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The content of the generator-divergence commutators proposed by Gell-Mann, Oakes, and Renner is
analyzed using the pole-dominance and smoothness approximations for the two- and three-point functions in
the theory. This leads to very general sum rules which include both Hamiltonian and vacuum symmetry
breaking. There are many different solutions to these sum rules. In particular, two interesting limiting cases,
one with the Hamiltonian approximately SU (2) X SU (2)-invariant and the other with the vacuum approxi-
mately SU(2) X SU (2)-invariant, are found to be allowed. When -y’ mixing is included and the smooth-
ness conditions imposed, a consistent solution exists which is in good agreement with present experimental
results. We consider the applications of this model to the K3 form factors, and compare our results with

experiment as well as other theoretical work.

I. INTRODUCTION

N a recent paper! Gell-Mann, Oakes, and Renner
(GOR) considered the possibility of extending the
SU(3)XSU(3) current algebra to include the commu-
tators of the charges with the divergence of the currents.
Such commutators are often referred to as o terms in
current-algebra calculations. Two simple ways to gen-
erate such commutators are either to use the quark
model with unequal masses or to add SU(3)XSU(3)
symmetry-breaking terms to the Hamiltonian of the
system.2 The former possibility corresponds to sym-
metry-breaking terms which transform like the (3,3*)
@(3*,3) representation of the chiral group and is, there-
fore, a special case of the latter method. GOR consider
the (3,3*)@(3*,3)-type breaking only, and we shall also
restrict ourselves to this case.

In this paper we analyze the content of these new
commutators in the pole-saturation approximation. As
we shall see, this leads to more general results than those
in GOR because we allow for broken octet symmetry in
the vacuum state as well as in the Hamiltonian. In the
limit where the octet vacuum symmetry breaking is
zero, we recover the GOR results. However, we also find
a consistent solution in the opposite limit; namely, zero
octet breaking in the Hamiltonian with large vacuum
breaking. It is interesting to observe that even when
both the vacuum and the Hamiltonian are octet-broken,
one sum rule remains which is independent of our satura-
tion scheme. However, in this case the equations ob-
tained from saturation are too complex to analyze
without further assumptions. If we assume that the
three-point functions with poles removed are smooth
functions of the momenta,? reasonable results are ob-
tained. We include 5-»” mixing in this general analysis
and find that the smoothness assumption implies or-
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thogonal field mixing with one angle only.* We apply this
model to the K3 form factors and obtain results which
are consistent with experiment.

In Sec. IT we define our model and introduce our basic
notation. In Sec. III we obtain all of the algebraic con-
sequences of the model, pointing out the formulas that
are valid, independent of approximations. Except for
one exact sum rule, the results are too general to yield
useful results. In Sec. IV we discuss the two limiting
cases: when the octet breaking is in the Hamiltonian
only, and when it is in the vacuum only. The results in
either case are not in disagreement with experiment. In
Sec. V we consider the general problem, including 7-1’
mixing. Using the smoothness assumption, the ratios of
renormalization constants are determined and a set of
sum rules is obtained. A consistent solution of this set is
found to be compatible with experiment. In Sec. VI
we apply our model to K;; form factors, and obtain re-
sults in agreement with experiment. A comparison is
made of our work with other results in the literature.

II. THE MODEL

If use is made of the quark model with unequal
masses to obtain divergences, we find

3.V i#(x) = ws fairok(x) Fws fsinor(x) (1)
3, A4:#(x) = wod ok (x) F wsdsindr(x) + wsd sixpr (%)
(7:17)81k:0) 17“'y8)7 (2)

where wo, w3, and ws are proportional to the average
quark mass, isodoublet mass splitting, and the hyper-
charge mass splitting, respectively. The quantities {o+}
and {¢:} are scalar and pseudoscalar quark densities
that transform like the (3%,3)@P(3,3*) representation of
the SU(3) X SU(3) algebra. Their equal-time commuta-

¢ A similar conclusion is drawn by R. Oakes, Phys. Rev. Letters
20, 513 (1968).
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tion rules are®

[Fi(®),0i(®)]=ifinon(x)
[F&(t),0i(x)]=idijpi(x) ,
LFu(1),¢i(x) ]=1 findr(%) ,
[F5(),6i(%) 1= —idijron()
where i=1 ,8 and 7, k=0,1, ---, 8.

