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Standard Modelrmeasurements

U Standard Model (SM) is extremely predictive theory since its inception, which successfully resists its
falsification forabout 50 years

U One of the principles of scientific method édever stop verification and falsification of existing
theories (Galileo).
SM measurements fully follow this principle and their two main goals are the following:
A validate SM in new energy regime and improve precision of known SM parameters
A test SM fomew physicsontributions (indirect search: anomalous couplingts), provide information about
SM processes backgrounds to direatew physicsearches

Almost 200 SM papergere published by ATLAS since the start of LHC. Only few latest analyses are presented in the
slides, more available:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

Selection of presented results, based on categories:
A Electroweak Physics: W and Z bosons, VBEDibosons¢ NJA 0 2 &4 2 Yy & X
A Direct photons
A Jet Physics
A Soft QCD, Diffraction and Forward Physics



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

LHC.and ATLLAS dataset

Runl:

2011:" s=T7TeVc 4.6 fbt
2012:" s=8TeV ¢ 20.3 fb?!
Run2:

20152018:" s =13TeV ¢ 139 fbt
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ATLAS detectorand-data
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SM crosssections:summary

Standard Model Production Cross Section Measurements Status: July 2019
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SM test measurements reached the range of alibtibrders of magnitude
from pp and jets down to rare triboson and VBS processes.




Electroweak physics:iSinglesboson-production
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Electroweak physics: Singlesbeson-production

U Benchmarkprocesdor fixed-order calculationsand predictionsMCsimulationsof
perturbative QCDQCD

U Precision allows to study PDFs
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Z(ee) + jets @-8leV
Accepted b¥EPJC

Data: L=19.9 fbp 1.9%
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NLO predictions are lower than data, but

Main systematicsire from signal modelling and JER+JES. NNLO calculations compensate differences in most of bi


https://arxiv.org/abs/1907.06728

WIZ + jets @22:7deV
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MC signal: PowheBox+Pythia8 NLO; Malokgs EWK+top multijet (for Wjets)

MC sim. Datdriven(template fit)
u Measurementof fiducial and total cross o
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constrains on PDFs

Rwz = 10.95 + 0.35 (stat.) + 0.10 (syst.);
Rw+/w- = 1.797 £ 0.034 (stat.) + 0.009 (syst.).
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https://arxiv.org/abs/1907.03567

Electroweakphysics’ VBFA/BSoproduction
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VBF/VBS production

Why to measure?

U The rarest available SM processes: extremely sensitive tool to test SM predictions and
search for the anomalous couplings

U VBS processes are irreducible backgrounds for the VBF Higgs boson production

Features

U Dueto backgrounds difficult to model, specific background enriched control regions (CRs)
are used as a constraint

U Instead of a simple counting experiment to determine the signal cross section, a
simultaneous fit is performed in bins of SR(s) and CR(s)

U Machine learning technigues are used to combine the sensitivity of many observables,
sensitive to the difference between VBF/VBS signal and QCD background (+other
backgrounds) “2

U VBF processes are sensitive to triple and ¥@®Sjuartic 37 xj‘”m Vi

anomalous gauge boson couplingg GCaQGCk which are

realized by EFT formalism:

)
L"I-HJI
. . C; \ ﬂ‘f’]
L=Lsm +ZF{J" + ... S\S‘ Lo
, _

where Q andQ are dimensior6 or dimensior8 operatorsGcO2 STFAOASY Gas [ Ada GKS ySs LK




Observationcof EWK Z@ 13TeV

Data: L=139 fbp 1.7% dland22Y2 RSa s SNB dza SR g Kk SNRASOSEZYSUES
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Main uncertaintiesare from statistics,
luminosity, the momentum scale and
resolution of leptons and jets.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-033

Events

Evidence.of EWke'@ 13TeV
Data: L=36.1 fbg 2.1% 2yte tSL2y RSOMe Y2RSE 6 SNETLAEREERPIIGR ¢
MC signal: MG5+Pythia8 LO; Mbkys QCD Hj, tt4, Zjets ! !

