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ABSTRACT

A search has been made for an asymmetry in the décay of =+
hyperons. The =* were produced in the reactions o+ p—~ =* + 'K+, De-
tection and identification of the K+ mesons by a countef technique selects
the above reactions and establishes the plane of pfoduction, Additional
counters, which detect the pions from the Z-hyperon.decay in coincidence
with thé K+ mesons, measure the symmetry with respect to the plane of
‘production. The results yield the parameter afj,’ where a measures the
strengthv-of parity nonconservation and p is the average polarization of the
% hyperon. The data give: for £ produced by 1.0-Bev m, a p=+0.02+0,05;
for =7 from 1.1-Bevwt , a p = -0.06+0.05; for =t from 1.0-Bev 1r+, the
decay mode Z+-—> -n'+ +n gives a+-p = +0.,02£0.07 and‘the mode Z+-> 170 +p
gi\‘/es aoﬁ = 40.70+0.30. The value of 0,013 for =t 1T0 + p strongly indicates
that parity is not conserved. For the Z+, ipl }0.70d:0°39; thus we can
conclude lo.+i £ 0.03%£0.11., The results therefore indicate that the a-
symmetry parameter a depends upon the is;topic spin states in the final
pion-n’ucleon s?stém, The dependence on the isotopic spin is compatible

with the AI = = 1 rule.
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I. INTRODUCTION

In the last two years, following fhe famoﬁs 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 barity conservation violated in nearly the maximgm possible
degree, but also the principle of invariance under charge conjugation is
violated. Up to date, the decays of only the Z hyperons (and the exceedingly
rare 5 hyperpné) have not b_een demonstrated to violate tfiese principles,

Several authors have reported attempts to find asymmetries in the
decay of £  hyperons produced by high-energy m” mesons in bubble chambers.
No statistically significant asymmetry has been found. 2 The number of Z+
hyperons observed in bubble chambers is too sfnall for-a significant obser-
vation.. Both £ and Z+ mesons have been produced by K~ m’e.sons near or
at the end of their range in nuclear emulsion, Early results indicated a
possible ;symmetry, 3 but the latest compilation of data gives an asymmetry

not significantly different from zero. 4 The counter experiment reported here

"Work done under the auspices of the U, S. Atomic -Energy Commission.
TOn leave of absence from Brookhaven National Laboratory.

§Now at Palmer PhYsical Laboratory, Princeton University, Princeton, N. J.
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has been performed to improve the accuracy for =~ produc{ed by -1.0-> and
l1.1-Bev negative pions, and to s,e.arch‘for asy.rml-'netrie-s.inr the two pionic
decay modes of the E+ hyperons pro_d'uced.by 1.0-Bev 11".+ mesons. ' \
The reactions
'n'-+pb=-,> E-+K+, ‘ (i)
wf+p»2¢+K+."' ' (2)
have been used to produce the hyperons. .The beam energies were in-
sufficient to produce additional pions or K~ mesons. The associated pro-
duction phenomena are sufficiently well esrfablished empir'ically5 to assure
thaf, when a K+ meson was produced by pions of known charge and momeiis -
tum incideént on a hydrogen target, a Z hfrperon of known charge, énergy,
and direction was produ‘céd. simulﬁaneous 1;}. The presént ex‘pe.t"imental
“evidénce iﬁdicatés that pa.r1tyxs c.:orvis'e‘rv‘ed in sfréng pr&diﬁ:tion reactions,
and we will assume that this is the cése here. 6 Therefore, if the Z hyperon
is polarized in produ’ction, the axis‘ of polarization is in the direction of
* (p Xbpx).

