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1388 P. Staszel et al.We present the results from the BRAHMS experiment at the Relativis-ti
 Heavy Ion Collider (RHIC) for the 197Au+197Au rea
tion at psNN =130 GeV and psNN = 200 GeV. The main fo
us is here on the deter-mination of the pseudorapidity distribution of 
harged parti
les produ
edin the rea
tion as a fun
tion of pseudorapidity and 
entrality and on themeasurement of the anti-proton to proton ratio as a fun
tion of rapidity.Our measurements show that up to 3860 and 4630 
harged parti
les areprodu
ed in the top 5% 
entral 
ollisions and that the number of produ
edparti
les per parti
ipating nu
leon pair ex
eeds values from p+ p 
ollisionsby about 40% and 50% for psNN = 130 GeV and psNN = 200 GeV,respe
tively. The N(p)=N(p) ratio at mid-rapidity is found to be 0.64 �0.06 for the lower, and around 0.75 for the top RHIC energy. These val-ues are the highest observed so far in nu
leus�nu
leus rea
tion and showa tenden
y for matter and antimatter to balan
e at mid-rapidity as thebombarding energy in
reases, they also indi
ate that the net-bayron freemid-rapidity plateau (Bjorken limit) is not rea
hed at this RHIC energies.It is also shown that 
urrent models are not able to 
onsistently des
ribethe parti
le multipli
ities and the baryoni
 ratios.PACS numbers: 25.75.�q, 25.75.Dw1. Introdu
tionIn late August 2000 the Relativisti
 Heavy Ion Collider, RHIC, be-gan 
olliding Au beams, ea
h at an energy of 65 GeV per nu
leon. Inmid-August 2001 a systemati
 data 
olle
ting by the 4 RHIC experiment,namely BRAHMS, PHENIX, PHOBOS and STAR, began at the energy ofpsNN = 200 GeV. The RHIC operation started a new era of systemati
 stud-ies of strongly intera
ting matter 
reated in ultra-relativisti
 nu
leus�nu
leus
ollisions. These studies will eventualy lead to a quantitative understandingof �bulk QCD�.Multipli
ity distribution and anti-parti
le to parti
le ratios of produ
ed
harged parti
les provide a fundamental measure of the ultra-relativisti
rea
tions. The parti
le densities are sensitive to the relative 
ontributionof �soft� pro
esses, involving the longer length s
ales asso
iated with non-perturbative QCD me
hanisms, and �hard�, partoni
 pro
esses [1, 2℄. Thetotal number of 
harged parti
les and the angular dependen
e of the 
hargedparti
les distribution is expe
ted to depend markedly on the amount ofhadroni
 res
attering, the degree of 
hemi
al and thermal equilibrium, andthe role of subnu
leoni
 pro
esses.



Results from BRAHMS Experiment at RHIC 1389The anti-parti
le to parti
le ratios are of importan
e in the study ofmatter�antimatter balan
e sin
e they provide the relative abundan
e of anti-parti
les produ
ed, therefore, give some hints about the rea
tion dynami
swhi
h is related to the degree of transparen
y a
hieved. Two 
ollision s
e-narios are stri
tly related to the anti-baryon to baryon ratios (e.g. �p=p): thefull-stopping s
enario, where all the baryons parti
ipating in the rea
tionwere transported from the beam rapidity to mid-rapidity [3, 4℄, and the fulltransparen
y s
enario, where the mid-rapidity zone was fee from the partonsoriginating from 
olliding nu
leons [5℄.2. BRAHMS experimentBRAHMS (Broad RAnge HadronMagneti
 Spe
trometers), 
onsists oftwo magneti
 spe
trometers, whi
h allow for the determination of 
hargedparti
le properties over a wide rapidity, transverse momentum range, anda number of global dete
tors used to 
hara
terize the general features ofthe rea
tion, su
h as the overall 
harged parti
le multipli
ity and the �uxof spe
tator neutrons at very forward angles. A perspe
tive view of theexperimental setup is presented in �gure 1 and a detail des
ription of theBRAHMS experimental setup 
an be found in [6℄.

