
PHYSICAL REVIEW D VOLUME 38, NUMBER 3 1 AUGUST 1988

Radiative decays of the lt p atom

Y. S. Zhong
Department ofPhysics, Bejiing University, Bejiing, China

and Center of Theoretical Physics, Chinese Center ofAdvanced Science and Technology (World Laboratory), Bejiing, China

A. W. Thomas
Department ofPhysics and Mathematical Physics, University ofAdelaide, P. O. Box 498, Adelaide, 5001 South Australia, Australia

B. K. Jennings
TR1UMp, University ofBritish Columbia, 4004 Wesbrook Mall, Vancouver, Britt sh Co'lumber a, Ca'nada V6T2A3

R. C. Barrett
Department ofPhysics, University ofSurrey, United Kingdom

(Received 5 February 1988)

We use an extension of the cloudy bag model to SU(3) X SU(3) to calculate the radiative decay of
the K p atom. Our result differs from earlier work in a fundamental way because of the inclusion
of coupling to the open Xm channel. The branching ratio into X y is predicted to be of order
10-20% bigger than that into Ay, which should make it accessible to a current experiment.

I. INTRODUCTION

The improved quality of modern low-energy K beam
lines, has led to renewed interest in the radiative decay of
the K p atom. An experiment currently underway at
Brookhaven National Laboratory' should be sensitive to
the Ay and X y decay channels at the level of a few parts
in 10 . If this proves feasible it will be a dramatic im-
provement on the existing measurements: namely,

RA = I (K p Ay)/I (K p anything)

=(3.0+1.5) &(10 (Ref. 2),
R~ &4)& 10

and

Rxr ——I'(K p~Xy)!I (K p +anything)

&4X10 (Ref. 3)

and R„r=(2.8+0.8))&10 (Ref. 4). The experimental
diSculties arise from both the low branching ratio and
the continuum photons associated with background reac-
tions.

Because the reactions

(1.2)

are dominated by the intermediate state A*(1405), just
below the K p threshold, the theoretical study of this
subject has been closely related to the quark structure of
A*(1405). In the nonrelativistic quark model of Isgur
and Karl, the A*(1405) is predominantly an SU(3) sing-
let. Darewych, Horbatch, and Koniuk (DHK), using
this model to calculate the decay widths of

A"(1405)~Ay and A*(1405)~X y, gave 143 and 91
keV, respectively. Then, Kaxiras, Moniz, and Soyeur
(KMS) estimated these radiative widths in both the MIT
bag model and the Isgur-Karl nonrelativistic quark mod-
el (NRQM). In the MIT model they found the widths to
be 60 and 18 keV, respectively, for a A& at energy 1364
MeV and 17 keV and 27 keV for A2 at 1446 MeV.
[Since the latter is predominantly a flavor singlet it is the
result most relevant to the A(1405).] They also found
widths of 154 and 72 keV (respectively) in the nonrela-
tivistic quark model.

Whereas the early theoretical paper dealing with the
K p atom by Korenman and Popov omitted the
A'(1405) altogether, Burkhardt et al. recently added a
phenomenological transition moment for the process
A'~Ay to the external emission diagrams. They found
two possible values for the radiative width A'~Ay, 6+6
or 74+22 keV, depending on the phenomenological tran-
sition moment. (We note, however, that this work has re-
cently been criticized by Workman and Fearing. '

) Fi-
nally, we observe that Darewych, Koniuk, and Isgur"
used the NRQM to estimate the K p ~Ay and
K p ahoy branching ratios explicitly (rather than just
A'). These tend to be in the ratio 0.64 to 0.77, depending
on which other resonances are included.

We have recently extended the cloudy bag model'
(CBM) to chiral SU(3) (Ref. 13) and used it to study low-
energy KN (Ref. 14) and KN (Ref. 15) scattering. We
reached rather surprising conclusions regarding the
A'(1405) resonance: namely, that it is predominantly a
E p bound state. For I( N scattering near the threshold,
the three-quark state corresponding to Y=0, I=0,
J = —,

' is above 1600 MeV (it will henceforth be referred
to as A'), and contributes only 14% of the strength of the
A'(1405). Since the A"(1405) is a serious problem for
most models of hadron spectroscopy, this result is not
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unwelcome. It seems timely to investigate the radiative
capture processes using this same model. An initial re-
port on the results of this calculation has already been
published as a Letter. ' Here we shall present the details
of the calculations, and correct a numerical error in the
previous work.

