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QGP Phase: Lattice

Quark Matter Phase Diagram
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QGP Phase: Experiment

Experimental Search

STAR arXiv:1007.2613
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Initial System Size Comparison

System size, impact parameter, and
collision centrality are studied via Glauber
model fit to the raw multiplicity

Miller et. al. Ann.Rev.Nucl.Part.Sci 57
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STAR Deter and Particle ID
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Efficiency and Corrections

® Detector acceptance and particle
reconstruction efficiency
Energy loss corrections using MC
embedding
Proton background correction using DCA
distributions
Tt spectra have not been corrected for
weak decays, muon contamination, or
background pions. This is estimated to be a
15% effect at the lowest m;-mgbin and
decreases sharply.
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Mid-Rapidity Particle Spectra
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Blast-wave Model:
Slemens and Rasmussen

Simple model with Spherical
symmetry assumed

T and {3 are correlated in fitting
procedure

All particles with singular blast
velocity (even in center)

Lack of boost invariance
assumption

22.4 GeV

Phys. Rev. Lett. 42:880-887 1979

moo- STAR PRELIMINARY

d2N — Ae’YE/T (% (f)/E _I_ T) = Tcosh(a)
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Blast-wave Model:
Boltzmann

Invoke boost invariance to assume
cylindrical symmetry

Applies blast profile with radial —— Peripheral
dependence

[Schnedermann, Sollfrank, Heinz]

STAR PRELIMINARY

Systematic errors predominantly due

to cut at low m-m, to exclude region

of weak decay and muon

contamination and variation in

n parameter, in this plot n=1 ® Cu+Cu 22.4

mr — my > 0.275 GeV, pr > 0.4 GeV

Assumes Boltzmann statistics:
Problematic at low mp-m, for 7

Central

® Au+Au 19.6

Br(r) = Bs ()"

/BTI Individual shell VelOCity Schnedermann, Sollfrank, Heinz
/BS: Surfa(je Shell Velocity Phys. Rev. C. 48:2462-2475 1993
r : Radius of individual shell < ﬁT>
R : Radius of surface shell
n : Blast profile parameter

= Bs
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Baryon Transport
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Q: How is net baryon number
transported over 3 to 5 (10-100 GeV
beam) units of rapidity?

p+p 200, Au+Au 200, 62.4 GeV:
[STAR: PhysRevC.79.034909]
Cu+Cu 62.4, 200 GeV:

[STAR: PhysRevC.83.034910]
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Strangeness Enhancement

STAR: Central Mid-rapidity Yields
Cu+Cu 22.4 GeV 0-5%, Au+Au 19.6 GeV 0-10%

One of the initially predicted

signatures of QGP

Kaon production mechanisms:

Pair production

Associated production with
hyperons (sensitive to baryon

density)

Showing a shift from associated to
pair production at higher energies?

What is the behavior of the

Cu+Cu system?

p+p 200, Au+Au 200, 130, 62.4 GeV
[STAR: PhysRevC.79.034909]

Cu+Cu 62.4, 200 GeV

[STAR: PhysRevC.83.034910]

Au+Au 9.2 GeV

[STAR: PhysRevC.81.024911]
7.7,11, 39 GeV: Kumar QM2011
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Chemlcal Freeze-out

Statistical Model Fit:
Appreciable change in g
due to species size for
central collisions

Fit to particle ratios to get

Tens Mgs M (Mg, Ks) and ys.
Mode? reproduces ratios
with great precision
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STAR: Central Collisions

Cu+Cu 22.4 GeV 0-5% central
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p+p 200, Au+Au 200, 130, 62.4 GeV
[STAR: PhysRevC.79.034909]

Cu+Cu 62.4, 200 GeV

[STAR: PhysRevC.83.034910]

Au+Au 9.2 GeV

[STAR: PhysRevC.81.024911]

7.7, 11,39 GeV: Kumar QM2011
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Braun-Munzinger, Heppe, Stachel
Phys.Lett.B465.15-20. 1999

Kaneta, Xu, QM04 nucl-th/0405068




Collision Evolution

Chemical freeze-out temperatures show
no dependence on centrality or collision *+ +¢§*ﬁ+§#ﬂ # #4#4'

ion species. + %‘tﬁ%ﬁ % H’% !

Kinetic freeze-out temperatures decrease * % CusCu 224 Gev

A Cu+Cu 62.4 GeV

with increasing centrality A CusCu 200 GeV

Y Au+Au 19.6 GeV
A Au+Au 62.4 GeV
A Au+Au 200 GeV

Cu+Cu systems might have higher o MB p+p 200 GeV STAR PRELIMINARY

kinetic freeze-out temperatures in
comparison with Au+Au collisions at

similar collision energies
STAR PRELIMINARY

If so, does this give us hints about initial
system energy density? Does it tell us

about Tkin — Teh ?

Tch Tkln Tch

p+p 200, Au+Au 200, 130, 62.4 GeV E866/917 PLB476.1.2000 in
[STAR: PhysRevC.79.034909] NA49 PRC66.054902.2002 ¢ FOPI V¥ SIS Y¢ % STAR Au+Au 19.6 GeV

Cu+Cu 62 .4, 200 GeV FOPI Nuc.Phy.A612.493.1997 /\EOS A Andronic ¢ % STAR Cu+Cu 22.4 GeV
t-E866 et.al. O @ STAR Au+Au

[STAR: PhysRevC.83.034910] EOS Phy.Lett.75.2662.1995
Au+Au 9.2 GeV  Andronic et. al: Nu.Ph.A772.167.2006 CINA49 m SPS © @ STAR Cu+Cu

[STAR: PhysRevC.81.024911] Cleymans et. al. J.Phy.G25.281.1999

7.7, 11, 39 GeV: Kumar QM2011 Cleymans et. al. PRC57.3319.1998

Braun-Munzinger et. al. PLB365.1.1996 STAR: Central collisions (mid-rapidity)

Cu+Cu 22.4 GeV 0-5%, Au+Au 19.6 GeV 0-10%
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Summary

Spectral shapes differ at low m-m, for protons in Cu+Cu 22 .4 GeV
collisions compared to Au+Au 19.6 GeV collisions

Blast-wave results hint at lower blast velocity [ and higher
temperature T, for Cu+Cu 22.4 GeV vs. Au+Au 19.6 GeV collisions.

Less p/m™* vs. p/m- asymmetry observed for central Cu+Cu 22 .4 GeV
vs. Au+Au 19.6 GeV collisions. Net baryon density increases for

lower collision energies and increases with N,

For central Cu+Cu 22 .4 GeV, K*/st* ratio is slightly lower than Au+Au
19.6 GeV central collisions

Chemical freeze-out temperature seems independent of collision
centrality and system size at RHIC energies. The baryon chemical
potential appears lower in Cu+Cu 22.4 GeV collisions in comparison
with Au+Au 19.6 GeV for central collisions.
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Question: How to reach the critical
point and the 1% order phase transition?

If it 1s possible we have missed the critical point and first order phase transition,
how else may we attempt to reach towards it (along with an energy scan)?

Decrease system size to increase T,? The NA61 expectation was not a
significant effect for our data

Does increasing system size increase pg? Challenge with non spherical 1ons:
While head-on Uranium collisions would be ideal for this there 1s very low
cross-section for such collisions.

ifCoIIision Evolution Trajectory

/
/

,/ Critical Point

15t Order Phase Transition
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