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Introduction
It is well known that the total probability of nuclear reac-
tions with participation of charged particles is defined as the
action of the Coulomb barrier. This fundamental limitation
stimulates the use of fast particles in the composition of a
thermonuclear plasma, which leads at once to the necessity
to solve the extremely complicated technological problems
related to the formation and confinement of such a plasma.
It is also obvious that the choice of the “thermonuclear”
approach makes any attempt of using (under terrestrial con-
ditions) the reactions of synthesis on the base of isotopes
heavier than deuterium or tritium absolutely unreal. 

The real alternative to hot fusion is LENR. Among numer-
ous LENR problems, the most important one is connected
with overcoming the Coulomb potential barrier during the
interaction of low energy charged particles. The “standard”
approach to nuclear physics leads to a very small probabili-
ty of the tunnel effect and can’t solve this problem. Other
problems (e.g., sharp change of ratio of reaction channel
probability, suppression of neutron channel, abnormal sen-
sitivity to variable environment, etc.) are directly connected
to the “barrier problem.”

These problems are considered in the present work.
Outlooks and shortcomings of a “chemical” approach to
LENR phenomenon, as proposed by Storms,1 are discussed.

We consider a general and sufficiently universal mecha-
nism of stimulation and optimization of nuclear reactions
running at low energy with participation of both light and
heavy nuclei. This mechanism can be applied with high effi-
ciency to very different experiments (both the executed and
planned ones).

Several successful dynamical correlated-induced LENR
experiments are also analyzed. 

Outlooks and Shortcomings of a “Chemical”
Approach to LENR Phenomenon
It is known that the LENR problem is connected with inter-
disciplinary researches and needs the efforts of different
experts and different points of view. 

Storms has declared three basic requirements for LENR
phenomena: experimental observation; full prediction and
reliability of LENR effects; adequate understanding of LENR
mechanisms on the basis of a full theoretical model.

These statements are correct, but there is also a fourth
requirement: possibility and efficiency of practical use.

Storms has proposed a “chemical” (phenomenological)
means for the analysis of LENR phenomenon. At the first step
it is necessary to discover the location of the process and only
then to identify the basic characteristics of its mechanism.

In a correct physical model of any phenomenon the
absence of clear statement and numerical calculations is
admissible in the initial stage of formation of the theory. In

the final form such model should be strictly formulated and
confirmed by detailed mathematical analysis. This can lead
to success in special cases, i.e. if LENR is observed only at cer-
tain conditions for certain kinds of particles and in certain
environments. 

These requirements are satisfied, for instance, for the
Mössbauer effect: it takes place only in a crystal matrix (1)
made of heavy atoms, (2) at low energy of gamma-radiation,
(3) and if the temperature of the crystal is less than the
Debye temperature. In contrast to this example, LENR phe-
nomenon was observed in different systems and in different
environments (loaded crystal matrix, cooled deuterium gas,
electric explosion of wire in water, electron beam implosion
of metal targets, etc.). 

Storms has declared that cracks in solids are chosen as the
universal nuclear active environment (NAE) for realization
of LENR on the basis of hydrogen isotopes. According to
Storms’ model, several nuclei of hydrogen (all isotopes) with
accompanied joint (collectivized) electrons might be con-
fined in the crack due to the action of charges situated on
each wall of the crack. 

According to this “voids model,” the initial state of inter-
acting particles (e.g., Pd, d or t) corresponds, actually, to a
deformed D2 molecule (in the case of two particles) or
hydrogen plasma (for large ensemble of hydrogen atoms)
placed in a crack. The equilibrium distance between two
nuclei in D2 molecules equals rdd ≈ 0.84 A. The distance
between nearest d nuclei in the discussed ensemble at usual
laboratory condition is not less than rdd because the same
distance rdd ≈ 0.84 A corresponds to compressed D gas at
high pressure of P ≈ 12000 atm in crack volume. 

Unfortunately, Storms does not consider the concrete
mechanism and efficiency of overcoming the Coulomb bar-
rier in these systems (in the paper there is only general spec-
ulation about the potentiality of nuclear transmutation). It
is the most important problem for explanation of LENR
experiments because in a typical D2 molecule the rate of pair
dd-fusion λdd ≤ 10-70 s-1 is very small. Such rate can’t explain
any of the numerous conducted experiments. This “voids
model” does not explain reactions of transmutation with the
participation of middle mass and heavy nuclei. 

