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Abstract

Charmonium production ip—A collisions is a unique tool for the study of the interaction of boufidtates in nuclear matter.
It can provide details on the basic features of the resonance formation mechanism and, in particular, on its non-perturbative
aspects. In this Letter, we present an experimental study of charmonia and Drell-Yan production in proton—nucleus collisions
at 450 GeVc. The results are analyzed in the framework of the Glauber model and lead to the values of the nuclear absorption
cross-sectionjﬁsfor J /¥ andy’. Then, we compare thg/v absorption in proton—nucleus and sulphur—uranium interactions,

using NA38 data. We obtain that, for thigy, aﬁgsandasaasare compatible, showing that no sizeable additional suppression

mechanism is present in S-U collisions, and confirming that the anomalgusuppression only sets in for Pb—Pb interactions.
0 2002 Elsevier Science B.V. All rights reserved.

1. Introduction deconfined partonic matter occurs in those interac-
tions [6]. In particular, analyzing the high statistics
J /vy data from the NA38 and NA51 experiments, rel-
ative top—p, p—d and S-U collisions [10], it has been
shown that the observed yield can be reasonably ex-
plained in terms of a suppression of this meson exclu-
sively due to hadronic processes. On the contrary, in
Pb—Pb collisions there is an extra (“anomalous”) sup-
pression that is difficult to explain with conventional
mechanisms.
However, high statisticy—A data on nuclei heav-

The study of charmonia production in proton—
nucleus collisions allows the investigation of the ab-
sorption mechanisms of the state in its path across
the nucleus. A considerable theoretical effort has been
carried outin the past few years [1] in order to interpret
the experimental results available from fixed target
experiments at CERN and FNAL energiggs(~ 20—

40 GeV) [2-5]. The results show that the perturba-
tively produced:c pair neutralizesits colour on a time-
scale which, depending on the kinematical variables ier than deuterium, in particular for what concerns

:)f the 2?”' 'thft.the samg %r(f:iertﬁf nr;nagnltude, Er eyetn Drell-Yan andy’ events, were not available up to now
arger, than the ime needed for the heavy-quark pairto \ iunin the wide systematic studies performed by the

escape the nuclear environment. However, a satisfac-\ s3a/NAB0/NASL experiments [10]. From a compar-
tory quantitative description of the time evolution of ison of the yields ip—A and S—U coIIi.sions one canin
the c¢ pair untl it becomes a colour-neutral charmo- 3 inje disentangle the different sources of hadronic
nium resonance is not available up to now. Therefore, J/¥ suppression: the nuclear absorption, present in
new data, relative to charmonium production, can help |, . p—A and S-U interactions, and the 'interaction

in cons_,trainir?g the modp! parameters and, more 9€N" ¢ the J /vy with the generated secondary particles
erally, in testing the validity of the approach used up (comovers), expected to play a sizeable role only in

to r|1:0vvﬂ|]n the mtetrrﬁ)ret?tl(;)n q:t—hidatg. the SPS nucleus—nucleus collisions. The size of the second ef-
urthermore, the study o /¥ In the e fectis up to now poorly known.

ergy range _is inkt)(laresting as a sigfnel;ture Qflgﬁp for- To investigate these points, the NA50 Collaboration
bmat|on. smeg . e;éjpglgesslllgn_ 0 tb¢wthYIeNAsgsc | has carried out an experimental study of charmonia
een measured in Fo—=rb colisions by the >V L0l production with a 450 Ge)¢ incident proton beam.
laboration [7-9], as expected if a phase transition to The charmonia resonancesy and v’ have been
identified through their decay into muon pairs. Various

E-mail address: scompar@to.infn.it (E. Scomparin). nuclear targets, namely Be, Al, Cu, Ag and W have
1 Also at IST, Universidade Técnica de Lisboa, Lisbon, Portugal. peen used, and for each target about 10y events
2 )
On leave of absence from York College CUNY, USA. have been collected. Each event sample contains also

3 i . .
. Also at CERN, Geneva., Switzerland. _ . _ ~ 500 high mass dimuon events,,,, > 5 GeV/c2),
Also at Faculty of Physics and Nuclear Techniques, University

