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HIGGS DECAYS TO VECTOR BOSONS

H → ZZ∗, H → γγ, H → WW ∗

10y ago First observation of Higgs
boson production in Run1

∼today Excellent precision measurement
for Higgs boson properties

∼tomorrow Run3 just officially started
→ exciting times ahead!

Run1

Presented here will be the latest Run2 coupling analyses from ATLAS:
H → ZZ∗ (2020) HIGG-2018-28 published on EPJC
H → γγ (2022) NEW HIGG-2020-16 submitted to JHEP
ggH/VBF H → WW ∗ (2022) NEW HIGG-2021-20 submitted to PRD

Other interesting ATLAS coupling measurements and EFT results today
H → ff coupling H coupling combination EFT interpretation Analysis methods
Giulia and Robert Zirui Sandra Stephen
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/
https://agenda.infn.it/event/28874/contributions/169502/
https://agenda.infn.it/event/28874/contributions/169491/
https://agenda.infn.it/event/28874/contributions/169492/
https://agenda.infn.it/event/28874/contributions/169501/
https://agenda.infn.it/event/28874/contributions/169495/


STXS FRAMEWORK AND INTERPRETATIONS

Established framework for
Higgs coupling measurement

STXS: Simplified Template X-Sections

Measure production cross sections in
well-defined fiducial regions
Less model dependent with respect to
inclusive measurement
Provide some sort of unfold of
detector-level effects

Interpretations: Standard Model Effective Field Theory (SMEFT) or κ-framework (see backup)

Modify tensor structure of the
SM with dimension-6 operators
O6

i
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c
(6)
i

Λ2 O(6)
i

Parametrize STXS bin cross sections in terms of the
Wilson coefficients ci
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GENERAL ANALYSIS DESIGN
(Example from H → ZZ∗ → 4ℓ analysis)

ATLAS √s = 13 TeV, 139 fb-1
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Reduced STXS target binning
based on expected sensitivity

Analysis signal regions
match STXS selections

Control regions
constrain bkgs
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H → 4ℓ ANALYSIS STRATEGY
Main characteristics:

Higgs decay fully reconstructed, access to Higgs
kinematic
Clean final state and excellent peak resolution
High S/B ratio but mostly limited by signal statistic

Strategy: fit various NN binned outputs

Event selection:
Two same-flavor opposite-charged lepton pairs (e, µ)
Signal region 115 < m4ℓ < 130 GeV, sideband for
background constraint
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Events with a FSR candidate

ATLAS Simulation
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 4l→ ZZ* →H 
­1 = 13 TeV, 139 fbs

 1 extra lepton≥Events with 

ATLAS Simulation Improve m4ℓ reconstruction
Recovering FSR photons
If > 4 leptons, selected quadruplet
with ME discriminant
▶ important for VH and ttH

production modes
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H → 4ℓ CATEGORIZATION

Expected Composition
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 4l→ ZZ* →H 
­1 = 13 TeV, 139  fbs

Dedicated NN trained for almost all categories
NN combines an “event" NN + up to 2 “objects" RNNs
(for leptons or for jets)
NN output discriminates between two or three
processes
▶ examples: ggF-vs-ZZ or ggF-vs-VBF-vs-ZZ

Bin boundaries chosen to maximize significance

Preselection using mostly rectangular
cuts

Njets , p
4ℓ
T ,mjj following STXS

bin boundaries
event selection starting from low
cross sections production modes
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H → γγ ANALYSIS STRATEGY JUST RELEASED!
Main characteristics:

Higgs decay fully reconstructed, access to Higgs
kinematics
Clean final state and excellent resolution
Larger background compared to H → 4ℓ
▶ but robust data-driven subtraction

Strategy: fit mγγ shape and normalization
Fully analytical signal+background model

Event selection:
2 well reconstructed and identified photons
Signal region 105 < mγγ < 160 GeV
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H → γγ CATEGORIZATION JUST RELEASED!
Unified optimization technique targeting

almost full STXS 1.2 scheme (45 bins) simultaneously
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“S-vs-B" binary BDTs for each region to reject bkg
▶ additional NN for tHjb to separate κt = ±1 signals

‘
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ggH/VBF H → WW
∗ → eνµν ANALYSIS STRATEGY JUST RELEASED!