T in

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

=" -7 +n, . (3)
S R (4)
st~ 10 4 g, N (5)

If the hyperon is polarized and parity is not conserved in the. decay process,
the number of decay pions (or nucléons) may be asyrr_);’netrié with respect .
to the plane of ‘Ivaroductvion. Let R be the’ projection of the morﬁentum of the
~-decay pion on the direction-ﬁn i‘n X 132. 'The distribution function for R at ‘
an angle 6 of production in the center-of-mass system is given by

W(6,8) =1(6) A2 X 3 [1+ ap (6) £] 4, (6)
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where _ B . i

£ = R/(maximum value of R),

1(8) df2 = differential cross _section for the productidn reaction,

p(6) = polarization of the = hyperon.
The existence of a nonvanishing a'is an unambiguous proof of parity non-
conservation in the decay process. On the other hand,' sinée the asymmetry
is proportional to the product ap(8), the observation of a symmetric decay
process méy be due to the vanishing of eithér a or p(@) and does not establish -
parity conservation".

' Assuming that the spin of the -Z is 1, the final state of the pion-

nucleon system may be a mixture of s and p states, with amplitudes, éay,
a and b respectively. If time-reversal invariance is assumed, the
asymfnetry parameter is givén by

a=-2abcos (b, -6.)/[lal®+Ibi®], - (7)
where 6a and 6b are respectively the s- and p-state phase shifts in pion-"
nucleon scattefing af about 1.89 Meﬁ/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 I = 3/2 state, while (4) and (5) are mixtures of -
I1=3/2and 1= 1/2 states. Under certain cii‘cumstances, 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 considered in detail in Section V.
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II. APPARATUS

The pion beam was produced by 5,_4-Bev p;':c;tons 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
foéused on a liquid hydrogen target. The arrangement of deflection magnéts
and strong-focusing lense.s ié shown in Fig. 1. The .optical properties’ of |
the beam.were as follows: the first lens was adjusted to foéus an image of_
the target at the center of the second quadrupole lens. . The second lens,
operéting 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 acceptab'le monv-)entba Qere
spatially recombined at the target. The width of the a_cce;p»terd momentum
band was approximately + 0.04 po,where P, is the mean momentum. The
value of the mean momentum P, was established to *1% by the fllc)ating-vs}ire
techqique.

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.iritensity distribution for the hibghe..stv.and .lowebst r;iorhentum
components of the beamm. They established that the images for each momen-
tum were .properly combined to give a symmetric image, ceﬁtered 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 intehsity of the w beam was about 106 min-l;
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‘and of the Tr.+>beam, 1.5 >(106 min—l. The positvi\A/é beam contained protons
of the same momentum as the pions. 'fhe ratiC; of pr.oto‘ns to -1r+ was ~4,
The arrangement of the liquid hydfogen target and counters is shown
in Fig. 3. The target haé been described. 8 Tﬁe hydrbgén .éontainex: was
apéroximately 12 in. long and 6 in. in diameter; tﬁe beam entered and .
exited through thin windows. All K+ passed through ~0.040-inch Al windows.
The telescopes which selected the K+ mesons were placed at lab-
oratéry—system angles of :l:3lq wifh respect to the pion beam (105 +20° center-
of«ﬁasé angles).  Each te’leééope acceépted K+—mesons produced within a
cone of half angle 6°. Approximately one-half the K+ mesons produced
within this cone passed through the counters Sl, S2, S3, and A and stopped
in counter C. All the K+ meson$ that stoppéd in C ionized more than twice
minimum in S2 and S3 and more than 1.5 times minimum in S1. Their
relative velocity p = v/c was less than 0.68. To select these K+ rr;ésons
preferentially, counters Sl, S2, and S3, which were 7X7X %—in. plastic
scintillators, were each equipped with discrifninatofs which were calibrated
and adjusted to detect particles ionizing at least as heavily as K mesons.
. Counter A, a Z-in. -thick wéter’-filled Cherenkov c-ounte.r, produced pulses
for particles with g > l/n = 0.75. Thus no A pulse resulted from the
passage of a stopping K+ meson‘, The dis‘criminated puléés of S1, S2, and
‘S3 were placed in céincidence (T =20 musec), with A in anticoincidence.
- The output of these coincidences we will cail Gu 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.
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The counters C were 8-in. cubic water-filled Cherenkov counters.
Practically all the.p_articles that produced a gate pulse had velocities too
low to produce pulses in C, After stopping, howev-er, ~90.% of the K+ mesons
produced fast decay particles wﬁich could give pulses from C. S£opping
protons, of course, produced no such pulse. 9 The gate_ pulse was placed

