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Chiral symmetry, nonleptonic hyperon decay, and the Feinberg-Kabir-Weinberg theorem
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We demonstrate that additional (kaon-pole) diagrams must be appended to the traditional commutator-
plus-baryon-pole approach to nonleptonic hyperon decay. The modified analysis satisfies the constraints of
the Feinberg-Kabir-Weinberg theorem. The new terms are not numerically significant in the case of the
usual current-current Hamiltonian, in the continuum limit, but can be important for work using lattice tech-

niques or for other Hamiltonians.

The problem of understanding nonleptonic hyperon decay
is an old one.! The traditional current-algebra~PCAC (par-
tial conservation of axial-vector current) (chiral) approach
analyzes parity-violating (s-wave) decay in the soft-pion
limit, yielding the familiar commutator term

(meB'|HE'|B) = — <= (B'I[F3.HEIB) 6

while parity-conserving (p-wave) transitions are predicted
using the simple baryon-pole model
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This analysis has well-known defects—fitting s-wave com-
mutators to experiment yields p-wave amplitudes which are
a factor of 2 too small.2 Nevertheless, recent work involv-
ing coupling to T— excitations (which vanish in the g, — 0
limit) appears promising in being able to resolve this long-
standing problem.?

Our purpose in this Brief Report is not, however, to re-
view this well traveled road, but rather to ask whether this
chiral-symmetry-based approach to the problem satisfies the
constraints implied by the Feinberg-Kabir-Weinberg (FKW)
theorem,* which asserts that if we utilize a combination of
scalar and pseudoscalar densities [which transform as (3,3)
® (3,3) under SU(3), ® SU(3)z] as our ‘“‘weak Hamil-
tonian,”’

“H,” ~u¢+ivi+H.ec. , (3)

instead of the usual current-current form [which transforms
as (8,1) ® (27,1)], then all transitions mediated by the
““H,’’ must vanish. This is because the pseudoweak Hamil-
tonian ‘‘H,’’ can be absorbed as a part of a generalized
quark-mass matrix and then rotated away by a simple rede-
finition of the quark fields.

However, if we simply substitute v; and u¢ into Eq. (1)
and (2), respectively, the resulting transition amplitudes do
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not vanish:
(meB'|vs] B) = — < (B|[F},v]1B)=0 (42)
(m9B’'|ug|B) =3, (-n'“B'IB")——-——<B lugl B)
8" mB_mBll
+<,,-¢B"|B>_(£_|_u_5_|£_>_ =0, (4b)
Bl_mBu

which gives one pause, to say the least, about the validity of
the traditional chiral approach. Nevertheless, we shall
demonstrate below how this apparent paradox can be
resolved. The resolution has important implications for oth-
er calculations of hyperon decay.

The main point is that both Egs. (4a) and (4b) are incom-
plete. The problem with the p-wave pole amplitude has
been emphasized previously’—we must also append a kaon-
pole term. The full amplitude then becomes
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However, the u¢ matrix elements can be related to baryon
and meson mass differences, since

mp—my,= — ($)Y2(my— m,) ((Blug|B) — (B'|lug| B’Y),
6)

mgt—mat=— (F)V2(my— m,) ((K|ugl K) — (m|uglm)).

Thus, for example, consider 3+ — p#®. We find

m_y —my=($)V2(m,— m,) (Blu|B)

p
=V2(m;—m,) (plugl=*) .
@)
mg?— ma?=($)V2(my— m,) (Plu|P)

= —2(my—m,) (w® ug| K®) .
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Then, using the standard PBB couplings
(n%lp) ~ 3 (d+f) ,
(mOS* |ty ~f ®)
(Ko|s*) ~5(d—f) ,

we determine

sd+f)—f=—3d-1) 0
V2(my—m,)

(mOluglE*y =u(p)ysu(p)

()]

and similarly for the other amplitudes, in agreement with
the FKW restriction.

