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high power infrared lasers, green lasers, and UV lasers. Those are used for laser
sensing, display, material processing and biomedical applications. Oxide developed
DCCZ technology as a unique commercial growth method which enable precise
control of composition of non-congruent materials, and applied this technology for
Nd:YVO,, Nd:YAG, and Ce:LSO crystals. In the past ten years after establishment,
Oxide introduced crystal growth technology FZ, Vertical BZ, CZ, EFG, TSSG, KY as
well as DCCZ, and grew more than 10 different types of oxide single crystals such as
LN, LT, YVO,, TiO,, LBO, YAG, LGT, STO, LSO, LYSO, BGO, BSO, KT, KTN, CLBO,
BBO, Sapphire, etc.

In this report, we will discuss Oxide growth activity and business of oxide
single crystals.

COLD FUSION CONTINUES
Tsyganov E.N.%, Dabagov S.B.%, Bavizhev M.D.’

1Universi‘[y of Texas Southwestern Medical Center at Dallas, Texas, USA
X *Lebedev Physical Institute, Russia
North—Caucasus State Technical University, Russia

Abstract

Accelerator experiments on fusion show a significant increase in the probability
of interaction when target nuclei are imbedded in a conducting crystal. These
experiments open a good perspective on the problem of so-called cold DD nuclear
fusion. Here this approach is applied to another fusion processes, and some possible
drawbacks are discussed.

1. Introduction

Experiments of M. Fleischmann and S. Pons [1], performed more than 20 years
ago and initially claimed by the authors as discovery of a “cold nuclear fusion”
process, opened quite an era of follow-on studies. Most of the immediate followers
were not able to confirm the results of [1], and the scientific community quickly came
to the conclusion that these results were erroneous. However, several groups continued
their research in this direction, gradually improving their experimental technique and
measurement precision. The most impressive results described for DD fusion were in
[2] and [3]. Despite definite progress in these experiments, due to the absence of a
clear theoretical explanation of the phenomenon and its obvious contradiction with
standard nuclear physics, the common opinion in the physics community that these
results were erroneous did not change.

The situation has changed now that an understanding has developed that the
curious behavior of fusion processes which take place if the target nucleus is imbedded
in a conducting crystal [4, 5] is able to explain almost everything in cold fusion
physics. This was shown in papers [6, 7]. The only hypothesis remaining in these
explanations is that the decay time of an excited compound nucleus is dependent upon
the energy of the excitation, which does not contradict any fundamental principles. In
fact, this hypothesis could be considered to be proven by the experimental evidence
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that nuclear products are essential absence in cold DD fusion, with the exception of
stable “He nuclei.

We claim that the nuclear physics of very low energy nuclear excitation has
certain peculiarities and must be treated with special precaution. The dependence of
the decay time of a compound nucleus on the energy of the excitation should definitely
be taken into account. But this may not be the only peculiarity of very low energy
excitation processes. In this connection it is important to consider the situation with the
so-called Andrea Rossi E-cat set-up.

2. Andrea Rossi power plant demonstrations

Over the past several months, there has been an active discussion in the media
and on the Internet about the so-called cold fusion plant of Italian engineer Andrea
Rossi [8]. Some parameters of the installation, or the equivalent parameters, are
available on the DEFKALION website [9].

Andrea Rossi and his colleague Sergio Focardi demonstrated at the University
of Bologna (Italy) on October 28, 2011 the capability of the power plant to
continuously produce heat for about 5 hours. Fig. 1 is a graph of water temperature
measured at the inlet and outlet of the installation at this demonstration. Based on this
graph and the water flow rate the estimated thermal power of the plant was found to be
about 0.5 MW.
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Fig. 1. Temperature chart of the Rossi set-up test in October 2011 [8]

After the demonstration of October 2011, this plant was sold to an unidentified
customer, presumably a representative of the U.S. Department of Defense. The plant
was assembled from 50 separate modules, each of which can be used in stand-alone
mode. At present, Rossi has concentrated his work in the United States, where he owns
the Leonardo Corporation.

