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INTRODUCTION

We investigate the effect of quantum number conservations during parton fragmentation and hadroniza-
tion in p-p, p-Pb, and Pb-Pb collisions at LHC energies [1, 2]. The strength of the conservation effects
are studied by identified two-particle correlations in Monte Carlo generated events in the mid-rapidity re-
gion (η < 1). The extracted identified associated hadron spectra for charged pion, kaon, and proton show
identified trigger-hadron dependent splitting between oppositely charged associated particle species in any
nucleus-nucleus collisions. The Pb-Pb data exhibits a peculiar splitting pattern as a function of the transverse
momentum of the associated particle pT,assoc both on the near and away side that is different from the pat-
terns observed in p-p and p-Pb collisions. The splitting shows smooth evolution with collision energy and
event multiplicity in p-p collisions while in Pb-Pb collisions different trend observed for kaons and protons.

MONTE CARLO DATA SETS AND ANALYSIS CUTS

Collision system
√
s (

√
sNN ) Statistics

p-p 14 TeV 500 M
p-p 7 TeV 100 M
p-p 2.76 TeV 100 M
p-p 200 GeV 500 M

Pb-Pb (0-10%) 2.76 TeV 4 M
Pb-Pb (30-40%) 2.76 TeV 2 M
Pb-Pb (80-90%) 2.76 TeV 10 M

p-Pb (min.bias) 5.02 TeV 10 M

• p-p events generated by PYTHIA8 (tune 4C)
• Pb-Pb and p-Pb events generated by HIJING
• only charged, final-state particles (π±, K±, p, p̄,
and the charged hadrons (h±)
• |ηtrig| > 1 and |ηassoc| > 1 were rejected
• transverse momenta of the trigger particles se-
lected within 2 GeV/c < pT,trig < 25 GeV/c
• pT,assoc < pT,trig to avoid double counting
• pT spectra were projected within |∆η| < 1

THE PID-ASSOCIATED SPECTRA
Quantum number conservation can be tested by plotting the identi-

fied associated spectra dNPID
assoc/dpT,assoc for identified trigger hadrons.

We have investigated the PID-associated spectra using π±, K±, p, p̄,
and charged hadron h± triggers, selected from the transverse mo-
mentum range 2 GeV/c < pT,trig < 25 GeV/c. The yields of the PID-
associated spectra significantly decrease with the selection of charged
pion, kaon and proton triggers, respectively.
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FIGURE 1: π+-triggered associated particle spectra for near- and
away-side particles scaled by integral of the charged hadron iden-
tified associated spectra.

At the Monte Carlo event generator level, the basic conservation
laws of the quantum numbers – such as charge (C), baryon number (B),
and strangeness (S) – are fulfilled and could be reflected in the PID-
associated spectra after the hadronization process.

Trigger / Assoc Strength of effect
Near side Away side

π+ / (π+, π−) ∼ 2 ∼ 1
K+ / (K+,K−) ∼ 5 ∼ 1

p / (p, p̄) ∼ 10 ∼ 1

In Fig. 1 there is a visible deviation (hereafter called splitting) in the
pT,assoc between the oppositely-charged associated species on the near
side (which is enlarged on Fig 2). Since the number of generated pro-
tons at higher pT,assoc is much more less than the pions’s at the same
pT,assoc bin the baryon number conservation effect is more evident than
the charge conservation, focusing only on the near side where the trig-
ger particles were chooesn from. An estimation (based on Fig. 3 for
pT,trig = 2− 25 GeV/c) for order of magnitude of the maximum devi-
ations in the pT,assoc spectra in p-p can be found in the table above.

RATIO OF PID-TRIGGERED ASSOCIATED SPECTRA
To extract and enhance the expected quantum number conservation effects, the ratio of the PID-triggered-to-charged hadron-triggered associ-

ated spectra have been plotted
dNPID

assoc

dpT,assoc

/ dNhadron
assoc

dpT,assoc
(1)

which is the PID-triggered to charged hadron-triggered ratio of the PID-associated particle spectra (see Fig. 2).
The splitting effect can be observed for any of the trigger species both in p-p and Pb-Pb collisions. The splitting is larger on the near-side

than on the away-side. Qualitative observations show that the strength of the quantum number conservation effects increases in the order of
charge (C), strangeness (S) and baryon number (B) respectively. The largest splitting effect can be seen for unlike-sign correlations of protons
and antiprotons.
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FIGURE 2: PID-triggered associated particle yields relative to
the charged hadron-triggered associated yields.
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FIGURE 3: PID-triggered associated particle yields relative to
the charged hadron-triggered associated yields in four different
pT,tirg bins.

By plotting the differences between the (+/−) unlike-sign and (+/+) like-sign trigger/associated particles pairs for the PID-triggered-to-
charged hadron triggered yields

(
dNPID

assoc

dpT,assoc

/ dNhadron
assoc

dpT,assoc

)(+/−) / (
dNPID

assoc

dpT,assoc

/ dNhadron
assoc

dpT,assoc

)(+/+)

=

(
dNPID

assoc

dpT,assoc

)(+/−) / (
dNPID

assoc

dpT,assoc

)(+/+)

(2)

we can have a more detailed insight into the magnified splitting as plotted on Fig. 3. The splitting effect is independent of pT,trig in the studied
region of 2 GeV/c < pT,trig < 25 GeV/c.

The PID-triggered associated spectra for the like-sign and unlike-sign trigger/associated particle pairs is very similar for the pions in p-p, p-Pb
and Pb-Pb collisions. In contrast, there is a clear difference between the p-p, p-Pb and Pb-Pb systems for kaons and protons.

PID-TRIGGERED UNLIKE SIGN-TO-LIKE SIGN ASSOCIATED SPECTRA RATIOS IN P-P AND PB-PB COLLISIONS
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FIGURE 4: Yield differences between the oppositely charged trig-
ger/associated particle pairs for different collision energies.

• Near side: the splitting decreases with increasing collision energy.

• Away side: no obvious energy dependence, kaons show small
asymmetry for all collision energies.

Event multiplicity dependence in p-p
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FIGURE 5: Yield differences between the oppositely charged trig-
ger/associated particle pairs for different event multiplicities.

• Near side: the higher the event multiplicity the smaller the size
of the splitting due to increasing underlying event contribution at
higher multiplicities.

• Away side: no obvious dependence with event multiplicity.

Centrality dependence in Pb-Pb
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FIGURE 6: Yield differences between the oppositely charged trig-
ger/associated particle pairs for different centralities.

• Near side: reverse evolution pattern is observed for kaons and
protons as a function of centrality.

• Away side: kaons and protons show similar revresal trend as on
the near side.

SUMMARY
The observed splitting effect of the PID-triggered-to-charged hadron-triggered associated spectra shows

a peculiar pattern which

• is the most prominent for p/p̄ unlike-sign associated particle pairs (compared to K+/K−, π+/π− pairs)
on the near- and away side;
• has a reverse behaviour in Pb-Pb and in p-Pb on the away-side and remains unchanged on the near-side
in Pb-Pb;
• has similar behaviour in the p-p, peripheral Pb-Pb and minimum bias p-Pb on the near-side in terms of
the conservation of baryon numbers;
• decreases towards higher event multiplicities in p-p;
• decreases with increasing collision energies from RHIC to LHC in p-p.
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