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The amplitude for the decay X i2my is constructed using a finite dispersion relation. The decay
width and distribution are found to be consistent with recent experiment, A finite-energy sum rule

analysis indicates that the coupling of the X to the photon and the p meson,

gpss.

& has its
quark-model value. A similar study is made of g ~2my from which it is concluded that gp» probably
also has its quark-model value.

I. INTRODUCTION

The spin and parity of the X'(958) have not yet
been determined, although it almost certainly has
either J = 0 or J = 2 . Support for the former
assignment comes from analyses" of the dis-
tribution of events in the X'- qm'm and X'-m'w y
Dalitz plots. However, J =2 is favored over
J =0 to explain possible anisotropies' in produc-
tion and decay correlations of the X'. W'e have
previously reported4 the results of a finite dis-
persion relation (FDR) model for X'-qww, based
on the pseudoscalar assignment for X', from which
both the width and the small slope parameter of
the Dalitz plot can be obtained. "We wish to
present here a similar FDR model for the decay
X'- 2', with X again taken to be pseudoscalar,
which we feel lends more weight to the J =0
possibility.

The FDR approach is based on the application of
Cauchy's theorem, over a finite contour, to two-
body scattering amplitudes. This leads to a finite-
contour dispersion relation and to families of
finite-energy sum rules (FESR's). The FESR's
can be used to correlate the Regge asymptotic
form of the amplitude (assumed valid at inter-
mediate energies) with the resonance structure,
in order that the dispersion relation may repre-
sent a consistent model for the amplitude ~

The use of FDR in conjunction with FESR's has
covered a fairly broad range of applications. In
addition to its natural employment in the study of
scattering amplitudes, "it has provided an inter-
esting means of describing three-body decays,""
in which the decay amplitude is obtained from the
corresponding two-body scattering amplitude by
crossing.

The FDR model considered here predicts a
width for X' 2wy in the range 0.045' I'(X'-2wy)
& 0.143 MeV. This is consistent with the new

upper bound' of I'(X'- all) & 0.8 MeV, if the
branching ratio is taken" to be -0.25. Not too
surprisingly, the decay X'- 2m' is found to pro-

II. FORM OF THE DECAY AMPLITUDE

In the usual fashion" we begin by considering the
process

X'(p) + w(-q, )- w(q, ) + y(k), (2.1)

where the particle momenta, indicated in paren-
thesis, satisfy

p=q, +q, +k.

The scattering amplitude M for process (2.1) can
be written as

M= e„„p,e" q", q2t'k'A(v, t), (2.2)

where e" is the polarization of the photon. The
relevant kinematic variables are defined as

ceed mainly through X'- py in accord with a
recent experimental determination. "

The model predicts (from a FESR) a value for
the coupling of the X' to the photon and the p meson
close to its value in the quark model, when X'-q
mixing is taken into account. This is in marked
contrast to the conclusions drawn by Lassila and
Young" from a FDR model of q- 2'. We re-
examine their analysis and find it likely that the
FDR models of X'-2' and q-2' are compatible
with each other and with quark-model couplings.

Finally, we will discuss the extended vector-
meson dominance model for radiative decays
proposed by Bramhn and Greco, "in which several
of our results have previously been obtained.

In Sec. II we give a detailed description of the
X'- 2my model. Its most important parameters
will be discussed and evaluated in Sec. ID. Our
results for X'- 2ny will be given in Sec. IV, to-
gether with a reexamination of the FDR model of
Lassila and Young for the decay q- 2m'. A brief
summary and our conclusions are presented in
Sec. V.
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V = 2(S —u),

s =(p —q, )'=(k+ q, )',
t =(p - k)'=(q, + q, )',
u = (p —q, )' = (k + q, )'

and satisfy

s+ t+ u=mx'+ 2m, '.
The invariant amplitude A(v, t) is even under

crossing

ImV

ReV

A(v, t)=A(-v, t) (2.3)

and is assumed to satisfy a fixed-t dispersion re-
lation in v. Using Cauchy's theorem for the contour
shown in Fig. 1 and Eq. (2.3}, we obtain the FDR

A( t)= d '
21Tl v —v

2 ", , ImA(v', t)
m o v vI2 21,A(v', t}

2wz g v —v
N

The first term on the right-hand side of Eq. (2.4)
arises from the cuts along the Hev axis, while the
second term is the contribution from the semi-
circular contours of radius

