PHYSICAL REVIEW

VOLUME 149,

NUMBER 4 30 SEPTEMBER 1966

Parity-Conserving Hyperon Decay and the Pole Model

S. PAKvAsA*
Syracuse University, Syracuse, New Yorl

AND

R. H. Grauamt axp S. P. RoseEN]
Purdue University, Lafayette, Indiana
(Received 21 April 1966)

B. W. Lee has shown that, in the limit §=0, where §= (mz—m,)/(mz—mn), a Ne-type pole model for
parity-conserving (p.c.) hyperon decay gives rise to an effective interaction which behaves like 7. Here we
generalize this result to include a 27-plet baryon pole, and show that, under certain plausible conditions, the
‘generalization holds to first order in 8. As a result of this generalization, the p.c. decay amplitudes satisfy
two sum rules which have previously been derived for parity-violating amplitudes from the SU (3) properties

of the Cabibbo current X current interaction.

INTRODUCTION

AN interesting theorem associated with the pole
model for nonleptonic hyperon decay! has been
proven by B. W. Lee? He shows that if the parity-
conserving (p.c.) pole term behaves like the \¢ compo-
nent of an octet, and if baryon masses are linear in
hypercharge, then the effective p.c. decay Hamiltonian
must behave like the A; component of an octet. An im-
mediate corollary is that the p.c. decay amplitudes
satisfy the Lee-Sugawara (L-S) triangle® in the limit
6=0, where

(1

Apart from its intrinsic value, this theorem is par-
ticularly relevant to recent work based upon the
partially conserved axial-vector current (PCAC).* Using
PCAC, several authors®® have shown that in the limit
of zero pion mass, the p.c. amplitudes for nonleptonic
hyperon decay are determined by baryon poles. If the
interaction responsible for nonleptonic decay is of the
currentX current form, then its octet component be-
haves like \¢,” and Lee’s theorem is applicable as long
as the (27)-component of the interaction can be neg-
lected. The question then arises as to what happens
when the (27)-component is not neglected.

To consider this question, we find it convenient to
introduce a change of terminology. Instead of referring
to \¢ and A7 types of behavior, we shall use 7-L(1) and

6= (mz—-mA)/(mE— mN) .
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T-L(2) invariance.® 7-L(1) invariance implies sym-
metry under the exchange of the SU(3) indices 2 and
3, and in the case of an octet, it is equivalent to g
behavior. T-L(2) invariance implies antisymmetry un-
der 2 <> 3 and corresponds to A\; in an octet.

In this terminology, Lee’s theorem states that a
T-L(1)-invariant-octet pole model gives rise to a T-L(2)-
invariant effective interaction. Now, the essential
feature of a C P-conserving currentX current interaction
is that both its octet component and its (27)-component
are T-L(1)-invariant.? Therefore, a natural extension of
Lee’s theorem would be: A T-L(1)-invariant pole model
with octet and (27)-components gives rise to a T-L(2)-
invariant effective interaction which also transforms
according to the octet and (27)-plet representations of
SU(3). In this note, we shall discuss the validity of this
extension and its consequences for p.c. decay amplitudes.

For baryon poles alone, it is easy to show that the
extension of Lee’s theorem is valid in the limit §=0.
With certain plausible assumptions, it remains valid
when first-order terms in § are taken into account.
[This result is reminiscent of the Ademollo-Gatto
theorem for conserved currents.””] The presence of an
octet meson pole does not invalidate our conclusions,
but a (27)-plet meson pole does. In view of the low-
energy theorem mentioned above,*¢ this may not be a
serious drawback in practice.

When the extension is valid, the p.c. amplitudes for
nonleptonic hyperon decay will satisfy two sum rules.
Moreover, these sum rules are identical with the ones
predicted by the Cabibbo currentX current interaction
for parity-violating (p.v.) amplitudes.! One, due to
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Suzuki,”® relates the AT=% amplitude in A decay to
the corresponding amplitude in & decay, and the other!
is a generalization of the Lee-Sugawara triangle.® Thus
the parallel between p.c. and p.v. decays which Lee
and Swift®® discovered in the octet pole model can be
extended to a (27)-plet pole.

