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Testing Standard model (SM)

Constraining parton distribution functions (PDFs)
Extracting parameters

Background evaluation

Testing different Monte Carlo models

Testing production mechanism dynamics
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Precise measurements with a hadron collider!
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CMS 2.8fb* (13 Tev)
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@ Acceptance corrected

@ From 15 to 3000 GeV using
2.8 fb~! of data

e PDF, Background and FSR
are dominant systematics at
high mass
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CMS 2.3fb? (ee) 2.8 fb™ (up) (13 TeV)
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m (post-FSR) [GeV]

Drell-Yan differential cross section at 13 TeV
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-001/index.html

Inclusive Z production cross section at 13 TeV (CMS)
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CMS-SMP-17-010, JHEP 12 (2019) 061 Z — ¢¢

Inclusive/differential measurements at Z peak

do/dpt in dielectron and dimuon
35.9 fb~! of 13 TeV 2016 data used
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-010/index.html

Forward inclusive Z production cross section at 13 TeV
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JHEP 09 (2016) 136 Z — ¢/
Inclusive/differential measurements at Z peak
forward region 2.0 < n < 4.5

do/dpt in dielectron and dimuon channels
294 fb~1 of 13 TeV data used

0% =1943+09+33+£7.6pb
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https://doi.org/10.1007/JHEP09(2016)136

Z pr measurement at 13 TeV (ATLAS)
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@ Inclusive differential measurements at Z peak
@ 36.1 fb! of 13 TeV
o Differential do/dp% and do/d¢*
e Eur. Phys. J. C 80, 616 (2020)
@ New LHCb measurement also expected soon
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https://doi.org/10.1140/epjc/s10052-020-8001-z

Differential Z+jets cross section at 13 TeV (CMS)
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o Differential measurements at Z peak focusing on Z+jets
@ 35.9 fb~1 of 13 TeV 2016 data used

o Double differential do/dpZdY*#

o Differential dU/dA¢Z7Jet1

@ NLO MG5_aMC, LO MG5_aMC, and GENEVA

o CMS-PAS-SMP-19-009
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-009/index.html

Differential in mass Z cross section at 13 TeV
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@ Z+jets differential measurements focused on invariant mass

@ Gluon compton scatering important at high pr and invariant mass
@ myy =[50, 76, 106, 170, 350, 1000] GeV CMS-PAS-SMP-20-003
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-003/index.html

The W boson decay branching fractions at 13 TeV (CMS)

@ The leptonic and

CMS Preliminary 35.9f ' (13TeV) ) - i
. S inclusive hadronic decay
CMS LU (68%/95% CL. - .
i ol ’ branching fractions of
W—ev, | (1083£010)%  =—@= LEP LU

the W boson are studied
using 35.9 fb~! of 13
g:(wqcp(m.agxo.oe)ﬂ/u TeV data

Br(W — h) = (67.32 £ 0.23)%
@ W boson decaying into
electron, muon, and tau
lepton amount to
(10.83 £ 0.1)%,
(10.94 4+ 0.08)% and
Wooma ) cormozie g (10.77 £ 0.21)%

, @ Results support the
0.100 0.105 0.110 0.115 0.120 0.125 0.130 -
Br(W— tv) hypothesis of lepton
universality for the weak
interaction

e CMS-PAS-SMP-18-011
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-011/index.html

The W boson decay branching fractions at 13 TeV
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0.9 0.92 0.940.96 0.9 1.02 1.041.06 1.08

8 1
R(x/n)=B(W-—>1v)/B(W-uv)
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Test of the universality
of 7 and pu lepton
couplings in W-boson
decays from tf events
using 139 fb~! of

13 TeV data

One of the most precis
measurements available

Results support the
hypothesis of lepton
universality for the weak
interaction

o CERN-EP-2020-139
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https://arxiv.org/abs/2007.14040

W rapidity, helicity and differential xsection at 13 TeV

x10° CMS Preliminary 35.9 fb™ (13 TeV)
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35.9 bt used, 7, pr and unrotled distributions for W7 v
First W helicity measurement at CMS, PRD 102 (2020) 092012
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092012
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https://doi.org/10.1140/epjc/s10052-019-7199-0

Angular coefficients at 8 TeV (CMS)
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CMS Preliminary
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@ Lam-Tung relation
violated

@ Strong |y| and g7
dependence

Eur. Phys. J. C (2016) 76: 325
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-13-010/index.html

Angular coefficients at 8 TeV (ATLAS)
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o Lam-Tung
relation
violated

@ 7 coefficients
measured in 3
rapidity bins

e Many
theoretical
models tested

@ Both electrons
and muons

JHEP08(2016)159
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP08%25282016%2529159&v=7d89ac6e

