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GOALS OF THIS WORK

▸ Are there any simple models where whose first signal 
might be double Higgs production? Are significant 
deviations from the SM possible? 

▸ How well does the SMEFT describe the kinematic 
distributions of double Higgs production in these models?



STANDARD MODEL EFFECTIVE FIELD THEORY

▸ expansion in E2 / Λ2 , v2 < Λ2  

▸ a subset of dimension-6 operator affect double Higgs 
production in models under consideration

in models we consider:



EXTENDED SCALAR SECTORS

▸ SU(2)L singlets, triplets, quartets 

▸ complete set of models (+2HDM) w/ renormalizable Z2 
breaking interaction

(real ɸ)

(additional ɸ terms in singlet model)



TREE LEVEL DIMENSION-6 OPERATORS

see e.g. 1201.4383, 1412.1837, 1412.8480, 1502.07352

𝜌/T parameterdouble Higgs productionsingle Higgs production



THE RHO PARAMETER

▸ ratio of neutral to charged currents at zero momentum 

▸ experimentally close to 1 

▸ SMEFT: tree level, dimension-6 

▸ extra SU(2)L multiplets: tree level
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UPPER LIMITS ON VEVS OF ADDITIONAL MULTIPLETS

THE RHO PARAMETER

▸ consider 2 SU(2)L multiplets w/ vevs
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ATLAS & CMS COMBINED 7+8 TEV RESULTS — 1606.02266

CONSTRAINTS FROM SINGLE HIGGS PRODUCTION

real singlet

real triplet

complex triplet

H3 2

H4D2



PERTURBATIVE UNITARITY

▸ Unitarity Bound on SMEFT 

▸ Perturbativity Bounds on Extended Scalar Sectors 

▸ e.g.
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REAL TRIPLET MODEL

PERTURBATIVITY BOUNDS
▸ require all eigenvalues to satisfy 

▸ take 

|Re (a0)|  1
2

mH = mH+

cos↵ = 0.99

mH/GeV

𝜌𝜌

Higgs couplings



PERTURBATIVITY BOUNDS

▸ Triplets and Quartets qualitatively similar 

▸ perturbativity and the 𝜌 parameter force 𝜶 to be much 
closer to 0 than Higgs measurements require 

▸ real triplet w/ 

▸ both single and double Higgs production look SM-like, 
models are strongly interacting,                                               
or have new scalars w/ m < 200 GeV

↵ ⇡ � ⇡ 0



DOUBLE HIGGS PRODUCTION

▸ SM: destructive interference between box and triangle 
diagrams 

▸ SMEFT: box and triangle coefficients modified 

▸ Extended scalar sectors: resonant enhancement possible 
when mH > 2mh

graphic by U. Haisch



TRANSVERSE MOMENTUM DISTRIBUTION

DOUBLE HIGGS PRODUCTION: SMEFT VS. SINGLET MODEL

▸ Unexpectedly good agreement!



CONCLUSIONS

▸ SMEFT vs. Singlet model 

▸ excellent agreement in pT and Mhh distributions for mH ≽ 2 TeV 

▸ good agreement for pT, Mhh ≾ 400 GeV w/ mH ≽ 600 GeV 

▸ find resonance, best hope for BSM discovery in double Higgs production 

▸ Triplet & Quartet models 

▸ SM-like signal in single & double Higgs production 

▸ mheavy ≾ 500 GeV: discover through charged Higgs pair production? 

▸ to do: 2HDM, (generalized) Georgi-Machacek



THE OTHER 
SLIDES



SM HIGGS PRODUCTION AT LHC
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 v ≈ 246 GeV

 mh ≈ 125 GeV

� (pp ! h)SM ⇠ 45 pb

� (pp ! hh)SM ⇠ 35 fb

� (pp ! hhh)SM ⇠ 0.1 fb

discovered

challenging

not going to happen
based on slide by U. Haisch



SMEFT BASES



APPROXIMATE EXPRESSIONS IN TERMS OF PHYSICAL MASSES AND MIXINGS

TREE LEVEL DIMENSION-6 OPERATORS



HIGGS SIGNAL STRENGTH RESULTS

ATLAS & CMS COMBINED 7+8 TEV RESULTS — 1606.02266



REAL SINGLET W/ SPONTANEOUS Z2 BREAKING

PERTURBATIVITY BOUNDS



REAL SINGLET W/ EXPLICIT Z2 BREAKING

PERTURBATIVITY BOUNDS



COMPLEX TRIPLET

PERTURBATIVITY BOUNDS



QUARTET W/ HYPERCHARGE 1/2

PERTURBATIVITY BOUNDS



QUARTET W/ HYPERCHARGE 3/2

PERTURBATIVITY BOUNDS



INVARIANT MASS DISTRIBUTION

DOUBLE HIGGS PRODUCTION: SMEFT VS. SINGLET MODEL



INVARIANT MASS DISTRIBUTION

DOUBLE HIGGS PRODUCTION @ 100TEV: EFT VS. SINGLET MODEL



INVARIANT MASS DISTRIBUTION

DOUBLE HIGGS PRODUCTION: EFT VS. SINGLET MODEL W/ EXPLICIT Z2 BREAKING



TRI-HIGGS COUPLINGS / DOUBLE HIGGS PRODUCTION

QUARTET MODEL