The resolution of the problem for the s waves is more
subtle and has not been previously noted. Here the point is
that in addition to the usual commutator term, which in this
case has the form

(w“B’|v7|B)°°‘“m“"“°'=—?L(B'I[F,S,wHB) . (10)

there exists also a contribution coming from the strong ver-
tex B— B'm?K° followed by the annihilation of the kaon by
the weak ‘‘Hamiltonian’’ v;. This ‘‘pole”’ contribution can
be written as

(7r"B'|v7]B)pole=(0|v7|K°)—’#(K°1r"B’|B) . an
K

If we now allow the pion to become soft (as well as the
kaon), the strong vertex can be approximated in terms of
the so-called o term:

0pap’ - 1 NIES augl
(KoneB1B) ~ -~ (BIFa01B) . ()

However, since v’ and B“A,Z are directly proportional to one
another, using the quark equations of motion

i*A] = (mg+ mv" (13)

we may interchange their role in Egs. (11) and (12), yield-
ing

(w?B'|vs| B)Poe
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Hence,
{(miB'|lv4|B) — 0 15)
4g—0
in accord with the FKW theorem.

The new pieces described above will be present for other
forms of the Hamiltonian also. The PCAC analysis will, in
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general, have Egs. (1) and (2) modified to read

(m9B'|HPV|B) = — F—"w'uF;,Hﬁvnm

+ (OIHPYIKY) — (KomeB'lB)  (16)
K

and
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As indicated in Eq. (12), it is important to realize that the
new term for the parity-violating Hamiltonian does not van-
ish in the soft-pion limit, due to the o term. These modifi-
cations should be taken into account in analysis of hyperon
decay.

Does this imply that all past treatments of the usual
current-current Hamiltonian are incorrect? Fortunately we
can show that the new terms are small or vanishing, to lead-
ing order in chiral symmetry, in the case of the usual
AS =1 Hamiltonian. The significant feature is that the usu-
al weak interaction transforms as (8;,1z) and (27.,1%)
under chiral SU(3); xSU(3)z. We give the analysis below
for the (8,1) portion; that for (27,1) is similar. The sim-
plest way to discuss the weak interactions of kaons and
pions is in terms of effective chiral Lagrangians.*’ The
(8,1) representation which arises from the usual current-
current interaction has the effective Lagrangian®

L&Y ~Trr9,3 943" (18)
where
—exol i -
I =exp IF")\ d)] (19)

is the usual nonlinear representation, F,=94 MeV being
the pion-decay constant and A\, being the usual SU(3) ma-
trices normalized via

Expansion of this Lagrangian in terms of the meson fields
¢? gives the relative sizes of the various K — 0, K — =,
K — 27, etc., vertices and summarizes the constraints of a
PCAC analysis. We see that the K-vacuum matrix element
for the usual weak Hamiltonian vanishes. (In the valence-
quark model this follows from the feature that the kaon is a
qq state, while H, is a four-quark operator.) Thus, the s-
wave transition amplitude is given in terms of the commuta-
tor term alone, in agreement with Eq. (1). In the case of
the P-wave decay, we see that the K- weak amplitude is
nonvanishing. However, because of the momentum depen-
dence of the effective Lagrangian, Eq. (18), the kaon-pole
term is suppressed by factors of m,2/mx? with respect to the
usual baryon-pole terms of Eq. (2), and is numerically insig-
nificant.

Although in the standard model these new terms are
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small, there may be situations where they are important.
For example, in the theory of CP violation, one considers
other forms of weak Hamiltonians generated by the CP-
violating part of the theory. For these, one should in gen-
eral include the kaon-pole terms. In addition, our results
may be important when lattice-field-theoretic techniques are
applied to hyperon decay. As discussed in Ref. 7, lattice
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calculations may not completely remove self-energy contri-
butions, and these could in practice require the inclusion of
the K — vacuum term in order to have an analysis con-
sistent with PCAC.
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