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FOREWORD

These four volumes include the full text or, in five cases, just the visual
materials of papers presented at the Fourth International Conference on Cold
Fusion. This meeting was the latest in a series of conferences devoted to a
new area of scientific endeavor, variously called, "Deuterated Metals
Research”, "Anomalous Nuclear Phenomena in Solids", and "Research on
New Hydrogen Energy". The first three conferences were held in Salt Lake
City, Utah, (U.S.A)., Como, (Italy), and Nagoya, (Japan), in March, 1990, June,
1991, and October 1992, respectively. The authors and participants in this
fourth conference should be thanked for four days of stimulating
presentations and discussions. A conscious effort was made to maintain a
high standard of scientific content and avoid exaggerated claims propagated
by various public media. It is gratifving that this effort was largely successful
without the need for extraordinary measures.

A number of new experimental approaches were evident compared with the
Nagoya meeting. Use of ceramic proton conductors at high temperature was
one such. Another was the use of ultrasonic cavitation in heavy water to
load palladium and titanium foils with deuterium. Many theoretical papers
were given, with some progress evident toward explaining some of these
puzzling experimental observations. However, the wide range of theoretical
models and speculations shows that the field remains in an exploratory
phase, at least for the majority of theorists.

The use of concurrent sessions for the first time caused some attendees to
miss hearing significant papers. It is hoped that this compendium of papers
will serve to redress that shortcoming. Proceedings, including only those
papers passing a rigorous peer review, will appear later as a publication of the
American Nuclear Society's Fusion Technology Journal, thanks to the
initiative of Editor George Miley.

242 persons from 12 countries registered and attended the conference. The
hotel facility and the weather were such as to allow concentration on the
technical meetings without serious distraction. Attendees included 124 from
the United States, 62 from Japan, 19 from Italy, 11 from Russia, 10 from
France, 5 from Canada, 4 from China, 2 from Switzerland, 2 from Germany,
and 1 each from Spain. India, and England. A large number of interested
persons from the former Soviet Union and eastern Europe were unable to
attend but sent several papers that are included in these volumes.



Some 156 abstracts were originally submitted of which 125 papers appear in
these proceedings. Since some of the enclosed material is in an

unfinished state, the authors would appreciate being contacted by those who
desire to reference the work reported here. The papers are divided so that
Volume 1 contains all the papers received from authors who participated in
the four plenary sessions, Volume 2 includes contributed papers on
calorimetry and materials, Volume 3 has contributions on nuclear particle
detection and measurement, and Volume 4 contains the papers contributed
on theory and special topics. The papers are ordered in the same order of
abstracts in the two volumes distributed at the meeting, with a few minor
exceptions.

Thanks are due to the International Advisory and the Organizing
Committees for their supportive efforts in arranging a successful meeting on
such a controversial, yet potentially significant and hence absorbing, topic.
Persons particularly active in arranging the agenda were M.C.H. McKubre, S.
Crouch-Baker, D. Rolison, T. Claytor, H. Ikegami, and P. Hagelstein. I also
wish to thank the following persons who ably served as session chairmen or
co-chairmen during the meeting: M. Srinivasan, S. Smedley, P. Hagelstein, F.
Tanzella, A. Miller, D. Rolison, S. Crouch-Baker, M. McKubre, K. Kunimatsu,
E. Storms, F. Will, T. Claytor, F. Scaramuzzi, H. Ikegami, J. Bockris, G. Miley,
B. Liaw, A. Takahashi, J. Cobble and M. Rabinowitz.

Supporting the logistical and physical arrangements were EPRI and the Office
of Naval Research (ONR), represented by L. Nelson and R. Nowak
respectively. Cosponsoring the meeting in addition to EPRI and ONR, was
Comitato Nationale per la Ricerca e per lo Sviluppo dell'Energia Nucleare e
delle Energie Alternative (ENEA), represented by Franco Scaramuzzi. My
sincere gratitude goes out to these persons and organizations. Many other
organizations implicitly supported the meeting by funding the travel of a
number of attendees. Notable among these were ENECO with 21, NEDO with
26, and IMRA with 10 attendees respectively.

The search for a definitive signature of some nuclear reaction correlated with
the production of excess heat in the palladium-deuterium svstem was
advanced by the presentations of D. Gozzi, G. Gigli, and M. Miles and their
respective coworkers who reported measuring He? in the vapor phase of both
closed and open electrochemical cells. However, the concentrations observed
were at levels well below the atmospheric concentration of He? (5.2 ppmv)
and hence are not robustlv above criticism as possible atmospheric air
contamination. On the other hand, the tritium resuits ot F. Will and
coworkers appear robust, with great care taken to establish reliable
backgrounds and checking for contamination. I also found the tritium resuits
of T. Clavtor and coworkers convincing.



M. Fleischmann, S. Pons, and coworkers provided two papers elaborating the
excess heat phenemena: one of the more intriguing results was the

excess heat observed well after complete cessation of current flow due to
evaporative loss of electrolyte in "boil-off" experiments of the kind first
described at the Nagoya meeting.

Several papers using gas loading of palladium claimed evidence of nuclear
reaction products. Y. Iwamura and coworkers appear to have replicated the
experiment reported by E. Yamaguchi and his NTT coworkers at Nagoya, but
emphasizing neutrons and a mass 5 peak in the mass spectrum tentatively
assigned to the TD molecule.

The paper chosen by M. Fleischmann in the final panel session as the most
outstanding of the conference was by D. Cravens, who on a very modest
budget, had discovered many of the better methods for loading palladium
with deuterium to high levels and getting the excess heat phenomenon.

Insight into the loading of hydrogen and deuterium into metals was
provided by four excellent papers by R. Huggins, R. Oriani, K. Kunimatsu and
coworkers, and F. Cellani and coworkers, respectively.

Particularly insightful papers on the theoretical side were presented by R.
Bush, S. Chubb, P. Hagelstein, G. Hale, S. Ichimaruy, Y. Kim, X. Li, G.
Preparata, M. Rabinowitz, A. Takahashi, and ]. Vigier .

A thoughtful paper by J. Schwinger was read by E. Mallove at a special
evening session. Also, E. Storms gave an excellent summation of the
meeting in the final panel session.

I apologize in advance for failing to mention here results from manyv other
equally excellent and significant papers given at the conference.

I agree with and echo H. Ikegami's remarks in the preface of the Nagoya
meeting proceedings, "It is my belief that cold fusion will become one of the
most important subjects in science, one for which we have been working so
patiently, with dedication and with courage, for future generations, for those
who will live in the twenty-first century. In order to achieve our goal, our
ultimate goal, we must continue and extend our interdisciplinary and
international collaboration".

The International Advisorv and Organizing Committees met late in the
sessions to set the location of the next two meetings. For the next meeting
(April 9-13, 1995) Monaco (near Nice, France) was chosen, and in 1996,
Beijing, China.



Besides Linda Nelson of EPRI who ably handled the logistics before and at the
Conference, S. Creamer of SRI International and E. Lanum of EPRI

deserve our thanks for dealing with on-site issues that arise at every large
gathering such as this.

I acknowledge with thanks the support of my colleagues at EPRI in planning
and organizing this meeting, namely N. Ferris, L. Fielder, K. Werfelman, S.
Ennis, B. Klein, R. Claeys, T. Schneider, F. Will, J. Byron, A. Rubio, R. Shaw,
R. Jones, J. Taylor, K. Yeager, and R. Balzhiser.

Thomas O. Passeil, Editor
Electric Power Research Institute
June 1994
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Cold Fusion Theory

A Brief History of Mine

As Polonious might have said: ”Neither a true-believer nor a disbeliever be.” From the
very beginning in a radio broadcast on the evening of March 23, 1989, I have asked myself-
not whether Pons and Fleischman are right-but whether a mechanism can be identified that
will produce nuclear energy by manipulations at the atomic-the chemical-level. Of course,
the acceptance of that interpretation of their data is needed as a working hypothesis, in
order to have quantitative tests of proposed mechanisms.

As a long-time nuclear physicist, the knee jerk reaction to the idea of a D-D reaction
without significant neutron production brought in words like * He and Mossbauer effect. I
tried, without success, to contact P(ons) and F(leischman), to the point of sending a letter
to the Los Angeles Times, which was garbled in the editing process. Finally, with the help
of a friend, contact was made in the early part of April and I went to Salt Lake City.

There, I was assured that they knew about *He, and was shown a peak in a spec-
troscopic read-out which, I was told, was *He. Soon after my return to Los Angeles,
references to * He disappeared, to resurface only relatively recently.

I do not have to-but shall-remind you of the two fundamental problems that the
acceptance, of P & F’s excess heat as nuclear in origin, entails.

1. What accounts for the absence of particles that are familiar in ordinary hot fusion,
such as the neutrons of D+ D — n + 3He and the high energy y-ray of D+ D — v+ ‘He?
Very early in my thinking I added the conventional reaction p + D — v + 3He. Why?
Mostly because it would also be there. One cannot produce heavy water without some
contamination by light water.

2. Hot fusion relies on achieving enough kinetic energy to overcome the Coulomb
repulsion between like charges. How then can cold fusion, operating far below those levels,
ever achieve fusion? Incidentally, I have read, and heard, that my solution to the Coulomb
barrier problem is to forget it! Not even an absent-minded professor (which I am not)
would go that far. Critics should learn to operate within the bounds of sanity.

My first attempt at publication, for the record, was a total disaster. “Cold Fusion: A
Hypothesis” was written to suggest several critical experiments, which is the function of
hypothesis. The masked reviewers, to a person, ignored that, and complained that I had
not proved the underlying assumptions. Has the knowledge that physics is an experimental
science been totally lost?
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The paper was submitted, in August 1989, to Physical Review Letters. I anticipated
that PRL would have some difficulty with what had become a very controversial subject,
but I felt an obligation to give them the first chance. What I had not expected—as I wrote
in my subsequent letter of resignation from the American Physical Society-was contempt.

“Hypothesis” was eventually published, after protracted delays, in a 1990 issue of a
German periodical. Does it have any significance in 19937 I cite the following excerpts:

“... this cold fusion process (of P & F) is not powered by a DD reaction. Rather it is
an HD reaction, which feeds on the small contamination of DO by H,0.”,

and:

“The HD reaction p + d — 3He does not have an accompanying v-ray; the excess
energy is taken up by the metallic lattice of Pd alloyed with D.”

and finally:

“... concerning the oft repeated demand for a control experiment using H,O, one

should note the possibility of a converse effect of the HD reaction: Through the natural
presence of D0 in ordinary water, such control experiments might produce an otherwise
puzzling amount of heat.”

A following paper, entitled: “Nuclear energy in an atomic lattice, 1,” was sent directly
to another German periodical, in November of 1989. As of today, the only memorable part
is a quotation from Joseph Priestly:

“In this business, more is owed to what we call chance-that is, to the observation of
events arising from unknown causes-than to any preconceived theory.”

The editor thought it necessary to add a total disclaimer of responsibility, ending
with: “We leave the final judgement to our readers.” In my naivity I had thought that was
always so. When part 2 of NEAL was submitted, it was simply rejected. The fix was in.

I gave a talk with the same title-“Nuclear Energy in an Atomic Lattice”- at Salt
Lake City in March of 1990. The HD hypothesis—of the dominance of the pd reaction-has
the pragmatic advantage of suppressing neutron production at the level of excess heat
generation.

But, to quote from that lecture: “... a well trained hot fusioneer will instantly object

that there must also be a 5.5 MeV v-ray. He will not fail to point out that no such radiation
has been observed. Indeed.”
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“But consider the circumstances of cold fusion. (The quotation continues.) At very
low energies of relative motion, the proton and deutron of the HD reaction are in an
s-state, one of zero orbital angular momentum, and therefore of positive orbital parity.
The intrinsic parities of proton, deuteron, and 3He are also positive. Then, the usually
dominant electric dipole radiation—which requires a parity change—is forbidden.”

I turn from ‘missing’ radiation to Coulomb repulsion, and quote:

“... treatments of nuclear fusion between positively charged particles (usually) repre-
sent the reaction rate as the product of two factors. The first factor is a barrier penetration
probability. It refers entirely to the electric forces of repulsion. The second factor is an
intrinsic nuclear reaction rate. It refers entirely to nuclear forces. This representation ...
may be true enough under the circumstances of hot fusion. But, in very low energy cold
fusion one deals essentially with a single state, or wave function, all parts of which are co-
herent. It is not possible to totally isolate the effect of the electric forces from that of the
nuclear forces: The correct treatment of cold fusion will be free of the collision dominated
mentality of the hot fusioneers.”

To speak of transferring energy to the lattice is to invoke lattice excitations, or
phonons. At about the time of the Salt Lake City meeting, or shortly after, I became
dissatisfied with my treatment, and began to reconstruct phonon theory. A note entitled
“Phonon representations” was submitted to the Proceedings of the National Academy of
Sciences in June of 1990. The abstract reads:

“The gap between the nonlocalized lattice phonon description and the localized Ein-
stein oscillator treatment is filled by transforming the phonon Hamiltonian back to particle

variables. The particle-coordinate, normalized wave function for the phonon vacuum state
is exhibited.”

A month later, I submitted a second note with the title “Phonon dynamics.” The
abstract reads:

“An atomic lattice in its ground state is excited by the rapid displacement and relase
of an atomic constituent. The time dependence of the energy transfer to other constituents
is studied ... .”

The third and last note is called “Phonon Green’s function.” Its abstract is:

“The concepts of source and quantum action principle are used to produce the phonon
Green’s function appropriate for an initial phonon vacuum state. An application to the
Mossbauer effect is presented.”



I remind you that the Mdssbauer effect refers to “an excited nucleus of an atom,
imbedded in a lattice, (that) decays with the emission of a 4-ray,” thereby transferring
momentum to the lattice.” There is a certain probability ... that the phonon spectrum of
the lattice will remain unexcited, as evidenced by the absence, in the vy-ray energy, of the
red-shift associated with recoil energy.”

A casual explanation of the Mossbauer effect has it that the recoil momentum is
transferred to the lattice as a whole so that the recoil energy, varying inversely with the
mass of the entire lattice, is extravagantly small. As Pauli would say, even to God, “Das
ist falsch!” The spontaneous decay of a single excited atom in the lattice is a localized
event, the consequences of which flow at finite speed, out into three dimensional space,
weakening as they travel. This is a microscopic event, with no dependence on macroscopic
parameters such as the total mass of the lattice.

Unmentioned in the abstract, but of far greater importance, is another situation. To
quote: “What happens if the momentum impulse ... is applied, not to one, but all lattice
sites?” The reader is invited to “recall that the lattice geometry is not absolute, but relative
to the position of the center of mass for the entire system. Thus (the injected energy) can
be read as the kinetic energy transferred to the lattice as a whole.” More of this shortly.

In the last month of 1990, I went to Tokyo. The occasion was the 100th anniversary
of the birth of a famous Japanese physicist, perhaps most familiar for his part in the
Klein-Nishima formula for Compton scattering. On a day that, to my surprise, I found
uncomfortably close to another—-infamous—day, I delivered a lecture on: “Cold Fusion—Does
It Have a Future?” The abstract reads:

“The case against the reality of cold fusion is outlined. It is based on preconceptions
inherited from experience with hot fusion. That cold fusion refers to a different regime is
emphasized. The new regime is characterized by intermittency in the production of excess
heat, tritium, and neutrons. A scenario is sketched, based on the hypothesis that small
segments of the lattice can absorb relased nucelar energy.”

I pick up the last sentence of the abstract with this quotation from the text:

“If the y-rays demanded by the hot fusioneers are greatly suppressed, what agency
does carry off the excess energy in the various reactions? One must look for something
that is characteristic of cold fusion, something that does not exist in the plasma regime of
hot fusion. The obvious answer is: the lattice in which the deuterium is confined.

Imagine then, that a small, but macroscopic piece of the lattice absorbs the excess
energy of the HD or DD reaction. ... I advance the idea of the lattice playing a vital role as a
hypothesis. ... Intermittency is the hallmark of cold fusion. ... Does the lattice hypothesis
have a natural explanation for intermittency? ... a close approach to saturation loading is



required for effective fusion to take place. But, surely, the loading of deuterium into the
palladium lattice does not occur with perfect spatial uniformity. There are fluctuations.
It may happen that a microscopically large-if macroscopically small-region attains a state
of such lattice uniformity that it can function collectively in absorbing the excess nuclear
energy that is released in an act of fusion. And that energy can initiate a chain reaction
as the vibrations of the excited ions bring them into closer proximity. So begins a burst.
In the course of time, the increasing number of vacancies in the lattice will bring about
a shut-down of the burst. The start-up of the next burst is an independent affair. (This
picture is not inconsistent with the observation of extensive cracking after long runs.)

What answer did I give, just three years ago to "Does cold fusion have a future”? I
said: “I have little hope for it in Europe and the United States—the West. It is to the East,
and, specifically, to Japan that I turn.”

Inspired by good soba and sushi, I dashed off a short addendum that Progress of
Theoretical Physics received in January and published in April of 1991. The abstract of
“Nuclear Energy in an Atomic Lattice-Causal Order” is:

“The extremely small penetrability of the Coulomb barrier is generally adduced to
dismiss the possibility of low energy (cold) fusion. The existence of other mechanisms that
could invalidate this logic is pointed out.”

&

Here are excerpts. “... Implicit in this line of thought (of negligible penetrability) is
the apparently self-evident causality assignment that has the release into the surrounding
environment, of energy at the nuclear level, occur after the penetration of the Coulomb
barrier. One would hardly question that time sequence when the environment is the
vacuum. But does it necessarily apply to the surrounding ionic lattice? ... another reading
is possible, one in which the causal order is reversed. Why? Because, in contrast with the
vacuum, the lattice is a dynamical system, capable of storing and exchanging energy.

The initial stage of the new mechanism can be describd as an energy fluctuation,
within the uniform lattice segment, that takes energy at the nuclear level from a pd or dd
pair and transfers it to the rest of the lattice, leaving the pair in a virtual state of negative
energy. ...

For the final stage ... consider the pd example where there is a stable bound state: *He.
If the energy of the virtual state nearly coincides with that of 3He, a resonant situation
exists, leading to amplification, rather than Coulomb barrier suppression.

It would seem that two mechanisms are available ... . But are they not extreme
examples of mechanisms that in general possess no particular causal order?”



The last lecture on cold fusion was delivered—twice—in the Fall of 1991, to celebrate
the birthdays of former students, one of whom is at MIT, a hotbed of hot fusioneers. The
cover title: “A Progress Report,” injects a bit of my own nostalgia. Not long after the
simultaneous arrival of myself at Berkeley and World War II, Robert Oppenheimer gave a
lecture with that title. As he explained, it meant only that time had elapsed. That also
applied to the first part of my birthday lectures—“Energy Transfer in Cold Fusion”~with
one exception:

“I note here the interesting possibility that the 3He produced in the pd fusion reaction
may undergo a secondary reaction with another deuteron of the lattice, yielding 3L: (an
excited state of 5L: lies close by). The latter is unstable against disintegration into a
proton and *He. Thus, protons are not consumed in the overall reaction, which generates

‘He.”

To this I add, as of some time in 1992, that observations of *He, with insufficient
numbers to account for total heat generated, are consistent with the preceding suggestion.
The initial pd reaction produces heat, but no * He. The secondary reaction generates heat
and *He. There may be more total heat than can be accounted for by *He production.
The smaller the ratio of secondary to primary rates, the more the * He production will be
incapable of accounting for the heat generation.

The second part of “A Progress Report” is entitled: ”Energy Transport in Sonolumi-
nescence.” What is that?

The text begins with:

“The suggestion that nuclear energy could be transferred to an atomic lattice is usually
dismissed ... because of the great disparity between atomic and nuclear energy scales; of
the order 107, say. It is, therefore, of great psychological importance that one can point
to a phenomenon in which the transfer of energy between different scales involves (an)
amplification of about eleven orders of magnitude.”

“It all began with the sea trials, in 1894, of the destroyer HMS Daring. The onset, at
high speeds, of severe propeller vibrations led to the suggestion that bubbles were forming
and collapsing—the phenomenon of cavitation. Some 23 years later, during World War I,
Lord Rayleigh, no less, was brought in to study the problem. He agreed that cavitation,
with its accompanying production of pressure, turbulence, and heat, was the culprit. And,
of course, he devised a theory of cavitation. But, there, he seems to have fallen into the
same error as did Isaac Newton, who, in his theory of sound assumed isothermal conditions.
As Laplace pointed out in 1816, under circumstances of rapid change, adiabatic conditions
are more appropriate.

During World War I, the growing need to detect enemy submarines led to the devel-



opment of what was then called (by the British, anyway) subaqueous sound-ranging. The
consequent improvement in strong acoustic sources found no scientific applications until
1927. It was then discovered that, when a high intensity sound field produced cavitation
in water, hydrogen peroxide was formed. Some five years later came a conjecture that,
if cavitation could produce such large chemical energies, it might also generate visible
light. This was confirmed in 1934, thereby initiating the subjct of sonoluminescence; SL.
I should, however, qualify the initial discovery as that of incoherent SL, for, as cavitation
noise attests, bubbles are randomly and uncontrollably created and destroyed.

The first hint of coherent SL occurred in 1970 when SL was observed without ac-
companying cavitation noice. This indicates that circumstances exist in which bubbles
are stable. But not until 1990 was it demonstrated that an SL stream of light could be
produced by a single stable cavity.

Ordinarily, a cavity in liquid is unstable. But it can be stabilized by the alternating
cycles of compression and expansion that an acoustic field produces, provided the sonic
amplitudes and frequencies are properly chosen. The study of coherent SL, now under way
at UCLA under the direction of Professor Seth Putterman, has yielded some remarkable
results.

What, to the naked eye, appears as a steady, dim blue light, a photomultiplier reveals
to be a clock-like sequence of pulses in step with the sonic perioid, which is of the order of
10~* seconds. Each pulse contains about 10° photons, which are emitted in less than 50
pico seconds, that is, in about 10~!! seconds.

When 1 first heard about coherent SL (my term), some months ago (June 1991),
my immediate reaction was: This is the dynammical Casimir effect. The static Casimir
effect, as usually presented, is a short range non-classical attractive force between parallel
conducting plates situated in a vacuum. Related effects appear for other geometries, and
for dielectric bodies instead of conductors.

A bubble in water is a hole in a dielectric medium. Under the influence of an oscillating
acoustical field, the bubble expands and contracts, with an intrinsic time scale that may
be considerably shorter than that of the acoustical field. The accelerated motions of the
dielectrical mateial creates a time dependent—-dynamical-electromagnetic field, which is
a source of radiation. Owing to the large fractional change in bubble dimensions that
may occur, the relation between field and source could be highly nonlinear, resulting in
substantial frequency amplification.

The mechanisms that have been suggested for cold fusion and sonoluminescence are
quite different. (So I wrote in 1991.) But they both depend significantly on nonlinear
effects. Put in that light, the failures of naive intuition are understandable. So ends my
Progress Report.”
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In the more than two years that have elapsed since the birthday lectures, I have
concentrated on the theory of coherent sonoluminescence. Why? Because, of the two
physical processes that naive intuition rejects, it is coherent SL that exists beyond doubt.
(No, Mr. Taubes, not even you could cry fraud. Too many people have seen the light.)
With the advantage of reproducible data, under variable circumstances, constructing a
convincing theory for coherent SL should be, by far, the simpler. That, in turn, should
supply analogies for theory construction in a domain that is characterized experimentally
by “irreproducibility and uncontrollable emission in bursts.”

My gut feeling about the Casimir effect, in a dynamical role, first needed some brushing
up in the static domain, which I had not thought about for 15 years. My progress in
doing that, along with needed simplifications, is recorded in four notes, published in 1992.
Two of them share the title “Casimir energy for dielectrics.” Each note acknowledges the
stimulation provided by the phenomenon of coherent SL. I give only this brief excerpt
concerning the action quantity W,:

“What the static and dynamic Casimir efects share is the reference to the quantum
probability amplitude for the preservation of the photon vacuum state: (exponential of
iW,). That the vacuum persistence probability is less than one, in a dynamical situation
where photons can be emitted, is expressed by a nonzero imaginary part of Wy: ... . In
a static situation where W, is real, the shift in phase associated with a time lapse, ..
identifies E, the energy of the system, ... .”

In the latter part of 1992, and in 1993, five papers were submimtted under the cover
title “Casimir light.” The individual ones are called, successively: A glimpse; The source;
Photon pairs; Pieces of the action; and, Field pressure. The first three notes adopted the
over-simplification that the bubble collapse-the source of radiant energy—is instantaneous.

“Pieces of the action” begins “to remove the more egregious aspects of that treatment.”
The Abstract reads:

“More realistic dynamics for the collapsing dielectric fluid are introduced in stages by
adding contributions to the Lagrangian that forms the action. The elements are kinetic
energy, Casimir potential energy, air pressure potential energy, and electromagnetic cou-
pling to the moving dielectric. There are successful tests of partial collapse time and of
minimum radius.” This paper ends with a veiled qustion:

“If, as it would seem, a mechanism exists that transfers kinetic energy of a macroscopic
body into energy of microscopic entities, could there not be—in a different circumstances—a
mechanism that transfers energy of microscopic entities into kinetic energy of a macro-
scopic body?” What, in 1991, seemed to be only a pairing of two intuitively improbable
phenomena (“The mechanisms that have been suggested for cold fusion and sonolumines-
cence are quite different.”), now emerges as related ways of transferring energy between
macroscopic and microscopic objects.
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“Casimir light: Field pressure” begins with a question:

“How does a macroscopic, classical, hydromechanical system, driven by a macroscopic
acoustical force, generate an astonishingly short time scale and an accompanying high
electromagnetic frequency, one that is at the atomic level?”

In response, “I offer the hypothesis that light plays a fundamental role in the mecha-
nism. Provacatively put:

The collapse of the cavity is slowed abruptly by the pressure of the light that is created
by the abrupt slowing of the collapse.”

The hypothesis becomes more quantitative with this supplement:

“The conditions for light emission are at hand when the fluid kinetic energy becomes
independent of t (time) for a short time interval, and that similar remarks apply immedi-
ately after the emission act. In effect, one is picking out the circumstances for spontaneous
radiation, from a coherent state of definite energy, to another such state of definite, lower
energy.”

The equation of motion-along with the conservation laws—-that is supplied by the
action principle, leads to a picture of what happens during abrupt slowing.” Just before
that begins, there is no significant field, .... Then the field strength rises rapidly in the
vacuum region, giving a positive value to the (outward pressure). ... the slowing has
begun. That process will cease when the field, flowing at the speed of light toward the
outer dielectric region, has produced the countering pressure.”

“The somewhat mysterious initial hypothesis has emerged clarified, as an unusual
example of a familiar fact—spontaneous emission of radiation by an electric system is a
single indivisible act that obeys the laws of energy and momentum conservation.”

Now, finally, returning to the 1991 “Causal order” note, for the example of the reaction
p+d— 3He + lattice energy,

one also recognizes this as a single, indivisible act.
So ends this Progress Report.

JULIAN SCHWINGER
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THE 3-DIMENSIONAL RESONANCE TUNNELING IN CHEMICALLY ASSISTED
NUCLEAR FISSION AND FUSION REACTIONS

Xing Zhong Li
Department of Physics

Tsinghua University
Beijing 100084, CHINA

Abstract

Resonance tunneling model has been extended to 3-dimensional case, and the
centrifugal barrier is proposed to be the second barrier to form a well between the
Coulomb barrier and centrifugal barrier. The cross-section for fusion reaction is
calculated and compared with that of Jones' and Koonin's calculation. The
experimental results for double barrier fission and meta-stable excited state of
hydrogen molecule are cited to support this concept of double barrier penetration.
In order to explain the nuclear products, a model of "split Coulomb barrier” is
speculated. Some experiments are suggested to test this speculation.

Introduction

A combined resonance model was proposed in ICCF3 1 to show that: (1) even if
there is no resonance level at the low energy in d+d system, the resonance
penetration is still possible; (2) the manipulation in atomic scale can effect on the
reaction in nuclear scale. However, how to apply this combined resonance model in
the three dimensional case was an open question. At that time the centrifugal
barrier was proposed to be combined with the Coulomb barrier, and we believed that
the combined resonance tunneling would facilitate the penetration of Coulomb
barrier. In the present paper, the enhancement of penetration due to the resonance
level between the Coulomb barrier and the centrifugal barrier is estimated and
compared with the experiment. The experiment results in the double barrier
nuclear fission and the meta-stable excited state of hydrogen molecule support the
concept of resonance tunneling. The mismatching of "excess heat" and the "nuclear
products” suggests the necessity to refine this resonance tunneling model. Two step
process (molecular shrinkage followed by a nuclear process) is assumed to explain
this mismatching. Never-the-less, the nuclear fragments imply the penetration of
palladium nucleus with higher charge number (Z=46). A speculation of "split
Coulomb barrier” model is discussed. The high electron density region and the
enhanced spontaneous fission of fissionable elements would be the corollaries of
this model, and some possible experiments are proposed.
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3-Dimensional Resonance Tunneling

In the 3-dimensional case, the combined resonance tunneling model should be
modified, and the centrifugal potential barrier is the second barrier to be combined
with the Coulomb barrier (Fig.1). Between these two barriers there is a potential well
due to the interchange energy of the electrons of deuterium atoms. The virtual
resonance level in this potential enhances the penetration of Coulomb barrier. A

new simplified formalism of WKB method 1,2 was proposed to facilitate this
calculation.

The radial part of the wave function X|(r)/r is defined in different regions in Fig.1,
which can be connected by W.K.B. connection formula. If in region I (O<r<a) and
region V (d<r), X|(r) is defined as

x,(r)= %{Aa cos{ [ kdr - %} + B, sin{ [ kdr - %}}

L

Xy (= N {A; cos[fkdr - -Z—] +B, Sin[jkdr - -Z.]}
d d

here k = 1}—Zzéi[E— U(r)], and # is the Planck constant divided by (2r). u and E are

the reduced mass and the total energy of the relative motion of deuteron-deuteron
system, respectively. U(r) is the potential energy. Then ,the coefficients A and Ba
are connected to coefficients A4, and By by the connection matrixes as follows

A, Ay
= CweBaCow Wi CipBeiCaw
B, B,

Here, Cgw is the connection matrix from well to barrier region and Cgw is that from
barrier to well region;

2, 0 1/2, 0
Cocly 5] el ]
Bab is the propagation matrix in barrier region from a to b, and B¢ is that from c to
B - 0, 6, B - 0, 6,
ab = 91;1, 0 yPed T 9;1, 0

b d
Here, 6, = exp[']‘ﬂ dr], 6, = exp['fﬂ dr], and B = \/%[U(r)—E]. 0y and 8, are very

large number usually. Wh, is the propagation matrix in well region from b to c.
W, =[ siny,.,, —cos ybc}.

—COSY,,, —SinYy,,



Here, 7,. = |k dr. Hence

G Sy 0

Oy .
Aa —E' sin ‘ch ’ —46N6a COS ch Ad
Bd

—(46,6,)7 cos ¥,., —eisin Yoe
eN

In addition, x,(r) has to satisfy the boundary condition:

Xy 0)=0

therefore,

A K= -tan[jk dr-Z
B, A

Here, K is a complex number, IE=Kr + i Kj, because the nuclear potential, U(r) , is a
complex number, i.e. Im U(r)#0 in the region O<r<a due to the absorption of
deuteron (d+d reaction).

__1 sin2],
2 cos’ I, +sh’I,

o 1 sh2L
" 2cos’I +sK,

Here, I, = jkr dr —%, I = jki dr —%. k. ,and k, are the real and imaginary part of k,
0 0

respectively. Having defined these quantities Ir and Ij by nuclear potential, we have
the amplitudes of outgoing and ingoing spherical wave function, A4 and Bg.

Consequently, we have the cross-section, ¢\” , for the partial wave of angular
momentum .

ol = %{2[ +D(1-)5[)

and

5f < A, —iB,[
" Tla, +iB,

or
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ol = (21+1)K /{2K ‘COSZ Ve [(40a0N)2 (4|6 i )2

2
-sinz}’bc[(%N-J ( )‘Kl] K, sin2y, [467 - 02]}

When the energy of the relative motion of the deuterons coincides with the virtual
energy level of the potential well, i.e. , cosy,. =0 , the cross-section is

Fla)
[EREIRE

For the low energy d-d reaction, the semi-resonance condition! in the nuclear well
makes Kr=0.

o = 2m+n

r

r

a“%=%§cn+1)

4T\T,
(TN + Ta )2

here, Ty = (———e—lf—i—]is the penetration rate for the single Coulomb barrier, and
N

a

T, = (-—15-) is the penetration rate for the centrifugal potential well only.
6,

Usually, Ta>>Tn, then
o = T+ DN

r

2
=—m1xm9
N

(-Kj) is a positive number in corresponding to the absorption in the nuclear well.
This expression can be put into the conventional form:

S(E) ,» 1
O.(l)
" E NT,
When there is no centrifugal barrier, T3=1, then
S(E
ot = & )exp[—Z j Bdr]



e . . . . -2 .
This is just the conventional fusion cross-section. (Some time the (6y) ™ is called as

penetration factor. In fact, the penetration rate should be[-Ki(6y )_2 1). Using the

experimental data for low energy d+d reaction, S(E) is found to be independent of
energy, and equals to 0.11 MeV-barn3.

Using the Morse potential, S.E. Jones# calculated the penetration factor:
-2
(6y)" = exp(-190)
Koonin improved the calculation by considering the fact that the potential energy

between two deuterium, U(r), should approach to the energy of the helium atom,

i.e.
2

Ur—0)=%<+U,
r
here Up=-1.9037 Hartrees =-51.8 eV. Then
(6 )—2 =~ exp(-177)
When the centrifugal barrier appears, and the energy coincides with the virtual
resonance level, a big factor (1/Ta)=(6,) would greatly increase the penetration.

