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Cross section for charmonium absorption by nucleons
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The cross section fa¥/ s absorption by nucleons is studied using a gauge#shhadronic Lagrangian but
with empirical particle masses, which has been used previously to study the cross sectldgsabsorption
by pion andp meson. Including both two-body and three-body final states, we find that with a cutoff parameter
of 1 GeV at interaction vertices involving charm hadrons, Ih#-N absorption cross section is at most 5 mb
and is consistent with that extracted framy production from both photonuclear and proton-nucleus reactions.
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[. INTRODUCTION grangian to study the absorption cross sectionJbf by
nucleons and to see if its magnitude is consistent with that
Two main mechanisms faod/ ¢ suppression observed in extracted fromJ/ production in photonucleus and proton-
relativistic heavy ion collisionfl] are the dissociation by the nucleus reactions.
quark-gluon plasmp2] and the absorption by comoving had-  This paper is organized as follows. In Sec. Il, we first
rons, mainly, pions ang mesong3]. The cross sections for considerJ/y absorption by nucleons via pion apdmeson
J/ absorption by hadrons are, unfortunately, not well deterexchange. The process df¢ absorption by nucleons via
mined. In the perturbative QCD approageH, based on the charm exchange is studied in Sec. Ill. The effect due to the
dissociation of charmonium bound states by energetic gluonganomalous parity interaction aff s with charm mesons is
inside hadrons, the dissociation cross section increases mstudied in Sec. IV. In Sec. V, the total cross sectionJoy
notonously with the kinetic energy of hadrons and has absorption by nucleons is given. Finally, conclusions and dis-
value of only about 0.1 mb at 0.8 GeV. On the other handgcussions are given in Sec. VI. An Appendix is included to
both the quark-interchange modgb] based on gluon- derive the SW) relations for some of the coupling constants
exchange potentials and the meson-exchange niGded| involving charm hadrons.
based on hadronic Lagrangians give the absorption cross sec-

tions of J/ ¢ by pion andp meson that are more than an order II. 3/ 4 ABSORPTION BY NUCLEONS VIA PION

of magnitude larger, i.e., a few millibarn. A similar magni- AND p MESON EXCHANGE

tude for theJd/ -7 absorption cross section has also been

obtained in the QCD sum rul¢8]. Possible processes fdfy absorption by nucleons involv-

Since the absorption cross sectionslofs by pion andp ~ ing  virtual pion and p meson are J/YN
meson cannot be directly measured, it is useful to find em-,p*DN(D*DN), J/yN—DDN, and J/¢N—D*D*N,
pirical information that can constrain their values. One suchas shown by the diagrams in Fig. 1. The cross sections for
constraint is the cross section fay absorption by a these processes can be evaluated using the Lagrangians in-
nucleon, as this process can be viewed/as absorption by  troduced in[6—8] for J/¢ absorption by real pion ang
the virtual pion andp meson from the nucleon. Frod’y  meson and in Ref12] for charm meson scattering by these
production in photonucleus reactions, the cross section fdfiadrons.
J/y absorption by nucleons can be extracted, and its magni- The interaction Lagrangian densities that are relevant to
tude has been found to be about 4 pB]. The J/-N ab-  the present study are given as follows:
sorption cross section has also been extracted from proton-
nucleus collisions at proton energies from 200 to 800 GeV, Loun=—19 nuNYs7N- T, (1)
and the empirical value is about 7 rbl].

In the meson-exchange model of RéB-8|, the interac-
tion Lagrangians between pseudoscalar and vector mesons NN=0 NNN( 7";"5 +
are obtained from the SW) invariant free Lagrangian for ’ ? ko2
pseudoscalar mesons by treating vector mesons as gauge par-
ticles. This then leads to not only pseudoscalar-pseudoscalar £ .. =ig_p«D* ur. (5(9#7;_5#57?)+ H.c., (3
vector-meson couplings but also three-vector-meson and
four-point couplings. Since the $4) symmetry is explicitly
broken by hadron masses, empirical hadron masses are used
in the Lagrangian. Furthermore, values for the coupling con- . .
stants are taken either from empirical information if they are £ pxpx=i9,pxp+[(d,D* ”;D,"j -D* ”;-aﬂD’,j ) pt
available or from theoretical models, such as the vector-

