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It has been reported by two experimental
groups'&' that the long-lived component of the
neutral K-meson beam exhibits the two-pion
decay mode. The decay width for this mode
relative to the normal K, -27T width is given
approximately by 5& j.0 . If this decay should
represent E, -27T, it should be a clear indica-
tion against CP invariance. Some people' '
accept this as evidence against CP invariance,
while others try to incorporate this result with
CP invariance. ' ' In this article a new inter-
pretation of this process is proposed based on
the assumption of CP invariance.

In order to give an interpretation of this phe-
nomenon based on CP invariance it seems in-
dispensable to attribute this mode of decay
to forces exerted by the environment which
under normal circumstances would escape
from our observation. This force must be
very weak and its range must be of macroscop-
ic or even cosmological dimension, and further-
more it should act on the E and K mesons with
opposite signs. Thus several people have in-
troduced a vector field coupled to the hyper-
charge. ' ' Unlike electrodynamics, however,
there seem to be difficulties in choosing the
mass of the quantum of this field exactly equal
to zero because of the lack of rigorous gauge
invariance, which prevents us from eliminat-
ing infrared divergences. "

Recently Lipkin and Abashian' proposed
another possible scheme by attributing the two-
pion decay mode to a new kind of E meson Ey'.
In this scheme what decays into two pions is
not the E, meson but the K, ' meson which is
even under CP. They have shown that a suf-
ficiently long lifetime of Ey can account for
the observed results. There are two unnatural
assumptions involved in their scheme: first,
accidentally degenerate K, and K, ' mesons,
and second, the production of the K, ' mesons
by strong interactions, in spite of the fact

that they have never been seen in the past.
In this paper we shall present a theory which

is free from these objections. First, in the
vector-meson model the effects of geometri-
cally far objects such as galaxies are taken
into account, but the objects exerting such
forces need not be geometrically far. The
only necessary constraint is that the forces
must be extremely weak in order not to be rec-
ognized in other processes. Second, in the K, '-
meson model, they need not be produced by
strong interactions. %e thus propose a new
interpretation based on the following assump-
tions:

(I) The universe that consists of all the par-
ticles known to us will be called Ua. Let us
assume the existence of another universe Ub
embedded into the same space-time framework
as Ua. Ua is our universe, and Ub will be called
the shadow universe.

(II) When weak interactions are discarded,
Ua and Ub are completely identical, and there
are no interactions between them. Then the
total Hamiltonian H consists of two parts Ha
and Hb describing the universes Ua and Ub,
respectively, i.e.,

H=H +H
a

and this Hamiltonian is invariant under a trans-
formation called "universe conjugation":

Pbt

Q ~Plby

7T ~ 7Tby

y yb' etc. ,a

where pa denotes the proton in the universe
Ua, Pb the Proton in the universe Ub, and so
on. Two kinds of photons ya and yb are intro-
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duced in order to forbid electromagnetic inter-
actions between the two universes.

(III) Since the two universes are embedded
into a common space-time framework, we shall
assume that a common gravitational field is
shared between them.

(IV) Weak interactions consist of three parts,

H =H +H +H
ua u b M)ab'

where H~a, H~b, and H~ab are the weak in-
teractions in Ua, in Ub, and between Ua and

Ub, respectively. For reasons to be made
clear later, we further assume

H»H
u)a wb

(4)

zest(t) /st =My(t),

where M is the mass matrix given by

(SR g )
(g OR )

(8)

(7)

SRa and 5Kb are the complex self-energies of
the K, and K, ' due to the weak interactions H~a

(V) Rigorous conservation laws are valid
separately in both universes, except for those
related to the proper Lorentz group, such as
the conservation of energy-momentum and of
angular momentum.

In what follows we shall list the consequences
of these assumptions.

(1) First of all, the particles of the shadow
universe cannot be detected by our instruments
since they do not interact with our electromag-
netic field.

(2) The masses of the K, meson in our uni-
verse and of the K, ' meson in the shadow uni-
verse are degenerate as a consequence of the
invariance of the strong interactions under
universe conjugation. This gives an explana-
tion for the degeneracy of the K, and E, ' masses
assumed ad hoc in the Lipkin-Abashian scheme.
Furthermore, the E, ' mesons cannot be pro-
duced by strong interactions in our universe.

(3) It is still possible for the K, ' meson to
affect K, decay. When CP invariance is as-
sumed, the K, and K, channels are not coupled;
but E, and E, ' are coupled, in a similar man-
ner as K and E are through H~ab, and the state
vector g(t) of the K, -K, ' system expressed by

(5)

should obey a SchrMinger equation of the form

and H~b, respectively, and g denotes the am-
plitude for

K~ E~, (8)

which does not violate any strict conservation
laws. This is not the case, however, for other
unstable particles such as the A' or neutron,
since the virtual transitions corresponding to
(8) are forbidden by conservation of baryon
number which holds in both universes separate-
ly. From Eq. (4), we conclude that

lsd I» le l,a b '

and in what follows we shall neglect 5Kb. To
be consistent with Eq. (4), we assume that the
rate for E, -2~ is much larger than that for
K, ' —2v'. Then, due to the coupling (8), K, '

can decay into 2~ and E, into 2m'. The latter
would escape our observation and contradicts
our experience. Equation (4), however, leads
us to the conclusion that the branching ratio
K, -2~' to K, -2v should be very small, i.e.,

w(K, —2~') «1.
w(K| 2&)

This is the reason why we assumed Eq. (4).
The above situation is most clearly illustrated
by an extreme case H~b = 0, in which both K,
and K, ' decay exclusively into our pions.

Anyway, the presence of the K, ' meson gen-
erates two distinctive lifetimes for the pro-
cess K-2n, and the time dependence of the
decay curve is given by a formula more or
less similar to the Treiman-Sachs formula. "
The shorter lifetime can practically be identi-
fied with the normal K, lifetime, but the longer
one is new and is determined solely by the ma-
trix M. We can propose an experimental meth-
od at this stage to distinguish between our scheme
and the CP-violating decay K, -2n. For a suf-
ficiently long period of time as compared with
the K, lifetime, the neutral E-meson beam
will consist mainly of the long-lived compo-
nent in both cases, and it is possible to mea-
sure the longer lifetime by plotting the two-
pion decay rate as a function of time. If the
measured longer lifetime coincides with that
of the known E2 lifetime, it is an indication
for K2- 2v. If, however, it turns out to be
different from the E2 lifetime, say between
the K, and K2 lifetimes, it is an indication in
favor of our scheme.

(4) One might think that the present scheme
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leads to the process

Kg 27'

which should be interpreted as a spontaneous
pion-pair production out of nothing. '3 The
chances for seeing (11) depend on the matter
density in the shadow universe, and the mat-
ter density in the shadow universe in our neigh-
borhood is supposed to be very low. If the mat-
ter density in the shadow universe were high,
the gravitational force exerted by its stars
would disturb the motion of the solar system,
although they cannot be seen by us. In prin-
ciple, it should be possible to predict their
existence, as was the case for Neptune and
Pluto. This does not seem to be the case,
however, indicating a low density of the shad-
ow stars in the neighborhood of our solar sys-
tern. It could be, however, that the shadow
universe has been the energy source of our
universe in the past, as illustrated by Reac-
tion (11).

To conclude, me would like to emphasize
the importance of the measurement of the ex-
ponential decay curve for the long-lived com-
ponent of the neutral K-meson beam for the
two-pion mode of decay in order to check wheth-
er it really is the E2 meson or not that decays
into two pions.
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