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The Electroweak Theory

* Rich phenomenology arises from the non-Abelian gauge group structure and
spontaneous EW symmetry breaking in the Standard Model
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* Mass of electroweak gauge bosons and interactions strength predicted precisely

from: g,2’,v, A m‘%,
p p—
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* Fourinput parameters: e.g. aggp, Gp, My, My

e |LHC ofters unique environment to test EW theory!
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Flectroweak Tests at LHC
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* Sensitivity to a wide range of physics e Delicate gauge cancellations at high energy

through quantum loops * Enhanced sensitivity to non-SM contributions

Measurements of SM parameters Investigation of EW gauge structure
3
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W Boson Mass and Width

Eur. Phys. J. C 84 (2024) 1309, arXiv:2403.15085

e Re-analysis of 2011 data § [ ATLAS Simulation =~ SNomna -
. . 6 01 Vs=7 TeV, pp—> W +X —A:W:eso MeeV E
- Favourable experimental environment for my, measurement G - W .
c 0.08— AFW_+2OO MeV
O — -
- Consolidate earlier ATLAS results, in the perspective of the  § | F w=200 eV 2
latest measurement by CDF. In : 045_ E
0.02F -
o Fit pT and m;. ¥ distributions in W = fvdecays = Bl ]
£ T ~
- Improved statistic based on the profile likelihood s
- Updated to more modern PDF sets 5 ,
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* Measurement requires exquisite precision Iin mr [GeV]

lepton energy/momentum calibration
(0(10~*) and recoil response (~ few %).
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W Boson Mass and Width

Eur. Phys. J. C 84 (2024) 1309, arXiv:2403.15085

W boson mass W boson width Simultaneous extraction

my, = 80,366.5 + 15.9 MeV Iy, = 2202 + 47 MeV of my and I'y,

Overview of m, measurements Overview of I', measurements
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e Total uncertainty reduced by ~ 15% e First measurement at LHC
e Most precise single-experiment
measurements.
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Exclusive W Boson hadronic decays

Phys. Rev. Lett. 133 (2024) 161804, arXiv:2309.15887

e Test bench for the QCD factorization framework

e Could enable W boson mass measurement with a fully reconstructed at tuture colliders
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W and Z Boson Production
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2 - mzzfgremem ATLAS Preliminary 3 © First step in the study of gauge bosons at 13.6TeV
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/ Boson Invisible Width

Phys. Lett. B 854 (2024) 138705, arXiv:2312.02789

e Sensitive to number of light neutrinos coupling to Z boson and potential non-SM contributions

 Measurements via different final states and analysis strategies test the consistency ot SM
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| ATLAS ¢ Data corrected with Sherpa 2.2.11 |
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/ Boson Invisible Width

Phys. Lett. B 854 (2024) 138705, arXiv:2312.02789

['(Z = inv) = 506 + 2(stat) = 12(stat)

e Single most precise recoil-
based measurement

(~ 2.5%)

e Dominated by systematic
uncertainties (leptons)

e Resultis in agreement with
LEP combination and SM
predictions
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Recoil-based

| | | I | | | |

ATLAS

s=13 TeV 37 fb" —e— Total Syst. | SM
LEP Lineshape " 499.0 + 1.5 MeV
L3 ——— 498 + 17 MeV
OPAL ———==———=—— 539+ 31 MeV
ALEPH —e————— 450 + 48 MeV
LEP Combination, Photon-tagged F—p— 503 + 16 MeV
CMS ————] 523 + 16 MeV

Parameters of the SM

600
[(Z—sinv) [MeV]



WZ Polarization and RAZ

Phys. Rev. Lett. 133 (2024) 101802, arXiv:2402.16365

q

Z
~ 10%

* Study of diboson polarization probes gauge symmetry structure ana
electroweak symmetry breaking mechanism.

e Radiation-amplitude-zero (RAZ): At LO, W;Z; amplitudes predicted to be
exactly zero for specific W scattering angle in the WZ rest frame

e Experiments gaining sensitivity to V;V; production and starting to study energy
dependence of cross-section.
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WZ Polarization and RAZ

