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Overview

> The LHCDb detector

» Probing QCD with electroweak bosons

= Measurement of the Z boson production cross-section in pp collisions at
Vs =5.02 and 13 TeV

> Precision electroweak measurements

= Curvature-bias corrections using a pseudomass method
» Measurement of the W boson mass

» Measurement of the effective leptonic weak mixing angle
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The LH Cb detector JINST 3 (2008) S08005

Int. J. Mod. Phys. A 30, 1530022 (2015)

» Single arm forward spectrometer

» Designed for heavy flavour physics but can also be used as a
general-purpose forward detector

» Suitability for electroweak physics:

» Very good momentum resolution for high momentum

Side View HCAL .
SPDPS vy M4 particles
RICH2 M M2 ) . ‘e . .. .
e e—— = Excellent particle identification efficiencies

L1

= Occupies complementary region of phase space to
ATLAS and CMS
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://arxiv.org/abs/1412.6352

Probing QCD with electroweak bosons
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Phys. Rev. D 93, 074008 (2016)

» An accurate model of QCD is critical in understanding the LHC
collision environment

» Measurements of W and Z production cross-section facilitate
precise tests of the SM predictions obtained from perturbative
QCD calculations

» Also provide constraints on the proton PDFs

» Large uncertainties on PDFs in very large and very small
Bjorken-x regions (x~0.8 and x~10~%, respectively)

» LHCDb’s forward acceptance allows measurements of highly
boosted Zs = sensitive to these regions
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.074008

Z production cross-section

» Measurements of Z production cross-
section made using Run 2 data at both
\/s =5.02 and 13 TeV

* Previously published
measurements at 7 and 8 TeV

» Differential cross-sections determined
in bins of y#, p# and ¢,;, with
reasonable agreement between data
and theoretical predictions

VA
b = tan[(z - Ap") /2] sin(6;) ~ o
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https://link.springer.com/article/10.1007/JHEP02(2024)070
https://link.springer.com/content/pdf/10.1007/JHEP07(2022)026.pdf
https://arxiv.org/abs/1505.07024
https://arxiv.org/abs/1511.08039

JHEP 02 (2024) 070

Z production cross-section JHEP 07 (2022) 026
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https://link.springer.com/article/10.1007/JHEP02(2024)070
https://link.springer.com/content/pdf/10.1007/JHEP07(2022)026.pdf

Precision electroweak measurements

» Can also use W and Z bosons to investigate the fundamental
electroweak interaction

» Whilst studies of QCD are carried out with 0(1)% precision,
competitive electroweak measurements have a precision of
0(107%)

» Measurements with this precision provide compelling tests of
the Standard Model theory

» Requires excellent understanding of QCD, the collision
environment and the detector itself
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Curvature-bias corrections
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Dipole magnet

» Good understanding of detector alignment critical for accurately
measuring muon pr

> 5um misalignment can lead to 0(50) MeV bias in my,

» Misalignments cause curvature-biases of the form

a,49_49,¢
p p! p

» Such biases are the leading experimental systematic in the
measurement of my,
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JINST 19 (2024) P03010

> Corrected for using the pseudomass (M*) method
with Z - u*u~ decays

T T p*
M* = —TJ_;M = [2ptp~ —_TT(l —cosf) = Zpip;—f—1 (1 —cos6)
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> & proportional to asymmetry in peak position of M+
and M~


https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010

JINST 19 (2024) P03010

Curvature-bias corrections

» 0(20%) improvement in resolution of width of » Non-physical trends in m,, as a function of
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https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010

JHEP 01 (2022) 036

W mass measurement
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» Precision measurements of m;, sensitive to BSM physics

» Hadron collider measurements limited by uncertainties in modelling, in particular PDF uncertainties

» LHCb’s forward acceptance allows PDF uncertainty to partially cancel in LHC
combination
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https://link.springer.com/article/10.1007/JHEP01(2022)036

JHEP 01 (2022) 036

W mass measurement
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https://link.springer.com/article/10.1007/JHEP01(2022)036

W mass measurement

JHEP 01 (2022) 036

Total uncertainty

Statistical uncertainty

Tevatron I combination
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DO II

