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We investigate the inclusive hadroproduction of a Higgs boson in association with a jet, featuring
large transverse momenta and separated by a large rapidity distance. We propose this reaction,
that can be studied at the LHC as well as at new-generation colliding machines, as a novel probe
channel for the manifestation of the Balitsky–Fadin–Kuraev–Lipatov (BFKL) dynamics. We bring
evidence that high-energy resummed distributions in rapidity and transverse momentum exhibit
a solid stability under higher-order corrections, thus offering us a faultless chance to gauge the
feasibility of precision calculations of these observables at high energies. We come out with the
message that future, exhaustive analyses of the inclusive Higgs-boson production, would benefit
from the inclusion of high-energy effects in amulti-lateral formalism where distinct resummations
are concurrently embodied. We propose these studies with the aim of inspiring synergies with
other Communities, and pursuing the goal of widening common horizons in the exploration of the
Higgs-physics sector.
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1. Hors d’œuvre

The Higgs sector is universally recognized as one of the golden channels where to hunt for
long-awaited signals of New Physics. At the same time, Higgs emissions in forward directions of
rapidities offer us a unique chance to probe kinematic corners where our knowledge of the Standard
Model, although being well established, needs to be further expanded. One of these corners is
represented by the so-called semi-hard regime, namely where final-state configurations provide us
with a stringent scale ordering,

√
B � {&} � ΛQCD. Here,

√
B is the center-of-mass energy, {&} one

or a set of hard scales given by the kinematics, and ΛQCD the QCD scale. In this regime, genuine
fixed-order calculation within perturbative QCD would fail, since large energy logarithms enter
the perturbative series with a power that increases with the perturbative order, thus systematically
compensating the narrowness of the strong coupling constant. The Balitsky–Fadin–Kuraev–Lipatov
(BFKL) approach [1–4] allows us to resum to all orders these large logarithms, up to the leading
(LLA) and next-to-leading logarithmic approximation (NLA). In this framework, cross sections for
hadronic processes are written as a convolution of two process-dependent impact factors, depicting
the fragmentation of each colliding particle to an identified final-state object, and a universal Green’s
function, whose evolution kernel is known within next-to-leading (NLO) accuracy. In the last years
a relevant number of semi-hard reactions was proposed, that can be studied via proton-proton
collisions at the LHC. An incomplete list includes: the inclusive hadroproduction two Mueller–
Navelet jets [5], for which several analyses have been conducted so far [6–14], the inclusive light
hadron production [15–21], multi-jet production [22–30], �/k-jet [31, 32], heavy-flavor [33–39],
and forward Drell–Yan plus jet [40] correlations. In this work we propose a novel semi-hard
channel, i.e. the inclusive detection of a Higgs boson in association with a light jet, both of them
emitted with high transverse momentum and separated by a large rapidity interval. Here, by virtue
of the large transverse masses provided by Higgs emissions, clear signals of a reached stability of
the high-energy resummed series under higher-order corrections and scale variation are expected.

2. Inclusive Higgs-plus-jet production at the LHC

We consider the inclusive hadroproduction of a Higgs boson and a jet,

proton(?1) + proton(?2) → � ( | ®?� |, H� ) + X + jet( | ®?� |, H� ) , (1)

where X stands for an undetected final-state gluon system. The Higgs and the jet are emitted
with large transverse momenta, | ®?�,� |, and separated by a large rapidity distance, Δ. ≡ H� − H� .
It is convenient to represent the high-energy resummed cross section as a Fourier sum of the
azimuthal-angle coefficients

df
dH�dH�d| ®?� |d| ®?� |dq�dq�

=
1

4c2

[
C0 +

+∞∑
:=1

2 cos(:i)C:

]
, (2)

with q�,� the Higgs (jet) azimuthal angles and i ≡ q� − q� − c. In Eq. (2) C0 is the i-summed
cross section and �:>0 determine the final-state azimuthal distribution. Starting from our fully
differential cross section, we consider two observables that can be studied at current LHC kinematic
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configurations. The first one is the Δ. -distribution (or simply �0)

�0(B,Δ. ) =
∫ Hmax

�

Hmin
�

dH�
∫ Hmax

�

Hmin
�

dH�
∫ ?max

�

?min
�

d| ®?� |
∫ ?max

�

?min
�

d| ®?� | X(Δ. − (H� − H� )) C0 , (3)

and the second one is the Higgs transverse-momentum distribution (or simply | ®?� |-distribution)

df( | ®?� |, B,Δ. )
d| ®?� |dΔ.

