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General theoretical condition for the room temparature
nuclear fusion with a metal cathalyzer of high electron den-
sity 1is ﬂiscussed from the view of statistical hybrid Hamil-
tonian and so on.l1:A high electron density space can weaken
the Coulomb energy relatively to the momentum one in a char-
ged particles system.Consequently a charged nuclei tends to
behave as aproximately free particles,which is just the roonm
temparature semi-plasma state and to yield Qolisions toward
the nuclear fusion.2:After all, a free particle;s remarkable

and great role is its spatial tunneling motion with the
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realization probability mesure =1 on time axis,and only by
-the free particles,a reaction as a colision of them become
possible.This fact became evident by the statistical hybrid
Hamiltonian theory.3:And a ordinary hot plasma state and a
room temparature plasma one are found to be the reciprocal
aspect of Fourier transform between thg configuration space
and the momentum one with a scaling method for the spatial
and momentum variables respectively.4:Generally telling,in
order to accelate a reaction,there exists essential two way.
The lst is increasing the temparature(momentum space),or the
2nd is increasing the density of electron on the catalyzer' s

surface(configuration spece).

Theoretical

In 1989,Fleishmann,Pons, Hawking! - 2 and Jones?®'had
reported so called room temparature nuclear fusion in a test
tube. At first their resulfs had been suspected, however
follwing suceeded experiments after their works had made
author to convince it true.In the other hand,author-himself
had been occupied with the work denoted statistical hybrid
Hamiltonian theory(SH? theory) for developing the
fundamentals for time evolutional statistical mechanics
since 1987.Consequently author had noticed the possibility

of time discontineous Coulomb interaction between nuclei in
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the reaction due to statistical hybrid properties of
Hamiltonian when author encounterd the news.Thus author
thought that it never alway be necessary to accelate the
positive charged nuclei for the reaction.However author
could not find out the quantitical expression for the
reaction at that time.But fortunately author happened to
encounter an excellent book*’ which had described the
electron denéity effect on a Hamiltonian structure of gene-
ral many body system.Consequently author had found the sys-
tematical view for the general reaction's feature caused by
temparature effect and by the electron density one in
reaction space.Therefore following results can be considered
universal one for a material reaction.And also the theory is

fairly simple and visible.

§1.The summary of statistical hybrid Hamiltonian theory.
In anyway, to accomplish full understanding of this

6. 7-8.9%) However

report,reader must know the SH? theory?®-
almost of them are now serious thema on the discussion table
of Phys.Soc.Jpn.Therefore we shall descirbe their summary

at here.The most important kernel point is Heisenberg’s

uncertainity principle especially as for time and energy.

At -AE~Hh. (UP)
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[11A quantum state under Hermitian Hamiltonian{( = H,)
must be stationary,or Hos can’t cause quantum state

transition in general.

Proof:Under Hermitian Hamiltonian condition,we can derive

so called Liouville equation from Schridinger EQN.

ih 9‘%0 jl(t): 2k=0W[H0jkpkl(t)_ IO.ik(t)HUkl}. (1-1)

Hereupon state density operator p (t) is orginaly

Hermitian,so it can be diagonalized,then Eq(1-1) is,

il

ik & 0 55(t) Zk=0"[Hoikpxil{t) — 0 5x(t)Hoxs]

:HOij.i.i(t)_p.i.i(t)HO.i.i:O- ' (1'2>

Thus a state density po can’t depend on time under H,

[2]1The realization of unique simuletaneous eigen state of

Ho's maximum observable( = MO ).

MO =1{ A, |ikhst Ay =[ Ay ,Ho)l=0,j=1,2, ,M}. (1-3)

[-+] is comutation relation.The validity is as follows.If

so called superpositional state of Ho's eigen one could
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be, then,

p ()= X a-0”an(t)Es>. (1-4)

AE?= % ,-0"]aa.(t)|2[E. - <E>]%2>0. , (1-5)
In the other hand,state under the H¢ must be
stationary,so

At= oo . (1-6)

At -AE—- o

This contradicts with Heisenberg uncertainity principle.
Thus we can not stop to conclude AE=0 in Eq(1-4).Then
we know that superpositional Solufion is forbidden under
Ho.After all,degenerated state of |E.> is also denyed.
The proof is used uncertainity,but is deleted here.