of Mining and Metallurgy, Cracow, Poland. due to the Drell-Yan process, that have been used
5 Now at UERJ, Rio de Janeiro, Brazil. as a rgference in the study of thigy suppression.
6 On leave of absence of YerPhl, Yerevan, Armenia. Preliminary results on these data have been reported
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elsewhere [11-13]. In this Letter, we present the final muons point to the target. For the accepted events, the
results on charmonia and Drell-Yan cross-sections, rapidity selection—0.4 < ycm < 0.6 and the angular
and analyze them in the framework of the Glauber selection—0.5 < cosdcs < 0.5, corresponding to the
model. We extract in this way the values of the kinematical window of the spectrometer’s acceptance,
charmonia absorption cross-section in the nuclear have been applied to reconstructed muon pairs. The
medium. Then, with the same model, we re-analyze anglefcs is the polar angle of the™ relative to the
the NA38 S-U data and compare the corresponding bisector of the angle between the momep$aamand
J /¢ absorption cross-section to the one calculated in — piargetin the rest frame of the dimuon (the so-called
p—A. Collins—Soper reference frame). The trigger efficiency
etrig has been measured with a dedicated system of two
scintillator hodoscopes, and ranges from 86 to 90%.
2. Experimental set-up, data reduction and The dimuon reconstruction efficieney,, is directly
analysis related to the efficiency of the MWPCs of the muon
spectrometer. The calculated values slightly depend on
The p—A data analyzed in this Letter have been the beam intensity and are larger than 97%.
taken with the standard NA50 dimuon spectrometer, In Fig. 1 we show thep—Be and p—W dimuon
which, in its heavy-ion set-up, has been described in invariant mass spectra in the region<2m,, <
detail in Ref. [14]. For proton running, the set-up only 7 GeV/c?, after data reduction. The dimuon sources
differs in the target region, where a passive target has in this region are the charmonia resonanckg/ and
been used, and in the detectors used for the luminosity ¢'), the Drell-Yan process (DY) and the semi-leptonic
measurement. In particular, the beam intensity was decays of charmed hadron paif3). A contribution
monitored by a set of three argon ionisation chambers mainly due to the uncorrelated decays of pions and
put along the beam path. These detectors have beerkaons (combinatorial background) is also present. Its
calibrated at low intensity and their linearity has size can be estimated starting from the measured
been checked up to 3® protorys. Furthermore, the  pu*u* andu~ ™ invariant mass spectra, according
stability of the beam impact point has been monitored to the formula:
by means of three scintillator telescopes, positioned

at 90 degrees with respect to the beam axis, which dNJC; dN*t+dN— At
measure a small fraction of the secondary particles ~;,, = 2Rbck dm dm JATtA— @

produced in the target, integrated over the burst.

The data have been collected with a primary proton where A*—, A™*, A=~ are the acceptances for
beam from the CERN SPS at 450 GeV incident opposite-sign and like-sign dimuons. An offline cut
energy. The beam intensity was aroundx210? is applied to the data in order to ensure that the ac-
protongs. At this intensity, the event pile-up in the ceptance of the spectrometer is independent of the
muon spectrometer is negligible, the dimuon trigger charge of the detected muons; consequently we get
rate is of the order of 20 Hz and there is practically A*~/+/AT+A—— = 1. The factorRyck accounts for
no dead time. Five nuclear targets have been used:charge correlation effects connected with charge con-
Be, Al, Cu, Ag and W with thicknesses ranging from servation in the reaction. It has been estimated through
0.3x; (Al) to 0.51; (Ag). About 1® dimuon events a Monte Carlo simulation based on VENUS 4.12, de-
have been collected for each target, and analyzedscribed in detail in Ref. [16], and cross-checked with
with the standard NA5O reconstruction program [14]. an experimental measurement performed foiW
For about 60% of the triggers, it is possible to fully collisions [17]. TheRpck values used in this analy-
reconstruct two muons in the spectrometer. Further sis range from 1.09 to 1.14, depending on beam in-
quality cuts lower the number of events retained for the tensity and target. In any case, in the mass region
analysis to about 35% of the initial sample. Namely m,, > 2.9 GeV/c?, corresponding to charmonia res-
we require that the reconstructed trajectories of the onances, the contribution of the combinatorial back-
two tracks do not intercept the iron yokes of the ground is almost negligible, amounting to less than
spectrometer’s air-core magnet [15] and that the two 0.2% of the total dimuon yield.
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p Be

my, (GeV/cz) ' m,, (GeV/cz)

Fig. 1. The p-Be andp-W invariant mass spectra, after data reduction. The continuous line represents the result of the fit. The dashed
lines correspond to the DY /vy andv’ contributions, the dotted line to th®D process, while the dashed-dotted line is the combinatorial
background. The contribution of the target-out events is shown as a thick dashed line.

