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Abstract. We describe a mechanism for cold fusion that is able to explain how two hydrogen ions
may come close enough so as to fusion as well as many of the different and independent
experimental observations made during years of experiments. We present the mechanism, its
weak points, the way it explains the respective phenomena and suggest some experiments that
may validate further the model described by us.

The initial work of Fleischman and Pons [1] was published more than twenty years ago but the
acceptance of the facts by the wide scientific community is still to be obtained. While experiments are
beginning to become reproducibilite (see www.lenr-canr.org), it remains the problem that there is no clear
explanation on how two positive ions may get so close, at room temperature, so as to fusion. We show
how such a mechanism may exist and explain this “exotic” phenomenon. We start from two observations:
a) from the literature [2] it results that in Pd hydrogen exists in Pd as a positive ion; b) the ions are
moving in a periodic electrostatic potential given by the periodic location of the host lattice ions, being a
superposition between the electrostatic screened potential made by the positively charged metal ions. This
last aspect suggests an analogy with the case of electrons in solids [3]. Starting from this point and having
in mind also the theory of the Kronig-Penney potential [4] that predicts formation of energy bands in case
of periodic potentials, we may conclude that the hydrogen ions exists in such energy bands in the solid.
Each type of isotopes has its own energy band structure. A model based on energy band structure for the
hydrogen ions was proposed earlier by [5], but we follow another route as compared to it, route that
allows us to explain the main aspects of the mechanism and why cold fusion may take place at room
temperature. The energy bands may be separated by forbidden energy gaps or may superimpose, as in the
case of metals. We refer from now on only to the energy band structure corresponding to hydrogen ions.
Following the usual route in solid state physics, we describe the kinetics of the hydrogen ion by its energy
E and its wavevector k. There is always a relation E = E(k) between these two parameters, relation that is
called the dispersion relation. We may deduce from it the ion effective mass m*:
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The effective mass (generally, it is a tensor) is applicable especially when considering the particle at one
of the energy band edges, namely upper edge or lower edge. At the lower edge the effective mass is
positive. At the upper edge the effective mass is negative [3]. An electrically charged particle with
negative effective mass behaves in an electric field like a particle of positive effective mass but having an
opposite charge [3], which means that a H ion that is excited at the top of an allowed energy band has a
negative effective mass and it behaves, in an electric field, as a negative ion with a positive effective
mass. This is a very important feature and is the key to our model. A particle may reach the upper part of
an energy band only by excitation (thermal or of other nature) and it will stay only a certain interval of
time in the respective state because of scattering on different quasi-particles (phonons, lattice ions,
impurity ions, etc.). For the sake of simplicity, we consider throughout the work that hydrogen does not
form any hydrides or, if it forms, the hydrogen concentration in the material is so high that all the
hydride-type bonds are saturated with hydrogen and the remaining hydrogen ions are moving relatively
free within the "lattice" formed by the potential wells.
The mechanism we propose is as follows: a hydrogen ion is excited to an upper energy state having
negative effective mass. This excited ion will stay a time in the excited state. During this period, the
excited ion may interact electrostatically with another hydrogen ion that has a positive effective mass.
The system of two ions behaves similar to two particles of opposite charges attracting each other. They
move in a central potential field, similar to electrons in atoms or two electron and hole in an exciton.
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Thus, the combination of the Coulomb potential and the negative effective mass is the mechanism that
allows the two H ions to approach each other. It is mandatory to mention the fact that the two ions must
be in different allowed energy bands (different Brillouin zones [3]) so as they be able to form a closely
orbiting system. If we take into account that heavier ions will get closer than lighter ones, the sequence of
fusion probability will be given by T > D > H, where T stands for tritium, D for deuterium and H for
proton. For example, deuterium is twice heavier than proton, so that we expect that the orbiting radius for
the case of deuterium be approximately half of that corresponding to the proton. In other words, the
heavier isotopes are the most probable to fusion by such a mechanism, since the orbiting distance between
them will be smaller. Another possibility is that the ions directly collide / coalesce. For the orbiting case,
a first temptation is to use the expression of Bohr radius but replacing the electron mass with that of the
hydrogen ion. This approach indicates an orbiting radius of few tens of femtometers, small enough so that
nuclear fusion takes place with a certain probability. This approach is only generic and useful for showing
that, in principle, the two ions may get close enough so as to fusion. The (constant) effective mass
formalism is applicable when the interaction potential is of the order of several eV to even few tens of eV.
