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PREFACE 

 

This publication is the proceedings of the 24th meeting of the Japan CF-Research 

Society (JCF24) held on December 1 and 2, 2023, at Mikamine Hall, Research Center for 

Electron Photon Science, Tohoku University. Twelve presentations were given and six 

papers were submitted for publication. 

 We sincerely apologize for the significant delay in publishing the proceedings 

following JCF24. This delay was due to various reasons, including the unfortunate lack of 

sufficient manuscripts and the fact that ICCF25 was held in Japan (Morioka) this time. 

For all meetings, JCF1 through JCF24, we published the Proceedings.  For the 

meetings after JCF4, we published electronic versions of the proceedings on our web-site 

http://jcfrs.org/proc_jcf.html in addition to their printed versions. In view of low efficiency 

and low effectiveness in distributing information, we decided to discontinue the printed 

version for the meetings, JCF12. Only the electronic versions have been published thereafter.  

Finally, we would like to thank all the participants and the people who have 

collaborated in organizing this meeting. 

 

 

Editor-in-Chief 

Yasuhiro Iwamura,  

Yokohama City University 

December 2025 
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Abstract 

Commencing in 1989, our cold fusion experiments, later recognized as Low Energy Nuclear Reactions (LENR), 

initially utilized palladium within an electrolyte environment. Subsequently, we transitioned to a gaseous 

setting, employing gas mixtures with H2 or D2. From 1993 onward, wires gained prominence, capitalizing on 

the electromigration properties of H or D within bulk materials. This facilitated the creation of substantial non-

equilibrium states and active gas flow, especially under pulsed conditions. In 2011, we shifted focus to more 

cost-effective active materials [1] [2], specifically Cu-Ni-Mn (constantan) alloys, operating at high 

temperatures within a gaseous environment. By 2019, an innovative inverse coaxial geometry was developed, 

resulting in a compact configuration with an anode-cathode setup. Following our group's presentation at the 

recent International Conference on Condensed Matter Nuclear Science ICCF-25 [3], we concentrated on key 

aspects discussed during the session. These included: a) Ensuring the reproducibility of Anomalous Heat 

Effects (AHE) from new wires with limited surface treatments; b) Investigating the impact of symmetric pulses 

at 50 Hz (where the rise time equals the fall time) on AHE, with changes in polarity; c) Conducting exploratory 

tests utilizing a modified Power Dimmer to generate unipolar and/or bipolar pulses. The direct connection of 

the Power Dimmer to the AC mains supply presents advantages in terms of minimized 'wasted' energy during 

the generation of pulses necessary to induce AHE, especially on surface-treated and bulk-conditioned 

constantan wires. 

An outstanding feature of the Power Dimmer, beyond its superior energy efficiency compared to the typical 

AC power line Ÿ Variac Ÿ Galvanic isolation Ÿ transformer setup, is that, under suitable conditions, the 
rise time of the pulse is less than 1 ɛs, while the fall time primarily follows the 50 Hz line (i.e., in the range of 

a few ms). Furthermore, in the context of unipolar pulses, the interval between pulses, when no power is being 

injected, typically spans 17 milliseconds at the highest injected mean power of 170 W. This dead time 

represents a significant portion, reaching up to 85% of the total time. To put it differently, the duty cycle plunges 

to a mere 15%. As a direct implication, the peak power surges to approximately six times the mean power. 

In our presentation, we will present preliminary findings from utilizing the dimmer power supply. These results 

stem from a brief conditioning period of the wire, a departure from the extended durations employed in prior 

studies conducted by our group, which spanned up to several months. 

mailto:franzcelani@libero.it
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1. Introduction 

The Cold Fusion experiments, later identified as LENR-AHE, commenced at the INFN-

LNF Laboratory (Italy) in March 1989, primarily employing Palladium (Pd 99%; also 

Pd-B, Pd-Y alloys) based on the recommendations of Fleischmann and Pons. Initially 

conducted in electrolytic environments, the experiments later transitioned to gaseous 

settings, using H2, D2, or mixtures with Ar and Xe. Palladium, a semi-noble precious 

metal, has been widely utilized in conjunction with internal combustion engines to 

mitigate specific pollutants in exhaust gases, albeit being relatively expensive 

(approximately ú80/g). 

Since the 1993-94 timeframe, we have embraced the utilization of wires owing to their 

distinctive electromigration properties, a phenomenon well-established since 1928 [4], 

specifically pertaining to the migration of hydrogen (H) or deuterium (D) within bulk 

materials. This facilitated the creation of substantial non-equilibrium conditions and an 

active flux of atomic hydrogen or deuterium, particularly under pulsed conditions (1-5 ɛs 

duration, repetition rate 0.1-30 kHz). 

In 2011, a shift towards more cost-effective active materials led us to focus on the Cu55-

Ni44-Mn1 alloy (Constantan), which is orders of magnitude cheaper than palladium. 

Invented in 1887 by Edward Weston [5] [6], constantan is widely used in 

electrotechnology as a stable resistor that can withstand temperatures up to 600 ÁC in free 

air. We applied Constantan at high temperatures (>300 ÁC) and in gas environments [1] 

[7] [8] [9], primarily using hydrogen rather than the more expensive deuterium commonly 

required with palladium. 

Moreover, Cu-Ni alloys, particularly up to a specific concentration of about 25/75 or 

reciprocal, exhibit significant catalytic effects in dissociating hydrogen (and/or 

deuterium) from molecular to atomic states (H2 Ÿ 2H), surpassing the capabilities of 

palladium. This effect was demonstrated by polish scientist S. Romanowski in 1999 [10]. 

The primary motivation for this transition was the anticipation of practical applications 

of LENR-AHE effects, taking into consideration the cost and widespread availability of 

key materials. Constantan, known for its stability and low cost, has even been used in 

coin minting in various countries (EU, USA, etc.) for an extended period. 

Notably, independently and with different starting points, Prof. Akito Takashiôs group 

(Univ. Osaka, Kyoto) began using Ni-Cu alloys in powder form around the same time. 

Later, Prof. Yasuhiro Iwamura and collaborators, initially at MHI (Mitsubishi, Yokohama 

Laboratories) and then at Tohoku University, adopted the Ni-Cu composition. They 

applied their renowned geometry (developed around the Pd-CaO structure since 1995) of 

nanometric multi-layers to this new compound and extensively studied the optimal Ni/Cu 

ratio for AHE applications. 

Approximately five years ago, Dr. Hideki Yoshino founded a research and development 

company (CleanPlanet) aimed at developing practical applications of LENR-AHE based 

on Iwamuraôs studies. 

Reflecting back to 1995, Prof. Brian Ahern (then at DARPA) filed a patent [11] claiming 

Ni-Cu multilayer structures of 10-100 nm as an alternative to the Pd77-Ag23 alloy he 

primarily studied, exclusively using deuterium. Unfortunately, this document was nearly 

unknown to the Cold Fusion community, including us, mainly due to its misleading title 



5 

 

(ñMethods of maximizing anharmonic oscillations in deuterated alloysò). 

Since 2019, we have advanced our experimental setup by introducing a coaxial geometry 

to achieve a more compact configuration utilizing anode-cathode arrangements [8] [12] 

[13] [3] [14], reminiscent of the traditional electrolytic configurations. The schematic 

representation of the reactor body is illustrated in Fig. 1, featuring a "container" 

constructed from a thick-walled borosilicate glass tube. For a comprehensive perspective, 

Fig. 2 offers an overall view of the entire experimental setup. 

Fig. 3 delves deeper into the internal core of the reactor, offering a closer look at its 

intricacies and structural details. 

 

 

Fig. 1: Reactor Body Schematic. The schematic depicts the reactor body, which 

comprises a robust "container" specially designed and rigorously tested for high-

temperature and mild-pressure experiments:  

 

1. Aluminium Reflecting Foil 
2. Heat-Insulating Carpet (Aeropan Ca) 

3. Counter Electrode 
4. Stainless Steel Shielded "Type K" External Thermocouple 

5. Aluminium Reflecting Foil and Thermal Insulating Carpet (Aeropan Ca) - Applied 

on External Thermocouple (4) 
6. Borosilicate Glass 

7. Aluminium Reflecting Foil with Blackened Outer Side - Placed on Glass (6) 
8. Coil 
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9. Aluminum Plate with Blackened Top Side 
10. Stainless Steel Frame 

11. Stainless Steel Covered "Type K" Internal Thermocouple 

 

 

Fig. 2: Reactor Configuration for Pulsed Operations. Current photo showcasing the 

reactor setup, with the Hall effect current probe integrated into the "pulsing system" for 

pulsed operations. In high-power Dimmer applications, the Hall probe is replaced by an 

HF current monitor. Noteworthy features include the glass reactor's outer surface covered 

with thick layers of aluminum and painted with high emissivity black mat. For safety 

considerations, the glass reactor is shielded by a protective stainless-steel net. 
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Fig. 3: Reactor Inner Core Details In-depth details of the reactor's inner core are 

illustrated in this figure. A standard and simplified set-up is employed, also utilized for 

pulsing tests to prevent unexpected interferences arising from Cu tapes and SS tube, as 

seen in previous configurations. The scheme includes the coaxial coil with its inner Fe 

counter-electrode. Originally featuring 75 turns with a wire length of 158 cm, the coil has 

been reduced to 26 turns due to high voltage (HV) insulation issues and the incorporation 

of powders into the glassy sheath. The number and diameter of turns are adjusted as 

needed to meet the constraints of specific tests. 

 

2. Significant Findings Presented at ICCF 25 

After our experimental group presented results at the recent International Conference on 

Condensed Matter Nuclear Science ICCF-25 [3], our focus has shifted to specific aspects 

discussed both publicly during the presentation and privately with various researchers 

during the current JCF24 proceedings. 

We conducted a series of tests aimed at verifying the reproducibility of Anomalous Heat 

Effects (AHE), starting with a new wire subjected to limited surface treatments. Our 

exploration also delved into the impact of 50 Hz time-symmetric pulses (where the rise 

time equals the fall time) on AHE, with variations in polarities such as unipolar positive 

(50% duty cycle), unipolar negative (50% duty cycle), and fully sinusoidal (100% duty 

cycle). In Fig. 4, the original power circuit employed to generate variable voltage with a 

variac is depicted. A surprising observation since December 2022 has been the 

dependence of AHE efficiency on pulse polarity. Fig. 5 illustrates the typical waveform 

of the Negative Unipolar pulse
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Fig. 4. Original (old) power circuitry for obtaining variable voltages (Variac), galvanically disconnected (Transformer T1) from the 50 

Hz line. The waveform shapes include Sinusoidal Symmetric (SS), Unipolar Positive (UP), and Unipolar Negative (UN), achieved through 

fast high-power (low-voltage drop) direct diodes (RURG 8060) and reverse diodes (BY299) to prevent potential reverse voltages. 

Measurements include voltage and current, independently assessed by a True RMS Multimeter, and in-phase VĀI to calculate the true 

injected power, monitored by a 100 MHz Oscilloscope. Current measurement involves a Hall-effect probe (BW=100 kHz), DC coupled. 

Other instruments are set to DC+AC option. Results from both types of instrumentation are cross-checked once thermal equilibrium (<<1 

h) is attained. The lamellar iron transformer was recently replaced with a ferrite toroidal geometry for enhanced efficiency.
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Fig. 5. Illustration of the Typical Waveform of the Unipolar Negative Pulse. The integral of 

input power is calculated by the oscilloscope (Fluke 196C, 100 MHz) and displayed (e.g., 116 W). 

The following parameters are depicted: Voltage (red color, 50 V/div, RMS= 63.0 V; peak voltage 

reaching -120 V); Current (blue color, 1 A/div); In-phase power computation (VĀI, green color, 50 

W/div). The duty cycle is set at 50%. It's noteworthy that the real waveform deviates from the ideal 

sinusoid at 50 Hz due to distortions introduced by the Variac, decoupling Transformer, and power 

diode in this specific case. 

 

Following this, we conducted exploratory tests utilizing a modified Power Dimmer, operating at 

the 50 Hz main, to generate unipolar (either positive or negative in relation to the counter-electrode, 

almost grounded) or bipolar pulses. Typically, in the operational regimes selected by our team, the 

rise-time of the pulse is extremely rapid, being less than 1 ɛs, while the fall-time spans a few 

milliseconds (the two time factors differ by over a thousand). In the unipolar regime, the maximum 

duty cycle is kept below 25%, providing sufficient time for zero power's return, leading to 

enhanced thermal variations. Refer to Fig. 8, Fig. 8A, and Fig. 8B for a detailed examination of 

the temporal behavior of these pulses. 

The Power Dimmer, directly connected to the AC main (Fig. 10), offers several advantages, 

particularly in minimizing the substantial energy typically "wasted" (as illustrated in Fig. 4 and 

Fig. 6) when generating the specific pulses necessary to induce Anomalous Heat Effects (AHE). 

This efficiency is especially beneficial in the case of our surface-treated and bulk-conditioned 

Constantan wires. It is hypothesized that AHE results from a combination of both bulk and surface 

effects, with the primary origin being the flux of active gas (H, D) through specific structures. 
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Fig. 6. Overview of power losses (NiCr dummy load up to 1500 W with fan, R=29 Ohm) using: a) 

conventional Variac + laminar transformer (blue color, approximately 75 W at 170 W input); b) 

Variac + toroidal transformer (red color, about 35 W at 170 W input); c) power Dimmer (light 

green color, about 5 W at 170 W input). The use of Variac and transformer necessitated a fan 

cooler, absorbing 14 W. The advantage of using a power dimmer is self-evident. The most notable 

Anomalous Heat Effect (AHE) obtained was 23-25 W under H2-Ar mixtures (50%). It is evident 

that minimizing "wasted power" to generate the pulses is crucial for maximizing the true 

Coefficient of Performance (CoP) essential for practical applications. 