Precxsely the same equations result if one assumes
that the Hamiltonian density has the form®

H=H®— (wooo+ w303+ wsos) . 4

Using Egs. (1) and (2) with (3), it is now clear that
we can write the commutators between charges and
divergences in terms of o’s and ¢’s. In fact, using Egs.
(1) and (2), we can eliminate all o’s and ¢’s except oy,
o3, and g5, and thus express the resultant commutators
in terms of the divergences themselves and these three
scalar fields. As we shall see, these fields play a special
role in the theory.

Recently, some authors” have retained w; in models
which include weak interactions and have used it to
determine the Cabibbo angle. As might be expected in
this model, w; is smaller than wy and wg by a factor of the
order of 137, and we shall neglect it in the following.

In order to proceed with our saturation scheme, we
need some simple matrix elements of the currents and
fields. We repeat for completeness the following stan-
dard conventions*:

0] 4,123 |wy=iFx pu,
(0] 4,458 | K)=iFxg pu,
(0| 4,8|n)=iFy cosXy p,, ®)
(0| A,8|7")= —iFy sinXy p,,
O] Vut|x)=1F, p,.
In addition, we need to define

0] 1,2,8| m)=(Z:)12,
(0| ¢a,5.6.7| K)=(Zx)"2,
Olgs|m)=(Z,5)*"2,
(0] o] m)= (2,02, (©6)
Olgs|n)=—(Z,',
Olgo|n")=(Zy")'2,
(0los,5,6.7]6)=(Z)12.

The notation used here is purely a definition. The ¢’s
and ¢’s are probably not cannonical fields, so that the
Z’s are not constrained in any way. In fact, in a later
section we shall use the smoothness condition to deter-

)

5 Representations of SU(3) XSU(3) algebra are discussed by
M. Gell-Mann, Physics 1, 63 (1964).

¢ Conditions on the Hamiltonian in order for PCAC-type equa-
tions to be valid are discussed by M. Gell-Mann, Phys. Rev. 125,
1067 (1962).

7R. Gatto, G. Sartori, and M. Tonnin, Phys. Letters 28B, 128
(1968); N. Cabibbo and Maiani, ibid. 28B, 131 (1968).
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mine the ratios of the Z’s, but we shall never restrict
their absolute magnitude. Finally, because the sym-
metry can be broken by the vacuum as well as the
Hamiltonian, the vacuum expectation value of the oo
and oy fields are, in general, nonzero and are essential
parameters of the theory. We introduce the following
notation for simplicity:

80=(0] 00| 0),

53= <0]0’s|0>

If we had retained ws, the vacuum expectation value
of g3, i.e., 83, would also enter our equations. It is the

vacuum breaking that selects the fields oy, a3, and o for
a special role.

Q)

III. EQUATIONS OF THE MODEL

We shall consider the algebraic relations that emerge
from three sets of equations: the partial conservation
equations (1) and (2), the charge-field algebra equation
(3), and the charge-divergence commutator equations.

By taking the vacuum to single-particle matrix ele-
ments of Egs. (1) and (2) and using the definitions in
Egs. (5) and (6), we obtain

M F=[(vV3wot (VE)wsl(Z:)'?,
Me*Fr=[(v}wi—(GvVHwsl(Zr)'"?,
M 2F,=$V3ws(Z,)12,
M *Fy cosXy=[(v$wo—(VE)ws](Z,*)"/* ®)
+HL(VRwsl(Z,)',
M *Fy sinXy=[(v/})wo—(V5)ws](Z,*)"?
—[(VBwsl(Z)".
No saturation approximation has been made yet. These
equations are exact within the context of our definitions.
To make use of Eq. (3), we now assume that the
vacuum expectation values of the charge-field commu-
tator algebra are saturated (dominated) by the one-
meson contributions. This leads immediately to
Fo(Z2)'*=(v3)00+(v/5)3s,
Fg(Zg)'?=(v$)do— (GVH)3s,
F(Z)"2=$V35s, )
Fy cosXy (Z,9)Y*+Fy sinXy (Z,8)2= (v/%)do—(1/3) s,
Fy cosXy (Z,9)V2—Fy sinXy (Z,°)12= (/%) 8s.
We shall also use the charge-divergence commutators
in the saturation approximation. However, before mak-
ing this approximation, we can consider the exact

results written in terms of the spectral functions defined
as

O|[j#(x),47(0)]]10)= / dm{(s"’ r

)p-'jl(mz)

