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1420 G.S.F. Stephans et al.1. Introdu
tionPHOBOS is one of the two small experiments in
luded in the �rst roundof data-taking at the Relativisti
 Heavy Ion Collider (RHIC) at BrookhavenNational Laboratory. The two areas of physi
s fo
us are 
harged-parti
lemultipli
ity over all of phase spa
e and identi�ed parti
le studies near mid-rapidity. The 
ollaboration has two primary goals. The �rst is to performmeasurements of numerous basi
 observables qui
kly and a

urately as ea
hnew beam or energy 
ondition is provided by RHIC. This early informationwould determine the global 
hara
teristi
s of the systems being 
reated. Theinitial studies would be followed by more detailed investigations exploitingthe unique features of the PHOBOS dete
tor whi
h in
lude the ability to 
ol-le
t a large unbiased event sample, the large segmentation and phase-spa
e
overage for 
harged parti
le multipli
ity, and the ability to extend parti
lemeasurements to low transverse momentum. In addition, the dete
tor wasdesigned to have relatively low mass as well as parti
le measurements start-ing very 
lose to the beam pipe, resulting in high resolution and minimalba
kgrounds.This talk will present a sampling of PHOBOS physi
s results on bothmultipli
ity and identi�ed parti
les. The former will in
lude several measure-ments taken during the re
ently 
on
luded �rst run of gold�gold 
ollisionsat the full RHIC energy. Ongoing analyses and future possibilities will alsobe dis
ussed. 2. Experimental details2.1. Dete
tor setupThe full PHOBOS experimental 
on�guration, shown in Fig. 1, was 
om-pleted in early 2001. It in
ludes trigger dete
tors, a multipli
ity array, anda two-arm spe
trometer [1�4℄. One of the unique features of the PHOBOSsetup is the presen
e of a 1 mm thi
k Be beam-pipe whi
h extends the fulllength of the experimental area, �6 m. This results in very small absorptionand s
attering of the primary parti
les as well as minimizing produ
tion ofse
ondary parti
les. To further redu
e these ba
kground e�e
ts, the �rstlayers of ea
h dete
tor 
omponent were mounted as 
lose as possible to thebeam-pipe.The primary event trigger and o�-line 
entrality determination were pro-vided by two arrays of 16 s
intillators (�paddle 
ounters�) lo
ated at distan
esof �3:21 m from the nominal intera
tion point. These 
ounters subtendedpseudorapidities between 3 < j�j < 4:5. The minimum-bias trigger for gold�gold 
ollisions required hits in both 
ounters within a time window 
onsistentwith an intera
tion near the nominal interse
tion point.
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Fig. 1. PHOBOS dete
tor setup for the 2001 running period.Another important 
omponent of the event 
hara
terization 
on
ernsdetermining the lo
ation of the intera
tion along the beam pipe. For someof the data taken in the 2001 RHIC run, an online trigger on Vertex lo
ationwas provided by a set of spe
ial T0 
ounters installed in front of the �erenkov
ounters near the end of the Be beam pipe. For o�-line analysis, a highpre
ision intera
tion lo
ation is provided by the Vertex dete
tor 
onsistingof two sets of two layers of Si wafers, one above and one below the beam pipe.Data from this 
ounter also were used in extra
ting multipli
ity information.Two zero-degree 
alorimeters (lo
ated at distan
es of �18:5 m along thebeam, not shown in the �gure) whi
h are sensitive to spe
tator neutrons area feature 
ommon to all four experiments at RHIC. These were used in someof the o�-line analysis of the present data.The multipli
ity 
ounter has two major 
omponents, an o
tagon-shapedarray of Si wafers arranged parallel to the beam pipe near the intera
tionregion, and a set of 6 ring 
ounters (3 on ea
h side) arranged perpendi
ularto the beam pipe at distan
es up to about 5 m away. This dete
tor providesalmost full 
overage for 
harged parti
les out to a pseudorapidity of about5.4 units.The spe
trometer also is 
onstru
ted of Si dete
tors mounted in 2 sym-metri
 horizontal arms on either side of the beam. Depending on traje
tory,parti
les traverse up to 16 layers of Si sensors. The two arms are lo
ated be-tween the poles of a 
onventional double dipole magnet (bottom half shown



1422 G.S.F. Stephans et al.in the �gure). The magnet is designed to generate very little �eld in the�rst 6 planes of the spe
trometer followed by a rapid rise to a roughly 
on-stant 2 T �eld for the remainder of the layers. The spe
