PHYSICAL REVIEW C

VOLUME 44, NUMBER 2

AUGUST 1991

ARTICLES

Decays of the K ~p atom and the A(1405)

H. Burkhardt
Department of Mathematics, University of Nottingham, Nottingham NG7 2RD, England

J. Lowe
Department of Physics, University of New Mexico, Albuquerque, New Mexico 87131
and Department of Physics, University of Birmingham, Birmingham B152TT, England
(Received 12 March 1991)

To investigate differences between some recent calculations on the decays of the K ~p atom, we calcu-
late the pionic decays K "p—A7°, 2177, 2% and 2 7" in an isobar model and compare them with
experimental rates determined from measured branching ratios together with the imaginary part of the
KN scattering amplitude. The comparison shows that the coupling constants at the strong-interaction
vertices are reduced significantly from the on-shell values. These coupling constants are then applied to
an isobar-model calculation of the radiative transition rates. Comparing these with results from a recent
experiment gives values for the radiative decay widths of the A(1405): T'5(1405)—.4,=2718 keV and

FA(MOS)—-ZO}/: 10+4 or 23+7 keV.

I. INTRODUCTION

The K ~p atom has for some time been regarded [1-8]
as a useful source of information on the A(1405). The
mass of the K ™ p system at threshold (1432 MeV) is close
to that of the A(1405), and since the A(1405) has a width
[9] of 40+10 MeV, it is expected to have a strong
influence on the properties of the K ~p atom.

The A(1405) itself is a poorly understood object. In
most quark-model calculations published to date, it is de-
scribed as a p-state ¢> baryon with mainly SU(3) singlet
structure [10—14]. Most recently, a chiral-bag-model cal-
culation by Umino and Myhrer [15,16] treated the
A(1405) as a q3 structure, but finds that it has a substan-
tial contribution of SU(3) octet symmetry, rather than
mainly singlet, as in most earlier calculations. However,
its rather low mass has sometimes given problems in
these calculations, and it was suggested over 25 years ago
[7,17-21] that it may be more straightforwardly ex-
plained as a bound state of the KN system and a reso-
nance in 73 scattering and, hence, of ¢*G structure.
These two pictures form the basis of many currently pop-
ular models of the A(1405). For example, the nonrela-
tivistic quark model of Isgur and Karl [4,14] describes
the A(1405) as a g> hadron, whereas in the cloudy-bag
model [7,8,19] it has the structure of a KN bound state.
A definitive experiment to distinguish between these
models has not been identified.

Radiative widths play an important part in under-
standing baryon structure and the nature of the quark
confinement mechanism. Two of the three possible radia-
tive decays of the A(1405), to Ay and to =%, have been
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studied experimentally by measurements of the branching
ratios for the corresponding decays of the K ~p atom (see,
e.g., Refs. [22,23] and the reviews by Roberts et al. [24],
Barrett [7], and Lowe [6]). Several experimental results
have been published, but the most definitive are the re-
cent results from Brookhaven experiment 811 (White-
house et al. [22,23)):

py = P=AY (0 86+0.12)x 107
K~ p —anything
and
- 0
Ry, =—= P22V —(1.44+0.23)X 1073 .
K~ p —anything
The other available radiative decay channels,

K "p—>3(1385)y and A(1405)y, have not yet been ob-
served experimentally.

The problem arises as to how to relate the measured
branching ratios for the K “p atom to the radiative
widths for the A(1405). Several calculations have been
published which attempt to do this (these are reviewed in
Refs. [6,7]). In many of these, an isobar-model approach
is used to relate the properties of the K ~p atom to the
parameters of nearby hadrons. Although this method is
not the most sophisticated approach, the K ~p system at
this energy is strongly dominated by the A(1405), while
the treatment of the other remaining amplitudes as a con-
tribution from nearby poles is a useful approximation.
Two of the published calculations [3,5] have shown that
the contributions from the relatively remote N* and K*
resonances are negligible, and so the problem reduces to a
rather small number of graphs. In the first calculation of
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this type, by Burkhardt, Lowe, and Rosenthal [3], an iso-
bar model was used to calculate all s-, t-, and u-channel
exchanges shown in Fig. 1. In addition, some graphs in-
volving exchanged K* and N* were calculated, but their
contributions were found to be small. The denominator
of the branching ratio was not calculated in an isobar
model, but was derived from the experimental scattering
amplitude at threshold. The branching ratio for
K " p— Ay was calculated as a function of the transition
moment for the A(1405)— Ay vertex, and the radiative
width for A(1405)— Ay was deduced by comparison of
the calculated branching ratio with experiment. It was
found that the K~ p atom decays were indeed dominated
by the A(1405) contribution [Fig. 1(b)], but that other
terms were not negligible. The publication by Burkhardt,
Lowe, and Rosenthal contains a numerical error; this is
corrected in a paper by Workman and Fearing [5], which
presents a calculation which is otherwise similar to that
of Burkhardt, Lowe, and Rosenthal.

