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Introduction: STXS
• The Simplified Template Cross-Section (STXS) measurements, which are the most common type of the

results in ATLAS and CMS, are often used to probe the Higgs boson couplings.

• The advantage of STXS measurements are the following:

+ Maximizing experimental sensitivity Minimizing the theoretical uncertainties

+ Isolation of possible BSM effects Suitable for global combinations

- Not fully fiducial No Higgs decay information
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Introduction: STXS
• The Simplified Template Cross-Section (STXS) measurements, which are the most common type of the

results in ATLAS and CMS, are often used to probe the Higgs boson couplings.

• The advantage of STXS measurements are the following:

+ Maximizing experimental sensitivity Minimizing the theoretical uncertainties

+ Isolation of possible BSM effects Suitable for global combinations

- Not fully fiducial No Higgs decay information

• The STXS measurements are performed in two steps:

• The Stage 0 bin definitions essentially correspond to the production mode measurements.

• The Stage 1 brings additional bins based on kinematics.

• The goal is that the full granularity should become accessible in the combination of all decay
channels.
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STXS measurements: an example
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• The 4l CMS STXS measurements with the full Run II dataset are done in 7 Stage 0 and 22 Stage 1 bins.

• Expected fraction of signal events is estimated per production mode in the different categories.

• Cross sections in each bin are extracted from the fits in categories.

• More details about the STXS measurements for presented EFT results can be found at W. Leight
and S. Jiggins talks (𝑍𝑍/𝑊𝑊 and 𝑏𝑏/𝜏𝜏 modes, respectively).

https://indico.cern.ch/event/856696/contributions/3742193/
https://indico.cern.ch/event/856696/contributions/3742198/


Effective field theory approach

• After Run 1 discovery of the Higgs boson, the increased number of Higgs decays allows improved
precision in the couplings and cross section measurements to test the compatibility of the SM
predictions and search for possible deviations.

• One of the most promising tools in this field is the Effective Field Theory (EFT) approach, in which the
SM Lagrangian is supplemented by new operators with canonical dimensions D larger than 4:

• where 𝑐𝑖 are so-called Wilson coefficients and 𝒪𝑖
(𝐷)

are the operators of dimension 𝐷.

• This framework can be used to interpret the STXS results (but also applicable for the interpretation of
differential cross sections and kinematic measurements):

➢ The Higgs boson production cross-section in STXS region 𝑝 can be expressed as:

➢ Its ratio to the SM can be then parameterized as follows:

• where 𝐴
𝑖

𝜎𝑝 and 𝐵
𝑖𝑗

𝜎𝑝 are coefficients independent of the 𝑐𝑖 and determined from simulation.

• Main simulation tool: SMEFTsim model for the MadGraph5_aMC@NLO Monte Carlo generator.
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EFT bases

• A complete and non-redundant set of higher-dimensional operators forms so-called EFT basis.

• For each specific type of interaction, EFT bases can be constructed in several different ways, but all of
them are equivalent in terms of physics effects.

• For example, CP-violating operators of the Higgs Effective Lagrangian (HEL) model in the gauge
eigenbasis can be written as:

• There a many different bases describing the BSM Higgs boson interactions: Warsaw (SMEFT) basis,
SILH basis, Higgs basis and others.

• But sometimes it is reasonable to work only with a small subset of new operators, not with the whole
basis.

➢ Example: an effective amplitude of the HVV interaction can be written as follows:
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EFT measurements in the 𝑏𝑏 channel (ATLAS)
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• The STXS measurements and their EFT interpretation were done
with the 𝐻 → 𝑏𝑏 decay channel for the 𝑊/𝑍𝐻 production.

• Cross-sections are measured as a function of the gauge boson
transverse momentum in kinematic fiducial volumes.

• One-dimensional limits on four linear combinations of the Wilson
coefficients in the SILH basis have been set.

HIGG-2018-50

• All measurements are found to be in agreement with the Standard Model predictions.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-50/


EFT measurements in the 𝑏𝑏 channel (ATLAS)
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• The same measurements as in the previous analysis, but with
the whole Run II dataset.

• The key improvement compared to the previous analysis is
the addition of a reconstructed-event category with
𝑝𝑇 > 250 GeV.

• The STXS measurements are now used to constrain the
coefficients of the operators in the Warsaw basis.

• The obtained results are all consistent with the Standard Model expectations.

The results will be published shortly (HIGG-2018-51)

https://cds.cern.ch/record/2718245


More EFT measurements in the 𝑏𝑏 channel (ATLAS)
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• The STXS measurements and their EFT interpretation were also
done in the boosted 𝑉𝐻/𝐻 → 𝑏𝑏 channel.

• The high-𝑝𝑇 measurements are particularly interesting due to
their sensitivity to BSM physics.

• The STXS measurements are used to constrain the coefficients
of the operators in the Warsaw basis.

The results will be published shortly (HIGG-2018-52)

• All results are in agreement with the Standard Model predictions.

https://cds.cern.ch/record/2688371


• 1D and 2D scans over the
SMEFT Wilson coefficients
were produced (one or two
non-zero coefficients).

