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SU(4) symmetry structure of the nonleptonic weak interaction
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Starting with the most general SU(4) weak Hamiltonian and assuming the nonexoticity of intermediate
states and s-u channel symmetry, we obtain that the parity-violating (parity-conserving) Hamiltonian belongs
to L5„e 45 e 45*(15s e 20" g S4).

Vfith the advent of cha, rm and the other new
flavors as indicated by recent experiments, the
structure of basic weak currents has been ex™,
tended. The situation is further complicated by
the lack of a simple understanding of the nonlep-
tonic decays, ' especially of the AI= ~ enhance-
ment, making its generalization unclear. In the
theory of strong interactions (quantum chromo-
dynamics) an enhancement at short distances does
occur, '*' but numerical estimates are typically
too small to account for the observation. At-
tempts have also been made to introduce a right-
handed piece' in the weak current which indeed
seems to help in explaining weak processes,
though there is not yet any experimental evidence
for its existence. Two types of right-handed cur-
rents, namely (cd)s and (cs)„, have been con-
sidered. " Neither of these explains both the non-
leptonic and the weak radiative decays simul-
taneously, but a linear combination of the two,
i.e., Vy„(1 —y,)(-dsin6+s cosa), seems to im-
prove the situation. ' Restricting to the charm
scheme, the general current&& current weak inter-
action belongs to the SU(4) representations present
in the direct product

15@'15= 1 15 20" ~45 @45~@84

Owing to the presence of a right-handed current,
the weak Hamiltonian would contain an IIi piece
arising from the left x right current-current in-
teraction in addition to the conventional Glashow-
Iliopoulos-Maiani (GIM) piece IIii originating
from pure left-handed currents. Hi~ belongs to
the symmetric representations 20"+84 for the
parity-violating (PV) as well as the parity-con-
serving (PC) mode, while the Its part transforms'
like

15„45„45„* for the PV mode

and

5s ~ s 84s or C ode

In general, therefore, all the representations pre-
sent in the product (1) can contribute to the weak
interactions. The most general Hamiltonian thus

does not have any predictive power unless some
additional assumptions are made.

In this paper, we explore the SU(4)-symmetry
structure of the nonleptonic weak Hamiltonian by
studying the hadronic weak decays in a dynamical
consideration. ~''0 We start with the most general
interaction and expand the decay amplitudes in
terms of the reduced amplitudes corresponding to
the intermediate states in all the s, t, and u chan-
nels. For instance, the hyperon decay process
8-B +P we write a.s

S+B B +P.
The spurion S has the same structure as the
Hamiltonian and is such that the strong quantum
numbers in this reaction are conserved. The
transition amplitudes are then expressed in terms
of the following SU(4) eigenamplitudes (reduced
matrix elements):

(B'IIPIIm)(mllSIIB), for s channel,

(Pl I Sl 1 m) &m I IB
'

I IB), for f channel,

&B'IISllm)&mIII'IIB) for u channel .
We obtain constraints on these reduced matrix
elements by assuming

(i) CP invariance,
(ii) that the eigenamplitudes corresponding to

the physically observed (nonexotic) intermediate
states contribute dominantly to the transitions,
and

(iii) symmetry" of the weak Hamiltonian in s and
u channels.

We have earlier shown9 in SU(3) that with the
general (V-A) x(V- A) weak Hamiltonian (8
27), these assumptions give the following re-
sults:

For the PV mode, we get (i) bI= —,
' rule, (ii)

Lee-Sugawara sum rule, (iii) Z, =0, and (iv) the
s and u channels do not contribute, and so the PV

cays arise through the t channel. ii ~2

For the PC mode, our analysis led in the s and
u channels to (i) nI= ~ rule, (ii) Lee-Sugawara(LS)
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sum rule, and (iii) a new sum rule

v2 Z; —Zo ——v3 A

(14.91y 0.82) = (17.41 + 0.44)

which is well satisfied experimentally. Discre-
pancies in these relations can be explained by the
t-channel contributions. The experimental validity
of these relations indicates, however, that the t-
channel contributions'3 are small and the PC de-
cays arise predominantly through s and u chan-
nels. "

In order to obtain constraints on the SU(4) sym-
metry structure of the weak Hamiltonian, we now
extend our considerations to SU(4). We start with
the most general weak interaction, and expand the
transition amplitudes in terms of the SU(4)-re-
duced matrix elements corresponding to the var-
ious possible intermediate states in the s, t, and
u channels. %e notice that with the assumption of
the nonexoticity of the intermediate states and the
s-u channel symmetry of the weak interaction, the
contribution from. the GIM weak Hamiltonian (20"
@84) to the PV decays of the baryons, as well as
of the mesons, vanishes in all the s, t, and u chan-
nels. So the PV decays occur only through H~~,
i.e., the (V-A) x(V+A) part of the weak interac-
tion. For the PC decays where the representa-
tions 15, 20", and 84 can appear in general, our
analysis puts important constraints on the re-
duced matrix elements corresponding to these
representations.

