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channel from deuteron-deuteron fusion. Eventually one could not avoid the neutron

emission in a hot plasma containing deuterons.

Condensed matter nuclear science provided another opportunity to approach nuclear
energy with no nuclear contamination. Deuteron flux plays key role instead of neutron
flux, and selective resonant tunneling would select only the neutron free channel. There
are five major steps in the past 17 years:

(1) Selective resonant tunneling model has been successful to explain the 3 major
puzzles in cold fusion proposed by nuclear physicist(i.e. penetration of Coulomb
barrier, no neutron emission, no gamma radiation), and successful also to explain the
3 major cross-section data in hot fusion(i.e. d+t, d+d, d+He3).(1)(2) The Nobel prize
laureate, B. Josephson of Cambridge University, cited this theory in the Nobel Prize
Winner’s Lecture (Lindau Meeting) in 2004.

(2) Deuteron flux through the palladium surface at specific temperature was found
correlated with heat flow in various experiments in China,”) Switzerland, Japan,
France and Italy.

(3) The nuclear products have been confirmed in a series of nuclear transmutation
experiments using deuterium flux permeating through the thin film on the palladium
surface.”

(4) 1t is a resonance between lattice energy level and nuclear energy level. There are
experimental evidences to support this concept.

(5) Temperature of resonance may be as high as 1000°C. Instead of the electrolytic cell,
the gas loading technique has been used. It led to the discovery of the resonance
above the boiling temperature of heavy water. This would change greatly the usage of
this nuclear energy.

We may propose the future subjects of study as follows:

(1) Selective Resonant tunneling model has predicted 3-deuteron fusion which has been
found in experiments as well. The reasonable inference is the neutrino emission from
the metal hydrides. The feasibility of detecting this neutrino is discussed based on the
information from the KamILAND neutrino detector in Japan.

(2) Nano-meter technique should be used to increase the deuterium flux through the
palladium surface.

(3) Gas-discharge tube in combination with optical spectrum measurement would be the
suitable experiment at the current funding level.

(4) Negative feed-back should be used to solve the problem of the reproducibility; then a
self-sustaining deuteron flux reactor would be feasible.
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PROGRESS TOWARD A THEORY FOR EXCESS HEAT IN
METAL DEUTERIDES

P.L. Hagelstein and 1.U. Chaudhary

Research Laboratory of Electronics
Massachusetts Institute of Technology
Cambridge, MA, 02139 U.S.A.

Excess heat was reported in March, 1989 by Fleischmann and Pons in Pd cathodes
loaded in heavy water electrolysis experiments.””) The amount of heat was sufficiently
large that it could not be accounted for by chemical reactions, and it was conjectured that
the effect was due to some new physical process that involved deuterium reacting to
produce *He and heat. Controversy ensued, with many experiments done in 1989 failing
to confirm the initial observations, and with strong theoretical arguments put forth as to
why there should be so such effect. Before the end of 1989, research in the area was
considered by some prestigious scientists to be “pathological science”.?

Nevertheless, there have been many confirmations of the effect reported over the
years by groups continuing to follow up on the initial experimental claims.””’ Results on
the best studied experiments close to the original Fleischmann-Pons experiment were
reviewed in a document prepared for the 2003 DoE review of cold fusion.”” Excess heat
has been reported repeatedly in isoperibolic calorimeters, flow calorimeters, and in other
types as well. A threshold effect is reported with increasing deuterium loading and
increasing current density. Excess power has been observed to increase rapidly with
temperature. Helium is seen in the gas stream correlated in time and quantity with excess
heat, with a reaction energy determined experimentally to be 24 MeV per “He atom.
There is no evidence for energetic particles in association with whatever reactions occur.

