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FIG. 2: Scale dependence of the total cross section for pp →

tt̄jj +X at the LHC with µR = µF = ξ · µ0 where µ0 = mt.
The blue dotted curve corresponds to the LO, the red solid to
the NLO result whereas the green dashed to the NLO result
with a jet veto of 50 GeV.

tive transverse momenta. Clearly, not only will it be neg-
ative, but it will also have to grow more negative with
diminishing scale (since this is almost entirely governed
by the behavior of the strong coupling constant alone).
At this point it is difficult to decide whether a jet veto
will or will not be necessary for the complete Higgs bo-
son analysis. What we can give is the lower bound on the
corrections, assuming that a jet veto of less than pT = 50
GeV is likely to endanger the stability of the perturba-
tive expansion. The total cross section with a jet veto of
50 GeV is

σNLO
pp→tt̄jj+X (pT,X < 50 GeV) = (76.58± 0.17) pb ,

with a scale variation of -54% and -0.3%, see Fig. 2. The
plots show that choosing a higher scale in the case of
the jet veto, would lead to a result with virtually no
scale dependence. This should be considered as severely
underestimating the error.
While the size of the corrections to the total cross sec-

tion is certainly interesting, it is crucial to study the cor-
rections to the distributions. The most important for us
is the invariant mass of the two tagging (highest pT ) jets,
since this is the observable entering Higgs boson studies.
We plot the LO and NLO results in Fig. 3. While we no-
tice a long tail, we keep the dependence only in a modest
range up to 400 GeV due to our phenomenological moti-
vation. The distribution starts above about 45 GeV due
to the ∆R and pT cuts, and shows tiny corrections up to
at least 200 GeV, which means that the size of the cor-
rections to the cross section is transmitted to the most
relevant distribution.
Of course, there are observables showing much larger

effects. The classic example is the transverse jet mo-
mentum distribution at high pT . We illustrate the
phenomenon in Figs. 4 and 5, which demonstrate the
strongly altered shapes in the cases of the hardest and

FIG. 3: Distribution of the invariant mass mjj of the first
and the second hardest jet for pp → tt̄jj+X at the LHC. The
red solid line refers to the NLO result while the blue dotted
line to the LO one.

FIG. 4: Distribution in the transverse momentum pTj of the
1st hardest jet for pp → tt̄jj +X at the LHC. The red solid
line refers to the NLO result while the blue dotted line to the
LO one.

second hardest jets. It is well known that this kind of
corrections can only be correctly described by higher or-
der calculations. On the other hand, the behavior at low
pT is certainly further altered by soft-collinear emissions,
which are best simulated by parton showers. With our
lower cut of pT,min = 50 GeV, we expect to be mostly
in the safe range, where fixed order perturbation theory
does not break down.
While the above comments conclude our analysis of

tt̄jj, we would like to make a few statements about the
process with only one jet, tt̄j. While preparing our cal-


