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The proposed nuclear energy in an atomic lattice (NEAL)
mechanism for nuclear fusion in a cathode during electrolysis
of D,0 is examined. In this mechanism, coupled harmonic
motion of deuterons is supposed to lead to a reduction in the
width of the Coulomb barrier for proton-deuteron (p-d) fu-
sion in palladium, thereby substantially increasing the fusion
rate. Instead, it is argued that deuteron-deutron coupling does
not have an important effect and that interaction with pho-
nons does not enhance the p-d fusion rate.

Schwinger!'? proposed the nuclear energy in an atomic
lattice (NEAL) mechanism by which nuclear fusion might
occur in a palladium cathode during electrolysis of D,0. The
process would be cold fusion as claimed by Fleischmann
et al.,? except that the dominant reaction would be p + d —
3He + heat. In this mechanism, coupled harmonic motion of
the deuterons is supposed to lead to a reduction in the width
of the Coulomb barrier for proton-deuteron ( p-d) fusion in
palladium, thereby substantially increasing the fusion rate.
However, it is concluded below that these deuteron motions
do not appear to reduce significantly the barrier width or to
introduce a new effect by which the p-d fusion rate might be
enhanced. Besides the application to cold fusion, this work
is relevant to the study of fundamental physical interactions
of charged particles with solids.

In the NEAL mechanism,? stationary palladium atoms
define a regular array of lattice points fixed in space about
which N deuterium positive ions (deuterons) oscillate in cou-
pled harmonic motion. Anisotropy of phonon modes is ig-
nored. A proton entering the system is assumed, for simplicity,
to interact with only one particular deuteron, to be called
number | (and not with the metal atoms). The Hamiltonian
H for the system is

H=H, +T,+V (€))]
where
H, = Hamiltonian for motion of the deuterons, i.e., for
phonons
T, = kinetic energy of the proton

V = p-d interaction potential, which by assumption de-
pends only on the distance R,, between the pro-
ton and deuteron 1.
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The results are specialized to the case of a bare Coulomb re-
pulsion, i.e., V = ez/de, where e is the elementary charge.

The wave function of this system can be expanded over
the stationary states ¢ of coupled motion of the deuterons as
follows:

¥ =2 [¢)s(R,) . ()
@

Assuming the deuteron system is initially in the ground state
(no phonons), denoted by ¢ = 0, elastic scattering of the pro-
ton is described by the function ¥o(R,). The latter can in
principle be computed from a one-particle Schrodinger equa-
tion,* in which the effective potential V (called the optical
potential) is in general a complex, energy-dependent function
of R,. Schwinger derived both exact and approximate ex-
pressions for V. In particular, he found? an asymptotic ex-
pression, valid when the distance R, of the proton from the
specific lattice point is large. It can be written as follows:

2, 4
«7~e——e—<i2>, 3)

where

(1/w?) = average of the inverse square of the phonon
angular frequency over all 3N modes

M = deuteron mass.

(Recall that the phonons are those of the system of deuter-
ons; the palladium atoms are stationary by assumption.)

The first term in the foregoing asymptotic expression is
just the average of V = ez/de over the ground state, or
phonon vacuum. The second term arises from the response
of the deuterons to the proton, i.e., to the creation of virtual
phonons. Since this term is negative, it was inferred that in-
teraction with phonons? narrows the barrier for p-d fusion.?
However, V is the effective potential for the motion of the
proton relative to the fixed lattice, not relative to a deuteron.
Therefore, V does not directly relate to the barrier for fusion.
Still, it is worthwhile to determine the source of the forego-
ing negative term in the asymptotic V.

aTo include lattice coupling or interaction with phonons simply
means to allow the deuterons (particularly number 1) to adjust to
the presence of the proton, which necessarily implies an admixture
of phonons. Note that deuteron-deuteron (d-d) coupling is not an
essential feature; in its absence, interaction with phonons implies
that deuteron 1 does not have precisely a ground-state harmonic
oscillator wave function.
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The polarizability o of the model system of deuterons, in
which only deuteron 1 is affected by the field, is given by the
following sum over phonon modes:

o 20ty Olnlaxalx|®
q

hwg

, @

where x, is the displacement, in the direction of the external
field, of deuteron 1. Only single-phonon states contribute to
the foregoing sum because of the form of the x; operator,

X = qu(aqx + a(;x) ’ (5)
q

where a,, and a:,'x are phonon destruction and creation op-
erators [a],,a,.] = 64 and p, = (h/2Mw,N)"2. The result is

2 /1
a=;—/[<3> . 6)

Therefore, the original asymptotic expression (3) for V is
equivalent to the following:

e? e’

v R, 2R}’ ™
(Note the resemblance to electron scattering from a spheri-
cally symmetric ion, for which case the optical potential goes
asymptotically* to —Ze?/r — a,e2/2r*, where Ze is the
charge of the ion, r is the distance of the electron from the
nucleus, and «, is the ion dipole polarizability.)

This last result suggests that the negative term in the as-
ymptotic form of YV arises from polarization of the deuteron
system. It seems clear that this is due to motion of the par-
ticular deuteron away from the proton, but let us verify this.
Apply the adiabatic approximation, which is valid for R, >
v/{w)4,, Where v is the velocity of the proton and (w),, is
an appropriate average phonon frequency.* Then, the target
responds to the proton as though the latter were at rest. Con-
sequently, for any specified (large) R,, the wave function for
the deuteron system is an eigenfunction of 4, + V, and V is
the corresponding eigenvalue. Expansions of this eigenfunc-
tion and eigenvalue in powers of R, can readily be derived
to low orders in the standard way from perturbation theory,
approximating the perturbation V = ez/R,,d by e?/R, —
ex, /Rf,, where x, is given by Eq. (5). The resulting expansion
of the eigenvalue through fourth order in R, is identical to
Eq. (7) for ‘V, showing that the adiabatic approximation is
consistent with the asymptotic development in Ref. 2. More
to the point, from the resulting wave function, one finds that
the perturbation increases the mean value of R,; by the
amount of a/R3 to lowest order. Thus, the lowering of the
optical potential at large R, is directly associated with mo-
tion of the particular deuteron away from the proton.

The implications of the foregoing results can be stated in
terms of screening but not, however, by the other deuterons
or by the electrons. (Screening by the former is ignored in this
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mechanism, and screening by the latter is not of central im-
portance.) As outlined earlier, the optical potential V is re-
duced at long range when the particular deuteron is allowed
to respond to the field of the proton. (Coupling to the other
deuterons is of secondary import.) This reduction constitutes
a screening of V (but not of V), by deuteron 1! The fact that
it is accomplished by evasive motion of deuteron 1 implies a
decrease in the p-d fusion rate. It seems clear, therefore, that
properly treating deuteron motions would lead to smaller cal-
culated p-d fusion rates than if phonons were neglected.

In summary, the optical potential ‘V depends on R, and
is thus not directly related to the Coulomb barrier for fusion.
Anyway, the negative term —ae?/2Rj, in the asymptotic ex-
pansion for V appears even in the absence of d-d coupling
(although with different )® and is furthermore associated
with motion of the particular deuteron away from the pro-
ton, as shown above. In addition, it is clear that at short
range (small R,;), d-d interactions can justifiably be omitted
from the Hamiltonian and that deuteron 1 still tends to move
away from the proton. I conclude that the coupling between
deuterons does not appear to have a large effect on the p-d
fusion rate in a deuterated solid and that interaction with
phonons, in the sense of the NEAL mechanism, does not en-
hance the p-d fusion rate.
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