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Preface JCF4
Preface

This book is Proceedings of the 4t Meeting of Japan CF-Research Society, JCF4 which was held
at Iwate University, Morioka Japan, on October 17-18, 2002.

Japan CF-Research Society (JCF) was established in March 1999. The main aim of the society is
to investigate the nuclear reactions that occur in the solid-state or condensed matter, especially in low
energy regions. CF stands for Condensed-matter Fusion, Coherently-induced Fusion, Cleaner Fission,
Cold Fusion and other nuclear reactions in condensed matter. And the main goal is expected to
develop science and technologies to extract useable energy from CF phenomena. CF researches cross
traditional academic domains and require an interdisciplinary approach in collaboration efforts of
nuclear physics, fusion science, radiation physics, condensed-matter physics, surface and catalysis
science, metallurgy, hydrogen science, electrochemistry, calorimetry, accelerator and beam science,
laser science, nuclear and quantum-science and engineering, molecular dynamics, acoustics,
thermodynamics, physical chemistry, and so on. Another significant goal of the society is to enhance
Japan’s role as a focal point of research in this area and to act as a clearing house for international
cooperation and information exchange. This commonly reasons why we employ English as conference
language and publish books of ABSTRACTS and PROCEEDINGS in English. For the past three
meetings, JCF1, JCF2 and JCF3, we published books of ABSTRACTS only on our web-site
(http://www.eng.osaka-u.ac.jp/nuc/03/muc03web/JCF/). The society has decided to issue books of
PROCEEDINGS for further meetings from the JCF4 meeting, as printed versions and electronic
versions in our web-site.

Submitted papers to JCF4 were peer-reviewed by the editorial board (Chairman: Prof. Hiroshi
Yamada, Iwate University). One or two reviewers were selected by the board to review papers,
comment problems and errors, return to authors for correction. Most papers were accepted to publish

via one-through reviewing processes with minor corrections.

In JCF4 Meeting, there came about 50 participants and 26 papers were presented (see JCF4
ABSTRACTS). This book of JCF4 PROCEEDINGS contains 21 full papers through submission and
reviewing processes. For non-JCF members, inquiry to obtain a copy of book should be sent to Prof.
Hiroshi Yamada (Faculty of Engineering, Iwate  University, Morioka  Japan;

yamada@dragon elc.iwate-u.ac.jp).

We thank all participants of JCF4 for their efforts to make this PROCEEDINGS and hope the
information of this proceedings useful to further progress of CF studies.

Akito Takahashi (Prof., Osaka University), Director-in-Chief of JCF

Hiroshi Yamada (Prof., Iwate University), Chairman of JCF Editorial Board

January, 2003



CONTENTS

Preface

A. Takahashi and H. Yamada-------------==----==sssrmmsommrocsemmmoorenmsssnmmsoens

ELECTROLYSIS

Performance of Electrolysis Cell and Thermal Behavior of Deuterated Metals
in 0.1M LiOD

H. Numata----------===ss--=smmesmommssssosrmmcocemosoomsommenaanns oo nm s s m s m e e

Heat Measurement during Light Water Electrolysis using Flow Cell (I

H. Inoue, M. Fyjii, S. Mitsushima, N. Kamiya and K. Ota------------=======-=

Analysis of Production Elements on Pd Surface after Light and Heavy Water
Electrolysis

T. Sato, S. Sasaki, T. Kubozono, S. Narita, H. Yamada and T. Ohmori------

Nuclear Reaction Occurring in Light Water Electrolysis on Gold and Cobalt
Cathode Electrode

S. Sasaki, T. Sato, T. Kubozono, S. Narita, H. Yamada and T. Ohmori------

Unexpected Detection of New Elements in Electrolytic Experiments
with Deuterated Ethyl-Alcohol, Pd Wire, Sr and Hg Salts
F. Celani, A. Spallone, P. Marini, V. di Stefano, M. Nakamura,
A. Mancini, G. D’ Agostaro, E. Righi, G. Trenta, P. Quercia, C. Catena,
V. Andreassi, F. Fontana, D. Garbelli, L. Gamberale, D. Azzarone,

E. Celia, F. Falcioni, M. Marchesini and E. Novaro-------------===s=smosmsmomoos

Positive and Negative Energy Evolution and New Element Production
in Critical Electrolysis with Palladium Electrode in K2COs/H20 Solution

T. Ohmori, S. Narita, H. Yamada, T. Mizuno and Y. Aoki-------=-----====-="=="

Confirmation of Anomalous Hydrogen Generation by Plasma Electrolysis

T. Mizuno, T. Akimoto and T. Ohmori-----=-=====s=ss=nr=smsseesomossasosmomosoooses

Studies of Photon Source for Multi Photon Induced Fission under Plasma
Electrolysis

M. Matsunaka, T. Ohishi and A. Takahaghi-----=-=--=cs=s---ssnsossemmmmmoemannanoe

BEAM AND GAS PHASE

Reaction Yield Enhancement under Deuterium Ion Irradiation of Deuterated
Au/Pd Samples

M. Miyamoto, Y. Awa, N. Kubota, A. Taniike, Y. Furuyama and A. Kitamura

it



Analysis of Nuclear Products in Hydrogen Penetration through Palladium
H. Onodera, S. Narita, H. Yamada, H. Suzuki, N. Tanaka and T. Nyui-------------------

Observation of Heat Evolution with Palladium Hydride in the Evacuated Chamber
N. Tanaka, S. Narita, H. Yamada, T. Nyui, H. Monma, M. Baba
and E. Yamaguchi---------=--ossosmmmmmomme s oo oo

Gamma Ray Measurement and Surface Analysis on Deuterated and Hydrated
Palladium Electrode under DC Glow-like Discharge
N. Sato, R. Ito, A. Arapi, D. Kato, S. Narita, M. Itagaki and H. Yamada------------------

THEORY

Another Explanation of Pipe Rupture Incident at Hamaoka Nuclear Power Station
Unit-1 from View Point of Cold Fusion

Analysis on Neutron Induced Fission of 235U by SCS Model
M. Ohta and A. Takahaghi---==-====s=sersoserosorormmrormrmr oo cococcmnc oo ce oo e o

Possible Nuclear Transmutation of Nitrogen in Atmosphere of Earth
M. Fukuhara-------=-om-=mommoesmmomos e o e o n s s s s s e

Neutron Drops and Production of the Larger Mass-Number Nuclides in CFP
H. Kozimag--=-==-===n==n=sssmmoomoem oo oo oo oo s e m o c oo s s oo o e

Drastic Enhancement of Deuteron-Cluster Fusion by Transient Electronic

Quasi-Particle Screening
A. Takahaghi-------=--==---o-csormmmmoo oo oo e s s s e

Mass-8-and-Charge-4 Increased Transmutation by Octahedral Resonance

Fusion Model ,
A. Takahashi, Y. Iwamura and S. Kuribayasghi----=--===---=sssr=ssemsomnmcmcocaomomoncnooneonene

External and Internal Causes of Nuclear Reaction within Solids
I 1

A Possible Model for the Nuclear Reactions in Metal Vacancy Induced
by Bose-Einstein Condensation

K. Tsuchiya-----=-=-=nncscsssosmsomrms oo ce nc s c e ma s am s s cm s st s m s m s o e e e

Composition of 1/f Amplitudes Electron Wave and a Work of One Dimension
of Lattice

1ii



Performance of Electrolysis Cell and Thermal Behavior of Deuterated Metals in 0.1M LiOD

Hiroo Numata

numata@mtl .titech.ac.jp

Tokyo Institute of Technology, 2-12-1 O-okayama, Meruro-ku Tokyo Japan 152-8552
Abstract: An isoperibolic calorimeter has been constructed. To attain low noise instrumentation, a thermo-regulated tap water
has been used as a coolant, however, the abrupt change of the flow rate influences the level of the heat recovery. It is suggested
that an ordinary pump driven coolant supply equipment could attain the acceptable level of heat recovery. The function of PID
control has been checked by measuring heater current of the auxiliary heater responding to the temperature difference between

Tcell and the surroundings.

Keywords: isoperibolic calorimeter, heat calibration, data acquisition system

1. INTRODUCTION

Low noise and reliable measurement system for an
accurate data analysis are key issues to cold fusion
study. Miscellancous phenomena 2 and solid-state
3 i.e., surface voids and fault formation
the
evolution on Pd were studied using in-situ measurement

properties
during electrochemical  hydrogen/deuterium
of the physico-chemical properties of the Pd-H system
and SEM observation . The absorption of deuterium
into a Pd electrode has been known to be
inhomogeneous, there, however, is remained unsolved
yet the relationship between the generation of heat and
neutron and these peculiar surface and solid-state
phenomena.

In this experiment, a new calorimeter and data
acquisition system have been constructed. The
Joule heating calibration has evaluated the heat

transfer characteristic of the calorimeter.

2. EXPERIMENTAL
2.1 Experimental set up

An electrolytic cell with double walled water
jacket, made by transparent quartz was placed in a
Cu box (7; referred to number shown in Fig.1). It
was plugged with a silicone rubber stopper (4)
where the ports for the clectrolyte feed and evolved
gas release (12); the holders of three electrodes and
the calibration heater (2) are equipped. Electrolyte
content is 150 ml. The detail of the electrolytic cell
has been reported elsewhere 2.

In the experimental set up calibrated Pt

resistance thermometers (Netsusin Co. Ltd.) were used,

which were located in the box and the electrolytic cell,
Tin: inlet of coolant,
Tcell: electrolytic cell,
Troom: properly located in the box

Tcell room :

electrolyte,

and inserted into coolant tubing, as shown in Fig.1 The

nominal accuracy of Pt resistance thermometer is &
0.01TC.
calibrated heat generation in the previously improved

We report here our cffort to measure

cell placed in the constant temperature box (7), made by
Cu plate (0.8 mm thickness). To ascertain thermal
homogeneity in the room and the electrolytic cell four
longitudinal walls of the box are cooled/heated through
properly attached Cu tubing. As shown in Fig.1, the
temperature of a heat transfer medium in the Cu tubing
is controlled through a heat exchanger (10). Even
though the water flow is thermally regulated, the
temperature variations have been measured to be *
0.075°C due to the room temperature fluctuations,

An necessitates

accurate measurement

Tout: outlet of coolant,

space over

1 Potentiostat (Power supply)
2 Calibration heater
8 3 Stirrer chip
4 Elkctrolytic cell
5 Counter ckctrode
6 Auxiliary heater
7 Inner Cu case with properly
designed Cu cooling tube
and Outer Acrylic board
8 Gap fillked by silicon oil
9 3cm thick alumina-silica
wool
10 Heat exchanger
11 Rotor type flow meter
Tin, Tout, Troom,Tcell
Ptresistance thermometer
12 Ports for ckctrolyte feed
and evolved gas release

o froom
Tcell room 10 Tin

| el

Teell

11 Tout
ouT

71

Fig.1 Schematic view of open clectrolytic cell

well-performed accessories, i.e., power supply (constant
power), coolant supply system furnished with rotor type
flow meter (turbine meter MF1/2X50B, indicator
FC801-2LPA, Japan flow control Co. Ltd.), Potentiostat
with GPIB bus and the calibration and auxiliary heaters.



The box containing heat generation device and
electrolytic cell is thermally insulated to minimize the
influence of the room temperature fluctuations. In spite
of

characteristics design changes have been made as a

sufficient knowledge about our hardware
result of the preliminary examinations. For example, the
specifications of cooling fan and stirrer were carefully
suited to maintain the cell and box temperatures
constant.

It is noted that motor driven equipments (stirrer,
water circulation for cooling) were rejected and
miscellaneous electrostatic noise shielding for apparatus
and noise cut trans for electricity were adopted to

eliminate electric noise.

3. RESULTS AND DISCUSSION
3.1 Data acquisition system and PID control

The data acquisition system was designed to
compare neutron counting rate, heat generation, Pd
electrode potential, D/Pd ratio (evaluated by analysis of
Pd resistance value) and possibly dilation. That is, the
time correlation among these observations will be
checked within the 10 ms time scale. This time scale
was determined by a chosen number of clock cycles and
a software delay: 20 micro s with respect to the
instrument. The data acquisition system is schematically
shown in Fig2. One IBM computer drives a
measurement instrument (Agilent HP34970A) and a
computer controlled Potentio/ galvanostat (BASIC
driven) through a GPIB interface. The driver software
of the instrument was originally obtained from the

]

oI1m
ooocob o GPIB bus
pooo o
0 o
[Measurement instrument] [PID control]
HP34970A
Flow rate 0 1ant
HX
I
© ° pobooo o
. o
g;giﬂg/ o 0‘ Flowcontrol | _ ~ -~ ~ =~
~ Current

[Apparatus) [Potentio/gatvanostat}]

Fig.2 Diagram of data acquisition system and PID contro]

corresponding web site.

GPIBbus

The data acquisition system was further modified to
process temperature control of the box. Figure 3 shows
the schematic diagram of data processing with

Local variables

Ch1-Ch8
AT: Time interval | Tin/out Tin/out(Read) deviation
[Multi channel Tmom]'—> Troom(Read)
. —» [PID control)
scanning]
il VISA WRITE
Cha-Che
[Power supply]

Fig.3 Schematic diagram of flow of data processing

P,I,D

LabVIEW software. The measurement instrument reads
and stores the temperature values: Troom, Tin/Tout (the
latter essentially representing the temperature of the
cell) and The data the
measurement loop and PID control was done using the

time. transfer between
local variable technique in one assembled program.
When a deviation between these temperatures is
detected, the PID control program processes and sends
the commands (VISA Write) to the power supply. Thus,
the power applied to the heater generates heat to
eliminate a deviation. Concurrently, the electric fan
rotates frequently, although the time interval and size of
the fan should be properly adjusted to avoid blow the
cell directly.

Figure 4 shows time dependence of the flow rate
and the applied power (supplied to auxiliary heater:
7000hm) during an initial period of the performance
test. Since the temperature difference between Troom
and the temperature of wall of the water jacket, which
could equilibrate with the coolant temperature, was
apparent compared with the base lines, the heater
current of the power supply was measured as a result
of active PID control. The small difference in these
temperatures could be attributed to the change of the
surroundings, which originates active PID control to
maintain the heat conduction conditions constant
during a whole experimental run.
3.2 Heat generation calibration
Heat calibration tests have been conducted to make sure
whether heat recovered is acceptable level or not using a




new calorimeter. We have designed an isoperibolic
calorimeter keeping the following items in mind,
1 Adequate cell volume accessible to long term
electrolysis
2 Optional measurement probes close to the cell, which
requires the cell surrounded not by liquid but by air
3 Attainment facile thermal homogeneity in the box
furnished with PID controlled heater and fan and also
the box walls made by Cu plate furnished with Cu
cooling tubing
4 Rapid heat transfer from the source to a heat transfer

medium with water jacket

5 Low noise instrumentation

In isoperibolic calorimetry the heat generated in the
cell is determined by the following,
W=KfAT K:4.184
where K is a constant given as the specific heat of
water, f is flow rate and A T is the temperature
difference between Tin and Tout at the water jacket.
The calibration heater (400ohm, sheathed by
SUS316) was donated by the manufacturer. The heater
power control and data acquisition system are almost
the same as the above except that the output of the
power supply is connected to the

calibration heater.

3 . Figure 5 shows variation of the flow

12 Flow rate {110 o rate and heat recovered as a function

s of time. The input power was 4.2W

s g = = (4h ON/OFF mode) during the whole
E 8 '2 g experimental run. At the initial times
’§5 16 z § the low level flow rate produces lower
6 : :: output power, while after a total time
E ' 14 £§ of 10° s the power level recovered
increased to be 85% of the input

2 12 power: these heat recovery is strongly

0 N I depending on the flow rate. The

0 10000 20000 30000 40000 continued experimental runs show that

Time, ts the heating rate fluctuations during

Fig.4 Time variation of flow rate and heater power ( supplied to auxiliary
heater: 7000hm) during an initial pesiod of performance test (time interval Smin)

input power ON is responded to those
of the surroundings (the temperature

difference  between Troom  and

Heating rate, W

Tin/Tout). Firstly, it is pointed out that
some modification with respect to the

- N - A -

coolant supply system will reduce the
drift of the
regulated water flow.

To

instrumentation, tap water whose flow

temperature thermo

w

address low noise

[ =] w o
Flow rate, f/mLs?

rate is regulated by the stopcock has
been introduced to the Cu tubing

100000 150000
Time, t/s

0 50000 200000

Fig.5 Time variation of flow ratc and heating rate recovered during a Juol

heater calibration

attached to the Cu box as a coolant.

250000

However, it is significant to replace this
water supply system to ‘an ordinary
pump driven, thermo regulated coolant
supply equipment. In addition, the
possible temperature drift of the heat transfer medium;

i.e.,, due to the room temperature fluctuations and



bubble inclusion might be properly corrected using PID
controlled auxiliary heater.

Acknowledgements: The author would like to thank
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HEAT MEASUREMENT DURING LIGHT WATER ELECTROLYSIS
USING FLOW CELL (IIl)

H.Inoue, M.Fujii, S.Mitsushima, N.Kamiya and K.Ota

Depertmant of Energy and Safety Engineering, Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokchama 240-3501, JAPAN

Abstract: We reported clear excess heat during light water electrolysis at ICCF9 in Beijing.
In order to confirm these results, we have conducted heat measurement, separately, using
the improved cell with the compression of electrode beads and the thermal insulator. The
electrode beads were Ni rods, Ni beads or Al:O3 beads, with Pd thin film on the surface that

was formed by sputtering or chemical plating.
The electrolysis was performed with constant current.

K2CO3-H2O solution.

The electrolyte was Li2SO4-H20 or
Due to

compression of electrode beads the cell voltage was stabilized and the oxidation of electrode
was suppressed. The accuracy of measurements was improved considerably. In several
experiments, small excess heat (less then 5%) was observed. However, we have not
observed a clear excess heat (10% or more) during these experiments.

1. INTRODUCTION

In our laboratory we have studied the
heat measurements using Patterson Type
Power Cell, and we observed clear excess
heat in several experiments.? However,
the problems was the poor reproducibility
and the large variation. The purpose of
this study is to improve the accuracy of
measurement and to performed heat

measurement using the improved cell.

2. EXPERIMENT
Figure.l shows the two types of the

electrolytic cell which were used in this -

study. Cell-1 is the cell used before.
Cell-2 is the cell that improved Cell-1. The
electrodes were the electrode beads for
cathode and Pt mesh for the anode.
Electrode beads are Ni rods (¢ lmm X
2mm), Ni beads (¢ 1mm) or Al2Os beads (¢
1mm), with Pd thin film on the surface
which was formed by chemical plating or
sputtering. Electrolyte was 1.0 moll
Li2SO4H20, 1.0 moll or 0.5 moll
K2COs3-H:20 solution, and it was circulated
through the cell. As shown in Figure.1, it

entered from the cathode side of a cell, and
it went away from the anode side with the
gas that was generated during electrolysis.
The electrolyte flow rate was about 40
mlUmin. The electrolyte inlet temperature
and the room temperature were kept at

Platinum resistance
|

(a) Cell-1 thermometer
= Electrolyte outlet
Pt mesh
(anode)
Plastic beads
Electrode beads ]
(cathode) Separator
Pt mesh /
%a Electrolyte inlet
(—=) |*~+— Platinum resistance
thermometer

== Electrolyte outlet

(b) Cell-2

Pt mesh

{anode) =il iyl
Plastic beads .1I r Platinum resistance
Separator thermometer

Electrode beads
(cathode)

Pt mesh

L NVI7 &

[
in
| =
Y.
T ]
Y/
©
&

<= Electrolyte inlet

Fig.1 Electrolytic cell



25°C and 227C, respectively. Electrolysis
was performed with constant current (1.0A)
except one experiment. At the experiment
the current was changed from 0.1 to 3.0A.
During electrolysis, we measured the cell
voltage, the cell current, the electrolyte
inlet temperature, the electrolyte outlet
temperature, the electrolyte flow rate and
the gas flow rate of the gaseous product (He
+ 09).

The output energy during electrolysis
was obtained mainly by the temperature
electrolyte. The
temperature of the electrolyte was
measured at the inlet and the outlet of the
resistance

increase of the

cell using the platinum
thermometers. The output energy was
corrected by measuring the gas flow rate of
the gaseous product. The heat loss
through the wall of our system was
neglected in this study. The loss was
considered to be very small compared to
two factors, since the electrolyte
temperature was kept very close to the
room temperature and the cell was
insulated.

The heat balance was calculated by the

following equations.

Wo = VxI )

Wi = FRx AT xdxCp )]

Wz = (2/3) xVgxQ (3

HB#= W1/ Wo @

HB = (W1+W2)/ Wo 6Y)
Where Wy is the input energy, W is the
output energy that was wused for

temperature increase of the electrolyte, W2
is the output energy that was used for
electrolysis, HB# is heat balance when
output energy is only Wi, HB is heat
balance when output energy is the sum of
W1 and Wq, V is the cell voltage, I is the cell
current, FR is the electrolyte flow rate, AT
is the temperature difference from the
inlet temperature to the
outlet temperature, d is

electrolyte
electrolyte

electrolyte density, Cp is the thermal
capacity, Vg is the gas flow rate of the
gaseous product, and Q is the reaction
enthalpy of water electrolysis.

The excess heat was evaluated by HB.

3. RESULT AND DISCUSSION

One of the improved points of Cell-2 is
setting of glass filters both side of the cell
which enabled the compression of electrode
beads. Due to this compression the cell
voltage was stabilized. Figure.2 shows the
comparison of the cell voltages of Cell-1 and
Cell-2, when the electrolyses conducted on
same conditions except the cell. The cell
voltage of Cell-1 was stabilized for about
first 10 hours, but the tendency to decrease
greatly was observed later. On the other
hand the cell voltage of Cell-2 was
stabilized throughout electrolysis, and it
became possible to suppress variation
considerably compared with  Cell-1.
Although Pd plating on the electrode beads
oxidized easily at the experiment using
Cell-1, the oxidation of electrode was
suppressed by the compression. Other
improved points of Cell-2 were the cover of
side wall with the glass wool to decrease
the heat loss through the wall of the cell
and changing the cell configuration to pass

15
13
Z /h1 (cell-1)
@11 |
8
2 9T h2(el2)
8 7 insesmmn \—W
5 [ 1 1

0 20 40 60 80
Time /h

Fig.2 Cell voltage during electrolysis
using Ni rods



the generated gas through the cell smoothly.
Thus measurement date was stabilized,
and accuracy and reliability improved
considerably. Although there were some
differences at every experiment, accuracy
improved from about £10% to about 5%
after the improvement.

First, the result of one experiment
among the 23 experiments conducted this
time 1is described. This experimental
condition was that the electrolytic cell was
Cell-2, the electrolyte was 1.0 moll
Li2S04-H20 solution and electrode beads
were Pd/Ni rods that were made by Pd
chemical plating. Figure.3 shows the
temperature difference (AT) and the cell
voltage(V) in this experiment. Cell voltage
and the temperature difference were stable,
and the
electrolysis. In other experiments using
the Cell-2 the same tendency was observed.
Figure.4 shows heat balance that was
calculated from these data. HB# became
from 80 to 86%, and HB became from 101 to
103%. HB was larger than 100% by 1-3%

and a little excess heat was observed.

fixed value continued during

However, when the account of excess heat
was less than 5%, it was not able to

10 5«
> 8 P“l—-—“.' 4 g
° 5
ge 1°%
° b .

S4f {125
B > ©
SN 11 ué
2

0 ] 1 I3 1 0

0O 10 20 30 40 50

Time/h
Fig.3 Cell voltage and Temperature

difference during electrolysis in Li;SO4-H>0O
solution using Pd/Ni rods cathode (h8)

conclude the excess heat. Therefore, the

excess heat was not able to confirm in this
experiment.

Table.1 shows the summary of this
study. The experimental conditions and
the heat balances of 23 experiments are
shown. The heat balance was increased
from 94 - 98% to 99 - 102% by changing the
cell from Cell-l1 to Cell-2, when the
1.0 moll LisSO4-H20
It was

electrolyte was
solution and current was 1A.
considered that the heat recovery was
Next,
when K2CO3-H20 solution was used as

improved by the wall insulator.

electrolyte, heat balance decreased slightly,
compared with the experiments in
Li2S04-H:20 these
experiments the current efficiency was
down to 70% of the theoretical value. The
promotion of Hz and Oz recombination

solution. In

might be a main reason for this low heat
balance. The electrode beads used in
these experiments had the difference in
shape, number of plating layer, and the
processing methods. But the difference of
heat balance was not observed. Therefore
the heat balance was not affected by the
material of beads.

In 6 experiments out of 23 experiments
heat balance over 100% was observed.

120 B
100 -_iu4 ........ 20 9|

o

o
:
a!
I

Heat balance / %
2 O
©c o
] )

N
o
T

0 10 20 30 40 50
Time/h
Fig.4 Heat balance during electrolysis
in Li,SO4-H,0 solution using Pd/Ni rods
cathode (h8)

o

But the observed excess heat was less than



the accuracy (5%). Therefore we have not
observed the clear excess heat in these
experiments. In order to confirm the small
excess heat (<56%), we are trying to improve
the accuracy by suppressing on estimating

the heat loss through the cell.

4. CONCLUSION

By improving a cell accuracy of heat
measurement was improved considerably.
Although the small excess
observed in 6 experiments out of 23

heat was

experiments in the various experimental
conditions, the clear difference of heat
balance was not observed and a clear excess
heat that was observed before has not been
observed.

Reference

1) M.Fujii, et al: Abst.JCF3, p.2-3 (2001).

Table.1 Heat balance of 23 experiments

No | Cell Electrode beads Electrolyte Current(A)| Voltage(V) Ave.HB (Ave.HB#) Time(h)
ht | Cell-1 Ni rods 1.0mol/l Li;SO4-H,0O 1.0 8.5~14.1 95 (81) 54.9
h2 | Cell-1 Ni rods 1.0mol/l Li,SO,-H,0 1.0 9.1~14.4 94 (82) 55.4
h3 | Cell-1 Ni rods 1.0mol/l Li;SO4-H,0 1.0 9.0~21.4 97 (85) 76.7
h4 | Cell-1 Pd / Ni rods 1.0mol/l Li;SO,-H,0 1.0 8.5~9.7 98 (83) 46.2
h5 | Cell-1 Pd / Ni rods 1.0moll Li,SO,-H,0 1.0 12.4~14.9 96 (85) 47.1
h6 | Cell-1 Pd / Ni rods 1.0mol/l Li,SO,-H,0 1.0 14.3~17.3 96 (86) 73.8
h7 | Cell-1 Pd / Ni rods 1.0moll Li,SO,4-H,0O 1.0 12.3~15.7 97 (86) 173.1
h8 | Cell-2 Pd / Ni rods 1.0mol/l Li,SO,-H.O 1.0 7.5~8.2 102 (83) 47.1
h9 | Cell-2 Pd / Ni rods 1.0mol/l Li,SO4-H0 1.0 7.5~8.1 99 (80) 51.3
h10]| Cell-2 Pd / Ni rods 1.0mol/l Li,SO,-H,0 1.0 7.7~8.4 100 (82) 123.7
h11]Cell-2 Pd / Ni rods 1.0mol/l Li;SO,-H,0 1.0 7.0~7.6 101 (82) 55.0
h12]|Cell-2 Ni rods 1.0mol/l Li;SO,-H,0 1.0 6.8~7.1 101 (80) 75.6
h13]Cell-2 Pd / Ni/ Pd / Ni rods 1.0mol/l Li,SO,-H,0O 1.0 7.2~7.6 102 (82) 54.6
h14|Cell-2| Pd / Ni/ Pd / Ni/ Pd / Ni rods 11.0moll LiSO,-H,0 1.0 6.5~6.8 101 (79) 77.6
h15|Cell-2 Pd / Ni balls 1.0mol/l Li,SO4-H,0, 1.0 6.0~7.1 100 (76) 55.3
h16]Cell-2 Pd/ Ni balls 1.0mol/l Li,SO,-H,0O 1.0 71~75 100 (80) 72.0
h17|Cell-2 Pd / Ni balls 1.0molft Li,SO-H0 1.0 11.6~13.8 99 (87) 51.0
h18] Cell-2 Pd / Ni/ Ceramic balls 1.0mol/l Li,SO,-H,0 1.0 10.4~12.5 100 (87) 78.6
h19|Cell-2 Pd / Ni balls 1.0mol/l Li;SO,-H,0 1.0 7.1~75 99 (80) 53.5
h20|Cell-2 Pd / Ni balls 1.0mol/l Li;SO,-H,0 0.1 3.2 97 (63) 0~22.5
0.5 5.1~5.3 99 (72) 22.5~43.4
1.0 7.2~7.5 89 (80) 43.4~66.2
2.0 10.1~11.1 100 (85) 66.2~94.3
3.0 13.0~14.1 101 (91) . ]94.3~107.8
h21}Cell-2 Pd / Ni balls 1.0mol/l K,CO;-H,0 1.0 4.7~49 97 (73) 51.7
h22|Cell-2 Pd / Ni balls 0.5moll K;CO;-H,0 1.0 5.5~5.7 95 (79) 16.1
h23|Cell-2 Pd / Ni balls 0.5mol/l K,CO5-H,0 1.0 5.6~5.9 96 (79) 95.7




Analysis of Production Elements on Pd Surface after Light and Heavy Water
Electrolysis
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ABSTRACT

Pd cathode surface after light and heavy water electrolysis has been analyzed by time of flight
secondary ion mass spectroscopy (TOF-SIMS). Marked increase in counts for mass numbers from 7 to
208 were observed on the Pd after electrolysis. These correspond to elements of Li, B, Mg, Al K, Ca, Ty,
Cr, Mn, Fe, Co, Ni, Cu, Zn, Ba and Pb. Most of the elements were observed for both light and heavy

water electrolysis.

Keywords: light water electrolysis, heavy water electrolysis, nuclear transmutation, TOF-SIMS

1. INTRODUCTION

Various elements have been observed on
several metallic cathode after light water
electrolysis!2), Those elements have been
thought to be formed in a certain nuclear
reaction on the surfaces. In this study, we paid
attention to avoid contamination, which can be
introduced during Pd sample preparation and
during experiment. Light and heavy water
electrolysis was carried out to analyze surface
composition of Pd cathode after the electrolysis.

2. EXPERIMENTAL

Fig. 1 shows the electrolysis cell used. The
cells were made of quartz and of polyethylene.
These have a cylindrical shape with volume
capacity of 200 cm3 (quartz) and 550 cm®
(polyethylene). The cells were designed carefully
to avoid any possible contamination during
sample preparation and the electrolysis. The
pressure inside cell was kept to be slightly
higher than atmospheric pressure during the

electrolysis cell
DC05A
1l
~_
— .
i 4 Au wire
Pt wire ~— / L~
5X10X0.1 mm
/
Pd foil
ol /g\
capacity of 200 - 80-mesh Dt net

and 650 ecm*

Fig. 1 electrolysis cell

electrolysis, though the electrolysis was carried
out as an open system. A Pd foil (99.95% pure) of
5X10X0.lmm and an 80-mesh Pt net were
employed as the cathode and the anode for this
experiment. The electrolyte solution was 0.5 M
sodium sulfate (Merck sprapur reagents)
solution. The volume of electrolyte solution was
150-500cm?. The electrolysis was carried out in a
constant current of 0.5 Amps. The constituting
elements on the Pd electrode after electrolysis
were identified by means of time-of-flight
secondary ion mass spectrometry (TOF-SIMS).
The SIMS measurement was carried out by Ga*
jon irradiation. The spectrometry was also
performed after 10s sputter cleaning of the Pd
surface with the Ga* ion. Light water
electrolysis was performed for 14 and 30 days,
heavy water electrolysis for 14 days, as shown in
Table. 1.

3. RESULT and DISCUSSION
3.1 TOF-SIMS analysis for
electrolysis
The composition analysis was performed
after 10s sputter cleaning by Ga* ion beam at
three areas, 40x40pm for each, randomly

light water

Electrolysis | Electrolyte
period solution
Exp.1| 14 days 0.5M,
Exp.2 | 30 days Na2S04+/H:20
Exp.3 | 14 days 0.5M,
Na2S04/D20

Table. 1 Condition of the electrolysis.
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Fig. 3 TOF-SIMS spectrum of Pd after light water electrolysis for Exp. 1.

selected on the Pd surface. Fig. 2 shows a
spectrum of a Pd surface for mass range 45-68
after immersing the Pd electrode in the
electrolyte for 14 days without electrolysis. The
intensity on the vertical axis does not indicate
the counts measured and is changed to a
normalized intensity for each mass. The
normalized intensity defined here is 104 times
the numerical value obtained by dividing count
of mass of each element by total count of signals
to normalize. Very low intensity for mass
number corresponding to Ti, Cr, Mn and Fe is
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Fig. 4 TOF-SIMS spectrum of Pd immersed in
the light water electrolyte.
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Fig. 5 TOF-SIMS spectrum of Pd after light
water electrolysis for Exp. 1.
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seen in Fig. 2. Therefore, very few amount of
metal element is considered to exist on the Pd
surface before electrolysis. Fig. 3 shows a similar
spectrum of the Pd after electrolysis for 14 days.
One can find marked increase in the intensities
corresponding to elements Ti, Cr, Mn, Fe, Co, Ni,
Zn and Cu. This Pd sample and that used in the
immersing test were prepared from the same rod
of Pd foil.