Andrea Rossi secured a patent for his installation in Italy, although it is not very
clear what legally indicates the presence of such a patent. Rossi has not been
successful yet in securing a pan-European patent or a U.S. patent for his invention,
because he refuses to disclose some of the technical details of his installation. This is
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particularly true for the description of the so-called catalyst which is used in the
reactor chamber.

Rossi’s plant is a significantly modified set-up of the Bologna University and
the University of Siena installation. Results of studies conducted with that installation
were published in 1998 in Il Nuovo Cimento [10]. The authors of that article believed
that hydrogen gas interacted with a nickel rod resulting in the release of heat in excess
of what could be explained by chemical reactions in the setting. This work was largely
ignored by the scientific community because of the rather small amount of heat
produced.

Andrea Rossi improved the installation of Bologna and Siena universities, by
replacing the nickel rod with microcrystalline nickel powder and by mixing the
powder with an unnamed catalyst. In our opinion, this catalyst could be platinum
micro-crystals [6, 7]. Rossi has done a great job of optimizing the methods for
implantation of nickel atoms in the micro crystals of the catalyst using high-
temperature diffusion and microwave radiation.

Theoretically, it is very difficult to quantify the heat release in the Rossi
“reactor”, as many parameters of the process remains unknown. In the framework of
the cold fusion process described in [6, 7], we believe that the Rossi’s work is of great
interest and deserves close attention. We are quite convinced that the results of heat
release measurements are correct, though, some additional problems of this very low
energy nuclear physics, probably, need to be resolved.

From the representation in Fig. 2, you can get an idea of processes similar to
those which are at work in the Rossi installation. We see a sharp increase in the
probability of H+'Li fusion in the case when 'Li is implanted in a palladium crystal.
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Fig. 2. The dependence of the astrophysical factor for H+'Li fusion reaction
for different placement of the target — insulator, lithium metal, and lithium embedded
in a crystal of palladium. The data are taken from [11]
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We believe that the same effect is at work in Rossi’s case, where he has
implanted nickel and hydrogen atoms in the crystalline cell of his catalyst. Hydrogen
diffuses into the crystalline cell of the catalyst under a pressure of about 20 to 40 bars.

Fig. 3 shows schematically the possible cold fusion processes for the cases of
D+D (a), H+Li (b), H+Ni (c) when fusion partners meet in the same cell of the host
crystal. It is seen that the basic processes of penetration through the Coulomb barrier
and the formation of the compound nucleus in all these cases are identical. Process (a)
was carried out in experiments by McKubre et al. [2] and Arata et al. [3], and process
(c) was carried out in the installation of Rossi [8]. The physical nature of the increase
in cross-section of the elements’ fusion in the case when this process occurs in the
crystal lattice of a conductor has not yet been elucidated fully. This phenomenon is
caused by the anisotropy of the electric fields in the crystal lattice and by the excess of
free conduction electrons. Under these circumstances, the process of excitation and
deformation of the electron shells of the impurity atoms becomes possible, resulting in
the convergence of these atoms at a distance considerably smaller than the free atom
sizes. This process is chemical in nature (catalytic) with little expenditure of energy.
When two nuclei of deuterium (or other contamination nuclei) occupy the same
crystalline cell, the thickness of the Coulomb barrier between them decreases, and the
probability of penetration through the barrier rises dramatically.

Fig. 3. Schemes of the cold fusion process for the cases of D+D (a), H+Li (b)
and H+Ni (c). The shaded region is a zone of free conduction electrons

3. Nuclear physics in a compound nucleus at low excitation energy

Considering the experiments (or rather practice) of Rossi, it should be noted
that in the explanation of the results there is (possibly) some additional conflict with
the traditional nuclear physics.

The following are the processes that would have to happen in the case of natural
1sotopic composition of nickel.