Table 1
Number ofJ /v, ', Drell-Yan events, not corrected for acceptance, )@?’Wd f of the fits to thep—A data samples. The Drell-Yan statistics
corresponds to the mass interva® 2 m,,, < 4.5 GeV/c2

p—Be p-Al p—Cu p-Ag p—W
J/y 124754+ 391 100703t 397 130582+ 423 132136t 366 78156t 287
v 2429+ 69 2016+ 63 2509+ 75 2458+ 73 1392+ 58
Drell-Yan 2445+ 78 2184+ 72 2726+ 82 3179+ 86 1950+ 67
x2/ndf 1.30 105 145 114 105

Having fixed the contribution of the combinato- in the fits. The results have been found to be sta-
rial background, the number af /v, ', DY and ble within less than 1% when the starting point for
DD events has been estimated by means of a fit the fit is chosen anywhere in the mass region be-
to the mass region 2 m,, <7 GeV/c?, follow- tween 1.8 and 2.6 GeM?. Finally, to check the in-
ing the standard NA50 procedure [16]. The shapes fluence of the open-charm contribution on the eval-
of the mass distributions for the various processes uation of theJ/y and Drell-Yan yields, we have
have been evaluated by means of a Monte Carlo sim- performed a set of fits in the mass region,, >
ulation, using the event generator PYTHIA 5.7 [18], 2.9 GeV/c?, completely neglecting the open-charm
with the MRS(A) low Q2 MS set of parton distrib-  component. The only notable effect is a small sys-
ution functions [19]yn. = 1.35 GeV/c? and (k%) = tematic increase, by about 2%, in the estimate of the
0.8 (GeV/c)2. The calculated mass distributions are Drell-Yan yield.
not very sensitive to the specific values of these quanti- ~ The number of//y, ¥ and Drell-Yan dimuon
ties. The relative normalization of the dimuon sources events for each target, together with th#of the fits,
are free parameters in the fit. All the mass spec- are summarized in Table 1. For Drell-Yan, we show
tra are satisfactorily reproduced by a superposition the number of events in the mass regio@ 2 m,,;, <
of known sources, withy2/ndf ranging from 1.10 4.5 GeV/c2. The acceptances; of our apparatus for
to 1.46 (see Fig. 1). The contribution of the off- the studied processes# J/v, ', DY) have been
target interactions has been estimated with dedicatedcalculated via Monte Carlo, as the ratio between the
target-out data taking periods and taken into account number of reconstructed and generated events in the



NAS0 Collaboration / Physics Letters B 553 (2003) 167-178 171

kinematical domain defined by0.4 < ycm < 0.6 and the isospin dependence. For a given mass number
—0.5 < cosfcs < 0.5. We getd j/y =14.0%, Ay = the corrected value is obtained through the relation:
16.4% andApy = 13.9%.

124
pPA _ _pA AODY,calc 2
by =ODY,meas _pa (2
ODY,calc

3. Results 4
pp P
whereopy ., and opy 5 have been calculated at

In the NA50 kinematical domain, charmonia pro- leading order, using the MR&4) low Q? MS set
duction occurs essentially through hard gluon—gluon of parton distribution functions. The isospin-corrected
scattering. Therefore the production cross-sections, Cross-sections are equivalent to the Drell-Yan cross-
in absence of nuclear effects, are expected to scalesections that would have been measured if the target
with the number of nucleon—nucleon collisions, which nuclei were made of protons only. Their values, as
for p—A interactions is proportional to the target Wwell as the correction factors, are listed in Table 3. We
mass numberA. Such a scaling can be investi-
gated by considering the production cross-section per
nucleon—nucleon collision, expressed through the ra- = 7+
tios By,0y/y /A andBy, oy /A, whereB,,, andB,, ,
are the charmonia branching ratios into muon pairs.
In Fig. 2 and Table 2 we show our results for these
quantities. The quoted systematic errors include a 3% &
uncertainty on the estimation of the absolute proton . :
flux, due to relative instabilities in the response of the 4
argon counters during data taking, and a further con- % % % 10.09

% 0.08

S
N
B, O(W)/A (nb)

uuc( J)/A (n

(9]
t

-

tribution due to short range fluctuations of the trigger
efficiency, whose size ranges from 1.5 to 3%. A 1%
and a 2% error on the measuremenkgf andeyig, % % 1007
respectively, is also taken into account. For the/, 10.06
we find that the systematic uncertainty is the only size-
able contribution to the calculated errors, while for the 2 bl s eannd ()05
Y’ statistical and systematical errors are roughly of 1 10 10 A

the same magnitude. For both resonances, the cross-

section per nucleon—nucleon collision significantly de- Fig- 2. The J/y (closed circles) andy’ (open circles)
creases withi cross-sections, divided by the mass numhefor p—A collisions.