D1,D2,D3,D4,D5 : dipole magnets
T1,T2,T3,T4,T5, TPM1 TPM2: tracking detectors
H1,H2,TOFW : Time-of-flight detectors
RICH, C1 : Cherenkov detectors
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Fig. 1. The BRAHMS experiment setup in perspe
tive.



1390 P. Staszel et al.3. Charge parti
le multipli
ityThe 
harge parti
le multipli
ities were studied using global dete
tors,in
luding the Multipli
ity Array (MA), the Beam�Beam Counter arrays(BBC), and the Zero-Degree Calorimeters (ZDC), as well as the front time-proje
tion 
hamber (TPM1) of the MRS.3.1. Global dete
torsThe Multipli
ity Array 
onsists of two independent systems, a sili
onstrip dete
tor array (SiMA) surrounded by an outer array of plasti
 s
inti-lator tile dete
tors (TMA) in a double, hexagonal-side barrel arrangement.Ea
h of the Si dete
tors (4 
m � 6 
m � 300 �m) is lo
ated 5.3 
m fromthe beam axis and is subdivided along the beam dire
tion into seven a
tivestrips. The TMA has 35 plasti
-s
intilator tiles (12 
m � 12 
m � 0.5 
m)lo
ated 13.9 
m from the beam axis. The e�e
tive pseudorapidity 
over-age of the MA is �3 � � � 3. Parti
le multipli
ities are dedu
ed fromthe observed energy loss in the SiMA and TMA element, and the elementsare 
alibrated using low-multipli
ity events, where well de�ned peaks 
orre-sponding to single-parti
le hits are observed [6, 7℄.The BBC arrays are lo
ated 220 
m from the nominal intera
tion point.Ea
h 
ounter 
onsist of two sets of Cherenkov radiators 
oupled to the photo-multiplier tubes. The primary task of the BBC is to provide a level 0 triggerand a start time for parti
le time of �ght measurements. The time resolutionof the BBC elements allows us to determine the intera
tion point with ana

ura
y better than 0.9 
m. Charged parti
le multipli
ities within 2.1 �� � 4.7 are dedu
ed from the number of parti
les hitting ea
h dete
tor, asfound by dividing the measured dete
tor signal by that 
orresponding to asingle parti
le hitting the dete
tor.The ZDC dete
tors are lo
ated �18 m from the nominal intera
tion pointand measure neutrons that are emitted at small angles with respe
t to thebeam dire
tion [8℄. Clean sele
tion of minimum-biased events required a
oin
iden
e between the two ZDC dete
tors and a minimum of 4 �hits� inthe TMA. Su
h sele
tion in
ludes 95% of the Au + Au total inelasti
 
rossse
tion. There are identi
al sets of ZDCs in all of the RHIC experiments.This makes possible a 
ross 
he
k of the results from all four experimentsand provides luminosity measurements for the RHIC ma
hine group.In general, statisti
al errors on the measurements are less than 1%, withsystemati
 errors of 8% and 10% for the SiMA and BBC arrays, respe
tively.However, the systemati
 errors are dominated by un
ertainties resulting fromthe 
alibration pro
edures and should lead to a 
ommon s
ale o�set for dataobtained at di�erent RHIC energies.



Results from BRAHMS Experiment at RHIC 13913.2. Rea
tion 
entralityThe 
entrality sele
tion for the experiment was dedu
ed from a minimum-biased multipli
ity distribution using the MA, assuming that a 
ut on thetotal multipli
ity translates to a 
ut on 
ollision 
entrality. Figure 2 showsthe multipli
ity distribution of 
harged parti
les established by the MA,normalized to the maximum observed multipli
ity. The independent multi-pli
ity measurements of the SiMA and TMA dete
tors are summed for this�gure, after the SiMA multipli
ity was res
aled to a

ount for the di�eren
ein the geometri
 
overage of the two arrays.

