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Alm

e Clean Fusion and Cold Transmutation In
Condensed Matter are theorized by
Bosonized Condensates Models.

e Formulas for Reaction Rates and related
QM derivations are summarized.

e Some numerical results are shown for
EQPET/TSC models.




Major Experiments
(green; after 2001)

1) Excess Heat with He-4

Miles, Arata, McKubre, Gozzi, Isobe, de Ninno
Celani, El Boher, and so on

lwamura, Mizuno, Miley, Ohmori, Celani, Karabut
Szpak, and so on

3) Weak Neutron Emission

Jones, Takahashi, Mizuno and so on

4) Anomalous DD Enhancement

Kitamura, Kasagi, Takahashi, Huke and so on




[Essential Conclusions of Recent Studies]:

@ Clean Fusion Phenomena producing 4He ash
and energy

@ Occurrence of Cold Transmutation and Fission

@) Consistent Theoretical Models for
Condensed Matter Nuclear Effects



3. Theoretical Studies on CMNE

e Since 1989, more than 150 models
proposed in the world

* NO ESTABLISHED THEORIES, so far



3.1 Nuclear Fusion Reactions in CM
(Strong Interaction) :

D-Cluster Fusion Models:
EQPET/TSC(Takahashi), EODD(Kirkinskii),
Bose-Einstein Condensation Models:
Kim, Tsuchiya
Resonance Tunneling:
X.Z. Li
Phonon-coupled gauge theory:
Hagelstein
Coherent Bloch-state Models:
S. Chubb, T. Cubb
Swimming electron layer model:
Hora-Miley
SCS Fission Model:
Takahashi-Ohta



In CM-Systems- Solid-State-Physics-;

How Constraint/Ordering of Particles (d/p)
can play role in New Nuclear Reaction Process?
Overcome Coulomb Barrier,

Route to New Reaction Channel
Quantitative and Qualitative Consequences

Especially, Quantitative Predictability is KEY!
How can it correspond to Experimental Rate Level?

(D+D — “4He + lattice-energy(23.8MeV)
IS not possible
In Nuclear Physics View Point)



Trend : Nuclear Fusion Models under
Ordering Processes In/On CM

 Coherent Fusion Models: Hagelstein,
Chub-Chub, LI, Violante, etc.,

e Cluster Fusion (TSC) models:
Takahashi, Kirkinskii, Tsuchiya, etc.

e Clean Fission Models: Takahashi-Ohta,
Karabut



Part-1: Basic Theory

Strong Interaction

Global Optical Potential and Fusion
QM Density Flow and Mean free Path
Adiabatic Potential for dde*

Fusion Rate Formulas



Three Potentials for Nuclear States

-Vo

() Stable: (1) “Meta” Stable:
Stable Isotopes Stable Isotopes A>60
A < 60 Radio-active states

N\

(1)

Spontaneous
Break-up
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Optical Potential for Strong Interaction

l‘.

-Vo

U(r) = V(r) + IW(r)
V(r) ~-25 to -50 MeV
W(r) ~ 0.1 to 5 MeV

For fusion by surface
sticking force:

W(r) ~ Wo 6 (r-r0)

* Vs(I): screened

Coulomb potential
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Scattering Amplitude f( 6 )

e Asymptotic wave after e S-matrix elements: Sqe
scattering:
Y (r) ~ ek +f( 6 )(e*r) GG
(1/2iK) 2. (20+1)(Se- 1)
» Differential Cross Py(cos 0)
Section:

(do/dQ)= | f(6) |2 Se=exp(2iSe)

by Phase-Shift Analysis
(Elastic Scattering)
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T-Matrix

e Fortransition from a B to &’ B’ channel;

f(6;aBtoa'B’)=
-Cru/nX VYap | T| VY ap>

e Lippmann-Schwinger equation:
T=U+ UGoT
Go=(E—Ho+id)" ; Green function
H=U+Ho

- If we set T=U, Born Approximation



Reaction Cross Section

—4kRIm fo

ot 0= 7Th° > >
(Refo)+ (Imfo—kR)

f o= KRcot KR

K = %\/2|v| (E+V +iW)

T, =€%snd

S=1+2T,
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X. Z. Li, H.Hora, et al., Laser and Particle Beam, 22 No.4 (2004)



: ICCF11

S) 250

Cot(o,) =W +1W

( _AW. )
0 ~ (-8 [) = v o T |
k 2 W2+ (W -1)°
Reaction Cross Section .
W, =0
9
W =0(-1)
[E=110keV U, =-47.33 MeV
9
o” =5.01b U, =-115.25 keV

a=1.746x10"(A"” + A7) cm o



Text Books for Phase-shift Analysis

e L. I. Schiff: Quantum Mechanics, Chapter
V, McGraw Hill, 1955

e J. M. Blatt, V. F. Welisskopf: Theoretical
Nuclear Physics, Chapter VI, Springer-
Verlag, 1979
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Mean Free Path in Strong Field (1)

e Forward Equation:

0¥ {_ h

| —— =
ot 2 M

« Adjoint Equation:

VZ+V +iW }‘P

* 2
_ipn OF ={—h v2+V—iW}\P*
ot 2M
o Y*x(1)- Y x(2):
TR SNk Sl BERTACh & STl )
ot ot ot ot

(1)

(2)

2
in P —;—M[\P VAP —pv 2|1 i[2Wp ] = —indiv] +i[2Wp]
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Quantum Mechanical Current Density

FELATRS RVt
21m

= _L(\P* V¥ — PVP*)
2Im

divi = (Y (¥ * T¥) - T (PVE*))
2Im

. Z_i(qf VAP (VPF)(VP) - PV2P * —(VE)(TP*))
Im
_ N vrg _pvapn

2lm
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Mean Free Path in Strong Field (2)

* We get balance equation of QM flow:
0 p/ot =-div() + (4 T/N)W(r) o (r,1) (3)
Here o (r,t) = Y Y * : particle density and 2"
right hand side term shows absorption rate.