Main characteristics:
Worse resolution due to 2ν, but high signal yield
Complex set of backgrounds with large uncertainties

Strategy: target only ggH and VBF
ggH regions: fit mT observable
VBF regions: fit DNN discriminant output

Event selection:
Two leptons different-flavor opposite-charged

exploit small opening angle between signal leptons
to suppress WW bkg
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Specific selections for each Njet analysis category, different background compositions
Njets = 0, Njets = 1, Njets ≥ 2 (ggH), Njets ≥ 2 (VBF)

Cut based selection to reduce dominant backgrounds
invert/additional selections to create specific CRs
targeted WW , top, Z/γ∗
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ggH/VBF H → WW
∗ → eνµν CATEGORIZATION JUST RELEASED!
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INCLUSIVE AND CROSS SECTION RESULTS

1 2 3 4 5

SM
)B⋅σ/(B⋅σ

Inclusive

ttH

VH

VBF

ggF

ATLAS

 4l→ ZZ* →H 
­1 = 13 TeV, 139 fbs

| < 2.5
H

Production Mode ­ |y

 [fb]B⋅σ  [fb]
SM

)B⋅σ(
­value = 91%p

 120±1340 

 17− 

 26+ 
26

 49− 

 61+ 
75

 40±110 

 130±1120 

 80±1330 

 1.3− 

 1.0+ 
15.4

 4.9− 

 2.7+ 
52.4

 2.0±92.0 

 80±1170 

1 1.2 1.4 1.6 1.8

SM
N/N

tXX

ZZ­2j

ZZ­1j

ZZ­0j

Observed: Stat+Sys SM Prediction

Observed: Stat­Only
 [fb]B⋅σ  [fb]

SM
)B⋅σ(

­value = 91%p

 120±1340 

 17− 

 26+ 
26

 49− 

 61+ 
75

 40±110 

 130±1120 

 80±1330 

 1.3− 

 1.0+ 
15.4

 4.9− 

 2.7+ 
52.4

 2.0±92.0 

 80 ±1170 

0.5 1 1.5 2 2.5 3

SM
)

*WW→H
B⋅σ / (

*WW→H
B⋅σ

 0.11−
 0.11+1.09   ,  0.06−

 0.06+                               0.09−
 0.10+                                              (                     )          0.07±Combined

 0.20−
 0.23+0.93   ,  0.13−

 0.14+                               0.15−
 0.18+                                              (                     )          0.03±VBF

 0.13−
 0.14+1.15   ,  0.06−

 0.06+                               0.12−
 0.12+                                              (                     )          0.06±ggF

Total ( Stat.,  Syst. ) SM Unc.

Total

Statistical Unc.

Systematic Unc.

SM Prediction

ATLAS   
 1− = 13 TeV, 139 fbs

νµνe →* WW → H

4− 2− 0 2 4 6 8 10 12 14

SM
)γγB⋅σ)/(γγB⋅σ(

tH

ttH

ZH

WH

VBF

ggF + bbH

0 1 2 3 4 5

ATLAS -1=13 TeV, 139 fbs
|<2.5

H
 = 125.09 GeV  |y

H
   mγγ →H 

p-value = 55%

Obs + Tot. Unc. Syst. unc. SM + Theo. unc.

         Tot.                   Stat.  Syst.  

3−
4+3    3−

4+   1−
1+           (            )

0.30−
0.32+0.89  0.29−

0.31+   0.05−
0.08+           (            )

0.5−
0.6+-0.2    0.5−

0.6+   0.1−
0.1+           (            )

0.5−
0.6+1.5    0.5−

0.5+   0.1−
0.1+           (            )

0.25−
0.28+1.20  0.18−

0.18+   0.17−
0.21+           (            )

0.10−
0.10+1.04  0.08−

0.08+   0.06−
0.06+           (            )

Good agreement with SM predictions so far
∼ 10% relative uncertainty on inclusive
measurement for all the channels
H → ZZ∗ stat-limited, H → WW ∗

syst-limited
ggH known at ∼ 10%, VBF at ≲ 30%

σγγ
tH < 10(6.8) × σSM at 95% CL
▶ H → γγ excludes negative κt at 2.2σ
▶ in case of unresolved loop (see backup)
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STXS MEASUREMENTS
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 < 200H
T