These observations have presented a challenge for the development of a theory.
Conservation of energy and momentum dictate that the reaction energy should be
expressed as energetic particles in the case of vacuum reactions, and determine the
branching ratios in accelerator experiments. Golden Rule models for the reactions
determine what rates are possible for conventional (vacuum) deuteron-deuteron reactions
in condensed matter, which leads to the conclusion that essentially no reactions should be
expected because tunneling is so slow. Such considerations have led Huizenga and others
to conclude that no theory can be developed to account for an excess heat effect, and to
conclude that the experimental observations must therefore be in error. However strong
these arguments might seem, they do not constitute a proof of impossibility, and we have
long considered them to be challenges to model development.

Over the years, a large number of proposals have been put forth suggesting candidate
mechanisms that might account for the excess heat effect. Most of the research has
focused on screening issues, with less attention paid to more fundamental problems. For
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the past several years, we have focused on reaction schemes based on phonon exchange.
We recently develoged a model for phonon exchange in association with a nuclear
reaction in a solid.”’ The reason that this is interesting is that it may be possible for
reactions at different sites to become correlated if they exchange phonons with a common
highly excited mode.

We considered an idealized model in which two sets of two-level systems are coupled
to a common oscillator. One set is weakly coupled, representing molecular D, states,
where the coupling is hindered due to tunneling. The other set is more strongly coupled,
representing receiver nuclei. We find two interesting effects in the basic model.
Excitation can be transferred between the two sets of two-level systems, under conditions
of resonance. Also, energy can be exchanged between the receiver-side two-level systems
and the oscillator, even though the oscillator energy is much less than that of the two-
level systems. If the basic model is augmented with loss, then destructive interference
effects which are present in the model are removed, and the associated rates are greatly
increased.

The dynamics of such models is coherent, rather than incoherent. Global energy is
conserved; however, the local energy is not (since the reaction energy is transferred
elsewhere). Such models are therefore not subject to the arguments of Huizenga and
others. Reaction rates predicted by this kind of model can be in agreement with
experimental observations if anomalous screening is present at a level comparable to that
seen in low-energy accelerator experiments.
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STUDY OF THE DIRECT ENERGY CONVERSION
PROCESSES FOR VISTA LASER FUSION ROCKET
IN THE LASER-PLASMA EXPERIMENTS
WITH DIPOLE-LIKE MAGNETIC FIELD#*

Yu.P. Zakharov, K.V. Vchivkov, A.V. Melekhov, V.G. Posukh,
E.L. Boyarintsev, LF. Shaikhislamov, H. Nakashima®

Institute of Laser Physics (ILP), Novosibirsk, 630090, Russia
# Kyushu University (KU), 6-1 Kasuga-Koen, 816-8580, Japan

Our first experiment(l) with clouds of Laser Plasma (LP) in dipole field to simulate
Laser Fusion Rocket (LFR) had proved that a real value of momentum conversion
efficiency mp, = 50+60 % could be achieved in a good agreement® with MHD® and
PIC* simulations for LFR VISTA.®”) Nevertheless, another important problem — on the
real level of 1 (efficiency of direct energy conversion) are being controversial now since
a recent LP-experiment® “MHD” give a real value of 1, nor more than 1% in the plasma
— pick-up coil configuration like a VISTA, instead of its own planned value®™ 1,=5%.

Here we discuss in detail on the base of similarity criteria and new 3D/PIC-
calculations of ILP (by code®® of KU) a physics and possible real limit of 1, ~ 5% for
direct energy conversion in VISTA case and how this value of efficiency could be tested
in planned simulative experiment “VISTA-KI”, in spite of fast development of non-MHD
flute instability at plasma boundary(7). In the relevant preliminary PIC-calculations we
had this efficiency n. ~ 5% under conditions of some specific LP-geometry like toroid
(with its energy Eo ~ 10 J and axis along to magnetic field Bg ~ 2+5 kG) that could be
produced by double-sided laser irradiation > 100 J of plastic fiber™ aligned the field.