~ v~ =N, lying in the
upper and lower v plane, which are denoted col-
lectively by C„ in Fig. 1. N is given by

(2.4)

N = s,„-(-,'mx'+ m„') + —,
' t, (2.5)

where s,„will be chosen below.
Since we will be interested in A(v, t) for values

of v& 1 GeV', the radius of the circular contour
would not have to be larger than that. As a prac-
tical matter it can not be much larger because of
the limited experimental information on the mX'

interaction. Thus we will assume with Lassila
and Young" that the contour includes the A, meson
and excludes any other important wX' effect. (Note
that the possible J = 0' meson at 960 MeV cannot
couple to ry because of parity conservation. } The
A, is assumed to saturate the first integral on the
right-hand side of Eq. (2.4). We will take"" s
to be the average of m„' and ~3m„', the latter cor-
responding to the position of a possible J =4'
recurrance of the A, . Thus

s,„=+m„' =2.86 GeV'. (2.6)

To determine the second integral on the right-
hand side of Eq. (2.4) we will use the Regge asymp-
totic form for A(v, t) on the circular contour C„.
That this may be a very good approximation is
suggested by the success of the previous applica-
tions, and can also be supported on the basis of

FIG. 1. Contour in complex v plane over which the
FDR and FESR are evaluated. The semicircular portions
of the contour are denoted collectively by CN.

duality. " The dominant Regge singularity in the
t channel is the p trajectory. We will assume that
the asymptotic behavior of A(v, t ) is governed
entirely by Regge p exchange.

The amplitude A (v, t), obtained in this way from
the FDR, is assumed to describe the decay

~(p)-s(q, )+ v(q. )+ r(k) (2.7)

throughout the allowable phase space.
In accordance with the above discussion we will

denote the first and second terms on the right-
hand side of Eg. (2.4) by A„„and A„,„, respective-
ly, and so we have

A(v, t}=A„„(v,t)+A„„(v, t). (2.8)

We will first deal with the determination of A„„.
The A, contribution to A„„depends on the cou-

plings of the A, meson to mX' and to my. We define
these couplings in the momentum representation
to be

&~,-xo, =g„~o,k' (Q)(p+ q, )p(p+ q,), (2 9)

T„„q=g„„qe"k" (Q)

x [(k —q2)„e& g k q2

+ (k-q, )~e„„„kq', ], (2.1O)

where PP"(Q) is the polarization tensor of the A,
meson, which carries momentum Q =p —q, =q, + k.
Using these couplings we find

2g+ B
ARes(V, t) = -4' r&gkpw 1 +(V —V)

I v —~t+C

(2.11)
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with

B =m„' -m»' —2m„'-m, "(m»' -m„')/m„'
!X'&=sin&r!q, &+ cos&~!t),&,

!q& =cos&~!0,&
—sin&~!q, & .

(3.2)

and

C = 2mx +m„-m„2 2 2

(2.12)

(2.13)

The quantity !g„,zg»„! will be estimated in the
next section.

We come now to the determination of AR,„. The
asymptotic form for A(v, t) is assumed to be"

A(v t)~ [v"" '+(- )"" ']
r(a(t )) sinva (t )

(2.14)
where a(t) is the p Regge trajectory. We take

A quadratic Gell-Mann-Okubo mass formula for
the pseudoscalar mesons leads to 6)& —= a 11' while
a linear mass formula implies 6!p ——+ 24 . There
are phenomenological studies which support both
possibilities. "

The results of the present investigation indicate
that 6)~ lies in the range

-11'~ |)! & -23';

we will list results for the extremes of this range
in the following.

It follows from the model of Glashow and
Socolow" that

. r... (t-4m, ')"'
a(t) =0 5+ 2, +1

2 I 2 4 2)~/2
PRp mp ( PPlp — m~

(2.15)
so that

!

3.5 GeV '
( &J = —11'),

. 2.63 GeV ' (&&=-23')
(3 3)

with"

rp„„=-r(p-2») =0.145 GeV (2.16) r(A, -Xv) =
1.0 MeV (&~ = —11'),

0.58 MeV (&p = -23') .
(3.4)

An imaginary part has been included in the p tra-
jectory, because the p pole in Eq. (2.14) lies in
the allowed region of phase space for X'- 2my.

