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Extended Higgs Portal Models:   
2HDM + complex singlet scalar (2HDMS) 

• Consider a softly broken  (to avoid FCNC) symmetric Type II 2HDM augmented with a complex scalar singlet S, 
with the imaginary component stabilized under .


• Depending on the singlet vev , the model can accommodate single or multicomponent dark matter candidates.
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• The scalar potential 
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Free parameters:

Particle content:

Dark Matter mass:

h1, h2, h3, A, H±, AS

Trilinear and Quartic Couplings of DM to Higgs Bosons:

Key  Points

DM
Scalar Mediators

Portal Couplings to Higgs sector
Connection to colliders via invisible decays of 
SM and BSM Higgs bosons.

Dutta, et.al, 2504.14529



Extended Higgs sectors portal to Dark Matter

Relic Density

ID cross-section
SI cross-sectionHiggs Bounds

SM Higgs Signal Strengths

PU, BFB, B physics constraints

Allowed Parameter Space subject to theory and experimental 
 constraints.



Intermediate DMIntermediate DMIntermediate DMLow mass

Low mass Intermediate mass High Mass

with 95 GeV light scalar without 95 GeV light scalar

Intermediate mass High MassLow mass

DM Mass
Higgs Masses

Representative Benchmarks



• Benchmarks chosen with thermal relic and underabundant cases 
satisfying all theoretical and experimental constraints.


• Potential signals at high luminosity LHC, e+e- colliders as well as muon 
colliders.

Connection to colliders and benchmarks
• DM invisible to colliders.


• Typical signals: SM particles + 
Missing energy.



Signals at HL-LHC

• Signals: Mono-jet + Missing energy, Di-jet + Missing Energy, 2b jets 
+ Missing energy


• Hints of new physics ~2  by the end of high luminosity LHC at 14 TeV and  3000 fb . 


• Lepton colliders could play a crucial role here to uncover these scenarios with 
better precision and cleaner environment.

σ −1

Vector Boson Fusion (VBF)Gluon Fusion (GGF) Associated bbH production for heavy Higgses (BBH)



• Leading signal for light 
DM benchmarks Mono-
Z + MET as in DM55 
and DM70.


• For heavier DM, 
associated bbH  
production channels 
takes over as in DM156.

Relevant processes at e+e- colliders



Signals at  colliderse+e−
Mono-Z + Missing Energy

Signal Background Production Cross sections at various center of mass energies at an unpolarised e+e- collider experiment.



Missing Mass

  GeVs = 250   GeVs = 500

  GeVs = 1000

DM70

SM

DM55

Powerful discriminator between signal and  background.



Results
Light Dark Matter mostly sensitive via mono-Z + missing energy final state at a e+e- 

collider at 250 GeV.

Lepton colliders a must to discover light DM in cases where LHC still hides it! 
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bb + Missing Energy (3 and 10TeV 
muon collider) tt + Missing Energy 

(10 TeV muon collider)
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Intermediate DM

Heavy DM

Heavy and Intermediate DM benefit from associated production modes such as bbH and ttH   
at higher energy lepton colliders/proposed muon colliders.



Multicomponent DM in 2HDMS

Eur.Phys.J.Plus 140 (2025) 1, 87



For heavy degenerate DM masses~400 GeV and Heavy Higgs mass ~ 833 GeV (with ~4% invisible branching)

More detailed collider studies ongoing to explore full potential of multicomponent DM at higher energy linear colliders at 3 TeV! 

For heavy DM, dominant contributions from ttH and HA in 2b + Missing Energy final states. 



Summary
• Dark Matter remains one of the most challenging yet intriguing mysteries of Nature.   

• Extended Higgs portals models accommodating dark matter (such as the  Type II 2HDM extended 
with a complex singlet scalar) very well motivated and connect  Particle Physics at low scale and 
the early Universe cosmology. 

• Exciting signals which are hinted at  HL-LHC, decisively detected at lepton colliders such as 
for light pseudoscalar DM at an  collider of 250 GeV via the Higgsstrahlung process using 
missing mass reconstruction techniques.   

• Associated production channels bbH, ttH, HA take over for heavy and intermediate DM cases 
at higher center of mass energies  (~3 TeV) and beneficial to look for at higher energy lepton 
colliders akin to muon colliders to enhance reach of BSM higgs searches. 

• Potential for high energy lepton colliders to uncover multi-component DM at 3 TeV e+e- colliders 
for heavier DM masses.

e+e−
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Thank You  



Relevant 
processes at 

muon colliders

At colliders:μ+μ−



Benchmarks

DM55_w95

DM156_w95

DM70

DM1000_w95



LHC Cross-sections



bb+Missing Energy cross-sections at Muon Colliders.

Mono Z + Missing energy cross-sections at Muon Colliders.

Allowed Benchmarks



Couplings in 2HDM

Gauge couplings in 2HDM

Branco, et.al,  
https://doi.org/10.1016/j.physrep.2012.02.002

Rotation Matrix

https://doi.org/10.1016/j.physrep.2012.02.002


Benchmark



Backgrounds and cuts for multicomponent DM

Cuts for analysis: 2b + MET


