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Abstract

We present recent phenomenological studies, tailored on kinematic configurations typi-
cal of current and forthcoming analyses at the LHC, for two novel probe channels of the
BFKL resummation of energy logarithms. Particular attention is drawn to the behavior of
distributions differential in azimuthal angle and rapidity, where significant high-energy
effects are expected.
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1 Introduction

With more and more data to be collected at the Large Hadron Collider (LHC), the study of
semi-hard processes [1] in the large center-of-mass energy limit gives us an opportunity to
further test perturbative QCD (pQCD) in unexplored kinematical configurations thus contribut-
ing to a better understanding of the dynamics of strong interactions. Within pQCD computa-
tions, reducing theoretical uncertainties coming from higher order corrections is required to
have a reliable estimate of the production rate. At high energies, the validity of the pertur-
bative expansion, truncated at a certain order in the strong coupling αs, is spoiled. This is
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due to the appearance of large logarithms of the center-of-mass energy squared, s, associated
with the perturbative calculations and it is needed to resum them to all orders in αs. The
most powerful framework to perform this resummation is the Balitsky–Fadin–Kuraev–Lipatov
(BFKL) [2–5] approach, initially developed at the so called leading logarithmic approxima-
tion (LLA), where it prescribes how to resum all terms proportional to (αs ln s)n. In order to
improve the obtained results at LLA, the so called next-to-leading logarithmic approximation
(NLA) was considered [6,7], where also all terms proportional to αs(αs ln s)n, were resumed.
Clearly, a significant question for collider phenomenology is highlighting at which energies the
BFKL dynamics becomes significant and cannot be overlooked. Typical BFKL observables that
can be studied at the LHC are the azimuthal coefficients of the Fourier expansion of the cross
section differential in the variables of the tagged objects over the relative azimuthal-angle.
They take a certain factorization form given as the convolution of a universal BFKL Green’s
function with process dependent impact factors, the latter describing the transition from each
colliding proton to the respective final-state identified object. The BFKL Green’s function obeys
an integral equation, whose kernel is known at the next-to-leading order (NLO) [6–10]. Over
last years, pursuing the goal of identifying observables that fit the data where BFKL approach
is needed, a number of reactions have been proposed for different collider environments:
the exclusive diffractive leptoproduction of two light vector mesons [11–15], the inclusive
hadroproduction of two jets featuring large transverse momenta and well separated in ra-
pidity, the so-called Mueller-–Navelet jets [16], for which several phenomenological studies
have appeared during last years [17–30], the inclusive detection of two light-charged rapidity-
separated hadrons [31–33], three- and four-jet hadroproduction [34, 35], J/Ψ-plus-jet [36],
hadron-plus-jet [37], heavy-flavor [38–41] and forward Drell–Yan dilepton production with a
possible backward-jet tag [42]. The second class of probes for BFKL is given by single forward
emissions in lepton-proton or proton-proton scatterings, giving us the possibility to probe the
unintegrated gluon distribution in the proton (UGD), which is linked to BFKL via the con-
volution between the BFKL gluon Green’s function and the proton impact factor. Proposed
channels to study the UGD are the exclusive light vector-meson electroproduction [43–49],
the exclusive quarkonium photoproduction [50–52], and the inclusive tag of Drell–Yan pairs
in forward directions [53–56].

In this work we concentrate on the BFKL φ-summed cross sections for two proposed re-
actions, the inclusive production of Higgs-plus-jet and Λ-plus-jet1 at the LHC, where the final
tagged particles are well separated in rapidity.

2 Theoretical framework

We present a general expression for the inclusive hadroproduction processes of our consider-
ations (depicted in Fig. 1):

proton(p1) + proton(p2) → Oi(~ki , yi) + X + jet(~kJ , yJ ), (1)

where a jet is always detected in association with the Higgs boson or theΛ-hyperon (Oi(~ki , yi), i
≡ {H,Λ}), emitted with high transverse momenta |~ki,J | ≡ κi,J � ΛQC D, and large rapidity
separation ∆Y = |yi − yJ |. The symbol X stands for an undetected system of hadrons. In the
BFKL approach the cross section of the hard subprocesses can be presented as the Fourier sum
of the azimuthal coefficients Cn, having so

dσ
d yid yJ dκi dκJ dφidφJ

=
1

(2π)2

�

C0 +
∞
∑

n=1

2 cos(nφ)Cn

�

, (2)

1The diffractive production of Λ-jet was studied by three of us [57], with some predictions tailored on the CMS
and CASTOR typical kinematic ranges.
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where φ = φi −φJ −π, with φi,J representing the Higgs/Λ and jet azimuthal angles, while
yi,J and κi,J are their rapidities and transverse momenta, respectively. The C0 coefficient gives
us the φ-summed cross section, while the Cn6=0 ones are connected to the so-called azimuthal-
correlation coefficients.

