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A search has been made for an asymmetry in the decay of =* hyperons. The £* were produced in the
reactions r*+4p — T+ K*. Detection and identification of the K* mesons by a counter technique selects
the above reactions and establishes the plane of production. Additional counters, which detect the pions
from the =-hyperon decay in coincidence with the K+ mesons, measure the symmetry with respect to the
plane of production. The results yield the parameter a’, where « measures the strength of parity noncon-
servation and P is the average polarization of the = hyperon. The data give: for 2~ produced by 1.0-Bev =,
o P=+40.0240.05; for =~ from 1.1-Bev 7™, o= P= —0.062:0.05; for =* from 1.0-Bev =%, the decay mode
=t — nt+n gives oP=+0.02+£0.07 and the mode =+ — 7945 gives o?P = +0.7040.30. The value of «?P
for =+ — m9+4p strongly indicates that parity is not conserved. For the =+, |P| >0.704-0.30; thus we can
conclude |a*| £0.032£0.11. The results therefore indicate that the asymmetry parameter o« depends upon
the isotopic spin states in the final pion-nucleon system. The dependence on the isotopic spin is compatible

with the AT=4-% rule.

I. INTRODUCTION

N the last two years, following the famous paper of
Lee and Yang! experiments have shown that most
of the elementary particles that decay through weak
interactions violate the principle of the conservation of
parity. Not only is parity conservation violated in
nearly the maximum possible degree, but also the prin-
ciple of invariance under charge conjugation is violated.
Up to date, the decays of only the 2 hyperons (and the
exceedingly rare E hyperons) have not been demon-
strated to violate these principles.

Several authors have reported attempts to find
asymmetries in the decay of 2~ hyperons produced by
high-energy =~ mesons in bubble chambers. No statis-
tically significant asymmetry has been found.? The
number of =+ hyperons observed in bubble chambers is
too small for a significant observation. Both 2~ and 2+
mesons have been produced by K~ mesons near or at
the end of their range in nuclear emulsion. Early results
indicated a possible asymmetry,® but the latest com-
pilation of data gives an asymmetry not significantly
different from zero.* The counter experiment reported
here has been performed to improve the accuracy for
2~ produced by 1.0- and 1.1-Bev negative pions, and

* Work done under the auspices of the U. S. Atomic Energy
Commission.

1 On leave of absence from Brookhaven National Laboratory,
Upton, New York.

1 Now at Palmer Physical Laboratory, Princeton University,
Princeton, New Jersey.
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to search for asymmetries in the two pionic decay modes
of the 2+ hyperons produced by 1.0-Bev =+ mesons.
The reactions
7Hp— 3+ K, (1)
rt4p — 24K+ (2)

have been used to produce the hyperons. The beam
energies were insufficient to produce additional pions or
K~ mesons. The associated production phenomena are
sufficiently well established empirically® to assure that,
when a K* meson was produced by pions of known
charge and momentum incident on a hydrogen target,
a = hyperon of known charge, energy, and direction was
produced simultaneously. The present experimental
evidence indicates that parity is conserved in strong
production reactions, and we will assume that this is
the case here.® Therefore, if the 2 hyperon is polarized
in production, the axis of polarization is in the direction
Of =+ (pw inX pE)

The hyperons are known to decay by the following
three modes:

2= 7 +n, 3)
2t — 7t 4)
2t — 1. O

If the hyperon is polarized and parity is not conserved
in the decay process, the number of decay pions (or
nucleons) may be asymmetric with respect to the plane
of production. Let R be the projection of the momentum
of the decay pion on the direction pr inXps. The dis-
tribution function for R at an angle 6 of production in
the center-of-mass system is given by’

W (0,6) =1(6)a@x3[1+aP(0)¢]dt, (6)

5See, for example, R. H. Dalitz, in Reports on Progress in
Physics (The Physical Society, London, 1957), Vol. 20, p. 163.

6 The possibility of parity nonconservation has been discussed
by V. G. Soloviev, Nuclear Phys. 6, 618 (1958), and by Drell,
Frautschi, and Lockett (to be published).

7 Lee, Steinberger, Feinberg, Kabir, and Yang, Phys. Rev. 106,
1367 (1957).
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F16. 1. Schematic arrangement of the pion beam.

where £{=R/(maximum value of R), I(6)dQ=differ-
ential cross section for the production reaction, and
P(f)=polarization of the 2 hyperon. The existence of a
nonvanishing « is an unambiguous proof of parity non-
conservation in the decay process. On the other hand,
since the asymmetry is proportional to the product
aP(6), the observation of a symmetric decay process
may be due to the vanishing of either « or P(f) and
does not establish parity conservation.

