GrantPID2020-113341RB100 funded by

P
GOBIERNO MINISTERIO )
DE ESPANA DE CIENCIA
AGENCIA
ESTATAL DE

E INNOVACION

1,
GOBIERNO DEL /]
PRINCIPADO DE ASTURIAS

* EUROPEAN UNION "_\. j )
ol k) !

*
* European Regional
Development Fqnd

* 5 K

Recent SM measurements
with the CMS detector

Santiago Folguerasn behalf of the CMS collaboration




Overview of CMS cross section results

CMS preliminary
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Recent results in Standard Model measurements? choicefor

today
Talk is focused on EWK physics, some topics have already been cover&icbindll(VBS) and A. MeccBiposon}
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W and Z boson
properties
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CMS 35.9f  (13TeV)

W decay branching fractions N .
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A, %0 OAPT OOAA T8wWKk OAT OET 1T AAOxAA

A BR of W to electrons and muons agree well

A Using TRl M T "Htd dtudy W decay BR
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Precision measurement of the Z invisible width

A First measurement of Z invisible width at a hadron collider
A Sensitivity to the number of neutrinos coupling to Z boson
A RatioA(: © 4 Y A © JbJlinterpreted as3

A Competitive precision with direct LEP measurements

CMS Preliminary 363 fb~! (13 TeV)
T T T .| T T I T T T | T T T T I T T T I T T T T | T
10° pmiss 4 jets 7| [ pp +jets 7 [ ee + jets 7]
8
g
2 e —
Z 10
]
1 1 I 1 1 L 1 I 1 1 1 I 1 1 1 1 | 1
1 1 I 1 1 1 I | =
o 1.25 Y 'E
= 1.00 : %H".."" -
& i |E
0‘75 1 1 1 1 |: 1 1 I 1 1 1 1 Tl |:
T‘g 3 T T T ] 0 L S S S —.
o 1 —o o — @ ® .... —
2 _1P%, a © | fo 0% %g00° °
93]
é) _3_|.1 i 1.1 PR A ) T R AN ST N TR S A [ AN ST A l.il_
500 1000 500 1000 500 1000

pRiss (GeV)

CMS-PAS-SMP-18-014 (soon to be submitted)

I Data

C_3 SM prefit

[ SM postfit
Z(—vv)+j
W(—lv)+j
Minor
QCD multijet
Z/y (= 1)+]

ALEPH

OPAL

CMS

A(G ©

o M

3(®WO ")

, WO /b/b 3 WO Jb/b

CMS Preliminary

363 fb~! (13 TeV)

L3

[ T I T T T T I T T T T T T T T I T T T T ]
- SM
- ® : - 450 + 48 MeV
- Heo— — 498 + 17 MeV
- —e—— 539 +31MeV
- —o— 523 +16 MeV
C 1 I 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 ]
400 450 500 550 600
I-\inv [MEV]

Universidad de Oviedo
Universidd d'Uviéu
University of Oviedo


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-014/index.html

Measurement ofDrell-Yan=, at high dilepton masses

A CMS=, |measurement forCJ , 4
A =, |non-zero and positive above Ppeak due to interference
A Sensitive to BSM through interference with heavy vector boson

GeV

A =, ||for eeand{ {allows to test lepton universality
A Inthe inclusive = |, et are found to deviate at 2.4
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CMS experiment at the LHC, CERN (@YY
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Dibosonproduction cross sections in pp collisionsafv 8 1 "Hn

A Very Low pileup run,important probe of the dependence of the cms

Cross section on the beam energy g 55 NNLO QCD x NLO EWK (MATRIX)
. ) . . == pp NNLO QCD x NLO EWK (MATRIX)
A Dedicated signal regions for eadifbosonproductior Emz PP NLO (MATRIX)
A & w: two oppositecharge differentflavour leptons % | =% PP NLO (MATRIX)
A wdg YT  CsigdleptonsO A A 1
Add oi 'c Ti C T & ot
T L 4
A Firstmeasurement at 5.02 GeV oo o o
A Consistent with NNLO QCD + NLO EWK predictions WZ measurements v CDF
10° ZZ measurements A DO
L e — -
Process Estimation Total cross section [pb] 910 ] o—¥ g
+0.7 n03 : : :
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Leptonicr) "Hproduction (1)

A Very clean final state that allowed to perform several relevant SM measurements

A Crosssection measurement
A Fit to lepton flavour distribution performed in CRs + SR

A Signal strength estimated both for each final state and inclusively
A Crosssection measurement extrapolated from SR to a Fiducial (detectmdependent) Region

A Inclusive crosssection:

Category or source
POWHEG
MATRIX, NNLO QCD
MATRIX, NNLO QCD x NLO EWK
eee (Measured)
eepy (Measured)

