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Isospin Structure of the Nonleptonic Weak Hamiltonian
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The isospin structure of the nonleptonic weak Hamiltonian is investigated under the assumption that the
interaction can be constructed from the products of charged and neutral V' —A4 octet currents. It is shown
that quite generally, in addition to the well-known AS=41, A7=} selection rule, a pure AS=0, AT=0
selection rule can be obtained. However, if charged currents, e.g., the Cabibbo current, occur in the inter-
action, then neither a pure AS=0, A7=1 nor a pure AS=0, Al =2 selection rule is possible. The implications
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for parity-violating effects in strangeness-conserving nuclear processes are discussed.

HE nonleptonic weak interactions are usually as-

sumed to be described, atleast phenomenologically,
by an interaction Hamiltonian constructed from the
products of octet ¥V —A4 hadron currents. An attractive
example is the form due to Cabibbo! in which only
charged V' — A4 hadron currents enter. The Cabibbo form
consists of a strangeness-conserving piece having the
selection rules AS=0, AI=0, 1, 2, and a strangeness-
changing piece having the selection rules AS=41,
AI=3, 3.

Here we investigate the isospin structure in the more
general case, including neutral currents.?2 We emphasize
the relations between the selection rules and their
experimental implications. In particular, it is shown
that in strangeness-conserving processes the pure selec-
tion rule AS=0, AT=1 or AS=0, AT=2 cannot obtain
unless the charged currents are absent. However, even
if charged currents do enter, e.g., the Cabibbo current,
a AS=0, AT=0 rule is still possible. The experimental
implications are discussed, and the parity-violating
effects in the radiative capture by protons of polarized
neutrons are found to be particularly interesting experi-
mental tests.

We write the Hamiltonian in the form

G
- Zﬂ G@B Jy @ J,® (1)

where G is the Fermi constant, J=V—A4, and the
summation extends over the SU(3) indices o, B=1412,
3, 4415, 6417, and 8. To insure CPT invariance and
Hermiticity, the coupling coefficients must satisfy

G @B = (6 =G (@B )
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and obviously many must vanish by charge conserva-
tion. If time-reversal invariance is assumed, the G
also can be chosen real.

In general, this interaction can contain pieces with
the following selection rules:

AS=0, AI=0,1,2;
AS==1, AI=} 3,
AS==+2, AI=1.

The AS=-42 processes, which seem to be absent
experimentally, can be eliminated by requiring

G (6£47,6+47) — (), (3)

As is well known, the AS=41, AI=$% processes, which
are considerably suppressed experimentally relative to
the AS==1, AI=% processes, can be eliminated by
requiring
G B6ET) = — G2, 4ki5) 4
This condition, Eq. (4), for the AS==+1, AT=1% rule to
be an exact property of the nonleptonic interaction can
be satisfied in a nontrivial manner only if dotk charged
and neutral currents are present in the interaction.
In the case of the AS=0 processes, the AI=0, 1, and
2 pieces can be eliminated by the following conditions:

No AS=0, AI=2:
G@33) =G (ka2 1=i2) (5)
No AS=0, AI=1:

G =0, (62)

G(G:!:i7,6$i7) =G(4:}:i5,4q=i5); (6b)
No AS=0, AT=0:

G =0, (7a)

GO = —4G iz 172 (7b)

G(G:ﬁ:i7,6$i7) = _G(4:i;i5,4=|=i5) . (7C)
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3 ISOSPIN STRUCTURE OF THE NONLEPTONIC: - .

From Egs. (5)-(7), the following conclusions regarding
the AS=0 nonleptonic interaction can be drawn:

(1) If GU£21=2)£(0, then the pure selection rule
AS=0, AI=1 is not possible.

(2) If GU£5.4=5)3£(, then the pure selection rule
AS=0, AI=2 is not possible.

(3) If both GU+i2.172)5<() and GUEH479)3£(0, as in
the Cabibbo form of the interaction, then neither pure
AS=0, AI=1 nor pure AS=0, AI=2 is possible;
however, a pure AS=0, AT=0 rule, which essentially
corresponds to the schizon model of Lee and Yang,? is
possible.

Assuming the correctness of the Cabibbo form for the
charged current part of the interaction and imposing
the selection rules AS==41, AT=31[Eq. (4) Jand AS=0,
AI=0 [Egs. (5) and (6)], one can write uniquely the
simplest form of the nonleptonic weak Hamiltonian as

H=(G/N2)X3[{T D, (O} (T @O, JON],  (8)
where

J P =cos (V—A4)H+D4sing (V—4) @5 (9)
and
J @ =cos (V—A4)® —sind (V—A4)E+D_ (10)
Additional neutral currents J® and J®+% can be
coupled with arbitrary coefficients G®% and G @6+ if
one admits a more complicated form than (8).

The present information bearing on the isospin struc-
ture of the strangeness-conserving part of Hnp is
obtained from parity-violation experiments in nuclear
physics. The circular polarization of vy rays from un-
oriented nuclei suggests a parity violation which may
involve both AI=0 and 1 weak transitions. Calculations
indicate that the results are consistent with the AT=1
part suppressed by at least sin?, as in the Cabibbo
scheme with charged currents alone. A pure AI=0
transition enters in the a decay of ¥0* — 2C+-a, where
a parity violation must occur for the process to proceed

3T. D. Lee and C. N. Yang, Phys. Rev. 119, 1410 (1960).

4 For excellent reviews, see R. J. Blin-Stoyle, in Proceedings of
the CERN Topical Conference on Weak Interactions, 1969 (un-
published) ; B. H. J. McKellar and D. Hamilton, in High Energy
Physics and Nuclear Sitructure, edited by S. Devons (Plenum,
I(\{%vgg?lork, 1970); E. M. Henley, Ann. Rev. Nucl. Sci. 19, 367
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from the 2~ level of O to the O* ground state of !2C.
A preliminary result of (1.840.8)X1071 eV has been
obtained by Hittig ef al. for the width of this 2~ level.®

More precise information should ultimately be ob-
tained by a study of polarized neutron capture on
protons in the reaction #n-+p— d-++y. Danilov® and
Tadi¢” have shown that here the circular polarization of
the capture photons depends only on the A7=0 and 2
components of H, while the asymmetry of the photons
with respect to the direction of polarization of the
captured neutrons depends only on the A/=1 com-
ponent of H. Our results show that a circular polariza-
tion of the capture photons must be observed while the
asymmetry may in fact vanish, as would be the case if
the pure AS=0, AI=0 rule obtains. A preliminary
result reported by Lobashov® and co-workers for the
circular polarization is —(1.840.9) X107,

Finally, Henley® has pointed out that the circular
polarization in the y decays of *F and 1°B is particularly
sensitive to the AS=0, AI=1 part of the weak inter-
action. Hence the effect should be suppressed if the
AS=0, AI =0 rule is the correct one.

To summarize, present data indicate the presence of
at least a AI=0 part in the strangeness-conserving
weak interaction thus precluding both pure AS=0,
AI'=1 and pure AS=0, AI=2 selection rules in agree-
ment with our analysis. It is therefore tempting to
postulate a pure AS=0, AI =0 selection rule, in addition
to the AS===1, AI=1% rule for the nonleptonic weak
interaction. While all data are consistent with this
hypothesis, we stress the importance of experimental
tests, particularly searches for AS=0, AI=1 parity-
violating effects as discussed above.
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