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A Model for J/v - Kaon Cross Section
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We calculate the cross section for the dissociatiodi af by kaons within the framework of a meson exchange
model. We find that, depending on the values of the coupling constants used, the cross section can vary from 5
mb to 30 mb at/s ~ 5 GeV.

In relativistic heavy ion collisiong /¢y suppression has  and massive enough to make perturbation theory meaning-
been recognized as an important tool to identify the possibleful, but not small enough to make non-perturbative effects
phase transition to quark-gluon plasma (QGP) [1] (for a re- negligible [9-11,18].
view of data and interpretations see refs. [2, 3]). Since there  The meson exchange approach was applied basically to
is no direct experimental information ai/«) absorption J/v—mandJ /vy — p cross sections, with the only exception
cross sections by hadrons, several theoretical approachesf ref. [13] whereJ/¢— K cross section was also estimated.
have been proposed to estimate their values. In order to elabHowever, as pointed out in ref. [14], there are some incon-
orate a theoretical description of the phenomenon, we havesistencies in the Lagrangians defined in ref. [13]. In this
first to choose the relevant degrees of freedom. Some apwork we will evaluate the//«) — K cross section using a
proaches were based on charm quark-antiquark dipoles inmeson-exchange model as in ref. [13], but we will treat the
teracting with the gluons of a larger (hadron target) dipole VVV and four-point couplings in the effective Lagrangians
[4-6] or quark exchange between two (hadronic) bags [7, 8], as in ref. [14].
or QCD sum rules [9-11], whereas other works used the  As in refs. [13-16] we start with the SU(4) Lagrangian
meson exchange mechanism [12-17]. In this case it is notfor the pseudo-scalar and vector mesons. The effective La-
easy to decide in favor of quarks or hadrons because wegrangians relevant for the study of thig¢vy absorption by
are dealing with charm quark bound states, which are smallkaons are:

J
‘CKDD: = igKDD;f D:/L (EGMF — (6;,,7)7) + H.c. 5 (1)
Lip,p* =igxp,p D* (D0,K — (8,D,)K) +H.c., 2)
CwDD = ingD 1/}“ (Daﬂﬁf (aﬂD)E) , (3)
Lyp,p, = igyp,p, V" (Ds0uDs — (9,D5)Ds) , 4
Lypp+ = igypp- [¢" ((8,D*)D; — D*9,Dy)
+  ((0u4")Dy — "8, D;y) D
+ D*M (W’auD?i - (8;L¢U)D?j)] 9 (5)
Lyp:p: = i9yD:D: {W ((%DI”@:U - D:"aﬁiy)
+ ((0,")D}, —4"0,D3,) D
+ D (v 9,Dy, - (0.0)D, )] (6)
Lxyp.p+ = —gkyp.p- V" (D;KDs+ D,KDy) (7
‘CKd)DD: = ~—YKyDD: d)H (Ej/LKD +WD:M) ) (8)
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where we have defined the charm meson and kaon iso-with
doubletsD = (D° D*), D* = (D*°,D*") and K =

273

(KO, K).

VA

1
V2 = —9kD.D*9yD.D, (—2p1 + ps)* (2 )
. t—mp
The processes we want to study for the absorption of s

J /¢ by kaons are: x(p1 —p3 +pa)”,

1
MY = « «px (—p1 — “l —
1b 9K D;D*Y9pD*D ( D1 P4) U m%*

KJ/¢ —D,D",  KJ/p — D*D, ) (P1 — pa)a(pr — P4)ﬁ} [(—p2 — ps)?g">

KJ/i) — DD, KJ/i) — DD.. (10) X |9ap = w2,
+ (=p1+p2 +pa) g% + (01 + s — pa)" 9™,
The two processes in egs.(9) and (10) have the same cross M = —GKwD. D" g, (12)
section. Therefore, in Fig. 1 we only show the diagrams for °
the first process in egs. (9) and (10). wheret = (p; — p3)? andu = (p1 — p4)2.
Similarly, the full amplitude for the second process

Ds o Ds K+ — DD is given by

*

D Ds

B*
My = MY eg,e3, = Z MM | eavesn,  (13)
i=a,b,c
** with
Ds D
vA A 1
%0 = —9KDD:9yDD (—2p1 + p3) Pa—
—m
K J/

X(p1 — ps +pa)’,

K Iy Y K I
1
(1a) (1b) (1) My = 9k DD Gy D: (—P1 — Pa)” (2)
_ _ _ U —Mmp.
Ds D Ds D Ds D ( w )
P1 —P4)a\P1 — P4 v
X | gap — 5 2| [(=p2 = ps)Pg
mD:
+ (=p1+p2+pa) g™ + (01 +ps — pa) g™,
= M;Z\ = —9K¢DD: gw\- (14)
D Ds .

