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PREFACE

This is the proceedings of the 25th Meeting of the Japan CF-Research Society (JCF25),
which was held at Vision Center Yokohama on March 14-15, 2026. Papers submitted to the editorial
board have been peer-reviewed and revised for publication in these proceedings. Some papers were

published as “A Note without Reviewing”.

For all meetings, from JCF1 through JCF25, we have published proceedings. For the
meetings since JCF4, we have published electronic versions of the proceedings on our website in
addition to printed versions. In view of the low efficiency and effectiveness of distributing information
in printed form, we decided to discontinue the printed version beginning with JCF12. Only electronic

versions have been published since then.

Finally, we would like to thank all the participants and everyone who contributed to

organizing this meeting.

Editor-in-Chief
Shinya Narita, Iwate University
August 2026



CONTENTS

Preface: S. Narita 1

EEBOKTE DL E L A FREZEEHE & CNZ B2 X 2 IR S DR RIS
SAARBLIT, PNEREE, SAKRMER, BIGFIKER, AE, NHEBCE, HRN

The Cold Fusion Phenomenon in PdHx and Detection of Tritium — A Historical Review of the Cold
fusion Phenomenon (1) —

H. Kozima

12

Discovery of the Solid State-Nuclear Physics — A Historical Review of the Cold Fusion Phenomenon
-

H. Kozima

20

NOTE

The Neutron; a Versatile, Talented and Wonderful Actor in Physics — A Historical Review of the Cold
fusion Phenomenon (2) —

H. Kozima, M. Ohta, and K. Kaki

28
The Existence of Long-Range Nuclear Forces
K. Ooyama

36
Nuclear Physics of Metal Lattice Fusion Reactors: 4@ # 1A RELA IR D) H
K. Ooyama

44

Mechanism of CF I: Fusion induced by dislocation annihilation
S. Fukuta
54

1i



BEBKEDOSE NV AEREREME CNZRATICX 3

FEALEHI G D R 52

BARBUY L, PR Y, SRRKEER 2 BIGFRER L AR
PR 3, TR ®
VERRGHORY:, R T AR, B - M2 T R
2RARE A, BRLYAARE, LI ToAafsepl, MRl - MiZe e sy
SEM TN, MEFEHM S 2T LRy & —

E-mail: k-naito@waseda.jp

Abstract

In the field of condensed-phase nuclear reactions, excess heat has frequently been observed
because of the interaction between metal particles and light hydrogen (H») (or deuterium
(D2)). We have conducted fundamental experiments using metal nano particles and H., and
have confirmed that there is a positive correlation between injection pressure of supplied H»
and temperature rise of metal nano particles, within a pressure range from atmospheric
pressure to 8.1 MPa. In this paper, we developed a new reaction system which could generate
high-temperature and high-pressure regions by focusing compression due to pulsed the
super-multi-jets colliding. We conducted some experiments using metal nano particles and
H; supplied at a maximum pressure of 14. 1 MPa with this new reaction system. In addition,
we also estimated the heat generation and power output resulting from anomalous heat and

compared them with past experimental results.
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The Cold Fusion Phenomenon in PdHx and Detection of Tritium — A
Historical Review of the Cold fusion Phenomenon (1) —

Hideo Kozima

Cold Fusion Research Laboratory
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Abstract

The cold fusion phenomenon (CFP) was declared its existence in 1989 as caused by the
presupposed d — d fusion reactions in the PdDx sample (x < 1). As an inevitable result of its premises,
the PdH, system was taken up as a natural system for the control experiment to the PdD, experiment.
In the several inappropriate premises assumed due to the presupposed d — d fusion reactions, one of
the most harmful assumptions was the PdHy system only as the control experiment. Due to the
observed excess energy in the PdHy system, the experiments performed by a pioneering group lost
credibility and devalued. Unfortunately, the premises of the d — d fusion reactions as the cause of CFP
was incorrect and therefore the results it implied were impossible to occur. In succeeding several years,
there appeared a lot of experiments showing CFP in PdH, systems and theoretical verification of the
results was given using knowledge of quantum mechanics and complexity in the transition metal
hydrides.

On the other hand, the tritium had been investigated from the beginning of CF research in relations
to the presupposed mechanism of CFP. We noticed several problems raised by the presupposed
inappropriate assumptions which hindered the progress of the scientific research of CFP very much.
The detection of tritium revealed the properties of the nuclear reaction, the locality of its occurrence,
which was later identified as a key characteristic that characterizes science of CFP.

This paper provides an overview of the history of PdHx system research and tritium detection
spanning over 35 years, illustrating a paradigm transition from conventional solid-state and nuclear
physics to new solid-state-nuclear physics. We can give a correct interpretation for the important

episodes in the whole program of the science of CFP now its full picture is beginning to be revealed.

1 Introduction
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H. Poincaré once spoke about the foundations of science as follows [Poincaré 1902]:
“The man of science must work with method. Science is built up of facts, as a house is
built of stones; but an accumulation of facts is no more a science than a heap of stones is
a house. Most important of all, the man of science must exhibit foresight.” [Poincaré 1902
(p. 141)]

This statement may seem to be stating an extremely obvious fruth, but upon closer
examination, one realizes that it contains extremely complex content. The problem lies in
the fact that the man of science who choose facts lives in a paradigm of a normal science
at that time.

Within the paradigm of a normal science, the strong rejection of new facts considered
unconventional is evidence of the health of that science. This is described clearly by the
historian of science T. Kuhn in his book The Structure of Scientific Revolutions as follows
[Kuhn 1996]:

“By ensuring that the paradigm will not be too easily surrendered, resistance guarantees
that scientists will not be lightly distracted and that the anomalies that lead to paradigm
change will penetrate existing knowledge to the core.” [Kuhn 1996 (p. 65)]

However, while it is understandable that the emergence of CFP was not easily
accepted by scientists in pertinent sciences, it must be recognized that it also became a
serious hindrance to scientific progress. Let’s examine this problem from a historical
perspective in this paper. Furthermore, I aim to highlight how we have to treat facts to

construct a new scientific paradigm and offer some perspectives of the science of CFP.

2 CFP in PdHx System
It is known in the nuclear physics that the nuclear reactions between two low-

energy deuterons proceed in three ways:

d +d = 4He* — 3He (0.82 MeV) +n (2.45 MeV), (1)
—t(1.01 MeV) +p (3.02 MeV), )
— 4He (0.08 MeV) + 7 (23.77 MeV), 3)

with branching ratios for these decay reactions =1 :1: 107"

M. Fleischmann and S. Pons [Fleischmann 1989] had expected occurrence of these
reactions in their experiments with PdDx (x= 1) hoping realization of reactions between
deuterons as known in nuclear physics [Kozima 2019]. They, however, did not obtain the
result consistent with those given in Egs. (1) — (3).

Dr. Fleischmann wrote later [Fleischmann 1991] as follows to reconcile their

experimental results with the situation they had in front of them;
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“An important key to the understanding of the system is given by the strange
properties of D (and of H and T) in such lattices. We must ask: how can it be that D can
exist at a ~100 molar concentration and high supersaturations without forming D in the
lattice? How can it be that D diffuses so rapidly through the lattice (diffusion coefficient
> 107 cm? s7! greater than that of either H or T!) whereas He is practically immobile?”
[Fleischmann 1991 (p. 9)]

As the cold fusion research started with the premises of the d — d fusion reactions in
the PdDx system, people had taken the PdHx system as the control system to check the
occurrence of CFP in the PdDx system. Unfortunately, this assumption has led to many
misunderstandings in the development of experimental plan and also in the interpretation

of experimental results.

3 Measurement of the Tritium

Nest, we take up the tritium as one of the important nuclear products such as neutron,
proton, gamma, ;He and ;He investigated from the first stage [Kozima 1998 (Sec. 6.4)].
In my recent paper [Kozima 2026a], I investigated the social phase of tritium
measurement which disturbed the progress of the research on CFP. In this section, we will
focus on the role of trittum measurement in CFP.

In the nuclear products expected from the probable nuclear reactions in the cold fusion
phenomenon, tritium and *He are charged particles with fairly large masses. By this
characteristic, they have strong interaction with particles in the system and could not be
measured outside as born in the nuclear reactions. They have been measured in their stable
states in the system giving not direct but indirect evidences of the reactions. Amounts of
tritium and *;He give directly total numbers of events generating them in the experiment.

The experimental data sets on the tritium measurement had been discussed in our
books and papers [Kozima 1998 (Sec. 6.4), 2006 (Sec. 2.6), 2026a]. Due to the +e charge
of triton (};H), the detection of tritium provided the first evidence of localized nuclear
reactions at the CFP (see especially [Iyengar 1989, 1990, Srinivasan 1990a, 1990b,
Mengoli 1991a, 1991b]).

We can see the localization of tritium in Fig. 3.1. In this figure, local tritium activity
on a Ti target after a plasma focus shot in deuterium gas is shown by autoradiography at
the electrode tip [Srinivasan 1990a].
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Table 3.1. Tritium activity on titanium rod

electrodes of PF device [Srinivasan 1990a

(Table I1)]
Electrodes TA1 TA2 TA6
Date of PF Shots * 4" Jan, 24" May 4™ June
No. of Shots (+ ve) 50 25 e
No. of Shots (- ve) 10 g 25
Date of Measurement* 21% Feb. 24" May 4" June
Counting Time (s) 300 300 300
Count Rate with Std. Source * (cps) 6216 6290 11269
Count Rate with Electrodes (cps)  33.3 23 1.8
Background (cps) 12 1.6 1.5
Tritium Act. (MBq) 14.5+3.3 0.3+0.06 0.07+0.02

Fig. 3.1. Autoradiograph of central Ti

. o * All dates are in the year 1990.
electrode of PF device [Srinivasan 1990a ! Standard source activity is (2800 + 300) MBq.

(Fig. 2)].

We can cite a sentence reporting the localization of the tritium production from the

paper by Srinivasan et al. [Srinivasan 1991b];
“One of the most interesting findings to emerge out of the autoradiographic imaging of
deuterated Ti samples from different experiments is the fact that tritium is invariably
concentrated in highly localized spots (fraction of a millimeter or less in size) each
containing typically about 10'% to 10'* atoms (2 to 200 K Bq) of tritium.” [Srinivasan
1990b (p. 1, italicized partially at citation)]

This feature of the local nature of nuclear reactions at the CFP was later confirmed by
various experiments (cf. e.g., [Okamoto 1994, Bockris 1995, Iwamura 2006]) and
provides an important clue to determining the nature of the CFP (see [Kozima 2009]).

Furthermore, we can see another characteristic of CFP, the qualitative reproducibility,
in the experimental data sets of tritium generation using a simple radiographic method
obtained by Srinivasan et al [ Srinivasan 1990a]. The data shown in Table 3.1 show clearly
the qualitative reproducibility of generation of tritium in the experiments of the plasma

focus shot in deuterium gas.

The lack of quantitative reproducibility in CFP has been a point of criticism from
opponents of the phenomenon from the beginning up to present. Now, we know that the
cold fusion phenomenon is governed by complexity and it is the qualitative but not the
quantitative reproducibility governing the events in CFP [Kozima 2006, 2013]. As we

have seen in Table 3.1, the first clear evidence of the qualitative reproducibility was
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revealed by the experimental data by Srinivasan et al. [Srinivasan 1990a].

We have explained many events in CFP from formation of the optimum structures for
the nuclear reactions to the inverse power relation of frequency vs. intensity (1/f law in
complexity) using the idea of complexity by now [Kozima 2013]. There was a clear
tendency for unscientific discourse to run rampant due to misunderstandings regarding
the difference between quantitative reproducibility in simple systems and qualitative
reproducibility in complex systems regarding the reproducibility of measurement results.

The group that suffered the most damage was the Bockris7 research group at Texas
A&M University, which had been working on tritium measurement from the beginning
[Kozima 2026a]. At the 10th Anniversary of the announcement of the cold fusion
phenomenon on 1999, Dr. J. O’M. Bockris wrote an essay “Cold Fusion 1999” at my
request for the CFRL News published irregularly from Kozima’s Cold Fusion Research
Laboratory. Bockris' essay serves as a testament to the irrelevance of these accusations to

true scientific inquiry.

