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Abstract

On March 23, 1989, Fleischmann and Pons made the sensational claim that they had achieved nuclear fusion electrochemically
using Pd cathodes in LiOD/D2O electrolytes. Despite reservations, scientists worldwide went into their laboratories attempting to
replicate the Fleischmann–Pons discovery. There were some successes but a greater number of failures. A preponderance of those
negative reports came from prestigious institutions, which caused a majority of members in the scientific community to dismiss the
LENR field. In this communication, we re-examine some of the most noteworthy negative experiments, discuss why they failed,
and how they impacted the field.
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1. Introduction

On March 23, 1989, at the University of Utah, Martin Fleischmann and Stanley Pons [1] held a press conference
where they announced that they had “established a sustained nuclear fusion reaction by means that are considerably
simpler than conventional techniques.” Then, holding a cell as a prop, Pons briefly described the experiment that
drove deuterons inside the lattice of a palladium rod to such an extent that fusion of the deuterons occurred with a
considerable release of energy. It should be noted that Fleischmann and Pons had never used this cell in any of their
actual experiments. Fleischmann further indicated that the cells they used were Dewar flasks that allowed them to
accurately measure the heat that was produced. The press conference was an unorthodox means of announcing an
important scientific discovery, although a preliminary paper on their results had already been accepted in a journal.
However, there were extenuating circumstances involving another university which prompted the University of Utah to
announce the discovery via a press conference rather than going through the accepted journal process and peer review.
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The events leading up to the press conference have been documented in great detail in other books and will not be
discussed here [2-4].

Initially, Fleischmann and Pons only had calorimetry measurements that showed that more heat was produced
than could be accounted for by chemical means. From this they concluded that the excess heat had to be nuclear
in origin. Their intent had been to announce their discovery after ∼18 months of additional experiments to look
for nuclear ash, such as gamma rays, neutrons, and tritium. However, a few weeks prior to the announcement, they
quickly conducted additional experiments looking for evidence of this nuclear ash. Again the reason for this urgency
has been documented in other books [2-4] and will not be discussed here. On March 13, 1989 [5], ten days prior to
the press conference, Fleischmann and Pons submitted a hastily written paper [6] to the Journal of Electroanalytical
Chemistry (JEAC). The paper was quickly reviewed, was accepted on March 22, 1989 (one day prior to the press
conference), and was published on April 10, 1989. Later, Fleischmann told Miles that he never would have agreed to
the press conference if their first cold fusion manuscript had not been already accepted by Roger Parsons, who was
then Editor of JEAC. Preprints of the paper were leaked out prior to its publication and it was rapidly disseminated
among the scientific community. However, in 1989, there was no Internet or e-mail. The only method available to
quickly distribute information was by fax machine and, by the time someone got a fax of a fax of a fax, it was pretty
faded but, none-the-less, you were happy to get it. Unfortunately, the publication was disappointing as it provided no
details on how the cells were constructed, the charging protocol used, the type of calorimeter used and data analysis,
etc.

The announcement by Fleischmann and Pons did create quite a sensation and excitement. Pons and Fleischmann
made headlines in newspapers and were featured on the covers of magazines. The news media referred to the
Fleischmann–Pons discovery as “cold fusion” and the moniker stuck. The response by the scientific community to
the Fleischmann–Pons announcement was likewise instantaneous but, in general, was not as enthusiastic or positive.
The community noted that, at the time of the announcement, there weren’t any refereed papers. Also the experiments
had neither been replicated nor were they repeatable, and that the experimental results did not match theory. How
could eV chemical reactions initiate MeV (1,000,000 eV) products? Also, if the reaction was nuclear in origin, where
were the neutrons? Despite these questions, scientists worldwide went into their laboratories in attempts to replicate
the Fleischmann–Pons discovery. They used palladiumwhose history had not been known. They built cells that resem-
bled the prop used by Fleishmann and Pons during their press conference. Cells of this design displayed poor mixing.
Experiments that were done depended upon what resources were available in the laboratories as well as the expertise of
the scientists themselves. Some researchers did electrolysis and calorimetry. Gas loading of palladium was pursued by
other scientists. Rather than doing calorimetry, others focused on looking for nuclear ash. There were some successes
but a greater number of failures. It was easier to publish negative results than it was to publish positive ones. This
preponderance of negative reports, some from highly reputable institutions, such at Caltech, MIT, Harwell (U.K.), and
UC Berkeley, caused the scientific community to dismiss the LENR field. Yet many of the experiments yielding nega-
tive results were flawed. Part of the problem was due to the fact that, in the early days, not much was known about the
phenomenon. As a result, improper/inadequate instrumentation and experimental designs were employed. This was
not understood until much later but the damage to the field had been done. In other rare cases, there are indications of
scientific maleficence. In this review, we focus on some of the most noteworthy negative experiments and discuss why
they failed and how they impacted the field.

2. Calorimetry and Helium-4

2.1. Summary of Fleischmann–Pons Cells and Calorimeter

Figure 1a shows a schematic of the electrochemical cell used by Fleischmann and Pons in their calorimetry [7]. They
used a Dewar-type isoperibolic calorimeter to measure the heat produced during electrolysis. Advantages of this
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Figure 1. (a) Schematic of a Fleischmann–Pons electrolytic cell (not to scale). The Pt anode wire was wound in a helical configuration around
glass support rods, surrounding, with a fairly even distribution, the Pd cathode in the center [7]. Reprinted with permission from Steve Krivit. MIT
excess power data where (b) and (c) show the unpublished and published results, respectively [14].

approach include a wide dynamic range for both the cell temperature and cell input power, direct visual observations
inside the cell during calorimetric experiments, relative low cost, self-purification of the system, the safety of an open
system, and heat transfer mainly by electromagnetic radiation [8, 9]. The use of control or “blank” experiments,
such as replacing palladium by platinum, show that anomalous excess power is measurable to within ±0.1 mW (±
0.01% error) using this electrochemical calorimetry. The temperature error was ± 0.001K, which was achieved using
calibrated thermistors. This accuracy requires the use of seven power terms to adequately describe the rate of enthalpy
flowing into and out of the calorimetric system where Eq. (1) is the complete expression for isoperibolic calorimetry:

Pcalor = PEI + PX + PH + PC + PR + Pgas + PW . (1)

The net power that flows into and out of the calorimetric system (Pcalor) is determined by the electrochemical
power (PEI ), excess power (PX ), the internal heater power (PH), the heat conduction power (PC ), the heat radiation
power (PR), the power carried away by the gases generated (Pgas), and the power due to pressure–volumework (PW ).
It should be noted that Fleischmann and Pons did not use PW term in their data analysis. Miles added the PW term
some years later when he was doing calorimetry at NHE using the Pd-B alloy. He found that the PW term became
important at high cell currents. Each power term in Eq. (1) is a function of time (t), such as Pcalor = CpMdT/dt,
where Cp is the heat capacity of D2O,M is the mass of the calorimetric system, and T is temperature. Thus Eq. (1) is
a differential equation that can be used directly or numerically integrated for greater accuracy.

