
PHYSICAL REVIEW C, VOLUME 62, 044905
Does the orientation of a deformed nucleus play a role inJÕc suppression?
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Using a hadron-string cascade model, JPCIAE, we study the effect of the orientation of deformed nucleus on
J/c suppression in the central collision of uranium bombarding with uranium at 200A GeV/c. We find that the
J/c survival probability is much smaller if the major axes of both deformed nuclei are along the beam
direction than if they are perpendicular to the beam direction.

PACS number~s!: 25.75.Dw, 24.10.Lx, 24.85.1p, 25.75.Gz
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Because of color screening,J/c is expected to dissociat
in the quark-gluon plasma~QGP! formed in relativistic
heavy ion collisions@1#. The resulting suppression ofJ/c
production in these collisions has been one of the most s
ied signals for the formation of the quark-gluon plasma. E
periments at CERN have indeed shown thatJ/c production
is reduced in both proton-nucleus@2# and heavy ion colli-
sions@3,4# compared to that expected from the superposit
of proton-proton collisions at same energies. For collisio
involving light projectiles such as p-A@2#, O-U, and S-U
collisions @3#, conventional mechanisms ofJ/c absorption
by nucleons@5,6# and comovers@7–16# seem to be sufficien
in accounting for the measured suppression. On the o
hand, in collisions with heavy projectiles such as the Pb
collision @4#, whether the measured anomalously largeJ/c
suppression in central collisions can be explained by h
ronic absorption alone is still under debate@17–19#, and ex-
planations based on QGP effects have also been prop
@12,13,16,20,21#.

To study microscopicallyJ/c production and absorption
in heavy ion collisions, transport models have been u
@22–29#. Although there are differences among them, it h
been commonly found that the explanation of anomal
J/c suppression in Pb-Pb collisions needs to introduce n
mechanism besides hadronic absorptions. It has been fo
in Refs.@25,26# that the inclusion of dissociation of the pre
J/c cc̄ state by the color electric field in the initial dens
matter can also explain the anomalousJ/c suppression in
Pb-Pb collisions. Whether a QGP is formed in heavy
collisions at CERN SPS is still needed to have further st
ies. One suggestion is to studyJ/c production in collisions
of deformed nuclei@30# as the large spatial anisotropy cr
ated even in the central collisions of these nuclei offers
possibility to study the mechanisms forJ/c suppression
from their final azimuthal distribution@31#. Also, it has been
shown in Ref.@32# that the orientation of deformed nucle
does play a role in the collisions at AGS energies, the ma
mum nuclear density reached in the initial stage is hig
~about 38%! and also lasts longer if the major axes of bo
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nuclei are along the beam direction~tip-tip! than if they are
perpendicular to the beam direction~body-body!. In high en-
ergy density matter,J/c is dissociated due to either colo
screening if the matter is a quark-gluon plasma or the co
electric field if it is a string matter. In both cases, we exp
that J/c suppression will be more appreciable in the tip-
collision than in the body-body collision. In this article, w
shall report the results of our study of this effect in U-
collisions at SPS energies using a hadron-string casc
model, JPCIAE@24,26#, which has been shown to give
satisfactory description of theJ/c suppression data from col
lisions of spherical nuclei at SPS energies. As we shall sh
below, because of increasing energy density and collis
time, a more pronouncedJ/c suppression due to the colo
electric dissociation is indeed seen in the tip-tip collisi
than in the body-body collision.

The JPCIAE model is an extension of the LUND strin
model@33# to includeJ/c production and absorption. In thi
model, a nucleus-nucleus collision is depicted as a supe
sition of hadron-hadron collisions. If the center-of-mass e
ergy of a hadron-hadron collision is larger than certain val
e.g.,>4 GeV, thePYTHIA routines are called to describe th
interaction. Otherwise, it is treated as a conventional tw
body interaction as in the usual cascade model@34–36#. Fur-
thermore, for hadron-hadron collisions with center-of-ma
energy above 10 GeV, aJ/c is produced using thePYTHIA

routines through the reaction

g1g→J/c1g, ~1!

whereg denotes gluons in a hadron. Final-state interactio
among produced particles and the participant and spec
nucleons are taken into account by the usual cascade m

Mechanisms forJ/c suppression in the JPCIAE mode
include the hadronic absorption by both baryons and mes
the energy degradation of leading nucleons, and the disso
tion of theJ/c precursor state ofcc̄ pair in the color electric
field of strings @26#. The total J/c suppression factor in
JPCIAE is thus given by

Stot
J/c5Sabs

J/c3Sdeg
J/c3Sdis

J/c , ~2!

whereSabs, Sdeg, andSdis denote, respectively, the suppre
sion factor due to the above three mechanisms. We note
©2000 The American Physical Society05-1
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the first two mechanisms have also been employed rece
in Ref. @28# to studyJ/c production in proton-nucleus col
lisions at the Fermilab energies. Details of the JPCI
model can be found in Refs.@24,26#.