Estimation of Barrier Penetration Factors

A rough estimation of 8, can be done by a step-wise centrifugal barrier as Fig.2.

0, =< 2w -E)ar]

2
[j 2u 1(1+1)h

( ]
2

r, is about at the order of 10”cm, and r; may be limited by the lattice constant (~

4x10-8 cm in the palladium). In some cases r3 may be quite large on the surface of the
crystal. The maximum possible value for 1 is limited by the requirement that the
bottom of the potential well should be lower than zero to ensure that the low energy
incident deuteron would see a well between two barriers. For d+d reaction Ilmax=45.
Hence, it is possible to enhance the penetration factor, (n)~2/Ta, by a factor of 1054
which is necessary to bring the cross-section value to the detected value in nuclear
measurement. However, the centrifugal potential, which is added to Coulomb
barrier will increase inner barrier height and its thickness as well; therefore, it is
hard to make the cross-section greater further.

dr]

Double Barrier Fission and Meta-Stable Excited State of Molecular Hydrogen

Three questions are always raised to the resonance tunneling model, i.e. the limited
value of wave function inside the nuclear potential well (r<a in Fig.1)is too small;
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the width of resonance energy level is too narrow; and the time needed for
formation of resonance state is too long to be effective.

Usually, resonance tunneling is treated as a steady state in quantum mechanics.
When the module of wave function in the potential well (b<r<c. in Fig.1) is
assumed to be the deuterium density in the solid (=1022cm-3), the square of the
module of wave function inside the nuclear potential well would be very small (
=(0N)2 x1022cm-3). Since the fusion reaction rate is assumed to be proportional to
the square of the module of wave function, then it must be extremely small.

In fact, the resonance tunneling should be treated as a non-steady state problem®, it
should be normalized to the incident flux of particle, instead of the absolute value of
wave function (The normalization for continuous spectrum is different from that

for discrete spectrum?).

The sharpness of the resonance is due to the large value of (8y)2 which makes the
width of resonance energy level very narrow. Hence, only a few incident particles
would be in resonance, if they are distributed in energy as a maxwellian distribution.
However, the deuterons in solid is somehow confined; therefore, we may expect
that deuterons are condensed at one single energy level. Since deuteron is a boson,
and local density of deuterons may be very high due to the phase transition inside
the palladium, such condensation may happen in a small region.

In the treatment of steady state, the concept of wave packet is always used to imagine
the formation time of this resonance state. Since the width of energy level is
extremely narrow, the length of the wave packet becomes extremely long due to the
uncertainty principle. Then, the necessary time for the formation of resonance state
is too long to be valid. In reality, the penetration is a time-dependent problem. Roy 6
has developed a time-dependent procedure to describe the tunneling, and has found
the differences between the time-dependent and time-independent treatments.

The best answer to those three questions is the experiment. The double barrier

fission8 has been confirmed by the experimental results. Fig.3 shows the excitation
curve for nuclear fission induced by neutron, and the total neutron cross-section of

240py as a function of neutron energy. The large number of fine-structure
resonance in Fig.3a, and the very few fine-structure resonance of appreciable
strength, which are clustered into a few groups, in Fig.3b are the most striking
example for the double barrier fission. When the energy level inside the inner
barrier coincides with the energy level in the outer well, the penetration rate
increases dramatically, and the fission cross-section increases (see the insert in Fig.3).

Fig.4 shows the potential energy of molecular hydrogen as a function of the
separation between two protons. When the centrifugal potential is added to the
Morse potential, the double barrier shape appears. The maximum value of angular
momentum, 1, for the double barrier shape is 38 for hydrogen. This has been

confirmed by the experiment for meta-stable excited state of hydrogen”. The
corresponding value for deuterium is about 56, and the critical 1 to have a potential
bottom lower than zero is about 45. This is the number cited for the calculation of Ta
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Split Coulomb Barrier Model -

The progressive "excess heat" experiments show that: (1) the "excess heat" power
is confirmed alreadg' to be no less than 1 W/c.c. in a closed system10,11, which
corresponds to 1012 reactions/c.c. if 1 MeV energy is released in each reaction. This
reaction rate require another factor of 109 enhancement further in the factor Ta; (2)
no quantitative nuclear products have been detected up to now.

These two facts mean that the main energy source for the "excess heat” may not be
nuclear origin. If we look at the SRI datal0, the total energy released in a closed
system is about 1 MJ, and the total investment of D20, D2, Pd, Li, and O3 is about 0.5
mol. So the average energy released by each atom is still less than keV. Although it
is greater than the energy released by any chemical or mechanical process with
which we are aware, it is still not necessary to be nuclear origin.

On the other hand, the nuclear fragments in the discharge experiment!2 are
showing that the high Z palladium nuclei might be penetrated also. Although the
amount of nuclear fragments is so small to be account for the "excess heat"
production, it gives some hints about the necessary process happened before the
penetration.

The high Z Coulomb barrier is hard for the centrifugal barrier to be in balance with
it, because the high Z Coulomb barrier would reduce the (8,)2 by reduce the
maximum value of angular momentum , Imax, and increase the ON)2 by
enhancing the height and width of the Coulomb barrier. The possible solution is to
speculate a "split Coulomb barrier" (Fig.5). Assuming a step-wise Coulomb barrier,
we may calculate the corresponding penetration factor 8yp and 6ng.

Ono = exp[H%—(U(r) —E)dr]
Ong = eXP[J’\/%-(U(r) —E)dr]

For the rough estimation, we assume a triangular potential shape with a height of
Coulomb barrier, i.e.

2
Ze ry—r

Uu(r)= ! forr,<r<r
o T1—1,
Ze* ro—r

U(r)=——2 forr, <r<rs
¥y rs—r4
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Then ,

2 | 2uZ -
O = = -
NO exp[3 mayrg (r1=70)]
2 | 2uZ
.., =expl— -
N4 = xp[ 3\ m,ags (rs 7‘4)]

In order to have right penetration rate, we need

2
(QA’A] ~2.3x107%
Eno

to obtain the neutron emission rate observed in experiments (=10 sec'! cm-3, which
corresponds to a reaction cross section of 102> barns).This turns out to be a set of
parameters as r0=10'12 cm, r1=2x10'10 cm, r4=5.5x10’10 cm, r5=5x10'9 cm. Itis just a
speculation of this split Coulomb barrier.

A Proposed Experiment

This speculation can be tested in two ways. The first is to find a kind of penetration
of Coulomb barrier caused by the surrounding electrons in a hydrogen-loaded metal.
The second is to search the high electron density region which is necessary for the
split of Coulomb barrier.

The uranium-238 is proposed to be a test material for its two features. It can absorb a
huge amount of hydrogen as palladium and it has an unexpectedly high
spontaneous fission rate. The fission barrier for uranium-238 is higher than that of
uranium-235; however, the spontaneous fission rate of U-238 is much greater than
of U-235 by several orders of magnitude. This implies that the spontaneous fission
of U-238 may be enhanced by some resonance penetration. If we can change the
electron density by loading the hydrogen, and detect the change of the spontaneous
fission rate, this would be a direct proof that the nuclear process could be affected by
the manipulation in the molecular scale.

We may imagine also that the high electron density region must be formed
somewhere in the metal to split the Coulomb barrier; therefore, the positron
annihilation technique might be useful to find this anomaly.
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Fig.1. Combined Resonance Tunneling in 3-Dimensional Case

Fig.2 Centrifugal Potential Barrier
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Fig.3. Above: The total neutron cross section of 240Pu, showing the large
number of fine-structure resonances.

Below: The neutron fission cross section of 240Py, showing a very few
fine-structure resonances of appreciable strength and those
clustered into a few groups that constitute intermediate
resonances in the fission channei.
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Fig.4. The Potential Energy Curves for Different Angular Momentum Cases
1=0: the pure Morse potential for H2 molecule;
1=38: the maximum possible centrifugal potential which may still allow a
meta-stable state of H2".
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Abstract

An improved parametric representation of Coulomb barrier penetration is presented. These
detailed calculations are improvements upon the conventionally used Gamow tunneling coef-
ficient. This analysis vields a reaction barrier transparency (RBT) which may have singular
ramifications for cold fusion. as well as significant consequences in a wide variety of fusion
settings.

1. Introduction

Recently, Kim and Zubarev! developed a general and realistic barrier transmission model
which can accommodate simultaneously both non-resonance and Coulomb barrier transmis-
sion resonance contributions. The derivations for both cases will be presented. The resonance
analysis culminates in a reaction barrier transparency (RBT) which is due to the interaction
of the transmitted and reflected waves yielding constructive interference in a narrow en-
ergy regime. Although RBT may have significant consequences for a wide variety of fusion
problems. we will explore cold fusion applications here.

2. Conventional Parameterization

The conventional protocal for determining low—energy (< 20 keV) fusion cross-sections
7(E) is to extrapolate experimental values of o(E) measured at high energies using the
parameterization®

o(8) = 22 15089 )
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where TG(E) = exp(—(Eg/E)?|, E¢ = (2raZ,Z,)*uc?/2 with the reduced mass p =
myma/(my + ms) and E is the center—of-mass (CM) kinetic energy. The transmission coef-
ficient (“Gamow” factor) Ts(E) results from the approximation £ << B (Coulomb barrier
height). This technique is used for nuclei in non-resonance reactions such as in standard
solar model, and magnetic and inertial confinement calculations.

In order to generalize the conventional Gamow transmission coefficient, we introduce for
the fusing system the following potential which consists of an interior square—well nuclear
potential and an exterior Coulomb repulsive potential,

_ -Vi, r<R
Vir) = { ZiZeefr, r>R 2)

For the potential barrier given by eq. (2), an approximate S—-wave (¢ = 0) solution for
T(E) can be calculated in the Wentzel-Kramers—Brillouin (WKB) approximation as®

1/2 ,r, 2 1/2
TWKB(E) = exp{—?(i—g) /R (ZI?G —E> dr}

EG 1/2 9 . E 1/2 E 1/2 E 1/2
- (‘ (F) ) { [(‘5) ] -3 (-3) })
where B is the Coulomb barrier height, B = Z,Z,€?/R, and r, is the classical turning point,
Z1Z,€* 1, = E. Note that TWXB(E) is defined only for E < B and that T}Y¥B(B) = 1. The

traditional Gamow transmission coefficient used in eq. (1) can be obtained from eq. (3) with
R =0 (or equivalently F << B):

. 1/2
To(E) = TYXB(E) = exp{—?(gﬁ)l/2/0 (212262 —E> dr}

K2 r
1/2
- (%))

3. Kim-Zubarev Parameterization

3)

Tc(E), eq. (4), represents the probability of bringing two particles to zero separation dis-
tance. This implies that the Coulomb barrier Z; Z2e?/r also exists inside the nuclear surface
of radius R, which is unphysical and unrealistic. In order to accommodate more realis-
tic transmission coefficients. I{im and Zubarev'* have recently introduced a more general
parameterization for o(E) based on the P-matrix parameterization of the fusion reaction
S-matrix.

To obtain improved and more general transmission coefficients, we use partial wave solutions
of the Schrédinger equation. For the potential described by eq. (2), a general solution of the
radial Sc_hrédinger equation for the exterior wave function in the exterior region (r > R) is
given by°

ug®t(r) = uy 7 (r) = () (5)
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where

ugP(r) = e % [Ge(r) + i Fo(r)] . (6)

6; is the Coulomb phase shift and uﬁ‘) is the complex conjugate of u§+). F,; and G, are the
regular and irregular Coulomb wave functions normalized asymptotically (r — o) as

m

) = sin[kr — 7 /2 — vén(2kT) + 67] (7)
Gi(r) = coslkr — trr /2 — ven(2kr) + 63)

where 7 is the Sommerfeld parameter, v = Z, Z5e?/hv, and k is related to E by F = h2k? /24
In terms of the partial wave S-matrix, n, in eq. (5), the fusion reaction total cross—section

o.(E) is given by®
0r(B) = 5 (2 +1)(1 = Inf*) . (8)
l

To accommodate the statistical factor and to compensate the two-body approximation in-
volved in deriving eq. (8), we introduce the partial wave S—factor, S;(E), which is expected
to be nearly energy-independent or weakly energy—dependent, and rewrite

0,(E) ~ o(E) = —é—fZSAE)T:(E) = Z () (9)
=0

where S;(E) is the I[-th partial wave S—factor and

Si(E)

o)(E) = 7

——T(E) (10)

with
T(E)=1~|nf. (11)

In order to determine the partial wave S—-matrix 7; in eq. (5), we introduce the P—matrix as
the logarithmic derivative of the interior wave function ui**(r) at r = R :

dui™/dr

int
U

Bmt R

— %Plint + i%})lint (12)
r=R

where RP/™ and SP/"(< 0) are the real and imaginary parts of P;™, respectively. For the
exterior wave function, the P-matrix at r = R is defined as

cor o duf™/dr dul™ [dr — qdult Jdr 3
P =R ust B (+) (13)
l r=R uy — Ty r=R
We introduce the P-matrix for ufﬂ as
dul™ /dr :
B(+) =R —l—(—_+_/)'— =N+ 1is (14)
Uy r=R
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where A; and s; are the real and imaginary parts of P , respectively. By matching the
logarithmic derivatives at r = R, i.e., Pj™ = Pf*', we obtam

_4318'Plint
T(E)=1- = : : 15
1( ) !771| (Al _ Rlet)2 + (31 _ glet)2 ( )
where GG+ FiF,
+
A=RPP =pr L (16)
r= G+ F? | _p
and GFl - RG'
si=9PF = p L — 7Ll (17)
: ! G‘Z + Ez r=R

In the Kim-Zubarev parameterization of T}(E), SP/* and RP/™ are to be parameterized
directly or in terms of a potential model wave functlon for the interior region (r < R).

4. Reaction Barrier Transparency

We note that the reaction barrier transparency(RBT), T(E) & 1, can occur when A, = RP, it
and s = —SP™. For simplicity, our discussion in this paper W111 be limited to the S—wave
case,[ =0, in the following. Generalization to the I # 0 cases is straight forward.?

For the potential given by eq. (2), a general solution for the interior (r < R) wave func-
tion is

uint(r) — e—il\’r +c e+iKr (18)
where R”K?/2u = Vy + E with E = K°k?/2u. We introduce two real parameters 7o and ¢
and write ¢ = Tpe'® (1 < 1).

If the lowest partial wave (I = 0) contribution is expected to be dominant for low ener-
gies (< 20 keV), then the total cross—section o(E) is given by
SKZ ( E)

o(B) = 0o B) = =Z—T;"*(E) (19)

and TXZ(E) = 1 — |mp|? is given by

—450SP™ 450K\ R

TAZ _ — 20
(£) = (Ao — RP™)2 + (59 — SPin)? (Ao — KoR)? + (sg + K R)? (20)

where . . ;
so = R{(GoFy — FyGo) /(G2 + F2)]._p = kR/(G2 + F¥)|r=r (21)
Ao = R|(GoGy + FoFO) /(G + F)),—r (22)

= , K’(l - T2)
g i znt 0 23
Ky(E- 70, 00) = E}PO 1+2'rocos(21\.R+oo)+TO (23)
and 2K 7y sin(2K R + ¢

Rs(E.To,00) = RE™ = —— ToSIN2K R + o) (24)

1+279cos(2KR + @q) + 18
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TXZ(E), eq. (20), is described by four parameters, Vp, R, 79, and ¢p. T<?(E) contains both
non-resonance and resonance contributions, and also the interference term between them.
The four parameters can be determined from the cross-section containing both a resonance
part (resonance energy and width) and a non-resonance background.

We note that TOKZ(E) ~ 1 when RBT condition, Ay = KR and so = KR, is satisfied
in eq. (20). The resonance energy E, (for Tf?(E,) ~ 1) and width I' are determined by
the parameters 7, and @ for fixed values of V; and R. The resonance behavior of TX%(E),
generated from fitting o(E) with particular values of parameters, is a reaction barrier trans-
parency(RBT) due to an interplay of Coulomb barrier and nuclear interaction, and is to be
distinguished from conventional resonances such as narrow neutron(A, = 0) capture reso-
nances, which are primarily due to the nuclear interaction. The resonances present in o(E),
which are shown by some related experiments to be of a non-RBT type, are to be treated
by conventional methods. Very broad resonance behaviors for cross—sections observed in
many nuclear reactions® such as for reactions 2H(D, p)3He, 2H(D, n)3He, *He(D, p)*He, and
3H(D, n)*He may correspond to RBT resonances and may yield different low—energy extrap-
olations from those obtained by the use of the conventional transmission coefficient, T5(E),

since the low—energy tail of the RBT resonance is expected to be different from that of the
conventional case.

For the case of a non-resonance cross—section, 7o = 0, and T4 (E), eq. (20), reduces to
the result given by Blatt and Weisskopf®,

_ 480KR
B Ag + (50 + KR)2 ’

Tpw(E) (25)

It should be noted that Ty (E), eq. (25), does not have a resonance structure while TXZ(E)
does.

In the previous parameterizations of ¢(E), the resonance part of o(E) is parameterized
with the Breit-Wigner resonance formula to be subtracted from the experimental data®?
or included in S(E) in eq. (1).® The non-resonance formula. eq. (1), is then used to fit the
resultant “data.” Our more general formula for T 2(E), eq. (20), with eq. (19), will allow us
to parameterize the experimental data exhibiting the RBT resonance behavior by the same
formula, eq. (19), thus avoiding separate use of the Breit—-Wigner formula for subtracting
the resonance contribution from ¢(F). Furthermore, the interference term between the reso-
nance and non-resonance contributions is automatically included in egs. (19) and (20). The
formulation described by egs. (9), (15), (19), and (20) is a generalization of eq. (1) and thus
can provide a more realistic and general parameterization method for low—energy nuclear
fusion cross—sections needed for the solar neutrino and astrophysical calculations, magnetic
and inertial confinement fusion calculations, and low—energy (cold) fusion rate calculations.

5. Fusion Rate Estimates with Narrow RBT

Since cos(2KR + ¢p) (in egs. (23) and (24)) and sin(2KR + ¢g) (in eq. (23)) satisfies
cos?’(2KR + &g) + sin?(2KR + &) = 1, 1y can be expressed in terms of K, K, and K>
as

o (K- K2+ K’
K+ RK)2+ K

(26)
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For the case of KoR = Ag and K, R = Nsg (RBT condition) where N > 0 is a real constant,
we obtain using eq. (26) *
, (KR —Nso)® + A3

= 27
"0 = KR+ Nso) + A3 (27)
and 4NsoKR
2 So
—72 = 2
L =70 = KR+ Nso) 1 &2 28)
After determining 7y from eq. (27), ¢ can be determined from
. 1-—- 702 —Ao)
= 29
sin(2KR + ¢g) 57 (Nso (29)
From eq. (20), the maximum value of 7% (E) is then given by
4Ns? 4N
maz = — 30
I (E) (1+N)2s2 ~ (1+N)2 (30)
which yields T§***(E) = 1 for N =1 and T§***(E) < 1 otherwise.
Assuming that Tf¥Z(E), eq. (20), has a Breit- Wigner resonance form with a width T' at

a resonance energy £ = E,., the width I' at low energies can be written as® I' = (so(E,) +
K1R) x 107 eV. Since so(E,) = 0.3 Tg(E,) and K;R = Nso(E,), we obtain for N > 1

I~ (0.3 x 10°eV) N Tg(E,) (31)
and
TEZ(E)T = (1.2 x 107eV) Tg(E,) (32)

using Tf¥?(E,) ~ 4/N from eq. (30). Since T(E,) is very small near ambient tempera-
ture kT E,. = 0.025 eV, T is also very narrow; I' = 10~1% ¢V and I' = 100~!% eV for

(E ) = 101"T¢(E,) and Tf?(E,) =~ 101°7Tg(E ), respectively. Precise values of T' for
different fusion reactions can only be determined by experiments at present.

For the fusion cross-section o(E) = S(0)T&Z(E)/E (S(E) =~ S(0) = 53 keV-barns for
D(D,p)T and D(D,n)3He), the fusion rate can be est1mated as

< OV Spew = 0 (v)
3 S (33)
B
8 S(0) kz —E E+%
~ (= T r/kT/ dE
<7W> (kT)3/? (E-)e E.-L
or .
- 8\* S(0) _xz —E./kT
KOV Dhey = <—7_’«Z> WTO (Er)e r (34)
8\* S(0) _, -
= <5) (kT)g)ﬂe EIFT TA(E,) (1.2 x 107 eV)
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Since the conventional estimate is given by

1 .
_(81Y* S(0) [ —E/kT
< OV Seony= (w) AL | Te®e =i TaE (35)

we can conclude < 0V >R < OV >cony for the equilibrium Maxwell-Boltzmann distribution
f(v) at ambient temperature of kT = 0.025 eV. However, non-equilibrium energy sweeping
through the narrow RBT may result in a greatly enhanced fusion rate’ as in cold fusion
experiments. Recent observations®~!! of anomalous neutron bursts during thermal cycling
with deuterated high T¢ superconducting materials may be attributable to energy sweeping
involving a non-equilibrium state during the superconducting phase transition.

6. RBT Mechanism for Other Fusion Reactions

In view of our new result TF?%(E), eq. (20) or Ti(E), eq. (15), it is appropriate to ask
whether some fusing systems can support an RBT at low energies near the fusion thresh-
old. This can only be answered at present by experiments. It should be emphasized that
RBT cold fusion is possible not only with deuterium but also with hydrogen since TXK?(E),
eq. (20), is applicable to both cases as long as the RBT exist in fusing systems involv-

ing deuterium or hydrogen, such as in nuclear fusion reactions with the entrance channels,
D+D,D+Li, D+ Pd, H+ D, H+ K, etc.

Given the RBT mechanism for cold fusion the question remains why fusion products are
observed in cold fusion experiments at a much lower level than commensurate with the ob-
served excess heat. This question can only be addressed separately for each fusion reaction
since the exit channels are different for each reaction. The anomalous excess heat and tritium
production reported in many electrolysis or similar experiments may not be due to D — D,
fusion, but may include nuclear fusion with hydrogen and/or impurity nuclei which are al-
ways present. This senario and others such as ®Li(d, p)"Li, "Li(d,*He)°He, etc. may explain
the results of excess heat, tritium and neutron production observed in heavy water(with Lz)
electrolysis experiments. Senarios for other cases involving both deuterium and hydrogen
may be possible and need to be investigated.

7. Summary and Conclusion

Our progressively more generalized parametric representation of Coulomb barrier tunneling
yields significant improvements upon the conventionally used Gamow tunneling coefficient.
This analysis yields RBT which is due to the interaction of the transmitted and reflected
quantum waves yielding constructive interference in a narrow energy regime. RBT appears
to have important ramifications for cold fusion.
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Abstract

Several models are examined in which it is claimed that cold fusion is the result either of
tight binding of the electrons in H isotope atoms or molecules, or of an electron-H isotope
resonance which allows a higher probability of Coulomb barrier penetration. In the case of
models in which the electron is tightly bound to the H isotope atom, we show that states
below the most deeply bound (—16.39 eV) are impossible in principle. We also present
evidence against the possibility of the existence of electron-H isotope resonances. Finally, a
lower bound is found for the binding energy of H isotope molecules which is above that
calculated in the tightly bound electron-H isotope models.

1. Tightly Bound Hydrogen and Deuterium

A number of models assume the existence of an exotic chemical system whose occurrence
either precedes nuclear synthesis or makes it quite unnecessary. The similarity of these
postulated models is in their tight binding of electrons in atoms and/or molecules. In one
of the simplest, the authors® claim that in addition to the normal energy levels for the H
atom, a more tightly bound sub-ground state of —27.17 eV is possible. For them. the
excess Cold Fusion (CF) power. with no nuclear products. is simply the extra 13.68
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eV /atom obtained as H isotopes go into the sub-ground state. If their tight H abounds in
the universe, one may ask why this spectral line has not been seen long ago.

Mayer and Reitz? claim that resonances of ep, ed, and et are created which, if they survive
long enough, allow a high probability of Coulomb barrier penetration and subsequent
nuclear reaction. Their resonance model is based on that of Spence and Vary®, who used
single photon exchange in the Coulomb gauge. Recently, McNeil* reformulated the ep
problem in a qualitative yet gauge-invariant way and finds no evidence for a resonance in
the ep system in the energy range of interest. Therefore, it is possible that the results of
Spence and Vary® and hence Mayer and Reitz? are spurious.

2. Deep Dirac States

Recently, Maly and Va'vra® carried out a calculation for the hydrogen atom based upon
irregular solutions of the relativistic Dirac equation and obtained an extremely tightly
bound electron orbit. They get a binding energy of ~ 500 keV, and a radius of ~ 5 x 10713
cm, a nuclear dimension. For them, CF is primarily chemical. The excess energy is 500
keV/atom as these tightly bound atoms are formed. They suggest that this chemical ash of
tightly bound H or D atoms may account for the missing mass (dark matter) of the
universe. Their electron orbit radius of ~ 5 fm is 50 times smaller than muonic orbits of
250 fm. If such tight D atoms existed, they should produce fusion upon collision at a much
higher rate than in muon-catalyzed fusion. Moreover, there are some serious errors in their
analysis. At the nuclear surface, r = r, # 0, both regular and irregular solutions are
allowed simultaneously for r > r,. Therefore, a general solution is a linear combination of
them for r > r,,. When the boundary conditions are imposed at r = r,, it can be shown
that the irregular component becomes nearly negligible compared to the regular
component®. The results of Maly and Va'vra® are incorrect, since they assumed erroneously
that the irregular solution is a general solution independent of the regular solution, as
shown below in detail.

The radial part of the relativistic Schroédinger equation is’

1 d, ,dy A1 f+1)—=A2
=2 2% AR A Mt At = 1
pzdp(p dp)+ Pl p v =0 (1)

for a point Coulomb potential ed(r) = —Ze?/r, where

_Ze® 5,  4(mPc* - E?)

2
p=a7‘77— A= E7

—. A . . 2
ke h2c2 hea @)
and E and m are the total energy and mass of the electron, respectively. Because of the
centrifugal barrier, we need consider solutions of this equation for £ = 0 only because the
energies corresponding to ¢ > 0 must be higher than the lowest £ = 0 energy. As p — 0, the
wavefunction ¥ has the behavior

v o~ Pt (3)



where

1 }1
- = N2, 4
S+ = Qi 1 Y . ()

Because the wavefunction has the boundary condition ¥(p — co0) =0, from eq. (2),

2
E = md1+ -1—2)-1/2, (5)
and Ay = n’ + s+ + 1, where n’ is a positive integer. Furthermore, because
Ze VA

1 1
5y =~ —51(5—72), (6)

and the energy levels E, and E_ are

2

~ 2 g —-1/2 7

E. = m(1+ (n,+1_72)2) (7)
2 72 —-1/2

E_ =~ mec (1 + m) . (8)

Note that eq. (8) gives a binding energy of E_ — mc® ~ mc®(y — 1) & —510 keV, so that, if
the solutions corresponding to s_ were acceptable, deeply bound electron states might
exist. However, these solutions are incorrect. Furthermore, eq. (7) gives the correct
observed binding energy of E, — mc?> = —13.6 eV forn’ =0 and Z = 1.

The energy levels, egs. (7) and (8), obtained from the relativistic Schrédinger equation, eq.
(1), are similar to those of Maly and Va'vra® (their eq. (24)) for the Dirac equation’. The
same shortcoming, detailed below, applies to their solution; however, it is less transparent
than our example because the Dirac equation involves a set of coupled differential
equations’.

We can assume that the potential eg(r) is given realistically by

_Zé
eo(r) = { g e (9)
—-—rq—, r>r,
The wavefunction y(r) = r¢(r) then, as r, — 0. has the following form:
AKr, r< T,
= , 10
x(r) { Bp*++l + Cpo-+, r2r, (10)

, 2 . . .
where (hc)’K? = (E + %—-)2 — m2ct. Note that. in eq. (10), we have used the regular
solution vy = Asin Kr for the interior wavefunction. which is zero at the origin, as it must
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be for a finite potential, and the form of the exterior wavefunction comes from the analytic
solution of eq. (1).

When we equate logarithmic derivatives

X dr r=r, X dr r=r}
we obtain,
o s 2 2
= =_=2+ Sp—$_ o~y _ 124
B S_ (arn) + 1_’_L,7-2'(arn) ’ (12)

so that. for a physical wavefunction, as r, — 0, the solution corresponding to s_. does not
contribute. However, because of the finite size of the nucleus, the wavefunction consists of
a large component corresponding to s; and a small component corresponding to s_ with a
binding energy which is thus very close to the original binding energy E, — mc?. For
instance, for the case of a proton, the proton radius r, = 1 fm, Z = 1, and

E =~ E,. =mc —13.6 V; therefore o ~ 3.78x10~5 fm~!, and hence C/B =~ —0.2 x 1078.

3. Tightly Bound Hf and D} Molecules

The next set of models involve tight H isotope molecules of radius ~ 0.25 A in which
excess energy may result chemically, and/or from nuclear fusion as the tightly bound atoms
more easily penetrate their common Coulomb barrier®. Actually, there seems to be no
sound basis for assuming the existence of a superbound state of a DJ ion. Some of the
analysis is qualitative. The most critical region is barely at the boundary of applicability of
the equations. An exact solution for the entire region under consideration will likely yield a
potential with no local minimum. Thus the metastable state may not be present in a more
rigorous analysis®. Hence, the superbound solution is at best unstable.

Gryzinsky!? and Barut!! present analyses to substantiate the existence of the metastable
D3 state based on three-body calculations for two d’s and one electron. Gryzinsky treats
the problem mainly classically, but invokes quantum mechanics to neglect radiation effects
for his oscillating electron. Barut’s analysis is based on the Bohr-Summerfeld quantization
principle, and obtains a binding energy of 50 keV. Both authors, independently, conclude
that a “superbound” (D3 )* molecular ion can exist in which an electron that is exactly
half-way between the d’s provides an attractive force and screens the d Coulomb repulsion.
Vigier!? presents an analysis almost identical to that of Barut!!. For Barut, Gryzinsky, and
Vigier, the analysis is predicated on very unlikely precise symmetry. The electron must be
exactly the same distance on a line between the two d’s. The tightness of the orbit violates
the uncertainty principle for a Coulomb potential, but may not violate it with stronger
potentials. Although a non-relativistic analysis may be warranted for the large mass H
isotopes around the electron, a non-stationary electron will require a relativistic treatment
because it will attain a velocity close to the velocity of light due to its small mass. Perhaps
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" a full relativistic calculation including spin-spin and spin-orbit coupling may save this
model, but this has not been presented as yet.

4. Rigorous Bound for the Binding Energies of H} and DJ

Recently, Kim and Zubarev!3 have shown a rigorous bound of —16.39 eV for the binding
energies of HY and D3, which poses a more serious difficulty for the tightly bound D
models!®11:12,

The non-relativistic Hamiltonian for D7 (or HY) is

K2 K2 K2
= - V2
H 2M, AL "M, AL T 2m,
(13)
€2 e e?
7. — By | R2| |R; — R

where m, and M; (i =1 or 2) are the masses, and 7, and R; are laboratory coordinates of
the electron and deuteron, respectively. In terms of the center of mass coordinate _
R.= (mere + MRy + M2R2) [/(me + My + M,), the internuclear coordinate R =R, - R,,

and the relative electron coordinate 7 = 7, — (R1 + Rg) /2, the Hamiltonian reads

h2 h2 ~ 2 h2
_ — —_— L ——y2
H ALY, (V’*’ + 2V’> T
(14)
e? e2 e2

[Fe— Byl |- Ry R

where M, = m, + My + My, M = (M M)/ (M; + Ms), p = m( My + Ms)/(me + My + Ma),
and v = (M; — M) /(M; + M,). After separating the motion of the center of mass, one has
the following Schrodinger equation

H$(F, R) = EV(7, R) (15)
where 2 . — 2 P 2
=g (Ve+ 5%) "% R-Rm AR E o
The operator , , ,
“gw (V2 + %) =57 (Pr+ 37) an

where Pp = Eﬁ rand g, = E_ﬁ,, is positive. Note that v =0 for 14y = M,. Therefore
1 1

H > H. (18)



or

(WIHIY) > (WlHWR) () =1 (19)

where 52 ) \ ,
B=-2v2-_°% ____° 4% 20
2 -Fl -Fd R 20)

But H is separable in confocal elliptic coordinates!, and hence the exact numerical
solution of the Schrodinger equation,

H(g(7) = E(R)CR(7) (21)
is well known to bel4 3 :
H > Emim(R) = —16.39 &V . (22)
Since H > H, we have
(VIH|Y) > Epin = —16.39 eV (23)

for any {¢) with () = 1.

The spin-orbit and spin-spin interactions are not expected to change the above bound of
—16.39 eV, eq. (23), dramatically.

5. Summary

We have examined several models which purportedly explain the results of Cold Fusion,
and found each to be lacking in some respect. Models in which the electron is tightly
bound to the hydrogen or deuterium nucleus were found to have serious qualitative or
quantitative defects, and models in which it is claimed that an unusual electron resonance
occurs are likely to be spurious. Finally, a lower bound for the binding energies of Hf and
D$ was found which is considerably higher than the claimed binding energies in
“superbound” models of the two H isotope molecules.
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TRAPPED NEUTRON CATALYZED FUSION OF DEUTERONS AND
PROTONS IN INHOMOGENEOUS SOLIDS
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Abstract

A proposal of a mechanism of the trapped neutron catalyzed fusion of deuterons and
protons in inhomogeneous solids’® had been made to explain the Cold Fusion phenomena
in materials occluding the deuterium (hydrogen). Some detailed analyses of the theoretical
problems in the cold fusion are given in terms of the physics of thermal and cold neutrons
in the inhomogeneous solids and the cascade shower induced by 6.25 MeV +-ray in matrix
solid. The Cold Fusion phenomena were explained semi-quantitatively and consistently by
the trapped neutron catalyzed fusion model.

