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• Recent electroweak related measurements performed using high energy proton-proton collisions in the ATLAS detector:

Linck - Pheno 20187-9 May 2018

Introduction

• Tau polarisation in Z/γ* → ττ decays (EPJC (2018) 78:163)

• Drell–Yan triple-differential cross-section (JHEP 12 (2017) 059)

• W-boson mass (PJC (2018) 78:110)

• For each measurement the following will be discussed:

• Analysis techniques and methodology

• Background estimation

• Sources of error and evaluation of systematic uncertainties

• Measurement results

https://doi.org/10.1140/epjc/s10052-018-5619-1
https://doi.org/10.1007/JHEP12(2017)059
https://doi.org/10.1140/epjc/s10052-017-5475-4
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W-boson Mass Method Backgrounds Uncertainty Results

• Measurement:  W-boson mass (link)

• Data Conditions:  pp collisions in the ATLAS detector recorded in 2011 at √s = 7 TeV and !  = 4.6 fb-1 

The Method:
• Simulated distributions of pT

ℓ and mT in bins of |ηℓ| are created for a range of mW values.

• The value of the W-boson mass is determined by finding the simulated distribution in the range with the value of mW that 
yields the smallest χ2 difference from data.

• This process is performed separately for W+ and W- in the two lepton decay channels.

• All measurements of the mW for W+ or W- are then combined accounting for correlation between the measurements and 
statistical and systematic uncertainties.

mT =
q

2p`Tp
miss
T (1� cos(��))
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• In this analysis, the mass of the W-boson is determined using the                 signal process (where    = e or μ).
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W ! !"
<latexit sha1_base64="45gU1khrkN/gg3Um7go5YS21Ptc="></latexit><latexit sha1_base64="45gU1khrkN/gg3Um7go5YS21Ptc="></latexit><latexit sha1_base64="45gU1khrkN/gg3Um7go5YS21Ptc="></latexit><latexit sha1_base64="45gU1khrkN/gg3Um7go5YS21Ptc="></latexit>

• Calibration:

• Detector response and physics modelling are calibrated using                events.Z ! !!
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• These calibrations rely on precise measurement of the Z-boson mass.
• The Z-boson and the W-boson masses are determined in the same way.

https://doi.org/10.1140/epjc/s10052-017-5475-4
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W-boson Mass Method Backgrounds Uncertainty

Backgrounds for the                  signal process:

Results

•                 (1.0%)
• Boson pair (0.07%)
• Top-quark (0.11%)

W ! ⌧⌫
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using 
Simulation

Data-driven 
Estimate

To estimate the multijet background in the signal region:

• FR1:  signal region without the pT
miss and mT requirements

• FR2:  signal region without the pT
miss, mT and uT requirements

• Normalise the result using fits to pT
miss, mT and pT

ℓ/mT in two kinematic regions.
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Figure 17: Example template fits to the (a,b) pmiss
T , (c,d) mT, and (e,f) p`T/mT distributions in the FR1 kinematic re-

gion, in the (a,c,e) electron and (b,d,f) muon decay channels. Multijet templates are derived from the data requiring
4 GeV < pe,cone

T < 8 GeV in the electron channel, and 0.2 < pµ,cone
T /p`T < 0.4 in the muon channel. The data are

compared to the simulation including signal and background contributions.
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Figure 17: Example template fits to the (a,b) pmiss
T , (c,d) mT, and (e,f) p`T/mT distributions in the FR1 kinematic re-

gion, in the (a,c,e) electron and (b,d,f) muon decay channels. Multijet templates are derived from the data requiring
4 GeV < pe,cone

T < 8 GeV in the electron channel, and 0.2 < pµ,cone
T /p`T < 0.4 in the muon channel. The data are

compared to the simulation including signal and background contributions.
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Template Fits in FR1 for the Electron Channel 
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Figure 18: Estimated number of multijet-background events as a function of the lower bound of the isolation-
variable range used to deÞne the control regions, for (a) electron and (b) muon decay channel. The estimation
is performed for the two regions FR1 and FR2 and three distributionspmiss

T , mT, and p`T/mT, as described in the
text. The linear extrapolations are indicated by the solid lines. The thick crosses show the results of the linear
extrapolation of the background estimate to the signal region, including uncertainties from the extrapolation only.
The thin crosses also include the uncertainty induced by the contamination of the control regions by EW and top-
quark processes.

Corrections to the shape of the multijet background contributions and corresponding uncertainties in the
distributions used to measure theW-boson mass are estimated with a similar procedure. The kinematic
distributions in the control regions are obtained for a set of anti-isolation ranges, and parameterised with
linear functions of the lower bound of the anti-isolation requirement. The distributions are extrapolated
to the signal regions accordingly. Uncertainties in the extrapolated distributions are dominated by the
statistical uncertainty, which is determined with a toy MC method by ßuctuating within their statistical
uncertainty the bin contents of the histograms in the various anti-isolation ranges. The resulting multijet
background distribution is propagated to the templates, and the standard deviation of the determined
values ofmW yields the estimated uncertainty due to the shape of the multijet background. Uncertainties
due to the choice of parameterisation are small in comparison and neglected.

Uncertainties in the normalisation of multijet, electroweak, and top-quark background processes are con-
sidered correlated across decay channels, boson charges and rapidity bins, whereas the uncertainty in
the shape of multijet background is considered uncorrelated between decay channels and boson charges.
The impact of the background systematic uncertainties on the determination ofmW is summarised in
Table8.

11 Measurement of the W-boson mass

This section presents the determination of the mass of theW boson from template Þts to the kinematic
distributions of theW-boson decay products. The Þnal measured value is obtained from the combination
of measurements performed using the lepton transverse momentum and transverse mass distributions in
categories corresponding to the electron and muon decay channels, positively and negatively chargedW
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• Subtract off the affects of contamination from electroweak and top production.

• Invert the lepton energy-isolation requirements. 

W ! `⌫
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•               (ee < 4.1%,
   μμ < 6.4%, ττ < 0.13%)

• Multijet (e channel < 1.8%,
       μ channel < 0.8%)
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W-boson Mass Method Backgrounds Uncertainty

• The sources of uncertainty evaluated as part of the W-boson mass analysis include,

Results

• Higher order electroweak corrections
• QCD modelling

• Lepton calibration and efficiency correction
• Recoil corrections
• Background estimation

• PDF

• Shown to the right, is the 
uncertainty breakdown (in MeV) 
associated with each of the 
measurements found using mT 
distributions.

• The measurements from these 
categories are then combined, in 
part, with the intention of 
reducing the overall uncertainty.

• A similar measurements were 
performed for each of the pT

ℓ 
distributions.

