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W/Z measurements
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Why the W/Z measurements? atlly | 2

* One of the best understood process in proton
collider; cleanest final states
* The Extreme precision is achievable in LHC
 EWK parameters measurements

* Probing various QCD effects
ATLAS Wmass Strategy
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Z boson invisible width

Precision measurement to Z invisible width

at 13 TeV: First Time at a hadron collider!
e Z boson decays to particles that are not
detected Ermiss
e constraint on the number of light reconstructed
neutrino species from calibrated
* reveal non-SM contributions hadr;’,,r}lzc recoil
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PLB accepted CMS
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https://arxiv.org/abs/2206.07110

T lepton polarization in Z boson decays CMS

SMP-18-010
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https://www.sciencedirect.com/science/article/pii/037026939390101M?via%3Dihub
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-010/index.html

T lepton polarization in Z boson decays 10

SMP-18-010 w.
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: Spin of t lepton and spin correlations of t lepton pairs can be
e o determined and used for BSM search regardless of complicated

LHC environment: new window is open!
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-010/index.html

Multi-boson measurements :

TGC vertex

Test the standard model at TeV scale:

"
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q & q "

PAS

» Differential cross-section
measurements in validation of current '
models . -

=]
I

* Vector boson scattering/fusion (VBS/F)
processes probe the mechanism of
electroweak symmetry breaking

* Triple/Quartic Gauge Couplings
(T/QGC):

* Search for anomalous couplings
* Probe new physics

e EFT interpretation:

c®
LSMEPTNLéi,)[‘l'Z : 0(6) Z & 0(8)
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W—Z polarization measurements PLB,accepted
arXiv:2211.09435 ATLAS
I

Observation of gauge boson joint-polarization states in WxZ production |CMS: WZ

* Measured in WZ rest frame: W, Z; (WyZy), WrZ;, W Z1, WrZ single boson
Signal: polarization
* Polarized WZ with MadGraph @ LO = train the DNN model SMP-20-014

* Inclusive WZ with Powheg @ NLO + reweighted to polarized states
DNN score as discriminator to separate the polarization states:
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https://arxiv.org/abs/2211.09435
https://link.springer.com/article/10.1007/JHEP07(2022)032

W=*Z polarization measurements
arXiv:2211.09435 ATLAS
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* First Observation of W; Z; state: 7.1 (6.2)0 in observation (expectation)
» Different polarized states are measured and compared to prediction
» Differential cross sections are measured for polarization-sensitive variables.

f00=0.06710.010, fU'T =0.11010.029, f’rg =0.179 10-023 and fTT =0.644i0.032
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https://arxiv.org/abs/2211.09435

WEW=*double parton scattering PRLaccepted  |EMS/

arXiv:2206.02681 |,
(1) ¢t Double parton scattering:
gy W ¢+ * provides information on the transverse profile
of the proton and its energy evolution
) w v e allow the study of correlations among the partons
Ti2) v * Indirect measurementto Geff g _ N0A0R
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Distinguish backgrounds from signal with BDT ~ Inclusive Leptonic-decay Xs (6.2 o observed):
80.7 £ 11.2 (stat) T3 (syst) & 12.1 (model) fb

CMS Supplementary
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https://arxiv.org/abs/2206.02681

EWK Wyjj measurement PRD accepted  |CM>/
arXiv:2212.12592 | ~—

B =
The EWK Wyjj production is
observed with 6.03 o (6.79 &

expected).

Fiducial cross-section and
differential cross-section are

mjj, my, 2D-fit
J], My measured.
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2212.12592

EWK Wyjj measurement PRD accepted | CM3/
arXiv:2212.12592 | /—

The EWK WYyjj production can probe the EFT model via anomalous
quartic gauge coupling (aQGC) effect.

Operators:
Strong constraints are set to EFT dim-8 parameters. * SU(2) strength
Red rectangle contains the most stringent limits. * U(1) strength

* Higgs doublet field
covariant derivative

- CMS 138 fb" (13 TeV) Expected limit Observed limit Upound
Dol — Data B =y 5.1 < fuo/A* <51 —5.6 < fyo/A* <55 1.7
L B Top. . 2y aco wy 71 < /AN <74 78 < fuq /A <81 2.1
o Muon events MisiD photon [l Double MisiD -1.8 < fM,2/A4 < 1.8 —19 < fM’2/A4 <19 2.0
Yol MisiD lepton  Stat @ syst 25 < faa/ A <25 =27 < fys/ANP <27 27
- — Fg/At=8Tev? B3 < fua/ N <33 =37 < fya/ AN <36 2.3
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. -13 < fa 7/ A* <13 —14 < fi/AN* < 14 2.2
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0.72 < fro/A* <092 —085< fr,/A*<10 23

10

-0.29 < frs/A* <031 —031 < fr5/A* <033 2.6
0.23< fro/AT<025 —025< frq/AT <027 29
-0.60 < fr,/A* <0.68 —0.67 < fr,/A*<073 3.1

|
[0.15,0.4] [0.4,0.6] [0.6,0.8] [0.8,1.0] [1.0,1.5]
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2212.12592

WW inclusive measurement &)

ATLAS-CONF-2023-012 L

W g Wt g W § 10°E ATLAS Preliminary ~ # Dataand Stat. Un::erlainty 3104%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-012/

