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The experimental ratio ofy’ to J/¢ is approximately a constant ipA collisions, but decreases as
the transverse energy increases in nucleus-nucleus collisions. These peculiar features can be explained
as arising from approximately the samie-baryon absorption cross section #f and.J /¢ but greater
disruption probabilities fors’ than forJ /¢ due to the interaction of thec system with soft particles
produced in baryon-baryon collisions.

PACS numbers: 24.85.+p, 12.38.Mh, 25.40.Ve, 25.75.Dw

High-energy heavy-ion collisions have become the focusf one nucleon and the valence quark of the other nucleon
of intense research because of the possibility of producingull apart and the gauge field between them is polarized.
a deconfined quark-gluon plasma during such collision&luons are emitted at, and the system hadronizestat
[1,2]. The J/4 suppression has been suggested as @he shape of the rapidity distribution of produced gluons
way to probe the screening between a charm quark witshould be close to that of the produced hadrons. Thus,
its antiquark partner in the plasma [3]. While thig¢yy  produced gluons are found predominantly in the central
suppression has been observed [4,5] as predicted, thmepidity region. Because we shall use théy (or ')
phenomenon can be explained by the absorption model [6production rate in a nucleon-nucleon collision as a unit
8], which was actually introduced earlier [9] to measureof reference, it is not necessary to include explicitly the
the total y-N cross section using /¢ suppression. In interaction of the incipientc system with gluons and
the model of Gerschel and Hufner [6], the collision of their hadronized products in the same nucleon-nucleon
a J/y particle with baryons of the colliding nuclei may collision, when we studypA and nucleus-nucleuéAB)
lead to the breakup of thé&/s into an open-charm pair. collisions.

One can alternatively descriigys suppressioninterms of ~ The space-time diagram for a typicai collision is

the interaction of theg /¢ particle with produced hadrons depicted schematically in Fig. 1(a). The trajectory of an
(comovers) [7,8]. A comparison of the production of incipientcc pair, which is produced predominantly in the
' with J/¢ has been suggested to distinguish betweementral rapidity region of the colliding baryons, does not
deconfinement and absorption [10]. cross the trajectories of soft particles produced in earlier

The NA38 experimental measurements using protonsr later collisions. Therefore, there is little interaction
and heavy ions a200A and450A GeV reveal three fea- between the produceer system and these soft particles.
tures [11,12]: (1))'/4 is approximately a constant pA ~ However, thecc system collides with baryons crossing
collisions, independent of energies, {2)/ decreases as its trajectory to lead to the breakup of th& system
the transverse energy» increases in SU collisions, and into DDX. Such a reaction requires the production of
(3) '/ for SU collisions is about 0.5 of that fopA  at least one light-quark pair and is an inelastic process. In
collisions. The first feature, further supported by otherthe collision a200A GeV, thecc rapidities are separated
pA experiments [13], implies that ipA collisions ' is  from the baryon rapidities by about two units and the
suppressed in the same wayas We would like to de- reaction cross section can be calculated in the additive
scribe an absorption model with, ps(4'N) = oaps (W N)
and with additional soft-particle disruption to explain all
three features of the phenomenon.

The production of/ /¢ or ¢’ occurs by the interaction
of the partons of one baryon with the partons of the other
baryon. The incipientcc pair is created with a radial
dimension of the order of0.06 fm atr.. Itis necessary
for the incipientcc system to evolve to the bound state
rms radius of 0.24 fm fogy at 7, and 0.47 fm fory’ at b
ty [14,15]. Becausd /¢ is produced predominantly in @) (b)
the central rapidity region [16], the incipiert pair is FIG. 1. Schematic space-time diagram in the nucleon-nucleon
produced predominantly in the central rapidity region. ~ center-of-mass system, with the time axis pointing upward.

In soft-particle production in a baryon-baryon collision, (a) pA collision and (b) amB collision. The trajectories of the

. Biorken’s insid tsid de pict 17qaryons are given as solid lines, the trajectories of an incipient
we envisage Bjorken'’s inside-outside cascade picture | dc system produced in some of the collisions are represented by