Similar spectra for mass range 130-139 are
illustrated in Fig. 4 and 5 as Fig. 2 and 3,
respectively. Almost no count for any mass

B,
9
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5
£
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1
°
204 205 206 207 208 208
Mass Number
Fig. 6 TOF-SIMS spectrum of Pd immersed

in the light water electrolyte.
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Fig. 7 TOF-SIMS spectrum of Pd after light
water electrolysis for Exp. 1.
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Fig. 9 TOF-SIMS spectrum of Pd after light water electrolysis for Exp. 2.

number is seen in Fig. 4, whereas the
remarkable increase in the intensity for mass
numbers 130-138 corresponding to Ba can be
seen in Fig. 5. Fig. 6 and 7 represent similar
spectra for mass range 204-209. Almost no count
in the range is seen in Fig. 6. To the contrary, the
significant intensity for mass numbers 206, 207,
and 208, corresponding to Pb isotopes can be
seen in Fig. 7.

35 -

©w

b »
- o N o

Normalized Intensity

hod
o

o

134 135
Mass Numbaer

Fig. 10 TOF-SIMS spectrum of Pd immersed
in the light water electrolyte.
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Fig. 11 TOF-SIMS spectrum of Pd after light
water electrolysis for Exp .2.
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The spectra of mass range 45-68 before and
after electrolysis for 30 days are given in Fig. 8
and 9, respectively. Similar spectra mass range
130-139 and 204-209 before and after the
electrolysis for 30 days are shown in Fig. 10-13.
Almost same elements were detected as the case
of the electrolysis for 14 days, as can be seen in
these Figs.

Besides, considerable increase in amount of
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Fig. 12 TOF-SIMS spectrum of Pd immersed

in the light water electrolyte.
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Fig. 13 TOF-SIMS spectrum of Pd after light
water electrolysis for Exp. 2.

208
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Fig. 15 TOF-SIMS spectrum of Pd after heavy water electrolysis for Exp. 3.

Ca and K were observed by TOF-SIMS.
Inductively coupled plasma spectrometry (ICP)
has revealed that a very small amount of Ca and
K was contained in the electrolyte before
electrolysis. Thus, those elements may be
contaminants from the environment and the
inner wall of test cell.

3.2 TOF-SIMS analysis for heavy water
electrolysis
Fig. 14 and 15 show spectra of Pd before and
after heavy water electrolysis for 14 days,
respectively. One can find considerable increase
in the intensities corresponding to elements Tj,
Cr, Mn, Fe, Co, Ni, Zn and Cu after electrolysis.
These elements agree with those observed after
light water electrolysis. However, neither Ba nor
Pb were detected after heavy water electrolysis
at all. The elements detected at Exp. 3 are
summarized in Table. 2 with those for light
water electrolysis at Exp. 1 and 2. Whole results
indicate that proton has an important role in
nuclear transmutation as deuteron do on Pd
surface during electrolysis.

4, CONCLUSION

Remarkable increase in amount of Cr, Mn, Fe,
Ti and Cu were observed after light and heavy
water electrolysis. Co, Ni and Zn are detected
after electrolysis with both light and heavy
water electrolysis; these elements were not
observed before electrolysis. Ba and Pb are
observed after light water electrolysis; these
elements were not observed after heavy water
electrolysis. The elements that were not
detected at all before electrolysis but detected on
Pd after electrolysis would be produced by
nuclear transmutation during electrolysis.
However, these elements might be also
impurities possibly coming from electrolyte
solution, electrodes and environment.

5. REFERNCES

[1] T Ohmori et al., Fusion Tech., Vol. 31, p. 210
(1997

[2] T. Ohmori et al., Fusion Tech., Vol. 33, p. 367
(1998)
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©:10 = after/before

O:3=<after/before <10 v¢:No count before electrolysis

Table. 2 Results of element detection.
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Nuclear Reaction Occurring in Light Water Electrolysis on Gold and Cobalt
Cathode Electrode
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ABSTRACT

Dept. of Electrical and Electronic Engineering, Iwate University, Morioka 020-8551 Japan
Catalysis Research Center, Hokkaido University, Sapporo 060-0811, Japan

Au and Co cathode surface after light water electrolysis have been analyzed by time of
flight secondary ion mass spectroscopy (TOF-SIMS). More marked increase of Fe and Cr
were observed for Au than for Co cathode after electrolysis. Increasing count intensity of Mg
accompanied with decreasing that of Al was observed after electrolysis for Co cathode.
Precise analysis of the TOF-SIMS suggests a change in natural isotopic abundance for K

took place during the electrolysis.

Keywords : Light water electrolysis, Nuclear transmutation, Isotopic distribution ratio

1. INTRODUCTION

The nuclear transmutation reactions have
been investigated by heavy water
electrolysis with Pd ( and Pt @ cathodes.
On the other hand, proton has been
considered to play similar role as deuteron
in low energy nuclear reaction on solid.
Along with this idea, the studies for light
water electrolysis have been performed
with Ni @, Au @ ® and W © cathodes.
Elements production has been recognized
as the evidence of the nuclear reaction
under the electrolysis. Among several
methods to identify producing elements,
high mass resolution of time of flight

secondary ion  mass  spectroscopy
(TOF-SIMS)  allows separating the
producing new elements from ions

fragmentation at the same nominal masses.
In this study, elements on the Au and Co
electrode before and after light water
electrolysis have been investigated by
TOF-SIMS.

2. EXPERIMENTAL

In this experiment, two electrolytic cells
made of quartz and polyethylene were used.
The advantage of using polyethylene cell is
that there are fewer possibilities for the
electrolyte to be contaminated by
contaminants from the inner wall of test
cell during electrolysis. These cells have a
cylindrical shape with volume capacity of

200 cm? (quartz) and 500 cm? (polyethylene).

Au (99.95% pure) and Co (99.9% pure) foils
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of 0.1X0.5X10 mm as the cathode and a
80-mesh Pt net as the anode were employed
for the test. The electrolyte was 0.5 M
sodium sulfate (Merck suprapur reagents)
solution. The volume of electrolyte solution
was 150 em3 for both cells. The
electrolysis was usually carried out mostly
for 14 days at a constant DC current of 0.5
Amps. Elements composition of the surface
of cathode sample with and without
electrolysis was analyzed by TOF-SIMS.
The SIMS measurement was carried out by
Ga* ion irradiation. The spectrometry was
also performed after 10s sputter cleaning of
the cathode surface with the Ga* ion.

~

3. RESULT and DISCUSSION
3.1 SIMS analysis before and after
electrolysis

The composition analysis was performed
after 10s sputter cleaning by Ga* ion beams
at three areas, 40 X 40 u m for each,
randomly selected on the cathode surface.
The mass composition has been found to be
almost same over whole analyzed areas. Fig.
1 shows spectrum of Au surface for mass
range 49-62 after immersing the Au
electrode in the electrolyte without
electrolysis for 14 days. Fig. 2 gives a
similar spectrum of the Au after electrolysis
for 14 days. The Au electrodes were
prepared from the same rod. The mass
numbers shown on the horizontal axis are
not in exact liner scale. The intensity on the
vertical axis does not indicate the counts



25
Au

20
E s
£
20

5 -

0

49 50 51 52 53 54 55 56 57 58 59 60 61 62
Mass Number

Fig. 1 TOF-SIMS spectrum for Au

immersed in the electrolyte.
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Fig. 2 TOF-SIMS spectrum for Au after
electrolysis.

measured and is changed to a normalized
intensity for each mass. The normalized
intensity means counts per total 10,000
counts. Note that the unit scale of the
vertical axis of Fig. 2 is 100 times that of
Fig. 1. Very low intensity for mass numbers
corresponding to Cr, Mn and Fe are seen in
Fig. 1. Very few amount of metal element is
considered to exist on the electrode surface
before electrolysis. To the contrary, marked
increase in the intensity for mass numbers
50—53, 51, 564—>57, 55 and 58—60 is seen
in Fig. 2, though the counts for mass
number 51 and 60 are low to be identified
in the figure. These mass numbers
correspond to metal elements of Cr, V, Fe,
Mn and Ni, respectively. Besides,
increasing intensities of mass number 63
and 65, corresponding to Cu, were observed
after electrolysis. Moreover, counts for mass
number 58, corresponding to 5 Ni was
detected as a new element.

Similar spectra for Co before and after
electrolysis for 14 days are illustrated in
Fig. 3 and 4, respectively. Very small
amount of contaminants Cr, Fe and Ni
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Fig. 3 TOF-SIMS spectrum for Co
immersed in the electrolyte.

Co
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Fig. 4 TOF-SIMS spectrum for Co after
electrolysis.

before electrolysis is seen in Fig. 3.
Considerable increases in counts
corresponding to elements Cr, Fe and Ni
were also observed after electrolysis, as
seen in Fig. 4. Furthermore, counts for
mass number 51 corresponding to V were
detected after electrolysis.

Cathode element After /Before
Au Fe ~140
Cr ~1900
Co Fe ~5
Cr ~20

Table 1 Ratios of SIMS intensity after
electrolysis to that before
electrolysis for Fe and Cr.

The increasing ratio of the intensities
after to that before electrolysis for each
element is different between Au and Co
electrodes. Table 1 shows the ratios for
elements Fe and Cr detected. The Au
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Fig. 6 TOF-SIMS spectrum for Au after
electrolysis.

system would produce more amounts of
elements than the Co system.

SIMS spectra for mass range 203—210
before and after electrolysis are give in Fig.
5 and 6, respectively. No intensity is seen

2000 -
Co(Samplel) {2 \/\
1500 |- Before electrolysis ~ 7
£ 1000
1
o
=z
500
0
Mass Number
Fig. 7 TOF-SIMS spectrum for Co
immersed in the electrolyte.
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Fig. 8 TOF-SIMS spectrum for Co after
electrolysis.

for this range before electrolysis as shown
in Fig. 5. On the other hand, element Pb
was sometimes detected on Au electrode
after electrolysis as shown in Fig. 6, even
though the intensities are low. This

Before After

(Norm.Int) (Norm.Int)
Mg Al Mg Al
Co Samplel 2 2851 Co Samplel 1501 39
(Quartz Cell) 9 3111 (Quartz cel 1439 36
2 3261 1485 32
Co Sample2 9 676 Co Sample2 284 29
(Polyethylene cell) 11 900 (Polyethylene cell) [ 303 32
3 732 212 29
Co Sample3 2 2851 Co Sample3 85 216
(Quartz celd) 2 3111 (Quartz celD 48 175
2 3261 109 143

Table 2 Normalized intensity of Mg
and Al before electrolysis.
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Table 3 Normalized intensity of Mg
and Al after electrolysis.



suggests that a transmutation with
increasing mass number beyond that of Au
to reach that of Pb occurred during the
electrolysis. However, these elements would
be also impurities possibly coming from
electrolyte solution and environment.

3.2 The relation of count intensities
between Al and Mg

The SIMS spectra of Co cathode before
and after electrolysis are given in Fig. 7 and
8, respectively. Relatively high intensity of
27A] and low intensity of 2¢Mg are seen in
Fig. 7. Of particular interest is that the
intensity of 27Al decreased and that of 2¢Mg
increased during electrolysis as shown in
Fig. 8.

The normalized intensities for Mg and Al
before electrolysis are given in Table 2.
Those after electrolysis are shown in Table
3. The data in these Tables were obtained
by the SIMS analysis with three Co
samples. One can easily find the decreasing
Al with increasing Mg during electrolysis
from the Tables. Some amount of Al on the
Co might be changed to element Mg during
the electrolysis.

3.3 Isotopic distribution ratio

By precise comparing the mass number of
41K with that of 25Mg!€0, it is found that
mass number 41 does not correspond to
26Mgié0. The ratios of normalized
intensities of 4K to that of %K were

Before After
0.120 0.205
Co Samplel
(Quartz) 0.077 0.147
0.082 X
0.091 0.194
Co Sample2
(Polyethylene) 0.171 0.251
0.074 0.204
0.120 0.339
Co Sample3
(Quartz) 0.077 0.307
0.082 X
Natural 0.072

Table 4 Ratio of the intensity for
41K to that for 39K
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obtained before and after electrolysis with
those three Co samples. The ratios are
given in Table 4. Natural abundance of 4K
divide by that of 3K equals 0.072, which is
shown as the natural ratio in the bottom of
Table 4. Symbol "X" indicates the fail
detection of 4IK. The ratios before and after
electrolysis range 0.074—0.171 and 0.147—
0.339, respectively. The value of natural
ratio is fairly equals to those in the range
obtained before electrolysis. However, the
ratio after electrolysis is fairly larger than
the natural one. It might mean that the
reaction process for producing 4K during
the electrolysis is different from that of 4K
on the earth. In other words, the change in
the ratio would indicate an evidence of
anomalous nuclear reaction occurring on
the Co electrode during electrolysis.

4. CONCLUSION

Elements Cr, Fe and Ni were commonly
observed for both Au and Co electrolysis
system. However, more marked increase of
Fe and Cr were observed for Au than for Co
cathode. The normalized intensity of SIMS
count for Al decreased with that for Mg
increased during the electrolysis. The ratio
of the intensity of 4K to that of ¥K was
obtained, which gives different ratio from
the natural vale.

The increasing and decreasing amount of
elements in conjunction with change in
natural isotopic abundance indicate a
possible nuclear transmutation under the
electrolysis. The results show that proton
as well as deuteron could have an
important role in nuclear reaction on metal
solid.
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UNEXPECTED DETECTION OF NEW ELEMENTS IN ELECTROLYTIC EXPERIMENTS WITH
DEUTERATED ETHYL-ALCOHOL, PD WIRE, SR AND HG SALTS.
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Abstract: The insoluble powder recovered at the bottom of our electrolytic cell, after several electrolytic deuterium
loading/deloading cycles, was analysed by an ICP-MS analyser. The electrolyte was constituted of a deuterated
hydro-alcoholic solution; Sr and Hg salts were added to such a solution at micromolar concentration; the cathode was
a long and thin Pd wire. The ICP-MS analyses of the insoluble powder were motivated from the recent results of Y.
Iwamura and collaborators at Mitsubishi Heavy Industries-Researh Center (Yokohama, Japan) showing reproducible
“ransmutation” of Sr into Mo (isotopic composition different from natural one) and Cs into Pr, when a special
multilayer Pd sheet was subjected to a prolonged Deuterium gas flowing. Some of our results look partially in
agreement with Y. Iwamura report. Other unexpected elements were also detected with an isotopic distribution close
to the natural one. The production of stable isotopes by Selective Channel Photofission, according to the model of
A.Takahashi (Osaka University, Japan), can help for understanding. Further works, hopefully also from other
Laboratories, are needed to clarify this kind of results.

Keywords: PdDx, electrolytic hydro-alcoholic solution, Pd thin-long wire, Sr and Hg salts, “transmutation”.

1. INTRODUCTION containing very small amounts of specific inorganic
jons. Our loading procedure is based on a series of D
loading/deloading cycles (ie. the Pd wire is
alternatively set as cathode and anode). After a
certain number of loading/deloading cycles a black
powder appears at the bottom of the cell as a
precipitate. The main component of this powder has
shown to contain Pd, probably as PdO, which is
produced during the deloading phase of the cycle
when the Pd wire is anodic. If some foreign elements
are formed during the cathodic phase of the cycle (D
loading), it is very probable they are mainly present
on the surface where the D/Pd ratio is higher.
Therefore, when the Pd wire surface is subsequently
oxidised, some of the foreign elements may remain
entrained within the black powder. Taking into
consideration the pioneering work by T. Mizuno?
and G.HMiley? and in particular the recent, very

Large and unexpected amounts of some foreign
elements (Fe, Ti, Cu, Zn...) have been recently found
on the surface of proper metallic cathodes (¢.g. Pd)
when electrolysis is performed with D20 based
electrolytesl,2). The quantity of such foreign
elements is in general too high to be considered as
impurities galvanically deposited on the cathode.
Furthermore, the isotopic mass ratios of these foreign
elements are significantly different from the natural
ones. This fact, in particular, has been explained by
assuming that some nuclear reactions occur when
Deuterium (D) is adsorbed on or absorbed into the Pd
cathode, as pointed out from Akito Takahashi3).

At present, the electrolyte employed in our
experiments is typically constituted by a solution of,
both heavy, ethyl alcohol/water (93:7 by volume)
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reliable and reproducible results obtained by Y.
Iwamura®, we decided to check the presence of
foreign elements in the black powder by means of a
high resolution ICP-MS analyser.

2. EXPERIMENTAL CONDITIONS.

As reported in recent papers (ICCF8, JCF3,
ICCF9), we adopt the following experimental
conditions:

a) Electrolytic solution: 750ml, heavy ethyl alcohol
(C,HsOD) and heavy water (D,0) mixture (93:7 by
volume).

The following salts and acids have been added to this
kind of  solution: SrCl,:3-10*10"moles;
HgCl;:2-3* 10°moles; D;SO,: 1-2*10"moles; DCI:
1--10*10"°moles; Ba(OH),: 0--1* 10 *moles.

b) Electrodes: Cathode: Pd wire (I=60cm, ¢=50um),
U-shaped so as to be contained into a borosilicate
glass 3.3 (EU standard GHI1), graduated cylinder
(1=40cm, ¢=5cm); Anode: U-shaped Pt wire (I=60cm,
¢= 0.5mm);

¢) Electrolysis operating condition: DC@10mA,
Anode-Cathode distance and Voltage: Scm,
50—250V;

d) Loading measurement (wire electrical resistance
method): Pd wire electrical resistance measured
trough the voltage drop, along the Pd wire, produced
by AC current (10kHz, square wave) of 18mA
(J=1000A/cm?).

¢) Solvent components of the solution (C,HsOD,
D,0) are vacuum distilled (45°C) and on line filtered
(100nm, MILLIPORE type VVLP, PTFE filter):
properply modified, by us, Rotavapor system (model
R-134 BUCHI). These operations allow for:

1) control over the composition of the electrolyte
(necessary because of the very low concentrations of
the electrolytes added, typical of our method) and
strong reduction of all the impurities normally
dissolved in the two liquids. Such impurities, even if
present in very small amount, could be galvanically
accumulated on the cathode and be mistaken for
Jforeign elements. After the double distillation
procedure the electrical conductivity of the two
solvent components of the electrolytic solution was
reduced from about 100uS to less than 1uS, for D,0,
and from 2uS to 0.05uS, for C,HsOD, respectively.
As a reference, typical distilled H,O, in the same
specific experimental conditions of measurement,
shows a conductivity of about 3uS. In particular, a
strong reduction of KMnO, and Iron ions, usually
present in heavy water, is required: the presence of
such substances significantly inhibits the D-loading,
ensuing in lower D/Pd ratios;

2) elimination of the two new species of bacteria
(Ralstonia and Stenotrophomonas detesculanense),
discovered by us in D,O in 1999%. We experienced
that such bacteria negatively affect the D/Pd
loading®.
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3. EXPERIMENTAL RESULTS.

By adopting the above experimental conditions,
during the D-loading phase (Pd is cathode) a thin
coating containing Hg, Pt and Sr sulphate is formed
on the Pd wire surface. Pt ions (a drawback because
they lower the cathodic overvoltage) are produced
because of the anodic corrosion of the Pt wire. Pt
metal is galvanically deposited on the Pd wire,
together with Hg. Sr ions, because of the local
alkalinization due to the cathodic D" discharge,
precipitate as SrSO, on the cathodic surface. Such a
coating, which basically characterises our D loading
method, significantly increases the cathodic
overvoltage of the Pd wire. R/Ro values<l.7, at
25°C, (D/Pd>0.93) can currently be achieved”.

During the deloading phase of the cycle (Pd wire
as an anode) the coating and a consistent amount of
Pd (probably as PdO) detaches from the wire and
precipitates as a black powder. Accordingly, it was
found that Pd, Pt, Hg, and Sr are the main
constituents of such a precipitate.

Y. Iwamura and co-workers reported® that Sr,
electrochemically applied on a multi-layer Pd sheet,
was progressively and surprisingly “transmuted” into
Mo when D gas was forced to flow through the multi-
layer sheet. Taking into consideration that a thin layer
of Sr is also present in our Pd cathodes, we thought
that our procedure, even if consistently different from
that of Y. Iwamura, might allow for a reproduction of
their results.

In the Y. Iwamura experiment a low work-
function material (e.g. CaO) is sputtered together
with Pd on a Pd sheet so as to form a 1000A layer.
The presence of a low work-function material seems
to be essential for the Sr>Mo “transmutation”. On
the other hand, as pointed out by A. Takahashi and
co-workers (JCF4-22, in press), such nuclear
reactions in the D-Pd system should presumably
occur in sites where the D/Pd ratio is particularly
high, that is at the CaO-Pd-Sr interface. Now,
considering the much higher loading ratio currently
achieved by our electrolytic technique, with respect
to those allowed for by the gas loading procedure, it
is possible that the Sr->Mo “transmutation” also can
occur on our cathode and therefore that Mo be
present in the black powders found at the bottom of
our electrolytic cell.

4, ELECTROLYTIC DEUTERIUM
LOADING/DELOADING CYCLES

The Pd wire and the components of the electrolyte
(D,0; C,HsOD; HgCly; SrCly; D,SO; Ba(OH);)
were previously ICP-MS analysed in order to account
for their impurities content with particular attention
to the presence of Mo. Two experiments have been
performed with two different Pd wires, under the
following loading conditions: electrolytic current:
10mA; temperature: 26°C; time: 24--96h. Best R/Ro



obtained at the end of the loading phases: experiment
#1: R/Ro=1.68; experiment #2: R/Ro=1.74.

Deloading phase. Electrolytic current=2mA, for
about 2 hours. (temperature: 25°C). When a R/Ro
value of 1.1 is reached, the current is raised to 10mA
for about 10 minutes. The latter procedure is
necessary for a complete deloading of the Pd wire.
We observed, after some loading/deloading cycles,
that a significant residual stress remains on the Pd
wire (i.e. the minimum R/Ro after deloading was
higher than the starting one). We noted that the
amount of residual stress (0.2-4%) increased more
when an higher loading value was achieved during
the D loading phase.

Both the experiments reported in this paper
consisted in five D loading/deloading cycles and the
total time was about 2 weeks. In experiment #1 the

5.1CP-MS RESULTS

The analyses were performed at the Laboratories of
“Centro Sviluppo Materiali” by a high resolution
ICP-MS instrument (HP&YOKOGAWA Analytical
Systems, model 4500, 1996) calibrated at “low power
plasma” in order to reduce possible spectroscopic
interference’s  (polyatomic, oxide, and doubly
charged ions), apart isobaric.

Calibration factor: lcount=6*10'%atoms. All the
counts, reported in the following tabels, have been
corrected for all the “blanks” and the interference
effects, if any. Detection limit: 6*10'atoms. In the
tabels are reported the counts pertinent to the
suggested isotopes for ICP-MS analysis and selected
for reference and their natural percent abundance. In
some cases and in particular for the main constituents
of the black powder we were forced to use isotopes

black powder, deposited at the bottom of the cell, was different from ones suggested because of
collected together with 100cc of solution, evaporated instrumental overflow.

to dryness, solubilized by aqua regia and submitted to

ICP-MS analysis. In experiment #2 only the solution

was collected, evaporated to dryness and solubilized

by aqua regia for ICP-MS analysis.

Element: | °Na(100) | “Ti(7.3) | °Mn(100) | "Fe(22) |°Cu(69.2) | “Zn(27.9) | ©Sr(82.6) | ’Nb(100) | *Mo(24.1)
Counts: [12%10° 30 400 <10 |[72%10° 760 7.6*10° 110 26
Tab. 5.1a) Typical impurities in heavy ethyl-alcohol/water (93:7 by volume), 100ml, after re-distillation.

Element: TTi(7.3) "Fe(2.2) 7n(27.9) | ®Zr(51.5) (100) [®*Mo(24.1) |®'Ba(11.2)
Counts: 6.2¢10° 2.0*10° <10 490 204 32 1.2*10*
Tab. 5.1b) Analysis of SrCl,. *Sr(0.56): 1.4*10” counts.

Element: T17i(7.3) STFe(2.2) ®Zn(27.9) | ®Sr(82.6) |Zr(51.5) b(100) | ®*Mo(24.1)
Counts: 6310 1.3*10° 400 7.2¢10° 380 10 80

Tab. S.1¢) Analysis of HgCl,. 2mHg(29.9): 5.8%10° counts.

Element TTi(7.3) TFe(2.2) ®Cu (69.2) ®7Zn(27.9) [®Zr(51.5) (100) Mo(24.1)
Counts: 120 200 2.4*10° <10 8.9*10° <10 11

Tab. 5.1d) Analysis of the virgin Pd wire. T2p4(1.0): 7.0 * 10° counts (about 30cm of wire).

Fe Ir Na Pd Cu Ca Re Mg |Rh Al Zr Ti Mn |Cr Au
20 9.1 90 |73 5.1 42 34 32 |32 2.8 6.9 1.1 0.2 1.3 1.9

Tab. 5.1e) Analysis of the Pt wire (ICP-MS assay performed by the Pt supplier). Impurities in ppm.
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Element: 102pd (1.0) 195pt (33.8) #Sr (0.56) Hg (6.9) D882 (71.7)
Counts: 2.3*10° 1.5*10° 1.1*10° 7.2*10° 2.3*10°
Tab. 5.2 Main constituents in the Experiment #1, black powder

Element: 1i(7.3) TFe2) |©Cu(69.2) |%Zn(27.9) |®Zr(51.5) | Nb(100) |**Mo(24.1)
Counts: 1.5*10° 3.0*10° 8.7%10° 2.4*10° 4.6%10* 5.6%10° 3.4¢10°

Tab. 5.3 Other elements (unexpected) in the Experiment #1, black powder.

+ We inform that Ti, Fe, Zn, Nb, for cross check purposes, were also analysed, because of their relevant amount. by
means of another less sensitive analytical tecnique: ICP-OES analysis (Perkin-Elmer, model OPTIMA3300 XL-DV,
2000). Sensitivity: =10ppb (about 1000 times lower than ICP-MS).

* We inform that we made other analysis on Pd wires before and after electrolysis by SEM-EDAX instrument (at
Pirelli Labs). In some “spot areas” of after electrolysis wires, “new” elements like Ti, Fe, Zn were detected.

6. COMMENTS ON THE ELEMENTS IN TAB.
53

Each of them shows relevant excess counts with
respect to the values of “the blank” obtained by
summing up the contributions taken from Tab. 5.1a)
to Tab. 5.le), properly “weighed” for the amount
used in the experiment, as detailed in § 2 . The
anomalous presence of Ti, Cu, Fe, and Zn, has been
reported by other rescarches"? . The presence of Mo
seems to align with the results of Y. Iwamura. At
present it is not known to us if Nb, which was found
in the black powder at relatively remarkable amount,

has been reported in the literature as jforeign
elements. Having assessed the relevant excess
amount of the elements shown in paragraph 5.3, we
turned to the examination of their isotopic
distribution. We found that the isotopic distributions
of Ti, Cu, Fe, Zn and Zr were very close to the
natural one. Accordingly, it would be concluded, in
spite of their relevant amount, that the presence of
these elements in the black powder was due to a
contamination. At present, we cannot explain the
origin of such a heavy contaminationy.

Mass, Nat. Ab. | 92(14.8) | 94(9.3) 95(15.9)

96(16.7)

97(9.6) 98(24.1) 100(9.6)

2771(16.4) | 3097(18.4) |2044(12.1)

Coun. New ab

2703(16.0)

1319(7.8) 3461(20.5) |1327(8.7)

Tab.6.1 Isotopic distribution of Mo in black powder, Exp.#1 (Mass&Nat. abundance/Counts&New abundance).

The counts from the mass number 92 to 100 can be
attributed to a some Mo contamination in the black
powder. However, a significant deviation of the
isotopic distribution from the natural one appears at
the mass number 94 (natural abundance: 9.3%;
found: 18.4%). Such a deviation could be explained
by supposing that some foreign **Mo was “produced”
during the electrolysis. The amount of our foreign
Mo (expressed as atoms/cm?) is similar to that found
by Y. Iwamura, but the mass number is different (94

versus 96). At present no satisfactory explanation of
such a discrepancy is available.

7. ICP-MS analysis of residue obtained after
distillation of electrolytic solution.

In the electrolytic solution, after distillation, we
have recovered (in consistently lower amounts), the
same elements previously found in the black powder.
No relevant anomalies in the isotopic distribution
were detected even for Mo. Isotopic distribution was
as following:

Mass, Nat Ab | 92(14.8) | 94(9.3) 95(15.9)

96(16.7)

97(9.6) 98(24.1) 100(9.6)

Coun. New ab | 1600(13.4) | 1190(10.0) | 1870(15.7)

1940(16.2)

1150(9.6) 3020(25.3) | 1138(9.6)

Tab. 7 Isotopic distribution of Mo soluble, Exp. #2 (Mass&Nat. abundance/Counts&New abundance).
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8. CONCLUSIONS

Several, unexpected, new elements were detected
after loading/deloading electrolytic cycles in the
above mentioned experimental conditions. Most of
these elements haave been collected in the insoluble
black powder that precipitates during the anodic
phase of the cycle. Among such foreign elements, Ti,
Fe, Zn, Nb were found to be the most abundant
components. All of these show an isotopic
distribution close to the natural one, so some sort of
contamination, at present not yet identified, can not
be rouled out. Regarding the presence of Mo, we
found that a clear isotopic anomaly occurs at the
mass number 94, and not at mass 96 as reported by
Y. Iwamura. Further work is necessary: in order to
reconfirm our results and to explain the differences
with respect to the Y. Iwamura experiments.
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ABSTRACT

Positive and negative energy evolution was observed in the H,O electrolysis with two types of Pd electrodes. The
positive energy (excess energy) was in the range from 2 to 12 W, being observed with all the untreated Pd and a few
cold worked Pd electrodes. The negative energy (endothermic reaction) was -3 — 0 W, being observed with most of
the cold worked Pd electrodes. Among the cold worked electrodes evolved negative energy, one cold worked
electrode generated negative energy almost over the whole period of the electrolysis, the other electrodes generated
positive energy along with negative one. Fe, Sn, Cd and Zn were detected with the untreated and cold worked
electrodes generated positive energy while Pt, Au, Hg and Pb were detected with the cold worked electrodes
generated negative energy. The isotope distribution of Pd atoms in the neighborhood of the electrode surface was
disturbed to a great extent. The isotope distributions of product atoms of Pt and Hg were also deviated from the

natural isotopic abundance.

1. INTRODUCTION.

According to the previous work [1], it is
expected that excess energy evolved during the
electrolysis in H,O and D,0 solutions increases
with electrolysis current density. We recently
observed several 10 W of excess energy during
plasma electrolysis with use of W and Re
electrodes [2-4]. However, in plasma electrolysis,
the effective duration of the electrolysis was
limited to 10 or 20 minutes because of the high
heat of the violent reaction disintegrates the
electrode material.

In the present study we tried to measure
excess energy and analyze new elements
produced on two types of Pd electrodes during
electrolysis at an extremely large current density,
just below the threshold value at which plasma
electrolysis occurs (we refer to this as critical
electrolysis).

2. EXPERIMENTAL

We used two types of Pd electrodes. One is an
untreated Pd sheet and the other is a cold worked
Pd sheet prepared by way of scraping its surface
with a cleaned Pyrex-glass fragment. The
electrode area is ca. 0.8 cm’. The counter
electrode is a Pt gauze (1 cm X 7 cm, 80 mesh).
The electrolytic cell is made of fused quartz glass.
The volume is 240 ml. Electrolyte solution is 2 M
K,CO; prepared from Merck sprapur reagent and
Milli-Q water. The volume is 220 ml in the
maximum condition. Electrolysis was conducted
for 20 days.