A . For the’, we plot both statistical (inner bars) and statistical plus
InFig. 3we present_ the Dre”—Y‘?m CrOSS'Se.Ct'On Per systematical errors (outer bars). For they, statistical errors are
nucleon—nucleon collisiompy /A, integrated in the negligible and we only plot systematical errors. The squares repre-

mass interval ® < myy, <4.5 GeV/cz, corrected for sent the NA51 data op—p and p—d collisions at 450 GeV.

[9%)

Table 2
TheJ /vy andy’ cross-sections per nucleon—nucleon collision. We quote the statistical and systematical errors separately. NA51regults on
and p—d collisions [24] are also included

BMHUJ/lﬂ/A (nb/A) Bl/lll-gl////A (pb/A)
p—Be 519+ 0.02 (stat.}t 0.23 (syst.) 864+ 2.9 (stat.)+ 3.9 (syst.)
p-Al 5.10+0.02 (stat. 4 0.21 (syst.) 872+ 3.1 (stat.)+ 3.6 (syst.)
p——Cu 482+ 0.01 (stat. )}t 0.20 (syst.) 78 + 2.6 (stat.)+ 3.2 (syst.)
p—Ag 4.34+0.01 (stat. 4 0.19 (syst.) 691 + 2.3 (stat.)+ 3.0 (syst.)
p—-W 4.194 0.02 (stat. 4 0.20 (syst.) 6% + 3.2 (stat.)+ 3.3 (syst.)
p—p (NA51) 5.50+ 0.01 (stat. 3+ 0.36 (syst.) 86t 2 (stat.)+ 6 (syst.)

p—d (NA51) 5.62+ 0.01 (stat.}xt 0.37 (syst.) 94+ 2 (stat.)t 7 (syst.)
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Fig. 3. The isospin corrected Drell-Yan (closed circles)
cross-section, relative to the mass regidh2m,,, < 4.5 GeV/c?,
divided by the mass number. We have plotted both statistical (in-

NAS50 Collaboration / Physics Letters B 553 (2003) 167-178

Table 3

The Drell-Yan cross-sections, divided by the mass nuraband
multiplied by the isospin correction factors, relative to the mass
interval 29 < m,,, < 4.5 GeV/c?. We quote the statistical and
systematical errors separately. The calculated isospin correction
factors are also indicated. Fprp and p—d collisions (NA51) the
cross-sections have been calculated from the valueB,gfo /.y

and B0,y /opy published in Ref. [24]

opy /A (pb/A)

Isospin correction

p—Be 987+ 3.7 (stat.); 4.4 (syst.) 0.95
p-Al 1082+ 3.9 (stat. ;=44 (syst.) 0.95
p—Cu 951+ 3.2 (stat.)+=3.9 (syst.) 0.95
p-Ag 1011+ 3.1 (stat. =43 (syst.) 0.95
p—W 1001 +4.5 (stat.1=4.7 (syst.) 0.94
p—p (NA51)  997+24 (stat.=5.9 (syst.) 1.00
p—d (NA51) 996+ 2.3 (stat.4--5.8 (syst.) 0.95

by simply counting the events in the mass region
4.3 < my, <80 GeV/c? and fitting the results us-

ing Eq. (3), we getrgy 80 = 0.9784 0.017+ 0.019,

a value fully compatible with the one relative to the

ner bars) and statistical plus systematical errors (outer bars). The mass region ® < my, <4.5 GeV/cz. Consequently,

squares represent the NA51 data pAp and p—d collisions at
450 GeV. The continuous line shows the result of a fit to the NA50
points, according to the functior‘g{(“/A = const (;(Z/ndf =0.74).

notice thatagf/A does not depend oA. To quantify
this statement, we have fitted the NA50 data points
with the function:

ot A = olh A% L 3)
pp

leaving oy and apy as free parameters. Such a
parametrization is commonly used to obtain a rough
estimation of the size of nuclear effects for hard
processes. We geby = 0.995+0.016 (stat.}-0.019
(syst.), withx2/ndf = 1.0. This result shows that, in
our kinematical domain, the Drell-Yan cross-section
scales with the number of nucleon—-nucleon colli-

we conclude that the Drell-Yan process can be used as
a reference for the study of nuclear effects on charmo-
nia production. Finally, we stress that in the remaining
part of this Letter, when referring tepy, the isospin
correction is always included.

In Fig. 4 we plot the cross-section ratiBg,. o7y /
opy andBl’Wal,,//oDY as a function ofd. Such ratios
are particularly useful since, as opposed to absolute
cross-sections, they are free from the systematic errors
connected with the luminosity measurement and the
determination of the various detection efficiencies.
Their drawback is the introduction of larger statistical
errors because of the relatively small number of Drell—
Yan events. Anyway, we find that, with respect to
absolute cross-sections, we reduce the total error by
30% on average for results dify and by 10% fory’

sions. We stress that we have chosen the mass intervalvhen consideringB, o,y /ooy and By, oy’ /opy.