The Trapped Neutron Catalyzed Fusion of Deuterons (Protons) occluded in
Solids
The trial to realize the nuclear fusion on the earth has F. Paneth®’ as a modern pioneer
though its root could be traced to the medieval alchemists. In 1989, Fleischmann and
Pons* have opened a new passage to investigate the problem with a large possibility. Many
positive results done until now show the reality of the fusion of deuterons (and protons) in
transition metals. The complexity and the poor reproducibility of the experimental results
obtained hitherto including the production of large excess heat. neutron bursts. much
amounts of *He and tritium etc. made the Cold Fusion phenomena' one of controversial
problems in the history of science. A key to open the door to solve riddles of the Cold
Fusion has been neglected by researchers until now is the thermal and cold neutrons existing
everywhere abundantly. The neutron is able to fuse with another nucleus without Coulomb
repulsion which is the stumbling block to realize d-d fusion by any existing methods. We will
see that the difficulty to solve riddles in the Cold Fusion disappears if we take the catalytic
role of the thermal and cold neutrons trapped in the sample into our consideration. A
consistent explanation of almost all experimental results in the phenomena will be given
along this line of consideration.

We will review tite model first and then give theoretical verification ol some key points
assumed in it.

Neutron as a Wave
Neutron behaves as a wave in a situation where the distribution of other object interacting
with the neutron have a period «y comparable with de Broglie wave length of the neutron.

'Perhaps it is necessary to discriminate two phenomena : the one is the excess heat generation accompa-
nied with particie enussion {n. p. t. ~. *He. *He. etc.) and the other is without particle emission. We will
call the former as the Cold Fusion phenomena. The latter mav be =xplained as a mere chemical reaction
o1 chemical reactions-
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The de Broglie wave length A is given as

Tk
A= é— = . : (1)
P 2me

where ¢ = p?/2m is the energy of the neutron. If the energy of the neutron is measured
in eV, the wave length in A is given by the following relation:

A = 286 x 1072 (A) (cin eV) (2)

Therefore, a thermal neutron with an energy of 1/40 eV (~300 K) has a wave length 1.80 A
comparable with lattice parameters of ordinary crystals. A neutron as a wave is reflected
by a boundary of an ordered array of deuterons (and protons) in matrix lattices. The
reflection occurs as results of the Bragg reflection and/or the total reflection. The Bragg
reflection occurs when the Bragg condition

mA = 2dsinf (3)

is satisfied, where m is an integer, 6 is the complementary angle of the incident one and d
is the lattice spacing. On the other hand, the total reflection occurs when the 6 is smaller
than or equal to an critical angle

. = 7/2—sin"'n, (n, < 1), (4)

where n, = no/n; is the relative refractive index of a medium 2 to a medium 1 and the
neutron enters from 1 to 2 in the case of refraction. The refractive index n; of the medium
¢ is given according to the following relation :

ni = 1— X2N;@0 J2x (5)
where :V; is a number of nuclei per unit volume in the medium and @.., is a weighted mean
of the thermal scattering lengths of the nuclei in it.

For neutrons with energy down to that of cold neutron. n; differs not much from 1, and
the critical angle of the total reflection 6, is given as follows:

f.

[
~—

Al
/\(t)l/, (
A = Mag - N Toh-

Therefore. the total reflection is feasible to occur at a boundary between two media with
atomic nuclel whose neutron scattering lengths differ very much. The larger the difference
in the scattering length. the larger the critical angle of the total reflection.

The neutron trapping time T is specified for aregion surrounded by the neutron reflecting
walls and depends on the geometry of the region. Because of a positive value of a,, for
deuteron. we can expect a total reflection by the occluded deuteron lattice in a matrix.
However. because of a negative value of «.,, for proton. a neutron will be trapped in an
oeciuded proton lattice surrounded by pure (low impurity) matrix.

If a region with linear dimension L larger than aq (ay < L) is bounded by walls of such
a structure reflecting neutrons. a neutron might be trapped in the region for a time I". The
fime I will be determined by the state of the wails (atomic =pecies in and widths of the
walls. the geolmeury ol the region. 21c.}.
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On the other hand, the transit time 7 of a neutron with velocity v is given as follows for
the region: ' -
T = £ = m_L (7)
v p
When a condition
T KT (8)

is satisfied in the above mentioned situation, we may say the neutron is trapped in the
region. If a neutron is trapped in a region containing nuclei which interact to fuse with the
neutron, we can expect that fusion reaction is feasible to occur with high probability in
the region. Fusion probability is, in the order of magnitude, becomes 7'/ times the value
where there is no confinement. In an optimum situation, the neutron could be trapped
with a large value of 7'/7 in the sample making the fusion probability with one of deuterons
very high.

Scenario of the Cold Fusion
Thus, the scenario of the Cold Fusion in this model is summarized as follows:

(a) A particle of ambient (or artificial) thermal or cold neutrons incident on a sample
(say inhomogeneous solids which occluded deuterons or protons) losing its energy in an
effect of collision with nuclei in it propagates as a wave through the sample:

(b) the neutron is trapped as a standing wave in a region bounded by reflecting ”walls”
made of boundaries of ordered arrays of deuterons (protons). The trapping occurs as results
of the Bragg and/or total reflections:

(¢) the neutron as a standing wave interacts with one of deuterons (protons) in the region
(and in the walls) to fuse into a triton (deuteron);

n+d = t(6.98keV) + v(6.25MeV), (9)
n+p = d(1.33keV)+ v(2.22MeV). (10)

Smallness of the cross section of the reaction (9) (two orders of magnitude smaller than
the cross section of d-d fusion in Eqgs. (12) and (13) with appropriate energy) will be
compensated with the large number and trapping of the relevant neutrons:

(d) the 6.98 keV triton produced in the reaction (9) may interact with deuterons in the
sample to fuse into *He and a neutron,

t+d = *He(3.5MeV) +n(14.1MeV): (11)

(e) the high energy neutron produced in this reaction may collide with many deuterons
and accelerates them to induce d-d fusion reactions in the sample resulting in excess neu-
trons or tritons in an optimum situation:

d+d “He (0.82MeV) + n (2.45MeV), (12)

= £(1.01MeV) + p(3.02MeV) : (13)

(f) y-ray born in the reaction (9) (or (10)) may induce the pair creation of an electron
and a positron when it passes by a nucleus A:

~+ A4 = et e+ 4 (14)

The probability of the pair creation is proportional to Z? where Z is the proton number of
the nucleus. The v-ray also lose it energy by Compton scattering with electrons:

vHEET = o =T (15)
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The probability of this reaction is proportional to Z.

(g) a lot of trittum may also be observed as an intermediate product of this process in
the reaction (9) depending on the situation.

In the step (c), it is possible to occur absorption of the neutron by the matrix nuclei. The
most probable result of this reaction will be a formation of a stable isotope or a reemission
of a neutron in the case of Pd or Ti metal, though other reactions will be possible for other
nuclei. Anyway, no remarkable events will occur between the neutron and the matrix nuclei
in the case of our present interest.

Explanation of Experimental Results

A qualitative explanation of the typical experimental results*~'®) obtained hitherto in the
Cold Fusion phenomena can be given using the trapped neutron catalyzed fusion model as
follows.

First of all, it is recognized that the Cold Fusion phenomena have a stochastic character.
Even in positive experiments, the phenomena occur accidentally®) as emphasized especially
in a pioneering work*). And it was also emphasized and observed that the non-equilibrium
condition is necessary to realize the phenomena®®. These characters are understandable
in terms of the stochastic nature of the formation of a trapping region for neutrons in
Pd(Ti)-D system depending strongly on the quality of the sample and the condition of the
experiments "%,

Secondly, the much number of tritium sometimes observed®!%!®) than expected in the
reaction (13) is understandable. if neutrons are trapped effectively in Pd(Ti)-D system and
the reaction (9) occurs frequently.

Thirdly, observation of unexpectedly much heat with a little reaction products®) should
be related with the reaction (9) and a successive reactions (14) and (15) in optimum
situations. The well-known fact that the large excess heat is more observed in Pd/D
system than in Ti/D system may be explained by the higher probability of pair creation
(14) and Compton scattering (15) near a nucleus with a larger atomic number Z where the
probability is proportional to Z? and Z. respectively. So. the reactions {14) and (15) are
(46/22)? ~ 4.4 times and twice easier respectively to occur in Pd/D than in Ti/D. If the
process repeat to produce a cascade shower, this difference of the factor 4.4 and 2 in the
single reaction becomes decisive factor for the excess heat generation.

Fourthly, the production of a large number of *He 3!%11) should be related with the
reaction (9) and a successive reaction (11) in an optimum situation. Because of the triton
energy 6.98 keV produced in the reaction {9). the rate of the reaction { 11) is fairlv large in
the systeni.

Fifthly, the neutron bursts observed sometimes*¥ may be explained as follows: the high
energy neutron produced in the reaction (11) collide with many deuterons occluded in the
matlix and accelerates them to liigh energy enougn o nduce d-d Iusion reactions (12)
and (13) efffectively in the sample resuiting in excess neutrons or tritons. This process is
competitive with the heat producing process explained above with rapidity of the cascade
shower process including the reactions (14) and (15). Perhaps. this is the reason that the
simultaneous observation of neutron and excess heat did not occur frequently in Pd/D
system.

[n addition to the number of neutrons. there 1s another problem of neutron energy. The
neutrons with the higher energy than 2.5 Me\' were scmetimes observed abundantly in
Pd/D'"' and in other metal deuterides*>" . These <ata may be explained in terms of the
neutron generated in the reaction i 111
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Table 1: Thermal scattering length @, and number density of atoms

J'H 2D TLI QQTi gsl\‘ln QgNi 46Pd
Geon (107" 2cm) || - 0.378 | 0.65 |- 0.25 [ - 0.38 |- 0.36 |- 0.87 | 0.63
N (10% ¢cm™) 0.463 | 0.566 | 0.800 | 0.903 | 0.688

Table 2: The critical angle 8. ( in degree and radian) of total reflection for neutrons with
A= IOA and specific number of totally reflected neutrons Q./27 (in percent)

PdH | PdD | TiH, | TiDs
8. (degree) 0.52| 0.68] 0.67]| 0.83
8. (ra 0.018 | 0.024 | 0.023 | 0.031
.Qc/27' % 18] 24| 23] 31

Though the experimental data on cross sections of neutron interactions with other nuclei
are fairly well known, the problems on our hands are new ones - behavior of the light atoms
(deuterium and hydrogen) in the more or less inhomogeneous matrix lattice, geometry of
submacroscopic regions with homogeneous density of occluded light atoms, neutron reflec-
tion and refraction probability at boundaries (walls) of the regions , trapping probability
of a neutron in the region with adequate walls, fusion probability of a trapped neutron
with a deuteron or other nuclei in the region. fusion of energetic deuteron (or triton( with
deuterons in an inhomogeneous solids and behavior of v-ray induced cascade shower in Pd
metal and etc.

Theoretical Investigation of Problems involved in the Model

We will give a theoretical investigation of some problems in the model described above.
The region is assumed to be surrounded with ordered deuteron lattices with spacing ao
parallel to the boundary and a number density of deuteron V.

Model Calculation of Neutron Trapping

Neutrons with energies of the order of or less than the thermal one behave as waves in a
solid and are then possible to be reflected by a boundary of an array of occluded deuterons
(protons) with a characteristic spacing ao when @y is comparable with or smaller than the
wave length A. If a region with linear dimension L larger than aq (@ < L) is bounded by
walls of such a structure reflecting neutrons. a neutron might be trapped in the region for
a time 7. The time 7 il Iie datarmined b the state of the walls 2. atomic species in
and widths of the walls. the geometry of the region. ete.

Total reflection
Let us consider a plane boundary between media 1 and 2 through which a neutron passes
from 1 to 2. The critical angle 4. of the toral reflection is given by Eq. (6). The thermal
scattering lengths «.., are listed in Table 1 for several nuclei along with the number density
of nuclet in typical solids.

Using these data. we can calculate the critical angle 4. of lattices of occluded deuterons
in PdD and TiD, for a neutron with wave leneth 10 A and the resuits are shown in Table 2
There ara also included the <pecifie numbar 1 toralle rflecrad nonrrins 9./ 25. assuming
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an isotropic distribution of neutron velocity where ¢ is the solid angle corresponding to
an angular range 0 < ¢ < 4. -

The critical angles for the total reflection in PdH and TiH, lattices by a boundary
between Pd and Ti lattices, respectively, are also listed in this table. An interesting feature
occurs in relation with the difference of sign in the scattering length b.

This result shows that a neutron with wave length 20 A (E=2x10"%V =25 K) has
a critical angle 1.32° in the case of Pd/D system. For an optimum situation where the
neutron is in a region surrounded by 270-sided piller and collides with each side with an
angle 6., the neutron in the plane perpendicular to the axis of the piller is completely
trapped in this region.

The longer the wave length of the neutron is, the less the number of side of the piller
is needed to satisfy this condition. This is, of course, an extreme example but shows a
possibility making the time 7" very long compared with the transit time 7 of the neutron
for the region defined by Eq. (7).

Bragg reflection
If a neutron is in a region surrounded by a lattice with spacing d satisfying the condition
(3), the neutron with wave length A can not pass through the lattice and reflected totally
by the lattice.

Let us consider a simple example of a one dimensional lattice with spacing d where a
neutron travels. From knowledge of the band calculation in solids, it is known that at the
wave vector & =mw/d, there is an energy band gap AE = 2|V,|, where

Vo = d/ Jexp(2minz/d) d (16)

and V{z) is the periodic potential for the neutron with a period d.
In three dimensional lattice with # = x/2 and for a value d =2 A(3 A), the energy at
the center of the gap is given by

(5)? = 512 (2.28) x 107%\V

This value corresponds to the energy of the cold neutron. So, some coid neutrons coming
from outside with an energy in the range of E(=/d)£|V, | are reflected totally by the lattice:

E(z/d) = Val < E < E(z/d)+|V,] (17)

The vaiue of {1},| in a deuteron lattice was estimated to be 0.211 (0.063) x 107° eV using
the Fermi pscudopotential

~ 2t

Ty = =2 h8(r — R). (18)

My

The bound scattering length & is taken as 0.67 x 107'2 cm (for D) in the above calculation
{S.W Lovesey. Theory of Neutron Scattering from Condensed Matter. Vol.1. Oxford U.P.}.

The value given above for ", means that 0.01% of the cold neutrons are trapped by
a single cap at & = 7/d. This number of neutrons seems sufficient to explain ordinarily
observed amount of excess heat and emitted neutrons from inhomogeneous Pcd/D and Ti/D
svstems if we consider the large number of backeround neutrons: For instance. in the data
of Jones et al.”' the number of >ack<’roun<1 neutrons above 100 keV is of the order of 10*

. . , R 5.
N O B N \ mestrren et
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of lower energy neutrons is more abundant. This fact supports strongly our hope to explain
the Cold Fusion by the trapped neutron catalyzed fusion model.

In the case of the proton, b = - 0.38 x107!2 cm (average value for singlet and triplet
states), and |V, | is 55 % of the deuteron case. If, however, it is possible to use polarized
state of proton and neutron, the scattering lengths for triplet and singlet states can be used
for effective trapping;

) = 1.04x 107 cm, triplet (19)
=) = —470x 107 cm.  singlet (20)

In the case of singlet scattering, the band gap AE becomes wider by a factor of 4.74/0.67
= 7.1 than in deuteron lattice. In contrast, in the case of the deuteron, the difference of
the scattering length is not so large (0.95 and 0.10 x107** c¢m), and the use of polarized
state makes not so large effect as in the proton lattice.

Thus, the neutron is fully trapped in the region surronded by such lattices in the optimum
situations. In reality, however, the lattice has a finite width and there is a penetration
probability for a neutron in the region even if the condition (3) and (17) be satisfied. But,
for an optimum situation where the surrounding lattices have such an enough thickness as
the neutron trapped in the region fuse certainly with one of deuterons in it, we can take
the trapping time 7" as infinity.

From our knowledge of the band structure of electron spectrum in solids, it is possible
to infer that the shorter the wave length satisfying the condition (3) for a fixed d is, the
wider the energy range of neutrons reflected by the lattice is. So, the longest wave length
reflected effectively by this mechanism is d when the neutron collide with § = #/2. Thus,
the Bragg reflection is preferable for thermal neutrons with large § if the Bragg condition
(3) is satisfied while the total reflection is for cold neutrons with small 4.

We would like to emphasize here the stochastic nature of the formation of boundaries
around a region favorable to trap the neutrons. This nature reflects in the lack of repro-
ducibility of experimental data of the Cold Fusion phenomena. which is one of main reasons
the phenomena could not get full confidence from some researchers.

Fusion Probability of Low Energy Neutron and a Deuteron

Using an optical model with square well potential. we calculated the fusion cross section of
thermal and cold neutrons with a deuteron®’. The result is shown in Fig. 1. In this figure,
the fusion cross section in barns are plotted as a function of neutron energy in eV. This data
is consistent with existing data at higher energy (e.g. T.Nakagawa. T.:Asami and T.Yosida.
JAERI-M 90-099. NEANDC(J)-153/U INOC(JPN)-140/L) and shows E£7'/? increase of
the capture cross section with decrease of neutron energy. So. the multiplication factor for
the fusion probability Jdus o the neutron trapping is mnore larger than assumed before®’
where only trapping time was taken care of. In the process of deceleration in ambience or
in matrix. the neutron loses its kinetic energy and becomes thermal or cold neutron having
a large probability of trapping and also a large fusion cross section with a deuteron when
it is trapped.

This result verifies the assumption of the effective occurence of fusion reaction (9) made
in the model*’. The eifect of the neutron trapping (the existence of a standing wave) will
work further positive for our model at least by a factor T/7.

We did not consider a possibility «f neutron fusion with matrix nuciel in this report. [n
reality. the fusion reaction may occur and the difference of the matrix wiil influence some

LHTULEs i THe okl ¢ USION pHenonlena.
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Fusion of 6.98 keV Triton with Deuterons occluded in Solids

The triton generated by the reaction (9) in-a matrix occluding deuterons has an energy
of 6.98 keV. The triton passes through the matrix suffering deceleration and collides with
deuterons occluded there. The t + d fusion cross section of the reaction (11) as a function
of triton energy E' is given by the following formula:

As + [(.44 - .43E)2 + 1]—1A2

o(E) = (21)
Elexp(A,/VE) - 1]
Here, o is in barns, F in keV, and the coefficients have following values:
AL = 5627, 4, = 7.53x10%, A3 = 0.912 x 1072

For the triton energy 6.98 keV, this formula gives the fusion cross section of 3.05 x 107°
barns.

This result means that in a Pd metal sample (density 12.16 g/cm®) of 1 mol occluding
the same number of deuterium as palladium atoms, the triton suffers about 107° fusion
reactions before it comes out from the sample if we ignore deceleration in the matrix.
Slowing down of the triton in the matrix will result in the decrease of ¢ —d fusion probability
in the sample.

Chain Reaction Process of Fusions Breeding Neutrons

The neutron generated in the reaction (11) may make elastic collision with deuterons in
the sample and give them kinetic energy. When the collision is head-on, the neutron loses
its 8/9 of the initial energy and on the average its 16/27. A deuteron accelerated by n —d
elastic collision makes elastic collisions with other deuterons losing its total initial energy
by head-on collision and and about its 5/6 in average in a strong screening case. The cross
section of d — d elastic collision ¢,_;" is about 10~2 barns in this energy range.

Therefore. one 14.1 MeV neutron accelerates n; ~ 2500,_,'*'N,v, deuterons to energy
higher than 100 keV' where 7, is an average deuteron velocity between £ = 14.1 x 16/27
MeV and 100keV (neglecting here slowing down of the deuteron by interactions with matrix
though this effect is usually verv important and should be treated carefully and quantita-
tively).

If we take the fusion cross section o,_; as 1072 barns. the number of d —d fusion reaction

1s

At

’ — N el 9
Ny N0 T4 = 250 J‘;:_L.\dl"

Each fusion reaction generates 0.5 neutrons of energy 2.45 MeV. The 2.45 MeV neutron
makes 6 clasuie colisions with deaterons to accelerate them mwore energy than 100 kel
Considering d — « elastic collision. one 2.45 MeV neutron causes 70 candidates to realize
d — d fusion. The number of d — ¢ fusion thus induced is

- (=) -2
10y NI

This process succeeds endlessly to produce neutrons one by one but with limitations by
sample size. change of the situation by generated heat. etc. in an optimum situation where
the neglect of the slowing down induced by the interaction with the matrix is justified and
rhe number given above is larger than 1. So.in such an situation. the collision of the neutron

RUB I N S U JU A N, O SO Y 4
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deuterons to higher energies than 100 keV necessary to accomplish d + d fusions (12) and
(13) effectively. This process may explain the neutron bursts observed in experiments®®.
Recent experiment'® shows explicitly effective trapping of the background neutrons by
HH, DH and DD molecules. This fact indicates there is another mechanism to trap thermal
and cold neutrons in materials occluding protons and deuterons and supports indirectly
our assumption of the neutron trapping in inhomogeneous media.
Another d — d fusion reaction

d+d = *He(76.0keV) + v (23.8MeV) (23)

is possible. However, branching ratios of these reactions (12), (13) and (23) are known
as 1: 1: 1077 in the Nuclear Physics and the last reaction may be ineffective. Thus,
the neutrons with an energy 2.45 MeV observed sometimes® should be explained by the
successive reactions (9), (11) and (12 ). As in the case of n —d fusion, we did not consider
interactions of the triton with matrix nuclei which certainly occur with finite probability.
We will leave this problem for future .

If we don’t accept the neutron catalyzed fusion mechanism, it is neccesary to solve
riddles of much *He, tritium and large excess heat (see next part) without remarkable
neutron counts with other mechanisms. There have been tnals to take up following rather
difficult reactions to occur in solids as done in some works;

W

p+d = °He(5.35keV) + ~v(5.49MeV), (24)
d+d+d = *He(7.95MeV) +d (15.9MeV), (25)
= %He(4.76MeV) +t (4.76MeV), (26)

( (

p+d+d = *He(4.7TMeV) + p(19.08MeV).

These reactions may have some connections with the Cold Fusion phenomena but would
not play main roles in them.

Cascade Shower in Pd and Ti Metal induced by 6.25 MeV ~-ray and Excess
Heat

For photons passing through a homogeneous medium of density p (g/cm®) and thickness ¢
(cm). the intensity / remaining is given by the expression

[ = et = [jertn (28)
Here p is the mass attenuation coefficient (cm™'). A, = p/p is the mass attenuation length
(g/cm?). and [; is the initial intensity (number of photons). The data for elements Pb, Fe,
Ar. C and H in the energy range from 1072 to 10% MeV are given in TRIUMF Kinematics
Handbook ( fable VII-16). lnterpolation 10 other atomic number £ are done by scaling the
cross section (cm?)
A
g = — (29)
Am V4
where i is the atomic weight of the absorber material (g/mol) and N, is the Avogadro
number i mol™!). For a mixture. the formula

A= ToRALT (30)

is used. where . is the proportion by weight . *ha j=th component.
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Table 3: The e-folding length ¢ of 6.25 MeV photons in Ti and Pd

& (g/mol) [+ (barms) o (o) [ 7 (a/en) T2 (om)

y/

H 1 1.00 0.07 23.7

D 1 2.01 0.14 23.7

Ti || 22 47.9 2.2 36.2 4.5 8.0

Pd || 46 106.4 6.6 26.8 12.16 2.2
Table 4: Effective e-folding length £, of 6.25 MeV photons in hydrides
Aess (g/em?) | p (g/cm®) [ Less (cm)

TiH 35.8 4.6 7.8

TiH, 355.5 4.7 7.6

PdH 26.8 12.3 2.2

TiD 35.5 4.7 7.6

TiD4 34.8 4.9 7.1

PdD 26.7 12.4 2.2

The plot of the cross section ¢ as a function of Z is shown in Fig. 2 for a photon energy
E=6.25 MeV. From this figure by interpolation, we can estimate ¢ for Ti and Pd metals
as 0.22 and 0.66x107%® cm?, respectively.

Using these values of o, we calculated the e-folding length ¢ = 1/u for the 6.25 MeV
photon in Ti and Pd using a relation

>

6= pt = 2 (31)
P
The result is shown in Table 3.

The effective e-folding length £.s; of photon attenuation for hydrides and deuterides of
Ti and Pd are given in Table 4. where the volume of the sample is assumed to be the same
as the metal without hydrogen isotopes.

This table shows the effect of the hydrogen isotope occlusion on the photon attenuation
is not large if the volume change is neglected. The volume change of the order of 5
% observed in the experiments gives density change of the same order to the opposite
direction. This change of the density will give the fractional decrease of £,;; by the same
order of percentage.

The estiniated e-lulding leugtis ¢ of the 6.23 MeV photon in T1 aud Pd wetals are 8.0
and 2.2 cm. respectively. as shown in Table 3. This result confirms our speculation made
above and shows clearly that in Pd the photon created in the fusion reaction (9) lose its
energy rapidly and the energy is given mainly to electrons and dissipate to increase thermal
energy of the matrix solid. While in Ti matrix. the sample size used usually in the Cold
Fusion experiment is not enough to decayv the photon in the sample even if the fusion
reaction (9) occurs there. This may be the main reason that the large excess heat has not
been observed in Ti/D system though fusion products has been observed frequently.

Let us consider an extreme example of the ('old Fusion events: meiting of Pd sample
with dimension 1 x U« T em?. [T all the samnie is meited away. the thermal energy 1o heat

HOIromy U HT T 1S meiing point 1334 007 272 kJ ana 11z neat ol {uslon Lol kJ must be
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supplied by 6.25 MeV photons in our model. So, the number of the photons N, for the
process is 6.63 x 10'®. On the other hand, the number of neutrons generated by t — d fusion
N, in the sample is 1.4 x10'® neglecting triton deceleration by matrix (minus effect) and
the competitive chain process of d — d fusion by deuteron acceleration (plus effect). In this
case, we obtain a ratio

N, /Ny ~ 107

which is a value very close to the experimental result obtained by Fleischmann and Pons®.

Conclusion

The discussion given above is not fully quantitative in points that it is not derived only
from the first principle and that the absolute value of the numbers of the fusion products
and the excess heat generated in Pd/D system is not determined. Not considering the
former claim, it is necessary to know the exact situation of the sample and environments in
the experiments to solve the latter problem and it is not possible to realize it now. Even so,
the Cold Fusion phenomena observed in Pd/D and Ti/D solids are explained consistently
in terms of the trapped neutron catalyzed mechanism of deuteron fusion. Especially, suc-
cessfully explained were several hitherto unsolved problems in the phenomena, such as 1)
the stochastic nature of the occurence of phenomena, 2) the large excess heat with a little
neutron production®’, 3) the large amount of tritium with no neutron emission'®), 4) the
large amount of *He observed with some amount of heat and tritium®), 5) the fact that the
large excess heat is observed mainly in Pd/D but not in Ti/D system, and 6) the higher
energy neutrons than 2.5 MeV observed in several experiments in Pd/D'* and in other
metal deuterides*®.

In addition, 7) the mass number 3 peak in Pd/H system® accompanied with excess heat
generation might be explained by deuteron formation by neutron - proton fusion (Eq.(10))
and the formation of HD molecules in the system.

Thus, it is possible to say that the Cold Fusion phenomena are the trapped neutron cat-
alyzed fusion of deuterons (protons) occluded in Pd, Ti and other materials in its essential
parts. To realize the Cold Fusion, it is desirable to hiave a submacroscopic structure where
deuteron occluding and not occluding regions exist alternatively. A stratified alternative
layers of Pd and Oxide is a candidate. Another candidate may be sintered structures of
ceramics having characteristics of the proton conductor.

To make the resulting energy of the photons thermal. it is desirable to use elements as
large Z as possible in those hydrogen occluding or proton conducting materials.

The author would like to express his sincere thanks to Dr. J.Guokas of J & J Manufacturing,
U"SA for hisinformation about the recent paper*®’ showing trapping of backeround neutrons
by molecules. He would also like to express his thanks to Dr. K .Sasaki of NEDAC for his
encouragements and helps obtaining some data during this work. He is also indebted to
Messrs. S.Watanabe. Y.Okumura and H.Mivagi of his laboratory for their assistance in
correcting errors in the manuscript.
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Fig. 1 Fusion and total cross section {barns) of neutron {energy E, in eV) with a
deuteron extrapolated to lower energy using the optical model.
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On possibility of non-barrier dd-fusion in volume of boiling
D20 during electrolysis.
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Kuz'min R.N.
Physical Dept.,
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Moscow, Russia.

Abstract

For the first time we regard the conditions (optimal temperature and pressure)
of reatization of non-barrier cold fusion on the basis of short-time (fluctuationat)
Fermi-condensate of deuterium atoms in quasi-equilibrium vapor micro-

bubbles in volume of boiling D,0 during electrolysis.

Theory and modeis.
Previously we have shown [1-3] that non-barrier dd-fusion reaction {with
eliminated Coulomb barrier) can be achieved during the forming of short-lived

(fluctuational) Fermi-condensate of N, = 10...20 deuterium atoms in

microholes of optimal size R, ~ 4...7A in crystals. The strict requirement

posed upon the size of microholes (AR, /R, = 0.1) produces difficulties on the

fusion observation and optimization because: ‘

» there is not enough microholes of required size R, in the crystal;

» the exact value of R, is hardly calculable;

+ thereis no possibility of controlled creation of required size microholes
and of seif-adjustment R —> R,,.

On our opinion the problem of controlied non-barrier fusion can be solved

using electrolysis in volume of boiling D,O in closed space at defined

temperature T, electric current and external pressure p,. Let's explain the
idea.
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The process of boiling is accompanied by mulitiple formation of micro-bubbles
in D,O , that bubbles containing both D,0O-molecules and appeared due to
electrolysis and later neutralized deuterons. In accordance with Laplace law

the micro-bubbles with critical radius of R_ =20/(p, - p, +pgz) are equilibrium

and stable. Here o is surface tension quotient, p, = p, exp(26/R _n,k,T) -

pressure inside the bubble, p_ - average liquid pressure, pgz - hydrostatic
pressure.

At certain externally controlled pressure p, it is possible to provide the

condition R, ~ R,. Thus the same condition requirements can be satisfied in
the micro-bubble as were stated before for the crystal provided the required
quantity N of deuterium atoms gets into the bubble.

The frequency of bubble birth I=10* exp(-W/k,T) cms™ is described by

Folmer - Zeldovich - Kagan theory, where W = %an,o is bubble formation
threshold. After the bubble appeared the deuterium atoms diffuse into it. The
lifetime of equilibrium bubble with R, ~ R, can reach At ~107s. During this
time N = j,4nR2At atoms of deuterium get into the bubble. With current

density j, ~0.5A/cm’ we have N ~ 50...100, which according to [1,2] is
enough for the forming of short-fived Fermi-condensate of N, ~ 10...20 atoms
with probability f[1,2] and for realization of fusion.

In case of smail difference between R, and R, a self-adjustment R - R,

takes piace due to unavoidable (after At) changing (either increasing or
decreasing) of bubble radius.

The general expression for concentration of optimal micro-bubbles with
fluctuationai Fermi-condensate of D formed in themis nx(fAt. The

quantities I ~ exp(-W/k,T), o ~In(T/T, ) and f ~ T2 exp(-A/k,T) [1,2], that
define n, have different temperature dependencies. The maximum of fusion
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velocity in the unit volume of boiling D,O A =Cna(N, - 1)/(4an, /3), where
C=2-10"cm’s™ is a constant of dd-fusior, is achieved at optimal temperature

L S
P kgN, kMR’

(Nln)%(3/2)%, which at R, ~ 4...7A equals

T, ~500...700 °K. It corresponds to overheated liquid under high pressure p,.
No experiments at such temperature were performed yet.

According to estimates, optimization of T and p, could raise the veiocity of dd-
fusion in the volume of electroiyte D.,O up to A =~ 10°...10°cm™s™, which in
case of big quantities of D,O can become an alternative to hot fusion.

1. Vysotskii V.1, Kuz'min R.N. Proceedings of the Third Intermational
Conference on Cold Fusion, 1992, Nagoya, Japan.

2. Vysotskii V.., Kuz'min R.N. Temperature-Time Dynamics of Cold Fusion
in Crystals Based Upon Quantum Non-barrier and Microcumulative
Mechanisms. Cold Fusion, Moscow, 1892 (Ed. by Kuz'min R.N.), pp.6-13
(In Russian).

3. Vysotskii V.l., Kuz'min R.N. Theory, Mechanism and Dynamics of Non-
barrier Nuclear Catalysis in Solids. Preprint of the Institute of Theoretical
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New Hydrogen (Deuterium) Bohr Orbits in Quantum Chemistry
and "Cold Fusion" Processes

Jean-Pierre VIGIER
Gravitation et Cosmologie Relativistes
Université Paris VI - CNRS/URA 769
Tour 22 - 42me étage, Boite 142
4, place Jussieu, 75005 Paris

Abstract

It is suggested that recent confirmation of the existence in dense matter
of very small quantities of fusion "ashes" both in electrolysis and glow-
discharge experiments(1), can be heuristically interpreted (within the frame of
conventional Quantum Mechanics and Nuclear theory) if one combines
screening (i.e. tunneling) and the introduction of spin-spin and spin orbit
couplings with the usual effects of the Coulomb Potential in atoms and
molecules.

The new Quantum Chemistry associated to the corresponding new tight
Bohr orbits in dense matter explains(?) the observed excess heat(3) (above break
even) and predicts the existence of fusion processes which become dominant at

high energy current input).