• Quadratic terms are taken
into account in addition to
the linear ones, due to their
significant contribution.

• The test statistic is used to
perform the measurements:

• The acceptance correction is
also considered.

• The constraints on the
Wilson coefficients are
obtained.

EFT measurements in the 4𝑙 channel (ATLAS)
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• The EFT operators in the SMEFT formalism probed in this analysis:

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/


EFT measurements in the 4𝑙 channel (ATLAS)
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CP-odd couplings

CP-even couplings

HIGG-2018-28

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/


EFT measurements in the 4𝑙 channel (ATLAS)
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CP-odd couplings

CP-even couplings

HIGG-2018-28

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/


EFT measurements in the 4𝑙 channel (ATLAS)
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• The constraints are placed
on possible CP-even and
CP-odd BSM interactions.

• As a result, the data are
found to be consistent with
the SM hypothesis.

HIGG-2018-28

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/


Combined CMS EFT measurements
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• Combined measurements of the production and decay rates of the Higgs boson and its couplings to
vector bosons and fermions, and interpretations in the EFT framework were performed.

• The acceptance is assumed to be the same as that predicted in the SM.

• The signal strength values are parameterized in terms of EFT.

• The STXS interpretation was
done within the Higgs
Effective Lagrangian (HEL)
model.

• The HEL Lagrangian adds
39 flavor independent
dimension-6 operators:

• New physics ~ Τ𝑓𝑗 Λ2.

HIG-19-005

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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Combined CMS EFT measurements
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• All results are found to be compatible with the standard model expectation within the current
uncertainties.

HIG-19-005
N. Belyaev, 8th annual conference on Large Hadron Collider Physics

• Signal strength measurements were interpreted in terms of HEL EFT framework.

• Only leading CP-even terms were considered, which are not tightly constrained by other data.

• CP-odd parameters are neglected – not present at the leading order in Τ1 Λ2. The CP-even
quadratic terms are also assumed to be small.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html


EFT measurements in the γ𝛾 channel (ATLAS)
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• Measurements of the fiducial integrated and differential
cross sections for the 𝛾𝛾 mode.

• EFT interpretation of differential cross sections with CP-even
and CP-odd interactions.

• Effective Lagrangian - SILH formulation:

• Effective Lagrangian - SMEFT formulation:

➢ CP-conserving: ҧ𝐶𝐻𝐺 , ҧ𝐶𝐻𝑊, ҧ𝐶𝐻𝐵 and ҧ𝐶𝐻𝑊𝐵.

➢ CP-violating: ሚ𝐶𝐻𝐺 , ሚ𝐶𝐻𝑊, ሚ𝐶𝐻𝐵 and ሚ𝐶𝐻𝑊𝐵.

ATLAS-CONF-2019-029

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/


EFT measurements in the γ𝛾 channel (ATLAS)
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EFT measurements in the γ𝛾 channel (ATLAS)
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• Limits on Wilson coefficients are set with the
differential cross sections:

ATLAS-CONF-2019-029

• The measurements and are found to be in good agreement with the Standard Model predictions.

SILH basis:

SMEFT basis:

• Fitting one Wilson coefficient at a time.

• Five analyzed observables: 𝑝𝑇
𝛾𝛾

, 𝑝𝑇
𝑗1

, 𝑁𝑗𝑒𝑡𝑠, 𝑚𝑗𝑗 and
∆𝜑𝑗𝑗.

• Results have improved by a factor of two in
comparison to the previous measurement.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/


• Combination with 𝐻 → 4𝑙 analysis.

• Anomalous interactions are
parametrized by a scattering
amplitude:

• The results are consistent with the
standard model expectations.

EFT measurements in the 𝜏𝜏 and 4𝑙 channels (CMS)
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HIG-17-034

• A study of anomalous HVV
interactions was performed.

• Production: ggF and VBF.

• Decay: 𝜏𝜏.

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html


Conclusion
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• There are 8 years passed since the Higgs boson discovery, but many questions
are still requiring answers.

• The Effective Field Theory approach allows to test various BSM hypotheses in
different production and decay channels of the Higgs boson.

• Series of STXS and EFT ATLAS and CMS analyses were performed in order to
find possible traces of BSM physics.

• As for now, no significant deviations from the Standard Model were observed.

• New, more strict limits were placed on the EFT parameters.



Thank You



Backup



SILH basis and Higgs Effective Lagrangian (HEL)
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• CP-conserving operators (SILH basis - the main part of HEL):

• CP-violating operators (additional part of HEL):

• Higgs Effective Lagrangian:



STXS measurements in the 4𝑙 channel (CMS)
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HIG-19-001

• All results are found to be compatible with the SM predictions, within the measurements precision.

• The dominant experimental sources of systematics: lepton identification efficiencies and luminosity
measurement.