2.9 <my, <45 GeV/c? for the calculation of the
Drell-Yan cross-section in order to be able to com-

The values are listed in Table 4.
Finally, it is well known that the measured/y

pare this set of results with previous measurements yield includes a contribution from. andy’ radiative

performed by NA38 and NA51. Anyway, the choice

decays. While thed-dependence of. production is

of a certain mass interval does not affect the results unknown, we can easily estimate, and remove from
on the A-dependence of the cross-section, since the theJ /v sample, the contribution af’ decays. Taking

normalization of the Drell-Yan component is domi-
nated in the fit by the mass region beyond 4 Ge&/
where Drell-Yan is the only contribution. In particu-

into account the values of the branching ratios for
the decays//y — utpu=, v/ — utu~ andy’ —
J/¥ + X [20], we obtain that for every measured

lar we have checked that estimating the cross-sectionys’ we must subtract (2 + 1.1) J/v from our data
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Fig. 4. TheratiosB,,;,07/y /oDy (closed circles) anBl’moW/aDY
(open circles) as a function of. The squares represent the NA51
results. The triangles correspond to the raBig,0/y. cor/oDY,
where the contribution frong” decays has been removed from the
J /¥ cross-section. The continuous lines represent the result of the
Glauber fits to the NA50 data, while the dashed lines correspond to
fits which include NA51 points.

Table 4

Ratios of charmonia cross-sections with respect to Drell-Yan. In
the last column the/ /¢ cross-section has been corrected for the
contribution of ' decays. Forp—p and p—d collisions (NA51)
the data onBy, .0,y /opy have been taken from Ref. [24], while
Bl’m%//opy has been calculated from the results of Ref. [10] and
Ref. [24]

B;L/AUJ/w/UDY B;/MUW/UDY Buuﬁl/w,cor/UDY
p—Be 527+17 0.879+0.042 500+ 2.0
p-Al 480+ 16 0.823+£0.042 455+19
p—Cu 503+£15 0.826+ 0.039 477+1.8
p—Ag 439+12 0.698+ 0.032 417+ 1.4
p—W 425+ 15 0.645+ 0.040 405+ 1.7
p—p (NA51) 547+1.6 0.875+0.036 520+£1.8
p—d (NA51) 564+1.2 0.965+ 0.030 534+15

sample. The values @&,,,0;/y.cor/0oDY, COrrected for
the contamination frong:’ decays, are plotted in Fig. 4
and included in Table 4.

4. Charmonia absorption

From the experimental results presented in the pre-
vious section, it is in principle possible to determine

173

the absorption cross-section in nuclear matter for the
J/¢¥ and vy’ produced in the NA50 kinematical do-
main. However, although thec production process
can be described by perturbative QCD, the hadroniza-
tion of the heavy quark pair, leading to the formation
of a colour-neutral resonance with well-defined quan-
tum numbers, is of non-perturbative nature and occurs
on a relatively long time scale. This fact has been ex-
perimentally confirmed at positiver by the similar
A-dependence off /¢ and ¢’ cross-sections [2-5],
in spite of their very different size and binding en-
ergy. This is a clear indication that imA collisions
the target nucleons interact with a pre-resonant char-
monium state [21]. Therefore, the absorption cross-
section for a given observed charmonium state that we
can extract from thet-dependence of the production
cross-section, corresponds to the value of the interac-
tion cross-section of the evolvings pair in its way
through the nucleus.

In this Letter, we use a Glauber approach to
determine, from Buuoyy /oDy, B//L;LUW/ODY and
B0 y.cor/oDY, the effective absorption cross-sec-

i abs _abs abs i i
tionso )y, op>ando )y .. More in detail, assum-

ing thatoy' = Acll, we fit our experimental data
points with the relation [22]:

A
of

- (A _ 1)Uiabs

x /dzb (1 - e_(A_l)TA(];)Jiabs),

A
Oy
(4)
wherei represents the process under studiyy, Y’

or J/yr, cor), b is the impact parameter of the-A
collision, and

e ¢]

Ta(b) = / dzpa(b, z),

—00

GiPP
Ci=—%p
by

®)

where z is the incident beam direction. We have
used the parametrizations of nuclear densitig§-)
from Ref. [23]. The free parameters in the fits are
the charmonia absorption cross-sectieff8®and the
normalization constants;. The results of the fits are
shown in Table 5, and plotted in Fig. 4.