Assuming that the spin of the Z is 4, the final state
of the pion-nucleon system may be a mixture of s and
p states, with amplitudes, say, ¢ and b, respectively. If
time-reversal invariance is assumed, the asymmetry
parameter is given by '

a=—2ab cos(8.—8)/[ | a|2+]0]|2], (N

where 8, and &, are, respectively, the s- and p-state
phase shifts in pion-nucleon scattering at about 189
Mev/c in the center-of-mass system.

The final state of the pion-proton system for the
decay in Eq. (3) is a pure isotopic spin /=% state,
while (4) and (5) are mixtures of /=4 and /=1 states.
Under certain circumstances, therefore, a measurement
of asymmetries for the three decay modes (3), (4), and
(5) will give information about the isotopic-spin
dependence of the decay process. This point is con-
sidered in detail in Sec. V.

II. APPARATUS

The pion beam was produced by 5.4-Bev protons
striking a Ta target in a magnetic-field-free section of
the Bevatron. Pions produced within a small solid angle

at 30° from the forward direction of the proton beam
were focused on a liquid hydrogen target. The arrange-
ment of deflection magnets and strong-focusing lenses
is shown in Fig. 1. The optical properties of the beam
were as follows: the first lens was adjusted to focus an
image of the target at the center of the second quad-
rupole lens. The second lens, operating as a ‘“field”’ lens,
was adjusted to focus an image of the exit aperture of
the first lens on the hydrogen target. The angles through
which the beam was turned by the two deflecting
magnets, and their spacing along the beam, were chosen
so that the images for all acceptable momenta were
spatially recombined at the target. The width of the
accepted momentum band was approximately =4=0.04 p,,
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F1c. 2. The horizontal and vertical intensity distributions of the
pion beam at the center of the hydrogen target.
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where p is the mean momentum. The value of the mean
momentum p, was established to £19, by the floating-
wire technique. :

Vertical and horizontal intensity distributions at the
target, obtained by the use of a small probe counter,
are shown in Fig. 2. Within the error, the image was
spatially symmetric. Additional measurements were
made of the horizontal intensity distribution for the
highest and lowest momentum components of the beam.
They established that the images for each momentum
were properly combined to give a symmetric image,
centered at the same spatial point, for each momentum
component of the beam.

The sign of the charge of the pions selected could be
reversed by reversing the directions of the currents in
all the magnets. Under average operating conditions
the intensity of the 7~ beam was about 10° min™; and
of the 7t beam, 1.5X10% min—t. The positive beam
contained protons of the same momentum as the pions.
The ratio of protons to 7+ was ~4.

The arrangement of the liquid hydrogen target and
counters is shown in Fig. 3. The target has been
described.® The hydrogen container was approximately
12 in. long and 6 in. in diameter; the beam entered and
exited through thin windows. All of the K* mesons
passed through ~0.040-inch Al windows.

The telescopes which selected the K+ mesons were
placed at laboratory-system angles of =4=31° with respect
to the pion beam (105420° center-of-mass angles).
Each telescope accepted K*t-mesons produced within a
cone of half-angle 6°. Approximately one-half the K+
mesons produced within this cone passed through the
counters S1, 52, S3, and 4 and stopped in counter C.
All the Kt mesons that stopped in C ionized more than

8 Coombes, Cork, Galbraith, Lambertson, and Wenzel, Phys.
Rev. 112, 1303 (1958).

twice minimum in S2 and S3 and more than 1.5 times
minimum in S1. Their relative velocity f=v/c was
less than 0.68. To select these K+ mesons preferentially,
counters S1, 52, and 53, which were 7X7X3-in. plastic
scintillators, were each equipped with discriminators
which were calibrated and adjusted to detect particles
ionizing at least as heavily as K mesons. Counter 4,
a 2-in. thick water-filled Cerenkov counter, produced
pulses for particles with >1/%=0.75. Thus no 4 pulse
resulted from the passage of a stopping K+ meson. The
discrimated pulses of S1, 52, and S3 were placed in
coincidence (7=220 musec), with A4 in anticoincidence.
The output of these coincidences we shall call G, and G,
the “gate pulses” for the “up” and “down” K-meson
telescopes, respectively. This coincidence requirement
rejected fast, minimum-ionizing particles by a factor of
~2000, while accepting slow particles of K-meson
velocities with full efficiency. .

