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Multiboson physics

» Testseveral layers of the Standard Model (SM) and probe for potential physics beyond

Precision Predictions Electroweak Gauge Structure

Higher-order QCD/EW calculations Vector Boson Scattering (VBS), EWSB & unitarity
Parton Distribution Functions (PDFs) Anomalous Triple/Quartic Gauge Couplings (aTGC/aQGC)
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Multiboson measurements

Three measurements using the full ATLAS Run2 140 fb~! /s = 13 TeV proton-proton
collision dataset:
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Inclusive Wy production

e Measurement at 13 TeV with 140 fb~! pp data 7 v 7 "

e Signal process: pp » W*y - ev/uv +vy W

* Phase space: plT/y > 30 GeV, EISS > 40 GeV,
my, < 81 GeVormy, > 101 GeV, ARy, > 0.8

q v q v

* 4 non-prompt backgrounds estimated via data-driven methods: jet faking photon, jet faking
lepton, electron faking photon and photon from pile-up

e Differential Cross-Sections:
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NNLO QCD + NLO EW virtual: the prediction gives the best agreement with data

play a crucial role at high momentum
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Inclusive Wy production

Jet Veto Region Ay,

« Radiation Amplitude Zero (RAZ) effect @LO in QCD
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Inclusive Wy production

CP sensitivity

 SMEFT interference leads to asymmetries in CP-odd observables, dimension-6: £ = Lsu + » %62

A — B 1174 Jrpyrsk . .
O = &gV WHW, Ogwr and Oy, CP violation operators
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Inclusive Wy production

PDF sensitivity: the Diboson Boost Asymmetry Phys. Rev. D 106, 1.051301 (2022)
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Inclusive Wy production

PDF sensitivity: the Diboson Boost Asymmetry
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Z7Z — llvvand ZZjj — llvvjj production

Inclusive ZZ — llvv ZZjj — llvvjj
7 Z g 4 q Z 7 7 7 q q g
- ij’ 7 W z - Z Z
A J A aTGC W
- g\ W 7 W 7 z
q z g z q z q q q q g g
a sensitive probe of neutral aTGCs (a)QGCs

Physics motivation

* Precision test of the SM through total and differential ZZ cross-sections
* Probe for BSM phenomena

e 212v is complementary to 4/, but with a larger branching ratio and higher EFT sensitivity

ZZ > llvy ZZjj - llvvjj
[ Event Selection || Cut Inclusive Requirement VBS-like Requirement ~
Event Trigger Fire at least one lepton trigger Fire at least one lepton trigger
Preselection Vertex At least one vertex with 2 or more tracks At least one vertex with 2 or more tracks
Selection leading and subleading lepton pr 30 GeV, 20 GeV 30 GeV, 20 GeV
Pair Requirement SFOS lepton pair SFOS lepton pair SFOS lepton pair
80 < my < 100G eV 80 < my < 100GeV
MET > 110GeV > 150GeV
AR(1,1) <18 <18
AD(Z,MET) >2.2 >2.2
ETmiss/HT > 0.65 > 0.65
b-jets =0 =0
pTIead.jer and p_r.s'ubz'cad:‘ngjet > 30GeV

e Measurement at 13 TeV with 140 fb~! pp data
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Z7Z — llvvand ZZjj — llvvjj production

Cross-Sections Signal strength parameters

Post-fit Ap(EXSS, Z
* Simultaneous profile-likelihood fit in SRs and CRs 08 P(Er )
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Z7Z — llvvand ZZjj — llvvjj production ZZ

Probing anomalous gauge boson self-interaction couplings
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Improved by a factor of 2-3 relative to 4ljj channel due to larger statistics
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Evidence of ZZy production

ZZy - It U 'y

q

enhance suppress
(Mmeey +mee) >2-mgz
FSR (considered to be ZZ)

Measurement at 13 TeV with 140 fb~! pp data
First evidence of pp = ZZy: very rare process with two massive bosons

Data-driven estimation of dominant non-prompt photon background (jet faking gamma),
and misidentified lepton background (jet faking leptons)

Profile likelihood fit to extract signal strength and its uncertainty

12

n»r=»

Zihan Zhao (USTC) | QCD@LHC | Oct1, 2026


https://journals.aps.org/prl/abstract/10.1103/jngg-1nf3

Evidence of ZZy production

o (lean signature with ~ 7 signal events and 1 background event

« Measured cross section: Observedﬁ(expected)
significance:
07z, = 0.14410:06>(stat. ) 13998 (syst.) b
! 4.4(4.0) ¢

and the predicted SM fiducial cross section of pp — [TI7I"*1""y is
oqy = 0.130 4+ 0.001(stat.) + 0.002(PDF+as) + 0.005(scale) fb  [NLO QCD and LO EW]
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e Outlook: perform Run2+3 analysis to achieve >50 significance and aQGC studies
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Summary

ATLAS Run2 140 fb™1 : _
~ 1700 signal events ~ 150000 signal events

Evidence of ZZy ZZ [ ZZjj Inclusive Wy
~ 7 signal events ~ 110 signal events
First evidence aTGC, aQGC, QCD differentials,
EFT constraints PDFs,

W polarization,
EFT constraints

« From rare-process evidence to precision measurements

« Future key challenge: Systematic uncertainties (e.g. balance background rejection against
signal efficiency in Wy measurement), Continued understanding of photon isolation treatment
at particle level...

« OUTLOOK:

Run 3 & HL-LHC — higher statistics + new techniques and new observables — more precise
differential measurements - SM / BSM (EFT) sensitivity
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Backup
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unique PDF information from Boost Asymmetry

Phys.Rev. D 106, L051301 (2022)
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