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Outline

LHC explores process rates over
~9 orders of magnitude

Standard Model Production Cross Section Measurements Status: July 2021
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« The challenge of high precision
with inclusive productions

« Test models and higher order
QCD and EW calculations

 Examine differential distributions
iIn search for new physics effects,
with EFT formalism

* The thrill of exploring and
observing new and most rare
expected processes

Personal selection of most relevant
results released in the last year
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High precision
The challenge to improve on LEP / Tevatron

* the W boson mass
* the W boson branching fractions
* invisible Z boson decays

P. Azzurri ® Standard Model Measurements at the LHC - Birmingham 15 December 2021 ® &
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Global EW fit

looking forward to improve the direct
determination of parameters with large
Measurement error bars

* my, I'y

* Zpole asymmetrties
» Z pole (HF) decay rates
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® Standard Model Measurements at the LHC -

ALEPH @ 80.440+0.051

DELPHI 80.336+0.067

L3 B . e— 80.270+0.055

OPAL ——m——  80.415:0.052

80.376 +0.033

2/dof = 49/41

LEP2 —a

Do 80.383+0.023

80.387 +0.016

¥2/dof = 4.2/6

Tevatron

80.385+0.015
ATLAS 80.370+0.019

World av. (new)

-

World av. (old) --
-

-i- 80.379+0.012

| ‘ | | | : ‘ | | | ‘

80.2 :80.4 80.6
M,, [GeV]

PDG

can LHC improve the W mass

from (LEP) / Tevatron ?
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% W boson mass

Fit of muon q/pr with 2016 dataset (1.7 fb?)

~24M muons with 28 <pT <52 GeV 22<n<4.4
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arXiv:2109.01113

~200k Z events fitted simultaneously in ¢* : proxy for pr(Z)
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fit region 17/ fitregion 42000 & e modelling based on fit of Z, Y(1S) and J/W
‘ ‘ . 1 1 L D . . .
t Du ‘ s L - data and simulation.
- Wy g 1500 [ Rare backgrounds
Z > pp g "_
e 21000 L ) . =
B ot hacons s - Powheg+Pythia tuning of a,and intrinsic kT
B Rare backgrounds 500 T Uncertainty based on envelope of 5 models.
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NNPDF31, CT18, MSHT20 PDFs : results averaged, no constraints on uncertainties

Pythia, Photos and Herwig FSR : results averaged, uncertainty is based on envelope
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https://arxiv.org/abs/2109.01113

% W boson mass

mW = 80364 + 23stat + llexp + 17theory + 9PDF

Source Size [MeV |
Parton distribution functions (9.0 Average of NNPDF31, CT18, MSHT20 )
Theory (excl. PDFs) total 17.4
Transverse momentum model (12.0 Envelope from five different models )
Angular coefficients 9.0
QED FSR model (7.2 Envelope of Pythia, Photos and Herwig )
Additional electroweak corrections : Test with POWHEGew )
Experimental total 10.6

arXiv:2109.01113

Momentum scale and resolution modelling ( 7.5

Includes simple statistical contributions,
Muon ID, trigger and tracking efficiency 6.0 P

dependence on external inputs

Total uncertainty
=== Stat. uncertainty

ALEPH

DELPHI

L3
OPAL
CDF
DO
ATLAS

LHCb 1.7 fb”!

_—0——

Isolation efficiency 3.9 and details of the methods. Blectroweak Fit |

QCD background 2.3 . . . . . . .
Statistical 22.7 80100 80150 80200 80250 80300 80350 80400 80450 80500
Total 31.7 my, [MeV]

A total uncertainty of < 20 MeV looks achievable with existing LHCb data :
unique & complementary rapidity coverage !
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arXiv:1703.01626
arXiv:1909.12245

W bOSOﬂ maSS: fUture Eur.Phys.].C 80 (2020) 1

arXiv:2107.04444 Eur.Phys.].Plus (2021) 136
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LFU & W boson branching fractions

The LEP results
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Lepton universality test at 2% level
T BR ~2.6 0 larger than e/u

P. Azzurri ® Standard Model Measurements at the LHC - Birmingham 15 December 2021 ®



Events / 10 GeV

Data / Pred.

