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EFT links phenomena across different energy scales

https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x
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SM Effective Field Theory (SMEFT)

CMS analyses enable us to accurately place limits on Wilson Coefficients (ci )

Cross section (xs) also affected as: 

SM xs + SM-BSM interference xs + BSM xs
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CMS Run 2 EFT-related analyses

Individual channels

H → WW →e𝜇𝜈𝜈 

VH→bb

HZ𝛾 and H𝛾𝛾

Combination of channels

EFT interpretation of Higgs diff. fid. measurements

EFT interpretation of SM measurements 

Global EFT data analyses are highly motivated 

A single operator can influence many 

processes, and multiple operators can affect 

one single process.

Eur. Phys. J. C 84 (2024) 779

CMS-PAS-HIG-23-013

CMS-PAS-SMP-24-003

CMS-PAS-HIG-23-011

CMS-PAS-HIG-23-016

https://arxiv.org/abs/2403.00657
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-23-013&tp=an&id=2739&ancode=HIG-23-013
https://cms.cern.ch/iCMS/analysisadmin/cadilines?awg=SMP&awgyear=2024
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-23-011&tp=an&id=2736&ancode=HIG-23-011
https://cds.cern.ch/record/2910885?ln=en


Based on likelihood ratios

Reconstruction at detector-level 

H → WW → 𝐞𝝁𝝂𝝂
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MELA-based kinematic discriminants 

(KD) sensitive to production vertex:

Production mode (DVBF)

Pure BSM contribution (D0- )

SM-BSM interferences (DCP)

Sensitive to decay vertex: 

mℓℓ

Fit to multidimensional KD

Eur. Phys. J. C 84 (2024) 779

BSMSM

https://arxiv.org/abs/2403.00657


SMEFT Higgs basis
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Useful for analyses combination

Mass eigenbasis

SMEFT Warsaw basis
Useful for the theoretician community

Gauge eigenbasis
Surpassing 
results of 

Run 1
analysis in 
precision 

and 
coverage. 

Wilson 
Coefficients

Results in terms of cross section fraction contribution available.

Linear+Quadratic 

(3 independent 
fits to the data) 

Phys.%20Rev.%20D%2092,%20012004


Fit to observables:

Boosted information Trees (BIT) 

Observables optimized for the EFT effects

VH → bb
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VH resolved

Higgs anomalous couplings on 

production and decay vertex

Decay Channels:
• 0 leptons: Z → 𝜐𝜐
• 1 lepton: W → ℓ𝜈
• 2 leptons: Z → ℓℓ

Data/MC plots for reference

CMS-PAS-HIG-23-016

Also based on likelihood ratios 

but with reconstructed objects 

after detector smearing

https://cds.cern.ch/record/2910885?ln=en


Constraints on Wilson Coefficients
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Results are consistent 
with the SM expectation 



EFT in HZ𝜸 and H𝜸𝜸
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H → ZZ → 4ℓ

MELA-based discriminants

Cross-section measurement from 
the combination of channels

H → bb 

Mass of Higgs candidate 

Fitted observables Result

Targeting the production vertex involving the Higgs and an associated photon, these AC can impact the production rate

CMS-PAS-HIG-23-011

https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-23-011&tp=an&id=2736&ancode=HIG-23-011


HVV couplings scans
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H → bb dominated

SMEFT Higgs basis

Yukawa couplings scans

H → ZZ → 4ℓ only 

Competitive with the 
direct search VH(cc)

Hff vertex parametrization

Supplementary 
result on Higgs 

Width Γ!"#$

𝜅% = 1



Analysis strategy:

Differential distributions 

are sensitive to Higgs 

couplings through 

distortions in the predicted 

SM cross-section spectra.

Used parametrizations:

𝜅-framework and SMEFT

Combination and EFT interpretation of Higgs differential fiducial measurements
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H⇢𝛾𝛾
JHEP 07 (2023) 091

H⇢ZZ⇢4ℓ
JHEP 08 (2023) 040

H⇢WW⇢ eµνν
JHEP 03 (2021) 003

H⇢𝜏𝜏
Phys. Rev. Lett. 128 (2022) 081805

H⇢𝜏𝜏 (boosted)
Phys. Lett. B 857 (2024) 138964

OBSERVABLE ⇢

CMS-PAS-HIG-23-013

https://link.springer.com/article/10.1007/JHEP07(2023)091
https://link.springer.com/article/10.1007/JHEP08(2023)040
https://link.springer.com/article/10.1007/JHEP03(2021)003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.081805
https://www.sciencedirect.com/science/article/pii/S0370269324005227?via%3Dihub
https://cds.cern.ch/record/2905139?ln=en
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ggH production

HZZ 
production 
and decay

HWW 
production 
and decay

Z𝜸 production 
and decay

pTH 2D scans 
of Wilson 

coefficients

Fit pairs of CP-even and CP-

odd Wilson coefficients to 

assess their impact on Higgs 

production and decay, with 

all other coefficients set to 

their SM values of zero.