The counters C were 8-in. cubic water-filled Cerenkov
counters. Practically all the particles that produced a
gate pulse had velocities too low to produce pulses in C.
After stopping, however, ~909, of the K* mesons
produced fast decay particles which could give pulses
from C. Stopping protons, of course, produced no
such pulse.® The gate pulse was placed in coincidence
with C with 7=<10~7 sec. If the G coincidences select
only K* mesons, the time relation of the C pulses to,
say, S1 should show the characteristic K+-meson
lifetime with a mean life of (1.2244-0.013) X108 sec.!®

The pulses from G in coincidence with pulses from C

9 A narrow momentum band of =+ may produce a gate G,
stop in C, and produce a pulse via the 7+ — p* — e* decay chain.
The et from the u* decay, which produces the pulse, will exhibit
a lifetime ~200 times as large as the K+.

10 A weighted average of the data of Alvarez, Crawford, and
Stevenson, Phys. Rev. 112, 1267 (1958), and V. Fitch and R.
Motley, Phys. Rev. 101, 496 (1956); 105, 265 (1957).
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were used to trigger a fast oscilloscope (Tektronix 517),
and undiscriminated pulses from S1, 83, and C were
displayed and photographed. Measurements on the film
were then made to obtain the time distribution of the
C pulses. As is described in more detail in Sec. IV,
about 809, of these coincidences can be ascribed to K+
mesons stopped in C.

As we have remarked earlier, whenever a Kt was
recorded, a 2 hyperon was produced. To be specific,
with an incoming 7—, we had a Z—. Because of its very
short lifetime, it decayed, with a mean free path of only
3.6 cm, into m+n. The counters L and R, placed sym-
metrically to the left and right of the production plane
and roughly parallel to it (see Fig. 3), detected the
decay 7. The counters L and R were 2X 18X 18-in.
plastic scintillators which were equipped with dis-
criminators. In order to reduce background rates, a
pulse was required which was equal to one-half that
produced by a minimum-ionizing particle crossing
through the 2-in. dimension.

The pulses from counter L and R in coincidence with
G, and Gg were displayed on the oscilloscope trace along
with their associated S1, S3, and C pulses. Thus,
whenever a K*-meson pulse was identified on the film,
we could also determine whether an Z or R pulse was
time-coincident, with a resolution of =4 musec. Such a
pulse was found in 324£1%, of the cases, a value close
to that calculated from purely geometrical considera-
tions.

A simplified schematic diagram of the electronics is
given in Fig. 4. In order that each pulse on a given
trace be assigned to the correct counter, we have made
use of a multichannel coincidence mixer.® Each channel
in the mixer was a simple twofold diode coincidence
circuit. The gate pulse was fed in common to one
diode of each of these twofold circuits, while the various
pulses to be observed were connected to the other
diode of their respective twofold circuit. The output of
each channel was connected into a transmission line at
intervals approximately equal to the resolution time of
the coincidence. The amplified output of the line went
to the deflection plates of the oscilloscope. In this way,
the pulse from one particular counter, and no other,
appeared within a known interval along the sweep.
The mixer had two separate sets of channels, one for the
“up”’=U telescope and one for the “down” =D tele-
scope. Pulses in coincidence with the U and the D
telescopes were arranged to give opposite deflections of
the oscilloscope trace. A distinction was clearly essential
since if, for example, a predominantly leftward intensity
occurred for pulses associated with the U telescope as
a result of parity nonconservation, a predominantly
rightward intensity would be expected for D.

In addition to the counters already described, a
beam anticoincidence counter in the approximate form
of an annulus (see Fig. 3) was placed directly in front
of the target. Events associated with stray particles
were rejected by an anticoincidence with G, and Gg.
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When the magnetic system was set to select =
mesons, the large number of protons in the beam
created additional background. It was therefore desir-
able to select out of this beam only the pions in coin-
cidence with G. For this purpose, a 2-in. thick water-
filled Cerenkov counter was placed in the beam just
ahead of the second quadrupole lens. This counter
responded well to the #* mesons, but with very low
efficiency to protons of this momentum. With the pulse
from this counter is coincidence with G, most of the
proton-created background was eliminated.

III. EXPERIMENTAL PROCEDURES

An integration_over the variable £ of Eq. (6) gives
the parameter oP in terms of the measured counting
rates and the geometry of the apparatus, that is

aP=a(LU—RU)/(LUA+RU)
= —a(LD—RD)/(LD+RD), (8)

where LU is the counting rate of counter L in coin-
cidence with the U K-meson telescope, and so on in an
obvious notation. Here ¢ is a geometrical factor nu-
merically evaluated for our geometry, and is equal to
1.30=+0.05.

