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Does the orientation of a deformed nucleus play a role id/ s suppression?
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Using a hadron-string cascade model, JPCIAE, we study the effect of the orientation of deformed nucleus on
J/ ¢ suppression in the central collision of uranium bombarding with uranium ad2BéV/c. We find that the
J/ 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 numbse(s): 25.75.Dw, 24.10.Lx, 24.85:p, 25.75.Gz

Because of color screenind) s is expected to dissociate nuclei are along the beam directiip-tip) than if they are
in the quark-gluon plasmdQGP formed in relativistic ~ perpendicular to the beam directi@mody-body. In high en-
heavy ion collisiond1]. The resulting suppression dfy  ergy density matter)/y is dissociated due to either color
production in these collisions has been one of the most stuccreening if the matter is a quark-gluon plasma or the color
ied signals for the formation of the quark-gluon plasma. Ex-electric field if it is a string matter. In both cases, we expect
periments at CERN have indeed shown that production ~ thatJ/y suppression will be more appreciable in the tip-tip
is reduced in both proton-nucleig] and heavy ion colli- collision than in the body-body collision. In this article, we
sions[3,4] compared to that expected from the superpositiors"all report the results of our study of this effect in U-U

of proton-proton collisions at same energies. For coIIisions,CO"(ijISi?ns at SPS energiﬁ_s h“iing k? hadrr(])n-string cascade
involving light projectiles such as p-A2], O-U, and S-u  MOd€l, JPCIAE[24,28, which has been shown to give a

collisions [3], conventional mechanisms dfy absorption satisfactory description of th# s suppression data from col-

by nucleong5,6] and comover§7—16 seem to be sufficient lisions of spherical nuclei at SPS energies. As we shall show
e o . below, because of increasing energy density and collision
in accounting for the measured suppression. On the Oth%rme a more pronouncedl i suppression due to the color

han'd', in collisions with heavy projectiles such as the Pb'P%Iectric dissociation is indeed seen in the tip-tip collision
collision [4], whether the measured anomalously 1a8§¢ 1o in the body-body collision.

suppression _in central_colli_sions can be explained by had- The JPCIAE model is an extension of the LUND string
ronic absorption alone is still under deb@l&’—19, and ex-  model[33] to included/y production and absorption. In this
planations based on QGP effects have also been proposgghdel, a nucleus-nucleus collision is depicted as a superpo-
[12,13,16,20,21L sition of hadron-hadron collisions. If the center-of-mass en-
To study microscopically)/ s production and absorption ergy of a hadron-hadron collision is larger than certain value,
in heavy ion collisions, transport models have been used g. =4 GeV, theryTHIA routines are called to describe this
[22—-29. Although there are differences among them, it hasnteraction. Otherwise, it is treated as a conventional two-
been commonly found that the explanation of anomalousbody interaction as in the usual cascade m§@é+36. Fur-
J/y suppression in Pb-Pb collisions needs to introduce newhermore, for hadron-hadron collisions with center-of-mass
mechanism besides hadronic absorptions. It has been four@;ﬁergy above 10 GeV, & ¢ is produced using theyTHIA
in Refs.[25,26 that the inclusion of dissociation of the pre- rgutines through the reaction
JIy cc state by the color electric field in the initial dense
matter can also explain the anomalalig/ suppression in g+g—J/y+ag, (1)
Pb-Pb collisions. Whether a QGP is formed in heavy ion
collisions at CERN SPS is still needed to have further studwhereg denotes gluons in a hadron. Final-state interactions
ies. One suggestion is to studyy production in collisions among produced particles and the participant and spectator
of deformed nucle[30] as the large spatial anisotropy cre- nucleons are taken into account by the usual cascade model.
ated even in the central collisions of these nuclei offers the Mechanisms forJ/¢ suppression in the JPCIAE model
possibility to study the mechanisms fdfy suppression include the hadronic absorption by both baryons and mesons,
from their final azimuthal distributiof31]. Also, it has been the energy degradation of leading nucleons, and the dissocia-
shown in Ref.[32] that the orientation of deformed nuclei tion of theJ/ precursor state afc pair in the color electric
does play a role in the collisions at AGS energies, the maxifield of strings[26]. The total J/ suppression factor in
mum nuclear density reached in the initial stage is highedPCIAE is thus given by
(about 38% and also lasts longer if the major axes of both

/ / / /
Slot'//: S;bl/sjzx S(]ieléx Sélé:p ' (2)
*Electronic address: sa@kogroup.tamu.edu; whereS,,s, Syeg: @aNd Sy denote, respectively, the suppres-
sabh@iris.ciae.ac.cn sion factor due to the above three mechanisms. We note that

