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Introduction
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• After the discovery of the Higgs boson by ATLAS and CMS, the measurement of its properties has been a priority.

• Coupling between the Higgs boson and particles defined by the particle’s mass and type. Three types of couplings to 
massive particles:

Gauge couplings to vector bosons

Yukawa couplings to fermions 
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• Precision measurements of couplings are crucial: 

• Test of spontaneous symmetry-breaking mechanism (gauge couplings).

• Test for Standard Model (SM) predictions in the Higgs sector (Yukawa interacions and self-interaction). 
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Higgs boson production and decay

| Higgs boson coupling measurements in ATLAS | Antonio J. Gomez Delegido | LHCP 2024

• ATLAS recorded 140 fb-1 of 푝푝 collisions in Run 2 → According to SM prediction, 
~9 millions of Higgs bosons, 0.3% experimentally accessible.

• All major Higgs boson production and decay modes observed during Run 2. 
Evidence for rare decays (second generation couplings, ��) emerging. 

• Experimentally well-established analyses used to probe challenging phase spaces.
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Combining Run 2 data
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• Combining statistical power of different decay 
signatures → key to achieve sensitive cross-
section/branching ratio measurements.

• Fundamental to test precisely the SM.

• Global signal strength (휇 = �/�SM):

휇 = 1.05 ± 0.06 =
  =  1.05 ± 0.03 ± 0.03 ± 0.04 ± 0.02

• Different sensitivities to the Higgs production 
modes from different decay processes. 
Excellent overall agreement with the SM.

(stat.) (exp.) (sig. th.) (bkg. th.)

Nature 607, pages 52-59 (2022) Nature 607, pages 52-59 (2022)

Nature 607, pages 52-59 (2022)

https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
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Combining Run 2 data - Coupling measurements
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• Coupling fit performed within � framework: � modifiers affect coupling strength without altering kinematic distributions.

�� ×�(� → �) =
��2��2

��2
��SM ×�SM(� → �) 

• Different models tested with progressively fewer assumptions:

a) Modifiers for fermions (��) and 
bosons (��)

b) Independent couplings for 
푊,�, �, 푏, 푐, 휏 and 휇

c) Include effective coupling 
strengths (��, ��, ���)
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
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Combining Run 2 data - Simplified template cross-sections
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• Simplified template cross-sections (STXS):

• Phase space partitioned using kinematic 
properties of the Higgs boson (and 
associated objects like jets or vector 
bosons). 

• Designed to:

• Optimize sensitivity to BSM effects.

• Keep theory uncertainties under 
control.

• Minimize model dependence.

• Simultaneous measurement of 36 phase space 
regions.

• Good agreement with the SM prediction, 푝-
value of 94%.

Nature 607, pages 52-59 (2022)

https://www.nature.com/articles/s41586-022-04893-w


Page 7

Interpretations in SMEFT
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• Combined STXS results interpreted in SM 
effective field theory. 

• Higher-dimensional operators built upon SM 
fields, scaled by Wilson-coefficients.

• Full set of Wilson coefficients of � = 6 operators 
cannot be constrained simultaneously:

• Large number of degrees of freedom.

• Degeneracies in the impact of operators.

• Principal component analysis performed to 
choose rotated basis.

 arXiv:2402.05742 

Linear term: interference between � = 6 operators and SM.
Quadratic term: Pure BSM, product of two � = 6 operators.

https://arxiv.org/abs/2402.05742
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Relative sign of the W and Z couplings with VBF WH production
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• VBF 푾� production provides unique sensitivity to �푾� = �푾/��. Destructive interference predicted by the SM. 
Enhanced production for ��� < 0. Combinations have measured |���|.

• Two separate analyses targeting VBF 푊�→ 푗푗ℓ�푏푏, either BSM (��� < 0) or SM signal with dedicated regions to 
normalize main backgrounds (��, �푊 and 푊+jets).

• Results compatible with SM and background-only hypothesis. Non-SM allowed region excluded with > ��.

