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of the plane of polarization. The interaction,
which has been observed from currents of a few
amperes up to large currents, is also being
studied for the onset of the conversion from
damped Alfven waves to propagating helicons.

The author is grateful to Dr. J. K. Gait for
originally suggesting this topic of investigation.
He is indebted also to Dr. S. J. Buchsbaum for
many valuable discussions, to Dr. G. A. Baraff
for comments on the theory, and to Dr. G. E.
Smith in cooperation with whom the large power-

dissipation feature of the experiment was devel-
oped. It is a pleasure also to acknowledge the
technical assistance of W. A. Nordland.

D. J. Bartelink, Bull. Am. Phys. Soc. 8, 205 (1963).
2J. Bok and P. Nozibres, J. Phys. Chem. Solids 24,

709 (1963).
3R. D. Larrabee and M. C. Steele, J. Appl. Phys.

31, 1519 (1960); M. Glicksman, Phys. Bev. 124, 1655
(1961).

PROPERTIES OF " HYPERONS*

D. Duane Carmony, ~ Gerald M. Pjerrou, Peter E. Schlein,
William E. Slater, Donald H. Stork, and Harold K. Ticho

Department of Physics, University of California at Los Angeles, Los Angeles, California
(Received 12 March 1964)

In a study of interactions initiated by 1.80- and
1.95-GeV/c K mesons in the Lawrence Radia-
tion Laboratory 72-in. hydrogen bubble chamber,
a total of 356 " hyperons was observed. Table I
shows the pertinent reactions, the number of
events observed at each momentum, and the to-
tal cross sections. The observation of the A

from " decay was required for the identifica-
tion of reactions (a) and (b); the decay A was also
observed in all but 24 examples of reaction (c).
The cross sections are based on a T count and
were corrected for neutral A decays.

The " mean life was computed by means of
a maximum likelihood procedure in which each
event was assigned an a priori probability

P(x) = Nexp(-x/L )

x (exp(-y0/LA) —exp[-yl(x)/LA]), (1)

consistent with the requirement that the A be
seen. Here L; =m;/(p, r;c), m, , P;, and &; be-
ing respectively the mass, momentum and mean
life of particle i; x is the decay distance of a

given ",y, the minimum accepted A decay dis-
tance and y, (x) the maximum or the chamber wall.
Because of the curvature of the = track, the
normalization N had to be calculated numerically
by the requirement

f"'P(x)dx = 1;
X0

x, and x, are, respectively, the smallest and
largest accepted = flight path. The evaluation
of the maximum likelihood yielded

= (1.77+ 0. 12)x10 'o sec,

essentially independent of cut-offs, provided
x, &0. 5 cm. The mean life determination does
not depend sensitively on wA,

' d~-/d7A=0. 04.
The result is in good agreement with other de-
terminations. '~'

Regardless of the " spin J, the helicity of the
A from " decay' in the " rest frame is n
=2 Re(Ag 1/2Ag+1/2*) where AL is the normal-
ized amplitude for " decay into a Am system of
orbital angular momentum L; IAJ

Table I. The number of " production events at each momentum.

Number

1.80 GeV/c
Total cross section

(pb) Number

1.95 GeV/c
Total cross section

(pb)

(a) " K+

(b) - Z 7t'

(c) =- Z'7+

99
21
71

113 + 12
24+ 5
59+ 7

88
20
57

99 ~11
23+ 5
52k 7
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+iAg+ 1/2 = . Accordingly, the A d d'

tribution function is given by (1+o.'o.'A P)/2
where A is the A direction '

th
A

in e " rest frame,
P is the proton direction in the A r t f

A is e asymmetry parameter; as determined

th
by Cronin and Overseth ~ e = 0 62A =+ . +0 07. For

e sample of 356 = the best f't li va ue of any is

n n = -0. 41+ Q. 10.

Combining recent results for this quantity, ' the
worldwide average is eo. = -0 30 + 0. 04. This
yields n = -Q. 48+0. 08 for th bor e est estimate of
n independent of the = spin, J.

Recentl y, a method for the determination of J
has been proposed' which is based on a ratio of
moments of the transverse and longitudinal polar-
izations of the decay A. Sp 'fically, for mo-

is methodments which need not vanish for J= — th'

ives

used in the fit to (3) were n and q where

P=(1 -n')'"»W' y=(1 -o")'" (5)

The mean polarizations at 1.80 and 1, 95 GeV c
, », were also regarded as adjustable

eV c,

parameters. As a result of a maximum-likeli-
hood fit to (3), we find P, 80 =0. 49+ 0. 16 P
= 0. 77+ 0. 24

1.80 '
& 1.95

e=-0. 62~0. 12, y —54 ~25'

It is imimportant to recognize that while 0. and p
are essentially uncorrelated, P and
lated stron

e , an y are corre-
e s rongly. This is illustrated in Fig. 1

which shows lines of const tan and y in the Q. -p
space. The present results and other der etermina-
ions (converted to a and cp) sho th f', s own in the figure,
o no appear to be in good accord.
Some properties of " hyperons were d t

mined in the
re e er-

in the same exposure by a stud f
tions

s u y o reac-

[&p. n x A)'+ &p A x (n x 5))']"'
(1 ~2)i»I &P.fin. A) I (2)

K +P-" +K

-"-'+@++m .

(A)

(B)

where n=(kx=)/Ikx" I is the normal to the ro-
duction lp ane in the " rest frame and &) repre-
sents an avera e ofg o the enclosed experimental

wide s in-'
quantity. ' Substituting in (2) and using thusing e world-
wi e spin-independent value of n = -0. 48+0. 08
the data at thehe two momenta combined yield

(27+1) = l. 53+0.88.

