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Analysis overview
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𝐻 → 𝑍𝑍∗ → 4𝑙
• Rare decay (BR ~ 0.013%)

• Narrow peak over a flat 

background

• Three final states: 4𝑒, 4𝜇, 2𝑒2𝜇

Run 2 combinations

• Combine multiple Higgs boson 

decay channels 

• Interpret results in different 

frameworks



Run 2 combinations
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Run 2 combinations: Measurements

• Idea: Combine measurements to get ultimate precision

− Full Run 2 data (138 fb-1 @ 13 TeV)

• Two important legacy Run 2 cross section combinations

− Differential Higgs boson combination (CMS-HIG-23-013)

− Higgs boson combination (CMS-HIG-21-018)

07.09.2026QCD@LHC2026 – Nico Härringer 3

https://link.springer.com/article/10.1007/JHEP04(2026)093
https://link.springer.com/article/10.1007/JHEP04(2026)093
https://link.springer.com/article/10.1007/JHEP04(2026)093
https://link.springer.com/article/10.1007/JHEP04(2026)093
https://link.springer.com/article/10.1007/JHEP04(2026)093
https://link.springer.com/article/10.1007/JHEP04(2026)093
https://link.springer.com/article/10.1007/JHEP04(2026)093
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html


Run 2 combinations: Measurements
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Signal Strength 

Modifiers

• Check agreement 

between Data and 

MC

• Maximal model 

dependence by 

construction

• Measurement of 

the signal strength

Simplified Template 

Cross Sections 

(STXS)

• Usage of mutually 

exclusive STXS 

bins

• Minimize model 

dependence

• Measurement of 

the cross section

Fiducial Cross 

Sections

• Remove detector 

effects by 

unfolding to the 

fiducial phase 

space

• Minimal model 

dependence

CMS-HIG-21-018 CMS-HIG-23-013

𝑁 = ෍

bin

𝜇bin ∙ 𝜎bin
SM ∙ 𝜖 ∙ 𝐴SM

bin
∙ 𝐵𝑅SM ∙ ℒ + bkg
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Run 2 combinations: Measurements

• Signal Strength Modifiers
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Rep. Prog. Phys. 89 (2026) 087801

http://dx.doi.org/10.1088/1361-6633/ae72c4


Run 2 combinations: Measurements

• Signal Strength Modifiers

− Fully in agreement with SM

− Theory: Limiting uncertainty
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Run 2 combinations: Measurements 
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Run 2 combinations: EFT interpretation 

• Interpret results using Effective Field Theories (EFT)

− Assuming new physics exists at 𝐸 > 𝐸𝐿𝐻𝐶

− Effects propagate down to lower energy scales

using effective interactions

− Consider CP conserving

operators 𝒪𝑗 of mass dimension 𝑑 = 6 
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Wilson 

coefficient (WC)



Run 2 combinations: EFT interpretation 
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Run 2 combinations: EFT interpretation

• New physics might modify multiple WCs simultaneously

• Large degeneracies between WCs

− Flat likelihood surfaces, difficult fit

• Principal Component Analysis (PCA) identifies 

sensitive directions

• Simultaneous fit to 17 linear combinations of WCs 
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𝐻 → 𝑍𝑍∗ → 4𝑙



𝐻 → 𝑍𝑍∗ → 4𝑙: Description

• 171 fb-1 @ 13.6 TeV (2022-2024)
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𝐻 → 𝑍𝑍∗ → 4𝑙: Description

• 171 fb-1 @ 13.6 TeV (2022-2024)

• Same strategy as in the 2022 iteration 

(JHEP05(2025)079)
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𝐻 → 𝑍𝑍∗ → 4𝑙: Inclusive fiducial cross section

• 171 fb-1 @ 13.6 TeV (2022-2024)

• Same strategy as in the 2022 iteration 

(JHEP05(2025)079)

• Inclusive fiducial cross section
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𝐻 → 𝑍𝑍∗ → 4𝑙: Inclusive fiducial cross section

• 171 fb-1 @ 13.6 TeV (2022-2024)

• Same strategy as in the 2022 iteration 

(JHEP05(2025)079)

• Inclusive fiducial cross section

− Smallest systematic uncertainty for 4𝜇
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𝐻 → 𝑍𝑍∗ → 4𝑙: Inclusive fiducial cross section

• 171 fb-1 @ 13.6 TeV (2022-2024)

• Same strategy as in the 2022 iteration 

(JHEP05(2025)079)

• Inclusive fiducial cross section

− Smallest systematic uncertainty for 4𝜇

− Use Τ𝐽 Ψ resonance for low 𝑝𝑇 𝜇 in TnP

instead of Z
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𝐻 → 𝑍𝑍∗ → 4𝑙: Inclusive fiducial cross section

• 171 fb-1 @ 13.6 TeV (2022-2024)

• Same strategy as in the 2022 iteration 

(JHEP05(2025)079)

• Inclusive fiducial cross section

− Smallest systematic uncertainty for 4𝜇

− Use Τ𝐽 Ψ resonance for low 𝑝𝑇 𝜇 in TnP

instead of Z

− SM expectation: 3.05−0.22
+0.17 fb
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𝐻 → 𝑍𝑍∗ → 4𝑙: Inclusive fiducial cross section

• 171 fb-1 @ 13.6 TeV (2022-2024)
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instead of Z

− SM expectation: 3.05−0.22
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𝜎𝑓𝑖𝑑
4𝑙 = 3.11−0.21

+0.22 (stat.)−0.12
+0.14 (syst.) fb
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𝐻 → 𝑍𝑍∗ → 4𝑙: Differential fiducial cross section
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Conclusion
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Summary

• Run 2 combinations:

− First combined legacy Higgs boson measurement by CMS

− EFT interpretations

− In agreement with the predictions

• 𝐻 → 𝑍𝑍∗ → 4𝑙:

− Inclusive & differential cross sections

− In agreement with prediction

− New 2D differential measurements (e.g. 𝑁𝐽𝑒𝑡𝑠 vs 𝑝4𝑙
𝑇 )
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Thank you for listening!



Backup
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The Higgs Boson
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How to study the Higgs Boson?

07.09.2026QCD@LHC2026 – Nico Härringer 25



How to study the Higgs Boson?
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Run 2 combination: Backup
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Run 2 combination: Results 

• Measure Signal Strength modifiers 

across analysis regions 

− Inclusively 𝜇𝑖𝑛𝑐𝑙

− Per process 𝜇𝑖

− Per decay 𝜇𝑓

− Per process and decay 𝜇𝑖𝑓
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Stage 1.2

Run 2 combination: STXS 

• Simplified Template Cross Sections 

(STXS)

− Maximize sensitivity to isolate 

BSM effects while reducing 

theory dependence

• Merged some bins to avoid

large uncertainties or large 

correlations

− At the cost of model-independence
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Run 2 combination: EFT interpretation 

• Interpret results using Effective Field Theories (EFT)

− Assuming new physics exists at 𝐸 > 𝐸𝐿𝐻𝐶

− Effects propagate down to lower energy scales

using effective interactions

− Consider CP conserving

operators 𝒪𝑗 of mass dimension 𝑑 = 6 

• Parametrize signal strength as a function of 

Wilson coefficients (WCs)

• Individual constraints of WCs

− Rest set to SM expectation (𝑐𝑖 = 0)
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linear quadratic

Rep. Prog. Phys. 89 (2026) 087801 and JHEP04(2026)093

JHEP04(2026)093

JHEP04(2026)093

Run 2 fiducial 

differential combination
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𝐻 → 𝑍𝑍∗ → 4𝑙: Backup
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