 

One pivotal aspect of the Power Dimmer, in addition to its superior energy efficiency compared to 

the conventional setup relying on the AC Line main->Variac->Galvanic insulation transformer 

sequence, as mentioned earlier, is the exceptional operational characteristic. Under suitable 

conditions, the rise-time of the Voltage pulse is less than 1 ɛs, while the fall time predominantly 

aligns with the 50 Hz line (i.e., within the range of a few milliseconds), resulting in a highly 

asymmetric pulse. This level of asymmetry, particularly the substantial difference between the rise 

and fall times, represents a novel exploration in the LENR-AHE field. 

Notably, due to specific operating points carefully selected by our team (where the waveform is 

consistently truncated after reaching its maximum value, i.e., during the descending part), the duty 

cycle of the injected power consistently remains below 50% for bipolar pulses and below 25% for 

unipolar pulses. 



11 

 

 

Fig. 7. Depiction of the behavior of root mean square (rms) and peak voltages in relation to input 

power, with variations in polarization shape: DC; 50 Hz with amplitude modulation by Variac 

(symmetric and Unipolar pulses); 50 Hz by Power Dimmer, i.e., phase modulation (symmetric and 

Unipolar). The most elevated peak voltages are achieved using the Power Dimmer in the Unipolar 

mode. Electromigration phenomena are intricately linked to the voltage drop (V/cm) along the 

wire, aiming for maximum magnitude; the time duration is contingent on the host material. 

 

Fig. 8. An overview (2 ms/div) of the pulse generated by the Dimmer, employing high power (up 

to 1500 W) and a stable dummy load, at 161 W. Notably, over 35% of the pulse is generated in less 

than 500 ɛs (refer to Fig. 8A). The intrinsic rise-time, measured with a real coil, is less than 1 ɛs, 

as verified by the HF current monitor. Voltage and current are nearly in phase, and the peak 

voltage, with a resistance of approximately 29 Ohms (similar to the active wire), reaches as high 

as -260 V. 
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Fig. 8A. The same pulse shown in Fig. 8, but with higher time resolution (500 ɛs/div). It is evident 

that over 35% (in this case approximately 2200 W) of the total power (green color), within each 

pulse (at a 50 Hz repetition rate with a mean power of 161 W), is injected in less than 500 ɛs. The 

duty cycle is as low as 15% resulting in high peak power. 

 

Fig. 8B. Similar to Fig. 8 but with higher time resolution (1 ɛs/div). The voltage rise-time is <1 

ɛs, while the current rise time is longer due to the intrinsically inductive nature of the high-power 

dummy load (fan heater). The excellent characteristic of the voltage rise time is attributed to the 

low rise-time of the final stage (2 independent SCR, not the usual triac) of the pulser used (peak 

power 2300 VA at 230 Vac, mod. TE 8034 by Teleco-Italy) and the time-switching characteristic 
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of the high-power diode employed (RHRG 75120 direct; RURG 8060 toward ground for protection 

purposes) in the network shaper section (refer to Fig. 10) at the output of the dimmer. 

 

2.  Recent Developments and Insights:  

Discussion of Experiments Conducted Since September 5, 2023 

In this section, we present the most recent findings stemming from experiments conducted since 

September 5, 2023. The discussion revolves around the challenges posed by truncated wire 

conditioning times, a predicament exacerbated by the unforeseen breakages of two novel wiresð

one immediately following ICCF25 and another during a specific aging test on October 4th. A 

further setback occurred on November 13th 2023 when another newly introduced wire fractured, 

substantially curtailing the experimentation window with active gas to less than four weeks. 

Approximately one week was exclusively allocated to mandatory calibrations encompassing 

Vacuum, He, Ar, and Ar=He. The necessity for meticulous cross-calibrations was heightened as 

AHE measurements relied on thermometric methodologies instead of calorimetric methods. 

The intricate nuances of the reactor's behavior and corresponding AHE measurements find 

succinct representation in Fig. 9. The results elucidate that unipolar positive polarization (UP) 

elicited greater AHE values compared to direct current (DC) within the 40-140 W input power 

range. Noteworthy is the fact that unipolar negative polarization (UN) consistently outperformed 

all other polarizations across all input power values, including sinusoidal SS polarization. 

 

Fig. 9. Overview of an experiment with Ar:H2 gas mixtures (50:50 Molar) Experiment: 

Comparison of Anomalous Heat Effects (AHE), normalized to runs with He, versus input power, 

under various polarizations. 
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For reference, measurements in pure H2 (best results run #4) underscore the beneficial effect of 

the higher internal temperature resulting from the addition of Ar. The combined effects of Ar 

addition (to increase temperature) and unipolar negative pulses were remarkable, yielding AHE 

exceeding 23 W. Potential effects of the counter-electrode (grounded by a 10 MOhm resistor) are 

considered in the analysis. 

 

2.1 Optimizing Anomalous Heat Effects: Exploring an Unconventional Electronic Setup with 

the Power Dimmer and Ultra-Fast Rise Time 

In this updated configuration (Fig. 10), enhanced safety measures have been implemented in the 

Power Dimmer circuitry to address the potential risk of electric injuries to the operator. Given the 

utilization of higher voltage values that surpass conventional safety levels, additional safety 

devices have been incorporated. Notably, Fig. 10 illustrates a significant changeðthe absence of 

a Galvanic insulation transformer, a component conventionally known for its energy-consuming 

nature. 

Moving on to recent experimental outcomes, Fig. 11 presents the results obtained from 

experiments involving mildly treated surface wires and short-term electric conditioning. These 

experiments, conducted as part of ongoing research, showcase findings that are qualitatively 

similar to the "optimal" experiment conducted between October 2022 and February 2023. Despite 

a slightly lower intensity, the results highlight the persistence of anomalous heat excess (AHE). 

Noteworthy are the most favorable results obtained with the Power Dimmer (UND#6). Importantly, 

these recent experiments serve to confirm the continued validity of key aspects within the 

previously adopted experimental procedures.
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Fig. 10: Schematic detailing the circuitry necessary for Power Dimmer utilization. The configuration incorporates additional safety 

devices to mitigate the risk of electric injuries, eliminating the need for a Galvanic insulation transformer, traditionally an energy-

consuming component.
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Fig. 11: Recent Results with Enhanced Wire Treatment 

Investigation into the latest outcomes using a wire subjected to mild surface treatments and 

short-term electric conditioning. Qualitatively akin to the "optimal" experiment conducted 

from October 2022 to February 2023, albeit at a slightly lower intensity. The Power 

Dimmer  yielded the most promising results, reaffirming the validity of key aspects of the 

previously adopted experimental procedures. 

 

2.2 Challenges in Measuring High-Frequency Currents: A Brief Overview 

The utilization of the Power Dimmer introduces a significant challenge in measuring high-

frequency currents, given the ultra-fast rise time of approximately 500-1000 ns, equivalent 

to several MHz of equivalent bandwidth. The conventional Hall Effect current monitor, 

designed for 50 Hz pulses with a rise and fall time of 5 ms and a bandwidth of 100 kHz, 

becomes inadequate in these specific operating conditions. 

To address this limitation, a higher bandwidth current monitor (with bandwidth of 20 MHz) 

named Pearson 411 was employed. However, this instrument comes with the drawback of 

a lower bandwidth in the lower frequency range (approximately 5 Hz) and lacks DC 

capability. 

In response to this challenge, an innovative circuitry was designed to compensate for the 

limitations of the higher bandwidth current monitor, ensuring accurate input power 

measurements and maintaining the integrity of the total energy balance. The schematic of 

this innovative circuitry is depicted in Fig. 12, with the operational principle illustrated in 

Fig. 12A. 
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Fig. 12: Innovative Circuitry Compensation for DC Absence 

Schematic representation of the ingeniously designed circuitry aimed at compensating for the absence of DC bandwidth in the current 

monitor Mod. Pearson 411. This innovation ensures accurate measurements in the presence of ultra-fast rise times associated with Power 

Dimmer operations.
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Fig. 12A: Operational Details of Compensation Circuitry 

Delving into the intricate operational principle of the circuitry designed to address the absence of "zero" frequency response in the AC 

current monitor Pearson 411 (or equivalent types), this comprehensive elucidation sheds light on the compensatory mechanism employed 

for precise measurements. This becomes particularly crucial in the context of ultra-fast rise times associated with Power Dimmer 

operations. 

It's crucial to note that the AC current monitor experiences a reduction in the direct current (DC) component of the signal, primarily due 

to its low cut-off frequency (flow=1 Hz). Consequently, the measured signal exhibits a noticeable offset (illustrated by the orange curve) 

when compared to the actual current signal (depicted by the blue curve). To address this disparity, a direct current offset regulator has 

been seamlessly integrated into the output of the current monitor. This regulator adeptly restores the DC component, facilitating an 

accurate and dependable measurement of the current.
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2.3 Investigating Counter-Electrode Voltage Dynamics in Constantan Coils 

In a recent examination, conducted with the latest coil assembled on November 16, 2023, 

we revisited the measurement of the counter-electrode voltage. This exploration aimed to 

shed light on the consistent variations in Anomalous Heat Effects (AHE) concerning pulse 

polarity within the simplest configuration: AC main Ÿ Variac Ÿ insulation transformer 

by toroid Ÿ high-power diode. This coil, primarily composed of Constantan, had minimal 

exposure to H2 gas during surface preparation, unlike its predecessor. 

Systematic measurements, akin to those performed on the previous coil, were carried out 

in the days leading to its fracture on November 13. The wire of this prior coil had adsorbed 

H2 to induce AHE, as evidenced in Fig. 11. 

To detail the configuration, the counter electrode, crafted from iron, resides 

approximately 1.5-2.5 mm from the active electrode. Separated by the customary glass 

sheath (as illustrated in Fig. 3), the counter-electrode voltage is routinely gauged using a 

typical electronic multimeter (R_load = 10 MOhm), showcasing rms values. For complete 

AC voltage measurements, a 100 MHz scope with R_load = 10 MOhm in parallel with 

the multimeter is employed, resulting in a total R_load of 5 MOhm. 

Preliminary findings from the coil devoid of H2 absorption (experiment conducted on 

November 16) suggest milder anomalies compared to the H2-absorbed coil. Specifically, 

positive pulses exhibited weak anomalies, while negative pulses displayed more 

noticeable deviations. Importantly, the pulse shape remained constant over time, under 

unchanging operating conditions. 

Contrastingly, the H2-absorbed coil showed no offset in positive pulses. The negative 

pulse, although qualitatively similar to the control experiment, featured a positive peak 

approximately 25% larger and a negative peak 20-30% lower. Furthermore, the values of 

peculiar pulses under negative polarization changed over time, intricately linked to AHE, 

warranting further in-depth exploration. 
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Fig. 13: Controlled Experiment with Minimal H2 Absorption 

In the experiment conducted on November 23 (2023) with minimal H2 absorption, 

utilizing He:Ar (50:50 molar) gas mixture at approximately 2 bar pressure, Fig. 13 

provides key insights. Notably, there is a limited offset value in b), approximately +2 V. 

The peak voltage at the counter electrode (+39 V) constitutes about 38% of the main 

pulse (+104 V). The observed behavior resembles a resistive partition of potential, 

coupled with subtle capacitive effects, exemplified by the +2 V offset. 

 

 

 

Fig. 14: Controlled Experiment with Minimal H2 Absorption 

Illustrating the experiment conducted on November 23 with minimal H2 absorption and 

utilizing He:Ar gas mixture, Fig. 14 provides crucial observations. A substantial 

overvoltage of +11 V is evident. The peak voltage at the counter electrode (-18 V) 

represents merely 16% of the main pulse (-108 V). The observed behavior hints at a weak 

resistive partition of potential, possibly coupled with some inductive effects (+11 V), 
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contributing to the overall dynamics. 

 

2.4 Enhancing Non-Equilibrium Conditions: The Unique Pulse Shape of the Power 

Dimmer 

The distinctive and atypical pulse generated by the dimmer possesses the capability to 

significantly amplify non-equilibrium conditions within the wire (net weight 0.45 g). The 

specific shape of the pulse, as showcased in Fig. 8, plays a pivotal role in this 

amplification. 

The traditional equation governing temperature variation (ȹT, in Kelvin), which is linked 

to the material's specific heat (Cp, in J/kgĿK), mass (in kg), and supplied energy (in J), is 

expressed as: E = mĀCpĀȹT. 

In the context of the pulse depicted in Fig. 8, where the input power is 160 W at a 

repetition rate of 50 Hz, each pulse carries an energy of 3.2 J. Notably, the duty cycle is 

a mere 15%, indicating that the energy is concentrated within only 15% of the total time. 

Furthermore, considering the nearly triangular shape, the effective "active" area is 

concentrated over approximately half of the time, equating to 7.5%. This unique temporal 

concentration contributes to the distinctive non-equilibrium effects induced by the pulse 

shape. 

 

 

 

In conclusion, under the assumption of ideal adiabatic conditions, the wire has the 

potential to experience a temperature surge of over 200 K during the pulse. This 

substantial increase holds the promise of inducing an equivalent pumping effect, 

primarily through the variation of lattice dimensions, affecting the hydrogen content 

within. Additionally, the inherent rapid rise time of the pulse (less than 1 ɛs) may 
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stimulate the skin effect on the wire's surface. This effect becomes particularly relevant 

as intentional layers of Cu, Ni, and ferromagnetic Fe are strategically placed at the surface, 

with the latter retaining its ferromagnetic properties up to 770 ÁC. These combined factors 

contribute to the intricate non-equilibrium dynamics observed in the system. 

