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The Drell-Yan Process
Neutral current Drell-Yan (DY) process: q(P1) + q̄(P2) → Z/γ∗ → `+`−

16

Process Subprocess Partons

PP ! �⇤ ! `�`+X uū, dd̄, ... ! �⇤ ū, d̄, ...
PP ! Z ! `�`+X uū, dd̄, ... ! Z u, d, ...
PP ! jet + X gg, gq, qq ! jet jet g, q
PP ! W± ! l±⌫ + X ud̄ ! W+, dū ! W� u, d, ū, d̄
PP ! bb + X gg ! bb g
PP ! � + X gq ! �q, gq̄ ! q̄ g

Table 2.3: The LHC processes that can be used to measure proton PDFs. The
process, subprocess, and the partons they are sensitive to are given.

2.3 The Drell-Yan Process

The process of interest is neutral current Drell-Yan production [2] in the electron

channel, qq̄ ! Z/�⇤ ! e�e+, from proton-proton collisions at the LHC. The goal is

to measure a di↵erential cross-section that can be used to determine the asymmetry

exhibited in Drell-Yan events resulting from the weak interaction component of the

Drell-Yan process. To accomplish these goals, the di↵erential cross-section will be

measured or binned in three dimensions. In this section, these dimensions will be

defined and their use motivated.

Consider again the scenario in which quark q carries xq of the total momentum

of its proton and q̄ carries xq̄ of its proton which is illustrated in Figure 2.6. Let the

four-momenta of the quarks be pq and pq̄ and those of the protons, Pq and Pq̄; these

quantities are related as follows:

Pq̄

Pq

e+

q

q̄

Z/�⇤
e�

Figure 2.6: The Drell-Yan process according to the Parton Model where the individual
quarks of each proton undergo hard scattering.

Measurement of the Drell-Yan process:
I Provides a tests of perturbative QCD;
I Constrains the parton distribution

functions of the proton;
I Extraction of fundamental electroweak

parameters like the weak mixing angle
θW.

Presentation Outline:
I ATLAS [1] and CMS [2] differential measurements of the Drell-Yan cross section at 13 TeV;
I ATLAS weak mixing angle measurement using polarization coefficients at 8 TeV [3];
I CMS weak mixing angle measurement using forward-backward asymmetry at 8 TeV [4];
I Prospects at the HL-LHC [5];
I ATLAS [6] and CMS [7] charged current Drell-Yan.
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Differential Measurements
Differential measurements of the Drell-Yan cross section allow a wide variety of
physics to be tested, constrained, and extracted.

I Measurement about mZ −→ calibrate the detector.
I Measurement in y and m`` −→ probe PDF space.
I Measurement in θ −→ AFB.

I Dilepton transverse momentum, p``T , predictions:

• At low p``T , soft-gluon resummation and
non-perturbative models more accurately describe
p``T .

• At high p``T , fixed-order perturbative QCD
predictions are better.

• Matching the two prediction methods to
measurements of p``T gives the most reliable
predictions of the dilepton transverse momentum.

I Knowledge of p``T is important for SM
measurements; e.g. the W boson mass.

I Constraints on the SM are beneficial to the
searches for physics beyond the SM.
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ATLAS Z Transverse Momentum at 13 TeV [1]
I L = 36.1 fb−1 of pp data from 2015 and 2016; Z/γ∗ → e+e− and Z/γ∗ → µ+µ− channels;

unfolded to the Born and dressed levels [see talk by Dennis Pudzha later today].
I Measurement in p``T and observable φ∗

η :

φ∗
η = tan

(
π−(φ−−φ+)

2

)
sin θ∗

η

cos θ∗
η = tanh

(
η−−η+

2

)
I φ∗

η ∼ p``T /m``, ideal observable to probe pT
of the Z .

I Sherpa (merging of higher-order, high-
multiplicity matrix elements) prediction gives
a good description of data at high p``T .

