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Experiments with uranium are presented that show a highly exothermal reaction,
which can only be of nuclear origin. One striking point of these results is that they clearly
show that what is being observed is not some kind of fusion reaction of the deuterium
present (only exceedingly small amounts of it are present). This is a strong indication
that hydrogen can trigger nuclear reactions that seem to involve the nuclei of the lattice
(which would yield a fission-like pattern of products). Confronted with a situation where
some experiments in the field yield a fusion-like pattern of products (CF experiments)
and others a fissionlike one (LENR experiments), one can reasonably wonder whether
one is not observing two aspects of the same phenomenon. Thus, it is proposed to
describe CF and LENR reactions as essentially the same phenomenon based on the
possible existence of a still hypothetical proton/electron resonance, which would catalyze
fissionlike reactions with a neutron sink.1 Finally, a series of experiments is proposed to
assess this hypothesis.

I. INTRODUCTION
By submitting various metals (Pd, U) containing hydrogen (from 0.2 to 70 atoms of

hydrogen for 100 atoms of the host metal) to the combined action of electrical currents
and magnetic fields, we have observed sizable exothermal effects. Up to 8 W were
observed, for quantities of metal used in the range of 150 to 500 mg (Refs. 1 through 4).
These effects are beyond experimental errors, with the energy output being typically 110
to 150% of the energy input and not of chemical origin. Exothermal effects are in the
range of 7000 MJ/ mole of metal in the case of palladium and 2000 MJ/ mole of metal in
the case of uranium, indicating a nuclear origin. To be in line with the terminology used
in the field, we shall call “excess energy (excess power when appropriate)” the energy of
the reaction(s) that are the cause of these exothermal effects. New chemical species also
appear in the processed metals, comparable to those observed in other experiments.5-7 We
have made no attempt, in the experiments we have run since 1996, to measure possible
productions of helium and tritium (such as are observed by other experimenters8-12), but
we don't exclude that they might be produced. We shall report in detail on our last results







case and also that the electromagnetic emission of the antenna formed by the uranium foil
was well within experimental errors. To do that we measured the resistance and the
impedance of the uranium under treatment and found, for a large range of values, that
these two parameters are equal. This verification was done according to the following
procedure.

Fig. 2. Low- and high-precision calorimeters.

The AOIP SA multichannel data acquisition system that we use is designed to measure
the tension (or the intensity) of a direct current. With a pulsed current, the given value is
the mean one:







A dc electrical generator delivers electrical power into a reactor containing the uranium
metal. The electrical power is delivered either in the form of a constant direct current,
through connection OB or in the form of a pulsed current through connection OA. The
pulsed current is shaped by the action of a transistor,c which is triggered by a function
generatord (Fig. 3).

Fig. 4. Excess power measurement principle.

Natural uranium, thin foils (10 × 3 × 0.2 mm thick) are placed between two cylindrical
soft steel electrodes and magnets according to Fig. 1. Two wires are fixed by solder on
the electrodes, allowing electrical current to be passed through the uranium foil. Four
wires allow the measurement of

U
U and U .

The whole assembly is finally placed in one of the two calorimeters, itself placed in a
watertight aluminum box, equipped with the required passages for the wires conducting
the current to the reactor and those connecting the various sensors to the AOIP SA
multichannel data acquisition system that monitors the experiment. The box is placed in
the regulated cryothermostat, where it can exchange heat with water maintained at 15°C.

Under these conditions, the oxidation of the uranium sample is controlled at a very low
rate for periods of up to 10 days (and temperatures up to 200°C when the second type of
calorimeter is used).

c From International Rectifier Power MOFSET, type IRL3803.
d Metrix GX 245.



To calibrate the calorimeters, we assume that no excess energy is generated when a
constant direct current is passed through the sample. If we plot the dc power injected in
the uranium as a function of the Seebeck voltage of the calorimeter, we obtain a quasi-
linear relationship (a quadratic fit has been used for the calculations). This relation is
shown in Fig. 4 and constitutes the baseline for the calorimeters (only Joule heating is
supposed to occur in that case). The excess energy generated when a pulsed direct current
is used is then assessed against that baseline. This excess energy is thus a minimum.

When we switch to pulsed currents (without any other change in the experimental
setup), the points obtained are systematically on the right side of the calibration curve
shown in Fig. 4, meaning that an exothermal reaction is occurring in the experiment. The
excess power generated can be computed from the calibration curve of the calorimeter
and the electrical power injected in the uranium.

II.B.4. Variations of Trace Elements in the Treated Samples

The trace elements in the treated samples varied in the different cases. In the case of
palladium, the chemical composition modifications were assessed in the following way:
After the experiment, the palladium wires were removed from the reactor and a 20-cm
piece of one of them (in the center of the 40 cm facing the outer copper electrode and
weighing 120 mg) was dissolved and analyzed by inductively coupled plasma-mass
spectroscopy (ICP-MS) (Commissariat à l’Energie Atomique at Bruyères-le-Chatel) for
all elements, except Fe, Ru, Rh, and Ag that were assessed by inductively coupled
plasma-Auger electron spectroscopy (ICP-AES). A virgin sample of palladium wire of
the same batch and same length was also analyzed according to the same procedure.

In the case of uranium, the chemical composition modifications were assessed by mass
spectrometry:

1. low- or medium-resolution ICP-MS for all species (from Be to U) and for lead
isotopic ratios

2. thermal ionization mass spectrometer for uranium isotopic ratios.

The ICP-MS measurements were performed by two different laboratories (Cogema at
Pierrelate and the Centre National de la Recherche Scientifique central lab at Solaize) and
the thermal ionization MS only by the first laboratory. The results by ICP-MS from both
laboratories on the same set of samples are very similar.