“ gmiian N, (@
my i

L,p0=i9,0p(D7d,D—3d,D7D)- p*, (4)

meson dominance model and the QCD sum rules. Otherwise, +(D*"7:9,p"~39,D* 7-p,)D**
they are determined by using relations derived from the e e Tt
SU(4) symmetry. In this paper, we shall generalize this La- +D*#(7-p"3,D7 —7-3,p"D7)], )
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FIG. 1. J/¥ absorption by nucleon via pion andmeson ex-
changes.

Lypp=19400¥*D(4,D)—(4,D)D], (6)
Lyp*p* =19 yp*p*[ ¥#(3,D*"D* —D*"3,D%) +(3,4"D*

—4"9,D})D*#+D**(4"9,D} —a,4"D}),

@)
Lryoo* = —rypor $*(DED+D7D}) -7, (8)
‘C’plﬂDD:gpl//DDirbMD;S' F;,u 9

L, yo+ o+ =9pworox ($'D% 7D%+ ¢'D* 7D}
—2y,D*"7D*). p~. (10)

In the above,r are Pauli spin matrices, angt and p,
denote the pion angg meson isospin triplet, respectively,
while D=(D°,D") andD* =(D*°,D* ") denote the pseu-
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The amplitudes for the first two processes in Fig. 1 are
given by

) 1
M1=—ignnN(P3) 75N(P1)m('\/|1a+ M1p+Myo),

w

(12
— Ky
M2=g,unN(P3) 7’M+'2mN0’ H(P1=P3)a
(P1=P3)u(P1—P3),| 1
XN(pl) _g,uv+ - & ”“2 - - 2
mp t_mp
X(Msa—'—MZb_’_M;c)* (13

wherep, and p; are the four momenta of the initial and
final nucleons, respectively. In the aboW;, ,M 1, ,M . are

the amplitudes for the subprocedk/m—D*D in the top
three diagrams of Fig. 1, whils5,, M3, ,M5. are the am-
plitudes for the subprocesB#p— DD in the middle three
diagrams. The amplitude for the third process in Fig. 1 has a
similar expression as that for the second process with
M3, M35, M2 replaced byMz, , Mz, , Mz, which are the
amplitudes for the subproceds¥ p—D*D* in the bottom
three diagrams. Expressions for these amplitudes can be
found in Ref.[7].

The cross sections for these processes with three particles
in the final state can be expressed in terms of the off-shell
cross sections of the subprocesses described by the ampli-
tudesM;,M,, and M 5. Following the method of Ref.16]
for the reactionNN—NAK, the spin and isospin averaged
differential cross sections for the first two processes in Fig. 1
can be written as

doscalar and vector charm meson doublets, respectively. The

J/¢ is denoted by while N represents the nucleon.

For coupling constants, we use the empirical values

gﬂ.NN=13.5 [13], gpNN:3'25’ Kp:6.1 [14], and gWDD*

=4.4 [15]. From the vector dominance model, we have

ngD: ng* D* — 252 an(bwDD: ng* D* — 764[7] FOI’ the
four-point coupling constants, we relate their values to th
three-point coupling constants using the(8)urelations[7],
ie.,

97yoD* = 9700+ 9yoDs  Ypyop=2 9,009y0D s

0,yD*D* = Upp* D* JyD* D* - (11)

do—J/wNﬂND*EZ 9NN KVsi(—1) F2un(b)

dtds, 16m2sp? (t—m?)2
X 031 ymp*D(S1,1), (14

do 5 3¢° F2 n (1)
3yN—NDD _ SYpNN ) | )2
dtds, 32m%sp? (t—m?)? ?
(4mZ—1)2
2\ 2

X(_t_sz)sz—rT]lz\l+4(l+Kp)
XKp(4m§_t)lO-J/i//pHDD(Sl!t)v (15)

and the differential cross section fa/y/N—D*D*N is

gimilar to that ford/yN—DDN with o, .05(S1,t) re-

placed byoy,,—.pxp*(S1,1)-

In the abovep; is the center-of-mass momentum bfys
andN, t is the squared four momentum transfer, ap@ndk
are, respectively, the squared invariant mass and center-of-
mass momentum ofr and J/¢ in the processJ/¢N

