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ABSTRACT

Situations analogous to the present situation in
Cold Fusion (CF) havc previously occurred in
scicnce. Conventional theory appcars S0
diametrically opposed to the possibility of CF that
little room is left for commonality in the theoretical
realm. Bifurcation persists becausc there is still only
a sparse experimental mecting ground between the
two camps. Experiment should and will be the final
arbiter. Nevertheless, a theoretical cxistence proof
i.c. a proof of principle would go far in putting to
rest reservations and doubts regarding the reality of
CF. Our goal is to scc if rcasonable answers to the
opposition can be given in support of CF.

I. THE CHALLENGE

John Huizenga! challenged Cold Fusion (CF)
with his thrce Miracles. In doing so he has made a
good, honcst, and strong casc against CF. Let us
cxplorc whcther his negative points can be
objectively answered with an cqually strong case in
support of CF. Is therc an historical precedent for
such a demarcation from the conventional view?
What is the basis for the conventional view? What
alternative paradigms or models arc there? First let's
look at his objections.

A. Fusion Rate Miracle
The conventionally expected fusion rate at T =

300K is < 3 x 10°%% fusions/scc-dd for r = 0.74 A
as in Dp. Huizenga1 allows only for r = 1.7 A in Pd
with a considerably smaller fusion rate than in D2.
Sun & Tomanck? show that r = 0.94 A is possible.

To account for calorimetiric power levels, ~10-22
fusions/scc-dd arc necded. For r = 0.74 A, this is

1055 higher than expected!  To account for the

Department of Physics
Purduc University
West Lalayette, IN 47907 USA  Russian Federation

V.A. Chechin and V.A. Tsarcv
Lebedev Physical Institute
Russian Academy of Sciences

cven the modest Jones level appears considerably
too high.

B. Branching Ratio Miracle

The n & t channels occur about cqually with a
slightly higher frequency for the t branch.
Conventionally t/n ~1. This ncarly equal branching
ratio is the rcsult of the charge independence of the

nuclear force. The “4He + Y channel? has only a
branching ratio P~10"7 because of the small ratio of
the clectromagnetic to the nuclear force. d + d —
4Hc + ¢t + ¢ has only P~10"9 4 So this reaction is
not likely to account for the absensc of high energy
¥s in Cold Fusion (CF), and when the ¢t annihilates
with a lattice ¢7, two 0.5 Mcv ¥'s arc emitted. The
Problem with CF is that t/n ~104 to 108 and no high

cnergy y's have cver been observed. Here are the
fusion rcactions in question.

d +d - 3He(0.817 McV) + n(2.452 MeV), (1)
Q= 3269McV, P=05

d+d > p(3.025 MeV) + 1(1.008 McV), )
Q=4.033McV, P=05

d +d - 4He(7.6 keV) +y(23.7 MeV), (3)
Q=238MceV, P~107

C. No Nuclear Products Miracle

Huizenga1 argucs that no nuclear products (ash)
whatsoever have been validly observed in CF. He
feels that the lack of high encrgy y detection

invalidates any presumed “He detection. The
production of 1 MeV tritium from the d + d —
p(3.025 McV) + 1(1.008 McV) recaction implies that
there must be a sccondary reaction even if the t
energy is somchow degraded by dE/dx or otherwise
to the ~ 50 keV range.

Joncs? rate, ~1022 fusions/sec-dd are nceded. This 4+t = 4He(3.52 McV) +n (14.07 MeV). 4)
is 1042 higher than expected for r = 0.74 A. So
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Unfortunately, these 14 McV ncutrons have never
been detected.

II. HISTORICAL PRECEDENT

The scientific milicu of our time with Grand
Unified Theorics and Theorics of Evcrything Icads
us to think that wc have final answers to the
mysteries of naturc. This has not always been the
case in the history of humankind, but neither is it a
singular vicw.

A. Napoleonic and Victorian Theories
Pcrhaps the carliest period with similarly
pretentious scientific views was in the carly 1800's in

France. The chief architect, of what Heilbrond calls
the Napolconic Modcl, was thc Marquis dc Laplace.
The chief ingredicnts of this thcory were fluids.
They were the capital featurc since cvery distinct
force was supposed to have as its carricr at least one
such fluid. There was a postive and negative fluid
for eclectricity; austral and borcal fluids for
magnetism. Caloric was the fluid for ordinary heat.
Radiant heat was another fluid. The Napolconic
theorists deemecd that they had ticd together all of
astronomy and microphysics. They thought they
really understood their fluids; the very large; the
very small; and their union. In fact they really
didn't know what their fluids were, and in somc cascs
as in the case of Caloric (ordinary hcat) the [luid
didn't even exist. This thcory didn't long survive
Napoleon.

