RELATIVE HELICITY PHASES IN PLANAR DIRAC SCATTERING
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The objective of this work is the derivation of the
general formulas for spinor plane wave scattering
from a stratified barrier potential [1]. The poten-
tial is assumed to be the zero component of a four
vector potential, also known in the literature as
an electrostatic potential. Our approach is three
dimensional but the assumed stratified direction
(x axis) of the potential together with the in-
coming three momentum determines the scatter-
ing plane within which lie both the reflected and
transmitted momenta. We call this the z-y plane
and hence, without lose of generality, we consider
planar scattering, both diffusion and tunnelling.

Amongst the features that emerges for the re-
flected waves is the presence of both helicity flip
and non flip terms. Furthermore, the correspond-
ing probabilities depend explicitly upon the rel-
ative phase of the incoming helicity terms, when
both are present. This allows one to measure this
relative phase. As far as we know this has not
been noted previously.

Consider, for the moment an incoming polar-
ized beam say I, with I_ = 0. This could be
achieved via a Stern-Gerlach apparatus. Then
from our results the transmitted wave will also
be polarized

T+ = I+T and T =0 s

but this will not be the case for the reflected wave
[1], indeed

R+ = I+R and R_ = I+R .

However, these two helicity states will have a def-
inite relative phase since R/R is imaginary. The
exact value of this ratio depends upon momen-
tum, but it does not depend upon the values of
V, nor L, the barrier parameters. We thus have
a means of producing reflected waves with known
relative phase and calculable strengths.

Now, consider incoming waves, with a fixed rel-
ative phase. The above reflected waves provides
an example. Let

I, =|I;|e* and I_=|I_|ée7,

so that the relative phase of interest is a — 3. We
subject this source to scattering by our barrier.

Again the transmitted waves are of limited inter-
est since they carry over the same relative phase
between T and T_. On the other hand the situ-
ation is more complex for the reflected waves,

2 2 ~ 2
Ryl = [I4R| +[I-R| -
2| I4I_RR]|sin(a—0),
|R-[" = |I.R]'+|LR[ +

2| I, I_RR|sin(a—p), (1)

which explicitly depend upon the relative phase.
Thus, a second Stern-Gerlach apparatus followed
by intensity (flux) measurement will yield the rel-
ative incoming phase.

Our knowledge of relative phases is almost non
existent. For example, in a broad particle beam of
constant density is the relative phase (when both
helicities are present) the same for all particles
or is it completely arbitrary? In the latter case
the measurement of relative phase as described
above would yield a null mean value. Neverthe-
less, even in this latter case, the reflection of a
polarized beam will provide a fixed relative phase,
for given incident angle and beam energy, for each
individual particle in the beam.

We believe these predictions are worthy of ez-
perimental verification.
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