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The Higgs boson
• The Higgs boson discovery 

opened a new way to refine 
our understanding of the 
electroweak sector 

• many studies of Higgs boson 
coupling properties have 
been performed 

• results can be interpreted 
using kappa and EFT 
(effective field theory) models  

• deviation from the Standard 
Model (SM) predictions on 
Higgs boson coupling 
properties would provide clues 
for new physics

2



Chen Zhou (Peking U) 3

Measurements of Higgs boson 
couplings with “kappa” framework 
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Coupling modifier (“kappa”)
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• Leading order motivated framework: assign coupling modifier to 
each (effective) interaction vertex (e.g. κW, κt…)

• In this framework, production cross section times decay branch 
fraction of i→H→f can be parameterized as

• (this allows for a consistent treatment of production and decay)
• Total width of Higgs boson can be expressed as

Bi.= BSM contribution to BR of invisible decays which are identified through a missing transverse momentum signature  
Bu.= BSM contribution to BR of undetected decays to which none of the analyses in the combination are sensitive
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Higgs boson couplings with “kappa”

• ATLAS & CMS combine various Higgs production channels 
and various Higgs decay channels
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Higgs boson couplings with “kappa”
Nature 607 (2022) 52-59 Nature 607 (2022) 60-68ATLAS

• Assume no BSM contribution in loop-induced processes (ggF, H→γγ, etc.) or 
total width. Resolve ggF and Hγγ effective vertices 

• Good agreement with the SM across 3 orders of magnitude of particle mass

https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x
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Higgs boson couplings with “kappa”
Nature 607 (2022) 52-59 Nature 607 (2022) 60-68ATLAS

• Not resolving ggF and Hγγ effective vertices (and introducing coupling modifiers κg, κγ) 
• assume Binvisible=Bundetected=0

• All coupling modifiers are measured to be compatible with the SM

https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x
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Higgs boson couplings with “kappa”
Nature 607 (2022) 52-59 Nature 607 (2022) 60-68ATLAS

• Not resolving ggF and Hγγ effective vertices (and introducing coupling modifiers κg, κγ) 
• constrain Binvisible and Bundetected using H→invisible analysis and κV < 1 

• Both invisible and undetected BR’s are compatible with zero

https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x
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Relative sign of κW and κZ

ATLAS-CONF-2023-057

CMS-PAS-HIG-23-007 (NEW)

• VBF WH production mode offers 
sensitivity to the relative sign of κW and κZ 

• Studied using Higgs decays to 𝑏-quarks 
and 𝑊 decays with a lepton 

• Opposite-sign coupling hypothesis is 
excluded with significance greater than 
5𝜎 by both ATLAS and CMS

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-057/
http://CMS-PAS-HIG-23-007
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VH H→cc̅ 
• Tag leptonically decaying W/Z 

boson 
• Observed limit at 95% CL on H→cc̅ 

signal strength: 14 (CMS) and 26 
(ATLAS) times SM prediction  

• Constraint on Higgs-charm Yukawa 
coupling modifier: 1.1 < |Κc| < 5.5 
(CMS) and |Κc| < 8.5 (ATLAS)
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Higgs couplings to c quarks

Phys. Rev. Lett. 131 (2023) 061801

   
c

c
• H→cc̅ decay is currently the main channel 

to probe Higgs coupling to c quarks 
• branching ratio in SM: 2.8%

Eur. Phys. J. C 82 (2022) 717

https://doi.org/10.1103/PhysRevLett.131.061801
https://doi.org/10.1140/epjc/s10052-022-10588-3
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Higgs couplings to c quarks
• Higgs 𝑝T  distribution is sensitive to 

Yukawa couplings of Higgs boson 
to 𝑏- and 𝑐-quarks 
- driven by contributions of 𝑏- and 𝑐-quarks to 

loop-induced ggF production and by quark-
initiated production of Higgs 

• Constraints from ATLAS 
combination of Higgs 𝑝T differential 
XS of H→γγ and H→ZZ channels: 
- -8.6<κc<17.3 (using only shape information) 
- -2.27<κc<2.27 (using shape+normalization 

information) 
- complementary with constraints from H→cc 

decay

JHEP05(2023)028

https://link.springer.com/article/10.1007/JHEP05(2023)028
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EFT interpretation from 
Higgs measurements  
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Interpretation of STXS with EFT
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• Parameterize the 
signal strengths, 
(XS*BR)meas/
(XS*BR)SM, 
directly with 
Wilson 
coefficients of d=6 
SMEFT operators 

ATLAS-CONF-2023-052

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
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Interpretation of STXS with EFT
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• Rotate the SMEFT basis cj to eigenvector cj’ and fit sensitive 
eigenvectors simultaneously  

