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Fusion of Hydrogen Isotopes

• H + H           D + β+ + ν 　　: Weak Interaction, Star

• H + D           3He + γ + 5.5 MeV : Star

• D + D           4He + γ + 23.8MeV; 10-5 %
　　　　　　　　p + t + 4.02MeV       ; 50 %
　　　　　　　　n + 3He + 3.25MeV  ; 50 %

• D + T           n + 4He + 17.6MeV : hot fusion
• D + Li, P + Li, P + B, etc.



Major Experimental Results of
CF Research suggest us

•• ““COLD FUSIONCOLD FUSION”” of known fusion of known fusion 
reactions by hydrogen isotopes is reactions by hydrogen isotopes is 
NOT the Case.NOT the Case.

•• We should consider NEW We should consider NEW 
NUCLEAR REACTIONS in NUCLEAR REACTIONS in 
Condensed Matter.Condensed Matter.



Fusion by D2OElectrolysis ?
Fleischmann-Pons (1989)

Excess Heat, without neutrons

D + D → n + 3He + 3.25 MeV
D + D → p + t + 4.02 MeV ?



Excess Heat; McKubre, SRI
(1992-2003)

[Excess Heat] depends on current density
, D/Pd ratio and D-flux

100 % reproducible for D/Pd = 1



Weak Neutron Emission,
A.Takahashi, Osaka U.:
JNST, 27 (1990)663

Recent n-emission data by Jones, and Mizuno (2004)



NEWSWEEK October 15,2001



After Miles, Arata, McKubre, De Ninno,
4He was Detected; Isobe, et al.
Osaka U. ： JJAP, 41(2002)1546

He-4 is Ash !



A. Kitamura et al., Kobe U
ICCF10, 2003

Au/Pd試料への D2
+照射
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•More than 500 times enhancement of dd fusion



D-Beam Enhances 3D-Fusion
if CF DD Fusion is Stimulated

• Without Stimulation
results in 2D fusion

With Stimulation enhances
 3D Fusion Rate

 

Lattice Trapping Potential



A. Takahashi, et al., ICCF10, 2003
D-Beam Energy Dependence of [3D]/[2D] Ratios

•• [3D]/[2D] Yield Ratios by [3D]/[2D] Yield Ratios by 
Experiment are in the order Experiment are in the order 
of 1Eof 1E--4 to 1E4 to 1E--3.3.

•• Increasing trend in lower Increasing trend in lower 
energy region  than 100 energy region  than 100 keVkeV
may result in indirect 3D may result in indirect 3D 
reactions. reactions. 

•• Theoretical values by the Theoretical values by the 
conventional Random conventional Random 
Nuclear Reaction Theory has Nuclear Reaction Theory has 
given [3D]/[2D] ratio to be given [3D]/[2D] ratio to be 
in the order of 1Ein the order of 1E--3030

•• Experiment shows 1E+26 Experiment shows 1E+26 
anomalous enhancement.anomalous enhancement.
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図5.14   D-Dプロトン収量比で規格化したh-dash収量比のエネルギー依存性Anomalous enhancement of DDD fusion
was confirmed



Selective Transmutation by 
Iwamura et al. (MHI):
JJAP, 41(2002)4642
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•Reproduced at Osaka U., and many times at MHI 



Major Claims by ExperimentsMajor Claims by Experiments

1) Excess Heat with 4He Generation
                              Miles, Arata, McKubre, Gozzi, Isobe, and so on

2) Very Weak Neutrons Generation
                             Takahashi, Jones, and so on

3) Anomalous Enhancement of D-Fusion
                             Kitamura, Kasagi, Takahashi, and so on

4) Selective Transmutations
                             Iwamura, Mizuno, Miley, Ohmori, and so on

•Mizuno

•De Ninno, Celani

•Huke

•Celani



Is Reproducibility Improved?

•• Excess HeatExcess Heat: : 

100% by D/Pd ratio GE. 1.0100% by D/Pd ratio GE. 1.0

•• Nuclear ProductsNuclear Products::

By By nanonano--scale modification of Pd surface,scale modification of Pd surface,

nanonano--particle,particle,

stimulation with Laser, Ultrastimulation with Laser, Ultra--Sonic, Sonic, 

PlasmaPlasma--Discharge, etc.Discharge, etc.



Problems in Theorization

•• How to How to construct a Consistent Theoryconstruct a Consistent Theory
which can explain anomalous results which can explain anomalous results 
((heat with heat with 44He, scarce neutrons, He, scarce neutrons, 
selective transmutationselective transmutation) systematically.) systematically.

•• New Theory must be compatible to New Theory must be compatible to 
already established physics.already established physics.



Theoretical Modeling

• Possible Mechanism
to Exceed;

• λdd 　= 10-60 f/s/cc
• for D2 Molecule

• How is the condition
• Rdd << 0.7 angstrom

possible to enhance
λdd   ?

• cf: 1 watt = 1012

(f/s/cc) for d-d
reaction

• Rdd = 2 angstrom for
PdD ground state

 d+  d+

Rdd =0.7 angstrom

 e-

 e-



Possibility of Super-Screening of
Coulomb Barrier is looked for

• Transient or Dynamic Conditions in PdDx
• Overcome Thomas-Fermi gas limitation for

Coulomb screening by electrons
• Transient “Bosonization” (Quasi-Particle

State) of electrons to play a role for Super
Screening

• Lattice Focal Points; sites, deffects,



D + D → He-4 + lattice energy(23.8MeV)
by the QED energy transfer from 

nuclear excited state (He-4*: 23.8MeV) 
to lattice phonons.

IS NOT POSSIBLE !
Arata-Fujita-Zhang used 5nm diam. Pd nano-crystals
which contained about 8,000 Pd-atoms per a nano-Pd-particle.
If 23.8MeV nuclear excited energy of He-4* were transferred 
to share in lattice phonons of a nano-particle, each Pd-atom in a
nano-particle of Pd should have had about 3 keV phonon 
(lattice vibration) energy, which was 100 times greater than 
Pd-atom-displacement energy(20-40 eV) from lattice.



There are of course no such high energy phonons
in lattice vibrations. Over the displacement energy, 
all lattice atoms are evaporated and solid state-
physics  does not make sense there. To receive 
23.8MeVenergy  by lattice phonons of coherent 
domain, we need more than one-million (1000,000) 
lattice atoms  which make crystal size greater than 30 
nm in diameter (or 25x25x25 nm cubic). 

This means that the presumed QED energy transfer 
from nuclear to lattice was
impossible in the condition of Arata-Fujita's 
experiment.



Classical View of Tetrahedral Symmetric Condensation (TSC)
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Orthogonal coupling of two D2 molecules makes miracle !



Basic Mechanism will be:
•• Tetrahedral Symmetric Condensation Tetrahedral Symmetric Condensation 

(TSC):(TSC):

4 deuterons + 4 electrons make a transient4 deuterons + 4 electrons make a transient

BoseBose--type condensation by 3type condensation by 3--dimensionalydimensionaly

constraint squeezing motionconstraint squeezing motion

•• Octahedral Symmetric Condensation Octahedral Symmetric Condensation 
(OSC):(OSC):

for 8 deuterons + 8 electrons, also possiblefor 8 deuterons + 8 electrons, also possible



The Place where TSC is born?
1)In Natural Gas1)In Natural Gas--PhasePhase of Dof D2 2 (H(H22): Very small ): Very small 

probability for two Dprobability for two D22(H(H22) molecules to ) molecules to 
make orthogonally coupled state.make orthogonally coupled state.

→→ Possible at very low temperature?Possible at very low temperature?

((BoseBose--Einstein CondensationEinstein Condensation))

2)In Surface2)In Surface--LatticeLattice conditions: O(T)conditions: O(T)--Sites, Sites, 
Defect/Void, FractalDefect/Void, Fractal--surface(adatomsurface(adatom ++dimerdimer
+ corner+ corner--hole)hole)

→→ ((Dynamic Bose Condensation of TSCDynamic Bose Condensation of TSC))



Speculated Mechanism-1:

1) D-Cluster Resonance Fusion in Lattice 
and Products

a) 23.8 MeV 4He-Particles by 4D Fusion

b) 47.6 MeV 8Be-Particles by 8D fusion

2) Transmutation by Secondary Reactions

2-1) M(A,Z) + 4He        M(A+4,Z+2), Fission, etc.

2-2) M(A,Z) + 8Be        M(A+8,Z+4), Fission, etc.