 Mean free path:
N = (h/4 7T )vIW(r) (4)
= (velocity)x(life time)
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Steady State Molecule dde*

Strong F.
Y e Bare Coulomb Potential
Screen Energy
0 r
ro
(~5fm)
de* ground state
Vs(r)
Vo ' |e*: bosonized-electrons or heavy-fermion




Steady dde* molecule - 1

e <Reaction Rate>n = 1/<mean life>

= <velocity>/<mean free path in Strong Force
Range>

e <mean free path in strong force range>
= <hv/2 t>/<f | 2W(R) | i>
by balance of QM density flow.

e Tn = <Reaction Rate>n = (4 m/h)<f | W(R) | i>
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Fusion Rate for Steady dde* molecule -2

 <Fusion Rate per pair>=Tn | Y (r0) | 2

Tn=@An/h)<¥i | WR) | Yi>/<¥i| Vi>

W(R) : imaginary part of nuclear optical
potential

Hint = U(R) = V(R) + iW(R)
| Y (r0) | 2 : (Coulomb barrier penetration
probability at R=r0)
R: d-d distance



Comment by A.T.

Fusion Rate for Collision Process
- dynamic or transient process -

e T=<V¥¢ | Hint | Vi>
= <|nitial State Interaction>
x<Intermediate Compound State>
X<Final State Interaction>
e Cross Section ~ T2 p (E)
o0 (E"): final state density

o <Initial> = <El. EM Int><Strong Int>
 <Final>=BRs to Irreversible Decays



Text Books for Golden Rules

 E. Fermi: Nuclear Physics, Chapter V,
The University of Chicago Press, 1950

 Easy Summary Is given In:

C. J. Pethick, H. Smith: Bose-Einstein
condensation in dilute gases, Chapter V,
Cambridge University Press, 2002
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Part Il: Example-EQPET/TSC

Adiabatic Treatment (Born-Oppenheimer)
Barrier Penetration - Gamow Integral
Tetrahedral Symmetric Condensate
EQPET molecules and Potentials

Strong Interaction for Multi-body Fusion
Final State Interaction

Time Dependent Squeezing of TSC
Average Fusion rates

Metal Nucleus + TSC Reactions
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FUSion Rate Of D'CIUSter Takahashi: Recent Res. Devel. Physics, 6(2005)1

(D : D-Cluster Formation
Process:
FiD=<T12><P2 2>5<P3I2>**<Pn2>

@) : Barrier Penetration Process:
Pe=exp(-nTn)

@ : Nuclear Fusion Process
o =Snp/Ed

< Fusion Rate>= ov *PB*FnD

D+(D+(D+D))= 4D

For T-Matrix Elements:
(1) And (2): EM Interaction, (3): Strong Interaction | 27




Barrier Factor for Screened Potential

Gamow Integral over b to r0
Iy =@u)¥hf(Vyr) —EgY2dr

V (1) : 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 1s about 5 fm for contact surface
reaction of strong interaction

Text book: See E. Fermi's Nuclear Physics
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Gamow Integral — (1)

e -(h¥8m u)va¥ +Vvin¥Y =V (1)

(1/u)=01/m1) + (1/m2)
V(ri) « V() = V(i) ; riet < r <ri

=0 -r < ri-1 Oor r Dri

Ari =ri — ri-1

Yia(Ng—> > Yi(r) - Set Y(r)= O()/r

e - O(r) = explikr) : r < ri-1
D (r) = X(r)exp(ikr) ; ri-1 <r<ri )
-1 p - k=QuEB)"2/(h/27)

Fig: Very thin potential | ¢ -(h?/8mx u)X982®/dr?)+(V(r)-E)D =0 (3)
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Gamow Integral — (2)

« Substituting (2) to (3) and eliminating exp(ikr),

-(h2/8 7 u)(82X/ 8 r2) + (M(ri) —E)X =0 (4)

- X(r) =exp( = [(871 u)’2/n][V(r) — E]'V2Ari) (5)

- Transmission Probability Ti

- Ti= | On) |2/ | O(ri1) | 2

= exp( — [(8 1 1)172/h][V(r) — E]'2Ar) (6)



Gamow Integral —(3)

~/ NS
ro ri b ]
( max)

Fig: general potential function

* Penetration Probability P(E)

e P(E)=TiT2T3T4......... Tmax
= exp(- (87 w)z/h] X, [V(ri) - ElV2Ari)

By the definition of Lebesque integral:
b
P(E) = exp(- [(87 u)"2/h] j VO - E]'/2dr)
r

For integral interval from r0O to b.
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Basic Mechanism
(Takahashi Model)

 Tetrahedral Symmetric Condensate
(TSC):