Channel mW Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total
mT-Fit [MeV] Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc.
W+ ! µ⌫, |⌘| < 0.8 80371.3 29.2 12.4 0.0 15.2 8.1 9.9 3.4 28.4 47.1
W+ ! µ⌫, 0.8 < |⌘| < 1.4 80354.1 32.1 19.3 0.0 13.0 6.8 9.6 3.4 23.3 47.6
W+ ! µ⌫, 1.4 < |⌘| < 2.0 80426.3 30.2 35.1 0.0 14.3 7.2 9.3 3.4 27.2 56.9
W+ ! µ⌫, 2.0 < |⌘| < 2.4 80334.6 40.9 112.4 0.0 14.4 9.0 8.4 3.4 32.8 125.5
W� ! µ⌫, |⌘| < 0.8 80375.5 30.6 11.6 0.0 13.1 8.5 9.5 3.4 30.6 48.5
W� ! µ⌫, 0.8 < |⌘| < 1.4 80417.5 36.4 18.5 0.0 12.2 7.7 9.7 3.4 22.2 49.7
W� ! µ⌫, 1.4 < |⌘| < 2.0 80379.4 35.6 33.9 0.0 10.5 8.1 9.7 3.4 23.1 56.9
W� ! µ⌫, 2.0 < |⌘| < 2.4 80334.2 52.4 123.7 0.0 11.6 10.2 9.9 3.4 34.1 139.9
W+ ! e⌫, |⌘| < 0.6 80352.9 29.4 0.0 19.5 13.1 15.3 9.9 3.4 28.5 50.8
W+ ! e⌫, 0.6 < |⌘| < 1.2 80381.5 30.4 0.0 21.4 15.1 13.2 9.6 3.4 23.5 49.4
W+ ! e⌫, 1, 8 < |⌘| < 2.4 80352.4 32.4 0.0 26.6 16.4 32.8 8.4 3.4 27.3 62.6
W� ! e⌫, |⌘| < 0.6 80415.8 31.3 0.0 16.4 11.8 15.5 9.5 3.4 31.3 52.1
W� ! e⌫, 0.6 < |⌘| < 1.2 80297.5 33.0 0.0 18.7 11.2 12.8 9.7 3.4 23.9 49.0
W� ! e⌫, 1.8 < |⌘| < 2.4 80423.8 42.8 0.0 33.2 12.8 35.1 9.9 3.4 28.1 72.3
pT-Fit
W+ ! µ⌫, |⌘| < 0.8 80327.7 22.1 12.2 0.0 2.6 5.1 9.0 6.0 24.7 37.3
W+ ! µ⌫, 0.8 < |⌘| < 1.4 80357.3 25.1 19.1 0.0 2.5 4.7 8.9 6.0 20.6 39.5
W+ ! µ⌫, 1.4 < |⌘| < 2.0 80446.9 23.9 33.1 0.0 2.5 4.9 8.2 6.0 25.2 49.3
W+ ! µ⌫, 2.0 < |⌘| < 2.4 80334.1 34.5 110.1 0.0 2.5 6.4 6.7 6.0 31.8 120.2
W� ! µ⌫, |⌘| < 0.8 80427.8 23.3 11.6 0.0 2.6 5.8 8.1 6.0 26.4 39.0
W� ! µ⌫, 0.8 < |⌘| < 1.4 80395.6 27.9 18.3 0.0 2.5 5.6 8.0 6.0 19.8 40.5
W� ! µ⌫, 1.4 < |⌘| < 2.0 80380.6 28.1 35.2 0.0 2.6 5.6 8.0 6.0 20.6 50.9
W� ! µ⌫, 2.0 < |⌘| < 2.4 80315.2 45.5 116.1 0.0 2.6 7.6 8.3 6.0 32.7 129.6
W+ ! e⌫, |⌘| < 0.6 80336.5 22.2 0.0 20.1 2.5 6.4 9.0 5.3 24.5 40.7
W+ ! e⌫, 0.6 < |⌘| < 1.2 80345.8 22.8 0.0 21.4 2.6 6.7 8.9 5.3 20.5 39.4
W+ ! e⌫, 1, 8 < |⌘| < 2.4 80344.7 24.0 0.0 30.8 2.6 11.9 6.7 5.3 24.1 48.2
W� ! e⌫, |⌘| < 0.6 80351.0 23.1 0.0 19.8 2.6 7.2 8.1 5.3 26.6 42.2
W� ! e⌫, 0.6 < |⌘| < 1.2 80309.8 24.9 0.0 19.7 2.7 7.3 8.0 5.3 20.9 39.9
W� ! e⌫, 1.8 < |⌘| < 2.4 80413.4 30.1 0.0 30.7 2.7 11.5 8.3 5.3 22.7 51.0

Table 10: Results of the mW measurements in the electron and muon decay channels, for positively and negatively
charged W bosons, in di↵erent lepton-|⌘| ranges, using the mT and p`T distributions in the optimised fitting range. The
table shows the statistical uncertainties, together with all experimental uncertainties, divided into muon-, electron-,
recoil- and background-related uncertainties, and all modelling uncertainties, separately for QCD modelling includ-
ing scale variations, parton shower and angular coe�cients, electroweak corrections, and PDFs. All uncertainties
are given in MeV.
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W-boson Mass Method Backgrounds Uncertainty Results

• The coloured points on the plot to the right show the result 
of the combination of mW measurements from different 
categories. 
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Figure 26: Overview of the mW determinations from the p`T and mT distributions, and for the combination of the p`T
and mT distributions, in the muon and electron decay channels and for W+ and W� events. The horizontal lines and
bands show the statistical and total uncertainties of the individual mW determinations. The combined result for mW
and its statistical and total uncertainties are also indicated (vertical line and bands).

for the electron and the muon decay channels. The results are compatible, with values of �2/dof of 4/5
and 8/5 in the electron channel for the p`T and mT distributions, respectively, and values of 7/7 and 3/7 in
the muon channel for the p`T and mT distributions, respectively. The mW determinations in the electron
and in the muon channels agree, further validating the consistency of the electron and muon calibrations.
Agreement between the mW determinations from the p`T and mT distributions supports the calibration of
the recoil, and the modelling of the transverse momentum of the W boson.

The results are summarised in Table 11 and illustrated in Figure 26. The combination of all the determin-
ations of mW reported in Table 10 has a value of �2/dof of 29/27, and yields a final result of

mW = 80369.5 ± 6.8 MeV(stat.) ± 10.6 MeV(exp. syst.) ± 13.6 MeV(mod. syst.)
= 80369.5 ± 18.5 MeV,

where the first uncertainty is statistical, the second corresponds to the experimental systematic uncertainty,
and the third to the physics-modelling systematic uncertainty. The latter dominates the total measurement
uncertainty, and it itself dominated by strong interaction uncertainties. The experimental systematic un-
certainties are dominated by the lepton calibration; backgrounds and the recoil calibration have a smaller
impact. In the final combination, the muon decay channel has a weight of 57%, and the p`T fit dominates
the measurement with a weight of 86%. Finally, the charges contribute similarly with a weight of 52%
for W+ and of 48% for W�.

The result is in agreement with the current world average of mW = 80385±15 MeV [29], and has a preci-
sion comparable to the currently most precise single measurements of the CDF and D0 collaborations [22,
23].
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• The overall combined value of mW is,

mW = 80369.5 ± 6.8 (stat.)  
                                          ± 10.6 (exp. syst.) ± 13.6 (mod. syst.) MeV 

• Using separate combined values, it is then also possible to determine the mass difference between W+ and W-.

ΔmW = mW+ - mW-  
                       = -29.2 ± 12.8 (stat.)  

                                          ± 7.0 (exp. syst.)  
                                                      ± 23.9 (mod. syst.) MeV 

• This value is consistent with the world average (PDG 2014),

mW = 80385 ± 15 MeV

Channel mW+ � mW� Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total
[MeV] Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc.

W ! e⌫ �29.7 17.5 0.0 4.9 0.9 5.4 0.5 0.0 24.1 30.7
W ! µ⌫ �28.6 16.3 11.7 0.0 1.1 5.0 0.4 0.0 26.0 33.2

Combined �29.2 12.8 3.3 4.1 1.0 4.5 0.4 0.0 23.9 28.0

Table 13: Results of the mW+�mW� measurements in the electron and muon decay channels, and of the combination.
The table shows the statistical uncertainties; the experimental uncertainties, divided into muon-, electron-, recoil-
and background-uncertainties; and the modelling uncertainties, separately for QCD modelling including scale vari-
ations, parton shower and angular coe�cients, electroweak corrections, and PDFs. All uncertainties are given in
MeV.