Fig. 2. Normalized MA array multipli
ity distribution, as dis
ussed in the text.The s
atter plot insert shows the 
orrelation of the normalized BBC and MA mul-tipli
ities. A s
hemati
 drawing of the global dete
tors used in the measurement,ex
luding the ZDCs, is also shown.3.3. ResultsThe pseudorapidity distribution of emitted 
harged parti
les, dN
h=d�,is a fundamental observable in ultra-relativisti
 
ollisions. Study of dN
h=d�versus � and 
entrality 
an address issues like the role of hard s
atteringsbetween partons and the intera
tions of these partons in a high-density en-vironment. Be
ause the 
ollision 
entrality 
an be related to the number ofnu
leons parti
ipating in the rea
tion [9℄, di�erent systems 
an be 
omparedbased on a simple nu
leon�nu
leon superposition models [10℄.



1392 P. Staszel et al.Figure 3 shows the measured dN
h=d� distributions for 
harged parti-
les for several 
entrality regions for the psNN = 130 GeV data. Largepseudorapidity points (triangles) are obtained from BBC arrays and a mid-dle and 
entral rapidity from SiMA (dots) and and TMA (squares). Thebla
k stars-points represent TPM1 data for 90Æ, 60Æ and 40Æ of the MRSsettings. Within the systemati
 un
ertainties, as pointed out in Se
. 3.1, we�nd a good agreement among measurements using di�erent dete
tion te
h-niques. For the top 5% 
entrality 
ut we found dN
h=d�j�=0 = 553 � 1(stat)� 36(syst). The integrated number of 
harge parti
les over the 
overed �range, for the same 
entrality 
ut, is 3860 � 300. The observed parti
ledensities are about 1.8 times greater than observed for 
entral events inPb + Pb 
ollisions at psNN = 17.2 GeV [7, 11℄.

Fig. 3. Distributions of dN
h=d� for 
entrality ranges of, top to bottom, 0�5%,5�10%, 10�20%, 20�30%, 30�40%, and 40�50%. Statisti
al un
ertainties are shown,where larger than the symbol size. The 
onne
ting lines and alternating open and
losed symbols for the BBC data are to help distinguish points asso
iated withdi�erent 
entrality ranges.Figure 4 shows the dN
h=d� for the maximum RHIC energy for the foursele
ted 
entrality 
uts indi
ated on the �gure. The distributions were ob-tained by averaging the values for negative and positive pseudorapidity tofurther de
rease the experimental un
ertainties. For the most 
entral 
olli-sions (0�5%) at psNN = 200 GeV, dN
h=d�j�=0 = 625 � 1(stat) � 55(syst).This gives a s
aled multipli
ity value of (dN
h=d�)=hNpart=2i = 3:5 � 0:3
harged parti
les per parti
ipating nu
leon pair and indi
ates a (11�4)%in
rease relative to Au + Au rea
tions at psNN = 130 GeV [7,12℄. For the



Results from BRAHMS Experiment at RHIC 1393most peripheral 
ollisions analyzed here (40�50%), we found dN
h=d�j�=0= 100 � 10, resulting in the s
aled value of 3.0�0.4. By integrating the0�5% multipli
ity density distribution we dedu
ed that 4630 � 370 
hargedparti
les are emitted in the 
overed rapidity range. This value is (21�4)%higher than at psNN = 130 GeV [7℄. For 
omparison we plot the predi
-tions of Kharzeev and Levin model [13℄ (solid lines) whi
h is based on a
lassi
al QCD 
al
ulations using parameters �xed to the 130 GeV data. Asit is seen this approa
h is able to reprodu
e the magnitude and shape of thedistributions quite well. The dashed lines are the results of AMPT model
al
ulations [14,15℄, whi
h is a 
as
ade model based on HIJING but in
lud-ing �nal state res
attering of produ
ed parti
les. This model also a

ountsfor the general trend of the measured distributions. We also plot the similardistributions [16℄ from p�p 
ollisions at psNN = 200 GeV, s
aled up by the
orresponding number of Au + Au pairs, for the 0�5% and 40�50% 
en-tralities. For the most 
entral 
ollisions the Au + Au data shows a strongenhan
ement over the entire pseudorapidity range relative to elementary 
ol-lisions. The ex
ess is about 50% whi
h indi
ates a signi�
ant medium e�e
tsin 
entral Au + Au rea
tions.
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Fig. 4. Measured dN
h=d� distributions for 
entrality ranges of 0�5%, 5�10%,20�30% and 40�50%. Theoreti
al predi
tions by Kharzeev and Levin (solid line)and by the AMPT model (dashed line) are also shown. Results from p�p 
ollisionsat ps=200 GeV [16℄, s
aled by the Au+Au values of hNparti=2, are shown withstars ((a),(d)).



