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Outline

□Introduction: Why Supersymmetry (SUSY) ?

□Model: Semi-constrained NMSSM (scNMSSM)

□Our work: Higgs invisible decay

Higgs decay to light scalars

□Summary
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Introduction: Why SUSY ?

□Problems in the SM:

□Fine-turning

□Gauge couplings 
can’t be unified at 
GUT scale

□Without dark matter 
candidate

□How SUSY solve these:

SM

SUSY

□R  parity:
The Lightest Supersymmetric 

Particle (LSP)  is absolute stable, 

which can be dark matter candidate.
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Introduction: Why scNMSSM ?

SUSY

MSSM

All soft SUSY 
breaking 

terms 
unified

CMSSM 

NOT ALL 
unified

gaugino mass can 
be different

NUGM

NMSSM

All soft SUSY 
breaking 

terms 
unified

CNMSSM

NOT ALL 
unified

Higgs sector can 
be different

scNMSSM

𝜇 problem

Too many parameters

JHEP 1812 (2018) 041
Chin.Phys. C42 (2018)

Our previous studies:
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Model: Semi-constrained NMSSM 

□The superpotential of NMSSM:

□The effective 𝜇"−term":

□The soft breaking term:

□Semi-constrained: The Higgs sector are considered non-

universal, the Higgs soft mass and trilinear couplings are allowed to be 

different at GUT scale. 

□In the scNMSSM, the complete parameter sector is:
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Model: electro-weak sector 

□Higgs

□Neutralino & Chargino

CP-even Higgs CP-odd Higgs Charged Higgs

𝐻±
SM-like

Light Higgs

Light Higgs

In scNMSSM, the Bino and Wino 

are very heavy, so they can be 

decoupled from the light sector.

LSP

NLSP

Will decay to LSP
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Our work

□Higgs invisible decay：

125GeV Higgs (ℎ2) decay to Dark Matter (LSP) 

So, we focus on:

□Higgs decay to light scalars:

125GeV Higgs can be:  ℎ1 , ℎ2
Light scalars can be:   ℎ1 , 𝑎1

𝑚Higgs ≥ 2𝑚LSP

ℎ1 → 𝑎1𝑎1
ℎ2 → ℎ1ℎ1

ℎ2 → 𝑎1𝑎1
3 type:
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Higgs invisible decay

With right DM relic density, Higgs 

invisible decay is small, that 

because λ is small, Higgs couples 

very weak with DM.

CEPC

𝑚Higgs ≥ 2𝑚LSP

If invisible decay was discovered 

at CEPC, probably DM is not 

mainly singlino in the scNMSSM. 

can be checked by CEPC

CEPC accuracy 

is 0.24%
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4 funnel-annihilation 

mechanisms

ℎ1, ℎ2

𝒉𝟐𝒁
𝒂𝟏

𝒂𝟏𝒉𝟏



10

• For higgsino LSP, SD is 

large, when it have right 

DM relic density, it will be 

excluded.

• For singlino LSP, SD is 

small, so it can have right 

DM relic density.

can be checked by CEPC

• For LSP with right DM relic 

density, it can be checked 

by SD experiment

• For LSP without right DM 

relic density it can be 

checked by CEPC.
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Higgs decay to light scalars

□Three scenarios:

ℎ1 → 𝑎1𝑎1
ℎ2 → ℎ1ℎ1

ℎ2 → 𝑎1𝑎1
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Detections at future lepton colliders

□Decay channels:

CEPC

ℎSM → 𝑠𝑠 → 4𝑏
ℎSM → 𝑠𝑠 → 4𝑗

ℎSM → 𝑠𝑠 → 2𝑏2τ
ℎSM → 𝑠𝑠 → 4𝜏

Minimum integrated luminosity @ CEPC for discovering is 0.42fb-1
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CEPC

Minimum integrated luminosity @ CEPC for discovering is 4.6fb-1

Minimum integrated luminosity @ CEPC for discovering is 21fb-1
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CEPC Minimum integrated luminosity @ CEPC for discovering is 0.26fb-1
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Summary

□Higgs invisible decay：
There are 4 funnel-annihilation mechanisms;

If Higgs invisible decay was discovered at CEPC, probably DM 

is not mainly singlino in the scNMSSM;

With right DM relic density, Higgs invisible decay is small, 

and they could be checked by SD experiment (LZ).

□Higgs decay to light scalars:

There are 3 scenarios about ℎSM → 𝑠𝑠

95% E.L.@ CEPC is showed in 4𝑏, 4𝑗, 2𝑏2τ, 4𝜏

The most effective way is in 4𝜏 channel(0.26fb-1)

Minimum IL for discovering @CEPC is close to FCC
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