When the form of A(v, t ) given in Eq. (2.14) is
substituted in the integral along C„ in Eq. (2.4),
we obtain

2p(t) Nn(t) -z 2n

I'(a (t )) a(t )- 2n —1 NA„(v, t) =

(2.17)

where N is given by Eq. (2.5). We will discuss
several different determinations of P(t ) in the
next section.

III. DETERMINATION OF THE PARAMETERS

To fix the magnitude of g„,„&g„,x„we first de-
termine g+„& by using vector-meson dominance
(VMD) to relate" it to g„„~. The partial width"
I"(A,-pv) =64 MeV results in

!g„,„), ! =0.253 GeV ',
corresponding to

I'(A, -ny) = 0.9 MeV.

(3.1)

An analysis by Eisenberg et al."of y+ p- n+A2'
gives r(A, -vy) =—0.5 + 0.5 MeV.

For g„+„we use the model of Glashow and
Socolow. " The magnitude of this coupling depends
on the mixing between the X' and q mesons. The
physical X' and p states are expressed in terms
of pure SU(3) octet and singlet states in the usual
manner:

Pres~(t) =4g„yg„2~, (2t+ 8)(,' t C)--
„I'(a(t))[a(t)+ 1]

ga(t)+ I (3.7)

where ft and C are defined in Eqs. (2.12) and
(2.13), respectively, and N is given in Eq. (2.5).
P, «„(t) changes by only -10% in the decay region,
and at t = 0 we find (taking g„,„„g„+„&0) that

2.65 GeV ' (6 = -11 },
p, „(0)= (3.8)

2.01 GeV '
(&~ = -23 ) .

The real part of P, „s„(t)(for &~= —11') is shown
in Fig. 2 for values of t in the decay region. We
might expect the FESR to be less reliable than the
FDR of Eq. (2.4) since the asymptotic form of
A(v, t) [Eq. (2.14)] used along the contour C„ is
emphasized more in the FESR than in the FDR.

Neither of these values is incompatible with ex-
periment. " From Eqs. (3.1) and (3.3) we get

0.87 GeV ' (&v= —11'),
Ig~...g~,». l=

0.66 GeV ' (&@=-23') .

We turn now to the determination of P(t } in Eq.
(2.17). This will be attempted in two ways. The
first method involves the use of the FESR

N 1
dvvImA(v, t)= . dvvA(v, t) (3.6)

7T p 2 ll l Q

over the contour of Fig. 1. Using the A2 contribu-
tion to evaluate the left-hand side and Eq. (2.14)
in the right-hand side one finds
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Nevertheless, we believe that the FESB is prob-
ably valid to within -20%).

A second method of determining P depends on the
comparison of A„, (v, t) near t =mp2 with the p pole
contribution to A(v, t } arising from a dispersion
relation in t:

3.0

0
4)

2.5—

A( t )
~ g P2g2p XY.

t~ mp ~p t+ $I p~pppfp

The couplings have been defined by
P

Tp 22 gp22 (p)(q, —q2)p

and

(3.9)

(3.10)
I I I I I I I

0.0 O. I 0.2 0.3 0.4 0.5 0.6 0.7 0.8
(Gev )

Tp xy gpxy 6 ~pfy6(p)E' k P (3.11)

where g&) is the polarization of the p. The re-
quirement that A„„(v, t) in Eq. (2.17) should agree
with Eq. (3.9) for t =mp2 leads to the condition

FIG. 2. The real part of P,,-„s„|'t), obtained from
Eq. (3.7), is plotted against t.

we have from Eqs. (3.17)-(3.19)

p(Y)2 ') =g „g~Y/2mp2.

From Eq. (2.16) one finds

(3.12}
1

gprY = ~ (sin8p+r 22 cos8p)g~„Y . (3.19)

2

= 2.81.
4m

(3.13)

Our knowledge of g~y is less certain, however.
Since we expect the FESR to be reasonably re-
liable, then we can use its predicted values of

The choice of r =1 in Eq. (3.19) corresponds to the
quark-model result. "

The most direct way of determining g~„y is evi-
dently from the partial width of the decay ~- my.

