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We present cross-sections for J/+, ¢’ and Drell-Yan production in lead-lead interactions at 158 GeV/nucleon. The Pb-Pb data,
when compared with previous results obtained with lighter target or projectiles, show a similar behaviour for Drell-Yan, but exhibit

an anomalous J/1 suppression, which increases with centrality.

1 Introduction

NA50 is a CERN fixed target experiment designed for
the study of Pb-Pb collisions in the North Area High
Intensity Facility of the SPS accelerator. It is the upgrade
of the previous NA38 experiment which took data from
1986 to 1992, using proton, oxygen and sulphur beams.

NABQ is devoted to the detection of the Quark-Gluon
Plasma (QGP) formation. It studies charmonium pro-

duction, considered as an unumbiguous signature *.

2 Experimental setup

The NA50 detector ? consists mainly of a muon spec-
trometer, an active target formed by several lead subtar-
gets, an electromagnetic calorimeter , a forward hadronic
calorimeter and a charged multiplicity detector.

The muon spectrometer is based on eight multi-wire
proportional chambers and a toroidal air-gap magnet. It
covers the pseudo-rapidity interval 2.8 < 74 < 4.0 .
Four highly segmented scintillator hodoscopes perform
the dimuon trigger, whereas two other are used for trigger
efficiency measurements. The hadron absorber, located
between the target region and the muon spectrometer,
consists of a 60 cm long BeO preabsorber, followed by
400 cm of carbon and 80 cm of iron. An iron wall at
the end of the spectrometer, before the last trigger ho-
doscope, ensures that the triggering particles are indeed
muons.

The active target assembly is formed by a set of seven
individual lead subtargets, 1 or 2 mm thick, with total
interaction length L;,¢, as shown in Table 1. Each sub-
target is followed by pairs of quartz blades, located on
the left and the right of the beam axis, used to iden-
tify the vertex interaction and fight spectator fragment
reinteractions. Two anti-halo quartz counters, located
immediately upstream from the subtargets, sign prein-
teractions.

A beam hodoscope (BH), subdivided in sixteen
quartz counters, located 22 m upstream from the tar-
get, is used to count the incoming lead ions and to reject
beam pile-up. It is followed downstream by an interac-
tion detector (BHI) which tags interactions in the BH
itself.

The electromagnetic calorimeter, located 32 cm
downstream from the target centre, sorrounds the
BeO preabsorber, and thus covers a pseudo-rapidity
interval outside the muon spectrometer acceptance:
1.1 < mgp < 2.3 . It is subdivided in four rings and
six sextants of roughly equal pseudo-rapidity ranges and

Table 1: Characteristics of the data samples

Period Lint
1996 30%
1995 | 17.5%

Intensity | Nb. triggers | Nb. J/¢
5.4-107 168 - 10° 275103
3.2-107 58 - 10° 48 103

is made of scintillating optical fibres embedded in lead
converter in a 1:2 volume ratio (< Lyqsq > = 0.93 cm).
Its resolution is 5% for central collisions. The neutral
transverse energy, Erp , is obtained by subtracting the
charged particle contribution, which is estimated (by
Monte-Carlo) to amount to 40%.

The zero degree calorimeter is a very forward detec-
tor (gs > 6.2) measuring the energy of the beam spec-
tator fragments, Ezpc  (by means of the Cerenkov light
produced in the fibres). It is located 165 cm dowstream
from the target centre, near the beam axis, protected
against secondaries produced in the interaction by a long
conical Cu collimator. It is made of SiOs optical fibres
embedded in a tantalum converter in a 1:17 volume ratio.
Its resolution is 7% for 32.7 TeV incident 2°®Pb nuclei.

The multiplicity detector is a two plane highly seg-
mented silicon microstrip device, measuring charged
particle multiplicities within the pseudo-rapidity range
1.5 < ma < 3.5 . It has not been used in the present
analysis.

3 Data analysis

Data have been collected with two different Pb target
configurations, in 1995 and 1996, with a lead beam of
158 GeV/nucleon incident momentum. Details of the
two data samples are given in Table 1.

The event selection criteria are as follows: the BH
detects only one incident ion; no preinteraction is de-
tected by the BHI or the halo counters; only two tracks
are reconstructed in the fiducial region of the spectro-
meter; each 1mage track, conceptually obtained from the
real track by reversing the magnetic field, is also accepted
by the apparatus so that muon acceptance is charge in-
dependent; interaction in one of the subtargets and no
reinteraction, as assigned by the active target algorithm
(in 1995); and, because of the target algorithm low effi-
ciency for peripheral collisions use, for this type of events,
of a contour cut based on a 2 o correlation between Er
and Ezpc reinforced with a strong cut on the distance
between each muon track and the beam axis (in 1996).



