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Abstract—Experimental results for anomalous heat effect and super magnetic field observed for hydrogen-Nickel systems 

are described. Theoretical analysis and reaction mechanisms are presented using theory of Boson cluster state nuclear fusion 

(BCSNF) based on the optical theorem formulation. Observed excess heat generation and anomalously large magnetic field 

are explained by theoretical descriptions based on nano-scale explosions (“Bosenova”) and proton supper currents. 

 

Index Terms—Hydrogen fusion in metals, Boson cluster state nuclear fusion, excess heat generation, anomalous super 

magnetic field. 

 

1.  Introduction 

 

   Recently, the experimental results of excess heat generation with hydrogen-Nickel systems have been reported [1]. 

Over the past twenty four years, there have been many publications reporting experimental observations of excess heat 

generation and anomalous nuclear reactions occurring in metals at ultra-low energies, now known as the Fleischmann-

Pons effect [2, 3] which include both electrolysis and gas loading experiments [3-5] and also include experiments 

involving deuterium-metals [2-5] and hydrogen-metals [1,6-9]. Theoretical explanations of the Fleischmann-Pons effect 

[2,3] and the low energy nuclear phenomena [2-5] have been described based on the theory of Bose-Einstein 

condensation nuclear fusion (BECNF) or theory of Boson cluster state nuclear fusion (BCSNF), occurring in 

micro/nano-scale traps/metal particles [10-24].  

   In this paper, we describe the results of the earlier experimental work [1] as well as the more recent results of 

experiments with hydrogen-Nickel systems, including the observation of generation of anomalously large magnetic field 

(“super magnetic field”). After reporting the experimental results, we describe theoretical analysis and reaction 

mechanisms for the observed experimental results of hydrogen-Nickel systems based on the BCSNF theory [10-24]. 

 

2.  Experimental Techniques and Procedures 

2.1. Experimental device/fuels/reaction cells 

The experimental results reported in this paper are based on Hyperion R5 lab reactors, for which the reactor 

geometries are shown in Fig. 1 below (some details omitted). 

 

 
 

 
Fig.1  Hyperion Lab Prototype architecture (in mm) 
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Reactor’s chamber, constructed with SS316, was hermitically sealed following its degassing and H2 pump at 1.2bars. 

The Hyperion reactor contains a reactor core of Ni metal foam with many empty cells with average diameter of ~200 

microns (µm). Each core is filled with Ni powders of ~ 5 microns (µm). Ni grains had been modified following a 

proprietary method as described in [1]. The core is supported with a ceramic structure and mu metal layers. 

2.2. Triggering method 

The triggering of the reactions is performed by a HV DC pulsed discharge between W and TZM electrodes (10-

24kV, 60-110mA) at a kHz pulse range. This periodic triggering follows the initial pre-heating of the active material at 

temperature higher than 179
o 
C, using electric heat resistors embedded in the reactor’s structure as in shown in Fig. 1. 

Both energy input and electric power sources were controlled and modulated through VARIACs.  

 

2.3. Experimental measurement techniques 

All input power and signals from the attached thermocouples, gamma detectors and the flow meter of the water 

which cools the reactor through the Cu coil rounding it, were monitored in real time per sec through a NI Labview/PCX 

data acquisition board. The detailed configuration of the data acquisition, the calorimeter setup and the calibration check 

of all measuring devises is presented in details in [25].  

Overall cross checking of the system’s performance was performed with a control test using the same system, 

operating with identical input and coolant flow parameters, except replacing only the H2 gas with Ar gas at the same 

initial pump-in pressure. 

For specific parameters measurements, such as the excited levels of H2 or hydrogen atom excitation to their Rydberg 

states or the magnetic field emissions, a modified version of the Hyperion R5 reactor, as described in the section 2.1, 

was used. In such measurements, photoemissions from Rydberg state (5<n<85) species, such as H, were detected and 

measured using Raman type spectroscopy through a “spy-eye” attached in the reactor, while mu metals were removed.      

