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  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerNot favoured in terms of branching ratio but have other advantages

➪ Clean signal peak, fully reconstructed, extracted from well 
understood backgrounds, also in multi-jet environments

➪ Run-2:  ATLAS analyzed 36.1 fb-1 so far (2015+2016) and measured 
fiducial & differential cross-sections, couplings, mass

Measurements in diboson final states

2

➪ Can probe all major production modes (ggF,  VBF,  VH, ttH)
➪ Can measure the mass (4 , γγ), an important parameter
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Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerMeasurements in diboson final states contributed significantly 
to the understanding of the Higgs properties in Run-1
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Figure 7: Best fit values of �i · B f for each specific channel i ! H ! f , as obtained from the generic paramet-
erisation with 23 parameters for the combination of the ATLAS and CMS measurements. The error bars indicate
the 1� intervals. The fit results are normalised to the SM predictions for the various parameters and the shaded
bands indicate the theoretical uncertainties in these predictions. Only 20 parameters are shown because some are
either not measured with a meaningful precision, in the case of the H ! ZZ decay channel for the WH, ZH, and
ttH production processes, or not measured at all and therefore fixed to their corresponding SM predictions, in the
case of the H ! bb decay mode for the ggF and VBF production processes.
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See talks by              
D. Sperka,  S. Menary
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerNot favoured in terms of branching ratio but have other advantages

➪ Clean signal peak, fully reconstructed, extracted from well 
understood backgrounds, also in multi-jet environments

➪ Run-2:  ATLAS analyzed 36.1 fb-1 so far (2015+2016) and measured 
fiducial & differential cross-sections, couplings, mass

New Run-2 
measurements

Measurements in diboson final states
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➪ Can probe all major production modes (ggF,  VBF,  VH, ttH)
➪ Can measure the mass (4 , γγ), an important parameter
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Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerMeasurements in diboson final states contributed significantly 
to the understanding of the Higgs properties in Run-1
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Combination of cross-sections

H⇾γγ H⇾ZZ*⇾4ℓ H⇾WW*⇾ℓνℓ’ν’ 
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(a) Njet = 0 WW CR
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(b) Njet = 1 WW CR
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(c) Njet = 0 top-quark CR
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(e) Njet = 0 Z ! ⌧⌧ CR
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Figure 7: Post-fit mT distributions with signal and background expectations in the Njet = 0 and Njet = 1 control regions
for the WW , top-quark, and Z ! ⌧⌧ processes. The SM Higgs boson signal prediction shown is summed over all
production processes. The hatched band shows the sum in quadrature of statistical and systematic uncertainties of
the predictions taking into account the pulls and data-constraints of the nuisance parameters, and the correlations
between the fit regions.
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➪ Signal consists of two prompt isolated leptons produced 
with a small opening angle and missing transverse energy
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerGoal is to probe the Higgs production modes
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Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerStudy ggF and VBF production
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Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerEvents with 0,1 and ≥2 jets studied separately (0,1j for ggF, ≥2j for VBF, pTjet>30 GeV)
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerSuppressing the background and constraining its normalization are key elements
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerDifferences with the Run-1 analysis


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometer0j: b-jet veto (20<pTjet<30 GeV) for suppression of top 
background (large increase in Run-2 due to larger √s)    
and additional control region to constrain its normalization
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometere+e-/μ+μ- not included; small significance because of 
larger DY background

H→WW* production measurements
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Figure 1: Feynman diagrams for the leading production modes (ggF, VBF, and VH). The V represents a W or Z
vector boson.

W+ H W�

⌫

`+ `�

⌫̄

Figure 2: Illustration of the hwwlnln decay. The small arrows indicate the particles’ directions of motion and the
large double arrows indicate their spin projections. The spin-0 Higgs boson decays to W bosons with opposite spins,
and the spin-1 W bosons decay into leptons with aligned spins. The H and W decays are shown in the decaying
particle’s rest frame. Because of the V � A decay of the W bosons, the charged leptons have a small opening angle
in the laboratory frame. This feature is also present when one W boson is o� its mass shell.

The analysis identifies SM Higgs boson candidates by starting from data with two isolated charged320

opposite-sign and di�erent flavour leptons (eµ, µe). Missing transverse energy Emiss
T due to the presence321

of neutrinos in the final state is also required, except for the VBF channel. Kinematic properties of the322

dilepton system are also used to identify the SM Higgs boson. The SM Higgs boson has spin zero, hence323

the W bosons produced by the decay have their spin, anti-aligned. This propagates to the W’s decay324

products through the conservation of angular momentum and the structure of the weak interactions. Due325

to the spin correlations, the angle between the charged leptons is relatively small.326

The VBF and ggF production modes are distinguished by requirements on jet multiplicity and kinematic327

variables. While for ggF, the jets are produced via the parton radiation from the initial state partons, the328

VBF production mode has two highly energetic jets from the initial state quarks.329

The leading-order production processes are depicted in Figure 1.330

Figure 2 presents an illustration of the hwwlnln decay.331

The composition of this dataset as a function of the number of jets is presented in Figure 3.332

23rd February 2018 – 09:52 14

ATLAS-CONF-2018-004

0-jet top CR
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Figure 8: Post-fit m`` and ��`` distributions with signal and background predictions in the VBF signal region. The
blue dashed line shows the VBF signal scaled by a factor of 30. The hatched band shows the sum in quadrature of
statistical and systematic uncertainties of the predictions taking into account the pulls and data-constraints of the
nuisance parameters, and the correlations between the fit regions.
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Figure 9: Post-fit�y j j distribution with signal and background predictions in the VBF top-quark and Z ! ⌧⌧ control
regions. The hatched band shows the sum in quadrature of statistical and systematic uncertainties of the predictions
taking into account the pulls and data-constraints of the nuisance parameters, and the correlations between the fit
regions.
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(a) Njet = 0 WW CR
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(b) Njet = 1 WW CR
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(c) Njet = 0 top-quark CR
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(d) Njet = 1 top-quark CR
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Figure 7: Post-fit mT distributions with signal and background expectations in the Njet = 0 and Njet = 1 control regions
for the WW , top-quark, and Z ! ⌧⌧ processes. The SM Higgs boson signal prediction shown is summed over all
production processes. The hatched band shows the sum in quadrature of statistical and systematic uncertainties of
the predictions taking into account the pulls and data-constraints of the nuisance parameters, and the correlations
between the fit regions.
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Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerDominant processes: WW, tt/tW, Z/γ*→ττ


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerMis-identified leptons / W+jets


➪ Evaluated with data using a fake-
factor (FF) method; FFs determined from 
Z+jets data and corrected for expected 
differences with W+jets (i.e. jet flavour)
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Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerOther dibosons (WZ, ZZ, Wγ)


➪ Evaluated with MC simulation normalized to best prediction
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Figure 7: Post-fit mT distributions with signal and background expectations in the Njet = 0 and Njet = 1 control regions
for the WW , top-quark, and Z ! ⌧⌧ processes. The SM Higgs boson signal prediction shown is summed over all
production processes. The hatched band shows the sum in quadrature of statistical and systematic uncertainties of
the predictions taking into account the pulls and data-constraints of the nuisance parameters, and the correlations
between the fit regions.
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Figure 7: Post-fit mT distributions with signal and background expectations in the Njet = 0 and Njet = 1 control regions
for the WW , top-quark, and Z ! ⌧⌧ processes. The SM Higgs boson signal prediction shown is summed over all
production processes. The hatched band shows the sum in quadrature of statistical and systematic uncertainties of
the predictions taking into account the pulls and data-constraints of the nuisance parameters, and the correlations
between the fit regions.
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➪ Normalization constrained from data 
in dedicated control regions (CRs)
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  I. Nomidis, LPNHE-Paris                        Higgs Measurements in the di-boson final state
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Figure 4: Post-fit combined transverse mass distribution for Njet  1. The SM Higgs boson signal prediction shown is
summed over all production processes. The bottom pad shows the residuals of the data with respect to the estimated
background compared to the distribution for a SM Higgs boson with mH = 125 GeV. The background and signal
processes are normalised to the result of the statistical analysis. The hatched band shows the sum in quadrature of
statistical and systematic uncertainties of the signal and background predictions taking into account the pulls and
data-constraints of the nuisance parameters, and the correlations between the fit regions.

is 0.2137 ± 0.99%(TH)+0.99%
�0.98%(PU(mq))+0.66%

�0.63%(PU(↵S)) [62]. The central value is the product of µ and180

the predicted SM cross section time branching fraction. The resulting cross sections times branching181

fractions are simultaneously determined to be182

�ggF · BH!WW ⇤ = 12.6+1.3
�1.2(stat.)+1.9

�1.8 (sys.) pb = 12.6+2.3
�2.1 pb

�VBF · BH!WW ⇤ = 0.50+0.24
�0.23(stat.) ± 0.18(sys.) pb = 0.50+0.30

�0.29 pb.

