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J/ ¢ absorption by = and p mesons in a meson exchange model with anomalous parity interactions
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We reanalyze the dissociation process of dii¢ by = and p mesons intoD +D, D* +D, D+D*, and
D* +D* within a meson exchange model. In addition to the dissociation mechanisms considered in the
literature, we consider anomalous parity interactions, whose couplings are constrained by heavy quark spin
symmetry and phenomenology. This opens new dissociation channels and adds new diagrams in the previously
considered processes. Compared to the previous results, we find that these new additions have only a minor
effect on thep+J/¢ total inelastic cross section, but reduce the onedfarJ/¢ by about 50% near the
threshold.
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I. INTRODUCTION recently improved by Wong, Swanson, and BarhB4 by
using a more successful quark interchange model and hadron
Suppression of/ ¢ production is considered to be one of wave functions. The cross section fer-J/ was found to
the promising signals for detecting the formation of thebe relatively small with a maximum of about 1 mb, while the
quark-gluon plasmaQGP) in relativistic heavy ion colli- pion-induced ' dissociation process had a much larger
sions(RHIC) [1,2]. Indeed, recent reports by the NA50 Col- Cross section with lower threshold for the initial kinetic en-
laboration[3,4] show an anomalous suppressiondbfs pro-  €rgy. o _
duction in Pb-Pb collisions at CERN. Model calculations, ~ Another appr_oach td/ absorptlon is to use effective
which assume the formation of a deconfined state of quarkg!eson Lagrangiai15-18. In this approach, the authors
and gluond5,6] at the initial stages of the collision, seem to considered-channel meson exchanges to estimate Xhg
be successful in explaining the anomalous suppressioPsorption cross sections. In REf5], Matinyan and Miler
However, before coming to a definite conclusion on the ex£alculated D-meson exchange diagrams and found small
istence of the QGP state in such collisions, it is essential t§70SS sections around 0.3 mb fert+ J/¢s and p+J/¢. The
investigate whether the observat) suppression can be ex- obt.alned cross sections were found to |ncreaseIW|th energy.
plained by a more conventional approach that does not ad-his calculation was improved by Haglja6], who included
sume the existence of the QGP state. In such models, tHa"-meson exchanges and four-point couplings in Jih¢
suppression comes from the absorptiod/af by the comov- absorption meghamsms. Similar calculations were recently
ing hadrons[7—10. Since such comover models strongly performed by Lin and K$17]. The new_results shc&v a rather
depend on the cross sectionsléf absorption by hadrons, it large cross section forr+J/¢—D*+D andD+D*, i.e.,
is essential to have better knowledge of the magnitude anabout 20 mb at/s=4 GeV, which at higher energies satu-
energy dependence of the cross sections. This is not an eastes to about 30 mbHowever, for a realistic structure of
task, but is indispensable for true identification of QGP inthe mesons, form factors have to be taken into account. In-
RHIC. clusion of form factors generally reduces the cross sections.
The absorption o8/ by light hadrons has been investi- With suitable form factors and cutoff parameters, which,
gated using various methofis1—-18. The estimated values however, cannot be justifiea priori, Lin and Ko[17] con-
for the cross sections show a strong dependence on the hagluded that the saturated absorption cross sectionsrfor
ronic models and assumptions on the absorption mechanismisd/ andp+J/y are around 7 mb and 3 mb, respectively.
employed in the calculation. The first set of models uses the All of the meson exchange model calculations discussed
quark degrees of freedom. Using perturbative QCD in theabove essentially use the same effective meson Lagrangian:
heavy charm quark mass linfiL9], Kharzeevet al. [11,12  namely, the minimal Si4}) Yang-Mills Lagrangian. Two im-
found very small absorption cross sections at the order ofmediate questions can arise. The first is the use of45U
ub. In Ref.[13], Martins, Blaschke, and Quack investigated symmetry in constructing the effective Lagrangian. Obvi-
the charmonium dissociation processes+J/¢—D* ously, the charm quark is much heavier than the other three
+D,D+D*, andD* +D* using the quark exchange model light quarks and the S@d) symmetry is nowhere near being
and found a strong enhancement near the threshold with dfle in QCD. Nevertheless, the starting point of using the
exponential falloff at higher energies. The peak was found aPU(4) Lagrangian is to categorize the possible interaction

Js=4 GeV with a value of about 7 mb. This calculation was vertices among the meson multiplets and estimate as many of
their respective couplings by phenomenology as possible.