or Webber’s picture of gluon branching [18] agi@nd a  thick dashed lines and the trajectories of soft particles produce
¢ (or a diquark) pull apart. After the collision, the diquark in some of the baryon-baryon collisions by thin dashed lines.
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guark model (AQM) [19], whose approximate validity the process of absorption due to #ebaryon interaction
and connection with soft Pomeron exchanges have beds the same inpA as in AB collisions. However, there
reassessed recently [20]. Using the Glauber theory andare collisions, such as the onesiatand F in Fig. 1(b),
Gaussian thickness function, the totatbaryon inelastic where the trajectories of incipienfc systems produced
cross section in the AQM is given by Eq. (12.27) of there cross the trajectories of the produced soft particles.
Ref. [2]: It is necessary to consider the additional interaction of the
6 cc systems with soft particles iAB collisions but not in
Tabs(c€ — N) = =27 > Z <6> (=f)"/n, (1) pAcollisions. Because thec systems and the gluons (or
n their hadronized products) are produced predominantly in
the central rapidity region, their rapidities are not much
where f = o.,/B* = ch/277(,335 + By + qu), 0.,  separated and their relative kinetic energies are not large.
is the inelastic cross section for the collision of(or At these low energies, the absorption of a produced gluon
?) and a constitueny of the baryon/38.z and~/3By by the cc system, the screening ef from ¢ by gluons,
are the rms radii of thec and the baryon, respectively, and the inelastic gluon scattering which excites tize
and 8., is thec-g interaction range. We find below that system to higher levels will contribute to the breakup of
Taps(WN) = 42 mb. Takingy/3B8y = 0.74 fm [21] and  the c¢ system. As gluons carry color, the cross sections
neglectingf.,, we obtain from Eq. (1p., = 0.753 mb,  for these breakup processes increase with the color dipole
which leads too,u(¢/'N) = 4.27 mb, and o,s(cc — moment of ¢¢, which is proportional to the separation
N) = 4.17 mb for the initial cc at \/5,805 = (.06 fm. betweenc and ¢. Furthermore, the threshold fop’
Thus, the absorption cross section is approximately thereakup is small compared to those fipand y;,. Thus,
same for anycc state during all stages of its evolution the breakup probability for ac(¢') system due tae-
becaus&o., < 27 (2. Consequently, ipA collisions,  gluon interactions at low energies is greater than those for
' is suppressed in the same way @sand ¢/'/¢ is  J/¢ andy.
a constant independent of and collision energies, in The hadronized product (comovers) of the produced
agreement with experimental observations. gluons can interact with//¢ and ' to lead to their
The approximate equality of the absorption cross secbreakup [7,8]. The breakup @f’, ., andJ/y into DD
tions for differentcc states is supported by the experimen-require the threshold energy of 52200, and 640 MeV,
tal ratio o1 (¥'N)/owu1(WN) ~ 0.75100.86 + 0.15,  respectively. Incc-hadron interactions at low energies
for /s ranging from 6.4 to 21.7 GeV, as deduced frombelow thresholds//¢ and y cannot be broken up by
the photoproduction of vector mesons [22,23]. It implieslow energy pions. Above the thresholds, the interaction
that a small incipientc system is not transparent to the is mediated by a color gluon exchange which probes the
hadron medium, in agreement with the absence of colocolor dipole moment of thec system. Thus, the breakup
transparency for small hadron systems as indicated by exrobability due tocc-hadron interactions at low energies
perimental data i(e, e’ p) reactions at highp? [24]. is also larger for they’ system than those for th&/y
To studyAB collisions, we adopt a row-on-row picture and y systems. This is different from the higher-energy
and consider a typical row with a cross section of the(Pomeron-exchange dominated) Glauber case discussed
size of the nucleon-nucleon inelastic cross sectinp,=  earlier whereyy’ and J/¢ have about the same inelastic
29.4 mb. The space-time diagram of the collision can bebaryon cross sections.
depicted schematically in Fig. 1(b). The trajectories of the Assuming straight-line space-time trajectories and uni-
cc system cross the trajectories of colliding baryons, andorm distribution of baryons in nuclei, we find

do-z//N(b) _ ] dby

———{1 = [1 = Ta(ba)Tars N H1L = [1 = Tp(b — ba)oansWN)P}F(ba),  (2)
Udbs(wN)

0'¢Ndb

where T4(bs) is the thickness function oA and the| obtained by simple counting to be
disruption factorF (b,) is

N aln)=2 forn=1,2,...,No — 1, and
Flby) = s 2. alo) a(n<) = No = No + 1. (@)
il il In Eq. (3), we have assumed that wher@y) system
X Zexp{—e D (kyetly + kantl)){- () is produced in thejth collision and soft particles are
=1 J=Li# produced at the same spatial location in tttecollision,

Here, N-~(bs) and N-(b,) are the greater and the the bound state survwal probablllty is related to the
smaller of the (rounded-off) numbers of target nucleongjluon interaction tlmet by e 0kt +knts) , wherek,,
ATa(bs)on and projectile nucleon®8Tg(b — bs)oy, in andk,, are rate constants averaged over the interaction
the row atb, with the cross section ofr,, anda(n) is  history of thecc(i) system. The interaction times, which
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must be non-negative, are 10° ; . T T

=t + ty — Max(t; + to.t; + 12), (5) 9t ® NA3

1=ty + 1y — Max(t; + ty,t; + 1), (6) 8r O NA38 1
where t; = t; + (i — 1)2myd/+/s, my is the nucleon 7t pA .
mass,d (= 1.93 fm) is the internucleon separation in a s | ———— AB (AandB) |
nucleus,./s the nucleon-nucleon center-of-mass energy s A B (C)
andt, is the freeze-out time. In Eq. (3), the step func- 5| -

tion 0 = @(ATA(bA)O'in - 1)®(BTB(b — bA)O'in -
1)®(A — 1)O(B — 1) is introduced to ensure that there
is no soft-particle disruption inpA collisions. The
expressions for the production af’ can be obtained
from Egs. (2)—(6) above by changing into «'. For
simplicity, we do not treaty;, separately so that the 3 2
extracted parameters are actually for/a¢” system with =
the observeds:y = 62:30 mixture [25].

