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ATLAS Results on H(125) Bosons Decays
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Decay Process H→γγ H→ZZ*→4l H→WW*→enµn ttH→ZZ*/gg ttH→Multileptons

   ∫Ldt(fb-1) ,  cms energy 79.8, √s=13TeV  79.8, √s=13TeV 36.1, √s=13TeV up to 79.8, 
√s=7,8,13TeV 36.1, √s=13TeV 

Document  ATLAS-CONF-
2018-028

ATLAS-CONF-
2018-018

ATLAS-CONF-
2018-004  arXiv:1806.00425

Phys. Review 
Letters D 97, 

072003 (2018)
Fiducial integrated cross-

sections  ✅  ✅  

Fiducial differential cross-
sections  ✅  ✅

STXS  ✅  ✅  

Total  ✅  ✅  ✅

2

Outline of the talk
Higgs physics in di-boson final states: Overview of the (so far) ATLAS Run-2 

measurements in WW*/ZZ*/γγ decay channels (36 fb-1,80 fb-1) production inclusive           
& ttH –enhanced 80 fb-1 New!

• Remarks and Conclusions

Higgs boson cross-sections, which? 
• Fiducial inclusive and Differential, Total, Production, Simplified Template Cross 

Sections (STXS)

Combination: talk by Daniela Rebuzzi



To
ni

 B
ar

on
ce

lli:
 A

TL
A

S
 re

su
lts

on
 H

(1
25

) b
os

on
de

ca
ys

Higgs boson measurements in diboson
final states

Despite the low branching fraction of H → WW*(→lvlv)/ZZ*(4l)/γγ, these decays channels 
have a clean signature and constitute a powerful tool for many Higgs boson properties 

measurements. Use good isolated leptons and photons, invariant & transverse mass & jets

mH = 125.09 GeV

H →γγ S/B ~ 4%

H →WW*

WW*: Larger BR ~ 1.5% Clean 
signature

Low S/B ratio

New result ttH enhanced: ZZ & 
WW & gg …decays using 80 fb-1

Analysis strategy uses BDT’s

H → gg

Fully reconstructed mass – clean peak

H → ZZ* → 4l S/B > 2

3
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mT(GeV)mT(GeV)
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H→WW*→evμv - Analysis
ATLAS-CONF-2018-004

Recent result!
Analysis strategy in brief

• Signature: two prompt isolated leptons (close-by leptons) and (loose) missing momentum

• Events split in 3 major Signal Regions on Njets(*):
- Njet = 0 and Njet = 1 (ggF dominated)

- mT used as discriminant
- Njet ≥ 2 (VBF dominated)

- BDT used as discriminant

• Irreducible backgrounds data-normalized via CRs
• Mis-identified leptons fully data-driven 

Signal fraction at best 14%

(*) complete event selection table in backup

WW  
0jet CR

ttbar  
0jet CR

b-jet veto in all categories to reduce ttbar}

• Simultaneous SRs and CR max likelihood fit
• 8 SR regions defined for Njet = 0 & 1:

- Different  bkg composition
- Enhance sensitivity
- mT shape fit with 8(6) for Njet=0(1)

• 4 BDT bins for VBF enriched category
• S(VBF)/B ~0.6 in the last bin

⇒ extract both ggF and VBF cross-sections
• Other production/decays modes fixed to SM

VBF: 1.9σ (exp. 2.7σ)ggF: 6.3σ (exp. 5.2σ)

Njets ≤ 1

Data residuals

Njets ≥ 22×$%% & 2×'()*+,%-./012 & [45/54]

mT(GeV)
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Source
��ggF

�ggF
[%]

��VBF
�VBF

[%]

