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We discuss the negative Feynmamegime of the new data for the production of ti#¢ meson inpA
collisions at 450 GeV at CERN-SR®f the NA50 Collaboratiopn We extract from the CERN data(y’N)
~8 mb under the assumption that ti#& is produced as a result of the space-time evolution of a pointlike
pair which expands with time to the full size of the charmonium state. In the analysis we assume the existence
of a relationship between the distribution of color in a hadron and the cross section of its interaction with a
nucleon. However, our result is rather sensitive to the pattern of the expansion of the wave packet and
significantly larger values af(i/'N) are not ruled out by the data. We show that recent CERN data confirm the
suggestion of Gerlanét al. [Phys. Rev. Lett.81, 762 (1998; Nucl. Phys. A663, 1019 (2000] that color
fluctuations of the strengths in charmonium-nucleon interaction are the major source of suppressiatiyof the
yield as observed at CERN in bofiA and AA collisions.
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I. INTRODUCTION [6,7] it is known that the different charmonium statég, x,
andy’) have different spatial sizes. The average relative dis-
The aim of the present paper is to show that the theorettances\(r2> with <r2) JW2(r)r’d®r of the QQ pairs are
ical description of the production and annihilation yield of V<r2>w_o 38 fm, \<r2> =0.57 fm, and\<r2>¢,,—0 76 fm for
particles with hidden charm, which accounts for color fluc-the wave funcnons]f(r) of Ref. [6].
tuations in charmonium-nucleon interactions, agrees with The relation between the spat|a| size of a color d|p0|e and
new data of the NA5S0 Collaboratidid] who observed quite the interaction cross section was found in pQED for a
different J/y- and ¢'-nucleon cross sections. Analogous re-spatially small dipole as another form of the QCD evolution
sults have been found at negative Feynmdwg) in proton-  equations. It will be shown in Sec. Il E that the charmonium-
nucleus collisions at 800 GeV at Fermilab by the E866 Col-nucleon cross section predicted from pQCD is significantly
laboration[3]: Both experiments found that the charmonium- smaller than the measured ones. We concluded in [Rgf.
nucleon cross section is smaller in the target fragmentatiothat these cross sections are dominated by nonperturbative
region than at midrapidity. This is in good agreement withcontributions. A plausible parametrization within the con-
models that assume that tigé is produced due to a space- stituent quark model for this soft contribution is reviewed in
time evolution of colorless, pointlikec pairs, which expands Sec. Il D.
with time to its full size and that there exists a relationship In Ref.[2] it was shown that the production df/'s in pA
between the distribution of color in a hadron and the crosgollisions can be understood if one takes into account the
section of its interaction with a nucleon. The agreement ofproduction and the subsequent decays of higher mass char-
this scenario with the negative Fermilab datg3] was first monium state resonancéy, ') into J/¢/s. Those higher
demonstrated in Ref2]. resonances have larger cross sections for the scattering off
The major new effect is that QCD predicts different inter- nucleons due to their larger spatial size. This leads to a sig-
action cross sections for the interaction of different charmonificant increase of the effective absorptionJof’s as com-
nium stategJ/y, ¢', and x) with usual hadrons due to their pared to the propagation of pudy states. In Ref{8] it was
different spatial size if the cross section is proportional to theshown also that the production dfy's in AA collisions is
distribution of color in the projectile. This relationship is additionally suppressed by the final state interaction of char-
proved in pQCD(perturbative QCID[4] as equivalent of the monium states with newly produced hadrons suchmis
QCD evolution equations and it is a plausible suggestion irp’s, and so on. These interactions of charmonium states with
the nonperturbative QCD regime, which assumes smootlight hadrons are predominantly soft in the SPS regime, be-
matching with pQCD predictions. If this is so, the cause they take place at lower energies than the collisions
/' -nucleon cross section is expected to be on the order of the&ith the initial nucleons.
interaction cross section of nucleons with mesons built of The positive Feynmar-regime, i.e., the fragmentation
light quarks, e.g., the or theK. region of the nucleus ipA collisions, is not a subject of this
It is a well-known fact that spatially larger hadrons havepaper. At higher energies the formation time of the charmo-
larger interaction cross sections. For example, the inelastinium states will be longer due to Lorentz dilatation. Then a
J/-nucleon cross section was found to be around 3.5 mb @iadronic description is no longer useful. In a kinematic re-
SLAC [5] while the inelastier-nucleon cross section at these gime where charmonium states are formed only aftercthe
energies is=20 mb. From charmonium models, e.g., in Refs.pair left the nucleus a partonic description is preferable. A
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model for the positive Feynman-regime was discussed The suppression fact@ of J/i's produced in the nuclear
elsewherdg9]. medium is calculated as

