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Why 2HDM+complex singlet?

Explain:
- cold dark matter (DM)

- 95 GeV excess 
   (at LHC and LEP)
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*γγ channel at CMS (~2.9 σ),
bb channel at LEP (~2 σ),
investigated in S. Heinemeyer,
C. Li, et al, 2021, 
arxiv:2112.11958

Reference model to 
obtain different DM mass 
scenarios, which lead to 
various signal topologies 
at future colliders
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Type II, Couplings to Fermions

Down-
type 
quarks

Leptons Up-type 
quarks

 

 avoids charge-parity 
violation

(softly broken by 
m12²)

avoids flavour changing 
neutral currents

 stabilization of DM

V2HDMS  Symmetries

for this study:
λ2’’=λ1’’

2HDMS Type II, Higgs Sector Potential 
[Notation as in: Baum and Shah, arXiv: 1808.02667]



This model is different from 2HDMa, where the pseudoscalar is the DM

DM Candidate Properties:
massive
electrically neutral
colourless
stable

Higgs Sector 
particles:

2 charged: H±,

1 charged GB: G±,

3 scalars: h1, h2, h3,

1 pseudo scalar: A,

1 pseudo scalar GB: G0,

1 DM: AS

SM-like

2HDMS Type II, Higgs Sector Potential 
[Notation as in: Baum and Shah, arXiv: 1808.02667]

DM 
Candidate



DM to Higgs portal couplings

DM mass:

2HDMS Basis Change

Interaction Basis Parameters:

Mass Basis Parameters:
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2HDMS Type II, Higgs Sector Potential 
[Notation as in: Baum and Shah, arXiv: 1808.02667]



Benchmark scenarios

Dark Matter (DM) Phenomenology
(Relic Density, 
Indirect Detection, 
Direct Detection)

Collider 
Phenomenology
(HL-LHC, 
Future Lepton 
Colliders)
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Pythia
Delphes

MadAnalysis
WHIZARD
Madgraph

SARAH
SPheno

micrOMEGAs

Constraints:
- Theoretical: bfb, 
unitarity
- Experimental: 
HiggsBounds, Planck, 
LUX-ZEPLIN, Fermi-LAT
*including 95 GeV excess

• Light 10 GeV < mDM < 100 GeV
• Intermediate 100 GeV < mDM < 1 TeV
• Heavy mDM > 1 TeV



DM Phenomenology

Relic Density 
(=amount of DM left in 
universe today),
constraints from Planck : 
Ωh2≈0.12

Direct Detection CS
(=elastic scattering of DM on 
nucleon),
constraints from LUX-ZEPLIN (LZ)

Indirect Detection CS
(=annihilation of two DM particles),
constraints from Fermi-LAT
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• The larger DM relic density, the lower interaction strength between DM and other particles



Collider Phenomenology

Hadron Collider 
(HL-LHC)

e+e- Colliders 
(ILC, FCC-ee, CEPC, CLIC)

μ+μ- Collider
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Collider Phenomenology, HL-LHC
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GGF + Mono  jet

VBF

BBH

• DM55 has low significance at hardon collider
• DM70 has large cross-section via offshell h125   
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Collider Phenomenology, e+e- Colliders

Z+MET

• e+e- colliders can be sensitive to the light DM scenarios with h125 as mediator



Collider Phenomenology, μ+μ- Collider
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Mono photon



Collider Phenomenology, μ+μ- Collider
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bb+MET

• Muon collider can be sensitive to the intermediate DM scenarios



Collider Phenomenology, μ+μ- Collider
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tt+MET

• Muon collider can be sensitive to the heavy DM scenarios, while the DM mediator is at 3 TeV



Collider Phenomenology, Challenging Scenarios
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• The scenario with the singlet Higgs as the DM mediator would be difficult for lepton colliders



Conclusions
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Thank you!



Backup
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Backup, Collider Pheno, HL-LHC



Backup, Collider Pheno, Lepton colliders
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DM156w95

DM1000w95DM70

DM55w95
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