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Introduction

Phys. Rev. D 106, 033003
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Precision standard model measurements = |

* Make full usage of the statistics collected to understand better Ay
experiment and theory e

. . . . o o o 1 lept
* indirect searches for new physics, with sensitivity reaches to sin” 6" (HC)

. . | R
higher energy scales better than direct new physics searches P T e
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Pull (standard scenario)



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.033003

Covered in this talk:

Overview

CMS-PAS-SMP-22-010 Drell-Yan forward-backward asymmetry and effective weak mixing angle

CMS-PAS-SMP-20-004 W and Z production cross sections at 5.02TeV and 13TeV

CMS-PAS-SMP-22-017 Z production cross sections at 13.6TeV

CMS-PAS-SMP-23-005 GamGam -> TauTau and limits on tau g-2
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CMS, 298 pb™' (5.02 TeV)

CMS, 7.3 ub ™ (2.76 TeV) +
CMS, 5.4 pb” (2.76 TeV)
CDF, 72.0 pb™ (1.96 TeV)
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Theory: NNLO, DYTURBO and NNPDF 3.1 PDFs
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010/index.html
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Effective Weak Mixing Angle

Phys. Rev. D 106, 033003
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Global SM EW fit (standard scenario)

Measurement Posterior Individual Prediction 1D Pull
sin2 9{;‘;‘( {}%d) 0.2324 +40.0012 0.231509 + 0.000056 0.231506 +50.000056 0.7
0.231399,0.231619] 0.231397,0.231617|

Effective weak mixing angle is one of the key fundamental parameters
in the SM.

Its precision from theoretical predictions using other SM parameters is
better than the current experimental uncertainty.

Experimentally, it is measured using forward-backward asymmetry
Apg of Zly — C€ events

% Apg depends on sin? ‘9.57 near m,

% Strong dependence on PDF, fitting observable with sin? Hé;fand
PDF-nuisance templates
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https://doi.org/10.1140/epjc/s10052-023-11635-3
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.033003

Effective Weak Mixing Angle o500

59 fb' (2018, 13 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010/index.html

Effective Weak Mixing Angle

® Default EW configuration

“* NLO weak + universal
HO corrections

* input scheme of
(sin” 6., my, and G)

* Width: complex-mass
scheme (CMS)

® Systematic variations:

“ Different Scheme:

(sin” 6., my, and @)
* Width: pole scheme (PS)

“* Parameter values:

(Amy, Am,, AG,)
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best the other central values
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® Different NNPDFs tested. By default CT18Z is chosen, since its uncertainty covers the
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Effective Weak Mixing Angle

59 fb' (2018, 13 TeV)
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Effective Weak Mixing Angle srssmao

e Comparing sin ‘957 using different fits: Apz, A4, and cos O,
between different PDFs

® (Good agreement with predictions and previous measurements

* The most precise measurement at hadron colliders
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W and Z Cross sections

2 L e omsmpleTey 00~ W

— O CMS, 36 pb™,7 TeV W~
M 10 = CDFRunll / W
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® W and Z cross sections provide precise tests of the o [ ue / .
standard model predictions: - z -
1 PP —
* Cross section ratios between W and Z, and - - =
between different center-of-mass energy, provide - PP -
important inputs to the PDFs o' _
. . . § Theory: NNLO, FEWZ and MSTWO08 PDFs E
* (Good validation on the experimental methodology R . -
and the luminosity measurements e e ;?]ergyzﬁev.

® Dedicated low pileup runs at 5.02TeV and 13TeV e
provide such opportunities, to carry out such CMS <u> =3

measurements with better uncertainties: R o st
| 100

| Is0
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N 1 > D % © 1 > 9
Mean number of interactions per crossing

200

=
Ul
o

* Low pileup - better recoil resolution and smaller
uncertainty - lower QCD multijet background

Recorded Luminosity (pb~'/1.00)
o o
o o

ol



W and Z Cross sections N TTC R Ty

,,,,,,,,,,,,,,,, 201 pb™ (13 TeV) 298 pb™' (5.02 TeV) N — 201 pb” (13 TeV)
%) 10° e CMS Preliminary —e- Data E % 10° _CMS ,I;,rellimll-nalry llllll '_._5ata' 3 8 10° g‘CMS Preliminary --Data E
(\D c N Z— uw ] (D - Wiss ey . g - W —-uv ]
-lg 10 3 =Electroweak —§ 4\(2 1055_ =Electroweak _g % 105 3 =Electroweak E
B —— I QCD multijet _ - - e ultiie : - _.__._—0—_._ ¥ QCD multije
L%) 104 § == e Uncertainti/ § L%) 104 é__.__.__._ R -Sr?cl?artai:ti/t E LC|I>J) 104 g UncDertai:t;t E
10° 3 —— —— E 10° o
10°F i 102
10
2 11 o -
n1.05 1L - 58 T S S ]
— 1 TR [ 2 N B _ Dt1 o 1
_9095 — 11— ¢ ® i + - 1l . . o . .
8 0.9 . . . . | . %0.98— ..................................................................................................................................................... i B0 98 ]
60 70 80 90 100 110 120  Q0.9Bf e . oy I B S B S ]
m,.. [GeV] 460 80 100 120 140 40 60 80 100 120 140
. My [GeV] m- [GeV]
®* Measurements done by fitting m,, and
my distributions for Z and W WF S W ot Zoin W oer W oot Zoeoe
e FWK and ttbar background estimated ~ Data 1016318 796731 128889 689131 561870 72040
from simulation QCD multiiet Signal 924311.1 709152.6 128414.3 592682.4 467677.2 71523.5
U o . J Electroweak 37161.9 32791.4 264.1 11721.9 11045.5 154.3
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-004/index.html

