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It is argued, on experimental grounds, that Weinberg' s second sum rule must be aban-
doned for vector-current spectral functions as long as the vector-meson dominance ap-
proximation is qualitatively valid.

Motivated by the initial successes'~2 of Weinberg's two sum rules for the spectral functions of chir-
al SU(2) @SU(2) symmetry, attempts have been made to extend the same techni(lues to the spectral
functions of vector currents with different isospins and hypercharges. 3~4 We wish to show that, if
the vector-meson dominance approximation is qualitatively valid, there are good experimental rea-
sons to reject Weinberg's second sum rule applied to comparisons among the various vector currents
of the broken eightfold way.

We define the spectral functions p(u)(m2) via ' '

(q)=i I(d xe (0),T[j (x)j (0)]I0) (n not summed)
p, v JU. V

2
p (m )[5 +(q q /m )]

(~) 2

p, v 2p (m )
(a) 2

dm d-'
(q + m —iE') /L4 &4 J m'

where e is a unitary spin index that may run
from 1 to 8. The above representation is val-
id as long as the relevant current is conserved,
hence for n = 1, 2, 3, and 8; for the strange-
ness-changing currents (n=4, 5, 6, and 7)
we expect, in general, an additional contribu-
tion due to scalar excitations -which we have
not written down explicitly. Applied to the iso-
spin and (3WStimes) hypercharge currents,

the two sum rules of Weinberg' read

f p (3 ) (m3) p (8)(m3)
dm dm

m2 m2

fdm p' '(m ) = Jdm p' '(m )

In the vector-meson dominance approxima-
tion (in which only p, ()), and q) are kept), these
sum rules can be written as follows:

(2)

(m /f )3= —,'[(m /f )3cos38 +(m /f )3sin3(i ],
p p p F Y cu 7 7'

(m '/f )'=4[(m '/f )'cos'() +(m '/f )3sin3() ],

(4)

(5)
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where the constants 1/fp, cos6&/f&, sin8&/f&
(which are all measurable from p, p, &u-e++e )
are defined through the current-field identities'

i '=(m '/f )p '
p p jLL

j '=(v3/2f )(cos8 m 'p —sin6 m '&u ). (6)Y Y p JL(, Y v p,

Equations (4) and (5) lead to

2) (m '-m ')
tan28

I (m 'j(m '-m ').
M (d p

This clearly contradicts the experimental spec-
trum

Further evidence against 8I = 2w (or ——,'m)

comes from the leptonic decay of the p meson.
Recently two independent experiments" ~" have
conclusively established the existence of the
decay mode

+ +p-e +e, p. +p, (12)

Even though neither experimental group was
able to establish a firm branching ratio for this
decay mode (because the p production cross
section at the relevant energy is not known),
very crude estimates" indicate that the y me-
son contribution to (4), or equivalently to the
sum rule'4

rn )m )m .
cp Qp p

(8)
—,'m I'(p-l l )

p

We are therefore inclined to the view that as
long as p, ~, y dominance holds, Weinber g's
second sum rule must be rejected. '

We may, however, be generous at this point
and admit the possibility m =m since exper-
imentally co and p are nearly degenerate. This
leads to

8 =-', w (or ——,'w)
Y (9)

which means that there is no ~p mixing, ur be-
ing the "pure" T= 0 member of the vector me-
son octet. Now in the approximation that the
isoscalar electromagnetic and the "baryonic
charge" form factors of the K meson are dom-
inated by co and y, the y decay width is given
by8

r(p-&+I7)= ~(f '/4n)[cos8 /cos(8 —6 )]'3 Y B Y B

=m I ((u —l l )+m r(y-l I ), (13)

is not negligible. It therefore appears unrea-
sonable to leave out the y meson in the spec-
tral function p"', as done in Ref. 3.

