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Figure 5: Reduction of the factorization scale dependence through matching. The dotted lines
show the µf scale uncertainty of the unmatched NNLL result, the red lines show the NLO
uncertainty, and the green band shows the µf uncertainty on NNLL matched to NLO. This is
for pp̄ collisions at ECM = 1960 GeV integrated over −0.9 < y < 0.9.

of µ, integrate over the partonic phase space, and compare the tree-level value to the result
obtained after including the one-loop corrections to either the hard, jet, or soft function. The
result is shown in Figure 3. The figure shows that the hard corrections are moderate if they
are evaluated at µh ∼ pT , as expected. The jet function corrections are small at a lower value.
Looking at the middle panel, we find that the choice µj ∼ pT

2 is reasonable for small pT . For
larger values of pT , the the optimal scale µj is lower than pT

2 . To be concrete, let us define the
optimal scale as the scale which minimizes (or in the case of the hard function maximizes) the
correction. The right-hand panel shows that the choices

µh = pT ,

µj =
pT

2

(
1 − 2

pT

ECM

)
, (107)

provide a good approximation to the optimal scale choice as a function of pT . For the soft
scale, we choose µs = µ2

j/µh as our default choice and we have checked that the corrections
are moderate for this scale choice. The plots in Figure 3 are for the Tevatron case, but we
have also checked that the above scale choices are also valid at the LHC, and that the optimal
scales for the qq̄ and qg channels are compatible.

The reasoning behind the above procedure for choosing the scale is that there are no large
logarithms and thus no large corrections if the scale is chosen appropriately. Another criterion
for a good scale choice is that the residual scale dependence should be small. To explore this,
we set µh = µf = pT and µs = µ2

j/µh so that the cross section only depends on the single
scale µj. We then choose µj such that the distribution is minimally sensitive to variations
in µj away from its canonical value. In the first panel of Figure 4 we show the photon pT

spectrum integrated over |y| < 1 at the Tevatron for various values of µj . For simplicity,
we normalize to the cross section at µj = pT , but since we are only interested in the scale
dependence, the normalization is arbitrary. The position of the maxima fit nicely along the
curve µj = 0.56(pT − 1.6 pT

ECM
). The same procedure at the LHC (14 TeV) gives a best fit
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