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Motivation

Standard Model Total Production Cross Section Measurements

SM Public (link)

Status: July 2021
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Measuring deviations 1n rare SM processes
Measuring rare SM backgrounds for searches



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-032/
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Electroweak processes

Electroweak diagrams are O(acw?#)

Vector boson scattering non-VBS

Zy probes the neutral gauge coupling with a
larger cross section than ZZ
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EXPERIMENT

Run: 359678
Event: 1771675269
2018-09-02 06:06:47 CEST

Spectacular signature in dilepton (ee,up) + y final state



https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub

Selecting Z bosons ATLAS.CONE2021.038

Trigger on electrons or muons (~1/3 of recorded events)

Single lepton trigger pr > 26 GeV
Two electron triggers: pr > 24GeV
Asymmetric two muon triggers: 22 (sub-leading 8) GeV

Offline requirements: opposite sign leptons & a photon

Offline 1solated electron muon with pt > 30 (20) GeV
Isolated photon with pr > 25 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/

Electroweak selections

ATLAS-CONF-2021-038
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/

C entrality ATLAS-CONF-2021-038

Electroweak process tends to be more central
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/

Background & results ATLAS-CONE-2021-038

Dominant background from QCD yZ

QCD yZ estimated from simultaneous fit of control samples
with £ > 0.4

oEw = 4.49 +0.40 (stat.) + 0.42 (syst.) fb Measurement in agreement with prediction

Uncertainty of 13%

aPred = 473 + 0.01 (stat.) + 0.15 (PDF)*0-2 (scale) fb,

y.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/
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13


https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z

y Z_’VV Trl g g er JHEP 2020 80 (2020)

Trigger on MET, with offline threshold of 150 GeV

Useable with data/MC corrections at 150 GeV
Compare to Z—LL with lower pr lepton triggers
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https://link.springer.com/article/10.1007/JHEP08(2020)080

Backgrounds Fur Phys. 1. C 82 2022) 105

Strong Electroweak

W—£v

+ many more diagrams and interference



https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z

Separating strong EWK EurPhys. 1.C §2.(2022) 105
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https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z

Selections Eur. Phys. J. C 82 (2022) 105

MET > 150 GeV
MET & Photon Hpmiss > 130 GeV
Photon prt: 15-115 GeV

g Jet pr > 60, 50 GeV (VBF jets)
Niet = 2,3 pr > 25 GeV
Centrality > 0.4

Dijet event

Anii> 3 & njiniz<0

mjj, AQjj, AN m;> 500 GeV (binned)

No electron (muon) with

Lepton veto 1> 4 GeV

y.


https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z

Observation of EW Zy Fur. Phys. 1.C2 0022) 105

First time observed in Z—vv channel
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https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z

Synergy with searches Fur. Phys. 1. C §2 2022) 103

yZ. 1s a background for Higgs to invisible and dark photon searches
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https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
https://arxiv.org/abs/2202.07953
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WWW arXiv: 2201.13045

WWW process is sensitive to triple and quartic gauge boson
self-interactions

qb AN [
Y q'
(Vavaravataa Vv

Triple Quartic

Two final state categories with 2-3 leptonic W decays:

» 2L same sign (SS), suppresses W, Z, top —— Sepémfef’”i”; gff; VIV/W
using mj; e
- 3L suppresses W, Z, top & Ay < 1.5

Train BDT using 11 mput variables for each category
» Example: |mjj-my¢| to identify hadronic W

y.


https://arxiv.org/abs/2201.13045

Observation of WWW arXiv: 220113045

First ATLAS observation of WWW with 8.0c observed (5.46 exp.)

Fit | w(WWW) | Significance observed (expected)

ete” 1.54 £+ 0.76 2.2 (1.4) o

etu® 1.44 4+ 0.39 4.1 (3.0) o

pEpt 2.23 + 0.46 5.6 (2.7) o
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https://arxiv.org/abs/2011.09551
https://arxiv.org/abs/2201.13045
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Effective theory ATLPHYS PUB-2021.022
Interpret measurements from WW, WZ, 4{ and VBF Z
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/

Effective theory Results ATL-PHYS-PUB-2021-022

Example of 1D profiles of Wilson coefficients

+ Parameter value of O corresponds to SM

One parameter scan,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/
https://cds.cern.ch/record/2694284

