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The dsi@mma, posed by the @ppammiy irreconcileble 7 aad € decey modes,
of the ¥ meson ied Lee and Yang to re-examine the principle of conservation of
p&xity in decay processes. 1 They concluded that parity might not be congexrved in
we_&k_mwm.cgions and suggested some experimental tsets of their predicticas. The
first of these concerned the angular distribution of electrone in the B décav of
sriented nuclm,, and the experiment on the decay of C@éﬁ nuci@i mveaiad an
asymme&ry in the electron dia@nbumcn.z ‘Experirments on &he wt - 5.:. -t
chain also showed an asymmetry in the angular distribution of the positrons,
} in &gmem@n& with the twa-component theory of the neutrino. The a.ngumr diztribution

of the pesitfons ie of the form N(8)dQ = N{ w/2) (1 + a cos & 4q, {13 |
where 0 is ﬁz@ angle between the ori iginal direction of moﬁﬂn'of the B meson and
the direction of the emitted p@sitron. The va;iué of a is ﬁég&tiv&, indicating that

the pesitron is emitted pmfa rentmily in the backward direction ré&&&i‘m to the incoming

decay
3.4,5

g meson. ,
We have measumd the angular &istribn%mm of pamtrm;s arising in the &avdy

ch&in Kp;Z - p t &' . This mode of d@c&y is similar to tha:, of the W meson in

&ha&: a single neutring {or &utin@u&mn@) is emitied with the p meson. The ¥ -
menone were produced by bomb@rdmg Y t&n&aium target with 6.2-Bav pmmm@ in ma
Bevetron. Those emitted within a am&‘l& solid angie at 88° o the incident proton
bearmn were focused by means of magnetic quacirupm@ lenses, and momentum ﬂmgaiyﬁwi
by a 30° deflection f.@ & magnatic field (see Fig. 1). The central momentum, 88
indicated by range measuvrements, was 480 Mev/c, and the m@m@ntum bandwidth,

# 3%, The detector system, Located outmé@ &he concrete @hmldﬁng &z@umﬁ the

3 : : : _ _ ' AR
. This work was performed under the asuspices of the United States Atomic
Energy Commsission. '

Teommonwesith Feliow. On laave of absence from AERE, Harwsil, England,
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Bevatron, consisted of plastic scintillation counters, a water Cherenkov dotecin®,
and absorbers in the arrangement of Fig, 2. This system was shielded
magnetically from the stray field of the Bevairen, It was also enclosed in o
rediation shield of lead (4 in.) and boron-icaded paraffin wax (12 in.), which reduced
the background, due mainly to low-energy neutrons and vy rays.

K¥ mesons came to rest in & block of polystyrens, S, and the g mesons
emitted c’imsnwards from those decaying via the K‘uz mode entered & stack of
ecintillation counters 1,2,... 6. Protons in the incoming particie beam were
stopped in the Cherenkov counter, W; w mesons wers rejected in our coincidence
circuits becauss first, they produced a pulse in the Cherankev counter and,
secondly, they passed through S into the anticoincidencs counter F. Ancther
coincidence circuit selected those # mescns which stopped in & 1,5-in. block
of aluminum ("precessor”). Thie block was wound with aluminum wire sc that a
uniferm borizontal magnetic figld could be applied to it. A master coincidence
indicating a stopped 'p."' meson was used to trigger an oscilloscops trace, and the
dirsction of emission of the positron in the subseguent decay of the p was indicated
by the responses of the scintillators in the stack. These signals were mixed in
coincidence pairs to reduce the general background of puises on the cscilloscope trace

In carrying out the experiment to determine "a" in Eq. (1}, we applied 2
magnetic field, first of 25 gauss and later 50 gauss, to the precessor. This field
cavges the spin direction of the p meson to precess with a freguency given by

[ V] -
—_— = 1.35% 102 B ssc”?,

2%
where B is the magnetic flux densily in gause. As a result, a sinuscidal
modulaticn is superimposed upen the normal exponertial detacticr rate of decav

pesitrons; i.e., the counting rate for positrone observed at an angle 6 measured
with respect to the initial direction of the muons is a function of time having the
form o

N(t) o o~t/T [z + 2y coe (8 + wt):} . (2)

The amplitude of the modulation than gives &4, the observed asymmetry.
This method hes an important advantiage over that based on measuring the ratio of
the backward and forward decay rates with no magnetic fisld in that the value of ag
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obtained is independent of many instrumental asymmetirien. ¥ urthermors,
differences between the backward end forward decay rates can be used to determine
any remaining instrumental asymmetries. S