1394 P. Staszel et al.The dN
h=d� for psNN = 130 GeV (regular 
hara
ters) and psNN =200 GeV (bold 
hara
ters), at sele
ted 
entralities and pseudorapidities arelisted in Table I, together with the average number of parti
ipating nu
leonshNparti. The last parameter was estimated from the HIJING model [17℄using default parameters. TABLE IdN
h=d� as a fun
tion of 
entrality and pseudorapidity. Total un
ertainties, domi-nated by the systemati
s, are indi
ated. The average number of parti
ipants hNpartiis given for ea
h 
entrality 
lass based on HIJING model 
al
ulations. The last 
ol-umn gives the integral 
harged parti
le multipli
ity within the pseudorapidity range�4:7 � � � 4:7.Centrality hNparti � = 0 � = 3:0 � = 4:5 N
h0�5% 352 553�36 372�37 107�15 3860�300357 625�55 470�44 181�22 4630�3705�10% 299 447�29 312�36 94�13 3180�250306 501�44 397�37 156�18 3810�30010�20% 235 345�23 243�27 79�10 2470�190239 377�33 309�28 125�14 2920�23020�30% 165 237�16 172�18 59�8 1720�130168 257�23 216�17 90�10 2020�16030�40% 114 156�11 117�13 43�6 1160�90114 174�16 149�14 64�7 1380�11040�50% 75 98�7 77�9 30�4 750�6073 110�10 95�9 43�5 890�70The 
harged parti
le density dN
h=d� 
an be used to estimate so 
alledBjorken energy density, " [5℄. The formula" = 32 � hETi�R2�0 � dN
hd� (1)provides the value of � 3:5 GeV/fm3 and � 4 GeV/fm3 for psNN = 130 GeVand psNN = 200 GeV, respe
tively. In (1) we assumed that �0 = 1 fm/
,hETi = 0.5 GeV and R = 6 fm, for both energies. Fa
tor 3/2 is due tothe assumption that the 
harged parti
les 
arried out of the rea
tion zonetake only a fra
tion (2/3) of the total available energy. These values aresigni�
antly above the energy density expe
ted to result in quark�gluonplasma formation [18℄.