*Electronic address: yoh@phya.yonsei.ac.kr
"Electronic address: tssong@phya.yonsei.ac.kr The typographical errors in Reff16] and different conventions
*Electronic address: suhoung@phya.yonsei.ac.kr between Refd 16,17 were cleared recently by R€f18].
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Doing so, not all of the couplings can be fixed. However, itsymmetry. Doing so, most of the three-point couplings can
turned out that for couplings that can be checked, one findbe determined. For the four-point couplings and some three-
that the SW4) symmetry relations for coupling constants are point couplings, where such a determination is not possible,
not totally meaninglesgl7,18. Such checks provide the or- we will partly rely on the SW4) relations as well as other
der of uncertainty for the calculated absorption cross sectionsiodel predictions.

within the effective Lagrangian method and make the calcu- As in Refs.[16-18, we start with the S(#) Lagrangian
lation meaningful. The second question is whether all posfor the pseudoscalar mesons and introduce the vector and
sible interactions are considered. It is this question that waxial-vector mesons by the massive Yang-Mills approach
want to address in this paper. The previous studies did nd27]. The axial-vector fields can be gauged away as in Ref.
fully take into account all possible sets of interaction[28]. The procedure to obtain the effective Lagrangian is
Lagrangians involvingD and D*. In fact, the anomalous well explained, e.g., in Ref§17,18 and is summarized in
parity interactions which are connected to the gauged Wesshe Appendix. The effective Lagrangian fet p, D, andD*
Zumino action are all missing. Furthermore, the anomaloushen reads

term such aD*D* 7 is essential and required by heavy

quark spin symmetry and its coupling is strongly constrained Lp*pr=10p* DW(DZa“wS— Daf‘wﬁz), (1a
to theD* D 7 coupling[20,21. As we shall see, inclusion of
D*D* w7 coupling opens new absorption channels and Lypp= i9¢DD¢M(0“D5— DJD), (1b)

mechanisms which were not considered in the literature.

Therefore, to fully estimate th& s absorption cross section r — m o~ *xv) D%
oy ’ . - ; =—I d,D*'D>—D*"9,D

within the hadronic model, it is necessary and important to ~¥P*P* Gup+ x4 (9y v «D)

see the effect of the _anom.alous. intgractions to such pro- +(d,4,D* "~ lﬂV&MD*V)B*’u‘FD* #( W%Bﬁ
cesses, which we will investigate in this work.

This paper is organized as follows. In Sec. Il, we intro- _(9#%5* ", (10
duce our effective Lagrangian. The interaction Lagrangian
needed ford/ ¢ absorption processes byandp mesons are ﬁwo*oﬁzgw*owlﬂ“(DWD,ﬁJr D;WD), (1d)

obtained and the cross sections are evaluated. Then, in Sec.
lll, we determine the coupling constants and give the nu-

. ) . . =i Ly D— “D
merical results for the cross sections. Section IV contains a Lop,=19p0,(Dp*9,D—=3,Dp"D), (1¢
summary and discussion. Some details on deriving our effec- ) . oy . —
tive Lagrangian are given in the Appendix. Lpxp*,=19p*p*,{d,D7p*D*"=D7p,d*D*"

+(D*" _ *v_*,u+ kUl Vo VK
Il. EFFECTIVE LAGRANGIAN FOR  J/4 ABSORPTION (BD*9,p,=3,D,p")D*#+ D™ (p"d,D,,

In the heavy quark mass limitn{,— <), the effective —d,p,D* ")}, (1f)
Lagrangian for light ¢g) and heavy Q or Qg) mesons —
can be constructed to preserve chiral and heavy quark sym- Lyppp=~9y0p,¥"*Dp,D, (19

metries[20—24. When the heavy quark flavor is the charm, o o

finite mass corrections are expected to be important and  Lyp«p*,=0yp*p*,¥,(2D*"p#D} —D*"p,D*#

should be introduced in the effective Lagrangian in a system- _

atic way. The couplings of the finite mass corrections can be —D*#p’D}), (1h)
fixed by “velocity reparametrization invarianceg25] or by )

phenomenology. This “top-down” approach seems to be theVhere m=7-a, p=7-p, and we define the charm meson
most plausible way to construct the effective Lagrangianisodoublets as

However, it is not yet clear how to implement heavy quark

symmetry to the interactions of quarkonia with light hadrons D'=(D%D"), D=(D°D"),
as the quarkonium state®Q) such as the/ contain two _ — B
heavy constituents. D*T=(D*°,D*7), D*=(D*°,D*"). )

Another approach which was used in previous investiga- . . .
tions [15—1 is the “bottom-up” approach. In this ap- In addition to the normal terms given above vv_hlch were
proach, one starts with the $4) symmetric chiral Lagrang- used by Refs[16—1§, .there are anqmalous pquty terms.
ian. The heavy charm quark mass is then assumed to b e qnomqlous parity interactions with vect0( fields can be
taken into account through appropriate symmetry breakin§g€Scribed in terms of the gauged Wess-Zumino adi2s)
terms [26]. However, since the SW) symmetry is badly nd are sum_marlzed in the Appendix. By the same method
broken, finding all the appropriate symmetry breaking term&!Sed to obtain the normal terms, we get
is very hard and beyond the scope of this work. In this paper, wvap N —,
therefore, we use the “bottom-up” approach phenomeno- Lpxp* 7= ~Op*D* #& 9,05 m3Dy (33
logically to categorize all possible interaction vertices among _ _
the meson multiplets. The couplings are then determined by ~ Lypxp= —ng*DsW“BaszV(aaDZDJrDaaDZ),
experimental data and by implementing heavy quark spin (3b)
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FIG. 2. Feynman diagrams fdr s absorption processes by
4) Jy+p—D+D, (5 I/y+p—D*+D, and (6) J/y+p—D*
+D*. The process/ ¢+ p—D+D* has the same cross section as