Exploring Skin Depth Dynamics: Implications for Non-Equilibrium Conditions 

The general simplified formula governing skin depth (ŭ) is expressed as: 

 

Where: 

ɟ represents the resistivity of the conductor, 

 ́is the mathematical constant approximately equal to 3.14, 

ɜ denotes the frequency, 

ɛ signifies the magnetic permeability of the conductor. 

 

Given the remarkable disparity between the magnetic permeability (ɛ=ɛrɛ0) of iron and 

copper (with ɛr of iron being 4 orders of magnitude larger), the skin depth could 

potentially be exceedingly thin. This disparity, resembling a form of non-linearity, 

warrants further in-depth investigations to accurately quantify its effects. 

The substantial differences in skin depth among various layers, characterized by almost 

non-linear behavior, emerge as an additional factor contributing to the non-equilibrium 

conditions at the surface of the wire, rich in hydrogen content. Further studies are 

imperative to unravel the intricacies and potential implications of this phenomenon. 

 

3.  Conclusions 

The focus of this article's presentation has conveyed a series of conclusions or 

affirmations encapsulated by the following key point (highlighted in bold): 

 

Polarity Effect and Electron Dynamics: 
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Confirmed a noteworthy anomalous heat effect (AHE) with negative polarity pulses 

compared to positive ones, even at low repetition rates (50 Hz) and simmetric rise-fall 

times (5 ms). 

Possible Explanations: Proposed explanations involve similarities with electrolysis, 

amplified by intense electron emissions from surface-deposited materials (mixed oxides 

of Ca, Sr, Ba) due to high temperatures (Richardson effect). Interactions with Constantan 

surfaces and trapped atomic hydrogen contribute, necessitating further intricate studies 

on pulse dynamics and counter-electrode interactions. 

Ultra-Fast Pulses and Power Dimmer: 

Confirmed that ultra-fast pulses, featuring high peak voltage and current values under 

specific conditions, significantly increase AHE. The Power Dimmer experiment (UND in 

Fig. 11) exemplifies this phenomenon. 

Mechanical and Skin Effects: 

Highlighted the importance of mechanical effects, such as pumping due to rapid 

temperature variations, and the consideration of skin effect. Very fast rise times could 

influence current distribution on the wire's multi-layered surface. 

Surface Treatment and Operative Procedures: 

Emphasized the critical role of proper surface treatment and operative procedures 

initiated after introducing active gas and applying electric power. Key factors for 

achieving substantial AHE over extended periods suggest a "memory effect" of the wire 

and its surfaces for previous treatments. Overcoming errors in operations and restarting 

appropriate conditioning procedures poses challenges. 

Temperature Influence on AHE: 

Confirmed the significance of high temperatures (> 500 ÁC) as crucial co-factors for 

enhancing AHE. Operations up to 800 ÁC were explored due to technical limitations, and 

there's an intent to selectively explore the 800-1000 ÁC range, similar to the CleanPlanet 

group's operating regime in Japan. Despite shared basic materials (Ni-Cu), the differing 

composition ratios between the two setups pose intriguing comparisons. 

SAV (Super Abundant Vacancy) Model: 

Expressed conviction in the applicability of the Super Abundant Vacancy (SAV) model, 

introduced by H. Fukai (Tokyo Univ., Japan) in 1992 [15] and further developed by M. 

Staker (Loyola Univ., USA) [16] [17] [18], to explain observed effects. SAV could serve 
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as a model for interpreting various phenomena associated with AHE. 

 

Multi-Body Fusion and Absence of Ashes: 

Advocated serious consideration for the multi-body fusion concept, initiated by Akito 

Takahashi (Osaka Univ.) in 1991, as a plausible mechanism to explain unique 

characteristics, including the absence of usual ashes (n, gamma ray) in reactions involving 

Deuterium. 

Non-Equilibrium Conditions as Mandatory: 

Firmly concluded that specific non-equilibrium conditions, strategically applied (pressure 

gradients, ultrasounds, temperature gradients, fast voltage variation, pulsed magnetic 

fields, laser, etc.), are imperative for achieving AHE in a nearly continuous manner, 

making it practical for real-world applications. Emphasized the importance of 

maximizing the Coefficient of Performance (COP) concerning the applied stimulus. 

Referenced pioneering experiments by Gustav C. Fralich at NASA in 1989 [19], 

involving a Pd tube and pressure drop, as a clear demonstration of Cold Fusion's reality. 

In conclusion, the intricate nature of Anomalous Heat Effects (AHE) is underscored by 

these findings. This complexity highlights the necessity for thorough investigations into 

pulse dynamics, surface interactions, and operational procedures. Meticulous scrutiny of 

these factors is imperative to unveil the full potential of AHE, paving the way for practical 

applications. These extended conclusions further emphasize critical aspects in the pursuit 

of AHE optimization. Temperature control emerges as a crucial co-factor, with operations 

beyond 500 ÁC confirmed as influential. An intent to explore the 800-1000 ÁC range aligns 

with the CleanPlanet group's approach, offering intriguing comparative perspectives. 

The application of the Super Abundant Vacancy (SAV) model, introduced by H. Fukai 

and further developed by M. Staker, holds promise in providing a theoretical framework 

for interpreting observed effects. Additionally, serious consideration of the multi-body 

fusion concept, initiated by Akito Takahashi, is advocated as a potential mechanism to 

elucidate unique characteristics, notably the absence of usual ashes in reactions involving 

Deuterium. Ultimately, a resounding conclusion is drawn regarding the indispensable role 

of non-equilibrium conditions. Applied strategically through diverse means such as 

pressure gradients, ultrasounds, temperature gradients, fast voltage variation, pulsed 

magnetic fields, and laser techniques, these conditions emerge as mandatory for realizing 

and optimizing AHE. The importance of maximizing the Coefficient of Performance 

(COP) concerning the applied stimulus is highlighted. Pioneering experiments, such as 
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those conducted by Gustav C. Fralich at NASA in 1989, using a Pd tube and pressure 

drop, stand as testament to the tangible reality of Cold Fusion, reinforcing the pursuit of 

practical applications with an eye on maximizing efficiency. 
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Abstract 

 We have constructed an optical system to measure photon radiations for a wide energy 

region, in order to study the anomalous heat generation in nano-sized metal composite with hydrogen 

gas. In the present work, heat burst phenomena frequently occurring during the heat generation were 

studied in detail by using improved measurement system. It is found that the photon emission increases 

over all energy region in synchronization with a sudden rise of the heater temperature. This suggests 

that the sample has a sudden energy generation, which increases radiation power as well as the surface 

temperature, resulting in a rise of the heater temperature. We found that there is a correlation between 

the visible and infrared intensities, but the correlation function is different for each burst. In 

comparison with the radiation from the sample before hydrogen introduction, the radiation intensity 

in the high-energy part is increased during the burst.  

 

1. Introduction 
 In recent years, in a system consisting of nanostructured metals (Ni, Cu, etc.) and hydrogen 

(deuterium or light hydrogen), anomalous heat generation that generates an order of magnitude greater 

thermal energy than normal chemical reactions without emitting CO2 reactions have been reported. If 

power generation technology using this phenomenon is put into practical use, we will be able to obtain 

clean, powerful and inexpensive energy, and the social and economic impact will be immeasurable. 

 We have been conducting research on anomalous heat generation using nanostructured metal 

materials, and have so far confirmed anomalous heat generation phenomena that cannot be explained 

by chemical reactions [1-3]. However, basic and systematic data are lacking, and the reaction mechanism 

is unknown. We are working on the elucidation of the mechanism as well as the use of this 

phenomenon. 

 The outline of the experimental method is as follows. 

(1) A nano-multilayer reaction film is placed on both sides of a heater with a built-in thermocouple. 

(Fig.1). 

(2) Place this in a vacuum vessel and evacuate. 

(3) After hydrogen is absorbed, the nano-multilayer film is rapidly heated at the same time as the 

vacuum is exhausted to release hydrogen, thereby inducing a reaction. 

 We have evaluated anomalous excess heat with a thermocouple built into the heater. 

Recently, experiments have been conducted by adding light radiation sensor for temperature 

measurement. We measured the heater temperature continuously together with the light radiation 

emitted from the surface of the sample. In these experiments, we often observed heat burst phenomena, 
in which the temperature of the sample suddenly rises [4,5]. 

 Our experimental method is characterized by the fact that it is performed under vacuum 

conditions and that it uses a thin film, which allows us to directly observe the radiation emitted from 

the surface when an anomalous heating phenomenon occurs. We presume that radiation from this 

surface is accompanied by information related to anomalous exothermic reactions. For example, 

Kasagi point Analysis of the radiation intensity spectra in a wide energy region is decisive in the 

consideration of the size of the reaction region (hotspot formation) [6]. Therefore, observing these heats 

burst phenomena in detail is one of the ways to understand the mechanism of the AEH (Anomalous 

Excess Heat) production, such as elementary reactions, the size of the reaction region, and the location 
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of the reaction.  

 

Fig.͍ Schematic diagram of the experiment 

 

2. Experimental Apparatus & Procedure 
 The schematic is shown in Figure 2. Samples are placed on both sides of a ceramic heater, 

and the light emitted from the sample surface is observed by several measuring instruments. The 

details of the experimental apparatus and measurement system are as described in references 1 and 2. 

For photons emitted from one side of the sample (Side A), near-infrared and visible light spectral 

measurements, X-ray spectral measurements, and mid-infrared light measurements are performed. For 

radiation from the opposite sample side (Side B), mid-infrared light measurements are made. Figure 

2 shows the results of the measurement of a nearly black body (carbon nanotube; emissivity 0.98-0.99; 

Microphase Co., Inc.) with these instruments. As shown in this figure, the instrument we used is able 

to observe a wide part of the emitted energy. 

 

  
Fig.2 Schematic diagram of the measurement           Fig.3 photon radiation spectrum using 
CNT  

standard sample 

                     

 

Experimental Procedure 

 The experimental method is as follows. 

(1) Sample preparation: The sample is made by alternately depositing Cu1Ni1 (Cu;11.6 nm, Ni;11.6 

nm) on a Ni substrate using magnetron sputtering. 

(2) Sample setting: We set the sample on both sides of the heater and evacuate the vacuum chamber. 

Then At the same time, we keep the sample temperature at 900 ÁC for three days to bake out the 

gases. 

(3) Measurement before introduction of H2 gas: Keeping the chamber in vacuum, we start the 

measurement of radiation together with the recording of the data logger including the heater 

temperature and output of Mid-IR.  By changing the heater input power, measured are the 

reference data corresponding to no excess heat for the condition without H2 gas. Excess heat can 

be evaluated using these reference data. 
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(4) Hydrogen absorption of sample: For the sample to absorb H2 gas, we fill the chamber with H2 gas 

up to a pressure of 10kPa and keep the heater temperature at 300ÁC for about 12 hours.  

(5) Measurement during desorption of H2: After H2 absorbed, we rapidly heat up the heater by 

increasing the heater input voltage at the same time as evacuating to release hydrogen: This may 

induce an anomalous heat generation phenomenon. As in (3), the measurement is started under the 

condition that the heater input voltage is constant. Data acquisition with this input voltage (or input 

power) is typically performed for 6 to 8 hours. 

(6) In order to obtain another data for different input voltage, we repeat from (4) and perform (5) by 

changing the heater input voltage. 

 

3. Results & Discussion 
 Fig.4 is an example of the experimental results in which heat burst occurred (experiment 1). 

The horizontal axis indicates time, and time 0 is the start time of introducing hydrogen (process (4) 

mentioned above). In this case, the heater input power was 28W after the thermal equilibrium in the 

process (5). The red line is the heater temperature, the black line is the heater input power, and the 

green line is the radiation intensity of the mid-infrared light from Side A. As shown in this graph, 

although the heater input was maintained at 28W, a phenomenon of a sudden and spontaneous rise in 

the heater temperature--heat burst--was observed 2 times. As seen, the intensity of the mid-infrared 

light increases in synchronization with the heat burst. 

 Simultaneous measurement of near-infrared and visible light spectra was performed for 

surface A. The results are shown in Figure 5. In Fig. 5, observed radiation intensities of the near-

infrared and visible light are shown: The spectrum measurements started at 12.5h, each measurement 

was performed for 1 minute and repeated at intervals of 5 minutes. In the figure, the blue squares is 

the visible light radiation integrated between 1.6-1.8 eV, and the red circle indicates the intensity of 

near-infrared integrated from 0.55 to 0.75 eV. This figure shows that the heater temperature, visible 

light, near-infrared light, and mid-infrared light also increase synchronously with the onset of heat 

bursts, the same phenomenon observed in the previous report [5]. 

 

 
Fig.4 Time evolution of Heater temperature, mid-infrared intensity, heater input power in 

Experiment1 
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Fig.5 Time evolution of visible light intensity and near-infrared light intensity in Experiment1 

 

 In our experiment, we measured the mid-infrared radiation from surfaces A and B 

simultaneously (Fig.6(a)), and Fig.6(b) shows that the radiation from both surfaces increases 

synchronously with the heater temperature when heat bursts occur. 

 Next, we evaluate the excess heat. The mid-infrared light we are measuring is near the peak 

value of the thermal emission spectrum (Fig.3), which is representative of the thermal energy radiated 

from the sample. We used this light radiation to evaluate the excess heat. Fig.7 shows the results of a 

reference experiment in which no hydrogen was absorbed. The horizontal axis shows the total energy 

of the mid-infrared light emitted from both sides of the sample, and the vertical axis shows the energy 

input to the heater. By comparing the results of the reference experiment and the heat generation 

experiment, the excess heat was evaluated. Fig.8 shows the time evolution of the excess heat in this 

experiment. After the heater heating started, an excess heat generation of about 1.2W was followed by 

spontaneous bursts with excess heat of about 0.2W and 0.3W at times 16.4h and 19.1h, respectively. 

