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Outline

• SMEFT, anomalous couplings & maps between 

• Rosetta 
• Progress on Higgs Characterisation implementation 
• Will not discuss POs explicitly but the same points apply in general
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Closely linked to WG2 draft proposal: [ LHCHXSWG-INT-2015-001 ] 
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGEFTbases
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SM Effective Field Theory
• Basis: minimal set of independent operators up to field 

redefinitions, integration by parts, Fierz identities & e.o.m 
• SILH, Warsaw, … - linearly realised EWSB with SU(2)xU(1) invariance manifest 

!
• BSM Primaries - linearly realised EWSB expressed in the mass eigenbasis with 

implicit SU(2)xU(1) invariance 
!

• Model deviations from SM augmented by new momentum 
structures  
• At leading order: tree-level interference with SM & squared terms 
• At NLO: Renormalisation group running effects & operator mixing
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[Alonso*, Jenkins, Manohar & Trott; JHEP 1310 (2013) 087,  
JHEP 1401 (2014) 035 & JHEP 1404 (2014) 159*]  
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• Do not require SU(2) invariance: “low energy” Lagrangian 
after EWSB, i.e. Higgs Characterisation 

• Anomalous couplings written in the mass eigenbasis 
• Physically intuitive & can directly calculate/implement MC generators 
• SU(3) x U(1)Q gauge symmetry only 
• Expansion in canonical dimension, derivatives,… 
• Most general set of interactions given field content & reduced symmetry 

• Related to POs except defined at the Lagrangian level vs. 
amplitude level 
• At LO, POs can be written as a linear combination of AC parameters
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Anomalous couplings
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Higgs Characterisation
[F. Maltoni et al.; Eur.Phys.J. C74 (2014) 2710] 

[F. Demartin et al.; Eur.Phys.J. C74 (2014) 3065  
& Eur.Phys.J. C75 (2015) 267]

• Anomalous coupling Lagrangian for Higgs couplings 
• General Lorentz structures in EW gauge-Higgs & Yukawa sector 
• Gluon-gluon effective vertex (LO) 
• Currently used by experimental collaborations for some Higgs analyses 

• UFO (FeynRules) model at NLO in QCD 
• VBF, VH + CP-violating,… 

• Related model: BSM Characterisation (LO) 
• Extends to a larger set of operators: all except four fermion 
• Based on collection of Lorentz structure in Higgs Basis definition 
• Output for ROSETTA: basis translator program which implements maps 

from popular EFT basis choices to the mass eigenbasis

[ATLAS; Eur.Phys.J. C75 (2015) 476]
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Higgs Characterisation
CP-admixture: 

Convenient but “redundant”

‘Custodial’  
symmetry
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• EFT expansions are mappings from UV theories 
• Linear: Higgs is a doublet, SU(2)L symmetry also present 
• Non-linear: Higgs as a singlet + chiral EW Lagrangian 

• Anomalous coupling Lagrangians are a general 
parametrisation at the mass eigenbasis level 
• Larger parameter space than SMEFT 

• From SMEFT: break EW symmetry and map to the mass 
eigenbasis in order to make predictions for the LHC 
• Result is a special case of an AC Lagrangian (e.g. Higgs Basis) 
• Generally a one-way map EFT → AC & parameters will be (cor)related
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From SMEFT to AC

[A. Falkowski et.al; LHCHXSWG-INT-2015-001]
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• Canonical mass eigenbasis Lagrangian generically 
different from the SM case 
• Non canonical kinetic terms & kinetic mixing 
• Infinite freedom in how one redefines fields (equivalent up to 1/Λ2) 
• EFT contributions to masses and couplings 

• Some extra book-keeping required…

SMEFT & AC: map
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• ‘SM-like’ EW sector is modified 
• New relations between SM inputs and EW parameters 
• v(GF, ci), sinθW(mw, mZ, αEM, ci), … 
• Higgs couplings rescaled 
• Z couplings to fermions 
• SM gauge bosons self interactions 
• Many of these effects are constrained pre-LHC (i.e. by EWPO) 

• Additional 1/Λ2 pieces on top of “naïve” direct effects from 
new operators/Lorentz structures 
• Depends on SM input scheme used 
• Can contribute to SM backgrounds!

SMEFT & AC: map

[Trott & Passarino; LHCHXSWG-DRAFT-2016-005] 
[Falkowski et.al; LHCHXSWG-INT-2015-001] 

[Williams, KM & Sanz; JHEP 1608 (2016) 039] 
[Ge, He & Xiao; JHEP 1610 (2016) 007] 

[Degrande, Fuks, Mawatari, KM, Sanz; 1609.04833] 
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• AC implementations do not “need” to consider such 
things by construction 
• Potentially complicates the ‘one-way map’ 
• There is a way to at least preserve SM input relations (Higgs Basis) 

• If AC are used to simulate signal & interpret data 
• From a pure Lorentz structure basis, the EFT parameter space is a subset 

of the general AC description 
• Mapping constraints from a multi parameter AC fit to an EFT interpretation 

may be tricky & relevant parameter space is larger than it originally seems 
• e.g. H→WW: might also need to include rescalings of the WW background 
• Assess how big these effects can be

SMEFT & AC: interpretation
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• A detailed description is contained in the HXSWG note 
• Based on “BSM primaries” 
• Constructs a practically complete set of mass eigenbasis operators 

mapped from a dimension-6 Linear EFT 

• Anomalous couplings Lagrangian supplemented with 
• SU(2) preserving relations → “dependent” parameters 
• Modifications to EW parameters, masses, couplings etc. 