FIG. 1. Feynman diagrams fal/¢ absorption processes by
pion: (1) J/ ¢+ m—D+D, (2) I/ p+7m—D*+D, and(3) I/ y+ =
—D*+D*. The process/y+ m—D+D* has the same cross sec-
tion as(2). ®).

are not allowed by the normal terms and were not considered
before in the effective Lagrangian approach. In the quark
exchange mode|13,14], however, the processes+J/ s
—D*+D* and p+J/¢y—D*+D were calculated. There,
—ih o p ﬁsﬂV“Baﬂzpnyyrrﬁ*, (3d) 7+J/y—D+D was not considered since the absorption
amplitude vanishes unless one considers the spin-orbit force
Lo+pp=—090*0,e" *#(D3,p,3,D5+3,D% dapgD), [14,3(]. A recent study using thg Dyson—Schwmger_fo'rmaI—
(3e)  ism shows that the cross section far+J/¢y—D+D is
small[30]. The anomalous terms also allow new absorption

‘CwDDﬂT: _igtpDDwsﬂvaBlﬂM&VDaaﬂ-&ﬁBi (‘?’C)

’ClbD* D* 7 — _igx//D* D* WS“VHB(ﬂMD:aa’JTDZ

L yp+ Dpzig¢D*Dpe“V“ﬁ¢//M(avaa52+D’V‘paaﬁﬁ) mechanisms to the previously considered absorption chan-
. . nels. These are diagrangghb), (4c), (4d), (6a, and (6b) of
—ihypxp,e""**,(Dp,d,D5—a,D%pgD), Figs. 1 and 2. As we shall see, the role of those diagrams is

3f) not negligible especially fod/ s absorption by ther’s.

We first calculate the absorption amplitude of-J/ .
with £0105= + 1. In the heavy mass limit, as a result of the We define the four-momenta of tiéy and« by p, andp,,
heavy quark spin symmetry, the pseudoscalars and vectorespectively. We also denote the four-momenta of the final
become degenerate and have to be treated on the same fop&rticles byp, andp,, which then defines= (p;+p,)? and
ing. As a consequence, the anomal@sD* 7 interaction  t=(p1—ps)®. The polarization vector of the vector meson
term is required and can be related to B¥eD 7 interaction ~ With momentunp; is represented by; . HereMp andM p«
term by the heavy quark spin symme{g0,21]. represent théd- and D*-meson masses, respectively. Then

Let us first evaluate the absorption processes oflfhe  the differential cross section for this process is
by 7 andp mesons within the effective Lagrangian obtained
above. The values of the coupling constants will be dis-
cussed later. In this study, we assume thatdhgis a pure =——
cc state and consider the Okubo-Zweig-lizuk®ZI-) pre- dt  96mspi spm
serving processes only at the tree level. The diagrams we are
calculating are shown in Figs. 1 and 2. Compared to thguherep; is the three-momentum gf; in the center of mass
previous studie$16,17], we find that the anomalous parity frame. Note that we have multiplied factor 2 to get E4).
interactions open new absorption channels, namely, This comes from summing over the possible isospin quan-
+J/y—D+D [diagram(1)], w+ J/y—D* +D* [diagram tum numbers of the final stafd7]. In computing diagram
(3)], and p+J/y—D* +D [diagram(5)]. These processes (1) in Fig. 1, the four-momenta of thB andD are repre-

do 1
— M|, (4)
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sented byp; andp,, respectively. The absorption amplitude where

for this diagram can be written as
M=, Mgt (5)
I
where

M8 9p*p#Y9yD*D
(P2—P3)>~Mp.

w Euprp

(P2—P3)*(P2—P3)”
X{ga'g— M2 2a ﬁpﬁ,
D*

Ip*p~9yD*D
(p1—P3)?— MZD*

% { geh— (P1—

./\/l (1c) —

MAb)—

u € uprp

p3)“(pP1— ps)ﬁ

2
Mg«

J P24P1P,

=0ybDnE ,LLB)\pPZ pP3Pj. (6)

_In diagram(2) of Fig. 1, the four-momenta of the* and
D are denoted by andp,, respectively, and we have

M= s*”E MPet, @)
where
29p*p~9yoD
(2a) _ 4
v — 5 P2,Pay
. (pz—p3)2—|\/|% g
Op*D* zJyD*D
(2b) _ _ _ID*D*7IyD*D e
v ) vApa
MU (ppmpe)?—MB, MY
(P2—P3)*(P2—p3)”
XIg“B— 5 pPIPsP3P;,
Mo«
(29 _ 1 9o*paQyprD*
. 2 (pl—p3)2—M
(P1—P3)“(p1—p3)”
X [ 9P > X (P24 Paq)
MD*