B(—,")-B(~')+P(0). For the PV decays, the
s-u channel symmetry together with the CP in-
variance makes the contribution of the GIM weak
Hamiltonian (20"84) zero for the s and u chan-
nels, whereas the nonexoticity of the intermediate
states forbids the GIM Hamiltonian to contribute
in the t channel. Therefore the PV weak decays,
in our analysis, occur through the (V-A) X(V+A)
part of the Hamiltonian, which leads to 15 domin-
ance for the ordinary (uncharmed) decays. The
Cabibbo-enhanced &C = 4S decays of charmed
baryons get contributions from the 45 45~ piece
of the weak Hamiltonian. For PC decays, our con-
siderations forbid the 84 Hamiltonian to contri-
bute in the s and uchannels. So we expect PC de-
cays to arise predominantly through the 15 and
20" representations. This, of course, amounts to
the octet dominance at the SU(3) sublevel for the
ordinary decays. For the Cabibbo-enhanced (b,C
= nS) mode only 20" contributes.

Decays of ~" isobars. In SU(4) analysis 20"
makes no contribution to the PV D(~") —D(~~) + P(0 )
decays, and 84 vanishes, according to our assump-.
tions, in all the channels. These decays also then
arise from the H part. This leads to the 4I

B(D'-K +m') =1.6+0.6,
B(D -K +w') =2.2+0.6,
B(DO -K'+ v') &6.

(4)

Branching ratios for D -K + z' and D' K + g'
are nearly equal, as expected from (3) in contrast
to the GIM scheme, where one gets

(K n'
i
D ) = v 2 (Kv

i
D )

(K v'iD') =O.

Further, D -K + z and E' —z'+ n have not yet
been seen, and thus are in accord with our expec-
tation.

The parity-conserving decays P-3P may ac-
quire contributions from the 15, 20", and 84 parts
of the weak Hamiltonian.

Finally, we conclude that for all of the proces-
ses considered, the PV decays seem to occur
through the ~15 45 @45*components of the weak
Hamiltonian Hz" arising from the (V-A) x(V+A)
part of the interaction, and the PC decays get con-
tributions. from the 15~ 20" 84 parts of the
weak Hamiltonian coming from the (V —A) && (V-A)

= —,
' rule for 0 -:"*wdecays in the PV mode. In

our study, the 4I= ~ piece is allowed to contribute
to 0 -:-p decays and to the PC mode of 0 -=*g.
For the 0 -AK mode we get a null asymmetry
parameter. ' Both of these features are found to
be supported in a recent CERN experiment'4 which
indicates a more than 20% violation of the bI= —,

'
rule and the value 0.06+0.14 for the asymmetry
parameter n (0 -AK ) .

Pseudoscalgr-meson decks. It is well known"
that the 20" Hamiltonian does not contribute to the
PV, P 2P decays. In our considerations the
same reduced matrix element (PIIPllm)(mllSIIP)
appears in s, t, and u channels. Nonexoticity of
the intermediate states leads to the vanishing of
the 84 part. Therefore, here again, the decays
occur through the H~~~ part of the Hamiltonian, the
15 representation of which allows K-2z decays.
Cabibbo enhanced 4C = bS decays arise through
the 45 45* piece. Assuming the nonexoticity of
the intermediate states, we can express all the
decay amplitudes in terms of a single parameter.
The following relations are then obtained:

g s'iD'&=(v'v iF.&=0,

(K v'iD)='(K v' D')= (K'K iF'-)

=-&6/4(w'r)
i
F') = vs/2(m -rI'

I
F'& .

Although the present data on these decays are
rather limited, they do seem to favor these re-
sults. Experimentally, ' the branching ratios are
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and/or (V —A) x(V+A) interaction. We may note
here that the representation (15,15) of the chiral
SU(4) &&SU(4) has precisely this splitting for the
odd-parity and even-parity terms. This may indi-
cate the (15,15) nature of the weak Hamiltonian Hi
in chiral SU(4) xSU(4), along with a possible term
belonging to (4,4*) + (4*,4). The ordinary PV and

PC decays seem to arise from the H" and II"
parts of the weak Hamiltonian, respectively. This
picture is consistent with the observation made in
the current-algebra technique, where different

d/f ratios are required" to fit the experimental
data for PV and PC decays. Owing to the different
transformation properties of PC and PV decays,
the two modes get decoupled. " For this reason,
the above structure of the weak interaction ap-
pears to be free from the criticism of Qolowich
and Holstein.
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