A rather different approach is presented by Darewych,
Koniuk, and Isgur [4], which differs in three respects
from the above two treatments. First, their calculation
was an application of the nonrelativistic quark model of
Isgur and Karl to the K ~p atom. Thus all amplitudes,
for both radiative and pionic decays, were calculated on
the Isgur-Karl model. Second, they included some
quark-exchange graphs [25]. The contribution from
these was found to be small, but not negligible; in fact,
the decay K “p—An° proceeds entirely through these
terms. Third and most importantly for the present work,
Darewych, Koniuk, and Isgur argue that the simple iso-
bar model, when on-shell values are used for all coupling
constants, considerably overestimates all terms except the
A(1405) graph contribution. The reasons behind this are
partly that in the s-channel graphs with even-parity ex-
change, such as those of Fig. 1(a), the first vertex is parity

A Y A Y A Y
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©
p K
K p K~ p

FIG. 1. Contributions to the radiative decays of the K p
atom.

forbidden, so that the only contribution in fact comes
from the “Z graphs,” involving a A or =. Consequently,
these vertices are actually much further off shell than
would appear at first sight from Fig. 1. In addition,
Darewych, Koniuk, and Isgur point out that the inter-
mediate state has three extended baryons in close proxim-
ity and the simple isobar model is probably a bad approx-
imation in dealing with this situation. Following this ar-
gument to its limit, they drop all contributions except
that of the A(1405) graph (which is parity allowed) and
their quark-exchange terms. Both radiative and pionic
decays were then calculated using just these two contri-
butions. An isobar-model calculation with the same basic
assumption of A(1405) dominance for both radiative and
pionic decays has been reported by Lowe and Burkhardt
[26]. Not all authors agree with the arguments presented
by Darewych, Koniuk, and Isgur. For example, Work-
man and Fearing [5] quote examples of pion-nucleon in-
teractions in which Z graphs are known to make an im-
portant contribution.

A crucial point, therefore, is the amplitude of some of
the strong-interaction vertices in the graphs shown in
Fig. 1 and, in particular, whether, within the framework
of the isobar model, these are suppressed by form factors
to values well below what one would deduce from the use
of on-shell coupling constants. In this paper we investi-
gate this problem by calculating the pionic decay modes
of the K p atom in an isobar model, using the same
methods that were used for radiative decay calculations
by Burkhardt, Lowe, and Rosenthal [3] and by Workman
and Fearing [5]. The rates for K "p — A7, STr, 3059,
and 3”7 are well known. Further, these processes in-
volve many of the same vertices, at the same momentum
transfers, as in the radiative decays. The pionic decays
therefore provide a direct experimental measure of the
strengths of these vertices as they contribute to the radia-
tive decays and, hence, also a test of the validity of the ar-
guments advanced for or against their suppression. Of
course, the suppression of these vertices follows naturally
from any model which treats the hadron internal struc-
ture at the quark level. However, the aim of this paper is
to give a more phenomenological, and hence less model-
dependent, treatment and to deduce as much as possible
about the contribution of these terms from experiment.

II. RATES FOR K " p PIONIC DECAYS

The branching ratios for these pionic decays are well
measured. Recent values are [22]

R, ,=0.075, R, _=0.19,
Rj00=0.261, Ry . =0.467.

