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can only be resolved in the relativistic limit,
which yields the true relation between orbital
angular momentum and spin.

To make the relativistic calculation we use
the generalization of SU(6) proposed by Sakita
and Wali' and based upon the group SL(6, c).
We assume that the effective interaction for
nonleptonic decays has minimal transformation
properties under the group, and, after construct-
ing its most general form, we proceed to the
nonrelativistic limit. As expected, the S-wave
amplitudes are exactly the same as those com-
puted in SU(6),"s but the P wave am-plitudes
include several new terms which do not appear
in SU(6). These additional terms enable us
to remove the inconsistency with experiment
which was noted above, ' and to make a firm
prediction that Z+ —n + v+ is pure P wave. '

The meson field is represented by a mixed
tensor'

A ia
B jP

and the baryon field by a totally symmetric
tensor'

(2)=-4.
ABC i nj P, ky'

Roman indices are Dirac indices with values
running from 1 to 4; Greek indices refer to
SU(3) and run from 1 to 3. From these fields,
we can construct two types of interactions with

minimal transformation properties:

(&) (&) . Il (EC') . . (4)2 k i f2 g6k& ~i3

Each of the matrices A, B,F. is either a unit
matrix or y5, and the parity of the interaction
depends upon how many are chosen to be y, .
If the number is even, the interaction conserves
parity, ' and if it is odd, the interaction does
not.

When an interaction is not invariant under
a particular symmetry, it is natural to assume,
in the absence of any other criterion, that its
transformation properties will be as simple
as possible. For nonleptonic hyperon decay,
this approach is empirically justified in the
isospin and unitary-symmetry schemes, but
it does not appear to be valid in SU(6). A re-
cent study has shown that although the hT = ~
rule and octet dominance' are compatible with

experiment, the assignment of the interaction
to a 35-piet is not." Before this result is ac-
cepted at face value, however, it would be well
to examine a serious flaw in the argument.

In its original form, ' SU(6) is to be regarded
as the nonrelativistic limit of a higher symme-
try which combines unitary symmetry and I.o-
rentz covariance in a nontrivial manner. Un-
der these circumstances, we would expect that
the theory could be applied directly to such
nonrelativistic processes as nonleptonic hy-
peron decay. This is indeed the case for par-
ity-nonconserving (S-wave) interactions, be-
cause the leading contributions from covariant
forms ggy and gy&$d&y are both independent
of v/c. The parity-conserving (P wave) inter--
actions Pysgy and gy ~5ita y are, however,
both proportional to s'/c, and so, by going to
the nonrelativistie limit without a detailed knowl-
edge of the relativistic interaction, we may
unwittingly neglect important terms. Clear-
ly, a fully relativistic calculation is needed
to check this point.

Another way of stating this argument is to
note that SU(6) contains no clear-cut prescrip-
tion for dealing with orbital angular momen-
tum. If it is independent of SU(6), a P wave-
pion will transform under the group in exact-
ly the same way as an S-wave pion. If, on the
other hand, there exists a more intimate rela-
tion between orbital angular momentum and
the intrinsic-spin subgroup, it may not be un-
reasonable to suppose that a P-wave pion be-
haves in SU(6) like the vector meson p. Since
SU(6) provides no method for deciding between
these alternatives, the consequences of the
theory for P-, and higher, wave interactions
are bound to be ambiguous. The ambiguity
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In the case of P-wave decays, there are four
possible choices for A, B,E:

Table I. Matrix elements for observable decays.

A —= B=E=1'

A —= 1, B=E=—y5',

8—= 1, E=—A —= y5',

E=—1, A—:B=y.

(5a)

(5b)

(5c)

(5d)

Decay mode

Z+-P +Vt

g +~+ ~ 7t.

Z -n +7|

—2

0
v'2

0
vq -vg

1
3 1
0 0

—1./&3 &3

—2 —4
+%2 5&2
-W2

0
~3 vS

Ampl itude s
S-wave P-wave
Sg S2 Pg Pg' P2 Pp'

They are all equally important in the nonrela-
tivistic limit, and they enable us to express
the contributions from H, and H, as direct prod-
ucts of a kinematical factor and an SU(3) fac-
tor.