+p.-,-°(m2>a~av]a<x,m2>. (10)
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The notation is the usual one,® and p' and p° are the
spin-1 and the spin-0 parts of the spectral functions. By
taking the divergence of Eq. (10), and using Egs. (1)-(3)
to relate to commutators, we find that

f Lo ¥ (m2)-+pi4(m?) Jdm? = Abis-+ Bl
(’i, j=11 Ty 8)) (11)

where the superscripts ¥ and 4 refer to vector and axial-
vector spectral functions, and the coefficients 4 and B
are functions of wo, ws, 8o, and 8s. More explicitly, we
can evaluate the left-hand side of Eq. (11) in pole
saturation. This yields

M 2F.2=[(v3)wort (VEws][(V3)dot (VE)de],
Mg?Fr*=[(v$)wo—GvVHws][(vV3)d—GVE)ds],
M 2F 2= §uwsds,
Fy*(M 2 cos?™Xy+M ,? sin?Xy)
=[(vV$)wo—(VHwsJL(v3)d— (v3)ds 1+ Fwsds.

Note that, although the right-hand side of Eq. (12)
appears octet (X) octet broken, the one-octet-type sum
rule still holds?®:

4(MK2FK2+MK2FK2)
=3Fy2(M 2 cos’Xy+M 2 sin®y)+M2F 2. (13)

It is clear from Eq. (11) that this sum rule holds among
the integrals of exact spectral functions, too.

It is important to realize that the three sets of equa-
tions (8), (9), and (12) are not independent. Any two of
the sets are sufficient to derive the third. Thus, we have
a consistent saturation scheme. Since Eq. (8) is true by
definition, our basic approximation is to assume that the
Weinberg-typed sum rule, Eq. (11), can be saturated by
single-meson contributions.

(12)

IV. TWO LIMITING CASES

We now wish to compare the solutions to our equa-
tions in two extreme cases;i.e., when d3= 0 o7 wg= 0. The
first corresponds to a solution with an octet-broken
Hamiltonian but a symmetric vacuum, and is the solu-
tion considered by GOR. The second relies on an asym-
metric vacuum state to induce octet breaking, while the
Hamiltonian is SU(3)-symmetric.

Referring to Eq. (12), we see that in both cases

F2M2=0, (14)
and thus,
4M g?Fg?
=3Fy*(M 2 cos’Xy+M ,? sin®Xy)+M 2F,.2. (15)

In order to see the exact correspondence between our
results and those of GOR, we neglect 7-7" mixing in
this section. We can then set Xy=0, Z,°=0, Z,8=0,

8 S. Weinberg, Phys. Rev. Letters 18, 507 (1967).
9 See footnote 8 of Ref. 2.
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and rewrite Eq. (15) as

MP2F#=A+Bdgi, i=1,---,8. (16)
When 63=0,
A=2wedy and B=(v/Z)wsdo; 17)
and when wg=0,
A=3%wedy and B=(v/2)wods. (18)
It follows from Eq. (8) that
MPFi=[(v})wotwsdsii)(Z)'2, (19
and Eq. (9) becomes
FyZ)'*=[(v/3)d0+ dedsii]. (20)

When §3=0, we see from Eq. (20), or from Egs. (16)
and (19), that

Fy(Z:)'?= (v/3)d0, (21)
whereas, when wg=0, we find instead that
M"2F,;=(\/%)wo(z.')”2. (22)

In both cases M*F is octet-broken [Eq. (16)]. For
both cases, we can find a mass formula by using Eq.
(16) and eliminating F; by using Eq. (21) or (22). We
thus have for §3=0

M 2= (1/50)[wot (Vv/3)wsdssi 1Z;,
and for wg=0,
ﬂ1;2= woZ,'/[so—," (‘\/%)asdsi.']. (24-)

If we now add the requirement that the Gell-Mann-
Okubo (GMO) mass formula be part of the theory, then
Eq. (23) implies that Z;= (0| ¢;|=;)?= const. Since the
{¢a} form an octet, and since the vacuum is symmetric
when 83=0, this requirement is equivalent to assuming
that the states {|m;)} transform as an octet too. If we
make this basic assumption, then Eq. (24) also makes
sense, since we would expect (0]g:|=;) to be octet-
broken when the vacuum is octet-broken. In fact, for
the two cases we would choose

(0|¢s|m)=const for 8=0, (25)
(0] :|wi)=const X [0+ (v/3)8sdsis] for ws=0. (26)

Conversely, assumptions (25) or (26) lead directly to
the GMO mass formula, and in either case to

F,=Fg=Fy. 27

From the fact that M, is small, GOR conclude from
Eq. (23) that wg~—V2wo. Similarly, when ws=0 one
can see from Eq. (24) that s~ —v28,. The former pos-
sibility corresponds to the Hamiltonian being ST (2)
XSU(2)-invariant, while the latter corresponds to the
vacuum being SU(2) X SU(2)-invariant.

