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When A hyperons are producsd with K° wmesons in w - p reactions
there is a large up-down asymmetry of the decay preducts with respect to the
production plane. ! The angular distribution of the decay pion from a completely

polarized hyperon at rest can be written a.ﬁs2

dN = = (1 +acos x )do,

where d© is the solid angle of the pion momentum vector 'lsn_ , and x the angle

between f”" and the spin of the hyperon. The constant a is given by

2 Re(A*B:)
o elBf

and characterizes the degree of mixing of parities in the decay., A and B are

the amplitudes for decay into 51/2 and Pl/z final states of the pion-nucleun

syst:e.m° The quantity a P, which has the possible values 0 < ‘ aP |g 1,

is a measure of the up-down asymmetry and has been experimentally shown to

be 0.73%0.143

This large asymmetry can exist only if the A's are highly
polarized in the production process and if there is nonconservation of both

parity and charge conjugation in the decay process.
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Another necessar; consequence of parity nonconservation in the decay
process is a longitudinal polarization of the decay proton from unpolarized A's
decaying at resf. It can be shown that this longitudinal-polarization equals - a.

Fortunately, this longitudinal polarization of the proton, referred to the
c.m. of the A, appears as a partial transverse polarization in the laboratory
system when a A decays in flight and, hence, can be measured by a suitable
scattering experiment. In this way the helicity of the proton can be ubtéined.
whereas in the aP experiments only the lower limit tc the magnitude can be
determinec. The sign of a was determined in a subsequent experiment by
Boldt et al. > » who found a = + 085?82? , based on 54 events in a multip.ate
cloud chamber.

In the course of au experiment designed to produce = pa.ri:icl«xas5 from
a high-moraentum (1.1-Bev/c) K~ beam7 impinging on the Berkeley 30-inch
propane chamber, about 2(,000 A's were produced. A fraction of these (zbout
800 events] were observad to decay and have a subsequernt scattering of the proton
within the liquid of the chawber. This constituted a considerably larger sample
of events than had been obtained by Boldt et al., hence it seemed wofth while to

repeat the zxperiment because of its fundamental nature. Preliminary and

incomplete results of this uxperiment have already appeared elsewhere. 8

Experimental Method

All events visuallr identified as A's were measured, and the relevant
data were then calculated ¢n an IBM 650 computer. A constraint program was
used to find the best fit to the data, taking into account transverse momenttm
balance and coplanarity of the A's with respect to the production origin as well
as the' "O' of the decay. In addition, the ionization of all tracks was visually

checked for consistency wi:h measured momenta and particie assignment.



Atove about 800 to 900 Mev/c there was difficulty separating 8%s from A's,
and those events were deleted,

A major difficulty was encountered because the proton track, prior to
scattering, was oft'en tov short to measure the momentum accurately. Because
very large errors were assigned to these tracks, the constraint program could
not readily compute reliable values for the momenta, yet these values were
needed to obtain the asymrmnetry parameter in the scattering procegs. For thig
reason, we assumed an elastic scattering and used the momentum obtained from
the scattered prong instead. The events were accepted only when the proten
momenta calculated by this method {(after appropriate corrections for energy loss
by ionization) were consistent with the values needed to give the right Q for the
A. In most cases the recoil proton stoppéd in the chatﬁber and a very accurate
momenturm determinaticn could be made; unfortunately, hdwever, these low-
momentum events are just those where the asymmetry from scattering by carbon
is quite~ smal;, Therefcre these events do not help to measure the initial polar-
ization cf the proton. In crder to eliminate possible inelastic scattering events
an acceptance cutoff -7as made in the scattering anglé at a point where the
elastic scattering cross section still dominates the inélastic processes, KEven
in those events in which both the incovning and cutgoing momenta could be well
measured, it was impossisle to detect excitation into the low-lying levels of
carbon; tharefore, the cutoff procedure was used for all events. This procedure
was necessary because the asymmetry parameter for inelastic scattering can

be of opposite sign to that of glastic scattering in certain angular regions. Those

-k

hat appeared to be hydrogen scatterings were

1]

events with two recoil proig

subjected o an additional :onstraint program to determine whether they were

indeed elastic hydrogen scatterings.



As a result of rejecting O-like events, inelastic scattering, poorly
measured events, events with large kinks in the tracks, and events in which
all tracks were too short to be measured accurately or the momentum was
cbviously too low for analysis, only 212 events remained for further analysis,
Finally, all single A's without visible production origins were eliminated from
the sample, leaving 183 eventa. Of these, 36 were cases in which the proton
was scattered by hydrogen in the propane and the remainder were elastic
carbon scatterings.

It is difficult to see how any bias can creep into the selection of these
events even with such a high filtering factor, because the sign of the polarizatio-
is not an cbvious quantity when the event is viewed in a bubble chamber picture.

The following procedure was then used tc analyze the selected events,
First, for each event the angle between the spin of the proton and the direction
of motion of the protcn in the laboratory system was computed in a manne¢
prescribed by Stapp. 9 The sine of this angle multiplied by the magnitude of the
original longitudinal polarization (-a) is the magnitude of the transverse polar-
ization. 3Second, correction was made for the precession of the proton spin in
the magznetic field of the bubble chamber prior to the scattering event. The rate
of precessicn cf the spin was computed according to the equations derived by G. V.

