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The purpose of this note is to report a result for
the helicity of the proton from A decay. We find
that our data strongly favor positive helicity.

This result is obtained from a study of about
2000 A’s produced by K~ absorption in He using
the Duke helium chamber,! and a low-energy K~
beam at Berkeley.? The study, based on 105 pro-
ton scattering events from A decays, was made
as part of a continuing experiment, a portion of
which is described in detail elsewhere.?

The helicity of the proton in A decay is defined
as the sign of the proton polarization measured
in the decay rest frame. As shown by several
authors,? this polarization is given by

= -a kYK, 1)

where o is the asymmetry parameter of the decay
A->7"+p, or in terms of the s and p amplitudes,
o =2Re(s*p)/(s2+p?) and K is the c.m. momentum
of the proton. The proton polarization, longitudi-
nal in the A rest frame, becomes partially trans-
verse when transformed into the laboratory frame
since (nonrelativistically) the spin remains rigid
while the momentum k™ transforms into -ﬁi(lab),
making an angle I' with respect to k*. The trans-
verse component, 'G*Sinl", can then be measured
by means of subsequent elastic scattering.

In principle both the magnitude and the sign of
a can be obtained by measuring the (azimuthal)
angular distribution of the scattered protons. In
practice, however, since only a small portion of
the available data has as yet been analyzed, only
the sign of o is determined with good accuracy in
this report.

Severe limits on the magnitude of & have already
been set from the results of the up-down asym-
metry experiments at Brookhaven and Berkeley.5
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The latest unpublished Berkeley results® indicate
that |a| = 0.85. We employ this result as a con-
straint on the determination of the sign of « in
the present experiment. Details of the analysis
are given below.

If an incoming proton beam of (lab) momentum
Ei and arbitrary polarization 0 is scattered from
a spin 0 nucleus, the angular distribution’ of the
elastically scattered protons which emerge with
polarization Py (6, €) is

76,€)~1+G ?an(e, €), (2)

where 6= (proton) center-of-mass scattering angle,
€ =lab proton energy at the point of scattering,
Ef= outgoing proton lab momentum, and "ﬁan(e ,€)
=P, (6, e)Ei x'l-’y/ l'lEi xk | = analyzing polarization.®
This expression can be written in a form more
useful for analysis by expressing o+ B,,(6,¢) in
terms of the angle I' defined above, and ¥, an
azimuthal scattering angle which is conveniently
chosen as the angle between the A decay plane

and the p~-He scattering plane. The distribution
then becomes

f@)aQ=[1+a sinI"Pan(G, €) sin¥ |dQ. (3)

The quantities I" and ¥ are directly obtainable®
from a kinematic analysis of each event, and since
the analyzing polarization is known'® (see Fig. 1),
a may be determined by an appropriate best-fit
procedure using (3) as the theoretical distribution.

The important characteristics of the various
subsamples chosen for analysis are given in Table
I. Of the total of =150 A -decay proton scattering
events found by the scanners, only 105 survived
the selection criteria for sample A which were
imposed in order to remove the Coulomb scatter-
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FIG. 1. Analyzing polarization for proton helium scat-

tering as a function of c.m. angle for various proton (lab)
kinetic energies. Data at and above 10 Mev are taken
from J. L. Gammel and R. M, Thaler, Phys. Rev. 109,
2041 (1951). Data below 10 Mev are calculated from
phase shifts given by A, Juveland and W. Jentschke,

Z. Physik 144, 521 (1956).

ings and possible inelastic contamination. These
selection criteria are: (1) § >26°, (2) 4 Mev<e
<22.5 Mev. Of the total of 105 events in A, 100
stop in the chamber. The energy spectrum and
angular distribution of all events is shown in Fig.
2.

Each event in the sample was subjected to a full
kinematic analysis which yielded best-fit values
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FIG. 2. (a) Proton energy spectrum of Sample A
(0= 26° 4 Mev<e<22.5 Mev). (b) Center-of-mass
angular distribution of Sample A.

of the dip and azimuth of each track. This infor-
mation, when coupled with the accurate energy
determination provided by the range of the scat-
tered proton, permitted the calculation of sin¥
and P, to an average accuracy of 15% and 10%,
respectively.!!

