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The shape of the transverse momentum (pr) distribution of primary charged particles
in minimum bias (nonsingle-diffractive) p—Pb collisions at \/syn = 5.02 TeV is studied
in the pseudorapidity regions: || < 0.3, 0.3 < 7 < 0.8 and 0.8 < n < 1.3 and in
the transverse momentum range 0.5 < pr < 20 GeV/c using simulated data produced
with the HIJING 1.0 code. These are compared with the ALICE data measured by the
ALICE detector at the LHC. In the model, the central and forward n-regions differ more
than in the ALICE data and due to this fact HIJING 1.0 cannot describe well the high
pr region in the pr distributions. The comparison of results from simulation implies
that the HIJING 1.0 considered narrower pseudorapidity distribution for the charged
particles than it is in the ALICE data. It cannot take into account satisfactorily leading
effect due to the asymmetric p—Pb fragmentation.

Keywords: Transverse momentum; pseudorapidity; HIJING 1.0; leading effect; jet; frag-
mentation; p—Pb; 5.02 TeV; LHC.
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1. Introduction

In the ALICE paper,! the transverse momentum (pr) distribution of primary
charged particles is measured in minimum bias (nonsingle-diffractive) p—Pb col-
lisions at \/syy = 5.02 TeV with the ALICE detector at the LHC.23 The pr
spectra were measured in the pseudorapidity regions in the center-of-mass system:
[n] < 0.3,0.3 <n < 0.8 and 0.8 < n < 1.3 and in the transverse momentum
range 0.5 < pr < 20 GeV/c. It was observed that at high pr, distributions of p-Pb
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collisions are similar to pp collisions, as expected in the absence of nuclear effects.
There is an indication of a softening of the py spectrum when going from central
to forward pseudorapidity region. That is a small effect, as seen in the ratios of the
spectra at forward pseudorapidities to that at |n| < 0.3. DPMJET event generator?
calculations well predict the measured dN.;,/dn distribution in the laboratory ref-
erence system.? It is concluded in Ref. 1 that the data exhibit weak pseudorapidity
dependence. There could be several reasons of this weak pseudorapidity dependence
for the pr distributions like: jet production and asymmetric fragmentation%7 of
the projectiles-leading effect.8 10

The Heavy Ion Jet Interaction generator (HIJING 1.0) code can take into
account jet production very well in hadron—nucleus collisions and give a clean pic-
ture of the jet fragmentation. In this paper, HIJING 1.0 is chosen as a generator
of data for studying the pr distribution of primary charged particles in p—Pb col-
lisions at \/syn = 5.02 TeV. The analysis based on the simulated data from the
HIJING 1.0 code is done in the three mentioned pseudorapidity regions in the range
of 0.5 < pr < 20 GeV/c. The data is compared with the ALICE data measured by
the ALICE detector at the LHC.

In our simulation, we have used the Dubna version of the Monte Carlo model,
HIJING 1.0.' This model combines the Lund model'? for jet fragmentation'3 with
Quantum Chromodynamics (QCD) inspired model for the multiple jet produc-
tion.'1% Thus, it is possible to study jets in high energy pp, pA and AA collisions.
The physics behind the program includes the multiple minijet production, soft
excitation, nuclear shadowing of parton distribution functions and jet interaction
in dense matter.!®1” We have plotted the (pr) distributions of primary charged
particles at /syn = 5.02 TeV with 1 x 105 p-Pb events. We also studied the distri-
butions by tuning the number of jets as well as for default jets (maximum number
of hard nucleon—nucleon interactions as defined in HIJING 1.0 code).

2. Results and Discussion

We have selected primary charged particles like protons, antiprotons, K+, K=, =+
and 7~ mesons for analysis based on HIJING 1.0 code definitions. The number
of jets were selected using parameter IHPR2(8) by selecting different variables.
IHPR2(8): (D = 10) for maximum number of hard scattering per nucleon—nucleon
interaction; IHPR2(8): (D = 0), for zero jet and ITHPR2(8): (D < 0) for fixed jet
production at its absolute value for each NN collision. All pions, kaons and protons
are considered as primary particles, including the decays of strange hadrons, at
variance to what is done by the ALICE experiment for the measurements.

Figure 1 shows the pr distributions of the charged particles in minimum bias
p—Pb collisions for different pseudorapidity (n) regions as mentioned above. The
spectra of regions II and IIT are rescaled by the factor of 4 and 16, respectively.
Similar pp distributions are obtained from simulation of the HIJING 1.0 code and
it is observed that the data from the model are systematically lower compared to
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Fig. 1. Comparison of simulated and ALICE data transverse momentum (pr) distributions of
the primary charged particles in minimum bias p—PDb collisions for different pseudorapidity regions
In| <0.3,0.3<n<0.8and 0.8 <n < 1.3, respectively. ALICE data are taken from Ref. 1.

the ALICE data. In order to compare the shapes of the simulated distributions gen-
erated from the code with the ALICE data;* the data were normalized to the values
of charged particle distribution at pr = 2 GeV/c. We took different normalization
values of 2.0, 2.5 and 3.0 for regions I, IT and III, respectively. One can see that
after normalization the HIJING 1.0 code well describes the shape of the ALICE
data for the first region till pr ~ 5 GeV/¢; for the second region till ~ 4-5 GeV/c
and for the last region till & 2 GeV/c. For the last case, the deviation increases
sharply with pr due to jet production about 17%.