• Field redefinitions chosen to “minimise” their impact 
• Preserve SM relations for EW parameters in terms of (αEW, GF, MZ) inputs 
• All field redefinition effects are deferred W-mass shift and (h, W, Z) boson 

coupling modifications

Higgs basis
[A. Falkowski et.al; LHCHXSWG-INT-2015-001]

[R. Gupta, A. Pomarol & F. Riva; PRD 91 (2015) 035001]
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• To reconcile the 76 (2499) free parameters in the SMEFT 
with the larger set of AC parameters 
• Set of AC parameters obtained when mapped from SMEFT are related 
• e.g. modifications to Higgs couplings with vector bosons are constrained 

by a set of equations 
• Freedom in choosing the set of 76 (2499) parameters to describe Higgs 

Basis

Dependent parameters
[A. Falkowski et.al; LHCHXSWG-INT-2015-001]

Obvious similarity to HC
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Higgs basis: definition
Set of free redefinition parameters

Fixing conditions
essential

Simplify 
inputs}

} Simplify 
interactions

dependent 
parameter 
convention
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Higgs basis: from SILH
Conditions can be achieved 

without loss of generality

Starting from SILH: 
1) Break EWSB 
2) Apply redefinitions 
3) Identify independent operators 

with combinations of SILH 
parameters 

4) Obtain translation

Identical exercise for e.g. Warsaw
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• Hybrid between dimension-6 linear EFT and AC 

• Translations to and from Warsaw, SILH, HISZ known 

• Translation to Higgs Characterisation practically trivial 
• Indirectly, mapping from above descriptions to HC obtainable 

• Implemented the Rosetta package in a user-friendly way 
• Higgs Basis provides a connection to a a LO FeynRules model: BSM 

Characterisation = Higgs Basis operators set without SU(2) relations (true 
AC Lagrangian) 

• Compatibility of dimension-6 EFT parameter sets with many HEP tools on 
the market implemented in terms of AC (VBFNLO, HAWK, HiggsPair,…)

Higgs basis: result
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Rosetta
• Tool seeking to unify basis/AC descriptions, acting as a 

“hub” for EFT analyses/calculations/fits/tools  

• An extendable framework for communication (translation) 
between “bases” (EFT, AC,…) 
• Command-line executable 
• SLHA style input/output parameter cards 
• Zeroth-order: implementation of numerical (multi-step) translation functions 

mapping one set of parameters to another 
• Flavour structure simplifications: diagonal, universal 
• Interfaces to third party software such as eHDECAY (Higgs BR), Lilith 

(Higgs signal strengths), EWPO goodness-of-fit,…

16

https://rosetta.hepforge.org

https://rosetta.hepforge.org
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• Rosetta includes the SILH, Warsaw and Higgs bases with 
flavour general translations between all of of them in any 
direction 

• New basis: translation to one basis = translation to all 
bases (multi-step possible & automatically resolved) 

• Many potential uses in terms of applying work previously 
done using one basis to your favourite one 

• HISZ, BSMC, HC (new), future: HEL(@NLO) 
17

Warsaw Basis

Higgs BasisSILH Basis BSMC

HISZ

HEL(@NLO)

HC

Rosetta
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• Translations between BSMC and HC implemented (new in 
version 2.1) output compatible with FeynRules model  
• Redundancy in CP admixture angle “fixed” by setting cos(α) = 1/√2 in 

BSMC to HC translation (also Λ set to v for simplicity) 
• Allows for most general couplings but means ki = √2 gives SM limit 

• Custodial symmetric constraint (kSM) more problematic 
• Although only one operator (cT) in SILH basis explicitly violates CS, 

“effective” violation w.r.t. SM arises due to redefinition of Weinberg angle 
• mW(mZ,αEM,GF) is different from SM and consequently also HWW vs HZZ 
• Current HC implementation cannot account for this → warning when these 

couplings are different in the BSMC instance that we are translating to HC 
• Consistent with having W mass shift, δm=0, in Higgs Basis

HC in Rosetta
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• Not possible in general  
• Only special cases of AC parameter choices can consistently map back to 

SMEFT (Higgs Basis & versions thereof) 

• Can we try to be practical? 
• A translation from BSMC back to the Higgs Basis has been implemented 
• Explicitly checks whether values of “dependent” couplings supplied are 

consistent with their expected value as a function of independent 
parameters - warning if not 

• It may be complicated to try to fulfil these by hand… 
• Example: just switching on Czz parameter in Higgs Basis (kHZZ in HC) gives 

contributions to Cww, Cw☐, Cɣ☐, hhvv equivalents, aTGCs & aQGCs!

AC to EFT: mapping back
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SMEFT & POs
Possible Rosetta implementation will follow 

discussions & recommendations given in this meeting!
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Discussion…
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SILH operators
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SILH operators

23



K. Mimasu, 07/12/2016

SILH operators
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EFT cartoon
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EFT cartoon
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