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Evidence for Corrections to Soft-Pion S-Wave Nonleptonic Hyperon-Decay A.mplitudes
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Evidence is found for corrections to the soft-pion S-wave nonleptonic hyperon-decay am-
plitudes from the observed deviation from the generalized Lee-Sugawara relation
2A (:-:)+A (A ) + ( —, )'i A (X:)=0. These corrections, assumed to come from the low-

lying 2 excited baryon intermediate states, are estimated experimentally with use of the ex-

pressions suggested by the quark model and are found to reduce significantly the soft-pion
results.

PACS numbers: 13.30.Eg, 12.35.Ht

A long standing problem in nonleptonic hyperon
decays is the failure of current algebra (CA) to
predict the P-wave amplitudes in terms of the mea-
sured values for the S wave. Except for the decays
A p7r, nm-, all other calculated P-wave ampli-
tudes are too small compared with experiments. '
The most serious case is the vanishingly small value
predicted for B (X+ ), in strong disagreement with
data. This has led many people to correct for the
soft-pion results by including terms of the order
O(b, m) relative to the main contributions. These
corrections are usually' assumed to come from the
Ir'", Q (1+ ) pole in the t channel and the low-lying
baryon resonances 8' pole in the s and u channel.
According to Gronau, the K'-pole terms can reduce
significantly the soft-pion S-wave amplitude. On
the other hand, Le Yaouanc et al. have argued that
the —,

'
low-lying baryon resonances with their

masses close to the ground state are more likely to
produce an important correction to the soft-pion S-
wave amplitude because of the small mass differ-
ence in the energy denominator. " Using a nonrela-
tivistic quark model they found that these correc-
tions are important in reducing the S-wave soft-pion
amplitudes. It thus appears that the S-wave ampli-
tudes are reduced by the E'-pole and the B'(—,

' )-
pole terms and it is important to have a direct evi-
dence for these corrections. For the S-wave ampli-
tudes, since the K'-pole terms satisfy the Lee-
Sugawara (LS) relations to first order in SU (3)
breaking, the large observed deviation from this re-
lation as measured by the quantity

b, (LS)

evidence for corrections to S-wave soft-pion ampli-
tudes given by the measured value of A(LS). Since
this has never been done before I believe it is im-
portant, both from an experimental and a theoreti-
cal stand point, to present this evidence as a test of
the validity of the soft-pion theorem for S-wave
nonleptonic hyperon decays. In the past, because
of lack of accurate data, it has not been possible to
find evidence for a deviation of CA soft-pion ampli-
tudes, but with the very precise data presently avail-
able on A (X:) we have now unambiguous evidence
for the extra terms, independent of the amount of the

(27, 1) piece In fact, w.ithout these extra terms we
would have, according to the standard soft-pion
result, '

A (A ) = (d'+3f') + a
3 f 15

--=11 — 2
A (:)= (d' —3f')+ a27,u'3 „15
A (x:)= — (d' f') — a27, — (2)

A (Xo+ ) = — [A (X:) + J2A (X++) ]
2

(3)

~ (X,') = (d' f') — a», -
345

A (x++ ) = —', J10a27.

For simplicity I have written down the (27, 1) terms
without the factor I/J2f .

From Eqs. (2) we obtain the usual two sum
rules:

= 2~ (=-:) +~ (A' ) + (-', ) 'i'~ (x:)
and

a(LS) = 2W (=-:)+W (A' )
is then evidence for the B"( —,

'
) contributions, in

dependent of the magnitude of the commutator terms
The main purpose of this note is to point out the

+(-', )"'~(x:)=o.
The first sum rule [Eq. (3)] reduces to the usual
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AI = —,
' rule in the limit a27=0. The second sum

rule is independent of the knowledge of a 27 and can
therefore be tested experimentally. It is a general-
ized (LS) relation in the presence of the (27,1)
piece' and is reduced to the usual LS relation for
the octet (8,1) piece by setting a27=0 and
A (X:) = —J2A (Xo+ ). It is important to realize
that to check the validity of the soft-pion theorem
for S waves, it is this generalized LS relation which
must be tested, rather than the usual LS relation
which is not rigorously valid. This fact has been
overlooked in recent analysis where only a test of
the usual LS relation is given in terms of A (Xo+)
and the measured value of A (X:) has not been
used. 6 Had one used A (X:) and A (X+ ) one
would discover immediately a large deviation from
the LS relation. I take a different approach in this
paper and I believe that a test of the generalized LS
relation can be done without using data on A (Xo+)
and A (X+ ), which should be measured with
greater precision. [The error in A (Xo+) is now
much smaller than that given many years ago. ]

The first sum rule gives

A (Xo ) = —1.42 + 0.02

to be compared with the measured value

3 (Xo+ ),„,= —1.48 + 0.05.

