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FIG. 39: The
P

i p
i
T distribution for minimum bias data

(solid) and a single pp̄ collision (dashed), as derived from
the minimum bias distribution.

turn affects the measured recoil direction. We model
the recoil angular resolution as a Gaussian distribu-
tion with σφ = 0.14±0.01(stat), determined from fits
to the ∆φ(#uT ,−#p ll

T ) distribution in Z boson events
(Fig. 40). Since the lepton directions are precisely
measured, the width of the peak at ∆φ = 0 is domi-
nated by the recoil angular resolution.
The energy resolution of the quark and gluon radi-

ation is predominantly determined by stochastic fluc-
tuations in the hadronic calorimeter, which motivate
the functional form σuT ∝

√

utrue
T . We measure the

proportionality constant shard using Z boson data.
To tune shard and NW,Z , we project the momen-

tum imbalance #p ll
T + #uT along the η and ξ axes in

Z boson decays (Fig. 41). The width of these pro-
jections as a function of pllT provides information on
NW,Z and shard. At low pZT the resolution is domi-
nantly affected by NW,Z , with the shard contribution
increasing as the boson pT increases. We compare
the widths of the data and simulation projections as
a function of pllT and compute the χ2. Minimizing
this χ2, we obtain NW,Z = 1.167 ± 0.026(stat) and
shard = [0.828± 0.028(stat)] GeV1/2. The tuning is
performed such that the statistical uncertainties on
these parameters are uncorrelated.

D. Recoil Model Cross-Checks

The full recoil model, with parameters tuned from
Z boson events, is applied to the simulated W boson
sample. We compare the data to the predictions of
distributions that can affect the final mass measure-
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FIG. 40: The angle between the measured recoil and
the direction opposite pZT , for simulation (histogram) and
data (circles) events where the Z boson decays to muons
(top) or electrons (bottom). The χ2 from the Z → µµ
sample is minimized in the fit to the recoil angular resolu-
tion. The corresponding uncertainty on mW is negligible.

ment: the projections of the recoil along (u||) and
perpendicular to (u⊥) the charged lepton; and the
total recoil uT .
The u|| distribution is directly affected by the mea-

surements of lepton efficiency as a function of u||

(Figs. 14 and 16) and the modeling of lepton tower
removal (Figs. 33 and 34). The u|| is also sensitive
to the boson pT (Sec. IXB) and decay angular distri-
butions, and to the recoil response and resolutions.
Since uT is much less than the charged lepton pT

for our event selection, p/T ≈ |pT + u|||. Thus, mT

can be written as:

mT ≈ 2pT
√

1 + u||/pT ≈ 2pT + u||. (39)

To a good approximation, any bias in u|| directly en-


