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 Electron selection requirements

• The electron track should have at most 1 hit missing in the crossed silicon layers before the 
first hit assigned to this track.
• The conversion fit probability with any of the other tracks should not be larger than 1e−6 .
• Only a small amount of hadronic activity behind the electron ECAL deposit is allowed (H/E).

• The supercluster position and track direction, 
extrapolated to the vertex, should be 
matched ( ∆φIn and ∆ηIn ).
• Small impact parameter in the transverse plane, 
|d0,bs|, calculated with respect to the beam spot.
• Small longitudinal impact parameter, |dz,pv| , 
calculated with respect to the beam spot.
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 Extra electron selection

● For the W → eν selection, a veto on events with extra 
electrons is added. This additional electron is required to 
pass a looser selection.
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 Muon selection requirements

● Muons need to be reconstructed using the GlobalMuon algorithm.
● Muons have to pass the particle-flow muon ID.
● A quality requirement is applied to the global fit (χ2 /ndof < 10).
● Muon segments should be present in at least two muon stations.
● At least one pixel hit is required.
● Minimum 5 tracker layers should have hits.
● At least one good muon hit should be included in the global muon track fit.
● Impact parameter in the transverse plane |d0,pv| < 0.02 cm, calculated with respect to the 

primary vertex.
• Longitudinal impact parameter |dz,pv| < 0.5 cm, 
calculated with respect to the primary vertex.
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● In the muon case, for the W → μν selection, events with 
additional muons are vetoed. This veto-muon passes a 
looser selection.

 Extra muon selection
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 Data sample and event selection

● The dataset names for the data are listed in Table 5. All the 
runs are taken from the re-reco reconstruction dataset.

● The selection of W and Z boson events is based on single 
electron and muon triggers. The lowest pT unprescaled 
triggers are used to select the events. 
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 Efficiency

● The total efficiency of the electrons can be factorized as follows for 
the electrons with the total efficiency defined with respect to a 
reconstructed supercluster passing the kinematic cuts

● For the muons, a similar factorization can be done
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  Efficiency

● To correct for the differences in the kinematic spectrum between the Z 
tag-and-probe sample and the W candidates, the efficiencies will be 
measured in kinematic bins (η,pT).

● In electron reconstruction, identification and isolation efficiency the 
exponential model for the background in the pass category and the erfc 
× Exp in the fail category.
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 Electron Trigger efficiency

● The efficiency of the trigger is measured with respect to a well 
identified electron, hence the probe is defined to be an ECAL-
driven GSF-electron satisfying analysis selection cuts.



  
10

Muon tracking, identification and isolation efficiency

● The probe is defined to be a stand-alone muon. Backgrounds are 
accounted for in both the pass and fail samples using the 
exponential model.
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 Muon Trigger efficiency

● The efficiency of the 
trigger is measured with 
respect to a well identified 
muon, so the probe is a 
muon satisfying the 
requirements.
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 Number of mu+ events 
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 Number of mu- events 
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  W asymmetry

   

W+ bosons produced more often then W-  - 
that’s called W asymmetry

              

  

  W± bosons in pp collisions primarily 
produced through ud→W+ and du→W−.
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  Previous studies 

W asymmetry was studied by ATLAS, CMS and LHCb. 
It allows to investigate:
● additional constraints on the d/u ratio and on the sea antiquark 

densities in the proton.
● to improve the PDF uncertainties for d and u quark flavors.
 
  Previous CMS studies:
● 7 TeV: arXiv:1312.6283  , Phys. Rev. D 90 (2014) 032004
● 8 TeV: arXiv:1603.01803, Eur. Phys. J. C 76 (2016) 469 

 Significant improvement in 
10−3<x<10−1
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  13 TeV 

  This study will be the first W± asymmetry study on 13TeV data sample 
collected with the CMS  detector.

  It is performed on measurement of inclusive W± and Z0 boson 
production cross section in pp at 13 TeV 2015 data sample 
corresponding to integrated luminosity of 2.31±0.06 fb−1 (SMP-16-013).

  The measurements established around W± bosons decay channels into 
1st or 2nd lepton generations. Significant contribution to the ET

miss gives 
neutrinos.
 
  The W boson signal and background yields are obtained from the ET

miss 
distributions using a unbinned maximum-likelihood fit.  
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  Event simulation, object and event selection

  Simulation of the signal and background processes:
 - MadGraph5 aMC@NLO - event samples for the W± and Z0 boson
       signal and top background.
 - PYTHIA 8 with NNPDF3.0 - parton shower.
 - PYTHIA 8 and POWHEG - diboson backgrounds.
 - GEANT4 - detector response.

  The events are collected when triggered by the presence of at 
least one electron/muon that passed kinematic cuts:
 - PT > 25 GeV
 - |η| < 2.5 for electrons or |η| < 2.4 for muons

  To distinguish the W± boson signal from QCD multijet, W→τν, 
Drell–Yan, diboson and top-pair backgrounds ET

miss is used. 
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  Missing transverse energy and signal extraction

  The ET
miss model is fitted to the observed distribution as the sum of three 

contributions: the W boson signal, the QCD background and other 
backgrounds.

  The QCD background is modeled by an analytic function using the data, 
while the signal and EW backgrounds are modeled with simulation-based 
fitting functions.

QCD background function:     f(x) = x*exp( -x2 / ax2+bx+c )

  A simultaneous fit including QCD dominated control regions is also 
performed to improve the modeling of the QCD shape. 
  Control regions are obtained by inverting the isolation requirement on the 
lepton candidates.
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Missing ET for the whole eta region in e-,e+ channels

  Results represents signal extraction in signal region. The dotted orange lines shows the 
distribution of the W boson signal, violet corresponds to QCD while the red is EWK+tt. 
  