IIl. MODEL DESCRIPTION $=0.60.925"+0.085") +0.45". 3

SX are the respective suppression factors of the different pure
) ) ) charmonium stateX in nuclear matter. Equatio3) ac-
~ The suppression fact@ for the charmonium production  cqynts for the decay of higher resonances after they left the
in minimum biaspA collisions can be evaluated within the target nucleus intd/i’s. The fractions ofi/y/'s that are pro-

A. Semiclassical Glauber approximation

semiclassical approximatiaef. Ref. [10]) as duced in the decays of higher resonances in(Biare taken
o(pA—X) 1 from Ref.[12]. However, in Ref[12] it is assumed that the
S\=————=— J d’Bdz(B, 2) different charmonium states interact with nucleons with the
Ac(pN—X) A

same cross section, which is in disagreement with the data

* from Refs.[1,3].
xexp(—j a(XN)p(B, Z’)d2’>- (1) In line with the above discussion we want to stress that
z Egs.(1) and(3) are applicable at CERN energies for central
p(B, 2) is the local nuclear ground state dengitye used the and negative rapidities, but have to be modified if applied
standard parametrization from RL1]). o(XN) is the inter- ~ already aty., ~0 at RHIC or higher energies, because at
action cross section of the charmonium statewith a  higher energies charmonium states can be produced outside
nucleon. We want to draw attention to the fact that this cros®f the nucleus and thec pairs propagate through the whole
section changes with time due to the space-time evolution dfucleus without forming a hadron.
color fluctuations. Therefore, it is necessary to keepnder Data are often presented in the form
the integral. In principle one should deal with the expansion Toa= O A" )
effects on the amplitude level. However, numerically the dif- PAT TPt
ference is small on the scale of the uncertainties of the modFhe relation betwee and « is
eling of the effect. gz Al 5)
We make the standard assumption that the production of - '
cC pairs is a hard process and that the QCD factorization
theorem is applicable, similar to the Drell-Yan process. In B. Color fluctuations in charmonium rescattering

practice this means for Drell-Yan pair production tisat1, The first evaluations of(J/¢~N) have been obtained

+-) — +]-
be.causer(pA.—>I I")=A-a(pp—1"") for Drelly—Yan lepton by applying the vector dominance mod@®IDM) to J/¢ pho-
pairs. Deviations fromS=1 for the Drell-Yan process can toproduction data. This leads tey,y~1mb for E
result from nuclear effects on the parton distribution only, _5q Gev. However. the appIicationJ/(# the VDM Ieadlgcto a
which are neglected, because in the kinematics of SPS thf‘ﬁ/aradox[liﬂ - one’ obtainsa (' —N) = 0.701,(Jh—N)

are a small correction. However, in contrast to the dilepto ithough, on the other hand, = 2ry,, in charmonium mod-
pair produced in the Drell-Yan process, the charmoniurrﬁt: ’ I
p

states have strong final state interactions. They can be s
into open charmed hadrons by colliding with other hadrons
Therefore, 6<S<1 for the charmonium states.

s such as in Ref$7,6]. This clearly indicates that the char-
onium states produced in photoproduction are in a smaller
than average configuration. Therefore, the VDM significantly

- : underestimates(J/—N) and aio(' —N) [13].
The .S_l assumption on _the level of the charm_ q“f?‘.“‘ Note that the generalized VDM, which assumes that the
production leads to a restriction on the range of applicability

of the discussed model as the gluon distribution is modifiecgommant process is photoproduction of spatially snaall

) ) : airs and accounts for the space-time evolution of this pair,
at smallx due to the shadowing and antishadowing eﬁeCtSpredicts significantly large (¢ —N) [14].