- these eigenvectors are obtained from identifying groups of operators 
with similar impact and performing eigenvector decomposition for the 
covariance matrix of the measurement

ATLAS-CONF-2023-052

H→µµ
H→ττ

H→bb
VH

ggF and ttH

H→γγ and H→Zγ

VH

ttH and tH

Global normalization 
H→4l

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
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Interpretation of STXS with EFT
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• All measured 
parameters are 
consistent with the 
SM expectation 
within their 
uncertainties 

• Six (five) parameters 
are almost 
exclusively measured 
by a single decay 
(production) mode

From a simultaneous fit; linear only results

ATLAS-CONF-2023-052

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
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Interpretation of STXS with EFT
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• Comparison of the linear model and the linear+quadratic model 
shows sizeable sensitivity to operators suppressed by  Λ4

ATLAS-CONF-2023-052

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
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Interpretation of fiducial differential XS with EFT
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• Differential distribution of Higgs transverse momentum are also 
affected by a few SMEFT operators (e.g. cHG, ctG, ctH) 

- H→γγ and  H→ZZ channels are used for the pT(H) interpretation 

• A rotation in the parameter space is performed to define a new set of 
coefficients which are decorrelated  

ATLAS-CONF-2023-052

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
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Interpretation of fiducial differential XS with EFT
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• Using the same decay 
channels, the constraints 
from differential XS are 
weaker than STXS 
• differential measurements are 

inclusive in production mode 
• STXS separate different 

production modes whose 
cross-sections are affected in 
different ways by the different 
operators 

ATLAS-CONF-2023-052

From 3 fits with one parameter 
of interest 

From a simultaneous fit

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
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Interpretation of STXS with EFT
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CMS-PAS-HIG-19-005 

• CMS provided 
constraints on the 
parameters of the 
Higgs Effective 
Lagrangian model  

• For many of the 
parameters these 
results represented 
the strongest 
constraints 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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Anomalous Higgs 
couplings
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Higgs anomalous coupling
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• In BSM, interactions with the Higgs boson may occur through several 
anomalous couplings. The CP-odd anomalous couplings may generate 
CP violation in the Higgs boson interactions 

• CMS searches for anomalous couplings using ggH, VBF and VH in 
H→ZZ, H→𝜏𝜏, and H→WW (NEW) decays  

• Matrix element likelihood approach (MELA, the main CMS approach) is 
employed to construct observables that are optimal for the measurement 
of anomalous couplings or EFT operators  

•
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Higgs anomalous coupling
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HVV vertex 
Approach 2 

SU2 x U1

• Studied individually or simultaneously  
• Significant interference effects for certain values is evident

CMS-PAS-HIG-22-008

H→WW*

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-008/index.html
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Higgs anomalous coupling
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HVV vertex 
SMEFT (Higgs basis)

• Interpretation using Warsaw basis is also performed

CMS-PAS-HIG-22-008

H→WW*

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-008/index.html
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Higgs anomalous coupling
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Hgg vertex

• Result is consistent with expectation of a SM 
Higgs boson

CMS-PAS-HIG-22-008

H→WW*

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-008/index.html
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Higgs anomalous coupling

• CMS searched for anomalous couplings using H→4l, H→𝜏𝜏 and 
H→γγ decays 

• No indication of CP violation and non-SM couplings, most 
stringent constraints were given

25

H→ZZ*→4l 
H→𝜏𝜏 & H→γγ

CMS-PAS-HIG-20-007

Phys. Rev. D 108 (2023) 032013

Hgg vertices Htt verticesHVV vertices

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-007/index.html
http://dx.doi.org/10.1103/PhysRevD.108.032013
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Higgs boson 
self-couplings

26
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Higgs boson self-couplings
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• Higgs self-coupling is one of the deepest questions of 
SM and may provide a portal to new physics beyond it 

• Vacuum stability, early universe evolvement, …  
• Double Higgs production is the way to directly probe 

Higgs self-couplings at the LHC 
• Extremely low cross-section in the SM  
• Non-SM self-coupling strength can change cross-section 

and kinematics of double Higgs production 
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Double Higgs production combination
Nature 607 (2022) 60-68

• HHH trilinear self-coupling modifier: 
-1.2<κλ<6.5 (CMS); -0.6<κλ<6.6 (ATLAS) 

Phys. Lett. B 843 (2024) 137745

https://www.nature.com/articles/s41586-022-04892-x
https://doi.org/10.1016/j.physletb.2023.137745
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Double Higgs production combination
Nature 607 (2022) 60-68

