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We calculate the cross section for the dissociation ofJ/c by kaons within the framework of a meson-
exchange model including anomalous parity interactions. Off-shell effects at the vertices were handled with
QCD sum rule estimates for the running coupling constants. The totalJ/c-kaon cross section was found to be
1.0–1.6 mb for 4.1øÎsø5 GeV.
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I. INTRODUCTION

Suppression ofJ/c in relativistic heavy ion collisions is
still considered as one of the important signatures to identify
the possible phase transition to quark-gluon plasma(QGP)
[1] (for a review of data and interpretations see Refs.[2,3]).
Since there is no direct experimental information onJ/c
absorption cross sections by hadrons, several theoretical ap-
proaches have been proposed to estimate their values. In or-
der to elaborate a theoretical description of the phenomenon,
we have first to choose the relevant degrees of freedom.
Some approaches were based on charm quark-antiquark di-
poles interacting with the gluons of a larger(hadron target)
dipole[4–6] or quark exchange between two(hadronic) bags
[7,8], or QCD sum rules[9–11], whereas other works used
the meson-exchange mechanism[12–18]. In this case it is
not easy to decide in favor of quarks or hadrons because we
are dealing with charm quark bound states, which are small
and massive enough to make perturbation theory meaningful,
but not small enough to make nonperturbative effects negli-
gible [9–11,19].

The meson-exchange approach was applied basically to
J/c−N, J/c−p, and J/c−r cross sections, with the only
exception of Ref.[13], whereJ/c−K cross section was also
estimated. However, as pointed out in Ref.[14], there are
some inconsistencies in the Lagrangians defined in Ref.[13].
In this work we extend the analysis done in Ref.[20] and
evaluate theJ/c−K cross section using a meson-exchange
model, considering anomalous parity terms as in Ref.[17].

II. EFFECTIVE LAGRANGIANS

We follow Refs. [13,14,16,17] and start with the SUs4d
Lagrangian for the pseudoscalar and vector mesons. The ef-
fective Lagrangians relevant for the study of theJ/c absorp-
tion by kaons are

LKDDs
* = igKDDs

*Ds
*mfD̄]mK̄ − s]mD̄dK̄g + H.c., s1d

LKDsD
* = igKDsD

*D*mfD̄s]mK − s]mD̄sdKg + H.c., s2d

LcDD = igcDDcmfD]mD̄ − s]mDdD̄g, s3d

LcDsDs
= igcDsDs

cmfDs]mD̄s − s]mDsdD̄sg, s4d

LcD*D* = igcD*D*hcmfs]mD*ndD̄n
* − D*n]mD̄n

*g + fs]mcndDn
*

− cn]mDn
*gD̄*m + D*mfcn]mD̄n

* − s]mcndD̄n
*gj, s5d

LcDs
*Ds

* = igcDs
*Ds

*hcmfs]mDs
*ndD̄sn

* − Ds
*n]mD̄sn

* g + fs]mcndDsn
*

− cn]mDsn
* gD̄s

*m + Ds
*mfcn]mD̄sn

* − s]mcndD̄sn
* gj, s6d

LcKDsD
* = − gcKDsD

*cmsDm
* KD̄s + DsK̄D̄m

* d, s7d

LcKDDs
* = − gcKDDs

*cmsD̄sm
* KD + D̄K̄Dsm

* d, s8d

where we have defined the charm meson and kaon isodou-
bletsD;sD0,D+d, D* ;sD*0 ,D*+d, andK;sK0,K+d.

