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Let us now consider the medium-strong mass
splittings. Equations (10a), (11a), and (12) predict

2tso[2tssr+ts„3—tt, j=2sss&'+sstsr+' 2—sst ' . (14)

Experimentally, the right-hand side is 1.03 BeV' and
the left-hand side is 0.975 BeV', in good agreement.

For the medium-strong 27 we again get the sign-
inversion characteristic of 27-type splittings. Equations
(10b), (11b), and (13) may be combined to give

4etsoI 4tstr —3ts„—ts 1=—
I 2ssssr+' —sss„s—ssts, ']. (15)

Experimentally, the right-hand side is 0.059~0.004

BeV' and the left-hand side is 0.065 BeV', again in
good agreement. This last result is rather surprising
since the inclusion of scalar mesons in the spectral
functions or other possible second-order'2 effects may
give a sizable correction to Eq. (15). Another ap-
proximation, perhaps related to our exclusion of scalar
masons from the spectral functions, is our neglect of a.

terms (commutators of the axial charge with pseudo-
scalar meson fields) in the reduction process
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gsospin vjo/atjons in p decay are investigated under the assumptions of asymptotic SU (2) symmetry.

HF assumption that SU(3) becomes an exact sym-

metry at high energy' has led to several interest-

ing results, including a calculation' of the ZE decay

mode of the 4 meson in good agreement with experi-

ment. In the present work, the assumption that SU(2)
violations also vanish at in6nite momentum transfer is

used to explain isospin violation in the $-+ KE mode

and to predict the rates of the electromagnetic modes

@-+2sr and Q-+ tasr

We begin by considering the Fourier transforms of the

SU(2) forbidden currents

Ke now assume that the imaginary part of Il is satu-
rated by the vector mesons p, 44, and P so that Eq. (3)
becomes

g.- (G,'/~, ')+g...(G. /~. )
+g4. (G4 '/sst4') =0,-(4)

g.- (G,'/~, ')+ g...(G.o/~. )
+g4-- (G4'/sste') =o, (5)

where we have used the de6nitions

de e"*(~~Iv, '(*)Io)= (ql —qs)zs(q'), (1)

(~~Ip')=4 (q, qs)g, s.—..
(~'I V:I0)= .G, (6)

Since these form factors are assumed to vanish at in-

6nity we may write unsubtracted dispersion relations

for them. Then, since the two-x state has zero hyper-

charge and baryon number, the F;(q') vanish at q'=0
also, so that we may write

1 ImF (q's)
F'(0) =- (3)

Z6
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where
I
P') is the vector-meson nonet. The problem now

is to solve Eqs. (4) and (5) for the coupling constant

g4 from which we directly obtain the decay rate as
given. by

)= l(g4..'/4 )(p..'/~, ') (7).
The coupling constants as defined by Eq. (6) contain all

the effects of 4 p mixing and isospin violation in the decay
vertex, since Ip') is the physical state.

In order to proceed we must de6ne the spectral func-
tions of the vector currents pv'&(sss'):

dsx e '&'~(OI T(vj(x) v„s(0))I 0)

&„.+q„q./stss 8„48„4
dsts'p v"(ssts) — . (8)

~~q'+sst' —ie stss
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The spectral functions are assumed to satisfy the asymp-
totic symmetry requirements'

where m38' and mao' are the p-ebs and p-~0 mixing masses.
Combining these with our previous results we 6nd' the
consistency condition

(9)
and'

map'= —mes'/v2, (25)

dm'py"(m') = 2c. 'mg',

where nz; is the vector nonet mass matrix:

m; =ma'5;;+5m'ds;;

+electromagnetic corrections, (11)

mo' ', (——2m-„'+mq') bm'= (m—q' m~—')/vS (1.2)

G,'= cm, (V3m&s'/m~' —m„'), (26)

v2G, '—G,'= —cm, (3m88'/m, '—m„'). (27)

