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It is pointed out that certain confusing features of SU(3) in hyperon magnetic moments can be explained by

the inclusion of SU(3) A-A' mixing, where A' is the SU(3)-singlet ninth & baryon.

The precise test of SU(3), especially in the fun-
damental properties of hyperons, is important for
a deeper understanding of broken SU(3) symmetry.
The Coleman-Glashow (CG) formulas' for the hy-
peron moments were derived using exact-SU(3)-
symmetry arguments [thus rendering their inter-
pretation in the real world of broken SU(3) sym-
metry ambiguous]. In addition, the experimental
values of the hyperon moments reveal a rather
confusing situation; while the Z' magnetic moment
is consistent with the CG formula, the A. moment
which has been measured to good precision deviates
significantly from the CG value (measured in nu
clear magnetons) p~ = —,

' p„=—0.957. (Although
this disagreement between the CG result and ex-
periment is somewhat mitigated by the use of
natural magnetons, there is at present no theo-
retical justification for the use of this system of
units. ) The present world average' gives p.~=- 0.67+0.06, whereas the recent Fermilab ex-
periment' reports p,~ =- 0.57 + 0.05. The measure-
ment of the transition moment p.~~ from the Z-Ay
decay has been undertaken and there is now a pre-
liminary experimental result. ' Unfortunately the
errors in the experimental values of Z and:-
moments are still too large' to draw any definite
conclusion.

In this note we present a nonperturbative deriva-
tion of broken-SU(3) hyperon-anomalous-magnetic-
moment sum rules based on asymptotic SU(3) and
current algebra. For other approaches to the sum
rules, refer to the papers by Caldi and Pagels
and Cheng and Pagels' and the references cited
therein. We point out that in our particular sum
rules (based on the so-called good-good com-
mutators) the violation of the CG sum rules (in
the unit of nuclear magneton} arises solely from
the SU(3) mixings between the hyperons and the
higher-lying —,"baryons. In particular, the devia-
tions of p, ~ and p,„~ from the CG predictions can
be explained in terms of the small but important
A-A' mixing, where A' is a (still to be found)
higher-lying ~" baryon belonging to the L =0 SU(3)
singlet which should appear in the popular qqq
decomposition 3 3 (3 3 = 1 6 8 EB 8 S10. In the
SU(6) SO(3) classification the A' may belong to

the lo L~ =0' (1,—', ').
Our present result acquires greater significance

when it is combined with our following recent ob-
servation' of the possible significant role which
may also be played by the A' in other fundamental
SU(3) sum rules involving hyperons: (i) the small
but definite discrepancy between the mass-squared
Gell-Mann-Okubo (GMO) mass formula of the
hyperons and experiment; (ii) the trouble of Z-A
degeneracy; and (iii) the deviation of the D/F ratio
of the hyperon axial-vector semileptonic couplings
from the SU(6) value as exhibited by the recent
high-statistics experiment' on the Z -ne v decay
can be explained simultaneously if a ninth I=0 &'
A' exists' with a mass around say, 1700 MeV,
with a broad width.

The derivation of the sum rules is based on the
hypothesis of asymptotic SU(3) and the validity, in

broken SU(3), of the chiral SU(3) SSU(3} current
algebra, especially the SU(3) charge-current com-
mutators

[v„v,»(o)] = ff „,v;(0).

A similar approach was taken by De Alfaro and
others' without using the notion of asymptotic
SU(3). Asymptotic SU(3) makes the dynamical as-
sumption" that the linearity of SU(3) transforma-
tions is still preserved in broken SU(3) but only
in the infinite-momentum limit. The SU(3) multi-
plet classification carried out in the infinite-
momentum limit may still be recognizable in the
real world. Namely, if the asymptotic behavior
[under SU(3) transformation] of the creation or
annihilation operator a (k, s) of the physical hadron

B, with SU(3) index n, mass m, the helicity s
were adequate, the mass-squared Gell-Mann-
Okubo (GMO) mass formula including the possible
SU(3) mixing would emerge" as an exact con-
straint (rather than a first-order perturbative
theoretic formula) for the multiplet B The SU(3).
sum rules obtained from the chiral SU(3) SU(3)
algebra by using asymptotic SU(3) are then valid
in the presence of GMO mass splitting.