X[2pP3,9,5— (P11 P3) g9t 2P1,9,5],

Mf}?):_glﬂD*DﬂgMV‘ (8)

For diagram(3) of Fig. 1, we write the four-momenta of

theD* andD* by p; andp,, respectively, and we have

ei"e3 2 MTLet, (9)

(3a)__9p*Dx9yD*D

229 (pz_p3)2 M2 ;L)\yﬁplpZVpAy
9p*p~9yD*D
(3b)_ _ _ZDTDmYYDED
JTA2N (pl_p3)2 M2 MV75p1p2kp3’
MBI = _ 9p+*D* zJyD* D* aﬁ_(pz—p3)“(p2—p3)ﬁ
M (e pa)?- M2,
styﬁapgpg[2p4p.g,3)\_(pl+p4)ﬁg,u)\
+2pl)\gp,ﬁ]:
aay_  9oro*aGyorpr | o (P1=P3)"(P1—pa)”
o (P1—P3)?— MZD*

X & y5aPIPA2P3,98,— (P1F P3) 50,0

+ 2p1Vg,u,B]!
M ff)? == glﬂD* D* WS;LV)\ppg_ hzﬂD* D* WSMV)\ppg . (10)

We now calculate thd/ absorption by thep meson as
shown in Fig. 2. We first define the four-momenta of fth¢
andp asp; andp,, respectively. Then the differential cross
section reads

do B 1
dt  288mrsp? spin

M|?. (11

For diagram(4) of F_ig. 2, we defing; andp, as the four-
momenta ofD andD, respectively. Then,

M= Mekel, (12)
1
where

(42) _ 49pp,9y0D

v p3vp4 ’ (13)
M (P pa)t-ME T
49pp,9y0D
(4b) _ P
nv _(pl_p3)2 M2 p4vp3/u
(40 _ _ _9p*D*pGyD*D
- (P2~ P3)*—

(P2—P3)“(P2—Pp3)”
2
M2,

gaﬁ_

\ 8
X Evyda € unpB pl pgpSPﬁ’
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9p*ppYyD*D
(P1—P3)?— MZD*

(4d) _
nv

P1—P3)“(P2—P3)”
2
My

X g“ﬁ—(

NaOnPRY
X&yysa € unpp P1P2P3P 4,

M,EL41?):ngDDp g,uv‘

For diagram(5) of Fig. 2, piand p4 are defined to be the
four-momenta of théd* andD, respectively. We have

M=s§"2 M B eles, (14)
where
(5a) _ 29p*pp9ybD Sy
Mﬁyx——msywapzpamw
D
(5b) _ 29pp,p9yn*D . pyp‘sp
VN (pl_pg)Z_MzD AuyoM1M3M4v
50— G009yt { s (pz—p3>“(pz—p3)ﬁ}
/wk__(_ﬁ - 2
P2 p3) MD* MD*
Xsﬂygﬁp%pf[Zpsygm—(pﬁ P3) o
+2p2)\gva]!
(5d) _ 9o+ DpYyD* D* l B (pl_ps)a(pl_p?:)ﬁ]
Myn==— 5 7 - 2
(P1—P3) _MD* MD*

Xe Vyﬁapng[szMgﬁ)\ - (p1+ p3)ﬁg,u)\
+ 2p1)\g,u,ﬂ]!

P 5
M ;51;9)2 = —0yp*Dp€umsPat NyprppeumsPz. (15

Finally, for diagram(6) of Fig. 2, we denote the four-

momenta of théd* andD* by p; andp,, respectively; then
we have

M=e3re52 2 MG eles (16)
1
and
9p*Dp9yD*D a
M) SOTBeSIDID L PPIDIPE,

UNp &
s (pz—p:a)z—M%

6b) __9p*pp9yp*D

ANV ABAO
vAp 2 8vpyéa,u.)\cr/,%‘r:)lp2p3p4'
g (P1—P3)®—Mp

PHYSICAL REVIEW C 63 034901

Op*p* pJyD* D*
M=
(P2—P3)"—Mpx

_ a _ B

% gaﬁ_(pz P3) ;pz P3)

M«
X[2p3vga)\_(p2+p3)agv)\+2p2)\gva]
X[2p4,ug,8p_(pl+p4)ﬂg,up+2plpg,uﬁ]’

6d) _  9Ip*D*pdyD*D*
Mg, = Sorotsdeoe,

(p1—P3)?— Mé*

s

X [2p4vgap_(p2+ p4)agvp+ 2p2pgva]
X[2pP3,9p — (P11 P3) g9+ 2P10 0,51,

aﬁ_(pl_ P3)“(P1— ps)ﬁ]
2
My

M ,vae}zp: - glﬂD* D*p(zguvg)\p_ g,upgv)\_ g,u)\gvp)' (17)

In writing the above amplitudes, we have uspde;=0.
Note that the cross section fer(p)+J/y—D+D* is the
same as that ofr(p) +J/4—D* +D.