The element and isotope analysis in the
electrode surface layers after the critical
electrolysis was carried out by Auger electron
spectroscopy (AES) and Time of flight-type
secondary ion mass spectroscopy (TOF-SIMS).
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3. RESULTS AND DISCUSSION
3-1 Excess energy measurement

During electrolysis, every 12 hours the
volume of the electrolyte solution decreased to ca.
120 ml by the decomposition and vaporization of
H,0. Milli-Q make-up water was supplied every
12 hours on most days. When make-up water was
added the solution temperature dropped. After it
recovered heat measurement was conducted for
6-8 h, while the solution volume remained above
160 ml. Excess energy, E.,, was estimated by the
following equations,

Eo = W(T) . a(E-1.48) 1)

W(D)car =W(T)r=220-190 =~ K AV (#)
where W(T)mb E, I, W(T)T=200_190, AV, and K
are, respectively, electric power calculated from
the calibration curve shown in Fig.1l, input
potential, electrolysis current, electric power
calculated from the calibration curves obtained in
solutions above 190 ml, the volume of decrease of
solution from 190 ml, and a correction factor

90
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Figure 1. Calibration curves: solution volume (O) 220
ml, (@) 190 ml, (A) 160 ml
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Figure 2. Variations of solution temperature (A), and
input electric power (B), with electrolysis time
obtained from 18350 min after starting electrolysis:
(1) untreated electrode (electrode 114), (2) cold
worked electrode (electrode 113)
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Figure 3. Positive and negative energies observed in
the various time regions after starting electrolysis for
(A) untreated electrode (electrode 114) and (B) cold
worked electrode (clectrode 113): (O) 3945, (@) 9665,
(D) 18350, (A) 25540, ((3)29870 min after starting
electrolysis
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required for when the volume of solution
decreased to less than 190 ml. The correction
factor is 0.063-0.087 W/ml, based on the
assumption that the deviation of the calibration
curve, which bcfins to appear below 190 ml, is
proportional to AV.

Figure 2 shows an example of the heat
measurement during electrolysis with two
cathodes: a fresh cold worked electrode, and a
fresh untreated electrode prepared from the same
Pd sheet, electrolyzed at almost the same power
level. In both electrolyses fresh Pt gauzes
prepared from the same material were employed
as counter electrodes. A clear difference in the
temperature of solution is seen between the two
systems, The temperature of the cell with the
fresh untreated electrode was 70 -71C, or ca.
5°C higher than the cell with the fresh cold
worked electrode. Even from this simple example,
it is clear that excess energy evolved at least on
the fresh untreated Pd electrode in the critical
electrolysis. In fact, the excess energy estimated
from this figure amounts to 2.8 — 5 W for the
untreated electrode and -1 — 1 W for the cold
worked electrode, namely, negative energy was
observed over certain periods during electrolysis
with the latter electrode. It is evident that such a
difference in the energy evolution depends on
whether the electrode is subjected to cold work
treatment or not. Figure 3 shows the excess
energies observed with these electrodes in the
various time regions after as many as 20 days of
electrolysis (28000 minutes). For the untreated Pd
electrode considerable amounts of excess energy
ranging from 2 to 6 W were always observed. The
excess energy increased steadily with the
electrolysis in times after make-up water was
added. Whereas for the cold worked Pd electrode
both “positive” excess energies and “negative”
excess energy (hereafter, we will refer to these
energies merely as “positive energy” and
“negative energy”, respectively) were observed.
Within 3 days after starting electrolysis, the
energy is always negative (endothermic), after
which it passes through 0 and turns positive with
increasing time,

In the present study excess energy
measurement was performed with use of seven
cold worked electrodes and six untreated Pd
electrodes. For the untreated Pd electrodes
positive energies ranging from 2 to 12 W were
observed without exception. On the other hand,
for the cold worked electrodes, both positive and
negative energies were observed for four
electrodes, negative energy alone for one
electrode, and positive energy alone for the
residual two electrodes. Figure 4 shows negative
energies observed with the cold worked electrode
evolved almost negative energy alone (for
convenience, it will be referred to as “electrode
evolved negative energy alone”). The negative
energy reaches ca. - 2 W within 2 h after the onset
of the measurement. The observation of positive
and negative energies suggests that two types of
nuclear transmutations, i.e. exothermic and
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Figure 4. Negative energies observed in the various
time regions after starting electrolysis for a cold worked
electrode (electrode 108): (O) 1415, (@) 10100,

(L) 19770, (A) 20175, (03) 28855 min after starting
electrolysis

endothermic, can occur on the cold worked
electrode and their pathway is likely to depend on
the condition of the crystallographic disturbance
of the electrode induced by the cold work
treatment.

3-2 Identification of product elements

The element analysis on the electrode after the
critical electrolysis for 20 days was made by AES.
Figure 5 shows AES spectra obtained for three
types of electrodes, i.e. untreated electrode, cold
worked electrode evolved both positive and
negative energies, and that evolved negative
energy alone. The kinds of elements produced
on/in these electrodes depended on whether the
energy evolved was either positive or negative, or
both. For the cold worked electrode evolved
negative energy alone shown in Fig. 4 only a
strong Pt signal was detected. For the untreated
electrode that evolved positive energy alone, the
major signals were Fe and K and, in addition,
small signals of Sn, Cd and Zn were detected.
Similar product elements were detected for two
cold worked electrodes that evolved only positive
energy. However, to our surprise, no Pt signal was
detected for electrodes that evolved positive
energy. For the cold worked electrodes evolved
both positive and negative energies strong Pt
signal and weak Fe signals were detected.

The distribution profiles of the product
elements in the bulk of the cold worked electrode
that evolved only negative energy and the
untreated electrode obtained by AES spectra are
shown in Fig.6. The surface concentration of Pt
produced on/in the former electrode reaches ca.
90 at. % which decreases nearly linearly with
sputtering time, becoming close to 0 at around 4.5
min. On the other hand, for the latter electrode Fe
is mainly distributed (22 at. % is the maximum),
and it also becomes negligible at around 4.5 min.
The maximum concentration of Sn and Zn are 7
at. % and of Cd is 1 at. %. K is distributed only in
the vicinity of the electrode surface. No Pd is
found in the layers close to the surface of the
electrode. Moreover, for this electrode, O is
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Figure 5. AES spectra of untreated electrode (electrode
114) (A), cold worked electrode evolved both positive
and negative energies (electrode 113) (B) and cold
worked clectrode evolved negative energy alone
(clectrode 108) (C). Sputtering time (A) (1) 0, (2) 0.5
min, (3) 1 min, (B) (1) 0, (2) 5 min, (3) 9 min, (C) (1) 0,
(2) 1 min, (3) 2 min, (4) 4 min

present in large amounts. It is probably bound to
Fe, Zn, Sn and Cd atoms, hence the real
concentration of these elements should be
somewhat higher than those estimated from Fig.6.
The depth of the face of the electrode obtained t;g
sputtering for 4 minutes was estimated at 250

30 mono-layers by use of the equation described
in [5]. Therefore, the approximate amounts of Pt
produced on/in the cold worked electrode and Fe
produced on/in the untreated electrode yield,
respectively, (2 O:tO 5) X 10" atom and
(3.21£0.5) X 10" atom.

Along with the production of Pt a considerable
amount of Au (12-14 % of Pt) was produced.
This was confirmed on/in the cold worked
electrodes evolved negative energy by TOF-SIMS
analysis (in the AES spectra the signal of Au was
not identified by the strong Pt signal). As an
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Figure 6. Distribution profile of product elements in
the bulk of the electrode after electrolysis, (A) cold
worked electrode evolved negative energies alone
(clectrode 108), (O) Pt, (@) Pd, (0) O, (B)
untreated electrode (electrode 114), SO)Sn, (@ Pd,
(A) O, (A)Fe, (O) Zn, (MK, (O) Cd

example, the signals of TOF-SIMS detected in the
mass numbers ranging from 194 to 198 for the
cold worked electrode that evolved only negative
energy are listed in Table 1. One can see that the
electrode retains Au as much as 14 % of Pt. The
fact that an appreciable amount of Au is produced
along with Pt suggests that Pt atoms found in the
cold worked electrode do not come from the
counter electrode but are newly produced during
the critical electrolysis.
3-3 Isotope distribution of Pd and Pt atoms

The isotope distribution of Pd atoms in the
surface layers of the electrode after the critical
electrolysis was markedly different from its
natural isotopic abundance. In addition, Pt atoms
produced on/in the cold worked electrodes that

TABLE 1
TOFF-SIMS Signal Intensities of Pt and Au
(electrode 108)

Signalmass Count Element Difference between signal
and element masses
193.9629 3640 194Pt <0.001
1949677 6224 195Pt 0.003
195.9673 4165 196Pt 0.002
196.9758 2563 197Au 0.008
197.9734 1688 198Pt 0.006
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Figure 7. Isotopic distribution of Pd atoms in the
surface layers of the electrodes, (A) fresh cold worked
electrode before use, sputtered for 30 s, (B) cold
worked electrode evolved negative energy alone,
sputtered for 30 s (clectrode 108), and (C) cold worked
electrode evolved both positive and negative energies,
sputtered for 120 s (electrode 107). In each three sets of
the bars the left and middle bars show found values at
the different spots of the electrode and the right bar
shows natural isotopic abundance.

evolved negative energy alone and those that
evolved positive and negative energies have
anomalous isotope distribution. Figure 7 shows
the isotope distribution of Pd atoms in the surface
layers of these electrodes and fresh cold worked
electrode before use. The isotope distribution of
Pd of the fresh electrode is very close to the
natural isotopic abundance. Whereas the contents
of '%®Ppd for the electrode evolved negative energy
alone and that evolved both positive and negative
energies increase pronouncedly, being ca. 2 times
its natural isotopic abundance. The abundance of
105pq 106pd and '°Pd decreases. For Pt atoms, the
content of Pt falls to ca. 3/4 of its natural
isotopic abundance, while the other Pt isotopes
are above their natural values (Fig. 8). Besides Pt
and Au, small amounts of Hg and Pb are detected
by TOF-SIMS. The isotope distribution of Hg
atoms was markedly deviated from its natural
isotopic abundance (the content of M2Hg observed



was below 2 at %), while the isotope distribution
of Pb was close to its natural isotopic abundance.
The analysis of the isotope distribution of Pd and
product elements for untreated Pd electrodes is
presently under way (in the preliminary

experiments the result similar to that shown in Fig.

7 has been obtained).

Content/at.%

198Pt

194Pt 195Pt

Isotopes

t96Pt

Figure 8. Isotopic distribution of Pt atoms present in
the surface layers of the cold worked electrode evolved
negative energy alone (electrode 108, no sputtered). In
cach three sets of the bars the left and middle bars show
found values at the different spots of the electrode and
the right bar shows natural isotopic abundance

3-4 Reaction routes

It is evident from the results obtained (1) that
positive and/or negative energies evolve
depending on whether the electrode is subjected
to a cold worked treatment or not, (2) that Fe, Sn,
Cd and Zn are produced for untreated electrodes
and cold worked electrodes that evolved positive
energy alone, (3) that Pt, Au, Hg and Pb are
produced for cold worked electrodes that evolved
negative energy alone, (4) that a small amount of
Fe is produced in addition to Pt, Au, Hg and Pb
for cold worked electrodes that evolved both
positive and negative energies. Possibly, for the
untreated electrodes, Pd atoms would interact
with several H atoms to form Sn or Cd initially
which disintegrate to form Fe or Zn. These
processes should be exothermic, generating
positive energies. On the other hand, for the cold
worked electrodes evolved negative energy, two
Pd atoms would interact with each other to form
Pb initially, which in turn disintegrate to form Pt,
Au and Hg. In this case the former endothermic
fusion reaction would generate a negative heat
balance.

However it should be noted that these
phenomena are observable only on the Pd
electrode under critical electrolysis. For a Pd
electrode under the conventional electrolysis, for
example, at a current density of 1 Alcm?, the
excess energies evolved is in the range from O to
0.6 W far smaller than those observed in the
present study and no negative energy was
observed [1,6]. In addition, the isotope
distribution of Pd on the electrode after the
electrolysis remained at natural isotopic
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abundance.

The anomalous isotope distribution of Pd of
the electrode material and Pt, and the presence of
Au, Hg and Pb, which are not significant
contaminants in the electrolysis system, suggests
strongly the occurrence of the endothermic
nuclear transmutation under the critical
electrolysis with the cold worked Pd electrode.
The production of Fe, Sn, Cd, and Zn
characteristic in the critical electrolysis with the
untreated electrode and a few cold worked
electrodes evolved positive energy alone reveals
the occurrence of the exothermic nuclear
transmutation.
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Confirmation of anomalous hydrogen generation by plasma electrolysis
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Abstract: Direct decomposition of water is very difficult in normal conditions. Hydrogen gas is
usually obtained by the electrolysis. Pyrolysis decomposition of water occurs at high temperatures,
starting at ~3000°C. As we have already reported, anomalous hydrogen is sometimes generated
during plasma electrolysis. Excess hydrogen usually appears once certain difficult conditions during
high temperature glow discharge electrolysis are met. Here, we show that anomalous amounts of
hydrogen and oxygen gas are gemerated during plasma electrolysis excess gas generation,
presumably from pyrolysis. This is indirect proof that exceptionally high temperatures have been
achieved. (Direct measurement of the reaction temperature has proved difficult.) Continuous
generation of hydrogen above levels predicted by Faraday’s law is observed when temperature,
current density, input voltage and electrode surface meet certain conditions. Although only a few
observations of excess hydrogen gas production have been made, production is sometimes 80 times
higher than normal Faradic electrolysis gas production.

Key word: plasma electrolysis, hydrogen generation, current efficiency

1. Introduction ordinary glow discharge plasma at 100V is
We previously reported anomalous hydrogen lower than this. Glow discharge occurs when
generation during plasma electrolysis 2, electrolysis is performed at high input voltage
Some researchers have attempted to replicate (100V or more) in an aqueous solution G675 A
the phenomenon, but it is difficult to generate plasma forms, and a mixture of free hydrogen,
large excess hydrogen. Usually, the plasma oxygen and steam are formed on the surface of

state can be achieved fairly easily when voltage the cathode electrode. The generation of
is increased to at least 140V at a high hydrogen at levels exceeding Faraday’s law is
electrolyte temperature. Several researcher observed when the conditions such as
have tried to replicate tend to raise input temperature, current density, input voltage and
voltage very high, to several hundred volts. But electrode surface are suitable *'*19 The
they have observed no excess hydrogen even at precise conditions are still not known, and
such high voltage, because they have not  controlling these conditions is difficult, so only
achieved the other conditions we specify. a few observations of excess hydrogen have
During plasma electrolysis, so much vapor and been made (31417,

the hydrogen gas are released from the cell that

it becomes difficult to determine the heat 2. Experiment

balance. Measuring the enthalpy of the effluent 2.1 Electrolysis cell

gas is particularly difficult and complicated, Figure 1 shows the schematic outline of the cell
and it has not been done heretofore. and measurement system . The cell, made of
It is even more challenging to measure enthalpy Pyrex glass, is 10 cm diameter and 17 cm in
removed from the system in excess gas, but it is height, and 1000 cc in capacity. The cap is
important to measure the power balance, to be Teflon rubber, 7 cm diameter. The cap has

sure one have replicated excess hydrogen, several holes, three for platinum RTDs
because without it one cannot expect excess (Resistance Temperature Detectors) to measure
hydrogen. electrolyte temperature, two for a coolant water

The amount of hydrogen and the oxygen  tube inlet and outlet (described below), one to
generated by electrolysis is based on Faraday's vent the oxygen from the anode, and a dome to
law. The volumes of these gases are 0.116 cc/C capture hydrogen gas from the cathode
for hydrogen and 0.0581 cc/C for oxygen at (described below).

standard conditions *¥. The yield might exceed 2.2 Capture and measurement of hydrogen
Faraday’s law at very high temperatures, gas

exceeding 3000°C, when direct pyrolysis can

occur. However, the estimated temperature of ~ The electrodes are isolated in separate
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partitions within the cell, to prevent oxygen
from mixing with hydrogen. A dome or
funnel-like quartz glass dome surrounds the
cathode, extending below it. It is 5 cm in
diameter, 12 cm in length. The effluent gas
from the cathode — a mixture of hydrogen
from electrolysis, hydrogen and oxygen from
pyrolysis, and water vapor from the intense
heat — is captured inside the funnel as it rises
up to the surface of the electrolyte. Oxygen
from electrolysis is generated at the anode,
outside the funnel. The anode is a platinum
mesh wrapped around the funnel. Bubbles of
oxygen rise from the anode to the surface and
leave the cell through a separate vent hole.

Preitasce | Hydrogen g
"y
Teflon cap -
Quartz
pipé
Cath Pt anode
Cell
10ecn @,
16cm height

Fig.1: Detail of experimental setup.
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Pt mesh
Mixing gas bubble

Fig.2: Detail for gas measurement system.

After the gas rises to the top of the funnel, it
passes through a Teflon sleeve into a condenser.
The water vapor condenses and falls back into
the cell, and the hydrogen and oxygen
continues through an 8mm diameter Tigon
tube and a gas flow meter (Kofloc Corp., model
3100, controller model CR-700). This is a
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thermal flow meter; the flow detection element
is a heated tube. The minimum detectable flow
rate is 0.001 cc/s, and the resolution is within
1%. The gas flow measurement system is
interfaced to a data logger, which is attached to
the computer

After passing through the flow meter, part of
the gas stream is diverted into a quadra pole
mass spectrometer. A small, constant volume of
the gas, typically 0.001 cc/s, passes through a
needle valve and is analyzed by a mass
spectrometer.

2.3 Power efficiency measurement

Two methods of power efficiency are
performed  simultaneously: flow  and
isoperibolic. Flow calorimetry is performed by
circulating cooling water through a complicated
circuit. The cooling water is tap water that
begins by passing through a coiled copper tube
immersed in a constant temperature bath. The
cooling water then passes through a turbine
flow meter (HEP-BATCHItrol II), and past the
inlet temperature sensor RTD. From there,
water goes through the outer chamber of the
condenser above the cell. (Effluent gas from the
cathode passes through the inner chamber. The
water condenses and falls back into the cell,
and the hydrogen gas continues on.) The
cooling water tube then enters the cell to
remove heat from the electrolyte solution. It is
wound in a coil around the anode mesh and the
funnel. The tube exits the cell, passes through
the outlet temperature sensor RTD, and from
there, it goes to the drain. Heat from both the
condenser and the electrolyte is measured by
comparing the inlet and outlet temperatures.
Isoperibolic calorimetry is performed by
monitoring the temperature of the electrolyte
solution with three RTDs, which are widely
separated and placed at different levels in the
solution. The solution is mixed with a magnetic
stirrer.

The amount of the heat generation is estimated
by combining the flow and isoperibolic data
compared with the input electric power. The
heat balance is still being investigated, and it
will be described in a future paper.

2.4 Electrode and solution

The electrode was tungsten wire, 1.5 mm in
diameter and 15 cm in length, the upper 13 cm
of the wire covered with shrinkable Teflon, and
the bottom 2 cm acted as the electrode. The



light water solution was made from high purity
K,COj; reagent at 0.2M concentration.

2.5 Power supply

The power supply was a Takasago model
EH1500H. Input power was calibrated for each
five seconds and measured with a Yokogawa
PZA000 meter. The sampling time was 40.4(s,
during which 100 kb of data is collected.

2.6 Data collection

All data, including the flow rate of the cooling
water, the temperature of the coolant at the inlet
and outlet, the temperature at three locations in
the cell and one location in the thermostatic
chamber, the input voltage, current, and the
amount of the hydrogen gas generation were
recorded by a data logger (Agilent Corp.,
34970A), and a computer for each 5s.

3. Results

A calibration is shown in fig.3. The temperature,
input voltage and current were shown in fig.3A;
the input voltage was 100 and 80V, the current
was increased from 2.5 to 3.5A and the
temperature stayed 80°C. Figure 3B shows
the change in the amount of the hydrogen gas
measured directly from hydrogen gas flow
meter and the expected hydrogen flow from the
electric current, based on Faraday’s law. Over
the entire 1000-seconds run, the value obtained
from flow meter and the Q-mass system, i.e.
the current efficiency, was same with expected
amount calculated according to Faraday’s law
for the measured current.

The changes in current efficiency are calculated
above for a two-value ratio ( € ) of the
hydrogen gas amount of flow meter and the
input current, and in addition, the ratios of heat
output to input electric power (power
efficiency) are shown in Figure 3C. The power
efficiency shows a small fluctuation of 93% ~
103%, and the & is 0.98~1.1 in this
electrolysis condition. In the generated oxygen
and vapor had not been detected and calculated
in the measurement for the heat, other word,
some of the heat may escape from the system.
On the other hand, here, the larger value of &
as 1.1 comparing the theoretical one can be
considered that some oxygen gas goes into the
hydrogen collecting tube. One of the reasons of
the leakage is caused from the structure of the
open part of the bottom side; some of hydrogen
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measurement.
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Fig.3B: Two rates of hydrogen generation
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gas escaped from the cathode room, on the
other hand, oxygen gas does into the cathode
room where the capturing pipe surrounding the



cathode electrode and refuse into anode room
of the cell caused from strong stiring by the
magnetic element. It is understood that the
recovery changes by the generation rate of gas
and stirring because if the stirring was ceased
then the value of recoverystayed at 100%.
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Fig.4A: Input changes for electrolysis.
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Fig.4B: Change in hydrogen generation.

A typical result exceeding Faraday’s law is
shown in Figure 4. In this case, the plasma
electrolysis occurred at 2A/cm® of input current
at 120V and 80°C in electrolyte temperature, as
shown in Figure 4A. The rate & is shown in
Figure 4B. Here, & exceeded unity when the
plasma electrolysis started; the gas generation
much increased with the input voltage.

The power efficiency graphs (Figure 4B) show
almost 100%. However, in the experiment, heat

recovery for oxygen evolution was not
measured. So, we can only conclude that partial
power efficiency was close to 100%. In same
graph, the current efficiency of hydrogen gas
generation are shown; the efficiency reached 8
(that is, 800% of the expected Faradic value),
and it continued during plasma electrolysis at
230 V. Faraday’s law predicts that 2440 cc
should have been produced during the entire
test run, but 5100 cc was measured (2662 cc
excess). When we consider only hydrogen
produced during periods when phsma formed,
Faraday’s law predicts 905 cc, and the
measured amount was 3240 cc (2335 cc excess;
2.6 times the predicted value).
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The relationship between current efficiency of
hydrogen gas generation (&) to voltage is
shown in figure 5. Here, we can sce that
efficiency is strongly dependent on input
voltage. Other parameters such as input current,
duration time of the hydrogen generation and
cell temperature do not show any strong
correlationto £.

4. Conclusions

It is difficult to determine the exact relationship
between the current efficiency, & and other
factors. However, the data strongly suggests
that one of the key factors is the input voltage,
as shown in Figure 5 of the € and V
relationship. Here, it can be understand that the
€ has a tendency of increase with input
voltage. One point of & value in the figure
shows up to twice of the theoretical value of
unity; the point was obtaired by the result of
plasma electrolysis. On the other hand, the & is
remaining at unity for all of the other normal
electrolysis. It can be predicted that that if the
input voltage were increased to several hundred
volts, then the & would far exceed unity,
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Abstract

We performed plasma electrolysis experiment with tungsten cathode and potasium carbonate
solution, aiming at measurements of X-rays and ~-rays during plasma electrolysis. The measure-
ment under plasma discharge has been troubled by electromagnetic noises, but in this work, noise
reduction was performed by wave form analysis and significant counts of bump was observed in

low energy region.

Keywords: plasma electrolysis, multi-photon absorbtion, photo fission, x-ray burst

1. Introduction

There are many reports that excess heat and
nuclear transmutation were observed by CF ex-
periments.! Mizuno reported the detection of
anomalous elements which related with produc-
tion of excess heat in the plasma electrolysis
experiment.2

In order to explain the observed results,
the Multi Photon Induced Fission / Selectrive
Channel Scission (MPIF/SCS) model was pro-
posed.® Mizuno’s experiment was analyzed by
this theoretical model, and analytical results
showed good agreement with experimental re-
sults.* The MPIF/SCS model supposes the ex-
istence of intense bursts of photons with energy
less than 5 MeV, which induce nuclear collec-
tive excitation of cathode metal nuclei by multi-
photon absorbtion to lead to fission channel.
For example, we require photon source emitting
random bursts of 1-100 keV photons (X-ray re-
gion) in short pulse (less than 10~%) with very
high peak flux (more than 10?8 photons cm~2
s~1). We have thought that the plasma region
produced in thin layer (probably less than 1
micro-meter) close to cathode by electric dis-
charge in electrolyte may provide such photon
source due to mechanism similar to X-ray laser
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generation, and then excite cathode metal nu-
clei to make them fission.

The aim of this work is to search if there are
such X-ray bursts from plasma electrolysis ex-
periments. Therefore, we have performed mea-
suremetns of X-rays and ~-rays during plasma
electrolysis. At the begining of experiment, the
electromagnetic noises were too many to find
radiation signals sharing possible X-ray energy
spectrum. The noises were drastically reduced
after applying wave form analysis system, and a
bump spectrum, which is thought to be a set of
radiation signals, appeard near 50 keV region.

2. Experimental Setup

2.1 Electrolysis System

Figure 1. is schematic view of electrolysis
system. The electrolysis was performed using
direct current power supply and controled by
electrolytic voltage.

The cathode was 5 mm x 5 mm square plate
of tungsten. The thickness of plate was 0.3 mm.
For the lead rod, 1.2 mm diameter tungsten rod
was used. The lead rod was covered with tightly
fitted Teflon sleeve. The plate was attached to
lead rod by spot welding. Nilaco tungsten (pu-
rity 99.95%) was used.
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Fig. 1: schematic view of elctrolytic cell

The anode was 25 mm diameter x 33 mm
long cylinder made of nickel mesh. The lead
rod was 1 mm diameter of nickel wire and was
covered with Teflon sleeve. The open type glass
cell was used as electrolytic cell. The inside di-
ameter of electrolytic cell was 6.5 cm, and the
thickness of wall was 2.5 mm.

The electrodes, platinum resistence ther-
mometer and coolant pipe made of glass were
set up through sillicon plug, and the plug was
put in the glass cell. The arrangements were
adjusted so that the cathode plate existed in
the center of the anode cylinder of electrolytic
cell.

The electrolyte was 0.2 molar potassium
carbonate solved in light water. Its amount was
250 ml.

2.2 Measurements setup

The X-ray was measured by using a HPGe
semiconductor detector. The detector was set
at 4.5 cm apart from the surface of electrolytic
cell. The radiation signals from HPGe semi-
- conductor detector were processed through cir-
cuit of modules, and finally counted by Multi
Channel Analyzer (MCA). The measured en-
ergy range was from 5 to 150 keV. The in-
formation about X-ray energy spectrum and
time variation of X-rays (measurement in Multi
Channel Scaler mode: MCS) were also ob-
tained.
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At the same time, measurement of visible
lights emitted during plasma electrolysis was
performed. Because it is expected that the re-
sult in observing light from plasma region gives
information to understand discharge mecha-
nism. The monochrometer was used for mea-
suring visible light. The measured light range
was from 200 to 700 nm. This measurement
required 500 seconds because of its mechanical
design.

The electrolytic voltage and current were
also recorded by using pen recorder.

2.8 Electrolytic Modes

There were three types of electrolytic mode
in our study. The first mode was preparatory
electrolysis, which carried out in low voltage
(about 40 V) in order to adjust the electrolyte
temparature. The target temparature was 70
degrees Centigrade. The second mode electrol-
ysis was carried out with varying voltage in
order to confirm the discharge condition. Be-
cause some different discharge states existed,
and noteworthy state called as plasma discharge
was one of them. The discharge state changed
due to increase of electrolytic voltage. The
third mode electrolysis was for measuring the
radioactive rays and the light spectrum. Power
supply was used carried out in constant voltage
mode.
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2.4 Wave Form Analysis

In order to reduce electromagnetic noises,
wave form analysis was applied on the measure-
ment of X-rays. As shown in section 3, the elec-
tromagnetic noises from plasma region are too
much, so we had to adopt the technique to kill
noises.

Figure 2 shows signal processing circuit. For
noise reduction, we use the fact that the de-
cay time of radiation signal differs from that
of electromagnetic noise signal. It is usually
supposed that decay time of radiation signal is
much longer than that of noise signal.

To explain shortly, right side series modules
of Fig. 2 work for wave form analysis, and left
side series modules work for energy analysis of
signals with gating signals from the wave form
analysis.

3. Experimental Results

3.1 Electrolysis Procedure

Figure 3 shows the relationship between
electrolytic voltage and electrolytic current.
The “top” curve indicates the relationship when
increasing voltage, and the “bottom” curve in-
dicates the one when decreasing voltage. Here,
we explain changings of the state in the elec-
trolytic cell when electrolysis was carried out
on the second mode. The voltage was changed
by 10 V step, and the parameter values were
recorded.

The current increased lineary with increase
of voltage at the region from start point to 40 V.
After 40 V, current decreased gradually till 100
V. The electrolysis state was normal till this
point. When the voltage became 110 V, the

oooooo
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current dropped down to 0.8 A, and discharge
was started. Till 170 V, following voltage in-
crease, the current was increased and the dis-
charge region had expanded. When the voltage
became 180 V, the current dropped again down
to 0.7 A. The discharge state shifted to plasma
discharge. The current was almost constant be-
tween 180 V and 240 V. The plasma discharge
was continued and emitted intense light. The
value 240 V was maximum of power supply we
could use. In this case, the relationship between
electrolysis state and current value in decreas-
ing voltage was not clear. Though figure shows
tendency that the current at decreasing voltage
is lower than that at increasing voltage.

3.2 Time Variation

It was confirmed that the condition of
plasma, electrolysis in this system was that the
electrolytic voltage was over 180 V, by the sec-
ond mode electrolysis. Therefore, the elec-
trolytic voltage for measuring radiation and
visible light was defined as 200 V. Figure 4
shows time variation of parameters when mea-
surements were carried out. However the “Ge
MCS” is the data not analyzed by wave form
analysis. Maybe it contains a lot of noise
counts.

Figure 4 indicates some features. The first
feature is that the MCS counts has close corre-
lation with current. The second feature is that
both of them slowly decrease and they are fi-
nally saturated. The third feature is that both
of the MCS counts and current are sensitive to
voltage change.
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3.8 X-ray Energy Spectra and Light Spectra

The measurements of X-ray energy spec-
trum and light spectrum were carried out when
the voltage was constant. In this case, it was
the period from 100 to 700 seconds in Fig. 4.

The measured results by HPGe detector are
shown in Fig. 5. The “RAW” and “ANA-
LYZED?” line denote the direct output from am-
plifier and the output through the wave form
analysis circuit, respectively, during plasma
electrolysis. The “BACKGROUND?” line is the
energy spectrum as natural background which
had been measured before performing electrol-
ysis. The measuring times of raw, analyzed and
background were each 100, 300 and 30143 sec-
onds, respectively.

The shape of the raw spectrum was so
broadly monotonous that any remarkable struc-
ture were not found. Maybe almost all of them
were attributed to electromagnetic noises. We
cannot get any information from this spectrum
owing to too many noises, even though some
radiation signals might have been counted.

The “analyzed” spectrum was also a broad
spectrum. However noises were almost reduced
by the wave form analysis, but it may contain
still a component of noises. Differred from raw
spectrum, we can find a bump in the region
from 50 to 60 keV. It is not very clear, but
there is possibility that the radiation signals
had been counted there. Someone may point
out that similar bump is appeared in the back-
ground spectrum. But the peak at 70 keV in
the background was not appeared in the “ana-
lyzed” spectrum. The bump in the “analyzed”
spectrum is therefore regarded as real radiation
(X-ray) signals.

The result of measured light emission is
shown in Fig. 6. The background measure-
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ment was carried out two times. But they are
not drawn in Fig. 6 due to their very small
values. They were less than 25 counts in the
each wavelength. It is possible to say that the
almost background counts for measuring light
spectrum were circuitly thermal noises origi-
nated from measuring instruments but negligi-
ble.

In the spectrum of emitted light, it seems
that the shorter wavelength ingredient con-
tained about twice as the longer wavelength
ingredient, though the emitted light contained
all measured wavelengths. There are seen some
peaks and bumps in the spectrum, but there
is some room for further consideration to un-
derstand peaks. The measurement was carried
out by scaning wavelength in one nanometer
step using a set of monochrometer and pho-
tomultiplier. In this experiment, the scaning
time of each wavelength was one second. So
the measuring time was required for 500 sec-
onds. This is too long for measuring the state
of plasma discharge. We have ever observed
that the intense emission of white light some-
times occurs during plasma electrolysis inter-
mittently (bursts). That emission was possible
to be recorded as peak and bump shapes.