From MC, datadriven
normalization from the fit
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-039

Events /0.2

Data/MC

Observationcoff EWK\W@ 13TeV

Data: L=36.1 fbf, 2.1% 2yte tS5LG2y RSOLE Y2RSa ¢dWeRelhl @R(x013
MC signal: Sherpa LO; Makgs QCDNZJJ, ZZ,ttV mislDleptons 9
From M data-driven q"’
normalization from the fit w*
U Measurementof integrated QCD+EWK and By crosssection
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!
y q
U Measurementof differential QCD+EWK cressctions(vs.m;, ny;, N, m{WZz], etc)
SE ATlAS o oo 3 ;102_ATLAS \s=13TeV, 36407 | &,
40 5-13Tev, 361 10" CLIwZEw = % B ® Data 2 .
ssE WZiSR N B — Sherpa scaled) . EWK process:
F Misid. leptons 4 & e ij- x 1. ]
302— gg%éﬂfm\_fw —z g *{ ________ W;JJ-OCon-SGE 3&’2” pw = 057 +8 :i' (stat.) +8 82 (exp. syst.) +g 83 (mod. syst.) +8 8: (lumi.) fb
25 ¢ i e 1 | H ] fid, Shempa _ ) 351 1 0,002 (stat.) + 0.005 (PDEF)*027 (scale) fb
20F- —1— | 7 % 3 — — wzjj-Ew = 0-321 £0. stat.) + 0.005 (PDF)” ) 553 (scale) fb
15 z_ ﬁi _i r .i—" _______ o { ? 101
10F il LWz sevee) L : Obs.(exp.) significancep=® 0 6 0 ®H 0 °
°E . First observation of EWK WZ!
| iy } 4 ; % 051_{ Main uncertaintiesare from statistics,
] T ‘ MC modelling, JES.
-1 —0.5 0 0.5 1 800 1000 1500 =1500
BDT Score m; [GeV]



https://www.sciencedirect.com/science/article/pii/S0370269319303211

ObservationoffEWKsWW@ 13TeV

~

Data: L=36.1 fbg 2.1% 2yfté tSLW2y Y2RSa 6SN5,
MC signal: Sherpa LO; Mdaikgs QCDSSWWJ] WZjj M, mislDleptonsbkg

From MC, data-driven
normalization from the fit

U Measurementof integrated EWK crossection

ATLAS observation of EVWISWW

} B 1 1 1 | I I I ] I ] 1 1 1 I 1 1 L] I l ] ] ] 1 ]
' - ATLA —+— Data ;
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— = Mon-prompt .
~ 2 B ey conversions _‘ EWK process:
g 20 - WZ - fid +0.51 +0.24 +0.14 +0.08 :
EIEJ - Other prompt : o =2 89 —0.48 (Stat ) -0 ;7 (exp Syst ) ~0.16 (mOd Syst ) ~0.06 (luml.) fb
I.I:j [ oot Total uncertainty -
15— — O K 1.4470:2 (stat.) 035 (syst.)
10 - Obs.(exp.) significance=®p 6 n dn v °

Main uncertaintiesare from statistics,
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https://arxiv.org/abs/1906.03203

VBF/NBS summary

U These rare processes become available for measurements just on LHC experiments.

7 Observed

WZ Observed

ssSWW Observed

Z Evidence (4.7¢ CMS; 4.1 - ATLAS)
Wi No evidence (2.7- CMS)

Z Observed

W Observed

Amazing progress during last years!




Electroweak physics: QOnultiboson production
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Yo'@ 13TeV
@ ATLASCONF2019034

U Precision measurement, which checks NNLO thpoggictions =
Data: L=139 fbg 1.7% 2ytfeée fSLIN2Yy RSOFeé Y2RS& 6SNB dzasSE g K S
q

MC signal: Sherpa; Mabkgs Zjets tt', WZ )
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U Measurementof differential crosssectionss. E*1," ['], m,, p-ll'])
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The MATRIX prediction agrees well with the data at NNLO, while the INild@restimates the crossection.
Main uncertaintiesare fromZjetsbkg, photon efficiency, statistics. 5 } o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-034

A
Z(oy @ 13TeV JHEP 12 (2018) 010

Data: L=36.1 fbp 2.1% neutrino decay mode was used
MC signal: Sherpa NLO; Maikgs W', 2 S (1 2 misI[ES ® $isIDh
from MC with data-driven

normalization from data CRs
U Measurementof integrated and differential crossections(vs. ], pimiss],Ne;)

O_ext.hd. [fb] o_ext.[‘ld. [fb]