The glass Dewar cells designed by Fleischmann and Pons in 1993 were 25 cm in height and narrow (2.5 or 3.30
cm I.D.) so that the bubbling action of D2 and O2 emerging from the surface of the anode and cathode served to keep
the electrolyte well mixed. Fleischmann and Pons used two methods to demonstrate that the fluid in their cells were
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well mixed [10]. They used video to measure the time it took for a drop of red dye to be homogeneously mixed in the
electrolyte. For the lowest electrolysis power level used in their experiments, it took the bubbles from electrolysis 3
s horizontally and 20 s vertically to disperse the red dye into the electrolyte. Faster mixing occurred for higher input
powers. An array of five thermistors arranged vertically and horizontally through the cell showed that the temperature
variations in the liquid were at most 0.005◦C (except at the bottom of the cell where they were 0.01◦C). There was
a high vacuum between the inner and outer glass surfaces of the cell. The double wall of the Dewar vacuum flask
prevented heat conduction out of the sides and bottom of the cell. Heat flow out of the cell would be by means of
radiant emission to the bath water. However, with time the vacuum inside these Dewar vacuum flasks will slowly fail.
When newly constructed (and depending upon the skill of the glass blower), heat transfer due to conduction would
be about 2%–3%. The Dewar’s vacuum insulation and effervescent bubbling action from anode and cathode kept
the temperature of electrolyte sufficiently uniform to permit accurate heat flow measurement. After ICCF2 in Como,
Italy, the cells were silvered. This silver coating, which was inside near the top and down to below the level of the
electrolyte, limited heat loss through the top and made the heat loss value less dependent on the changing liquid level.
With this design 95% of the heat was removed by radiation and 5% by conduction. There was a calibration heater used
to apply heat pulses to calibrate and monitor the rate of radiant heat transmission by the cell to the surrounding water
bath. The cells were operated in a constant current mode. The open cells were self-purifying. Ordinary H2O acts as a
poison in the Fleischmann–Pons effect (FPE). In an open cell, H is preferentially electrolyzed versus D at the cathode.
Consequently, any H2O contamination will be gradually removed during electrolysis. In closed systems, the initial
H2O contamination will remain trapped throughout the experiment.

It should be noted that Fleischman and Pons had perfected their isoperibolic Dewar calorimetry over at least
five years prior to their 1989 announcement [9]. This included determination of the optimum size and shape of
their calorimetric cell, attaining a good Dewar vacuum, improving their temperature measurements, acquiring good
instrumentation, setting up a reliable data acquisition system, modeling their calorimetry with correct equations, and
improving their methods for the analysis of the calorimetric data. Recently Miles [11] indicated that when Fleischmann
and Pons started their research, they did not know how large the effect, if any, there would be. Therefore, they wanted
the calorimetry to be as accurate as possible where even 1.0 mW of excess power could be detected. They realized
that if nuclear reactions inside the Pd lattice were similar to hot fusion, then even 1.0 mW of excess power would
have produced about 108 neutrons per second, which would have been an unsafe amount. It is not surprising, given the
limited time after the 1989 announcement, that others did not achieve the same level of accuracy as that of Fleischmann
and Pons which, in turn, often resulted in negative results.

2.2. Caltech (U.S.)

A variation of isoperibolic calorimetry was done at the California Institute of Technology, Caltech [8]. While they
had a Tronac Model 1250 vacuum-jacketed calorimetric Dewar, most of the reported results were for an air-jacketed
“Dewar” that contained 30 mL of electrolyte. Lewis of Caltech referred to their calorimeter cell as a “Dewar.” However
a Dewar flask is another name for a vacuum flask and a vacuum flask cannot be air filled. Because the Caltech “Dewar”
walls contained 1 atm of air, there was no vacuum and heat conduction, not electromagnetic radiation, was the main
heat transfer pathway. A schematic of the calorimeter in a later Caltech publication showed that the cell was short
and fat with a length/diameter ratio of only 1.4 versus a ratio of 10 (25 cm/2.5 cm) for the Fleischmann–Pons cells
used at the NHE laboratory in Sapporo, Japan, around 1993. Because the Caltech cell was short and fat, stirring was
required to keep the electrolyte homogeneously mixed. A motor was used to vigorously stir the electrolyte. The Joule
heating resulting from stirring (∼0.3◦C) had to be accounted for in all measurements. Caltech measured temperatures
to within ±0.03K and the calorimetric error was ± 3 mW [12]. Only fragments of Eq. (1), PEI and a term for total
power similar to PC , were used to analyze the data [8]. Also the cell constant was allowed to arbitrarily change with
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time in the Pd/D2O experiment [13]. Changing the cell constant would effectively zero out any excess power. No such
changes in the cell constant occurred in their Pd/H2O experiment and both the H2O and D2O experiments used the
same glassware and other components in the same configuration. This suggests that the temperature increase observed
by Caltech was real and was caused by anomalous heat.

Caltech submitted their findings to Nature less than two months after the initial announcement of the FPE [8]. A
single Fleischmann–Pons experiment using bulk Pd generally requires 4–8 weeks of electrolysis so it is unlikely that
they achieved the conditions to initiate the effect. Caltech reported no evidence of excess enthalpy, neutron, gamma
ray, tritium, or helium production during electrolysis.