At first glance the ws=0 solution might seem to vio-
late results such as the Goldberger-Treiman relation,
since it leads (when one considers 9,4 between nu-

(23)
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cleon states, |N)) to
M2F«(N|m;|N)=(v/$)ooN|$i| V).

Thus, if (V]¢:| N) is assumed symmetric, then (V| ;| V)
is badly broken because the M ;2 are octet-broken. How-
ever, in the scheme with an asymmetric vacuum, there
is no reason to suppose that (N|¢.|N) does not contain
octet-broken parts such as were allowed in one-particle-
to-vacuum matrix elements in Eq. (26). This feature,
however, makes the ws=0 scheme somewhat compli-
cated to use in practice, but careful consideration of
vacuum breaking seems to lead to consistent results.
Finally, we comment on the mass of the x meson in the
two schemes. In the GOR scheme Z;=const, and we
may conclude from Egs. (8) and (11) that, as 85— 0,

(28)

M,—x,
(29)
F,— 0.
In the scheme with ws=0, on the other hand, we have
M,—0,
- (30)
F—V383/2(Z)'>.

The massless « is, of course, a consequence of the
Goldstone theorem. Weinberg and Glashow? have
found a general inequality for the « mass. Using Wein-
berg’s sum rules,? a low-lying « mass is favored in that
scheme. This would favor a solution with small wg and
large 6.

V. MORE GENERAL SOLUTION

The relations obtained in Sec. ITT are still too general
to lead to any detailed results. In this section, we im-
pose the ‘“‘smoothness condition” on the three-point
functions to determine the relations between different
Zs. In this approximation, it is assumed that functions
with pole singularities removed are as smooth functions
of the momenta as possible. The approximation has
been previously used and discussed by Schnitzer and
Weinberg? and by Gertein and Schnitzer.!® It is known
that this approximation also corresponds to using tree
diagrams in the effective-Langrangian approach. By its
nature, it is an approximation which we expect to be
good for small values of the momenta—which is where
we use it. In the context of chiral breaking, Weinberg
and Glashow? have used the approximation to determine
the departure of the K;; form factor from the symmetry
limit. We shall consider here a general three-point func-
tion of two pseudoscalar fields and one scalar field,
defined as

Gin(p%p'%4%) (p*— MA@ - Mg~ M)
a(php' et =

(ZZ;Z)
x f ¢z wlixdiy(0| Tou(x)as()a0)[0),  (31)

10T, S. Gerstein and H. J. Schnitzer, Phys. Rev. 170, 1638
(1968).
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where ¢g=p—p’, and for the moment we restrict 4, j,
k=1,..., 7 to avoid the #-n’ mixing problem. On the
mass shell, G is a coupling constant. By use of the partial
conservation of vector current (PCVC) equation (1),
we get

3. Vi*=wsfaior.

Fork=4,5,6, 7, we can relate the function G to another
three-point function defined as

f(P+P’)qu‘il+(/’2,1’/2;(12)+i<1uFiil_(P2yP’2>¢12)
=P =M (=M ) _
=- ‘/keip~1'e——1.p’~yd4xd4y
(Z:iZy)'?
X (0| Ti(x)$,(8)V4.1(0)0).

The functions F* and F- on the mass shell are the ob-
served weak and electromagnetic form factors (e.g.,
F345* are the K3 form factors). Our G’s and F’s differ
from Weinberg and Glashow’s g’s and f’s by factors of
(Z:)"? [see Eq. (10) of Ref. 2], and the smoothness ap-
proximation on these leads to quite different results, as
we shall see. Using the PCVC equation and integrating
by parts, we obtain the following identity between the
G’s and F’s:
Gi(p*, 07,9
=@ =M ) /(Z) s far { (B — p"*) st (12, 02,6
@ Fur (0%,07,¢°) — finl (Z;/ Z:) 2 (p*— M )
—(Zi/Z)(p =M )]}

Here, we have approximated
S d* e *(0| T¢:(x)$;(0) | 0)

by (Z:/p*—M 2)é;;. Now, taking the limit ¢ —0, and
requiring that G and F* be constants independent of
p* and p" (smoothness), we obtain the following results:

(32)

(33)

Fiit(p%0"%,0)= fin, (34)
Giix(p%,0"%,0) = [M 2/ (Zk)2ws farr ]
Xfin(MP#—=M2), (35)
and
Zi=27;. (36)