trometer sensors are�nely segmented in the horizontal, bend-plane dire
tion and also segmentedverti
ally to assist in separating 
lose tra
ks. These dete
tors provide bothhit lo
ations for tra
king and also energy loss information used in parti
leidenti�
ation. To extend the parti
le identi�
ation to higher momentum,one arm of the spe
trometer in
luded 2 sets of time-of-�ight walls, ea
h
onsisting of 120 s
intillator slats (8 mm square).2.2. Si dete
tor performan
eThe majority of the physi
s measurements performed by PHOBOS re-sult from data taken with the approximately 137 000 
hannels of Si dete
tors.The quality and stability of those dete
tors as well as the detailed under-standing of their 
hara
teristi
s are 
riti
al to the su

ess of the experiment.Examples of the results are shown in Fig. 2. The left panel 
ompares the sig-nal distribution found in the Vertex dete
tor to the predi
tions of the Geant
al
ulations. The agreement is ex
ellent. In the time sin
e this �gure wasprepared, the small dis
repan
y at low signal height has been 
orre
ted byimproving the merging of hits due to parti
les that deposit energy in morethan one pad. The right panel of the �gure shows a 
omparison of the signalstrength in the O
tagon dete
tor at beam energies of 130 GeV and 200 GeVtaken during di�erent running periods. The peak lo
ations and widths were
learly very stable over this time. The slight di�eren
e in the relative heightof the peaks at about 80 and 160 keV (
orresponding to one and two parti-
les traversing a single pad, respe
tively) is due to the roughly 15% highermultipli
ity at the higher energy. The 
lean peaks seen in Fig. 2 demonstratethe large separation of signal and noise in the Si dete
tors. Average valuesof the ratio of signal to noise were about 18 in the spe
trometer and Vertex

Fig. 2. Si dete
tor performan
e examples. See text for dis
ussion.
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tor and about 14 in the larger pads of the o
tagon and ring 
ounters.Finally, the overall quality of the dete
tor is extremely high. The number ofSi 
hannels whi
h do not work properly is in the range of 1�3%, where thisnumber in
ludes all �aws in the Si itself, the ele
troni
s, and the read-outand 
alibration systems. Additional details 
on
erning the Si performan
e
an be found in Ref. [5℄.2.3. Event trigger and 
entrality determinationAs mentioned above, the primary event trigger is generated by signalsfrom the paddle 
ounters. Detailed studies of the data and simulations in-di
ate that this trigger misses at most a few per
ent of the total gold�goldintera
tion rate. Also, the 
ontributions from beam-gas 
ollisions, beamhalo, or other ba
kground sour
es are negligible. For o�-line 
entrality de-termination, the trun
ated means of the 
alibrated ADC signals from bothsets of paddles were 
ombined to generate a distribution. Monte Carlo sim-ulations, supported by 
orrelations with the zero degree 
alorimeter data,show that this signal varied monotoni
ally with the number of parti
ipantsin the intera
tion. Cuts were determined 
orresponding to set per
entages ofthe full intera
tion 
ross-se
tion. The results of Glauber model and MonteCarlo 
al
ulations were used to 
onvert these per
entage intervals into meanvalues of the number of parti
ipating nu
leons for ea
h sele
ted region. Seethe talk by Andrzej Olszewski in these pro
eeding for more dis
ussion ofthe general topi
 of sele
ting 
entrality and Ref. [6℄ for details spe
i�
 toPHOBOS. 3. Multipli
ity measurements3.1. Advantages of the PHOBOS apparatusAs des
ribed brie�y in the introdu
tion, the PHOBOS dete
tor has sev-eral important 
hara
teristi
s whi
h are unique at RHIC. These in
lude al-most full phase spa
e 
overage and a high granularity in both pseudorapidityand azimuthal angle. The beam-pipe, dete
tors, and asso
iated me
hani
swere arranged to provide as little mass and as little distan
e as possible be-tween the intera
tion point and the a
tive elements. In addition, di�erentdete
tors and several independent analysis methods for parti
ular dete
tors
an be used to generate multiple measurements of ea
h observable. Thiswealth of results provides a powerful tool for determining and understand-ing the systemati
 un
ertainties in the derived quantities. Comparison ofdata with very di�erent 
hara
teristi
s (for example 
ounting Si pads withhits 
ompared to summing the energy output of the Si) to ea
h other andto the Monte Carlo predi
tions adds 
on�den
e in the quality of the �nalresult.