In the following section, we prove the extension of
Lee’s theorem, and in the last, we discuss the sum rules
which follow from it.

ANALYSIS

Following Lee,? we write the effective Hamiltonian for
the pole model as
H=HO+4H®, (2)

where H® is the SU(3)-invariant free Hamiltonian for
baryons and mesons, and H ¥ contains the pole and the
strong baryon-meson interaction terms. If we neglect
meson poles, H® takes a form
H® = (Am) B(Fg+aDs) B+ fB(f‘s-}—BDe—%—'y{FG,FQ})B
+gB(Fi+N\Dy)ysBM ) (3)
in which the anticommutator {Fy,Fq} gives rise to the
(27)-plet pole.* To establish the 7-L(1) invariance of
the pole terms in Eq. (3), we express the F and D
matrices in terms of the 4,# generators of SU(3) as
Fo=3(45447), Di=1{4,54r}+1{4,4y},
Fo=F+(1/N3)Fs=—A4+. (4)
In order to remove the pole terms, we introduce the
SU(8) transformation
B— B'=[14i(2f/N3(Am))
X (@F7+bDr+c{F1,Fo})]B. (5)
Lee? has already shown that F7 and Dy conserve charge

and the charge-conjugation property. The third term
of Eq. (5) conserves charge because

LO{F7,Fq} ]
=[F3+ (1/V3)Fs,{ F1, Fs+ (1/V3)Fs}]=0 (6)

and under charge conjugation, it yields
C: B/— B/® :Zj [1+i0{F7,FQ}—ij€jEj
=& 2. [1+ibereo{F1,F o} J:iB;.

The F matrices are antisymmetric, and so {F7,Fq} is
symmetric; in addition, the e factor is given by7s1%

()

€7€Q = €7€3 = €7€3=— — 1 . (8)
Equation (7) now becomes
B{@=¢;3; Bi{1—ib{F1,Fq} Jii=e:B/ )
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and, therefore, all the terms of Eq. (5) commute with
charge conjugation.

We assume that f<<Am and consider the effects of
Eq. (5) to lowest order in f. The first two terms of
Eq. (3) are transformed into

(Am)B’ (Fs'{“Ole)B,“l'fB’ (Fe+BDe+v{Fe,Fo}) B’
L i(2f/VB) BT (aFs+-BDr-c{ Fr,F o)),

(Fs+aDg)1B', (10)
where the commutator bracket is equal to
z(\/3/2) (aF6+bD6+C{Fe,FQ})
+ia(V3/2) (5bFs/9+aDe+c{D¢,Fo})
+ab([D7,Ds ]—1(5V3/18)Fg). (11)

In the limit =0, which corresponds to §=0 (see
Eq. 1), we choose

a=1, b=, c=v (12)

so that the second and third terms of Eq. (10) cancel
one another. The effective Hamiltonian for nonleptonic
decay is then generated by Eq. (5) from the strong
baryon-meson interaction term of Eq. (3), and it takes
the form

Hxn=1[2fg/V3(Am)]B'[Fr+8D;
+v{F,Fo}, Fi+ Dy JysB'My.  (13)

It is not difficult to show that Hyry, is an admixture of
the octet and (27)-fold representations of SU(3), be-
cause Fy is related to the 4,* by

F7= (1/21) (Ags"—Agz) .

Hyy is also T-L(2)-invariant.

Next we consider the case in which « is not zero.
This parameter is proportional to the Z-A mass differ-
ence & [see Eq. (1)7], and experimentally its value is
about 0.3. Recent attempts®!%16 to fit the data on
nonleptonic decay to a pole model indicate that, in the
case of octet dominance, the parameter 8 is of the same
order of magnitude as a. We, therefore, propose to deal
with the case as%0 by assuming that «, 8, and v [see
Eq. (10)7], are all of order 8, and by neglecting second
and higher order terms in é.