4 Concluding Remarks on the New Paradigm emerging on the Cold
Fusion Phenomenon

In this paper, we have given a brief discussion on the historical review of CFP focused
on the PdHx system and detection of tritium. In the former, we noticed difficulty to
evaluate a fact in science and in the latter we found important finding of the qualitative
reproducibility and localization of reactions in CFP.

For fairly long period, there had been many misunderstandings in both experimental
planning and interpretation of results of the PdHx system due to the discrepancy between
the expected phenomenon and the actual reaction observed. The situation had gradually
improved by the realization of the occurrence of CFP especially in NiHx and Ni alloy
systems. The experimental results in NiHx system unintentionally obtained by J. Dash et
al. [Dash 1994] and intentionally obtained by Ohmori et al. [Ohmori 2002, 2004] had
been important data that marked a turning point in changing our perspective of CFP even
if it did not attracted attention at that time and didn't become a subject of serious interest.

As the research of CFP progresses with the expansion of research fields e.g., to the
super-diffusivity (SD) of hydrogen isotopes in transition metals, our point of view on CFP
widened to include the extension of wavefunctions of occluded protons/deuterons and
wavefunctions of nucleons in the lattice nuclei [Kozima 2009, 2013, 2026¢]. The
contradiction that was initially thought to be the case is now considered possible. The
most notable example is that CFP was found to occur in the PdH system, which was

initially thought to be a control system.
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Thus, it turned out that what was initially thought to be an erroneous conclusion
resulting from poor planning was in fact the disclosure of new facts. Perhaps we should
say that in this case too, we were fortunate to encounter the mystery of science, which
revealed the truth hidden behind the facts.

Anyway, we have to declare that the experiment in which S. Pons et al. performed to
obtain the excess energy generation in the PdHy system, supposed to be a control
experiment at that time, was the first cold fusion experiment with PdHx sample generated
excess energy in the unintentional heating above perhaps 150 °C by accident. The note
“Warning! Ignition?” written on the events in Table 1.1 in the paper published in 1989
([Fleischmann 1989 (Table 1)] may show something occurred in their laboratory, even if
the details were hidden in the dark history destroyed by the accident! We will have to be
taken their explanation in their paper [Fleischmann 1989 (p. 305)] very cautiously.

Perhaps, the experimental facts obtained in CFP together with those obtained in the
super-diffusivity (SD) of H and D in transition metals, hydrogen electrode reaction (HER),
and underpotential deposition (UPD) in transition metals show a new feature of solid
state-nuclear physics closely related to the nuclear force interaction between nucleons in
lattice nuclei and occluded protons/deuterons [Kozima 2023, 2026b, 2026¢]. We can
expect future developments of this science to a new paradigm between the solid-state

physics and the nuclear physics along the line suggested in the above summary.
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Abstract

In this paper, we review the possible interaction of nucleons through the nuclear forces in materials
where occur CFP and SD. To realize the interaction between nucleons due to nuclear forces in the
relevant materials, we focused on the formation of superlattices of protons/deuterons and lattice nuclei
through the self-organization known in nonlinear dynamics.

By expanding our research to include the presence of exotic nuclei within lattice nuclei, we
demonstrated the potential to broaden our research field into the unknown territory of many-body
nucleon systems, a subject that has been largely neglected in nuclear physics until recently.

The interaction between nucleons in CF materials by the nuclear forces gives to an end a new
outlook to the super-nuclear interaction between neutrons in different lattice nuclei mediated by
protons/deuterons occluded in the material. Furthermore, we can ultimately imagine a new perspective
of the super-nuclear interaction between protons/deuterons occluded in the interstitial sites mediated
by neutrons in lattice nuclei.

The super-nuclear interactions have opened the new world of the solid state-nuclear physics by the
formation of neutron energy bands in the CF materials and the proton/deuteron energy bands in the
materials where SD occurs, resulting in the cold fusion phenomenon in the former and the peculiarities
of physical properties such as SD, HER and UPD in the latter. The CFP research results suggest the
potential to contribute to cutting-edge research areas in nuclear physics, which are attracting attention

in the study of neutron star matter and exotic nucleus.

1. Introduction

Since the announcement in 1989 of excess energy generation, a characteristic of
the cold fusion phenomenon (CFP), in palladium deuterides, serious efforts have been
made to explain the occurrence of nuclear reactions in solids (CF materials) without

acceleration mechanisms, in a temperature range from near room temperature to several
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thousand degrees Celsius. In relation to the situation in CFP, we noticed other peculiarities
such as the super-diffusivity (SD), the hydrogen electrode reaction (HER), and the
underpotential deposition (UPD) observed in specific materials including the transition
metal hydrides/deuterides and biotransmutation in biological organs investigated for
more than a hundred years. We proposed that the interaction of nuclear forces between
nucleons, known in nuclear physics, may be the common cause of the nuclear reactions
in CFP, SD, and others.

It can be said that science is fundamentally an intellectual activity based on facts.
After these more than 35 years since the announcement of the discovery of nuclear
reactions in solids at around room temperature, named as the cold fusion phenomenon
(CFP), I can't help but get the impression that our efforts to establish the science of CFP
have been almost in vain. Despite earnest efforts to discover the truth hidden in the diverse
experimental evidence showing nuclear reactions in CFP, we have yet to reach a unified
understanding of this phenomenon, which must be seen as the evidence that CFP is a
complex phenomenon that cannot be easily understood.

At this point, it may be necessary to look at the entire range of research conducted
over this period that is not short from a historical perspective and consider how research
in this field fits into modern society. We have inherited many lessons from the past. For
example, how people reacted to facts that were revealed in ways we never expected, and
how we can determine the direction of solid-state nuclear physics in the future. What we
refer to here as solid state-nuclear physics is the science of the various nuclear reactions
that occur due to the nuclear force interaction between nucleons in the pertinent solids.
It has already been discussed [Kozima 2023] that solid state-nuclear physics includes not
only CFP but also other wonderful phenomena observed in solids such as the super-
diffusivity (SD), the hydrogen electrode reaction (HER), and the underpotential
deposition (UPD). We investigate the situation more in detail in this paper from a new
point of view including recent knowledge closely related to CFP obtained in the nuclear
physics [Kozima 2026].

The phenomenological approach to CFP using the trapped neutron catalyzed fusion
(TNCF) model with a single adjustable parameter n, (the density of the trapped neutron)
has given qualitative and sometimes semi-quantitative explanations for diverse
experimental data sets including several observables (physical quantities) such as excess
energy, transmuted nuclei, emitted neutrons and charged particles [Kozima 1998a, 2006a,
2026].

As the next step of the successful explanation of CFP using a phenomenological

model [Kozima 1998a], we investigated the bases of the model using the quantum
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mechanical knowledge of solid-state physics and nuclear physics related to the atoms and
atomic nuclei in the CF materials [Kozima 2004a, 2006a]. Perhaps it was a coincidence,
but the opportunity to stay at PSU as a visiting professor at a time when I felt the need to
study the quantum mechanical foundations of the model was a godsend.

The final answer to the validity of the assumptions presupposed in the TNCF model
is summarized as (1) the self-organization of superlattices of the occluded
protons/deuterons and lattice nuclei and (2) the super-nuclear interactions between
neutrons in different lattice nuclei mediated by the occluded protons/deuterons. These

two elements are discussed in detail in this paper.

It is shown that the non-local wavefunctions of the proton/deuteron in the transition
metals are favorable for the concept of the neutron energy bands introduced to explain

premises of the phenomenological models (TNCF and ND models).[Kozima 2009]

2.Self-organization of Superlattice of Host Elements and Occluded
Protons/Deuterons

In the open and non-equilibrium dynamical system where energy and component
materials are fed from outside, there appears patterns energetically unstable compared to
the homogeneous structure without any structure. [Kozima 2013 (Sec. 3.3), 2016a (Sec.
3.9)].

In the case of the CFP, the optimum superlattice of the host lattice nuclei (e.g. Pd) and
hydrogen isotopes (e.g. d) is apt to be formed in localized regions at surface layers with
a width of about several microns where the number ratio 7= Na4/Npq of the hydrogen
isotope d and the host metal Pd is expected higher than other parts of the sample.
Experimental data show that the formation of superlattice is possible when the ratio 7
becomes larger than ~ 0.8. The superlattice may be localized in small region with a
diameter of about several micrometers as experimental facts show.

When the superlattice is formed at localized regions in the surface layer, it is
possible to appear the neutron valence band by the super-nuclear interaction between
neutrons in different lattice nuclei mediated by interstitial hydrogen isotopes [Kozima
2006a (Sec. 3.7.2)]

3. Nuclear Interactions of Lattice Nuclei and Occluded Hydrogen Isotopes in
Transition Metal Hydrides

It had been determined that the hydrogen atom occluded in Pd is completely ionized
as early as in 1936 by Mott and Jones [Mott 1936 (p. 200)]. Furthermore, we know by the
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recent experiment that the occluded protons/deuterons in fcc transition metals have
nonlocalized wavefunctions which overlap to lattice nuclei [Kozima 2009]. Then, these
protons/deuterons interact with uppermost neutrons in lattice nuclei through the nuclear
force and finally the neutrons in different lattice nuclei interact each other through the
super-nuclear force mediated by occluded protons/deuterons [Kozima 2013].

If we shift our focus from neutrons to protons, we see that the super-nuclear
interaction mediated by neutrons in lattice nuclei occur between protons.

We have to accept the experimental facts that protons/deuterons occluded in fcc
transition metals and alloys have nonlocalized wavefunctions especially in their excited
states. In addition to this fact about the wavefunctions of occluded hydrogens/deuterons,
there are experimental data that show extended-out wavefunctions of neutrons at the
zero-energy level in such lattice nuclei as Pd and Ni of transition metals and C in graphite
and biological CF-material [Kozima 2014b (Appendix Al)]. Furthermore, the recent
investigation of the exotic nucleus had shown existence of neutron halo where loosely
bound neutron wave functions are spatially extended, with diffuse, low density
probability distributions [Casten 2000 (Sec. 11.2)].

Therefore, we can assume following situation where the wavefunctions of occluded
protons/deuterons and the neutrons at the zero-level in the lattice nuclei or neutrons in the
halo nuclei at lattice points overlap each other. The overlapping becomes larger and larger
when the lattice nuclei become exotic and the number of neutrons N overwhelms the
number of protons Z as we have discussed [Kozima 2008a] and also pointed out by
nuclear physicist (e.g., Appendix A2 [Casten 2000 (pp. 428, 429)]. Then, there occurs an
interaction between the occluded protons/deuterons and the neutrons in lattice nuclei in
the CF materials through the nuclear force [Kozima 2004a, 2006a, 2009].

4. Super-nuclear Interactions between Neutrons in Different Lattice Nuclei and
between Protons/Deuterons in Different Interstices

The interaction between a proton (deuteron) and a neutron in an adjacent lattice
nucleus described above pulls two neutrons n; and n2 in different lattice nuclei into
coupling. We will call this coupling the “super-nuclear interaction” mediated by occluded
(interstitial) protons (deuterons). [Kozima 2004a (Sec. 3), 2006a (Sec. 3.7.2), 2009 (Sec.
4)]

The essential points of the super-nuclear interaction mediated by occluded
protons/deuterons are seen in the following procedure briefly cited from the book
[Kozima 2004a (Sec. 3)];

“The overlapping of the proton wavefunction ¢ p(R - bj) on an interstice at b; with a
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nucleon (neutron) wavefunction ¢ (x, ai) on an adjacent lattice nucleus at g; results in a
proton-neutron interaction through the nuclear force. The nuclear interaction is expressed
by a potential whose form is taken, for example, as the square-well type (neglecting spin-
dependence and the imaginary part):

Vi(r - R) == Vo®, (|r — R| < b)

=0, ([r—R|>b) (3.52)

where Vo® ~3.5MeV and b ~ 2.2 x 10""3 cm [Blatt and Weisskopf 1952]. The choice of
this potential out of several possible types does not make a large difference to the result
for the low energy phenomena we are considering in this book.

