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J/yr-kaon cross section in meson exchange model
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We calculate the cross section for the dissociation)iof 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. TheXbfakaon cross section was found to be
1.0-1.6 mb for 4.5 /s<5 GeV.
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I. INTRODUCTION . o T P N~

‘l:l,//D*D’c = IglﬁD*D*{W[(&MD )Dy_ D &MDV] + [((9,4/,1,0 )Dy
Suppression of/ ¢ in relativistic heavy ion collisions is P iy =

still considered as one of the important signatures to identify ~¢3,D, D *+D *y"9,D, - (3,4")D,1}, (5)

the possible phase transition to quark-gluon plas@&P

[1] (for a review of data and interpretations see REZS3)). Lo e =0 (9 D*V)E D9 D 1+ (d,4")D:

Since there is no direct experimental information dhy 00,0, = 18,0,0;{#1(9,D")Ds, = Ds0,Ds, ] + 1(0,4)Ds,

absorption cross sections by hadrons, several theoretical ap- — I DD+ D M9 D - (9 4D, 6

proaches have been proposed to estimate their values. In or- VD51 19"0,Ds, = (0,401} (6)

der to elaborate a theoretical description of the phenomenon, . — S

we have first to choose the relevant degrees of freedom. L ko p* =~ Yy o (D, KDs+DKD ), (7)

Some approaches were based on charm quark-antiquark di-

poles interacting with the gluons of a largdradron target o o — .

dipole[4—6] or quark exchange between timadronig bags L koo, = = yxop,#(Ds,KD + DKDy,), (8)

[7.8], or QCD sum rulez{g—lj],_whereas Other Works_us_:ed where we have defined the charm meson and kaon isodou-

the meson-exchange mechanigt2—-1§. In this case it is bletsD = (D% D*), D" =(D"®,D™), andK = (K°,K*)

not easy to decide in favor of quarks or hadrons because we L ' ' o

: i . In addition to the normal terms given above, which were
are dealing with charm quark bound states, which are smes# g

onsidered in Ref[20], there are also anomalous parity
erms introduced in Ref{17] for the J/— case. In the
J/¢y—K case they are

and massive enough to make perturbation theory meaningf
but not small enough to make nonperturbative effects negli
gible [9-11,19.

The meson-exchange approach was applied basically to
JIy=N, I/ =, and I/ —p cross sections, with the only
exception of Ref[13], whereJ/—K cross section was also _ _
estimated. However, as pointed out in REf4], there are £¢D;DS:gw;DSE’Mﬁ%%(%D;ﬁDs‘* aaD;BDS), (10
some inconsistencies in the Lagrangians defined in [R&F.

In this work we extend the analysis done in Rgf0] and — ., — —
evaluate thel/y—K cross section using a meson-exchange £ko’p* =~ Oko.p* € *(9,D,0,DpK + 9,D,3,DpK),
model, considering anomalous parity terms as in [REf]. (11)

Lyo*o = 9yo0€""*Pd,,(9,D 4D + 3,D D), 9

Il. EFFECTIVE LAGRANGIANS — N9 K. N
EI/IKDSD - IgKDSDL/IGMVaBl/IM(aVD&aK&ﬁDS_ o"VD&aK(?ﬁDS),

We follow Refs.[13,14,16,17 and start with the SU4}) (12)
Lagrangian for the pseudoscalar and vector mesons. The ef-
fective Lagrangians relevant for the study of thes absorp- — —, . —
tion by kaons are Lyoip" =~ igKD;D*z/ﬁWaﬁlﬂﬂ(Dy‘?aKDsﬁ - D,d,KDgp)

Lxoo; = iGkpp; D [D3,K = (3,D)K] +Hee., (1) ~ i oo €7 B(3, D, Do, K + 3,D5, 4, DK

, L _ +33,,De DK — 9, Dih, D K = 3, Do h, DK

Lyp o =i0kp oD [Dsd, K = (3,DIK] + He.,  (2) S
~ 30,4,D2,D5K). (13)