We can see that the differences between these two pro-
cesses are basically due to the meson exchanged. It can be
shown [14] that the full amplitudes1?* (for i = 1, 2) given

K T K Ju K yp above satisfy current conservatio®M?*p,, = MY p3y =
0.
(2a) (2b) (2c) After averaging (summing) over initial (final) spins and

Figure 1. Diagrams for//+ absorption processes: Hvy — including isospin factors, the cross sections for these two

D.D"; 2) K¢ — D’D. Diagrams for the processdsy — processes are given by
D,D* and Ky — D.D are similar to (1a)-(1c) and (2a)-(2c)

respectively, but with each particle replaced by its anti-particle. @ _ 1 M{/XM»‘W’)\’ Gour — PavD2v
dt 1927spf o 0" vy m3
- P3xDP3N
Defining the four-momentum of the kaon, thgy, the X (gw - mQ) ; (15)
3

vector and pseudo-scalar final-state mesons respectively by
p1, P2, p3 andpy, the full amplitude for the first process
K¢ — D,D", without isospin factors and before summing
and averaging over external spins, is given by

with s = (p; —|—p2)2, and

o = ] g

is the squared three-momentum of initial-state mesons in the

center-of-momentum (c.m.) frame.
My = MY ey 63 = Z MY ) eaesy,  (11) To estimate the cross sections we have first to determine
i=a,b,c the coupling constants of our effective Lagrangians. Exact
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SU(4) symmetry would give the following relations among we get:
the coupling constants:

g
dKD.D* = gKDD* = — =,
s 2\/5
- - - 9
9yDD = ¢y D.,D, = gy D*D* = JyD*D* = %
2
9KyD,D* = JKoDD* = — = -
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Figure 2. Total cross sections of the process¢g kaons —

D" D, + D* D, (dot-dashed line)D D} + D. D (dotted line).
The solid line gives the total/y dissociation by kaons cross

section. For comparison, the dashed line gives ¢ = —

D D* + D D" cross section.

ForyDD, D, Dy, v»D*D* andy D D?* couplings we
follow refs. [12, 14] and make use of the vector meson dom-

inance model (VDM). We get

9yDD = gyD,D, = GypD*D* = Gyp:Dx = 1.64.

Using the above SU(4) relations we get for the other cou-

pling constants:

9kD,D* = gk pD: = 6.6,

andgryp,p+ = gxypp: = 50.55.

The solid line in Fig. 2 shows the total cross section of
J /4 dissociation by kaons as a function of the initial energy
\/s. The dot-dashed line includes the contribution for both
KJ/¢Y — D,D" andK.J/i) — D*D,, while the dotted
line includes the contribution for botk' .J/¢» — DD and
KJ/v — DD.. InFig. 2 we also show, for comparison, the
cross section for the process /¢y — D*D+D’ D (dashed
line) using the same coupling constants as in ref. [14]. We

(18)

(19)

see that, considering all allowed process for fhe dis-

sociation by kaons, we get a cross section bigger than the

pion-.J /4 dissociation cross section.

If instead of using the VDM to determine the couplings,

91/)D§D: =4.95
4.3.

9gyDD = 9gyD,D, = gy D*D*

9KkD,D* = gKDD: = (21)

In this case we get a much smaller cross section, as can be
seen by the solid line in Fig. 3, where we also show (dot-
dashed line) the previous result.
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Figure 3. Total cross sections df'+ dissociation by kaons eval-
uated by using the values for the couplings given by Egs. (18) and
(19) (dot-dashed line) and by Eq. (21) (solid line).

As can be seen by Fig. 3, the result for the cross section
can vary by almost one order of magnitude, even without
considering form factors in the hadronic vertices [14, 16].
This gives an idea of how important it is to have a good esti-
mate of the value of the coupling constants. In a recent work
[19], the /¢ — m andJ /¢ — p cross sections were evalu-
ated by using form factors and coupling constants estimated
using QCD sum rules [20, 21, 22, 23]. The results show that
with the appropriate form factors, the total cross section can
even fall for values of/s bigger than 4.5 GeV. In a future
work we will include from factors in the hadronic vertices
as well as anomalous parity interactions [16].

In summary, we have studied the cross section
of J/v dissociation by kaons in a meson-exchange
model that includes pseudo-scalar-pseudo-scalar-vector-
meson couplings, three-vector-meson couplings, and four-
point couplings. We find that these cross sections are even
bigger than the/ /vy — = — DD* + D" D dissociation cross
section, and have a very strong dependence with the values
of the coupling constants in the hadronic vertices. Resulting
cross sections can vary between 5 mb and 30 mky/for- 5
GeV, depending on the values of the couplings. Since these
couplings are not known experimentally, it is very important
to have better estimates for them.
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prm coupling constant:
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