12 Discussion and conclusions

This paper reports a measurement of the W-boson mass with the ATLAS detector, obtained through tem-
plate fits to the kinematic properties of decay leptons in the electron and muon decay channels. The
measurement is based on proton–proton collision data recorded in 2011 at a centre-of-mass energy of
p

s = 7 TeV at the LHC, and corresponding to an integrated luminosity of 4.6 fb�1. The measurement re-
lies on a thorough detector calibration based on the study of Z-boson events, leading to a precise modelling
of the detector response to electrons, muons and the recoil. Templates for the W-boson kinematic distribu-
tions are obtained from the NLO MC generator Powheg, interfaced to Pythia8 for the parton shower. The
signal samples are supplemented with several additional physics-modelling corrections allowing for the
inclusion of higher-order QCD and electroweak corrections, and by fits to measured distributions, so that
agreement between the data and the model in the kinematic distributions is improved. The W-boson mass
is obtained from the transverse-momentum distribution of charged leptons and from the transverse-mass
distributions, for positively and negatively charged W bosons, in the electron and muon decay channels,
and in several kinematic categories. The individual measurements of mW are found to be consistent and
their combination yields a value of

mW = 80370 ± 7 (stat.) ± 11 (exp. syst.) ± 14 (mod. syst.) MeV
= 80370 ± 19 MeV,

where the first uncertainty is statistical, the second corresponds to the experimental systematic uncertainty,
and the third to the physics-modelling systematic uncertainty. A measurement of the W+ and W� mass
di↵erence yields mW+ � mW� = �29 ± 28 MeV.

The W-boson mass measurement is compatible with the current world average of mW = 80385±15 MeV [29],
and similar in precision to the currently leading measurements performed by the CDF and D0 collabora-
tions [22, 23]. An overview of the di↵erent mW measurements is shown in Figure 28. The compatibility
of the measured value of mW in the context of the global electroweak fit is illustrated in Figures 29
and 30. Figure 29 compares the present measurement with earlier results, and with the SM prediction
updated with regard to Ref. [16] using recent measurements of the top-quark and Higgs boson masses,
mt = 172.84 ± 0.70 GeV [117] and mH = 125.09 ± 0.24 GeV [118]. This update gives a numerical value
for the SM prediction of mW = 80356 ± 8 MeV. The corresponding two-dimensional 68% and 95% con-
fidence limits for mW and mt are shown in Figure 30, and compared to the present measurement of mW
and the average of the top-quark mass determinations performed by ATLAS [117].
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Tau Polarisation Method Backgrounds Uncertainty

• Measurement:  tau polarisation (link)

• Data Conditions:  pp collisions in the ATLAS detector recorded in 2012 at √s = 8 TeV and !  = 20.2 fb-1 

Results

• In this analysis, tau polarisation is determined using the                      signal process where one tau decays leptonically        
(τlep → ℓ + 𝜈𝜈, where ℓ = e or μ) and the other tau decays hadronically (τhad → hadron(s) + 𝜈).

Z/�⇤ ! ⌧⌧
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The Method:
• Distributions of the changed 

asymmetry,    , were created for all 
possible combinations of the following.

⌥
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Figure 1: Charged asymmetry distributions as defined in Eq. (3) for left-handed (left) and right-handed (right)
single-prong reconstructed ⌧had leptons in simulated Z/�⇤ ! ⌧⌧ decays after the full event selection in the ⌧µ–⌧had
channel. The charged asymmetry is calculated from stable-particle-level (top) and reconstructed-detector-level (bot-
tom) quantities. In addition to the inclusive distributions, the constituent distributions corresponding to generated
⌧ leptons that decay in the ⌧ ! h±⌫ and ⌧ ! h±⇡0⌫ (h± denotes ⇡± or K±) modes are overlaid, as well as that of
the remaining decay modes. The latter mainly consist of ⌧ ! h±N⇡0⌫ decays, where N � 2. The analysis does
not, however, distinguish between the decay modes. The distributions are normalised according to their respective
cross-sections. Here, the polarisation is taken from the simulation.
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Simulated Asymmetry Distributions

• τeτhad and τμτhad channels (for OS and SS τlepτhad pairs)

• The fiducial and mass-selected (66 < mZ/γ* < 166 GeV) regions.

• Inside (with left or right-handed τ- leptons) or outside the region.
• A maximum-likelihood fit was performed on each of the    distributions.
• In each of the regions, a τ polarisation measurements is made by combining the fit results, normalising to the signal process 

cross-section in the region and then scaling by a parameter of interest.
• The parameter of interest is chosen so that it represents the τ polarisation either in the mZ/γ* range for the mass-selected 

region or in the fiducial region. 

⌥
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• W+jets (τeτhad = 7%, τμτhad = 8%)

• Multijet (τeτhad = 19%, τμτhad = 7%)

Backgrounds for the                      signal process:
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Method Backgrounds Uncertainty Results

•                    (ℓ = e or μ), where τhad 
originates from quark or gluon initiated 
jets or from one of the leptons

•     events that involve a real lepton and 
either real τhad or a misidentified quark 
or gluon initiated jet

{Estimated 
using 

Simulation 
(τeτhad = 5%, 
τμτhad = 2%)

To estimate the W+jets background:

Tau Polarisation

{ Data-driven 
Estimates
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Control Region Alterations to Signal Region Requirentments

Multijet CR Invert lepton-isolation requirement

W+jets CR
≥ 3.5, mT > 70 GeV 

(In SR:              < 3.5, mT < 30 GeV)  

P
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• These requirements apply to the opposite-sign regions 
(where τhad and the lepton have opposite-sign charge).

To estimate the multijets background:
• In two multijets CRs, subtract from data the sum of the 

MC signal and background contributions (except for 
W+jets) and the W+jets background estimate.

!
N W+jets MC

CR !
N W+jets Data

CR

N W+jets MC
SR

"
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• In the W+jets CR, construct a W+jets     distribution by 
subtracting from data the MC contributions from the signal 
and all of the other backgrounds (except the multijets).
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• Construct the W+jets     distribution in the signal region by 
applying linear corrections to the W+jets CR     distribution.
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• The signal region W+jets 
contribution is normalised by:

• In the same-sign multijets CR, construct a multijets   
distribution and scale it by rQCD, where

r QCD =
# multijets in OS CR
# multijets in SS CR
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• An associated set of same-sign regions also exist.
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Method Backgrounds Uncertainty ResultsTau Polarisation
• The method used to extract the τ polarisation is highly dependent on template shape.  So, the most important sources of 

uncertainty are those that affect the shapes of the signal asymmetry templates.

Sources of Uncertainty

• TES/TER = Tau Energy Scale/Resolution

• Other = the remaining experimental 
uncertainties (trigger, lepton 
reconstruction and identification 
efficiencies, JES, JER, etc.)

• For reference:

• Shown here is a breakdown of the different 
sources of uncertainty affecting the 
measurement of the τ polarisation in each 
region.

Table 7: Impact of the individual sources of uncertainty on the polarisation uncertainty! P" in the combined Þts that
extract the" polarisation in the mass-selected region of 66< mZ/ #! < 116 GeV and in the Þducial region. The total
systematic uncertainty quoted is estimated from the total uncertainty and the statistical uncertainty.

Source of uncertainty ! P" in mass-selected region! P" in Þducial region

Modelling of signal process 0.026 0.022
"had identiÞcation 0.020 0.024
MC statistical 0.016 0.019
Signal sample splitting 0.015 0.015
TES and TER 0.015 0.019
Multijet estimate 0.013 0.013
PDF 0.007 0.005
W+jets shape 0.002 0.003
Other 0.008 0.003

Total systematic uncertainty 0.040 0.039
Statistical uncertainty 0.015 0.016
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uncertainties in the modelling of! had identiÞcation and! had energy reconstruction on the! distribution,
are Þt to values that di" er from their nominal estimates. The sizes of these ÔpullsÕ are similar in the two
channels. The largest e" ect is that the polarisation value obtained in the combination is higher and close
to that measured in the! µÐ! had channel.

The impact of the di" erent sources of uncertainty is summarised in Table7.

