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Introduction
Measuring and Interpreting the SM through the Higgs Boson

• Using the Higgs boson, we test the 
Standard Model


• In this talk, new  results from 
ATLAS covering:


• Measurements


• Interpretations

H → VV
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Single Higgs Production
• Each Higgs boson production mode has unique 

characteristics


• Differences appear in kinematics variables like 
jet count, angular variables, lepton 
momentum, …

3Nature 607, 52 (2022)

CERN Yellow Report 4

https://www.nature.com/articles/s41586-022-04893-w
https://cds.cern.ch/record/2227475
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 decay channelH → VV
• The Higgs can decay on-shell or off-shell


• On-shell: Probes small deviations through precision 
measurements and interpretations


• Off-shell: Probes the high energy regime, where BSM physics 
could occur


• Allows for Higgs-width measurements


• Two decay modes covered in this talk:


• 


• Smaller branching ratio (2.6%)


• Clean, fully leptonic final state


• 


• Bigger branching ratio (21.5%)


• More difficult to reconstruct due to missing transverse energy

H → ZZ* → 4l

H → WW → 2l2ν
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Nature 607, 52 (2022)

CERN Yellow Report 4

https://www.nature.com/articles/s41586-022-04893-w
https://cds.cern.ch/record/2227475


Sully Billingsley | Southern Methodist University | MoriondQCD 2025

Included Analyses
All new for Moriond QCD

• , ANA-HIGP-2024-22


• Run 3 (56 fb ), 2022 + 2023


• 13.6 TeV


• , CERN-EP-2025-054, CERN-EP-2025-059


• Run 2 (140 fb ) 


• 13 TeV

H → ZZ* → 4l
−1

H → WW → 2l2ν
−1
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Measurements
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Simplified Template Cross-Section (STXS)


Fiducial Differential Cross-Section


Off-Shell Cross-Section
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STXS Strategy
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• Production mode measurements are performed in 
bins optimized to maximize sensitivity (STXS bins)


• Each bin is sensitive to different areas of 
kinematic phase-space of the Higgs production


• Signal strength in STXS bins is evaluated based 
on reconstructed event categories.
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 &  On-ShellH → ZZ* → 4l H → WW* → 2l2ν

https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=HIGP-2024-07
https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-HIGP-2024-22
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STXS Strategy
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• Neural networks enhance 
production mode separation; 
increasing sensitivity


• Different NN’s based on 
expected signal composition in 
each reconstructed event 
category
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 &  On-ShellH → ZZ* → 4l H → WW* → 2l2ν

https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-HIGP-2024-22
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STXS Measurement
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•  Run 3, VBF+VH measured 
much fewer events than expected, statistics 
are low enough to be considered an under-
fluctuation

H → ZZ* → 4l

 &  On-ShellH → ZZ* → 4l H → WW* → 2l2ν

CERN-EP-2025-054

ANA-HIGP-2024-22

https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=HIGP-2024-07
https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-HIGP-2024-22
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Fiducial Differential XS
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• Goal is to measure the Higgs cross-section differentially across 
different variables of interest


•  (Transverse momentum of 4 signal leptons):


Sensitive to QCD radiation and potential BSM effects at 
high 


•  (Rapidity of 4 signal leptons): 

Can test PDF parameterizations from Parton momentum 
fractions


•  (Invariant mass of the sub-leading signal leptons): 

Sensitive to spin and CP properties 


•  (Total number of jets in the event): 


Can help disentangle production modes; e.g. ggF 
produces fewer jets than VBF
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 On-ShellH → ZZ* → 4l

ANA-HIGP-2024-22

https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-HIGP-2024-22
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Off-Shell Strategy
 Off-ShellH* → WW → 2l2ν
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• Goal: measure EW and ggF production cross-section at the WW mass peak


• The analysis is split by jet multiplicity:

• 0j  ggF, 1j  mixed, 2j  EW


• Also split on same and different flavor decay modes (SF and DF)


•  and 

→ → →

WW → eνeν/μνμν WW → eνμν
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• Signal and background events with the same final 
state creates quantum interference


• Separation is performed by a DNN to separate ggF vs 
EW and a  proxy that is sensitive to interferencemWW

CERN-EP-2025-059

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/
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Off-Shell Higgs Couplings