0556-2813/2000/62)/04490%4)/$15.00 62 044905-1 ©2000 The American Physical Society



SA BEN-HAO AND TAI AN PHYSICAL REVIEW C 62 044905

collisions, while the number of participant nucleons is essen-
1L Sy " Sdeg R=7 fm | tially the same for the four collision geometries, the nuclear
s S . g a=1.2R passing times are, however, different. For the B-B, S-S, T-B,
- abs dis b=0.93R and T-T collisions, the nuclear passing times are approxi-
' mately given byt®B=2b/(B7v), t5S=2R/(BY), t"B=(a
+b)/(By), andt™T=2a/(By), respectively. In the above,
v v v | B and vy are, respectively, the velocity and Lorentz factor in
the nucleon-nucleon center-of-mass frame. Relative to the
passing time for the collision of spherical nuclei, the follow-
ing ratio is obtainedt®B:t5S:t7-8:t77=0.93:1.0:1.07:1.2.
The 28% decrease in thi# ¢ suppression factor for the T-T
4 collision compared to that for the B-B collision, as shown in
A Fig. 1, is close to the 30% difference between the passing
time in these collisions. The effect of orientation on each of
the J/ ¢ suppression mechanisms is also shown in Fig. 1 by
triangles forSy,s, inverted triangles foBye4, and squares for
S4is- It is seen that the hadronic absorption is increased by
about 21% in the T-T collision than in the B-B collision.
0 Effects due to the energy degradation of leading nucleons
B-B S-S T-B T-T only Ieads_, to a 5% more suppression in the T-T than in the
B-B collision. This small orientation effect results from the
FIG. 1. J/¢ suppression factor in central U-U collisions at fact thatJ/’s are mainly produced in first nucleon-nucleon
200A GeV/c and different orientations: triangles for the nuclear collisions. No orientation effect is seen from the dissociation
absorptionS,y,s, inverted triangles for the energy degradati®jy, by the effective color electric field of strings. That is because
squares for dissociation by the color electric fi€gs, and solid in Ref. [26] the dissociation probability of/¢ precursor
circles for the total suppression fact8; . state ofcc pair in initial dense string matter was assumed

, . simply to be depending on the incident energy, centrality,
the first two mechanisms have also been employed recently,q size of collision system as

in Ref. [28] to studyJ/¢ production in proton-nucleus col-
lisions at the Ferm|_lab energies. Details of the JPCIAE Pd:CS\/ﬁe*(b/RL)ZAB @)
model can be found in Ref§24,24.

For the U-U collision, the initial distribution of the pro- (sgi{sﬁbz 1-Pg), wherey/syy is the initial center-of-mass en-
jectile and target nucleons is assumed to be uniform insidgrgy of two colliding nucleonsy is the impact parameter of
an ellipsoid [32] with a major semiaxisa=R(1+246/3)  the nucleus-nucleus collision, arR| is the radius of the
=8.4 fm and a minor semiaxis=R(1—-6/3)=6.5 fmif we  |arger of the projectile and target nuclei with atomic number
use a deformation parametei=0.29 and an equivalent A andB, respectively[26]. The above dissociation probabil-
spherical radiusR=7.0 fm [37]. Other parameters in the ity is proposed based on the continuous excitation picture of
model are kept the same as befof84,26, i.e., 7  strings in LUND model. The color electric field is built up
=1.2 fm/c for the proper formation time of produced par- along a string through binary nucleon-nucle@m nucleon-
ticles,a5fs_g=6 mb ando3;_\,=3 mb for thed/ absorp-  string is string-string collisions. The more such collisions a
tion cross sections by baryons and mesons, respectively, astring experiences, the stronger color electric field will be
cs=6.0x10"" GeV ! for the effective color electric disso- formed along the string, thus the more likelj/as would be
ciation coefficient which was determined from fitting they ~ dissociated by such a color electric field. Therefore it is ex-
suppression data from the Pb-Pb collision at A58eV/c pected that the higher the initial energy density the more the
[26]. J/¢ suppression. However, the above parametrization, Eg.