If there is an interaction between a neutron in a lattice nucleus and a proton/deuteron
at an interstice bjnext to the lattice point a; where the lattice nucleus is, there appears an
interaction between two neutrons in two lattice nuclei at a; and ai, interacting with the
same proton/deuteron when ai is also a neighbor of b;. The coupled neutrons in lattice
nuclei reveal a dispersed energy spectrum called the energy band as already explained
generally in Section 3.5.2.” [Kozima 2006a (pp. 102 — 103)]

It is easy extension of the super-nuclear interaction between two neutrons mediated
by occluded protons/deuterons to the super-nuclear interaction between two

protons/deuterons mediated by neutrons in lattice nuclei.

5. Neutron Energy Bands and Proton/Deuteron Energy Bands

It 1s easy to show that the super-nuclear interaction between two neutrons belonging
to different lattice nuclei results in the formation of neutron bands [Kozima 2004a (Sec.
3), 2006a (Sec. 3.7.2.2)]. We can extend this idea of the neutron energy bands to the
proton/deuteron energy bands formed by occluded protons/deuterons coupling with the
super-nuclear interaction mediated by neutrons in lattice nuclei.

The neutrons in the neutron energy bands in CF materials can be treated as the
neutrons in the neutron star matter (cf. e.g., [Baym 1971a, Negele 1973]), in the nuclear
matter [Baym 1971b, Povh 2004] or in the nucleon many-body problem treated in the
exotic nucleus (cf. e.g., [Casten 2000]). Similarly, the protons/deuterons in the
proton/deuteron energy bands in SD materials as those participating in the super-
diffusivity in transition metal hydrides/deuterides.

6. The Solid State-Nuclear Physics

As the history of science teaches us, a new science emerges when a new phenomenon
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is observed and found to be inexplicable by existing science. Thomas S. Kuhn developed
his idea to explain the structure of scientific revolution using two concepts “paradigm”
and “normal science” [Kuhn 1996].

We have discovered experimental facts in the interdisciplinary field between existing
solid-state physics and nuclear physics that cannot be explained by previous knowledge,
and are attempting to explain these phenomena using a new science named “solid-state-
nuclear physics.”

Although various attempts have been made, the current situation can be said to be as
Kuhn describes it as follows:

“Probably the most striking of these is what I have previously called the transition from
the pre- to the post-paradigm period in the development of a scientific field. - - - Before
it occurs, a number of schools compete for the domination of a given field. Afterward,
in the wake of some notable scientific achievement, the number of schools is greatly
reduced, ordinarily to one, and a more efficient mode of scientific practice begins. The
latter is generally esoteric and oriented to puzzle-solving, as the work of a group can be
only when its members take the foundations of their field for granted.” [Kuhn 1996 (p.
178)]. (Emphasis in italics added by the quoter).

We had presented a brief summary of the development of the solid state-nuclear
physics [Kozima 2019] by the time the paper was written. We have now more data to put
into our contemplation on a perspective of this field that is supported by broader and more
detailed knowledge in nuclear physics.

We have given a brief survey of the present status of nuclear physics and solid state
physics in relation of the present theme in the previous paper published in this Conference
[Kozima 2026]. I plan to explain the details of the situation in another paper, but that

paper will require a considerable number of pages.

7. Conclusion

This paper is the third and final of a series of papers presented at the 25th Annual
Meeting of the Japan CF-Research Society (JCF25) entitled “A Historical Review of Cold
Fusion Phenomena.” We conceived of the solid state-nuclear physics (or rather the solid
state-nuclear science) as a new science emerging halfway between solid-state physics
and nuclear physics as a result of a paradigm-shifting scientific revolution. This is the
result of research that combines experimental results obtained in the solid state physics,
such as cold fusion phenomena (CFP), superdiffusivity (SD), hydrogen electrode reaction

(HER), and underpotential deposition (UPD), with experimental results obtained in the
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nuclear physics, such as skin neutrons in the exotic nucleus and halo nuclei.

The TNCF model has been successful in understanding experimental data sets
observed in complex and diverse CF materials consistently, which has led to the need for
a theoretical explanation for the validity of the model. Especially demanded is the
possible participation of neutrons in the formation of the neutron energy bands and the
explanation of nuclear reactions generating nuclei with large changes of the proton
number Z and the neutron number N (= 4 — Z) from those of the nuclei pre-existed in the
CF materials. This problem had been successfully investigated in the second paper
presented in this Conference [Kozima 2026]. The development in the nuclear physics in
the terra incognita of the exotic nucleus suggested the value of research in this field. We
can expect a development this terra incognita by inclusion of CFP in the nuclear physics
of the exotic nucleus.

The recognition of the super-nuclear interaction in the transition metal
hydrides/deuterides suggested by CFP had given a hint to solve problems left unsolved in
the physics and chemistry of transition metal hydrides/deuterides such as super-
diffusivity (SD), the hydrogen electrode reaction (HER) and the underpotential deposition
(UPD). These problems together with CFP are the main themes of the solid state-nuclear
physics we can consider at present. We hope that prospects on this problem given in this
and the preceding papers will arouse interest in research and provide clues to solutions in
these areas.

Due to space limitations, the explanation of the solid state-nuclear physics is

incomplete.
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Abstract

Since the discovery of nuclear reactions in solids at near room temperature, researchers in the
field of cold fusion phenomenon (CFP) have paid careful attention to neutrons, which are thought to
be closely related to nuclear reactions that occur in solids for which no acceleration mechanism can
be considered. The neutron has been an important particle in nuclear physics since its discovery in
1932. The history of nuclear physics shows that its new developments have been made as the
properties of neutrons had been elucidated through experiments. Needless to say, this is also the
basic principle that should be followed in research at CFP. Focusing on this point, we provide a brief
history of the development of nuclear physics with the elucidation of the nature of the neutron and

an overview of the history of CFP in relation with neutrons.

1. Introduction

Human intellectual activity, especially scientific activity, can be seen to have three
phases (faces); experimental, theoretical and applicational phases (faces).

Many would agree that the natural sciences made remarkable progress in the 17th
century, and that the most spectacular achievements were made in Britain. A Japanese
science-historian H. Nakajima has focused on this fact and has discussed the rise and
fall of the theoretical and the experimental sciences, the two main trends in physics at
the time [Nakajima 1996]. He has used his method in his analysis of the achievements
of two representative physicists of this era, Robert Hooke and Isaac Newton, as his
subject.

To modernize his classification, we can add a third science, the applied science or
the applicational science, corresponding to the applicational face of the above

classification. In the consideration of the historical review of the cold fusion
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phenomenon (CFP) in relation to the elucidation of the nature of neutrons contemplated
in this paper, we use the Dr. Nakajima’s point of view adding a third science, the

applicational science.

2. The Neutron in a Nucleus

The neutron is discovered by J. Chadwick in 1932 [Kozima 2006 (Topic 6)]. Since
their discovery, neutrons have always played a central role in nuclear physics. It is
necessary, however, to consider the great role that neutrons have played in the
development of nuclear physics from a methodological point of view. Without fear of
being misunderstood, it can be said that the main research method in nuclear physics,

including the use of neutrons, is a phenomenology.

Neutrons, as elementary particles, have both particle and wave properties, and free
neutrons undergo beta decay with a half-life of 886.7 s. After the discovery of the
neutron, atomic nuclei are thought to be made up of neutrons and protons. The protons
and neutrons are apparently the most permanent components of nuclear matter even if
they are inseparable in that they can be converted into each other, and are therefore
called nucleons.

The neutrons within atomic nuclei have the following properties: Nucleons (protons
and neutrons in a nucleus) are hold together by constant exchange of pions between the
nucleons. Pions are elementary particles that interact with neutrons and protons. Pions
have about one-sixth the mass of a proton and come in three varieties: positively
charged, negatively charged, and uncharged.

The evolution of the nuclear picture in response to accumulated experimental
evidence has been explained in every textbook (e.g. [Jelley 1990]). Recently, the use of
the new technique of RNBs (radioactive nuclear beams) revealed profound world of the

exotic nucleus (cf. e.g. [Casten 2000]) in the unknown regions far out of known nuclei.

Even if there are extensive investigations on the nature of the neutron since its
discovery in 1932, there remain inexplicable questions obtained in experiments about
the nature of the neutron. Elementary particle physicists are struggling with them to
construct a theory to reconcile the experimental facts as a nuclear scientist give a brief
summary [Alexandrov 1992 (p. 15)].

3. The Neutron as Waves in Solids

As a quantum mechanical entity, the neutron naturally possesses both particle and

wave properties. It is explained briefly as follows [Alexandrov 1992]:
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“Before discussing the particle properties of the neutron, a consideration of the
general question of the wave properties of the neutron seems justified. We outline here
the wave properties of neutrons which are used as the basis for many experiments on the
study of their fundamental properties.

It is well known that under certain conditions the behaviour of a particle is
wave-like. Then a wavelength A given by the de Broglie relation

A =hp (1.1)
is associated with the particle, where p is the particle momentum. Wave phenomena, in
particular interference effects, are observed whenever the wavelength is comparable in
order of magnitude with the size of an object inserted in the beam. The wavelength of
thermal radiation (E = 0.025 eV) is 0.18 nm, so one may expect an X-ray-like
diffraction from a crystal. The construction of nuclear reactors made available high
fluxes of thermal neutrons that paved the way for the development of a new branch of
nuclear physics — neutron optics. Principal neutron optical phenomena are well
described in terms of the so-called kinematical theory of diffraction that neglects the
interaction between the transmitted and reflected waves. Modern neutron optics is
based the dynamical diffraction theory. At the beginning of this century Darwin and
Ewald in their work devoted to X-ray radiation laid the foundation of the theory which
takes into account the interaction of the transmitted radiation with the reflected
radiation. Now the dynamical diffraction theory has been successfully extended to
neutron radiation (see, for example, [Ref. 1]). This diffraction pattern calculated in
terms of the dynamical theory looks virtually the same as that given by the kinematical
theory, but with intensities which may differ by more than a factor of 10. The dynamical
theory has predicted some phenomena for which there was no place in the kinematical
theory; all of them have been confirmed experimentally (fine fringe structure observed
in the experiments on neutron scattering by perfect crystals, pendelloesung effect,
neutron interferometry, etc.).

[Ref. 1]. Dachs, H. (ed.) (1978).Topics in current physics: Neutron diffraction. Springer,
Berlin.” [Alexandrov 1992 (pp. 1 —2)]

It should be remembered that astute nuclear physicists have focused on the role that
neutrons play in the realm of low-energy nuclear physics [Kozima 2016a (Sec. 3.9)].
They have worked with neutrons to investigate characteristics of neutrons (e.g.,
[Tervisidis 1990, Steyerl 2020, Singh 2025]) and structures of materials (e.g., [Shull
1956, Molina 2021, 2023, Pavan 2025]) using high density neutron flux supplied by
nuclear reactors (e.g., [Richtmyer 1976 (Sec. 25.21)]
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4. The Neutron and the Cold Fusion Phenomenon (CFP)

In 1989, preliminary experimental results were published by Fleischmann et al.
[Fleischmann 1989] showing that nuclear reactions may occur in solids at temperatures
close to room temperature. This phenomenon is called the cold fusion phenomenon
(CFP) due to the reason explained in Kozima’s paper [Kozima 2019] published at the
30" anniversary of their paper:

“We notice that the words “Cold Fusion” and “Cold Fusion Phenomena’ are used
in the titles of several Fleischmann's papers. In the words “Cold Fusion” he had given

a special meaning as we see in Section Il where we survey his mental process resulted
in the discovery of the CFP.” [Kozima 2019].

Therefore, we would like to use the term Cold Fusion Phenomenon (CFP) to refer
to “the nuclear reactions and accompanying events occurring in a non-equilibrium, open
system (with external particle and energy inputs) consisting of solids containing high
density hydrogen isotopes (H and/or D) in ambient radiation” belonging to the Solid
State-Nuclear Physics (SSNP).

To gain a comprehensive understanding of CFP, we constructed a phenomenological
model (TNCF model) that assumes the existence of metastable thermal neutrons
(trapped neutrons) in CF material, and succeeded in qualitatively, and sometimes
quasi-quantitatively, explaining many experimental facts [Kozima 1998, 2006, 2026a,
2026b].

The model contained an adjustable parameter n,, assumed to be the density of the
trapped neutrons. It is possible to compare the experimental and theoretical data in
favorable cases when more than two observables are obtained in an experiment then the
adjustable parameter n, is determined by one of the observables and the value of n, is
used to calculate another observable theoretically. The theoretical value of the latter
observable can be compared with the corresponding value of the observable determined
by experiment to check the validity of the TNCF model.

