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Why doing EFT searches ?

• No signature of New Physics (NP) at the LHC but 
more and more precise measurements

               Look for deviations from SM predictions

• Effective Field Theory (EFT) framework: 
parameterize NP effects in model-independent way

• Will mainly talk about SMEFT
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CMS public results

Often ignored: violate lepton/baryon number conservation

Wilson coefficients Dimension-n operators

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined


EFTs in different sectors

• Higgs: deviations in self-coupling / couplings to fermions and bosons / gluon self-
couplings, CP violation
• H, HH...

• Electroweak: anomalous Triple Gauge Couplings (aTGCs), anomalous Quartic Gauge 
Couplings (aQGCs)
• VV, VVV, Vector Boson Scattering (VBS)

• Top: four-fermion operators, flavour anomalies, CP violation
• Single-top, 4-top, ttV...

• Neutrinos: lepton number violation, Weinberg operator
• Majorana neutrino searches...

• ...
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Content of the talk
• Cannot present all EFT results in this talk ! Need to restrict the scope: measurements 

focused on providing EFTs constraints
• Direct measurements

• Interpretations of unfolded cross-sections

• Will not talk a lot about combinations, see Z. Feng's talk for more

• Will present recent ATLAS and CMS results using LHC data from Run-2 and Run-3
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Higgs

CMS H→WW
ATLAS ttHH

EW

ATLAS Wγ
CMS Zγ

CMS γγ→WW
ATLAS aQGC combination

Top

CMS 3-top+4-top

Exotica

ATLAS high-mass ττ

Bonus: ATLAS bbγγ Bonus: CMS VVV

https://agenda.infn.it/event/48435/timetable/?view=standard#72-global-eft-fits-across-sect
https://agenda.infn.it/event/48435/timetable/?view=standard#72-global-eft-fits-across-sect
https://agenda.infn.it/event/48435/timetable/?view=standard#72-global-eft-fits-across-sect
https://agenda.infn.it/event/48435/timetable/?view=standard#72-global-eft-fits-across-sect


Run-2: H→WW + 2 jets
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JHEP 03 (2026) 073

https://link.springer.com/article/10.1007/JHEP03(2026)073
https://link.springer.com/article/10.1007/JHEP03(2026)073
https://link.springer.com/article/10.1007/JHEP03(2026)073
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EFT effects in H→WW
• Dimension-6 operators (Warsaw basis) affecting Higgs production and decay

• Expansion of SM signal strengths

• Only interference terms retained (linear in Ci)

• CP-odd and CP-even operators: different effects on angular distributions
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https://arxiv.org/abs/1008.4884
https://arxiv.org/abs/1008.4884


•  Standard di-leptonic H→WW selection

•  Focus on VBF and ggH productions

•  Adversarial Deep Neural Network trained and fitted
• Reduces sensitivity to specific EFT scenario for signal in training

•  Confidence intervals and contours from likelihood scans
• No deviation from SM

• Slight excess (2σ) for cHB, cHB̃

•  Profiled constraints letting all Wilson coefficients float
• Easier to re-interpret

•  Competitive with ATLAS results

Strategy and results
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Actually: constraints on c/Λ2 [TeV-2]



Run-2 + Run-3: ttHH
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arXiv:2603.13113 (Submitted to J. High Energy Phys.)

https://arxiv.org/abs/2603.13113
https://arxiv.org/abs/2603.13113


Analysis strategy
• Intersection between top and Higgs sectors

• Direct access to ttHH quartic coupling
• Parameterized in Higgs EFT (HEFT): decoupled from ttH

• Run-2 + partial Run-3 (2022-2023): higher cross-section at 13.6 TeV !
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1-lepton channel
Fit to transformer score

Multilepton channel
Fit to transformer score

bbγγ channel
Fit to mγγ



Results
• Search results: upper limits on signal strength

• µttHH < 20 at 95% CL

• EFT interpretation
•  Combined 1-lepton and multilepon channels

•  Current best direct constraint on cttHH

•  ATLAS Run-2 HH combination: [-0.19, 0.70]

•  Complementarity between ttH an ggH:

     could enter future HH combination ?
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801


Run-2: BSM searches in 3-top and 4-top
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CMS-PAS-TOP-24-008

https://cds.cern.ch/record/2944177
https://cds.cern.ch/record/2944177
https://cds.cern.ch/record/2944177
https://cds.cern.ch/record/2944177
https://cds.cern.ch/record/2944177
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Motivation and strategy
• Previous CMS measurements: tttt, tttW, tttq

• Slight excess in tttt cross-section measurement: 18.9 ± 4.2 fb (predicted: 10.4 ± 2.4 / 13.4 ± 1.4 fb)