The predicted cross section times branching fraction values are 10.4±0.6 pb and 0.81±0.02 pb for ggF and183

VBF [62], respectively. The observed (expected) significances of ggF and VBF productions are 6.3 (5.2)184

standard deviations and 1.9 (2.7) standard deviations, respectively. When determining the significance for185

the VBF production, the ggF production is profiled, and vice-versa. The 68% and 95% confidence level186

two-dimensional contours of �ggF · BH!WW ⇤ and �VBF · BH!WW ⇤ are shown in Figure 5.187

The measurement of the ggF and VBF cross-sections are in agreement with the SM predictions within188

1�.189
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Figure 2: Post-fit mT distributions with signal and background predictions in the Njet = 0 and Njet = 1 signal regions.
The SM Higgs boson signal prediction shown is summed over all production processes. The hatched band shows
the sum in quadrature of statistical and systematic uncertainties of the signal and background predictions taking into
account the pulls and data-constraints of the nuisance parameters, and the correlations between the fit regions.
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Figure 3: Post-fit BDT score distribution with the signal and the background predictions in the VBF SR. The
blue dashed line shows the expected VBF signal scaled by a factor of 30. The hatched band shows the sum in
quadrature of statistical and systematic uncertainties of the background predictions taking into account the pulls and
data-constraints of the nuisance parameters, and the correlations between the fit regions.

The uncertainty on the cross section with similar acceptance cuts to this analysis has been evaluated in167

Ref. [61] for Njet = 0 and Njet = 1, respectively. The QCD scale uncertainties of the ggF contamination168

in the VBF region is one of the leading uncertainties on the measured VBF cross-section of the order of169

15%. The uncertainty due to limited MC statistics also has a relatively large impact, especially for the170

VBF cross-section measurement where it contributes 23%. Table 5 shows the relative impact of the main171

uncertainties on the measured value of the �ggF and �VBF.172

Figure 4 shows the combined mT distribution for Njet  1. To illustrate the significance of the excess of173

events observed in data with respect to the total background, the systematic uncertainty on the signal is174

omitted. The bottom pad of Figure 4 shows the residuals of the data with respect to the total estimated175
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Figure 2: Post-fit mT distributions with signal and background predictions in the Njet = 0 and Njet = 1 signal regions.
The SM Higgs boson signal prediction shown is summed over all production processes. The hatched band shows
the sum in quadrature of statistical and systematic uncertainties of the signal and background predictions taking into
account the pulls and data-constraints of the nuisance parameters, and the correlations between the fit regions.
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The uncertainty on the cross section with similar acceptance cuts to this analysis has been evaluated in167

Ref. [61] for Njet = 0 and Njet = 1, respectively. The QCD scale uncertainties of the ggF contamination168

in the VBF region is one of the leading uncertainties on the measured VBF cross-section of the order of169

15%. The uncertainty due to limited MC statistics also has a relatively large impact, especially for the170

VBF cross-section measurement where it contributes 23%. Table 5 shows the relative impact of the main171

uncertainties on the measured value of the �ggF and �VBF.172

Figure 4 shows the combined mT distribution for Njet  1. To illustrate the significance of the excess of173

events observed in data with respect to the total background, the systematic uncertainty on the signal is174

omitted. The bottom pad of Figure 4 shows the residuals of the data with respect to the total estimated175
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The SM Higgs boson signal prediction shown is summed over all production processes. The hatched band shows
the sum in quadrature of statistical and systematic uncertainties of the signal and background predictions taking into
account the pulls and data-constraints of the nuisance parameters, and the correlations between the fit regions.
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The uncertainty on the cross section with similar acceptance cuts to this analysis has been evaluated in167

Ref. [61] for Njet = 0 and Njet = 1, respectively. The QCD scale uncertainties of the ggF contamination168

in the VBF region is one of the leading uncertainties on the measured VBF cross-section of the order of169

15%. The uncertainty due to limited MC statistics also has a relatively large impact, especially for the170

VBF cross-section measurement where it contributes 23%. Table 5 shows the relative impact of the main171

uncertainties on the measured value of the �ggF and �VBF.172

Figure 4 shows the combined mT distribution for Njet  1. To illustrate the significance of the excess of173

events observed in data with respect to the total background, the systematic uncertainty on the signal is174

omitted. The bottom pad of Figure 4 shows the residuals of the data with respect to the total estimated175
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The signal yields and cross sections are obtained from a statistical analysis of the data samples using a82

maximum likelihood function. The signal strength parameter µ is defined as the ratio of the measured83

signal yield to the expected SM value. CRs are used to determine the normalisation of the corresponding84

backgrounds. For ggF, 16 SR categories are defined: two bins in m``, two regions in pT of the sub-leading85

lepton and two regions corresponding to the subleading lepton flavour. The Run 1 categorisation, see [30],86

is adopted, except that the pT of the sub-leading lepton is larger than 15 GeV. The transverse mass mT,87

defined as mT =
q

(Ell
T + Emiss

T )2 � |pll
T + Emiss

T |2 where Ell =
q
|pll |2 + m2

ll
and pll

T is the vector sum88

of the lepton transverse momenta, is used as the discriminant variable using 8 bins for Njet = 0 and 6 bins89

for Njet = 1. For the VBF analysis, one signal region is defined. The BDT output is used as discriminant90

variable using 4 bins. The signal purity increases with increasing value of BDT, so the bin widths decrease91

accordingly. The bin boundaries are chosen to maximise the expected sensitivity for measuring the VBF92

production mode.93

The mT distributions for Njet = 0 and Njet = 1 SRs are shown in Figure 1. The BDT distribution for VBF94

enriched region is presented in Figure 2. Table 2 shows the post-fit yields for all of the three signal95

regions.96
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Figure 1: mT distributions in the Njet = 0 and Njet = 1 signal region. PLACEHOLDER.
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Figure 2: BDT output distributions in the VBF signal region.

The systematic uncertainties enter the fit as nuisance parameters in the likelihood function. The sources of97

uncertainty can be classified into two categories: experimental and theoretical modeling. The dominant98
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Table 5: Breakdown of the main contributions to the total uncertainty in �ggF and �VBF. The sum in quadrature of
the individual components di�ers from the total uncertainty due to correlations between the components.

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
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Figure 4: Post-fit combined transverse mass distribution for Njet  1. The bottom pad shows the residuals of the
data with respect to the estimated background compared to the expected distribution for a SM Higgs boson with
mH = 125 GeV. The background and signal processes are normalised to the result of the statistical analysis.

is 0.2137 [49]. The central value is the product of µ and the predicted cross section used to define it.158

The uncertainties are similarly scaled, except for the theoretical uncertainties related to the total predicted159

signal yield, which do not apply to this measurement. The resulting cross sections times branching160

fractions are161

�ggF · BH!WW ⇤ = 12.6+1.3
�1.2(stat.)+1.9

�1.8 (sys.) pb = 12.6+2.3
�2.1 pb

�VBF · BH!WW ⇤ = 0.50+0.24
�0.23(stat.) ± 0.18(sys.) pb = 0.50+0.30

�0.29 pb.
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➪ Experimental uncertainties 
under control (<10%)

➪ Sizeable theoretical 
uncertainties mainly from 
modelling (parton showers, 
missing higher orders)
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Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerggF measurement combines 16 categories                                                                                         
(2 in mℓℓ) × (2 in pTℓ2) × (eμ/μe) × (0/1 jet)
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•  Offline Data Quality Monitoring software for the muon spectrometerDiscriminant:
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Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerVBF production measurement with BDT discriminant
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Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerBDT built from: jet/ℓ kinematics, mjj, mℓℓ, Δyjj , Δφℓℓ
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Figure 5: 68% and 95% confidence level two-dimensional likelihood contours of �ggF · BH!WW ⇤ vs. �VBF ·
BH!WW ⇤ , compared to the Standard Model prediction (red cross).
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Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerSignal strength:

H→WW*:  results
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Observed'results' Expected'results'

➪ Uncertainties in good agreement with expectations

Table 8: Best fit values of�i ·B f for each specific channel i! H ! f , as obtained from the generic parameterisation
with 23 parameters for the combination of the ATLAS and CMS measurements, using the

p
s = 7 and 8 TeV data.

The cross sections are given for
p

s = 8 TeV, assuming the SM values for �i(7 TeV)/�i(8 TeV). The results are
shown together with their total uncertainties and their breakdown into statistical and systematic components. The
expected uncertainties in the measurements are displayed in parentheses. The SM predictions [32] and the ratios
of the results to these SM predictions are also shown. The values labelled with a "�" are either not measured with
a meaningful precision and therefore not quoted, in the case of the H ! ZZ decay channel for the WH, ZH, and
ttH production processes, or not measured at all and therefore fixed to their corresponding SM predictions, in the
case of the H ! bb decay mode for the ggF and VBF production processes.