4.1 Explanation of Experimental Results containing Nuclear Transmutation with
Small Changes of Proton Numbers Z

In the early stages of the researches of CFP, there had been mainly observed excess
energy generation accompanied with nuclear transmutations. The experimental data sets
more than 50 had been analyzed by using the TNCF model and the result had been
shown in Kozima’s books published in 1998 and 2006 [Kozima 1998 (Figs. 11.2 and
11.3), 2006 (Tables 2.2 and 2.3)].
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We have to notice the self-consistent, semi-quantitative explanation of the relation
between the numbers N, and N, of observables a and b measured simultaneously. Using
an adjustable parameter n, in the TNCF model, the comparison of the ratio Na/Np|m
determined by the model with the ratio N./Nplex determined by experiments gives
conclusive evidence of the ability of the model. The agreement between two such
observables as excess heat, tritium, helium 4 and neutron, presented in our book and

papers (e.g., [Kozima 2016b, 2017]) clearly demonstrated the validity of the model.

4.2 Explanation of Experimental Results containing Nuclear Transmutation with
Large Changes of Proton Number Z

Over time, experimental data on nuclear transmutation involving large changes in Z
became available. The data with large changes of the proton number asked new
development of the model to analyze the new data sets.

We extended the TNCF model to include the new demand of large changes of Z and
the mass number A altogether. The idea is to consider the accumulation of the neutron
Bloch waves at the boundary where they are reflected and superposed additively making
the density of the trapped neutrons very large. Then we can assume high-density
neutrons there as assumed in the simulation of the neutron star matter [Baym 1971,
Negele 1973]. The neutron clusters “4zA composed of Z protons and N = 4 — Z neutrons
can be formed there. By doing so, we can gain more degrees of freedom regarding

nuclear transmutation.
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Fig. 3.1. Correspondence between the frequency Nop observing elements in the CFP and
the relative abundances logioH of elements [Suess 1956] in the universe: (a) Z =3 — 38
and (b) Z =39 — 83 [Kozima 2006, 2012].

Fig. 3.1 shows a summary of experimental data on nuclear transmutation along with

the relative abundances (logioH) of elements in the universe. Remarkable features seen
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in the figure is the peak at Z =26 (Fe) and Z = 82 (Pb).

5. Conclusion

It goes without saying that science is an intellectual construct built on experimental
evidence, but when we are in the midst of science, this fact is often forgotten and we
tend to focus on other aspects of science, such as its applications and formal
consistency.

Using the term “paradigm,” which T. Kuhn used to describe the history of science,
we could say that the root of this tendency is the tendency of scientists to rely too easily
on paradigms prevailing at the time. However, as we have experienced in our research
on CFP in these more than 35 years, this tendency is by no means admirable and should
be avoided as much as possible.

With these questions in mind, I felt it was necessary to look back at the history of
research to date and return to the essence of science to envision the future in order to

understand the current state of CFP research.

The nuclear physics, one of the main branches of the solid state-nuclear physics, is a
comparatively new science based in 1932 when the neutron was discovered and we
know well its vivid development at hand. The brief history of the nuclear physics
portrayed in this paper gave us the courage to take on the challenge of building a new
science including the nuclear physics of the exotic nucleus.

The wide range and variety of experimental evidence obtained so far in the field of
CFP teaches us the grandeur and difficulty of building the solid-state nuclear physics
that is yet to be established.

However, considering the present state of the nuclear physics progressing on the
experimental data scarcely obtaining with expensive and complicated apparatuses, we,
scientists working in the field of the cold fusion phenomenon, are in a much more
favorable position than nuclear physicists. Fortunately, we have found several laws, or
regularities, in experimental data of physical observables [Kozima 2012] and also a
model which can give qualitative explanations for them [Kozima 1998, 2006, 2013].
While we can't yet form a clear picture of what the final result will be, I'd say we've

finally gotten a foothold.
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Abstract

Anomalously large neutron cross sections—both reaction and elastic scattering—
that cannot be accounted for by conventional short-range nuclear forces based on
Yukawa theory (effective range ~2.5 fm) have long been observed. These anomalies
have not been treated as unresolved problems: the large 1/v reaction cross sections
were considered explainable through resonances, and the anomalously large elastic
scattering cross section of 'H relative to its nuclear size was considered explain-
able by scattering lengths. However, recent precise data from JENDL-5 (Japan
Atomic Energy Agency) bring these explanations into contradiction. This paper
first identifies these anomalously large cross sections as genuinely unresolved prob-
lems. We then postulate a long-range nuclear force that simultaneously accounts
for both anomalies, and derive V(r) = —N,/r* from the 1/v law using classical
mechanics, determining N4 for each nuclide. Quantum mechanical simulation of
3He using the two-dimensional Schrédinger equation (split-operator FFT method)
at 250 eV, 1 keV, and 4 keV with the determined N4 reproduces both the 1/v law
for absorption and the energy-independent behavior of elastic scattering, confirming
the existence of this long-range nuclear force.

1 Introduction

In nuclear reaction cross-section measurements, £ denotes the kinetic energy of the inci-
dent neutron and v its velocity. These are related by E = %mv2, giving v < v E, or equiv-

alently vE  v. Conventional nuclear physics recognizes short-range nuclear forces based
on Yukawa theory [I], with an effective range of approximately 2.5 fm (1 fm = 107! m).

The reaction cross sections of *He, °Li, "Be, and 1B follow the 1/v law over 107°-
10 eV, implying effective interaction radii far exceeding 2.5 fm. This contradiction has
been ignored on the grounds that the Breit-Wigner formula [2] can explain the 1/v law
through resonances. However, JENDL-5 [3] explicitly states that no resonance parameters
exist for these nuclides. The 1/v law for these nuclides is therefore a genuinely unresolved
problem that resonance theory cannot address.

Separately, the elastic scattering cross section of 'H is 20.4 b over 1075-10* eV-—more
than 100 times the geometric cross section expected from the nuclear size. This has
been explained using spin-dependent scattering lengths, but as discussed in Sec. [2.3] this
explanation contains fundamental contradictions.

These two anomalies strongly suggest the existence of long-range nuclear forces distinct
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from the conventional short-range interaction.

2 Anomalous Neutron Cross Sections

2.1 1/v reaction cross sections

Figure [1] shows the neutron cross sections of *He and °Li from JENDL-5. In both cases
the reaction cross section (solid line) decreases in inverse proportion to v o< v/E—the 1/v
law—over a wide energy range from 107° eV to 10* eV. The effective interaction radius,
defined as R.g = y/og/m, reaches 413 fm for 3He and 173 fm for SLi at £ = 1 eV. Since
or « 1/VE, the 1/v law gives Reg o< E~Y/*; at thermal energies (E = 0.025 €V), R
grows by a further factor of (1/0.025)'/4 = 40'/* ~ 2.5, reaching approximately 1030 fm
for *He and 430 fm for *Li—far exceeding the short-range nuclear force range of 2.5 fm.
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(a) 3He (b) °Li

Figure 1: Neutron cross sections of (a) 3He and (b) °Li from JENDL-5. Solid line: reaction
cross section; thin line: elastic scattering; dashed line: radiative capture. Both reaction
cross sections follow the 1/v law over 107°-10% eV.

The traditional explanation for the 1/v law is that slow neutrons spend more time near
the nucleus and are therefore more likely to undergo nuclear reactions. Many researchers
further assume that this behavior can be derived from the Breit—-Wigner formula [2]
through resonances. However, this qualitative “residence time” argument is not based
on a derivation published in peer-reviewed literature, but is a common belief repeated in
textbooks.

Furthermore, JENDL-5 explicitly states that no resonance parameters exist for *He, L4,
"Be, and 1°B; the 1/v law therefore remains a genuinely unresolved problem.

2.2 Correlation between reaction and elastic cross sections

Table(l]lists the reaction cross section or and elastic scattering cross section o at neutron
energies near 1 eV for three nuclides that exhibit the 1/v law.

In conventional nuclear physics, the 1/v reaction cross section and the elastic scattering
cross section are explained by independent mechanisms—the former through resonances
or the residence time argument, the latter through spin-dependent scattering lengths.
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Table 1: Reaction and elastic scattering cross sections from JENDL-5 near £ =1 eV.
Nuclide ‘E[QV] UR[b] UE[b] UR/UE

3He 1.000 846.4 3.135 270
OLi 1.000  149.6 0.739 202
1B 1.006 607.3 2.144 283

These two cross sections are therefore expected to be unrelated to each other. However,
Table (1] shows a clear positive correlation: nuclides with a larger og also have a larger
o, with the ratio og/og lying in the narrow range 200-283 for all three nuclides. This
correlation strongly suggests that both cross sections share a common physical origin, and
that a single long-range nuclear force can account for both simultaneously.

2.3 Energy-independent elastic scattering

Figure [2| shows the neutron cross sections of 'H and "Be from JENDL-5. The elastic
scattering cross section of 'H is approximately 20.4 b and energy-independent over 1075
10* eV. The proton charge radius is 0.84 fm; if the neutron has a comparable radius,
the geometric cross section for a hard-sphere collision would be oge, = m(0.84 + 0.84)% =
0.088 b, roughly 230 times smaller than the observed value. As shown in Fig. (b), "Be
exhibits an anomalously large elastic scattering cross section of 384.4 b at 0.025 eV, which
likewise cannot be explained by short-range nuclear forces alone.
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Figure 2: Neutron cross sections of (a) 'H and (b) "Be from JENDL-5. (a) The elastic
scattering cross section of 'H is constant at 20.4 b over 107°-10* eV; no reaction cross
section exists for this nuclide. (b) “Be shows a reaction cross section of 56,777 b and an
elastic scattering cross section of 384.4 b at 0.025 eV.

The standard explanation for the 'H elastic scattering cross section invokes spin-dependent
scattering lengths. The neutron and proton each carry spin 1/2, giving a triplet state
(total spin 1, statistical weight 3) and a singlet state (total spin 0, statistical weight 1).
Using the triplet scattering length a; ~ 2.82-5.42 fm and the singlet scattering length
as ~ +23-23.7 fm, the cross section is written as
o = 3ma; + ma>. (1)
3
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The singlet scattering length a, is back-calculated from the experimental value of 20.4 b
itself, so agreement with experiment is guaranteed by construction rather than by inde-
pendent prediction.

This explanation contains fundamental contradictions. First, it does not explain why a,
far exceeds the 2.5 fm effective range of the short-range nuclear force. Second, thermal
neutrons have a de Broglie wavelength of ~ 1.81 x 10° fm; the transverse extent of such a
wave far exceeds the ~2.5 fm range of the short-range nuclear force, so the vast majority
of the wavefront passes the nucleus without entering the region where the short-range
force acts. A short-range force alone should therefore produce a smaller cross section at
longer wavelengths, contrary to observation. Third, the same framework cannot explain
the 384.4 b elastic scattering cross section of "Be. These contradictions confirm that the
energy-independent elastic scattering cross section is also a genuinely unresolved problem.

3 Derivation of the —N,4/r* Potential

3.1 Classical derivation from the 1/v law

We seck a power-law central potential V(r) = —N4/r™ such that the resulting reaction
cross section reproduces the 1/v law. Using classical orbital mechanics—the same ap-
proach as deriving the Bohr radius—the critical orbit condition gives a reaction cross
section of the form

Na 2/(n+1)
X | — , 2
onox (%) 2)
where Fj is the neutron kinetic energy in the laboratory frame. Demanding or o E|, 1/2
uniquely fixes n = 4, giving V(r) = —Na/r*. The reaction cross section is then

AM Ny
A v )

where M is the target nucleus mass and m the neutron mass.

3.2 Determination of Ny

Applying Eq. to JENDL-5 cross-section data, the coefficient N4 is determined for each
nuclide with no free parameters (Table. Center-of-mass kinematics are used throughout.

Table 2: Long-range nuclear force coefficient N4 determined from JENDL-5 data for each
nuclide.

Nuclide FE [eV] o [b] M [u] m [u] Ny [Jm?]