Caution:If |E,> is not Ho’'s eigen state,it’s all right .

[3]Markovian stochastic process property of quantum one.
Itlis caused by [2].

[4]0nly by nonHermitian Hamiltonian[ = Hs(t)],quantum state
transition can become possible,however Hgs(t) can’t be

analytical Hamiltonian,that is singular one 1.
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Validity:

CE>=<p |Hsp >+ <Hsp | p>=CE>". (1-7)

Eq(1-7),we know that expected energy value <E> is not
real number,in other words, Hs(t) Can't have a definite
energy,so H s(t) can’t be a analytical operator,or
nonobservable.Then nonobserval energy system should have
infinitive energy fluctuation.

A E= oo . ‘ (1-8)

Then Heisenberg's uncertainity principle (1-10) demands,

At=0. (1-9)

At - AE~ %k . {(1-10)

Thus we know the phenomena of Hs(t) is instataneous one.
Consequently we can derive serious conclusions for
quaﬁtum process, that is,

(1)Schrédinger EQN with H s(t) must yield 'bifurcated
solutions in nondeteministic way,that is just the origin
of state transition probability.

(2)The origin of irreversibility of physical and chemical

process in general caused by singular Hs(t).
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[5]Statistical hybrid Bamiltonian structure.

H(t)=H U Hs(t)., (U means exclusive “or”.> (1-11)
That is,a time depehdent Hamiltonian is alternative
sequence of H s(t){ At=0} and Hoe{o® = At >0),where At
is each interval Hamiltonian's life time.And also the
configuration of Hs(t) on time axis is entirely statis-
tical.The statistics is detemined from 16].

[6]Principle of evolution by energy fluctuation.

Prifr (t)=Hs(t)|utdt=zt=zul =0 (t) -dt. (1-12)

Prif (t)=H, Jutdtzt=zul=1- 0 (t) dt=1. (1-13)

® (t)= AE(t)/h .

:'Fl_1‘[{25=0m®j(t)<8j"'2k=0wmk(t)8k>2} (1'14)

@w,; is a state density.The proof takes fairly long pages.

[7]The establishement of Langevinized Schrédiger Equation.

ik a2 ¥ (t)=HY (t). (1-15)
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Thus time evolutional system’s Schrédiger EQN must be
stochastic one with relation Eq(l—lZ),(l—lB) and(1-14).
[8]Heisenbergian Markov brocess formulation(HM process).

This is equivalent to Langevinized Schriédiger Equation.
T%@j(t)ze(t)Zk:Ow[Tjk_6jk]wk(t)- (1-16)

,where ® 1is state density, ® is reaction rate, T ;x Is
1st order |k>—1j> state transition probality matrix
elements caused by Hs(t). & is unit matrix.These details
are mentioned in ®*- ¢ 7-% % A general relaxation process
had been derived from (1-16).The results [5] is

especially important in following our discussion.

§2.5tationary Hermitian Hamiltonian H, is comosed from
statistical hybrid of interacting Hs(t) and noninter-
acting He(=A free particle’s Hermetian Hamiltonian).
Now we shall analysis on Hermitian Hamiltonian Ho

which yields stationary state only.For example,hydrogen
atom’s <(kinetic energy+Coulomb force> Hamiftonian is a kind
of Ho,which yields stationary state % ( x ).However the
v { x ) is that of configuration space.In momentum space

/

there exists state transition obviously at each instant,but

they accomplishes equilibrioum as a whole.
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» (( x )= 2=z & ) 3ldp?exp[- px /iR ]O®( p ). (2-1)