Hy engender s two independent obs erv able
terms'.

E=—y5, A=B=—1, (10)

P~, P~', P2, and P2'.
In S-wave decays, there are also four choices

of A, B,E, but only one,

and

where

P, [3(DM),'-2(FM), ~],

P, '(FM),~,

(6)
is significant in the nonrelativistic limit. "
With this choice, H, and H, above [Eqs. (3) and

(4)] yield exactly the same S-wave amplitudes
as do the H, and H, couplings of Rosen and Pak-
vasa. ' They are displayed in Table I.

It follows from Table I that the Lee triangle"

(ST) —= S T
p

Pj and P, ' are arbitrary P-wave amplitudes
which may depend on the masses of parent and
daughter particles. Fp+ and Dp~ denote the
usual R-symmetric and R-antisymmetric oc-
tet couplings of baryons and antibaryons, and

Mp is the pseudoscalar meson octet. From
H, we obtain two more observable terms

P (q[10*],'M-
q [10],'M- q [27],'M

+ f337(DM),'-,'(FM), '},
and

1/3(Z+)p77 )+0(A(p77 ) =2(:" [A77 )

is automatically satisfied by the S-wave ampli-
tudes and by P, and Py If, in addition,

P2+ P2 —0) (12)

it will be satisfied by all amplitudes. To see
why this is so, we note that (ll) is automatical-
ly satisfied whenever the baryon-antibaryon
system forms an octet of 27-piet'; decuplets,
however, lead to (11) only when they occur in
the combination [10],~M + [10*]2~M.

The S-wave amplitudes for Z —n+Tt and
—A+77 are related by (see Table I)

P, (;[LoJ,SM-,'[Lo'],'M-,'[27],'M

+ h(DM), '-,'(FM), '}, (9) v3(Z ~n77 ) =W2(= ~A77 ) (13)

where

[x],'M = [x]

and X—:[10],[10*],[27] denotes the appropriate
SU(3) coupling of baryons and antibaryons. m

The contributions of (6)-(9) to observable de-
cays are given in Table I.

Notice that other interactions can be derived
from H, and H, by replacing 4 with y, 4y, in
Eqs. (3) and (4). This replacement will change
only the kinematical factors, " and its effects
can be absorbed in the arbitrary amplitudes

but their P-wave amplitudes are independent
of one another even when (12) holds. Because
the asymmetry parameter for = decay does
not vanish, "Eq. (13) implies that (Z ~n77 )S
cannot vanish. Therefore, when the observed
relations"

a(Z -n+77 ) =n(Z+-n +)77=0

are combined with the LT = ~ rule, "we expect
-n + v to be pure S wave and Z+ -n+ &+

to be pure P waves'"; hence,

gP~+P~'-P2+P2' = 0, (14)

759



VOLUME 14, INCUMBER 18 PHYSICAL RKVIKW LKTTKRS 3 MAY 1965

S, =0. (15)

Notice that this prediction is unambiguous; by
contrast, other symmetry theories can accom-
modate Z+-n+ w+ either as an S-wave or as
a P-wave decay. "

As shown by Rosen and Pakvasa, ' the rela-
tive signs of z0, o.A, n-. , are incompatible with
minimal transformation properties in SU(6).
This is not the case in SL(6, c). From (12),
(14), and (15), and from Table I, the appropri-
ate matrix elements are

where

&3(A IPw ) = 3S,-4P„
3(Z' t p~o) = 3S, + 2P, (I + 3~),

W3(= lAv ) = 38, P(1- -3X), (16)

~ =P, /P, .
To satisfy the conditions"

(17)

n n &0, cy o. &0,

we merely choose

(18)

This completes the demonstration that the em-
pirical inconsistency associated with the 35-
dimensional representation of SU(6) does not
appea, r in SL(6, c).