ATLAS ) . arXiv:2007.14040
W boson branching fractions

— SRR . Selection of di-leptonic tt"events (eu / up ) + b-jets
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W boson branching fractions

tag e/u for event trigger
probe all decays of the other W
e, 4, hadronic t, hadronic jets

Max likelihood fit of all W BR with

Events / GeV
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35.9f ' (13TeV)
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0.130

W boson branching fractions

CMS-PAS-SMP-18-011

CMS LEP

B(W — eve) | (10.83£0.01£0.10)% (10.71 £0.14 £ 0.07) %
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Hadronic branching fraction interpretations
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-011/index.html

Invisible Z width

CMS Experiment at the LHC, CERN
Data recorded: 2016-Jul-23 23:26:17.791286 GMT : .
Run / Event / LS: 277194 / 1533668793 / 888 Data reglons Wlth

Missing transverse momentum + jets
(invisible Z boson decays )

Single leptons (e/p/T) + jets
(W boson decays)

Double electrons and muons + jets
(dilepton Z boson decays)

Events selected in the pr(miss)>200 GeV region
(leptons from W / Z decays excluded in the CRs)
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Events
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Residuals

Invisible Z width

CMS-PAS-SMP-18-014
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ALEPH

L3
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Simultaneous fit of pr(miss) in the invisible region Measuring
together with single and double electrons/muons regions
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T T T .I T T | T T T | T T T T I T T T | T T T T | T
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PSS (GeV)
Major uncertainties from lepton

QCD backgrounds estimated with efficiencies and jet energy scale
dedicated control regions
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CMS Preliminary ~ 36.3 fb~! (13 TeV)
[ T I T T T T I T T T T T T T T I T T T T ]
- SM ;
- ® | - 450 + 48 MeV
— —e— - 498 + 17 MeV
— —e—— 539+31MeV
— e 4523 + 16 MeV

1 I 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 ]

400 450 500 550 600

I—‘inv [MEV]

Birmingham 15 December 2021 ® =


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

Events / 10 GeV
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dc, 8 2

(m2)0<§ l-l-ci-l—ﬁ(1—303)—1—A40,k

3

High mass DY Agg

two OS leptons (electrons or muons) m(£¢) > 170 GeV

CMS-PAS-SMP-21-002
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instead of initial quark — p, of the lepton pair : cos 6* — cos 0, (asymmetry dilution)

138 b (13 TeV)
T
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Differential tests of QCD predictions

The "NLO” revolution

* inclusive jets & multi jets
* Vector bosons plus jets

Les Houches 2017 Theme : [ am the QCD
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https://phystev.cnrs.fr/wiki/2017:lh2017_workin

ATLAS

EXPERIMENT

T

photon pairs

i

Selection

Photon kinematics

Photon identification

Photon isolation

Diphoton topology

lirect and fragmentation prompt ys main challenge and uncertainty from non-prompt ys
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Differential distributions in reasonable agreement with Sherpa ME+PS and FO NNLO
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ATLRS  photon pairs

Event with two photon
candidates (green cones)
where both candidates
have tracks in the inner
detector (blue and red
lines) that are
compatible with
photons undergoing
electron—positron
conversion

ATLAS

EXPERIMENT
Run: 349451

. Event: 680807571
Plleup background ! 2018-05-03 01:22:08 CEST
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CMS-PAS-SMP-21-009

Inclusive & multi-jets

arXiv:2111.10431
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CMS-PAS-SMP-21-006

Inclusive & multi-jets QCD (PDF) analysis
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Remarkable constraints on gluon PDF
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¥ATLAS  Z + high p jets