IIl. COUPLING CONSTANTS AND CROSS SECTIONS
A. Coupling constants

To estimate the cross sections, let us first determine the
coupling constants of our effective Lagrangidag and (3).
We follow the methods of Refd.16,17] to determine the
couplings for the normal interactions. Here we briefly ex-
plain the method, referring to Refgl6,17] for details. The
coupling constant ob* D 7 can be determined from the ex-
perimental data oD* — D« decay. Our effective Lagrang-
ian gives

2
gD*Dﬂ' |p11'|3
241 MZD* '

Ips pr= (18

However, at present, only its upper bound@.131 MeV is
known experimentally31,32, which translates intgpxp
=<14.7. Therefore, we can only rely on model predictions
such as those based on the QCD sum rule appriz&hor
relativistic quark potential mod¢B4]. Here we will take the
value obtained in Ref:33] and usé
Op* D7T:8'8' (19)
For 4DD, DDp, and ¢D*D*, D*D*p couplings, we
will follow Refs. [15,17] and make use of the vector-meson

Note that our convention is different from that of RE33] by a
factor of 2.
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d(?mlnance n:odie(l\/DM). (I)Bloapplymg th-e VDM to the cou- <50(k)|JZm|5* O(p!8)>:eg€/8p,vaﬂ8 vkaph,
plings of yD"D ™~ andyD"D", one obtaing17]
Then from the experimental values for tB& radiative de-
_c _t cays, we can determine the above coupling constants. How-
9y00=39%0y=7.71, Gop,=59,=2.52, (20 ever, at present, only an experimental upper bound is known
for the D* decays. Therefore, we will use model prediction

wheregy is determined from based on relativistic potential model given in RER4],
which gives
47Ta§m My
Ivoete=—73— 3, (21) _% , )
v gv—A—Q Ay’ (27)

with the vector-meson mas$g, and .= e?/4w. The same
method can be applied to the couplingsy®d* *D*~ and

yD*°D*0_ This gives

whereeg is the heavy quark charge amg the light quark
charge withA o=1.57 andA ;=0.48 in GeV unit. This gives

gy~1.12 GeV'!, @)~0.96GeV !, (28)
9yp*p*=Jdypps Yp*D*p=YDD) - (22 v v

hich then |
It is shown in Ref[17] that the SW4) symmetry values are which then leads to

not far fro_m the abovg estimates excepbp - o gyp*p=7.40~8.64 GeV'l  gp« D,=2.82 GeVv'l.
There is no experimental or phenomenological informa- (29

tions on the four-point vertices. Hence, we will rely on the _ .

SU(4) symmetry relations. Following Ref17], therefore, For the four-point couplings, we depend on the (§U

we assume that the appropriate symmetry breaking effects ii¢lations again, which gives
the four-point coupling constants are encoded via their rela-
tions to the three-point vertices within $4) symmetry.
Hence, using the phenomenological estimate of the three-
point vertices fixed above, we have

1
gz//D* D* 7= hz//D* D*szg,/,D* p9p* D77%3819 Ge\fl,

g(,//D*Dp:hlﬂD*Dp:glﬁD*DgD*D*p%Zl'?? Ge\fl.
1 (30)
9yD*Dm— §9¢DD9D*DW*33-92=
However, for theyD D 7r coupling, it is not easy to write it in
terms of the other three-point coupling constants as can be

9ypo,=29yp09pD,~38.86, seen from the difference in dimensions. Thus we directly use
_ _ the SU4) relation and assume that the symmetry breaking
9yp*D*p= Gyp*D*Gp* D~ 1943, @3 effects changé , to Fp [35]:

We determine the couplings of the anomalous interactions

in a similar way. As discussed before, thé D* v coupling 9uo0 :gD*DWNC ~16.0 GeV 3. (31)

is constrained by the heavy quark spin symmetry. Comparing 6772F‘°5
with the effective Lagrangian of Rdf24], we get, to leading
order in 1M(D), Here we have useBp~2.3F , [32]. This completes the de-
termination of our coupling constants. The values of the cou-
I\W(D) pling constants are listed in Table | together with their fixing

9o*D* 7=~ 9p*D~~9.08 GeV?, (24)  procedure.

WhereIW(D) is the average mass &f andD* B. Cross sections without form factors

For ¢#D*D andD* Dp couplings, we can apply the VDM We first give the cross sections for tldéys absorption
to the radiative decays @* into D, i.e.,D* —D+. Thenby processes without any form factors. Since our meson ex-
using the same technique explained before, we obtain change model is not expected to work at high energies, we
focus on the energy region near threshold in this paper. In

. 2 ¢_2 0 Fig. 3 we show the cross sections for théa) absorption

9yo*p= 39048v =398 processes obtained from Figs. 1 and 2. Although the

+J/$HD+5 process has the lowest threshold energy, its

1 . 0 cross section(dotted line in the upper panel of Fig) &
9o+Dp= 5 9p(9v +29y), (29 suppressed compared to the other channels over the whole
energy region. Nevertheless, this process was not considered
wheregy, © are defined through previously in the meson exchange models. When the energy

N Ml & . is less than théd* +D threshold, this process alone is al-
(D*(K)[IZMD* " (p,e))=€0y € uuape kP, (26)  lowed, but the magnitude is very small and less than 0.1 mb.
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TABLE |. Determination of the coupling constants.

