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In the collisions of ultrarelativistic heavy ions the enedf the nuclei is released in a small vol-
ume leading to the creation of a hot and dense nuclear matterstudy of the particles produced
from it gives the information on the conditions in the eatlyge of the collision and the evolution
of the system. The PHOBOS experiment provides unique datheoparticle production in the
almost full phase space and down to very small transverseantam

This overview shortly presents the most important featoféle nucleus-nucleus collisions ob-
served by the PHOBOS experiment, but concentrates on theremnt studies. The extensive
analyses of charged particles production are based on thgloity measurements in a very
wide pseudorapidity range and reveal strong short and lange correlations. The correlations
with a high pr trigger particle extends at least 4 units in pseudorapidibjle two-particle corre-
lations suggest production of particles in large and widstelrs.
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1. Introduction

The Relativistic Heavy lon Collider provides since the year 2000 collisibhgavy nuclei at
unprecedented energys,,, = 200 GeV. Conditions occurring in these collisions are sufficient for
creation of a new type of dense and hot nuclear matter: strongly interggtiadk-Gluon Plasma
(sQGP). Particles, which are produced as a result of evolution of teterayand hadronization,
exhibit features which were not observed at lower collision energies.niost striking results are
the absorption of high momentum partons in the dense matter and strong celédfitists observed
as the elliptic flow [1].

The PHOBOS experimental setup (for details see [2]) includes the triggeT@F systems
based mostly on scintillators, but the detailed measurements of event propegtossible thanks
to spectrometer and multiplicity detector built of silicon sensors. The two-aettisgneter with
16 layers of sensors is placed in the 2 Tesla magnetic field and enableseneaisuof particles
with momenta as low as 30 MeV/c. The multiplicity detector features one layer sbsearranged
close to the beam pipe into an octagon, near the interaction point, and sixaitgger distances.
Together they register hits from charged particles in almost full solid arjglex 5.4 and full
azimuthal angle (except the holes for the spectrometer and for the vetestar).

The PHOBOS experiment has contributed to the discovery of all importattrfs of the
sQGP [3]. It measured the charged particles transverse momentum distribior all collision
systems available at RHI@& + Au, Cu+Cu andAu+ Au [4, 5, 6]. These measurements clearly
show, that the heavier are the colliding nuclei and the more central is theamlliken the less
frequently highpt particles are produced. Such particles originate from the partonsdiadtard
collisions of the constituents of nucleons and can be absorbed in the, dtrsgly interacting

matter. The path length in it is obviously much longer when the area of the pvafriauclei is
inel 2
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large. This is why in the centralu+ Au collisions the scaled yieldRaa = at
pt > 4 GeV/c is almost 5 times smaller thandr- Au collisions [4].

At the other extreme - the smallest transverse momenta - PHOBOS has mahsyradicle
yields for pions pr ~ 30— 50 MeV/c), kaons and protong{ ~ 100— 200 MeV/c) [7]. These
yields were found to be consistent with the extrapolations from higher mombtamed for the
models, which assume the expansion of the system created in the collisiae. i3in® evidence
of anomalous enhancement of these yields, which was expected folyirgi@kacting QGP and
especially for creation of disordered chiral condensate (DCC).

Finally, the PHOBOS experiment has measured the elliptic flow, for many collsistems,
energies and centralities as a function of pseudorapidifyraf the particles [3, 8, 9]. The large
magnitude of this observable indicates that the collective effects are stkongrding to hydrody-
namic calculations the sQGP has properties of a perfect fluid.

2. Correlationswith a high pr trigger particle

The source of high-momentum particles are hard scattering of nucleoroocemis (quarks or
gluons), in which pairs of back-to-back emitted partons are created. Asaned above, the yield
of the highpr particles originating from these partons decreases in the central nulelesis
collision, and this induces immediately the question: what happens to the paxttch are the
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Figure 1. The yield of the particles correlated with a high trigger particle inAu-+ Au collisions at
S\n=200 GeV. (left) An example of the dependence/onin the near-side|{g| < 1) for central colli-
sions (0-30%). (right) The yield frorAu+ Au collisions (with the yield fromp+ p collisions subtracted)
for all combinations of applied selections: near sifig & O - circles) or away sideNg ~ 1T - squares) and
short range|@n| < 1 - open symbols) or long range-4 < An < —2 - full symbols), shown as a function

of event centrality (represented by the number of nucleansaipating in the collisionNpart).

source of the energetic particles. The answer to it is given by the stu2§CozeVAu-+ Au col-
lisions, in which charged particles are correlated with a hpghrigger particle pr > 2.5 GeV/c)
from one of the partons. The correlations are measured as a functtoparidAg - the difference
between the pseudorapidities and azimuthal angles of the trigger partichd esrdaining charged
particles. Measured yields are corrected for the presence of elliptiftbyd0]. In a more quan-
titative analysis we are using projections of the 2D histogram on one axi's.domsider first the
yield of correlated particles emitted at approximately the same azimuthal @agte Q) as a func-
tion of An. As shown in Fig.1(left), for the sample of centfli+ Au events it features a peak at
An ~ 0 and the "ridge" (a non-zero value) extending to a large distance imnlpsauity (at least to
|An| ~ 4). The comparison with the elementgry- p collisions (from PYTHIA generator) shows,
that the yield inAu+ Au can be described as a constant term (of about 0.25) plys-theyield.

