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_We calculate the amplitudes and the cross sections of the charm dissociation processes J/v + 7 —
DD, D*D (D*D), D* D* within a relativistic constituent quark model. We consistently account for the
contributions from both the box and triangle diagrams to the dissociation processes. The cross section
is dominated by the D*D and D* D™ channels. By summing up the four channels, we find a maximum
total cross section of about 2.3 mb at /s ~ 4.1 GeV. We compare our results to the results of other
model calculations.

Ipou3BouTCs p CYET MIUIMTYL M CedeHui mpoueccos p cn g 4 pm J/¢Y + © — DD,
D*D (D*D),D*D* B p MK X pPelSTHBHCTCKOH MOIENH KOHCTHTYEHTHOTro KB pK . IlociemoB TeiapHO
YYUTBIB I0TCS BKJI bl IW TP MM «SIIHKOB» M TPEYroJbHBIX AW I'P MM B IpOLECCH p I I . B ceuennn
gomunupyior D*D- u D*D*-k u bl Tlociie cyMMMpOB HHsl Y€THIpEX K H JIOB OK 3bIB €TCH, 4TO Ce-
YeHHe CT HOBHTCS M KCHM JIBHBIM, OKOJIO 2,3 MG, npu +/s =~ 4,1 I'sB. IlpuBomuTcs Cp BHEHHE H LIMX
PEe3yNbT TOB C PE3yNbT T MU APYTUX MOIETHHBIX BBIYUCICHHUH.

The study of the J/v dissociation cross sections is important for the understanding of
J/1¢ suppression observed in Pb-Pb collisions by the NA50 collaboration at CERN-SPS
[1]. There are a number of theoretical calculations on the cc¢ + light hadron cross sections
(see, e.g., the review [2]). However, they give widely divergent results, which implies
that we are still far away from a real understanding of the scattering mechanism. The
nonrelativistic quark model has been applied in [3] and [4-6] for the calculation of the
dissociation process cc + q@ — cq + qc¢ cross sections. The calculated cross sections for the
reactions J/¢+m — DD, D*D + D*, D*D* have the following common features: they rise
very fast from zero at threshold to a maximum value and finally fall off due to the Gaussian
form of the potential. The magnitude of the maximum total cross section was found to be
~ 7 mb at /s ~ 4.1 GeV in [3] and a somewhat smaller value of ~ 1.4 mb at /s =~ 3.9 GeV
in [4-6].

Another direction to explore the charm dissociation process has been taken in [7-12],
where an effective chiral SU(4) Lagrangian was employed. Such an approach looks quite
dubious for several reasons: SU(4) is badly broken, mesons are treated as pointlike particles,
some of the couplings in the Lagrangian are unknown. Nevertheless, this is a relativistic
approach which allows one to study the above processes in a systematic fashion. In this
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approach the mesons were assumed to be pointlike, resulting in very large values of the cross
sections (= 30 mb at /s = 4.5 GeV) which rise with energy. By adopting rather arbitrary
damping form factors, these cross sections were significantly reduced.

It appears that the microscopic nature of hadrons is important in the charm dissociation
processes. The first step is to calculate the relevant form factors corresponding to the triple
and quartic meson vertices in the kinematical region of the dissociation reaction. QCD sum
rules have been used in Refs. [14-17] to evaluate those form factors and to determine the
charm cross section. It was found [17] that the cross section is about 1 mb at /s &~ 4.1 with
a monotonic growth when the energy is increased.

We also mention the work of Deandrea et al. where the strong couplings J/¢D*D* and
J/YD*D*1 were evaluated in the constituent quark model [18,19]. Finally, an extension of
the finite-temperature Dyson—Schwinger equation (DSE) approach to heavy mesons and its
application to the reaction J/v + 7 — D + D was considered in [20].

We employ a relativistic quark model [21] to calculate the charm dissociation amplitudes
and cross sections. This model is based on an effective Lagrangian which describes the
coupling of hadrons H to their constituent quarks. The coupling strength is determined by
the compositeness condition Zz = 0 [23], where Zy is the wave function renormalization
constant of the hadron H. One starts with an effective Lagrangian written down in terms of
quark and hadron fields. Then, by using Feynman rules, the S-matrix elements describing
the hadronic interactions are given in terms of a set of quark diagrams. In particular, the
compositeness condition enables one to avoid a double counting of the hadronic degrees
of freedom. The approach is self-consistent and universally applicable. All calculations
of physical observables are straightforward. The model has only a small set of adjustable
parameters given by the values of the constituent quark masses and the scale parameters that
define the size of the distribution of the constituent quarks inside a given hadron. The values
of the fit parameters are within the window of expectations.

