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%'ith the results of recent experiments on the
production' and decay of hyperfragments, Dalitz
and Liu' have shown that a determination of the
ZAN parity may under certain assumptions be
obtained from a measurement of the ratio of s-
wave to p-wave amplitudes in the decay A ~p+m
A measurement of this ratio is reported here
along with further results on the parameters for
the decays Z+ ~ p+m' and A ~p+ w . The param-
eters of interest are usually defined as

2 Re(S P) 2 lm(S*P) IS I' —IP I'
IS I'+ IP I' ' lS I'+ IP I' ' IS I'+ IP I' '

where S and P are the amplitudes for s- and p-
wave decay, respectively.

Recently we have reported (in a paper herein-
after referred to as 1) a measurement of a, (Z+ «
w'+p), ' together with a measurement of the sign
of a&(A «v +p).' The experimental arrangement
is described in I. Hyperons were produced by the
reactions m++p ~ X++K+, 7t++n ~ A+K+ in hydro-
gen and lithium deuteride, respectively. The re-
actions were identified by counter and spark
chamber techniques, and the polarization of the
decay protons was measured by means of p-C"
scattering in a carbon-plate spark chamber. A
photograph of an event and the orientation of the
equipment in space are shown in Fig. 1 (see also
Fig. 1 of 1).

The polarization of the proton from the decay
of a spin-~ hyperon can be shown to be'

P = [1/(1 —ap cos8)]

x[[-a+p(1 -y) eos8]k +yp+Pp» ], (1)
p p'

in a nonrelativistic approximation (which is ade-

quate for our purposes, since relativistic effects
are presumably small), and the angular distribu-
tion is

D(cos8) = ~(1-aP cos8);

k~ is a unit vector parallel to the momentum of
the proton in the rest frame of the hyperon; cos8

A

=kp p/ p; p is the average polarization of the
hyperon, and is perpendicular to the K-hyperon
production plane. The proton polarization perpen-
dicular to the K-~+ plane, averaged over an inter-
val in cos8, is, then,

(P) =[1/(1+ api(cos8) I]

x(+a l(cos8) I +p(1 -y)(cos'8) +yp], (3)

the + signs corresponding to a proton being pro-
duced with momentum up with respect to the K-
&+ plane (cos8 &0 is defined as "up"}, and - signs
corresponding to down.

The proton polarization data for A decay were
divided into two groups. Group 1 included 121
events for which the decay pion was detected (i.e. ,
counted in the U or D counter; see I). Group 2
included 340 events for which the decay pion was
not detected. For each group, the factors (cos8)
and (cos'8) were calculated from the counter ge-
ometry. The calculation included the effects of
the internal momentum distribution of the target
neutron, but was insensitive to the details of the
distribution. The factor np was computed from
the measured up-down asymmetry of the decay
pions to be ap =0.35+ 0.05. The errors in the
factors (cos8), (cos'8), and ap are small and
have been neglected. From Eq. (3), the measured
polarizations P~ for each group are then functions
of a and y only, and (3) can be solved for a and y
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FIG. 1. Schematic drawing
and photograph of a typical ex-
ample of 7l++p- Z++EC", Z+-p
+m p+C p+ C JC p++ v

The unphotographed tracks have
been distorted for the sake of
clarity. This particular proton
scattering has cosg~ & 0 (to the
left) and sining & 0 (up).

as functions of P+ and P . We neglect P' (if time-
reversal invariance and the )AT I = 2 rule holds,
then the known w-N phase shifts give P' =0.02);
it is then easily seen that n +y =1, and P+ are
functions only of y and the algebraic sign of u.

The dependence of P~ on y and o, /in i in Eq. (3)
was corrected for a background of 12 for the
sample comprising Group 1, and 20$ for the sam-
ple comprising Group 2. A likelihood function of
the form,

~»1+ all-
L=,p [1+P (y, a/lo. I)A. cosp .]g [1+P (y, a/lo. i)A. cosp, ], ,

a Sa - '
q Sq'~'

was computed separately for Group 1 (I.,) and for
Group 2 (L,). Here, Af is the analyzing power of
carbon and Q& is the angle between the scattering
plane and the K -m+ plane for the ith event. The
sign convention is such that the scattering shown
in Fig. 1 has cosp&&0. The maximum value of L
as a function of y and o./in i corresponds to the
most likely configuration of y and a/io. 'i. The
likelihood function L, for Group 1 predicts that
e& is negative; on the other hand, L,, is relatively
insensitive to y&. The likelihood function I., for
Group 2 also predicts that a& is negative, but in
addition predicts that y& is positive. Because I.,
and L,, were found to be consistent, the product
2 =L,L, is used to represent the results [Fig. 2(a)].

The likelihood that our observed sample arose
from a negative e can be seen to be approximately
10' times as high as if a were positive. If the
conclusion a &0 is accepted, then the most likely
value of o& = i P I '/( i S I

'+
I P I ') = [1 -y~]/»s 0.13,

corresponding to o.&
= -0.67.