Full 13 TeV data (139 fb'1), ee and uu channels combined several differential measurements in all regions
Jet pr>100 GeV and |yl <2.5 (inclusive) , Sp>600 GeV (High- St)
Jet pr> 500 GeV (High-pr = collinear + back-to-back)
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some overestimates of large pr o from MG5 @LO and Sherpa v.2.2.1

B 657 tnc on predictions good agreement with Sherpa v.2.2.11 (up to 5 ME, NLO EW, improved matching)
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Z + Charm arXiv:2109.08084
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% Z + charm

Source Relative Uncertainty ) (Z ) R; (%)

c tagging 6-7% 2.00-2.75 6.84 £0.54 £ 0.51
S e o 2.75-3.50  4.0540.32 4 0.31
BT & resolution 1% 3.00-4.50 4.80 £ 0.50 & 0.39
Total 8% 2.00-4.50 4.98 £0.25+0.35

Unc dominated by c-tagging efficiency (from calibration samples )

probability / 0.02
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pp +jets with Displaced Vertex
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Hint of intrinsic charm at high rapidity

More data is needed!
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SM tests and searches for new physics

gauge, top and Higgs couplings with EFT
using high mass, pT and angular observables

* dibosons, and VBF
* top quarks, and associated bosons
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multi-boson interactions
SU(2)&U(1) Gauge Cancellations in diboson production & Vector Boson Fusion
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single and double lepton triggers
o(pp—WZ)=50.6+0.8(stat)+1.5(syst)£1.1(lumi)+0.5(theo) pb

Main backgrounds from
727, ttX/tZq and nonprompt
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= PDF constraints

Standard Model Measurements at the LHC

arXiv:2110.11231

WZ differential .

trilepton final states (171 12 lw)

Control regions for ZZ, ttZ,
non-prompt and conversions
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AL Combined EFT fit
WW (36fb™) : leading lepton pT

combined fit of WW, WZ, 4¢, and VBF Z measurements : 6 differential inputs WZ (36fb™) : mT(WZ) :
4¢ (139fb1) : m(Z2) in 3 m(4¢) regions

VBF Z (139fb1) : A¢(jj)

dim6 SMEFT re-interpretation (Warsaw basis) : 33 operators considered

constraints derived on 15 WC linear combinations
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3/4 prompt leptons, b-jet(s), pr(miss), additional jets

Control regions for WZ and ZZ backgounds
data-driven nonprompt lepton rates

CMS-PAS-TOP-21-001

tZ & ttZ EFT limits

NN trained to separate SM processes, and events generated with BSM contributions

P. Azzurri

CMS Preliminary

138 b (13 TeV) CMS Preliminary

138 b (13 TeV)
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Standard Model Measurements at the LHC -

Cyt BSM minimum preferred by data
but SM still within 95%CL
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ATLAS-COM-CONEF-2021-031

AL high py top

Events with 1 lepton, 2 b-jets, 1 top-tagged large jet (R=1, containing 1 b-jet) pr>355 GeV
main bkg single top (2%) & ttV (1%)