On the other hand, the problem of optimization of
nuclear interaction in such cracks (including analysis of the
possibility of suppression of Coulomb barrier action in dif-
ferent kinds of cracks, nanowells and voids with the partici-
pation of two nuclei or degenerated deuterium gas) has been
investigated in many works.2-10 In several of these works
very detailed quantitative analysis of features of interaction
between particles has been carried out.

It is necessary to make some essential remarks to the
analysis conducted in the Storms paper.
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Of course, the standard statement “cold fusion is caused
by a process completely different from and in conflict with
the one causing hot fusion” is correct. But, the reasons for
such difference are not obvious. It is impossible to explain
this difference on the basis of the assumption that features
of hot fusion are connected only with additional excitation
of compound nucleus at accelerated motion of interacting
particles with energy T = p2/2m. From simple analysis it fol-
lows that in the case of inter-nuclear reactions with the par-
ticipation of heavy or middle mass nucleus with mass Mn
and light particle (e.g., proton of deuteron with mass m) it
should not be the essential difference in final products of
cold (TCF ≈ 0.025 eV) and “moderately” hot (“thermonu-
clear”) fusion with THF ≈ 10 keV. In both cases the addition-
al energy brought by the light particle into the compound
nucleus is very close to large binding energy Q ≈ 6 - 8 MeV
>> TCF,HF.

The difference exists only in extranuclear processes:

a) For the case of hot fusion the energy WR ≈ (m/Mn)THF ≥ 10
- 100 eV of relative motion of compound nucleus is much
greater than the binding energy of this nucleus in a lattice,
and in the case of cold fusion it is much lower (WR ≈
(m/Mn)TCF << 0.025 eV);
b) For hot fusion the duration of nuclear collision is very
small and mutual reorientation of electric dipole momen-
tums of interacting nuclei is impossible; for cold fusion the
probability of such reorientation is high.

These reasons can lead to different types of reactions. 
For the case of hot fusion the interaction usually leads to

the formation of slowly moving compound nucleus and to
“standard” multi-channel nuclear decay; for cold fusion
(LENR) it leads to the possibility of reaction of incomplete
penetration and single-channel reaction. 

For the last type of reactions the orientation effects play
an important role. They are similar to the Oppenheimer-
Phillips reaction that can explain He4 formation:

d+d = 1 {(p + n) + (n + p)}→(p+n)+(n+p)→(p+n+n+p)*→He4 + Nγ
2   (p + n) + (p + n) (1)

and absence of free neutrons

d+d = 1{(p + n) + (n + p)}→(p+n)+(n+p)→(p+n+n)*+p→t+p+ΔE (2)
2   (p + n) + (p + n)

in dd-reactions.
For fast particles (hot fusion) the probability of Reaction 1

is very low because of the necessity of the presence of an
additional nearest heavy nucleus for satisfaction of the
momentum conservation law. For Reaction 2, the impossi-
bility of mutual reorientation of deuterons leads to identical
probability of two reaction channels by formation of com-
pound nuclei

d + d → He4*→
1 {(p + n + n)* + p = t + p + ΔE (3)2 (p + n + p)* + n = He3 + n + ΔE

and incomplete penetration with the same probability

d + d = 1{(p + n) + (n + p) → (p + n + n)* + p → t + p + ΔE (4)
2   (p + n) + (p + n) → (p + n + p)* + n → He3 + n + ΔE

The presence of distant from nucleus neutron potential
well for even-odd more heavy nuclei (virtual neutron traps

at distance of 10 - 30 fm)11 also leads to the optimization of
reactions of incomplete penetration. For LENR in solids the
Mössbauer-like process with transfer of recoil energy to a lat-
tice is also possible.

