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CEPC-SPPC: toward the 
physics at post-Higgs era

Manqi
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What is the world made of?

What holds the world together?
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In the Ancient time
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Standard model: building block

– nuclei

● proton （ uud ）

– Q = 2/3 * 2 – 1/3 = 1
● neutron （ udd ）

– Q = 2/3 - 1/3 * 2 = 0 
– electron

– photon

– ...
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Standard Model: ingredients & 
interactions

电磁 弱 强
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Standard Model: Interactions

Higgs
related

Gauge interaction:
Strong & EW
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SM Lagrangian
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The SM Parameters & the Higgs

The Only Scalar Particle
Correlated with most of the SM Unknowns:
Theoretical defects & hand-put parameters
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Higgs boson: New Interactions

Stability of Vacuum!!

● Yukawa Interaction: determine the mass of fermion ，

– Mass(u) < mass(d): stability of proton

– Mass of electron: scale of atom

– Mass of top quark

– ...

● Higgs Mechanism

– Mass of Higgs boson (itself)

– Mass of W, Z: Range & Strength of the weak interaction

– ...
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Beyond SM Phenomenas

● Evolution in Early Universe
– Inflation
– Larger scale structure
– Dark matter, Dark energy
– Matter-Anti matter 

asymmetry
– Vacuum Energy
– ...
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Higgs boson: Extremely important

● The unique Scalar particle in 
the SM

● Correlated with all “unknown” 
in the SM

● Determines new interactions

● Determines many important 
features of visible world

● ...

● Maybe also responsible for 
several key feature in the 
evolution of the early 
universe What's the nature of Higgs boson???
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Higgs
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Accelerator & Detector
Accelerator, make the “events”

Accelerator the particle, and group/zip
Them into very small bunches...

Diversity: electron-positron colliders, Proton 
colliders, Muon colliders, Photon collider, 
Heavy ion colliders, ...

Configuration: Linear & Circular

A Simple Accelerator
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Detector

高能对撞机上探测器的尺寸 ~ 10 米
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Physics Events
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Higgs @ LHC

Proton-Proton collider: Huge background (one Higgs boson
Generated for 10B collisions...)

Low reconstruction(finding) efficiency
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Specific Final State...
Overlap with lots of PU events
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CEPC: a precise Higgs factory
● Higgs mass ~ 125 GeV, it is possible to build a Circular e+e- Higgs 

factory (CEPC), followed by a proton collider (SPPC) in the same tunnel

● Looking for Hints (from Higgs) at CEPC → direct search at SPPC

● CEPC: 1 M Higgs boson + 10 Billion Z bosons...
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One Higgs boson for every 1000 physics 
events

Main observables: Higgs boson mass, quantum 
number, σ(ZH), branching ratio -> Absolute value 

of Higgs width & Higgs couplings

Higgs @ CEPC
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Sim Higgs @ CEPC
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Higgs boson Measurement

Productivity Efficiency Comments

LHC
Run 1: 106 

Run 2/HL: 107-8
~o(10-3)

Huge background, larger uncertainty, 
relative measurement

CEPC 106 ~o(1) Absolute measurement at Extremely clean 
environment
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CEPC would report an Higgs to DM 
signal If Br(H->DM)>0.1%

●

● CEPC could measure the Higgs width 
to 3% relative uncertainty, which is a 
discovery window for any NP that has 

impact on Higgs decay behavior

Higgs particle & Dark Matter
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A Historical Review of the Higgs 
Discovery
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Precision measurement: telescope

Precision measurement at Low Energy Region could reflect the physics
At High Energy Region

LEP determines the possible Higgs boson mass range
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Direct measurement: voyage ship 

Increase the c.m.s energy, and directly measure the new Physics/new phenomena
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CEPC-SPPC

● CEPC ： Circular Electron Positron collider with total circumference ~ 100 km: Construction cost: 36 B CNY

– Higgs factory: 1 M Higgs boson

– EW factory ： 10 B Z boons

– Potential Discovery machine toward ：Dark Matter, Exotic Higgs behavior, Higgs width...

● Could be upgraded to SPPC, a proton collider with c.m.s energy of 100 TeV.
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Composited Higgs, 2HDM, Extra Dimension, Dark matter, SUSY...

Extra Dimension? 
Dark matter?

Composed Higgs?
Vacuum Phase Transition?

SUSY?

Toward Unknown!!

CEPC ： New Sea Map
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Baron Kelvin: Nineteenth century clouds 
over the dynamical theory of heat and light

...

21th century: Higgs clouds over the SM

Let's sail!
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谢谢大家
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Higgs discovery at LHC

Increase the c.m.s energy!!
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天问
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Key: a precise Higgs factory
● Higgs mass ~ 125 GeV, it is possible to build a Circular e+e- Higgs 

factory (CEPC), followed by a proton collider (SPPC) in the same tunnel

● Looking for Hints (from Higgs) at CEPC → direct search at SPPC
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Higgs @ LHC

质子对撞机： Higgs 粒子产额很高（ LHC 上已产生
100 万量级的 Higgs 粒子），然而探测效率极低

海量本底：约 100 亿 -1000 亿次对撞中只要一个 Higgs 粒子

无法实现绝对测量

σ(AA→H→BB) ~ g2(HAA)g2(HBB)/Γ
total
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Z→2 jet, 
H→2 tau

Z→2 muon, 
H→2 b

ZH→4 jets 

Z→2 muon
H→WW*→eevv
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