I ' I '
ATLAS Preliminary Stat. unc.
Vs=13TeV, 139 fb"! Stat.+Syst. unc.
Fiducial phase-space Data . — | . . . . | . . . . | . . —
Boosted > = —
gu p;vedplcnngns normalised to NNLO':NL»A&(%M ‘Cziakcn and A. Mitov, Comp. Phys. Com. 185 (2014) 2930) 8 C ATLAS Preliminary * Data — PWG+PY8 ]
calosPOF o uncertinty on the NNLO calcuation 2 ~ i 1 --- PWG+PY8 (nnlo w.) —— PWG+H7 . . 1
3 107 B-13Tev 130t = Limits on EFT operators from hadronic top pT
= £ Boosted MCatNLO+PY8 PWG+PY8 hyp,=3xm, 3
¥ Eo ----PWG+PY8ISR_Up -~ PWG+PY8ISR_Down
—e—  PWG+PY8 g [ Fiducial phase-space 7
402 ---"PWG+PYBFSR_ Up -+~ PWG+PY8 FSR_Down _|
© = =
L PWGPYB (NNLO ) \b_: = Stat. unc. Stat.+Syst. unc. 3 So 1.0——————7— T I L
- I =& I ATLAS Preliminary ] o ion
e  rwewr - = O [ Vs 13TeV, 130" oo e 1e9n ]
* S 3 0.75- A=1TeV, Observed limits 95.5% region —
- - L = N 68.4% region
—o— PWG+H7 (NNLO rw.) 10 L - 0.50[ -
—_— MCatNLO+PY8 - 3 - 1
10° = — - 0.25— 3
—_ MCatNLO+PY8 (NNLO rw.) _E | | e = C ]
5 e - 0.0~ ]
| . \ . | Q& BT ittt I - ]
1 15 2 e g E ~0.25F =
|nC|usive ﬁducial Cross_section [pb] o 075_ ................................................................... : - : :
g 18E = . ]
Bls 1B -0.50— -
8e E B ]
. ; 5 & 0.7 E C ]
fiducial o =1.267 £ 0.005 + 0.053 pb 500 7000 7500 2000 -0.75~ 7
OPrad [GeV E ]
pT [ ] ~1.00 C | ! [ R L L [ I
’ -1.0 -0.5 0.0 0.5 1.0

NNLO QCD + NLO EW improve agreement with data N

stringent constraining power on C(8)tq € [-0.30, 0.36]

B sukimeasurements in many observables improving global fit results in arXiv:2105.00006

including properties of additional jet activity
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ATLAS

EXPERIMENT

all-hadronic boosted top quarks

large R=1.0 jets : pt>500, 350 GeV
NN for substructure top tagging

QCD multijet background estimated
and validated with 16 CRs

g = 330 + 3(stat) + 38(syst) fb.

||||||||I‘I|I||I|I||\I!I|IIII

ATLAS Preliminary Bl Stat. Unc.
Vs =13 TeV, 139 o' Stat. @ Det. Syst. Unc.
Boosted all-hadronic Stat. ® Det. ® Mod. Syst. Unc.

Fiducial particle level

4 POWHEGHPythia8
: 1.5, NNPOF 3ONLO, A4

POWHEG+Pythia8 (less IFSR)
Piang= 1.5, 4,2 1 =2, NNPDF 3.0 NLO, A14v3cDo

R POWHEGH+Pythiag (more IFSR)
: Poang=3.0M, . 1,205 1,=0.5, NNPDF 3.0 NLO, A14v3cUp

. Ps (sta. Unc)
y | POWHEG+Herwig7

Ryang=1.5m, . NNPDF 3.0 NLO, H7UE

+  MG5_aMC@NLO+Pythia8

NNPDF 3.0 NLO, A14

IlllllllliIIII|IIII|JI\I|IIII

0.2 03 04 05 06 07 08
0'2" x BR(ti— hadrons) [pb]

P. Azzurri ®

Source

Event Yields

tt (all-hadronic)

tt (non-all-hadronic)
Single top-quark
tt+W/Z/H

Multijet events

16 200 £ 2000
625 £ 91
220 +=120
114 £ 16

2900 £ 230

All Backgrounds

Prediction
Data (139fb™")

3900 £ 300

20 000 £ 2200
17261

Source Relative Uncertainty [%]
Top-tagging +7.8
JES @ JER +4.2
JMS ® JMR +1.1
Flavor tagging +2.9
Alternative hard-scattering model +0.9
Alternative parton-shower model +4.3
ISR/FSR + scale +4.9
PDF +0.8
Luminosity +1.7
Monte Carlo sample statistics +0.5
Systematics +11.6
Statistics +1.0
Total Uncertainty +11.7

NEW
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2 " ATLAS Preliminary —— PWG+Py8 1
o % 3 Vs=13 Tev, 139 b ~— MATRIXNLO, p=H /2 =
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o L p;'>05TeV, p;” >0.35 TeV Stat. Unc. |