7

in coincidence with C with 7 = 10~ ' sec. If the G coincidences select orly

K+ mesons, the time relation of the C pulses to, say, Sl should show the
characteristic K+—meson lifetime with.a mean 1ife.of (1.224+0.013) ;(-LIO_Ssecc10
The pulses from G in coincidence with pulses from C were used to

trigger a fast oscilloscope (Tektl;onix 517), and undiscrimin:'s.ted‘ pulses
frpm S1, S3, 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 Section IV, about _80% of these coincidences
can be ascribed to K+ mesons stopped in .C.

._As we have remafked ea_rlier, whenever a K+ was recbfdéd, a z
hyperon was proc.iurced.,' To be specific, with an incoming w , we had a
=7. Because of its very short lifetime, it decayed, with a meén free path
of only 3.6 cm, into m +n. The counters L. and R, plaééd symmet‘ricall.y
to the left and right of the production plane and roughly parallel to it\(see
Fig. v3), detected the decay m . The counters Land R were 2X18X18-in.
plastic scintillators which were equibppe_d with discrifninators, In order to
reduce baCkgr;)und rates, a pulse was required which was equal to one-half
that produced by a minimum -ionizing partjcle crossing through the 2-in.
dimension, | | “ |

. The pulses from counters L and R in coincidence with G, and Gd

were displayed on the oscilloscope trace along with their associated Sl,
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S3, and C pulses. Thus, whenever a K+_=meson p’_ulse was identified on the
film, we:could alsodetermine whether an L or R p'»..glse was time—coincident,
with a resolution of +4 musec. Such a pulse was found in 321 % of the
céses, a value close to that calculated from purely geometrical considerations.
A 'simplified schematic diagram of the electronics is given in vFig: 4,
In order that each pulse ‘on a given trace be assigned to the correct counter,
we have made use of a multi;hannel coincidence mixerv.'8 _ .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 twofbld:ci'rcuits, whilev the
various pulseé to be observe_d were connected to the other diode of their
respective twofold circuit. The output of each channel was connected into
a ‘1.:ransmisvsi_on line at intervals approximately equal to the resdlution time
of the coincidence. The amp'l.ified output of the line went to the deflection
plates of the oscilloscope. In this way, the pulse from one particular

é_ounter, and no other, appeared within a known interval along the sweep.

T t

. The mixer had two separate sets of channels, one for the ''up'" = U

telescope and one for the '"down' = D telescope. Pulses in c‘oinci'dence with
'_che U and the D telescopes were arranged to give opposite deflections of
the oscillvoscope trace. A distinction was clearly essential since 'if, for
example, a predominantly leftward intensity occurreéed 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 t‘he approximate fofm of an annulus (see Flg 3) was placed
directly in front of the té.rget, Events aSsociated with stray particles were

rejected by an anticoincidence with Gu and Gd'
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When the magnetic system was set to select -rr+ mesons, the large
number of protons in.the beam created additional background. It was there-
fore desirable to select out of this beam only the pions in coincidence with
-G. .For this purpose, a 2-in. -thick water-filled Cherenkov counter was -
placed in the beam just ahead of the second quadrupole lens. This counter
responded well to the TT+ mesons, but with very low efficiency to érotons |
of this momentum, With the pulse from this counter in 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 -
ap in terms of the measured counting rates and the geometry of the “
apparatus, that is | ‘

ap = a (LU-RU)/(LU+RU) = — a(LD-RD)/{LD+RD), - (8-

where LU is the counting rate of counter L in coincidence ‘w'ith the U K- meson
telescope, and-so on in an obvious notation, Here "a'' is a geometrical
factor numerically efaluated 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 Oppo:site sense for the U
and D K- meson)telescopes, .and we have thus two independent measure -
ments of ap. On the other hand, geometrical uncertainties due to the
location or symmetry of the be.:am‘, positioning &f counters L and R, and
effi:cienc.ies of counters L and R all pfoduce asymmetries with the same