g‘ite';he very least the requirement is that for very high ener- Indeed, theA dependence of théty production studied at
SLAC atE;,.~20 GeV exhibits a significant absorption ef-
me, fect [5] corresponding tar,,{J/¢y—N)=3.5+0.8 mb. It was
S 2 ’ (2)  demonstrated in Ref15] that, in the kinematic region at
XoXpMy . X
SLAC, the effects due to the space-time evolution of3hg
where xq~0.03 is in theregion where gluon shadowing are still small for the formation of/’s and lead only to a
sets in.xp is the Bjorkenx of the projectile. Fory.,=0  small increase of the value of,dJ//—N). So, in contrast to
the restriction corresponds tmO:mJ,Jfos, becausexp the findings at higher energies, at intermediate energies this
=Xr with x; the Bjorkenx of the target. In addition, as process measures tlgenuine Ji/—N interaction cross sec-
soon asx, of the nuclear gluon becomes small enough thetion at energies of-15-20 GeV[15]. However, the dynami-
cc pair is produced at a distancel/(2x,my) from the cal effect of the production of charmonium states in
interaction point and one has to take into account the evosqueezed configurations is still there. We account for this
lution of the pair before it reaches the interaction point.effect as due to the propagation of they and ¢’ system.
Hence the picture of the formation afc states in the Experimental evidence for this expansion was found, e.g., in
proton fragmentation region is qualitatively different from the photoproduction of charmonium states. This will be dis-
that in the nuclear fragmentation region. cussed in Sec. Il C.
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In the semiclassical Glauber approximation, we take into However, we restrict ourselves to the simpler model of
account these color fluctuations in an effective way as deRefs.[15,2] because of simplicity and better control over the
scribed in Ref[15]. We assume that a charmonium stdtis ~ impact. For a quantum mechanical description such as in
produced atz as smallct configuration, then it evolves — Ref.[18] a complete set of states is needed. The contribution
during the formation time; ,respectively, while it passes the Of higherSandP states might be small, but the contribution
formation length, — to its full size. Please note that there is Of the continuum, given by open charm states, is unclear
up to now no theoretical or experimental proof for the as-(remember that the)’ is close to theDD threshold, and a
sumption that charmonium states are produced in pointlikénixing with DD may be relevant for the properties of large
configurations as predicted in pQCD; a way to test this exSize configurations in the’, cf. Ref.[20]).
perimentally was suggested recently in R@®]. Therefore, The NRQCD approach for the production of charmonium
if the formation length of the charmonium statgspecomes ~ States is only valid if a large scale exists in the process, e.g.,

larger than the average internucleon distarite>ryy a high transverse momentum. F@rintegra_ted data_, \{vhere
~1.8 fm), one has to take into account the evolution of thesmall transverse momenta dominate, this description does

cross sections with the distance from the production poin[]hogtvgz::l;r;rg'io'% rbr?gﬁtjrz[lﬂt?g/ ?gél?;%gnst)afi?uﬁai p\;\%?#gftda
Z' -z [15]: large scale in the process only soft gluons can be emitted,

which cannot transport quantum numbedsee, e.g., Ref.

Z-z , [21]). Another problem in Ref[18] is that a quantum me-
[ox=0o(@)] for z'-z<t chanical model is unable to describe the emission of gluons.
Therefore in this model the effect of the gluon emission on

the cc distribution is put in the initial distribution at the pro-

(2,2 )x=0(2) + |
f

o(z,Z')x=o0y oOtherwise. (6)  duction point, though the emission of soft gluons takes a
. o relatively long time.
The formation length of tha/y is given by the energy  |n our ansatz these deviations from quantum mechanics

denominatonfz2p/(mjl,—m§,¢), wherep is the momentum predicted by quantum field theories are taken into account in
of the J/¢ in the rest frame of the target. With=30 GeV, an effective way. In the expansion of pairs suggested in
the momentum of a/y produced at midrapidity at SPS en- Refs.[15,2] the cross sections of wave packages produced as
ergies(E,,,=200A GeV), this yieldsl;~3 fm, i.e., a proper small size objects increase with time, because the area of the
formation time ofr=0.3 fm. color distribution increases. It is here not important if this