4. Discussion

As described above, we obtained interesting
result in the noise reduced X-ray energy spec-
trum using wave form analysis method. But
the significant counts were probably still buried
in electromagnetic noises. So we suppose here
some possibities about understanding the sig-
nificant counts of bump.

We think that the obtained significant
counts of bump is one of evidence of X-ray sourd
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for Multi Photon Induced Fission under plasma
electrolysis. In this point of view, there are two
possibilities of the significant counts. The first
possibility is that the photons emitted from thin
plasma layer were counted. The mechanism of
occuring photon emission in the electrolytic cell
is not clear, but we think that it may be possible
for plasma region which produced by electric
discharge in electrolyte to emit large amount of
photons at a burst due to the mechanism sim-
ilar to X-ray laser generation. If it have been
confirmed that the photons are emitted at a
burst and high peak flux, it would be possible
to excite cathode metal nuclei and make them
fission.

The second possibility is that the signifi-
cant counts are bremsstrahlung X-rays emit-
ted by deceleration of charged particles. As
such charged particles, the scission fragments
produced by fission of cathode metal nuclei are
thinkable if the multi-photon induced fission of
cathode metal nuclei have been assumed. The
scission fragments would be produced in sur-
face of cathode plate and have highly kinetic
energy. They may lose their energy for an in-
stant in electrolyte and convey electrons may
emit photons as bremsstrahlung X-rays. But
only a few X-rays are reachable to detector even
if large amount of bremsstrahlung X-rays have
been emitted, because almost all X-rays near 50
keV region would be absorbed before overcom-
ing a wall of electrolyte.

In order to obtain more evidence, it is
needed to improve radiation-identification. The
further experiment which uses filtering tech-
nique with various K-shell edge absorption for
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X-rays is under developing for this purpse.
5. Conclusion

We have performed measurements of X-
rays, y-rays and light spectrum under plasma
electrolysis. The detection accuracy was in-
creased by using wave form analysis. As a re-
sult, significant counts in X-rays were obtained
near 50 keV region. Identification of this signif-
icant counts in X-ray energy spectrum is under
way using the filtering technique. If emission of
X-ray is confirmed, further experiment will be
needed to investigate whether the X-ray emis-
sion is in burst or not. At the same time, it
is also important to measure light spectrum in
order to understand the mechanism of plasma
discharge under electrolysis of liquid.
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Abstract: To investigate possible anomaly in nuclear reactions in solids, deuterium ion irradiation of

deuterated Au/Pd samples have been performed with extensive measurements of reaction products and in

situ characterization of the samples including ERDA and RBS. The deuterium density in the sample

with a modified composition under irradiation has been found to grow up to a value three times greater

than that in PdD,ss, and the D(d,p)t reaction rate to become two orders of magnitude greater than the

calculated one. We speculate that the formation of the mixed layer of Au and Pd gives rise to

enhancement of the reaction rate, maintaining significantly high deuterium density.

Keywords: D(d,p) reaction rate enhancement, Aw/Pd, deuterium density, in situ accelerator analyses

1. INTRODUCTION

A variety of deuterium-induced reaction in
metal deuterides with some yield anomaly has
been reported in recent years. Three-body
reactions, ie., DD(d,*He)pn, DD(d,"He)d and
DD(d,*He)t, have been claimed to take place with
great enhancements of the reaction rate in
TiD,[1-3].
of samples have also been reported by many

Nuclear transmutations in a variety

authors, which includes experiments on forced
permeation of D through a multi-layered film of
Pd and Cs[4].

In these reports, the deuterium densities of
the samples have not always been made clear
during these reactions. The three-body reaction
probabilities were measured with the titanium
deuterides, however, the deuterium density under
irradiation was assumed. In some experiments

of nuclear transmutation, the deuterium densities
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in the samples reached the saturation value.

Measurements of the local deuterium
density in samples should be effective to identify
the anomaly and clarify the origin of anomalous
enhancements of the reaction rate[S]. In this
paper, we present experimental results on the
D(d,p)t reaction rate and deuterium density
measured in situ with accelerator analyses under
of

deuterium  irradiation gold-evaporated

palladium (Aw/Pd) samples.

2. EXPERIMENTAL PROCEDURE

A schematic of the experimental system is
shown in Fig. 1. The sample is irradiated with
atomic/molecular deuterium ion beams extracted
from a 30-kV duoplasmatron ion source. The
beams bombard the front surface of the sample in
vacaum whose rear surface is exposed to

deuterium gas in a reservoir.  The sample can be



to accelerator

probe beam :
4MeV-He?*

filter: Al

pressure gauge

<+— D, gas

Fig.1. Experimental system.

characterized in situ by means of accelerator
analyses, i.e. Elastic Recoil Detection Analysis
(ERDA), Rutherford
Spectroscopy (RBS),

and Backscattering
during/after irradiation.
Four solid state detectors (SSDs) are prepared
around the sample to detect products of

deuterium-induced reactions at 110° and
scattered/recoil particles for characterization at
160° and 34° with respect to the analyzing
accelerator beam. In particular, the AE-E
counter telescope technique is employed at 110°
for simultaneous measurements of mass and
energy. Thin aluminum films are mounted on all
SSDs to shield them from thermal radiation by the
beam heating of the sample.

In the present experiments, some Pd
samples coated with vacuum-evaporated Au
layers have been prepared. The Au layer
prevents deuterium reemission into vacuum due
to recombination on the Pd surface, which is
expected to keep the deuterium density high in the
Pd bulk. The typical thickness of the Au layer is
several tens of nm as measured with ‘He-RBS

method.
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3. RESULTS AND DISCUSSION

The DD reaction rate in palladium has been
measured with use of the AE-E counter telescope.
Here, we introduce a normalized yield Y, in order
to evaluate the difference between the measured
The Y, is

defined as the ratio of the measured reaction rate

reaction rate and the theoretical one.

Y., to the calculated reaction rate Y.;

Y,=Yo/Y.
The Y, is expressed as follows:

Y = (AYro/N)) % (4/ALD),

where AYyq is the measured proton yield of the
D(d,p)t reaction during bombardment of N,
incident deuterons, and Af2 is the solid angle of
The TRIMS85N code[5] is used to

calculate the reaction rate of the D(d,p)t reaction

the detector.

for a given composition of target atoms and
thickness.

Figure 2 shows evolution of the Y, for the
D(d,p)t reaction during 15-keV D," irradiation of
the Au(20nm)/Pd sample up to a fluence of
6.6x10'® /cm® In the phase 1 up to the fluence
of 2.9x10'® /cm?, the sample was irradiated after

10‘ v T v T T
. 1 2
; 10° phase phase
(] <
% Pt 0P :
102 4
E JoF R Ao
g 1ot
z 10 3 -
0 [ 1 i 1
10°% 2 4 3 8

D fluence (10"/cm1)

Fig.2. Evolution of ¥, during 15-keV D,
irradiation of the Au(20nm)/Pd sample.



deuterium loading by exposure to D, gas at a
pressure of 1.0x10° Pa for 3 hours. The phase 2
followed a 12-hours rest during which the
reservoir was evacuated and 2-hours exposure of
the rear surface to D, gas at a pressure of 1x10°
Pa.
of 6.6x10'"® /cm® under the same condition as in

The Y, using Y. for a target

The sample was irradiated up to the fluence

the - phase 1.
composition of PdDy g has reached the maximum
value of 200 in the phase 2.

For examining effect of Au coating and
reproducibility of the qualitative feature, we
irradiated the Au(70nm)/Pd sample under the
Figure
3 shows the evolution of the Y, for the D(d,p)t

same condition with that in the phase 1.

reaction up to a fluence of 1.1x10'° /cm®. Being
consistent with the previous result, the Y, exceeds
unity greatly, and even approaches 10°.

In both cases, the Y, has been calculated for
the target with the atomic composition of PdDg gs
to avoid complexity introduced when dynamic
change in thickness and composition of the AwPd
layer is taken into account. The Y. would be
even greater when the target is assumed to be a

compound of Au and Pd, since the greater energy

loss of incident deuterons in the Au layer reduces

10* T v T T
5 100 1
3 102}/ ]
=
E
2 10 4
100 RN S S WS S R R RO S |

0 2 4 6 8 10 12

D fluence (10'%/em?)

Fig.3. Evolution of Y, during 15-keV D,*
irradiation of the Au(70nm)/Pd.

Table 1. Reaction probabilities calculated with
TRIMSSN for targets irradiated with 15-keV

D,".

target composition

reaction probability(/ion)

PdDo.ss

1.5x10"

PdD, ,

3.9x107"

Au(20nm)/PdDg s¢

2.3x10"*

All(7OIlIII)/P dDo,ss

1.8x10"°
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the probability of nuclear collision. As can be
seen in Table 1 listing reaction probabilities
calculated with TRIM85N, the Y. could be an
overestimated value by more than one order of
magnitude.

Under D," imradiation, the samples have
been analyzed by means of RBS and ERDA
methods using a 4-MeV “He beam. The typical
energy spectra of RBS made at the fluence of zero,
4.5x10" fem® and 1.1x10'° /cm® are shown in Fig.
4. The continuum spectrum below 3.1 MeV
corresponds to the Pd(c,c)Pd scattering, and the
spectrum with the peak near 3.4 MeV corresponds
to the Au(o,c0)Au scattering. With the progress
of the D," irradiation, the Au(o,a)Au scattering
yield decreases and its spectral shape is also
deformed. In addition, the slope of the spectral
edge formed by the Pd(a,a)Pd scattering becomes
smaller. The decrease in the Au(o,a)Au
scattering yield can be caused either by the
sputtering loss of the Au atoms or by formation of
a mixed layer of Au and Pd. The peak flattening
and the edge moderation, however, can be
explained only by mixing of Au, Pd and possible
other elements. The lattice defects including the
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Fig.S. Evolution of the depth profile of deuterium
density in the Au(70nm)/Pd sample during
irradiation.

mixing of the layers could trap more deuterium
than the interstitial sites, which could lead to high
density of deuterium in the sample.

The deuterium depth profiles are shown in
Fig.5, which are deduced from energy spectra
measured with ERDA at the same fluence as in
the case of RBS. The deuterium density
increases with increasing irradiation fluence.
The maximum deuterium density of 1.8x10% /cm’
reached at the fluence of 1.1x10" /em’
the PdD,;, which
than the saturated
deuterium density of 5.8x10% /cm® corresponding
to PdDggs Using the Y. of 3.9x10"*/deuteron
for PdD,,, the Y, of 200 has been obtained.

corresponds  to is

extraordinarily  higher

Hence we infer that some mechanisms to enhance
the reaction rate or the reaction cross section are
working in this mixed layer of Au and Pd loaded
with extraordinarily high density of deuterium.
To examine effects of sample conditions,
we have also irradiated a Pd sample without Au
coating under the same condition as in the case of
the Aw/Pd sample.
of the normalized yield Y, for the D(d,p)t reaction
up to a fluence of 6.4x10'" /cm®. The ¥, for the

Figure 6 shows the evolution
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10*}
N

)
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Fig.6. Comparison of normalized yields
obtained for the Pd, the Au(20nm)/Pd and
the Au(70nm)/Pd sample.
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AwPd sample has been ten times greater than that
of the Pd sample without Au coating. The
existence of Au seems to be essential for the
enhancement of the reaction rate.

On the other hand, to check possible effect
of clustering of the incident beam deuterons,
irradiation with molecular and atomic ion beams,
ie., 26kkeV D," and 13-keV D' beams, was
performed with the Pd sample of 1-mm thickness.

The evolution of the ¥, for the case of D*
bombardment is compared in Fig.7 up to a fluence
of 6.4x10" /em’. Since the TRIM85N code
takes no account of clustering and of the charge
state of the incident particle, the same value of the
Y. is used for both cases of the 26-keV D," and
the 13-keV D irradiation. The Y, for 26-keV
D," irradiation is 10 times larger than that for
13-keV D*. Since this result is a preliminary one,
we need further experimental evidence to confirm

possible anomaly even for a pure Pd target.
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Fig.7. Evolution of Y, in the case of irradiation
with 26-keV D," (open squares) and with

13-keV D" (dots).

4. SUMMARY
The normalized yield Y, reaching the

maximum value of the order of 10° has been
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recorded under the 15-keV D, irradiation of
Au-evaporated Pd samples which has formed the
mixed layer of Au and Pd in the near-surface
region. The deuterium density in the sample
about three times higher than the deuterium
saturation density of PdDggs has been
simultaneously measured. We speculate that the
formation of the Au/Pd-mixed layer retaining the
high deuterium density induces the enhancement

of the reaction rate.
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Analysis of Nuclear Products in Hydrogen Penetration through Palladium
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Abstract

Elemental analysis was employed for the palladium sample through which the hydrogen gas penetrated. We
analyzed sample surface by Time-of-Flight secondary ion mass spectroscopy and searched for newly produced
elements during the gas permeation process. Significant increase of the counts for Cr, Fe, and Cu were found after the
experiment. These elements could have been produced by nuclear transmutation.

Keywords: Pd, hydrogen penetration, nuclear transmutation, Cr, Fe, Cu, Secondary ion mass spectroscopy

1. Introduction

Various results about anomalous nuclear reaction in
solids have reported in several types of experiments.
The controlled gas out-diffusion with palladium (Pd)
deuteride or hydride in the evacuated chamber is one
of the unique method [1,2]. It was developed by
Yamaguchi ef al. and called “in vacuo” method. They
observed the excess heat and helium production,
which was thought to be a possible result of a nuclear
reaction. Iwamura et al. has reported observation of
nuclear transmutation in deuterium permeation
experiment with Pd film complexes, which consist of a
thin Pd layer, alternating CaO and Pd layers and bulk
Pd [3,4]. They recently have found a certain rule of
nuclear transmutation, that is, 8 mass number and 4
atomic number increase in the process. The
phenomenon was observed with good reproducibility.
These results suggest that there is a key to understand
the reaction in the mobility of D (or H) atoms in Pd
lattice. In the study described here, we performed the
experiments on hydrogen penetration through Pd and
search for nuclear products as a result of the nuclear
transmutation process. This method has an advantage
of minimizing contamination to the sample, which is
preferably used in investigating small amount of
elements. This study would provide us information to
understand transmutation process systematically. In
addition, we would consider the possibility of nuclear
transmutation in not deuterium but hydrogen system as
some researchers have claimed in various experiments
[5,6].

2. Experiment

The Pd plate (99.95% pure) sample (0.1 X12.5X
12.5mm) was rinsed with acetone and pure water, then
washed by aqua regia to remove impurities on the
sample surface. No hydrogen gas was loaded to the
sample before experiment. Fig.1 shows a schematic
view of the experimental apparatus. The Pd plate was
set into a stainless steel holder placed between two

chambers as shown in Fig.2. The upper chamber is
filled with hydrogen gas at a pressure up to 10 atm,
and the lower is evacuated by a diaphragm pump
(ULVAC:DAM-010). The gas atoms are driven
through the Pd sample to the evacuated chamber by
the pressure gradient. Fig.2 shows the sample holder
and flowing path of the hydrogen gas. The lower
sample holder has several holes where the gas flows.
The gas was kept flowing for about 2 weeks, then
sample was taken out from the holder. Before the
element analysis, the sample was heated to 400°C to
purge the hydrogen atoms remaining in. Finally the
sample surface was analyzed by Time-of-Flight
secondary mass spectroscopy (TOF-SIMS)
(ULVAC-PHIL:TFS-2100). TOF-SIMS has a good
sensitivity for a small quantity of the elements on the
sample with high resolution in mass number although
it is difficult to deduce the absolute quantities from its
output data alone. The primary ion in TOF-SIMS was
Ga* and measured area was 40 X 40 micron square. In
order to take into account the contamination from the
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Fig.1 Experimental setup
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Fig.2 Sample holder. Hydrogen flows from upper

chamber to lower chamber penetrating the Pd sample.

100

80 e (R - - -

-
5
=] L _ o
= 40
20 — S
o lme . . m_.—. A o |
42 44 48 5253545556 5860 63 64 65 66 69
) Mass Number
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Fig.4 Normalized count intensity for mass number 40-70

for the sample after experiment.

environment, we prepared the control sample (“before
sample”), which was set into and removed from the
holder without flowing the hydrogen gas, and
compared the composition of the elements on the
sample between them to specify newly produced
elements during the experiments. TOF-SIMS is
capable of analyzing all the elements with their
isotopes. We also analyzed the isotopic compositions
for the elements detected.

3. Results and discussion

In TOF-SIMS analysis, three randomly selected
areas (40 x m X 40 u m) of each sample were analyzed.
We did not see significant difference in the mass
spectrum for every area. In this study, we do not
discuss absolute quantities of the elements, since we
have difficulties in quantitative analysis with the
TOF-SIMS method. Instead, we use a normalized
intensity that is defined here as the count of the
secondary ions of each element divided by the total
count of ions recorded, and multiplied by 10000.

Fig.3 shows a typical mass spectrum obtained for
the Pd surface of the “before sample” in the mass
number range of 40— 70. Note that the mass numbers
shown on the horizontal axis are not in proportional
scale. A large signal on mass number 69 is for Ga
which was used as a primary ion in TOF-SIMS.

Fig.4 shows a spectrum of the sample after the gas
penetration. Increasing of the intensity for mass
numbers 52, 53, 56, 63 and 65 can be seen. These
mass numbers correspond to Cr (**Cr, *Cr), Fe (*°Fe)
and Cu (®Cu, ®Cu), respectively. The TOF-SIMS
system is capable of removing the surface layers of the
sample by Ga sputtering for surface cleaning and
measurement of depth distribution. Fig.5 and Fig.6
show mass spectrum after 10s sputter cleaning by Ga"
ion beam for the same area as Fig.3 and Fig4,
respectively. Increase in the intensity for mass
numbers 52, 56, and 63 can be seen in Fig.6. These
correspond to **Cr, **Fe and Cu, respectively. We
also found elements of mass number 55, 57, 58 and 65
only after experiments, which correspond to **Mn,
57Fe, **Ni and *°Cu, respectively.

Table 1-3 show the normalized intensity for the
isotopes of Cr, Fe, and Cu at three areas on the sample
with sputtering before and after gas penetration. Note
that selected areas before experiment (a, b, c) are
different from those analyzed after experiment (A, B,
C). In Table 1, small amount of normalized count
intensities for Cr isotopes was seen, and significant
increase was observed at all three areas after
experiment. Almost no count for mass number
corresponding to Cr was seen before experiment, and
increasing the intensity was found after experiment.
For Fe and Cu isotopes, the normalized intensities
were also increased apparently after experiment, as
shown in Table 2 and 3. These results suggested that
Cr, Fe, and Cu could have been produced during the
gas penetration.
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for the sample after experiment. (10s sputter)

After gas penetration

area A B C

Cr 3.6 6.5 10.8
2Cr 27.3 91.8 29.0
3Cr 3.4 12.0 3.7

Normalized count intensity for the isotopes of Cr at three areas on the sample with sputtering before

(10s sputter)
After gas penetration
area A B C
*Fe 2.7 10.5 3.8
Fe 28.6 113.1 42.7
*’Fe 1.6 5.3 24

Normalized count intensity for the isotopes of Fe at three areas on the sample with sputtering before

area a b c
%cr 0 0 0
2Cr 1.9 23 5.9
SCr 0.1 0.2 0.6
Table 1
and after gas penetration.
Before gas penetration
area a b c
Fe 02 0.4 0.2
%Fe 3.1 5.5 2.5
*Fe 0 0 0
Table 2
and after gas penetration.
Before gas penetration
area a b c
$Cu 0.2 0.4 0.3
%Cu 0 0 0

(10s sputter)

After gas penetration

area A B C
$Cu 9.5 8.2 12.9
Cu 5.2 34 5.4

Table 3 Normalized count intensity for the isotopes of Cu at three areas on the sample with sputtering before

and after gas penetration.
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0Cr 20y Scr
natural ratio 4.45 85.82 9.73
A(After) 10.40 79.65 9.94
B( # ) 5.88 83.25 10.80
C(n) 24.80 66.77 8.42
Table 4 Isotopic ratio of Cr  (10s sputter)
Fe *°Fe TFe
natural ratio 5.84 91.75 2.12
A(After) 8.22 86.84 4.94
B( #) 8.13 87.76 4.11
c(n) 7.82 87.23 4.95
Table 5 Isotopic ratio of Fe  (10s sputter)
“Cu “Cu
natural ratio 69.17 30.83
A(After) 64.79 35.21
B( #) 70.51 29.49
C(n) 70.34 29.66
Table 6 Isotopic ratio of Cu  (10s sputter)
102p 4 104p g 105p 4
abundance 1.02 11.14 22.33
a(Before) 1.13 11.15 22.73
b( 7 ) 1.09 11.41 22.37
c( ) 1.06 10.51 23.01
A(After) 0.98 10.84 22.82
B(#”) 1.06 11.42 22.10
C(n) 1.17 11.01 22.86
106p 4 108p 4 10p 4
abundance 27.33 26.46 11.72
a(Before) 27.35 26.26 11.36
b( » ) 27.48 25.78 11.84
c( ”) 27.42 26.60 11.38
A(After) 27.23 26.43 11.69
B( 7 ) 26.76 26.88 11.75
c(n) 27.31 26.24 11.40
Table 7 Isotopic abundance of Pd  (10s sputter)
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Table 4-6 show the isotopic ratio of Cr, Fe and Cu.
In the isotopic ratio of Cr, difference from the natural
one was observed in one of the three areas (Table 4),
while no anomaly was seen for Fe and Cu (Table 5, 6).
Table 7 shows isotopic abundance of Pd from SIMS
data. The ratios both for “before” and “after” sample
are consistent with natural ones.

4. Conclusion

We performed the hydrogen penetration experiment
with Pd sample, and elements on the sample were
surveyed before and after experiment. Increase in
amount of Cr, Fe, Cu have been observed by making
the hydrogen penetrate through Pd. These elements
were possibly produced during the gas penetration. Mn
and Ni were also detected on deeper regions revealed
by the Ga™ sputtering for 10s. These elements might
have been produced by nuclear transmutation. The
present results have strongly suggested that the
reaction could have occurred in hydrogen system as
well as deuterium system.
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Observation of Heat Evolution with Palladium Hydride
in the Evacuated Chamber

N.Tanaka, S.Narita, H.Yamada, T.Nyui, H. Monma, M.Baba, E.Yamaguchi'

Department of Electrical and Electronic Engineering, Iwate University
*The 21* Century Public Policy Institute

ABSTRACT

The controlled gas out-diffusion method was employed to study nuclear reaction in matter using
palladium hydrides with heterostructure (Pd:H/MnOx and Pd:H/Au) of various thickness. Anomalous
heat evolution was observed during the experiment with explosive gas release from the sample.
Time-resolved mass spectra by quadrupole mass spectroscopy showed that the released gas contained
some amounts of T and *He might have been produced simultaneously with the heat evolution.
Keywords: Pd hydride, heat evolution, helium, tritium.

1. INTRODUCTION

Observation of heat evolution with
deuterium or hydrogen loaded palladium (Pd),
which can be easily recognized as a result of the
anomalous nuclear reaction, has been reported in
several different experiments [1-4]. Among them,
Yamaguchi et al. reported excess heat production
in the controlled gas out-diffusion method with
Pd deuteride in the evacuated chamber (“in
vacuo” method) [5, 6]. Yamada et al. suggested
the possibility of tritium (T) production in similar
experiment [7]). The method has advantages in
the following respects: (i) gas diffusion from the
sample can be stimulated by supplying electric
current directly to the sample, (ii) temperature,
pressure in the chamber, composition of diffused
gas, radiation etc. can be measured
simultaneously, (iii) contamination to the sample
can be minimized, which enables high accurate
analysis of nuclear products on the surface.

In this experiment, we examined the “in
vacuo” method using Pd hydrides with
heterostructure Pd/MnOx and Pd/Au by changing
the thickness of Pd bulk and the films.
Yamaguchi et al. have claimed that the
heterostructure was one of the essential keys to
trigger the phenomenon. Gas diffusion out of the
sample can be blocked partially by MnOx layer
and entirely by Au layer. Using such different
materials, which gives the variety in motion of H
atoms in Pd lattice, is helpful to understand the
mechanism of the phenomenon. For Pd/Au
sample, it can be washed by aqua regia even after
depositing Au layer since it is hard to be affected
by the acids. This process can remove the
impurities on the sample contaminated in the
process of film deposition and make a highly
accurate analysis of the surface. This is an

advantage for detecting small amount of nuclear
products on the surface possible. The purpose of
this study is finding the condition for the heat
evolution and clarifying the mechanism of the
reaction.

2. EXPERIMENT

2.1 SAMPLE PREPARATION

We prepared the square plate samples (0.3 X
12.5X12.5mm’ or 0.1 X12.5X12.5mm’ ) of Pd
with 99.95% purity. It was washed by acetone
and aqua regia. After that, one side of the Pd
surface was coated with MnOx or Au film of ~
40nm thickness by sputtering in an argon
working gas at 0.7 Torr. Then, the sample was
loaded with hydrogen gas under 10atm pressure
for 72 hours. The hydrogen gas for this
experiment was of research grade in the purity.
According to the specifics data given by the
supplier, T and He components were not detected
in the gas. The loading ratio (H/Pd) was
measured to be about 0.7, typically.

2.2 EXPERIMENTAL SETUP

After loading with the gas, the sample was
set into the stainless steel vacuum chamber. The
chamber has a cylindrical shape with volume of
880cm® and can be evacuated by a
turbo-molecular pump. The sample in the
chamber can be observed through a quartz
window during the experiment. The pressure in
the chamber was measured by an ionization
vacuum gauge (ANELVA: MIG-430). A DC
power supplier supplied constant current to the
sample through chrome steel clips in the chamber.
A thermocouple was set on the rear side of the
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sample opposite to the surface covered with the
MnOx or the Au film to measure the sample
temperature with an accuracy of +1°C.
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Figl. Experimental apparatus

The gas in the chamber was analyzed by a
quadrupole mass  spectrometer  (Q-mass)
(ANELVA: AQA-100R). Current, voltage, and
pressure in the chamber were observed
simultaneously. The experimental apparatus is
shown in Fig.1.

After evacuating the chamber to a pressure
below 10*Pa, temperature and pressure in the
chamber measurements were started.
Composition of diffused gas for mass number
less than 8 was analyzed. Then, the sample was
supplied with an electric current of ~4A. The
experiment continued for about 24-100 hours.
The sample was taken out from the chamber after
the current was stopped and weighted to estimate
how much H atoms remained in.

3. RESULTS AND DISCUSSION

A typical time dependence of the surface
temperature and the pressure in the chamber for
the Pd:H/MnOx (0.3mm-thick Pd and
40nm-thick MnOx) sample is shown in Fig.2.
The loading ratio for this sample was measured
to be 0.75. Unexpected heat evolution started at
~2 hours after initiation of electric current
supply, then it continued for about an hour. We
observed such temperature increase in 9 out of 11
runs. Fig.3 shows a typical result for Pd:H/Au
(0.3mm-thick Pd and 40nm-thick Au) sample.
Temperature increased steeply at ~3.5 hours
then dropped down gradually. For this case, the
heat evolution was supposed to be continued for
a short period. The difference in the temperature
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The difference in the temperature behavior could
be caused mainly by the difference in
permeability of H atoms between MnOx and Au
film. We observed the heat evolution in 7 out of 8
measurements for Pd:H/Au sample. For both
types of sample, it was not due to Joule heat
since voltage and current measured did not
indicate a significant change before and after
temperature rise.

Fig.4 shows two typical results for thinner
samples (0.lmm Pd and 40nm Au film).
Anomalous heat evolution was also observed for
these samples. Our results showed that the heat
evolution for the thinner sample happened earlier
comparing with 0.3mm Pd sample, and more
than once in a few hours. We are still
investigating the effect of sample thickness to the
temperature behavior. We will discuss this matter
later. After the experiment, they were bent
biaxially by uniform expansion of the side
deposited MnOx or Au.

As shown in Fig2-Figd4, the pressure in the
chamber showed explosive release of the gas
simultaneously with the heat evolution. After
the experiment, no gas remained in the sample.
For the Pd:H/MnOx and Pd:H/Au sample, Fig.5
and Fig.6, respectively, show the temporal
variation of the ion currents corresponding to the
mass number of 1-6,12,16 and 18 measured with
the Q-mass at the time around the temperature
increase. The increase of ion currents for mass
number 1-3 was observed, which was clearly
coincident with gas release from the sample. The
mass number 1 and 2 should correspond to H and
H,, respectively, and small amount of D, which
might have existed originally in the Pd or the
hydrogen gas itself as impurity. The mass
number 3 corresponds to Hs;, HD, T, and/or *He.
If the atoms with the mass number of 3 were
originated only from H and D, the ion current
should show the same behavior or smaller
increase than that for mass number 1 and 2.
However the ion current for mass number 3
showed slightly larger increase. Hence, the atoms
with the mass number of 3 include not only Hj
and HD but also T and/or *He. The ion currents
for mass number of 4,5 and 6, which correspond
to D, and/or HT, DT and T,, respectively, also
increased. This was another evidence of T
production. Q-mass measurements of the partial
pressure in the chamber at the beginning of the
experiment revealed absence of the molecules
with the mass number 4-6. Consequently, it was
possible that T or both T and *He were produced
concurrently with the heat evolution. The Q-mass
used in the present experiments cannot
distinguish T from *He.
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Fig.5 Time behavior of ion currents for mass number
1-6, 12, 18 for Pd:H/MnOy
(Pd:0.3mm, MnOx:40nm).
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Fig.6 Time behavior of ion currents for mass number
1-6, 16,18 for Pd:H/Au
(Pd:0.3mm, Au:40nm)
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Fig.7 shows temperature behavior for Pd/Au
(0.3mm Pd and 40nm Au) without loading
hydrogen. After temperature increase in the
initial stage by Joule heat, no anomaly was
observed. Also we performed several
experiments using plain Pd:H (0.3mm Pd)
sample, that is, without sputtering MnOx nor Au
film. A typical time dependence of the surface
temperature is shown in Fig.8. No anomalous
heat evolution was observed. For the sample, the
loading ratio was measured to be 0.73. The same
results were obtained for the plain Pd with
0.lmm thickness. It turned out that the
heterostructure is necessary to induce the
phenomenon in this system. Yamaguchi et al.
claimed that the heat evolution was related to
structural phase transition in the Pd, and the
heterostructure played an important role in the
process, that is to provide high stress field [6].
Our result, that is no anomaly was observed for
just Pd:H sample, supported their prediction.
This speculation may also explain the difference
in temperature behavior between 0.3mm and
0.1mm thickness samples, which was described
above.

4. CONCLUSION

We have successfully confirmed the
reproducible anomalous heat evolution in the
controlled gas out-diffusion (“in vacuo™) method
with  heterostructure Pd hydride sample,
Pd:H/MnOx and Pd:H/Au. Analysis of the time
resolved mass spectra has clarified that the heat
evolution was reated to the generation of the
atoms with the mass number of 3, which could
correspond to T and/or *He. We will try to
distinguish these in the future study.

Further numerous experiments are needed
with various conditions (for example, changing
thickness of film, type of heterostructure, etc.) to
understand the mechanism of the phenomena. We
also need to understand transformation of sample
during the experiment, which is supposed to be
concerned with the heat evolution process. In the
future study, we will evaluate the excess power
from the temperature rise assuming some
calorimetric models. This is highly desirable for
utilizing the power. In addition, we will search
for nuclear products by analyzing the sample
surface before and after experiments, which can
give us a proof of the nuclear transmutation.
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Gamma Ray Measurement and Surface Analysis
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ABSTRACT

The gamma rays with different energy from deuterated palladium electrodes subjected to DC
glow-like discharge is reported. Elements as well as their isotopic distribution on/in the Pd
cathodes before and after experiments were investigated by time-of-flight secondary ion mass
spectrometry (TOF-SIMS). Barium was detected on the Pd hydride cathodes after DC glow

discharge experiment.

KEYWORDS: glow-like discharge, gamma ray, isotopic distribution, nuclear reaction.

1. INTRODUCTION

The possibility of inducing nuclear
reactions at low temperature in solid-state
materials has been widely investigated for
several years by the electric discharges
experiments. Previously we have reported
observation of the low-energy gamma
emissions with 70-110 keV and the detection of
the significant amount of Be on/in Pd cathode
during DC glow dischargel 2. Gamma
emissions in the energy range of 0.1-3MeV and
excess heat were observed in experiments with
a high current glow discharge.? As electric
discharges method involves less contamination
than other methods, the attention is given on
element analysis which gives an important
information in this study. For this reason each
sample’s composition was analyzed before and
after DC discharge by TOF-SIMS. Anywhere
only elements that were not introduced at all
to the Pd samples before experiments are
considered as strong evidence of occurrence of
nuclear reaction. In this study, we report the
detection of the emissions of gamma rays with
different energy during the glow-like discharge
and the transmutation of elements in the Pd
cathode exposed to the electric discharges.

