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We calculate the coherent charmonium photoproduction in the photon energy domain where the coherence
and formation lengths exceed the average internucleon distance in nuclei but are comparable to the nuclear
radii. In this kinematical regime we use the generalized vector dominance model(GVDM) adjusted to account
for the physics of bound charmonium states and for the color screening phenomenon. We find significant
oscillations in the energy dependence of the total and forward photoproduction cross sections due to the
oscillating behavior of the longitudinal nuclear form factor. Within the GVDM these oscillations are strongly
modified by the nondiagonal rescatterings of the charmonium. We demonstrate how to employ the oscillating
behavior of the photoproduction cross sections off nuclear targets to determine the elementary charmonium
photoproduction amplitudes and the genuine charmonium-nucleon cross sections in the forthcoming SLAC
E160 experiment.
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I. INTRODUCTION

One of the striking quantum chromodynamics(QCD) pre-
dictions is the dependence of the hadron interaction strength
on the size of the region occupied by the color fields within
the hadrons. Initially, this phenomenon was suggested within
the constituent quark model of hadrons and the two-gluon
exchange model for hadron-hadron interactions[1,2]. Later,
the existence of such a dependence was proved for the inter-
action of spatially small quark-gluon wave packages as an-
other form of the QCD factorization theorem[3,4]. The in-
teraction of the charmonia with nuclei is a natural field in
which to explore this idea. Within charmonium models(see,
e.g., Ref.[5]) the c8 radius is twice as large as theJ/c
radius. Hence, one can expect that their interactions with
nuclei should differ greatly. At present, the uncertainties in
their total cross sections for interactions with nucleons are
very large—the values are ranging from 1 mb up to 8 mb for
J/cN and, correspondingly, from 0.8 mb to 20 mb forc8N
interactions. This is due to both the experimental and the
theoretical issues(for a review and an extensive list of ref-
erences, see Ref.[6]). The cross sections ofJ/cN and c8N
interactions cannot be measured directly. However, it may be
possible to determine them from the charmonium photopro-
duction and hadroproduction off nuclear targets whereJ/c
and c8 mesons interact with the nucleons upon production
during the passage through the nucleus.

In the discussion of the heavy quarkonium photoproduc-
tion we distinguish several energy ranges which require dif-
ferent approximations. At high photon energiesv, both the
coherence lengthlc<2vmV

−2 and the formation lengthl f

<2vfmc8
2 −mJ/c

2 g−1 are large, and the color transparency phe-
nomenon reveals itself explaining the fast increase of the
cross section with energy observed at HERA(for a review,
see Ref.[7]). The value of the elementary cross section ex-
tracted from the charmonium photoproduction in this energy
region characterizes the interaction of the squeezedcc̄ pair
with a nucleon rather than the charmonium-nucleon interac-
tion. In the high energy limit the very smallcc̄ distances in
the wave function of the photon dominate. In this limit, the
interaction is proportional to the nuclear gluon density which
is expected to be strongly shadowed[8]. This shadowing
effect leads to a significant suppression of theJ/c photopro-
duction off nuclei[9].

A qualitatively different picture should be observed at in-
termediate energies where the onium states are formed inside
the nucleus. In this case, the nonperturbative effects hidden
in the charmonium wave function become important. These
effects can be approximately accounted for within a hadronic
basis description of the charmonium photoproduction. Ini-
tially, the vector dominance model(VDM ), which is
grounded on a hadronic basis, was used to describe the char-
monium photoproduction off nuclear targets. The VDM
analysis of the corresponding SLAC data[10] gives the total
cross sectionsJ/cN<1.3±0.3 mb forJ/cN interaction and an
even smaller valuesc8N,1.0 mb for c8N. This result con-
tradicts the QCD expectation that the cross sections scale as
the transverse area occupied by color and that the ratio of
cross sections should approximately besc8N/sJ/cN~rc8

2 /rJ/c
2

<4. Hence, the VDM failed to reproduce the QCD-based
estimate even on a qualitative level. The VDM neglects an
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essential feature of the charmonium photoproduction—the
J/c and c8 photoproduction amplitudes are determined by
the ,1/mc relative distances in thecc̄ component of the
photon wave function[11,12]. The dominance of these small
cc̄ configurations is responsible for the significant probability
of nondiagonalJ/c↔c8 diffractive transitions. Within the
hadronic basis this color screening phenomenon[11–13] can
be accounted for in the generalized VDM(GVDM). How-
ever, we want to emphasize that the GVDM can be applied
to describe the quarkonium photoproduction only in the re-
gion of photon energies where the leading twist gluon shad-
owing is still unimportant, i.e., atvømc

2 /2xshmNsxsh<0.03 is
value ofx for the onset of the gluon shadowing).

