PHENIX High Pt Results

L. Aphecetche for the PHENIX Collaboration

SUBATECH (EMN, CNRS-IN2P3, Université de Nantes) BP 20722 - 44307, Nantes, France

Abstract.

In heavy ion collisions, the high p_T observables convey information about the initial conditions of the system under study. The suppression of high p_T neutral pion and charged hadrons yields with respect to the nucleon-nucleon binary scaled p-p collisions and the particle composition in Au+Au collisions (as measured by the PHENIX [1] experiment during the first two runs of the Relativistic Heavy Ion Collider (RHIC)) are briefly reviewed. Finally, the newest results from the RHIC Run 3 d+Au, which disentangle initial and final state effects, are presented.

Heavy-ion collisions at RHIC aim at the study of QCD matter at extreme energy densities where lattice [4] calculations predict a transition from hadronic matter to a deconfined plasma of quarks and gluons. High transverse momentum (p_T > 2 GeV/c) hadrons, arising from the fragmentation of partons (quarks and gluons) scattered with large momentum transfer in the initial parton-parton scattering[5], provide excellent probes of the matter thus created [2, 3].

A standard way to quantify nuclear medium effects on high p_T production is provided by the nuclear modification factor, which we define for A+B collisions as the ratio of invariant yield in A+B to that of p+p, scaled by the number of binary collisions.

R_{AB}(p_T ) =

(1/N^{evt}_{AB})d^2N_{AB}/dηd p_T ⟨N_{coll}⟩/σ^{inel}_{pp} d^2σ_{pp}/dηd p_T , where ⟨N_{coll}⟩ is the average number of inelastic nucleon-nucleon (NN) collisions per event, and ⟨N_{coll}⟩/σ^{inel}_{pp} is the average Glauber nuclear overlap function ⟨T_{AB}⟩.

For heavy ion collisions R_{AB} is expected to be below unity for p_T < 2 GeV/c, because the bulk of the particle production is due to soft processes which scale closer to the number of participant nucleons [6] than to ⟨N_{coll}⟩. On the contrary, for high p_T production, R_{AB} should be unity in absence of any nuclear medium effect. But it was in fact established^1 that R_{AuAu}, both for neutral pions and for charged hadrons, is significantly below unity for the most central collisions, which is now commonly referred to as “the high p_T suppression”. The suppression is more or less independent of p_T above 4 GeV/c and increases as a function of the centrality of the collision, the most central collisions experiencing the most pronounced suppression (Fig. 1).

1 first observed during RHIC Run I Au+Au at √s_{NN} = 130 GeV/c [7, 8, 9] and later on confirmed within an extended p_T range in Run II Au+Au at √s_{NN} = 200 GeV/c [10, 11]

FIGURE 1. Left: nuclear modification factor R_{AA}(p_T ) for π^0 in central (closed circles) and peripheral (open circles) Au+Au collisions at √s_{NN} = 200 GeV as a function of p_T . Note how the π^0 production is suppressed by almost a factor 5 at high p_T in central collisions. Right : R_{AA} for p_T > 4 GeV/c as a function of centrality (both figures from [10]).

FIGURE 2. Nuclear modification factor R_{CP} for (p + p̄)/2 (filled circles) and π^0 (from [14]). Note how protons are not suppressed, in the accessible p_T range, in contrast to pions.

It should be noted that the p+p reference spectrum used to compute R_{AA} is also determined by the PHENIX experiment [12].

Another striking characteristics of the high p_T suppression is its dependence on particle type. It was observed that π^0 are more suppressed than charged hadrons [7] and that the yields of p and p̄ near 2 GeV/c in central collisions are comparable to those of pions [13]. The nuclear modification factor for p and p̄, expressed here in a slightly different way,

R_{CP} = yield^{0−10%}/N^{0−10%}_{coll} yield^{60−92%}/N^{60−92%}_{coll} , i.e. as the N_{coll}-scaled ratio of the central yield over the peripheral yield, has been analyzed [14], and exhibit no suppression, in constrast to that of the pions (Fig. 2, see also [15]).

