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Abstract. Forward-backward multiplicity correlations have been used to study hadron
production mechanisms in electron-positron, proton-proton and more recently in lead-
lead collisions. The experimental results on this correlations and its comparison to differ-
ent models reveals an incomplete agreement. In this work, we present an study of forward
backward multiplicity correlations in proton-proton collisions using PYTHIA event gen-
erator, at LHC energies. Detailed analysis is presented in the case of soft and hard QCD
processes, incorporating color reconnection model as part of hadronization mechanism
and multiple parton interactions effects in the correlations. Our results and its compar-
ison to available experimental data suggest that this kind of correlations are great tools
to characterize the events and gives the possibility to disentangle phenomena in hard and
soft QCD processes.

1 Introduction

The Forward Backward (F − B) multiplicity correlations had been studied long time ago, on dif-
ferent colliding system. One of the first results in p+p collisions in ISR at

√
s = 52.6 MeV/c [1] where

was found positive values for the correlations, five years later there were results of p + p̄ collisions
at
√

s = 570 MeV/c [2] in S PS , again positive values of the correlation were found, and a possible
dependence on the energy was reported. Following this kind of correlations, results on e+e− collisions
at
√

s = 29 GeV [3] were published, the reported results shows no F − B correlations, this result was
interpreted as a consequence of the independent fragmentation of the jets produced in the collision.
Few years later, results of the E735 collaboration at Tevatron [4] in p+p collision at

√
s ≈ 1 TeV

confirmed the dependence of the correlation with the energy.
Results on heavy ions at

√
sNN = 200 GeV, published by the STAR Collaboration at RHIC [5], found

strong correlations in case of Au+Au collisions for centrality 0 − 10%, meanwhile for p+p collisions
was found very low correlation. Recently at the LHC were published similar results in p+p collision by
ATLAS [6] and ALICE [7] collaboration at

√
s = 0.9, 2.7, 9 TeV, they observed strong correlations.

Their analysis was more detailed investigating the pT dependence of azimuthal and pseudorapidity
distributions of F − B multiplicity correlation.
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In the present work we analyze F − B multiplicity correlations and possible effects on it due to final
state interactions in the hadronization mechanism, those like color reconnection (CR) as well as from
the number of multiple parton interactions (nMPI), these phenomenological models are successfully
used to describe kinematic variables like average transverse momentum of charged hadrons and multi-
plicity distributions, hence its importance to investigate the effects on F − B multiplicity correlations.

The F − B multiplicity correlation strength is defined as correlation coefficient of forward and
backward multiplicity, where nF and nB are the numbers of charged particles falling into the forward
and backward pseudorapidity intervals of δη, respectively:

bCorr =
〈nFnB〉 − 〈nF〉〈nB〉
〈n2

F〉 − 〈nF〉2
, (1)

this strength of the correlation factor, bcorr, is really sensitive to the changes of multiplicity, for in-
stance, for ranges of multiplicity is possible to get negative values of bcorr, this results are conse-
quences of the definition, but those results have no physical meaning.

Figure 1: Pseudorapidity distribution illustrating
δη in forward-backward region

In the Fig. 1 shows the pseudo-
rapidity distribution, where is il-
lustrated the δη variable which is
the interval of the multiplicity to
measure the correlation. This vari-
able allow to study the out com-
ing hadrons of the collisions, those
are expected to come from the
collisions if we analyze central
pseudorapidity regions, while for
larger values of η we expect to see
hadrons coming from the fragmen-
tation region, and also from collid-
ing beam.

2 Forward-Backward multiplicity correlation with PYTHIA

The analysis of the correlation is realized with Monte Carlo event generator, PYTHIA 8.2 [8],
taking into account soft and hard QCD process, with a sample of 25 billions of events for each set of
studies, selecting charged primary hadrons with transverse momentum in the range 0.3 < pT < 1.5
GeV/c and pseudorapidity range |η| < 1. These values are taken to be able to compare our results
with those presented by the ALICE experiment [7].
Pseudorapidity distribution is the first variable to be understood since any change on it, will bring
consequences on the correlations. It is important to quantify the effects of soft and hard QCD
processes in an independent way. The left panel of the Fig. 2 shows these two distributions generated
in p+p collisions in a width η range showing a higher number of charged hadrons produced in the
central region for hard processes while the opposite is observed for large η values (fragmentation
region). The differences could be understood in terms of the kind of processes occurred in the
collisions, it means, hard processes mean harder collision between interaction partons, producing jets
in transverse direction respect to that of the beam. Right panel of the figure shows the transverse
momentum distribution for soft and hard QCD processes, from which one sees a spectrum hardest
for hard QCD processes, also it shows a spectrum for central rapidity compared to fragmentation
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Figure 2: Pseudorapidity distributions (left) for soft and hard QCD processes and transverse momen-
tum distributions (right) at

√
s = 7 TeV

regions, these differences produce direct effects on the behavior of the F − B multiplicity correlations.

Figure 3 shows bcorr as a function of δη: for central (0 < |η| < 1) and fragmentation (3 < |η| < 4)
region, from here one can see the evolution of the strength correlation parameter, it shows a higher
values for the soft processes respect to the hard ones. It is important to observe a faster saturation
of the bcorr than those calculated for soft processes. Comparisons short to long range correlations are
shown in the bottom of the figure, where almost a scaling behavior of the bcorr for soft processes is
observed while for the hard processes it increases faster in the fragmentation region.
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Figure 3: The correlation factor for p+p collision at
√

s = 7 TeV, for soft and hard QCD processes in
central and fragmentation pseudorapidity regions
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Figure 4: The correlation factor in terms of ranges of nMPI for p+p collision at
√

s = 0.9, 7 TeV.

