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O6cyxnaercs Mexannam DD — YHe-cunTesa W Tak HasbiBaeMmasi HepaanaUMOHHAs TEPMAJH3ALHA ITOH
peakiuH B KpHcTaanax. PaccmarpuBaercsi AMHaMHKa 3Toro npouecca. [Ipeanonoxkenne o Tom, 4To Bpems
pacnaja coCcTaBHOrO siipa 3aBHCHT OT IHEPIHH ero Bo30YKIAeHHS, NMO3BOJAET COrJIACOBATL YCKOPHTEbHbIE
JIAHHBIE € 3KCMEePHMEHTaMH B KpHcTasaax. PaccMaTpuBaloTesi npoueccesl, NoBbllaoliie HHTeHCHBHOCTh
DD-cunresa B KpucTaaiax no cpasHeHnio ¢ amophHoi cpejloi, H NPHBOAATCS OLEHKH BLIXO/1A 9TOi PeaKLHH.
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The mechanism of DD — 4He fusion and so-
called nonradiative thermalization of the
reaction in crystals was discussed and
dynamics of this process was considered. The
assumption that the decay time of the
compound nucleus depends on Iits excitation
energy makes experiments in crystals

compatible with the acceleration data. The

processes In the crystals that increase the
intensity of DD fusion in comparison to the
amorphous media were considered, and the
yield of the reaction was estimated.
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COLD FUSION, LENR, the Fleischmann-Pons Effect;
ONE PERSPECTIVE on the STATE of the SCIENCE

Michael C. H. McKubre
Director,

Energy Research Center,
SRI International, Menlo Park, CA.

The 15" International Conference on Cold Fusion, ICCF15
Roma, Italy
Monday, Octaber 5, 2009.

10
E. Tsyganov, Ferrara October 7, 2010




Reproducibility of LENR Reactions

Michael C. H. McKubre
Director,

Energy Research Center,

SRI International, Menlo Park, CA.

TRDECOM Power & Energy TFT
LENR Workshop
29 June 2010

Auditorium, Army Research Labs (ARL), Adelphi, MD
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P13/14 Simultaneous Series Operation of
Light & Heavy Water Cells;
Excess Power & Current Density vs. Time

[ (A/cm”™2) « PxsD20(W) + Pxs H20 (W)




P13/14 Simultaneous Series Operation
of Light & Heavy Water Cells;

Excess Power vs. Current Density

‘ +« Pl4/D20= == Lincar o PI3/H20

Electrochemical Current Density (A/cm?)
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Overview

March 237 1989 Fleischmann and Pons reported results of:

an anomalous heat effect resulting from the extensive, electrochemical
insertion of deuterium into palladium cathodes occurring over an
extended period of time by means of electrolysis of heavy water in

alkaline electrolytes.

This heat effect was at a level consistent with Nuclear but not
Chemical energy or known lattice Storage effects, but occurred

(mostly) without penetrating radiation (o, 3, v, n°) or activation (*H).

Nuclear level heat effects have been observed in the D/Pd system with
energies 100’s or 1,000’s times known chemical effects.

We are concerned with answers to the following questions:

» What do we think we know?

» Why do we think we know it?

» Why do doubts still exist in the broader scientific community?
» How do we propose to make progress?
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all experiments

All 157 values, 0.005-183 W, 12.7 W mean

.
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Preliminary answers
*» Is the effect real?

The FPE is new effect in physics

Requires a new mechanistic description and explanation

Very likely associated with a significant number of CMN Effects
Once explained the underlying effect will not seem “so strange”

YV VY

** What is the effect?

» Heat production consistent with nuclear but not chemical energy or known lattice storage
effects

» Temporally and quantitatively accompanied by *He

» A number of other nuclear products and processes (some of which may be of “more than
scientific” interest)

*d

“* How do we make progress?

Theory: quantitative, predictive fundamental physics description
Science: we must engage the broader scientific community

Commerce: create, market and sell product(s) based on the effect
Public/Politic: growing public concern/interest in “Alternative Energy” options

Ve
>
>
»
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Some empirical rules Iin experiments with
electrochemical insertions

. The D/Pd ratio in the bulk palladium cathode should be
In excess of a critical value.

. The palladium must be free of cracks.

. The applied current density has to be above a critical
value near 100 mA/cm? before detectable heat will be
produced.

. The D,O used in the electrolyte must be as free of H,O
as possible.