Main similarity criteria of given problem are the energetic parameter & = 3E0X3/u2
and geometrical one a = X/R, where X is the axial distance between a point of LP-
explosion in the field By and field’s coil (of moment p and radius R). Since in ideal case
(without flute’s affect onto plasma diamagnetizm) according to our simplest estimation®
of Ne (%) ~ 12*a/o’° (for coinciding main and pick-up coils), we should have in “MHD”-
case® ne = 2 %, we can introduce empirically a modified value of real 1, ~ 6*a/o’ that
takes into account a role of observed® non-MHD flutes. Such flutes are important under
conditions of low-level magnetization of ions (with Larmor radius R;) and are
characterized by third criterion® €, = R;/ Ry, for the scale of plasma stopping by field R,
~ (3Ey/By’). This criterion € is around 0.3 in laboratory “MHD?”, while could be ~ 0.2 for
VISTA without expellant (around ICF-target) and << 1 with it. But in the last MHD-case
during long-time plasma deceleration at Ry/Vo ~ 50 ps, a customary Rayleigh-Taylor
flutes could develop and destroy plasma diamagnetizm.
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So if we will use our expected real ne ~ 6*/o’ for any cases of future VISTA (with
@~ 0.3 and o ~ 0.85 ) we get ne ~ 3 only, but since in its design a Be-shield (as one-turn
pick-up coil) at distance X, in front of SCM-coil could be used™, an additional criterion
B = Xo/X ~ 0.85 we should take into account. Thus a final version of real modified
efficiency will be in a form of ne* ~ (6&/&3 Y f(a,B) with new factor f = (1+0c2/1+oc2[32)3
that could supply a real value Ne up to 5% indeed, but of coarse the last dependence must
be verified in simulative LP-experiment with corresponding criteria &, o, § and g, < 0.5
(for LP expansion velocity Vo ~ 170 km/s). For this purpose we plan to perform this year
a “VISTA-KI” experiment at KI-1 laser facility of ILP and have did its some preliminary
PIC-simulations with calculated 1, up to 4.5% (for data b and ¢ at Figure). In these PIC-
runs we have used both spherically-symmetrical expanding LP-cloud (a) and toroidal one
(b and ¢), which was formed by dependence of initial V¢ oc Sin6 for angle 6 between the
direction of expansion and X-axis (but with initial uniform density in a sphere of radius
<< Ry).
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Data of PIC-runs for “VISTA-KI” experiment to simulate VISTA Laser Fusion Rocket: a and b — shape
of laser plasma expansion (Eq ~10 J) in dipole-like magnetic field 2 kG; ¢ — dynamics of momentum
conversion for toroid-plasma variant b.
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ROLE AND CHALLENGES OF SUPERCONDUCTING
TOKAMAK FOR GOING TO FUSION REACTOR

Y.X. Wan
Institute of Plasma Physics
Chinese Academy of Sciences
P. 0. Box 112
Hefei Anhui 230031 P.R. China

Fusion reactor should be steady state operation (SSO)

As everyone known the significant progresses have been achieved on tokamaks,
which means that the scientific feasibility of tokamak reactor for fusion energy has been
achieved (Q = 1). But for the commercial power plan the economics will be very
important. Therefore to find so-call improved confinement operation mode is the popular
topic always for tokamak research. On other hand if any tokamak only can be pulse
operation the averaged efficient with the time will be very low for any operation modes.
So go to steady state operation (SSO) will be the most important and it should be the
fundamental requirement for future fusion reactor.

Superconducting (SC) tokamak is one of the most important bases for SSO

Three basic conditions at least must be required for SSO of Tokamak: 1) steady state
toroidal field (TF); 2) steady state polodial field (PF) for equilibrium; 3) to sustain the
plasma current by the non-induced plasma current drive (CD).

The SC magnet can be used for TF magnet on tokamak to get SSO of TF system has
been demonstrated on T-7 (HT-7), Triam-1M, Tore-Supra. The CD by LHCD, ECCD,
NBCD, ICRFCD and bootstrap current has also been demonstrated on tokamaks. But
there is no any tokamak, which use the SC magnet both for TF and PF until 2006. The PF
magnets of tokamak usually will suffer higher voltage and fast flux change, which is
related with the start up, instability and disruption of plasma current. The high voltage
and the fast flux change will cause quench or arc discharges inside cryostat, which could
damage the PF and, even more, the whole tokamak device. Therefore to design, construct
and operate a full SC tokamak is more difficulty than the SC tokamak, on which only TF
is SC magpnet.