Results from BRAHMS Experiment at RHIC 1395In �gure 5 we plot parti
les densities normalized to the number of par-ti
ipating pairs for SPS data, RHIC data at psNN = 130 GeV, and RHICdata at psNN = 200 GeV for two sele
ted 
entrality 
uts. Data at di�erentbeam energies are plotted as a fun
tion of the pseudorapidity shifted by therespe
tive beam rapidity. The �gure shows that 
harged parti
le multipli
-ities in an interval of approximately 0.5�1.5 units below the beam rapidityare independent of the 
ollision 
entrality and energy, from the CERN SPSenergy (psNN=17 GeV) [11℄ to the present RHIC energy. This observationis 
onsistent with a limiting fragmentation pi
ture in whi
h the ex
itationof the fragment baryons saturates already at moderate 
ollisions energies.In 
ontrast, what is eviden
ed by the observed in
rease of the multipli
itiesper parti
ipating pair around � = 0, the in
reased proje
tile kineti
 energyis utilized for parti
le produ
tion in the region around mid-rapidity.
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Fig. 5. Charged-parti
le multipli
ities normalized to the number of parti
ipantnu
leon pairs (see Table) for the present 0�5% 
entral (open 
ir
les) and 40�50%
entral (open squares) Au+Au results at psNN=200 GeV, the BRAHMS 0�5%Au+Au results [7℄ at psNN=130 GeV (
losed 
ir
les) and the 9.4% 
entral Pb+Pbdata at psNN=17 GeV (
losed triangles) of Ref. [11℄. Data at di�erent beam ener-gies are plotted as a fun
tion of the pseudorapidity shifted by the relevant beamrapidity. Representative total un
ertainties are shown for a few Au+Au points.The ratios of dN
h=d�(�) measured at psNN=130 GeV and psNN=200GeV for di�erent 
entralities are shown in �gure 6. An in
rease in the parti
ledensity as a fun
tion of energy for the 
entral plateau region is observed.The in
rease is 
omparable for all 
entralities and range between 10 and20%. The plotted 
urves show the 
orresponding ratios resulting from thetwo model 
al
ulations. The upturn of the ratios at forward rapidities is dueto widening of the pseudorapidity distribution at higher energy.
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Fig. 6. Ratio of dN
h=d� values at psNN=200 GeV and 130 GeV 
ompared to themodel 
al
ulations (see �gure 3 
aption). Total un
ertainties are shown, assuminga 3% relative s
aling un
ertainty between the two energies.Finally, in �gure 7 we plot dN
h=d�(�)=hNpart=2i as a fun
tion of thenumber of parti
ipants, for 3 narrow pseudorapidity regions, namely around� = 0, 3 and 4.5. It is seen that at forward rapidities the parti
le produ
tionper parti
ipant pair is remarkably 
onstant and near unity, however the
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h=d� per parti
ipant nu
leon pair as a fun
tion of the average numberof parti
ipants (see Table) for �= 0 (
ir
les), 3.0 (squares) and 4.5 (triangles). The
urves show the model predi
tions (see �gure 3 
aption). The star denotes the p�presult at � = 0 [16℄.
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urve plotted for 
entral rapidity rises as a fun
tion of 
ollision 
entrality.This behavior is attributed to the onset of hard s
attering whi
h s
ales withN
oll rather the Npart [19�21℄. Using N
oll values from HIJING we �t theobserved dependen
ies to the soft�hard parameterization [22℄:dN
h=d� = �Npart + �N
oll : (2)For 
entral events at � � 0 we found that the hard-s
attering 
omponentto the 
harged-parti
le produ
tion remains almost 
onstant, with values of(20�7)% and (25�7)% at psNN=130 and 200 GeV, respe
tively.4. Anti-parti
le to parti
le ratiosThe anti-parti
le to parti
le ratios rapidity dependen
e give us the pos-sibility of studying the rea
tion me
hanism between heavy ions at high en-ergies. It is expe
ted that su
h a rea
tions will evolve from full stopping to
omplete transparen
y with in
reasing 
ollision energy. In the 
ase of fullstopping, the partons of the 
olliding nu
lei will be shifted from the rapidityof the in
ident beam to mid-rapidity (y � 0), leading to the formation of
entral zone with signi�
ant net-baryon density. In the 
ase of full trans-paren
y, also 
alled the Bjorken limit [5℄, the bayrons from the intera
tingnu
lei will, after the 
ollision, also be shifted slightly from beam rapidity,sin
e they have lost energy but the mid-rapidity region will be devoid oforiginal baryons. In this region, the net-baryon density is zero, but the en-ergy density is high. Almost full stopping is observed in Au + Au rea
tionat AGS energies (psNN = 5GeV). In rea
tions between Pb at SPS energies,psNN = 17 GeV, transparen
y begins to set in, and systemati
s suggest thatmaximum baryon density o

urs at energies intermediate between AGS andSPS [4,23℄. The situation of maximum baryon density and of vanishing net-baryon density at mid-rapidity give rise to entirely di�erent initial 
onditionsfor the possible 
reation of a de
on�ned quark�gluon system.4.1. BRAHMS spe
trometerThe very di�erent momenta and parti
le densities at mid-rapidity andforward angles has led to a design with two independent, movable magneti
spe
trometers. The perspe
tive view of the spe
trometers layout is shownin �gure 1.The Mid-Rapidity Spe
trometer (MRS), has a solid angle of 6.5 msr and
onsists of the single dipole magnet (D5) pla
ed between two TPCs whi
h areused for tra
king. Parti
le IDenti�
ation in the MRS is based on momentumand Time-Of-Flight (TOF) measurement. In MRS the TOF is provided bysix hodos
ope panels positioned along a 
ir
le 
entered on the middle of the



