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From the text above follows the usefulness and the importance of modeling materials systems in such ways where chemical
and nuclear properties of constituting nuclei are both included in the modeling process in order to arrive at systems that are
best suited for a range of desired applications. In other words, in such a process, modeling and design techniques that
traditionally consider chemical properties of atoms and modeling techniques that traditionally consider nuclear properties of
atoms (related to nuclear excited states) are combined.

Such applications can include the generation of heat or electricity or radiation such as photons from nuclear reactions — and
specifically from nuclear reactions where reaction rates are enhanced beyond presently conventionally accepted rates; or
where reaction products are changed beyond presently conventionally accepted products.

It can also involve optimizing across a number of different desired output parameters or combinations thereof, including but
not limited to: maximization of output energy, minimization of cost, reduction of hazardousness, minimization of weight.
Specifically, the modeling and design process and resulting software and tools comprise:

B chemical data including but not limited to: behavior in a lattice, lattice structure, electron density

B nuclear data including but not limited to: nuclear excited states, nuclear reaction resonances and cross section data,
photonuclear cross sections

The modeling and design process and resulting software and tools can include:

B modeling the proximity and the electron screening configurations possible in different lattice configurations, including
finding a desired combination between proximity and screening

B modeling resulting nuclear reactions and reaction products (and if applicable excitation transfer chains) given different
material and lattice configurations

B modeling coupling strengths between nuclei in different lattice configurations including phonon-nuclear coupling
strengths (that enable nuclear excitation transter), as affected by phonon modes and phonon energies in the lattice, possible
superradiant amplification, phonon coherence domains and lifetimes, and the nuclear transitions of involved (coupled)
nuclei.

Claims

1. Claimed is a process for modeling or designing lattice configurations, which involves chemical and nuclear data of
constituting atoms and which results in a system that involves a lattice whose configuration is informed by such models or
designs.

2. The claim of 1 where nuclear excitation transfer processes are modeled or designed, and their key parameters are
determined (as described in the text above).

3. The claim of 2 where the resulting system's desired output and performance parameters of are optimized according to the
designer's preferences.

4. The claim of 1 where enhancement of nuclear reaction rates beyond the presently published and widely accepted rates are
achieved in the system.

5. The claim of 4 where the nuclear reactions comprise one of nuclear fusion, nuclear fission, or nuclear decay.

6. The claim of 1 where in the resulting system a change of conventionally expected nuclear reaction products is achieved.
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What is described and claimed is a system. ..
...where two or more fusion rate enhancement mechanisms are combined i.e. simultancously applied...

...to reach an enhancement of nuclear reaction rates of 40 orders of magnitude or more.
...to reach an enhancement of fusion rates of 40 orders of magnitude or more.

...to reach an enhancement of D+D fusion rates of 40 orders of magnitude or more.
...to reach an enhancement of fusion rates of 50 orders of magnitude or more.

...to reach an enhancement of D+D fusion rates of 50 orders of magnitude or more.

In order to combine such mechanisms a lattice needs to be designed and created. ..

...that allows for high screening (preferably >100 eV) and close proximity of nuclei (preferably <100 pm) as well a
high-energy phonon modes (preferably >1 THz), large phonon coherence domains (preferably >3 nm coherence
length), and resonant or close-to-resonant nuclear states between nuclear reactants (donor subsystems) and receiver
nuclei (receive subsystems) within coupled systems of nuclei (nuclear ensembles).

The mentioned fusion rate enhancement mechanisms can comprise
e clectron screening
e increased proximity through molecule formation or isomerization
e nuclear reaction rate enhancement through coherent energy transfer (equivalent to accelerated deexcitation)

The above-mentioned coherent energy transfer can be mediated by phonons or photons via phonon-nuclear interactions or
photon-nuclear interactions.

What is described and claimed is the design of materials. ..

...Where the modeling of nonradiative energy transfer pathways between nuclei in a solid-state environment
informs the materials composition of such an environment, with respect to binary, ternary or multi-component
composition whereas such materials are then created accordingly by doping, alloying or other known methods of
creating multi-component materials of desired specifications.

...Where such modeling also takes into account the maximization of proximity to the extent that such maximization
does not lessen the overall performance of the system (e.g. due to weakening the effects of other mechanisms
considered).

...Where such modeling also takes into account the maximization of screening to the extent that such maximization
does not lessen the overall performance of the system (e.g. due to weakening the effects of other mechanisms
considered).

...where such modeling also takes into account the maximization of phonon energy to the extent that such
maximization does not lessen the overall performance of the system (e.g. due to weakening the effects of other
mechanisms considered).

...where such modeling also takes into account the maximization of the phonon coherence domain to the extent that
such maximization does not lessen the overall performance of the system (e.g. due to weakening the effects of other
mechanisms considered).

