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Lattice QCD

F. Karsch, Lecture Notes in Physics 583 (2002) 209

5 P4 it

- SB
T "
<! -

21 241 flavor === -
2 flavor 1.
1 " pure gauge lllll Il.lilnll.-.-||1l||.l““"' sennaginl
(MeV]
0 L

¢ Phase transition around
T~160 MeV

¢ Do not reach SB limit
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¢ Ciritical point? (above RHIC)

¢ Crossover transition
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Hydrodynamical Models

P. F. Kalb and U. Heinz, nucl-th/0305084
T T L

¢ Assumptions:

L s et ¢ local thermal

12} equilibrium
a’g 107 ¢ boost invariance
E ” ¢ Early and late stages
By ¢ ¢ parameterized

sl ¢ EOSQ

N® o : . . ¢ early Hagedorn

e (GeV/fm®)

resonance gas (EOS H)
¢ late ideal gas (EOSI)
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Hydrodynamical Models

« . ”
P. F. Kolb and U, Heinz, nucl-th/0305084 v Cap tures Self_ quenChlng

50'3 — s R feature of v2
E 5| lo 1 ®0 ¢ initial high-pressure
; ' driven expansion
0.1 10.05 ¢ reduces anisotropy
i 98 0 ¢ relieves pressure
0.1} - EOS| easmas ---40.05 @ Soft pointin EOS Q
0 D 10 15
U T (fm/c) ) ¢ stifles pressure buildup

L Mid-central 200GeV AuAu (b=7 fm)
R
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Hydrodynamical Models

P.F. Kolb, ]. Sollfrank and U. Heinz, Phys. Rev. C62 (2000) 054909 P. Huovinen et al. Phys. Lett. B503 (2001)
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¢ Could also use p,. and
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¢ Actual multiplicities differ FSI affect v2
from early predictions ¢ may need hydro +...

i
RHIC II Workshop, BNL, 4/30/2005 6 Richard Witt, University of Bern \ o



Recombination Models

¢ Originally for forward production in p+p

& V.N. Gribov and L.N. Lipatov, Sov. J. Nucl. Phys. 15 (1972) 438 and 675; L.N. Lipatov, Sov. J.
Nucl. Phys. 20 (1975) 94; G. Altarelli and G. Parisi, Nucl. Phys. B126 (1977) 298; Yu. L.
Dokshitzer, Sov. Phys. JETP 46 (1977) 641.

¢ Another mechanism in RHI
¢ coalescence of thermal partons
¢ Central assumption at RHIC
¢ coalesce thermal constituent quarks

¢ How to relate coalescing constituents with
LQCD partons?
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Statistical (Thermal) Models

¢ Model of hadronization

¢ Relies on two fundamental assumptions

¢ spatially extended massive objects (clusters)

¢ all hadronic states equa

ly probable

¢ compatible with cluster quantum numbers

¢ No knowledge of how equilibrium is reached

¢ Very successful in describing yield ratios

¢ evenin e‘e’, p+p, p+A(?)

¢ Alone is not enough to verify thermal and

chemical equilibrium

*R
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Yield Ratios

¢ Relatively large enhancement

¢ —and Q
¢ Excellent agreement

¢ chemical equilibrium?
¢T,6 =160+ 10 MeV

Resonance deviations

-

¢ rescattering after chem. FO

Strangeness saturation?

¢ Y, consistent with unity
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AuAu 200 GeV and 62 GeV
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Blastwave Fits and Spectra
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Blastwave Fits
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Blastwave in 200 GeV and 62 GeV
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¢ Consistent parameters

¢ at both energies
¢ across centrality

¢ Hydro?
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Rep

au + Au at sy = 200 GeV
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¢ Ratio of central to peripheral

¢ Depends on number of valence quarks
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R, for 62 GeV
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¢ Same baryon-meson difference in intermediate p,

¢ Still statistics limited
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Elliptic Flow and Hydro

Clear mass dependence

¢ Strong transverse velocity boost

Hydro shows good agreement

¢ Tuned to particle spectra (b=0)

Best agreement:

¢ early (t < 1fm/c) thermal

equilibrium

¢ EOS with soft point at LQCD

prediction

Consistent with thermalized sQGP
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Elliptic Flow and Reco

¢ Vv2 saturates above 1.5-2
GeV/c

¢ meson-baryon difference

¢ Constituent quark scaling
seems to hold

¢ What about low-p.?

¢ hydro -> mass
dependence

4
RHIC II Workshop, BNL, 4/30/2005
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PHENIX and Reco

624 GeV Au+Au: PHENIX preliminary
200 GeV Au+Au, charged p,K,p :from PRL
T’ : work in progress
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¢ Same scaling

¢ in 62 GeV and 200 GeV

&L,
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v2, R, and Reco

B. Miiller, nucl-th/0404015 B. Miiller, nucl-th/0404015
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¢ More statistics needed
¢ Both R, meson-baryon difference and v2 scaling

¢ coalesce thermal constituent quarks at p._./ n,

¢ fragmentation of hard-scattered partons

R .I: ST 5! +1 1
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Summary and Outlook

¢ STAR 200 GeV AuAu results well described by Thermal Model
¢ T ~160-170 MeV, p,~23-25 MeV, u.~3-5 MeV, y.~0.9-1.0
¢ Similar T and y for 62 GeV

¢ Blastwave fits may indicate rapid expansion after FO_ _
¢ Hotter @ and Q may indicate collective partonic motion

¢ Similar results from 62 GeV

¢ R, shows meson-baryon splitting at intermediate p.

¢ Similar for 62 GeV, need more statistics

¢ Hydro describes v2 in RHI for the first time

¢ Best agreement with early thermalization and EOS with soft

point /BOEN,
R
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Summary and Outlook

¢ Constituent quark coalescence
¢ explain the baryon-meson splitting in R., and v2

¢ coupled with fragmention can be extended to
higher p.

¢ What next?

¢ Extend p, in both directions

¢ Improve statistics

¢ Better resonance measurements

R : i o el
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STAR Spectra and Hydro

—— Hydro, a=0.02
T,..= 100 MeV

Kolb and Rapp,
PRC 67 (2003) 044903.
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v2 vs. Collision Energy
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v2 and Hydro Limit
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Transverse Mass Spectra
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