 1000, p≥ 
jj

2-jets, m≥Hqq', →qq'

 < 200H
T

 < 1000, p
jj

 m≤2-jets, 700 ≥Hqq', →qq'

 < 200H
T

 < 700, p
jj

 m≤2-jets, 350 ≥Hqq', →qq'

2-jets, VH-had≥Hqq', →qq'

1-jet and VH-Veto≤Hqq', →qq'

 450≥ H
T

H, p→gg

 < 450H
T

 p≤H, 300 →gg

 < 300H
T

 p≤H, 200 →gg

 < 200H
T

 350, p≥ 
jj

2-jets, m≥H, →gg

 < 200H
T

 p≤ < 350, 120 
jj

2-jets, m≥H, →gg

 < 120H
T

 < 350, p
jj

2-jets, m≥H, →gg

 < 200H
T

 p≤H, 1-jet, 120 →gg

 < 120H
T

 p≤H, 1-jet, 60 →gg

 < 60H
T

H, 1-jet, p→gg

 < 200H
T

 p≤H, 0-jet, 10 →gg

 < 10H
T

H, 0-jet, p→gg

1− 0 1 2 3 4 5 6

ATLAS -1=13 TeV, 139 fbs
|<2.5

H
 = 125.09 GeV  |y

H
   mγγ →H 

p-value = 93%Obs + Tot. Unc. Syst. unc. SM + Theo. unc.

           Tot.                     Stat.   Syst.  
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4+2    3−
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1+           (           )
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EFT INTERPRETATION

EFT interpretation carried out in H → ZZ∗ and H → γγ channels
Considered both linear and quadratic modification terms to the cross section

Both channels provide results with one Wilson coefficient varied at a time. Moreover
H → ZZ∗ simultaneous variation of two coefficients (see backup)

H → γγ full simultaneous fit, via PCA

H → ZZ∗ EFT interpretation: test 10 different operators
Important analysis acceptance

corrections
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√s = 13 TeV

CP-even operators

2− 0 2 4 6

Parameter Value

uH
c

HG
c

HWB
c

HB
c

HW
c

ATLAS

 4l→ ZZ* →H 
­1 = 13 TeV, 139 fbs

SMEFT

Best­fit 95% CL

­6,18 [­18,30]­2 10⋅ 5 ⋅

­0.001 [­0.008,0.007]2 10⋅

0.1 [­1.1,1.0]

­0.03 [­0.62,0.59]

0.5 [­3.4,2.1]

Best­fit 95% CL

­6,18 [­18,30]

­0.001 [­0.008,0.007]

0.1 [­1.1,1.0]

­0.03 [­0.62,0.59]

0.5 [­3.4,2.1]

Expected: Stat+Sys

Observed: Stat+Sys

Observed: Stat­Only[   ]

CP-odd operators

2− 0 2 4 6 8

Parameter Value

Hu~
c

G
~

H
c

BW
~

H
c

B
~

H
c

W
~

H
c

ATLAS

 4l→ ZZ* →H 
­1 = 13 TeV, 139 fbs

SMEFT

Best­fit 95% CL

 21± [­50,50]­2 10⋅ 5 ⋅

0.000 [­0.029,0.029]2 10⋅

0.0 [­1.0,1.0]

0.00 [­0.56,0.56]

 0.6± [­2.4,2.4]

Best­fit 95% CL

 21± [­50,50]

0.000 [­0.029,0.029]

0.0 [­1.0,1.0]

0.00 [­0.56,0.56]

 0.6± [­2.4,2.4]

Expected: Stat+Sys

Observed: Stat+Sys

Observed: Stat­Only[   ]

Single ci results compatible with SM
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EFT INTERPRETATION IN H → γγ JUST RELEASED!