1398 P. Staszel et al.magnet D5 with a radius of 2.4 meters. In �gure 8 we plot distribution ofthe inverse parti
le velo
ity, ��1, versus parti
le momentum. The pi
tureshows bands representing p; �p; K�;K+ and ��; �+, well separated in themomentum range p < 4 GeV/
 for kaons and protons, and up to p = 2GeV/
 for pions and kaons.
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Fig. 8. Parti
le identi�
ation in the MRS.The Forward Spe
trometer (FS) has a solid angle of 0.8 msr and 
anmeasure and identify 
harged parti
les heaving momenta up to 25 GeV/
 inthe angular range of 2:3Æ < � < 30Æ. Four magnets (D1�D4) are used forsweeping and analyzing parti
les emerging from the rea
tion zone. The frontarm of the FS tra
king dete
tors are Time Proje
tion Chambers (T1 andT2), whi
h provide a good three-dimensional tra
k re
ognition and ba
k-ground reje
tion in a high multipli
ity environment. The ba
k arm of theFS tra
king dete
tors are Drift Chambers (DCs, T3�T5), ea
h DC 
onsistsof three identi
al modules that 
ontain 10 (8) dete
tion planes for T3 (T4�T5). Like in the MRS, PID is based on momentum and TOF measurements.The FS 
onsists of two TOF dete
tors, H1 and H2, pla
ed (positioned) 9and 20 meters from the nominal intera
tion point, respe
tively. For highermomenta, PID is obtained via a threshold Cherenkov dete
tor (C1), pla
edbehind D2 magnet, and a Ring Imaging Cherenkov (RICH), pla
ed behindH2 hodos
ope. Figures 9 and 10 show parti
le identi�
ation 
apabilities forH1 and RICH dete
tor, respe
tively. Note that the parti
le momenta of thedata plotted in top and bottom panel of �gure 10 ranging 8 to 20 GeV/
and 3 GeV/
 to 6 GeV/
, respe
tively.
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 and 8 to 20 GeV/
, respe
tively.



1400 P. Staszel et al.4.2. ResultsThe parti
le yield in the FS, in the low momentum, is determined bysele
ting tra
ks having o TOF within a �2� band of the expe
ted TOFvs momentum for a given parti
le type. For higher momentum, above thethreshold of the RICH dete
tor the yields 
an be determined by applying
uts in the m2 spe
tra. In the 
ase of MRS, for the results presented here,both methods of the parti
le yield determination were applied.Figure 11 shows the dependen
e of the measured N(�p)=N(p) ratios on
ollision 
entrality and on parti
le momentum for Au + Au 
ollisions atpsNN = 130 GeV. The ratios have been 
orre
ted for looses of anti-protonsdue to annihilation evaluated by GEANT simulation to be less than 2% inthe MRS and about 3.5 % in FS. Figure 11 (left panel) shows the 
entralitydependen
e for data summed over all momentum bins, while �gure 11 (rightpanel) shows the pT dependen
e for data summed over all 
entrality bins.It is seen that the 
entrality and pT dependen
e of the ratio in small for thethree 
onsidered rapidities. The N(��)=N(�+) ratios (not shown) exhibit asimilar la
k of 
entrality and pT dependen
e.
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0.5 1 1.5 2Fig. 11. The left panel shows the 
entrality dependen
e of the N(�p)=N(p) ratios forthe three rapidity values: y � 0 (�lled 
ir
les), y � 0:7 (open squares) and y � 2(�lled triangles). Only statisti
al errors are shown. The data points for y � 0:7are shifted slightly for display purpose. The 
entrality per
entages are des
ribedin the text. The right panel shows the transverse momentum dependen
e of themeasured N(�p)=N(p) ratio for the same three rapidity intervals for events sele
tedfrom the 0�40% 
entrality 
ut.



