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EW Physics at LHC

Event display of a 2e2mu candidate. EventNumber: 12611816 RunNumber: 205113 
m_4l=123.9 GeV. m_12=87.9 GeV, m_34=19.6 GeV. e_1: pt=18.7 GeV, eta=-2.45, 
phi=1.68,. e_2: pt=75.96 GeV, eta=-1.16, phi=-2.13. mu_3: pt=19.6 GeV, eta=-1.14, 
phi=-0.87. mu_4: pt=7.9 GeV, eta=-1.13, phi=0.94 1
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Contents

• Standard Candles
• W discovery & mass measurement (how precise?)
• W mass measurement at LHC
• W & Z cross sections. Ratios
• Di-bosons 
• TGC & QTGC
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Standard Candles
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Constraints between mW & mtop
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W & Z masses in SM

Where 
• GF is the  Fermi constant. 
• a is the coupling constant 
• Dr includes higher order corrections and is sensitive to top quark mass 

and, logarithmically, to the mass of the Higgs. 
• Dr receives contributions from additional particles and interactions? →

the comparison of the measured and predicted values of mW is a 
strong probe of the effects induced by physics beyond the SM.

mW and mZ are constrained in the SM by
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W & Z masses in SM

The current Particle Data Group world average of mW = 80385±15 MeV is 
dominated by the CDF and D0 measurements performed at √s = 1:96 TeV.

Given the precisely measured values of , GF and mZ , and taking recent top-
quark and Higgs-boson mass measurements, the SM prediction of mW is 
mW = 80358±8 MeV and mW = 80362±8 MeV (different calculations). 

The SM prediction uncertainty of 8 MeV represents therefore a target for the 
precision of future measurements of mW.
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W & Z decays

• Leptonic decays (e/μ): very clean, but small branching fractions. 
• Hadronic decays: two-jet final states; large QCD dijet background. 
• Tau decays (to ~few hadrons): somewhere in between…difficult
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The Story of an Inelastic Lepton-Nucleon Scattering

Second stage

First stage

First stage:

~ elastic scattering 
of the virtual particle 
(boson) with  one 
quark of the N 
carrying a fraction 
“x” of the N

Second stage:

Fragmentation →
quarks cannot 
exist ‘alone’ →
‘dress’ into two 
jets

Target jet ~ in the 
same direction of the 
incoming lepton

Current jet ~ at large 
angle with respect to 
the direction of the 
incoming lepton
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Proton-Proton Scattering @ LHC

Proton

Proton

Product

Product

Hard Process
[calculable]

PDFs
~ large angles

Proton remnants ~ 
forward direction

Proton remnants ~ 
forward direction
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Hadron Collider Signatures

Additional hadronic activity ➛ recoil, not as clean as e+e–

Precision measurements: only leptonic decays
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W/Z Production at pp machines (LHC)
Single W/Z production:

W±

Z

q

q’ q

q–

–

Need quarks & anti-quarks!

• At LHC energies these processes take 
place at low values of Bjorken-x

• Only sea quarks are involved
• At EW scales sea is driven by the

gluon i.e. x-sections dominated by 
gluon uncertainty

Comparison w/ Tevatron:
• p"p-collider, i.e. valence anti-

quarks available ...
• W/Z production at higher x ...

➥ Constraints on sea and 
gluon distributions

p = uud
W	production:

.0̅ → 23
d". → 24

Z production:
d0̅ → 6
d0̅ → 6
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W+/W–-Cross Section Ratio ...

Define:

Differential
:

[assuming d/u =1]– –

W+/W– rapidity distributionsproton = 2u + 1d

W	production:
-/̅ → 12
d3- → 14



To
ni

 B
ar

on
ce

lli 
Ex

pe
rim

en
ta

l H
ig

h 
En

er
gy

 P
hy

si
cs

 a
t C

ol
lid

er
s 

W
in

te
r 2

02
1

Toni Baroncelli - INFN Roma TRE                                                       Physics at Hadron Colliders

Z & W cross sections vs √s



To
ni

 B
ar

on
ce

lli 
Ex

pe
rim

en
ta

l H
ig

h 
En

er
gy

 P
hy

si
cs

 a
t C

ol
lid

er
s 

W
in

te
r 2

02
1

Toni Baroncelli - INFN Roma TRE                                                       Physics at Hadron Colliders

Differential Cross Section
NNLO cross sections: 
scale uncertainties very small
… MC generators…
W asymmetry vs rapidity:
[sensitivity to PDFs]

[C. Anastasiou et al., PRD 69 (2004) 094008]

Proton-Proton Collider: 

symmetry around y=0 ... 