The results of the calculations by Dalitz and
Liu3 of the branching ratio,

A
H'~m +He'

R(o) =

A
H' «w (all modes) '

for the two cases J(&H4) = 0 and = 1 are shown in
Fig. 2(b). The shaded strip shows the limits
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(a one standard deviation) on R determined in the
emulsion experiment by Ammar et al. ' (They
found R = ~~~.) A consistent way of combining our
results with those of Ammar et al. is to construct
the likelihood function LA(R[o]) for their results
[using the curves J=0 or = 1 in Fig. 2(b)], and
then to use the product function F(o) =LAZ (for
a & 0). This is plotted in Fig. 2(c) for the two
cases J=0 and J=1. The ratio of the peak values
of E is 43/1, strongly favoring 8=0.

%e may summarize our conclusion on A-decay
parameters as follows:

1. Our results combined with those of Ammar
et al..' indicate, on the basis of the calculations
by Dalitz and Liu, that the spin of AH is 0. If

Flo. 2. (a) The likelihood function Z of oA (=[1-yA]/h
=[1~(1-o.'At)v]/2) and of the sign of ap, (b) The ratio
&(c) = [AH —~ + He ] /[AH —

w (all modes)] as a func-
tion of OA. The two curves J=0 and J=1 are those cal-
culated by Dalitz and Liu (reference 3). The horizontal
strip shows the result by Ammar et al. (reference 2),
R =0.67+~0.OI. (c) The function I =I.~Z for o. A& 0. The
two cases correspond to J=0 and J=1.

this is so, then the occurrence of the reaction'
K +He' ~ ~H'+m' proves that the ZAN parity is
odd, provided only that the AH' is produced in its
ground state. This argument is independent of the
initial angular momentum state of the production
reaction.

2. The negative sign of nA, based on results
from this experiment, from Birge and Fowler'
and from Lerner et al. , is now established. It
follows' that n & 0 also for the decay mode A ~n
+m'. The magnitude of o.p, however, is still. not
well known. Our experiment gives

(MAL
0 67+0 24,

and yg =+(1 —o.']1')~ =+0.74+,'„'.[The errors cor-
respond to the 1/e points on the likelihood func-
tion L in Fig. 2(a).'c Note that L falls off more
slowly than a Gaussian distribution in the direc-
tion of small y&.] This is in agreement with the
latest published result by Crawford et al. ,

"name-
ly ) a A I & 0.66 + 0.13.

Regarding the decay Z+~p+m', the result o.,
=0.75+0.17 was reported in I on the basis of an
approximate (one -parameter) likelihood analysis.
A more extensive and rigorous analysis of the
polarization data using a three-parameter likeli-
hood function, which takes into account the de-
pendence of the polarization on P, and y, [Eq. (1)],
predicts @0=+0.73+,",'„and -0.3 & op& 0.3, where
the limits on o., and on ap correspond to the 1/e
points on the likelihood surface. An uncertainty
of 5 ok in the analyzing power A has been included
in the errors; all other uncertainties are believed
to be negligible. It should be noticed that the in-
clusion of the extra parameters in the maximum-
likelihood estimation modifies slightly the value
of no given in I and, in particular, leads to some-
what smaller errors. Because p was small, in
agreement with the measurements by the Yale
group, "very little of significance can be inferred
about Pc and yo.

A more restricted result is obtained if time-
reversal invariance and the lb,T ) = ~ rule are as-
sumed. Then, using the known m-N phase shifts,
one can show that the quantity tang =P,/n, must
have either of the values -0.22 or +0.04. Likeli-
hood contours for the two cases are plotted against
ap and [S,/P, [ in Fig. 3 (for o.,&0). The four
maxima give the same value for n, within 1$,
namely

a, = +0.'78 o",,' (for tang = -0.22, +0.04).

The limits given by the errors correspond to the
extreme values on the 1/e curves.

An important consequence of the small value of
the Z-hyperon polarization found in this experi-
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FIG. 3. Common logarithm of the likelihood as a
function of op and ~S~/~P~ for Z+-p+~ (for n~&0)
for (a) tang=-0. 22, (b) tang=+0. 04.

ment and in the Yale experiment" should be noted.
Both experiments involved the reaction m++ p ~ Z+

+K at a pion momentum p =1.2 Bev/c. It has
often been assumed that the small asymmetry
(ap = 0.01 a 0.17) found in the decay of Z hyper-
ons produced in the charge-symmetric reaction"
m +n ~ Z +EP at pv =1.2 Bev/c is evidence for
a ~0. This conclusion, which is valid only if p
is large, tacitly assumes that the high polariza-
tion found' (for Z ) at p~= 1.13 Bev/c persists at
1.2 Bev/c. The new polarization results there-
fore weaken the arguments for a = 0 and make
it highly desirable to measure n p at p~ =1.13
Bev/c. For the moment the principal evidence
for u =0 rests on the assumption of the )LT I = ~

rule and time-rever sal invariance. '
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