In Sec. II after making the usual minimal-coupling
substitution, we derive the appropriate Hamiltonian for
low-energy radiative capture, the corresponding t ma-
trices, and the decay widths of the processes K p ~Ay

and K p~X y. The results and a comparison with ear-
lier work are presented in Sec. III. Finally, we make
some concluding remarks in Sec. IV.

II. FORMALISM

After the minimal-coupling substitution and to order
p, the Lagrangian density for the SU(3) X SU(3) cloudy
bag model with volume coupling is

+cnM=('Pq &}8 qq&——™y—kj+ ,'(d4 —} (&f) ,'F„—,F—""

+ qy"ysAq d $8„— gay"q (/X'„Q)8„ed@A—q8„ie—&(p r}"QJ pd„p—j)A„4f 2

e&qy"y, Aq $A„8„ie& 2q—y"Aq. (QX/)A +e~&A„A "p,p, .
4f 2 (2.1)

8=Ho+H;„„ (2.3)

where Ho describes the free bags, meson, and photons,
and H;„, the interactions between or among them.

A. The interaction Hamiltonian

In this paper we chose to work in the Coulomb gauge
[so that A "=(0, A }]. The Fourier transforms of the
meson-octet and electromagnetic fields are

d k
P (r)=J, [a.(k)e'"'+a (k)e '"'],

[(2~)'2~1, 1'"
) 1s2s ~ ~ ~ y 8

(2.4)

d3
A(r}= g I e(qA. )[a (qA. )e'q'

[(2m) 2q]'

+a (qA, )e 'q'],

where a, (k) [a, (k)] and a(qA. ) [at(qA, )] represent the
annihilation [creation] operators of the meson octet and

Here q(x), P(x), and A (x) are the quark, meson-octet,
and photon fields, 8 is the bag constant, f is the meson-
octet decay constant, A, are the SU(3) matrices of Gell-
Mann, and e& and e& are the charges of the correspond-
ing quark and meson, respectively. The SU(3) dot and
cross product are

8

(2.2)
~ (yxa„y) = yf.„x.y, a„y, ,

abc

where f,b, are the SU(3) structure constants. ' The
Hamiltonian corresponding to (2.1) can be written in the
form

I

photon, respectively. As usual we must construct the
complex fields for the charged meson from tI} (r}. For ex-
ample, the annihilation operators for the charged pions
are

C + (k }= — [a, (k) —
ia 2(k }],1

C (k)= 1

2
[a, (k)+ia2(k)] .

(2.5)

In our calculations, the relevant baryons are N, A, X
(X,X ), and A'( —,

' ). Of course, N, A, and X are
members of the baryon octet composed of u, d, and s
quarks in the 1s,&z state. For a static spherical bag of ra-
dius R, this 1s,&2 wave function of the quark is'

Jo(~, r)q„(r,t)= —. .
'

e ' b8(R r), —
v'4~ ij, (ro, r)rr r

(2.6)

where co =3.8115/R is the energy of the first excited
quark state. The normalization factors are

s,pR

2R jo(co, ~R)(co, ~R %1)
(2.8)

As usual, the interaction Hamiltonian H;„, can be pro-

where b denotes the spin-isospin wave function of the
quark, and r0, =2.0428lR represents the energy of the
quark ground state. A'( —,

' ) is composed of u, d, and s

quarks in an (assumed} SU(3) singlet with one quark ex-
cited to a 1p&&2 state. As mentioned in the Introduction,
A( —,

'
) is to be distinguished from A'(1405), which is

predominantly a E p bound state. Here the 1p&&2 wave
function of the quark can be written as'

Np j~(cour)a r-
q& (r,t}=,~, e ~ b8(R r}, —

~&in +4~ iJO&m&r)

(2.7)
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jected onto the space of colorless, nonexotic baryon
states' [here we retain only N, A, and A'( —,

' )], leading

to the following interactions.