Weak mixing angle using A4 at 8 TeV (ATL

Channel eecc ‘ HUCC ‘ eecrF ‘ eecc + ppCC ‘ eecc + ppCcC teeck
Central value 0.23148 ‘ 0.23123 ‘ 0.23166 ‘ 0.23119 ‘ 0.23140
Uncertainties
Total 68 59 43 49 36
Stat. 48 40 29 31 21
Syst. 48 44 32 38 29
Uncertainties in measurements
PDF (meas.) 8 9 7 6 4
p% modelling 0 0 7 0 5
Lepton scale 4 4 4 4 3
Lepton resolution 6 1 2 2 1
Lepton efficiency 11 3 3 2 4
Electron charge misidentification 2 0 1 1 <1
Muon sagitta bias 0 5 0 1 2
Background 1 2 1 1 2
MC. stat. 25 22 18 16 12
Uncertainties in predictions
PDF (predictions) 37 35 22 33 24
QCD scales 6 8 9 5 6
EW corrections 3 3 3 3

ATLAS-CONF-2018-037
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https://cds.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf

Arg measurement at 8 TeV (ATLAS)
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J. High Energ.
Phys. 2017, 59
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https://doi.org/10.1007/JHEP12(2017)059
https://doi.org/10.1007/JHEP12(2017)059
https://doi.org/10.1007/JHEP12(2017)059

Weak mixing angle using Arg at 8 TeV (CMS)

x10° 18.8 fb (8 TeV) CMS Preliminary 18.8 fb (8 TeV)
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@ The statistical and systematic
uncertainties are significantly reduced

o Fit of experimental Agg with theory

o CMS-PAS-SMP-16-007, Eur. Phys. J. C
78 (2018) 701

M, (GeV)

I. Gorbunov llya.Gorbunov@cern.ch EWK Precision 17/20


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html

Weak mixing angle using Arg at 8 TeV (CMS, II)

@ One of the most precise

measurements QS eethn —— 0.23101 + 0.00052

o PDF are constrained in-situ =" fbj L _| 022056 £ 0.00080

o sin2 Qle;;t _ CMS L 18-87"’ —o—— 023125 + 0.00060

e LHCb 3 fb S e 0.23142 + 0.00106
0.23101 + 000036(St3t) + ATLAS cetpu48f] — o | 0.23080 £ 0.00120
000018(5y5t) + DO ee 9.7 bt | — | 023147  0.000a7
0.00016(theory) + COFeesi 94 | e | 023221+ 0.0005
000030(pdf) SLD: A, —o— 0.23098 + 0.00026

° CMS—PAS—SMP—16—OO7, LEP +SLD: Ay : —o— : 0.23221 + 0.00029
Eur. PhyS. J. C78 (20 18) LEP +SLD " . - - 02330.23153 +0.00016
701 sinzeleeﬁp‘

@ Can reach better precision T | Gol1077] om0 | S i0]
then LEP+SPD after LHC — P 2t s ione hioae i ohe bl cae
and CMS upgrade | 1 7 | ® % | om
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html
http://cds.cern.ch/record/2294888

Weak mixing angle using Arg at 8 and 7 TeV (LHCb)

LEP + SLD o

Phys. Rept. 427 (2006) 257 0.2315:0.0002
LEP Aq5(b) O

Phys. n:':n. 427 (2006) 257 0.2322+0.0003
SLD A 0

Phys. R6v. Lett. 84 (2000) 5945 0.2310+0.0003
Do 0~ 0.2315+0.0005
Phys. Rev. Lett. 115 (2015) 041801

CDF —0— 0.2315+0.0010
Phys. Rev. Lett. D89 (2014) 072005

ATLAS —O0— 0.2308+0.0012
arXiv:1503:03709

cmMS —_——— 0.2287+0.0032
Phys. Rev. Lett. D84 (2011) 112002

LHCb —0— 0.2314+0.0011
LHCb 1s=7TeV ——O—— 0.2329+0.0015
LHCb |s=8TeV —O— 0.2307+0.0012

0.224 0.226 0.228 0.23 0.232 0.234
sin6%'
e sin®0¢T = 0.23142 + 0.00073 £ 0.00052 -+ 0.00056
e Forward region (low dilution) 2.0 < n < 4.5
e JHEP11(2015)190
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https://doi.org/10.1007/JHEP11(2015)190

Conclusion

High precision measurements

Some channels are analyzed at 13 TeV

SM predictions tested

PDFs constrained

W xsection and helicity measurements

W brenching fractions supporting lepton universality

High precision weak mixing angle measurements

Multidifferential Drell-Yan production cross section
measurements

@ More info at Results on vector boson (+jet) production and

W mass and angular coefficients measurements
ATLAS-CMS-LHCb

Zoom Link for Followup discussion:
https://cern.zoom.us/j/41374265407pwd=MULIVTNiVWtOaW5pRW52;
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https://indico.cern.ch/event/905399/timetable/?view=standard#263-results-on-vector-boson-je
https://indico.cern.ch/event/905399/timetable/?view=standard#359-w-mass-and-angular-coeffic
https://indico.cern.ch/event/905399/timetable/?view=standard#359-w-mass-and-angular-coeffic

