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large spacings (x>2.5). We find about three
times as many spacings (x>2.5) as are predict-
ed by Eq. (1), and there is some indication of
this also in the experimental data.

Helpful discussion with Dr. J. M. Cook and
Dr. M. Hamermesh, Professor Wigner’s com-
ments on the manuscript, and the work of Mr.
Herbert Gray, who carried out the computations
on the Argonne digital computer, are gratefully
acknowledged.
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The striking successes of the V-A theory for
weak interactions raise a difficult pomt of prin-

ciple. The chirality invariance! which led to the
universal V-A four-fermion interaction was
postulated for the bare fermions and it is not
clear why the strong interactions modify the re-
sults so little for the physical fermions. The
evidence from B decay indicates that the pion
renormalization effects are approximately the
same (within 15%) for the V and A parts of the
interaction. The fact that the coupling constants
for 1 meson and O decay are so close (within a
few percent) implies that the renormalization
effects are essentially nonexistent for the V in-
teraction (and a fortiori for the A mteractmn)

It appears therefore as if the four-fermion in-
teraction actually couples the positive chiral
states of the physical fermions.

In order to explain the remarkable agreement
between the coupling constants for p-meson and
O decay, Feynman and Gell-Mann® have propo-
sed that the ordinary (i.e., strangeness-con-
serving) V part of the interaction be described
in terms of a divergenceless current. This
would eliminate pion renormalization effects and
has experimental consequences which can be
tested.® It seems difficult to extend this attrac-
tive idea to other (i.e., strangeness-noncon-
serving) lepton interactions, since we do not
know how to write down any other divergence-
less currents than the ordinary vector one. This
is hardly a conclusive argument, and one might
suspect that if we understood the strong inter-
actions and the origin of particle masses better,
that we could construct such currents. It seems
worthwhile, therefore, to look for experiments
that can test directly whether the “current”

responsible for a particular decay process is
divergenceless or not. In this connection, it is
to be noted that the currents for ordinary (e,v)
and (u,v) A interactions are not divergenceless,
since 17— +v does occur, and since there is no
enormous pseudoscalar component in beta-
decay.? We wish to point out that one may test
the role of divergenceless currents in strange-
ness nonconserving (u,v) interactions by looking
for certain striking effects in the angular corre-
lations in KIJ3 decay.

If we assume that only positive chiral states
are coupled, then all (u,v) interactions with AS=
+ 1 arise from a weak-interaction Hamiltonian

H, =8, [7,0" (+a)y, -9, 117, Wray, 1. (1)
Here J) is an unknown function of baryon and
meson fields with the transformation properties
under proper Lorentz transformations of a vec~
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FIG. 1. Pion-neutrino correlation function
from K|, decay for two values of the pion mo-
mentum on the assumption of a “divergenceless’
current.

»

tor. Adopting the convention of calling the K
meson pseudoscalar, we may split J, into polar
and axial vectors,

I, =9, +4, - @)

Since parity is conserved in stron,% interactions,
we see immediately that only O‘JA(A contributes
to K~ +v while only gJA(V) contributes to K-7 +
K+ v. Now we may be certain that J A( is not
divergenceless, since the K- + v decays do
occur. The hypothesis we wish to test is there-
fore

A

a =0. (3)

In

If (3) is correct, we shall have an interesting

parallel with the ordinary lepton interactions.
By general arguments of invariance, we may

write the meson matrix element in K“3 decay as

<rl g)\(v)(x) IK >=[ifvpm + igV(pK - pw)}\]

X i -p )
exp i (p -p_)x] @)
Here fV andg_ are functions of (pg - p7)?; in the
c.m. system pg = (0, mg), p; = (p, E), so that
fy and gy may be taken as functions of p. The

distribution W(p, 6) in p and in the angle 6 be-
tween neutrino and pion is then given by®

