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Introduction

ÅBottom-up effective field theory (EFT) is a powerful tool to connect 
a known low-energy theory with an unknown high-energy theory
ÅThe SM as the lowest order in an EFT is referred to as SMEFT
ÅTypical SMEFT studies in CMS and ATLAS focus on a subset of 

operators and their effect on a specific process
ÅHowever, deviations could be hidden in linear combinations of the 

operators and correlated effects across different processes
Å7ŸƣőШ9~ÉШċŰĬШ Ñx ÉШőċƻĲШƖĲĦĲŰƣũǃШƖĲũĲċƚĲĬШċШљŊũŸĤċũњШÉ~E[ÑШŉŔƣ
ÅљŊũŸĤċũњШĤċƚŔĦċũũǃШůĲċŰƚШљůċŰǃШŸƓĲƖċƣŸƖƚњШċŰĬШљůċŰǃШċŰċũǃƚĲƚњ
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Previous SMEFT global fits

Å2019: љ Ш~ŸŰƣĲШ9ċƖũŸШŊũŸĤċũШċŰċũǃƚŔƚШŸŉШƣőĲШÉƣċŰĬċƖĬШ~ŸĬĲũШEŉŉĲĦƣŔƻĲШ[ŔĲũĬШ
ÑőĲŸƖǃаШƣőĲШƣŸƓШƕƨċƖťШƚĲĦƣŸƖњШĤǃШ ċƣőċŰШÂЮШcċƖƣũċŰĬЯШ[ċĤŔŸШMaltoni, 
Emanuele R. Nocera, Juan Rojo, Emma Slade, Eleni Vryonidou, and Cen 
Zhang
Å2019: љÑőĲШĲũĲĦƣƖŸ-weak couplings of the top and bottom quarks уGlobal fit 
ċŰĬШŉƨƣƨƖĲШƓƖŸƚƓĲĦƣƚњШĤǃШ]ċƨƣőŔĲƖШ?ƨƖŔĲƨǂЯШ ĬƖŔċŰШfƖũĲƚЯШéŖĦƣŸƖШ~ŔƖċũũĲƚЯШ ŰċШ
Peñuelas, Martín Perelló, Roman Pöschl, Marcel Vos
Å2020: љ§ШŰĲƽШƓőǃƚŔĦƚЯШƽőĲƖĲШċƖƣШƣőŸƨеШ ШŊũŸĤċũШƚĲċƖĦőШŔŰШƣőĲШƣŸƓШƚĲĦƣŸƖњШĤǃШ

Ilaria Brivio, Sebastian Bruggisser, Fabio Maltoni, Rhea Moutafis, Tilman 
Plehn, Eleni Vryonidou, Susanne Westhoff, and Cen Zhang
Å2021: љÑŸƓЯШcŔŊŊƚЯШdiboson and electroweak fit to the Standard Model 
ĲŉŉĲĦƣŔƻĲШŉŔĲũĬШƣőĲŸƖǃњШĤǃШsŸőŰШEũũŔƚЯШ~ċĲƻĲШ~ċĬŔŊċŰЯШuĲŰШMimasu, Veronica 
Sanz, and TevongYou
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CMS and ATLAS global SMEFT fits

ÅCMS-SMP-24-003ыƚƨĤůŔƣƣĲĬШƣŸШƣőĲШEÂs9ьаШљ9ŸůĤŔŰĲĬШĲŉŉĲĦƣŔƻĲШ
field theory interpretation of Higgs boson, electroweak vector 
ĤŸƚŸŰЯШƣŸƓШƕƨċƖťЯШċŰĬШůƨũƣŔŢĲƣШůĲċƚƨƖĲůĲŰƣƚњ
ÅATLAS-PHYS-PUB-2022-037аШљ9ŸůĤŔŰĲĬШĲŉŉĲĦƣŔƻĲШŉŔĲũĬШƣőĲŸƖǃШ

interpretation of Higgs boson and weak boson production and 
ĬĲĦċǃШƽŔƣőШ Ñx ÉШĬċƣċШċŰĬШĲũĲĦƣƖŸƽĲċťШƓƖĲĦŔƚŔŸŰШŸĤƚĲƖƻċĤũĲƚњ
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-24-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/