• Analysis channels: 2-leptons, 3-leptons, 4-leptons
• BDT in 2-leptons and 3-leptons to separate between tt, ttX and tttt

                                                                                                           X = W,Z,H

• Interest of interpreting these measurements
•  Concrete BSM model (heavy scalar/vector bosons)

•  Anomalous top Yukawa coupling (look for CP violation)

•  SMEFT
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EFT results
• Fit to HT distribution (scalar sum of jet pT)
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• Constraints on Wilson coefficients 
associated to dimension-6 operators

• 4-top constrains 4-fermion operators 
uniquely at tree-level while tt enters at NLO

• Profiled constraints available

• Best-fit values ≠ 0, consistent with 
excess in SM fit but no exclusion of SM



Run-2: Wγ
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arXiv:2603.22478 (Submitted to Eur. Phys. J. C)

https://arxiv.org/abs/2603.22478
https://arxiv.org/abs/2603.22478


EFTs in multiboson
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•  Dimension-6 operators: charged aTGCs, aQGCs
  Mainly probed by inclusive diboson measurements

•  Dimension-8 operators: aTGCs including neutral TGCs, aQGCs without affecting TGCs

• Dimension-6 often ignored when dealing with dimension-8 (assumed to be well 
contrained by other measurements)

Z              y

Z

W              y

W

Neutral diboson

VBS, triboson

First operator basis from Degrande
Replaced by Ellis et al. (respect gauge symmetries)

Eboli model used in Run-2
More complete basis including C/P-odd 
operators recommended for Run-3

https://link.springer.com/article/10.1007/JHEP02(2014)101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.113003
https://scipost.org/10.21468/SciPostPhysCommRep.6
https://scipost.org/10.21468/SciPostPhysCommRep.6
https://scipost.org/10.21468/SciPostPhysCommRep.6


Constraints from inclusive Wγ measurement
• Nice overview of the analysis in T. Debnath's talk

• Look for leptonic decay of W boson

• Inclusive region + jet-veto region more sensitive to EFT

                                       (Radiation Amplitude Zero effect)

• Constraints using pT
γ, azimuthal decay angle ϕf and optimized CP-sensitive 

observables (based on a Deep Neural Network)
• No deviation from SM

• Probed scale at the TeV level

• Constraints on CP-odd operators

    driven by linear terms

• Improvement by a factor 2.5 on

               with respect to previous

    best measurements
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TGC

k-factor to recover higher-order 
QCD corrections in EFT prediction

https://agenda.infn.it/event/48435/timetable/?view=standard#83-multiboson-measurements-inc
https://agenda.infn.it/event/48435/timetable/?view=standard#83-multiboson-measurements-inc
https://agenda.infn.it/event/48435/timetable/?view=standard#83-multiboson-measurements-inc
https://agenda.infn.it/event/48435/timetable/?view=standard#83-multiboson-measurements-inc


Run-3: Z(→ll)γ
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arXiv:2512.08582 (Submitted to PRL)

https://arxiv.org/abs/2512.08582


Strategy and results
• Very clean measurement

• ee and µµ channels

• Measured fiducial cross-section σ = 1.896 ± 0.033 (stat) ± 0.054 (syst) ± 0.006 (theo) pb

• Fit to mllγ distribution: high mass sensitive to nTGCs

• Constraints on parameters respecting gauge symmetries

• Compare to ATLAS full Run-2 results
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Form factors 
for nTGC vertex

2022

Not an SM diagram

New parameterization with Wilson coefficients

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-001/


Run-2: WW photon-fusion production
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arXiv:2601.21574 (Submitted to J. High Energy Phys.)

https://arxiv.org/abs/2601.21574


WW photon-fusion production measurement

• Opposite sign W boson pair                                             VBS-like
• Look for leptonic decay

• Low track multiplicity: used to reduce quark-induced WW and Drell-Yan backgrounds

• Angular selection to reduce ττ background

                                                        pT
eµ fit: significance > 5σ → observation

                                                        Also used for aQGC constraints
Mathieu Markovitch – 10 April 2026 20



EFT results

• First use of the new basis for aQGC 
interpretation

• Current best constraints on M2, M3, T4 
(and recently introduced M̃/T̃ operators)

• No unitarization procedure

Mathieu Markovitch – 10 April 2026 21



Run-2: aQGC combination
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arXiv:2603.18630 (Submitted to Phys. Lett. B)

https://arxiv.org/abs/2603.18630


Combination strategy

• First aQGC combination with full Run-2

• Combination of seven VBS measurements and one 
triboson measurement
• Improve statistics

