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Standard Model: a successful theory

W and Z bosons ideal to test the SM, 
study the QCD and EW predictions
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W and Z production cross section
Measurements of differential and integrated cross sections

W→e(μ)v Z→ee(μμ)

|ηe(μ)| |yee(μμ)| in 3 
mass bins

5 Cross-section results

5.1 Analysis procedure

The integrated and di↵erential W+ ! `+⌫, W� ! `�⌫̄, and Z/�⇤ ! `` production cross sections times
the branching ratio for decays into a single lepton flavour (` = e or µ) are measured in fiducial volumes
as defined in Section 2.3. Integrated fiducial cross sections in the electron (muon) channel are computed
following the equation

�fid,e(µ)
W!e(µ)⌫[Z!ee(µµ)] =

NW[Z] � BW[Z]

CW[Z] · Lint
, (5)

where NW[Z] is the number of observed signal candidates in data and BW[Z] is the number of background
events expected in the selected sample. The integrated luminosity of the sample is Lint = (4.58±0.08) fb�1

for all channels except the W ! e⌫ analysis, where it is Lint = (4.51 ± 0.08) fb�1. A correction for the
event detection e�ciency is applied with the factor CW[Z] , which is obtained from the simulation as

CW[Z] =
NMC,rec

W[Z]

NMC,gen,fid
W[Z]

. (6)

Here, NMC,rec
W[Z] is the sum of event weights after simulation, reconstruction and selection, adjusted for the

observed data-to-simulation di↵erences such as in reconstruction, identification, and trigger e�ciencies.
The denominator NMC,gen,fid

W[Z] is computed with generator-level information after fiducial requirements. To
correct the measurements for QED FSR e↵ects, the fiducial requirements at generator level are implemen-
ted using the lepton momenta before photon radiation. The lepton pairs (`+`�, `+⌫ or `�⌫̄) are required to
originate directly from the decay of the Z/�⇤ or W± bosons. The CW[Z] correction is a↵ected mostly by
experimental uncertainties, which are described in Sections 3 and 4.

The following uncertainties in CW[Z] of theoretical origin are considered. PDF-induced uncertainties
are determined by reweighting the signal samples [83] to the 26 eigenvectors of the CT10 set and scal-
ing the resulting uncertainty to 68% confidence level (CL). The e↵ect of an imperfect description of
the boson transverse momentum spectra is estimated by an additional reweighting of the W± and Z/�⇤
samples, beyond that discussed in Section 2.2, by the data-to-simulation ratio observed in the Z-peak
region. Uncertainties related to the implementation of the NLO QCD matrix element and its matching to
the parton shower are estimated from the di↵erence between the CW[Z] correction factors obtained from
the Powheg+Herwig and MC@NLO+Herwig signal samples. A similar systematic uncertainty related to
the signal modelling is estimated by changing the parton showering, hadronization, and underlying event
by comparing analysis results using Powheg+Pythia6 and Powheg+Herwig samples. When changing the
signal generator, the CW[Z] correction factors vary by small amounts due to di↵erences in the simulated
charged-lepton and neutrino kinematics, the detector response to the hadronic recoil, and the electron and
muon identification and isolation e�ciencies. The full data-driven estimate of multijet background in the
W ! `⌫ channels is repeated when changing the signal samples, as the reconstructed Emiss

T and mT shapes
have a significant impact in the fit.

For the measurement of charge-separated W+ and W� cross sections, the CW factor is modified to incor-
porate a correction for event migration between the W+ and W� samples as

CW+ =
NMC,rec+

W

NMC,gen+,fid
W

and CW� =
NMC,rec�

W

NMC,gen�,fid
W

, (7)
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Good understanding of trigger efficiencies and lepton reconstruction
reduced systematics

7TeV, 4.6fb-1

arxiv:1612.03016

https://arxiv.org/abs/1612.03016


W and Z production cross section 7TeV, 4.6fb-1

Differential measurement with a precision of 0.4-0.6 (exp)±1.8(lumi)% 
for Z and W± channels

comparisons with state-of-the-art predictions at NNLO QCD with 
NLO EW corrections
significant constraints on PDFs (HERAPDF2.0 describe the Z data and 
ABM12 the W data)