Coupling constant Method Value
Up*Dar D* —Da and QCD sum rule 8.8133]
9yoD vDD coupling and VDM 7.7115]
Jop, vDD coupling and VDM 2.5715]
9yp*D* vyD*D* coupling and VDM 7.7115,17
Jp*Dp*)p vyD*D* coupling and VDM 2.5415,17
9yp*D SU(4) symmetry relation 33.9717]
9y0Dp SU(4) symmetry relation 38.8617]
9yp*D*p SU(4) symmetry relation 19.4817]
Op*D* = heavy quark spin symmetry 9.08 GeVv
9yo*p D* —Dvy, VDM, and quark model 8.64 GeV}
Ip*D) D* —Dv, VDM, and quark model 2.82 GeV
9ypon SU(4) symmetry relation 16.00 GeV
9yp*D* = SU(4) symmetry relation 38.19 GeVt
hyo*p* SU(4) symmetry relation 38.19 GeV
9yp*D)p SU(4) symmetry relation 21.77 GeVt
hyo*p, SU(4) symmetry relation 21.77 GeVt

This observation is consistent with R¢B0], although its  dominates the absorption. Since tB¢ +D* threshold is

energy dependence is different. larger than 4 GeV, ther+J/¢—D*+D,D+D* is the
The 7+ J/¢—>D+D* has the same cross section as theyominant process fOr/—<4 GeV.

m+J/y—D* +D, and their sum is given by the dashed line

the energies from their threshold up to & +D* thresh- e a1 large energies, which is in contrast to the quark ex-

old. At higher energies, ther+J/y—D*+D* process change model calculatioi¢3,14. In addition to the effects
from the form factors, this may indicate that the meson ex-
change approach for this reaction has nontrivial contributions
from the exchanges of meson resonance with heavier mass,
such as theD; exchange, because of its higher threshold.
This process is allowed by the anomalous terms and was not
considered in the previous meson exchange model studies.
In the lower panel of Fig. 3 we show the cross sections for
the p+J/¢ processes. It is shown that at very low energy,
the exothermigp +J/4/— D+ D is the dominant procesthe
dotted line in the lower panel of Fig.).3But it is rapidly
taken over by thep+J/¢/—D*+D,D+D* process(the
dashed line in the lower panel of Fig),3vhich also domi-
10 nates at higher energies. This reaction is an anomalous parity
----- process and was not studied before in the meson exchange

O,\uny (Mb)
S

L IIlIII‘ 1 IIIMIII

iED, 10 - 1 model. Thep+J/y—D* + D* cross sectiorithe dot-dashed
> 10° v ’ .- line in the lower panel of Fig.)3has a peak near threshold
210—1 : —. but has comparable size with that p#J/gb—>D*+5,D
© , ' : p+Iihy 3 +D*.
10 ! E The dashed lines in Fig. 4 show the results obtained with
10—; - Ly ‘I; I 4I5 L '5 the normal terms only and are consistent with the results of

Refs.[16—18. The solid lines are the predictions of the full
Vs (GeV) calculation including the anomalous terms. It is evident that
the anomalous terms give nontrivial effects to the cross sec-
FIG. 3. Cross sections fotr+J/4 and p+J/4. In the upper  tions especially for ther+ J/¢ reaction. For comparison, we
panel, the dotted, dashed, and dot-dashed lines correspond to dRlsO calculate the normal processes considered in previous
grams(1), (2), and(3), respectively. In the lower panel, the dotted, Studies but with the additional diagrams with anomalous ver-
dashed, and dot-dashed lines correspond to diagtdms5), and  tices. The results are given by the dot-dashed lines in Fig. 4.
(6), respectively. The solid lines are the sum of all processes.  The difference between the dashed lines and dot-dashed lines
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n+Jy—D+D

50 +Jy—D*+D,D+D* n+JAy—D*+D*
: ' ' ' : 103§I1I|IIII|IIIIIIIIIIIIIIIIIIIIII|II|I'IIII§
_ Yp E 10°E 3
2 c A - e E
E 3f e 10'F =
> E 7I:+J/\]f E o) 0 E i e 3
3 20F 3 Swr =
Qs N _ F 3
© . . ] /A S -
10 = 1 E e E | e (a3b) 3
- 7 10_2; ------- (la,1by ——— (20 ---- Ge3d) 7
40 F——+— ; = Ii'uf,i L | = '?;;
= - -3 L1t 1111 | L1l 11t} 1111 111l P11l 11 1|
F 3 035 4 45 35 4 45 35 4 45 5
— 30 —
0 r ] s (GeV) s {GeV) s (GeV)
5 - ¥ ¥ ¥
> 0F FIG. 5. Contributions from each diagram to the cross sections
-2 -
i T for w+J/4.
© 10
C anomalous vertices. Its effect becomes important at higher
oL — energies and is small afs<4 GeV.
3.5

