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Current-algebra, PCAC (partial conservation of axial-vector current) restrictions on the structure of the
AS =1 nonleptonic Hamiltonian are reexamined. The result (AI = 1/2 chirality) = (AI = 3/2 chirality) is
strengthened, while the conclusion that the chirality is left-handed survives but is weakened slightly by more

careful analysis.

A recent Letter' explored the consequences of
current algebra with partial conservation of axial-
vector current (PCAC) on the structure of the non-
leptonic Hamiltonian, specifically with respect to
right-handed currents.? The conclusion may be
stated succinctly as follows:

(i) From the relation of AI=3 and Al =3 effects
in nonleptonic kaon and hyperon decays, we require

[Fasy HWI/Z] —_ [Fa5’ Hu? /2]
[sz lelz] B [P‘G’HWS/ 2]
(ii) From the relative signs of S- and P-wave
amplitudes in nonleptonic hyperon decays we have
[FgH,'?]
(Fo, H,''?]
The analysis can be (and has been) criticized,

however, on both counts. Some of the objections
are:

, a=1,2,3. (1)

=+1. (2)

(a) The K - 37 analysis avoided the unitarity
question by assuming the decay amplitude to be
real at each stage of the calculation. Perhaps
final-state interactions can change conclusion (i).?

(b) It has been claimed that the standard current-
algebra derivation of kaon decay depends critical-
ly upon the (K |o|K) matrix element, and that if
this matrix element has the value predicted by
Gell-Mann, Oakes, and Renner (GMOR)® conclus-
ion (i) is no longer valid.®

(c) The hyperon analysis is strictly valid for
models wherein the octet piece satisfies (p.v.
= parity-violating)

HI™ =
so that
(B'|HY™ |BY=0 ®)

in the SU(3) limit.® Right-handed-current models,
however, have the transformation property

HEY~in,.
It has been stated that this upsets conclusion (ii).”

(d) The current-algebra analysis of hyperon de-
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cays avoided K *-pole diagrams, which vanish

in the soft-pion limit. A recent calculation sug-
gested that such terms may completely alter con-
clusion (ii).8

It is the purpose of this note to tighten both of the
above conclusions [Egs. (1), (2)] by addressing
each of these points.

In order to study objection (a), we have unitar-
ized our current-algebra calculation of K —37.

We utilized a generalization of the method of Neveu
and Scherk,’ who employ a version of the Khuri-
Treiman equations' to find a unitary solution up

to terms of order §,,% where §,, is the s-wave
1=0 77 phase shift at (low) energies relevant to the
37 final state. The Neveu-Scherk analysis, how-
ever, neglects I=2 77 scattering. We have modi-
fied their procedure to include this omitted effect.
We find that unitarity corrections increase the Al

= £ amplitude by roughly 30%, while having little
effect on the dominant Al=% terms. The important
point is that the relative sign of the amplitudes

are unchanged, so that the good qualitative and
reasonable quantitative fits obtained for K =37
amplitudes via the current-algebra approach are
retained in the unitarized version. Thus confidence
in conclusion (i) is strengthened.

Objection (b) is based upon a misunderstanding
of the current-algebra approach to nonleptonic de-
cays. It has been pointed out that if the (K |0|K) ma-
trix element has its GMOR value, the standard
“derivation” of the AI=% rule in terms of domin-
ance of the

<0 'lelz lK)

matrix element is no longer valid.!! However, this
has no major effect on the relationship between

K =37 and K - 27 amplitudes; only changes of
O(m,?/m,?) are involved. What is mysterious in
this case is why

(27 H /2 K)
@nlH2"?|K) >

Objection (c¢) is quite correct in asserting that

1.
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(B’ |H%™|B) matrix elements should be included
in the analysis. Thus, defining (p.c.=parity-con-
serving)

(B' |H%"" |By=71gygupTpep,

_ (4)
(B’ |H%*~ |B) =g u5Spes »

we expect

TB'B ~

SZE~0()
in right-handed-current models. However, a cor-
rect current-algebra, PCAC analysis requires
the use of pseudovector coupling for the strong
mB’B vertices.'> Thus we can write the hyperon-
decay amplitudes as

(B |H | 0y =75 (p')A + Bygyuy (p), (5)
with
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where we have defined
<[3 IA 7" a> = Ga,Baﬁsyuysua (7)

and F, is the pion-decay constant. Now, conclus-
ion (ii) was derived in Ref. 1 neglecting A7, BT,
From Eq. (6), we see that this assumption is jus-
tified in that if T, ~Sg,

Ap A By A

As B’ B, oM’ ®)

where A is a typical baryon mass splitting (~0.2
GeV), while M is a baryon mass (1 GeV). Thus
unless T,, > S;, the dominant contribution to the
weak hyperon decays comes from the parity-con-
serving weak spurion, so that conclusion (ii) re-
mains valid.