12

• 95% upper C.L.: 3.4 observed and 4.4 expected and 


• Other results to compare to 


• (Most similar) Run 1 H->WW: 95% upper C.L.: 17.2 obs. and 21.3 exp. (HWW-only) 


• (Best constraints) Run 2 H->ZZ Off-Shell:  2412.01548


• Measurements are statistically limited
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 Off-ShellH* → WW → 2l2ν

https://arxiv.org/abs/2412.01548
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/


Interpretations
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Kappa framework


Standard Model Effective Field Theory (SMEFT)


Higgs Width
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Kappa Framework  and κf κV
 On-ShellH → ZZ* → 4l
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• Signal strength parameterized to coupling 
modifiers


• Only  and  considered


• Invisible Higgs decays not included


• First Run 2+3 combination of ATLAS Higgs 
measurement
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ANA-HIGP-2024-22

https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-HIGP-2024-22
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SMEFT
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Production Mode binning in ! ! ±
jj

Particle-level
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• By further dividing STXS bins with 
 by , CP can be measured


• Goal to constrain dimension 6 operators


• Principle component analysis to find linear 
combinations of operators to which 
analysis has sensitivity


• Simultaneous constraint on 5 linear 
combination of EFT operators

Njets ≥ 2 Δϕ±
jj
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 On-ShellH → WW* → 2l2ν

CERN-EP-2025-054

https://cds.cern.ch/record/2919068/
https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=HIGP-2024-07
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SMEFT

• Differential cross-section in m34 is 
used to set limits on SMEFT 
parameters. 

• Independent fits of CP-even coeffs 
show sensitivity comparable to Run 
2 results [2004.03447]: 

16

Cp-even and CP-odd do not interfere: elliptical 
exclusion contours.

CP-even interference: non-trivial correlation 
patterns and poorly constrained directions due 
to BSM cancellations.

 On-ShellH → ZZ* → 4l
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• Simultaneous pair-wise 
fits are performed to 
explore correlations

ANA-HIGP-2024-22

ANA-HIGP-2024-22

ANA-HIGP-2024-22

https://arxiv.org/abs/2004.03447
https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-HIGP-2024-22
https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-HIGP-2024-22
https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-HIGP-2024-22
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Width interpretation

17

• SM prediction of  = 4.1 MeV; inaccessible from 
direct measurements. 


• Any new partial decay modes to BSM particles 
would contribute to the total width 


•  95% upper C.L.: 13.0 MeV obs. and 17.1 MeV 
exp. and  = MeV 


• Compatible with the SM


• Competitive with state of the art, Run 2  
Off-Shell:  =  MeV

ΓH

ΓH
ΓH 0.9+3.4

−0.9obs(4.1+8.2
−3.8exp)

H → ZZ
ΓH 4.3+2.7

−1.9obs(4.1+3.5
−3.4exp)

σon−shell
i→H→WW ∼

g2
i g2

HWW

mHΓH

σoff−shell
i→H→WW ∼

g2
i g2

HWW

m2
WW

ΓH ∝
σoff−shell

i→H→WW

σon−shell
i→H→WW

For a detailed 
discussion on Higgs 
width in BSM scenarios 
refer to [2107.08343]
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 Off-ShellH* → WW → 2l2ν

https://arxiv.org/pdf/2107.08343
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Conclusions

• Newest results from  on and off-shell and  on-shell


• All measurements and interpretations agree with Standard Model


• Firsts!


• First standalone  Higgs width measurement


• First time reaching MeV level precision with , Run 3 will reveal much more 
about the true nature of the Higgs boson 


• First measurements on 2023 data


• Since the measurements presented today are statistically limited, Run3 and High Lumi data 
will certainly provide improvements

H → WW → 2l2ν H → ZZ* → 4l

H* → WW

H* → WW

18
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Differential XS Results

• Differential cross-section results not shown in main body
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Differential XS Results

• Inclusive fiducial cross-sections
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Off-Shell Strategy

• Different Flavor region observed 
composition
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SMEFT

• STXS diagram with extra 
 binsΔϕ±

jj

23

Production Mode binning in ! ! ±
jj
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SMEFT

• SMEFT parameters studied and their impact
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SMEFT

• CP-even  fits not shown in main body
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SMEFT

• CP-even and CP-odd fits not shown in main body
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Higgs Width Negative Log Likelihood Scans

• Higgs width measurements from  Run 2 Interpretations (left) and 
 Run 2 interpretations (right)

H → ZZ
H → WW
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