Results from BRAHMS Experiment at RHIC 1401The ratios presented in this pro
eedings have not been 
orre
ted for pro-tons and anti-protons that originate from weak de
ays of hyperons (�, �,et
.). However, making a reasonable assumption about the relative produ
-tion ratios and primary baryons we found that the 
orre
tion to the quotedratios is less than �5% [24℄.Figure 12 presents the anti-parti
le to parti
le ratios for pions, kaonsand protons as a fun
tion of pT, but here we plot the data for the maximumRHIC energy. For the all measured parti
le spe
ies, both at y � 0 (toppanel) and y � 0 (bottom panel), the pi
ture displays no eviden
e of pTdependen
e, within the pT range 
overed.
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Fig. 12. Anti-parti
le parti
le ratios versus pT, for y � 0 (top panel) and y � 2(bottom panel) (see text for more details).In �gure 13 we plot the mid-rapidity anti-parti
le to parti
le ratios versusthe rea
tion 
entrality, for three di�erent 
entrality bins for the 20% most
entral events. The plotted data are forpsNN = 200 GeV. The pi
ture showsno eviden
e of 
entrality dependen
e within the range of 0�20% rea
tion
entrality.As in the 
ase of data for psNN = 130 GeV (�gure 11), the ratiospresented in �gures 12 and 13 have been summed over all 
entrality andmomentum bins, respe
tively.The summary of the rapidity dependen
e of the measured ratios is pre-sented in �gure 14. The top, middle and bottom panel show data for ��=�+,K�=K+, �p=p, respe
tively, for psNN = 200 GeV (�lled symbols) and forpsNN = 130 GeV (open symbols). Only statisti
al error bars are shown. It
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rosses are the 
orre-sponding ratio predi
ted by HIJING model. The open symbols from the bottompanel refer to the data atpsNN = 130 GeV. The horizontal errors show the rapidityinterval 
overed, and the verti
al error are the statisti
al only.



Results from BRAHMS Experiment at RHIC 1403is seen from the �gure that, while the pion ratio is independent of rapidityand 
onsistent with unity, for both RHIC energies, the anti-proton to protonratio drops signi�
antly with in
reasing rapidity from 0.64 � 0.04(stat) �0.06 at y � 0 to 0.41 � 0.04(stat) � 0.06 at y � 2 (psNN = 130 GeV), andfrom 0.75 � 0.03(stat) � 0.05 at y � 0 to 0.3 � 0.04(stat) � 0.06 at y � 2.8(psNN = 200 GeV). The �p=p ratios do not fall rapidly in the �rst unit ofrapidity, whi
h may indi
ate that in this rapidity region the 
hemi
al equi-librium is a
hieved, for both energies studied. The K�=K+ is on averagevery 
lose to unity, and therefore, is the highest value so far observed in theheavy ion 
ollision. 5. Results versus modelsFinally, let us make a look on how the various models available on themarket, are 
onsistent with the data already presented. Figure 15 
omparesthe measured ratios (left side), and parti
le densities (right side), to 
al
u-lations using the HIJING model [17℄, the FRITIOF 7.02 [25℄ string modeland the UrQMD 
as
ade model [26℄, using the same 
uts on 
entrality andtransverse momentum as those applied in the data analysis. All data and
al
ulations dis
ussed here refer to Au + Au rea
tion at psNN = 130 GeV.

)+ π
)/

N
(

- π
N

(

0.8

1

1.2

FRITIOF 7.02

HIJING

ηPseudo-Rapidity  
-8 -6 -4 -2 0 2 4 6 8
0

100

200

300

400

500

600

700

800

900

ηd
dN

UrQMD

FRITIOF 7.02

HIJING

 for top 5% centralηCharged particle multiplicity versus 

Rapidity
-4 -2 0 2 4

)/
N

(p
)

p
N

(

0

0.2

0.4

0.6

0.8

UrQMD

FRITIOF 7.02

HIJING

Fig. 15. Comparison of the measured N(�p)=N(p) (lower panel) and N(��)=N(�+)(upper panel) ratios to model predi
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entralevents and integrated over the transverse momentum range shown in �gure 11.The three model 
al
ulations (HIJING, FRITIOF, and UrQMD) are shown for
omparison. See text for details.