7TeV, 4.6fb-1

measured W+/W- consistent with predictions

measured W/Z ratio lower than predictions

Very precise test of e-μ 
universality in W, Z decays

Cross section ratios
cancellation of luminosity, 
lepton-related and theoretical 
uncertainties
sensitive to proton PDF 

W and Z production cross section



Measurement is used together with 
HERA DIS data for pQCD fit

new PDF set ATLAS-epWZ16
improved sensitivity of flavor 
composition w.r.t. DIS-only fits
data confirm large strange-quark 
density with increased precision and 
highlights theory limitations 

7TeV, 4.6fb-1

Independent determination of the CKM 
matrix element |Vcs| (related to cs→W 
contribution to the CC DY cross section) 
with a competitive measurement 
permitted by enhanced precision

W and Z production cross section

strange-to-light quark ratio Rs =
s+ s̄

ū+ d̄



13TeV, 81pb-1W and Z production cross section
Cross section measurements constrain PDFs
Coherently with the 7TeV result, W/Z ratio at 13TeV is lower than predictions and 
is inline with the ATLAS data PDF (ATLAS-epWZ12)
Enhanced strangeness observed in 7TeV ATLAS data seems to be confirmed in 
13TeV data

Phys. Lett. B 759 (2016) 601

http://www.sciencedirect.com/science/article/pii/S0370269316302763
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tt to Z ratios at 7, 8 and 13TeV

Rtt̄/Z =
�tt̄

0.5(�Z!ee + �Z!µµ)

Examine dependence of the cross sections with the collision centre-of-mass energy
Cancellation of luminosity, lepton-related and theoretical uncertainties
single ratios:

at a given √s - Rtt/Z(7TeV) , Rtt/Z(8TeV) , Rtt/Z(13TeV) : sensitive to gluon-to-quark PDF ratio
single ratios at different √s - Rtt/tt(13,8,7TeV), RZ/Z(13,8,7TeV) : constrain the luminosity 
uncertainties at different √s

single ratio at given √s single ratio at different √s

- -
- - -

-
arxiv:1612.03636

only tt→eμ channel is used-

https://arxiv.org/abs/1612.03636


Impact of ATLAS data on the PDF uncertainties quantified by PDF 
profiling using ATLAS-epWZ12 PDF set
Light-quark sea and gluon distributions visibly constrained by the 
ATLAS tt and Z cross section data 

Light quark sea distribution at x < 0.02
Gluon distribution at x ~ 0.1

Light-quark sea distributions Gluon distributions

tt to Z ratios at 7, 8 and 13TeV-

-
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W mass measurement

EW gauge sector of the SM is 
constrained by 3 parameters

electromagnetic coupling constant 
muon decay constant 
Z boson mass

α = 1/1370359999679
Gμ = 1.16637 x 10-5 GeV-2

mZ = 91.1876 GeV

1 Introduction

The Standard Model (SM) of particle physics describes the electroweak interactions as being mediated by
the W boson, the Z boson, and the photon, in a gauge theory based on the SU(2)L ⇥U(1)Y symmetry [1–
3]. The theory incorporates the observed masses of the W and Z bosons through a symmetry-breaking
mechanism. In the SM, this mechanism relies on the interaction of the gauge bosons with a scalar doublet
field and implies the existence of an additional physical state known as the Higgs boson [4–7]. The
existence of the W and Z bosons was first established at the CERN SPS in 1983 [8–11], and the LHC
collaborations ATLAS and CMS reported the discovery of the Higgs boson in 2012 [12, 13].

At lowest order in the electroweak theory, the W-boson mass, mW , can be expressed solely as a function of
the Z-boson mass, mZ , the fine-structure constant, ↵, and the Fermi constant, Gµ. Higher-order corrections
introduce an additional dependence of the W-boson mass on the gauge couplings and the masses of the
heavy particles of the SM. The mass of the W boson can be expressed in terms of the other SM parameters
as follows:

m2
W

0
BBBB@1 �

m2
W

m2
Z

1
CCCCA =

⇡↵p
2Gµ

(1 + �r),

where �r incorporates the e↵ect of higher-order corrections [14, 15]. In the SM, �r is particularly sens-
itive to the top-quark and Higgs-boson masses; in extended theories, �r receives contributions from ad-
ditional particles and interactions. These e↵ects can be probed by comparing the measured and predicted
values of mW . In the context of global fits to the SM parameters, constraints on physics beyond the SM
are currently limited by the W-boson mass measurement precision [16]. Improving the precision of the
measurement of mW is therefore of high importance for testing the overall consistency of the SM.