C. Cross sections with form factors

Vs (GeV)-
) o As pointed out by Ref[14], the assumption af-channel
FIG. 4. Cross sections far+J/y andp+J/y. The solid lines oy change of a heavy meson is hard to justify without includ-
are our model predictions and the dashed lines are those obtalntf.ﬁig form factors. This is so because the range of heavy me-
without the an(lnaloui terms. The dot-dashed lines correspond té)on exchange is much smaller than the physical sizes of the
m+J/y—D*+D,D+D* in the upper panel ang+J/y—D  jpitial hadrons. There are some approaches to include form
+D,D* +D* in the lower panel in the full calculation. factors in thed/y absorption processes and different form
factors and cutoff parameters are employgd,18,36,
which, of course, cannot be justified priori. Microscopic
models such as quark potential models may give us a guide
for the form factors. Here, we employ the simple form of the
form factors employed in Ref17], which are

is due to the anomalous processes, i.e., #orJ/y—D*
+D,D+D* in the upper panel and fop+J/¢—D
+D,D*+D* in the lower panel. At low energy, i.eys
<4 GeV, which corresponds t;,= 's—Mj,—M,<0.8
GeV, whereM;,,, and M ;. are theJ/¢ and pion masses, A? A? A2
respectively, the anomalous interactions reduce the total ab- F3:F, FEﬁ o
: : +r Ac+re Ac+r
sorption cross section fotr+J/¢ by about 50%. Our nu-
merical results show that the+ J/¢ absorption cross sec- _
tion is less than 10 mb in this energy region. However, thé/vher(;,\rzz(pl—ps)z_or (P2~ p3)® andr =[(p;—P3)+(p2
contribution of the anomalous terms to therJ/y cross —Ps)]/2. HereF; is the form factor for the three-point
sections is not so important except at the high energy regiorYertices and=, for the four-point vertices. The cutoff param-
which is thought to have many corrections from higher me-€ters should be chosen experimentally and may take different
son resonances exchanges.

In Figs. 5 and 6, we show the contributions from each
diagram for each channel. Fotr+J/¢y—D+D and =
+J/4y—D*+D*, it can be seen that the contact diagrams
(1¢) and(3e) are important. However, considering the uncer-
tainty related to the four-point vertices, the results for this 5
process are more qualitative. The more important and Iess% 10
uncertain process is the+J/¢—D* +D. The interesting
observation here is that the role of the anomalous {¢2) 107!
of Fig. 1] is quite nontrivial at low energies and even domi-
nates at higher energies. The strong interference with the  _,
normal terms leads to the substantial difference in the cros:
section as shown in the upper panel of Fig. 4. But in contrast,
as can be seen from Fig. 6, the role of the anomalous terms
in the p+J/¢ absorption is not so crucial excepttJ/y

—D*+D,D+D* which is allowed only by including the

(32

p+IAy—D*+D,D+D*

p+Jy—D+D p+IAy—D*+D*

LN L B L LI L L

T T T
I NETIT

1

—

S (6a,6b)
-==- (6c,6d)
----- (6
— sum

I !

4.5

vl il bl

|||||T||l|||-’:

4 4.5 5

(9.1

Vs (GeV)

Vs (GeV)

Vs (GeV)

FIG. 6. Contributions from each diagram to the cross sections
for p+J/ 4.
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. ;\T-%-OIG.eV . _ :\:100«:\1 I found to be weak in the+J/y cross section at low ener-
gies.

In addition to the uncertainties related to the determina-
20 tion of the coupling constants and form factors, our model
calculation may be improved further. One such improvement
would be the inclusion of the axial-vect@r;(2420) meson
exchanges, as mentioned in REE6]. Also, at low energy,
P e final state interactions are expected to improve the calcula-
: tion. It would be also interesting to investigate other possible
i absorption channels as in R¢fl.8]. For example, one may
d12 consider OZl-evading vertices such as thk)-p-m cou-
pling, which can allow new absorption channels with much
-8 smaller thresholds than the processes considered in this

30

20
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10 10
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work, although such processes are expected to be suppressed.
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APPENDIX

values for different vertices. However, because of the paucity In this Appendix we briefly explain the way to obtain the
of experimental information, we use the same value for aleffective Lagrangiangl) and (3). As in the literaturg 15—
cutoff parameters as in the literature and investigate the del8] we start with the S(#) symmetric chiral Yang-Mills
pendence of the cross sections on the cutoff parameters. Lagrangian27]

In Fig. 7 we show a similar figure as in Fig. 4 but with the
form factors of Eq.(32) with A=2 GeV (left pane) and 1 FfT . FfT .
GeV (right pane. It can be seen that the role of the form ~ Lyym=g Tr(D,UD*UN+ = Tr[M(U+UT—-2)]
factors is more important at higher energy region and sup-
presses the overall cross sections. But the tendency shown in