Phys. Rev. Lett. 133 (2024) 101802, arXiv:2402.16365

. e L I A R R R
e Use leptonic decays: WZ — cve’C'(¢, 0" = e, p) 2 Ty TS L omwe R
e - 1SS ;3 TeV, 140 1o Non-prompt % Tot. Uncert.
L 4oL SR p?>200 GeV N
- Post-Fit
: : : . : W, Z, at 3.20 for
e Longitudinally polarized final state W, Z, only make u 30k | -
S y P . L4, Only & p% > 200 GeV
~ 6% of total WZ cross-section. .
° ° ° ° ° ° ° 10
e Measure polarization fractions in longitudinally-enrichea
regions. | gz_iill #":::lill" =
L 150 + } =
- pT 2 <70 GeV : Reduce jet activity S 15?“ + j( lr ¥ le( H L
0 - | ® s s ;
- High p# : Enhance s-channel contributions 0.55 '_()'_g'i)'_é '_'o'i 020 0z 04 'ij' 08 1
BDT score
Measurement Prediction
. 100 < pZ < 200 GeV pZ > 200 GeV 100 < pZ <200 GeV  pZ > 200 GeV
* Measurements Compatlb\e foo 0.17 2092 (stat) £090 (syst)  0.16 093 (stat) 202 (syst) || foo 0.152+0.006  0.234 +0.007
. . L fxx 0.83 £992 (stat) 992 (syst)  0.84 +2-9 (stat) 993 (syst) || for 0.120 + 0.002 0.062 + 0.002
Wlth SM predICthnS. ﬁ)() obs (exp) Sig. ()(;7(6 9)((J)'0l ; %52 (4 2) (())'() fT() 0.109 + 0.001 0.058 + 0.001
frr 0.619 + 0.007 0.646 + 0.008
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WZ Polarization and RAZ

Phys. Rev. Lett. 133 (2024) 101802, arXiv:2402.16365
o Variables sensitive to RAZ eftect: AY(WZ), AY (£ Z)

e Extra parton emissions dilute RAZ effect
- Define 3 regions with reduced jet activity: p,/* < 20,40, 70 GeV

e RAZ arises primarily from W;Z;amp

- Subtract measured W, Z; fractions and

itude

oackground

e Unfolded distributions compatible with SM prediction
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Quartic Electroweak Couplings

* Some of the rarest processes experimentally accessible at LHC

- Vector-boson scattering observed in most channels

- Increasing sensitivity to triboson production

_ —> \
Diboson Triboson .
Wyjj, WZjj Wyy, VVZ ™"
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Diboson: Wyjj

Eur. Phys. J. C 84 (2024) 1064, arXiv:2403.02809

e Observation of EW Wyjj with > 66 established using ML techniques .

d
e Study modelling of several key kinematic observables.
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Diboson: WZjj

JHEP 06 (2024) 192, arXiv:2403.15296

e Multivariate discriminant used to separate
EW and strong production modes

* First study of modelling of several key
kinematic observables
— 18—
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Triboson
A/

w |
arXiv:2412.15123

e BDT discriminants trained in each event category
to enhance the separation between signal and
background

Observation

Process Signal strength Cross section (1b) Observed (expected pfensitivity
VVZ | 143+ O.2O(stat.)“:%°.2119(syst.) 660“:99%)(stat.)t8881 (syst.)
WWZ | 1.33 = 0.28(stat.)“:%'.2117(syst.) 442 + 94(stat.)“:65g(syst.) 4.4 (3.6) o
WZZ 2. 13“:})°.1986(stat.)“:%;61 (syst.) 200’:19111 (stat.)“:g%(syst.) 2.8 (1.6) 0'\

Evidence
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Wyy

Phys. Lett. B 848 (2024) 138400

Observation with 5.60 significance
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Vs =13 TeV, 140 fb
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MadGraph5 aMC@NLO

148" H (scale) +:: (stat+PDF+a) fb
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Anomalous Quartic Gauge Couplings

e Deviations from the SM are quantified in an Eftective Field Theory approach

(8)
ZsmerrT = Lsmt T Z

e Considering only operators affecting QGC at dimension-8

e Limits on Wilson coetticients reported without and with unitarity preservation using clipping technique.

Wyjj VV/Z

Eur. Phys. J. C 84 (2024) 1064, arXiv:2403.02809 arXiv:2412.15123
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2 /A ) [-4.4,4.7] [-3.1, 3.5] - sensitive to S 50 N =
. - o | fu fos Foawo fits = B o :
: L —— 9
frs/A p%{ [-1.7, 1.7] [-1.2, 1.3] ConStra | ntS OE..“_—_—_—_—_—_:E
fre/A* py [-1.5, 1.5] [-1.0, 1.1] : s
fr1/A* py’ [-3.8,3.9] [-2.7, 2.8] -25 :—3¢; g =
fao/ A P! [-28, 28] [-24, 24] oF V2 -
fumi /A PT [-43, 44] [-37, 38] —0F /'/ —-— Unitarity bound -
v /A pT [-10, 10] [-8.6, 8.5] _75 - / —— Expected =
furs/A p; [-16, 16] [-13,14] 5 / — Observed -
Fava/ A p [-18, 18] [-15, 15] _100—— . [ e .
farr/A? Py [-78, 77] [-66, 65] Ve [TeV]
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Summary

e LHC offers unique environment to test EW theory

e Wealth of electroweak measurements made by ATLAS in recent months.

- Precision measurements of key Standard Model parameters

- Investigation of electroweak gauge structure

* Measurements are in good agreement with SM predictions.
* As datasets grow, new opportunities arise to explore increasingly rare physics processes.

* New physics could be just around the corner — the search continues.

e All ATLAS results available at
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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