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Ugpin nonflip contributions to forward T +N—=p+N
can come from the exchange of an A, conspiracy (class
II, see Ref. 10). There is some evidence that in the
reactions 7= +p —p’+» and r—+N—p%+ (N +x7) at lab
momentum 18 BeV/c, spin-nonflip dominates for the
smallest momentum transfers. I am grateful to Profes-
sor D. Caldwell for showing me an analysis of his data,
a preliminary account of which appeared in Jones etal.,
Phys. Letters 21, 590 (1966).

L2The combination mw has of course been suggested

many times as a prime ingredient of a dynamical p
meson. However the 1~ member of our conspiracy
cannot be a p (since it becomes uncoupled from any
spin-zero plus spin-zero system at zero energy). It
would no doubt mix with the p, except at zero energy.
13A. H. Rosenfeld et al., Rev. Mod. Phys. 39, 1 (1967).
14This notation for quantum numbers may be some-~
what unconventional. The given dependence of G on J
is for the nucleon-antinucleon system. In N+N—N +N
there is no connection between charge conjugation and
signature. (The st spectral region remains the st spec~
tral region under the operation C.) But for the process
N +N~—two different bosons, charge conjugation inter-
changes the st and su spectral regions in such a way
that the intrinsic G parity of the trajectory, for pur-
poses of coupling to mesons, is a signature-dependent
constant along the trajectory. The way to remember
the results is, of course, to demand that our NN G pari-
ty agree with G(meson) at the right-signature integers.
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The spectral-function sum rules are given for a general Lie algebra, and then applied
to the vector and axial-vector mesons coupled to the currents of SU(3) @ SU(3).

The spectral-function sum rules! for chiral
SU(2) ® SU(2) have been used to relate the p
and A1 masses, and to calculate the 77 -7° mass
difference.? In this note we shall state the cor-
responding sum rules for a general Lie alge-
bra, and will then show that the sum rules for I

the SU(3) ® SU(3) spectral functions can be used

to make sense out of the masses and couplings

of the observed vector and axial-vector mesons.
We will first consider a general multiplet

of currents which satisfy the commutation re-

lations

0 .- Vo . 3 =, Ve
[Ja (X’ t)’JB (y’ t)] _—ZCCYB'}’a (X—Y)J,y (X’ t)+S'T" (1)

where C,
The spectral-function sum rules are
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Q) 2 2=
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is the structure constant of a simple Lie algebra,® and S.7T. denotes a Schwinger term.*
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with S and Z unknown constants, and pyg(j)(112) the spin-j spectral functions:

@ Mo 0ng= en ™ [ o0 LM

No assumption of current conservation or par-
tial conservation is needed to obtain these re-
sults.

The simplest way of deriving (2) and (3) is
to use the detailed commutation relations pro-
vided by the algebra of gauge fields.® Within
the context of the usual algebra of currents,
it is necessary to make a separate assumption
that Schwinger terms in Eq. (1) are ¢ numbers.
We can then derive Eq. (2) by using (1) in the
Jacobi identity® for J,°, Jg°, and J,, and tak-
ing the Fourier transform of its vacuum expec-
tation value. [The c-number Schwinger term
does not contribute to the inner commutator
of the Jacobi identity.] The resulting equation
tells us that the Schwinger term must be lin-
ear in momentum and must commute with the
generators (T?’)Olﬁ: Cayp of the adjoint repre-
sentation. Schur’s Lemma requires that the
Schwinger term be proportional to a Kroneck-
er delta, and the integral representation’ of
the Schwinger term then yields Eq. (2). The
second sum rule, Eq. (3), can be derived from
assumptions about the high-momentum behav-
ior of the current in precisely the same way
as in Ref. 1, but the derivation from the alge-
bra of gauge fields® is much more convincing.®

We now turn to the special case of SU(3) ® SU(3).

Each generator of this algebra carries a unique
set of observed quantum numbers (isospin,
hypercharge, and parity), so that the pyg (/) (12)
are diagonal in o and B. Assuming the functions
Paa ' (1?) to be dominated by an octet of vec-
tor mesons and an octet of axial-vector mesons®

wv,2
- p /07 lp,,

(v, 2. pv (0, 2
g (PP pg (P )

as shown in Table I, ‘we find from Egs. (2) and
(3) that

-2 ©) 2 2=
Zma +fpoza (£?)du2=S (not summed), (5)

where m is the mass of the spin-one meson
coupled to J V.

We immediately conclude from Eq. (5) that
all vector mesons coupled to the currents of
good quantum numbers must have equal mass,
since in this case pgo®’=0. For SU(3) ® SU(3)
the good quantum numbers are isospin and hy-
percharge; so our first prediction is that

= = 1/
mp—mw—(Z/S) 2, (6)
Experimentally, mw/mp ~1.03. We would claim
this as an unqualified success for our approach,
but unfortunately we obtained (6) only by leav-
ing the ¢ meson out of the sum rules. It is

a mystery to us why this should work, but we
shall see that the same mystery also appears
for the axial-vector mesons; so perhaps there
is some systematic reason why some particles
have to be left out of these sum rules.