Previous measurements of the mass of the W boson were performed at the CERN SPS proton–antiproton
(pp̄) collider with the UA1 and UA2 experiments [17, 18] at centre-of-mass energies of

p
s = 546 GeV

and
p

s = 630 GeV, at the Tevatron pp̄ collider with the CDF and D0 detectors at
p

s = 1.8 TeV [19–21]
and
p

s = 1.96 TeV [22–24], and at the LEP electron–positron collider by the ALEPH, DELPHI, L3,
and OPAL collaborations at

p
s = 161–209 GeV [25–28]. The current Particle Data Group world average

value of mW = 80385 ± 15 MeV [29] is dominated by the CDF and D0 measurements performed atp
s = 1.96 TeV. Given the precisely measured values of ↵, Gµ and mZ , and taking recent top-quark and

Higgs-boson mass measurements, the SM prediction of mW is mW = 80358 ± 8 MeV in Ref. [16] and
mW = 80362 ± 8 MeV in Ref. [30]. The SM prediction uncertainty of 8 MeV represents a target for the
precision of future measurements of mW .

At hadron colliders, the W-boson mass can be determined in Drell–Yan production [31] from W ! `⌫
decays, where ` is an electron or muon. The mass of the W boson is extracted from the Jacobian edges
of the final-state kinematic distributions, measured in the plane perpendicular to the beam direction.
Sensitive observables include the transverse momenta of the charged lepton and neutrino and the W-
boson transverse mass.

The ATLAS and CMS experiments benefit from large signal and calibration samples. The numbers
of selected W- and Z-boson events, collected in a sample corresponding to approximately 4.6 fb�1 of
integrated luminosity at a centre-of-mass energy of 7 TeV, are of the order of 107 for the W ! `⌫, and of
the order of 106 for the Z ! `` processes. The available data sample is therefore larger by an order of
magnitude compared to the corresponding samples used for the CDF and D0 measurements. Given the

2

Δr incorporates higher-
order corrections from the 

SM and beyond
In the on-shell scheme: 

 Δr depends on mt
2 and lnmHThe relation between MW, mt, and MH provides 

stringent test of the SM and is sensitive to new 
Physics  

World average uncertainty  
 ~15 MeV  

Best individual measurement: CDF 
19 MeV  

Motivation of the measurement 

2

Consistency test of the SM, and a probe for BSM physics

arxiv:1701.07240

7TeV, 4.6fb-1

https://arxiv.org/abs/1701.07240


Measurement strategy
measurement categoriesimportant components/requirements

main signature:
final state lepton

Recoil: sum of 
everything else 

reconstructed in the 
calorimeters 

  9

Measurement strategy

● Event representation

– Main signature : final state lepton (electron or muon) : 

– Recoil : sum of “everything else” reconstructed in the calorimeters; a measure of pT
W,Z

– Derived quantities : 

+ useful projections (see later). No explicit jet reconstruction!

p⃗T

l

p⃗T

l

derived quantities:
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– Recoil : sum of “everything else” reconstructed in the calorimeters; a measure of pT
W,Z

– Derived quantities : 

+ useful projections (see later). No explicit jet reconstruction!

p⃗T

l

p⃗T

l

p`T > 30GeV , pmiss
T > 30GeV

mT > 60GeV , uT < 30GeV

7TeV, 4.6fb-1



Data/Simulation comparisons 7TeV, 4.6fb-1

electron channel muon channel



Physics modeling
Combined Value Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total �2/dof
categories [MeV] Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. of Comb.

mT, W+, e-µ 80370.0 12.3 8.3 6.7 14.5 9.7 9.4 3.4 16.9 30.9 2/6
mT, W�, e-µ 80381.1 13.9 8.8 6.6 11.8 10.2 9.7 3.4 16.2 30.5 7/6
mT, W±, e-µ 80375.7 9.6 7.8 5.5 13.0 8.3 9.6 3.4 10.2 25.1 11/13

p`T, W+, e-µ 80352.0 9.6 6.5 8.4 2.5 5.2 8.3 5.7 14.5 23.5 5/6
p`T, W�, e-µ 80383.4 10.8 7.0 8.1 2.5 6.1 8.1 5.7 13.5 23.6 10/6
p`T, W±, e-µ 80369.4 7.2 6.3 6.7 2.5 4.6 8.3 5.7 9.0 18.7 19/13

