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LENR transmutations can occur all around us

Electromagnetic energy available in intense electric discharges

>
can create neutrons via direct electroweak reactions betw%,_/,.

protons and electrons; those neutrons are captured‘by atoms

that are transmuted into other isotopes a’#g%hemlcal elements.
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This is revolutionary because scientists have long-assumed that
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Neutrons are created in’ types.of electric discharges
Captured by locala Strans muteithemiintolc dﬁﬁ)@if‘ |sotopeslelements
Processlis ﬂe Sionmeryahbughnesthictedfalmostientirely to stars

Vi Ncleosynthesis of; d@ﬁﬁﬁl d@iﬂaﬁi@ iniNature heretofore believed
to require found in'hot cores of stars;
otherwise yaccel; ratone\or weapons to do it

v Beginning in 2005, the Widom-Larsen theory of
LENRs explained and predlctecl at ‘many- body collective

B
quantum and electromagnetlcwould create neutrons via
electroweak reactions in broad range!of. environments including
electrochemical cells; explodlng wires;electric discharges, natural

lightning, and magnebcﬂux tubes Ioca ed far outside stellar cores
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v’ Widom-Larsen theory |mpI|es nce thesus IS more common and
occurs in vastly more places'-~than eveﬁbefore thought possible

v Herein will provide example pubfshed thlrd -party data that are
consistent with predictions of ory and fully explained by it
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Widom-Larsen theory of ultralow energy neutron reactions
Three key publications that begin in March of 2006 referenced below
Many-body collective effects enable radiation-free green nuclear power

“Ultra low momentum neutron catalyzed nuclear reactions on metallic

hydride surfaces”
A. Widom and L. Larsen
European Physical Journal C - Particles and Fields 46 pp. 107 - 112 (2006)

“Energetic electrons and nuclear transmutations in exploding wires”
A. Widom, L. Larsen, and Y. Srivastava
Cornell physics preprint arXiv:0709.1222v1 [nucl-th] (2007)

“A primer for electro-weak induced low energy nuclear reactions”
Y. Srivastava, A. Widom, and L. Larsen
Pramana - Journal of Physics 75 pp. 617 - 637 (2010)
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LENRSs operate like stellar processes in condensed matter
Electroweak ¢” + p* reactions can occur in domains besides supernovae

v" Inour European Physical Journal C - Particles and Fields
paper (2006) we explained how many-body collective
quantum effects in condensed matter can produce ultralow

energy neutrons via the electroweak e~ + p* reaction in
tabletop apparatus under very modest macrophysical
conditions. Results of subsequent neutron-catalyzed
transmutation reactions resemble astrophysical s- and r-
processes only at temperatures vastly lower than with stars

v" We next analyzed and explained case of LENR transmutation
products observed in high pulsed-current exploding wires
with cylindrical geometries; note that collective many-body
magnetic effects (B-fields) dominate therein. This case
differs from condensed matter electrochemical cells wherein
micron-scale, nuclear-strength local E-fields and local
breakdown of Born-Oppenheimer are much more important

v Once one understands LENRs in magnetically dominated
collective systems, lightning discharges are conceptually like
a big exploding wire up in the sky. Moreover, predicted
electroweak e + p* reactions inside solar coronal loops and
flares is direct extension of the same physics principles

May 3, 2016 Lattice Energy LLC, Copyright 2016 All rights reserved 5



Condensed matter ultralow energy neutron reactions
LENRSs

"
y From: “Nanoscale plasmonic interferometers for
- multispectral, high-throughput biochemical sensing”
el O
.,\ Do

. : - J. Feng et al.,, Nano Letters pp. 602 - 609 (2012)
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Stars and fission reactors not required to make neutrons
Can be produced from protons and electrons in electroweak reactions
Many-body collective electromagnetic and quantum effects obviate high temps

Electroweak LENRs in condensed matter do not emit energetic neutron or gamma radiation

Require source(s) of input energy Many-body collective electroweak neutron production

Input energy creates electric fields > 2.5 x10" V/im Heavy-mass ¢ * electrons react directly with protons

&

Collective many-body quantum effects: Quantum electrodynamics (QED): smaller number of
many electrons each transfer little bits electrons that absorb energy directly from local electric
of energy to a much smaller number of field will increase their effective masses (m = E/c?)

electrons also bathed in the very same above key thresholds f, where they can react directly
extremely high local electric field with a proton (or deuteron) = neutron and neutrino

Energyy gaq ¥ €, e TP n'+vy
v, neutrinos: ghostly unreactive photons that fly-off into space; n° neutrons capture on nearby atoms

Radiation-free LENR transmutation
Neutrons + capture targets =33 heavier elements + decay products

Neutrons induce nuclear transmutations that release enormous amounts of clean, CO,-free heat
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Electroweak neutron production has two distinct modes
Magnetic mode dominates in electric discharges: sparks, arcs, lightning

Production of neutrons from protons and electrons via electroweak catalysis:

Many-body collective effects in condensed matter and plasmas + input energy

Energyg guq + €, > €™, +p" > n+ v, [high electric fields on substrate surfaces]

Energyg .y = € + p* 2 lepton + X  [plasmas inside cylindrical magnetic fields]

Collective electroweak production of neutrons on u-scales on condensed matter
substrates and via direct particle acceleration in magnetic fields of discharges

Transmutation of atoms that capture neutrons into other heavier isotopes/elements:

Both types of processes release nuclear binding energy (heat)

n + atom (Z, A) 2 (Z,A+1) [neutron capture on nearby atoms]

(Z,A+1) = (Z+1,A+1) +e5 +v, [unstable products beta” decay]

Commonly rapid f decays of unstable neutron-rich isotopic products

May 3, 2016 Lattice Energy LLC, Copyright 2016 All rights reserved 8



Many-body collective effects span vast range of length-scales

W-L-S theory and its collective effects extend from LENRs in condensed matter systems to

environments found in high-current exploding wires, e.g., large wire inductors, as well as up
to large-length-scale, magnetically dominated modes that occur in astrophysical systems

Length
Scale

Type
of System

Electromagnetic
Environment

Many-body Collective
Phenomena

Comment

Submicron

Certain earthly
bacteria and
some fungi

Very high, short-range
electric fields

Transmutations, high
level of gamma shielding

Obtain unavailable trace
elements; survive deadly

gamma or X-ray radiation

Microns

Hydrogen
isotopes on
metallic surfaces

Very high, short-range
electric fields on solid
substrates

Transmutations, high level
of gamma shielding, heat,
some energetic particles

This regime is useful for
small-scale commercial
power generation

Microns to
many
meters

Exploding wires,
planetary
lightning

Dusty plasmas: mixed
high-current and high
local magnetic fields

Transmutations, ‘leakier’
gamma shielding, heat; X-
rays up to 10 keV, larger
energetic particle fluxes

