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Introduction - Diboson Production

® Differential measurements of Z~ and WW processes provide inputs for QCD modeling of diboson events and give constraints on

Important probes of the electroweak gauge structure of the Standard Model.

Polarization measurement of WZ process tests the particular way the electroweak symmetry is spontaneously broken via the

longitudinal helicity state.

anomalous gauge boson couplings.

Standard Model Production Cross Section Measurements

Status: July 2021
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-032/

QOutline

@ Measurement of Double-polarization in WZ Production (new!)

@® Zy and WW production in association with jet activity
- Z(— L)y + jets (new!)
- Jet-Inclusive WW(— ep) (new!)

© Summary
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The First Observation of Double-polarization in WZ

® The simultaneous pair-production of longitudinally polarised vector bosons is measured for
the first time with a significance of 7.1(6.2)0. sTbm-2022-01
® Four linear combinations of the joint spin density matrix PAwAlAZN, Are measured,
foo = poooo, for = poo—— + pPoo++, fro = p——o00 + P++00,
frr=prs— +p——ir +p———— + prit+, foo + for + fro + frr = 1 (constraint)

® Categorize events depending on the cos 8}, and cos 6}, observables.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-01/
https://arxiv.org/abs/2211.09435
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The measurements are compared with predictions from Powheg+Pythia and from

NLO QCD fixed-order calculations. Measurement of
Double-
polarization in WZ

Data PowHEGHPyTHIA ~ NLO QCD JsosE T ATLAS Production (new!)
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https://arxiv.org/abs/2211.09435
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® For individual W and Z boson polarization states, the helicity parameters f and f. — fr are March/29, 2023

measured.
Measurement of

3 . 3 « 3. . .
gfL[(l — qw - cos O;w)’] + ng[(l + qw - cosOjw)’] + Zfosm2 Oow (1)

polarization in WZ

3 ) 3 s 3 s Production (new!)
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https://arxiv.org/abs/2211.09435

Differential W/ Cross-section Measurements oIS 202

[\VELR(TEN]
® The inclusive XS of W*Z production in the fiducial region Wik 21} 2P

® Measured: 64.6 + 0.5(stat.) &+ 1.8(syst.) = 1.1(/lumi.) fb Vlees It 6
® Prediction (MATRIX NNLO QCD): 64.0%13 fb Double

polarization in WZ
® The measurements are compared with the NLO prediction from Powheg+Pythia Pt ()
(solid line). The dashed band shows sum of QCD scale and PDF uncertainties. Zy and WW

production in
® All predictions have been scaled to the NNLO QCD integrated cross-section

association with

predicted by MATRIX. Jet activty
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® 7y + jets can be used to test pQCD and constrain

the MC models.

® The measurement covers several observables using the hard and
resolution variables, which is very useful to investigate QCD
modeling in diboson processes.

Measurement of
Double-
polarization in WZ
Production (new!)

) . . i i . Z~v and WW
® Distributions are measured using events in which production in

the Z goes to two leptons and the photon is usually f::?c';f/'lfc with
radiated from ISR.

® Require at least one jet in addition to Zv pair.

® my > 40 GeV and my; + myey > 182 GeV reduce
contribution from FSR.

® 7+ jets is estimated by a 2D sideband method.

T
ATLAS

V5=13TeV, 139 o
iy

Events

m(uy) [GeV]

Summary

® Pile-up background is estimated by using a

data-driven method. “80 90 100 110 120 130 140 150 160 170 °
m(uuy) [GeV]

The paper has been accepted by JHEPI from previous analysis JHEP 03 (2020) 054



https://arxiv.org/abs/2212.07184
https://link.springer.com/article/10.1007/JHEP03(2020)054
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LAS
(5=13 TeV, 139 6"
Zy+iets, 251l

® The fiducial XS for Zy production

Measurement of

Events/GeV

® Measured: + dn i Double-
ol polarization in WZ

533.7 £ 2.1(stat) £ 12.3(syst) £ 9.1(/umi) fb
® SHERPA2.2.11+MEPS@LO:

479.5 4 0.3(stat) fb
® MiNNLOps: 493.0 £ 3.0(stat) fb

= E Production (new!)
<144
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BV Z1)
o

Z~y and WW
production in
association with
jet activity

% ;é&\\\\\\i\\m\w\%&\\w\\&\\\&\w\\%
S o
Source ee +ﬂ}1 (s} 50 100 200 500 1000
Zy+jets signal | 73500 £ 50 (stat.) = 2 600 (syst.) ph+ Py [GeV] .
Z +jets 9800 + 460 (stat.) + 2 100 (syst.) AT e ] LY
tty 3600+ 10 (stat.) + 540 (syst.) 2 b Zeieszol N %;;jﬁ&i"é‘;”;
Pile-up 2500+ 70 (stat.) £ 700 (syst.) g [P
Multiboson 950+ 5 (stat) 280 (syst.) © \
tWy 150+ 1 (stat.)+ 45 (syst.)
Total prediction | 90500 =+ 500 (stat.) + 3 500 (syst.) 20, b
Data 96410

T

50 100 200 500 1000
m [GeV]

