ϕ, ρ and ω production in collisions induced by deuteron and heavy ions around 200 GeV per nucleon

Denis Jouan for the NA50 and NA38 collaborations

M.C. Abreu^{6,a}, B. Alessandro^{11}, C. Alexa^3, R. Arnaldi^{11}, J. Astruc^8, M. Atayan^{13}, C. Baglin^1, A. Baldit^2, C. Barrière^2, M. Bedjidian^{12}, F. Bellaiche^{12}, S. Beolè^{11}, V. Boldea^3, P. Bordalo^{6,b}, A. Borhani^9, A. Bussière^1, P. Busson^9, V. Capony^1, L. Casagrande^6, J. Castor^2, T. Chambon^2, C. Charlot^9, B. Chaurand^9, I. Chevrot^2, B. Cheynis^{12}, E. Chiavassa^{11}, C. Cicalò^4, M.P. Comets^8, S. Constantinescu^3, D. Contardo^{12}, J. Cruz^6, A. De Falco^4, N. De Marco^{11}, G. Dellacasa^{11,c}, E. Descroix^{11}, A. Devaux^2, S. Dita^3, O. Drapier^{12}, B. Espagnon^2, J. Fargeix^2, R. Ferreira^6, S.N. Filippov^7, F. Fleuret^9, P. Force^2, L. Fredj^2, M. Gallio^{11}, J.M. Gago^6, Y.K. Gavrilov^7, C. Gerschel^8, P. Giubellino^{11}, M.B. Golubeva^7, M. Gonin^9, P. Gorodestky^{10,d}, A.A. Grigorian^{13}, B. Grosdidier^{10}, J.Y. Grossiord^{12}, F.F. Guber^7, A. Guichard^{12}, J.P. Guillaud^1, J. Guimarães^6, H. Gulkanyan^{13}, R. Hakobyan^{13}, R. Haroutunian^{12}, M. Idzik^{11,e}, D. Jouan^8, T.L. Karavitcheva^7, L. Kluberg^9, R. Kossakowski^1, A.B. Kurepin^7, G. Landaud^2, D. Lazic^{10}, Y. Le Bornec^8, P. Liaud^1, C. Lourenço^5, L. Luquin^2, M. Mac Cormick^8, P. Macciotta^4, R. Mandry^{12}, A. Marzari-Chiesa^{11}, M. Masera^{11}, A. Masoni^4, R. Mazini^{10}, S. Mehrabyan^{13}, T.Monteiro^6, S. Mourgues^2, A. Musso^{11}, F. Ohlsson-Malek^{12,f} , S Papillon^8, P. Petiau^9, A. Piccotti^{11}, J.R. Pizzi^{12}, W.L. Prado da Silva^{11,g}, G. Puddu^4, C. Quintans^6, C. Racca^{10}, L. Ramello^{11,c}, S. Ramos^{6,b}, P. Rato-Mendes^{11}, L. Riccati^{11}, A. Romana^9, B. Ronceux^2, R. Salmeron^9, S. Sartori^{11}, P. Saturnini^2, E. Scomparin^{5,h}, S. Serci^4, R. Shahoyan^{6,i}, S. Silva^6, C. Soave^{11}, P. Sonderegger^{5,b}, X. Tarrago^8, P. Temnikov^4, N.S. Topilskaya^7, G.L. Usai^4, C. Vale^6, J. Varela^6, F. Vazeille^2 E. Vercellin^{11}, N. Willis^8.

1 LAPP, CNRS-IN2P3, Annecy-le-Vieux, France;^2 LPC, Univ. Blaise Pascal and CNRS-IN2P3, Aubière, France;^3 IFA, Bucharest, Romania;^4 Università di Cagliari/INFN, Cagliari, Italy;^5 CERN, Geneva, Switzerland;^6 LIP, Lisbon, Portugal;^7 INR, Moscow, Russia;^8 IPN, Univ. de Paris-Sud and CNRS-IN2P3, Orsay, France;^9 LPNHE, Ecole Polytechnique and CNRS-IN2P3, Palaiseau, France;^{10} IReS, Univ. Louis Pasteur and CNRS-IN2P3, Strasbourg, France;^{11} Università di Torino/INFN, Torino, Italy;^{12} IPN, Univ. Claude Bernard and CNRS-IN2P3, Villeurbanne, France;^{13} YerPhI, Yerevan, Armenia. a) also at FCUL, Universidade de Lisboa, Lisbon, Portugal; b) also at IST, Universidade Técnica de Lisboa,

