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We present the reduction to the Master Integrals (MIs) of the NNLO QCD corrections to the decay
process b → uW ∗ , where b and u are a massive and a massless quark, respectively, while W ∗ is
an off-shell charged weak boson. We focus on the Feynman diagrams for the real emission. We
use the Cutkosky rules and the Laporta algorithm applied to the cut diagrams, as suggested for
the Higgs production by Anastasiou and Melnikov.
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1. Introduction

2. NNLO QCD corrections: the real emission
The contribution coming from the real emission at NNLO can be grouped in two different categories: two- and three-particle cut diagrams. So far we considered the three-particle cut diagrams.
After the reduction process, we find 12 MIs for the three-cut topologies, shown in Fig. 1. Five
topologies have a single MI, two have two MIs, and one topology has three MIs.
Now we use the differential equation to solve the MIs. First we normalize the three-body
space integral to 1. The MIsrsatisfy a system of first-order linear differential equations in the
dimenssionless variables t =

2

1 − m4p2 z2 and z = − 2mv·p
2 , where p and v are the momentum of the u
b

b

and b quark, respectively. A simple example is following:
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The measurements of inclusive semileptonic B meson decays B → Xu l ν̄l allow a precise determination of the CKM matrix element |Vub |, which constitutes an important input parameter for
many analyses in flavour physics.
The total decay rates of the B meson are described by a local Operator Product Expension in
inverse powers of the b-quark mass mb . To the leading order in 1/mb , the total B meson decay
rate is equivalent to the decay rate of the on-shell b quark, which can be calculated in perturbation
theory. Since experimental collaborations need to impose cuts on the kinematic variables, it is
of great interest to consider differential decay distributions, from which it is possible to derive
predictions for partial decay rates with arbitrary cuts.
At the NLO, the triple differential distribution of the decay B → Xu l ν̄l , together with several
double and single differential distributions for the same process, have been calculated in [1].
Different frameworks were developed in order to account for the effect due to the experimental
cuts In particular, in the shape function region, Soft Collinear Effective Thoery (SCET) provides an
approriate approach for the evaluation of the triple-differential distribution of the inclusive semileptonic decay B → Xu l ν̄l . The NLO analysis of the latter process was presented [2]. At NNLO, the

situation is more complicated, but the jet and soft function are known to O αS2 in perturbation
theory. The hard function can be obtain from the two-loop QCD corrections to the decay of a bquark into a u-quark and an off-shell W -boson [3]. The NNLO corrections to B → Xu l ν̄l , together
with the determination of |Vub | from inclusive decays, have been done in [4]. From their analysis,
the authors conclude that the NNLO corrections can be significant.
In this work, we focus on the analytic calculation of the NNLO corrections to the real emission
of the decay process b → uW ∗ , in the spirit of [1]. We follow the approach proposed in [5]. We use
the Cutkosky rules to calculate the cut diagrams; the delta functions are replaced by the difference
of two propagators with different causal i0+ prescription. In so doing, the phase-space integrals
can be evaluted in the same algorithmic way as in the multi-loop integral case. In particular, we
use the Laporta algorithm [6], implemented in the computer program Reduze [7], for the reduction
to the MIs, and the differential equations method [8] for their computation.
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The initial condition is found imposing the regularity of the function in t = 0. We look for the
solution as a Laurent series in (D − 4). In this case we find:
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3. Conclusions
We used the Laporta algorithm to perform the reduction to the MIs for the two- and threeparticle cut diagrams of the NNLO QCD correction to the decay procee b → uW ∗ . We presented
here the MIs of the three-particle cut set. We found at most three MIs per topology. The two-cut
diagrams are under investigation.
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Figure 1: MIs for the three-particle cut diagrams. A dot on the propagator line means that the propagator
is raised to the power 2. Bold lines represent a massive propagator. Thin and curly lines denote massless
propagator.