To obtain partial decay widths from these, we use the
method of Bardeen and Torigoe [27], which relates the
total decay width of the K ~p atom to the imaginary part
of the KN scattering amplitude at threshold. They define
a pseudopotential, the imaginary part of which is given
by

W=(4n/2m)lmf, -,



4“4

where f - is the K ~p scattering amplitude at threshold
and m is the reduced mass of the K ~ p system. The total
width of the K ~p atom is then

— 2
K_p—>anything_2WI¢(0)|

=(m/m)Imf,_ [$(O),

where ¥(0) is the kaon atomic wave function at the ori-
gin. For f, -, We use the relation

S A

relating the K ~p scattering amplitude to those for the
I =0 and 1 states. For the latter we take the average of
all values listed in the tabulation of Nagels et al. [28],
giving

Ime_p=O.75:t0. 17 fm ,

which agrees well with the analysis of Martin and Sakitt
[29]. Thus
I‘K_p_’anything—*—(11301256)[1&(0)I2 MeV fm> .

The factor |1(0)|? cannot readily be calculated. The
capture takes place from higher atomic states with a
range of n values. These atomic states are likely to be s
states with greater than 99% probability [30], but are
dominated [31] by principal quantum numbers in the
range 5-10. In any case, the kaon wave function is dis-
torted from the Coulomb form by the K ~p strong in-
teraction. However, |1(0)|? is also a factor in the indivi-
dual pionic decay rates and so, to the extent that its vari-
ation over the interaction region can be ignored, cancels
when calculating branching ratios. The experimental
rates then follow by combining this total width with the
above branching ratios:

T, o=85[1(0)]>* MeV, T, _=227|4(0)|> MeV ,
[50,0=2954(0)|> MeV, T - . =523|¢(0)|> MeV .

In calculating the individual rates, all graphs of Fig. 2
were included. Here we are guided by the results of Refs.
[3] and [5] for the radiative processes, where the contri-
butions from the more remote N* and K* isobars were
found to be small. The amplitudes for the first graphs of
Figs. 2(a), (b), and (c) are, respectively,

Si(B+my)

M=u(A)G 5,7~
pi—

~—Gysx ¥ u(p)
5

GAs, G
= _ j 2 AZTONZK Z(Au(p)
pr-i-mz
J
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FIG. 2. Contributions to the pionic decays of the K ~p atom.

i (f+mp(1405))

M=u(2)G 5140857 2 G405k % (P)

2
M A(1405)

G A(1405)3+G
= A )—1r NA(1405)K 73" ) (),
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and

i(p+m,)
—5 5 r’Gup)
p2—m]

./Vl= _E(A)YSGNAK

GNAK G

lZm,,E,,—mf, #(APru(p)
with analogous expressions for the remaining graphs.
These expressions are written in terms of the I-spin re-
duced coupling constants as defined, for example, by
Dumbrajs et al. [32]. We denote the ratio Gysx/Gyak
by a. All symbols and conventions are as defined in
Bjorken and Drell [33].

The K ~p atom decay rates for pionic decays are then

given by

— myp
dmmyg(m,+mg)

sspinsl‘/l/l“|2|¢'(0)|2 ’

where my denotes the mass of the final-state hyperon and
fspins represents the appropriate average and sum over in-
itial and final spins.

The expressions for the pionic widths then become

T, 0=1—0.1899aG y5,Gnax +0.3022Gy ,x G |*[$(0)]? ,

B 11600_215.2iFA(1405) 2 2
Fy+,-=|—0.1640aG55,Gypg —0.1690G \5,Gypx + L2 aasos)zr Onaaosix | O,
726.3+ 3T A (1405)
11 600—215.2iT 5(140s) ’
50 0= [0.1690G ,5,Gyax — — G A(1405)37Gna(1405)x —0-2541aGypx G | [(0)|*,
726.3+ 114 1405)
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rz_#+ = 0. 16400G221TGNAK _0. 1690GA217GNAK

11600—215.2i Ty 1405)
726.3+ 1T 1405)

In the calculation we assume that all terms are real ex-
cept for the A(1405) term. The mass of the A(1405) was
fixed at 1405 MeV, but its width is less well known and
therefore was treated as an adjustable parameter.