This regime is useful for
large-scale commercial
power generation

Many
meters to
kilometers

Up to
several AU
(distance

from earth
to Sun)

Outer layers and
atmospheres of
stars (flux tubes)

Neutron stars
and active
galactic nuclei in
vicinity of
compact,
massive objects
(black holes)

Ideal and dusty
plasmas: high mega-
currents of electrons,

protons, and ions
inside large-scale,
ordered magnetic
structures with
substantial internal
electromagnetic fields

Energetic charged
particles and neutrons
(MeVs to EeVs), X-rays,
gamma-ray bursts, and

ultra-high-energy cosmic
rays (TeVs to EeVs)

Provides explanation for
heating of solar corona
and radioactive isotopes
in stellar atmospheres

Provides mechanism for
creating extremely high
energy particles in
plasma-filled magnetic
flux tubes with sufficient
field strengths

Note: mass renormalization of electrons by high local E-fields not a key factor in magnetically dominated regimes on large length scales
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W-L-S theory spans vast range of length-scales and energies
E-fields in condensed matter vs. B-field particle acceleration in plasmas

Current-driven P&F-type chemical cells - liquid phase; glow discharge cells - gas phase

— Q -
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2 20 e* + p" = 1 neutron + neutrino or e¢* +d" = 2 neutrons + neutrino .
Short-ra_nge o = 3 S—
collective 5 =5
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ominate | o
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Laser-triggered chemical cells - e.g., Letts, Cravens, Violante, etc. - liquid or gas phase

RF-triggered dusty plasmas - gas phase
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High-current discharges produce complex product mixtures
Many-body collective effects enable electron-proton electroweak reactions

Collective many-body

electroweak reactions L
require input energy e +p > lepton + X-

When electric fields dominate

Magnetic fields dominate at
very high energies in plasmas

- % ot
g +p" = nd oy,

v' FIG.2 shows the electro-weak boson exchange _
Feynman diagram for electron-proton scattering in fF'G-|2: ?030“ e’:"ha"g‘:td'?gra!""ts
colliding electron and proton ‘beams’ inside SHEREREIE B i SaEs g D

: ; ; : a lepton plus “anything” (X)
plasma-filled magnetic flux tubes at high energies

v Expression {e¢” + p* — [ + X } includes photon y and
Z exchange wherein the final state lepton is an
electron for the case of photon y or Z exchange
and the final state lepton is a neutrino for the case
of W~ exchange. On a very high energy scale of
~300 GeV, all of these exchange processes have
amplitudes of similar orders of magnitude

v High-current electric discharges, e.g. big lightning
bolts, will be accompanied by increased neutrino
emission over a broad energy scale plus MeV-
energy protons, neutrons & relativistic electrons. . . i
Plethora of final X states including electron, muon Hf'Jv?gsgyfg::::fa;"afgi:ofrl_;g:: .
and pion particle anti-particle pairs may also be arXiv:nucl-th/0804.2647v1 (2008)
produced in extremely high-current discharges

May 3, 2016 Lattice Energy LLC, Copyright 2016 All rights reserved 11



Lighting bolts: one type of high-current electrical discharge
Quoted from “Primer” paper published in Pramana (2010)

v pp. 621: “We can write it in a more useful (system of unit independent) form
using the Alfven current /,= 17 kA, which was defined in eq. (4) ... Thus, we see
that even with a moderate (v/c)= 0.10, if currents are much larger than the
Alfven value [that is, electron currents >17 kA [i.e., >17,000 Amperes] flowing
through a conductor with a cylindrical geometry, i.e., like a wire], the chemical
potential can be of the order of MeVs or higher. This is an example of how the
collective magnetic kinetic energy can be distributed to accelerate a smaller
number of particles with sufficient energy to produce neutrons.”

4 pp. 629: “A typical electron in the current with a mean kinetic energy of 15 keV
would have an average speed (v/c)= 0.25. On the other hand, even for such low
mean speed, the chemical potential given in eq. (11), for (//,) = 200 becomes
large 1 = (mc?)(200)(0.25) = 25 MeV; (55) [which is] comfortably sufficient for an
electron to induce a weak interaction LENR. Overall energy conservation will of
course require that only a certain fraction of about (15 keV/25 MeV) = 6 x 104 of
the total number of electrons in the current will be kinematically allowed to
undergo weak interactions.”

v Comment: on Earth, bolts of lightning have a duration of 30 - 50 microseconds
and are well-known to involve electrical current pulses on the order of 30,000
to 100,000 Amperes (3 x 104 Ato 1 x 10° A --- N.B. ‘superbolts’ on Jupiter are
10x larger). Importantly, such values for peak current easily exceed a key
threshold identified in our published theoretical work, /,= 17,000 Amperes
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Electric discharges provide energy to create neutrons
Neutrons created on solid surfaces will have ultralow kinetic energies

Neutrons produced by direct particle acceleration in hot plasmas can be energetic

During electric discharges, electroweak neutron production via e + p reaction
can simultaneously occur in complex, highly variable mixtures of three modes:

1. Nuclear-strength u-scale local electric fields in condensed matter surfaces of
electrodes. Neutrons mostly ultralow energy and local gamma emissions are
directly converted into infrared photons (IR) by unreacted heavy electrons per
W-L theory; virtually no emissions of MeV-energy gammas or neutrons. MeV
energy betas (electrons) commonly emitted; sometimes MeV alpha particles

2. Nuclear-strength u-scale local electric fields on surfaces of condensed matter
particles embedded in discharge plasmas. These plasma-bathed particles ---
typically with dimensions of nm to microns --- can either arise from ablation of
electrode surfaces or were present in local gaseous environment and simply
get trapped when discharge plasmas form. Neutrons made in this ~1. mode are
mostly ultralow momentum; gammas are converted into IR by heavy electrons

3. Many-body collective magnetic effects dominate this mode. W-L-S mechanism
operates via direct acceleration of charged particles (mainly electrons and
protons) by electromagnetic fields within plasma channels. Neutron, proton,
and electron energies can range from thermal up to tens of MeVs; produces
energetic X-rays & gammas up to tens of MeVs; also energetic X particles

May 3, 2016 Lattice Energy LLC, Copyright 2016 All rights reserved 13



Electric discharges provide energy to create neutrons
Neutrons created on solid surfaces will have ultralow kinetic energies

Neutrons produced by direct particle acceleration in hot plasmas can be energetic

During electric discharges, electroweak neutron production via e + p reaction can
simultaneously occur in complex, highly variable mixtures of three modes:

3. ¢ +p* = lepton + X
Breakdown region -
huge power density

Breakdown region -
huge power density

Dusty plasma

)
4 B B

Condensed matter particles
embedded in discharge plasma
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Huge power densities at electrode surface during discharge
Estimated power density in microscopic surface regions is 10?7 W/sec:m?