Even though we carefully checked the symmetry of
the beam in position and energy, and positioned the
counters with care, it is important to have other direct
tests for the symmetry of the apparatus. A parity-
nonconserving asymmetry should appear in an opposite
sense for the U and D K-meson telescopes, and we have
thus two independent measurements of aP. On the
other hand, geometrical uncertainties due to the loca-
tion or symmetry of the beam, positioning of counters
L and R, and efficiencies of counters L and R all produce
asymmetries with the same sense for the U and D
telescopes. Thus, they cancel out in the average of P
for the U and D telescopes. In our arrangement, owing
to inefficiencies in the K telescopes, it was difficult to
make their absolute counting rates equal. It is to be
noted that this difference, which was ~209%, in some

|
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F16. 4. Simplified block diagram of the counters and basic
electronics. L, R, Sy, S, S3, and G are plastic scintillation counters;
A, B, and C are water-filled Cerenkov counters. D represents
pulse-height discriminators.
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cases, does not appreciably alter the result of averaging.
Whereas the efficiencies of counters L and R cancel in
the average, the electronic coincidence circuits branched
in such a way that a different circuit efficiency could
result in an apparent asymmetry which would not
cancel in the average. Although checks of the pulse
height on the film and the counting rates indicate that
this efficiency was very close to 1, we also periodically
reversed the counters at the inputs to the electronic
circuitry. In each case, about one-half the counts were
taken with L and R reversed so that any circuit asym-
metry should balance out to first order. The only
geometrical uncertainty which fails to cancel out in
these averages is that the line joining the midpoints of
counters L and R might not have been exactly per-
pendicular to the plane containing the K telescopes U
and D. It can be shown that the measured values of «P
are not particularly sensitive to this misalignment.

A more direct test of the over-all symmetry of the
apparatus was made in the following way. With the
discriminators of S1,.52, and .S3 set to accept minimum-
ionizing particles and with the A4 anticoincidence
removed, the counting rates LU, RU, LD, and RD
increased by a factor of ~500, owing to inelastic pion-
proton collisions. The geometrical arrangement of
counters was such that elastic scattering could not
produce this coincidence. Since the beam was pre-
dominantly composed of pions, which have spin zero,
and the target was unpolarized, a pseudoscalar quantity
cannot be constructed for the production process. Thus,
except for weak decays and possible higher-order pro-
cesses, we expect zeroasymmetry for these countingrates.
At the beginning and end of each run, we recorded on
the film a suitable number of these pion-production
coincidences.

In analogy to Eq. (8), we define for pion production
the quantity

e=a(LU—~RU)/(LU+RU)
= —a(LD—RD)/(LD+RD). (9)

The average value of e shows, within the statistical
errors, no intrinsic asymmetry for the apparatus.
Numerical results are given in the next section.

With an incoming 7~ beam, we looked for a 2—-
hyperon decay asymmetry for two kinetic energies of
the incoming beam, 1.0 and 1.1 Bev. At any one energy,
P can be small or zero owing to a small or zero P. At
a second, sufficiently different energy, there is no a priori
reason to suppose that the same small value of P
should persist. For this reason it seemed appropriate
to use two values of the incoming pion-beam energy.
At 1.1 Bev, most of the K* mesons produced at 31°
were too energetic to stop in Counter C. A 7-inch
carbon absorber, placed in front of the K telescope,
reduced the K-meson energy so that a reasonable
fraction of these K mesons stopped in Counter C.

With 7+ mesons of 1.0 Bev, the Z*+ hyperons produced
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may decay by either of the two modes (4) or (5). The
decays from which a #tmeson struck the L or R counter
were recorded with full efficiency. However, only a
small fraction of the 7° mesons, which decayed very
rapidly into two vy rays, was recorded. These decays
were recorded only if one or both of the y rays were
directed toward L or R and also were converted in the
counter or the walls of the target. This fraction of the
m'-meson decay mode has been numerically computed
as 204-59,. On the other hand, when a %-in. Pb radiator
was placed in front of counters L and R, most of the
m%-meson decays were detected, while the ™ mesons
were only slightly attenuated. With the Pb in position,
804109, of these n° mesons were recorded. We have
made experimental runs with and without Pb radiator.
From these data, using the conversion probabilities and
the known branching ratio of the two modes,!

Bt —a'+pl/[ET— "+ p)+Et > at+n) ]
=0.49+0.03,

the asymmetry for the two decay modes can be cal-
culated. Since the counters L or R detected the con-
version of the v rays, and not the 7 mesons directly,
the distribution function of Eq. (6) was modified. It
has been shown that, when a single ¥ ray is detected,
the coefficient o P must be multiplied by a factor which
depends only upon the energy and momentum of the
9 meson.'? In our case, the value of this factor was 0.68.