In the late 1800's, in Great Britain, Lord Kelvin
(Wm.Thompson) was the Chicf Architect of what

Hecilbron2calls the Victorian Model.  Its chicf
Ingredicnts were discrete particles in the ubiquitous,
continuous cther. It had many notable succcsses
such as Maxwell's equations and thcory ol gascs, as
well as some unheralded ones. For example, Joscph

Larmor® [better known for his theory of charged
particle precession] created a theory of ether knots.
He had knotted rings of opposite helicity that he
called negative & positive clectrons. For him atoms
were the rotation of symmetric rings ol oppositc
electrons. His ideas date from the 1890's --before
the discovery of the clectron and long before the
nuclear atom, and were not rcadily accepted at the
time. Despite its many successes, the Victorian
theory with its absolute space and time, together with
mechanical analogs for the machinery of the cther,
was fclled by the Encrgists and Rclativity.

Our grand and all cncompassing theorics ‘loday
may fare no better than that of the Napolconic and
Victorian theorics. These theories produced
quantitative results; agreed to some degree with
experiment; and enjoycd a widc conscnsus among
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scicntists of the day. The Defenders of the Scientific
Faith considered these theorics to be fundamental,
universal, and immutable. Though they had many
good points, to a large extent both of these theories
have long since been abandoned.  Onc might think
that these theories were ill-fated because they go
back so far in time. Let us cxamine more recent
theories to sce such a fate for contemporary
paradigms.

B.Superconductivity and High Tempera-
ture Superconductivity

Onnes discovery of superconductivity in 1911
falls into the rcalm of somecthing that was totally
uncxpected by the laws of physics.7 Not long before
the 1957 BCS thecory of superconductivity, Felix
Bloch the founder of solid state theory jokingly said
that the only theorem about superconductivity which

can be proved is that any thcory of
superconductivity s refutable. By this he meant
that supecrconductivity appcars thcoretically

impossible bccause the encrgy of the current
carrying statc is higher than the ground state. The
Mecissner effcet, the exclusion of a magnetic field
from the bulk of a supcrconductor, was not
discovered until 1933, somc 22 ycars after the
discovery of superconductivity. In that 22 year
period the scientific community thought the ficld
would be trapped as predicted by Maxwell's
cquations. It was then thought that the magnetic

fictd could not be trapped, until Rabinowitz ct al®
demonstrated that it could be.

Although there were many spurious observations
of high temperaturc superconductivity (HTSC) prior
to its discovery in 1986, almost the cntire scicntific
community thought that HTSC was impossible. For
the last 37 years it has been thought by the scientific
community that it is impossible to calculate
transition tcmperatures without knowing the clectron
pairing intcraction and its strength.  Yct the
transition temperatures for a wide range of
superconductors has been accurately calculated®10
without knowledge of the pairing interaction and its
strength.

C. Superfluidity

Although theory agrees rcasonably well with the

superfluid transition temperature T¢ of 2.17 K for

4He, it has done rather poorly for the T¢ of 3He 11

By analogy with thc BCS theory for super-
conductivily, in 1959-60 top thcorcticians
throughout the world predicted Te ~ 0.1 K for 3He.
When the cxperimentalists couldn't find 3He

superfluidity down to ~ 0.01 K, the theoreticians
sharpened up their calculations and predicted Te ~

10-6 10 10-9 K. In 1972, the cxpcrimcmalisls11
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Osheroff, Richardson, and Lee found T¢ = 2.6 mK,
which can be closcly calculated by the Rabinowitz

interaction-free approach uscd for HTsC.10. 12

D. Solar Neutrino Problem

The standard solar modcl helped to predict the
abundance of the elements in the universe and in all
types of stars including the sun. Although it worked
extremely well and the scientific community was
thoroughly satisficd with it, Davis ran an cxpceriment
that would help to verify predictions of the modcl in
terms of the neutrino flux. After running an
experiment from 1968 to 1986, the neutrino [lux
was found to be 2 to 3 times lower than predicted.
This large inconsistency has continucd cven with
recent experiments.  We were drawn 1o the solar
neutrino problem in the hope that insight into this
hot fusion paradox might also help us understand
CF. We think our findings help to solve this prob-

lem.!3-15 However, it has not led to insight into CF.