4d+4e can squeeze to Transient Bose
Condensation (TBC),

under 3-Demensional Symmetric
Constraint at some site in CM, to form a
very small Charge-Neutral Pseudo-Particle

32



Tetrahedron and Octahedron

Regular Tetrahedral Regular Octahedral
Arrangement Arrangement
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Tetrahedral Condensation of D-Cluster

2.8angstrom

‘ O-site d

T-site

Some FC Pd omitted

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*
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H-Trapping Potentials for Ti and Pd
(Y. Fukai, 1998)

TiH - ! | l I
I I I ’
| | { |
| VA
’ l
|
E.=508meV
. |
140 me\/l b} !
L
—2.79A——
PdH .
Ea=226meV
O O

—2.74A—




D-Cluster Formation in PdD Transient
Dynamics by Phonon Excitation




Cluster Formation Probability in Atomic Level

C ister Form ation Probability:Pd, a=10, beta=7
1.00E+00
1.00E-01 [
= 1.00E-02 F
= ——F2D
T 1.00E-03 [ —=—F3D
o
——F4D
& 1.00E-04 F
1.00E-05 / / / \‘ \-
1.00E-06 & L. ' -
0.09 0.39 0.69 0.99
D euteron Energy €V)
eCalculation by Excitation Screening Model

One Phonon Energy = 64 meV for D Harmonic Oscillator
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Electron Sates in PdH (by Y. Fukai, 1998)
Proton (Deuteron) behaves as if Atom (p + e)

14
112

-1 (a)
PdH

(e-number = 10)

)
4 |- Total State 110 S
S Density ‘ g
o 3 18 ©
C |. ©
Z [ (e-number =11 S
= ) = ( ) 16 5
2 | 14 E
8 | : -
1 | g Z
Q ! 12
-'CE k\
N - — e
O 2 4 6 8 10 14 18

Energy (eV)

~ITT I " B | — el Bades M- Y. TIL o D rils Ve HE G TH




Tetrahedral Condensation of Deuterons in PdDx




Classical View of Tetrahedral Sym. Condensation

Orthogonal Coupling of Two D2 Molecule makes Miracle !

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



Quadruplet and Octal-Coupling of Electrons

Quadruplet e*(4,4) Octal-Coupling e*(8,8)
: .
e\
: | :
N '
1
Sum Momentum Vector Sum Momentum Vector
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EQPET: Electronic Quasi-Particle
Expansion Theory

e \Wave functions of TSC or OSC cluster can
be approximated by linear combination of
partial wave functions for normal and
guasi-molecular states, dde, ddee, dde*
and dde*e*.

* 4D and 8D clusters are composed of dde,
ddee, dde*, dde*e*,...molecules.
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EQPET: continued-1

“Bosonized” electron wave function T ~for N-electrons system in

MDx lattice will be approximated by a linear combination of
normal electron wave function T 1,16 and quasi-particle wave
functions T @26 P96 and P@8c as;

| x> =a; | T * 2| Teoe™ tas | CTuac™ *as | Peac> (B

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?, can be
defined by a screened potential of quasi-particle complex;

Vs(R) = b1Vs(1,1)(R) + bzvs(z,z)(R) + b4Vs(4,4)(R) + bsvs(s,s)(R) (9)
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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/(8 - ,)VZX®R + (VR +VR)X®BR = Ex®R) (11)

By Born-Oppenheimer approximation, we assume as,

XR)=x,Rx (R (12)

Overlapping rate of X (R) at R =r0 gives estimation of d-d fusion
rate ) o4 as-

22a=G | X (R) |22R=r0 ,
=G | Xn (R) | R=r0 | X S(R) | R=r0 (13)
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EQPET: continues-3

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

| X.R) | %o, = exp(- 2T (EY) (14)
;Barrier Factor (BF)

where E , 1s the relative deuteron energy and [,1s Gamow
integral for a d-d pair in D-cluster (n-deuterons with electrons)
that is defined as:

T.(EY=Q )20 7) [,P(V,R)-EP2dR  (15)

Using astrophysical S-factor for strong interaction,

G | Xa(R) | Zpeyo = VSau(BEg)/Ey (16)

Consequently we can approximately define fusion rate as:

1 24 = VS, (EY/Ey exp(-2 T (Ey) (17)
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Screened Potential of EQPET Molecule

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

For dde*,
VS(R)=Vh +e?2/R+ (3 +K)/(1+ A)

For dde*e¥*,

Vs(R)=2Vh+ e 2/R+ (23 + 3 + 2AK+ K')/(1 + A?)

For de*, Vh = -13.6(e*/e)2(m*/me)
46



Screening Potential for dde* (1)

EQPET Molecule e* . Quasi-particle of Bosonized
dde* electrons

« (m, 2): Cooper pair : m=2me, Z=2
s Quadru-pairing: m=4me, Z=4e***

. e*(m,2)
. Ve(r, R)= 1.44/R — 1.44Z/r1 -1.44Z]r2
. : Coulomb Potential

« Vn(R): Nuclear Potential

.+ [(h¥8TM)Ar — (h2/8TT M)A~ Ze/r]l —
zZe?r2 + e?/R + Vn(R)-E]¥Y =0

 For e-, neglecting AR and Vn,
. [-Eh2/8 Tm)Ar —Ze?/rl —Ze?lr2 + e/R —
E(R)]P(r,R) =0

. Y(rR) = O(r,RxX(R) ; Born-
Oppenheimer Approx.