Speculated Mechanism-2 :

a) Selected Channel Fission Modela) Selected Channel Fission Model

b) Estimation for Fission Productsb) Estimation for Fission Products

Model Check by 235U + n Fission
Application to A<200 Nuclei
Pd, W, Au

Mass Distribution
Element Distribution
Isotopic Ratios
Radioactivity

: Comparison with Claimed Experimental CF Data



最

OUTLINE-1 : D-Cluster Fusion

Transient D-Cluster Condensation in PdDx
Lattice

Transient Quasi-Particle State of 
Electrons (e*) and DDe* State Potentials
to Realize Super-Screening for Fusion

Resonance Multi-Body Fusion: 3D, 4D, 8D
to Produce 4He and Mass-8 & Charge-4 
Increased Transmutation



D-Cluster Formation in PdD Transient 
Dynamics by Phonon Excitation



Phonon Excitation by Laser
•• Dielectric Response Function of Metal:Dielectric Response Function of Metal:

•• (Classical (Classical DrudeDrude--Model for free electron gas)Model for free electron gas)

•• εε((ωω) =1) =1--((ωωppττ))22/(1+(/(1+(ωωττ))22))

•• ≈≈ 1 1 –– ((ωωpp/ / ωω))22

•• with with ωωpp = (4= (4ππNeNe22/m)/m)1/21/2 : plasma frequency: plasma frequency

•• which is over UV  region (1E+15 (1/s))which is over UV  region (1E+15 (1/s))

•• 100 % penetration by 100 % penetration by ωω> > ωωpp

•EUV-Laser irradiation can excite phonons inside bulk metal!



Octahedral site

Fig. 3-1: 4D and 8D Fusions in Pd lattice

Palladium Tetrahedral site

(a) (b)

Local D/Pd = 1.0 Local D/Pd =2.0



Tetrahedral Condensation of D-Cluster

Transient Bose
Condensation of Deuterons

From O-site to T-site

Associating Transient
Squeezing (Bosonozation)
of 4d-shell Electrons

Generation of Short-Life
Quasi-Particle e* like
Cooper-pair

D-Cluster as Mixture of
DDe, DDee, DDe*,DDe*e*

Some FC Pd omitted

2.8 angstrom

O-site d T-site
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Pd Pd

PdPd

PdPd
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Tetrahedral Condensation of Deuterons in PdDx

O-site

d+

d+ d+

e-

e-

e-

e-
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Pd
Pd

d+



Classical View of Tetrahedral Condensation

Transient
Combination
of Two D2 
Molecules 
(upper and lower)

Squeezing
From O-Sites to
T-site

3-dimension
Frozen State for
4d+s and 4e-s

Quadruplet e*
(4,4)

Formation of 
Electrons around
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d+
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Orthogonal coupling of two D2 molecules makes miracle !



Transform from 3-dim to 2-dim for TCC

IN Tetrahedral
“coherent”
Condensation (TCC), 

Sum Momentum Vectors
(red) for two deuterons
become mirror-
symmetric in each other
on a line,

So that 3-dim TCC is 
transformed to 2-dim 
squeezing problem

d

d

d

d



Two-Dimensional View of Transient D-
Condensation

Lattice Phonon + 
Plasmon (d++ e-)

Generation of e* by 
Transient Pairing of 
Electrons (k   , -k ) 

Overcome Femi-Gas 
Limitation (Pauli
exclusion ) for d-d 
screening

Superposition of dde, 
ddee, dde* and dde*e*
Transient Molecular 
States

Pd Pd

Pd Pd

d d

d

d

d



Combination Probability for TEQP Generation

•
<Cooper Pair> 
= 12/16

< Quadru Coupling> 
= 2/16

<No Pair> = 2/16

Broken lines show pairing of 
spin-and-momentum-reversed electrons
in Tetrahedral Coherent Condensation 



2-2-dimensional View of Tetrahedral Condensationdimensional View of Tetrahedral Condensation

•• Symmetric TCCSymmetric TCC •• Charge NeutralCharge Neutral
Condensation in Average isCondensation in Average is
possiblepossible

•• Quadruplet e*(4,4) is formedQuadruplet e*(4,4) is formed
as as Single ParticleSingle Particle at central at central
focal point (T-site) of focal point (T-site) of 0.01 nm0.01 nm
diameter domaindiameter domain

•• <Life Time of e*(4,4)><Life Time of e*(4,4)>

•• > (1.0E-9)cm/Ve> (1.0E-9)cm/Ve

•• =1.0E-9/4.3E5 =2.3E-15=1.0E-9/4.3E5 =2.3E-15

•• = 2.3 = 2.3 fsfs

d+

d+

d+ d+

e-

e-

e-

e-



Quadruplet and Octal-Coupling of Electrons

Quadruplet e*(4,4) Octal-Coupling e*(8,8)

e-

e-

e-

e-

Sum Momentum Vector Sum Momentum Vector



Combination Probability of EQPET Molecule byCombination Probability of EQPET Molecule by
Tetrahedral Tetrahedral ““CoherentCoherent”” Condensation (TCC)Condensation (TCC)

(a) incoherent (b)anti-coherent (c) coherent (d) coherent

• < dde *(2,2)> = (12/16)x(1/4) = 18.75 %
• < dde *(4,4)> = (2/16)x(1/4) = 3.12 %
• <EQPET Molecule Total> = 21.87 %
• ( c.f. 18 % by EODD for Rdd < 0.1 angstrom)

TCC



Octahedral Symmetric (Coherent) Condensation

When 4 e- down-spins
are arranged on upper
half with 4 e- up-spins
on lower half,
Averaged charge-
neutral condensation is
Possible
to form central e*(8,8)
Transient Quasi-
Particle State at O-site

d+

d+

d+ d+

d+

d+••d+

e-

e-

e-

e-

e-

e-

•e-
d+
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Transient Molecular States by EQPET
•• EQPET: Electronic Quasi-Particle Expansion Theory

•• EODD: Electron Orbit Deformation Dynamics simulation (Kirkinskii-Novikov）

EODD Simulation and EQPET

0

5

10

15

20

25

30

0 0.5 1 1.5 2

Rdd, deuteron pairing distance (angstrom)

P
ro

ba
bi

lit
y 

(%
)

EODD Simulation

Normal Electron Screening: EQPET

dde* + dde*e* states by EQPET

ddee dde



Fusion Rate of D-Cluster

① : D-Cluster Formation 
Process:
FnD = <Ψ1 2 ><Ψ2 2 ><Ψ32>***<Ψn2 >

② : Barrier Penetration Process:
PB  =  exp ( -nГn )

③ : Nuclear Fusion Process
σ = SnD / Ed

< Fusion Rate > = σv * PB * FnD

D+(D+(D+D)) ⇒ 4D

U0 = e2 / r

Screened Potential

d-d
Ed

①
③
②

b
r0



Cluster Formation Probability in Atomic LevelCluster Formation Probability in Atomic Level

Cluster Formation Probability: Pd, a=10, beta=7
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•Calculation by Excitation Screening Model



Barrier Factor for Screened Potential

•

•

•
•

GamowGamow Integral over b to r0Integral over b to r0

Γn = (2μ)1/2/h∫(Vs(r) – Ed) 1/2dr

V s(r) : Screened Potential for a
d-d pair in a TRF or ORF cluster of n
deuterons

b is important parameter to be
estimated

b should be far less than 70 pm
r0 is about 5 fm for contact surface
reaction of strong interaction

d

Bare Coulomb Potential

Screened Pot.

b
r0



EQPET: Electronic Quasi-Particle 
Expansion Theory

•• Wave functions of TSC or OSC cluster can Wave functions of TSC or OSC cluster can 
be approximated by linear combination of be approximated by linear combination of 
partial wave functions for normal and quasipartial wave functions for normal and quasi--
molecular states, molecular states, ddedde, , ddeeddee, , ddedde* and * and 
ddedde*e*.*e*.

•• 4D and 8D clusters are composed of 4D and 8D clusters are composed of ddedde, , 
ddeeddee, , ddedde*, *, ddedde*e*,*e*,……molecules.molecules.



