Event Anisotropy

What have we learned?
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Overview

Event anisotropy (elliptic flow) from AGS to RHIC

How sensitive is elliptic flow? dynamics of the collision,
bulk properties of the created matter, and even early
pressure/thermalization?

Using the geometry by varying size in x and y; HBT,
energy loss, in the future J/\V, etc.

8/25/2001 Raimond Snellings



Low and High density limits

Low density limit; physics as we “know” it from
cascade models (partonic and hadronic). Ingredients
which can be “obtained” experimentally are the initial
geometry and dN/dy.

High density limit; hydro approach -> local
thermalization at early time, indicative of multiple
(>1007?) interactions in early (parton) phase.

nitial expectation; reality in between, transition from
ow to high density limit while increasing beam
energy (Bass et al., Teaney et al., Humanic,
Danielewicz, various parton cascades with modified
Cross)sectlons/den3|t|es starting interactions at early
times).
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Measurements at AGS; E895 and E&77

(Protons)
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Measurements at SPS; NA49, CERES
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Measurements at RHIC; Phenix, Phobos

and STAR
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Rapidity dependence of v,
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4 particle correlations
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“non-flow”’

Yuri V. Kovchegov and Kirill L. Tuchin hep-ph/0203213
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v, scaled with initial geometry

STAR, nucl-ex/0206001 PHENIX, nucl-ex/0204005
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‘ v, at fixed impact parameter (so € 1s
constant) versus dN, /dy
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Local thermal equilibrium versus Low
Density Limit

SPS; LDL describes centrality RHIC; LDL describes centrality
dependence dependence within systematic errors
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Local thermal equilibrium versus Low

Density Limit
SPS; LDL and Hydro miss p, RHIC; p, dependence described
dependence by Hydro
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Local thermal equilibrium at early time?
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From AGS to RHIC

AGS; magnitude

. 10 T - I =
described by cascade g 4t 3
models (misses p, = 8F E

7E STAR 3

dependence) e b o 3

. = 3 =

SPS; combining Hydro ¢ sk =

e 4F 49 E

+ Cascade B 4 - <

et = E877 =

RHIC; Hydro g 2f . =

description for central = !t S E
to mid-central collisions 10 10°

8/25/2001 Raimond Snellings

collision energy \lsyy (GeV)

15



VNI/BMS

Au+Au; Ecy=200 AGeV oSteffen Bass:
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‘ Measurements at RHIC; STAR,
identified particles
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Strangeness elliptic flow; STAR RHIC 130

How important
are small
hadronic
interaction
cross sections?

Hydro
calculations:
P. Huovinen
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Approaching a system in local thermal
equilibrium?

v, for smaller system at same eccentricity (for mid central
events) and examine scaling with A. Due to interplay of
eccentricity and energy density Hydro predicts at RHIC
energies larger v, for smaller system. This would
unambiguously distinguish LDL and Hydro.

V,(p,) for particles with small hadronic interaction cross
section, ¢ (complicated by kaon coalescence) Q etc.
v, at higher energies

Use the combined information of single particle spectra, HBT
and elliptic flow
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Higher energies

P. Kolb, J. Sollfrank,
and U. Heinz, Phys.

Rev. C. C62 054909
(2000).
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Event anisotropy, spectra and HBT

Combining observables can and should be done in the
RHIC experiments

Parameter Symbol | Spectra Ezlzgot,tirc:‘;’low HBT (p,, 9)
Temperature T yes yes yes
églirca;%e transverse flow 8,0 pq yes yes yes
C\;ig;lijtgm modulation in flow B, orp, yes yes
Codnatesace |, yes | yes
Radius in y-direction Ry JASES
Duration of particle emission | T NASES
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Transverse “radii” of the system at

freeze-out?

Initial state Final state
Elliptic shape What space-time configuration?

— Pressure push in
plane
= In plane flow In plane

.
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‘ Using the (freeze-out) geometry;
Transverse “radit” at RHIC
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‘ Using the (initial) geometry; “high-pt”

event anisotropy

STAR, nucl-ex/0206006
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http://www.lbl.gov/nsd/annual/rbf/Insd1998/rnc/RNC.htm

R17. Event Anisotropy as a Probe of Jet Quenching

R.J.M. Snellings and X.-N. Wang

R.S, A.M. Poskanzer, S.A. Voloshin, STAR note, nucl-ex/9904003
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Summary

Comments on the detailed elliptic flow studies at RHIC:

o L. McLerran: one needs very strong interactions amongst the quark
and gluons at very early times in the collision (hep-ph/0202025).

o U. Heinz: resulting in a well-developed quark-gluon plasma with
almost ideal fluid-dynamical collective behavior and a lifetime of
several fm/c (hep-ph/0109006).

o E. Shuryak: probably the most direct signature of QGP plasma
formation, observed at RHIC (nucl-th/0112042).

Elliptic flow, spectra and HBT are the main tools for characterizing
the dynamics of the system. Need to be understood in detail before
firm conclusions from other exiting measurements at RHIC can be
made.

More model independent information can/should be gotten from
multi strange particle elliptic flow + spectra
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