Data statistics ±8 ±46

CR statistics ±8 ±9

MC statistics ±5 ±23

Theoretical uncertainties ±8 ±21

ggF signal ±5 ±15

VBF signal <1 ±15

WW ±5 ±12

Top-quark ±4 ±4

Experimental uncertainties ±9 ±8

b-tagging ±5 ±6

Pile-up ±5 ±2

Jet ±3 ±4

Electron ±3 <1

Misidentified leptons ±5 ±9

Luminosity ±2 ±3

TOTAL ±17 ±59

5

H→WW*→evμv - Results
Signal strength and cross-section results: 68% and 95% CL contours

Run-2 Run-1

Significant uncertainties from Theory:
• ~5% on σ(ggF) due to WW background modelling
• 15% on σ(VBF) due to QCD scale on ggF in VBF phase 

space

Limited MC statistics important especially in VBF
σ(ggF) dominated by systematics (exp~theo)

Uncertainties on the cross-sections measurement:

1σ compatible 
with SM 

predictions

precision of the measurements

!""# = 1.02)*.+,-*.+.

!/0# = 1.27)*.23-*.34

Predicted cross-sections: 
ggF 10.4±0.6 pb VBF 0.81±0.02
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• fiducial cross-sections(inclusive & differential): Measured in fiducial volume to 
avoid model-dependent extrapolations → only correct for inefficiencies & 
reconstruction effects

• Simplified Template Cross Section framework* (STXS)): simple fiducial region 
definitions matching specific experimental categories (ggF 0jets, etc..), allows 
to reduce theoretical uncertainties (*)

• Total cross-section: extrapolate to full phase space and combine channels

6

Higgs boson cross-section measurements:
Nomenclature

i = bin of differential distribution
[Ci = 50%(75%) for H4l(Hγγ)]

(*) LHC Higgs X-Sec WG: : 4 [arXiv:1610.07922]
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H→ZZ*→4l inclusive and differential 
cross-section ATLAS-CONF-2018-018

Use template mass distributions for signal & background 
to fit m4l for each decay channel or differential 
distributions to extract NSignalSignal

events

Background mostly by non resonant ZZ* production. 
Normalization of background shape checked using 
special control region 

Expected and observed events in the 
mass window 115 < m4l < 130 GeV

1.7 sCompatible to 1.7 s

4 µ 4 e 2 µ 2 e 2 e 2 µ

115-130 GeV
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H→ZZ*→4l inclusive and differential 
cross-section ATLAS-CONF-2018-018

Combined inclusive fiducial xsec:

Overall good theoretical 
description of data. 

Precision statistically limited

pTH—> test perturbative QCD

Njets—> test modelling of 
radiations at high pT,

sensitive to prod modes

Total xsec

Fiducial

!"#$,&'() = 4.04 ± 0.41 0121 ± 0.22 0401 56
!"#$,78 = 3.35 ± 0.1556

Fiducial xsec
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Categorization of ZZ events & Simplified 
Template Cross Sections 

Categories based on particle-level events by dedicated generators

Higgs 
production 

mode

Exclusive bins in Higgs production

Reconstruction categories in data

9
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Overall good theoretical 
description of data.

Precision statistically limited

Inclusive fiducial xsec:
!"#$ = 60.4 ± 6.1 ,-.- ± 0.3 -ℎ12 34

!56 = 63.5 ± 3.334

Fit mγγ distribution as superposition of signal + background

H→γγ fiducial inclusive and differential 
cross-section

10
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ATLAS-CONF-2018-028

H→γγ, Simplified Template Cross Sections
STXS

Due to the limitation of the data sample only the 9 most sensitive categories are introduced. 
Good agreement between data and SM prediction is observed



To
ni

 B
ar

on
ce

lli:
 A

TL
A

S
 re

su
lts

on
 H

(1
25

) b
os

on
de

ca
ys 12

Total Higgs boson cross-section: 
tt (H → ZZ* & gg) arXiv:1806.00425v1

gg analysis and ZZ* analysis: 
separate hadronic and leptonic 
decays using BDT-based 
categories

La
rg

e 
S/

B
Sm

al
l S

/B

gg analysis

12
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Total Higgs ttH boson cross-section 
Combination 