In addition to the normal terms given above, which were
considered in Ref.[20], there are also anomalous parity
terms introduced in Ref.[17] for the J/c−p case. In the
J/c−K case they are

LcD*D = gcD*Demnab]mcns]aD̄b
* D + ]aDb

* D̄d, s9d

LcDs
*Ds

= gcDs
*Ds

emnab]mcns]aD̄sb
* Ds + ]aDsb

* D̄sd, s10d

LKDs
*D* = − gKDs

*D*emnabs]mD̄n
*]aDsb

* K̄ + ]mDn
*]aD̄sb

* Kd,

s11d

LcKDsD
= − igKDsDcemnabcms]nD̄]aK̄]bDs − ]nD]aK]bD̄sd,

s12d

LcKDs
*D* = − igKDs

*D*cemnabcmsD̄n
*]aK̄Dsb

* − Dn
*]aKD̄sb

* d

− ihcKDs
*D*emnabs]mDb

* cnD̄sa
* K + ]mD̄sa

* cnDb
* K

+ 3]mcnD̄sa
* Db

* K − ]mD̄b
* cnDsa

* K̄ − ]mDsa
* cnD̄b

* K̄

− 3]mcnDsa
* D̄b

* K̄d. s13d

In Fig. 1 we show the processes we want to study for the
absorption ofJ/c by kaons. They are

KJ/c → DsD̄
* , K̄J/c → D*D̄s, s14d
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KJ/c → Ds
*D̄, K̄J/c → DD̄s

* , s15d

KJ/c → DsD̄, K̄J/c → DD̄s, s16d

KJ/c → Ds
*D̄* , K̄J/c → D*D̄s

* . s17d

Since the two processes in Eqs.s14d–s17d have the same
cross section, in Fig. 1 we only show the diagrams for the
first process in Eqs.s14d throughs17d.

Defining the four-momentum of the kaon and theJ/c by
p1, p2, respectively, and the four-momentum of the vector

and pseudoscalar final-state mesons, respectively, byp3 and

p4, the full amplitude for the processesKc→DsD̄
* andKc

→Ds
*D̄, shown in diagrams(1) and (2) of Fig. 1, without

isospin factors and before summing and averaging over ex-
ternal spins, is given by

Mi ; Mi
nle2ne3l

* = S o
j=a,b,c,d

Mi j
nlDe2ne3l

* for i = 1,2,

s18d

with

FIG. 1. Diagrams forJ/c absorption pro-

cesses:(1) Kc→DsD̄
* , (2) Kc→Ds

*D̄, (3) Kc

→DsD̄, (4) Kc→Ds
*D̄* . Diagrams for the pro-

cessesK̄c→ D̄sD
* , K̄c→ D̄sD

* , K̄c→ D̄sD, and

K̄c→ D̄s
*D* are similar to (1a)–(1d) through

(4a)–(4d), respectively, but with each particle re-
placed by its antiparticle.
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M1a
nl = − gKDsD

*gcDsDs
s− 2p1 + p3dlS 1

t − mDs

2 Dsp1 − p3 + p4dn,

M1b
nl = gKDsD

*gcD*D*s− p1 − p4daS 1

u − mD*
2 D

3Fgab −
sp1 − p4dasp1 − p4db

mD*
2 Gfs− p2 − p3dbgnl

+ s− p1 + p2 + p4dlgbn + sp1 + p3 − p4dngblg,

M1c
nl = − gcKDsD

*gnl,

M1d
nl = −

gKDs
*D*gcDs

*Ds

t − m
D̄s

*
2 elrsaengdb

3Fgab −
sp1 − p3dasp1 − p3db

m
D̄s

*
2 Gp1sp2gp3rp4d,

s19d

M2a
nl = − gKDDs

*gcDDs− 2p1 + p3dlS 1

t − mD
2 Dsp1 − p3 + p4dn,

M2b
nl = gKDDs

*gcDs
*Ds

*s− p1 − p4daS 1

u − mDs
*

2 D
3Fgab −

sp1 − p4dasp1 − p4db

mDs
*

2 Gfs− p2 − p3dbgnl

+ s− p1 + p2 + p4dlgbn + sp1 + p3 − p4dngblg,

M2c
nl = − gcKDDs

*gnl,

M2d
nl = −

gKDs
*D*gcD*D

t − m
D̄*
2 elrsaengdb

3Fgab −
sp1 − p3dasp1 − p3db

m
D̄*
2 Gp1sp2gp3rp4d,

s20d

wheret=sp1−p3d2 andu=sp1−p4d2.
We can see that the differences between these two pro-

