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Theory prediction
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Tree level prediction: m; > 80 GeV,

Higher precision requires loop corrections

Indirect m, = 91204.7 + 8.8 MeV
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The LEP legacy
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Prospects of Z measurements at LHC %

Designed to be a discovery machine. |s precision EW possible?

_ LEP LHC

Production model ee PDF
Observables through beam energy  through final states
Calibration Beam energy Detector



Prospects of Z measurements at LHC %

Science 374 (2022) 6568
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LHCb @ CERN

Integrated Luminosity [fb ]

Tracking ranges
ATLAS / CMS: n|< 2.5 * Originally for b/c physics
LHCb: 2 <n <5 e General Purpose! ;



LHCb EW program

LHC 13 TeV Kinematics
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Z measurements at LHCDb

iy

Sensitive via the dimuon mass distribution
e m; hypothesis varied by reweighting full simulation with templates
e Build off previous EW precision measurement tools

e Difference between data and simulation needs to be well under control



Dataset and selections

S

Strategic choice to use 2016 dataset e Quarkonia selection of:
Vs =13 TeV e Y(1S) — upu(calibration)
* /Y — pu(cross check)
e Signal selection of: e Muonn:22<n<44
o/ - uu e Muon Py > 5 GeV
e Muonn:22<n<44
« Muon P, > 20 GeV
» [dentified muon candidate matched Z = up 170k
to single muon trigger path. Y(1S) - uu 190k

* 86 < My, <96 GeV J/W — pu 48k



Backgrounds
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The momentum response

S

pt s (1+ a+ 2 F pH)(1+aR,0,)(1 + bR, )p,

p=

R~N(0,1), a = f(n), b = p*/cosh(n)

a: momentum scale
f:Energy loss
0:detector misalignment
o;1: Material scattering
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1.Charge-dependent curvature bias %
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Misalignments lead to curvature bias

0 largely can be estimated by the
difference between M™ and M~
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1.Charge-dependent curvature bias
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2. Time varying momentum scale

e Time dependent mass scale In
LHCb

 Extract the Y(1S5) line shape
parameters in bins of the 2016
data-taking period 2024 jiNsT 19 P02008
e Correct mass scales by
comparing with PDG values

e Corrected In data

Momentum-scale offset

p

pt-> 1 +a+ p_i +6pH)(1 + aRy0,)(1 + bR,0,pT)pt
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PRL 135 (2025) 161802
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3. Phase space momentum scale
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e L ocalised biases across the detector '

e Corrections in 16 binsofn / ¢

e Extract Y(1S5) lineshape parameters
from each bin for data and simulation

e Correct simulation to match data

pf-> (1 +a+

p

p*

+6pH)(1 + aRy0,)(1 + bR,0,pT)pt

Momentum-scale offset

0.0010

0.0005

0.0000

—-0.0005

~0.0010

-0.0015 Ll

(n, ¢) interval

AL DL L BELEL AN NN BN B B L
* Data LHCb 1.7 fb_l:
¢ Simulation h
: § ! ¢ :
3 :
i 0 . -
SR t+.‘1+'+++‘-
r } {
a ** N
E PRL 135 (2025) 161802 {7
| Lo o b o o ol o 0l s o vl e s e vy
0 2 4 6 8 10 12 14

15


https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d

4. Momentum smearing

PRL 135 (2025) 161802
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Muon reconstruction efficiencles

S

* Muon trigger, ID, and tracking efficiencies measured in data and
simulation with the tag-and-probe method

* Contributes 0.1 MeV to the uncertainty

17



Signal templates

Pythia (LO + LL) was used to generate

the simulation. Want to: The POWHEG BOX
e Vary my,
 [ncrease accuracy of predictions

Signal templates generated from
POWHEG(NLO), Includes QED Predictions
at NLO

Samples generated by varying m;
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-SR correction and PDF sets

Final state radiation correction:
 QED radiative corrections for sub-leading
FSR (eg: soft/collinear emissions)

e Specific tools to model QED FSR exists
(photos / pythia)

Soft photon emission

PDF sets:
NNPDF3.1 NLO (default), MSHT20NLO and CT18NLO

19



Fitting my

PRL 135 (2025) 161802
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Systematic uncertainties

TABLE I. Systematic uncertainties on the m; measurement.

Size [MeV]

Source Uncertainty [MeV] Detector material description 2.6
Momentum calibrati(.)n. 3.6 Smearing fit 18
Theory template statistics 1.0

Signal final-state radiation 1.0 Mass of the Y(15) 1.5
Parton distribution functions 0.7 Curvature biases 0.7
Detection efficiency 0.1 QED corrections for Y(1S) 0.6
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Result
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e

summary and Future prospects

e m; measurable at LHCD!

my; = 91185.7 + 9.2 MeV

e Results consistent with SM and previous measurements
e First dedicated measurement at the LHC

e For LHCb e For the LHC

e Massive success with m; , my, * Looking positive for CMS and ATLAS

e Full Run 2 measurements are ongoing « Momentum uncertainties uncorrelated
~5MeV my? between experiments

~ 20 MeV myy, ? e Can challenge LEP together!
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