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Overview

1 Precise measurements of SIV processes at the LHC

v Unprecedented scrutiny of the SM, model parameters, particle properties, Gauge
structures, rare processes, differential phase spaces, and QCD effects (PDF etc.)

v’ Close interplay with Higgs physics, Sensitivity to new physics

Standard Model Production Cross Section Measurements
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Status: February 2022

One of rarest SM
processes to probe is the
electroweak production
of diboson with two jets
(EW VVijj process)

Cross-section at O(fb)
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EW VWVjj Production
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Involving Vector boson scattering

= Probe of EWSB dynamics and sensitive to new physics in EWSB sector
=> Delicate cancellation needed to unitarize at TeV scale
=> Historically, one of main motivations for a Higgs boson!

= Quartic gauge boson couplings (QGC) offer unique probe of SM gauge
structures and sensitive to new physics modifications
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Features of EW VVjj Production

A typical event
b= display (EW Zzjj)

|
|= Event with m;; = 2228 GeV; ma = 605 GeV
J

|

L & YATLAS

! EXPERIMENT

Run: 340368
Event: 454611985
2017-11-09 04:06:14 CEST

** Signature involves no color flow between scattering partons
o two QCD jets relatively forward, with large mjj and rapidity separation

o often define centrality variable to indicate EW production contained in

rapidity gap of jets (yae = 0.5(yj + ;)

Ayjj

eg. (=

¢ Irreducible background from QCD production of VVijj
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Events/50 GeV

Data/Background

Past 2 Now

VBF, VBS, and Triboson Cross Section Measurements suauws: february 2022
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Almost ten years ago, started All EW VVjj modes have been observed by now,
with same-sign WW pairs + jj start to study the differential distributions and
with a handful of signal events constrain anomalous QGCs (aQGCs)

This talk focus on recent results with ATLAS Run-2 13 TeV data on:

EW Zyjj [arXiv:2305.19142, JHEP 06 (2023) 082],

EW WWjj (same-sign) [ATLAS-CONF-2023-023], EW ZZjj [ATLAS-CONF-2023-024],

aQGC combination from EW W2Zjj and WWijj (early Run-2 data) [ATL-PHYS-PUB-2023-002]
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Data and processing

Important to have precise understanding of e, L,
E.Mss, and in particular jets
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EW Zyj)

arXiv:2305.19142

Utilization of ’

Z-> dilepton
decays yields a

clean final state

= High pT leptons and
photon, high m(jj)
and topological cuts
for EW production

= Small backgrounds
from Z+jets, tty, WZ
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m; [GeV]
Relaxed region to measure
inclusive EW+QCD process
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EW ZYJJ arXiv:2305.19142

Measured differential o
In fiducial regions defined close to detector selections
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EW Zyj)

JHEP 06 (2023) 082

Z->vv decay is more challenging, Used harsher cuts on
- independent cross-check photon E; and p;™s to
- sensitivity to aQGCs suppress backgrounds
y-centrality Multiple regions defined to

improve background modelling

=1 lepton

MVA to improve signal
significance in the SR

0 leptons

Simultaneous fits of SR and CRs
are used to extra signal yields
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Events

Data/Pred.

EW Zyj)

Detector distributions fitted to
explore the modification from

aQGCs (in the Effective Field
Theory framework)
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Sensitive to dim-8 Wilson coefficients, in
particular those relating to neutral couplings
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Events

Data/Expected

Same-sigh EW WWj;

High S/B ratio channel due to

requirement of same-sign W pairs
=» same-sign dilepton + E;™'S + jets
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ATLAS-CONF-2023-023

Likelihood fits used to extract cross-sections,
- QCD WWjj, WZjj normalization floating

- non-prompt, charge conversion background
estimated with data

Fiducial o fitted with m(jj)

Description

EwW
Tha » D

EW+Int+QCD
o_ﬁd +Int+Q)f ,fb

Measured cross section

2.88 + 0.21 (stat.) + 0.19 (syst.)

3.35 £ 0.22 (stat.) + 0.20 (syst.)

MG_aMC@NLO+HerwiG ~ 2.53 + 0.04 (PDF) +,0 (scale) 2.93 + 0.05 (PDF) +,-° (scale)
MG_aMC@NLO+PyTtHia  2.55 + 0.04 (PDF) igfg (scale) 2.94 + 0.05 (PDF) i8:33 (scale)
SHERPA 2.44 + 0.03 (PDF) iofi? (scale) 2.80+0.03 (PDF) io:gg (scale)
Pownec Box +PyTHIA 2.67 -
- Consistency with a variety of predictions

v' Madgraph at LO QCD; SHERPA, Powheg with

approximate NLO accuracies

- 10% overall unc. achieved!

v’ stat. unc. compatible with syst. unc.
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Same-sigh EW WWj;

Differential c measured by fits to 2D distributions with cross-sections per bin as POls

EW WWijj

Example: 2D post fit of m(ll)
and m(jj) to measured o,
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Measurement agrees well
with various predictions
at high-energy regime

