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Spin correlations are determined for A particles produced in =~ + p — A + A reactions

(slow =7).
the parity of A particles.
IN the interaction of a slow =~ hyperon with pro-
tons, the following reactions are possible:
elastic scattering, (1)
(2)

(3

E 4+ p—>E+p,
B4 p—>E0 o,
E 4 p—s> A0 A0,

charge exchange,
absorption.

Other processes (of the type =~ +p — =%+ A?
and others) have a threshold and can be neglected
at low energies. (We proceed on the assumption
that the =~ strangeness is equal to 2). If it turns
out that the lifetime of the =~ hyperon is suffi-
ciently long (see the Report of the Seventh Roch-
ester Conference), and that it is possible to ex-
periment with slow =~ hyperons, then it would be
of particular interest to study the reaction (3), ob-
serving the subsequent decays of the =~ hyperons.
In particular, study of this reaction would make it
possible to establish the parity of the =~ hyperon
relative to the nucleon.

The following analysis is based on the assump-
tion that the decay of the A hyperon proceeds with
nonconservation of parity. If parity is not con-
served in the decay A’ — p + 7, then the ampli-
tude of this decay can be written in the form

4)

Here a and b are, in general, complex numbers
and n is a unit vector in the direction of emission
of the 7 meson.

The angular distribution of 7 mesons in the
decay of polarized A hyperons has the form

a, = a+bon.

1 + »sn, (2)

where 8 is a unit vector in the direction of spin
of the A hyperon and the asymmetry parameter
Kk is equal to

= (a6 +ba)/(lal” +]bF). (6)

Thus, the ™ meson should be emitted mainly paral-
lel (or antiparallel) to the direction of polariza-
tion of the A hyperon.

An experimental study of such correlations would make it possible to establish

On the other hand, the spins of two A hyperons
produced in the reaction (3) are correlated because
of the Pauli principle. In the table are given the

States of the States of the system A + A
system
2 +p E parity + 1 E parity — 1
lso lso ,PO
s, Reaction (3) P,
forbidden

spin and orbital states of two A hyperons for the
case in which the =~ hyperon is captured from an
S -state by the proton. (We assume that the spin
of the =~ hyperon, as well as the spin of the A
hyperon, is equal to 1/2.)

Consequently, for a positive parity of the =~
particle, only the amplitude for the one transition
(1sy — !Sy) has to be taken into account. Calcu-
lating the angular distribution of m mesons aris-
ing in the decay of two A hyperons with the aid of
Eq. (4), we obtain

W (ny, ny) =1 —%*(nny).

(7)

Here nj(i=1, 2) is a unit vector in the direction
of motion of the m meson in the rest system of
that hyperon in the decay of which the m meson
arises.

It is essential that Eq. (7) is valid for both po-
larized and unpolarized = particles, and the re-
sulting distribution does not depend on the direction
of flight of the A particle.

For a negative parity of the = hyperon, one
must consider two amplitudes A and p for the
two possible transitions 3S; — 3P; and !s; — 3P,
respectively, possible in the process (3). In this
case, calculation gives for the angular distribution
of 7 mesons produced in the decay of the A par-
ticle

Wy, n) = 14120 e nyny) 4 522120

2
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Here « = p/A, k is a unit vector in the direc-
tion of flight of the A° hyperons, and ¢ is the
polarization vector of the =~ hyperons, i.e., the
mean value of the spin of the = particles.
Averaging Eq. (8) over direction k gives

1
W (n;, ng) =1+ 3“2 (nyn,)

1—V273(a+a

t 335 Ter )52 1+ ).

(9)

Comparison of experimental data with (7) or (8)
and (9) could facilitate the determination of the
parity of the = hyperon. We note in this connec-
tion that if the =~ is not polarized (¢ = 0), then,
if the parity of the =~ is negative, m mesons
produced in the decay should be emitted mainly in
the same direction. If the parity of the =~ is
positive, then the 7 mesons should be mainly
emitted in opposite directions. Further, if Eq. (9)
is averaged over n,, one obtains

1—V273 '

W)= 1+ 200Dy o)
Averaging Eq. (7) over n leads to an isotropic
distribution for n;:

W (n) = 1. (11)

Equations (7) to (11) for process (3) are valid
for the capture of slow =~ particles out of the-
continuous spectrum, as well as the capture from
bound states of the =~ + p system. It is not clear,
however, what contribution will come from capture
out of bound P-states. If this contribution is suf-
ficiently large, then the angular distributions of
the 7 mesons produced will differ essentially
from those obtained here. Thus, the experimental
data can be analyzed using Egs. (8) to (10) or (7)
and (11) and choosing the cases which correspond
to capture out of the continuous spectrum, i.e.,
for capture out of a beam of slow = particles.

The criterion for this choice, in principle, can be

that the sum of momenta of the four particles pro-
duced (2p + 277), although small, is not equal to
Zero.

