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Electroweak Physics in the 2020s

• Current measurements of EW 
observables are consistent with 
the SM predictions.

• CDF W boson mass measurement 
needs dedicated discussion, see 
EWK session at 5:00pm

• Precision measurements of EKW
observables allow to search for
New Physics effects

SM inputs

CC observables

NC observables

Global analysis of electroweak data in the 
Standard Model      December 2021
https://arxiv.org/pdf/2112.07274v1.pdf

Dedicated session
today’s afternoon
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Electroweak Physics at LHCb

LHC 13 TeV kinematics

LCHb detector covers the forward region 

Complementary to ATLAS and CMS

LHCb characteristics  allow to perform unique observable 
measurements! At this conference:

• Dark Matter searches (Daniel Johnson)
• Jet fragmentation and QCD measurements (Naomi Cooke)
• Probing Parton Distribution Functions (Menglin Xu)
• W mass measurement (Miguel Ramos Pernas)
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General Purpose Detector in the Forward Region 

[Int. J. Mod. Phys. A30, 1530022 (2015)]

VELO

MAGNET

MUONCALO

RICH

TRACKER

Excellent tracking:
• momentum resolution

!"
"
~ 0.5 − 1% for	tracks

(5 − 100 GeV/𝑐)
• efficiency > 96%
• IP resolution ∼20μm for

high pT tracks

Well suited also for electroweak measurements:
§ full rapidity coverage 2 ≤ 𝜂 ≤ 4.5 (ATLAS/CMS 𝜂 ≤ 2.5);
§ low momentum triggers;
§ low pile-up environment.
Disadvantages:
o low acceptance for high mass objects, low luminosity respect to ATLAS/CMS;
o no missing energy measurement.
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✻ Test NNLO QCD and used for constraining u- and d-quark parton distribution function. 

✻ Data: 2016-2018 5.1 ± 0.1 fb-1
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𝒁𝟎- boson Cross Section

Nbck/Nsig ~2%

arXiv:2112.07458

𝜎 𝑍 → 𝜇!𝜇" = 195.3 ± 0.2(𝑠𝑡𝑎𝑡. ) ± 1.5(𝑠𝑦𝑠. ) ± 3.9(𝑙𝑢𝑚𝑖. )pb

Most precise measurement in the forward region @√s=13 TeV 

See Probing Parton Distribution Functions (Menglin Xu)

http://arxiv.org/abs/arXiv:2112.07458
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𝒁𝟎 → 𝝁C𝝁DAngular Coefficients Measurements  

𝜇"

Di-muon pairs near the 𝑍#-boson mass can
☆ Provide information on EWK parameters. 
☆ Probe proton structure and test underlying 

strong-interaction dynamics as expected by 
QCD.

𝑑𝜎
𝑑 cos 𝜃 𝑑 𝜙

∝ (1 + cos2 𝜃) +

In the Collins-Soper frame

LO term

1
2𝐴# 1 − 3 cos

2 𝜃 +

𝐴$ sin 2𝜃 cos𝜙 +
1
2
𝐴% sin 2𝜃 cos 2𝜙 + 𝐴& sin 𝜃 cos𝜙 +

𝐴' cos 𝜃 +

𝐴( sin 2𝜃 sin 2𝜙 + 𝐴) sin 2𝜃 sin𝜙 + 𝐴* sin 𝜃 sin𝜙

LO term, 𝑃 𝑣𝑖𝑜𝑙𝑎𝑡𝑖𝑜𝑛

≠ 0 at NNLO

≠ 0 at NLO 
𝐴# = 𝐴% Lam-Tung 
relation
𝐴%→ Boer-Mulders 
functions

Fixed to zero in this analysis
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Large
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Ai Results in the 𝒁𝟎-boson region  

First results of pp collisions at 
𝑠 = 13 TeV: 
• Data: 2016-2018 → 5.1fb-1
• 𝑦+> 2
• 75 < 𝑀,,< 105 GeV/c2

Total uncertainty dominated 
by the statistical component

• Lam-Tung relation, 
𝐴# = 𝐴%, violated 
consistently with CMS 
and ATLAS results.

• 𝐴$ not in agreement with 
Pythia8.

arXiv:2203.01602
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A4 – weak mixing angle

𝐴' cos 𝜃 parity violation term

𝐴-. =
𝜎- − 𝜎.
𝜎- + 𝜎.

