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State-of-the-Art
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★ Higgs-like particle discovered in summer 2012 by ATLAS and CMS [1-2] 
★ Mass of the new-found particle about 125.5 GeV [3-4] 
★ Spin-parity compatible with a JP = 0+ particle [5-7] 
★ Couplings measurement consistent with SM expectations [3-4]
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Physics Motivation

3

★ Hierarchy problem: why is the Higgs boson mass unnaturally small? 
★ Dark Matter: looking for DM candidates via the “Higgs portal”

 The new-found particle is compatible with a SM Higgs

Is the Higgs sector extended?
the presence of a family of Higgs bosons may help answering a number of 

fundamental open questions:

→ indirect searches for BSM models (Higgs compositeness, Higgs singlet, 2H-
doublet, MSSM, dark matter) with the Higgs coupling measurements[8] 

→prospects of such searches at HL-LHC[9]
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Analyzed Data
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★ Rates measured in all  
decay channels: 
★ h → γγ 
★ h → ZZ* → 4ℓ 
★ h → WW* → ℓνℓν 
★ h → ττ 
★ h → bb̅

★ + Zh → ℓℓETmiss limits 

[Higgs portal to DM]

★ Full Run-1 ATLAS data sample used ~25 fb-1 

★ Combination of the couplings is used to constrain BSM parameters

event display of h→ZZ*→4µ

★ Other direct searches are not considered
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Coupling Measurements
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★ Measured couplings to vector-bosons, fermions 
  → compatible with the SM within ~1.5σ
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Statistical Treatment
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★ Confidence intervals are based on the profile likelihood ratio test 
statistic                        tα = -2 ln Λ(α)

likelihood ratio

⇤(↵) =
L(↵, ˆ̂⇥(↵))

L(↵̂, ⇥̂)

parameter of interest: 
µ, mh, κ, Θ

 systematic uncertainties → nuisance parameters Θ

★ L(α, Θ(α)) → product of the likelihoods in each channel 
★ In each channel → likelihood is the sum of the signal and 

background pdfs for the signal/background discriminating variable 
★ signal pdf → MC simulation, background pdf → data and MC
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Two-Higgs-Doublet Models
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★ Extension where the Higgs sector is 
extended by an additional doublet:  
★ two neutral CP-even → h and H  
★ one neutral CP-odd → A 
★ two charged bosons → H± 

★ Different couplings to vector bosons 
and fermions are tested all satisfying 
the Glashow-Weinberg condition 
★ ex: type II (MSSM-like) → one 

doublet couples to up-type 
quarks, the other to down-type 
quarks and leptons.

limits consistent with SM expectations
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Simplified MSSM
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★ A simplified Minimal 

Supersymmetric SM 

(MSSM) is probed via 

Higgs couplings to: 
★ vector bosons (W, Z) 
★ up-type fermions 

(mainly top) 
★ down-type fermions 

(mainly bottom and τ) 
★ For tanβ>2, lower limit on 

CP-odd Higgs mass is: mA 

> 400 GeV obs. (290 GeV 

exp.)

still large unexplored region for tanβ > 1
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Higgs Portal to Dark Matter
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★ The Higgs boson may decay 
invisibly to new particles: χ → 
mχ < mh/2 

★ Upper limit set on the Higgs 
invisible branching ratio: 

 BRinv < 0.37 obs. (0.39 exp.) 
★ WIMP-nucleon scattering cross-

section → ATLAS dominates in 
the low mass region
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The LHC Program
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★ Couplings and rare decays (H→µµ, Zγ, J/ψγ ?) 
→ test of the SM and indirect searches for new physics 

★ Direct searches for BSM 
★ Search for CP violation in the Higgs sector

Broad physics program in the Higgs sector:
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Measurements Perspectives
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★ Experimental precisions of ~1.5% on κV and ~3% on κf are expected with 
3000 fb-1 (3.5% and 8.5% with current theoretical uncertainties) 

★ ~2.5%on κV and 7% on κf are expected with 300 fb-1 (3.5% and 8.5% with 
current theoretical uncertainties)

Couplings

Higgs to invisible
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Conclusions
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★ The measured Higgs boson couplings and their mass dependence, 
invisible BR and vacuum expectation value are compatible with the 
SM expectation 

★ Limits are set on new physics phenomena by using the Higgs 
coupling measurements extracted with the full ATLAS data sample 
in all decay channels available → no hints for new physics up to 
now 

★ Still a lot of margin for new physics to be discovered at the HL-
LHC !
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Backup Slides
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Electroweak Fit With GFitter
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 blue line: full SM fit 
 grey band: fit without MH measurement included → gives MH = 94+25-22 GeV, 

1.3σ from the measured value
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Mass Scaling and Vacuum Expectation 
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b, bττ, ZZ*, WW*, γγ →Combined h 

-1 Ldt = 4.6-4.8 fb∫= 7 TeV, s
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★ The couplings mass dependence and the vacuum expectation 
value are also consistent with the SM[8]
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Higgs Boson Compositeness
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★ A composite Higgs boson is a possible solution to the hierarchy problem 

★ Limits at 95% CL are set on the compositeness scale f 
★ Two Minimal Composite Higgs Models (MCHM) are considered: 
★ MCHM4 → f > 710 GeV 
★ MCHM5 → f > 460 GeV

ξ = (v/f)2
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MCHM4 and MCHM5 Parameterisations
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( here: ξ = (v/f)2 )
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Additional EW Real Singlet
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★ Simplest extension of the SM: additional singlet → two non-
degenerate CP-even Higgs bosons (h, H) 

★ Measuring κ’ → H coupling strength reduction factor (κ’ = 0 in SM) 
★ Unitarity is conserved: κ2+κ’2 = 1 
★ Obs. κ’2 = 1-µh = -0.30 +0.17 -0.18 (Exp. κ’2 = 0 +0.15 -0.17) 
★ 95% CL upper limit: κ’2 < 0.12 obs. (<0.29 exp.)
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2HDM Parameters
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2HDM Results /1
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2HDM Results /1
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