ITII. THEORETICAL ISSUES
A. Introduction

Theorctical demonstration of CF "permissibility
in principle” would provide an important
psychological factor for putting the reported
phenomenon into a framcwork which might lead to
its gencral acceptance. A trustworthy hypothesis
would be invaluable if it could corrclate
observations, make predictions, and stimulate
experiments. Thcory nceds to cxplain why the
calorimetric excess encrgy is ~10° times higher than
the fusion tritium encrgy which is ~ 108 times
higher than the necutron cnergy. Experimentally it
may be possible to distinguish between cold fusion
and hot fusion on an atomic scale (which is the basis
of some CF modcls) by temperature and kinematic
broadening and shift-ing of the characteristic fusion
product lines. 10 High loading claims (d/Pd > 0.7)
must be considered with caution as in some cascs
this may simply be duc to the filling of voids and
cracks that are created as the host lattice is forced to
cxpand.

Calculating tunncling probabilitics for the
Coulomb barrier between two d's, and their
sensitivity to shiclding can quickly make us aware of
one basis for the conventional pessimistic view,
followed by optimism with respect to CF. In the
context of a-emission, Gamow in 1928 first derived
the tunneling (transmission) probability G = 2l
(Gamow factor) through thc mutual Coulomb
barrier of two particles of charges Z;c and Z,c,

when the center of mass (CM) cnergy E is much less
than the barrier height, in csu
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1
[=—(x2,Z¢")| o (5)

where g=m,m, /(m,+m,) is their reduced

mass, and A is (1/2n)Planck's constant. For two d's
taking E ~ (1/40) ¢V for illustration, G ~ 1072730;
and in frece space the classical distance of closest
approach would bc ~580 A. G is cxtemcly small
yiclding pessimism about CF, but also illustrating
that clectron shiclding of the barrier cannot be
neglected at low E.

There are many models for shielding (screening
potcntial) in a solid which lcad to roughly similar
results.  Rabinowitz17720 developed a model of a
spherical shell of radius R of negative charge
surrounding cach d as the simplest conceptionally as
well as computationally since it results in only a
shifted Coulomb potential ,

V=e[(1/1)-(1/R)], r,<r<R, (6
where ' is the nuclear well radius. G' = c'2g, where

T[ez HR 1/2
&= h[sz+e5} ™

For E ~ (1/40) ¢V and R = 1A, G' ~ 10114, picking
up ~2616 orders of magnitude which illustrates one
basis for optimism about CF. In the limit as R —eo, g
— T, yiclding the unshiclded casc for Z]=22=1

here, and in gencral. A modcl of a uniform cloud of
clectrons as well as use of the Maxwell-Boltzmann

(MB) deutcron vclocity distribution?!-22 would give
a significantly higher tunncling and fusion rate but
stilt not ¢nough to account for CF.

B. Response to Foremost Theoretical Challenge
Leggett and Baym (L&B) presented the
foremost theoretical challenge to CF by calculat-ing

a maximum upper limit of A =3 x 10'47/(scc—dd)

for the fusion ratc in a lattice.2324 1t is important to
bear in mind that the Leggett and Baym argument
is an cquilibrium argument, and that CF is not
nccessarily an cquilibrium process. Interestingly,
R.H. Parmentcer and the Nobel Laurcate Willis E.
Lamb (P&L) do not invoke non-equilibrium in

responding to L&B. In their 1Ist pa er?d they
calculate a fusion ratc A = 2 x 103 /(sec-dd),
cxceeding the L&B limit by 1017, They attribute
this to the potential well of the trapping site in the
lattice that holds the 2 d's. This was ncglected by L
& B. They get the L & B limit when the harmonic
oscillator potential is disregarded, and only the
screening at large distances is kept.
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In the 2nd P&L pupcr,QG the L&B limit is
further circumvented by mcans ol a larger effective
mass for the conduction c¢lectons at wave numbcers <
the inverse Dcbye screening length, though they
agree that the free clectron mass should be used at
much larger wave numbers. Their analysis Icads to
the usual free clectron mass for clectrons that are
closc to the deutcrons, but finds that at large
distances the clectrons behave as if they have a
larger cffective mass ~ 2.6 times the free mass. This
increases the fusion rate another factor of 107 over
the L&B limit for a total factor of 1024 allowing
them to account for the Jones level of fusion.

The P&L results are controversial. The
unfavorable milicu for supportive publications is

indicated by their comment, 2 "The calculations
reported here may be viewed by some as a vain
altempt on the part of the authors 'to revive a dead
horse,’ in view of the recent outpouring of negative
publicity concerning cold fusion and the sometimes
vicious attacks on its proponents.” For them, the low
n levels "can be explained without invoking any
physics morc csoteric than that of screening of
positive charges by conduction clectrons.”