—D*DN or p andJ/¢ in the processed/yN—DDN and
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J/YyN—D*D*N. We have also introduced form factors o
F . andF yy at thewNN andpNN vertices, respectively. L JAyN-->D DN or D DN
As in Ref.[16], both are taken to have the monopole form, S JAN-->DDN
e, P JAyN-->D'D'N
Fa=2 (16 2.
)= y ~ lVr T

. A2—t o |
wherem s the mass of exchanged pion@meson, and\ is 05 |
a cutoff parameter. Following Reff13,14], we takeA .y
=1.3 GeV andA =14 GeV.

The cross sectionsoy;y_.p*p(S1:1), 03400 (S1:1), 0.0 22

andoy,, .p+p+(S1,t) are the spin and isospin averaged dif- 4 5 32 7 8 9
ferential cross sections for the subprocessék)m s (GeV)

—D*D, J/yp—DD, and J/¥p—D*D* with off-shell _ _

pion or p meson. Explicit expressions for these cross sec- FIG. 2. Cross sections faf ¢ absorption by nucleons due to the

tions can be obtéined from RéfZ] by replacing the square virtual pion andp meson from the nucleon as functions of center-

of pion or p meson masses hy In evaluating these cross of-mass energy.

sections, we also introduce form factors at the interaction i

vertices. Following Ref[7], the form factors at three-point  and the off-shell effect of the subprocess involvedig-N

channel and U channel vertices i e, absorption to three-body final state. Also contributing to this

7DD*, pDD, pD*D*, yDD, and yD*D* that’ involve " large difference in the cross section is the value of cutoff
: ' ' ' arameter, 3.1 GeV in RdfL7] versus 1 GeV used here, and

heavy virtual charm mesons, are taken to have the followin k
he different momentum dependence, four momentum trans-

form: fer in Ref.[17] while three momentum transfer in the present
A2 study. We note that the more important proces3egN
2(0%) = ot (177 —D*DN(D*DN) andJ/¥N—D*D*N are not considered
+ in Ref. [17].
instead of the monopole form of E¢L6). In the aboveq is
the three momentum transfer in the center of masg ahd ll. 3/ ABSORPTION BY NUCLEONS VIA CHARM
pion or p meson. EXCHANGE

The form factor at four-point vertices, i.e.,

7yDD*, pyDD, andpyD* D*, are taken to be Besides absorption by the virtual pion apaneson from

nucleons,J/ s can also be absorbed by nucleons via charm
exchange in the reactiod/ yN—DA. and J/yN—D* A

, (18 shown by the diagrams in Fig. 3. These processes involve the
following interaction Lagrangians:

A2
AT+(0?)

A3
A5+(0?)

f4:

whereA; and A, are the two different cutoff parameters at =

) ; - j A D A
the three-point vertices present in processes with the same © ¢
initial and final particles, an¢ig®) is the average value of the
squared three momentum transferg emdu channels. D

Using the same value of 1 GeV for cutoff parameters in

the form factors involving charm mesons as in R¢#8],
we have evaluated the cross sectionsJop absorption by
nucleons, and they are shown in Fig. 2 as functions of total N Wy
center-of-mass energy. It is seen that all cross sections are “a) (4b)
less than 2 mb. Furthermore, the cross section JiafN

—D*DN or J/¢yN—D*DN (solid curve due to pion ex-
change is larger than those faty/N—DDN (dashed curve ¢ €

andJ/¢/N—D*D*N (dotted curvethat are due tp meson
exchange. D*

Our result foroyyn_.ppn IS order of magnitude smaller
than that of Ref[17], where this process is viewed as the
elastic scattering of a nucleon with one of the charm mesons
from the decay of)/. The latter cross section is then as- N Iy N Iy

