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Introduction

High rates of W, Z production at the LHC
The most recent CMS results
“Clean” and well understood final state

Highly important analyses:
o Partonic structure of protons
o improving and developing theory predictions
o Probe for pQCD as well as npQCD in different regions
o EWK parameters, putting limits, coupling constant calculations...




Differential Z boson production cross-section
JHEP 12(2019)061

Data: 2016
Luminosity: 35.9 fb™
Inclusive fiducial and
differential production

cross sections as a
sk

function of pT (also @7,
and |y|)
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Differential Z boson production cross-section
JHEP 12(2019)061

Data: 2016 @ent selection: \
Luminosity: 35.9 fb™" e Two opposite charged
Inclusive fiducial and isolated leptons

differential production e Dressed with photons in
cross sections as a AR (I, y) < 0.1

function of pT (also @7, e Lepton pT > 25 GeV

and |y|) e lepton|n| <24

o /



https://link.springer.com/article/10.1007/JHEP12(2019)061

Differential Z boson production cross-section
JHEP 12(2019)061

Data: 2016 gent selection: \ Theoretical predictions:
Luminosity: 35.9 fb™’ e Two opposite charged e MadGraph

Inclusive fiducial and isolated leptons e POWHEG &
differential production e Dressed with photons in . ESVV\\/;EG'MINLO
Cross sections as a ) AR (I, y) <0.1 e Parton branching TMD
function of pT (also @7, e Lepton pT > 25 GeV e GENEVA

and |y|) e Lepton|n| <24 e RESBOS

o /
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MINLO/Data POWHEG/Data aMC@NLO/Data

Differential Z boson production cross-section
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Differential Z boson production cross-section
JHEP 12(2019)061

e The measured cross section
values agree with the theoretical
predictions within uncertainties.

: Cross section o B [pb]
e The predicted values are : . ° e
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

Data: 2016
Luminosity: 36.3 fb™
pT of the pair (also ¢)

Five mass bins: 50-1000
GeV

Di-electron and di-muon
channels combined
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

Data: 2016 g/ent selection: \
Luminosity: 36.3 fb™ e Two opposite charged

pT of the pair (also ¢) isolated leptons

Five mass bins: 50-1000 e Dressed with photons in
GeV AR (1, y) < 0.1

Di-electron and di-muon e Lepton pT > 25, 20 GeV
channels combined ko Lepton |n| < 2.4 /
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

Data: 2016
Luminosity: 36.3 fb™
pT of the pair (also ¢)

Five mass bins: 50-1000
GeV

Di-electron and di-muon
channels combined

Event selection:

Two opposite charged
isolated leptons
Dressed with photons in
AR (I, y) <0.1

Lepton pT > 25, 20 GeV
Lepton |n| < 2.4

~

Theoretical predictions:

/

Madgraph5_AMC@NLO
MiNNLO

Cascade

Artemide

Geneva
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

Theoretical predictions:
e Madgraph5_ AMC@NLO
MiNNLO
Cascade
Artemide
Geneva

Predictions
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~ N3LL Valid for pt < 0.2my,
CASCADE
Z + 0j or PB-TMD MC no MPI
Z + 1j at NLO

T
NNLO N°LL, | MC
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3 fb~! (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3 o' (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3 fb~! (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3 fo™! (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3 fb~! (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3 fo! (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3fb~" (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3 fb~! (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

Theoretical predictions:
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
Eur. Phys. J. C 83 (2023) 628

CMS 36.3 fb~! (13 TeV) CMS 36.3 fb~" (13 TeV)
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Measurement of the mass dependence of the pT of lepton

pairs in Drell-Yan production in pp collisions at Vs = 13 TeV
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Drell-Yan forward-backward asymmetry at high dilepton
masses JHEP 08 (2022) 063

Data: 2016, 2017, 2018
Luminosity: 138 fb™’
Asymmetry(A_;) and the
angular coefficient (A,) as
a function of lepton pair

mass
Masses larger than 170
GeV in 7 mass ranges
Di-electron and di-muon
channels combined
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Drell-Yan forward-backward asymmetry at high dilepton
masses JHEP 08 (2022) 063

/Ev/ent selection: \
Data: 2016, 2017, 2018 e Two opposite charged

Luminosity: 138 fb™’ isolated leptons
Asymmetry(A_;) and the e Leading muon
angular coefficient (A,) as pT(2016/2017/2018) >
a function of lepton pair 26/29/26 GeV and
subleading pT > 15 GeV

e Leading electron
v e pT(2016/2017/2018) >

. ng 29/38/35 GeV and
Di-electron and di-muon subleading pT > 15 GeV

channels combined e Muons: |n| < 2.4,
\ electrons: |n| < 2.5 /

mass
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Drell-Yan forward-backward asymmetry at high dilepton
masses JHEP 08 (2022) 063