Interesting results are obtained also for the yield of correlated particesmpied as a function
of Ap. We have studied it in two pseudorapidity intervals: short raffyg|(< 1) and long range
(—4 < An < —2). TheAg distribution always features a narrow peak at the near digex{ 0)
and a broad one on the opposite (away) side. The height and the aleathe peaks vary with
centrality of the collisions and are different in the short and long rande)inBoth peaks are the
biggest in the most central events and become smaller for more peripblisibns. The narrow
peak atA@ ~ 0 is much higher in the short range than in the long randejinwhile the broad peak
at away side looks similar in both ranges. Much more similar become the results shaht and
long range when from the yield idu+ Au collisions the yield from elementany+ p interactions
is subtracted. Such surplus yields are shown in Fig.1(right), wherecfimabination of ranges in
An andAg@ are included. The enhancement over elementary collisions is practicallanne at
short and long range, but it is larger at away side than at the nearBideeripheral events all
these additional yields decrease, and the near side ridge seems to alisstEiEuiNy,+ = 80.
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Figure 2: The effective parameters of the clusters corrected fort¢heg@ance effects: the cluster size (left)
and the cluster widt (right) as a function of the fractional cross section, ilataned for similar geometry
of Au+ AuandCu+ Cucollisions. The cluster parameters obtained for elemgriar p collisions [13] and
the results of the same reconstruction procedure perfoonedle events from AMPT generator are shown
for comparison.

3. Two particle correlations

The nature of the matter created in the collisions of nuclei and especially tiperties of
the process of final particle production are also reflected in the cormdatimong all charged
particles. In the PHOBOS experiment they are studied using particles fraiaegpseudorapidity
range (An| < 3) with almost full acceptance in the azimuthal angle. The procedure ofrthigsis
is described in details in Ref. [12]. The two dimensional correlation functioAn andAg, has
a maximum at (0,0) and a broader peak at away sid®.(0n the collisions of nuclei the elliptic
flow is visible as a sinusoidal enhancement with maximagtz 0 andA@ ~ 1. The integration
of the correlation function ovekg allows to obtain quantitative results not sensitive to elliptic flow
or momentum conservation effects.

For elementaryp + p collisions the shape of correlation function is very similar to the pre-
dictions from the simple cluster model, as shown in Ref. [13], it is thus redderio describe
the correlations using parameters of clusters. The cluster model simpimessoat production of
particles happens in two steps: at first some heavier objects (clusesiated, which then decay
into finally observed particles. The natural candidates for clustersaat@iic resonances, how-
ever the model does not assume that only known resonances are alloviteel original approach
[14] the decay is isotropic in the rest frame of the cluster.

The parameters of clusters, which can be directly extracted from thelaton function, are
the cluster siz& (the number of particles originating from the cluster, for a mixture of clustéhs
different sizeskett =< k > +02(k)/ < k >) and the cluster widt (RMS of the distance between
the particles from the cluster). The valuekgf; andd have to be corrected for limited acceptance
of the detector, as the clusters are effectively smaller and narrowemi¢ garticles from them
are not detected. The acceptance effects are large even in the @asergfwide pseudorapidity
range (n| < 3) available in the PHOBOS experiment, the correction factor for the clugtekes s
may reach 2.5 [12]. As we can see in Fig.2(left) the reconstructed &#edtister size reaches 6
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charged particles, much more than that for known resonances. Alsadttedyup to 1.4, is larger
than the width expected for isotropic decay of any object, even that witligiteg pr. It clearly
indicates, that the correlations can not be of a purely kinematical origin.

For theAu+ Au collisions at, /5, = 200 GeV the smallest siZ@ is observed for the most
central collisions, it reaches a maximum at semi-peripheral collisions ardates for the most
peripheral, possibly down to the value found fo# p collisions. Interestingly, very similat
andJd values are obtained also f6u-+ Cucollisions, when they are compared for similar geometry
of the collision (i.e. the fractional cross section). This means that thelabores are sensitive not
only to the details of hadronization but also to the properties of the early stake collision.

4. Summary

The PHOBOS experiment delivered data on charged particles proddictiomiquely large
acceptance in pseudorapidity. Recently, they were used in the analysis-pérticle correlations
and the correlations with a highy trigger particle. In both studies strong and long range corre-
lations were found. The patrticles are produced in large and wide clugtersdge found in the
correlations with a higlp; particle extends at least 4 units/m. Different is however the centrality
dependence of these effects: the largest clusters are obsensmirfoperipheral collisions, while
the yield of particles correlated with the trigger particle is the largest for @ectitlisions.
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