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1. Abstract and motivation

A new generalization of the multipomeron exchange model [1] — [9]
Is proposed that provides a reasonable description of processes of
pp, PA, and AA collisions. The main feature of this model, rele-
vant to the case of high density of overlapping quark-gluon strings,
Is that the effect of string collectivity is accounted for by a given
parameter associated with a change in string tension due to the
string fusion process. In a new approach, special attention is paid
to the production in AA collisions of the hadrons containing strange
qguarks, which is generally considered as a signal of the formation
of quark-gluon plasma. Besides the higher yield of strangness, in-
creasing string tension results in a specific class of events with a
large multiplicity and facilitates in the string fragmentation process
creation of particles containing c-quark. This mechanism can be
considered as an additional source of charm production [5].

The parameters of the model are fixed according to the depen-
dence of the transverse momentum on the multiplicity in pp and
pp collisions in a wide energy range (from ISR to LHC). In addition,
the yields of multistrange and charmed particles are obtained as
a function of the charged multiplicity for Pb-Pb collisions at LHC
energy, and the predictions of the model are compared with exper-
imental data.

2. Model

In this paper, we present the application to the heavy-ion collisions
of the multi-pomeron model [1-4], initially developed for pp, pp in-
teraction and then extended to the case of p-Pb [5].

According to the Regge-Gribov multi-pomeron exchange approach,
In one nucleon-nucleon collision, several pomeron exchanges can
occur.

Each pomeron exchange corresponds to a pair of quark-gluon
strings, in the process of fragmentation of which the observed
charged particles are produced

The multiplicity of charged particles can be obtained as:

N, = 2kn, (1)
where k is the proportionality coefficient, n — number of pomerons.

We use equation (1) also in A — A collisions case for the deter-
mination of mean number of pomerons (n) in each centrality class
defined by the experimental data for multiplicity.

According to the modified Schwinger mechanism [6, 1] in case of
exchange of n pomerons the probability of the production of a pri-
mary hadron of the type v with transverse momentum p; is propor-

tional to the value
eXP — ;

teff

where m,, is @ mass of the particle, ¢.g is the effective string tension.
In the case of pp and p-Pb collisions:

loff = nﬁt (2)

where t Is tension of a single string, and 3 is the parameter, re-
sponsible for the collectivity. Thus in n°t it takes into account the
Increase of string tension due to the string fusion mechanism [7].
The behaviour of parameter g as a function of the collision energy
was defined from the data on <pt>NCh — N, correlations in pp and pp
collisions.

The value of parameter 3 = 0 means no collectivity, and no cor-
relation between transverse momentum and multiplicity. At 5 > 0
(8 < 0) the positive (negative) (p:) v, — Ny, correlation appears.
The procedure for fixing the parameters is in detail described in the
[2, 3]. In Fig. 1 an example at 7 TeV has shown, and also a model
prediction at the top LHC energy, compared with the experimental
data.

The values of the parameters were taken from the energy depen-
dence of the parameters of the model as is [2, 3]:

k=0.25+0.065In/s, B=1.16 [1 = (Inv/s = 2'52)_019] ’

t = 0.566CeV2.
For A — A case we substitute

because in the string fusion approach [7] the string density, not a
string number, matters. Here S(b), the nucleus overlapping area,
depends on impact parameter (b):

2Ry
and Ry — radius of the nucleus (for Pb Ry = 7.276 fm). For .5,
the characterisitc overlapping area in pp collisions we took inelas-

tic nucleon-nucleon cross section (Sy= 6fm?). The resulting depen-
dence of t.z on multiplicity of Pb-Pb collisions is shown in Fig. 2.

S(b) = R(% (26 —sin (2£)) , & = arccos ( ’ ) , (3)

The final hadron spectrum of strings fragmentation is modified due
to the cascade decays of resonances. These decays are effectively
taken into account by a cascade branching matrix A, extracted
from the particle decayer built into THERMINATOR 2 Monte Carlo
generator [8]. For strangeness and multi-strangeness production
for each particle we applied dedicated matrix in which the particle
In question doesn’t decay.