W(p,6) dpdcos 6
= (1-x2-y%)? (mK-E)2 P?E~'(1 +xcos9)™

Xx’[fv(p)]z U(p,0)dpdcosé , (65)
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where
(m_-E)g
U(p,9)=sin2e+§_|1+ K Vi+x coso)F (©)
f
k v
m
p m

(m -E) y=ZmK-E5'

Thus, without using the “divergenceless” hypo-
thesis, we obtain for U just sin®§ plus an un-
known positive correction function, asymmetric
about 6= 90°. If we made a “reasonable” guess
on the behavior of gy/fy, we would expect:

(a) For low p, x-0, so that the second term
in U would dominate and U would become con-
stant in 6. -

(b) For high p, we have y*/x*~0.24 so that
we would expect the unknown correction term to
be somewhat less important than the sin?6 term.

(c) Since there is no reason to assume gy
and fy are the same for the K;,® and Ky,* de-
cays, the decay rate, spectrum shape, and an-
gular correlations would be different in the two
cases.

Now, let us suppose that the hypothesis (3)
holds. Then from (4) we see that

gy /t

) Py Pgp)  omp gy 0
Vo by -pF  (mp-E)

This leads to a unique formula for the angular
correlation; inserting (7) in (6) we obtain

U(p,f) =sin® @ +(1——3:?>2 (x +cos 6)?. (8)

This just reverses all our former expectations;
we now make the following predictions:

(@') For low p, the (1/¥%) singularity has dis-
appeared and we get

U(0, 6) = sin? § + 0.087 cos? 6, )

so that the sin®f term is dominant (see Fig. 1).
(b’) The ratio gy/fy becomes large at high

p, andatp, .

) = ain?
U(pmax’ ) = sin® § +5.15 (0.90 + cos 6)2 (10)

so that the correction term is dominant (see
Fig. 1).
(c’) Since (7) hold for both K,,;° and K, %,
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the angular correlations should be the same for
both decay types at any given p. Of course, the
spectra and total decay rates may still be en-
tirely different.

It may be noted that (8) holds for K¢y decays
if we replace my, in y by me. This has the effect
of eliminating the second term in U at all but the
highest (i.e., within a few tenths Mev of Ep,)
pion energies. The K,; mode may serve as a
test of our assumption about the type of coupling,
but not of the “divergenceless” assumption (3).

Experiments to check (8) in K decay should
be possible; perhaps the most favorable case
would be for stopped K* in heavy liquid bubble
chambers. If (8) turns out to be incorrect, this
will mean that neither ¢ “(V) nor é]u(A) are di-
vergenceless although, of course, they may be
approximately so. If (8) is verified, this will be
a striking confirmation of the Feynman-Gell~-
Mann idea. Furthermore, if we call the hyperon
parity positive, in the “global” limit there is a
vector, but not an axial vector, strangeness non-
conserving current; verification of (8) would
then perhaps be an indication that the global ap-
proximation is not too bad, and that the K par-
ticle is pseudoscalar relative to hyperons. Of
course, even if (3) held exactly there would still
be a renormalization of the coupling constants
for leptonic hyperon decay, proportional to the
hyperon-nucleon mass differences.

*This work has been supported in part by the
U. S. Atomic Energy Commission.
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In a previous letter we have reported prelim-
inary results of measurements of the antiproton-
proton elastic-scattering cross section at energ-
ies ranging from 30 to 200 Mev (lab).! The anti-
proton interactions were observed in a 30-inch-
long liquid propane bubble chamber. Further
measurements have yielded information on the
antiproton-carbon scattering cross section for
scattering angles of 5° (lab) or more. A typical
p-C scattering event is shown in Fig. 1.

FIG. 1. p-C scattering. The antiproton (den-
ser track) enters from the top and left of center.
At an energy of ~65 Mev, the antiproton scatters
28° to its left and continues for 7.9 cm to the
lower center of the picture, where it annihilates
within a carbon nucleus. The visible products
of the annihilation are three 7~ and two 7+

mesons.
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