2.3. Harwell (U.K.)

Harwell laboratory in the U.K. hastily performed experiments in 1989 [8]. The Fleishmann-Pons type Dewar calorime-
ter used by Harwell had an inner diameter of 2.5 cm, a height of 10 cm, no silvering, and had an error of 15%. Given
the dimensions of the cell, stirring by the electrolysis gases would be adequate. A single thermistor was used that was
positioned in the upper half of the cell. The Dewar had a poor vacuum. The Harwell isoperibolic calorimetry shows
only the use of the PEI term and approximations for Pgas, PR, and PC [12]. Harwell measured temperatures to within
±0.1K and the calorimetric error was ± 10 mW [12]. Other error sources include their method of cell calibration
and the unfavorable geometry of various cathodes (beads, ribbon, bar) used [8]. These unfavorable cathode geometries
would not provide for uniform electric fields and symmetry required for high deuterium loadings. Independent analysis
of the Harwell data indicated that their cells were unlikely to produce significant excess heat because of low current
densities, low levels of D loading into the Pd, as well as these poor choices in their experimental design.

2.4. MIT (U.S.) and Scientific Misconduct

MIT, in Cambridge, MA, stated that no excess output power or any other evidence of fusion products (neutrons,
gamma, helium, and tritium) was detected [8]. Dewar cells were not used, thus the main heat transfer pathway was by
conduction rather than by electromagnetic radiation as in the Fleischmann–Pons Dewar cells. The Phase I calorimetry
was admittedly relatively crude with error limits of ±0.3 W. The two Phase II calorimeters were greatly improved and
consisted of reasonable cell dimensions of 12 cm in height and a narrow 2.1 cm in diameter. Unlike the short, fat
cells used by Caltech, no mechanical cell stirring was necessary. MIT calorimeters used a large excess of glass wool
thermal insulation in the compartment between the cell and water bath. As a result the desired heat flow pathway from
the cell to the constant temperature bath was severely blocked. The major heat transfer pathway was out of the cell
top to the room temperature air. The Pt resistance temperature detector (RTD) thermometer used in each cell by MIT
had an accuracy of ± 0.1 K compared to ±0.001 K for the two thermistors used in each Fleischmann–Pons Dewar
cell. The sensitivity of the Phase II MIT calorimeters was stated at ±40 mW contrasted to ±0.1 mW sensitivity for
the F-P Dewar calorimeters. The MIT isoperibolic calorimetry used terms corresponding to PEI , PH , and PC . From
the dimensions of the MIT Pd rod cathodes (0.1 cm × 9 cm), the expected excess power of about 70 mW would not
be easily distinguished from the ±40 mW calorimetric error. MIT reported their key calorimetric measurements over
a rather short time period (100 h). The observation of measurable excess power with Pd cathodes in D2O generally
requires 6 days or more of electrolysis.

It has been claimed that there was a serious discrepancy between the unpublished raw data and the final published
data for theMIT D2O cell [8, 14]. This is illustrated in Figure 1b [14]. In the plot of the unpublished data there is a clear
evidence of excess heat (beyond electrical input power) in the D2O cell, but no visually apparent excess in the H2O cell.
The results that were published in the Journal of Fusion Energy shows no excess heat for D2O. The D2O data points
appear to be arbitrarily shifted down to make the apparent excess power vanish. Extensive analysis performed by Dr.
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Mitchell R. Swartz concluded that the MIT H2O and D2O data sets were “asymmetrically” treated. This controversy
caused MIT to change their calorimetric conclusion from the previous “failure-to-reproduce” to “too-insensitive-to-
confirm”. It should be noted that the D2O cell showed an increasing cell temperature and a corresponding decreasing
cell voltage that was not present in the H2O cell. When cells are operated at a constant current, a decrease in cell
voltage is indicative of heat production.

2.5. Earthtech (U.S.) and MOAC

At NHE, Miles [15, 16] used the Fleischmann–Pons Dewar type cells to investigate the Pd–Ce–B, Pd–B, and Pd–Ce
cells. Significant excess power was produced from the cells using the Pd–B and Pd–Ce alloy cathodes. In contrast,
the Pd–Ce–B alloy showed no measurable excess power. The same Pd–Ce cathode that was used at NHE produced
significant excess power in earlier experiments at China Lake. Previous experiments at China Lake using similar Pd–B
alloy cathodes produced excess heat in seven out of eight experiments [17]. The Pd–B alloy cathode that failed had
a large, folded-over metal region that acted as a long crack and the cathode was poorly aligned in the cell. Both the
folded region and poor alignment would result in low loading of deuterium in the cathode. For Pd–B cathodes that
produced heat, it was shown that excess power could be obtained in repeated experiments using the same cathode.

EarthTech (Austin, TX) had developed a mass flow calorimeter with an accuracy of 0.1% [18]. They called the
calorimeter MOAC (Mother Of All Calorimeters). They claimed that MOAC was quite reliable. The largest source of
error was the drift exhibited by the thermistors used for the critical inlet and outlet water temperature measurements.
They said that the observed drift was usually quite slow and was only a fraction of the manufacturer’s specification
meaning that the thermistors were performing significantly better that the manufacturer’s guarantee. Because of this
drift, MOAC required recalibration once every month or two.

In 2004, Miles spent a weekend at the EarthTech laboratory setting up a Pd-B experiment in their MOAC calorime-
ter. Due to rain, the humidity was high. They had no means of keeping moisture out while setting up the experiment.
There was a problem with welding the wire lead to the Pd-B cathode. The D2O cell had to sit some 30 min exposed
to the high humidity atmosphere while this problem was solved. Miles was able to monitor the calorimetric results
remotely on his computer back at the University of La Verne. There were numerous times Miles thought that there was
excess power. Every time a small excess power effect was reported to EarthTech, the system would be recalibrated
which would change the cell constant and zero out any heat effects. This was very similar to what Caltech did, as was
discussed vide supra.