One more statement made by Storms demands elabora-
tion. The author1 asserts that mandatory requirement of
LENR is the satisfaction of the “Second Law of
Thermodynamics that requires energy to always go from
where it is greater to where it is less—from hot to cold, from
high to low, from light to dark. Consequently energy cannot
be increased locally beyond certain very narrow limits,
which are controlled by the Laws of Probability.” This
requirement is correct only for equilibrium systems. For such
systems the role of fluctuations is small. In such systems any
phase relationships are absent. For density matrix approxi-
mation it corresponds to full relaxation of nondiagonal and
diagonal matrix elements. 

These assumptions are totally incorrect for use of the
method of coherent correlated states (CCS)12-15 for interact-
ing particles in non-stationary LENR (see below).

I also disagree with another “standard” belief that Storms
asserts: “. . .attempts to explain cold fusion by proposing to
concentrate energy or by forcing the d closer together is a
waste of time because the typical hot fusion products would
be expected.” It is very important that the CCS method can
unite both these conditions—the barrier is overcome with
high probability during fluctuation with virtual, very high
energy and reaction goes as real (stationary) low energy.

It has been shown12-15 that the use of CCS can lead to
such effects. Below we briefly consider the possible methods
of formation of such states and their application to real
experiments (including LENR in non-stationary cracks). 

Application of Correlated States of
Interacting Particles in LENR Phenomena
2.1. Principles of formation of coherent correlated states
of interacting particles at low energy
The presence of wave properties and the possibility of the
tunnel effect for microparticles are one of the basic distinc-
tive peculiarities of the quantum mechanical description of
Nature. In a concentrated form, these properties are
expressed in the form of uncertainty relations which deter-
mine, in fact, the limit of the applicability of the classical
and quantum descriptions of the same object. This limit is
connected with the Planck constant h- .

The Heisenberg uncertainty relation for the coordinate
and momentum,

σqσp ≥ h- 2/4                             (5a)

and its generalization

σAσB ≥ |<[ÂB̂]>|2/4,σC = <(ΔĈ)2> = (δC)2, ΔĈ = Ĉ – <C> (5b)

for arbitrary dynamical variables A and B are the base rela-
tions of quantum mechanics. In modern interpretation,
Equations 5a and 5b correspond to uncorrelated states.

In 1930, Schrödinger16 and Robertson17 generalized
Equation 5b and derived a more universal inequality called
the Schrödinger-Robertson uncertainty relation

σAσB ≥ |<[ÂB̂]>|2/4 (1 – r2), r = σAB / √σAσB ,       (6a)
σAB = <ΔÂΔB̂ + ΔB̂ΔÂ>/2 = (<ÂB̂ + B̂Â>)/2 – <A><B>



32 INFINITE ENERGY  •  ISSUE 108  •  MARCH/APRIL 2013

where r is the correlation coefficient between A and B with
|r|≤1, σAB is the mutual variance of A and B corresponding to
the mean value of the anticommutator of the error operators
ΔK̂ = K̂ – <K>.12,18

The Schrodinger-Robertson uncertainty Equation 6a is an
obvious generalization of the Heisenberg-Robertson uncer-
tainty Equation 5b for correlated states and is reduced to it
at r = 0.

It was shown12-15,18 that for a model system including a
particle with coordinate q(t) and momentum p(t) in the field
of a nonstationary harmonic oscillator 

V(q,t) =  
mq2ω2(t)

(7)
2

a decrease in the particle oscillation frequency ω(t), leads to
an increase in the correlation coefficient |r(t)|, and a change
of the uncertainty relation,

δqδpq ≥ h- /2√1 – r2 , r(t) = <qp̂ + p̂ q>/2δqδp, (6b)

δq=√<q2>, δp = √<p2> 

From the formal point of view the change in the correla-
tion coefficient in the uncertainty relation can be taken into
account by introducing the variable Planck constant h- *

h- → h- * = h- / √1 – r2 (8)

at |r| → 1 we have h- * → ∞.
When a strongly correlated particle state with |r| → 1 is

formed, the product of the variances of the coordinate <q2>
and momentum <p2

q> increases indefinitely. This leads to the
possibility of a much more efficient particle penetration into
the sub-barrier region V(q) than that for the same particle in
an uncorrelated state. It was shown13-16 that very low barri-
er transparency (tunneling probability) for the initial uncor-
related state,

D0 = Dr=0 = exp {-W(E)} << 1,

W(E) = 
2
∫

R+L(E)

R
|p(q)|dq, |p(q)| = √2M < √V(q) – E >        

(9)

h-

that corresponds to the conditions E<<Vmax, W(E)>>1 for
the formation of CCS can increase to maximal possible
value, D|r|→1 → 1 at the same low energy E<<Vmax. In
Equation 9 R is the nucleus radius, L(E) is the “barrier width”
and M is the reduced particle mass.