Production
process

Decay mode

H ! �� [fb] H ! ZZ [fb] H ! WW [pb] H ! ⌧⌧ [fb] H ! bb [pb]

Best fit Uncertainty Best fit Uncertainty Best fit Uncertainty Best fit Uncertainty Best fit Uncertainty
value Stat Syst value Stat Syst value Stat Syst value Stat Syst value Stat Syst

ggF Measured 48.0 +10.0
�9.7

+9.4
�9.4

+3.2
�2.3 580 +170

�160
+170
�160

+40
�40 3.5 +0.7

�0.7
+0.5
�0.5

+0.5
�0.5 1300 +700

�700
+400
�400

+500
�500 �

⇣

+9.7
�9.5

⌘ ⇣

+9.4
�9.4

⌘ ⇣

+2.5
�1.6

⌘ ⇣

+150
�130

⌘ ⇣

+140
�130

⌘ ⇣

+30
�20

⌘ ⇣

+0.7
�0.7

⌘ ⇣

+0.5
�0.5

⌘ ⇣

+0.5
�0.5

⌘ ⇣

+700
�700

⌘ ⇣

+400
�400

⌘ ⇣

+500
�500

⌘

�
Predicted 44 ±5 510 ±60 4.1 ±0.5 1210 ±140 11.0 ±1.2

Ratio 1.10 +0.23
�0.22

+0.22
�0.21

+0.07
�0.05 1.13 +0.34

�0.31
+0.33
�0.30

+0.09
�0.07 0.84 +0.17

�0.17
+0.12
�0.12

+0.12
�0.11 1.0 +0.6

�0.6
+0.4
�0.4

+0.4
�0.4 �

VBF Measured 4.6 +1.9
�1.8

+1.8
�1.7

+0.6
�0.5 3 +46

�26
+46
�25

+7
�7 0.39 +0.14

�0.13
+0.13
�0.12

+0.07
�0.05 125 +39

�37
+34
�32

+19
�18 �

⇣

+1.8
�1.6

⌘ ⇣

+1.7
�1.6

⌘ ⇣

+0.5
�0.4

⌘ ⇣

+60
�39

⌘ ⇣

+60
�39

⌘ ⇣

+8
�5

⌘ ⇣

+0.15
�0.13

⌘ ⇣

+0.13
�0.12

⌘ ⇣

+0.07
�0.06

⌘ ⇣

+39
�37

⌘ ⇣

+34
�32

⌘ ⇣

+19
�18

⌘

�
Predicted 3.60 ±0.20 42.2 ±2.0 0.341 ±0.017 100 ±6 0.91 ±0.04

Ratio 1.3 +0.5
�0.5

+0.5
�0.5

+0.2
�0.1 0.1 +1.1

�0.6
+1.1
�0.6

+0.2
�0.2 1.2 +0.4

�0.4
+0.4
�0.3

+0.2
�0.2 1.3 +0.4

�0.4
+0.3
�0.3

+0.2
�0.2 �

WH Measured 0.7 +2.1
�1.9

+2.1
�1.8

+0.3
�0.3 � 0.24 +0.18

�0.16
+0.15
�0.14

+0.10
�0.08 �64 +64

�61
+55
�50

+32
�34 0.42 +0.21

�0.20
+0.17
�0.16

+0.12
�0.11

⇣

+1.9
�1.8

⌘ ⇣

+1.9
�1.8

⌘ ⇣

+0.1
�0.1

⌘

�
⇣

+0.16
�0.14

⌘ ⇣

+0.14
�0.13

⌘ ⇣

+0.08
�0.07

⌘ ⇣

+67
�64

⌘ ⇣

+60
�54

⌘ ⇣

+30
�32

⌘ ⇣

+0.22
�0.21

⌘ ⇣

+0.18
�0.17

⌘ ⇣

+0.12
�0.11

⌘

Predicted 1.60 ±0.09 18.8 ±0.9 0.152 ±0.007 44.3 ±2.8 0.404 ±0.017

Ratio 0.5 +1.3
�1.2

+1.3
�1.1

+0.2
�0.2 � 1.6 +1.2

�1.0
+1.0
�0.9

+0.6
�0.5 �1.4 +1.4

�1.4
+1.2
�1.1

+0.7
�0.8 1.0 +0.5

�0.5
+0.4
�0.4

+0.3
�0.3

ZH Measured 0.5 +2.9
�2.4

+2.8
�2.3

+0.5
�0.2 � 0.53 +0.23

�0.20
+0.21
�0.19

+0.10
�0.07 58 +56

�47
+52
�44

+20
�16 0.08 +0.09

�0.09
+0.08
�0.08

+0.04
�0.04

⇣

+2.3
�1.9

⌘ ⇣

+2.3
�1.9

⌘ ⇣

+0.1
�0.1

⌘

�
⇣

+0.17
�0.14

⌘ ⇣

+0.16
�0.14

⌘ ⇣

+0.05
�0.04

⌘ ⇣

+49
�40

⌘ ⇣

+46
�38

⌘ ⇣

+16
�12

⌘ ⇣

+0.10
�0.09

⌘ ⇣

+0.09
�0.08

⌘ ⇣

+0.05
�0.04

⌘

Predicted 0.94 ±0.06 11.1 ±0.6 0.089 ±0.005 26.1 ±1.8 0.238 ±0.012

Ratio 0.5 +3.0
�2.5

+3.0
�2.5

+0.5
�0.2 � 5.9 +2.6

�2.2
+2.3
�2.1

+1.1
�0.8 2.2 +2.2

�1.8
+2.0
�1.7

+0.8
�0.6 0.4 +0.4

�0.4
+0.3
�0.3

+0.2
�0.2

ttH Measured 0.64 +0.48
�0.38

+0.48
�0.38

+0.07
�0.04 � 0.14 +0.05

�0.05
+0.04
�0.04

+0.03
�0.03 �15 +30

�26
+26
�22

+15
�15 0.08 +0.07

�0.07
+0.04
�0.04

+0.06
�0.06

⇣

+0.45
�0.34

⌘ ⇣

+0.44
�0.33

⌘ ⇣

+0.10
�0.05

⌘

�
⇣

+0.04
�0.04

⌘ ⇣

+0.04
�0.04

⌘ ⇣

+0.02
�0.02

⌘ ⇣

+31
�26

⌘ ⇣

+26
�22

⌘ ⇣

+16
�13

⌘ ⇣

+0.07
�0.06

⌘ ⇣

+0.04
�0.04

⌘ ⇣

+0.06
�0.05

⌘

Predicted 0.294 ±0.035 3.4 ±0.4 0.0279 ±0.0032 8.1 ±1.0 0.074 ±0.008

Ratio 2.2 +1.6
�1.3

+1.6
�1.3

+0.2
�0.1 � 5.0 +1.8

�1.7
+1.5
�1.5

+1.0
�0.9 �1.9 +3.7

�3.3
+3.2
�2.7

+1.9
�1.8 1.1 +1.0

�1.0
+0.5
�0.5

+0.8
�0.8

five production processes (ggF, VBF, WH, ZH, and ttH) and five decay modes (H ! ZZ, H ! WW,
H ! ��, H ! ⌧⌧, and H ! bb). The combined fit results can be presented as a function of nine
parameters of interest: one reference cross section times branching fraction, �(gg ! H ! ZZ), four
ratios of production cross sections, �i/�ggF, and four ratios of branching fractions, B f /BZZ , as reported
in the left column of Table 6.
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Table 8: Best fit values of�i ·B f for each specific channel i! H ! f , as obtained from the generic parameterisation
with 23 parameters for the combination of the ATLAS and CMS measurements, using the

p
s = 7 and 8 TeV data.

The cross sections are given for
p

s = 8 TeV, assuming the SM values for �i(7 TeV)/�i(8 TeV). The results are
shown together with their total uncertainties and their breakdown into statistical and systematic components. The
expected uncertainties in the measurements are displayed in parentheses. The SM predictions [32] and the ratios
of the results to these SM predictions are also shown. The values labelled with a "�" are either not measured with
a meaningful precision and therefore not quoted, in the case of the H ! ZZ decay channel for the WH, ZH, and
ttH production processes, or not measured at all and therefore fixed to their corresponding SM predictions, in the
case of the H ! bb decay mode for the ggF and VBF production processes.