I RadISH (NNLO+N3LL) prediction agrees
with data for the full spectrum.

I Pythia8 (parton showering) predictions found
to describe the 13 TeV data at low p``T and
φ∗
η .

I Fixed-order NNLOjet prediction with and
without NLO EW effects describes the data
well for high p``T .
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CMS Differential DY Cross Section at 13 TeV (I) [2]
I L = 36.3 fb−1 of pp

data from 2016;
Z/γ∗ → e+e− and
Z/γ∗ → µ+µ−

channels; unfolded
to the dressed level.

I Additionally, a
measurement is
performed requiring
at least one jet in
the final state.

I Measurement in p``T
and φ∗

η , in addition
to m``.

I Selection:
• p`T > 25, 20 GeV;
• |η`| < 2.4;
• pjet

T > 30 GeV and
|ηjet | < 2.4;

• 50 < m`` <
1000 GeV.
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I Dominant uncertainties include the limited data and Monte Carlo
statistics, especially in high p``T regions, and uncertainty from
fakes background.
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CMS Differential DY Cross Section at 13 TeV (II)
I To benefit from

partial cancellation
of the systematic
uncertainties,
cross section
ratios are taken
with respect to the
measurement bin
centred at the Z
mass, 76 <
m`` < 106 GeV.

I The aMC@NLO
prediction (parton
shower) describes
the data well
globally, under
predicts at
p``T < 30 GeV in
the inclusive case.
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I CASCADE (soft gluon resummation) predictions give an overall good description of the ratio
measurements.

I GENEVA (NNLO matrix element) at high p``T is the only prediction presented here in agreement with the
measurement in all mass bins, showing the importance of higher order matrix element inclusion in this
phase space region.
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Drell-Yan and the Effective Weak Mixing Angle
Effective weak mixing angle θeff : sin2 θeff = κ sin2 θW, where κ = 1 + δκ, and δκ contains the
higher-order corrections.

Polarization coefficients:
I 5D Drell-Yan differential cross section decomposed into

1 + 8 harmonic polynomials, Pi (cosθ, φ), with coefficients
Ai (p``T , y

``,m``):

a per-event weight technique [29, 30] and in the improved Born approximation, as developed and used
for the legacy measurements of LEP [31, 32].

This note is organised as follows: Section 2 describes the theoretical framework used to extract the
measurement, while Sections 3 and 4 respectively review briefly the methodology of the measurement of
the angular coe�cients and the data analysis, which are very similar to what is explained in more detail
in Ref. [7]. Section 5 summarises the various sources of systematic uncertainties in the measurements of
the angular coe�cient A4 and in the extraction of sin2 ✓`e↵ . Finally, Section 6 discusses the compatibility
of the results obtained in the three analysis channels, describes a cross-check with the forward-backward
asymmetry analysis stemming from the interpretation of the ATLAS measurements of this observable [8],
and then presents the results and compares them to previous measurements.

2 Theoretical framework

2.1 Angular coe�cients

The angular distributions of charged lepton pairs produced in hadron–hadron collisions via the Drell–
Yan neutral current process, qq̄ ! Z/�⇤ ! `+`�, provide a portal to precise measurements of the
production dynamics through spin correlation e↵ects between the initial-state spin-1/2 partons and the
final-state spin-1/2 leptons mediated by a spin-1 intermediate state, predominantly the Z boson. The
Collins-Soper (CS) reference frame [33] is used to define the lepton polar and azimuthal angular vari-
ables (cos ✓,�). The spin correlations are described by a set of nine helicity density matrix elements,
which can be calculated within the context of the parton model using the theoretical formalism elaborated
in Refs. [3–6].

