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• Higgs is the only scalar in the SM
• can it be the (dominant) portal to dark 

matter?
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outline

• light dark matter ( mDM≲mh/2 )

• invisible higgs decay?
• heavy dark matter ( mDM≳mh/2 )
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the message

• for thermal relic light DM (mDM≲mh/2) 

• Higgs portal can be the dominant 
coupling only if there are other new 
light particles 
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minimal higgs portals
• add to SM a single Z2-odd neutral DM field

• a scalar φ, fermion ψ, vector Vμ

• after EWSB coupling with the Higgs
• minimal Higgs portal assumptions

• that EFT expansion is valid: Λ≫vEW,mDM

• these are the dominant DM-SM interactions (early 
universe & collider)
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light dm and minimal 
higgs portal

• minimal Higgs portal excluded for light DM ( mDM≲mh/2 )
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• would the situation change if vEW/Λ expansion started with 
higher dim. ops?

• first perform NDA

• canonical dim. d=4+n of the relevant interact. operator

• for mDM≪mh/2 the invisible Higgs Br

• the normalization 103~1/yb2 from Higgs Γtot

• assumes all c~O(1)

• two body h→inv. kinematics

higher dim. operators
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direct detection and 
higher dim. operators

• current constraints from direct DM detection experiments

• assumes SI scattering (constr. stronger than for SD)

• numerical factor due to XENON100/LUX bound

• will increase in the future

• mDM/mh and DM velocity β~10-3 suppressions are 
operator dependent, but always ≤1

• the mh/Λ suppression the same as in Br(h→inv.)

• at present h→inv. stronger constr. for light DM than direct 
DM detection for any operator dimension
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thermal relic
• if DM is a thermal relic

• here k≥kmin=0(2) for scalar/vector (fermion)

• the scaling with Λ the same as for Br(h→inv.)

• since k≥kmin the Higgs constraints only become 
stronger for higher dim. operator 

• based on NDA higher dim. ops. cannot reconcile 
Higgs portal DM with  Br(h→inv.) constraints
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underlying assumptions

• Br(h→inv.) places strong constraints on 
Higgs portal DM 

• underlying assumptions

• that h→DM DM decay is possible

• h is the only light new particle

• Higgs couplings to the fermions are 
the SM ones
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suppressing invisible 
higgs decay

• three possibilities to suppress h→DM+DM

• DM annihilation not predominantly through ops. 
involving Higgs

• orthogonal to the Higgs portal idea

• kinematically forbidden because DM is heavy, mDM>mh/2

• if the dominant oper. such that h→DM+DM forbidden, 
but h→DM+DM+XSM allowed

• will work in EFT 

• set aside model building of how this arises

• go through the list of lowest dim. operators
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higgs vector current
• the simplest that h→DM+DM+XSM from Higgs vector current

• the ops. of lowest dimension

• induce a 3-body decay h→DM+DM+Z but not h→DM+DM

• allowed for mDM<(mh-mZ)/2≃17GeV

• excluded by LEP Z→Emiss measrmnts, except for fermionic 
DM with vector int. and 14GeV<mDM<17GeV

• this excluded by direct DM detection
12
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scalar and tensor 
currents

• lowest dim. ops

• fi couplings taken to be the SM yukawas
• would give small Higgs Br, e.g. Br(h→DM+DM+bb)~10-7

• DM detection bounds:

• exclude all interactions except fψT and fψP for fermionic DM
• also not excluded by Fermi-LAT
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weinberg-like operator
• completely invisible Higgs decay from

• all except gψP lead to ν masses at 1-loop
• for gψP with correct relic DM abundance: 

Br(h→DM+DM+νν̄)~10-7
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low scale
• all the surviving operators have low scale for 

correct DM density

• ⇒ ∃ extra new light particles
15
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viable higgs portal 
models

• EFT analysis:

• Higgs portal DM models need to have more new 
particles beyond just DM

• three concrete examples

• two that match onto EFT

• leptophilic model ⇒ Weinberg-like oper.

• type II 2HDM+scalar DM⇒scalar Higgs current 
oper

• one that violates EFT

• SM+scalar DM+ extra scalar lighter than DM
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leptophilic model
• SM+Dirac fermion DM ψ+triplet scalar ∆+singlet scalar φ

• the terms that generate Winberg-like operator are

• from which one obtains after integrating out ∆, φ

17



Triumf, Dec 13, 2013J. Zupan   On Higgs portals...

leptophilic model
• the h→inv. and DM DM→XSM are now decoupled
• the correct relic density from ψψ̄→νν̄ 

• requires significant 
φ-∆0 mixing

• note: does not proceed 
through h resonance

• to avoid h→inv.  bounds (and direct DM  detect. in the future)

• need to suppress φ-h  mixing

• fine tune μH†Hφ term to zero
18

∆

v

ψ̄
φ

ψxvν

ν̄

x
x

∆

maximal mixing



Triumf, Dec 13, 2013J. Zupan   On Higgs portals...