The NA51 experiment has made a high statistics
study of J/v, ¥ and Drell-Yan production inp—p
and p—d collisions at 450 GeVYe, with the same ex-
perimental apparatus used by NA50, and in the same
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Table 5

Results of the Glauber fit to the ratid, .07 /y /oDY s B0 y,cor/oDY and B/,

NAS50 Collaboration / Physics Letters B 553 (2003) 167-178

1,0y /oDY . The meaning of the normalization constagts

is defined in the text: is the correlation coefficient betweegpsandC. For completeness we also quote the results of a fit to the data with the

PA, _pA
commonly used functioa; " /oy

= (/" jof})A% =Y (i = J/y, J /v, cor,y"). Data sets including the NA51 points have not been fitted

since it is known that thls parametrization of the absorption effects cannot be applied Aonoalei whenopsis not negligible [1]

c aabs(Mb) x2/ndf r o x2/ndf
JIY 56.44 2.3 44+1.0 2.4 0.94 (©33+0.014 25
J /¥ (incl. NA51) 559+0.9 42405 1.6 0.72
J/¥, cor 535426 43+12 1.6 0.93 (©34+0.018 1.6
J /¥, cor (incl. NA51) 529+1.1 41406 1.0 0.73
’ 0.994 0.05 64+15 1.5 0.91 (906 0.022 1.7
¥’ (incl. NA51) 0.94+0.02 51+08 1.9 0.68
3 0.02 T Table 6
S The ratios betweery’ and J/y cross-sections. Fgs—p and p—d
5 0.019 - 7 collisions (NA51) data are taken from Ref. [10]
=
=3
£0.018 - . B0y | Buuoyy (%)
> p-Be 167+0.05
50017 - ] p-Al 1.71+0.06
=0
= 0.016 - 3 p—Cu 164+ 0.05
] p-Ag 1594 0.05
0.015 F J p—-W 1524 0.06
] p—p (NA51) 1604 0.04
0.014 |- . p—d (NA51) 1714+0.04
0.013 + .
0.012 - T
o011 b ] leading to a smaller correlation between the fit para-
) _ meters.
001 Ll il e Concerning they’, we find an absorption cross-

1 10 10°

A

Fig. 5. The rathBMMO'w//Bu_MO"]/w- as a function ofA. The squares
represent the NA51 results. The continuous line is the result of the
Glauber fit to the NA50 data, while the dashed line corresponds to a
fit which includes NA51 points [10].

kinematical region of oup—A data [24]. Therefore,
we have also performed a fit &, .0,y /opy includ-

ing the NA51 points. The results are shown in Table 5
and Fig. 4.

Concerninga}"f’; we find that the results for the
various fits are compatible. Including—p and p—d
data points, the error oﬂj‘f’j and they?/ndf signif-
icantly decrease. By removing th& contamination
from the J /¢ sample, we obtain a further increase in
the quality of the fit. Finally, we observe that when
the NA51 points are included, the normalization con-
stantsC/y, Cy;y,cor are more strongly constrained,

section slightly higher than that of th&/+r, confirm-
ing the observation of E866, made at 800 Ge\Aci-
dent energy [5]. By directly fitting with our Glauber
approach theB; oy /B0,y ratios as a function

of A, we estimate\o = of;‘?s— o8h.InFig. 5 and Ta-
ble 6 we shOV\BWow//BWo,/w together with the re-
sults of the fit. We findA\o = (2.2 4 1.0) mb when fit-
ting the NA50 points, ando = (0.9 4+ 0.6) mb when
NA51 results are included. The accuracy on the de-
termination ofAo is clearly dominated by the num-
ber of detectedy’. By fitting the NA50 points on
the cross sections ratio With the power law function
B//w v /BWGJM/ =B, W /BWUJ/ A% T

we getAa = oy —ay/y = —0.028+ 0.015. Finally,
very high statistics data (about 5 times the present
sample) have been recently collected by NA50 and
will allow a significant increase in the accuracy of this
measurement, as well as the studyogf in various

bins ofy andpr.
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Coming back to the//y, the estimate ofr20S ;‘s:\ 34 | o o ]
in p—A interactions provides a useful reference for = [ 1
the study of J/¢ suppression in nucleus—nucleus § L ]
collisions, relevant for the study of deconfinement. & i
In the remaining part of this section, we will com- 3 39 _ ]
pare the absorption cross-section extracted fppm % I
data with the same quantity obtained for S—-U colli- QQ% 28 L 4
sions. More in detailgj‘}’; can be estimated from the I
data on the ratiaB, 0,y /opy, measured for vari- 26 L 4
ous centrality bins by the NA38 Collaboration [25]. i
Obviously, a larger//y absorption cross-section for 24 - -
S—-U with respect top—A would imply the onset -
of an additional source of /¢ suppression, possi- 22 - -
bly due to the interaction of thd /v with comov- i
ing secondary hadrons, or to the production of a de- 20(; ”'1\()‘“‘2J0”“3\0m4‘0” ‘5‘0'"30'“‘7*0'“3‘0“ “9‘0‘“]‘;)0
confined phase. We have adopted, for the analysis E, (GeV)