PDFs: u(x) > d(x) for large x ...
more W+ at positive rapidity

d/u ratio < 1 ...

always more W+ than W–
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W± total cross section

Theoretical uncertainty dominated by PDFs 
Extra input from LHC measurements

PDF Uncertainty on W-Production ...

4% MRST02 uncertainty

W± rapidity distribution

Alessandro Tricoli, Oxford University 12PHOTON 2005, 31st August 2005

How to constrain gluon-PDFs at LHC

single Z and W± Productions
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Symmetric

MRST PDF

NNLO corrections small ~ few%

NNLO residual scale dependence < 1% 

W+- diff. cross section

(rapidity)

Theoretical uncertainties dominated by PDFs
PDF Set

ZEUS-S

CTEQ6.1
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LHC exp. uncertainty is sufficiently small 

to distinguish between different PDF sets

(LHC dominated by systematic uncertainty)

W, Z very clean signals (bkg on W->e ~1%)
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ZEUS PDF fit before
including W data

ZEUS PDF fit after
including W data

Q2 = 6488 GeV2 Q2 = 6488 GeV2

e+ CTEQ6.1
pseudo-data

e+ CTEQ6.1
pseudo-data

35% error reduction

Effect on PDFs of LHC W data
[Tricoli et al., arX

iv:hep-ex/0509002v1]
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http://arxiv.org/abs/hep-ex/0509002v1
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W/Z discovery at the SPS
Discovery at hadron collider: CERN SppS 1982/3

Proton-antiproton collider at 540 GeV [dominant production process: 
quark-antiquark annihilation]

Two multipurpose experiments: UA1, UA2

Signature: decay in leptons [clean, QCD background suppressed]
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Z Signature at the SPS



To
ni

 B
ar

on
ce

lli 
Ex

pe
rim

en
ta

l H
ig

h 
En

er
gy

 P
hy

si
cs

 a
t C

ol
lid

er
s 

W
in

te
r 2

02
1

Toni Baroncelli - INFN Roma TRE                                                       Physics at Hadron Colliders

Z Candidates at UA2

[P. Bagnaia et al., Phys. Lett. B129 (1983) 130]
Invariant Mass of Electron Pairs

To
ni

 B
ar

on
ce

lli
: 

Events with em clusters

Events with 1 good electron

Events with 2 good electrons
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UA1 Mass Distribution of Z candidates
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mW measurement strategy→mT
The mass of the W boson is determined from fits to 
• the transverse momentum of the charged lepton, pT

For W bosons at rest, the transverse-momentum distributions of the W 
decay leptons have a Jacobian edge at a value of mW/2

• to the transverse mass of the W boson, mT.

• For W bosons at rest, the distribution of the transverse mass has an 
endpoint at the value of mW, where mW is the invariant mass of the 
charged-lepton and neutrino system, appearing in the Breit-Wigner 
distribution. 
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The cross section can be expressed as

where s is the center of mass energy of the colliding quarks and where q is the 
polar angle of the electron with respect to the proton beamline. The function θ"($s) is 
proportional to a Breit-Wigner distribution. 

The Jacobian Edge

We define the quantity E = )s and 
E* = )s ∗ sin θ . This quantity is 
useful because it is invariant under 
longitudinal boosts. In the W rest 
frame we can write the differential 
cross section in ET as 

The expected final state distributions, referred to as templates, are simulated for 
several values of mW including signal and background contributions..
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The Jacobian Edge

For                    we have a singularity! However s0 has the shape of a Breit-Wigner 
thus all these values are smeared and the discontinuity is recovered 

E" = $s/2

d function → solid line
Light dotted line → Breit-Wigner
Heavy dotted line → resolution

mW: generate many MC samples with different values of mW and find which 
one fits best the data
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W Signature at the SPS
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W/Z at Tevatron

W ➛ eν: Jacobian Peak in 
“transverse mass” at mW

[V. M. Abazov et al., Phys. Rev. Lett. 103 (2009) 141801]

Tevatron: pp-collider [√s = 1.8 TeV and 1.96 TeV]

W/Z cross sections;
asymmetries ...

Most precise W mass measurement to date

Diboson production, i.e. WW, WZ, ZZ 

W/Z + jet production … [major background for top physics]
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Fare clic per modificare stile

non-isolated isolated

Starting point for many hadron collider analyses: 
isolated high-pT leptons ➛ discriminate against QCD jets ...