1. The quark-meson interaction or Yukama term

This interaction is
(a)

8,=f d r — qy"ysk. q t)„P (2.9)

Using the Dirac equation and the linear boundary condi-
tion on the surface of the quark bag, we do the integra-
tion by parts and get

H, =f qy5k. q $5, — Bo(qy ysk, q P)
2

+—m e„qy5kq P d r, (2.10)

where mq is the mass of the quark. In our calculation we
consider only massless quarks, so the third term in Eq.
(2.10) gives no contribution. (This has been shown to be a
good approximation in our earlier work. ' ' )

The interaction Hamiltonian for the transitions
BM~A' and B~MA', shown in Fig. 1(a), are given by

H, = g f d k[(A'
i V»(k)

~

B )A' BC (k)
J

(c)

+(A'
~

V, .(k)
~

B )A' BC.(k)], (2.1 1)

where j labels the type of meson (including its charge
state), A' is the creation operator for the A', and B is the
annihilation operator for a three-quark bag of type B.
Following Veit et al. ' the vertex function is written in
the form

~aA'

[(2n ) 2tok]'

(2.12)

Here a labels the meson-baryon pair (e.g. , B,M), Itt and

IM are the isospin of the baryon and the meson and iz, i~
their projections. For s-wave scattering, the form factor
1s

(e)

FIG. 1. Diagrams representing the various interaction terms
derived in Sec. II: (a) the Yukawa term (2.11); (b) the contact
term (2.16); (c) the A'~8y vertex function (2.19); (d) the four-
point coupling (2.22) involving baryon, meson, and photon; (e)
the charged-meson —photon coupling.

U'~. (kR)=N, N~ 2R jo(to, Rj)o(to&R)jz(kR) (co, to~+tok) f—r—[Io(to, r)jo(tour)+I~(to, rj), (tour)]j p(kr)dr
0

(2.13)

In the present work the coupling constants are taken to
be A,z~ ~.——&2 and A,z ~.——&3, which correspond to the
assumption of exact SU(3)-liavor symmetry.

For the transition BM~B', where B and B' both be-
long to the baryon octet, conservation of parity means we
find only p-wave vertex functions. These can be neglected
because we are considering only s-wave scattering in the
present work.

2. The four point interaction (or t-he contact term)

H, =f d r qy"A.q (Pxc)„p) . (2.14)

For s-wave scattering the spatial derivative part of this

At the quark-meson level this interaction takes the
form
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TABLE I. The coupling constants A, & used in this work. with the form factor

KN 3
2

—&614

I=O

—&614 1

2

1

2

1

2

A m.

&614

U'p ( k, k ', R ) = N,z[ rp~ ( k) +AM. (k ') ]

X r JO COsl +J1
Q

XJp(kr)jp(k'r)dr

and the coupling constants are given in Table I.

(2.17)

XB'tBCt(k)C, (k') .

The vertex function is

(2.15)

interaction does not contribute, and the time derivative
part for transitions between baryon-meson-octet members
can be represented as

H, = g fd'k fd'k'(B'M'
~

V,', (k, k')
~

B,M )
IJ

3. The quark-photon interaction

This interaction is

H&, ——e& f d r qAq9„= f d rj & A„, (2.18)

where j& ——e&qy"q is the vector current of the quark.
Considering s-wave scattering only, for the transition
A'~By the vertex function [Fig. 1(c)] is

(~
~

v,', (k, k )
~
p)

I; 2f [(2m) 2coM(k)]' [(2n) 2coM, (k')]'~

Q (q)e(q~)
l

A ~ 3,yz ~A'B s 1s
[(2n ) 2q]'~

Xe' (qk)u&, (q, R), (2.19)

XCI I zCI I zU p(k k R) (2 16) with the form factor

R
u&, (q, R)=N, N r Ij p(qr)[J'p(cu, r)jp(cour) —,'j, (co,r)j, (—carr)]+',jz(qrj), (co,—r)J',(cozr)Idr,

0

and the coupling constants A, , 0 ————,', k, 0 ———&3/2.
t

(2.20)

4. The quark-meson-photon interaction

Once again at the quark-meson level this interaction is

f dzr H„qy"yskq PA„2f
and if we restrict ourselves to s-wave scattering we find the following vertex function [Fig. 1(d)]:

ie&(B'
~ V&&, (k, qi, ) e(qA, ) B ) =—,zz»zz A~a Cs is, CI I I 'e'u&&, (k, q, R)

2 [(2~)32~(g)]~~z[(2m}32q]~~z

with the form factor
R

u&&, (k, q, R)=N, r [jp(qr)jp(kr)[jp(co, r) ——,
' j&(co,r)]+ ',j z(qrj)p(kr)j &(co—, r))dr

0

and the coupling constants A. — o ——3&2, A. — o ———&6/3, A, ,= —2&3, and A. , =—', V 6.