IV. THEORETICAL MODELS

Analyzing CF theorctical modcls is like shooting
at a moving target. Some of these models may
alrcady be abandoncd as new models are created.
Ncvertheless shortcomings will be presented so that
modcls do not rcsurface unchallenged.  Space

limitations only permit looking at a small number of

modcls bricfly. We will look at a much larger
number of models in depth in a critical review. 2’
The main problem in CF is overcoming the
Coulomb barricr.  Wc shall present at Icast one
model in cach calegory to show how this problem is
dealt with.

A. Barrier Circumvention
1. Transmission Resonance (TR)

The presence of only one barrier lcads (o a very
low transmission probability (cocfficient) through it.
However anti-intuitively, quantum mechanics allows
high probability transit for thc onc-dimensional
problem of particle passage through two (or a
periodic scquence) of potential energy barriers for
certain discrete values of cnergy (c.g. at which an
odd number of quarter wavelengths fit into the well
width). This quantum mecchanical cficct occurs as a
result of destructive interference of waves rellected
from multiple barriers as lucidly analyzed by
Bohm,28 and is called transmission resonance (TR).
TR was suggested by Turner?? for CF, though he
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apparently did not pursuc it further. The ideca was

further developed by Bush.30

Critique: There is a basic defect in the TR

modcl. Contrary to Turncr, Bush, and Jandel, 31 we
fcel that Bohm's onc-dimensional TR model is not
applicable to d's in a lattice, as a given d must also
get through the nuclear well of another d. Bohm's
model applics to clectrons, as they do not have a
nuclear interaction. Following Bohm, Jandel has
presented his objectons to Bush’s TR model of CF,
but not to the relevance of the model itself.

The TR model of CF has a number of
inconsistencics beginning with its basic premise.
Although the transmission cocfficicnt can be high
(but as we shall show not nccessarily in the CF
rcalm), fusion rates can still be extremely low. The
build-up of the wave function between the barriers
near resonance is a very slow process with time
scales ~ the time for alpha decay . As Bohm points
out, the process is similar to the building up of an
intense standing wave in a resonant cavity --be it
acoustic or clectromagnetic.

The seriousness of the filling time problem can
casily be scen quantitatively. For a system of two
barricrs, with cach described by the potential V(x),
the transmission probability (cocfficient) as obtained
from thc WKB approximation is:

P =[1+4G%sin?{(x - H2)1l, (8)
where G = exp(-]) is the Gamow factor given in Scc.
1.

Let us consider two d’s approaching cach other
through two barricrs at room tecmperature, with E =
kT = 1/40 ¢V. Taking into account screening of
the Coulomb potential barriers, G ~ 107100 45
shown in Scc. 3.1. If the system is far from the
resonant cnergy Epqg, P'~ G* ~107400_ This
corresponds to a small fraction of ~ (Gz)(Gz) of the
incident d’s tunncling through two barriers. At
resonance J = m, and cquation (8) gives a unity
tunncling probability, i.c. P' =1 for any G. The
resonance is related to the existence of a metastable

state whose lifctime is At ~ 1/ AE, where the half-
width AE = E - E[og for P' = 1/2. Bohm shows that
the Tifetime is

At=1G? 9)
where tg is the classical transit time to cross the well
and return.  For a well width of ~ 1A = 108 c¢m, and
a velocity ~ 2 x 10° cm/see, b ~10713 sec.Thus at

resonance, At ~ 10713 sec (10200) =10187scc. The
age of the universe is small in comparison, being
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only ~15 x 10° years = 4.7 x 1017 scc. Of course
shorter times are possible as E gets further from
resonance, but thc combination of lifctime and
tunnecling probability docs not appcar capable of
accounting for CF.

2. Lattice Induced Nuclear Chemistry (LINC)
The main theme of a scrics of papers by Chubb

and Chubb32-33 rclates to the wave nature of boson
particles in a solid. They fecl that just as electrons
are better described as waves in a solid, dcutcrons
should not be described as particles when they are
inside a solid lattice. The position of these  authors
is, “Overlap of the wave functions neccessary (o
initiate the rcaction is cnsurcd by algebraic
properties of a many-particle wave function, but not
by tunncling which is the basis of conventional
nuclear physics.” The basic predictions of the
LINC model arc a high rate of fusion in a lattice,
dominance of thc production of 4Hc, and hcat
release without observable fast nuclcar products.

Critigue: Thc authors’ prcmisc identifying
overlap of the d wave function with fusion in a
lattice is erroncous. This is bccausce their wave
function is derived from a Hamiltonian which
neglects the d-d interaction, and docs not minimizc
the full Hamiltonian of thc d system. Their excess
encrgy is duc to a neglect of dd Coulomb rcpulsion,
which if included gives a tremendously smaller
fusion rate. Furthermore, the factor corresponding
to the Astrophysical Function is neglected, i.c. the
probability that nucleons will stay in the nuclear well
after tunneling into it. Thus their model calculates a
higher p-p fusion rate than d-d because this lactor is
neglected.