Tested 34 different operators
not enough information in STXS measurement to
constrain each of them
multiple operators contribute to same STXS bin

⇒ Principal Component Analysis

Identify eigenvectors of C−1
SMEFT = PTC−1

STXSP

Align measurement parameters to eigenvectors
Perform fit to not-flat directions only
▶ 12 directions remaining (λn > 0.005)
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CONCLUSIONS

After 10 years, H → ZZ∗ ,H → γγ ,H → WW ∗ continue to provide
great insights into Higgs boson production

Presented latest Run 2 results for production mode and STXS cross sections measurements
All presented measurements show good agreement with the SM expectation
▶ Inclusive cross section known at 10%, ggF at 10% and VBF at ≲ 30%
▶ ggH/VBF STXS bins measured at ≲ 50%, differential ttH in H → γγ
▶ Excluded negative κt at 2.2σ directly from tH

Performed SM Effective Field Theory interpretation, no signs of deviation observed
Most of the measurements presented are still statistically limited

Looking at future, the Run3 dataset will still be a joyful playground for these channels
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BACKUP
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κ-FRAMEWORK

Consistent treatment of production and decay processes ⇒ κ modifiers

Basic assumptions:
No additional Higgs boson decays beyond SM
Narrow width approximation ⇒ decoupling of production and decay processes

σi × BRf =
σi (κ)× Γf (κ)

ΓH

with κ defined as
κ2
j =

σj

σSM
j

or κ2
j =

Γj

ΓSM
j

Best available SM predictions when all κi = 1, high order accuracy lost when κi ̸= 1

For loop processes ggH and H → γγ two possibilities:
effective couplings κg and κγ

resolved parametrization with κt , κb and κW

The ggZH loop is always treated as resolved
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H → ZZ ∗
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LIST OF DIFFERENT VARIABLES FOR NN: H → ZZ
∗

Category Processes MLP Lepton RNN Jet RNN Discriminant

0 j-p4`
T -Low

ggF, Z Z∗
p4`

T , DZZ∗ , m12, m34,
p`T, η` - NNggF

0 j-p4`
T -Med |cos θ∗ |, cos θ1, φZZ

1 j-p4`
T -Low ggF, VBF, Z Z∗

p4`
T , pj

T, η j ,
p`T, η` -

NNVBF for NNZZ < 0.25

∆R4` j , DZZ∗ NNZZ for NNZZ > 0.25

1 j-p4`
T -Med ggF, VBF, Z Z∗

p4`
T , pj

T, η j , Emiss
T ,

p`T, η` -
NNVBF for NNZZ < 0.25

∆R4` j , DZZ∗ , η4` NNZZ for NNZZ > 0.25

1 j-p4`
T -High ggF, VBF

p4`
T , pj

T, η j ,
p`T, η` - NNVBF

Emiss
T , ∆R4` j , η4`

2 j ggF, VBF, VH m j j , p4` j j
T p`T, η` pj

T, η j
NNVBF for NNVH < 0.2

NNVH for NNVH > 0.2

2 j-BSM-like ggF, VBF η
Zepp
ZZ , p4` j j

T p`T, η` pj
T, η j NNVBF

VH-Lep-enriched VH, ttH
Njets, Nb-jets,70%,

p`T - NNttH
Emiss

T , HT

ttH-Had-enriched ggF, ttH , tXX
p4`

T , m j j ,
p`T, η` pj

T, η j
NNttH for NNtXX < 0.4

∆R4` j , Nb-jets,70%, NNtXX for NNtXX > 0.4
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DOMINANT SYSTEMATIC UNCERTAINTIES

Measurement
Experimental uncertainties [%] Theory uncertainties [%]

Lumi.
e, µ, Jets, Reducible Background Signal

pile-up flav. tag bkg Z Z∗ tXX PDF QCD Shower
Inclusive cross-section

1.7 2.5 0.5 < 0.5 1 < 0.5 < 0.5 1 2
Production mode cross-sections

ggF 1.7 2.5 1 < 0.5 1.5 < 0.5 0.5 1 2
VBF 1.7 2 4 < 0.5 1.5 < 0.5 1 5 7
VH 1.9 2 4 1 6 < 0.5 2 13.5 7.5
ttH 1.7 2 6 < 0.5 1 0.5 0.5 12.5 4

