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second rank Lie group which is compatible with

the existence of these processes.
On the other hand, if the AQ = -AS decays exist

and Eq. (3a) is not satisfied, we would be led ei-
ther to consider higher rank Lie groups, to aban-
don (iii), or to abandon the entire possibility of

higher symmetries constructed on the basis of

simple Lie groups. Simple Lie groups of rank
higher than two involve additional quantum num-

bers for which there is no experimental evidence
at present. An example of a Lie group of higher
rank which contains the isotopic spin group and

both I= -', and I= -', partially conserved currents
is B, (R,).' Since G, is a subgroup of B„ it fol-
lows that the strong interaction predictions of G,
also hold for 8,. Clearly, any higher rank group
of which 6, is a subgroup can lead to both I=1 and

I = -,'currents. However, it is not known to us
whether this sufficient condition is also necessary.
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Now that the magnitude of the K, -K, mass dif-
ference has been measured, ' attention is naturally
directed towards the question of its sign. Kob-
zarev and Okun' have suggested a method for ex-
perimentally determining this sign which makes
use of the same transmission-regeneration phe-
nomenon'~4 used in measuring the magnitude. If
K2 mesons are passed successively through bvo
plates of different materials, appropriately spaced
(Fig. l), then the transmission-regenerated K,
meson intensity may be shown to be, roughly,
proportional to 1+~cp, where the sign depends
on the sign of the mass difference and where
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f and f ' being the K - and K'-nuclear forward-
scattering amplitude.

The sign of Acp plays a role here equivalent to
that of the sign of the mass difference, and so it
is essential that hey's sign, at any rate, be mell
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FIG. 1. Experimental arrangements for a Kobzarev-
Okun' experiment at 565 Mev/c. Transmission-regen-
erated K& yield is about one per 1000-2000 K& incident.
The thicknesses shown here are optimum for small
Ay (not necessarily 0. 17). (a) Carbon first; (b) gold
first.
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determined, i.e. , that it not be too sensitive to
the nuclear parameters involved in calculating it.
In this note we present the results of a program
of optical-model calculations which indicate that
b, y is probably negative and is probably about
-0.17 when the first plate is carbon and the second
is gold. ' This conclusion is relatively independent
of the nuclear model employed and depends only
on the condition that IV ) & (W t, where V +i%'
is the K -nuclear potential. If this is true, the
experiment is feasible at the present time.

W'e use the Woods-Saxon potential, '
(V+ZW) j(i+exp[(r-R)/aj),

(r is distance from the center of the nucleus), to
calculate the values of f»'= (f+'-f ')/2 and of y
and its derivatives at 565 Mevjc. We assume K+

and Ko (and KO, K ) form an isotopic doublet and
thus show approximately the same nuclear poten-
tiaL Zorn and Zorn give V+=18.6 Mev+20% for
the K; when we correct this to Elton's nuclear+

parameters, ' keeping the volume integral of the
potential constant, "we obtain V+ = 22. 5 Mev. V

is set equal to -22. 5 Mev for these computations
(see below). W+ and W are obtained from the
corresponding average K -nucleon and K -nucleon
total cross sections, which are taken as 15 mb"
and 34 mba~ (Thus W+= -18.7 Mev, W = -42. 5
Mev. ) The values of R and a we use come from
electron scattering experiments. Justif ication
for this is as follows. It appears that all high-
energy meson-nuclear scattering data may be fit-
ted using the electron-scattering nuclear param-
eters plus a range of about 0 to 1 fermi. ' This
range is presumably due to the finite range of the
meson-nucleon interaction. As this range is un-
known we have not included it in our calculations;
however, using (Bb,y/BR)~=0. 027 (see below), we
can conclude that a range of 1 fermi will change
4y by only about +0.027. Thus the electron data
are adequate for an approximate calculation of ~y.

The results are displayed in Table I. Some ex-
planation of the significance of these quantities is
necessary. V+(By/BV+) is obtained by varying V~
while keeping the other parameters fixed. The
quoted error of + 20% in V+ thus corresponds to
an error in hy of +0.066. The derivatives (By/Ba)ppo
and (Bq&/BR)p are taken under the condition that

po
the central density po remain fixed; thus they cor-
respond to changing from one nucleus to another,
having the same central density but a, different num-
ber of nucleons. Their small size explains why
6y is so small. The quantities (Bcp/Ba)& and

(Bp/BR)g were obtained by varying the form of

Table I. Summary of results.