(4a) (4b)

sumed to have a constant value of 20 mb. Compared to our
approach, they have neglected both the energy dependence FIG. 3. J/y absorption by nucleons via charm exchange.
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z
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Lona,=i9ona (NYsAD+DAcysN), (19

LD*NAC:gD*NAC(ﬁ’YﬂACB*M—F D*MKC’)/#N), (20)
Lyra,=Gpaa Ay Y lc, (21

where A denotes the charm baryon.
The amplitudes for these processes are given by

M 4= Mffaszu ) (22
Map=Mipes, (23
Msa=ME es,84,, (29
Msp=MEpes,84,, (25

with €,, ande,, being the polarization vectors df s and
D*, respectively, and

. 1 —
Mia=2ig t//DDgDNAcm P5Ac(P3) ysN(p1), (26)
D

4+my

> ¥sN(p1),
U—m/\c

M4=i9pna 9 ¢ACACKc( P3) ¥*

ME2 = —OJb*na Jyp* px Ac(P3) Y*N(py)

~ (P1=P3)a(P1—P3)g| 1

X o
Jap me, -,
X[p39P*—(p2+pa)Pgh’+2p4gP"], (27
_ g+my
ME&y=gpxna Jya a Ac(P3) v* 5 ¥'N(py). (28

u_mAC

In the above,q=p;—p,4,5=(p;1+pP,)?, andt=(p;—ps)?
are the standard Mendelstam variables.
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FIG. 4. Cross sections fal/¢ absorption by nucleons due to
charm exchange as functions of center-of-mass energy.

duce monopole form factors of E¢L7) at the vertices with
cutoff parameterA=1 GeV. The resulting cross sections
for J/yN—DA; andJ/¢yN—D* A are shown in Fig. 4 by
the dashed and solid curves, respectively. Their values are
seen to be less than 1 mb. Furthermm;rg;w,wgmC is much

larger thano ;oA due to the three-vector-mesons cou-
J/YN—DA

pling, which has been shown to increase significantly the
J/ -7 absorption cross section as wETl.

In Ref.[17], only diagram(4a) in Fig. 3 has been studied,
and the result there is about a factor of 4 larger than our cross

section ford/¢yN—DA ., which includes also diagrat@hb).

The larger cross section in R¢fl7] is again due to both a
larger cutoff parameter of 2 GeV versus 1 GeV used here and
the use of four momentum instead of three momentum trans-
fer in the form factors. Our total/-N absorption cross
section due to charm exchange is, however, larger as we have
also included the more important processes shown by Figs.
(5a) and (5b).

IV. THE ANOMALOUS PARITY INTERACTION

There is also anomalous parity interaction Jf/ with
charm meson§8], i.e.,

The spin and isospin averaged differential cross sections

for these two-body processes are then

doyn-—Da, M e 29
= + ,
dt 647TSp|2 4a 4b
doyn—Dxa,
= Msa+ Magp|?, 30
dt 647TSp|2| 5a 5b| ( )

where|M 4,4+ M 4|? and|Mg,+Msp|? can be evaluated us-
ing the software packageorm [18].
The coupling constantgpna ., 9o na» and 9ya A, CaN

be related to known coupling constagtsyy andg,ny Using

the SU4) symmetry as shown in the Appendix. Using

g-nn=13.5 and g,yn=3.25, we then havegDNAC
=13.5,dp«na = — 5.6, andgv,AcAc= —1.4. We again intro-

L ypx0=9y0* D8 apun( ¥ (9#D*")D+D(*D* "],
(31)
D A D*

(o (v

A

N N

v Iy

6 )

FIG. 5. J/¢ absorption by nucleons via charm meson exchange
through the anomalous parity interaction.
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which not only introduces additional diagrams for the pro-
cesses shown in Fig. 1 but also leads to the reactioydl

— DA, viaD* exchange and/¢yN—D* A via D exchange
shown by the diagrams in Fig. 5.