L Luv R ~Ruv
Fig. 4 is still valid; i.e., the anomalous terms reduce the cross n ETr(FMvF HELET)
sections form+J/¢ at low energies through interference _— o
with the normal terms. Finally, Fig. 7 then shows that the +mG(ALAN+ ATARK), (A1)

cross sections for ther+J/¢ absorption process is about
2—6 mb depending on the cutoff parameter/ats4 GeV. where U=exp(2¢4/F,) with the pion decay constarf
The p+J/¢ cross section is very small afs<4 GeV and (=132 Me\) and ¢=72\?/+2. The covariant derivative is
has a maximum value of 3—-9 mb for intermediate energieslefined as
up to 5 GeV.

D,U=4,U—igA U+igUAY, (A2)

IV. SUMMARY AND DISCUSSIONS
_ _ with left- and right-handed spin-1 fields:'R , which are re-
y Kn%wmg the magnitude andb errw]erdgy depender_lcle of hexed to the vector and axial-vector mesong,,
 absorption cross sections by hadrons is crucial to esti; _,,a, a _paya

mating the effect of)/¢ suppression in RHIC due to had- (=ViA 2) andA,, (=Au I\2) by
ronic processes. We have reexaminedlhg absorption by 1 1
7 andp mesons in a meson exchange model. The absorption AL=5(V,FA), Ag,=5(V,—A,. (A3)
processes are dominated by fhend theD* exchanges. By 2 2
including anomalous parity interactions we found that addi- ]
tional channels and absorption mechanisms are allowed.he field strength tensors are
Their contribution was found to be quite nontrivial especially
for the w+J/4 cross section. The calculated cross section FhR=0,AR—g,ALR—ig[ALR ALR] (Ad)
for v+ J/ 4 at low energies was found to be only about one-
half of the previous calculatioj46—18. With conventional, In obtaining the LagrangiatAl) we do not take any non-
but arbitrarily chosen, form factors and cutoff parametersminimal terms into account for simplicity.
the 7+ J/¢ cross section was estimated to be 2—-6 mb for It is straightforward to obtain the interaction Lagrangian
Js<4 GeV. In contrast, the effect of anomalous terms wador ¢ andV, which leads to
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LY== DTV, (6 6= )+ S TH(3,V,- V)

g 9
X[VENVT= S TrV,, gIIVE, b1+ 75 TrLV, AR

(A5)

PHYSICAL REVIEW &3 034901

order of 1M\2,. The above Lagrangian was obtained by keep-

ing the axial-vector field. As in Ref28], one may gauge-out

the axial-vector field. It is found that including proper non-

minimal terms gives the same form for the effective La-

grangian as Eq(A5) with different coupling constarit18];

i.e., by substituting 8 for the coupling constant of Ref18]

one can get the effective Lagrangian in the form of &).
The anomalous parity terms come from nine gauged

where we have ignoreéd-¢ mixing effects as they are of Wess-Zumino terms, which read

La=5Ci Tr[A L3+ AgR3]-5C Tr[(dA A + A dA )L+ (dARAR+ ARdAR)R]+5C Tr[dA dUARUT—dAzdUTA U]

T 2 T 2 5C 2 2 H 3 3
+5C Tr[ARU'ALUR?~ ALUARUTL?]+ =~ Tr[(ALL)?~ (ArR)?] +5Ci Tr[ AL + AZR]

+5Ci Tr[(dAgAR+ARdAR)UTA U—(dA A +A dA JUARUT]+5Ci Tr[A_ UARUTA L+ARUTA UARR]

30t _ A3 E ta )2
+5C Tr| AZUTA U~ AZUARU +3 (UARUTA)?|,

(A6)

whereC= —iN /24072 with the number of coloN; andL=dUU"T, R=U'dU. We have used one-form notation in writing

the above Lagrangian.

For simplicity we again ignore thA-¢ mixing and use the Bardeen-subtracted form for the anomalous terms. This gives

2 .
9°N¢ igNc
LYP=— Tr(dVdVe)—
N Tom?E ? 6m°FS

w

3 3
Tr{V(d¢)°} + 3o 7F Tr(Vede¢)+

ig3N ig®N
9% 9% Tr(VdVVe). (A7)

327°F

2

w m

Writing the pseudoscalar and vector fields explicitly and assumingEmlfer the J/¢ wave function, we can obtain the
effective Lagrangiangl) and (3) as well as the SI4#) symmetry relations used in Sec. Ill. Note that by eliminating the
axial-vector fields, the coupling constant\8th¢ ¢ interaction becomef28]

Qvegpe=

S
7729v¢>¢':77

2
My (A8)

Assuming that the proper symmetry breaking terms nidke-Mpx, Qv44— dp*p~, andF ,—Fp in the above relation, we
getg,pp~,~18.0 GeV 3, which is close to the value listed in Table I.
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