Taking"

2.99 GeV ' (8p = —11'),
t FESR( P

2.27 GeV ' (8P = —23$
(3.14)

1"(~- vy} =1 MeV

one finds

(3.20)

as aguide to both the magnitude and the sign of

gp „gpr Y. Equations (3.12)-(3.14) imply that

gpxy =
0.56 GeV ' (8p = —11'),

0.45 GeV ' (8p = —23')
(3.15}

(3.16)gpxy sln6IP gpss y+cosgPgpp y ~

The assumption that the I=O vector mesons, co

and P, mix ideally" (and that the electromagnetic
current is pure octet} leads to the relations

1
gpss, y= ~3 g~~y

gpss, y =Sg(dp, y

If we now write"
2 1. /2

g2 2 Y
= 2' 2 (2) g„,Y,1

(3.17)

(3.16)

if we take gp„, )0. In the following we will take
all coupling constants whose signs are arbitrary
to be positive.

We can gain some insight into the possible sig-
nificance of these values of gpr Y by using SU(3) to
relate it to other couplings of the photon to vector
and pseudoscalar mesons. From Eq. (3.2) we have

g „y=0.872 GeV ' . (3.21)

In order to obtain a value for gpxy from Eq.
(3.19) we will take the quark model seriously and

set r =1. Then from Eqs. (3.19) and (3.21)

gpxy =
0.60 GeV ' (8p = —11'),

0.46 GeV '
(8P = —23'),

(3.22}

which lead, via Eqs. (3.12) and (3.13), to

3.06 GeV ' (8p = —11'),
~o=

2.32 GeV ' (8p = —23'),
(3.23)

where we use the subscript Q to denote the quark-
model value of P(mp ). These values of Pe com-
pare favorably with the corresponding predictions
of the FESR in Eq. (3.14).

The quark-model value r =1, suggested by our
treatment of X'-2my, differs considerably from
the much larger values 1.4 & r& 3.2 found by Las-
sila and Young" in the analogous model for g 2ny.
A possible resolution of this apparent lack of con-
sistency between the two models will be put for-
ward in the next section.
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IV. RESULTS

r(X'-2vy) =
0.135 MeV (8P = —11'),

0.078 MeV (8& = —23').
(4.1)

We will now discuss the predictions of our mod-
el for the decay X'-2ny. We will also reexamine
the results of Lassila and Young in an attempt to
reconcile their analysis with ours. Of particular
interest is the question of the compatibility of the
quark model with the FDR approach to X'-2ny
and g-2'.

Let us first choose for the Hegge residue P(t)
the FESH value given by Eq. (3.7). This gives

Parameter Value
r(X'- 2~)

(Me V)

S maX 2.5 GeV~

3.0 GeV
0.228
0.113

TABLE I. Sensitivity of I"(XP —2~) to modest changes
in s,„and in the p Regge trajectory which we shall write
as n (t) =0'.p+0."t +in'm I' (t —4m ) /(nt —4m )'
The trajectory used in our calculations [Eq. (2.15)j has
op ——0.5 and G. ' =1/2m . The value of 1(X 2~) shown
in a particular row of the table corresponds to a change
in only the parameter listed at the left of that row, all
other parameters having the values used in the calcula-
tions, namely np and &' as given above, s...a„. =2.86 GeV,
and I'p~~ —-0.145 GeV. We have taken 0p ——-11' for the
sake of illustration.

An indication of the sensitivity of these results
(and the ones to follow) to small changes in s,„
and the p trajectory parameters may be obtained
from Table I ~

The X -2ny branching ratio is found experi-
mentally to be"

P 'll' 7t'

Dp
ot I

0.125 GeV
0.135 GeV

0.52
0.82 GeV

0.54
0.80 GeV2

0.164
0.145

0.145

0.155

= 0.252 ~0.035 .r (X'- all)
(4.2)

The above prediction for I'(X -2vy) then implies
the values for the total X' width, I'(X'-all), of

I'(X -all) =
0.51 MeV (8P = —11'},

0.30 MeV (8~ = —23'),
(4.3)

which are consistent with the recent experimental
upper bound' of I'(X'- all) & 0.8 MeV.

As was pointed out in Sec. III, the FESR rela-
tion in Eq. (3.7) may only be good to -20%. We
are therefore led to consider the attractive alter-
native choices given in Eq. (3.23) for P(t);
PFF~„(m~'} and Po differ by only -5%. In order to
proceed further we assume that the slow variation
of p««(t) with t in the decay region reflects the
behavior of the actual residue function. We thus
take p(t) = po throughout the decay region. " Using
Eq. (3.23) for Po we find

mass predicted by the model, compared with some
recent experimental data. " Although there are
no errors quoted for these data, the difference
in the two curves probably"indicates that the model
for the imaginary part of a(t) race Eq. (2.15}jis
only approximately correct. A moderately larger
p width would lessen the discrepancy without doing
serious damage to the agreement between Eqs.
(3.14) and (3.23}.