EQPET: continued-1

“Bosonized” electron wave function Ψ N for N-electrons system in
MDx lattice will be approximated by a linear combination of 
normal electron wave function Ψ (1,1)G and quasi-particle wave 
functions Ψ(2,2)G Ψ(4,4)G  and Ψ(8,8)G  as;

│ΨN > = a1│Ψ(1,1)G>  + a2│Ψ(2,2)G> +a4│Ψ(4,4)G> +a8│Ψ(8,8)G >       (3)

For the time-window of potential deep hole 1,2), effective (time-
averaged) screening potential, for a d-d pair in a transient D-
cluster of 4-8 deuterons for TRF and ORF condition 2), can be
defined by a screened potential of quasi-particle complex;

Vs(R) = b1Vs(1,1)(R) + b2Vs(2,2)(R) + b4Vs(4,4)(R)  + b8Vs(8,8)(R)               (9)



EQPET: continued-2

For a dde* or dde*e* molecule,

wave function of a d-d pair (2D) is given by the solution of the
following Schroedinger equation:

(-h2/(8πμ))∇2Х(R) + (Vn(R) + Vs(R))Х(R)   =   EХ(R)              (11)

By Born-Oppenheimer approximation, we assume as,

Х(R) = Хn(R)Хs(R)                          (12)

Overlapping rate of Х(R) at R = r0 gives estimation of d-d fusion
rate λ2d as:

= G │Χn (R) │ R=r0 │Χ s (R) │ R=r0        (13)2 2
λ2d = G│Χ (R) │ R=r0

2



EQPET: continues-3

Using WKB approximation for the barrier (V s(R)) penetration
probability,

│Χs(R)│2
R=r0 = exp(- 2Γn(Ed))                           (14)

;Barrier Factor (BF)

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

Γn(Ed) = (2μ)1/2/(h/π)∫r0
b(Vs(R)-Ed)1/2dR (15)

Using astrophysical S-factor for strong interaction,

G│Χn(R)│2
R=r0 = vS2d(Ed)/Ed (16)

Consequently we can approximately define fusion rate as:

λ2d = (vS2d(Ed)/Ed) exp(-2Γn(Ed))               (17)



Screened Potential of EQPET Molecule

Using the Single Particle Approximation, for e*,Using the Single Particle Approximation, for e*,
screened potential is given by applying solutions inscreened potential is given by applying solutions in
PaulingPauling’’ss book:book:

For For ddedde*,*,

Vs(R) = Vs(R) = VhVh + e+ e22/R + (J + K)/(1 + /R + (J + K)/(1 + ΔΔ))

For For ddedde*e*,*e*,

Vs(R) = 2Vh + eVs(R) = 2Vh + e22/R + (2J + J/R + (2J + J’’ + 2+ 2ΔΔK + KK + K’’)/(1 + )/(1 + ΔΔ22))

For de*, For de*, VhVh = -13.6(e*/e)= -13.6(e*/e)22(m*/me)(m*/me)



Variational Method for Potential Calculation



Screening Effect by EQPET Molecules

Screening Effect of Cooper Pair
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Screening Effect: EQPET Molecule vs. Heavy Fermion

dde* Potential
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Screening Effect by Quasi-Particle

Screened Potential by Quasi-Particle
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Screening Potential for dde*(8,8) Molecule

Effect of Bosonized Quasi-Particles
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Parameters for Deep Potential Hole : Parameters for Deep Potential Hole : by EQPETby EQPET

•• ((m*/mm*/mee: Z)   depth of trapping potential (: Z)   depth of trapping potential (DTPDTP))

• for e*                     ddedde*   *                                     ddedde*e**e*

•• (1,1)(1,1)      - 14.87      - 14.87 eVeV        - 30.98        - 30.98 eVeV

•• (2,2)(2,2)      - 260      - 260 eVeV                   - 446                  - 446 eVeV

•• (4,4)(4,4)    - 2,460    - 2,460 eVeV               - 2,950               - 2,950 eVeV

•• (8,8) (8,8)  - 21.0  - 21.0 keVkeV             - 10.2             - 10.2 keVkeV

•DTP values approximately correspond to Screening Energy



Scaling of PEF (Pion Exchange Force) for
Nuclear Fusion

Two Body Interaction:   PEF = 1

n  + π+→ p

(udd) (ud*)  (uud) : u ; up quark

p  + π-→ n             : d ; down quark

(uud) (u*d)  (udd)         : u* ; anti-up quark

: d* ; anti-down quark

n p

p n

For D + D Fusion; PEF = 2



PEF Scaling for Multi-Body Fusion

4D Fusion; PEF = 12 8D Fusion;  PEF = 56

d

d d

d
d

d d

d

d d

dd

Ideally Symmetric PEF enhances Contact Surface of Nuclear Fusion 
with short range (few fm) charged-pion exchange



4D →8Be*  vs.  D+6Li → 8Be*  ; for strong interaction

4D Fusion; PEF = 12

d

d d

d

4D Fusion has much larger  Contact Surface of PEF than D+6Li
with short range (few fm) charged-pion exchange

D + 6Li Fusion: PEF = 2+α



How does the short range force work?

•• There are two lumps of paste.There are two lumps of paste.

•• 1)1) Put one lump on a large paper.Put one lump on a large paper.

•• 2)2) Using another lump, paste uniformly another Using another lump, paste uniformly another 
paper with same size.paper with same size.

•• Which can stick much more tightly to a wooden Which can stick much more tightly to a wooden 
plate,plate, 1) or 2)?1) or 2)?

•• The answer is of course 2)! The answer is of course 2)! 

Because 2) has much Because 2) has much larger Contact Surface! larger Contact Surface! 



Effective S(0)-values for Multi-Body D-Fusion

S(0)(keVb)vs.PEF
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Barrier Factors (BF) and Fusion Rates (FR)

(0,0) E-1685 E-1697

(1,1)

(2,1)

(2,2) E-17 E-29

(4,4) ( (

(8,8) ( ((

E-125 E-187 E-250 E-500

E-53 E-80 E-106 E-212

E-7 E-11 E-15 E-30

3E-4) E-5 E-7 E-14

4E-1) (2E-1) 1E-1) 2E-2 (

E-137 E-193 E-252 E-499

E-65 E-86 E-108 E-211

E-20 E-17

E-16) E-11 E-9 E-13

E-13) (E-7) (E-3) E-1

(m*, e*)             Barrier Factor                                Fusion Rate (f/s/cl )
2D           3D          4D          8D           2D           3D 4D          8D

(  ) is virtual rate

Ed = 0.22eV



Modal Fusion Rates for Octahedral Condensation

Octahedral Condensation

••

••

••

••

••

••

••

•

<octal coupling> = (2/256)x(1/8)
= 0.0078 = a8

2

<quadru coupling> =
(144/256)x(1/8) = 0.0703 = a4

2

<Cooper pair> = ((108/256) +
(2/4)x(1/7))x(1/8) = 0.0792 =
a2

2

<Normal e> = 0.8427 = a1
2

λ2d = 7.9E-22 ( f/s/cl )

λ3d = 3.5E-13 ( f/s/cl )

λ4d = 7.0E-11 ( f/s/cl )

λ8d = 7.8E-4 ( f/s/cl )

Sum momentum vector



•Modal Fusion Rates

••

•Modal Fusion Rates are
•defined as:

•

••
••

•

•Modal Fusion Rates for
•Tetrahedral Symmetric
•Condensation

••

•λ•2d• = 1.87E-21 • (•f/s/cl •)

•λ•3d• = 1.55E-13 • (•f/s/cl •)

•λ•4d• = 3.12E-11 • (•f/s/cl •)

•λ2d = a1
2λ2d (1,1) + a2

2 λ2d
(2,2)

•λ3d = a1
2λ3d (1,1) +  a2

2λ3d

(2,2) + c4a4
2λ3d (4,4)

•λ4d = a1
2λ4d (1,1) + a2

2λ4d (2,2)
+ a4

2λ4d(4,4)

•λ8d = a1
2λ8d (1,1) + a2

2λ8d (2,2)
+ a4

2λ8d (4,4)

+ a8
2λ8d (8,8)

a1
2 = 0.781, a 22 = 0.187,

a4
2 = 0.0312, a 82 = 0.0



Power Level by TSC and OSC Fusion

DD--Cluster Fusion by TSCCluster Fusion by TSC

•• Assume 1E22 TSCAssume 1E22 TSC--
clusters/cc at clusters/cc at 
Ed=0.22eVEd=0.22eV

•• 4D Fusion Rate = 4D Fusion Rate = 
(3.1E(3.1E--11)x(1E22) = 11)x(1E22) = 
3E11 f/s/cc = 3E11 f/s/cc = 

30 watts/cc30 watts/cc

•• 2D Fusion Rate = 2D Fusion Rate = 
(1.9E(1.9E--21)x(1E22) = 19 21)x(1E22) = 19 
f/s/cc (f/s/cc (10 n/s/cc10 n/s/cc))