The ratio of the K*-meson rate with hydrogen in the
target to that with no hydrogen was approximately 10.
The rate with no hydrogen can be accounted for by
assuming that the source of interactions was the
material in the walls of the empty hydrogen container.
There is no a prior: reason to suppose that the polari-
zation of the Z hyperons produced in the heavy nuclei
of the container was equal to that in #—¢ collisions.
However, for lack of information on this point, we
have assumed that these polarizations were equal. For
the cases in which we find a very small value of aP,
this assumption is of little consequence; for the case
in which we find a nonzero value, it introduces an
uncertainty of about 109,. This error is much smaller
than the statistical uncertainty and has been neglected.

In addition to the time-distribution curves, presented
in the next section to show that the K telescopes indeed
select K mesons, we have also measured the number of
K-meson counts when the energy of the pion beam was
reduced to 800 Mev, which is below the threshold.
The result was that the number of counts obtained in
which C was delayed by more than 5 musec was equal
to that expected for background chance coincidences
only.

We have remarked earlier that the kinematics of the
reactions allowed, for the most part, only the pions to

1t Arthur H. Rosenfeld (private communication).
( 2 Anderson, Fermi, Martin, and Nagle, Phys. Rev. 91, 155
1953).
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F16. 5. Time-delay distributions of the C pulse with respect to the Ss pulse (a) for #=+p — 2*—{—.K.+ at 1.0 Bev; (b) for 7~ +p —
K*42~ at 1.1 Bev; (c) for #*+p — Z*+K+ at 1.0 Bev. The dashed lines are normalized empirical time-resolution curves for
the apparatus. The solid circles are the total counting rate after subtraction of the chance coincidence background. The solid line is
the distribution calculated for pure K+ mesons including a folding of the resolution curve. The open squares are obtained by a sub-

traction of the solid-line curve from the total counting rates.

reach counters L and R. However, in 12459, of the
cases in which a pion was detected, the nucleon struck
the opposite counter as well. Also, in 79, of the cases
in which one of the v rays from the #° meson struck
one of the counters, the other v ray struck the opposite
counter. These events led to a small fraction of cases
in which both Counters L and R gave simultaneous
pulses; the ratio of these to cases in which only one
counter gave a pulse was: for 2, 0.03240.007; for 2+
with no Pb, 0.064-0.01; and for 2+ with Pb, 0.0840.02.
The events in which Z and R gave simultaneous pulses
allow us to make an empirical correction for the
number of events in which the nucleon alone was
counted. Such events, of course, gave an asymmetry of
sign opposite to that of the pions. A relatively small
correction has to be made to the value of «P for
2t — xt4n for this effect. For the other decays, the
correction was negligible.

IV. RESULTS

The time distributions for the particles that produced
pulses in the C counters in coincidence with G, and G,
are given in Fig. 5 for each situation in which we have
obtained measurements. The observed data have been
corrected for an accidental background amounting to
about 69, of the total counts. This correction has been
estimated by using the information from C coincidences
with negative time delays, and from counting rates
obtained with the C counter delayed by 160 musec. The
solid curves, shown in Fig. 5, are the result of folding the
empirical resolution curve with a pure exponential of
mean life equal to 1.22)X1078 sec.l These curves are
normalized in abscissa to the zero time known from
the measurements for ¢ and in ordinate to give the
best visual fit to the points with time delays greater
than 6 musec.

Clearly, there was a background of coincidences near
time zero which cannot be ascribed to K mesons. When
the solid-line curve is subtracted from the observed
values, the points shown as open squares are obtained.
The excellent fit with the dashed resolution curve shows
that this background was very probably due to protons
or to fast pions which were accepted because the G
coincidence did not perfectly bias out all fast particles.
The determination of «P appears to us to be most
reliable if we consider only those coincidences in which
C was delayed by more than about 5 musec. For the
results reported here, this procedure was followed.

The chance coincidences which appeared with
negative time decays for C were sometimes associated
with an L or R pulse. The measured “asymmetry”’ for
these chance coincidences is very small. In evaluating
aP, therefore, we have treated the background as
having zero asymmetry. For C time delays greater
than ~30 musec, a large fraction of the rate was due
to chance coincidences. For evaluating P, we have
therefore accepted only those counts with delays less
than this value. Three percent of the L or R pulses
coincident with a K count were due to chance back-
ground. A correction was applied for this effect.

The mean life of the K* mesons accepted with delays
between 6 and 30 musec has been evaluated in each
case by means of a least-squares fit of the data. The
values shown on Fig. 5 are in excellent agreement with
the published values.'* We believe therefore that, except
for the chance background discussed above, the K+
counts accepted for the asymmetry analysis contain
less than 5%, of particles not true K+ mesons.

The experimental values of aP and e are given in
Table I (the errors are statistical standard deviations).
The values of aP for - hyperons produced by pions in
hydrogen bubble chambers are also given in Table 1.
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TaBLE I. Values of the asymmetry parameter oP for 2+- and Z—-hyperon decay. The asymmetry parameter e for inelastic pion-proton
collisions is a measure of the geometrical symmetry of the apparatus.

