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Multiplicity distributions of charged particles from Au+Au collisions at (s=130GeV as a function of collision centrality.
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Abstract.

We present the first measurement of the  multiplicity distribution of charged particles as a function of collision centrality for Au+Au collisions at (s=130AGeV over a broad range in  pseudorapidity ((=-4.5 to +4.5). For the most central collisions (5%)  we find  the pseudorapidity density of charged particles around (=0 to be dN/d(=( 600)(xx (stat)(yy (syst), while we find (XXX)( xx (stat) (yy (syst) for peripheral collisions (25-50%). The FWHM of the pseudorapidity density distribution for central collisions is (XX) (xx (stat)(yy (syst) and the integrated charged particle multiplicity over the covered pseudorapidity interval is  (XX) ( xx (stat)(yy (syst).

The determination of the overall multiplicity distribution of charged particles emitted in violent collisions between heavy nuclei is a powerful diagnostic for understanding the  spatio-temporal evolution of the reaction and the relative importance of parton and nucleonic degrees of freedom during the various phases of the reaction. In particular, the total number of charged particles and the width of the charged particle density distribution is expected to depend markedly on the amount of hadronic rescattering, the degree of chemical and thermal equilibration and the role of subnucleonic processes (ref. 1). Recently the PHOBOS experiment (ref. 2) has determined the pseudorapidity density in a narrow pseudorapidity region around (=0 at (s=56A.GeV and (s=130A.GeV.

In this Letter we present the first pseudorapidity distributions determined over a wide range in pseudorapidity for collisions of Au nuclei at the Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory for (s=130AGeV, the highest center of mass energy yet achieved in collisions between heavy nuclei in the laboratory. The data were measured with the BRAHMS detector during the initial runs in June-August 2000. We have also investigated the systematics of pseudorapidity density distributions as a function of collision  centrality. This further constrains the comparison to the predictions of current microscopic models which differ considerably (more than a factor of 2) in their predictions of the multiplicity distributions of charged particles in the RHIC energy range due to varying assumptions about the underlying physical processes.

The BRAHMS Array consists of two magnetic spectrometers which allow the precise determination of charged particle properties over a wide rapidity (y=-0.1 to 3.5) and momentum range as well as a number of global detectors employed to characterize the general features of the reaction, such as the overall charged particle multiplicity, the total neutral energy at small angles and the collision vertex. A general description of the BRAHMS experiment may be found in (ref 3). During the summer of 2000, as  RHIC luminosity increased, the various detector systems  of BRAHMS were commissioned. The  data presented here stem from the high solid angle global detectors and were collected in the initial  low luminosity runs. The detector systems relevant for this analysis are the Plastic Tile Multiplicity Array, The Beam-Beam detectors and the  Zero Degree Calorimeters.
The Plastic Tile Multiplicity Array (PTMA) consists of 40   quadratic tiles of plastic scintillator(12x12x0.5 cm3). The light is collected and transported to photomultiplier tubes by optical fibers inserted in a groove surrounding  the periphery of each tile. This arrangement ensures a uniform light collection over the surface of the tile. The tiles, arranged in 5 rows of  8 tiles each, are placed  around the central Beryllium beam pipe to  form a ‘tube’ of hexagonal cross section and inscribed radius R=15cm (?). The rows  cover intervals in pseudorapidity ((= ln(cot((/2), where ( is the polar angle of the considered particle relative to the beam direction) of |((|=(2.5, ) (  ,  ) ,(  ,  ), (  ,  ) and in azimuthal angle of  (( = 56 degrees at (=60, 120,180,240 and 300 degrees with respect to the horizontal plane. 

The Beam-Beam detectors (BB) are  two  arrays of  Cerenkov quartz radiators coupled to photomultiplier tubes (REF?). They are positioned around the beam tube at a distance of 4 m 

on either side of the nominal interaction point (?). The first? array consists of 8 detectors with  2” diameter and 32 detectors with ¾” diameter, arranged symmetrically around the beam tube. The second array is asymmetric to allow the movement of the forward spectrometer to small angles and consists of 5 large detectors and 25 (?) small detectors. The BB counters have an intrinsic time resolution of 45ps allowing the determination of the position of the interaction point with a precision of a few cm. The two arrays subtend pseudorapidities 3<|((|<4.5.

The two Zero Degree Calorimeters (ZDC) positioned on either side of the nominal interaction point at a distance of 18 m (?) were used to measured the total energy deposited by spectator neutrons. Each ZDC consists of alternating slices of  Fe and plastic scintillators and is 60 cm long corresponding to (?XX) interaction length for neutrons (ref.  ). A signal is recorded in the ZDC when the neutron kinetic energy? exceeds 25GeV.