For the magnetic fields measurements, mu metals were removed. Three GMO8 Hirst Magnetic Instruments Gauss 

meters were used, data logging per sec DC or DC peaks using an synchronized clock with the NI/PCX data acquisition 

system’s clock. Each Gauss meter was attached to a TP002 traverse Hall probe, vertically aligned to the magnetic field 

lines created inside the reactor by the HV currents. The TP002 probes were held at the top, front and back from the 

center of the reactor chamber at positions with distances 18cm from the axes defined by the spark plugs (dotted lines on 

Fig. 1). In Fig. 1, the first one at the top on the page, the second one at the back into the page, the third one at the front 

out of the page, all from the center of the reaction chamber. Measured magnetic field strengths were similar, but not 

identical, at these three different locations.  

 

3. Experimental Results 

 

3.1. Excess energy measurements   

   Following the protocol defined in [25] in a series of tests conducted in Defkalion GT labs at Vancouver, BC, Canada 

(14
th

 to 16
th

 of May 2013), the following data and performance is reported for the active test using H2. 

 
 

                 Fig. 2. Calorimeter and thermal signals (active test) 



 

 

Using the same color indicators, the equivalent control run measurements, using Ar instead of H2, were presented in 

Fig. 3: 

 

 

 
 
            Fig. 3  Calorimeter and thermal signals (Ar control test) 

For the power output calculation, it was assumed that water was cooling the reactor at liquid phase, even though its 

temperature within the coil surrounding the reactor was logged at temperatures greater than 230
o
C. 

Such tests indicate the production of excess heat energy far above any known chemical reaction. 

3.2 Radiation measurements 

As shown in Fig. 4, no gamma rays outside the energy range of 50 keV–300 keV have been observed from the 

experiments with the Hyperion R-5 reactor (data are from iso-parabolic calorimeter experiment carried out on May 6, 

2013).  

 

3.3. Magnetic field measurements 

After each triggering duty cycle (the triggering sequences producing excess heat), the magnetic fields at ~18 cm 

from the reactor at all three locations rose from ~0.6 Tesla to ~1.6 Tesla (DC peak) during each reaction period. Such 

anomalous peak signals were maintained for approximately 3-4 sec after the HV currents were cut off. This indicates 

that interactions/reactions within the reactor are producing very strong electric fields E (and currents I plus nano-

plasma) between the Ni grain nano-antennas, as suggested by Ostrikov et al. [26], and very strong magnetic fields B, 

possibly enhanced by gallery whisper effects due to reactor’s internal structure and geometry. Such strong magnetic 

fields are used within Hyperion reactor’s architecture to stabilize the plasma generated by the HV discharges in non-

vacuum conditions. 

A new series of protocols and tests is expected to investigate the possible role of metal surface plasmons on the 

active Ni crystals lattice, as described by Durach et al. [27], for such “anomalous” magnetic field emissions and their 

role in the reactions, as predicted in section 7. 

 

3.4. Even-isotope effect measurements 

It was reported by Hadjichristos et al. [1] that the Hyperion reactor with each of even isotopes of Ni (
58

Ni, 
60

Ni, 
62

Ni, 

and 
64

Ni) produced excess heat as described in sub-section 3.1, while the odd Ni isotope 
61

Ni did not, even though all 

single isotope crystals were treated using the same preparation and triggering protocols.  

This type of experiments will be repeated, using the real time mass spectrometer described in [28]. 

 

 



 

 

 
 

Fig. 4  NaI counts versus thermal signals 

 

4. Conventional Theory of Low-Energy Nuclear Reactions 

 

   The BECNF theory or theory of Boson cluster state nuclear fusion (BCSNF) is based on a single basic assumption 

capable of explaining the observed phenomena; deuterons in metals undergo Boson cluster state (BCS) formation or 

Bose-Einstein condensation (BEC).  

 

4.1. Optical theorem formulation of reaction rates (OPT-RRs) 

   In this section, we describe theoretical derivation of the reaction rates for the BCSNF theory based on the optical 

theorem formulation of the low-energy nuclear reactions. 

   Based on the optical theorem, the following optical theorem formula was derived in reference [10] 

 

 
where      and    are the l-th partial wave nuclear elastic scattering amplitude and reaction cross-section, 

respectively. The above formula is rigorous at low energies.  

