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Abstract

A process (international patent publication N. WO 2009/125444 A1)
capable of producing large amounts of energy by a nuclear fusion process
between nickel and hydrogen, occurring below 1000 K, is described. Ex-
perimental values of the ratios between output and input energies obtained
in a certain number of experiments are reported. The occurrence of the
effect is justified on the basis of existing experimental and theoretical re-
sults. Measurements performed during the experiments allow to exclude
neutron and gamma rays emissions.

1. Introduction

It is well known that in chemical reactions, and more specifically in processes
used to obtain energy, as for example oil, gas and carbon combustion, only some
electronVolts (eV) can be obtained for every couple of atoms involved. This
depends on the fact that binding energies of external atomic electrons are in the
eV range.

On the other hand, in nuclear transformations, the energy quantities that
can be absorbed or released are of the order of mega-electronVolts (MeV) for
every couple of nuclei involved in the process. As a consequence, for every given
amount of energy obtained, the mass to be transformed by a nuclear process is
about a millionth of that necessary for a combustion.

It is a general rule, valid for all stable compounds, that the mass for a
compound is lower than the total mass of all constituents. In such conditions, the
mass-energy conservation principle guarantees stability against the spontaneous
disintegration into the components. As a consequence, for the nuclei, the mass
of every stable nucleus turns out to be lower than the sum of the masses of all
its components (protons and neutrons).

If we denote by m,, and m,, the mass values of free protons and neutrons, and
by n, and n,, the numbers of protons and neutrons belonging to a given (stable)
nucleus N, the nuclear stability is insured by the always positive difference

A =npymy, + npmy, —my (1)
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Figure 1: Binding Energy versus number of nucleons

where my represents the nucleus mass.

An important parameter, whose value is directly connected to the nuclear
stability, is the binding energy for a nucleon B [1], defined as the ratio between
A and the mass number, that is the total nucleon number n,+ ny,:

B=_ 2 2)

Np + N

Fig.1 shows, for all stable nuclei, the binding energy B (expressed in MeV /c?)
versus the total number of nucleons (protons and neutrons) [2].

As is evident from the definition of B, nuclear stability is characterized by
large values of the binding energy for nucleon. Nuclei having a mass number
around 60 (as Fe, Co and Ni) are characterized as particularly stable.

Fig.1 shows clearly the two existing possibilities in order to obtain energy
from nuclear transformations: they consist in producing more stable nuclei start-
ing from low mass or from high mass nuclei. Such two processes are respectively
referred to as fusion and fission.

Fusion processes occur naturally in the stars, where helium and other ele-
ments are produced, starting from hydrogen. Other similar phenomena, which
lead to the production of heavier elements, occur in hydrogen rich stellar at-
mospheres, after supernovae collapse.



Artificial fission processes are obtained in nuclear reactors by means of neu-
tron interactions with Uranium or Thorium which induce nuclear breaking and
neutrons release. There exist no natural fission processes, with the only ex-
ception of a flooded Uranium mine in Gabon [3] which reproduced, about two
millions years ago, physical conditions similar to the ones occurring in a nuclear
reactor.

2. Experimental results

In this paper we report the results obtained with a process and apparatus not
described here in detail and protected by patent in 90 countries, consisting of a
system whose heat output is up to hundred times the electric energy input. As
a consequence, the principle of the conservation of energy ensures that processes
involving other energy forms are occurring in our apparatus.

The system on which we operate consists of Ni, in H atmosphere and in
the presence of additives placed in a sealed container and heated by a current
passing through a resistor. The maximum temperature value can be set to a
wide range of values and an external meter allows us to measure the electric
energy input. The container is in thermal contact with an external tank full of
water and thermally insulated in order to minimize outside heat exchanges. As
consequence of the energy production of the system, water boils and the water
pipe is under pressure. The steam pressure cannot exceed a limit, whose value
can be changed in the range 3-6 bar, because of the opening of a valve. When
the valve opens, new water, whose amount is measured by a meter, enters from
the supply. These data allow us to calculate the power produced by our system.

In stationary conditions the power output turns out to be much greater
than the input (measured with an electric power meter). Some examples of the
results obtained with this system (method A) in brief periods (~1-1,5 hours)
are reported in lines 1-3 of the Table 1. The ratio between output and input
power depends on changes occurring in the Ni-H system and on the time interval
elapsed between the starting of the experiments and the measuring moments.

We have subsequently achieved a forced warm water movement through some
radiators connected in series. In this case, the energy produced has been eval-
uated by measuring the power needed to obtain the same radiator temperature
with a normal heating system (method B). In Table 1, lines 4 and 5, the results
of these measurements are also reported. The patented apparatus is able of
producing a constant and reliable amount of energy for a period of months

A third method (method C) based on a closed circuit in which water is
forced to circulate by means of a pump was used in order to measure the power
generated: a section of the circuit contains the energy amplifier opportunely
insulated in order to minimize thermal exchanges with outside. Two thermo-
couples placed before and after the energy amplifier allow to detect continously
the water temperatures which are recorded on a computer. As a consequence
the measured temperature difference allows to calculate the thermal energy
transferred from the energy amplifier to the water. The electric input energy is
measured by means an electric power meter. Similar results have been obtained
in a test performed with ENEL spa on June, 25th 2009.



days method input energy output energy out/inp

2008-5-28 A 0,2 83 415
2008-6-11 A 0,806 165 205
2008-9-2 A 0,5 40 80(*)
2009(2-17 - 3-3) B 9,1 1006,5 197
2009(3-5 - 4-26) B 18,54 3768 203
2009-10-22 C 0,018 3,23 179

Table 1: Input and output energies, expressed in kWh, in some experiments.
(*) The anomaly in this experiment is due to contamination of the fuel.

In all cases the energy production is too high for any chemical process. In
fact, assuming that each Ni atom in sample can realise, in optimal conditions,
a typical chemical energy of some eV, the amount of energy emitted in the
long lasting experiments would required at least 10?® atoms. That is something
like a million of grams, a quantity enormously larger than the sample we have
employed. For such a reason, we believe that form of energy involved is nuclear,
and more specifically, due to fusion processes between protons and Nickel nuclei.
They are exothermic with an energy release in the range 3-7,5 MeV, depending
on the Nickel isotope involved.