1424 G.S.F. Stephans et al.3.2. Beam energy dependen
e of mid-rapidity multipli
ityThe �rst physi
s measurement using RHIC data was the PHOBOS valuefor the 
harged parti
le multipli
ity density near mid-rapidity for 
entralgold�gold 
ollisions at nu
leon�nu
leon 
enter of mass energies of 56 and130 GeV [7℄. Re
ently, PHOBOS again produ
ed the �rst physi
s resultfrom the full energy RHIC run at 200 GeV [8℄. A summary of the data fromPHOBOS and the other RHIC experiments is show in Fig. 3.
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Fig. 3. Beam energy dependen
e of the 
harged parti
le multipli
ity density perparti
ipant pair averaged over the region j�j � 1. Data are shown for 
entral AuAu(AGS and RHIC) or PbPb (SPS) 
ollisions as well as proton�antiproton 
ollisions.See text for details and referen
es.The results shown are pseudorapidity densities of primary 
harged par-ti
les averaged over the region j�j � 1 measured in the top 6% most 
en-tral events for nu
leus�nu
leus 
ollisions. In order to 
ompare to di�erentsystems (in
luding nu
leon�nu
leon 
ollisions), the densities have been di-vided by the number of pairs of parti
ipating nu
leons. The PHOBOS dataare shown for 56 and 200 GeV while the average of data from all 4 RHICexperiments is shown at 130 GeV [9�11℄. These values are 
ompared tothose found for lower energy nu
leus�nu
leus intera
tions [12�14℄ as well asproton�antiproton 
ollisions [15℄. It is 
lear that nu
leus�nu
leus 
ollisionsat RHIC energies produ
e signi�
antly more parti
les per intera
ting pairof nu
leons than are produ
ed in proton�antiproton 
ollisions at the sameenergy. The data also suggest that this ex
ess over pp may still be in
reasingat the highest RHIC beam energy.Before publi
ation of the �rst PHOBOS data, theoreti
al predi
tions forthe pseudorapidity density expe
ted at a 
enter of mass energy of 130 GeVvaried by more than a fa
tor of two. The models were re�ned (or in some
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ases abandoned) resulting in later predi
tions of the 200 GeV multipli
itywhi
h varied by about 25%. The latest PHOBOS result is in signi�
antdisagreement with some of the adjusted 
al
ulations. Thus, even this mostbasi
 of global observables has already set signi�
ant 
onstraints on theallowable model spa
e.3.3. Centrality dependen
e of mid-rapidity multipli
ityThe observed ex
ess of normalized parti
le produ
tion in 
entral ion�ion
ollisions, 
ompared to nu
leon�nu
leon intera
tions, leads naturally to thequestion of how this quantity depends on 
entrality. Fig. 4 shows PHOBOSdata that address this question [16, 17℄. As before, the quantity plotted

Fig. 4. Collision 
entrality dependen
e of the 
harged parti
le multipli
ity densityper parti
ipant pair averaged over the region j�j � 1. PHOBOS data are shown forAuAu 
ollisions at 130 and 200 GeV energies. Statisti
al error bars are smaller thanthe symbols. The shaded region shows the systemati
 un
ertainty at 200 GeV, theband for 130 GeV would be similar. Also shown are data from proton�antiproton
ollisions and the results of two theoreti