The shape of the vertex functions and the quark propagators can in principle be found
from an analysis of the Bethe—Salpeter and Dyson—-Schwinger equations as was done, e.g.,
in [26]. In this paper, however, we choose a phenomenological approach where the vertex
functions are modelled by a Gaussian form, the size parameter of which is determined by a
fit to the leptonic and radiative decays of the lowest lying charm and bottom mesons. For the
quark propagators we use the local representation.

We calculate the amplitudes and the cross sections of the charm dissociation processes

J/Yy+n — D+ D,

J/v+m — D"+ D (D*+ D),

J/Y+n — D*+ D*.
These processes are described by both box and resonance diagrams which are calculated
straightforwardly in our approach. We compare our results with the results of other studies.

The coupling of a meson H (¢132) to its constituent quarks ¢; and @» is determined by the
Lagrangian

L:lsnt{(x) =gpH(x) /dxl/dngH(x,xl,xg)(jg(xg)I‘H)\qu(xl) +h.c. (1)

Here, Ay and 'y are Gell-Mann and Dirac matrices which describe the flavor and spin
quantum numbers of the meson field H(z). The function Fy is related to the scalar part
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of the Bethe—Salpeter amplitude and characterizes the finite size of the meson. To satisfy
translational invariance, the function Fy has to fulfil the identity Fy(x+a,z1 +a,22+a) =
Fy(x,21,22) for any 4-vector a. In the following we use a particular form for the vertex
function

Fy(z,21,20) = 0(x — clom1 — Ciow2) Py (1 — 29)?), 2)
where @z is the correlation function of two constituent quarks with masses mj, mo and
ng - ml/(ml + m])

The coupling constant gz in Eq. (1) is determined by the so-called compositeness condition
originally proposed in [23], and extensively used in [22]. The compositeness condition
requires that the renormalization constant of the elementary meson field H (z) is set to zero:

397
Zg =1- MH Iy (M%) = 0, (3)

where ﬁ’H is the derivative of the meson mass operator. In order to clarify the physical

meaning of this condition, we note that Z;I/Q is also interpreted as the matrix element between
a physical particle state and the corresponding bare state. For Zy = 0 it then follows that the
physical state does not contain the bare one and is described as a bound state. The interaction
Lagrangian in Eq. (1) and the corresponding free Lagrangian describe both the constituents
(quarks) and the physical particles (hadrons) which are bound states of the quarks. As a
result of the interaction, the physical particle is dressed; i.e., its mass and wave function
have to be renormalized. The condition Zy = 0 also effectively excludes the constituent
degrees of freedom from the physical space and thereby guarantees that a double counting of
physical observables is avoided. The constituent quarks exist in virtual states only. One of the
corollaries of the compositeness condition is the absence of a direct interaction of the dressed
charge particle with the electromagnetic field. Taking into account both the tree-level diagram
and the diagrams with the self-energy insertions into the external legs yields a common factor
Z i which is equal to zero. We refer the interested reader to our previous papers [21,22,24]
where these points are discussed in more detail.

For the pseudoscalar and vector mesons treated in this paper, the derivatives of the mass
operators are written as

- 4k
MTp0) = 55 [ PR w2500+ bk - o,
i 2_1 ,W_p“p”iai

d*k -
< [ B R S i Sak - .

The leptonic decay constant fp is calculated from

3 d*k

25 [0S (4 chap®sal - o] = o

3 d* k ~

B [ | 0mSi(k + claeSak - o) = my
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We use free fermion propagators for the valence quarks

SiH) = — 5)

mi— K

with an effective constituent quark mass m;. As discussed in [21,22] we assume for the
meson mass My that
Mg < my+mo (6)

in order to avoid the appearance of imaginary parts in the physical amplitudes. This holds
true for the light pseudoscalar mesons but is no longer true for the light vector mesons. We
shall therefore employ identical masses for the pseudoscalar mesons and the vector mesons in
our matrix element calculations, but use physical masses in the phase space calculation. This
is quite a reliable approximation for the heavy mesons, e.g., D* and B* whose masses are
almost the same as the D and B, respectively.

The shape of the vertex functions and the quark propagators can in principle be found
from an analysis of the Bethe—Salpeter and Dyson—Schwinger equations as was done, e.g.,
in [25,26].