It is remarkable that similar results have been obained in the factory of EON
in Bondeno (Ferrara, Italy) in a test performed with ENEL (spa) on June, 25th
2009 and in another sery of tests made in Bedford, New Hampshire (USA) in a
lab of LTT with the assistance of the DOE (November 19 2009) and of the the
DOD (November 20 2009).

The proton capture process performed by a Nickel nucleus produces a Copper
nucleus according to the scheme

Ni* +p! — CuX T (3)

Copper nuclei, with the exception of the stable isotopes Cu% and Cu®®,

decay with positron (e™) and neutrino (v) emission in Ni nuclei according to

the scheme

Cu®Tt — Ni¥ T pet v, (4)

Subsequently, the positron annichilates with an electron in two gamma-rays
according to the process

+ —_
et te —y+. (5)

A process alternative to (4), electron capture, in abbreviated form indicated
as EC, consists in the nuclear capture of an orbital electron which gives rise to
the process

p+e —n+7T. (6)



Nucleus | Nit + pt — Cu! | Cu™!T — NitF! Nit — NjA+?
Ni>® 3,41 4,8 8,21

Ni?? 4,48 6,13 10,61

Ni% 4,80 2,24 7,04

Ni®t 5,86 3,95 9,81

Ni%? 6,12 6,12

Ni® 7,2 1,68 (Ni) 0,58 (Zn) | 8,22 +2,14
Ni®? 7,45 7,45

Table 2: Energy (in MeV) released by Ni->Cu and Cu->Ni transformations
for different Ni isotopes.

As a consequence, in this case, the reaction (4) must be replaced by

CuXTt — Ni¥ T 45 (7)

with emission of an antineutrino (7).

The two decay processes (positron emission and EC) are alternative: their
relative frequencies for the various copper isotopes are generally unknown with
the only exception of Cu®® for which EC decay (7) is about twice as frequent as
positron decay [4].

The capture rate of protons by Nickel nuclei cannot depend on the mass val-
ues of different isotopes: in fact they possess the same nuclear charge and the
same distribution of electrons in the various atomic shells. In practice, starting
from Ni®*8which is the more abundant isotope, we can obtain as described in
the two above processes, Copper formation and its successive decay in Nickel,
producing Ni*?, Ni% Ni®! and Ni%2. Because Cu®?, which can be formed start-
ing by Nif? is stable and does not decay in Ni®3, the chain stops at Nif2. In
Table 2, for every Nickel isotope, we report, expressed in MeV, the energies
obtained from the process Ni? + p! — Cu?*! (column 2), those obtained
from the process Cu™ — Ni*™!(column 3) and their total for the complete
transformation Nit — Ni+! (column 4). The data reported in columns 2 and
3, are obtained as differences between the mass values of the initial and final
state: the ones reported in column 3 contain also the neutrino (or antineutrino)
energy, particles which interact weakly with the matter and does not hand their
energy locally. On the other hand we have to consider the energy equivalent
of the electron rest mass due to the positron annihilation. Cu®® also decays in
Zn% with negative electron emission; the energies relative to both decays are
reported in Table 2 (third column); the value (8,22) carried in column four takes
into account the relative frequencies of both Cu%* decay modes.

Ni%% coming from the decay of Cu%*, decays with electron emission, releas-
ing 2,14 Mev: such a value must be added to 8,22 Mev reported in Table 2 (line
6, column 4).The two isotopes Ni° and Ni% are unstable, but because of their
long lifetime (8x10% years and 92 years respectively for Ni°° and Ni%%) can be
considered as stable in the times of our experiments.



For every nucleus in the mass range 58 — 64 amu, we have built Table 3
which contains
the mass value expressed in amu (column 1)
the total energy obtainable from all transformations (column 2)
the percentage in natural composition (column 3)
the product of columns 2 and 3

The sum of the energy releases in the last column gives ~ 35 MeV, which
represents the mean energy value obtainable for every Ni nucleus (in the hy-
pothesis that all nuclei give rise to the whole sequence of events). Such a figure
must be compared with E ~ 200 MeV for every U2 fission in a nuclear reactor
[5] and = 18 MeV for every reaction between deuterium and tritium in not still
existing fusion reactor. For the same number of nuclei, the ratio between Ni
and U masses is 0,25 and the ratio between the energies that can be obtained
is = 0,2. Taking into account the world reserves of these elements, their extrac-
tion costs and the great investments needed for the building and maintenance
of a nuclear reactor, the nuclear processes (based on Nickel) appear from the
economical point of view very interesting.

During experimental tests, continuous controls on the radioactivity levels
in close proximity to the apparatus suitably lead shielded, were performed by
using a gamma ray detector [6] and three passive neutron bubble detectors
BTbubble [7], one of which for thermal neutrons: no radiation was observed
at levels greater than natural radiation background. No radioactivity has been
found also in the Nickel residual from the process. The 10th of march 2009,
during the run whose data are reported in Table 1, line five, measurements were
performed, around the running Energy Amplifier, by the Bologna University
Health Physics Unit which verified that emissions around the Energy Amplifier
are not significantly different from the natural background. The water drawn
from the Energy Amplifier has resulted to have the same concentration of natural
radioisotopes of the tap water: therefore there is no difference between the tap
water and the water from the Energy Amplifier.

Two different samples of material used in the experiments labelled in table
1 as method A (288 kWh produced) and method B (4774 kWh produced) were
analysed at Padua University SIMS. In the long period sample, the mass analy-

Nickel mass | Energy | Nat. composition % | Energy x nat. comp.

58 41,79 68,08 28,45

59 33,58 0 0

60 22,97 26,22 6,02

61 15,93 1,14 0,18

62 6,12 3,63 0,22

63 17,81 0 0

64 7,45 0,93 0,07
Total 34,94
Table 3: Energy obtained by every Ni isotope due to all successive

transformations.



sis showed the presence of three peaks in the mass region 63-65 a.m.u. which
correspond respectively to Cu%3, elements (Ni% and Zn%*) deriving from Cu%*
decay and Cu®. These allowed us the determination of the ratio Cu®/Cu®=1,6
different from the value (2,24) relative to the copper isotopic natural composi-
tion.The peak in the mass spectrum at a.m.u.=64, due to Ni%*and Zn®*(both
caming from Cu®* decay) requires the existence of Ni% which, absent in natural
Ni composition, must have been in precedence produced starting by more light
nickel isotopes. More details on this analysis will be given in a successive paper
[8].