“Experimental study of high field limits of RF cavities”
D. Seidman, Northwestern Univ. and J. Norem, Argonne N. L. (2005)

“[Electric arc] breakdown at surfaces was discovered by Earhart and Michelson, at [the
University of] Chicago, in 1900 ... While checking the new ‘electron’ theory of gas breakdown at
small distances, they discovered that there were two mechanisms present, at large distances
gas breakdown dominated, and at small distances [i.e., on small length-scales] breakdown of
the surface was correctly identified as the mechanism. The break point where the two
mechanisms met, at atmospheric pressure, occurs at about 300V ... This was confirmed 5
years later by Hobbs and Millikan, and is consistent with modern data on vacuum breakdown.”

“Although high electric fields have been used in DC and RF applications for many years, up to
now there has been no fundamental agreement on the cause of breakdown in these systems ...
Until our work, no theoretical understanding of this process developed over the last 100 years,
although many papers have been written.”

“Another interesting feature of this [electrical breakdown] mechanism is that the power
densities involved are enormous. The numbers can be obtained from the values we measured
for field emitted currents, electric field, the emitter dimensions, and volume for transferring
electromagnetic field energy into electron kinetic energy. Combining these gives, (10
GV/m)(10~" m)(1 mA)/(10-"m)3= 1021 W/sec'm?3, a value that seems to be greater than all other
natural effects, except perhaps Gamma Ray Bursters (GRB’s). The power density is
comparable to nuclear weapons. Michelson and Millikan noticed the ‘hot sparks’ in 1905,
bought a vacuum pump, (which they didn’t have), and invented vacuum ultraviolet
spectroscopy. Both moved on, and did not look in detail at the mechanisms involved.”
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Power densities on electrode spots akin to gamma ray bursts
Stromgrew (1965): power density in Sun’s core E ; = 276.5 Joules/sec'm’
Peak power density in an LENR-active site could be E ;= 1.0 x 10*! Joules/sec'm’

Adapted by Larsen from Electron field Nuclear Astrophysical Supernova
Seidman & Norem (2005) emitter on surface weapons gamma ray burst explosions
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Neutrons are charge-neutral; atoms readily absorb them
Capture of neutrons by atoms will transmute them into other isotopes

n +atom (Z,A) = (Z,A+1)

I 2
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Neutrons are produced in atmospheric lightning discharges
Gurevich et al. (2012) detected low energy neutrons from lightning bolts

See Lattice PowerPoint below where their 2012 PRL paper is cited and discussed

“New Russian data supports Widom-Larsen theory neutron production in lightning”
L. Larsen on SlideShare - April 4, 2012

Lattice comments: since 1985 (G. Shah et al., Nature 313 pp. 773) experimental reports
of an association between thunderstorm lightning discharges and detection of neutron
production have been published episodically in major peer-reviewed journals. However,
this new, highly reliable data collected by Russian scientists and published in Phys Rev
Lett is the first instance in which: (a) observed neutron fluxes associated with lightning
discharges could be accurately counted, well-estimated quantitatively, and temporally
correlated with lightning discharges; and (b) better insights were achieved into energy
spectra of such lightning-produced neutrons. Importantly, size of the neutron fluxes
observed by Gurevich et al. are too large to be explained by a photonuclear mechanism
(in recent years was thought by many to successfully explain neutron production in
lightning channels). Given that fusion processes had been decisively excluded in years
prior to a recent rise in popularity of the conjectured photonuclear mechanism (e.g.,
see L. Babich & R. R-Dupre, 2007), the Widom-Larsen-Srivastava (WLS) many-body,
collective magnetic e + p* weak-interaction mechanism is the only remaining
theoretical approach that can plausibly explain key features of this reported data

May 3, 2016 Lattice Energy LLC, Copyright 2016 All rights reserved 18



Low-energy neutrons are produced in lightning at Tien-Shan
Data reported by Mitko et al. (2013) consistent with Widom-Larsen theory

Lightning discharges also correlated with emission of gammas and MeV electrons

“Bursts of gamma-rays, electrons and low-energy neutrons during
thunderstorms at the Tien-Shan”
G. Mitko et al. Journal of Physics, Conference Series 409 pp. 012235 (2013)

Abstract: “New data of the last measurement season held at the Tien-Shan
complex for investigation gamma-radiation, accelerated electrons and low-
energy neutrons during thunderstorms are presented. The flux of gamma-
radiation in the energy range of 40 - 1200 keV shows a strict correlation
with instantaneous intensity of atmospheric discharge. Its energy spectra
measured for the first time with riches statistics and improved resolution
typically have an absolute intensity about 50 - 100 quanta-cm=2-s™1, and
demonstrate considerable evolution in the course of discharge. The signals
from an avalanche of accelerated electrons have been directly observed
inside thunderclouds. A lower energy estimation for these electrons is
about 10 MeV. For the first time, during electric discharge moments in
thunderstorms, there were found considerable intensity enhancements of
the neutron intensity in the range of thermal energies: up to 100 - 200

standard deviations, or 3 - 8 times above the background, so the observed
neutron flux reaches the values of (20-40) - 103 m™2 - min™1.”
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Lightning associated with plumes of charged volcanic ash
. m ] ] \ ]
Electroweak neutron production is certainly. occurring in these plumes
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Image of volcanic lightning from
April 2015 eruption in Villarica, Chile

May 3,2016 Lattice Energy LLC, Copyright 2016 All rights reserved 20



Intense lightning is known to occur on Jupiter and Saturn

Neutron production occurring since Hydrogen abundant in atmosphere
Is lightning-driven nucleosynthesis occurring on exoplanets and brown dwarfs?