/Ev/ent selection: \ _

Data: 2016, 2017, 2018 e Two opposite charged e The difference between
Luminosity: 138 fb™’ isolated leptons the dimuon and dielectron
Asymmetry(A_;) and the e |eading muon asymmetries - a test of
angular coefficient (A) as pT(2016/2017/2018) > lepton flavor universality
a function of lepton pair 26/29/26 GeV and
mass subleading pT > 15 GeV e To set limits on the

e Leading electron i
g/la\s/s.es;arger than 170 pT(2016/2017/2018) > presencb;e of additional
eV in 7 mass ranges 29/38/35 GeV and gauge bosons

Di-electron and di-muon subleading pT > 15 GeV

channels combined e Muons: |n| < 2.4,
\\ electrons: |n| < 2.5 /
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Drell-Yan forward-backward asymmetry at high dilepton

masses

N ->cos(8) >0
N; ->cos(8) <0

5]
—Anti-quark
B Nr — Np
I* FB_NF—l—NB

e Measure the angle between final state
lepton and initial quark

dcosf

>

JHEP 08 (2022) 063

<L -Z— [l + cos? 0 + %1 (1 —3cos?8) + Ay cost?]

A, and A, are the standard dimensionless
constants parameterizing the angular
distribution of the DY process

The angular coefficients A, and A, vary as
functions of the mass (m), transverse
momentum (pT), and rapidity (y) of the
dilepton system
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Drell-Yan forward-backward asymmetry at high dilepton
masses JHEP 08 (2022) 063

138 b (13 TeV)
0D e S

e The results for the template O.QZICII\IIIISI EEARRESTREARRRRANE
fits to data to extract A_g in - T e 1
different mass bins 0'8:_ —&— ee measurement B

e Test of lepton flavor N Bl sk ]
universality - the difference m 0.7:— I E
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dielectron A_; - agreement 0'6:_ B
with zero to within 2.4 C ]
standard deviations 0'5;_ | | | | | | B

e Measured asymmetry 0.612 s \o_
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Drell-Yan forward-backward asymmetry at high dilepton
masses JHEP 08 (2022) 063

138 fb' (13 TeV)
T T T | T T T

o
=
w

T LI I L | T

0.2

T | T T T I
e Measured angular

coefficient is 0.047 * 0.005 0 | _
(stat) * 0.013 (syst) ' <Ec> 1
e Measurements of Ao probe —0.2- — standard Model A, from aMC@NLO —

I —— upp Measurement
higher-order corrections | —— eeMeasurement

in perturbative QCD _0.4 —#— Combined Measurement

e ey by by b by
200 400 600 800 1000 1200 1400 e
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Drell-Yan forward-backward asymmetry at high dilepton

masses JHEP 08 (2022) 063

_ 9 9 28 (13 TeV)

e Combined A; o > CMS E
measqremen DS I|m_|t_s o 1.8 Expected + 1 std. deviation =

the existence of additional 1.6 saeees Expected + 2 std. deviation =
gauge bosons. 1 4F. — Observed E

e ForaZ'boson, in the P =
canonical sequential ‘&4 —_ 4 -
standard model, the 0.8 E
observed (expected) 95% 0.6E 3
confidence level lower 0.4E =
limit on the Z' mass is 4.4 0.2 =

TeV (3.7 TeV).
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Measurement of the 1 lepton polarisation in the Z boson
decays CMS-SMP-PAS-18-010

L
Data: 2016 i
Luminosity: 36.3 fb™"
Leptonic and hadronic 1
lepton decays in Z—TT1

0
events Z° [~*

All possible tau decays

are covered +
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Measurement of the 1 lepton polarisation in the Z boson
decays CMS-SMP-PAS-18-010

Final state Trigger Lepton selection Additional selection
Data: 2016 %5, 7, (35GeV) 1, (35GeV) pr > 45(40)GeV, ™| < 2.1 Med DeepTau iso
T
Luminosity: 36.3 fb" (22GeV) ph > 23GeV, |p#| < 21 L,(n) <015  mh <50GeV
. . T, T u(22Ge T Al . rel\#) < U T

Leptonic and h_adron'c ! or 4(19 GeV)g, (20GeV) pk >20GeV, p > 30GeV, || <23 Med DeepTau iso
lepton decays in Z—T1T1
events T,Th e(25GeV) pr > 30GeV, | < 2.1 I(e) <015 mf <50GeV

_ pr > 30GeV, [yh| <23 Med DeepTau iso
All possible tau decays
S TR T, (8 GeV)e(23 GeV) P > 15GeV, || < 24 La(e) <015

or u(23 GeV)e(12GeV) pr > 15GeV, || < 24 La(p) <0.20

ps > 24GeV for lead trigger leg
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Measurement of the 1 lepton polarisation in the Z boson
decays CMS-SMP-PAS-18-010

K Measure average polarisation of 1 \

leptons in Z/y events
e Z boson couplings are different for left
and right-handed fermions

N(pp = Z/y = 17 )— N(pp = Z/y = 70 77)
N(pp = Z/y > Trri )+ N(op = Z/y = 70 7%)

(Pr) =

~—

x10° CMS  Preliminary

36.3 fb* (13 TeV
80 R S

—
Z-> T Z—> 7T,

tt + jets

The spin of 1 lepton and spin
correlations of 1 lepton pairs can be
determined and be used to explore new
physics

Convert polarisation into effective weak
mixing angle sin?6,,

The best sensitivity on Pt-> py +p
category - a good selection efficiency and
a good reconstruction of the optimal
observable w,

The least sensitivity - the fully hadronic
decay channel - high trigger thresholds
therefore poor selection efficiency.