QCD jets can be mis-reconstructed
as leptons (“fake leptons”)

QCD jets may contain real leptons
e.g. from semileptonic B decays [B ➛ lνX]

➛ soft and surrounded by other particles

“Tight” lepton selection ...

Require e/μ with pT > (at least) 20 GeV
Track isolation, e.g. ∑ pT of other tracks 
in cone of ΔR=0.1 less than 10% of lepton pT

Calorimeter isolation, e.g. energy deposition 
from other particles in cone of ΔR=0.2 less than10% 
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I

Isolation of High pT Leptons
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W± Signal & Control Regions
Signal Region (SR) contains events we want to select, Control Regions are 
close to SR but ortogonal. Need to have no correlation between SR&CR.
SR: Lepton quality & trigger match & ET

miss > 25 GeV & mT > 50 GeV & 
lepton isolation       & Overlap Removal (OR)

E T
m

is
s 25 GeV

Signal Region
Control 
Region #1

mT50
 G

eV

Control 
Region #2

Background from heavy flavours decays and (for electrons) photon 
conversions determined using a “data-driven” technique.

Buy bckg shapes 
from MC and 
normalization 
from CR in data

Extrapolation

Extrapolation
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Extrapolating from CR to SR
Multijet events vs the isolation variable for the W → eν (left) and W → μν (right) 
analysis for 
• mT (circles) and pT

ℓ (squares) isolation with calorimeter-based isolation and 
• mT (triangles) and pT

ℓ (stars) with track-based isolation. 

Isolated                  non isolated Isolated                  non isolated

Si
gn

al
 R

eg
io

n

Si
gn

al
 R

eg
io

n

Average of 
extrapolated 

points is used 
as “transfer 
coefficient”
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mW measurement strategy - 1
The templates are 

• compared to the observed distribution by means of a C2 compatibility 
test. 

• The C2 values as a function of mW are interpolated → the minimum value 
of C2 gives mW

±50 MeV 
variation
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mW measurement strategy - 2

The generation of large samples of simulated events in small steps of mW
would require an unsustainable amount of computing power →
Predictions for different values of mW are obtained from a single simulated 
reference sample, by reweighting the W-boson invariant mass distribution 
according to the Breit-Wigner parameterisation. The W-boson width is 
scaled accordingly, following the SM relation GW / m3

W.
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mW measurement → MC & Data
Templates are computed separately 

• for + and - charged W bosons, &in several bins of h in the electron and muon 
decay channel including signal and background contributions

The statistical uncertainty = half width 
of the C2 function at the value 
corresponding to one unit above the 
minimum. 
Systematic uncertainties:

• physics-modelling corrections,
• detector-calibration corrections,
• and background subtraction

→ a few tens mW templates with values 
of mW in steps of 1 to 10 MeV within a 
range of 400 MeV, centred around the 
reference value used in the Monte Carlo 
signal samples.
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Experimental aspects
1. The Z to ll event samples are used to calibrate the detector response. Lepton 

momentum corrections are derived exploiting the precisely measured value of the 
Z-boson mass, mZ , and the recoil response is calibrated using the expected 
momentum balance with pT

ll. Identification and reconstruction efficiency 
corrections are determined from Z-boson events using the tag-and-probe method. 
The dependence of these corrections on pT

l is important for the measurement of 
mW, as it affects the shape of the template distributions.

2. The determination of mZ from the lepton-pair invariant mass provides a first closure 
test of the lepton energy calibration.

3. The detector response corrections and the physics modelling are verified in Z-
boson events by performing measurements of the Z-boson mass with the same 
method used to determine the W-boson mass, and comparing the results to the 
LEP combined value of mZ , which is used as input for the lepton calibration.

4. The pmiss
T and mT variables are defined in Z-boson events treating one of the 

reconstructed decay leptons as a neutrino. The extraction of mZ from the mT

distribution provides a test of the recoil calibration. The combination of the 
extraction of mZ from the mll, pl

T and mT distributions provides a closure test of the 
measurement procedure. The accuracy of this validation procedure is limited by 
the size of the Z-boson sample, which is approximately ten times smaller than the 
W-boson sample.
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Tuning the reconstruction

momentum scale
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Variables used for mW analysis

electrons muons
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Fare clic per modificare stilemT distributions from the W →ln