PR

PR "
0 0.2 0.4

pr(t,1) used to set EFT constraints

C 2 T | T T T | T T T | T T T T T T | T T T | T T T I T T T
Sl | ATLAS Preliminary —— PWG+Py8 ] s | C —
° _'(_U‘ Vs=13 TeV, 139 fo 2z MATRIX NLO, u=HLI/2 td |
© | Boosted all-hadronic s MATRIX NNLO, p=H./27] ce | ~——
o o | Parion level I Stat. @ Sys. Unc. - t —
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1.5 Ca 1 ]
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Standard Model Measurements at the LHC -

1.4 1.6”1.8 2
L' [Tev]

stringent limits
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Exploration of rare processes
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ATLAS

EXPERIMENT

4top production

1L/2LOS + jets (combined with 2L.SS/3L arXiv:2007.14858 )

arXiv:2106.11683

0000000 y—>——¢ ‘0000000 t
A
) )i ) . e
E_<_f e <t Very large jet multiplicity
— | , Mostly ttbb background
| g . i
JR. i . 21 regions used in the fit
n 2L0S
25b >4b i Signal regions
Signal regions ----—1 ______________5 _____________ Jr _____________ —
4b 3bV i Validation regions
3bV Validation regions | [T J: _____________ :L _____________ :L _____________
3oH | | |
3bH | B . 0 - 4------Control regions ------===========—=-
Control regions 3bL E i E
LN i o R
2b tt+jets kinematic reweighting regions 2b tt+jets kinematic reweighting regions
7] g 9 210j 5i 6i 7i 28]
Signal discrimination with 6 BDTs (14 inputs)
Dominant systs from theory signal and ttbb modelling,
o, = 26 + 8 (stat.) T3 (syst.) fb = 26 *1L fb
tttt -) —13 (Syst. -15
P. Azzurri ® Standard Model Measurements at the LHC

§ 10°=ATLAS ¢ Data E
> = .|
m F (s =13 TeV, 139 fb™ signal (u=1.0) 3
i lllc_)/sztl-_gl)ts Ml signal (Mfit=2'2) ]
Uncertainty source Ao ,z,7 [fb] 10°= [C]Background =
Signal Modelling F 7/, Bkg. Unc. ]
titt modelling +8 -3 - .
Background Modelling 10° E E
t1+>1b modelling +8 -7 C 3
tt+>1c modelling +5 -4 L ]
ti+jets reweighting +4 =3 102 _
Other background modelling +4 -3 E 3
t1+light modelling +2 -2 C ]
Experimental I N R R N
Jet energy scale and resolution +6 -4 9 1.6F signal (u=1.0) + Bkg. E
b-tagging efficiency and mis-tag rates ~ +4 -3 D 1AE _ ignal (u =2.2) + Bkg. e
isti inti _ g 1.2F fit —— 3
MC statistical uncertainties +2 2 g E _
Luminosity <1 o L300 b ) i E
Other uncertainties <1 -2.5 -2 -1.5 -1 -0.5
Iogw(S/B)
Total systematic uncertainty +15 -12
Statistical uncertainty +8 -8 ATLAS {5=13TeV, 139 fb"
Total uncertainty +17 -15 I tot. ‘ I I I ‘ I I ‘ i
stat. Tot. ( Stat., Syst. ) Obs. Sig.
1L/2L0S|  b——e—— 22 53 (57.55) 190
Combined results assal| | wem 20 %8 (31.%]) 430
Combined Fe — 20 55 (%% .5%:) 47c
P P T NS BT PR T N B

0 yi7 = 24 + 4 (stat.) 7 (syst.) fb = 24 7L fb.