 Table 1 shows these two excess heats and the excess energy. The vacuum in the chamber 

(3.1 L volume) during the experiment was approximately 5x10-6 Pa, so the number of molecules in 

the chamber was about 7x10-12mol. Even if the gas in the chamber were a mixture of hydrogen and 

oxygen (hydrogen: oxygen = 2:1), the heat of combustion would be about 1.3x10-6J. In contrast, the 

energy generated by the two heat bursts is 677 J and 1030 J, as shown in Table 1, which is an order of 

magnitude greater than the heat of combustion of hydrogen. This means that a large amount of energy 

is being released, unexplained by the chemical reaction. 
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Fig.6 (a)Schematic diagram of mid-IR measurement (b) Time evolution of Heater temperature, mid-

IR intensity   

 
Fig.7. reference experiment (Relationship between mid-IR intensity and power input without H2) 

 

    
Fig.8 Time Evolution of Excess heat of Burst1,2 
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  Table.1 Excess Heat and Excess Energy 

 

   
 The time response of each burst is shown next. Fig.9 shows the heater temperature and the 

intensity of mid-infrared radiation from surfaces A and B, respectively. Fig.9(b) and 9(c) show the 

expanded time of burst 1 and burst 2. During the bursts, the heater temperature and the radiation from 

surfaces A and B increase synchronously. Furthermore, the mid-infrared radiation from surface A 

decreases just before the burst occurs, then reverses and increases. The response times are also shown 

in Fig.10 and Table 1. 

 From these time response results, it appears that the heat burst occurs at surface A and the 

effect of the heat generation propagates to surface B via the heater. Furthermore, just before the heat 

burst, there is a precursor phenomenon where the mid-infrared radiation on surface A decreases for 

about 20 seconds. This phenomenon is unknown, but from the response time, it may be related to some 

physical property change (electron density, hydrogen distribution, adsorption of surface molecules, 

etc.). We will analyze this phenomenon in detail in the future, as it may provide clues to elucidate the 

mechanism. 

 

Fig.9 Time evolution of heater temperature and mid-IR radiation during heat burst 
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Fig.10 Time dependence of mid-IR radiation during heat burst    

 

 

Table2. Response time of heat Burst 

    
 

4. Conclusion 
 We have been studying the phenomenon of anomalous heat generation using hydrogen and 

nano-sized metal multilayer films. In addition to the heater temperature, we measure the amount of 

heat emitted from the surface of the sample. We have assembled an optical system to measure photon 

radiations for a wide energy region. Using this measurement system, simultaneous detection of light 

radiation was performed when heat bursts occurred. 

 When heat bursts occur, the emission of these lights increases in synchronization with the 

heater temperature and increases in the entire region from mid-infrared to visible light. This suggests 

that the sample has a sudden energy generation, which increases radiation power as well as the surface 

temperature, resulting in a rise of the heater temperature. 

 The correlation between visible light intensity and near-infrared light intensity during heat 

bursts revealed different dependencies for each burst. This suggests that the reaction state may be 

different for each burst. The distribution of thermal radiation in a burst has a distribution that increases 

in the high-energy side compared to the reference distribution. In the future, we will expand the 

measurement range of emitted light and perform more detailed analysis. 
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Abstract 

In a previous study, we observed short-period intermittent temperature fluctuations on a Pd foil sample 

coated with a Ni membrane having a fine structure at the interface. This result suggests prompt deuterium 

diffusion between the Pd foil and Ni membrane. While interesting behaviors as above were observed, we 

did not observe any significant excess heat due to the large uncertainty in the temperature measurement, 

owing to the lack of reproducibility in our experiment. In this study, we modified the experimental 

procedure to improve the reproducibility and achieve a more accurate rating of excess heat. Consequently, 

200ï300 mW of excess heat was observed with good reproducibility. 

 

1. Introduction 

Several previous studies on hydrogen/deuterium absorption and desorption experiments 

with Pd-Ni and Cu-Ni systems have reported the generation of excess heat [1,2]. In these 

studies, the following points were emphasized as necessary conditions for such an 

anomalous phenomenon. 

 Composite metal sample 

 Samples exhibit microstructures on their surfaces/interfaces 

Considering these conditions, hydrogen absorption and desorption experiments were 

conducted using Pd foil samples coated with fine-structured Ni membranes. In our 

previous studies, we observed some intriguing phenomena, such as short-period 

intermittent temperature fluctuations, which could potentially indicate prompt deuterium 

diffusion between the Pd foil and Ni membrane; however, we did not find any significant 

evidence of excess heat owing to large systematic uncertainties [3,4]. In our previous 

experiments, the biggest obstacle in obtaining an accurate excess heat rating was the large 

systematic uncertainty caused by the individual differences in samples and conditions 

around the installation position of the sample. In this study, a new experimental procedure 

was employed for a more accurate excess heat estimation. Herein, we report the latest 
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experimental results obtained using an improved experimental procedure. 

 

2. Experiment 

2.1 Sample 

The sample material was composed of a Pd foil (10 x 10 x 0.1 mm) and Ni membrane 

(t = ~100 nm). First, the Pd foil was washed with acetone and annealed at 900 C̄ for 10 

h. Subsequently, the annealed Pd foil was washed with aqua regia to remove any metallic 

impurities from its surface. A fine structure was formed on the surface of the Pd foil via 

etching with an Ar+ beam. Subsequently, an Ni membrane was deposited onto the etched 

surface via Ar+ sputtering. 

 

2.2 Absorption experiment 

A schematic of the absorption experimental setup is shown in Fig. 1. The Pd-Ni sample 

was placed in a stainless-steel cell. The stainless-steel cell was filled with hydrogen gas 

(purity: 99.99999% or higher) at 5 atm and pressurized for approximately 24 h. The 

weight of each sample was measured before and after loading, and the loading ratio 

(H/Pd) was calculated from the weight difference. The absorption experiments were 

repeated seven times, and the average H/Pd ratio was 0.73. 

 

 
 

Fig. 1. Schematic of the absorption apparatus. 

 

2.3 Desorption experiment 

 A schematic of the desorption experimental setup is shown in Fig. 2. The samples were 

placed in a chamber. The chamber was evacuated to 1.0×10-3 Pa. A direct current with a 

constant power (0.6 W) was applied to the sample to stimulate hydrogen desorption by 
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Joule heating. Measurements were taken for 20ï24 h. The sample temperature, pressure 

in the chamber, standard resistance voltage, sample voltage, and power supply voltage 

were monitored every second. Two types of thermometers were used to measure the 

sample temperature: a K-type thermocouple (TC) and an infrared (IR) thermometer 

(Chino: IR-CAEJCS). 

 In addition, a camera was used to observe the sample deformation during the desorption 

experiments. Yamaguchi et al. reported the correlation of excess heat with the 

deformation of Pd multilayer samples [5]. The deformation was considered to be caused 

by internal stresses generated by the diffusion of hydrogen in the sample and 

embrittlement of the sample metal. 

 

 

Fig. 2. Schematic of the desorption experiment. 

 

2.4 Ambiguity in the blank experiment in our past method 

 The following points regarding our experiments should be noted. The conditions under 

which the sample was placed in the holder were identical for each experiment, and the 

temperature reached by the sample may have differed even when the same electric power 

was supplied during the blank experiments (Fig. 3). Previous experiments have shown 

that the attained temperatures differ even when the same power is applied and that it is 

necessary to correct for temperature differences during excess heat estimation. We 

attempted to address this issue by conducting three experiments (desorption/ blank/ 

calibration) in succession. 
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Fig. 3. Ambiguity in the blank experiment in our previous method. 

 

3. Results and Discussion 

3.1 Modified experimental methods 

Figure 4 shows the results of a series of experiments (desorption/ blank/ calibration) 

using the same sample. The reproducibility of the temperatures obtained via the new 

experimental method improved. Ambiguities in the sample conditions were negligible 

because the same sample was used for all three experiments without replacement; 

therefore, no correct was needed when subtracting the temperatures from the desorption 

and blank experiments, and the excess heat estimation was more accurate. 

 

 

Fig. 4. Time dependence of temperature and power. 

 

3.2 Experimental results 

Figure 5(a) shows the time dependences of the sample temperature and pressure in the 

chamber during the desorption experiment (Pd(Ni)-2023-14). Fig. 5 (b) shows an 

enlarged plot of the initial 7 h of the experiment, where a clear correlation between 

temperature and pressure changes can be observed. An intermittent increase in 

tŘόbƛύπнлноπмп 
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temperature was observed approximately 2.5 h after the start of the experiment. A 

simultaneous temperature increase was observed in both TC and IR thermometers. This 

behavior was observed only in the early stages of the experiment because all hydrogen in 

the sample desorbed within the first few hours. The increase in the sample temperature 

was approximately 8 C̄ for the thermocouple and 16 C̄ for the IR thermometer. The 

results of other experiments are shown in Fig. 6 (Pd(Ni)-2023-9ï13,15). Similar behavior 

was observed in all experiments. 

For reference, experiments were conducted using H-unloaded samples (hereafter 

referred to as blank experiments). The results are presented in Fig. 7. No significant 

temperature difference was observed between the end of the desorption and blank 

experiments. Therefore, a reaction that correlates with heat evolution is considered to 

occur during hydrogen diffusion. 

 

 

Fig. 5 (a). Time dependence of sample 

temperature and pressure within the 

chamber for one of the desorption 

experiments. 

 

Fig. 5 (b). Time dependence of sample 

temperature and pressure within the 

chamber for one of the desorption 

experiments just after the start of the 

experiment.
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Fig. 6. Time dependence of sample temperature and pressure in six experiments 

(Pd(Ni)-2023-9-13). 

 

 

Fig. 7. Time dependence of sample temperature and pressure in the blank experiment. 
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3.3 Estimation of excess heat 

 Excess heat was estimated from the difference between the temperatures observed in 

the blank and desorption experiments. The evaluation method was as follows. 

I. A calibration experiment was performed to determine the correlation between the 

supplied electric power and temperature change (ȹT-ȹP). 

II.  Power evolution was calculated based on the temperature behavior in the 

desorption experiment, using the calibration data obtained above. 

III.  Power evolution for an unloaded sample (blank) was measured as a function 

of temperature in the same manner as described above. 

IV.  Excess heat was calculated based on the difference between  and .  

 The results for excess heat are shown in Fig. 8, and the results of the other experiments 

are shown in Fig. 9 (Pd(Ni)-2023-11,12,13,15). For Pd(Ni)-2023-14, the maximum 

instantaneous excess power was estimated to be 200ï300 mW. 

In addition, the excess power was lower and sometimes negative immediately after the 

start of the experiment. The transient behaviors of the temperatures measured in the 

desorption and blank experiments differed; specifically, the temperature increased more 

rapidly in the blank experiment. This was why excess power was incorrectly estimated to 

be lower. For a more precise measurement of the excess power, we should consider 

endothermic/ exothermic reactions with hydrogen diffusion or desorption and understand 

its effects on the temperature behavior, especially in the transient phase. For a more 

accurate excess power calculation, we should improve the calibration data, that is, the 

relation between the input power and temperature, as well as consider heat conduction 

and radiation using simulation studies. 

 

 

Fig. 8 (a). Time dependence of the excess 

heat for one of the experiments. 

 

Fig. 8 (b). Time dependence of the excess 

heat for one of the experiments just after 

the start of the experiment.
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Fig. 9. Time dependence of excess heat in four experiments (Pd(Ni)-2023-11,12,13,15). 

 

 

3.4 Observation of sample deformation 

 We observed the sample deformation before and after heat evolution. Fig. 10 shows the 

photographs of the samples recorded during the run of Pd(Ni)-2023-13 at 30 and 50 min after 

the start of the desorption experiment. In the experiment, heat evolution occurred at 

approximately 30 min, and the Ni side of the sample exhibited convex deformation. This 

deformation can be explained by the model proposed by Yamaguchi et al. [5], in which the 

internal stress generated by the diffusion of hydrogen inside the sample and embrittlement of 

the sample metal lead to the observed deformation. Hence, the correlation between the 

magnitude of the excess heat generated and degree of deformation and that between the timing 

of deformation and heat evolution should be carefully evaluated. 
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Fig. 10. Photograph of the sample before and after heat evolution. 

 

4. Summary 

Hydrogen desorption experiments were performed using a Pd-Ni sample. In this study, the 

experimental procedure was modified to improve the accuracy of excess heat calculation by 

performing desorption, blank, and calibration experiments in a series, using the same sample. 

Consequently, anomalous heat evolution in H diffusion and excess heat of approximately 200ï

300 mW were observed in most cases. In addition, the observed deformation of the Pd-Ni 

sample could be correlated with excess heat generation. 

 For more accurate excess power calculation, we should improve the calibration data and 

consider heat conduction and radiation using simulation studies. 
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Abstract: It has recently been reported that low energy nuclear reactions (LENR) in hot Ni metal may be caused 

by neutrinos produced by energy changes occur in collisions of thermal electrons in the metal. It has also been 

pointed out that neutrinos can also be produced from electron transitions in excited atoms, although very slightly. 

Under such circumstances, band gaps have been reported in some metal hydrides so far, and we have confirmed 

that the band gaps are formed in the metal hydrides such as Pd, Ni and Cu by computer simulation using a personal 

computer (PC). Therefore, we decided to investigate whether the LENR in the metal hydrides might be caused by 

neutrinos produced by the electron transitions in the band gaps with computer simulations using a PC. However, 

most of the electron transitions produce a lot of light (photon) and only a few neutrinos. Therefore, in preparation 

for the simulation on the band gap electron transitions of the metal hydrides in the semiconductor states of Pd, Ni 

and Cu, we first investigated electron/hole pairs generated in the band gaps before the electron transitions by 

shooting deuterons in a Ge semiconductor.  