sense for the U and D telescopes. Thus, they cancel out in the average of

N
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ap for the U and D telescopes. In our arrangement, dwing to inefficiencies
in the K telescopes, it was difficult to make their abs‘olute éounting rates
equal. It is to be noted that this difference, which was ~20 %o in some 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 v.such a way that a different circuit efficiency could re-
sult in a'n apparent asymmetry which \;/ould not cancel in .the average. Al;
though checks of the puise height on the film and the counting rates indi_’.caté
that this efficiency was very close to 1, we also periodically reversed th‘e‘
counters at the inputs to the electronic circuitry. In each case, about (\)'ne~i
half the counts were taken with L and R reversed so that any cir‘cuit a‘sym"metry
should balance oﬁt 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 perpendicular to the pla_r‘lev:‘
containing the K telescopes: U and D. It can be shown that the measuz:ed
values of ap 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, S2, and S3 set to
accept minimum-ionizing particles and with the A anticoincide_née :_remé\ved; the
counting fatés LU,RU, LD .& RD increased by a factor of ~500, owing to in.—
elastic pion-proton collisions. The ‘geometri_cal arrangement of‘cqunters
was such that elastic scattering could not produce this coincidence. éince
the beam was predorhinantly'composed Qf pions, which have spin zero, and
the target was bunpolarized‘, a pseudp_scalar quantity cannot be vclonstruc:ted
for the production process. Thus, ‘except for weak decays and possible
higher-order processes, we exp“ect zero asymmetry for these counting rates.
At the beginning and end of each fun, we recorded on the film a suitable

number of these pion-production coincidences,
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In analogy to Eq. (8'), we define for pion p’rodﬁction the quéntit'y
€ = a(LU-RU)/(LU+RU) = -a(LD-RD)/(LD+RD). (9
The average value of € shows, within the statistical é'rrors, no intrinsic
asymmetry for the apparatus. Numerical resuits are given in the next
section.

With an incoming 7~ beam, we looked for a £ -hyperon decay
asymmetry for two kinetic energies of the incor;:)ing beém, 1.0 and 1.1 Bev.
At any one energy, ap can be srﬁall or zero owing to a small or zero p.

At a second, sufficiently different energy, there is no a priori rea‘son to
.suppose that the same small value of p should persist. For this reason it
seemed appropriate to use two values of the inconqing 'pion_-beam energy.
At 1,1 Bev, most of the K+ mesons produced at 31° Were too energetic vto
stop in C.ounter C. A 7-inch carb(_sn absorber, placed in front of the K
'telescope, reduced the K-meson eﬁergy so that a reasonable fraction of
these K mesons stopped in Counter.C. |

With 'n+ mesons of ‘1,0 Bev, the =t 'hyperons produced may decay by
either of the two modes (4) or (5). The decays from which a‘ -rr+ meson |
struck the L or R counter were ljecofded with full efficiency. However,
only a small fraction of the -1r0 mesons, which decayed very rapidly into
two y rays, was recorded. These deca;YS werév 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 rr'o—meson decay
mode has been nume‘rically computed as 20x5%. On the other hand, wﬁen a
1_in. Pb radiator was placed in front of counters L and R, rrjost of the ‘170-.
meson decayé were detecte.dj while the n' mesons were orﬂy slightly at-‘

tenuated. With the Pb in position, 80+ 10% of these;'rro_ mesons were recorded.



-13- : UCRL-8539

We have made experimental runs with and’ without Pb radiator. From these
data, using the conversion probabilities and the known branc‘hing ratio of the

two modes, 1

(=t oa® 4 p] /(S 104 p) + (2T ot +0)] =0.49%0.03,
the asymmetry for the two decay modes can be calculated. Si"nce the counters
L or R detected the conversion of the y rays, and not the 'n'o ﬁae'sons directly,
‘the distribution function of Eq. (6) was modified. It has been shown thé.t,
when a single y ray is detected, the coefficient ap must be multiplied by a
factor which depends only ﬁpo‘vn‘the energy and momentum of the .Tro me‘son,lf"
In 6;11‘ case, the value of this factor Qaé 0.68.