3. Theoretical interpretation

Proton capture by Nickel nuclei obviously requires the overcoming of an
electrostatic potential barrier which opposes the process. For Niss(the more
abundant Nickel isotope), the maximum potential energy V. occurs at a dis-
tance R between Ni and proton nuclei centers equal to the sum of their radii,
that is R & 7,239 fm. The V,,,.x value is given (in MKS units) by the expression

Vimax = ﬁ%z, where Ze? is the product of the two nuclear charges: it results

in Viyayx = 89% 10714 J =~ 5,6 MeV. The proton kinetic energy K, can be easily
estimated by the relation K, = %va = %kT, where k is Boltzmann’s constant
and T is the temperature measured in Kelvin: also on assuming 7' = 1000 K,
K. isonly =~ 0,13 eV. According to classical physics, a particle having a such an
energy cannot overcome the very high potential barrier. Such an opportunity,
in principle, is given by the quantum mechanical tunnel effect: in this case,
the incoming particle can penetrate into the nucleus by getting through the
potential barrier. The tunneling probability of a single particle colliding with
an atomic target has been calculated by Gamow [9]. As shown by Evans [10],

such a probability can be approximated as

P~ 67(27rZz/1376) (8)

where = 2 is the ratio between the velocity v of the incoming particle and

the velocity of light ¢: in our case, we obtain v? = % ~ 2,77 %107 7¢2, and
then 8 =% ~ 5,26 %10"*. Z and z are the charge values of Ni (Z = 28) and H
(z=1).

The tunneling probability becomes, as a consequence, P ~ e 2440 ~ 4, 7 %
1071059 50 small to make the capture of a single proton by a Nickel nucleus
impossible. Nevertheless we have an experimental evidence of a large energy
that can only arise from nuclear reactions between Nickel and Hydrogen, the
only two elements existing in our apparatus. Furthermore, other attempts [11-
15] have been made with Ni and H, obtaining analogous results, even if in a
much smaller scale and without an easy and clear reproducibility.

In an attempt to explain the observed experimental effects, our attention has
been attracted by a statement reported in [16] relative to a stellar gas where
the electrons tend to cluster into spherical shells around nuclei, at distance
rp known as Debye-Hiickel radius. The first applications of the Debye-Hiickel
model [17] refer to electrolytic solutions for which it is possible to define a



Debye length [18] with the following characteristic: if the distance between two
charged ions is greater than rp , their electrostatic interactions are reduced by
the presence of other ions attracted by the electric forces.

In our case, the proton-electron system might be shielded by the nuclear
Coulomb potential, with the possibility of penetrating the Coulomb barrier.
Shielding effect would also explain the anomalous situation observed since 1938
[19] in nuclear reactions, between accelerated protons and Ni®3occurring at 3
Mev, below the expected 4,6 MeV threshold.

The effect of electron screening on low-energy fusion processes has been
investigated by Assembaum et al [20]: they report the increasing of the Coulomb
barrier penetrability and calculate, for some reactions induced by protons (p +
Li" and p + B!!) quantitative effects, that look very relevant, though probably
not sufficient to interpret our experimental results .

More recently, in a series of interesting papers [21-23], Raiola et al con-
firmed experimentally the significant increase of nuclear reactions cross sections
in metals due to electron screening.

4. Conclusions

In conclusion, our process and apparatus is the first and unique system,
existing today, able to obtain energy from nuclear fusion reactions; furthermore,
because the ingredients are Nickel and water (to obtain Hydrogen), this is an
endless energy source for the planet, without emissions in atmosphere.
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Report on heat production during preliminary tests on the

Rossi “Ni-H” reactor

Dr. Giuseppe Levi

In this first and preliminary document are reported the heat production measures done
during two short tests done on December 16 2010 [Test 1] and January 14 2011
[Test 2].



On December, 16 2010 I had the opportunity to test, for the first time, a prototype of
the Rossi “Ni-H” reactor. A photograph of the apparatus used in both tests is shown
in fig.1 and a scheme is shown in fig. 2.
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The Rossi Reactor prototype has a main horizontal cylindrical body ending with a
vertical pipe. The H2 inlet was connected to a Hydrogen bottle through no return
valves. There was no H2 outlet apart from a small purge valve that was closed.
Cables were connected to a control box with 5 digital plc that were “controlling the
power sent to the resistors inside the reactor”. Prudentially I have lifted the control
box in search for any other eventually hidden cable and found none. The weight of
the control box was of few Kg. Two water pipes were connected to the system.
Temperature was measured and logged by two NTC sensors. Another sensor, in the
logger, was measuring the ambient temperature. Power from the 220V line was
monitor and logged by a “WATTS UP?” Pro Es power meter.

Before igniting the reactor the water flux was set and measured by collecting, , and
then weighting, an amount of water in a container in a given time. The measured flux
was of 168 +/-2 gin 45 +/- 0.1 s.

Then the power was turned on an temperatures started to rise. In Fig 3 is shown a
plot of the temperatures as appeared on the monitor during the test taken from the
start to just after the end of the test.

N—

— 15112!2?‘210
161272010 271500 L Sl

16f12{2010
A5.N0

1

¢:3 [°C] Cha...
¢:1 [°C) Cha...

256 17,20

96 720

¢:2 ['C] Cha...
L LR




The three lines refers:

(B) blue line: T1 water input temperature

(Y) yellow line: T2 water (steam) output temperature
(R) red line : ambient temperature

As it can be seen the system was turned on just around 16.55. After approx 30
minutes a kink can be observed in the (Y). Because input power ( 1120W also
checked via and clamp amperometer ) was not modified (see fig.5 later) this change
of slope testify that the reactor was ignited. After a startup period approx 20 minutes
long were the reactor power was almost constant taking the water to =75 °C a second
kink is found when the reactor fully ignites rising the measured temperature at 101.6
+/-0.1 °C and transforming the water in to steam.

