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Motivation & problems

Heavy ion Collisions at LHC and RHIC

spectators

) " participants

before collision after collision

Main measurement: Multiplicity - Properties of created matter in HIC
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Motivation & problems

Thermodynamic properties
of the created matter

o

C 2]
V= =
e %
20 = =60
0=z
0 _= =i o %
—= = =
w=lE® =
=0 g
20 —= = 2 g
30 = £
=l =40 g
W= E
= @
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Main measurement: Multiplicity - Properties of created matter in HIC
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Model used: Statistical thermal model

Thermal-FIST. Model developed to analyze hadrons produced in relativistic HIC. It
simulates a fireball as the starting point, similar to a sphere formed in HIC. Its
evolution produces hadrons and density for hadron species, which can be analyzed
to characterize the system. The evolution can be follow by Ideal HRG,

The Grand Canonical Ensemble (GCE) is used to describe and compute properties of
the system created in HIC (QGP)
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Mi = Byup + Sips + Qipig
and the multiplicity is given by:
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A Op; P : data measured in AGS,
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Thermal-FIST (Thermal, Fast and Interactive Statistical Toolkit)
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Ideal Gas

P V = nRT

Van der Waals
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Hadron resonance gas: Van der Waals

Critical point (P¢, V., T¢) using Van der Waals

equation
At this point, the system is teetering between 1

liquid and gaseous phases, then it satisfies: P

'(p+a—)(v nb) = nRT

gas/Bupercritical fluid
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Multiplicity data vs model
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The “horn” In K/t and AYrt* ratios
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Multi-stra

nge baryons
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B/B

Strangeness baryon production vs K—/K*

107 = =
- .0 -
;\."’. .

0% £ E

10° = -9 o e W= =

O 5‘.. %=aeb+cxfs _u /H E
- - plp -

4 | | ‘ | | | | | | | ‘ | | | ‘ | | | ‘ | —

107 5 @45 04 06 08 1

K/K*

The thermal statistical model produces a
universal behavior of the ratio B/B
Well description by the Quark-
Combination model where:

a) The momentum distribution of
guarks/anti-quarks is taken to be
independent.

b) The probability for the production of

different quark-antiquark pairs is taken to
be independent of each other

P (uud), A°(uds), =—(dss), Q~(sss), K=(us)
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Multiplicity by centrality

Centrality by Glauber model
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Freeze-out parameters:
Temperature and Chemical potential
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Baryon chemical potential
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T (GeV)

Freeze-out temperature
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Temperature by centrality classes
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Fluctuation and susceptibilities
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Fluctuations — Cumulants — susceptibilities

Experimental measurements

we measure the fluctuations of quantum
numbers Event-by-event, they are given by

statistical cumulants
C1 = (AN)
C2 = ((6N)?)

Thermodynamic properties
an
(u/T)"

) o"p(T, pq) 1 0d"logZ

o = > (log Z(z,V,T))

AT /T T VT a(pg/T)
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The susceptibility (x°) is a
thermodynamic observable. It is
essential to understand strongly

interacting matter. It measures the
collective response of the system, and the
behavior of the response reveals the
strong correlations between its
constituents.

The x° diverges near the phase
transition, indicating a possible new
state of matter.

The anomaly in the susceptibilities is

. S = proof of the strong correlations between
skewness = SO = L: I constituents of the system
ElllIIIIIIIIIIIIIIIIII%ZIE
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Kurtosis of baryon number

The kurtosis is a thermodynamics

B/nB
4512

observable which provide degree of
microscopic freedom, and collective

behavior close to the transition phase. Itis
very sensitive to properties of the strong
interacting matter.

—es— HRG-Ideal
—»— HRG-QVdW
—3— HRG-QVdW-STAR
—&—— HRG-QVdW-NA49
HRG-QVdW-AGS
—=&— HRG-Ideal-STAR
—#— HRG-Ideal-NA49
HRG-ldeal-AGS

In particular in region close to the phase
transition or critical end point in the QCD

phase diagram, the fluctuations of the baryon
number are very large, as consequences the
kurtosis become negative.

%Vl Tha search for a no monotonous behavior of
. the x®as a function of collision energy is one

of the main observables to identify the
critical end point in the QCD phase diagrams

,IIIIIIIIIIIIIIIIIIIIII

o=

“ kurtosis = ko =

X

X
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Conclusions

Using the Thermal-FIST model, we have presented an analysis of
multiplicity from Au+Au and Pb+Pb measured at the energy range from
2.7-200 GeV, obtaining the following results:

Multiplicity, baryon/meson, anti-baryon/baryon
Freeze-out temperature and chemical potential (for centrality classes)

Susceptibilities: Skewness for strangeness and kurtosis: sensitive to
freeze-out parameters, mainly at lower energy.

(more detailed analysis is required to get CEP, ...)
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Quantum Van der Waals

p(T, ) = ps+ ps+ pm.

ps(T.p) =Y p(T. u%) — anj

jeb

‘u_‘?* =1L —@pﬂ —@bni + 2ang

a =329 MeV fm®and b = 3.42 fm?,
n® =0.16 fm3 E,=-16 MeV

Of the ground state of the symmetric
matter

0 _
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by [MeV]
LGPT in QVdW-

The QvdW-HRG model with
Q/B = 0.4 exhibits the CP:

Mec = 914.5 MeV, Tc = 19.48 MeV. The
LGPT region in
the (UB, T)
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emperature from Ideal HRG vs QVdW

Temperature vs \sy
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