al 
al
ulations. See text for details andreferen
es.is the primary 
harged parti
le density (averaged over �1 unit of pseudo-rapidity about mid-rapidity) divided by the number of parti
ipant pairs.Data are presented for a range of 
entralities for AuAu 
ollisions at 130 and200 GeV. The statisti
al errors are smaller than the symbols. The shadedregion around the 200 GeV points shows the range of systemati
 un
er-tainty. The range for 130 GeV is similar. The proton�antiproton points



1426 G.S.F. Stephans et al.are found from data at 200 GeV and an interpolation of data to 130 GeVusing the parameterization shown in Fig. 3 [15℄. The data suggest that theex
ess parti
le produ
tion 
ompared to nu
leon�nu
leon 
ollisions in
reasesmonotoni
ally with possibly a steeper rise for the most peripheral and most
entral intera
tions.The two sets of lines on Fig. 4 show the results of a gluon saturationmodel and an empiri
al parameterization in terms of a two-
omponent modelof the intera
tions [18, 19℄. The latter separates the produ
ed parti
les intotwo 
lasses, the �soft� parti
les that s
ale with the number of parti
ipantsand a �hard� 
omponent whi
h s
ales with the number of 
ollisions as deter-mined from a Glauber model. The formula used isdNd� = (1� x)nppNpart2 + xnppN
oll ; (1)where npp is the experimentally measured multipli
ity density of parti
lesin proton�proton or proton�antiproton 
ollisions (about 2.2�2.4, see Fig. 3),Npart is the number of parti
ipants (2 for pp or pp), and N
oll is the numberof 
ollisions. The only parameter not found from data or Glauber modelsof nu
leus�nu
leus 
ollisions is x, the fra
tion of the parti
les produ
ed byhard s
attering in nu
leon�nu
leon 
ollisions. For the dashed lines shownin Fig. 4, the value for x (�10%) was 
hosen to give a reasonable �t to the130 GeV gold�gold data. The energy dependen
e of x was given by simpleQCD arguments. Both the saturation and two-
omponent models are seento give reasonable des
riptions of the experimental data. The saturationmodel 
al
ulation stops at a little below 100 total parti
ipants be
ause theassumptions in the model are deemed inappropriate for more peripheral
ollisions.It is interesting to re
ast Eq. (1) in terms of �, the average number of
ollisions experien
ed by one of the parti
ipating nu
leons. This 
on
ept hasbeen used frequently in attempts to 
ompare pp, pA and AA data. In this
ase, we have symmetri
 systems so we know that Npair = Npart=2. Fromnu
lear geometry, the number of 
ollisions is about N
oll � N�1:3�1:4pair . Byde�nition, N
oll = �Npair and so � � N�0:3�0:4pair . Plugging these relationsinto Eq. (1) yields dNd�Npairnpp = 1 + x(� � 1) : (2)In this model, the ratio of normalized parti
le density between nu
leus�nu
leus and nu
leon�nu
leon 
ollisions is a simple mix of nu
lear geometryand the fra
tion of hard s
attering. Note that asymmetri
 systems (pAu,SiAu, et
.) will have di�erent relationships between N
oll and Npart. Datafor su
h systems, expe
ted in up
oming RHIC runs, will be 
riti
al in deter-mining the validity of these types of parameterizations.