Measurement of W± and Z-boson production cross sections in pp collisions at √s = 13 TeV 
with the ATLAS detector, Phys. Lett. B 759 (2016) 601

http://dx.doi.org/10.1016/j.physletb.2016.06.023
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Experimental aspects
The Z to ll event samples are used to calibrate the detector response

• One of the two leptons from Z decay is software-cancelled
• The topology is almost identical to the one of the ! → #$ decay 

(similar masses)
• The real Z direction and mass is known!
• Reconstruct mT, use templates and compare with Z mass
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Fare clic per modificare stile

mT

pT

mZ distributions from the Z →l’n’
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mW measurement 
Differential Z-boson cross section as a function of boson rapidity, and (b) 
differential W+ and W- cross sections as a function of charged decay-lepton
pseudorapidity at √s=7 TeV. The measured cross sections are compared to 
the Powheg+Pythia 8 predictions, corrected to NNLO using DYNNLO with 
the CT10nnlo PDF set. The error bars show the total experimental
uncertainties, including luminosity uncertainty, and the bands show the PDF 
uncertainties of the predictions.
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Fare clic per modificare stilemW: results
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mW : Results

40
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Ratio of Cross Sections
Ratio of the electron- and muon-channel W and Z-boson production fiducial
cross sections, compared to the expected values of the Standard Model of 
(1,1)and previous experimental verifications of lepton universality for on-shell
W and Z bosons, shown as PDG average bands. The PDG average values
and the result are shown with total uncertainties. 
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Results
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Fare clic per modificare stileW mass compilation (pdg 2017)
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Fare clic per modificare stileCMS EW Measurements

~9 orders of magnitude !
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ATLAS EW Results
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Global EW fits - 1
Comparison of the results with the indirect 
determination in units of the total uncertainty, 
defined as the uncertainty of the direct 
measurement and that of the indirect 
determination added in quadrature. The indirect 
determination of an observable corresponds to 
a fit without using the corresponding direct 
constraint from the measurement.

!"#$%& − ()*+,"-& ."&",/+)0&+1)

23456789 + 2;<=.?48.9

In the context of global fits to the SM 
parameters, constraints on physics beyond the 
SM are currently limited by the measurement of 
the W-boson mass. Therefore improving the 
precision of the measurements of mW is of high 
importance for testing the overall consistency of 
the SM.
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Global EW fits – Input Parameters
Input values and fit results for 
the observables used in the 
global electroweak fit. The first 
and second columns list 
respectively the 
observables/parameters used 
in the fit, and their experimental 
values or phenomenological 
estimates (see text for 
references). The third column 
indicates whether a parameter
is floating in the fit. The fourth 
column gives the results of the 
fit including all experimental 
data. In the
fifth column, the fit results are 
given without using the 
corresponding experimental or 
phenomenological
estimate in the given row 
(indirect determination). The 
last column shows for 
illustration the result using
the same t setup as in the fifth 
column, but ignoring all 
theoretical uncertainties.
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Di-bosons

Why studying di-bosons?
• Stringent test of SM prediction in 

Electroweak sector and perturbative
QCD at TeV scale

• background to many other channels, 
like Higgs Physics and exotic 
searches with leptons and large MET. 
In some cases may be irreducible

h to WWProduction mechanism
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Di-bosons
• Electroweak theory predicts 

triple and quartic gauge boson 
couplings (TGC, QGC).

• Due to new physics contribution
TGC and QGC may deviate from 
SM prediction: anomalous
couplings (neutral TGC’s are 
forbidden at tree level).
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ATLAS compilation of di-bosons 
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ΔRll ' > 0.2
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Selection of events

• Leptons: electrons & muons ; add g close to l if
• Two pairs of leptons of same flavour and opposite charge; possible 

combinations : 2e2µ, 4e, 4µ. Mass of each pair between 66 and 116 GeV; 
in case of 4l of same flavour choose pairing which minimizes

|mll,a − mZ| +|mll,b − mZ| 
• leptons well separated 

A total of 63 events are observed in a sample of 3.2  0.2 fb−1 at √s = 13 TeV, 
of which 15, 30, and 18 are in the 4e, 2e2µ, and 4µ channels, respectively. 

MC simulation : scale factors are applied to the simulated events to correct 
for the small differences from data in the trigger, reconstruction, 
identification, isolation, and impact parameter efficiencies for electrons and 
muons . Furthermore, the lepton momentum scales and resolutions are
adjusted to match the data.