In reality, the overall potential (electrostatic repulsion + lattice) changes as the two ions get close each
other. In such a situation, the energy band structure changes as well with the distance between ions and so
does also the effective mass. An iterative computation is needed for obtaining a correct estimate of the
orbiting distance. Moreover, the host lattice expands as hydrogen is incorporated into it. This means that
the band structure (and the effective mass) varies with the content of hydrogen. Such a mathematical
computation is complex and, especially, needs a high computational power so as to tackle the problem
with sufficient precision. When the two ions get very close to each other, the applicability of the efective
mas formalism is not valid anymore. Even if we may still speak about ion mass (positive or negative
mass) since the ion is characterized by a certain dynamics inside the periodic crystal, the mathematical
use of the respective formalism is questionable. A first approach may be that of considering an effective
mass that is energy (and, thus, position) dependent. This approach is based on the observation that the
energy band structure is a continuous function everywhere in the lattice, as well as are its first and second
derivatives with respect to the coordinates and, respectively, to the wavevector of the ions. It is obvious
that the band structure varies dramatically in the region where the two ions interact, but there can still be
defined a band structure and a local (energy / position dependent) effective mass. Such an approach may
lead to significant computational complexity. Another approach can be that of considering a tight binding
model, since the electrostatic interaction at distances useful for fusion process is of the order of tens of
keV. Such a start point moel could be that of [6]. However, the aim of this paper is to present the physical
mechanism leading to fusion at room temperature and the consequences of it. The elaboration of the
mathematical formalism to be used for describing the process is an open matter and does not represent the
scope of the paper. However, even with this problem, the model can explain in a unitary manner many
experimental results presented in the literature, as will be seen further. This lack of an appropriate
mathematical formalism is the weak point of our model. When orbiting, the two ions form a bound
system having a discrete energy spectrum, as in the case of excitons in solids [3] and electrons in atoms
[4]. Because the interaction energy at such short distances is of the order of tens of keV, we expect that
the specific energy spectrum of such a bound system be active in the X-rays region. Emission of X-rays
with specific wavelengths was experimentally proven in [7-8]. In [8] the authors claim that the emitted Xray wavelengths are not specific to any characteristic X-ray spectrum of the known elements. We
consider that the X-rays are emitted by the bound system formed by the two orbiting ions, during system
de-excitation to a lower energy state, analogue with the case of electrons in excited atoms. Because of the
specific, discrete energy levels of the bound system, the emitted X-ray spectrum has wavelengths that are
specific for the difference in energy between the levels involved in the de-excitation transition,
wavelength that are not encountered in any of the characteristic X-ray spectra of the known elements. An
interesting consequence of our model is that illuminating a hydrogen loaded sample with X-rays having
wavelengths identical to these experimentally determined ones (that have a specific emission spectrum
during reaction) will reduce the reaction rate. This is so because resonant excitation of the bound system
will increase the orbiting radius, similar to electrons in atoms (resonant illumination of an atom excites
the electron on a state that is further from the nucleus than is the fundamental state). This is a theoretical
prediction that, to our knowledge, was not yet reported experimentally. Its experimental verification will
check the validity of our model. Let us now consider the ways in which an ion may be excited to the
upper energy state of negative effective mass. One way is by excitation at thermal equilibrium, when
collisions with different quasi-particles existing in the lattice may give the ion enough energy to reach the
top of the energy band. The higher the temperature is the greater is the number of ions with negative
effective mass. Another way is to use external factors such as illumination with photons or bombardment

363

with energetic particles (electrons, ions) [9]. Since we have an energy band structure, only photons with
appropriate wavelengths may excite the ions to the energy states of negative effective mass. Such a
resonant / selective excitation is observed in [10]. In this case, the energy of excitation may vary from
several meV up to several eV. Such a situation is encountered in [10-11]. We mention that in [11] the
energy difference between the two incident light beams is claimed to have effect in enhancing the fusion
process. It seems that the two beams excite a phonon in the metal, in the THz frequency range, this quasiparticle being responsible for the enhancement. Such a phonon may interact with a hydrogen ion and
excites it resonantly at the top of the energy band. We assert that the Born-Oppenheimer approximation
[3] is applicable to the hydrogen ion also. We make this assertion because we expect that the mass of the
hydrogen ion in the lattice do not differ significantly with respect to hydrogen mass in vacuum. This
assumption is based on the analogy with electrons in crystals. Hydrogen has a relatively high mobility in
heavy metals that have an atomic mass of at least tens of hydrogen atomic mass. For example, Pd has an
atomic mass that is 106 times greater than hydrogen mass [www.webelements.com]. On the other hand,
hydrogen diffusion in metals is a slow process, the hydrogen ions being all the time in thermal
equilibrium with the lattice / metal ions. Because of these two reasons, hydrogen ions are approximately
ten times faster than the lattice ions, so that Born-Oppenheimer approximation may be applied without
introducing great errors, of only few percent. As numerical values, we mention that an error of less than
10 % for proton in Pd and of approximately 16 % for tritium in Pd is obtained. These are acceptable
errors. The Born-Oppenheimer approximation indicates to us that we may look at the "lattice" formed by
the potential wells (for the hydrogen ions) as being frozen, hydrogen ions moving within this lattice.