Incoming pion
kinetic energy

«P from bubble
chamber

Process (Bev) € observations»
T+ 1.0 -+0.018+0.050 —0.0044-0.036 0.114-0.13
o +tn 1.1 —0.058+0.050 +0.008+0.021 0.04+0.13
at+n

E+/ without Pb radiator 1.0 -+0.0394-0.050 +0.04+0.03
w041 |
rt4n

E"‘/ with Pb radiator 1.0 +-0.20£0.06 +0.00440.043
w'+p

Zt—>art4n 1.0 +0.02£0.07

Zt—altp . 1.0 +0.70+0.30

a Proceedings of the 1958 Annual International Conference on High-Energy Physics at CERN, edited by B. Ferretti (QERN, Geneva, 1958), p. 267; and

Frank S. Crawford, Jr. (private communication).

We have given the values for 2+, with and without Pb,
in order to indicate which part of the error in the
asymmetry is statistical. The values deduced for aP
for the two decay modes include additional errors due
to uncertainty in the branching ratio and in the con-
version probability for the #° y-rays.

We conclude that for 2~ — 7, at both energies,
the value of P does not differ significantly from zero.
Therefore, no conclusion with respect to parity noncon-
servation can be drawn.

On the other hand, from the asymmetries for 2+
hyperons with and without Pb, a violation of parity
conservation is quite strongly indicated. The value for
P obtained with Pb differs from zero by 3.3 standard
deviations. The chance of observing a value as large as
or larger than this in a single measurement, if the true
value were zero, is roughly 1/1000. If the true asym-
metry were zero for each of the eight series of measure-
ments, the chance that one of them would show a
value as large as this or larger is about 1/100.

The error quoted is purely statistical. From the four
values of e reported above, we conclude that the
systematic error due to an intrinsic asymmetry in the
apparatus is probably less than 0.03. For the Z+
hyperons, with Pb, the asymmetries obtained separately
with the U and D telescopes show the expected reversal
of sign [Eq. (8)]; the values of aP are +0.2120.09
and —+0.1940.08, respectively. The internal con-
sistency of the data indicates that the systematic
errors are small compared with the statistical errors.

The value of aP deduced for =+ — #t+# does not
differ significantly from zero, so that the observed
asymmetry with Pb is ascribed to the mode 2+ -— 7°+p.

V. CONCLUSIONS

The value o®P=0.704-0.30 strongly indicates the
nonconservation of parity for this decay.’ For |a®P|
>0.27, invariance under charge conjugation is violated
as well,”¥ and our measurements indicate that this is
probably the case. B

Since |o®| <1, then we have |P|>0.7020.30 for
the =+ hyperons produced in this reaction. Since the
>+ hyperons are polarized, our measurement of otP
becomes especially significant. From the value o*P
=+0.02+0.07, we conclude that |ot| <0.0320.11.

We can draw no further conclusions from our results
unless we make some hypothesis which connects the
final s- and p-state amplitudes of all the 2-hyperon
decays. One such hypothesis is that the change in
isotopic spin in weak decays obeys the rule A/=-1%.
This possibility has been discussed by several authors.!®
The present experimental evidence from the branching
ratio in A® and #° decay appears to be in reasonable
agreement with this assumption.!® Following closely
the discussion of Gell-Mann and Rosenfeld,'” we

13 We adopt the notation in which a superscript +, —, or 0
denotes the charge of the pion emitted in the 2 decay; thus «
and WO refer to the asymmetry parameter and decay rate for
=t — 7%4-p, etc.

4R, Gatto, Phys. Rev. 108, 1103 (1957).

16 R, H. Dalitz, Proc. Phys. Soc. (London) A69, 527 (1956);
G. Takeda, Phys. Rev. 101, 1547 (1956); M. Kawaguchi, Phys.
Rev. 107, 573 (1957); R. Gatto and R. D. Tripp, Nuovo cimento
6, 367 (1957); C. Ceolin, Nuovo cimento 6, 1006 (1957); B. T.
Feld, Nuovo cimento 6, 650 (1957).

16 Proceedings of the 1958 Annual International Conference on
High-Energy Physics at CERN, edited by B. Ferretti (CERN,
Geneva, 1958), p. 273.