B. Barrier Reduction
1. Superradiance (SR)

Bressani et al,>* and Prcparala35’36*37’38
proposc that the key to understanding CF lies in
superemissive dynamics -- superradiance (SR) -- in a
solid. According to these authors, this means that the
componcnts of clemcntary atomic systems 10 some
extent lose their individuality and become part of a
kind of collective plasma. This plasma is a medium
of charged particles vibrating about their
equilibrium positions with plasma frcquencics
o, = e¥n'/me, where ¢ and m arc the charge and
mass of the particles, n' is their number density, and
€ is the permittivity of thc medium. They have an
instability in the quantum clectrodynamic (QED)
ground state (independent zcro-point oscillations).
Their minimal energy statc is a supcrradiant onc in
which all the plasma particles oscillate in phase with
the electromagnctic field that is cxcited coherently
from the perturbative ground state of QED. They
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assert that SR provides a very strong cffective
screening of the Coulomb dd potential by the
clectron plasma in Pd.

SR was first prescnted by Dicke,3? though
his work is not refcrenced in any of these papers. It
is rather strange that Preparata claims to credit Dicke
in his lectures, but docs not bother to do so in his

published papcers on cold fusion.34-39  Neither is
credit given to previous work for the shifted
Coulomb potential which Preparata borrows freely.
The shifted Coulomb potential was developed by

Rabinowitz17-20.40 o racilitate an accurate
approximate calculation of shiclding effects on
tunncling which could bc done with ecase
analytically without the need for laborious computer
calculations. A screening model of a spherical shell
of radius R of ncgative charge ¢ surrounding each
deuteron is the simplest conceptionally as well as
computationally since it results in only a shifted
Coulomb potential. In mks units this is

V=(e'/4ne)l(1/1)-(1/R)], r <r<R, (10)

where - is the nuclear well radius, and e is the

permittivity, This may be interprcted as the first
order cxpansion of thc cxponcntially shiclded
potential

V =(e’ / 4ne)expl-r /R] (11)
37 in his ¢q. (15) writes

V=2 -V, (V, =100 eV) (12)
r

Q
where he is at the classical turning point rg, and for
any other point ro becomes r. In mks units, Vg =
(c2/4ncR), and o =(C2/4Tt8). With these substitutions,
one can sce that eqs. (10) and (12) are identical.

Preparata

The usc of supecrradiance (SR) may be
considercd a highly imaginative attempt at
reformulating old cstablished theoretical field
concepts with possibly new twists. However, this
work contradicts quantum mechanics in its
overestimates of superscreening to achieve cold
fusion (CF). Coherence is the key to understanding
SR. If we have N particles radiating incoherently,
then the total power radiated is the sum of the
individual powcrs. For particles radiating cohcrently
(in phasc) in a small enough volume that the phase
coherence is not lost from one end to another, then
the total clectric ficld E is the sum of the clectric

ficlds in cach of the radiated waves. The total

radiated power o< E%. For example, in simple terms,
if the individual radiated power is P for cach particle,

_ . 2
then Pipeoherent = NP, and Pegherene ~ NP

DEC. 1994 7
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Critique: Prcparula37 makes a number of
numeric crrors. His valuc of = 20 fm is too large

for the deuteron-deuteron (d-d) nuclear attraction
radius. Blatt and Weisskop!, (Theoretical Nuclear
Physics p. 506) list 1.1 fm as the d-d radius. Kaplan
(Nuclear Physics p. 520) lists 2 fm as the d-d radius.
Pcrhaps Preparata mcant to use 2 fm  rather than 20

fm. With 1 =2 fm, Dy = 3.12 x 1043, which is

smaller than his value of 10740 by a factor of 320).
However, using his valuc of rn=20 fm, yiclds a

tunneling probability of Dp. = 7.8 x 10742,
significantly smaller than the value of 10749 he ges
from his cq. (16).

For the convenicnce of those who would like 1o
cheek these numbers, Preparata's cq. (16) is

172
D,? = expy—(2uar )" g~ Z[r—“j . (13)

(o}

where Preparata has set 7 = 1.
tion and substituting for o,

1/2
2
r, (2“\/0)1/2 E_Z r_n (14
h 2 r

Squaring this cqua-

D, zexp

Q

where In mks units Vg = 100eV = 1.60 x 10-17 J,
ro =1.44 x10°11 m, m =1.67x10-27 kg, and h =
1.05 x10734 J-scc.

