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Introduction

Multi-bosons Vector boson scattering
Two or more electroweak bosons V: W, Z, y VV > VV
Dibosons Tribosons

Test SM predictions for gauge boson self-interactions
Gain a better understanding of the dynamics of electroweak symmetry breaking
Test higher-order QCD and electroweak corrections
Look for deviations from SM predictions and search for new physics:
» Typically parameterized using effective field theory (EFT)
= Expect high sensitivity for operators generating anomalous triple (TGC) and quartic (QGC)
gauge couplings
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WW+21 jet

= b-veto and jet veto are often used for WW

diboson studies
= Jet veto introduces jet-energy scale
uncertainties, uncertainty increases
more stringent veto cuts

for

= Jet veto also theoretically challenging
= WW-e*vufv events with at least one jet (p>30 GeV), b-jet veto
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WW+21 jet

~10% uncertainty on the inclusive cross section measurement
= Jet calibration: 6.3%, Top modelling: 4.5%, Fake-lepton

modelling: 4.3%

Similar uncertainty on the predicted cross sections
Differential cross sections (12 variables) measured for the inclusive
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WWW observation

= Two decay channels considered:

ATL-CONF-2021-039

= 2{ channel: WWW->{Ev0*vijj (two same-sign

leptons, m;; close to the W pole mass)

= 3¢ channel: WWW->{Eve*vLFy (no same-
flavor opposite-sign lepton pair: eTeTu¥,
urpFet)
= WZ+0 jets, 1 jet, and >2 jets events are used to
constrain the normalizations of WZ-+n jets processes
= Charge-flip, y conversion, non-prompt backgrounds
determined by data-driven techniques

oF o =t LT 3/

WWW 203 +£44 128+ 19 84 £ 12 | 358 £ 5.2
W2z 80.6 & 5.7 344 £ 22 171 £ 10 | 164 £ 1.4
Charge-flip 303 £72 188+ 45 — 1.7+ 0.4
v conversions 62.1 £ 8.7 142 £ 15 — 1.5+ 0.1
Non-prompt 166 £4.1 138 £ 24 98 + 21 26.3 + 2.9
Other 228 £ 3.7 102£15 59.7+£9.0 | 8.0=x0.9
Total predicted | 242 + 11 872 + 22 414 £ 17 | 89.7 + 54
Data 242 885 418 79
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WWW observation

= First observation of WWW production with a significance of 8.2c
» Measured inclusive cross section: c(pp2> WWW) = 850 + 100 (stat.) = 80 (syst.) fb
Systematic uncertainties dominated by non-prompt background and prompt background modelling

Fit Observed (expected) significances [o] | pw(WWW)
etet 2.3 (1.4) 1.69 & 0.79
et 4.6 (3.1) 1.57 4+ 0.40
pEpE 5.6 (2.8) 2.13 & 0.47

20 6.9 (4.1) 1.80 £ 0.33

3¢ 4.8 (3.7) 1.33 4+ 0.39

Combined 8.2 (5.4) 1.66 + 0.28

Latest higher-order calculations:
= Three on-shell W bosons: NLO in EW and QCD
= o(W"W*W-) =136 %6, (scale) + 4 (PDF) fb
» o(WWW*) =767, (scale) £ 2 (PDF) fb
= W*H: NNLO in QCD and NLO in EW:
= o(WH2>WEWW™) =293 *1 , (scale) (PDF) £+ 3 (o) fb
= Total: 505 fb
About 2.5c tension between measured and predicted cross sections, various checks performed
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Z(~>tlyy VBS process Sample SR CR
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Z(2>vv)y VBS process  arXiv:2109.00925
= The photon centrality:
2
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Z(>vv)y VBS process

= Simultaneous fit to the m;, distributions with 4 SR
bins and 16 CR bins
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Combined EFT interpretation ATL-PHYS-PUB-2021-022

= First attempt of a combined EFT interpretation of four ATLAS electroweak analysis:
» Diboson WW with 36 fb! (Ieading lepton p): Eur. Phys. J. C 79 (2019) 884
» Diboson WZ with 36 fb-! (mV%), Eur. Phys. J. C 79 (2019) 535

» Inclusive four-lepton with 139 fb-! (m,,), JHEP 07 (2021) 005 “ c® ©
= 7jj via vector boson fusion with 139 fb-! (Ag;): Eur. Phys. J. C 81 (2021) 163 Lsmert ~ Loy + Z e -5 0;

= 33 CP-even dimension-6 operators considered using the Warsaw basis

= The expansion of the cross section contains linear and quadratic/cross terms in Wilson coefficient ¢,®

= (Quadratic/cross terms are of the same order as those of EFT dim-8 interfering with the SM

» EFT dim-8 not considered in the model = report limits based on linear and quadratic fits, difference gives an
estimate of the size of the missing 1/A* terms

c® (6(6))2 (6)..(6)
o ot 3 e oo 5 T 5 e
‘ ’ J i<j ‘ ’
/ \ ' J '
linear quadratic CTOSS

= Dedicated samples representing SM, linear and quadratic effects of dim-6 operators, as well as dim-6 cross
terms, are generated with MadGraphS aMC@NLO using the SMEFTsim model


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-24/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/
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Combined EFT interpretation
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Conclusions

= Multiboson and VBS processes are interesting physics processes to test SM predictions and to search for new
physics
= Diboson: large statistics to perform precision measurements and study boson polarizations, experimental
uncertainties often close to theoretical uncertainties
= VBS: almost all SM VBS processes have been observed, move to differential cross section measurements
and polarization measurements
= Triboson: only a few triboson processes have been observed so far, continue to search for these rare
physics processes
= First attempt for a combined EFT interpretation of WW, WZ, four-lepton, and Zjj VBF data = important
step towards an ATLAS global EFT interpretations. Data and some predictions available on HEPdata and
Rivet, which allows to perform similar re-interpretations outside the ATLAS collaboration
= Looking forward to higher precision measurements and new observations with Run 3 data
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