• Observed (expected) upper limit on VBF WH cross-section: 9.0 (8.7) SM prediction at 95% CL.
 arXiv:2402.00426 

https://arxiv.org/abs/2402.00426
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Boosted VH production in fully hadronic 푞푞푏푏 final states
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• First measurement of boosted (high 푝T) Higgs 
production with 푉�→ 푞푞푏푏. Sensitivity to BSM 
effects.

• Requiring 2 large-� jets in signal enriched region: 
one passing �→ 풃풃 tagging, other W/Z tagging.

• Data driven estimation of major (>90%) multijet 
background and �+jets normalization.

• Production cross section measured inclusively and 
in ��� ranges using the Higgs candidate mass.

휇inc = 1.4−0.9+1.0      1.7� obs. (1.2� exp)

 Phys. Rev. Lett. 132 (2024) 131802 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131802
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STXS measurements in �→ 휏휏
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• New results expanding previous STXS �→ 흉흉 measurements (JHEP 08 (2022) 175) in VBF and ��� phase space, 
keeping previous strategy for ggH (Boost) and VH.

• Events selected with two 흉 candidates. Three channels depending on 흉 decay mode: 휏had휏had, 휏lep휏had, 휏�휏�.

• Additional selections to split events in ggH, VBF, VH and ���categories. Further selections to target STXS regions.
ATLAS-CONF-2024-007

https://link.springer.com/article/10.1007/JHEP08(2022)175
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/
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• Mass reconstructed using Missing Mass 
Calculator (Nucl. Instrum. Meth. A 654 
(2011) 481).

• ��� reconstruction using novel NN 
exploiting �Tmiss and 휏휏 variables.

• VBF BDT using information from jets, 휏 
and �Tmiss. Enhance separation betwen 
VBF and ggH/�→ 흉흉.

• Multiclass BDT used in ��� to separate 
��� from �� and �→ 흉흉.

STXS measurements in �→ 휏휏

 �→ 휏휏
• Main background.
• Modelled by MC simulation (�→ 휏휏 

template shape). 
• �→ ℓℓ modified through 휏 

embedding used to extract 
normalization.

Misidentified objets
• Data-driven estimations 

computing transfer 
factors in regions 
enhanced in misidentified 
backgrounds.

Top and other backgrounds 
• Estimated with MC.
• Top normalization 

extracted from data.

ATLAS-CONF-2024-007

https://doi.org/10.1016/j.nima.2011.07.009
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/
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• Fits across different regions with different free floating 
parameters:

• 1 Parameter-of-interest (POI)  fit to extract overall 
signal strength with respect to SM.

• 4 POI fit to measure different production processes 
separately. Good agreement wih SM, 푝-value of 99%.

• VBF production

• Slightly better precision with respect to last 
publication due to improved categorization.

• ��� production

• Refined multivariate analysis approach leads to 
~25% improvement.

STXS measurements in �→ 휏휏
ATLAS-CONF-2024-007

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/
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STXS measurements in �→ 휏휏
• Fits across different regions with different free 

floating parameters:

• 18 POI fit corresponding to different STXS 
regions.

• Better precision in VBF phase space for 
higher ��� and/or �풋풋 due to reduced 
SM backgrounds.

• Reasonable agreement with SM 
prediction with 푝-value of 6%.

• ��� results statistically limited. Upper 
limits at 95% CL derived for ��� in STXS 
framework.

ATLAS-CONF-2024-007

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/
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STXS measurements in �→ 휏휏
• Fits across different regions with different free 

floating parameters:

• 18 POI fit corresponding to different STXS 
regions.

• Better precision in VBF phase space for 
higher ��� and/or �풋풋 due to reduced 
SM backgrounds.

• Reasonable agreement with SM 
prediction with 푝-value of 6%.

• ��� results statistically limited. Upper 
limits at 95% CL derived for ��� in STXS 
framework.

ATLAS-CONF-2024-007
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-007/


Page 15

Searches for rare Higgs boson decays
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• Probing the coupling of the Higgs boson to second-generation fermions:

• �→흁흁
• Large Drell-Yan background. Events sorted targeting different production modes. Fit to ���.