Largest samples: 2lSS + 3lSR

! → ##

! → $$
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Remarks and Conclusions

✦ A summary of the first set of ATLAS Run-II Higgs boson properties measurements 
has been presented 
✦ Precision of cross-section measurements ~2 times better than with Run-I 

dataset
✦ Overall, a remarkable good agreement with SM predictions observed

✦ Most of the measurements limited by statistics:
✦ So far most results are based on ~80 fb-1

✦And more data expected in this last year of LHC Run-2 data-taking

Stay tuned for the 
sequel 

of the Higgs 
characterisation

saga!
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Backup
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Jets

Jets

b-Jets & Ws

b-Jets & Ws

Leptons or leptons & 
missing energy

Production modes & topologies
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H→γγ H→ZZ*→4l H→WW*→enµn ttH, H→gg,WW*,ZZ*

			∫Ldt(fb-1);       
|h|	interval

36.1, √s=13TeV	
<2.37 &&  excluding 

1.37-1.52

79.8, √s=13TeV	
<2.47

36.1, √s=13TeV	
<2.37 && excluding 

1.37 1.52

79.8 (36.1), 
√s=13TeV <2.47

Objects

Photons: Reconstruction 
quality, isolation, 

ET>25GeV, 
ET/mgg>0.25,0.35

Leptons: 2 SF,OC pairs; 
pT>20,15,10,5 GeV 

50<m12(GeV)<106;  12-
50<m34(GeV)<115 
115<m4l(GeV)<130

Leptons: Isolated e^±	
µ^∓	pairs pT>22,15 GeV

isolated photons & b-jet 
& [(had decays) or (lep 

decays)]                
isolated leptons & b-jet 
& [(had decays) or (lep 

decays)]

Method
Fit distribution of mgg as 

signal + background. 
Categorisation

Fit distribution of m4l as 
signal + background. 

Categorisation

Transverse mass of di -
lepton+E_T^miss			

discriminating variable 
Categorisation

Multi-variate analysis 
(MVA)            

Categorisation

Selection in a nutshell

Large number of different topologies & reconstruction techniques.
Commonly used objects are:
• Isolated & good quality leptons; charge & flavour in leptonic decays of bosons
• Isolated & good quality photons
• Invariant (transverse) masses Z (W)
• Jets (hadronic decays of bosons)
• B-tagged jets (for ttH topologies)
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H→γγ inclusive and differential cross-
section

Fit mγγ distribution as superposition 
of signal + background

CONF-HIGG-2018-02

Signal is modelled as a double-sided 
Crystal Ball. 

Background parametrisation chosen as 
best trade-off between small bias in 
signal determination & small number of 
function parameters. 

Best & worst resolution: 1.7 & 2.1 GeV
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Categorization of gg events 

Higgs 
production 

mode

Exclusive bins in Higgs production Reconstruction categories in data

12

9 STXS categories 
(2 ‘BSM categories 

combined)

Good match between 
STXS & reconstruction 

categories



To
ni

 B
ar

on
ce

lli:
 A

TL
A

S
 re

su
lts

on
 H

(1
25

) b
os

on
de

ca
ys

20

Cross sections & generators
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Cross sections & generators
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Systematic uncertainties on WW*→evμv result
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Run1/Run2 comparison for WW*→evμv result
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Fiducial phase space definition

H→ZZ*→4l inclusive and differential 
cross-section

Fiducial xsections 
are defined at the particle level

==> correct the number of reconstructed events by
the difference in acceptance between detector-level and particle level

- Experimental and particle level selection as similar as possible to minimise theory uncertainties
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H→ZZ*→4l inclusive and differential 
cross-section

SR event yields

Exclusive, Inclusive and Total cross-section

Uncertainties breakdown
Higgs boson signal xsections normalised
to LHCXS WG predictions:
• for ggF, N3LO in QCD and NLO EW 

corrections applied
• VBF is fully NLO (approximate NNLO 

QCD corrections applied)
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Bin-by-bin correction factors for detector inefficiencies and reconstruction