We use the GVDM to calculate the coherent photoproduc-
tion of hidden charm mesons off nuclei at moderate photon
energies 20 GeVøvø60 GeV. In this region, the coherence
length lc for the g→V transition is close to the internucleon
distance in nuclei while the formation lengthl f is comparable
to the radii of heavy nuclei. At such moderate energies there
is a noticeable probability for rescattering of charmonia, at
least, in the photoproduction off heavy nuclei. Hence, such
processes reveal the fluctuation of the charmonium-nucleon
interaction strength as being due to the diagonalcN→cN
and nondiagonalcN⇔c8N rescatterings. We built the gen-
eralized Glauber model(GGM) by combining the multistep
production Glauber model with the GVDM. The model ne-
glects inelastic shadowing corrections related to the produc-
tion of higher mass states[14] since they are still insignifi-
cant at moderate energies. Within this approach we perform
calculations aimed at investigating how the color fluctuations
reveal themselves in the interactions of charmonium states
with the nuclear medium. It should be noted that the char-
monium photoproduction electroproduction off nuclei in a
wide range of photon energies is a subject of active investi-
gation(see, for example, Ref.[15]). In this paper we observe
and investigate the significant cross section oscillations in
the total and forward cross sections of theJ/c and thec8
photoproduction off nuclei at low and moderate energies of
photons. Our analysis indicates that these oscillations can be
observed in the forthcoming experimental measurement
(E160) of the charmonia photoproduction planned at SLAC
[16] and can be used to obtain a reliable experimental esti-
mate for the genuine cross sections ofJ/cN and c8N inter-
actions.

II. DESCRIPTION OF THE MODEL

At moderate energies the producedcc̄ pair expands before
it reaches a second nucleon. Therefore, it has sufficient time
to fragment into charmonium states before further interac-
tions with the target nucleus can take place. Thus an accurate
treatment of the photoproduction cross section can be
achieved within a hadronic basis where the multichannel
Glauber approach formulas[17] are combined with the
GVDM [18,19]. In such an approach the cross section is
given by the Glauber formula

sgA→VAsvd =E
−`

tmin

dt
p

kV
2 uFgA→VAstdu2

=
p

kV
2E

−`

0

dt'U ikV

2p
E d bW eiqW'·bWGVsbWdU2

. s1d

Here V=J/c ,c8 , . . ., q'
2 =−t'= tmin− t, −tmin=MV

4 /4v2, is
the longitudinal momentum transfer in theg→V transi-

tion, andGVsbWd is the diffractive nuclear profile function

GVsbWd = lim
z→`

FVsbW, zd. s2d

To evaluate the amplitude of the charmonium photopro-
duction it is reasonable to make the following approxima-
tion: restrict the basis of the GVDM by the lowestJ/c and
c8 states in the photon wave function. Then, with the ac-