The uncertainty in a sin2 "e"
W value extracted from this measurement would be approximately 15 times

larger than that reached by the LEP experiments from! polarisation [1]. Therefore, and because additional
studies would be required to correct for theZ boson and photon interference, sin2 "e"

W is not determined
here.
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Figure 5: Post-Þt! distributions for the! eÐ! had(left) and! µÐ! had(right) channels, and for the signal (top) and same-
sign (bottom) regions for the Þt that extracts the! polarisation in the mass-selected region of 66< mZ/ #! < 116 GeV.
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Figure 6: Likelihood proÞles ofPPOI
! for the Þts that extract the polarisation in the mass-selected region of 66<

mZ/ " ! < 116 GeV (left) and in the Þducial region (right). The proÞles are shown separately for the Þts in the! eÐ! had

and! µÐ! had channels and for the combination.

Table 6: Measured! polarisation values and overall uncertainties in the mass-selected region of 66< mZ/ " ! <
116 GeV and in the Þducial region.

Channel P! in mass-selected region P! in Þducial region

! eÐ! had " 0.20± 0.02 (stat)± 0.05 (syst) " 0.33± 0.03 (stat)± 0.05 (syst)
! µÐ! had " 0.13± 0.02 (stat)± 0.05 (syst) " 0.26± 0.02 (stat)± 0.05 (syst)

Combination " 0.14± 0.02 (stat)± 0.04 (syst) " 0.27± 0.02 (stat)± 0.04 (syst)
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Method Backgrounds Uncertainty Results

• Shown here for the mass-selected region 
are the resulting charged asymmetry 
distribution in the opposite-sign τeτhad 
channel (middle) and the likelihood profiles 
for the parameter of interest (right).

Tau Polarisation
Post-fit Charged 

Asymmetry Distribution
Parameter of Interest 
Likelihood Profiles

• In the asymmetry plot, the contributions to 
the signal are broken into those inside the 
region with left or right-handed τ- leptons 
and those outside the region.

• The τ polarisation measurements are 
shown at the lower right.

• The combined τ polarisation value in the 
mass-selected region agrees with the 
Standard Model prediction.

SM Prediction:  Pτ = -0.1517 ± 0.0019

• Due to its uncertainty, additional studies 
are required before a meaningful 
measurement of                 can be made.sin2(! eff

W )
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Figure 6: Likelihood profiles of PPOI
⌧ for the fits that extract the polarisation in the mass-selected region of 66 <

mZ/�⇤ < 116 GeV (left) and in the fiducial region (right). The profiles are shown separately for the fits in the ⌧e–⌧had
and ⌧µ–⌧had channels and for the combination.

Table 6: Measured ⌧ polarisation values and overall uncertainties in the mass-selected region of 66 < mZ/�⇤ <
116 GeV and in the fiducial region.

Channel P⌧ in mass-selected region P⌧ in fiducial region

⌧e–⌧had �0.20± 0.02 (stat)± 0.05 (syst) �0.33± 0.03 (stat)± 0.05 (syst)
⌧µ–⌧had �0.13± 0.02 (stat)± 0.05 (syst) �0.26± 0.02 (stat)± 0.05 (syst)

Combination �0.14± 0.02 (stat)± 0.04 (syst) �0.27± 0.02 (stat)± 0.04 (syst)
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Drell-Yan 3D Cross-section Method Backgrounds Uncertainty

• Measurement:  Drell-Yan triple differential cross-section (link)

• Data Conditions:  pp collisions in the ATLAS detector recorded in 2012 at √s = 8 TeV and !  = 20.2 fb-1 

Results

The Method:

• In this analysis, the measurement is made using the Drell-Yan                          signal process (where ℓ = e or μ).

• The triple differential cross-section in a 
given mℓℓ, |yℓℓ| and cos(θ*) bin is given by,

Z/�⇤ ! `+`�
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d3�

dm``d|y``|d cos(✓⇤)

����
lmn

= Mlmn
ijk ·

Ndata
ijk �Nbkg

ijk

Lint

1

�m`` · 2�|y``| ·�cos(✓⇤)
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• The fiducial cross-sections are the result of an unfolding that is performed on background-subtracted data.  This unfolding is 
done using the inverse of the response matrix, which is itself produced using iterative Bayesian unfolding.

• The 3D cross-section is determined in 7 mℓℓ bins,12 |yℓℓ| bins and 6 cos(θ*) bins.

• By integrating the combined 3D cross-section (d3σ) measurements it is possible to determine d2σ/dmℓℓd|yℓℓ| and dσ/dmℓℓ.

• It is also determined in two central rapidity channels (|ηℓ| < 2.4, ℓ = e or μ) and one high rapidity channel (2.5 < |ηe| < 4.9).

• ijk and lmn are bin indices at reco and generator level 
•           is an element of the inverted response matrixM lmn

ijk
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• The decay angle in the 
Collins-Soper frame is, cos(! ! ) =

pZ, !!

m!! |pZ, !! |
p+

1 p"
2 ! p"

1 p+
2!

m2
!! + p2

T, !!
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p±
i = Ei ± pz,i
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• By combining the 3D cross-section results based on the value of cos(θ*), it 
is possible to also determine the differential forward-backward asymmetry. AFB =

d3! (cos(" ! ) > 0) ! d3! (cos(" ! ) < 0)
d3! (cos(" ! ) > 0) + d3! (cos(" ! ) < 0)
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https://doi.org/10.1007/JHEP12(2017)059


• W+jets (negligible except in high |ηe| channel where < 0.2%)

• Multijets (< 15% except in high |ηe| channel where < 60%)

• For the central rapidity muon channel:

• For electrons, the transverse energy isolation is defined as,
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Method Backgrounds Uncertainty ResultsDrell-Yan 3D Cross-section

Backgrounds for the Drell-Yan signal process:

•                    (< 7%) {Estimated 
using 

Simulation

Data-
driven 

Estimate

Z/ ! ! ! " "
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• Photon-induced dilepton (< 5%)         
•     and Wt (< 5% except at high |cos(θ*)| where < 20%) tt̄
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• Diboson - WW, WZ and ZZ (< 6%)       

Ie
i =

P
Ei

T(�R = r)

Eei
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I e = min( I e
1, I e

2)
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• For the central and high rapidity electron channels:

• The multijet fraction is estimated in data by fitting distributions of Ie, 
in bins of |cos(θ*)|, using a template method where the background 
template is selected by inverting the electron ID requirements.

• Three control regions are constructed by 
inverting the muon ID and/or charge 
requirements and requiring that Iμ > 0.1.

The multijets background is determined in three channels.

• For muons, the transverse momentum 
isolation is defined as,

• Shape comparisons are then performed 
between the same-sign and opposite-sign 
Iμ distributions.

• The signal region |yμμ| and |cos(θ*)| 
spectra are then normalised using a ratio 
of the opposite-sign to same-sign yields.

• In each of these regions, Iμ distributions 
are created in bins of mμμ.  This is done 
separately for same-sign and opposite-
sign muon pairs.

I µ =
!

pT (! R = 0 .2)
pµ

T
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• Trigger (       ), K-factors (        ), Z-boson pT modeling (      ), PDF variation (       )

• Data and MC signal and background sample sizes (      ,       ,       )
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Method Backgrounds Uncertainty

• The sources of uncertainty studied in this analysis are categorised as correlated (cor) or uncorrelated (unc) and include,

ResultsDrell-Yan 3D Cross-section

• Multijet background estimation (       and       )
• Combined normalisation of the background MC samples (       )
• Lepton calibration, efficiency corrections, misidentification (      ,      ,      ,      ,        )

! stat
unc
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<latexit sha1_base64="FkPVaS9psLNOCDLM35gk5fV4wEM="></latexit><latexit sha1_base64="FkPVaS9psLNOCDLM35gk5fV4wEM="></latexit><latexit sha1_base64="FkPVaS9psLNOCDLM35gk5fV4wEM="></latexit><latexit sha1_base64="FkPVaS9psLNOCDLM35gk5fV4wEM="></latexit>

! res
cor

<latexit sha1_base64="ClwvuGuBE1bLk4PpiBjzB9YjWyk="></latexit><latexit sha1_base64="ClwvuGuBE1bLk4PpiBjzB9YjWyk="></latexit><latexit sha1_base64="ClwvuGuBE1bLk4PpiBjzB9YjWyk="></latexit><latexit sha1_base64="ClwvuGuBE1bLk4PpiBjzB9YjWyk="></latexit>