The ratio of the K+-me_s on rate with hydrogen in the target t-o that
with no hydroge.n was approximately 10, The rate with no hydrogen ca;n be
accounted for by assuming that the source of interactions was the mater‘ial
in the walls of the empty hydrégen container. There is no a priori zl’easo.n_
to suppose that the polarization of the Z hyperons produced in the heavy
nuclei of the container was equal to that in w-p collisions, However, for
Lack of information on this point, we have as sﬁmed that these pol%rizations
‘Were equal. For the cases in which we find a very small value of.as, this
as sumptioﬁ is of little consequence; for the case in which we find a nonzero
value, it introduces an uncertainty of about 10%, ‘This error is mu.ch'
smaller thar; the statistical uncertainty and has been neglecteclia —v

In addition to the time-«distfibution curves, presented in the next
section to show that the K telescope's ind‘eed select K mesons,,' we have also
ﬁ@asured the number of K-meson counts when the energy of the pion beam
was reduced.tovSOO Me\), Which is below the thrvesholdu The result was that
the number of counts obtained in which C was delayed by more thén 5 m_psevc

was egual to that expected for background change eoincidences only,
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We have remarked earlier that the kinematics of the reactions allowed,
for the most part, pnly ti’lé f)iqns to reach counters L ana R. However, in
12 :i:5°/o of the cases in.which a pion was\‘ detected, the nucleon struck the
opposite counter as well. Also, in 7% of the cases in which one of the y rays
from the *rro méson struck one of the counters, the 6ther-y ray struck the
opposite counter. These events led to a small fraction of cases in which
both Counters L and R gave simultaneous .pv'ulses; the ratio of these to cases
in which only one counter gave a pulse was: for X, 0.032+0.007; for Z+
’ »With.no Pb, 0.06+£0.01; and for Z+ with Pb, 0.8+0.2. The events in v&hich
L, and R gave simultaneous pulses .allow us to make an empiﬂcal correcfion
for the number of events in which the nucleon alone was countve>d. Such
events, of course, gave an asymmetry of sign opposite to tha£ of thé pions.
A relatively small correction has to be made to the value of ap for
: E+ - 1f+ + n for this effect. For the other decays, the corrlection was

negligible.

IV. RESULTS

The time distributions_for the particles that produced pulses in the
C counters in coincidence with Gu and 4Gd are given.in Fig. 5 for each
situation in which we lhé.ve obtained measurements. The observed data ha‘ve
been ‘coirrectedbfor an accidental background amounting to about 6% of the
total counts. This correction has been estimated by ;lsing the info;'mation
from C coincidences with negative time delays, and from counting rates
obtained witvh the C counter delayed by 160 mpsec. 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 ><.10-8 sec. 10 These
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" curves are normalized in abscissa to the zero time known from the measure -
ments for 5 and in ordi.na.te to give the best visual fit ;co thé poinfs' With time
delays greater than 6 fnpsec,

Clearly, there was a background of coincidences near time .zer-o
which cannot be ascribed to K mesons. When the solid-line curve is sub-
tracted from the obs\erved values, the points shown as open séuares 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 wete
accepted because the G coincidence did not perfectly bias ‘out all fast
particles. The determination of ap appears to us to be most reliable if we
consider only thoée coincidence; in Whic.h C was delayed by more than abéut
5 musec.  For the results reported here, this procedure was followed.

The chanc;e‘ coincidences which appeared with négative timel.de‘cays
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 cha.-nce_coinc:idences° For evaluating ap, we have therefore
accepted only those counts with delays less than this value. Three per cenf
of the L or R pulses 'c:'soincident with a K count were due to chaﬁce back-
ground. A correction Wr;rs applied for this effect.