curacyOsÎaemd, the eikonal functionsFJ/c,c8sb
W ,zd are de-

termined as the solutions of the coupled two-channel
equations

2ikJ/c

d

dz
FJ/csbW, zd = UgA→J/cAsbW, zdeiz·qi

gJ/c

+ UJ/cA→J/cAsbW, zdFJ/csbW, zd

+ UJ/cA→c8AsbW, zdeiz·qi
J/cc8

Fc8sb
W, zd,

s3d

2ikc8

d

dz
Fc8sb

W, zd = UgA→c8AsbW, zdeiz·qi
gc8

+ Uc8A→c8AsbW, zdFc8sb
W, zd

+ Uc8A→J/cAsbW, zdeiz·qi
c8J/c

FJ/csbW, zd,

s4d

with the initial conditionFJ/c,c8sb
W ,−`d=0. The exponen-

tial factors expfiqi
i→ jzg account for the dependence of the

amplitudes on tmin: i , j =g ,J/c resp. c8 ,qi
i→ j =sMj

2

−Mi
2d /2v. They are responsible for the coherence length

effect.
In the short-range approximation the generalized Glauber-

based opticalsA@1d potentials are given by the expression

UiA→ jAsbW, zd = − 4pf iN→ jN%sbW, zd. s5d

Here f iN→ jN are the elementary forward amplitudes. The

nuclear density,%sbW ,zd is normalized by the condition

ed2bWdz %sbW ,zd=A. We calculated%sbW ,zd in a Hartree-
Fock-SkyrmesHFSd model. This HFS approach describes
accurately not only the global nuclear properties of many
spherical nuclei from carbon to uraniumf20g but also the
shell momentum distributions in the high energysp,2pd
f21g and se,e8pd f22g reactions.

The elementary photoproduction amplitudes in the
GVDM with restricted two-state basis are given by
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fgN→J/cN =
e

fJ/c
fJ/cN→J/cN +

e

fc8
fc8N→J/cN,

fgN→c8N =
e

fc8
fc8N→c8N +

e

fJ/c
fJ/cN→c8N. s6d

The coupling constantsfV are usually determined from the
widths of theV→eē vector meson decays

S e2

4pfV
D2

=
3

4p

GsV → eēd
mV

, s7d

with f23g

GsJ/c → eēd = 5.26 ± 0.37 keV andGsc8 → eēd

= 2.12 ± 0.18 keV. s8d

This yields

fJ/c
2

4p
= 10.5 ± 0.7 and

fc8
2

4p
= 30.9 ± 2.6. s9d

The distinctive feature of the coherent charmonia photo-
production at moderate energies is the large size of the
amplitude for nondiagonal transitions. This can be roughly
demonstrated from the observation that the photons pro-
duce cc̄ pairs in spatially small configurationsf24g. The
interaction of the small sizecc̄ configuration with a
nucleon should be strongly suppressed due to the small-
ness of the transverse area occupied by color. Hence, one
can neglect for a moment the relatively small hard photo-
production amplitude as compared to the soft one, and
obtain from Eq.s6d the rough estimate of the nondiagonal
amplitude

fc8N→J/cN < −
fc8

fJ/c
fJ/cN→J/cN < − 1.7fJ/cN→J/cN. s10d

An even larger value can be found for the amplitude of the
diagonalc8N interaction,

fc8N→c8N <
fc8
2

fJ/c
2 fJ/cN→J/cN < 3fJ/cN→J/cN. s11d

Data onc8 absorption in nucleus-nucleus collisions sug-
gest the value ofsc8N,20 mb f25g. Combined with the
SLAC data f26g, this corresponds tosc8N/sJ/cN<5–6
with large experimental and theoretical errors. Large val-
ues of nondiagonal amplitudes are a characteristic QCD
property of the hidden charm and bottom meson interac-
tion with a nucleon. Note that the negative sign of the
nondiagonal amplitude is dictated by the suppression of
the perturbative contribution. A positive sign of the for-
ward photoproductionfgN→J/csc8dN amplitudes as well as
the signs of the coupling constantsfJ/c and fc8 are deter-
mined by the signs of the charmonium wave functions at
r =0.

In order to fix the elementary amplitudes in the GVDM
more accurately, we have used the following logic: We pa-
rametrize the cross section in the form used by the experi-

mentalists of HERA to describe their data. This form has no
firm theoretical justification but it is convenient for the fit,

dsg+N→V+N

dt
~ F2gstdS s

s0
D2l

. s12d

Heres=2vmN+mN
2 is the center-of-mass energy andF2g is

the two-gluon form factor of a nucleon. The parameterl
is derived from the fit to the experimental dataf10g,

UdsgN→J/cN

dt
U

t=tmin

= 17.8 ± 1.5 nb GeV−2 at s0 = 40.4 GeV2,

s13d

UdsgN→J/cN

dt
U

t=tmin

= 40 ± 13 nb GeV−2 at s0 = 188.9 GeV2.