cesses are basically due to the meson exchanged. It can be
shown [14,17] that the full amplitudesMi

nl (for i =1,2)
given above satisfy current conservation:Mi

nlp2n=0.
Calling the four-momentum of the two pseudoscalar final-

state mesons, respectively, byp3 and p4, the full amplitude

for the processesKc→DsD̄ shown in diagram(3) of Fig. 1
is

M3 ; M3
ne2n = S o

i=a,b,c
M3i

n De2n, s21d

with

M3a
n =

gKDsD
*gcD*D

t − m
D̄*
2 enbgdSgab −

sp1 − p3dasp1 − p3db

m
D̄*
2 D

3sp1 + p3dap2gp4d,

M3b
n = −

gKDDs
*gcDs

*Ds

u − mDs
*

2 enbgdSgab −
sp3 − p2dasp3 − p2db

mDs
*

2 D
3sp1 + p4dap2gp3d,

M3c
n = − gcKDDs

endlgp1dp3lp4g. s22d

For the diagram(4) in Fig. 1, representing the processes

Kc→Ds
*D̄* , calling the four-momentum of the two vector

final-state mesons, respectively, byp3 andp4, the full ampli-
tude is given by

M4 ; M4
nlme2ne3l

* e4m
* = S o

i=a,b,c,d,e
M4i

nlmDe2ne3l
* «4m

* ,

s23d

with

M4a
nlm = − gKD*Ds

*gcD*D*
1

t − m
D̄*
2

3Sgab −
sp2 − p4dasp2 − p4db

m
D̄*
2 Delsrap3sp1r

3fs2p2 − p4dmgbn + s− p2 − p4dbgmn

+ s− p2 + 2p4dngbmg,

M4b
nlm = − gKD*Ds

*gcDs
*Ds

*
1

u − mDs
*

2

3Sgab −
sp1 − p4dasp1 − p4db

mDs
*

2 Demsrap1sp4r

3fs2p3 − p2dngbl + s− p2 − p3dbgnl

+ s− p3 + 2p2dlgbng,

M4c
nlm = gKDDs

*gcD*D
1

t − m
D̄

2 enmgds2p1 − p3dlp2gp4d,

M4d
nlm = − gKDsD

*gcDs*Ds

1

u − mDs

2 enlgss2p1 − p4dmp2gp3s,

M4e
nlm = − gcKD*Ds

*enlmsp1s + hcKD*Ds
*«nlmssp4 + p3 − 3p2ds.

s24d
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After averaging(summing) over initial (final) spins and
including isospin factors, the cross sections for these four
processes are given by

dsi

dt
=

1

192psp0,cm
2 Mi

nlMi
*n8l8Sgnn8 −

p2np2n8

m2
2 D

3Sgll8 −
p3lp3l8

m3
2 D for i = 1,2, s25d

ds3

dt
=

1

192psp0,cm
2 M3

nM3
*n8Sgnn8 −

p2np2n8

m2
2 D , s26d

and

ds4

dt
=

1

192psp0,cm
2 M4

nlmM4
*n8l8m8Sgnn8 −

p2np2n8

m2
2 D

3Sgll8 −
p3lp3l8

m3
2 DSgmm8 −

p4mp4m8

m4
2 D , s27d

with s=sp1+p2d2, and

p0,cm
2 =

fs− sm1 + m2d2gfs− sm1 − m2d2g
4s

s28d

being the squared three-momentum of initial-state mesons in
the center-of-momentumsc.m.d frame.

