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Results from this talk

In just over a decade of Higgs physics we 
managed to clear the picture of the Higgs 
Boson, establishing its: mass, width, CP state, 
couplings, etc…
This talk focuses on:

- Global combinations

- H->WW decays

- H->ZZ decays (in run 3!)

The Higgs boson’s (short) history
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The conclusion after a decade of Higgs physics?

Answer: The Higgs mechanism in the standard model describes LHC physics excellently!

To answer this question we can turn to the Higgs combination paper published in Nature

Nature 607, 52–59 (2022)

Interpretation in kappa framework
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A new Higgs Boson combination analysis
Since the recent Higgs (“nature”) combination paper new results were made or improved 

 these were combined into a new global combination→

The Higgs 
combination paper 
published in Nature

All the above analyses are combined for a measurement of the: 
Inclusive cross section of Higgs production, cross sections per prod/decay mode, and 

coupling modifiers (  framework)κ

 CONF-2025-006  
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A new Higgs Boson combination analysis

Results: high precision measurements of the Higgs boson!

Global signal strength, the combination of all measured Higgs 
production and decay modes 

- largest uncertainty: theoretical modelling of signal

bb WW ττ ZZ γγ µµ γZ cc
 B normalized to SM prediction× σ                                                                    
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SM
p| < 2.5, 

H
y = 125.09 GeV, |Hm,  -1 = 13 TeV, 36.1-140 fbs

Data (Total Unc.) Syst. Unc. SM prediction

Cross-section times branching ratio ( ) by Higgs 
production and decay modes
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A new Higgs Boson combination analysis

Testing the Yukawa mechanism with improved precision
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Zooming in: 
Higgs to (vector) bosons



Title Text

Zef WolffsEPS-HEP 20256

Zooming in on (vector) bosons
• Higgs to vector bosons (  and ) not the largest branching 

ratio, but relatively clean due to leptonic final states 

• Especially the  decay mode is clean due to possibility of no 
missing energy in the four-lepton final state (4l) 

• Higgs discovery (“golden”) channel: 

WW ZZ

ZZ

H → ZZ* → 4ℓ

Boosted  → $

8Robin HayesMoriond EW, March 2025

•  → ,: largest branching ratio, allows probing extreme 
regions of phase space.
o eg. high-!" regime: BSM physics effects may be 

enhanced
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• Previous Run 2 measurements studying boosted regime with  → , decays: CMS ggF + VBF  →
,, CMS V(lep)  → , ATLAS V(lep)H  → /, ATLAS V(qq)  → , ATLAS incl.  → . 

New for Moriond: CMS Run 2 boosted ()(→ ,).

• , decays mainly reconstructed as single large-R jet:

collimated bb pair à merge into 
one large-R jet (CMS: R=0.8).




,

Decay modes we focus on in the following slides
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ggF and VBF  measurement at 13 TeVH → WW*
Aim:  
• Measure the ggF and VBF signal strengths in Simplified Template Cross Section (STXS) 

bins, and Effective Field Theory (EFT) interpretation

Strategy:  
• Target different flavour (DF, ) and same flavour (SF, ) final states 

• Categorize events into STXS bins 
Multiple improvements since first Run 2 analysis (Phys. Rev. D 108, 032005, 2023): 
• Addition of SF channels in stat-limited high  regions, DNNs as discriminants

eνμν eνeν/μνμν

pH
T

Spin correlations: Missing 
Energy (MET) and lepton 
system back-to-back

One off-shell W-boson: 
asymmetric  cutspT

Leptons for triggering

HIGP-2024-07
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ggF and VBF  measurement at 13 TeVH → WW*

Results (highlights) 

2 Parameter of Interest (POI) fit measuring 
both production modes ggF and VBF

Results align with standard model predictions!

HIGP-2024-07

15POI fit measuring the different 
STXS regions
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VH  measurement at 13 TeVH → WW*
After ggF and VBF, the third most dominant decay mode is VH 
• This analysis measures inclusive and STXS VH production in  H → WW*

Strategy 
• Target hadronic and leptonic V-decays, split by final state: 

• same-sign (SS) , targeting WH 

• opposite-sign (OS) , targeting VH in general 

• , targeting WH 

• , targeting ZH 

• DNN discriminants used in every analysis channel 
• Output nodes for both signals and main backgrounds

2ℓ
2ℓ

3ℓ
4ℓ

2  OS decay modeℓ

HIGG-2023-09 
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VH  measurement at 13 TeVH → WW*
Results (highlights)

2 POI fit measuring both WH and ZH and 
their combination into VH production

7 POI fit into STXS bins as a function of 
the momentum of the associated vector 
boson ( )  Most sensitive low  VH 

measurement in ATLAS!
pV

T → pV
T

HIGG-2023-09 
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Recent run 3 results
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Interesting channels  and H → ZZ* → 4ℓ H → γγ

• Not the largest BRs, but the cleanest Higgs decay channels, making 
them interesting for early Run 3 results!

H → ZZ* → 4ℓ H → γγ

Electrons and muons leave tracks and 
calo deposits Photons leave calo deposits

Boosted  → $

8Robin HayesMoriond EW, March 2025

•  → ,: largest branching ratio, allows probing extreme 
regions of phase space.
o eg. high-!" regime: BSM physics effects may be 

enhanced
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• Previous Run 2 measurements studying boosted regime with  → , decays: CMS ggF + VBF  →
,, CMS V(lep)  → , ATLAS V(lep)H  → /, ATLAS V(qq)  → , ATLAS incl.  → . 

New for Moriond: CMS Run 2 boosted ()(→ ,).

• , decays mainly reconstructed as single large-R jet:

collimated bb pair à merge into 
one large-R jet (CMS: R=0.8).