Reduced Stage-1.1 production bin cross-sections
gg2H-0 j-pH

T -Low 1.7 3 1.5 0.5 6.5 < 0.5 < 0.5 1 1.5
gg2H-0 j-pH

T -High 1.7 3 5 < 0.5 3 < 0.5 < 0.5 0.5 5.5
gg2H-1 j-pH

T -Low 1.7 2.5 12 0.5 7 < 0.5 < 0.5 1 6
gg2H-1 j-pH

T -Med 1.7 3 7.5 < 0.5 1 < 0.5 < 0.5 1.5 5.5
gg2H-1 j-pH

T -High 1.7 3 11 0.5 2 < 0.5 < 0.5 2 7.5
gg2H-2 j 1.7 2.5 16.5 1 12.5 0.5 < 0.5 2.5 10.5

gg2H-pH
T -High 1.7 1.5 3 0.5 3.5 < 0.5 < 0.5 2 3.5

qq2Hqq-V H 1.8 4 17 1 4 1 0.5 5.5 8
qq2Hqq-VBF 1.7 2 3.5 < 0.5 5 < 0.5 < 0.5 6 10.5
qq2Hqq-BSM 1.7 2 4 < 0.5 2.5 < 0.5 < 0.5 3 8

VH-Lep 1.8 2.5 2 1 2 0.5 < 0.5 1.5 3
ttH 1.7 2.5 5 0.5 1 0.5 < 0.5 11 3
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CORRELATION MATRIX FOR STXS MEASUREMENT
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ATLAS
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EFT INTERPRETATION IN H → ZZ
∗

The expected impact of the CP-odd and CP-even Wilson coefficients on the cross section of the
STXS bins

chosen value of the Wilson coefficient corresponds almost to the expected 68% CL
black points are the observed values of the STXS measurements
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EFT INTERPRETATION
Performed interpretation with two Wilson coefficients simultaneously fitted

other coefficients fixed to 0
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H → γγ
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LIST OF DIFFERENT VARIABLES FOR BDTS: H → γγ

Multiclass BDT
𝜂𝛾1 , 𝜂𝛾2 , 𝑝

𝛾𝛾

T , 𝑦𝛾𝛾 ,
𝑝
†
T, 𝑗 𝑗 , 𝑚 𝑗 𝑗 , and Δ𝑦, Δ𝜙, Δ𝜂 between 𝑗1 and 𝑗2,

𝑝T,𝛾𝛾 𝑗1 , 𝑚𝛾𝛾 𝑗1 , 𝑝T,𝛾𝛾 𝑗 𝑗†, 𝑚𝛾𝛾 𝑗 𝑗

Δ𝑦, Δ𝜙 between the 𝛾𝛾 and 𝑗 𝑗 systems,
minimum Δ𝑅 between jets and photons,

invariant mass of the system comprising all jets in the event,
dilepton 𝑝T, di-𝑒 or di-𝜇 invariant mass (leptons are required to be oppositely charged),

𝐸miss
T , 𝑝T and transverse mass of the lepton + 𝐸miss

T system,
𝑝T, 𝜂, 𝜙 of top-quark candidates, 𝑚𝑡1𝑡2

Number of jets†, of central jets (|𝜂 | < 2.5)†, of 𝑏-jets† and of leptons,
𝑝T of the highest-𝑝T jet, scalar sum of the 𝑝T of all jets,

scalar sum of the transverse energies of all particles (
∑

𝐸T), 𝐸miss
T significance,���𝐸miss

T − 𝐸miss
T (primary vertex with the highest

∑
𝑝2

T,track)
��� > 30 GeV

Top reconstruction BDT of the top-quark candidates,
Δ𝑅(𝑊, 𝑏) of 𝑡2,
𝜂 𝑗𝐹 , 𝑚𝛾𝛾 𝑗𝐹

Average number of interactions per bunch crossing.