We also use the experimentally found relation between for-
ward photoproduction cross sections,

UdsgN→c8N

dt
U

t=tmin

= 0.15UdsgN→J/cN

dt
U

t=tmin

, s14d

which practically does not dependsor depends only
weaklyd on the energy. The two-gluon form factor, ex-
tracted from the analysis ofJ/c photoproduction data in
Ref. f27g, can be used to evaluate the nucleon form factor
at t= tmin:

F2g = S1 −
tmin

m2g
2 D−2

. s15d

The quantitym2g
2 is defined by

1

m2g
2 =

1

GeV2 +
0.06

GeV2lnS s

s0
D . s16d

As a result, for the photoproduction of theJ/c we found
l=0.2. Thevalue of l for the c8 production is somewhat
less,l=0.15, but inthis casel is determined with much
larger uncertainties. Hence, in our calculations we use the
same value,l=0.2, for both processes.

TheJ/cN cross section can be parametrized as the sum of
soft and hard physics:

sJ/cNssd
sJ/cNss0d

= cS s

s0
D0.08

+ s1 − cdS s

s0
Dl

. s17d

According to the SLAC dataf26g,

sJ/cNss= s0d = 3.5 ± 0.8 mb s18d

at s0=38.5 GeV2. We evaluatedc<1 in our previous paper
on the absorption ofc produced inAA collisionsf28g with

sshardd = 2pE
−`

`

dzE
0.1 fm

0.2fm

ufsb, zdu2ssbdb db. s19d

Here fsb,zd is the wave function of theJ/c and ssbd is
the perturbative dipole cross section from Ref.f4g. When
the upper limit of the integral overb is increased to
0.35 fm, then c=0.915, i.e., sshardd=s1−cdsJ/cNss0d
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=0.3 mb. This is an uncertainty of the model since it is not
evident up to which values ofb the PQCD is applicable.
Hence, in the following calculations we usec=0.915 and
our parametrization of cross section is

sJ/cN = 3.2 mbS s

s0
D0.08

+ 0.3 mbS s

s0
D0.2

. s20d

Using this total cross section, we find the imaginary part
of the amplitude from the optical theorem ImfJ/cN→J/cN
=ssJ/cN and the real part from the Gribov-Migdal relation

RefJ/cN→J/cN =
sp

2

]

] ln s

ImfJ/cN→J/cN

s
. s21d

Once the amplitudes of the photoproduction and theJ/cN
diagonal interaction are found, we determine all other for-
ward amplitudes from the GVDM equations(6). That is, all
parameters are fixed. However, the experimental cross sec-
tions of the forward elementary photoproduction and, espe-
cially, the value ofsJ/cN, used as input of the GVDM, are
known with large uncertainties. We checked how a variation
of sJ/cN within the experimental errors will influence the
results of our calculations. The ranges of the totalJ/cN and
c8N cross sections obtained within this procedure are shown
in Fig. 1.

III. RESULTS AND DISCUSSION

Within the model described in Sec. II we calculated the
cross sections for coherent photoproduction ofJ/c and c8
off light (Si) and heavy(Pb) nuclear targets. To start with, let
us consider the results for the heavy nuclear target where the
rescattering effects should be more pronounced. The energy
dependence of the cross sections integrated over transverse

momentum is compared(Fig. 2) to that obtained in the im-
pulse approximation(IA ). In the IA all rescatterings of the
produced vector mesons are neglected and the cross section
is given by

sgA→VAsvd =
dsgN→VNstmind

dt
E

−`

0

d t'UE
0

`

eiqW'·bWd bW

3E
−`

`

d z eiz·qi
gV

%sbW, zdU2

. s22d

BecauseÎ−tmin=qi
gV=mV

2 /2v, a decrease of the photon en-
ergy corresponds to an increase in the longitudinal mo-
mentum transfer in the coherent photoproduction off nu-
clei. This results in a stronger suppression of the cross
section by the longitudinal nuclear form factor.

