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Meson-Meson Coupling Constants in Broken 8 U(3) and the
Algebra of Currents*
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Sum rules are obtained for meson-meson coupling constants in broken SU(3) with symmetry-breaking
eRects taken into account to first order, using the algebra of currents and the hypothesis of partial con-
servation of axial-vector currents. In particular, enlarged sets of coupling-constant sum rules are obtained
for the vector-octet-pseudoscalar-octet —vector-octet (Vs-Ps-Us) coupling constants and for the Us-Ps-P8
coupling constants. The corresponding two-parameter families of symmetry-breaking interaction Hamil-
tonians are also given.

ECENTLY, ' it was shown that from the algebra of
currents' and the hypothesis of partial conserva-

tion of axial-vector currents (PCAC), one could derive
sum rules for meson-baryon coupling constants in
broken SU(3) with symmetry-breaking effects taken
into account to first order. Moreover, the sum rules
derived in this manner are much stronger than those
obtained previously from purely group-theoretic con-
siderations, ' since one Ands that the perturbed vertex is
now characterized by fewer independent parameters
than before with a corresponding increase in the number
of coupling-constant identities. Since we And no bar4 to
the extension of the methods of Ref. 1 to the case of the
meson-meson couplings as well (except for a slight
modification in the case of the VPP coupling as dis-
cussed below), we wish to report on such an extension
in this paper. '

Let us consider the meson-meson vertex V' -+ M+P,
where P is a pseudoscalar meson, V a vector meson, and
M either a vector meson [cases (i) and (ii)] or a
pseudoscalar meson [case (iii)]. Writing the broken-
symmetry correction to fo(V'MP) [the vertex in the
limit of exact SU(3)] as

ft(V,'M;Ps) =)&(M;Ps
I SsI V,'),

and proceeding as in Ref. 1, we find

f(V M;Ps)=fo(V M;Ps)+idssshC(M;ISssIV ), (2)
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hereafter referred to as MG; the matrix representation for the
octets, B, P, and V are not correctly given in this paper. LSee J.J.
Sakurai, Phys. Rev. 132, 434 (1963).g

4 In particular, we are neglecting oR-mass-shell eRects (Ref. 1).
'Note that if we take seriously the hypothesis of partial con-

servation of tensor currents (PCTC) LR. F. Dashen and M. Gell-
Mann, Caltech report (unpublished); S. Fubini, G. Segrh, and
J. D. Walecka, Stanford report (unpublished)j, then for the
broken-symmetry correction to the vector-meson —baryon-baryon
vertex, one finds

lim (2qo")'& (B Vs IS» IB'') =const (B; &[~n(q )Tns, S»] I
B )q~

=const &4»son(B, IS&&"IB ),
which leads to sum rules obtainable from those of Ref. 1 under
the replacement: m ~ p, K ~E*,q —+ cy(8).
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where the matrix element (M, I
Sos

I
V, ') is to be evalu-

ated in the SU(3) limit. Now in case (i) (M, =V;,
j=1, , 8),' from the group-theoretic considerations
of MG~ we are led to the characterization

f(V,'V;Ps) =d,&s(Go+doss)&Gr), (3)

where the independent parameters, G0, G1, are propor-
tional to the reduced matrix elements coming from

fo(V V;Ps) and (V, ISs'I V ), respectively. In case
(iii) (M;=P,), we wish to consider lim, & o (2qo')'"
X(P& I

Sos
I
V ), but cannot carry the reduction process

further since the jth meson must be P wave, as we infer
from the R antisymmetry of the interaction Hamil-
tonian of MG; so we antisymmetrize with respect to
the pseudoscalar-meson indices j, k. Hence, factoring
away the expected momentum dependence (in the rest
system of the vector meson) of the reduced matrix
elements, we And

f(V,'P,Ps) =f' [&sH+os (d&'s&+doss)) Hr]. (4)

We now present our results for the various cases of
interest.

(i) Vector-octet-pseudoscalar-octet —vector-octet. The
two-parameter formula (3) yieldss

1 ( 1
gn' ""=(v's)git'*z-". -= —

I Go+—) Gt I, (5a)
5l, VS i'
1 (

gz 'N""z= s(v s)fn ir"z'=-
I Go )&Gr

&
(5b)

2+5 k 2V3

1 in 1
gz *z+» g„&s&n&&n&-»= gnnnno I

—Go —)&Gr
I

(5c)
2+5( v3 )

' The @-co mixing may readily be taken into account by means
of the relation between the pure SU(3) states (ao('),~(')) and the
physical states (co,p):

Io&&'&) =coo&& Io&)+sin&& I$),
I o& &'&) = —sin&&

I o&)+cool&
I o&&),

together with the empirical result, tan&&—1/v2'. LSee G. Segrb and
J. D. Walecka, Stanford report (unpublished). g

~ From MG we see that the most general symmetry-breaking
interaction in this case has even R symmetry (R: V —+ U~,
P ~P&). (See Ref. 2.)

We have absorbed common constant factors into the pre-
viously defined parameter pairs.
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and the Gve sum rules, Eq. (5c), and

gp+&o&o4 +gz '&o"'z++ gp Z"z'
6

2
+ g»o z+ -=0, (6a)

6

octet. We find a two-parameter formula for each vertex:

1 1
&z-z „=h/-')&o z,-= — &&, x—&&,), &&os)

442 2v3

1 1
&.-o ~ = — &&,O- x&& ), &&ob)

4v3

—2g o o +gK K+-&&+ gp-Ko K+— gKo K+ oo
——0-

(6b)
1 3

gx x — IIp &&~ )
4v3

2g&o &o»+ gp K Z+ gz'K+~
3/6 3/6

1
g + op-= — IIp+—Rag, 10d

v3

+gK K o+2gz-"oo&o&z'= 0. (6c) with the three sum rules

The sum rules, Eqs. (6a)—(6c), are just those of MG.
From these, we may derive the auxiliary sum rule

1
go'p'o gp

—
z* oK+ gz "K'* =0, -

3+6

which is free of @or mixing. ' Making use of the relation

~ Tr) &, (X;,(7&;,Xs})——', TrX,X& Trk, 7&8=dos&d'&&
& (8)

together with the identity given by Eq. (9) of MG, we
find the two-parameter family of symmetry-breaking
interaction Hamiltonians' which gives rise to this en-
larged set of coupling-constant identities, namely,
g2= —ga = —6g1.

(ii) Vector-singlet —pseudoscalar-octet —vector-octet.
We find a two-parameter formula for the vertex which
yields the sum rule

4g„&o&z-*K+—3g„&o&„&o&„—g„&o& + -=0. (9)

(iii) Vector-octet —pseudoscalar-octet —pseudoscalar-

g-'". (4/~—&—)g- K»'* (1/&&—)gz»'.
+ (3/v3)g»- K+„«&=0, (11a)

gK K+ol& & goK»+ + (1/"b/6)gK K p

—(1//6)g. Koz'*= o, (11b)

( It 3)gz K &o&o&+gKo» p 0 (11c)

The coupling-constant identities, Eqs. (11a) and (11b),
are just those of MG; the identity (11c) is new. Since it
follows that

g + op 2v2g z—oz+~+v-2gzoz p 0, -——(12)

we have the possibility of determining the coupling
constant gzo~+ p

—from the observed widths, I'(&&&+~&r+or'),

I'(IC *~ or Z ). Finally, from the relation

&'& Tr) ~L),+X;, (X,—X;, 7&8)]= if,;&,(d,8,+—d;8,), (13)

we find the appropriate two-parameter family of MG
symmetry-breaking interaction Hamiltonians'; it is
that given by g&

———g2.
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