𝜎-(.): integrated cross section for 
cos 𝜃 > 0 (cos 𝜃 < 0) related to weak 
mixing angle, sin 𝜃1

𝐴-. =
3
8
𝐴'

Possibility to reach the SLD+LEP precision with HL-LHC

JHEP 11 (2015) 190
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Figure 2. The measurements of AFB as a function of the dimuon invariant mass for data compared
to SM predictions for (left)

√
s = 7TeV and (right)

√
s = 8TeV. The SM predictions are calculated

using Powheg interfaced with Pythia for parton showering with the world average value for
sin2θeffW = 0.2315 [27]. The data include both statistical and systematic uncertainties, and the SM
predictions include the theoretical uncertainties described in section 5.

mµµ(GeV) AFB stat. syst. + syst. − theoretical

60− 72 −0.248 0.018 0.011 0.006 0.025

72− 81 −0.144 0.015 0.006 0.003 0.011

81− 86 −0.078 0.013 0.005 0.005 0.005

86− 88 −0.017 0.013 0.007 0.009 0.005

88− 89 0.016 0.013 0.012 0.008 0.005

89− 90 0.023 0.010 0.006 0.006 0.005

90− 91 0.033 0.008 0.007 0.004 0.005

91− 92 0.047 0.008 0.009 0.002 0.005

92− 93 0.082 0.010 0.004 0.010 0.006

93− 94 0.127 0.014 0.004 0.016 0.009

94− 98 0.175 0.012 0.003 0.014 0.009

98− 120 0.259 0.015 0.007 0.006 0.014

120− 160 0.451 0.037 0.004 0.017 0.026

Table 2. Values for AFB with the statistical and positive and negative systematic uncertainties
for

√
s = 7TeV data. The theoretical uncertainties presented in this table, corresponding to the

PDF, scale and FSR uncertainties described in section 5, affect only the predictions of AFB and the
sin2θeffW determination, and do not apply to the uncertainties on the measured AFB.

– 6 –

[CERN-LHCC-2018-027] 

ATLAS-CONF-2018-037

arXiv:2203.01602

https://doi.org/10.1007/JHEP11(2015)190
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/
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✻ 𝐴% is sensitive to transverse momentum dependent (TMD) nucleon parton distribution 
functions, not experimentally tested yet.

✻ Boer-Mulders function is T-odd TMD function involves non-perturbative correlation 
between quark transverse momentum and transverse spin in an unpolarized nucleon.

✻ None of the predictions include non-perturbative spin-momentum correlations.
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𝑨𝟐, Boer-Mulders function 
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Figure 2: Comparison of the measured angular coe�cient A2 with di↵erent predictions, as a func-
tion of the Z-boson pT, in the

::::::::
rapidity region of Z-boson y > 2 and

::::::::::::::::::::::
50 < Mµµ < 75GeV/c2

:
(left)

:
,

50 < Mµµ < 75GeV/c2
:::::::::
(middle) and

:::::::::::::::::::::::
105 < Mµµ < 120GeV/c2

:
(right)105 < Mµµ < 120GeV/c2.

The total uncertainty (shown in the figure) is dominated by the statistical component. The hori-
zontal positions of the theoretical predictions within the bins are adjusted to increase visibility.

:::::::::::
DYTurbo

::::
and

:
ResBos

::::::::::
predictions

::::::::
include

:::
the

:::::::::::
theoretical

::::::::::::::
uncertainties.

we depend. Individual groups or members have received support from ARC and ARDC
(Australia); AvH Foundation (Germany); EPLANET, Marie Sk lodowska-Curie Actions
and ERC (European Union); A*MIDEX, ANR, IPhU and Labex P2IO, and Région
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Deviation from 
predictions

arXiv:2203.01602
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The LHC high statistics data sample is giving the possibility to test electroweak physics 
sector with a precision that could compete with LEP and SLD. LHCb with its coverage and 
detector performance is one of the most important players.

The Run III data will allow LHCb to perform high precision measurement of fundamental 
parameters as sin 𝜃1 and mW
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Summary and Conclusions
Conclusions

• Measurements of sin2θ and mW at hadron colliders: challenging but important.


• Current measurements are consistent between experiments and with the SM 
predictions.


• Much more to come from the LHC experiments in this area in the future!
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surprises may appear…

LHCb-figure-2022-003

https://cds.cern.ch/record/2806574