SHe 1.000 846.43 3.016029 1.008665 1.935 x 10~"!
OLi 1.000 149.55 6.015122 1.008665 7.555 x 10~
"Be 1.062 8722.8 7.016929 1.008665 2.808 x 1079
1B 1.006 607.32 10.012937 1.008665 1.354 x 10~

The values of N4 span three orders of magnitude, consistent with a species-dependent force
strength expected for a nuclear rather than electromagnetic interaction. For comparison,
the electric polarizability of the neutron yields Cgy ~ 5 x 10776 Jm? for 3He, five orders
of magnitude smaller than N4, ruling out an electromagnetic origin.

4
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4 Quantum Mechanical Verification

4.1 Simulation setup

To verify Eq. , we solved the two-dimensional time-dependent Schrédinger equation
numerically for a neutron wave packet incident on a stationary 3He nucleus. The total
potential is complex,

V(r) = Viea(r) + Z.vimagoﬂ)a (4)

where the real part drives elastic scattering and the imaginary part drives absorption. For
3He, where the reaction cross section greatly exceeds the elastic scattering cross section
(or/oE = 270), absorption dominates. We therefore set

Ny
‘/real(r) - 07 %mag(r) = _7‘_47 (5)

with Ny = 1.935 x 10~ Jm?*. The —N,4/r* singularity at r = 0 is avoided in practice
because the nearest grid point to the nucleus is determined by the grid spacing, which
is much larger than the nuclear radius at all three energies. In this model, the imagi-
nary potential drives absorption and simultaneously deflects the passing neutron wave,
giving rise to elastic scattering as well, so both cross sections are obtained from a single
calculation. For purely elastic nuclides such as 'H, Vimag = 0 and Viea1 # 0.

The split-operator FFT method was used on a uniform Cartesian (z, z) grid executed on
Google Colaboratory. Absorbing boundary layers at all grid edges suppressed spurious
reflections. The computational domain and time step were scaled with the de Broglie
wavelength at each energy so that each calculation samples the same physical geometry
relative to the neutron wavelength. Table |3| lists the computational parameters for each
energy.

Table 3: Computational parameters for the n—2He simulation at three energies. A:
de Broglie wavelength; og: initial wave-packet width; zy: initial packet center; dt: time
step.

Parameter 250 eV 1 keV 4 keV

Ny [Jm? 1.935 x 10~

A [fm] 1810 905 452.5

oo [fm] 2000 1000 500

Domain [nm] 40 x 20 20 x 10 10 x 5

Grid N, x N, 2293 x 1380 1621 x 976 1147 x 690

Zp [nm)] -5 —2.5 —1.25

tmax 2] 48000 12000 3000

dt [zs] 2 0.5 0.125
4.2 Results

Figure |3| shows the total probability density [¢)|> and the scattered wave |i.|* at 1 keV
at the final time t,.x = 12000 zs (1 zs = 107%' s). The 250 eV and 4 keV patterns are
geometrically similar and are omitted.
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Figure 3: Simulated neutron probability density |¢|* (upper) and scattered wave |1/
(lower) for n—=He at 1 keV (N4 = 1.935 x 10~"* Jm?). The *He nucleus is at the center;
the neutron wave propagates in the +z direction. The shadow downstream of the nucleus
reflects absorption.
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Table 4] compares the simulation results with JENDL-5 values. The simulation cross-
section lengths [fm] are the two-dimensional analogs of cross sections; direct comparison
with JENDL-5 values in barns requires a three-dimensional calculation.

Table 4: Simulation results for n—3He compared with JENDL-5. Simulation values are
two-dimensional cross-section lengths [fm]; JENDL-5 values are three-dimensional cross
sections [b]. The rightmost columns give the ratio of each quantity to its value at 4 keV,
confirming 1/v scaling of absorption and energy-independence of elastic scattering.

Simulation [fm] JENDL-5 [b]  Ratio to 4 keV

Energy Scatter. Absorp. op OR Scatter. Absorp.

250 eV 46.84 162.96  3.10 52.00 1.092 4.069
1 keV 50.42 88.78  3.04 25.57 1.175 2.217
4 keV 4291 40.06 295 12.18 1.000 1.000

Three conclusions follow from Table[d] First, the absorption cross-section length decreases
approximately as 1/vE (162.96, 88.78, 40.05 fm at 250 eV, 1 keV, 4 keV), reproducing
the 1/v law consistent with the JENDL-5 o values. Second, the scattering cross-section
length is nearly constant (46.84, 50.42, 42.91 fm), reproducing the energy-independent
elastic scattering consistent with the JENDL-5 o & 3.0 b. Third, the —N,/r* potential
derived by classical mechanics is thus confirmed quantum mechanically.

Because the calculation is two-dimensional, direct quantitative comparison with JENDL-
5 values in barns is not possible at this stage. Collaboration using high-performance
computing for full three-dimensional calculations, including lower neutron energies, is
sought.

5 Discussion and Conclusion

Detailed neutron cross-section data from JENDL-5 reveal two anomalies that conventional
nuclear physics has left unresolved. The 1/v reaction cross sections of *He, SLi, "Be,
and B cannot be explained by resonance theory because JENDL-5 lists no resonance
parameters for these nuclides. The energy-independent elastic scattering cross section
of 'H cannot be explained by spin-dependent scattering lengths without introducing a
singlet scattering length that far exceeds the effective range of the short-range nuclear
force, and without addressing the fact that the de Broglie wavelength of thermal neutrons
vastly exceeds the nuclear radius.

We have shown that a long-range nuclear force V(r) = —N4/r*, derived from the 1/v
law by classical mechanics, provides a common microscopic origin for both anomalies.
The coefficient N, is determined from JENDL-5 data with no free parameters for each
nuclide. Quantum mechanical simulation for *He at 250 eV, 1 keV, and 4 keV confirms
that this potential reproduces both the 1/v scaling of the absorption cross section and
the energy-independent behavior of the elastic scattering cross section.

The existence of a long-range nuclear force has direct implications for condensed-matter
nuclear science. The —N 4 /r* interaction modifies the effective potential between deuterons
in metal lattices, providing a theoretical foundation for DD binary nuclei and DDD triple-
nucleus states discussed in a companion paper [4]. A full theoretical derivation and ex-
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tended three-dimensional numerical analysis has been deposited as a preprint [5] and will
be submitted to Physical Review C.
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Abstract

We report experimental startup of light-hydrogen and deuterium metal lattice fusion reactors using a Pd
sample doped with °Liions at 75° C. In the light-hydrogen experiment, continuous y -ray emission (>0.1
1 Sv/h) lasting 1.5 h was confirmed via a nuclear chain reaction. In the deuterium experiment, neutron
bursts reaching 52.4 u Sv/h (5-min integrated) were observed. We argue that conventional DD fusion
reactions alone cannot account for °Li regeneration (Okamoto et al.) nor for high-energy protons and «a
particles in TiDx experiments (Kasagi et al.). We propose DD binary nuclei and DDD trimer nuclei form in
metal lattices via a long-range r nuclear force. Accumulation of DDD trimers followed by d-ion impact

explains periodic neutron bursts and °Li regeneration through high-energy (>20 MeV) secondary products.

AfaTit, 75°CTLi 4 A v % F—7 L7 Pd#lkl 2 w72 8B0KkHRE S X CEKESBEE T EZRA O FER
HEEENC DWW ClRE T 2, BAKFER TR, BIISOEHFHISE N LT, 1.5 KEicbh 7z 28k ¢y #ih
(>0.1 uSv/h) PHERE N7z, EARRERTIZ, 5 MEE T 52.4 uSv/h ITET 2T N— X 2
H X N7z, /KD DD ERhE G2 Tid, Li oFE (fAS) © TiDx ERICE T3 ET AL F—[5
FHELC a bt (FRL) 2HATERWEEZ S, KAk, RIEH Bic X > C&EiETHic DD
BB XU DDD3 HEKAK E N5 LikIET 5, DDDIMEMKOEME Z0%D d 4 4+ v ffjRic
D, AR T A b L E T AL F — (520 MeV) “RAEKYIIC X 5 °Li ORI S
%,

1. ol : ek L &BERTRERES OJFE

Fleischmann & Pons (1993) (3. Pd M4 H W/ -EBKEREEICBWTOEMRE L
(]CF24 o proceedings THIH L7 p76 D Fig. 3[7TDD 4 ED 5 H 1 B4, BRI X
BB N T K 7o TH 5 3 FFE] 100°COMRE D HEFF S WAk L 722 & %
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(Bt D2 (heat after death) | D X 4 P A DL THWE LT3 [1], DD 16.6X
106 # =192 Ho&EfE (Z oo &R & iREOZ(L ok %2R 3 X([8] XA p75 @ Fig.
275 L7z, ) D&ED 60000 B oifEZ oK [1] (A p74 @ Fig. 1[7]c5lHL T
Wb, ) DEARF TA4 IR0 thDRED 3RO [FHROB ] #RLTW5,

WD 100°CIC 72 > CTEFRZHE L TH L, 20 [FHEOB] 8FEL B2, &
DB VITREF & FH v Tw 3 [8], A4 137KkFEHET123 0.02bar DIRFD Pd-H KEEX

(JCF24 @ proceedings @ p78 ® Fig.5[7]) ZAFM L 7243, 40°CLAETIZE DIEED o’
iz cx v, 2F0 [FEEOE] T Pdo DEEOK Yy o HTEZXTH Y., FKEhiciz
= DIREXERE 32 Pons LOHEEIZI AV —FTh o7z,

W3 [FBROB] ORADFIHARD X 5 ICHEE L7z, iz, 2vhir (0.025
eV) & °Li REDIHTH 5, °Li 122U @ 1.4 1% (940b) D B VE1 OGRS % £5
b, W COISHARETH % [2]. °Li(n, t) a RISTHEEI N4 A4V HfEEET O
F ¥ AMICHIR S, MEFRICEA L 72K3E (EKER) BKICHEEREL T d 4 4 v 2 R
L. ZDd 44 v PG EERC %5 2 23 (JCF23proceedings @ p43 @ Fig.4[6]
W), KRELA 4 v o LF —-2EEOMHIERE (stopping power) %/ L CTEUC
I g, KR CIIEF T OMAEN G RIGITHKFETE Rz, afitifiz Hviz,

2. B

2.1 YV I EBR

99.95%ffi Pd ¥ v 7% 2% Hy % &8 Ar 7 AHC 1300° C - 1 RFfEIBESI L . A
AL L 72, KiC 180keV @ SLi 4 A v % 5.1x10% ffl/cm2 F—7L7= (GEEH0.5
pm, 1K 0.177 mol%), ¥ v 7% BMEEHEE % /i L CHPABHENICHKE L. HXHa
PRIRABCE L 72, (BEREIX 1% JCF23 @ proceedings THIH L 7z p57 @ Fig. 19[6], oG E
i% JCF24 @ proceedings p81 Fig. 7, p82 Fig. 8[7] &)

NV HERERIE, BV~ —_ A A =% — (777 AP A &4E, TC100S ; #iH
#ilH : 100 keV~1.5 MeV, HERHPH : 0.001~50 u Sv/h, EEEE : 2,500 cpm/ u Sv/h) %
FAWTHIE L7, COZEEICIET — 2 n ¥y 7HiErn kv izo, JPEMEITBIHIRIC A~
— X =BT TR L oo PHETHRERE, PHETV -4 X -2 — (BLEHRSH
Bl NSN31045-111YY-S ; =4 v ¥ —#iffl : 0.025 eV~15 MeV, g : GHREA N X
HOBIEHECE . st « R Y =5 L v, BESRHI : 1 1 Sv/h~99.99 mSv/h) % v CHllE
Lize HEEFH—_A X =2 —F 5 MR TT — 2 %k L 7ze Ny 2777 v Fik
0.020~0.050 p Sv/h TH o723, ZIIIAMESR OBZNMEHH (TR 1 uSv/h) % TE
S TEY, FHEMWICAY 22770 v FRIBRIERAU T TH o722 L &2RT,

2.2 EEQ : BKREBRRTHRMAF O
O—&Y—R Ky ickh H2 FRFEHRTX—F v 2720194 1 H 23 H 8K 75° C
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ICREIRE % B, 224 H 108 31 91 ¢ ##250.400 pSv/h LU EICEL 72, % DK
1.5 FffEIC 472 2T 0.100 u Sv/h LA EosdifE L7z ¢y #REH SR S Nz, S o BB
1 0.1~0.2Pa TEB) L Tz (R—F v 7HHTH Y PFHUKFEEL IZE 2 5\.), HEESH
L HESHGIE AT 0 ) TH 5 ¢