As formation time of the)’ in its rest system we use the increase is due to the motion of the partons or due to radia-
radius given by nonrelativistic charmonium models, e.g., seéon of gluons. This scenario can be described like the diffu-
Refs.[7,6]. This radius i =0.45 fm for they/. Please note sion of aQQ pair in statistical mechanics, because the total
that this radius differs from the variablein charmonium cross section of such a pair does not change due to gluon
models, which rather denotes the diameter of positroniumradiation if one sums over all channels, i.e., over the number
like states. Within the formation time the cross section in-of emitted gluong22].
creases linearly with the distance from the production point Reference[23] claimed that the FNAL data on th#y
[15,2. photoproduction contradict the expansion @ pair dis-

We chose a larger value for the cross section of s cussed in Ref[15]. But Ref.[15] discussed the space-time
interaction than for thel/4/ because the radius aof’ is a  evolution ofcc in the inclusive photoproduction of charmo-
factor 2 larger and its radius is larger than the formation timenium stategy+A— W +X) for the energies where the coher-
of the J/4. A larger value of; for the ¢ is supported also by ence length islc~2Ey/M2<RA. In the energy range of
the extraction of the formation time of tldé) from e*e” data ~ FNAL data the coherence length is comparable or exceeds
[17]. nuclear radiufR,. At high energies thd/y is not produced

Recently another attempt to describe the space-time evdecally as it is the case at the SLAC energies considered in
lution within the formation time was published in R¢18]. Ref. [15] and hence the analysis of R¢L5] is not literally
The authors develop a quantum mechanical model to deapplicable — one needs to take into account both the forma-
scribe the expansion of the small wave packages. Their inition of thecc before the nucleus and the increase of the cross
tial condition is motivated by the nonrelativistic QCD section ofcc—N interaction with energy. Besides this Ref.
(NRQCD) approach from Ref[19]. The charmonium states [23] discussed the quasielastic photoproduction of charmo-
are described as superposition of six charmonium stfdas  nium states[ y+A— W +p+(A-1)]. The selection of one
Swaves and twd® waveg. Diagonal and nondiagonal tran- specific channel means that there is no summation over all
sitions due to collisions with nucleons are taken into accountradiated gluons as for the inclusive process. Therefore the
In contrast to the generalized VDWGVDM) in the model of  model of Ref.[15] should be modified to account for the
Ref. [18] partons interact with the nuclear target within the suppression of gluon radiation. The expansion ofdb@air
formation time. Because this model also leads to a strongén the kinematics of FNAL photoproduction data is described
suppression at smaller Feynmanthe cc pairs within the better by the generalized gluon distribution, i.e., by the well
formation time have a smaller absorption cross section thaonderstood QCD evolution, see Ref24,25. In this paper
the fully formed charmonium states. This is because the forwe discuss the total charmonium-nucleon cross sections at
mation time decreases with the decrease of the Lorentz factonoderately large energies. Therefore the expansion model of
of the cc pairs relative to the nuclear target. Ref. [15] should be applicable.
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TABLE |. The average square of the transverse distances of the charmonium states and the total
quarkonium-nucleon cross sectiomgor two different charmonium models. For thetwo values arise, due
to the dependence of the wave functions on the third component of the angular monmeriloma 10, 13).
The 01,44 Values are calculated with Eq®) and(11). b<0.35 is an upper limit for the integral in E¢LL).
For the rowa(hard, allb) we used a parametrization like E() aboveb=0.9 fm, because in this region
Bjorken x becomes larger than 1 and the gluon distribution of @g.cannot be defined in this region.

cG/bb state I 4 Xc10 Xc11
(b?)(fm?) 0.094 0.385 0.147 0.293
o(Cornel)(mb) 2.2 9.1 35 6.9
a(In)(mb) 2.7 13 4.4 8.7
o(hard,b<0.35 fm) 0.42 0.13 0.41 0.28
o(hard,allb) 2.2 8.2 3.7 7.4
C. Vector dominance model numbers as the photanFor illustrating the physics, we re-

: : strict ourselves to the contribution of two states only.
Somewhat different values for the cross section of the In Ref. [26] the GVDM vyields 8—10 mb for the

J/- and ¢’ -nucleon interaction arise in charmonium models ,, : ) . .

when the cross section is assumed to be determined by t e-nucfle(r)]n m;eracﬂog Cross seclt_lor:jéat SfPSh eg/ergmz. The
radius of the color distribution within a hadrgmable I) and ?lgn ? r: € ,P otopr_o UCtl'or.] anzfp me %r? the Y an

also in the analysis of photoproduction data within the of the y7is positive relative td,, f,, within the conven-