1404 P. Staszel et al.All three models reprodu
e the observed pion ratios well. The FRITIOFmodel reprodu
es the anti-protons/protons ratios quite well, but it overpre-di
ts by � 30% the 
harged parti
les yield at � � 0. This is mainly relatedto a fairly large degree of baryoni
 stopping predi
ted by the model. Onthe other hand the HIJING model, whi
h des
ribes the overall 
harge par-ti
le yields well, fails in des
ribing the anti-proton to proton ratios. Thisfeature of the model is in turn related to a small stopping of the proje
tilebaryons. UrQMD, whi
h is not partoni
 model, fails both in des
ribing anti-proton/proton ratio (by almost a fa
tor of 2) and in des
ribing the 
hargedparti
le multipli
ity whi
h supports the importan
e of the partoni
 degreeof freedom in des
ription of the nu
leus�nu
leus 
ollisions at the RHIC en-ergies.These models exemplify the present theoreti
al understanding of theheavy ion 
ollisions in this new energy regime. None of the models o�ers a
onsistent des
ription of the observed features.6. SummaryIn summary, the BRAHMS experiment have measured preudorapiditydensities and anti-parti
le to parti
le ratios of 
harged parti
les produ
ed inAu + Au 
ollisions at psNN = 130 GeV and at psNN = 200 GeV.We found that the 
harged parti
le produ
tion in
reases by a 
onstantamount from psNN=130 GeV to psNN=200 GeV in a wide region aroundmid-rapidity. The data are well reprodu
ed by 
al
ulations based on high-density QCD and by the AMPT/HIJING mi
ros
opi
 parton model. Aphenomenologi
al analysis in terms of a superposition of soft- and hard-s
attering parti
le produ
tion indi
ates that the hard-s
attering 
omponentseen at mid-rapidity for 
entral 
ollisions, at psNN=200 GeV, is not sig-ni�
antly enhan
ed as 
ompared to psNN=130 GeV results. We �nd good
onsisten
y with the gluon saturation model of Kharzeev and Levin, butstress that within errors of models and data alike, the data 
an be equallywell reprodu
ed by other models that do not require parton-
ollision satu-ration.Regarding the anti-parti
le to parti
le ratios we found, that the pionratio is 
lose to unity, as would be expe
ted at these bombarding energies,where around 4000 
harged parti
les (predominantly pions) are produ
edin 
entral 
ollision. The ratio of anti-proton to proton at mid-rapidity in-
reases from 0.64 at psNN=130 GeV [8, 20, 24℄ to 0.75 at psNN=200 GeVand is still below unity and de
reases towards forward rapidity. However,the de
rease in very weak (if any) within the � 1 unit around the 
entralrapidity that may indi
ate that in this rapidity range the 
hemi
al balan
eis rea
hed. The anti-proton to proton ratio rapidity dependen
e serves as



Results from BRAHMS Experiment at RHIC 1405an indi
ator of the interplay between the baryon transport to mid-rapidityand anti-baryon and baryon pair produ
tion. To fully answer the questionsregarding the issues of transparen
y and stopping we will supplement thepresented parti
le ratios with the measurements of the net-bayron density,however, the 
urrent results suggest that there is still a signi�
ant 
ontri-bution from parti
ipant baryons over the entire rapidity range and that thefull transparen
y of the Bjorken limit has not yet been rea
hed.Finally, we may also 
on
lude that, at the present time, none of themodels o�er a fully 
onsistent des
ription of the observed rea
tion featuresfor 
ollisions in this new energy domain.We thank the RHIC 
ollider team for their e�orts. This work was sup-ported by the Division of Nu
lear Physi
s of the U.S. Department of Energy,the Danish Natural S
ien
e Resear
h Coun
il, the Korea Resear
h Foun-dation, the Resear
h Coun
il of Norway, the Polish State Committee forS
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