But there are more…!



Interpretation of the entire phase space
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Determine orthogonal linear combinations 

of the most constrained Wilson coefficients 

from the data to simultaneously constrain 10 

directions (EV) in parameter space.

Limits on the NP energy scale 

95% CL lower limits for different 

values of Wilson coefficients



Combined EFT interpretation of SM measurements 
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ü LEP and SLC electroweak precision measurements included.

First combination from an experiment including top, Higgs, vector boson 
and jet measurements in an EFT interpretation!

CMS-PAS-SMP-24-003

https://cms.cern.ch/iCMS/analysisadmin/cadilines?awg=SMP&awgyear=2024
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Constraints on Wilson Coefficients

Individually : 64, with confidence intervals ranging from ±0.003 to ±20.



Flash of the EV fit
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42 directions are 
constrained 

simultaneously…
The most so far!

Supplementary 
result on 95% CL 

lower limits on the 
scales Λ of NP ~ TeV



• EFT serves as a connection to the fundamental nature of interactions, bridging different energy scales.

• 5 indirect searches of BSM effects in the context of SMEFT have been presented across:

• 3 individual channels, refining our understanding of Higgs couplings to particles and the EWSB 

mechanism.

• Two combined EFT interpretation analyses on the Higgs and SM demonstrate that global EFT data 

analyses are crucial.

• EFT Run 2 analyses are statistically limited but show promise for future Higgs physics in Run 3 and beyond. 

• For now, everything is consistent with the SM within uncertainties.

• Precision is key — accurate approximations are essential to staying safe and sound!
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Conclusions
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EFT H → WW →𝐞𝝁𝝂𝝂 analysis

Matrix Element Likelihood Approach (MELA) 
Analysis strategy:

MELA-based kinematic 

discriminants (KD)

Production channels: 

ggH, VBF, VH, and boosted VH

Used approaches:

AC and SMEFT

VBF
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BSM

SM

Targeting HVV anomalous couplings in production and decay vertexes



HVV vertex parametrization
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Simultaneously studied: a1 , a2 , a3 (CP-odd) and aΛ1

Results can be given in terms of:

1. Cross-section fraction fai (+𝜇 on signal model):

2. SMEFT Mass eigen (Higgs) basis

3. SMEFT Gauge eigen (Warsaw) basis 

Scattering amplitude :

✅

aWW = aZZ

On 
this 
talk!

SMEFT approach

SU(2)xU(1)

Anomalous Couplings 
(AC) approach

aWW ≠ aZZ



HVV vertex parametrization
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SU(2)xU(1) Simultaneously studied: a1 , a2 , a3 (CP-odd) and aΛ1

Results can be given in terms of:

1. Cross-section fraction fai (+𝜇 on signal model):

2. SMEFT Mass eigen (Higgs) basis

3. SMEFT Gauge eigen (Warsaw) basis 

Scattering amplitude :

✅

Relationships 
between aWW and aZZ

On 
this 
talk!

SMEFT approach



H → WW →𝐞𝝁𝝂𝝂
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MELA-based kinematic discriminants 

(KD) sensitive to production vertex:

Production mode (DVBF)

Pure AC contribution (D0- )

Interference AC contribution (DCP)

Sensitive to decay vertex: 

mℓℓ

[DVBF , D0- , mℓℓ ] 
+ 

DCP categorization 

Fit to multidimensional KD

Eur. Phys. J. C 84 (2024) 779

https://arxiv.org/abs/2403.00657
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fai scans
3 independent parameters

SU(2)xU(1)

Translation into SMEFT bases possible

Results in terms of cross-section fraction



AC SCANS

25

SMEFT SCANS
4 independent parameters 3 independent parameters SU(3)xU(1)

