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Introduction
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๏ Remarkable agreement with SM and ~TeV BSM 
exclusion limits motivate SMEFT 

๏ Capture NP effects at the low energy by 
parametrizing them with additional terms 

 (d=6) representing contact interactions 

๏ Additional terms modify overall cross section of SM 
processes as well as kinematics distribution

ℒNP ∝
1

Λ2

[TikZ plot] 

https://tikz.net/bsm_tails/
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๏ SMEFT model is the most used and accepted theory [arxiv:2012.11343]  

๏ Respects SM symmetries, constructed using SM operators  

๏ Consider operators up to dim 6, and assume baryon and lepton-number conservation  

๏ Number of parameters depends of flavor assumption, with topU3l relevant for Higgs operators: 

3

Common framework - SMEFT

http://www.arxiv.org/pdf/2012.11343
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Common framework 

+  combination with other 
sectors provides access to 
4 fermion operators

๏ SMEFT model is the most used and accepted theory [arxiv:2012.11343]  

๏ Respects SM symmetries, constructed using SM operators  

๏ Consider operators up to dim 6, and assume baryon and lepton-number conservation  

๏ Number of parameters depends of flavor assumption, with topU3l relevant for Higgs operators: 

http://www.arxiv.org/pdf/2012.11343
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EFT analysis strategies  
II.Combinations 

Input analyses are optimized to SM precision, 
model independent measurements considering 
up to 64 Wilson coefficients   PCA is used to 
identify non-flat directions 

Parametrize (differential) cross section (and BR)    

                                                                        

                                                            …  

→

I.Individual measurements  

Derive sensitive to EFT observable 

- Matrix element based observables 
( ) estimated with [MELA] based on 
kinematics and angular variables   

 

- Optimal observable with [BIT] regression for a 
limited set of operators relevant for 
considered process; X = kinematics and 
angular variables  

𝒫 ∝ ME
Ω

R(X | ⃗c) = 1 + ∑
i

Ri(X)ci + ∑
i,j

Ri,j(X)cicj

https://arxiv.org/pdf/2002.09888
http://www.arxiv.org/abs/2205.12976
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EFT analysis strategies  

II.Combinations 

Input analyses are optimized to SM precision, 
model independent measurements considering 
up to 64 Wilson coefficients   PCA is used to 
identify non-flat directions 

- ATLAS STXS + fiducial combination of Higgs 
channels [ANA-HIGG-2022-17-PAPER] 

- CMS Higgs differential combination [CMS-
HIG-23-013]  

- ATLAS Higgs + EWK [ATL-PHYS-PUB-2022-037]  

- CMS Higgs + EWK + Top [SMP-24-003] 

→

I.Individual measurements  

Derive sensitive to EFT observable based on 
event kinematics and angular variables 

- ATLAS H 4l  [ATL-PHYS-PUB-2023-012]   

- CMS VH(H bb) EFT analysis [CMS-
HIG-23-016] 

- CMS EFT interpretation in H WW MELA 
[Eur. Phys. J. C 84 (2024) 779]

→

→

→

https://cds.cern.ch/record/2888749/files/ANA-HIGG-2022-17-PAPER.pdf
https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://cds.cern.ch/record/2911229?ln=en
https://cds.cern.ch/record/2860128/files/ATL-PHYS-PUB-2023-012.pdf
https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0


I. Individual EFT 
measurements  
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H ( ) + ( ) ATLAS → 2l2ν 4l

๏ Analysis considering SMEFT effects in H 
production only limited set of WC 

๏ Using NN observable in H  4 lepton channel  

๏ In H  lepton channel:  

→

→

→2l2ν

[ATL-PHYS-PUB-2023-012]  

https://cds.cern.ch/record/2860128/files/ATL-PHYS-PUB-2023-012.pdf
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H ( ) + ( ) ATLAS → 2l2ν 4l

๏ Analysis considering SMEFT effects in H 
production only limited set of WC 

๏ Using NN observable in H  4 lepton channel  

๏ In H  lepton channel:  