Shortly before this conference, the origin of the high p_T suppression could be roughly ascribed to two different kinds of processes. Theoretical studies of parton propagation

FIGURE 3. Nuclear modification factor for π^0 in d+Au (circles) and central Au+Au collisions (squares). Top right : nuclear modification factor for charged hadrons in d+Au and Au+Au, bottom right : comparison of R_{dA} for π^0 and (h^+ + h^−/2) (from [24]). Note how R is different in d+Au and Au+Au collisions.

in high density matter suggest that partons lose a significant fraction of their energy through gluon bremsstrahlung [2, 3], reducing the parton momentum and depleting the yield of high p_T hadrons [16, 17, 18, 19, 20, 21]. This is a final-state effect in the spatially extended medium created in A+A collisions, and is the first possible explanation of the observed suppression. On the other hand, initial state effects (nuclear modifications to the parton momentum distributions -structure functions-, and soft scatterings experienced by incoming parton prior to its hard scattering) could also contribute. These initial effects should be both present in A+A and d+Au collisions. Interpretations of Au+Au collisions based on initial-state parton saturation effects [22] or final-state hadronic interactions [23] also predict a considerable suppression of the hadron production at high p_T . It was therefore of paramount interest to determine experimentally the modification, if any, of high p_T hadron yields due to initial state nuclear effects for a system in which a hot, dense medium is not produced in the final state. This was performed during the RHIC Run 3 (d+Au at √s_{NN} = 200 GeV/c) and the first results were presented at this conference, thus solving part of the puzzle.

The nuclear modification factor R_{dA} is plotted for three independent analyses in Fig. 3 : two neutral pion analyses making use of the two PHENIX electromagnetic calorimeters (PbSc and PbGl) and one charged hadrons analyses making use of the tracking capabilities of PHENIX [24]. The data clearly indicates that there is no suppression of high p_T particles in d+Au collisions. At variance, we do observe an enhancement for p_T > 2 GeV/c (“Cronin effect”, already observed in p+A fixed target experiment [25]).

Those observations indicate that the suppression in central Au+Au collisions is not an initial state effect, but instead that it is a final state effect of the produced dense medium.

We thank the staff of the Collider-Accelerator and Physics Departments at BNL for their vital contributions. We acknowledge support from the Department of Energy and NSF (U.S.A.), MEXT and JSPS (Japan), CNPq and FAPESP (Brazil), NSFC (China), IN2P3/CNRS and CEA (France), BMBF, DAAD, and AvH (Germany), OTKA (Hungary), DAE and DST (India), ISF (Israel), KRF and CHEP (Korea), RMIST, RAS, and RMAE (Russia), VR and KAW (Sweden), U.S. CRDF for the FSU, US-Hungarian NSF-OTKA-MTA, and US-Israel BSF.

REFERENCES

1. K. Adcox et al., Nucl. Instrum. Methods A499, 469 (2003), see also E. O’brien, these proceedings.

2. M. Gyulassy and M. Plümer, Phys. Lett. B243, 432 (1990); X.N. Wang and M. Gyulassy, Phys. Rev. Lett. 68, 1480 (1992).

3. R. Baier et al., Phys. Lett. B345, 277 (1995).

4. see e.g. E. Laermann and O. Philipsen, hep-ph/0303042 for a recent review. 5. J.F. Owens et al., Phys. Rev. D18, 1501 (1978). 6. K. Adcox et al., Phys. Rev. Lett. 86, 3500 (2001). 7. K. Adcox et al., Phys. Rev. Lett. 88, 022301 (2002). 8. K. Adcox et al., Phys. Lett. B561, 82 (2003) 9. C. Adler et al., Phys. Rev. Lett. 89, 202301 (2002). 10. S.S. Adler et al., Phys. Rev. Lett. 91, 072301 (2003) 11. J. Adams et al., nucl-ex/0305015 12. S.S. Adler et al., submitted to Phys. Rev. Lett. , hep-ex/0304038 13. K. Adcox et al., Phys. Rev. Lett. 88, 242301 (2002) 14. S.S. Adler et al., submitted to Phys. Rev. Lett. , nucl-ex/0305036 15. T. Chujo, these proceedings.

16. M. Gyulassy and X.N. Wang, Nucl. Phys. B420, 583 (1994); X.N. Wang, Phys. Rev. C58, 2321 (1998).

17. I. Vitev and M. Gyulassy, Phys. Rev. Lett. 89, 252301 (2002). 18. S. Jeon, J. Jalilian-Marian and I. Sarcevic, Phys. Lett. B562, 45 (2003). 19. G.G. Barnaföldi et al., nucl-th/0212111; V. Greco, C.M. Ko and P. Lévai, Phys. Rev. Lett. 90, 202302 (2003).

20. X. N. Wang, hep-ph/0301196.

21. F. Arleo, J. High Energy Phys. 11, 44 (2002).

22. D. Kharzeev, E. Levin and L. McLerran, Phys. Lett. B561, 93 (2003). 23. K. Gallmeister, C. Greiner and Z. Xu, Phys. Rev. C67, 044905 (2003). 24. S.S. Adler et al., nucl-ex/0306021, accepted for publication in PRL 25. D. Antreasyan et al., Phys. Rev. D19, 764 (1979).