Binary BDTs
STXS classes Variables

Individual
STXS classes from

𝑔𝑔 → 𝐻

𝑞𝑞′ → 𝐻𝑞𝑞′

𝑞𝑞 → 𝐻ℓ𝜈

𝑝𝑝 → 𝐻ℓℓ

𝑝𝑝 → 𝐻𝜈𝜈̄

All multiclass BDT variables,
𝒑𝛾𝛾T projected to the thrust axis of the 𝛾𝛾 system (𝑝𝛾𝛾Tt ),

Δ𝜂𝛾𝛾 , 𝜂Zepp =
𝜂𝛾𝛾−𝜂 𝑗 𝑗

2 ,

𝜙∗𝛾𝛾 = tan
(
𝜋−|Δ𝜙𝛾𝛾 |

2

) √︂
1 − tanh2

(
Δ𝜂𝛾𝛾

2

)
,

cos 𝜃∗𝛾𝛾 =

����� (𝐸𝛾1+𝑝𝛾1
𝑧 ) ·(𝐸𝛾2−𝑝𝛾2

𝑧 )−(𝐸𝛾1−𝑝𝛾1
𝑧 ) ·(𝐸𝛾2+𝑝𝛾2

𝑧 )
𝑚𝛾𝛾+

√︃
𝑚2

𝛾𝛾+(𝑝
𝛾𝛾

T )2

�����
Number of electrons and muons.

all 𝑡𝑡𝐻 and 𝑡𝐻𝑊

STXS classes
combined

𝑝T, 𝜂, 𝜙 of 𝛾1 and 𝛾2,
𝑝T, 𝜂, 𝜙 and 𝑏-tagging scores of the six highest-𝑝T jets,

𝐸miss
T , 𝐸miss

T significance, 𝐸miss
T azimuthal angle,

Top reconstruction BDT scores of the top-quark candidates,
𝑝T, 𝜂, 𝜙 of the two highest-𝑝T leptons.

𝑡𝐻𝑞𝑏

𝑝
𝛾𝛾

T /𝑚𝛾𝛾 , 𝜂𝛾𝛾 ,
𝑝T, invariant mass, BDT score and Δ𝑅(𝑊, 𝑏) of 𝑡1,

𝑝T, 𝜂 of 𝑡2,
𝑝T, 𝜂 of 𝑗𝐹 ,

Angular variables: Δ𝜂𝛾𝛾𝑡1 , Δ𝜃𝛾𝛾𝑡2 , Δ𝜃𝑡1 𝑗𝐹 , Δ𝜃𝑡2 𝑗𝐹 , Δ𝜃𝛾𝛾 𝑗𝐹

Invariant mass variables: 𝑚𝛾𝛾 𝑗𝐹 , 𝑚𝑡1 𝑗𝐹 , 𝑚𝑡2 𝑗𝐹 , 𝑚𝛾𝛾𝑡1

Number of jets with 𝑝T > 25 GeV, Number of 𝑏-jets with 𝑝T > 25 GeV∗;
Number of leptons∗, 𝐸miss

T significance∗
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CATEGORY COMPOSITION IN TERMS OF STXS SIGNALS
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DOMINANT SYSTEMATIC UNCERTAINTIES IN H → γγ

ggF + 𝑏𝑏̄H VBF 𝑊𝐻 𝑍𝐻 𝑡𝑡𝐻 𝑡𝐻

Uncertainty source Δ𝜎[%] Δ𝜎[%] Δ𝜎[%] Δ𝜎[%] Δ𝜎[%] Δ𝜎[%]

Theory uncertainties

Higher-order QCD terms ±1.4 ±4.1 ±4.1 ±12 ±2.8 ±16
Underlying event and parton shower ±2.5 ±16 ±2.5 ±4.0 ±3.6 ±48
PDF and 𝛼s < ±1 ±2.0 ±1.4 ±2.3 < ±1 ±5.8
Matrix element < ±1 ±3.2 < ±1 ±1.2 ±2.5 ±8.2
Heavy-flavour jet modelling in non-𝑡𝑡𝐻 processes < ±1 < ±1 < ±1 < ±1 < ±1 ±13

Experimental uncertainties

Photon energy resolution ±3.0 ±3.0 ±3.8 ±4.8 ±3.0 ±12
Photon efficiency ±2.7 ±2.7 ±3.3 ±3.6 ±2.9 ±9.3
Luminosity ±1.8 ±2.0 ±2.4 ±2.7 ±2.2 ±6.6
Pile-up ±1.4 ±2.2 ±2.0 ±2.3 ±1.4 ±7.3
Background modelling ±2.0 ±4.6 ±3.6 ±7.2 ±2.5 ±63
Photon energy scale < ±1 < ±1 < ±1 ±1.3 < ±1 ±5.6
Jet/𝐸miss