Keywords: LENR, computer simulation, G4CMP, electron/hole pairs, band gaps, deuteron, Ge semiconductor  

 

1.  Introduction  

Recently, it has been reported that thermal electrons with energies greater than ~0.5 eV in 

Ni metals produce electron neutrino pairs, and that if the electron neutrinos have energies of 

~0.1 eV, they can cause low-energy nuclear reactions (LENR) 1). In addition, theoretical and 

experimental studies have been conducted in relation to the fact that electron neutrino pairs can 

be produced from the electron transitions of excited atoms, although slightly 2). In such a 

situation, semiconductor-like electron band gaps have been reported to be formed in some metal 

hydrides, and we have confirmed that the band gaps are formed in the metal hydrides such as 

Pd, Ni and Cu by computer simulation using a personal computer (PC) 3). Therefore, we set out 

to confirm by computer simulation whether the LENRs that occur in metals such as Pd, Ni and 

Cu may be caused by neutrinos produced by electron transitions in the metal hydride band gaps. 

When H/D atoms enter the metals such as Pd, Ni and Cu rapidly and excessively during 

the electrolysis of light/heavy water, permeation of H/D gas, vibratory agitation of light/heavy 

water, etc., some H/D atoms would stably enter the O site of the metal lattice of Pd, and some 

other H/D atoms would move through the metal lattice of Pd in the order of T sites, B sites and 
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T sites while receiving an energy change of ~1 eV. On the other hand, in the case of Ni and Cu 

metals, it would be considered that some H/D atoms enter the O sites of the metal lattice 

unstably, and some other H/D atoms move through the metal lattice in the order of T sites, O 

sites and T sites. The change in the energy of the H/D atoms is thought to cause the excitation 

of electrons in the band gaps formed by the interaction of the H/D atoms with the metal atoms. 

However, when an electron transitions in such band gaps, light (photon) is produced in most 

cases, and the probability of producing electron neutrino pairs due to weak interactions is very 

small. Conveniently, however, since the energy of this electron band gap is ~1 eV, the light 

(photon) emitted at this time is an electromagnetic wave in the infrared region, and the 

wavelength is considered to be sufficiently larger than the lattice constant. Therefore, 

amplification mechanisms such as superradiation, in which a large amount of light (photons) 

are emitted coherently in cooperation with the nearby band gaps, may work, and the production 

of electron neutrino pairs may increase accordingly. In addition, the produced electron neutrinos 

have low energies of ~0.5 eV or less, and the wave function of neutrinos extends to the order 

of micrometers, which can interact with many reaction objects such as nuclei in metal lattices 

and nuclei of H/D atoms. Possible LENR scenarios include the produced anti-electron neutrinos 

and electrons and H/D nuclei (protons/deuterons) acting as one or two "pseudo-neutrons" (that 

have no threshold for reactions) on nuclei such as metal lattices and nuclei of H/D atoms.  

However, it is difficult to simulate the sequence of whole processes leading up to LENR 

at once, and it must be divided into several processes. Among them, it must first be shown that 

light (photon) is emitted by electron transitions in the metal hydrides band gaps of Pd, Ni and 

Cu. Under these circumstances, a recent study has been reported in which nanometer-sized Ge 

semiconductors are excited with light to induce the emission of infrared light 4). Therefore, in 

preparation for the simulation on the band gap electron transitions of the metal hydrides in the 

semiconductor states of Pd, Ni and Cu, we decided to perform "(1) Simulation on Ge 

semiconductor" by moving deuterons in the Ge semiconductor. Computer simulation was 

performed on G4CMP (Geant4 Condensed Matter Physics), which is based on Geant4 

(GEometry ANd Tracking) using a PC. Geant4 is a software that can trace the reactions of 

elementary particles using the Monte Carlo method 5), and G4CMP provides a library to 

investigate motion-induced reactions such as low-energy deuterons, alpha-particles and ions in 

condensed matter materials that take into account the lattice structures 6). Fortunately, Si 

semiconductors and Ge semiconductors are used as materials to investigate the reaction of this 

example program of G4CMP, but for the Si semiconductors, the program has not been 

completed, so the Ge semiconductors were used. Also, since G4CMP deals primarily with the 

propagation of acoustic phonons and electron/holes, protons are not candidates for physical 

processes because they are not directly related. (It is necessary to incorporate protons in the 
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future, but not at this stage.)  

In this way, the G4CMP example program can capture the phenomena that phonons are 

generated by the motion of charged particles in the Ge semiconductor, and the absorption of the 

phonons causes electrons in the valence band to drift and electron/hole pairs on the band gaps 

to occur. At this time, the energy required for the drift of the electron is small, and the kinetic 

energy of the charged particles required to generate an electron/hole pair is also on the order of 

eV, and the range of deuterons due to the energy is on the order of . Therefore, even if 

deuterons of this energy are injected into the Ge semiconductor, they will remain inside the 

surface, and they will not be able to enter deeply the surface only by the inertial force that the 

deuterons have when they are injected. (If deuterons of energy of the order of keV or MeV are 

injected, they can get inside, but before the desired electron/hole pairs are generated, they will 

collide with the atoms of the Ge semiconductor and knock the atoms off or cause nuclear 

reactions with the nuclei.) Therefore, in this simulation, assuming that deuterons enter the Ge 

semiconductor in some way, we shot deuterons of the order of eV in the Ge semiconductor and 

captured the generation of electron/hole pairs due to their motion, and found suitable conditions 

for their generation, such as the energy and direction of deuteron ejection, and the ambient 

temperature. However, there are many parameters that need to be set in advance in this example 

program of G4CMP, and they must be determined by comparing the simulation results with 

experiments in which, for example, nanometer-sized Ge semiconductors are excited with light 

to induce the emission of infrared light.  

As the next step, we would like to replace the Ge semiconductor with the metal hydride in 

semiconductor states of Pd, Ni and Cu to investigate ñ(2) Light (photon) emissions by electron 

transitions on the metal hydride band gapsò, and ñ(3) Amplification of light (photon) emissions 

by electron transitionsò. We would also like to investigate ñ(4) Neutrino emissions by electron 

transitions in the metal hydride band gapsò, and ñ(5) Nuclear reactions caused by emitted 

neutrinosò. 

 

2.  Computer Simulations 

2.1 Hardware and software used for computer simulations 

Computer simulations were performed on a PC with a 4 cores / 8 ways CPU and 64 GB 

main memory using the Geant4-based G4CMP.  

G4CMP is a library that runs on Geant4, which was developed around the Stanford Linear 

Accelerator Center (SLAC) for the simulation of instruments for dark matter detection, and can 

investigate reactions by bombarding low-energy deuterons, alpha-particles and ions with targets 

that take into account lattice structure 6). On the other hand, Geant4 is a Monte Carlo method 

software tool kit developed mainly by European Organization for Nuclear Research (CERN) 
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for the simulation of measuring instruments such as elementary particle experiments, and is 

used in many fields of radiation measurement research 5). In the software installation, the 

versions of each software were aligned with CentOS 7.7, Geant4 10.7.4, G4CMP 8.6.0, etc., to 

ensure that G4CMP works reliably. 

 

2.2 Setting of semiconductors and incident particles used in computer simulations 

Si semiconductor detectors and Ge semiconductor detectors are known as semiconductor 

detectors of single materials. Si and Ge semiconductors can be used as targets for the GCMP 

example program, but Ge semiconductor was used for the simulation reactor material because 

its mass number is close to the mass numbers of Pd, Ni and Cu, and the energy required to make 

a single electron/hole pair is small (Si is ~3.6 eV, Ge is ~3.0 eV), and the G4CMP example 

program has not been completed for Si semiconductor. Also, since G4CMP deals primarily with 

the propagation of acoustic phonons and electron/holes and is not directly related to protons, 

protons are not candidate for physical processes. In addition, as a recent study, an experiment 

has been reported in which nanometer-sized Ge semiconductors are excited with light to induce 

the emission of infrared light, and the parameters of the GCMP example program can be 

adjusted by comparing the simulation results with the experiment. However, in preparation for 

the future simulations on the band gap electron transitions of the metal hydrides in the 

semiconductor states of Pd, Ni and Cu, we decided to investigate the reactions by injecting 

deuterons into Ge semiconductors. When a deuteron enters a Ge semiconductor, phonon would 

be generated, and the electron drifts due to the collision of phonon, forming an electron/hole 

pair on the band gap. (the process of "(1) Simulation on Ge semiconductors") 

The band gaps of Si and Ge semiconductors are 0.74 eV and 1.17 eV, respectively, and 

semiconductor detectors, especially Ge semiconductor detectors require cooling below liquid 

nitrogen temperature to prevent thermal noise. In this simulation, which examines the reaction 

to the movement of deuterons in the Ge semiconductor, it is not necessary to prevent thermal 

noise, but the simulation was performed at a temperature ranging from 100 K (almost the 

cooling temperature of liquid nitrogen ~103 K) to 1000 K (below the melting point of Ge ~1211 

K). 

The Ge semiconductor given in the GCMP example program is a cylindrical Ge crystal 

with a diameter of about 75 mm and a height of about 25 mm, and the geometry used in the 

simulation without modification is shown in Figure 1A. The red arrow indicates the x-axis, the 

green arrow indicates the y-axis, and the blue arrow indicates the z-axis. In addition to the type, 

energy and shooting position of the particles, and the temperature of the Ge semiconductor, the 

simulation was performed by setting variables such as the number and direction of the particles, 

and the strength and direction of the electric field applied to the Ge semiconductor. 
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Figure 1A                    Figure 1B                         Figure 1C 

Geometry of Ge semiconductor        Electron-hole pairs for 10 geantinos       Electron-hole pairs for 10 geantinos 

Red arrow indicates the x-axis,          of 1.0 eV kinetic energy shot from        of 10.0 eV kinetic energy shot from 

green arrow indicates the y-axis and  the center of the Ge semiconductor         the surface of the Ge semiconductor 

blue arrow indicates the z-axis          with 4.0 V electric field                   with 1.0 V electric field 

As shown in Figure 1B, we shot a virtual particle "geantino" that can be used by Geant4 

from the center of the Ge semiconductor and confirmed that the GCMP example program is 

working properly. Reactions occur at the center of the Ge semiconductor. The temperature of 

the Ge semiconductor is 100 K and a voltage of 4 V is applied up and down, and the red lines 

that extend upward (in the positive direction of the z-axis) represent the trajectories of electrons, 

and the blue lines that close downward (in the negative direction of the z-axis) represent the 

tracks of holes. 

Geant4 simulates particle transport through materials, and interactions with atoms or 

nuclei, which are implemented for energies ~100 eV to ~10 TeV. On the other hand, the G4CMP 

simulates the interactions of low-energy physical processes so that phonons can be handled, 

which are implemented for energies of the order of 1 ɛeV. The range of a deuteron of 0.1 eV to 

100 eV in the Ge semiconductor is on the order of ɛm, and the trajectory of deuteron is usually 

invisible. If deuterons were to be injected from outside the Ge semiconductor, the reaction 

would be almost on the surface of the Ge semiconductor as shown in Figure 1C, and some of 

the red and blue lines of electron/hole pairs would leak out from the Ge semiconductor. The 

green lines that repeat the reflections represent the tracks of the phonons. (The occurrence of 

phonons is set to 1/10000.) Therefore, we used G4CMP example program to simulate deuterons 

of 0.1 eV to 100 eV from the center of the Ge semiconductor. 

  

3.  Results  

In preparation for the simulation on the band gap electron transitions of the metal hydrides 

in the semiconductor states of Pd, Ni and Cu, we investigated whether electron/hole pairs were 

generated in the band gaps by shooting deuterons in the Ge semiconductor of the GCMP 
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example program. Figures 2A to 2I show the generation of electron/hole pairs when deuterons 

are moved at 0.1 eV, 0.5 eV, and 1.0 eV, respectively, in the Ge semiconductor with a 

temperature of 300 K and electric field of voltages of 0.0 V, 0.1 V, and 0.5 V from top to bottom. 

Figures 3A to 3I show the generation of electron/hole pairs when deuterons are moved at 1.0 

eV, 10 eV, and 100 eV, respectively, in the Ge semiconductor with a temperature of 300 K and 

electric field of voltages of 1.0 V, 5.0 V, and 10 V from top to bottom. The deuterons were shot 

from the center of the cylindrical Ge semiconductor in the approximately right-lateral direction 

(positive x-axis), and the red lines that extended upward (in the positive direction of the z-axis) 

represent the trajectories of electrons, and the blue lines that close downward (in the negative 

direction of the z-axis) represent the tracks of holes. The green lines that repeat the reflections 

represent the tracks of the phonons. (The occurrence of phonons is set to 1/10000.)  