p`T, W±, e 80347.2 9.9 0.0 14.8 2.6 5.7 8.2 5.3 8.9 23.1 4/5
mT, W±, e 80364.6 13.5 0.0 14.4 13.2 12.8 9.5 3.4 10.2 30.8 8/5
mT-p`T, W+, e 80345.4 11.7 0.0 16.0 3.8 7.4 8.3 5.0 13.7 27.4 1/5
mT-p`T, W�, e 80359.4 12.9 0.0 15.1 3.9 8.5 8.4 4.9 13.4 27.6 8/5
mT-p`T, W±, e 80349.8 9.0 0.0 14.7 3.3 6.1 8.3 5.1 9.0 22.9 12/11

p`T, W±, µ 80382.3 10.1 10.7 0.0 2.5 3.9 8.4 6.0 10.7 21.4 7/7
mT, W±, µ 80381.5 13.0 11.6 0.0 13.0 6.0 9.6 3.4 11.2 27.2 3/7
mT-p`T, W+, µ 80364.1 11.4 12.4 0.0 4.0 4.7 8.8 5.4 17.6 27.2 5/7
mT-p`T, W�, µ 80398.6 12.0 13.0 0.0 4.1 5.7 8.4 5.3 16.8 27.4 3/7
mT-p`T, W±, µ 80382.0 8.6 10.7 0.0 3.7 4.3 8.6 5.4 10.9 21.0 10/15

mT-p`T, W+, e-µ 80352.7 8.9 6.6 8.2 3.1 5.5 8.4 5.4 14.6 23.4 7/13
mT-p`T, W�, e-µ 80383.6 9.7 7.2 7.8 3.3 6.6 8.3 5.3 13.6 23.4 15/13

mT-p`T, W±, e-µ 80369.5 6.8 6.6 6.4 2.9 4.5 8.3 5.5 9.2 18.5 29/27

Table 11: Results of the mW measurements for various combinations of categories. 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 including scale variations,
parton shower and angular coe�cients, electroweak corrections, and PDFs. All uncertainties are given in MeV.

11.5 Additional validation tests

The final combination of mW , presented above, depends only on template fits to the p`T and mT distribu-
tions. As a validation test, the value of mW is determined from the pmiss

T distribution, performing a fit in
the range 30 < pmiss

T < 60 GeV. Consistent results are observed in all measurement categories, leading to
combined results of 80364± 26(stat) MeV and 80367± 23(stat) MeV for the electron and muon channels,
respectively.

Several additional studies are performed to validate the stability of the mW measurement. The stability
of the result with respect to di↵erent pile-up conditions is tested by dividing the event sample into three
bins of hµi, namely [2.5, 6.5], [6.5, 9.5], and [9.5, 16]. In each bin, mW measurements are performed
independently using the p`T and mT distributions. This categorisation also tests the stability of mW with
respect to data-taking periods, as the later data-taking periods have on average more pile-up due to the
increasing LHC luminosity.

The calibration of the recoil and the modelling of the pW
T distribution are tested by performing mW fits in

two bins of the recoil corresponding to [0, 15] GeV and [15, 30] GeV, and in two regions corresponding
to positive and negative values of u`k. The analysis is also repeated with the pmiss

T requirement removed
from the signal selection, leading to a lower recoil modelling uncertainty but a higher multijet background

56
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dominant uncertainty due to physics modeling 
measurement based on a mixed-physics model 
based on the NNLO fixed-order prediction for the rapidity and spin 
correlations*
Parton shower (PYTHIA with AZ tune to describe pTZ) used for the modeling of 
the pT of the W boson 

*spin correlations in: JHEP08(2016)159

Why the W mass measurement is complex in LHC
more complex QCD environment at LHC (proton-proton collider) compared to 
Tevatron (proton-anti-proton collider)
sea-quark PDFs play a large role at the LHC
25% of W production is induced by at least one second generation quark (s or c)

7TeV, 4.6fb-1

https://link.springer.com/article/10.1007/JHEP08(2016)159


Result

Results consistent with the SM expectation, 
compatible with the world average and 
competitive in precision w.r.t. the single 

measurements by CDF and D0

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

7TeV, 4.6fb-1



Summary

High precision W and Z boson measurements with the ATLAS 
detector
Rich LHC datasets from Run1 and Run 2 allow for results at 
7TeV, 8TeV and 13TeV
Single W and Z boson physics is a unique playground to study 
QCD and EW predictions with excellent statistics and clean 
samples
We can reach total uncertainties at per mille level
Test QCD and EW corrections at sub-percent level and constrain 
PDFs
It’s time to explore new phase space regions in Run 2 and 
beyond!



back up

D. HaydenMSU 20

Summary
• Most of the active Exotic searches have already started looking at data!