2. EXPERIMENT

The experiments were carried out by DC
glow discharge and DC glow-like discharge
with palladium (Pd) metal as a cathode in
hydrogen or deuterium atmosphere. The Pd
sample (0.lmm in thickness, 99.95% pure)
used for the experiment was cut in size of
10x10mm. Each Pd sample was washed with
aqua regia for 100s and then its composition
was analyzed by TOF-SIMS. This analysis
allowed us to know the accurate composition of
impurity elements on/in the flesh Pd cathode.
Absorption of proton or deuteron in the Pd
electrodes was performed by the gas loading
method, which allowed less impurities to be

involved in the sample than other ones. The
samples were put into the loading chamber.
The chamber was evacuated at 103Torr and
then filled with hydrogen or deuterium at 5 or
10atm, respectively, for ~48[h]. The loading
ratio was determined to be 0.6-0.7 by
measuring mass change of the samples. Then
the samples were moved out of the chamber
and placed in a discharge test cell.

Fig. 1 shows the discharge test cell. The cell
is made of Pyrex glass, which consists of two
parts, adhered closely by silicone grease (Dow
Corning) that is capable of keeping the
discharge space in a vacuum of required
pressures. Two adapters and valve were
jointed to the upper part of the cell. An Au foil
was used as the anode and a Pd foil as the
cathode. The cathode was supported by an Au
wire with a quartz cylinder surrounding it to
avoid any movement of the samples during the
experiments. The gap distance between two
electrodes was 10mm. The advantage of using
Pyrex glass material compared with metal is
that there are fewer possibilities for palladium

Valve

Au-wire

Au-foil
Pd-foil ~-d—“ Anode

Cathode iT | J

Fig.1: Discharge test cell
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samples to be contaminated during the
sputtering process by DC glow discharge and
DC glow-like discharge.

The samples were exposed to DC glow-like
discharge with currents of 2-4mA, voltage of
4000-6000V and pressure of ~latm for a
duration time of 60min. and DC glow
discharge with currents of ~2mA, voltage of
600-800[V] and pressure of 3-30Torr for
duration times of 30, 60, 90min. In total, 30 Pd
cathode samples for the D-Pd system and 20
Pd cathode samples for the H-Pd system were
exposed to DC glow-like discharge.
Moreover, the DC glow discharge experiments
were performed 37 times and 23 times for both
D-Pd and H-PD systems, respectively. A Nal
scintillation counter was used to detect the
gamma ray emitted from the samples. The
counter was set perpendicular to the wall of
the cell. After the DC glow-like discharge
treatment and DC glow discharge treatment,
the composition of the Pd samples were
investigated again by TOF-SIMS.

3. RESULTS and DISCUSSION
3.1 GAMMA RAY MEASUREMENT

Fig.2 shows a gamma ray spectrum for
background. The spectrum of background was
measured without discharging for 60min.
Although the background spectrum is rather
noisy, changers in the energy spectra shown
below are observed only under the limited
conditions, and their magnitude is much
greater than the fluctuation level. The energy
calibration was executed by wusing two
gamma-ray sources such as 57Co (122.0keV)
and 1¥7Cs (661.5keV).

AT FETTRTUTEY ITTTTRTRTS IRTTOTIT)
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Fig.2: Gamma ray spectrum for background.
A vertical axis shows the counts

and a horizontal axis energy.

During DC glow-like discharge
experiments using deuterium gas, spectra that
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are different from the background were
observed in 5 out of 30 runs. The spectra are
shown in Fig.3. The anomalous peaks in the
gamma ray spectra correspond to 228keV,
110keV, 106 and 151keV, 77 and 118keV,
171keV. These peaks were registered in
10-20min after DC glow-like discharge has
started. #The same experiments were
performed for the H-Pd system, which showed
gamma ray spectra similar to the background
one. Note that we did not detect any gamma
ray emissions during DC glow discharge
experiments for a H-Pd system. Moreover,
when no-loading Pd sample were exposed to
the DC glow-like discharge with deuterium or
air gas (the so-called blank experiments), such
anomalous spectra were not observed at all. It
is thought that these signals could not be noise
introduced by the electric discharges and that
some nuclear reactions, producing gamma ray,
took place during DC glow-like discharge
experiment. Furthermore, since such signals
were not observed at all for H-Pd system,
deuterium might have played an important
role in the generation of the gamma ray during
the nuclear reactions.

3.2 SURFACE ANALYSIS

The surface composition of palladium
cathode was analyzed before and after DC
glow discharge or DC glow-like discharge
experiments by TOF-SIMS. The analysis of the
element composition was made at the different
areas (40x40um for each) on/in the Pd cathode
samples with the result that the composition

was found to be almost the same for every area.

Note that the selected areas before the
experiment are different from those analyzed
after the experiment. The analysis was made
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Fig.4: Comparison of 5Fe before (left) and
after (right) the experiment.
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using count intensities or normalized
intensities of signals, but not real quantities of
the elements. The normalized intensity
defined here is 104 times the numerical value
obtained by dividing count of mass of each
element by total count of signals to normalize.
During DC glow discharge experiment
(D-Pd system, 3Torr, 60min), a remarkable
increase in counts for 5%Fe was observed. Fig.4
shows the normalized intensities of 5Fe for a
sample analyzed by TOF-SIMS before
absorption and after glow discharge
experiment. Such a remarkable increase was
detected only when the data were collected
after 30 seconds of sputter cleaning by Ga* ion.
Ohmori et al? also observed Fe production by
means of electrolysis with an Au electrode.
After the DC glow-like discharge (D-Pd
system), a change in isotopic distribution of
Mg, although at one area out of three detecting
areas of a sample, was observed on the surface
exposed to the discharge, which is shown in
Fig. 5. Mg isotopes with isotopic distribution
similar to natural one were observed on the
so-called blank samples and on the samples
analyzed before experiment. Moreover, the
in the gamma ray spectrum,
corresponding to 228keV, has been observed
using this Pd sample before the TOF-SIMS
analysis was performed. Mizuno and
coworkers 5 have demonstrated the
production of elements, during electrolysis, in
a mass number range of 1-208 with an isotopic
distribution quite different from the natural
one. The emission of 228keV gamma ray
related with a change of the isotopic
distribution of Mg on the Pd sample (228keV
sample) suggests that nuclear reactions might

6)
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24Mg 25Mg 26Mg 24Mg 25Mg 26Mg 24Mg 25Mg 26Mg
Netural 1-GD38-0t 1-GD38-02

Fig.5: Isotopic distribution of the Mg
compared with natural abundance.
(1-GD38 is sample name. 1-GD 38-01, 02 and
03 indicate arbitrary three points.)

1-GD38-03



have occurred. However, since such a change
was observed only for this sample, further
examinations are needed.

The DC glow discharge experiments were
performed for the H-Pd system. By analyzing
the obtained data, it was found that Ba was
detected as new element. For the background
sample, no signals corresponding to this
element were detected. This result makes us
confirm that Ba emerges on the Pd sample
only via the glow discharge process. In
addition, slight increases of Fe and Cu were
observed. Savvatimova et al? have reported
the production of different elements with
atomic mass numbers smaller and larger than
Pd isotopes during glow discharge wusing
deuterium or hydrogen gas. Ba was detected
clearly on both the uppermost and the
sputtering areas of the sample after the glow
discharge experiment. Comparison of Ba
before with that after the experiment is shown
in Fig. 6. In Fig.6, the number in the vertical
axis shows the normalized intensity, the
numbers 1-4 in the horizontal axis shows the
detection points in a Pd sample before the
experiment, the numbers 5-7 and 8-10 show
the detection points on the sample after DC
glow discharge for the uppermost area and the
sputtering area, respectively. All Ba isotopes
were detected on the sample for H-Pd system
and the isotopic distribution of Ba is almost
the same as natural isotopic distribution.
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Fig6: Comparison of Ba intensity before
experiment and that after the experiment.
Details of detection point of horizontal axis.

1-4: Before the experiment
5-10: After the experiment
1-2:  No sputter
3-4: 10s sputter
5-7: No sputter
8-10: 10s sputter

SUMMARY

Gamma rays with different energy were
detected during DC glow-like discharge in
deuterium atmosphere. The absence of gamma
emissions during experiment using hydrogen
gas suggests that deuterium might play an
important role during experiment. The 228keV
sample showed that an isotopic distribution of
Mg was sometimes different compared with
natural isotopic distribution.

The detection of the Ba on/in the Pd
cathode after the glow discharge could imply
that some nuclear reaction of protons and Pd
atoms has taken place. We observed
significant increases in the counts of %6Fe that
reinforced the possibility of nuclear origin for
the production. However these elements are
also impurities possibly coming from
environment since they are common elements
in the natural environment.
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ANOTHER EXPLANATION OF PIPE RUPTURE INCIDENT AT
HAMAOKA NUCLEAR POWER STATION UNIT-1 FROM VIEW
POINT OF COLD FUSION
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Abstract: An extraordinary powerful explosion took place at the Hamaoka nuclear power station unit-1 of
Chubu Electric Power Company in Nov. 2001, resulting in a pipe rapture of the steam condensation line of the
residual heat removal system. The cause of the incident is said to be hydrogen explosion, namely, combustion of
stoichiometric mixture of hydrogen and oxygen accumulated in the residual heat removal (RHR) system.
Intensive research works have been carried out to reconstruct this strange combustion phenomenon but it seems
the reports failed to explain this anomalous combustion. Randell Mills developed “BlackLight Process” starting
in 1986 that can explain excess heat in the absence of nuclear products in the research of cold fusion. It was
reported 1) that there exist several anomalous combustion phenomena which can not be explained by current
theories but can be explained by the BlackLight Process. The Black Light Process was applied to this incident
and it was shown that the BlackLight Process can explain the pipe rapture incident at Hamaoka Nuclear Power

Station more clearly.

Key words: hydrogen explosion, high concentration of hydrogen and oxygen, Hydrino

1. INTRODUCTION

An extraordinary powerful explosion took place at
the Hamaoka nuclear power station unit-1 of Chubu
Electric Power Company in Nov. 2001, resulting in a
pipe rapture of the steam condensation line of the
residual heat removal (RHR) system. Intensive
research works have been carried out to reconstruct
this strange combustion phenomenon and the final
report was published. The cause of the incident is said
to be hydrogen explosion, namely, combustion of
stoichiometric mixture of hydrogen and oxygen
accumulated in the RHR system. A close examination
of this report revealed that there were a couple of
wrong assumption in the calculation of gas generation
process during steam condensation and another
explanation is needed.

2. PIPE RAPTURE MECHANISM

According to the report prepared by Nuclear and
Industrial Safety Agency (NISA), Ministry of
Economy, Trade and Industry (METI), JAPAN, the
mechanism of pipe rapture can be illustrated as is

shown in Fig.1 and can be summarized as follows 2),
(1) The main steam contains hydrogen and oxygen
generated by radiolysis of reactor water. The RHR
steam condensation line at Hamaoka-1 features a very
long and upward pipe with the dead-end section. In
such a piping layout, a temperature gradient is
produced throughout the piping system. Therefore, the
steam condensation by heat release from the pipe
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allows non-condensable gas to gradually accumulate
at the upward dead-end pipe section and the separation
takes place between high-temperature steam region
and low-temperature non-condensable gas region. The
results from the experiments and the analyses showed
that non-condensable gas had accumulated in the
upward dead-end pipe section (about 7-m length from
the holdup water surface in the pipe).

(2) The hydrogen combustion might have been caused
by the pressure transient induced by the inflow of
high-temperature steam to non-condensable gas region,
due to the opening of the valve for the periodical
inspection. It is possible that the noble metals attached
to the inner surface of pipe acted as a catalyst.

(3) The ignition of non-condensable gas was followed
by its combustion that propagated toward downstream
and shifted from normal combustion to detonation.
Pressure in the pipe increased rapidly in the meantime,
causing the rupture of the elbow containing the holdup
water.

3. ACCUMULATED GAS CONTENTS

Chubu Electric Company has been operating 4
nuclear power plants at Hamaoka. The unit-1 (in
which the incident took place) and unit-2 are boiled
water reactor and have a very similar operating history
including injection of hydrogen and noble metal
catalysts into cooling water to prevent stress corrosion
cracking of internal parts made of steel alloy. After the
incident, non-condensable gasses of the unit-2 that
were accumulated at the upward dead end of the pipe



0Jm Holdup Water Surface

7.1m

8.8m
—

Propagation of flame font is super sonic and
reflecting wave pressure from the holdup water
became very high, up to 300MPa.

Deposition of noble metals in horizontal pipes
(platinum and rhodium)

Accumulation of non-condensable gas
(stoichimetric mixture of hydrogen and oxygen)
up to 7m from the top due to condensation of
steam which contains hydrogen and oxygen

A steep temperature transition layer
from 190°C to 280°C

Penetration of hot steam(280°C) due to
pressure disturbances by opening of the valve
triggered ignition of stoichimetric mixture of

hydrogen and oxygen with help of novel catalysts

Fig. 1 Mechanism of hydrogen explosion according to Chubu Electric Company

A: B: C: D: E:
Residual gases | Calculated gas Calculated gas | Measured | Calculated gas
from previous | generation by | contents in pipe by Gases generation
cycle Chubu Chubu based on A&D
Initial condition
Gases mol mol mol % % mol
Hydrogen 0 63.7 63.7 41.9 45.1 62.29
Oxygen 11.9 319 43.8 28.8 22.5 19.15
Nitrogen 44.7 44.7 294 324
Sum 56.6 95.6 100 81.44

Table 1 Gas contents in the pipe

were taken and its contents were measured, Also, the
company carried out the calculation of
non-condensable gas generation by computer
simulation program and confirmed the validity of the
simulation program using a test rig similar to the
existing pipe. But it should be noted that amount of
gasses thus calculated depends on the initial
assumption how much the concentration of hydrogen
and oxygen are in the steam. The table 1 shows mol
and percentage of hydrogen and oxygen that were
calculated and also measured on the unit-2.

Column A is the carried over gasses in mol from the
previous cycle

Column B is the gasses in mol calculated by computer
simulation program

Column C is the combination of A & B which the
company thought were present in the pipe.

Column D is the measured gas concentration in
percentage.

Column E is the gas quantity required to have Column
D, starting from the initial condition of Column A.
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4. QUESTIONS ON THE CLAIMS BY CHUBU
ELECTRIC COMPANY

Chubu Electric Company claims that its
calculation results of hydrogen and oxygen in % in C
are generally in agreement with measured one (D).
But if we compare the hydrogen contents of 41.8% in
C with 45.1% of the measured one in D, the difference
is minus 3.2%. On the other hand, if we compare the
oxygen contents of 28.8% in C with 22.5% of the
measured one in D, the difference is plus 6.3% and its
direction of the differences is opposite to the case of
hydrogen. The quantity of hydrogen and oxygen in C
calculated by Chubu is decided by the initial
assumption how much hydrogen and oxygen are
contained in the hot steam. Chubu assumed that the
concentration of hydrogen and oxygen in the steam
were 2ppm and 16ppm respectively which gives rise
to the gas generation ratio of hydrogen 2 and oxygen 1,
but as was shown in the above examination, this
assumption seems wrong. Rather simple calculation
gives hydrogen and oxygen in mol which are
necessary to have the measured gases in D when
started from A, as shown in E. When we compare
column B with E, we can notice that hydrogen is in
good agreement but oxygen is not. In other words,
generation of oxygen must be much smaller than 31.9
mol in B. This suggests that Chubu assumed too much
concentration of oxygen in the steam and also ignored
the re-combination of hydrogen and oxygen with the
help of noble metals on the pipe wall. The total gas
generation in E is 81.44 mol and this is 15% less than
the calculated one in B. The operating hours of Unit-1
after the previous periodical inspection to the accident
is almost 2.5 times longer than that of Unit-2, it can be
assumed that more re-combination of hydrogen and
oxygen took place in Unit-1. This suggests that
non-condensable gas in the unit-1 didn’t reach 7m
from the top dead end section. All these examinations
put the pipe rapture mechanism by Chubu in a serious
doubt and necessitate developing a new mechanism
for the pipe rapture incident.

Hys desi

5. HYDRINO HYPOTHESIS

There are several scientists who claim that an
electron with lower energy states than the ground
electronic state is possible in the hydrogen atom.
Randlle Mills, one of these scientists, demonstrated
that hydrogen atoms can achieve lower states than
ground state by a resonant collision with a near by
atom or combination of atoms having the capability to
absorb the energy to effect the transition, namely, an
integer multiple of the potential energy of the electron
at ground state of the atomic hydrogen, m X 27.2eV

(m=integer) 3). He succeeded in generating energy
somewhat between chemical and nuclear reaction
using several elements such as potassium and helium
as catalysts to make this transition happen. He named
this shrunken hydrogen atom “Hydrino” and claims
that this Hydrino can be a catalyst to shrink other
Hydrinos to further lower states.

6. A CATALYTIC ROLE OF OXYGEN IN
ANOMALOUS HEAT GENERATION

The author postulated that atomic oxygen can be a
good catalyst for "hydrinos" generation because
ionization energy of hydrogen and oxygen is very
close as is shown below.
Hydrogen =13.598 eV, Oxygen =13.618 eV
It can be expected that the following reactions can
take place in the environment in which atomic
hydrogen and oxygen can co-exist.
O0+0+H"> H[n=1/2]+20"+2¢ ---(1)
H+H+0=2> H[n=1/2]+H"+ 0" +2¢---(2)

H+H+H> Hn=12]+2H'+2¢ -——(3)
D+D+D-> D[n=1/2)+2D*+2e  ---(4)
D+D+0> D[n=1/2]+D*+0%2¢ --(5)
D+0+0=> D[n=12]+20"+2¢  --(6)

H[n=1/2], D[n=1/2] designates a hydrogen and a
deuterium whose electron orbit is shrunken to 1/2 the
radius of a normal one and these will be shrunken
further as reactions continue. Ions and electrons thus
generated will re-combine, resulting in the formation

Catalyst _ Ionized and later reduced,
\\ resulting in energy release
\ ® H“Aydrinoscnn catalyze further collapse,
| i > 3 jopizing one to normal hydrogen
I R Hm Hm [ ] -...........)
Atomic Hys Hys
/ hydrogen

;ﬁnates a hydrogen whose electron orbit o
is shrunken to 1/n the radius of a normal one, named“hydrino’.

Fig. 2 Mechanism of “hydrino “ generation and energy release
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of oxygen as is shown in the following equation.

20*+2¢ > 20 e (7)
Then, the net reaction is :
H - H[n=1/2] +40.8¢V - 8)

40.8eV is the energy difference of the electron at the
ground state n=1 and n=1/2 state.

H[n=1/2] can be catalyst for further step as is shown
in Fig 2.

It had been shown that this postulation can be
applied to the explanation of several anomalous
combustion phenomena that cannot be explained by
current theories, such as stoichiometric mixture of
hydrogen and oxygen, known as Brown’s gas and

air-less combustion of emulsified fuels and others1).,

It had also been shown that this postulation can be
applied to the explanation of anomalous heat
generation of proton conductive ceramics and nuclear

transmutation induced by calcium oxide 4,

Recently, it was shown that molecule oxygen can be
also a good catalyst for Hydrino generation because
molecular oxygen will be undergone the following

reactions).

02 +54.4eV> 02t + O +2¢
Then, the following reaction is possible.

H + 02 > H[n=1/2]+02++0 + 2¢” --(10)

7. PROPOSED MECHANISM OF ANOMALOUS
EXPLOSION AT THE HAMAOKA NUCLEAR
POWER STATION

The steam condensation by heat release from the
pipe resulted in accumulation of hydrogen and oxygen
at the upward dead-end pipe section. At the surface of
noble metals such as platinum and rhodium that are
deposited on the horizontal part of the pipe, molecular
hydrogen and oxygen will be divided into atoms. This
enhances the re-combination of hydrogen and oxygen,
in other words, catalytic combustion but due to the
small amount of noble metals, there existed plenty
hydrogen and oxygen in the upper part of the pipe. In
this circumstance, there are a lot of chances for atomic
hydrogen to collide with molecular oxygen and with 2
atomic oxygen simultaneously. These reactions can
generate somewhat between chemical and nuclear
reaction, in other words far more energy than normal
combustion of hydrogen. Judging from the latest

report made by the NASA funded project 6), it can be
conceivable that the explosion could be strong enough
to break the pipe spontaneously, because the density
of hydrogen in the RHR system is over 4 order higher
than that of the NASA funded project.

8. HYDROGEN EXPLOSION AT SRI IN 1992

The pipe rapture incident at Hamaoka reminds us
of a very powerful explosion during a cold fusion
experiment at Stanford Research Institute in 1992. At
that time, there were no knowledge about the above
mentioned combustion mechanism, so it is only
natural to conclude the incident was just a hydrogen
explosion, as long as there are no nuclear ash. But,
after knowing it, it is strongly recommended to revisit
this incident from a new stand point of view described
in this paper.

SUMMARY

1 The Chubu’s report on the incident is based on a
wish-full assumption such as high concentration of
hydrogen and oxygen in steam, no consideration of
re-combination of hydrogen and oxygen in the RHR
system, and can hardly explain the mechanism of the
anomalous explosion of the pipe rapture.

2 High concentration of hydrogen and oxygen on
platinum and rhodium at the top corner of the pipe
was optimum condition to have Randdle Mills’
BlackLight process and judging from the past
successful application of this process to other
anomalous combustion phenomena, it can be expected
that his process can be applicable to the this incident.
3 Re-visiting the incident of explosion at SRI in 1992
from this new view point is strongly recommended.
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Analysis on neutron induced fission of ?**U by SCS model
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ABSTRACT

We have calculated the nuclear transmutation of W, Au and Pd by the multi-photon induced fission
(MPIF) and the selective channel scission (SCS) models. To check the estimation of fission product
(FP) yields calculated by SCS model, the change of FP yields from n+2**U reaction for incident neutron
energies was analyzed by SCS model.

FP yields for thermal and 1 MeV neutron-induced fissions of 2357 were analyzed by considering proper
channel-dependent fission barriers including the tunnel fission effect. FP yield for thermal neutron
showed a good agreement not only in mass-distribution but also in two-dimensional plot of atomic
number and mass and FP yields. And FP yield for 14 MeV neutron-induced fission of 2**U were
analyzed approximately. The incident neutron energy dependence of FP yields for 23U was understood
consistently. We obtained a good consistency between the SCS model and the multimodal random-neck
rupture model.

Keywords: selective channel scission, fission, nuclear transmutation, channel-dependent fission barrier

1. INTRODUCTION The calculation method of SCS model is improved
We have analyzed the nuclear transmutation  to analyze this change of valley part of FP yields

of W, Au and Pd by the multi-photon induced by one parameter fitting that concerns the effective

fission (MPIF) and the selective channel scission  scission distance.

(SCS) models.! In the process of this analysis, the

evaluation of calculation method in SCS model, 2. MODEL

in particular, of the effective scission distance, is SCS model is based on the liquid drop model
needed. We have analyzed a famous neutron-  that issuitable and has been used by many authors
induced fission of 235U to evaluate and to improve  to treat the mechanism of fission. The fission pro-
SCS model.? cess by the SCS model, that is shown in Fig.1 (a),

For the fission of U, several models for fission  is characterized by the energy change AFE of nu-
analysis have been proposed.3™ Recently, the five-  clear liquid drop in the elliptic deformation of the
dimensional analysis of nuclear fission modes and nuclei® and the bare Coulomb potential energy af-
fragment mass asymmetries was carried out.® And  ter scission V..
the multimodal random neck-rupture model”? is

well known as one that supposes a few shapes AE = €2 (6.88A2/3 _0'1398i2_) (1)
of nuclei at scission and paths of deformation A3 )7
(modes) and treats the scission of neck by a Gaus- V. = 1.44Z,Z,/r, (2)
sian distribution. This model can explain fission in MeV and fm,

properties well phenomenologically, but is not able

to predict the fission products (FPs) for arbitrary  where the distance between fission product 1

nuclides. Therefore, this model is ineffective for ~ (FP1) and fission product 2 (FP2) is defined by

W, Au and Pd fission analysis. r = |rp — r2]. The elliptic coefficient is ¢ =
We have proposed SCS model and have ana- (R; + Rz + 7 — 2Rp)/(2Ro), where Ry, R; and

lyzed the FP yield from 235U fission induced by = R, are the radii of the nuclei before scission, and

thermal neutron.'2 SCS model treats the fission  those of FP1 and FP2, respectively: Ry = roA!/3,

by the concept of channel dependent fission barri- R, = r, A}/ 5 Ra=ro A;/ 3 and rg = 1.2 fm. And

ers for all scission channels. The reason why the 7, and Z, are atomic numbers (numbers of electric

mass-distribution of FP yield from thermal neu- charge) of FP1 and FP2, respectively.

tron fission of 23°U has two humps could be un- The channel dependent fission barrier Ef is es-

derstood by SCS model.? timated by these potentials and the @—value of
But the valley part of FP yields of 2357 has the channel, and is defined as

not corresponded to the experimental data in de-

tail for the change of incident neutron energies. E; = E.-Q, (3)
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where the effective Coulomb potential E, =
1.44 Z1Z9/R.sy in MeV and fm.

It may be more appropriate that R.rs is ex-
pressed by the next relation.

Ress = m(Z1,A1)Ry + m2(Z2, A2)Re, (4)

where Ry = roA}/3, Ry, = roAZl,/3 and 7o = 1.2 fm.

But we use the next relation for one-parameter
analysis.

n(R1 + Ry). (5)

The tunnel fission probability P;(Ez) of i-
th channel for the excitation energy E, is
estimated using the Wentzel-Kramers-Brillouin
(WKB) method as follows:

Refy =

b
Pi(E:) ~ exp[—0.436/ / (V(r) — Ez)"/?dr],
in MeV and fm, (6)

where p is the reduced mass: p=A1A3/(A1+As).
This equation is transformed to the next rela-
tion approximately.

P;(E,) ~ exp|—0.218 |a — b| v/p AV],
in MeV and fm, (7)

where AV = E;f — E; (E; < Ey).

The yields of FPs are calculated by summing
up the tunnel fission probabilities all over fission
channels. And the prompt neutron emission from
fission fragments that have a characteristic saw
tooth shape is considered for the analysis of n+
2357 reaction. Figure 1 (b) shows the prompt neu-
tron emission from the thermal neutron fission of
23575 10

The detailed information of the channel de-
pendent fission potential is needed to obtain FP
yields for an arbitrary incident neutron energy.
The channel dependent fission potentials are diffi-
cult to calculate theoretically. The Ef value is able
to be adjusted by only one adjustable parameter
of the 7, by fixing the tunneling distance |a — b|
at a certain value, 2.5 fm for this calculation to
keep consistency with the previous analysis.? FP
yields can be calculated using one parameter 7 for
a fission channel to fit with the experimental re-
sults!! of the FP yields for both of thermal and
1 MeV neutron-induced fissions. Therefore, this
Ey is only a virtual parameter for this calculation.
Hereafter, we use representations of E: and
RZ;; to distinguish the values including tunnel ef-
fect from ones not including the effect.

3. ANALYSIS

The plot of #* used in this analysis has two
humps as shown in Fig. 2 (a). The E} for 230U is
obtained by the plot of 5*, as shown in Fig. 2 (b).
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The FP yield from thermal neutron-induced
fission of 235U is shown in Fig. 2 (c). E, is 6.5
MeV, that is the excitation energy of 23°U by ther-
mal neutron absorption. Figure 2 (d) shows FP
yield from 1 MeV neutron fission of 2*°U. E, is
7.5 MeV. The experimental data for comparison
to the analytical results is JENDL-3.2.!

And Fig. 2 (d) shows the Ej} for 23°U by using
the same plot of n*. We show FP yield for 14 MeV
neutron-induced fission of 23°U in Fig. 2 (f) for ref-
erence. 14 MeV neutron-induced fission depends
on mainly “the chance” fission of 235U* excited by
inelastic scattering. E, is assumed at 10 MeV for
this calculation, and the used data of n* is same
for analysis of thermal and 1 MeV fissions in this
calculation. But 5* should be calculated for each
elements essentially.

In this analysis, the definition of the parameter
is different from the one in previous analysis be-
cause of one parameter fitting. Figures 2 (g) and
(h) show channel-dependent fission barrier E¢ and
7 calculated by previous method.

Figure 3 shows the consistence of SCS analy-
sis for Z-A distribution of FP yield from thermal
neutron-induced fission of 23%U.

4. DISCUSSION AND CONCLUSION

Thermal and 1 MeV neutron-induced fissions
of 235U were analyzed by setting proper effective
fission barriers E'} containing tunnel effect. Mass-
distributions of FP yields for thermal and 1 MeV
neutron-induced fissions of 23°U were calculated
with very good agreements with the experimental
data as shown in Figs. 2 (c) and (d), respectively.
In particular, Z-A distribution of FP yield from
thermal neutron induced fission of 235U is shown
in Fig. 3. The present method is suitable for the
case that the difference of excitation energies is
small. For reference, the mass-distributions of FP
yields for 14 MeV neutron-induced fission of 23°U
were also calculated as shown in Fig. 2 (f).

These analysis are analyzed by setting the
proper data set of n* that characterizes the infor-
mation of channel-dependent fission potentials. It
is difficult to calculate the precise values of chan-
nel dependent fission barriers Ey theoretically. To
fit the distributions of FP yields with experimen-
tal data!! for each incident neutron energies, the
plot of n* and the plot of E} are obtained for 2*°U.
This E} is not the true channel dependent fission
barrier Ey having physical meaning because of in-
cluding the tunnel effect. Therefore Ey should be
converted from E} by excluding the tunnel effect.
But we cannot develop the method of reevaluation
for Ef by now. Of course, the channel-dependent
fission potentials are needed to calculate theoret-
ically for a precise treatment of the tunnel fission
effect.



For comparion, we calculate the 7 and Ey val-
ues by the previous method.? Figures 2 (g) and
(h) show the plot of i and the plot of the E¢ value
calculated for 236U, respectively. These data have
physical meanings but cannot reproduce the in-
cident neutron energy dependence of FP yields.
The dispersion of Ey value may be large. The
dispersion depends on the restriction of the one-
parameter approximation in the equation of R.yy,
but not on the method estimating E value itself.
And R}, depends on only mass number of the fis-
sion fragments approximately for this calculation.
The calculation should be carried out by R ¢, con-
taining the effect of atomic number Z in each scis-
sion channel.

Three modes of the standard 1 (S1), the stan-
dard 2 (S2) and the superlong (SL) are proposed in
the multimodal random neck-rupture model” 8 for
the neutron-induced fission of 233U. In SCS anal-
ysis, two and three regions exist in the plot of n*
and 7 as shown in Figs. 2 (a) and (g), respectively.
In Fig. 2 (a), the region I corresponds to the SL
mode and the region II corresponds to the S1 and
S2 modes. In Fig. 2 (g), the region I corresponds
to the SL mode, the region II correspond to the
S1 and S2 modes and the region III corresponds
to the parts of lower FP yields in A<80 and A>160
The SCS analysis is an effective method as shown
these correspondences.

These SCS analytical methods considering fis-
sion modes will be applied to the experimental
data of the nuclear transmutations of W, Au and
Pd. However, fission modes of W, Au and Pd are
unknown. At present, 7 is used at a constant value
for SCS analysis of W, Au and Pd.

Au is a single isotope in nature. The 7 is taken
as 1.5148. The excited energy E, is supposed as
15 MeV. Fig.4 (a) is the Z-distribution of FP yield
from Au photo-fission calculated by MPIF/SCS
model. W has five isotopes in nature, that are
180W (0.120 %), 182W (26.498 %), 18°W (14.314

R, AR,

D-Co-O-6

Elliptic-Deformation Dumbbeli-Oscillation Scission

AE(r/ E
yoe AE(r) = €(r)? A?3 (6.88 - 0.14 ZHA)

g / __:Elliptic deform Encrgy
E E',: Effective Coulomb Energy
* E,: Excitation Encrgy
Q E. \\
Rt SR

E = Z,Z/(R+R;)
: Coulomb repulsion

Potential

E,: Fission Barrier
R, = 1 (R +R,): Effecitve Scission Distance

(a) Fission process.