Lisbon, Portugal; c) Dipartimento di Scienze e Tecnologie Avanzate, II Facoltà di Scienze, Alessandria, Italy; d) now at LPC, Collège de France and CNRS-IN2P3, Paris, France; e) now at Faculty of Physics and Nuclear Techniques, University of Mining and Metallurgy, Cracow, Poland; f) now at ISN, Univ. Joseph Fourier and CNRS-IN2P3, Grenoble, France; g) now at UERJ, Rio de Janeiro, Brazil; h) on leave of absence from Università di Torino/INFN, Torino, Italy; i) on leave of absence of YerPhI, Yerevan, Armenia;

The production of low mass dimuons has been measured in d-C, d-U and S-U collisions at 200 GeV per nucleon, and in Pb-Pb collisions at 158 GeV per nucleon. ϕ/(ω + ρ) ratio and ϕ and ω + ρ cross sections are studied showing ϕ increase relatively to the ω + ρ, with increasing size of the system or centrality, and cross sections increase rates which are different in ion and deuteron induced reactions.

The NA38 experiment measures muon pair production in coincidence with the transverse energy produced in ultrarelativistic heavy ion collisions. For the most central collisions, the energy density is sufficient to reach the critical temperature T_c [1] of the phase transition toward a plasma of quarks and gluons. A possible signature of this phase transition could be the J/ψ suppression [2] due to the screening effect of the plasma on the cc̄ pair. In the Pb-Pb system, anomalous suppression has been observed [6], bringing additional interest in looking to the remaining information of the dimuon spectrum.

In this work, we will focus on the low mass part, observing another possible signature of the QGP[4,5], linked to the general strangeness enhancement which has been also observed in several experiments [7].

More details on the experiment and on the analysis can be found in this conference [6], in preliminary versions of these results [8,9] (S-U is a new set of data with increased statistic), in previous publications [10,11], and thesis[12]. In particular, background subtraction is detailed elsewhere [13,14]

Figure 1. Evolution of ϕ/(ω+ρ) as a function of the transverse energy, for M_T > 1.5Gev/c^2 Figure 2. ϕ/(ω + ρ) as a function of the transverse mass for different systems and centrality.

In order to improve the mass resolution as compared to first results [10], some changes were done in the materials immediately following the target [11]. For S-U measurements the inner part of the calorimeter was replaced by Al_2O_3, and for Pb-Pb by BeO. For deuteron induced collisions, there was no calorimeter and the target was a simple cylinder of matter. On the contrary, the Pb-Pb setup was optimized for J/ψ measurements, with an increased magnetic field which was also suppressing the low transverse momenta of low masses dimuons. Iron in the absorber was also added to reduce background hits in the chambers.

In order to extract the number of ϕ, ρ, ω from the dimuon mass spectra we perform a complete simulation of the detection, which takes into account smearing and acceptance effects and so allows to correct the results. Initial transverse mass Mt and rapidity Y distributions are adjusted to data. The mass continuum is considered as a whole, with an exponential-like distribution, and for the resonances, Breit-Wigner mass distributions are assumed for ϕ and ω, multiplied by 1/M^4_{μμ} to account for the phase space effect[15] on the broader ρ. The ratio ω/ρ is fixed, assuming same production cross sections for ρ and ω. Fits of the mass spectra are performed in various Mt domains and then give the amount of produced, i.e. without apparatus effects, dimuons in the kinematical available domain (M_T bin, 0. < Y_{cdm} < 1., �0.5 < cos θ < 0.5) for each component. Systematic effects as changes in Mt slopes, determination of ρ and continuum shapes, multiple scattering and background subtraction are taken into account in the error bars.

The ratio ϕ/ρ + ω is of particular interest with regard to strangeness production, as a possible direct measurement of ss̄/uū+dd̄ production in similar kinematical conditions. In addition it is not dependent on the luminosity nor sensitive to the acceptance uncertainty.

In picture 1 this ratio is presented for the various systems, as a function of the transverse energy. This variable is mainly used for convenience, and is only indicative for Pb-Pb since an extrapolation has to be used, but could be linked to volume effects which may be important for these rather low masses productions.