DD--Cluster Fusion by OSCCluster Fusion by OSC

•• Assume 1E16 OSCAssume 1E16 OSC--
clusters/cc at Ed=0.22 clusters/cc at Ed=0.22 
eVeV (1ppm PdD2)(1ppm PdD2)

•• 8D Fusion Rate = 8D Fusion Rate = 
(7.8E(7.8E--4)x(1E16) = 4)x(1E16) = 
7.8E12 f/s/cc =7.8E12 f/s/cc =

78 watts/cc78 watts/cc

•• 4D Fusion Rate = (7E4D Fusion Rate = (7E--
11)x(1E16) = 7E5 11)x(1E16) = 7E5 
f/s/ccf/s/cc

３



Major Products of D-Cluster FusionMajor Products of D-Cluster Fusion

–– 11)) 33D D →→ Li-6* Li-6* →→ d  +  He-4  + 23.8 d  +  He-4  + 23.8 MeVMeV,,
– t-3 + He-3 + 9.5 t-3 + He-3 + 9.5 MeVMeV
–– 2)2) 4D 4D →→ Be-8* Be-8* →→ 2xHe-4  + 47.6 2xHe-4  + 47.6 MeVMeV
–– 3)3) 5D 5D →→ B-10* (53.7 B-10* (53.7 MeVMeV))
–– 4)4) 6D 6D →→ C-12* (75.73 C-12* (75.73 MeVMeV))
–– 5)5) 7D 7D →→ N-14* (89.08 N-14* (89.08 MeVMeV))
–– 6)6) 8D 8D →→ O-16* (109.84 O-16* (109.84 MeVMeV) ) →→ 2xBe-8  + 95.2 2xBe-8  + 95.2 MeVMeV

•4D and 8D Fusion can be selective because of resonant pion exchange
•5D, 6D and 7D processes partially attain 4D resonance.



1) TBC/TSC

D+

D+

D+ D+

e-

e-

e-

e-

2) 4D TRF
:8Be(47.6MeV)*
compound state

3) Break-Up

α α

α α

23.8MeV 23.8MeV



Decay-Channel of 8Be
4D       4D       88Be + 47.6 Be + 47.6 MeVMeV ::
88Be  Be  44He  + He  + 44He + 91.86 He + 91.86 keVkeV: Major Ch.: Major Ch.

33He + He + 55He(n+He(n+44He) He) –– 11.13 11.13 MeVMeV

t + t + 55Li(p+Li(p+44He)  He)  -- 21.68MeV21.68MeV

d + d + 66Li  Li  -- 22.28 22.28 MeVMeV

p + p + 77Li  Li  -- 17.26 17.26 MeVMeV

n + n + 77Be Be –– 18.90 18.90 MeVMeV

8Be Excited State may open to threshold reactions



αα

α α
α

α

α

α
α

α
α

α

α
α

16O(g.s.)

8Be + 8Be

12C + 4He

•Alpha-Cluster

•Ground State •Excited States of 16O*



8D       8Be + 8Be + 95.2 MeV

88Be            Be            44He + He + 44He + 47.7 He + 47.7 MeVMeV

((g.sg.s))

8D        8D        44He + He + 1212C + 50.12 C + 50.12 MeVMeV

•12C excited state is possible to decay to three 4He particles.



4He is Major Product: 
CLEAN FUSION

•• Emission of Two 23.8 Emission of Two 23.8 MeVMeV (Max) (Max) 44HeHe--
Particles into 180 degree Opposite Particles into 180 degree Opposite 
Directions by 4D Fusion of TSC/TRF, Directions by 4D Fusion of TSC/TRF, slowing slowing 
down with soft Xdown with soft X--rays and Erays and E--deposit to deposit to 
lattice vibration (phonons). lattice vibration (phonons). 

•• Emission of Two 47.6 Emission of Two 47.6 MeVMeV 88BeBe--Particles into Particles into 
180 degree Opposite Directions by 8D 180 degree Opposite Directions by 8D 
Fusion of OSC/ORF, following Fusion of OSC/ORF, following 88Be to two Be to two 
23.8MeV 23.8MeV 44HeHe--Particles decay in 6.7EParticles decay in 6.7E--17 s.17 s.



Karabut Data and Pd + 4He Reactions

•• Secondary Reactions by Secondary Reactions by 
23.8MeV 23.8MeV 44He of 4D TRFHe of 4D TRF

•• 105105Pd + Pd + 44He       He       109109Cd*(1.27y)Cd*(1.27y)

•• 106106Pd + Pd + 44He       He       110110CdCd

•• 108108Pd +Pd + 44He        He        112112CdCd

•• 110110Pd +Pd + 44He        He        114114CdCd

•• 107107Pd*(6.5x10Pd*(6.5x1066 y) + y) + 44He      He      
111111CdCd

Impurity production rates in Pd cathode 
of D2 glow-discharge plus SIMS, by

Karabut, Proc. ICCF9, 2002

109Ag might be 109Cd ?



A-8 and Z-4 Increased Transmutation by MHI
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• Cs(A=133, Z=55) to
Pr(A=141, Z=59)

• Sr(A=88, Z=38) to
Mo(A=96, Z=42)

• M(A,Z) + 8Be(47.6MeV)
by 8D ORF

MHI D-permeation experiment
with Pd comlplexes,

Iwamura et al., Proc. ICCF9



Sample of MHI Exp. 8Be + Pd Reaction ?



•Pd •Cs •D

•dimer

•adatom

•Corner-hole
•With

•Dangling-bonds

•CaO

•Image of Surface

TSC is born here!?



Coulomb Barrier Why no hard radiation ?

•Because most energy
goes to M(A+8,Z+4)

Kinetic Energy•47.6MeV Be-8 is well over CB!



Gamma-Ray Emission ?
•• 133133Cs +Cs +88Be         Be         141141Pr + Q(2.89MeV)Pr + Q(2.89MeV)

For Pr excited state,  For Pr excited state,  EgEg = 0.145, 0.981= 0.145, 0.981

1.126,1.126,……....MeVMeV

•• Kinetic Energy of Kinetic Energy of 88Be(47.6 Be(47.6 MeVMeV):):

goes to KE of goes to KE of 141141PrPr

5.95 5.95 MeVMeV/nucleon is smaller than n/nucleon is smaller than n--separationseparation

Energy: particle emission cross section will be small. Energy: particle emission cross section will be small. 



If it were so:

133133Cs + 4D        Cs + 4D        141141Pr*(Q=50.493 Pr*(Q=50.493 MeVMeV))

Fission !Fission !

•• But Coulomb barrier ca. 10 But Coulomb barrier ca. 10 MeVMeV is too highis too high

to realize in condensed matter.to realize in condensed matter.

•• This is as difficult as This is as difficult as impossibleimpossible to maketo make

141141Pr.Pr.

•However, 4D-TSC can penetrate through CB !



Minimum Size of TSC is far less 
than 1 pm!

•• 4d + 4e of TSC squeezes into a very small 4d + 4e of TSC squeezes into a very small 
chargecharge--neutral pseudoneutral pseudo--particle.particle.

•• When 4d reach at the interaction range When 4d reach at the interaction range 
(several fm) of strong force, (several fm) of strong force, 88Be* is formed Be* is formed 
by QMby QM--penetration through EQPET shielded penetration through EQPET shielded 
potential.potential.

•• As As 88Be* is formed, 4e are left at outer Be* is formed, 4e are left at outer 
domain, which size is approximated by domain, which size is approximated by 
e*(4,4)Be atom size of 0.8 pm.  e*(4,4)Be atom size of 0.8 pm.  



Vs Potential for e*(4,4)αα
molecule

•• VVminmin = = --9.83 9.83 keVkeV

•• RRdddd(GS(GS) = 13 pm) = 13 pm

•• bb--parameter = parameter = 0.6 pm0.6 pm (radius, (radius, TSCTSC transient)transient)

•• Radius of e*(4,4)Be = 53/4/4/4 = 0.8 pmRadius of e*(4,4)Be = 53/4/4/4 = 0.8 pm

Vs Potential for e*(8,8)8Be8Be molecule

Vmin = -32.9 keV
Rdd(GS) = 5 pm

b-parameter = 60 fm (radius, OSC transient)



Target Atom Outer Electron 
Cloud (ca. 100 pm)

TSC, < 1 pm
(4P+4e) : neutral

K-Shell e-

And Nucleus

•How deep can TSC penetrate through e-cloud?

