Au + Au collision results on pseudorapidity distributions of charged particles from BRAHMS experiments at RHIC
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Abstract

We present the BRAHMS detector system which was constructed at the RHIC facility to pursue the understanding of properties of strongly interacting matter by detailed and precise measurements of charged hadrons produced in ultra-relativistic collisions. Results of measurements reviewed in this contribution are focused on the  charged particle densities as a function of pseudo-rapidity and collision centrality for the 197Au + 197Au reactions at  (sNN = 130 GeV and (sNN = 200 GeV. These results are confronted with current models.

1. Introduction

By colliding heavy ions at high energies one can create hadronic matter at high energy densities. At the energy of 1 AGeV which is available at SIS (GSI, Darmstadt), the nuclei are stopped, compressed and moderately heated. At higher energies of AGS (Brookhaven National Laboratory) and SPS (CERN) where heavy nuclei were accelerated up to 17 AGeV and  160 AGeV, respectively, one can reach higher temperatures. However, at such energies the colliding nuclei are no longer completely stopped and the baryon chemical potential of the matter created decreases. The theory of strong interactions, QCD (Quantum Chromodynamics) predicts a phase transition to a quark-gluon plasma (QGP) at high energy densities for strongly interacting bulk matter. The critical energy density is of the order of 1 GeV/fm3  and can be reached by heating hadronic matter at zero net baryon density to a temperature of about 160 MeV, or by compressing cold matter to the baryon density above 3 times of the equilibrium density, or by combinations thereof.

On Feb. 10, 2000, CERN announced officially [1], “Evidence for  New State of Matter: An Assessment of the results from the CERN Lead Beam Programme”. A five months later, the first Relativistic Heavy Ion Collider (RHIC) started its operation in Brookhaven National Laboratory and a new era of a systematic study of strongly interacting matter began. This study will eventually lead to a quantitative understanding of “bulk QCD”. 

 RHIC utilizes most of the BNL accelerator facilities [2]. The beams intersect in six regions around the ring. Four of these interaction regions are instrumented with experimental setups called BRAHMS, PHENIX, PHOBOS and STAR. The RHIC design luminosity of 2(1026 cm-2(s-1 for Au + Au beams at (sNN = 200 GeV produces collisions at around 200 Hz.

2. BRAHMS Physics Goals

The Broad RAnge Hadron Magnetic Specrometers (BRAHMS) experimental setup is designed to gather basic information in ultra-relativistic heavy ion collisions including momentum spectra and yields for charged hadrons as a function of transverse momenta and rapidity. The BRAHMS will precisely measure and well identify p(, ((  and K(  over a wide range of rapidity (0 < (y( < 4) and transverse momenta (0.2 GeV/c < pt < 4 GeV/c)  for all energies and beams available at RHIC. At forward angles this pt range translates into large momenta up to 30 GeV/c.

The particle spectral shapes and their dependence on the rapidity reveal the reaction dynamics and degree of thermalization attained. The high transverse momentum parts of the spectra carry information from the early phase of the reaction. The yields as a function of rapidity are important indicators of densities reached in the collisions and of the entropy produced. Determination of the collision centrality is an integral part of the measurements. 

These measurements allow to address the following issues:

· Reaction mechanism

· Stopping

· Chemical equilibrium

· Thermalization

· Baryo-chemical potential

· Particle production and particle to anti-particle ratios

· Strangeness production

· Mini-jet production systematic

The phase-space coverage of the BRAHMS experiment is complementary to the other RHIC experiments.  

3. BRAHMS Experimental Layout

The very different momenta and particle densities at mid-rapidity and forward angles has led to a design with two moveable magnetic spectrometers [3]. BRAHMS experiment consists also four global detectors. A perspective view of the BRAHMS experimental setup is presented in Figure 1.
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Figure 1. The BRAHMS experimental setup in perspective.

The Forward Spectrometer (FS) has a solid angle of 0.8 msr and measures identified particles having momenta up to 25 GeV/c in the angular range of 2.3o < ( < 30o. Four magnets (D1 -  D4) are used for sweeping and analyzing particles emerging from the rection. The forward arm of the FS tracking detectors (T1 and T2) are  Time Projection Chambers (TPCs) which provide good three-dimensional track recognition and rejection of background in a high multiplicity environment. The back arm of the FS tracking detectors (T3-T5) are Drift Chambers (DCs) and each consists of three identical modules that contain 10 (8) detection planes for T3 (T4-T5). Particle identification in the FS is based on two time of flight hodoscopes (H1-H2) as well on Ĉerenkov measurements. H1 and H2 consist of 40 and 32 slats of plastic scintillators , respectively and each scintillator is instrumented with two phototubes, one on either end. H1 and H2 are positioned 9m and 20m from the nominal vertex, respectively. Higher momentum particles are identified with a threshold Ĉerenkov detector  (C1) placed behind D2 magnet and a ring imaging Ĉerenkov detector (RHICH) placed behind H2.