It is of interest to note that smoothness leads to the
symmetry value of Fy;* and is consistent with the
Ademollo-Gatto theorem, which rules out first-order
breaking. Since G is a first-order breaking effect, this
result is also consistent. The value of Gij may be
used to determine the width of the x meson provided
[ (Z)!Pws fsu/M 2| = | F,| is known.! The last equation
shows that in the smoothness approximation, the con-
stants (Z;)!/?= (0| ¢;| ;) are symmetric. This possibility
was discussed in Sec. IV, and an alternative derivation
is given by GOR. Weinberg and Glashow, however,

11 M. Ademollo and R. Gatto, Phys. Rev. Letters 13,265 (1964).
12 See, for example, C. H. Albright, P. R. Auvil, and N. G.
Deshpande, Nuovo Cimento 52, 301 (1967).
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made the more general assumption that f* is a constant,
while g is a constant plus a p2-dependent term. Without
this extra p? dependence, their choice of g and f would
lead to the relation Z;=1, instead of Eq. (36) [see Eq.
(10) of Ref. (2)]. Such a result seems unacceptable, in
general, since only the transformation properties of
fields ¢; and o; were used, and these objects do not
necessarily have the dimensions of fields. Even if they
are assumed to be canonical fields, the result is unaccept-
able, as is pointed out in footnote 7 of Weinberg and
Glashow’s paper.2 Our choice of the G and F functions
is such that they correspond to physical observables on
the mass shell, and seems more reasonable for this ap-
proximation. If we now use the partial conservation of
axial-vector current (PCAC) equation (2), we can prove,
in addition, that

VA ' Z T (37)

The 7-n" mixing problem can be treated if we replace
ox/(Z:)112 by ¢, or ¢, defined as

(Z) g0+ (Zy) g )
" @

(Z2) 20— (Z31) %
ZN)IHZO) A (2 2

i

(39)

n

These fields are the proper interpolating fields for # and
7', because they satisfy the conditions

(0f¢ym)=(0lop[n)=1,
(0[¢py|7")= (0] py [ m)=0.

Using the PCVC and PCAC conditions, we obtain the
following results:

254 2= 23 Z0= 1,

(40)

@h ey -zyrease-o. Y
The relations between the Z; are thus,
Zo=2g=2,,
) (42

Zp3=2Z,°=27, cos*d,
and
Z0=Z,8=7Z,sin%f,

where 6 is an arbitrary parameter.
These results, along with Egs. (8) and (9) of Sec. III,
lead to the following new sum rules:

Fx+ FK= Fr 1]
MPF 4 Mg*Fg=M*F,,
4(Fg*+F2)=3Fy*+F,2,

4(M k*Fx*+M *F.2)

=3Fy* (M ,* cos’Xy+M 4 sin®Xy)+ F,2M 4.
Combining these with the one exact sum rule obtained
in Sec. IIT, i.e.,
4(ME?Fx*+M 2F.2)

=3Fy*(M? cos®Xy+M,? sin®Xy)+ F.2M 2,

(43)

(44)
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and using the masses of known pseudoscalar mesons, we
find that a consistent solution exists. The equations are
extremely sensitive to the value of these masses, and,
consequently, only a range of values of Fx/F, and M,
are predicted. Taking Mk to be 4973 MeV and M,
=549+2 MeV, we find that Fg/F, ranges from 1.28
to 1.41, while M, is between 1020 and 890 MeV. We
should also point out that the sum rules used depend
on the precise equality of the Z’s, while we expect only
approximate equality. However, the results seem quite
favorable when a comparison is made of our predictions
of the K3 form factors with experiment. We do this in
Sec. VL.

It is possible to take the limit 85— O of our solution.
In this case the n-»" mixing angle becomes zero, and we
recover the GOR solution that we obtained in Sec. 1V,
ie.,

F,r=FK=F.,,,

AMg2=3M M2,
and
F,=0.

However, the masses of both x and 5’ then become
large for consistency. In the smoothness approximation
one cannot reproduce the alternate solution wg — 0 with
ds large, because of the equality of the Z;. The equality
of the Z; suggests that the smoothness approximation
corresponds to the lowest-order perturbation theory,
where the states are unaltered in the lowest approxi-
mation. To include large vacuum breaking it may be
necessary to include more momentum dependence than
we have assumed.

