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Abstract

These proceedings summarize the latest progress by the ATLAS Experiment at
the LHC in measuring diboson production and related searches for physics beyond
Standard Model via anomalous gauge couplings with the latest Effective Field The-
ory approach. The most recent measurements of WTW = — (tvl~v, W*Z — 301v
and Z(— £ ¢ )y measurements with ATLAS full Run 2 dataset are presented, along
with the highlights of the first evidence of W W ™ charge asymmetry, the first mea-
surement of CP-violation sensitive observables in W Z, and, for the first time at the
LHC, SU(2),®U(1)y fully gauge invariant anomalous neutral triple gauge coupling
limits with Z(— £+£~)~ process.
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The Standard Model (SM) Lagrangian describes the most elementary interac-
tions in the miscroscopic universe unifying the electromagnetic, weak and strong
forces within its theory framework along with the building blocks of matter, the
fermions. Bosons, being the elementary force carriers, play pivotal roles in releasing
the foundamental interactions and the corresponding symmetries, the breaking of the
symmetries, and the kinematics behind their interactions. Given the importance of
understanding the foundamental interactions, SM electroweak (EWK) boson physics
has been one of key research domains in energy frontier collider physics, in particular
the SM EWK diboson physics. SM EWK diboson physics (Feynman Diagrams in
Figure 1), besides its natural role of testing EWK sector with high precision mea-
surement results in comparison with perturbative QCD and EWK high order theory
predictions, provides also solid understanding of irreducible backgrounds as piv-
otal foundation for Higgs to diboson decay measurements, SM EWK measurements
of rare processes, including Vector Boson Scattering (VBS), triboson production,
and related Beyond SM (BSM) searches including anomalous triple gauge coupling
(aTGC) searches with SM Effective Field Theory (EFT) high dimension operators
as shown in Figure 1.
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Figure 1: SM EWK diboson production diagrams and the correspondance of SM EFT lagrangian
with high dimension operators inducing aTGCs.

1-channel w-channel s-channel

ATLAS [1], being one of two general purpose experiements at the Large Hadron
Collider (LHC), has produced fruitful EWK diboson physics results throughout Run
1 and Run 2. While ATLAS Run3 proton—proton collider data-taking is delivering
more data statistics in the pipeline smoothly at 13.6 TeV center-of-mass energy, the
SM EWK physics success continues. In one of the cleanest signatures, ZZ — 4/f
decay processes, the first ATLAS Run3 diboson measurement was accomplished
and published last year in 2024 [2] and presented at many former international
conferences. Despite more precision diboson channel Run3 results still take time
to finish, new ATLAS full Run 2 results with unprecedented precisions in diboson
processes still drive the new milestones in energy frontier EWK physics with selective
highlights presented in this talk. The latest SM summary of measured total and
fiducial cross sections are shown in Figure 2 along with deciated summary of diboson
cross sections. More complete and detailed summaries can be found in Ref. [3].

In the fully leptonic decay channel of diboson WTW = productions, ATLAS
full Run 2 analysis [4], with 140 fb~! pp collision data, performed the total, fidu-
cial and differential cross secton measurements in the different flavor and oppo-
site charge e* ¥ channel so as to suppress the enormous background contamina-
tions from Drell-Yan processes. Twelve physical observables are measured with dif-
ferental cross sections including plq‘fad lep, pSTUb_lead lep, P Yt Mep, Agey, cost* =
tanh(An(e, 1)/2)|, B mp o, HEPT™MET S0 Nigrs. In the jet-inclusive phase
space, the measured precision has been for the first time reached ~3.1%. The
measured fiducial and total cross sections in Figure 3 are consistent with by far the
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Figure 2: The latest SM measurement summary plot (Left) and diboson measurement summary
plot (Right) [3].

most precise theory predictions: nNNLO QCD ® NLO EWK using latest NNPDF3.1
luxQED PDF, which gives better agreement compared with NNPDF3.0 PDF. A new
highlight in this analysis is that Charge asymmetry A¢ is measured as a function of
absolute difference of leptons absolute rapidities ||n,+| — 1.~ ]|, and invariant mass
of the dilepton system, in comparison with NNLO+PS predictions from Powheg
MiNNLO+Pythia8. The measured result shows significant asymmetry, which is con-
sistent with the theory anticipation given the 2:1 ratio of up:down valence quarks.
Moreover, mr,, differential distribution is used for aT'GC limit setting with seven
SM EFT Wilson coefficients in Warsaw basis.
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Figure 3: The measured fiducial and total cross sections of pp — WW with ey decay channel [4].