. ;)[_(hz/ger)AR + & (R) + Vn(R) —-E] X (R) =

« where, Vs(R) = € (R) ; screened Morse —

like potential




Screened Potential for dde* (2)

®(r,R) is set to linear
combination of e* wave
functions (1S-wave functions)
for systeml1 and system?2

deuteron as,
®(r,R) = Ciuis1 + Cauis?

Using the variational principle,
€ (R) =Vs(R) is solved to be
root of second-order secular
equation (determinant of
matrix = quadratic equation),
as given in the QM text book of
Pauling-Wilson, as;

Vs(R) = Vh + e2/R +
(J+K)/(1+A)

e Where, for fundamental
modes of wave functions,

J = <uis1|(-Ze?/r2) |uis1>=

(Ze?/ao)[-1/y+(1+1/y)exp(-2y)]

o K=<uis2|(-Ze#r2)| uisi>= -
(Zelao)(1+y)exp(-y)

° A:<U151|U152> =
(1+y+y*/3)exp(-y)

e With y= R/(aoizm*me ) and

e ao=0.053 nm.

 Vhis energy state of de*
atom, i.e.,

 Vh =-13.6(e*/e)?’(m*/me)
e (-h?/(2m)V 2u1s1 —(Ze/r)uis1 —
Vhuis1 =0



Screening Effect by EQPET Molecules

Screening Effect of Cooper Pair

400
300
200
100

—*—ddee(1,1) ™ ddex*x(2,2)

W\
LR
W

M S PP PUPPPas e

-100
—200
-300 U A

1.00E 1.00E-02 1.00E-01 1.00E+00
R(hm) :|d-d distance

Potential Vs (eV)

|
o
w

b(2,2) = 4 pm b(1,1) = 20 pm




Screening Effect: EQPET Molecule vs. Heavy Fermion

Potential Vs (eV)

dde* Potential dde* Potential
400 * ex(2,2)" ex(10,1) ~ 4000 E X *
300 ;\ = 3000 ex(4,4)* e*(100,1)
200 I e 2000 E
0 W = 1000k -
-100 i -~ ©—2000F
-200 L tegg e’ 5—3000 ¢
_300 &_40005 11 i 1 11111 1111l RN 1 Illllul
_400 L1 1l (AT | NN (T 1111111 _5000
1.00E- 1.00E- 1.00E- 1.00E- 1.00E-1.00E+0 1.00E-1.00E-1.00E-1.00E-1.00E-1.00E+
05 04 03 02 01 0 05 04 03 02 01 00
R(nm): d—d distance R(hm): d-d distance

A

b(4,4) = 360 fm

Cooper pair (single particle) works as strong as mass 10 fermion
Pairing of e*(2,2)s works as strong as mass 100 fermion

e*(4,4)< u (208,1)<e*(8,8)
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Comparison of dde* potentials

6.00E+03
5.00E+03 [ —— ddee
4 00E+03 [ \ - ddex(2,2)
__ 3.00E+03 \ —— dde*(4,4)
o 2.00E+03 \ Arrow: bo value
9 1.00E+03 |- ¢ l
0.00E+00 [ :
-1.00E+03 |
~2.00E+03 M
~3.00E+03 ' | |
1.00E- 1.00E— 1.00E- 1.00E- 1.00E+0
04 03 02 01 0

Rdd(nm)




Adiabatic Potential for Molecule dde*

Strong F.
Y e Bare Coulomb Potential
Screen Energy
0 r
ro
(~5fm)
de* ground state
Vs(r)
Vo ' |e*: bosonized-electrons or heavy-fermion




Screening Energy of EQPET Molecules

Us = - e€%/bo for Vs(bo) = 0

Us (eV) |Us(eV) bo (pm) | bo (pm)
e* dde* dde*e* dde* dde*e*
(1,1) 36 72 40 20
(2,2) 360 411 | 4 3.5
(4,4) 4,000 1,108 | 0.36 1.3
(8,8) 22,154 960 0.065 1.5
(208,1) 7,200 | 0.19 0.20
(6, 6) 9,600 0.15 53




Parameters of dde* potentials

e*(m, Z) Vsmin (eV) | bo (pm) [Rdd(gs) (pm)

(1, 1) -15.4 40 101

(1, 1)x2; D2 - 37.8 20 /3

(2, 2) - 259.0 4 33.8

(4, 4) - 2,460 0.36 15.1
Trapping

Depth

54




Protein yield (@ cross section) Enhancement Factor:
from D(d,p)3H reaction with exp
deuterated

Us = 310 eV
Pd target > ©

IIII[‘IIIII!IJIIIIII|IIEIIIIIIIIIIIIIIIIIIIIIIlII
Pd-O
102 | =
5 [
=
= e
%)
] @
" = m
g 4
= E 51{} - ]
= z =
5 5 i =
= 10 ; g
= E i
10° i i
10 7 :-I -? 1 i e s e m’ ¢ PR et e
R I T T ST PR T LN CUTIT DL DO (NP L
]0 Liti i1 et 3131 ei e igtidrauyiagt | I Liill o
0 1 2 3 4 5 6 71 8 9 10 o 1 2 3 4 5 6 7 8 9 10
E, (keV) E,; (keV)