With r, <8 fm, D < 1.39 x 1042, which differs

from his valuc of 10740 by a factor of >72.
Conscquently, his claim of achicving the Jones Icvel
of CF is not supported. His disparity with

cxpcrimcm37 increases considerably more than this
factor of 102 since as we will show, this model has

too much shiclding. Thus at the top of his37 p.88
rather than "an cnhancement of some 30 orders of
magnitude over the tunncling amplitude for
molecular deuterium”, the resulting number is many
orders of magnitude less.

His ¢q.(26) is crucially imporlzml,37 but
appcars overly simple which suggests cither
algebraic crrors or cquivalently inappropriate
computational approximations. This can be fully
judged if and when he presents a thorough
derivation. It is not derived in detail in any of his
papers. Its reliability is thus questionable. For the
complex Feynman diagram (Fig. 5) it is not clear
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what approximations arc made for the coupling
constants and vertex functions.

In the course of their screening estimate,37 an
assertion is made that Z clectrons orbiting in phase
about a Pd nucleus look like a sphere of radius &
defined by the dispersion of the plasma oscillations

1/2

-9
7x1
o= L 20 1/8 cm. (15)
ZmaP Z

Due to clectron oscillations, they assume a d may be
covered by a cloud of Z clectrons.  According 1o
these authors, the screening potential of these
clectrons takes the form
2.2
Vscrccn = Vs = Letre forr < 0.
25"
Alr=r1=82/Z)12 Vi+Vg=0 17)

since V 4= e2/5atr =38, With this abnormally large

(16)

amount of screening the tunneling probability P =
2. . . . .
G- is exceedingly high especially for Eq ~ 0.
To understand this anomalous result, note

that O is close to the characteristic dimension of a
Thomas-Fermi atom of atomic number Z,

0.885h°

— — -9 1/3
va};—W—KL.SXlO cm /7277 (18)

Consequently, the arrangement of Z electrons inside
the region r < 1y ~ Rp is possible only in the
Coulomb potential Ze/r of a nucleus of charge Z, but
not in the ficld of a singly charged d. One of the
conceptual errors of this model is having Z clectrons
take part in steady state screening of the d's
Coulomb ficld. Solids would collapse if such close
cquilibrium screening were possible.

Prcpzlrail:x3(’ violates the laws of physics in trying
10 cnsure a large enough time for the existence of a
large charge density on the sides of a crack in terms
of his superemissive (superradiance) model for the
solid 1o avoid rapid charge leakage. This is an
application of his SR conjecture to Fraclo-
acceleration, since he has the cracks filled with
coherent radiation generated in the solid by plasma
oscillations of the nuclei. This is duc to an
cxaggerated overestimate of the amplitude of the
plasma oscillations as a free paramc[cr.27 In
addition, according to his scheme highly energetic
clectrons ~ 100 keV should be emitted from such a
process. These electrons have never been detected.

2. Lattice Vibrations (LV)
Perhaps the most notable theoretical support for
CF comes from the Nobel Laurcate Julian
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Schwingcr‘“"n’43 who contends d's encounter a
rclatively narrow Coulomb barricr allowing them Lo

fuse into He in a highly dcutcrated lattice. He cites
Einstein (1907) as pointing out "that the initial phasc
of a novel investigation can be hindered by an
cxcess of rcalism". According to Schwinger the
effective potential of the d+d and also p+d
intcractions arc modified duc to averaging related to
their zero-point oscillations in a solid lattice. In
simpler words, the couplcd harmonic motion of
particlcs is supposcd to lcad to a rcduction of the
Coulomb barrier for fusion. When calculating this
clfect, one replaces the coordinate r in the Coulomb
potential ¢/r by r + or, where the operator addition
or corrcsponds to d oscillations and has a
conventional cxpansion in terms of phonon degrees
of frecdom

or =Z ~h2mgmN(a e iost + ageiout) (19)
q

Here ag is the boson opcrator for phonon
production with ¢ momcntum; N is the number of
d's, hw, is the energy of the g th phonon.  When

averaged to first approximation in the ground state,
the effective potential of intcraction for a slowly
moving proton with a phonon oscillated d is

<O[V(r + 8r|0> ~el/r forr>>A,

20)
and e? / A forr << A.

h 1

1
—),and { —

2Zm, \o, ©,

Where A =

1S an avcrage

in terms of phonon modes. For <1/(f1(1)q)> ~

1/(0.1¢V) , we obtain A ~ 1077 cm.
approximation

oV~ VV(r)]zz [ dN<(1)2>}

In the next

(21)

1\2
Assuming <—12>~< >dnd considering that
q 0

2A ~10°#* / (me?), Schwinger finds that

o =-{1A]

This expression is valid for r >> A. Forr> 10 A, cq.
(22) gives a rather marked decrcasc of the Coulomb

potential, cz/r. Schwinger concludes from this that a
substantial suppression of thc Coulomb barricr may
be possible at the expense of lattice vibrations (LV).