At this point we can try a simple calculus in order to evaluate the power produced. In
order to raise the temperature of 168 g of water by 1 °C , = 168*4.185 = 703 J are
needed. The water inlet temperature was 15 °C so the AT was 85 °C. We have
703*85=59755 J. At this energy one must add the evaporation heat <2272 J/g *
168=381696 J. Total energy in 45 sec is 59755+381696=441451 J, and power is
441451/45=9810 W. Statistical experimental errors in power estimation, due mainly
to flux measurements, can be conservatively estimated in about 1.5%. In this case we
have +/- 150 W.

This result is only a lower limit of the energy produced because the system was not
completely isolated and we have not taken into account any heat loss. From the
calculation of the “produced power” when the water was at 75 °C which give a result
that is less than the electrical input power is easy to understand that this systematic
under estimation surely exceeds the statistical errors .

Before ending [Testl] all the power was reduced and then switched off from the
resistors and also the hydrogen supply was closed. No pressure decrease was noted in
the H2 bottle. Even in this conditions the system kept running self sustaining, for
about 15 minutes until it was decided to manually stop the reaction by cooling the
reactor using a large water flux (note the decrease of the water input temperature).

The main origin of possible errors in [Testl] measure was that the steam was not
checked to be completely dry. During [Test2 | this measure was done by Dr.
Galantini a senior chemist who has used an ‘“air quality monitor” instrument
HD37AB1347 from Delta Ohm with a HP474AC probe . Also in [Test2] a high
precision scale (0.1g) was used to weight the Hydrogen bottle (13 Kg) before 13666.7
+/- 0.1 g and after 13668.3 +/- 0.1 g the experiment. The cause of this unexpected



rise was traced to be the remnant of piece of adhesive tape used to fix the bottle
during the experiment. After careful examination of the tape the weight loss was
evaluated to be <lg. This is far less the expected weight loss due to chemical burning.
In fact 1g of H can produce (max) 128 kJ. In [Test2] the power measured was 12686
+/- 211 W for about 40 min with a water flux 146.4g +/- 0.1 per 30 +/- 0.5 s. The
mean input power during the test was 1022 W. This means that 11664 * 40 * 60 =
27993600 J were produced. As stated before this is only a lower limit.

Dividing this number by 128kJ a weight of 218g is obtained, two order of magnitude
larger than the H consumption observed.

As a prudential check the reactor was lifted to seek any eventually hidden power
cord. None was found.

During the test the main resistor, used to ignite the reaction, failed due to defective
welding. Even in that condition the reactor successfully started operation using the
other resistors but the duration of the experiment in full power (=40 min) was “too
short” to observe a self sustaining reaction.

140120
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The temperatures recorded in [Test 2] are shown in fig 4. Unfortunately the original
data has been lost but the different evolution is evident.
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Fig. 5 Power adsorbed during tests in W. The time abscissa has 15min tics from
counted from the first record. Spikes in [Test 1] are due to line voltage spikes. The
anomalous behavior in [Test 2] is clear.

The average power adsorbed during [Test 2] is ~<1022W.

Conclusions

The amount of power and energy produced during both tests is indeed impressive
and, together with the self sustaining state reached during [Test 1] could be an
indication that the system is working as a new type of energy source of unknown
origin. The short duration of the tests suggests that is important to make more long
and complete experiments. An appropriate scientific program will be draw.
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Experimental evaluation, for radiation protection purpose, of photon
and neutron radiation field during the public presentation of the
prototype called "Energy Amplifier"

PREFACE

On 14/01/11 at the GM System plant of Via dell'Elettricista 16 in Bologna, I performed
radiation field measurements for radiation protection purposes as per your request of
09/11/10.

This report is therefore about the evaluation of the photon and neutron radiation field near
the prototype called “Energy Amplifier” during it's public presentation.

The process, the geometry and the materials used for the production of energy inside
the “Energy Amplifier” are unknowns that I'm not aware of. Environmental monitoring is
defined temporally before, during and after the test in question

The field evaluation can not relate to criteria of functionality of the system and can not
be used for comparison in systems different from this one, in the process, in the geometry
or in the construction materials used.

TIME DESCRIPTION OF THE TEST

The test has been conducted without interruptions in the measures presented below,
which therefore represent, to all intents and purposes, a continuous monitoring of the
photon field and of the neutron field samples as summarized in table:

ID Phase Start time End time
0 External environmental background 13:10 13:20
1 Before ignition 15:45 16:22
2 Ignition 16:22 16:45
3 Stability 16:45 17:25
4 Switching off 17:25 17:55
5 After switching off 17:55 19:00

Table 1: Time phases of the present measures during the presentation of the “Energy Amplifier” .



REPRESENTATION OF THE MEASURE GEOMETRY

Figurel: This is the prospective representation of the relative position between probes and the
“Energy Amplifier”. This figure can be used to represent the environment in wich the instruments
were used. Probe”1”: as describe in Table 2. Probe”2”: as describe in Table 4



EVALUATION OF THE X ey FIELD

This measure has the purpose of detecting, only for radiation protection purposes, the

X e Y radiation around the “Energy amplifier” during it's using.

This measure does not take into account in any way the internal attenuation of the
photons produced by the apparatus and can not in any way be traced back to the production
or otherwise of the photons due to the same apparatus.

METHOD

Has been defined a measurement protocol structured as follows:

e In agreement with the ICRU defininitions (/nternational Commission on Radiation Units
and Measurements, rif. Report 57-1998), we have chosen to evaluate the ambient dose
equivalent H*(10) as a dosimetric indicator of the X and vy field;

e The ambient dose equivalent measurements have been performed in dose rate mode;

e The measurement position is not fixed but is variable around the “Energy amplifier” at a
minimum distance of measurement from the outer structure equal to d =(5+£2) cm. This choice
has the purpose of monitoring the possible anisotropic radiation through the mapping of the
radiation solid angle around the system;

e The measurements have been repeated at a frequency such that the average of the values is
magnitude representative of the dosimetric values distribution;

e The average values are both temporal (time phase) and spatial (different positions of
measurement);

e The analysis of the data is based on the comparison with the environmental background
measured in an independent temporal phase (phase 0) and in an environment reasonably far from
the “Energy amplifier” (d>50m).

MATERIALS

The measurements were performed with the following instrumentation:

e AUTOMESS 6150 AD-b (s/n 93883);

e Last calibration certificate SIT 065/R n. 9521/S/12/10 del 20.12.2010);
e Probe: zinc sulfide (ZnS scintillator) size 3°x3”;

e Measuring range 23 keV — 7 MeV;

e Resolution declared of 1 nSv/h;

e Measuring range of 50 nSv/h —99.99 uSv/h.