Eq(2-1) means that % ( X ) is a statistical mixture of a
free particle of various momenta.This is nothing without a
phenomena caused by the state transition with Hs(t) in the
momentum space.Thus H o must contain Hs(t) in.it.Then we
ask Ho= Hs(t) or not ?.This is ridiculous.Because H, is
during nonzero time interval,in the qther hand, Hs{(t) can
be only at spot time.And also contineous realization of
Hs(t) is impossible due to the sigularity AE= o .,Thus
time axis gap of H s{(t) must be filled up with noninter-
acting Hamiltonian,that is nothing without a free particlé
Hermitian Hamiltonian{( = Hf).Thus we obtain,

Ho=HfUHs(t). (2-2)

This conclusion just corresponds with Eq(2-1), that is,

¥» ( x ) is a linear mixture of free particle states with
various momenta.Eq(2-2) is general conclusion.Consequently
we can derive marvelous conclusion that Coulomb interaction
between plésma state nuclei is not a time discontineous ‘one.
Therefore,there must exists a finite time interval when
particles are that éf free.Consequently the wave packet of

free particles shall expand enough to make overlapping with
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other particle’s one.This is nothing without the colisions
for our concerning reaction, that is nuclear fusion.The

details will be described in the later.

§3.A reaction will be possible by particle colisions
estimated by free particle’s wave packet overlapping
with each other.

Our fundamental idea for reaction is particle colisions
which will be represented by the wave packet overlapping for

concerning two particles.Prc 1Is Reaction probability at D.

Pac(D,t)=lodx?1 ¥ ( x 5t)1%2-1¢( x ;t)|*. ‘ (3-1)

COF( x ;t)=1% ( x ;)12 16 x ;t)*. (3-2)

I1f overlapping CDF was zero,it is evident that nothing will
happen.In the other hand,if ¥ were ¢ are both free parti-
cle’s wave packets,CDF is maximum,0On the contraly if % and
é were both delta fuction just caused by Hs(t)'s instan-

taneous interaction,CDF is zero.

CDF( x ;t)=186 ( x-fl )2 & ( x-x2 ;t)[2=0.< X1 FX2 >
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After all probability of reaction will entirely depend only
on the volume of the wave packet,which is determined from
the strength of the interaction or in another words, the
height of the potential barier Vgs of the reaction’s
obstacle.Then we know there exists two way to overcome
the Vgs.Now we shall imagine two particles A and B on ldim-
ensioﬁal X axis.B is assumed to be stop still at x=0 and to
generate a square potential barier Vgs aroﬁnd B with heigt
00 > Ve > 0 and with space width o >[x>0.A is assumed to be
asymptoticaly free particle on x=-— o and to go toward B.
{1>Increasing the kinetic energy of the particle A enough to
overcome Vgs.This usually called operation of increasing
temparature.
(2>Decreasing the Vgp itself by setting a catalyzer around
B enough to weaken the Vgs for A.This is our main thema
concerned with room temparature nuclear fusion.
The remarkable common feature of <1> and <2> is that both of
them will make A free particle as its supreme aim in order
to touch B with A’s wave packet,that is just the colision
for the reaction A+B—+C+C’.You must noticeAthat this is
univesal method to obtaitn reaction by A and B’s colision

no concern with the particle kind.
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§4.High electron density effect on many body system with
Coulomb interaction(The role of methal catalyzer of
high electron conductivity).

Now we shall describe 2nd kernel concept.(lst is
statistical hybrid structure of Ho,that is Hoe= Hr U Hs(t)
and the special role of Hgr and of a free particle state to
yield reaction. )After all,the high free electron density
will weaken the Coulomb interaction energy term relatively
to the kinetic energy one in general many body charged
particles Hamiltonian structure,which is as follows.This

section is mainly cited from the book*!.

Ho= 2 j-1M(-52/2m ) A+ 4 X Ziex™e?/] xy-%Xe |

+ 2 s "(-h2/2mop) At M T T e?/| xy-%xx |

+ X s "E 5-a%e 2/ x5-xy | (4-1)

,in which suffix ..; and ».s; are N pieces of electron and M
pieces of deuterium respectively in fixed volume Q.