 

   

Figure 2A                   Figure 2B                   Figure 2C 

Five deuterons of 0.1 eV shot from      Five deuterons of 0.5 eV shot from      Five deuterons of 1.0 eV shot from 

the center with 0.0 V electric field       the center with 0.0 V electric field       the center with 0.0 V electric field 

 

   

Figure 2D                       Figure 2E                       Figure 2F 

Five deuterons of 0.1 eV shot from      Five deuterons of 0.5 eV shot from      Five deuterons of 1.0 eV shot from 

the center with 0.1 V electric field       the center with 0.1 V electric field       the center with 0.1 V electric field 
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Figure 2G                      Figure 2H                 Figure 2I 

Five deuterons of 0.1 eV shot from      Five deuterons of 0.5 eV shot from      Five deuterons of 1.0 eV shot from 

the center with 0.5 V electric field       the center with 0.5 V electric field       the center with 0.5 V electric field 

   

Figure 3A                       Figure 3B                     Figure 3C 

Five deuterons of 1.0 eV shot from      Five deuterons of 10.0 eV shot from     Five deuterons of 100 eV shot from 

the center with 1.0 V electric field       the center with 1.0 V electric field       the center with 1.0 V electric field 

 

   

Figure 3D                   Figure 3E                         Figure 3F 

Five deuterons of 1.0 eV shot from      Five deuterons of 10.0 eV shot from     Five deuterons of 100 eV shot from 

the center with 5.0 V electric field       the center with 5.0 V electric field       the center with 5.0 V electric field 
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Figure 3G                   Figure 3H                         Figure 3I 

Five deuterons of 1.0 eV shot from      Five deuterons of 10.0 eV shot from     Five deuterons of 100 eV shot from 

the center with 10.0 V electric field      the center with 10.0 V electric field      the center with 10.0 V electric field 

    For comparison, in addition to deuterons, geantinos, tritons, helium-3 nuclei, and alpha 

particles were also used. These results were the same regardless of the type of particle and the 

temperature of the Ge semiconductor, provided that the applied voltage and the kinetic energy 

of the particles were the same. It can be understood that the type of particle is a problem when 

it enters through the surface of the Ge semiconductor, and the energy to drift the electrons in 

the valence band in the Ge semiconductor does not depend on the type of particle. (There 

should be a difference due to temperature, so we are looking into the program to see why there 

is no difference.) In addition, by changing the direction of particle shooting, there were 

differences in the generation of electron/hole pairs. When the combination of the voltage 

applied to the Ge semiconductor and the kinetic energy of the particles was changed, the same 

electron/hole pairs were sometimes generated in different combinations, but the regularity has 

not been grasped. 

    The G4CMP example program has many parameters that must be set in advance, and in 

order to have numerically accurate discussions, they must be necessary determined by 

comparing the simulation results with experiments. Nevertheless, in preparation for the 

simulation on the metal hydrides in the semiconductor states of Pd, Ni and Cu, the generation 

of electron/hole pairs by particle movement in the Ge semiconductor have thought to be 

confirmed.  

 

4.  Summaries  

We set out to confirm by computer simulation whether the LENRs that occur in metals 

such as Pd, Ni and Cu may be caused by neutrinos produced by electron transitions in the band 

gaps of metal hydrides. However, it is difficult to simulate the sequence of processes leading 

up to LENR at once, and it must be divided into several processes. Among them, it must first 

be shown that light (photon) is emitted by electron transitions in the metal hydride band gaps 
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of Pd, Ni and Cu. Therefore, in preparation for the simulation on the electron transitions of the 

metal hydride band gaps in the semiconductor states of Pd, Ni and Cu, we decided to perform 

"(1) Simulation on Ge semiconductors" by moving deuterons in the Ge semiconductor of the 

GCMP example program. When the kinetic energy of the deuteron injected into the Ge 

semiconductor is as low as 0.1 ~ 100 eV, the deuteron is stopped just inside the surface of the 

Ge semiconductor, so the deuteron is shot from the center of the Ge semiconductor instead of 

being driven from the outside of the Ge semiconductor. As a result, it was confirmed that 

deuterons are shot in the Ge semiconductor to generate electron/hole pairs in the band gap. For 

comparison, in addition to deuterons, geantinos, tritons, helium-3 nuclei, and alpha particles 

were also used. These results were the same regardless of the type of particle and the 

temperature of the Ge semiconductor, provided that the applied voltage and the kinetic energy 

of the particles were the same. It can be understood that the energy to drift the electrons in the 

valence band in the Ge semiconductor does not depend on the type of particle. (There should 

be a difference due to temperature, so we are looking into the program to see why there is no 

difference.) 

Therefore, as a next step, we would like to replace the Ge semiconductor with metal 

hydrides in the semiconductor state of Pd, Ni and Cu, and investigate "(2) Light (photon) 

emissions by electron transitions in the metal hydride band gaps". For this purpose, it is 

necessary to have the same physical property data as the lattice parameter of Ge semiconductor 

for metal hydrides of Pd, Ni and Cu. We would like to investigate "(3) Amplification of light 

(photon) emissions by electron transitions". When an electron transits, the probability of 

producing electron neutrino pairs by weak interactions is very small. However, if the 

amplification mechanism works and emits a large amount of light (photon), it is thought that 

the production of electron neutrino pairs will also increase accordingly, and as a next step, we 

will be able to investigate "(4) Neutrino emissions by electron transitions in the metal hydride 

band gaps". Finally, I would like to investigate "(5) Nuclear reactions caused by emitted 

neutrinos". The energy of the emitted electron neutrino is as small as ~0.5 eV or less, and the 

wave function of neutrinos extends to the order of , and it can interact as "pseudo-neutrons" 

with many reaction objects, such as nuclei in metal lattices and H/D atoms. 
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Abstract 

 

Introducing global trends on climate change and recent activities in the Japanese automobile 

industry. 

 

About climate change 

1. In recent years, natural disasters such as massive typhoons, landslides caused by heavy 

rains, and large-scale wildfires have occurred frequently around the world, causing 

tremendous damage. The main cause of these disasters is considered to be climate 

change due to global warming. 

2. In fact, the average annual temperature in the world has risen by more than 1ÁC 

compared to before the Industrial Revolution (late 18th century). If this trend 

continues, it is expected to rise by about 5ÁC from the current level by 2100. 

 

Related regulations 

1. In 1997, the Kyoto Protocol was adopted, and all advanced countries that participated 

in the third United Nations Framework Convention on Climate Change (COP3) were 

required to reduce greenhouse gas emissions from six types of gases by at least 5% 

compared to 1990 levels by 2012. 

2. In 2015, the Paris Agreement was agreed upon, and it became the first framework in 

which all 196 countries that are members of the twelfth United Nations Framework 

Convention on Climate Change (COP3) participated. 

3. The Paris Agreement stipulates that efforts should be made to keep the rise in average 

global temperature since the Industrial Revolution below 2ÁC. Efforts should be made 

to keep it within 1.5ÁC if possible. 

 

Examples of corporate activities for 2050 

1. Environmental Toyota Challenge 2050 
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Factory status of high-energy-type factories 

1. Toyota Motor Corporationôs factories (entire multiple factories) 

2. Toyota Motor Hokkaidoôs factories mainly for casting and die-casting parts 

3. Factories specializing in casting 

 

 

Introduction 

 

1.About climate change 

 

(1)  Impact on the Earth 

 In recent years, natural disasters such as massive typhoons, landslides caused by heavy rains, and 

large-scale wildfires have occurred frequently around the world, causing tremendous damage. The 

main cause of these disasters is considered to be climate change due to global warming.  

 

(2) Temperature rise 

 In fact, the average annual temperature in the world has risen by more than 1ÁC compared to before 

the Industrial Revolution (late 18th century). If this trend continues, it is estimated that the 

temperature will rise by about 5ÁC by 2100 compared to the present. 

 

(3) Future predictions  

  It is said that more large-scale natural disasters will occur, and ecological changes and environmental 

destruction will accelerate.  

 

(4) The need for action  

  With the melting of the permafrost in the Arctic and Antarctic regions, the disappearance of land due 

to rising sea levels is a concern, and climate change measures are urgently needed for a sustainable 

future for humanity. 

 

(5) Corporate response  

  It is necessary for companies to incorporate measures to address climate change into their business 

strategies. Information disclosure is also required from investors and the financial industry. 

 

2.Relevant Laws and Regulations 

 

(1) In 1997 
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 The Kyoto Protocol was adopted, and all participating advanced countries at the 3rd Conference of the 

Parties to the United Nations Framework Convention on Climate Change (COP3) were obligated to 

reduce the emissions of six greenhouse gases by at least 5% from 1990 levels by 2012. 

 

(2) In 2015 

 The Paris Agreement was agreed upon, and it became the first framework in which all 196 member 

countries of the United Nations Framework Convention on Climate Change (COP3) participated. 

The Paris Agreement stipulates that efforts should be made to keep the rise in the worldôs average 

temperature since the Industrial Revolution to below 2 , and preferably to within 1.5 . 

 

(3) In 2020 

 Prime Minister Suga declared in his policy speech that Japan aims to achieve carbon neutrality and a 

decarbonized society by 2050, which was submitted to the United Nations in 2021. 

 

(4) As for the worldôs trends 

 144 countries are expected to achieve carbon neutrality by 2050. The total amount of carbon dioxide 

emissions in the world is ranked 1st in China at 28.4%, 2nd in the United States at 14.7%, and 6th in 

Japan at 3.2%. In 2020, Chinese President Xi Jinping announced that he would aim for carbon 

neutrality by 2060 by reducing carbon dioxide emissions by 2030. 

 

 

3. Corporate Environmental Management 

 

(1) Changes in the situation surrounding global environmental activities 

 

1) Sustainability Transformation 
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(2) Disclosure of climate change measures required for listed companies 

 

1) Revision of the Corporate Governance Code in line with the market reorganization of the Tokyo 

Stock Exchange 

 

 

 

(2) Disclosure of climate change measures required for listed companies 

 

2) Climate-related financial information disclosure task force 
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(3) Scope 3 Decarbonization including supply chain 

 

 Emissions must be calculated under Scope 3 in accordance with the prescribed calculation rules 

under the GHG protocol. 
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4. Regarding investments in GX 

 (Green Transformation) by foreign countries 

 

Each country Government support etc. Reduction target (in 2030) 

1.United States Approximately 50 trillion yen in 

10 years 

50-52% (compared to 2005) 

2.Germany Approximately 7 trillion yen 

mainly over 2 years 

55% (compared to 1990) 

3.France Approximately 4 trillion yen in 2 

years 

55% (compared to 1990) 

4. UK Approximately 4 trillion yen in 8 

years 

68% (compared to 1990) 
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5.Example of corporate activities compatible with 2050 at Toyota Motor Corporation(TMC) 

 

(1) Environmental Challenge 2050 

 

1. Own renewable energy generation 

2. Deployment of energy-saving technology in production and sales 

3. Improvement of electric vehicle line according to use and local energy business 

4. Disposal Reuse and recycling of used batteries (3R) 

 

Citing TMC Environmental Report 2020 

 

(2) Positioning of the 7th Environmental Action Plan and 2025 targets 

 

1. 1997, 2.2010 7th, 3.2030 Milestone, 4.2050 Environmental   Challenge to goal1. New car 

CO2 zero charge reduction of new car average CO2 by 30% (compared to 2010) 

2. Factory CO2 Zero Challenge Global factory CO2 reduction by 30% (compared to 2013) 

3. Life cycle (manufacturing and driving) CO2 reduction of 18% or more (compared to 2013) 

4. Water usage reduced by 3%/vehicle (compared to 2013) 

5. Scrap car model processing facility installation completed as planned, Building a safe and 

efficient battery 3R system 

6. A factory that coexists with nature 

 

(3) 2025 target 

 

1. Average new car CO2       

   30% or more reduction (compared to 2010)  

      Cumulative electric vehicle sales: 30 million units or more 

 

(4) Global new car average CO2 

 

1. Compared to 2010 

   Reduction of 30% or more in 2025 

   35% reduction in 2030 

   90% reduction in 2050 
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(5) Factory CO2 zero charge range 

 

1. Approximately 50% reduction in new factory (innovative technology + daily management) 

compared to 2001 

2. Introduction of innovative technology in the painting process (electrostatic atomization, etc.). 

CO2 reduction approximately 7%, etc. 

3. 100% renewable energy electrification of FCV production line 

4. 100% renewable energy electricity at overseas factories 

5. 100% renewable energy electrification at domestic development bases 

6. Start of construction of wind turbines, installation of solar cells 

7. Utilization of hydrogen as thermal energy 

8. A factory that coexists with nature Approximately 12 million trees planted within the factory 

 

(6) Measures to achieve carbon neutrality 

 

1. Factories that have casting and painting processes are actively   

     promoting energy-saving measures, but it is difficult to achieve their targets. 

2. Electrification measures, including renewable energy electrification,  

     are likely to become a pillar. 

 

2050 (TMC case) 

 

Exhibition: Toyota Sustainability Data Book 2021 

https://global.toyota/jp/sustainability/report/sdb/ 
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6. Actual status of high energy type factories 

 

(1) Toyota Motors factories (all multiple factories) 

 

Process Unit ( % ) 

Painting  28% 

Casting 18% 

Machine 12% 

Air conditioning 11% 

Others 31% 

 

 

In assembly plants without a casting process, the energy consumption of the painting process increases 

to approximately 50%. 

 

(2) Toyota Motor Hokkaido factory mainly produces casting and die-cast parts 

 

Citing Toyota Motor Hokkaido Environmental Report 2021 

  

28%

18%

12%

11%

31%

Percentage of Process ( % )

Painting Casting

Machine Air conditioning

Others
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Purchase details Unit ( % ) 

Electricity 33% 

Natural gas 63% 

Heavy oil 2% 

LPG 2% 

 

 

 

1. Power consumption of the entire factory: 183.33 million KW 

2. Self-consumption type mega solar 3.2ha (5920 pieces) Rated output 1990KW, 1.5% of the entire 

factory 

 

3Foundry specialist factory 

 

(1) Purchased power  

         25 million K Wh 

 

(2) Purchased electricity bill  

        approximately 400 million yen/year 

 

33%

63%

2%2%

Percentage of Purchase details( % )

Electricity Natural gas Heavy oil LPG
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(3) Sales amount  

        approximately 3.2 billion yen/year 

 

 

7. Industries that consume a lot of electricity and are difficult to save energy 

 

(1) Convenience store industry 

 

 Power consumption at convenience stores. It is said to be about 500KWh/day 

 Electricity fee: 400,000 to 500,000 yen/month 

 Contents 
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 Consumption use Unit (%) 

1 Refrigeration equipment 47% 

2 Air conditioning 20% 

3 Illumination 17% 

4 Others 16% 

 

 

 

Approximately 30 times the power consumption of a home 

 

 Main consumption uses are refrigeration equipment and air conditioning.  