of S-U data, the same Glauber approach used for

p—A, generalized in order to take into account the Fig. 6. The ratiosBy,o,/y /opy (asterisks) andB,..o /. cor/

centrality of the collision [26]. We recall that the opy (stars) as a function of the measured neutral transverse

NA38 data were taken at 200 G¢MJcIeon inci- energy ET, for S-U collisions. The lines represent the results of
. . . . the Glauber fits to the data.

dent energy, in the kinematical window<Oycm < 1,

—0.5 < cosfcs < 0.5 and that the isospin correc-

tion factor applied to the Drell-Yan cross-sectionwas ~ SInce theJ/yr absorption cross-sections jn-A
0.99 [10]. and S-U have been found to be compatible, we have

By fitting the S—U points we getj‘f’j/su — 71+ performed a simultaneous fit g-A and S-U points,
3.0) mb, a value which, although larger, is compatible Ic? orqte;‘rdt% check if the dlata ?f‘h” b‘; sat|ts_factor|ly
s .1 _abspA : escribed by a common value of the absorption cross-
W:g; |2U§rrors withoy . The Iérge uncertainty on section. We take into account that the S—-U data sample
o,y IS due to the large relative error on the S-U as collected at a different energy and with a slightly
data and to the very strong correlation between the fit gifferent rapidity coverage with respect jo-A, by
parameters. When thg" contamination is removed, introducing as a free parameter in the fit a rescaling
using the S-U data o, oy /opy published in  factor between the normalizations of the-A and
Ref. [25], one gets}/s50 = (634 2.9) mb. The  S-U points. From the E866 results [5], which show
decrease in the absorption cross-section can be easilya flat behaviour obj‘/b; aroundxr = 0, we do not

explained by considering that in S-U collisions the expect a variation 0525 due to the slightly different
¥’ is much more absorbed than the/'y, a fact . coverage of the two sets of data. Having verified
commonly interpreted as due to the breaking of the that v’ decay contamination plays a significant role
loosely boundy)’ state in interactions with comoving determiningg}'a\bs for S—U collisions, we have
hadrons produced in the collision. As a consequence, performed the simultaneous fit tp—A and S-U
the contamination of)’ decays in the//y; sample  points after having removed this contamination. The
is less important for central collisions with respect to  NA51 points have been included in the fit, since we
peripheral, leading, after subtraction, to a flattening of haye seen above that ip—A collisions they help
B0y y.cor/opy versus centrality. The S-U points, in reducing the correlation between the parameters,
together with the results of the fits, are plotted in without Significanﬂy aﬁecting the value o&?bs_
Fig. 6 as a function of the measured neutral transversewe find that p-A and S-U points can be/le/vell
energyEt, measured by NA38 in the pseudorapidity described 42/ndf = 0.6) with the value of the

range 17 < n < 4.1. The values of the fit parameters absorption cross-secti@rf;’;f’cﬁfsu — (4.340.6) mb.

can be found in Table 7. The values of the fit parameters are summarized in
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Table 7

NAS50 Collaboration / Physics Letters B 553 (2003) 167-178

Results of the Glauber fit to the ratid, .oy /opy and By,,0/y cor/opy for S=U collisions. We also show the results of the simultaneous

fits to p—A and S—U points (see text for details)

c oabs(Mb) x2/ndf r
s-U 527 + 149 71430 0.02 0.998
S-U, cor 4804139 63+29 0.02 0.994
p—A (including NA51)+ p—W, 200 GeV
+ p-U, 200 GeV+ S-U, cor 52+1.0 43406 0.6
p—A (including NA51)+p—-W, 200 GeV
+ p-U, 200 GeV+ S-U 562+ 0.8 44405 10
B 60 e o between the normalizations of the points at the two
= different energies. We have compared this value with
E 50 ¢ three different estimates of the same quantity. In what
% i concerns/ /¢ production, we have used:
>
\\';, 40 ¢ e a commonly used parameterization of tjfe and
E xr dependence of the production cross-sections
= [27];
e a NLO QCD calculation [28];
30 | & pp, pd 450 GeV e a simultaneous Glauber fit to oyr—A data on
v pA 450 GeV absolute/ /¢ cross-sections at 450 Gg¢¥and to
W, pU 200 GeV availablep—A data at 200 GeXc from the NA3
PP ¢ and NA38 Collaborations [2,10].
* SU 200 GeV
20 Lol Concerning Drell-Yan we have used a leading order
01 2 3 4 5 6 Z(fm)S calculation, with the MRS A) low 02 MS set of par-