�rec
cor

<latexit sha1_base64="iA5/zAActuno9qMtslTj8uq17J4="></latexit><latexit sha1_base64="iA5/zAActuno9qMtslTj8uq17J4="></latexit><latexit sha1_base64="iA5/zAActuno9qMtslTj8uq17J4="></latexit><latexit sha1_base64="iA5/zAActuno9qMtslTj8uq17J4="></latexit>

! id
cor

<latexit sha1_base64="5anFDPODo33/bZTnhpqFMMJTQ2M="></latexit><latexit sha1_base64="5anFDPODo33/bZTnhpqFMMJTQ2M="></latexit><latexit sha1_base64="5anFDPODo33/bZTnhpqFMMJTQ2M="></latexit><latexit sha1_base64="5anFDPODo33/bZTnhpqFMMJTQ2M="></latexit>

! trig
cor

<latexit sha1_base64="SkgHbfB7oDj4u/2hg7aLFOxRFUs="></latexit><latexit sha1_base64="SkgHbfB7oDj4u/2hg7aLFOxRFUs="></latexit><latexit sha1_base64="SkgHbfB7oDj4u/2hg7aLFOxRFUs="></latexit><latexit sha1_base64="SkgHbfB7oDj4u/2hg7aLFOxRFUs="></latexit>

�qmid
cor

<latexit sha1_base64="QaPBQ4d10fdlg8b6uHC/p7bhtTY="></latexit><latexit sha1_base64="QaPBQ4d10fdlg8b6uHC/p7bhtTY="></latexit><latexit sha1_base64="QaPBQ4d10fdlg8b6uHC/p7bhtTY="></latexit><latexit sha1_base64="QaPBQ4d10fdlg8b6uHC/p7bhtTY="></latexit>

�kfac
cor

<latexit sha1_base64="I5wIi5ltIPWzTXZp1BwUQH9Rtxs="></latexit><latexit sha1_base64="I5wIi5ltIPWzTXZp1BwUQH9Rtxs="></latexit><latexit sha1_base64="I5wIi5ltIPWzTXZp1BwUQH9Rtxs="></latexit><latexit sha1_base64="I5wIi5ltIPWzTXZp1BwUQH9Rtxs="></latexit>

! zpt
cor

<latexit sha1_base64="0uqfwjO213oCZqMw1Ikw7r7GAmw="></latexit><latexit sha1_base64="0uqfwjO213oCZqMw1Ikw7r7GAmw="></latexit><latexit sha1_base64="0uqfwjO213oCZqMw1Ikw7r7GAmw="></latexit><latexit sha1_base64="0uqfwjO213oCZqMw1Ikw7r7GAmw="></latexit>

�pdf
cor

<latexit sha1_base64="TB50nAF0DrPWdP9h9+xsoEQ2p/w="></latexit><latexit sha1_base64="TB50nAF0DrPWdP9h9+xsoEQ2p/w="></latexit><latexit sha1_base64="TB50nAF0DrPWdP9h9+xsoEQ2p/w="></latexit><latexit sha1_base64="TB50nAF0DrPWdP9h9+xsoEQ2p/w="></latexit>

• Shown here is the breakdown of the sources of uncertainty (excluding luminosity,                     ) for a sample set of bins in 
the central rapidity electron channel.

• The full set of systematic uncertainties were evaluated for all of the bin and channel combinations included in this analysis.

�lumi = 1.9%
<latexit sha1_base64="lQfMFBZo7LthzuAbODGaqwz5lpY="></latexit><latexit sha1_base64="lQfMFBZo7LthzuAbODGaqwz5lpY="></latexit><latexit sha1_base64="lQfMFBZo7LthzuAbODGaqwz5lpY="></latexit><latexit sha1_base64="lQfMFBZo7LthzuAbODGaqwz5lpY="></latexit>

Bin mee |yee | cos ✓⇤ �stat
unc �

sig
unc �

bkg
unc �

mj
unc �

bkg
cor �

mj
cor �scl

cor �res
cor �rec

cor �idcor �
trig
cor �

qmid
cor �kfac

cor �
zpt
cor �

pdf
cor �tot

[GeV] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]

1 46, 66 0.0, 0.2 �1.0,�0.7 6.7 2.4 3.4 3.1 1.9 5.2 0.5 0.7 0.5 2.5 0.7 0.2 0.0 0.9 0.2 10.6

2 46, 66 0.0, 0.2 �0.7,�0.4 2.3 0.8 1.2 0.9 1.1 2.0 0.2 0.2 0.5 2.7 0.9 0.0 0.0 0.0 0.1 4.7

3 46, 66 0.0, 0.2 �0.4, 0.0 1.4 0.5 0.9 0.4 0.9 0.9 0.3 0.1 0.3 1.9 0.3 0.0 0.0 0.0 0.0 2.9

4 46, 66 0.0, 0.2 0.0,+0.4 1.4 0.5 0.8 0.5 0.9 0.9 0.3 0.1 0.3 1.9 0.3 0.0 0.0 0.0 0.1 3.0

5 46, 66 0.0, 0.2 +0.4,+0.7 2.2 0.8 0.9 0.9 1.1 2.0 0.2 0.1 0.5 2.6 0.8 0.0 0.0 0.0 0.1 4.5

6 46, 66 0.0, 0.2 +0.7,+1.0 6.7 2.3 4.8 3.1 1.8 4.9 0.9 0.5 0.5 2.6 0.7 0.1 0.0 0.9 0.2 10.9

79 66, 80 0.2, 0.4 �1.0,�0.7 2.7 1.3 0.5 0.7 0.5 1.6 1.5 1.1 0.6 3.7 1.2 0.1 0.0 0.3 0.2 5.6

80 66, 80 0.2, 0.4 �0.7,�0.4 1.3 0.6 0.4 0.3 0.3 0.3 0.4 0.4 0.3 1.7 0.4 0.1 0.0 0.0 0.0 2.5

81 66, 80 0.2, 0.4 �0.4, 0.0 1.3 0.4 0.4 0.3 0.3 0.1 0.3 0.1 0.1 0.7 0.2 0.0 0.0 0.0 0.0 1.6

82 66, 80 0.2, 0.4 0.0,+0.4 1.2 0.5 0.3 0.4 0.3 0.1 0.3 0.1 0.1 0.7 0.2 0.1 0.0 0.0 0.0 1.7

83 66, 80 0.2, 0.4 +0.4,+0.7 1.4 0.6 0.3 0.3 0.3 0.3 0.6 0.2 0.3 1.7 0.4 0.1 0.0 0.1 0.0 2.6

84 66, 80 0.2, 0.4 +0.7,+1.0 2.7 1.4 0.4 0.7 0.4 1.6 2.8 1.0 0.6 3.8 1.2 0.2 0.0 0.3 0.1 6.1

157 80, 91 0.4, 0.6 �1.0,�0.7 0.6 0.3 0.0 0.1 0.0 0.1 1.4 0.3 0.3 3.2 0.4 0.1 0.0 0.0 0.1 3.6

158 80, 91 0.4, 0.6 �0.7,�0.4 0.4 0.2 0.0 0.0 0.0 0.0 1.0 0.1 0.1 0.5 0.2 0.1 0.0 0.1 0.0 1.2

159 80, 91 0.4, 0.6 �0.4, 0.0 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.1 0.0 0.3 0.1 0.1 0.0 0.0 0.0 1.1

160 80, 91 0.4, 0.6 0.0,+0.4 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.3 0.1 0.1 0.0 0.0 0.0 1.2

161 80, 91 0.4, 0.6 +0.4,+0.7 0.4 0.2 0.0 0.0 0.0 0.0 1.0 0.1 0.1 0.5 0.2 0.1 0.0 0.1 0.0 1.2