%), 184W (30.642 %) and 86W (28.426 %). The n
was taken as 1.55. The excited energy E, was sup-
posed as 15 MeV. Fig.4 (b) is the Z-distribution
of FP yield from natural W photo-fission calcu-
lated with weights for natural abundance. Pd has
six isotopes in nature, that are !°?Pd (1.02 %),
104pq (11.14 %), *°Pd (22.33 %), '°°Pd (27.33
%), 198Pd (26.46 %) and ''°Pd (11.72 %). The
was taken as 2.8. The excited energy E, was sup-
posed as 18 MeV. Figs.4 (c) and (d) are the Mass
and Z-distributions of FP yields, respectively, from
natural Pd photo-fission.

SCS analysis considering fission modes for
these elements is a subject for future study.
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Figure 1: Fission process and prompt neutron emission.
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Figure 2: SCS analysis of the neutron-induced fission of 23%U.
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POSSIBLE NUCLEAR TRANSMUTATION

OF NITROGEN

IN ATMOSPHERE OF EARTH

Mikio FUKUHARA, Toshiba Tungaloy: a80010@tungaloy.co.jp

Abstract: An attempt to give a possible answer to a question why nirogen exists so abundantly in Earth ‘s atmosphere

and how it was formed in Archean era (3.8 to 2.5 bilion years ago) is presented. It is ascribed to endothermic nuclear
transmutation of carbon and oxygen nuclei confined in carbonate MgCO; lattice of the mantie with an enhanced rate by
attraction effect of catalysis of neutral pions produced by electron emission and nutrinos from sun: T+ O -2 — 2N,

The cross section

0.476

10° .
and the reaction rate are determined: @ = g eX(  +

)

R=9254x10" ficc.

Keywords: nuclear transmutation of nirogen, atmosphere of Earth, carbonate in mantle, neutral pion- catalysis

1. INTRODUCTION

When we examine the composiion of the
atmosphere of solar planets and their sixty-one satelites,
we note that the nitrogen concentration is rather low (~
6%) on the average with exception of the Earth, Titan and
Trton.! Earth has extremely high concentration of
nirogen of 78%, in Titan and Triton the concentration
woukl be smaller than 2x10°®% and 5x10°° % of the
Earth's one, respectively.? Since rocky planets having
inner obitals had formed by accreton of solid
planetesimals in the same region of the developing solar
system at aimost the same time,? we cannot imagine that
abundance of nirogen is derived from the planetesimals
with abundance of ntrogen as the secondary
atmosphere, after primary, captured atmosphere was
released® A signiicant question for the origin of
abundance of nirogen has not been entirely resolved,
and has been overlooked without the consensus..

When we investigate carefully the variation of various
atmosphetic gases on the Earth's history, based on an
assumption calculated by many research groups,®~? we

find that the decrease in carbon dioxide composition is
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accompanied by a gradual accumulation of nitrogen into
the atmosphere in Archean era ( 38 to 2.5 bilion years
ago), before the generation of atmospheric oxygen
derived from photosynthetic activty by organic matters
from around 2 bilion years ago. ™ The disappearance
means formation of rocks and mantles containing carbon
dioxide due to weathering of igneous rocks. The main
parts of carbonaceous rocks are distrbuted on and near
the Earth's surface. Thus, consumption of the carbon
dioxide, ie., formation of carbonates, seems to correlate
wih formation of nirogen. Therefore we note a
possibiity of nuclear transmutation between carbon and
oxygen atoms in carbonate crystals to form nirogen.

In a previous paper, " the reason why the Earth's
atmosphere has such a high concentration of nkrogen was
ascribed to a possible endothenmic nuclear transmutation
of carbon and oxygen nucleus pairs confined along three
[1¥30] directions in a (111) plane of thombohedral MgCO3
crystals existing in the mantle crust.  The nuclear reaction
is:

e+ 0-20=2"N, )



based on neutral pion catalyzed fusion, '?

D+ D +210="He. @
Kenny ' has pointed out that the nucleus is charged by
electron capture into neutral pion and then decays to
produce heat energy. His electropionic mechanism
rests on mass alne and sacrifices both baryon
conservation and quark consistent pictures of
elementary particles. In case of deuteron with lower
mass, we have reported the following formula, *

e +D - vy, ®
where v and y are neutrino and photon, respectively.
Athough main carbonate of mantle is dolomite
CaMgC,0,, we select conveniently magnesite MgCO,
instead of dolomie due to lack of crystal lattice data of
dolomite under high pressure over 50 GPa. The
excited electron e¢* was generated by rapid fracture or
skiding of carbonate crystals due to volcanic earthquake,
and plenty of neutrinos vwere derived from universe,
mainly sun. The neutral pion is provided by emission
of two excited electrons derived from the carbonate

lattice, ™
e — eV 4)
Y+Y =7 ©)

Here we consider the nuclear reaction of Eq.(1), using
low-energy nuclear interaction based on the
electropionic atiraction. From Egs.(5) — (8). we got the
following formula

“C+ 0+2e"+2v — 2"N+"He, ©)
with help of the electropionic attraction due to the excited
electron capture and neutral pion catalysis. We
assumed that the formation of nitrogen and helium had
continued for 1.3 billion years in Archean era, until the

active volcanism or storm of neutrinos ceases. As far

as we know, no previous paper has treated this subject,
and the formation rate have not been made clear yet.
The possibility needs to be confimed.

2. REACTION RATE FOR ACTIVATED STATE

PRODUCT

Since transmutation of nitrogen is attained by instantly
occuning spontaneous fission of activated state product
C*0 produced by fusion of carbon and oxygen nuclei,
we then consider a reaction rate for the product as the
transmutation rate.

In the Bom-Oppenheimer approximation, the reaction
rate R for the C - O reaction is proportional to the probability
wO), where W is the wave function of the interacting C
- O pair at the origin in the center of mass coordinate
system,'®
R=DwO), @
where D is the nuclear reaction constant (dimensions of
cnifsec). At very low energies the cross section o ' for

the reaction can be written as
o=L£c, ®

where Vis the relative velocity of the incident particle and
002 is the s -wave Coulomb penetration factor.  When
the finite size of the interaction volume is neglected, the
Coulomb factor at low energies is

Co’ = 2m1p exp (- 2m15) ©)

Mo = (10)

R

where 1, is the Sommerfeld parameter.  Fom Egs.(8), (9)

an (10), we obtain the familiar Gamow formula. ®

B
o= ’22’% ep (-2m, )= -gexp(- ® (N
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Emp

Es ———
Emq +Em;

(12)

where S is astrophysical S factor and g is the Coulomb
bamier tunneling constant, E is a reduced energy of
masses, m, and m, of an incident particle and a target
nucleus, respectively. Next we introduce the neutral
pions. Pions are responsible for alt low-energy nuclear
interactons and must be involved in the nuclear
interaction. ¥  If the neutral pion is provided by emission
of two excited electrons, the velocity v of the neutral pion
can be assumed as v = 3x10° ms.”» When two neutral
pions collides with carbon and oxygen nuclei, we find that
2x 3 ma'v? = mv?

M'=_14 mp+14 mn+50mni+50 myo

(13)
(14)

where mp, Mp and m |+ are masses of proton,

neutron and charged pion of the activated state product
M: respectively, and V is velocty of M', provided that a
mass deviaion energy is negligible. In eq(13), six
protons and six neutrons in the carbon “C nucleus are
mediated by eighteen charged pions and eighteen neutral
pions, while eight protons and eight neutrons in oxygen
0 nucleus are combined by the aftiractive mediation of
thirtytwo charged and thirty-two neutral pions.  Thus, we
obtain

V, =2477x10*mk. (15)

To obtain the Coulomb factor 002 in Eq.(8), we must
calculate n,  Using Eq.(15), we get

= _Lz_ =8837
n, :
o hVM’

(16)

Then we consider the screening effect for the Coulormb
repulsion to enhance the fusion probability for carbon-
oxygen pairs. As is assumed for compacted matter

under high pressure, the total number of oscillating
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electrons in collective resonance for magnesium is ~ 12.
Since the screening by many electrons can be apparently
treated as one electron with the total mass of all electrons
involved, the effective change of carbon and oxygen is
reduced to €12 by the electron charge screening effect.

This means
n =T )
From Eq. (17) we get
Co?=4627x10" (18)

Last we consider D in Eq. (7). Here it should be
noted that Jackson ™ has reported that the negative
meson should be able to act as a catalyst a very large
number of times during #'s lifetime and the reaction rate in
the mesonic molecuie wil be of the order of 10° times that
of the observed rate. For this reason, the meason is
quite effective in lowering the Coulomb barrier between
two nuclei by virtue of its very small orbit around one of
them, as if the mesonic atom acts as a neutron in its
penetration up to another nucleus. Hence, by analogy
we infer that the rate for C - O reaction can be treated as
D =2x 10 *-cm’s, by catalytic help of neutral pions.
Thus we get

0 =37361x10 “em’=3736x10 "bam  (19)
When we consider a pion exchange force between
nucleons, we assume that the S factor is enhanced as a
function of the force. ®  We apply the effect by the charged
pions {0 that by the neutral pion. Because the addition of
two neutral pions increases the S factor (=1 0° keV-bam) by
four orders of magnitude over conventional two charged
pions, using ‘multibody fusion resonance” model by
model by Takahashi etal® Thus Eq.(10) gives

e =10y 46271 x 10"
10°



= 0.123%eV.

(20)
This value is plausble one as nuclear fusion with C - O

system. Substiuting o = 3736 x 10 °bam, S =10°
keV-bam and E = 1239 x 10_5keV into Eq.(10) gives
Coulomb barrier tunneling constant
B=0470eV. 1)
Thus we have

6
10 g

-0470
ee®( " gz )

9 )

The nuclear reaction rate is given by
R=Ngo Neoh Vo, ()
where N¢. o is the atomic density of carbon and oxygen,
Ncoh is a muttiplicly factor according to lattice-site
conditions. If Ng. o = 10" pairem °, Noh = 10 ), we
get

R=9254x10" fiske (24)
3. CONCLUSION

In a previous paper,") the formation of nitrogen
existing in the present Earth was interpreted to be the
results of endothermic nuclear transmutation due to two
body confinement of carbon and oxygen nucleus pairs
abng three [1‘/50] drections in a (111) plane of
rhombohedral MgCOg3 crystals of upper mantle,
“c+ 0-20°=2"N, ()

In this study, we calculated endothermic transmutation
rate catalized by neutral pions, provided that the activated
state product “C'%0 immediately undergo fission to two “N
nirogen atoms, accompanied by Iberation of four neutral
pions. The cross section and rate for the nuclear reaction

are given by

10°

100 o
o= pexp(” 4z ) (22)
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R=9254x10" thicc 24)

The value of o = 3.736 x 10 bam deduced in the present
study makes the neutral pion catalyzed fusion plausble.
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Abstract

Formation of the neutron valence bands (NVB) below zero in transition-metal hydrides is verified by quantum
mechanical calculation of interaction between lattice nuclei and occluded protons or deuterons. The local coherence
of neutron Bloch waves in the NVB results in formation of high-density neutron liquid (NL) and neutron drops
(ND) in boundary regions. The NL and ND interact with lattice nuclei, protons (or deuterons) and minor nuclei in
boundary regions to produce cold fusion phenomenon (CFP) in which large change of nucleon and proton numbers
of nuclei occur with dissipating channels of liberated energy rather than gamma emission

1. Introduction It is a common knowledge in nuclear physics that
The nuclear structure of isolated nuclei ;X has average properties of the excitation spectrum are given
been thoroughly investigated in about sixty years since by the Fermi gas model as a result of dominance of the
the discovery of the atomic nucleus in 1911 in order to particle degrees of freedom over the number of
achieve fundamental understanding in the energy collective modes.”
region up to several hundred MeV!2, The global In the Fermi gas model, nucleons in a lattice nucleus
features of the exited levels of nucleons and their at a; is trecated as independent particles and their
energy distribution seem to be fairly well described by quantum states ¥ (,)(x, @;) are specified by quantum
the Fermi gas mode, while the results have had been numbers {n} = (n, [, m,s);
mainly confined to light nuclei and a quantitative Vmx,a) =¥ pmyx—a, 0). ¢))
analysis is plagued with difficulties in the description The wave function of a neutron in a nucleus 4;X,
of the reaction mechanism.? This is true even now however, extends far away from the nucleus when the
especially for excited levels with energies very close to encrgy E of the state is less than but close to zero and
the zero level; which corresponds to the neutron level then the wave function outsides the nucleus is
with a binding energy of zero in the nucleus A7X, or to approximated by
the state where a neutron and the separated nucleus VY (msp(Xx —a, O)=cie sk-ly, (0,00 1(0),(2)
A1,X remain still. (We use this energy standard in this where n = 7) ([E]) is a damping factor of the radial
paper unless otherwise stated.) wave function depending on the energy assumed for
Therefore, it is interesting to investigate some simplicity to be independent of quantum numbers, and
phenomena that are directly related with the excited (6, ¢;) are angles measured from the lattice point a;.
levels of nucleons at around zero energy in medium In the following treatment, we use the wave function
and heavy nuclei. (1) until we need the wave function (2).
In this paper, these features of excited states of The result of the calculation of the total level density
nuclei in solids are semi-quantitatively investigated on for the Fermi gas in a nucleus A X is given as:"
the knowledge of nuclear structures established in o (N,Z, € )= (6"go/12(go € )*)exp((4 T/6)go € )
nuclear physics and apply them to cold fusion W~ 2 3)
phenomenon (CFP). We use the Fermi gas model for where & is the excitation energy measured from the
nucleons in a nucleus throughout this work. ground state level and g, is the onc-particle level
density at the Fermi energy gy, representing the sum of
2. Excited States of Neutrons and its Density of the proton and neutron level densities
States in Medium and Heavy Nuclei g0 = g(ep)=(B2)A/€p), )]
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for a case Z = N = A/2. These levels seem very sharp
and have fairly long lifetime, which we take as an
infinite in the following treatment.

The energy range, where the above formula is
applicable, is determined by a relation
tp/d € E el )
where £¢ 37 MeV for heavy nuclei.” This relation
gives an energy range 0.4 — 170 MeV of applicability
of the relation (3) for nuclei with mass numbers 4
100.

High density of nuclear levels at high excitation
energies, amounts of the order 10° times higher than
that corresponding to single-particle motion, has been
revealed by densely spaced, sharp resonances in the
slow neutron capture reactions and results in formation
of the compound nucleus in a nucleus with 4
100.%» The figure 10° will be increased further by
several orders when the energy of the slow neutron
capture reactions goes down to 1 eV. In the
following discussion, we will take this factor as 10° at
its maximum suggested by experimental data for Ag in
the range of 2 to 8 MeV? considering later application
to Pd isotopes in the encrgy range up to 10 MeV.

3. Effective Potential for the Super-nuclear
Interaction between Neutrons in Adjacent Lattice
Nuclei of Metal Hydrides and Deuterides

In the transition-metal hydrides MeH,, on the other
hand, the crystal structure is dependent on the
concentration x of hydrogen isotopes which can be
introduced into the crystal lattice of the metal Me
continuously until a definite limit and kept stably there
(occluded).*” We confine our investigation to crystals
of stoichiometric compounds PdH for our object in the
following treatment. In this compound, hydrogen
atoms occluded in the crystal are ionized and occupy
octahedral interstices having six Pd atoms each as
nearest neighbors on the crystallographic axes half
way of the lattice constant a. The lattice constant a of
the compound PdH, depends on the composition and
that of PdH is a little larger than that of Pd crystal 3.89
A In the following treatment, however, we ignore the
dependence of a on the composition x and use the
value for Pd crystal as for the compound PdH.

Dynamical behavior of the proton occluded in
transition-metal hydrides is described as a harmonic
oscillator in its ground and lower excited states. The
wave function, ¢,(R-b;, 0), of a proton in a state
specified by quantum numbers p = (n,,,,m,s;) at an
interstice b; can have finite probability density at
nearby lattice point at a;, a nearest neighbor of b,
especially when the proton is in its excited states. If we
ignore mutual interaction of Z protons on different
interstices, the total proton wave function may be
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expressed as a product of wave functions on the
interstices (neglecting anti-symmetrization),
Ppa) Xy, X5, Xz)= ;0 {p}R;b;, 7)),
where {pa} E{pleZ’ :Pz}-

The overlapping of the proton wave function ¢
{P;{(R; - b;) on the interstice b; with a nucleon
(neutron) wave function¥ {n}(r - a;), Eq. (1), of an
adjacent lattice nucleus at a@; results in the
proton-neutron interaction through the nuclear force.
The nuclear interaction is expressed by a potential
whose form is taken, for example, as the square-well

(6)

type;

Vir—R)=-Wo, (r-R|<b) %
=0, (r-R >b)

where 9, 35 MeV and b 22 X107 c¢m.?

The choice of this potential out of several possible
types does not make a large difference to the result for
low energy phenomena we are considering in this
paper.

This interaction pulls two neutron states in different
lattice nuclei into coupling as shown below that we
will call the "super-nuclear interaction." In the
following investigation, we concentrate on excited
neutrons in lattice nuclei than protons, which needs
more energy to be raised to the excited levels with the
same energy than neutrons due to the fact Z < N.
(InPd,Z =46 and N = 56 — 64.)

Let us consider a neutron in an excited state {n} of
one of lattice nuclei. The regularity of the crystal
lattice determines the coefficients of the linear
combination as required by the Bloch's theorem.”
Then in a periodic potential of lattice nuclei, a neutron
in an excited state {n} of a lattice nucleus at a; should
be expressed by a Bloch function (omitting the spin
part)
vr) = Z;V Y 0r-a). ®)
Therefore, the total wave function of the system
composed of a necutron Bloch wave ¥ i (r) and z
occluded protons in the state {p,} = {p;, p2 )
D1} at interstices is expressed as (omitting spin parts)
V@R, R, |R;)

= ¢k(’) ¢(pa)(xl’ X, Xz). (9)
The total energy Ey(, ,}; of this system in the
second-order perturbation approximation is expressed
as follows taking the square well potential for the
nuclear interaction:

Expay=Eqpa)

+ Zyipjexp(-ika; - k’ay)vu(ii’j), (10)
)
= Z (<np;ijVin'pij><n'p'sii[Vinp;i'i>)E py — Equp)s
=2 pjupP JdEP X
(<np;ijVn'phij><n’pii[Vinp;ii> Y (E+ € gp),  (11)
Eppay =Ew®. 25 V) = Vi), (12)
<ap;iffVinpii> = §5 drdR; ¥ *y(r - @) & *{P}R; -b;)



XVdr-R) ¥ y(r-a)d,{R;-b;), (13)
where summations over i and i’ in (10) are only over
the nearest neighbor lattice points @; and a; of an
interstice b;, 0 4(E) is a density of states for neutron
quantum states, € ,, = €, — €, and E =Egy; -
E(n. Further, the summation over {p’} reduces to a
factor, (ny+1)n,+2), the degeneracy of the energy € ,,
E(,,)(") is an energy of a neutron in an excited state ¥
@r — @) in a lattice nucleus at @; when occluded
protons are in states {p,}, and €, in (12) is an
energy of a proton in a state @ (R, -b;,) at an interstice
b, We ignore, however, p-dependence of E,®
hereafter in this work.

For the neutron wave function (1) in the Fermi gas
model, we can describe wave functions w{,'}(r -ay)
by those determined in the nuclear harmonic oscillator
potential in a nucleus to calculate matrix elements (13)
in the above equation (11):
z/)nlms(r! 6 1d)9 U)

= Rnl(r)Ylm( 6 s d’) x(0), (lml = )] (14)
Epims=(n+3/2)(W/27) 0+ A € s 15)
where A € i, expresses the ! s and other coupling
energies taken symbolically into consideration to
distinguish energies of the states with the same n and
different I, m, and s, w, is the circular frequency of
the harmonic oscillator and Y,"( 6 , ¢ ) are the
spherical harmonics.

In nuclei of palladium isotopes, we can use an
excited neutron state 2f;; as shown by shell model
calculation with a Woods-Saxon potential” for the
order of magnitude estimation of (14):
w2f7/2u (r’e»¢’a)

= Rp@)Ys™(0,6)2(0), (ml= 3)  (16)
Rs3(z) = Cx(32/210)22%(1 - (2/9)2)e™?, an
Co=2Ba, ) z=2a,r% @,= Tmwyh,
where m, is the mass of the neutron and (4),,.41/A”3
Mev.Y

For the interstitial proton wave functions @ ,(R; -b;,)
in PdH, on the other hand, we can use a wave function
@ ,4R,©,®) in a lattice harmonic oscillator potential
centered at an interstice determined by diffusion data;”
B p(R) = Pupims (R, ©,P,0)

= £ (®)Yin (©,2)2(0,), (mISD (18)

€ ppim = 27 (ny + 3/2hw,, 19)
¢Id’(R’ ®»¢)=E 1d! Z)Y20(®’¢)! (n=2) (20)
& 14(2) = C(4/15)'"Zexp(-Z/2), (21

C,=2B8a )" Z =2a,R, a,={mmwyh},
Wy = (K/mp)m’

or by Hermite polynomials Hy( & );'®

DRy =b;, 0p) = ug(x) uny(¥) Unz) Xo(Ty), (22)
Uan®) = NH,( @x)exp({(112) 025D, @3)
a*=4nlm KM N, = (a/m Y22"1)"2

where R = (R, ®,®), n, is an integer, / = nyand |m|
=!, & is the proton cnergy of the state @, (R),
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Wy, = (K/m,,)m, m, is the mass of the proton, K is the
force constant, and n; (i = x, y, 2) are integers.

The proton wave functions thus determined include
already effects of screening by itinerant electrons and
electrons bound in atoms, and also the effect of
Coulomb repulsion by lattice nuclei.

The analysis based on the diffusion data® showed
that appropriate wave functions for a proton in the
NbH is that with n = 2 in the above equation and the
corresponding force constant K is given as

Ky =144 X10"eV/m® (NbH) (24)
We use this value for PdH to make an
order of magnitude estimation in this
paper.

A concrete expression of the matrix element (14)
for PdH is expressed as follows using wave functions
(15), (19), and others:
<2f(72)1d;ij[V12p 312y 28:ij>
- §drdRRs3(z) Y3,0( 6 5 ) X 14(Z)Y2,0( O} P;)
XVir - R)Rsi(z:)Y1,0(0 5P ) X 2(Z) Yoo @} P)),

(25)

zi= 2af-af, Zj=2aR-bf,

where a; is a nearest neighbor lattice site of an
interstice b;, K = Ky in @, in Eq.(22), and (6, ¢;) and
(©;,9;) are angles measured from origins at a; and b;,
respectively.

To estimate an order of magnitude of the effective
potential vy(iij) (11), we utilize the property of the
denscly spaced cxcited states explained before and
ignore selection rules associated with single
configurations. Furthermore, we put the numerator of
(11) as a constant and take it as the value of the matrix
element (25) for PdH.

Then, the order of magnitude of the effective
potential v, (i) given in Eq.(11) is estimated as
follows: the proton wave function ¢ ,{R) is slowly
varying in the range of the nuclear force, and the
nuclear wave function ¥ 4(r) is approximated by a
delta-function. Then, an order of magnitude of the
matrix clements <np;ij|[Vjn'p';ij> is given as
|<np;ij[Vin'p'ij>|

§ ¥uN* Y (r)dr<V>d,(R) *$ {R)Q (26)

1 {4/3} 70 X fuy0n) Phuo(0) fuo(O)F
=32 X107% eV, @7
where Qis the volume of the Pd nucleus, <V>
Vo®= 3.5 MeV (Eq(7), ¢ ,(R) is taken as
uy(x)ug(y)ue(z) and xy . 1.95A is the position of the
lattice nucleus measured from the interstice.

Putting this value (30) into Eq.(11), we can estimate
the cffective potential v,,(iij) as a function of the
principal value of the integration appeared in that
equation, assuming the insensitiveness of the matrix
elements to the energy:

V(i)  1X107 eV,



I = P§ (0 (E)EME. (28)

We can estimate the approximate value of the

integral I, taking following values 0 ,(E) 10° keV™),
6& 10°keV,and A € 1keV on the assumption
that single particle energy level difference is 1 keV
and the level density increases to 10° times larger than
that of single particle motion:
I (p€)0€) Ae =10"eVe
V(i) 1 X107 (eV). 29)
4, Tight-Binding Neutron Bands in Metal Hydrides
and Deuterides

The effective super-nuclear interaction energy
obtained above is used to calculate band structure of
neutron energy in transition-metal hydrides that is
originated in the excited states of neutrons in lattice
nuclei and mediated by occluded hydrogen isotopes.

To show briefly crystal-structure dependence of the
bandwidth, we will make a simplification of the
super-nuclear interaction (11) between adjacent nuclei
at a; and a; assuming that it depends only on the
magnitude of the vectorq; = a;-a;.

Then, we can rewrite the total energy (10) and have
energy spectrum of the neutron Bloch waves in the
face centered cubic (fcc) lattice (@ is the side of the
lattice cube);”

E = Egpay — @- 2X47 (cos(1/4)k,a cos(1/4)ka +
cos(1/4)k.a cos(1/4)k.a + cos(1/4)ka cos(1/4)k,a)

-2 7 (coska + coskya + cosk.a) (fcc) (30)
Efpay=Em+ ZjEp
- a = vnP(O), -7 = V,,p(ii'j), (31

The factor 2 in the third term on the right comes from
the fact that nearest neighbor lattice nuclei are
mediated by two protons at different interstices while
next nearest ones arc by only one. A characteristic of
this encrgy band formation is the contributions from
nearest neighbors ((0, *a/2, ta/2) etc)) and also
from next nearest neighbors ((*a,0,0) etc.) to the
k-dependent terms. '

The neutron encrgy bands originating in the excited
states of lattice nuclei are located below zero energy in
contrast to those originating in free neutron states
above zero worked out in a previous paper.'” The
former could be called neutron valence band and the
latter neutron conduction band to distinguish them in
the following discussion of the nuclear reactions in
solids.

Using the value of v,(ii’j) given in (29), we obtain a
semi-quantitative estimation of the valence band width
A from Eq.(30):

A =24 v,(ii}) 10®  (meV) (PdH). (32)

Thus, it is concluded that the matrix elements (25)
should be 10° times larger than the values estimated in
(27) to substantially keep the neutron bands below
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zero which was determined to form in solids with a
width A 25 meV that is not destroyed by the
thermal motion of ions at room temperature. This is
realized only when the neutron wave function (1)
extends out as the wave function (2) from a lattice
nucleus to regions where a wave function of the
occluded proton (23) has a larger value by a factor 10°
than that at the lattice nuclei. The main term of the
proton wave function relevant to this behavior is the
exponential factor exp{—azx2/2} in (23) and it gives
this value at xo = 1.43 A from an interstice (or 0.52
A from a lattice point). If this behavior is coupled
with an extension of the neutron wave function (2),
then the neutron-proton interaction can contribute to
formation of a neutron valence band with a width of

A 25meV.
From a point of view of the isolated nucleus treated
in conventional nuclear physics, this is an

unconceivable situation. While, the extension of a
neutron wave function (2) far away to 0.52 A=52X%
10~ cm over the nuclear extent range of ro = 107 cm,
ji.e. 10% times longer than r,, is not absurd in the
situation we are considering here.

As was shown by numerical calculation in a
previous paper,!” the energy of thermal neutrons
interacting with lattice nuclei by attractive nuclear
force is pulled down below zero; the states of
propagating waves then become quasi-localized states
around lattice nuclei with a damping factor depending
on the strength of the attractive interaction. The same
situation is also realized from opposite direction as a
limit of highest bound states as shown in Eq.(2). We
consider here an s-type wave function for the state, for
simplicity:

VY ,(r- a)) = ciexp(—i 1 |r — ail). (33)
To extend the neutron wave function to the range of
A =52 X10° cm referred above, the decay constant
of the state N ([E]) = 1/A should be 1.9 X10° cm™
and this corresponds to an energy E:

[El= 08 Tom) n(E? =74 (¢V) (34)
below zero, where m, = 1.67X1072* g is the neutron
mass. In other words, the excited states of isolated
lattice nuclei with energies of from zero to 7 eV can
participate to the neutron valence band, or the neutron
bands below zero, in transition-metal hydrides
considered above.

If the state has less energy, i.c. far from zero, and
the extension of the state is less than 5.2X 10™ cm, the
band state fails to be substantially formed even in PdH
and neutrons are essentially in single particle states in
isolated lattice nuclei.

5. Discussion
When there are many neutrons in a neutron band,



there appear interesting features of neutron's behavior
at boundaries that reflect neutrons back into the
crystal; "local coherence” of neutron Bloch waves, and
therefore, high densities of neutrons (neutron liquid)
appear there.'? High-density neutrons in the boundary
region'> or in neutron star matters '*'® induce
formation of "neutron drops” (or clusters of many
neutrons and a few protons and corresponding
electrons) in a thin neutron background. These neutron
liquid (NL) and neutron drops (ND) in a thin neutron
background interact with nuclei to produce new
nuclear effects in the boundary region.

Scenario of the CFP will be written down as follows.

The background thermal neutrons in ambience trapped
in a sample of the transition-metal hydrides or
deuterides are in a neutron conduction band. Their
density at boundary region becomes high due to the
local coherence but may be not so large and not
enough to form neutron drops. The neutrons in the
band, however, can reacts with nuclei in the boundary
region and the reactions are the trigger reactions.'s!”
The nuclear products of the trigger reactions induce
breeding reactions resulting in multiplication of the
number of neutrons in the conduction band and also
excitation of neutrons in lattice nuclei.

The latter effect makes possible formation of
neutron valence bands (NVB) in the CF matter we are
now considering. The density of neutrons in the NVB
will be very large enough to form neutron liquid (NL)
and ncutron drops (ND) in the boundary region. The
ND thus formed may be in a lattice (a Coulomb lattice)
with smaller lattice constants coexisting with original
crystal lattice of the transition metal with larger ( 10°
times) lattice constants. This is a new state of solids
not noticed and not observed until CFP was detected.

The NL and/or ND thus formed can give or
exchange nucleons with lattice nuclei and/or with
nuclei of minor elements in the boundary layer.
Nuclear reactions investigated in nuclear physics in
20th century were mainly those occur in free space
except rare cases of n-p cluster formations in the
neutron star matter.'*'> The nuclear reactions in
surface layers where are lattice nuclei, occluded
hydrogen isotopes, and high density neutrons (NL and
ND) should be distinguished from those occurring in
free space and treated with similar cautions to the n-p
cluster formation in the neutron star matter.'”

The fundamental differences related with nuclear
transmutations observed in CFP are possibilities of 1)
nucleon exchange between NL (and/or ND) and lattice
nuclei (and/or minor nuclei) and 2) energy exchange
between NL (and/or ND) and nuclides in excited states
in the CF matter. The former gives a possibility to
generate new nuclides with largely different mass and
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proton numbers from lattice or minor nuclei in the CF
matter and the latter gives a possibility to stabilize
excited states of nuclides without emission of 7 -
rays.

In our treatment of experimental data sets in
CFP,!""21618) we have applied the TNCF model to
various events only using reactions where occurs
absorption of a neutron by a nucleus followed by 8-
or a- decay or by fission to explain various products
with successful results. The nuclear transmutations,
however, have shown large changes of mass numbers
up to several tens in the experiments showing NT'**
and recent experiment of NT,2?2” which needs
possibility to absorb large number of neutrons or
sometimes the n-p clusters simultaneously. The
formation of NL and/or the neutron drops (ND) gives
natural explanation of these absorptions.

As we have seen in this paper, CFP is a wide spread
phenomenon including excess heat generation, three
types of NT, production of light elements, 3H and *He,
emissions of neutrons, gammas and X-rays with
various energies up to about 10 MeV, and decay-time
shortenings'®®3” occurring in complex systems
composed of transition-metal hydrides and deuterides
and others at about room temperature in ambient
radiation.

The events with large variety from nuclear
transmutations to emissions of light particles and 7
-rays are evidences of nuclear reactions occurring in
surface layers of CF  materials, especially
transition-metal hydrides and deuterides, intermittently
and sporadically. Investigating this phenomenon, we
could figure out physics of CFP as neutron physics in
crystals occluding hydrogen isotopes; formation of two
types of neutron bands, neutron liquid and neutron
drops in surface layers where appears the local
coherence of neutron Bloch waves.

