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High-energy scattering often demands resumming large energy logarithms, beyond the reach of
fixed-order QCD. Inspired by the old multiperipheral models, we study proton—proton collisions
with a forward jet, a backward jet, and central mini-jets, using the BFKL framework. Jet rapidity
distributions are used to search for BFKL effects, comparing PYTHIAS predictions with those
from the BFKLex Monte Carlo.
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1. Introduction

High-energy QCD provides a fertile ground for exploring the interplay between perturbative and
non-perturbative regimes. At very large center-of-mass energies, scattering amplitudes are dom-
inated by gluon exchange in the 7-channel, where logarithms of the energy become large and
require resummation. The Balitsky—Fadin—Kuraev-Lipatov (BFKL) [1] approach performs such a
resummation, describing the exchange of a Reggeized gluon whose propagator acquires an energy-
dependent dressing. A key challenge lies in identifying observables that are genuinely sensitive to
BFKL dynamics [2] and not dominated by standard collinear evolution as described by the DGLAP
equation [3]. Our strategy is to examine how multi-peripheral-type emissions [4] — an old concept
from pre-QCD hadronic models — manifest within the modern BFKL framework, and how they
can be probed through jet observables at the LHC.

In the multi-peripheral picture, high-energy collisions proceed through a chain of softly linked
partonic clusters exchanging small momentum in the #-channel. Each produced particle is connected
to the next through limited momentum transfer, leading to an approximately flat rapidity distribution.
This behavior closely resembles the ladder structure emerging from the BFKL equation, where gluon
emissions are strongly ordered in rapidity but not in transverse momentum. Revisiting classical
multi-peripheral models (such as the Chew—Pignotti model) through the lens of BFKL dynamics
may therefore shed light on the properties of the semi-hard regime of QCD.

We explore the connection between multi-peripheral emissions and Mueller—Navelet jet pro-
duction [5]. This process, introduced several decades ago, consists of two high-pr jets separated
by a large rapidity interval, with additional emissions populating the gap. The extensive literature
on Mueller—Navelet jets has mostly focused on observables such as azimuthal decorrelations and
inclusive cross sections as probes of BFKL evolution. Here, we investigate a new class of observ-
ables that may provide complementary and more differential insight into the underlying dynamics.
We present a preliminary Monte Carlo comparison between two event generators:

1. BFKLex: implements an iterative solution of the BFKL equation. For this study, we keep
our precision at LLA [6].

2. PYTHIAS: includes hard scattering, parton shower, and multiple parton interactions (MPI)
[7].

The comparison is performed at the parton level; in particular, hadronization is switched off in
PYTHIAS to ensure a consistent comparison, since BFKLex does not include hadronization effects.

2. Setup and Observables
We choose to analyze a set of esclusive observables, and to study the following process
pp—=jj2X,

where X denotes the inclusive jet radiation. Jets are ordered in rapidity, and j and j; are respectively
the most backward and the most forward jet. We consider two different values of the center-of-mass
energy, Vs = 8 Tev and /s = 13 Tev. Final-state jets are reconstructed using the anti-kT algorithm
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(c¢) Forward jet rapidity distribution.

Figure 1: BFKLex (red) vs. PYTHIAS (black) comparisons of the rapidity distributions at 8 TeV for fixed
multiplicity N =3.
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(a) Second most backward jet rapidity distribu-
tion. (b) Second most forward jet rapidity distribution.

Figure 2: BFKLex (red) vs. PYTHIAS (black) comparisons at 8 TeV for the cumulative distribution of the
second most backward and the second most forward jets arising from each event.

[9], with jet radius R = 0.5 and R = 0.4, corresponding respectively to 8 TeV and 13 TeV collisions.
Each jet is required to have a transverse momentum greater than 20 Gev. Jets are selected to be
inside the rapidity window (-4.7, 4.7). The following observables are analyzed:

1. Fixed-multiplicity single-jet rapidity distribution: For this observable, we select events with
fixed jet multiplicity and plot the rapidity distributions for all ordered jets. For example, for
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Figure 3: BFKLex (red) vs. PYTHIAS (black) comparisons of the rapidity distributions at 13 TeV for fixed
multiplicity N =3.
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Figure 4: BFKLex (red) vs. PYTHIAS (black) comparisons at 13 TeV for the cumulative distribution of the
second most backward and the second most forward jets arising from each event.

N = 3 events we will have three distributions, as in Fig. 1 for 4/s = 8 Tev, and Fig. 3 for
\s = 13 Tev.

2. Rapidity distribution of the second most forward/backward jets (SMF/SMB): For this observ-
able, we identify the second most backward and the second most forward jets in each event,
regardless of the multiplicity of the event. The rapidity distributions of these two jets are then



From Multiperipheral Models to BFKL Dynamics in Mueller—Navelet Jets D. Vaccaro

collected from each event and shown separately in two distinct plots as in Fig. 2 and Fig. 4.

We observe that, in each plot, the BFKL curve (in red) is less peaked in the central region but
exhibits broader tails compared to the PYTHIAS curve (in black). This is a preliminary result, and
it deserves further investigation, as it could potentially reflect differences in the underlying dynamics
of the two generators. It is also worth noting that this behavior is more pronounced at 8 TeV, while
at 13 TeV the difference is still present but appears less marked. Further studies, including jets
rapidity—rapidity correlations and a comparison with HERWIG7 [8] Monte Carlo generator, will be
conducted in the future.

3. Conclusions

In summary, we have explored multi-peripheral-type emissions within the BFKL framework through
Mueller-Navelet jet observables. Preliminary comparisons between BFKLex and PYTHIAS indi-
cate distinct features in jet rapidity distributions, suggesting possible manifestations of BFKL dy-
namics. Future studies, including rapidity - rapidity correlations and comparisons with HERWIG7,
will further clarify these effects and their phenomenological relevance.
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