Neutral
Pseudo-Particle



M + TSC 
Nuclear Interaction Mechanism

M-nucleus

4p/TSC

Range of 
Strong interaction

(3-5 fm)

PEF •• Topological condition Topological condition 
for for PionPion--Exchange Exchange 
(PEF)(PEF)

•• Selection of pickSelection of pick--up up 
number of protons (+ number of protons (+ 
neutrons for 4d/TSC) neutrons for 4d/TSC) 
from 4p/TSCfrom 4p/TSC

•• M + (1M + (1--4)p(or d) 4)p(or d) 
capture reactioncapture reaction



TSC Size by Dynamic Condensation
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•• rr00 = 1.2A= 1.2A1/31/3

•• b = rb = r00 + + λλππ(=2(=2.2 fm) .2 fm) 

•• PPMM(E) = exp((E) = exp(--G)G)

•• G = 0.436(G = 0.436(μμV(RV(R1/21/2))))1/21/2(b(b-- rr00 ))

•• RR1/21/2 = = rr00 + (b + (b -- rr00 )/2)/2

•• Reaction rate:Reaction rate:

λλ = = SSMpMp(E)vP(E)vPMM(E)P(E)Pnn/E/E

•• PPnn =  =  

exp(exp(--0.218n(0.218n(μμVVpppp))1/21/2RRpppp))
: Plural p (or d) existence probability in : Plural p (or d) existence probability in λλππ range range 

for n > 1. for n > 1. PPnn = 1, for n = 1. = 1, for n = 1. 

p( or d)

ZMe2/r

br0

r

Sudden Tall Thin Barrier Approx.
When p (or d) gets into the strong force range, electrons separate and
p (or d) feel Coulomb repulsion to the M-nucleus charge 



Results by STTBA calculation; M = Ni

•• PPMpMp(E(E) = 9.2E) = 9.2E--22

•• PPMdMd(E(E) = 3.5E) = 3.5E--22

Reaction Rates:Reaction Rates:

•• λλMpMp = 3.7E= 3.7E--8 (8 (f/s/pairf/s/pair))

•• λλMdMd = 2.1E= 2.1E--7 (7 (f/s/pairf/s/pair))

•• λλM4pM4p = 1.0E= 1.0E--8 (8 (f/s/pairf/s/pair))

•• λλM4dM4d = 3.4E= 3.4E--9 (9 (f/s/pairf/s/pair))

•• <Macroscopic Reaction Rate> = <Macroscopic Reaction Rate> = λλxNxNTSCTSC

•• With With NNtsctsc = 1.0E+16 in 10nm area, Rate = 1E+8 f/s/cm2 and Y = 1E+14 in 1E= 1.0E+16 in 10nm area, Rate = 1E+8 f/s/cm2 and Y = 1E+14 in 1E+6 sec.+6 sec.

Vpp = 1.44/6 = 0.24 MeV
P2p = 0.527
P2d = 0.404

SMp(0) = 1.0E+8 kevb
SMd(0) = 1.0E+9 keVb

λ4d = 4.9E-5



When b-parameter of Ni + TSC potential becomes 0.1 pm, 
barrier factor is on the order of 1E-22 ,
which makes ca. 1E+9 reactions/s/cc for the flux of TSC = 
1E+14 p/s/cm2.

•• 5858Ni+pNi+p→→ 5959Cu*(3.42MeV)Cu*(3.42MeV)5959Ni*Ni*(7E4 y)(7E4 y)

•• 6060Ni + p Ni + p →→ 6161Cu*(4.80 MeV)Cu*(4.80 MeV)6161NiNi

•• 6262Ni + p Ni + p →→ 6363Cu(6.12MeV)Cu(6.12MeV);;EEgg=669keV=669keV

•• 6363Ni + p Ni + p →→ 6565Cu(7.45MeV)Cu(7.45MeV)

•• 104104Pd +p Pd +p →→ 105105Ag*(4.97MeV)Ag*(4.97MeV)105105PdPd

•• 106106Pd + p Pd + p →→ 107107Ag(5.43MeV)Ag(5.43MeV)

•• 108108Pd +p Pd +p →→ 109109Ag(6.49MeV)Ag(6.49MeV)

•• Prompt GammaPrompt Gamma--Rays emit.Rays emit.

NiNi--H gas system exp. By Piantelli (ASTI5)H gas system exp. By Piantelli (ASTI5)

; 660 ; 660 keVkeV peak by peak by NaINaI detectordetector

•• 5858Ni + 4p Ni + 4p →→ 6262Ge(11MeV) Ge(11MeV) →→FP?FP?

•• 5858Ni + 4d Ni + 4d →→ 6666Ge(54MeV) Ge(54MeV) →→FPFP

•• 105105Pd + 4p Pd + 4p →→ 109109Sn(23MeV) Sn(23MeV) →→??

•• 105105Pd +4d Pd +4d →→113113Sn(52MeV) Sn(52MeV) →→FPFP

•• 104104Pd+4d Pd+4d →→112112Sn(52MeV) Sn(52MeV) →→FPFP

•• Fission can be induced by TSC capture!Fission can be induced by TSC capture!
•• Many foreign elements were detected byMany foreign elements were detected by

Piantelli, Piantelli, KarabutKarabut, Yamada, , Yamada, OhmoriOhmori, , 

Mizuno, Mizuno, MileyMiley, etc., etc.



Ni + H reactions may be 
explained!

•• When bWhen b--parameter of Ni + TSC potential parameter of Ni + TSC potential 
becomes 0.1 pm, becomes 0.1 pm, 

•• barrier factor is on the order of 1Ebarrier factor is on the order of 1E--22 ,22 ,

•• which makes ca. 1E+9 reactions/s/cc which makes ca. 1E+9 reactions/s/cc 
for the flux of TSC = 1E+14 p/s/cmfor the flux of TSC = 1E+14 p/s/cm22..



Products by Ni + p reactions 
•• 5858Ni+pNi+p→→

5959Cu*(1.36m, EC)Cu*(1.36m, EC)5959Ni*(7E4 y)Ni*(7E4 y)

•• 6060Ni + p Ni + p →→
6161Cu*(3.3h, EC)Cu*(3.3h, EC)6161NiNi

•• 6161Ni + p Ni + p →→
6262Cu*(9.7m, EC)Cu*(9.7m, EC)6262NiNi

•• 6262Ni + p Ni + p →→
6363CuCu(6.12MeV);(6.12MeV);Eg=669keVEg=669keV

•• 6464Ni + p Ni + p →→ 6565CuCu(7.45MeV)(7.45MeV)

•• Prompt GammaPrompt Gamma--Rays emit.Rays emit.

•• NiNi--H gas system exp. H gas system exp. 
By Piantelli (ASTI5)By Piantelli (ASTI5)

; 660 ; 660 keVkeV peak by peak by NaINaI
detectordetector

•• 660 MJ Excess Energy660 MJ Excess Energy



Fission by M + TSC is 
possible!

•• 5858Ni + 4p Ni + 4p →→

6262Ge(11MeV) Ge(11MeV) →→FPFP

•• 5858Ni + 4d Ni + 4d →→

6666Ge(54MeV) Ge(54MeV) →→FPFP

•• 105105Pd + 4p Pd + 4p →→

109109Sn(23MeV) Sn(23MeV) →→??

•• 105105Pd +4d Pd +4d →→

113113Sn(52MeV) Sn(52MeV) →→FPFP

•• 104104Pd+4d Pd+4d →→

112112Sn(52MeV) Sn(52MeV) →→FPFP

•• Many foreign elements were Many foreign elements were 
detected bydetected by

Piantelli, Piantelli, KarabutKarabut, Yamada, , Yamada, 
OhmoriOhmori, , 

Mizuno, Mizuno, MileyMiley, etc., etc.

•• Fission can be induced by TSC Fission can be induced by TSC 
capture!capture!



