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Abstract. This paper shows the relationship between charged hadron diversity and centrality in
hadron Pb-Pb collisions at a certain collision energy(2.76 TeV) per nucleon pair. It is found that the
centrality from 70-80% to 0-5%, each normalized charged particle density of participating
nucleon pair increases by about twice. The collision of particles in the experiment was simulated by
ALICE, a detector dedicating heavy-ion physics at the Large Hadron Collider. This work compares
the data sample with models based on different mechanisms for particle production in nuclear
collisions. And the error analysis of data in the end of this passage ensures the correctness of the
experiment.
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1. Introduction

ALICE is a detector dedicating heavy-ion physics at the Large Hadron Collider. which is designed to study
strongly interacting matter at extreme energy densities. The LHC simulates quark-gluon plasma under
extreme conditions of protons and neutrons. This extreme condition is similar to those reproduced in
laboratory conditions after the Big Bang. In the theory of quantum chromodynamics, our current primary
issue is closely related to quark-gluon plasma and its properties.

Quantum Chromodynamics (QCD), the theory of the strong interaction, predicts a phase transition at
high temperature between hadronic and deconfined matter (the Quark—Gluon Plasma). The ALICE
Collaboration reported the measurement of hadron Pb Pb collisions at a collision energy of 2.76 TeV per
nucleon pair. In this report, we do research on the non-central collisions. And the measurement of the
centrality dependence of the multiplicity density of charged primary particles dN.,/dn with || < 0.2 is
presented in our research. It provides the charged-particle density per participant-pair, (dN.,/dn)/
((Npart)/2), which covers the most central 80% of the hadronic cross section. And it is divided into nine
centrality classes. Glauber modeling is used to calculate the average number of nucleons involved in a
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collision in a certain centrality class [1].

2. Methods

All the calculations in this paper to estimate the charged particle multiplicity using data from the Silicon
Pixel Detector (SPD), the innermost part of the Inner Tracking System (ITS), were performed in Spyder, a
type of integrated development environment (IDE) of python. More specifically, the SPD is composed of
two cylindrical layers of hybrid silicon pixel assemblies, both of which cover |n| < 1. ( the definition of 7
will be given below). The tracklets are built using the reconstructed points of the SPD and the reconstructed
main vertex position.

A beam line from the vertex to each cluster in the innermost part of the ITS is considered. For each
cluster, or in this case, the tracklet in the inner layer, two differences are computed through Spyder using
the reconstructed vertex as the origin. (1) The difference in the azimuthal angles (A¢) between the innermost
layer and the outermost layer of SPD inthe x — y coordinate is computed, as is shown in the picture below.
(2) The difference in the pseudorapidity (An) between the innermost layer and the outermost layer of SPD
in the y — z coordinate is computed, as is also shown in the picture below, where 1 could be calculated
using the formula : n = —Intan(6/2) [2]. (Figure 1 [3])
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Figure 1. Graph of the two differences are shown in the picture. In the left picture of x-y
plane, the difference in the azimuthal angles (A¢) is presented. In the right picture of y-z
plane, the difference in the pseudorapidity (An) , or in this case, A6 is presented.

3. Determination of parameters
The parameters for characterizing the charged particle multiplicity are ((Npqr¢), dNcp/dn), where (Npgrt)
stands for the total number of nucleons in the two Pb-Pb nuclei that experienced no less than 1 inelastic

collision and dN.,/dn stands for the density of charged particles. The ways to obtain these data are shown
below [4].

3.1. Centrality Determination

In particle physics, especially in studying the collision of heavy ions, it is important to estimate the
centrality. The classification of centrality is based on the sum of the amplitude of the signals in V0-A and
VO0-C detector. The Vzero amplitude is fit perfectly based on the Glauber Monte Carlo. The number of the
total particles in Vzero detector could be calculated using the following formula:

Ngource = f % Npart + (1= f) X Neoy (1)
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where f =0.806, Ngo; and Npgre could be obtained by running the Glauber Monte Carlo. The
amplitude of Vzero is determined by the following formula:
Vzero = NBD(u) 2)

From 0 to Ngoyrce Where p is the mean number of particle sources, where in this case, is 29 [3].