WZy : ATLAS-CONF-2023-014
Wyy : ATLAS-CONF-2023-005 ATLAS

Wyy/W_Zy observation

S S
W Zy observation Wyy observation
Simultaneous fit with pzz,, tzz; data-driven Fake estimated in control regions
WZy observed with 6.3 0 WZy observed with 5.6 o
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Process SR ZZvy CR ZZ(e — y) CR SR TopCR
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Data 139 23 33 Total 1136 £34 332418
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-005/

EFT interpretation £9

L —_—_ S

WZjj and WEW%jj combination using First ATLAS EFT global Fit:
2015+2016 data: ATL-PHYS-PUB-2023-002  ATL-PHYS-PUB-2022-037

e Dim-8 EFT operators are constrained SMEFT interpretation constraining dim-6 operators

with :
U DL L DL L L LN DL LR B 3
ATLAS Internal _— — WZ limit ¢ ATLAS nggs boson data
1 —— WW limit .
7Py S IR L — — Combination * ATLAS electroweak data: di-boson, Z boson
e * EW precision observables (EWPO) at LEP and
4 m,,, cut-off 1TeV
Fr/A — o . SLC.
Field Strength
fMO/A4 Higgs covariant derivatives Decay channel Target Production Modes £ [fb™!]
H— vy ooF. VBF, WH, ZH . 1TH.tH 139
o1/ A H— 77" ooF, VBE, WH, ZH, iFH(4¢) 139
H— WW* 0oF, VBF 139
) - H— tr geF, VBF,WH, ZH , tTH(ThaqThaa) 139
fSO/A I\llIIIIIIIIIIIIllllI\\\ll\\\Illllllllll\llllllll WH,ZH 139
-500 -400 -300 -200 —100 O 100 200 300 400 500 H = bb VBE 126
itH 139
Fra) A —____— Field Strength Process Important phase space requirements Observable £ [fb~!]
pp = vty mee > 55GeV, pht < 35GeV prid-ter 36
A pp — v mee € (81,101) GeV m¥vz 36
fri/A — pp — - my > 180GeV mz> 139
pp— CC 7 mj; > 1000GeV, my, € (81,101)GeV A 139
Jro/A* 0 0 0 0 b
A S S FZ: hd’R ,AFB,R ,RC FB,andA
-30 -20 -10 0 10 20 30

aQGC Limits @95% C.L. [TeV*]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-002/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/

Global EFT

ATL-PHYS-PUB-2022-037

No New Deviations from SM observed
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A SMEFT framework is built to include
additional results straightforward.
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ATLAS Preliminary
V8 =13 TeV, 36.1-139 fb~'
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Linear parameterisation
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Summary

* New single- and multi-boson measurements at the LHC
* Precision measurement of the Z boson invisible width
* Measurement of the t lepton polarization in Z boson decays
* Polarization measurements in EWK WZ process
* Azimuthal correlations in Z+jets events (backup)

* Observation of several rare multi-boson production processes:
« WEW=double parton scattering at CMS
« W*Wjj process at CMS
« W*W~jj at CMS (backup)
« Wyy at ATLAS
« WZy at ATLAS

« EW Z(= vv)yjj with high p¥ process in at ATLAS (backup)

* New & Strong constraints on New Physics (EFT):
* Including new rare processes;
 Combinations

Challenges and opportunities ahead with more data and higher quality /

23/03/2023 Moriond EW 2023




Backup
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Observation of W*W ~jj production
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E Multiboson [ DY QCD-induced WW E
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E- [ Uncertainties E
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DNN output

Vector boson scattering measurement:
* Probe the nature of Higgs sector

* Search for BSM effects

DNN exploited to increase the sensitivity
e Llarge An;i, m;;, small Zeppenfeld

1 1 1
Zip = El (T?u 3 (Ujl"'njl)) + (7751 - E(njl‘l'njl)) |

Results:

Observed (expected)
with 5.6 (5.2) o

Fiducial cross-section
measured 10.2 +2.0 fb
(9.1 +0.6 fb expected)


https://arxiv.org/abs/2205.05711

Azimuthal correlations in Z+jets EPJCaccepted  |CM>
arXiv:2210.16139 | /—

Measurement to the azimuthal correlation A¢ between Z and leading jet, and two
leading jets in p# categories; compared to various theoretical predictions.

« Hard partonic radiation increases in high p% : probe QCD effects

* To study the NLO production with PS and hadronization as well as jet multiplicity
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EXPERIMENT

I s o e e e
—e— Data Z(vV)yjj EWK

. . . E’ ATLAS I Z(vV)yjj QCD W(Iv)yjj QCD %
* Previous observation at 5.2 ¢ in ATLAS: Eur. 10 L {ae13 TeV, 130 1" g MIMIEWK Wl . ]
Phys. ] C 82 (2022) 105 5 :?A/j{\":O‘%Sfri@V“"6(rilglej£13inty :
) 102 = =l A8 Te E
* New measurement with extra p¥ > 150 GeV P =
requirement to enrich the QGC events: 10 L, E
* observed (expected): 3.20 (3.70) 1 o =
BDT to separate signal from backgrounds 10
2 al I I I I | I I I ] q q
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BDT classifier response
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https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
https://arxiv.org/abs/2208.12741
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