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Introduction

ABottom-up effective field theory (EFT) is a powerful tool to connect
a known lowenergy theory with an unknown higfenergy theory

AThe SM as the lowest order in an EFT is referred to as SMEFT

ATypical SMEFT studies in CMS and ATLAS focus on a subset of
perators and their effect on a specific process
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Previous SMEFT global fits
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CMS and ATLAS global SMEFT fits
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Measurements included in CMS analysis

AHA [ [STXS measurement

AW, zA . WW, oo o(dhdband inclusive jet differential cross
section measurements

AElectroweak precision observables measured at LEP and the SLC
3., LYYy oy Ry



Measurements included in ATLAS analysis

AHA 17 ,HA ZZ, HA WW, HA T fHA cwSTXS measurements

AWW leading leptonr) , WZ transverse mass, ZZ mass of more
offshell Z boson, and electroweakZjj 3-%o

AElectroweak precision observables measured at LEP and the SLC
3., LYYy oy Ry



Dimension 6 SMEFT

AStart at dimension 6 because at dimension 5 there is exactly one
operator, the Weinberg operator, which violates lepton number
conservation

A2499 operators reduced to 129 by assuming CP is conserved and 2)
symmetry for quark sector and U(3)symmetry for lepton sector

Aln general, the effect of the operator coefficients on an observable
Includes a linear component and a quadratic component:

0 6 6 QW
AThe quadratic terms have same order in as linear dim8 SMEFT terms
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SMEFT operator definitions
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Modeling of SMEFT

AAt LO usingSMEFTsinfFeynrulesmodel
AAt NLOQCD usingSMEFTatNLOreynrulesmodel

AH A ~~ based on analytic calculation for decay
APropagator corrections usingSMEFTsim
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https://feynrules.irmp.ucl.ac.be/wiki/SMEFT
https://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

Simplified likelihood functions

AA likelihood function constructed from the covariance matrixw:

A Q(D gy‘a 0 S'"D)

J@) AKD
AYP ‘p ‘p, where'pis the bestfit values

AMuch more convenient to share than full profilelikelihood
functions, and much lower computational complexity

AValidated by comparing results based on the full versus simplified
likelihood when both are available

i (2
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Simplified template cross sections (STXS)

AA standardized definition of differential distributions for Higgs
studies

ADefined based on the Higgs pralecay and with a pseuderapidity
cut of | | < 2.5 and not other cuts on the Higgs boson

ADefined forggH, ggH, VH, andttH production modes
ATheggHbins are shown on the next slide
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STXS stage 1.2 §gH definitions

Stage 1.2
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Principal component analysis

ACompeting effects of different operators create flat or nearly flat
directions in the parameter space of the likelihood function

AThese flat directions correspond to eigenvectors of the Hessian
matrix (evaluated at the minimum) with small eigenvalues

AThe criteria for inclusion in the final fit is thapj J/AE CAT O&l OA

ACMS: perform PCA globally on atioefficients, so eigenvectors
may not have a clear physics interpretation

AATLAS: 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 operator effects
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ATLAS operator effects
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ATLAS operator effects
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ATLAS operator effects
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CMS operator effects
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CMS operator effects
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CMS operator effects
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CMS operator effects

CMS Inclusive jet
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CMS operator effects

CMS Inclusive jet 36.3 b (13 TeV)
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CMS operator effects
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CMS linear vs. linear + quadratic constraints
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CMS constraints on the scale of new physics
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CMS Hessian diagonal entries
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CMS PCA constraints
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ATLAS PCA eigenvectors, ATHoAly fit

ATLAS Preliminary /s=13TeV, 36.1-139 fo"
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ATLAS PCA eigenvectors, combined fit