The weak-interaction pole terms of Eq. (10) can be
transformed away by choosing

(14)

a+(5/Nab=1, b+aa=B, c=v. (15)
To first order in 8, Eq. (15) implies that
a=1, b=B—a, c=v. (16)

The terms ab([D7,Ds ]—4(5V3/18)Fs) and ac{D¢,Fq} of
Eq. (11) belong to the ten-fold representation of SU(3),
but in view of Eq. (16), they are second-order in &.
Therefore, we see that, to first order in §, the effective
nonleptonic decay Hamiltonian is again generated from
the baryon-meson interaction term of Eq. (3) by means

16 R. H. Graham and S. Pakvasa, Phys. Rev. 140, B1144 (1965).
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of Egs. (5) and (16). As before, it is an admixture of
the octet and (27)-plet, and it is 7-L(2)-invariant.

So far we have omitted the meson terms

(AR)MDsM+ f'MDsM~+ f"M{FoF}M . (17)

As pointed out by Lee,? the Dg pole can be removed by
an SU(3) transformation. Thus when the (27)-plet
term is absent from Eq. (17), all of the above conclu-
sions are unaffected by the meson pole. To remove the
octet and (27)-plet poles simultaneously, it is necessary
to use an SU(8) transformation that breaks the 7-L(2)
invariance of the effective interaction.

DISCUSSION

The practical consequences of our extension of Lee’s
theorem are most easily determined by constructing an
effective p.c. Hamiltonian with the required properties.
Its structure in SU(3) space turns out to be exactly
the same as that of the effective p.v. Hamiltonian de-
rived by Rosen, Pakvasa, and Sudarshan,”® from the
symmetry properties of the Cabibbo currentXcurrent
interaction. Consequently, the p.c. amplitudes satisfy
the same sum rules as the p.v. amplitudes. They are:

A)+AE)=0

(18)
WHAR)+AML)=2A(L-S),
where
A(A)=B(A)+V2B(AY),
A(E)=B(E)—V2B(&"), (19)

A(Z)=B(Z)—B(2:H)—V2B(ZY),
A(L-S)= —V3B(Z¢H)+B(A0)+2B(E).

An explicit calculation of the p.c. amplitudes arising
from the baryon pole model verifies that these sum
rules are satisfied to first order in & when the coeffi-
cients a, 8, v [see Eq. (10)] are of order 6. When the
(27)-plet meson pole is present, no sum rules can be
obtained.

To conclude this discussion, we wish to emphasize
the parallel between p.v. and p.c. decays. In the former
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case, we obtain certain predictions from the symmetry
of the Cabibbo current alone, and in the latter, we find
the same predictions arising from a baryon pole model.
It is interesting to note that this model is a consequence
of PCAC.5¢

Note added in proof. Dr. M. Suzuki has pointed out
that if the coefficients « and 8 of Eq. (3) are exactly
equal and the coefficient v is negligible, then the p.c.
amplitude B(Z,*) for 2+ — n-+7t must vanish. To see
why this happens, we note that Eq. (15) can be solved
exactly for @ and b:

a=B/a—9(a—p)/(5*—9),
b=9(a—p)(5a?—9).

When a=g, the coefficient b vanishes and ¢=1. Thus
the transformation of Eq. (5) involves only the SU(3)
generator F; (y=0 implies ¢=0) and, when applied to
the strong baryon-meson term of Eq. (3), it yields an
effective Hyy, in which the baryon-antibaryon coupling
is pure octet. As is well known,!” this coupling forbids
>t — ntnt.

It should be noted that this result is independent of
the presence of meson poles because they also lead to
octet BB coupling in Hyr. Thus the vanishing of
B(Z,7) is a fundamental difficulty, not only for tadpole
models,'® but for all pole models in which a=8.1

Finally, we note that if the coefficients A and ¢ of
Egs. (3) and (S5) are zero, B(Z;*) will again vanish
for the same reason as above.
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