17 M. Gell-Mann and A. H. Rosenfeld, reference 3. Also see
Y. Yamaguchi, Progr. Theoret. Phys. (Japan) 19, 485 (1958);
K. Itabashi, Progr. Theoret. Phys. (Japan) 19, 747 (1958); T.
](Sgud;i and S. Nagata, Progr. Theoret. Phys. Japan 20, 144

1958).
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assume that the AI=4-% rule holds, that the decay is
invariant under time reversal, and that the spin of the
2 is $.15 The number of amplitudes then required to
describe all the Z-hyperon decays is reduced from six
to four; the s- and p-state amplitudes for decays to
final states with /=% and 7=%. The three known
decay rates W+, W—, and W?, together with our value of
|| £0.0340.11, are sufficient to determine the four
constants. The absolute values of = and o can then
be computed and compared with the measurements.
Gell-Mann and Rosenfeld have shown that, within
about 109, the decay rates allow us to write the a’s in
terms of a common angle »_, thus:

at=—sin2y_; o =sin2y_; a’=o-cos2v_;

then
at=—a" £3(0.0320.11), °==(0.99+0.01),

and for =+ hyperons: |P|=0.70=£0.30. Our results
given in Table I are clearly consistent with the AT=+41
assumption for = decay.

Our values are not consistent with an interaction of
the form

g 9
L= 8y (1 -y s)y— 10
\/fm‘b Brvu( 75)‘/‘Yax“¢ (10)

similar to that suggested by Feynman and Gell-Mann.!8
For this interaction, a large value for of requires a large
value for ot.

Instead of the form (10), we have tried an empirical
interaction of the form!?

g ]
L=—4."Bvu(a+bys)¥r—9, (11)
V2m 0%y

which we apply to all hyperon decays, A® as well as 2.
Assuming again AI==+% and time-reversal invariance,
we can obtain a1, as, b1 and b3, which are the amplitudes

TasLE II. The relative s- and p-wave amplitudes for the isotopic
spin 1/2 and 3/2 states in the decay of = hyperons. The amplitudes
were calculated by assuming an interaction in the form of Eq.
(11), the validity of the AT=+1/2 rule, and invariance of the inter-
action under time reversal. Part 4 is for the case in which b3
is small; Part B for a3 small. Note that although the signs of the
amplitudes are undetermined, the sign of ¢; must be the same as
a3 and of b, the same as b3, but ¢; need not have the same sign as ;.

Relative s-wave

Relative p-wave
amplitude

Isotopic spin amplitude

A. For b small

I=1/2 a;==+(0.363-0.08) by ==4(1.314-0.08)

1=3/2 a3==41(0.72+0.04) b3=(0.0240.10)
B. For a3 small

I=1/2 a;==(1.090.07) by=4(0.43+0.10)

I=3/2 as= = (0.02+-0.08) bs=(0.870.05)

18 R. P. Feynman and M. Gell-Mann, Phys. Rev. 109, 193
(1958).

19 We wish to thank Professor T. D. Lee for this suggestion
and for discussion.
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TaBLE III. The calculated and observed values of the asym-
metry parameters in hyperon decay and the ratio of the A% to
Z~-decay rates. They are computed on the basis of an inter-
action of the form Eq. (11), using the amplitudes given in Table
II. Note that although the signs of the o’s are not determined,
the relative signs are determined and must all be the same

Experimental
Case 1 Case 2 (absolute
(Table 11-4) (Table 11-B) values)

a” +(0.0540.23) +(0.0540.23)
at <0.03£0.11
a® +(0.97+0.03) +(0.9740.03) >0.7+0.3
(@)A0 +(0.744-0.17) +(0.4640.1) >0.70+0.10*
(a®) A0 +(0.744:0.17) =+ (0.463-0.1)
W /W= 0.404-0.06 0.63+0.09 0.66£0.07=

& Proceedings 1958 Annual International Conference on High-Energy
P7hysz'cs at CERN, edited by B. Ferretti (CERN, Geneva, 1958), pp. 265-
273.

for the isotopic spin /=% and /=% states of the s and
p waves in the final 7-p system. To determine the four
constants, we use the three values of the Z-decay rates
W+, W=, and W° given by Barkas and Rosenfeld*
together with our value for |o*| <0.0340.11. In ad-
dition to a sign ambiguity, there are two possible solu-
tions to fit these four values; Case 1 with &; small and
Case 2 with g3 small. The values are given in Table II.
The absolute values are not determined unless the
coupling constant g is known, so that the values given
in the tables may need to be multiplied by a common
factor.