The purpose of this analysis is to study the dimuon
yield in our high mass region, which originates from the
J/¢¥ and ¢ decays as well as from the Drell-Yan mecha-

nism.

The kinematical domain wused 1is defined by:
292 < g < 392 (ie, 0 < Yems < 1) and
lcos Bcs| < 0.5, leading, in the mass region of inte-
rest, to acceptances of the order of 15%. The J/¢¥ mass
resolution is 96 MeV (3.1%) and increases to 104 MeV
(3.3%) for the most peripheral events recovered by the
Er — Ezpc contour cut.

In this analysis the background and the open charm
(DD) contributions are also taken into account. The
background is mainly due to uncorrelated @ and K de-
cays into muons. It is computed from the like-sign mass

distributions dN/dMT+T and dN/dM~~ using the

relation
( dNt++ dN—— ) n
dM dM fieldt

( dN++ dN--— )
dM dM Jield— ’

where R is a factor depending on the type of the collision.
For ion induced reactions, R = 1.

dN B9

=2R.
dM R

The opposite sign muon pair invariant mass distribu-
tion is fitted according to the following procedure in or-
der to determine the amounts of its different components.
The shapes of the muon pairs originating from the J/
and ' decays and from the Drell-Yan mechanism are
obtained from a simulation of the NA50 detector using
the same reconstruction and selection criteria as used for
the real data. Drell-Yan contribution is calculated at the
leading order and uses the MRS43 structure functions 3,
which take into account the @/d asymmetry as measured
by NA51 experiment . The DD shape is taken from
Pythia and its amplitude is previously fixed by fitting
the data in the range 1.9 < M,, < 2.9 GeV/c?, allow-
ing for a charm-like excess ®. Finally, the amplitudes of
J/¢, ¢ and Drell-Yan contributions are obtained from a
fit to the experimental data (above M, > 3.05 GeV /c?),
according to:

dnt- ANJ/Y A de’Jr
aM - YT T M VT AM
N dNDY dNDD dN B
oy —aor T Tam T Tam

with five free parameters: Ay, Ay, Apy, My and
01/y; the ¥/ mass and width are functions of the corres-
ponding J/4 values.
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Figure 1: The Drell-Yan cross-section as a function of A-B, in terms
of the experimental K factor

4 Results

Let us first concentrate on Drell-Yan production. Fig-
ure 1 shows for different systems, as a function of the
product of projectile and target atomic mass numbers,
A-B, the measured Drell-Yan cross-section normalized to
the theoretical value, computed at the leading order us-
ing the MRS43 structure functions. This ratio is the
so-called K-factor and is a measure of the higher order
corrections needed to account for the data.

The different proton and neutron content of the in-
teracting nuclei are taken into account, by referring all
data to p-p collisions, using the relation:

AB -l (th)
apy (th)

0'1[4)5(607“7“) = Uﬁg(meas) X

All the results are compatible and lead to the average
value K = 1.78 £ 0.09 | in agreement with expectations.

Using the usual power law behaviour to parametrize
the nuclear dependence of hard processes

UéxBf = (AB)*- Uzl))py )

a fit to the data, corrected as explained above, leads to
a = 1.002 £ 0.011 , in perfect agreement with the ex-
pected value a = 1.

That is, from p-p up to Pb-Pb the Drell-Yan cross-
section behaves normally and is proportional to the num-
ber of elementary nucleon-nucleon collisions (i.e., the
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Figure 2: J/1) cross-section per nucleon-nucleon collision, as a func-
tion of A-B, for 450 GeV/c and 200 GeV/c incident projectiles, for
several systems ranging from p-p to S-U

product A-B). Thus, it is useful to use it as a reference
to the study of other systems.

In order to compare our new measurements on Pb-Pb
with results obtained with proton and other ion induced
reactions, and besides the isospin correction discussed
above, the measured cross-sections are all rescaled to the
same incident beam momentum according to:

corr meas O-th (Ef)
opy (Ep) = apy* (Ei) x thYi(Et)
py (i

We turn now to the study of J/v. Figure 2 shows
the J/4 cross-section per nucleon-nucleon collision as a
function of A-B, for the two data sets, p-A collisions
at 450 GeV/c, and proton, oxygen and sulphur induced
reactions at 200 GeV/c. The power law behaviour fit
gives compatible values, namely a459 = 0.92 £ 0.02 and
asgo = 0.91 £ 0.04 . The common trend observed from
p-p to S-U allows us to merge all the data on the same
curve after energy rescaling (Figure 3). An overall fit
leads to @ = 0.92 £ 0.01. According to some authors,
this behaviour may be interpreted as due to an absorp-
tion in nuclear matter of the pre-resonant cég state °.