Table 2: Specification data of the used instrument for the present measure.




RESULTS

The measured values are shown in the following table:

Temporal Phase H*(10) [nSv/h]
118 £ 10%
107 £ 10%
111 +£10%
115 £ 10%
116 £ 10%
123 £ 10%

NV~ ]|O

Table 3: Ambient dose equivalent for each test phase as described in Table 1 (Please note that Phase 0
correspond to the background value)

The uncertainty on the measure is estimated in accordance with the methods described in ICRU
Report 76 Measurement Quality Assurance for lonizing Radiation Dosimetry (2006).

CONCLUSIONS

From the measures it is shown that there are no evidence of meaningful differences of
H*(10) compared to the background environmental radiation.

Furthermore the dosimetric measures are not dissimilar from the environmental
background measurement both as average and as maximum peak values.



EVALUATION OF THE NEUTRON FIELD

This measure has the purpose of detecting, only for radiation protection purposes, the
neutron radiation around the “Energy amplifier” during it's using.

The measure does not take into account in any way the attenuation and the
thermatization of neutrons maybe produced or present inside the apparatus and can not be
in any way be traced back to the production or otherwise of neutrons due to the same
apparatus.

MATERIALS

For the measurement we used a direct reading electronic detector described by the
following technical summary:

Manufacturer: LUDLUM

Electrometer: LUDLUM 2221 Scaler/Ratemeter SCA

Probe: Prescila 42-41 Neutron Radiation
Detector (neutron recoil scintillator)

Sensitivity declared by the 350 cpm per mrem/h;

manufacturer:

Angular dependance: 15 % in all the measure range

Table 4: Specification data of the used instrument for the present measure.

The instrument has been periodically calibrated by an accredited ENEA center that has
provided the following calibration factors:
o On 17/03/2010 (N°1N10) with AmBe source (E,curons = 4.4 MeV) equal to 36CPM
per uSv/h
o On 28/01/08 with di Pu-Li source (Eeurons= 0.54 MeV) equal to 15 cpm per uSv/h

METHOD
Has been defined a measurement protocol structured in the following way:

e The evaluation of the neutron field is based on the rate measurement of the counts per
minutes (cpm) so as they are provided by the instrument, by integrating the registered counts in
60 seconds;

e The measurement position is fixed with respect to the “Energy amplifier” at measurement
distance from the external structure equal to d =(20+5)cm. This choice has the purpose to
monitoring the neutron radiation in the room in the chosen angular direction. The choice of the
position is due the instrument available space;

e The values provided are the average of the values collected in the temporal interval;

e The measurements have been repeated at a frequency such that the average of the values is
representative of the distribution of dosimetric values;



e The analysis of the data is based on the comparison with the background measured in an
independent temporal phase (phase 0) and in an environment reasonably far from the “Energy
amplifier” (d>50m).

RESULTS

The results are presented in temporal rate of counts per minutes type (counts per
minutes) in the same way as what is provided directly by the instrument (average values for
each time interval in question):

PHASE CPM (counts per minutes)
0 16+2
1 15+2
2 16+2
3 15+2
4 14+2
5 16+2

Table 5: Count per minute values for each test phase as described in Table 1 (Please note that Phase 0
correspond to the background value)

CONCLUSIONS

From the measures it is shown that there are no evidence, within the bounds of the
instruments presented before, of meaningful differences in the measured values compared
to the background environmental radiation.

Further:
e The absence of neutron field observable from the measured background does not allow

the dosimetric analysis for a comparison with the calibration values associated with the
instrument.

e The measure results are not dissimilar from the environmental background both as
average and as maximum values.

In faith
Dott. Bianchini David
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Abstract

We report here on the measurement of v emission from the sys-
tem built by Rossi et al. to produce energy. While the details of
the production system are still not known, an international patent
request (WO/2009/125444) and a paper describing the main char-
acteristics and performances are available: copper synthesis starting
from an hydrogenated nickel compound and energy production last-
ing for monthes. On the 14" of January 2011, the first public test
of this system was performed under partially controlled conditions.
Since the interpretation proposed by the authors for the energy pro-
duction and for the copper synthesis are the chain reactions involv-
ing X~INi +p — XCu 4+ Q (fusion), *Cu =X Ni+et +v+Q (B
decay) and XCu + e~ — XNi+ v+ Q (electron capture) the system
internal should produce a significant amount of + radiation produced
directly or through the annihilation reaction ete™ — ~v. The energy
power input and output and gamma radiations were measured before,
during and after the active phase of the system, as well as the hy-
drogen consumption. While a net energy output was observed, no y
excess (with energy above 200keV’) has been measured above the nat-
ural background level (< 180 H z rate in single mode, compared to an
expected rate largely in excess of 1 M Hz). The theoretical interpreta-
tion of the effect mentioned in the patent filed and in the paper seems
to be therefore not adequate. Moreover, the short duration of the
preliminary test (45 minutes) and the test conditions, suggest there-
fore to conduct accurate and long measurements before drawing any
conclusion on the nature of the energy production process.



1 Introduction

1.1 Patent claims and theoretical interpretation

The international patent request WO /2009/125444 [1] describes a remark-
ably simple system able to produce heat. The basic building blocks are:
1) a tube (reaction chamber) containing nickel powder and other elements
(reaction catalyzers) filled with hydrogen gas, 2) several resistors used to
heat the chamber and 3) a cooling system where liquid water is flown in
and water steam is obtained in output. The main patent claim is on "a
method and apparatus for carrying out highly efficient exothermal reaction
between nickel and hydrogen atoms”. In the description of the patent, it is
mentioned that only during the initial phase (lasting up to 3-4 hours) an
electric resistor is needed to bring the reactor up to the working point; after-
wards the resistor can be switched off and the system can be self-sustained,
producing more energy than that initially required.