162 80, 91 0.4, 0.6 +0.7,+1.0 0.6 0.3 0.0 0.0 0.0 0.1 1.6 0.2 0.3 3.2 0.4 0.1 0.0 0.0 0.1 3.7

235 91, 102 0.6, 0.8 �1.0,�0.7 0.5 0.2 0.0 0.1 0.0 0.0 2.1 0.2 0.3 2.6 0.5 0.0 0.0 0.2 0.0 3.5

236 91, 102 0.6, 0.8 �0.7,�0.4 0.4 0.2 0.0 0.0 0.0 0.0 1.3 0.0 0.1 0.5 0.2 0.0 0.0 0.1 0.0 1.5

237 91, 102 0.6, 0.8 �0.4, 0.0 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.1 0.0 0.2 0.1 0.0 0.0 0.0 0.0 1.1

238 91, 102 0.6, 0.8 0.0,+0.4 0.3 0.1 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 1.1

239 91, 102 0.6, 0.8 +0.4,+0.7 0.4 0.2 0.0 0.0 0.0 0.0 1.2 0.0 0.1 0.5 0.2 0.0 0.0 0.1 0.0 1.4

240 91, 102 0.6, 0.8 +0.7,+1.0 0.5 0.2 0.0 0.1 0.0 0.1 2.1 0.1 0.3 2.6 0.5 0.0 0.0 0.2 0.0 3.4

313 102, 116 0.8, 1.0 �1.0,�0.7 2.8 1.2 0.6 0.8 0.5 0.7 2.1 0.9 0.2 1.4 0.3 0.1 0.0 0.1 0.0 4.3

314 102, 116 0.8, 1.0 �0.7,�0.4 2.6 1.2 0.2 0.5 0.2 0.9 2.3 1.0 0.0 0.4 0.2 0.0 0.0 0.1 0.1 4.0

315 102, 116 0.8, 1.0 �0.4, 0.0 2.0 0.8 1.6 0.3 0.2 0.2 1.0 0.3 0.1 0.3 0.1 0.1 0.0 0.0 0.0 2.9

316 102, 116 0.8, 1.0 0.0,+0.4 1.8 0.7 0.1 0.2 0.2 0.1 0.9 0.5 0.1 0.3 0.1 0.0 0.0 0.1 0.1 2.2

317 102, 116 0.8, 1.0 +0.4,+0.7 2.3 1.0 0.5 0.4 0.2 0.7 1.7 1.3 0.0 0.4 0.2 0.1 0.0 0.0 0.1 3.5

318 102, 116 0.8, 1.0 +0.7,+1.0 2.3 1.0 0.2 0.6 0.3 0.6 2.1 0.6 0.2 1.4 0.3 0.0 0.0 0.0 0.1 3.8

391 116, 150 1.0, 1.2 �1.0,�0.7 4.8 1.0 2.8 1.8 1.3 5.1 0.2 0.4 0.1 0.4 0.2 0.1 0.0 0.0 0.1 8.0

392 116, 150 1.0, 1.2 �0.7,�0.4 3.5 0.9 0.4 0.7 0.7 0.6 0.6 0.1 0.1 0.3 0.2 0.1 0.0 0.2 0.1 3.9

393 116, 150 1.0, 1.2 �0.4, 0.0 3.1 0.8 1.3 0.4 0.5 0.8 0.6 0.1 0.1 0.4 0.2 0.1 0.0 0.0 0.2 3.7

394 116, 150 1.0, 1.2 0.0,+0.4 3.0 0.8 0.6 0.5 0.4 0.9 0.6 0.2 0.1 0.4 0.2 0.1 0.0 0.1 0.0 3.5

395 116, 150 1.0, 1.2 +0.4,+0.7 2.8 0.7 0.5 0.5 0.5 0.4 0.6 0.4 0.1 0.3 0.2 0.1 0.0 0.1 0.1 3.2

396 116, 150 1.0, 1.2 +0.7,+1.0 3.7 0.8 2.2 1.1 0.8 3.4 0.4 0.2 0.1 0.4 0.2 0.1 0.0 0.0 0.1 5.7

469 150, 200 1.2, 1.4 �1.0,�0.7 11.9 1.4 2.0 3.6 2.2 1.5 0.4 0.3 0.1 0.5 0.3 0.1 0.0 0.0 0.2 12.9

470 150, 200 1.2, 1.4 �0.7,�0.4 6.6 0.8 1.0 5.9 1.6 0.9 0.9 0.2 0.1 0.5 0.3 0.1 0.0 0.0 0.1 9.2

471 150, 200 1.2, 1.4 �0.4, 0.0 6.6 1.0 3.1 1.9 1.0 0.4 1.0 0.1 0.2 0.6 0.3 0.2 0.0 0.0 0.1 7.8

472 150, 200 1.2, 1.4 0.0,+0.4 5.3 0.9 0.8 0.9 0.6 0.2 0.6 0.2 0.2 0.6 0.3 0.2 0.0 0.1 0.0 5.6

473 150, 200 1.2, 1.4 +0.4,+0.7 4.4 0.6 0.5 1.9 0.7 0.4 0.9 0.2 0.1 0.5 0.3 0.1 0.0 0.0 0.0 5.0

474 150, 200 1.2, 1.4 +0.7,+1.0 7.6 0.9 1.1 2.3 1.1 0.7 0.3 0.2 0.1 0.5 0.3 0.2 0.0 0.0 0.1 8.3

Table 2: Central rapidity electron channel uncertainties in selected bins. All uncertainties quoted are in units of
percent, relative to the measured di! erential cross section. The uncertainties are separated into those which are
bin-to-bin correlated within a single channel (marked “cor”) and those which are uncorrelated (marked “unc”). The
sources are the uncertainties arising from the data sample size (�stat

unc); the signal MC sample size (�sig
unc); the sizes

of the background MC samples (�bkg
unc); the statistical component of the multijet estimation (�mj

unc); the combined
correlated (normalisation) component of all background MC samples (�bkg

cor ); the multijet estimation (�mj
cor); the elec-

tron energy scale (�scl
cor) and resolution (�res

cor); the reconstruction (�rec
cor), identification (�idcor), and trigger e" ciencies

(�trigcor ); the electron charge misidentification (�qmid
cor ); the K-factors (�kfac

cor ); the Z boson pT modelling (�zpt
cor); the PDF

variation (�pdf
cor); and the total measurement uncertainty (�tot). The luminosity uncertainty is not included in these

tables.
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Bin mee |yee| cos! ! "stat
unc "sig

unc "bkg
unc "mj

unc "bkg
cor "mj

cor "scl
cor " res

cor " rec
cor " id

cor " trig
cor "qmid

cor "kfac
cor "zpt

cor "pdf
cor " tot

[GeV] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]

1 46,66 0.0,0.2 " 1.0, " 0.7 6.7 2.4 3.4 3.1 1.9 5.2 0.5 0.7 0.5 2.5 0.7 0.2 0.0 0.9 0.2 10.6

2 46,66 0.0,0.2 " 0.7, " 0.4 2.3 0.8 1.2 0.9 1.1 2.0 0.2 0.2 0.5 2.7 0.9 0.0 0.0 0.0 0.1 4.7

3 46,66 0.0,0.2 " 0.4, 0.0 1.4 0.5 0.9 0.4 0.9 0.9 0.3 0.1 0.3 1.9 0.3 0.0 0.0 0.0 0.0 2.9

4 46,66 0.0,0.2 0.0,+0.4 1.4 0.5 0.8 0.5 0.9 0.9 0.3 0.1 0.3 1.9 0.3 0.0 0.0 0.0 0.1 3.0

5 46,66 0.0,0.2 +0.4,+0.7 2.2 0.8 0.9 0.9 1.1 2.0 0.2 0.1 0.5 2.6 0.8 0.0 0.0 0.0 0.1 4.5