It is obvious that if we normalize the data at pr = 10 GeV/c in Fig. 1, we would
get results which will be similar to the interpolated results from the pp reference
spectrum! Fig. 1. To test the idea we repeated all the work with 1 x 10° events for
fixed number of jets: 0,1,2 and also with default jets (maximum number of hard
nucleon-—nucleon interactions as defined in HIJING 1.0 code).

Figure 2 shows the pr distribution of the charged particles with || < 0.3, and
with different number of jets in an event. It is obvious that the deviation between
the model and ALICE data changes with the number of jets. In case of 0 jets, the
model could not describe the ALICE data both in the low and high pp regions. For
1 and 2 jet events, clear fluctuations are observed in the high py area (which can

2The ALICE data (with and without errors) were taken from Ref. 1 using the HEPData;
https://hepdata.net/record/37646; and pp reference spectra:
http://hepdata.cedar.ac.uk/view/ins1190895.
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Fig. 2. Transverse momentum distributions of the primary charged particles in || < 0.3 for
default, 0,1 and 2 jets compared with ALICE data.l

be seen in the zoom in figure) while we find consistency between ALICE data and
model at low pr. One can say that in the |n| < 0.3 range the best approximation of
the data by HIJING 1.0 can be reached in case of default jet. We can also conclude
that in the high pr region the model gives systematically higher results than the
ALICE data. It may be due to absorption of charged particles by some dynamics
which is not included in the HIJING 1.0 model.'4

Figure 3 shows pp distribution of the charged particles with 7 in the range
0.3 < 1 < 0.8. Distributions coming from different number of jets are plotted
against the ALICE data. The deviation is clear in the low pr area.

Figure 4 depicts the distribution of charged particles in the region 0.8 < 7 < 1.3.
In this case, the model describes the low pr area very well but has problems to
describe the distribution at high pr. We calculated the normalization factor at
pr = 3.2, which is 0.5 for |n| < 0.3 region, 1.5 for 0.3 < < 0.8 and 2.0 for
0.8 < 1 < 1.3; this adjusts both distributions from model and ALICE data to a
common scale.

So it seems that the HIJING 1.0 model can well describe the behavior of the
charged particles with || < 0.3 (in the region of pr < 5 GeV/c). Model has prob-
lem to describe the charged particles with 0.3 < n < 0.8 and 0.8 < n < 1.3. It
means that HIJING 1.0 gives better description of the behavior of the charged
particles from the central 7 region and has problem to describe the pr beha-
vior for the forward particles, which is the area of leading particles — projectiles
fragments.
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Fig. 3. Transverse momentum distributions of the primary charged particles in 0.3 < n < 0.8 for
default, 1 and 2 jets compared with ALICE data.l
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Fig. 4. Transverse momentum distributions of the primary charged particles in the region 0.8 <
n < 1.3 for default, 1 and 2 jets compared with ALICE data.!

For a more quantitative comparison, we plotted the ratios of spectra at forward
pseudorapidities to that at |n| < 0.3 similar to Ref. 1 in Figs. 5 and 6.

The ratio of pr distribution in pseudorapidity region II to pseudorapidity
region I (0.3 < n < 0.8/|n| < 0.3) and the ratio of pr distribution in pseudorapidity
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Fig. 5. The ratio of spectra 0.3 < n < 0.8/|n| < 0.3 at forward pseudorapidity to that at |n| < 0.3.
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Fig. 6. The ratio of spectra 0.8 < n < 1.3/|n| < 0.3 at forward pseudorapidity to that at || < 0.3.

region IIT to pseudorapidity region I (0.8 < n < 1.3/|n| < 0.3) are shown in Figs. 5
and 6, respectively.

Both figures represent the cases of 1 jet, 2 jet and default jet compared with the
ALICE data ratio. We can see that: (i) the distributions looks similar to the ALICE
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data ratio up to ~ 3 GeV/c but are lower compared to the ALICE data, between
3 GeV/c and 4 GeV/c, then the ratio increases and after 4 GeV/c it follows a similar
trend as the ALICE data ratio; (ii) the results do not depend on the number of jets;
and (iii) within statistical errors the ratios do not depend on the 7 regions. The
reason that the simulated data is lower between 3 GeV/c and 4 GeV/c compared to
the ALICE data is that the model generates a narrower pseudorapidity distribution
than that observed in the ALICE data.

3. Conclusion

The results from the simulation are considered as an indication that the HIJING
1.0 model generates narrower 7-distributions for the primary charged particles pro-
duced in the p—Pb interactions at \/syny = 5.02 TeV. In the model, the central
and forward n-regions differ significantly from the ALICE data and that is why
the model could not describe well high pr region in the pr distributions. This is
confirmed by the sharp increase of the ratio in the pp region between 3 GeV/c
and 4 GeV/c. The reason might be that in the ALICE data the transition from
the central to the projectile fragmentation region occurs without changing the pr
distribution, while in the HIJING 1.0 code there exists some difference for the pp
distributions. We have discussed that in p—Pb interactions: (i) the charged particles
with || < 0.3, 0.3 <7 < 0.8 and 0.8 < 1 < 1.3 seem to be produced by the same
dynamics, while the HIJING 1.0 code considers different mechanisms for central
and fragmentation region particles; (ii) the central region is longer than |n| < 0.3,
which is due to leading particle effect that results in the extension of the central
area.
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