“Lightning as a possible source of the radio emission on HAT-P-11b”
G. Hodosan et al., MNRAS accepted for publication (2016)

Abstract: “ ... Lightning induced radio emission has been observed on Solar System
planets. There have been many attempts to observe exoplanets in the radio
wavelength, however, no unequivocal detection has been reported. Lecavelier des
Etangs et al. ... carried out radio transit observations of the exoplanet HAT-P-11b, and
suggested that a small part of the radio flux can be attributed to the planet. In the
current letter, we assume that this signal is real, and study if this radio emission could
be caused by lightning in the atmosphere of the planet. We find that a lightning storm
with 530 times larger flash densities than the Earth-storms with the largest lightning
activity is needed to produce the observed signal from HAT-P-11b ...”

“Atmospheric electrification in dusty, reactive gases in the solar system and beyond”
C. Helling et al., arXiv:1601.04594v2 [astro-ph.EP] January 29, 2016

“ ... Earth, Jupiter, and Saturn are cloudy solar system planets for which atmospheric
discharges in form of lightning is confirmed observationally in radio and in optical
wavelengths. Space exploration and ground based observations have shown that
lightning is a process universal in the solar system ...”
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Gas giant planets: abundant Hydrogen in atmospheres
Intense lightning on such planets will generate neutrons just like Earth
Neutron-driven transmutation could have significant impact over geological time

Table 2. Composition of the Atmospheres of Jupiter, Saturn, Uranus,
apd Neptune

To get better fix on true chemical and
isotopic composition of the Sun, NASA'’s
2001 Genesis probe was designed to
collect and return (2004) samples of

Neptune
~80+3.2%
19.0+3.2 %

~1-2%

<600 ppb

H; 86.4 + 0.3%
‘He 13.6 + 0.3%
CH:s |(1.81+034)x103 (4.7+0.2)x 1073
NH3 (6.1 £2.8)x 10~ | (1.6 +1.1) x 10~

~82.5+3.3%
152+33%
~2.3 %

<100 ppb

Hz0
HzS
HD
13CH4
CzHs
PH3
CH:D
CzHz
HCN
HC:N
CzHs4
CO:
CoH;
CH3Cz2H
CO
CHiCN
GeHq
CsH:?
AsH3

*3He 22.6+0.7 ppm, Ne 2123 ppm, Ar 1643
‘assuming a tolal stratospheric column density of 1.54%10° ¢cm <,
From Lodders & Fegley 1998 and updates: Mahafly et al. 2000, Atreya et al. 2003, Lodders 2004, Wong et al.

520°34) ppm
67 + 4 ppm
45 £ 12 ppm
19 £ ] ppm
5.8+ 1.5 ppm
1.1 £0.4 ppm
0.20 £ 0.04 ppm
0.11 £0.03 ppm
60 = 10 ppb

1.6 £0.3 ppb

0.7 ppb
0.3 £0.2 ppb
0.22 £ 0.11 ppb

2-20 ppb
<0.4 ppm
110 £ 58 ppm
S51+2 ppm
7.0% L.5 ppm
45+ 1.4 ppm
0.30 £ 0.02 ppm
0.30 £ 0.10 ppm
<4 ppb

~0.2 ppb?
0.3 ppb

0.6 ppb
1.4 £ 0.7 ppb

0.4 +04ppb
0.09 ppb
2.1+ 1.3 ppb
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<0.8 ppm
~148 ppm

~8.3 ppm
~10 ppb
<15 ppb
<0.8 ppb

40 £ 5 ppt
10+ 1 ppb
0.25 £ 0.03 ppb

<40 ppb

0.16 £ 0.02 ppb

ppm, Kr 8+1 ppb, Xc 0.820.1 ppb.

<3 ppm
~192 ppm

~12 ppm
60°1%" ppb

0.3 £ 0.15 ppb
<0.4 ppb

1.5 ppm

0.65 £ 0.35 ppm
<5 ppb

pristine solar wind for in-depth analysis

See paper: “Solar composition from the
Genesis Discovery Mission,” D. Burnett
and Genesis Science Team, PNAS (2011)

Quoting: “...Several well studied natural
processes exist which fractionate
isotopes relative to the assumed
Standard model values, but none of
these explain the variations shown on
Figure 3 ... origin of the discrepancy [in
O] is unknown.”

Burnett et a/. (ibid.) finally concluded,

“...variations in "N/14N [ratio] are much
larger than O [ratio] and cannot be
explained by well studied mechanisms of
iIsotope fractionation.”

N



Neutrons created in laboratory discharges first reported 1949
Researchers attempting to trigger D+D fusion reaction in Deuterium gas
Stopped experiments because mistakenly thought neutrons were background

pp. 19 in “Fusion Research in the UK: 1945 - 1960” by J. Hendry and J.D. Lawson, AEA Technology (1993)

Quoting: “... at the Harwell meeting in ... 1947, some brief calculations ... to obtain fusion
in a discharge in Deuterium at atmospheric pressure. Typical figures suggested were a
discharge of length 10 cm and radius 1 cm, carrying 3 million Amps, to give sufficient
magnetic field ... It was recognized that the discharge would have to be built up very
rapidly to avoid excessive radiation loss during heating (of order 10'1 Watts) and a total
energy of about 2 x 107 Joules would be required to reach ignition temperature. It appears
... that Meek, together with J. D. Craggs ... had independently considered the possibility
though their calculations indicated that it was unlikely that neutrons would be observed ...
They did not expect to be able to detect thermonuclear neutrons, but nevertheless felt if
was worthwhile making a search ... In 1949 Reynolds and Craggs; using a high current
generator ... passed 100 sparks each of 300 kA [300,000 Amperes] through Deuterium at
atmospheric pressure. A few neutrons were found, but these were later found to be
background, since the same number were observed in 100 sparks in Hydrogen. After this
experiment there was no further work specifically directed toward fusion.”