Production
process

Decay mode

H ! �� [fb] H ! ZZ [fb] H ! WW [pb] H ! ⌧⌧ [fb] H ! bb [pb]

Best fit Uncertainty Best fit Uncertainty Best fit Uncertainty Best fit Uncertainty Best fit Uncertainty
value Stat Syst value Stat Syst value Stat Syst value Stat Syst value Stat Syst

ggF Measured 48.0 +10.0
�9.7

+9.4
�9.4

+3.2
�2.3 580 +170

�160
+170
�160

+40
�40 3.5 +0.7

�0.7
+0.5
�0.5

+0.5
�0.5 1300 +700

�700
+400
�400

+500
�500 �

⇣

+9.7
�9.5

⌘ ⇣

+9.4
�9.4

⌘ ⇣

+2.5
�1.6

⌘ ⇣

+150
�130

⌘ ⇣

+140
�130

⌘ ⇣

+30
�20

⌘ ⇣

+0.7
�0.7

⌘ ⇣

+0.5
�0.5

⌘ ⇣

+0.5
�0.5

⌘ ⇣

+700
�700

⌘ ⇣

+400
�400

⌘ ⇣

+500
�500

⌘

�
Predicted 44 ±5 510 ±60 4.1 ±0.5 1210 ±140 11.0 ±1.2

Ratio 1.10 +0.23
�0.22

+0.22
�0.21

+0.07
�0.05 1.13 +0.34

�0.31
+0.33
�0.30

+0.09
�0.07 0.84 +0.17

�0.17
+0.12
�0.12

+0.12
�0.11 1.0 +0.6

�0.6
+0.4
�0.4

+0.4
�0.4 �

VBF Measured 4.6 +1.9
�1.8

+1.8
�1.7

+0.6
�0.5 3 +46

�26
+46
�25

+7
�7 0.39 +0.14

�0.13
+0.13
�0.12

+0.07
�0.05 125 +39

�37
+34
�32

+19
�18 �

⇣

+1.8
�1.6

⌘ ⇣

+1.7
�1.6

⌘ ⇣

+0.5
�0.4

⌘ ⇣

+60
�39

⌘ ⇣

+60
�39

⌘ ⇣

+8
�5

⌘ ⇣

+0.15
�0.13

⌘ ⇣

+0.13
�0.12

⌘ ⇣

+0.07
�0.06

⌘ ⇣

+39
�37

⌘ ⇣

+34
�32

⌘ ⇣

+19
�18

⌘

�
Predicted 3.60 ±0.20 42.2 ±2.0 0.341 ±0.017 100 ±6 0.91 ±0.04

Ratio 1.3 +0.5
�0.5

+0.5
�0.5

+0.2
�0.1 0.1 +1.1

�0.6
+1.1
�0.6

+0.2
�0.2 1.2 +0.4

�0.4
+0.4
�0.3

+0.2
�0.2 1.3 +0.4

�0.4
+0.3
�0.3

+0.2
�0.2 �

WH Measured 0.7 +2.1
�1.9

+2.1
�1.8

+0.3
�0.3 � 0.24 +0.18

�0.16
+0.15
�0.14

+0.10
�0.08 �64 +64

�61
+55
�50

+32
�34 0.42 +0.21

�0.20
+0.17
�0.16

+0.12
�0.11

⇣

+1.9
�1.8

⌘ ⇣

+1.9
�1.8

⌘ ⇣

+0.1
�0.1

⌘

�
⇣

+0.16
�0.14

⌘ ⇣

+0.14
�0.13

⌘ ⇣

+0.08
�0.07

⌘ ⇣

+67
�64

⌘ ⇣

+60
�54

⌘ ⇣

+30
�32

⌘ ⇣

+0.22
�0.21

⌘ ⇣

+0.18
�0.17

⌘ ⇣

+0.12
�0.11

⌘

Predicted 1.60 ±0.09 18.8 ±0.9 0.152 ±0.007 44.3 ±2.8 0.404 ±0.017

Ratio 0.5 +1.3
�1.2

+1.3
�1.1

+0.2
�0.2 � 1.6 +1.2

�1.0
+1.0
�0.9

+0.6
�0.5 �1.4 +1.4

�1.4
+1.2
�1.1

+0.7
�0.8 1.0 +0.5

�0.5
+0.4
�0.4

+0.3
�0.3

ZH Measured 0.5 +2.9
�2.4

+2.8
�2.3

+0.5
�0.2 � 0.53 +0.23

�0.20
+0.21
�0.19

+0.10
�0.07 58 +56

�47
+52
�44

+20
�16 0.08 +0.09

�0.09
+0.08
�0.08

+0.04
�0.04

⇣

+2.3
�1.9

⌘ ⇣

+2.3
�1.9

⌘ ⇣

+0.1
�0.1

⌘

�
⇣

+0.17
�0.14

⌘ ⇣

+0.16
�0.14

⌘ ⇣

+0.05
�0.04

⌘ ⇣

+49
�40

⌘ ⇣

+46
�38

⌘ ⇣

+16
�12

⌘ ⇣

+0.10
�0.09

⌘ ⇣

+0.09
�0.08

⌘ ⇣

+0.05
�0.04

⌘

Predicted 0.94 ±0.06 11.1 ±0.6 0.089 ±0.005 26.1 ±1.8 0.238 ±0.012

Ratio 0.5 +3.0
�2.5

+3.0
�2.5

+0.5
�0.2 � 5.9 +2.6

�2.2
+2.3
�2.1

+1.1
�0.8 2.2 +2.2

�1.8
+2.0
�1.7

+0.8
�0.6 0.4 +0.4

�0.4
+0.3
�0.3

+0.2
�0.2

ttH Measured 0.64 +0.48
�0.38

+0.48
�0.38

+0.07
�0.04 � 0.14 +0.05

�0.05
+0.04
�0.04

+0.03
�0.03 �15 +30

�26
+26
�22

+15
�15 0.08 +0.07

�0.07
+0.04
�0.04

+0.06
�0.06

⇣

+0.45
�0.34

⌘ ⇣

+0.44
�0.33

⌘ ⇣

+0.10
�0.05

⌘

�
⇣

+0.04
�0.04

⌘ ⇣

+0.04
�0.04

⌘ ⇣

+0.02
�0.02

⌘ ⇣

+31
�26

⌘ ⇣

+26
�22

⌘ ⇣

+16
�13

⌘ ⇣

+0.07
�0.06

⌘ ⇣

+0.04
�0.04

⌘ ⇣

+0.06
�0.05

⌘

Predicted 0.294 ±0.035 3.4 ±0.4 0.0279 ±0.0032 8.1 ±1.0 0.074 ±0.008

Ratio 2.2 +1.6
�1.3

+1.6
�1.3

+0.2
�0.1 � 5.0 +1.8

�1.7
+1.5
�1.5

+1.0
�0.9 �1.9 +3.7

�3.3
+3.2
�2.7

+1.9
�1.8 1.1 +1.0

�1.0
+0.5
�0.5

+0.8
�0.8

five production processes (ggF, VBF, WH, ZH, and ttH) and five decay modes (H ! ZZ, H ! WW,
H ! ��, H ! ⌧⌧, and H ! bb). The combined fit results can be presented as a function of nine
parameters of interest: one reference cross section times branching fraction, �(gg ! H ! ZZ), four
ratios of production cross sections, �i/�ggF, and four ratios of branching fractions, B f /BZZ , as reported
in the left column of Table 6.
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CMS

21

3-lep categories are presented respectively in Figures 6, 7, and 8. The signal strengths, s/sSM,
measured by means of a multidimensional fit, are summarized separately for each category in
Table 4, combining 2015 and 2016 data.

category significance s/sSM
0-jet 2.7 (2.9) 0.9 +0.4

�0.3

1-jet 2.1 (2.5) 1.1 +0.4
�0.4

2-jet 2.0 (1.0) 1.3 +1.0
�1.0

VBF 2-jet 2.2 (1.5) 1.4 +0.8
�0.8

VH 2-jet 1.0 (0.4) 2.1 +2.3
�2.2

WH 3-lep 0.0 (0.5) -1.4 +1.5
�1.5

combination 4.3 (4.1) 1.05 +0.27
�0.25

Table 4: Observed (and expected) significance and signal strength for the SM Higgs boson with
a mass of 125 GeV, for the 0-jet, 1-jet, 2-jet, VBF, VH 2-jets, WH 3-lep categories.

Combining with the 2015 result [16] the observed (expected) significance is 4.3s (4.1s) for a SM
Higgs boson with a mass of 125 GeV. The corresponding best fit signal strength, s/sSM, which
is the ratio of the measured H!WW! enµn signal yield to the expectation for the SM Higgs
boson is 1.05 ± 0.26 ( 0.25 ± 0.03 (theory) ±0.07 (systematic) ).

A deficit with respect to the SM expectation has been observed in 2015 data (s/sSM = 0.75 ±
0.45), while an excess has been observed in 2016 data (s/sSM = 1.33 ± 0.33). The combined
signal strength is constrained both by 2015 and 2016 data, due to a strong correlation among
nuisances in the two data-taking periods, such as background normalization in the different
categories, and the reach of systematic limited precision for the normalization of backgrounds
by means of control regions.