PHOBOS, the Early Years 1427Several 
on
lusions 
an be drawn from this data and the 
omparison tovarious models. On
e again, it is seen that a relatively simple �global� ob-servable provides important 
onstraints on the fundamental properties of theintera
tions. A simple model separating parti
le produ
tion into �soft� and�hard� 
omponents shows a reasonable extrapolation of AuAu data downto nu
leon�nu
leon values. Although the gluon saturation model and thetwo-
omponent parameterization have very di�erent underlying physi
s as-sumptions, the predi
tions are very similar. Hopefully, future analysis andadditional data in
luding asymmetri
 systems will help to di�erentiate be-tween the 
ompeting models of 
entrality dependen
e. Finally, it is im-portant to keep in mind that all of the 
ompeting models involving partondynami
s agree with the 
on
lusion that the gluon densities in the initialsystem are large on the QCD s
ale.One intriguing observation is that the data at both beam energies appearto have an in
reasing slope for the most 
entral 
ollisions. In the 
ontextof the two 
omponent model, it is interesting to ask whether a third sour
eof parti
les arises in those situations. Although it is tempting to spe
ulate,
aution must be exer
ised be
ause the 
hanges may be due to systemati
un
ertainties. The two data sets are 
learly statisti
ally independent butshare some aspe
ts in the analysis whi
h 
ould 
on
eivably lead to a 
ommonsystemati
 trend.3.4. Rapidity distribution of 
harged parti
lesAs mentioned previously, one unique aspe
t of the PHOBOS experimentis the ability to dete
t 
harged parti
les over a wide range of pseudorapidity.An example of the results for 130 GeV are shown in Fig. 5 [20℄. In 
ontrastto the previous plots, this �gure shows total 
harged parti
le pseudorapiditydensity, dN=d�, without normalizing by the number of parti
ipants. Also, inthis 
ase the error bars in
lude systemati
 un
ertainties whi
h dominate inalmost all 
ases. With su
h 
omplete 
overage, the total number of 
hargedparti
les 
an be extra
ted with relatively little un
ertainty due to the extrap-olation into unmeasured regions. For the most 
entral 3% of the AuAu eventsat 130 GeV, the total number of primary 
harged parti
les is about 4200.Ea
h panel 
orresponds to a di�erent range of 
entrality with the mostperipheral in the upper left and the most 
entral in the lower right. The per-
entages listed are the fra
tion of the total inelasti
 gold�gold 
ross-se
tionin
luded. The average total number of parti
ipants, found using a Glaubermodel, for events within the indi
ated 
entrality sele
tion is also shown. Oneimportant feature that relates to the dis
ussion in the pre
eeding se
tion isthat the distributions are relatively �at over about 2�3 units on either sideof � = 0. As a result, the exa
t range 
hosen to obtain the �mid-rapidity�averages shown in Figs. 3 and 4 is not signi�
ant.
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<Npart>≈340Fig. 5. Pseudorapidity dependen
e of the 
harged parti
le multipli
ity density.PHOBOS data are shown for AuAu 
ollisions at 130 GeV. The error bars in
ludethe systemati
 un
ertainties whi
h dominate in most 
ases. Distributions are shownfor di�erent 
entralities starting with the most peripheral at top left to the most
entral at bottom right. The labels show the per
entage 
uts on the total inelasti
AuAu 
ross-se
tion in
luded in ea
h panel as well as the average total number ofparti
ipants. See text for details and referen
es.Another feature seen in Fig. 5 is that the distributions tend to get nar-rower for in
reasing 
entrality. Although the shapes are not strongly depen-dent on 
entrality, there are subtle di�eren
es whi
h are illustrated in Fig. 6.In this �gure, the 
enter left (35�45%) and bottom right (0�6%) panels ofFig. 5 are shown as �lled and open 
ir
les, respe
tively. In this 
ase, thedensities are on
e again normalized to the number of parti
ipant pairs. It is
lear that most of the in
rease in normalized parti
le produ
tion shown inFig. 4 for more 
entral 
ollisions o

urs near mid-rapidity. One possibly sur-
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Fig. 6. This �gure shows the same data as in the 
enter left (�lled 
ir
les; 35�45%)and bottom right (open 
ir
les; 0�6%) panels of Fig. 5 but now normalized to thenumber of parti
ipant pairs and superimposed.prising aspe
t of Fig. 6 is that parti
le produ
tion per parti
ipant a
tuallyrises with de
reasing 
entrality near beam and target rapidities (
ompare
losed to open 
ir
les near � � 5). This results in a 
ross-over near � �3�4where the parti
le produ
tion per parti
ipant is essentially independent of
entrality and thus the signal in any parti
le dete
tor will be very 
lose tolinear with the number of parti
ipants. The pla
ement of the paddle trigger
ounters 
lose to this rapidity region is, therefore, very fortuitous!An interesting feature of the pseudorapidity distributions is the beamenergy dependen
e of the region extending out to target or proje
tile ra-pidity. Fig. 7 shows the rapidity distributions of normalized densities forthe 6% most 
entral AuAu 
ollisions at 130 and 200 GeV. The 130 GeVdata points are identi
al to those in Fig. 6 ex
ept that the horizontal axishas been shifted by the di�eren
e in beam rapidities between the two ener-gies. As was seen for the 
entrality dependen
e, the dominant 
ontributionto the rise in normalized parti
le produ
tion as a fun
tion of beam energyshown in Fig. 3 
omes near mid-rapidity. In this 
ase, the regions away frommid-rapidity, spe
i�
ally within about 2.5 units of the target or proje
tileare indistinguishable between the two data sets. Comparable agreement be-tween shifted distributions found for the two beam energies is also seen atother 
entralities. Very similar results were found for nu
leon�nu
leon 
ol-lisions at energies ranging from 53 to 900 GeV [21℄ and were attributed tofragmentation [15℄ of the valen
e quark system.