1. EW yZ— (L

2. EW yZ—vv: observation!

3. WWW: observation!

Why measure EW processes

* Window into rare SM couplings
» Important for backgrounds in searches
* Synergy with searches for non-SM physics

Effective theory: general method to interpret ATLAS data
to 1dentify hints of non-SM operators

y






T - ° H I T Trigger Operations public (link)
rlgger ° Run 2 menu: ATL-COM-DAQ-2019-071

Single lepton triggers use approximately 1/4th the HLT rate

+ Thresholds at ~27 GeV offline (though not 100% efficient, see backup)
+  General purpose trigger for all kinds of physics (W, Z, H, exotics...)
+  Offline thresholds for other objects differ on rate and use case

T ATLAS Trigger Operation ¢ Algorithm Offline thr.
~ 2.5 HLT physics group rates (with overlaps) - 27
9 pp data, September 2018, vs=13 TeV
© - - Main physics MET 27
s 2.0 — Combir.1ed e b-jet 420
(@) B-physics and LS mmm Jet
c:” Photon Muon 125
1.5 T mmm Electron
I: au ectron 65
I
MET ~150
1.0
T 170
T+ AR <2.5 40 (30)
0.5
Y 140
Y 25

0.0

09:00 11:00 13:00 15:00 17:00 19:00
Time [h:m]

*Total rate does not add equal to sum of contributions, because of overlaps


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults#Trigger_rates_and_bandwidth
https://cds.cern.ch/record/2672932

Lepton o > 20, 30(leading) GeV, |n,| < 2.47
N, > 2

Photon El > 25 GeV, |n,| <2.37
BP0 < 0.07E]
AR(4,v) > 0.4

Jet prt > 50 GeV, |y < 4.4
Ayl > 1.0
m;; > 150 GeV
remove jets if AR(v,75) < 0.4 or if AR(/,5) < 0.3

Event Myy > 40 GGV
My + mgg,y > 182 GeV
C(lly) < 0.4
N9P = (

jets




Results

Sample SR CR

NEW—Zyjj 300+ 36 55+7
Nocp-zyj; 98755 135260

Niz, 72£11 599
Nw 7 17+3 14+3
NZ+jets 85+ 30 143 +43
Total 1461 £38 1624 +40

Nobs 1461 1624




Variable SR W), CR W), CR Z . CR Fake-eCR Low-EM* VR
pr(j1) [GeV] > 60

pr(j2) [GeV] > 50

pr(j>2) [GeV] > 25

]Vjet 293

Nb—jet <2

|A77jj| > 3.0

n(j1) Xn(j2) <0

C3 < 0.7

mi; [TeV] > 0.25 0.25-1.0
EMiss [GeV] > 150 - > 80 > 150 < 80 110-150
| (€N _ >150 > 150 - > 150 110-150
EXSIOT [Gev] > 130 > 100
A o(ji, E’;nlss,lep-rm) > 1.0

N, 1

pr(y) [GeV] > 15, < 110 [> 15, < max(110, 0.733 X m7)]

C, >04 >04 > 0.4 <0.4 > 0.4 > 0.4
A (y, Ep P > 1.8 [-]

Ne 0 1 w le 0 le 0
pr(f) [GeV] - > 30 > 30 - > 30 —




Estimating W&Z

Control sample Signal sample

Wty W—tv
found lepton =T » lost lepton

/ —VV /. —VV

Centrality < 0.4 Centrality > 0.4

Determine background normalization from simultaneous fit of CR

y.


https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z

Features of VBF
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Eur. Phys. J. C 82 (2022) 105

Elboli, Zeppenfeld Phys. Lett. B 495
147-154 (2000)

Jets widely Jets recoil
separated ()  against Higgs
& large mj; (small Ag)

Jets not as Jets back to
separated back (¢)



https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
https://www.sciencedirect.com/science/article/abs/pii/S0370269300012132?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269300012132?via=ihub

Input distribution
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https://arxiv.org/abs/2201.13045

WWW observation
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ATLAS (s =13 TeV, 139 b’

—Total Stat.
Total Stat.

fivfivjj @ - = 1.75 (i0.30 i0.22)

o | e u=1.32 (+0.37 +0.35)

Combined o+ u=1.61 (£0.2510.19)

W = o WWwW/ GWWW



https://arxiv.org/abs/2201.13045

New physics in WWW

arXiv: 2011.09551
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https://arxiv.org/abs/2011.09551

