Results from the BRAHMS experiment at RHIC

Dieter Röhrich for the BRAHMS collaboration:

I. G. Bearden^8, D. Beavis^1, C. Besliu^{11}, Y. Blyakhman^7, J. Brzychczyk^4, B. Budick^7, H. Bøggild^8, C. Chasman^1, C. H. Christensen^8, P. Christiansen^8, J. Cibor^5, R. Debbe^1, E. Enger^2, J. J. Gaardhøje^8, M. Germinario^8, K. Grotowski^4, K. Hagel^9, O. Hansen^8, A. K. Holme^2, H. Ito^1, E. Jakobsen^8, A. Jipa^{11}, J. I. Jordre^{10}, F. Jundt^3, C. E. Jørgensen^8, R. Karabowicz^4, T. Keutgen^9, E. J. Kim^6, T. Kozik^4, T. M. Larsen^2, J. H. Lee^1, Y. K. Lee^6, G. Løvhøiden^2, Z. Majka^4, A. Makeev^9, B. McBreen^1, M. Mikkelsen^2, M. Murray^9, J. Natowitz^9, B. S. Nielsen^8, J. Norris^{12}, K. Olchanski^1, D. Ouerdane^8, R. Płaneta^4, F. Rami^3, D. Roehrich^{10}, B. Samset^2, D. Sandberg^8, S. Sanders^{12}, R. A. Sheetz^1, Z. Sosin^4, P. Staszel^8, T. S. Tveter^2, F. Videbæk^1, R. Wada^9, A. Wieloch^4, and Z. Yin^{10}, I. S. Zgura^{11} 1 Brookhaven National Laboratory, Upton, USA 2 Fysisk Institutt, University of Oslo, Blindern, Norway 3 IReS, University Louis Pasteur, Strasbourg, France 4 Jagiellonian University, Krakow, Poland 5 Institute of Nuclear Physics, Krakow, Poland 6 Johns Hopkins University, Baltimore, USA 7 New York University, New York, USA 8 Niels Bohr Institute, University of Copenhagen, Denmark 9 Texas A&M University, College Station, USA 10 University of Bergen, Norway 11 University of Bucharest, Romania 12 University of Kansas, USA

Results from the BRAHMS collaboration for Au+Au collisions at √ sNN = 200 GeV are presented, focussing on the measurement of the net-proton rapidity distribution, the determination of the pseudorapidity distribution of charged particles and on the rapidity distributions of pions and kaons.

1. The BRAHMS experiment

The BRAHMS detector system [1] consists of two independent magnetic spectrometers that can be positioned over an angular range from 2.3^∘ to 30^∘ (forward spectrometer, FS) and from 30^∘ to 90^∘ (midrapidity spectrometer, MRS) with respect to the beam line. The spectrometers are used to fully identify charged particle over a large range in rapidity y, and transverse momentum p_t. Due to the small solid angle of each spectrometer (6 msr and 0.5 msr, respectively) the acceptance must be explored through numerous combinations of angular and field settings.

The BRAHMS experiment has four different global detector systems. The Beam-Beam Counters (BB) measure charged hadrons in the pseudorapidity range of 2.1 < |η| < 4.7. The Zero Degree Calorimeters (ZDC) measure non-interacting neutrons from the collisions. The time difference between the two ZDC signals allows a determination of the collision vertex with a precision of ≈ 2.5 cm. A scintillator tile multiplicity array (TMA) measures charged particle emission in the central pseudorapidity region (−2.0 < η < +2.0) and is used for centrality selection and determination of the multiplicity of charged particles as a function of pseudorapidity. A silicon multiplicity array (SiMA) (−2.2 < η < +2.2) provides additional information on charged particle multiplicity in the central region. Due to the spread in collision vertices these two arrays provide charged particle multiplicity information for −3 < η < +3; combined with the beambeam information the three arrays cover the range −4.7 < η < +4.7. 2. Stopping

Stopping, the slowing down of incoming nucleons, is a measure of the conversion of the incoming longitudinal energy of a projectile and target into transverse degrees of freedom. BRAHMS is well suited to study the mechanism underlying the stopping of the baryons of the colliding nuclei due to its ability to identify particles over a broad range in rapidity. Fig. 1 shows the measurement [8] of the net-proton distribution at RHIC energies. The rapidity density is about 8 at midrapidity, stays constant for approximately ± 2 units of rapidity and increases to about 17 at y = 3, a value close to midrapidity densities at the SPS. The data point at y = 3 is derived from an extrapolation in m_T ; a p_T extrapolation would give a 25% higher yield.