Thus, according to asymptotic SU(3), we assume
for the a (k, s) of hyperons that

14 1319



1320 MILTON D. SLAUGHTER AND S. ONEDA 14

[V„a,(k, s)]=i g u, (k, s)a (k, s)+ 5u, „(k),
B

where
(2)

(3)6,.(k)- IkI ""l (z&0) for k-
gb should be extended, in principle, over all the
higher-lying 2' baryons. However, as mentioned,
we assume that the most important SU(3)-mixing
contribution comes from the A'. From Eq. (3)
a~(k, s) and a~,(k, s) can then be related linearly

(only at k- ~) to the SU(3) representation operator
a, (k, s) and ao(k, s) by

(a~(k, s)I ( cos&u since) (a, (k, s)l

( a~,(k, s)) (- since cosa& ) ( a, (k, s) )
(4)

By inserting Eu. (1) between the states &B (k, s)
I

and IBs(1, s')) withk-~ andi-~, we obtainbroken-
SU(3) sum rules for the matrix elements of the cur-
rent V,". (0), i.e. ,

g &B.(k") IV;IB (k, s)&&B.(k, s)
I V,"(0)IBs(' "»- g &B.(k s) I V,"(0)IB,(I s'»&B,(1 s')

I V;IBs(l, s')&

=if„.,&B(k,s) I V~(0) IBs(I,s')).

The matrix elements of the vector charge V, at k- ~ and 1-~ can be parametrized in terms of SU(3)
Clebsch-Gordan coefficients and mixing angles [Eq. (4)] by virtue of asymptotic SU(3). However, to derive
magnetic-moment sum rules it is more convenient to use, instead of Eq. (1), the commutator involving
directly the electromagnetic current j"(x)=j,"(x)+ (I/W3) 8,"(x):

[[j»(x), V,.],V, ]+[[j"(x), V,.J, V, ] = 3j (x).

Sandwich Eq. (5) between the —,
"baryon states (B (k, s)

I
and IBs(i, s')) with k-~ and 1-~. We take such

combinations as n = p=(p, n, Z', Z', Z, A, A', :"',:. ), a =Zo and p=A, a =Z' and p=A', and & =A and P=A'.
We then obtain twelve sum rules. Let us define

(B ) —= &B (k, s) I j"(0) IB (1 s')
& (t) -=(Z'(k, s)

I j"(0)
I
A(l, s')),

«& -=&Z (k, s)
I
j"(0)

I
A'(l, s')), (t")=—(A(k, s)

I
j'(»

I
A'(1, s')).

For illustration, we write one of the twelve equations obtained for the case o' =P =P:

3&/& —(n) —z&Z') —2 cos'&&A& ——,
' sin'+&A'& —M cos&&t&+ M sine&t'&+3 costa sinw&t") =3(p), etc. (6)

The anomalous magnetic moment 4 of B measured, for example, in nuclear magnetons is defined through

&B ) =u„(k, s)[ "yE(lq) +k(e/2m&)E2~(q')io""q"]u (l, s'),
where q' =(k —I)', Fl (0) is the charge of the B, and E, (0) =1. [In general, the total magnetic moment tl
is given by p, =(m~/m )E, (0)+k .] For the transition moment we also define (in the same unit), for
example,

&t) =uc, (k, s)[y"El~ (q )+kc~(e/2m )E2c~(q')ia""q" + ]u~(i, s')

with F2c (0) =1 and Fl~c(0) = 0. We now take the limit 1-~, k, = XI1I, and X&0 (1 is taken along the z axis
and k lies in the zx plane, i.e. , k, =0). Since }l=0 or z usually give' the most reliable results (good-good
commutator), we will restrict our study to the p, =0 sum rules. " ii=0 and p, =z give identical results. We
then note that ( I

1
I

-~) for s = —,
' and s' = —z,

&B.(k -')
I
j'(0) IB(1 —z)& = (& II I')'"[- k (./2m, )(1+&)& 'k.E.(q ')]

where q
' =- (1 —X)'X 'm ' —k„'A. ' and, for example,

&z (k, —')
I j (0) IA(1, ——')&=(xIII )' [-kc~(e/2m&)(1+x)x lk„F2c (qc~ )]

where qc~'=mc'(1 —1/A)+m~'(I —X) —k„'X '.
Inserting these expressions into the 12 equations

[Eq. (6), etc.], we obtain an infinite set of sum
rules (for given A. and k„) among the form factors
E2(q ), E2 (qc~ ), E2 '(qc~, ), and E2 '(q~~. ),
which are valid for the present approximation in
which only the A-A' mixing is taken into account.

The broken- SU (3) anomalou s- magnetic- moment
sum rules are the special cases of these sum rules
for which we take the limit X-1 and 4 „-0to pro-
duce q '=q '=q '=q '=0 We then obtain

k~, = (- 1+ z sill Q))ks+ cos(dkc~,
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j.
k~ = 2k„—k~, ,

1
k~~= k~, k~p- - gk„, k -= —k —kp n t

(8)

(9)

'
v [so(3)] 1 ——,sin'e)= zk 1 —2 cosA n 7gp COS CO

(13)

k~p = k„, k~ = —kq- k„, -
~,o[SU(3)]

rco

k~~, = . 3 sin~& —1 k„+2k~, (10)

—1
1 —sill (u k„4 cos~ sin&a

—2(1 —2 sin'~)k»].