II1I. PIONIC DECAYS: COMPARISON
WITH EXPERIMENT

The experimental values for the pionic widths were
equated to the theoretical expressions to yield equations
which can be solved for the coupling constants. There
are two problems in deducing coupling constants from
this procedure. First, the equations do not yield indivi-
dual coupling constants directly, but rather products of
pairs of these. Second, experiments do not determine the
signs of the amplitudes, and so there are three sign ambi-
guities in the above equations. We simply take each pos-
sible combination of signs and look for an acceptable
solution to the equations. In deciding on an acceptable
solution, we were guided by the SU(3) and SU(6) values
for signs of the coupling constants. These are given, for
example, by Dumbrajs et al. [32], and we find from their
tabulation that three products GyrxGas,» Gyax G, and
GnaxGss, are all predicted to be negative, while the ra-
tio a =Gysg/Gyak 18 positive. The remaining product is
Gy a1405)k G A1405)s7- Of course, SU(3) and SU(6) make
no unambiguous prediction for the coupling constants in-
volving the A(1405) since, as discussed above, the struc-
ture of this hyperon is not understood well on these mod-
els.

If a and T',( 405, are regarded as known parameters,
then the equations can be solved for these four products.
In fact, each of these quantities is known with only limit-
ed accuracy from experiment. Therefore, the equations

S

2

G A1405)57G v a(1405)x 10.5082G 5 G | [$(0)]2 .

r

were solved for a range of values of both a and T ,(;40s),
covering the experimentally reasonable range of each.
Only one set of sign choices for the amplitudes gives a
solution with signs of the coupling constant products that
is consistent with the SU(3) and SU(6) predictions quoted
above. For the “best” values of a and I',(45) i.e.,
a=0.44 and I ,(1405)=40 MeV, the solution is given in
the second row of Table I. For comparison, the first row
of Table I shows the on-shell values for these quantities.
These were mostly taken from Dumbrajs et al. [32], with
just two exceptions: (i) The quantity Gysg is rather
poorly determined. At the time of our earlier paper [3],
the best value seemed to be 5.8, a value deduced from the
effective coupling constant Gyyx through the relation

GI%/YK = Gl%’AK +0. 8461%721( ’

using a value [32,34,35] of 14 for Gy /4m. Several
lower values of Gysg are listed by Dumbrajs et al., but
the most recent determination [36] of Gjyx /4w gives
rather high values of 16.9 or 17.9. In view of this uncer-
tainty, the same value that was used in our earlier work is
retained here. (ii) The coupling constant G,(j40s)s, Was
determined directly from the measured width [9] of the
A(1405) through the relation

2
Grnaos)zP-(Exs+ms)
4mm 5 (1405)

T Ac1405=

Of course, the sign remains undetermined by this pro-
cedure. Table IT summarizes the values adopted for these
parameters, together with signs that are consistent with
the SU(6) conventions of Dumbrajs et al.

Two features emerge immediately from inspection of

TABLE 1. Parameters relevant to the pionic decays of the K ~p atom. Row 1 gives the values for a
and I'y(j405) from Ref. [9], together with on-shell values for the coupling constants (see text). Row 2
gives the values of products of coupling constants deduced from the present analysis, using values of a
and T 5(j40s) from row 1. Rows 3—5 show the effect on these results of small changes in the parameters a

and I"4(1405)-

I-‘/\(1405)

a (MeV) G 140557 X Graia0sxk Gnak XG Gyak XGpse Gyak XGssq

On-shell values 0.44 40x10

Present analysis; (0.44) (40)
parameters of row 1

Present analysis; 0.44 60
adjusted parameters

Present analysis; 0.42 60
adjusted parameters

Present analysis; 040 60

adjusted parameters

£2.6
—1.9

—-19

—1.9

—1.9

—174 —161 —169
—60 —108 —30
—47 —59 —351
—46 —57 —59
—44 —55 —68
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TABLE II. Coupling constants and other parameters used in the present analysis.