Deuteron Beam Deuteron Beam

Kasagi et al: JPSJ, 71(2002)2881 &



Beam-Solid-Target reaction

Convey e

D(d+e) /
A, ¢
L O - O

oy AN

© deuteron

Sd
dde*(2,2)

EQPET molecule

Formation of EQPET
molecule dde*(2,2) with
50% anti-parallel spin
arrangement for two
electrons:

Us (Screening E) = 360eV

e Exp. with 1-10 keV D+

beam to PdDx, by Kasagi
(2002):

JSPS 71(2002)2881
Us = 310 +- 30 eV
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Scaling of PEF (Pion Exchange Force) for
Nuclear Fusion by Strong Interaction

Two Body Interaction: PEF =1

n + 7'C+—>p

(udd) (ud*) (uud) : U up quark
p+ . —n - d ; down quark
(uud) (u*d) (udd) : u* ; anti-up quark

: d* ; anti-down quark

For D + D Fusion; PEF = 2

o




4D —8Be* vs. D+5Li — 8Be* ; for strong interaction

4D Fusion; PEF = 12 D + 6Li Fusion: PEF = 2+ «

590

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

Scaling by PEF-values:

U(r) = V(r) + iIW(r)

W(r) ~Wo & (r — r0)

PEF reflects size of contact sticking surface for
fusion reaction by charged pion exchange:
Sn(0) ~ Tn?2 ~ (PEF)N

Sdd=1.1E2 keVb, Sdat= 2E4 keVb, with PEFdd1 =2,
PEFd#=3, PEF44=12

N is roughly 11.4 to give S4d = 1E11 keVb
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Effective S(0)-values for Multi-Body D-Fusion

S(0)(keVb)vs.PEF
1.00E+18
s oo =
E 1.00E+08 D
= 986194
% 1-00E83
1.00E—04 =
HD
1 10 100
PEF: relative pion exchange force
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Barrier Factors (BF) and Fusion Rates (FR)

Ed = 0.22eV
(m*, e*) Barrier Factor Fusion Rate (f/s/cl)
2D 3D 4D 8D 2D 3D 4D 8D

(0,0) |E-1685 E-1697

(1,1) |E-125 E-187 E-250 E-500 E-137 [E-193 E-252  E-499
(2,1) |E-53  E-80 E-106 E-212| E-65 E-86 E-108 E-211
2,2) |E-7 E-11 E-15 E-30 E-20 E-17 E-17 E-29
(4,4) |(3E-4) E-5 E-7 E-14 (E-16) E-11 E-9 E-13
(8,8) |4E-1) (2E-1) (1E-1) 2E-2 (E-13)  (E-D (E-3) E-1

( ) is virtual rate 61




d + d — “He*(23.8MeV) — Break-up

23.8

20577 _ _ _ |
19.814 = == 4 - == ———

gamma transition

Branching Ratio :
Sn(0)/Sp(0)/Sg(0) =
|_ n/ |_ p/ rg -
0.5/0.5/0.0000001

n = rp:O.Z MeV
_g:0.04eV

t=[n+ [ p+1Tg
T =h/[+=1E-22 s

* No forces to change

BRs have ever been
proposed!

D
N




Level scheme of He-4

375 0 %z 30 2
T ¥ 5 i S A S &
'l |29.82 2+
| 2o
7 Gq 2BET |5
fj 'EH S ;E::E 28.295
| : 10 2ni2p
‘ 2742 =0l
J o L d 2B
]I i i i o ¥ I'I} d n d n EH AR
| 24.25 9
i £3.64 LA 5 Fa3B4R
73 11 23.33 71 P i+
Si+d-u V| 2104 s
20.21 00 P':”T - FOSE
19.815 He+n
'E'H-rp
L
P ”?p EEJ H2 120
0'0) |

*He Here-e' IHerp-p *Hetd-o' “Hesa-d’ 63



d + d + Ek = 4He*(Ex) = “He*(Q + Ex)

Broad Resonance

Ex=Q + 1.5MeV
Ex=Q + 0.025eV :

Q = 23.8 MeV
0 3Te 2300 |47 - 2 =1y
T3 3 A
29.89 270
a7 2839 2061 2867 |G
prametad s
2742 20
20,95 [ d 26.072
2h.28 ol y q) 4 n dl | n ZHenep
24.25 152
CF? 23.G4 11 23848

23.33 2o : “rva
pl sl &30
2 1.0k [ o]
20.21 gsg] P 12nm

- 19815 3He+n

FHp

No negative Ek !
| . reverse Kkinetic reaction

——29 /s forbidden




d + d — 4He*(23.8MeV) — Break-up

e Branching Ratio :
Sn(0)/Sp(0)/Sy(0) =
238 oy, T [0/ [ o/ [ g=
WS \ s | 0.5/0.5/0.0000001 for
19.814 = == {- - - - - - D+t Ek = 0 to 200 keV

e [ n= Fp:O.ZI\/IeV

o _g:0.04eV

e [t=1Tn+ rp+ rg
T =h/l+=1E-22 s

00 —--chomooo- He @) - T e = h/

= 1E-15 s

gamma transition




Scaling of PEF Pion Exchange Force) for
Nuclear Fusion

Two Body Interaction: PEF =1

n+gt—>p

(udd) d*) @ud :u; up quark
pt+xz —n -d ; down quark
(uud) @*d) @dd) ‘u*; anti-up quark
Iy * . '_
4" ; anti-down What External Force?
quark