Because such a potential well is formed by the contribution of several atoms that oscillate in an
uncorrelated manner, the potential well is also squeezed at the same frequencies as those of atom
oscillations. Since the displacements of atoms, at room temperature, are small compared to the
interatomic distance within the metal lattice, we may consider that the deformation / squeezing of the
potential wells is small compared to the well size.
A very important aspect is that two hydrogen isotopes are fermions (proton and tritium) while deuterium
is a boson. This is a very important feature. Consider two adjacent potential wells, one having a higher
number of hydrogen ions than the other, as
depicted in figure 1. In the left part, we have the
case of fermions. In the right part, we have the case
of bosons. We simplify and consider discrete
energy levels, but the explanation may be extended
in a straightforward manner to band structure also.
Figure 1 – Sketch of the way in which fermions, respectively bosons, diffuse.
Let consider fermions first. The fermions from the left quantum well may diffuse / tunnel only on the unoccupied states in the right quantum well because of the Pauli exclusion principle. This means a low
number of available states for transfer, as seen from figure 1. In the case of bosons, there is no exclusion
principle and they may diffuse / tunnel on any of the states existing in the right-side quantum well since
several bosons may share the same energy state. This means a higher probability of transfer from one well
to the other than in the case of fermions because of the greater number of available states able to receive
an ion. The same arguments are applicable also to the boson ions lying on the lower energy states of the
left quantum well from figure 1. Because of that all the bosons participate in the diffusion process and not
only those from upper energy levels. Thus, the energy band model may explain why deuterium diffuses
easier in metals than the other hydrogen isotopes. Because of the same reason, the boson character makes
Pd able to load a very high concentration of deuterium as compared to the case of proton. The normal
sequence for the diffusion coefficients would be H > D > T, since the heavier a particle is the lower is its
diffusion coefficient. But taking into account the fermion / boson character of each ion and the above
arguments, the correct sequence for the diffusion coefficients is D > H > T, as is observed experimentally.
Taking into account that the orbiting distance is smaller for heavier isotopes, it results that the most
favorable isotope for observing cold fusion is deuterium. This is due to its higher mass (that allow him a
smaller orbiting radius than in the case of proton) and to its bosonic character that allow him to diffuse
faster and be incorporated in a greater amount than the other isotopes. As regards the true potential in
which the ions move, let’s consider a direction in the crystal that is along the great diagonal of the lattice
cube of Pd. This great diagonal passes through the center of the cube and also through two of the host
lattice nuclei. Taking into account that hydrogen interacts electromagnetically with the screened
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electrostatic potential of the lattice ions but has also the ability to present strong interaction, it results that
the hydrogen ion sees a potential formed by two kinds of quantum wells: electromagnetic and nuclear, as
depicted in figure 2. The nuclear quantum well corresponds to the lattice ion. From the quantum
mechanics point of view, there is no formal difference between an electromagnetic potential well and a
nuclear potential well. Thus, we may consider that for the hydrogen ions there is a coupling between
lattice energy levels and host nuclei levels. This is so because solving the Schrödinger equation for this
system of quantum wells will results in energy levels / bands that are common to both types of wells,
electromagnetic and nuclear. This phenomenon is specific only to the host lattice in its solid state. This
fact suggests the possibility that nuclear reaction s in solid state occur in a slightly different manner that
in the liquid or gaseous state of the host lattice, cold fusion being only a particular case of that. The
situation depicted in figure 5 is idealized, in the sense that we have drawn rectangular walls for the
potential wells.