In a very simplified form, this effect can be taken into
account by the formal (not quite correct) substitutions

Wr=0(E) → Wr≠0(E,h- ) = Wr=0(E,h- *) = Wr=0(E,h- )√1 – r2 , 
D|r|≠0(E) = (D|r|=0(E))√1–r2

(10)

In this case the barrier transparency for a particle in a corre-
lated state increases by a factor of

D0
√1–r2 /D0 = 1/D0

1–√1–r2 >> 1                      (11)

which is close to the result of exact barrier clearing calcula-
tions at different r using rigorous quantum mechanical
methods.12 Although these estimates with the substitution h-

→ h-* are not quite correct (they are made just for illustration
of order of the effect) and must be justified every time, they
clearly demonstrate a high efficiency of the use of CCS in
solving applied tunneling related problems in the case of a
high potential barrier and a low particle energy.

The physical reason for the huge increase in barrier trans-
parency for a particle in  coherent correlated superposition
state is related to the fact that the formation of a coherent
correlated state leads to the cophasing and coherent sum-
mation of all fluctuations of the momentum Δp→(t) = Σ

N

n
Δp→n(t)

for various eigenstates forming the superpositional correlat-
ed states. This leads to great dispersion of the momentum of
correlated state

σp = < {ΣN
n
Δp→n(t)}2 > = N 〈(Δp→n)2〉 + N2 〈Δp→nΔp→m〉   (12)

and very great fluctuations of kinetic energy

<ΔT> = <(Δp→(t))2 > /2M = N2 〈Δp→n(t)Δp→m(t)〉/2M +     (13)
N 〈(Δp→n(t))2〉/2M ~ N2

of the particle in the potential well and increasing of poten-
tial barrier penetrability. This situation is presented in sym-
bolic form in Figure 1.

A CCS can be formed in various quantum systems. The
most easy way to form such state is when the particle is in a
nonstationary parabolic potential well (Equation 7). The for-
mation mechanism in such system was considered.13-15

The coefficient of correlation r(t) can be obtained by ana-
lyzing the equation of motion for a classical oscillator with
a variable frequency that in dimensionless form is

d2ε + ω2(t)ε = 0, ε(0) = 1, dε 0 = i, ω(0) = ω0 (14)
dt2 dt

where ε(t) = εϕ(t) is the complex amplitude of the
harmonic operator normalized to x0 = √h- /Mω0 ;
ϕ(t) = α(t) + iβ(t).

The correlation coefficient is defined by the
expression12-15,18

r= Re {ε* dε}/ε* dε, r2 = 1 – ω2
0 /ε* dε2 (15)

dt dt dt

Equations 14-15 are equivalent to equations for
the real functions α(t) and β(t) 

d2α + (dα)2 – exp(-4α) = -ω2(t)         (16a)
dt2 dt

Figure 1. Formation of total fluctuating momentum of a particle in potential well in
uncorrelated and correlated superpositional states.
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β(t) = ∫
t

0
exp{-2α(t’)}dt’                  (16b)

|r| = √(dα/dt)2exp(4α)/[1+(dα/dt)2exp(4α)]     (16c)

The problem of influence of both damping and presence
of additional fluctuation force was solved and discussed.15

It is very important that the CCS can be formed, at least
in principle, within any system of levels of quantized
motion that are not subjected to an external intense dephas-
ing action, provided that a certain coherent action is super-
imposed on it.

2.2. Methods of formation and effectiveness of application
of coherent correlated states at low energy of interacting
particles
In our works12-15 the method of formation of coherent cor-
related states of a particle at monotonic ω(t) = ω0 exp(-
t/T)12,13 and periodical13-15 changing in the frequency ω(t)
of a nonstationary harmonic oscillator was investigated.

