HP-recovery 

of waste heat Machine from 

the main cooling unit for 

heating

4ɻ Refrigeration condition - 

absorption Type HP  - to produce 

part of the chilled water, can 

reduce the main cooling unit 

energy consumption (energy 

saving)

JT valve

evaporator4

Chilled water 
circuit

accelerator

Electrical 
heat 

pump

Main 
chiller

condenser
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evaporator4

Chilled water 
circuit

accelerator

Main 
chiller

Cooling 
water circuit

Heat user

Cooling 
water circuit

condenser

evaporator

30ŏ 23ŏ

JT valve

evaporator4

Chilled water 
circuit

accelerator

Main 
chiller

Heat driven 
absorption-type 

heat pump 
combined cooling 

and heating 
function

Heat user

condenser

JT valve

generator

absorber

JT valve

23ŏ

30ŏ

condenser

evaporator

JT valve

evaporator4

Chilled water 
circuit

accelerator

Main 
chiller

4

Q-waster heat

Cooling tower
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Heat driven 
absorption-type 

heat pump 
combined cooling 

and heating 
function

Q-drive energy

Ѓsolar heatɻ

geothermicɻbiomassЄ

ŅThermalņ 
compressor



Å A heat recovery chiller unit is used to recover waste heat.

Å HEPS (a 30MW synchrotron light source in IHEP) installs four 

heat recovery chiller units: 2 * 5500 kW and 2 * 2800 kW. In 

the normal operation, maximum of about 13 MW waste heat 

can be recovered in the form of 42 C̄ water

Å The heat load of HEPS is about 10.4 MW in winter and 0.4 

MW in summer. When the system is running, the recovered 

heat source can fully replace municipal heat sources

Å CEPC will benefit from the waste heat recovery technologies 

experienced in HEPS

Installation the heat 

recovery condenser

HEPS Waste Heat Sources Utilization at IHEP



Å Photovoltaic (PV) power generation systems are installed on the roofs 

of HEPS building complex (PV10MW vs HEPS 30MW power 

consumption) 

Å Adopting 465Wp/550Wp monocrystalline silicon photovoltaic modules, 

the first phase has a total installed capacity of 9,950.92 kWp. The 

average annual power generation is expected to be 10.30766 million 

kWh, and the equivalent average annual utilization hours will be 

1035.85h.

Å Phase I was connected to the grid on 2023.10.30.

Å The second phase is planned to lay PV modules on the ground inside 

the storage ring with an installed capacity of 7314.45kWp.

Solar Panels Experiences from HEPS@IHEP for CEPC

Implement flexible regulation between source-storage-load through the 

time and spatial complementarity of load power usage



Efforts on Green Colliders’ International Collaboration

Mini-workshops of HKUST IAS- Green Accelerator and 

Colliders (Jan 18 - 19, 2024), HKUST IAS, Hong Kong, 

China

Organizing committee members:

Marica Biagini, Jie Gao (Chair), Yuhui Li, Angeles Faus-

Golfe, Tohru Takahashi, Makoto Tobiyama, Tohru Takahashi, 

Maxim Titov, Frank Zimmermann

The mini workshop on green accelerator and colliders will be 

held from Jan. 18-19, 2023 at HKUST IAS. Facing to the 

future large scale accelerator and colliders which demand 

large amount of electricity power during operations, to 

guarantee the sustainable progress of scientific researches 

based on these kinds of machines, it is vital to strengthen the 

dedicated studies, R&D efforts and development in 

increasing the efficiency of electricity consumptions, wast

heat recovery and green energy applications, etc. 

International exchanges and collaborations are important 

towards these goals.

https://indico.global/event/12246/timetable/?view=standard The photo of  participants of mini workshops and HEP 

conference at HKUST IAS, Hong Kong, China, Jan. 2024

https://indico.global/event/12246/timetable/?view=standard
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CEPC Milestones, Timeline and Human Resources

Year      2012      2013        2015       2017      2018                  2023            2025          2027 2030           2035
Human resources             ~50                       ~100                  ~200           ~300          ~500         ~2800  ~2500

2012.9  2013.9   2015.3   2017.4  2018.11      2023.12 2024      ~    2027                         ~2035
CEPC proposed            Pre-CDR      Progress report   CDR                    TDR                                            EDR   start of construction       Completion

CEPC detector reference design

will be completed by June 2025

Proposal (2025) for CEPC entering 15th  five year plan

CEPC kickoff meeting in Sept. 2013

CEPC EDR site

study and civil 

engineering design

Year
Accelerator human 

resource

Accumulated 

accelerator 

spending

Billion RMB

2015 50 -

2018 100 -

2023 200 0.2

2025 300 0.3

2027 500 0.4

2031 2800 9

2035 2500 20

36.4B RMB

Total construction
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• The CEPC TDR optimizations designs with high luminosity (30MW and 50MW) operations for all four 

energies (Higgs, W/Z and ttbar) satisfy the CEPC scientific goals.

• CEPC accelerator TDR has been published in Journal Radiation Detection Technology and Methods 

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

• CEPC has been designed with optimal scientific outputs vs cost (construction and operation) and 

power consumptions

• From CEPC power consumption breakdown, key technologies for green colliders have been 

identified and corresponding technologies R&D have been carried out both in TDR and EDR phases

• CEPC detector reference TDR has been reviewed by IDRC in Sept. 14-16, 2025 and will be released 

by June 2025.

• CEPC proposal will be presented to and selected by Chinese government in 2025 for the construction 

start during the ”15th five year plan (2026-2030)” (for example, around 2027) and completion around 

2035.

• CEPC is open to the international collaboration and participation worldwide

Summary

CEPC towards a green Higgs factory-J. 

Gao Sustainable HEP workshop, May 12-15, 2025 (Online)

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