(2.21)

(2.22)

(2.23)

5. The charged-meson —photon interaction

As usual, this interaction [shown in Fig. 1(e)] is

H&, ie& f d r(p ——d"p pi)„$ )A„=f—d rj&~&„.

The corresponding vertex function is

e&(k+k') e(qA, )
V, (k, k' qA, ) e= (2n. ) 5(k —k' —q) .

[(2m) 2coM(k)]' [(2n) 2coM(k')]' [(2m) 2q]'

(2.24)

(2.25}
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The other interactions contained in Eq. (2.1) are not
discussed here, because they are not required in our cal-
culation.

fd'k g, (k)tI, (k)=tI, (0)fd'k it, (k), (2.26)

where P, (k) is the s-wave bound-state wave function in
momentum space, and tI;(0) is the t matrix for the zero-
energy KN-Xm system. Since the same integral also ap-
pears in the calculation of the decay K p ~anything, it
actually cancels in the branching ratio

I (K p~By)
I (K p~anything)

The S matrices for the processes K p~A y and
Ep ~X y shown in Fig. 1 can be expressed as'

B. The two-body t matrices

Before investigating the decay E p ~A y and
K I'~X y, we should estimate the momentum distribu-
tion of the kaon in the K p atom, because our whole cal-
culation is done in momentum space. In fact, a K p sys-
tem bound by the Coulomb force has only very-low-
momentum components. For example, in the ground
state the probability of finding K=2.37 MeV/c is only
25% of the probability for k=O. Although the principle
quantum number n of the atomic state ns from which the
decay takes place is unknown, it is certain to take place
from an s state with more than 99% probability. ' For
n )2, the momentum distribution around k=O is nar-
rower than for the ground state. So we can make the ap-
proximation that the kaon momentum in the E p atom
is zero. Thus the matrix element can be factorized as fol-
lows:

SI; ——5J; —2n i 5(EI —E; )TI;,
where f,i label the final and initial state, and the corre-
sponding T matrix is

TI, —(8
~
[a ( qA, ), H;„,]CD(k =0)

~ p )

+(8
~ [ (qi, ),H;„,]

X(E;+ H)—'[H;„„Cgi(k =0)]
i p ) . (2.27)

In these expressions, initial and final energies are

E (M2+k2)l/2+(M2 +k2)l/2

(M2 +q 2)i/2+q
(2.28)

where Mii and M are the masses of the baryon and
meson, respectively. Returning to Eq. (2.3} where
H =Ho+H;„, we now have

Ho —y(M +k )
/ 8+8

B

+ f d k'(M +k' )'/2C„'(k')C~(k')

+ g fd'q qa (qA, )a(qA, ), (2.29)

and

H~„, H, +H, +——Hg, +Hgt„+H~, . (2.30)

After projecting the interactions onto the space of
colorless nonexotic baryons, ' radiative K capture at
rest (k =0) is described by the diagrams shown in Fig. 2.

The T matrices corresponding to the diagrams shown
in Fig. 2 are as follows:

T, = (8
~ Vg~, (k =0) e(qA, )

~

P ),
Ti, = g f d k'(8

~ Vgy, (k') a'(q&)
~

8')[E;—Ms(k') —tost. (k')] 'tti (k', k=O, E, ),
B'

(2.31a)

(2.3 lb)

T, = (8
~ Vg, (q).e(qk, )

~

A')(E; —M„) '(A'
~

V (k =0)
~ p ), (2.3 1c)

Tz ——g fd k'(8
~ Vg, (q) e(qA)~ A)(E,, —M~ ) '(A'

( Vst (k')
~

8')[E; Ma.(k') —cost.(—k')] 'ttt (k', k=O, E;),B'

(2.31d)

T, = g fd'k'f d'k" (8
~

Vt~-(k")V&, (k', k",q).e(q&)
~

8')

)& [Ms(q) Mq. (k") co~(k"—)]—'[E, Mii, (k') a)~,(k'—)] 'tti —(k', k=O, E, ) . (2.31e)

Here 8 may be A or X, p=(8'M') may be (NK) or
(X,n) and a=(p, K) The two.-body t matrix,
t~(k', k=0, E, ), is represented by a circled t in Fig. 2. (It
is the half-off-shell t matrix for KN ~KN and KN ~Xn'. )