They were unware of possibility for electroweak neutron production with Deuterium

or Hydrogen in their experimental system. Thus incorrectly concluded that observed
neutrons were just background radiation. Results are consistent with Widom-Larsen

Thanks to Steven Krivit and Brian Austin for providing more clarification on a mystery revealed on
page 492 of Brian’s book: “Schonland: Scientist and soldier: from lightning on the veld to nuclear
power at Harwell: the life of Field Marshal Montgomery's scientific adviser” CRC Press (2016)
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Neutrons produced in laboratory high-voltage discharge
Data reported by Agafonov et al. (2016) consistent with Widom-Larsen

Energy range of detected neutrons from thermal to several MeV; >15 MeV gammas

“Observation of hard radiations in a laboratory atmospheric high-voltage discharge”
A. Agafonov et al., arXiv:16044.07784v1 [physics.plasm-ph] 26 April 2016

Abstract: “The new results concerning neutron emission detection from a
laboratory high-voltage discharge in the air are presented. Data were obtained
with a combination of plastic scintillation detectors and 3He filled counters of
thermal neutrons. Strong dependence of the hard x-ray and neutron radiation
appearance on the field strength near electrodes, which is determined by their
form, was found. We have revealed a more sophisticated temporal structure of
the neutron bursts observed during of electric discharge. This may indicate
different mechanisms for generating penetrating radiation at the time formation
and development of the atmospheric discharge.”

Lattice comments: experiments were designed to approximate natural lightning
discharges in Earth’s atmosphere. Reported data is consistent with what would be
predicted by the Widom-Larsen theory; indicates that varying mixture of all three
LENR modes were probably occurring in their system. Local electric field strength
IS crucial for electroweak neutron production on condensed matter surfaces; this
is exactly why they produced much higher neutron fluxes with “needle” cathode vs.
hemispherical shape --- needle geometry vastly intensified local E-fields at its tip
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Carbon-13 abundance shifts in DC arc synthesis of fullerenes
Chemical fractionation or electric discharge LENRs could create results

See next slide: LENR transmutation network can alter Carbon-13 abundance

“Isotope fractionation in the synthesis of fullerenes”
K. Thomas et al., Carbon 32 pp. 991 - 1000 (1994)

Abstract: “The synthesis of fullerenes by the direct current (DC) carbon arc
evaporation method produces a number of different carbon materials. This
investigation has involved the structural characterisation of the materials and the
study of their isotopic composition. The cathode deposit was a highly ordered
graphite with the basal planes oriented in the axial direction of the graphite rod.
Raman microprobe spectroscopy, X-ray powder diffraction, and temperature
programmed combustion measurements also showed that the material was
heterogeneous. The structural characterisation results were consistent with the
deposit being formed at progressively lower heat-treatment temperatures with
increasing deposition. The fullerene soot was a very heterogeneous material with a
large surface area. Isotope composition studies showed that the raw fullerene soot,
fullerene depleted soot (toluene extract), C,,, and C,, were enriched in 13C relative to
the graphite anode, whereas the cathode deposit was depleted in 13C. The
measurements show that C, is richer in 3C compared with both C-, and the toluene-

extracted soot. The implications regarding the mechanisms for the formation of
fullerenes are discussed.”
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LENR C = N = O neutron-catalyzed transmutation network

Carbon 1st transmuted to Nitrogen; sometimes self-terminates at Oxygen

Start process with stable isotopes of pure Carbon (C)
Increasing values of A

[BR=12.2%] 7.7

He-4 ‘ .
L (BR = 0.0025 %] 2.3 Peak temperatures in big
: . N 5
'BR=0.001%] 3.3 electric arcs ~ 20,000 °C
Carbon!| €12 [ 50, 13 |82 | ;14 |12 | c15 |43 | ,c16 | 08 | ,c47 |42 | ,c18 | 0C | c19 |22
Stable 98.7% Stable 1.3% HL=5.7x10% y HL= 2.5 sec HL=747 msec HL=193 msec HL=92 msec | HL=46 msec
3.5 mb 1.4 mb <1ub
0.2 0.8 8.0 13.2 11.8 16.6
Nitroaen | ™14 | 10.8 N5 | 25 [ N6 | 59 [ N7 | 28 [ onas | 53 [Tone | 22
g Stable 99.6% Stable 0.4% HL=7.1 sec HL=4.2 sec HL=622 msec HL=271 msec
N 0.08 b
IS ' 0-04mb 1404 8.7 13.9 12.5
0 In condensed matter, gamma emissions from neutron 4.1 8.0 4.0 76
g captures and decays converted directly into benign Oxygen g0-16 | §0-17 .| gO-18 .| g0-19
© infrared photons by heavy electrons per Widom- Stable 99.76% Stable 0.04% Stable 0.20% HL=26.5 sec
; Larsen theory; see Lattice patent US# 7,893,414 B2 0.19 mb 0.54 mb 0.16 mb iB
% http://www.slideshare.net/lewisglarsen/us-patent-7893414-b2 ' 6.6
@© i oF-19 i
O Legend: Totally stable isotopes are Fluorine ~Stable 100%
E ULM neutron captures indicated by green boxes; some

with extremely long half-lives are
labeled ~stable; natural
abundances denoted in %

Unstable isotopes are indicated by
purplish boxes; when measured,
half-lives are shown as “HL = xx”

proceed from left to right; Q-
value of capture reaction in
MeV is on top of green 7.5
horizontal arrow:

Neutron capture cross-section
(barns - b) below if measured

Fluorine’s “valley of death” for LENRs

LENR transmutation network cannot get
past production of elemental Oxygen (O,)
unless ultralow energy neutron fluxes are

> 10'% neutrons cm?/sec. --- H + F reaction is
fast and disrupts nascent LENR-active sites

Beta-delayed alpha
decays are denoted by
orange arrows with
decay energy in MeV:

Beta decays proceed from top
to bottom; denoted with blue
vertical arrow with Q-value in
MeV shown to right:

7.5

7.5




C > N -0 cycle in stars involves nuclear fusion reactions
Neutrons are not involved In these reactions at very high temperatures
CNO fusion cycle is dominant source of energy in stars 1.3x larger than our Sun

Stellar CNO cycle energy release = 26.7 MeV vs. 10.8 MeV for LENR neutron capture on 14N

The CNO Cycle ' Excellent temperature for CNO
K cycle in stars is ~ 17 million °C
12 13 |
— " C+p—>"N+vy
PNo>PCret +v,

PCHpo>"N+y
“N+po>PO+y

PO>PN+e" + v,
PN + p%u(l?Jﬁ'He




Iron produced in arcing between Carbon electrodes in H,0O
Neutron fluxes high enough for LENR transmutation network to reach Fe

Large electrical energy input enabled neutron production rate to be >101° cm?/sec.