Motivated by the experimental results, we take

ioo—

0.143 MeV (8~ = —11 ),
r(x'-2~y) =

0.082 MeV (8z = —23'),

which implies by Eq. (4.2) that

(4 4)
P-z
4J)
LLt

O 50—
4J

0.545 MeV (8~ = —11'),
I'(X -all) =

0.313 MeV (8& = —23') .
(4.5}

.25
I.45

l.65
1.85

Now, it is found" experimentally that almost
all of the X -2my decays proceed through X'- py.
We also find this to be true in our model, if we
use the same criteria as in Ref. 13. In Fig. 3 we
show the decay distribution as a function of dipion

M(~' ~ ) (GeV)

FIG. 3. The distribution of & —2~ decay events
versus the 7t+7( invariant mass. The dashed line repre-
sents the experimental results of Ref. 13. The solid line
is our prediction.
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Eq. (4.4) to mean that 4.0

r(x'-py) =
0.143 MeV (8~ = —11'),

0.082 MeV (Bp = —23') .
(4.6)

At this point a consistency check can be made;
if one calculates the X'- py width using the quark-
model couplings of Eq. (3.22), one obtains

r(x'- py) =
0.150 MeV (8~ = —11$,

0.087 MeV (8~ = —23') .
(4 7)

5.0

These values are in close agreement" with their
counterparts in Eq. (4.6).

We will turn now to the question of the consis-
tency between the FDR analyses of X'-2ny and

g -2ny. In the FDR model for the latter process
the determination of the residue function, which
we shall denote by P'(t), from the FESR analogous
to our Eq. (3.6) yields"

P„'„,„(0)=3.94 GeV ',
d6„'Fs„(mp') =2.97 GeV ',

(4.8)

(4.9)

The t dependence of the real part of PFES„(t) is
shown in Fig. 4 for 0 ~t&m~'. Using P„' „(t) one
finds

r (r) -2 vy) = 0.146 ke V, (4.10}

which is quite consistent with the experimental
result" of

r,„~(q-2wy) =0.131+0.033 keV . (4.11)

P'(mp') =gp „gp „y/2m'',

with

1
g~ „„=~ (cosBJ —r v 2 sin 8~)g, r .

(4.12)

(4.13)

If we set r = 1 and use Eq. (3.21) for g„„z we find
from Eqs. (4.12) and (4.13) that the quark-model
value of P'(m ~') is

3 .23 GeV ' (8~ = —11 ),
Pg=

3.76 GeV ' (6)~= —23 ).
(4.14)

Comparing these values with the FESR results
in Eqs. (4.8) and (4.9) we note that for 8~ = -11'
the agreement between Pz and P!,, sgmz') is fairly
good; there is a, -23% discrepancy if 8~ = -23'.
If we ignore the t dependence of P'(t} implied by
the FESR and take P'(t) = IB+ throughout the decay
region, we find

The arguments of the previous section, however,
require that

I l I I I

0.0 O. I 0.2 0.5 0.4 0.5 0.6
t (Gev')

FIG. 4. The real part of Pt'-. FsR(t), obtained from the
FESR for ~q- ~ corresponding to Eq. (3.7) is plotted
versus t.

0.138 keV (Bp = -11'),
r(~-2vy) =

0.167 keV (8~ = -23'). (4.15)

On the other hand, if P'(t} is chosen to have the
t dependence suggested by the FESR and P'(m~') is
set equal to P~, then one finds

0.160 keV (8~ = -11'),
r(q 2vy) =-

0.175 keV (B~ = —23') .
(4.16)

P'«R(0) = gp„gp„„j2mp' (4.17)

instead of Eq. (4.12).
If Eq. (4.17) is used to determine r, then one

finds, from Eqs. (3.21), (4.8), and (4.13), that

2.20 (8 = -11'),
r=

1.10 (8~ = -23'). (4.18)

It is apparent that the assumption embodied in
Eq. (4.17}is quite compatible with quark-model
couplings, if 8~ = -23'. (Lassila and Young con-
sidered only the case in which 8~ = -11').