Table : Natural abundance of Ni isotopes and  

the excitation energies of compound nucleus by + 4p and + 4d reactions  
 
 

Nuclides Natural abundance 
(%) + 4p Excitation 

energy (MeV) + 4d Excitation 
energy (MeV) 

58Ni 68.077 62Ge* 11.2 66Ge* 53.9 

60Ni 26.223 64Ge* 19.1 68Ge* 55.1 

61Ni 1.140 65Ge* 21.3 69Ge* 55.4 

62Ni 3.634 66Ge* 24.0 70Ge* 56.4 

64Ni 0.926 68Ge* 29.0 72Ge* 58.0 

 



0.1

1

10

100

0 5 10 15 20 25 30 35 40 45 50

ATOMIC NUMBER

F
P

 Y
IE

L
D

 (
%
)

SCS
Ni+4p (Ni: NATURAL)
SCS

O

Ne
Mg

Si

S

Ca
Ti

Cr

Fe Ni

Zn

ArC

Cl





0.1

1

10

100

0 10 20 30 40 50

ATOMIC NUMBER

F
P

 Y
IE

L
D

 (
%
)

SCS

Ni+4d (Ni: NATURAL)
SCS

O

Na

Si S Ca Fe Ni
Zn

C

Al



133Cs + TSC Reactions

•• 133133Cs + d Cs + d →→ 135135Ba(Ex=12.91MeV) Ba(Ex=12.91MeV) →→ 135135Ba(stable)Ba(stable) + + 
gammas(12.91MeV)gammas(12.91MeV)

•• 133133Cs + 2d Cs + 2d →→ 137137La(Ex=25.32MeV) La(Ex=25.32MeV) →→ FPsFPs

or or 137137La(6E+4 y) + gammasLa(6E+4 y) + gammas

•• 133133Cs + 3d Cs + 3d →→ 139139Ce(Ex=38.29MeV) Ce(Ex=38.29MeV) →→ FPsFPs

or or 139139La(stable)La(stable) + gammas+ gammas

•• 133133Cs + 4d Cs + 4d →→ 141141Pr(Ex=50.49MeV) Pr(Ex=50.49MeV) →→ FPsFPs

or or 141141Pr(stable)Pr(stable) + gammas+ gammas

Note: (1) + 2d is equivalent to Note: (1) + 2d is equivalent to 44He + 23.8MeV.He + 23.8MeV.

(2) We need to detect 50.49 (2) We need to detect 50.49 MeVMeV gamma?gamma?



M+4d/TSC is much easier than
M+4p/TSC 

•• Because fusion strong force (PEF Because fusion strong force (PEF 
values) for M+4d is about twice of values) for M+4d is about twice of 
M+4pM+4p

•• (c.f.) (c.f.) SSdddd/S/Spdpd = 10= 1066

with PEF = 2 for with PEF = 2 for dddd

and PEF = 1 for pdand PEF = 1 for pd

•• Because we need to multiply Because we need to multiply 
probability of antiprobability of anti--parallel spin parallel spin 
arrangement for protons in 4parrangement for protons in 4p--
TSC.TSC.

•• 133133Cs+p Cs+p →→ 134134Ba(8.17MeV)Ba(8.17MeV)

→→ 134134Ba(stable)Ba(stable)

•• 133133Cs+2p Cs+2p →→ 135135La(13.16MeV)La(13.16MeV)

→→ 135135Ba(stable)Ba(stable)

•• 133133Cs+3p Cs+3p →→ 136136Ce(20.28MeV)Ce(20.28MeV)

→→ 136136Ce(stable)Ce(stable)

or or FPsFPs

•• 133133Cs+4p Cs+4p →→

137137Pr(24.28MeV,1.28d)Pr(24.28MeV,1.28d)

→→ 137137Ce(1.43d)Ce(1.43d)137137LaLa

or or FPsFPs



If it were so:

133133Cs + 8n (clusterCs + 8n (cluster--n, if existing)n, if existing)

141141Cs(  Q=Cs(  Q=--5.53 5.53 MeVMeV)      )      141141Ba(18.3m)Ba(18.3m)

141141La(3.92h)       La(3.92h)       141141Ce(32.5d)      Ce(32.5d)      141141PrPr

•• 141141La and La and 141141Ce should be found in Ce should be found in 
experiments:  No Observations !experiments:  No Observations !

•• Threshold reaction: EThreshold reaction: E8n8n should be GT 5.6 should be GT 5.6 MeVMeV..

•• So, this is So, this is not possiblenot possible in condensed matter.      in condensed matter.      



Transmutation by 8D fusion of ORFTransmutation by 8D fusion of ORF
CondensationCondensation

Pd

PdPd

Pd

PdPd

Sr

Sr

Sr

Sr

Sr
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α

α

α

α

α

α

2 angstrom

capture



88Be Absorption Reaction for TransmutationBe Absorption Reaction for Transmutation

–– 88D D →→ 2x2x88Be + 95.2 Be + 95.2 MeVMeV

–– M(A,Z) + M(A,Z) + 88Be(47.6 Be(47.6 MeVMeV) ) →→M(A+8, Z+4) + QM(A+8, Z+4) + Q

–– 8888Sr + Sr + 88Be(47.6 Be(47.6 MeVMeV) ) →→ 9696Mo + QMo + Q
–– 133133Cs + Cs + 88Be(47.6 Be(47.6 MeVMeV) ) →→ 141141Pr + QPr + Q

α α

MDeformed cloud of 8Be makes large
contact surface of pion-exchange

for capture (fusion) reaction.



3He/4He Production Ratio by 
Tetrahedral Symmetric 
Condensation



AIMS
•• Some works report Some works report 33He generation, in addition to He generation, in addition to 44He: He: 

ArataArata--Zhang, McKubre et al., and so onZhang, McKubre et al., and so on

•• Based on Based on EQPETEQPET model to treat 4model to treat 4--body resonance fusion body resonance fusion 
of mixed H/D state under tetrahedral symmetric of mixed H/D state under tetrahedral symmetric 
condensation, calculation is made to estimate variation condensation, calculation is made to estimate variation 
of of 33He/He/44He production ratio as a function of H/D mixing He production ratio as a function of H/D mixing 
rate.rate.

•• EQPET: Electronic QuasiEQPET: Electronic Quasi--Particle Expansion TheoryParticle Expansion Theory



Classical View of Tetrahedral Condensation

Transient
Combination
of Two D2 
Molecules 
(upper and 
lower)

Squeezing only
from O-Sites to
T-site 

3-dimension
Frozen State for
4d+s and 4e-s

Quadruplet e*
(4,4)

Formation of 
Electrons 
around
T-site

d+

d+

d+

d+

e-

e-

e-

e-

Orthogonal Coupling of Two D2 Molecule makes Miracle !



1) TBC/TSC

D+

D+

D+ D+

e-

e-

e-

e-

2) 4D TRF
:8Be(47.6MeV)*
compound state

3) Break-Up

α α

α α

23.8MeV 23.8MeVTBC: Transient Bose Condensation
TSC: Tetrahedral Symmetric Condensation



Assumptions

•• By replacing one or two deuterons in 4D By replacing one or two deuterons in 4D 
TSC with one or two protonsTSC with one or two protons

•• And assuming same velocities for d and p And assuming same velocities for d and p 
due to keeping chargedue to keeping charge--neutrality and neutrality and 
energyenergy--minimum in dynamic motionminimum in dynamic motion

•• We can apply the model to H/D mixed We can apply the model to H/D mixed 
systemssystems



Basic 4-body Fusion by TSC
•• D+D+D+D D+D+D+D →→ 88Be* Be* →→ 44HeHe + + 44HeHe + 47.6MeV+ 47.6MeV

•• D+D+D+H D+D+D+H →→ 77Be* Be* →→ 33HeHe + + 44HeHe + 29.3MeV+ 29.3MeV

•• D+H+D+H D+H+D+H →→ 66Be* Be* →→ 33HeHe + + 33HeHe + 11MeV+ 11MeV



Combination Probability of 
H/D Mixed TSC Cluster

•• Y = H/DY = H/D

•• DDDD: (1DDDD: (1--Y)Y)44

•• DDDH: (1DDDH: (1--Y)Y)33YY

•• DHDH: (1DHDH: (1--Y)Y)22YY22

•• DHHH: (1DHHH: (1--Y)YY)Y33

•• HHHH: YHHHH: Y44Normalize sum probability to be 1.0



Combination Probability for TSC Cluster
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Fusion Rate Calculation 
for EQPET Molecule

•• λλdddpdddp = (= (SSdddpdddp/E)vP(dd)P(dp/E)vP(dd)P(dp))

•• λλdpdpdpdp = (= (SSdpdpdpdp/E)vP(dp)P(dp/E)vP(dp)P(dp))

•• SSdddpdddp = 10= 1099 keVbkeVb

•• SSdpdpdpdp = 10= 1088 keVbkeVb

•• P(dpP(dp): Barrier factor for ): Barrier factor for dd--pp fusion with fusion with 
dpedpe* molecule: exp(* molecule: exp(--22ΓΓnn))

•• ΓΓn n = = ∫∫(V(Vss--E)E)1/21/2dE/((h/dE/((h/ππ)/(2)/(2μμ))1/21/2))