At leading order in EW theory, the full five-dimensional di↵erential cross-section describing the kin-
ematics of the two Born-level leptons from the Z-boson decay can be decomposed as a sum of nine
harmonic polynomials, which depend on cos ✓ and �, multiplied by corresponding helicity cross-sections
that depend on the Z-boson transverse momentum (p``T ), rapidity (y``), and invariant mass (m``). It is a
standard convention to factorise out the unpolarised cross-section, denoted in the literature by �U+L , and
to present the five-dimensional di↵erential cross-section as an expansion into nine harmonic polynomials
Pi (cos ✓,�) and eight dimensionless angular coe�cients A0�7(p``T , y

``,m``), which represent ratios of
helicity cross-sections with respect to �U+L :

d�
dp``T dy`` dm`` d cos ✓ d�

=
3

16⇡
d�U+L

dp``T dy`` dm``

⇢
(1 + cos2 ✓) +

1
2

A0(1 � 3 cos2 ✓) + A1 sin 2✓ cos � (1)

+
1
2

A2 sin2 ✓ cos 2� + A3 sin ✓ cos � + A4 cos ✓

+A5 sin2 ✓ sin 2� + A6 sin 2✓ sin � + A7 sin ✓ sin �
�
.

The dependence of the di↵erential cross-section on cos ✓ and � is thus completely manifest analytically.
In contrast, the dependence on p``T , y``, and m`` is entirely contained in the Ai coe�cients and �U+L .

3

I Electroweak parameters can be extracted from
measurements of Ai , e.g. A4 can be used to extract θeff .

Forward-Backward Asymmetry:
I Collins-Soper frame polar angle θ∗ can be computed using

lab frame quantities.
I Imbalance between forward (cos θ∗ > 0) and backward

(cos θ∗ < 0) events is the forward-backward asymmetry:

AFB = (Nfwd − Nbwd)/(Nfwd + Nbwd)

I AFB is sensitive to θeff .
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ATLAS Effective Weak Mixing Angle at 8 TeV [3]
I L = 20.2 fb−1 of pp data from 2012.
I Extraction of sin2 θ`eff is made using A4

measurements from 3 analysis channels.
I eeCF most challenging but sensitive to θ`eff .
I LO in EW and NLO in QCD predictions of A4 as

a function of sin2 θ`eff are computed using
DYTurbo, further enhanced with higher order EW
and NNLO QCD corrections.

I The sin2 θ`eff that maximizes a likelihood function
(or best describes the data) is taken as the
measurement.

I Dominant uncertainties on the fully combined
result include signal Monte Carlo statistics and
the PDF uncertainty on the prediction.
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“eeCC”: qq̄ → Z/γ∗ → e+e−: “µµCC”: qq̄ → Z/γ∗ → µ+µ−:
15
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Figure 3.4: Configurations of the final-state dielectron pair in the neutral-current Drell-Yan process.

range is limited to |yZ/g⇤ | < 2.4. The forward-forward topology is not measured with ATLAS due to
experimental constrains.

Measuring the Drell-Yan cross-section in the forward rapidity region extends the kinematic (Q2,x)
plane towards lower and higher x as shown in figure 3.5, compare to a measurement at central
rapidities which at

p
s = 8 TeV and a scale of the Z boson mass, Q = MZ , covers x range of

1.03 ·10�3�1.26 ·10�1. The extended rapidity range |yZ/g⇤ | < 3.6 makes it possible to access lower
and higher x values, which extend down to x = 3.11 ·10�4 and up to x = 4.17 ·10�1.