ITER (International Thermonuclear Experimental Reactor) should demonstrate SSO
for the burning plasma reactor. Both PF and TF of ITER have to be SC magnet. So ITER
will face to great challenges both related with burning plasma and full SC magnet
systems.
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Mission and progress of EAST SC tokamak in China

EAST (Experimental Advanced Superconducting Tokamak) was approved as the
National Mega-Projects of Science Research (MPSR) by government in 1997. The main
parameters’ are B=3.5 T, Ro= 1.70m, [,=1MA, a= 0.4m, (b/a)= 1~2 with the flexibility
of double and single null divertor configuration. At the first phase Pyycp= 3.5 ~ 4 MW,
Picru= 3 ~ 4 MW, Pgcryg= 0.5MW and the maximum pulse will be 1000 seconds. The
second phase with Bi=4.0 T and I, = 1.5MA will be achieved if the working temperature
on magnets can decrease from 4.2 K to 3.8 K.

The mission of EAST is to widely investigate the physics and technology of the SSO
advanced tokamak as well as the power and particle handle under SSO condition. The
basic requirements for EAST tokamak are: both TF and PF should be SC magnets;
enough inductive current system for plasma start up; CW non-inductive current drive
(CD) and addition heating systems for SSO; the flexible control of J( 1), P( 1), plasma
position and shaping for advanced tokamak research; the standard PFC with changeable
tiles for advanced first wall martial development; the divertor for power and particle
handle; advanced diagnostics.

Figure 1 - EAST (Experimental Advanced Superconducting Tokamak).

The significant progress of EAST has been achieved.”) Special CICC (cable in
conduit conductor), all TF and PF magnets, some key components such as joint, high Tc
current leads, insulators have been fabricated and produced by CASIPP; All TF and PF
SC magnets were tested (cooling and charged) successfully before the final assembly (Fig.
1). The engineering commissioning was successful and the first plasma has been obtained
in Sept.26, 2006 (Fig. 2). More important is that the discharges with single null, double
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null and several elongated configurations have been obtained. So at present EAST is only
and first full SC tokamak, which has been operating for advanced SSO, experiments.
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Figure 2 - First plasma

Challenges for the full SC tokamak

Big difference between conventional and SC tokamk is that SC tokamak must have a
second vacuum chamber — cryostat. Inside it there are TF and PF magnets, thermo-shield,
hundreds cooling pipes, which will provide liquid helium for magnets but must be
electric insulated very well with magnets. During the start up, feedback control and
disruption of plasma current all components inside cryostat, especially the PF system will
suffer high voltage and fast flux change which will cause very complicated
electric-magnetic forces and AC losses on SC magnets and other cooled components. In
fact if there are any damages during the discharge or any mistakes caused by design or
assembly the cryostat will be the second discharge chamber. Any damages of insulation
or leak of the pipes will be positive feedback together to cause the quick development of
serious arc discharges which will be possible to damage the whole PF or TF system and,
even more, the whole tokamak device. We have suffered this kind of damage during the
components testing. The problem has been overcome during the assembly. EAST
discharges are successful and safe up to now but we still carefully to investigate the safe
operation mode for the full SC tokamak and strictly to limit the operation scenarios to
deal with the great challenge which the full SC tokamak must face to. The detail
information will be given in my presentation.
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AN ACOUSTICALLY DRIVEN MTF REACTOR
Michel Laberge

General Fusion Inc.
K4 RR1, Bowen Island, BC, VON-1G0, Canada

Magnetized Target Fusion (MTF) is a promising fusion approach that may reduce the
time and cost to commercial fusion energy. However, a power plant based on the leading
plasma compression concept (magnetically imploded liner) faces some major hurdles.

