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Introduction

» Precision measurements of electroweak physics
provide compelling tests of the Standard Model

theory
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» LHCDb’s forward coverage provides unique
perspective on such measurements

L1

» Requires a good understanding of QCD, the LHC
collision environment and the detector itself

= Alignment conditions: curvature bias
corrections

= QCD & collision environment: Z 4+ D analysis
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Curvature-bias
corrections



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

pr Pr p*

M* = —TJ_;M = [2ptp~ —2 (1—cos@) = [2p*p: — (1 —cosb)
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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
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Curvature-bias corrections

LHCb, 2016 magnet-up
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» Pseudomass method used in measurement of my, using < ;(5) _ _I2 S
2016 dataset sk =
10+ 141 «
05} .
» Implementation has since been updated: 82 10
—1:0 N 1 —-1
= Assumption that (p{) = (p7) not perfect = some of —;(5) i [
. .y . —zUr 7 -2
asymmetry in peak positions due to vector — axial- 25t I
i -3.0 t., : _
vector coupling of Z boson L 3
= To avoid correcting this physics bias out of the data, .
= 4t g e F
calculate § as S if e
L 3 SSll _
5 = 5DATA — 5MC :m' g —— POWHEG + Pythia8, (5= 13 TeV ]
r% jii %j: —a— sin%(0,,) =0.228 ]
Ez‘g + —s— sin%(f,;) =0.235

" Smc 1 -2 orders of magnitude smaller than dpata
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» \Verified that corrections do not depend on physics
modelling using generator level simulation with varied values

for the weak mixing angle

Difference [107° /GeV]

N
= SREST- NV NI )

Keira Farmer IOP Joint APP and HEPP Annual Conference 2025 5


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

Curvature-bias corrections

» 0(20%) improvement in resolution of width of

JINST 19 (2024) P03010

» Non-physical trends in m,, as a function of

Z mass peak ¢ removed
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https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010

Measurement of m,

» Measurement of the Z boson mass using LHCb

—— Total uncertainty data collected during 2016 was recently presented
Statistical uncertainty at the LHC Seminar
Uncertainty source Size (MeV)
LEP Combination Momentum calibration 4.1
» Phys. Rept. 427 (2006) 257 . c
z Signal QED corrections 0.8
;g: CDF .
8 B Science 376 (2022) 170 i Parton distribution functions 0.7
22 | LHCb Preliminary X Detection efficiency 0.1
LHCb-PAPER-2025-008 .. .
0 MGREAEEIIA I i 0 i Statistical uncertainty 3.5
2 Electroweak Fit (J. de Blas et al)) N
- PRD 106 (2022) 033003 Total 9.5
23 | | 1
91160 91180 91200 91220 . . :
m, [MeV] » Curvature bias corrections contribute 0.7 MeV to

the momentum calibration uncertainty
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https://indico.cern.ch/event/1525997/

Z + D analysis



Motivation

c Z
g c
» Previous LHCDb studies of Z + c-jets yield results that C .
could be explained by the proton having an intrinsic
charm content [Phys. Rev. Lett. 128 (2022)] g 7
g c
(a) (b)
» Occurs at large values of
@ Bjorken-x — region of proton
probed through Z 4+ D events » Z + D events can occur via either single
‘ [Phys. Rev. D 109 (2024)] parton scattering (SPS) or double parton
GG scattering (DPS)
» Existence of intrinsic charm still oZ oD
disputed [Eur. Phys. J. C 83 (2023)] Oppg = ——
Oeff

» Investigate what fraction of Z + D events
occur via SPS compared to DPS
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.082001
https://doi.org/10.1103/PhysRevD.109.L091501
https://link.springer.com/article/10.1140/epjc/s10052-023-11530-x

Datasets & event selection

> Follows on from previous observation of Z + D° and Event selection
Z + D% events using /s = 7 TeV dataset
[JHEP 091 (2014)] » Selection of Z candidates follows those of the 2016

my, analysis [JHEP 01 (2022) 036]

» Using /s = 13 TeV data collected between 2016 and

2018 » D meson candidates selected using modified version
DO = K-m+ of trigger requirements from charm production
cross-sections analysis [JHEP 05 (2017) 074]
Z - utu” DY > K ntn?
D} - K*K-m* » Modifications target and improve the
selection efficiency for high-p D mesons

» Trigger on Z boson only = unbiases selection
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https://link.springer.com/article/10.1007/JHEP04(2014)091
https://link.springer.com/article/10.1007/JHEP01(2022)036
https://link.springer.com/article/10.1007/JHEP05(2017)074

D meson mass fits

Events / 2 MeV

» Signal PDF: double Gaussian » Functional form of fits found to be unbiased:
= Mean of each Gaussian fixed to known m,, » 50 independent samples of
= Widths of each Gaussian allowed to vary = ~ 200 MC signal events events
freely . L
= ~ 100 uniformly distributed
» Background PDF: first-order polynomial background events
D° > K mt D" -> K ntmt D > K K*m*
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Signal yields

Z+D°

% o2E- LHCb unofficial L o ooz aroe » Inclusive Z sample found to be > 99% pure = signal yields obtained
E E i : D from D meson mass fits
% 0.14%— lLJL
=] 0.125—
2 uE l 1 | » Efficiencies determined using simulation, with corrections to
; Z-ZZE: T ++ account for differences between data and MC applied

0.045— ‘7 T

o.ozf— i ij_i +7 -0-_._,
— Z'_“+’:£|+|7||"T +"'F‘Q=—0—.-t¢.=.= . 7 D Z+D D 7
£ OM’W - € = €recgsel X €recgsel X €sel X €pIp X €irg

80 85 90 95 10;)n#u [Ge\;i)S
» Fraction of Z events which also contain a D meson: » Determine N(Z + D)/N(Z) as a function of y(2)
N(Z + D) 1
X = Do we observe an enhancement for
D Z+D D
N(Z) €rec&sel X €sel X €pip

large y(z) and large pr(D)?
— Intrinsic charm
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Azimuthal opening angle

g 03— —e-pATA LHCb unofficial
Ap = |$(2) — (D)) g omp
> Flat component throughout [0, 7r]: uncorrelated ' s
contribution from DPS events 0.15/—
» Peaking component at ir: contribution from 0-1:— | * |
“back-to-back” Z + D events produced via SPS N
0.05—
O: 1 | | | | | | | | | |
0 0.5 1
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Summary

» Updates to the implementation of the pseudomass method allow a deep understanding of detector alignment
conditions, facilitating precision electroweak measurements

» Studying Z + D production at LHCb provides access to the intrinsic charm content of the proton

> Z+ D% and Z + D* events were observed during Run 1

» Updated analysis with larger Run 2 dataset allows production mechanisms and kinematic properties of the
events to be studied

» Further studies with Run 3 dataset necessary to determine full picture
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