“Technical overview - Carbon seed LENR networks”
L. Larsen on SlideShare - September 3, 2009

Lattice comments: data presented in Table |l on pp. 269 of Singh et a/. show
results of mass spectroscopic analysis of Fe isotopes present in the anomalous
Iron found in carbonaceous particulate debris situated at the bottom of their
Pyrex reaction vessel. Observed Fe isotope ratios shown in Table Il were
unremarkable in that they did not differ significantly from natural terrestrial
abundances. In context of Widom-Larsen theory of neutron-catalyzed LENRs,
this result is not surprising. Fe’s natural abundance values are the end-result of
several episodes of neutron-catalyzed r-/s-process nucleosynthesis occurring
over billions of years; they reflect Nature’s optimization of element
nucleosynthesis. A priori, why should LENRs be different?

Prosaic chemical processes cannot produce nuclear transmutations in closed
experimental systems; elements previously absent cannot suddenly appear.
Based on Lattice’s reanalysis of their data in context of the W-L theory of LENRS,
the most reasonable explanation is that both Sundaresan & Bockris and Singh et
al. probably observed LENR nuclear transmutation products in their Carbon-arc
experiments at Texas A&M and BARC that published in Fusion Technology (1994)
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Iron produced in arcing between Carbon electrodes in H,O
Repeated the Texas A&M and BARC work reported in Fusion Technology

“Nuclear transmutation induced by Carbon arcing under water”
W. Zhi-gang & J. Xing-liu, Nuclear Physics Review 21 pp. 428 - 429 (2004)

Abstract: “There exist various phenomena for electric discharge, such as
radiation with wide bands, collective acceleration, electron degeneracy
and 'linear atom’, etc. which occur in dense state of matter. The arcing
was created in the gap between two purified carbon rods in deionized
water. The original carbon contained a few millionth iron, and the detritus
contained up to thousands millionth iron based on the analysis by an
atomic emission spectroscope (AES). It is deduced that the plasma
filaments with superdense matter due to micropinch effect make nuclear
transmutation possible. The excess of iron isotope °8Fe comparing with
natural iron was determined by neutron activation analysis.”

Lattice comments: Successfully (perhaps inadvertently) repeated Carbon-
arc experiments conducted at Texas A&M University and the Bhabha Atomic
Research Center (BARC - India) that were reported and published in Fusion
Technology (1994); a peer-reviewed journal of the American Nuclear Society
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LENR transmutation pathway makes Fe within several hours
Only way this happens so fast is by following very neutron-rich pathways

Start process with stable isotopes of pure Carbon (C) ---- see previous Slide #26

_____ J 20 | 2 N20 [ 8] 020 |38 F20 | 37 | . Ne20 | 23 [ . Ne23 | 44 | ,,Na-23 | 487 [ . .Na-37 | 26
HL= 16 msec | (- HL=130 msec| - HL=135sec| p- HL=112sec| (- |Stable90.5% | +3n |HL=372sec| - Stable 100% | +14n | HL=1msec | B-

‘ 26 1oMg-37 19.3 13Al-37 16.5 14Si-37 12.4 1sP-37 7.9 165-37 4.9 7CI-37 44.9 ,Cl-44 12.4 :
B- | HL=40 msec | f- HL=20 msec | G- HL=90 msec B- HL= 2.3 sec B- HL=5.1 min - Stable 24.2% | +7n |HL=560 msec| g- HL=11.9 min | -

1 QK"‘44 ) ) 2 2Ti'56 : ZSV- 56
HL=22.1 min - - 5 HL=164 msec - HL=216 msec

37| sFe-56 | 468 | ,Fe-62 | 25 | ;,Co62 | 53 | ,Ni-62 |..,Networkcan  Note large size of Q-values for f- decays
ﬁ_ Stable 91.8% | +6n HL=1.1 min ‘6- HL=1.5 min B- Stable 3.6% continue Of: N"'20 (18 MeV), Na-37 (26 MeV), Mg-37

-sFe’® ' created via neutron captures and beta decays (19.3 MeV), and Al-37 (16.5 MeV)

LENR neutron fluxes in high-current Carbon-arc experiments were high enough
to pass through the Fluorine ‘valley of death.” Above example is but one of many
possible LENR nucleosynthetic pathways from Carbon to lron; final product
results observed in a given experiment will reflect sum total across many parallel
alternate reaction paths. Neutron production occurs near the Carbon rod tips and
on nanoparticles floating in the water in regions of high currents and electric
fields between electrodes. If data of Sundaresan & Bockris and Singh et a/. are
correct, only way that Iron can be produced from Carbon within an hour or two is
via LENR nucleosynthetic pathways that involve extremely neutron-rich isotopes
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Transmutation pathway to Iron *¢Fe in stellar supernovas
Fusion of Silicon creates *®Ni followed by two electron capture decays

After 60 years of study many details about stellar nucleosynthesis are still unclear

,eF€e°° is created via fusion of Si-28 followed by two electron capture decays

Supernova remnant: Crab Nebula
26Fe-56 s
Stable 91.8% . =

»7C0-56
Initial temperature of material HL =77 days
in Type-1a stellar supernova

explosion is > 4 billion °C

Stable 92.2% Stable 92.2%

——
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LENR transmutation pathway follows row of Periodic Table
Tungsten (W) - Rhenium = Osmium — Iridium — Platinum - Gold (Au)

‘ -:-fed b allow arm v

.- '!'.P ':'.5"55'1.,. 'h_t..r ,\.fl .frJ‘H 1_ '-1
‘ g l 1'.f ' '1

26 |26 a1 |32 | |

Mn| Fe C:u Ni n | Ga | Ge [Se | |
a8 43 |44 |48 [48  [60 |51 [B2
Sr | Tc Flu Hh Pd Ag ; 'Sh |Te
BelE7 |72 |73 80 (81 _ [e3 |84
é!_t,E:ﬁi 169 106 DE | )8 (Js I
. AR

anthinide [58 [69 60 [s1  [e2 1f Jf*’ “ {* I [ "i‘ ‘ i’ ” T T
Series 'L Mr EE '[" Pm {sm|E U |1 Tb | EM‘UI ﬂ:f- ] Er | Tm a’;iqmn: 3

Actinide e2 53 !_“ |25 &6 o7 - 00 |101 m o o
| l!-‘ l, i Np | H gﬂm tiﬂill ]! iﬁfi 1 { lr riut“u’f ﬂ |
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Electric discharge in transformer oil by Nagaoka et al. (1924)
High currents between Thorium-free Tungsten electrodes produced Gold

May 3, 2016
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SHOWS TRANSMUTED

GOLD IN NEW YORK

Dr. Nagaoka of Tokio Taking
Specimens to Brussels
Congress

———

(Speelal to The Gazette,)

New York, June 19.—Bits of por-
celain containing microscople
specks of gold which once ws
mercury were presentaed to Dr.
George ¥ Xunz today by Dr. 1.
Nngnoka, of+ Toklo, the “Japaneso
Binsteln. who succetded in pro-

ducine artifiolal gold by disin-
tenmﬁng atoms of quicksllver in a
powertul electrical field.