The méul&a of the experiment are contained in Fige 3 and 4. The values of By
deduced from these results are given in Table I. In orxder to compare the rssults
with the predictions of the Lee-Yang theory, we have to revise the obse rved values
of 'aa upwards ffor Azhe-ﬁaisﬂi@wing effeé:ts, {a) There iz & g@am@ar‘&c&ﬁ correction s}f-
about 6% which included an edgs effect and an apparent depeiarizaeim due to the
finite @ngke subtended by the precessor at the position whers the ‘K mesons a;m;p
and decey. (b} The range curve of the g meson indicates that a.kaou& 10% of the
p mesons do not stop in the unﬁformoki@m region, and these contribute & backgréumi
which diiutea the true asymma&ry (c) Ave raging the data for calculation purposes
into the finite time intervals of Figs. 3 and 4 hes the offect of reducing the agymmetry
by about 5%. When these corrections are made, we obtain the values of aﬁécm T}
given in Table I. '

As an additional cneck en our obs@rVQd effects, we m@%sumd ah@ backward and
.forwami rates @f the pesitrons with ne m&gn@tic field on the pz’ec@wcr {see Fig. :z}
Here. in addition to making & geometrical corraction, we must increase the '
obeerved backward/forward ratio by sbout 12% to allow for an instrumental
| asymmetry that favored forward decaye over backward, Th@ mﬁgmmdes of G.nm
correction was estimated fr@m the data of Figs. 3 and 4.

The weighted mean value from zil the data, trgatmg each result 28 iﬁdﬁépend@mp
s : ‘ _' e REEE | ; '
&, = aGEoi 2 0.04. : | . | {33

Te be detected, the p@@iﬁroﬁ from & p meson decaying at the center of the
preceesor must havs & minimum renge of 9 g of aluminum, correspouding to a
- minimum ammga p@si&rm‘z energy of about 25 Mev.  This is almost the same. ene fgn}r
amcrimin@twm ag that m the Columbie Group’s «a*spenme.m on the T o e d@eay
eh&mﬁ They found & = - 0.305 % 0.033 for posiizons of range .2 9.3 g/cm carbon,
The theorstical value of a may be found by integrating the electron epseirum
| _g;ivan by Lee snd Yang above the minimum energy. andds 8, - 0.43 £ P, Here
€ is tha coupling amﬁ,mmr@ parameter of Lee and Yanga an& P is the §m~&mmj

polarizition of the g\a meson in Kga. dacay. I we assume that the g.a meson is
: AR 2 ,

—
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Table I

Asymmeiry of K-p.e decay.
N{G d=N(®/2}) (1 + 2 cos 0 d fL

Precessor Diraction of a, aG(ccrr)
field e misgion of positrons
{geuse)
25 Backward : -0.27 = 0.05 -0.34 £ 0.07
25 Forward -0.21 « 0,05 -0.26 & 0,07
50 Backward -0.31 £ 0.09 -0.3% 4 0.12
5y Forward -0.35 % 0.10 ~0.43 £ 0.13
) Backward/Forward -0.20 £ 0.03 -0.28 & 0,06

Average & = - 0.31 + 0.04

complately polarized, the asymmetry a, corresponds to a value of €22 0.72. In
arriving at this result, we have not made any corrections to our cbserved data for the
effects of radiation by, and Coulomb scattering of, the positrens. Covsegquently,

our value i & lowsr limit, It is in reasonable agreemsnt with the value of 3
astimated for p maesons from w-mason decay. 7.8
, We conciude that the p mesouns from K -megon decay 2ye highly, if net
completely, polarized, and the direction of 9%1&.rizatioa is the same as that
occurring in  we i — ¢ decay. This result strongly suggests that the spin of the K
maeson, like that of the =, is zero. With this conclusion we nota that the obsorved
direction of p polerization iz opposite to that predicted by the "attribute’ scheme

for the fundamental pazrticles. 9. 10
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CAPTIONS FOR FIGURES

Fig. }. DIlan view of particla-selection system {schematic).

Fig. 2. Side slevation of detector system.
A through H and 1 through 6 are plastic scintillation counters.
W is a water Cherenkov detector.
S is the X' stopper, & 3-in. cube of polystyrene.

‘A K*z meson stopping in S and its decay p stopping in the precessor
are indicated by the counter response - W+ A +B 4+ C+D+E-F1+G+H+1+2+53
4. Decay positrons are indicated by +> 42 +{1}) -4 - Gor +4 +5 +(6) -3 -G, G
acts as a guard counter against possible background of scattered ¥ mesous
entering the counter syatermn 1,2,... 6.

Fig. 3. Detection rate of decay positrons &g & function of time.
Magnetic field of 25 gauss in pracessor.

Fig. 4. Detection rate of decay positrons as a function of time,
Magustic field of 50 gause in pmceesci‘,

Fig. 5. Detection rate of decay poritrons asg & function of time.
No magnetic field in precessor.
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