GVDM [26]. The y-nucleon interaction cannot be investi- tions of nonrelativistic charmonium models. The sign of the

gated with this model, because it has different quantum numvave functions in the origin is usually chosen to be positive.

bers than the photon. Therefore, parametrizations such as ”1'5 easy to see that a change .Of this convention WO.UId not

Sec. IID are needed to make an educated guess for trgrange Eq@- TheJ/z,//—nupIeon Interaction cross section at

-nucleon cross section PS energies=3.5—4 mb is used as input into the analysis
The VDM takes into .account only the direct diffractive of Ref. [26]. The accuracy of such GVDM in predicting the

production of thel/y and they, while the GVDM accounts #'N cross sections is not clear. The above calculation dem-

also for the nondiagonal transitior’ +N— J/y+N and onstrates that implementing color transparency leads to sig-

J+N— ¢/ +N). The latter are needed, because in photo_nificantly larger cross sections of thgN interaction.

production the particles are produced as pointlike configura-

tions and develop then to their average size. In a hadronic D. Charmonium-nucleon cross section

model such as the GVDM this is taken into account in form within the charmonium models

of the interference due to the nondiagonal matrix elements.
In the GVDM the photoproduction amplitudds,, and

f,, for the J/i and they' are given by[14]

One possibility to evaluate the predominantly nonpertur-
bative QCD contribution is to use an interpolation formula
for the dependence of the cross section on the transverse size
b of a quark-gluon configuration within the constituent quark
e e
b= Tt e T model

¥ W

Oaps™ Cbzv (8

P8 L& 7) whereb is the distance between the two constituent quarks,
W= fy v’ oy Py transverse to the collision direction. Such a form for the in-
terpolation formula is also supported by pQCD, where the

f, andf,, are thed/yy—y and they’ - y coupling andf,, are relation

the amplitudes for the processésN— V' +N, whereV and

V' are theJd/ys and they’, respectively. In the VDM the

nondiagonal amplitudes witk( # V' are neglected. The im- Nt M

portance of the nondiagonal transitions is evident, because

the left-hand side of Eq.7) is small. If it is neglected as a

first approximation[14], then f, ,=—(f/f,)f,,~1.7,,

and due to the CPT theoreffy, ,=f,,. The right-hand

side of Eq.(7) is illustrated in Fig. 1. M L
To get a real description of this expansion, it would be

necessary to have a complete set of hadron states, i.e., infi-

nitely many bounds-wave charmonium states plus the con-

tinuous spectrumonly S waves have the same quantum FIG. 1. Schematic illustration of the right-hand side of Eq.

M

DD
DD
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G 5 ) 5 Ref. [5]. The oy, Values[30] in Table | are also calculated
a(b) = Zb7a(Q)xGx, QY. (9 with Eq. (11), but here we integrate only over the region
0 fm<b<0.35 fm, becausey increases withb. b is the
Q?=9/b?, was found4] for smallb? only. Beyond smalb?  transverse distancbetween the heavy quarks transverse to
Eq. (8) has no justification — it is merely an educated guessthe momentum of the heavy quarkonium. For the row
The constantc can be adjusted within the constituent o(hard,allb) we used a parametrization like E() above
quark model:b?2=8/3r2 andr? is the square of the pion b=0.9 fm, because in this region Bjorkenbecomes larger
radius. This radius is known from the vector meson domi-than 1: the gluon distribution of E¢9) cannot be defined in
nance model to ber,=V6/m,~0.65fm [27], m, this region. For the calculation of the hard cross section, the
=770 MeV is the mass of the meson. This result is con- o(b) in Eq.(11) is given by Eq(9). We employ the CTEQ5L
firmed by measurements of the electromagnetic form factoparametrizations of the gluon distribution functions in the
[28] of the pion. Thus within this model proton[31].
_ > B The Bjorkenx needed for the calculation of,,,4(X—N) is
C= 0pp/b7 = 25 mb/1.06 fifi=23.5 mb/finf. (10 calculated byx=Q%(2myv), where Q*=9/b?, my is the
We use in the followingr_,=25 mb. This is in good agree- nucleon mass, and is the energy of the heavy quarkonium
ment with the dat429] for both energies discussed here, stateX in the rest frame of the nucleon. The calculation in
Eian(CERN)=450 GeV andEy,(HERA B)=920 GeV, be- Table I is done for a state produced at midrapidity for SPS
cause the energy dependence of this cross section is not gpergies, but in the target fragmentation region for RHIC and
strong in this kinematical regiorbi is increasing with LHC. One can see that the hard contributions to the cross
energy as the cross section. Within soliton-type models$ections are just a correction at SPS energies, but at RHIC
for the pion, the relation betweemand the radius of the energies both contributions become compatible, while at
pion will be different. Therefore Eq8) is model depen- LHC the hard contributions dominateve neglect here that