INTRODUCTION

After two recent important japanese contributions(5)X6) the aim of this
letter is to present a semi-empirical discussion of a possible answer (within the
frame of presently known quantum mechanics and nuclear phenomena) to the
problem of the origin of the excess (enthalpy/heat) (above break-even) now
established (at low input) both in electrolysis and glow discharge experiments
in dense matter. ~

It can be presented as follows.
A) If one accepts the facts

1) that there is excess heat produced . both in hydrogen and H20 based "cold
fusion" experiments... which thus does not result from true fusion processes

2) that the excess enthalpy (observed) for the first time by Pons and
Fleischmann(?) with D50 is indeed accompanied by a small amount of nuclear
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fusion reactions but contain (by many orders of magnitude) not enough
protons, neutrons, tritium 3H, or yray; (i.e. real fusion "ashes") to explain this
excess... which nevertheless exceeds by far all possible energy coming from
presently known chemical and conventional nuclear reactions such as

D+D —-3He+n+3,28 Mev , Q)
D+D —3He+p+4,04 Mev (2)
the only remaining possibility (with the most observed "ash") i.e.

D +D — 4 He+7v(23,84 Mev) 3

being out due

a) to its negligible probability i.e.= 50% for 1) and 2) and 10-5 for 3).* The
suppression 1) and 2) and enhancements 3) ije. an enhancement of a dominant
D-wave state is a process never observed (until now) in experimental nuclear
physics().

b) to the remarkable absence in observations(6) of the y predicted by 3).

3) The question of "fusion ashes" also raises problems: As recently
summarized by Takahashi et al.(5)

a) "Neutron emission with very weak level has now been observed by many
laboratories in D9O/Pd electrolyses and deuterium gas loading type
experiments. Several laboratories have reported neutron spectra with 2.45 MeV
peak which should be the evidence of D+D fusion. However, together with
abroad component in 3 to 10 MeW region which cannot be explained with
fusion reactions (D+D, D+t, D+Li, etc.)

b) Beyond the 3 MeV proton peak of D+D reaction high energy charged particles
(a, p, t; etc.) have been observed in the 3-15 MeV region by deuteron beam

implantation and gas loading experiments(®),

* As remarked by Takabashiet al.{®) D +D — 4 He - n + 3 He or p + T cannot either explain the

observed excess heat (~kev/metal atom level) since observed neutron level are 1010 to 10-12
smaller then the corresponding "virtual” reaction rates generating excess heat.
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¢) Tritium generation with significant level (but much weaker than excess heat
level) has been observed in many laboratories(8) to resuit in anomalous N/T
yield ratio. i.e. to 10~% to 10~*, referring to n/t ~1.0 for the known D+D fusion.

d) 4H, generation with large level, which might correspond. to observed excess
heat level, has been reported® but.meaningful-level generation of 4H, by the
known D+D fusion is very hard to be imagined. In all cases 4H, is accompanied
by a largerquantity of what appears as Dg molecules.

e) Large level excess heat (10-4000w/cc or keV/atom) has been reported(10) from
many laboratories in D9O/Pd electrolyses, associating sometimes very weak
neutron emission. No clear evidence that these excess heats are due to nuclear

reactions have been shown yet(®).”

Finally the problem is further complicated by the confirmation by various
authors(3) (also in very small quantities) of heavier "fusion ashes" (such as
calcium® or palladium isotopes”)(1) and of transmutation and fission
products{l) which were not there,when the experiments started,and can be
interpreted as resulting directly from Dg + Pp or Potasium + Hydrogen fusion
processes forbidden by apparently unsurpassable repulsive high - Coulomb
barriers.

B) If one assumes that the observed excess heat are (at least for H of Ho0 based
set-ups) not explainable in terms of fusion process and one looks for a common
explanation of points 1) and 2) in A) this implies to quote again Takahashi(5),

i) "that there exists a dynamical exothermic mechanism for forming close
clusters of more than two deuterons within 0.02nm (comparable to the de
Broglie wavelength of lev deuteron space in solids... an existence which
suggests the existence of new "tight" Bohr orbits in H, H50, D20 etc and the
corresponding apparition of new tight multibody quantum states (i.e. of a new
exotic quantum chemistry) in special physical surroundings. This is supported
by the high density (> liquid D; density) of loaded H2 in Pq.

ii) that quantum mechanical tunneling throught he Coulomb barrier i.e.
barrier penetration probability should be enhanced very much to be more than
10-6: namely we need "super screening” to depress the Coulomb repulsive
potential very much i.e. to produce fusion squeening of quasi-free electrons in
metal deuterides during the transient dynamics (which creates the new tight
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Bohr orbit ) which should happen near local points where new states of

deuteron clustering is taking place. _
All this suggests that some new mechanism (such as resonance

phenomena) in high electron concentrations) favoring Coulomb screening()
and quantum tunneling{?) is thus at work in cathodes (Pq4, Nj, steel etc) which
favors fusion of the new tightly bound molecules. The new chemical energy
states observed(?) thus favor real fusion mechanisms: so that corresponding
associated new quantum mechanical accumulators can/might transform into

true fusion reactors.
The answer proposed in this letter rests on three points.

§ 1 SPIN-SPIN AND SPIN-ORBIT COUPLING

1) As first basis for the new phenomena one can add (following a suggestion of
Barut(12)to the Coulomb Potential (utilized in Hydrogen and Deuterium) spin-
spin and spin orbit interactions. Usually neglected(14)they manifest themselves
when ﬁ, I\__/fl, ﬁg are oriented (paréllel) by internal electromagnetic interactions

when H and D are in various types of electrodes. Indeed for two charged

particles e, ez with magnetic moments ﬁl and ﬁz the usual quantum

Schrodmger Hamﬂtoman is glven by

..> - > -, 7
( ( ra)3 (P _e, E"(Y;m,)* €€ _ ¥, g(r_,-) (s
2"’4 (4"’ [e=71" fr-nl

where S12 is the usual dlpole -dipole interaction tensor and r their distance,i.e.

S (A= 2GrSras  sn3F Sery 5)

42 7,.3 _;

This 2-body problem with magnetic forces is separable, like the 2-body
Coulomb problem. With**

r= =T R= r7+m7_ . =@‘~‘7:,
M,
4 L4 P = ””z.?-t _m‘;—?,z_— | Mo = it e (6)
M "’14 my Mo

* The following calculation, weil known in the literature is an evident consequence of
Quantum Mechanics. We reproduce it here in a mmph reﬁatlwstlc form given by Barut(12),

**It has been shown both theoreticallyand experimentallythat the quantized states of Hydrogen
should be calculated w.r.t. relative motions of the system of both particles.
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still utilizing Barut's rotations(!3) we obtain after some calculation

H= :1_?"_*__1_,, Pl axr “?b*"" + A +ecz—/14.HSCr)(7)

21”0 2r re r? r< r
‘re
= _ -
& = & . M.
m ma
—
e g e M
[Q - _e_i ”2'———7'- ‘0
M"*mz m"“'W‘L
2 2
A = er M+ G2 MF
_Mz

Note that in addmon to the center of mass kinetic energy we have another

~ bxr
magnetic term —P. —for a moving atom, which vanishes both for identical

r
particles and identical particle-antiparticle systems.
In the center of mass frame _(§= 0) we have

> >
H = A PR e xr A Ll >
re(arc'V¢ 2)“ P r'3 f4 .—F_ * }1. 542.(") (8)
Using  _ 5~ (&«?) = ;’,c?,;)____(P"x;’).Zz-5?.(?*:?):_a_}

we see that the second term corresponds to a charge-dipole potential, and
the last term to a dipole-dipole potentlal — -
In the special case Py >> g 1] —Ohence C’l = &1 H, , b
A= __f_ 1’11 , we have the simpler Hamiltonian
”
— 4 %L ee S VAP )
re/-f(ve 2)4 : > oy / 3 ‘ im—,, .
We now try to solve exactly the eigenvalue problemHY = EW with H given in eq.

(6). For simplicity we take the spin of the partiEle 2 to be 1/2.
choosmg for v the exgenstates of 7, L with eigenvalues

CGH)-—((;H/Z) go,—Z:—:e 4/d

> C=j-4 for( = +um

we have the radial equation
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(:LP‘L_‘ Qe - eqhz 'Ce + €4 H‘i..l:‘)q)’_' E\{j (10)

The effective radial potential is then given by

; v —_ 6(.{1"1)_ 4 2_1£1 — eqHZ—CQ *-641H34
% m r3 7
Lpr r ! e 7 Coan
= L&D Lex - 9ex . Ce 4.32_4_’.‘”1_‘
’Z_r{,z- r Zm4m:. Y3 (Jﬁ?‘ z [‘4

where w= ei/fsc ié=sign(e,e)and g is the g-factor of particle 2 (positive or
negative). As also shown by Barut(13) if we write the typical form of V is shown
in Fig. 4 when the sign of the third term is negative.

} |

\
|

Fig. 1

The attractive spin-orbit case, hence the possibility of magnetic
resonances in the deep potential well occurs in the following cases 1 # 0.

' jmt-k (cz,neg.) ‘ §=t+dk .(C, pos.)
sef -1 4 | she | -1 i
+ yes no ‘ + no yes
- 10 . yes ' - yeo no

Thus for electron-proton-like oystemd (C= -1, g pos.) we can have

resonances (called superponitzoniumd in the stares f = ¢ - % only,

foves Py DJ/Z [} th;;‘g: o )
RANRE T : 7.6
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C) One can now calculate explicitly the new subground states (w.r.t. the
Coulomb potential) associated to V(r) (i.e. derive new molecular interactions)

which result from this analysis.
As we shall see, following de Broglie{14) , they are given by the relation

2
mfr? dr

where r denotes their radius and M an integer quantum number.

Two suggestions of possible existence of "subground states”
(w.r.t. Coulomb) of Hy or Dy molecular states have already been presented in
the literature
1) by Mills et al.(15) on the basis of a new model of orbital electrons described a
charged spherical shells enclosing the nuclei. This leads to quantum
fractional energy. Energy prediction (resonance induced) predictions ~27 ev.

This model contradicts the quantum mechanical predictions of point-like

electron-electron scattering verified by experiments.
2) by Cerofolini et al.(16) which have proposed a model of binuclear molecular
states surrounded by the same orbital electrons. This model also has not been
justified theoretically and explains all excess heat in terms of unobserved real
fusion mediated by (also unobserved) real neutron trapping.

To justify expression(!2) we recall that stationary solutions of the
Schrédinger equation for a central potential V(r) with

[-(%2/2m)V2 + V(r)¥ = E¥ (13)

have the form

Ww(r,8,¢) = R(r)O(9)2(e) (14)

where functions ~

To simplify this derivation we shall utilize the causal mathematical formalism associated

by de Broglie(14) and Bohm({!7) to quantum mechanics: a formalism which has been shown(!15)
to recover the usual Bohr-Sommerfeld quantization rules.

To simplify the presentation of this calculation we have used the formalism of de Brogiie
and Bohm shown to be equivalent in its prediction to the usual quantum formalism. In their
model microobjects are waves y = Re' 5/ with S = Et +.4 (¥) (which satisfyéyand particles
(with R=-i% 3,-5 } which follow the quantum Bohrian orbits in a central potential.
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R(r) = AFl(r) (1)
O(8) = P (cos 6) o
Qar(e) = exp(iM¢)

are the solutions of three separate differential equations

(1/R)d(r*dR/dr)[dr + (2m/R*)r*(E - V)]R = -C
(1/©){(1/ sin §)d(sin 04O /d8)/d — C sin? 6] = A1 (e
(1/0)d*Q/d¢* = - M?

By de Broglie's and Bohm's definition the quantum action is proportional to the
phase of the wave function. Since the functions R(r) and ((8) are real we
conclude that

17
S(F)):,'FM‘# ( )

Using (4) and (16) one easily determines the quantum potential
Ug(7) = —(1?/2m)V2(R(r)O(8))/ R(r)O(6) = E~V ~12M?[2mr?sin?§ ()

Taking into account that grad s = grad AMé = (A M /rsin 6)s (15]

we see that s satisfies the (quantum) Hamilton-Jacobi equation r'eyieus

E=(gadsf/am - VP) = (2/2m)%2 (R(r)0(6) /R(-10(8) (29

. . .
In spherical coordinates mr reads

T T reeme g (20)

my"-': ‘,'rlTé sing - (?d,
Hence equating (%) to (16) on the basis of the definition of "momentum” we obtain
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6 =haM/mr’sin?8 , r=r5 , 6=6o (27_]

and finally

¢=(hM/mr§sin26)-t+¢o ) 9=9q y T=T0, (7_3)

Therefore, according to the causal interpretation in the stationary states the
electron moves along : .. circles lying in the planes parallel to the x-y plane for
any central potential. For the same magnetic quantum number M these
trajectories do not distinguish between different potentials. They have to be
distinguished by their probability distribution.

For kinetic energy we find

(24)

T =5 /2m = p}/2m = m?r?¢? -sin §/2m

By substituting this equality into (/&) we obtain

E=V(r)+T + Ug(f) (29

i.e. quantum energy is a sum of kinetic energy) Coulomb potential energy and
quantum potential energy. UQO‘) - V() ér

The trajectories derived from 5: W for the hydrogen atom in particular
are guite different from Bohr's (semiclassical) trajectories. Bohr's trajectories
form a subset in the set of Kepler's orbits (this particular set satisfies the
conditions of quantization). The nucleus lies in the plane of the orbit. This is
not the case with these "causal” orbits whose planes in general do not contain
the nucleus. | wsual

Bohr traj ectories satisfy the relation p =grad @ and the)conditions of
quantization, whereas the de Broglie-Bohm trajectories satisfy

p=grads =gradtMs . -

To analyze these Bohr orbits and following a presentation Siven by
Holland®)we shall now examine the rotational analogue of the linear
translation of the wavefronts corresponding to a momentum eigenfunctions.
To do this we consider the eigenfunctions of a component of orbital angular
momentum which for convenience we take to be 22. Since [tej_z J =0 we seek
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A A
simultaneous eigenfunctions of L, and l* . In spherical polar coordinates
(r, 6,6) where

x=rsinfcos ¢, y=rsinfsin ¢, z=rcosf, @[)

we have (.:‘Fo’“o'wi:s,j-. Sctu'{’fé noraﬁ'ows )

L ')‘(s' ¢a+cot9cos¢a> )

=1l sil Q@ — -—_

* 8 o)

;o é .2 2
L,=1h(—cos¢é§vcot95m¢5—¢;> ? ( ?)
L.=-in¢/ed

- 1 6(. .6 1 &

2 x| 2 — )+ —

Li=-h Lineee(sm ee) sinZGEéJ J

and

L.%0(68,¢) = mh¥;(6, ), } (29
L2Y,.(8, ¢) = Il + DAY, (6, 9),

where );(9,13) are the spherical harmonics, 1 is the orbital angular
»”

momentum number, | = 0,1,2,...,, and m is the azimuthal quantum number,

-1 <m £1 (in this section we denote mass by m,). We have

Y6, 8) = fin(6) ™, (23

where f,m (6) are a set of real functions (proportional to the Legendre

polynomials).
A stationary state corresponding to energy E is given by

b

Vn(6, 8) = fin(8) €7 (3)

where the function 'SEIM(") is real. The phase function is therefore

S, 0, ¢,t) =mhop — Et (31)

apart from a constant.
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For each t and m = 0, the wavefronts S = constant are planes parallel to,.
and ending on, the z-axis (which is a nodal line of ¥ when m = 0)since the
spherical harmonics are proportional to sin 6). As t increases the planes rotate

v
Jé Qt \

X

(2) (%) (o)

(a) | (b) (c)

Fig.%.» The wavecrests S = nh, n e Z, for the state ( 18 ) when ((a)m = 1,
(b) m = 2, (¢c) m = 3. The crests rotate anticlockwise with frequency Q = E/mh
about the z-axis (a nodal line). The wavefronts of states for which m < 0 rotate
clockwise. The wavelength is AQ= {2nr sin ® / m| where r and 8 specify a

point on a wavefront.

about the z-axis with angular velocity Q = E/mh (see Fig. 2 ). The number of
wavecrests, defined by S = nh, n € Z, that come to an end on the z-axis is equal
to imi. This illustrates the interpretation of the single-valuedness

requirement,

é ds =:;71£; B m i»f;ao: @2)

It is evident from the orthogonality of the paths to the surfaces of
constant S that the trajectories will Be circles iying in planes parallel to the xy-
plane. This is easily confirmed by solving the guidance equation (de Broglie,"")
1956, p. 118; Belinfante, 1973, p. 190). In spherical polar coordinates

v, =mgtES/er, vy =(mor)”tS/E0, v, = (mersinf)TtES/Ce (33)

/

with | v,=F, ty=rf, v,=rsindd. @4)
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Substituting ( 3 1) into (33) yields

v, =1y =0, Uy = mh/myr sin 6 (39)

and hence from ( 34)

r= ro, 9 = 60, ¢ = ¢° + 771ﬁt,’m°ré Sinz 90, (}‘)

where (r,, 84, 0o) are the initial coordinates. The result ( 36 )is valid for all m.

The particle orbits the z-axis along a circle of constant radius (r, sin 6,) and

with constant angular speed, which is a multiple of h/mor?, sin2 6, (Fig. ).
The initial coordinates are as usual arbitrary except that they

Fig. 3. The particle trajectory for a spherically symmetric external potential

when the wave is a stationary state and an eigenfunction of T , corresponding
to the eigenvalue mh. When m = 0 the particle is at rest i | wavelengths fit
into one orbit.

7-12



cannot be chosen to lie in nodal regions®. In these coordinates the probability of
a particle being between the points x and x + dx is given by

: . - -

P =|y|’r?sin§drdfde.

From the generalized de Broglie relation (12) A = h/m, lvg! and we see
that along the orbit the wavelength is given by Aq = 12ar, sin 6,/ m1. Since the
circumference is 2nr, sin 6, it follows that we can fit exactly I ml wavelengths
into one quantum orbit. This should be compared with the usual de Broghe
wavelength connected with Bohr-Sommerfeld quantization (Bohm, 1951, ) '
which is defined in terms of the momentum of a classical particle in the
potential V. There, an integral number of wavelengths fit into a classical orbit.

The angular speed of the wavefronts and the particle are related by

Qé = E/myri sin? 6,. ()

The higher the quantum number m the faster the particle moves, and
the slower the wavefronts rotate.

The fact that the radius of the circle is freely specifiable means in
particular that it is independent of E or m. The picture is therefore somewhat
different from the primitive Bohr model in which an electron moves in a circle
in the equatorial plane (68, = 7/2) and the radius is a function of m (see below).
The quantization here appears rather in the magnitude of the particle velocity.

Let us consider now the angular momentum of the particle,

L =xxVS . Since yis an eigenfunction of I we know from the results of §3 that

the -component of angular momentum will coincide with the eigenvalue of I .
Conventionally one would say that the x- and y-components of angular
momentum are "undefined”. Here though they are well defined and we have

— o ) |

t

L,= —mhcot&cos ¢, L, =mhcotfsing, L. =mh (45.14) ]

and hence (39
L? = m~h?/sin” 4.

6In (37 ) we have assumed that the real coefficient in (X5 ) is positive. In domains where the
coefficient is negative we should add = to (3¢ ).
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The total orbital angular momentum is given by

4v)
L?® — h*(x x VR)*/R = I(l + 1)h%. (

Evaluated along a trajectory (7: v4we see that L, and the total angular
momentum are conserved, but that Ly and Ly are not unless 6, = n/2. Thus,
although the classical force is central the motion is asymmetrical, which
reflects the fact that a particular direction in space has been singled out as the

quantization axis.
This suggests that the effective potential acting on the particle is not
symmetric. To find its form we write down the quantum Hamilton-Jacobi

equation, which reduces to

E =m*h?/2mer?sin? 6 + Q + V(r). (4')

This enables us to find the effective force without knowing the explicit
expression for R. We have

—V(Q + V) = —(m*h?/2my)V(—1/r? sin? 6), (92)

which shows that the effective potential is indeed not central. Notice that this
potential does not depend on any feature of V other that that it is symmetric.
The component of the total force (in direction 6) orthogonal to the line of action

of the classical force (in direction r) is therefore independent of the latter.

So far we have worked with an arbitrary V and unrestricted E. In the
case of the hydrogen-like atom, with the nucleus placed at the origin of
coordinates, V = - Ze?/r, and m, the reduced mass which may be approximately

identified with the electron mass, we have

E, = —myZ%*/2h%n?, (43)

where n 21 + 1 and the stationary states , will be denoted Wpim. The most
general stationary state corresponding to the quantum number m may be

written
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n=1 !
lrlln(r: 91 ¢,I = y Cm‘lnrn rsr vI)
) & ’“Z-’ imVatm Ty 6, @ ((,4)

n=1 [ -
= ( Y CmFulr, 6) e""°) eTiEw,

i=0 m==|

where (,, are arbitrary complex constants and F,,(r,g) are real
functions. The phase of vy, will be a complicated function of r, 8 and ¢ and the

trajectory will have a correspondingly complex structure (although of constant
energy Ep). In fact, we may generate an infinite set of possible motions by
choosing different values of the constants ¢, ~ .If the atomisin a stationary
state it will remain there unless it interacts with another system. If this
happens and the atom is left in another stationary state, i.e. a transition
occurs, then in general the electron motion initially and finally will be
determined by waves of the general form ( 4% ) rather than the simple
eigenstates of angular momentum we have discussed above (during the
transition the motion is guided by a superposition of stationary states).

In states for which the azimuthal quantum number m is zero the

particle is at rest

y=0=r=r, 0=0, ©&=do. &
We have
V+Q=E, (%
so that the quantum force exactly balances the classical force . . .. For the

hydrogen-like atom this will be so in particular for the ground state yigg. This
result provides the explanation according to the quantum theory of motion for
the stability of matter. For if the particle is at rest relative to the nucleus it is
evidently not accelerating, and hence does not radiate. Therefore it does not
lose energy and it will not spiral into the nucleus, the famous outcome
predicted by classical electrodyanmics.

This account of why matter does not collapse is different from that
advanced by Bohr in the old quantum theory. It was assumed by Bohr that the
electron moves along circles in the equatorial polane under the influence of the
central Coulomb force, the allowed orbits being determined y a quantization
condition imposed on solutions to the classical Hamilton-Jacobi equation. This
was essentially a postulate and no explanation of its physical significance was
offered. The ground state corresponds to a minimum radius. For us on the
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other hand the electron is not confined to the equatorial plane and there is no
minimum "radius” - the initial coordinates ( £ & ) are arbitrary.

Is there a relation between the trajectories of Fig. 3 and the Bohr orbits
when m # 0? Since the latter are associated with the classical Hamilton-Jacobi
equation, we might expect to recover them when the effective force acting in the
equatorial plane is just that due to -VV. From ( 4) ) we have, when 6 = /2,
D"ﬂo( \/(l’) — Z@,l/f

Q =E, — m*[2mor* + Ze¥r, {‘,7)

so that
—CQ/er = =¥ mgr® + Zetr2. U

The requirement that the quantum force ( 49 ) vanishes implies that

(49

r=m*ht/myZe?

for r # 0. This indeed yields the set of Bohr orbits for fmi = 1,2, ... but they do
not have quite the same meaning as in Bohr's theory. As we have seen, for us
the ground state is characterized by m = 0 and a state of rest, whereas for Bohr
it is characterized by a circular orbit at a radius given by putting IM] =1 in
(49). shows that the particle has finite quantum potential energy. And, of
course, in the causal theory -+h/s . is just a subclass of the permissible orbits
and the particle may pass through regions where the quantum potential is not

stationary, independently of the quantum numbers characteri;ing the state.

We can now explicitly calculate the new Bohr orb1th with V(r) given by

- .
(10) in the case where m, > /M oic.d= (e/m)H 1’ OM&A’(%/”L)MZ ‘&

- 5 2
VU‘) - ee ..:2,)7:0’ O'L -+ esz..E—q (5‘0)

The relation (48) i.c. ™y "y
P WD 2o pmiee
m, r3 Dr
multlphed by r3 y1e1ds the relatlon :
25 3) < AvicreD o

which can be written in the form

— "

rita, r*v+ar+ a, =O .7 (52)
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Inlro cl\.xung CQ -(I/z)a #-U/s)a and 'Pq-,(l/s)(og,q -3ov. )’(‘/z?)a3
We see Fhal - 2
sitk Q YR > tere is one real root and a pan- of complex conJugate roots

th Q2+ R2=0 all roots are real and at least two are equal

th Q2 + R2 < 0 all roots are real.
Of-éox_lrse_e;::il real root denotes an infinite set
(withm = 1,2,..) of Bohr orbits. Intr oducing the two auxiliary quantities
U )
S =[R+(@4RYT%  qud S, =[R-(R¥+RIL]

one gets for these roots(which define three sets of Bohr orbits)the expressions

(=S5 )% =40

(93)
r=-L(5 +5,)- 2 - ;,gz‘(sf-sz)_-{(”)
Bl en)-az - G A
which satisfy three constrambs. /e ’
R+ =%
o + L+ hE = o (%)

According to the distance r one sees immediately

- that when A /r AIr >Gn)BIR+ /3 r3+0/4)DIY fe Ar®>Br wCr+ D

one has a set of radii which varies like m? i.e. which corresponds to Bohr's
initial orbits when g= /3,

- that when c/3r > A/r 1-(:/2)3/,- ce. Cr> A r3+D
then Fo Cm/m' %>

This set varies like 1/m? and corresponds to a set of "tight" orbits never
discussed by Bohr.
- that when (1/4) D/r‘* > (i/3) C/r3+('/2) B/r* + //"

then -~ (D it B) e (D) T

which

a s L‘t)also yields a new set of "tight” Bohr orbits unknown in the literature. 17




Since a detziled analysis of the corresponding new Bohr energy levels is
in preparation (and will be shortly published)\\'e will now limit ourselves to
the following remarks. The existence of these new "deep” Bohr levels depend of
course on the relative spin (and spin-orbit) orientations i.e. they can only be
excited in sperial physical situations where they are determined by their

surrounding. This appears now to be-the case when Hydrogen-Deuterium etc
are imbedded in dense media.

$3 STABILITY AND SCREENIG IN THE NEW "TIGHT" MOLECULES

’:D/ The possibility of enhanced screemng whxch mduces real fusion starting
0

m the states H,, D, etc has already been discussed in the literature® (2¢)
and varxous experimental tests are under way.

The proposed mechanism can be summanzed as follows:

1) Within a structured dense media one can find capillary like structures which
when loaded with conductors containing H, or D, can carry electromagnetic

microcurrents. In such structures one can/has observed the longitudinal force
between current elements predicted by Ampere(2)

This longitudinal force in gazeous liquid and solid conductors has been shown (as
1llustrated in the two following figures (1) and (2) to distort the usual currenti.e.

o —

-
k

3
»
’
%
3
‘ Fig. ' Fig. &
Fig. 1 showing how a tungsten Sketch of an X-ray photograph
conductor is cut into pieces called of deuterium fibre
usually ("beads". The tungsten wire fragmentation

is photographed during the currentpause
(Uppsala expenments)

has the evident consequences of creating standing Iong1tud1na1 current
concentrations in conductors i.e. to split them into string of beads which
interrupt the current at high intensities. This creation of strings of < “"—OJS)
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current concentrations correspond to the nodes of the longitudinal standing
waves of wavelength f/n (with n integer) which appears between the extremities
of a limited current with fixed end points separated by a distance £ If an electrode
contains rows of capillaries the ionization or inje¢ted currents thus induces (as a
quasi-static wave system is created) the possibility of screening effects (which
facilitate fusion)dmi, as we shall see, new ion-electron-ion systems which might
explain excess heat$%?

In this model the apparition of strong electron concentrations ( ~1000 electrons
areundeach ion) has two consequences

- They facilitate screening through the Coulomb barrier between pairs of H or D
ions, i.e. the superscreening required by Takahashi >’

- They allow the existence, in their midst, of new stable (possibly metastable in
special situations) "/light" combined p+ + p* + e~ or D* + D+ + e~ combinations
which have been suggested by Gryzinski-n“and Barut®as being a possible new
chemical source of ‘the essential part of excess heat at low current input both
for Hydrogen and Deuterium # Such combinations are evidently unstable in
free space, (see fig. 8) but™ sfabilize wifhia & turrounding eledron cloud.

S p—— fig & __ ~ B o
Indeed if one considers the situation descriged in Fig. § where two protons on

an axis O¥are separated by an electron at point 0 at mid-distance (i.e. at the
center of mass of the system)we see that any dié;')l_é—cement of ;'At“he middle electron
located in the orthogonal P plane to a distance A in P is submitted to a recall
em force towards 0: while a displacement towards B on OX is amplified. This
unstable situation in free space is canceled when the system is imbedded in a
external electron cloud described by a superposition of uniform electron density

shells S. A q-uanf'(f'aﬁve. 0.”&')/51'5 will be fl«or“)r F“H'\‘*&Jo

The idea that the excess heat observed in glow discharge in Hydrogen originates in some
presently unknown phenomena in nuciear physics (such as virtual neutron exchange etc) in

- . .
phenomena of the type p* + p™ + e — D, + neutrino evidently conflicts with quantum

mechanics since the calculated coggyponding probabil};ies are — 1040, Morecver the reuf
-rino’ eneray could net ko delected as ‘excess bheat” 7.19
a



As we shall now see the formation of a new stable tight phase

Hz and Dz ofHa and Dz can be justified, within the frame of present quantum
theory (ije. quantum chemistry),as a consequence of the introduction of spin-
spin and spin-orbit forces (which always exist but cancel out in free-space due
to random spin orientations) when they resonate with the surrounding

electron plasma oscillations.

3) The existence of such new tlght states ls now supported by two factsl

¢ e e & o+

-The exogrrmc formation of the corresponding states whxch COlﬂd correspond to
resonance phenomena w1th1n the cathode (such as reson onces Wibthin

the eleciron clouds in internl 'Q3‘°"’ u.jgesf'gJ b ?mfmrah'. Their

desexcitation (also corresponding to quantum jumps from one new Bohr orbit to
another)leads to soft X ray spectra... and X rays have been observed in such

experiments.(' )

~The formation of the new "i}ight" states ﬁ; a(ﬁ% B; is not necessarily tied to the
existence of the input current. Even whe;it can be supported by internal
(ionization) currents or internal voltage differences carried by the P4 or Nickel...
so that one could explain in this way the exxstence of the "heat after death"”
phenomena discovered by Fleischmann and Pons 3Ji‘he excess heat depends on

the number of Hz and D2 (¢n light and heavy water) i.e. on the loading of the

capillaries contained in the electrode . It is created only when they are fdrmed
i.e. not necessarily immediately since individual - ca,va lar 2{ sifu clf:;oo: ch ange w
The corresponding binding energies have been shown “ to be of the order of
~50 kev instead of the usual ~5 ev of quantum chemistry. The corresponding heat

—_ -
is ~4 times as big for D; as for H; )

%) When one utilizes D; or other types of fusing material the creation of excess

redi
hest bj ‘the thht 9 states ls)%ccoﬁlgamed by some real fusion processes: since a»
dectronz .- (when located between ions) bebaves. (within the deeper potential

due to spin-spin and spin orbit forces) as 1f m had acquired a heavier ' ‘effective”

mass(w Indeed smaller Bohr orblts fac1l1tate tunneling through-the Coulomb
barrier, Mo recvar ‘4Teavier’electrons) explaxn . some types of observed regular
collective motions (le. cluster formations) which can contain triangular,
tetrahedral cubic... conﬁguramon(srozghgght zén'ove collectively (21112d have been
observed to have strongly enhanced (by many orders of magmtude)mth individual

part1c1es,. ‘This configuration naturally arizes when the Ampére force cuts the
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. . . (2), . . .
current into beads in a capillary since the situation of the ions then resembles
what happens to fast going cars which crash successively into each other during
a slowdown (accident) on a modern highwavl,

This situation is very different from
the usual quantum mechanical interpretation of chemical phenomena i.e. of the

L+ +
normal states of Hpand D, which are assumed (according to the Born-

Oppenheimer approximation) to correspond to the rapid motion of the electron in
the field of two almost fixed nuclei. If one first neglects the spin and considers two
masses M (with charges z) rotating at a distance r from a mass (charge z) i.e.

z

2
Mf ¥ m r ~ M

-Fo’g *
this gives the Hamiltonian

H = 2P (322 vz )
M r v
which yield ghen quantized by the usual Bohr-Sommerfeld method ( I’J 9= ht)
with( 5 = < = 1 ).Energylevels l:-:| = — ('l/c,){Hdi]/n"} 222+ ER)% e

- For the He atom this yields E, = 6,12 Ryd close to the observed value ~5,69 Ryd.

—_— .
- For Hyand D; the Bohr energy levels are approached by £, =-(3/1¢)(H n?)

—t -
which correspond to ground states of 28,1 kev and 56,2 kev for Hand D,
Some evidence in favor of this model is also given by two facts i.e.
- The fact that neutrons are produced when the beads are formed i.e. when there
appears strong electron concentrations which contribute to the screening of the
Coulomb barrier.$e ¢ {?Ig ure

"~
llike in muon catalyzed fusion If one denotes this effective mass by M. one forms: . exotic

+

molecules H* e D/ cap:useyia a resonance mechanism|with an enhanged fusion probability.
whic )
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Fig.s. Drawings reproducted from the refs. (2 and () showing the principal
elements which describe the capillary fusion experiments performed by_ Lochte-
Holtgreven et al. [14] F.C. Young et al. N.R.L. 20 (1983) 439. [16] J.D. Sethian et al.

P.R.L. 59 (1987) 585.