Although unsure and only hypothetical, a possible interpretation for the
energy production, mentioned in the patent request, are the nuclear reaction
chains X ~INi + p —* Cu + Q (copper production) and *Cu —~ Ni + et +
+v + Q (copper 31 decay) or XCu + e~ —* Ni + v 4 Q (electron capture).
Starting from stable nickel nuclei, the mentioned reactions should lead finally
to stable copper nuclei: %3Cu and °Cu. Two arguments are presented in
favor of this interpretation:

e given the small amount of nickel powder involved, the large energy
production seems not to be compatible with a chemical origin;

e the post-reaction analysis of the powder shows nuclei not present be-
fore reaction.

In addition to the patent request content, a paper [2] published on web
provides more quantitative information: the power production can last for
monthes and the isotopic composition of copper nuclei in the powder changes
from a ratio of %3Cu/%Cu=2.24 (natural composition) to 1.6 after heat
production (statistical and systematic uncertainties are not quoted). For
these (and other) reasons, the authors claimed to have found a ”unique
system ... able to obtain energy from nuclear fusion reactions”, despite the
fact that no nuclear activity has been measured during reactor functioning
(outside shielding).



2 Preliminary considerations

This patent request and the related article rose a lot of interest in the nu-
clear physics community. Since the new method and the new concept of
nuclear reactions (labelled elsewhere as ”Low Energy Nuclear Reactions”,
LENR) challenge the basis of the nuclear physics field, a deep independent
investigation is needed to confirm these findings. As a general rule, the more
extraordinary the scientific claims are, as in this case, the deeper should be
the investigation to rule out common and quite well known effects.

In the first public demonstration of the reactor, we were allowed to per-
form measurements before, during and after reaction functioning. Even if
the measurements were severely limited by the non disclosure of the reac-
tion chamber and of the associated electronics, nevertheless some important
aspects have been tested:

e Energy production. To test the claim of non-chemical origin of the
energy produced, the measure of the output-input power difference in-
tegrated times the measuring time (i.e. the total energy produced) is
needed and should be compared with the mass and size of the energy
source. For example 1 MWh produced by 1 g of material is a good in-
dication of a nuclear origin, while 5 Wh produced by 30 g of material is
an indication of chemical origin. In the present test, as a precautionary
attitude, whatever was not known, not disclosed or not understood has
been considered as the energy source. This forces to consider relevant
only very large energy productions, as those described in [1] where the
reactor has been working for weeks and monthes.

e Radiation detection. To test the theoretical interpretation of the en-
ergy production a doubtless conclusion would be to identify signatures
of nuclear reactions. Since, to our knowledge, there is no nuclear
transmutation reaction chain that proceeds without producing gam-
mas (sooner or later), the radiation detectors can be used to search
any other (less direct) sign of nuclear activity, such as gammas of any
origin, providing support for the nuclear interpretation of the energy
released. In [2], a value of 35 MeV is evaluated as a mean energy pro-
duction for Ni nuclei starting the reaction chain, part of it necessary
released as direct «v. The clearest signature is however the identifica-
tion of two 511 keV + from eTe™ annihilation, which would follow any
B decay of copper nuclei. This is actually a clean signature since:
1) it requires two simultaneously signals in two different detectors, 2)
characteristic topology (back-to-back) of the v (to be matched with



Figure 1: A photo of the apparatus. One scintillator detector is pointing
upwards and is visible in the center of the picture, while the other is partially
covered in the back.

the detector placement) and 3) the annihilation rate should follow the
power production: zero before reactor starting, increase (or flat top)
during functioning and decrease after reactor switching off. These
three independent indications (if coherent) would provide a strong
support of the claimed effects and their theoretical interpretation.

3 Experimental set-up

The experimental set-up is shown in fig 1. The basic observable elements are
an horizontal metallic tube (approximate length 70 cm, diameter 20 cm, 22 [
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volume, 30 kg weight as a guess-estimate) as the reaction chamber, a vertical
tube for steam output (50 cm length, 15 cm diameter, 9 [ volume), a con-
trol system box (approx 40x40x40 c¢m? dimensions, 64 [ volume, unknown
weight), a water pump and an hydrogen bottle. In the patent request [1]
and in the paper [2] the horizontal tube is described as containing a reaction
chamber where a nickel powder, catalyzers and the Hs react to provide en-
ergy. In order to start the energy production the system should be operated
at high temperature, therefore electric resistors are used for initial heating.
An heat sink composed by a flowing water transforming into steam is used
to draw the heat from the tube internal. An external shielding (thickness
unknown) covers all the details to the external observer. The vertical tube
is used for dry steam production. The control system box is practically the
only element receiving electrical power from outside, and drives the resistors
with 5 double-wire electrical cables. A pump provided a stable liquid water
flow in the inside of the horizontal tube system and an hydrogen bottle was
connected to the reaction chamber.
Several parameters were controlled during the tests:

e the input electrical power was measured on a power meter and recorded
every 8 seconds;

e the environment temperature, the input water temperature, the out-
put water steam temperature were logged every 2 seconds;

e the vapor quality was measured online;
e the water flux was measured at the beginning and assumed constant;

e gamma production from the system was monitored with Nal counters
(main subject of this report);

e the environmental radiation was measured online (described in [3]).

No flux measurement has been done on the output steam flow. Tem-
perature parameters and input-output power measurements are described
in detail in [4].

4 Gamma detection set-up and preliminary con-

trol measurements

The measurements of the v radiation was performed with two identical
Nal(T1) scintillators. The active volume is a cylinder of 3 inch diameter



and 3 inch height. Before installation in the set-up the two detectors were
calibrated, equalized (at about 13% level) and longly tested (2 monthes). In
fig. 2, a typical signal from scintillators is shown (left), together with a spec-
trum obtained with a 22 Na source. In the spectrum, clear signals standing
at &~ 3400 ADC channels and 8200 ADC channels are visible, which corre-
spond respectively to the 511 keV gammas from ee™ annihilation and ~y
with energy of 1.275 MeV from ?2Na. In table 1 the energy resolutions as
measured on a 22 Na source are shown. During these long tests, the scintil-
lators draw stable currents and provided signals quite stable in amplitude
(5% tolerance). No indication of instability of any kind was observed.
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Figure 2: Left: a typical signal from Nal exposed to a 2> Na source taken at
the lab. Right: spectrum of 22 Na signals; the peak at ~ 3400 ADC counts
is the 511 keV signal and that at ~ 8200 is the 1.275 MeV + line.