The other vector and axial-vector mesons
couple to currents that are not conserved; so
Eq. (5) tells us only that mq >mp. However,
if we assume that the divergences of the cur-
rents are dominated by a set of spin-zero me-
sons |n,p), then Eq. (5) can be used to calcu-
late the “leptonic decay amplitudes” F,,, defined

Table I. Mesons assumed to dominate the spectral functions pyq Y )@2). The masses in the third column are ex-
perimental; see Ref. 9. The masses in the last column are predicted: A1l in Ref. 1, w by Eq. (6), and K* and E by
Eq. (14).

Dom. meson Dom. meson Predicted

Current ji=0 j=1 mass for j=1
Vil=1, Y=0 p(760) input
ViI=0, Y=0 w(780) 760 MeV
Vi=3, Y=+1 K K*(890) 825
A:d=1, Y=0 ™ A1(1080) 1075
A:I=0, Y=0 n and 1’ E (1420) 1440
Ail=%, Y=x1 K K4(1320) input, gives

Fg/Fp=1.2
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We shall use an estimate!! of S and Z based
on p dominance and Eq. (6):
S~2F 2 Z~2F %m 2, (8)
T TP

Using Eq. (7) and (8) in Eq. (5), we find the
old result that m,4 1/ m, =y2 and the new results
that

FK/Fﬂ=[2(1—mp2/m 2)|/2=1.16, 9)

F, /F77=[2(1—mp2/mK*2)]”2=0.73, (10)

2 271/2 = 2 2\1/2 =

[F17 +Fn, ] /Fﬂ [2(1-mp /mE )] 1.20. (11)
Our prediction of Fg/F, is in good agreement
with the experimental value'? Fg/F,=1.28.
Unfortunately, it is not possible to measure

F, F,, or F"?' in leptonic decays, but our pre-
dictions (10) and (11) are of interest, since

they can be used together with Goldberger-Trei-
man relations to determine the various meson
coupling constants. For instance, from Eq.

(10) we predict that
g F
( V>< ) 0.11 (12)
4

G kA | _ (m A -m )
Conn 2my
for the coupling of the scalar kaon.

To calculate the masses of the vector and
axial-vector mesons, let us go back to the case
of a general Lie algebra, and consider a the-
ory of gauge fields &, u interacting minimal-
ly with spin-zero fields ¢,. The Lagrangian
is

- wy o2 [T
-4Faqua 0 <I)ou.Lq)oz 2(3u<p
07 auw) (@ <p—goTﬁ<I>B ), +F @), (13)

where Fy )y is the usual antisymmetric gauge-
invariant derivative of ¢ ,,, , is the bare
mass, and T, is the matrix representing the
Lie algebra on the ¢;. In models of broken
symmetry like the o model,!® the vacuum ex-
pectation value of ¢,, is a nonzero vector of
order minus one in coupling constants; so (13)
shows that to zeroth order the mass matrix
of &4, will be
m_ %=m 2§

ag ™o aﬁ+g02(Ta<"’>o)n(Ts<"’>o)n‘ (14)

We have almost succeeded in proving that Eq.
(14) is actually valid (within the meson domi-
nance approximation) to all orders in coupling
constants.

The natural extension* of the 0 model to SU(3)
® SU(3) puts the scalar and pseudoscalar me-
sons in an 18-dimensional representation ( 3*)
+(3*,3). In this case there are just two f1e1ds
that can have nonvanishing vacuum expectation
values, a scalar singlet 0, and the I=Y =0
component o, of the scalar octet. Setting (og),
=( yields the results of exact SU(3), while keep-
ing terms of first order in (oy), reproduces
the Gell-Mann-Okubo relation. In fact, (og),
o~ —0.3(01>0, and we are keeping all order in
SU(3) symmetry breaking. With the experimen-
tal values® of m, and my 4, and our previous
prediction that m41/m,=V2, we predict the
values given in Table I.1®* We do not find the
D, just as before we did not find the ¢, but
aside from this Eq. (14) appears to furnish a
successful account of the observed vector and
axial-vector mesons.

We are grateful for discussion with S. Cole-
man, K. Johnson, F. E. Low, and J. Schwing-
er. One of us (S.W.) would like to thank the
Physics Department of Harvard University for
their hospitality.
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A mistake on the verticle scale of the graph in
Fig. 1 was made. The scale should be multiplied

by 3.
discovery.

We are indebted to Ling-Lie Wang for this

SATURATION OF SUPERCONVERGENCE RELA-
TIONS AND CURRENT-ALGEBRA SUM RULES
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A square root sign was dropped due to a typo-
graphical error in the sentence following Eq. (8),
which should read: “where f; =135 MeV is the
decay constant of the charged pion, predicted by
PCAC to satisfy f; = (2)"2GamygzN-~
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