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The possibility that currents with irregular charge-conjugation properties are present in the
standard CP-invariant current& current nonleptonic weak Hamiltonian is considered. It is
pointed out that the parity-violating n -p7( amplitude is not determined then by the strange-
ness-changing amplitudes alone and may be considerably larger than in the conventional theory.

There is good evidence at present from nuclear-
physics experiments for the existence of a parity-
nonconserving nucleon-nucleon interaction with
strength at the level of first-order weak interac-
tions. ' Detailed nuclear-physics calculations'
show good agreement with experiment for the pari-
ty-forbidden n decay of the 8.88-MeV state of "0
(Ref. 3); the predicted value of photon circular
polarization in the most extensively studied parity-
nonconserving electromagnetic transitions is too
small, however, by two orders of magnitude. '

The input of these calculations is a parity-non-
conserving nucleon-nucleon potential consisting of
a pion-exchange term t/,"~ and a, p-exchange poten-
tial V, estimated on the basis of the Cabibbo
theory. The parity-violating n —pm amplitude
A(n') was determined from the sum rule

A(n') = —,'v6 tang[A(= ) —2A(A')]

relating A(n') to the amplitudes of observed nonlep-
tonic hyperon decays. ' Relation (1) can be derived
either using SU(3) and octet dominance' or SU(3),
current algebra, and partial conservation of axial-
vector current (PCAC). ' The weak NNp amplitude
used was the one obtained using the factorization
approximation. ' Although there is disagreement
among the various existing estimates of the p-ex-
change potential, " the good agreement of the cal-
culations with experiment for the parity-forbidden
n decay of "9, to which P,",being a pure iso-
vector, "does not contribute, " indicates that the
strength of P"~ cannot be much larger than the
factorization value.

Without considering the possibility that the exist-
ing discrepancy may be resolved within nuclear
physics, the present status of the subject points to
theories in which A(no) is considerably larger than
in the Cabibbo theory. Certain theories involving
neutral currents" belong to this category. '"

In this note we shall consider the possibility that
currents with irregular charge conjugation proper-
ties" are present in the standard CP-invariant cur-

II„~= (G/v 2 )-,'( J„J„*+—J„*J„),
where

(2)

Jp J(»0)p S ~ (1/2 1/2 1)„

J( p)p J(lj)p for lti, 1 2 3

J„,= -J&t,&, (j' =—Hermitian conjugation),

and J(»0) and J(„2„2,) are members of an octet J(„)
which we shall assume now to be a mixture of a
regular octet JP, &

= V&R,
&

+A)
&

and an irregular octet
with respect to charge conjugation. "

CP invariance of II„~requires J(„)and J(,) to be
Hermitian and anti-Hermitian, respectively:

JR 4
( 1) UJR

(3)

As a consequence of Eqs. (3), the SU(3) structure

rent x current nonleptonic weak Hamiltonian. " The
strangeness-conserving part of the Hamiltonian con-
tains then an isovector term proportional to cos'0."
The resulting additional terms in the parity-violat-
ing p-exchange potential have been studied in the
factorization approximation. " In nuclear matter,
with a reasonable value of the induced pseudotensor
form factor, their contribution turns out to be of
the same order of magnitude as the p-exchange
term associated with regular currents. "

Here we shall consider the one-pion-exchange
term. We would like to point out that in the pres-
ence of irregular currents the parity-violating
n- pm amplitude is considerably modified and may
be much larger than in the conventional theory. "

We shall investigate the AS=1 and AS=0 B-B'~
amplitudes in the framework of a model, discussed
in Ref. 21, which assumes a particular form for
the commutators of the regular axial charges with
the irregular currents. The conclusions will be
seen, however, to be of more general validity.

The nonleptonic weak Hamiltonian is assumed to
have the standard form

1934



PARITY-NONCONSERVING AS = 0 NONLEPTONIC WEAK. . . 1935

of H„Lis a mixture of j1], (8s), (8a}, (10j, (10),
and (27], that is, of al/ representations contained
in the direct product (8]x(8].

In the soft-pion limit, the s-wave amplitude for
the process B-B'+rr(p) is given by"

lim (2p, )"'(B'rr( „) ~H~„" ~B)
p ~p

(4)

Following Ref. 21, we shall assume that the
transformation properties of J', =-,'(Vr+Ar) with
respect to SU(3) x SU(3) generated by the regular
octets P~ and A." are the same as those of J~
= —,'(IrR+As), i.e. , that Jr, belongs to the (8, 1) rep-
resentation. All the commutators in (4) are then
specified, and the decay amplitudes of the various
processes can be expressed in terms of seven re-
duced matrix elements. We obtain the following
relations among the AS= 1 and ~S=0 amplitudes":

A (A' ) + v 2 A. (A', ) = 0,
A(=„-) —~2A(=;) = 0,
A(Z:) -A(Z', ) + v 2 A(Z,') = -2A(Z', ),
A(o )+A(z') =

—,'v3 (cotg —tang)[5„(LS)+ —,'V6A(Z,')],
A (n' ) —A($ ) —v 6 A ((r:)=

—,
'

v 2 tan' 8 [A((r' ) -A ((r )] + —,
'

v 2(tan 8 —cot 8)[5„(LS)+ —,
'

&6A (Z ,')],
A(n')+A($:) —v2 A((r') =2(tang —cotg)A(Z+)+-,'v2 (1 —2 tan'8)[A(a') -A(o )]