→

→

→2l2ν

[ATL-PHYS-PUB-2023-012]  

https://cds.cern.ch/record/2860128/files/ATL-PHYS-PUB-2023-012.pdf
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VH(H bb) EFT analysis (CMS)→

10

๏ New Run 2 analysis designed to gain 
sensitivity to EFT effects specifically extending 
STXS parametrization approach to constrain 

, , ,  and linear combinations of 

 ( + CP-odd) = ,   

๏ Angular information to improve sensitivity to 
CP-even vs. CP-odd  HVV couplings  ,  

c(3)
Hq c(1)

Hq cHu cHd

cHW, cHWB, cHB gZZ
2 gZZ

4

gZZ
2 gZZ

4

CMS-HIG-23-016 

[talk by Vasilije Perovic]

https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://indico.cern.ch/event/1391236/timetable/#61-eft-interpretations-in-the
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๏ New Run 2 analysis designed to gain 
sensitivity to EFT effects specifically extending 
STXS parametrization approach to constrain 

, , ,  and linear combinations of 

 ( + CP-odd) = ,   

๏ Angular information to improve sensitivity to 
CP-even vs. CP-odd  HVV couplings  ,   

๏ Likelihood ratio observable estimated with [BIT] 
regression as optimal observable (kinematics + 
angular variables used in the training) 

๏ Iterative approach to find an observable that 
performs optimally for each Wilson coefficient  

c(3)
Hq c(1)

Hq cHu cHd

cHW, cHWB, cHB gZZ
2 gZZ

4

gZZ
2 gZZ

4

Method learns 
detector-level 
kinematics and 
propagates it to 
the output score

R(X | ⃗c) = 1 + ∑
i

Ri(X)ci + ∑
i,j

Ri,j(X)cicj

CMS-HIG-23-016 

VH(H bb) EFT analysis (CMS)→ [talk by Vasilije Perovic]

http://www.arxiv.org/abs/2205.12976
https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://indico.cern.ch/event/1391236/timetable/#61-eft-interpretations-in-the
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VH(H bb) EFT analysis (CMS)→

12

๏ Negligible loss in the sensitivity from profiling the all parameters due to the optimized analysis 
observable 

๏ Addition of CP-sensitive variables  access to the linear combination of CP-odd SMEFT WC→

CMS-HIG-23-016 

[talk by Vasilije Perovic]

https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://indico.cern.ch/event/1391236/timetable/#61-eft-interpretations-in-the
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H WW MELA analyses (CMS)→

๏ Use MELA method to construct an observable 
sensitive to the modifications to Higgs 
production  

๏ Granular fit to   

๏  - optimal observable to VBF production, 
 - CP sensitive,  observable is used to 

gain sensitivity to decay vertex 

[DVBF, D0−, mll]

DVBF
D0− mll

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

The output 
score is based 
on gen-level 
ME, better 
suited for 
leptonic final 
states

[talk by Federica De Riggi]

https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0
https://indico.cern.ch/event/1391236/timetable/#59-anomalous-couplings-and-cp
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H WW MELA analyses (CMS)→

๏ Use MELA method to construct an observable 
sensitive to the modifications to Higgs 
production  

๏ Granular fit to   

๏  - optimal observable to VBF production, 
 - CP sensitive,  observable is used to 

gain sensitivity to decay vertex 

[DVBF, D0−, mll]

DVBF
D0− mll

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

The output 
score is based 
on gen-level 
ME, better 
suited for 
leptonic final 
states

[talk by Federica De Riggi]

https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0
https://indico.cern.ch/event/1391236/timetable/#59-anomalous-couplings-and-cp
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H WW MELA analyses (CMS)→

๏ Results extracted for HVV anomalous couplings, the most stringent to date  

๏ Translated HVV constraints to SMEFT Higgs and Warsaw basis, all in agreement with the SM. 