For D + D Fusion,PEF = 2

We need additional force in the initial state interaction,
to change final state Branching Ratio and Products. s



d + d — “He*(23.8MeV) — Break-up

238 . T ® Q

;'l or
20.577 \ : "'

el \\— n+°He L g N
BEIE — oo oo e o p+t Q./O

Excited States break upto p +tor
gamma transition n + 3He channels

Regular Very High Frequency
Tetrahedron  Charged pign exchange

OO —— _V ———————— 4He (gS) * % é

(n + p)/2
~ Bosonization by charged-pion exchange

| =4




Tetrahedron and Octahedron

Regular Tetrahedral Regular Octahedral
Arrangement Arrangement
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Energy Level Scheme of Be-8

LROT0
OLi +%Li o
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4D — “He + 4He + 47.6MeV
(Final State Interaction)

4d (47.6 MeV)

—————— 11.4 MeV 4+
/— ------ 3.04 MeV 2+
pe -0.0917 MeV
4He + “He 8Be g.s.

l

Life time : 6.7E-17 s

ﬁ
Transient Cube

Transition to
Two regular
Tetrahedrons

Two alpha-clusters
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Decay-Channel of 8Be

AD — 8Be + 47.6 MeV

SBe —— 4He + “He + 91.86 keV: Major
Ch.

“He + °He(n+*He) — 11.13 MeV
-1 + °Li(p+*He) - 21.68MeV

-d +°Li -22.28 MeV

.p +7Li -17.26 MeV

N + '‘Be — 18.90 MeV

8Be Excited State may open to threshold reactions




Branching Ratio
(Final State Interaction)

4d (47.6 MeV)

<
4He + 4He
—————— 11.4 MeV 4+
/— —————— 3.04 MeV 2+
y -0.0917 MeV
‘He + “He

8Be g.s.

4He + 4He + “He

,/,(— — = == == 765 MeV O+
“He + “He + “He

Gamma transition

¥ 0.0 O+
12C g.s.
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Deuteron

< >

15fm
3) 8Be* formation

4re = 4x2.8 fm

2) Minimum TSC

4) Break up

4He
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Feature of QM Electron Cloud

R}= 53 pm Electron center; <e>=(e 1 +e |)/2
Bohr orbit of D (H)

e

beuteron

| rW¥ 100 | 2

a) D atom (stable)

Bosonized electron
Center torus for
el +el)

Orbit of Bosonized
Electron coupling
For(el +el)

o O o
A £ c) 4D/TSC (life time about 60 fs)

A
v

73 pm
b) D2 molecule (stable): Y 2p =(2+2A)Y2[ WY 100(ra1) W 100(rs2)+ W 100(raz) ¥ 100(res)] X s(S14s2)



Wave Function for 4D/TSC (t=0)

e WY ~al [V io0(rai) \

+a2

+a4 |
+ab |
+ab6 |

v
v
-\
v
v

[V 100(ra1)
+a3 |

100(raz) \
100(re1)
100(rs2)

J
J
J
J

100(rcs)

J
J
J
J
J
J

\
\
\
\
\
\

100(raz)
100(ra4) \

100(res)
100(re3) \

J
J
100(ras) ¥
J
J

100(I's1)]
100(Ip1)]
100(rc2)]
100(ID1)]
100(rc2)]

100(rca)

Xs(S1,52)
Xs(S1,54)
Xs(S2,54)
Xs(S1,53)
Xs(S$2,53)

Y 100(D3)

Xs(S3,54)

6-Bonds of “Bosonozed” electron-pairs (e T+ e | ), which
forms Regular Tetrahedron

4-Electron-Centers at Vertexes of Regular Tetrahedron

ussi(r) = Y 100(r) = (1/ 71 )Y2(1/as)32exp(-r/as)

~
Ql




Variational Principle

° 6{<\IJ4D | H | Vio>/< Vo | \IJ4D>} =0
gives 6 order secular equation, not solvable.

e But, under 3-dimensional symmetric constraint,

we can set absolute values, al = a2 =a3 =a4 =
ab = ab = a0,

with a0 = 1/(6(1+ A))1/?
e Orthogonal condition for 6 wing wave functions:
aiaj = 0 i

76



TSC Size by Dynamic Condensation in about 60 fs motion

- Semi-Classical Treatment Possible -

TSC radius (pm)

1000

Strong
force

100

1

e*(4,4)Be-8

0.1

0.01

G—
10 F
Is formed

0.001
0.001

0.01

0.1 1 10 100

Rdd, inter—nuclear distance (pm)

1000

'—l— TSC radius

<r(t)> = <r(0)> - <v>t
<r(0)> = (3'2/2)Rs = 45.8 pm
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Basic Equations

o Yup(r,t) ai

= au(t) Y ay(r,t) + az(t) Y ea(r,t) + ast) Y ua(rit) (1)

o <r(t)>=<r(0)> - <v>t (2)

o <r(t)>=< Y*up(r,t)irl ¥a(rt)> (3)
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Semi-Classical Approach