+ —,
' v2 (cotg —tang)[5„(LS) + —,

' &6A(Z", )],

(5)

(6)

(7)

(8)

(9)

(10)

(12)

(13)

(14)

(15)

(16}

A(n') —-', etang[A(- ) —2A(A')] = (-,ox 30M(„) —
—,
' &6M(8) )k„+(-,' tang —-,'cotg)A(Z', )

+ —,
'

v 2 cot 8[5„(LS)+ -,
'

v 6 A(Z,') ] + -,
'

W2 (1+tan' 8)[A (o' ) -A ((r )],
A((r')+ -'tang[A(A')+A(= )]= --', vS k„M(„) + -', &2(cotg-2 tang)A(Z+)

+-,'(1+tan'8)[A((r') —A(o )] + —'(3tang —cotg)[5„(LS)+—,'v6A(Z', )],
A(o') -A((r ) =2v2 cotg A(Z,')+ —', &15k„cos'8 M(„),
6„(LS)-=2A(:-:) -A(A')+v 3 A(Z,') = --,'~6A(Z,') —

—,', &15k„sing cosg(M(„) +M(„)),
A(Z', ) = k„sin 8 cos 8(-,' M(„) ——,', v 30 M(„)) .

In the above equations k„= -(G/v2 )&6(f„) ', and M(,) and M(„) are the reduced matrix elements defined by
P

(B()) ) iT~(p)iB()))) u(p ) Q M()) u(p)

(B(„)~T,('„)~B(,.))=u(p') Q & M(,) u(p),

where T~'~ and T~'~ are the parity-conserving parts
of

p
(~( ) ~(8) —~( ) ~((0»(a)-~ 8 8 k rr R r r

p

p
(~( ) ~(8) ~( ) (8)}.

8 8 k z r
p

(17}

According to experiment" A(Z', ) =0 and 5„(LS)=0,
implying M(») = —,', @30M(„)and M(„)=M(»). Fur-
thermore, in view of the good evidence'4 for the
validity of the ~T = —,

' rule in p-wave = decays and
of the p-wave Lee-Sugawara relation, M~„~ is like-
ly to be negligibly small. " The right-hand sides of
Eqs. (7)-(10) and (13)-(15)then vanish. We

recover the ~T= —,
' sum rules for A, =, and Z de-

cay [Eqs. (5)-(7)] and the r),S=0 relations" [Eqs.
(8)-(10) and (13)]. The mixed sum rules relating
the ~S=O and ~S= 1 amplitudes, "however, no
longer hold. Instead we have

A(n') --'v6 tan8[A(- ) —2A(A')]

= -k~(—'~30M(8, ) + —,
' &6)8(8,)),

(18)

A((r )+ 3 tang[A(AO)+A(" )]= ' ~3k„M(, ). (19)

As seen from Eq. (18), the knowledge of A(A )
and A(= ) is not sufficient to determine the parity-
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violating n -pn amplitude. The reason for this is
quite general and can be traced back to the SU(3)
structure of the Hamiltonian (2). It turns out that
the octet components of the ~S=O, LT = 1 and of
the aS= 1, AT =-', parts of H„„are members of dif-
ferent octets:

H(zoo) = -(G/v2)(H(zoo) +
o &3T(zoo)) ~

(20)
H(„, „„)—-(G/W2)(-W2) cotgRI»2 „») ~

where

H(aj sin2 g(
1 ~15 T(ss) 1 ~3 T(aa)) (21)

The ~S= 0 and the AS = 1 amplitudes are therefore,
in general, independent.

With the help of the sum rules (10) and (11), the
right-hand side of Eq. (18) can be written as fol-
lows:

-k„(—' v 30 M(o,) + —,
'

&6M', )) = —'[v 6 A(0:) + v 2 A(c )] —-' W6 tang[A( ) —2A(Ao )] . (22)

Thus, the evaluation of this expression requires, in addition to A(A ) and A(= ), the values of the parity
violating Z -An and Z -5'n, or of any other two independent ~S=O amplitudes. " In principle, these
could be deduced, for example, from detailed studies of hypernuclear transitions. Such investigations are,
of course, inconceivable at the present time.

Expressing A(Ao ) and A(= ) in Eq. (18) in terms of the reduced matrix elements, we obtain

A(n )= -'v6 tang[A(- ) —2A(A )][1+y(1+cot 8)],

where

y = (30M(o,) + 10M 5 M(o,) )/(9~5 M(o ) + I5M(o,) —15M(o,)
—5&5 M(o )) .

(23)

(24)

Barring accidental cancellations, y can be of order
unity. " For ~y~

~ 1 we have

)A(n')( cot'8)-,' V6 tang[A(=:) —2A(A )](

=20~ —,
' v6 tang[A(-:) -2A(A')]~. (25)

To summarize, if irregular currents participate
in the nonleptonic weak interactions, " the weak one-
pion-exchange potential is no longer determined by
the AS= 1 hyperon decay amplitudes alone, "and
may be considerably stronger than in the conven-
tional theory. As a consequence, a limit on the
magnitude of the induced pseudotensor form factor"

cannot be obtained without information on the pari-
ty-violating n —pm amplitude. A large value of
A(n') may indeed be needed to remove the existing
discrepancy between theory and experiment in the
case of the parity-nonconserving electromagnetic
transitions.
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