In order to visualise the final results in the most performing categories, a weighted plot of m`` is
shown in Figure 12, following what done in [15]. For each window in mH

T , and for each category
and data taking period, a weight is calculated as the ratio of the expected signal to the sum of
background events. The different m`` distributions in windows in mH

T , and for each category,
are then summed and normalized to the expected total signal yield. The same procedure is
performed on data and on MC distributions, and the background subtracted data distributions
are shown as well in Figure 12 (right), where the red line is the expected signal distribution: the
observed distributions show good agreement with the expected Higgs boson distributions.

A good separation between the gluon fusion production and the other contributions is impor-
tant in order to to explore the Higgs boson couplings. In gluon fusion production, the Higgs
coupling to fermions is involved in the virtual loop; whereas for other production mechanisms,
the tree-level couplings to vector bosons play a central role. The likelihood scan for the sig-
nal strength modifiers associated with production modes dominated by couplings to fermions
(µggH), and vector bosons (µVBF/VH) is shown in Figure 13.
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Table 4: Post-fit MC and data yields in ggF and VBF SRs. The yields and the uncertainties take into account
the pulls and data-constraints of the nuisance parameters, and the correlations between the fit regions and the
background processes. The quoted uncertainties include the theoretical and experimental systematic sources and
those due to sample statistics. The sum of all the contributions may di�er from the total value due to rounding. In
the determination of the uncertainties on the total background correlations have been taken into account.

Process Njet = 0 SR Njet = 1 SR VBF SR

ggF 680 ± 110 303 ± 52 37± 13
VBF 6.8± 0.8 30.0± 1.9 30± 16

WW 2960 ± 670 1020 ± 390 386± 59
Other VV 323 ± 34 204 ± 30 71± 14
Top-quark 580 ± 128 1400 ± 180 1234± 89
W+jets 471 ± 80 246 ± 50 109± 38
Z+jets 27 ± 10 76 ± 22 298± 42

Total background 5062 ± 67 3290 ± 51 2138± 47
Observed 5089 3264 2164

sources of uncertainty are lepton energy (momentum) scale and resolution, identification and isolation134

criteria [31, 44, 45], missing transverse momentum estimation [38], modeling of pile-up, and luminos-135

ity measurement [46]. The luminosity uncertainty is only applied to background processes which are136

normalised to the theory prediction and to the signal processes. For the main processes, the theoretical137

uncertainties are assessed by a comparison between nominal and alternative event generators and parton138

shower model, as indicated in Table 1. For the prediction of other VV production, variations of the match-139

ing scale are considered instead of an alternative generator. In addition, variations of the factorization and140

renormalization QCD scales, and the PDF model uncertainties are evaluated. The theory uncertainties141

on the non-resonant WW background represents one of the largest uncertainties of the order of 5% on142

the measured ggF cross-section. The uncertainties on the ratio of gg ! WW over qq ! WW comes143

from limited NLO accuracy of the gg ! WW production cross section [47]. The uncertainty on the144

cross section with similar acceptance cuts to this analysis has been evaluated in Ref. [48] for Njet = 0 and145

Njet = 1, respectively. The QCD scale uncertainties of the ggF contamination in the VBF region is one of146

the leading uncertainties on the measured VBF cross-section of the orde of 15%. The uncertainty due to147

limited MC statistics also has a relatively large impact, especially for the VBF cross-section measurement148

where it contributes 23%. Table 5 shows the relative impact of the main uncertainties on the measured149

value of the �ggF and �VBF.150

Figure 4 shows the combined mT distribution for Njet  1. To illustrate the significance of the excess of151

events observed in data with respect to the total background, the systematic uncertainty on the signal is152

omitted. The bottom pad of Figure 4 shows the residuals of the data with respect to the total estimated153

background compared to the observed mT distribution of a SM Higgs boson with mH = 125 GeV.154

The signal strength parameter µ is defined as the ratio of the measured signal yield to the predicted SM155

value. The measured signal strengths for ggF and VBF production modes are156

µggF = 1.21+0.12
�0.11(stat.)+0.18

�0.17 (sys.) = 1.21+0.22
�0.21

µVBF = 0.62+0.30
�0.28(stat.) ± 0.22(sys.) = 0.62+0.37

�0.36.

In addition the �ggF(VBF) · BH!WW ⇤ for ggF and VBF are evaluated. The branching fraction BH!WW ⇤157
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Table 5: Breakdown of the main contributions to the total uncertainty in �ggF and �VBF. The sum in quadrature of
the individual components di�ers from the total uncertainty due to correlations between the components.

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
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Figure 4: Post-fit combined transverse mass distribution for Njet  1. The bottom pad shows the residuals of the
data with respect to the estimated background compared to the expected distribution for a SM Higgs boson with
mH = 125 GeV. The background and signal processes are normalised to the result of the statistical analysis.

is 0.2137 [49]. The central value is the product of µ and the predicted cross section used to define it.158

The uncertainties are similarly scaled, except for the theoretical uncertainties related to the total predicted159

signal yield, which do not apply to this measurement. The resulting cross sections times branching160

fractions are161

�ggF · BH!WW ⇤ = 12.6+1.3
�1.2(stat.)+1.9

�1.8 (sys.) pb = 12.6+2.3
�2.1 pb

�VBF · BH!WW ⇤ = 0.50+0.24
�0.23(stat.) ± 0.18(sys.) pb = 0.50+0.30

�0.29 pb.
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerCross-section times branching ratio:

Best H→WW* measurements

H→γγ/ZZ* combination

➪ No strong correlation      
(Estimate of ggF leakage into 
the VBF signal region is well-
constrained by the 0,1j data)

 [pb]ggFσ
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b]
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σ

 PreliminaryATLAS
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|<2.5
H
y = 125.09 GeV, |Hm
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➪ Precision as good or better than the Run-1 combination

➪ 1σ compatibility with SM prediction

New! 
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➪ Good agreement overall with the SM predictions
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Fiducial measurements  
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerInclusive:  (σ∙BR)(pp→H→f ) = Nsignal / (L∙ε)

➪ Compare with best available predictions in the phase space 
directly accessible by our detectors
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerDifferential:  d(σ∙BR)/dx ,                                                                                                                                                          
x:  pTH, yH, njets, pTj1,2, pTHjj, cosθ*, mjj, Δφjj, HT, …


➪ Observables sensitive to new physics and interesting             
for tests of the QCD calculations
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerDoubly-differential:    d2(σ∙BR)/(dpTH∙dnjets)

➪ To disentangle the large correlations between Njets and pT

H

Largely model-independent measurements; potential 
modelling bias on the corrections/unfolding procedure is 
evaluated and is insignificant in most of the bins considered

➪ Theory calculations still more precise than current 
experimental measurements

➪ Comparisons will become more interesting with more data
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Combination of the diphoton and four-lepton measurements: 
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerAssume the SM branching ratios @ mH=125.09 GeV
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerBR(Η→γγ)~0.227% ,  BR(Η→4ℓ)~0.0125%
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerAcceptance correction (fiducial → full phase 
space) calculated with MC simulated events 
generated with (N)NLO precision
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerA(Η→γγ)~50%, A(Η→4ℓ)~42%
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerfairly stable with pT and njets
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Figure 1: Acceptance factors for the extrapolation from the fiducial to the total phase space for the H ! �� decay
channel (red) and the H ! Z Z⇤ ! 4` decay channel (blue), for Higgs boson transverse momentum pH

T (a), Higgs
boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV (c), and the transverse momentum of the leading jet
pj1

T (d), including systematic uncertainties. The first bin in the pj1
T distribution corresponds to the 0-jet bin in the

Njets distribution, as indicated by the black vertical line.
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H→γγ/ΖΖ* x-sections inclusive in production 

9

σ(pp→H) = Nsignal / (L∙ε∙Α∙BRH→f )
ATLAS-CONF-2018-002
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Figure 1: Acceptance factors for the extrapolation from the fiducial to the total phase space for the H ! �� decay
channel (red) and the H ! Z Z⇤ ! 4` decay channel (blue), for Higgs boson transverse momentum pH

T (a), Higgs
boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV (c), and the transverse momentum of the leading jet
pj1

T (d), including systematic uncertainties. The first bin in the pj1
T distribution corresponds to the 0-jet bin in the

Njets distribution, as indicated by the black vertical line.
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Figure 1: Acceptance factors for the extrapolation from the fiducial to the total phase space for the H ! �� decay
channel (red) and the H ! Z Z⇤ ! 4` decay channel (blue), for Higgs boson transverse momentum pH

T (a), Higgs
boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV (c), and the transverse momentum of the leading jet
pj1

T (d), including systematic uncertainties. The first bin in the pj1
T distribution corresponds to the 0-jet bin in the

