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Decay of the Cascade Particles™
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A phenomenological investigation of the decay of the cascade particles is presented. Several possible
correlation measurements, which exploit the large asymmetry in A% decay as an analyzer of E, are suggested.
One of these experiments does not require polarized =’s. The relation to the theory of universal weak inter-

actions is briefly discussed.

INTRODUCTION

HE chirality-invariant V—4 theory! of four-
fermion couplings provides a satisfactory frame-
work to correlate the data on various weak interactions.
It has been shown that the large pseudoscalar parameter
observed in A° decay? can be understood on the basis of
this theory which lends additional support to the
postulate of a universal V—A4 coupling, even when the
pion-nucleon interactions in the final state are con-
sidered.? It would be interesting to see if this postulate
is consistent with other strangeness-nonconserving
processes ; and perhaps the most fruitful further experi-
mental study of hyperon decay is that of the cascade
particle.
It appears that in the near future cascade particles
will be made, for example, via the reactions

E+K*
K—~+p—
E'+KO.
It is to be expected that the cascade particles so pro-
duced will be partially polarized in the plane of produc-

tion, making possible the observation of an up-down
asymmetry in the subsequent decay

—t —
=0 —5 A0 7—0,

Because of the large known asymmetry in the A°
decay,? the spin direction of the A° should be relatively
easy to measure. This makes possible a complete
measurement of decay parameters of the cascade
particles.

A comparison of the results for the Z~ with those for
the =° and those for the A° should provide useful
information on the universality of the weak interactions.
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PHENOMENOLOGICAL ANALYSIS OF = DECAY

The general considerations* which have been used to
discuss the decay of the A’ may be applied in a straight-
forward fashion to the analysis of the & decay. If the
A? has spin 3, the final state in the decay of the & will be
a coherent linear combination of at most two states of
opposite parity (differing in the orbital angular momen-
tum by one unit). The entire decay process can then be
described in terms of 3 real parameters: the amplitude
of each component state and their relative phase.

If we assume that the Z also has spin %, the decay A°
can only be in a Sy or P; state in the coordinate system
in which the % was at rest. Let 4 and B be the amplitude
of the Sy and Pj state, respectively. One of the three
parameters which characterize the decay may be taken
to be |4|*+|B|? which is proportional to the decay
probability ; the other two may be given in terms of

a=2Re[4*B/(|4|*+|B|?],
B=2Tm[A*B/(|A|*+|B|»],
v= (4= B3/ (|4]|*+|B|?,

which satisfy
o4 =1.

The parameters e, 8, and v are directly connected to the
longitudinal and transverse polarization of the A%s
produced in the decay of the E’s.

Consider the decay of 5’s completely polarized in the
direction 7. Let p4 be the direction of motion of the A°
in the rest system of the &, and let y be the direction
of AXp4. The angular distribution of the decay A%s is
given by 1+« cosf, where cosf=p4-7. The direction of
polarization of the decay A%s is :

[ (a4 cosh)p s+8 sind J+ sinf(paX ) 1/ (1+a cosb),

in the rest system of the A°.

Suppose we choose a sample of E’s with a spin
density matrix of the form §(1+P,e-7). It is possible
to select for measurement several correlations all of the
form 1-a cosf, where the values of ¢ for each of the
experiments is given in Table I. Here , is the direction

4 Lee, Steinberger, Feinberg, Kabir, and Yang, Phys. Rev. 106,

1367 (1957); T. D. Lee and C. N. Yang, Phys. Rev. 108, 1645
(1957).
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of motion of the proton from the A® decay in the A° rest
system, and a, is the asymmetry parameter in the A°
decay.®

In case the spin J of the = is greater than 3, but the
spin of the A®is %, all but the correlation between 7 and
pa are still of the form 1-+a cosf. The quantities o, 3, and
v are defined as before in terms of 4 and B, which now
represent the amplitudes of the angular momentum
states J—3 and J43% of the final A%pion system. In the
last two expressions, 7P, is to be replaced by

(1 (J—m)!

J
—E T (TEm—1)!

m=—J

1 1
X f 0z Pr_ym3(x) Pryy™i(x).}
-1

where 7,, is the statistical weight factor of the initial
E belonging to the magnetic quantum number m, so that

J
> I.=1, I,>0.
M=—J

Lee and Yang have given a beautiful analysis® of the
decay of a hyperon of arbitrary spin into a nucleon and
a pion. Their considerations apply equally well to the
decay of a 5 into a A® and a pion, provided the spin of
the A°is 3. Thus, the possible complexity of the correla-
tion between 7 and p, is determined by the spin of the .
The longitudinal polarization of the decay AYs from
unpolarized Z’s is a. Of course, the average longitudinal
polarization of all the A”s from a sample of polarized
E’s will also be a. If a is known, as will be very likely for
the &’s, the inequalities of Lee and Yang can be im-
proved somewhat. For example, their Theorem 1
becomes

—lal/(2T+2) <@ pa)= |a|/(2742).
DISCUSSION

The measurement of the correlation between the
direction of motion $, of the A? and the direction of

5 The asymmetry factors « and ap given here are referred to the
A% and the proton, respectively, but not to the pions.
} Note added in proof.—Py is defined by

Prr(x) = (—1)m- 21 (1)1 (1 — a2)mi2(dim /dghtm) (2 — 1)1,
§T.D. Lee and C. N. Yang, Phys. Rev. 109, 1755 (1958).
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TaBLE I.
cosf a
- Pa P
Pa:bo any
X'PPA N (7/4)1)360%
PAXY Py (w/4) P yyan

motion $, of the proton, each measured in the rest
system of its parent particle, determines aay, the
product of the asymmetry parameters of the E-decay
and the A%decay. Since this correlation is independent
of the initial polarization of the &’s, all observed = decay
sequences can be used to obtain data. A nonzero value
for aay of course implies that parity is not conserved in
the E-decay, as well as in the A%decay. A large value
would indicate that roughly equal amounts of vector
and axial vector contributions are contained in the
decay matrix element of the , if the spin of the & is 3.
In the latter case, the sign of aas would determine
whether the cascade particle enters into the universal
weak interaction in the same fashion as the other
baryons. A positive sign is to be expected according to
the choice previously made.l*7

The parameter 8 will be small if the decay process is
invariant under time reversal and if final state inter-
actions are negligible.

The possibility of observing 2° as well as E— invites a
comparison of their decay parameters. The AI=3%
selection rule makes definite predictions; namely the
decay rate of the 5~ is twice that of the E° while the
other parameters are the same for both. In general
AI=% and AI=3$ parts would both be expected to
contribute”?® and to lead to results which differ from the
predictions of the AT=% selection rule.
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