General Fusion proposes a new compression system that offers many advantages. A
near spherical vessel ~2 m in diameter is filled with liquid lithium-lead alloy (Li-Pb). The
liquid is spun in the vessel by pumps that inject the liquid tangentially near the equator
and pump it out near the poles. This creates a vertical vortex tube in the liquid metal. The
vessel is surrounded by many steam actuated pistons. High pressure steam accelerates the
pistons to ~100 m/s. The pistons impact the spherical vessel and send a strong acoustic
wave in the liquid metal. The pressure developed at the impact is 2 GPa. Good steel can
handle up to 3 GPa in compression. The wave then focuses in the center, getting stronger.
Just prior to the wave collapsing the center vortex, two spheromaks of reverse helicity are
injected from the top and bottom of the system. They move rapidly to the center where
they merge to produce a stationary FRC (Field Reverse Configuration). The advantages
of this plasma target are that it can be rapidly sent in the center just prior to collapse and
then stay there with low velocity while the vortex collapses and compresses it. The
toroidal magnetic field is canceled and its energy goes in thermal energy, heating up the
plasma just prior to compression. Also, it has been observed that when merging, the
resulting plasma has higher ion temperature than electron temperature. As radiation
losses increase with electron temperature but fusion goes with ion temperature, this may
somewhat improve the operation. Simulations mdlcate a vortex collapsing speed of 2.5
km/s. Using an initial plasma with a den%ny of 10" cm™ and a temperature of 100 eV, the
code predicts a final plasma of 10 cm™ and 20 keV for a duration of 7 us. An energy
gain of 6 over the initial piston kinetic energy (100 MJ) is calculated with substantial
alpha particles heating. After compression, the fusion energy is released in neutrons that
heat the liquid metal. The cycle is repeated at ~0.5 Hz generating ~50 MWe. The liquid
metal goes in a heat exchanger to make steam. The steam is directly used to push on the
pistons. Therefore the re-circulated power does not have to be converted in electricity,
reducing the cost of the turbo-machinery and generator. Typical MTF systems use pulse
power technology worth around 3$/J. For such a system of the order of 100 MIJ, it will
cost $300 million just for the pulse power system. Also, the reliability of a pulsed power
system of that size firing at 0.5 Hz for years is questionable.100 MJ of steam at 1500 psi
in a 10 m’ tank plus associated fast acting valves will cost of the order of $500 000; a
considerable saving. Sustained high repetition rates should not be a problem. Because of

the high accuracy of the impact timing of the numerous pistons (~1 us), an electric means
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of controlling the exact piston trajectory is required. But this system can control only a
few % of the piston energy. In particular, it can be a breaking only system not requiring
any high electrical power components. The pistons are sent a few percent above the
required velocity and a servo loop applies just the required breaking to adjust the impact
time and velocity. The spheromak generators will use a pulse power electrical system.
But as only ~1% of the compression energy is required for the initial plasma, this should
be only a ~1 MJ system worth ~3 M§$. Most neutrons and all other radiations are stopped
in the ~1 m radius of Li-Pb so the neutron flux at the wall is much reduced. This is
extremely advantageous over many other fusion systems where neutron and radiation
wall loading is a difficult and mostly unresolved technical issue. Radio isotopes produced
by neutron activation of the structure is also a problem, especially for maintenance, in
most proposed fusion machines. It is much less of an issue for our proposed machine.
Many MTF systems under consideration also require the destruction and replacement of
substantial amounts of hardware for each pulse; a costly and complex proposition
especially at higher repetition rates. Our proposal does not require hardware replacement
for each pulse. This proposal retains all the advantages of the well known LINUS concept
but with a much faster liner velocity, considerably reducing the plasma requirement. We
will require a plasma of 40 cm diameter with a lifetime of 100 ps, a specification that
seems attainable with present technology.