Finally, objection (d) assumes a value for the

(| H |5 %

matrix element three times as large as that used
by previous workers.!® From a strictly phenomen-
ological standpoint one might take the view that

any value can be used, but it ¢s fair to ask whether

a particular value is reasonable. Although it is

not possible at present to provide a rigorous the-

oretical estimate for this quantity, we shall out-

line a calculation which addresses this point.
Using the effective Hamiltonian

H,x= le(ffvijaupivi ’ ©)

where P (V,) represents the pseudoscalar (vector)
nonet, the value used in Ref. 8 is

EN'my g, ="1.56 X 10 MeV , (10)

where g, gives the coupling strength between vec-
tor mesons and baryons. In order to decide wheth-
er this is justifiable, one may integrate by parts,
rewriting the Hamiltonian as

H,x= _x'm,{vszp‘auvf,. : (11)

Using vector dominance and partial conservation
of vector current (PCVC)** one can relate the
Hamiltonian to the matrix element

(m|H,,[x)

which has been estimated using the MIT bag mod-
el.'® Finally one can estimate

]8*v, |k

from K |, decay data, using subtracted dispersion
relations.’® We leave details of the calculation
for a future publication, but the result is

g my P~ Tx 107 MeV . (12)

This number is nearly two orders of magnitude
smaller than the calculated value used in Ref. 8,
thus reinforcing the analysis underlying conclus-
ion (ii). Of course, employment of the PCVC
hypothesis and the bag model'” make this the most
model-dependent of our results. However, it is
our intent here only to point out the K*-pole dom-
inance is far from obvious and, in light of our
admittedly crude numerical analysis, even ques-
tionable. An additional argument which reinforces
this conclusion can be formulated within the frame-
work of dispersion theory, wherein no K*-pole
term exists: the pion couples only to spin-zero
systems. It then seems rather unlikely that ex-
change of an s-wave system with m?® = (m, +m,)?
can produce a contribution to the decay amplitude
which varies rapidly for 0=g4®=m,>.

None of our arguments are definitive, of course.
However, the weight of evidence seems rather
clearly to support conclusions (i) and (ii), while
suggestions to the contrary are based on phenomen-
ologically allowed but perhaps unreasonable values
for various parameters.




3474 E. GOLOWICH AND BARRY R. HOLSTEIN 15

*Work supported in part by the National Science Founda-

tion.

!E. Golowich and B. R. Holstein, Phys. Rev. Lett. 35,
831 (1975); see also M. A, Bég and A. Zee, Phys.
Rev. D 8, 1460 (1973).

%A. De Rijula, H. Georgi, and S. L. Glashow, Phys.
Rev. Lett. 35, 69 (1975); H. Fritsch, M. Gell-Mann,
and P. Minkowski, Phys. Lett. 59B, 256 (1975);

F. Wilczek, A. Zee, R. Kingsley, and S. Treiman,
Phys. Rev. D 12, 2768 (1975).

3A. De Rdjula, H. Georgi, and S. L. Glashow, Phys.
Rev. D 12, 3589 (1975), Ref. 51.

M. Gell-Mann, R. Oakes, and B. Renner, Phys. Rev.
175, 2195 (1968).

5S. Pakvasa and M. Suzuki, University of Hawaii Report
No. UH-511-221-76, 1976 (unpublished).

M. Gell-Mann, Phys. Rev. Lett. 12, 155 (1964);

M. Suzuki, #bid. 15, 986 (1965).

"This claim is made in Ref. 5.

8G. Branco and R. Mohapatra, Phys. Rev. Lett. 36,
926 (1976).

9A. Neveu and J. Scherk, Ann. Phys. (N.Y.) 57, 39
(1970). -

N, N. Khuri and S. B.Treiman, Phys. Rev. 119, 1115
(1960); see also R. F. Sawyer and K. C. Wali, ibid.
119, 1429 (1960).

IB. Holstein, Phys. Rev. D1, 1509 (1970); Phys Rev.
183, 1228 (1969).

12B. Holstein, Nuovo Cimento 24, 561 (1971); L. R. Ram
Mohan, Phys. Rev. D 3, 785 (1971). If pseudoscalar

coupling is employed, contact terms must be added in
order to maintain chiral invariance. The result is
identical to use of pseudovector coupling above.

3M. Gronau, Phys. Rev. Lett. 28, 188 (1972); Phys.
Rev. D 5, 118 (1972).

4For example, see J. J. Sakurai, in Lectures in
Theovetical Physics: Elementary Pavticle Physics,
edited by K.T. Mahanthappa, W. E. Brittin, and A. O.
Barut (Gordon and Breach, New York, 1969), Vol.
XIA, p. 1.

157 . Chodos, R. L. Jaffe, K. Johnson, C. B. Thorn, and
V. F. Weisskopf, Phys. Rev. D 9, 3471 (1974);
A. Chodos, R. L. Jaffe, K. Johnson, and C. B. Thorn,
ibid. 10, 2599 (1974). Details of this calculation by
E. Golowich and J. F. Donoghue will be given in a
future publication.

8For the appropriate formulas, see L. M. Chounet and
M. K. Gaillard, Phys. Rep. 4C, 199 (1972). Recent
experimental parameters are given in C. D. Buchanan
et al., Phys. Rev. D 11, 457 (1975).

TAlthough bag surface fluctuations are needed to fit
the spectroscopy of excited hadrons [e.g., see T. A.
De Grand, Ann. Phys. (N.Y.) 101, 496 (1976) and
references cited therein], ground-state matrix ele-
ments of two-quark and four-quark operators have
been given respectable fits by the fixed-sphere bag
model employed here [see Ref. 15, and also J. Dono-
ghue, E. Golowich, and B. Holstein, Phys. Rev. D 12,
2875 (1975)].