• Various final states: complementary aQGC constraints

• Few input measurements re-interpreted for the occasion

• Overlap between regions (WW/WZ) addressed

• Theoretical constraints
•  Unitarity: violated by aQGCs at high energy, prevented by 

applying clipping (cut-off scale beyond which aQGC prediction 
set to zero) → limits physically meaningful up to intersection 
with theoretical unitarity bounds: unitarized limits

•  Positivity: violated by specific operator combinations, bounds 
obtained from causality requirement
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https://arxiv.org/abs/1908.09845
https://arxiv.org/abs/1908.09845


Results
• Confidence intervals and contours from likelihood scans

• Contributions more evenly shared when clipping applied
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Current most stringent 
constraints on T5, T6, T7, T8, T9

Probed scale quite low 
(dimension-8: quartic root)



More results
• Unitarized limits from clipping scans: best unitarized limits on aQGCs

• Results driven by semileptonic VV and Z(vv)γ measurements

• Profiled constraints and correlations also obtained
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Run-2: high-mass ττ production
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JHEP 10 (2025) 54

https://link.springer.com/article/10.1007/JHEP10(2025)054
https://link.springer.com/article/10.1007/JHEP10(2025)054
https://link.springer.com/article/10.1007/JHEP10(2025)054
https://link.springer.com/article/10.1007/JHEP10(2025)054
https://link.springer.com/article/10.1007/JHEP10(2025)054
https://link.springer.com/article/10.1007/JHEP10(2025)054


Analysis strategy
• Search for new interactions in high-mass Drell-Yan

• Enhanced couplings to third generation ?

• Measure hadronically decaying τ leptons (τh)
• Focus on τhτh channel

• Split events according to b-jet multiplicity: 0b, 1b, > 1b

• Differential cross-section measurement in mττ to search for resonant decays
• Good agreement with SM prediction

• Non-resonant analysis in bins of number of b-tagged jets
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Leading non-resonant diagrams



Results
• Fit to visible mττ across b-jet categories

• Constraints on leptoquark and heavy Z' models

• Model-independent constraints (SMEFT)
• τ - Higgs operators

• τ - gauge boson operators: anomalous magnetic / electric dipole moment

• Four-fermion operators

• No deviation from SM

• Probed scale at the TeV level

• Best direct constraint on cτγ

• Translates to [-2.4, 4.7]×10-3 for aτ at 95% CL
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aτ = (g – 2)/2



Conclusion

• ATLAS and CMS entered precision era regarding multiple sectors: search for 
deviations withing EFT framework

• Many recent EFT results for Run-2, more and more for Run-3

• New features: new EFT bases, profiling, positivity bounds...

• Dealing with dimension-8 is nice but challenging: unitarity, quadratic EFT terms, 
possible breakdown of asymptotic approximation, no common basis

• Strong links with concrete BSM searches: need to think about EFT–model matching 
more systematically

• Results mainly limited by statistics
• Full Run-3 (+ Run-2) measurements will be crucial

• As well as combinations...
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Thank you !
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Bonus: HH→bbγγ
• Run-2 + partial Run-3 (2022-2024): 308 fb-1 of pp collisions

• SMEFT and HEFT interpretation of bbγγ measurement

• Quadratic terms non-negligible

• SMEFT constraints weaker than single Higgs

• 2D constraints in HEFT

• No deviation from SM

• Probed scale at the TeV level

Mathieu Markovitch – 10 April 2026 31

24-50% improvement 
with respect to Run-2

ATL-PHYS-PUB-2025-034

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/


Bonus: triboson (Run-2)
• Triboson production affected by both dimension-6 (Warsaw) and dimension-8 (Eboli)

• Inclusive triboson measurement
• 0-lepton: hadronic decays

• 1-lepton: WWW, WWZ with semileptonic decay

• 2-leptons: leptonic WW (including τ decay) + hadronic V

• Boosted regime for hadronic V: pT > 200 GeV

• Constraints from mVVV and pT
jet, BDT trained in 1-lepton and 2-lepton
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CMS-PAS-SMP-24-017

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-017/index.html
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HWW

Mathieu Markovitch – 10 April 2026 33



ttHH
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3/4-top
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Wy
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Zy
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yyWW
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aQGC combination
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ττ
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SMEFT/HEFT
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SMEFT

Higgs part of SU(2) doublet
Expands around EW-symmetric point
Less general

HEFT

Higgs part of gauge singlet
Expands around EW vacuum
Weaker assumption
Can be matched to more UV theories
Single and multi-Higgs couplings decoupled



aQGC basis
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