Knowing physics of CFP, we can explore various
applications of this phenomenon ranging from
production of new nuclides, remediation of hazardous
radioactivity, and production of thermal energy
although limited by our poor imagination at present.
Really, world of application of this phenomenon will
be wider exceeding our present imagination.
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DRASTIC ENHANCEMENT OF DEUTERON-CLUSTER FUSION
BY TRANSIENT ELECTRONIC QUASI-PARTICLE SCREENING

Akito TAKAHASHI, Osaka University: akito@nucl.eng.osaka-u.ac.jp

Abstract: Superconductivity trend of metal-deuteride like PdDx suggests the generation of transient electronic
quasi-particles e* like Cooper pair with short life in dynamic lattice plasma oscillation of deuterons with electrons
squeezing to focal points. Under the transient generation of e*, drastic screening effect on d-d Coulomb repulsive
potential was estimated to induce observable level D+D fusion rates and further more deep potential hole
attracting D-cluster of 4-8 deuterons with electrons which could realize very enhanced 4D and 8D cluster fusion
rates. Elemental analyses for screening effect by e* is described.

Keywords: PdDx, electronic quasi-particle, drastic screening, deuteron cluster-fusion

1. INTRODUCTION

We have studied the transient deuteron-cluster
formation in full or overloaded metal deuteride
(MDx) systems like PdDx (x>1) and elaborated the
theoretical model of tetrahedral (TRF) and octahedral
resonance fusion (ORF) by assuming the . transient
“bosonization” of electrons, namely the generation of
electronic quasi-particles like Cooper pair and
quadru-coupling!®, We concluded that the reversion
of fusion-rate-levels between D+D (2D) fusion and
multibody (3D, 4D and 8D) fusions could take place in
the competing process of 2D through 8D fusion in
TRF and ORF deuteron-clusters (D-cluster), which
nuclear products agreed quite well with claimed 4He
generation with excess heat and mass-8-and-charge-4
increased transmutation?. This paper makes further
detail study on screening effect by electronic
quasi-particle generation.
2. GENERATION OF ELECTRONIC

QUASI-PARTCLES

Some of metal-deuterides have been studied for
high temperature superconductivity trend, as typical
significant effect was reported by Celani et al® for full
and over-loaded PdDx (x = or > 1). The physics of
low-temperature superconductivity is believed to be
established by the BCS theory? and the physics of
high-Tc (critical temperature) superconductivity has
been studied, albeit not established yet, by extension
of the BCS theory and Bogoliubov theory for electronic
quasi-particle generation.

Deuteron at O-site (or T-site) in PdDx lattice
behaves as an harmonic osdllator with phonon
frequency wq.And motion of electrons is treated with
plasma oscllation with frequency w of the lattice
system with many electrons, deuterons and metal-
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atoms (e.g, Pd). By electron-phonon scattering,
momentum q = k — X is carried by phonon and two
electrons having opposite momentum and spin may
be born to generate a Cooper pair k!, k1) as an
electronic quasi-particle, due to attractive force to
compensate repulsive force of Coulomb interaction, in
the phonon-electron coupled motion. Shielded
Coulomb interaction potential is given? as:

Vig, w) =4 we(q? + ke?)
+ @ el + kN wHwi - wPd)
= (reY/ (@ t kD) (w? /(w! - o))

)
@

where Uk, is the screening distance for Fermi gas.
The 1# term of Eq.(1) shows normal Coulomb
repulsive potential between electrons, and the 20d
term shows phonon-mediated interaction. As clearly
seen by Eq(2), the potential becomes negative
(attractive) if w< wq This is a driving force to
produce Cooper pairs. When two deuterons with
electrons are squeezing from opposite directions to
T-site (or O-site) under the TRF (or ORF) transient
condensation?, the condition of opposite momentum
and spin for two electrons can be naturally fulfilled.
However, directions of deuterons in TRF and ORF
condensation are not ideally 180 degree opposite, so
that momentum transfer by phonon-electron coupling
makes conditioning for transient Cooper pairs.
Effective mass m* and effective charge e* of Cooper
pair can be approximately given? as m* = 2me and e*
= 2e. Microscopic Cooper pair with short life around
lattice focal point can be regarded as single particle
with mass 2m. and charge 2e. Hence we label Cooper
pair as e*(m*/m., e*/e) = e*(2,2). Cooper pair is the
s'wave pairing of two electrons with opposite
momentum and spin. To explain high'Tc
superconductivity, generation of unconventional



pairing {e.g., d-wave pairingd and very heavy
fermions (several hundred times mass of electron)
have been proposed (see Chapter 9 of Ref-4), albeit
reaching no consensus yet. By considering higher
order pairing (s-wave) of binary e*(2,2) quasi-particles
to generate a quadru-coupling *(4,4) and moreover
¢*(8,8) by binary e*(4,4) quasi-particles, we may treat
the state of high-Tc superconductivity, instead of
assuming heavy fermions (electrons), as we see later.
“Bosonized” elecron wave function ¥ n for
N-electrons system in MDx lattice will be
approximated by a linear combination of normal
electron wave function ¥,16 and quasi-particle wave
functions Yeas, Yuacand Yese as; :

| Un>=a1 | Yape> +az | Yoo +as | Vaoe>
+as | Yepc> 3

This may be called quasi-particle expansion of total
electronic wave function. Here suffix G denotes
ground state. For MDx system, the normal electron
wave function | ¥a06> coupled with phonon may be
given by a Bloch function with lattice period xl,
combined with harmonic oscillator motion for D, in
one-dimensional case; Using Hermite polynomial Hy,

| Yape>= Z Clexpllx-xD) Z exp(- aabc-x)?)

HoX @a22(x-x1)
The ground state BCS wave function is defined as,

@

3 | Yape> + az| Yeas>
= M+ viCxCx, | ¥Yo> ®)

where | W¢> denotes vacuum, uk is the un-occupied
wave function of Cooper pair and Vi is the occupied
wave function of Cooper pair; hence w? + vi2 = 1is
the normalization condition. Ck; and Cx; are
generation and destruction operators, respectively.

We may define production operator C'z and
destruction operator Ca for bosonized (spin zero)
e*(2,2) to generate quadru-coupling e*(4,4) as,

a1l Yape> + azl Yeas> + ail Vo>
= [Muz+ vaCaCw | Yo ®
with ual + vaZ = 1 for normalization. Wave function
for €*(8,8) is similarly defined.

To evaluate coefficients ai, az, a¢ and as, we may
apply the varational method with evaluating the
BCS Hamiltonian (see Chapter 3 of Ref-4);

H= 22 e, + £ ZVuC*,C*,C1,Cy @
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And

0<¥N' |H] ¥n>=0 ®
The above equations are just for formality, and we
need further extension to substantiate the problem.
However, essential components of the problem can be
analyzed as shown in the next section.

3. SCREENING EFFECT AND FUSION RATES

For the time-window of potential deep hole!?,
effective (time-averaged) screening potential, for a d-d
pair in a transient D-cluster of 4-8 deuterons for TRF
and ORF condition?, can be defined by a screened
potential of quasi-particle complex;

Vi(R) = b1Va1,0(R) + bzVez2(R) + baVeis0(R)

+bsVasa(R) ¢)
Where R is the inter-nuclear distance of a d-d pair and
Vom*/me,e*/e)lR) is the screened potential for a
dde*(m*/me,e*/e) molecule, for (m*me,e*/e) = (1,1),
2,2), 4,49 and (8,8). Time-averaging treatment for
transient D-cluster condensation with electrons
including transient quasi-particles is transferred here
to coefficients b1 through bs. By definition, we need to
satisfy the following normalization condition.

bi2 +b2 +bdZ +bg2 =1 (10)
For a dde* molecule (one quasiparticle
approximation) within the short time-interval of
D-clustering, wave function of a d-d pair (2D) is given
by the solution of the following Schroedinger equation:

(2B 7 1)) VEXR) + (Va(R) + Vs(R) X (R)
=EX(®R) (v
with nuclear potential Vx(R) for strong interaction and
reduced deuteron mass L.
By Born-Oppenheimer approximation, we assume as,
X (R) = Xn(R) Xs(R) (12)
Overlapping rate of X(R) at R =10 gives estimation of
d-d fusion rate Az4as:

Au=G | XR) | ZR=0
=G|Xn(R)IZR=lO|XsCR)IZRa0 13
where G is the scaling constant and r0 is given to be 5
fin considering deuteron radius plus charged-pion
exchange range (about 2 fm) at contact surface



configuration of the moment of d-d fusion reaction.
Using WKB approximation for the barrier (Vi(R))
penetration probability,

| XoR) | 2r=0 =exp(- 2Tx(ED) 19
;Barrier Factor (BF)

where Ej is the relative deuteron energy and I'n is
Gamow integral for a d'd pair in D-cluster
(n-deuterons with electrons) that is defined as:

TaEd = @)/ ) § oXVi(R)-E"2dR (15)

Using astrophysical S-factor for strong interaction,

G | Xa() | 2R=r0 = vS2a(Ed/Ea (16)
Consequently we can approximately define fusion
rate as:

A 21 = (vSu(Ed/E exp(-2 T n(Ed) an
In the previous paper?, we have estimated Gamow
integral for dde* molecule, by solving Schroedinger
equation to obtain screened potential Vi(m*/me, e*/e)
and evaluate the corresponding Gamow integral I’
2(m*/me, e*/e) by,

Fn(m"hne,e"/é(Ed)

=2 )2 TT) § 0™ (Vam*imeere(R)-EdV2dR (18
Using Eq.(15) and Eq.(9) with condition of Vi(R) >
Ed; R <b, and considering that b-parameter becomes
independent own value for each quasi-particle, we can
approximately obtain:

I'a(Ed =b1 T n,0(Ed) + b2 [ae2(Ed)

+baTa(ED + be T asa(ED (19
To estimate coefficients b; through bs, we have to solve
coupled channel Schroedinger equations of normal
electrons, Cooper pairs, quadru-couplings, e*(8,8) to
evaluate first relative state densities of a1 through as.
This is a hard task to do in future.

Screened potentials Vi(m*/mee*/e)R) were
previously calculated for dde* molecular state? using
solutions by the variational method®, as:
Vem*meet(R) = Vh + 2R + J + K1+ A) (20
Where the Coulomb integral J, the exchange integral
K and the non-orthogonal integral A are given as?:
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J =Z(ea)[- Uy + (1 + Ly) exp(-2y)] @
K = Z(e¥/a)1 +y) exp(y) (22)
A =(1+y+y23) exp(-y) 23)
With
y=R/a @9
a = ao/Z/(m*/me) (25)

with ap=0.053 nm (Bohr radius) and Z =e*/e.
We also solved atomic de* system to obtain ground
state energy Vi as:

Vi =-13.6Z2/(me/m™) 26

For dde*e* molecule; we have obtained screened
potential function Ve as:

Vw”e’(R) =2Vh+ e?R

+@J+T+2AK+K)Q+ AY (27

Where the cross-Coulomb integral J and cross
exchange integral K are given as:

=
Z2e2/a)(1/y — exp(-2y)) (Iy + 11/8 + 3y/4 + y2/6) (28)

K’ = (Z2e?/5/a) -exp(-2y)(-25/8 + 23y/4 + 3y? + y¥/3)

+ (y/6)((0.5772 + logy) A2

+(AYEi(-4y)-2A AEi(-2y))] (29)
with
N =exp(y) (1-y+y*3) (30)
Ei)=- § o=»(Llogx))dx €30

In these equations corrections were made for
mistakes in text book®.

For fusion rates of multi-body (nD) reactions in a
D-cluster was defined!? as:

A nd = [VSud(EQ/Edl exp(- n T n(Ed) (32
by assuming the very fast sequential process of
cascade two-body reactions for intermediate states?.
And we have made estimate for Sna(0) values by using
empirical scaling of known S(0)-values of H+D, D+D
and D+T fusion reactions extrapolating up to
unknown multibody Sng(0) values as a function of
PEF (pion exchange force) numbers for equilaterally
symmetric configuration of strong interaction (1* and
11" exchange) in TRF and ORF condensation!?. The



second term of Eq.(32) gives mulit-body barrier factor.

4. NUMERICAL RESULTS AND DISCUSSIONS

We have done calculations of screening potentials
of dde* molecules with heavy electrons (fermions) for
m* = lme to 208me(muon), to make comparison with
screening effect by quasi-particles of e*(2,2), e*(4,4)
and e*(8,8).

Screening Effect of Cooper Pair

400
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-100
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300 B

1.00E-03

n s [—o— ddee(1.1) - ddex(2,2)|

Potential Vs (eV)

1.00E-02 1.00E-01
R(nm): d—d distance

1.00E+00

Fig.1: Screening effect of Cooper pair for dde*
molecule, compared with Dz molecule

Figure 1 shows the effect of first-step bosonization,
namely generation of Cooper pair, compared with
screened potential of Dz molecule (ddee system) which
has minimum potential hole (-10.6 eV) at Re = 0.07
nm. Value of bparameter for Gamow integral is
approximately given by the zero-potential crossing
distance; actually we use crossing point for Eq4 = 2.5
eVD, which is essential to barrier penetration
calculation. Value of b-parameter moves from 20 pm
for D2 molecule to 4 pm for dde*(2,2) Cooper pair. This
is drastic effect: As given in Table-1, barrier factor
increases from 1E-50 with A2 = 1E-63 , for De, to
1E-7 with A 24 1E-20, for Cooper pair dde*.
Assuming macroscopic production density of 1E+20
(1% of D-density in PdDx, x>1) Cooper-pairsicc, we
obtain D+D (2D) fusion yield of 1 fis/cc, that is so
called Jones level® and lowest countable level by usual
neutron detectors. We can say that Cooper pair can
make great effect to drastically enhance d-d fusion
rate in MDx systems. This may be the first clear
theoretical evidence that “cold fusion” exists. Cooper
pair generates deep hole (-256 V) to attract deuterons
and initiate D-cluster condensation!?.

In Fig.2, dde* potentials are compared between

Cooper pair e*(2,2) and a heavy fermion e*(10,1).
Screening effects are comparable.
In Fig.3, comparison is also made for quasi-particle of
quadru-coupling e*(4,4) and very heavy fermion
€*(100,1), to show comparable effects between the
two.
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Table-1: BarrierFactors (BF) and Fusion-Rates (FR
in fia/c}), by transient quasi-particle screening

(m*me, | 2DBF | 3DBF |4DBF | 8DBF
e*/e) (FR) (FR) (FR) (FR)
an 1E-126 | 1E-187 | 1E-250 | 1E-500
(1E-137) | (1E-193) | (1E-262) | (1E-499)
2,0 1E-53 1E-80 1E-106 | 1E-212
(1E-65) | (1E-86) | (1E-108) | (1E-211)
2,2 1E-7 1E-11 1E-15 1E-30
(1E-20) | AE-17) | AE-17) | (1E-29)
449 3E-4 1E5 1E-7 1E-14
(3E-16) | 1E-11) | (1E-9) (1E-13)
4,9 4E-1 2E-1 1E-1 2E-2
(4E-13) | GE-D | (E3) | QED

Where E4=0.22eV is assumed, which is the n=3
phonon excited state of D in PdDx lattice with hwo =
64 meV and Eq= (n+1/2hwo. And

(0,0) : Bare dd reaction

(1,1 : dde- molecule

(2,1 : dde* with heavy electron

(2,2): dde* with Cooper pairing

(4,4): dde* with quadru-coupled electrons

(4,9b: dde* with binary quadru-coupled electrons,
namely (8,8)

dde* Potential
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Fig.2: Comparison of screened potentials between
Cooper pair and mass 10 heavy fermion
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Fig.3: Comparison of screened potentials between
€*(4,4) quasi-particle and mass 100 heavy fermion




Muon has m* = 208me, so that binary Cooper
coupling, namely quadru-coupling e*(4,4) works as
strongly as muon for D+D fusion induction. We can
say that the very heavy fermion model for high-Te
superconductivity can be replaced with the binary
bosonization of two Cooper pairs to make e*(4,4)
quadru-coupling. Depth of the transient deep hole? by
e*(4,4) generation is so large as —2,460 eV, that can
strongly attract swrrounding deuterons with electrons
to make TRF and ORF condensations at focal points.
Value of b-parameter for dde*(4,4) is about 0.5 pm
(500 fm), to enhance D+D barrier factor to 3E-4, and
1E-5 for 3D and 1E-7 for 4D multi-body fusion, of
which fusion rate (microscopic) are 1E-16, 1E-11 and
1E-9, respectively for 2D, 3D and 4D fusion. If we
assume D-cluster density of 1E20 cl/oc, we obtain
fusion yield (fis/cc) of 1E4, 1E9 and 1E11, respectively
for 2D, 3D and 4D fusion, which are already “miracle”
values to meet with major claims of “cold fusion”
experiments. 8D fusion yield becomes significant level
as 1E7 fls/cc.

Effect of Bosonized Quasi—Particles
10000 ¢ [~ dde*e(4.4) - dde(8.8)]
s 5000 F : ey
s T
X ok
L E g
> -5000
8 -10000
:6" -15000
a -20000
-25000
1.00E- 1.00E- 1.00E- 1.00E- 1.00E- 1.00E+
05 04 03 02 01 00
R(nm): d-d distance
Fig4: Bosonization effect of e*(4,4) binary

quasi-particles, on screened potential

Figure 4 shows the bosonization effect of binary
e*(4,4) quasi-particles. When this extreme condition is
realized, we have b-parameter of 70 fim within which
domain deuterons can approach as classical particles
to make very condensed D-cluster for very enhanced
strong interaction between 3, 4 and 8 resonant
deuterons'® simultaneously (within Heisenberg
uncertainty) as previously discussed?. This screening
effect of binary e*(4,4)b, namely e*(8,8) is comparable
to that of heavy fermion ¢*(300,1). Depth of transient
deep hole by e*(8,8) is very large as —20.6 keV. When
we recall that the first-step goal of DT plasma
temperature in TOKAMAK device is around 10 keV,
e*(8,8 can providle comparable “acceleration
condition”, however microscopically “coherent’ way.
Thus 8D fusion can be winner of D-cluster fusion as
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discussed previously?. 8D fusion emits two high
energy (47.6 MeV) 8Be-particles, which can induce
secondary capture reactions to make transmutation
with mass-8-and-charge-4 increment, as recently
claimed by MHI experimnet?.

5.CONCLUSIONS

Transient deuteron clustering at focal points in
metal-deuteride system may generate transient
electronic quasi-particles as microscopic Cooper pairs
and quadru-coupling, at room temperature. At these
moments, we can expect very strong screening effect
for d-d Coulomb repulsive force and drastically
enhance D+D fusion rate to be in countable level, and
moreover the condensed D-cluster induce 3D, 4D and
8D resonance fusion with miracle-high level of 1E11
or more fis/cc. Generation of electronic quasi-particles
(equivalently small localized bosonization, and not
necessarily macroscopic superconductivity) is of key
background for D-cluster fusion in condensed matter.

Major claims of “cold fusion” experiments, e.g., ‘He
production and corresponding excess heat without
intense neutrons and tritum  generation,
mass-8-and-charge-4  increased transmutation,
anomalous 3D fusion rate enhancement, and so on,
can be explained by models based on the present
electronic quasi-particle screening theory.

However, since the model was based on assuming
the generation of transient €*(2,2) as sub-angstrom
single particle, we need further study of such extreme
bosonization under time-dependent many body
problem of metal-deuteride lattice (See JCF4-22).
Acknowledgment: The author acknowledges
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Mass-8-and-Charge-4 Increaéed Transmutation by Octahedral Resonance Fusion Model
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Abstract: Based on the quasi-particle expansion theory for transient deuteron clustering in PdDx lattice
dynamics, possibility of selected 4D and 8D multibody fusion reactions was discussed, and transmutation with
mass-8 and atomic-number 4 increase by high energy Be-8 particles by 8D fusion was suggested.
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1. Introduction

Mitsubishi H. I Group has reported?
extraordinary  transmutation results, namely
production of mass-8-and-charge(atomic number)-4
increased elements (Mo-96 and Pr141) from Sr-88
and Cs-133 thin zone on Pd/CaO/Pd multi-layered
film under deuterium permeation. By applying
Takahashi's theoretical model?? (EQPET: Electronic
Quasi-Particle Expansion Theory) of tetrahedral
(TRP) and octahedral resonance fusion (ORF) with
transient quasiparticle e*(Cooper pair and
quadru-coupling) generation in PdDx lattice dynamics,
we attempt to explain the underlying physics of the
observation.

Schematic view of octahedral condensation of
deuterons in PdDx lattice dynamics is shown in Fig.1.

O esite

Fig.1: Octahedral condensation of deuterons from
T-sites to an O-site.

In the TRF or ORF condensation, we consider the
squeezing of deuterons with 4d-shell electrons of Pd,
as drawn in 2-dimensional map of Fig.2.

electron

O deuteron

Fig.2: Transient squeezing of deuterons and electrons
from O-site to T-site for TRF condensation,
2-dimensional map. P denotes palladium.

Counter approach of two deuterons, in Fig.2,
attracts electrons due to attractive coulomb force
between deuteron and electron. Two electrons from
counter orbits of Pd 4d-shell (there are 10 4d-shell
electrons per Pd atom, which attribute to conduction
band) may approach closely less than 1 angstrom,
since repulsive force between electrons is screened by
deuteron-electron attractive force, and may have
opposite momenta and spins, which may make a
transient electronic quasi-partide (TEQP) like a
Cooper pair, for short time interval PdDx lattice
phonon vibration and D-e plasma oscillation mediate
and assist the generation of TEQP as discussed in our




JCF4-21 paper®. When more than two electrons per
deuteron are squeezing in the system, we may
consider the generation of “further bosonized’
quasi-particles as e*(4,4) and ¢*(8,8) as we used in
Ref3. We have treated TEQP as single particle with
sub-angstrom size. This assumption may be
supported by the interesting simulation by Kirkinskit
and Novikov in Russia®.

2. EODD Model and EQPET

Kirkinskii and Novikov proposed the EODD
(Electron Orbital Deformation Dynamics) model to
treat the lattice dynamics in similar system as shown
in Fig.2. The EODD method is a kind of Monte-Carlo
Molecular Dynamics calculation taking into account
deformation of 58 + 4d shell electron-orbits by
approach of two counter deuterons. They estimated
the probability distribution of minimal pairing
distances Rad of deuterons, which showed a broadly
peaked distribution in 0.5 to 2 angstrom region,
probably reflecting minimum potential positions 1.1
and 0.7 angstrom respectively for dde and ddee (D2)
molecular states, and very interestingly steeply
increasing component in lower Rau region less than
0.2 angstrom, as shown in Fig.3.

EODD Simulation and EQPET
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Transient Quasi-Particle Screening,
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Fig.3: EODD simulation and EQPET, the lower Ra
component is described by transient quasi-particle
expansion

EODD simulation has given about 19 % probability to
have closely-packed transient d-d pairs with less than
0.1 angstrom f{even in 001 angstrom region)
internuclear distance which gives very enhanced
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fusion rate as 1E-10 f/s/pair level®. It is regarded that
this component realizes visible “cold fusion events”.
From our EQPET calculation, this component can be
described as linear combination of TEQP components,
namely dde*(22), dde*(22)e*(2,2), dde*4,4) and
dde*(8,8), etc., transient molecular states of EQPET
theory?. This means that ,when we will get
3-dimensional EODD simulations for TRF and ORF
systems , we will be able to fit the result with the
combination of normal electron (dde + ddee) and
transient quasi-particle screening (dde* + dde*e®)
components (wave functions X for d-d Schroedinger
equation)®, This should give the basisof EQPET.

3. Octahedral Resonance Fusion

As we have seen that transient dde* states give very
deep potential holes ?(-0.25 keV by dde*(2,2) to —22
keV by dde*(8,8)), there happens enhanced possibility
to attract 4-8 deuterons with electrons at focal points
(T-site for TRF, and O-site for ORF). We may expect
4D and 8D fusion as resonant multi-body fusion2¥,
This model may explain the MHI experiment?.

The schematic view of the MHI experiments
condition is shown in Fig.4.

CsorSr

deuterons

—>

Pd

Fig.4: Schematic view of the MHI experimental
condition?

The CaO layer (100 nm thick) is considered to make
significant gap of Fermi levels in the interface region
between CaO and thin (40 nm) Pd layer on which
about 2 nm thin test sample (Sr or Cs) zone was made.
Constant D-flow from sample zone to backing thick
(0.1 mm) Pd zone would continue to satisfy
overloading (PdDx, x>1) and site-to-site diffusion
condition in the thin surface zone of Pd, where local
superconductivity-like condition around focal points
generating transient electronic quasi-particles e*s can
be expected due to strong phonon-electron (Pd 4d
shell) coupling by D-plasma oscillation (about 10 s
frequency) and squeezing of deuterons with electrons
as simulated by EODD, in transient dynamics of
D-cluster condensation at T- or O-sites?. Celani
reported? anomalous reduction of resistance of



Pd-wire under over-loading PdDx condition, and we
conceive that was the occurrence of superconductivity.

Very deep (-260 eV by e*(2,2) transient Cooper pair
and —2460 eV by e%(4,9) transient quadru-coupling)
transient potential holes, born by the generation of e*,
strongly attract electrons and D-clusters (4D for TRF
and 8D for ORF) . At the case of more than two e*s
generation per 8D-cluster, 8D-cluster can condense
within 80 fm domain® where quantum mechanical
tunneling interaction of simultaneous multi-body
fusion? may be drastically enhanced in competition of
the following reactions;

2D — n+3He + 3.25MeV, p+T +4.02MeV
3D - Li6*— t + He3 +95MeV

4D — Be8* — 2xHe4 +47.6MeV

5D — B-10*(53.7 MeV)

4 6D — C-12*(765.73MeV)

5) 7D —» N-14*(89.08 MeV)

6) 8D —0-16* (109.84 MeV) —2xBe-8 +95.2 MeV

0
D
2
3

The EODD simulation by Kirkinskii and Novikov
has shown that about 19 % of d-d pairing with less
than 0.1 angstrom internuclear distance could be
born as shown in Fig.3. This component can be
regarded as components of dde*(4,4) and dde*(8,8).
And very high density of about 1E+22 dde* pairs per
cubic centimeters can be expected, to further initiate
4D and 8D fusion reactions, selectively. The additional
reason of selectivity of 4D and 8D fusion is as follows:
Because of resonant strong interaction by
3-dimensionally symmetric pion exchange? for TRF
and ORF process, 2D, 3D, 4D and 8D fusion reactions
are selectively enhanced. Especially with the existence
of plural quadru-coupling e*(4,4) quasi-particles, 8D
fusion process can be winner (1E-1 fis/cluster at best)®
of the competition and generate very high energy Be-8
particles (47.6MeV).

4. Transmutation Reactions

Be-8 particles with 47.6 MeV high kinetic energy can
make easy secondary capture (fusion) reactions with
existing heavy nuclei as Sr-88 or Cs-133, due to large
contact surface of Be-8 deformed nucleus and Sr or Cs
nucleus for high energy fusion process, as

7) Sr-88 + Be-8 (47.6MeV)— Mo-96*(Ex) + KE
8) Cs-133 + Be-8(47.6MeV) — Pr141*(Ex + KE

Considering a liquid drop like character of above
collision processes, the very high kinetic energy of
Be-8 may be transferred to kinetic energy (KE) of
Mo-96 or Pr-141, which may be deposited to lattice
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phonon energy by heavy particle slowing down
process, without hard X- or gamma-ray radiation.
The process is illustrated in Fig.5;

O OO0
OV@

0.2nm
Fig.5: What happens near interface

5. Conclusions

The transient bosonization effect of electrons in the
dynamic squeezing of deuterons and electrons at
lattice-focal points for TRF and ORF systems can
generate transient d-d pairs with close d-d
inter-nuclear distance less than 0.1 angstrom which
may enhance d-d fusion rates over visible level (more
thanlE-20 fis/pair). Moreover, deep transient
potential holes by TEQP generation can induce
resonant multi-body fusion of 4D and 8D fusion. High
energy Be8 particles by 8D fusion can make
secondary reactions to produce transmuted elements
with mass 8 and charge 4 increase.

We need however analysis by 3-dimensional EODD
simulation to understand more about the process.
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Abstract

Nuclear fusion is believed to have
internal and external causes. The author
believes that an internal cause is found in
the structure of the atomic nuclei as
Platonic regular polyhedra, and an
external cause is to be found in the
quantum-confinement effect.

Firstly, the internal cause, Platonic
regular polyhedral structure, is discussed.
Because a Platonic regular polyhedron
may be both inscribed and circumscribed
on spherical surfaces, the shell structure
is formed by overlapping concentric
spheres, in the it is believed that protons
and neutrons exist at the apices of the
regular polyhedron inscribed on a
concentric sphere. Accordingly, for
elements with larger atomic numbers,
other protons and neutrons are thought to
exist at the apices of regular polyhedra
inscribed on other concentric spheres.
Secondly, the quantum-confinement
effect is believed to be an external cause.
When a crack in a hydrogen-absorbing
metal contains a large number of
deuterons at one time, density becomes
extremely high, the range of existence for
each deuteron contracts, and due to

82

Heisenberg's uncertainty principle, AxAp
=Ah, Ax—0.".Ap—°, and because of
Yabuuchi's formula, § mvdv = 1/2mv® +
C, 1/2mv?—00, Thus the interior of the
crack becomes hot, movement between
atomic nuclei is excited, and collision
occurs, resulting in thermonuclear fusion.

1. Structure of the atomic nucleus

The Platonic structure of the atomic
nucleus as intuitively understood by the
author is as follows. A tetrahedron,
indicated by T, has four apices, and a
neutron (n) or proton (p) exists at each
apex. Similarly, a cube (C) has eight
apices, an octahedron (O) has six, an
icosahedron (I) has 12, and a
dodecahedron (D) has 20, with an n or p
at each.

Because a Platonic regular polyhedron
may be both inscribed and circumscribed
on spherical surfaces, spheres having the
same center and different radii form
shells, with regular polyhedra both
inscribed and circumscribed on each,
thereby forming superimposed layers.

A “Hez nucleus has a T structure, and at



its four apices there are two p and two n.
Accordingly,

*He2[T] = (2n + 2p) 1-1)

Next,

1808[T,I] = (2n + 2p, 6n + 6p) = (8n + 8p)
(1-2)

Here, the I is circumscribed on the sphere
on which the T is inscribed, with two n
and two p in the inner shell and six n and
six p on the outer shell, for a total of eight
n and eight p.
Next,
“Cax[C,I,D] = (4n + 4p, 6n + 6p, 10n +
10p) = (20n + 20p)
Also,
%Ni2s[C,D][T][C,D] = (4n + 4p, 10n +
10p) (4n) (4n + 4p, 10n + 10p)

= (14n + 14p) (4n) (14n + 14p)

= (28n + 28p + 4n) (1-3)
This has a [T] sphere interposed between
and interlinked with two [C,D] spheres.
Next,
18g50[T,C,0,1,D][T,C,0][T,C,0,1,D]

= (25n + 25p) (18n) (25n + 25p) =
(50n + 50p + 18n) (1-4)
Next,
28ppey[ T,C,0,1,D][C][L,D][C,D][LD][C][
T,C,0,1,D]

= (25n + 25p) (8n) (16p + 16n) (28n)
(16p + 16n) (8n) (25n + 25p)

= (126n + 82p) (1-5)
Here, the magic numbers 2, 8, 20, 28, 50,
82, and 126 are obtained by fulfilling the
structure of regular polyhedra. They
yield a nuclear structure that is stable.
The correctness of the Yabuuchi model of
the atomic nucleus according to the
structure of Platonic regular polyhedra is
verified by the following explanation of
the nuclear-fission ratio of uranium (see
Figure 1).

83

28U97[C,0,1,D][T][C,0,I,D][C,0,L,D][C,
O,L,D][T][C,O,L,D]
= (23n + 23p) (4n) (23n + 23p) (46n)
96 140+ 2
(23n + 23p) (4n) (23n + 23p) (1-6)
Fission of uranium238 atom at an
atomic weight of 96:140 is shown by the
arrow in equation (1-6). It is believed
that two nucleons are split by collision
with an incident neutron. This explains
why fission of uranium occurs at an
atomic-weight ratio of 96 to 140.
One more point may be noted with
respect to nuclear fission. When 8Feas
is included as an impurity in a palladium
solid, it has the Platonic structure shown
in Figure 2. According to the theory of
Victor Weisskopf, large absorption of
neutron resonance takes place at atomic
weights near 11, 55, and 155; because the
atomic weight of *°Fezs is close to 55, a
similar phenomenon is likely to occur.
Accordingly,
38Fe26[C,0,1}[T][C,0,]]
= (4n + 4p, 3n + 3p, 6n + 6p) (4n) (4n
+ 4p, 3n + 3p, 6n + 6p)
= (13n + 13p) (4n) (13n + 13p)
1-7)
When the (4n) absorbs a large number of
neutrons, the T configuration is disrupted,
and so the two lateral (13n + 13p)
experience nuclear fission. Beta decay
then produces either
56Feas + n -> °Ali3 + A13 + *Hez + n +

AE (1-8)

or

Fe2s + n -> 26Al3 + A13 + 2n + T + AE
(19)

2. Quantum-confinement effect



An unlimited large number of deuterium
D, which are Bose particles, collect in a
crack in a palladium solid irrespective of
Pauli's exclusion principle, and so
contraction occurs.