Lypp = ingW[Daﬂa— (r?MD)S], 3 In Fig. 1 we show the processes we want to study for the
absorption ofl/ ¢ by kaons. They are

E;pDSDs: ingstW[DsauDs_ (&;LDS)DS]Y (4) KJ/y— DSS*, E\]/l/,_) D*BS, (14
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FIG. 1. Diagrams ford/ absorption pro-
K Wy K Yy K Iy K Ty cesses(1) Ky—DD’, (2) Ky—DD, (3) Ky
@a) (@b) @) @d) —DPD, 4) Ky— D,D". Diagrams for the pro-
_ _ _ cesseKy—DD", K¢y—DD", K¢y— DD, and
Ds b Ds D Ds D Ky—D,D" are similar to (1a—1d) through
(4a)—4d), respectively, but with each particle re-
placed by its antiparticle.
D* Di
K Iy K Iy K I
(3a) Gb) G _ _
D} D* D><* D} D pi D* D} D*
o* } D} ’ D Ds
K Ty K Iy K Iy K Wy K Iy
4a) (4b) (40 (4d) (4e)
Ky — DSE EJ/¢—> DE;, (15) and pseudoscalar final-state mesons, respect_lyelps land
P4, the full amplitude for the processé&s)— DD andKy
K/ — DSE, KJ/:,&H DBS, (16) _—>DSI_3, shown in diagramgl) anq (2) of Fig. 1, IW|thout
isospin factors and before summing and averaging over ex-
— — —_ ternal spins, is given by
KJ/y— D", KJy— D Dg. (17

Since the two processes in Eqd4)—(17) have the same  Mi EMi‘/AEZVE%:(_ > Mﬁx>€2v63>\ for 1=1,2,

cross section, in Fig. 1 we only show the diagrams for the jzabed

first process in Eqs(14) through(17). (18
Defining the four-momentum of the kaon and the) by

p1, Py, respectively, and the four-momentum of the vectorwith
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Miy=- 9kpp*Oyo o (~ 2P + ps))‘(t 2 )(pl ~Ps*pa)”,
-mg,

M= 0kp.p* Oy (— P1— Pa)” L
1b = Yo p*Yyp D i u—m%*

(P1— P4)o(P1— Pg) y
X [gaﬁ— Pa” Palo P Pa B][(— P, - pa)Pg™
mD*
+ (= py+ P2+ P)gP’ + (pr+ Pa— Pa)'g?],
Mig=- 9¢KDSD*9V)\:

Mfﬁ __ 9kp D gi’DSDsgwaEw@B
t- III—D;

(P1~ P3)a(P1— P3)
X [gaﬁ_ 2 £

] P1sP2 yp3p Pass
D

(19

1
M3 == GkopGyop(~ 2P+ psY‘(m) (P1—P3+pa)”,
b

1
M= koo 9yo’p;(~ P1~ P4)a( 5 )
u—m

DS

(P1 = Pa) a(P1— Pa)
X [gaﬁ_ 2 £

DS

][(— P2~ Pa)Pg™
+ (= py+ P2+ P gP + (pr+ 3= Pa) 9],

VA — <AVN
Mo =~ 9ykoD 9™

(P11~ P3)o(P1~ P3)g
2

P15P2,P3,P45
=
(20)

wheret=(p;—p3)? andu=(p;—p,)>.

We can see that the differences between these two pro-
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M3EM562,,:( > M’éi)Ez,,, (1)
i=a,b,c
with
9«p,.0*9y* - -
v o KDD ;bD vaﬁyé(gaﬁ_ (p1 p3)a£pl ps)g)
LS D*
X (P1+ P3)*P2yPass
9«oD:9yD D, ~Po)u(ps—
s, = - oo, gﬂya( 0o (3= p2) gps pz)g)
U=, 0;
X(P1+ Pa)*P2,P3s:
M= = Gykop €' PrLoPnPay- (22

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

Ky— D D", calling the four-momentum of the two vector
final-state mesons, respectively, pyandp,, the full ampli-
tude is given by