<r(0)> = (3¥4/2)Rs = 45.8 pm
Here, Rs = 53 pm (Bohr radius)
<v> = Vo ; about 1E5 cm/s = 1 pm/fs

<r(t)> = <r(0)> - vot

(4)
(5)
(6)

(7)
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QM Approach

o UV (1’1)(r,t) =Y (1,1)(<r(0)> - VOt) (8)
o Y (2’2)(r’t) =V (2,2)(<r(0)> - VOt) (9)
Vo) = Vo0 ) (10

e Att =0, TSC forms by two D2 coupling
e <r(0)> = (3/8)Y?R4d(0) = 0.61Rdd(0) (11)
* Rad(0) =73 pm (12)



Time-Dependent Barrier Factor
by Adiabatic Time-Dependent Potentials

Rdd(t) = Rdd(0) — Vot (13)

Using Vs(Rdd) potential for dde*(m,Z)
EQPET molecule, Rdd(t) can be replaced
with b value for Gamow integral

And Time-dependent Gamow Iintegral is

defined and calculated.
[(t)=0.218]  \Ve(Ru) — EadRe (14)

In MeV, fm unit
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Barrier Factor

b(t) = Rad(t) ; for Vs- Eda>0 (15)

= b(m,z) ; for Vs — Ed <0 (16)
Constraints:
bmin = b(2,2) =4 pm for Z=1
bmin = b(4,4) = 0.36 pm for Z=2
Barrier penetration probabillity for nD cluster Is
Pnd (Eq,t) = exp(-n T (t)) (17)

Numerical calculation is done by computer code
programed
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Time-Dependent Fusion Rate

e A ndmz)(t) = (Sndv/Ed)Pnd(Ed,t) (18)
o And(t) = ai?(t) Anda)(t) +a22(t) A nde2)(t)

+ a4?(t) A nd@a,4)(t) (19)
With

ai12(t) = a1%(0) = 0.782
a2?(t) = a2%(0) = 0.187
aa?(t) = a44(0) = 0.031
Here combination-probabillities for parallel and

anti-parallel spins of pairing electrons are only
taken into consideration.



Time-Dependent EQPET Calculation for TSC
: Comparison of A 2d@,1)(t), A2d@.2)(t) and A ada,4)(t)

70
60 [
—e— Ramda2d(1,1)
50
£
i% 40 —=— Ramda2d(2,2)
Eﬂ 30 .-._;/
|
20 W 7 Ramda4d(4,4)
10 Kgu
0 | | |
0.01 0.1 1 10 100
<Rdd(t)> (pm)
Time (fs) | | | | |
72.98 72.9 72 63 0
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TDEQPET Cal. For EQPET Molecules

e*(m, Z) |[< A2d> |< A4ad> | A 2d(0) | A 4d(0)

(f/s/cl.) [(f/s/cl.) |(f/s/cl.) |(f/s/cl.)
(1, 1) 4.3E-44 |7.8E-63 [1.9E-60 |7.3E-93
(2, 2) 2 9E-25 |2.5E-24 |2.4E-37 |1.1E-50
(4, 4) (2.1E-17)* |5.5E-8  |(5.9E-22)* | 5,9E-20

( )*: virtual value
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Part-ll:
TSC-Induced Nuclear Reactions
1) Multi-Body Deuteron (d-p mixed)
Self-Fusion within TSC;
2d, dp, 3d, ddp, 4d, dddp, dpdp
, EQPET Model Alanysis

2) TSC+Host-Metal Reactions;
Sudden Tall Thin Barrier Approximation
(STTBA)
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Target Atom Outer Electron
Cloud (ca. 100 pm)

K-Shell e
And Nucleus

/
Neutral
Pseudo-Particle

@
\

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

eHow deep can TSC penetrate through e-cloud?




M + 4d/TSC
Nuclear Interaction Mechanism

Electron e e Qver-minimum sate of
\ 4d/TSC

e Admixture of 4d/TSC to
form 8Be*

« M + 8Be* capture
reaction
e Strong force exchange

(PEF) between M and
< > SBe*
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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

o

p( or d)

o b

e 10=1.2A13
e b=ro+ Ax(=2.2 fm)
 Pu(E) = exp(-G)
e G=0.436(u V(R:2))Y2(b-r0)
e Riz=ro+(b-ro0)/2
 Reaction rate:

A = Sw(E)vPm(E)PW/E
e P, =

exp(-0.218n( i Vpp)2Rpp)

. Plural p (or d) existence probability in A = range
forn>1.Pn=1, forn=1.



Results by STTBA calculation; M =

e Pw(E)=9.2E-2

e Pwi(E) =3.5E-2
Reaction Rates:

A wp = 3.7E-8 (f/s/pair)
A we = 2.1E-7 (f/s/pair)
A wap = 1.0E-8 (f/s/pair)
A waa = 3.4E-9 (f/s/pair)
<Macroscopic Reaction
Rate> = A XNwm+rsc

With Nm+tsc = 1.0E+16 in 10nm area, Rate = 1E+8
f/slcm2 and Y = 1E+14 in 1E+6 sec.