Translation into 
other SMEFT 

bases possible

Results in terms of cross-section fraction fai



SMEFT Higgs basis
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HWW HZZ
Results compatible 
with HZZ analysis

Useful for analyses 
combinationMass eigenbasis

PRD 104 (2021) 052004 

http://dx.doi.org/10.1103/PhysRevD.104.052004


SMEFT Higgs basis
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Comparable sensitivity with full Run 2 analyses:
HZZ PRD 104 (2021) 052004 

H𝜏𝜏 JHEP 06 (2022) 012, PRD 108 (2023) 032013
ttH analyses JHEP 07 (2023) 092

Useful for analyses combination

Mass eigenbasis

http://dx.doi.org/10.1103/PhysRevD.104.052004
https://link.springer.com/article/10.1007/JHEP06(2022)012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032013
https://link.springer.com/content/pdf/10.1007/JHEP07(2023)092.pdf


SMEFT Warsaw basis
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Useful for the theoretician community

Gauge eigenbasis

The results massively surpass that of the 
Run 1 analysis from the CMS experiment 

in both precision and coverage. 

Phys.%20Rev.%20D%2092,%20012004


HVV couplings scans
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Yukawa couplings

H → bb dominated H → ZZ → 4ℓ only 

Constraints on mass eigen basis Hff vertex parametrization

Competitive with the 
direct search VH(cc)



Interpretation of the entire phase space
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Results are consistent with the SM within 1σ.

Determine linear combinations of the most constrained 

Wilson coefficients from the data to simultaneously 

constrain 10 directions in parameter space.

ggH production is the 
most sensitive in the 
majority of channels
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Principal Component analysis (PCA)

TO OVERCOME : Available data lacking sufficient information to constrain all Wilson coefficients (59!) 

Identify non-flat directions of the likelihood ⇢ greatest impact on the data.

ü The absolute values of the WC indicate the weight their in the linear combination. 

ü Higher weights in combinations with large eigenvalues (EV) signify that the 

coefficient is more constrained by the data.

HIG-23-013



Interpretation of the entire phase space
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Results are consistent with the SM within 1σ.

Determine linear combinations of the most constrained 

Wilson coefficients from the data to simultaneously 

constrain 10 directions in parameter space.



Fit to observables
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Input Features:

• 1- and 2-Lepton States: Angular and kinematic variables.

• 0-Lepton State: Energy-sensitive kinematic variables.

Specific Inputs

• DEEPJET: H candidate b-tagged jets

• PARTICLENET: H candidate AK8 jets

Training Procedure:

• Data: 50% for training, 50% for validation. 

Boosted Information Tree (BIT)

HIG-23-016



HVV couplings scans
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Yukawa couplings

H → bb dominated H → ZZ → 4ℓ only 

Constraints on mass eigen basis Hff vertex parametrization

Competitive with the 
direct search VH(cc)



Parametrization
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Impact of the 
linear part of 

parameterizations 
on cross sections, 

comparing with 
SM expectations.

SMP-24-003



Worth Highlighting
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95% CL lower limits on the scales Λ 

SMP-24-003



Data/MC plots
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Other Full Run 2 CMS EFT-related analyses

CMS Analysis Channel Measurement Combined with REF

HIG-19-009 On Shell H→ZZ HVV, Hgg, Htt [Htt] H→𝛾𝛾 (HIG-19-013) PRD 104 (2021) 052004

HIG-20-006 H→𝜏𝜏 H𝜏𝜏 - JHEP 06 (2022) 012

HIG-20-007 H→𝜏𝜏 HVV, Hgg, Htt on-Shell H→ZZ + H→𝛾𝛾 PRD 108 (2023) 032013

HIG-21-006 ttH and tH Htt on-Shell H→ZZ + H→𝛾𝛾 JHEP 07 (2023) 092

HIG-21-013 off-Shell H→ZZ 
H Off-Shell evidence 

𝛤Higgs, HVV on-Shell H→ZZ Nat. Phys. 18 (2022) 1329
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004
https://link.springer.com/article/10.1007/JHEP06(2022)012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032013
https://link.springer.com/content/pdf/10.1007/JHEP07(2023)092.pdf
https://www.nature.com/articles/s41567-022-01682-0
https://indico.ijclab.in2p3.fr/event/9063/contributions/28447/attachments/21747/30836/Higgs_Hunting_Taliercio.pdf

