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Experimentally, heat and “He are the fusion products of sonofusion (SF). SF controls a
naturally occurring phenomenon with cavitation-induced bubbles and their high energy
density transferred to transient jets that implant deuteron clusters into a matrix or lattice.
The SF path to clusters can be extrapolated from high-density experiments of inertial
confined fusion, ICF, Bose Einstein Condensates, BEC, muon fusion, MF, and
astrophysical phenomena, to explain our ejecta sites, Qx, “He, and no measureable long-
range radiation results. The fusion events emanate from deuteron clusters implanted into
target foils. Clusters are sgueezed and cooled via electromagnetic, EM, compression
pressures and evaporative cooling of cluster surface deuterons producing the fusion
environment. Evidence of these cluster fusion eventsis found in the millions of target foil
gjectasitesin SF target foils.

Introduction (See Appendix list)

The first experiments in SF started early in 1989, although not initially known by that nhame, when the
announcement of Fleischmann and Pons, FP, discovery was first announced. It was a week after the FP
announcement that my first experiments began in cavitating D,O with Pd targets. The initial experiments
were at 20 KHz in large and cumbersome 20 Kg devices that over time — 19 years — are 1.6 MHz 20 gm
devices with about the same excess heat output. Chronologically over the 19 years the size was reduced and
piezo frequency increased for the evolving SF devices. And in the last ten years it was slowly realized that
the high transient density of inertial confined fusion, ICF, and new astrophysical information, and the ultra
low temperature bosons and fermions are linked and extended to SF. The SF cluster systems are 1000 times
faster and billions of times smaller in volume and number of particles than the hot fusion | CF systems. The
SF model is a series of sequential steps where the cavitation and jet are well established in mainstream
science. The formation of transient clusters and their compression is more speculative in nature. And
finally, the interpretation of ejecta site data is a logical interpretation of scanning electron microscopy,
SEM, photos of gecta sites found on target foils. These steps indicate a clear path to our SF experimental
results [1] but may not be the only path. The emphasis of this model to explain the experimental fusion
products of heat and “Heis on the jet, the sonofusion cluster, and the ejecta sites

The environment of sonofusion is D,O cavitated, Ar saturated, and reactor circulated. A target fail is
carefully placed in the reactor. A cavitation produced cluster of BEC deuterons imbedded into the lattice
serves as the containment of this nano scale transient deuteron cluster. The initially dense cluster is further
compressed and cooled by evaporative surface deuterons of the cluster. These interact with free electrons
forming deuterium atoms that surround the cluster. These accelerating free electrons produce an imploding
spherical electromagnetic, EM, pulse that squeezes the cluster to fusion densities in less than a picosecond.
And these electrons will pass through initially formed deuterium atoms to the fresh surface of the deuterons
to keep the implosion pulse growing for about 0.1 picosecond. (The rate of formation of deuterium atomsis
a femtosecond. [2]). The fusion event initiates a heat pulse destroying the cluster. The spherical heat pulse
travels into and through the lattice to its surface. There it erupts with lattice ejecta and fusion products “He
and heat, Qx. These products are measured by mass spectroscopy and calorimetry. Left behind in the target



foil are g ecta sites frozen in the target foil and easily analyzed by SEM. These gjecta sites can be related to
the number of fusion events per site by their gecta volume.

In the unique sonofusion, SF, process how are fusion products explained? One should consider high density
systems like those of small white dwarf stars, WDS, where hydrogen fuel has been consumed. Its
gravitational forces are not enough to ignite the remaining “He fuel putting the WDS on a 20 billion year
cooling curve eventually sliding into a cold black dwarf star, BDS. Also MF density of the shrunken orbit
of DD reduces the DD separation to the same separations as would be found in WDS and BDS via their
gravitational forces. These are the densities that SF approaches [3]. DD muon fusion [4], which has about
the same density or particle separation as a WDS and BDS, fuses deuterium at less than 100 K. However,
local density between its two deuterium atoms in the muon molecule, DDy, easily fuses the deuterium in
the molecule. The two atom system, that is far below its Tc value with a big overlap of the de Broglie, dB,
wavelength of DD two deuteron system does not possess the large heat sink of the SF cluster. The ability
of the cluster to remove fusion energy as heat uses a different channel to produce ash products, “He and
heat, as MF cannot distribute the heat of fusion to its surroundings asin SF. So it is expected that gammas
will be in the products of MF and not of SF. The low mass of two MF deuterons does not compare to that
of the mass of millions of SF deuterons in the coherent cluster and the heat transfer is very fast in the BEC
cluster.