We may now return to Eqs. (4) and (5) solving for
gy~~:

g~ m~'(v2Go' G—~'~ m~ mss'
(V'l) (28)

g, m, '(92Gq' Gq'j —m, m„' m~'—

Equations (9) and (10) applied to ij =33, 44, 88, 00 give In the approximation. of octet dominance, we have

(G,')'=2c' m'

(Gx.4) 2= 2'&m„.&
(13)

(14)

G 3G ByG„&G8+G ' ,G=8c'2m'

G,3G,o+G 'G„'+G@'G~' =2c'm30',

(23)

(24)

'We have assumed the KS-RF relation 2c'=mp /fp (see Ref.
4) in Eqs. (9) and (10).The extension of Eqs. {9)and (10) to the
SU(3) singlet channels (i, j=0) without additional terms has no
sound basis in group theory. We regard our success here, however,
as no more (nor less) mysterious than the analogous nonet sym-
metry of Kq. (11) which is well-satisied empirically.
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(G~s)2 2g2m~2(mss2 m 2/m~2 m 2) —x4gQm@2 (15)

(G~')'= 2c'm~'(mg' mss'—/mp' m~')—= ac'm„' (16)

(G 0)2= 2G2m 2(m02 m 2/m~2 m 2) sag2m & (1/)

(G ')'= 2c'm„'(m~' mo /—m~' m'—)=~c'm ' (18)

Fquations (12) and (13) are the generalized KS-RF
relations4 for p and K*. Equations (15) and (16) are
equivalerit to the solutions of Das, Mathur, and Okubo'
if the vector-meson masses satisfy the Gell-Mann-
Okubo formula. Equations (9) and (10) applied to
~j=08 yield

G„'G„'+G@'Gp'——2c'8m'&sos, (19)

(G„'G„'/m ')+ (G&'G~'/mq') =0 .(20)

These provide a consistency check on the extension of
the spectral-function sum rules to off-diagonal elements
and determine that Q„G„is positive while Gy G~ is
negative.

We therefore choose the negative root of Eq. (17) for
G~' and the positive root for all others.

We now apply Eqs. (9) and (10) to ij=3S and 30,
obtaining

(G,'G '/m ')+(G 'G '/m ')+(G 'G '/m ') =0~ (21)

(G 'G '/m ')+(G 'G '/m ')+(G 'G '/m ') =o

so that
mes = (mze'2 mx—so~)/K3,

gy~~ my W~+o —m~*+~

gp ~ ~&mp (mg' —m„')
(29)

(8 12)Is~-'(c~—
&2) = &~'~-le) =

C2

X 0 & +(x,0)g'~,g
„

—
(0)

so that we have

(c~—cs).
(31)

2c

Gy = 2c gyzz (32)

analogous to the usual KS—RI' relation Gp 2c gpIt is easy to see that Eq. (32) is equivalent to our previ-
ous results )Eqs. (13), (26), and (28)g. Although the
procedure used in Eq. (31) has been criticized because

'Unfortunately we cannot isolate G~' which would permit a
calculation of the co ~ 2x rate. It is, however, possible to obtain
a relation between G and Gp Gp which, using the techniques of
Eqs. {38) and (39), leads to a relation between the p-+ 3~ and
co-+ 2x rates. The prediction is 1'(p ~ 3~) = 75 keV, ig which case
this mode may compete favorably with the strong decay p —+ kr.

6 A. Rosenfeld et a/. , Rev. Mod. Phys. 40, 77 (1968).
7 P. Singer, Phys. Rev. Letters 12, 524 (1964); J. Yellin, Phys.

Rev. 147, 1080 (19|'.6).

Using the most recent data on the K* splitting, ' we 6nd

I'(g ~ x~)/I" ($ -+ all) =0.024&0.018. (30)

The prediction PEq. (30)g is significantly higher than
previous theoretical estimates~ but is still well below
current experimental' upper limits:

LI'($.~ mm)/I'(4 -+ all)], p(0.20.