It is not yet possible to ascertain the exact nature of al
suppression mechanisms B collisions because of
the uncertainties in the reaction cross sections (se
below) and the characteristics of produced gluons
Besides the cc-baryon absorption, the suppression
can be attributed to (A) produced gluons, (B) both
produced gluons and hadrons, (C) produced hadrons (i

/AB (1b)

in the comover model [7,8]), or deconfined matter - . . .
with no baryon absorption [26]. In our model, with 2.0 4.0 .60 8.0 10.0
Tabs(WN) = oa05(f'N) = 42 mb fixed by pA data A +B

and a set of plausible time parameters = 0.1, FIG.2. The quantityBo7/,/AB as a function ofd!/* + B'/3
tp = 1.2, ty = 3, andt.z = 0.06 (in units of fm/c), we  for pA and AB collisions. The data points are from the

obtain results calculated with rate constants ¢jffm)  NAS3 Collaboration [27] and the NA38 Collaboration [S]._ The
(A) kyg =02, kyg =3, kyn=kyn =0 (gluon solid curve gives theoretical results fgrA collisions. For
g < ‘s T O — Rp'h T

. Y ABcollisions, the theoretical results are shown as the long-
disruption only), (.B) kyg =02, kyg =1, kyn =0,  dashed curve for cases (A) and (B) and as the dotted curve
kyn =1 (gluon disruption forJ/¢ but gluon and for case (C).

hadron disruption fory’), and (C) ky, = ky, = 0.2,
kyn = 0.12, kyr, = 3 (hadron disruption only). For the ticles. To resolve the ambiguities, it is interesting to note
case when all impact parameters are summed ovefhat while heavy-quark production by hadron-hadron col-
the quantity Bo7,/AB is plotted as a function of lisions is inhibited by the Okubo-Zweig-lizuka rule, there
A3 + B3 in Fig. 2 for the three cases considered. Theis no such inhibition in gluon-gluon collisions. The fusion
presence of additional soft-particle disruption #B  of energetic gluons produced in different baryon-baryon
collisions relative topA collisions is consistent with collisions can lead to additional charm and strangeness
the experimental data in Fig. 2. To study’/¢  production [29] and may explain the enhanced charm and
data for SU coII|S|ons at200A GeV, we relate the dilepton production irAB collisions relative topA colli-
transverse energyEy approximately to the impact sions observed in [30].
parameter as given in Refs. [28] and [11], and the ratio For a mediumm whose constituents move with an av-
'/ is corrected for the feeding of /¢ by /. The erage velocityw,, with respect tacc(¢;), the rate constant
theoretlcal results forB'o(y')/Bo(y) as a function ky,, IS puvyoy,m, wherep,, = (dN, /dy)/mR31, is the
of EY for the cases of (A), (B), and (C) differ by contribution to the medium number density from a sin-
about 1% and are represented for simplicity by agle NN collision andoy,, is they;-m breakup cross sec-
single solid curve in Fig. 3. The theoretical ratio tion. The timet, is the mean point in the time when the
decreases with increasingy and coincides with the medium exists in the specified form; = (te + t5)/2 =
pA limit, in good agreement with data. When we 0.65 fm/c for gluons andry = (1, + t7)/2 = 2.1 fm/c
include all impact parameters, we obtain theoreticallyfor hadrons. We can estimajg, by taking dN,/dy =
[B'a(y)/Ba( /)Y /[B'a(y')/Ba(J /)P4 = 0.62  2dN,/dy = 2.3 andR, = 0.5 fm. We can estimate,,
for the three sets of parameters, approximately consistelly assuming that a produce gluon has a nidss 1 GeV
with the experimental ratio[B'o(y')/Bo(J/¥)PY/  [29]. At a temperaturel’ = 200 MeV, which is often
[B'o(y')/Ba(J /)P4 = 0.52 = 0.07 [11]. found in these nuclear collisions, the most probably ve-
The parameter sets in (A)—(C) suggest greater disrudecity isv,, = +/2kT /M = 0.6 for gluons andv,, ~ 1 for
tion for ¢’ thanJ /4 due to their interaction with soft par- hadrons. Then, the rate const&pt, suggest approximate
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