Measurements included in CMS analysis

ÅH Ą‎‎STXS measurement
ÅW ,͊ ZĄ͔,͔ WW, ὸӶὸ, ὸӶὸὢand inclusive jet differential cross 

section measurements
ÅElectroweak precision observables measured at LEP and the SLC 
ɜ, „ , Ὑ , Ὑȟ, Ὑ , Ὑ , Ὑȟ, Ὑȟ
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Measurements included in ATLAS analysis

ÅH Ą‎‎, H Ą ZZ, H ĄWW,  H Ą††, H ĄὦὦSTXS measurements
ÅWW leading lepton ὴ, WZ transverse mass, ZZ mass of more-

offshell Z boson, and electroweak Zjjɝ‰
ÅElectroweak precision observables measured at LEP and the SLC 
ɜ, „ , Ὑ , Ὑȟ, Ὑ , Ὑ , Ὑȟ, Ὑȟ
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Dimension 6 SMEFT

ÅStart at dimension 6 because at dimension 5 there is exactly one 
operator, the Weinberg operator, which violates lepton number 
conservation
Å2499 operators reduced to 129 by assuming CP is conserved and U(2)3 

symmetry for quark sector and U(3)2 symmetry for lepton sector
ÅIn general, the effect of the operator coefficients on an observable 

includes a linear component and a quadratic component: 

ὃὧ ὄὧ ὅὧὧ

ÅThe quadratic terms have same order in ̔as linear dim-8 SMEFT terms
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SMEFT operator definitions

ὗ Ὢ Ὃ Ὃ Ὃ

ὗ ‐ ὡ ὡ ὡ

ὗ₰ ὌὌ₰ὌὌ
ὗ ὈὌὌ₰ὌὈὌ

ὗ ὌὌ ὗὌὦ
ὗ ὌὌ ὗὌὸ

ὗ ὌὌὋ Ὃ
ὗ ὌὌὡ ὄ
ὗ ὌὌὡ ὡ
ὗ ὌὌὄ ὄ

ὗ ὗ„ ὸ„Ὄὡ
ὗ ὗ„ ὸ„Ὄὄ
ὗ ὗ„ ὝὸὌὋ
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SMEFT operator definitions