dent. the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi  equation
The X—N cross section is calculated via might be violated 32]).
The extrapolation of Eq(9) yields similar values as a
— 243 parametrization like Eq(8). This is because the factor
7 f(r(b)|‘lf(r)| ar, (1) axG(x, Q%) depends only weakly or and Q?, even in the

region whereQ?<1 Ge\2. This is no proof that parametri-
zations like Eq(8) can be applied to charmonium states, but
at least it shows that there is no discontinuity between the
pQCD result and the parametrizations for the soft regime.

whereW(r) is the charmonium wave function. In our calcu-
lations we use the wave functions from two nonrelativistic
charmonium modelsil) A Cornell confining potential,

0.52 r

Y o el cavh2

r (2.34 GeV")

see Ref.[6] and references therein, ari@) a logarithmic
potential

Veornell(r) == (12

Il EXPERIMENTAL RESULTS
A. Comparison with CERN data

On the left-hand sidéhs) of Fig. 2 we show a compari-
Vin(r) = - 0.6635 GeV #0.733 GeVin(r X 1 GeV) son between calculations with different cross sections and
(13 different expansion times and the NA50 déta for pA col-
lisions and the NA51 datg33] for pp andpD collisions for
the cross section gf’ N interaction vs the mass of the target.
®rhey axis showsB,, ,a,/A whereB,,, is the branching ratio

from Ref.[7]. We chose two different charmonium models
to exhibit the theoretical uncertainties of this approach. Th

result_mg Cross sections are given in Table . for the decay of they’ into dimuon pairs ands, is the
Iisil—rTlsS :Iss?n;?;c;:\éis4t?§bpgf§; V\slgi:/tilgnp?grtcmgllf\?vl; COI'production cross section. The “5.1-mb instant formation”
. - curve in Fig. 2(lhs) is the fit of the NA50 Collaboration to

found than in proton-nucleus C?"'S'O“§_7'5 mB: IN PA {heir data. Instant formation means that they assumed that
collision 40% of the genuind/y's are from decays of  the 4 is produced with the full cross section and not as a
mesons, which are strongly suppressedsncollisions, be-  gintlike particle as in the description of this papétote the
cause they has angular momentuin=1, while J/ys and ' Na5Q Collaboration fittedB,,,,0//opy, Where DY means
have the same quantum numbers as the photon. Drell-Yan, therefore we multiplied their fit with the Drell-
Yan cross section ipp collisions measured by NA51

The “8-mb,t;=0.45 fm” curve is the eyeball fit of the
model described in this paper. For the comparison with the

We also calculater(X—N) assuming that pQCD is appli- data we need the production cross section of ¢#hén pp
cable. In this calculation we ignore the differences betweerollisions as input. We used here the average ofpthend
bare quarks of the QCD Lagrangian and the constituenpD data of the NA51 Collaboration. The value of 8 mb
quarks, because these are nonperturbative QCD effects. Tlhagrees well with the model parametrizations discussed in
numerical calculations shown in Table | yield at CERN en-Secs. Il A and Il B. However, we compare also with the cal-
ergiesa(X—N) values which are significantly smaller than in culation with the parameters of Ref2], i.e., o(¢/N)

