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Higgs boson and new physics Nature 607 (2022) 41



10+ years after the discovery
• All in SM
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Science Drivers

• Use the Higgs Boson as a Tool for Discovery

• Pursue the Physics Associated with Neutrino Mass

• Identify the New Physics of Dark Matter

• Understand Cosmic Acceleration: Dark Energy and Inflation

• Explore the Unknown: New Particles, Interactions, and Physical 

Principles

• Flavor as a Tool for Discovery − Possible New Driver (Snowmass 2022)

Report of the Particle Physics Project Prioritization Panel (P5), 2014
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Examples

• 𝑽 𝑯 = 𝟏
𝟐
𝒎𝑯𝑯𝟐 + 𝝀𝟑𝒗𝑯𝟑 + 𝟏

𝟒
𝝀𝟒𝑯𝟒 +⋯

• ℒ𝑯𝝉𝝉 ∼ 𝐜𝐨𝐬𝝓𝝉 /𝝉𝝉 + 𝐬𝐢𝐧𝝓𝝉/𝝉𝒊𝜸𝟓𝝉 𝑯

2022/7/14 6大型强子对撞机上的物理研究与探测器升级

ATLAS-CONF-2022-032

Nature 607 (2022) 41



(long) way to the precision
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ee @ 240 GeV
pp  @ 100 TeV
ep  @ 3.5  TeV



A e+e- Higgs factory

~106 ZH events @ ~240 GeV

+ Z pole  @ 91.2 GeV

+ WW @ ~160 GeV

+ tt @ 360 GeV

+ ttH @550 GeV

+ … …
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Higgs factory and energy frontier

2023/7/1 Higgs factory - proposals & new ideas 9



2023/7/1 Higgs factory - proposals & new ideas 10

Higgs couplings @ HF
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Timelines
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CEPC status

The  committee  believes  that 

the CDR has already reached a

sufficient level of maturity to

allow approval to proceed to a

Technical Design Report……
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June 12, 2023 23

17

CEPC Status TDR Phase-1 Review
HKUST

June 12, 2023 24

Progress towards TDR

X.C Lou
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The Evolution: from CDR to TDR

Higgs W Z（3T）Z（2T）
Number of IPs 2
Circumference (km) 100
Bunch number 242 1524 12000 
b function at IP bx* /
by* (m/mm)

0.36/1.5 0.36/1.5 0.2/1.5 0.2/1.0

Emittance ex/ey
(nm/pm)

1.21/3.1 0.54/1.6 0.18/4.0 0.18/1.6

Energy acceptance (%) 1.35 0.4 0.23
Luminosity per IP
(1034cm-2s-1) 2.93 10.1 16.6 32.1

Higgs W Z (2T) ttbar
Number of IPs 2
Circumference (km) 100.0
Bunch number 268 1297 11934 35
Beta functions at IP b x*/b
y
* (m/mm) 0.3/1 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

Energy acceptance (%) 1.6 1.0 1.0 2.0
Luminosity per IP 
(1034cm-2s-1) 5.0 16 115 0.5

Main Parameters (30MW)

Key technology R&D
Ø RF power supply and high efficiency klystron
Ø SRF cavities & modules (1.3G & 650MHz)
Ø Key components of the positron source
Ø High performance accelerator (S&C-band)
Ø Novel magnets: Weak field dipole, dual aperture magnets
Ø Injection/extraction

Ø Electrostatic deflector
Ø Vacuum chamber with NEG coating
Ø Instrumentation, Feedback system
Ø Cryogenic system
Ø Magnet power supply

CEPC Accelerator TDR International Review

CDR（2018） TDR（2023）

Yuhui Li
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Operational plan

Particle
Ec.m.

(GeV)
Years

SR 
Power
(MW)

Lumi. per IP
(1034cm-2s-1)

Integrated 
Lumi.

per year
(ab–1, 2 IPs)

Total 
Integrated L 
(ab–1, 2 IPs)

Total no. of 
events

H*
240 10 50 8.3 2.2 21.6 4.3 ´ 106

30 5 1.3 13 2.6 ´ 106

Z
91 2

50 192** 50 100 4.1 ´ 1012

30 115** 30 60 2.5 ´ 1012

W
160 1

50 26.7 6.9 6.9 2.1 ´ 108

30 16 4.2 4.2 1.3 ´ 108

! ̅!
360 5 50 0.8 0.2 1.0 0.6 ´ 106

30 0.5 0.13 0.65 0.4 ´ 106

**   Detector solenoid field is 2 Tesla during Z operation, 3Tesla for all other energies.
*** Calculated using 3,600 hours per year for data collection. 

CEPC Accelerator TDR International Review

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

Yuhui Li
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CEPC layout and design essentials

Common tunnel for 
booster/collider & SppC

Switchable operation for 
Higgs W and Z

D. Wang et al 2022 JINST 17 P10018

Cost optimization v.s. 
circumference

l Circular collider: Higher luminosity than a linear collider
l 100km circumference: Optimum total cost
l Shared tunnel: Compatible design for CEPC and SppC
l Switchable operation: Higgs, W/Z, top

Yuhui Li
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Key technology R&D

8

CEPC R&D
~ 30% cost of acc. 

components

CEPC Accelerator TDR International Review

Specification Met

Prototype 
Manufactured

Key technology R&D spans all component lists in CEPC CDR

Represented Key Technologies for the CEPC Fraction

Yuhui Li
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X.C Lou



C3 – Cool Copper Collider
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NLC / TESLA → ILC
↓
C3 (NLC in 77K)



C3 as next linear collider
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A collider in US?
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Energy recovery
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LHC:  120 MW
ALL:   230 MW
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标准模型

凝聚态，生物…

暗物质，暗能量…

The future of particle physics is bright !

Higgs factory
pp collider
ep collider
…
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A single Interaction Point: In addition to a reduced cost with 
only one detector, this has several accelerator physics 
advantages which include:

20 – a larger bending radius ρ in the arc cells

– total beam-beam effects (tune shift, beamsstrahlung, 
Bhabha scattering) are minimized;

– the IR chromaticity is reduced, which will increase the 
momentum acceptance and consequently the beam lifetime.

• Very small vertical beam size at the IP (0.2 µ m).

• Large number of particles distributed into two bunches for 
maximizing the luminosity. The single bunch intensity must 
respect limits set by the Transverse Mode Coupling 
Instability (TMCI) and by the allowable beam-beam tune 
shift.

• Head-on collisions for operational simplicity and cost 
reduction.
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An e + e − circular collider at Fermilab
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