Njets distribution, as indicated by the black vertical line.
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Figure 1: Acceptance factors for the extrapolation from the fiducial to the total phase space for the H ! �� decay
channel (red) and the H ! Z Z⇤ ! 4` decay channel (blue), for Higgs boson transverse momentum pH

T (a), Higgs
boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV (c), and the transverse momentum of the leading jet
pj1

T (d), including systematic uncertainties. The first bin in the pj1
T distribution corresponds to the 0-jet bin in the

Njets distribution, as indicated by the black vertical line.
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     σ(pp→H): 57.0 +6.0-5.9 (stat.) +4.0-3.3 (syst.) pb


     theory: 55.0 ± 2.5 pb [LHC HXS WG, arXiv:1610.07922]


➪ 13 TeV measurement in perfect agreement with theory
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Figure 1: Acceptance factors for the extrapolation from the fiducial to the total phase space for the H ! �� decay
channel (red) and the H ! Z Z⇤ ! 4` decay channel (blue), for Higgs boson transverse momentum pH

T (a), Higgs
boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV (c), and the transverse momentum of the leading jet
pj1

T (d), including systematic uncertainties. The first bin in the pj1
T distribution corresponds to the 0-jet bin in the

Njets distribution.
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  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerResults in bins of pTH, yH, njets, pTj1 (anti-kt jets of pT>30 GeV)
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Combination of the diphoton and four-lepton measurements: 

  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerStatistical uncertainties ~20-30%
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerSystematics from luminosity (4%), 
background estimation (γγ, 2-6%), jet 
reconstruction experimental 
uncertainties (3-6%, >10% for njets>2)
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Figure 2: Di�erential cross sections in the full phase space measured in the H ! �� (red upward triangle) and
H ! Z Z⇤ ! 4` (blue downward triangle) decay channels, as well as the combined measurement (black circle) for
Higgs boson transverse momentum pH

T (a), Higgs boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV
(c), and the transverse momentum of the leading jet pj1

T (d). The first bin in the pj1
T distribution corresponds to the

0-jet bin in the Njets distribution, as indicated by the black vertical line. Di�erent SM predictions are overlayed,
their bands indicating the PDF uncertainties as well as uncertainties due to missing higher order corrections. The
dotted red line corresponds to the central value of the NNLOPS ggF prediction, scaled to the N3LO cross section.
The uncertainties due to higher order on the NNLOPS prediction are obtained as in Refs. [10, 11, 75]. For (c),
the M�������5_�MC@NLO prediction is scaled to the N3LO cross section. Predictions for the other production
processes XH are added to the ggF predictions, and also shown separately as a shaded area. For better visibility, all
bins are presented in the same size, independent of their numerical width.
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Figure 2: Di�erential cross sections in the full phase space measured in the H ! �� (red upward triangle) and
H ! Z Z⇤ ! 4` (blue downward triangle) decay channels, as well as the combined measurement (black circle) for
Higgs boson transverse momentum pH

T (a), Higgs boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV
(c), and the transverse momentum of the leading jet pj1

T (d). The first bin in the pj1
T distribution corresponds to the

0-jet bin in the Njets distribution, as indicated by the black vertical line. Di�erent SM predictions are overlayed,
their bands indicating the PDF uncertainties as well as uncertainties due to missing higher order corrections. The
dotted red line corresponds to the central value of the NNLOPS ggF prediction, scaled to the N3LO cross section.
The uncertainties due to higher order on the NNLOPS prediction are obtained as in Refs. [10, 11, 75]. For (c),
the M�������5_�MC@NLO prediction is scaled to the N3LO cross section. Predictions for the other production
processes XH are added to the ggF predictions, and also shown separately as a shaded area. For better visibility, all
bins are presented in the same size, independent of their numerical width.
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Table 1: p-values in percent indicating the compatibility of the measured di�erential cross sections with various SM
predictions.

p-values [%] pH
T |yH | Njets pj1

T
NNLOPS (@N3LO) 29 92 45 5
HR�� (NNLO+NNLL) 5 – – –
R�DISH + NNLOJET 29 – – –
SCET��� – 91 – 21
M�������5_�MC@NLO (@N3LO) – – 57 –

The agreement between the two channels in the total phase space is evaluated by using a profiled likelihood168

as a function of the di�erence of the cross sections in each bin i, �i
�� � �i

4` . The number of degrees of169

freedom is the same as the number of bins in the tested distribution. The corresponding p-values indicate170

very good agreement between the results in the two channels: 58% for pH
T , 40% for |yH |, 53% for Njets171

and 67% for pj1
T .172

The compatibility of a measured cross section distribution and a theoretical prediction is evaluated by173

computing a p-value based on the di�erence between the value of �2 ln⇤ at the best-fit and the value174

obtained by fixing the cross sections in all bins to the ones predicted by the theory. These p-values do175

not include the uncertainties in the theoretical predictions, which are in most cases significantly smaller176

than the total data uncertainties. Therefore, the p-values are slightly smaller than they would be with all177

uncertainties included. Table 1 shows the resulting p-values. They indicate very good agreement between178

the probed SM predictions and most variables. The relatively low p-value for HR�� is due to the lower179

total cross section, as this prediction is at NNLO+NNLL accuracy only. The agreement between the180

measurement and the predictions is also a bit worse for pj1
T , due to larger cross sections measured for high181

jet pT.182
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Figure 2: Di�erential cross sections in the full phase space measured in the H ! �� (red upward triangle) and
H ! Z Z⇤ ! 4` (blue downward triangle) decay channels, as well as the combined measurement (black circle) for
Higgs boson transverse momentum pH

T (a), Higgs boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV (c),
and the transverse momentum of the leading jet pj1

T (d). The first bin in the pj1
T distribution corresponds to the 0-jet

bin in the Njets distribution. Di�erent SM predictions are overlayed, their bands indicating the PDF uncertainties
as well as uncertainties due to missing higher order corrections. The dotted red line corresponds to the central
value of the NNLOPS ggF prediction, scaled to the N3LO cross section. The uncertainties due to higher order
on the NNLOPS prediction are obtained as in Refs. [8, 9, 73]. For (c), the M�������5_�MC@NLO prediction
is scaled to the N3LO cross section. Predictions for the other production processes XH are added to the ggF
predictions, and also shown separately as a shaded area. For Njets two extra bins will be included in the distribution
�(Njets � 1) = 28.2+4.6

�4.3 pb and �(Njets � 2) = 12.7+2.8
�2.5 pb.
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➪ Excellent compatibility of 4 /γγ 
measurements (>40% for all observables)

p-values neglect theoretical uncertainties

New! 
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Figure 2: Di�erential cross sections in the full phase space measured in the H ! �� (red upward triangle) and
H ! Z Z⇤ ! 4` (blue downward triangle) decay channels, as well as the combined measurement (black circle) for
Higgs boson transverse momentum pH

T (a), Higgs boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV
(c), and the transverse momentum of the leading jet pj1

T (d). The first bin in the pj1
T distribution corresponds to the

0-jet bin in the Njets distribution, as indicated by the black vertical line. Di�erent SM predictions are overlayed,
their bands indicating the PDF uncertainties as well as uncertainties due to missing higher order corrections. The
dotted red line corresponds to the central value of the NNLOPS ggF prediction, scaled to the N3LO cross section.
The uncertainties due to higher order on the NNLOPS prediction are obtained as in Refs. [10, 11, 75]. For (c),
the M�������5_�MC@NLO prediction is scaled to the N3LO cross section. Predictions for the other production
processes XH are added to the ggF predictions, and also shown separately as a shaded area. For better visibility, all
bins are presented in the same size, independent of their numerical width.
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerStatistical uncertainties ~20-30%
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Table 1: p-values in percent indicating the compatibility of the measured di�erential cross sections with various SM
predictions.

p-values [%] pH
T |yH | Njets pj1

T
NNLOPS (@N3LO) 29 92 45 5
HR�� (NNLO+NNLL) 5 – – –
R�DISH + NNLOJET 29 – – –
SCET��� – 91 – 21
M�������5_�MC@NLO (@N3LO) – – 57 –