— 1297 *oox
My= My 62,,63>\€4”—(

YA * *
> My )62V63A84;u

i=a,b,c,d,e
(23
with
VAU — 1
MyH =~ 9o Yy D" >
t- mgs
(P2~ P2 (P2~ PIg\ ropa
X(gaﬁ_ 2 . 2 2 L 6}\p p3(rplp
=
X[(2p, = pa)*g”" + (= P2~ Pa)Pg™”
+ (= P2+ 2ps) 9P,
VAU — 1
MypH =~ 9k 0 9yD. D] 2
u- mD;
v (ga,g _ (P1~ Pa) agpl - p4),3> €470, D,
my-

X[(2p3 = p2)"g® + (= po — pa)Pg™
+(=p3+2p)*g?"],

1
Mk = koo 9y D 5 €47°(2p1 ~ P2)*P2,Pas,

t—ma

cesses are basically due to the meson exchanged. It can be

shown [14,17 that the full amplitudesMi”‘ (for i=1,2

given above satisfy current conservationt/*p,,=0.

Calling the four-momentum of the two pseudoscalar final-
state mesons, respectively, py and p,, the full amplitude

for the processeKy— DD shown in diagran(3) of Fig. 1

IS

1
Mgt == ko' Gypg Dy 2 €M7(2py = P4)*P2,Pac

Ds

Mt —
Mgt =- ngD*D;GVMUpla + hx//KD*D;SV)\'uU(p4 +P3— 3P

(24)

035201-3



R. S. AZEVEDO AND M. NIELSEN

After averaging(summing over initial (final) spins and

PHYSICAL REVIEW (69, 035201(2004

Since none of the above couplings are known experimen-

including isospin factors, the cross sections for these foutally, one has to use models to estimate them. In R&j. we

processes are given by

do; 1 v * '\ p2vp2v’
s MM (gw/ — )
dt  192msgf o, m3
P3xP3y
mg
dO' 1 w1 p2vp2v’
o Topa MM (g - —2) (26)
t  192aSEg o 5
and
% - —1 M )\MM v\ <gvv p2Vp22u')
dt 1927 g, m
Pa\Pay/ PP )
X r— T T 5, 2

with s=(p;+p,)?, and

2 2
02 [s= (my +my) z]lis (my —mp)°] 28)

have calculated the cross section for the processes
J/ ¢ kaons— D"Dg+D"Dg+DD_+D.D considering only the
normal terms given by the Lagrangians in E¢B. through
(8), and using two different ways to estimate the coupling
constants: vector meson dominance model estimatg,f
plus SU4) relations, and the experimental result @y,
plus SU4) 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 verti¢®4,17.
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/ ¢—m andJ/ - p cross sections were evalu-
ated by using form factors and coupling constants estimated
using QCD sum rulef22—25. The results in Ref[21] show
that, with appropriate form factors even the behavior of the
cross section as a function ¢6 can change. In this work we
use the form factors in the verticéd yDD, J/ DD, and
7D'D, determined from QCD sum rulg®3,26, and the
above SW4) relations to estimate the form factors and cou-
pling constants in all vertices.

From Ref.[26] we getg,pp*=4.0 GeV! and gypp=5.8.
Using these numbers in the $4) relations given in Eq(29)

being the squared three-momentum of initial-state mesons e obtain

the center-of-momenturfc.m) frame.

IIl. NUMERICAL RESULTS

A. Coupling constants and form factors

9yop = 9ypp = yp'D* = Gyp. D, = 5.8,
9kpp* = koD, = 5.0,

To estimate the cross sections we have first to determine 9yxo 0" = ykon, = 28.8, Gyp'p = Yyp’p, = 4.0 GeV?,
the coupling constants of the effective Lagrangians. Exact

SU(4) symmetry would give the following relations among

the coupling constantd4,17:

g
9kpp* = 9kpD, = 75
KDD KDD, 25
_ _ _ _9
9yop = 9y D = yp*D* = Gyp.D; = E
g =g r= _92
kD.D* = 9ykDD: = ,
VDS VKPDs 43
* _k [on2
G — g = O 20N,
pp=9yo'D.= = )
v PP 64\!’5772F,T

g - gaNc
KPP 96\ 6m2F3
593N,
s5* = 5Ny = — 29
9yxp*D YKD"D 28\r’§ﬂ-2F,T (29)

whereN;=3 andF_.=132 MeV.