Equations (7) and (8) represent the modification
of the CG sum rules due to the A-A' mixing con-
sidered. Except for these modifications the CG
sum rules should be valid (under the present ap-
proximation) for the anomalous magnetic moment
and transition moments measured in the same unit
of nuclear magneton. However, as will be men-
tioned later, there will be a further effect of mix-
ing which is less important than the A-A mixing
considered.

For deriving only tQe magnetic-moment sum
rules we can also use, instead of Eq. (5), the
charge-charge commutator [[D., V»], V» ]
+[[D., V,„],V, J =3D, where D, =(-i/M) j(x+iy)
jo(x)d'x is the electric-dipole-moment operator.
Note that (B,(k, —,) ~D, ~B,(k, —&)) is proportional
to k for k-~. By using essentially this argument
Matsuda also obtained"' Eqs. (t)-(9) in the absence
of the A'.

If we take the present value of the world average
of p,» (including Ref. 3) p, » = —0.611+ 0.039, Eq.
(8) implies that p», = —0.346+ 0.039. The ratio of
T&o of the Z -Ay decay to its SU(3) value"
duo[SU(3)] = 0.8 && 10 " sec (based on k«
= [- (3/2)'~']k„) is given by

+ 7~o SU 3 . 12
COS& P „COS&

Since ]o is small, to a good approximation r co = (1
+ P,» /ll„) ' duo[SU(3)]. In Ref. 7, we have found
that &= 6.2' when no q' dependence was introduced
for the couplings of semileptonic hyperon decays. "
The GMO mass formula is

For co —6.2 we find r~o =0.584 & 10 sec. Pres-
ent preliminary experiment' gives 7co = (0.63 a 0.30)
&10 ' sec. Conversely, in terms of 7~p, k~ is
given by

m2&'(q') =k F' ' q') (14)

With v~p=0. 63 &10"sec we obtain p,~=- 0.693
and p, ~,=- 0.263.

We, therefore, see that values of p, ~, around
—0.2 to —0.3, which explain the deviation of p, ~
from the CG result, are consistent with the nomi-
nal value of the latest (though preliminary) exper-
iment on v'~p. Therefore, a reduction in the error
of v~p is certainly desired. The sign and magni-
tude of p. ~, seem reasonable. Our result indicates
that the (singlet

~

j'
~
octet) coupling is comparable

with the usual (octet
~

j"
~

octet) coupling. In fact,
using the value p.~ = —0.611 we find that for & = 6.2'
k «,= 2.52 and k»», = 1.63 from Eqs. (10) and (11),
respectively. This is certainly in line with our
observation in Ref. 7 that among the hyperon semi-
leptonic axial-vector couplings, the
(singlet ~A,

~

octet) couplings are comparable with the
(octet ~A, ~octet) couplings which also imply that
singlet-octet baryon-ps-meson couplings = octet-
octet baryon-ps-meson couplings. Then it is ex-
pected that a value of p.~, of the order of —0.2 to
—0.3 is induced through the mixing characterized
by the strength sin+=0. 1. Other, possibly signifi-
cant, SU(3) mixing (though certainly smaller than
the A-A' mixing) is the one with the decuplet, ' i.e. ,

with the 70 L~=0' (10,—,''). The octet-octet mixing
will be less important. ' For the octet-decuplet
mixing, the mixing takes place only for the Z and

At present the experimental value of p.~„
2.62+0.41, is consistent with our prediction of
2.58 from Eq. (9), but the experimental error is
still large = 16/o. If p, c. is indeed reasonably close
to our value (i.e. , the effect of the above-mentioned
octet-decuplet mixing on the Z' moment is not
large) we expect that p,c, y.~, and p, o will also
be close to our predicted values, p, ~ =-0.66,
}l~ =-0.59, and }l~o=—1.91. [kc» will also be
slightly modified from the prediction Eq. (7) by
the octet-decuplet mixing. ] More precise mea-
surements on Z and " moments will be enlighten-
ing. The study of the effect of the A' in the other
processes such as the hyperon nonleptonic decays
and hyperon production reactions should also be
interesting.

Finally we add our simple predictions on broken
SU(3) in the hyperon F, form factors. With k„-0
and ]].=1, Eq. (6) predicts, "for example,
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k F~(q)=-k Ff( ~ ') —k F"( " ')
We hope that these predictions can be tested in the
not too distant future.

We thank Professor G. Snow and Professor J.
Sucher for useful discussions.
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