0 1 2 3 475 6 TR YO0

ity = SM
Best-fit p = G:m/ Oat
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ATLAS-CONF-2021-039

ATLAS  Observation of WWW

n- with pr=115 GeV
e+ with pr=78 GeV e+ with
Pr= 72 GeV

and missing pr

two u+ p1=110, 68 GeV, two
hadronic jets, and missing pr

-

7 7

EXPERIMENT

Run: 349169

e &8 N 5 2 7N

: S Y
Event: 1043374730 AI LAS Run: 336782
2018-04-30 01:58:32 CEST 4

Event: 1133130390

E X P E R I M E NT 2017-09-27 23:08:46 CEST

earlier observation by the CMS Collaboration of inclusive three weak boson production (VVV).
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ATLAS  Observation of WWW

Events with 2SS leptons (e/u) + 22 jets, or with 3 leptons (no SFOS pairs)
dominant bkg WZ — fv€# estimated with 3 CRs

data-driven non-prompt, y-conversions, and charge-flip Two dedicated 2€ & 3€ BDT trained for signal discrimination

‘g ATLASI Prelimi;ar T Datal T WWW(‘ _1 66) & TTTT ‘ TTTT | TTTT | TTTT [ TTTT | TTTT | TTTT | TTTT | TTTT | TTT1] ﬂ :I TTT [ TTT1T1 | TTTT ‘ TTTT I TTTT | TTTT | TTTT I TTTT | TTTT | TTT |:
: 10°F Vs = 13 TeV, 139 ﬂZ* Wz %’Non-prg@p't 1 G [ ATLAS Preliminary ¢ Data [JWWW(u=1.66) § 45EATLAS Preliminary e Data  [JWWW(u=1.66]
Post-Fit bt Oneing D 'O s -13Tev, 130" @WZ  ENonprompt | U 4of 5=13Tev, 130! TN BEOTPONN S
----Pre-Fit Bkgd./ Y [ SRprp* W Other  7ZUncertainty ] F SR3l @Other /~Uncertainty 3
10tk J 100/=Post-Fit --- Pre-Fit Bkgd. ] 35 Post-Fit --- Pre-Fit Bkgd. -
. i ] 30F- =
significance 8.2 sd 0 | g N E
(5.4 sd expected) 60 j N s s E
° . E [ ] 3

= first observation " 15

n
o
T T

i by

! /5‘/ ” *ﬂﬁ%f/&%//ﬁ//y//wﬁ o st YA /7/-/‘/./7/-/‘/;

Data / Pred.

0.9
0.8¢ ]
S"?e\*ei Sﬁe\fqi Sﬁﬂiﬂi SHS/ C/? WZOJCH WZ7/CR WZQ/ 8 1_25 ! " ) j 8 1.2j j
S 12r ] R 1
o 1 2;%/%//?//////////y;///m~//+//*//?4+//i//j%%ﬁ%%%///§f I e /////////W%
8 3 0.8F A
Fit | Observed (expected) significances [o] | pu(WWW) £ Oet e T T oeL__ + . + . -
= O 0 0102 03 04 05 06 07 08 09 1 O 0 0102 03 04 05 06 07 08 09 1
Giei 2.3 (14) 1.69 £ 0.79 2| BDT output 31 BDT output
ep 46 (3.1) 1.57 + 0.40
= 5.6 (2.8) 2.13 + 0.47
20 6.9 (4.1) 1.80 £ 0.33 owww= 850 = 100 (stat.) £ 80 (syst.) b
3¢ 4.8 (3.7 1.33 £+ 0.39 . .
Combined 8.9 §5_ 4)) 166 L 0.28 signal includes off shell WH(WW?¥)
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DNN inputs

Variable

Resolved Boosted

W+jets and top pair
backgrounds estimated with
dedicated control regions

Lepton pseudorapidity

Lepton transverse momentum

Zeppenfeld variable for the lepton

Number of jets with pp > 30 GeV

VBS leading tag-jet pr

VBS trailing tag-jet pr

Pseudorapidity interval between VBS tag-jets
Quark Gluon discriminator of the highest pr jet of the VBS tag-jets
Azimuthal angle distance between VBS tag-jets
Invariant mass of the VBS tag-jets pair

pr of jets from Vjuq

Pseudorapidity difference between V.4 jets
Quark Gluon discriminator of the Vj,,4 jets