The determination of the sign of ¢ was carried
out using three techniques, (a) the method of maxi-
mum likelihood, (b) comparison of the measured

Table I. Characteristics of the proton scattering sample. N =No. of events in sample; € =average proton energy
at scattering point; @ =average c.m. scattering angle; P,y = average analyzing polarization; (Pansinr>av= average
effective polarization of sample; nexi): experimental value of right-left asymmetry; () =predicted value of right-

P

left asymmetry using the measured an SinDay.
Sample definition N pan (sinI‘)av (Pa.n sinl")av M exp @ [2)
A, 6>26°4 Mev<e<22.5 Mev 105 12.0 0.36  0.77 0.28 0.20 -0.18a 60.5°
B. 6>26°,4 Mev<e<22.5 Mev, Pansinl‘>0.25 57 10.6 0.47 0.86 0.40 0.15 -0.26a 69.0°
C. 6>40°,4 Mev<e€<22,5 Mev 85 11.8 0.41 0.76 0.31 0.20 -0.20@ 66.5°
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right-left asymmetry with its expected value, and
(c) a x2 fit of (7) to the ¥ distribution.

The likelihood function, L(a), representing the
total probability for observing our 105 events in
sample A, is a product of the distributions (3)
evaluated f%% each event:

L(a)= ZI;Il[l + aPan(ei’ ei) sinl’, sin\Ili]. 4)

A plot of L(a) vs « for sample A is shown in
Fig. 3. Although the best-fit magnitude of «, as
determined from the position of the maximum of
L(w), is quite consistent with the limits set by the
up-down asymmetry experiments (0.85 < |a|<1),
it is clear from the width of L(a) that the present
data cannot determine |a| with comparable pre-
cision. We therefore accept the previous deter-
mination of |@| =1, and ask the question: “Given
the magnitude of o, what is the likelihood of the
hypothesis a= -1, relative to the hypothesis
a=+1”? One such relative likelihood measure
is given by the ratio L(a=-1)/L(a@=+1)=2x10°
which strongly favors!? o= -1.

Another such relative measure can be obtained
by comparison of the measured azimuthal angle
asymmetry 5, defined® by

nexp= [NR (sin¥ = 0)—NL(s1n\Il < 0)]/(NR +NL), (5)
with its expected value (1) given by

(m)=(2/m)a(sinl Pan(e R e))av. (6)

For our sample A, (n)=-0.18, and the meas-
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FIG. 3. Likelihood function L(x) vs o for Samples A,

B, and C. The shaded areas represent regions allowed

by up-down asymmetry experiment. Sample B is defined
by Py,
fined by 6 > 40°, 4 Mev<=<e=<22.5 Mev,
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sinI'= 0,25, 4 Mev <€ =22.5 Mev; sample C is de- proton scattering planes.
o =] are represented by smooth curves,

ured asymmetry is Nexp™ 0.20+ 0.1. Thus the
data are consistent with the requirement |a| =1,
and are in good agreement with the hypothesis
a=-1, but are in disagreement with the hypothe -
sis @ =+1 by about 3.8 standard deviations.?

An alternate approach is based on a x? analysis
of the observed distribution in ¥ (see Fig. 4).
The expected distributions g(¥)d¥ for a=+1, re-
spectively, follow from (3), integrated over solid
angle:

g(¥)d¥ =[1+ a(sinl’ Pan(e, e)}av sin¥ |d¥, (7a)

g(¥)d¥ =[1 = a(sinl’ Pan(e, e))aV sin¥ )d¥, (7b)
where (sinl’ P,,,(6, €))yy is the experimental aver-
age given in Table 1.'* The most probable value
of ¥ for this fit is 5.0. The distribution (7a) is

in excellent agreement with the data of Fig. 4,
yielding a x? of 3.9, corresponding to a probabili-
ty of 56 % for the observation of the data, if ¢ = -1.
On the other hand, the distribution (7b) has a x?

of 25.7, corresponding to a probability of less

26— —

24 _
22—
20—
18

-

z

w

>4 e |

- b \‘\_

o

o

z 0
8 -]
6 |
41— .
2 -

] | | | |

+90 +60 +30 0 -30 -60 -90

V¥ ( DEGREES)

FIG. 4. Distribution of angle ¥ between A decay and
The expected distributions for
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than 1% for the observation of the data, if o =+1.