The first regime can be provided, for example, at a con-
stant depth of the potential well Vmax in which the particle
is located and for monotonous increase
its width L(t)

L(t) = L0exp(t/T), L0 = √8Vmax/Mω2
0 (17)

The efficiency of excitation of the corre-
lated states greatly depends on time (see
Figure 2).

The fast increase of correlation coeffi-
cient |r(t)|→1 at such deformation of
width L(t) leads to a “giant” increase of
barrier transparency (Equation 10)
D|r|≠0(E) → 1 at low energy. Such effect is
possible at monotonic deformation
(“growing”) of mechanical cracks with
deuterium gas in solids, e.g. or into non-
stationary microwells1-4 at growth of bio-
logical objects.19,20

A more realizable situation takes place
for a harmonic law of change in ω(t) in
the case of a full-scale change of the
oscillator frequency, 

ω(t) = ω0 |cosΩt|           (18)

or a change of this frequency in a limited
range, 

ω(t) = ω0 (1 + gΩ cosΩt)     (19)

where |gΩ|<1 is the modulation depth.
This regime can be provided, for exam-

ple, at a constant depth of the potential
well Vmax in which the particle is located
and for a periodic change in its width in
the interval

L(t) = L0(1+gΩcosΩt), L0 (20)

= √8Vmax/Mω2
0

The efficiency of excitation of the correlated states greatly
depends on a ratio of ω0 and Ω.

Figure 3 presents the time dependences of the correlation
coefficient   for a periodic and limited change in the oscilla-
tor frequency (Equation 19) at Ω = 2ω0. 

It follows from these results that the duration of formation
of CCS decreases with the increase of frequency modulation
depth, e.g. for the case presented in Figure 1b, we have |r|max
≥ 0.999998 at t ≥ 500/ω0. For such value of |r|max the proba-
bility of tunneling effect for reactions d + d and PdA + d at
room temperature increases from Dr=0 ≈ 10-100 (for non-cor-
related state of interacting deuterons) to Dr=0.999998 ≈ 0.8 (for
correlated state of d) and from Dr=0 ≈ 10-4600 (for non-corre-
lated state of interacting particles d and PdA) to Dr=0.999998 ≈
10-8 (for correlated state of d) in potential well of nearest PdA+

ions).
From the detailed analysis it follows that the process of

formation of CCS with |r|max → 1 at action of limited peri-
odic modulation (Equation 19) is possible only at any of two
conditions: Ω = ω0 (resonant formation) or Ω is close to 2ω0
and lies inside the interval (2 – gΩ)ω0 ≤ Ω ≤ (2 + gΩ)ω0 (para-
metric formation).

Figure 2. Time dependences of the correlation coefficient r (t) (a) at various rates of monoto-
nic decrease in the harmonic oscillator frequency ω(t) = ω0exp(–t/T) (b). Curves 1-7 corre-
spond to T = 0.1/ω0, 0.25/ω0, 0.5/ω0, 1.0/ω0, 1.33/ω0, 2/ω0, 5/ω0.

Figure 3. a) Time dependences of the correlation coefficient r for a limited change in the oscil-
lator frequency ω(t) = ω0 (1 + gΩcosΩt) at gΩ = 0.1, Ω = ω0; b) Increased fragment of (a).

Figure 4. Dependences of averaged correlation coefficient <|r (t,Ω)|> and normalized aver-
aged coefficient of barrier transparency on frequency Ω at |gΩ| = 0.1 (a) and |gΩ| = 0.01 (b).
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The results of calculation of averaged correlation coeffi-
cient 

<|r(t,Ω)|>t =  
1

∫
t0-Δt/2

t0-Δt/2
| r(t,Ω)|dt (21)

Δt

are presented in Figure 4a-b for Δt = 103/ω0 and different val-
ues of modulation depths gΩ = 0.1 (t0 = 1500/ω0) and gΩ =
0.01 (t0 = 104/ω0).