Total cross section
42.5 718 (scale) = 0.6(PDF) pb
51.2 117 (scale) pb
50.7 14 (scale) pb
53.2 + 2.7 (stat) + 2.3 (syst) + 1.1 (lumi) & 0.5 (theo) pb
48.1 + 1.7 (stat) £ 1.8 (syst) = 1.1 (lumi) = 0.4 (theo) pb
50.6 & 1.3 (stat) £ 1.5 (syst) = 1.1 (lumi) =+ 0.5 (theo) pb
)
)

upe (Measured)
pppt (Measured) 50.8 4= 1.0 (stat) £ 1.5 (syst) £ 1.1 (lumi) & 0.5 (theo) pb
Combined (Measured) 50.6 4 0.8 (stat) £ 1.5 (syst) £ 1.1 (lumi) £ 0.5 (theo) pb

A Charge asymmetry
A Distributions divided upon final state total charge

A Consistency with PDF uncertainties verified with
Bayesian reweighting techniques with a-palue = 0.747

A Measured charge asymmetry:
! P8 p MBI T(OOA @Bt OV @8t pi Ol E
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137 b (13 TeV)
T I

Leptonicr) "Hproduction (I1)

A First W/Z polarization measuredn the helicity frame

A Search for BSMriginated anomalies in the spin correlation between the massive
boson and its decay products. 4 s
Powheg+Pythia

A Simultaneous fit with every polarization: observation of longitudinally polarized W and Z ~ °° o6 of5 02 025 080 035 040
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N differential cross section

A Full Run 2 measuremenof differential crosssection, compared to NNLO.

A Explore Radiatior0 AOT 2! : @ AOA O1 771r AAOGO
to test BSM manifestations.

N

OOAOEOA EIT OAOAAOA

A Good agreement with simulation, more signal in high sregions compared to predictions
A Tighter selection to observe the RAZ effect: bigger dipat-(JH ) ttthan in NNLO predictions
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A 1 variable defined in the7 r rest frame increases sensitivity (x10) for EFT
constraints on dim6 operators, usinginterference resurrection
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VBS

First measurements (evidence / observation)
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VBS production in CMS

A Purely electroweak process with unique topology
A OxlT OAOU £ OxAOA EAOOh xEOE 1 AOCA -5

A Very rare process (~fi1) with high irreducible background (from QCD)
A only accessible with LHC run Il
A sophisticated signal extraction and data drivebkg estimation

A Longitudinal polarized part of V connected to Higgs mechanism
A SM extension with dim8 operators standing for anomalous couplings

A Big experimental effort to investigate VBS processes with full Riirdataset
A Fiducial crossection measurements
A Differential crosssectionwrt different variables
A Indirect search for New Physics within the EFT framework

A Different channels depending on decay modes
A fully leptonic
A semi leptonic (one V decay leptonically, the othé&adronicaly)
A full hadronic
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Events
2
Events

Preliminary Preliminary

A Events are selected by requiring two leptongit ), two jets ok
with large pseudorapidityseparation and high invariant mas: :

A Categorization based on lepton flavour pair and on the centralit:
of the dilepton system with respect to the tagging jets:
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-001/index.html

Evidence forsemileptonicWW/WZ scattering

A Measurement in semleptonic WV decays, WW( Ivjj)jj
A Previous results by ATLAS/CMS using 2015+2016 data,

A Large backgrounds fromW+jetand top quark, estimated from datadriven techniques

A Separated using DNN classifier, resolved and boosted categories
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Evidence forsemileptonicWW/WZ scattering (lI)

A 3 ML fits is performed to extract signal strengths
A First evidence observed (expected) significance o& fu$ A
t ™vu mOOAP (OUOO
t oy ™Mt OOAD OUOO
A Simultaneous fit to QCD and EWK signal strengths
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y(PP)-y(WW)

Exclusiver] fj FH lroduction

A Fully hadronic final state, each boson reconstructed as a single "fat" jet and forward proton reconstruction using
the PPS detector.

A Fit to 12 signal regions (datdriven background estimate), categorized by year, and by quality of the
reconstruction:

A AT OE POT O1TT O | AGAEAA O1F EAOO j OECI Al OACEIT 1Q
AlTA pol 011 1T AOGAEAA T1T1U j OECT Al OACEITT 01 oqQ

A Limits set on dim6 aQGperators: 1520x more stringent than Run & ¥ WW/ZZ

CMS-TOTEM Simulation Preliminary
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-014/index.html

Observation of electroweak production ofH

A No photon coupling to Higgs: sensitivity to neutral
(@) QGC and (a)TGC

A Main backgrounds:

A QCD: r: estimated from MC, constrained in
simultaneous fit

A Non-prompt photon: data-driven estimate through
photon shape fit

A Signal extracted withi andas
A Firstobserved (expected)observation at 8
(s A
A Vg p ™ (O OA @ (O U)QEA
A P& T (O OA P& (O U)JEA

A In good agreement with SM expectations
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