X+1H—-X+p CHPERGED (a)
p + °Li — 3He (2.3 MeV) + a (1.7 MeV) (99.9968%)  (b)
p +Li— Be + y (5.6 MeV) (~0.0032%) (c)

afpEL O D a A Ay XBETFF v ANVHNO HZICHEL Cp A A v 24K L (X
a), ZTDp ALiLICEHREL, a A+ v E3He A A v EERL (KXb), ERLAEZAF
RO X &7 0 EBEICE MRS ¢ 5, X b OIS W—EDOHETK c DOKEE K
JGHEZ, 2o y I nizb o LEbh s,

°Li(p,y )"Be F * 4 /L D°Li(p,°He)*He 1ZX} 3 2 57kt ix Ep =~ 400 keV T 3.2X107°
T» 2% (EXFOR 5¥—#% : Kwon 5[10]% X O Bashkin &[11]), #HEFEEEIEZ L CHEE L
72y MRFEFRIIH 3X1078 st th okt L, TC100S (ZEEE 2,500 cpm/ u Sv/h, #&H
PRALIRAEL 4X 107, PRt e —2—% 5O TH 1ecm JED SUS316 & L 72 & & D BEFEEHK
50%, CsI(TDHHIZNER 26%) TELHIX 3172 0.400 u Sv/h 20 HHEL L 72 y #FAERIIH
3X10°s7'CH Y, MHFDE 22 HICET 5, T ITHESHSIS & UICIZBLIRE R 2 5 ©
W xR, 2F 0 1.5 Rkt y S SHER TE 22 Lk, BOKFEF T
A EESE G SRS 5 2 L BRI LT W 5,

FREGHEBECERGE L7256, (R T3X10°s7'D ¢y MBFRELTCwDEE L ED
(b) R D K IEHUE Z D 99.9968/0.0032 fi51C 72 b . % OHEEFEE 1349 0.001 W i/ %, B
HEOBRHIRRUT TH 5 C L ISR e —5%T 5, (BOKEERICE T 30 OEH,
SRS - BRI B UERN L y AR OHE, X CHERARIIEOFHMIco»

TIESCHk[12]Sec. 4. 1 % S 72 0, )

2.3 EEBQ : EXELSBERTREKEBIEF OEE)

FH., BKFEICK 2RI L 7212, FHF vy It LT 75 CoR—F v 7%ET
%, 1458y bR 70— X =2 —CHKEHN R ZMIGLIZL O, Bifinic 5 [ E
IKFEH 2 % G LA R 0.258cc ICEL, v PAICHEAT 2 D% > T3 & % y #it
B AeAT Up R R AE Lz, 2B P ICREAE Lz &3 2% & D/PdETIE
0.0046mol%HY TH 2 (EERICIIRAMADREL LV EwEEbi s, ),

R - EAKESES TR AT OEE) (PETFEEOFRE) MR L 72 (R ETFEDRE
e L CoitskT — & 1% JCF24 @ proceedings @ p84 @ Fig 9[7]&MH), FEIIHMER T &
o7z, BEEID DD B A BOG D & Tld & O i 7 OB FAE DT E v (1
k),
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#* 1 EKRFIFRBIR O e FHREFHIE SR (2019441 H)

H I T ] 54344 7= b oFHHliE
1A 24 H 1938 | R85 | 52.4 uSv/h (WHIEA 7~ + 3513.5/5 %))
1H26H 09:03 | kv s—=2t+ |16 uSv/h (HIEA Y >~ + 100.5/5 %)
1H27H 1735 | 7 S—= b+ | 3.02 uSv/h (FHIEH Y ¥+ 37.5/5%)

MO MICR TCIRHATE A WEHR

3.1 Bso DD ERA KiG
HE D DD RGO 6 L Z RS E LT ICRT,

d +2H — 3H (1.0 MeV) + p (3.0 MeV) (50%) (d)
d+2H — 3He (0.8 MeV) + n (2.5 MeV) (50%) (e)
d+2H — *He + y (23.8 MeV) (0.001%) (f)
SH +2H — « (3.5 MeV) +n (14.0 MeV) (g)
SHe + 2H — a (3.7 MeV) + p (14.7 MeV) (h)

INOLDRIGTZETTHENTLEL -G L, PO RELTCRETIIZITTH
3, L ZAD, BEBQTIIhMHTBERNICRET IHKBSEETn 3

3.2 TiDx ~® D 4 # v BHERIC B F 3 BEN O

Uneme et al. (JCF2-20) 1 X % TiDx(BE/KFZZBEARSE/-F 2 vE&E) ~DEKZALF
—E 5 RIEE5EER [3] &, Kasagietal. (1995) ic X 2 150keV H5F-#rlds 5285 [4]
ICBEWT, #HFE D DD KA CIHERIN NI ANV F -2 FONFOAHERI N TV S

(1) 17.2MeV AT DG 1%, (2) 6.7MeV AT D a # (JCF23 @ proceedings THIH L
7= p52 @ Fig.13[6] M) . (3) 4.75MeV ® 3H F X U %He, Th 51 1K -2 X DD K
JG TR T & 7\ (JCF23 @ proceedings THIH L 72 p51 @ Fig. 12[6] &) .

3.3 Pd B&f&Ric 351 5 °Li AR D FEBL
FHS (1992) 12X % SIMS 57— % [5] (JCF24 @ proceedings THIH L 7z p79 @
Fig.6[7]ZM) 1k, B IcHs s pEF O S v 572 Pd-5 v 7 ric s nwT,

6Li/7Li HASFARTAAELL (7.5:92.5) 225EH A5 5 um HET1 : 1IcZ{bLTw3 2 &
R LTre BRI SR E adr o722 & H b, SLi AMERE M7= D I B T [3E

BOB ] KIGIC X 2D LYW TE 2, & AMNMEHEDOKKIGTIE LiidEKS R
THh 5,

ARETHIZEL OB RKIGK T TE v 3 o0 RIZ, &S fEFloHL
TR, B LZHRICL2FERLE LTCELEZD D EER S,

4. 3 FIZEA L EERTERE R
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4.1 3 B RLE RO

§32 TRLZZBEENT (17.2MeV LA FD p, 6.7MeVELTFD a, 4.75MeV O°H & X
UPHe) ORFEZMGIT %, §3.1 TR L7Zz#HE O DD Kiléo 1 Xt (Xdef) B&
U2xB06 (R gh) Tld, AR O AN F—13ZnZ 4 p: 3.0 MeV, n: 2.5 MeV,
a:3.5~3.7MeV, p:14.7MeV 25 EIRTH V|, 17.2 MeV LA FD[5+F% 6.7MeV AT D «a
ZHATE L IRTER Y, Lo T, Tho0RFER 71X 3N Eo D ST 3
GRS DFEM L E 2 bivd, DD KIGIE—BECi&b 2 DT, FIRIC3 2D DA 1

HICES LT3R AP R E 2 aREE IR R W B 2 %, @BNTIE, DZICd A+ v
@ﬁﬁé%\ﬁmﬁﬁﬁﬁ;;5&ﬂém§5&wﬁﬁ%%mﬁm<\Eﬁ%&ﬁ(Xﬁ
[9]) 282200 D#EAVICHE L, DD #ER (DD binary) 2K 2 &Ez2 6015,
Z OFFEREE DY ERIARILIC D W TIE 4.2 Hi TR L %5, & @ DD binary 13, LEIRFE T
THET & LML 2 7720, 3 oHD DL RIGT % £ CIRERRIECE 3 L&
ZHbb, ZODDbinary i3 D2HD d 4 A VY2 A% Z L Tt DDD3 (KRG % it
ZFeEZ2SZL T, LR FEZHMATLI LB TES

d + DD binary — *He (3.45 MeV) + p (17.2 MeV) (1)
— 3H (4.7 MeV) + *He (4.7 MeV) G)
— a (7.9 MeV) + D (15.8 MeV) (k)

A i~k 1% Uneme &% Kasagi & 238 L 72h = AL ¥ — (17.2 MeV LLF D p, 6.7
MeVILLFD a, 4.75MeV & T & 3He) & —E7 3,

42DDEEK (CETHREIRE) DK

JRF 2T 2EF X, TR L WS E— DRI F v v A v LT, RFRLICH
Lf%ﬁﬁﬁ:%%%<;&#@?5 y BT O—HThH Y, KT IIEEERFF W

HBE p=E/c %F;07®, T F— LEBIRE ORI %7 L d o JERE~E
%T% ZEHRIEIAEETH B, (X (d+2H — 4He + v, 23.8 MeV, 0.001%) TIHEIEX
NTW3 X, MEHEARRIETRTORINES, L2LETOBALEERALDY, &
TR CEBOHAEER IS SR TFIE T v v AAPETE 254, BHRS EHER I
ZNHITHAR T RICHER MR, @FEDOEZEHRTIE D & D o & Lat i3
DD #2% (DD binary) ® X 5 AfAERENTFET 2 & LT, HEHHED ZTkEL
7= DD binary JEAZFERAICHD TREZ D ic v, —F. &N TIHIEREEE 74/ v %
ML EEE - T ALVF—BiTE ), XD EE»P OEHERRBIPEBME D 720,
DD binary ~DEM BB EN REECHEITT 2 LEZL LN,

Z @ DD binary (¥, ZERETH BT LTINE Y, SMEL2EIA 720 3 DHD
D#LIIGT 5 £ CREZIRIFCE 2 2 E 2 b,
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Abstract

To explain cold fusion in the palladium—deuterium system, we propose a fusion model induced
by dislocation annihilation. Through atomic-scale confinement induced by both macroscopic forces
accompanying dislocation annihilation and a quarter-electron electrostatic shielding (QEESS), 4He-
like fusion precursors are formed. This confinement enables static nuclear fusion, leading to the
selective production of thermodynamically the most stable ‘He.

This model demonstrates that the cold fusion in palladium-deuterium systems corresponds to
a miniature of pycnonuclear fusion, occurring in white dwarfs and neutron stars. In this sense, the
LENR reactor is a real-world version of the “degenerate reactor” often depicted in science fiction
literatures, built of ordinary matters.

From this model, various properties — such as the (D/Pd) loading effect, the influence of
dislocation density and nuclear transmutation — can be derived not only qualitatively but also
quantitatively.

Finally, Paneth’s experimental results from the 1920s were reevaluated. The amount of helium
predicted by our model suggests that it is highly likely that their results were correct as the earliest

proof for cold fusion.

Keywords: Fleischmann-Pons effect, cold fusion, solid-state nuclear fusion, Huizenga’s three mir-
acles, dislocation, D-D fusion, palladium, helium, deuterium, deuteron, transmutation, Hagelstein,
McKubre, Miles, Storms, Iwamura, Szpak, Paneth, dislocation annihilation, atomic-scale confinement,

quarter-electron electrostatic shielding, fusion precursor, pycnonuclear fusion, LENR

1 Introduction

In the development of civilization, it is desirable for energy costs per unit to decrease at a rate
less than inversely proportional to energy consumption from the perspective of economic rationality.
Figure 1 shows the global energy consumption trend from 1820 to 2020 over 200 years and the estimated
energy costs per kWh, respectively. During the 19th century, energy costs per unit fell more than
energy consumption increased, allowing civilization to maximize its potential without worrying about
the cost burden of energy. In contrast, the 20th century saw energy costs rise after the 1973 oil crisis,
forcing civilization to develop while enduring the burden of energy costs.

If low energy cost per unit below 1 cent/kWh can be achieved, 21st-century civilization will once
again unleash its inherent potential. Consequently, global problems including food starvation will be
resolved. One of the most promising candidates for such a low-cost clean energy source is the cold

fusion reactor, which is expected to provide an inexhaustible supply of fuel.
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Since the historic announcement by Fleischmann and Pons in 1989[2], cold fusion has been dis-
missed with skepticism, despite the existence of clear experimental evidences of nuclear reactions from
the early beginning[3], 4]. As a result of the improvement of both the reproducibility and performance
of cold fusion, the U.S. government has begun allocating funds to cold fusion researches, and DARPA
has launched the MARRS program[5] since 2025-12-31. This program aims to develop quantitative
models based on specific mechanisms and to create scalable, distributed energy sources within a few
years.

