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Introduction

CMS PAS HIG-24-013

CMS PAS HIG-23-014

new

• Inclusive and differential fiducial cross section

− 𝐻 → 𝑍𝑍∗ → 4𝑙 (CMS PAS HIG-24-013)

− 𝐻 → 𝛾𝛾 (CMS PAS HIG-23-014)

• Dataset

− Early Run 3 @ 13.6 TeV (2022, 34.7 fb-1)

− ReReco: 13.8 fb-1

− Prompt: 20.9 fb-1

• Using new data format

− Very lightweight (1-2 kB/Event)
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http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-24-013-pas-v5.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-23-014-pas-v6.pdf
https://iopscience.iop.org/article/10.1088/1742-6596/1525/1/012038


𝐻 → 𝑍𝑍∗ → 4𝑙
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𝐻 → 𝑍𝑍∗ → 4𝑙: Description

• Large Τ𝑆 𝑆 + 𝐵 (golden channel)
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𝐻 → 𝑍𝑍∗ → 4𝑙: Description

CMS PAS HIG-19-001

• Large Τ𝑆 𝑆 + 𝐵 (golden channel) 

• Same strategy as in Run 2 (CMS PAS HIG-19-001)
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http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-001-pas-v9.pdf


𝐻 → 𝑍𝑍∗ → 4𝑙: Description

CMS PAS HIG-19-001

• Large Τ𝑆 𝑆 + 𝐵 (golden channel) 

• Same strategy as in Run 2 (CMS PAS HIG-19-001)

− Z candidates: OS SF lepton pairs,                                                                                            

12 <  𝑚𝑙𝑙 < 120 GeV
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𝐻 → 𝑍𝑍∗ → 4𝑙: Description

CMS PAS HIG-19-001

• Large Τ𝑆 𝑆 + 𝐵 (golden channel) 

• Same strategy as in Run 2 (CMS PAS HIG-19-001)

− Z candidates: OS SF lepton pairs,                                                                                            

12 <  𝑚𝑙𝑙 < 120 GeV

− ZZ candidates: 𝑚𝑙𝑙 closest to 𝑚𝑍 (𝑍1),                                                                                                                 

additional requirements on the four leptons
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http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-001-pas-v9.pdf


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

CMS PAS HIG-19-001

• Large Τ𝑆 𝑆 + 𝐵 (golden channel) 

• Same strategy as in Run 2 (CMS PAS HIG-19-001)

− Z candidates: OS SF lepton pairs,                                                                                            

12 <  𝑚𝑙𝑙 < 120 GeV

− ZZ candidates: 𝑚𝑙𝑙 closest to 𝑚𝑍 (𝑍1),                                                                                                                 

additional requirements on the four leptons

• Inclusive fiducial cross section

− All decay modes combined
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𝐻 → 𝑍𝑍∗ → 4𝑙: Inclusive fiducial cross section

CMS PAS HIG-19-001

• Large Τ𝑆 𝑆 + 𝐵 (golden channel) 

• Same strategy as in Run 2 (CMS PAS HIG-19-001)

− Z candidates: OS SF lepton pairs,                                                                                            

12 <  𝑚𝑙𝑙 < 120 GeV

− ZZ candidates: 𝑚𝑙𝑙 closest to 𝑚𝑍 (𝑍1),                                                                                                                 

additional requirements on the four leptons

• Inclusive fiducial cross section

− All decay modes combined

− Smallest systematic uncertainty for 4𝜇
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http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-001-pas-v9.pdf


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

CMS PAS HIG-19-001

• Large Τ𝑆 𝑆 + 𝐵 (golden channel) 

• Same strategy as in Run 2 (CMS PAS HIG-19-001)

− Z candidates: OS SF lepton pairs,                                                                                            

12 <  𝑚𝑙𝑙 < 120 GeV

− ZZ candidates: 𝑚𝑙𝑙 closest to 𝑚𝑍 (𝑍1),                                                                                                                 

additional requirements on the four leptons

• Inclusive fiducial cross section

− All decay modes combined

− 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

CMS PAS HIG-19-001

• Large Τ𝑆 𝑆 + 𝐵 (golden channel) 

• Same strategy as in Run 2 (CMS PAS HIG-19-001)