ΔRll ' > 0.2
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Data-driven background estimation
Background “normally” looks like 
3xgreen +1red BUT 1red may be 
reconstructed as green

f = probability (red appears as green)
Z

Z

W

Je
t

Assume you are able to select a sample of N events uniquely 
from ZW+jets then

Nfakes = lllj (jets taken as lepton) + llll (HF decay)
f = llll / Nfakes

BUT you have to subtract Nprompts “llll” events NOT originating 
from ZW+jets (small correction). 

N’ = Nfakes + Nprompts

f = llll / (Selected sample – Nprompts)
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Data-driven background estimation
Background originates from Z or W decaying to leptons + jets: heavy flavour 
decays, mis-identified jets, decays in flight. Compute this background using 
the data-driven estimation described below
• define “good lepton” a lepton which is isolated and with a small impact 

parameter
• define “jet-like-lepton” a lepton which fails only one of these criteria
• select a sample of events with 3 “good leptons” + 1 “jet-like-lepton” 
• define  

• the number of background events N(BG) is then
N(BG) = lllj * f + lljj * f2 

• Number of signal events has also to be increased by number of real ZZ 
events N(ZZ) where one lepton is identified as “jet-like-lepton” . This term 
is computed as N(ZZ)MC * f

• f is measured using a sample of single-lepton triggered events with a Z 
boson candidate + a 3rd lepton

• f = # good-leptons / # jet-like-leptons
after correcting, using MC, for real ZZ & ZW events 

.

f = probability(non− lepton = full − lepton)
probability(non− leptonlepton = jet − like− lepton)

“looks like”

“Fakes”
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ZZ to llll : Acceptance
N(BG) = 0.62 +1.08−0.11 events

A factor CZZ is applied to correct for detector inefficiencies and 
resolution effects. It relates the background subtracted number of selected 
events to the number in the fiducial phase space, and is defined as the ratio 
of generated signal events passing the selection criteria using reconstructed 
objects to the number passing the fiducial criteria using generator-level 
objects. CZZ is determined with a combination of the POWHEG ZZ MC 
sample and the SHERPA loop-induced gg-initiated sample. The CZZ value 
and its total uncertainty is determined to be 0.55 ± 0.02, 0.63 ± 0.02, 0.81 ±
0.03 in the 4e, 2e2µ, 4µ channel.

The cross section measured in the fiducial phase space is also 
extrapolated to the total phase space, which includes a correction for 
QED final-state radiation effects. The extrapolation factor is obtained 
from the same combination of MC samples as used in the CZZ
determination. The ratio of the fiducial to full phase-space cross section 
is 0.39±0.02, in all three channels.
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ZZ to llll and llnn in Run I
Measurement of the ZZ production cross section in proton-proton 

collisions at √s = 8 TeV using the ZZ è l+l-l’+l’- and ZZè l+l-nn decay 
channels with the ATLAS detector

• 20.3 fb-1 , √s = 8 TeV 
• single lepton triggers+isolation+pT>24 GeV
• choice of primary vertex 
• pairing in 4-electrons channel
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Background calculation
Irreducible background 

DPI = double 
proton 
interaction

“fake-leptons” background 
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Yields

Matrix method
Control regionC

on
tr

ol
 r

eg
io

n 
eµ

Le
pt

on
s 

no
t r

ec
on

st
ru

ct
ed

, M
C
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Matrix Method
Definitions

• Prompt (P) and Fake (F) leptons   TRUTH
• Signal (S) and Loose (L) regions    RECONSTRUCTION
• Combinations NSS .. NLL … NPP…NFF

HP: the ratio of the number of signal leptons to the number of loose 
leptons is known separately for prompt and fake leptons

where e1 and e2 (z1 and z2) are the ratios of the number of signal and loose leptons 
for the leading and subleading prompt (fake) leptons, respectively. 

lepton1,2 signal/loose

fake e
prompt z



Toni Baroncelli - INFN Roma TRE                                                       Physics at Hadron Colliders

To
ni

 B
ar

on
ce

lli 
Ex

pe
rim

en
ta

l H
ig

h 
En

er
gy

 P
hy

si
cs

 a
t C

ol
lid

er
s 

W
in

te
r 2

02
1

Fare clic per modificare stileMatrix method - 2

• prompt lepton efficiencies are determined from a data sample 
enriched with prompt leptons from Z       l+l- decays, obtained by 
requiring 80 < mll < 100 GeV;

• fake-lepton efficiencies are measured from a data set enriched with 
one prompt muon (by requiring it to pass the signal lepton selection 
and pT > 40 GeV) and an additional fake lepton (by requiring it to 
pass the loose selections)

