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1) why elliptic flow?

2) covariant kinetic theory, MPC
3) elliptic flow and pt spectra

4) hadronization
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Why is elliptic flow interesting?

Very different model predictions:

e hydro: large vy, ~ 10 — 20%, monotonic growth with increasing p;
insensitive to initial conditions, EOS, freezeout criteria
Ollitrault ('92), Huovinen et al ('00)

e cascades: small vy, ~ 5% - Zhang et al ('99), Bleicher et al ('00)

e pQCD: vy decreases with increasing p;
strong dependence on energy loss and initial conditions
Gyulassy, Vitev, Wang (’00)

= v(p¢) together with other observables, e.g., dn;/dydp;
can provide information about

e the QCD equation of state
e the geometry and magnitude of initial conditions

e the dynamical mechanisms involved



Quark Matter, January 15-20, 2001, Dénes Molnar

v2 from hydrodynamics

From hep-ph/0012137 (Kolb et al)
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FIG.4. The elliptic flow of charged particles from Au+Au
collisions at /s = 130 A GeV vs. transverse momentum. Hy-
drodynamic calculations and predictions from the LDL are
compared with the data mWw The shape of the LDL curve
reflects the weighting of different hadrons with their contri-
bution to the charged particle spectrum; at small p; it is dom-
inated by light pions, at high p; by heavy baryons.

e agreement with data only up to 1.5-2GeV
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v2 from UrQMD

From hep-ph/0006147 (Bleicher et al)
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FIG. 6. Elliptic flow parameter vy at midrapidity (Jy| < 1) as a function of transverse momen-

tum in Au+Au reactions at /s = 200 AGeV, min.bias.

e predicted v, is too small



Quark Matter, January 15-20, 2001, Dénes Molnar

v2 and energy loss

Au+Au(b=7—-8 fm) v3=130 GeV
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From nucl-th/0009019 (X.-N. Wang)

9 10

0.30

0.25

0.20

0.15

V,(p;)

0.10

0.05

0.00

=—a Hydro+GLV quench., dN*/dy=1000 1
@—@ Hydro+GLV quench., dN%/dy=500 4
4— Hydro+GLV quench., dN%/dy=200

O STAR data

Quenched pQCD

P —

p; [GeV]

FIG. 4. The interpolation of v2(pr) between the soft hy-

drodynamic
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and hard pQCD regimes is shown for the

same range of initial conditions as in Fig. 3. Solid (dashed)
curves correspond to sharp cylindrical (diffuse Wood-Saxon)

geometry presented in Fig. 2.

From nucl-th/0012092 (M. Gyulassy, |. Vitev, X.-N. Wang)

e v at high p; is expected to be sensitive to energy loss

= chance to learn about matrix element and initial density

e See poster P113 by I. Vitev (from Thursday on)
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Lorentz-covariant dynamics

Ultra-relativistic system: models must incorporate Lorentz covariance

A common approach: ideal hydrodynamics

Csernai, Stocker, Rischke et al

satisfied

incorporated
limited to local thermal and chemical equilibrium, MFP=0
needs an ad-hoc freeze-out prescription
needs equation of state and initial conditions

An alternative: on-shell Boltzmann transport eqn. (MPC)
Molnar, Gyulassy (nucl-th/0005051), Zhang et al

conservation laws
, thermal/chemical equilibrium
on-shell physics
freezeout happens
no phase transition, no wave effects, no correlations
needs transition probabilities and initial conditions
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Equation of MPC

Transport equation for particle species

source 2 & w\rAZva
@t@t.\w?ﬁ“@v — M@Qﬁﬁvv T T @wi&?&?ﬁuwuw A”_.v

where

AHQ_.UHV

Mu\ﬁ i(z,p3) [j(z,pa)— [i(x,p1)/[j(z, p2)]

J 234
xXW %Gﬁ + p2 — p3 — pa)

\?ﬁﬁE:%ﬁUmle%avPv?@%m:%a“wwz

2345

I f1(x, pr)

XS\wwwlﬁmm»@H + p2 + p3 — ps — ﬁmv
+ \Cﬁ,ﬁEv?@“E:%ﬁElexa%bxxﬁEz

2345
] 4
XW iy 5450 (P14 P2 — p3 — P4 — D)

Dynamics is driven by the transition probabilities V.
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Covariance (nuci-th/0005051)

Problem: billiard ball scattering introduces action at a distance

e leads to acausality (superluminal propagation)

*o—> | Q/P | wmm/\ma ~

e can also lead to acausal chains of events

Solution: particle subdivision technique

e transport eqn. covariant under
f—1f, W — W/l (0 = a/l)

e reduces interaction range by factor 1/+/]

= Lorentz covariance restored in the | — oo limit



v9 at b = 8fm
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Effect of covariance violation

MPC Au+Au, 1304 GeV, 100mb, b = 8fm

MPC Au+Au, dN/dyeen, = 210 (HIJING 1304 GeV) (gluonic, HIJING init. cond.)
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e numerical artifacts: smaller v,, hotter spectra

e need subdivision ~ 200 to eliminate numerical artifacts
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Model ingredients

1) Initial condition largely unknown:

e HUJING: dN/dygiue~ 200 for central 130 GeV /nucleon

e gluon saturation models: dN/dy,i,.~ 1000 for the same

e take Bjorken tube with T4 5 density profile, 7' = 0.5GeV, 75 = 0.1fm/c

2) Interactions:

e present MPC study limited to 2 — 2 interactions only
e pQCD: 5,545 ~ 3mb

¢ Boltzmann equation: only the product 0d/N/dy matters (scaling)

3) Hadronization:

e local parton-hadron duality: 1g — 17

¢ independent fragmentation: g — 7 fragmentation function
(hep-ph/9407347, J. Binnewies, B.A. Kniehl, G. Kramer)
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Impact parameter dependence of v2

MPC Au+Au, 1304 GeV, 40mb gluonic
(AN/dyeeny = 210 from HIJING)
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