Brazilian Journal of Physics, vol. 34, no. 3A, September, 2004

Recent Resultsfrom PHOBOS at RHIC
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PHOBOS is one of the four heavy ion experiments currently running at the Relativistic Heavy lon Collider
(RHIC). In this paper we will present some of the current results from PHOBOS: the study of charged muilti-
plicity distribution as function of pseudorapidity and centrality at /sy~ = 19.6, 130 and 200 GeV, adiscussion
of multiplicity scaling, and a measurement of transverse momentum spectra (pr) of charged hadrons produced
in d+Au and Au+Au interactions at /syy = 200 GeV. The dependence of the Au+Au yields as function of
centrality is found to be independent of pr. A strong suppression in the Au+Au hadron spectra relative to pp
at high pr is observed. The spectral shape for d+Au collisions is significantly different from the observations
in Au+Au, the yield suppression is not observed in d+Au.
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The fundamental theory of strong interactions predicts
that a Quark-Gluon Plasma (QGP) will be formed in
hadronic systems at sufficiently high energy density [1]. The
QGP is the state of matter that is believed to have existed
about 10 micro-seconds after the Big Bang, and is a con-
glomerate of free quarks and gluons. The goal of the rela-
tivistic heavy ion physics program over the past two decades
has been to find signatures of the formation of the QGP.
From data collected at the AGS, the SPS and so far from
RHIC, it is clear that the search for the QGP requires a sys-
tematic effort of the entire heavy ion physics community.
In this paper we present PHOBOS' contribution to this task.
The data described in this paper were taken during the RHIC
2000 run, Aut+Au at /5, = 19.6 and 130 GeV, the 2001
Au+Auruna /s, =200 GeV, and the 2003 d + Au run
a /sy, = 200 GeV. A full description of the PHOBOS
detector used during these runs as well a description of the

event selection process can be found at [2,3].

One of the important contributions of PHOBOS to the
field is the measurement of charged particle multiplicity as
over alarge pseudorapidity (n) coverage. Fig. 1 summarizes
al the Au+Au multiplicity measurements taken by PHO-
BOS. Details of the analysis procedures can be found in
Ref. [4]. The centrality of the collisions is characterized
by the average number of participants (V,,,¢). For the 130
and 200 GeV data sets this was estimated from the data us-
ing two sets of 16 plastic scintillator counters (the “ paddle”
counters), with acceptance of 3 < |n| < 4.5. It was found
that the truncated mean of the ADC signals from these coun-
tersisproportional to the charged multiplicity in their accep-
tance. Ny, isthen extracted for a specified fraction of the
cross-section from the truncated mean, assuming that this
signal increases monotonically with centrality. The
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Figure 1. Charged particle pseudorapidity distributions, d N /dn,
measured for Au + Au at /s = 200, 130, and 19.6 GeV for
the specified centrality bins. These bins range from 0-6% central
to 45-55% in the case of the higher energy data and 0—6% to 35—
45% for the 19.6 GeV data. Statistical errors are negligible and
typical systematic errors (90% C.L.) are shown as shaded bands
for selected centrality bins.

monotonic relation was verified using the correlation be-
tween the paddle counters and the zero degree calorimeters.
The calculation of N, and the associated systematic er-
rorsisoutlined in Ref [5]. For the /5 = 19.6 GeV data
set, the lower beam rapidity precludes use of this method;
instead a different quantity was constructed “EOCT”. This
quantity is proportiona to the path-length corrected sum of
the energy deposited in the octagon detector. Asfor the pad-
dle counters, it is assumed only that EOCT varies monoton-
icaly with Np,.. Finally, for the d+Au data set, the silicon
ring detectors were use in a similar way to determine cen-
trality bins.

An empirical observation derived from the multiplicity
measurements is the scaling of the multiplicity distributions
with Npq,+. Fig. 2, shows the total charged multiplicity per
participant pair as a function of the number of participants
for Au + Au at three different energies. Also shown in the
figure are resultsfor pp and et e~ systems at the same value
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Figure 2. (Nen)/(Npart) VS. Npart fOr (/s = 19.6, 130,
and 200 GeV (closed symbols). The error includes contributions
from the uncertainty on overall N.; scale and Ny.r+ scale. The
shaded band shows the uncertainty on the extrapolation procedure
for larger 7. The open symbols show UAL pp dataat 200 GeV and
interpolated results for the lower energies. The dotted lines show
the valuesfor ete™.
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Figure 3. Invariant yields of charged hadrons for /s, = 200
GeV AutAu collisions as a function of pr for 6 centrality bins.
For clarity, consecutive bins are scaled by factors of 10.

of \/s. The total multiplicity in Au + Au scales approxi-
mately with the number of participants and is the same as
the production for e™ ¢~ at the same energy. On the other
hand, production in pp is reduced, in comparison to Au +
Au. A detailed discussion on this scaling behavior is found
in Ref. [6].

In Fig. 3, we present the invariant cross-section of
charged hadrons, obtained by averaging the yields of pos-
itive
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Figure 4. Charged hadron yields per participant pair in 6 different
transverse momentum bins, plotted as a function of Npqr¢. The
data are normalized to the yield in the most periphera central-
ity bin. The dashed (solid) line shows the expectation for N
(Npart) scaling from peripheral to central collisions. The brackets
indicate the systematic uncertainty for the centrality evolution of
thisratio at the 90% C.L.

and negative hadrons as a function of transverse momen-
tum for /s, = 200 GeV Au+Au collisons. Data are
shown for 6 centrality bins, ranging from(Np,,:) = 58 to
(Npart) = 344. The spectra exhibit a smooth fall with in-
creasing pr, with a dlightly concave shape. Details of the
analysis and a broader discussion of the pr spectra are in
Ref. [2].