  Data is in a good agreement with the fit   
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Pseudorapidity binned fit

 The results of the fit represented for all pseudorapidity regions:

        1  -  [ 0.0  -  0.2  ]
        2  -  [ 0.2  -  0.4  ]
        3  -  [ 0.4  -  0.6  ]
        4  -  [ 0.6  -  0.8  ]
        5  -  [ 0.8  -  1.0  ]
        6  -  [ 1.0  -  1.2  ]
        7  -  [ 1.2  -  1.4  ]
        8  -  [ 1.4  -  1.6  ]
        9  -  [ 1.6  -  1.85]
        10 - [ 1.85-  2.1  ]
        11 - [ 2.1  -  2.5  ]     (for muons: 11 - [2.1  -  2.4])
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        Eta binned results for e+ - signal region

●  QCD background rises with increase of eta bins 
●  Data is in a good agreement with the fit  
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        Eta binned results for e- - signal region

● Data is in a good agreement with the fit     
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Missing ET for the whole eta region in μ-,μ+ channels

  Results represents signal extraction in signal region. The dotted orange lines shows the 
distribution of the W boson signal, violet corresponds to QCD while red is EWK+tt. 
  

  Data is in a good agreement with the fit   
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        Eta binned results for μ- - signal region

●  QCD background much smaller
●  Data is in a good agreement with the fit  
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        Eta binned results for μ+ - signal region

● Data is in a good agreement with the fit     
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 Control region of QCD background

QCD background modeled by analytical function:

                 f(x) = x*exp( {-x2} / {ax2+bx+c} )

a = 4.0 ∈ [−10.0, 10.0]
b = 6.0 ∈ [0.0, 20.0]
c = 2.9 ∈ [0.3, 6.0] 
x ∈ [0.0, 2.0, 150.0] 
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 Control region for e- & e+

 Problem with QCD estimation at high Et
miss

  Results represents estimation of a QCD background using control region. The dotted orange 
lines shows the distribution of the W boson signal, violet corresponds to QCD and red is EWK+tt. 
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        Eta binned results for e- & e+ - control region
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 Control region for μ- & μ+

 Some small effects with QCD estimation 
at high Et

miss for μ channel  

  Results represents estimation of a QCD background using control region. The dotted orange 
lines shows the distribution of the W boson signal, violet corresponds to QCD and red is EWK+tt. 
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        Eta binned results for μ- & μ+ - control region
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 Intermediate results

● An important conclusion is a good agreement of 
the signal with theoretical assumptions, 
especially for muon channel.

● Same results for different eta region.

● Fitting issues in control region for electron 
channel revealed.
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 Next steps*

Muon channel:
 - eta binned summary table.
 - treatment of systematic uncertainties.

Electron channel:
 - investigate possible fitting issues. 
 - try to propose more effective fit.

* - more ideas to come.
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Back up
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  Object and event selection

  For this analysis, the events are collected when triggered by the 
presence of at least one electron/muon with large transverse energy 
and η cut:
 - PT > 25 GeV
 - |η| < 2.5 for electrons or |η| < 2.4 for muons
  Electron candidates are identified using the simple cut-based 
approach using information of the cluster shape, hadronic activity, and 
track quality. Particle candidates are identified using a particle-flow 
algorithm.

  Muons are reconstructed from seed tracks in the muon detector 
combined with silicon strip and pixel information using a global fit. 
Muon candidates are identified using the simple cut-based approach 
using information of the track and global fit quality.
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  Lepton efficiencies

  The lepton efficiencies are estimated in data and simulation using tag-and-
probe, a technique exploiting the pure Z signal to get an unbiased sample of 
high-pT leptons similar to those created in W decay.
  For electron candidates:
                                etotal = eGSF+ID+ISO × etrigger ,
where eGSF + ID + ISO is the efficiency to create an electron candidate passing 
identification and isolation criteria starting from a supercluster and etrigger is 
the efficiency for a fully identified and isolated electron candidate to pass 
the trigger (HLT and Level-1) requirements.
  For the muon candidates, a similar factorization is performed
                                etotal = etracking+ID+ISO × eSTA × etrigger , 
where etracking+ID+ISO is the efficiency for a track in the muon detector to be 
matched to a global muon that passes the identification and isolation 
criteria, eSTA is the efficiency for a isolated tracker track from a muon to be 
matched to a global muon, and etrigger is the efficiency for a fully identified 
and isolated muon to pass the trigger  (HLT and Level-1) requirements.
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Missing ET for eta 0.4-0.6, 0.6-0.8
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Missing ET for eta 0.8-1.0  1.0-1.2
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Missing ET for eta 1.2-1.4  1.4-1.6
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Missing ET for eta 1.6-1.9  1.9-2.1
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Missing ET for eta 2.1-2.5
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        Eta binned results in log scale for μ- - 
signal region
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        Eta binned results in log scale for μ+ - 
signal region
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        Eta binned results in log scale for e- - 
signal region
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        Eta binned results in log scale for e- - 
signal region
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Fit table for bin 1.2-1.4
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Input ntuple files

Enums for isolated e+ , e−

       (signal region):

● eData

● eWenu (MC)

● eEWK (τ channel and DY )

● eQCD

● eBKG (diboson and ttt)

Enums for non isolated e+,e−

       (control region):

● eAntiData

● eAntiWenu

● eAntiEWK

● eAntiQCD
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