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Introduction

Width of the rapidity distribution of identi-
fied particles is considered to be one of the
important global observables of high-energy
nuclear collisions, which mainly provides in-
formation about the final state rescattering of
hadrons and the particle production mecha-
nism. It is reported in Ref. [1] that rapid-
ity width of identified particles at Alternat-
ing Gradient Synchrotron (AGS) and low Su-
per Proton Synchrotron (SPS) energies, fol-
lows a separate mass scaling for mesons and
baryons and depends not only on the mass of
the produced hadrons but also on their quark
contents. The net baryon (B − B̄) density
distribution is found to influence the rapid-
ity width to a considerable extent particularly
to hadrons (like Λ, p, etc.) that have lead-
ing quarks as the constituent partons. A clear
enhancement in the width of the rapidity dis-
tribution of Λ has been observed, which was
attributed to the net baryon density distribu-
tion effect as a considerable fraction of Λ is
produced from associate production. When
the beam energy is extended to Large Hadron
Collider (LHC) energies, with UrQMD-3.4-
generated and available experimental results,
a similar jump in rapidity width of Λ is found
to exist even at the highest LHC energy, where
B − B̄ is still seen to be non-zero [2]. It
is worth-mentioning that in pp collisions at
7 TeV, at the ALICE, Λ/Λ̄ becomes unity
at mid rapidity [3]. In such a situation, it
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is expected that B − B̄ will become vanish-
ingly small, if not zero, where Λ might be pro-
duced through pair production only. Since the
spectator hadrons of heavy-ion collision play
a significant role in particle production, par-
ticularly the Λ production, it would also be
very interesting to investigate how the specta-
tor partons of pp collision at different multi-
plicity classes play their role in Λ production.
In this work, an attempt has been made with
MC PYTHIA/UrQMD generated pp events to
study the widths of the rapidity distributions
of different hadrons at various LHC energies
and different multiplicity classes to investigate
the role of spectator partons on Λ production
for the situation for which B − B̄ = 0.

Results and discussions
Events were generated with UrQMD-3.4

and PYTHIA8 Monash tuned generated data
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FIG. 1: Distributions of rapidity widths of vari-
ous produced particles as a function of their rest
masses in pp collisions at various LHC energies.
These results are taken from our recent work [4].

and widths of the rapidity distributions have
been estimated with double Gaussian function
[1]. Figure 1 shows the distributions of rapid-
ity widths of various produced particles as a
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FIG. 2: Width of the rapidity distributions of B − B̄, Λ and Λ̄ in p+p collisions at
√
s = 13 TeV for

different multiplicity classes. These results are taken from our recent work [4].

function of their rest masses in pp collisions
at various LHC energies. A clear increase in
the width of the rapidity distribution of Λ has
been observed here again at all the studied en-
ergies. In Fig. 2, a non-zero value of B − B̄
at extreme rapidity for low multiplicity pp
events suggests the presence of more quarks
than antiquarks, favouring the production of
more baryons than anti-baryons in these re-
gions. The production of Λ in such low mul-
tiplicity pp events has a substantial contribu-
tion from the partons of the spectator regions
and could be the main reason of the increase
of the rapidity width of Λ (Figs. 1 and 3).
Further, it can be seen from Fig. 3 that ra-
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FIG. 3: Width of the rapidity distributions as a
function of their rest masses for various multiplic-
ity classes in pp collisions at

√
s = 13 TeV [4].

pidity widths of all studied hadrons decrease
with increasing multiplicity. It is interesting
to see that for the highest multiplicity class,
where the beam remnant is vanishingly small,
the jump in the rapidity with of Λ disappears

and rapidity widths of Λ and Λ̄ become almost
same.
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FIG. 4: Distributions of rapidity widths of Λ and
Λ̄ as a function of rapidity window of pp events
[4].

From Fig. 4, it could be seen that for the
rapidity window |y| < 3.5, where B − B̄ = 0,
the rapidity widths of Λ and Λ̄ become same.
Thus at LHC energies at and around mid ra-
pidity as well as for high multiplicity pp events
over the entire rapidity region, Λ and Λ̄ are
mostly pair produced.
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