As shown in Ref[8], the anomalous parity interaction is
not important ford/ ¢-p absorption and increases théay-
absorption cross section by only about 50%. Thus, inclusions
of additional diagrams due to the anomalous parity interac-
tion in processes involving three-body final states shown in
Fig. 1 will probably increase thd/-N absorption cross

PHYSICAL REVIEW &5 015203

section calculated here by less than 50%.
The amplitudes for the proceséy/N—DA . and J/ N

—>5*Ac due to the anomalous parity interaction are given

by

MGZMéLSZ,u, (32)

(33

— )z
M7=M? E2u€4v,

with e,,, ande,, being the polarization vectors df s and
D*, respectively, and

Mg:_gzpD*DgD*NAC SMVQBpZa(pl_pB)B

D*
X A(P3)v,N(py), (34)
M%7=ig,p "' Py,
7 9yp DgDNACt_m% P24P4s
X Ac(p3)ysN(py). (35)

Because of the anomalous parity in #iB* D vertex, the

processJ/</;N—>5Ac via D* exchange does not interfere
with the similar process viB exchange shown in Fig. 3. The

--------- J/\|1N-->:DAc

02F ——JyN-->D'A, 1
o)
=
B O1F

0.0 . ' ' '

4 5 6 7 8 9
s (GeV)

FIG. 6. Cross sections fod/¢ by nucleons as functions of
center-of-mass energy due to the anomalous parity interaction.

1

(t—md)?

[(my—m, )2—t]

><[(m3+M2D*—t)2—m2¢,mé* , (37)
whereu=(p;—p,)>.

The coupling constant in the anomalous parity interaction
has been determined to log,ppx =8.61 GeV'! from the
radiative decay ofD* to D using the vector dominance
model[8]. With a monopole form factor similar to E417)
at theD*NA vertex and a cutoff parameter of 1 GeV, the
cross sections for the reactiod&/N— DA . due toD* ex-
change and/¢N—D* A due toD exchange are shown in
Fig. 6. Their values are seen to be less than 0.15 mb, which
is negligible compared to the contributions from normal in-
teractions studied in Sec. Il and III.

We note that the two processes in Fig. 5 due to the anoma-
lous parity interaction have also been studied in R&7).
Their coupling constant is related to ours Qypp+ /My,
where my;,, is the mass ofl/¢. Since they assume that
9yop* =9ypp= /.64 based on an incorrect quotation from

differential cross sections for the two anomalous processes iRef.[19], the strength of the anomalous coupling constant in

Fig. 5 are given by similar expressions as E@9) and(30)
with

2 2
9yo*pYp*NA,

|M6|2: 2
1212

T )2{4m§,[2(mﬁ,+ m3 )t—t?
D*

—(m},—mY?I+2(m3_—mYL(m+m] —u)?
—(s—my—m3)?]-[2(mg+m} ) —t](2m5+m3_
+m{—u—s)?—t(my_—mg+s—u)?

—2[(my—my )= t][4mjt—(2mj+my+ mic

—u-s)?]}, (36)

and

their study is only 2.47 GeW and is about a factor of 3
smaller than that used here. However, they have used a much
larger value forgD*NAC= —19 than that given by the SY)

relation. As a result, their cross section for diagrém in

Fig. 5 should have a similar magnitude as ours while that of
diagram(6) should be larger than our value. Because of the
larger value of cutoff parameter of 2 GeV and the use of four
momentum transfer in the form factor, the results in RET]
from the anomalous parity interaction turn out to be order of
magnitude larger than ours.