In addition to these detectors the forward Time Projection Chamber of the Mid-Rapidity spectrometer of BRAHMS (MTPC1) placed at 90 degrees and at a distance of 1m (?) with respect to the beam line was also used (REF?). The readout chamber of the TPC contains  1152 pads arranged in 12 rows of 96 pads each coupled to  STAR readout electronics (ref. ). The TPC which provides identification of tracks in 3 dimensions  and determination of  the vertex with greater precision than is possible with the BB system. 

The primary event trigger consisted of a mix of overlap coincidences between the two BB counters (requiring at least two hits in each array in a  5 ns  time window), and between the two  ZDC counters (requiring at least a  single neutron with energy greater than 25 GeV in each in an 8 ns ? time window). This trigger selects most of the collision events with small bias but also accepts various background events which must be removed  in the off-line analysis. ( or “for which corrections must be made in --- “)

In the analysis, the multiplicity density of charged particles as a function of pseudorapidity was constructed from the total energy signals measured in the various detectors of the PTMA and the BB detectors. In both cases the multiplicity of charged particles in a given detector element was obtained by dividing the measured (gain corrected) total pulse height by the average energy deposited by a minimum ionizing particle (MIP). In the case of the smaller BB counters the peaks corresponding to 1, 2, ..7 times the MIP energy can be specifically identified in the spectra, thus providing a direct energy calibration. For the PTMA the previously studied 1 MIP detector response to cosmic rays with different angles of incidence has been used. The detector assemblies have also been found to be linear up to more than 200 MIP-equivalent light pulse amplitudes. For each tile the energy response corresponding to the average angle from vertex to tile was used. Low momentum particles are highly ionizing and contribute to the total energy spectrum of a given tile with a high energy tail. In the present analysis this tail  (HOW MANY SIGMA AWAY FROM MEAN?) in the total energy spectrum has been excluded from the estimation of  the number of particles. We estimate from Monte Carlo simulations that this leads to an underestimation of the total number of particles by 2-3% (?) at small ( where this problem is the most severe and by 1-2 % at larger pseudorapidities ( WE NEED TO CHECK THIS QUANTITATIVELY, I’M GUESSING) where particle spectra are harder. We find that the dependence on the   event generator used to simulate the response is weak. The contribution of random coincidences …. and double beam events …. was found …(NEED IMPUT HERE) 
The identification of the collision vertex position is crucial for the assignment of particles to the pseudorapidity bins and for calculations of energy loss. The vertex position can be determined using the difference between particle arrival times in the BB detectors. To achieve the highest precision we have used the time difference between those individual counters in the left and right BB arrays that were hit first. The absolute vertex position is determined by extrapolating tracks found in MTPC1 which is outside any magnetic field, as shown in fig.1a. Fig. 1b shows the good correlation between the vertex position determined from individual tracks and the vertex determined from the BB time differences. The vertex position is determined to to better than 2cm ( FWHM?). The systematic error in the charged particle multiplicity arising from the uncertainty in the vertex position  is less than 5% (CHECK). 

Fig. 1c shows the distribution of the number of charged particles per event collected in the full (?) PTMA. Applying the usual geometrical relation between impact parameter and number of participants

and assuming a roughly ? ( how rough ?)constant particle production per participant pair we expect that a cut on the total tile multiplicity translates to a cut on collision centrality. Indeed, we observe a clear anti-correlation between the  total multiplicity observed in the PTMA and the total (spectator) energy measured in the ZDC’s. The shape of the PTMA multiplicity distribution is close to that expected for a minimum bias event sample. The bias introduced by the trigger conditions has been studied in Monte Carlo simulations and is found to affect only the lowest multiplicities at the level of XX % (CHECK). Thus by selecting  the multiplicity regions indicated  in fig.1c we can select on the degree of collision centrality. For these selected events we can then determine the correlated  pseudorapidity distributions. The ratio of the integral of each selected  region to the total integral is assumed to be  ( (/(geom (DETERMINE (). Fig. 1d shows the corresponding multiplicity distribution measured in the BB detectors. From the figure it can be seen that we observe a good correlation between a 5 % cut selecting the most central events identified through the particle multiplicty around midrapidity and the corresponding fraction of the events identified  around (=4. In summary, we estimate that the systematic uncertainty on the centrality determination (number of participants) is better than 5%.  