There is a limit to the significant reduction in power consumption through energy saving. 

 

 

  

47%

20%

17%

16%

Percentage of Consumption use (%)

Refrigeration equipment Air conditioning Illumination Others
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8. Power consumption and supply output 

 

kind Power consumption 

(10,000 KW/year) 

Power generation 

capacity (KW) 

General housing 0.50.8 0.60.9 

convenience store 

  57,000  

  stores/nationwide 

1520 1520 

Casting related 

   30,000 to 50,000   

   companies/nationwide 

2,0002,500 2,5003,000 

Large company (car) 2 6Ĭ10,000 4 13Ĭ10,000 

Reference: 

 Nuclear power 

88Ĭ10,000 100Ĭ10,000 

Reference: firepower 114Ĭ10,000 130Ĭ10,000 

 

9.Reference materials 

 

(1) Top 3 electricity consumption countries 

 

Rank Country name Annual electricity consumption 

amountKWh 

 China 4,433 billion 

 America 4,127 billion 
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 Japan 1,030 billion 

 

 Power consumption is 3rd in the world and has a huge track   

        record 

 Drastic measures are required to decarbonize 

 

 

(2) Estimation of average power usage of passenger cars 

 

Estimation of average power usage for 

passenger cars 

Statement by TMC Chairman Akio 

Toyoda 

1)30KWh/day (70% cover) 10KWĬ3H 1)30KWh/day (70% cover) 10KWĬ3H 

2)Share 30%  

approximately 15 million units 

4 million units  

Electric energy 450 million KWh Electric energy 120 million KWh 

Year (200 days) 90 billion KWh Year (200 days) 36 billion KWh 

power ratio Approximately 9% power ratio Approximately 3.6% 

 

 Impact of the spread of EVs on electricity will put pressure on the electricity surplus of 3% from 

FY2028, making it a challenge to secure the same amount of power every year. 

It will be necessary to add four 1 million kW class power plants. 

 

(3) Estimation of power generation system to achieve carbon neutrality 

 

Raw material breakdown As of 2019(%) 2030 forecast(%) 

Firepower (coal) 31.9% 15.0% 

Firepower (natural gas) 37.1% 24.0% 

Firepower(oil) 6.8% 4.0% 
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Firepower(natural fuel) 0.0% 5.0% 

nuclear power 6.2% 20.0% 

water power 7.7% 10.0% 

Sun light 5.7% 15.0% 

Others (including wind and 

geothermal 1%) 
4.6% 7.0% 

 

 

 

 

 

31.9%

37.1%

6.8%

0.0%

6.2%

7.7%

5.7%
4.6%

Raw material breakdown of 2019(%)

Firepower (coal) Firepower (natural gas)

Firepower(oil) Firepower(natural fuel)

nuclear power water power

Sun light Others (including wind and geothermal 1%)
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FY2019 Data from the Agency for Natural Resources and Energy 

FY2030 Data Energy Basic Plan Ministry of Economy, Trade and Industry 

22.8.24 Nuclear government policy changed, Plan to significantly increase dependence on power 

generation. 6.2 Ÿ 20% (previously 10% forecast) 

Nuclear power plants in operation: 7 Ÿ 17Extension of operation period from 40 years to over 

60 years. Next generation nuclear power plant (innovative light water reactor) 

According to national estimates, power generation using fossil fuels. It is expected to be 

approximately 76% in 2019 and approximately 43% in 2030. 

Even in 2030, it will not be possible to achieve a reduction of less than half compared to 2019.It 

seems difficult. 

 

Conclusion 

 

 Requests to JCF and related companies 

 

1) I talked about the need for global warming countermeasures, using electric energy as an example.  

2)  Carbon neutral is a goal for the time being (2050) and further reduction of greenhouse gas emissions 

It is necessary to continue progressing.  

3)  Efforts to reduce emissions are being aggressively pursued by each person in their respective 

positions.  

15.0%

24.0%

4.0%
5.0%

20.0%

10.0%

15.0%

7.0%

Raw material breakdownof 2030 forecast(%)

Firepower (coal) Firepower (natural gas)

Firepower(oil) Firepower(natural fuel)

nuclear power water power

Sun light Others (including wind and geothermal 1%)
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4)  Achieving goals may not be possible with energy-saving technology or human effort alone. It's a 

fact.  

5)  I believe it is important to secure a new, safe, stable, and inexpensive power source.   

6)  QHE (Quantum Hydrogen Energy), which is being worked on at JCF, is a promising way to make 

this happen. I believe that it is one of the best sources of energy. 

 

 

References  

 

[1] Cited from Toyota Motor Environmental Report 2020 

[2] Cited from Toyota Motor Hokkaido Environmental Report 2021 

[3] Data from Resource Energy Agency for Fiscal Year 2019 

[4] Data for Fiscal Year 2030 from Basic Energy Plan of Ministry of Economy, Trade and Industry 

 

 

 

  



72 

 

Metal Crystal Confinement Fusion Reactor 

 

Kazuo Ooyama 

 Ooyama Power Inc. 

k1@ ooyama-power.com 

 

Abstract 

In the 1989 paper by S. Pons and M. Fleischmann, they were misled into adding more D to Pd. However, if we 

focus on an experiment in which heat generation occurred after electrolysis was published in a subsequent paper, 

it appears that, contrary to their assumption, there is not much deuterium in solid solution in the Pd electrode. 

Considering that long-term electrolysis is required, we conclude that it is important for Li to form a solid solution 

in the Pd cathode.  Since the Ŭ' phase of Pd, which contains a large amount of hydrogen in solid solution, cannot 

contain Li as a solid solution, it is inferred that the Pd electrode was maintained in the Ŭ phase, which does not 

contain much hydrogen in solid solution. 

We determined that the heat generated after electrolysis was the result of the Fusion Chain Reaction involving 

D and Li in the Ŭ phase of Pd. For this reason, we at Ooyama Power Inc. are conducting research and development 

on Metal Crystal Confinement Fusion Reactors. The experimental Metal Crystal Confinement Fusion Reactor that 

we built did not produce any heat, but unexpected radiation was generated, and we believe that it was able to start 

up. To further advance the development of metal crystal confinement fusion reactors, it is necessary to involve 

many researchers, as humanity lacks knowledge. In particular, the participation of basic materials researchers, such 

as the accurate ternary phase diagram of Pd-Li-D, and nuclear physics researchers, who are working to complete 

the theory of Fusion Chain Reactions in metal, is essential. 

 

Keyword: Heat after Death, Metal Crystal Confinement, Fusion Reactor, Pd-H phase diagram, Pd-Li phase 

diagram, Pd-Li-H ternary state diagram, Nuclear Force, Fusion Chain Reaction 

 

1. Introduction 

The Metal Crystal Confinement Fusion Reactor is a name that corresponds to the magnetic 

confinement fusion reactor currently under development. The magnetic confinement fusion 

reactor is a reactor that confines plasma using a strong magnetic field and extracts the energy 

for the DT reaction, which is more likely to occur than the DD reaction. There are many issues 

with the magnetic confinement fusion reactor, and there are many opinions that it is impossible 

to implement. 

The biggest issue is the development of a blanket section between the plasma and the 
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superconducting coil. In the DT reaction, it is necessary to recover heat from the energy of the 

emitted neutrons, and at the same time, it is necessary to guide the neutrons to the 6Li atomic 

nucleus to reproduce T and establish a fuel cycle. Therefore, the blanket part must have a 

structure that allows it to retain 6Li and extract T at the same time as it extracts heat for power 

generation, while undergoing irradiation embrittlement due to intense neutron irradiation 

generated in the DT nuclear reaction. While it is necessary to solve the problem of activation, 

it is also necessary to avoid heat transfer to the superconducting coils as much as possible. 

If the heat of the plasma is transferred to the superconducting coil at an extremely low 

temperature, that amount of heat must be discharged to maintain the superconducting state. It 

is necessary to use the generated electricity to drive the cooling device, so it is essential to make 

it large to reduce heat loss. Furthermore, it is necessary to extract high-temperature thermal 

fluid for power generation, supply 6Li, extract generated T, supply D and T as fuel, and remove 

generated 4He from the plasma. For these reasons, it is necessary to provide gaps in the 

superconducting coils at extremely low temperatures, which will be a future issue. 

In contrast, the Metal Crystal Confinement Fusion Reactor being researched and developed 

by Ooyama Power Inc. confines high-energy ions, which correspond to plasma, not in a 

magnetic field but in the channeling paths of a metal crystal lattice. Since there is no need for 

superconducting coils and there is no need to maintain a cryogenic area, it can be used simply 

as a heat source. Heat generation has been confirmed in grams of Pd metal, and if reliable start-

up conditions and continuous operation can be established, an extremely compact fusion reactor 

could be realized and could become a future energy source for humanity. 

 

2. What did S. Pons and M. Fleischmann do and see? 

In 1989, S. Pons and M. Fleischmann published the first paper [1], but the paper did not 

contain any information about the equipment, and the quality of the paper was poor. The paper 

states that ña substantial portion of the cathode fused (melting point 1544), part of it 

vaporized, and the cell and contents and a part of the fume cupboard housing the experiment 

were destroyed [1]ò. However, we don't know what kind of experiment he conducted. The paper 

also has a poor way of summarizing the results, and the statement ñExcess enthalpy generation 

is markedly dependent on the applied current density and is proportional to the volume of the 

electrodes [1]ò misled everyone, including themselves, toward adding more D to Pd. 
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Fig. 1 The temperature-time curve for a cell being driven to boiling showing also the initial part 

of the cooling curve - 2 mm length Pd cathode polarized in 0.1M LiOD in D2O; final cell 

current: 500 mA [2]. 

 

In 1994, they published a paper titled "HEAT AFTER DEATH [2]". Five years after its 

release in 1989, they looked back at what had happened and came to believe that Heat After 

Death was an important phenomenon. Figure 1 shows the temperature change in the electrolytic 

cell, and shows that after 192 days of electrolysis, the Pd cathode remained at a high temperature 

for about 3 hours after the electrolyte evaporated and no current flowed. This heat generation 

after electrolysis is called "Heat after Death" [2]. 

Let's reread their paper with a focus on this ñHeat after Deathò. Their 1992 paper states the 

following [3]. They are conducting electrolysis experiments using a Galvanostatic (constant 

current control device) to ultimately increase the voltage to 100V and evaporate the electrolyte. 

Four Cells were lined up and electrolyzed at 200 mA, which was increased to 500 mA on the 



75 

 

3rd, 6th, and 9th day. The Cell that showed "Heat after Death" was increased to 500 mA on the 

third day, and "Heat after Death" occurred after the end of electrolysis for 16.6 million seconds 

= 192 days. Figure 2 shows the voltage and temperature changes over time during electrolysis 

of the Cell [3]. 

 

 

Fig. 2 Temperature-time and potential-time profiles for four 12.5 Ĭ 2mm palladium electrodes 

polarized in heavy water (0.1M LiOD). The input enthalpies and the excess enthalpy outputs at 

selected times are indicated on the diagrams. The initial current was 0.200A, which was 

increased to 0.500A at the beginning of days 3 [3]. 
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Fig. 3 Schematic diagram of the single compartment vacuum Dewar open calorimeter cells 

used in this work [4]. 

 

Figure 3 shows a schematic diagram of the electrolysis cell used in these experiments [4]. 

Figure 2 shows that the size of the Pd cathode is 12.5Ĭ2 mm [4]. In Figure 1, it is written as 2 

mm length, so we will proceed with the discussion as a 12.5 square, 2t, 3.7g Pd electrode. In 

the explanation of another figure in the paper [4], there is a statement that ñduring 400mA 5V 

electrolysis, the cell temperature rises to 30  at a room temperature of 21 ,'' so 2W would 

increase the cell temperature by about 9 . This means that if the cell is maintained at 100ÁC 

during "Heat after Death", it will generate heat of at least 17.5W or more, or 496W/mol per Pd 

amount.  

In addition, as a similar phenomenon, Mizuno's book also mentions that the electrolytic cell 

generated heat for 12 days after the completion of electrolysis [5]. However, this book is not a 
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paper, but merely a story that Mizuno wrote in 2005 about his experiments in 1990-1991. There 

are many contradictions in the content, and the graphs have been manipulated. For example, it 

is written that a 10 mm fluorinated resin cell was placed inside a reaction vessel with a height 

of 20 cm, external diameter of 9 cm, and internal diameter of 7 cm [5], so the inner diameter of 

the fluororesin cell is 5 cm, the internal height is 16 cm, and the internal volume is 314 cc. A 

ű10Ĭ100 Pd electrode and 400cc of heavy water will not fit there.  

In addition, the cell is sealed, and the deuterium generated by electrolysis that does not enter 

the Pd electrode becomes gas, which reacts with the oxygen gas generated by electrolysis and 

the Pt oxidation catalyst, returning to heavy water. In other words, the higher the cell internal 

pressure, the higher D/Pd should be. However, the D/Pd in the fourth cycle, which is around 7 

atm, is at its maximum compared to the first cycle, which is as high as 13 atm [5]. 

In fact, there are no reports that anyone, including himself, has succeeded in taking the make-

up exam based on the contents of this book. 