III. NUMERICAL RESULTS

A. Coupling constants and form factors

To estimate the cross sections we have first to determine
the coupling constants of the effective Lagrangians. Exact
SUs4d symmetry would give the following relations among
the coupling constants[14,17]:

gKDsD
* = gKDDs

* =
g

2Î2
,

gcDD = gcDsDs
= gcD*D* = gcDs

*Ds
* =

g
Î6

,

gcKDsD
* = gcKDDs

* =
g2

4Î3
,

gcD*D = gcDs
*Ds

=
gKDs

*D*

Î3
=

Î2ga
2Nc

64Î3p2Fp

,

gcKDDs
=

gaNc

96Î6p2Fp
3

,

gcKD*Ds
* = 5hcKD*Ds

* =
5ga

3Nc

28Î3p2Fp

, s29d

whereNc=3 andFp=132 MeV.

Since none of the above couplings are known experimen-
tally, one has to use models to estimate them. In Ref.[20] we
have calculated the cross section for the processes

J/c kaons→ D̄*Ds+D*D̄s+D̄Ds
* +D̄s

*D considering only the
normal terms given by the Lagrangians in Eqs.(1) through
(8), and using two different ways to estimate the coupling
constants: vector meson dominance model estimate ofgcDD
plus SUs4d relations, and the experimental result forgrpp

plus SUs4d relations. We showed that the results for the cross
section can vary by almost one order of magnitude, depend-
ing on the values of the coupling constants used, even with-
out considering form factors in the hadronic vertices[14,17].
This gives an idea of how important it is to have a good
estimate of the value of the coupling constants. In a recent
work [21], theJ/c−p andJ/c−r cross sections were evalu-
ated by using form factors and coupling constants estimated
using QCD sum rules[22–25]. The results in Ref.[21] show
that, with appropriate form factors, even the behavior of the
cross section as a function ofÎs can change. In this work we
use the form factors in the verticesJ/cDD, J/cD*D, and
pD*D, determined from QCD sum rules[23,26], and the
above SUs4d relations to estimate the form factors and cou-
pling constants in all vertices.

From Ref.[26] we getgcDD* =4.0 GeV−1 andgcDD=5.8.
Using these numbers in the SUs4d relations given in Eq.(29)
we obtain

gcDD = gcDsDs
= gcD*D* = gcDs

*Ds
* = 5.8,

gKDsD
* = gKDDs

* = 5.0,

gcKDsD
* = gcKDDs

* = 28.8, gcD*D = gcDs
*Ds

= 4.0 GeV−1,

gKDs
*D* = 7.0 GeV−1,

gcKDDs
= 6.6 GeV−3, gcKD*Ds

* = 41.6 GeV−1,

hcKD*Ds
* = 8.3 GeV−1. s30d

The form factors given in Ref.[26] are

gcDD*
sD* d std = gcDD*s5e−ss27 − td/18.6d2d = gcDD*h1std, s31d

gcDD*
sDd std = gcDD*s3.3e−ss26 − td/21.2d2d = gcDD*h2std, s32d

gcDD
sDd std = gcDDs2.6e−ss20 − td/15.8d2d = gcDDh3std, s33d

whereg123
s1d means the form factor at the vertex involving

the mesons 123 with the meson 1 off-shell. In the above
equations the numbers in the exponentials are in units of
GeV2. Since there is no QCD sum rule calculation for the

form factors at the verticesKDs
*D or KD*Ds, we make the

supposition that they are similar to the form factor at the
vertex pD*D. From Ref.f23g we get
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gpD*D
sDd std = gpD*DS s3.5 GeVd2 − mD

2

s3.5 GeVd2 − t
D = gpD*Dh4st,mD

2 d.

s34d

With these form factors the amplitudes will be modified in
the following way:

Mia → h3stdh4st,mia
2 dMia, Mib → h3sudh4su,mib

2 dMib,

s35d

for i =1,2,and 4, withm1a=mDs
,m1b=m4a=mD* ,m2a=mD,

and m2b=m4b=mDs
* .

Mic → 1
2fh3stdh4st,mia

2 d + h3sudh4su,mib
2 dgMic,

Mid → h1stdh4st,mid
2 dMid, s36d

for i =1,2 with m1d=mDs
* andm2d=mD* .