3 Numerical analysis and discussion

In order to match the realistic kinematic cuts adopted by the current experimental analyses
at the LHC, we integrate the coefficients C0 over the phase space for the two emitted objects,
while their rapidity distance ∆Y , is kept fixed

C0(∆Y, s) =

∫ κmax
i=H,Λ

κmin
i=H,Λ

d|~κi|
∫ κmax

J

κmin
J

d|~κJ |
∫ ymax

i=H,Λ

ymin
i=H,Λ

d yi

∫ ymax
J

ymin
J

d yJδ (yi − yJ −∆Y )C0. (3)

We allow for a larger rapidity range of the jet in our two considered processes, |yJ |< 4.7, and
we consider asymmetric kinematic cuts for the final-state transverse momenta in ranges 10
GeV < κH < 2mtop and 20 GeV < κJ < 60 GeV for Higgs-jet, with |yH | < 2.5 inside the CMS
rapidity acceptances, while for the Λ + jet case, the Λ-particle is considered to be detected in
symmetric rapidity range: −2.0 to 2.0 and transverse momenta (typical CMS measurements):
10 GeV < κΛ < 21.5 GeV and 35 GeV < κJ < 60 GeV. All numerical simulations were done
using the hybrid Fortran2008/Python3 modular package JETHAD [58]. The MMHT 2014 PDF
set were used via the Les Houches Accord PDF Interface (LHAPDF) 6.2.1 [59], together with
the AKK 2008 [60] FF interfaces which describe the hadronization probability of the initial
state partons into the final state detected Λ hyperon.

In Fig. 2 we present results for the ∆Y -dependence of the φ-summed cross section, in the
asymmetric kinematic configurations for both Higgs + jet (left plot) and the Λ + jet (right
plot) reactions. Here, the usual behavior of BFKL effects comes easily into play, where the
growth with energy of the pure hard cross section as an effect of the resummation of high-
energy logarithms, is downtrend by the convoluted PDFs and FFs. For the Higgs-jet process,
we can remarkably notice that NLA predictions (red) are almost entirely nested inside LLA
uncertainty bands (blue), since the large energy scales provided by the emission of a Higgs
boson suppress the higher order corrections [61, 62]. Cross sections in the Λ-jet channel are
steadily lower when compered to the previously studied di-hadron [31–33] and the hadron-
jet [37] reactions, this, together with the fact that the lower cutoff to identify Λ hyperon is 10
GeV, which is larger than the corresponding one for any light-hadron tagging, that gives us the
opportunity to quench the experimental minimum-bias effects.

4 Conclusion

We have proposed two inclusive hadroproduction reactions, the Higgs boson plus a jet, and
Λ-particle in association with a jet, as another novel diffractive semi-hard channels to test the
BFKL resummation. In both cases the final detected particles feature high transverse momenta
and separated by a large rapidity distance. At variance with previously studied reactions, the
Higgs + jet production channel exhibits quite a fair stability under higher-order corrections,
and Λ-particle emissions in the final state dampen the experimental minimum-bias contami-
nation, thus easing the comparison with forthcoming LHC data.

The next step in our program of investigating semi-hard phenomenology consists in per-
forming the full NLA BFKL analysis for the Higgs + jet channel, via including the full NLO jet
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Figure 1: Schematic representation of our considered semi-hard processes.
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Figure 2: ∆Y -dependence of the C0 in the symmetric pT -range, for the inclusive
Higgs-jet (left plot), and Λ-jet process (right plot), with κmax

Λ,C MS = 21.5 GeV, and
κmax

J ,C MS = 60 GeV.

and Higgs impact factors, and extend our study to cover the kinematic configurations for the
new-generations of colliders, such as HL-LHC [63], EIC [64], NICA [65], and the FPF [66].
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