gKD;D* = 70 Gevl,

_ 3 e — 1
9ykpp, = 6.6 GeV”,  gykpp; = 41.6 GeV-,
hyko'p; = 8.3 GeV1i. (30)

The form factors given in Ref26] are

gfp%l)y(t) = 9¢DD*(5€_((27 —t)/18.®2) = gyophu(d),  (31)
%DD «(t) = 9ypD* (3 326~ t)/213) 9¢/DD*h2(t), (32

0260 = gypp(2.6670V158%) =g ohet),  (33)

Whereg123 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
Ge\2. Since there is no QCD sum rule calculation for the
form factors at the verticeKD_D or KD'D,, we make the
supposition that they are similar to the form factor at the
vertex 7D'D. From Ref.[23] we get
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3.5 GeV)2 - n?
%) = ng*Dh4(t,m2D)_
(34)

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

(fD) o(t) =gp* D(

Mia — NaONg(t, M) Mia,  Mip — ha(Why(u,mi) My,
(35)
for i=1,2,and 4, withmla:mDS,mlb:wa:mD*,mZa:mD,
and Mpp = Myp=Mp;.
Mic — 5[ha(Ohy(t,ME) + ha(Why(u,mg) IM;,

Mig — hy(Dhy(t, M) M (36)

id»
for i=1,2 with Myg=Mp; and Mmyg=mp-.

Maq — hy(Ohy(t,mE) Mgy, Mgy — hl(u)m(u,m;;wgb,

Mae— 3[h(Ohy(t,mG:) + hy(Why(u,md:) IMge, (37)

and

Mae— Ot MB) Mo, Mg — hz(U)h4(U7mZDS)M4d:

Me— 3[ha(B)hy(t,mB.) + hs(u) h4(u,m§;)

+hy(Ohy(t,m3) + ha(Why(u,md ) IMye.  (38)

One can argue that our prescription to introduce the forrrjf0 (38)

factors in Eqs(35) through(38) might spoil the current con-
servation associated with thE ¢ current. However, this is

PHYSICAL REVIEW 69, 035201(2004

2
9yp"pGkp;p" (Mp: = M +1)
2 1

9yp 0" YkD D"
A3 =4 -

2
t-m

s
(s

9yp"p9kD D"
2
4(t— m2«
(t-mpy)

+t(u-s) + ma(md.

2
u-my-

(42)

|

22 2 2
Mg+ (M, = mi¢ = mp)

2 2 2 2
(M = mp ) (my, — mg+)

2
mD*

9yp'0"IkD D

Ag= -
U= mg-

~ Okyp D" ~
(43)

2 2
- m(// + mDS)]a

me- +1)
2

* * 2 —
9yp'p9kD.D (mi

5=

> (44)
t- mD;
Without interfering in the final result for the cross section,
the amplitude in Eq(39) can be rewritten as

» PL-P P3-p
M )\_Al(pl - P 2p2>p1+A2<p3 L 2 2p2>pl
my, my,
VAN
v _P1-P N
+A3<p1 lmizp2>p2+A4(g}‘— ;{)
+As(p§ B 2p2p2)p2a (45)
m,,

which is explicitly gauge invariant independently of the val-
ues of the parameteY;. Therefore, our prescription in keep-
ing gauge invariance, when the form factors from EG8)
are introduced, is to introduce new terms, propor-
tional to p;, in the amplitude, as in Eq45). A different
prescription can be found in RgR21].

not the case. Let us consider, for instance, the full amplitude

associated with the processes represented by diagfrrs
Fig. 1: M =35 caMj}. Keeping only terms that will
contribute to the cross section, it can be written as

M= Apiph + Aopspy + Agpiph + A,g™ + Aspips,
(39

where, before introducing the form factors, we have

_ 9yop ko' Yyp'DIkD D (mj, + mg- — )
e t-mg_ t-md 2 :
b, b:
(40)
9y pIkpp*  Yyp*D*OkDD"
Az:_4( R el )
t=mp, u-—mg-
9y0*pIKD!D* (M2 + M2 — S

2 )
t—mg 2

S

B. Cross sections

We first give the cross sections for thiéy absorption by
kaons without considering the form factors, i.e., we use the
expressions for the amplitudes in E¢$9) through(24). We
will be always including the contributions for bodt ¢K and
JIyK.