The directions of the outgoing leptons can be described with respect to the directions of the
incoming quarks. Schematically it is shown in figure 3.6a with q ⇤ angle between the momenta of a
lepton and a quark. The angle q ⇤ allows to classify events into two categories: forward and backward.
Events where the lepton goes in the same direction as the incoming quark are classified as forward,
while events where the lepton is going opposite to the quark direction are classified as backward. In
the presented measurements the angular variable is defined with respect to the Collins-Soper frame
[32], schematically shown in figure 3.6b. In the Collins-Soper frame the angular variable is defined
by

cosq ⇤CS =
p``z

|p``z |
2(p+

1 p�2 � p�1 p+
2 )

M``

q
M2

`` +(p``T )2
, (3.7)

with p±
i = 1p

2
(Ei ± pZ,i)

In a pp collision it is unknown from which of the two protons the quark (antiquark) originates.
Moreover when the transverse momentum of the dilepton pair is non-zero the longitudinal direction
of the center-of-mass of the qq̄ system is also unknown. Experimentally the quark direction in a qq̄
annihilation process is determined on a statistical basis. While the annihilating antiquark is from
the quark sea, the quark is typically a valence quark. The assumption is that the dilepton system is
boosted in the direction of the incoming valence quark, which on average carries a higher momentum
fraction than the sea quark [36, 37]. The sign of the longitudinal momentum of the dielectron pair
reflects this assumption in the cosq ⇤CS definition (equation 3.7).

3.2 The differential cross-section

The Drell-Yan cross-section can be studied in multiple dimensions. Information on electroweak and
QCD effects can be extracted by studying the cross-section as a function of the dilepton invariant
mass M``, Z/g⇤ boson rapidity and cosq ⇤, which at leading order, can be written as

“eeCF”: qq̄ → Z/γ∗ → e+e−:
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CMS Effective Weak Mixing Angle at 8 TeV [4]
I L = 19.6 (muon channel), 18.8 fb−1 (electron channel) of pp data from 2012.
I eeCC and µµCC were used in the measurement of AFB.
I An angular event weighting is used to compute AFB, making it less sensitive to detector

efficiency and acceptance effects while reducing the statistical uncertainty.
I Experimental uncertainty is dominated by the lepton momentum calibration and the limited

size of the signal MC.
I sin2 θ`eff is extracted from the data by fitting it with predictions from POWHEG v2 event

generator using the NNPDF3.0 PDFs and varying the input effective weak mixing angle.

I The PDF
uncertainty, a
dominant
uncertainty in the
AFB analysis of
θ`eff , is reduced by
constraining the
PDFs using a
Bayesian χ2

reweighting
procedure.
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ATLAS and CMS Results [3, 4]
ATLAS: sin2 θ`eff = 0.23140± 0.00021 (stat.)± 0.00024 (PDF)± 0.00016 (syst.)

CMS: sin2 θ`eff = 0.23101± 0.00036 (stat.)± 0.00031 (PDF)± 0.00018 (syst.)± 0.00016 (theo.)
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ATLAS Preliminary

I Uncertainties are significantly reduced relative to previous measurements, now approaching
Tevatron precision:

• ATLAS: 0.23080± 0.0012 (ATLAS 7 TeV)→ 0.23140± 0.00036 (ATLAS 8 TeV)
• CMS: 0.22870± 0.0032 (CMS 7 TeV)→ 0.23101± 0.00053 (CMS 8 TeV)

I Not including eeCF, ATLAS eeCC+µµCC comparable to CMS result.
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Prospects at the HL-LHC [5]

I Studies performed to assess the
potential impact of the HL-LHC
on future measurements of θ`eff
at ATLAS and CMS (and LHCb).

I L = 3000 fb−1 of data at√
s = 14 TeV.

I θ`eff precision obtained from an
AFB analysis with expected to
exceed the precision achieved in
all previous single-experiment
results to date.

for
p

s = 14 TeV samples and the simulated data are shown for
p

s = 8 TeV and
p

s = 14 TeV
for two different selection requirements, |⌘| < 2.4 and 2.8. Extending the pseudorapidity acceptance
significantly increases the coverage for larger x-values in the production and reduces both the statistical
and PDF uncertainties, as shown below.