M3a → h1stdh4st,mD*
2 dM3a, M3b → h1sudh4su,mDs

*
2 dM3b,

M3c → 1
2fh1stdh4st,mD*

2 d + h1sudh4su,mDs
*

2 dgM3c, s37d

and

M4c → h2stdh4st,mD
2 dM4c, M4d → h2sudh4su,mDs

2 dM4d,

M4e → 1
4fh3stdh4st,mD*

2 d + h3sudh4su,mDs
*

2 d

+ h2stdh4st,mD
2 d + h2sudh4su,mDs

2 dgM4e. s38d

One can argue that our prescription to introduce the form
factors in Eqs.(35) through(38) might spoil the current con-
servation associated with theJ/c current. However, this is
not the case. Let us consider, for instance, the full amplitude
associated with the processes represented by diagrams(1) in
Fig. 1: M1

nl=o j=a,b,c,dM1j
nl. Keeping only terms that will

contribute to the cross section, it can be written as

M1
nl = L1p1

np1
l + L2p3

np1
l + L3p1

np2
l + L4g

nl + L5p3
np2

l,

s39d

where, before introducing the form factors, we have

L1 = 4
gcDsDs

gKDsD
*

t − mDs

2 −
gcD*DgKDs

*D*

t − mDs
*

2

smc
2 + mD*

2 − ud

2
,

s40d

L2 = − 4SgcDsDs
gKDsD

*

t − mDs

2 +
gcD*D*gKDsD

*

u − mD*
2 D

−
gcD*DgKDs

*D*

t − mDs
*

2

smK
2 + mc

2 − sd
2

, s41d

L3 = 4
gcD*D*gKDsD

*

u − mD*
2 −

gcD*DgKDs
*D*

t − mDs
*

2

smD*
2 − mK

2 + td

2
,

s42d

L4 =
gcD*D*gKDsD

*

u − mD*
2 Ss− t +

smK
2 − mDs

2 dsmc
2 − mD*

2 d

mD*
2 D

− gKcDsD
* −

gcD*DgKDs
*D*

4st − mDs
*

2 d
fmD*

2 smc
2 − mK

2 − mDs

2 d

+ tsu − sd + mK
2smD*

2 − mc
2 + mDs

2 dg, s43d

L5 = −
gcD*DgKDs

*D*

t − mDs
*

2

smK
2 − mD*

2 + td

2
. s44d

Without interfering in the final result for the cross section,
the amplitude in Eq.s39d can be rewritten as

M1
nl = L1Sp1

n −
p1 · p2

mc
2 p2

nDp1
l + L2Sp3

n −
p3 · p2

mc
2 p2

nDp1
l

+ L3Sp1
n −

p1 · p2

mc
2 p2

nDp2
l + L4Sgnl −

p2
np2

l

mc
2 D

+ L5Sp3
n −

p3 · p2

mc
2 p2

nDp2
l, s45d

which is explicitly gauge invariant independently of the val-
ues of the parameterLi. Therefore, our prescription in keep-
ing gauge invariance, when the form factors from Eqs.s35d
to s38d are introduced, is to introduce new terms, propor-
tional to p2

n, in the amplitude, as in Eq.s45d. A different
prescription can be found in Ref.f21g.

B. Cross sections

We first give the cross sections for theJ/c absorption by
kaons without considering the form factors, i.e., we use the
expressions for the amplitudes in Eqs.(19) through(24). We
will be always including the contributions for bothJ/cK and

J/cK̄.
In Fig. 2 we show the cross section ofJ/c dissociation by

kaons as a function of the initial energyÎs. The dot-dashed,
dotted, dashed, long-dashed, and solid lines give the contri-

butions for the processesJ/c kaons→ D̄*Ds+D*D̄s, D̄Ds
*

+D̄s
* D, D̄Ds+D D̄s, D̄* Ds

* +D* D̄s
* , and total, respectively.