In Fig. 1, we show by solid circles the calculated tatel  (3), does not respond well to this point. A simple recipe, for
suppression factor in central U-U collisions at 20GeV/c  the moment, is considering via the dissociation coefficient in
for different orientations of the colliding nuclei. The results Eqg. (3). In the above calculations we have used the same
labeled by body-body(B-B), tip-body (T-B), and tip-tip  dissociation coefficient as in E3), irrespective of the fact
(T-T) correspond, respectively, to collisions in which both that energy density reached in initial string matter might be
minor, one major and one minor, and both major axes of thaifferent with respect to different orientations of the collid-
projectile and target nuclei are parallel to the beam directioning nuclei. In order to take into account the dependence of
For comparison, we also show the results from treating artithe dissociation coefficierttg on the collision geometry, we
ficially both nuclei as sphericdls-S. We see that thd/  first show in Fig. 2 the energy density determined from the
survival probability decreases as the orientation change3PCIAE model for a spherical volume with a radius of 2 fm
from B-B to S-S, to T-B, and to T-T. This result can be and located at the center of the target nucleus as a function of
understood qualitatively from the dependence of the passintime, which starts when the first nucleon-nucleon collision
time between the two colliding nuclei and the number ofoccurs. The energy density reached in the T-T collision is
participant nucleons on their orientatif80,38. For central about 35% higher than in the B-B collision. We thus multi-
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FIG. 4. E dependence of th&/ ¢ suppression factor in central
U-U collisions at 20@& GeV/c for the different orientation of col-
liding nuclei by different solid labels: circles for T-T, triangle for
T-B, squares for S-S, and inverted triangles for B-B. The upper-left
panel is forSy,, the upper-right forSys, the lower-left for Syeg,

FIG. 2. Time evolution of central energy density in the U-U and the lower-right foiSyys.
collision at 20\ GeVi/c.

. . . - suppression in the T-T collision is now twice as strong as in
ply the effective color electric dissociation coefficiest e g_g collision. This will be useful in verifying the forma-

used previously for collisions of spherical nuclei by the reIa—tion of a nonhadronic dense matter in the initial stage of

tive increase in the maximum energy density, i.e., 1.2, 1.07, R - ; .
and 0.93 for the T-T, T-B, and B-B collisions, respectively. relativistic nucleus-nucleus collisions once the orientation of

Results from using the modified color dissociation coeffi-the colliding nuclei is known. Th&r dependence of th/y

cients are shown in Fig. 3. We see that this leads to a morg PPression factor n Ce””a!' U-U coll!smns. at ”Ge\.”c_
IS given in Fig. 4 for the different orientation of colliding

pronounced dependence of the color dissociation rT]GChanisnmuclei by different solid labels: circles for T-T, triangle for
on the nuclear orientation than that of both the nuclear ab= y ) ’ 9

: . T-B, squares for S-S, and inverted triangles for B-B. In Fig.
sorption and energy degradation effects. As a reslil 4 the upper-left panel is for totdl s suppression factd®,;,

upper-right forSg;s, lower-left for Syeg, and lower-right for
eS vS R=7 fm S.ps: The neutralEt here is counted with NA38 cut (1.7
1r tot deg a=1.2R 7 < p=<4.1). One sees from the upper-left panel of Fig. 4 that
|4 S " S ' | the E; spectrum of the totall/ s suppression factor$,,
b=0.93R becomes lower and lower as the orientation changes from
B-B to S-S to T-B, and to T-T. From the comparison among
v v v the other three panels one knows further that the above be-
7 havior is even more pronounced in specig than in S,
and in Syeq. This supports again the prediction that experi-
ments with U-U collisions can also help to discriminate dif-
ferent mechanisms af/ ¢ suppression30]. The E; spectra
of Syegare all nearly flat due to fact that tldéy/’s are mainly
produced in first nucleon-nucleon collisions. There are satu-
rations that show up in thE; spectra ofS,,, as the predic-
tion of conventional hadronic absorption models, B
above 200 GeV. However, the; spectra ofSy;s are falling
° down monotonously for the most central collisions. In the
A . 1 panels of Fig. 4 the large&; data points are all correspond-
ing to the central collisiong=0) in different orientations of
the colliding nuclei. The largedE; reached in T-T is about
B-B S-S T-B T 10% larger than that in B-B. The largest reached in T-B,
FIG. 3. Same as Fig. 1 but with an effective color electric dis-S-S, and B-B are nearly the same within fluctuation.
sociation coefficient that depends on the initial energy density. See In summary, a hadron and string cascade model, JPCIAE,
the text for details. has been used to study the orientation effect of deformed
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nuclei onJd/ ¢ suppression in U-U collisions at 2@0GeV/c.

PHYSICAL REVIEW C 62 044905

might encourage one to explore the mechanisnd/ef dis-

A 35% higher initial energy density and a factor of two more Sociation in color electric field and its orientation depen-

J/ suppression are found in collisions if the major axes o

fdence in more detail.
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