T < ±1 ±6.8 < ±1 ±2.2 ±3.5 ±22
Flavour tagging < ±1 < ±1 < ±1 < ±1 ±1.5 ±3.4
Leptons < ±1 < ±1 < ±1 < ±1 < ±1 ±1.8
Higgs boson mass < ±1 < ±1 < ±1 < ±1 < ±1 < ±1
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CORRELATION MATRICES FOR CROSS SECTION MEASUREMENTS
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κ INTERPRETATION IN H → γγ

Four different models are considered, targeting different Higgs couplings
value and sign of top-quark coupling
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Effective (expected)

Effective (observed)

Direct test of top quark coupling
other coupling fixed to SM
κt < 0 excluded at 2.2σ(6.7σ) with
effective(resolved) loop
▶ sensitivity directly from tH prod mode
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Generic parametrization with coupling ratios

κgγ =
κgκγ

κH
, λVg =

κV
κg

, λtg =
κt
κg

no assumptions on Higgs total width
λtg < 0 excluded at 2.1σ
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κ INTERPRETATION IN H → γγ

Four different models are considered, targeting different Higgs couplings
presence of BSM physics in loop processes (κg , κγ)

unified couplings to fermion and vector bosons (κV , κF )

0.8 0.9 1 1.1 1.2 1.3

gκ

0.8

0.9

1

1.1

1.2

1.3

1.4γκ ATLAS
-1 = 13 TeV, 139 fbs

γγ →H 

SM

Observed best fit

Observed 68 % CL

Observed 95 % CL

0.85 0.9 0.95 1 1.05 1.1 1.15 1.2

Vκ

0.6

0.8

1

1.2

1.4

1.6

1.8

Fκ ATLAS
-1 = 13 TeV, 139 fbs

γγ →H 

SM

Observed best fit

Observed 68 % CL

Observed 95 % CL

D. MUNGO (UNIVERSITY OF TORONTO) COUPLINGS IN HIGGS BOSONIC DECAY 7 JULY 2022 30 / 15



EFT INTERPRETATION IN H → γγ

The expected impact of the most relevant EFT operators on the cross section of the STXS bins
chosen value of the Wilson coefficient corresponds almost to the expected 68% CL
gg → H and ttH (second), the H → γγ decay (third), and VBF and VH processes (bottom)
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INDIVIDUAL EFT COEFFICIENTS MEASUREMENTS IN H → γγ
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CORRELATIONS FOR EFT SIMULTANEOUS MEASUREMENT IN H → γγ

Expected correlations
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H → WW ∗
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PRESELECTION SIGNAL COMPOSITION IN H → WW
∗

Category 𝑁jet, (𝑝T>30 GeV) = 0 ggF 𝑁jet, (𝑝T>30 GeV) = 1 ggF 𝑁jet, (𝑝T>30 GeV) ≥ 2 ggF 𝑁jet, (𝑝T>30 GeV) ≥ 2 VBF

Preselection

Two isolated, different-flavor leptons (ℓ = 𝑒, 𝜇) with opposite charge

𝑝lead
T > 22 GeV , 𝑝sublead

T > 15 GeV

𝑚ℓℓ > 10 GeV

𝑝miss
T > 20 GeV

Background rejection
𝑁𝑏-jet, (𝑝T>20 GeV) = 0

Δ𝜙ℓℓ,𝐸miss
T

> 𝜋/2 𝑚𝜏𝜏 <𝑚𝑍 − 25 GeV

𝑝ℓℓT > 30 GeV max
(
𝑚ℓ

T
)
> 50 GeV

𝐻→𝑊𝑊∗→ 𝑒𝜈𝜇𝜈

topology

𝑚ℓℓ < 55 GeV

Δ𝜙ℓℓ < 1.8

fail central jet veto

or central jet veto

fail outside lepton veto outside lepton veto

|𝑚 𝑗 𝑗 − 85| > 15 GeV 𝑚 𝑗 𝑗 > 120 GeV

or

Δ𝑦 𝑗 𝑗 > 1.2

Discriminating fit variable 𝑚T DNN
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CONTROL REGIONS SELECTION IN H → WW
∗