68.27% PN+ H—Cu* - Nitp +y+v, 1.3 min
26.10% N+ H—' Cu* - 'Ni+p +y+v, 3.3 min
1.13% *INi+'H—-%Cu* —Ni+p +y+v, 9.7 min
3.59% “Ni+H-%Cu* > Cuty 53Cu stable

0.91% “Ni+'H—-*Cu*—*Cuty %Cu stable
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Given the natural isotopic composition of nickel, approximately 95 % of the
fusion reactions in Rossi’s case would have to be accompanied by the emission of
¢ — ¢~ annihilation gamma rays with energies of 511 keV. According to participants in
the repeated demonstrations of the installation, this gamma radiation does not take
place.

It was shown in [6, 7] that the absence of nuclear decay channels in the cold DD
fusion can be explained by the decreased nuclear decay rate of compound nucleus
when the compound nucleus has very low excitation energy, thereby not contradicting
of any fundamental laws. The isotopes of nickel, ®*Ni and **Ni do not give products
with positron decay, and we can assume that in this case the de-excitation of excess
energy could also occur through the mechanism of virtual photons.

According to participants in the demonstration, the shielding of the reactor flask
was equivalent to about 3 mm of lead, which is clearly not enough to absorb
annihilation gamma rays. There could be some explanation of why positrons are
absent in all these reactions.

As was mentioned in [6, 7], the deformation of the electron orbits of
contaminants in conductive crystalline cells and the very orderly positioning of these
atoms in the cells provide a reasonably high probability of a fusion process resulting in
the formation of a compound nucleus. The very low excitation energy of this
intermediate compound nucleus assures a low probability of the immediate nuclear
“jump” of one component of the compound nucleus toward the other component
through the residual Coulomb barrier, and the process continues with release of the
energy through the virtual photons. Fig. 4. illustrates the process.

E

)

R

Fig. 4. This frame depicts an intermediate state of the compound nucleus (say,
'H+®Ni) in the potential well in the middle of the transition period. We believe this could
stimulate (agitate) the o—decay of the **Ni cluster merging with 'H. Here E denotes potential,
R —distance, on an arbitrary scale.

We believe, as presented in Fig. 4, pushing **Ni cluster to the boundary of
strong interaction well could stimulate (agitate) the a—decay of **Ni. With this kind of
process the fusion energy will be released by low energy electrons and low energy
a—decay.

The situation is in some sense similar to the experiments of McKubre et al [2],
who did not observe any appreciable yield of neutrons or other nuclear products for
cold fusion of two deuterium nuclei into “He. In the end, this problem in experiments
with cold DD fusion becomes somewhat irrelevant, because the neutrons and other
nuclear problems are simply absent, and the increase of the screening potential in
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conductive crystals simply corresponds to the detected cold fusion rate in these
experiments. In the case of the of H+Ni fusion, as in Rossi’s case, it may be that the
physics of the decay of the softly excited compound nuclei *Cu*, *'Cu* and **Cu*
could be additionally modified with a preferred a—decay channel, or in some another
way. The problem remains to be clarified experimentally.

In any case, using separated nickel ®’Ni and *'Ni isotopes could solve the
problem.

4. Conclusion

In our opinion, Andrea Rossi’s experiences deserve urgent attention of the
professional physics community. It seems to us that Rossi’s method is far from
optimal, although it looks relatively cheap.

In connection to our approach to physics of cold fusion processes [6, 7], many
other pairs of fusing nuclei could be considered as possible promising candidates. For
example, the advantage of the very efficient fusion reaction H+Li (using separated
isotope of "Li) over the reaction with nickel is that lithium could be used in a liquid
form which would allow it to penetrate better into the micro-crystals of platinum or
other catalyst. *Be* is the intermediate compound nucleus of this reaction and will not
produce any harmful decay radiation except two low energy a—particles, which is easy
to deal with. Cold fusion process H+''B > '>C with 15 MeV energy release also looks
very promising. Depleted ''B is readily available and used in semiconductor industry.
Chemical aspects of these processes have to be taken into careful consideration.
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