The mean life of the K+ mesons accepted with delaysAbetweer‘l 6 and
.30 mpsec has been evaluated in each case by means of a least-squares fit
of the data. The values shown on Fig. 5 are in exce.l_lent agreemeﬁt with
the published values. 10 We believe therefbre.that, except for the chance
background discussed above, the K counts ac‘cepted for the asymmetry

“analysis contain less than 5% of particles not true K mesons.
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. The experimental values of ap and € are given in Table I (the errors
are statistical standard deviations). 'I;he valués of (11_5 for =~ hyperons
produced by pions in hydrogen bubble chambe.rvs are also given in Table I
We have given the values for »Z+, with and without Pb, in order to indicate
which part of the error in the asymmetry is sta.tistical,- The .values deduced
for ap for the two decay modes include additional errors due to uncertainty
in the branching ratio and in the conversion p»r.obability for the 11'0 y rays.

We conclude that for £~ < 7 + n, at both energies, the value of ap
does not differ significantly from zero. Therefore, no conclusion with
respect to parity nonconservation can be drawn. | |

On fhe other hand, from the asymmetries fof 2+ hyperons with and
without Pb,a violation of parity conservafion is quite strongly indicated.

The value for ap obtained with Pb differs from. zero by 3.3 standard devi-
ations. The chance of observing a value as large as or larger than this in

a singie measurement, if the true value were zero, is i'oughly 1/1000, If.
the true asymmetry were zero for each of the eight series of measﬁrerﬁe_nts,
the chance that one of them would show a value as large aé this or larger

is ab-out 1/100, |

Thé/ error quoted is purely statistical; From the four values of
€ reported above, we conclude that the systematic error due t6 an intrinsic
asymmetry in the ‘apparatus is probably less than 0.03. . For the Z+ hyp.eron.s,?
with Pb; the asymmetries obtained_separatély with the U and D telescopes
show the expected reversal of éign (Eq. (18}); the values of ap are
+021 £0.09 and +0.19+0.08, respectively. The internal consistency of
the data indicates thé.t the systematic errors aré srnail compared with the

statistical errors.,
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Table 1

- + - ' ,
Values of the asymmetry parameter ap for 2 - and Z -hyperon decay. The asymmetry parameter

€ for inelastic pion-proton collisions is a measure of the geometrical symmetry of the apparatus,

Process

Incoming pion kinetic ap € ap from bubble
'~ energy ' | chamber k
. (Bev) 5 observations?
1
S -1 +n 1.0 .+0.018+0.050 -0.004+0.036 0.11+0.13
= > 4n 1.1 -0.058+0.050 | +0.008£0.021 .| 0.040.13
. 1r+ +n .
Z-{'/? ;' 1.0 +0.039+0.050 +0.04+£0.03
\' 1T0 +p “
without Pb
radiator o I R
1r+ +n
£/
z 1.0 +0.20+0.06 i +0.004x0.043
v \ Tro fp E
with Pb
radiator i
= et 4 1.0 +0.02 £0,07 ;
stea 4 p 1.0 +0.70 +0.30

aLProceedings of the 1958 Annual International Conference on High Energy Physics at CERN, p. 267,

and Frank S. Crawford, Jr. (UCRL}, private communication. |

L1

6€58-THDN
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|

: - + + . s g
The value of ap deduced for Z = 7w + n does not differ significantly
- from zero, so that the observed asymmetry with Pb is ascribed to the mode

Z+-> TTO + p.

V. CONCLUSIONS

‘The value. aof) = 0.70+0.30 strongly indicates.the nonconservation
of parity for this decay. 13 For Iaofx_l >0.27, invariance under charge
conjugation is violated as well, 14 and our measurements indicate that this
is probably the case,

Since IaOI < 1, then we have |p} >0.70+0.30 for the =t hyperons
produced in this reaction. Since the 2+ hyperons are polarized, our
measurement of o.+£5'-'b'ecomes especially significant. From the value
vo.+f> =+0.02+0.07, we conclude that Ia+d £0.03+0.11.