An interesting comparison between SF and MF is their densities and their BEC relationship. In a
conversation with Steve Jones regarding his muon fusion experiments, he stated that the colder the
deuterium the faster the fusion rate. The de Broglie wave function overlap of the two deuterons will
increase at lower temperatures adding more coherence to the two deuterons in the DDu+ fusion system
decreasing the amount of contact time needed per fusion event in that chain reaction. Thisis the case if the
cluster density is 10?” D+/cc. SF may react to the same circumstance, that is with regard to lowering of the
cluster temperature via recombination, making a more favorable fusion environment [5].

New developments in inertial confined fusion, ICF, astrophysics and low temperature boson and fermion
crossover physics help identify SF fusion paths. The SF path can be divided into series of six steps with
some steps well documented and others new. The new are supported by new devel oping technologiesin the
above list. The transient high-density environment follows a natural picosecond process initiated by SF
cavitation bubbles in water. When examining the density of matter that extends from the 10 particles/cc
found in ultra cold crossover systems to 10% particles/cc found in BDS and DDy, there is an obtainable
upper end around 10’ particles/cc where the SF environment exist for a picosecond. The temperatures in
this environment are relatively cool, below the critical temperature, Tc, for the density of the cluster being
considered. The cluster temperature is mediated by the evaporation cooling of deuterons from the cluster
surface, and the de Broglie matter wave overlap of deuterons in a BEC cluster. Deuteron cluster superfluids
are produced in the unique transient SF target foil. The transient existence of this bubble produced cluster
in the target foil has a DD separation of about 4.6 times greater than in DD of MF. The DD spacing of less
than the de Broglie wavelength between deuterons occurs in both MF and SF clusters. The cluster consists
up to perhaps a million deuterons. If the cluster temperature is less 32,000 K, the Tc for the deuteron BEC
with a 10 cm separation, the cluster will begin to have some BEC characteristics. See figure 9. With these
deuteron densities and temperatures the cluster is coherent and superconducting during its short lifetime.
The coulombic repulsive pressure between the spin one deuteron bosons is overpowered by the EM
pressures generated. Electrons are coulombically attracted to the large plus charge of the cluster.

The cluster deuterons surrounded by accelerated implanted electrons produces a spherical EM pulse
focused at the center of the cluster that cools the superfluid via surface deuteron evaporation. The
evaporation of cluster surface deuterons removes heat from the cluster during its compression. The
densities of 300 gm/cc reached by the recent Backlighting experiments [6] were several times those found
in the center of the sun but less by a factor of 100 of that calculated for SF. The picosecond flash implosion
of high energy density cluster is squeezed by EM pressures of the million or less particles, contained in the
cluster volume 10?®D+/cc or 33000 gm/cc, are contained in a target Pd lattice density of 12gm/cc with a
gravimetric pressure of 50 atmospheres on the thin target foil.



The gjecta produces the millions of gecta sites shown in scanning electron microscope, SEM, photos of
exposed target foils. In the 1.6 MHz SF systems the period of this cycle is less than a microsecond. After
implantation the fusion contact time of a picosecond is enough for a DD fusion event. This event will
prevent any further fusion as it is destroyed by the DD fusion process. The initiated fusion heat pulse
results in ejecta sites for low frequency cavitation systems. Ejecta sites are diminished in size as the
frequency is increased. From the controlled bubble cavitation heat, “He, and ejecta sites are the
experimental results on which SF is built.

With the above in mind, the system of cavitating D,O in a piezo produced acoustic field creates cavitation
bubbles as a precursor to high-density plasma jets, Bose Einstein Condensate, BEC, coherent clusters
where fusion events occur. A good review of single bubble cavitation and densities produced during the
collapsing bubble and other pertinent cavitation data about water bubbles in their final stages of collapse
can be found in reference [7]. As the Mach 4 surface collapse of the cavitation bubble terminates the
bubble, an gection of some of the collapsed bubble plasma contents compresses and dissociates D,0O,
forming high density jet plasmas. The dense plasma jet is injected into the cavitating D,O via the bubble
collapse and the jet accelerates as it implantsinto a target foil, where fusion occurs in squeezed and cooled
clusters, followed by the fusion heat pulse that terminates the fusion locale while energy is removed from
the foil by the generated heat pulse and gjecta. All of the above can be found in my earlier papers and in
reference [8].