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Fig. 7. This �gure 
ompares the 
harged parti
le pseudorapidity density normalizedto the number of parti
ipant pairs for the most 
entral 6% of the AuAu intera
tionsat both 130 and 200 GeV. The horizontal axis has been shifted by the di�eren
e inthe beam rapidity at the two energies.3.5. Multipli
ity summaryPHOBOS has made many signi�
ant 
ontributions to the understandingof 
harged parti
le produ
tion at RHIC energies. These in
lude extensiveresults on the energy, 
entrality, and rapidity dependen
e. In evaluatingthese results using any measure or model, it is 
lear that a system of veryhigh density is being formed in the early stages of AuAu 
ollisions. Thesedata have already had an enormous impa
t on theoreti
al models in
luding
onstraints on the initial 
onditions and subsequent evolution, as well asrestri
ting the possible global properties and fundamental intera
tions (forexample, hard versus soft pro
esses). The near future will bring similaranalyses of AuAu 
ollisions at 20 GeV (run in November, 2001, spe
i�
allyfor PHOBOS) as well as a 
omparisons to 200 GeV pp 
ollisions (run inJanuary, 2002). In addition, expanded analyses in
luding more detailedstudies, �u
tuation, event shape, et
., are ongoing.
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trometer resultsThe PHOBOS magneti
 spe
trometer was designed to tra
k and identifyparti
les near mid-rapidity. One primary fo
us of the design was the abilityto extend these measurements to the lowest possible transverse momentum.However, with a reasonably large integrated magneti
 �eld and Si dete
torswith small pixel sizes, the spe
trometer also has good resolution for highp? studies. Parti
le identi�
ation for all tra
ks is provided by the averageenergy loss in the Si sensors. A typi
al sample is shown in Fig. 8. Detailed
omparisons of expe
ted and measured energy losses show that the resolutionis about 7%.
 Particle ID using dE/dx

Fig. 8. Average energy loss in the spe
trometer Si wafers is plotted versus themomentum of the tra
k. Clear bands 
orresponding to the di�erent parti
le typesare seen.Early analysis of identi�ed parti
les fo
used on one of the most impor-tant open questions prior to the �rst RHIC data, namely the 
hemi
al envi-ronment of the system formed near mid-rapidity. Although many theoristsexpe
ted that the net baryon density would be smaller than seen in lowerenergy 
ollisions, it was not 
lear what the value would be. There were evensuggestions that exoti
 pro
esses would lead to enhan
ed stopping at RHICenergies and, therefore, signi�
ant movement of baryon number away fromthe target and proje
tile rapidity [22℄.