• The dominant theoretical source of systematics: the category migration for the ggH process.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html


STXS measurements in the 𝑏𝑏 channel (CMS)
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• An inclusive search for the SM Higgs boson produced with large 𝑝𝑇 and decaying to a 𝑏𝑏 pair was
performed.

• With respect to the previous CMS result, the relative precision of the Higgs boson signal strength
measurement improves by approximately a factor of two.

• The measured signal strength is 𝜇𝐻 = 3.68 ± 1.20 𝑠𝑡𝑎𝑡 −0.66
+0.63 𝑠𝑦𝑠𝑡 −0.46

+0.81(𝑡ℎ𝑒𝑜).

HIG-19-003

• For a Higgs boson mass of 125 GeV, an excess of events above the expected background is observed 
with a local significance of 2.54 standard deviations, where the expectation is 0.71.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html


STXS measurements in the 𝑏𝑏 channel (ATLAS)
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• The same measurements were performed with the whole Run II dataset.

• Results of the STXS measurements were already published, but their EFT interpretation is still under
the ATLAS collaboration’s approval.

• The total uncertainties vary from 30% in the high gauge boson transverse momentum regions to
85% in the low regions.

ATLAS-CONF-2020-006

• The cross-section measurements are all consistent with the Standard Model expectations.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/


STXS measurements in the 4𝑙 channel (ATLAS)

HIGG-2018-28

• Cross-sections times branching ratio are measured for the main Higgs boson production modes in
several exclusive phase-space regions with full Run II dataset.

• The dominant Stage 0 experimental systematic uncertainty: lepton efficiency and integrated
luminosity measurements. The dominant theoretical uncertainty: parton shower modelling.

• The SM Higgs boson signal is assumed to have a mass 𝑚𝐻 = 125 GeV .
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STXS measurements in the 4𝑙 channel (ATLAS)

HIGG-2018-28

• The dominant Stage 1.1 cross section uncertainties are the jet energy scale and resolution, and
parton shower uncertainties.

• By using obtained STXS measurements, exclusion limits are set on the CP-even and CP-odd ‘beyond
the Standard Model’ EFT couplings.
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• The measured cross section are in a good agreement with the SM predictions.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/


ATLAS 4𝑙 selection criteria

32



ATLAS 4𝑙 STXS scheme
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Alternative ATLAS 4𝑙 STXS scheme
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Acceptance in the 4𝑙 channel (ATLAS)
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HIGG-2018-28

• The acceptance correction relative to the SM prediction isdescribed by a three-dimensional

Lorentzian function with free acceptance parameters Ԧ𝛼, Ԧ𝛽 and Ԧ𝛿:

• where indices 𝑖, 𝑗 and 𝑘 run over (𝐻𝑊,𝐻𝐵,𝐻𝑊𝐵) in case of the acceptance correction for the set
of CP-even parameters and over (𝐻 ෩𝑊,𝐻 ෨𝐵,𝐻 ෩𝑊𝐵) In case of the CP-odd parameters.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/


CMS 4𝑙 STXS scheme
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STXS measurements in the 4𝑙 channel (CMS)
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• Properties of the Higgs boson were measured in the 𝐻 → 𝑍𝑍∗ → 4𝑙 (𝑙 = 𝑒, 𝜇) decay channel.

• The STXS measurements were performed for ggF, VBF, VH and ttH Higgs boson production
channels and for different phase space sub-categories.

• The cross section values were obtained assuming the Higgs mass 𝑚𝐻 = 125.1 GeV (best fit
mass value).

HIG-19-001

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html


CMS 4𝑙 event yields
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Measurements in the 𝜏𝜏 channel (ATLAS)
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• A test of CP invariance in VBF Higgs boson production was
performed in 𝜏𝜏 channel with the Optimal Observable method.

• The Optimal Observable (OO) is defined as follows:

HIGG-2018-14

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-14/


Measurements in the 𝜏𝜏 channel (ATLAS)

40N. Belyaev, 8th annual conference on Large Hadron Collider Physics

• A test of CP invariance in VBF Higgs boson production was
performed in 𝜏𝜏 channel with the Optimal Observable method.

• The Optimal Observable (OO) is defined as follows:

HIGG-2018-14

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-14/


Measurements in the 𝜏𝜏 channel (ATLAS)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-14/


Measurements in the 𝜏𝜏 channel (ATLAS)
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• A test of CP invariance in VBF Higgs boson production was
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-14/


Measurements in the 𝜏𝜏 channel (ATLAS)
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HIGG-2018-14

• No sign of CP violation is observed in the distributions of
the Optimal Observable.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-14/


Measurements in the 𝜏𝜏 channel (ATLAS)
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Measurements in the 4𝑙 channel (CMS)
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• Properties of the Higgs
boson were measured in the
𝐻 → 𝑍𝑍∗ → 4𝑙 (𝑙 = 𝑒, 𝜇)
decay channel.

• The STXS measurements
were performed for different
Higgs boson production
channels.

HIG-19-001

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html


Measurements in the 𝜏𝜏 and 4𝑙 channels (CMS)
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HIG-17-034

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html

