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Multiplicity of charged and identified particles within jets
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Jets are commonly used to study Quantum Chromodynamics and search for physics beyond the Standard model. Recent experimental results
are analyzed to study hard and soft hadron production mechanisms within jets. The result of this work is the study of hadron production
within jets produced in proton-proton collisions generated usingPYTHIA 8.3 event generator. We report color reconnection effects on jet
multiplicity, multiplicity for identified particles within jets and transverse momenta distributions at 7 and 13 Tev.
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1. Introduction

Multiplicity is a global observable that allows to characterize
events in any colliding systems and has been widely studied
by the KNO scaling, for the first time [1, 2] and up to the
latest LHC energies [3]. Collimated groups of particles pro-
duced by the hadronization of quarks and gluons are called
jets. In hadron-hadron collisions, these partons are produced
in high-momentum transfer scatterings. Jets are commonly
used in physics searches beyond the Standard Model [4-7].
They also contribute to backgrounds in other analyses, in-
cluding the search for heavy particles. Additionally, the jet
shapes help to extract parameters from the model in event
generators.

Multiplicity within jets is used to study both the perturba-
tive and non-perturbative QCD processes, and since quarks
and gluons have different color factors, the hadronization is
sensitive to the initial parton. Thus, the particle content and
its momentum distribution within jets can be used to discrim-
inate the type of parton that initiated the jet [8]. It is well
known that gluon-initiated jets contain larger particle multi-
plicities than quark-initiated jets at the same energy, and the
transverse momentum of the constituent particles is harder
for gluon-initiated jets.

In both p-p and p-Pb collisions, baryon-to-meson and
baryon-to-baryon yield ratios measured in jets differ from the
inclusive particle production for low and intermediate hadron
PT (0.6-6 GeV/c) [9]. Ratios measured in the underlying
event are in turn, similar to those measured for inclusive par-
ticle production.

It is generally assumed that the fragmentation functions
are universal between collision systems and energies, and the
measurement of the relative production of different heavy-
flavor hadron species is sensitive to fragmentation functions
used in perturbative QCD (pQCD)-based calculations. How-

ever, the experimental results [10] compared to the model in-
dicate no universality.

This work presents a study of jets produced atPP colli-
sions. We analyzed the multiplicity of jets, the multiplicity
of identified particles in jets, as well as flow-like effects in-
duced by color reconnection in baryon-to-meson ratios. The
analysis is done usingPYTHIA 8.3 [11] event generator.

2. Events for the analysis

The data for this analysis were generated usingPYTHIA 8
pp collisions at 7 and 13 Tev. 4 million events for each set
of data. Soft QCD processes with color reconnection were
considered for this analysis to study multiplicity and its com-
parison with the experiment, as well as jets and their proper-
ties [12]. Within these events, jets were reconstructed using
theanti−KT algorithm with cone radius sizeR given by the
R =

√
(yi − yj)2 + (φi − φj)2, whereyi andφi are respec-

tively the distance inη−φ space, rapidity and azimuth angle
of particle.

2.1. Results and its discussion

The multiplicity of jets at 7 Tev and for three different cone
sizes,R = 0.3, 0.5, 0.7 is computed with results without
significant difference, except at higher multiplicity where a
small increase is observed for higherR. For this reason, the
figure is not shown.

2.2. Jets and color reconnection

The color reconnection (CR) was introduced as part of the
hadronization model to describe multiplicity and transverse
momentum from the experiments. Evidence shows that it
also introduces flow-like effects inPP collisions [13]. The
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FIGURE 1. Jet multiplicity (pJet
T ≥ 5 GeV) for different strengths of color reconnection at a) 7 Tev and b) 13 Tev.