• HHVV quartic coupling modifier: 0.7<κ2V<1.4 
(CMS); 0.1<κ2V<2.0 (ATLAS) 

Phys. Lett. B 843 (2024) 137745

https://www.nature.com/articles/s41586-022-04892-x
https://doi.org/10.1016/j.physletb.2023.137745
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Higgs boson self-couplings
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• Single Higgs boson production and decays can be modified 
by self-coupling modifier through NLO EW correction
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 Double Higgs + Single Higgs Combination

• Single Higgs measurements provide additional sensitivity 
to trilinear self-coupling 

Phys. Lett. B 843 (2023) 137745
CMS-PAS-HIG-23-006 (NEW)
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 Double Higgs + Single Higgs Combination

• Combined single-Higgs and double-Higgs analyses 
provide results with fewer assumptions 

Phys. Lett. B 843 (2024) 137745
CMS-PAS-HIG-23-006 (NEW)
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Interpretation of HH with EFT
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ATL-PHYS-PUB-2022-019

HEFT currently used for most interpretations of HH

https://cds.cern.ch/record/2806411/files/ATL-PHYS-PUB-2022-019.pdf
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CMS HH→bbWW
CMS-PAS-HIG-21-005

• Results are interpreted in HEFT 
• BSM coupling c2(=cttHH) is constrained between -0.8 and 1.3 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-005/index.html
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ATLAS HH→bbγγ
arxiv:2310.12301

• Results are interpreted in both HEFT and SMEFT 
• Excluded four of the considered seven HEFT benchmark points

SMEFT

https://arxiv.org/abs/2310.12301
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Summary

• ATLAS and CMS experiments keep improving precision 
and granularity for Higgs coupling measurements   

- Results can be interpreted using kappa and EFT models   

- O(10%) precision for most kappa coupling modifiers; tens of 
Wilson coefficients are probed 

- Currently in agreement with the SM predictions 

• Run 3 is ongoing and HL-LHC is coming. 
Please stay tuned for the new results!

36
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Thank you!

37



Chen Zhou (Peking U) 38

Higgs boson couplings with “kappa”
Nature 607 (2022) 52-59 Nature 607 (2022) 60-68ATLAS

• κv for all vector bosons and κF for all heavy fermions are measured
• SM prediction is within 95% CL contour of measurement result

κV = 1.035 ± 0.031 and κF = 0.95 ± 0.05

https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x
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Higgs couplings to c quarks

• Constraints from ATLAS 
combination of VH(bb) & 
VH(cc), and Higgs 𝑝T 

differential XS of H→γγ & 
H→ZZ: 
- -1.61<κc<1.70 (BBSM=0) 
- -2.63<κc<3.01 (BBSM profiled)

JHEP05(2023)028

https://link.springer.com/article/10.1007/JHEP05(2023)028
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• Interpretation from transverse 
momentum distribution: 
• Constraints on the trilinear self-

coupling of the Higgs boson (κλ):   
- -5.4<κλ<14.9 
- can be used in future single 

and double Higgs boson 
combinations 

• Constraints on the Higgs boson 
couplings to b and c quarks (kb 
and kc ):    
- -5.6<κb<8.9; -20<κc<23 (using 

only shape information) 
- complementary with 

constraints from H→cc decay 

40

 

H→ZZ*→4lInterpretation with coupling modifiers

JHEP 08 (2023) 040

http://dx.doi.org/10.1007/JHEP07(2021)027
https://doi.org/10.1007/JHEP08(2023)040
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Interpretation of STXS with EFT
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ATLAS-CONF-2023-052

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
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Interpretation of STXS with EFT
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• Parameterize the 
signal strengths, 
(XS*BR)meas/
(XS*BR)SM, 
directly with 
Wilson 
coefficients of d=6 
SMEFT operators 

ATLAS-CONF-2023-052

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
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Higgs anomalous coupling
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HVV vertex 
Approach 1 
aiZZ = aiWW

• Studied individually 
• Significant interference effects for certain values is evident

CMS-PAS-HIG-22-008

H→WW*

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-008/index.html
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Higgs anomalous coupling
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HVV vertex 
SMEFT (Warsaw 

basis)

CMS-PAS-HIG-22-008

H→WW*

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-008/index.html
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CMS HH→bbWW

• CMS released HH→bbWW search result (with 
significant improvement from the partial run-2 result)

CMS-PAS-HIG-21-005

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-005/index.html
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ATLAS HH→bbγγ
arxiv:2310.12301

• ATLAS reoptimize HH→bbγγ to optimize both 
HHH and HHVV couplings 

https://arxiv.org/abs/2310.12301