Viaa P

Invariant mass of the V4

Zeppenfeld variable for the V},44

Viaq centrality

EENENEN

NN N N NN NENENY

N N N N N YL NENEN

ENENENEN

P. Azzurri ®

dN / dDNN

Data/Expected

(Data - Bkg) dN / dDNN

Standard Model Measurements at the LHC -

Semileptonic WV VBS

e and u channels. Resolved and boosted categories

CMS L=138fb" (13 TeV) CcMS L=138fb"' (13 TeV)

L L e T pd AL T T LI

10" —4— Data ALY % 108 —¢— Data V4V +
10° | % [ VBF-v, vy, VBS-Z(IV(j)) o : I oy [ VBF-v, vy, VBS-Z(I)V(j)
Nonprompt - Top % 10 Nonprompt - Top E

Widets [ ] VBS-W(W)V(i) 108

10’ Syst.

Widets ] VBS-W(W)V(ii) ;
Syst. E

T

f
3
&i
Data/Expected

0 0.2 0.4 0.6 08 1
DNN resolved

0 0.2 0.4 0.6 0.8 1

DNN boosted

x10° CMS L=1381b" (13 TeV) x10* CMS L=1381b" (13 TeV)
10 I S % —r— T T T
5% (Data - Bkg) % —s— (Data - Bkg)
%] Tot uncertainty ~ [ZT] Tot uncertainty
Signal -<Z> Signal

>
X
o
@
T
e

5

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 08 1
DNN resolved DNN boosted

arXiv:2112.05259

Signal is a mixture of W*W<* W *
W+ (S5+OS)

2 2.4F
=1 o
2.2f

1.8f
1.6f
1.4f
1.2f

0.85
0.62
04
02

and WZ

138 fo'' (13 TeV)

™ LI o o
----- 68% Clj expecteld E
— = 95% CL expected
..... 68% CL .
—-95%CL E
& SM E
+ best fit 4

upw = o/ogv = 0.85+0.24-0.20 =0.85+0.21-0.17 (syst.) + 0.12(stat.)
orw=19+05pb =>4.4(5.1)observed (expected) standard deviations

first evidence for EW WV plus two jets in the semi-leptonic channel
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Large background from ditop decays, DY plus jets in the SF channels : estimated from control regions

Opposite sign WW VBS

two OS leptons (electrons or muons) , two jets with large An(jj) and m(jj), and pT(miss )

-1 1
L =138 fb (13 TeV) L =138 fo! (13 TeV)
"g E ; T no'npr;mptl L j "-E 107 :E Is“ : nonlpronlpt I I l\/llultibtlzosonI l ‘ I l é
AT = Preliminary 3 = 10 [ DYnoPUjets T DY1PUjet  Preliminary —J
10° B g_ a3 E tW and tt m— V/BS E
= E T 4 Dat .
= 3 —~ < .2 500 GeV
F - g 1% 3 a3 3
10 E o O3 3 g > 3 m. [Gev]=750 1000 1500 2000 |
3 w1078 ©., 187 Yo : : : |
10° E SRR LR -
; whsdis sl (———— 1
10 = 1
10°
1
107
8 14 B o B 14 B .
8 12 :___“Uncertalnnes 4 E 8 1o E_H__Uncertalnues I E
u% 1 E . " —L—'—f—'—é—rF 1 ! W g u%- 1 E TR AT 3 R S A ¢ %\
S 08 f oL s 08 ¢ i
8 06 E = S 06 E :
0 0.2 0.4 0.6 0.8 1 0 2 4 6 8
DNNoutput bins
first observation : significance 5.6 standard deviations (5.2 exp)
inclusive =99+20 fb (8945 fb expected) - fiducial 6=10.2+2.0 fb
P. Azzurri ® Standard Model Measurements at the LHC -