VI. APPLICATION TO K;; FORM FACTORS

The assumption of smoothness leads us to a solution
which is consistent with Ward identities and pole
dominance, in which the Z’s are approximately equal.
Such a solution yields predictions on the K3 form fac-
tors which are tests of the model. Alternative solutions
have been proposed recently by Chang and Leung!®
and by Gerstein and Schnitzer.'* In both of these papers
the authors assume ‘“quadratic” smoothness, i.e., the
functions with poles removed are at most quadratic in
the momenta and satisfy the Ward identities. Our
principal difference from these authors is in the different
hypothetical relations made between model parameters.
While we rely on the equality of the Z’s for guidance,
Gerstein and Schnitzer use Weinberg’s second sum rule
for SU(2)XSU(2), and Chang and Leung assume that
Zx/Z=gr4%/gx+*, where the g’s are the constants® re-
lating currents to fields.

The K3 form factors are defined as usual to be

(mi(p") | V. (0) | Ki(p))
= firl P+ ) fH @)+ =) (@].  (45)
*L. N. Chang and Y. L. Leung, Phys. Rev. Letters 21, 122

(1968).
"L S. Gerstein and H. J. Schnitzer, Phys. Rev. 175, 1876 (1968).
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We can express f*(¢?), using vector dominance and
quadratic smoothness, as
M g2+ A+g?
JACY) =f+(0)—M——-—— )

¥ —q?

(46)

where A% is arbitrary. (Note that pure pole dominance
would imply that A*=0.) An expression has been ob-
tained for f+(0) by Weinberg and Glashow? using quad-
ratic smoothness:

f+(0)= (Fx*+F2—F2)/2FkF,. %)

It is interesting to note that, by using our sum rules in
Eq. (43), we obtain f*(0)= 1. This is consistent with our
Eq. (34). We may now determine A+ from K* width,

if we use vector dominance in the form
V@ =g K, *® (48)

at the K* pole. The constant gg+ is determined from
Weinberg’s first sum rule:

gt/ Mg=g,2/M 2 —F22F 2—F2.  (49)

Present experimental information on K — uy, 7 — pu,
and K — wev gives a relation’

Fr/F.f+0)=1.2820.06. (50)

Noting that f+(0) is unity in our solution, the value of
Fg/F is consistent with our solution. For purpose of
comparison with other theoretical work, we shall use
the value of Fg/F,=1.28. From Eq. (43) we then ob-
tain F,/F.= —0.28. The K* width is given by the
expression'4

I'(K*— Km)
= (1/8m)¢* (M /ge") f+(0)(1+AH) . (51)

Using the experimental width of I'(K*)=49.2 MeV, we
can determine A*. This value can be tested in K;; decay.

TaBLE 1. Comparison of different theories of K;;3 form factors.

Chang and  Gerstein and Present
Leung Schnitzer work

Fx/F« 1.24 1.09 1.28
F./F. —0.56 —0.58 —0.28
gxst/g,’ 1.12 1.10 1.28
f+(0) 0.975 0.85 1.00
E=f/f* —0.01 —0.106 —0.056
A+ 0.018 0.0238 0.0216
b\ 0.02 —0.016 0.047
M, 1050 635 1020
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Using the experimental parametrization
(@)= FFO)(1+xx¢? /M),
N=(14+-A%)M 2/ Mg, (53)

Using the value obtained for A+, we find that Ay
=0.0216. The experimental value for A\* ranges from
0.013 to 0.023.® We can also determine f~(¢*) from
f*(¢* by taking the divergence of Eq. (45) and using
k-pole dominance. We then find

144+ 1
Mgx2—g? M2—g?

(52)
we have

@) =(M,2—MK2)f+<o>( ) (54)

Using experimental parametrization, we have

144+ 1
=10/ PO =Gt =it =) 69)
K* X
and
—— 2 1+A+ 1 \f+(0)/ 2 2
=M, (MK~4 M,}/f—(()) (M2—Mg?). (56)

We choose a « mass of 1020 MeV which is consistent
with Fg/F,=1.28 as found in Sec. V. This yields
£= —0.056 and A~=0.047. The experimental results on
£ are at present spread between £=0 and §{=—1.2,
with rate measurements favoring small negative ¢ and
polarization experiments'® favoring ¢~ —1.00.

We have compared our solution to those of Chang
and Leung and Gerstein and Schnitzer in Table I. Our
solution favors a large x mass, and some experimental
evidence exists for this.!® References to earlier work
and discussion may be found in Ref. 14. A better
measurement of A* and £ can, in principle, distinguish
between these solutions.
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