Fig. 7. The ratios Byyuoy/y.cor/opy, for p-A and at
200 GeV/nucleon for S-U collisions, plotted as a function of
the L variable, defined in the text. The line represents the result
of the Glauber fit. Thep—A data include the NA51 results, the
p—A values presented in this Letter (triangles) and phéV and
p-U points (open squares) measured at 200 GeV by the NA38
Collaboration [10].

Table 7. In Fig. 7 we present the—A and S-U
points together with the result of the fit. In order

to show proton—nucleus and nucleus—nucleus data on

a single plot, we have used the variable, defined

ton distribution functions. The calculatedy,y, Fpy
andF,,y,/py values are shown in Table 8. We see that
the calculatedF,,y,py values are in fair agreement
with our experimental estimate. For completeness we
also quote in Table 8 the factorization of tlg,y,
Fpy and F;,y,py ratios into “energy” and “rapidi-
ty” components. The first takes into account te
dependence of thé/y and Drell-Yan cross-sections
and the second the different rapidity coverage of our
apparatus at the two energies.

Finally, to ease the comparison with previous esti-
mates ofo 2% which did not include neither thp-A

the ¢¢ pair in its way through projectile and target
nuclei, and calculated in the framework of the Glauber
model.

From the fit, we get the value 16+ 0.04 for the
ratio

pp pp
Frry 9 14,200/ 9 1, 450
Fpy

Fj/y/py = (6)

PP PP
by 200/ %Dy 450

the contamination frony,” decays, we show in Fig. 8
the results of the simultaneous fitpe-A and S—-U data
points, relative to the,,, 07,y /opy values.

5. Conclusions

We have measurefl/ v, v' and Drell-Yan produc-
tion at central rapidity irp—A collisions at 450 GeVYec.
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Table 8

177

Compilation of the calculated ratioB;,y and Fpy between the production cross sections at 200 and 450 GeV incident energygor

collisions. F is the ratioo; 200( 0.4 < yem < 0.6)/0/450(—0.4 < yem

< 0.6), F is the ratioo; 200(0 < yem < 1)/(71 200( 0.4 < yem <

0.6), while F is the product of the two quantities for the process= J /v, DY). The ratloFJ/WDy =Fy/y/Fpy is also shown. See text

for details on the three calculations B/,

o Firy Fiy Fipy
Schuler [27] 065+ 0.03 076+ 0.10 042+ 0,07
QCD NLO [28] 0.46 0.82 0.38
NA3, NA38, NA50, NA51 [2,10] 0.32+0.03
opy FDEY FSY Fpy

Lo 0.53 0.93 0.49
oy /oDy F oy F /DY Fy/y /oY
Schuler [27] 104+ 0.06 082+ 011 085+ 014
QCD NLO [28] 0.87 0.88 0.77
NA3, NA38, NA50, NA51 [2,10] 0.65+ 0.05

~ 60 T i T T T
§
=
T 50
S
2
>
S 40 )
©
Y -
Q
o —_—
30 + = pp, pd 450 GeV
® pA 450 GeV
o pW, pU 200 GeV
* SU 200 GeV
[ L | Pl L | 1
20 o 1 2 3 4 5 6 7 8
L (fm)

Fig. 8. Same as previous figure, without correcting Ihe yields
for the v’ feed-down contribution.

The Drell-Yan cross-section has been found to scale
with the number of nucleon—nucleon collisions. Us-
ing the Glauber model, we have calculated from
our data the absorption cross-sectioff$ and 20

for charmonia in nuclear matter, fitting the ratios
Buu0j/y/0DY andBLuow//oDy for various target nu-
clei, from A =1 to A = 184. After subtracting the
contribution ofy’ decays to the/ /v yield, we find

0}"%5/ cor = (4.1£0.6) mb. We have also performed a

simultaneous fit 0B, 07,y /opy for p—A and S-U
collisions, using the S—U data published by NA38. We
find that the two sets of data can be well described by a
single value of the absorption cross-section. In particu-
lar, we geta}j‘f’j/ = (4.4 + 0.5) mb and, when the con-
tamination fromy,’ decays is subtracted; 25 . =

(4.3 4+ 0.6) mb. These results show that the sulphur—
uranium data can be explained without invokihgy
suppression mechanisms different from the ones al-
ready taking place in proton—nucleus collisions.
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