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Fig. 1. Left diagram is the leading order W ± production process at the Tevatron. The remaining figures show the leading order CC03 processes (defined in a double pole 
approximation) used to extract m̂W at LEPII.

Table 1
W ± mass measurements reported by the Tevatron and 
LEPII collaborations.

Result Value Ref.

DØ 80.375 ± 0.023 [17]
CDF 80.387 ± 0.019 [18]

Tev. Comb. 80.387 ± 0.016 [19]

LEP threshold 80.42 ± 0.20 ± 0.03 [20]
LEP direct 80.375 ± 0.025 ± 0.022 [20]

LEP. Comb. 80.376 ± 0.033 [20]

Global Comb. 80.385 ± 0.015 [21]

the second measurement employed at LEPII, where m̂W is ex-
tracted via kinematic fits to the W pair invariant mass distribution 
away from the threshold region. This issue is related to the issue 
we study in detail at the Tevatron, and we return to this point 
in Section 6. We stress that all the experimental approaches re-
ported in Table 1 are appropriate when consistency testing the 
SM, and can be combined as in Refs. [19–21] under the SM as-
sumption.

This paper is aimed at the consistent interpretation of m̂W
measurements in a different field theory than the SM, the SMEFT. 
When all dimension six operators are allowed to be present with 
arbitrary Wilson coefficients, interpretation of the measurements 
is modified. This modification comes about by an impact on the 
measurement itself, and in the mapping of the experimental re-
sults to different Lagrangian parameters. In this paper, we focus on 
the first question. We examine whether a bias on the measured 
m̂W arises due to SMEFT corrections and thus whether an addi-
tional theoretical error of this form should be included in fits of 
SMEFT parameters due to such a bias. After describing the modifi-
cations of W ± parameters in the SMEFT in Section 2, the potential 
bias is analyzed in detail for the Tevatron measurement in Sec-
tions 3–5. In Section 6 we comment on the LEPII measurements, 
whereas Section 7 is reserved for conclusions

2. The W ± mass and width in the SMEFT

In the SM, at tree level, the input parameter set {m̂Z , Ĝ F , α̂ew}
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a quantity due to the complete set of corrections present at leading 
order in the power counting in the SMEFT. We use the Warsaw ba-

sis of dimension six operators in the SMEFT [23] that defines the 
Wilson coefficients Ci = {C H W B , C H D , C (3)

Hℓ, Cℓ ℓ}. The cut off scale 
has been absorbed into the definition of the Wilson coefficients so 
that the mass dimension of these parameters is −2. The value of 
m̄2

W can be predicted in the SM with complete one loop [24] and 
even full two loop corrections [25]. The full one loop corrections 
compared to the Born approximation to '̄W are a ∼ 2% [26] cor-
rection. The size of this correction depends on how the tree level 
value of '̄W is related to the input observables. Absorbing univer-
sal radiative corrections into the parameters defining the width in 
an improved Born approximation reduces the size of the remain-
ing perturbative corrections at one loop to ∼ 0.5% [24,26,27]. The 
effect of still neglected higher order perturbative terms is then ex-
pected to be a loop factor smaller than this variation.

The expression for the shift of 'W in terms of the input param-
eter Ĝ F and the derived value m̂W in the SMEFT is given by
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where '̂W = 9
√

2Ĝ F m̂3
W /(12 π). Here δĜ F = C (3)

Hℓ/Ĝ F − Cℓ ℓ/2Ĝ F
and we are considering the massless fermion limit. Being conser-
vative, so long as δ'W /'̄W ! 0.5% it is clear that neglected SMEFT 
corrections can have a non-negligible impact on the theory error 
of an extracted value of m̂W at the Tevatron. This condition corre-
sponds to a bound on the Wilson coefficients and the cut off scale 
of the form (/

√
C i " 3.5 TeV, which are the cases of interest mo-

tivated by the hierarchy problem.

3. Spectra for extractions of mW at the Tevatron

We illustrate the effect of generalizing these measurements into 
the SMEFT following the analytic methods of Ref. [12]. This is suf-
ficient for our purposes as detector resolution effects can only be 
approximated without direct access to the experimental data, and 
are substantial.

The value of m̄2
W is extracted from Tevatron data using kine-

matic templates for distributions in the variables mT , P T ℓ, /E T . The 
latter is found to have a small effect on the fit [17], so we ne-
glect this spectrum. We define the transverse mass to be m2

T =
2P T ,ℓ P T ,ν(1 − cos θℓν), with P T ,ℓ/ν and θℓν the momenta and an-
gle between the leptons in the perpendicular plane to the p̄ p
collision axis. We agree with the result in Ref. [12] for dσ /dmT
for the effective kinematic spectra once the partonic production 
mechanism is factorized out, consistent with a narrow width ex-
pansion, and integrated over Parton Distribution Functions (PDF’s), 
generating an effective pT for W ± . Note however the correc-
tion to the last term in the numerator of the I function (de-
rived from the Jacobian), correcting a typo in Ref. [12]. Here µ2 =
m2

T /s′ , α = (γ 2 − 1)1/2 = P T ,W /
√

s′ and γ =
√

P 2
T ,W + s′/

√
s′. 

P T ,W is the transverse momentum of the W ± boson present 
due to the effects of PDFs. We find the following results for 
dσ /dmT