 (GeV)µµM
FBA

0.15−

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

| < 0.4
µµ

 |Y≤0.0 | < 0.8
µµ

 |Y≤0.4 | < 1.2
µµ

 |Y≤0.8 | < 1.6
µµ

 |Y≤1.2 | < 2.0
µµ

 |Y≤1.6 | < 2.4
µµ

 |Y≤2.0 | < 2.8
µµ

 |Y≤2.4 

70 90 110 70 90 110 70 90 110 70 90 110 70 90 110 70 90 110 70 90 110

| < 2.4 η, |-1  8 TeV,     19 fb
| < 2.4 η, |-114 TeV, 3000 fb
| < 2.8 η, |-114 TeV, 3000 fb

CMS Phase-2 Simulation Preliminary

Fig. 44: Forward-backward asymmetry distribution, AFB(Mµµ, Yµµ), in dimuon events at
p

s = 8 TeV
and 14 TeV. The distributions are made with POWHEG event generator using NNPDF3.0 PDFs and
interfaced with PYTHIA v8 for parton-showering, QED final-state radiation (FSR) and hadronization.
Following acceptance selections are applied to the generated muons after FSR: |⌘| < 2.4 (or |⌘| < 2.8),
plead
T > 25 GeV, ptrail

T > 15 GeV. The error bars represent the statistical uncertainties for the integrated
luminosities corresponding to 19 fb�1 at

p
s = 8 TeV and 3000 fb�1 at

p
s = 14 TeV.

In the case of the 14 TeV analysis with a large number of events (> 200 fb�1), the pseudo-data are too
precise to estimate the PDF uncertainties with the Bayesian reweighting approach because the replica
distributions are too sparse compared to the statistical uncertainties. Therefore, the PDF uncertainties
after the Bayesian reweighting are estimated by extrapolating from the lower values of integrated lumi-
nosities.

The corresponding values for various luminosities at CMS are summarized in Table 26. One can see
from the table that with the extended pseudorapidity coverage of |⌘| < 2.8, the statistical uncertainties
are reduced by about 30% and the PDF uncertainties are reduced by about 20%, compared to |⌘| < 2.4
regardless of the target integrated luminosity and for both nominal and constrained PDF uncertainties.

The LHCb detector has coverage in the pseudorapidity range 2 < ⌘ < 5 and expects to install its
‘Upgrade II’ in Long Shutdown 4. Following this upgrade, LHCb will collect at least 300 fb�1 of data,
allowing high precision measurements. The forward acceptance of LHCb brings a number of benefits
in measurements of sin2 ✓

lept
eff at the LHC. The lower level of dilution in the forward region results in a

larger sensitivity to sin2 ✓
lept
eff and the PDF effects are (in relative terms) smaller, providing both statistical

precision in measurements of the weak mixing angle and a reduction in PDF uncertainties. In addition,
LHCb does not simply probe forward rapidities of the Z boson: the leptons themselves are located over
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I The uncertainty on future measurements with HL-LHC are expected to be dominated by
PDF uncertainty making it essential to reduce their effect as much as possible.

Table 27: The value of sin2 ✓
lept
eff with the breakdown of uncertainties from the ATLAS preliminary

results at
p

s = 8 TeV with 20 fb�1 [491] is compared to the projected sin2 ✓
lept
eff measurements with

3000 fb�1 of data at
p

s = 14 TeV for two PDF sets considered in this note. All the numbers values
are given in units of 10�5. Note that other sources of systematic uncertainties, such as the impact of the
MC statistical uncertainty, evaluated in Ref. [491] are not considered in this prospect analysis. For the
HL-LHC prospect PDFs the "ultimate" scenario is chosen.