...Whereas such modeling also takes into account the potential reduction in overall output performance due to the
clogging up of reaction sites with reaction products and rewards structures that minimize such clogging up of
reaction sites (e.g. nanoparticles) to the extent that such minimization does not lessen the overall performance of
the system (e.g. due to weakening the effects of other mechanisms considered).
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For further details as to modeling principles, system dynamics, and different modes of implementation, see the attached
codes where the process of nuclear transition rate enhancement and fusion rate enhancement as well as changes in nuclear
reaction products through secondary reactions are illustrated.
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What is described and claimed is a system and method for the design of energy transfer and conversion
pathways in solid-state materials, as is beneficial for energy and information processing and conversion
applications.

The focus 1s on the de-excitation and excitation times of (nuclear) excited state transitions -- including
metastable excited states as described below -- and on modifications to their de-excitation and excitation times
due to coherent couplings to nearby subsystems.

Such modifications -- and the extent/magnitude to which they manifest -- depend on multiple variables and
internal relations in solid-state material systems. Consequently, an Edisonian approach does not lead to optimal
outcomes if, for instance, a particular transition is to be accelerated in an optimal way (e.g. maximizing certain
desired output metrics) within given constraints.

The system and method described here allows to design such systems in a systematic way by -- for the first
time -- combining atomic level lattice modeling with the modeling of nuclear states via the interactions and
dynamics that take place across those levels.

Nuclear transitions here describe any change from one nuclear state to another state in a nuclear system
(whereas a nuclear system is an aggregation of nucleons). Such state changes are typically associated with a
rearrangement of nucleons. Individual states can be either short-lived or long-lived (unstable, metastable or
highly metastable). Note that Julian Schwinger described the nuclear fusion reaction D2 --> He-4 as a nuclear
transition from the metastable D2 state (a clustered four-nucleon configuration) to the more stable He-4 state
(a more compact and more stable four-nucleon configuration). The same logic applies to other rearrangements
of nucleons. Therefore, the term nuclear transition is to be seen in this broader light.

The system and method comprises one computer or several connected computers a that can carry out
processing as well as store information (here simply referred to as "the computer").

The memory of the computer holds codes for crystal structure prediction and phonon mode calculation (such
as Quantum Espresso or similar) as well as codes for the calculation or look-up of nuclear excited state levels
(such as NuShellX or similar) as well as nuclear data on excited states, recorded cross sections (including
photonuclear cross sections), and decay pathways/channels (such as available in the form of ENDF files and
similar files from well-known sources of nuclear data) as well as codes to calculate phonon-nuclear coupling
matrix elements between nuclear states mediated by shared oscillators (such as boosted spin-orbit coupling
calculations or calculations of central and tensor contributions to the phonon-nuclear coupling matrix element).
Alternatively, if coherent photons are used to create and change couplings between nuclei, codes to calculate
or look up photon-nuclear coupling matrix elements are used.

This system and method is then used to relate a set of input variables, that can be modified, to output variables
of the to-be-designed-system (TBDS) and determine the optimal choice of input variable values for reaching
the parameter subspace of desired output variable values in the overall parameter space that results from
relating input variables to output variables.
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The global input variables of the TBDS include:

The composition of the resulting solid-state material (the different nuclear species used in the lattice or
amorphous structure and their ratio R (vector), including vacancies as a possible "alloying component”
e.g. in ternary combinations such as PdDVac)

boundary conditions (temperature T, pressure P, electromagnetic field E)

the type of dynamic stimulation applied to the system (excited phonon modes or excited photon modes
of frequency vm and energy Em that interact with the nuclei mn the lattice).

The global output variables of the TBDS include:

The nuclear transition rates Lx of all excited states in the system, including meta-stable excited states.
(Such transitions rates can be of interest both for energy production purposes e.g. as nuclear reaction
rates or, in different contexts, for information processing purposes i.e. as qubit transitions).

The intermediate states of the TBDS include:

the equilibrium lattice structure (or amorphous structure) of the system, including the
distances/proximities between all nuclei in the structure;

the phonon modes of the system and their density of states;

the coupling matrix elements (phonon-nuclear and photon-nuclear, as applicable) that describe
interactions between nuclear states and phonons, nuclear states and photons, as well as nuclear states
with other nuclear states via phonons or photons.

The process is as follows:

L.

Start with a particular composition of nuclear species and their ratio as well as with particular boundary
conditions (e¢.g. Pd with 0.5% B and D [with Pd:D = 1] at ambient temperature and pressure; or Pd with
Vac and D at 700 C and 1 GPa pressure). Compositions where preliminary evidence suggests the
manifestation of accelerated nuclear state transitions are particularly suitable starting points, although
not exclusively so. Corresponding structures can then be a starting point for further refinement and
optimization (e.g. of performance).

Calculate the expected erystal structure.

At this point the subsequent addition of further materials can be considered e.g. adding helium (He-3
or He-4) to the system to fill available interstitial sites (including by displacing other interstitials).

Calculate -- or look up from nuclear data datasources -- the expected nuclear state transition rates when
the lattice 1s not stimulated (can vary as a function of proximity and electron density/screening which
needs to be taken into account based on well-known methods).