Aside from the purely statistical errors given
above, we have considered several possible
sources of systematic error —inelastic contamin-
ation, Coulomb contamination, scanning bias
against events in certain regions of energy and
scattering angle (see Fig. 2), and finally polari-
zation of the A sample. We believe all of these
effects to be either small or nonexistent for rea-
sons discussed below.

Firstly, each of the scattered protons had an
energy below threshold for p+ He* - d+ He3, which
constitutes 909% of the inelastic cross section at
low energy. Secondly, the 6 =269 criterion was
designed to eliminate ~909% of the Coulomb events.
In any event a small contamination of Coulomb
scatters will not affect the maximum-likelihood
estimate of @ because these events, at small 6,
would be assigned a small Py, (see Fig. 1).

In principle, since the angle ¥ between the
production and decay planes is uncorrelated with
scattering energy and the angle, the bias against
low € and small 6 events should not affect the ¥
distribution. To test this point experimentally,
we selected two subsamples B and C according
to the criteria given in Table I. B is a high ef-
fective polarization sample rich in low-energy
events; C is a sample composed of large scatter-
ing angle events. Both the likelihood functions
(see Fig. 3) and the asymmetries (see Table I)
for B and C are in good agreement with their ex-
pected values, thus confirming the internal con-
sistency of the data.

Lastly, we consider the possibility of the exis-
tence of a polarization of the A sample, which
would complicate the analysis to some extent.*
The majority of the A’s in the sample were pro-
duced via a two-step T - conversion process,'®
i.e.,

(8a)
(8b)

K +N->3Z+m,
Z+N'>A+N'.

The outgoing A’s, if polarized at all, must be
polarized perpendicular to the production plane
of (8b). However, since all such production
planes are accepted, the outgoing A’s must be
polarized.

Owing to all the above considerations, we in-
clude no systematic effects in our estimation of
the errors in this experiment.

In order to make a direct comparison of our
results with those of other experiments of this
type, we must disregard the constraint placed on
the magnitude of @ by the up-down asymmetry ex-

periments. Then, from the likelihood function of
Fig. 3, the most likely value of ¢ is

a = =0.7555:50, (9)

where the error on the positive side corresponds
to the half-width of L(a). The result (9) can be
compared with those of Boldt et al.*® and Birge
et al.,'” who find @ =+0.85+0.20 and -0.45+ 0.5,
respectively. Our result is clearly in disagree-
ment with the former; it is in agreement with
that of Birge et al., but is even more indicative
of a negative «.

Furthermore, we should like to emphasize that
by taking the known limits on |« | properly into
account, as described above, one obtains consid-
erably stronger results. We prefer to summarize
these results as follows: For values of |a| con-
sistent with the known limits, our data favor the
hypothesis that « is negative over the hypothesis
that « is positive by at least 3 standard deviations.

One of us (JL) would like to acknowledge some
stimulating correspondence with Dr. R. Birge.

*This research is supported in part by the Office of
Naval Research, U. S, Atomic Energy Commission,
Office of Scientific Research, and the National Science
Foundation.
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ERRATUM

SELF-CONSISTENT CALCULATION OF THE
MASS AND WIDTH OF THE J=1, T=1, 77 RESO-
NANCE. Fredrik Zachariasen [Phys. Rev. Let-

ters 7, 112 (1961)].

Due to an error in the numerical computations
the mass value mpy~ 950 Mev is wrong and should
be changed to W1p~350 Mev. While the agreement
with the experimental value is slightly less good,
it is perhaps encouraging to have too large a
coupling constant going with too small a mass.

An improved calculation might then give a small-
er coupling constant, corresponding to a weaker
attraction which could be consistent with a larger
mass, while it is hard to see how a smaller coup-
ling constant could go with a smaller mass.

I am indebted to J. Mathews for pointing out
that the mass was incorrect, and to C. Zemach
for aid in computing the correct value.
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