To explain cold fusion in the palladium—deuterium system, we propose a fusion model induced
by dislocation annihilation[6]. For simplicity, the dissipation of mass-deficit energy and tritium
production[7] are omitted. However, this type of fusion can be explained both qualitatively and

quantitatively, including the (D/Pd) loading effect[§] in the Fleischmann-Pons effect.
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Figure 1: Historical trends in global primary energy consumption

and energy cost per kWHhIL

2 Fundamental concepts and mechanism of D-D nuclear fusion in-

duced by dislocation-annihilation

In the cold fusion in palladium-deuterium systems, *He production dominates over *He and T
productions. Moreover, a strong correlation between *He yield and excess heat was confirmed by
Miles[9], McKubre and Hagelstein[10]. Although the domination of He production cannot occur in the
dynamic nuclei collisions with short reacting time, it can be enabled by static or quasi-static reactions
with extremely long reacting time. In static reactions, the equilibrium state becomes dominant.
The stabilization energies for T, He and *He are 4.04 MeV, 3.27 MeV, and 23.9 MeV, respectively,
leading to a complete transition to He. Therefore, examining both the Fleischmann-Pons effect and
the physical properties of palladium, we conclude that the static D-D fusion occurs due to dislocation
annihilation.

Muon-catalyzed fusion is also classified as cold fusion. Although the distance between deuterons
is reduced to approximately 500 fm by muons, leading to fusion via the tunneling effect, the pro-
duction channels are nearly identical with those of thermonuclear D-D fusion, and almost no *He is
produced. Therefore, since it is considered that in the palladium-deuterium systems, the distance

between deuterons must be reduced to the order of the nuclear size, ranging from 1 fm to 50 fm.
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Figure 2 illustrates the concept of the dislocation-induced fusion. When a dislocation exists, excess
deuterium atoms are adsorbed onto the palladium atoms at the dislocation. When the dislocation
disappears due to crystalline recovery from external excitation such as heat, two deuterium atoms are
forcibly pushed into one hydrogen-storage site. This atomic-scale confinement leads to quasi-static
nuclear fusion among nuclei with low kinetic energy. This model concretizes either the nuclear fusion
mechanism proposed by Arata[ll] or Nuclear-Active-Environment (NAE) by Storms[I2]. Moreover,
although nuclear fusion induced by dislocation annihilation has already been proposed by Ooyamal[I3],

dynamic fusion by collision of nuclei is assumed.
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Figure 2: Concept images of D-D fusion induced by annihilation of dislocation;
(a)a lattice with dislocation, where excess deuterium atoms are adsorbed on palla-

dium atoms, (b)the lattice after annihilation of dislocation to produce *He atoms.

The dislocation energy density wug;s in palladium is estimated to be approximately 20 MJ/m? under
conditions of extremely high dislocation density (p = 1 x 10'6/m?) resulting from cold working [T4].
p represents the total length of dislocation lines per unit volume of a palladium crystal. Applying a

0710

lattice constant a ~ 4 x 1 m, the energy per dislocation site €4;5 of palladium is estimated to be

€ais = Ugisa/p ~ 8 x 10719 /site ~ eV /site. (1)

This value is comparable to the eigenenergy values of a hydrogen atom. Therefore, it is completely
impossible to bring deuterons into close proximity to a distance equal to their nuclear size of the order
of 1 fm, concluding that some form of effective electrostatic screening is necessary. However, the effect
of Thomas-Fermi screening, which has been frequently applied to cold fusion theories, is so weak as
to be negligible. Therefore, we propose the quarter-electron electrostatic shielding (QEESS) shown
in Figure 3. With this configuration, the forces acting on the two deuterons and the quarter electron
cancel each other to become zero, achieving complete electrostatic screening. The density function

p(r) of two electrons of deuterium atoms is approximately given by

p(x) = 76— like(r) + < 5(x)o0(r), )

where ¢p(r) is a basis function of an electron. Since the quarter electron is not a perfect delta function,
it is preferable for it to be spread out as much as possible between the two deuterons, as this minimizes
the formation energy. This is a type of cooperative quantum phenomenon that arises from a large
number of eigenfunctions, such as Bose-Einstein condensation. It is considered that cold fusion is

temperature-insensitive due to the quantum effect associated with a single electron. Therefore, while
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the ground-state energy can be determined using density functional theory (DFT), the upper limit
energy for the formation of a quarter electron is estimated to be 0.25|E;| =~ 0.25 x 13.6eV = 3.4eV.
Here, |F1| is the Rydberg unit of energy, which is the ionization energy of an electron in the ground
state of a deuterium (hydrogen) atom. This formation energy is smaller than the dislocation energy
given by Equation (1), indicating that it is entirely feasible via dislocation annihilation.
Approximating an quarter electron as a point charge in Figure 3, the Coulomb force F' experienced

by the deuteron, changing the distance r to the quarter-electron, is given by

Fo e*(3r+ro)(r —ro) e? Bx+1)(x—1) 3)
C 4d-dmeg -3 (r+1)? 4 -dmeord ?(x+1)2 7

where z = r/rg. Figure 4 shows the dependence of the normalized Coulomb force F' on the normalized
distance z, with the coefficients (e?/4-4megrg) in Equation 3 removed. This clearly indicates that this
state is unstable. However, QEESS is considered to escape the destruction by the compressive force

resulting from dislocation annihilation.
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Figure 3: Quarter-electron electrostatic shielding Figure 4: Coulomb force of the deuteron
to cancel the repulsion between two deuterons. changing the distance to a 1/4 electron.

Figure 5 shows the energy levels during the process leading to dislocation annihilation fusion. The
ground-state energies of isolated deuterium atoms and a deuterium molecule are -27.2 eV and -32.0 eV,
respectively. In a hydrogen (deuterium) molecule, electrostatic screening occurs due to approximately
0.3 electrons. While the instability caused by the progression of dislocation annihilation is stabilized by
lowering the energy through localized-electron electrostatic screening, QEESS is considered to achieve
this with the minimum necessary energy. A *He-like fusion precursor realized by QEESS corresponds to
an atom with atomic number Z = 1.75, so its energy level is close to that of helium, -78.9 eV. A rough
estimate gives ground-state energy of —78.9 x (Z/2)? = —60.4eV, multiplied by the electron fraction
(1.75/2), resulting in -52.9 eV. More precisely, applying the perturbation method [15], the ground-state
energy E of two electrons in an atom of atomic number Z is given by E = —{Z? — (5/8)Z)} - 2| E1|.
Here, since Z is smaller than two, incorporating this correction, the ground-state energy F is estimated
to be

o (z?-éz) . Z|E). (4)

Substituting Z = 1.75 yields F = —46.9eV. Here, the formation energy of the QEESS is estimated
to be 46.9 - (0.25/1.75) = 6.69eV at most. Thus, through dislocation annihilation, the two deuterons
are transformed into a *He-like fusion precursor that is approximately 19.7 eV more thermally stable

than the initial state, ultimately enabling the selective production of “He by static nuclear fusion.
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Figure 6 shows the evolution of the ground-state energy as the inter-deuteron distance 2r decreases
to zero due to dislocation annihilation. Denoting the Bohr radius by ag, the value of (2r/ag) ranges
from 2 to 1.4, and two isolated deuterium atoms transform into a deuterium molecule. In quantum
chemistry, the electrostatic screening electrons between the two deuterons are estimated to be 0.3
electrons, and the repulsion between the two nuclei is eliminated. Since the deuterium molecule is a
stable state in deuterium-system, (27/ag) is reduced by the compressive stress accompanying disloca-
tion annihilation, building resilience with the decrease of electrostatic screening due to inter-nuclear
electrons. When the electrostatic shielding electrons fall below 0.25, localized-electron electrostatic
shielding forms as a relaxation mechanism. At this point, if the inter-nuclear distance becomes suffi-
ciently short, QEESS forms, allowing the two deuterium nuclei to be treated as a single entity, causing
the energy level to drop sharply; consequently, the inter-nuclear distance automatically decreases,
and a *He-like fusion precursor is formed. At this point, a central force arises in the nucleus due to
central symmetry, and at distances on the order of 1 fm, the Yukawa potential arises due to meson
exchange; therefore, it is considered that the inter-nuclear distance could potentially be reduced to
less than 1 fm. Consequently, thermally stable *He is formed through static fusion. During dislocation
annihilation, the energy of the deuterium system immediately drops by approximately 4.74 eV due to
deuterium molecule formation and ultimately falls to -46.9 eV; therefore, it is considered impossible

for a deuterium atom to escape to the T-site.

Vacuum level

Dislocation-annihilated level ~ -22.2 eV

- Energy
-27.2 eV 32080V X y
469eV Oev — > 2/
-789 eV
27.2eV
° ° e o @ o -32.0eV
Isolated “He-like fusion -46.9 eV
D, molecule He atom
D atoms precursor
Figure 5: Energy levels of two deuterium atoms in Figure 6: Rough image of the dependence of
processes inducing dislocation-annihilation fusion. energy on the distance between deuterons.

If both nuclei are protons, the ?He-like fusion precursor (Z = 1.75) formed by dislocation annihila-
tion is considered to exist as a stable state without fusion occurring, since it contains no neutron. This
is significant because it could serve as direct evidence for the existence of the fusion precursor. Since
the binding energy of protons and neutrons in a deuteron is 2.22 MeV, the nuclear binding energy of
the ?He-like molecule appears to be in the range of 1 keV to 100 keV if the distance between them
is sufficiently close. Therefore, it is entirely possible that the the 2He-like molecule is stable and will
not decay under excitation of less than 1 keV, and verification via optical transitions of electrons may
be possible. Furthermore, since this molecule exhibits characteristics of degenerate matter found in
white dwarfs and neutron stars, it is also important in astrophysics.

Furthermore, since this molecule has the same mass number as 2He, its thermal velocity is v/2
times that of *He, and thus its thermal conductivity is approximately v/2 times larger. The criti-

cal temperature for superfluidity is also doubled. Consequently, there are high expectations for its
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application as a coolant with performance exceeding that of *He.
However, if an excitation energy of 0.782 MeV or greater realizes the transformation of a proton

into a neutron via the "weak’ interaction, the following nuclear reaction
H+H — D(Ep) +ve(Ey), where Ep + E, = 1.442 MeV, (5)

is possible. Therefore, if this reaction probability is sufficiently high, the 2He-like fusion precursors
will be consumed and disappear.

Thus, dislocation-annihilation fusion is a form of fusion that replicates the principle of pycnonuclear
fusion — which occurs in high-density stars such as white dwarfs and neutron stars — at defect sites
within a solid; it is fundamentally different from plasma confinement fusion, which replicates the
principle of thermonuclear fusion in the Sun. This fusion reactor is the real-world equivalent of a
“degenerate reactor” from science fiction.

In dislocation-annihilation fusion, Huizenga’s three miracles are achieved as follows:

e Through atomic-scale confinement induced by both macroscopic forces accompanying dislocation
annihilation and a quarter-electron electrostatic shielding (QEESS), *He-like fusion precursors
are formed. This confinement enables static nuclear fusion, leading to the selective production

of thermodynamically the most stable *He.
e No neutron is essentially produced due to the selective *He production.

e The spin-orbit coupling term symbol for the ground state of a deuteron is 3S;, and the term
symbol for the nucleus synthesized by nuclear fusion is 3S; x 3S; = 'Sy + 3S; + °Ss. The term
symbol for the ground state of the doubly magic nucleus *He is 1Sy. According to the optical
transition rule, photon emission such as gamma rays via both E1 and M1 transitions is forbidden;
therefore, the mass defect energy is ultimately dissipated as heat through alternative pathways.
It is considered that processes such as neutron production, which occur on the MeV scale, play

a significant role [7].

From this model, various properties can be derived both qualitatively and quantitatively. The
subsequent sections will discuss (D/Pd) loading effect, dislocation density, nuclear transmutation and

Paneth’s reevaluation, respectively.

