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The question of the AT involved in strange-particle decays is discussed in terms of universal Fermi
interactions. The fundamental interactions considered contain AT >} as suggested by both experimental and
purely theoretical considerations. It is found that by assuming global symmetry in both the pion coupling
and the weak coupling one may restrict the AT to § in a class of processes involved in hyperon decay. These
are the processes in which the real pion is given off externally. A symmetry may also be incorporated which
forbids the decay =~ — N+w. A breakdown of this symmetry is necessary to allow =~ decay. Reasons are
developed for this breakdown to be manifested primarily in the P-wave part of Z and A decay. A consequence
is that =~ decay should allow no parity nonconservation. The assumption of global symmetry enables one to
connect T decay to A decay. Fitting the decay rates in the suggested model yields a prediction of the A decay
rate and asymmetry in agreement with experiment. Various ways of obtaining a selection rule prohibiting the
6" mode of K decay are discussed. These depend on symmetries which may be incorporated into an inter-

action containing AT=14, %, and $.

I. INTRODUCTION

T has been suggested that the interaction responsible
for all weak processes is constructed from a vector
and pseudovector “current,” J,, in the manner!—3

L=, T, 1)

where J, creates one unit of electric charge, annihilated
by J,t. This current is to include contributions from
nucleon-nucleon, lepton-lepton, hyperon-hyperon, and
hyperon-nucleon pairs of Fermi fields. The last is to
account for the decays of K mesons and hyperons. It
will be assumed here that there are no boson current
terms except possibly the pion contribution to the
vector current suggested by Feynman and Gell-Mann.!
There exists much freedom in the introduction of the
hyperons into J,. In what follows, an attempt will be
made to see how the exact form of the hyperon terms
may be connected to hyperon and K-meson decay data.

Assumption of such a form for the weak coupling
already limits somewhat the isotopic transformation
properties of the weak coupling, so much discussed
recently.* For example, the property AT =1 may not be
achieved in an interaction of the form (1) in which the
current J, has no charge-conserving component, that is,
in which there is always charge transferred between the
two factors J. If higher AT are truly present in the
fundamental interaction, then it is of interest to see
whether there is a mechanism available to restrict the
AT observed in hyperon decay to % (though it is not
necessary for this to be so, even for A decay).

This may be accomplished, with a suitable weak
coupling, under the following assumptions:
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(1) The strong pion coupling has global symmetry.2-8
The heavy fermion mass splitting will be assumed to
result from the K-meson interaction.

(2) Certain K corrections to the decay process may
be ignored.

(3) The final, real pion is emitted externally to a
more fundamental decay process, (A,2) — nucleon.

The last assumption seems reasonable for the P-wave
part of the transition amplitude, where the external pion
emissions produce a 1/« dependence on the pion energy.
Here the situation is analogous to low-energy brems-
strahlung. For the S wave it is an assumption motivated
merely by the desire to achieve in a simple way the rule
AT =1, suggested by the branching ratio in A decay.

A symmetry principle will be found to exist which
forbids direct decay of the 5 into a nucleon plus a pion.
Further consequences of this symmetry will be examined
in the light of the above model and the experimental
data.

The other half of the AT question relates to finding a
selection rule to explain the long lifetime of the 6+ mode.
It is found that some of the symmetries mentioned
above may be utilized to forbid 6+ weakly while allowing
AT=1%, % % in the weak interaction. Thus no restriction
is placed on the branching ratio. This selection rule will
be broken down by the K coupling.

II. THE STRONG INTERACTIONS

Following the notation of Schwinger,? the N and &
fields will be combined into one four-component isotopic
spinor 3 which annihilates one unit of heavy particle
charge and has the components (in terms of the
particles annihilated)
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The A and 2 fields are combined into
¥1,0= WZ¥22 Y% ¥n),

with the usual isotopic vector components for Z. The
following two sets of matrices are defined:

00 0 —i 0 0 72 O
00 —2 O 10 0 0 —z
=004 0 0 T i—i 00 0)
i 0 0 O 0 2 0 O
0 — 0 0
i 0 0 0
ez {0 0 0 —i|’
0 0 2 O
. . 3)
0O 0 0 0 0 2 0
0 0 —2 0 10 0 0 ¢
5=lo i 0o o] (=i 0o o0 of
-2 0 0 O 0 —7 00
0 — 0 O
_{# 0 0 O
=10 0 o i
0 0 —: 0
Their rules of multiplication are
7i7;=08ijF1€i1Tk,
$i=0sties il “)