CR 𝑁jet, (𝑝T>30 GeV) = 0 ggF 𝑁jet, (𝑝T>30 GeV) = 1 ggF 𝑁jet, (𝑝T>30 GeV) ≥ 2 ggF 𝑁jet, (𝑝T>30 GeV) ≥ 2 VBF

𝑞𝑞 → 𝑊𝑊

𝑁𝑏-jet, (𝑝T>20 GeV) = 0

Δ𝜙ℓℓ,𝐸miss
T

> 𝜋/2 𝑚ℓℓ > 80 GeV

𝑝ℓℓT > 30 GeV |𝑚𝜏𝜏 − 𝑚𝑍 | > 25 GeV 𝑚𝜏𝜏 < 𝑚𝑍 − 25 GeV

55<𝑚ℓℓ < 110 GeV max
(
𝑚ℓ

T
)
> 50 GeV 𝑚T2 > 165 GeV

Δ𝜙ℓℓ < 2.6 fail central jet veto

or fail outside lepton veto

|𝑚 𝑗 𝑗 − 85| > 15 GeV

or Δ𝑦 𝑗 𝑗 > 1.2

𝑡𝑡/𝑊𝑡

𝑁𝑏-jet, (20<𝑝T<30 GeV) > 0
𝑁𝑏-jet, (𝑝T>30 GeV) = 1

𝑁𝑏-jet, (𝑝T>20 GeV) = 0 𝑁𝑏-jet, (𝑝T>20 GeV) = 1
𝑁𝑏-jet, (20<𝑝T<30 GeV) = 0

Δ𝜙ℓℓ,𝐸miss
T

> 𝜋/2 𝑚𝜏𝜏 <𝑚𝑍 − 25 GeV

𝑝ℓℓT > 30 GeV max
(
𝑚ℓ

T
)
> 50 GeV 𝑚ℓℓ > 80 GeV

Δ𝜙ℓℓ < 2.8 Δ𝜙ℓℓ < 1.8

𝑚T2 < 165 GeV

fail central jet veto central jet veto

or fail outside lepton veto outside lepton veto

|𝑚 𝑗 𝑗 − 85| > 15 GeV

or Δ𝑦 𝑗 𝑗 > 1.2

𝑍/𝛾∗

𝑁𝑏-jet, (𝑝T>20 GeV) = 0

𝑚ℓℓ < 80 GeV 𝑚ℓℓ < 55 GeV 𝑚ℓℓ < 70 GeV

no 𝑝miss
T requirement

Δ𝜙ℓℓ > 2.8 𝑚𝜏𝜏 > 𝑚𝑍 − 25 GeV |𝑚𝜏𝜏 − 𝑚𝑍 | ≤ 25 GeV

max
(
𝑚ℓ

T
)
> 50 GeV fail central jet veto central jet veto

or fail outside lepton veto outside lepton veto

|𝑚 𝑗 𝑗 − 85| > 15 GeV

or Δ𝑦 𝑗 𝑗 > 1.2
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STXS ANALYSIS DESIGN IN H → WW
∗

ATLAS √s = 13 TeV, 139 fb-1
_

Production
Mode

EW qqH

ggH

 ≥2-jets

STXS Reduced 

Stage 1.2 Category

= 0-jet

pT
H < 200 GeV
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                pT
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pT
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H

Particle-Level

Production Bins
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jets
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Reconstructed Signal Region
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N
jets

= 0

ggH 1j, very low pT
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ggH 1j, low pT
H

ggH 1j, med pT
H
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EW qqH, med mjj-low pT
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EW qqH, high mjj-low pT
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jets
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and Outside Lepton Veto
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CATEGORY COMPOSITION IN TERMS OF STXS SIGNALS

Expected Composition
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IMPACT OF SYSTEMATIC UNCERTAINTIES IN STXS MEASUREMENT
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CORRELATION MATRIX STXS MEASUREMENT
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