Parameter Value Source
G —13.2
Gyak 13.2 Dumbrajs et al. [32]
Gasn —-122
Gssr» —12.8
Gysk 5.8 see text
AC140S),K —p +(3.2+0.6) Dumbrajs et al. [32]
G A(1405), 57 +0.805 From A(1405) width; see text
Imevp 0.75+0.17 fm Nagels et al. [28]

the first two rows of Table 1. First, the coupling con-
stants involving the A(1405) are reasonably close to the
on-shell values, particularly in view of the uncertainty in
the experimental value of Gy,(j405)x. By contrast, the
other three products are well below the experimental on-
shell values. This picture is quite consistent with the pic-
ture of Darewych et al.; both vertices involving the
A(1405) are parity allowed, while their parity suppression
argument would imply a reduction below the on-shell
value of, if nothing else, the quantities Gy x and Gysg,
the first of which is a common factor in the other three
products. If Gy,x and Gysg are the only two coupling
constants affected, then one would expect the three prod-
ucts involving them to be similar in magnitude, a condi-
tion which is not particularly well satisfied by row 2 of
Table I. However, minor adjustments to the parameters
a and T',( 1405y can readily change this situation as is
shown in rows 3-5 of Table I, where the values found are
consistent with a reduction in Gy, and, since a is close
to the on-shell value, in Gy also.

However, the parity suppression mentioned above is
not the only possible interpretation of the values found
for these products of coupling constants. Quite apart
from any argument invoking Z graphs, it is clear that the
vertices involving the A(1405) are much more nearly on-
shell than are any other of the vertices in Fig. 2. Thus
the contribution from vertices other than the A(1405)
graphs is expected to be reduced if only by virtue of the
finite size of the hadrons involved. As an illustration, we
calculate the form factors expected for the K-p-A and K-
p-A(1405) vertices which would result from the usual ex-
pression for the form factor in low-g? elastic scattering,
assuming that the baryons have a rms radius of R=1.0
fm. We use four-momentum  transfers  of
q2=(pr —m,)? and q2=(pr —m p(1405) )%, Tespective-
ly, which one would deduce from the time-ordered
graphs of Fig. 2 without any additional contribution that
would be implied if Z graphs alone are considered. The
expression [37,38]

I S
1+4¢%R?/6
then gives form factors of F(g2)=0.70 and 0.97 for the
K-p-A and K-p-A(1405) vertices, respectively. While
quantitative agreement is not expected from this simple
picture, these values are at least qualitatively consistent

with the behavior of the coupling constants shown in
Table I.

F(g?)=

IV. CALCULATION OF THE RADIATIVE DECAYS

The next step is to apply the information on coupling
constants obtained in the above analysis to the problem
of radiative transitions, i.e., to calculate the contribution
of the graphs shown in Fig. 1 to K p—Ay and =%.
Unfortunately, in these graphs the coupling constants do
not occur as products of pairs as in the pionic decays, and
so it is necessary to decide on values of certain individual
coupling constants, specifically Gy,gx, Gpysg, and
Gyac40s)x- Table I implies that Gy a(1405)x iS quite close
to the on-shell strength of 3.2, and so we use this value in
calculating the radiative decays. For Gy,gx and Gysg,
the products of either of these with one other coupling
constant seem to be about 0.3 times the on-shell strength.
The essential problem is to decide whether to attribute

- this factor of 0.3 to either one of the coupling constants

or whether to assume a factor of V0.3 for each, or any
other division of the factor between the two coupling
constants. There is no model-independent way of select-
ing between these alternatives, but there is no compelling
reason to believe that any one of these coupling constants
behaves in a different fashion from the others. Therefore,
we make the simplest assumption, namely, that each cou-
pling constant is subject to a form factor of V'0.3. Since
there is no evidence that a =Gy, /Gysk differs from the
on-shell value of 0.44, we assume that Gy,x and Gysg
are reduced by the same factor. Inevitably, the calcula-
tion from this point onwards becomes of only qualitative
validity, but we believe that this may be preferable to a
more precise calculation in one of the two extreme ap-
proaches.