[rati]=0.
The operators giving the heavy fermion contribution to
the electric charge and the isotopic spin are
0=, ey (r5+55) /2 W, o+ Pyvol (rs+83) /2 W,
T =P, ovo[ (ri+$)/2 W otPyvo(ri/ s
The infinitesimal isotopic rotation is given by
¥ — (14300 )¢,
Y10 [14380- (v+0) W0
The universal pion coupling in this notation is
L= g, ovsTd, o+ ¥ivsTaly) ox, (6)

which has many symmetries beyond charge independ-
ence.? An important one for-our purpose is the symmetry

®)

Y103 (1+8w8 )Y, 0,3 )
implying conservation of the quantity Zs,
Zy=y1,0v0(Ss/ ¢, 0 Pyvo(§s/ 2¢;. ®)

Z3;=-1 in a one-nucleon state and —3% for a cascade
particle. Zz=-% for =+ and for the ‘“‘nucleon-like”
combination of =° and A° Z;=—3% for 2~ and the
cascade-like combination of Z° and A°.

III. THE WEAK INTERACTION

The universal pion coupling supplies a natural defini-
tion of universality in the weak interaction, that is, £,
is to be made symmetrical between ¥; and ¥4, 0 as is £,.
The current, J,, which increases the charge by one unit
is made up of pairs of Fermi fields connected by a
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charge-raising matrix. A complete set of charge-raising
matrices in our notation are

= (r1ti19)/2, $4=(1+it9)/2,

T4T3, $473, ©
74+{3, $+8s,
74753, $47al’s.

In that part of the current linking ¥; with ¢, the ¢,
terms are not admissible since they mix nucleon and
cascade particles, giving decays such as 5 — N-+e+».
This may be seen by noting that the unitary trans-
formation U= U =1i{w reflects the quantity Zs; which
distinguishes N and %. It will be assumed that the
matrix 7, will be used also in the terms ¥4, ¢v,- - *¥1, 0,
Y1,0Yu" * ¥, and Yy, - -y, 0. The quantity Z; will then
be conserved in the weak interaction and % — N+
therefore forbidden.

The simplest interaction of this kind utilizes only the
matrix 7, for J, and 7_ for J,t. We write (1) as

Lo=M, 0 i=1,2 (10)

where

Jui= li/x, oYu (1+1:'Ys) 7'11&1, o+ 1;%7;: (1+i'Ys) ‘rillll, 0
F, ovu(vs) 7+ Py (1 4-dve) T s

In this case £, contains AT=1%, 2 and §. This has been
verified by direct decomposition of £,, into terms which
transform irreducibly under the isotopic rotation.

IV. HYPERON DECAY

If the final pion is indeed given off externally, A or =
decay corresponds to the transition (A,Z) — N followed
by or preceded by a pion emission. An effective weak
interaction for the first part, including all pion effects,
may be written

Lerr=P3[ f(v£)+v58(v0) Won.o0- (11)

Here f(vp) and g(vp) are charge-conserving matrices in
the four-dimensional isotopic space. The first term is
responsible for decay into a P state; the second for the
S wave. We are here not attempting to predict the
relative strength of the .S and P amplitudes. We observe
only that the assumption of global symmetry in £, and
the fundamental weak coupling (10) dictates the use of
the unit matrix in the four-dimensional isotopic space
for the functions f and g. To prove this, note that none
of the matrices {; enters the theory either through the
pion coupling or the weak coupling. In view of this and
the multiplication laws (4), insuring that no {’s may be
created, the charge-conserving matrices (commuting
with 73-{3) which may enter (11) are restricted to unity
and 73. Both the weak coupling and £, have the sym-

metry
'/’% - i71¢%7 I)01. [ d iTl‘Pl, 0, Px> (1'— 2t12) Pr-

Under this operation ¥;---78f1,0 changes sign and
therefore cannot be contained in Less.
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That §¥3- - -1y, is a AT=4% form may be seen from
the form of the infinitesimal isotopic rotation,

¥1,0— [1+3i00: (x40 R0,
1 — Y[ 1—3ide- ),
Lott — ¥y - - (14300 O, o,

and the fact that the {’s generate a T'=1% representation
of this group.