The dissolution procedure (by HCL or HNO3) of the samples has already been
described.3

III. EXPERIMENTAL RESULTS

III.A. Palladium Case
Regarding excess energy, Table I summarizes the thermal results obtained in

experiment 3H06 (light hydrogen/palladium). It can be seen that very significant excess
energy productions have been observed, over long periods. Note that the combustion of
all the hydrogen used in the experiment (26.36 mmole H) would have yielded 6400 J to
be compared with 16,018,300 J actually obtained.



TABLE I
Excess Energy in the Palladium Case

Period
Duration

(s)
H Consumed
(mmole H)

Excess
Energy

On Period
(J)

Mean
Excess
Power
(W)

Excess
Energy

(eV/atom H)

Power
Input
(W)

Calibrating 230,000 0 0 Calibrating
Increasing 695,000 9.88 1,737,500 2.5 1,800 Increasing
I 1,390,000 9.63 5,838,000 4.2 6,300 115
II 342,000 1.41 1,846,000 5.4 13,600 150
III 767,000 5.44 6,596,000 8.6 12,600 150
Total 342,4000 26.36 16,018,300 4.7 9,000

For the new species in the treated sample, Table II summarizes the variations in
chemical species between the virgin and the treated sample. Note that the figures are for
the 20 cm out of 40 cm of the wire that was analyzed. When required (calculation of
energy per atom), these figures are multiplied by four (two for the length analyzed and
two because of the double wire).

The average excess energy per new atom formed is thus some 65 MeV. The order of
magnitude of proton-induced fission reactions for palladium is 30 MeV (Ref. 13). Similar
proton-induced fission reactions for platinum would yield some 103 MeV. The amount of
65 MeV could be interpreted in two ways:

1. Not only palladium reacts but also higher mass nuclei in the lattice.

2. A reaction different than a proton-induced fission reaction occurs, yielding more
energy.



TABLE II
New Species in Treated Samples in the Palladium Case

Elements
3H06
(atom)

Blank
(atom)

3H06—Blank
(atom)

Li 5.2 × 1014 1.0 × 1014 0.04 × 1016

Mg 2.5 × 1017 2.2 × 1016 23.0 × 1016

Al 7.2 × 1016 2.7 × 1015 7.0 × 1016

Cr 1.1 × 1016 1.3 × 1015 0.97 × 1016

Mn 3.9 × 1014 2.6 × 1014 0.01 × 1016

Fe 2.8 × 1016 1.3 × 1016 1.6 × 1016

Ni 3.3 × 1015 2.5 × 1015 0.09 × 1016

Cu 4.7 × 1015 1.8 × 1015 0.3 × 1016

Zn 4.8 × 1016 4.8 × 1015 4.3 × 1016

Ir 2.3 × 1014 1.9 × 1014 3.8 × 1013

Pt 3.0 × 1014 5.2 × 1014 -2.2 × 1014

Au 2.9 × 1014 4.0 × 1014 -1.1 × 1014

It will be seen later that the reaction we propose (hydrex catalyzed fission reactions)
indeed yield more energy than proton-induced fission.

When these results were obtained, we attributed the apparition of a new species to
pollution due to the action of the discharge. We have revisited our experimental setup and
now draw the following conclusions:

1. Zinc, copper, nickel, iron, manganese, and chromium are indeed present in the
reactor (steel spring and brass hook holding it), but they are at some 10 to 15 cm from the
discharge, and a transport mechanism to the palladium wire is not at all obvious.

2. Aluminum is certainly present as a constituent (2 to 3%) in the Pyrex glass struck by
the discharge, and we see a 30 times increase of its content in the treated sample. But B,
which is also a constituent of the Pyrex (up to some 15%), shows no variation in the
treated sample. On the contrary, Mg, which is a trace component of the Pyrex glass used,
shows a 10 times increase. Moreover, if we attribute the apparition of Al and Mg to the
effect of the discharge, this transport would involve three times more Mg atoms than Al.

The only new species appearing in the treated sample, which might be accounted for by
pollution from the discharge, is thus Al. The three major new species (Mg, Zn, and Fe),
amounting to some 58 × 1016 atoms, have thus likely been generated in the palladium (40
cm), yielding a mean energy per atom of some 170 MeV, which is an upper limit of the
energy released per atom by the treatment to which the palladium has been submitted.
Note that Zn have been observed by other experimenters.5-7





Fig. 5. Excess power measurement with the uranium/high-precision calorimeter.

Fig. 6. Excess power measurement with the uranium/low-precision calorimeter.



Experiment 2 has been run to its term. There are only a few species present in the
experiment:

Number of uranium atoms 3.5 × 1020

Number of hydrogen atoms 5.4 × 1017

(based on the
manufacturer's
analysis)

Number of deuterium atoms 8.9 × 1013

Number of trace element atoms 1.4 × 1017.

It is interesting to calculate the order of magnitude of the energy of reaction required,
when we suppose that it originates from one of the species present. We find the
following:

Per uranium atom 0.020 MeV
Per hydrogen atom 13.2 MeV
Per deuterium atom 79.5 GeV
Per “trace element” atom 50 MeV.

From these figures, the excess energy comes neither from some chemical reaction of the
uranium (oxidation, for instance), nor from some kind of fusion of the deuterium present.
Thus, a reasonable hypothesis is that the energy production comes from a nuclear
reaction between hydrogen and uranium (and/or some trace elements). Thus, to
understand what happens, we have to look at the trace elements and their variations after
activation.

Fig. 7. Excess power as a function of time, measured with the uranium/high-precision calorimeter.