(22)
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Critique: Wc have great respect for Schwinger,
yct our analysis indicates that there is a limit to what
the phonons can do, and that there is not a
sufficiently strong effect from LV. To us,
Schwinger's LV approach appcars applicable only
for 6V <<V. Accordingly, this implies a smail
relative correction to the repulsive Coulomb
potential rather than the large onc he finds. As we
showed in Scction 2, modest decreases in the width
of the Coulomb barricr can have enormous increases
in the tunneling probability P' (the more so the
lower P is to begin with). However, the LV decrease
in 'V gocs further than secms warranted, and gives
too large of an incrcase in P'. In going from the d+d

reaction®! 1o the p+d reaction, 4243 the 23.8 MeV Y
is avoided and only a 5.5 McV v has to be absorbed
dircctly by the lattice. There are also two minor
issues that may nccd resolution for the d+d case. 1)
The competing decay channcls d+d— t+p and d+d

— 3He+n normally occur in times ~ 10° 25¢c. The
maximum frequency of the phonons ~ 1013/sec
implics a phonon cmission time ~ 10" 3sec. It is
not obvious a’priori that these decay channels will
not depopulate the d+d scattering state faster than

the phonon cmission. 2) Schwingcr43 suggests that
his modcl can produce t production rates ~ 103/sec

1()1 /scc. It is not obvious that even with dE/dx
energy degradation of ~ McV t due to electron and
ion interactions, that the rcaction

d+1 - *He(3.52 MeV) +n (14.07 MeV) (23)

cannot take place in mcasurable quantitics. Reaction
(23) has not bcen observed in CF. This issue also
applics to other modcls and experiments which have
a large t production. Dctailed cal-culatons by

al44 and Petrillo ct al45 of the effects of

d oscillations in a lattice agrce with us. Crawford40 is
cven more pessimistic, claiming that "properly
trcating dcuteron motions would lecad to smaller
calculated p-d fusion than if phonons were
ncglected.”

Szalewicz ct

C. Barrier Ascent
I. Interface Acceleration (IA)

In 1989, Rabinowitz and Worlcdgelg’20
suggested the following interface acceleration (IA)
modcl bascd upon an obscrvation of dendrites on

clectrolytic cathodes.’ Asperities (sharp micro-
scopic whiskers) grow on electrolytic cathodes, as a
way of rclieving internal and extcrnal stresses in a

varicty of scuings.48 Ficld enhancement at the tip of
the whisker ~height/(tip radius), together with the
alrcady prescnt high double-layer electric field, can

lcad to very high local clectric fields ~ 107 V/cm
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cven though the macroscopic ficld is very low.4? A
high current density of clectrons can be ficld
cmitted from a whisker and ionize some D’s.

They pointed out' 820 that if a small number of

d’s become entrained with the high current density
of clectrons, the d’s would attain the same velocity v
as the clectrons -- just as a log in a river attains the
velocity of the current in the river. The ratio of the
cnergy of the d’s to the energy of the clectrons
would be the same as their mass ratio

2 =4 _ 3470, (24)
m

Even though the potential difference in a D>O
bubble is only a small fraction of the voltage applied
to the ccell, they pointed out possible non-
cquilibrium mechanisms  for producing larger
transient voltages. Thus for an clectron energy ~ 10
¢V, the d energy could be as high as 37 keV. Some
conscquences of the IA model for CF arc discussed

by Kim.21,22

In the context of CF cxperiments produced by
gas discharges, TA may be a possible explanation.
The experiments of Karabut, Kucherov and

Savvatimova’® do have an incubation period which
could be related to whisker growth. Furthermore,
low pressurc gas discharges are unstable Ieading 1o
arcing with high L dl/dt voltages. Entrainment of d
ions could lcad to microscopic hot fusion, and

resulting neutrons could causc transmutation of

clements. Predictions of the IA model are:

1) Fusion rates at the Jones level and higher.
2) Sporadic character and burst-like naturc of the
process as whiskers arc damaged.

3) Incubation period rclated to the growth of

whiskers.

4) Poor reproducibility of the data related to the
irregular behavior of the whisker growth process,
and of the occurrence of non-cquilibrium discharge
conditions.

