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measured electroweak parameters, this result further constrains the properties of new unobserved
particles coupling to W and Z bosons.

PACS numbers: 13.38.Be, 14.70.Fm, 13.85.Qk, 12.15.Ji

I. INTRODUCTION

The discovery of the W and Z bosons in 1983 [1]
confirmed a central prediction of the unified model
of electromagnetic and weak interactions [2]. Ini-
tial W and Z boson mass measurements verified the
tree-level predictions of the theory, with subsequent
measurements probing the predicted O(3 GeV/c2)
[3, 4] radiative corrections to the masses. The current
knowledge of these masses and other electroweak pa-
rameters constrains additional radiative corrections
from unobserved particles such as the Higgs boson
or supersymmetric particles. These constraints are
however limited by the precision of the W boson mass
mW , making improved measurements of mW a high
priority in probing the masses and electroweak cou-
plings of new hypothetical particles. We describe in
this article the single most precise mW measurement
[5] to date.
The W boson mass can be written in terms of

other precisely measured parameters in the “on-shell”
scheme as [4]:
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where αEM is the electromagnetic coupling at the
renormalization energy scale Q = mZc2, GF is the
Fermi weak coupling extracted from the muon life-
time, mZ is the Z boson mass, and ∆r includes all
radiative corrections. Fermionic loop corrections in-
crease the W boson mass by terms proportional to
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ln(mZ/mf) for mf # mZ [4], while the loop con-
taining top and bottom quarks (Fig. 1) increases mW

according to [6]:
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where the second and third terms can be neglected
since mt % mb. Higgs loops (Fig. 2) decrease mW

with a contribution proportional to the logarithm of
the Higgs mass (mH). Contributions from possible
supersymmetric particles are dominated by squark
loops (Fig. 3) and tend to increase mW . Gener-
ally, the lighter the squark masses and the larger the
squark weak doublet mass splitting, the larger the
contribution to mW . The total radiative correction
from supersymmetric particles can be as large as sev-
eral hundred MeV/c2 [7].
Table I [8] shows the change in mW for +1σ

changes in the measured standard model input pa-
rameters and the effect of doubling mH from 100
GeV/c2 to 200 GeV/c2. In addition to the listed
parameters, a variation of ±1.7 MeV/c2 on the pre-
dicted mW arises from two-loop sensitivity to αs, e.g.
via gluon exchange in the quark loop in Fig. 1. The-
oretical corrections beyond second order, which have
yet to be calculated, are estimated to affect the mW

prediction by ±4 MeV/c2 [8].
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FIG. 1: The one-loop contribution to the W boson mass
from top and bottom quarks.

The uncertainties on the mW prediction can be
compared to the 29 MeV/c2 uncertainty on the world
average from direct mW measurements (Table II),