For the U-U collision, the initial distribution of the pro
jectile and target nucleons is assumed to be uniform ins
an ellipsoid @32# with a major semiaxisa5R(112d/3)
58.4 fm and a minor semiaxisb5R(12d/3)56.5 fm if we
use a deformation parameterd50.29 and an equivalen
spherical radiusR57.0 fm @37#. Other parameters in th
model are kept the same as before@24,26#, i.e., t
51.2 fm/c for the proper formation time of produced pa
ticles,sJ/c2B

abs 56 mb andsJ/c2M
abs 53 mb for theJ/c absorp-

tion cross sections by baryons and mesons, respectively,
cs56.031027 GeV21 for the effective color electric disso
ciation coefficient which was determined from fitting theJ/c
suppression data from the Pb-Pb collision at 158A GeV/c
@26#.

In Fig. 1, we show by solid circles the calculated totalJ/c
suppression factor in central U-U collisions at 200A GeV/c
for different orientations of the colliding nuclei. The resu
labeled by body-body~B-B!, tip-body ~T-B!, and tip-tip
~T-T! correspond, respectively, to collisions in which bo
minor, one major and one minor, and both major axes of
projectile and target nuclei are parallel to the beam direct
For comparison, we also show the results from treating a
ficially both nuclei as spherical~S-S!. We see that theJ/c
survival probability decreases as the orientation chan
from B-B to S-S, to T-B, and to T-T. This result can b
understood qualitatively from the dependence of the pas
time between the two colliding nuclei and the number
participant nucleons on their orientation@30,38#. For central

FIG. 1. J/c suppression factor in central U-U collisions
200A GeV/c and different orientations: triangles for the nucle
absorptionSabs, inverted triangles for the energy degradationSdeg,
squares for dissociation by the color electric fieldSdis , and solid
circles for the total suppression factorStot .
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collisions, while the number of participant nucleons is ess
tially the same for the four collision geometries, the nucle
passing times are, however, different. For the B-B, S-S, T
and T-T collisions, the nuclear passing times are appro
mately given bytB-B52b/(bg), tS-S52R/(bg), tT-B5(a
1b)/(bg), and tT-T52a/(bg), respectively. In the above
b andg are, respectively, the velocity and Lorentz factor
the nucleon-nucleon center-of-mass frame. Relative to
passing time for the collision of spherical nuclei, the follow
ing ratio is obtained:tB-B:tS-S:tT-B:tT-T50.93:1.0:1.07:1.2.
The 28% decrease in theJ/c suppression factor for the T-T
collision compared to that for the B-B collision, as shown
Fig. 1, is close to the 30% difference between the pass
time in these collisions. The effect of orientation on each
the J/c suppression mechanisms is also shown in Fig. 1
triangles forSabs, inverted triangles forSdeg, and squares for
Sdis. It is seen that the hadronic absorption is increased
about 21% in the T-T collision than in the B-B collision
Effects due to the energy degradation of leading nucle
only leads to a 5% more suppression in the T-T than in
B-B collision. This small orientation effect results from th
fact thatJ/c ’s are mainly produced in first nucleon-nucleo
collisions. No orientation effect is seen from the dissociat
by the effective color electric field of strings. That is becau
in Ref. @26# the dissociation probability ofJ/c precursor
state ofcc̄ pair in initial dense string matter was assum
simply to be depending on the incident energy, central
and size of collision system as

Pd5csAsNNe2(b/RL)2
AB ~3!