The matrix element for A, £ — N+ is now written
in the form &M 1,0, where 7 is the isotopic vector
index for the pion. £ and 7 are four-dimensional isotopic
spinors for the initial hyperon and the final nucleon. If
the interaction £ets [Eq. (11)] and the symmetric pion
coupling are all that are present, the matrix M ; must be
proportional to 7;. [With the original weak coupling
(10), M ; could have been a combination of 7;and d:;s7s. ]

Having found no reason for the S-wave amplitude to
be a sensitive function of the hyperon mass differences
or coupling constants, that is, sensitive to a small
breakdown in the symmetries, we shall assume the
S-wave matrix element to be given by the matrix
element of 7; and the simplest energy dependence,

M = constXw ¥ éxtraonm, z). (12)

However, the P-wave decay calculated in perturba-
tion theory turns out to be sensitive both to the mass
splittings and to the splittings of the pion coupling
constant. This sensitivity to the masses results from the
diagrams in Fig. 1 giving contributions proportional to
1/(Mss—My). If the A, 2 mass splitting is neglected
but a mass difference between A, = and the nucleon is
included, one finds a cancellation between the “crossed”
and “uncrossed” diagrams of Fig. 1. This cancellation
depends on the equality of the pion coupling constant to
A, = and to the nucleon.

The observed P wave could originate from higher
order pion effects or from K-meson corrections. How-
ever, there is only one source of nonvanishing terms of
order 1/ (M, s—My). This is the splitting of the pion
coupling constants. If these terms are important then
the symmetry (7), which was incorporated into £, to
prevent = — N+, is no longer valid. 2= decay also
would be forbidden were this symmetry present, Z~
having Z;= —% and the nucleon Z;= 3. In the expres-
sion (12) for the .S wave, then, the matrix elements for
2~ decay vanish. =~ decay is allowed in the above
picture of the P wave. 2~ decay should thus be mostly P
wave and show little asymmetry. There are experimental

v,
N . AZ o N // N
Fic. 1. Feynman dia- 1 =
grams for A and = decay <
using the interactions (11) .
and (16). 3
//
Az JAX + N
% 1
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indications that this is s0.® 5~— N+, on the other
hand, remains forbidden; there must be K corrections
before the interaction (10) is contracted into L. to
allow this process.

Taking the pion coupling-constant splittings to be the
entire source of the P wave, an expression for the
matrix element for A, 2 — N+ results:

M= (M, s—My)2ent ((r-k,,) A7+ Bt )ns, a (13)

This formula is obtained by noting that the general
charge-independent pion coupling to A and 2 is £,4,x
=v1,0v5(ari+b5 Y1, 00-%. For the nucleon alone it is
L, »=vpvs(erYsen’.

The three parameters in (12) and (13) may be
determined by fitting the total transition rates of
2, — Nt+47% 2+ — N7t and T~ — N+~ (experi-
mentally in the ratios 1:1:1).# We find for = decay,

ok
M=C|:Ti+§‘i'_‘], (14)

k|

where k is the pion momentum. The matrix elements for
the three processes are

Zt— Nt4q9, M=C[1+e-k/|k|];
I+ Nodbat, M=C[24]; (15)
3= — N7, M=C[2e k/|k|]

It will be noted that since the S-wave (N+-7) state here
is pure T'=1%, neglecting the S-wave phase shifts has not
affected the fitting of the total decay rates. The set of
(15) is one of two solutions of fitting the ratios in =
decay with AT=1 if the 2~ is to show no asymmetry.*

The expressions (12) and (13) evaluated for the A
mass and decay energy gives, for A decay into Nt+7,

M= (2)"%C[1.2—0.9¢-k/| k| ],

which contains the necessary large parity violation$:’
and gives the decay rate ratio Z*/A=3 in agreement
with experiment.*

This last calculation is not to be taken too seriously.
What might be significant here are the following two
speculations:

(1) Connection of the absence of & — N+ and the
lack of asymmetry in =~ decay, both consequences of Z3
conservation, with the P wave in 2~ decay resulting

“from a breakdown in this symmetry.

(2) Connection of the = branching ratio with the
large parity nonconservation in A decay.

V. THETA DECAY

The interaction £, [Eq. (6)] contains AT =%, 4, and
2. Depending on the value of the 6° branching ratio it
may be necessary that significant quantities of AT=3$
and AT=% be present in the actual decay.® If so, it

8 F. Eisler et al., Phys. Rev. 108, 1353 (1957).
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8 M. Gell-Mann, Nuovo cimento 5, 76 (1957).
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should be pointed out that there exist ways to suppress
the 6% rate relative to the 6° rate other than the AT=1
rule.