Wt s /ttv W =07 Z—=0%0- WT /v WT/Z WH/W-
Total 0.32 0.34 0.37 0.26 0.25 0.40
Efficiency (stat) 0.23 0.21 0.26 0.17 0.11 0.30
Trigger prefire correction 0.14 0.13 0.22 0.14 0.08 0.01
QCD multjjet (syst) 0.11 0.15 0.12 0.09 0.15 0.19
MC sim. stat 0.10 0.12 0.11 0.08 0.13 0.15
EWK-+tt cross section 0.08 0.10 0.02 0.09 0.07 0.03
PDF + ag 0.05 0.07 0.03 0.05 0.05 0.07
Efficiency (syst) 0.04 0.05 0.09 0.04 0.06 0.01
QCD multijet (stat) 0.04 0.04 0.03 0.03 0.04 0.06
Hadronic recoil calibration 0.02 0.02 0.02 0.02 0.03 0.01
ur and ur scales 0.01 0.01 0.01 0.01 0.01 0.00

® <2% uncertainty (luminosity uncertainty (~1.9%) + O(0.3%)
experimental uncertainty) for fiducial cross sections

® <0.4% uncertainty for fiducial cross section ratios

®* (Good agreement with predictions at different center-of-mass
energy
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W and Z Cross sections

CMS-PAS-SMP-20-004
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Theory: NNLO, DYTURBO and NNPDF 4.0 PDFs
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-004/index.html
https://arxiv.org/pdf/2405.18661

5.04 fb (13.6 TeV)
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® Similar measurements carried out for the Z cross sections at

S(pp — Z+X) x B(Z — ') (nb)

W and Z Cross sections

August 2
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CMS-PAS-SMP-22-017

023
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S(pp — Z+X) x B(Z = I'I) (60 < m, < 120 GeV)

JHEP 03 (2015) 022

0.298 £ 0.015 nb (2.76 TeV)
CMS-PAS-SMP-20-004 (Preliminary)
0.669 = 0.014 nb (5.02 TeV)

JHEP 10 (2011) 132

0.974 £ 0.044 nb (7 TeV)

PRL 112 (2014) 191802

1.15+0.04 nb (8 TeV)
CMS-PAS-SMP-20-004 (Preliminary)
2.006 £ 0.038 nb (13 TeV)
CMS-PAS-SMP-22-017 (Preliminary)

2.010  0.050 nb (13.6 TeV)
l l l l l l

DYTurbo NNLO QCD + q. resummation (NNPDF 3.1) -

13.6TeV with Run-3 data, using similar analysis strategy

® Analysis in the dimuon channel. Subpecent uncertainty

achieved + O(2%) luminosity uncertainty

® (Good agreement with predictions
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6 / 8 9 10 11 12 13
(s (TeV)

Source Uncertainty (%)
Muon efficiencies 0.83
PDF, QCD scale and parton shower 0.53
Finite size of MC samples (bin-by-bin) 0.35
tt background 0.16
EWK background 0.12
Pileup 0.08
Muon momentum correction 0.08
Combined syst. uncertainty 0.92
Luminosity 2.3
Stat. uncertainty 0.06



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html

29 — 77 Production
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® Observed —68% CL —95% CL
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CMS-PAS-SMP-23-005
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® Interesting physics process, less explored
in pp collisions, but sensitive to tau
anomalous electromagnetic momenta

® Excellent tracking performance provides
the opportunity to select such process by
vetoing additional tracks:

“* Veto events with nTrack > 1

® First observation of gg — 77 and strongest
constraint on tau g — 2

* More in G. Sorrentino’s talk on Friday



https://indico.cern.ch/event/1253590/contributions/5843977/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-005/index.html

Summary

® QOur experiment has really exploited the usage of huge statistics of W and Z events to understand the systematic
effects and reduce the uncertainties, with results similar to or better than the LEP precision

* Improving precision is very challenging, but every step forward is very interesting and worth to explore

® SM predictions continue to be very successful, with no significant tensions found with the theory and
experimental uncertainties.

® (CMS will continue to explore new ideas and test SM with more results to come out.
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Events

Obs./Exp.
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gg — 77 Production A S 00:

Process eu ety UTY, T Ty, |
7/ — 11 36+05 90+L12 187129 202131 ° Observed number of events agree with
Z/v* —ee/uu — 39+12 16+06 o expected signal + estimated background
]et miS-ID 50 T 08 114 +2.9 165 T 36 175 T 28 O First Observation Of gg — 7T Observation
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Observed 24 54 57 70 ;
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This result @
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