Figure 2 – The true quantum potential for the hydrogen ion in
solids.
Let’s now consider the behaviour of the system when cold fusion
takes place. Suppose that in a certain place in the host metal a
fusion process is initiated by using some means. The occurring of
the nuclear fusion in that region of the metal produces heat, heat
that locally increases the host temperature. Because of the
increase in temperature, there will be an increased number of ions
excited to higher energy states that are characterized by a
negative effective mass. Thus, the number of ions with negative effective mass is increased. This increase
in their number has as a result the increase in fusion processes that, at their turn, increase further the local
temperature. In this way, a positive feedback appears, in the sense that, once initiated, the fusion process
may go further without the need of any external action and can even be self-sustained as described in
[12]. Self-sustainability appears in the case when the system generates more energy than it dissipates.
There is also a negative feedback, given by several mechanisms such as: a) the lifetime in the excited
state decreases with increasing temperature because of the increased scattering on lattice specific quasiparticles, thus decreasing the available time for the two ions to approach each other enough for fusioning;
b) consumption of reactant particles (at that specific site in the lattice) as a consequence of the fusion
process, process that is faster than the supply made by diffusion from outside; c) the deterioration, and
even melting, of the host lattice as a result of the collisions of the energetic ions resulted from fusion,
deterioration that mitigates the local energy band structure and thus mitigates the mechanism for
hydrogen ions approaching; d) hydrogen out-diffusion from the regions where fusion takes place, this
process being due to the fact that an increase in local temperature produces an increased diffusion of
hydrogen ions from the warmer region to the colder ones, this out-diffusion being able to reduce or even
reverse the flux of ions coming from regions with a higher ion concentration; e) heat dissipation rate to
the exterior, dissipation that allows the crystal to not overheat excessively (as in the case when is mounted
in vacuum) and thus to limit the positive feedback loop. This process of dissipation depends on the metal
(through density, specific heat and thermal conductivity) and on the cooling boundary conditions. If nonequilibrium (illumination or particle bombardment) excitation of hydrogen ions is made, a good
dissipation of the generated heat to the exterior can make the difference between a successful experiment
and an experiment having a more violent, explosive character. These negative feedback mechanisms may
dominate at higher reactions rates because of the reasons told above. Thus, we may expect a reaction rate
that depends on temperature in a non-linear fashion, having a maximum value at a certain temperature, as
described in [13]. This happens because below that temperature, the dominant role is taken by the positive
feedback, which tends to increase the temperature. Above the temperature corresponding to the maximum
of the reaction rate, the negative feedback becomes dominant, which tends to reduce the reaction rate.
Thus, an oscillatory behaviour may be expected for the reaction rate. There is necessary a threshold value
of the hydrogen concentration because under this value: a) the fusion processes are rare; b) thermal
conduction of the metal carries out the heat sufficiently fast so as the positive feedback be insignificant
and no experimental observation of the heating be made; c) let “d” be the mean free path of a negative
mass ion during its stay in the excited state. If this mean free path is less than the average distance
between ions (equal to N0-1/3 where N0 is the total ion concentration), then the probability that the excited
ion encounter another ion is reduced. As a consequence the reaction rate is reduced correspondingly.