In Fig. 2 we show the cross sectlonﬂfz,b dissociation by
kaons as a function of the initial energg. The dot-dashed,
dotted, dashed, long-dashed, and solid lines give the contri-

butions for the processed/ kaons—D Ds+D"Ds, DD

+D D, DD +D Dy, D D +D" DS, and total, respectively.
We see that for\s>44GeV the processl/ i kaons

—>D D +D" D dominates. However, for smaller values of
Vs the processes given by diagrai$ and(2) in Fig. 1 are
the most important ones. This is similar to what was found in
Ref. [17] for the 3/ 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 Eq$35) through (38). The first
important conclusion is that the use of appropriate form fac-
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FIG. 2. Total cross sections, without form factors, for the pro- G, 4. Totald/y absorption cross section as a function of the
cessesJ/ ¢ kaons—D'Dg+D’"Dg (dot-dashed ling DD +D; D initial energy. The solid and dashed lines give the results)far
(dotted ling, 5D5+D 55 (dashed ling andD’ D;+ D" ES (long- absorption by kaons with and without form factors, respectively.
dashed ling The solid line gives the total/ s dissociation by ka-  The dotted line gives the results fdf ¢ absorption by pions with
ons cross section. form factors.

tors do change the behavior of the cross section as a function In Fig. 4 we also show, for comparison, the total cross
of s, as obtained in Ref21]. The processes more affected section forJ/ absorption by piongdotted ling using the
by this change are the ones represented by diag(@vend same form factors and coupling constants given here, and the
(4) in Fig. 1. While the total cross section obtained withoutexperimental value for th® D= coupling constantg.,.p p
form factors show a very strong grown witfs. This is no  =12.6[27]. It is important to mention that the smallness of
more the case when the total cross section is obtained witthe value of the totall/ -kaon absorption cross section, as
form factors, as can be seen in Fig. 4, where we show theompared with thel/ -pion absorption cross section, is due
total cross section evaluated with and without form factors.to the use of the experimental value fgrp+p, which is
Other important result of our calculation is the fact that,much bigger than what one would get by using(&Jrela-
using appropriate form factors with cut-offs of order of tions: g,5-p=g/4=3.6. In Ref.[20] we have showed that,
~4 GeV[see Eqs(31) through(34)], the value of the cross using coupling constants related by @W relations, the
section can be reduced by one order of magnitude. The san® -kaon absorption cross section is even bigger than the
effect was obtained in Ref§14,17 using monopole form  j/y.-pion absorption cross section. Therefore, once more this

factors, but with cutoffs of the order 6f1 GeV, which are  shows how important it is to have good estimates for the
considered very small for charmed mesons. couplings.

2
IV. CONCLUSIONS

We have studied the cross sectionJéfy 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 couplingas opened
additional channels to the absorption mechanism. Their con-
tribution are very important especially for large values of the
initial energy,Vs>4.4 GeV.

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

15 -

Gy_yy(Mb)

0
3.5
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energy dependence is similar to what was found in R}  J/¢-pion total dissociation cross section 9:00.0 mb in the

for J/ 4 absorption by pions. same energy range.
With QCD sum rules estimates for the coupling constants
and form factors, the tota]{_ -kaon cross.sectlon was found ACKNOWLEDGMENTS
to be 1.0—-1.6 mb for 4& ys<5 GeV. Using the same form
factors and the experimental value fpry-p we get for the This work was supported by CNPqg and FAPESP.
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