The elastic scattering amplitude can be written in terms of t-matrix as 

 

 

 

where ψl
c
 is the Coulomb wave function for scattering between two charged particles. From Eqs. (1) and (2), we obtain 

the optical theorem formula for the dominant s-wave state as: 
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where  

 

 

The reaction rate is given by 

 

with Fermi potential 

 

 

where S is called astrophysical S-factor and related to the nuclear force strength. The delta-function represents the short-

range nature of the nuclear force. 

4.2.  Generalization to low-energy nuclear phenomena in metals 

   The above result given by Eq. (5) can be generalized to D+D fusion reactions in metals to obtain 

 

 

with Fermi potential 

 

 

Ψ is the bound-state solution of the many-body Schroedinger equation 

 

with 

 
 

   The above general formulation can be applied to (i) D+D reactions in metals, (ii) proton-nucleus transmutations, etc. 

It could be also applied possibly to (iii) biological transmutations. For each case of (i), (ii) and (iii), an appropriate 

Hamiltonian is to be chosen for Eqs. (7) and (8). To be realistic to a chosen physical system, H could include many 

degrees of freedom for electrons, metal lattice structures, etc. However, we may have to choose a simpler model 

Hamiltonian (Eq. (8)) for which Eq. (7) can be solved approximately. 

4.3.Importance and significance of the optical theorem formulation of reaction rates (OTF-RRs) 

   It is important to note differences between Eq. (5) and Eq. (6). Eq. (5) is for nuclear reactions at positive energies 

(such as for nuclear scattering experiments using beam of nuclei), while Eq. (6) is for nuclear reactions between two 

nuclei in a bound state (such as deuterons bound in a metal). In the past, Eq. (5) is inappropriately used to argue that 

low-energy nuclear reactions in metals are impossible. It should be emphasized that the use of Eq. (6) is more 

appropriate for low-energy nuclear reactions in metals than the use of Eq. (5). 

 

5.  BCSNF Theory - Deuterium 

   In this section, we describe theoretical analysis of the experimental results involving deuterons as applications of the 

theory of Boson cluster state nuclear fusion (BCSNF) (Eqs. (6), (7), and (8)). This case is applicable for the theoretical 

explanation of the Fleischmann-Pons effect [2,3] and the deuterium-metals experiments [3-5]. 

5.1. Boson cluster state (BCS) and BCSNF theory 

   The Boson cluster states (BCS) include also a possibility of Bose-Einstein condensate (BEC) state. When Boson 

clusters are non-interacting or weakly interacting, they can form Bose-Einstein condensate (BEC) state which is known 

to occur at cryogenic temperatures. If Boson clusters have interactions between them, they can form a BCS in a trap at 

temperatures higher than room temperatures. For a BCSNF to occur, the life time of the BCS needs to be larger than the 

reaction time (inverse of the reaction rate for DD pair). 

   For applying the concept of the BCS mechanism to deuteron fusion, we consider N identical charged Bose nuclei 

(deuterons) confined in a trap (a metal grain/particle or a magnetic trap). For simplicity, we assume an isotropic 

harmonic potential for the trap to obtain order of magnitude estimates of fusion reaction rates. N-body Schroedinger 

equation Eq. (7) is solved with the Hamiltonian H for the system given by 

 

 

where m is the rest mass of the Bose nucleus. 

   The approximate Boson cluster state (BCS) solution of Eq. (7) with H given by Eq. (9) was obtained using the 

equivalent linear two-body method [11-15].  

   Using the results of the optical theorem formulation of low energy nuclear reactions [10-12], the ground-state 

solution was used in Eq. (6) to derive the approximate theoretical formula for the deuteron-deuteron fusion rate in a trap 
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(magnetic trapping potential or micro/nano-scale metal grain/particle).  The detailed derivations are given elsewhere in 

references [10 -22].   

   The use of an alternative method [12] based on the Hartree-Fock mean field theory for bosons [23] yields the same 

result which is a factor of 2 larger (see Appendix in [12]). This method [12] involves solving a non-linear Schrodinger 

equation known as the Ginzburg-Pitaevskii-Gross equation [23]. Recent theoretical analysis [24], which includes two-

particle correlations, indicates that these additional two-particle correlations cannot alter the results of [12] significantly. 

