Performance studies of CBM Time of Flight(TOF)
detector and a few aspects of particle production at a
FAIR energy
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Introduction

Exploring the QCD phase diagram is one
of the main goals of the realtivistic and ultra-
relativistic heavy-ion collision programs. In
such nuclear collisions, the produced nuclear
matter is far away from normal nuclear den-
sity and temperature. Depending on the en-
ergy and the collision system under invetiga-
tion, it is contemplated that nuclear matter
with an almost zero net-baryon density and an
extremely high temperature, or alternatively,
with an extremely high baryon density and at
moderate temperature, is formed. The Facil-
ity for Anti-proton and Ion Research (FAIR)
of GSI, Darmstadt, Germany, is a planned
facility that is intended to examine nucleus-
nucleus collisions from 10 AGeV to 45 AGeV
and is anticipated to be operational sometime
during the later part of this decade [1]. One
of the four main experiments of FAIR, the
proposed Compressed Baryonic Matter(CBM)
experiment, is intended to investigate the crit-
ical point of phase transition in the QCD
phase diagram. So, the studies of physical
observables related to such physics are very
necessary to find the existence of phase tran-
sitions at such beam energies. Also, particle
identification is very much necessary to study
such observables. One of my objectives was to
identify the charged hadrons using the CBM-
ToF detector tracking algorithm.

The particle number density of primary
charged particles emitted in heavy-ion colli-
sions exhibits fluctuations in various phase-
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spaces. It is expected that the investiga-
tion of such fluctuations will provide infor-
mation related to particle production mecha-
nisms. Such fluctuations can be broadly clas-
sified into two categories: (a) statistical fluc-
tuations and (b) dynamical or non-statistical
fluctuations [2, 3]. One of the most success-
ful mathematical tools for separating the dy-
namical component of fluctuations from the
mixture of these two is the scaled factorial
moment (SFM) method. In this work, an-
other attempt has been made to study multi-
particle fluctuation with the SFM technique
using ultra-relativistic quantum molecular dy-
namics (UrQMD) and hybrid UrQMD-hydro-
generated data.

Physics performance studies of
CBM-ToF detector

The ToF detector, which is will be con-
sidered as one of the core detectors of the
future CBM experiment and the function of
ToF is identify the charged hadrons. The no-
approach, is usual method, is adopted for this
analysis for particle identification.
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FIG. 1:
hadrons.

m? distribution of primary charged

In the standard approach, the flight time



and track length of the particles from the col-
lision vertex, and momentum from STS track
curvature can be used to measure the squared
mass (m?) [1]. FIG. 1 represents the m?-
distribution for identified pion (), Kaon (K),
and proton (p). The plot agrees well with pub-
lished result of Deppner and Herrmann [4].
FIG. 2, represented the transverse mass (mr)
spectra of identified w, K, and p which are
fitted with Boltzamnn equation [1]. The mr
spectra of mentioned particles follow the ex-
pected mass ordering. Effective temperature
(Tesy) of fireball has been calculated from the
fitted parameter (slope) of the mp-spectra.
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FIG. 2: mr spectra of identified light flavored
hadrons 77 + 77, KT+ K~, and p + p.

Scaled factorial moment analysis
of multiplicity fluctuation

In this work, the UrQMD and UrQMD-
hydro event generator has been used. The
detail method of SFM has already been de-
scribed in our published paper [2].

FIG. 3 is represented the two dimen-
sional density distribution spectrum of all
charged particles. From FIG. 3, it is clear
that the distribution, as expected, is flat in
pseudorapidity(n)-azimuthal(¢) space and de-
void of any preferential emission, which re-
duces the possibility of error in our fluctuation
studies caused by initial shape dependence of
single particle spectra.

FIG. 4 represented the plot of two dimen-
sional horizontally averaged factorial moments
versus number of phase-space bins. From
this figure, a clear signature of power-law be-
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FIG. 3: Density distribution in 2D x(n—¢) spaces
for all charged particle.

haviour of factorial moment with number of
bins could be observed, confirming the pres-
ence of intermittency in UrQMD-hydro data.
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FIG. 4: Variation of in < F, > aginst InM? plots
for different modes of UrQMD events.
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