Events / bin

Obs. / Exp.

EUP
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Measurement of the 1 lepton polarisation in the Z boson

decays CMS-SMP-PAS-18-010
T I T T T T I T T T T I
e The measured value for the T polarization: g’;%m TeV) L preliminary ————— —
o Pt(Z)=-0.144 + 0.006 (stat) + 0.014 o
(syst) =-0.144 £ 0.015 e " * e ¥ =
LEP-SLD
In agreement with measurements by the SLD it oo ol =

experiment, at LEP, and by the ATLAS experiment

and with the standard model value of the lepton o I i
asymmetry parameter A= 0.1468 + 0.0003 S
e  More precise than the ATLAS measurement
and nearly as precise as single LEP e o =
experiments —_— o
e The effective weak mixing angle:
o  sin? eweff= 0.2319 + 0.0019 v | i

0.1 0.15 0.2

Asymmetry A
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Precision measurement of W boson decay branching
fraction Phys. Rev. D 105, 072008

Data: 2016
Luminosity: 35.9 fb™
The leptonic and inclusive

hadronic decay branching

fractions



https://link.aps.org/doi/10.1103/PhysRevD.105.072008

Precision measurement of W boson decay branching
fraction Phys. Rev. D 105, 072008

Data: 2016 @ent selection: \

Luminosity: 35.9 fb™’ * ee a':dd“#’ events etare .

. . . rejected It invariant mass Is
The leptonic and inclusive between 75 and 105 GeV
hadronic decay branching e Electron (muon) pT > 30
fractions (25) GeV; |n| < 2.5 (2.4)

e Hadronically decaying 1
leptons - pT > 20 GeV; |n| <

K 2.3 /



https://link.aps.org/doi/10.1103/PhysRevD.105.072008

Precision measurement of W boson decay branching
fraction Phys. Rev. D 105, 072008

Data: 2016 M \ e Precision measurement
Luminosity: 35.9 fb™ e eeand “t‘j events are e The leptonic and inclusive
. . , rejected if invariant mass is hadronic decay branchin
The Ieptonlc and mclus.lve between 75 and 105 GeV o e y g
hadr9n|0 decay branching ¢ Ezlgdcr.:.or{/(-muog)zp; ; 20 e Lepton flavor universality
fractions (25) GeV; |n| < 2.5 (2.4) (LFU) violation test

e Hadronically decaying 1
leptons - pT > 20 GeV; |n| <

K 2.3 /

e Features are made for the best
isolation of W — t decays



https://link.aps.org/doi/10.1103/PhysRevD.105.072008

Precision measurement of W boson decay branching

fraction

e Leptonic widths of the W boson T
(W—17)

e Hadronic widths of the W boson I
(W —qq)

e Total width Ftot

Phys. Rev. D 105, 072008

CMS LEP

B(W — ev,) (10.83£0.01 £0.10)% (10.71 £0.14 £ 0.07)%
B(W — up,) (10.94 £0.01 £0.08)% (10.63 +0.13 +0.07)%
B(W — w,) (10.77 £0.05 £ 0.21)% (11.38 £0.17 £0.11)%
B(W — q7') (67.46 +0.04 +0.28)% -
Assuming LFU
B(W — £p) (10.89+0.01 +£0.08)% (10.86 £ 0.06 £+ 0.09)%
B(W — qg') (67.32+0.02+0.23)% (67.41 +0.18 +0.20)%



https://link.aps.org/doi/10.1103/PhysRevD.105.072008

Precision measurement of W boson decay branching
fraction Phys. Rev. D 105, 072008

359fb ' (13TeV)

CMS & CMS

CMS LFU (68%,95% CL)

W—ev, - LEP
. . : LEP LFU (68% CL)
e Consistent with the LFU hypothesis for the

weak interaction w/ LFU

e More precise than previous measurements gm m f‘(”,;(ggfé’;iodogg;/;’/
based on LEP experiments data ( about 1.5 s e
time)

. . . . W—py, -
e Ratio of hadronic-to-leptonic branching
fractions to the theoretical prediction is used
to derive some standard model parameters
e  Strong coupling constant at the W boson
mass scale ag = 0.095 + 0.033
W — v —_——

0100 0.105 0110 0.115 0.120 0125 0.130 0135 0.140
B(W— tv)
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Summary

Overview of several current analysis
involving Z and W bosons

Run Il data collected by CMS
detector in proton-proton collisions
at 13TeV

Better understanding of the QCD and
EW

Important test for new models and
some physics concepts

Putting limits to current physics
models