A bit tension at Lower m(jj)
may help to further
constrain modelling
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Same-sign EW WWj;

LA B
ATLAS Preli

Events

EFT constraints
by fitting
detector m(ll)
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EW ZZjj

ATLAS-CONF-2023-024

Extend upon the previous results on EW ZZjj observation [NP 19 (2023) 237]
=>» cut-based analysis to explore differential distributions and EFT in 4-lepton channel

T T
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=>» Two regions one with
im B sensitivity to EW ZZjj
o (small centrality), one
more on inclusive ZZjj
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EW ZZjj

A variety of kinematic variables measured: sensitive
to high-order effects, EWSB, EFT, polarization, ...
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T T
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Offer already probe of Angle between lepton and Z Exposed to modelling
Higgs-related unitarization in Z rest frame sensitive to of m(jj) from QCD and
close to TeV polarization, CP structures EW high-order effects

Consistent with various predictions including
NLO QCD + PS prediction for EW ZZjj from powheg
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EW ZZjj

Measured differential ¢ as a function of m(4l)
and m(jj) used constrain EFT coefficients

IM|* = [Msml|® + 2Re(Msy*Mgg) + | Mg’

=>» Explored the constraints with and w/o dim-8
square amplitude term

Wilson IMgg|>  95% confidence interval [TeV ]
coefficient Included Expected Observed
fro/A* yes [-0.98,0.93] [-1.0,0.97]
no [-23, 17] [-19, 19]
fra/A* yes [-1.2,1.2] [-1.3,1.3]
no [-160, 120] [-140, 140]
fra/A* yes [-2.5,2.4] [-2.6, 2.5]
no [-74, 56] [-63, 62]
frs/A? yes [-2.5,2.4] [-2.6, 2.5]
no [-79, 60] [-68, 67]
fre/A* yes [-3.9, 3.9] [-4.1,4.1]
no [-64, 48] [-55, 54]
fra/A* yes [-8.5, 8.1] [-8.8, 8.4]
no [-260, 200] [-220, 220]
frg/A* yes [-2.1,2.1] [-2.2,2.2]
no [-4.6, 3.1]x10* [-3.9, 3.8]x10*
fro/A* yes [-4.3, 4.5] [-4.7,4.7]
no [-7.5,5.5]x10* [-6.4, 6.3]x10*
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fro constraints with cut-off
scale dependence
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aQGC combination WZjj and WWjj

ATL-PHYS-PUB-2023-002

A demonstration of effects of combination to

EFT coefficient constraints from different EW VVjj channels
=»Based on partial run-2 results

=>Fit unfolded m{(WZzjj) and detector-level m(ll) in same-sign WWjj

= 8N Caraseoimiay -
< 6F N /s = 13TeV, 36.1 b
§ 47
g A Uncertainty Source Wiij WiWijj Combination
g o Luminosity v ve v
o 0 Pile-up modelling v v v
Re-use 2 Jets v v
@ 0 Electrons v v
measurement -4 ] Muons v v
-6 g g el b-tagging v v
results to 8 L:"ﬁ“"'y:’“”"dsl 3 Misid. lepton background v v
derive 0 1 2 3 4 5 6 W™ Z;j modelling v v
. Myz cut-off [TeV] Unfolding uncertainty v
constraints s e e _WEWEW modelling v
= imi ] EFT modelling: Scale and parton shower v v
- g r ATLAS Preliminary ] g p
over cut Off - of \ Vs = 13TeV, 36.1 fo” 1 EFT modelling: PDF v v v
sca |e Cho|ces (_8“ [ \\\ ] EFT folding uncertainty ve
b 1; = -
[0)] r ""‘—...____
S P N T Treat properly the experimental
(_JI of ] y p
B //—;'—” | and theoretical uncertainty
=1 //’ ] . . .
e ; correlation for combination
2 g asectint
Unitarity bounds
| P RN AR S

B R T B B S
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aQGC combination WZjj and WWjj

far/A?

i /A
fumo/A*
fs1/A?

fso/A

fra/A®

fri/A?

fro/A*

ATLAS Preliminary — W"Zjj limit
Vs = 13TeV, 36.1 fb”' — WW'j limit
— Combination
no unitarization
P P P P P 1 ' |
-80 -60 -40 -20 0 60 80
T T
1 1 1 1 1 1
-3 -2 -1 0 1 2

aQGC Limits @95% C.L. (TeV" ]

Combination leads to 10-20% improvement
for single parameter constraint

=» More sizable improvement looking at
multi-dimensional spaces: exploit fully

potentials from different channels
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fr, IA*
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Summary

O This talk reported recent ATLAS results on EW VVjj measurements

 Moving beyond first phase of making observations, differential
measurements are being performed, yielding constraining power to the
modelling of these rare processes at the first time

O EW VVjj processes provide sensitive probe to aQGCs: no anomalies are
currently found - strong limits set in the EFT framework

[ Combination of different measurements (a.k.a. global fits) can give best
possible constraints, and attempts have been made

O Stay tuned for further results with LHC Run-3!

Thank you for your attention!
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ATLAS Detector

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker
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