J / and muon-pair cross-sections in proton-nucleus and nucleus-nucleus collisions at 200 GeV per nucleon

NA38 Collaboration

C. Baglin, A. Baldisseri 1, A. Bussière, J.P. Guillaud, R. Kossakowski, P. Liaud, F. Staley 1 Laboratoire d’Annecy-le-Vieux de Physique des Particules, IN2P3-CNRS, BP 110, F-74941 Annecy-le-Vieux Cedex, France

A. Baldit, J. Castor, T. Chambon, A. Devaux, J. Fargeix, X. Felgeyrolles, P. Force, L. Fredj, G. Landaud, F. Vazeille Laboratoire de Physique Corpusculaire de Clermont-Ferrand, IN2P3-CNRS et Université Blaise Pascal, F-63177 Aubière Cedex, France

P. Sonderegger CERN, CH-1211 Geneva 23 Switzerland

M.C. Abreu 2, P. Bordalo 3, R. Ferreira, J.M. Gago 3, C. Lourenço 4, L. Peralta 2, S. Ramos 3, S. Silva, J. Varela 3 LIP, Av. E. Garcia, 14-1, P-1000 Lisbon, Portugal

C. Gerschel, D. Jouan, S. Papillon, X. Tarrago Institut de Physique Nucléaire, IN2P3-CNRS et Université de Paris-Sud, F-91406 Orsay Cedex, France

P. Busson, C. Charlot, B. Chaurand, L. Kluberg, A. Romana, R.A. Salmeron Ecole Polytechnique, IN2P3-CNRS, Laboratoire de Physique Nucléaire des Hautes Energies, F-91128 Palaiseau Cedex, France

P. Gorodetzky, B. Grosdidier, C. Racca Centre de Recherches Nucléaires, IN2P3-CNRS et Université Louis Pasteur, BP 20, F-67037 Strasbourg Cedex, France

R. Cases IFIC, Centro Mixto Universidad de Valencia-CSIC, E-46100 Burjasot, Valencia, Spain

M. Alimi 5, M. Bedjidian, D. Contardo , E. Descroix, O. Drapier, J.Y. Grossiord, A. Guichard, R. Haroutunian, J.R. Pizzi Institut de Physique Nucléaire de Lyon, IN2P3-CNRS et Université Claude Bernard, 43 boulevard du 11 Novembre 1918 - F-69622 Villeurbanne Cedex, France

Abstract : Muon-pair production has been measured in p-Cu, p-U, O-Cu, O-U and S-U collisions at 200 GeV per nucleon. The cross-sections are compatible with the atomic number dependence (A proj:Atarg: ) ff where ff = 0:91 � 0:04 for the J / resonance and ff = 1:01 � 0:04 for muon-pairs produced in the mass continuum between 1.7 and 2.7 GeV/c 2.

1 Present address : DSM, Saclay, F91191 Gif sur Yvette, France 2 Also at FCUL, Universidade de Lisboa.3Also at IST, Universidade Técnica de Lisboa.4Also at ISEL. 5 Deceased

The J / yield relative to muon-pair production in the mass continuum has been studied by the NA38 collaboration in collisions of 200 GeV per nucleon oxygen and sulphur ions with an uranium target [1]. This ratio has been found to decrease with increasing centrality of the collisions according to the prediction of quark-gluon plasma formation [2]. Consequently, questions have been raised concerning the J / and continuum behaviour separately, and the connection with nuclear effects already measured in hadron-nucleus experiments. A simple geometrical model, accounting for the neutral transverse energy distributions of the collisions, indicates that the observed effect is due to a suppression of the J / rather than to an enhancement of the continuum production rate [3]. In this letter we address these questions, considering the J / and continuum muon-pair cross-sections for proton and ion-induced reactions, all obtained under similar experimental conditions.

The detector [1] consists of a muon spectrometer which accepts muon-pairs in the rapidity range [2.8,4.0]. A segmented active target of 20% total interaction length is used to minimize the number of secondary interactions and to identify the primary vertex. The latter information together with the energy flow measured in an electromagnetic calorimeter leads to the neutral transverse energy (E T) released in the collision in the pseudo-rapidity range [1.7,4.1]. A scintillator hodoscope measures the beam intensity while three scintillator telescopes, pointing at the target allow to monitor the interaction rate. The proton beam is produced on a secondary target and two gas Čerenkov counters are used to select the incident protons and reject the pions which amount to 40% of the total incident beam. During the different data acquisition periods, the maximum available beam intensities were used, up to 10 7 particles per second. Details on the event selection criteria can be found elsewhere [1,4]. In the study presented in this paper, the same cuts are applied to the data with the following exception. For the study of the integrated cross-section, events with E T biased by pile-up or by secondary interactions have not been discarded as this specific determination is obviously E T-independent.