No. 5. Application of additional energy may help initiate the
effect .
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DD fusion

Binding energy per nucleon for different elements:
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Potential barrier
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Astrophysical S-factor for DD fusion
E in keV and o in barn:

2 |M ,c*
S(E)=Eo--exp(:r;CJ g,c )=E0'-exp(31.4l/\/f)
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For 2 keV

_ S(E) —27zn
—EF (S

o

N N -1/2
~27n _ —31.4(E)

—1.86x10710

o(E=2 x3B)=(1.86x10"10x4.8x1070 x10724)/2=045x10"37 cn?
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Thermal energy distribution

Maxwell-Boltzmann Molecular Speed Distribution for Noble Gase
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Silver crystal potentials
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If a particle moves in a curved (distorted)
channel with a static potential, its kinetic
energy IS conserved, and the particle moves
along a certain equilibrium orbit. However, when
a crystal lattice experiences collective long
wave thermal vibrations, the particle in the

curved channel experiences successive
transverse kicks from a group of atoms of the
lattice, and therefore absorbs the energy from
the lattice. This small "thermal acceleration” of
the deuterium atoms, Iin our view, Is the origin
of deuterium fusion In crystals.
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Channeling in crystal
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Atomic potential (Quess)
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Swing effect

W=f><S
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At the moment, thermal equilibrium of light atom
contaminations in palladium crystal lattice is still a
puzzle. Obviously, it is not the Maxwell distribution,
and definitively non-isotropic. In distorted crystals
there are probable mechanisms that transfer the
energy of lattice thermal vibration to the contaminants
moving along the crystal hyperchannels.

In our considerations we neglected the shielding of
deuterium electrical charge by his electron when
calculating the barrier penetration. In accelerator
experiment this effect is known as increasing the
probability of barrier penetration by about 10%.

E. Tsyganov, Ferrara October 7, 2010




Peculiarities of DD fusion in crystals

. Thermal equilibrium of D atoms along bent channel is not
Maxwell

. No ionization (process begins only after 50 keV)

. Domino catalysis (thermodynamics). Very week chemical
bound. As a result, all interactions are “hot” with an
average room temperature

upto~109

. Precision alignment between a projectile and a target
4
~ 10

. Deuterium has acondensed matter density
> 10 °

6. Nuclear decay rate of compound nuclei at low excitation is
much reduced
E. Tsyganov, Ferrara October 7, 2010
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Pd-D chemical bound energy is low, ~120 meV
Eorm — 40 meV at 300 K

This is why contamination of H breaks up the process
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Numerical results

According to calculations, in 1 cm® of palladium
deuterons having an energy of 1 keV in the
center of mass yield 0.43x101° 4He fusion events
per second, or 16.5 mW, at 2 keV the yield of the

reaction is 2.5x10%° events per second, or 96 W,
and at an energy of 3keV the yield is 1.45x10%°
events per second, or 5.6kW.
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Thermal D-spectra and cross section
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Effects of Electron Screening on Low-Energy
Fusion Cross Sections

H.J. Assenbaum, K. Langanke and C. Rolfs
Z. Phys. A - Atomic Nuclei 327, p. 461-468 (1987)
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Electron shielding
By H.J. Assenbaum and others:

o (E)=S8 (E)E 'exp(-27n(E))

Eg=F +Ue
Ue'_—ez/ Ra

o (Es)! o (E)=(E | Eg)exp (271 (E4))/ exp (271 (E))
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Electron shielding in in the static Born-
Oppenheimer approximation

Table 1. Atomic screening effects on charged-particle-induced fusion reactions

System VA Enhancement ratio f® Experiment

(keV) E/U,=1 E/U,

R

d+d 0.027 1.7 x 10?4 107
d+3He 0.11 2.0 x 10%¢ 64
*He+*He 0.22 7.4 % 1041 73
p+Li 0.24 6.4 x 102 125
p+''B 0.68 1.3 x 1023 32
a+12C 20 3.2 x 10°8 450
2Cc+12C 59 3.2 x 10144 338

PO E W W W
a

* Equation (2); b Equation (3)
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Cross sections with shielding corrections:

_S(E) 277

OTTF

2m _ S314(E)12

o(E=0.027 keV)=63 x10~ 111 72

o(E=0.054 keV)=4.6 x10~ 57 cm?2
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Correct solving the Schrodinger

equation for atomic d-d collisions at
very low energies is of the supreme
iImportance now.
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The most unexplainable:

Why are (almost) no nuclear products?
Where are neutrons?
Common statement: no neutrons — no fusion.
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Compound nucleus decay with
Heisenberg matrix elements calculations

*He

This matrix approach is very fruitful in the description of many
guantum-mechanical phenomena, but involuntarily served as the

basis for the widely accepted opinion that all strong processes
by the definition are fast.
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Compound nucleus decay process diagram
Inspired by Schrodinger equation containing
space-time coordinates in an explicit form.
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Compound nucleus decay time

In this model nucleus decay time must
depend on the excitation energy
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If nucleus decay time depends
on excitation energy:

N(l‘)/N():e_tV

V=V +ak+...
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If nucleus decay time depends on excitation
energy:

Nuclear rates are usually about 10%%/s. The fusion reactions
D+D - “He has a broad resonance at energy of about 8 MeV.
Using the width of the resonance and the uncertainty relation
gives the lifetime of the compound nucleus at this energy
~ 0.8x10-?? s. Then it increases approximately linearly with
decreasing energy. It seems to us, McKubre group works in a
range of about 2 keV. In these experiments the excitation energy
is about 4x103 times less than inthe resonance, and the decay
time is ~ 0.3x1018s. This decrease in the nuclear reaction rate
has no effect on the ratio of output decay channels, but only to
a certain limit. This limit is ~6 keV. Then the compound nucleus
IS no longer an isolated system, since virtual photons from “He*
can reach to the nearest electrons and carry out the excitation
energy. For the distance to the nearest electron we have chosen
the radius of electrons of a helium atom (3.1x10-** m). From the
uncertainty relation, the time of these processes is about 101°s.
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If excitation energy is high:

the beginning
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If excitation energy is very low:
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excitation energy ~ zero
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thermalization (glow discharge) diagram
by virtual photons

The process of exchange by virtual photons without changing
the total angular momentum, called EO, is known in nuclear
spectroscopy and sometimes called photonless exchange.
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Presumable energy diagram of 4He*

E, MeV
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D+D = “He
new nuclear physics
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We Dbelieve that the physics of the decay of
the compound nucleus “4He* resulting from
collisions of deuterons completely changes near
6 keV. In our view, the presented considerations
restore the compatibility of all the experiments
related to the reaction D+D — 4He, and elevate
cold fusion DD experiments in palladium to the
rank of legitimate science.

The results of McKubre’s experiments
Indicate that at low excitation energies of the
compound nucleus 4He* the frequency of decays
with emission of nucleons does not exceed ~101°
per second and cannot compete with the
processes of energy exchange with the nearby
electrons by virtual photons.
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Conclusion

Peculiarities of behavior of deuterium atoms in a
crystalline environment provide a gross increase in the
probability of deuteron fusion and open up the possibility of
practical application of this process. The assumption that
decay time of the compound nucleus depends on its
excitation energy makes experiments in crystals compatible
with acceleration data.

It should be noted that an increase in the efficiency
of the thermal acceleration of contaminant atoms of
deuterium (for example, with the use of crystalline
undulators), along with the sharp increase in theyield of
fusion may open unwanted nuclear channels.

The new nuclear physics at low energies could have
unexpected implications for the customary practice with
nuclear reactions. For example, the rate of certain nuclear
reactions excited by thermal neutrons may happen to be
environmentally dependent.
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Alternative approach: Takahashi model
J. Condensed Matter Nucl. Sci. 2 (2009) p. 33—44

Dynamic Mechanism of TSC (tetrahedral symmetric
condensate) Condensation Motion by the Langevin Equation

Feature of QM electron cloud

Re =53 pm Electron center; (e)= (et + e|}2

Bohr.orbit of D (H)

(a) D atom (stable) A Yol /urunafwmnm
— a

Bosonized electron ) - leclron coupling
center torus for | For (et + e))

{c) 4D/ TSC (life time about 60 fs)

(b) Dz molecule (stable): W20 = (2+2A F'2[W 1o{rar) W soo(fez) + W roo(faz) W reafras)]X s(s1,52)
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Takahashi model

Electron

-
LS

O.:
l_}

pord

1.4007 fs

dre = 4x2.8 fm

1} TSC forms 2} Minimum TSC

Deuteron

+ >

15fm 4) Break up
3) éBe* formation
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Takahashi model

Fantastic!
However...

Seems to be contradictive internally. The

process Is not reversible. The process
IS exactly the same for H and D, but
“Be does not exist...
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Grazie per la vostra attenzione

Thanks for attention
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