2.6. Helium-4 Measurements

2.6.1. Naval Air Warfare Center China Lake (U.S.)

In 1990, Miles et al. [19, 20] showed that excess heat correlated temporally with the production of 4He. In these
experiments, the gases evolved during electrolysis were collected and were sent away for analysis using a high reso-
lution mass spectrometer. Figure 2a shows a schematic of their apparatus used to collect samples of effluent gas [19].
All connecting lines, as well as the cell, were flushed vigorously with boil-off nitrogen, which contained no 4He, for
at least 10 min prior to attaching a gas collection flask. The collection flasks were connected to the cell for at least
two days of D2O electrolysis before removal. Figure 2b is a schematic of the activated cryofiltration system used to
remove all gases except helium. Nine samples were collected and analyzed. Figure 2c summarizes the calorimetric
results of two identical isoperibolic calorimetric cells that were run in series (cells A and B each with two thermistors)
in a constant temperature bath set at 27.50◦C [20]. Sample collections are indicated and the results are summarized
in the table in Figure 2d. The mass spectrometer was operated at its highest sensitivity. The instrument had sufficient
resolution to baseline separate D2 and 4He. The detection limit for 4He was determined to be 0.1 ppb, or 2 × 1012
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Figure 2. (a) Schematic of electrolytic cell with positive pressure gas discharge line used to collect samples of effluent gas [19]. (b) Schematic of
the two stage activated cryofilter designed to remove all gases except helium [19]. (c) Calorimetric measurements and effluent gas collection dates
in D2O + LiOD for cell A (red and green filled circles) and cell B (black and blue filled circles) [20]. Electrolyte was 0.2 M LiOD in D2O. Current
density was 200 mA cm−2. The symbol, down arrow, indicates when D2O was added. (d) Helium and heat production during D2O electrolysis
[20].

4He atoms in 500 mL of nitrogen. As can be seen for the results summarized in Figures 2c and d, 4He was observed
in those samples collected when the cell was producing excess heat. Furthermore the magnitude of the 4He signal
directly correlated with the amount of heat produced. No 3He was detected in any of the samples. Neither 4He nor
3He were detected in the effluent gas when the electrolyte was replaced with LiOH in H2O [19].

2.6.2. Caltech (U.S.)

Caltech [8] had also made attempts to measure helium in the effluent gas. They indicated that they had not detected
any helium. However, the detection limit of their measurements was 1 ppm or 1000 ppb. Miles calculated that, to
reach 1000 ppb 4He in the electrolysis gas, the excess power would have to be about 10 W. Most calorimetric cells
would boil with 10 W of input power.

3. GAS LOADING

3.1. SRI (U.S.)

At ICCF-7 Case [21] reported on D2/H2 gas loading of Pd on activated carbon catalyst. He claimed an excess tempera-
ture effect where temperature differentials between D2 and H2 of greater than 20 ◦C were measured. Gas samples were
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sent to Oak Ridge National Laboratory (ORNL) where they measured 100 ppm 4He in D2. SRI did a replication of
this experiment [22]. Separate stainless steel reaction vessels, containing identical amounts of catalyst from the same
batch, were used. One vessel was used only for H2 loading while the other was used solely for D2 loading. During
the experiments periodic measurements of 4He were made by direct connection to a mass spectrometer capable of
resolving the mass-4 peaks of D2 and 4He. In these experiments, heat was measured with D2 loading but not H2.
All cells operated with H2 showed no increase in 4He over long periods of time. Some D2 cells exhibited a slow,
approximately exponential increase in 4He with time. Other D2 cells displayed no measurable increase in 4He for a
period of several days followed by a rapid approximately linear rise in 4He to levels sometimes exceeding that of the
ambient background.

3.2. Naval Research Laboratory (U.S.)

The experimental approach used by SRI significantly differed from that used by NRL in their gas loading experiments
using either Pd on zeolite [23] or zirconium–nickel–palladium alloys [24]. In their experiments, NRL used a single
reaction vessel loaded with either Pd on zeolite or Zr–Ni–Pd alloy. They would then alternate loading the sample
with H2 and then D2. For Pd on zeolite they observed that Pd particles < 2nm in size produced heat when D2 was
used and not H2 [23]. They said that, in some zeolite matrices, the likely source of the heat was D-H exchange but
not true of others. In fact, their experimental approach using a single reaction vessel and alternating D2/H2 loading
accentuated D-H exchange. This is not the case of the SRI gas loading experiments which used two reaction vessels
where one was dedicated to D2 loading and the other H2 loading. In the Pd on zeolite experiments, NRL indicated
that weak X-rays and intense light emissions were observed from these matrices during pressurization. However, they
did not elaborate on how these measurements were made. They further claimed, without providing evidence or further
explanation, that the X-rays and light emissions were artifacts of the measurement technique. They reasoned that since
the X-rays and light emissions did not correlate with heat production, they were likely of a chemical origin. Yet X-rays
cannot be produced by chemical means. However, they can be produced by mechanical means as was demonstrated
by Putterman who showed that it was possible to produce X-rays by simply unrolling Scotch tape [25]. Also neutrons
and tritium have been measured in experiments done by others that did not correlate with the amount of heat observed
[7]. The fact that neutrons, tritium, or X-rays are not commensurate with heat does not mean that they are artifacts.
Furthermore, the emission of photons, as well as charged particles and radio frequency signals, have been reported for
the D2 gas loading of polycrystalline Ti [26]. These emissions were attributed to fracto-fusion.

For the Zr–Ni–Pd alloys that were used by NRL, large amounts of heat were generated for both D2 and H2 gas
loading [24]. While they said the heat was consistent with known chemistry, they did admit that a small amount of heat
(< 10% of the total) was unaccounted for and was either due to unidentified chemistry or to measurement error(s).
Given the simplicity of their system, it is difficult to ascertain what other chemistries could be occurring. Because they
did control experiments that completely balanced out, it is unlikely that the excess heat was due to either measurement
errors or instrument malfunctions.

4. NEUTRON DETECTION

The known d + d and d + p nuclear reactions and their energy yields (Q) are d(d,p)t (Q = 4.03 MeV); d(d,n)3He (Q
= 3.27 MeV); d(d,γ)4He (Q = 23.85 MeV); d(d,e−)4He (internal conversion, Q = 23.85 MeV); d(p,γ)3He (Q = 5.49
MeV) [27]. Consequently, there were efforts to detect neutrons and tritium. Here we discuss experiments used to
detect neutron emissions.
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Figure 3. (a) Schematic of the laboratory layout used by Pons and Fleischmann when Salamon et al. were conducting their measurements [28].
(b) Side view of the geometry of the electrolytic cells, showing placement of the neutron-detecting sandwiches, and the NaI detector [27]. The
electrolytic cells were in bath #1 shown in (a). Cells 2-1, 2-5, and 2-7 have Pd cathodes with diameters/lengths (in cm) of 0.4/1.25, 0.4/10.0, and
0.1/10.0, respectively. Cell 2-3 has a Pt cathode of dimensions 0.1/10.0. (c) Aggregate γ-ray spectrum for 785 h of live collection time obtained
using a NaI detector [27]. The dominant background lines are 40K (1.46 MeV), 214Bi (1.76 MeV), 208Tl (2.61 MeV), a backscatter peak (∼0.23
MeV) and a broad peak at ∼2.17 MeV due to two lines, 214Bi (2.12 and 2.20 MeV).