• For ggF,  NNLOPS sample used to derived the correction factor
• correction factors agree within 15% for all production modes

except for ttH, due to the missing isolation requirement needed to identify leptons from
hadronic jets at particle level

• Large uncertainty on the last bin of Njets due to exp jet reconstruction uncertainty mainly

H→ZZ*→4l inclusive and differential 
cross-section
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More differential 
distributions…

different ggF predictions normalized to 
N3LO with the corresponding k-factors XH 

processes have been added

H→ZZ*→4l inclusive and differential 
cross-section
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Run-I/Run-II comparison 

Run-I Run-II

More bins at high-pt and gain in statistical precision.
Not enough sensitivity to different generators (yet)

H→ZZ*→4l inclusive and differential 
cross-section
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Production cross-sections in 4l channel

σ×B measured in several dedicated mutually exclusive regions of the phase space based on 
the production process. Production bins are chosen in such a way that the measurement 
precision is maximised and at the same time possible BSM contributions can be isolated.
- simple fiducial region definitions for each Higgs production mode based on Higgs kinematics 

and associated particles → match experimental categories
Advantage: cross-sections can be interpreted in terms of Higgs boson couplings, and theory 
uncertainties enter only at that stage

Two sets
of production bins considered:
Stage 0 (more inclusive ==> 

smaller
statistical uncertainty) 

and Reduced Stage 1(*)

(smaller theoretical uncertainties)

e.g. exclusive jet bins and 
pTH

(*) too fine granularity for 
precise measurements in all 
STXS Stage-1 bins => 
merge some categories
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H→4l  Stage-0 production cross-section 
measurements

Combination of Stage-0 production 
cross-section measurements:

Correlation matrix

ggF and VBF anti-correlated since VBF category
has large contribution from ggF production



To
ni

 B
ar

on
ce

lli:
 A

TL
A

S
 re

su
lts

on
 H

(1
25

) b
os

on
de

ca
ys

32

Towards Stage-1 Template XS 
measurement: 
9 categories

Stage-1 and bins merging
for intermediate Stage-1 ATLAS 

measurements 

H→4l  Stage-0 production cross-section 
measurements
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Additional details H →4l
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Measured fiducial cross-sections

H→gg inclusive and differential 
cross-section
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More differential distributions…

H→gg inclusive and differential 
cross-section
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Production cross-sections in γγ channel

The events satisfying the diphoton selection classified into 31 exclusive categories that are 
optimized for the best separation of the Higgs boson production processes and for the 
maximum sensitivity to the phase space regions defined by the stage 1 of the simplified 
template cross-section framework. A combined fit to the event reconstruction categories is 
then performed to determine nine simplified template cross sections (with |yH|< 2.5).

No sensitivity to all the 31 categories ==> 
merge categories

and fit in only 10/31 final categories
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Production cross-sections in γγ channel

68% and 95% CL  2D counters VBF vs ggF
top and VH profiled in the fit

bbH merged to ggH

Measurements agree with SM predictions
within 2σ

In general, all main production modes can be 
probed in diboson decays
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Production cross-sections in γγ channel

68% and 95% CL  2D counters VBF vs ggF
top and VH profiled in the fit

bbH merged to ggH

Measurements agree with SM predictions
within 2σ

In general, all main production modes can be 
probed in diboson decays
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Higgs boson mass - γγ channel

Systematic uncertainties 
breakdown
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Higgs boson measurements in diboson
final states - ttH

(*) currently combining only 4l and γγ channels

80 fb-1 taken at a center-of-mass energy of 13 TeV have been used to search for the ttH in the    
H → ZZ*/γγ decay channel (and combined with previous measurements using 36 fb-1)

BDT analysis used in both 
cases to discriminate 
between signal and 

backgrounds
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Had Lep

BDT distributions in ttH analysis