• The fake-electron efficiency is determined from two samples of SS 
eµ events

• The fake-muon efficiency is determined from a sample of same-sign 
dimuon events
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ZZ to llll : Results
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Results
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WZ production in Run II

• Int. luminosity used = 3.2 fb-1

• leptonic decays of Z & W (e+µ)
• |h|leptons <2.5
• triggers, isolation, vertex
• exactly 3 leptons, pairing Z/W

• fiducial space defined by pT
l(Z) > 15 GeV, pT

l(W) > 20 GeV, mll(Z) 
within 10 GeV from PDG value, mT

W > 30 GeV, the angular distance 
DR between the charged leptons from the W and Z decay is larger 
than 0.3, and that DR between the two leptons from the Z decay is 
larger than 0.2

Extrapolate from fiducial volume to total cross section (take into 
account BR’s)
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yields
reducible background (data-driven) & irreducible background (MC)
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Results
MC correction factor 
to account for t decays 

to e,µ
CWZ accounts for detector 
effects, resolution, efficiency 
(efficiencyl

3 ! .93 = .7)

BW, BZ branching fractions, AWZ is 
the MC computed acceptance
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Anomalous Triple Gauge Coupling

Anomalous Triple Gauge 
Coupling



To
ni

 B
ar

on
ce

lli 
Ex

pe
rim

en
ta

l H
ig

h 
En

er
gy

 P
hy

si
cs

 a
t C

ol
lid

er
s 

W
in

te
r 2

02
1

Toni Baroncelli - INFN Roma TRE                                                       Physics at Hadron Colliders

Anomalous Triple Gauge Coupling
• Effect of aTGCs are modelled using an effective 

Lagrangian which depends on few parameters
• Increase of cross section at high invariant mass and 

high transverse momentum
• Neutral TGC are not allowed in the SM.  In SM all 

parameters are 0, except gV
1 and kV which are 1

• Analysis on full 2011 dataset

Charged

Neutral

Coupling parameters channel
WWg lg, Dkg WW, Wg

WWZ lZ, DkZ, DgZ
1 WW, WZ

ZZg hZ
3, hZ

4 Zg
Zgg hg

3, hg
4 Zg

ZZZ fZ
4, fZ

5 ZZ
ZgZ fg4, fg5 ZZ
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Anomalous TGC : WWZ and WWg

• Maximum likelihood fit performed for events in bin pT
lepton

• Statistics still limited : so only one or two parameters 
left free during aTGC fits. The other ones are fixed to 
their SM value (=0)

• No sign of deviation from SM predictions
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Charged Anomalous Triple Gauge Coupling Results

• No sign of deviation from SM predictions

Limits on WWg aTGC couplings Limits on WWZ aTGC couplings

95% C.L. Dkg l Dg1
Z

Wgàlng [-0.38, 0.29] [-0.05, 0.037] -
W+W-àlnln [-0.21, 0.22] [-0.048, 0.048] [-0.095, 0.095]

W+W-+WZàlnjj [-0.111, 0.142] [-0.038, 0.030] -

CMS Results
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Neutral Anomalous Triple Gauge Coupling Results

Limits on neutral aTGC ZZg and ZZZ couplings Limits on neutral aTGC Zgg and ZZg couplings

• Limits surpassing Tevatron and LEP
• Fully compatible with Standard Model
• Most stringent limits from CMS ννγ analysis

– Last bin: pT(γ) > 400 GeV
– ATLAS use pT(γ) > 100 GeV
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Summary of TGC

• All channels studied. No deviations from SM expectations

• But sensitivity still low : 

– Channel with highest statistics Wg give Dkg < 0.4 and lg < 0.05 

– while the « interesting » range is rather Dkg ~ 0.01 and lg ~ 0.001

• Expected improvements soon with the full 2012 stat to be analysed       (23 fb-1) 
and combination of channels measuring the same couplings

• Need to run at 13 TeV (higher sensitivity with increasing s) and 100 fb-1 (2 to 3 
years) to probe the « interesting » region 
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BACKUP
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Fare clic per modificare stiledilepton mass distributions from the Z → ll
Measurement of W± and Z-boson production cross sections in pp collisions at √s = 13 TeV 
with the ATLAS detector, Phys. Lett. B 759 (2016) 601

SR: Lepton quality & trigger match exactly two selected leptons of the 
same flavour but of opposite charge with invariant mass of 

66 < mll < 116 GeV.

http://dx.doi.org/10.1016/j.physletb.2016.06.023

