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Based on arXiv:1403.3530, 

and on earlier works


arXiv:1112.1847, JHEP (2012); 1209.4163, JHEP (2012);

1212.2131, JHEP (2013) (also with Eibun Senaha)

Higgs portal DM models

Non-renormalizable

or


not gauge-invariant,

not unitary!

[arXiv:1404.1344]
Γinv is constraied ⇒ So is σ

SI

All invariant under (ad hoc) Z2

Usual story within EFT

• Strong bounds from direct detection exp’s put 
stringent bounds on the Higgs coupling to the 
dark matters.  Therefore the invisible Higgs 
decay is suppressed.  And Vice Versa.


• There is only one SM Higgs boson with the 
signal strengths equal to ONE if the invisible 
Higgs decay is ignored


• All these conclusions are not reproduced in 
UV completions (renormalizable) however
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Production and decay rates are suppressed relative to SM.
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 This simple model has not been studied properly !!

Singlet fermion CDM
Baek, Ko, Park,  arXiv:1112.1847

• Signal strength (reduction factor)

0< α < ̟/2 � r₁(r₂) < 1


Invisible decay mode is not necessary! 
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Ratiocination

If r_i > 1 for any single channel, 

this model will be excluded !!

Mixing of the SM Higgs 

with a singlet scalar

• Dark matter to nucleon cross section (constraint)

Excluded!

m₁=143 GeV

Constraints
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• Signal strength (r_2 vs r_1)

82

Discovery possibility

⦁: Ω(x),σ_p(x)

⦁: Ω(x),σ_p(o)

●: Ω(o),σ_p(x) 
●: Ω(o),σ_p(o)

: L= 5 fb¹ for 3σ Sig.
: L=10 fb¹ for 3σ Sig.

m₁=125 GeV << m₂
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• Dark matter to nucleon cross section (constraint)

Excluded!

m₁=143 GeV

Constraints
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cannot be seen 


in EFT !
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• We can’t use the effective lagrangian approach 
(nonrenormalizable interactions), since we don’t 
know the mass scale related with the CDM

- Only one Higgs boson (alpha = 0) 


- We cannot see the cancellation between two Higgs scalars in 
the direct detection cross section, if we used the above 
effective lagrangian


- No definite correlation between the upper bound on DD 
cross section and the invisible Higgs decay 

λhψψor λhψψ

Breaks SM gauge sym

Vacuum Stability Improved�
by the singlet scalar S

A. Strumia, Moriond EW 2013
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Similar for Higgs portal Vector DM

• Although this model looks renormalizable, it is 
not really renormalizable, since there is no agency 
for vector boson mass generation


• Need to a new Higgs that gives mass to VDM


• Stueckelberg mechanism : nonrenormalizable


• A complete model should be something like this:
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• There appear a new singlet scalar h_X from phi_X , which 
mixes with the SM Higgs boson through Higgs portal


• The effects must be similar to the singlet scalar in the 
fermion CDM model


• Important to consider a minimal renormalizable model to 
discuss physics correctly


• Baek, Ko, Park and Senaha, arXiv:1212.2131 (JHEP)
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Figure 6. The scattered plot of σp as a function of MX . The big (small) points (do not) satisfy the

WMAP relic density constraint within 3 σ, while the red-(black-)colored points gives r1 > 0.7(r1 <

0.7). The grey region is excluded by the XENON100 experiment. The dashed line denotes the

sensitivity of the next XENON experiment, XENON1T.

Allowed Region

Allowed Region

Figure 8. The vacuum stability and perturbativity constraints in the α-m2 plane. We take

m1 = 125 GeV, g
X

= 0.05, MX = m2/2 and vΦ = MX/(gXQΦ).

New scalar improves 

EW vacuum stability 

• DM-nucleon scattering in EFT Higgs portals

mh = 125GeV, Br(H → inv) < 0.51 at 90% CL

[arXiv:1404.1344]

mh = 125.5GeV, Br(H → inv) < 0.52 at 90% CL

[arXiv:1402.3244]

Higgs inv. Br more stringent 

than direct detection xsection


in EFT Higgs portals. But!

• However in renormalizable unitary models,
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Additional dependence on the dark Higgs 
mass and the scalar mixing angle, and 


cancellation mechanism works!

And no definite correlation!
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DD could be more stringent 

than Higgs inv. Br !

Higgs-portal Higgs inflation
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* Inflection point control

(α,mφ) & λΦH

mt = 173.2 GeV

Mh = 125.5 GeV

- Result depends very sensitively on α, mΦ and λ�H -

H.P.H.I allows Higgs inflation 
matching to BICEP2 result 

without resorting to mt and Mh. 

mφ = 500 GeV
α = 0.07

Result of numerical analysisys

[arXiv: 1405.1635, P. Ko & WIP]