5 2. Reaction rates forthe primary reaction channel 

Our final theoretical formula for the total fusion rate Rt for large N case is given by [11,12] 

 

 

 

where μ is the reduced mass, S is the S-factor for the nuclear fusion reaction between two deuterons, nD is the deuteron 

number density, and V is the total volume. For D(d,p)T and D(d,n)
3
He reactions, we have S ≈ 55 keV-barn. We expect 

also S≈ 55 keV-barn or larger for reaction {1} described below in sub-section 5.3. Only two unknown parameters are (i) 

the probability of the Boson cluster state(BCS) occupation, Ω, and (ii) the S-factor. Eq. (10) shows that the total fusion 

rates, Rt, are maximized when Ω ≈ 1. 

   Eq.(10) was derived analytically (no numerical calculations were involved). Eq. (10) provides an important result 

that nuclear fusion rates Rt for large N case do not depend on the Gamow factor in contrast to the conventional theory 

for two-body nuclear fusion in free space. There is a simple classical analogy of the Coulomb field suppression. For a 

uniform spherical charge distribution, the Coulomb field diminishes toward the center and vanishes at the center. 

5.3. Reaction mechanism for BCSNF - “Bosenova” 

   For a single trap containing a large number N of deuterons, the deuteron-deuteron fusion can proceed with the 

BCSNF.  

   For the large N case, the deuteron-deuteron reaction  in a Boson cluster state (BCS) can proceed via the following 

reaction {1}: 
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where the Q-value of 23.84 MeV is shared by 
4
He and all D’s in a BCS, thus maintaining the total momentum 

conservation in the final state. This implies that the deuteron BCS undergoes a nano-scale explosion due to the total 

momentum conservation.  

   This phenomenon/mechanism of nano-explosions of BCS was proposed in 2009 [17]. It is related to a BEC 

explosion phenomenon occurring with the atomic BEC now known as “Bosenova” [29-31].  

   For a micro/nano-scale trap of 10 nm diameter containing ~ 3.6 x 10
4
 deuterons, each deuteron or 

4
He will gain only 

~ 0.7 keV kinetic energy, if the excess kinetic energy of 23.84 MeV is shared equally. This mechanism of “Bosenova” 

can provide an explanation for constraints imposed on the secondary reactions by energetic 
4
He, as described by 

Hagelstein [32]. 

   Furthermore, as these deuterons slow down in the host metal, they can release electrons from the host metal atoms, 

thus providing extra conduction electrons which may reduce the resistivity of the host metal. 

5.4. Reaction rates for the secondary reaction channels 

   Other exit channels, D(d,p)T and D(d,n)
3
He, are expected to have much lower probabilities than that of the exit 

channel {1}, since both D(d,p)T and D(d,n)
3
Heinvolve centrifugal and Coulomb barrier transmissions of exit particles 

in the exit channels, while {1} does not. Thus this mechanism can provide a theoretical explanation for the experimental 

observation of dominance of the reaction {1} over D(d,p)T and D(d,n)
3
He in the exit channels. 

 

6.  BCSNF Theory - Hydrogen 

   In this section, we present a generalization of the theoretical results for one species of Bose nuclei  (deuterons) 

described in the previous section to the case of two species of Bose nuclei, such as hydrogen-Ni systems investigated by 

Piantelli et al. [6-8], Rossi et. al. [9], Hadjichristos, et al. [1]. In this section 6 and the next section 7, we limit our 

theoretical descriptions to the results obtained by Defkalion team, Hadjichristos et al., as described in [1] and in sections 

2 and 3.  

 

6.1. Theory 

   Generalization of The BCSNF theory to the case of two species of Bosons was carried out in 2006 [33]. 

   The reaction rates is given by 

 

 
where μ is the reduced mass, μ = mimj/(mi + mj). 
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6.2. One-particle exit reaction channel 

   As in the case of BCSNF theory for the single specie (deuterium) case of the Fleischmann-Pons effect, the primary 

reaction channel for this case of hydrogen-metal systems involves one-particle exit reaction channel, which can be 

written as  

 

This one-particle primary reaction channel involves nano-explosion (“Bosenova”). 