We can draw no further conclusions from our results _unlesé we
make some hy'pothesisvv'which connects the final-state s- andrp—w‘ave
amplitudes of all the Z-hyperon décays. One such hypothesis is that the
change in isotopic spin in weak decays obeys the rule AI = = 1/2, This
possibility has been discussed by several authors, _15 The present experi-
mental evidence from the branching ratio in AO and 60 decéy appears to
be in reasonable agreement with this a.ssumptio.n° 16 Following closely the
discussion of Gell-Mann and Rosenfeld, L7 we assume that the Al = + 1/2

N

rule holds, that the decay is invariant under time reversal, and that the

" spin of the T is 1/2, 1>

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 I = 1/2 and I = 3/2, The three

known decay rates W+, W, and WO, together with our value of
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1 a+l £ 0.03%0.11, are sufficient to determine the four constants. The
absolute values of o  and ao can then be computed and compared with the
measurements, Gell-Mann and Rosenfeld have shown that, within about

10%, the decay rates allow us to write the a's in terms of a common angle

'v_,"thus: '

a+ = - sin 2v ; a = sin 2v ao =+ cos 2v ; )
then:

+ -

a = ~-a <£=*=(0.03+0.11),

¥ = £ (0.99£0.01),

and for =* hyperons: |pl = 0.70+0.30.
Our results given in Table I are clearly consistent with the Al = * 1_/2
assumption for Z decay.

QOur values are not consistent with an interaction of the form

-8 gt 9 |
L . W By, (L+yg) by 5%, d (10)

similar to that suggested by Feynman and Gell-Mann. !8 For this interaction,
a large value for uo requirés a large value for a+.

T. D. Leel.9 has sugvg.ested to us that'Eq. (10) might have to be
generalized because of the r'ionconse‘rvation' of strangeness in the decay and
because more than aeisotopic spin state is involved. Specifically he
suggested.that we try t-o fit an empirical interaction of the form

L=-8_ 4" R |
L N b By, (@tbyg) by BX, ¢ - C(11)

which should apply to all hyperon decays, AO as well as 2. As.s'uming again
Al = £ 1/2, and time-reversal invariance, we can obtain a, as, b1 and b3,

which are the amplitudes for the iéotopic spin I =1/2 and I = 3/2 states of_
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the s and p waves in the final w-p system. To determine the'.four
constants, we use‘the three values. of the ‘Z d’ec;a4y rateé W+, W™, and W0
givén by Barkas and RosenfeldZO t‘oge..ther with our value for
ﬂva{-l £0.03+£0.11. In addition to a sign ambigui’.cy, there ére twb possible
solutions to fit these fbur values; Case 1 wvith b3‘ small and Cas‘e 2 with ag
small. -The, values are given in Tabié I : The absolute values arev not
determined unless the coupling constaﬁt 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
a and ao for the Z hypéron, the ratio of, say, the total decay rate of AO to
‘that of =7, and the absolute \./alue of a for AO decay. The decay rate of

19

each hyperon is given by

2

W= [g?/2m° | [p(E + M)/(E+w)] {lal®[w+p?/(E+ M2+ b1 2[1+u/(E+M)]%p),

(12)
where

m = pion rest mass, ~

2

nucleon rest mass,

= momentum of the pio.n (nucleon),

go]
|

w = total energy of the pion,

'E = total energy of the nucleon,

while the asymmetry parameter is given by

w = _(a*b+b*a){p[m+p2/(E+M)][1+w/(E+M)] }/‘;{datz_[w+p2/(E+M)]; +

b1%[1+w/(E+M)]% p%). (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
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Table II

The relative s- and p-wave amplitudes_f'or the isotoéi; spin 1/2 énd 3/2
states in the decay of Z hyperons. The amplﬁudes_ were cavlcula‘ted By

assuming an interaction in the form of Eq.v_(ll), the validity of the Al=+1/2"
rule, and invariance of the interaction under time rev'el;sal. Par‘t A is for
the case in which b, is small; Part B for az small. Note that although the
signs of the amplitudes are undetermined, the sign of a, must be the same

as aj and of b, the same as b3, but a, need not have the same sign as b;.