This result is consistent with J= —but 2 8
dard

u . stan-
deviations removed from J= '. B

the skewness
ecause of

e s ewness of the distribution function of (27+1
the discrimination against 4= -' it ' ' ' ' ' = —, is actually equiv-
a ent to 3. 1 standard deviations.

With the spin J established to be — te o e ~, the distribu-
ion unction of the unit vectors A and P is

W A, p)=4{1+no.' A p P+[nn. A+a p (A A
A A

O, O
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In both the d
the ~ deca

decay A had to be observ d
'

(A),ve,' in
e ecay had to be seen as well; in (B), the

such that it could be distinguished from a m by

+ Pn xA+yA x (n xA)}]j (3)

where I' is the mean polarization of th
n. The aram

ion o e " along
n. e parameters n, P, and y are defined b

they are
of normalized transition a l't dmp iu es

o. = 2 Re(AD*A, ),

p= 2Im(AO A, ),

—I.0
-90

I

-60 -30 0 3'
I

60 90

y=tA I -IA I (4)

Since o. '+ P'+;~ ==1, the parameters which were

FI y etry parameters ~ and qdecay as mmetr
is experiment:, S

et al. ref
Schne1der, reference 1. OAl

erence 1; A Jauneau et al. , reference 1;
varez

Connolly et al. , reference 1
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ionization. This last requirement eliminated a
large background of Aw+w 2' events. With these
detection criteria, 27 examples of each reaction
were found. These events were tested to deter-
mine whether they could be due to the pion con-
tamination in the incident kaon beam: 4 events
of type (A) also fit Z'K' and 5 events of type (B)
also fit Z'm K+.

The 45 unambiguous ™'events were fitted kine-
matically for various assumed =0 mass values
and the best ' mass was obtained by X' minimi-
zation. To reduce the chance of systematic er-
rors the same fitting procedure was used on
150 = I|+ events by withholding from the computer
all information concerning the " and the decay

tracks after correcting the A direction for the
rotation of the = track in the magnetic field.
The resulting mass difference was

(m -m 0) =+6. 1+ l. 6 MeV.

This result is in good agreement with the value
of 6. 8+1.6 MeV observed by Jauneau et al. ' It
also agrees with the predictions of SU(3) sym-
metry,

(m -m, )=(m -m +)-(m -m )

=+6. 7+ 0. 4 MeV.

At the incident momenta used here, the trajec-
tories of the " and its decay A are colinear with-
in O'. Therefore no attempt was made to deter-
mine the decay point of the ='. Instead, the dis-

tance z from the "' production point to the A de-
cay point was used in the "' mean life determina-
tion. In the maximum-likelihood fit, the proba-
bility of a given z was taken to be

@(z) =ItexP(-z (I--) —exP(-z IIA) l l (I= - IA) (6)

with the normalization constant M given by

f 'Q(z)dz =1;
2 p

z, and s, are respectively, the minimum and max-
imum acceptable values of ~. The maximum-like-
lihood procedure yielded

T, = (3. 5+,",) x 10 "sec

when &A = 2. 5 x 10 ' sec was used. The method
used here is such that dr„o/de= -1. Ambiguous
events were assigned a probability P of being a
Z' event and a probability (1 —P) of being a '
event. As P was varied from 0. 1 to Q. 5, the -"'
mean life varied by less than Q. 3x10 "sec. The
uncertainty in P was included in the quoted error.

The distribution of the total time T between "'
production and A decay is shown in Fig. 2. The
mean life is insensitive to z, . However, if z, is
made short enough such that events with T & 12
x10 "sec are rejected, then the mean life falls
to 2. 6 x 10 ' sec. Only one of the three events
with T ) 12 x 10 "sec was missed on one of the
two scans. The detection efficiency for events
with large z was therefore sufficiently good such

I l I AMBIGUOUS EVENT ( 9 TOTAL )

I UNIQUE 0 EVENT ( 4 6 TOTAL )
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FIG. 2. Time distribution beta'een the production of the " and the decay of its decay A.
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that their rejection does not appear justifiable.
Their effect on the mean life is large, of course.
The ratio of the decay rates of "' and " re-
ported in this work is 0. 51+,",,'. The t ~II = ~

rule predicts & for this ratio. Other recently
reported values of the -"' mean life are (3.8, '. 7)

x10 "sec by Jauneau et al. ' and (2. 5+,",) x10 "
sec by Hubbard et al.
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In a recent Letter, Frazer et al. ' proposed that
the f' meson is the neutral member of a 1 trip-
let of which the 8 mesons are the charged mem-
bers. As one experimental test, they suggested
looking for the decay mode f'-2m'. If this decay
mode exists, the spin of the f' must be even and
the proposal cannot be correct.

We have observed the f'-2m decay mode and
conclude that the f' has even spin and positive
parity. This agrees with earlier indications,
recently reinforced by Lee et al. '

We observe f'- 2' decays from forward-going
f"s produced in liquid hydrogen in the reaction
w +p -f0+ n at an incident pion momentum of

10 GeV/c. The four product gammas from f'
-2wo- 4y make showers in a 14-plate (5 radia-
tion lengths) brass spark chamber. The spark
chamber detects only those gamma rays produced
within +14' of the beam direction, and is pro-
tected by a scintillation counter which vetoes
charged particles. Almost all of the remaining
solid angle is covered by counters made up of
alternate layers of lead and scintillator, which
veto gamma rays as well as charged particles.
This system is thus designed to be triggered only
by events which yield only neutrals in the forward
direction. This apparatus was used in high-en-
ergy w +P -~+ n elastic charge-exchange scat-
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