-  The rest are ramping up very quickly and will look at early data soon.

-  Harmonisation effort has been a success. Working closely with CP groups.

• Teams are keeping a discovery-mode frame-of-mind so that we are ready to 
make discoveries if nature presents us with new physics.

• Many VE (<1\fb) searches are on track to produce results for EPS/LHCP.

A New Discovery 
Could Be             

Just Around         
The Beam Pipe.....

....And We’re Ready!



W and Z production cross section 7TeV, 4.6fb-1



W and Z production cross section 7TeV, 4.6fb-1
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Figure 17: Di↵erential d�/d|⌘` | cross-section measurements for W+ (left) and W� (right), for the electron channel
(open circles), the muon channel (open squares) and their combination with uncorrelated uncertainties (crosses)
and the total uncertainty, apart from the luminosity error (green band). Also shown are the ratios of the e and
µ measurements to the combination and the pulls of the individual measurements in terms of their uncorrelated
uncertainties, see text.
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Figure 18: Di↵erential d�/d|y`` | cross-section measurements for Z/�⇤ ! `` in the three m`` regions, for the electron
channel (open circles), the muon channel (open squares) and their combination with uncorrelated uncertainties
(crosses) and the total uncertainty, apart from the luminosity error (green band). Also shown are the ratios of the e
and µ measurements to the combination and the pulls of the individual measurements in terms of their uncorrelated
uncertainties, see text.
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Figure 17: Di↵erential d�/d|⌘` | cross-section measurements for W+ (left) and W� (right), for the electron channel
(open circles), the muon channel (open squares) and their combination with uncorrelated uncertainties (crosses)
and the total uncertainty, apart from the luminosity error (green band). Also shown are the ratios of the e and
µ measurements to the combination and the pulls of the individual measurements in terms of their uncorrelated
uncertainties, see text.
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Figure 18: Di↵erential d�/d|y`` | cross-section measurements for Z/�⇤ ! `` in the three m`` regions, for the electron
channel (open circles), the muon channel (open squares) and their combination with uncorrelated uncertainties
(crosses) and the total uncertainty, apart from the luminosity error (green band). Also shown are the ratios of the e
and µ measurements to the combination and the pulls of the individual measurements in terms of their uncorrelated
uncertainties, see text.
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cross-section measurement precision of 0.32% is reached for the NC channel and of 0.5% (0.6)% for the
W+ (W�) channels. The new Z (W) fiducial cross-section measurements are 10 (3.5) times more precise
than the previous ATLAS measurements [1] when considering the statistical and systematic uncertainties
added in quadrature.

�fid
W!`⌫ [pb]

W+ ! e+⌫ 2939 ± 1 (stat) ± 28 (syst) ± 53 (lumi)
W+ ! µ+⌫ 2948 ± 1 (stat) ± 21 (syst) ± 53 (lumi)
W+ ! `+⌫ 2947 ± 1 (stat) ± 15 (syst) ± 53 (lumi)

W� ! e�⌫̄ 1957 ± 1 (stat) ± 21 (syst) ± 35 (lumi)
W� ! µ�⌫̄ 1964 ± 1 (stat) ± 13 (syst) ± 35 (lumi)
W� ! `�⌫̄ 1964 ± 1 (stat) ± 11 (syst) ± 35 (lumi)

W ! e⌫ 4896 ± 2 (stat) ± 49 (syst) ± 88 (lumi)
W ! µ⌫ 4912 ± 1 (stat) ± 32 (syst) ± 88 (lumi)
W ! `⌫ 4911 ± 1 (stat) ± 26 (syst) ± 88 (lumi)

�fid
Z/�⇤!`` [pb]