The cross section of photoproduction in the GGM is close
to that calculated in the IA. The shapes of the curves are very
similar, and the values of the cross sections are slightly re-
duced, with reduction being larger at energies below
40 GeV. The distinctive feature of the coherent charmonium
photoproduction at low and moderate energies is the oscillat-
ing behavior of the cross section as a function ofv. The
major cause of such a behavior in the considered kinematical
region is the oscillating longitudinal nuclear form factor at
the relatively large value oftmin in the photoproduction ver-
tex. The pronounced oscillations are also revealed in the co-
herentc8 photoproduction off nuclei but in this case both the
shape and the values of the cross section are significantly
changed relative to the IA results. Thec8 photoproduction
off a nucleon is suppressed by a factor of<7 relative to the
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FIG. 1. The energy dependence of the elementary charmonium-
nucleon cross sections found in the GVDM. The filled areas show
the variation of the cross sections due to the uncertainty of the
experimentalJ/cN cross section.
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FIG. 2. The energy dependence of the integrated over transverse
momentum coherent Pbsg,J/cdPb and Pbsg,c8dPb cross sections
calculated in the GGM(dark shaded area) compared to the cross
sections in the IA(dashed lines) and in the GGM without diagonal
rescatterings, i.e., withfVN→VN=0 (dotted lines, light shaded area).
The filled areas depict the variation of results due to the experimen-
tal uncertainties in theJ/cN cross section.
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J/c production[10]. In the case of a nuclear target there is an
additional suppression by the nuclear form factor because

qi
gc8<smc8

2 /mJ/c
2 dqi

gJ/c.qi
gJ/c. The difference in the minimal

longitudinal momentum transfer is also reflected in the shift
of the positions of the minima in the energy dependence of
the cross section. To illustrate separately the influence of the
diagonal and the nondiagonal transitions, we show calcula-
tions in the GGM without the diagonal rescatterings(dotted
lines, light shaded area), i.e., with fVN→VN=0. The contribu-
tion of the nondiagonal transitionsg→J/c→c8 significantly
increases thec8 yield and shifts the minima in the spectrum
to lower photon energies[29].

The oscillating behavior and influence of rescatterings are
seen best in the forward differential cross sections(Fig. 3)
and in the ratio of the cross sections for thec8 and theJ/c
production. In Fig. 4 we present this ratio calculated in the
GGM (solid lines, shaded area) and in the IA(dashed line).
We emphasize that measurement of such ratios removes the
nuclear model dependence since the same longitudinal
nuclear form factor enters in the numerator and the denomi-
nator. The ratio of the cross sections in the IA can be used as
a model independent reference curve. It can be easily calcu-
lated for many nuclei using the nuclear form factors mea-
sured in high energy, elastic, electron scattering experiments
and the photoproduction cross sections measured with a
nucleon target. Furthermore, we would like to note that one
can also remove the dependence of the procedure on the
elementary photoproduction cross sections using the double
ratio of the relativec8-to-J/c yield in the coherent photopro-
duction off a heavy nucleus and a light one.

Now let us consider how to extract the genuineJ/cN and
c8N cross sections from a measurement of the coherent char-
monium photoproduction at moderate energies. The conven-
tional procedure is based on a comparison of the data with
calculations which estimate the suppression of the particle

yield due to final state interactions. The cross sections, char-
acterizing this interaction, are used as fitting parameters. In
the case of the charmonium photoproduction, such a proce-
dure seems to be rather complicated.

The sensitivity of the nuclear photoproduction cross sec-
tions to the values of the elementary amplitudes is revealed
in our calculations. However, the interplay of diagonal and
nondiagonal transitions and their interference with the ampli-
tude of the direct production leads to a rather formidable
problem. One can naively estimate that the final state diago-
nal J/cN interaction can suppress the yield of produced me-
sons from the heavy nucleus by<30–40%. However, from
the calculation within the GGM we find[Fig. 5(a)] the en-
ergy dependent suppression of theJ/c yield: <15–20% at
vø40 GeV and<6–7% atvù40 GeV. The increase of the
elementaryJ/cN cross section by a factor 1.5, within the
experimental uncertainties(see Fig. 1), changes the suppres-
sion by only <5% at low energies and is practically negli-
gible at higher energies. Hence, even at low energies, where
the gN→c8N amplitude is small, we find a noticeable com-
pensation of the suppression by the contribution of the two-
stepgA→A+c8→A+J/c production.