It is instructive to compare the P-wave am-
plitudes of Eqs. (6)-(9) with earlier SU(6) cal-
culations. '&' We first note that the P, term
of Eq. (8) can be derived from the H, coupling
of Rosen and Pakvasa' if orbital angular mo-
mentum is assumed to commute with SU(6).
To derive P, ' [Eq. (9)) from H, (RP), '9 however,
it must be assumed that a P-wave pion behaves
in SU(6) exactly like the vector meson p. P,
can be obtained from H, (RP) with either one
of these assumptions, and P, ' is a term which
has exactly the same SU(3) structure as the
S-wave amplitude engendered by H, (RP). [Note
that a corresponding term arises from the H,
of Eqs. (4) and (5); it has been omitted because
it is a linear combination of (6)-(9)]. As pointed
out above, the S-wave amplitudes in SL(6, c)
are the same as those in SU(6).

From this analysis, we may conclude that
the 35-fold representation of SU(6) is incom-
patible with the data on nonleptonic hyperon
decay in the following cases: (a) when orbital
angular momentum is assumed to commute

with SU(6), i.e., P, ' = P, ' = 0 (this is the case
most frequently discussed in references 2 and
3); (b) when a. P wave is assumed to behave
like a p meson in SU(6), i.e., P, ' =P, =0 [the
inconsistency here is qualitatively the same
as in case (a)); and (c) when a P wav-e pion
behaves as an arbitrary linear combination
of cases (a) and (b) [in this case, P, '=0, and
so the conditions of (17) and (18) cannot be met].
We can now use this conclusion to compare
SL(6, c) with U(12) and M(12).'0

Minimal transformation properties in U(12)
and M(12) lead to the interactions of Eqs. (3)
and (4), except that the matrices A, B,E are
restricted to the choice (5a) for P waves. In
the nonrelativistic limit, these P-wave ampli-
tudes are exactly the same as those of case (b)
in the previous paragraph. Since the S-wave
amplitudes are still the same as in SU(6), we
see that U(12) and M(12) are inconsistent with
the data on nonleptonic decay. '

The author is greatly indebted to Dr. B. Sa-
kita for many illuminating conversations on
SL(6, c).
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It has recently been proposed' that one of the
secondaries from K, -~++7t decay, first ob-
served by Christenson et al. ,

' and later by
others, "4 is not a normal pion but a pion with
spin (spion). The existence of such a spion
could explain a long-standing asymmetry'&'
in the ~- p. decay angular distribution for the
lower part of the v+ spectrum in T decay. An
admixture of at least 5% of spions in 7 decay
would be required. Several other consequences
follow from this assumption, as pointed out
in reference 1:

(a) The ratio of the decay rates for electron-
ic and muonic modes should be comparable
for the charged spion.

(b) If the spin of the spion is 1 and neutral
spions exist, the preferred decay mode would
be into an electron-positron pair plus a photon.
Assuming a very short lifetime (S10 "sec),
one expects to observe in a bubble chamber
an anomalous number of Dalitz pairs in K+ de-
cays.

We have checked hypothesis (a) in T and 7'
decay and hypothesis (b) in T', in E 5, and
in all K+ decays involving a ~'. We have not
found any evidence of the above effects, all the
results being compatible with a completely
normal behavior of the pions from K+ decays.

The data were obtained from two exposures
of the 81-cm Saclay CERN bubble chamber to
beams of stopping K+ mesons. The liquid in
the chamber was H, for the first and D, for
the second exposure. To check hypothesis (a)
in T decay, we studied the decays of the stopped
positive secondaries. At least 3%% of these
should decay directly into positrons of 70-MeV
energy to explain the observed magnitude of
the v- p, decay asymmetry. In the scan we
examined all the positive secondaries of 7.+

for apparently direct decays into a positron.
We found 78 events out of 14806 7+'s. The
range of the secondary and the momentum of
the positron were measured for these events.
A la.rge background is expected among these
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