Data/SM

arXiv:2212.07184
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Measurement of Z(— ¢()y + jets Production

Man Yuan
® Jet activity is generally well described but some trends are observed in the different Marchi29, 2023

predictions.
Measurement of

® SHERPA describes the data well but underestimates the measured total XS. Others have Double-
polarization in WZ
Production (new!)

some deviations from the data at high jet multiplicity. arXiv:2212.07184
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ATLAS-CONF-2023-012 March 29, 2023
> T T
© 22001 ATLAS Preliminary ~-Data
© 2000F- 5= 13TeV, 140 16" COww
‘ wea wos " £1800F- W Orop Measurement of
5 1600 [orel-Yan
& [Fakes Double-
7, 14001 mwz,zz,

polarization in WZ
Production (new!)

Stat @syst:

Z~y and WW
production in
association with

® Sensitive to the gauge-boson self-couplings.

= T jet activity
. - . %) e
® Provides a test of the predictions of pQCD. E + ;
[=}
. s
® The measurements are performed without any 102 10 e
e
requirement on jets other than b-jets. L a0 Summary
® No b-jets are allowed to reduce the top background. § IO AT 5313\::
® This jet-inclusive measurement allows for the comparison with precise. 460 5'.“ CTop
predictions in pQCD. 50) 5?:2:“
40 mwzzzvy
® me, > 85 GeV to reduce Drell-Yan backgrounds. 30 sireerst
® Events with more than two prompt leptons are vetoed to 20
reduce WZ and ZZ background. 1
0
. . 1. T T
® Dominant background is from top-related processes RS . ,
® tt and fake-lepton background are obtained using data-driven techniques. 8 09 *
0.8 Il L Il 1 L Il

® Other backgrounds are estimated using MC. 0 i} 5 3 vy 5
Number of jets (pT>30 GeV)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-012/

Measurement of Jet-Inclusive WW(— en) Production
® The measured fiducial XS for WW production with WW — eu is

707 £ 7(stat.) 4+ 20(syst.) fb
® The measurements is extrapolated to the full phase space of WW production

127 + 1(stat.) £ 4(syst.) pb

T T
rrrrr Theory Prediction
[ PDF Uncertainty
[ Total Uncertainty

—e— Measurements

— T T T T
iminarv Data
ATLAS Preliminar
Vs=13TeV, 140 fb'¥ [ Statistical Uncertainty
ety 7\; [ Total Uncertainty
PP W —e— Predictions

ATLAS Preliminary
Vs =13 TeV, 140 b
pp - W'W-~

MATRIX 2.0 NNNLO ® NLO EW

This measurem
123 + 1 (pdf) £ 2 (scale) pb

ent
707 + 7 (stat) + 20 (syst) fb

Powheg MINNLO + Pythia8, NNPDF3.0 (*)
654 + 10 (PDF) + 15 (scale) fb

MATRIX 2.0 nNNLO, NNPDF3.1
711+ 7 (PDF) + 16 (scale) fb

MATRIX 2.0 nNNLO ® NLO EW, NNPDF3.1
688 + 7 (PDF) + 15 (scale) fb

(*) + Sherpa 2.2.2 gg—»WW x 1.7

This measurement

127 =1 (stat.) + 4 (syst.) pb

CMS 36 fb'[1]

118 = 1 (stat.) £7 (syst.) pb
ATLAS 36 fb'[2]

137 + 2 (stat.) £ 10 (syst.) pb

[1] Phys. Rev. D 102 (2020) 092001
+ Sherpa 2.2.12 EW qq—»>WWijj [2] Eur. Phys. J. C 79 (2019) 884
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Differential XS of WW(— eu) Production pls 2023

Man Yuan
Excellent agreement with the fixed-order MATRIX prediction is observed. A

March 29, 2023
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Summary

® All measurements mentioned in this talk are carried out using the full run2
data set from ATLAS with /s = 13 TeV, 139 fb 1.
® The first observation of the longitudinally polarised vector bosons in WZ
production with a significance of 7.1(6.2)o
® Fiducial cross-section of Z(— ££)y + jets processes measured to be
533.7 + 2.1(stat.) £ 12.3(syst.) = 9.1(lumi.) fb
® Fiducial cross-section of WW/(— eu) processes measured to be

707 £ 7(stat.) £ 20(syst.) fb
® Run 3 has already commenced with /s = 13.6 TeV and an expected
luminosity that is twice that of Run 2. The increased statistics will be
advantageous in enabling a more thorough exploration of boson polarization
and rare multiboson processes.
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® The transverse momenta of the three leptons and of the neutrino
Measurement of

ZW
° pT Double-
0z polarization in WZ
° 1 Production (new!
Pt (new!)
[ ] 222 Z~v and WW
pT . production in
° EI?ISS association with

jet activity

® The angular variables as the absolute difference between the rapidities of the Z boson and
the lepton from the decay of the W boson

i |yW - ygw‘ Summary
® the azimuthal angle difference between the two leptons of each Z and W-boson decay
* Ap(tV,v)
* Ag(f, 63)
® and the transverse momentum of the W.Z system
° p‘7/_VZ
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