Hereupon Coulomb term is expanded as follows.
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1/] x5-%x¢ | = 2 (4w /Qk?*)expli- k( x; —x: )]. (4-2)

Then we introduce a renormalized cordinate x’ by average

distance of electron re in a fixed volume Q.

Q/N = (47 /3)ro?3. (4-3)
X= rox . (4-4)
ro=rs*Lo=rsgxLxao=rsxLx(h 2/ m.e?). (4-5)

,Where ao is Bohr radius and L is certain fixed number to
yield fixed critical length Lo and scaling variable rs.Thus
we mesure distance with renormalized variable x’ with rs.

Then Eq(4-1) is rewrited with renormalized variables.

X=rox . ‘ (4-4)
k = (1/rsLo) k7 . (4-6)
AE(l/l"sLo)z'A’. (4'7)

Q= (1/rsLo)? - Q. (4-8)
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Then we derive,

Ho= (e?/2LLo){ = (1/rs)?2 X ;=1N Ay’

+ (L/rs)4m /Q )2 - (1/k7)2 X% EJ=1N¢XD[1' K" (%, " -xe7) ]

- (1/l"s)22 s=1"A

+(L/l"s)(47[ /Q ’)21;' (1/1(’)22 2 seeMexpli- k’(x; -xx") |

+(L/rs)(8xm /Q Y X k- (1/k’)22J=1"Zj=1"exp[i' k,(x.l,'xk’) ]}

....... (4-9)
Then we can see the serious role of electron density
parameter rs.

rs= (ro/Lo). | | | (4-10)

If we compared average distance of electron with critical

length Lo and if ro<<Le,then rs<<1.Then we see that kinetic

energy term of electron and that of deuterium will increase
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by (1/rs)? relatively to Coulomb interaction energy term
which depends by (1/rs).That is rs—+0 will cause free
deuteriums to arise the nuclear fusion.Because we never be
likel§ to find out any powerful accelation mechanism ‘to
yield enough high temparature deuteriums to arise the
nuclear fusion.This is our fundamental view for the
condition for the reaction of room-temparature nuclear
fusions.Consequently we shall see that Eq(4-10) is just the
critical parameter for the reaction.After all,i1t depends
only on "ro” of catalyzer’s material constant.This is a
remarkable feature to estimate the possiblity of the
reaction.According to many experiments as for the reaction,
almost them are very critical to obtain the reaction by any
method with catalyzer.so it seems to us that the success of
the reaction may depends on the local fluctuation of the
free electron density and that of deuterium on the

catalyzer’'s surfaces.

§5.The scaling symmetry between the Hamiltonian of ordinary
hot plasma in the momentum space and that of cold-plasma
in the configuration onee.

By coordinate scaling method in the cofiguration
space, we proVed the realization tendency of free particles.

Hereupon to say for momentum space which is related by
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Fourier transform,we had found existence of the same analogy
which represents the tendency of realization of free
particles. It is just ordinary hot plasma state.Thus we had
known the being of symmetry or reciprocality between'the
universal methods of accelating reaction <1> and <27
mentioned in §3.Now let’s take Hamiltonian Eq(5-1),and give
its Schridinger equation.Then we will take Fourier transform

of the equation.

HOEEJ=1N(—EZ/ijAj+%22j1kNej6k/l X1 ~Xx I (5-1)
i'ﬁao?/)(Xo, XI:"'an ):Hod)(XO, xl!"'!xN )- (5"2)
® (po, P1,'''»,P8 )= F ¥ (x0, X1, " ,Xx ).

= [dpodp:1?®: -dpn’exp[(-PoXot Z ;=1" PsX3 Y/ 1R ] ¥ (X0, X1,',Xn)

,where po=E/c,xe =ct.