The Mid-Rapidity Spectrometr (MRS) has a solid angle of 6.5 msr and measures identified particles having momenta in the range  0.2 GeV/c < p < 5 GeV/c in the angular range of 30o < ( < 95o. A single dipole magnet (D5) of the MRS is placed between two TPC’s which are used for tracking. Particle identification is obtained with a time of flight wall.

Four global detectors are used to enable event characterization:

· Around the interaction vertex is a global multiplicity array to estimate

event by event centrality. The Multiplicity Array (MA) is made up of a double, hexagonal-side barrel arrangment. There is a modestly segmented silicon strip detector array (SiMA) surrounded by an outer plastic scintillator tile array (TMA). The silicon strip detectors provide also information on particle pseudo-rapidity distribution. The effective coverage of the array is –3.0 ((( 3.0.

· Beam – Beam Counters (BBC) are located 220 cm from the nominal

interaction vertex near the beam pipe. They are constructed from two types of Ĉerenkov radiators glued to photo-multiplier tubes. The primary task for the BB counters is to provide a start time and a level 0 trigger. The 50 ps time resolution allows to determine the vertex position with accuracy of 0.9 cm. These detectors provide also multiplicity information at high pseudo-rapidity 2.1 ((( 4.7.

· The Zero Degree Calorimeters (ZDCs) are located ( 18 m from the

nominal interaction vertex  and detect neutrons emitted in a small cone (( < 2 mr) around the downstream beam directions. The neutron multiplicity is correlated with event geometry and can therefore be used along with the multiplicity array and beam-beam counters to estimate the centrality of the collision. The ZDCs coincidence can provide a minimum-bias selection making it useful as an event trigger as well as a luminosity monitor. Clean selection of minimum-biased events required a coincidence between the two ZDCs and minimum of 4 hits in the TMA. Such selections includes 95% of the nuclear cross section of 7.1 b. There are identical sets of ZDCs in all of the RHIC experiments. This enables a cross check of  results from all four experiments and provides luminosity measurements for the RHIC machine group. 

The BRAHMS Data Acquisition is based on a distributed system of loosely coupled front-end processors that are interrupted by actions of trigger systems and a high-end workstation that serves the function of event builder and user run-control. The front-end VME processors initiates and interrupts the readout of data from the crates. The event fragments are buffered in local memory and transferred via 100M-bit Ethernet to a high end Unix server. The event builder program assembles a complete event. The server has a disk spool area capable of holding up to 100 Gb of data and acting as a buffer for the raw data files before they are sent using the pftp protocol on a gigabit link to he HPSS storage at the RHIC Computing Facility. A rapid analysis on the counting house workstations are available on the spool files via NFS. 

4. Measurements and results

There were two campaigns of data taking at RHIC up to now. The 2000 running period with Au + Au collisions at  (sNN = 130 GeV enabled BRAHMS experiment to record a significant dataset that so far has lead to two publications (see Ref. [4] and [5]).  The MRS recorded data at the angle settings of 90, 45 and 40 degrees with two field settings at both polarities. The FS run at  an 8 degrees with both polarities of one magnetic field setting. The data were analyzed yielding physics results for charged particle densities and for rapidity dependence of particle ratios. In the second run period 2001/2002, the primary physic goal for BRAHMS was to study Au + Au collisions at  (sNN = 200 GeV. The collected data are currently analyzed and the first results on the pseudorapidity distributions of charged particles were submitted for publication [6].

The present talk summarizes the BRAHMS Collaboration investigations of multiplicity distributions of emitted charged particles in relativistic collisions between 197Au nuclei at RHIC energies. The results on the particle ratios are presented by D. Ouerdane [7] in this volume.

Multiplicity distribution of emitted charged particles, dN​ch/d(, is a fundamental observable of the ultra-relativistic collisions. The particle densities are sensitive to the relative contributions of soft and hard processes. On the other hand, the total number of charged particles and the angular dependence of charged particles distribution is dependent on the amount of hadronic re-scattering, the degree of chemical and thermal equilibration and role of subatomic processes. The pseudo-rapidity distributions were also investigated as a function of collision centrality. Because the collision centrality can be related to the number of participant nucleons in the reaction, thus different systems can be compared on a base of a simple nucleon-nucleon superposition models. Reaction centrality was determined by selecting different regions of the total multiplicity distribution measured in either the MA or BBC detectors.

