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TABLE I. Summary of experimental data, containing information on "target" nuclei, run lengths, and count rates,

Target D
Number of atoms

0 Cd Cl

Run
length

(hr) Counts
Rate
(hr 1)

Calculated
acc. bkgd.

(hr 1)

4.0X 10»
1 1X102s

3.6X 10» 3.8X 1027
~ ~ ~ 5.5X 10»

1.5X10" 3.1X10" 112.2
72.0

313
173

2.79a0.16
2.40+0.18

0.23
0.24

detectable gamma rays but we do not consider this
possibility further here. Two experiments, one with an
H20 target and one with a target containing Cd to
capture and detect the neutron by means of its capture
gamma rays, were performed to enable a measuremerit
to be made of the postulated neutron-associated delayed
coincidences. The targets chosen were 165 kg of H20
and 168 kg of a mixture of H~O, D20, and CdC12 ~

Table I shows the pertinent data from these two
experiments. The neutron detection e%ciency for the
system with Cd is about 0.3 and charged particles
emanating from the target should be seen with an
efficiency approaching 100/~ since edge effects are small.
Without Cd the neutron eKciency is effectively zero.

From the table it is seen that the net neutron-
associatedrate=0. 39&0.24hr '((0.63hr '). Although
a partial cosmic-ray anticoincidence blanket in the form
of liquid scintillation detectors was placed above the
detectors it was not possible to rule out nucleon modes
of decay which would not trigger the anticoincidence.
The observed rate is not inconsistent with that expected
from cosmic rays at the detector location. It seems
quite conservative to assume that at most one-half of
the events are due to nucleon decay. We interpret the
data by assuming that less than half the neutron-
associated rate (i.e., (0.32 hr ') is due to the reaction

D~n+ decay products,

where the choice of decay products is limited by the
laws of conservation of electrical charge and mass-
energy-momentum. The nucleon lifetime based on this
reaction is in excess of 4&(10"yr.

In view of the enormously great lifetimes under dis-
cussion, pions are assumed to be excluded as decay
products by virtue of their strong interaction with

nucleons, an assumption which precludes consideration
in these estimates of the other nuclei comprising the
target. This follows because the assumption makes im-

probable an interaction between the residual nucleus
and the decay products and the consequent emission of
a neutron which could give rise to a delayed coincidence.
An estimate of the nuclear excitation produced by the
sudden, noninteracting removal of a nucleon based on
considerations of nuclear compressibility indicates that
only a fraction of a Mev is available. This conclusion
also rules against the possibility of neutron emission due
to nucleon decay of the other nuclei which make up
the target.

We wish to thank Dr. Kenneth Ford for an estimate
of the available nuclear excitation and J. E. Gill for
his assistance in analyzing the film record.
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Commission.
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'N view of the recent discovery of a large up-down
- ~ asymmetry in cV~p+~, ' we report in this note on
some results on the polarizations of the produced
hyperons, which will be useful in the interpretation of
the experiments. We first show that in the decay
Ze—&cV+y from a polarized Z' the h.' is longitudinally
polarized in the Z' rest frame, and the value of its
polarization is the same, except for having opposite
sign, as the component of the Z' polarization along the
A line of Qight. It is assumed that both A and 2 have
spin —„but the result is independent of their relative
parity. Denoting by u the unit vector along the direc-
tion of emission of the A. in the Z rest frame, and by
(s)z and (e)q the polarizations of the Z' and of the h.',
one finds, after summing over the photon polarizations,

() = —(() u)

The angular distribution of the pion emitted in the
subsequent A' decay is given by

W(v)=1+n(((r)g v)=1—nPz(n u)(u v), (2)

where v is the unit vector along the direction of emission
of the + from A.' decay in the A.' rest frame, e is the
asymmetry parameter for A'—+p+m. , and we have
written (e)&——P&n, where, in a two-body production
process, such as ~ +p +Z'+E', n is a un—it vector
normal to the production plane. If o. is known, ' from
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Eq. (2) one can determine Fz at a given angle. One sees
from Zq. (1) that the polarization for the larger sample
including A s emitted in all directions from the polar-
ized Z' is

+h. Av 3+~)

and for such a sample Kq. (2) reduces to

[g (v)$„„=1—-' F (n v).