V. TOTAL CROSS SECTION FOR J/¢ ABSORPTION
BY NUCLEONS

The total cross section fad/ ¢ absorption by nucleons,
obtained by adding the contributions shown in Figs. 2, 4, and
6 is given in Fig. 7. At low center-of-mass energies, the cross

section is dominated by the proce]s/s;bN—>5*AC while at

015203-5



W. LIU, C. M. KO, AND Z. W. LIN PHYSICAL REVIEW C 65 015203

7 — T T T empirical value fromJ/¢ production in photonucleus and
I : proton-nucleus reactions. With this cutoff parameter, the
sp TotalJiy gbsorptlon il J/ -1 absorption cross section is also about 10 mb as shown
5| Cross section ] in Ref. [7]. Since the meson-exchange model is based on
I effective hadronic Lagrangians, one can either fit the empiri-
54 cal J/¢-N absorption cross section by treating the cutoff pa-
= rameter as a phenomenological parameter, or use the cutoff
‘g 3r parameter from the QCD sum rules but with a different ef-
5 | fective Lagrangian. In the former case, a cutoff parameter of
I 1 GeV is required at the interaction vertices involving charm
ik hadrons in order to have the correldiy-N absorption cross
. section. The meson-exchange model of Réf.then gives a
o4 . é . é . ; : ;3 % J/ -1 absorption cross section of about 3 mb, which is also

2 consistent with that used in the comover modelJty sup-
s " (GeV) pression in heavy ion collisior{8,21]. In the latter case, one
may follow the suggestion of Ref22] to drop the nongra-
FI_G. 7. Total /¢ absorption cross sections by nucleon as agient pion couplings in the effective Lagrangians, as they
function of center-of-mass energy. break the chiral SU(2¥ SU(2) symmetry. As shown in Ref.

o [22], neglecting these terms reduces thes-7 absorption
high center-of-mass energies, the procesdgdN—D*DN cross section by about a factor of 2, leading againdbya =
andJ/yN—D*DN due to the virtual pion from the nucleon absorption cross section similar to that in the comover
are most important. The totdl ¢ absorption cross section is Model. TheJ/¢-N absorption cross section obtained with
at most 5 mb and is consistent with that extracted figgs ~ Such an effective Lagrangian is expected to be reduced as
production in photonucleus and proton-nucleus reactions. well.

We note that the total cross section we obtainedJia¥
absorption by nucleons turns out comparable to that in Ref. ACKNOWLEDGMENTS
[17], although contributions from individual processes differ
appreciably in the two studies as discussed in details in th
end of preceding sections.
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010366-0081.
We have used a meson-exchange model to study the cross

section for J/¢ absorption by nucleons. The interaction
Lagrangians are based on the gauged4$tlavor symmetry
but with empirical masses. Using coupling constants taken |n the SU4) quark model, baryons belong to the 20-plet
either from the empirical information or via the S84 rela-  states. These states can be conveniently expressed by tensors
tions, and form factors with cutoff parameter of 1 GeV, we &, [23], wherew, v, and\ run from 1 to 4, that satisfy the
obtain aJ/¢-nucleon absorption cross section of at most 5conditions
mb, which is consistent with the empirical cross section ex-
tracted fromJ/¢ production in photonucleus and proton-
nucleus reactions. Since the dominant process can be viewed Punt Pt Orp=0, dun=0un - (A1)
asJ/ ¢ absorption by the virtual pion from the nucleon, our
results thus indicate that the cross sectionsJfaf absorp-
tion by pion andp meson evaluated in previous studies using
the meson-exchange model are not in contradiction with the
empirical cross section fal/ ¢ absorption by nucleons. 2

Our results are not much affected if we use the coupling P=d112, N=om, A= \[5( $321~ P312),
constantsgDNAc~6.7—7.9 andgp= NA,~ 75 determined

from the QCD sum rule$20] instead from the S(4) sym-

APPENDIX

For baryons without charm quarks, i.e., belonging to
SU(3) octet, they are given by

metry. With these valuesy,y_pa, Will be even smaller St=¢s 20=\2¢h13 3=,

while o _.p« o Will be about a factor of 2 larger than those

shovyn i_n Fig. 4 In this case, th# -N absorption cross E0=hasy, E = casm. (A2)
section is only increased by about 1 mb. On the other hand,

if the cutoff parameter is taken to be=2 GeV at vertices For baryons with one charm quark, they are