Fusion Rate for EQPET Molecule

1E1E--10101E1E--10101E1E--99(1E(1E--21)21)(1E(1E--16)16)e*(4,4)e*(4,4)

2E2E--14145E5E--16161E1E--17171E1E--23231E1E--2020e*(2,2)e*(2,2)

1E1E--2282281E1E--2322321E1E--2522521E1E--1201201E1E--137137e(1,1)e(1,1)

DHDHeDHDHe**

((f/s/clf/s/cl))

DDDHeDDDHe**

((f/s/clf/s/cl))

DDDDDDDDee**

((f/s/clf/s/cl))

DHeDHe**

((f/s/clf/s/cl))

DDeDDe**

((f/s/clf/s/cl))

EQPEQP



Calculation of Modal Fusion Rate

•• Wave function for TSC cluster:Wave function for TSC cluster:

ΨΨtt = a= a11 ΨΨ(1,1) +a(1,1) +a22 ΨΨ(2,2)+ a(2,2)+ a44 ΨΨ(4,4)(4,4)

•• Modal Fusion Rate:Modal Fusion Rate:

λλ = a= a1122 λλ(1,1)+a(1,1)+a2222 λλ(2,2)+a(2,2)+a4422 λλ(4,4)(4,4)

•• By taking into account spin arrangement By taking into account spin arrangement 
only, aonly, a1122=0.78, a=0.78, a2222=0.19, a=0.19, a4422=0.03=0.03



Modal Fusion Rate
•• Considering statistical weights for spin arrangement, Considering statistical weights for spin arrangement, 

modal fusion rates were calculated using modal fusion rates were calculated using FRsFRs of EQPET of EQPET 
moleculesmolecules

λλdpdpdpdp = 3E= 3E--1212

((f/s/clf/s/cl))

λλdddpdddp = 4E= 4E--1212

((f/s/clf/s/cl) ) 

λλdddddddd = 3E= 3E--1111

((f/s/clf/s/cl))

λλdpdp = 1E= 1E--2323

((f/s/clf/s/cl))

λλdpdp = 1E= 1E--2323

((f/s/clf/s/cl))

λλdddd = 2E= 2E--2121

((f/s/clf/s/cl))

DHDHDHDH--TSCTSCDDDHDDDH--TSCTSCDDDDDDDD--TSCTSC



Using combination probabilities of H/D mixed clusters and 
modal fusion rates, 3He/4He ratios were calculated

He-3/He-4 Production Ratio for TSC Fusion
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Comparison with Experiment

•• ArataArata--Zhang; Zhang; 33He/He/44He ca. 0.25He ca. 0.25

Proc. Proc. JpnJpn. Acad., 73, Ser.B(1997)1. Acad., 73, Ser.B(1997)1--77

•• Present Theory; Present Theory; 

33He/He/44He ca. 0.25 for H/D = 0.6He ca. 0.25 for H/D = 0.6



3He for Stable Nuclear Fuel

•• Stable Resource to produce Tritium:Stable Resource to produce Tritium:

33He + n He + n →→ p + t + 0.765 p + t + 0.765 MeVMeV

Easy to extract T from gasEasy to extract T from gas--pasepase..

Tritium decays with 12.3 yrs half life.Tritium decays with 12.3 yrs half life.

For DT reactors and HFor DT reactors and H--bomb.bomb.

(neutron detector)(neutron detector)

•• Fuel for DFuel for D--33He reactors. He reactors. 



Summary for 3He/4He Ratio

•• H should be contained with some amount in H should be contained with some amount in 
usual CMNS deuteriumusual CMNS deuterium--experiment.experiment.

•• EQPET model was applied to 4EQPET model was applied to 4--body fusion body fusion 
of mixed H/D TSCof mixed H/D TSC--system.system.

•• 33He/He/44He production ratio was 0.001 for 1 % He production ratio was 0.001 for 1 % 
HH--contamination.contamination.

•• 33He/He/44He production ratio was 0.16 for 50 % He production ratio was 0.16 for 50 % 
HH--contamination.   contamination.   



OUTLINE-2: 
Selective Channel Fission 

Theory

•• 2.1 2.1 Channel Dependent Fission BarrierChannel Dependent Fission Barrier

•• 2.2 Rotating Liquid Drop Model2.2 Rotating Liquid Drop Model

•• 2.3 Selective Channel Scissions2.3 Selective Channel Scissions

•• 2.4 2.4 Test by UTest by U--235 + n Fission235 + n Fission

•• 2.5 2.5 PdPd, W, Au, W, Au

•• 2.7 2.7 AA--Distribution, ZDistribution, Z--Distribution, Isotopes Distribution, Isotopes 
and Radioactivityand Radioactivity



Fission Barrier by Rotating Liquid Drop Model
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Dumbbell-Oscillation Scission

Ec ∝ Z1Z2/(R1+R2)
          :Coulomb repulsion
R ∝ A1/3

E´
c : Effective Coulomb Energy

Ex: Excitation Energy
Ef: Fission Barrier
Reff = R1+R2+∆
∆: Scission Distance
          (∆(A) = α(A)ε(A)Reff, shown later)
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Fig.3 : Tandem (dumbbell dipole) oscillation and scission process



Channel Dependent Fission Barriers for U-235 +n
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Fig. 1-3: Selective Channel Scission

Μ

Μ

CsRbU
BaKrU
PmGaU

SnMoU
TeZrU
BaKrU

14690236

14888236

15779236

132104236

134102236

14492236

+→

+→

+→

+→

+→

+→

xf EE ≤

xf EE >

Channel-open probability
1

0 < Pi(Ex) <1

0.001

0.01

0.1

1

10

100

0 50 100 150 200

MASS NUMBER

F
P

 Y
IE

L
D

 (
%
)

JENDL3.2 (Thermal Neutron
Fission)

U-235

(Prompt Neutron Emission)



FP Distribution for U-235 + n Fission
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•At Two Peaks, Many Stable Isotopes
while Many RI’s at valley and edges



FP of U-fission becomes CLEANER
IF Lower Excitation (5MeV) by Multi-
Photons Absorption Process



Multi-Photon Absorption Process in PdDx

Fig.1 : Multi-Photon Absorption in Pd-nucleus by QED Coupling to PdDx Plasma Oscillation
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Fig. 2-2: Coherent X-rays for PdDx system
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Multi-Photon Induced Fission Model

Fig. 2-3: Multi-Photon Excitation



•Particle 
Emission

•Fermi Level

•Hole

•Well Potential

•a) Excitation by Nuclear Shell Structure

•vibratio
n

•rotation

•b) Excitation by Collective Deformation
• (starting with low lying level states)



Excitation to E1 Giant Resonance

•• Excitation by Low Energy (<5MeV) PhotonsExcitation by Low Energy (<5MeV) Photons
to avoid nucleon (neutron; ca. 5 to avoid nucleon (neutron; ca. 5 MeVMeV
separation energy) emissionseparation energy) emission

•• MultiMulti--Photon Absorption to make Collective Photon Absorption to make Collective 
DeformationDeformation (Dumbbell =E1 +E3)(Dumbbell =E1 +E3)

•• Excitation PumpingExcitation Pumping--up via Random Level up via Random Level 
TransitionTransition (Enhanced Cross Section for (Enhanced Cross Section for 
Excited State PhotonExcited State Photon--Absorption)Absorption)



Determination of Fission Barrier Height for Pd
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Channel Dependent Fission Barriers for Pd-104
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Fig.6-b : Pattern of channel-dependent fission barriers, for 104Pd



Channel Dependent Fission Barriers for Pd-105
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Fig.6-c : Pattern of channel-dependent fission barriers, for 105Pd
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Fig. 2-4: Fission barriers for Pd isotopes



Channel Dependent Fission Barriers for Au-197
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Fission Products Mass-Distribution for Pd
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FP Element-Distribution for Pd
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Anomaly of Isotopic Ratios

Fig. : Comparison of Isotopic ratios between
natural Fe, LEPF/LB1 and experiment
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Top 10 FP Channels for Pd Photo-Fission
• (1) 104Pd → 50Ti + 54Cr + 18.96 MeV ( Ef = 11.36 MeV )

• (2) 102Pd → 50Ti + 52Cr + 18.91 MeV ( Ef = 11.60 MeV )

• (3) 105Pd → 51Ti( 5.8 m )51V + 54Cr + 18.24 MeV ( Ef = 11.98 MeV )

• (4) 105Pd → 50Ti + 55Cr( 3.5 m )55Mn + 18.12 MeV ( Ef = 12.11 MeV )

• (5) 102Pd → 48Ti + 54Cr + 17.49 MeV ( Ef = 13.03 MeV )

• (6) 106Pd → 48Ca + 58Fe + 16.46 MeV ( Ef = 13.23 MeV )

• (7) 106Pd → 50Ti + 56Cr( 6 m )56Mn( 2.6 h )56Fe + 16.81 MeV

• ( Ef = 13.32 MeV )

• (8) 108Pd → 48Ca + 60Fe( 1.6x106 y )* + 16.10 MeV ( Ef = 13.42 MeV )

• (9) 106Pd → 52Ti( 1.7 m )52V( 3.7 m )52Cr +54Cr + 16.49 MeV

• ( Ef = 13.63 MeV )

• (10) 105Pd → 48Ca + 57Fe + 15.98 MeV ( Ef = 13.81 MeV )

Fission Products for A<200 become clean.