3 Influence of (D/Pd) loading

We determine the dependence of dislocation-annihilation fusion on (D/Pd) loading. Figure 7
shows the crystal structure of PdD. The crystal center is defined as the dislocation annihilation point.
For fusion to occur, 2 deuterium atoms are required, and furthermore, all 12 neighboring O-sites must
be fully occupied by deuterium atoms so that the deuterium atoms at the center cannot escape. As
discussed in the previous section, the central pair of deuterium atoms is expected to fuse certainly

through dislocation annihilation. Therefore, the fusion probability Py is given by

. <£d>14. (6)

Figure 8 shows the dependence of Py on (D/Pd). Since dislocation annihilation occurs due to

macroscopic forces such as stress, dislocations of a certain length are annihilated all at once. This
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corresponds to the mini-explosions of hot spots observed by Szpak[I6], and the noisy behavior of the
excess heat is consistent with this model. Therefore, it is appropriate to set the fusion probability at
which excess heat is observed to Py = 0.1, and the threshold (D/Pd)y, is estimated as
D
— ) =010/ = 0.848 ~ 0.85. 7
(P d)th @
This value is fortuitously consistent with the thresholds reported by McKubre[S].
Well-known experimental data of excess heat dependence on (D/Pd) loading in Pd-D systems by
McKubre[8] are shown in Figure 9 (a), and the analyzed results in Figure 9 (b). As the exponent

of (D/Pd) is ranging from 14 to some extent, other parameters such as current density, dislocation

density and temperature must likely be taken into account.
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Figure 9: Dependence of excess heat generation on (D/Pd) loading.
(a)Measurement data reproduced from McKubre[§]. A green line at -0.249 W
of excess power is new zero level. (b)Analyzed results of data (a). Blue and red
points represent the lower limits and median values of the measurement data,

respectively.
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4 Influence of dislocation density

Miles[9] demonstrated that the excess heat generation in Pd-D systems exhibits strong manufac-
turer dependence. This is also considered to be due to the influence of dislocations. Specifically,
manufacturing processes such as rolling and heat treatment differ by manufacturer, resulting in sig-
nificantly varying dislocation densities. While the dislocation density of general metals including
palladium is increased to a range from 104 — 1016 /m? by cold working, it is reduced to a range from
101 — 1013 /m? by annealing. Miles[d] reported manufacturer dependence in excess heat generation,
which ranged from 0 to 15 MJ/cc. Table 1 summarizes the highest excess heat generation density
calculated from Miles. Palladium supplied from Johnson Matthey plc had the best performance, and
that of NRL the second best.

Table 1: Excess heat generation densities, calculated from Miles[9].

Cathode model d (mm) | V (cc) Excess heat | Heat density Year | Days
(kJ) (MJ/cc)
Johnson Matthey Pd 6.35 0.36 210 0.583 1989 | 26
Johnson Matthey Pd 6.35 0.36 220 0.611 1989 26
Johnson Matthey Pd 6.35 0.36 300 0.833 1989 | 38
Johnson Matthey Pd 6.35 0.36 1400 3.889 1990 83
Johnson Matthey Pd 1 0.02 290 14.5 1992 | 66
NRL PdB (0.75%) 6 0.57 950 1.667 1994 | 137

If the dislocation density is denoted by p (/m?) and the lattice constant by a = 3.8907 A, the
dislocation site density can be estimated as p/a (sites/m?). Multiplying this by the fusion probability
Py, given by Equation (6), and the mass defect energy of a single *He nucleus (23.8 MeV) yields the

excess heat generation density per unit volume, g, which is estimated as

Geh (g) -23.8. <£d>14 (MeV/m?) = 9.80 x 107 - p (1?d>14 (J/cc). (8)

Generally, it is reasonable to assume that the condition 0.1 < (D/Pd)* < 1 was satisfied. For the
maximum excess heat generation density of 14.5 MJ/cc shown in Table 1, 1.48 x 10!% /m? < p <
1.48 x 10 /m? is estimated; this estimation includes the upper limit of dislocation density due to

cold working, suggesting that his experiments, including the material selection, were likely excellent.

5 Nuclear transmutation

Dislocation-annihilation fusion can also explain nuclear transmutation. In the well-known trans-
mutation experiments by Iwamura[l7], a given nucleus fuses with a specific number of deuterium nuclei
(such as 2, 4, or 6) to selectively transform into a specific nucleus. Figure 10 illustrates the mechanism
of nuclear transmutation via dislocation annihilation. The annihilation transmutes a complex ion into
a specific nucleus at the dislocation. The typical coordination number of a complex ion is 2, 4 or 6,
which seems consistent with the experimental results.

The conditions for complete localized-electron electrostatic shielding with respect to complex ions

are far more difficult than the QEESS valid for the two identically charged nuclei shown in Figure 3,
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and have not yet been investigated. As a simple example, Figure 11 illustrates the localized electron
electrostatic shielding for both a deuteron and a nucleus with charge +Ze. Solving the system of
equations for the Coulomb force, assuming the charge of the localized electron between the nuclei is

—Ke, k is given by

VA

K= m 9)

Figure 12 shows the dependence of k on Z. In the limit as Z — oo, kK — 1. However, the convergence
is quite slow. For Z = 1, 8, 50, and 100, x is 0.25, 0.546, 0.768, and 0.826, respectively.

The transmutation into Mg, Al, Si, Ca, and Zn was observed by Szpak[18] via Pd-D codeposition
from a 0.3 M LiCl heavy water solution. As shown in Table 2, this can be explained by nuclear
transmutation from oxygen, the main atom of the aqueous solution except deuterium. Identifying
the origin of Zn is difficult and remains a challenge for future research. The nuclear transmutation

demonstrated by Miley[19] is considered to be the result of multiply repeated ones from oxygen.

Figure 10: Concept images of transmutation by dislocation-annihilation fusion;
(a)an ion A segregates to dislocation, forming an complex ion [A D,], (b)an ion

B is transmuted from the complex ion [A D,,] by nuclear fusion.
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z
Figure 11: Localized-electron electrostatic Figure 12: Dependence of the charge ratio
shielding between +e and +Ze nuclei. of localized electron on atomic number Z.
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Table 2: Transmutation at a blister in Pd-D codeposit by Szpak[I§]

%0 +4D — Mg, %0+6D — 28Si, #BSi+6D — 20Ca
YO+ (5D +H) — 3iSi(Tip =4.1115) — 1Al

30Ca+6D — (33Fe) (T1/2 =8.275h), (53Fe) +6D — (§3Ge) — $3Zn ?
[¢7Lit oDy~ 5301 pt) — (1626367, 9

6 Reevaluation of Paneth

Sixty years before the historic announcement of Fleischmann and Pons[2], Paneth et al.[20, 21]
reported nuclear transmutation from hydrogen to helium in 1926, but retracted it the next year[22]
23]. As their work is historically innovative and significant, We do reevaluate it.

Summarizing the researches by Paneth et al.[20, 21]:

e Since deuterium had not yet been known before the discovery in 1931, they must have experi-
mented using light hydrogen (protium) containing deuterium at its natural abundance ratio of
1.15 x 1074

e To produce helium more efficiently, sponge palladium, palladium black and palladinized asbestos
were used. From a modern perspective, these materials are nanoparticles, which have not only
the largest specific surface area to promote hydrogen absorption but also the highest dislocation

densities to promote cold fusion.

e From sponge palladium or palladium black, helium volume ranged from the detection limit of

107 cc to 108 cc was obtained.

e From 1 g of 50% palladinized asbestos, on the order of 107¢ cc of helium was obtained. Since
palladinized asbestos was formed by electroless plating, it is not surprising that it has the

particularly highest dislocation density near the theoretical limit of on the order of 10'® /m?.

e The palladium activity to produce helium gradually decreased and became lost in repeated ex-
periments. The activity could be refreshed by heating. This can be interpreted as meaning that
dislocations were consumed for fusion during experiments, and edge dislocations were reintro-
duced during cooling after heating due to thermal stresses occurring between the surface and

interior.

These behaviors seem quite reasonable from our model. However, Paneth retracted the transmutation
of hydrogen into helium by palladium, because he noticed 10~ cc of helium penetration through glass
tubes from the air and initial helium absorption in the asbestos[22], 23]. Initially, he retracted only
the results concerning the palladinized asbestos, maintaining that the experimental data for sponge
palladium and palladium black remained valid. However, he ultimately retracted the all results, citing
the possibility of "unknown” errors. This was not a complete denial but a passive retraction. Based
on current knowledge, it seems entirely possible that they succeeded in the transmutation of hydrogen
into helium.

It is possible to estimate their helium yield using our model. In the fusion of protium nuclei
with deuterium at its natural abundance ratio of 1.15 x 10™%, the *He produced from two deuterium

nuclei can be neglected, and only 3He from both hydrogen and deuterium has to be considered. From
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Equation (8) with the abundance ratio of deuterium[6], the 3He volume Vi3 (cc) under standard
conditions is given by

H 14
o3 = 1. 107 8Mp [ — 1
Vies 779 x 10 p<Pd> , (10)

where M and p represent the sample weight (kg) and dislocation density (/m?), respectively. (H/Pd)
loading is approximately 0.65 at room temperature and 1 atm hydrogen pressure. The current standard
state for a gas is defined as the condition at 0°C under 0.1 MPa pressure. On the other hand, in
the 1920s, it was approximately defined as that at room temperature under the pressure at 1 atm =
0.101325 MPa. Therefore, although the values from the 1920s are nearly the same, they are considered
to be 56 % higher than modern values.

For sponge palladium or palladium black, using M = 1 g = 1073 kg and p = 10*®/m?, equation
(4) yields Vies = 4.275 x 1079 cc. This dislocation density corresponds to reported values for nano-
particle palladium. For 1 g of 50% palladinized asbestos, using p = 10*®/m?, Vi3 = 2.138 x 1076
cc is obtained. These values agree remarkably well with Paneth’s experimental data, suggesting that
their experiments were likely correct and warrant reevaluation.

Assuming that 2He-like fusion precursors fuse completely to form deuterons, the number of deuterons
produced is estimated to be (H/2D) =~ 4,348 times the number of 3He nuclei produced simultane-
ously. When Vies = 1078 cc, the mass defect energy is approximately 270 J. Given that the heat
capacity of palladium at 25°C is 25.98J/(mol - K) ~ 0.244J /(g - K), this energy would cause 1 g of
palladium to heat up by approximately 1100 °C. Since palladinized asbestos generated 100 times this
amount of energy, it is considered that the 2He-like precursors remained largely unfused. On the other
hand, there are reports of excess heat generation involving protium and metals. Since there may be

conditions that cause differences between the two, further research will be needed.

7 Conclusions

To explain cold fusion in the palladium-deuterium system, known as the Fleischmann—Pons effect,
We proposed a fusion model induced by dislocation annihilation. Through atomic-scale confinement
induced by both macroscopic forces accompanying dislocation annihilation and a quarter-electron
electrostatic shielding (QEESS), “He-like fusion precursors are formed. This confinement enables
static nuclear fusion, leading to the selective production of thermodynamically the most stable *He.

This model demonstrates that the cold fusion in palladium-deuterium systems corresponds to a
miniature of pycnonuclear fusion, occurring in white dwarfs and neutron stars. In this sense, the
LENR reactor is a real-world version of the “degenerate reactor” often depicted in science fiction
literatures, built of ordinary matters.

From this model, the reaction probability and excess heat generation are derived to be proportional
to (D/Pd)'. The threshold deuterium loading ratio required for excess heat generation is calculated
as 0.1/1) ~ (.85, fortuitously consistent with McKubre’s law. The model also explains the depen-
dence of excess heat generation on material properties across different manufacturers and predicts a
maximum heat generation density close to values estimated from dislocation density.

Nuclear transmutation is considered to be fused in a single step from the complex ion segregating
at dislocation by the annihilation. This may be the reason why a certain nucleus fuses with a fixed
number of deuterons. This model also unifies Iwamura’s nuclear transmutation from heavy metal

nuclei with that from oxygen nuclei in palladium-heavy water systems.
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Finally, Paneth’s experimental results from the 1920s were reevaluated. When the amount of

helium predicted by our model was estimated, it showed remarkable agreement with their reported

values, suggesting that Paneth’s experimental observations were likely correct as the earliest excellent

proof for cold fusion.
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