Therefore the only asymmetry expected for the larger
sample is an up-down asymmetry with respect to the
production plane (defined by the incoming sr and the
outgoing E'), and its measurement will permit a
determination of P~. In a smaller sample, for which the
A' direction is observed, the asymmetry will not in
general be up-down, but relative to the vector u. '

To derive Eq. (1) we observe that in the decay
Z'~As+a, from the three available vectors a, Pa—uli

spin operator, e, polarization vector of the y, and u, the
last two satisfying (e u)=0 imposed by gauge in-
variance —we can form only one pseudoscalar, (a" e),
and only one scalar, (o" eX u), which contain e linearly.
Therefore the transition matrix T is, apart from con-
stants, (o e), if Z' and cV have opposite (relative)
parity (E1 transition), and (tr eXu) if they have same
parity (M1 transition). The polarization of the emitted
A' is given by

(e)s——Tr[T(1+(e)z.o) Tto j/Tr[T(1+(o)z o)Tt],

which reduces to Tr[T(e)z o Tto 7/Tr[TTt j in the
present case, giving (e)s= —(o)z+2((e)z e)e in the
case of opposite parity and (s)a ———(e)z+2((o)z eXu)
X (eX u) in the case of equal parity of Z' relative to A'.

It is evident from these last expressions that, after
averaging over the y polarization, one has (e)q the same
for both cases of relative parity, and one immediately
derives Eq. (1).

We now discuss the restrictions imposed by charge
independence on the hyperon polarizations in the re-
actions (a): ~ +p &Z +E+; (b): sr +—~Z'+Es;
(c): n++~Z++E+; and examine what information
on the production matrix can be obtained from meas-
urement of the intensities and of the polarizations. We
express the angular distribution and the Z polarization
in each of such reactions in the forms I= s Tr[MMtj
and (e)z——Fzn=I ' Tr[MMto], in which M is the
transition matrix for the particular reaction. If the
relative parity of E with respect to ZE is —1 the
matrices M are of the form E+F(rr n); if such relative
parity is +1 they are of the form G(o.m)+H(o m'),
where m and m' are unit vectors in the direction of the
ingoing and of the outgoing momentum, respectively,
and E, F, 6, H are, for each reaction, functions of the
energy and of cose= m m'. We introduce, for each reac-
tion, the quantities f+, defined by f+= (1/V2)(E+F),
or by f+= (1/W2) (Ge+"+II), according to the two cases

of relative parity. One verifies that
~

f+~' and
~ f

are the probabilities for production at a given angle
of Z with spin up or down, respectively:

~

f+
~

'
=-,' Tr[MMtA(+n)$=-, 'I(1+Fz), where A(&n) are
the projection operators -', (1+o n). The quantities f+
are not properly quantum-mechanical amplitudes, since
an average on the proton-spin orientation is involved in
their definition. However, they can be expressed in
terms of corresponding quantities for deinite isotopic
spin, fs+ for I= s, and fr+ for I=-', , in exactly the same
way as the amplitudes themselves are expressed in
terms of the amplitudes for definite isotopic spin.
N~~~ly: If.+I'= Ifs+I'+4«(fs+*fr+)+41fr+I' Iffy+I'
= 2

[ fs+ (

'—4Re(fs+"f&+)+2
[ fr+ (

' and
[ f +) '= 9[f+['

where, according to the two cases of parity, f,+= (1/v2)
X(E;&F,) or f;+= (1/K2) (G,e+'s+II, ), in which j=1,3
and in which E;, F;, G;, and H; refer to definite isotopic
spin. Calling

~ f +I'=xi+, 2~ fs+~ '=xs+,
~ f +~'=xs+,

these equations imply, as is well-known, the existence
of a triangle with sides gxt+, Qx~+, gxs+ and of a
triangle with sides +xi, gxs, gxs .' Such conditions
are all the conditions imposed on the process by charge
independence. The triangle condition for the intensities
I follows as a consequence. Provided the two triangle
conditions are satisfied, the above equations can be
solved, giving the six real quantities ~fs+~', ~fr+I,
Re(fs+*fi+), and Re(fs *f, ) in terms of the six observed

~ f,+~',
~
f~+~',

~ f,+~'. Since the total transition matrix
at a given angle is defined in terms of four complex
numbers (Es, Fs~t Ei, Fi, or Gs, IIs, Gi, IIr), one relative

phase in the transition matrix still remains undeter-
mined from a measurement of the intensities and of
the Z polarizations at that angle. Such an undeter-
mined phase (it can be taken as that between fs+ and

fs, or that between fi+ and fi ) is a relative phase
between an amplitude for spin up and an amplitude
for spin down —it is measurable, in principle, by more
complicated experiments such as a measurement of the
Z polarizations when the initial protons are polarized.

*This work was performed under the auspices of the U. S.
Atomic Energy Commission.
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gx, —gx,
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&gx&&v'x„+v'x„rst being a permuta-

tion of 123,