We define the e8'ective potential V~ as

V& (k', k, E}=g (P
~
H, [8')(E—M, ) '(8'

~
H,

~

a)

+(P~H, ~a&, (2.32)

where for s-wave scattering we retain only the contact
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term (H, ) and the A'. The effect of crossed-meson lines

is relatively small for s-wave meson-nucleon scattering
and for this reason we neglect it here. The half-off-shell t
matrix of this effective potential satisfies the Lippmann-
Schwinger equation:

tp (k', k, E)= Vp (k', k, E)

+ g fd'k" Vp (k', k",E)

E (k")=(M' +k")'"+(M' +k"')'"
M (2.34)

tIt (k', k, E)= g Y,
' (k')Y, (k)t13 (k', k, E) .

lm

(2.35)

is the energy of the intermediate baryon-meson system.
The expansion in partial waves is made as usual:

Vp (k', k, E)= g YI' (k')YI (k)Vp' (k', k, E),
lm

where

x [E E—,(k")+ie]

xr„(k",k, E), (2.33)

For the s wave (i=0) and including an explicit isospin in-

dex, we find

tp (k', k, E)= t~ (k', k, E)
4~ t"

(2.36)

In order to avoid the singularity in the denominator of,
e.g. , (2.31) and (2.33), we make a principal-value subtrac-
tion.

iK

(a)

n(x )

N{y)
n{z'}

C. The decay widths

In order to calculate the ratio R„y and Rzo, we

should calculate three decay widths I (K p ~A y ),
1(K p~X y), and I (K p~anything). (Here the ini-

tial K p denotes the K p atom. } As mentioned above,
the r matrix for K p~By (where B =A or X ) can be

factorized into

Tyke kTjKpB&J=a, , c, , e

(2.37)

where T~(K p~By) (j =a, b, . . . , e) are given in Eq.
(2.31). The width in the c.m. system for this process can
be written as

A n{x )

I (K p By)

xK

{c)
p 8

X g T&(K p By)
J

(2.38)
t

N(X)

(d)

A n{a') (Here S =—,
' is the spin of proton, M and Mz are the

spin projections of the proton and type-8 baryon, respec-
tively. )

Next we note that the decay width for K p~Xm.
(X+n. , X n+, X m ) makes up more than 90% of the to-
tal width. For this reason we use the width of K p ~Xm.
instead of the total width in order to calculate branching
ratios. That is, we use

I (K p~anything)

FIG. 2. Diagrammatic representation of the various contri-

butions to the radiative decay of the Kp atom. The contribu-

tions (a)-(e) correspond to Eqs. (2.3 la)-(2.3 le).

.
2 koco (ko)Mz(ko)

d kg, (k)
Mz(ko)+co (ko)
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where t = ' are on the on-shell t matrices, which can
K p ~Xm.

be found by solving the Lippmann-Schwinger equation
(2.33) [I=(0,1) is the isospin of the K p system]. Once
again, the final pion momentum can be obtained from the
6 function:

ko (E——;+Mx+M )(E;+Mx —M )

x(E; —Mq M„—)(E; —Mq M—)/(4E; ) . (2.40)

III. RESULTS AND DISCUSSION

f = =120 MeV, f & 'z —110 MeV,

fez
' ——100 MeV;

Set B, R =1.1 fm, Mo ——1650 MeV,

f = =110 MeV, f„&„'z——105 MeV,

fg~~' ——95 MeV .

Using parameter set A, but f taken as the average
value (e.g. , R=1.0 fm, Mo =1630 MeV, f= 110MeV), we
find the results shown in Table II [for the five amplitudes
to T (j=a,b, . . . , e) corresponding to Figs. 2(a) —2(e)]. It
is remarkable that whereas the Ay amplitude is almost
pure imaginary that for X y is predominantly real. This
fact means that the A'(1405) resonance, just below the
KN threshold, plays a very important role as we will dis-
cuss below.