The agreement is rather good but one may need
some small deviation from the soft-pion theorem
for the (27,1) contribution to remove a possible
small discrepancy. Also, the extracted data on
A (Xo+) must be corrected for by the final-state in-
teraction effects which, as pointed out by Scadron
and Thebaud, are important in Xo+ decay and can
reduce A (Xo+) by 3%, thereby removing most of
the discrepancy with the predicted value obtained
with the first sum rule. [Note that the extracted
values of A (X+) and A (X:) are unaffected by
these final-state effects, which are negligible for X+
and X: decays as shown in Table II of their paper. ]

For the second sum rule we find, however,

5 (LS),„,= —0.246 + 0.04, (5)
showing a large deviation from the generalized LS
relation. This deviation cannot come from the K'-
pole terms which satisfy the LS relation to first or-
der in SU(3) breaking. [The BfB, K' couplings are
universal and from a SU(3) stand point are the
same as the vector-current couplings to baryons
which are purely of the F type. ] More precisely, we
have

h(LS)

= (—', )'~ C'[3mA+ mx —2(m~+ m-) ] = 0(e2),

which vanishes to first order in SU(3) breaking.
Thus some extra terms other than the K'-pole

terms must be present. One such contribution is
naturally the low-lying excited-baryon B'(—,

' ) pole
terms which in the quark model can be expressed
as4

&'(X:)= —(E2/f ) (1843CAM'),

&'(~' ) = —(J2lf )(942CBM),
1'(:":)= (K2/f ) (18&2CAM"'),

which gives

b, (LS)

(6)

where

= —(18C/f„) (3AM'+ AM —4b M"'), (7)

AM —mA —m~p AM —mx —mg,

AM" = m~ —mx, AM"' = m„- —m~,

in the notations of Marshak, Riazuddin, and Ryan.
Using the experimental value of 5(LS), we find

18C = 0.25,

from which we deduce

A'(X:) = —1.24, A'(Ao ) = —0.35,

3'(:)=0.80.

(8)

(9)

Thus the —,
'

low-lying baryon resonances produce

a large correction to the soft-pion S-wave ampli-

tudes (given by the commutator terms (Bf~[0,
H„]~B,) ). It is significant that from a simple alge-

braic relation among the B"( —,
' ) terms as given by

the quark model and from b, (LS),„,, we obtain a

reduction of the soft-pion amplitude as indeed
found in the nonrelativistic quark model.

If we now assume that these corrections are given
empirically as in (9), then from the measured S-
wave amplitudes, we deduce the following soft-pion
amplitudes

f' = 1.35f, d' = -0.89f„, (10)

independent of the detailed dynamics of the quark
model. [In obtaining (10) I have neglected a negli-
gible amount of the (27, 1) piece. ]

From (10) we get

(d'/f')m. =
3 ~

which differs significantly from the usual value'
obtained without the correction terms. It

should be stressed that the usual S-wave soft-pion
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fit with

(d'/f')~L = (d/f) ~ .t.

is no guarantee for the validity of the CA soft-pion
theorem. Under SU(3)L S SU(3)~, the mass term

us is a (3, 3")+ (3",3) piece while H„ is an octet
(8,1) piece; with respect to SU (3) they are two en-

tirely different objects so that their d/f ratio is not
related to each other and (d'/f')~1 need not be

1

3 ~

I end this note with some comments on the P-
wave amplitudes. In general we expect similar
corrections for the P-wave amplitudes, as found re-
cently in a quark-model calculation. The magni-
tude of these corrections are difficult to obtain in a
reliable manner because of uncertainties in the
evaluation of the Born terms in which the s- and u-

channel ground-state baryon pole contributions
tend largely to cancel out so that the values ob-
tained for the P-wave amplitudes are sensitive to
d', f' and to possible SU(3) violation effects in the
meson-baryon coupling constants. If, from a chiral
SU(3) 8 SU(3) effective Lagrangian standpoints 9

one assumes that the axial vector-current baryon
matrix elements are SU(3) symmetric (i.e., deter-
mined by D and F) rather than the meson-baryon
pseudoscalar coupling constants, then, with the new
d', f' in (10), apart from B(X:)and 8(A ) which

agree well with data, the calculated values for
8 (Xo+ ), 8 (X+ ), and 8(::) are still too small

compared with experiments. This suggests that the
P-wave amplitude cannot be consistently described
by the Born terms alone.
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