With increasing photon energies in the considered region,
this compensation effect becomes stronger. It is due to the
gradual onset of the regime of color transparency for the
propagation of theJ/c through the nuclear medium. The
analysis of thec8 photoproduction shows[Fig. 5(b)] a sig-
nificant influence of the two-step photoproductiong+A
→J/c+A→c8+A. In a wide range of energies, we also find
a noticeable effect due to the interference of the two-step
amplitude with the direct production and with the amplitude
comprising diagonal rescatterings.

Therefore, we conclude that such a complicated interplay
of rescatterings will preclude any unique determination of
the genuineJ/cN andc8N cross sections from measurements
with heavy nuclear targets. We suggest a new solution to this

20 25 30 35 40 45 50 55 60
(GeV)

10
-3

10
-2

10
-1

1

10

10
2

10
3

d
(t

=
t m

in
)/

dt
(

b/
G

eV
2 )

20 25 30 35 40 45 50 55 60
(GeV)

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

10
2

d
(t

=
t m

in
)/

dt
(

b/
G

eV
2 )

(a) (b)Pb( , J/ )Pb Pb( , )Pb

FIG. 3. The energy dependence of the coherent forward cross
sections in the GGM(shaded area) compared to the cross sections
in the IA (dashed lines): (a) Pbsg,J/cdPb and(b) Pbsg,c8dPb. The
filled areas depict the variation of results due to the experimental
uncertainties of theJ/cN cross section.
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problem based on the measurement of the coherent charmo-
nium photoproduction off a light nucleus. Analyzing the re-
sults of calculations for a series of nuclei[30] we choose
silicon as an optimal target. For silicon, the cross sections are
not too small, and one could envision an active target which
would allow one to select the coherent events in a cleaner
way.

The cross section of theJ/c production off silicon, calcu-
lated in the GGM, practically coincides with the result of the
IA [Fig. 6(a)]. The deviation does not exceed 4–5% and
varies weakly when the rescattering amplitudes are changed
as is allowed by the uncertainties in the input values of the
J/cN cross section. This implies that an unprecedented ac-
curacy is required both in the measurement and in the theo-
retical analysis in order to extract theJ/cN cross section
from such measurements. However, these data can be used to
determine precisely the forward photoproduction cross sec-
tion off a nucleon. As it turns out, the contribution of the
diagonalJ/cN rescattering can safely be neglected. Then the
forward gN→J/cN cross section can be determined from a
comparison of the data with the calculations in the IA[Eq.
(22)], where the nuclear form factor is fixed by the high
energy electron-nucleus elastic scattering. At low values oft
the cross section of theJ/c production off silicon is consid-
erably larger thandsgN→J/cNstmind/dt [dotted line in Fig.
6(a)]. Hence, one may significantly improve the accuracy of
the determination ofdsgN→J/cNstmind/dt.

The cross section of the coherentc8 photoproduction off
silicon, calculated within the GGM, significantly exceeds the
cross section of the IA[Fig. 6(b)]. The suppression due to the
diagonalc8 rescatterings is negligible relative to the enhanc-
ing two-step nondiagonalgA→J/cA→c8A contribution. At

the photon energy coinciding with the position of the mini-
mum of the nuclear form factor, the two-step mechanism
gA→J/cA→c8A dominates(Fig. 7) because the directc8
photoproduction tends to zero. Hence, measuring the forward
relative c8-to-J/c yield in this region ofv one can extract
from the data the nondiagonal elementaryJ/cN→c8N am-
plitude. In such a ratio, all other inputs, namely, the nuclear
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density and the elementarygN→J/cN amplitude, are al-
ready fixed and, since they enter both in the numerator and
the denominator, the major uncertainties are canceled out.

In the discussed energy range, the softcN rescatterings
within the nuclear medium are characterized by a rather
weak energy dependence, such ass0.08. In the ratio of the
forward c8 andJ/c photoproduction cross sections, one can
neglect this dependence to a very good accuracy. Hence, the
energy dependence of the relativeJ/c-to-c8 yield (Fig. 7)
originates from the contribution of the directc8 production.
By analyzing this dependence, one would be able to deter-
mine thegN→c8N amplitude.

