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Motivation: the evolution picture of the Nuclear

Modification Factor1 - 𝑅𝐴𝐴 =
𝑑2𝑁/𝑑𝑝𝑇𝑑

<𝑇𝐴𝐴>𝑑
2𝜎𝑝𝑝/𝑑𝑝𝑇𝑑

as a

function of pT shows that in the range of pT = 5-10 GeV/c,

the suppression is stronger

than before observed at

the RHIC. Beyond pT =

10 GeV/c up to 20 GeV/c

RAA shows a rising

trend, this rise continues at

higher pT, approaching a

suppression factor 0.5-0.6

in the range of

40 –100GeV/c. The

behavior of the RAA is very complex and today we are far

from understanding it complictly.

Goal : To understand the behavior of the RAA from the

initial pT distributions.

Methods: The invariant differential yield of the charged

particles , 0 – and  - mesons as a function of pT in pp

and Pb-Pb collisions at the LHC energies were

analyzed*. First, we fit the pT distributions in the whole

experimentally measured ranges (from the minimum

measured value of pT (𝑝𝑇
𝑚𝑖𝑛) to maximum one (𝑝𝑇

𝑚𝑎𝑥) )

with a simple fitting function 𝑦 = 𝑎𝐾
𝑐 𝑒−𝑏𝐾

𝑐
(here 𝑎𝐾

𝑐 and 𝑏𝐾
𝑐

are the free fitting parameters). The index c is used to

designate the type of the events and the index K

represents the number of the pT regions). This fitting

attempt did not produce good fitting results and we

decided to decrease the values of the 𝑝𝑇
𝑚𝑎𝑥 till getting a

value of 𝑝𝑇
𝑚𝑎𝑥1 at which the best fitting results are

reached. So we defined the boundary values of the pT
(from to 𝑝𝑇

𝑚𝑎𝑥1) , for the first pT region (K=I). STOP

------------
1. CMS Collaboration. Eur. Phys. J. C (2012) 72:1945

* We have considered : charged particles produced in the pp (the index

c=1 specifies these events ) and in the PbPb collisions (with 6 bins of

centrality, c=21-26) at 2.76 TeV [1] ; 0(c=11) –and -mesons (c=12)

produced in the pp collisions at 2.76 TeV [Alice Collaboration Eur. Phys.J. C77

(2017) 339, 2017]; charged particles produced in the pp collisions at 0.9TeV

(c=3) and at 7 TeV [CMS collaboration. JHEP1108(2011)086](c=4); 0 –

mesons produced at energy 0.9 TeV (c=31); 0- (c=41) and -mesons

(c=42 ) produced in the pp collisions at energy 7 TeV [ALICE Collaboration.

Physics Letters B 717 (2012) 162–172]; charged particles produced in the pp

collisions at 8 TeV [ ATLAS Collaboration. Eur. Phys. J. C 76 (2016) 403] (c=5);

0 (c=51) – and  (c=52)- mesons produced at energy 8 TeV [ALICE

Collaboration. Eur. Phys. J. C (2018) 78:263].

The high density causes string fusion and a collective

phenomenon, which is as a result of the new string

formation in the most central Pb-Pb interactions. It can

explain the anomalous behavior of the Nuclear

Modification Factor in this region; the region I is the one

with the maximum number of hadrons and minimum

number of strings.

The including of the spectra of neutral mesons to the

consideration has given some new results: the pT regions

can be classified into two groups depending on the values

of the 𝐿𝐾
𝑐 , 𝑎𝐾

𝑐 and 𝑏𝐾
𝑐 ; the characteristics for the first group

regions don't depend on colliding energy and the type of

the events (c) (though the values of 𝑎𝐾
𝑐 increase linearly

with energy) whereas the characteristics for the second

group ones show strong dependencies on c and colliding

energies .

They were found that the ratios of the lengths for the  -

mesons’ regions to ones for the 0-mesons’ regions were

approximately equal to the ratios of their masses:

< 𝐿 >:< 𝐿0 >≅ < 𝑚 >:<𝑚0 >. The result could be

considered as evidence in favor of parton string

fragmentation dynamics.

It was concluded that the  -mesons were produced at

lesser values of 𝛼𝑆 compare to 0-mesons.

The results show that for the first group of regions the

lengths of the regions are 3-5 times greater than the

lengths of neighboring, lower pT regions. For the second

group of regions the lengths of the regions are 1-2 times

greater than the lengths of neighboring lower pT region. In

the framework of the string fragmentation and

hadronization dynamics, this could mean that the particles

in the group I of regions are produced through previous-

generation strings decays into 3-5 strings while those in

group II originate from previous-generation strings decays

into 2 strings. One can suppose that the observed two

groups of the regions are formed under influence of: the

energy of the collisions (which defined the tension of the

first-generation strings); the mass of the produced particles

(which is defined by the vibration of the hadronizing

strings) and the charge and quantum numbers of the

hadronizing strings. The existence of the 2 groups of

regions could be a hint that there are two types of strings

responsible for the observed groups of events.