 

3. ñHeat after Deathò occurs in the Ŭ phase with less D 

 

Fig. 4 State diagram of palladium and hydrogen with pressure on vertical axis [6]. 

 

As shown in Figure 3, electrolysis is performed in a single glass container that contains an 

anode and a cathode and is open to the atmosphere, so there is always an excess of oxygen 

inside the cell. Just before the electrolyte runs out, the Pd cathode is surrounded by water vapor, 
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and the cell temperature is maintained at 100 by discharge. When "Heat after Death" occurs 

and the cell temperature is 100ÁC, the internal gas should be mainly water vapor, some air, and 

a small amount of deuterium gas. 

Figure 4 is a phase diagram of Pd and H with pressure on the vertical axis [6]. The point at 

the right end of the diagram where H/Pd = 0.8 has a molar ratio of H: (Pd + H) = 0.444. If the 

hydrogen pressure is lower than 0.1bar at 100, Ŭô phase cannot be formed. 

 

 

Fig. 5 State diagram of palladium and hydrogen with temperature on vertical axis 

calculated with CaTCalc [7]. 

 

Figure 5 is a phase diagram of Pd and H, where the vertical axis is temperature and the 

pressure is 0.02 bar, which we created using the software CaTCalc [7] from the Research 

Institute of Computational Thermodynamics (RICT), Inc. The horizontal axis is the molar ratio 

of H, and the 0.5 point at the right end of the diagram corresponds to 1.0 when converted to 

H/Pd. This is a more general phase diagram, and it can be clearly seen that the Ŭ' phase does 

not exist at 100. Since the Ŭ' phase does not occur unless the hydrogen pressure is high, it 
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can be said that Pd is in the Ŭ phase when ñHeat after Deathò is being generated. As related 

information, when Pd repeatedly absorbs and releases deuterium, causing phase transformation 

in which the lattice constant changes many times, work hardening occurs due to volume 

changes, making it difficult to absorb and release hydrogen. 

 

4. The Li in Pd is a requirement for the generation of ñHeat after deathò 

Have you forgotten that they did electrolysis for a long time? No matter how long the 

electrolysis lasts, D will never dissolve into Pd at a concentration higher than that shown in the 

phase diagram. What happens when electrolysis is continued for a long time using heavy water 

D2O dissolved in LiOD? The answer is that Li is dissolved in Pd. If this is an essential 

requirement for "Heat after Death", then analysis of Pd electrodes should confirm evidence of 

consumption and reproduction of solute Li. When I was thinking about how to arrive at this 

evidence, I came across Figure 6, published in a paper by Okamoto et al [8]. 

 

Fig. 6 The typical examples of depth profiles observed by SIMS analysis [8].  

 

It is stated that the Pd-5 electrode in Figure 6 did not generate heat or neutrons during 

electrolysis [8]. The amount of deuterium and hydrogen is abnormally low compared to other 

samples, the amount of Li is large, and the diffusion of Li is progressing, so we believe that 

there is a history of exposure to high temperatures. From these facts, it is thought that the Pd-5 

electrode is experiencing ñHeat after Deathò. 
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The secondary ion number lines 6Li and 7Li intersect at a depth of 50000 ¡. Originally, the 

isotope ratio in nature is constant at 6Li/7Li = 7.5/92.5, so the two lines should be parallel. 

Although Okamoto et al. did not mention this point, the difference in diffusion coefficient due 

to the difference in isotope mass cannot be this large, so this is clear evidence that 6Li was 

generated inside the Pd-5 electrode. 

I confirmed the reliability of this data with Odawara, co-author of the paper [8] and in charge 

of SIMS, and asked him about the measurement equipment and measurement conditions. We 

prepared a standard sample in which Pd was doped with a fixed amount of 6Li, and measured 

secondary ions by SIMS under the same conditions as possible. We estimated the 6Li 

concentration at a depth of 50,000 ¡ (5ɛm) in Pd-5, where 6Li is thought to be actively produced, 

to be 0.059 mol% [9]. 

The production of 6Li is evidence of the following Fusion Chain Reaction [10]. 

A) X + 2H Ÿ X + d 

High-energy particles in nature, X, collide with 2H nuclei in Pd, producing d ions. 

B) d + 2H Ÿ 4He 

D ions collide with D nuclei, and 4He nuclei are generated. 

C) d + 4He Ÿ 6Li 

The d ions collide with the 4He nuclei, producing 6Li nuclei. 

D) d + 6Li Ÿ 2Ŭ (22.4MeV) 

The d ions collide with the 6Li atomic nuclei, producing two high-energy alpha ions. The Ŭ ions 

become X of formula A, and Fusion Chain Reaction occurs. 

 

Here we present important information. The Ŭ' phase of Pd does not dissolve Li as a solid 

solution. The above-mentioned Pd-5 electrode in which Li is dissolved in solid solution should 

maintain an Ŭ phase with a small amount of hydrogen in solid solution. In other words, if you 

are going to carry out a follow-up test for "Heat after death", it is a mistake to try to add a lot 

of D to Pd, and it is necessary to maintain the Ŭ phase with little D and dissolve Li as a solid 

solution. To make maximum use of the properties of metal crystals, annealed pure Pd with less 

strain should be used as Pd. It should be noted that even if a large amount of D is added to Pd 

and then the D is removed by baking, Pd will still have deformation strain and will not return 

to the initial Pd with less strain. 
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5.  Experimental reactor 

 

 

Fig. 7 ű76 Pd sample doped with 6Li and Ŭ-ray source 

 

Based on the above idea, we built an experimental reactor. Figure 7 shows the experimental 

reactor immediately before assembly, with the startup and Ŭ-ray sources placed on top of a 

ű76Pd sample doped with 6Li. Figure 8 shows the assembled reactor. A metal O-ring is used 

for the seal. 

The Pd sample used was a 99.95% product, ű76 x 1t, weight: 53.70g, vacuum annealed at 

1400ÁC for 1 hour. We chose doping with 6Li ions as a method to dissolve a small amount of 6Li 

in solid solution. Since the 6Li concentration at a depth of 5 ɛm in Figure 6 was estimated to be 

0.059 mol%, the Pd sample was doped with 180 keV 6Li ions so that the peak concentration was 

0.177 mol%, three times 0.059 mol%. As an alternative to high-energy radiation from nature, an 
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8,000 Bq 241Am alpha source that emits 8,000 alpha particles per second was placed above the 

Pd sample. 

 

 

Fig. 8 Metal crystal confinement experimental fusion reactor 

 

The Pd sample from the 5th experiment that showed a reaction, introduced here, was a sample 

from the 4th experiment annealed at 1000ÁC for 1 hour and additionally doped with 6Li ions. 

The 4th experiment was conducted in October 2018. It was intended that most of the absorbed 

deuterium would be released by leaving it in an atmosphere containing only 0.00005 mol% of 

H2 gas for a long time and annealing it at 1000. However, in reality, additional annealing at 

1000ÁC was performed in a nitrogen (N2) gas atmosphere containing 2% light hydrogen (H2) 

gas. After that, it was cooled in the furnace, the atmosphere gas was changed to Ar at 600, 

and it was taken out to the atmosphere at 100. Looking at the phase diagram in Figure 5, the 

solid solution amount of hydrogen in Pd at 600ÁC and 0.02 bar is 0.127 mol%. From this point 

on, the temperature was lowered in the atmosphere where the hydrogen partial pressure was 

almost 0, so the amount of hydrogen in solid solution decreased, but as the temperature 

approached room temperature, the diffusion coefficient decreased, and it is thought that some 

light hydrogen remained. 
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The 5th experiment began at 16 o'clock on January 22, 2019, when I started vacuuming with 

a rotary pump at room temperature. When I raised the temperature to 75 on the 23rd at 8 

o'clock and continued to vacuum. At 10:31 on the 24th, the ɔ ray survey meter was displaying 

0.400ɛSv/h or more. The background was 0.020 to 0.050ɛSv/h. (I would like to note that after 

the ɔ ray survey meter was sent for calibration after the experiment, the double value started to 

be displayed.) At 10:51, 0.130ɛSv/h was displayed, but at 11:40, the numbers rose again and 

displayed 0.376ɛSv/h. When I attached the ɔ ray survey meter to the outside wall of the furnace, 

an alarm sounded, and when I took it to another location, it showed 0.020ɛSv/h. It is clear that 

ɔ rays are being emitted from the reactor. As the vacuum continues, the ɔ rays return to normal 

at 11:58. 

The ɔ rays emitted from the experimental reactor are thought to be generated by the following 

reaction. 

Ŭ + H Ÿ Ŭ + p 

p + 6Li Ÿ e+ + 7Li 

p + 6Li Ÿ 4He + 3He 

First, alpha rays cause elastic scattering with light hydrogen nuclei, producing many p ions. 

The p ions cause a nuclear reaction with the 6Li atomic nuclei, and in the process of the reaction 

that generates the 7Be nuclei, positrons are released, and the 7Li nuclei are generated. I believe 

that ɔ rays were observed when the emitted positrons were annihilated at this time. In addition, 

p ions cause a nuclear reaction with 6Li atomic nuclei, and 3He nuclei are generated at the same 

time as Ŭ nuclei. Since the alpha nuclei and 3He nuclei at the time have energy, they cause elastic 

scattering with light hydrogen nuclei, and p ions are generated again. I believe that I have 

confirmed the activation of Fusion Chain Reaction using light hydrogen and 6Li as described 

above.  

After that, there was no change even after continuing to vacuum, so at 14:58 on the 24th, I 

started supplying deuterium gas at 0.1 SCCM. I supplied gas intermittently to wait for the gas 

to be absorbed by the Pd and to prevent the pressure from building up. I supplied for the fifth 

time at 18:59, and supplied a total of 0.258cc. The calculated space volume inside the furnace 

is 27cc. While I was waiting for the internal pressure to stabilize, at 19:30, the neutron survey 

meter emitted a continuous sound. While I was waiting for the internal pressure to stabilize, the 

display on the ɔ ray survey meter started to get larger at 19:30, reaching 0.100ɛSv/h at 19:34, 

and at 19:38 the display started to drop. At that time, the neutron survey meter emitted an alarm-

like sound and when I turned around, it was displayed at 3.40ɛSv/h (the confirmed value) or 

higher. A neutron burst had occurred. 

Figure 9 shows the record of neutron measurements taken every 5 minutes at that time. The 

numbers circled in red represent the neutron burst. The cumulative dose increased from 0.15ɛSv 
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to 4.52ɛSv, and the corrected count shows 3513.5/5 minutes. 

Since then, many small ɔ-ray bursts and neutron bursts have been confirmed. January 26th, 

9:03 am: Confirmed neutron reading of 16 ɛSv/h. Correction count 100.5/5 minutes. January 

27th, 17:35: Confirmed neutron reading of 3.02ɛSv/h. Correction count 37.5/5 minutes 

 

Fig. 9 Records containing neutron bursts 

 

I believe that the neutron explosion observed after supplying 0.258cc of deuterium gas was 

caused by the following reaction. 

Ŭ + D Ÿ Ŭ + d 

d + 6Li Ÿ 2Ŭ (18.1MeV) 

d  + 7Li Ÿ Ŭ (7.9MeV) + 5He(6.3MeV) Ÿ 2Ŭ + n (0.9MeV) 

There is more deuterium than light hydrogen dissolved in Pd, and alpha rays cause elastic 

scattering with deuterium nuclei, producing many d ions. The d ions cause a nuclear reaction 

with the 6Li nucleie, new high-energy Ŭ ions are generated, and the d ion production reaction is 

promoted. If the Fusion Chain Reaction occurs in the region where 7Li produced by reaction 

with light hydrogen is accumulated, the d ions undergo nuclear reactions with the 7Li nucleie, 

producing alpha ions and neutrons. In other words, the Fusion Chain Reaction using deuterium 

was activated, and neutrons are thought to be generated by the contamination of the impurity 
7Li. 
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6. Humanity`s knowledge is insufficient to elucidate cold fusion 

 

 

 Fig. 10 Li-Pd phase diagram [11] 

 

Figure 10 shows a well-known Pd-Li phase diagram [11]. We should pay attention to the PdŬ 

phase at the right end, but the dotted lines are estimated lines. 

Figure 11 is a Pd-Li phase diagram that we created using the CaTCalc [7] database, with data 

modified based on the paper [12]. Figure 11 is also estimated figure and the PdŬ phase is on the 

left. Since the lattice of Pd shrinks when Li is dissolved in solid solution, H should become 

difficult to dissolve in solid solution, but there is a contradiction in that the statement in the 

paper [12] implies the existence of a mechanism that increases the solubility of H in solid 

solution of Li. . 
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Fig. 11 Estimated Pd-Li phase diagram calculated with CaTCalc [7]. 

 

Figure 12 is an estimated state diagram of Pd-Li-H 3 elements that we created using the same 

CaTCalc [7] database as Figure 11. Naturally, this figure is also provisional. Naturally, this 

figure is also a estimated figure. In order to generate "Heat after Death", the retention time of 

the fusion chain reaction must be extended, and this phase diagram must be made accurate. 

In addition, the fusion chain reaction theory and the nuclear reaction theory in metals are not 

yet completed and are not generally accepted as theories. I believe that "Heat after Death" is a 

common phenomenon with many phenomena left unexplained in the field of nuclear physics. I 

believe that if we can explain these theoretically, we can complete the theory. I believe that if 

we can explain these theoretically, we will be able to complete the above theories. The author 

is currently submitting the revised nuclear force to a specialized journal. 

Here is a list of phenomena that remain unexplained in the field of nuclear physics. 

1. Explanation of the reaction cross section forms of neutrons for nuclei. 