• Observed (expected) significance over background-only hypothesis is �.�� (1.7�) for �� = 125.09 GeV.

• �→ 풄풄
• 푉�, � → 푐푐. Challenging search, where c-tagging efficiency (27%) is crucial. Simultaneous fit on ��� in various 

categories.

• Observed (expected) upper limit on signal strength of 26 (31) times the SM prediction at 95% CL.

Phys. Lett. B 812 (2021) 135980 

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

https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3
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Conclusions

| Higgs boson coupling measurements in ATLAS | Antonio J. Gomez Delegido | LHCP 2024

• Presented a selection of ATLAS results. Very good 
agreement with SM.

• Precision era. Coupling measurements with 
uncertainties < 10%.

• Main couplings exploited to explore extreme and 
challenging phase space regions.

• Continuous effort to measure rare decays and extend 
coupling measurements to second-generation fermions.

Nature 607, pages 52-59 (2022)

https://www.nature.com/articles/s41586-022-04893-w


Additional material
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Coupling modifiers and STXS measurements
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
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STXS measurements
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 arXiv:2402.05742 

https://arxiv.org/abs/2402.05742
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Interpretations in SMEFT
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 arXiv:2402.05742 

https://arxiv.org/abs/2402.05742


Page 21

Interpretations in SMEFT
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 arXiv:2402.05742 

https://arxiv.org/abs/2402.05742
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Relative sign of the W and Z couplings with VBF WH production
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 arXiv:2402.00426 

 arXiv:2402.00426 

https://arxiv.org/abs/2402.00426
https://arxiv.org/abs/2402.00426
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Relative sign of the W and Z couplings with VBF WH production
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Negative ��� Positive ���

https://arxiv.org/abs/2402.00426
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Boosted VH production in fully hadronic 푞푞푏푏 final states
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131802
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Cross-section at 13.6 TeV with �→�� and �→ ��
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• Inclusive Higgs boson production measured in �� and ��∗ → 4ℓ channels using 31.4 fb-1 and 29 fb-1 of data from Run 3 
pp collisions.

• Fiducial cross-sections measurements extracted via fit to recontructed invariant mass spectra. 

• Individual measurements are extrapolated to full phase space and combined. First ATLAS Higgs production cross section 
measurement in Run 3, compatible with SM prediction of 59.9 ± 2.6 pb.

�(푝푝 →�) = 58.2 ± 7.5 (stat. ) ± 4.2 (syst. ) pb

Eur. Phys. J. C 84 (2024) 78 
Eur. Phys. J. C 84 (2024) 78 

Eur. Phys. J. C 84 (2024) 78 

https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
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STXS measurements in �→ 휏휏
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STXS measurements in �→ 휏휏



Page 28| Higgs boson coupling measurements in ATLAS | Antonio J. Gomez Delegido | LHCP 2024

STXS measurements in �→ 휏휏
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STXS measurements in �→ 휏휏
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STXS measurements in �→ 휏휏
• 18 POI fit corresponding to different 

STXS regions.

• Better precision in VBF phase space 
for higher 푝T� and/or ��� due to 
reduced SM backgrounds.

•  VBF cross-sections at lower ��� 
and 푝T� < 200 GeV slightly below 
SM predition. 

• Significant VBF-like ggH (ggH+2 jet 
production with mjj>350 GeV, 
pTH<200 GeV) contribution in 
reconstructed level categories 
targeting VBF signal. 

• → Anti-correlation in the 
measurements.
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STXS measurements in �→ 휏휏
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STXS measurements in �→ 휏휏



Page 33| Higgs boson coupling measurements in ATLAS | Antonio J. Gomez Delegido | LHCP 2024

STXS measurements in �→ 휏휏
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STXS measurements in �→ 휏휏
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STXS measurements in �→ 휏휏
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STXS measurements in �→ 휏휏
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Searches for rare Higgs boson decays
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Phys. Lett. B 812 (2021) 135980 

https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub
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Searches for rare Higgs boson decays
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 Eur. Phys. J. C 82 (2022) 717 

https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3

