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EW motivation at LHC:

e Cross sections, better
understanding of SM
predictions

e Backgrounds for searches
e SM parameters
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Provides critical tests of SM (NNLO QCD and NLO EW
predictions are available)

Requires precise understanding of different sources of
uncertainties, both experimental and theoretical



https://arxiv.org/pdf/1803.01853.pdf
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https://www.science.org/doi/10.1126/science.abk1781

Measurements disc

» Forward-Backward asymmetry Az and ang
Eur. Phys. J. C 78 (2018) 701
> ATLAS: ATLAS-CONF-2018-037
JHEP 08 (2022) 063
Phys. Rev. Lett. 129 (2022) 091801

» L + 2jets EWK
> ATLAS: Eur. Phys. J C81 (2021) 163

» W branching fraction
Phys. Rev D, vol.105, iss.07 (2022) 2008

> Z invisible width
arXiv: 2206.07110

> L— lly decays
> ATLAS: ATLAS-CONF-2022-046

»> Observation of polarisation states in WZ production
» ATLAS: ATLAS-CONF-2022-053



https://doi.org/10.1140/epjc/s10052-018-6148-7
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/
https://link.springer.com/article/10.1007/JHEP08(2022)063
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.091801
https://link.springer.com/article/10.1140/epjc/s10052-020-08734-w
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072008
https://arxiv.org/abs/2206.07110
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-053/

Forward-Backward Asymmetr

Eur. Phys. J. C 78
ATLAS: ATLAS-CONF-2018

® Vector and axial-vector couplings in NC annihilation
_ o -
93 = Z/y* = EC B f(gl, + ghvs)

e Differential cross section

do 4ma’ [ 3 3 ' —— )V
d(cosf) 33 [E‘d‘“”‘“ H)"B“‘“SQ‘ ”

e Collins-Soper frame, the events are classified to forward
and backward in CS to calculate the A

OrF —OUOR
Apg =
Op+0pg



https://doi.org/10.1140/epjc/s10052-018-6148-7
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/

Dilution of A
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Effective mixing angle results

CMS Nominal NNPDF3.0 18.8 (uu) + 19.6 (ee) fb" (8 TeV)

Muon
Electron

Combined

0.229 0.23 0.231 0.232
sin’0.,

CMS Weighted NNPDF3.0 18.8 (uu) + 19.6 (ee) fb” (8 TeV)
Muon
Electron

Combined

0.232

Statistical uncertainty still dominate, followed by PDF,
that was reduced by reweighting by 50% .
Experimental uncertainties are relatively small ,
theoretical are dominated by QCD/scales




Effective mixing angle:
experimental summary

LEP + SLD | | | 0.23153 + 0.00016
LEP + SLD: A’y 0.23221+ 0.00029
SLD: A, 0.23098 + 0.00026
CDF ee+up 9.4 fb” 0.23221 + 0.00046

DO ee+pp 9.7 fb! 0.23095 + 0.00040

ATLAS ee+pup 4.8 fb™ ! 0.23080 + 0.00120

LHCb pp 3 b : - 0.23142 + 0.00106

CMS pup 18.8 fo’ = < 0.23125 + 0.00060

CMS ee 19.6 b ' 0.23056 + 0.00086

CMS ee+up 0.23101 + 0.00053

I 1
0.232 0.233




Ars at high dilepton masses
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No sighature of violating of
the lepton universality.
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https://link.springer.com/article/10.1007/JHEP08(2022)063

Angular coefficients in Z eve

LHCb: Phys. Rev. Lett. 129 (2€

The angles are defined in Collins-Soper frame. Differe
Cross section can be written as:

do _ 3 dﬂ-U+L
dp?% dy” dm? dcos@dg 167 dp? dy” dm? Tepton plane

2 1 2
{(1 +cos” @) + 3 Ao(l —3cos“f)+ A; sin28 cos¢

1
+— Ay sin®6 cos2¢ + Az sinf cos¢ + Ag cosf

2
+As sin® 6 sin2¢ + Ag sin26 sing + A7 sinf sinqﬁ}.

AO-A3 become not 0 at NLO ;
AO-A2=0 Lam-Tung relation (valid at O(as)) ;
A4 is only coefficient !=0 at LO ;
A5-A7 appear at NNLO .



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.091801

Angular coefficients in Z eve

LHCb A » Measurement + Uncertainty
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Angular coefficients in Z eve

LHCb : y>2,75<M <105 GeV/c*
Vs=13TeV,5.1 fb" Ay -

- e 2 : » Measurement + Uncertainty
y>2, 50<Mw<75 GeV/c _ % POWHEG+PYTHIA

T DY, LHCb tune MCs are not
) + ResBos . .
TV FH Ny T describing
well the low
mass and low

P; region.




EW production of Z with two }

ATLAS: Eur. Phys. J C81 (2021)

Signal
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Background
no weak boson exch. in t-channel
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https://link.springer.com/article/10.1140/epjc/s10052-020-08734-w

EW production of Z with two }
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EW production of Z with two }
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Herwig+Vbfnlo describes data,
other MCs provide satisfactory description




Measurement of the W branching

fraction Phys. Rev D.105.072008
LEP: R;/(e4p=1.066 £ 0.025 !l 2.60
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Results are consistent with SM and are more precise than LEP



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072008

Z boson invisible width

arXiv: 2206.C

o(Z+jets) B(Z — vv)

HZ =) = (7 fjew)BZ — £0)

I['(Z— ¢

450 + 48 MeV

L3 498 + 17 MeV

OPAL 539 + 31 MeV

LEP combined 503 =16 MeV

CMS 523 + 16 MeV
(13 TeV 36.3 fb~ 1)

Single most precise measurement, compatible with SM



https://arxiv.org/abs/2206.07110

L— [y decays ATLAS: ATLAS-CONF-2023
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S photons in Drell-Yan production
: " @l of Z bosons decaying to an
electron or muon pair.
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The results are in agreement with predictions of MC generators
containing state-of-the-art QED FSR calculations.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-046/

Polarisation states in WZ produ

ATLAS: ATLAS-CONF-2022-053 _ _ ATLAS Preliminary
B3 Vs =13 TeV, 139 fo”
Multivariate discriminant is E e
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v Powheg+Pythia

E : : ' — 68 :/o Confidence Level
joint helicity states. :
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The simultaneous pair-production of longitudinally polarised
vector bosons is measured for the first time with a
significance of 7.1 standard deviations.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-053/

Conclusions

®* Few recent EW measurements were presented.

e The measurements are at 13 TeV with partial or full
Run2 statistics.

® |[n many cases we are already restricted by
systematics, understanding of uncertainties is
extremely important.

¢ | ooking forward to see Run3 results soon !