One way is to use a K coupling which does not split
the A and 2 masses.2 The amount of ¢+ decay which does
occur then would be attributed to the source of the mass
splitting. However, this K interaction gives rise to
selection rules contrary to fact in certain strong
processes.’ The 6+ selection rule follows from the
symmetry in the nonsplitting X coupling,?

oxt— —ort, 0r'— 0K’
Vi, Yo i, (16)
(2 N

This is a symmetry of £, so all that is required to forbid
¢+ is Z3 conservation in the weak interaction. The &°
mode is allowed.

It is also possible to weakly forbid the 6+ mode in the
presence of an arbitrary K coupling. This may be done
in the lowest order of the K coupling but to all orders in
the pion coupling. The K coupling acts only to anni-
hilate the initial K+ particle. 6 is forbidden in this
sense if that part of the weak interaction involved in
decay has the symmetry

¥ — i, of,
Y1,0— st
Pr > — Pn,

in addition to the symmetry (implied by Z; conserva-
tion)

)

\[/% — 7:(3'4/%,
Y1, 0> ¢, 0.

The pion coupling is invariant under both these opera-
tions. The important point is the behavior of the K
coupling. It will be shown that every term in the
coupling of K* to the baryons, which is the only K
coupling entering in lowest order, changes sign under
one or the other of the operations (17) and (18). Since
the final two-pion state is invariant under either opera-
tion, for each term in the transition amplitude there is a
symmetry for which Kt— —K*. 6+ decay is thus
forbidden. To prove this, consider the enumeration of
the charge-raising matrices (9). The K coupling has
terms of the form ¥;- - - M 1, 00kt oF Y1, 0M 4+ + Y30kt
The ¢4 terms all change sign under (18). The 7, terms all
change sign under (17).

This may be interpreted by looking at some of the
intermediate processes involving nucleons (intermediate
E’s are included in the above). Using Gell-Mann’s
notation for the integral 7" analog of N°(¥°) and E°(Z°),
we have virtually

(18)

K+— Nt YO,

Kt— N ++Z°,

K+— N5+,
? A. Pais, Phys. Rev. 110, 574 (1958).
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The last two states on the right may not proceed into
two pions because they have Zs=1 and for the pions
Z3=0. In the first process we find that the symmetry
(17) exchanges N+ and ¥° with, as has been seen,
negative parity. Note that the mass difference which
may measure the extent to which the last symmetry
breaks down is the nucleon-2 mass difference. There is
no mixing of & processes with nucleon processes in the
transformation (17). That is, & processes are not used to
cancel nucleon processes.

Upon using the interaction (10), it is seen that for a
scalar K coupling, that part of £, contributing to 6
decay is

L,'= x[‘i’l, 07#7'21//§+1/_/‘}7u7'1¢1, 0:”:‘;1, 0YuT &1, 0+ 1;5\')’,‘7#/%]
=N ovavstsHPsvayvst o]
XY ovuysmabn o+ dyvavstabsl, i=1,2.

This is invariant under (17) and (18). For a pseudoscalar
K coupling, invariance under (17) may be achieved by
changing the signs of the ;- --¢; term in (10). The
interaction responsible for 6 decay is then

Lol =N, ovuvsT s+ ¥vuvsTab, o]
X (Y, ovutdbs, o— ¥yvur aby ]
+Ny ovur s dyvar ab, o]
X[, ovavst by o—¥yvavstay ], i=1,2.

It is hoped that that part of the K coupling involved
in splitting the hyperon masses is sufficiently small to
justify treating it in perturbation theory. Corrections
due to a K coupling that leaves all baryon masses
unsplit® may be included here since they maintain the
symmetries (17) and (18).

VI. = DECAY

If the fundamental weak interaction contains much
AT=%, then one is in need of an explanation for the
branching ratio in 7 decay, 7/7'=4, characteristic of the
completely symmetric 7=1 state.'” Perhaps processes
with a one-pion intermediate state dominate this mode,
insuring a 7'=1 final state, and no further explanation
is required. We also note that by introducing parity
nonconservation into £, in a slightly different way,

J”izgb%'y”(l—l—’yk;‘r;;)’rdﬁ%-l-etc., 1= 1, 2
an interaction is obtained which for a scalar K coupling
contains AT=1%, 3, $ in the 6 decay terms and AT=1,
in the = decay terms.
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