Carbon Gold
Difference

(gold —carbon)

R(fermis)
a

Q

V+(By/BV+)
W+(Bq/BW+)
V (BV/BV )
W (Bq/BW )

(B(p /Ba) p
(B(p /Ba) ~
(B@/BR)~,
(B%/BR) g

2. 30
0.42

-2. 78 -1.36i
0.456

-0.402
-0.298
-0.043
0. 690
0. 034
0.098

-0.029
0.030

6.38
0.53

-15.93 -4.59i
0.281

-0.730
-0.109
0.124
0.475
0. 173
0.231

-0.052

0.057

-0.175
-0.328
0. 189
0. 167

-0.215

0.027

the Woods-Saxon potential for a given number of
nucleons, keeping the volume integral of the poten-
tial constant. The fact that (By/Bc)g is small guar-
antees that the value of 4y will be relatively in-
dependent of the nuclear model chosen.

This model-independence of 4y is a consequence
of the "transparency" of nuclear matter. That is,
in carbon the largest regenerated K, amplitude is
found at the thickest part of the nucleus, and even
for gold the central K, amplitude is still about 40/~
of the maximum value. Regeneration occurs
throughout the volume of the nucleus. So we find
that the relevant quantities of Table I may even
be derived approximately using a uniform disk of
nuclear matter of thickness= radius=R, without
any integrations.

Examination of Table I and the probable errors
involved leads to the conclusion that the real K-
nuclear potential is the only parameter that could
conceivably make a crucial change in b, y. For V

we find published values of -60 Mev at 240 Mev jc,"
and -30 Mev at 350 Mev/e 4 no errors are quoted.
If we extrapolate V to a value at 565 Mev/c of
-22. 5 Mev +50%, we find

= -0.17+ 0.11,

where the error includes the effect of uncertainties
in all relevant parameters.

W'e must, however, consider the possibility that
V is not within these limits. Clearly, from Table
I, if ) V ) &22.5 Mev, then [b y) is even larger than
0.17, so such values of V present no problem.
What is more important is the behavior of b, y for
large values of I V I. Investigation reveals that
by never becomes positive no matter how large
(V ) gets, but instead reaches a maximum of
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-0.024 for V = -60 Mev. However, because of the
errors in other quantities, hy becomes consistent
with zero at about V = 8' . That the real part of
the K" potential should be as big as the imaginary
part, though it seems improbable in the light of
present experimental information, cannot be def-
initely excluded.

K -neutron and K -proton scattering data can
also be used in evaluating V . From reference
10 we have V /W =Ref '/Imf ', where V

and 8' apply to the nucleus as before but where

f ' now applies to the individual nucleons. Data
on K -p scattering at" 400 Mev/c appear in-
consistent with Ref o~ Imf ~, and only a sharp
decrease in inelastic cross section with in-
creasing energy could make Ref '= Imf ' at
565 Mev/c. This, too, appears unlikely but can-
not be excluded. No similar data on neutrons
have been published.

Thus we may conclude that the inequality
)V )&)8' ) is strongly supported but not es-
tablished beyond doubt. An analysis of K -p and
K -n elastic scattering data in the neighborhood
of 600 Mev/c would easily clarify this point. One
need only demonstrate that the forward K -nucle-
on elastic scattering differential cross section
is less than twice the optical theorem value.
This must be done before a Kobzarev-Okun' ex-
periment is undertaken.

There appear to be no other obstacles to the
experiment, and, indeed, the effect predicted
should be rather easy to observe in a hydrogen
bubble chamber. If ~q= -0.17, then the ratio,

transmission component, gold first 1+ ~cp
transmission component, carbon first 1 + ~p

=1.4 or 0.7,
changes by a factor of two depending on the sign
of the mass difference. (If, as anticipated, "K,
is heavier than K„ then the ratio takes the larg-
er value. ) The diffraction-regenerated K, com-
ponent, , on the other hand, is insensitive to mass-
difference effects and may be used for normaliza-
tion, as pointed out by Good, 4 thus suppressing
the effect of uncertainties in K2 flux and nuclear
parameter s.
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Note added in proof . Ferro-Luzzi, Tripp, and
%'atson' have published K -proton data which ver-
ify that IR ef'I & i 1mf'I at 513 Mev/c. Also they
find that the inelastic cross section for the T = 1
state is greater than that for T = 0; so the above
conclusion holds for the neutron as well. The
sign of hcp is therefore established.
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