— —+
—There exists the possibility to start chain formation of Hyand D, which would
explain heat bursts i.e. fusion waves of the Winterberg type. After some time the

qh

. o —t —+
reaction stops and the new)cc?mpound molecules (Hz , Dz) leave the system for

go&d' e . et e —

T — — e
The existence of tight _D—; enhance the neutron - D, cross section so that one

should add to the observed yield of neutrons a number of unobse rvahle
buefma/i:g:_oj n QAJFOI‘)SQ

In this model both theoretically and experimentally spin-spin and spin-
orbital orbit forces are predicted to favor clustering and to induce differential
propagation (i.e. separation) of isotopes, starting with uranium and heavy

elements down to H; and D».
Following Takahashi et al. one can thus assume that ionization currents
(enhanced or not by bursts of input currents) generate at first real "tight"

molecular states ﬁz,ﬁg etc (denoted by the symbol *, by Takahashi) which,

when they split into beads generate real fusion procedures.

—_—

The second stage i.e. the existence of new tight Bohr orbits can be tested
through the observation of the soft X-rays corresponding to the deexitation of
the new levels in H or D atoms. This can be done through a verification of
their predicted values (which will be shortly published) through the use of soft
X-ray germanium based detectors. Another test would the confirmation or the
new narrow resonances recently observed in electron-proton and electron-
positron ‘scattering(2%). 7.99



CONCLUSION

J(: E"HS el Od ( .
The first stageli.e. the existence of excess heat in H or H.0 experiments: (in

the authors opinion) be considered as already proven by a growing set of
experiments®) @, This shows the existence of a., non-fusion origin for
presently observed excess heat and seems to exclude its interpretation in terms

of virtual neutron exchange.

Thesecond stage i.e. the existence of new “tight” molecules such as ﬁ—z orD, is

in fact already suggested by the experiments of Mills et al. which have detected
by cryometry and mass spectrometry the existence of new tight states of Hj.

To quote the authors "an exothermic reaction is reported wherein the
electrons of hydrogen atoms and deuterium atoms are stimulated to relax to
quantized potential energy levels below that of the "ground state" via

electrochemical reactants K+ and K+ ; Pd?+ and Li*, or Pd and 03 of redox
energy resonant with the energy hole which stimulates this transition.
Calorimetry of pulsed current and continuous electrolysis of aqueous
potassium carbonate (K+/K* electrocatalytic couple) at a nickel cathode was
performed. The excess power out of 41 watts exceeded the total input power
given by the product of the electrolyis voltage and current by a factor greater
than 8. The "ash" of the exothermic reaction is atoms having electrons of
energy below the "ground state” which are predicted to form molecules. The
predicted molecules were identified by lack of reactivity with oxygen by
separation from molecular deuterium by c@%ﬁltratmn, and by mass

spectroscopic analysis.”!

The _third:-stage i.e. the prediction of T-—IZ orD,to explain excess heat at low

energy input can also be considered as supported by the experiments of Miles,
553

Bush et al. which report™, (which they did not atte?pt to distinguish from Dy

(
and by the experiment of Yamaguchi and Nishiaka who have detected by mass
spectroscopy (along with fusion "ashes” FH. with an energy of 4-5-6 Mev and
protons with an energy of 3Mev) H, accompanied (as it should in our model)

by a heavier D, peak. Their input being dominant at low input. Further

search for soft X-rays and also for the existence of f_gin H or H70 experiments

would help to prove (or dispro¥Ye) the proposed model.

Proof of the last stage i.e. the possibility to add to the excess heat (generated by
the new Bohr orbits) fusion energy generated by high energy input pulses is
still in infancy§4Jdue to reluctance to accept the existence of the new

phenomena.
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A MODEL OF COLD NUCLEAR TRANSMUTATION BY THE ERZION
CATALYSIS (THE ERZION MODEL OF "COLD FUZION")

Yu.N.Bazhutov, G.M.Vereshkov.
Sclentific Research Center of
Physical Technical Problems "Erzion"
P.0.Box 134, 115633 Moscow, Russia
Fax: (095) 292-6511 Box 6935 Erzion

Abstract

Cold nuclear transmutation model by erzion cathalysls 1s
proposed ror explaining experimental data on so called cold
Tusion phenomenon. The erzions are the hypotetic massive
stable hadrons which existence and fundamental
haractieristics were predicted In cosmic rays eXperiments.
According this model the erzions are presented 1n  the

matter in extremely little quantity (10° - 107)am™> and they
are in bounded state. At definite conditions the erzions
became released and provide multicycle nuclear transmutation
at room temperature. With the help of the Erzion Model
one can explain anomal erfects of cold fusion.

The process or so called Cold Nuclear Fusion (CNF) possesses
a number of specific properties some of which are most
important ones: 1) suppression of the neutron to tritium

yield (10° _-10'! times) and reduc of tritium to ener
yield (10~ times) /1-3/; 2) O reactions go
deliberately unstationary conditions: clectrolysis /4-6/,
mechanical stroke /7/, temperature and pressure changes /8/;

3) there are great yield rluctuations (10° times) /4,573
4) attenuation and cessation of CNF process; &) new 1sS0t0OpS
and elements production /2,9,10/.

Filrst of the above mentloned properties reveals that the
CNF orocess can not be  Interpreted iIn  fthe  standard
- Iramework, consisting or two reactions:

3

D+D=4de~+n (1a)

g+ D=1 *p (Tb)
wnose propability is spproximately squal. Cn the opasis of
The existing aata one may conciuds thatl a channel (1a) Ior

anknown  ceasons 18 practlcally  closed. The gproblem of
3uppressing this channel still is not soived and in the



framework of aiternatives of the CNF catalysis, by their
scnemes analogous with L-catalysis. By this reason & searchn
for solid-stale mechanisms of Screening deuton charges may
not be considered perspective. -

Correlation between the CNF phenomenon and processes of
destructing solid states is of principal nature. It 1s known
that when so0lld states are cracking, charges are be
locaiized in the crack walls during imks which create
electric rield In the crack. This rield may accelerate
particies 1Including deutons up to 100 Kkev /11/. A
hypothesis of so called "accelerated" CNF mechanism has been
rformulated in the rframework of this «conception /12/.
Without denying the accelerating =Ifect of deutons in
cracks (more than that, paying speclal attention to 1t)
nevertheless we believe that the accelerating mechanism can
not solve a problem of iInterpreting CNF by Iwo reasons:
rirstly, in each separate crack deuton acceleratlon stop
arter relaxation oI changes on its walls; secondly, this
mechanism does not close a channel (t1a).

While trying to interpret CNF we Dbased our assumptions of
the rollowing: 1) radical changes 1n the fusion scheme -
supressing a chamnel with the neutrons outcome-demand a
catalyst with tctally new features. Unlike the u-catalysis
schemes a new catalyst must bDe electrically neutral and
articipate in strong interactions; 2) a catalyst appearance
in a working matter or the CNF reactor 1s comnected with
the matter aistruction.

These suppositions out of thelr linking with concrete models
0 new hadrons-catalysts seem to be Ifantastic. However, in
our case the situation was facliiitated by the fact that at
the moment oI appearing nesws oI CNF registering we Wwere
dealing with search ZIor interpretation of new hadrons whose
appearances had been noticed in Cosmic rays. Haturaily, a
hypothesis ccmes Into existance that we had encountered
the same npadron in the <osmic rays and CNF. The paradox 1S
that constructing 3 model oI cold nuclear rusion Dy the
2atalysis of new hadrons helped o understrand a number of

gbnormal developments in Cosmic rays physics.

Indirect indications of existing hneavy (Mc F00 GeV)
iong-living hadrons in the <Cosmic rays during various
2Xperiment have been noticed Ior 20 years /13/.
sonsidering received data one may assume that tnese hadrons
( let us call them ERZIONS) rossess a negative =lsciric
charge and present hadreons with scomewhat higher ¢ comparing
to common hadrons) penetrating ability.

Theoretical model oI new hadrons 2orresponding with
Cosmochemical limitaticns /14,15/, given oy Cosmic rays and



ONF, is presented In detall In 6,17/. The model I1s
. . e L
! < \

based on d{1) x SU{Z S 3 5} the Callbrating

theory. Erzions are bein interpreted &s ponded states

5P=0" of the mirror antiguarks U and common quarks u, d:
3=(3%27) , 3% T, 3=70 (2)

The most important property ol the isotopic duplet (2) 1is
concluded in absence of one-picn bond with the nucleon
doublet (N). This sircumstance orings o a Tact that
asymptotics oI a strong 5-N interactilon has a repulsive
nature. Jue to this reascn erzions are not being captured
by the nuclei and this fact lets to correspond the model
with Cosmochemical Iimitations. Cut of 1wo nadrons (2)
3~ 1s absclutely stable, a charge erzion disintegrates
along the weak channel with an approximate 1ife-time of a
neutron. Bonded erzion-nucleon states should be studled as
colorless Iive-quark conrigurations. The latter make a
neutral stable isotopic singlet wnich we callsd "enlon®:

%J=Tmmm_ (3)

Calculations by the meson theory of nuclear forces
demonstrate that potential pits of all known nuclel are too
small for creatidn of a bonded state of an esnlon within
nucleus. That 18 why enions as well as erzions are not
captured by nuclel.

The problem oI existance of new hadrons bonded states In
commori  matter received a ratner unexpected solution. A
five-guark bag as colorless state with minimal number oI
quarks possesSes a low but fixed polarization by eleciric
field. = That is the reason wny this enion  acquirl

dipole moment in =2 nucleus <Iield, may create a bonde

state near 1ts surface. Bonding energy oI this gtate
considering low enion polarization turns out be relatively
moderate Ior heavy nuclei:

fads = 20 Z & Y 7eV (5)
We call <he gffect oI establishing such states an
adsorbtion oI enions on the surface oI nuclel. , For 1light
nuclel wnose mass 1s much less then snion's ﬁadi = 100 Gev,
adsorpbtion level  tends t©o reach  the porder oI &l

J
continuous spectrum; there are isnds o suggest that 1t does
Nnot &xist in reallity.

spontanecus disintegration oI the adsorpiion state may come

g ST a tumnelling  rnuclison from =nion into
nucleus. Apdsolute stapiiity o ol suggests That
dlfference of bonding energles oI itne nesignboring nuciel 1S
less then nonding energy of  nuclesn in the  <nion.  ®e
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shall demonstrate that thls  conaition ig belng fulfilled
particularly Ior some oI the palladium isotopes. 1t 1Is
possible tO release the apbsorped enions ZIor Instance by
Irraciating a matter with lones with a mass I, and energy
B> M M. when the nucleus enionizatlon goes along with
the ﬂﬁuionb co-impacts. Under certain conditions on
the pbonding energy oI the erzion with nuclecn, enions and
erzions are capable to perrorm catalysis or (1) reactions:

9yt D=1+ 30 (6a)

3% + p = D+ 3y (6b)

at 2.2 MeV « E1=£M(3‘%n‘-+ M(n)céi M(SN)CI% < 6.3 MeV,or

SN + D= He® + 3 (7a)

Sj + D = noo+ 3N M (Tb)

at 2.2 MevV ¢ E2=[M(9'7c “+ M(p)e = M(s,)c 9 < 5.5 MeV.

The chaln (6a),(bb) 1s being realized to all appearance, in
the N regetions. [t 18 known that emerging iritium
poOsSsesses 4 Low energy ( no more then 100 keV), that is why

we nhave to suppose That the bonding =energy £, 1s
approching 6.3 MeV, tmus we have E = o.2 HMeV. It 1s not
dirficult to notice that with unstable 3§ and M(® )& -

M(3%ce v 0.6 MeV cycle (Ta) (7Tb) seems to be closed. Thus,
the mgjor property ot CNF- -suppression oI the neutrons
outcome - receives In the suggested moael a simple and
natural interpretation.

Now let us come to a short diseription or the CNF process
in generai. Frzions in the Earth matter may have both
relict (Cosmologic) and Cosmic radiation nature. According
to preliminary exnehlmental data integral intensity or the
srzion component  in the Losmic rays =t the cnergy
thresnold  fs 100 GeV makes up I f?O‘”ém“‘s T ogter” 20/,

According  To  ine  Same  aata, ;Dsorction lsngtn Ior  the

zreiong makes un A= EU“ g/ Pm . l.e.tne erzions 4are

tocalizea n thE LTTESU_TI'E.CG karth

mhe srzion ﬁensity oy the cosmic Tays Tlux in tnls sTratum
i8 calcuiated Dy clearly emplric datla
n.= L0/L = 107 om”3 .3)
3 = -

whereas = 3 billion years | 1d7s ) is geologlcal time.

Erzicns in The nresurtace siratum sre oeing captured by
nucleons ana turn into enions. The latter, 1 thelr Turn,
Tind nuclei,energetically more proritable Ior agsorntion. At
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MeV the Pallaaium isotop Pd-110 belong to

such nmuclel. according to (5) the enion adsorption _energy
on Palladium makes up 100 =aV. 1t 1s necessary to pay
agttention here 1o hWO circumstances: 1) Erzions depth of Lz
100m  1s comparaple ic the scape uI geologlical uuvpiopments
of mineralis. That is why various TUPHPOLUQiCdi materials,
depending on conditlons oI developing initical ores, may
nave s ‘varioug erzion concentration; 2) enion adsorption
energy on palladium guarantess preserving adscorbtion state
in quasiequilibrium uwcnnoiugicai processes ,Ior instance

cre rerinement and metal smelting. fonsequently,we may
Suppose that the alldaium electroaes Keep an admizture of
enions with density lower then or n = 107 em™>.

S0 UNF process starts at cracking of the electrodes matter,
i.e. arler reacning critical nyarogeniuatlon in the course
0T electrolysis 1n a heavy water. Zlectric rields emerging

in thne cracks 73/ accelerate deutons up 0 character
wnergles 10keV an pven higher, which exceea the threshold of
the énionization of Palladium nuclei E s M\SV,/M(D):bkeV

Released enions participate 1n the (ba) {Ab) uJblCD, thus
generating tritium. Shannel (7a) with the HE generation,
ana uOHchuenty connected with it channel (7 3 Wlth neutron

xcn‘:’rau'un as c.J_I'eaC\J was mentioned, zre fully closed by a
conditicn ror B oonding energy.

’regence ©f  interstitial states means that (va) and (&b)
regeticns  ail  resonance  =ne gWDs may have very large
Cross-sections. rarticulariy at largs =rzion conceniratlons

in ngz 10 en® in palladium ror explaining ONF erfect at

3
the TFleischmann-Fons level 1t 13 necessary tO have
cross—sectlons ol the (oa) and (6b) reactions
av =z 10" Pem s L
cmall nsutrons cuicome. which may ©oe coserved &t ihe
ONF o =Xperiments 1s 02ing zXplalned 0y catalyzed
regacilons  con tritium . _ o
g * L=He =53 (9a)

37 & D=n o+ 9y {9D)

Comparing (%) and (¥} cycles demonsirate i

gvaluation oI concentrations  Takes piaoe: /o=

4 '_‘1

soserved n/T = 1079 -10 relations are peing svajuated &
conmnectsd with initial concentration of tritium  in  Deavy
water and with some increase 4uring CNF process.

In the ~onciusicn we snould note uuut oTher CHF Croperties
2180 are oeing s¥plained in the qualitative way in  the
suggestad model.  iarge fluﬂuuauL,nr in intensity <f the



ONF rroducts cuilcome 2T various experiments may be linked
with fluctuation ol erzion censity ©n  various elecirodes
{ aencnainﬂ on ergion concentration in initial ores).
Effect oI samples "aglng" may. Dbe explained with ultimate
cracking or Sdmnles ana partial iossing of erzions at the
previous serie§ oI experiments.

Thus, the presented model 1lets Tu explain in prinuiﬁ%e
all seemingly abnormal properties of 'so called
received during the experiment which it 1s impossible to
explain everytning in complex in the <Iramework oI the
traditicnal conceptions.
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JAHN-TELLER SYMMETRY BREAKING AND HYDROGEN ENERGY IN y-PdD
"COLD FUSION” AS STORAGE OF THE LATENT HEAT OF WATER

K.H. Johnson
Massachusetts Institute of Technology
Cambridge, MA 02138

Abstract

In 1989, we proposed a common quantum-chemical basis for superconductivity
and anomalous electrochemical properties of palladium loaded with hydrogen
and deuterium, derived from H-H/D-D bonding molecular orbitals at the Fermi
energy between tetrahedral interstices (”y-phase” PdD). Symmetry-breaking
anharmonic vibrations of the protons/deuterons, induced by the dynamic
Jahn-Teller effect, promote superconductivity in PdH/PdD at T. = 9/10°K,
while the large vibronic anharmonicity explains the inverse H/D isotope
shift of Tc. The calculated deuteron vibronic amplitude of 0.46A implies a
closest D-D approach of 0.76A between neighboring tetrahedral sites and
fusion rate of omly ~10”* per deuteron pair per second in y-PdD at ambient
temperature, much too small to explain reported excess heats. Ab initio
quantum-chemical computations for y-PdD further indicate that the "channels”
connecting tetrahedral sites provide, via the Jahn-Teller effect, an
"orbital pathway” for bulk catalytic recombination of atomic deuterium to
rapidly diffusing dideuterium, 4D - 2D2, the recombination heat equaling
9.4eV per Pd atom per umit diffusion cycle time, equivalent to the storage
and release of latent vaporization heat of 2.5 moles of D20.  While the
diffusion cycle time depends on cell conditions, for cycles betvgeen 1 and
100 minutes, this process could genmerate 17 to 1700 watts/cm” of stored
latent heat in y-PdD. The inverse isotope effect implies a slower hydrogen
reaction, 4H - 2H2, and diffusion in y-PdH, leading to negligible latent
heat power from Pd-based light-water cells. However, this mechanism could
explain reported heat genmeration in light-water cells using nickel cathodes,
where 2H - H2 catalysis is a rapid (110) surface or near-surface phenomenon.

The Dynamic Jahn-Teller Effect, Superconductivity, and DI-D Fusion

An abstract theorem proposed in 1936 by Jahn and Teller laid the foundation
for a theory of the static and dynamic coupling of nuclear motions to
electronic structure. In a 1983 paper’ on a “real-space” molecular-orbital
basis for superconductivity, we first suggested that Cooper pairing and the
inverse isotope shift, 7. = 9/10°K, in PdH/PdD are associated with dynamic
Jahn-Teller-induced anharmonic vibrations of the protons/deuterons inside
Pd. The amplitudes of these vibrations are determined from the formula:

5 = (mMPa (1)
where M is the atomic mass, m is the conduction electron mass, d is the
interatomic distance, and 0 < pB = 1/2 is the anharmonicity. In the
"harmonic limit,” B = 1/2, the dynamic Jahn-Teller-induced vibrations reduce

to the “virtual phonons” of the BCS theory of superconductivity. In Ref. 2
it was shown how g follows directly from the bond overlap of degenerate
molecular orbitals at the Fermi energy (EF). This theory glas since been
successfully applied to high-7. oxide and fullerene superconductors.™
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In more recent work,s we have confirmed, from density-functional
molecular-orbital and ab-initio Hartree-Fock calculations, that for high H/D
loading in palladium, the sole occupation of octahedral interstices is
Jahn-Teller unstable toward migration of H/D’s to the tetrahedral
interstices, forming the so-called "y-phase” of PdH/PdD. Spatially
extended, degenerate H-H/D-D bonding molecular orbitals at Er between the
tetrahedral sites in y-PdH/PdD are found to be a precursor to Cooper
pairing, superconductivity at Tc = 9/10°K, and the inverse isotope effect on
T.. The hydrogen molecular orbitals at and just above Er are so-bonding
along and so -antibonding in “channels” of opposite phase w+, w- connecting
tetrahedral interstices, as shown schematically for y-PdD in Fig. 1 and
computationally in Fig. 2 as a contour map through a (110) plane. D-D
sog-bond overlap is enhanced by the “compression” effect of significant
Pd(4d)-D(Is) antibonding at Er (Fig. 2). Indeed Pd(4d)-D(ls) antibonding at
Er substantially weakens the effect of Pd(4d)-D(Is) bonding states below the
Pd d-band, explaining the small heats of formation of PdD, while promoting
delocalized D-D so-bonding molecular orbitals at Er. Evidence for hydrogen
atoms “banding” together on nickel (110) surfaces, zvith electron density
similar to that shown in Fig. 1, has recently been reported.

In the dynamic Jahn-Teller coupling between interstitial D-D so-bonding
electrons at EF and anharmonically vibrating deuterons required for Cooper
pairing and superconductivity in PdD for T. =< 10°K, there is continual
symmetry-breaking dynamical interconversion between alternate D-D sg-bond
deformations, J, along the three crystallographically equivalent directions
of the "bonding channels” w+ and w- shown in Figs. 1 and 2. These rapid
oscillations of the deuterons are equivalent to “anharmonic local optical
phonons” of amplitude J given in Equation (I). For the calculated D-D bond
overlap between tetrahedral sites in y-PdD (Fig. 2), § = 0.46A.

Under the influence of the Jahn-STeller effect, the D-D nuclear fusion rate
can be calculated from the formula:

R = (ho/M&d)exp [—(Z/h) (d-26W2M(V-62/2M5%) J 2)

where o is the fusion cross-section extrapolated to ambient temperature and
V is the Coulomb potential barrier between the y-PdD tetrahedral sites
("T-sites”) and the ”S-sites” half way between neighboring T-sites along the
D-D bond direction (Fig. 2). Combining formulae (1) %%i (2) and using the
relationship between anharmonicity # and bond overlap,”” R can be plotted
as a function of D-D bond overlap, leading to the graph of Fig. 3. For the
20% D-D overlap %haracteristic of y-PdD (Fig. 2), this graph gives a value
of R = Ro = 10 fusion per deuteron pair per second, resulting from the
Jahn-Teller effect.  This value is of the same order of magnitude as that
determined from neutron counts in electrochemical experiments on deuterated
electrodes by Jones et al.’ Clearly, this very low level of fusion, while
fifty orders of magnitude larger than that expected for an isolated D2
molecule, is not large enough to produce significant amounts of heat under
electrochemical conditions in PdD.

It is theoretically possible to enhance the effective D-D bond overlap in
y-PdD to almost 33% via all%ling (see below), increasing the D-D fusion rate
to a maximum of R = 10™ according to Fig. 3, but still too small for
significant heat production.
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Fig. 1. Schematic representation of D-D bonding “channels” at the Fermi
energy (EF) in y-PdD.  Solid and dashed contours represent positive and
negative  amplitudes of the wavefunction. The amplitude, J, of
Jahn-Teller-induced D-D vibrations, calculated from Eq. (I), is indicated.
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Fig. 2. Density-functional molecular-orbital wavefunction at EF for y-PdD
plotted in a (110) plane.
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Symmetry Breaking, D-D Recombination, and Hydrogen Energy in PdD

The D-D potential energy surface in y-PdD, calculated from ab initio
Hartree-Fock theory, resembles the “Mexican hat” shown in Fig. 4. The
high-symmetry (Td) coordination of a Pd atom by four D atoms in four of the
eight surrounding face-cemtered-cubic Pd tetrahedral imterstitial sites is
Jahn-Teller unstable, leading to a central enmergy minimum of distorted
tetrahedral (Civ) symmetry at the “crown of the hat” and a square coplanar
(D) "broken-symmetry” energy minimum at the "brim of the hat,” 9.4eV below
Ta symmetry, for an equilibrium D-D distance of 0.76A. The latter is
practically equal to the equilibrium bond distance of a free D2 molecule.
The 9.4eV energy per Pd atom released in the Jahn-teller distortion of each
PdD4 molecular unit in y-PdD from 7Td¢ to D symmetry is likewise remarkably
close to the sum of the chemical bond energies of two free D2 molecules.

Thus, the D-D “bonding channels” connecting tetrahedral sites im y-PdD
provide, via the symmetry-breaking Jahn-Teller effect, an “orbital pathway”
for the bulk catalytic recombination, 4D - 2Dz, of rapidly diffusing atomic
deuterium to rapidly diffusing dideuterium, the large exothermic chemical
heat of recombination equaling 9.4eV per Pd atom. Once a steady state of
high electrochemical loading is achieved, this process is likely to be rapid
and continuous, facilitated by the Jahn-Teller displacement of diffusing
atomic deuterium from octahedral to tetrahedral interstices, forming the
"y-phase”, then rapidly diffusing as dideuterium through the y-PdD “bonding
channels” connecting the tetrahedral sites to the cathode surface, where the
dideuterium escapes as D2 gas.

It is impractical to calculate a precise cycle time for this process,
because the diffusion depends on the imput electrical current, the ambient
temperature and pressure, the structural integrity of the Pd lattice, and
the surface condition of the Pd cathode. However, if the cycle time for
recombination, 4D - 2Dz, is somewhere between 1 and 100 minutes, at 9.4eV
per Pd atom per unit time, this process could gemerate heat at a rate of 17
to 1700 watts/cm’ palladium. For this power range, the total heat released
over ten minutes would be between 10KJ and IMJ. This is consistent with the
wide range of "excess” powers reported in laboratories around the world.

“Cold Fusion” Heat as Chemical “Latent Heat”; "Heat after Death”

This dynamical Jahn-Teller-induced catalytic mechanism is, of course, a
chemical process, although an unusual one in that it corresponds to an
internal phase change of the deuterium within y-PdD. Since the energy
release is effectivc%y due an internal cyclic y-phase change of atomic
deuterium to dideuterium, the heat produced may be viewed as "latent heat”
produced by repeated formation of the "imterstitial sublattice” of D-D bonds
between the tetrahedral interstices in y-PdD, as atomic deuterium diffuses
into palladium apd dideuterium diffuses out. “Latent heat” of 9.4eV per Pd
atom for 6.8x10“ Pd atoms/cm’ adds up to 102KJ/cm’ palladium. Since the
latent heat of vaporization of D20 is 41.5KJ/mole at 100°C, the “latent
heat” of 102KJ produced in one cm’ of y-PdD per umit diffusion cycle time is
equal to the latent vaporization heat of 2.5 moles of D20. In other words,
the heat of “cold fusion” appears to be the storage and release of the
latent vaporization heat of heavy water. Indeed, if the electric power
input is turned off a fully loaded «cell, this stored latent heat is
sufficient to boil away 2.5 moles of D20, the so-called "heat after death”
of Pons and Fleischmann.
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in y-PdD.
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Equivalence of "Excess” Heat to the Latent Vaporization Heat of Water

Why then is this heat interpreted as “excess heat”? To answer this
question, one must first understand the nature of the bonding between
H20/D20 molecules in water. It is commonly thought that the breaking of
electrostatic or weakly covalent O-H or O-D “hydrogen bonds” between
neighboring water molecules accounts for all the latent heat required to
take water from the liquid to vapor phase: However, a recent experimental
study of the integatomic structure of water at supercritical temperatures,
reported in Nature,” has revealed that breaking of nearest-neighbor O-H and
O-D bond correlations in the liquid accounts for omly a fraction of the
latent vaporization heat. Fig. 1 of Ref. 9 reveals that second- third- and
even fourth-neighbor hydrogen-hydrogen (or D-D) bond correlations persist
after the nearest-neighbor O-H/O-D and H-H/D-D bonds are broken at
supercritical temperatures. These longer range H-H/D-D bond correlations
account for the major part of the latent vaporization heat of water.

In the electrolysis of water, only the O-H/O-D bond correlations are broken
as H/D penetrates the Pd cathode and O: is evolved at the anode. For high
loading and the formation of y-PdD, the D-D bond correlations accounting for
a major part of the latent heat of the electrolyte are effectively “stored”
cooperatively between the tetrahedral sites of the p-PdD lattice, as
described above and in Fig. 2. The release of the latent heat by the
Jahn-Teller-induced bulk catalytic process, 4D > 2D2, per Pd atom,
effectively a cooperative y-phase transition between interstitial atomic
deuterium and dideuterium, thus is interpreted as “excess” heat.  Therefore,
this mechanism of storage and release of the latent heat of heavy water by
palladium is more appropriately viewed as a “"new hydrogen energy,” the
terminology commonly used in Japan instead of "cold fusion.”

Light Water Versus Heavy Water

Significant amounts of "excess” heat from Pd-based light-water cells are not
observed, most likely because of substantially more sluggish hydrogen
diffusion in y-PdH, compared to deuterium in y-PdD. Although the mass of D
is twice that of H, this inverse isotope effect, comparable to the one
discussed above for the superconducting T¢’s of PdH and PdD, is probably due
to the effectively larger diffusion cross sections of H and H:z versus those
of D and D2, resulting from the larger amplitude, J, of dynamic
Jahn-Teller-induced anharmonic vibrations for hydrogen versus deuterium,
according to Eq. (I). The larger effective radii of H and H: in y-PdH
markedly impede hydrogen diffusion and thus lengthen the full 4H - 2H2 cycle
time, as compared to the rapid D and D: diffusion, leading to the much
faster 4D - 2Dz catalytic process in p-PdD.

Nevertheless, this mechanism may explain reported heat production from
nickel cathodes in light water cells, where catalytic hydrogen
recombination, 2H - H2, is mainly a rapid (110) surface or near-surface
phenomenon.  Nickel (110) surfaces harbor the tetrahedral interstices of the
bulk crystal. While the solubility of hydrogen in nickel is much lower than
in palladium, the latent heat of H-H bond formation between tetrahedral
sites close to the (110) surface (the “surface y-phase” of NiH) could yield
substantial heat for high-surface-area nickel, since the diffusion path to
the surface is much shorter.

Supporting Experimental Evidence for 4H > 2Hz Conversion

Experimental evidence for H:2 molecular "excited states” in10 other
transition-metal hydrides has recently been reported by Baker et al.” from
proton spin-lattice relaxation data.
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A molecular analo1 e of the 4H » 2Hz process has recently been reported by
Wisniewski et al.”" in the form of an Ir(PR3)2ClH4 complex, in which the H
ligands undergo a rapid dynamical dimerization to the dihydrogen dihydride

Ir(PR3)2CIHz2Hz, as shown in Fig. 5.

The Importance of Lattice Structural Integrity in Palladium

For the y-PdD lattice to maintain an “interstitial network” of D-D bonds
(Figs 1 and 2), formed and reformed between rapidly diffusing deuterium at
high loading, the structural integrity of .the material is crucial. Crack
tips and grain boundaries in transition metals can be sites of rapid
catalytic hydrogen recombination, which tend to cause metallic decohesion,
intergranular embrittlement, and crack propagation.

Enhanced "Cold Fusion” and Superconductivity in y-Pdo.7sAgo.2sD
Density-functional molecular-orbital calculations have been performed for a
y-Pdo.7sAgo.2sD  alloy. Maximum hydrogen solubility near this composition
has been reported by Lewis.' The pertinent wavefunction contour map for
this alloy, showing D-D bonding between the tetrahedral sites at Er, is
displayed in Fig. 6 and may be compared with Fig. 2 for pure y-PdD. As a
result of the increased ”“compression” effect of Ag(4d)-D(ls) antibonding in
y-Pdo.7sAgo2sD at Er, the tetrahedral D-D bond overlap in Fig. 6 is
enhanced to practically 33%, as compared with 20% in Fig. 2 for y-PdD. From
Fig. 3, this would = suggest a possible increase of the D-D nuclear fusion
rate from R = 10* in y-PdD to R = 10% in y-Pdo.7sAgo.2sD, which should
be detectable by increased neutron emission, provided the Pdo.7sAgo.2s alloy
can be loaded with deuterium. However, this predicted increase in fusion
rate is still too small to generate significant heat on its own.

Tracking this predicted increase in D-D fusiosl in the Pd-Ag alloy, is the
experimental fact uncovered by  Stritzker' that the superconducting
transition temperature is raised from 7 = 9°K(10°K) in PdH(D) to . = 15°K
in Pdo.7sAgo.2sH. This is consistent with the dynamic Jahn-Teller
anharmonic vibronic mechanism for high-7c superconductivity discussed above
and in Refs. 2-5.

"Cold Fusion” in High-T. Superconductors
In accord with the above thesis that a dynamic Jahn-Teller anharmonic
vibronic mechanism is responsible for both high-7c superconductivity and
"cold-fusion” manifestations is a recent report of low-level neutron
production from deuterated high-Tc ceratpic superconductor, YBazCusO7, below
the superconducting transition temperature. ¢

Conclusion: Latent-Heat-of-Water Storage as Practical "New Hydrogen Energy”
Given the latent heat of vaporization content of a gallon of water,
approximately 8MJ or 7,600BTU, its electrochemical storage and release by
the process described above could be a viable method of hydrogen energy
conversion. Ten gallons of water contain approximately 80 MJ or 76,000BTU
of latent heat which, if stored and released electrochemically over one
hour, approaches the heating capacity of a modest commercial household
furnace. To convert this amount of latent heat from 10 gallons of wate
would require an electrochemical cell power output of 22KW. Since one cm
of Pd (or the equivalent surface area of Ni) is capable, under ideal
conditions, of yielding upwards of 1.7KW of stored latent heat, this would
require approximately 13cm” or 156g Pd, or the equivalent amount of much
cheaper Ni. A power of 22KW corresponds to 30HP, suggesting the possibility
of a “water engine” electrochemically generating both heat and hydrogen for
a fuel cell, which could be used to power or partially power an automobile.
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THE ROLE OF HYDROGEN ION BAND STATES IN COLD FUSION

Scott R. Chubb and Talbot A. Chubb
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Arlington, VA 22207

Abstract

Quantum diffusion studies of hydrogen (H) and deuterium (D) inside and on the
surfaces of transition metals indicate that both H and D may occupy wave-like band
states (H and D ion band states) analogous to the electron band states that are
responsible for making metals conductors. When these wave-like ion band states
become occupied, fusion involving D+D—4 He without emission of gamma rays or
other high energy by-products can occur, provided a number of conditions are met.
We have previously identified and used these conditions to predict a number of
important experimental results that were subsequently observed. In part 1 we
examine the underlying justification for believing that ion band state occupation
can lead to nuclear reaction. We show that under suitable conditions associated
with the underlying electronic structure, ion band state occupation may lead to
wave function overlap between a small number of indistinguishabie D*. These
conditions appear to be met as x= 1in PdDy. Then, ion-ion correlation effects that
result from coulomb repuision, which normally inhibit overlap, are not present in
the ground state wave function, provided the number of indistinguishable ion band
state deuterons is very much less than the total number (Ncgj) of unit cells in the
crystal, and the crystal is sufficiently large : Ncoyy > 108. In part 2, we examine the
implications of the ion band state fusion scenario, including a summary of
important selection rules and reactions which follow as a result of the restrictions
that are implied by the physical limit in which the theory applies.