We see that for Îs.4.4 GeV the processJ/c kaons

→ D̄*Ds
* +D*D̄s

* dominates. However, for smaller values of
Îs the processes given by diagrams(1) and(2) in Fig. 1 are
the most important ones. This is similar to what was found in
Ref. [17] for the J/c dissociation by pions.

In Fig. 3 we show the same processes considered in Fig.
2, but with form factors. This means that we are now using
the amplitudes given by Eqs.(35) through (38). The first
important conclusion is that the use of appropriate form fac-
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tors do change the behavior of the cross section as a function
of Îs, as obtained in Ref.[21]. The processes more affected
by this change are the ones represented by diagrams(3) and
(4) in Fig. 1. While the total cross section obtained without
form factors show a very strong grown withÎs. This is no
more the case when the total cross section is obtained with
form factors, as can be seen in Fig. 4, where we show the
total cross section evaluated with and without form factors.

Other important result of our calculation is the fact that,
using appropriate form factors with cut-offs of order of
,4 GeV [see Eqs.(31) through(34)], the value of the cross
section can be reduced by one order of magnitude. The same
effect was obtained in Refs.[14,17] using monopole form
factors, but with cutoffs of the order of,1 GeV, which are
considered very small for charmed mesons.

In Fig. 4 we also show, for comparison, the total cross
section forJ/c absorption by pions(dotted line) using the
same form factors and coupling constants given here, and the
experimental value for theD*Dp coupling constant:gpD*D
=12.6 [27]. It is important to mention that the smallness of
the value of the totalJ/c-kaon absorption cross section, as
compared with theJ/c-pion absorption cross section, is due
to the use of the experimental value forgpD*D, which is
much bigger than what one would get by using SUs4d rela-
tions: gpD*D=g/4=3.6. In Ref.[20] we have showed that,
using coupling constants related by SUs4d relations, the
J/c-kaon absorption cross section is even bigger than the
J/c-pion absorption cross section. Therefore, once more this
shows how important it is to have good estimates for the
couplings.

IV. CONCLUSIONS

We have studied the cross section ofJ/c dissociation by
kaons in a meson-exchange model that includes
pseudoscalar–pseudoscalar–vector-meson couplings, three-
vector-meson couplings, pseudoscalar–vector–vector-meson
couplings and four-point couplings. Off-shell effects at the
vertices were handled with QCD sum rule estimates for the
form factors. The inclusion of anomalous parity interactions
(pseudoscalar–vector–vector-meson couplings) has opened
additional channels to the absorption mechanism. Their con-
tribution are very important especially for large values of the
initial energy,Îs.4.4 GeV.

As shown in Fig. 2 our results, without form factors, have
the same energy dependence ofJ/c absorption by pions
from Ref.[17]. The inclusion of the form factors changes the
energy dependence of the absorption cross section in a non-
trivial way, as shown in Fig. 3. This modification in the

FIG. 2. Total cross sections, without form factors, for the pro-

cessesJ/c kaons→ D̄*Ds+D*D̄s (dot-dashed line), D̄Ds
* +D̄s

* D

(dotted line), D̄Ds+D D̄s (dashed line), and D̄* Ds
* +D* D̄s

* (long-
dashed line). The solid line gives the totalJ/c dissociation by ka-
ons cross section.

FIG. 3. Same as in Fig. 2 but with form factors.

FIG. 4. TotalJ/c absorption cross section as a function of the
initial energy. The solid and dashed lines give the results forJ/c
absorption by kaons with and without form factors, respectively.
The dotted line gives the results forJ/c absorption by pions with
form factors.

R. S. AZEVEDO AND M. NIELSEN PHYSICAL REVIEW C69, 035201(2004)

035201-6



energy dependence is similar to what was found in Ref.[21]
for J/c absorption by pions.

With QCD sum rules estimates for the coupling constants
and form factors, the totalJ/c-kaon cross section was found
to be 1.0–1.6 mb for 4.1øÎsø5 GeV. Using the same form
factors and the experimental value forgpD*D we get for the

J/c-pion total dissociation cross section 9.0,10.0 mb in the
same energy range.
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