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Overview and links

CMS-SMP-24-003: Combined effective field theory interpretation of Higgs boson,
electroweak vector boson, top quark, and multijet measurements

e Uploaded to arXiv on 3 April 2025
o https://arxiv.org/abs/2504.02958
e Published in EPJC on 2 April 2026
o0 https://link.springer.com/article/10.1140/epjc/s10052-025-14997~y

Past presentations

e Presented at 8th General Meeting of the LHC EFT WG on 2 December 2024

o https://indico.cern.ch/event/1411765/timetable/?view=standard#
28-highlights—from—-cms

e Presented at 2nd COMETA General Meeting on 29 April 2025

o https://indico.cern.ch/event/1482727/timetable/?view=standard#
36-smeft-combinations—in-cms
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Inputs to the combination

e Combined SMEFT interpretation of data from four sectors of the SM (Higgs, Top,
Electroweak, QCD): Seven CMS measurements + electroweak precision observables

e Inputs chosen to provide sensitivity to broad set of operators, have negligible overlap in
event selection, and background contributions are either small or estimated from data

Analysis Type of measurement Observables used Experimental
likelihood
H— qy Differential cross sections STXS bins [56] v
Woy Fiducial differential cross sections  p{ x |¢| [34] v
Z = vy Fiducial differential cross sections p% v
WwW Fiducial differential cross sections 1, v
tt Fiducial differential cross sections  m; X
t(t)X Direct EFT Yields in regions of interest v’
Inclusive jet  Fiducial differential cross sections ' x [y/°t| X
EWPO Pseudo-observables T, Ugad, Ry, R, Ry, A?LC, X
AIZEP' 'Acr -Ab' A%' Agi;'
A% Ty, Biad, Ag [39]
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SMEFT parameterization

e Cross section of process « in kinematic bin i can be written as
o SMEFT = Tg5M T ©, ocmt( ¢) + 04 Bsm(€) = Ty sm (1 + ZAzx]Az + ZBI,]k )

o Majority of results reported use parameterizations truncated at O(c;/ A?) (linear terms)

Afx Bl ok are computed using MG5_aMC@NLO + Pythia + SMEFTsim (and SMEFTE@NLO
for gg — H, ZH) and Rivet

SMEFT modifications of masses and decay widths also taken into account

For H — 7 decay and EWPO, analytic calculations are used
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SMEFT parameterization: t(t)X analysis

e The t(t)X analysis directly incorporates effects of dim-6 SMEFT operators in the weights
of simulated signal events

e Weight function for each event  parameterized in the Wilson coefficients:
o o - _, iCk -
wP(Ev) = g (v +Z u1] v +Z 5% “z]k(V)y

e Predicted yield in bin i calculated by summing the weight functions of each event that
passes selection criteria of that bin

e With this approach, we obtain detector-level predictions at any arbitrary point in the
SMEFT parameter space
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Combined likelihood model
e Combined likelihood model:

£ (data; &, 7) = LOPt(2,7) £5mPL (¢)

o «Experimental likelihood»:
LEPH(E HPOISSOH n | Zy 7) 4+ b;(7)) HPk i | ve)

o covers the H = 7, Wy, WW, and Z — vv measurements
o in the ()X measurement, instead of }; ' (€)s(v), signal yield takes the form ¢; (¢, 7/)

o «Simplified likelihood»:

peimpt (z) _ X (IE) — 1) V(@) ~ )
(2r)mdet(V)

o covers the EWPO, tt, and inclusive jet measurements
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Correlated systematic uncertainties

e Systematic uncertainties are considered to be correlated between the different processes
o Only for analyses included with their experimental likelihood

o Wherever possible, i.e. when they share the same object definitions and the uncertainties
are implemented in a consistent way

Table 5: Correlation scheme of the systematic uncertainties.

