
TABLE S2: Fractional uncertainties, in parts per million (ppm), on the tracker momentum scale determined from
the J/ψ and Υ(1S) meson masses reconstructed in dimuon decays. The last column shows the correlation coefficient
between the J/ψ and Υ results. The tracks in the J/ψ → µµ sample are not beam-constrained (NBC) while the
tracks in the Υ(1S) → µµ sample may be beam-constrained (BC). Also shown in the “correlation” column is the
component of the total uncertainty that is correlated between the J/ψ and Υ determinations, which is 16 ppm.

Source J/ψ (ppm) Υ (ppm) Correlation (%)

QED 1 1 100

Magnetic field non-uniformity 13 13 100

Ionizing material correction 11 8 100

Resolution model 10 1 100

Background model 7 6 0

COT alignment correction 4 8 0

Trigger efficiency 18 9 100

Fit range 2 1 100

∆p/p step size 2 2 0

World-average mass value 4 27 0

Total systematic 29 34 16 ppm

Statistical NBC (BC) 2 13(10) 0

Total 29 36 16 ppm

from beam-constrained Υ → µµ data used to obtain these corrections are shown in Fig. S11, after the corrections are
applied.

The COT longitudinal scale sz and twist parameter t need not be identical for the J/ψ and Υ samples because
the track selection criteria are slightly different. The COT contains eight superlayers with 12 sense wires each. Since
the J/ψ mesons are not all promptly produced, their muon tracks are not beam-constrained. To ensure optimal
momentum resolution, all eight superlayers are required to contribute hits to these tracks. In comparison, the tracks
in the Υ, Z- and W -boson samples are required to have at least 6 superlayers contributing hits, which ensures stable
reconstruction efficiency while the beam constraint improves the momentum resolution. The innermost superlayer,
which contributes to the measurement of the longitudinal coordinate due to its 2o stereo angle, has an inefficiency of
≈ 1% due to its high occupancy. Since the stereo angle of each superlayer has been calibrated to about 1% of itself,
a 1% inefficiency can induce a difference of O(100 ppm) in sz between the two track selections. The twist parameter
t corresponds to a relative rotation of ±6 µrad (±12 µrad) of the longitudinal endplates of the COT in the J/ψ (Υ)
sample, equivalent to a ±8 µm (±16 µm) east-west endplate twist at the COT outer radius. The small difference
between samples is again consistent with selection differences and the precision of the relative east-west endplate
alignment.

The longitudinal position calibration of the COT, while relevant for extracting information on track curvature from
the J/ψ → µµ and Υ → µµ mass measurements, is ultimately irrelevant for the MW measurement since the latter
depends only on the track pT and the hadronic recoil measurements. The longitudinal position calibration obtained
from the BC Υ sample is used for the Z-boson mass measurements. Similarly, the twist parameter t is ultimately
irrelevant since its effect is antisymmetric in cos θ and cancels when averaged over the polar angle distribution. It is
incorporated in the alignment solely to monitor and improve the uniformity of the J/ψ → µµ and Υ → µµ samples.

The measurements of ∆p/p with unconstrained (NBC) and beam-constrained (BC) tracks are consistent as shown in
Fig. S12 and Table S3 (their difference is [9±9stat] ppm, where the statistical error on the difference is due to the beam
constraint and is equal to the quadrature difference of the respective statistical errors). The systematic uncertainties on
these measurements are evaluated mirroring the procedure adopted from the J/ψ-based calibration and are detailed in
Table S2. The BC Υ → µµ sample is divided into two equal size sub-samples to check the stability of the momentum
scale versus time and versus instantaneous luminosity. The momentum scales are consistent within the statistical
uncertainty; the difference between the later and earlier datasets is (∆p

p )later − (∆p
p )earlier = (23± 22stat) ppm and the

difference between the higher and lower instantaneous-luminosity datasets is (∆p
p )higher−(∆p

p )lower = (22±22stat) ppm

(the later dataset has a higher average instantaneous luminosity).