The signal is obtained from a maximum likelihood fit to the observed muon-pair mass distribution, taking into account the background, acceptance and smearing effects, according to :

N¯ +¯ � data (M ) = ˇ X M0 S(M; M 0)A(M 0)N¯

+¯ � signal (M 0) ˘ + N¯

+¯ � bg (M )

Where :

- N¯

+¯ � data (M ) is the measured opposite sign muon-pair mass distribution corrected for the vertex identification inefficiency. This correction which amounts globally to about 25%, depending on the reaction, is a function of the centrality of the collision and is thus applied on an event by event basis, according to the calorimetry measurement.

- N¯

+¯ � bg (M ) represents the background originating from uncorrelated decays of pions or kaons. It is fitted on like sign muon-pair mass distributions according to the method described in ref. [4].

- N¯

+¯ � signal (M

0) is the signal mass distribution which is adjusted to the data between 1.7 and 5.1 GeV/c 2. The continuum is parametrized as a negative power of the mass while a delta function at 3.097 GeV/c 2 accounts for the J /. The 0, although included in the fit, has a too small contribution to allow any significant conclusion on its behaviour.

- S(M; M 0) and A(M 0) are the smearing and acceptance matrices estimated from an iterative Monte-Carlo simulation of the apparatus. The convergence is obtained when all the independent kinematical variable distributions of the muon-pairs, generated and tracked through the detector, reproduce the experimental data [4,5]. The resolution at the J / mass is 10% (FWHM) and the acceptance 9:8%. Fig. 1 shows the acceptance mass dependence for the continuum muon-pairs produced in sulphur-uranium collisions. The other reactions have been studied in similar experimental conditions, leading to the very same acceptances.

Table 1 summarizes, for the different projectile and target systems, the distributions for the mass M, the transverse momentum P T, the Feynman variable X F , the polar variable cos` in the Collin-Soper frame and the azimuthal angle Œ, both for the J / and continuum events. The cross-section integration limits for each of these variables are also specified. They were determined according to the apparatus acceptance ranges, with the two following exceptions. The cos` variable has been extrapolated from the measured interval [-0.5,0.5] to the whole interval [-1,1] and the mass continuum has been considered only between 1.7 and 2.7 GeV/c 2. This region is free from low mass resonance decay contamination and contains almost all the events which determine the continuum amplitude in the mass fit. Transverse momentum distributions have been studied in ref. [4,5]. They depend on the reaction and relevant parameters are given in table 2 together with the mass fit results. The adjustment for sulphur-uranium opposite sign muon-pairs is shown on fig.2, where the estimated background is also displayed. The number of J / and continuum events obtained from the fit are given in table 3 with the integrated beam intensity, the effective target thickness and the trigger efficiency which provide the absolute normalization factor. Correction for the branching ratio of J / into muon-pairs is not applied. The cross-sections obtained for all the projectile and target combinations are summarized in table 4 with the statistical and systematic uncertainties. In the case of ion-nucleus reactions, the neutral transverse energy distributions associated with the J / and the continuum muon-pairs were extracted as in ref. [3] and normalized to the cross-sections. They are displayed on fig. 3.

In order to compare proton and ion data, the cross-sections have been fitted to œ0(A proj:Atarg: )ff. When doing this, systematic and statistical uncertainties were quadratically added. We obtain ff = 1.01�0.04 and œ 0 = 1.9�0.6 nb for the continuum and ff = 0.91�0.04 and œ 0 = 5.0�1.5 nb for the J / (fig. 4). From the ff value, it follows that the continuum muon-pair cross-section is proportional to the product of the target and projectile nucleon numbers as it is the case for incoherent processes. This feature, observed for the Drell-Yan mechanism measured above the 0mass with incident hadrons