The agreement between the two channels in the total phase space is evaluated by using a profiled likelihood168

as a function of the di�erence of the cross sections in each bin i, �i
�� � �i

4` . The number of degrees of169

freedom is the same as the number of bins in the tested distribution. The corresponding p-values indicate170

very good agreement between the results in the two channels: 58% for pH
T , 40% for |yH |, 53% for Njets171

and 67% for pj1
T .172

The compatibility of a measured cross section distribution and a theoretical prediction is evaluated by173

computing a p-value based on the di�erence between the value of �2 ln⇤ at the best-fit and the value174

obtained by fixing the cross sections in all bins to the ones predicted by the theory. These p-values do175

not include the uncertainties in the theoretical predictions, which are in most cases significantly smaller176

than the total data uncertainties. Therefore, the p-values are slightly smaller than they would be with all177

uncertainties included. Table 1 shows the resulting p-values. They indicate very good agreement between178

the probed SM predictions and most variables. The relatively low p-value for HR�� is due to the lower179

total cross section, as this prediction is at NNLO+NNLL accuracy only. The agreement between the180

measurement and the predictions is also a bit worse for pj1
T , due to larger cross sections measured for high181

jet pT.182

21st February 2018 – 20:19 9

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a

t
i
o

n
o

n
l
y

DRAFT

 [
p

b
/G

e
V

]
TH

p
/d

σ
d

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2
 4l→ ZZ* →H 

Combined

γγ →H 

HRes + XH

LO) + XH
3

NNLOPS (@N

RadISH + XH

XH = VBF+WH+ZH+ttH+bbH

ATLAS Internal

γγ → ZZ, H →H 
-1

13 TeV, 36.1 fb

 [GeV]
T
Hp

0 10 20 30 45 60 80 120 200 350

T
h

e
o

ry
/D

a
ta

0.4
0.6
0.8

1
1.2
1.4
1.6

(a)

 [
p

b
]

H
y

/d
σ

d

0

10

20

30

40

50

60
 4l→ ZZ* →H 

Combined

γγ →H 

LO) + XH
3

NNLOPS (@N

SCETlib + MCFM8 + XH

XH = VBF+WH+ZH+ttH+bbH

ATLAS Internal

γγ → ZZ, H →H 
-1

13 TeV, 36.1 fb

Hy

0 0.3 0.6 0.9 1.2 1.6 2.5

T
h

e
o

ry
/D

a
ta

0.4
0.6
0.8

1
1.2
1.4
1.6

(b)

 [
p

b
]

σ

0

10

20

30

40

50

60  4l→ ZZ* →H 

Combined

γγ →H 

JVE + XH

LO) + XH
3

MG5 (@N

LO) + XH
3

NNLOPS (@N

STWZ + XH

XH = VBF+WH+ZH+ttH+bbH

ATLAS Internal

γγ → ZZ, H →H 
-1

13 TeV, 36.1 fb

jetsN

0 1 2 3≥

T
h

e
o

ry
/D

a
ta

0.4
0.6
0.8

1
1.2
1.4
1.6

(c)

 [
p

b
/G

e
V

]
j1 T

p
/d

σ
d

2−10

1−10

1

10

210

310  4l→ ZZ* →H 

Combined

γγ →H 

LO) + XH
3

NNLOPS (@N

SCETlib (STWZ) + XH

XH = VBF+WH+ZH+ttH+bbH

ATLAS Internal

γγ → ZZ, H →H 
-1

13 TeV, 36.1 fb

0-jet

T
h

e
o

ry
/D

a
ta

0.4
0.6
0.8

1
1.2
1.4
1.6

 [GeV]j1

T
p

30 55 75 120 350

(d)

Figure 2: Di�erential cross sections in the full phase space measured in the H ! �� (red upward triangle) and
H ! Z Z⇤ ! 4` (blue downward triangle) decay channels, as well as the combined measurement (black circle) for
Higgs boson transverse momentum pH

T (a), Higgs boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV (c),
and the transverse momentum of the leading jet pj1

T (d). The first bin in the pj1
T distribution corresponds to the 0-jet

bin in the Njets distribution. Di�erent SM predictions are overlayed, their bands indicating the PDF uncertainties
as well as uncertainties due to missing higher order corrections. The dotted red line corresponds to the central
value of the NNLOPS ggF prediction, scaled to the N3LO cross section. The uncertainties due to higher order
on the NNLOPS prediction are obtained as in Refs. [8, 9, 73]. For (c), the M�������5_�MC@NLO prediction
is scaled to the N3LO cross section. Predictions for the other production processes XH are added to the ggF
predictions, and also shown separately as a shaded area. For Njets two extra bins will be included in the distribution
�(Njets � 1) = 28.2+4.6

�4.3 pb and �(Njets � 2) = 12.7+2.8
�2.5 pb.
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Figure 2: Di�erential cross sections in the full phase space measured in the H ! �� (red upward triangle) and
H ! Z Z⇤ ! 4` (blue downward triangle) decay channels, as well as the combined measurement (black circle) for
Higgs boson transverse momentum pH

T (a), Higgs boson rapidity |yH | (b), number of jets Njets with pT > 30 GeV
(c), and the transverse momentum of the leading jet pj1

T (d). The first bin in the pj1
T distribution corresponds to the

0-jet bin in the Njets distribution, as indicated by the black vertical line. Di�erent SM predictions are overlayed,
their bands indicating the PDF uncertainties as well as uncertainties due to missing higher order corrections. The
dotted red line corresponds to the central value of the NNLOPS ggF prediction, scaled to the N3LO cross section.
The uncertainties due to higher order on the NNLOPS prediction are obtained as in Refs. [10, 11, 75]. For (c),
the M�������5_�MC@NLO prediction is scaled to the N3LO cross section. Predictions for the other production
processes XH are added to the ggF predictions, and also shown separately as a shaded area. For better visibility, all
bins are presented in the same size, independent of their numerical width.
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  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerWith Run-2 data, we are entering the precision era; analysis of the diboson final states is 
allowing measurements with precision better than Run-1


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerAnalysis of the 2015+2016 dataset (36 fb-1) is a milestone in preparation for the Run-2 legacy 
physics results


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerMethodology is established - high quality results already improve on the Run-1 
measurements


New ATLAS measurements 

  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerAnalysis of ggF and VBF production in the H→WW* channel yields most sensitive single-
channel measurements so far in Run-2


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerCross-section in agreement with the SM predictions


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerInclusive production in the 4ℓ and γγ channels: independent measurements with minimal 
theory assumptions


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerNow combined to obtain differential measurements (dσ/dx, x: pTH, yH, njets, pTj1) :  


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerNo significant deviations from the SM seen


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerMore data will allow interesting tests of QCD calculations

Summary
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H→WW* event selection
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Figure 1: Post-fit m j j and �y j j distributions with signal and background predictions in the VBF signal region. The
blue dashed line shows the VBF signal scaled by a factor of 30. The hatched band shows the sum in quadrature of
statistical and systematic uncertainties of the signal and background predictions taking into account the pulls and
data-constraints of the nuisance parameters, and the correlations between the fit regions.

theoretical predictions of some of the background processes to data. CRs are defined for the main113

background processes: WW (only for Njet  1 final states), top-quark, and Z ! ⌧⌧. For the Njet = 0 and114

Njet = 1 WW CRs, the m`` cut is inverted with respect to the SRs. For the top-quark CRs, the b-veto is115

replaced with a b-tag requirement. For the Njet = 1 and Njet � 2 Z ! ⌧⌧ CRs, the m⌧⌧ selection is inverted116

while for the Njet = 0 Z ! ⌧⌧ CR the ��`` selection criterium is inverted. Table 3 summarises the event117

selection for all CRs.

Table 3: Event selection criteria used to define the control regions. Every control region selection starts from
the selection labeled “Preselection” in Table 2. Nb-jet, (20 GeV<pT<30 GeV) represents the number of b-jet with
20 GeV < pT < 30 GeV and |⌘ | < 2.5.

CR Njet = 0 Njet = 1 Njet � 2, VBF

WW

55<m`` < 110 GeV m`` > 80 GeV
��`` < 2.6 |m⌧⌧ � mZ | > 25 GeV

b-jet veto
m`

T > 50 GeV

Top-quark

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

Nb-jet, (20 GeV<pT<30 GeV) = 0
��(``, Emiss

T ) > ⇡/2 max
⇣
m`

T

⌘
> 50 GeV Central Jet Veto

p``T > 30 GeV m⌧⌧ <mZ � 25 GeV
��`` < 2.8 Outside Lepton Veto

Z ! ⌧⌧
no Emiss, track

T requirement Outside Lepton Veto
m`` < 80 GeV Central Jet Veto

��`` > 2.8 m⌧⌧ > mZ � 25 GeV
Nb-jet, (pT>20 GeV) = 0

118

The background contributions with misidentified leptons are estimated using a data-driven technique.119

