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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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