For 8~ = -11 the value of r given in Eq. (4.18}
falls within the range of values which can be ob-
tained by applying VMD to the reactions ~'-2y
and q- 2y. If the P- 2y coupling gI, &„(where

Lassila and Young" assume that the true residue
function P'(t) is approximately constant in the
region 0~ t ~m~' and that its value in this region
is reliably obtained from the FESR at t = 0. Thus
they take" P'(t) = P„'«„(0) and, consequently, have
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2g
gfl yy

=
3 g Su7fy ~

Jp
{4.19a)

g„» z
= — g, oz z cos8~(1 —2v 2r tan8p), (4.19b)

1

gxo~z = g,oz~cos8~(tan8~+ 2v 2r), (4.19c)
1

where e is the proton charge, f~ is the p-photon
coupling, "and r is defined in Eq. (3.18).

Using Eq. (4.19b) one finds, "with 8~ = -11 and
F(q-2y) = 1.0+0.22 keV, " that r = 1.94+0.55 or
2.71 + 0.55 depending on whether one uses F(v'-2y)
= 11.2 +1.2 eV (Ref. 29) or 7.74+0.93 eV (Ref. 12),
respectively. The former value of 1(v'-2y) is
probably too high, so that VMD seems to imply
r~ 2.2. However, not only is Eq. (4.19b) fairly
insensitive to r, but Eqs. (4.19a)-(4.19c) are only
approximate at best. "

A comparison of Eqs. (3.8) and (3.14) with Eqs.
(4.6) and (4.9) reveals that, in contrast to the
situation in the q-2~y model, the ambiguities of
where (t = 0 or t = m ~'} to relate QEsa(t) to the
residue of the p pole and whether to take 6~ = -11'
or -23' do not appreciably affect the results for
X'- 2vy. Since P„„sgt) is possibly overestimated, "

P= v', q, or X') is defined by

Xg p vg„pTP 27 gPgy Xpvp 1 1 &2 p y

with e; and k, the photon polarizations and momen-
ta, respectively, then the VMD hypothesis implies
ghat»

the X -2~y analysis gives an upper bound of
x ~ 1.0. The g- 2ry model yields r~ 1.0. Thus, to
within the -20% accuracy expected in these calcu-
lations, the two models are compatible only if
x=1.0. This, in turn, requires that, in the mo-
dels for X'-2my and g-2my, we have a choice of
two possibilities. Either"

Case 1: 8~= -11", 8(t) = P,-,.sR(t), 8'(t) = P,', , sR(t),
with P, Fs„(t) [P,',-sa(t)] normalized to Po(-11')
[Po(-ll')] at t= mz', or

Case 2: 8~ = -23; P(t) = P,:Fsgt), 8'(t) = Po(-23 ),
with P, Es„{t}normalized to Po(-23 ) at t = m '.

In Table II we give predictions, based on the
above two cases combined with VMD [Eqs. (4.19a)-
(4.19c)], for the decays X'-2wy, X -2y, q-2wy,
q-2y, m'-2y, and ~-7ty. There are two sets of
results displayed in Table II; the first is based on
the use of the mean values f~= 5.24 and F(n'-2y)
= 7.75 eV as inputs, while the second set is based
on the extreme values of fz-—5.6 and F(w'-2y)
= 6.6 eV. For consistency the values of So(8+) and
Po(8p) are determined [using Eqs. (3.19) and
(4.13), respectively] from the predicted values of
F(&u —vy} listed in the table.

U. SUMMARY AND DISCUSSION

Let us briefly review the main features of the
above analysis. With the assumption that the
X (958) is a pseudoscalar meson, we have used a
FDR to determine the amplitude for the process
X'-2wy. For the representative values of the

TABLE II. Predictions for mesonic radiative decays based on vector-meson dominance and
the quark model for the two cases described in Sec. IV. In case 1 6~ = -11, P (t ) = P ~:~;sq(t ),
P'(t) =P'pEsR(t), with P&ES&(t) [P'Fpsp{t)] normalized to P{-11 ) [P@(-11')]at t =mp . In case 2

Op ——-23', p(t) =p~FsR(t), p'{t) = pq{-23 ), with p&&~R(t) normalized at t =mp to pQ( 23'). The
input values of fp

and r(7t 2y) are underlined. The predicted values of r(~ —7ty) are used to
determine P(ep) and P(9~). The experimental values are taken from Ref. 12.

