
the isolation variables, that is the calorimeter energy and track momenta in a cone surrounding the muon candidate
with radius ∆R =

√

(∆η)2 + (∆φ)2 = 0.4 in the η−φ plane. The distribution of the NN output for the W -boson data
is fitted to the sum of the signal and background distributions, with the background fraction as the free parameter for
χ2 minimization. The signal sample is obtained from W → µν events generated with pythia [101, 102] and the CDF
geant-based simulation [86]. The background sample is obtained from data satisfying the W → µν selection criteria
except for the additional criteria of pνT < 10 GeV and uT < 45 GeV. The jet misidentification background is computed
separately for |η| < 0.6 and |η| > 0.6 since different muon detectors operate in these regions. The background fractions
are found to be consistent with each other and with zero. For the MW measurement we use the combined best-fit
fraction of (0.01± 0.04stat)%.

The decay-in-flight (DIF) background is caused by low-momentum, long-lived mesons such as pions or kaons de-
caying to muons in the tracking volume, resulting in the reconstruction of high-pT kinked tracks. As described in
Ref. [43], the pattern of hit residuals indicating such kinks, the track impact parameter, and the fit quality are used
to both reduce and estimate the DIF background. The distribution of the track fit χ2/dof from W → µν candidates
in the data are fit to a sum of signal and DIF background templates with the background fraction as the free param-
eter. Muons from Z → µµ data are used to provide the signal template and W → µν data with large track impact
parameters (2 < d0 < 5 mm) provide the DIF background template. The contamination of real W → µν events in
the background template due to the d0 resolution is taken into account using the Z → µµ data. The DIF background
fraction is estimated to be (0.20±0.14)%. Systematic uncertainties are estimated by comparing background templates
made from different impact-parameter regions and from different requirements on the hit residual patterns.

Muons from cosmic rays are removed with efficiency greater than 99% using a dedicated tracking algorithm [51].
The cosmic-ray background estimated for a previous data set [39] is reduced by the ratio of run-time to integrated
luminosity to obtain the background fraction of (0.01± 0.01)% in the current sample.

TABLE S6: Various background fractions in the
W → µν data set, and the corresponding uncertainties
on the mT , pµT , and pνT fits for MW due to background
normalization and shape (in parentheses). Where
applicable, a negative sign is used to indicate a
negative correlation between fits.

Fraction δMW (MeV)

Source (%) mT fit pµT fit pνT fit

Z/γ∗
→ µµ 7.37± 0.10 1.6 (0.7) 3.6 (0.3) 0.1 (1.5)

W → τν 0.880± 0.004 0.1 (0.0) 0.1 (0.0) 0.1 (0.0)

Hadronic jets 0.01± 0.04 0.1 (0.8) -0.6 (0.8) 2.4 (0.5)

Decays in flight 0.20± 0.14 1.3 (3.1) 1.3 (5.0) -5.2 (3.2)

Cosmic rays 0.01± 0.01 0.3 (0.0) 0.5 (0.0) 0.3 (0.3)

Total 8.47± 0.18 2.1 (3.3) 3.9 (5.1) 5.7 (3.6)

TABLE S7: Background fractions from various sources
in the W → eν data set, and the corresponding
uncertainties on the mT , peT , and pνT fits for MW due
to background normalization and shape (in
parentheses). Where applicable, a negative sign is used
to indicate a negative correlation between fits.

Fraction δMW (MeV)

Source (%) mT fit peT fit pνT fit

Z/γ∗
→ ee 0.134± 0.003 0.2 (0.3) 0.3 (0.0) 0.0 (0.6)

W → τν 0.94± 0.01 0.6 (0.0) 0.6 (0.0) 0.6 (0.0)

Hadronic jets 0.34± 0.08 2.2 (1.2) 0.9 (6.5) 6.2 (−1.1)

Total 1.41± 0.08 2.3 (1.2) 1.1 (6.5) 6.2 (1.3)

The mT , pµT , and pνT distributions for the various backgrounds are added to the signal simulation templates for the
MW fits. The background templates are obtained from the custom simulation for W and Z boson backgrounds, from
identified cosmic ray events for the cosmic ray background, and from muons in W → µν events with large d0 and
DIF-like hit residuals (isolation) for the decay-in-flight (hadronic jet) background. After including uncertainties on
the shapes of the distributions, the total uncertainties on the background estimates result in uncertainties of 3.9, 6.4,
and 6.8 MeV on MW for the mT , pµT , and pνT fits, respectively (Table S6).

B. W → eν Backgrounds

We model the Z/γ∗ → ee background using the custom simulation. It is important to model the uninstrumented
regions (cracks) in the EM calorimeter, and the EM and hadronic calorimeter response in these cracks. We tune the
custom simulation of these detector attributes using a control sample of Z/γ∗ → ee data, in which one electron is
the fiducial electron and the second is associated with a track pointing toward a crack region. The tuned simulation
reproduces the rate for the second electron to pass through the crack regions, as well as the distributions of the ratios