A control sample where one of the two lepton candidates fails to meet the nominal identification and120

isolation criteria but satisfies looser identification criteria, denoted as anti-identified lepton, is used. The121
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ground from top-quark production. The full event selection is summarised in Table 2, where ��(``, Emiss
T )84

is defined as the azimuth angle between Emiss
T and the di-lepton system, p``T is the transverse momentum of85

the di-lepton system, m`` is the invariant mass of the two leptons, ��`` is the azimuth angle between the86

two leptons, and max
⇣
m`

T

⌘
is the maximum of m`i

T =
q

2 pT (`i ) · Emiss
T ·

⇣
1 � cos��

⇣
`i, Emiss

T

⌘⌘
, where87

`i can either be the leading or the subleading lepton. The “Outside Lepton Veto” requires the two leptons88

to reside within the rapidity gap spanned by the two leading jets, and the “Central Jet Veto” rejects events89

with additional jets with pT > 20 GeV in the rapidity gap of the two leading jets. In the Njet = 1 and Njet � 290

categories the invariant mass of the ⌧⌧ system (m⌧⌧), calculated using the collinear approximation [54], is91

used to veto background from Z ! ⌧⌧ production. Signal regions (SRs) are defined in each Njet category92

after all selection criteria are applied.93

In case of the SRs targeting the ggF production mode, the discriminating variable between signal and SM94

background processes is the transverse mass, defined as mT =

q⇣
E``

T + Emiss
T

⌘2 � ���p``
T + Emiss

T
���2 where95

E``
T =

q
|p``

T |2 + m2
`` and p``

T is the vector sum of the lepton transverse momenta. For the VBF selection,96

a boosted decision tree (BDT) [55] is used to enhance discrimination power between the VBF signal97

and backgrounds, including the ggF process. Kinematic variables of the two leading jets ( j) and two98

leading leptons (`), including invariant masses (m j j , m``), di�erence in the two jet rapidities (�y j j ), and99

di�erence in the azimuth angles of the two leptons (��``), are used as inputs to the BDT. Other variables100

used in the BDT training are: the transverse mass (mT), the lepton ⌘-centrality (
P

C`) which quantifies101

the positions of the leptons with respect to the leading jets in the pseudorapidity direction, the sum of102

the invariant masses of all four possible lepton-jet pairs (
P

`, j m` j ), and the total transverse momentum103

(ptot
T ) which is defined as the magnitude of the vectorial sum of all the objects in the final state. The104

variables with the highest ranking in the training, m j j and �y j j , are shown in Figure 1 after all selection105

cuts have been applied. All figures in this note use signal and background normalisations as given by the106

final statistical analysis of all signal and control regions, including changes to statistical and systematic107

uncertainties (post-fit).

Table 2: Event selection criteria used to define the signal regions in the H!WW ⇤! e⌫µ⌫ analysis.

Category Njet = 0 Njet = 1 Njet � 2, VBF

Preselection

Two isolated, di�erent-flavour, leptons (` = e, µ) with opposite charge
plead

T > 22 GeV , psublead
T > 15 GeV

m`` > 10 GeV
Emiss, track

T > 20 GeV

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

��(``, Emiss
T ) > ⇡/2 max

⇣
m`

T

⌘
> 50 GeV

p``T > 30 GeV m⌧⌧ <mZ � 25 GeV

H!WW ⇤! e⌫µ⌫
topology

m`` < 55 GeV Central Jet Veto
��`` < 1.8 Outside Lepton Veto

Discriminant Variable mT BDT
BDT input variables m j j , �y j j , m``, ��``, mT,

P
C`,
P

`, j m` j , ptot
T

108

The background contamination in the SRs comes from various processes: non-resonant WW , top-quark109

pair (tt̄) and single-top-quark (Wt), diboson (W Z , Z Z , W� and W�⇤) and Drell-Yan (mainly Z ! ⌧⌧)110

production. Another background contribution arises from the misidentified leptons stemming from the111

W+jets and QCD multi-jet production. Dedicated control regions (CRs) are used to normalise the112
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H→WW* MC simulation
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Table 1: MC generators used to generate the matrix-element processes used for the simulation of all signal and
background processes. Parton Distribution Functions (PDF), as well as parton shower (PS) software are also
summarised. Alternative event generators and configurations used to estimate systematic uncertainties are also
shown and placed in parentheses. The column “Precision �” gives the precision of the cross-section applied to the
sample.

Process Matrix Element PDF PS Precision �
(Alternative) (Alternative)

ggF POWHEG-BOX v2 PDF4LHC15 NNLO [7] PYTHIA 8 [8] N3LO QCD + NLO EW [10–14]NNLOPS [4–6]
(MG5_�MC@NLO [22, 23]) (HERWIG 7 [24])

VBF POWHEG-BOX v2 PDF4LHC15 NLO PYTHIA 8 NNLO QCD + NLO EW [10, 15–17]
(MG5_�MC@NLO) (HERWIG 7)

VH POWHEG-BOX v2 [25] PDF4LHC15 NLO PYTHIA 8 NNLO QCD + NLO EW[26–28]
qq ! WW SHERPA 2.2.2 [29, 30] NNPDF3.0NNLO [31] SHERPA 2.2.2 [32, 33] NLO [34]

(POWHEG-BOX v2, (HERWIG++ [24])MG5_�MC@NLO)
gg ! WW SHERPA 2.1.1 [34] CT10 [35] SHERPA 2.1 NLO [36]
WZ/V�⇤/ZZ SHERPA 2.1 CT10 SHERPA 2.1 NLO [34]
V� SHERPA 2.2.2 NNPDF3.0NNLO SHERPA 2.2.2 NLO [34]

(MG5_�MC@NLO) (CSS variation [32, 37])
tt̄ POWHEG-BOX v2 [38] NNPDF3.0NLO PYTHIA 8 [39] NNLO+NNLL [40]

SHERPA 2.2.1 (HERWIG 7)
Wt POWHEG-BOX v1 [41] CT10 [35] PYTHIA 6.428 [42] NLO [41]

(MG5_�MC@NLO) (HERWIG++)
Z+jets SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 NLO [43]

of the leptons should correspond to a lepton that triggered the recording of the event. In case a di-lepton60

trigger is solely responsible for the recording of the event, both leptons should be associated to its two61

leptons. Jets are reconstructed using the anti-kt algorithm [48] with a radius parameter R = 0.4. The62

four-momenta of jets are corrected for the e�ects of calorimeter non-compensation, signal losses due to63

noise threshold e�ects, energy lost in non-instrumental regions, and contributions from pile-up [49]. Jets64

and are required to have pT > 20 GeV and |⌘ | < 4.5. A multivariate selection that reduces contamination65

from pileup [50, 51] is applied to jets with pT < 60 GeV and |⌘ | < 2.4 utilising calorimeter and tracking66

information to separate hard-scatter from pile-up jets. For jets with pT < 50 GeV and |⌘ | > 2.5, jet shapes67

and topological jet correlations in pile-up interactions are exploited to reduce contamination from pileup.68

Jets containing b-hadrons, b-jets, with pT > 20 GeV and |⌘ | < 2.5 are identified using a multivariate69

technique having as input information from track impact parameters and secondary vertices. The adopted70

working point provides a nominal 3% light-flavour (u,d,s-quark and gluon) misidentification e�ciency71

and a 32% c-jet misidentification e�ciency with an average 85% b-jet tagging e�ciency, as estimated72

from simulated tt̄ events in the above-mentioned kinematic region [52]. Removal of overlapping jet and73

lepton candidates is performed for nearby objects. The vectorial missing transverse momentum (Emiss
T ) is74

defined as the negative vector sum of the pT of all the selected leptons and jets, as well as reconstructed75

charged particles not associated with these objects, but consistent with originating from the primary pp76

collision [53]. The missing transverse momentum (Emiss
T ) is defined as the magnitude of Emiss

T . A second77

definition of missing transverse momentum (Emiss, track
T ) is also used in which tracks associated with jets78

are used rather than calorimeter-based jets.79

Events are classified into one of three categories based on counting the number of jets with pT > 30 GeV in80

the event: events with zero jets and events with exactly one jet target the ggF production channel (Njet = 081

and Njet = 1 category), and events with at least two jets target the VBF production channel (Njet � 2 VBF cat-82

egory). A b-jet veto is applied in all categories to jets with pT > 20 GeV (Nb-jet, (pT>20 GeV)) to reject back-83
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Measuring the only free parameter of the Higgs sector of the SM: 

Higgs mass measurement
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γγ limited by photon energy scale systematics
4l limited by statistics
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerCombined 4ℓ+γγ fit, modelling correlated systematics
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Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometer4ℓ measurement drives the overall performance, combination 
with γγ improves significantly the precision


  I. Nomidis, A.U.Th.              Study of the b-quark properties with the first ATLAS data

Outline

Physics result

•  Cross-section measurement of B± meson production in proton-proton collisions 
at √s = 7 TeV

 

Performance studies with early data

•  Observation of B± meson production

•  Mass-lifetime measurement of B± mesons

Contribution to technical aspects of the ATLAS experiment

•  Offline Data Quality Monitoring software for the muon spectrometerExcellent agreement with the combined ATLAS+CMS Run-1 
measurement

➪ Preliminary result with 
inflated photon systematics; 
improvements underway!


