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When heavy ions collide at ultra-relativistic energy, thands of particles are emitted and it is
reasonable to use hydrodynamic descriptions, with sutialitial conditions, to describe the time
evolution of the collisons. In the longitudinal directioiops seem to exhibit Landau flow. This
simple model assumes that all the entropy in the collisisrgeated the instant the two Lorentz
contracted nuclei overlap and that the system then expatidbatically. The system also dis-
plays radial and elliptic flow. Radial flow is manifested asraaulening of thepr distributions
with respect to pp collisions. It is typically thought to vétsfrom multiple scattering of partons
or hadrons before dynamic freeze-out. Elliptic flow occulew heavy ions do not collide ex-
actly head on. The initial geometrical asymetry is tramslanomentum asymetry via pressure
gradiants. Since these gradients are self quenching,gstttiptic flow is thought to be linked
to early thermalization and a large initial pressure. Ushngconcept of limiting fragmentation
we attempt to sketch a link between the initial and final staferelativistic heavy ion collisions
using new data from the BRAHMS collaboration on elliptic aandial flow.
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1. Introduction

The BRAHMS experiment uses two movable spectrometers ty stelativistic heavy-ion
collisions over a very broad range of angles and momentadditian a set of global detectors
measure the collisions vertex as well as the centrality efdbllision and the orientation of the
reaction plane. One of our first goals was to make a surveydsbinayields as a function gfr and
rapidity [1]. In contrast to early expectations, we did net & large “rapidity plateau”. Rather the
rapidity distributions of mesons are Gaussian. In paricplons seem to exhibit Landau flow over
awide energy range. Landau’s simple model assumes thheahtropy in the collisions is created
the instant the two Lorzent contracted nuclei overlap aatlttie system then expands adiabatically
[2, 3]. We have extended this survey to study the system sider@action plane dependence of
particle yields. This allows us to map out the rapidity dejesrce of radial and elliptic flow.

If one observes a relativistic collision from the rest frapfeone of the nuclei, called the
‘target’, certain quantities become independent of theggnef the ‘projectile.” This phenomena
is known as limiting fragmentation and implies that a certauantity is invariant when plotted
against y-yeam Feynman gave general arguments to explain this effect cofligsions. based on
the continuity of fields [4]. Limiting fragmentation was firsbserved at RHIC by the BRAHMS
collaboration in the context of multiplicity distributisr{5]. Since then, it has been seen by several
groups in a variety of contexts such as particle ratios aregjiated elliptic and directed flow [6, 7].
In this paper we discuss a new manifestation of this effeohely the shape of the particle spectra

in transverse mas/yr = 4/ p3 + M.

2. Radial flow

Particle spectra reflect the state of the collision at kinéteze-out. For central collisions,
which are azimuthally symmetric, only radial flow is impartaln the hydrodynamic blast-wave
approach [8] the spectra are parametrized by a freeze-Jmyeti@ture,T, and a transverse expan-
sion velocity,Br. Conservation of energy ensures thandfSr are anti-correlated. Figure 1 shows
simultaneous fits tar™, K*, p andp spectra from AuAu reactions qfsyn = 200 GeV. The re-
sults are plotted versus the number of participdys: and rapidity, respectively. We find th#t
decreases with centrality whifgr increases. This may be because larger systems have more time
to convert random thermal motion into directional flow. Tlaiations of T and Br with rapidity
suggests that the pressure gradients are weaker at fora@dity, possibly because of the smaller
particle densities.

3. Elliptic flow

One of the most exciting results obtained at RHIC is the olagiem of significant elliptic
flow in central AuAu collisions. The large flow signal, whichdonsistent with the hydrodynamic
evolution of a perfect fluid, indicates a strongly interagtiQGP, contrary to initial expectations
[7, 9, 10, 11]. The strength of elliptic flow is characterizedv,. Recently PHOBOS has shown
that the integratesh, (andvy), obey a limiting fragmentation picture [7]. Figure 2 shows/s pr
andn. Itis striking how similar these data are given that thegragedv, falls steadily withn.
The drop in the integrated results is presumably relatebdsteady drop of megm with n [1].
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Kinetic freeze-out temperature and surface transverse \igacity for AuAu collisions at

/SNN = 200 GeV. Left: Centrality dependence at y=0; Right rapidi#pendence for central collisions.
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4. Limiting Fragmentation of Spectra

Figure 2:  Elliptic flow strength
Vo versuspr and pseudo-rapidity
n for mid-central, 10-30%, AuAu
collisions at,/Syn = 200 GeV. The
curves show predictions of a hydro-
dynamic model [12].

In order to compare the shapes of particle spectra at diffeepidities and /Syn it is conve-
nient to have a single number that characterizes theseshépeis possible for kaons since they
have spectra that are exponential over a very wide energyeramhis allows us to characterize

kaon spectra by the inverse slopk,. Figure 3 shows inverse slopes for charged kaons versus

Y-Yheam The slopes obey limiting fragmentation over a wide eneaqge. It is noticable that the
limiting fragmentation region extends all the way to centegidity. This is also true for directed
and elliptic flow but not for multiplicity distributions.

5. Discussion

The underlying particle distributions are three dimenaldatistributions in rapiditypr and
the anglep with respect to the reaction plane. The integratetepresents an average oysr of
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the variation of the yield around the reaction plane, whike particle spectra contain tipe
dependence of the underlying distributions averaged af @v&lormally we think of these two
guantities as encoding information from the initial and ffistates of the collisions respectively.
However the fact that they both obey limiting fragmentatiosuch a way as to keep(pr)
independent of rapidity implies a particular constrainttom rapidity and energy evolution of
these quantities. Work supported in part by the Office of HaicPhysics of US DOE under
contract DE-FG03-96ER40981 and DOE EPSCoR DE-FG02-04ER316
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