The Japanose sclentine, who salls
ently tomorrow morning on the
Olymple for LEurope 1o attend the
Internationu] Hesearch t‘ongress at
Bpussels, hrought with him a num-
ber of gold-specked fragnients from
the porcelnin flasks In which the
mercury was treated. In more than
200 experiments the change {rom
mercury to goid has been conf.rm-
ced, Dr. Nagaoka said.

Dr. Nagooka sald that he was en-
saped in trying lo accelerile tho
radio-activity of wuransum and 10
speed up Jls decay. Tins cxperi-
ment fatled because the radio-acs
tive substances set up olectrical ef-
fects of thoir own which protecied
themm against the Intenso clectrical
action which Dr. Nagaokn nuught.tu
bring to bear agalnst them. In thia
investigatien, however, he found a
way to concentrate an intense clee-
trical aectivity 1n a very smuall flold.
It occurred to hiim that his artificial
cleetricy) storm might he severe en-
ough 1o wreck atoms and chango
thelr nature With this in view he
experimented on the mercury and

obtained goid.

un

1
W
cla

bhe

tric
dec
tak

| said.
pleunum, but can't tell what it is.

| It occurs in such small quantitics

“\Wo have also oblaine
qulcksilver a whito metal which ave
have not heen able to ideniily,” he
“Weo can prove that it Is not

that it defles ordinary methods of
analysls. The mercury may Dbo
changed Into still other subsiances,
but we have not any {urthcr evidence
on it. It appears, however, that the
changes which are Tforced on the
atom are somewhnt complex."

Dr. Nagaoka sajd thai he was
acepticn] about the roporis that Dr
A. N. Micthe of Berlin had obtained
gold from quicksliver. lie sald that
the amount of electirieity used hy Dr.
Mjothe awaus not sufficient to break
down tho enercury ntom [nto gold,
and that he suspected tho gold to he
a contmmination.

*It might have come f{rom tho
quicksilver, it might have como from
the sllica glosg used In the oexpari-
mont, or It might have comé from
the carbon electrode. 1 do not be-
Jiove it wus tho cesult of any changes
N atoms.”

Dr. Nagaoka also expressed doubt
that Rutherford had succeeded in
effecting “transmulation” or the dig-
integration of atoms oy bhombarding
them with alpha particles. }e said
there was no way of confirming by
chemical analysls or otherwiso the
supposed chunges in atoms resulting
irhm the hombardment by the alpha
particles given off by radium.

D
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Electric discharge in transformer oil by Nagaoka et al. (1924)
High currents between Thorium-free Tungsten electrodes produced Gold

Results were published in Nature; > 200 successful experiments; still not believed

“Mystery of Prof. Hantaro Nagaoka’s 1920s Gold experiments in Japan”
L. Larsen on SlideShare - December 27, 2013

Start process with stable isotopes of pure Tungsten (W) metal
Increasing values Of A = ————-

7aTa-181 8.1 72TB-182 6.9 72Ta-183 7.4 73Ta-184 5.8 72Ta-185 7.2 - Ta-186 5.2
Tantalum |stsbie oo+ HL = 114 days HL = 5.1 days HL = 8.6 hrs HL = 48.3 min HL = 10.5 min
N £ 188 keV T BR = 100% 1.8 1.1 2.8 2.0 3.8
©
. 4 W-180 6.7 T W-181 8.1 182 | B2 LW-183 7.4 n-184 | B8 L W-185 7.2 w188 | 22
0 Stable 0.12% HL = 121 days Stable 26.5% Stable 14.3 % Stable 30.6% L = 75.1 days Stable 28.4%
E A
; 433 keV £ 570 keV | BR = 7.5%
> Tungsten has 5 stable isotopes :
= 6.2 7.4
7 . ,sRe-185 +sRe-186
& Rhenium | 07 HL = 3.7 days
-
3}
= 1.1 BR 92.5%
8.3

0s-1886

OsMmium |sioie 158%

Network may potentially continue to even higher values of A;
This depends on ULE neutron flux in cm?/sec




Nagaoka’s results are explained by Widom-Larsen theory

LENR transmutation network begins with neutron captures on Tungsten
From Sept. 1924 to June 1925, Nagaoka ef a/. at RIKEN in Japan conducted ~200

experiments with high-current electric arc discharges between Tungsten electrodes
immersed in liguid hydrocarbon transformer oil in which they detected successful
transmutation of Tungsten into macroscopic, visible flecks of Gold and Platinum. In
July 1925, Nature published a Letter to the Editors where he reported these results

6.2 Ta-187 | 5.1 _.Ta-188 6.1 | -.Ta-189 4.9 _,Ta-190 Network may potentially continue to even higher values of A;
HL = 1.7 min HL= 20 sec HL =3 sec HL= 3 x 107 msed This depends on ULE neutron flux in cm?/sec
3.1 4.9 3.7 5.6
N 2.0 74W-187 6.8 | 4W-188 4.9 LaW-189 6.9 4W-190 4.9 -aW-191 6.7 7aW-192
o HL=23.7 hrs HL = 69.8 days HL = 11.6 min HL = 30 min HL= 20 sec HL= 10 sec
o
2 1.3 349 keV 2.5 1.3 3.2 2.4
=
© 74 xRe-187 | 99| _pe1sg | 7.0 <Re-189 | 5.7 xRe-190 | 6.9 | ;Re-191 | 54 sRe-192 | 6.7 | Rre-193 | 5.3 | s5Re-194
; ~Stable 10 yrs HL=17 hrs HL=1 day HL = 3.2 min HL = 9.8 min HL = 16 sec HL = 30 sec HL= 2sec
| =
E 2.1 1.0 31 2.1 4.2 Tl 4.9
g 6.3 +0s-187 | 8.0 | 5.0s-188 |59 w0s-189 | 7.8 0s-190 | 5.8 760s-191 7.6 7605-192 5.6, | 705193 7.1 7605-194 | 6.3
c Stable 1.6% Stable 13.3% Stable 16.1% Stable 26.4% HL = 15.4 days ~Stable 41.0% HL= 1.3 days HL= 6.0 yrs
313 keV BR100% £ 1.1 TER =4.9% 1.1 97 keV
l # d 5 Ir-191 6.2 7ir-192 7.8 17ir-193 6.1 +Ir-194 7.2
rnaium | e HL = 73.8 days Stable 62.7% HL=19.3 hrs
1.5 BR95.1% £ 57 keV T BR = 100% 2.9

lati aPt-192 | 63 | opta93 | 84 | ,pt-194 | 6.1
Platinum Stable 0.79% HL =51 yrs Stable 32 9%