•FP of Pd LEPF
Becomes

Very CLEAN



Summary of Low Energy Photo-Fission 
and Discussion

•• MultiMulti--Photon Induced Fission by Low Energy Photon Induced Fission by Low Energy 
((<5MeV = Neutron Separation Energy<5MeV = Neutron Separation Energy) ) 
Photon Burst (XPhoton Burst (X--ray or Gammaray or Gamma--ray Laser)ray Laser)

•• Clean Fission Products for 100<A<200Clean Fission Products for 100<A<200

•• Less Radioactive Fission for ThLess Radioactive Fission for Th--232 and U232 and U--
238 with 238 with Energy GainEnergy Gain

•• Application for TransmutationApplication for Transmutation



Cleaner Fission Mini-Reactor
•• 238238UDxUDx System, System, 232232ThDx SystemThDx System

•• Stimulation by Laser, Plasma Electrolysis, Stimulation by Laser, Plasma Electrolysis, 
etc.etc.

•• TRF(4D) and ORF(8D) Fusion with XTRF(4D) and ORF(8D) Fusion with X--ray ray 
Burst and High Energy AlphaBurst and High Energy Alpha--ParticlesParticles

•• Low Energy PhotoLow Energy Photo--Fission with Gain = ca. Fission with Gain = ca. 
50 to 10050 to 100

•• No NeutronNo Neutron--Chain Reaction: Chain Reaction: Intrinsic SafeIntrinsic Safe



Multi-body Fusion Reaction
(1)  3D →  6Li* →  d + 4He + 23.8 MeV
(2)  4D →  8Be* →  2 4He + 47.6 MeV
(3)  8D →  16O* (109.84 MeV) →  2 8Be + 95.2
MeV

8Be* →  2 4He + 47.6
MeV

Nuclear Transmutation
(1)  M + Photons →  FP1 + FP2       (Ti, Cr,

Fe etc.)

(2)  M + 4He →  M’       (Cd for Pd)
      →  FP1’ + FP2’       (Ti, Cr, Fe

etc.)

(3)  M + 8Be →  M ’’       (Sn for Pd, Pr for Cs,
Mo for Sr)

      →  FP1’’ + FP2’’      (Ti, Cr, Fe
etc.)

4D and 8D Fusions can be selective. 1)

References:
[1]: A. Takahashi, Proc. JCF4,
74 (2002).



Table 3-1: Natural abundance of Pd isotopes and

excitation energies of compound nucleus by + α and + 8Be reactions

Nuclides Natural abundance
(%) + α (23.8 MeV) Excitation

energy (MeV) + 8Be (47.6 MeV) Excitation
energy (MeV)

102Pd 1.02 106Cd* 25.4 110Sn* 50.4

104Pd 11.14 108Cd* 26.1 112Sn* 51.8

105Pd 22.33 109Cd* 26.3 113Sn* 52.5

106Pd 27.33 110Cd* 26.7 114Sn* 53.2

108Pd 26.46 112Cd* 27.3 116Sn* 54.5

110Pd 11.72 114Cd* 27.9 118Sn* 55.8



48Cd abundance
（％）

106 1.02
108 11.14
109 22.33
110 27.33
112 26.46
114 11.72
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Discussion
Existence of 48Cd and 50Sn in some 46Pd-system

experiment
Cs → Pr and Sr → Mo in Mitsubishi experiment

Suggestion of Pd + α and Pd + 8Be
reactions

Nuclear transmutation (Production of Ti, Cr, Fe
etc.)

Suggestion of Fission
(Pd-photo fission or Pd + α or Pd

+ 8Be ?)



CONCLUSIONCONCLUSION

•• EQPET model was proposed to explainEQPET model was proposed to explain
super-screening for d-d fusion insuper-screening for d-d fusion in
condensed mattercondensed matter

•• D-Cluster Fusion can have Resonance forD-Cluster Fusion can have Resonance for
3D, 4D and 8D Strong Interaction3D, 4D and 8D Strong Interaction

•• 44He is Major Product, with minor t andHe is Major Product, with minor t and
33HeHe

•• Mass-8 & Charge-4 IncreasedMass-8 & Charge-4 Increased
Transmutation is possible by High-E Transmutation is possible by High-E 88BeBe
by 8D fusionby 8D fusion



Conclusion: continued
•• Fission Process by low energy multiFission Process by low energy multi--photon photon 

absorption may take placeabsorption may take place

•• AlphaAlpha--induced Fission is also possibleinduced Fission is also possible

•• Fission Products by LEPF may be CLEANFission Products by LEPF may be CLEAN

•• Claimed Transmutations could be explained Claimed Transmutations could be explained 
by FP distribution of LEPFby FP distribution of LEPF

•• Application to Transmutation of High Level Application to Transmutation of High Level 
Nuclear Wastes is expectedNuclear Wastes is expected

•• Formation of TSC is Key!Formation of TSC is Key!
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Future Works

•Basic strategy;
The system can split into several components, and using solutions
for components
we may combine them and understand the total system.

1) The place where TSC (Tetrahedral Symmetric Condensate) is born? 
A volumetric (3-dim) region near surface is suggested by 
many successful recent experiments.
So, this is Surface-Lattice Problems (SLP).

2) Physics of TSC itself shall be studied more accurately;
TSC-Problems (TSCP)

3) Coulomb Interaction Problems (CIP) between M (host metal atom) 
and TSC.

4) Nuclear Interaction Problems (NIP) between M and TSC.



•SLP-1) Where are lattice focal points for TSC? 
T-site, O-site, defects, voids, etc. can be studied. 
Modeling, equations, numerical solutions, etc., 
are looked for.

•SLP-2) Surface or near-surface conditions 
incubating TSC? 
Topological and fractal configurations and 
motion of electrons there with p(d)-cluster 
are expected to study.



TSCP-1) Mechanism of dynamic Bose-condensation;

What is size of TSC as 
charge-neutral-pseudo-particle (CNPP)? 
We have a tool like EQPET 
(Electronic Quasi-Particle Expansion Theory, by A.T.)
which has given CNPP size as small as
0.5 to 4 pico-meter in radius, 
namely much smaller than 
atom size of several hundreds pico-meter, 
and if so CNPP can penetrate through 
electron-shell-cloud of host (metal) atom 
to approach nucleus. 
And modeling by other ways than EQPET is
also expected.



TSCP-2) Simulation study of TSC-like condensation;

QMD (Quantum Molecular Dynamics) 
with Monte-Carlo technique 
(as done by Kirkinskii-Novikov) 
is expected for 3-dim system of
8-body (4H(D) + 4 electrons) configuration. 



CIP-1) Modeling of TSC/CNPP penetration 
through shell-electron clouds of host M-atom 
to formulate equations and 
get numerical results is expected;

How CNPP can penetrate e-clouds ?
Is it analogous to the neutron movement 
freely approaching central M-nucleus?



CIP-2) Barrier penetration probability 
for close "united cluster" of M+H(or D) 
to M+4H(or D) to reach at strong nuclear
interaction range (ca. 5 femto-meter);

WKB approximation, i.e., 
Gamow integral can be applied. 



NIP-1) Reaction types and products for 
from 4D TSC to mixed H/D TSC;

• Studies have been initiated 
by A.T. and B. Collis, 

etc., and to be continued.

NIP-2) Electron capture probability in TSC;
Modeling, equations and getting numerical 

results  are expected. 
This is related to neutron generation.



NIP-3) M+p to M+4p reactions; 
•modeling of out-going channels, 
products, numerical reaction rates, etc.
are expected.

NIP-4) M+d to M+4d reactions; 
•to study ibid.
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