If the parity of the =~ is equal to +1, and if
the interaction between = and p is such that

there is a level* in the 3S, state, then, as can be
seen from the table, the =  + p system will be
metastable, since the decay into two A’ hyperons
is forbidden.

Such a system would have a greater probability
of decay by emission of a hard 7Y -quantum

E+p—> A+ A+,

which could be detected either directly, or by the
lack of energy-momentum balance.

If the = + nucleon system has a bound state
and if the splitting of the (=~ + p) and (=%+ n)
levels, which comes basically from the difference
in masses of the = =% hyperons, is small

12)

and =
compared with the splitting of the levels with T =
1, (Zp+=n)V2, and T=0, (Zp -=")/V2,
then the = + nucleon system will be in a state of
well-defined isotopic spin T. Here the 381 -state
with T = 0 will be analogous to the deuteron
(J=1, T=0, P=+1).

It should be noted that if isotopic spin is a good
quantum number for the = + nucleon system, then
all bound states of this system with T =1 will be
metastable, since the reaction (3) is forbidden for
them.

The reaction (12) can be observed if there is no
nuclear bound state of the = + nucleon system, but

mE_—{— mp—léoul<mn + Mg,

In this case the Coulomb level 381 will be meta-
stable because the charge exchange reaction (2)
will be energetically forbidden.

It is of interest to represent also the interaction
of a slow =~ hyperon with the deuteron

E 4+ d— A+ A+ 1. (13)

Study of the angular distribution of hyperons in
this case can give information about the mutual
interaction of two A hyperons. For example,
presence of a level near zero in the system of
two A hyperons would lead to the fact that small
angles between them are preferred. For this, the
still unknown amplitude for interaction between
the A and neutron, knowledge of which is neces-
sary for the interpretation of reaction (13), can be
obtained directly from the reaction of the type

K +d>A4p+r,

considered in Ref. (2).

*These requirements do not contradict the models of strange

particles proposed recently be Gell-Mann}' according to which
the parity of all hyperons is equal to + 1, and their interaction
with # mesons is just as strong as the interaction of 7 mesons
with nucleons.
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Capture of the =~ in He! can lead to a series
of inelastic processes; included in the possible re-
actions is the production of hypernuclei containing
two A hyperons

p + (AAnn),

~ -+ Het—

n+ (AAnp), ...

[x]

The existence of such hypernuclei should lead to
a characteristic cascade decay.

We note that the ratio of cross sections for in-
elastic and elastic interactions on He* will depend
on the relative parity of the = and nucleon (in the
case of negative parity of the =, inelastic scatter-
ing will be suppressed since one of the particles
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produced in the inelastic scattering must be emit-
ted in a P -state, and the energy given up in this
case is small (30 Mev minus the binding energy
of He! plus the binding energy of the fragments
produced)).

The authors are grateful to V. V. Sudakov for
useful discussion.

I M. Gell-Mann, Phys. Rev. 108, 1296 (1957).

21.. B. Okun’ and I. M. Shmushkevich, J. Exptl.
Theoret. Phys. (U.S.S.R.) 30, 979 (1956), Soviet
Phys. JETP 3, 792 (1956).

Translated by G. E. Brown
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Expressions have been obtained for the energy spectrum, the angular distribution, and the
polarization of the electrons emitted in the decay of polarized u mesons. The calculations
have been carried out for a decay interaction Hamiltonian of the most general form, charac-
terized by ten complex constants, It is shown that the experiments carried out up to the
present time are insufficient to test the validity of the predictions made in Refs. 4 and 5;

in addition to these experiments, it is necessary to measure the sign of the polarization of

the decaying p mesons.

THE experimental data from studies of the spec-
trum, angular asymmetry, and polarization of the
electrons from the decay of polarized p mesons
are in evident agreement with the predictions of
the theory of the two-component neutrino, proposed
by Salam,! Landau,? and Lee and Yang.? Within the
framework of this theory, if we take into account
the experimentally observed spectrum of the elec-
trons, out of the ten complex constants C and C’
which describe the decay of the p meson in the
general case [cf. Eq. (I) of the Appendix] only four
are different from zero:
Cy=Cas0, Ca=Cy=0; 1)
Cs=Cs=Cp=Cp=Cr=Cr=0. (2)

It can be hoped that more precise experimental
data will be found to be in agreement with the more

restrictive hypothesis of Feynman and Gell-Mann*
and Marshak and Sudarshan® about the two-compo-
nent nature of the electronic interaction, according
to which

Cv==+Cy, Ca=—+Cy. (3)

In this latter case the distribution of the electrons
from the decay of stationary p mesons must be
proportional to
= — 9= — 22\ 224z

(17-8n) (3 — 2= +=9n (I — 22)) 2%d=, @)
Here € is the energy of the electron divided by its
maximum possible energy, n is the unit vector in
the direction of motion of the electron, ¢ is the
unit vector in the direction of the spin of the elec-
tron in the rest system of the electron, and 7 is
the unit vector in the direction of the spin of the