ATLAS
p

s = 8 TeV ATLAS
p

s = 14 TeV ATLAS
p

s = 14 TeV
L [fb�1] 20 3000 3000
PDF set MMHT14 CT14 PDF4LHC15HL�LHC

sin2 ✓lept
eff [⇥10

�5
] 23140 23153 23153

Stat. ± 21 ± 4 ± 4
PDFs ± 24 ± 16 ± 13
Experimental Syst. ± 9 ± 8 ± 6
Other Syst. ± 13 - -
Total ± 36 ± 18 ± 15

To conclude, the accuracy of measurements of the weak mixing angle obtained with an analysis of
AFB in Z events at

p
s = 14 TeV with 3000 fb�1 at ATLAS and CMS and 300 fb�1 at LHCb at

the HL-LHC exceed the precision achieved in all previous single-experiment results to date and the
measurements are dominated by PDF uncertainties. To explore the full potential of the HL-LHC data it
will be therefore essential to reduce PDF uncertainties. A significant improvement of the sensitivity of
the measurement is observed in the ATLAS analysis when using prospect PDF sets including ancillary
Drell-Yan measurements performed with the data collected during the high luminosity phase of the LHC
and at the LHeC collider.

4.4.6 The global EW fit22

The measurement of the Higgs Boson mass (MH ) at the Large Hadron Collider (LHC) has provided the
last input to the global fit of electroweak (EW) precision observables (EWPO), which can now be used
to effectively constrain new physics. Moreover, the measurement of Higgs-boson production and decay
rates that is at the core of the physics program of the LHC Run-2 will further constrain those interactions
that directly affect Higgs-boson physics.

The HL-LHC will have the potential to provide more constraining bounds on new physics via the global
fit to EWPO and Higgs data, thanks to the higher precision it will reach both in the measurement of
some of the crucial input parameters of global EW fits (e.g. MW , mt, MH , and sin2 ✓lept

e↵ ), and in
the measurement of Higgs-boson total and differential rates. In this study the reach of the HL-LHC in
constraining new physics is explored via a global fit to EWPO. Earlier studies on the prospects for the
LHC were performed in [492, 493].

In the following, details are provided first on the parameters and procedure of the global EW fit. Next
the results are interpreted within the Standard Model (SM). Finally, the EW fit is used to constrain new
physics beyond the SM. The results are presented for both the current data and the projections in the
HL-LHC scenario.

The global fit of EWPO is performed using the HEPFIT package [494], a general tool to combine direct
and indirect constraints on the SM and its extensions in any statistical framework. The default fit proce-

22Contribution by J. de Blas, M. Ciuchini, E. Franco, S. Mishima, M. Pierini, L. Reina, and L. Silvestrini.
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Table 26: Statistical, nominal NNPDF3.0, and constrained NNPDF3.0 uncertainties of the extracted
sin2 ✓

lept
eff value at CMS at 14 TeV for muon acceptances of |⌘| < 2.4 and |⌘| < 2.8 and for different

values of integrated luminosity. For comparison, results of the 8 TeV estimate of this analysis are
compared to the results obtained from 8 TeV measurement [488].

Lint �stat[10�5] �nominal
nnpdf3.0[10�5] �constrained

nnpdf3.0 [10�5]

( fb�1) |⌘| < 2.4 |⌘| < 2.8 |⌘| < 2.4 |⌘| < 2.8 |⌘| < 2.4 |⌘| < 2.8

10 76 51 75 57 39 29
100 24 16 75 57 27 20
500 11 7 75 57 20 16

1000 8 5 75 57 18 14
3000 4 3 75 57 15 12

19 43 49 27
19 (from [488]) 44 54 32

a significant range of rapidities, allowing extremal values of cos ✓⇤ to be probed, increasing sensitivity to
the weak mixing angle. Finally, LHCb has the ability to select events at low momentum using a flexible
full software trigger and real time analysis scheme (from Run-3 onwards). It is therefore foreseen that
the LHCb Upgrade II will be able to select Z boson decays where one lepton has transverse momentum
above 20 GeV, while the other lepton has a transverse momentum above 5 GeV. Such low thresholds
again increase the sensitivity to asymmetric events at high | cos ✓⇤|. In addition to the advantages of the
extended forward acceptance for such measurements, as part of Upgrade II LHCb is expected to undergo
a significant calorimeter upgrade21 allowing similar precision to be achieved in both the dielectron and
dimuon final states.