NI

Vop = 1.44/6 = 0.24 MeV
P2 = 0.527
P2d = 0.404

Swmp(0) = 1.0E+8 kevb
Swa(0) = 1.0E+9 keVb
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STTBA Prediction for Cs-to-Pr

Swp = 1E+8 kevb

B * Suppose Nwm+sc= 1E+17
Swa = 1E+9 keVb in 10 nm layer of surface

A Mp — 8.4E-10 f/s/tsc e Macro Yield = A xNisc =
A wmap = 2.3E-10 f/s/tsc 7.6E-9 x 1E+17

A wa = 2.8E-8 f/s/tsc = 7.6E+8 (f/s/cm?)
Awo=7.6E-Q flsitsc |~ —otorrrate=

L. 4.6E+14 (atoms per week)
Where combination

> _ per cm?
probability of anti- We see good agreement

parallel spin was used with lwamura experiment.
for 4p/TSC.




Features of the Present Method

After lwamura, et al

D, gas per meation through the Pd complex

D, gas Cross Section of Pd Complex

D Permeation
Cs,Ba, etc.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
It e peret rrer e b e s B st
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Depth Profile of Cs and Pr
by TOF-SIMS

8.0x107

Countqarv.unit)

4.0x10°T \
O;_ A

2.0x10T \pr .
O_O— ﬁDDDDDDD;EE|m.Eﬁﬁ.E_E‘.uu . .\:

Iwamura: ICCF11

100 A

6.0x107 !

llllllllllllllllllllllllllllll

------------------------------

0 200 400 600 8001000
Sputtering time(sec)
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Where Is the Pd+4d/TSC reaction
taking place?

1) Pris seen in 0-30 nm from surface.

2) CaO/Pd boundary is at r=40 nm, where
e*(2,2) may be born by free electron In
Fermi-gap.

<Q> Why ca. 25 nm gap (40-15) is seen?

<A> Pr is produced by Cs + 4d/TSC at the
boundary and diffuses to the surface?
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Image of Surface




Role of CaO/Pd Interface

1) CaO layer as blocking layer of D-diffusion: to

2)

enhance D/Pd in Pd region, but to be half-
transparent for D-flux (current by permeation)

Fermi-gap at CaO/Pd Interface: to emit free
electrons from CaO zone into conduction band
of Pd zone and to generate transient Cooper
pairs, e*(2,2). This leads to formation of
dde*(2,2) quasi-molecules and finally 4d/TSC
by coupling of two dde*(2,2)’s.

96



_: % 12
= Pd
~ 2} _ 10 o
.- -
5 Number of electrons O
= 18 8
3 1 B
T 2 . LLI
16 o
“ : o)
= | State Density =
> k 14 E
7 s : * =
& ' 12 &
o IL S -
.'G_') () \ 1 | ; 1 : \\_‘”
(‘nﬁ g 4 6 8 _ 10 12 M

- Energy (eV)_ |

ek o
Fig. : Calculated electron density for Pd metal (by Y. Fukai) -



Electron Sates in PdH (by Y. Fukai, 1998)
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Fermi-Level Gap at CaO/Pd Interface

Dw

Ef

Conduction Band

“free e/

CaO

Pd

Es: Pd
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Fermi-level gap at CaO/Pd interface

/ \

(low work-function) “free e~ in conduction band by 4d shell e-

\Free e- emission /

Bosonized ( T k, | -k) electron pairs: Cooper pairs

N\

Trapped deuterons in Pd Bloch

potentials ——, | Formation of EQPET Moleclue

dde*(2,2)

a) Regular T-site, b) defects
What constraint or ordering?

4d/TSC Formation by combination of two dde*(2,2)
a) Orthogonal coupling
b) Coherence in d-d vibration mode
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Interesting Pd/CaO Lattices

* Periodical Layers

Pd: 10nm Ca0O:2nm

|\

e Grid

Pd |CaO

5nmx5nm per unit
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Fabrication of Pd/CaO Cluster

e Structure

7

e CaO pool
e 5nm diam Pd wires

e Put Pd wires in CaO
pool

e Bundle and fix Pd
wires

CaO e Pd/CaO Hetero
Lattice for Cathode

*CQQCCQC
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Major Results: Experiments vs. Theory

ltem Experiment EQPET/TSC
Author/ Method/ Results Model

Screening |Kasagi/beam/310eV 360eV by dde*(2,2)
of d-d Takahashi/3D/1E+9 <dd> |(1E+13) 7 (0.1ms)

4He McKubre/Electrolysis/ 23.8MeV/*He by
Production 30+-13MeV/4He 4D — 4Hex2 +47.6MeV
Maximum | El Boher/El./24.8keV/Pd 23 keV/Pd

Heat Gain = 25 46MeV/cc by 4d/TSC

Transmutation

lwamura/Perm./Cs—Pr
Miley/NiH/Fission-like Pro.

4d/TSC + M
4Ap/TSC + M reagfion




Tetrahedral Symmetric Condensate (TSC)

Or

Octahedral Symmetric Condensate (OSC)

—

4D/TSC, 6D/OSC

\

|

4H/TSC

Self-Fusion of 4d, 6d
23.8 MeV/4He; Heat
[t}/[*He] ; 1E-3 to 1E-9
[n])/[*He] ; <1E-10

4d/TSC + M reactions
(A+8, Z+4) Transmutation
(A+12, Z+6) Transmutation

Clean Fission Products

D or d: deuteron, H or p: proton

4p/TSC + M Reactions
M + p reaction
M + 2p reaction
M + 3p reaction
M + 4p reaction:
Clean Fission, heat
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