6 46,66 0.0,0.2 +0.7,+1.0 6.7 2.3 4.8 3.1 1.8 4.9 0.9 0.5 0.5 2.6 0.7 0.1 0.0 0.9 0.2 10.9

79 66,80 0.2,0.4 " 1.0, " 0.7 2.7 1.3 0.5 0.7 0.5 1.6 1.5 1.1 0.6 3.7 1.2 0.1 0.0 0.3 0.2 5.6

80 66,80 0.2,0.4 " 0.7, " 0.4 1.3 0.6 0.4 0.3 0.3 0.3 0.4 0.4 0.3 1.7 0.4 0.1 0.0 0.0 0.0 2.5

81 66,80 0.2,0.4 " 0.4, 0.0 1.3 0.4 0.4 0.3 0.3 0.1 0.3 0.1 0.1 0.7 0.2 0.0 0.0 0.0 0.0 1.6

82 66,80 0.2,0.4 0.0,+0.4 1.2 0.5 0.3 0.4 0.3 0.1 0.3 0.1 0.1 0.7 0.2 0.1 0.0 0.0 0.0 1.7

83 66,80 0.2,0.4 +0.4,+0.7 1.4 0.6 0.3 0.3 0.3 0.3 0.6 0.2 0.3 1.7 0.4 0.1 0.0 0.1 0.0 2.6

84 66,80 0.2,0.4 +0.7,+1.0 2.7 1.4 0.4 0.7 0.4 1.6 2.8 1.0 0.6 3.8 1.2 0.2 0.0 0.3 0.1 6.1

157 80,91 0.4,0.6 " 1.0, " 0.7 0.6 0.3 0.0 0.1 0.0 0.1 1.4 0.3 0.3 3.2 0.4 0.1 0.0 0.0 0.1 3.6

158 80,91 0.4,0.6 " 0.7, " 0.4 0.4 0.2 0.0 0.0 0.0 0.0 1.0 0.1 0.1 0.5 0.2 0.1 0.0 0.1 0.0 1.2

159 80,91 0.4,0.6 " 0.4, 0.0 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.1 0.0 0.3 0.1 0.1 0.0 0.0 0.0 1.1

160 80,91 0.4,0.6 0.0,+0.4 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.3 0.1 0.1 0.0 0.0 0.0 1.2

161 80,91 0.4,0.6 +0.4,+0.7 0.4 0.2 0.0 0.0 0.0 0.0 1.0 0.1 0.1 0.5 0.2 0.1 0.0 0.1 0.0 1.2

162 80,91 0.4,0.6 +0.7,+1.0 0.6 0.3 0.0 0.0 0.0 0.1 1.6 0.2 0.3 3.2 0.4 0.1 0.0 0.0 0.1 3.7

235 91,102 0.6,0.8 " 1.0, " 0.7 0.5 0.2 0.0 0.1 0.0 0.0 2.1 0.2 0.3 2.6 0.5 0.0 0.0 0.2 0.0 3.5

236 91,102 0.6,0.8 " 0.7, " 0.4 0.4 0.2 0.0 0.0 0.0 0.0 1.3 0.0 0.1 0.5 0.2 0.0 0.0 0.1 0.0 1.5

237 91,102 0.6,0.8 " 0.4, 0.0 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.1 0.0 0.2 0.1 0.0 0.0 0.0 0.0 1.1

238 91,102 0.6,0.8 0.0,+0.4 0.3 0.1 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 1.1

239 91,102 0.6,0.8 +0.4,+0.7 0.4 0.2 0.0 0.0 0.0 0.0 1.2 0.0 0.1 0.5 0.2 0.0 0.0 0.1 0.0 1.4

240 91,102 0.6,0.8 +0.7,+1.0 0.5 0.2 0.0 0.1 0.0 0.1 2.1 0.1 0.3 2.6 0.5 0.0 0.0 0.2 0.0 3.4

313 102,116 0.8,1.0 " 1.0, " 0.7 2.8 1.2 0.6 0.8 0.5 0.7 2.1 0.9 0.2 1.4 0.3 0.1 0.0 0.1 0.0 4.3

314 102,116 0.8,1.0 " 0.7, " 0.4 2.6 1.2 0.2 0.5 0.2 0.9 2.3 1.0 0.0 0.4 0.2 0.0 0.0 0.1 0.1 4.0

315 102,116 0.8,1.0 " 0.4, 0.0 2.0 0.8 1.6 0.3 0.2 0.2 1.0 0.3 0.1 0.3 0.1 0.1 0.0 0.0 0.0 2.9

316 102,116 0.8,1.0 0.0,+0.4 1.8 0.7 0.1 0.2 0.2 0.1 0.9 0.5 0.1 0.3 0.1 0.0 0.0 0.1 0.1 2.2

317 102,116 0.8,1.0 +0.4,+0.7 2.3 1.0 0.5 0.4 0.2 0.7 1.7 1.3 0.0 0.4 0.2 0.1 0.0 0.0 0.1 3.5

318 102,116 0.8,1.0 +0.7,+1.0 2.3 1.0 0.2 0.6 0.3 0.6 2.1 0.6 0.2 1.4 0.3 0.0 0.0 0.0 0.1 3.8

391 116,150 1.0,1.2 " 1.0, " 0.7 4.8 1.0 2.8 1.8 1.3 5.1 0.2 0.4 0.1 0.4 0.2 0.1 0.0 0.0 0.1 8.0

392 116,150 1.0,1.2 " 0.7, " 0.4 3.5 0.9 0.4 0.7 0.7 0.6 0.6 0.1 0.1 0.3 0.2 0.1 0.0 0.2 0.1 3.9

393 116,150 1.0,1.2 " 0.4, 0.0 3.1 0.8 1.3 0.4 0.5 0.8 0.6 0.1 0.1 0.4 0.2 0.1 0.0 0.0 0.2 3.7

394 116,150 1.0,1.2 0.0,+0.4 3.0 0.8 0.6 0.5 0.4 0.9 0.6 0.2 0.1 0.4 0.2 0.1 0.0 0.1 0.0 3.5

395 116,150 1.0,1.2 +0.4,+0.7 2.8 0.7 0.5 0.5 0.5 0.4 0.6 0.4 0.1 0.3 0.2 0.1 0.0 0.1 0.1 3.2

396 116,150 1.0,1.2 +0.7,+1.0 3.7 0.8 2.2 1.1 0.8 3.4 0.4 0.2 0.1 0.4 0.2 0.1 0.0 0.0 0.1 5.7

469 150,200 1.2,1.4 " 1.0, " 0.7 11.9 1.4 2.0 3.6 2.2 1.5 0.4 0.3 0.1 0.5 0.3 0.1 0.0 0.0 0.2 12.9

470 150,200 1.2,1.4 " 0.7, " 0.4 6.6 0.8 1.0 5.9 1.6 0.9 0.9 0.2 0.1 0.5 0.3 0.1 0.0 0.0 0.1 9.2

471 150,200 1.2,1.4 " 0.4, 0.0 6.6 1.0 3.1 1.9 1.0 0.4 1.0 0.1 0.2 0.6 0.3 0.2 0.0 0.0 0.1 7.8

472 150,200 1.2,1.4 0.0,+0.4 5.3 0.9 0.8 0.9 0.6 0.2 0.6 0.2 0.2 0.6 0.3 0.2 0.0 0.1 0.0 5.6

473 150,200 1.2,1.4 +0.4,+0.7 4.4 0.6 0.5 1.9 0.7 0.4 0.9 0.2 0.1 0.5 0.3 0.1 0.0 0.0 0.0 5.0

474 150,200 1.2,1.4 +0.7,+1.0 7.6 0.9 1.1 2.3 1.1 0.7 0.3 0.2 0.1 0.5 0.3 0.2 0.0 0.0 0.1 8.3

Table 2: Central rapidity electron channel uncertainties in selected bins. All uncertainties quoted are in units of
percent, relative to the measured di! erential cross section. The uncertainties are separated into those which are
bin-to-bin correlated within a single channel (marked ÒcorÓ) and those which are uncorrelated (marked ÒuncÓ). The
sources are the uncertainties arising from the data sample size ("stat

unc); the signal MC sample size ("sig
unc); the sizes

of the background MC samples ("bkg
unc); the statistical component of the multijet estimation ("mj

unc); the combined
correlated (normalisation) component of all background MC samples ("bkg

cor ); the multijet estimation ("mj
cor); the elec-

tron energy scale (" scl
cor) and resolution (" res

cor); the reconstruction (" rec
cor), identiÞcation (" id

cor), and trigger e" ciencies
(" trig

cor); the electron charge misidentiÞcation ("qmid
cor ); theK-factors (" kfac

cor ); theZ bosonpT modelling (" zpt
cor); the PDF

variation ("pdf
cor); and the total measurement uncertainty (" tot). The luminosity uncertainty is not included in these

tables.