(Sdis
J/c512Pd), whereAsNN is the initial center-of-mass en

ergy of two colliding nucleons,b is the impact parameter o
the nucleus-nucleus collision, andRL is the radius of the
larger of the projectile and target nuclei with atomic numb
A andB, respectively@26#. The above dissociation probabi
ity is proposed based on the continuous excitation picture
strings in LUND model. The color electric field is built u
along a string through binary nucleon-nucleon~or nucleon-
string is string-string! collisions. The more such collisions
string experiences, the stronger color electric field will
formed along the string, thus the more likely aJ/c would be
dissociated by such a color electric field. Therefore it is e
pected that the higher the initial energy density the more
J/c suppression. However, the above parametrization,
~3!, does not respond well to this point. A simple recipe, f
the moment, is considering via the dissociation coefficien
Eq. ~3!. In the above calculations we have used the sa
dissociation coefficient as in Eq.~3!, irrespective of the fact
that energy density reached in initial string matter might
different with respect to different orientations of the colli
ing nuclei. In order to take into account the dependence
the dissociation coefficientcs on the collision geometry, we
first show in Fig. 2 the energy density determined from t
JPCIAE model for a spherical volume with a radius of 2 f
and located at the center of the target nucleus as a functio
time, which starts when the first nucleon-nucleon collisi
occurs. The energy density reached in the T-T collision
about 35% higher than in the B-B collision. We thus mul
5-2
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ply the effective color electric dissociation coefficientcs
used previously for collisions of spherical nuclei by the re
tive increase in the maximum energy density, i.e., 1.2, 1
and 0.93 for the T-T, T-B, and B-B collisions, respective
Results from using the modified color dissociation coe
cients are shown in Fig. 3. We see that this leads to a m
pronounced dependence of the color dissociation mecha
on the nuclear orientation than that of both the nuclear
sorption and energy degradation effects. As a result,J/c

FIG. 2. Time evolution of central energy density in the U-
collision at 200A GeV/c.

FIG. 3. Same as Fig. 1 but with an effective color electric d
sociation coefficient that depends on the initial energy density.
the text for details.
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suppression in the T-T collision is now twice as strong as
the B-B collision. This will be useful in verifying the forma
tion of a nonhadronic dense matter in the initial stage
relativistic nucleus-nucleus collisions once the orientation
the colliding nuclei is known. TheET dependence of theJ/c
suppression factor in central U-U collisions at 200A GeV/c
is given in Fig. 4 for the different orientation of colliding
nuclei by different solid labels: circles for T-T, triangle fo
T-B, squares for S-S, and inverted triangles for B-B. In F
4 the upper-left panel is for totalJ/c suppression factorStot ,
upper-right forSdis, lower-left for Sdeg, and lower-right for
Sabs. The neutralET here is counted with NA38h cut (1.7
<h<4.1). One sees from the upper-left panel of Fig. 4 th
the ET spectrum of the totalJ/c suppression factor,Stot ,
becomes lower and lower as the orientation changes f
B-B to S-S to T-B, and to T-T. From the comparison amo
the other three panels one knows further that the above
havior is even more pronounced in spectraSdis than in Sabs
and in Sdeg. This supports again the prediction that expe
ments with U-U collisions can also help to discriminate d
ferent mechanisms ofJ/c suppression@30#. The ET spectra
of Sdegare all nearly flat due to fact that theJ/c ’s are mainly
produced in first nucleon-nucleon collisions. There are sa
rations that show up in theET spectra ofSabs, as the predic-
tion of conventional hadronic absorption models, atET
above 200 GeV. However, theET spectra ofSdis are falling
down monotonously for the most central collisions. In t
panels of Fig. 4 the largestET data points are all correspond
ing to the central collisions~b50! in different orientations of
the colliding nuclei. The largestET reached in T-T is abou
10% larger than that in B-B. The largestET reached in T-B,
S-S, and B-B are nearly the same within fluctuation.

In summary, a hadron and string cascade model, JPCI
has been used to study the orientation effect of deform

-
e

FIG. 4. ET dependence of theJ/c suppression factor in centra
U-U collisions at 200A GeV/c for the different orientation of col-
liding nuclei by different solid labels: circles for T-T, triangle fo
T-B, squares for S-S, and inverted triangles for B-B. The upper-
panel is forStot , the upper-right forSdis , the lower-left forSdeg,
and the lower-right forSabs.
5-3
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nuclei onJ/c suppression in U-U collisions at 200A GeV/c.
A 35% higher initial energy density and a factor of two mo
J/c suppression are found in collisions if the major axes
both nuclei are along the beam direction than if they
perpendicular to the beam direction. Moreover, we ha
found a much more pronounced orientation effect onJ/c
suppression by the color electric dissociation than by
hadronic absorption and the energy degradation of lead
nucleons. The study ofJ/c suppression in collisions of de
formed nuclei will thus help find the signature for the form
tion of a quark-gluon plasma in relativistic nucleus-nucle
collisions. Of course, this study is still very preliminar
many related issues need to be investigated further, e.g.,
to determine the orientation of a deformed nucleus exp
mentally, etc. However, the theoretical study in this pa
J

t. B
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might encourage one to explore the mechanism ofJ/c dis-
sociation in color electric field and its orientation depe
dence in more detail.
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