,
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 +  at 13.6 TeVH → ZZ* → 4ℓ H → γγ
Aim:  
• Measure 13.6 TeV cross section of inclusive Higgs production, , using Run 3 

2022 dataset 
Strategy: 
• Measure a fiducial phase space for both decay modes via a fit to the invariant mass 

spectra  extrapolate to inclusive Higgs production using SM branching ratios

σ(pp → H)

→

Eur. Phys. J. C 84 (2024) 78
LHC Run 3 collision energy!
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 +  at 13.6 TeVH → ZZ* → 4ℓ H → γγ

• Below are results as a function of the LHC collision energy across the different runs, 
observed trend follows standard model very well!

σ(pp → H)obs. = 58.2 ± 8.7 pb

σ(pp → H)SM = 59.9 ± 2.6 pb

• Uncertainties dominated by 
statistical components for both 
analyses 

• For diphoton analysis photon 
reconstruction and spurious 
signal uncertainty play a 
significant role as well

Eur. Phys. J. C 84 (2024) 78
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More data for  at 13.6 TeVH → ZZ* → 4ℓ

• An extended analysis of  adding an extra year of data-taking at 13.6 TeV, 
56  total

H → ZZ* → 4ℓ
fb−1

+2023 data  
(+ wider range)

CONF-HIGP-2024-22

Aim: To measure the following quantities, on top of the fiducial cross-section:  

• differential cross sections ( , , , ) 

• production mode cross sections (ggF, VBF, VH, and ttH), for the first time at 13.6 TeV! 
• Coupling strength parameters in the  framework 

• Wilson coefficients of the effective field theory (SMEFT) framework

p4ℓ
T y4ℓ Njets m34

κ
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Results (highlights)

Higgs to fermion and Higgs to vector boson 
coupling strength modifiers from STXS 

measurement!

Statistical 
combination 
of run 2 and 
run 3 datasets!

Differential measurement of p4ℓ
T

More data for  at 13.6 TeVH → ZZ* → 4ℓ
CONF-HIGP-2024-22
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Conclusion
ATLAS is consolidating results from 
LHC Run 2 

• Updates to  via VH, ggF, 
and VBF production modes 

• Presented for the first time 
improved Higgs global combination 
(“legacy Run 2”) results! 

The ATLAS LHC Run 3 physics 
programme is ramping up with 
sensitive measurements in the  to

 decay modes

H → WW*

H
ZZ* and γγ



Backup
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 +  at 13.6 TeV uncertainty breakdownH → ZZ → 4ℓ H → γγ

H → γγH → ZZ → 4ℓ
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 +  at 13.6 TeV fiducial regionsH → ZZ → 4ℓ H → γγ

H → γγH → ZZ → 4ℓ



Title Text

Zef WolffsEPS-HEP 202518

 +  at 13.6 correlation schemeH → ZZ → 4ℓ H → γγ
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 at 13.6 TeVH → ZZ → 4ℓ

Stat. dominated, other important uncertainties come from 
lepton reco and isolation efficiencies,  
and jet energy scale measurements (for N_jets)
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 at 13.6 TeVH → ZZ → 4ℓ

Multivariate 
discriminants 
used in each of 
these
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VH  measurement at 13 TeVH → WW
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VH  measurement at 13 TeVH → WW



Title Text

Zef WolffsEPS-HEP 202522

VH  measurement at 13 TeVH → WW
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A new Higgs Boson combination analysis

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
Cross-section normalized to SM value

0.5−

8
Total Stat.

Syst. SM

 PreliminaryATLAS
-1 = 13 TeV, 36.1 - 140 fbs

| < 2.5
H
y = 125.09 GeV, |Hm

 = 97%
SM
p              Total      Stat.      Syst.          SM unc.  

bbHggF+  ) 0.05±  ,    0.04±     (  0.06−
 0.07+   1.05   0.058 ±

VBF  ) 0.08−
 0.09+  ,    0.08±     (  0.11−

 0.12+   1.04   0.020 ±

WH  ) 0.09−
 0.10+  ,    0.11±     (  0.15±   0.96   0.020 ±

ZH  ) 0.10−
 0.12+  ,    0.13±     (  0.17−

 0.18+   1.00   0.037 ±

tH+ttH  ) 0.11−
 0.12+  ,    0.09±     (  0.14−

 0.15+   0.97   0.087 ±

0 1 2 3 4 5
Branching ratio normalized to SM value

0.5−

13
Total Stat.
Syst. SM

 PreliminaryATLAS
| < 2.5

H
y = 125.09 GeV, |Hm

Observed

-1 = 13.6 TeV, 165 fbs     Run 3: -1 = 13 TeV, 36.1 - 140 fbsRun 2: 

             Total      Stat.      Syst.
bb   0.89  0.11−

 0.12+  , 0.07± (  ) 0.09−
 0.10+ 

WW   1.14  0.09−
 0.10+  , 0.05± (  ) 0.08± 

ττ   0.99  0.10−
 0.11+  , 0.07± (  ) 0.07−

 0.08+ 
ZZ   1.01  0.10±  , 0.08−

 0.09+ (  ) 0.05−
 0.06+ 

γγ   1.05  0.09±  , 0.06± (  ) 0.06−
 0.07+ 

γZ   2.06  0.93−
 0.97+  , 0.87−

 0.89+ (  ) 0.33−
 0.38+ 

 (Run 2 + Run 3)γZ   1.30  0.50−
 0.60+  , 0.50± (  ) 0.20± 

µµ   1.20  0.59−
 0.60+  , 0.58± (  ) 0.12−

 0.15+ 
 (Run 2 + Run 3)µµ   1.40  0.40±  , 0.40± (  ) 0.10± 
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A new Higgs Boson combination analysis