Fig. 2 presents the measured dN/d( distributions for centrality cuts on 0-5%, 10-20%, 25-50%  of the total PTMA multiplicity distribution (DO WE DARE TO GO MORE PERIPHERAL AND HAVE 4 OR 5 CUTS? ( Should do as much of range as possible)WHAT IS RANDOM BCKGD. RATE?). These centrality cuts correspond to xxx, yyy, and zzz participant nucleons on the average, as can be estimated from Monte Carlo calculations. The distributions shown have been corrected for the contribution of secondary particles produced in the beam pipe and in material around the detectors. The correction factors have been estimated by Monte Carlo methods using a detailed GEANT simulation of the BRAHMS experiment and events from the FRITIOF generator. In the pseudorapidity range covered by the PTMA the background contribution varies from 29% at  (=0 to 38% at (=2.5. The BB counters are less sensitive to background particles not originating from the vertex, due to the directional properties of the induced Cerenkov light. The corresponding background corrections factors for BB vary from XX% at |(|=3.5 to YY% at |(|=4.5. We estimate the systematic error on the background correction to be ZZ% (VERIFY ALL THIS) based on simulations using different event generators and by studying the influence of varying the vertex position. In summary we find dN/d( (|(|<0.5) = 607 ( (12) ( (syst) for the 5% most central collisions (THIS NUMBER IS BASED ON THE 800 IN THE AGS PRESENTATION. IT IS 10% LARGER THAN THE RESULT IN THE PHOBOS PAPER ! WE SHOULD REANALYSE SOME NEVER DATA WHERE THE BACKGROUND FROM RHIC WAS LOW AND WITH NARROW VERTEX DEFINITION) and dN/d( (|(|<0.5) = 607 ( (stat) ( (syst) for the 25-50% centrality cut. We note that PHOBOS has measured dN/d( (|(|<1) =555(12(stat)(30(syst) with roughly similar trigger conditions and centrality selection. Similarly we find dN/d( (3.5|(|<4.5) =     (      (stat) (       (syst) for 0-5% and dN/d( (3.5|(|<4.5) =     (      (stat) (       (syst) and 25-50%. 

In Fig. 3a we summarize the measured dN/d( values at two selected pseudorapidities as a function of centrality. Fig. 3b shows the FWHM of the measured distributions. It is seen that …….  . Integrating the measured pseudorapidity distributions we obtain the total number of charged particles, Nch, at (s=130A.GeV for the various centrality cuts. For the 5% most central events we find Nch (4000 (   (stat)(    (syst) in the considered pseudorapidity interval. By extrapolating the measured distributions smoothly to  |(| =6 we estimate that an additional 250 ( xx charged particles are unobserved. This brings the total number of charged particles produced to 4250 (    (stat) (    (syst  )  (ALL THIS IS ROUGH GUESS WORK, BUT SHOULD BE AN UPPER LIMIT). Similar numbers for the more peripheral collisions are (XXX) (  (stat)(  (syst) for the 10-20% cut and (YYY) (   (stat)(  (syst) for the  25-50% cut.  For comparison,  Nch ( 2000 (CHECK) at CERN-SPS at (s=17A.GeV for central Pb+Pb collisions (ref. NA49). In Fig. 3  we also compare the present findings with predictions from several microscopic models FRITIOF (ref.), which includes hard parton scattering processes, RQMD (ref. ) which has a significant amount of rescattering and NEXUS (ref.  ) which   is based on the concept of Pomeron exchange. It is seen that ……amplitude, width….. I THINK  THAT HIJING MUST BE INCLUDED SINCE PHOBOS PAPER AND SUBSEQUENT WANG AND GYULASSY PAPER HAVE COMPARED TO HIJING.
In summary, the BRAHMS experiment has measured pseudorapidity densities of charged particles at (s=130A.GeV over a large range of pseudorapidity as a function of collision centrality. This has allowed us to extract the total number of charged particles produced. We find that the number of charged particles produced in central collisions has increased by a factor of approximately 2 as compared to collisions at (s=17A.GeV. This increase is considerably below the predictions of microscopic models based on … but is closer to predictions of models including hard parton scattering processes and presupposing a high degree of reaction transparency.  
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Figure Captions.
Figure 1.

(a) Illustration of vertex determination using reconstructed tracks in a BRAHMS TPC positioned at 90 degrees with respect to the beam direction.

(b) Correlation between vertex position determined from time differences of Beam-Beam counters and from TPC tracks.

(c) Measured charged particle multiplicity distribution in the PTMA. Indicated are the cuts used for the centrality determination (0-5%, 10-20%, 25-50%).

(d) Measured charged particle multiplicity distribution in the BB counters. The shaded area shows the multiplicities selected when applying a cut on the uppermost 5% of the multiplicity distribution in the PTMA.

Figure 2.

Measured pseudorapidity distributions, corrected for background due  to secondary particles, for various collision centralities as defined by the multiplicity gates shown in fig. 1c.

Figure 3.

(a) Comparison of the measured pseudorapidity distribution for the most central collisions to the predictions of the FRITIOF (full drawn) , RQMD (dashed) and NEXUS(dot-dashed) models  

(b) Average values of dN/d( at  (=0 and (=4 as a function of collision centrality (filled points). The lines show the predictions of the 3 microscopic models. 

(c) FWHM of the dN/d( distributions of fig.2 as a function of collision centrality. The lines show the model predictions.
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