E. Hard cross section
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the B,,,0,//A values extracted from calculations
with different absorption cross sections and dif-
ferent formation times, the NA51 data fpp and
pD, and the NA50 data fopBe, pCu, pAg, and
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70 — mb"i‘:"stam formatio 4 10 B,.0(J/)/o(DY) with the absorption cross sec-
65 - = 8 mb, t=0.45 fm 5 tions from Ref.[2] and the NA50 data for PbPb
60 L 20 mb, 'f1=0<6 fm B 0 | collisions vs the transverse enerfy
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=20 mb andt;=0.6 fm. For this comparison we used the els. The fact that the formation time is not known very well
production cross section of thg' in pD collisions divided is another uncertainty. Further uncertainty comes from using
by 2 as input. This is also close to the value of the NA5O fit.the diffusion model of expansion at distances comparable to
One can see on the left-hand side of Fig. 2 that the calculahe scale of the soft interaction. Within the error bars the
tion with these parameters is also in good agreement with thé’-nucleon cross section extracted from thegedata and
data. A value fora(¢’N) of the size of 20 mb is favored by the prediction of the GVDM, discussed in Sec. Il C, are
the nucleus-nucleus data as shown in Re¥. qualitatively similar. However, further data are needed to
On the right-hand side of Fig. 2 is plotted learn more about this cross section.
B..o(J/¥)/a(DY) and the NASO datd34] for PbPb colli- -
sions vs the transverse eneify a measure for the centrality B. Predictions for HERA B
of the collision. The result of the calculation within the ul-  Figure 3 shows our predictions &J/¢) (Ihs) and S(¢")
trarelativistic quantum molecular dynamics mod8ab] is  (rhs) for HERA B vs Feynmarx for pA collisions atE,
also shown in form of the histogram in Fig.[Bight-hand =920 GeV. Two different nuclear targets, carbOh=12)
side (rh9)]. In the calculationfor more details see Refg8])  and tungsterfA=184), are shown for the two different sets
for the charmonium-nucleon absorption cross sections thef cross sections resulting from the different charmonium
values from Ref[2] were used. In this calculation the char- models.
monium states can interact also with secondary produced We used here the cross sections of the constituent quark
particles. Based on the additive quark model the cross seecnodel shown in Table | in Sec. Il D, because this model is
tion for charmonium baryon interactions was assumed to bthe only one which predicts alsg-nucleon cross sections.
the same as the charmonium-nucleon cross sections and fdfe calculated the suppression fac&for the 4" additionally
charmonium meson interactions two-thirds of thewith a cross section of 20 mb and a formation time of 0.6 fm
charmonium-nucleon cross sections. to estimate theoretical uncertainties. These are the values dis-
The calculation for thel/y agrees well with the data. The cussed in Ref[2].
calculation for they/ underestimates the data. However it is  Note that we plotted in Fig. 3 the result of our model up to
not understood if this is due to the high value @&fiy’N) a Feynmanx of 0.2 to show the behavior of the model.
=20 mb, or if nondiagonal transitions such as in Sec. Il CHowever, it is known from E8663] and NA3[36] data that
should be taken into account &A collisions, too. there are additional suppression mechanisms at positive
The value of 8 mb for the)’-nucleon cross section from Feynmarx, e.g., parton energy loss and nuclear shadowing.
the fit to the pA is smaller than the theoretical estimate
20 mb of Ref.[2]. This is because in Ref2] a formation IV. CONCLUSIONS
time of 0.6 fm was chosen for thg¢’, while we used here The new data of the NA50 Collaborati¢h] and the data
0.45 fm, the radius of thé’ given by the charmonium mod- of the E866 Collaboratiorj3] prove that they’-nucleon
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cross section is much larger than thig/-nucleon cross sec- This cross section will be measured soon in proton-

tion. This is in agreement with the photoproduction data fomucleus collisions at HERA B at an energy d,,

these charmonium states as discussed in the framework ef920 GeV. The advantage of this experiment is that it covers

the GVDM in Sec. Il C. This confirms the QCD prediction a larger range of Feynmax, especially in the negative:

that the strength of hadron-hadron interactions depends amgion. In this region effects due to the formation time of the

the volume occupied by color. hadron will be less important. These data will give new in-
Within the assumption that charmonium states are proformation about the relations between the size of mesons and

duced as pointlike white states, we demonstrated that théne strength of hadron-hadron interactions as well as the pos-

data[1l] can be fitted with a)/-nucleon cross section of sibility to test the existing models for this relation.

o(y'N)=8 mb. We discuss different models for this cross

section and show that they prefeg/&nucleon cross section ACKNOWLEDGMENTS
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