The rest of the distributions (from the first point

after the 𝑝𝑇
𝑚𝑎𝑥1(𝑝𝑇

𝑚𝑖𝑛1) till 𝑝𝑇
𝑚𝑎𝑥) were fitted again

by the same function and again to get the

optimized fitting results the values of the 𝑝𝑇
𝑚𝑎𝑥

was limited to find the 𝑝𝑇
𝑚𝑎𝑥2 at which the best

fitting results reached. After getting the values of

the 𝑝𝑇
𝑚𝑎𝑥2 we defined the boundary values of

the pT (from 𝑝𝑇
𝑚𝑖𝑛1 to 𝑝𝑇

𝑚𝑎𝑥2) , for the second

pT region (K=II) and so on. The figure below, as

an example, visualizes the procedure of the

getting the best fitting results. Then using the

obtained values of the maximum and minimum pT

for the best fittings in the different regions, the

boundary values of pT for the regions (𝐽𝐾
𝑐 ) , and

the lengths (𝐿𝐾
𝑐 ) of the regions have been defined

[Mais Suleymanov. IJMPE EVol. 27, No. 1 (2018) 1850008; e-

Print: arXiv:1812.07468 [nucl-ex] ](see figure below).

Results: The data

revealed several pT

regions, which could 

be characterized by 

the length of the 

region 𝐿𝐾
𝑐 and two  free 

fitting parameters 𝑎𝐾
𝑐

and  𝑏𝐾
𝑐 . The values of 

the  𝐿𝐾
𝑐 increase with pT

(and with K) and 

𝐿𝐼𝐼𝐼
𝑐 : 𝐿𝐼𝐼

𝑐 ≅ 5 ; 𝐿𝐼𝐼
𝑐 : 𝐿𝐼

𝑐 ≅ 3 (Pb−Pb);

𝐿𝐼𝐼𝐼
1 :𝐿𝐼𝐼

1 ≅ 5 ; 𝐿𝐼𝐼
1 : 𝐿𝐼

1 ≅ 5 (pp) 

For pp collisions, there were not observed any

essential dependences for the fitting parameters on

the characteristics of the collisions (a certain -

dependence in the II region could be an exception).

While for Pb-Pb collisions, it was obtained that the

values of the fitting parameters strongly depend on the

characteristics of the collisions (medium effect) in the

region of 𝑝𝑇 < 4 − 6 𝐺𝑒𝑉/𝑐 (I region). The
dependences become weaker inthe second region

of 4 − 6 𝐺𝑒𝑉/𝑐 < 𝑝𝑇 < 17 − 20 𝐺𝑒𝑉/𝑐 and almost

disappered in the III region of 𝑝𝑇> 17 − 20 𝐺𝑒𝑉/𝑐 (except

centrality dependences for the parameter a).

In the case of central collisions, the ratio of the values

of the parameters 𝑎𝐾
𝑐 for PbPb collisions to the

values of 𝑎𝐾
𝑐 for the pp collisions multiplied by the

average number of participant nucleons have the

minimum values for the second region and, it becomes

less than 1 for the most central events - a suppression.

Observation of the pT regions for both pp and for

Pb–Pb collisions suggests that these regions can

reflect the fragmentation and hadronization properties

of partons. The parameter 𝑏𝑘
𝑐 could be represented as:

𝑏𝐾
𝑐 ≅

1

𝑝𝑇
(here 𝑝T is some average 𝑝𝑇 for parton

system) and with considering − 𝑝𝑇 ≅ 𝑡 ≅ −𝑞2 (t is

Mandelstam variable) we can write that 𝑏𝐾
𝑐 ≅

1

𝑞2
.

Using the expression 𝛼𝑆 ≅ 𝑙𝑛
𝑞2

2

−1

(a t =0.2

GeV/c) one can get that :𝛼𝑆 ≅ 1 for the I region; 

0.25 for the II region and  0.13 for the III region. The

increasing of the s with decreasing of the pT is similar

to the dependence of the s on pT which is

characteristics of the QCD quark string :
1

𝑟2
~𝑄2 = −𝑞2

(in which r is a distance between quarks in the string).

This result together with the above result on the ratios

of lengths can be clue that the fragmentation and

hadronization of the partons occurs through the string

dynamics, and the values of the 𝐿𝐾
𝑐 can be related to

the string tension. So one can conclude that the

meaning behind observed pT regions at LHC energies

is parton fragmentation and hadronization through

parton strings (as in the below figure): the region III is

the domain of creation of first generation

partons/strings during collisions, where the most

energetic hadrons /partons / strings(with 

highest tension) 

are produced and 

weakly modified

by the medium;

The region II is

the one with

highest density

of the strings

decayed from

ones in region

III.
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