Calculate the available phonon modes.

Then start with a particular type of stimulation (e.g. a ultrashort laser pulses that excite a range of
phonon modes in the resulting solid-state lattice).

Calculate which phonon modes will get excited (frequency) and how strongly (energy) 1.e. determine
quantitatively the effect of the applied stimulation on the lattice (e.g. which phonon or photon modes,
1.e. at which frequencies, are excited and how much energy ends up in those modes).

Calculate the phonon-nuclear and photon-nuclear coupling matrix elements between the nuclei in the
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lattice -- based on the nuclear states of nuclei participating in the oscillator modes and on the
frequencies and amplitudes of the oscillator modes. Here it is possible to limit oneself to those nuclei
of particular interest. Quantum dynamical calculations will take into account effects from quantum
coherence such as an amplification of coupling matrix elements from superradiance.

9. Determine the dominant energy transfer pathways in the overall system/lattice/structure based on the
obtained strength of the couplings between nuclei (the nuclei of interest).

10. Determine the resulting de-excitation and excitation times for all nuclear transitions of interest at the
time of coherence breaking (which occurs either naturally or is induced e.g. through disintegration of
nuclei). Note that in the case of strong couplings and dominant excitation transfer pathways, induced
de-excitations of some nuclei can coincide with excitations of other nucler — which in turn can trigger
secondary reactions such as disintegration. The range of secondary reactions can be determined by
looking up from nuclear data, or by calculating from first principle based on the relevant literature, the
behavior of thus exeited nuclei upon receipt of the transferred quantum of energy. Note that, depending
on the lattice configuration and the parameters above, dominant pathways may involve upconversion
or downconversion of energy in the system (including energy released from nuclear reactions). For
instance, D2 - He-4 de-e¢xcitation could drive 2 x Pd = 2 x Pd* excitation with subsequent
disintegration or further transfer according to the same principles. Similarly, in another syvstem, a
dominant pathway could involve multiple D2 - He-4 de-excitations with simultaneous excitation of
Pd - Pd* beyond 48 MeV which would ultimately result in symmetric or close-to-symmetric Pd
fission products. For details regarding upconversion and downconversion scenarios, consult the
attached simulations.

11. From these state transition rates follow the nuclear reaction rates and what are the dominant nuclear
reactions (primary, secondary, tertiary, etc.). From the nuclear reactions that are dominant follow the
dominant nuclear reaction products (and their properties such as their type/charge and kinetic energy)
which can be further used as seen fit (e.g. charged particles for electricity production or neutrons for
heat production).

All the above steps can be implemented and tested separately with corresponding input variables, output
variables, and intermediate states. Eventually, the steps can be chained such that the model steps result in an
overall model of the TBDS with global input variables and global output variables.

Once the system is in place and integrated this way (implemented in the computer a), the model delivers de-
excitation and exeitation times for all nuclear transitions of interest as a function of the chosen composition of
the lattice, the boundary conditions, and the stimulation type and characteristics. Then, the input variables can
be varied and the effect on output variables observed.

This process can be further automated as an iterative process to vary input variables systematically and
automatically and observe a resulting "landscape” for cach output variable of interest. Minima and maxima of
this landscape are points of interest that inform optimal outcomes i.¢. an optimal set of input variable values
for certain desired outcomes. Multiple output variables can be coupled e.g. if certain tradeoffs are preferred
such as between overall energy gain and the energy range of charged particles for instance.

Further input and output variables can be added such as the cost of the nuclear species chosen as input variables
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for the structure composition, the cost of obtaining the boundary conditions (e.g. the cost of providing very
high pressures), and the cost of the stimulation mechanism (e.g. the cost of ultrafast laser stimulation vs other
mechanisms of coherent photon or phonon production). Additional output variables can include the type of
particles that get emitted from the reactions that result from the nuclear transitions that are predominant based
on the predominant energy transfer pathways as well as their ultimate economic value (e.g. in terms of the
released energy that can ultimately be hamessed and utilized this way).

Moreover, constraints can be imposed on input variables e.g. to include as candidate nuclear species only
materials that are readily available or that do not exhibit certain hazards. Similarly, output variables can be
constrained e.g. by only including predominant nuclear transitions that lead to charged particle emission and
not neutron emission.

This way, TBDS can be designed in such a way that optimal outcomes are achieved (or near optimal outcomes),
along the output variables considered to be most relevant, from selecting and adjusting a set of candidate input
parameters to choose from for the input variables.

For instance, the described system and process can be used to identify the most suitable isotopes, among a
group of isotopes, to be used in a system for efficient energy production. Additionally, different geometric
arrangements of such isotopes to be used and their effects on the overall system dynamics and system
outcomes, €.g. energy production rates, can be compared and evaluated. Geometric arrangements that may
want to be considered, tested, and evaluated for their performance with the system and process described above
include different nanostructures such as nanoparticles, nanosheets, thin-film configurations, nanopillars,
nanoneedles, nanowires, nanotubes etc.
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