27



�14Linck - Pheno 20187-9 May 2018

Method Backgrounds Uncertainty Results

• An example of the fiducial 3D 
differential cross-section at Born-
level is shown to the far right.

Drell-Yan 3D Cross-section
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Figure 5: The combined Born-level fiducial cross section d�/dm``. The data are shown as solid markers and the
prediction from Powheg including NNLO QCD and NLO EW K-factors is shown as the solid line. The lower panel
shows the ratio of prediction to measurement. The inner error bars represent the data statistical uncertainty and
the solid band shows the total experimental uncertainty. The contribution to the uncertainty from the luminosity
measurement is excluded. The hatched band represents the statistical and PDF uncertainties in the prediction.

shows a plateau at small |y``| leading to a broad shoulder followed by a cross section falling to zero at the
highest accessible |y``|. The width of the plateau narrows with increasing m``. In the two high-precision
Z-peak mass bins, the measured cross-section values have a total uncertainty (excluding the common
luminosity uncertainty) of 0.4% for |y``| < 1 rising to 0.7% at |y``| = 2.4. At high invariant mass, the
statistical and experimental uncertainty components contribute equally to the total measurement precision
in the plateau region, increasing from 0.5% to 1.8%. The theoretical predictions replicate the features in
the data well. The lower panel of each figure shows the ratio of the prediction to the measurement.
Here, in addition to overall rate di↵erence already observed in the one-dimensional distribution, a small
tendency of the data to exceed the predictions at the highest |y``| can be seen in some of the mass bins.
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Figure 13: The high rapidity electron channel Born-level fiducial cross section d3�. The kinematic region shown is
labelled in each plot. The data are shown as solid markers and the prediction from Powheg including NNLO QCD
and NLO EW K-factors is shown as the solid line. In each plot, the lower panel shows the ratio of prediction to
measurement. The inner error bars represent the statistical uncertainty of the data and the solid band shows the total
experimental uncertainty. The contribution from the uncertainty of the luminosity measurement is excluded. The
hatched band represents the statistical and PDF uncertainties in the prediction.
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Figure 6: The combined Born-level Þducial cross section d2! / dm"" d|y"" | in the seven invariant mass bins of the
central measurements. The data are shown as solid markers and the prediction from Powheg including NNLO QCD
and NLO EWK-factors is shown as the solid line. The lower panel shows the ratio of prediction to measurement.
The inner error bars represent the data statistical uncertainty and the solid band shows the total experimental un-
certainty. The contribution to the uncertainty from the luminosity measurement is excluded. The hatched band
represents the statistical and PDF uncertainties in the prediction.
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1D Cross-Section 2D Cross-Section 3D Cross-Section

• Shown with it are examples of the 
associated 2D and 1D differential 
distributions distributions.  These 
are formed when the 3D cross-
section is integrated with respect 
to |yℓℓ| and then cos(θ*).

• Example distributions of the 
forward-backward differential 
asymmetry are shown in the   
lower right.

• The 3D differential cross-section can be 
used to simultaneously extract PDFs 
and               .sin2(✓W)

<latexit sha1_base64="awoLgU27PxomAgnOHgp9gDnVCic="></latexit><latexit sha1_base64="awoLgU27PxomAgnOHgp9gDnVCic="></latexit><latexit sha1_base64="awoLgU27PxomAgnOHgp9gDnVCic="></latexit><latexit sha1_base64="awoLgU27PxomAgnOHgp9gDnVCic="></latexit>

• For reference, complete tables with full 
breakdowns of all systematic uncertainties 
are available in HEPData.
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Figure 16: Forward-backward asymmetry, AFB, determined from the combined Born-level fiducial cross section.
The kinematic region shown is labelled in each plot. The data are shown as solid markers and the error bars
represent the total experimental uncertainty. The prediction from Powheg including NNLO QCD and NLO EW
K-factors is shown as the solid line and the hatched band represents the statistical and PDF uncertainties in the
prediction.
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Figure 16: Forward-backward asymmetry, AFB, determined from the combined Born-level fiducial cross section.
The kinematic region shown is labelled in each plot. The data are shown as solid markers and the error bars
represent the total experimental uncertainty. The prediction from Powheg including NNLO QCD and NLO EW
K-factors is shown as the solid line and the hatched band represents the statistical and PDF uncertainties in the
prediction.
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Figure 16: Forward-backward asymmetry,AFB, determined from the combined Born-level Þducial cross section.
The kinematic region shown is labelled in each plot. The data are shown as solid markers and the error bars
represent the total experimental uncertainty. The prediction from Powheg including NNLO QCD and NLO EW
K-factors is shown as the solid line and the hatched band represents the statistical and PDF uncertainties in the
prediction.
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Figure 16: Forward-backward asymmetry, AFB, determined from the combined Born-level fiducial cross section.
The kinematic region shown is labelled in each plot. The data are shown as solid markers and the error bars
represent the total experimental uncertainty. The prediction from Powheg including NNLO QCD and NLO EW
K-factors is shown as the solid line and the hatched band represents the statistical and PDF uncertainties in the
prediction.
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Figure 16: Forward-backward asymmetry, AFB, determined from the combined Born-level fiducial cross section.
The kinematic region shown is labelled in each plot. The data are shown as solid markers and the error bars
represent the total experimental uncertainty. The prediction from Powheg including NNLO QCD and NLO EW
K-factors is shown as the solid line and the hatched band represents the statistical and PDF uncertainties in the
prediction.
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Figure 16: Forward-backward asymmetry, AFB, determined from the combined Born-level fiducial cross section.
The kinematic region shown is labelled in each plot. The data are shown as solid markers and the error bars
represent the total experimental uncertainty. The prediction from Powheg including NNLO QCD and NLO EW
K-factors is shown as the solid line and the hatched band represents the statistical and PDF uncertainties in the
prediction.
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Figure 16: Forward-backward asymmetry, AFB, determined from the combined Born-level fiducial cross section.
The kinematic region shown is labelled in each plot. The data are shown as solid markers and the error bars
represent the total experimental uncertainty. The prediction from Powheg including NNLO QCD and NLO EW
K-factors is shown as the solid line and the hatched band represents the statistical and PDF uncertainties in the
prediction.
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Forward-Backward Differential Asymmetry Distributions
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Conclusion
• As part of its ongoing studies into the nature of the particles produced in high energy proton-proton collisions, the ATLAS 

detector has been used to perform the following set of recent precision electroweak related measurements:

• Tau polarisation in Z/γ* → ττ decays

• Drell–Yan triple-differential cross-section

• W-boson mass

mW = 80370 ± 19 MeV ΔmW = mW+ - mW-  = −29 ± 28 MeV 

Pτ = −0.14 ± 0.02 (stat) ± 0.04 (syst) in the mass-selected region 
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• The ATLAS Collaboration.  Measurement of the W-boson mass in pp collisions at √s = 7 TeV with the ATLAS detector.  
Phys. J. C (2018) 78: 110. https://doi.org/10.1140/epjc/s10052-017-5475-4
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