4.1. Neutron Detection Using NaI, 235U/Lexan Sandwiches, and HPGe

4.1.1. Salamon Measurements (University of Utah, U.S.)

Figure 3a shows a schematic of the Fleischmann–Pons laboratory layout when Salamon et al. conducted their mea-
surements [28]. The schematic shows Dewar-type calorimetric cells with palladium cathodes (one cell contained a
platinum cathode) polarized in D2O solutions. These cells were immersed in thermostat tanks (baths #1 and #2).
Several weeks after the press announcement, Pons allowed Salamon’s group into the laboratory to make independent
measurements of any radiation emanating from the electrolytic cells [27]. A lead-shielded NaI detector (8 in × 4 in)
was placed below the cells, Figure 3b, and collected data nearly continuously for over five weeks in a γ-ray energy
range of 0.1–25.5 MeV. In addition, several neutron detectors, comprised of 235U-enriched (80%) foils of unknown
thickness sandwiched between nuclear-track-detecting plastic film (Lexan polycarbonate) with and without Cd foil
covers, were placed within the water tank adjacent to the cells. The fission capture cross section for 235U is 1.4 barn
at 2.5 MeV and 580 barn at thermal energies. Fission fragments will form when 235U nuclei capture 2.45 MeV neu-
trons formed as a result of the d(d,n)3He reaction. The 235U-neutron interaction to form fission fragments can occur
anywhere within the foil. However, only fission fragments formed near the surface of the uranium foil will be able to
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leave tracks in the Lexan. Fission fragments formed deeper inside the uranium foil will not be able to exit the uranium
and will not be able to create tracks in the Lexan. The absolute neutron detection efficiency of the foil sandwiches was
measured using a 252Cf source in a large water tank. The foil sandwiches were placed relative to the source as those
used with the electrolysis cells. The measured efficiency was 1.3×10−5 fission tracks per emitted neutron and a factor
of three lower for those foils with Cd covers. These neutron detectors were used to integrate the neutron flux over a
period of approximately three days. Salamon et al. said there was no indication of an excess neutron signal from any
of the cells, however, according to Pons “no neutron detectors were ever placed in a tank when a cell in that tank was
generating excess enthalpy.” Today it is known that neutron and tritium production are not commensurate with the
excess enthalpy. Furthermore, neutron emission is anti-correlated with excess heat [29].

Salamon et al. [27] placed a 8 in × 4 in NaI detector under the lab bench supporting bath #1, Figure 3b. This
detector was used to monitor four open electrolytic cells over a five week period. The γ-ray energy range was 0.1–
25.5 MeV. Spectral data were collected nearly continuously during this five week period. While the cells were run in
constant-current mode during these five weeks, the current settings were varied. Current densities were not indicated
in the Salamon et al. paper. However, Pons and Fleischmann [28] later indicated that the cells with Pd cathodes were
operating at low current densities but did not indicate what those current densities were. It should be noted that at
the time Salamon et al. conducted their measurements, the relationship between current density and the observation
of either excess heat, tritium production, or neutron emissions was not known. It has since been shown that, in the
early Fleischmann–Pons type of experiments, excess heat would be seen for current densities above∼ 100 mA cm−2.
Neutron emission and tritium have been seen for current densities near 10 and 70 mA cm−2, respectively [29, 30].

Neutrons resulting from the d(d,n)3He reaction would have an initial kinetic energy of 2.45 MeV and a mean free
path in water of 4.9 cm, which decreases to ∼0.4 cm as the neutron thermalizes. Because each cell was surrounded
by several inches of water, most neutrons emitted would be thermalized and generate a 2.22 MeV γ-ray from the p(n,
γ)d reaction. The detection efficiency was measured using an Am-Be neutron source and was found to be 3.0×10−3.
Salamon et al. [27] obtained individual spectra (an example of which is shown in Figure 3c) by averaging several (10-
50) successive spectra to form an aggregate spectrum, which was then subtracted from the original spectrum to form
a “residual spectrum.” Any transient anomalous signals of duration <10–50 h would appear in the residual spectra as
positive excesses amidst Poisson fluctuations about zero. Spectra were corrected for temporal variations. The analysis
done by Salamon et al. on the residual spectra showed no γ-ray signal above background in the 2.2 MeV region.

Given how little was known at the time, the measurements done by Salamon et al. were well planned and executed.
They had two kinds of detectors to measure neutron emissions. One was a real-time detector that measured the 2.224
MeV γ-ray emitted when a proton captures a neutron. The other was a constantly integrating detector comprised of
235U-enriched foils sandwiched between Lexan. These 235U/Lexan sandwiches were only in contact with the cells
for three days. Given the poor sensitivity of these detectors for neutrons, short time of exposure, and the fact that no
excess heat was detected during the time the detectors were in contact with the cells, it is not surprising that no fission
tracks were observed in the Lexan. Salomon et al. did not indicate why they chose to use 235U/Lexan sandwiches for
neutron detection. These detectors were developed to monitor reactor neutrons [31]. Another solid state nuclear track
detector that could have been used is CR-39 [32]. CR-39 has been widely used for personal neutron dosimetry and
is marketed by Landauer as Neutrak!. It covers a broad range of energies: thermal, intermediate, and fast neutrons.
CR-39 can come with either a polyethylene radiator or a boron loaded radiator. If a polyethylene radiator is used,
tracks are caused by recoil protons produced by the interaction of neutrons with the hydrogen atoms contained in the
radiator. The tracks observed in a CR-39 detector with a boron loaded radiator are caused by alpha particles produced
from the 10B(n,α)7Li reaction. Another advantage of CR-39 over 235U/Lexan sandwiches is that they can be used to
detect 14.1 MeV neutrons resulting from the secondary DT reaction [33,34]. A≥ 9.6 MeV neutron can cause a carbon
atom in the detector to shatter into three alpha particles. Triple tracks, in which pits due to three particles are breaking
away from a center point, are diagnostic of the t(d, n)α reaction. CR-39 detectors can also be used to estimate the
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Figure 4. (a) Schematic of the Pons–Fleischmann laboratory layout using an HPGe detector [28]. In bath #1, cells 2-1, 2-5, and 2-7 have Pd
cathodes with diameters/lengths (in cm) of 0.8/1.25, 0.4/1.25, and 0.8/1.25, respectively. Cell 2-3 is a Pt blank experiment. (b) A representative
γ-ray spectrum obtained 29 days after the cells were turned off [28]. The spectrum was measured using a 33% HPGe detector. Peak assignments
are shown. (c) Ratio of the integrated intensities of the 2224 keV (n1) to the 2293 keV (n2) bands as a function of time [28]. Current densities of
cells in bath #1: 64 mA cm−2 days 10 through 155, 256 mA cm−2 days 155 through 205, open circuit days 205 through 300. Current densities
of cells in bath #3: 64 mA cm−2 days 95 through 205, 256 mA cm−2 days 205 through 300. (d) Comparison of HPGe and NaI spectra [28].
From left to right, the five most intense peaks are due to a single escape (∼2103.5 keV), 214Bi (∼2118.6 keV), 214Bi (∼2204.1 keV), n + 1H→