Figure 3 also shows that the Pb-Pb cross-section,
rescaled to 200 GeV, lies well below the value expected
from the pattern of lighter interacting nuclei. This
anomalous suppression can be quantified by the ratio be-
tween the measured and expected value, Ry = 0.74 &+
0.06, which includes a 7% systematic error.
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Figure 3: J/1) cross-section per nucleon-nucleon collision, as a func-
tion of A-B, for several systems ranging from p-p to Pb-Pb, having
rescaled all incident momenta to 200 GeV/c

The J/v cross-section per nucleon-nucleon collision
can also be estimated from the ratio of the .J /¢ to Drell-
Yan cross-sections. This ratio 1s almost free of systematic
errors, which are common to both samples (only 1.5%
left). In Figure 4 the two samples collected in 1995 and
1996 are shown separately, as a function of Ep . They
are significantly different in statistics but are fully com-
patible with each other. A threshold is clearly seen near
40 GeV in the 1996 sample which, thanks to statistics,
can be studied with a much narrower binning.

A common description 1s needed in order to put to-
gether the NA50 data on Pb-Pb with previous NA38 and
NAbH1 data obtained with lighter systems. We define L
as the path length of the pre-resonant ccg state through
nuclear matter. In the framework of a nuclear geometri-
cal model, L can be related to a given impact parameter
b. As b and Er are also related, Ep bins just correspond
to different I values. In a given Ep bin, L i1s computed
by averaging the path length over the production point
within the nuclei, and the impact parameter.

The J/¢ over Drell-Yan cross-sections’ ratio,
through its decay into muons, denoted as B, 0/y /0Dy,
is shown in Figure 5, as a function of L. All 450 GeV/c
and 200 GeV/c data have been rescaled to 158 GeV/c
using the Schuler parametrization ®. A good overall fit
from p-p to S-U interactions is obtained with an absorp-
tion model parametrized as exp(—pLogps), where p =
0.17 nucleons/fm? is the standard nuclear density. The
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Figure 4: The ratio of J/+ to Drell-Yan cross-sections as a function
of Ep , for two data sets, in Pb-Pb collisions

fit leads to an absorption cross-section o4,s = 5.8+ 0.6
mb, compatible with theoretical predictions 7. Whereas
the more peripheral Pb-Pb points lie on the absorption
curve, the more central ones show a clear departure at
L ~ 8 fm, suggesting the onset of another J/¢ sup-
pression mechanism. In fact, several authors claim that
this behaviour can only be explained in the framework
of QGP formation®.

Finally, we turn to the study of 3’ production. Be-
cause of its larger radius as compared to J/¢, ¥’ should
have a lower threshold for breakup. Figure 6 shows
as a function of A-B, for several systems ranging from
p-p to Pb-Pb, the ¢’ over J/i¢ cross-sections’ ratio,
Buuoyr /B0y, where By, are the branching ratios
of J/¢ and v’ into muons. While ¢ and J/4 show the
same behaviour in proton-nucleus collisions, their ratio
has much lower values in 1on induced interactions. The
¢ over Drell-Yan ratio, that is, B, .04 /0py, is plotted
in Figure 7 as a function of L, for different proton and ion
induced reactions. In proton-nucleus collisions 1’ follows
the same nuclear absorption curve as J/v, supporting
the assumption of a ccg state interacting in the target
nucleus. But, for S-U and Pb-Pb interactions, 1’ shows
an additional suppression, which may be attributed to
another mechanism. Several authors have indeed tried
to explain it by means of a further ' absorption by co-
movers (hadrons produced in the interaction and accom-
paining the resonance) °. However, this kind of mecha-
nism can hardly account for sudden pattern changes, as

o
o
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80l % p(200 GeV/c)—A (A = W,U) (NA38)
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6 ® “®pp(208 x 158 GeV/c) — Pb (NA50)
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Figure 5: The ratio of J/+ to Drell-Yan cross-sections as a function
of L, for several systems ranging from p-p to Pb-Pb

observed for J/4.

5 Conclusions

We have studied the Drell-Yan, J/¢ and ¢’ production
cross-sections for various systems, ranging from p-p to
Pb-Pb interactions. The Drell-Yan production is pro-
portional to the number of collisions, and is thus used as
a reference to the study of J/¢ and ¢'. J/¢ follows a
nuclear absorption pattern for p-A, S-U, and Pb-Pb pe-
ripheral collisions. It shows a clear departure from this
absorption trend when centrality increases, exhibiting a
sharp decrease at L ~ 8 fm. ¢/ behaves, as J/1, accord-
ing to the same absorption curve for proton-nucleus data,
but shows a stronger suppression for sulphur and lead in-
duced interactions, which begins at lower L values. This
suggests that the suppression mechanism for J/¢ and ¢’
are different.
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