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Figure 4. Predictions for the W and Z total cross sections at the Tevatron and LHC, using
MRST2004 [10] and CTEQ6.1 pdfs [11], compared with recent data from CDF and D0. The
MRST predictions are shown at LO, NLO and NNLO. The CTEQ6.1 NLO predictions and the
accompanying pdf error bands are also shown.

of [10], with renormalization and factorization scales µF = µR = MW, MZ . The net effect
of the NLO and NNLO corrections, which will be discussed in more detail in sections 3.3
and 3.4, is to increase the lowest-order cross section by about 25% and 5%, respectively.

Perhaps the most important point to note from figure 4 is that, aside from unknown
(and presumably small) O(αS

3) corrections, there is virtually no theoretical uncertainty
associated with the predictions—the parton distributions are being probed in a range of
x ∼ MW/

√
s where they are constrained from deep-inelastic scattering, see figure 3, and

the scale dependence is weak [10]. This overall agreement with experiment, therefore,
provides a powerful test of the whole theoretical edifice that goes into the calculation. Figure 4
also illustrates the importance of higher-order perturbative corrections when making detailed
comparisons of data and theory.

2.3. Heavy quark production

The production of heavy quarks at hadron colliders proceeds via Feynman diagrams such as the
ones shown in figure 5. Therefore, unlike the Drell–Yan process that we have just discussed,
in this case the cross section is sensitive to the gluon content of the incoming hadrons as well
as the valence and sea quark distributions. The pdfs are probed at values of x1 and x2 given
by (cf equation (10)),

x1 = mT√
s

(
eyQ + eyQ̄

)
and x2 = mT√

s

(
e−yQ + e−yQ̄

)
, (13)

where mT is the transverse mass given by mT =
√

m2
Q + p2

T , pT is the transverse momentum

of the quarks and yQ, yQ̄ are the quark and antiquark rapidities. Although more complicated
than in the Drell–Yan case, these relations may be simply derived using the same frame and
notation as in (8) and writing, for instance, the 4-momentum of the outgoing heavy quark as,

p
µ

Q = (mT cosh yQ, 
pT , mT sinh yQ), (14)

where 
pT is the 2-component transverse momentum. From examining (13) it is clear that the
dependence on the quark and gluon pdfs can vary considerably at different colliders (

√
s) and

when producing different flavours of heavy quark (for instance, mc ≈ 1.5 GeV compared with
mt ≈ 175 GeV).