W*Z productions are measured in tri-lepton decay channel with ATLAS full Run
2 data [5] following up previously published partial Run 2 WZ measurement [6], full
Run 2 WZ joint polarization measurement [7] and the dedicated high pr polarization
measurement [8]. The new results have shown more precise measurements in total
and differential cross sections in comparsion with NNLO QCD and NLO EWK state-
of-art SM predictions. In this new analysis result, more and new kinematic vari-
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ables are measured differentially as compared to former results such as A¢p(¢V, Z),
py! (harder boson), p¥.? (softer boson), ¢}y, ¢%, pi (EpZ, Z, W), pL (07,6~ W),
while the triple products are sensitive to probe CP-violating SM EFT operators.
As shown in Figure 4: in bins of p¥!, MATRIX @ and ® schemes are compared
with notable difference at high pr region; in bins of Njes, Sherpa modeling with
more complete description of jet multiplicities is compared and agreed better, while
the low pr region discrepancies are explainable according to large logarithms in
pr/myy. The measured W*Z fiducial cross sections are in agreement with NNLO
QCD ® EWy, SM prediction from MATRIX using NNPDF3.1nnlo_as_118_luxqged
PDF and MSHT20nnlo PDF. The charge ratio is also measured with ~2% preci-
sion. Both CP-conserving and CP-violating EFT limits are set, with measured mX'#
distribution and dedicated BDT analysis.

3 102 E T T T T T — - T T T T T T 3
2 WE ATLAS 3 > ATLAS i £
5 F s=13TeV, 140f0" O Vs =13 TeV, 140 fb" e
> T TTTTTTITn i re] =10 "y

< — —4- Data E
I 10 3 S — MATRIX NNLO QCDXEW, ]
= o e 3 = -+ MATRIX NNLO QCD+EW -]

o $ ] S 4o
< T ] 7 5 wu Sherpa 2.2.12 4
T e == Powheg+Pythiax1.18 3
1 — T — g ‘‘‘‘‘‘‘‘‘‘‘ E
F +Data YT 3 z =
[ — Sherpa2.2.12 . 102
- === Powheg+Pythiax1.18 1 —= 1071
1071 - MadGraph NLO — 3
Eowizo v 3 i
L 1 1 1 L] 107 A 1
© 2 —
“(B‘ E T T T T T E E 15 T T T ]
[a)] C i - F N
e 15¢ 7 < ro
s ] e I :
= L ] S ——" R ——
T Nt u ° Uy /
- ] g I ]
o5~ - L i
1 1 1 1 1 0 5 L L L 1 L L L 1 L L 1 L
0 1 2 3 4 ] 200 400 VZ 500
Njets pT‘ [GeV]

Figure 4: The measured differential cross sections of WZ — 3/1v in bins of Njes and p¥1 [5].

In the very recent differential Z(¢¢)~ high pr measurement [9], a derived phas-
espace is construted on top of the previously published differential measurement
paper [10] by requiring pJ. > 200 GeV, narrow Z mass window and jet veto selec-
tions. With the differential cross section measured in bins of p}., 95% C.L. limits on
the nTGCs are set utilizing the latest SM EFT SU(2)r @ U(1)y fully gauge invari-
ant formulation [11] for the first time at LHC. Given all previous Zv nTGC limits
are using U(1) symmetry treatment leading to an overestimation of the limits on
the nTGC vertex form factors by two orders of magnitudes, such new nTGC results
are worth great attention and physical interest to ensure the BSM extension staying
close enough to SM symmetry treatment. A new observable ¢*, defined as the angle
between scattering plane and decay plane of Z in the £/~ frame to be sensitive to
the interferences between SM and pure BSM terms, is also measured differentially
besides the pi. differential measurement, as shown in Figure 5.

In conclusion, ATLAS recent results in precisely measuring the EWK diboson
productions mark significant precision milestone in understanding SM EWK sector
and exmaming the perturbative QCD and EWK high order predictions/modelings.
State-of-Art generators, parton showers and PDF sets are taken into account in the
analysis result comparisons providing intensive information as feedback to SM theory
process modeling and BSM interpretations. The rich data statistics from ATLAS
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Figure 5: The measured differential cross sections of Z(¢¢)~ in bins of pX and ¢* [9].

Run
and

2 also enable more precise measurements in charge asymmetries in W+TW =
W*Z while also offering more sensitive probe to CP-violating signatures and

limits sets. Latest SM EFT progress is consulted with SU(2), @ U(1)y fully gauge
invariant nTGC formulation taken into account in Z(¢¢)y nTGC analysis leading to

significantly relaxed constraints on nTGC form factors compared to previously used

U(1) only symmetry treatment in old formulations.
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