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FIG. S15: Measured energy scale as a function of electron ET for W → eν (left) and Z → ee (right) data, with the
line SE = 1 overlaid. The simulation is corrected with the best-fit value of ζ = (7.2± 0.4)× 10−3 in Eq. (S1).

TABLE S3: Summary of momentum scale
determinations using J/ψ-meson data and Υ-meson
data with (BC) and without (NBC) beam-constrained
tracks. The systematic uncertainties for the Υ samples
are obtained using BC Υ data and assumed to be the
same for NBC Υ data, since the sources are completely
correlated.

Sample ∆p/p (ppm)

J/ψ → µµ −1401± 2stat ± 29syst
Υ → µµ (NBC) −1371± 13stat ± 34syst
Υ → µµ (BC) −1380± 10stat ± 34syst

TABLE S4: Summary of MZ measurements (in MeV)
obtained using subsamples of data containing events
with nonradiative electrons (E/p < 1.1), one radiative
electron (E/p > 1.1), or two radiative electrons.
Calorimeter-based and track-based measurements are
shown for each category; uncertainties are statistical
only.

Electrons Calorimeter Track

E/p < 1.1 only 91 190.9± 19.7 91 215.2± 22.4

E/p > 1.1 and E/p < 1.1 91 201.1± 21.5 91 259.9± 39.0

E/p > 1.1 only 91 184.5± 46.4 91 167.7± 109.9

with the E/p-based calibration, consistent with the known value of MZ at the level of 0.4σ. The systematic uncer-
tainties on MZ are due to the E/p calibration (6.5 MeV), the COT momentum-scale calibration (2.3 MeV), alignment
corrections (0.8 MeV), and the QED radiative corrections (3.1 MeV). Following this validation of the E/p-based
calibration, the MZ measurement is combined with it to obtain the final electron energy calibration for the MW

measurement, with a corresponding uncertainty of 5.8 MeV.
We test the detector simulation by measuring MZ using electron track momenta in three configurations: neither

electron radiative (i.e., both with E/p < 1.1), one electron radiative (E/p > 1.1), and both electrons radiative.
The results of the fits are shown in Table S4 and Fig. S16. Combining the measurements of events with at least
one radiative electron gives MZ = 91 226.3 ± 19.4stat MeV, consistent with the known MZ . The calorimeter-based
measurements in the same categories of radiative and nonradiative electrons also provide consistent results (Table S4
and Fig. S16).

We combine the Z → ee mass measurement from Eq. (S13) with the E/p-based calibration, which set SE to unity
with an uncertainty of 76 ppm. Taking the correlations due to COT alignment and calibration, the calorimeter non-
linearity parameter ζ and QED radiative corrections into account, we obtain the final calorimeter-energy scale-factor

[∆SE ]E/p+Z = −14± 72 ppm (S14)

to be applied to the W -boson data for the MW measurement. The Z → ee mass-based calibration carries a weight of
20% in this combination.