Introduction

Acceptance of cold fusion as a real phenomenon by the mainstream physics
community has been delayed mainly for two reasons: 1) a refusal of physicists to
believe that the coulomb barrier that normally prevents nuclear reactions at room
temperature can be overcome in the solid state environment, and 2) a belief that
Y-ray and high energy particle emission must inevitably accompany the release of
nuclear energy. The cold fusion community for the most part bases its belief in cold
fusion on the evidence for the reality of the cold fusion heat effect. Nonetheless, it
shares with the larger physics community a belief that mainstream physics cannot
overcome the coulomb barrier problem and cannot provide radiationless emission.
This paper presents an alternate view, based on ordinary quantum mechanics, that
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explains not only how the coulomb barrier can be overcome in a radiationless
manner and why this can be done using the procedure developed by Fleischmann
and Ponsl, but also why this procedure leads tounexpected products, modes of
energy release, and other effects that have been observed. The underlying ideas
behind this alternative view are closely tied to the known electronic properties and
structure of palladium deuteride PdD, and the governing rules of bound (as opposed
to unbound) systems, and known effects associated with periodic order and the
exchange of identical particles.

In the resulting picture, cold fusion is the result of a relatively small number of D*
occupying wave-like (Bloch function) band states. Once this happens, as a result of
the behavior of indistinguishable particles, these wave-like D* ions are free to
overlap each other and fusion can occur. An important point is that the D* become
delocalized as a result of occupying these states. The associated nuclear reactions
also become distributed. This leads to different, distributed modes of interaction, in
which the effects of periodic order and particle indistinguishability alter the relevant
forms of reaction. From the underlying physics, it follows that in these distributed,
transistor-like (as opposed to vacuum tube-like) modes of interaction, high energy
particle and Y -ray emissions are not to be expected. Also, the underlying
assumption that D* ion band state occupation should occur becomeS valid in the

limit that x—=1 in PdDx.

In the paper, we first examine what we believe to be the most compelling
experimental evidence in support of excess heat. Then, using a concrete example,
we explain the underlying logic, based on system energy minimization, behind our
conclusion that the quantum mechanics of bound systems can potentially alter
particle-particle overlap in a manner that may significantly affect the possibilities for
nuclear reaction. We also explain why energy minimization precludes the
possibility of nuclear fusion between chemically bound D or in D; molecules, but
that the same principle can be used to demonstrate that under suitable
circumstances nuclear reaction can occur between D* ions within a sufficiently large,
periodically ordered solid as a result of ion band state occupation. In the remainder
of the paper we examine the underlying implications and conditions associated with
ion band state occupation and interaction, including a summary of the important
restrictions and selection rules associated with potential ion band state mediated
nuclear reactions.

L Underpinnings of Excess Heat Cold Fusion Theory

Evidence for Excess Heat

Before exploring the theoretical aspects of cold fusion, we briefly consider the
evidence for the reality of cold fusion heat. There have been many observations of
excess heat in electrochemical system experiments. Among the hardest to refute are
the observations of Fleischmann and Pons during temperature excursion events in
which water in their electrolytic cell boils awayl The energy balance observed in
their temperature-increase event published in Fhys. Lett. A is:
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Heat of vaporization of 47 cc D,O: 102500 ] in 10-minute boil-dry period
* Concurrent electrolysis power input:  22500']
* Missing heat (cold fusion): 80000 ]

The missing heat corresponds to 197 eV per Pd atom, which exceeds by a factor of 20
the value possible from stored chemical energy. The only mainstream physics
possibility is that the heat was derived from the nuclear potential.

Why lon Band State Matter Avaids the Coulomb Barrier: Guiding Principle

There is considerable common ground among physicists concerning the principles
of physics, and the requirements of a successful theory of the cold fusion heat effect.
A successful theory must explain how the coulomb barrier is overcome and why
fusion is radiationless. For nuclear reaction to occur there must be wave function
overlap of the feedstock components and also wave function overlap with the
product. There is also agreement that in free space this overlap can be explained by
scattering theory, which provides transient overlap calculable from Gamow theory.
On the other hand there does not seem to be an equal acceptance as to how one
properly proceeds in applying the principles of physics to bound systems. It is
worthwhile emphasizing that we believe that the governing principles of bound
systems (as opposed to those of unbound systems) provide the appropriate
framework for understanding cold fusion and that this fact has been largely ignored.

The applicable rules of physics for ground state bound systems are that 1) the
overlap and other system properties are fully contained in the system wave function
that minimizes total system energy, 2) the wave function is constrained by the
natural boundary conditions of the environment, and 3) the rules of boson or
fermion exchange symmetry (or anti-symmetry) that have been found to apply
differently to sets of distinguishable and non-distinguishable particles must be
included in an appropriate manner. These principles underlie the physics of atoms
and molecules. They are the basis of atomic physics and quantum chemistry. The
energy-minimizing wave functions have particle-particle avoidance terms, called
correlation terms, which can be, but need not be required to restrict a specific particle
A from being present at a point in space when particle B is present. In bound
systems near room temperatures the amplitude of these particle-particle avoidance
terms is determined by the energy minimization process. An important point is
that in bound systems, system energy is constrained to be finite. For this reason,
energy minimization principles always apply (often with unexpected results), and
can be used to determine the ground state and lowest excited states. In unbound
systems, such as plasma, the energy is not constrained to be finite. In this case the
use of scattering theory and the associated quantum mechanics is the more
appropriate approach for determining system dynamics.

The Helium Atom as an Example of a Bound Physical System

A good example of the physics of bound systems is provided by the calculation of the
2-body wave function that describes the 2 electrons of the ground state helium

10-3



atom2 The Schroedinger equation for the helium atom (simplified by taking the
nuclear mass as infinite) is

-h2/2me[V12 +V22]0(m ;) +[e2/r13-2e2/1 -2e2 /1] Ds(n 2)=E Ds(n, 1)

where E is the band state energy of the 2-electron spatial wave function O s(n ) for
the zerp-spin state, and ri2 = I - nt. O4(n,n) = O(m)P(r) is symmetric with respect
to interchange of n and 1y, In this equation the - #2/2m.[V12 + V2] D term
represents the kinetic energy of the electrons, and the [e2 /r13- 2e2 /1] -2e2 /1] D term

represents the potential energy. The e? /rj; O term is the 2-electron coulomb
repuision term which results in correlated avoidance behavior by the two electrons.

The variational method was used by Hylleraas? to determine a sequence of 2-
electron wave functions of increasingly better accuracy. Making use of the elliptical
symmetry of the problem he reduced the six independent configurational
coordinates of the 2 electrons that appear in the Shroedinger equation, namely nj
and 1, to three independent elliptic coordinate variables s, £ u derived therefrom.
He also made use of the symmetric spatial exchange symmetry of indistinguishable
fermions with anti-parallel spins, which requires that candidate solutions be even
functions of variable ¢ His third approximation is

DO =e1825/D (1 4 go9u/b + 013 /1] ,
where

s=Iinl+Iinl ,

t= Il - Inl ,

u=m=In-nl=(n2+In2-2iniinl Cos8)”? , and
b = Bohr radius of hydrogen = 0.53 A

Consider what the Hylleraas solution tells us about particle-particie overiap in
bound particle systems. The Hylleraas solution is dominated by the exponential

decrease in | @5l with the mean distance of the 2 electrons from the nucleus, ie,
with s/2. To explore the electron-electron avoidance behavior we study the
Hylleraas 6th approximation solution® on the surface of a sphere of fixed radius, ie. s

is fixed and #=0. A plot of the variation of the amplitude of ¢ with respect to the
central angle 8 between the 2 electrons as viewed from the nucleus is given in Fig 1.

The wave function amplitude goes through a minimum at 8=0, which corresponds
to the point r;=0. The wave function amplitude has been normalized to its value at

8=180¢, which corresponds to the 2 electrons being on opposite sides of the nucleus.
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Since the wave function amplitude at these two points is not much different, the
figure shows that the 2 electrons of the helium atom have substantial overlap; in
other words, if the electrons had the fusion capability of deuterons, they would fuse.

WAVE FUNCTION DENSITY/DENSITY AT 180°
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Fig 1 Amplitude of helium ground state 2-electron wave function on the
surfaces of 2 spheres for which s = constant. Values have been normalized
with respect to the peak values, which occur when the 2 electrons are on
opposite sides of the nucleus. Nature uses a cusp at r1; = 0 to compensate for
the infinite electrostatic potential existing at this condition. The values at
8=0 measure the degree of electron-electron ovelap. If the electrons had the
nuclear properties of deuterons, they would fuse.

. Wave Equation Sngular Points
The behavior of the 2 electrons of the helium atom is an illustration of the more
general behavior of particles in bound systems. The more general Schroedinger

equation for electrostatically interacting particles in an external potential Vey is

- h2/2m 2. 7i2 + 2. € /1y+Veu] Qs 1.1N) = E O 5,12 1)

i ij
wherery = In-1l.

The 2 / 1ij terms in the wave equation go to @ at r;; =0. However, because the system
is bound, the eigenvalue E is always finite (and less than zero). This means that
both the right and left sides of the equation must remain finite. (For unbound

systems, E need not remain finite.) This means that at r;=0, because e /rjj > ®

either O 1y, TN) =0 or ZVi-’- ®s = . In the latter case Qg . Tn) has a
discontinuous derivative at Tij = 0, ie. the wave function has a cusp at 1y = 0. In
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practice Nature (i.e. energy minimization) makes use of both possibilities. If the

kinetic energy terms -h2/2m Z‘?iz @ s(r;) dominate the energy balance, Nature uses
cusp solutions; if the potential energy terms dominate, Nature zeroes the wave
function at ry=0. However, the situation for nuclei in molecules is different than
for electrons in the helium atom. For nuclei in deuterated molecules m is the
deuteron mass mp, instead of the electron mass me used in the He solution. This
reduces the importance of the kinetic energy terms by a factor of 3600. This
reduction makes the potential energy term dominant. Nature then zeroes the wave
function and no fusion is possible. (This condition also applies to any possible
interstitial D, configuration.)

Since interstitial occupations of a metal lattice by D; are unable to fuse, the cold
fusion heat observations require that the D be in some other configuration. We
now show that when D+ is in a delocalized configuration, such as a Bloch state, then
overlap can occur and fusion becomes possibie.4

Bound Siate Systems Containing Band State Ions

The physics of bound solid state systems depends on the same laws as the physics of
molecules. If one considers a Bloch state D* population in a microscopic crystal
resembling an atom cluster, no D*-D* overlap can occur because the potential energy
coulomb repulsion term in the wave equation dominates the kinetic energy term in
determining the magnitude of the correlation terms in the wave function, just as it
does in normal D; molecules. On the other hand, Bloch states have the important
property that their amplitudes are periodic functions of the underlying lattice. This
means that in a periodically ordered lattice, if the band state D* ions are spread out
over successively larger crystal sizes, ie. if N is increased, the amplitude of each
single particle wave function decreases, and the importance of the wave equation
coulomb repulsion potential terms decreases relative to the importance of the
kinetic energy terms. As shown below, this behavior means that wave function
overlap occurs and fusion becomes possible.

To pursue our argument let us first look at the potential energy reduction that
occurs as a result of introducing nodes or cusps into the wave function in order to
reduce the amplitude of the wave function when r;=0. The particle-particle

avoidance interaction reduces system potential energy by A Epot

AFpor = 1/2 [[@ 10 cont®12 | O on() 12/ I -] dircir’
-12[[210m1210@12/ Irrl drar

where within the many-body wave function
O is a single particle Bloch function without correlation terms, and

O corr is a correlated single particle function that also possesses Bloch function
symmetry but is derived with rj; avoidance terms (which results in dimples:
nodes or cusps).
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The particle-particle avoidance increases system kinetic energy by AEge

AExe= H2/2mp [VO*on VOcor dr - #2/2mp [VO* VD dr

where
VO is the gradient of the wave function without correlation terms, and

¥V O corr is the gradient of the correlated wave function with 1 avoidance
terms (nodes or cusps).

With increasing Ncey both 1®12 and 1V ® 12 decrease as 1/ Ny Since on a per unit
cell basis AEpoy & |14, AEpqt decreases as1/Neen?,. In contrast, AFge & [0 12,

Then, at large N it follows that AEg, dominates AEpo. This resulting dominance
of kinetic energy over potential energy in the part of the wave equation controlling
particle-particle avoidance means that total energy is minimized in a similar
manner to the way kinetic eneregy dominance leads to energy minimization and
overlap of the electrons of the ground state helium atom. As a result the many-
particle energy-minimizing wave function has only a small amount of correlation
wave function curvature, and has a shallow cusp at r;=0, i.e. particle-particle overlap
is almost complete.

As discussed in the next paragraph D* ion band state fusion energy is released in a
distributed fashion. The comparison between the D* ion band state picture
including nuclear energy release and the situation involving the balance between
kinetic energy and coulomb repuilsion between electrons in the helium atom is
especially meaningful provided the distributed nuclear energy release per unit cell is
of the order of the characteristic D* vibration energies, which are in the 001 to 01 eV
range. Since the distributed nuclear energy release = 23.8 MeV/Ncgy, this
requirement is that Neejy >~108. Since the kinetic energy term in the wave equation
relative to the potential energy term is reduced by the order of 104 in going from the
electrons in the helium atom to D in the D; molecule, the value N =108 is much
greater than that needed to meet the requirement for D*-D* overlap. Thus with
Neen =108, the essential overlap requirement for D+-D* fusion is satisfied.

Why Ion Band State Fusian Is Radiationiess

We now consider why D* ion band state fusion produces no y-rays or energetic
particles. Interaction between band state occupations makes only a small amount of
nuclear energy available in each unit cell. This is because, when both the reactants
and products of the potential nuclear reaction occupy band states, only a small
fraction of each reactant and product is located in each unit cell, meaning that only a
small amount of each reaction occurs in each unit cell. In contrast, high energy

particle and Y-ray emission requires concentration of the available energy into a
small volume. At the near room temperature conditions used in cold fusion
studies concentration of the available energy into a single unit cell by incoherent or
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coherent processes is statistically impossible because of the large entropy cost
associated with accomplishing this process.

Where the Energy Goes

The small amounts of energy made available in each unit cell by the

2-D*pand = 4Het*pang reaction should be able to excite phonons, either thermaily
(through residual electron-ion interaction), or at the boundaries of the lattice where
periodic order is lost. The large density of states that is provided by these processes is
responsible for making the nuclear reactions irreversible. At low temperature,
phonon generation occurs primarily at the boundaries of the crystal lattice, where
periodic order is lost. In these regions, the electron-ion interaction is dominated by
the requirement that the “spill-out" dipole layer associated with electrons near the
surface and the surface ion band states adjust themselves in 2 manner that is
consistent with Gauss's law and the applied electric field. (In the surface region, as
opposed to the bulk, it is possible for a net distribution of charge to be present
because there exists a net electric field flux into and out of this region)

Although this readjustment process is dominated by the behavior of the electrons
and the associated electron-ion interaction, it is possible to identify a prospective
ground state ion configuration in the surface region that is consistent with the
arrangement of electrons. In particular, at the surface, although three dimensional
periodic order is lost, at low temperature, it is plausible (depending on loading
conditions) that two dimensional order (defined by the lattice structure in planes
parallel to the surface) will be present. Then, the same kinds of ion band state (as
well as electron band state) considerations apply except that Bloch symmetry in this
case applies only in directions parallel to the surface. In directions normal to the
surface, each wave function is smoothly matched onto the appropriate solutions of
the Schroedinger equation. The result of this construction is that each bulk-like
(electron or ion) band state smoothly matches onto a surface state which possesses
two-dimensional Bloch symmetry in the surface region (where the net electric field
flux is non-vanishing), and exponentially decays in directions normal to the surface,
in a manner similar to the exponential decays that occur in all negative kinetic
energy region solutions associated with the bound state Schroedinger equation.

In the extreme low temperature limit it is plausible that the dominant phonons will
result from extreme long wavelength acoustical phonons in which large portions of
the bulk lattice effectively resonate with respect to each other. This is because these
phonons, which can be generated through small fluctuations in the electrostatic
zero ( by the average value of the chemical potential), 1) are the most sensitive to
the smallest variations in charge in the surface region, and 2) can also result from
the large density of states associated with intermediate "horizontal" (or UmKlapp)
processes, in which the lattice (or a large portion of the lattice) effectively recoils as a
whole. An additional possibility is that long wavelength optical phonons will be
generated through the volumetric stress associated with each fusion. Although it
might appear that the possible modes of energy release associated with these optical
phonon processes would occur with higher energies (and temperatures) than the
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ones associated with long wavelength acoustical phonons, each fusion includes an
effective softening of the ion band state in the zero-point motion of the ion band
state material (owing to the larger mass of the 4He** product).

Ion Band State Matter as a Matter Feld within a Hast Lattice

Limitations on cold fusion possibilities are determined in major part by limitations
on allowed final state wave functions. To the extent that the coulomb barrier terms
in the many-body wave function have vanishing amplitude, the ion band state
approximates a non-relativistic quantized matter field® restricted to a finite volume
Vxtal. For a D* band state population the quantum of mass is 2 AMU, i.e. the matter
content of the field can only increase or decrease in discrete steps of 2 AMU. Within
the matter field there is concurrent action at a distance, as required to resolve the
Einstein, Podolsky, and Rosen® argument against the completeness of quantum
mechanics. An important point is that the ion band state picture only makes sense
if the ion bands remain occupied for a sufficiently long period of time relative to the
required time necessary for nuclear reaction to proceed. For this to occur, each
nucleus that occupies such a state must effectively dissociate from its own electron
(as well as the remaining electrons) over a time scale that is short with respect to
times associated with electrostatic processes, but long relative to nuclear process
time scales. This requirement places important constraints associated with the
underlying electronic structure on the kinds of environments where ion band state
matter will form in a manner that will allow for appreciable nuclear reaction to
occur.

The physical system includes the crystal interior lattice, the crystal surface boundary
region where periodic order is lost, the interior D* ion band state matter field, and
the matter field's surface stress region within which the band state matter wave
function transitions into a decaying exponential, associated with the negative
kinetic energy region outside the solid. The final state consists of bulk-like ion band
state 4He**, which depending on the temperature and degree of crystalline order in
the surface region, may match onto any of a variety of functional forms in the
surface region. In the extreme low temperature limit, as mentioned above, the ion
band states can match onto localized surface states provided adequate crystalline
order is present in planes parallel to the surface. An interesting point about this case
is that these ion band surface states in principle can couple coherently to electron
surface states (occupied by the host electrons as well as by the injected electrons that
accompany the ion band state D*) in a manner that could preserve Bloch symmetry
in planes parailel to the surface. The significance of this form of coupling is that
neutral or ionized 4 He could be ejected from the solid in a coherent manner,
leading to a Bragg-like diffraction pattern, reminiscient of the diffraction patterns
that are observed in low-energy 4He scattering experiments. In all cases, the large
strain energies (and propensity for cracking, etc) associated with multiple
occupation of a unit cell by either D or He in a non-ion-band-like form, inhibit the
final state 4He™* from occupying or coupling to non-ion-band-state 4He in bulk
regions. This is the justification for the prediction that we made47 prior to the
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experimental measurements3? that the 4 He product should be found primarily at
low energy and in regions outside heat-producing electrodes.

In the above picture there is no intermediate observable state between ejection of a
normal 4 He** product and annihilation of 2 deuterons in the matter field. The
normal astrophysical factors affecting fusion rate apply. The D*-D* — 4 He** reaction
would be restricted only by the requirement for anti-parallel spins, which, in most
cases, reduces the reaction rate by a factor of 3. This last reduction factor would be
reduced in a situation in which band state D* is preferentially prepared so that spin
populations of opposite spin are equally occupied. An interesting point is that by
introducing a constant magnetic field H (or a constant magnetic field H
accompanied by a perpendicular oscillating magnetic field, as in standard NMR
measurements), it is possible to enhance both 1) spin allignment in directions
parallel to H and 2) anti-alligment of spins in directions perpendicular to the field.
It is also interesting to note that the creation of 4 He** in ion band state form
provides a source for reducing magnetism (since 4He*+ is non-magnetic while the
feedstock ion band state D+ is magnetic) in a delocalized manner that preserves
periodic order. We have also shown#10 that for low 4 He** concentrations, the
fusion rate is proportional to the concentration of final state 4 He**. As discussed
below, it also is true that reductions in periodic order inhibit fusion. Together these
observations suggest that the process of creating 4He*+, which is enhanced by
preferentially preparing the feedstock D*in a form in which equal populations of
anti-parallel states are occupied, may help to preserve both crystalline and magnetic
order in a manner that may further enhance the fusion process.

As discussed in part 2, the above picture conforms to the requirement of Born-
Oppenheimer separability of the fast nuclear reactions with respect to the slower
electrostatic interactions that affect only the center-of-mass coordinates. The
nuclear/ zero-point-motion volume ratio Vy,./Vzp enters in as described in our 1991
Fusion Technoiogy paperd. In contrast, reactions of the type H*-H* going to a
deuteron by electron capture or positron emission with emission of a neutrino
would probably be excessively slow due to the required weak force interaction.

2. D* Ion Band State Fusion

Exotic Sitnation, Not Exotic Physics

The arguments presented above show that cold fusion is not the result of exotic
physics; instead it is mainstream physics applied to an exotic situation that can only
occur inside condensed matter. It is the result of the formation of exotic types of
compounds, wave-like occupations of energy bands, which become allowable when
chemical thermodynamic conditions support their formation. We have suggested
several types of compounds that could include such ion band state occupations,
namely, PdDj.5 AgDs or NiDs;. However, the designation PdDj.s should not be
taken too literally. Although it describes conditions that might allow ion band state
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formation at low temperature, some D+ ion band state occupation will occur in PdDy
with x<1 even at low temperature. The cause of such occupations is the entropy
term in the chemical potential associated with eccupation of a fixed number of
interstitial sites!l This term forces the chemical potential for D absorption to
become infinitely positive before the value x=1 is reached. Equally important, at
finite temperature, some occupation of the band state would occur at x<1 even if the
_ entropy term were not included. (Band state occupations are only required to occur
over some finite lifetime that is considerably shorter than the typical time-scales
associated with the dominant thermodynamic processes. Band state occupations
occur only over a finite volume Vi, Where Vyi,j can be a sub-volume of the entire
crystal) The temperature dependence of excess heat production reported by
Storms!2 suggests an energy of activation of ~15 kcal/mol for populating the heat
release state, which we assume to be the band state. The proper designation for the

palladium deuteride that supports fusion is PdDj1-y+5, where n(T) << 1.

The exotic character of the D* band state matter state is shown in part by the
very small concentration of ions required for the production of measurable heat.
Calculations indicate that an occuption density of ~10~7 band state D*/unit cell is
sufficient to explain observed heating rates. Moreover, there are limitations on the
top end values of x that are compatible with heat production. A population of

4 >10-3 may be sufficient to force occupation of the Pd tetrahedral interstitial sites in
PdDy, which may destroy the periodic order needed for power production. The

range in values of x that correspond to these  limits may be quite restricted. The
drop in resistivity observed by McKubrel3 in PdD, once x exceeds ~0.73 is a
qualitative measure of lattice order. Only the portion of D absorbed into Pd that
increases ordering is important to the band state fusion process. Hydrogen uptake
measurement of x can sometimes be misleading since other non-productive means
of containment of D exist, e.g filling of interstices, occupations of tetrahedral sites
in octahedrally loaded metal, and possibly some kind of LiD,Pd alloying. Another
important factor affecting ion band state formation in the different metals is host
electronic structure.

Experimental Evidence for the Existence of Band Slate Hydrogen

Although D* ion band state matter may be considered exotic, 2-dimensional ion
band state matter is known to be present in H and D adsorptions on the surfaces of
transition metals. This idea has been used to explain the vibrational spectra
dependence on H- and D- coverage in the adsorptions of H and D on Cu(110) and
Ni(100).1415 Jon Band State occupation potentially can be used to explain the huge
diffusion lengths of D and H in many metals.

Kdale of Hectronic Structure

An important aspect of ion band state occupation and the implications of ion band
state occupation to cold fusion, that we have not emphasized in the past, is the role
of electronic structure. Normal chemistry at room temperature inherently favors
neutrality (or approximate neutrality). It is well known that this is true in the solid
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state and this fact has been the cornerstone for understanding a large number of the
cohesive, chemical, and electronic properties of solids. For this reason D* ion band
states can become occupied and ion band state mediated fusion can occur only if
specific conditions associated with the underlying electronic structure are fulfilled.
1) Sufficient periodic order must be present for a sufficiently long period of time.

2) Deuterium and host electrons must dissociate from D* band-state matter on time-
scales that are long compared with those required for fusion through nuclear self-
interaction. 3) D* band-state matter must distribute itself in a sufficiently diffuse
manner as a result of interactions with the host lattice.

In the case of Pd and PdD, we know from neutron diffraction experiments!6 the
structure of PdD, the presence of crystalline order, the location of the D, and its
characteristic zero-point motion radius, which is relatively large (~02A). We know
from the excellent agreement between a number of first-principles ab initio
electronic structure calculations!? and photoemission experiments!8 even some of
the more delicate aspects of the associated electronic structure of both Pd and PdD, to
a fair level of precision. Thermodynamic modelingll, and electronic structure
calculations in particular, show that in PdDy as x is increased from values below 0.7
to unity, chemical bonding involves important hybridization between bonding 4d
states and anti-bonding 5s states provided by the Pd.

In the case of the PdD;, s that we have suggested is relevant to cold fusion, within

the bulk, in each unit cell the concentration (=3) of ion band state D+ is balanced by
an equal concentration of electrons (which also occupy band states). The
assumptions that both the D* and the electrons may fractionally occupy band states
in this manner is not only consistent with the known laws of solid state physics, it
is consistent both with thermodynamicsl! and with the electronic structure
calculations 17. In particular, Wicke and Brodowsky!! have summarized the
behavior of the chemical potential with respect to changes in D-loading. Their
figure 3.11 shows that large lattice strain energy costs are associated with
D-occupation of a Pd unit cell when x is small, from which one concludes that huge
lattice strain energy costs would be associated with D-occupation of a unit cell by

more than one D in the limit that x=1+6 in PdDx, This result essentially is tied to
the dominant Pd-to-H bonding-anti-bonding features associated with the 4d-5s
hybridization identified by Papconstantopoulos el ali?.

An important point is that it follows from a minor generalization of local density
theory!? (which provides the basis of these calculations) that, when & is sufficiently
small, as D is loaded into PdD to form PdDy. s, the energy associated with the

accompanying additional concentration (8) of electrons is minimized provided 1)
these electrons fractionally occupy the lowest unoccupied states (immediately above
the PdD Fermi level), and 2) variations in electronic structure associated with these
fractional occupations does not alter the density of ion band state deuterons.
Although it is not rigorously necessary to impose these last two constraints, it does
follow rigorously that they provide a means of constructing a self-consistent local
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density approximation method for determining the ion band states in the limit in

which 8 becomes infinitesimaily small. This minimization of electronic energy
requires that the added D* be in a band state.

Additional results of Papaconstantopoulos et all7 suggest that variations in
electronic structure associated with fractionally occupying new states immediately
above the Fermi energy Eg of PdD probably would not appreciably affect the ion band
state densities that we have used previously?0 , nor would the densities differ
importantly from those that would resuilt from self-consistent local density
approximation calculations carried out in this fashion. These earlier ion band state
calculations were carried out using minimum uncertainty wave packets of a
characteristic size defined by the known!é zero-point motion volume of D in PdD.
Papaconstantopoulos et all? have shown that, as a result of the 4s-5d hybridization
discussed above, near Eg electron occupation involves anti-bonding 5s-like states
primarily in regions in the vicinity of Pd ion cores, and only a very smalil (~0.1 e),
predominantly s-like electronic charge is found in the vicinity of the octahedral site
zero-point-motion volume in which deuteron cores are known to bind to the solid.

Both results indicate that effectively D* ions do dissociate from host electrons on
time-scales that are large enough to allow for fusion to occur. In particular, in ref.
21, we have used the minimum uncertainty packets mentioned above to determine
meaningful bounds on the electrostatic ion-ion self-interaction, which we find to be
~ 1017 second. This value, which is the rate-limiting effect associated with the
coulomb repulsion between potentially interacting D+, is much smaller than the
time-scales (~1014 s) associated with the 10's of meV bandwidths characteristic of the
coupling between D* and electrons in PdD. This value is also considerably larger
than the typical time-scales (~10-22 s) associated with nuclear self-interaction.

It is worthwhile noting in passing that it is possible to consider generalizations of
the above picture associated with relaxing the restriction (implied by local density
theory) requiring that variations in ion band state density become independent of
variations in electron band state density. This restriction applies rigorously for the
ground state wave functions provided electron-ion-band-state correlation effects are
not present that could lower system energy. Although in the extreme low ion
concentration limit, these correlation effects must become unimportant, it is
possible that, at finite ion band state concentrations, electron-ion pairing
mechanisms could lower system energy in a manner similar to the way pairing
between electrons through phonon coupling to the lattice lowers system energy in
the formation of Cooper pairs. Waber?! has identified this possibility and suggested
potential nesting features in the Fermi surface associated with the fractionally
occupied electronic states that could trigger these forms of correlation.

Transistor vs Vacuum Tube Thinking

To visualize the cold fusion process one must adopt a different mode of thinking
relative to that employed in hot fusion and conventional nuclear physics. In hot
fusion one thinks in terms of collisions between randomly moving ions. These
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collisions are analogous to the electron-electron collisions that electrons undergo in
the electron cloud surrounding the hot filament of a vacuum tube. To visualize the
cold fusion process one must switch from thinking about the localized discrete
particles encountered in "vacuum tube thinking" to thinking in terms of the
collective action of the delocalized wave-like “particles" existing in semiconductors,
ie. to "transistor thinking". Once an individual D occupies an ion band state, it no
longer is located in any specific unit cell. It is located everywhere. This is analogous
to the behavior of electrons in metais. Potential interactions and modes of
interaction are altered dramatically. More importantly, the coulomb barrier idea of
particle-particle Gamow theory is replaced by the correlation properties of the
many-body wave function.

How Ion Band Siate Nudiear Reactions Occur

The physics of collectively interacting wave-like ions has substantial implications
with respect to potential nuclear interactions. Under the rules of solid state physics,
cold fusion can occur as a transformation of wavelike deuterium into wavelike 4 He.
As previously discussed4710, the energy release from the transformation involves
no high energy concentration, and no high energy particles are emitted. The
nuclear interactions are governed by a self-consistent, non-relativistic quantum field
theory that we have named Lattice Induced Nuclear Chemistry (LINC)?. LINC is
based on ordinary non-relativistic quantum field theory as it should apply to an
indistinguishable collection of ion band state D (also called a Bose Bloch

condensate) corresponding to the small band state concentrations 8 of D+ associated
with the PdD1+5 AgDs and NiDs compounds. Energy is minimized through
elimination of lattice stress and by the occupation of uncorrelated many-body wave
functions that are constructed from single particle ion band states. The resulting
potential nuclear reactions preserve the requirement that the locations of both the
potentially reactive D and the reaction products cannot be determined on the time-
scales associated with maintaining periodic order.

imer Separability and Selection Rules of LINC
Through LINC, transistor-like (i.e, distributed solid-state-like) as opposed to
vacuum tube-like (collision dominated) rules about particle overlap and transport
become valid. The mathematical basis for this is provided by the underlying
assumption of LINC and its reactions: reactions and overlap can occur provided the
dominant electrostatic interactions are between the lattice and the center of mass of
potentially nuclearly reactive nucleons, and not between the individual nucleons.
This limit can occur when amplitudes of the ion-ion correlation terms in the many-
body wave function become small, and provided the time-scales for nuclear
reaction are very much shorter than those associated with electrostatic interaction.

When the time-scales for particular nuclear processes are very different than those
associated with the motion of the nucleus within an applied electrostatic field, it

then becomes appropriate to write the wave function of the nucleus as the product
of a rapidly varying function that describes the motions of the individual nucleons
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within the nucleus relative to the center of mass r.,, multiplied by a more slowly

varying function that describes the center of mass motion of the nucleus with
respect to the applied electrostatic potential. This factorizing of the wave function is
referred to as Born-Oppenheimer separability. This assumption holds rigorously
provided the time-scales associated with the center of mass maotion and the motions
of the individual nuclei always remain very different. This representation applies
to the initial state provided the center of mass mation of each D* is well-described by
a band state. Expressed in terms of the separation coordinates of the protons and
neutrons in p-n pairs (rn—rp), the wave function of each deuteron is given by

O( T, Tp)= ‘Pnuc(rn-rp) ¥ hang(Tem) ,

where ¥ nuc is the rapidly varying nuclear wave function that describes the

probabilty amplitude of finding a proton or neutron within a small volume

centered about the center of mass, and r, and H respectively are the locations of the

proton and neutron.