“LENR transmutation networks can produce Gold”
L. Larsen on SlideShare - December 7, 2012

Increasing values of Z

5.3

7.2

6.1

w0s-195 | 6.7
HL = 6.5 min
2.0

nir-195 | 5.8
HL=25hrs

1.1

wPt-195 | 79

Stable 33 _8%
Mercury

05-196
HL= 348 min

1.2

Ir-196
HL = 52 sec

3.2

7aPt-196

Stable 25.3%

aoHE-186
stable 0.15%

6.9

2.9

‘ Gold

& 600 keV

6.8

pir-197 | 96
HL = 5.8 min
2 9
AT ) B
HL=199 hrs
719 kaV
SAu-197 | 80
Stable 100%

apHg-197
HL= 2.7 days

TBH =100%

8.9

wIr-198
HL = 8 sec

41

=Pt-198
Stable 7.2%

2gAU-198
HL= 2.7 days

1.4

mHg—lBB

Stable 9.8%

6.9

5.6

7.6

6.7

W - Au LENR pathway confirmed by Mitsubishi (2012)
MHI confirmation used different experimental technique than Nagaoka
Deuterium permeation creates much smaller neutron fluxes vs. electric discharge

Network may potentially continue to even higher values of A;
This depends on ULE neutron flux in cm?/sec

Ir-199
HL = 20 sec

3.0

xPt-199
HL = 320.8 min

1.7

0AU-199
L ==%1 dﬂ\fﬁ

7.3

6.3

452 kaV

apHg-159

Stable 16.59%

6.0

5.2
-aPt-200
HL = 13 hrs
666 kaV
oAu-200 |72
HL = 48 min
2.2
6.2
sHE-200
stable 23.1%

+sPt-201
HL= 2.5 min

2.7

JefAU-201
HL = 27 min

1.3

aHE-201
Stable 13.2%

6.9

6.1

7.8

2aPt-202
HL=1.9 days

1.8

eAUu-202
HL = 28.8 sec

3.0

agHE-202
Stable 29 9%

6.5

6.0




Hendrik Schatz’s concept of Gold production in supernovas
Nucleosynthetic pathway to Au traverses extremely neutron-rich isotopes
Others believe Gold and Lead created during violent mergers of two neutron stars

Figure from Slide #20 in “How to make Gold” by Prof. Hendrik Schatz, Michigan State University
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Supernova explosions are not required to produce Gold

“Nothing is too wonderful to be true,
If it be consistent with the laws of Nature;
and in such things as these experiments
IS the best test of such consistency.”

Michael Faraday
Laboratory journal entry #10,040
March 19, 1849
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Neutron production observed in aqueous glow-discharge celi
First indirect experimental detection of ultralow energy LENR neutrons

“Two conference papers published by Cirillo ef a/. involving Widom-Larsen theory”
L. Larsen on SlideShare - November 30, 2011

“Experimental evidence of a neutron flux generation
in a plasma discharge electrolytic cell”
D. Cirillo et al., Key Engineering Materials 495 pp. 104 - 107 (2012)

Conclusions: “A neutron detection method based on a CR-39 nuclear
track detector coupled to a boron converter was successfully employed
to show neutron generation by plasma discharge in an electrolytic cell
with alkaline solution. An average of 720 n-s-'-mm- thermal neutron flux
was estimated in the proximity of the plasma discharge, at the tungsten
cathode of the electrolytic cell, while the blank detector sample shows
no tracks. This method can give only a rough estimation of the plasma
generated neutron flux, owing to the reduced cross section of the
sequential events required to produce a track on the CR-39 detector.
Nevertheless, the proposed method clearly evidences a thermal neutron
flux generation in this low energy system.”
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Internal shorts and electric arcs sometimes occur in batteries
Neutrons could easily be produced since Hydrogen (protons) is available

“Battery energy density and product safety - thermal runaways and ULE neutron reactions”
L. Larsen on SlideShare - April 14, 2016

v’ Internal shorts and electric arcs are well-known to be associated with extreme
types of battery thermal runaway events that are called field-failures

v Since various types of Hydrogenous moieties (protons) are abundant in inside
batteries, it is probable that some presently indeterminate numbers of
neutrons could be created by internal shorts in high-electric-field regions near
electrode surfaces. It is a near-certainty that some neutron production would
occur in high-current internal electric arcs such as what happened during
2013 immolation of a GS-Yuasa battery in a Boeing Dreamliner parked on the
ground at Logan Airport. Local neutron captures heat microscopic volumes of
battery materials to 4,000 to 6,000° K and, along with out-of-control rates of
chemical reactions, contribute to much higher peak runaway temperatures

v’ As discussed in Lattice PowerPoint noted above, there is intriguing published
experimental data showing peculiar isotopic shifts in some battery materials.
More investigation is needed to determine whether such shifts are being
caused by LENR neutron captures or simply chemical fractionation at work
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Commercializing a next-generation source of green CO,-free nuclear energy

Working with Lattice

Partnering on commercialization and consulting on certain subjects
1-312-861-0115  lewisglarsen@gmail.com

L. Larsen c.v.:

v Lattice welcomes inquiries from large, established organizations that have
an interest in discussing the possibility of becoming Lattice’s strategic
capital and/or technology development partner

v Lewis Larsen also independently engages in fee-based consulting. This
separate work covers subjects such as: micron-scale, many-body collective
quantum effects in condensed matter; Lithium-ion battery safety engineering
issues including minimizing risks for occurrence of thermal runaways; and
development of ultra-high-temperature superconductors. Additional areas
of expertise include: long-term strategic implications of LENRs for high cap-
ex long term investments in power generation technology; energy storage
technologies; and LENR impact on petroleum-related assets. Will consult on
these subjects as long as it does not involve disclosing Lattice proprietary
engineering details relating to developing LENR power generation systems

May 3, 2016 Lattice Energy LLC, Copyright 2016 All rights reserved 41