involving charm hadrons as suggested by QCD sum rules
[20], then the totall/ /-N absorption cross section increases oy . 0
to about 10 mb, which is about a factor of 2 larger than the ¢ =bua ¢ =dra 2= doo
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B =d1a, E¢=dou In tensor notations, the S§¥) invariant interaction
Lagrangians between baryons and pseudoscalar mesons as
, 2 , > well as between baryons and vector mesons can be written,
Be = \@( baz— baz), Eo = \/;( Pa23~ Pazo), respectively, as
5 Lpgg=0p(ag* WVVSPgd’ﬁW"‘ by* a“VJ’SPg(f’BV,L),

A7

Ag= \[g( ban— ba1d),  QI= bz (A3) (A7)

For baryons with two charm quarks, they are Lygg=0,(CH* " Whepp,, +dd* ““* Whig,,), ”8)

Bl =bun, Ei=bur Ql= b (Ad)  whereg, and g, are universal baryon-pseudoscalar-meson

and baryon-vector-meson coupling constants, ajc, and
Mesons in the S quark model belong to the 15 plet. In d are constants.
the tensor notations, pseudoscalar and vector mesons are ex-Writing explicitly, we obtain the following interaction
pressed byPj and Vg, respectively. For pseudoscalar me- Lagrangians,
sons, we have

c Sb)ﬁ r *N+3J6(b )(NysKA
1 pee~dp| = A~ Y57 TN+ ——(0D—a)(Nys
7*=P?, 7 =P}, m'=—(Pi-P), L2l 4 8
V2

_ +NysDAG) +--- |, (A9)
K*=P}, K°=P3, K =Pz, K°=P%,
D*=pP2, D°=pl, D =P% DO=P% 1/ 5 \— 3V6 —

EVBB:gv ﬁ C—Zd N’yﬂp”N‘FT(d—C)(N’yﬂK KA

Df=P}, D,=P3,

S — V3 3
+N’y#DM Ac)+7 —C+§d Ac’yﬂlﬂ’u/\c

1
n=%<Pi+P§—2P§>,

- (A10)

1, . . The baryon-pseudoscalar-meson coupling it3 usu-
WC=F2(P1+ P2+ P3—3Py). (A5)  ally written as DTr[(BB+BB)M]+FTr[(BB—BB)M],
whereB andM are the baryon and pseudoscalar meson oc-
tets. In terms of the ratiaxp=D/(D+F), which has an
empirical value of about 0.6/24], we then have the follow-
ing relation betweerg,.yy and ggna In the Lagrangians

Similarly, we have for vector mesons

1 . .
p'=Vi, p =V3, p":E(vi—v%), Lnn given by Eq.(1) and Lxna =igknaNysAK,
K*+:V3 K*0:V3 K*fzvl E*OZVZ 3—2a’D
1 1 3 ’ (All)

QKNA:TngNi

D**=Vv2, D*°=Vvi, D* =V3, D*°=V}, . . o :
4 4 2 Comparisons with the SU) relations in Eq(A9) then gives

Df*=V:, DI =vi, b 3-8ap
a 6-10ap (A12)
1
— 1 2 3
w= %(Vﬁ V3—2V3), The baryon-vector-meson coupling is usually introduced

through the minimal coupling by treating vector mesons as
gauge particles. In S@3), this leads to the following relation
betweeng,yn and gy na in_the LigrangiansipNN given by

Eq (2) andﬁK*NA:gK*NAN’)’MAK* y

1

M=

(VI+V3+V3—3Vy). (AB)
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Ok*NA= _\/§gpNN' (A13)

Comparing with the S relations in Eq(A10), we have

(Al14)

[N =X
N[ -

Using Egs.(A12) and(Al14) in Egs.(A9) and (A10), we
then have

PHYSICAL REVIEW C 65 015203

_ 3_2(1D
Yona, 73 9mNNs
Oya A I_M, Op*nac=— V30N, (AL5)
cie \/6 P

for the coupling constants in the Lagrangians given by Eqgs.
(19), (20), and(21).
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