PHYSICAL REVIEW

VOLUME 117,

NUMBER 5 MARCH 1, 1960

Determination of ( =,K) Relative Parity*

W. M. Frank,} I. GOLDBERG,} AND R. M. ROCKMORE
Brookhaven National Laboratory, Upton, New York

(Received September 29, 1959)

Different relative parity assignments are shown to lead to distinguishable angular distributions in the
K*++K++4K° annihilation mode of unpolarized (£-,p) systems. An impact parameter argument is used to
limit consideration to the two cases A, /=0, 1 and X, /=0, 1, 2, where A denotes the relative angular momen-
tum of the 2K system and /, that of the K° with respect to the center of mass of the 2K+ system.

HE question of the relative parities of the strange
particles'? has led recently to a number of inter-
esting theoretical proposals regarding their determina-
tion.*~7 In particular, much attention has been given to
the problem of the determination of the parities of
specific (Hyperon, K) systems relative to the nucleon.3-1
We wish to indicate here some considerations relating
the observation of the 3K annihilation mode of £—4
to a possible determination of the relative (Z,K) parity.
Specifically, different relative parity assignments lead to
distinguishable angular distributions in the products of
the annihilation in flight of unpolarized (£-,p) systems.
We consider the annihilation mode

S—+p— K++K++Ro. 1)

(Like considerations would hold for Z*++p — K°4K°
+K?°; this would presumably be more difficult to ob-
serve.) Let L, X denote the relative angular momental!
of the (£7,p) and 2K+ systems, respectively, and / the
relative angular momentum of K° with respect to the
center of mass of the 2Kt system. From the indis-
tinguishability of the 2K*’s which obey Bose statistics,
)\ is even. Conservation of parity in strong interactions
implies

(=D wz=(—1)lwx, @

where ws, wx are the parities of 2 and K, respectively,
relative to the nucleon.’? Then

r=wswg= (—1)+H, ©))
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where 7 is the relative parity of the K with respect to
the 2.

Further, conservation of total angular momentum
implies

L+S=a+1, @)

where S is the total spin of the (£-,p) system and may
take the values 0 and 1.

For sufficiently low relative energies of the (Z-,p)
system (i.e., energies <30 Mev) one may safely restrict
oneself to L=0, 1 only. An impact parameter estimate
of the angular momenta involved in the final state indi-
cates that only the values A\, /=0, 1 are to be expected.
(The product of the maximum momentum of a final
particle and the K-meson radius ~3%.) A must be 0
since it is even. Let p, k denote unit vectors in the
directions of the relative momenta of the (£-,p) and
2K+ systems, respectively, and q the unit vector in the
direction of the momentum of the K relative to the
center of mass of the 2K* system. In Table I the pos-
sible forms of the amplitudes and angular distributions
are tabulated.

The presence of a term « (p-q)? in the angular distri-
bution would establish »=—1; no conclusion could be
drawn in its absence. Note that the direction of k is
uncorrelated.

Should experiment show a correlation between k and
the directions p, q, this would indicate that A=2, /=2
waves are present in the final state, requiring suitable
extension of the above analysis. Proceeding as before
one finds fifteen possible terms in the angular distribu-
tion for =1 and twelve possible terms for »=—1. The
twelve types of angular correlation common to the

TaBre I. The possible forms of the amplitudes and angular
distributions for »=41.

r=1 r=-—1
Angular Transition Angular Transition
momenta amplitude momenta amplitude
L=0,1=1 q-S L=0,1=0 1
L=1,1=0 p-S L=1,1=1 p-q, S-pXq

Angular distribution for unpolarized (£-,p)
r=1 r=—1

at+bp-q a'+b'p-q+c' (p- q)?
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distributions for r=1 and r=—1 are:

1, prq, (k-q)? (k-p)? (p-9)? q-kk-p, (k-pXaq)?
(r-q)(k-q)? (p-q)k-q)(k-p),
- k2k-q9?, ko (k&g (5)

The three terms present for »=1 and absent for r=—1
are of the form

(r-9)*(k-9?, (k-pXq?(-q)? (p-q)(p-k)(k-q)? (6)

These terms would all arise from the L=1, /=2, A=2
contingency for r=1. For r=—1, L=1 implies /=1 so
that terms in which p occurs twice and q four times
cannot appear in the angular distribution.
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It is possible to discern the presence of these terms in
the observed angular correlation via the following
analysis. On averaging the angular distribution weighted
with [3(p-k)2—1] over the directions of p, the resulting
angular correlation between q and k has the form

a+6(q-k)*+v(g-k)* ™

Absence of the terms (6) implies y=0. Deviation from
a straight line plot in (q-k)? would serve to indicate a
nonvanishing y and further imply r=1. We wish to
thank members of the Physics Department for their
interest and helpful discussions, and in particular, Dr.
M. Goldhaber, Dr. G. C. Wick, and Dr. C. N. Yang for
their valued criticism.
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A formalism is proposed which can give a smaller mass for the charged than for the neutral K meson, but
a larger mass for the charged than for the neutral = meson. The theoretical prediction agrees with the experi-
mental mass difference M (K°) — M (K*) ~9.4 electron masses if the rms radius of the charge distribution of

the K meson is equal to 0.48X 107 cm.

I. INTRODUCTION

CCORDING to the principle of charge independ-

ence, the charged meson (meaning = meson) and
the neutral meson should have the same mass before
the electromagnetic interaction is switched on. The
present explanation of the mass difference M (n¥)
—M(x° 1is therefore based on the electromagnetic
self-mass of the 7%, the electromagnetic self-mass of
the 7° being zero.

In the lowest-order perturbation theory, two Feyn-
man diagrams give rise to the electromagnetic self-mass
of the meson.! The first diagram is the familiar one
corresponding to the virtual emission and reabsorption
of a photon. In the second bubble diagram, the virtual
photon is emitted and absorbed by the meson at the
same point. The second diagram owes its existence to
the requirements of gauge invariance of the interaction
of mesons with the electromagnetic field.

Since both of these contributions are divergent, the
integrals have been evaluated with an invariant cutoff
function. Then the charged meson is found to be
heavier than the neutral meson in agreement with
experiments for the 7 mesons.! It has been found
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recently, however, that the neutral K meson is heavier
than the charged K meson.? This poses a serious
challenge to an explanation of the meson mass differ-
ences on electromagnetic grounds.

There is, however, an important distinction between
the two contributions. In the first case, the nucleon-
antinucleon pairs surrounding the meson can provide
a natural cutoff; thus, as in the case of the electro-
magnetic self-mass of the nucleons, the use of the
invariant cutoff functions that depend on a four-vector
has a questionable meson-theoretical basis.® In the
second case, since we disregard terms above the second
order in the electromagnetic coupling constant e, the
meson-nucleon interaction does not modify the inter-
action that occurs at one point and hence does not
provide a natural cutoff. Hence we employ as usual an
invariant cutoff function as a formal device to make a
divergent integral finite in the second case.

In a previous article the Wick-Sorensent (WS)
method was used to obtain the electromagnetic self-
mass of a physical nucleon. This paper presents an
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