Uncertainty source H — vy Wy Z—osvv WW ()X

PDF v v

Luminosity v v v v v
Jet energy scale v v

Jet energy resolution v v v v
MET unclustered v v

L1 Prefiring v v v
Pileup v v v v
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Results: One-at-a-time constraints on Wilson coefficients
e From the combined SMEFT fit to Higgs, Top, Electroweak, and multijet data, we constrain

64 Wilson coefficients (one at a time)
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Principal Component Analysis

e Perform PCA to identify 43 linear combinations of Wilson coefficients that can be
measured simultaneously (cutoff eigenvalue A < 0.04)
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Results: Constraints on linear combinations of Wilson coefficients

e We constrain 43 linear combinations of Wilson coefficients simultaneously
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Comparison to the ATLAS global
combination



Comparison of CMS and ATLAS combinations: Inputs

e ATLAS combination includes all major Higgs boson decay channels, Di-Higgs production,
and high-mass Drell-Yan measurements

e CMS combination includes t(t)X and inclusive jets production

Process CMS ATLAS Process CMS ATLAS
Higgs H— vy H— vy EW diboson | WW — fvlv | WW — fvly
H— Z7* Woy = lvy | WZ — ey
H — WW* EWPO LEP, SLD LEP, SLD
H— Zy ATLAS
H— up Top tt — blvbgq | tt — blvbgq
H —bb tH tt — blvbly
H— 1T 1944
Di-Higgs — HH — bbyvy ttly
HH — bbtt tllqg
EWboson | Z = vv | Zjj — tHg
Z/v* =TT tHt
W — v Multijet pp — jets -
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Comparison CMS/ATLAS: SMEFT predictions

Particle-level predictions:

e Both the ATLAS and CMS combinations use LO samples generated with MG5_aMC@NLO
with the SMEFTsim and SMEFT@NLO models to simulate the effect of dim-6 operators

e Analytical calculations are used for the H — 7y, Zy decays
e SM and SMEFT predictions for the EWPO are obtained using the EWPD4LHC tool

e Higher-order QCD and electroweak corrections are assumed to be independent of SMEFT

_ OSMEFT,LO
effects (USMEFT = OsM,HO X smio

e The ATLAS combination uses the t op flavour symmetry, the CMS combination topU31

Reconstruction-level predictions:

e Both combinations include one measurement where SMEFT effects are modelled at the
reconstruction level (CMS: t(t)X, ATLAS: Di-Higgs)
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Comparison CMS/ATLAS: Statistical model, PCA

Statistical model:

e Both the ATLAS and CMS combinations use a «hybrid» likelihood model:
o Poissonian likelihood (CMS: Higgs, EW, t(t)X; ATLAS: Higgs, Di-Higgs)
o Gaussian likelihood (CMS: tt, multijet, EWPO; ATLAS: tt, EW, EWPO)

e Both combinations provide an alternative likelihood function (Gaussian approximation)
constructed from the covariance matrix of the measurements at the best-fit values

o The measurements that model SMEFT effects at the reconstruction level are not included
in the simplified likelihood model (t(t)X and Di-Higgs)

Principal component analysis:

e The ATLAS combination performs a PCA on subgroups of parameters (and includes some
Warsaw basis coefficients in the fit basis)

e The CMS combination performs a PCA on the full set of parameters
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Comparison CMS/ATLAS: Results

e The ATLAS combination constrains 86 Wilson coefficients (one at a time); the CMS
combination constrains 64

e The ATLAS combination constrains 48 Wilson coefficients/linear combinations with a
cutoff of A > 0.01; the CMS combinations constrains 43 linear combinations of Wilson
coefficients with a cutoff of A > 0.04

e The ATLAS combination observed no significant deviations from the SM predictions

e The CMS combination observes a relatively small p-value for the compatibility with the
SM (2.5%). This is mostly driven by the inclusive jets measurement, which is known to be
particularly sensitive to the PDFs (the p-value without inclusive jets is 27%)

e The ATLAS combination includes a matching of the SMEFT constraints to
Two-Higgs-Doublet and Z’ models
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