We now repeat the calculation of the radiative widths
in the same way as those published by Burkhardt, Lowe,
and Rosenthal, [3] and by Workman and Fearing [5].
The contributions to the amplitude from the first graphs
of Figs. 1(a), 1(b), and 1(c) are

eG K +m

M=i——NI}K—'A'ﬁ(A)6”U“VkV—p2—‘AT’y5u(p) ,
2m, p-—my

eG K

M=i NA(1405)K K A(1405)A
2mp
+m
Xz‘t(A)e#o“”k‘,yLéz—Az(lﬂu(p) ,

P~ M Aq1405)

and
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s Btm, ek,
'M=iGNAKﬁ(A)y _2——2 l'ej/”'+ O"uvkv Gluu(p) s
p—m, sz

with analogous expressions for the other graphs. Here
Kas Kp, and Kx(1405)a are, respectively, the A magnetic mo-
ment, the proton anomalous magnetic moment, and the
transition moment for A(1405)— Ay.

The radiative branching ratio is given by

mpk

= 5 2 2
K p=Ar  dpmgmy, EMPOF,

where k is the photon momentum and the sum in 3 now
includes photon polarizations. Analogous equations ap-
ply to the process K ~p— 2% . These expressions correct
a sign error in the calculation and a typographical error

5
-~ 4
[
=
PR Kp+» Ay
2
]
-] 2]
o0
£
S
: 'z
m L
o L} T T
-1.0 -0.5 0.0 0.5 1.0
¥A(1405)A
5
§ 4 |
g Kp+ zy
Z 34
2
K]
-4 2 4
g
£ I,
o \/
34
Q
0 T v
-1.0 -0.5 0.0 0.5 1.0
K A(1405)
FIG. 3. Comparison of the calculated radiative decay

branching ratios for the K “p atom (solid curve) with experi-
ment [22,23] (crosshatched area). The calculated branching ra-
tios are plotted as a function of the relevant transition moment
for the A(1405) radiative decay. On-shell values are used for all
coupling constants.

in the paper of Burkhardt, Lowe, and Rosenthal [3].

We employ the same analysis method as in both the
earlier papers; i.e., the calculated branching ratio is plot-
ted as a function of the relevant transition moment for
the A(1405), k,,, or ks,, and the results are compared
with the experimental values. For the latter we use the
recent results [22,23] from Brookhaven experiment 811,
quoted in Sec. I of this paper. All parameters are taken
to have the same values as listed in Burkhardt, Lowe, and
Rosenthal, except that we use a recent result [39] for the
3% Ay transition moment of ks, =1.59.

First, in Fig. 3 we show, for comparison, the results of
calculating with the on-shell coupling constants, as in
both previous publications. Comparison with experiment
suggests that the allowed range of values for the transi-
tion moments are

KA(1405)A= —0.4110.03

and
5
s 4 4 Kp—+ Ay
§ ]
2 3 -
£
R
[--]
0 4+————v T ———r—r e
1.0 -0.5 0.0 0.5 1.0
K A(1405)A
5
% 47 Kp+ =y
o
S
p 27
£ Z 7772277
L
0 T ¥ T
-1.0 -0.5 0.0 0.5 1.0
K A(1405)E

FIG. 4. Comparison of the calculated radiative decay
branching ratios for the K ~p atom with experiment, as in Fig.
3, but with all strong-interaction coupling constants reduced by
a factor of V'0.3.
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Ka(140s)s = —0.29+0.05 or 0.69+0.05 .

Strictly, there is no solution for k,(j405)4 Within the ex-
perimental errors for this choice of parameters; the above
result indicates the range over which k(14054 falls within
about two standard deviations of the experimental num-
ber. Then, applying the above analysis of the coupling
constants to the problem, Fig. 4 shows the predicted
branching ratio calculated with the coupling constants
Gyax and Gysg reduced by a factor of V0.3. The al-
lowed ranges for the transition moments are now

Ka(1405)A = —0.431£0.02 or —0.02+0.02
and
Ka(1405)s = —0.39£0.05 or 0.61%+0.04 .

From these values we calculate the radiative widths of
the A(1405) from the relation

2 213
_ KA(405)v€ k
2
P

F —

A(1405)— Yy 4rm
Again, for comparison, we show first the results that fol-
low from the use of on-shell coupling constants, which
would give

FA( 1405)— Ay =24+4 keV
and

r =5.2+1.6 or 30%4 keV .