Critiqgue: Although whiskers can grow duc to
stress during temperature cycling and rapid phasc
transitons in Ti, there is no applied clectric ficld in
the cycling  experiments.  Pecrhaps clectron
acceleration with entrainment of the d’s could be
related to ficld enhancement by whiskers of fracture
produced electric ficlds. The IA modcl applics
more clearly to clectrolytic and gas discharge
experiments. The same scrious criticism that applics
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1o other acceleration modcls applies to IA that the
branching ratio, and ratcs for the different reactions
should be the same as for hot fusion, but appears not
1o be s0.

4.4 Exotic Chemistry

A number of models assume the cxistence of an
cxotic chemical system whose occurrence either
precedes nuclear synthesis or makes it quite
unnccessary.  Such systems arc assumed to be
cngendered by clectromagnetic or nuclear
interactions. The similarity  of thesc postulated
modecls 1s in their tight binding of clectrons in atoms
and/or moleccules.

Critique: Nonc of thesec modcls appears correct.
They do not avoid the nuclear ash problem as the
tight orbits would lecad to apprecialble fusion rates.
A simple demonstration of proper spectral lines
would constitute proof in all these modcls, but this
has not been done. Detail- ¢d analysis on all these
models can be found in refs.51 and 52. Let's look at
some here.

Maly and Va'vra®3 solve the relativistic Dirac
cquation for the hydrogen atom and get an electron
orbit of ~ 500 keV binding energy, and radius r ~ 5
fm. There is a scrious crror in their analysis. At the
nuclear surface, r = r, # 0, which implies both the

regular and irrcgular solutions arc simultancously
allowed forr 2 r,- The general solution is a linear

combination of both forr 2 r, making the irrcgular

solution ncarly negligible compared to the regular
solution.  They ecrroncously assumed that the
general solution can be given by just the irregular
solution, independent of the regular solution. Their
clectron orbit radius of ~ 5 fm is 50 times smaller
than muonic orbits of 250 fm . If such tight D
atoms cxisted, upon collison, they should produce
fusion at a much higher rate than muon catalyzed
fusion.

Barut,>* Gryzinsky,55 and Vigicr56 propose a
Superbound H2* or Dt with ~ 50 keV binding
cnergy, and r ~ 40 fm for Hp+ with r ~ 20 fm for

D2*. Their analysis is predicated on the electron
being cxactly between the 2 d's which implies that
the system is unstable. The tightness of the orbit
violates the Uncertainty Principle if the potential is
only Coulombic. Their non-relativistic analysis is
warranted for H isotopes. However, a non-stationary
clectron requirces a relativistic trecatment. Perhaps a
full relativistic calculation including spin-spin and
spin-orbit coupling may save this model; but this has
not been presented as yet. Their electron orbits ~ 20
fm, arc 13 times smaller than the 250 fm muonic
orbits and upon collison would produce fusion at a
much higher ratc than muon catalyzed fusion.
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V. CONCLUSION

In spite of considerable cfforts, no theorctical
formulation of CF has succeeded in quantitatively or
cven qualitatively describing the reported
cxperimental results. Thosc models claiming to have
solved this enigma appcar far from having
accomplished this goal. Not all of thc modcls arc
lestable. It is imperative that a theory be testable, if it
is to be considered a physical thcory. The
mcchanism for anomalous cffects in dcuterated
metals is still unknown.

The issucs raised by Huizcnga1 have not yet
been fully answered. The most important miracle to
answer is Miracle 3: Where arc the Nuclear
Products? The cxotic chemistry solutions arc
appcaling because they completely climinate this
miracle. However, we have not scen a convincing
one yet. Miracles 1 and 2 also nced to be answered.
However, 100 many historical cxceptions wcaken
Huizenga's attempt to discredit Cold Fusion by
reliance on disagrecement with conventional [usion
thcory. Nevertheless, it is important to understand
why the tunncling coclficicnt is so cxceptionally
high, why the branching ratio is so far from unity,
why the secondary rcaction d + t is not occurring,
and why high cnergy ¥'s have not been observed.

Reproducibility of CF claims by an independent
qualificd laboratory should be given the highest
priority to firmly ecstablish the credibility of CF.
Howcever, lack of reproducibility is not a just rcason
tor branding CF a "pathological scicnce.” Many
valid ficlds of scicentific inquiry such as wcather,
catalysis, regular and ball lightning, carthquakes, and
solar storms arc not well understood and arc far
from rcproducible. The example of the
semiconductor ficld may be a source of optimism.
In 1931, the great physicist Wolfgang Pauli®” said, "I
don't like this solid state physics...though I initiated
it. ...One shouldn't work on secmiconductors, that is a
filthy mess; who knows whether they really exist.”
Not withstanding this pcssimistic view, the
semiconductor field became a great succeess once the
important variables were understood and controlled.
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