2D + γ (∼2224 keV), and 214Bi (∼2293.3 keV). The broad bands are the approximate normalized responses expected for a NaI detector with a
resolution of 59 keV. The band labeled ‘sum’ is the sum of these five normalized contributions, which gives an estimate of the expected response
after long-term counting.

energies of neutrons when they actually impact the detector [35], however, these energies will be less than their birth
energies.

4.1.2. Pons and Fleischmann Measurements (University of Utah, U.S.)

Later Pons and Fleischmann [28] conducted similar measurements as those done by Salamon et al. [27]. Rather
than using a NaI detector, they monitored their cells using an HPGe detector. Figure 4a shows a schematic of their
laboratory setup when they conducted their measurements. While Salamon et al. placed their NaI detector under the
lab bench, Figure 3b, Pons and Fleischmann oriented the HPGe detector sideways to monitor the thermostat tank as
shown in Figure 4a. In their data analysis, Pons and Fleischmann ratioed the integrated intensity of the line due to the
n(p, d)γ reaction at 2224 keV (η1) with that of an adjacent line at 2293.3 keV (η2) that they attributed to 214Bi. As
shown in Figure 4b, these lines have comparable amplitudes. A plot of the η1/η2 ratio as a function of time is shown
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in Figure 4c. The time dependence of the ratio of the integrated peak intensities from neutron capture in the water
bath showed that the excess neutron generation for the polarized Pd cathodes can be detected above the natural cosmic
background. A rise in the ratio of the integrated peak intensities was observed when the Pd cathodes in bath #1 were
being charged with D+. On day 205, the polarization of the cells in bath #1 was terminated and a drop in the ratio
was observed. The ratio was observed to increase again. Pons and Fleischmann attributed this to neutron generation in
the cells in bath #3 since the HPGe detector was not shielded with Pb. Using an Am-Be source, they determined that
neutrons were being generated at a level of 5-50 neutrons s−1 W−1.

4.1.3. Comparing Salamon and Pons–Fleischmann Results

How to explain the discrepancy in the real-timemeasurements done by both Salamon et al. and Pons and Fleischmann?
Could it be due to the instrumentation that was used? As was indicated vide supra, real time measurements were made
by Salamon et al. using an NaI detector. While the NaI detectors are very sensitive, they produce low resolution
spectra as shown in Figure 3c. In Figure 3c, the spectrum shows three fairly large, broad background peaks between
2.0 and 2.6 MeV which could interfere with the detection of the 2.224 MeV γ-ray. At 2.224 MeV, the resolution of
the NaI detector used by Salamon et al. was 59 keV. Such a low spectral resolution could make detection of the 2.224
MeV γ-ray difficult. This possibility was addressed by Pons and Fleischmann [28]. Figure 4a shows a schematic of
their laboratory setup when they conducted their measurements. Although less sensitive than the NaI detector used
by Salamon et al., HPGe detectors exhibit higher resolution. Figure 4b shows a γ-ray spectrum obtained by Pons and
Fleischmann of operating cells using a HPGe detector (33% efficiency, 1.9 keV resolution) [24]. Compared to the
NaI spectrum, Figure 3c, the 2.12 and 2.20 MeV 214Bi lines are completely resolved. Also the 214 Bi line at 2.29
MeV is seen in the HPGe spectrum but not the NaI. Figure 4d shows the spectral region of interest for the p(n,γ)d
reaction. The HPGe spectrum was measured by Pons and Fleischmann. The five broad bands are the approximate
normalized responses expected for an 8in × 4 in, circular cylinder NaI detector with a resolution of 59 keV. The band
labeled “sum” is the sum of the five normalized broad bands and shows the approximate shape of the composite line
that would have been measured by the NaI detector. It would be difficult to extract the weak line due to the p(n, γ)d
reaction from such a poorly resolved composite band.

4.1.4. Lead Shielding Interactions

In their measurements, Salamon et al. had surrounded their NaI detector with lead, Figure 3b [27]. They did not indi-
cate how much lead was used to shield the detector. In contrast, the HPGe detector used by Pons and Fleischmann was
unshielded [28]. Shielding can affect full energy peak intensities as well as scattering in spectra [36]. When scattering
occurs, the continuum is elevated in the spectrum which limits the ability to detect low and mid energy gamma emis-
sions. An experiment done to investigate the feasibility of uranium fissioning using Pd/D co-deposition demonstrated
the effects of lead shielding on gamma ray spectra [37]. Figure 5a shows a schematic of the electrochemical cell used
in this experiment. The cathode consisted of a 0.25-mm diameter Au wire wrapped around a ∼1 cm length of 0.5-mm
diameter native uranium wire. This cell was placed inside a lead cave in close proximity to a 10% HPGe detector
with a 1.27-mm thick Al window. Figure 5b shows a spectrum obtained for uranium wire using an HPGe detector in
a Compton suppressed lead cave. One of the advantages of a Compton suppressed system is a reduction of the back-
ground [38-40]. The spectrum for the native uranium wire, Figure 5b, matches that reported for uranium oxide [41].
Peaks due to the 235U and 234Th lines are indicated. The lines between 85 and 116 keV are due to U and Th X-rays.
These are stimulated X-rays that are generated by the refilling of the K shell electron orbits ionized by the passage of
charged particles or higher energy gamma rays generated by the decay of 235U and 238U [42]. Figure 5c shows spectra
of the lead cave and the cell after 19 h of electrolysis at −0.4 mA. The lines seen in both spectra overlap. Although
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Figure 5. (a) Schematic of the butyrate electrochemical cell used to conduct Pd/D co-deposition on a Au/U composite cathode. (b) Gamma ray
spectrum of a native uranium wire obtained using a HPGe detector in a Compton suppressed lead cave [37]. (c) Gamma ray spectra (not time
normalized) for the Pb cave (black) and the cell after 19 h of electrolysis at -0.4 mA (red) [37]. The dashed line at∼20 keV indicates the cut off of
the Al window of the HPGe detector. Some peak assignments are shown.