The respective theoretical branching ratios (BR) are
1.9X10 for Ay and 2.3X10 for X y. The former is
within one standard deviation of the existing measure-
ment and the latter is tantalizingly close to the experi-
mental upper limit for this process. [Note that the re-
sults of Table II differ from our previously reported re-
sults by an unimportant, overall phase for Ay, and a fac-
tor of &3 in Fig. 2(d) for K p~X y which was omitted
in the earlier computer calculations. ]

We have made a number of calculations which test the

In our calculation, there are only three parameters
namely, the bag radius R, the meson decay constant f
and M~ the mass of the SU(3)-singlet baryon A'. Using
the same model, Veit et al. ' found two sets of these pa-
rameters from an analysis of s-wave KN scattering:

Set A, R =1.0 fm, Mo ——1630 MeV,

TABLE II. Amplitudes for the various contributions to radi-
ative K capture on the proton shown in Fig. 2.

T.
Th

T.
Td

T.
Ttot
BR
BR (expt)

'Reference 4.
Reference 3.

Kp ~Ay
—0.086
+ 0.062—0. 107i
—0.011
+ 0.030—0.037i
+ 0.007—0.005i

0.002 —0. 149i
1.9X 10-'

(2.8+0.8) X 10

Kp~X y

0.017
0.081—0.025i

—0.019
0.050—0.063i
0.020—0.010i
0.149-0.098i
2.3 X 10-'

(4X 10

reliability of these results. First we used the alternate pa-
rameter set B of Veit et al. (e.g., R= 1.1 fm, MO=1650
MeV, f=105 MeV), this gave R~„=1.78X10 and

Rz ——1.93 X 10,both within 10% of the earlier results.Xy
We also studied small variations in the parameters
around sets A and B, and these results are collected to-
gether in Table III. We note that even though the Ay
and X y branching ratios may vary by as much as 30%,
the relative branching ratios (last column of Table III)
are remarkably stable.

We also wish to test the sensitivity of the radiative de-
cay calculations to the fact that our K p scattering
length gave a rather large imaginary part in isospin zero
ao= —1.03+1.89i (fm) compared with that obtained
from dispersion relations. As a crude test we rescaled
the half-off-shell t matrices for KN to KN and to Xm in
order to give the dispersion relation value on shell for
KN, while remaining consistent with unitarity. This
rather dramatic change lowered the branching ratios for
both Ay and X y by about 30%, but did not change the
ratio of the two significantly. It should be pointed out
that because of the sharp cusplike behavior in the KN t
matrix at threshold, "we have doubts about the accuracy
of the conventional dispersion relation analysis (see also
Ref. 21), so this second experiment is in no sense meant
as an improvement on the calculations quoted above.

Finally we note that in the rather different approach to
this problem by Isgur and Maltman the inclusion of
finite meson size tended to decrease the Kp ~X+ rate and
thereby raise the photon branching ratios. The CBM

TABLE III. Sensitivity of the results to small changes in parameters (with t & fixed).

R (fm) mw (MeV) f (Mev) 10 BR(Ay) 10+ BR(X y) BR(X y)/BR(Ay)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.1

1630
1630
1630
1640
1640
1640
1650
1650

100
110
120
100
105
110
110
105

2.36
1.94
1.63
2.30
2.08
1.90
1.85
1.78

2.76
2.28
1.91
2.67
2.42
2.21
2.14
1.93

1.17
1.17
1.17
1.16
1.16
1.16
1.15
1.09
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used here does not explicitly include finite meson size, al-
though that is implicit in the truncation to low-lying
baryons. In our rormulation the strength of the various
couplings are dictated by chiral symmetry and including
finite meson size would have a very small effect through a
slight softening of the various form factors involved.

IV. CONCLUSION

We have seen that the CBM makes a definite predic-
tion for the relative decay rates of the Ep atom into Ay
and X y [R (X y/Ay)-1. 1-1.2]. This prediction is
quite different from most other models (for example,
Darewych, Koniuk, and Isgur" find 0.64-0.77 in the
NRQM), and deserves to be tested experimentally.

It should also be stressed that the present work differs
in a fundamental way from all earlier calculations which
have included the A'(1405). In particular, the coupling
of the A'(1405) to the open Xn channel has been careful-
ly incorporated. As we discussed in connection with

Table II this leads to quite dramatic differences between
the amplitudes for K @~Ay and K p~Xy. Indeed,
in our approach the former is almost pure imaginary and
the latter mostly real. On the other hand, in convention-
al quark-model calculations both amplitudes would usu-
ally have the same phase. Clearly a meaningful compar-
ison between this calculation and others cannot be made
until those others include explicit channel coupling
effects in a reliable way. Indeed in view of our results any
future calculation which ignores channel coupling will re-
quire justification.
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