The assumption of LINC is that this form of Born Oppenheimer separabilty applies
rigorously as a function of time in all multi-particle fluctuations (governed by the
underlying field theory) that are consistent with the requirements that the nuclear
and electrostatic time scales associated with these fluctuations remain very different.
This means that at any time during the reaction the final state must be
representatable in 2 Born-Oppenheimer separable form:

O(ry,tpy) = ¥ nu c(r1 TemeTm Tem) T band (Tem) ,

where ‘Pnu c(rl'rcmr-----'rm‘rcm) now describes the nuclear (multiple-nucleon)

wave function. In refs. 7 and 10, we have derived important selection rules
associated with this constraint. In particular, the constraint automatically rules out
a large number of potential reactions. This is because the constraint is only
meaningful provided 1) zero-point motions of the center of mass of potentially
reacting nuclei are sufficiently large both during and subsequent to the reactions,
and 2) these center of mass motions must remain independent from the motions of
the individual nucleons at all times during the reaction.

Because nuclear reactions between closely separated nucleons are always
independent of the absolute location of the center-of-mass, there exists an important
symmetry which insures that the final state representation is meaningful since it
preserves this symmetry. Because of the requirement that the zero-point motions of
the center of mass must be sufficiently large, the limitations of the representation
are closely tied to the underlying electronic structure. Using reasonable wave
functions, based on known values of zero-point motion for D in PdDy, we have
estimated in refs. 7 and 20 suitable bounds for the electrostatic self-interaction and
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nuclear self-interaction, where we have shown that separability can be expected to
apply for a 4He product.

Perhaps of greater significance is the following: The assumption that Born-
Oppenheimer separability must be maintained in the final state and during all
intermediate states involving multi-particle fluctuations associated with band state
overlap leads to an important selection rule. Beginning from a state consisting

entirely of D* jon band states, the many-nucleon portion of the final state wave

proton-neutron pairs.

As we have shown in ref. 10, this rule is based on rigorous requirements associated
with constraining the governing field theory so that the nuclear and band state
wave functions evolve independently from each other. We have demonstrated this
using the defining constraints of canonical quantization (using Poisson Brackets)
associated with the problem of constructing a field theory that maintains Bomn-
Oppenheimer separability starting from an initial state consisting of ion band state
D*. We have previously used the terminology?20 "bosons in and bosons out" to
refer to the resulting selection rule that proton-neutron pairs cannot be broken. 20

The presence of unpaired proton-neutron pairs, or of unpaired protons or neutrons,
in the initial state requires that this rule be modified. In ref. 10, we have discussed
these modifications. The resulting selection rules and reactions associated with
LING both when either unpaired protons and neutrons are and are not present, are
summarized below.

Many-body Wave Function

The initial state many-body wave function is constructed from a summation of
terms. Each term consists of a product of all of the single deuteron wave functions
in which each deuteron is assigned a specific location. The summation imposes the
required particle-exchange symmetry, ensuring that the many-body wave function
describes indistinguishable bosons. Because of Born Oppenheimer separability,
automatically, the summation of terms can be factored into a product consisting of a
single factor derived from a subproduct of the localized wave functions (¥ hue)
muitiplied by a sum of terms associated with the slowly-varying band state D*
many-body function. (Because of Born Oppenheimer separability, the effects of
particle exchange symmetry of the entire many-body function appear only through
the many-body band state wave function) Band state D* matter has magical
properties that are implicit because of the exchange symmetry that is embodied in
the many-body band state wave function. Because each single particle band state
wave function has Bloch function symmetry, when the many-body band state wave
function becomes occupied, the lattice strain (associated with injection of non-band
state D into the host) vanishes. For this reason, this function minimizes system
energy in crystals that are sufficiently large, when the number of band-state D+ is
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much less than the total number of unit cells, and the band state D* remain
uncorrelated.

This many-body wave function can also be written in a "vacuum tube-like" form,
based on a particle-like (Wannier state) representation. The resulting description is
characterized in a manner involving particle-like occupations (involving whole
numbers of D*), in which each occupation is transient and possesses a finite life time
At. Specifically, AE-At~h, At~10-16 s. The particle-aspect of the matter field's
behavior is shown in the Wannier form (analogous to an inverse Fourier
transform) of the many-body bosonic wave function4

ND Neel
¥ (e,n = 0/ Nob2 Z (/N B2 { TT Z o ,tx,,) explik, Ry J

{rm } m=1 s=1

Here {r,} means the sum is over all products in which distinct pairs of particles are
exchanged. All terms are of the form

D 121(r11) D 64177 D 18214(Tag0) D 2107(T396) = D g7 (ryg )~

Each term contains Np factors, where Np is the number of deuterons in the many-

body band state. There are Np! (Nceu)ND terms in the wave function. In the many-
body wave function the deuteron index never repeats, but the unit cell index may
repeat. The expansion contains terms that correspond to zero, single, double, triple,
etc. occupations of specific unit cells. The existence of multiple occupation terms
reveals that D*-D*, or D*-D*-D*, etc. overlap can occur. In other words, the algebraic
properties of the many-body wave function imply that overlap occurs. The
underlying reason that this becomes possible is that in the localized, Wannier
representation, occupation of an individual site can become short-lived. Another
way of understanding this point is that in the "usual” (or vacuum tube) way of
looking at deuterons, they appear to be long-lived particles, while if a collection of
them occupy ion band states, this particle (i.e, Wannier state) picture can breakdown
because the lifetime of a "particle” at any individual location can become very short.
Underlying the resulting overlap process is this question of lifetime. If the lifetime
for electrostatic overlap (as a result of the band state occupation) is considerably
longer at a lattice site in this "particle-like" representation than the comparable
"particle-like” lifetime associated with nuclear decay, nuclear reaction can occur. As
a result, a variety of reactions become possible.

The 2-body Reaction
The number of double occupations of unit cells exceeds the number of triple
occupation by the factor 1/9, where 3 is the number of band state ions per unit cell.

10-17



Since 8 may of the order of 106, 2-body interactions are expected to dominate. All
the reactions involve delocalized D* ions and proceed as volume distributed
interactions. The first reaction step is a reversible coalescence of p-n pairs

2D+ 2 1He
The reaction is made irreversible by excitation of the lattice

4 e+ 1 lattice — 4 He + lattice

Helium is ejected from the lattice either as a neutralized surface species
1He* - 4He**surface

4He™surface +2e = 4Hesurface T

or (as discussed above), at low temperature, possibly as a Bragg scattered neutral
atom orion. The species in italics are delocalized configurations (Bloch states). The
surface ejection of He was predicted?7 before being observed8. In the 2-body reaction
overlap of p-n pairs allows nuclear fusion 2D = 4He: (As little as 0.3 ppm of
wavelike D* may be needed to produce 600 W/ cc. ¥

Mauttiple- and Mixed-body Reactions

Other interactions between band states includel0 the three body reactions
3Dt = d4Het+ + DF

and
2Dt +1HY » 3+ L Ly

where the small arrows indicate the relative directions of nuclear spins. The latter
reaction requires occupation of both deuteron and protium band states, and has been
suggested as a possible tritium-creating band state side reaction. In all the reactions
energy release is distributed over the lattice, only a small amount occurs in each
unit cell. (As applied to a proposed "normal" water reaction, concentrations of 107
D/Pd and 103 H/ Pd may be adequate to produce claimed heat.)

Predict
Predictions made before experimental verification include the requirement for ~1:1
D/ Pd ratio (McKubre et al, Kunimatsu et al}223, no appreciable radiation or
neutrons (many groups), and primay products being heat and low-energy 4He in the
outgases (Miles et al, Yamaguchi and Nishioka)8? Cracking overloading, and
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other processes that cause loss of periodic order should impede cold fusion heat
release.

Other predictions include: Reactions are fractional, involving infinitesimal energy
release in each unit cell. Energy is transferred to the lattice through coupling to
phonons, excitation of high frequency sound modes, inelastic scattering of products
with host electrons, etc. Lattice disintegration terminates heat generation. High
energy particle release may occur if periodic order is lost suddenly. Optimal heating
occurs when lattice disintegration is minimized, with energy release occurring
dominantly through extreme long-wave phonons caused by release of products in
regions where periodic order is lost. Reaction products are distributed at surfaces,
near cracks, at interfaces, and in the out-gases. At low temperature, lattice
termination and motion may induce nuclearly mitigated near-surface stresses,
leading to the potential for surface isotopic anomalies (Rolison effect). We interpret
these anomalies to be the result of stress imbalance and not a direct nuclear isotope
reaction. At sufficiently low temperature, if a single crystal is used, outgassing
products (primarily 4 He) will distribute themselves in the form of a Bragg diffraction
pattern. Also, we find410 that fusion rate is proportional to the concentration of
final state ion band state 4He**, suggesting that the reaction possibly has a "self-
triggering" mechanism, possibly consistent with a number of run-away heating
episodes that seem to have been observed!. We also findl0 that steady-state power
density should be proportional to current density.

Conclusion

There is experimental evidence for cold fusion which is difficult to explain away.
The poor repeatability is understandable in view of the nonequilibrium chemistry
required for creating PdD,, 5 and the problem of cracking due to differential
expansion during D loading. There exists a quantum mechanics rationale by which
release of fusion energy in a solid can occur without production of energetic
particles. This energy release requires the presence of delocalized wavelike D* and
involves a volume distributed reaction.
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Abstract

Boson condensation and the important selection rule "Bosons
in, Bosons out" were presented earlier as a means of predicting the
primary products of Cold Fusion and understanding how two deuterons
in a crystalline medium might fuse. An important connection with
superfluidity and superconductivity was stated, since all three
phenomena involve bosons. The Born-Oppenheimer separability of the
nucleonic and electronic functions was an essential ingredient of
the theory; the reformulation of the wave functions in the Wannier
representation is equally important here. The problem is recast as
a further modification of a BCS-Bose formulation of
superconductivity for high T_ materials as proposed by Fujita and
coworkers.

Treatment of Condensed Matter

There are two different approaches to treating condensed
matter and molecular physics. In the first, the "Heitler-London"
method of atomic eigenfunctions, one assumes widely separated atoms
so that a specific electron belongs to a specific nucleus. The
behavior of such an atom differs from that of an isolated atom
only inasmuch as it is modified by the local dielectric constant.
This 1is what Chubb and Chubb*® refer to as the "Free Space
Paradigm". Aside from certain inner core energy level problems that
can adequately be treated in this manner, a more proper
quantitative approach is based on the "Hund-Mulliken"
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approximation, namely, of closely spaced nuclei plus a collective
treatment of the electrons involved. An electron then is not
assumed to be assigned to a single nucleus, since it is acted on
by the force field of all the surrounding nuclei and electrons. The
mutual interaction between different electrons is treated as a
small perturbation. This is represented by the "band model". The
transition to the many-electron band model lies not in using an
inter-electron interaction but simply in filling the energy levels
of the one-electron problem with all the electrons which must be
accommodated in the crystal.

In order for the energy of a system of atoms assembled in
condensed matter to minimize itself, the corpuscular aspect of the
electrons is replaced by their wave aspect with the latter spread
throughout the solid. Consequently, (1) the 1locations of a
"particle" cannot be defined, (2) only a small fraction of any one
particle can be found within a unit cell of the material, and (3)
each nuclear reactions which may occur will do so at all of the
periodically equivalent crystalline sites.

The prerequisite boundary condition of the solid state model
is that the system 1is periodic and the energy in the 1low
temperature limit minimizes itself with respect to changes in the
electronic structure. Each atom eigenfunction is split into a
quasi-continuous band and the splitting becomes greater as the
atoms become closer together. From the Bloch theorem, one obtains
a band spectrum of broadened states. Using Brillouin’s treatment
of an electron as a wave, it i1s understandable that for some
special wavelengths and propagation directions, the wave will
encounter Bragg reflections. Interference with the lattice leads
to reflection of an electron wave of exactly the same energy. But
the apparent degeneracy is lifted by the periodic lattice; Bloch
demonstrated that the discrete atomic levels are split into allowed
bands of energy which arise from the periodicity of the lattice
potential. Brillouin’s treatment shows that the continuous energy
of free-electron waves is further split into groups of forbidden
energy bands. The Bloch functions are time-independent.

When the energy of an electron approaches the upper band edge,
the condition for Bragg reflection is more nearly fulfilled and the
lattice potential reflects more of the incident wave in the form
of a reflected wave. When they become equal in magnitude at the
band edge, they form a standing wave and no propagation occurs; the
velocity of the electron under an accelerating field falls to zero
since the electron mass becomes negative (it comes from the Bragg
reflection of the lattice.) This at the heart of what Chubb and
Chubb? call the "“Solid State Paradigm."

In the Free Space Paradigm, particles collide with similar
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particles (or collision partners) - i.e., hydrogens with other
hydrogen molecules. In contrast, because of their wave nature,
electrons move unhindered and uniformly throughout a perfect
lattice. In practice, a lattice may not be perfect even at 0° K---
it may contain missing atoms, imperfections or impurities. The
electrons are scattered off these disturbances. At non-zero
temperatures, there is an additional type of "collision partner."
Density changes occur in the lattice and these are treated as
acoustic and optical vibrations, called phonons.

Local, inhomogeneous electrostatic fields bind the deuterium
atoms into the palladium deuteride lattice and 1lattice-induced
broadening occurs. So, in contrast to the free space situation, the
nuclear charge is broadened. Further, many-body interactions give
it an effective electrostatic volume which is comparable to the
atomic volume since zero-point motion must be included.

The Coulomb interactions between electrons and the ion cores
are equal and opposite in sign. To a large extent, they cancel each
other out. If we take a specific electron, then it interacts with
the system of N ions and N-1 electrons; the system as a whole has
a net charge of +e. It 1s desirable to distinguish between two
types of condensed matter (a) amorphous or disordered and (b)
crystalline or ordered.

A rephrasing of the statement of Chubb and Chubb' is in order:
"Just as electrons cease to be point particles when they are
injected into a solid; so do particles such as deuterons."” Chubb
and Chubb also state that "...Just because a deuteron looks like
[and acts like] a particle in one situation ..." it need not do so
in other situations and ..." just because the energy from nuclear
fusion is released entirely in one place ..." in one situation, the
release need not be constrained or to be so highly localized 1in
another situation. It can occur, for example, throughout the

lattice as in the M&ssbauer phenomenon.

Electrons, or similar particles, when treated by the Bloch
theorem, are extended over the entire lattice and are in
equilibrijum. The important point is that the interaction strength
of any specific electron or particle is greatly reduced by the
screening of the N-1 electrons in the system.

Details of the Band Structure Model

In a crystal, there are energy levels E,(k) and associated
Bloch eigennstates. They are identified by a band index n and by
a wave vector k having three Cartesian components. Each such band
state has both 1 and | spins associated with it, so that each state
is at least two-fold degenerate. The Bloch electrons (or particles)
obey Fermi-Dirac statistics independent of any interaction between
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themo -

A denumerable set of Fourier components <G;> can be determined
from the lattice potential and each is labelled by a reciprocal
lattice vector G;. A further condition is that dot-product G;'R, is
equal to 2n x integer where R, is a distance to the n®™ atom in the
unit cell, i.e., a basis vector of the structure. An arbitrary
amount of momentum %G; can be given to any particle in the solid
(where % is Plank’s constant) but the momentum of a specific
particle is not conserved over a long time-scale. That is, the
solid as a whole can coherently adsorb an arbitrary amount of
momentum without altering the Fourier transforms of V... T he
band energies of V... are defined by a continuous set of
eigenvalues by the condition

E (k) = E (k+G,) (1)
The energy band is infinitely degenerate at each value of k.
Bloch’s theorem eliminates this huge degeneracy - that is, a single
eigenfunction @ for the n™ enerqgy band has the property

that
Psroen (ks r+R,) = @ (k, r) exp(ik°R,). (2)

The particle density can then formally be written as
n(r) = Lo [Pk, 1) (2 F(E,(K)) (3)

where F is a statistical weight factor, namely

e (1= (1B E K - WD), )
(kgT)
Here A= +1 for A corresponds to Fermi-Dirac statistics, (namely,
to the occupation of N, Fermions but only two per state - differing
by their spin. When A= -1, F corresponds to Bose-Einstein
statistics, (occupation of N, Bosons, i.e., to many bosons being in
the same state). A= 0 corresponds to Boltzmann statistics. The

chemical potential is p and k, is the Boltzmann constant. The Bloch
functions are time-independent.

Born-Oppenheimer Separability

An important ingredient is the Born-Oppenheimer separability
of the electronic and nuclear functions. For any deterium ion
located in the lattice at or near an s site, the nucleon wave-
function yw can be written as
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wnucleon(r -rcm) = wnucleon(r _rcm,s) e'el.ect(rcm,s) (5)

where r,, , = (r, + r,)/2 - R, is the center-of-mass of a deuteron
located to within a small radius of the center of the zero-point
motion in cell s.

The nuclear behavior is governed by the highly localized,
i.e., short ranged nuclear function ynucleon, and vanishes when the
range exceeds a few Fermis. Inasmuch as the internucleon force is
charge independent, one could have included the isospin function
C(t) as a factor in vy, which distinguishes between the two charge
states of the nucleons.

On the other hand, ©,,.. is a slowly varying function over a
length-scale associated with the electrostatic force between
deuterons in nearby cells. The electrostatic potential is periodic,
hence each vy can be approximated either by the single-particle
Bloch state ®g,.n(ky, r,) or by its Wannier representation ¥,(r,,T,),
These two forms of wave-function appear to be rigorously valid in
the limit in which the energy-scale of the nuclear interaction is
very different from the scale associated with the single-particle
electrostatic potential or its first order perturbations. Moreover,
the nuclear forces associated with the possible interaction between
two deuterons (in a boson condensate) within a common cell, are
invariant under a rigid translation of all the deuterons.

Without belaboring the point, Chubb and Chubb?,*,® have shown
that non-separable nuclear-electrostatic interactions are
prohibited. Since Y, y.n 15 @ Fermion field while ©,.. is a Boson
field, it becomes impossible to construct non-vanishing forms, when
these fields are quantized, in which both sets of functions (or
their complex conjugates) evolve independently of each other.
Consequently the short range nuclear wave-functions are constrained
to be independent of the electrostatic wave-function only during
an intermediate stage when the nuclear portions are constructed of
paired neutron-proton bosonic wave-function y,,. Recently Chubb and
Chubb® have investigated this question further using Poisson
Brackets and the condition for separability is even stronger than
initially supposed.

The calculation of Switendick’ inter alia® of the band
structure and of the charge on the hydrogen atom show that the
protonic model of PdD with (D*) 1is not more correct than the
anionic mode 1 with (D-). That is, when the content of deuterium
atoms in the compound approaches x = 1, principally anti-bonding
states are occupied and the H atoms to the first approximation
are neutral. The optical phonons bring about an ionization of atoms
into deuterons and excited electrons.
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Wannier Representation

It is illuminating to cast the wave-function into the Wannier
representation W, (r, R,) where each state is specific to a given
site and is normalized to the volume of the solid. Note that each
¥ is orthogonal to all the other Wannier functions centered on
different sites. The applicable formula is

Porocn (K, D) exp (-E(K) t/h) = (1/N;)*/2)" T,(r,Ty) exp(ik®R,) (6)

The summation runs over all the N, lattice sites. Because each
deuteron which occupies a band state is indistinguishable from all
others in like states, we can define a new cooperative state which
Chubb and Chubb’ calls a Bose Bloch Condensate or BBC. The periodic
order in PdD, leads to the BBC as a means of reducing the localized
lattice strain by allowing a small number of deuterium atoms
(injected into the solid by electrolytic charging) to occupy empty
band states. The Coulomb repulsion between deuterons is
uncorrelated (and overlap could occur at a specific site) on a
time-scale compatible with a nuclear reaction but too short to be
compatible with electrostatic processes. In terms of this particle-
wave *duality, a deuteron could appear particle-like on a short
time-scale but wave-like with respect to electrostatic processes.

The present treatment is in terms of both the time-
independent Bloch functions which spread throughout the solid and
their time-dependent Wannier representations which are localized
on individual lattice cells. The selection rule, "boson in,
bosons out!", is developed and leads to the conclusion that ‘He
will be the primary reaction product, rather than tritium or °He
which are fermions.

Fermi Surface and Band Structure of Palladium and Its Deuteride

The theoretical basis for interpreting experimental
measurements of the Fermi surface of a material is the collection
of E, (k) curves. In Figure I, such a collection is plotted versus
the wave vector k. The Fermi level is determined by summing all of
these energy states, taking into account the degeneracy p’ of each
k states (which can hold 2p‘’ electrons) until the number of
conduction electrons per atom is reached. In the present case, the
number is 1l1. In addition, one must keep track of the band index
n. Notice the shaded areas near points X and L in the Brillouin
Zone. These are unoccupied states at 0°K. They correspond to
pockets in the Fermi surface. The Fermi level corresponds to the
chemical potential u of adding an electron to the solid.
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COHERENT-POTENTIAL-APPROXIMATION CALCULATIONS

GY (Ry)

Figure I. A plot of the band structure of palladium
hydride, where the individual E (k) values are plotted
versus the wave vector k. Note that two shaded regions lie
above the Fermi Level. The labels on the horizontal axis
of the graph refer to high symmetry points in the Brillouin
Zone.
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The Fermi surface determination of Bakker et al.!® is based
on de Haas-van Alfen measurements for the hydride, the deuteride
and the tritide of palladium and one of these is shown as Figure
II.

Figure II. Plot of the Fermi Surface of Palladium Hydride
determined by Bakker et al. The cross section is on a (100)
plane passing through the zero momentum state I';. Note the
pockets in the X and L directions. The band index indicates
which sheet of the Fermi surface is involved, i.e., on
which sheet the unoccupied pocket lies.

The extermal cross-section (which is what is actually
measured) is indicated in this figure by cross hatching.

The effect of adding either of the hydrogen isotopes to
palladium is to lower the d-bands associated with the palladium as
well as to introduce additonal states below I, of the metallic
element. The former effect lowers the position of both the I,.. and
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I'), states relative to the Fermi level. The net effect is to lower
N(E;), the density of states at the Fermi level, as seen in Figure
IIT based on the calculation discussed in Reference 8.
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Figure III. Three Plots of the Densities of States of
Palladium Hydride for Different Hydrogen Contents, i.e.,
different x values. The lower portion of each graph is the
Partial Density of States of only the Hydrogen Atoms. Note
the shift of the Fermi level E. with x.
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Note that on the right hand scale, the number of electron is
given as a function of energy. The sum Y, N(k,) is shown in each
upper panel of the figure as a continuous line.

When more deuterium atoms are introduced into the f-hydride
PdD,, where x is approximately 0.67, they occupy octahedral sites -
for higher x values they may occupy tetrahedral sites as suggested
by Johnson!'. Each of these deuterons must have a wave function
solution of the Schrddinger equation of a bound particle imbedded
in a periodic electrostatic potential.

A further consequence of the lower density of states, is that
introducing more deuterium atoms can be "expensive." Because any
electrostatic energy must be overcome, only an infinitesimal number
of electrons can be added and these go in above the Fermi level in
the model of Chubb and Chubb. The "single particle" electrostatic
potential is a periodic function of the Bravais lattice vectors R,
which define the solid. That is

Velect(r) = Velect(r + Rn) (7)

The net charge of these pairs 2e(Q. + Q) is distributed throughout
the crystal and the electrostatic repulsion greatly reduced by
rearrangement of the electrons and ions in the bulk crystal. The
strain which occurs when two correlated deuterons try to occupy the
same site, i.e., compete for a common location, is minimized when
the small number of injected deuterons is distributed uniformly
over all the unit cells of the lattice. Clearly these solid state
energy and physical charge distributions differ radically from the
comparable free-space distributions of widely spaced nuclei. It is
important to point out here that this wave-function differs from
other many-boson eigenfunctions in which the bosons interact weakly
with each other, because these deuteron bosons, in contrast,
interact weakly with the periodic lattice potential.

The BBC many-body wave function for N, deuterons in band
states can be written as

WI(E)] = (1/N0)*2 Yiemy [k Poroen (Kns £) (8)

where the summation over (r,) includes the interchange of each
coordinate with the remaining Ny;-1 coordinates and the product is
symmetric as required for bosons. This, in turn, can be substituted
back into the expression above for ¥, . (k,r) exp(-E(k)t/%). The
resulting sum of products in which the Wannier index s of a cell
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in ®,(r,, T,) is almost never repeated- since N, « N,. However, a
small fraction of the terms contain products in which the cell
designator s appears twice. These terms contain a product of
cospatial eigenfunctions centered at the center of unit cell s.
They also involve the zero-point motion of the excited D' ions in
the 3-D potential well. Those cells labelled with a common index
have a double occupancy by deuteron bosons. The mere existence of
the overlap in such cells does not, in itself, lead to nuclear
interaction. The important point is that the BBC must evolve in a
quantum-mechanically controlled manner.

Chubb and Chubb estimate the fractional occupancy of a unit
cell by excited D' to be 1077 When the initial state is formed
exclusively from excited deuterons, all intermediate states prior
to energy release must involve an integer number of neutron-~proton
pairs. This leads to the selection rule!, "bosons in, bosons out!”
which prohibits the formation as primary products*? of tritons,
He, neutrons or protons --- which are all Fermions --- these
reaction products are known to occur in the Free Space Paradigm.
Reaction paths with n-p pairs have a large overlap with the initial
BBC. The normally large electrostatic repulsion between deuterons
in free space is substantially reduced when these excited species
occupy band states. The Chubb-Chubb theory!® applies to 0° K.

The BCS Theory of Superconductivity

Bogoliubov'*, working with the Froéhlich electron-phonon
Hamiltonian, used his method developed for superfluidity, and
independently derived the principal results and formulae of the
BCS theory. He showed that the creation of a pair of "virtual"
particles from vacuum, without phonons, had some unpleasant or
"dangerous" effects. The transition energy of such paired electrons
is small in comparison with the phonon energy %v. In the second
paper from Bogoliubov'’s group, there are small terms in the
perturbation operator (see eq. 17) of Tolmachev and Tiablikov®
which describe the creation of four particles from the vacuum. They
discuss the dynamics of electrons near the Fermi surface induced
by the electron-phonon interaction. The third paper by Bogoliubov*®
deals with diagrammatic methods to obtain the BCS equations.

Waber'’ discussed the connection between superconductivity,
superfluidity and cold fusion. He treated deuterons as bosons and

See Reference 6. 11-11



indicated the influence of phonons and rotons (which may be
appropriate for higher temperatures).

The BCS-Bose Formulation of Superconductivity

The connection is that superconductivity involves a sea of
bosons which do not interact with the crystalline lattice. If the
particle is in a field of phonons, a pair of Bloch particles can
interact by exchanging massless phonons and lower their energy.
Yukawa'®* pointed out that nucleons, either neutrons or protons,
would experience attraction by exchanging pions which are massive
bosons. It is a similar process here since band deuterons (spin 1
massive bosons) involve interactions with phonons (massless
bosons).

It is postulated here that near the Fermi Level, there is an
instability that is induced by the phonons which leads to the
formation of two Cooper pairs (i) a Cooper pair of electrons and
as well as (ii) the formation of Cooper-like pair?® of deuterons
(in place of the usual electron holes). Each of the D* ions has a
spin-paired (neutron and proton) in their band states.

bl 18,

Figure IV. Feynman Diagram showing the Two Cooper and
Cooper like Pairs. With momenta k., of the paired spins of
the electrons and k, of the pair of bosonic deuterons. The
optical phonon q is indicated.

If the distance between the centers of mass of either type of
Cooper pair 1s large, the effective Coulomb interaction is modified

11-12



by the Debye-Hiickel screened potential. The small Coulomb
interaction between the deuteron states (reduced by the electrons
and ions) further stabilizes the pairs.

One can infer good equations of motion diagonalized in a net
momentum gq. The Cooper pairs, both above and below the condensation
temperature T., move independently because the net momentum q is a
constant of motion. The wave functions A,(k,q) are coupled with
respect to q - this implies, according to Fujita and Watanabe that
the true wave function is a superposition of "electron pair" and
"hole (or deuteron, in our case) pair" plane-wave functions. The
conditions for the separability of the "superimposed" wave function
still applies (vide supra).

A compound semiconductor provides a medium in which optical
phonons can easily be virtually excited. Further, it is likely to
have more than one Fermi sheet so that the effective masses and
local curvatures can be different. The hypothesis of
supercondensation brought about by the exchange of massive bosons
may be checked by the sign of the isotope effect( which is known
to be anomalous in PdD,). The lowest frequency is n/a with a mass
dependence of M, /2.,

The Bose-Einstein Condensation temperature T2 can be
estimated in the following manner, given that the experimental
value of T ") for helium is about 2.2°K

T BB (PR (Ppap) 273 (Myge)
TCBEHHQ) ( p4He (MD )
= (10* g/L /(0.2 g/L)??® x (2)
= 2,700 (9)

so T. is approx. 6,000 K. Here p is the density.

Fujita’s theory accounts for the coherence distance of the
electronic Cooper pair in high T .materials being about 10 A instead
of the familiar 10,000 A for conventional materials. However, the
coherence length A is mass dependent; thus A is further reduced
because of the heavy deuteronic bosons. Since a deuteron weighs
more than 3,000 electron masses, the value of A becomes roughly 30
Fermis.

Requirements for Applicability of the FW Model .
An important condition for "cold fusion" using this model 1is
that the Fermi Level of occupied states must be in the immediate
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vicinity of the Brillouin Zone boundary. That is, one possibility
is that the lattice is fully loaded and essentially stoichiometric,
i.e., x = 1 £ 0. Recent experimental evidence by the IMRA group?‘
suggests that x > 0.8 is adequate for Cold Fusion. It is
interesting that the Density of States at the Fermi level, namely
N(E;) or chemical potential p falls to a minimum as a function of
X near x = 0.85 as shown in Figure V.

- "t(EF) {states/Ry-spin-unit cell)

1 3 14 —

(o} 0.2 0.4 0.6 0.8 1.0
x H-CONCENTRATION

Figure V. vVariation of the Chemical Potential u as a
Function of the Hydrogen Content. (After Reference 8)

The chemical potential is the partial molar free energy of an
electron at the highest occupied electronic level. The implication
of this graph is that it costs progressively less energy to add an
occuplied electronic state at the Fermi level as x, the number of
hydrogen atoms, is incorporated into the lattice until x becomes
approximately 0.85.

Several ab-initio band calculations have shown that in such
a case bonding occurs via anti-bonding states and these are
associated with the hybridization between the s-electrons, provided
by the additional deuteriums, and the 4d plus 5s states, provided
by the metal.
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Fujita®' and Fujita and Watanabe?? postulate that the Coulomb
interaction generates a correlation among (but not between) the
pairs of negative and positive charges. Because of the low density
of states of the anti-bonding orbitals, the D atoms are only weakly
bound and undergo large zero-point fluctuations.

Fujita and Watanabe?®,?® point out that a requirement of
their theory is that there be one or more pockets in the Fermi
Surface where the density of states is high, and secondly that the
phonons involved in creating the two pairs be optical, rather than
acoustical.

The energies of the excited Cooper pairs form a continuous
energy band. Chubb and Chubb call these ionic band states (IBS) and
a Boson-Bloch-Condensate BBC can form in excited states above the
Fermi Level. In contrast to their assumption, the deuteronic
Cooper pair of the present theory has energies below the Fermi
Level, but they are still band states.

Fujita and Watanabe (who assume electron holes as the positive
charge carrier) postulate that the Coulomb interaction generates
a correlation among (but not between) the pairs of negative and
positive charge. They modified the BCS theory as stated elsewhere.
We have further modified their theory while retaining most of their
changes, by replacing the electron holes by deuterons. We will
label the electronic pairs with a subscript e and the deuterons by
d. The corresponding individual correlation strengths are called
Vaar Veer Veog and V4, and in the same vein, we have assumed that

Vaa = V.

ee

<Vde=ved (10).

It should be noted that these interactions which they assumed were
between fermions whereas the inequalities just cited mix fermions
and bosons. The energy gap constants (A,, A,) for electrons (and
deuterons) may be on different Fermi sheets and have different
densities of states N, (0) and N,(0)

The presently modified BCS theory has been constructed with
pairs of electrons (and deuterons) with opposite spins (kt, -ki),
and the two different momenta have been restricted to energies in
the narrow range of 0 to hw,, relative to E, or & (the chemical
potential) where w, is the Debye frequency. Fujita and Watanabe
lifted the BCS restriction of equal momenta. The two pair are
restricted to lie in a thin shell either side of the Fermi level
surface. While the energy difference is small, the effect of these
pairs is quite large. Fujita and Watanabe point out that permitting
unequal interactions and unequal momenta has some important
consequences. It is interesting, for example, that Type I, Type II,
organic superconductors as well as high T, cuprates can be handled
by the same theory.

One can infer good equations of motion diagonalized in a net
momentum q involving 5 which will be defined in terms of creation
and annihilation operators below. The Poisson brackets are
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[Hlﬁkq(e)7] = (E(e)k#’q + E(e)_k“!;) B(e)vkq
“Vee L "B - Ve I BT, (11)

and the bracket [H,bB, "] terms are equivalent for the excited
deuteron D'. The creation operator for the excited, non-zero
momentum Cooper pair is defined by

foq;- é*xn,uz; = CTk-H-:qt Cf-kﬁql (12)

Equation (11) shows the Cooper pairs, both above and below the
condensation temperature T., move independently because the net
momentum q is a constant of motion. The conditions for the
separability of the "superimposed" electron pair and deuteron
(bosonic) pair wave functions still applies. It should be noted
in passing that Chubb and Chubb are slightly vagque about the
electrons which are introduced by the ionization of the deuterium
atoms and which accompany the formation of deuterons in their BBC.
They say they go into the next unoccupied electronic state but do
not discuss pairing.

Phonons

Cho and Leisure?* observed, in addition to the usual Zener-
type of relaxation peak found in both compounds, a strong optical
phonon in the "alpha-prime" deuteride (x > 0.64) which was not
present in the hydride. These frequency dependent peaks are shown
in Figure VI.