In the system test, the two scintillators (labelled A and B) were fixed to
the tube (fig. 1) in correspondence of two holes performed in the shielding.
Despite the request of having two holes back-to-back of 1 mm diameter;
two holes of more than 1 cm diameter were prepared. No detail of the
system internal was given, nor the explicit position of the energy source. The
placement of the holes and of the scintillators corresponded approximately
to the hottest region of the horizontal tube. Following an explicit request
by Rossi, only counting measurements were performed, the energy spectra
being considered an industrial secret.

The electronics used in the tests were a digital oscilloscope and a NIM
crate holding the following modules: a 4 channel high voltage generator
(Caen NIM 470), a 6 channel amplifier for analog signals (Le Croy 612), an



Table 1: Raw ~ line positions and resolutions of the Nal(T1) scintillators

Source | v energy | Scintil- | Line position | line width | resolution
(MeV) lator | (adc counts) | (adc counts) (%)
*?Na | 0511 A 34004 +0.6 | 124.1+0.7 3.6%
22Na | 0.511 B 3060.8 £0.5 | 99.0 +0.6 3.2%

8 channel discriminator (Caen 96), a coincidence unit (LRS 465), a Logic
Fan In Fan out (Caen 429A), a 4 channel scaler (Caen 145), two Dual
Timers (Caen N93B and N2255B). The PMT of the two scintillators were
powered at 850 V (scintillator A) and 750 V (scintillator B). The current
drawn at the beginning of the tests were respectively 597 pA and 521 pA,
values in agreement with what observed in the preparatory phase. Signals
from the two Nal(Tl) scintillators travelled on 16 ns lemo cable towards
the oscilloscope configured in high impedence mode for signal monitoring
and were forwarded (on 16 ns lemo cables) to the amplifier module. The
amplified (gain 20) signals were first discriminated with thresholds of -254
mV and -255 mV respectively. The thresholds were set at about 40% of
a typical full-energy signal from a 511 keV gamma, therefore corresponds
to a threshold of 200 keV in the v energy. The discriminated signals were
plugged directly to the scalers for single counting measurements (labelled
counters ”A” and ”"B” in the following) and the logic coincidence (AND
gate) of the A and B signal was connected to a third scaler, labelled ” A&B”
in the following. Signal ” A” was also delayed by 1 us and put in coincidence
with signal B; this coincidence was counted by a fourth scaler, labelled
”(DelayedA)&B”. The ”A” and ”B” scalers provide information on single
counting rates, i.e. single gammas of energy above 200 keV coming from the
system or from background. The ” A&B” scaler would provide the fingerprint
of the annihilation reaction ete™ — ~v following a 37 decay occurring in
the system chamber (from any nuclei). The ” (DelayedA)&B” scaler provides
a measurement of the accidentals (random coincidences) of signals from the
two scintillators.

Before the measurements, the electronics was calibrated with a *?Na
source. Although data were not recorded, the proper settings of the single
gamma scalers and of the coincidence ” A&B” was demonstrated by repeat-
edly placing and removing the source from the two facing scintillators. All
counters behave repeatedly in an understandable way: high countings with
the source placed between the scintillators, background countings when the
source was removed. Before switching on the system, the electronic set-up



Table 2: Timetable and phases of the preliminary test on the 14*" Jan-
uary 2011. Main phases: 0- initial conditions, 4 system working, 9 - final
conditions.

time Status or operations performed phase
11:00-13:30 | Installation of the set-up and preliminary checks -
15:17 Turning on of the v measurement set-up. 0
First background measurements 0
Resistors are switched off; Hy bottle closed 0
16:23 Switching on of the resistors 1
16:23-16:31 | Resistors connected to power; Ho closed 2
16:31 Opening of the Hy bottle 3
16:31-17:16 | Resistors powered; Hy opened 4
16:35 Power cut (about 1 min) 5
17:16 Closing of the Hy bottle 6
17:16-17:19 | Resistors powered; Ho closed 7
17:19 Switching off the power to the resistors 8
17:19-17:42 | Resistors unpowered; Ho closed 9

was re-checked. Simple tests of the coincidence scaler were performed with
cosmic rays before final scintillator fixing on the reactor shielding.

The proper functioning (and stability) of all the system detecting s has
been rechecked after the system test.

5 The v rate measurements

The exact timing and sequence of the operations performed are shown in
table 2. From 15:17 to 17:42 (145 minutes) the scalers associated to gamma
counters were checked, video taped and recorded on-line by hand. Only
those recorded by hand are presented here (70 data points) and shown in
fig. 3. As can be seen all counters and the dynodic currents show a stable
behaviour. It is interesting to remark that without additional information
it is not possibile to identify the the data points recorded during power
generation. A clear deviation from the stability would have showed a direct
evidence of gamma production, as the temperature measurements do for
the energy production discussed in [4]. Only by looking at the last plot in
the picture, it is possible identify the measurements 44-61 (from 16:31 to
17:16, 45 minutes) as those recorded with resistors switched on and the
H> bottle opened, which by the way was also the period where energy was
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Figure 3: Radiation measurements before, during and after system function-
ing. On top the single countings ”A” (red) and "B” (blue) measured every
10 seconds, followed by the on time-coincidence ("A&B”, red) and acciden-
tals (("DelayedA)&B”, blue). Further down there is the dynodic current
drawn by the PMT bases (A, red and B, blue) of the two scintillation de-

tectors and at the bottom there is the experimental status as coded in table
2.

produced. The lack of this indication in the upper part of the picture is
a visual indication that no gamma excess was actually recorded from the



Table 3: Rates measured in the three key periods: before turning on (phase
0), during working conditions (phase 4), at the end of the test (phase 9).

Phase | Counter A | Counter B Counter Counter
(Hz) (Hz) "A&B” (Hz) | Delayed(A)&B”

0 153.7+£1.2 | 157.3+ 1.3 4.3+0.3 0.3+£0.1

4 152.2+£1.5 | 155.7+£1.9 25+04 0.1+£0.1

9 166.4+2.4 | 173.94+2.2 3.8+0.6 0.3+£0.2

apparatus. A numerical analysis confirmed these findings.

Table 3 contains the numerical information for the counting rates for
the three key periods: before turning on (phase 0), in working conditions
(resistors switched on and Hjy bottle opened, phase 4) and at the end of
the test (phase 9). During phase 4 the external temperature of the system
rose significantly [4] and we have to assume that the scintillators might have
experienced a temperature increase as well, being almost in thermic contact
with it. Also in phase 9 the reactor shielding was hot (temperature not
monitored).