Instruction is believed that when
cosmic-ray neutrons strike this, the D
nuclei capture the neutrons and produce
large amounts of super-heavy hydrogen
isotope elements, such as 3H, 4H, 5 H, 6H,
"H, and so on. When contraction occurs,
the existence range Ax of each nucleus
becomes Ax—0, an Ap—°° due to the
Heisenberg uncertainty principle, and
fusion takes place due to the external
cause.

The reason for this is that because
Yabuuchi's formula holds that § mvdv =
12mv? + C, and so when Am for D, H,
and the like becomes larger, 1/2mv2-*00,
thereby increasing, and the required
energy for fusion occurs.

For example,

3Hi + °Hi -> *He2 + 4n + n + AE

1)

The *H1 atom is a tetrahedron with one
missing proton, and because the number
of protons is one less than the magic
number 2, the nucleus, strongly seeking
stability, overcomes the Coulomb barrier
and actively accepts a p.

The ®Hi1 nucleus is a tetrahedron with two
extra neutrons (2n), forming a halo
nucleus; its configuration resembles that
of a “H1 nucleus with two more n at a
considerable distance from the nucleus.
Accordingly, because the two extra
neutrons 2n in the ®°H1 nucleus forcefully
overcome the Coulomb barrier and so
fusion with *Hi can be accomplished
easily.
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In this case, the crack in which the
deuterium exists in a contracted state is
like a "sea" of deuterium, and in the
super-heavy hydrogen isotope elements,
"H1 nuclei stabilize, as bubbles in
seawater are more stable than bubbles in
the air, and seek nuclear fusion. This
could be termed the bubble effect.
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A POSSIBLE MODEL FOR THE NUCLEAR REACTIONS IN METAL VACANCY
INDUCED BY BOSE-EINSTEIN CONDENSATION

Ken-ichi TSUCHIYA

Department of Chemical Science and Engineering, Tokyo National College of Technology,

1220-2 Kunugida, Hachioji, Tokyo 193-0997,

e-mail: tsuchiya@tokyo-ct.ac.jp

ABSTRACT: Bose-Einstein condensation (BEC) is one of the candidates to induce the nuclear reac-
tion in solids, because deuterons in solids are regarded as Bose particles. In this work, the d-d fusion
rate in Pd induced by BEC is estimated. The equivalent linear two-body method, which is based on
the approximate reduction of many-body problems by variational principle, is used for the calculation.
Keywords: Bose-Einstein condensation, cold fusion

1. INTRODUCTION

When charged bosons are confined in ion
trapl), the Hamiltonian for the system is given
by the summation of three terms. They are to-
tal kinetic energy, isotropic harmonic potential due
to ion trap and repulsive Coulomb interaction be-
tween charged bosons. By applying equivalent lin-
ear two-body (ELTB) method to these many-body
problems, Y.E.Kim et al. 2} derived the ground-
state wave function and the nucleus-nucleus fusion
rate.

In this work, Kim’s theory is modified in the
following two points. Firstly, vacancies in solid are
regarded as harmonic ion traps and the frequency
of this potential is estimated by using spherical ap-
proximation. The ELTB ground state wave func-
tion can be calculated numerically and also the rate
of nuclear fusion in some kinds of lattice defects
including N charged bosons can be obtained. Sec-
ondly, the dependence of this phenomenon on the
temperature is introduced by using the well-known
formula for the critical temperature of BEC, which
depends on the number density of the particle.

2. APPLICATION OF KIM’S METHOD
TO THE PHENOMENON IN SOLIDS

Firstly, we show the outline of Kim’s method.
They regarded the potential of the ion trap as the
isotropic harmonic potential. Therefore the Hamil-
tonian of the system including N charged particle
is then

N
K2 2 mw? 2
"= "EEZ_IV*+

2
2
€
+Z—Ir~—r-|’
i<g 7

where m is the rest mass of the nucleus and r; is
the position of the i-th nucleus. They used ELTB

i=1

(1)

86

method, which is based on the variational princi-
ple. The ground state of this many-body problem
is written as

#(p
\I/(I‘l,rg, ..... ,I‘N) ~ p(S—N(—-l))T’ (2)
where new quantity p is defined as
N 1/2
p = (Z ) : 3)
=1

The wave function ¢ in eq.(2) satisfies

h? (3N-1)(3N-3)

tom 4p

h2 d2 ,rnw2p2
{"é'rﬁal_;ﬂJr 2

Wr () ¢

+ —_—— e —

3v/2ar (A=) p

} #(p) = E¢(p). (4)

Generally, these equations for harmonic oscillator
are rewritten by using nondimensional quantities
T =4/%%pand ¢ = 2E/hw. As a result, eq.(4) is
rewritten as

d 2 p q _
<_EF tot+ g+ #(z) = ed(x), (5)
where p and q are defined as
3N —1){(3N -3
_ BN-DEN-Y) ©
and
m_ANT(E)
TV R s (O
where o is the fine structure constant. Kim et

al. P discussed the possibility of cold fusion in ion
trap?) by using these equations.

Secondly, we show the application of Kim’s
method to the phenomenon in solid. In egs.(4) and
(5), harmonic term is the electro magnetically in-

duced attractive potential in the ion trap device?.



For the case of the problems in crystalline solids,
this term corresponds to the repulsive interaction
between host ions and impurity deuterons. There-
fore the Hamiltonian of this system is written as

_ K Ze* exp(—k|R; — ri|)
= ZV +Z R, — |

€
+Z|r-—r-|’
<j 7

where R; is the Bravais lattice vector of the host
lattice and Z is the effective charge of a host ion.
By intuitive estimation, the 2nd term in eq.(8) is
approximately harmonic at the center of the va-
cancy in the crystalline solids. This can be ex-
plained as following. The i-th component of the
2nd term in eq.(8) can be expanded into spherical
harmonics as

(8)

Z Ze? exp(—k|R; — i)

R = 2 Am(ri)Yin(0.9)
Im

9)
If this is approximately spherical function, domi-
nant term in the expansion is the { = m = 0 com-
ponent, which is written as

7

Ago(r:)Yoo(8,8) = Zé* sinh kry Z exp(—kRJ-)'

k'ri - Rj
7
(10)
In this equation, sinh kr/kr is expanded as
S‘—nl:nﬁ =14+ 2L (kr) +O{(kr)*}. (1)

This means that the second term of eq.(8) is ap-
proximately expressed by the summation of con-
stant and harmonic terms for small kr. Therefore,
if we define w as

Zerk? exp(—kR; 1
5 Z (R,- i) = amwz, (12)
3j
eq.(8) is completely same with eq.(1). Seeing

eq.(12), it is clear that the value of w is determined
by the lattice summation. In this calculation, the
origin of the Bravais lattice vector is selected as
the center of the vacancy.
The ELTB solution gives the nuclear reaction
rate as
22 < VUMV | >

R=-3 < ¥Y[¥ > ’

(13)

where imaginary part of Fermi pseudopotential®®)
is written as

mvi{ = - %5@ —rj). (14)
The short-range interactions of nuclear forces be-

tween two Bose nuclei are introduced by using é

function®?®. This rate can be calculated by using
numerical solution of eq.(5), because ¢ gives the
ground-state wave function ¥ for N identical Bose
nuclei in eq.(13). For the normalized ¢, it is done
by using

AN - 1T (ap) () | @ty

R= ,
or 3T (28-0)
(15)
where A is given by
QSTB
A = .
s (16)
The constant A is determined by rs = h?/me®

and the S factor of the nuclear reaction between
two nuclei.

3. RESULTS AND DISCUSSIONS
3.1 Four deuterons trapped in a vacancy

In this work, ELTB solutions for the system
including four deuterons trapped in a vacancy in
fcc Pd lattice have been obtained numerically, and
d-d nuclear reaction rate has been estimated. The
calculations were performed within the following
conditions.

(i) In eq.(12), only the nearest neighbor lattice
points are counted into the summation.

(ii) The screening constant in egs.(5) and (12) is
2/(the first nearest neighbor (NN) distance).
This means that impurity ions at the center
of the vacancy are nearly free from host ions.

(iii) The effective charge of a host Pd ion is one.

(iv) The value of the S factor is 110kevb. This is
consistent with Kim?.

Using above conditions and 1NN distance =
%a = 2.75A, where a=3.89A is the lattice con-
stant of fcc Pd, we find w from eq.(12) to be

w & 112 x 10"sec™! (17)
and obtain the ground-state solution from eq.(5)
for the case of the system including four deuterons
in a vacancy, which is plotted in Fig.l. Seeing
this, a sharp peak exists at z ~ 24.5. This value
corresponds to p = 4.65A. If |r;| = r for all i in
eq.(3), we obtain p = v/Nr. In this case, we ob-
tain r = p/v/4 ~ 2.33A, which is smaller than 1NN
distance. This means that deuterons are trapped
in a vacancy.

Using the value of w and numerlcal solution ¢,
the nuclear reaction rate is obtained from eq.(15).
As a result we find R to be

R = 18x10" sec™. (18)
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This is extremely high, however if we consider
the probability of the ground-state occupation §2,
which depends on the critical temperature T. of
BEC, it is not always high rate, because R} may
be small. The well known formula for T. of BEC
is written as

h? n \*"?
T = Srmks (@) !

where n is the number density of Bose particles. In
this case, deuterons are trapped in sharp peak in
Fig.1l. In 3-dimensional space, this means that the
deuterons are trapped in the space between two
concentric sphere, whose radii are r; ~ 2.24A(z ~
23) and 72 ~ 2.50A(z =~ 26). By using these val-
ues, we obtain T = 107K from eq.(19). This tem-
perature gives probability of the ground-state oc-
cupation. It is written as

(19)

Q = 1_(3)2/3 for T<T.. (20)

T
If the temperature T is slightly lower than T¢, 2
should be very small. If a nuclear fusion happens
in a vacancy in spite of the case of such a small
probability, temperature becomes higher than T;
immediately. Then  becomes zero. And the re-
action will be stopped. This is another reason
why R = 1.8 x 107 sec™! is not always high rate.

fota

1.0

$ (x)

p/x2 b?

o.og—-r-""

10

30

Fig.1

The ELTB solution for the system including
four deuterons in fcc Pd vacancy.

The solid line means the ELTB solution.
The dashed lines mean each potential

in eq.(5) normalized by e.

3.2 Other cases

We consider other cases for the trapped
deuterons in some kinds of lattice defects. In this
paper, they are called T, O, Vac, VacT and VacO.
Table 1 summarizes the definition of them.

Table 1 Definition of traps

traps meaning
T T site
(@) O site
Vac single vacancy
VacT | tetrahedral void,
which is constructed by 4 vacancies
VacO | octahedral void,
which is constructed by 6 vacancies

For every site, calculated results of nuclear re-
action rates are given in Table 2. In eq.(3), if all
the particles exist at the same radial component
r, p would become V' Nr. Therefore, if a position
of a sharp peak in ELTB solution is smaller than
VNR,, where R, is the radius of the defect, we
can say that the condensed deuterons are trapped
in the defect. This values are also given in Table 2.
In this calculation, the convergences of the lattice
summations are kept to be smaller than 1%. In or-
der two clear this condition, more than 20th near-
est neighbor (NN) lattice points should be needed.

Table 2 Nuclear Reaction Rate

traps | N pmaz vNR, T. R
T 3 265 292 133 26
5 436 3.77 160 5.2
8 6.69 476 198 9.1
10 815 533 221 125
(o} 3 269 3.37 129 25
5 442 435 156 5.0
8 6.79 550 193 8.7
10 8.27 6.15 215 12.0
Vac 3 298 476 107 1.8
5 4.90 6.15 129 3.7
8 752 7.7 160 6.4
10 9.16 870 178 8.2
VacT 3 331 559 88 1.3
5 546 721 106 2.6
8 838 9.12 131 4.6
10 10.20 10.20 146 5.9
VacO [ 3  3.51 5.83 79 1.1
5 5.58 7.53 96 2.2
8 887 9.52 118 3.9
10 10.80 10.70 132 5.0

N: the number of the trapped deuterons
Pmaz: position of a peak in ELTB solution (A
Ry: radius of the spherical defect [A]

Te: critical temperature of BEC [K]

R: nuclear reaction rate [107s™!]
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Table 2 indicates following things.
(i) T and O can trap 2 or 3 deuterons.
(ii) Vac can trap 5 deuterons.

(iif) VacT and VacO can trap 7 or 8 deuterons.

(iv) The nuclear reaction rates are 10" sec™"

(v) T. is lower than room temperature.
These results lead us to the conclusion that BEC of

condensed deuterons trapped in the lattice defect
can induce cold fusion.
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COMPOSITION OF 1/f AMPLITUDES ELECTRON WAVE
AND A WORK OF ONE DIMENSION OF LATTICE

Masanobu BAN, Tokyo Metropolitan Industrial Technology Research Institute: banmOk@iri.metro.tokyo.jp

Abstract: Electron wave synthesizes the generation of heat that is an anomaly. Electron wave of cold cathode lay is
resonant, and it synthesizes a lattice. A lattice of virtual image acts like it of crystal, and tunnel resonance phenomena
is generated from the transportation of an electron. Resonance has the component that the amplitude is in inverse
proportion to height of frequency. A characteristic looks just like rectangular wave of soliton. The standing wave
which rose in resonance forms a lattice as teeth of a comb. Thus Shrédinger equation is remade by one dimension of
new equation to solve resonance because Kirchhofl’s law is one dimension of equation. Because virial theorem acts by
a lattice of synthesis, one part of energy is saved in vibration of a lattice from propagation of phonon. A work of each
stair in a lattice stores big energy. Cold fusion energy of large unit is produced by quantum nature of new equation.
Keywords: 1/f noise, solilon, transition probability, electron, tunnel eflect, electron wave, electrons duality, cold

fusion

1. INTRODUCTION

A phenomenon of abnormal heat can be generated by
the direct current electric circuit that an electric dis-
charge was generated in an electrode gap.

For example, in a phenomenon of electrostatic cool-
ing, a change or a transportation of sudden thermal en-
ergy that does depend on non-convection, non-emission
and non heat-conduction is observed in whichever of plus
and minus by a condition of circumference.!) When cold
cathode lay was irradiated to the plate which was in-
jected deuterium to aluminum or palladium, there can
be an anomalous generation of heat phenomenon in a
cold fusion.

In principle of causality about the consequence that
produced the anomalous generation of heat, there is the
inception common to two kinds of phenomenon to an
electron-wave (de Broglie material wave) of direct cur-

“ rent cold cathode lay. The kinds of one is an electrostatic
cooling and the other one is a Cold fusion. Both of those
have an electrode gap.

Energy of lattice vibration generated in a composi-
tion molecule of deuterium atoms as promotion factor
of generation of heat works, and it becomes an opportu-
nity, and the mass of deuterium may be converted into
thermal energy.

Because there was the electrostatic-cooling phenomenon
which became hot without a action of deuterium, basic
cause of heat is electron-wave and tunnel resonance phe-
nomena.

The Imagery of electron-wave group will make a lat-
tice. Even if matter does not exist in it, the lattice is
made a composition and it will become state of tunnel
resonance.

The tunnel resonance phenomena of an electron-wave
group is cause of generation of heat.

2. 1/f NOISE CURRENT OF CATHODE LAY
1/f noise current will occur in electric circuit made
cold cathode lay by needle electrode pointed to anode
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plane. Wave has the amplitude of inverse proportion in
each frequency, and a lot of wave is added, and special
resonance is generated in a wave.

When electric field inclination is steep by needle cath-
ode, cold cathode lay propagates toward anode. The
transmission electron microscopes and the tunneling elec-
tron microscopes include this construction. Electrode
gap of electrolysis or it of electroplating has this struc-
ture.

And in hologram equipment, electric field of biprism
divided one electron into two electron-waves (plural ma-
terial wave), and diffraction got up, and interference
fringe of cold cathode lay was made with hologram equip-
ment by the waves.?

A key of thinking is addition of electron-waves that is
having an electric current. Electron-waves (plural ma-
terial wave) depart from cathode and make propagation
to anode at that time. While electron-wave propagates,
mutual interference arises. Wave is added with wave
during propagation.

And, the electric current is in proportion to electron-
wave intensity. Alternating component of resonant cir-
cuitry current of cold cathode lay is expressed by pro-
portion of an electron-wave group. Transition probabil-
ity wy (Fermi’s Golden Rule) to change from energy
level Er,  in unit time is provided from perturbation
theory depending about time.

When initial state n changes to final state [,

if (wl(o)lelw,(.o )} is a constant of real number, and

P (E.(,o)) is a density of states, wy, is given as;

wy =

2 (@1ml™) o (B9)

Now, angular speed of phasor w is replaced 2nv

2n = /°° il (%w)d“’ (2)

G



* sin? v
2r = 2« ——dv.

oo (V)2
Let wy multiply by Planck’s constant A. If electron-
wave make matter X, it has expected value W about

energy I = hv. Expected value W of energy is given by
energy {power) spectral density of unit time as;

W= hw./,/

Sampling function form ”/v” in expression includes
character of "1/ f noise electron momentum”.

Then a = &, |exp'*|= 1. If exp?*is 1, and initial
phase was tuned to 2nmw,

3)

sin? wv

o)’ dv. 4)

oo .
sm2 aw

W = hwy /_oo (ow)?

Therefore v = +/ % F, Group velocity of real number
vg i given as;

L7 ([T Sinow  ue
vg —&/mh(zw[m\/wd(w) o X dw)

exp?™! dw. (5)

(6)
Within parenthesis of eq 6 is named y.
1 sinaw it

e 0=t [ VoI e (D)

By volume density puvot, Cross-flow section S, and El-
ementary charge e, electric current j is given as;

](t) = ep.,(,;Svg = 2epuols‘/ 'T%hy(w'/lyt) (8)

2-a.

Transition theory includes case of degeneracy. Reso-
nance continues by degeneracy. Dependence of all tran-
sition probability w () is selected as one in a beginning
of resonance. (We will prove properties of resonance in
another chance.)

) h [ sinaw o
t) = —_— —_— dw
i epvo;Sv mmn /_oo aw ©

Spectrum in resonance has had a sampling function.
Because sampling function has w in a denominator, there
is character of 1/f. However, all initial phase does not
have to be in unison. We omit consideration of initial
phase in order to simplify a calculation.

In statistics about magnitude of the signal which came
in one period, one mean value exists from central limit
theorem by all means. It is direct current.

Rayleigh distribution shows no order, and it becomes
only white noise. Therefore 1/f noise does not coexist
with Rayleigh distribution. Thus only-one-wave must be
made by electron, if electric current has 1/f character-
istic.

Because resonance is the main reason of anomalous
heat, we will investigate a cause.

)

PHASE COINCIDENCE OF 1/ f RESONANCE
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2-b. EFFECTIVE MASS AND FORCE

When electron beam was inclined by electric field of
biprism, acceleration of force added to electron is in pro-

" portion to electric field and intensity of an electron ma-

terial wave.

Factor of electric current is specific charge and elec-
tron density, mass of electron, and velocity of electron.
The electric current is product of those elements.

When electric-current is in proportion to electron-wave,
and mass of electron is in proportion to electron-wave,
too. Then the force which let electron beam incline is
to include a product arithmetic of electron-waves. Now
new wave equation is made by the product.

In electron-wave number k, effective mass m of an
electron propagating the inside of semi-conducting crys-
tal is

1 1 d°E(k)
m K% dk?

However, crystallization of propagation medium is nec-
essary for a constitution condition of this equation.

There is a potential barrier row in crystallization, and
there is a work of infinite lattice of Toda in the row, and
soliton propagates a row.

Because electron-wave and an electron with mass can
propagate in an electrode gap, there will be something
that is equal to crystal on the gap.

By the way, nature of a particle is lacking in a solu-
tion of the Maxwell equation about the electron of cold
cathode lay. (We omit this proof and leave it to the next
article.) Cathode ray cannot solve nature of a quantum
from the Maxwell equation.

So another equation is necessary for propagation of
an electron. Therefore we have to make a new wave-
equation with particulate about propagation of cold cath-
ode lay.

Tunneling rises at the time of half-transmitting-boundary
condition with electron-wave in an electrode-gap, and
standing-wave exists. If standing waves synthesize one-
dimensional lattice, we think that even propagation in a
vacuum without propagated-medium is tunnel-resonance-
phenomena of a phonon-quantum, and the idea do not
wake up contradiction.

Electron wave spreads through space of a domain of
gap .and cannot specify limited part place. However,
wave strengthens it in wave packet, and a wave crest
is created, and it goes straight on. The wave crest
converges in a point with observation of a tunneling-
electron-microscope or a transmission-electron-microscope.
Therefore a wave crest of electron-wave is considered to
be particulate of an electron. On the other hand, be-
cause energy E of Newton dynamics is product (product
of power F and distance), energy becomes dE = Fuydt.

Because energy F is the function that differential cal-
culus is possible by wave number, energy E of wave
packet has distribution density about wave number.

(11)

From semiconductor-electrical-engineering, dE(k) is
given as;
(12)

(10)

dE(k) = (F * vy)dt.

dE(k) = hvydk.



Accordingly, F in eq 11 is given as;

dk
hep = F. (13)

The force is made of electron-wave. Electron wave
produces progressive wave and standing wave in an elec-
trode gap with tunneling.

Nature of a quantum is made by these electron-wave.
And the following will become clear that even mass of a
quantum is made by these electron-wave.

The probability-waves will synthesize undulations {Like
teeth of a comb in Fig.1:) that stand in line with a simple
condition from the higher harmonic group of standing-
wave.?

3. STANDING WAVE OF ONE ELECTRON

We are thinking about standing wave to make a lat-
tice. Therefore the first stage, with a condition of one
quantum in a well, Shridinger equation is given as;

R d°
[—%W + V(l‘)] Y(z) = Ey(z) (14)
0<z<d, Viz)=0 (15)
| )
TomdeE = Ey(z) (16)
¥(z) = Asin(knz) + Bcos(knz) (17)
With boundary condition of standing wave,
z=0,%=0,B=0, and z=z=d,¥v=0, (18)
kn = %n, n=123, «*np (19)
Y(x) = Asin (-‘gnm) . (20)

3-a. SYNTHESIS STANDING WAVE

We are thinking that more than one standing wave
exists between electrodes. The property of amplitude in
inverse proportion to frequency of 1/f is added to those
characteristics.

A wave equation is three dimensions of function for a
cube, but we calculate only a single dimension. Because
Kirchhoff’s law is calculated with a single dimension, it
is held good. .

Higher harmonic is composed in relation to order from
n to infinity as a large enough integer. A overall length of
phase angle of fundamental (the first harmonic) standing
wave is k,d = nw-rad.

Fundamental wave of electron-wave is fi. Order of
harmonic is [. Wave number k; of fundamental wave is
kiyd = nm-rad. Amplitude of resonance is A = 1/(Lf1).
Equation 9 represents ¥? in eq 22

= Iclw (21)

1 (=1, !
- 7 (; (7 sm(lkl:z:))) = }?yham' (22)

¥? is divided by fixed number 1/fZ, and a part sur-
rounded by parenthesis named ynam. Figure 1: is syn-
thesized by harmonics. Because it is existence proba-
bility wave, figure 1: represents a row of existence po-
sitions. Yham makes np, mountains, and the mountain
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yham
x2pl 2 3 4 5 6 7 np
4
e
0 B 10n [rad]
cathode ——— anode side

Fig. 1: Synthesis of harmonic ypam

stands in line like teeth of a comb, and height is 7*/4.
np is integral part of n/2+ 1. If there are a lot of parti-

cles, a particle stands in line every each top.

As a result, in an electrode gap, there is not substance,
but a lattice of a synthesis image is made.

3-b. TUNNEL RESONANCE

As standing wave of synthesis is velocity zero, the elec-
tric current is 0-A, but the electric current can be in the
electrode gap because there is soliton progressive wave
in tunnel resonance of a laitice. The potential barrier
stands in a row at a lattice. We can consider the row to
be Kronig-Penny model.

When Katsuhiro Nakamura et al. calculated the trans-
port of quantum by Kronig-Penny model, the energy
spectrum density had being the square of momentum,
that had 1/f characteristic, with any magnitude of cir-
cuit voltage.) We can take it as a phenomenon of a
lattice thereby.

If a quantum propagates a lattice, eq 22 is exempted
from the eigenvalue, for the reason that limitation is not
severe as for band theory.

4. NEW WAVE EQUATION

Electric energy is separated into phonon and photon
in crystal of a semiconductor and propagates a lattice.
A phonon quantum is a soliton propagating in a lattice.
The signal of soliton includes the wave that the ampli-
tude is in inverse proportion to frequency.

Photon can propagate an electrode gap by electric
field of transverse wave and action of magnetic field, but
propagation of phonon needs a medium of a lattice.

The medium that become form of the lattice which is
necessary for propagation of soliton has been composed
already by a virtual image of standing waves. When
phonon propagates in an image of one-dimensional lat-
tice between electrode-gaps, a new equation 36 is con-
cluded with the following.

Partial derivative notation ”9/8z” is expressed in”, z”.
And "8?/8x*" is expressed in ”,zx”. As amplitude
u = u(z,t) of soliton, a KdV equation becomes as fol-
lows.”

U, — 61“1-,: + U,zxx = 0 (23)

This solution u becomes potential of Shrédinger wave
equation. A relation is created by Shrédinger equation
and KdV equation as;®

d? 2 '
g + u(z, t)p = k"¢. (24)



k? is a spectrum parameter. A soliton has mass m
and kinetic energy. Wave height u is energy potential of
electron swarm.

u(e) = (j—m)_ V() (25)
K = (%)_ E (26)

Wave function of Shrodinger wave equation is ¢(x,t :
k). In wave function ¢ of Shrédinger wave equation,

/ $*dz < oco.

In this way there is the wave solution that the am-
plitude converges in zero in a distant place.ﬁ) As it is
converging wave, there is nature of a particle.

But the amplitude of standing wave does not con-
verge. Soliton is caught by section if il continues being
reflected. Then a reflection has standing wave and pro-
gressive wave. Because standing wave is constant wave,
a calculation of Fourier transform is possible.

A product of waves by u¢ making amplitude modu-
lation is settled in the second term of eq 24; the leftside
of equal sign.

When derivation L and derivation B are given as [ol-

(27)

lowing;
L = —((%)2+u (28)
B = -4 (%)3+6u56;+3u1 (29)
Lo = Kk*¢

The upper section eq 30 is Shrodinger wave equation.
The lower section is an equation about Soliton. The
upper equation has N- soliton solution on u as follows.
It is a solution of quantum unit nonlinearly.7)

u(z, t) = 2 (b%)z log 7(z, t) (31)
r(x, t) = exp(aX(pr,—p1)) -
cexp(anX(pn, —pn)) * 1 (32)
X( -p) = exp@(t. p)—nlt, —p))
xexp(n@ p )+n6 (-9 ) (33)
ntp) = Y tap" (34)
nGp ) = Yoo (35)

Wave ¢ has a characteristic of 1/f by resonance from
condition of standing wave. Both sides of the upper sec-
tion eq 30 are differentiated with ¢ by the requirements
that wave ¢ was compatible in a simultaneous equation,
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and simultaneous equation eq 30 becomes the next equa-

tion.
(% - 1B, L)) ¢ =0 (36)
now, [B, L| = BL — LB. (37)

We named eq 36 soliton Shrédinger wave equation
from character of physical phenomenon. The eq 36 is
made of application of literature.® '

Having singular equation is a principle of physics that
one equation is created with regard to energy. Therefore
equation 36 is more superior in a point of simplification
than simultaneous equations 30.

[B, L] are calculation of Lee-bracket-product, and there
is nature of folowing equation.

oL
YTl (B, L]

u —6uu, x + U, zoo

= 0 (38)

Relationship of right-hand member on the first line
and the second is the KAV equation that displayed eq
23 with a method of Lax. The whole is the generaliza-
tion that a KdV equation, Maxwell wave equation and
Shrédinger wave equation have consisted simultaneously
after all.

eq 24 is found with the separation of variables form
which is unrelated to time of eq 36. Therefore we name
eq 24 "soliton Shrédinger equation.” Two factor of the
u¢ product term gains new another amplitude modula-
tion wave.

Because outbreak is only once, solitary wave is not
observed if there is not luck. However, if there has been
amplitude modulation, Quctuation is observed any time.

Frequency and the amplitude are in proportion to re-
verse even if it measured with any kind of method for
1/f noise. Even if it was greatly different in length of
the observation period, it is mysterious that it is in fre-
quency component to be the same as one solitary wave.
The question clears up by existence of amplitude mod-
ulation.

Both elements of u¢ are electron-wave. And u of pro-
gressive wave of electron-wave has a dimension of energy,
and ¢ has no dimension on existence probability. This
problem is solved as follows.

Electron wave ¢ is converted into u of dimension of
energy by relation of the following conservation law by
volume integral of energy density W.,. Because a prod-
uct of wave is the same as a principle of amplitude mod-
ulation, 3™ (side band) wave occurs. As for the side
wave, the carrier wave, the signal wave, each wave num-
bers is expressed with ko = k1 + k2. And w (= 2xf) is
expressed with wo = w1 + wa.

By indication of a non-linear term ingredient (NL),
electric susceptibility is x(") with term of ordering n. It
is x™ with electric susceptibility about an ingredient of
n index, and by indication of a non-linear term ingre-
dient (NL), it is shown a conjugate of complex number
* with three-electron-wave ¢o, ¢1,¢2. Energy conserva-
tion law becomes as follows.”

2
%Z; W, =ilwo—wi—w)xX™ dod142=0  (39)
Jj=



Momentum density of wave is Py;. Momentum con-
servation law is given as;

2
43 Pay=ilo—ta kX" iid2=0.  (10)
Jj=0

There is meaning that group of electron-wave will be
converted into potential, momentum, and mass from eq
39, and eq 40. Electric current and an electron have
been made from only electron-wave.

For example, the potential becomes the same as po-
tential of a fluid when electron groups flow and make
direct current or electrostatic field. A signal of 1/f was
output (37%) in an experiment that two lasers (1°, ond)
different in a wavelength were input into crystal simul-
taneously.”) Because crystal and two lasers each had a
matter-wave, the experiment is an example of evidence.

5. INFILTRATED OF DEUTERIUM LAYER
There is only one electric current to flow through a
closed circuit. Therefore all sections have electron-wave
of the same frequency characteristics uniformly. An elec-
tric current of a circuit makes a lattice of electron-wave
in infiltration section of deuterium. Figure 2: shows a
schematic representation of Cold cathode-Lay.

Z
’ =
7=
A<
Z
'd

Area

Kronig—Penny model and yhem

Fig. 2: Illustration

The deuterium which floated is drawn to lattice point
by the gravitation eq 13 that electron-wave arises after
the deuterium was injected between metal.

A work of the gravitation was taken to a photograph.
A laser beam propagated to circular wave guide, and
standing wave of electron-wave drew a particle to a sec-
tion of flux.'® It is the example that electron-wave made
gravitation. Another example was shown in technique
to carry one unit of atom with tunneling electron micro-
scope.

Deuterium stands in line on teeth of a comb of one-
dimensional lattice by the gravitation that electron-wave
made, and a figure of lining up seems to be a pearl chain.
When a phonon quantum propagates there, energy is
accumulated according to virial theorem by each step of
a lattice. An electron ranges in an electrode gap, and an
electron stores energy of vibration like a lattice point.

When an electric current changes, an interval of teeth
of a comb changes simullaneously then. A total of en-
ergy Lo store in each lattice is large, but the income and
expenditure of energy is equal by a unit of a quantum
in once of change. Cold fusion of big unit can be caused
then by small fluctuation. The composition acts in a
phenomenon then.
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6. CONCLUSIONS

When cold cathode lay arises in an electrode gap of di-
rect current electric circuit, the electron-wave that seems
to be virtual crystal or a lattice will be generated by
resonance. And soliton electron-wave becomes with 1/f
noise (resonance), and tunnel resonance phenomena arises
when it travels by a lattice of self excitation.

We have utilized the new wave equation that had a
solution of the meaning 1/f. We considered mechanism
of Cold fusion that was resonance of electron wave which
made a lattice of composition.

If a resonator producing resonance of electron-wave
powerfully is developed, a generation of heat phenomenon
will be in any time.

If we adjust interval of a lattice of electron-wave and
lattice spacing of deuterium in a molecule, technology of
Cold fusion may be born.
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