Using these values and the interaction (11), we may
now compute o~ and of for the 2 hyperon, the ratio of,
say, the total decay rate of A° to that of 2, and the
absolute value of @ for A° decay. The decay rate of
each hyperon is given by

W="[g/2m* [ p(E+M)/(E+w)]
X{|a|Lwtp*/ (E+M)T
+ 8| [ 14w/ (E+M) T, (12)

where m=pion rest mass, M =nucleon rest mass,

- p=momentum of the pion (nucleon), w=total energy

of the pion, and E=total energy of the nucleon; while
the asymmetry parameter is given by

a=— (*b+b*a) {plwt+p*/ (E+M)]
X[1+w/(E+M) 1} /{| a|Lwtp?/(E+ M)
0|2 1+w/(E+M) T, (13)

Corresponding to Cases 1 and 2, there are two values
for W and for a. They are given in Table III. As before,
the values are consistent with the observations on the
3 hyperon. Neither case is a good fit to the observed
values for both @ and W,/Wz-in A® decay. Yet taking
into account our errors, and those in the lifetime meas-
urements, agreement with one or the other set of values
is not highly improbable.

The interaction (11), together with the observations

20 W, H. Barkas and A. H. Rosenfeld, University of California

Radiation Laboratory Report UCRL-8030, March, 1958 (un-
published).
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reported here, gives values for |a| in decay modes of
hyperons for which asymmetries have not yet been
measured. Since theory predicts that the longitudinal
polarization of the decay nucleon is equal to —a,%
nearly complete longitudinal polarization is to be
expected for the proton from the decay Zt— #'+p.
From Eq. (11), the sign of the polarization should be
the same as that of the proton in A — 7~ . The longi-
tudinal polarization of the neutrons in the decays of
>~ — 7 +n and =t — 7t+4n should be small, while
for the Z*+-hyperon production process used here, the

2T, D. Lee and C. N. Yang, Phys. Rev. 108, 1645 (1957).

COOL, CORK, CRONIN, AND WENZEL

transverse polarization is large. The partial success of
this model emphasizes again the importance of measure-
ments of the polarization of the nucleons from hyperon
decay.
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An investigation is made of the possibility of determining the intrinsic parities relative to the nucleon
of K—A and K—Z pairs by measuring the cross sections for photoproduction of these pairs from nucleons
near threshold. The low-energy S and P wave contributions are calculated in a perturbation theory similar
to that of Kawaguchi and Moravcsik. The question concerning the combination of nucleon and hyperon
magnetic moments that is effective in the process is clarified. The calculated cross sections are quite different
from those given in the long photon wavelength approximation by Feld and Costa. For most reasonable
choices of the hyperon anomalous magnetic moments, certain calculated ratios of the close-to-threshold
cross sections corresponding to different K—A and K —Z charge states are quite sensitive to the K-hyperon
parity. A model, in which the anomalous moments are the result of globally symmetric pion interactions,

is used to illustrate the conclusions.

I. INTRODUCTION

EVERAL authors have pointed out that the obser-
vation of the photoproduction from protons and
neutrons of K meson-hyperon pairs may give strong
evidence concerning the intrinsic parities of these pairs
relative to the nucleons.’™® Feld and Costa® have made
a phenomenological analysis of these processes, deriving
expressions relating the various cross sections near
threshold to the effective values of the electric and
magnetic moments of the systems. However, many of
the conclusions of these authors depend on the assump-
tion that the photon may be treated in the long-wave-
length approximation. This assumption cannot be
justified since the velocity of the absorbing nucleon in
the center-of-mass system is about one-half the velocity
of light at the K—A production threshold. In this paper
the K-nucleon-hyperon interaction is treated in a per-
turbation theory in order to estimate the effects of
finite photon wavelength. Previous perturbation calcu-
lations of these processes have been given by Kawaguchi

* Supported by the joint contract of the Office of Naval Re-
search and the U. S. Atomic Energy Commission.

1 M. Kawaguchi and M. J. Moravcsik, Phys. Rev. 107, 563
(1957).

2 A, Fujii and R. E. Marshak, Phys. Rev. 107, 570 (1957).

3B. T. Feld and G. Costa, Phys. Rev. 110, 968 (1958).

and Moravcesik,! and by Fujii and Marshak?; these
authors do not make an angular momentum analysis
of the predicted cross sections, however, so that it is
difficult to see how their results vary if the assumptions
are changed.

A second purpose of the paper is to clarify the ques-
tion of the proper combination of nucleon and hyperon
moments that is effective in the process. The formulas
given for the effective moment in references 1, 2, and 3
are all different, each being the result of rather special
assumptions.

In Sec. IIT the assumption of global symmetry is
made in order to illustrate certain features of the calcu-
lated cross sections that are sensitive to the parity of
the interaction.

II. IMPORTANT TERMS IN THE CROSS SECTIONS

The six processes to be studied are:

(1) v+p— K+Z,
(2a) y+p— K20,
(2b) y+p— KA,
(3a) y+n— K'-2°,
(3b) v+nr— K'A°,

4) v+n— K42

1



