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Probing VBS :: Motivation

OXFORD

e Important tests of Electroweak and Strong interaction
e They directly probe EW boson self-interactions
e They are a portal to

o Understanding Electroweak Symmetry Breaking

o Probing BSM physics

Measurements at the LHC:

e Fiducial and differential cross-sections
e Looking for anomalous couplings (EFT)
e Probing EW boson polarisation
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Probing VBS :: What we measure

Cannot directly measure VBF/VBS
o Significant interference with other diagrams with same order in
o Extracting VBS component is not gauge invariant
o We can only measure electroweak production of VVjj (VBS)
o Moreover, QCD/strong production is much larger than EW (excl. WtW4jj)
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Probing Electroweak Symmetry Breaking

OXFORD
e VBS at high energy subject to delicate cancellation between terms
o o(W W > W W,) grows with energy w/o Higgs boson

o Very sensitive to shifts in the trilinear or quartic gauge coupling
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Advantages of probing W*W4jj
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Standard Model Production Cross Section Measurements Status: March 2021
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Status of W*WH+jj at the LHC i

UNIVERSITY OF

OXFORD

Observed using 36 fb-1 of LHC data by both ATLAS and CMS
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Status of W *W,¥jj at the LHC
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https://arxiv.org/abs/2009.09429

Projections for the HL-LHC

CMS Phase-2 Simulation Preliminary 3 ab™ (14 TeV)
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Projections for the HL-LHC for W *W, 3jj ;
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Improvements in the leptonic channel
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WtW4tjj at the (HL-)LHC :: Opportunities
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e Untapped potential: not leveraging hadronic decays of the W bosons
o Access to full event kinematics (no neutrinos) to extract W boson polarisation
o Usually used in BSM searches, but have also benefit for SM processes

e Increased luminosity provides large event pool

W Decay Fractions Run-3

EW W:Wijj event yields (2021- HL-LHC
2024%)

Integrated Luminosity 140 fb''  250-300 fb™'! 250?6_?000
Only
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adronic (Eyap = o & Ep - -
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. -
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Challenges in probing VBS at HL-LHC
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e Pile-up increase from 50 to 200 means challenge to maintain or improve
signal acceptance

e Needs better pile-up mitigation, jet resolution and quark-gluon jet separation

Challenges
Jets are very complex: detailed jet
substructure studies and deep learning
required to extract W boson charge and
polarization

* Huge backgrounds from QCD processes:
need quark-gluon jet discrimination, and
use event properties (e.g., color flow)

 Techniques to be used to improve
measurements of other processes

involving W bosons
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Event-based DNN

e MG3.1+ Herwig (Dipole Shower) + Delphes (HL-LHC card)

e Does not take pile-up into account

e Using only jet {pT, Eta, Phi, Area} :: Good but not enough

DNN
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Differentiating W, from W;
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e Jet substructure can be used to VBSCAN-PUB-04-21
study the hardonic W decays CERN-STUDENTS-Note- 2018-220 (2018)

e However, grooming reduces
the detection efficiency of L ONGITUDINAL RANSVERSE
hadronic Wy decays
(yiels more often 1-prong)
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W Tagging Techniques
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e Jet substructure algorithms can be used
to identify W, but more work is needed £ T e

to improve the efficiency for Wy (to ! | <24
measure all polarisation components) 0.95
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https://link.springer.com/article/10.1140/epjc/s10052-020-7608-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.056019
https://arxiv.org/abs/1410.4227

The Start of a Long Journey

UNIV
(0):43(0)23D)

=  W:*Wtjj observed during Run-2
Learned to model signal and bkg.,
increasing presicion [O(10%)]
= Run-3 will yield additional data (x2-3)
=  Will it be enough to observe W *W,ijj ?
= Need to use ALL data
(incl. semi-leptonic and hadronic)
= HL-LHC will again increase data (x10)
= Allow measuring W+Wzjj and W *W,_#jj
to high precision
Meanwhile, we have to get ready for the §8
challenge and prepare new techniques &=

to get the most out of our data. Stay tuned on this exciting areal!
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Unraveling Electroweak Symmetry Breaking
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Process Yields in WEWT SR
WiWi 16.0 +18.3
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Data 524
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Source of uncertainty
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Events / 100 GeV

Overview of Run-2 ATLAS VBS/VBF Analyses
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