a uranium wire is present in the cell and it is radioactive, no peaks due to the stimulated Th/U X-rays are seen nor
are the γ-ray lines due to 235U and 234Th. The lines between 59 and 96 keV are due to lead fluorescence of the cave
[37]. Broad bands are observed in the spectrum obtained for the electrolytic cell. These broad band are due to neutron
scattering within the HPGe detector. The emission of neutrons was verified by triple tracks and fission tracks in the
CR-39 detector [37]. The results summarized in Figures 5b and 5c indicate that lead shielding alone could swamp
any weak, lower energy emissions. If present, Graded-Z shielding of the lead, comprised of decreasing Z materials,
absorbs the lead fluorescence and successively lower Z bremsstrahlung, fluorescence, and Auger electrons.

4.2. D Flux in the Metal Lattice

Initiation of heat production in heavy water electrolysis at palladium cathodes requires simultaneous attainment of four
conditions: (i) high loading or chemical potential of D within the Pd lattice; (ii) an initiation time at least ten times
longer than the D diffusion time constant (the time constant of diffusion increases with the square of radius); (iii) a
minimum or threshold electrochemical surface current or current density that is not correlated to the bulk D loading;
and (iv) deuterium flux [43, 44]. The cyclic change in bulk, average loading results from a flux or ‘breathing’ of
deuterons in and out of the metal cathode through its surface. A direct correlation between heat flow and deuterium
flux has also been reported between Pd with D2 reactions in the gas phase [45].
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Figure 6. (a) Schematic of a Milton-Roy electrolytic cell used in the BARC experiments [46]. Ag0.25Pd tubes are 200 mm in length and 3 mm in
diameter. The electrolyte was 20% NaOD in D2O. (b) Neutron counts measured as a function of time using a proton recoil counter (top) and a BF3
counter (bottom) [46]. Dotted lines indicate background count rates for both detectors. The * indicates when the current was set at 100 A.

4.2.1. BARC (India) Experiments

Experiments that assured deuterium flux in the metal lattice were done by two different groups. The group in BARC
[46] conducted electrolysis experiments using a Milton-Roy electrolytic cell, Figure 6a, which it could operate up to
100 A. The wet surface area of the 16 AgPd alloy tubes was ∼ 300 cm2. During electrolysis, the cell was monitored
using two different kinds of neutron detectors. They used BF3 counters embedded in paraffin blocks for thermal
neutron detection and proton recoil plastic scintillator counters for fast neutron detectors. The plastic scintillator
counters were also sensitive to high energy gammas. Both the proton recoil and BF3 detectors were mounted 10 cm
from the cell. The background was monitored using a bank of three 3He counters, embedded in paraffin, which were
about 1.5 m from the cell. While monitoring for neutrons, cell current, voltage, and temperature were also recorded
and samples were collected for tritium analysis using the liquid scintillation technique. Figure 6b shows the results
of the BF3 and proton recoil neutron detectors during the first run in April of 1989. Clearly the detectors track one
another. As the current was slowly increased to 100 A, the cell overheated which caused the trip circuit to turn off
cell power. This was followed by a burst of neutrons that was approximately two orders of magnitude larger than
background levels over a 2 min interval. Of the 11 cells, six saw a neutron signal within 9 h of operation, one within
24 h, and two showed a neutron signal after 2 weeks. The neutron emissions were observed to stop after continued
electrolysis. At the end of this experiment, a sample of the electrolyte was taken and the tritium activity was measured
to be 1.5 µCi mL−1. Compared to the initial stock heavy water value of 0.075 nCi mL−1, this high build up by a factor
of ∼20,000 was far beyond what could be accounted for by electrolytic enrichment alone.
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Figure 7. Schematic of the experimental setup used by Ilić et al. [47]. The cell with a Pd cathode (tube), a Pt anode (mesh), and 0.1 M LiOD in
D2O electrolyte was placed in a tank with H2O neutron moderator (side view). Positions of the detectors are indicated.

4.2.2. J. Stefan Institute, E. Kardelj University (Yugoslavia)

Ilić et al. [47] conducted their own search for neutrons, protons, tritons, 3He ions, and gamma/X-rays during Pd/D
electrolysis. Figure 7 shows a schematic of their experimental set up. The Pd cathode was a 10 cm long Pd tube with
an outer surface area of 20.4 cm2. In the cell only 7 cm of the cathode were submerged in the electrolyte. Because
the Pd was not fully submerged, the D/Pd loading was considerably less that unity (0.58 for run #1 and 0.48 for run
#2). The current density was 25 mA cm2. The search for neutrons was carried out by an array of six 3He proportional
counters, two BD-100 bubble damage polymer detectors, CR-39 track-etch detectors in combination with neutron
radiator and polyethylene, and a high purity Ge semiconductor detector. A bare CR-39 track etch detector and CaF2
thermoluminescent dosimeter were used to detect charged particles. A BF3 proportional counter placed∼5 m from the
cell was used to monitor the neutron background. No statistically significant signal confirming fusion was observed
using these nuclear diagnostics. The researchers did not indicate the source of their Pd. Miles had shown that the ratio
of success in obtaining excess power varied greatly with the source and batch of Pd used [17]. Also the surface area of
the cathode was considerably less than that of the cathodes used in the BARC experiments. This is significant because
it is now know that not all sites in the lattice will produce excess heat or emit energetic particles. SEM analysis of
Pd cathodes have shown the presence of craters [48]. Many craters show evidence of melting, i.e., smooth surfaces.
These craters appear to be due to high power, but very local, energy releases. The presence of new elements, that
were not present in the cell components, were associated with these craters and are suggestive of transmutation [49].
These craters show the location of sites that had been active. Likewise autoradiography of several thousand TiDx

chips treated in liquid nitrogen showed that tritium had been produced in only a few chips [50]. But even in those
chips tritium production was restricted to a small number of localized “hot spots.” Consequently, a larger surface area
increases the probability of having LENR-active sites.
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Figure 8. (a) Schematic of the experimental setup used by De Ninno et al. in their Ti/D2 gas loading experiment [51]. (b) Time evolution of
neutron emissions during one run [51]. The values indicated are integral counts over periods of 10 min. (c) Detector geometry and composition
used by Boragno et al. in their Ti/D2 gas loading experiment [56]. (d) Schematic of the gas loading cell and cryostat used by Boragno et al. [56].