6.3. Two-particles exit reaction channel 

   For the two-particles exit reactions, examples are, 

 

Two-particles exit reaction channel producing two nuclei is expected to have the reaction rates which are much slower 

than that of the one-particle exit reaction channel, as described in sub-section 5.4. 

6.4. Multi-particles exit reaction channels 

Multi-particles exit reaction channels involving three or more nuclei are expected to have the reaction rates which are 

much slower than that of the two-particle secondary reaction channel. 

 

7. Reaction Mechanisms for Hydrogen BCSNF 

 

7.1. Triggering mechanisms and magnetic Fields 

   As described in sub-section 2.2, the heat generating reactions are initiated by plasma ignition method involving the 

plasma discharge of pressurized hydrogen gas (1-8 bars) in a reaction chamber. An electric power supply was used to 

provide DC currents of 60-110 mA at 10-24 kV with frequency of ~ kHz between two electrodes which are a pair of 

spark plugs with specially shaped tungsten and TZM electrodes. 

   The gas discharge ignition is expected to ionize hydrogen molecules (i) to excited molecular states (including 

Rydberg molecules), (ii) to excited atomic hydrogen states (including Rydberg atoms), and (iii) protons and electrons 

(complete dissociation of the hydrogen molecules). During the gas discharges, protons (and other positively charged 

ions) will be moving toward the cathode, while electrons (and other negatively charged ions ) will be moving toward the 

anode. These moving charges are expected to produce magnetic fields.  

 

7.2. Creations of localized magnetic traps (LMT) 

   During the triggering stages, moving positive and negative charges are created and are expected to propagate 

through the reaction cells of ~200 µm sizes inside the Ni foams. The reaction cells contain Ni powders of ~ 5µm sizes. 

Both Ni foams and powders are no longer magnetic at temperatures above the Curie temperature (~358 
0
C or ~631

0
K) 

due to heating of the reactor by the plasma gas discharges. However, these moving charges carrying the magnetic fields 

are expected to induce magnetic field domains in the Ni foams and Ni powders above the Curie temperature, as 

predicted by Durach, et al. [27]. The above scenario may provide a theoretical explanation of the observe magnetic field 

of ~ 0.6 Tesla during the triggering period. 

   These induced magnetic domains are expected to create many localized magnetic fields, randomly distributed on Ni 

surfaces, which can be regarded as localized magnetic traps (LMT) for hydrogen pairs and molecules. The sizes of 

LMTs may range from nano-scale to micro-scale. 

 

7.3. Nano-explosion (“Bosenova”) and supper current 

   Hydrogen atoms in the ground state, excited states and/or Rydberg states may interact with each other via electric 

dipole or magnetic dipole interactions and/or other attractive interactions [34] to form  pairs of hydrogen atoms in 

integer-spin states. These hydrogen pairs or hydrogen molecules may be trapped in an LMT and form a Boson cluster 

state (BCS) in the LMT. Once the BCS is formed in a LMT, the BCSNF theory described in the previous section 6 can 

be applied to describe the BCSNF process involving hydrogen.   

   The reaction rates for this hydrogen-metal system can be estimated using Eq. (13). For the one-particle exit reaction 

channel described by Eq. (14), the nano-explosion (“Bosenova”) mechanism is applicable, producing the excess heat as 

observed in the experiment described in sub-section 3.1. Furthermore, there will be creation of “supper current” of 

protons due to the moving proton charges created from many nano-explosions. A substantial fraction of them is directed 

upward in reaction cells, thus generating the predicted proton super currents. 

 

7.4. Supper current and super magnetic field 

   These predicted super currents in turn will create super magnetic field which was observed as described in sub-

section 3.3. In fact, this mechanism can explain the observed time-correlation between (1) the excess heat generation 

and (2) the observed generation of super magnetic field of ~1.6 Tesla as described in sub-section 3.3. Therefore this 

A 4 A 3
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time correlation can be explained by thenano-explosion mechanism as described above. This in turn supports the nano-

explosion (“Bosenova”) mechanism for the BCSNF. 

