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Motivation

http://drupal.star.bnl.gov/STAR/starnotes/public/sn0493: arXiv:1007.2613
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Experimental study:
Heavy-ion collisions at
varying beam energies

Goals of RHIC BES
program:

- Search for the signals of
phase boundary

- Search for the possible
QCD Ceritical Point

Extracting freeze-out
parameters from spectra
and ratios at BES




si@ Some Other Highlights from BES
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p and
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used for critical point search
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Chemical Freeze-out Picture

Presented at QM2011 for central collisions: System size effect:
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Data Set and Detectors
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Particle Identification

TPC Vsyny = 39 GeV Au + Au Collisions

Au+Au 39 GeV

TPC+ToF
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Invariant Yield

Au+Au 39 GeV:

—rrrrTrrT Tttt 2 | L L ~ N
DR '8 +  ®05% v 10 05% 3 O D o05%
O 2 R O 5-10% [3) 5-10% 5 o O 5-10%
s 10 R o 3 00 1 > 10 ® 10-20%
> 7 ®1020% 3 3 10-20% ® & 0 20-30%
© oL % . 02030% 1 & 10 2030% § © Be.
= 10F g 1= I =1 é@g .
- - q % 3 [ . ;
o - L2 - R 1 o ;%: 7 - X i%%
° et S k) s TRy I%)
2 1F sZelt. a4 = % 1 2 22e52e0s
- = b, 1, 2. H rat?” 3 Lo,
g F WL 3 g e2e 1 B #30-40% By Dy
S 10 #30-40% & 4n 2By S £40-50% B 0
= £40-50% = 10 w2y FH X102 §irdi By
= = S, 50-60% "
£ o2k 80.70% & Ba 1 £ 160-70% L]
210 =70-80% 2 02 al 1 70-80%
' l ' l
¥ 102 ' lﬁ o =Y
(10‘ 102 o % Au+Au 39 GeV K 3 = Au+Au 39 GeV P
s -1 =
S R S - i > ;
E SN E 10 STAR Preliminary. 3 1 g
O 10k e el § 3 ' = :
o B e G a” 2 9q %
g T LeTE: 3 1 @, 2107 2552 @ '
> 1 (SN W% X > 8. S 2 Og il e
o E R S o s o 0 Dl e
g woSeiq g e &, o Epgteld
d10"'E STAR Preliminary™ & 2778 & 101 2. S 10%F STAR Preliminary g 2 "8
—_— v b ‘." - v .q. A =z . . . ﬂ'::&
‘% 3 IRETRRRRIS Bose-Einstein % . .Z“'»“:g =T S Ae”age™?  ®
10 T m-exponential ), n 1073 ]
R PR R P RPN RPN P 10 N P R R R B I P L Ly
0 02040608 1 1.214 0 0204 0608 1 12 14 0 0.5 G1e Vi 1.5
p, (GeV/c) p, (GeVic) P, ( )

p and p spectra not feed-down corrected

We measure ~ 70-80% of &, K and p within our p; acceptance at mid-rapidity
Similar measurements are carried out for 7.7 and 11.5 GeV collisions
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Centrallty Dependence of Antiparticle
to Particle Ratios
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Centrality Dependence of Particle

Ratios
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Strange particle ratios: X. Zhang, X. Zhu
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Chemical Freeze-out

Statistical-Thermal Model (THERMUS):

n=—

p=1/T, -1(+1) for fermions (bosons), Z=partition function;
m, = mass of hadron species i; V = volume; T = Temperature;
K,= 2" order Bessel function; g, = degeneracy; u;= chemical

e}

Vv

potential

<>Fitted particle ratios with THERMUS
<-Used grand-canonical approach
< Two main parameters: T, and ug
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Use strange
particles also in
future

S. Wheaton & J.
Cleymans, hep-ph/
0407174;

S. Wheaton, J. Cleymans 10'2 3

& M. Hauer, comp. phys.
Comm. 180 (2009) 84.
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Centrality Dependence: T and ug
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<> The chemical freeze-out temperature increases slightly with
Increase in energy

< Baryon chemical potential decreases with increase in energy
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Kinetic Freeze-out

Blast-Wave (BW) Model:

dN psinh p(r)
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— frdrmT 0 x K,

ppoT 0 L L,

< Spectra are fitted simultaneously with BW
< Two main parameters: T,,, and <f>
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Centrality Dependence: T,;, and <f>
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< Kinetic freeze-out temperature decreases with increase in

energy and centrality
< Average flow velocity increases with increase in energy and
centrality
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T VS. ug
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<>First time observed, a clear centrality dependence of freeze-out

temperature with baryon chemical potential at lower energies
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T VS. <p>
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Summary
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K, p, antiparticles) p; spectra and particle ratios R 200 Gev
are presented for BES energies (7.7, 11.5,and 3 0107 fﬁ*‘
39 GeV) ‘;0.14_— 39 GeV

- 11.5 GeV - 7.7Gev
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4 Particle ratios are used to extract T, and pg 0.1-

- First observation of clear centrality dependence 0 01 OZoan®® O
of freeze-out parameters at low energies °

- New measurements have extended the ug range covered by RHIC data
from 20-400 MeV in the phase diagram

4 p; spectra are used to extract the kinetic freeze-out parameters
- T,;, decreases with increase in energy and centrality
- Average flow velocity increases with increase in energy and centrality
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