Z/�⇤ ! e+e� 502.7 ± 0.5 (stat) ± 2.0 (syst) ± 9.0 (lumi)
Z/�⇤ ! µ+µ� 501.4 ± 0.4 (stat) ± 2.3 (syst) ± 9.0 (lumi)
Z/�⇤ ! `` 502.2 ± 0.3 (stat) ± 1.7 (syst) ± 9.0 (lumi)

Table 7: Integrated fiducial cross sections times leptonic branching ratios in the electron and muon channels and
their combination with statistical and systematic uncertainties, for W+, W�, their sum and the Z/�⇤ process meas-
ured at

p
s = 7TeV. The Z/�⇤ cross section is defined for the dilepton mass window 66 < m`` < 116GeV. The

common fiducial regions are defined in Section 2.3. The uncertainties denote the statistical (stat), the experimental
systematic (syst), and the luminosity (lumi) contributions.

Excluding the common luminosity uncertainty, the correlation coe�cients of the W+ and Z, W� and Z,
and W+ and W� fiducial cross-section measurements are 0.349, 0.314, and 0.890, respectively. Including
the luminosity, all three measurements are highly correlated, with coe�cients of 0.964, 0.958 and 0.991,
respectively. Table 8 presents four ratios that may be obtained from these fiducial integrated Z/�⇤ and W±
cross sections, where the luminosity uncertainty as well as other correlated uncertainties are eliminated
or strongly reduced. The precision of these ratio measurements is very high with a total experimental
uncertainty of 0.4% for the W+/W� ratio and 0.5% for the W±/Z ratio.

Rfid
W+/W� 1.5006 ± 0.0008 (stat) ± 0.0037 (syst)

Rfid
W/Z 9.780 ± 0.006 (stat) ± 0.049 (syst)

Rfid
W+/Z 5.869 ± 0.004 (stat) ± 0.029 (syst)

Rfid
W�/Z 3.911 ± 0.003 (stat) ± 0.021 (syst)

Table 8: Ratios of integrated fiducial CC and NC cross sections obtained from the combination of electron and
muon channels with statistical (stat) and systematic (syst) uncertainties. The common fiducial regions are defined
in Section 2.3.
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Central Z/�⇤ ! `` : p`T > 20GeV

|⌘`| < 2.5, 46 < m`` < 150GeV

Forward Z/�⇤ ! `` : p`T > 20GeV

1 lepton |⌘`| < 2.5, other lepton 2.5 < |⌘`| < 4.9,
66 < m`` < 150GeV

W

± ! `⌫ : p

`
T > 25GeV

|⌘`| < 2.5, p⌫T > 25GeV,mT > 40GeV



double ratios: tests of SM independent 
from luminosity uncertainties

Rtt/Z13TeV/Rtt/Z8TeV , Rtt/Z13TeV/Rtt/Z7TeV , 
Rtt/Z8TeV/Rtt/Z7TeV  

Simultaneous analysis of all measurements 
taking into account all correlations in the 
systematics compared with the latest 
prediction
Z: NNLO QCD calculation with DYNNLO 1.5 
& NLO EW corrections with FEWZ3.1
Top: Top++v2.0 for NNLO+NNLL cross-
sections calculation
CT14 PDF set used as baseline

tt to Z ratios at 7, 8 and 13TeV-



Lepton calibration via Z decays
Benefit from the fully reconstructed mass in Z boson decays

7TeV, 4.6fb-1

electron channel muon channel



W mass measurement: Z control measurements

Cross check with Z events 
Results are consistent with the combined LEP value of mZ within 
experimental uncertainties



W mass measurement: physics modelling

No available single generator to describe all the physics modeling
Start from Powheg+Pythia8 and apply corrections using DY 
measurements 
Physics modeling corrections:

EW corrections
QED FSR and ISR
missing higher order effects and FSR pair production 
QCD corrections
pT distribution
polarisation 
rapidity
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The Drell-Yan cross-section can be decomposed by factorising the dynamic 
of the boson production and the kinematic of the boson decay. An 
approximate decomposition is given by: 

The dσ/dm is modelled with a BW parameterisation (+ EW corrections)
The dσ/dy and the Ai coefficients are modelled with fixed order pQCD at NNLO
The dσ/dpT is modelled with parton shower (tried analytic resummation)

16

QCD corrections

Drell-Yan cross sections

+ EW corrections fixed order


