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It is shown how interference experiments involving Ez„g~ 27'- can serve to distinguish matter from anti-
matter in an absolute manner without recourse to any convention.

S is well known, CI' invariance requires that there
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~

be no ubsollte distinction between particles and
antiparticles. This means, for instance, that in a CI'-
invariant world, until we specify what is meant by a
right-handed coordinate system by convention, we can-
not communicate to intelligent beings in outer space
that our atom is made up of a positively charged
nucleus and negatively charged electrons. Even though
the now-well-established two-pion decay mode in EL,
decay' is usually taken as evidence for a breakdown of
CI' invariance, the mere observation of pion pairs
resulting from the long-lived component of a neutral
E-particle beam does not, by itself, allow us to dis-
tinguish matter from antimatter 3 In this article we
discuss to what extent more sophisticated experiments
involving EL, 8 —+ 2x violate the principle that no ex-
periment should make an absolute distinction between
particles and antiparticles.

Let us first consider an experiment in which we start
with a pure beam of Eo (Zo) mesons. The beam is
allowed to decay in vacuum (i.e., in the absence of a
regenerator). In such an experiment the sr+sr intensity
is given by

1=1.
& ~(—~. )+I~I "p(—~. )
~2

I pl cos(intr —p„) expL —(ps+a, )rl23) (&)

where tt=
I rtl exp(&v) denotes the ratio of the ampli-

tudes for Eg ~ ~+~—and EB—+ x+x—,and the upper
(lower) sign is appropriate for a beam initially made
up of &s (E').4 It is evident that by observing the
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where
y„=arg(i fst),

f„=f(xoX) -f(EsX),
interference term in Eq. (1) also changes sign. Thus there is no
observable dependence on this phase convention. In regeneration
interference experiments a change of the phase convention changes
p„ to (p„+v.) and g, to Q,+u) so that (p„—@,) is also invariant
to the phase convention.
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where @& depends only on the Ez,—Ez mass difference, the
beam momentum, and the thickness of the regenerator. The
main point of our argument is completely unchanged evt;n if wq
consider a thick regenerat«,

interference effect represented by the last term of (1),
we can tell whether we have started with Eo or X.
Since a pure beam of Zo (K') could be obtained by
charge-exchange scattering of E+ (E ) on some target
material (regardless of whether the target is made of
matter or antimatter), we wou1d have an absolute
way of distinguishing positive charges from negative
charges.

Experiments of the kind described above have not
yet been carried out at this writing. We, therefore,
consider a regeneration-interference experiment of the
type already performed at CERN and Argonne. ' When
we start with a beam of Ei, incident on a regenerator,
the ~+x intensity is given by

I=re(l pl' ex& (—~.r)+ I ~l' exp( —~.r)
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For a thin regenerator the phase of the regeneration
amplitude p is given by'
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with f(&'Ot) Pf(E'K)j standing for the forward scat-
tering amplitude of Its (E') on nuclei of which the
regenerator is made. Let us now consider the case
where the EL, beam is incident on a regenerator made
of antimatter. The relevant amplitude analogous to
(4) can then be written as

fst ——f(E'K) —f(E'%)
= f(EsX)—f(Esz)

21'

where we have assumed charge-conjugation invariance
of the strong interactions. r This means that fst is
180' out of phase relative to fst. s Hence, the last term
of (2) changes sign as we replace the regenerator
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1964), p. 112.' Actually, even if we relax C invariance of the strong interac-
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(say, made of copper) by an antiregenerator (made of
anticopper).

The experimental results of Ref. 5 indicate that for
small values of ~, the amplitude for the two-pion decay
of the regenerated Ez interferes constructively with

the two-pion decay amplitude of the original E~ beam,
the measured values of (p„—p, ) ranging from 1.0 to
1.5 rad under a variety of conditions. In order to And

out whether a remote galaxy is made of matter or
antimatter, it is sufhcient to inquire of the inhabitants
of the galaxy whether the interference eGect in their
regeneration-interference experiment starts out being
constructive or destructive.
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The leading Regge trajectories generated by two Yukawa potentials of diGerent ranges are studied by
both analytical and numerical methods. We 6nd that several new features appear which are not present in
the single-Yukawa case. We investigate in detail the behavior of the trajectories as we change gradually
from the single- to the two-Yukawa-potential case, paying close attention to the appearance of branch
cuts other than the usual right-hand cut in the leading trajectories. We notice that these cuts, if present in
relativistic theory, can play important roles in explaining eft'ects such as the polarization in the m p charge-
exchange reaction.

Yukawa potentials are a good approximation to
nuclear forces. Such potentials are unable to model
attractive forces with repulsive cores or long-range
repulsions; these forces are believed to be important
components of the strong interaction. '

This paper describes a study of the behavior of
Regge trajectories that arise from a superposition of two
Yukawa potentials of diferent ranges. In particular,
we shall be interested in the behavior of the trajec-
tories for negative energies, as this is the region which,
in the relativistic case, controls the asymptotic behavior
of the crossed channel, and thus has direct experimental
consequences. Our technique will be to use analytical
methods to investigate the features in the weak-

coupling limit, and then use numerical solutions of the
Schrodinger equation to ascertain which features rc-

I. I5'TRODUCTION

A NALYTICAL and numerical methods have been
used to investigate extensively Regge trajec-

tories for a single attractive or repulsive Yukawa
potential. ' ' Studies of potential theory have served as
one of the main sources of intuition concerning Regge
trajectories in strong interaction physics. However,
it is extremely unlikely that single attractive or repulsive
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