− Z candidates: OS SF lepton pairs,                                                                                            

12 <  𝑚𝑙𝑙 < 120 GeV

− ZZ candidates: 𝑚𝑙𝑙 closest to 𝑚𝑍 (𝑍1),                                                                                                                 

additional requirements on the four leptons

• Inclusive fiducial cross section

− All decay modes combined

− Smallest systematic uncertainty for 4𝜇

− Use Τ𝐽 Ψ resonance for low 𝑝𝑇 𝜇 in TnP

instead of Z

− SM expectation: 3.09−0.24
+0.27 fb
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𝐻 → 𝑍𝑍∗ → 4𝑙: Inclusive fiducial cross section

CMS PAS HIG-19-001
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− ZZ candidates: 𝑚𝑙𝑙 closest to 𝑚𝑍 (𝑍1),                                                                                                                 

additional requirements on the four leptons

• Inclusive fiducial cross section
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instead of Z

− SM expectation: 3.09−0.24
+0.27 fb
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𝜎𝑓𝑖𝑑
4𝑙 = 2.94−0.49

+0.53 (stat.)−0.22
+0.29 (syst.) fb

http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-001-pas-v9.pdf


𝐻 → 𝑍𝑍∗ → 4𝑙: Differential fiducial cross section

𝑝𝑇
𝐻 |𝑦𝐻|
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𝐻 → 𝛾𝛾

19.09.2024Higgs Hunting 24 – Nico Härringer 13



𝐻 → 𝛾𝛾: Description

• Large background, small Τ𝑆 𝑆 + 𝐵 
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𝐻 → 𝛾𝛾: Description

CMS PAPER HIG-17-025

• Large background, small Τ𝑆 𝑆 + 𝐵 

• Novelties compared to Run 2 (CMS PAPER HIG-17-025)

Higgs Hunting 24 – Nico Härringer 19.09.2024 15

http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-17-025-paper-v20.pdf


𝐻 → 𝛾𝛾: Description

CMS PAPER HIG-17-025

• Large background, small Τ𝑆 𝑆 + 𝐵 

• Novelties compared to Run 2 (CMS PAPER HIG-17-025)

− Data/MC corrections
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𝐻 → 𝛾𝛾: Description

CMS PAPER HIG-17-025

• Large background, small Τ𝑆 𝑆 + 𝐵 

• Novelties compared to Run 2 (CMS PAPER HIG-17-025)

− Data/MC corrections

− Updated fiducial phase space
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http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-17-025-paper-v20.pdf


𝐻 → 𝛾𝛾: Normalizing Flows

• Non-negligible differences between Data and Simulation → large systematic uncertainty

− Solution: Bring data and simulation closer together, but how?
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𝐻 → 𝛾𝛾: Normalizing Flows

Normalizing Flows

• Non-negligible differences between Data and Simulation → large systematic uncertainty

− Solution: Bring data and simulation closer together, but how?

• Novelty in this analysis cycle: Normalizing Flows

− Trained using 𝑍 → 𝑒𝑒 probes

− Correct shower shape and isolation variables, as well as energy resolution
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𝐻 → 𝛾𝛾: Normalizing Flows

Normalizing Flows

paper

• Non-negligible differences between Data and Simulation → large systematic uncertainty

− Solution: Bring data and simulation closer together, but how?

• Novelty in this analysis cycle: Normalizing Flows

− Trained using 𝑍 → 𝑒𝑒 probes

− Correct shower shape and isolation variables, as well as energy resolution

− One flow (paper)
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https://indico.cern.ch/event/1392791/timetable/?view=standard#sc-11-2-advanced-data-mc-corre
https://www.arxiv.org/abs/2403.18582


𝐻 → 𝛾𝛾: Normalizing Flows

• Drastically improved agreement after correction

Higgs Hunting 24 – Nico Härringer 19.09.2024 21



𝐻 → 𝛾𝛾: Fiducial phase space and jet definition

• Use relative isolation

Fiducial phase space

New geometric cut [1], improves 

perturbative convergence in 

fiducial region
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𝐻 → 𝛾𝛾: Fiducial phase space and jet definition

• Use relative isolation

• Jet definition @ particle level:

− Anti-𝑘𝑇 clustering of stable particles

− Distance parameter: ∆𝑅 < 0.4

− Jets removed if overlap with e (𝜇) within ∆𝑅 < 0.4

− 𝑝𝑇 > 15 10  GeV, 𝜂 < 2.5 (2.4), 𝐼 < 0.2

Fiducial phase space

New geometric cut [1], improves 

perturbative convergence in 

fiducial region
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𝐻 → 𝛾𝛾: Fiducial phase space and jet definition