Measurement — NNLO McFM Prediction § 10 % ATLA ls I | e D atla with fuIIl une.
jets — = = Dat tat. .
83.715°0 (stat.)fgﬁg (syst.)Jr%:gAElumi.) 78.1 £ 0.2(stat.)+4.7(syst.) .—.g S a— ! Sﬁee:;aa(N;r:aCDFslo
jots = 0 = - e NNLO MCFM
5247353 (stat.)T38 (syst.)f3 Elumi.) 55.9 + 0.1(stat.)+3.9(syst.) E, . B e
Good agreement! T g — .+ 2D limits:
% 102 :_ —— F pp 20y | ATLAS
o E ~ \s=13 TeV, 36.1 b’ -
U Setting limitson anomalous TGC " \s=13TeV, 36.1 b 3 E
in h(V) vertex functions and EFT formalisms 0 ENg20 i E
Dim-8 EFT formalism: oal | | | ot E
Parameter Limit 95% CL %% 150 | | | | | E —1; e E:‘Z:z;:';;{iii’“
Measured [TeV~*]  Expected [TeV™ '] £ = ¢ * + + + R S . o hdo®
Cpw/A, (CLL L) (13, L.3) B T T} g
Cpw /A* (—0.65, 0.64) (—0.74, 0.74) ) v
’ ) pvv [GeV]
Crir /A —2.3,2.3 —2.7, 2.7 . T _ o L
C’Z://j\‘l ((_0 94 0 221) (EO 9% 0 2)7) ‘ Best limits omTGC Main uncertaintiesare from statistics
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https://link.springer.com/article/10.1007/JHEP12(2018)010

WW- @ 13TeV

Data: L=36.1 fbg 2.1% 2yfeée fSLI2Yy RSOlIé Y2RSa ¢SNBE dzaSR

MC signal: PowheBox+Pythia8 NLO; Malnkgs topbkg, DY, Wijets
from MC with  from data-driven

from data CRMC
U Measurementof integrated and differenti r(inérgt&sectlonsws plead I], m . n s, €tc)

ohid = (379.1 £ 5.0 (stat) = 25.4 (syst) = 8.0 (lumi)) fb

a L L B L L L B L L B
L A e éﬁ . ATLAS + Data2015+2016
ATLAS "~ L Vs=13 TeV, 36.1 fp! [ Stat. @ syst. uncertainty
pp — etvpFyv {s=13TeV, 36.1 fb" 3 600_ s etvufy B33 INNLO(qq)+NLO(gg)]®NLO(EW)
_3:3‘ PP H Powheg-Box+Pythia8, k=1.13 *
2?5125023;5?;27 (syst) o '\:b; i Powheg-Box+Herwig++, k=1.13 *
i +%: Sherpa2.2.2, k=1.0"
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357 + 4 (PDF)# 20 (scale) fbo i
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368 + 4 (PDF)+ 20 (scale) fb -4
' ey,
(MATRIX NNLO + NLO gg)® NLO EW 2001 Wy @
347+ 4 (PDF)£ 19 (scale) fb -
B0 @0 300 350 400 I el e
Integrated fiducial cross-section [fb] B fabind
| N L S
Good agreement! N————— : : .
. . .. 1.4 -
U Setting limits on anomalous TGC 12E =
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Main uncertaintiesare from btagging, MC modelling, JES.
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Evidence-of WV\@ 13TeV
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Direct photons




Inclusive photon ratios® 13TeV8 TeV

U Testof pQCDwith hard colourlessprobe , L :
U Testgroundfor MC modelsof prompt-photon production ?m?n)l\J ';ancj? ue LIKzuzZyay

Data: L=20.2 fb@ 8TeV & 3.2 fbl @ 13TeV j 1j THAVIE)
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U Measurementof differential crosssections ratios
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Results are in agreement with theory within errors in most of bifisoton energy scale syst become comparable with others



https://link.springer.com/article/10.1007/JHEP04(2019)093

U Important test of pQCD

Inclusivephoton@ 13eV

data-driven from 2D

Submitted to JHEP
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Main uncertaintiesare from photon energy scale and photon ID
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Jet physies
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Jet physiesi\Multiscaledynamics in-jebasedohservables

U Study of jets is importantést of QCD(strongcouplingg t 5 C ™" °
in hadron collider experiment.

U Itis can be used also thstinguish the origin of jetbetween 4,
light quarks, gluons and hadronic decays of heavy particles. s

Multiscale dynamics studies provide:

U Exploring the evolution of high energy quarks and gluons intc
hadrons

A Multi-scale problem which straddles perturbative and non
perturbative effects R

A Good understanding necessary for precise control over 5N
observables in many physics analyses ’

i 2 KI in@rasting?
A Testing showering and hadronization models against event sha
and individual jet observables »
A Measuring how these variables evolve in a wide range of phase A Aoavton Aqcp
space and with different jet flavors )
A Probing the structure of hadronic resonances




Jet shapes:@ 1FeV
Data: L=33 fb 5 2.2% JHEP 08 (2019) 033

U Measurement of many jet substructure observables for trimmed and Soft Drop jets
Nsubjets, A“gLHA, €2, €3, C2, D2, T21, T32

U Modeling of these observables is important for taggets. D2 is one of the most common variables to use for tagging W
bosons)
For each observable, subtract the background, then unfold to particle level

dijet top

None of the MC generators completely model the d@tdferent MC generators model wallfferent observables)
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