Sonofusion Process

The Cavitation Bubble

A quick view of cavitation and some of the basic information on the well-documented cavitation process
that produces very high transient energy densitiesis reviewed. Cavitation is known to be a destructive force
but in sonofusion this force is turned around to produce a DD fusion environment via transient cavitation
bubbles, TCBs, in D,O. A resonating piezo is the source of the driving acoustic power. The oscillator
driven piezos produce a variable size bubble population where bubbles are naturally selected by their
resonance properties using the parameters of pressure, temperature, and acoustic power. In recent years at
higher frequencies of 1.6 MHz piezo reduces the damage characteristics found using lower frequencies.
The initial bubble radius, Ri, grows isothermally, increasing its mass and radius to a maximum, Ro,
followed by a violent adiabatic collapse to its final radius, Rf, producing sonoluminescence, SL, and a
high-density jet. [8] These oscillator driven 1.6 MHz resonant bubbles are the naturally selected TCBs that
violently collapse adiabatically in a single acoustic cycle. Millions of bubbles are created in one acoustic
cycle. One cc of D,O will increase in volume 1/10,000 with amillion 4 um Ro bubbles.

There is a tremendous increase in the bubble's energy density during its collapse, where the external
pressure controls the initial energy density over the circulating D,O. An adiabatic bubble collapse, a one
hundred fold-decrease in the bubble radius without much change in the bubble's content mass leads to
about a one million-fold increase in the bubble’s energy density in one acoustic cycle. The jet has a sheath
of electrons transferred from the bubble's interface. The jet is a high - density deuteron plasma and
confined by EM pressures[9]. This s the first step in producing “He and heat in a sonofusion system.

Figure 1 shows an infant or initial TCB expanding in the D,0O and passing from the positive pressure half of
the acoustic cycle into the negative half in an isothermal process picking up water vapor mass. The bubble
continues on this path crossing again into the positive pressure half with a large gain in mass and volume
size. At this point the partially evacuated bubble now at Ro stops its growth and in an inertial turnaround
and a violent near adiabatic collapse process compresses to a radius of Rf. Here two things happen. The
bubble emits a narrow pulse of SL photons, and the bubble produces a jet till encased by the bubble's
interface. It is the SL that is measured and the jet with dissociated D,O that implants into the lattice of the
target foil.



PIEZO FREQUENCY = 1.6 MHz

’71;1 mm

TCB
R
PDV
R .= 0.2 gm
o R = 0.02 gm
Time | N SDNDLUMINESEENEE & JET
0 1 4 sec.

ISOTHERMAL ADIABATIC
GROWTH COLLAPSE

Figure 1. The cavitation process and its sonoluminescence. The TCB is produced in a closed D,O
circulation loop via a 1.6 MHz piezo where the TCBs rapidly grow gaining mass through rectified
diffusion, and then collapse adiabatically. This one million-fold decrease in volume produces a one million
fold increase in energy density. This is enough energy to dissociate the D,O and to produce
sonoluminescence and jet. Seefigure 2.

Jet formation and SL

The TCB bubble jet is formed by the violent collapse or implosion of the bubble in the cavitating D,O
acoustic field. The acceleration collapse process produces jets and SL. The SL monitoring system is a tool
for looking at the plasma condition at that instant of photon emission measured with a PMT device.
Managing the parameters of the running temperature, pressure, and acoustic input controls the plasma
condition. Coincidentally transferring some of the plasma into an accelerating projection of the bubble
interface forms ajet. This process lasts 100 picosecond or less.

There are many more jets formed than are implanted into the target foil and there are other geometries that
may be superior but for the present the ability to observe SL with the disk configuration is necessary for
control of SF. Only those jets within a few um of the target will implant. The metamorphosis of the bubble
into ajet have been photographed [10].
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Figure 2. Thefinal stage of the TCB collapsein D,O and in a 1.6 MHz system. This occurs at the surface of
the target foil or a few micrometers from the surface. In this figure the Rf cavitation bubble is cut away
exposing the circulation of the bubble contents, the interior and exterior of the jet in the formation process,
and the bubble interface. The spheres indicate the exchange of the hottest bubble contents being
transferred to the jet. The compression heating of the contents bubble turns it into a partial high-density
non-uniform plasma that accelerates the stretching the bubble interface and the most energetic deuterons
and electrons into the high- density jets. The base diameter of the jet in this figure is about 100 um for the
lower frequencies ( 46 KHZ). The base diameter for the 1.6 MHz would be smaller at about 10 nm and a
volume 1000 times smaller. Note the direction of the Mach 4 imploding plasma via the arrows. The jet has
several timesthat velocity. See the micro structurein figure 3.