They interpreted the larger peak, i.e., the lower frequency
one as arising from a longitudinal optical phonon propagating in
the [110] direction polarized along [001]. Also it was found to be
very persistent. The relevant Einstein temperature was 590°K. Thus
all the requirements of the FW theory are met.

Effect of Pions and Other Bosons

The exchange forces between electrons, i.e., the spin
information is conveyed by virtual photons. The exchange of
acoustical phonons between particles is long range since they are
massless bosons and the interaction is appropriate for Type I
superconductors where the coherence distance lies in the range of
1000 to 10,000 A. While acoustical phonons are probably extant for
the high T.,, they cannot account for the smaller value of lambda,
namely two unit cell dimensions. Optical phonons on the other hand
have the lowest energy and their wavelengths are of the order of
lattice spacings. The attraction generated by the exchange of
massive bosons is short-range like the nuclear forces between two
nucleons discussed by Yukawa’®. More generally speaking all the
possible causes for pair attraction should be examined. The
presence and exchange of pions has been overlooked so far. Kenny?’
points out that the attraction caused by the exchange of these spin
0 bosons is seven times that of the nucleonic constituents. He
has presented a table of several reaction paths.
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The effect of the pion exchange is to stabilize the deuteronic
bosons and despite any strong repulsive effect of the deuterons
being 50 Fermis apart, the exchange will bring them close enough
that they will fuse.
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Figure VI. Plot of the Ultrasonic Attenuation as a Function
of Frequency Observed in Palladium Deuteride but not in the
Hydride. (After Reference 25)

Oppenheimer-Phillips®*® paper indicates that the range of the
neutron portion of the deuteron wave-function extends to about 5
Fermis. Rarita and Schwinger?®® discuss the deuteronic wave-
functions and the potential well they deduced from scattering
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experiments. )

DISCUSSION :

We propose that the closely spaced pair of D' in ionic band
states (with the modification of Chubb and Chubb that they lie
below the Fermi Level) become the precursor of ‘He ionic band
states with the energy release spread over the crystal. So
coalescence of the two D* bosons becomes quite feasible.

Fujita and Watanabe together with the Chubb and Chubb provide
ga means of resolving three or more issues raised as objections by
many others, namely that (1) the deuterons must behave as
particles, (2) they must penetrate a strong Coulomb barrier of the
Gamow type, and (3) the length scale associated with nuclear
reactions must be of nuclear dimension and (4) the by-products of
reaction must be released from the solid since there are no known
electrostatic processes capable of "trapping" product particles
with energies in the vicinity of tens of MeV, without violating
momentum or energy conservation.

SUMMARY

The solid state nature of cold fusion and the important fact
electrons and similar particles are not localized has been largely
overlooked in the literature. The connection with superfluidity and
superconductivity is also not apparent as long as the deuterium
atoms in palladium deuteride are treated as isolated particles in
free space. Chubb and Chubb have repeatedly drawn attention to the
extended wave nature of the electrons involved in the Bloch state
and the Brillouin zone treatment of solids. This explains how the
electron move in virtually a zero potential field, since they are
screened by the other N ion cores and N-1 electrons. Further, the
correct prediction of *He as the principal product stems from the
selection rule they derived, on the basis of solid state theory,
namely boson in, bosons out.

The role of bosons as Cooper pairs links cold fusion with
superconductivity. Extension of the BCS theory by Fujita and
Watanabe have indicated certain requirements for superconductivity.
Their theory is further modified herein for cold fusion by allowing
the optical phonons to create two kinds of Cooper pairs, namely (a)
excited electrons and instead of electron holes, (b) Cooper-like
pair of deuteron band states which lie below the Fermi level. Both
deuterons in the pair are bosons and their spins (*1) are also
paired. The coherence length is shown to be of the order of a few
Fermis due to the mass dependence and the larger mass of the
deuterons. The Bose-Einstein condensation temperature of the
bosonic deuterons is estimated to be as high as 6,000°Kk, so that
one 1is well within the estimated condensate regime. The FW
requirement of strong optical phonons in the deuteride is also met
as is the requirement of pockets in the Fermi surface. Given these
facts, the exchange separation of the two D* ions brings them
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within the range of attractive nuclear forces, Exchange of virtual
pions further increases the likelihood of two deuterons fusing to
form ‘He as the "ash."

Note added in Proof

Johnson®® raised the question of whether the Meissner Effect
could be observed at temperatures well above room temperature? If
it were observed, the present proposal would have powerful support.
However, there might not be sufficient of these Cooper-like bosonic
pairs to exclude the magnetic field. Chubb and Chubb esimate the
concentration of excited deuterons to be only 1077 whereas there
are roughly 10 conventional Cooper pairs per electron in metallic
superconductors. Because of the 1low concentration of the
deuteronic pairs, the skin depth will be large and thus scattering
of the electrons will be significant. Thus 1little evidence of
superconductive current or Meissner effect would be anticipated.
This does not argue aganist the pairing of the deuterons.

Two papers at this conference discuss aspects of deutereons
being bosons, although they come to negative conclusions. Tsuchiya
et al.’® treat the interaction between two particles as though it
occurred in free space. Vaidya®® does consider screening of the
deuterons by conduction electrons and proposes a method of
producing additional optical phonons which he says would enhance
the fusion rate. However, He bases his overall conclusion on
penetration of a Gamow-lihe barrier. It is the present author’s
opinion that the enhanced mobility of deuterium can be attributed
to a strong interaction with optical phonons not with barrier
penetration.
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SOME CONSIDERATIONS OF MULTIBODY FUSION IN
METAL-DEUTERIDES

Akito Takahashi
Department of Nuclear Engineering, Osaka University
Yamadaoka 2-1, Suita, Osaka-565, Japan

Abstract

Some supplementary considerations are given to follow up our previously proposed muitibody
fusion model in metat-deuterides, for deuteron clustering processes in non-equilibrium
conditions and decay channels of virtual compound nuclei of 3D and 4D fusion reactions.

Consequences, namely nuclear products of 4D fusion are (- particles (“He) with kinetic
energies of 46 keV, 5.75 MeV, 9.95 MeV and 12.8 MeV, possibly associating the
electromagnetic transitions of ®*Be* nuciear excited energy to lower 4+ states and 0+ ground
state and transferring most of nuclear excited energy directly to lattice vibration. Products of 3D

fusion are suggested to be 7.9 MeV Ol-particle, 15.9 MeV deuteron, 4.75 MeV triton and 4.75
MeV *He. However, the possibility of direct generation of °Li by 3D fusion is also suggested by
considering the electromagnetic transitions of SLi*.

1. Introduction

Anomalous effects observed in cold fusion experiments of metal-deuterides systems since
1989'? can be summarized as follows; 1) several keV/atom excess power without significant
neutron emissions™¥, 2) significant amount of “He generation which might be corresponding to
excess power(heat)®®, 3) very anomalous n/T ratios*?, namely 10 to 107, 4) emission of high

energy charged particles (p, O, etc.)?, 5) very low level emission of neutrons with high energy
(3-10 MeV) component™?, and so on. Explanations based on the usual d+d fusion, which
should result in almost equally branched two decay channels of (n + °He) and (p + T), can no
longer fit to the anomalous resuits. Namely, experiments tell us that "cold fusion" is not the
usual d+d fusion. We have to seek possibilities of "new" nuclear reactions in metal-deuterides.
So many theoretical models on unusual reactions have been therefore proposed, without
complete successes'?. The author et al. have also proposed a hypothetical multibody fusion
model” and elaborated it to study a competing process of 2D, 3D, 4D, H+2D and H+3D
fusions in non-equilibrium deuteron motions*® and their nuclear products in detail®. Many of
anomalous experimental results look supportive to the consequences of the multibody fusion
model*?, although the model itself is not complete and still fully speculative. Difficulties to
overcome in modeling the multibody fusion process are®; 1) existence of proper
deuteron-clustering process in non-equilibrium conditions of metal deuterides, 2) conditions of
transient electron clouds to screen strongly enough the repulsive Coulomb barrier, and 3)
multibody strong interactions.
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In this paper, the author gives a supplementary discussion to our previous model® on deuteron
clustering process and a further detail about the decay channels of virtual compound nuclei,
Li* and *Be*. Especially, somewhat detailed discussions are given on the possibilities of low

energy ({-particle emissions via electro-magnetic transitions, by 4D fusion, and direct
generation of °Li by 3D fusion, since the consequences are testable by cold fusion expenments
measuring particle spectra, ‘He generation, /T ratio, X-ray and 'Y-ray spectra, isotope shift etc..

2. Deuteron-Clustering Process

In our previous work™®, we proposed a model of transient deuteron clustering at an isolated
domain around a tetrahedral deuteron surrounded by 4 octahedral deuterons in PdDx lattice,
conceiving a triggering mechanism of non-equilibrium motion by vibrational excitations of
deuterons in the lattice. Very rough estimations was made for cluster formation probabilities,
using empirical fitting of squared wave function integrals. To estimate the screening effect on
Coulomb barrier by transient electron clouds, we borrowed G. Preparata’s idea” of "deep hole”
at tetrahedral site due to the QED plasma oscillation of 4d shell electrons of Pd. Since these
non-equilibrium deuteron motions should be treated in coupled condition with the motions of
4d electrons, the separated treatment of our previous work® might have given a wrong physical
picture. We have also a difficulty for "squeezing of many free electrons" toward a tetrahedral
position, because of the fermion nature of electrons with large wave length: Likely as
super-conduction phenomenon, we may assume a Cooper pair of 1s electrons around a
deuteron, but we need more electrons clustering so as to realize the required "super-screening”
with anomalously large (more than 10°) barrier penetration probability®. We meet a severe
constraint of Pauli's exclusion rule to "many free electrons”. The problem might be common to
that of high temperature super-conductivity, for which a concrete theory is yet to be established.
Therefore, the problem of transient deuteron clustering with strong electron screening effect
remains yet to be solved. Chances of transient deuteron clustering might also happen around

a lattice defect or an irregular lattice point of grain boundary. However, we meet there
essentiaily the same difficulty with our t-site domain model, for expecting the "super-screening”
condition.

~ An approach from another angle might be helpful to investigate the transient deuteron (or
hydrogen) clustering problem; it is known in the study of negative ion sources that D,” and Dy’
states can exist, which can realize inter-nuclear distances closer than 0.074 nm of D, molecule.
Fusion rate of D, molecule is estimated to be about 10" d+d fusion/molecule’”; namely the
barrier penetration probability is about 102, We need a further gain of 10*? to meet the
super-screening condition. The first approach suggested is to investigate the total system energy,
the inter-nuclear distance and the fusion rate for the D, state which has coupling of three
electrons outside two deuteron nuclei; then we proceed to clustering states like Dy, D%, Dy,
and so on. If we will be able to find meaningfully large enhancements of barrier penetration
probabilities for D,’, D, and so on with either stable or meta-stable states, compared with that
of D, molecule, we can still keep a hope to the multibody fusion model in metal-deuterides. To
this respect, a recent experiment by Iwamura et al'? is interested since they have claimed to
observe significant amount of D.H (mass 3) cluster production by mass-spectroscopy analysis
of their deuteron desorption experiment from a Pd plate with thin gold film on both surfaces. It
can be speculated that the stimulation of deuteron spouting by rapid desorption from PdDx
lattice mav generate meta-stable cluster molecules like D,H and D, to be ionized in the
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mass-spectrometer. The deuteron-clustering under deuteron spouting from metai-deuteride,
near metal-vacuum (or metal-liquid) boundary, may therefore be another interesting possibility
to be investigated by experiments.

3. Nuclear Products

A detailed analysis on possible decay channels for 2D, 3D, H+2D, 4D and H+3D fusion
processes is given in our previous study®. Since the identifications of nuciear products with
particle-types and their specific kinetic energies, as the consequences of multibody fusions, can
be directly tested by beam implantation or gas loading-deloading experiments, further analyses
as detailed as possible are useful. To this end, some considerations are added in the following.
As established in nuclear physics study, virtual compound nucleus ‘He*(23.8MeV) by d+d
fusion decays into two major channels of (n +°He +3.25MeV) and (p + T + 4.02 MeV) with
about 50 % and 50 % weights due to the charge-independence (charge-symmetry) of final state
strong interaction. The life time of ‘He*(23.8MeV) is very short (10 to 10 sec) because of
large energy widths (I'n ~ I'p ~ 0.5MeV). The probability of electromagnetic transition of
‘He*(23.8MeV) to “He(g.s.) is very small (about 10? %) because the gamma energy width (I'Y)
is much smaller than I'n; I’y /T'n = 107. This property of strong interaction can not be changed,
from the viewpoint of nuclear physics, from in-vacuum to in-solids conditions. However,
dominant electromagnetic transitions may happen for °Li*(25.32MeV) by 3D fusion and
¥Be*(47.7MeV) by 4D fusion, as discussed in the following.

We first discuss the 4D fusion. As studied in our previous work®, the excited state of
¥Be*(47.7MeV) can be regarded as a P-wave state with higher spin (3- or 5-), although
spin-parities of *Be for higher levels than about 27 MeV have not been studied well until now
in nuclear physics. Due to the spin-parity selection rules, decay channels with emissions of

charged particles (C, p, d, t and *He) and neutrons are forbidden for ¥Be*(3- or 5-); while the
decay channels by electromagnetic transitions (one phonon E, and multi-phonon E, transitions)
are allowed quantum-mechanically to move to lower excited states with 4+ spin-parity or the 0+
ground state. This is illustrated in Fig.1. Typical decay channels are:

Be*(47.7MeV;3- or 5-) — SBe*(E *;4+) + Y(47.7MeV - E¥) (1-1)

where lower excited energies E* we know are 25.5MeV, 19.9MeV and 11.4MeV, and

corresponding Y-ray energies are respectively 22.2MeV, 27.8MeV and 36.3MeV. Due to the
spin-parity selection rules for decay channels of *Be*(E* ;4+), bosonic symmetry is required

and only (-decay is allowed:

Be*( E¥4+) — 0L+ 0L+ E* + 0.092MeV (1-2)

where kinetic energies of emitted O-particles (“He) are 12.8MeV, 9.95MeV and 5.75 MeV,
respectively corresponding to E* values (25.5, 19.9 and 11.4 MeV). The multi-phonon E,
transition (or one phonon E, transition) is also possible to transit to the ground state of *Be:

$Be*(47.7MeV:3- or 5-)— *Be(g.s.;0+) + Y(47.7MeV) (2-1)
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It is well known that the *Be ground state decays to two O(-particles with very low kinetic
energies (46 keV) and life time of about 10° sec: .

*Be(g.s.;0+) — O + O + 92keV (2-2)

As consequences, nuclear products of 4D fusion are ((-particies (“He) with isolated peaks in

spectrum at 46keV, 5.75MeV, 9.95MeV and 12.8MeV, and high energy Y-rays (22.2, 27.8,
36.3 and 47.7MeV).

However, the latter high energy Y-rays may not be produced due to the following reason. As
proposed by Schwinger'® and Preparata”, nuclear excited energy can be transferred to lattice
vibration via QED photons. Assuming the size of domain for QED plasma oscillation to be 1
nm, QED photons need about 3x107 sec to carry electromagnetic energy of E, oscillation of
$Be*(47.7MeV;3- or 3-) to deposit to QED electrons in lattice plasma oscillation. Life time of
electromagnetic E, transition is usually in the order of 107 to 10* sec, according to the
established nuclear physics. So, we can assume the life time of *Be*(47.7MeV;3-or 3-) is about
10"* sec, which is much larger than 3x10* sec of QED photon propagation time. Assuming
about 1000 (at least) QED photons carry 47.7MeV (47.7 keV/photon) to electrons m the
domain, cross section of photo-electric effect at 47.7keV for PdDx is large enough to absorb all
the energy to plasma oscillation. Thus, it is plausible that electromagnetic energies of E,
transitions (Egs.(1-1) and (2-1)) are directly transferred to lattice vibration and no high energy
Y-rays are emitted. To make this scenario definite, of course we have to investigate
quantitatively the transfer rates.

High energy Ol-particles (5.75, 9.95 and 12.8 MeV) by 4D fusion should produce
bremsstrahlung X-rays and characteristic X-rays (about 20keV for Pd) during their slowing
down processes in PdDx and D,0. As a consequence, we expect strong X-ray radiation from
cold fusion cells if 4D fusion takes place. The high energy O~ particles also dissociate deuterons
(threshold energy 2.23 MeV) in the system to produce neutrons with continuous spectrum in
the 0 to 10 MeV region; the neutron vield of this process is estimated to be in the order of 10°®
/O If we suppose 1 watt excess power is generated by 4D fusion (about 10'* 4d-fusions/w),
neutron emission with about 10° n/sec should be observed.

However, the most extreme scenario is the following. If the electromagnetic transition to the
*Be ground state (Eq.(2-1) then Eq.(2-2)) is the predominant decay channel and the QED
photons work fully to transfer the nuclear excited energy to lattice vibration, we will have no
neutron emission and have only low level X-rays, since 46 keV ({-particles can not induce any
nuclear reactions and can produce only soft X-rays which are difficult to be detected because of
strong attenuation in solids and electrolyte. This extreme scenario looks matching to the features
of Fleischmann-Pons effect” and observations of large level “He generation without detectable
neutrons™®. This scenario of 4D fusion is illustrated in Fig.2, using Feynman-like diagram.

Nuclear proglucts of 3D fusion is speculated in our previous work® as follows. for major decay
channels of *Li*(25.32MeV) with low spin states of either S-wave (1+) or P-wave(0- or 2-):
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SLi*(25.32MeV;1+, 0- or 2-) — d(15.9MeV) + 0(7.9MeV) (3-1)
> 1(4.75MeV) + He(4.75MeV) (3-2)

Somewhat differing from the case of *Be*(47.7MeV), we have no definite speculation that
SLi*(25.32MeV) may have higher spin states, e.g., 4- P-wave state. If we could simply assume
that the 4- state is major population in °Li*(25.32MeV), the following electromagnetic
transitions might happen:

SLi*(25.32MeV;4-) — °Li*(2.18MeV;3+) + ¥(23.14MeV) (4-1)
SLi*(2.18MeV;3+) — ‘Li(g.s.:1+) +¥(2.18MeV) (4-2)

This is a typical example and there are other intermediate excited states® of °Li*. Thus, we can
not deny the direct transition to °Li(g.s.) for 3D fusion and the nuclear excited energy
(25.32MeV) transfer to lattice vibration, by the same reason with the case of 4D fusion.

4. Conclusion

Some supplementary considerations are given for the deuteron clustering process in
non-equilibrium PdDx lattice and for the plausible nuclear products of 3D and 4D fusions. The
status of model for the clustering process is still fully speculative, and further studies for
reasonable modeling are needed. Analyses of cluster molecule-states like D,, Dy, D;*, D, and
so on may help the difficuit questions be answered. Validity of multibody fusion model can be
tested by cold fusion experiments for observing types and spectra of nuclear products
(particles), since consequences of the model predict emissions of specified particles and their

monochromatic kinetic energies. 4D fusion predicts the emission of O(-particles with 46 keV,

5.75MeV, 9.95MeV and 12.8MeV. At this stage, we do not know which O-peak is strongest.
The model however predicts the possibility that 46 keV “He generation can be predominant, no
neutrons are emitted and direct transfer of 47.7MeV nuclear excited energy of *Be* to lattice

vibration may take place. 3D fusion predicts emission of 7.9 MeV O-particles and possible
generation of °Li.
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Fig.1: Typical decay channels of 4D fusion; E, transition may be induced
with electromagnetic encrgy transfer via QED photons to lattice
plasma oscillation. Major nuclear products are “He with specified

kinetic energies.
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Fig.2: Mustration of extreme scenario of decay channel for 4D fusion;

final nuclear products are 46 keV C-particles and most energy
(47.7MeV) is transferred to lattice vibration via QED photons.
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COLD FUSION AND NEW PHYSICS (1)

J. F.Yang
X. M. Chen
L. J.Tang
Hunan Normal University
Changsha. 410006
Hunan Province. China

Abstract

This paper point out the cold fusion has revealed new physics process and
approach the condition of producible this process and exciting enexgy.

Introduction

The experimental condition of the cold fusion includes external condition and
internal condition. The internal condition has relation to the character of the
electrode absorbs deuton and its absorptance. it is inevitable that the
experimental failure if the internal condition has no repeat, we can not mistakely
look on it as a nagative result’.

Some problems be reveaied by cold fusion, which are frontiers problems of
science and revealed new physics. The cold fusion is a new fusion, its fusion
mechanism is different from traditional deuter-deuteron fusion-. It is
meaningliess if we understand and appraise it by traditional idea.

Based on the fact that there is weak interaction in nuclear force?,a deuton can be
excited by gathering energy effects in absorbing deuton process,and a dineutron
can be produced by a excited deuton to capture an electron in including
deuterium-solid. we discuss the mass of a dineutron and requisite energy for the
exciting deuton in this paper.
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New Phenomena Revealed New Nuclear Process .

The thaditional fusion idea is the nucleus-nucleus fusion,for example, deuton-
deuton fusion or deuton-triton nuclear fusion, this fusion has an obstacle of
Coulomb potential hill.

Tradition fusion method requires high temperature (e. g. T~10° K heat nuclear
fusion by name) or high voltage (e.g. V==10°V, under the name of accelerated
nuclear fusion ) to increases nuclear kinetic energy. under ordinary temperature
and low vollage conditions(e. g. cold fusion condition), the nuclear fusion of a
biggish probability is impossible.

However, cold fusion has been occurring in many laboratory (what is called ”
abnormal” nuclear pheomena because it can not explained by traditional nuclear
theory ).lately, the experimental results of several laboratories of China show:
the reappearring ratio of the new nuclear phenomena can reach 100%. the
neutron vield is above 10*/s, and produced X and 7 raies, which can repear at
any once by the experimental method of full deuterium-glow discharge except the
electrode loses efficaency®. In addition. the ” excess heat” experiment of
Fleischmann and Pons obtained progress too*.

There is a new fusion under ordinary temperature condition. it is possible if the
fusion occurs between a neutral particle and a nucleus, which requires a new
physics process to produces the new neutral particle, namely requires a nuclear
process to remove the Coulomb potential hill before the fusion.

Nuclear Process before Cold Fusion
After deeply analyse cold fusion experiment and 4 kinds interaction in natural
world, we think that the way of producing neutral particle may be weak
interaction process. For example, an excited ducton (}/°) to capture an
electron (e), which can produce a neutral particle {V at the smae time. The
process is

H® +-e—iN" + v,

Ly~ 7 (D
where N is dineutron, 4V *is excited state of 3V, v. is e-neutrino and 7 is light-
quzntum. There is no cbstacle of Coulomb potential hill when a dineutron reacts
with a nucleus, this fusion reaction can produce at any temperature.
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The process of producing dineutron is weak interaction process, and the basis is
weak interaction force field. Jie Fu Yang finds 2050 samples that exist weak
interaction process from he investigated 2319 nuclides®, these facts clearly show
that weak interaction has universality in nucleis, and that, there is a part weak
interaction force in nuclear force?.

There is nuclear force between the proton and neutron in a deuton, it contains
weak interaction force too, a deuton has the force field to capture an electron and
itself becomes a dineutron (Notice: there is non-nuclear force between a proton
and an electron, they have no weak interaction force too, so that, a solitary
proton can not capture an electron to become a neutron).

A stable nucleus can not become spontaneously a other nucleus, but wvarious
changes may occur when a nucleus be excited. For example, it can produce the
change as equation (1) if a deuton be excited. An excited denton to capture an
electron, which must satisfies condition as following:

ANE=[MCGH") +m —MGEN)IC* —E, —Er+We>=0 (2

MGH®) +m. > MEN"), 3
where M CGH*), me, M (GN" ) is respectively the mass of excited deuton,
electron and dineutron.

Estimation of Dineutron Mass and Deuton-exciting Energy
If we look on a triton as a constitution from a deuton and a neutron, the binding

energy is .

(MCH) +m, — MGH)]C?* = Am,C*? 4.
We, too. can look on a triton as a constitution of a dineutron and a proton.
Similarly,

[(MGN) +m, — MGH)]C? = Am,C*? (5>

We replace M (¢(H),»m., M (GH) and m, by their mass respectively in equations
(4) and (5), then

MEN) = 2.0149. when Am, = Am, _ (6,
M@EN) = 2.0149%. when Am, = Am, (6,
There is reaction 3 +}N—{H + n — Qin dineutron model®, the reaction energy
Q= MCH)+MEN) — MGH) —m)C*>0 (D
SMENY>MCGCH) +~m, — MCGH) = 2.010613u. ¢:9)

The dineutron mass can be determined by measurement of fusion neutron
spectrum. For example
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MEN) = 2.01348u. when En = 2. 0MeV,
2

MQ@EN) = 2.01414u. when En = 2.5MeV, - €°))

M@GN) = 2.0149x. when En = 3. 0MeV,

W En << 3 MeV? SMEN) < 2.0149z. (10)
From equations (8) and (10), we obtain the mass range of a dineutron as
following

2.01063u. < M(EN) < 2. 04%u. an

The energy-change of a deuton from ground state to excited state, which can
write out from mass-energy relation

AE =[MCGH") — MCGH)]C. ‘ a2
In equation (2), there is

MCGH*) ~MEN) — m, +~ my + m,, when AE = 0,

SAE =[MGN) —m, — MCH)Y]C* + E, + E,. 13
Because the rest energy of an electron is m.C?*=0. 51MeV, and the energy of a
neutrino is equal to kinetic energy of the recoilling ¢N* , if E;=0.0276 MeV?
and neglect E.,we can estimate the energy range

AE'~= MENIC? — 2.01462u, << 0.26 MeV (14
and the mass of excited state:

MGN*®) < 2.01493u. (15

MCGH") < 2.01438u. (16>

the excitative and capturing process as following figure.
if the neutrion energy E.
or the neutron energy E.
can be measured by
experiment, the M (N)
can be determined.
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SONOLUMINESCENCE, COLD FUSION, AND BLUE WATER LASERS

Thomas V. Prevenslik
Consultant
Tokyo, Japan

Abstract

The blue light observed in sonoluminescence experiments with
water is explained by Rayleigh scattered ambient UV light
reflected in a blue Raman line of water. The ambient UV light
incident on the spherical liquid geometry is concentrated to a
high intensity and reflected in a Raman line that appears to the
observer as blue light. Since Raman emission in water is highly
peclarized, tests to determine the polarization of the blue light
are recommended. If the intensity of the blue light is
significantly diminished by the use of a poclarizer, then not only
is the explanation of blue light given here correct, but also
because the ambient UV light intensity is very low, the spherical
ligquid geometry may be a spherical UV lens of significant
concentration. By modifying the soncluminescence test to include
an external spherical UV laser cavity driver congruent to the
spherical liquid lens, the concept of a blue water laser is
developed where the UV laser driver is pulsed with the acoustic
field to fuse the hydrogen in water molecules in the presence of
an oxygen catalyst. Potential applications of the blue water
laser are industrial hydrogen and deuterium gas generators, and a
low temperature, < 50 C, heavy water heater for residential
heating.

Introduction

Sonocluminescence (SL) is described [1] as a non-equilibrium
phenomenon in which the energy in a scund wave becomes highly
concentrated so as to generate synchronous repetitive flashes of
blue light in liquid water at room temperature. Measurements of
each flash indicate a power of 1 mW and a duration less than 100
ps. With regard to cold fusion, SL as a significant mechanism of
energy focusing in combination with a heavy D-0-D water target
[2] 1is important because it would offer the prospect of a
mechanism of fusing deuterium at rcom temperature.

In the standard model [3] for SL, bubble collapse energy is
delivered to a number of molecules and the molecules are excited
to emit blue l1ight upon recombination. However, it is possible
that the blue light observed in SL is nothing more than Rayleigh
scattered light reflected in the blue Raman line of water. The
Raman effect i1s the phenomenon of light scattering from the
material medium whereby the light undergoes a frequency change 1in
contrast to Rayleigh scattering where a fregquency change does not
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occur. The reflected blue Raman line from incident mercury light
is observed in spectrcflourimetry [4] ©f water, but only at low
intensity, and an even lower blue line intensity might be
expected if spectroflourimetry is made on water with ambient UV
light. Hence, the gecmetric concentration of ambient UV light by
the spherical geometry may be significant in SL. The SL
explanation given here is that the low intensity ambient UV light
scattered inside the spherical water geometry is concentrated at
the center and after reflection in a visible blue Raman line of
water is of a sufficient intensity to be visible by the observer
as blue light. This SL explanation is referred hereinafter as the
Light Scattering (LS) model. In contrast, the standard SL model
contends the blue light is generated in the water. Since the
ambient UV light is not visible, the appearance cf blue light
alone may have led the observers [1] to conclude that the blue
light was being emitted from the water consistent with the
standard SL model when, in fact, the blue light is reflected
ambient UV light.

Since the visual observation [1] of blue light doces nct quantify
the wavelength, the blue wavelength is taken tc be 470 nm for the
purposes of this paper. In the standard SL model, light
absorpticn for hydrogen takes place on the order cf 10 ns.
However, both Rayleigh and Raman scattering do not involve light
absorpticn and for Raman scattered blue light at 470 nm, takes
place in a much smaller time, or within the period of vibration,
< 1 f£fs. The LS model is consistent with but much faster than the
< 100 ps duration repcrted [1], and may explain why the blue
flashes cannct be resolved by the fastest photcmultiplier tubes
available.

SL experimental data for Rayleigh scattered UV light reflected in
the Raman lines of water 1s not available. However, data [4] for
solvents at various frequencies of exciting mercury light shows
wavenumber shifts of about 0.3 / micron for all sclvents
containing hydrogen atcms. The Raman lines are caused by totally
symmetric mclecular C-H and O-H vibrations of the sclvent. The
data for water shows that feor blue light to be emitted in a Raman
line at 470 nm, the Rayleigh scattered incident UV line is
required to be abcocut 405 nm. Hence, the observed blue light at
470 nm during SL in water in the LS model is actually a Raman
line corresponding to UV light at 405 nm and a wave number shift
of 0.34 / micron.

In addition to reflected blue light, the ambient UV light is also
reflected in UV Raman lines to produce a spectrum of reflected
Raman light. Since the energy of the UV photon is greater than
blue photon, the average wavelength of the reflected light is
less than the 470 nm wavelength of the blue photon. Photon energy
measurements [1] give a fregquency of 8.0el4 Hz that corresponds
to an average wavelength of 375 nm which is less than the blue
wavelength of 470 nm and consistent with the LS model. This
wavelength decrease may be due to a prominent Raman line at 350
nm in water [4] that is excited by a 313 nm UV line.
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In the LS model of SL, the ambient UV light is focused at the
center of the spherical water geometry and reflected in the Raman
line of water. However, the molecular structure or how it is
formed and cooperates with or scatters the UV light during SL
compression or expansion is not described in the LS model. During
SL expansion, the molecular order is lost because the
intermolecular spacing exceeds the range of electrostatic
interaction, and therefore the cooperative liquid crystal
structure can only be formed in the compression phase where the
order of the molecular structure is constrained to the geometry
of the spherical compression field. Since the direction of the
incident UV light in the spherical geometry is radial, a
molecular structure comprising strings of radially disposed water
molecules is indicated as the Raman scattering centers.

Currently, the reflection of color from liquids is known to most
commonly occur in the ligquid crystal state and specifically the
chiral ligquid nematic phase where the order is a twisted helical
rotation. In terms of molecular order, the liquid crystal as a
state of matter between the solid and the liquid state together
with the molecular order in the chiral nematic state are
illustrated in Figure 1. With regard to water, this means for a
cooperative structure to be formed in SL, the molecules are
generally, in the manner of a helix, rotated sequentially along
the radially disposed strings and periodically repeat at a pitch
equal to the wavelength of blue light in water. However, the
hypothesized chiral ligquid nematic phase, or the hypothesized
blue phase for water, formed in the compression wave during SL is
not known to exist at present. A brief review is presented of
known chiral nematic liguid crystalline blue phases of other
liquids.

Chiral or twisted helical molecular structures are known to
produce blue phases in cholesteric systems {5,6] when the pitch
of the helix is less than about 500 nm. The first observation of
a blue phase [7] was made over 100 years ago. Upon cooling the
liquid phase of cholesteryl benzoate, an appearance of a violet
and blue phenomenon was observed which quickly disappeared.
Currently, the molecular models [5] of the cholesteric blue phase
focus on factors that affect the pitch of the helix between the
nematic or liquid crystal and the isotropic liquid phase. Density
or pressure and temperature changes are the common parameters
affecting the helical pitch. In any event, to assess whether s
liquid crystal phase change has occurred, the order parameter, S,
is used and is defined in terms of the average taken over all
molecules in terms of the angle, 6, between the molecular
pointing axis and the director.

S=<3cos?0-1>/2

In the isotropic or disordsred state, the order parameter is zero
while in the ordered state the order parameter is unity as
illustrated in Figure 1.
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In cholesterogens, C-H atoms are linked to each other by chemical
bonds to form a carbon based chain-like helical configuration.
However, water molecules are separately distinct, and although
dimer and trimer water chains of H-O-H and D-0-D clusters are
well known, it is not known whether an oxygen based chain-like
helical configuration of water molecules can be formed.

Water is a polar molecule with a high dipole moment and responds
to incident light as an oscillating dipole. If the incident light
is visualized by a electric vector, E, oscillating at a
frequency, f, in water of a polarizability, a, the dipole moment,
P, induced is,

P=aEsin{2n ft)

Without SL, in a isotropic and disordered water medium without a
liquid crystal phase, the water molecules function as randomly
distributed scattering centers. Excitation of the molecules by UV
light with a transverse electric vector, E, and fregquency, £,
causes the molecular dipoles to emit Rayleigh scattered light at
the same fregquency, f. The relation of the incident UV light to
the spherical SL water geometry is illustrated in Figure 2. If
the water molecules and material medium a