=

∫ Hmax
�

Hmin
�

dH�
∫ Hmax

�

Hmin
�

dH�
∫ ?max

�

?min
�

d| ®?� | X(Δ. − (H� − H� )) C0 . (4)

For both the observables we constrain the Higgs emission inside rapidity acceptances of the CMS
barrel detector, |H� | < 2.5, while we allow for a larger rapidity range of the light jet, that can be
detected also by the CMS endcaps, |H� | < 4.7. We consider an asymmetric configuration of ?) -
ranges for�0, namely 10 < | ®?� |/GeV < 2<C (<C is the top-quark mass) and 20 < | ®?� |/GeV < 60,
while we set 35 < | ®?� |/GeV < 60 for the | ®?� |-distribution. The center-of-mass energy squared
is fixed at

√
B = 14 TeV. For a detailed study on different kinematic ranges, see Refs. [41–43]. In

Fig. 1 we compare the LLA- and NLA-resummed behavior of our distributions, calculated via the
JETHADmodular work package [44], withNLOfixed-order predictions obtained through the POWHEG
method [45–47]. We observe that NLA predictions (red) for �0 (left panel) are almost completely
nested inside LLA uncertainty bands (blue), thus corroborating the underlying assumption that large
energy scales afforded by the Higgs-boson detection act as stabilizers for the BFKL series. This
feature emerges also for the | ®?� |-distribution (right panel) in the intermediate-| ®?� | region, namely
the peak region plus the first part of the decreasing tail, where NLA bands are totally contained
inside the LLA ones. Here, the impressive stability of the resummed series unambiguously confirms
the validity of our description by the hand of the BFKL approach. However, in the large-| ®?� | region
by the long tail, NLA predictions decouple from LLA results and show an increasing sensitivity
to energy-scale variation. Here, DGLAP-type logarithms together with threshold effects become
more and more significant, thus worsening the convergence of the high-energy series. Finally, we
notice that NLO fixed-order results are systematically lower than high-energy resummed ones and
this is more evident at the larger Δ. -values, where resummation effects are expected to be relevant.

3. Toward new directions

We have proposed the inclusive semi-hard production of a Higgs-plus-jet system in hadronic
collisions as a novel channel for the manifestation of stabilization effects of the high-energy resum-
mation under higher-order corrections. We discovered that those effects are present and allow for
the description of distributions differential in rapidity and transverse momentum at natural scales.
Statistics for cross sections, shaped on realistic LHC kinematic configurations, is encouraging. We
propose, as a medium-term outlook, two new directions. On the one hand, the study of the single
forward or central inclusive emission of a Higgs boson in proton-proton scatterings represents a
clear channel to access the proton structure at low-G. More in particular, analyses on Higgs produc-
tion in the aforementioned rapidity configurations will sensibly extend our knowledge of the BFKL
unintegrated gluon distribution (UGD) in the proton, thus enriching current phenomenological
studies done via forward vector-meson [48–59] and forward Drell–Yan dilepton pair [60, 61] emis-
sions, and possibly shedding light on common ground between BFKL and other formalisms where
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Figure 1: Δ. -shape of the �0 (left) and | ®?� |-behavior of the Higgs transverse-momentum distribution at
Δ. = 5 (right). Text boxes inside panels show transverse-momentum and rapidity ranges. Uncertainty bands
embody the combined effect of scale variation and phase-space multi-dimensional integration.

small-G gluon densities are defined, such as the transverse-momentum-dependent (TMD) factoriza-
tion (see Refs. [62–68] for recent applications on gluon dynamics) and Altarelli–Ball–Forte (ABF)
resummed collinear distributions [69–71]. On the other hand, the fair stability of our distributions
motivates our interest evolving our formalism into a multi-lateral approach that embodies different
resummations, to be tested at current and new-generation colliding facilities [72–75].
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