3.2. the dependence of A and An
In order to determine whether there is a relationship between A¢ and An, we use the 2D histogram, a

nested function in Spyder using the library matplotlib. The results shown below better illustrate that there
is no relationship between A¢ and An [5]. ( Figure 2)

2D histogram of delta_eta vs delta_phi
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Figure 2. The 2D histogram of A¢ and An indicates that there is no linear or exponential
relationship between the two parameters.

3.3. Data Analysis Part
Let N be the number of events. In the part, N = 20000.

Centrality is from VZERO.

For Glauber fit, (Nyqre) and (Neoy) and VZERO ( VZERO = (z(Nparc) + = (Neou)) X 26 ) of a
event is from TGlauberMC ( sysA = “Pb” , sysB= “Pb” , signn=64(+5) ) v3.2 on
https://tglaubermc.hepforge.org/ [6]. ( Figure 3 )
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Figure 3. The histogram of VZERO ( Glauber fit is black ).
4. Data Analysis Part
4.1. dN./dn

4.1.1. dN_.,/dn of a event. Two hits the first and the second hit of which are respectively in the first and
the second layer and the mean 7 of which 77 satisfies —0.5 <7 < 0.5 is called data. If the two hits of
a data are from the same particle, the data is called Signal data. If not, the data is called Background data.

For D as a data, let dif f(D) be the difference from (1, ¢) of the first hit of D to (n,¢) of the
second hit of D. ( Figure 4)
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Figure 4. The histogram of diff(D) for D as a data in all datas of all events.
For A as a set of 2D points, let area(A4) be the area of A; let datas(A) be the number of datas which
each and only data D satisfies diff(D) € A is in; let Signal_datas(A) be the number of Signal datas
which each and only data D satisfies diff(D) € A is in; let Background_datas(A) be the number of
Background datas which each and only data D satisfies diff(D) € A is in.
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Let T be the set of all 2D points.

It is assumed, if n is from —0.5 to 0.5, dN_,/dn = AN, /An, and, if n is from —0.5 to 0.5,
AN, = Signal_datas(T).

So, dN.,/dn = AN, /An = Signal_datas(T) /(0.5 — (—=0.5)) = Signal_datas(T).

Since data is known and data the two hits of which are and are not from the same particle is unknown,
for any A as a set of 2D points, datas(A) is known and Signal_datas(A) is unknown and
Background_datas(A) is unknown.

Let So; = {(An, Ad)|An? + Agp? € [0,2 X 0.05%)}.

Let Sgo = {(An, Ad)|An? + A¢p? € [0.052, ]}.

Let Sy = {(An, Ap)|An? + Ap? € [0,0.052)}.

Let S; = {(An, Ad)|An? + Agp? € [0.05%,2 X 0.052)}.

It is assumed, for any A as a set of 2D points which satisfies A € Sy,, Background_datas(A) «
area(A), and, for any A as a set of 2D points which satisfies A € Sgq, Signal_datas(A) = 0.

So, Background_datas(Sy) = Background_datas(S;) and, Signal_datas(Sgg) =
Signal_datas(S5;) = 0.
So, Signal_datas(T) = Signal_datas(Sy) + Signal_datas(Sgg) = Signal_datas(Sy) =

datas(S,) — Background_datas(S,) = datas(Sy) — Background_datas(S;) = datas(Sy) —
(datas(S,) — Signal_datas(S;)) = datas(Sy) — datas(Sy).
So, dN.,/dn = datas(Sy) — datas(S,).

4.1.2. dN_ /dn of centrality from b to e. For a as a number which satisifies a € Z N [0, N), let x,
be dN.,/dn of event a which has been sorted from the most central to the most peripheral.

For b and e as two numbers which satisfy b € [0,1) and e € (0,1] and b <e, let x(.) be
dN,/dn of centrality from b to e.

So, for b and e as two numbers which satisfy b € [0,1) and e € (0,1] and b <e, xqe) =

Qieznivxbnxe) Xi) X (Biezn[Nxbnxe) D™

4.1.3. The uncertainty of dN./dn of centrality from b to e. The total systematic uncertainty on
dN_,/dn amounts to 7.0% in the most peripheral and 3.8% in the most central class [1].

For a as a number which satisifies a € ZN[0,N), let x_uncertainty, be the uncertainty of
dN.,/dn of event a which has been sorted from the most central to the most peripheral.

So, it is assumed, for any a as a number which satisifies a € ZN[0,N), x_uncertainty, =
(0.0000016a + 0.038) X x,.