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Increasing concentration lowers the average distance between ions and the encounter probability becomes
higher, the same happening for the reaction rate. Let denote by “f” the fraction of ions having a negative
effective mass and N0 be as above. “f” depends on temperature and is equal to 0.5 when temperature
tends to infinity. It may be computed from the Fermi-Dirac or Bose-Einstein distribution function
(depending on the type of isotope) and the density of states specific to the resepctive ions. The
concentration of ions with negative effective mass is thus equal to f*N 0 while the concentration of ions
with positive effective mass is equal to (1-f)*N0. The fusion reaction rate is equal to the product of these
two concentrations (there is also the reaction cross-section that multiplies these two concentrations),
being equal to f*(1-f)*N02. Thus, from our model, it results that the fusion reaction rate is proportional to
the square of the hydrogen ions concentration, as is observed experimentally. There is enough
experimental evidence that shows that heat emission takes place only after a certain concentration of
hydrogen is obtained in the Pd lattice. This can be explained by two main aspects. First, the observation
of rise in temperature produced by the nuclear reaction depends on the sensitivity and speed of the
devices used for measuring temperature (thermometer, infrared camera) and by the thermal noise of the
Pd+calorimeter system. A very sensitive apparatus and a Pd/calorimeter system with very low noise will
show a lower threshold concentration. The generated heat flux must be at least comparable to the heat
loss flux in order to produce an observable effect (else, the signal is small and extinguishes fast with
time). A system with a lower heat dissipation rate will show a lower threshold concentration. Secondly, it
must be taken into account the explanation given above when comparing the average distance between
hydrogen ions with the mean free path of the negative mass ion. A higher concentration increases the
probability of encounter and thus the reaction rate. As regards the generated heat, there is an infrared
emission of the metal surface, the spot corresponding to the highest temperature having a position that
varies randomly onto the surface [14]. As we have mentioned earlier, a necessary condition for reaction is
the thermal excitation of the hydrogen ions on energy states with a negative effective mass. This is a
random process. A greater thermal fluctuation at a point may produce a greater reaction rate, with heat
emission. The temperature increases at that point and positive feedback is triggered (above a threshold
determined by the heat loss rate). This positive feedback consumes some part of the hydrogen at that
point, so the spot extinguishes in time. Then, another fluctuation appears at other place, in a random
manner (the temperature and concentration fluctuations are random processes) and the process is
repeated. A consequence of this explanation is that the bright spot never appears twice at the same place
(or at least appears after a long enough time so as the ions concentration be recovered at that place), since
the hydrogen ions in that place are consumed during the first spot. We don’t have yet data or experimental
results to prove this last assertion, it results from the model proposed by us. The excitation of hydrogen
ions to upper energy states with a negative effective mass is taking place all the time. Thus, even if the
loading process is finished since a certain time interval, these excitations take place and may generate
heat by the mechanism proposed by us. This fact explains why is observed the so-called “heat after death”
[12], since the excitation processes are independent on the loading means and are occurring all the time
during loading and after that. This has as one of the consequences the fact that emission of X-rays with
specific wavelengths should be observed even after the external excitation of the Pd loaded sample is
switched off, since the start of orbiting of the two hydrogen ions is not necessary to be made directly on
the fundamental state of the ions bound system. This may offer an explanation for the experimental data
obtained in [15]. These are some of the experimental results that can be explained by our model. Our
model does not contradict that one based on the screening effect made by the free electrons of the metal,
since screening proves a support for the ions to get closer. As regards the plasma wave model proposed
by [16], the plasma wave may be considered as exciting the ions to upper energy states where they
acquire a negative effective mass. However, the [16] model cannot explain why X-ray radiation with
specific wavelengths is emitted during reaction and why the effect observed by Letts and Cravens is
taking place. A similar effect as in [9-10] must be observed by using THz / mm / sub-mm radiation, with
a frequency similar to or close to that mentioned in [10]. This is so because of the resonant excitation
(direct or phonon mediated) of ions to energy states with a negative effective mass. However, the use of
THz / mm / sub-mm radiation should be more favorable to observe enhancement effects than the use of
visible or near-infrared lasers, because the skin penetration depth of the THz / mm / sub-mm radiation is
larger than the skin depth corresponding to visible or near-infrared light. This feature makes that a greater
number of hydrogen ions be excited with THz / mm / sub-mm radiation than with optical light, fact that
will increase the amount of generated heat. This assertion is also a theoretical prediction and should be
checked experimentally. Another experiment that should be done is that of cyclotronic resonance in
deuterium loaded Pd (both at low and at high hydrogen concentration), so as to measure the effective
mass of hydrogen in the metal lattice. This measurement should give an experimental indication when
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trying to compute the concrete band structure for the hydrogen ions. In conclusion, some experiments that
are based on our prediction may be done so as to check our model: a) illuminating a hydrogen loaded
sample with X-rays having wavelengths identical to the specific ones emitted during reaction to see if the
reaction rate will be reduced; b) illuminating with THz / mm / sub-mm radiation to see if an enhancement
effect greater than that reported by Letts and Cravens is obtained; c) X-ray reflection spectra of hydrogen
loaded samples, to check if “unusual” absorption lines appear. Caution should be made when exciting the
Pd+deuterium system by non-equilibrium means (photons, particle bombardment), since this may end
with very energetic, explosive processes, as could be the case reported in [17].
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