2HDM + scalar DM
• type II 2HDM + Z2 odd singlet scalar S=DM

• DM directly couples to the Higgses

• DM annihilation through h and H

• from Br(h→inv.) gSSh<0.01

• correct relic abundance gSSH~O(1)

• enough freedom to arrange for this fine-tuned solution

19
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• direct detection also receives contributions from h and H 
exchanges

• can cancel the two for a particular choice of α and tanβ

• e.g. to cancel the scattering on protons

• for decoupling limit β-α=π/2 this requires tanβ≃0.6

• up to O(5%) this valid also for neutrons

• enough to suppress direct DM bounds

• note: unlike IVDM this cancellation valid also for light nuclei

direct detection bounds
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global fits with higgs 
data

• can perform the global fit with Higgs 
data and direct detection bounds

21
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searching for the heavy 
higgs

• to have the right relic density:heavy Higgs couples to DM 

• ⇒ Br(H→inv.)≃100%

• perturbativity bounds mH≲850GeV (450GeV) for gSSH≲4π (4)

• in decoupl. limit no HVV coupl., so pp → Zh → l+l−inv. 
does not apply

•  dominant production at LHC gg → H(tt̄)

• for tt̄+MET and mH = 200, 300 GeV xsec is σ= 29fb, 7.7fb 
(LHC8) and σ= 150 fb, 51 fb (LHC14)

• for gg → H+jet predicts σ(gg→Hj)× B(H →inv)/σSM=2.7
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• add to the SM two real scalars, φ and S(=DM, Z2-odd)

• mass eigenstates 

• α  constrained by LEP,|sinα| < 0.13(0.2) for mh2 = 20(50)GeV
• in the Lagr.:

• relic abundance from SS → h2h2, governed by

• Br(h → inv.) governed by

• also additional h decay channels from h1 → h2h2, h2 → b ̄b

SM+DM+extra scalar

23
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recapitulate

• viable Higgs portals:

• require extra light states

• may need fine-tuning to avoid 
bounds

• though not always (SM+DM
+singlet)

24
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Kamenik, Smith, 1111.6402 

Nelson, Scholtz, 1311.0040

Eby, Uttarayat, Wijewardhana, JZ, work in progress

modifying flavor 
structure

• another interesting possibility is to modify the flavor structure 
• if the Higgs couplings to fermions are not the SM ones

• e.g. changing hbb̄

• bounds on h→inv. tight enough that the min. Higgs portal still 
excluded

• crucial Z(h→inv.) associated production
• flavor violating Higgs couplings

• from mixing tightly constrained, so b→s+MET, s→d+MET 
bounds saturated for O(10) DM-Higgs couplings

• for (minimal) Higgs portal thus FV irrelevant

• FCNCs could be important if other mediators or more 
complicated DM sector

25
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heavy dm and higgs 
portal
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heavy dm and minimal 
higgs portal

• minimal Higgs portal for heavy DM ( mDM≲mh/2 )
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Lopez-Honorez, Schwetz, JZ, 1203.2064

heavy dm higgs portal
• invisible higgs decay bounds no longer 

relevant
• at present direct detection relevant only for 

fermionic DM
• the limits depend on the relative size of 

parity even and parity odd operators
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parity even higgs portal
• for minimal parity even fermionic Higgs portal

• DM needs to be heavier than ~2TeV
• assumes EFT valid
• invalidate EFT and one can still have parity even 

fermionic Higgs portal
• illustrate this in SM+Majorana χ+scalar singlet

• resonant Higgs portal χχ→H2→SM+SM

• indirect Higgs portal χχ→H2H2, H2H2→SM+SM

29

see also Pospelov, Ritz, 1109.4872
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conclusions

• viable Higgs portals with light DM 
excluded require other light states

• for heavy fermionic DM Higgs portal 
several ways to evade bounds on parity 
even case 
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new states

• the new states 

• φ − ∆0 mixed states, with masses m1,2

• ∆+ or ∆++ particles

• have masses O(100) GeV for light DM 
(depending on couplings)

• can have other phenomenological consequences

• e.g. in a flavor model could lead to FCNCs

• la → lbγ and l−a → l+b l−c l−d
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