Fcrd and set forth in the pa,.er by Nelson et al., 10 namely,

—~ -
eB - v
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where 3 = magnetic field,
v = velocity of the proton,

g/2= 2.79275,
Third, because of spin orbit forces, the scattered intensity is propertional to
1 4+ (-a -fsl } - ?Z (8) where - a -Igl is the transverse polarization of the in-
coming proton at the position of the scattering (as determined by the above
transformation) and Pz is tixe asymmetry parameter in the scattering nr-cess.
The direction of PZ (6} is aling the normal to the scattering plane
;]’2 =kXT /IR«»X-E’ ‘ - The magnitude of P, (9) is a function of incoming
momenturs and scattering angle and has been determined experirnentally else-
where. For example, with an initial tranaverse polarization downwards, P‘2 (6%

is determined as N_ «N

P?, (9) = .._...R_......_..—l.i .

NR+NL

where Np and NL are the number of protons scattered to the right and to the
left. (The angle ¢ betweea P, and PZ is 0 deg and 180 deg, respectively.)

In Figs. 1 and 2 the values of PZ(G) are summarized as a function of laboratory-
system momentum and scaittering angle for protons scattered by carbon and
hydrogen, obtained frorn :eferences availabie in the literature and by private
communication. A list of references from which these data were taken is
available on request. Data from these charts were put into the memory «f the
computer and intermediate values obtainad by interpolation. A dotted line in
Fig. 1 indicates the elastic cutoff. Below 300 Mev/c the asymmetry parameter
P, was set equal to 0, even though at very low momenta P2 again becomes finite.
This condition eliminated another 63 events and left only 120 events cf sigrificarce.
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Finally, the probability that a proton scatter tc the right is R
N, +N
R L
l «aP,
5 where Pi = P'IP'2 cos ¢ for the ith event. The product of all of thece

independent probabilities is the likelihood function

L = ni(l-aPi),

which may be plotted as a functicn ¢f a to obtain the most likely value for the
magnitude 5nd sign of a.

In Fig. 3 the natural logarithm of L is plctted for 120 events.

These data would indicate a = - 0.45 0.4, implying positive helicity
for the proton in contradiction to theoretical predictions to based on the universal
Fermi interaction, and to the experimental findings by Boldt et al., > whose
results are plotted on the same graphs as a dashed line, and contrary to our
own prelirninary results. 8 In addition, the magnitude of @ is smaller than that
obtained by the up-dcwn asymmetry experiments {(where oP 20.73 0.,14),_
although the difference in magnitude is nct statistically significant. The ratic
of the likelihood functions at a = - 0.45 tothat at o = + 0.45 is 12:'; at a = 0.85
the ratio is 140:1.

A second way of determining the sign of @ is tc measure the right-

left asymrnetry directly. The result obtained in this manner is

N - N 0T
R L 220 .56 0.091. The computed value for this ratio (’2 a Py F_{)
NR + NL 120 w

based on the average of thz product of the input polarization - o.P} an& the
asymmetry parameter P, (), is 0.16 for a = 1.0, and 0.07 for a = - 0.45,

The exper.mental wsywymetry is in agreement with both of these values.
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Finally, we have computed the gquantity D =-_2 Pi cos ¢i as suggeosted
by Bowen et al., 12 so that these data may be combiried with other results. The
vilue obtained here is D = - 2,79, to which may be added Bowen's - 0.142.

Every effort has heen made to detect errors in the experiment, to the
extent that the signs and magnitude of the polarization of the individual events
making up the most significant part of the data have bgen checked numerous
times. Although these data disagree with previous measurements of the cign
of alpha, we have no other choice but to present the results as they now stand.

It is with pleasure that we acknowledge the work dene by Howard White
and his group in programming the computer and processing all the data. Dr.
Cyril Henderson collaborated with us on a preliminary version of this experiment.
We are indebted to Dr. Wilson Pcwell and to all the members of the 30-inch
propane chamber grcoup, and to the staff of the Bevatron for their part in making
a successful run of the chamber.

We thank the many scanners and technicians for their help in the analysis.

Discussions with Jr. Frincis Muller and Dr. Creste Piccioni were most helpful,

as well a3 discugsions with many other people too numerous to list.
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FIGURE LEGENDS

Fig. 1. Curves of constunt asymmetry for elastic scattering of protons
from carbon as a function of laboratory-system momentum and
scattering angle. Dashed line indicates cutoff where elastic-
scattering cross section still dominates inelastic scattering.

Fig. 2. Curves of constant asymmetry for proton-proton geattering as a
function of laboiatory-system mowrentum and scattering angle.

Fig. 3. Naturai logarithm of the likelihood function L as a function of
a. The longitudinal polarization of the proton from A°® decay is

5

= a. Solid curv: is this work. Dashed line is that of Boldt et al. ™.

This experiment indicates a = - 0.45 +0.4,
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