Let us now turn our attention to the strange-
ness-changing currents and compare p"' with
p(4 5 ~ or 7). It has already been noted~~

that the two sum rules of Weinberg cannot be
simultaneously satisfied in the pole approxima-
tion unless there is a scalar (~) meson, or an
important scalar enhancement in the T= &, Y
= +I channel (otherwise K* would be degenerate
with p). If we take the point of view that both
sum rules are valid, we must relate the K*
width to the p width using Weinberg's second
sum rule (which does not involve the K contri-
bution). The result is

x(p '/m '), (10) r(rf*-~+~)/r (p-~+~)

where 8B is defined through the current-field
identity for the baryon current

=(1/f )(sin8 m p +cos8 m &u ). (11)
2 2

B B y p, B

Regardless of whether ~y mixing is represent-
able by a phenomenological Lagrangian of the
form &u&(B)&u&(I ) (the "mass-mixing model"~
which requires 8&= 8&) or by a term of the form
&u ( )&u ( ) (the "current-mixing model"'0

PV PV
which requires m~'tan81 = m 'tan8&), Zq.
(9) demands that r(q -If'+l7) be zero. Exper-
imentally cp decay into a KE pair is fully allowed;
the observed y width is completely consistent
with the usual theory of ~p mixing (the mass-
mixing model or the current-mixing model).

=(')( ~,/ )'(p~ -/p, )', (14)

where we assumed the nonrenormalization of
the strangeness-changing currents" and the
vector-meson dominance of the mm and Kv form
factors. ' Qn the other hand, if we abandon
Weinberg's second sum rule, there is no need
to introduce v, and we can establish a relation
between the K* width and the p width using Wein-
berg's first sum rule as follows":

r(z*-ac+~)/r(p-m+m) =-,'(p /p ) .
Km wn

Numerically, for I"(p) = 128 + 5 MeV" we get
r(K*)=69+3 and 50+2 MeV from (14) and (15),
respectively. The experimental value 49.8 + 1.7
MeV appears to be in excellent agreement with
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(15) and differs significantly from (14) derived
from Weinberg's second sum rule.

In closing we would like to make a few com-
ments.

(i) As long as we saturate the vector-current
spectral functions by the experimentally known
vector mesons, we are unable to avoid the con-
clusion that Weinberg's second sum rule is
violated. (To save the sum rule we may per-
haps introduce another vector meson octet or
abandon vector -meson dominance altogether;
in such a case, however, there would be no
reason to believe in the derivation of Weinberg's
mass relation' mg =v 2m& which sparked the

1
whole series of investigations. )

(ii) The convergent calculation of K-2m (that
appeared recently in this journal4) rests heav-
ily on the validity of Weinberg's second sum
rule applied to the broken eightfold way (as well
as on the validity of p, K*,A y, KA *, w, m, K dom-
inance). Even if future experiments at Serpu-
khov and Weston indeed establish the existence
of an intermediate boson at m = 8 GeV, there
is no reason to take seriously the reasoning
presented in Ref. 4.

(iii) If the success of Weinberg's mass rela-
tion' is not accid ntal, we may be inclined to
argue that there is a profound difference in the
manners in which chiral SU(2) 8SU(2) and the
eightfold way are broken.

The major part of this work was done while
the author was at Scuola Normale Superiore
(Pisa) and the International Center for Theo-
retical Physics (Trieste). It is a pleasure to
thank Professor L. A. Radicati and Professor
A. Salam for their hospitality.

Note added in proof. -After this paper was
submitted for publication, the authors of Refs.
3 and 4 have pointed out that the deviation of
Weinberg's second sum rule from the gauge
field theory is on completely secure grounds
for chiral SU(2)IgISU(2) whereas the same can-
not be said about Weinberg's second sum rule
as applied to the broken eightfold way. The
difference arises because in the SU(3) case
the derivation must rely on the vanishing of
the vacuum expectation value of the last term
of Eq. (11) of Lee, Weinberg, and Zuminoi~

(which may perhaps be justified by appea. ling
to the $ limiting process) while this question
does not arise in the chiral SU(2)S SU(2) case.
The author is indebted to Professor H. Schnit-
zer and Professor S. steinberg for informative
discussions.

*This work supported in part by U.S. Atomic Energy
Commission.
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