3 F − B Correlations and multiple parton interactions

The multiple parton interactions is gaining interest since from the experimental point of view there
are evidences of their existence and from theoretical side, there are calculations [9] which have been
included in PYTHIA event generator. Figure 4 shows the correlations strength for two energies and
for each one them, different ranges in the number of multiple parton interactions. The behavior in
both cases is a continuous growth when the nMPI increase, however, comparing the correlation at
low to high energy, one sees an almost flat behavior, it means, that F − B multiplicity correlation
shows a scaling with the energy. Combined effects on bcorr coming from energy and nMPI could be
understood from the relationship between these two parameters, since nMPI is modeled in PYTHIA
with the damping parameter p0T [8] where this parameter is function of pT, and this last one depends
directly on the collision energy.

4 F − B correlations and color reconnection

The CR has been proposed as an alternative mechanism to produce flow like effects in proton-proton
collisions [10] where the direct variable that changes with the CR is the multiplicity distribution, it
decreases when CR increases. CR has been taken to describe successfully the average transverse
momentum of charge hadrons [11]. Figure 5 shows a reduction of the multiplicity when CR is
included, and this will produce some effect on the strength in the F − B correlation multiplicity.

4

EPJ Web of Conferences 172, 05008 (2018) https://doi.org/10.1051/epjconf/201817205008
ISMD 2017



C
o

rr
b

0.1

0.15

0.2

0.25

0.3

0.35

0.4

SoftQCD:innelastic

 = 7 TeV, PYTHIA8 Monash2013s
=0.0

gap
η

= 7 TeVs = 0.9 TeVs

 5≤nMPI  5≤nMPI 

 10≤5 < nMPI  10≤5 < nMPI 

10 < nMPI 10 < nMPI

ηδ
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

L
o

w
E

/H
ig

h
E

0.4

0.6

0.8

Figure 4: The correlation factor in terms of ranges of nMPI for p+p collision at
√

s = 0.9, 7 TeV.

3 F − B Correlations and multiple parton interactions

The multiple parton interactions is gaining interest since from the experimental point of view there
are evidences of their existence and from theoretical side, there are calculations [9] which have been
included in PYTHIA event generator. Figure 4 shows the correlations strength for two energies and
for each one them, different ranges in the number of multiple parton interactions. The behavior in
both cases is a continuous growth when the nMPI increase, however, comparing the correlation at
low to high energy, one sees an almost flat behavior, it means, that F − B multiplicity correlation
shows a scaling with the energy. Combined effects on bcorr coming from energy and nMPI could be
understood from the relationship between these two parameters, since nMPI is modeled in PYTHIA
with the damping parameter p0T [8] where this parameter is function of pT, and this last one depends
directly on the collision energy.

4 F − B correlations and color reconnection

The CR has been proposed as an alternative mechanism to produce flow like effects in proton-proton
collisions [10] where the direct variable that changes with the CR is the multiplicity distribution, it
decreases when CR increases. CR has been taken to describe successfully the average transverse
momentum of charge hadrons [11]. Figure 5 shows a reduction of the multiplicity when CR is
included, and this will produce some effect on the strength in the F − B correlation multiplicity.

Multiplicity
0 10 20 30 40 50 60

)
C

h
P

(n

5−10

4−10

3−10

2−10

1−10

SoftQCD:innelastic
PYTHIA8 Monash2013

 = 7 TeVsCR:on

 = 7 TeVsCR:off

20
40
60
80

100
120
140
160
180
200
220

Multiplicity
0 10 20 30 40 50 60C

R
/n

o-
C

R

0

0.5

1

Figure 5: Multiplicity distribution of charge hadrons with and without color reconnection for p+p
collision at

√
s = 7 TeV.
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Figure 6: The correlation factor for Soft QCD processes in p+ p collisions at
√

s = 0.9, 7 TeV.
Comparison is done among different strength of CR and the experimental ALICE data.

Figure 6 shows the bcorr as a function of the pseudorapidity width δη at 7 TeV for different values
of the strength of the CR. It is observed that higher values of the CR reduce the multiplicity and also
the bcorr. The possible range of values of CR strength is from 1.4 to 10, and more precise value could
be extracted from a fit of the experimental data which are shown in the same figure. However the CR
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is not the only possible effect present in the bcorr, then it is useful to make a more detailed analysis on
the F − B correlation multiplicity.

5 Conclusions

In the present work we have compared the charged hadron production in the forward and back-
ward, in central and fragmentation pseudorapidity regions. The analysis was done in p+p collision
at
√

s = 0.9 and 7 TeV using PYTHIA event generator, with the effects of the number of multiple
parton interactions and different strength values of color reconnection, splitting the events into soft
and hard QCD processes. The analysis of F − B multiplicity correlations shows a weak dependence
with the number of multiple parton interactions while the energy produce almost scaling behavior
of the correlations. However, when we took soft QCD processes a scaling between long and short
range correlations is observed, meanwhile for hard processes a faster saturation of the bcorr at central
rapidity respect to the fragmentation region is observed. The color reconnection, which reduces the
multiplicity also reduce the strength of the correlations, a combination of both numbers of multiple
parton interactions and color reconnection could bring us an insight more detailed of hadron produc-
tion mechanism in p+p and other colliding systems.
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