We emphasize that the suggested procedure for extracting
the nondiagonal amplitude and the amplitude of the direct
J/c photoproduction is practically model independent.

The task of determining the diagonalJ/cN→J/cN and
c8N→c8N amplitudes directly from the data is much more
complicated. We suggest a strategy based on the assumption
that all other amplitudes are already found from the data as
discussed above. The imaginary parts of the forward diago-
nal amplitudes can be determined from the GVDM equations
(6); that is, reverse the procedure which we used in Sec. II,

ImfJ/cN→J/cN =
fJ/c

e
ImfgN→J/cN −

fJ/c

fc8
Imfc8N→J/cN,

Imfc8N→c8N =
fc8

e
ImfgN→c8N −

fc8

fJ/c
ImfJ/cN→c8N.

The main limitation of such a procedure is the restriction
of the hadronic basis to the two lowest charmonium states
1S and 2S with the photon quantum numbersJ/c and c8.
This question was discussed in Ref.f31g. The disregard of
the closest higher charmonium statecs3770d can change
the estimate of theJ/cN amplitude by<10%. The influ-
ence of the higher mass resonances is expected to be even
weaker—the constants 1/fV relevant for the transition of a
photon to a charmonium stateV rapidly decrease with the
resonance mass. This is because the radius of a bound
state,rV, is increasing with the mass of the resonance, and
therefore the probability of the small size configuration
being ~1/rV

3 is decreasing with an increase of masssfor
fixed S,Ld. Furthermore, the asymptotic freedom in QCD
predicts a decrease of the coupling constant relevant for
the behavior of the charmonium wave function at small
relative distances. Experimentally, one finds from the data
on the leptonic decay widths that 1/fV drops very fast with
increasing mass. An additional suppression arises due to
the weakening of the soft exclusive nondiagonal
VN↔V8N amplitudes between states with a different num-
ber of nodes. Hence, determining the imaginary parts of
diagonal rescattering amplitudes from the GVDM equa-
tions seems to be possible. Since in the medium energy

domain the energy dependence of soft rescattering ampli-
tudes is well reproduced by a factors0.08, the real parts can
be found using the well known Gribov-Migdal relation,
Eq. s21d.

Thus, with the suggested procedure one will be able to
determine all elementary amplitudes with a reasonable pre-
cision by measuring the photoproduction ofJ/c andc8 off a
light nucleus at the medium photon energies. The cross
check of this approach would be a comparison of the cross
sections calculated within GGM with parameters fixed in the
analysis of the light nuclei with the experimental cross sec-
tions measured in photoproduction of charmonium off heavy
nuclei as well as in the quasielastic processes.

IV. CONCLUSION

We built the generalized Glauber Model which combines
the multistep photoproduction Glauber approach and the
generalized vector dominance model adjusted to account for
the color screening phenomenon. Within the GGM we have
calculated the coherent charmonia photoproduction cross
sections off light and heavy nuclei at moderate energies. We
found significant oscillations in the energy dependence of the
charmonium photoproduction cross sections due to the oscil-
lating behavior of the longitudinal nuclear form factor and
the interference of the rescattering amplitudes.

We show that the nondiagonal rescattering amplitudes,
which model in the hadronic basis the QCD color fluctua-
tions within hadrons, significantly change the coherentc8
photoproduction cross section off nuclei. We found sensitiv-
ity of oscillations to the cross sections ofJ/cN and c8 N
interactions as well as to the strength of the nondiagonal
transitions. A new procedure is suggested for determining the
genuineJ/cN andc8N cross sections from the charmonium
photoproduction cross sections off light nuclei at low and
medium energies. For the coherent hidden beauty meson
photoproduction at low energies the oscillations in theY and
Y8 yields are expected, but the cross sections will obviously
be too small to be seen experimentally.

Another way to check out the predictions for the strength
of the charmonium interactions will be to study antiproton
interactions with nuclei near the resonance energy for the
p̄p→ “charmonium” process. One of the most promising
processes isp̄+A→c8+sA−1d, which is mostly sensitive to
the strength ofc8N interaction and practically not sensitive
to the color transparency effects[32]. It would be possible to
study this process at the forthcomingp̄ accumulator at GSI.
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