Table 1 presents the charged particle densities as a function of centrality and pseudo-rapidity obtained for Au + Au collisions at (sNN = 130 GeV  (regular characters) and (sNN = 200 GeV (bold characters). One can see that charged particle densities are considerably higher at (sNN = 200 GeV as compared to the collisions at (sNN = 130 GeV. This table also present the integrated charged-particle multiplicities in the range –4.7 ( ( (  4.7 and the number of participating baryons estimated from the HIJING model [8]. For the most central collisions, the charged particle per participating baryon pair is equal 3.7(0.3 at (sNN = 200 GeV and increases by a 14(1 % as compared to the  value obtained at the lower beam 
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energy. For the most peripheral collisions presented here at (sNN = 200 GeV and at ( = 0, the particle density scaled to the number of participating pair is equal 2.9(0.3.   An increase of the integrated multiplicity by 21(1 % is observed in the considered collision energy range  for the most central collisions.


Measured dN​ch/d( distributions for selected centrality ranges (0-5%, 5-10%, 20-30% and 40-50%)  were confronted with theoretical model predictions. The AMPT model [9] which is a cascade model based on HIJING but including final state re-scattering of produced particles is able to reproduce the general trend of measured distributions at both RHIC energies. Also Kharzeev and Levin calculations [10] which are based on a classical QCD describe the data well. On the other hand UrQMD transport model [11] overestimates considerably the particle production.  


The ratio of the pseudo-rapidity densities measured at (sNN = 130 GeV and (sNN = 200 GeV for different centralities shows increase between 10% and 20 % in charged particle density as a function of energy for a central plateau region (( < 2.5). The upturn of the ratio observed at the forward rapidities is due to the widening of the multiplicity distribution at higher energy consistent with the increase in beam rapidity.

Figure 1 shows the charged particle densities normalized to the number of participant pairs for the (0 – 5)% central collisions (open circles at (sNN = 200 GeV and closed circles at (sNN = 130 GeV) and for the (40 – 50)% central collisions at (sNN = 200 GeV, (open squares). Results obtained at CERN-SPS for the 9.4% central collisions of Pb + Pb at (sNN = 17 GeV  are also shown (closed triangles) [12]. Data at different beam energies are plotted as a function of the pseudo-rapidity shifted by the relevant beam rapidity. We note that the charged 
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                                 Figure 1

particle multiplicities in an interval up to 1.5 units below the beam rapidity are independent of the collision centrality and energy from (sNN = 17 GeV up to(sNN = 200 GeV. This observation is consistent with a limiting fragmentation picture in which the excitations of the fragment baryons saturate at moderate collision energies independently of system size [5]. In contrast, the charged particle multiplicities per participant pair increase with the center of mass energy in the region of the central rapidity indicating that the available energy is utilized for the particle production. 

Figure 2 displays the dependence of the charged particle multiplicity per pair of participant baryons as a function of the number of participants for three narrow pseudo-rapidity regions ((( (0.2) around (= 0, 3.0 and 4.5. The curves represent Kharzeev and Levin (solid line) and  AMPT (dashed line) model calculations. We observe that particle production per participant pair is constant and close to unity at the fragmentation region (forward rapidities).  However we note a significant increase of the particle production per pair of participant nucleons for more central collisions at mid-rapidities. This rise has been attributed to the onset of hard scatterings which are dependent on the number of binary nucleon collisions, Ncoll, rather than on the number of participant pairs, Npart. Using Ncoll and Npart from HIJING we performed a phenomenological two component analysis of observed charged densities quoted in Table 1 to disentangle a superposition of soft and hard scattering particle production. We found that at (=0, the hard scattering component is almost constant  at (sNN = 130 GeV (36(6%) and (sNN = 200 GeV (36(6%). However, this simple analysis is highly model dependent.
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                             Figure 2.

The charged particle density in dN​ch/d((((0 was also used to estimate so called Bjorken energy density, (0 [13]. The formula
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provides the value of (0 ( 5 GeV/fm3 at  (sNN = 200 GeV, where we assumed that (0 = 1 fm/c, <pt> = 0.5 GeV/c and R = 6 fm.   

5. Conclusions

The BRAHMS experiments have measured pseudo-rapidity densities of

charged particles from 197Au + 197Au  collisions at (sNN = 130 GeV  and (sNN = 200 GeV . The data were collected over a large range of pseudo-rapidities as a function of collision centrality. Although the full understanding of ultra-relativistic heavy ion collisions requires more detailed analyses the current investigations supply very important results:

· The charged particle production scales smoothly from (sNN = 130 GeV  to (sNN = 200 GeV in a wide region around midrapidity.

· The charged particle multiplicities in the interval of approximately 0.5 –1.5 units below the beam rapidity are independent of the collision centrality and energy above CERN-SPS energy supporting the picture of limiting fragmentation. In contrast, around the center of mass rapidity, the increase of  sNN   is utilized for the particle production.

· The data are well reproduced by the AMPT/HIJING model and calculations based on high density QCD. On the other hand, the BRAHMS experimental data rule out the UrQMD model.

· The estimated value of the Bjorken energy density at (sNN = 200 GeV is by about a factor of 5 higher as compared to the critical value predicted for the quark-gluon plasma phase transition.                                                                                                                                                                                                                                                                                  
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