F {ik 309 (X0, X1, *,Xx )} =p0o®(pPo, P1,"''»Px ). (5-4)
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F ‘{Z.i=1N(—‘EZ/2mj)A.i'?/)(Xo, X1, XN )}
=% ;=18 ps 2/2m;) - @ (po, Pl."',PN ). (5-5)
For Coulomb term’s transform,we use convolution theorem as

follows, where Q and ® are Fourier transform of q and ¥

respectively.Note on negative singn on "p” in the integral.

F {a(xe, X1 , -, Xx ) ¥ (Xe, X1 ," ", Xn }
:deon13"'dQN3Q(QO, 4: , -, 4nx )

X ® (q9-Po , Q1-P1 , °, QAN-DPNx ). (5-6)
F {% 2 % ;««Vesex/| x35-%c |} = Q(po, Pr , -, Pn ). (5-7)

From Eq{(5-6) and (5-7),we derive Fourier transform of

Qoulomb term Q E (p) as follows.

QE(p)= F {[¥ZZ ;+c"ese/| Xy-Xx |]1x%® (X0, X1 , -+, Xnx

= Q (p)x @ (p)
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:]dCIon13"‘dCJN3Q(QO, q: , ', 49w~ )

X ® (qo-Po, Q1-P1 , ", Ax-Px ). (5-8)

Conseﬁuently we derive Fourier transformed Schridiger EQN.

po'(D(po, Pi, ' ',Pn )=25=1N( o Z/Zm.i)'@(po,'pl.“'.pu )

+ Q (p)X @ (p). (5-9)

Then we take the scaling to test the momentum depedence.

Py — WpPy. (5-10)
Time derivative term.= w-po| ® (Wpo,Ww P1 , - ,W pn )> (5-11)
Kinetic term.=> w2X ;-:%( py 2/2m;)| ® (wpo,Ww P1 , ", W Dn ).

""" (5-12)
C
Houlomb term.=w-Q (p) ¥ @ (wp). (5-13)

The Joulomb term (= Q E) is rather complicated to derive.
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Now review the Fourier transform on the term as follows.

FQE(p)= F ({QE(x)}=(2z & )-(3n+11/2

X fdxodx?®- -dxn3exp[{-poxot Z ;-1" pPsxy )/i k]

X{%2r¢sereu/l Xr~Xs |}- (5—14)

Then we replace p—wp in (b-14) and shifts w to x;'s ternm

sides.

FQE(wp) = (2= & )~ (2Nt1) /2

X{w)- BN+ fduxodwx?: -dwxn?exp[(-powxot % ;-1 py w x5 )/i k]

Xw{¥ Z reuerey/] Xe-Xs |} =(w) ?F Q E (p). (5-15)

On the other hand,considering the covolutioh integral (5-6),
the term [dgoedg:?®:--dgnx?® shall yield w3"*! scaling factor.
Hence we derive w’s dependence of Coulomb terms in the

Hamiltonian as follows.
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Q E(wp)=wQ (p) ¥ ®(wp).

As a whole,we derive following relation by the scaling w.
Wpo l ®>= Wi,y ( by 2/2m )| &> +w-Q(p) % @ (wp). (5-16)
Dividing both side of Eq(5-16) by "w",we derive,

pol @ (wp)>=wX ;-xN( ps 2/2m;) | @ (wp)>+ Q(p) ¥ @ (wp).(5-17)

Then we can see that the kinetic terms will increase by w;
while Coulomb terms will be constant. Thus we shall know,
<<{1>>:w— o ,kinetic term’'s sole dominant =hot plasma state.
{L2>>:w—> 0 ,Coulomb term’s sole dominant =cold solid state.
Thus we can know all the phase of states in general.

To tell for the relation of the section §4,hot plasma state
and the(room temparature)cold-plasma state is symmetric or
reciprocal between the momentum space and the configuration
one.And also we can refer to the symmetry between the
discussion of <1> and of <2> mentioned in §3,That is, there
exists two essential methods to accelate the reaction of
chemical material in general.

l:Increasing the temparature.

2:Increasing the density of catalyzer electrons,as for

Coulomb barier,a high electron density is effective to
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accelate the reaction.An aim of this report is just the

recognition of the role of 2:.
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