For production with transverse mass above 1.5 GeV/c^2, i.e. in the kinematical domain available in Pb-Pb, the ratio increases as a function of the system mass, or with centrality in S-U. In Pb-Pb the same behavior is also visible, both on the average and versus Et. Nevertheless contrarily to S-U this increase with centrality is only existing for the lowest Mt domains. This is indirectly visible in picture 2, where the ratio ϕ/ρ + ω looks flat with respect to the transverse mass, except for the most central Pb-Pb collisions which display a very different and then very atypical behavior.

Figure 3. ϕ cross section in various Mt bins (full square: Pb-Pb, open circle S-U, full triangle: d-U, open square d-C)

Figure 4. α parameter (see text) measuring the increase rate of the cross section between different systems. Note the change of vertical scale.

Thanks to cross sections it is possible to get another piece of information. The ϕ cross section in the experimental window displays a different rate for ion and for deuteron induced reactions (picture 3). Corresponding rates of increases between the various systems A-B, parameterized as (AB)^α in order to get a common scale, are presented in picture 4. In any case there is an increase of the rate with Mt (Cronin effect). With deuteron projectile ϕ and ρ + ω are very similar whereas in ion induced reactions we observe again the additional increase of the ϕ, already noticed thanks to the ratio. Rates obtained for Pb-Pb are consistent with the ones obtained for S-U. This suggests that the smaller increase observed on the average between S-U and Pb-Pb than between d-U and S-U, say 1.5 with respect to 2., could be due to the smaller lever arm. Between deuteron and ion induced reactions there is also an increase of the ρ + ω α parameter. This increase may be linked to the change of direction of the shift of the rapidity distribution when going from an increase of the target to an increase of the projectile.

Beside, the same treatment applied to the continuum at lower and higher masses than the resonances (not shown here) suggests that it could behave similarly to the ω + ρ, in d-C, d-U and S-U. This could be the sign of some special meaning of the transverse mass in the low mass dimuons production process.

As a summary, in our experimental window ρ+ω and ϕ production both follow different increase rates in deuteron and ion induced reactions, the ϕ showing an higher increase than the ρ+ω and, in S-U, than the rest of the low mass spectrum. ρ+ω and ϕ production appear consistent between Pb-Pb and S-U.

In addition to these global trends, ϕ production increases with respect to ρ + ω as a function of centrality in S-U and in Pb-Pb. In Pb-Pb this is associated with a saturation of the ϕ/ρ + ω ratio for the highest Mt values, which does not exist in S-U. We then observe an atypical behavior in the most central Pb-Pb collisions.

These observations suggest at least that the conditions created in the S-U collisions are modified in the Pb-Pb collisions. This may be related to the causes of the anomalous suppression of J/ψ production observed in the same experiment [6]. The atypical behavior of the ratio ϕ/(ρ + ω) versus Mt may be another effect of the peculiar conditions created in the most central Pb-Pb collisions.

REFERENCES

1. F.Karsch, Nucl. Phys. A 590 (1995) 367c. 2. H.Satz, Nucl. Phys. A 590 (1995) 63c. 3. M.C.Abreu et al., Physics Letters B 410 (1997) 337 4. A.Shor, Phys. Rev. 54 (1985) 1122 5. P.Koch, B.Muller, J.Rafelski, Phys. Rep. 142 (1986) 167.

6. L.Ramello/NA50, Charmonium production in Pb-Pb interactions, this conference. 7. G.Odyniec, strangeness production in relativistic nuclear collisions, this conference 8. D.Jouan/NA38-NA50, APH N.S., Heavy Ion Physics 4 (1996) 155-165 9. P.Bordalo/NA38, AIP conference proceedings 340, Tucson AZ january 1995, p. 152 10. C.Baglin et al., Physics Letters B 272 (1991) 449-454 11. C.Baglin et al., Physics Letters B 368 (1996) 230-238 12. J.Astruc, these de l’universite paris 6, 9 Juillet 1997, IPNO-T-97-31 13. S.Constantinescu, S.Dita, D.Jouan, preprint IPNO-DRE-96-01 14. S.Papillon, these de l’université Paris 7, 11 mars 1991, IPNO-T-91-03 15. J.D.Jackson, Nuovo Cimento 34A (1964) 1644.