Figure 1 - Spherical reactor vessel with a few steam cylinders (left) and with all cylinders (right).

We built a small scale experiment to demonstrate the concept. A 40 kJ capacitor bank
discharges in 30 aluminum foil spirals coating the inside of a 16 cm inside diameter steel
sphere filled with water. The foil spirals are rapidly vaporized sending a focusing
spherical shock wave in the water towards a 29 mm diameter, 0.75 mm wall thickness
lithium tube in the center of the sphere. A z-pinch discharge in 10 torr of deuterium is
created in the tube just prior to collapse. We measured a radial collapse accuracy of 1:7,
close to the 1:10 required for a fusion reactor. The maximum collapsing speed reached 4
km/s. Two large volume scintillation counters outside the sphere pick up a few counts
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when we use a deuterium plasma. No signal is detected in hydrogen plasmas. These
results indicate a small fusion yield of 2000 D-D neutrons corresponding to a compressed
plasma temperature of a few hundred eV.
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THREE UNTRIED ‘OPTIMAL’ HOT & COLD FUSION
REACTORS

Robert W. Bass

Innoventek Inc.
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Lexington Park, MD, 20653-5338 U.S.A.

This concerns three assertedly optimal configurations [Topolotron,(l) Plasmasphere,m
LMP>MSD®, the first two disclosed in expired US Patents; 3™ [Patent Pending] hereby
proposed as a 4™ year option to an existing DARPA contract* for design & experimental
demonstration of feasibility of production, via a precursor Liquid Metallic Plasmoid
(LMP), of an STP crystalline MetaStable Element (MSE), initially MetaStable Helium
(MSH); then MetaStable Deuterium (MSD), as optimal Quantum-Resonance-Triggered
(QRT 4)) fuel for aneutronic lattice-catalyzed Cold Nuclear Fusion; the strictly theoretical
1st year now funded (experiments in 2" & 3" years contingent on success).

Topolotron(l) features an optimal magneto-static external vacuum magnetic field, in
sense of topological stability: Pliss/Peixoto Theorems establish that it has only possible
configuration of magnetic field-lines, smoothly tangent to surface of a torus, qualitatively
invariant under any allowable perturbation; it has an identically zero rotational transform
angle [a concept irrelevant here, because every non-circular field line, parameterized as a
geometric ‘flow’ via arc-length, is asymptotic toward or away from one of a finite, even,
number of topologically circular field lines which constitute limit-cycles for said flow].
Uniform exponentially asymptotic (robust) stability of Topolotron’s high-beta plasma
ElectroMagnetoThermoFluidDynamic (EMTFD(5 )Y pseudo-equilibrium ensured by use of
Routh-Hurwitz criteria for complex frequencies [roots, 6th-degree polynomial dispersion
relation obtained by standard linearization (attempted imperfectly by Chandrasekhar’s
student S.K Trehan®;errors corrected by Bassm’(l))]. Imperative to include thermal
conductivity, hydrodynamic viscosity, electrical resistivity, and displacement current
[finite lightspeed] because neglect of any one introduces a spurious zero root and lowers
degree of polynomial, which factors into 3 quadratics with positive coefficients, whose
roots yield fast & slow magneto-sonic waves and electro-magnetosonic waves. Robust
stability criterion satisfied naturally for toroidal aspect ratio exceeding 240:1 and
sufficiently high density & temperature; stability increased by increasing ratio of square
of density to cube of temperature. Original BYU-developed Topolotron design used
pulsed operation but T. Dolan [private communication, Patent pending] has invented a
way to operate it in steady state. Plasmasphere® configuration purports to be
perfection(g)’(g) of Kapitza’s free-floating plasma filament, after demonstrating both
analytically & via computer simulation that a charge-separation inertial-electrostatic
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insulating boundary layer permits cold gas confinement when maintained by external
microwave radiation.
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Rosenbluth. He was one of the founders of the pulsed power, electron/ion beam
laboratory at Cornell University, maintaining his work on intense ion beam propagation,
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