LHCb has performed a study of projected sensitivities, considering the dimuon final state. The exper-
iment is assumed to have coverage in the region 2.0 < ⌘ < 5. Toy measurements of the forward-
backward asymmetry are used to determine the sensitivity of measurements at LHCb Upgrade II to the
weak mixing angle. Only statistical uncertainties are considered alongside the effects of knowledge
of PDFs. The statistical uncertainty on sin2 ✓

lept
eff is expected to be below 5 ⇥ 10�5 with 300 fb�1 of

data. The expected PDF uncertainty from current PDF knowledge is ⇠ 20 ⇥ 10�5, but with Bayesian
reweighting this can be reduced to the level of about 10⇥10�5 (with analysis of a dataset corresponding
to an integrated luminosity of 300 fb�1). This reduction assumes systematic effects are negligible in
comparison to statistical uncertainties, though the current knowledge of PDFs means that any measure-
ment in the forward region is expected to offer a smaller PDF uncertainty than the total uncertainties in
the previous best measurements of the weak mixing angle. The main challenge of such measurements at
LHCb Upgrade II will therefore be to control systematic uncertainties in order to ensure the overall mea-
surement also achieves high precision; however, the large dataset of J/ and ⌥ mesons to be recorded is
expected to aid the understanding of effects such as the momentum scale (which introduced the largest
systematic uncertainty in the Run-1 analysis at LHCb). This should enable a measurement at LHCb
Upgrade II with a precision similar to or better than that achieved in the combination of measurements
at LEP and SLD.

In the ATLAS analysis di-electron candidates are selected where each electron has pT in excess of
25 GeV and the combined invariant mass is in the region of the Z pole. A new inner tracking system
(ITk) will extend the tracking coverage of the ATLAS detector from |⌘|  2.5 up to |⌘|  4.0 at the
HL-LHC, providing the ability to reconstruct forward charged particle tracks, which can be matched
to calorimeter clusters for forward electron reconstruction. The selected data sample is split into three

21This upgrade will offer an extended dynamic range within the ECAL, offering improved electron momentum resolution.

84

[4]

Tony Kwan (McGill University) SM@LHC 2021 April 26–30, 2021 11 / 13

https://inspirehep.net/literature/1720009


ATLAS and CMS Charged Current Drell-Yan [6, 7]
I Charged current Drell-Yan (mediated by the W ±) is

also an important and physics rich process actively
being studied by the two experiments.

I Recent ATLAS measurements include a test of the
universality of τ and µ lepton couplings in W decays
from t t̄ events at 13 TeV.

• R(τ/µ) = B(W → τντ )/B(W → µνµ) =
0.992± 0.013 (or ±0.007(stat.)± 0.011(syst.)),
which is in agreement with the hypothesis of universal
lepton couplings.

I CMS has performed a similar measurement of the
W branching fractions in pp collisions at 13 TeV.

• W → e, µ, τ : (10.83± 0.1)%, (10.94± 0.08)%, and
(10.77± 0.21)% in support of lepton universality.
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Conclusions

I Both the ATLAS and CMS experiments have thoroughly studied the Drell-Yan process using
their respective 8 TeV and 13 TeV datasets.

I Differential measurements of the production cross section have been used to further our
understanding of QCD in a large energy range – greatly important for a wide variety of
Standard Model measurements and searches being done by the two experiments.

I ATLAS and CMS have measured the effective weak mixing angle at 8 TeV using novel
techniques, drastically improving on the precision of the 7 TeV measurements.

I As the community works towards the HL-LHC, the large dataset that will be collected will
offer many new opportunities for exciting Drell-Yan measurements.

I Finally, extremely rich Standard Model physics can be studied from measurements of the
charged current Drell-Yan process.
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