   The experimental observation of the super magnetic field could serve as a signature of the BCSNF process for   

future low-energy reaction experiments. 

   This time correlation may also provide an important possibility that direct partial conversion of excess power 

generation to electric power may be possible utilizing the super magnetic field. 

 

7.5 Self-sustainability 

   If the reaction rates can be made to be sufficiently large for the above reaction mechanism/scenario, the interval 

between two successive triggering can be made longer, leading to self-sustaining the BCSNF. 

 

7.6. Roles of Ni isotopes and even-isotope effect 

   As described in section 3, there were no gamma rays observed with energy range outside of 50keV – 300keV. 

Therefore, we can rule out hydrogen-Ni fusion reactions described by Eq. (12), since emissions of hard gamma rays are 

expected from the process described by Eq.(12). 

However, as discussed in the previous sub-section, Ni metal and its magnetic properties play very important roles in 

creating the LMTs which facilitates BCSNF of hydrogen and creating nano-explosion (“Bosenova”) which produces the 

excess heat and magnetic fields. 

   Furthermore, the above BCSNF mechanism also explains the even-isotope effect that the excess heat was observed 

only with the even isotopes of Ni, as described in sub-section 3.4. This is consistent with the prediction made in 2006 

[33] that Bosons (the hydrogen-pair clusters) cannot coexist with fermions (odd isotopes of Ni) in the same LMT [33]. 

 

7.7. Roles of deuteron and other light nuclei impurities 

   Since hydrogen-Ni may not involved as primary fusion reactions as described in the previous section VI.F, there are 

possibilities that other light nuclei present as impurities may be participating in the BCSNF processes. One example is 

the primary reaction described by Eq. (14) involving deuteron impurity (1.25x 10
-4

%):  

 

 

   We note that, in 2002, Swartz et al. observed excess heat production from electrolysis experiments with the ordinary 

water plus the heavy water using Ni cathode [35]. 

   For experiments with Defkalion’s Hyperion reactor, we need to investigate the effect of the primary reaction, Eq. 

(14), for excess heat production by increasing the deuterium density. 

 

8.  Summary and Future Prospects 

 

   Defkalion’s Hyperion R-5 reactor has been demonstrated to be a reliable working device producing excess heat at 

sufficiently high level with reliable control and high reproducibility for further scientific investigations and for practical 

applications. The experimental results obtained with the HyperionR-5 reactor are described in some details. 

   For theoretical analysis of the experimental data generated by the Hyperion R-5 reactor, the theory of the Boson 

cluster state nuclear fusion (BCSNF) is used. The BCSNF is a generalization of the optical theorem formulation to low 

energy nuclear reactions occurring in deuterium/hydrogen loaded metal systems.  

   It is shown that the BCSNF theory is capable of explaining qualitatively or quantitatively most of the experimental 

results and observations reported from experiments with the Hyperion R-5 reactor. In particular, the observed time-

correlation between the super magnetic field and the excess heat generations can be explained by the BCSNF theory 

involving nano-explosions (“Bosenova”), which create the super current and the super magnetic field as well as the 

excess power generation. The observed super magnetic field is a new phenomenon and a new scientific discovery. It 

opens up a possibility of direct conversion of excess heat generation to electric power utilizing the super magnetic field. 

   Defkalion has recently acquired new two on-line real-time mass spectrometers [27] which will be integrated with 

Hyperion R-6 reactors.  These integrated experimental systems are expected to generate the experimental data for the 

reaction products which are urgently needed for theoretical and scientific understanding of nuclear-reaction dynamics in 

this emerging field. 

   So far, the theoretical reaction-rate formulae, (Eq. (11), etc.) were based on analytical solutions of the approximate 

time-independent Schrödinger equations for many-body systems using the Hartree-Fock theory with correlation effects. 

This corresponds to time-independent non-liner (TINL) dynamics. Such analytical formulae for reaction rates are 

extremely useful for initial qualitative analysis of the experimental data.  For more quantitative analysis of 

experimental data, we will need the time-dependent non-linear Schrödinger equations for many-body systems (time-

dependent non-linear (TDNL) dynamics). 
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