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FIG. 4: The total cross section at LO, NLO and NNLO as a
function of mH for a

√
S = 7 TeV LHC employing the MSTW

PDF set [20]. The uncertainty bands are obtained by scale
variation as explained in the text.
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FIG. 5: The PDF uncertainty of the total cross section at
NNLO as function of mH at a

√
S = 7 TeV LHC for the 68%

CL MSTW PDF set [20]. For ABKM [21] and JR09VF [22]
ratio of the central value is plotted.

for Tevatron, see [19]. Our reference parton distribution
functions (PDFs) set is MSTW [20] and the electroweak
parameters (GF ,MZ ,MW , sin2 θW ) are set to their re-
spective PDG values [23].

Fig. 4 presents the cross section as a function of the
Higgs mass at LO, NLO and NNLO in QCD, together
with the uncertainties coming from (uncalculated) higher

√
S = 7 TeV

Higgs mass LO NLO NNLO

120 1.235+0.131
−0.116 1.320+0.054

−0.022 1.324+0.025
−0.024

160 0.857+0.121
−0.099 0.915+0.046

−0.016 0.918+0.019
−0.015

200 0.614+0.106
−0.082 0.655+0.038

−0.012 0.658+0.015
−0.010

300 0.295+0.070
−0.049 0.314+0.022

−0.010 0.316+0.008
−0.004

400 0.156+0.045
−0.030 0.166+0.013

−0.007 0.167+0.005
−0.001

TABLE I: Cross sections (pb) at a
√
S = 7 TeV LHC with

the uncertainty due to independent scale variations µR, µF ∈
[Q/4, 4Q] at LO, NLO and NNLO in QCD as obtained with
the MSTW PDF sets [20].

orders. These are estimated by an independent varia-
tion of the factorization and renormalization scales in the
range µR, µF = ξR,FQ with ξR,F ∈ [1/4, 4], where Q is
the virtuality of the vector-boson probing the correspond-
ing structure function. The lower inlay of Fig. 4 zooms in
on the relative variations normalized to the NNLO cross
section at µR, µF = Q, so that the exceptionally good
convergence of the perturbation series can be appreci-
ated. For NNLO this is at the 2% level and in principle,
could be pushed even furher within the structure function
approach by incorporating the available hard corrections
at order α3

s [24–26]. Numbers for our best estimate, i.e.,
NNLO in QCD, are presented in Table (I).
The most natural choice µR, µF = ξR,FQ as a refer-

ence scale is also supported by kinematics arguments,
i.e., the observation that the average gauge boson vir-
tuality in VBF amounts only to 〈Q〉 $ 20 GeV for a√
S = 7 TeV LHC. Of course, other scale choices, e.g.

µR, µF ∈ [mH/4, 4mH], are equally valid. However, they
typically exhibit a much poorer convergence of the per-
turbative expansion and lead to sizable deviations in the
lower order predictions, especially for heavy Higgs bosons
(e.g. a 7% difference formH = 400 GeV at NLO). Only at
NNLO, both the central values and the uncertainty band
for the latter choice agree within the 2% level with those
in Table (I). This clearly demonstrates the markedly im-
proved scale stability of our NNLO predictions.
In Fig. 5 the uncertainties coming from the parton dis-

tributions are studied, the latter being dominantly sam-
pled at an average 〈x〉 $ 0.05 at a

√
S = 7 TeV LHC. To

this aim we employ the MSTW 68% confidence level PDF
sets [20] at LO, NLO and NNLO and compare the NNLO
results also with the central predictions obtained with the
other available PDF sets based on complete NNLO QCD
predictions, i.e., ABKM [21] and JR09VF [22]. The re-
sults are consistent and show that an almost constant 2%
PDF uncertaintity can be associated to the cross sections
for a wide range of Higgs boson masses.

Let us next turn to a discussion of the systematics
of our approach. In Table (II) we present an alterna-