• Use relative isolation

• Jet definition @ particle level:

− Anti-𝑘𝑇 clustering of stable particles

− Distance parameter: ∆𝑅 < 0.4

− Jets removed if overlap with e (𝜇) within ∆𝑅 < 0.4

− 𝑝𝑇 > 15 10  GeV, 𝜂 < 2.5 (2.4), 𝐼 < 0.2

Fiducial phase space

New geometric cut [1], improves 

perturbative convergence in 

fiducial region
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Matches jet definition @ RECO level

https://arxiv.org/pdf/2106.08329


𝐻 → 𝛾𝛾: Inclusive fiducial cross section

• Inclusive result

− 𝜎𝑓𝑖𝑑 = 78 ± 11(stat.) −5
+6(syst.) fb = 78−12

+13 fb
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𝐻 → 𝛾𝛾: Inclusive fiducial cross section

• Inclusive result

− 𝜎𝑓𝑖𝑑 = 78 ± 11(stat.) −5
+6(syst.) fb = 78−12

+13 fb

Higgs Hunting 24 – Nico Härringer

In agreement 

with SM 

prediction
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𝐻 → 𝛾𝛾: Inclusive fiducial cross section

• Inclusive result

− 𝜎𝑓𝑖𝑑 = 78 ± 11(stat.) −5
+6(syst.) fb = 78−12

+13 fb

− Systematic uncertainties 

− Dominated by

energy scale and resolution
In agreement 

with SM 

prediction
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𝐻 → 𝛾𝛾: Inclusive fiducial cross section

• Inclusive result

− 𝜎𝑓𝑖𝑑 = 78 ± 11(stat.) −5
+6(syst.) fb = 78−12

+13 fb

− Systematic uncertainties 

− Dominated by

energy scale and resolution
In agreement 

with SM 

prediction
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𝐻 → 𝛾𝛾: Differential fiducial cross section

𝑝𝑇
𝐻 |𝑦𝐻| 𝑁𝐽𝑒𝑡𝑠
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Conclusion
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Summary

• Presented the first Higgs results using CMS data collected during the ongoing Run 3

• 𝐻 → 𝑍𝑍∗ → 4𝑙:

− Inclusive & differential cross sections

− In agreement with prediction

• 𝐻 → 𝛾𝛾:

− Normalizing Flow

− One flow to correct all ingredients for BDT and mass resolution

− New geometric cut: Improves perturbative convergence in fiducial region

− Inclusive & differential cross sections

− In agreement with prediction
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Thank you for listening!
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𝐻 → 𝑍𝑍∗ → 4𝑙: Backup

19.09.2024 33Higgs Hunting 24 – Nico Härringer



19.09.2024 34



19.09.2024 35



𝐻 → 𝑍𝑍∗ → 4𝑙: High mass spectrum

HIG-24-002
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𝐻 → 𝑍𝑍∗ → 4𝑙: Run 2 Strategy

• Trigger efficiencies:

− Derived using TnP with applied Scale Factors

• Electrons

− pT>7GeV, |𝜂|<2.5, SIP<4, d_xy<0.5cm, d_z<1cm

− ID and Isolation: HZZ MVA, training with 2018 data

• Muons

− pT>5GeV, |𝜂|<2.4, SIP<4, d_xy<0.5cm, d_z<1cm

• Statistical Normalization
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𝐻 → 𝛾𝛾: Backup
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𝐻 → 𝛾𝛾: Backup

• Preselection table
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𝐻 → 𝛾𝛾: Normalizing Flows
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𝐻 → 𝛾𝛾: Normalizing Flows
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𝐻 → 𝛾𝛾: Normalizing Flows
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𝐻 → 𝛾𝛾: Backup
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𝐻 → 𝛾𝛾: Backup

• CMS ECAL Energy resolution
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𝐻 → 𝛾𝛾: Backup

• Consider photons in acceptance (𝑝𝑇 > 25 GeV)

• Apply BDT cut to reduce background.

• Keep 𝑝𝑇
𝛾𝛾

-leading diphoton system satisfying 𝑝𝑇
𝛾1 > 35 GeV

Higgs Hunting 24 – Nico Härringer 19.09.2024 45



𝐻 → 𝛾𝛾: Correlation Matrices

𝑝𝑇
𝐻 |𝑦𝐻|
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𝐻 → 𝛾𝛾: Correlation Matrices

𝑁𝐽𝑒𝑡𝑠
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