
5

 >                   
µ

T
< GeV / p0 0.2 0.4

) 
  

  
  

  
  

 
o
o

/o
 p

/p
 (

Δ

-1.6

-1.4

-1.2

µµ→ψJ/
µµ→Υ
µµ→Z

combined

)  νe→E/p (W

1 1.2 1.4 1.6

E
ve

n
ts

 /
 0

.0
0

7
  

 

0

50

310×

 ppmstat 43± = 12 ESΔ

/dof = 39 / 332χ

 = 21 %2χP

 = 69 %KSP

FIG. 2: (Left) Fractional deviation of momentum ∆p/p (per mille) extracted from fits to the J/ψ → µµ resonance
peak as a function of the mean muon unsigned curvature 〈1/pµT 〉 (blue circles). A linear fit to the points, shown in
black, has a slope consistent with zero (17± 34 keV). The corresponding values of ∆p/p extracted from fits to the
Υ → µµ and Z → µµ resonance peaks are also shown. The combination of all these ∆p/p measurements yields the
momentum correction labelled “combined” which is applied to the lepton tracks in W -boson data. (Right)
Distribution of E/p for the W → eν data (points) and the best-fit simulation (histogram) including the small
background from hadrons misreconstructed as electrons. The arrows indicate the fitting range used for the electron
energy calibration. The relative energy correction ∆SE , averaged over the calibrated W and Z-boson data (see
Fig. 13 in the supporting online material for this paper), is compatible with zero. In this and other figures, “PKS”
refers to the Kolmogorov-Smirnov probability of agreement between the shapes of the data and simulated
distributions.

The use of proton-antiproton collisions reduces uncertainties on the momenta of the partons and the corresponding
MW uncertainty relative to the LHC, where W bosons are produced from quarks or antiquarks and gluons, the
latter of which have less-precisely known momentum distributions. The moderate collision energy at the Tevatron
further restricts the parton momenta to a range in which their distributions are known more precisely, compared to
the relevant range at the LHC. The LHC detectors partially compensate with larger lepton rapidity coverage. The
improved lepton resolution at the LHC detectors has a minor impact on the MW uncertainty. While the LHC dataset
is much larger, the lower instantaneous luminosity at the Tevatron and in dedicated low-luminosity LHC runs helps
to improve the resolution on certain kinematic quantities, compared to the typical LHC runs.
The data sample corresponds to an integrated luminosity of 8.8 fb−1 of pp̄ collisions collected by the CDF II

detector [43] between 2002 and 2011, and supersedes the earlier result obtained from a quarter of these data [41, 43].
In this cylindrical detector, trajectories of charged particles (tracks) produced in the collisions are measured using a
wire drift chamber (COT) [47] immersed in a 1.4 T axial magnetic field. Energy and position measurements of particles
are also provided by electromagnetic (EM) and hadronic calorimeters surrounding the COT. The calorimeter elements
have a projective tower geometry, with each tower pointing back to the average beam collision point at the center of
the detector. Additional drift chambers [48] surrounding the calorimeters identify muon candidates as penetrating
particles. The momentum perpendicular to the beam axis (cylindrical z-axis) is denoted as pT (if measured in the
COT) or ET (if measured in the calorimeters). The measurement uses high-purity samples of electron and muon
(together referred to as lepton) decays of the W boson, W → eν and W → µν, respectively.

Events with a candidate muon with pT > 18 GeV or electron with ET > 18 GeV [49] are selected online by the
trigger system for offline analysis. The following offline criteria select fairly pure samples of W → µν and W → eν
decays. Muon candidates must have pT > 30 GeV, with requirements on COT-track quality, calorimeter-energy
deposition, and muon-chamber signals. Cosmic-ray muons are rejected with a targeted tracking algorithm [50].
Electron candidates must have a COT track with pT > 18 GeV and an EM calorimeter-energy deposition with
ET > 30 GeV, and pass requirements on COT track quality, matching of position and energy measured in the COT
and in the calorimeter (ET /pT < 1.6), and spatial distributions of energy depositions in the calorimeters [43]. Leptons
are required to be central in pseudorapidity (|η| < 1) [49] and within the fiducial region where the relevant detector
systems have high efficiency and uniform response. When selecting the W -boson candidate sample, we suppress the
Z-boson background by rejecting events with a second lepton of the same flavor. Events containing two oppositely-
charged leptons of the same flavor with invariant mass in the range 66–116 GeV and with dilepton pT less than 30 GeV