FIGURE 2. Charged particle multiplicity inside jets (pJet
T ≥ 5 GeV) for different strengths of color reconnection at a) 7 Tev and b) 13 Tev.

average transverse momentum distributions have been well
described [14] when color reconnection is introduced. Here
we present the results of the effects of CR within jets. Since
this is a final state interaction, it takes part in the hadroniza-
tion. Consequently, it modifies the multiplicity distribution.
Figure 1 shows jet multiplicity for different strength of color
reconnection, at 7 Tev (top) and 13 Tev (bottom). The results
are computed for a range of color reconnection values from
0-9, which correspond to the minimum and almost the max-
imum (10 is the maximum) allowed by the model, finding
no significant changes between them. The charged particle
multiplicity within jets seems not to change for any value of
color reconnection, as one can see in Fig. 2 for 7 Tev (top)
and 13 Tev (bottom).

The same distributions can be computed for identified
particles within jets, with effects of color reconnection. Fig-
ures 3 and 4 show on top the case for pions. Meanwhile,

the bottom panel shows the multiplicity of protons. In both
cases, the plot below each is the ratio of the multiplicity dis-
tribution with the highest and the lowest values divided by
the multiplicity with a nominal value of CR, 1.8.

Flow effects within jets can be studied through the ratio
of the transverse momentum distribution of the baryon-to-
meson and baryon-to-baryon. The Fig. 5 shows the baryon-
to-meson ratio for (p+ p̄)/(π+ + π−), (Λ0 + Λ̄0)/(2K0

s ) and
(Ξ+ + Ξ−), each panel corresponds to a distribution pro-
duced with jets for different transverse momentum minimum
required to reconstruct the jet, the values of this transverse
momentum are:3, 5, 20, 100, 200 GeV, indicating the hard-
ness of jets. The lower panel for each figure shows the ratio
of distributions with higher to the minimum transverse mo-
mentum distribution. The results show a clear bump for the
proton to pion shifted to higher PT values when the transverse
momentum of the jet increases. Similar behavior, but less

Supl. Rev. Mex. Fis.4 021118



MULTIPLICITY OF CHARGED AND IDENTIFIED PARTICLES WITHIN JETS 3

FIGURE 3. Multiplicity distributions of a) pions and b) protons, within jets for different strengths of color reconnection mechanism at 7 Tev.

FIGURE 4. Multiplicity distributions for a) pions and b) protons, within Jets for different strengths of color reconnection, at 13 Tev.

FIGURE 5. Transverse momentum of particles within a jet at 7 Tev for a) (P+P̄ )/(π++π−), b) (Λ0+Λ̄0/2K0
s ), and c) (Ξ++Ξ−)/(Λ0+Λ̄0))

for different transverse momentum minimum of the jet. The bottom of each distribution shows the ratio for transverse momentum PT larger
to 200 GeV/c to those of PT larger than 3 GeV/c.
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pronounced, is observed for (Λ0 + Λ̄0)/(2K0
s ). Baryon-to-

baryon ratio, as shown in the bottom panel of Fig. 5 presents
a continuous growth, and it is very similar to any restriction
of the transverse momentum of jets.

3. Conclusions and perspectives

We present the effects of color reconnection on jets and
their properties through the jet multiplicity and multiplicity
of charged and identified hadrons within jets. Jets analyzed
were generated with PP collisions at 7 and 13 Tev in the center
of mass energy, usingPYTHIA 8 event generator. The main
results are: jet multiplicity has slight cone size dependence;
the multiplicity of charged particles has a slight dependence
on jet PT ; however, multiplicity within the jet is significantly
different for identified particles, especially for pions.

Color reconnection included in jet production has almost
no effect on jet multiplicity, but within jets, is observed a

strong dependence on identified light particles, like pions or
kaons. On the other hand, this effect is less perceptible for
heavy particles like proton,Λ, Ξ, and others. Finally, the
baryon-to-meson ratio results show a bump with a signifi-
cant shift to higher PT when the transverse momentum of the
jet increases. This dependence decreases for multi-strange
hadrons. This kind of analysis could be helpful to investi-
gate the no universality of hadronization, observed experi-
mentally [9, 10]. It could also be valuable to understand the
KNO scaling within jets [15] in terms of different models of
color reconnection and multiple parton interactions and ef-
fects of initial and final state radiation.
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