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Fig. 9. This �gure shows the predi
ted parti
le ratios for kaons and protons asa fun
tion of the baryon 
hemi
al potential. The horizontal bands 
orrespond tothe PHOBOS measured values. See text for dis
ussion and referen
es.The PHOBOS experiment has measured the ratios of yields of �� to �+,K� to K+ and anti-protons to protons near mid-rapidity (y from about0.15 to about 0.8 for kaons and protons and about 0.3 to 1.4 for pions) [23℄.The ratios were obtained by 
omparing the numbers of parti
les in eventstaken with opposite polarity so that the two 
harges were both bendingin the same dire
tion and thus had identi
al a

eptan
es. The range oftransverse momenta were about 0.1 to 0.6 GeV/
, 0.15 to 0.65 GeV/
 and0.2 to 1.0 GeV/
 for pions, kaons, and protons, respe
tively. The ratiosfound for the most 
entral 12% of AuAu 
ollisions at 130 GeV were ��=�+ =1:00�0:01�0:02, K�=K+ = 0:91�0:07�0:06, and p=p = 0:60�0:04�0:06,where the statisti
al un
ertainty is listed followed by the systemati
 one. Thedeviation of the last two ratios from 1.0 indi
ates that the system formednear mid-rapidity is not baryon-free. This observation 
an be made morequantitative by 
omparing to the predi
tions of a thermal model [24℄. Theresults are shown in Fig. 9 where the parti
le ratios for kaons and protonshave been 
al
ulated as a fun
tion of the baryon 
hemi
al potential. A freeze-out temperature of about 160�170 MeV was assumed, although the 
urvesare not strongly dependent on this value. The horizontal bands show theallowed ranges given by the PHOBOS data. Note that the �gure shows the
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harges. Both of the measured ratios are
onsistent with the range of 
hemi
al potential shown by the verti
al band,45�5 MeV. This is about a fa
tor of 5�6 smaller than found for 
entral
ollisions at SPS energies [25, 26℄.It remains for theoreti
al studies to determine the 
auses and impli
a-tions of this measurement. Clearly, spe
ulations about exoti
 large �stop-ping� at RHIC energies are ruled out. Nonetheless, it remains interesting toexplain how even this smaller remnant of the valen
e quark system has beentransported over almost 6 units of rapidity.Many additional analyses of spe
trometer data are ongoing in
ludingsimilar ratios for 200 GeV AuAu 
ollisions. In the near future, parti
le spe
-tra (with and without parti
le identi�
ation), studies of low and high p? andHBT 
orrelations will be available. For the farther future, additional anal-yses in
luding resonan
es, studies versus 
entrality, rapidity, and rea
tionplane are being prepared.5. The low p? future: stopping parti
lesIn order to extend identi�ed parti
le spe
tra to the lowest possible trans-verse momentum, the PHOBOS 
ollaboration is analyzing tra
ks whi
h stopwithin the Si wafers of the spe
trometer. By sele
ting only hits 
orrespond-ing to large energy loss, the tra
king be
omes mu
h easier. This is essentialbe
ause low momentum tra
ks s
atter signi�
antly more than the averageand so the various 
uts for �nding valid hit 
ombinations need to be loosened
onsiderably.An example of early studies is shown in Fig. 10. The plots 
omparemeasured (solid lines) and predi
ted (dashed lines) energy loss distributionsfor pions whi
h stop in the �fth layer of the spe
trometer. The plots 
learlyshow the steady in
rease in deposited energy as the pions slow down. Theagreement for all layers is superb, indi
ating that a 
lean, well understoodsample of pions is being extra
ted and that the dete
tor response to theseparti
les is a

urately predi
ted. Note the dramati
ally larger horizontals
ale in the plot for Plane E (the last plane). Some fra
tion of the negativepions are 
aptured onto the Si nu
lei and fragment them. The dete
tion ofsome of this fragmentation energy produ
es the long tail to higher energyloss. Thus, in this 
ase, the parti
le yields 
an be partially separated intothe two 
harge signs. Work is ongoing to understand the e�
ien
y andba
kgrounds for these stopping parti
les as well as extending the algorithmsto parti
les stopping in other layers.
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Fig. 10. This �gure shows the predi
ted (dashed lines) and measured (solid lines)energy loss distributions in the �rst 5 Si layers of the spe
trometer for pions thatstop in the �fth layer. See text for dis
ussion.6. Con
lusionThis talk has highlighted a few of the physi
s results obtained by thePHOBOS 
ollaboration at RHIC. Many others, for example �ow [27℄, havenot been dis
ussed. The PHOBOS data have been 
riti
al in the early at-tempts to understand the 
onditions 
reated in the new regime of heavyion 
ollisions at these high energies. The results have had a signi�
ant im-pa
t on the theoreti
al interpretation, in
luding both global properties andfundamental intera
tions. More beam energies and beam spe
ies (in
ludingasymmetri
 systems su
h as pAu or dAu) are eagerly anti
ipated in futureruns in order to 
ontinue the systemati
 study of varying initial 
onditions.For the farther future, various upgrades to the tra
king, vertexing, and parti-
le identi�
ation are being 
onsidered. The 
ollaboration is looking forwardto an ex
iting period of exploration in this new frontier.
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