Finally, the relative yields of particles with the account of decays of
hadrons have the form:

2_|_ 2
YVNZMW' (QSM + 1) - exXp (W (pt mu)> :

0 teff

where S, is spin of a particle of the type u, M,,,, is effective branch-
Ing matrix. The yields of particles are normalized keeping the total
multiplicity N,.
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Figure 1: Left: example of previously performed fitting with a sin-
gle parameter (5 of the multiplicity dependence of p; in pp collisions
at 7 TeV, showing contributions from different exchange of several
soft pomerons [3] (experimental data from [9]). Rigth: prediction [2],
obtained for 14 TeV, compared to experimental data at 13 TeV [10].

eff
1.9

1.8

Figure 2: Multiplicity depen-

L7 dence of t.g in Pb-Pb colli-
16 sions at \/s=2.76 TeV.
1.5+ T . T | | |
0 250 500 750 1000 1250 1500 1750
Nch
3. Results

3.1 Energy dependence of the particle yields in pp
collisions
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Figure 3: Energy dependence of the mean multiplicity per rapid-
ity for charged pions, kaons, and protons in pp collisions[4,5]. The
lines correspond to model calculations. The points denote experi-
mental data (see references in [11]).

* The model demonstrates satisfactory agreement with experi-
ment, which improves with energy.

 Discrepancies at lower energy could be related to the absence of
the treatment of non-zero baryon density.

3.2 Multiplicity dependence of strangeness and
multi-strangeness production
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Figure 4:  Multiplicity dependence of the strange and multi-

strange particle yields (K!, \,=,)) divided by charged pion mul-
tiplicity.  Left plot — our model calculation for pp-collisions at
Vs =7 TeV [4, 5] (solid lines) and for Pb-Pb collisions (dashed lines)
at \/syy =2.76 TeV (this work), right plot [12] — experimental data
(dots) and prediction of other models.

* The model qualitatively describes the fast increase with charged
particle multiplicity of the strangeness and multi-strange yields in
pp collisions.

* The slope of the growth is even higher in the model than in the
experimental data. This could be related to the fact that parame-
ter 3 effectively considers all mechanisms for the transverse mo-
mentum growth, not only modification the string tension.

* The trend of the saturation and smooth transition from the pp to
Pb— Pb collisions is observed, similarly to the experimental data.

3.3 Open charm relative yield as the function of the
multiplicity in pp, p-Pb and Pb-Pb collisions

In this section we calculated the relative yield of D mesons in pp
and Pb-Pb collisions as a function of multiplicity.
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Figure 5: Left: The relative open charm yield in pp and p-Pb col-
lisions at \/s=7 TeV at as a function of normalized charged mul-
tiplicity, calculated in model [5], compared with the experimental
data [13]. The dotted line shows linear dependence of the yield
(proportional to the total charged multiplicity). Right: Multiplicity
dependence of Dy meson production divided by pion multiplicity in
Pb-Pb collisions at 2.76 TeV, self-normalized in the 30-50% central-
ity class. The line shows model calculation, the dots — experimental
data, which were extracted from the data of papers [14, 15]

« The model describes the slow growth of the relative D meson
yield with multiplicity in Pb-Pb collisions.

* This results confirm that production of open charm behaves very
much similarly to that of pions, which has been observed in the
experimental data, for example, on nucleon modification factors,
or azimuthal flow.

4. Conclusions and outlook

'he generalization of the multi-pomeron exchange model to
nucleus-nucleus collisions is performed, taking into account the
Increase of strange and multi-strange particles and heavy flavour
yield in the high string density overlap area of the colliding nuclel.
The main feature of this model is the effective consideration of
string collectivity (in a form of fusion) with the help of the dedicated
parameter.

The model demonstrates a qualitative agreement with the experi-
mental data on the correlation of the strange baryons and charmed
meson yields with the charged particles multiplicity.

The D-meson relative yield has been calculated in Pb-Pb collisions
at 2.76 TeV and compared with the available experimental data. A
slow growth of D-meson relative yield with multiplicity in Pb-Pb colli-
sions is also described by the generalized multi-pomeron exchange
model.

The future studies would include a more accurate accounting
of Schwinger mechanism (on the quark level), statistical fragmen-
tation models application, and also calculation of different correla-
tions in our framework.
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