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

[talk by Federica De Riggi]

https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0
https://indico.cern.ch/event/1391236/timetable/#59-anomalous-couplings-and-cp


II. SMEFT combination 
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Higgs STXS combination in ATLAS
๏ STXS combination + SMEFT 

interpretation , , 
, , , , 

 

๏ Starting with 46 WC identified 15 linear 
combinations and 4 single coefficients 

๏ Sensitivity from different channels in the 
combination 

H → γγ H → W+W−

H → ZZ(*) H → τ+τ− H → bb̄ H → μ+μ−

H → Zγ

[ANA-HIGG-2022-17-PAPER] 

๏ Results agree with the SM at 95% CL 

๏ Interpretation in 2HDM and MSSM 
models by matching SMEFT 
parameters to 2HDM 

[talk by Oliver Rieger]

https://cds.cern.ch/record/2888749/files/ANA-HIGG-2022-17-PAPER.pdf
https://indico.cern.ch/event/1391236/timetable/#55-combined-higgs-boson-measur
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Higgs differential combination in ATLAS

๏ Performed the differential combination of 
 and  measurements   

๏ Constraining 3 linear combinations of Wilson 
coefficients 

๏ While fiducial measurements is more 
granular than STXS, sensitivity is lower  

- Inclusive in Higgs production modes  

- Demonstrates importance of STXS 

H → γγ H → 4l

[ANA-HIGG-2022-17-PAPER] 

https://cds.cern.ch/record/2888749/files/ANA-HIGG-2022-17-PAPER.pdf
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Higgs differential combination in CMS

๏ Interpretation of differential combination 

- , , , 
,  (boosted) 

-  (+ studied   in  and 

, for CP-odd) used for SMEFT 
interpretation  

- Parametrization is derived in fiducial regions

H → γγ H → W+W− H → ZZ(*) → 4l
H → τ+τ− H → τ+τ−

pH
T Δϕjj H → γγ

H → ZZ(*) → 4l

[CMS-HIG-23-013][talk by Massimiliano Galli]

https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
https://indico.cern.ch/event/1391236/timetable/#78-higgs-combined-measurements
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๏ 31 operators are considered (including CP-odd)  

๏ Individual measurements for each  (other fixed  ) ci cj = 0, i ≠ j

Higgs differential combination in CMS
[CMS-HIG-23-013]

https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
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Higgs differential combination in CMS
[CMS-HIG-23-013]

๏ 31 operators are considered (including CP-odd)  

๏ PCA is applied to identify 10 linear combinations that can 
be constrained simultaneously 

๏ All results are in agreement with the SM ( ) at 95%CLci = 0

https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
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๏ 2D scans CP-odd vs. CP even Wilson 
coefficients 

๏ All results are in agreement with the 
SM ( ) at 95%CLci = 0

Higgs differential combination in CMS
[CMS-HIG-23-013]

https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
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EFT Constraints from Higgs + EWK (ATLAS)

[ATL-PHYS-PUB-2022-037]

+

LHC measurements: EW precision measurements  (LEP): 

+

Higgs STXS

Diboson 

[ATL-PHYS-PUB-2022-037]

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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EFT Constraints from Higgs + EWK (ATLAS)

๏ Performing PCA on subgroups of WC to remove flat directions 
 constraints for 22 linear combinations and 6 WC 

๏ Many LC benefit from Higgs + EWK combination 

๏ Compatible with the SM at 95% CL

→

[ATL-PHYS-PUB-2022-037]

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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Higgs + EWK + Top combination in CMS

๏ Similar measurement from CMS 
where 64 WC are considered   

๏ Achieved by selecting input analysis 
to target various groups of WC 

- from Higgs sector:  is 
selected as the one with highest 
STXS granularity

H → γγ

[CMS-SMP-24-003]

https://cds.cern.ch/record/2911229?ln=en
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๏ Global PCA is performed to identify 42 linear combinations of WC that can be constrained 
simultaneously, 9 of which clearly benefit from including non Higgs channels (EWK and Top) 