[6,7], corroborates the assumption of a similar dominant origin of the muon-pairs, although the exact contributions from the soft production and the decay muons of D D̄ or correlated pion or kaon pairs are not estimated. Anyhow, it leads to the same conclusion stated in ref. [3] that the measured muon-pair production in the continuum, provides a good reference to study the J / suppression as a function of the neutral transverse energy of the collisions, according to the Matsui and Satz prescription for quark-gluon plasma formation [2]. The lower ff value for the J / cross-section is usually interpreted as due to absorption in the nuclear medium [12]. A comparison of the present data with previous measurements of J / production by protons at the same nucleon-nucleon center of mass energy p s = 19.4 GeV [9], and at 20.6 and 16.8 GeV [7,8] is shown on fig. 4(a). These results are compatible with our measured value of ff. However, following the model described in ref. [3], ff = 0.91�0.04 is equivalent to a J / (or cc̄ pair) absorption cross-section of 7.7�3.5 mb as compared to 5.0�2.5 mb for the 0.94�0.03 value quoted in ref. [9]. Thus, the 3% experimental error bar on ff could be associated to a 50% uncertainty on the J / absorption cross-section. It is then difficult to conclude, from this parameter, on a different origin of the suppression when comparing ion and proton induced reactions. Other hadron-nucleus or photoproduction experiments [10,11] do not lead to a significantly different determination of ff, the comparisons being complicated since this parameter could depend on the nature of the projectile, its incident energy and the J / momentum. Finally, it has to be noted that initial state differences such as isospin or quark and gluon densities are not taken into account before comparing proton and ion reactions. From the Drell-Yan process, it is expected that the different quark content of the proton and the neutron should lead, with incident neutrons, to a smaller production of the continuum muon-pairs. This is not the case for the J / production which is believed to be dominated by gluon-gluon fusion at the present energy. The structure function modifications inside the nucleus could also lead to a different cross-section for reactions induced by free or bound nucleons. In our experimental acceptance such effects are expected to be small since at a mass of 2.0 (3.0) GeV/c 2 the mean values of the Bjorken’s variable x for the projectile and target are respectively ¡ x proj: ¿ = 0.2 (0.25) and ¡ x targ: ¿ = 0.05 (0.1). As no quantitative estimate is available, the reported parametrizations of the cross-sections, as a function of the projectile and target atomic numbers, actually reflect both the final and initial state effects.

To conclude, we have presented for the first time the cross-sections of the J / and continuum muon-pairs produced in 200 GeV per nucleon O-Cu, O-U and S-U collisions. The results are compared to p-Cu and p-U data obtained in the same experiment. Muonpairs between 1.7 and 2.7 GeV/c 2 and those produced via the Drell-Yan mechanism previously measured above the 0mass show a similar trend as a function of the projectile and target nucleon numbers. The J / cross-sections are compatible with the observed ones in other proton-nucleus experiments. The accuracy of the measurement is not good enough to conclude on a stronger J / absorption in ion-ion interactions. Anyhow, at the present beam energy and projectile masses, the total J / cross-section is not expected to be very sensitive to a quark-gluon plasma formation which is predicted to occur preferentially at the highest energy densities only accessible in central collisions.

References

[1] - C.Baglin et al., Phys.Lett.B 220 (1989) 471.

C.Baglin et al., Phys.Lett.B 255 (1991) 459. [2] - T.Matsui and H.Satz, Phys.Lett.B 178 (1986) 416.

F.Karsch and R.Petronzio, Phys.Lett.B 212 (1988) 255. M.C.Chu and T.Matsui, Phys.Rev. D 37 (1988) 1851. J.P.Blaizot and J.Y.Ollitrault, Phys.Rev. D 39 (1989) 232.

[3] - C.Baglin et al., Phys.Lett.B 251 (1990) 472. [4] - C.Baglin et al., Phys.Lett.B 251 (1990) 465.

C.Baglin et al., to be published in Phys.Lett. B. [5] - O.Drapier, thesis, Université de Lyon (1990), unpublished. [6] - A.S.Ito et al., Phys.Rev. D 23 (1981) 604.

J.Badier et al., Phys.Lett. B 104 (1981) 335. S.Falciano et al., Phys.Lett. B 104 (1981) 416.

[7] - K.J.Anderson et al., Phys.Rev.Lett. 42 (1979) 944. [8] - K.J.Anderson et al., Phys.Rev.Lett. 37 (1976) 799. [9] - J.Badier et al., Z.Phys. C 20 (1983) 101. [10] - M.Binkley et al., Phys.Rev.Lett. 37 (1976) 571.

Yu.M.Antipov et al., Phys.Lett. B 72 (1977) 278. M.J.Corden et al., Phys.Lett. B 110 (1982) 415. S.Katsanevas et al., Phys.Rev.Lett. 60 (1988) 2121. S.Kartik et al., Phys.Rev. D 41 (1990) 1. D.M.Alde et al., Phys.Rev.Lett. 66 (1990) 133.

[11] - R.L.Anderson et al., Phys.Rev.Lett. 38 (1977) 263.

M.D.Sokoloff et al., Phys.Rev.Lett. 57 (1986) 3003. [12] - C.Gerschel and J.Hűfner, Phys.Lett. B 207 (1988) 253.

J.P.Blaizot and J.Y.Ollitrault, Phys.Lett. B217 (1989) 386.

A.Capella et al., Phys.Lett. B 206 (1988) 354. A.Capella et al., Phys.Lett. B 243 (1990) 144.