DNN for the eu events

m(jj), An(jj) bins for ee and

Uncertainty source Impact
QCD-induced WTW ™~ normalization 5.3%
tt QCD scale 5.1%
QCD factorisation scale for VBS signal | 5.0%
tt normalization 4.9%
b tagging 3.5%
Prefiring corrections 3.3%
DY normalization 2.9%
Jet energy scale + resolution 2.6%
piiss energy scale 2.4%
QCD-induced WrW~ QCD scale 2.1%
Luminosity 2.1%
Muon efficiency 2.0%
Pileup 1.8%
Electron efficiency 1.5%
Underlying event 1.3%
Parton shower 1.0%
Other <1%
Total systematic uncertainty 13.1%
Total statistical uncertainty 14.9%
Total uncertainty 19.8%
Birmingham 15 December 2021 ®
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ATLAS

EXPERIMENT

=8

EW Zy + 2 jets

q q
W/Z/y
W/Z[~
qll qlll

W/Z[y

q
Wi
Z]y
W¥ "
q
q W/Z[y

«  Full 13 TeV data (139 fb1)

+ arXiv:2109.00925

Z—vv particularly interesting for BSM

W/Z[y
c BT 7T 7 7 7 7 T T
ia] 160F ATLAS Post-fit E
% F fs=13TeV, 139 10" N Ria
€ 140F EW Z(-vP)y i 2 4 23 Uncertainty
o s | 1 Ewzey
. .o . I 120F -
CR for main QCD Zyjj bkg, and tty . Data-driven non-prompt y i 4 5 Flpii
I D i 1 I Strong W+y
c 80T T 7 7 I ! 1 tTy/Vyy
> J00F ATLAS Preliminary 5 E\"’,‘\tfzyjj 3 sof et
o 29 . 3 5 2 Vs=13 TeV, 139 for e E £ b e
fit to m(jj) distributions 8 oo . e E s0bys Wiy
> 11, = 0.95+0.14-0.13 - E 2 | Wiee
i oo 400 Total unc. =
significance 10 sd (11 exp) o
300 - -
200 : S ; ' ;
~ 0. ata/Post-fi ncertainty ; —— Pre-/Postfit |
3 0. 5-.0-5D 110/P 1 t5'5t/0 25\0\5 U}) 0 1 51y5/0.25 0. SP},1/0P 1t5f15/0'25 95 10 15 5/0 2505 10 15 5 m" [TeV]
100 Fake-e CR W, CR yCR  Zpe,cen CR SR-my
L
Z_)’g’g E 1.1
S R \ > ppw = 1.03 £ 0.25
5 09
08=—5% 7000 1500 2000 2500 __ 3000
m; [GeV]

significance 5.2 sd (5.1)

fiducial
o(EW) = 4.49+0.40(stat.)+0.42(syst.)fb
a(EW+QCD)= 20.6+0.6(stat.)+1.2 (syst.)fb

fiducial
o(EW) =1.31 + 0.20(stat) + 0.20(syst) fb
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Run / Event / LS: 305237 / 1277785997 / 682

Ob Servati()n O f ’[I’lple ] / Ll)

Select 6u events consistent with 3 J/{ decays.

golden channel for TPS

Pure prompt: oPPoP1+X PPy +X pporys+X
PPV 9a+X _ (T Ygps SPS SPS
paﬁ TPS 31 o2
: eff, TPS
I/
q 1 1
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Summary & outlook
« Great times for precision SM measurements and explorations with LHC
Run2 (3) data

* Mounting precision on differential and associated processes allow
stringent SM tests owing also to theory advancements

 Reducing systematic uncertainties (theo & exp) is the challenge to
harvest impactful results with most inclusive data

* Rare processes benefit from stafistics increase and also provide great
iInsight towards possible BSM effects (with Higgs sector inferplay)

 Many new measurements ideas and methods emerge that
are/can/will be pursued, also with the coming data

precision measurement
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