Figure 1. Rapidity distribution of net protons (p - p̄) for central (10%) Au+Au collisions at RHIC.

3. Pseudorapidity densities of charged particles

Fig. 2 shows the pseudorapidity density distributions for different collision centralities for 100AGeV +100AGeV Au+Au collisions. In fig. 3

Figure 2. Distributions of dN_{ch}/dη vs η for centrality ranges of, top to bottom, 0-5%, 5- 10%, 10-20%, 20-30%, 30-40%, and 40-50% at √ s_{NN} = 200 GeV. Statistical uncertainties are shown where larger than the symbol size.

one can see the charged particle densities normalized to the number of participant pairs N_{part}/2 for the two RHIC energies. Data are plotted as a function of pseudorapidity and shifted by the beam rapidity. Data from 9.4% central Pb+Pb reactions at CERN-SPS are also shown [4]. The figure illustrates that the particle production is practically identical at rapidities closer to the beam rapidity. This supports the notion of a limiting behavior of particle production in the fragmentation region [2,3].

4. Rapidity dependence of ratios and yields of identified particles

Fig. 4 shows the rapidity dependence of various antiparticle/particle ratios [6]. The N(p̄)/N(p) ratio drops when going to forward rapidities, the N(K^−)/N(K^+) ratio follows this trend while the N(π^−)/N(π^+) ratio stays constant. Fig. 5 shows the rapidity spectra of charged pions and kaons [7,9]. All peak at midrapidity, and the K^− distribution is narrower than that of K^+.

5. Acknowledgements

This work was supported by the Division of Nuclear Physics of the Office of Science of the U.S. Department of Energy, the Danish Natural

Figure 3. Distribution of dN_{ch}/dη divided by the number of pairs of participant baryons plotted as a function of pseudorapidity minus beam rapidity for BRAHMS data at √ s_{NN} = 130, 200 GeV and SPS data.

Science Research Council, the Norwegian Natural Science Research Council, the Polish Ministry of Research and the Korea Research Foundation Grant.

REFERENCES

1. I.G. Bearden et al. (BRAHMS collaboration), Nucl. Instrum. Meth., to be published.

2. I. G. Bearden et al. (BRAHMS collaboration), Phys. Lett. B253 (2001) 227.

3. I. G. Bearden et al. (BRAHMS collaboration), Phys. Rev. Lett. 88 (2002) 202301.

4. P. Deines-Jones et al., Phys. Rev. C62 (2000) 014903.

5. I.G. Bearden et al. (BRAHMS collaboration), Phys. Rev. Lett. 87 (2001) 112305.

6. I.G. Bearden et al. (BRAHMS collaboration), submitted to Phys. Rev. Lett. (2002), nuclex/0207006.

7. I.G. Bearden et al. (BRAHMS collaboration), Recent results from BRAHMS, Proceedings Quark Matter 2002, Nantes, France, July 2002, to be published.

8. J.H. Lee et al. (BRAHMS collaboration), Where do the nucleons go at RHIC?, Proceedings Quark Matter 2002, Nantes, France, July 2002, to be published.

9. D. Ouerdane et al. (BRAHMS collabora-

Figure 4. Rapidity dependence of the N(p̄)/N(p), N(K^−)/N(K^+) and N(π^−)/N(π^+) ratios for central (20%) Au+Au collisions.

Figure 5. Preliminiary rapidity spectra of charged pions and kaons for central (10%) Au+Au collisions.

tion), Rapidity and transverse mass spectra in Au+Au collisions at 200 GeV, Proceedings Quark Matter 2002, Nantes, France, July 2002, to be published.