Muon-pair

kinematical distributions J / Continuum

and ranges

M (1:7 ! 2:7 GeV/c 2) ffi(M � 3:097) M �a

PT (0:0 ! 5:0 GeV/c) PT e � � P T PT 0 �b PT e � � P T PT0 �b

X F (0:0 ! 0:5) 11�X 2 F e � 12 (0:4)2 � ln �1+X F 1�X F �2 1 1�X 2F e

� 12 (0:4)2 � ln �1+X F 1�X F �2

cos ` (�1 ! 1) unif orm 1 + cos 2`

Œ (0 ! 2ß) unif orm unif orm

Table 1 : Analytical distributions dN=dM , dN=dP T, dN=dX F , dN=d(cos `), dN=dŒ, and

cross-section integration limits for the J / and muon-pairs in the mass contin-

uum.

Reaction J / Continuum PT 0(GeV/c) b a PT 0(GeV/c) b p-Cu 1:03 � 0:05 1:67 � 0:08 5:11 � 0:17 0:66 � 0:07 1:36 � 0:11 p-U 1:00 � 0:06 1:56 � 0:09 5:46 � 0:20 0:75 � 0:08 1:49 � 0:14 O-Cu 1:09 � 0:04 1:71 � 0:08 6:03 � 0:13 0:74 � 0:07 1:48 � 0:13 O-U 1:12 � 0:04 1:67 � 0:06 5:53 � 0:11 0:73 � 0:06 1:44 � 0:09 S-U 1:17 � 0:03 1:73 � 0:05 5:71 � 0:14 0:63 � 0:06 1:25 � 0:08

Table 2 : Parameters of the transverse momentum and mass distributions, obtained in the various reactions.

Number of J / Number of continuum Beam Effective target Trigger Reaction events events X10 �12 thickness(g=cm 2) efficiency 1:7 ¡ M ¡ 2:7 GeV/c 2 p-Cu 43216 � 456 21649 � 744 1:175 18:61 0:94 p-U 27774 � 381 17747 � 707 0:558 30:00 0:94 O-Cu 89893 � 796 71657 � 1542 0:330 11:45 0:94 O-U 100723 � 912 83966 � 1609 0:363 12:33 0:94 S-U 75884 � 852 65607 � 1652 0:177 10:98 0:94

Table 3 : Number of J / and events in the mass continuum corrected for acceptance, smearing and vertex determination inefficiency. Beam intensity, target effective thickness and trigger efficiency for the various reactions.

J / Continuum Reaction Bœ � �Bœ stat: � �Bœ syst:(¯b) œ � �œ stat: � �œ syst:(¯b)

p-Cu 0:223 � 0:010 � 0:044 0:111 � 0:006 � 0:022 p-U 0:698 � 0:037 � 0:140 0:446 � 0:029 � 0:089 O-Cu 2:69 � 0:09 � 0:27 2:15 � 0:08 � 0:22 O-U 9:45 � 0:29 � 0:95 7:88 � 0:27 � 0:79 S-U 16:33 � 0:60 � 1:63 14:12 � 0:60 � 1:41

Table 4 : Cross-sections of the J / decaying into two muons and of the continuum muonpairs with mass between 1.7 and 2.7 GeV/c 2 for the various reactions. B is the J / decay branching ratio into two muons. Results are given for Feynman’s variable 0: ¡ X F ¡ 0:5.

figure captions

fig.1 : Acceptance of the apparatus as a function of the continuum muon-pair mass for the S-U reaction.

fig.2 : Opposite sign muon-pair mass distribution measured in S-U collisions. The solid line is the result of the fit described in the text. The dashed line represents the background. The dotted line is the sum of the fitted continuum and background.

fig.3 : (a) J / and (b) continuum muon-pair cross-sections as a function of the neutral transverse energy released in the collision for O-Cu, O-U and S-U interactions. The �E T bins are respectively 4.2, 5.8 and 9.0 GeV. Uncertainties are statistical only. B is the J / decay branching ratio into two muons.

fig.4 : Cross-sections per nucleon measured in p-Cu, p-U, O-Cu, O-U and S-U interactions, (a) for J / muon-pairs, (b) for muon-pairs in the mass continuum. The lines represent the results of the fit œ = œ 0(A proj:Atarg: )ff with (a) ff = 0.91�0.04 and œ 0 = 5.0�1.5 nb, (b) ff = 1.01�0.04 and œ 0 = 1.9�0.6 nb. The pp, p-Be, p-C and p-Pt cross-sections are from experiments discussed in the text. All error bars include systematic uncertainties. B is the J / decay branching ratio into two muons.