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Working in the hybrid high-energy/collinear factorization, where the
next-to-leading resummation of energy logarithms is combined with collin-
ear parton densities and fragmentation functions, we study observables
sensitive to high-energy dynamics in the context of heavy-flavor physics.
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1. Introduction

High-energy emissions of heavy-quark flavored-objects in hadronic reac-
tions are widely considered as gold-plated probes for the dynamics of fun-
damental interactions. Heavy quarks can couple with beyond-the-Standard-
Model (BSM) particles. This supports our search for signals of new physics.
Yet, they represent a key ingredient for precision analyses of strong interac-
tions [1–4], the charm and bottom masses being confined in the perturbative
Quantum Chromodynamics (QCD) domain. In this work, we consider the
production of a semi-hard heavy-flavored jet emitted in association with
a light-flavored one at the LHC [5], as a novel channel for the manifesta-
tion of high-energy dynamics. Then, we provide predictions for the semi-
inclusive detection of an ultraforward D∗± meson at the planned Forward
Physics Facility (FPF) [6, 7] plus a Higgs boson at ATLAS [8]. Our analysis
extends the program of high-energy QCD studies (for recent applications,
see [8–61]) via the hybrid high-energy/collinear factorization [5, 62–66] (see
also [67–72]) built by means of the leading and next-to-leading BFKL re-
summation [73, 74] of energy logarithms (LLA and NLA) and enhanced by
the inclusion of collinear parton distribution functions (PDFs) and fragmen-
tation functions (FFs).
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2. Phenomenology

In the left (right) panels of Fig. 1, we present the NLA rapidity (azi-
muthal-angle) distributions for the inclusive emission of a heavy–light two-
jet system at the LHC (upper panels) and the inclusive D∗± plus Higgs
detection via the FPF + ATLAS narrow-timing coincidence (lower panels).
NLO proton PDFs are taken from the NNPDF4.0 set [75], while NLO D∗±

FFs are described by the KKKS08 determination [76]. Rapidity distributions
exhibit the typical pattern coming from high-energy dynamics. Here, the
increase with the energy of partonic cross sections, predicted by BFKL,
combines with the dampening effect originating from their convolution with
the collinear PDFs, thus resulting in a downtrend of distributions as the
rapidity distance ∆Y between the two final-state particles grows. A clear
manifestation of a reached stability under NLA corrections is given by the
size of uncertainty bands, which is sensibly lower when passing from LLA
to NLA. For some sub-ranges of ∆Y , NLA bands are nested. Moreover,
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Fig. 1. Rapidity (left) and azimuthal-angle (right) distributions for the inclusive
production of a heavy–light two-jet system at 14 TeV LHC (upper) and of a D∗±

meson plus a Higgs boson at 14 TeV FPF + ATLAS (lower). Shaded bands refer
to the uncertainty coming from scale variation. Text boxes inside panels display
final-state kinematic cuts. Figures from [5, 8].
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NLA contributions become more and more negative as ∆Y grows. This
is why pure LLA results are always larger. Azimuthal distributions are
shown as functions of φ, namely the azimuthal-angle distance between the
tow emitted objects, minus π. The peculiar behavior of these observables
braces the message that we have entered a kinematic domain where the high-
energy resummation works well. All the distributions feature a clear peak at
φ = 0, i.e. where the two particles are emitted back-to-back. Then, as ∆Y
grows, the peak height shrinks, whereas the distribution width enlarges. This
happens because larger rapidity intervals lead to a stronger decorrelation
between the two objects, so that the number of back-to-back events falls off.
As a final remark, we note that all the presented observables present solid
stability under renormalization- and factorization-scale variations at NLA,
by which our uncertainty bands are built. This supports the key message
that semi-inclusive emissions of heavy-flavored jets as well as bound states
lead to a natural stabilization (see also [33, 34, 65, 77]) of the high-energy
resummation. This remarkable property represents a core element to lay
the groundwork for precision studies of high-energy QCD, and to develop a
multilateral formalism that combines different resummation mechanisms.

3. Toward new directions

The reactions investigated in this work represent a step forward in our
ongoing program on heavy-flavored emissions at high energies, started from
the analytic calculation of heavy-quark pair impact factors [29–31] and point-
ing toward the analysis of heavy quarkonia [36, 37, 65]. In this context, both
two-particle and single-particle detection are relevant. In particular, the sec-
ond ones will allow us to deepen our understanding of the high-energy QCD
at new-generation colliders [6, 7, 78–92] via small-x transverse-momentum-
dependent gluon densities [93–118].
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