In Figure 4b the results of calculation the averaged coeffi-
cient of barrier transparency

<<D(t,Ω)>t >=    
1 ∫ { 1

∫
t0-Δt/2

t0-Δt/2
D(t,Ω’)dt } (22)

√πδΩ     Δt

exp[-(Ω – Ω’)2/(δΩ)2]dΩ’  

at non-monochromatic periodic modulation of ω(t) are also
presented.

From these results follows a very important statement: in
any experiments with the use of external periodic modula-
tion with limited frequency interval, the suppression of
action of potential barrier on the effectiveness of nuclear
reaction with the participation of charged particles is possi-
ble only for frequencies |Ω – ω0| ≤ δΩ or
|Ω – 2ω0|≤|gΩω0 +δΩ|.

This statement is in very good corre-
lation with “terahertz” laser experi-
ments21,22 on the stimulation of
nuclear reaction at joint action of two
laser beams with variable beat frequen-
cy on a surface of PdD cathode during
electrolysis in D2O. Figure 5 shows the
experimental frequency dependencies
of thermal energy release21 in these
experiments. 

Formation of CCS in this system is
connected with the direct or indirect
(by plasmon excitation or phonon
mode modulation) action of electro-
magnetic radiation with frequencies Ω
on optical phonon modes ω(k)

0 of
deuterons in PdD compound. Four res-
onances of energy release Ω1 ≈ 7.8...8.2
THz, Ω2 ≈ 10.2...10.8 THz, Ω3 ≈
15.2...15.6 THz, Ω4 ≈ 20.2...20.8 THz in Figure 5 are the
result of averaging of about 30 experiments and subsequent
statistical processing of experimental data.21

Comparison of frequencies of all four resonances shows
that the ratios between these frequencies are Ω3 ≈ 2Ω1 and
Ω4 ≈ 2Ω2 with good accuracy. By the way, from the given
experiments it follows that the amplitude of high-frequency
maxima in each of these pairs (accordingly Ω3 and Ω4) great-
ly excided the amplitudes of the maxima corresponding to
the “basic” frequencies Ω1 and Ω2. Such relation directly fol-
lows from comparison of Figure 4b and Figure 5. These
experimental results completely correspond to the theoreti-
cal model of CCS.23

This model also explains the presence of a resonance of
nuclear reactions (d + d  and PdA + d) on frequency Ω4 ≈
20.2...20.8 THz (at action of beat frequency Ω4). It is known
that in the region ω(k)

0 > 16 THz there are no optical phonon

modes for PdD compound (see analysis in Hagelstein et
al.22). So, the resonance of these nuclear reactions at action
of beat frequency Ω4 is connected (by parametric interaction
at formation of coherent correlated state) with the optical
phonon mode in PdD with the frequency ω(2)

0 = Ω4/2 = Ω2.
A different situation takes place if there is a full-scale

(maximally possible) change of the oscillator frequency ω0(t)
(Equation 18). In this case the process of formation of a
totally correlated state is possible at various actions on the
system (including the use of low frequency Ω << ω0). It was
shown13,14 that at Ω = ω0/100π ≈ 0.03ω0 we have |r|max ≥
0.999993 at t ≥ 4000/ω0.

Obtained results can also explain Rossi-Focardi experi-
ments at action of RF-irradiation to hot NiH nano-powder
situated in a closed chamber with the presence of com-
pressed H2 gas.24-25 In this case the action of irradiation on
the surface of nano-particles leads to modulation ω(t) = ω0n
(1 + gΩ cos Ωt) of acoustic phonon and plasmon modes ω0n
of these nano-particles. Such modulation leads to formation
of CCS, a sharp increase of Coulomb barrier transparency
and stimulation of nuclear reactions NiA + p → CuA+1 + ν (A
= 58,60,61,62,64). Barrier transparency for these reactions at
temperature T ≈ 400...600 C increases from Dr=0 ≈ 10-1000

(for non-correlated states of interacting p and NiA nuclei) to
Dr=0.999993 ≈ 10-6...10-4 (for correlated
state of p). 

The similar effect of formation of CCS
and stimulation of effective nuclear dd-
fusion (including generation of neutron
bursts) takes place in cooled D2 gas at
changing of strong external magnetic
field in interval 8...10 kOe.26
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