In order to study the evolution of the spectra with cen-
trality in detail Fig. 4 shows the multiplicity yield per par-
ticipant pair for six py values, divided by a fit to the most
periphera bin plotted as a function of the number of par-
ticipants. For reference pp data are included in the plot.
The dashed and solid lines represent the expectation for
(Neou) @and (Npqr¢) scaling. The data seem to scale closer
to (Npare) than to (Noy) for dl pr bins and centralities.
We also observe surprisingly that the spectra do not depend
on centrality.

Figure 5 shows the yield per participant pair divided by
afit to the invariant cross section for proton-antiproton col-
lisions (200 GeV UAL1) plotted as a function of pr, for the
most peripheral and most central bin. The dashed and solid
lines show the expectation of (Nc.;) and (Np,,+) scaling.
The brackets show the systematic uncertainty. We can see,
again, that the general shape of the curves is only weakly
dependent on the centrality and that, for p; values up to 2
GeV/c thereis an increase of the yield in Au+Au collisions
compared to pp. After 2 GeV/c the relative yield decreases,
for all centrality bins.
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Figure5. Ratio of theyield of charged hadronsin Au+Au asafunc-
tion of pr for the most peripheral and the most central bin to a fit
of proton antiproton data scaled by (Npar+/2). The dashed(solid)
line shows the expectation of N¢oi(Npart) scaling relative to pp
collisions. The brackets show the systematic uncertainty.

Two possible explanations have been suggested for the
thisyield “quenching”. The first (“initial state”) model sug-
gest that the effect is due to amodification of the wave func-
tions of the nucleons in the colliding ions. This produces
an effective increase of the interaction length in such way
that the nucleons in an ion will interact coherently with all
the nucleons in the other ion in the longitudinal dimension
[7]. This model predicts not only the yield quenching at
high pr, but also the scaling of the yield with the number
of participants. The second (“final state”) model suggests
that the suppression comes from an increase of the energy
loss of the partons traveling through the hot dense medium
formed in the Au+Au collisions [8]. One way to discrimi-
nate between these models is to reduce the size of the hot
and dense medium, by colliding d+Au instead of Au+Au.
RHIC's 2003 run was dedicated mainly to d+Au collisions
a /s, = 200 Gev. Fig. 6 shows the measured invariant
yield of charged hadrons for d+Au collisions as function of
pr. Details of the analysis and a broader discussion of pr
spectraare given in Ref. [3].

In Fig. 7 we present the nuclear modification factor
Ry, asfunction of pr for four centrality binsdefined asthe
ratio of the d+Au invariant cross section divided by the pp
UAL1 yield, scaled by the proton-antiproton invariant cross
section (41 mb) and (N, ). For al the centrality bins we
observe arapid rise of Ry, from low pr reaching a maxi-
mum at 2 GeV/c. For comparison this factor is also plotted
for the most central bin from central Aut+Au collisions at
Vv~ = 200 GeV. In striking contrast to the behavior of
Ryau, Rauan dsoincreases initiay as function of pr but
after 2 GeV/c decreases sharply at larger p values.
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Figure 6. Invariant yields of charged hadrons for \/sxn = 200
GeV d+Au collisionsasafunction of pr for 4 centrality bins. Only
statistical errors are shown.

N

[ 70-100% 40-70% R
1.5 o H- n u
N M* et
S S
0.5 ] M
5 r
3 r
- L Il + | |
m T T T T
20-40% 0-20% .
1.5 annn T e
L A" o e
1’ g, no¢6++ + + | r{ﬁ:‘:nt** 4 + +
[ oo, T ® LuuLb
o.sf” S
G L L L L
0 2 4 2 4 6
p; (GeV/c)

Figure 7. Nuclear modification factor Rq4. asafunction of pr for
four centrality bins. For the most central bin, the spectral shape for
central Au+Au datarelativeto p + p is shown for comparison. The
shaded area shows the uncertainty in R4, due to the systematic
uncertainty in (N..u;) and the UA1 scale error (90% C.L.). The
brackets show the systematic uncertainty of the d+Au spectramea-
surement (90% C.L.).

In Fig. 8 the nuclear modification factor as a func-
tion of (N.o) in four pr bins is presented. The “initial
state” parton saturation model predicts a decrease of 25 -
30 % for Rya, for (Neoy) > 6. At pr = 4 GeVlc,
Raau(Neoy = 14.6)/Ryau(Neoyy = 5.4) = 1.08+ 0.06.
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The data therefore disfavor the initial state interpretation
of high-pr hadron suppression. Thus, the yield quench-
ing of high pr in Au+Au collisions can not be accounted
by initial state interactions that should be also present in
d+Au. The suppression of the inclusive yield observed in
central Aut+Auisconsistent with final-stateinteractionswith
a dense medium generated in such collisions.
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Figure 8. Nuclear modification factor R4, as afunction of cen-
trality in four bins of transverse momentum. The brackets indicate
the point-to-point systematic error, dominated by the uncertainty
in the number of collisions for each centrality bin. The grey band
shows the overall scale uncertainty at each pr. Systematic errors
areat 90% C.L.
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