> Measurement made using 2016 dataset; 1.7 fb~! pp collision data
at /s = 13 TeV
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https://link.springer.com/article/10.1007/JHEP01(2022)036

JHEP 01 (2022) 036

W mass measurement

Total uncertainty > Measurement made using 2016 dataset; 1.7 fb~! pp collision data
Statistical uncertainty at \/E = 13 TeV
Tevatron I combination my = 80 354 £ 23stat * 10exp * 17theory * 9PDF MeV
PRD 70 (2004) 092008

DO I
PRL 108 (2012) 151804

» Ongoing work to include data from 2017 and 2018

LEP combination
Phys. Rept. 532 (2013) 119 ) o o
LHCb » Predicted statistical precision of ~ 14 MeV
JHEP 01 (2022) 036 . . _
CDFTI » Further studies of theoretical aspects carried out
Science 376 (2022) 170 . ) . ) o
ATLAS = (Calibrations, momentum scale and efficiencies optimised
arXiv:2403.15085
CMS
CMS-PAS-SMP-23-002

Electroweak Fit (J. Haller et al)
EPJC 78 (2018) 675

Electroweak Fit (J. de Blas ef al)
PRD 106 (2022) 033003
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https://link.springer.com/article/10.1007/JHEP01(2022)036

arXiv:2410.02502 [hep-ex]

Effective leptonic weak mixing angle

Phys. Rept. 427:257-454, 2006

> At lowest-order the weak mixing angle relates the U(1) and SU(2) gauge coupling A . 0.23099 + 0.00053
2
. myy
SIHZQW =(1- —
mz
AL —v— 0.23221 + 0.00029
> sin? 8% describes higher-order terms AL +— 0.23220 £ 0.00081
ap” X 0.2324 +£0.0012
» Measured using Z — u*u~ production
Average gl 0.23153 £0.00016
do 2 A% N 10 % v 7/d.0f:11.815
——x 1+ cos“6" + acosb ]
dcosf o
>
Q
» a comes from products of vector and axial-vector couplings = sensitive to the S
weak mixing angle =
10 % & Ao, = 0.02758 + 0.00035
] EZEm=178.0+ 4.3 GeV
> Linear in cos 8* = causes forward backward asymmetry in Z - u*u~ production 023 'I t' 0234
ep
_ _ sin“@
4 N~ > -N@*" >n7) e
BTN > +N0T >1n0) Over 3¢ difference between two most

precise determinations (LEP and SLD)
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https://arxiv.org/abs/2410.02502
https://doi.org/10.1016/j.physrep.2005.12.006

arXiv:2410.02502 [hep-ex]

Effective leptonic weak mixing angle
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Electroweak Fit (J. Haller et al))
EPJC 78 (2018) 675

Electroweak Fit (J. de Blas et al.)
PRD 106 (2022) 033003

» Comparing Apg with predictions at NLO in strong and EW
couplings allows sin? 8 to be extracted

Direct

Determinations  Measurements

Indirect

sin? 0% = 0.23147 + 0.000444,¢ + 0.000054,¢; + 0.00023p,c0r 02 oms om0z oz
eff stat syst theory
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https://arxiv.org/abs/2410.02502

Summary

» LHCb’s forward coverage offers a uniqgue and important role in the study of electroweak physics

» Measurements of the Z production cross-section provide constraints on PDFs in the large and small
Bjorken-x regions

» A deep understanding of the detector conditions allow precision electroweak measurements to be
made

» Competitive measurements of my, and sin? 8% have been made, with the future analysis of Run 3
data predicted to significantly improve the statistical uncertainty
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JINST 19 (2024) P03010

Curvature-bias corrections

LHCb, 2016 magnet-up
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https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010

Chin. Phys. C 47 93002

Rare W and Z decays

> First reported search for Z - D°y(-» K~ n*) and an updated study of W* - Dfy(—» K*K n*)

> Uses 2018 dataset; 2.0 fb~! collected at /s = 13 TeV
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https://iopscience.iop.org/article/10.1088/1674-1137/aceae9

Chin. Phys. C 47 93002

Rare W and Z decays

» No significant excesses observed

» Absolute branching ratio upper limits at 95% confidence level:

= 65x10"*forW - D}y
= 2.1x1073forZ - D%
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