It is interesting to note that we could have obtained
Eq. (30) without assuming the unsubtracted dispersion
relations t Eqs. (4) and (5)) by applying the soft-pion
procedure to the ~m-overlap integral. Thus,
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with a similar expression for (KsEelp) from which we
obtain

4csgex &x v3G—-as+'Gas, (33)

(34)

In the approximation of vanishing 6@' these relations
have been derived and compared with experiment by
%ada. ' Because of the possibility of interference, the
effect of electromagnetism is expected to be greater here
than in the case of p ~ 2K, Ne pledlct

A(p-+ Z+Z )/A(qh-2 E:IE2)=1+2Ges/PGes. (35)

Putting in our previously derived values for 64,' and
G~', and taking phase space into account we predict

rQ ~x+z-)/r(@~ ztzs) =1.44+0.os. (36)

Phase space alone vrould give

rQ ~Z+Z-)/r(y ~ KIE2) =1.52+0.04. (37)

The experimental branching ratio' is 1.22+0.20. The
eGect we predict is of the right sign and is su6icient in
magnitude to obtain agreement within one standard
devlatlon.

We now wish to comment on the decays Q-+ plr and
@-+oIIr. We therefore consider the currents

"'*(pl~~~. '( )—i'.'( ) lo&

esAre+Dqsr~s(q ) g

fder e-'2'*(rroI
l
v2 V„s(a)—V„'(a)l 0)

esvloerqllq2a+4(q )

' W. %. Wada, Phys. Rev. Letters 16, 956 (I966).

of the large extrapolations involved, it leads to the vre11-

satis6ed KS-RI relations when applied to p and K*
decay and reproduces results derived in another way
for 4 -+ 22r decay. We therefore propose to trust this
technique to give us the electromagnetic corrections to
g~ KE decay. We write

(ql-q2).
(&+& 14»= —(olLQs'~*'"~ A." '"'~ll&)

2c'

Since the coupling of the vector current to a vector and
a pseudoscalar meson must be of d type, these currents
must vanish at infinity' so that Fs,t(qs) are supercon-
vergent. We may therefore disperse in qsF(qs) which
vanishes at zero. Then we obtain the foHowing sum rules
analogous to Eqs. (4) and (5):

g...(v2G, '—G,')+g,.(vs '—G.')
+g, s(%2Ges —Ge') =0, (40)

g, (KG,s—G,')+g (42G '—G ')
+g„,e(NGes —Ge') =0. (41)

Since the 6rst term in Eq. (40) is of second order in a,
we hRve

geP./g 2-= -(~G-' G-')-/(~&Ge' Ge')— (42)

whlcll valllslles llpoll subs'tltlltloll of Eqs. (15)-(18).
Experimentally, "

l g„./g. ..l
=0.03~0.02.

From Eq. (41) we have

gy ~ ~2Gp' —G,~ nz, 2 Gp'
= —0.014+0.009, (44)

g, ~Gas Ge' 222—es G22

where we have used our previous results for the G's.
From Eqs. (44) and (43) we note the interesting result
that the isospin violating rate I'(p-+ onr) might be as
large as the rate for Q-+ p2r. To date no attempt to ob-
serve the orIr-decay mode of Q has been reported.

The author is pleased to acknowledge several reward-
ing conversations with S. %.MacDowell.

9 The vanishing of Zq. (38) depends on the interference of the
two currents, while in Eq. (39) SU(3) forbids each current sepa-
rately. Also, in contrast to our previous results, ~g mixing could
affect the convergence properties of F4(q2) so that perhaps the
sum rule fEq. (41)g is somewhat less certain than the others.

I' We have assumed the @-+ Bx rate is entirely p —+ pm and have
used the phase-space calculation of Yellin (Ref. 7). Our prediction
$Eq. (42)jmerely reproduces the nonet symmetry result. It is clear
that if in Eqs. (13)—(18) we had taken into account deviations
from the canonical mixing angle in the @-co complex, a nonzero re-
sult for Eq. (42) would be obtained without much efkct on our
other results.