A(1405)— 30y

With coupling constants set to V0.3 of the on-shell
values, we get

T A(1405) Ay =27£3 or 0.1+0.1 keV
and

T =10%3 or 23+3 keV .

A(1405)—3%

The second solution for A(1405)— Ay, of ~0.1 keV, is
almost certainly wrong, as it is well below any of the wide
range of published calculations. Thus we take the first
solution, 2713 keV, to be the correct choice. Either solu-
tion for A(1405)— =% seems equally likely. The errors
quoted here refer to the range allowed by the experimen-
tal branching ratios and do not include errors in the input
parameters or uncertainties inherent in the method itself.
The two input parameters with significant uncertainties
are fop (£23%) and G p(j405)kp (£19%). These errors

are incorporated below.

V. DISCUSSION

The present paper gives an internally consistent
description of the decays of the K p atom. It is clear
from examination of the radiative widths derived in Sec.
IV that neither extreme treatment is really adequate; the
terms seem to be reduced significantly below the on-shell
values, but not to the point where their contribution to
the radiative decays is negligible. Since our analysis pro-
vides only values for products of pairs of coupling con-

stants, there is some degree of arbitrariness in assigning
values to the individual coupling constants required to
calculate radiative decays. Nevertheless, the consistency
with the form factors expected on simple finite-size argu-
ments suggests that the values derived here are at least
qualitatively correct. Of course, form factors will arise
naturally in any composite model.

The radiative widths found for the A(1405) as de-
scribed in Sec. IV, after incorporating errors due to un-

certainties in f -» andg, 405),K —p> 2T€

FA( 1405)—>A’y=27j:8 keV
and

r =10%x4 or 23+7 keV .

A(1405)— 3%

These widths are of the same order of magnitude as those
found in several bag-model calculations. Calculations
carried out so far using the Isgur-Karl model [14] predict
higher values, i.e., T (1405)4,=143 keV and
| D 405)_}207,=91 keV. Some calculations of radiative

widths have been reported in which g*g terms are includ-
ed in the A(1405); results from these are discussed in
Refs. [6], [18], and [19]. Most of these predict radiative
decay rates very different from those found here. Howev-
er, we note that the cloudy-bag model [7,8,19], in which
the A(1405) has mainly a ¢*g structure, comes close to
fitting the K ~p atomic branching ratios. In fact, these
cloudy-bag-model calculations already incorporate form
factors, which are inherent in the model and which have
values similar to those found here.

In contrast to the Isgur-Karl calculations, a recent
chiral-bag-model calculation by Umino and Myhrer
[15,16] predicts somewhat smaller values for the radiative
widths, T 5(1405)—.a, =75 keV and FA(1405)—>207=2'4 keV.
The small value for the second of these numbers is a re-
sult of a delicate cancellation between singlet and octet
contributions, and a rather small change in Umino and
Myhrer’s wave function gives a prediction in good agree-
ment with our result. The discrepancy in the
A(1405)— Ay widths is not so easy to understand. How-
ever, an essential feature of their calculation is that the
Ay width of the A(1405) is greater than the =% width, as
it is also in the Isgur-Karl model predictions. This is the
case in our analysis, even though the Ay branching ratio
of the K ~p atom is the lower of the two. The interfer-
ence with other terms causes a first inspection of the
atomic branching ratios to give a misleading impression.

An extensive analysis of the related process yp —K T A
has been published by Adelseck and Saghai [40] using a
similar model to that employed here. They extract values
for Gysx and Gyag. Their value for the former is con-
sistent with our value, though the latter is higher and is
more similar to the on-shell value. By contrast, a recent
crossing-consistent analysis of yp —~K " Yand K "p—yY
by Williams, Ji, and Cotanch [41] derived a value of
Gy ak»> Which is well below the on-shell value and is quali-
tatively consistent with ours, but found Gysk to be sub-
stantially lower than our value and that of Ref. [40].
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However, the momentum range covered in these analyses
is quite different from that for the threshold Kp system
considered here. Also, Adelseck and Saghai note that an
attempt to extend their calculation to the Kp atom is not
consistent with recent experimental data.
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