Quantity

r(~'- qq)

fp
r(x'- 27 q)

r(x'- yq)

I (x —yy)r(x'- 2~q)

Case 1

7.75 eV

5.24

81 keV

5.8 keV

0.071

Case 2

7.75 eV

5.24

45 keV

4.2 keV

0.093

Case 1

8.6 eV

5.6

100 keV

6.5 keV

0.065

Case 2

8.6 eV

5.6

58 keV

4.7 keV

0.08

Experimental value

7.75 + 0.92 eV

5 24+0.38

&0.25 MeV

0 073'-O.ops

r(q —2~q)

r( 0.38 keV 0.67 keV

0.109 keV 0.133 keV 0.126 keV 0.157 keV

0.42 keV 0.74 keV

0.131+ 0.033 ke V

1.0 + 0.22 keV

r(q —27ty)

r(~-qq) 0.28 0.19 0.3 0.2 0.131 0'0 5 ~

r((u ~) 0.52 MeV 0.52 MeV 0.661 MeV 0.661 Me V 1.0 + 0.2 MeV
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X'-q' mixing angle 8~ of -11 and -23' the model
yields predictions of the width and decay distri-
bution which are consistent with recent measure-
ments. Furthermore, results based on a FESR
strongly suggest that the X'- py coupling gpzy has
the value it would take in the quark model.

Additional support for this result follows from
our reexamination of the FDR model for g-2wy
first studied by Lassila and Young. " From the
latter model we find it likely that the coupling

g~„z also has its quark-model value. This con-
clusion holds for either 8~ = -11'or 8~ = -23
providing the p Regge residue function associated
with the asymptotic form of the rq- my amplitude
is appropriately chosen. It should be a constant
if 8~ = -23' and have the t.dependence of the FESR
if 8~ = -11'. Lassila and Young, having made
different assumptions about the residue function
and mixing angle, arrived at a larger value of

g~ „z. Nevertheless, as we stressed above, we
feel that the quark-model values of these couplings
are definitely preferred. Our reasons are as
follows.

From the assumption of SU(3) symmetry and
"ideal" mixing" of the ur and P vector mesons,

gpxy and g~„„can be expressed in terms of 8j and
a parameter r which takes the value 1.0 in the
quark model. The X'- 2~y analysis implies
r ~ 1.0, while from our study of q-2' we find
r~ 1.0. Since the X'-2~y calculations are not
terribly sensitive to changes in the structure of
the residue function, and because they are more
sensitive to r, we are encouraged to believe the
former bound on r. In order for the X'- 2' and

g- 2' models to be compatible r must be very
close to 1.0.

Before concluding, a few comments are in order

about the related work of Bramhn and Greco" who

have constructed an "extended" VMD model to
describe two- and three-body radiative decays of
the vector and pseudoscalar mesons. In their
scheme there is, in addition to the established
nonet of vector mesons, a higher-lying nonet as
well, and all coupling constants are taken from the
quark model. Their models for X - 2wy and
g- 2my, like the ones studied here, consist of a
resonance (A, ) term and a Regge term I.n spite
of the similarities between their model and ours,
and the rough numerical agreement of their re-
spective predictions for F(X'-2wy) and I'(q-2vy)
with ours, there are several important differences
in the two approaches.

In the first place, although they claim to be
using a FDR model to describe these decays, in
fact there seems to be a basic inconsistency in
their choice of resonance contribution to the decay
amplitude. " This has little effect on the structure
of the X'- 2my amplitude, which is dominated by
the Regge (p) contribution, but can be quite im-
portant for g- 2ny. Secondly, their choice of a
fairly low cutoff on the FESR for" ng- ny, in
order to obtain consistency, can lead to numerical
differences between our models. Finally, the
introduction by Bramhn and Greco of a second
nonet of vector mesons makes still more difficult
a direct comparison of our work with theirs.

In closing, we wish to emphasize that if the
A (958) should prove to have J = 0, there seem
to be no theoretical problems with the description
of its three-body decays through finite dispersion
relations. In the present investigation of X'- 2ny
and our previous study4' of X'- pm~, both based
on the pseudoscalar assignment, we have obtained
results consistent with experiment.
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