๏ The results are in agreement with the SM at the level of 1.7 %

Higgs + EWK + Top combination in CMS
[CMS-SMP-24-003]

https://cds.cern.ch/record/2911229?ln=en
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Higgs + EWK + Top combination in CMS
[CMS-SMP-24-003]

Validity of asymptotic 
approximation was studied 

 effect is important for the 
WC with significant 
quadratic contribution 

→

Asymptotic vs. toys 
confidence intervals  

σSMEFT
σSM

=

https://cds.cern.ch/record/2911229?ln=en
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Higgs + EWK + Top combination in CMS
[CMS-SMP-24-003]

Validity of asymptotic 
approximation was studied 

 effect is important for the 
WC with significant 
quadratic contribution 

→

σSMEFT
σSM

=

Asymptotic vs. toys 
confidence intervals  

https://cds.cern.ch/record/2911229?ln=en
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Summary 
๏ ATLAS and CMS both have a reach program of indirect NP searches with SMEFT framework  

๏ Exploring equally important approaches:  

- Optimal observables with individual analyses, e.g. CP-odd vs. CP-even  

ATLAS H 4l  [ATL-PHYS-PUB-2023-012] 

CMS VH(H bb) EFT analysis [CMS-HIG-23-016] 

CMS EFT interpretation in H WW MELA [Eur. Phys. J. C 84 (2024) 779] 

- Global combinations allow to consider O(10) - making interpretations more model-independent  

ATLAS STXS + fiducial combination of Higgs channels [ANA-HIGG-2022-17-PAPER] 

CMS Higgs differential combination [CMS-HIG-23-013]  

ATLAS Higgs + EWK [ATL-PHYS-PUB-2022-037]  

CMS Higgs + EWK + Top [SMP-24-003] 

→

→

→

https://cds.cern.ch/record/2860128/files/ATL-PHYS-PUB-2023-012.pdf
https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf
https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0
https://cds.cern.ch/record/2888749/files/ANA-HIGG-2022-17-PAPER.pdf
https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://cds.cern.ch/record/2911229?ln=en


Thank you! 



Backup
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Higgs STXS combination ATLAS

๏ STXS combination + SMEFT 
interpretation , , 

, , , 
,  

๏ Starting with 46 WC identified 15 linear 
combinations and 4 single coefficients by 
applying PCA on the following groups: 

H → γγ H → W+W−

H → ZZ(*) H → τ+τ− H → bb̄
H → μ+μ− H → Zγ

[ANA-HIGG-2022-17-PAPER] 

https://cds.cern.ch/record/2888749/files/ANA-HIGG-2022-17-PAPER.pdf
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Higgs STXS combination ATLAS

๏ STXS combination + SMEFT 
interpretation , , 

, , , 
,  

๏ 2HDM interpretation: 

H → γγ H → W+W−

H → ZZ(*) H → τ+τ− H → bb̄
H → μ+μ− H → Zγ

[ANA-HIGG-2022-17-PAPER] 

https://cds.cern.ch/record/2888749/files/ANA-HIGG-2022-17-PAPER.pdf
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Higgs + EWK + Top combination in CMS
[CMS-SMP-24-003]

+ Studied validity of 
simplified likelihood 

Simplified vs. Hybrid likelihood 

https://cds.cern.ch/record/2911229?ln=en
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Higgs + EWK + Top combination in CMS
[CMS-SMP-24-003]JHEP 07 (2021) 027 

https://cds.cern.ch/record/2911229?ln=en
https://arxiv.org/pdf/2103.06956
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Higgs + EWK + Top hybrid likelihood (CMS)
[CMS-SMP-24-003]

https://cds.cern.ch/record/2911229?ln=en
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Higgs + EWK + Top asymptotic approximation(CMS)
[CMS-SMP-24-003]

https://cds.cern.ch/record/2911229?ln=en
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VH(H bb) EFT analysis (angular variables)→
CMS-HIG-23-016 

https://cds.cern.ch/record/2910885/files/HIG-23-016-pas.pdf