We choose a phenomenological approach where the vertex functions are modelled by a
Gaussian form, the size parameter of which is determined by a fit to the leptonic and radiative
decays of the lowest lying charm and bottom mesons. As discussed above, we use the local
representation for the quark propagators. Our previous studies [21,22] have shown that such
an approximation is successful and reliable with its application to phenomena involving the
low-lying hadrons. We employ a Gaussian for the vertex function ® g (k%) = exp (—k%/A%),
where kg is an Euclidean momentum. The size parameters A% are determined by a fit to
experimental data, when available, or to lattice results for the leptonic decay constants fp
where P = 7, D, B. Here we improve the fit by using the MINUIT code in a least-square
fit. The values of the fitted parameters are displayed in Table 2, whereas the quality of the fit
may be seen from Table 1.

Table 1. The physical quantities used in the least-square fitting our parameters. The values are
taken from the PDG [28] or from lattice simulations [27]. The value of f5_ is our average of QCD
sum rules calculations [13]. All numbers are given in MeV except for g0,

Quantity | This model | Experiment/Lattice || Quantity This model Experiment/Lattice
S 130.7 130.7£ 0.1+0.36 GOy 0.272 GeV ™1 0.273 GeV ™!
fx 159.8 159.8+£1.4+0.44 fie 405 405+ 17

203+ 14 173 £23
fp 211 fB 182

226+ 15 198 £30

230+ 14 200420
s 244 B 209

250430 230430
fB. 360 360 fr 710 710437
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Table 2. The fit values of the model parameters

Quark masses, GeV Am, GeV Am, GeV

my =mgq | 0223 Ar 1.074 | Ap. | 1.959
M 0.356 Ax 1.514 | Ay | 2.622
mMe 1.707 | Ap=Ap, | 1.844 | Ay | 3.965
mp 5.121 | Ap=ApB, | 1.887

b D°

JIY D* JI¥Y

Fig. 1. The Feynman diagrams describing charm dissociation processes J/¢ + 7% — Dt 4+ D°

D*++DO, D*++D*O

In our approach the dissociation processes J/1+mT — D+D° D*+4+ D% and D**+D*°

are described by the diagrams in Fig. 1.
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The kinematics of the processes is defined as

J/¥(p1) + 7t (p2) — D3 (a1) + D (az), ™
where D = DT or D**, D} = D° or D*0, p? = m? = m3 .. Py = mi = mz,
¢t =m3 =mj,, (mh. ), g5 = mi=mp, (m3.,).

The cross section is calculated by using the formula
t4
(5) = 15pms 7 — [ 1M 0P ®
o(s) = s
1927s p? .0 ’
T

where M (s,t) is an invariant amplitude and

ty = (El,cm - E3,cm)2 - (pl,cm + q1,cm)27
o . s—l—m%—m% B s—l—m%—mi
cm = > ,cm — )
’ 2¢/s ’ 2¢/s
N2 (s,m2, m3) A2 (s,m3, m3)
di,em = —— 5~ -

2y/s

The reaction threshold is equal to so = (mg3 + m4)2. Note that Eq. (8) contains the statistical
factor 1/3 which comes from averaging over the .J/1 polarizations.
The dissociation processes are described by both

Pi,em = 2—\/55

the box and the resonance diagrams as shown in 1k
Fig. 1. The resonance diagrams depend only on ¢ 12k
or u variables, whereas the box diagrams are the 5o}
functions of s and t variables. E’ 8 F
The behavior of the Fooh(t) and F{%) ,(t) in E of
the kinematical region is shown in Fig. 2. In order to = 4} -
be able to compare with other calculations, we quote é ______ _ - -7

the value Fl(gl“}}g(t) at t = mp~ which is equal to 22.

We cannot go on mass-shell in the corresponding :

form factor F(a)

J/wp+r(t) due to the presence of an

anomalous threshold.

The dependence of Fyppp(s,t) on /s att =0
is shown in Fig. 3.

The total cross section is a sum over all channels:

Otot(5) = 0p+po(s) + 0p-+po(s) +0ptpro+ Opespeo(s).

Fig. 2. Calculated forms of F%) (1)
(solid line) and ) . () (dashed line)
in the physical region of the invariant vari-
able ¢ which is the D*-momentum squared

©)

Note that o+ g0 = 0p«+po. We plot oyt (s) as a function of /s in Fig. 4. One can see
that the maximum is about 2.3 mb at /s ~ 4.1 GeV. This is close to the result obtained
in [4-6].
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t=0 GeV?

4 4.2 4.4 4.6 4.8 5
s, GeV

Fig. 3. Form factor Fyvppp(s,t) att =0

G, mb

38 4 42
s, GeV

44 46 48 5

Fig. 4. The total cross section (/) with
all contributions: DD (2), D*D (3),

D*D* (4)
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