IsotopEc spin Relative Relative
s-wave amplitude p-wave amplitude

A. For b3 small

il
It

—t
1]

1/2 a; =*(0.36+.08) b +(1.31 +.08)

+(0.02 +,10)

-
1l
w
~
[\¥]
©
1t

#0,72+.04) b

B. For ay small o

+£(0.43 +,10)

-
]

1/2 ©a, =(1.09£.07) b

+£(0.02 +,08) b, = +(0.87 +.05)

I1=3/2 ~a
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Table III

The calculated and observed values of the asym‘metry'parameférs in
hyperon decay and the ratio of the Ao—vto 'Z—-d'ecay rates, They are
‘computed on the basis of an interaction of the form Eq. (11),‘ using the
amplitudes given in Table II. Note tﬁat é.lthough the sig‘ns of the a's are not

 determined, the relative signs are determined and must all be the same.

Case 1 Case2 . Experimental’
(Table II-A) (Table II-B) (Absolute Values)
a +(0.05 +.23) - £(0.05%.23)
o | - <0.03+.11
ol +(0.97 % .03) (0,97 £,03) 50.7+.3
™0 £(0.74£.17) (0,46 £.1) >0.70.10"
aOAO +(0.74+.17) +£(0.46 + .1)
W, 0/ Wy ©0.40+.06 0.63£.09 0.66 +.07

>FProceedings 1958 Annual International Conference on High Energy Physics -

at CERN, pp. 265 - 273.
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| observ’ationrs' on thev Z hyperon. Nei.the.r' case is a good fit to the observed

| Qalues for both a and WA/ WZ"’" in AO decay. Yet taking into account our
e.rr9ré, and thosé iﬁ the lifetime measurements, agreement with one or the
othér set of values is not highly improbable. ‘Thbe analysis of AH4 and AHe4
hyperfragment decays by DalitzZIindicates that for AO hyperons the absolute
.value of the ratio of the p-wave to s~-wave amplitude is less than unity. For
our Case 1, the absolute value of this ratio is corﬁputed to be 2.3+0.5; for

~ Case 2, 0.26 :f:O‘,O‘S° Case 2 is ‘therefore to be preferred.

The interaction (11), together with the observations reported heré,
gives values for lal _in d.eca.y modes of hyperons for which asymmetries
have not yet been measured. Since theory predicts that the longitudinal g
pola.rii“zation of the decay nucleon is equal to -a, 22 nearly complete longi-
"tudina‘l polarization is to be expectéd for the protOn from the decay
=t o 'n'o + p. From Eq. (11), the sign of the polarization should be the
same as that of the proton in . AO =7 +p. The 1ongitudinal polarization
of the neutrons.‘ in the decays of Z; +7 +n and =V =1 +n should be
small, while for the Z+—hyperon production process used here, the
transverse p.olarization is large. The partia’l success of this model em-

phasizes again the-importance of measurements of the polarization of the

nucleons from hyperon decay,
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"FIGURE CAPTIONS

Fig. 1. Schematic arrangement of the pion.beam.

Fig.

L, R, Sl’ S

2. The horizontal and vertical intensity distributions of the pion beam
at the center of the hydrogen target.
3. Elevation and plan view showing the arrangement of counters and

the liquid hydrogen container.

. 4. Simplified block diagram of the counters and basic electronics.

2 S3, and' G are plastic scintillation counters; A, B, and

C are water-filled Cherenkov counters. D represents pulse-height

discriminators.

. ba. Time-delay distributions of the C pulse with fespect to the S3

'puls.e for m + p - =+ K+, 1.0 Bev. The da.shed lines are normalized
empirical time-resolution curves for the apparatus. The solid circle;
aré 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 subtraction of the solid-line curve from the total
counting rates. |

5b. .Time=de1ay distributions of the C pulse with respect to the _53
pulse for m° + p -» K+ Z7, 1.1 Bev. The dashed lines are normalized
empirical time-resolution curves for the apparatus. The solid circles
a.re 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 subtraction of the solid-line curve from the total

counting rates,
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Fig. 5c. Time-delay distributions of the C pulse with respect to the S3
. + : + + - .y ' .
pulse for @ +p -~ Z + K, 1.0Bev. The dashed lines are normalized
empirical timeé-resolution curves for the ap‘paratusq The solid circles
are the total countirig 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 subtraction of the solid-line curve from the total

‘counting rates.
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