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Figure 3: Size of the hard and jet function one-loop corrections as a function of the scale for
different values of pT at ECM =1960 GeV. The right panel shows the optimal scale choice at
different pT , with the dashed lines denoting our default choice, Eq. (107).

6 Scale choices and matching

While the resummed result is formally independent of the scales µh, µj , and µs, there is
residual higher-order dependence on these scales if the perturbative expansions of the hard,
jet and soft functions are truncated at a finite order. To get a well behaved expansion, we want
to evaluate each contribution at its natural scale, where it does not involve large perturbative
logarithms. In a fixed order calculation, the presence of several scales can preclude such a
choice, but since the hard jet and soft functions each only depend on a single scale, we are
guaranteed that there are scale choices for which large logarithms are absent.

By examining the form of the resummed distribution, Eqs. (92) and (93), it can be seen
that the hard, jet and soft scales appear in the cross section only through the combinations

p2
T

µ2
h

,
m2

X

µ2
j

,
m2

X

pT µs
. (106)

Picking µh = pT , µj = mX and µs = m2
X/pT as the canonical scales would guarantee the

absence of large logarithms, but this choice is problematic. To see the problem, recall that

m2
X = 1

w
p2

T

v̄ (1 − w), and the parton-level distribution is singular at w = 1. This singularity
is integrated over since the hadronic final states are integrated over, and the final photon pT

spectrum is completely regular. Near w ∼ 1, the mass of the partonic final state mX becomes
small and with the choice µj = mX the coupling constants αs(µj) and αs(µs) are evaluated
at arbitrarily low scales. Because of the Landau pole singularity of the running coupling the
convolution integrals are then no longer well-defined. The w ∼ 1 part of the integrand is
suppressed by the resummation, and the contribution from this region of the integral should
only amount to a power-suppressed correction to the overall result. However, the spurious
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