For b and e as two numbers which satisfy b €[0,1) and e€(0,1] and b<e, let
x_uncertaintype) be the uncertainty of dNg,/dn of centrality from b to e.

So, for b and e as two numbers which satisfy b €[0,1) and e€ (0,1] and b<e,

x_uncertaintyp ey = (Dieznnxbnxe) X_uncertainty;) X (Bieznxbnxey 1)
4'2' <Npart)
4.2.1. (Npare) of aevent. (Npqare) is known.

4.2.2. (Npqr¢) of centrality from b to e. For a as a number which satisifies a € Z N [0, N), let y, be
(Npart) of event @ which has been sorted from the most central to the most peripheral.
For b and e as two numbers which satisfiy b € [0,1) and e € (0,1] and b <e, let y ) be



CONF-CIAP 2022 IOP Publishing
Journal of Physics: Conference Series 2386(2022) 012051  doi:10.1088/1742-6596/2386/1/012051

(Npare) of centrality from b to e.
So, for b and e as two numbers which satisfiy b € [0,1) and e € (0,1] and b <e, Ype) =

Cieznpvxbnxe) Vi) X Gicznnxpnxe) 1)1

4.2.3. The uncertainty of (Npgar) of centrality from b to e. The systematic uncertainty in the (Npqr¢)
values is obtained by varying the parameters entering the Glauber calculation as described above [1].

For b and e as two numbers which satisfiy b €[0,1) and e € (0,1] and b<e, let
y_uncertaintyp .y be the uncertainty of (Npq,¢) of centrality from b to e.

So, for b and e as two numbers which satisfiy b €[0,1) and e€ (0,1] and b<e,

s 1
y_uncertainty ey = 3 X (y(b,e) |signn=64+5 —Yb,e) |signn=64—5)-

4.3. (ANcp/dm)/((Npare)/2)

4.3.1. (dNcp/dn)/((Npare)/2) of centrality from b to e. For b and e as two numbers which satisfiy
be[0,1) and e € (0,1] and b <e, let Zye) be (ANcp/dn)/((Npare)/2) of centrality from b to
e.

So, for b and e as two numbers which satisfiy b € [0,1) and e € (0,1] and b <e, zgy,) =

Xb,e)/ V(b,e)/2)-

4.3.2. The uncertainty of (dNcp/dn)/((Npare)/2) of centrality from b to e. For b and e as two
numbers which satisfiy b € [0,1) and e € (0,1] and b<e, let z uncertainty;. be the
uncertainty of (dN¢p/dmn)/((Npare)/2) of centrality from b to e.

So, for b and e as two numbers which satisfiy b €[0,1) and e€ (0,1] and b<e,
aZ(b‘e) 6z(b,e)
0X(b,e) Y (be)
2Y (piey X_UNCETLAINLY (1 ¢) — 2X(b,e)Y (b ey Y UNCETLAINLY (1 ).

z_uncertainty ey = x_uncertaintyp ¢y + y_uncertaintyp ey =

4.4. Results
Results are from data analysis. ( Table 1) ( Figure 5)
Table 1. The table of centrality,dN.p, /dn.(Npar¢),(ANcrn /dn) / ({Npare )/ 2).

centrality dNep/dn (Npart) (dNen/dn)/ (Npart)/2)
0—5% 1598 + 62 3814+ 24 8.4+ 0.3
5-10% 1304 +53 327.8+ 4.4 8.0+ 0.2
10 — 20% 958 + 41 259.8+3.3 74+0.2
20 — 30% 633 + 29 184.6 + 3.1 6.9+ 0.2
30 — 40% 406 + 20 1283+ 1.9 6.3+ 0.2
40 — 50% 249+13 85.4 + 1.4 5810.2
50 — 60% 140+8 52.8+0.9 5310.2
60 — 70% 73+ 4 29.8+0.5 49+0.2
70 — 80% 35+ 2 149+03 47402
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Figure 5. The graph of ((Npar¢), (dNen/dn)/((Npare)/2)).

5. Conclusion

In summary, in hadron Pb Pb collisions at a collision energy of 2.76 TeV per nucleon pair, the relationship
between charged hadron diversity and centrality is presented in our research. The graph demonstrates that
each normalized charged particle density of participating nucleon pair grows from the centrality of
70-80% to 0-5%. The data calculation reveals that it increases by about twice.
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