In table 4 the single rates measured during phase 4 and 9 are compared
to those measured in phase 0. A simple significance parameter, defined as
the rate excess (or defect) divided by its uncertainty is presented close to the
rate excesses (or defects). As can be seen, while during phase 4 no excess has
been recorded (all significances within a 3o level), for phase 9 single counters
deviates up to 6.60. In table 5 the same comparison is presented for the

Table 4: Excess of single counting rates in phases 4 and 9 with respect to
phase 0.

Phase Counter A Counter B

comp. | Rate diff (Hz) significance | Rate diff (Hz) significance
4-0 —-14+19 —0.740 -1.6+2.3 —0.670
9-0 12.7£2.6 4.80 16.7£2.5 6.60

Table 5: Excess of coincidence and accidental counting rates in phases 4 and
9 with respect to phase 0.

Phase Counter ”A&B” Counter ”Delayed(A)&B”
comp. | Rate diff (Hz) significance | Rate diff (Hz) significance
4-0 —0.17£0.05 —3.50 —0.015+£0.013 —1.33¢0
9-0 —0.05 £ 0.07 —0.730 0.00 + 0.02 0.08¢0
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coincidence (A&B) and accidental (Delayed(A)&B) countings. Coincidences
show only negative significances, with an lower value of —3.50. Accidentals
are compatible with no effects: all values below (30).

There are 3 measurements above the 30 limit (two excesses and one lack
of ys); a measurement above the 50 (excess) and no 8¢ effects. Since: 1) the
measurement above the 50 has been taken with the reactor switched off; 2)
the other 7 values are not always confirming this behavior (excesses and lacks
of vs); 3) the effect of the temperature on our scintillators are unknown and
4) radon contamination was not measured, by the precautionary principle it
s safe not to consider significant this single excess. A possibile explanation
of the excess seen at the end of the tests concerns radon. Tap water was
used and transformed to steam (order of 7 liters/s of water steam diffused in
a room near the apparatus. It is well known that in this process radon gas
is released in the environment. Gamma radiative decays of radon or other
instable nuclei in the radon decay chain could not be excluded and might be
the source of the delayed increase of environment radioactivity. More, long
and accurate measurements should be performed in order to keep track of
these possible contaminants.

An 8-0 criterion would have required to measure in any of the several 10
s periods rates above these limits: > 185Hz (counter A), > 189H z (counter
B) and > 21H z (coincidence). These values can be considered as a threshold
for effect confirmation. No data value, fullfilling this criterion, is present in
the test. By the quoted numbers, it is possible to evaluate the sensitivity
of the ~ detection system: =~ 30 Hz in single counting mode or ~ 17 Hz in
coincidence mode for signals above the background in a counting period of
10 s.

6 Discussion

The energy measurements provided the following results, which are sum-
marized in [4]: electrical power in input of about 1 kW; energy power in
output about 12.7 kW for a time period of about 40 minutes. Assuming
that the observed energy excess production rate (= 11 kW) is coming from
nuclear reaction, knowing that a typical energy release is of the order of 1
MeV, it is possible to estimate the total fusion rate to be of the order of
7-10'6 reaction/s (fusions or decays). Assuming that the reactions are dis-
tributed along the hottest part of tube (30 cm lenght, where the detectors
have been placed), taking into account the solid angle seen by the two Nal
detectors through the two 1 cm diameter holes in the shielding (=~ 2.5-1073
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steradiants), a total rate largely in excess of 10!! v/s can be estimated to
be emitted within the solid angle seen by the two detectors.

This rate is so huge that there is no possibility for it to escape detection
provided that the v have an energy above the 200 keV threshold. Notwith-
standing the uncertainties of the energies of the gamma produced (511 keV
and >1 MeV are just guesses) and the details of the shieldings, the energy
range (0.2-4 MeV) is well known to be difficult for gamma containment.
In this region, in fact, for several materials, the dominant + interaction is
compton scattering, an elastic process that changes the v energy, but not
the v counting in a relevant manner. Even assuming that the whole hor-
izontal tube is made of lead (10 cm radius), we expected some 7y to pass.
In laboratory, in fact, the absorption of gammas from 22 Na (a B emitter,
releasing 511 keV and 1.275 MeV gammas) from different thickness of lead
has been measured with the same set-up and thresholds as those used in
the system test: 5 cm of lead are enough to reduce the unshielded flux to
~ 5.7%, while 10 cm of lead reduced the unshielded flux to ~ 0.5% (single
countings). Taking into account these numbers, one can easily conclude that
the observed ~ rates are incompatible with the expected ones (at least by 6
orders of magnitude). This seems to rule out the explanation proposed for
the energy release (production of copper nuclei via reaction chains involving
BT decays).

7 Conclusions

The main findings of the present study are the following:

e the present reactor was actually able to vaporize a cold liquid wa-
ter flux for about 40 minutes, showing a sizeable output-input power
difference and an integrated power production of several kWh [4];

e no gamma radiation above the background level in the energy region
E, > 200 keV has been observed, neither in single counting, not in
coincidence;

e regardless of the internal details of the reaction chamber, shieldings
and other industrial secrets, the v rates measured with the Nal coun-
ters seem not compatible with the rates deduced or expected assuming
that the energy production was due to nuclear fusion or decay reac-
tions, as suggested in [1].

Thus at present having found no nuclear reaction fingerprints, further
investigations are indeed needed to identify the energy production process.
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We are opened to collaborations with the proponents to complete the tests
by covering also the low energy gamma region (20 — 200 keV'), to measure
possibly slow or fast neutron emissions and to perform measurements on
long runs. The duration of the tests would be directly proportional to the
mass and volume of unknown origin. For the present set-up a convincing
evidence would include a power production of (order of) 10 kW sustained
for weeks in a controlled and monitorized environment.
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Disclaimer

The present report concerns mainly the radiation measurements to confirm
or disproof the nuclear interpretation of the energy release. Very clean and
undoubltfull signals were looked for. Measurement conditions were not ideal
in few cases (weighing procedures, duration, systematics, fluxes) and needs
to be redone properly.
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