ὗ ȡὌὭὈὌ Ӷὰ‎ὰ

ὗ ȡὌὭὈὌ ή‎ή

ὗ ȡὌὭὈὌ ӶὨ‎Ὠ

ὗ ȡὌὭὈὌ Ӷὸ‎ὸ

ὗ ȡὌὭὈὌ Ӷὰ„‎ὰ

ὗ ȡὌὭὈὌ ή„‎ή

ὗ ȡὌὭὈὌ ὗ‎ὗ

ὗ ȡὌὭὈὌ ὦ‎ὦ

ὗ ȡὌὭὈὌ ӶὩ‎Ὡ

ὗ ȡὌὭὈὌ ό‎ό

ὗ ȡὌὭὈὌ ὗ„‎ὗ
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ὗ ȡӶὰ‎ὰ ή‎ή

ὗ ȡӶὰ„‎ὰ ὗ„‎ὗ

ὗ
ȟ
ȡή‎ή ή‎ή

ὗ
ȟ
ȡή„Ὕ‎ή ή„Ὕ‎ή

ὗ
ȟ
ȡὗ„‎ὗ ή„‎ή

ὗ ȡӶὰ„‎ὰ ή„‎ή

ὗ ȡὗ‎ὗ ὗ‎ὗ

ὗ
ȟ
ȡήὝ‎ή ήὝ‎ή

ὗ
ȟ
ȡὗ‎ὗ ή‎ή

ὗ
ȟ
ȡὗ„Ὕ‎ὗ ὗ„Ὕ‎ὗ

ὗ ȡӶὰ‎ὰ ὗ‎ὗ

ὗȡӶὰ‎ὰ Ӷὰ‎ὰ

ὗ
ȟ
ȡή„‎ή ή„‎ή

ὗ
ȟ
ȡὗὝ‎ὗ ήὝ‎ή

ὗ ȡὩ‎Ὡ Ӷὸ‎ὸ

ὗ ȡόὝ‎ό όὝ‎ό

ὗ ȡ ӶὨ‎Ὠ ӶὨ‎Ὠ

ὗ ȡόὝ‎ό ӶὨὝ‎Ὠ

ὗ ȡӶὸ‎ὸ Ӷὸ‎ὸ

ὗ ȡӶὸ‎ὸό‎ό

ὗ ȡ ӶὨὝ‎Ὠ ӶὨὝ‎Ὠ

ὗ ȡӶὸ‎ὸ ӶὨ‎Ὠ

ὗ ȡό‎ό ό‎ό

ὗ ȡӶὸὝ‎ὸόὝ‎ό

ὗ ȡό‎ό ӶὨ‎Ὠ

ὗ ȡӶὸὝ‎ὸ ӶὨὝ‎Ὠ

ὗ ȡὰ‎ὰ ό‎ό

ὗ ȡήὝ‎ή όὝ‎ό

ὗ ȡή‎ή Ӷὸ‎ὸ

ὗ ȡὗὝ‎ὗ ӶὸὝ‎ὸ

ὗ ȡὗ‎ὗ ӶὨ‎Ὠ

ὗȡӶὰ‎ὰ Ӷὸ‎ὸ

ὗ ȡὗ‎ὗ ό‎ό

ὗ ȡήὝ‎ή ӶὸὝ‎ὸ

ὗ ȡή‎ή ӶὨ‎Ὠ

ὗ ȡὗὝ‎ὗ ӶὨὝ‎Ὠ

ὗ ȡή‎ή ό‎ό

ὗ ȡὗὝ‎ὗ όὝ‎ό

ὗ ȡὗ‎ὗ ὸ‎ὸ

ὗ ȡὗὝ‎ὗ ӶὨὝ‎Ὠ



Modeling of SMEFT

ÅAt LO using SMEFTsimFeynrulesmodel
ÅAt NLO-QCD using SMEFTatNLOFeynrulesmodel
ÅH Ą ͊͊based on analytic calculation for decay
ÅPropagator corrections using SMEFTsim
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https://feynrules.irmp.ucl.ac.be/wiki/SMEFT
https://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO


Simplified likelihood functions

ÅA likelihood function constructed from the covariance matrix ὠ:

fl ᴆὧ
ÅØÐ

ρ
ς
Ўᴆ‘ὠ Ўᴆ‘

ς“ ÄÅÔὠ

ÅЎᴆ‘ ᴆ‘ ᴆ‘, where ᴆ‘is the best-fit values
ÅMuch more convenient to share than full profile-likelihood 

functions, and much lower computational complexity 
ÅValidated by comparing results based on the full versus simplified 

likelihood when both are available
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Simplified template cross sections (STXS)

ÅA standardized definition of differential distributions for Higgs 
studies
ÅDefined based on the Higgs pre-decay and with a pseudo-rapidity 

cut of |͎ | < 2.5 and not other cuts on the Higgs boson
ÅDefined for ggH, qqH, VH, and ttH production modes
ÅThe ggHbins are shown on the next slide
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STXS stage 1.2 gg ĄH definitions
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Principal component analysis

ÅCompeting effects of different operators create flat or nearly flat 
directions in the parameter space of the likelihood function
ÅThese flat directions correspond to eigenvectors of the Hessian 

matrix (evaluated at the minimum) with small eigenvalues

ÅThe criteria for inclusion in the final fit is that ϳρ ÅÉÇÅÎÖÁÌÕÅυ

ÅCMS: perform PCA globally on all coefficients, so eigenvectors 
may not have a clear physics interpretation
ÅATLAS: perform PCA on 8 subsets of operators, so eigenvectors 

have a more clear physics interpretation
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ATLAS operator effects
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ATLAS style: all 
bins, subset of 
operators



ATLAS operator effects
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ATLAS operator effects
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Unlike in the SM, 
H Ą͊ c͊an occur 
at tree-level in 
SMEFT



ATLAS operator effects
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Can see interplay 
between EWPO 
and LHC 
measurements



ATLAS operator effects
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CMS operator effects
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CMS style: all 
bins affected by 
subset of 
operators



CMS operator effects
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CMS operator effects

23



CMS operator effects
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CMS operator effects
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CMS operator effects
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Well-known 
discrepancies in 
ὃȟ, ὃȟ

measurements



CMS constraints on individual coefficients

27

Would be more 
consistent in 
simultaneous fit 
of PDF + SMEFT



CMS linear vs. linear + quadratic constraints
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Quadratic terms 
lead to much 
tighter constraint 
in a few cases



CMS constraints on the scale of new physics
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Strong-coupling 
perturbativity 
upper limit



CMS Hessian diagonal entries
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CMS PCA eigenvectors
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CMS PCA constraints
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p-value = 1.7% 
(would be 26% 
w/o inclusive jet 
measurements)



ATLAS PCA eigenvectors, ATLAS-only fit
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ATLAS PCA eigenvectors, combined fit
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