4.3. Detection of Neutron Emissions during Ti/D Gas Loading

4.3.1. ENEA (Italy)

In 1989, De Ninno et al. [51] reported on the emission of neutrons in the Ti/D2 system. Figure 8a shows a schematic
of their experimental setup. About 100 g of Ti shavings were placed in a stainless-steel cell and the cell was connected
to a deuterium cylinder through valves and a pressure regulator. A manometer monitored the pressure in the cell and
a thermocouple, in contact with the upper part of the Ti shavings, measured the temperature. A Dewar was placed
around the cell in order to change the cell temperature between room temperature and liquid-nitrogen temperature. A
BF3 neutron counter with high sensitivity was positioned close to the cell. Figure 8b shows the results of one run. In
this run, D2 had been in contact with the Ti bed, at different temperatures and pressures, for roughly one day. During
this time, neutron counts just above the background (2 counts h−1) were detected. The D2 was evacuated from the
system by vacuum pumping and the liquid-nitrogen Dewar was removed allowing the cell and its contents to rise
toward room temperature. After three hours into desorption, neutron counts began to increase. The average count in
the active period was on the order of 1000 counts h−1. Given the efficiency of the BF3 detector, the system emitted
more than 5000 neutrons s−1.
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4.3.2. Replications

Attempts [52-56] were made to replicate the results reported by De Ninno et al. In these replication attempts, Ti/D2

samples underwent thermal excursions between 77 K (liquid nitrogen) and room temperature. Different kinds of
neutron detectors were used in these experiments. Raj et al. [52] used an array of 24 3He counters (each counter
was 50 cm in length, 2.5 cm in diameter, and filled with 3He at 4 atm) arranged in a well like geometry. Counters
were housed in paraffin moderators. The Ti metal pieces were cut from a sheet and surface cleaned and subjected to
activation treatment before D2 loading. Most experiments were done in the desorption mode. In some experiments,
deuterium pressure was cycled between high and low values by changing the temperature of the cell housing. Bursts
of neutrons were observed to occur. After several cycles neutron emissions were observed to cease. Kamm et al.
[53] used 57 g Ti sponge samples in their experiments. Neutron detection was done using a Reuter-Stokes 10B-lined
proportional counter. No neutron emissions were observed. In their experiments, Miljanić et al. [54] used a BF3
detector, a neutron/gamma NE-213 scintillator detector with gamma discrimination, and a track etch proton detector
that was taped to the outer surface of the reaction vessel as close as possible to the potential neutron source. Their
40 g of Ti shavings were made from a block of sintered Ti. A 5.45 g Pd tube was also placed in the reaction vessel.
Twice in their experiments they saw neutron counts 3–4 times above background that lasted over 1.5 h. The neutron
detector developed by Menlove et al. [55] consisted of an array of 3He tubes in a CH2 moderator. The inner ring of
the detector array had nine 3He tubes while the outer ring had 42. The sample vessel, containing 300 g of Ti chips (0.5
mm thick and 1.5 mm wide) was placed inside the inner ring. They detected neutron emissions above the background
with a significance level of 3 to 9 σ. Figure 8c shows the neutron detection system employed by Boragno et al. [56].
Their neutron detector was composed of three cylindrical coaxial scintillator shells. The inner shell was filled with
NE-213 liquid scintillator and the outer two were plastic NE-102A. Cd sheets (1 mm thick) were interposed between
the scintillators to capture thermalized neutrons. An anticoincidence scintillator was placed on top of the detector to
reduce the cosmic ray background. A 30 cm3 cylindrical sample containing 24 g of Ti, Figure 8d, was inserted in the
central hole. They flowed deuterium gas over different samples of Ti shavings and powders. No neutron emissions
were detected.

In both De Ninno’s original experiment and the subsequent replications, the source of the Ti used was not indicated.
It would not be surprising that, like Pd, some sources of Ti would be more LENR active than others. Different
morphologies of Ti were used in these experiments. Shavings, chips, powder, and sponge were used. Also the amount
of Ti used in the experiments varied from 24 g, used in Borangno et al.’s effort [56], to 300 g in Menlove et al.’s
[55]. It has been shown that the rates of reactions depend on the total area of the lattices in an LENR experiment, the
fraction of that area which is active, and the number of reactions per area per second [57]. As was discussed vide supra,
autoradiography of several thousand TiDx chips treated in liquid nitrogen showed that tritium had been produced in
localized “hot spots” in only a few chips [50]. It stands to reason that the same would have been true for neutron
production.

5. CHARGED PARTICLE DETECTION

Efforts were also made by several researchers to detect energetic charged particles using both real-time and integrat-
ing detectors. As with the efforts made to detect neutrons, some experiments conducted to detect energetic charged
particles were successful while others were not.

5.1. Use of CR-39 to Detect Energetic Charged Particles

CR-39 is a highly cross-linked, thermoset polymer that is inexpensive, chemically resistant, and exhibits both high
abrasion and impact resistance. Its most common use is in optics, however, CR-39 is also widely used as a solid-state
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nuclear track detector (SSNTD) in the inertial-confinement-fusion (ICF) field to detect the energetic charged particles
and neutrons created upon laser compression of the DT fuel capsule [58]. One primary reason for its use is that CR-39
is not affected by the electromagnetic pulse (EMP) that disables electronic detectors in an ICF experiment. Besides
cost and ruggedness, other properties that make CR-39 attractive for use in the ICF field are its integrating capability
and degree of charge and energy discrimination. It can be used to detect both charged particles and neutrons. Like
photographic film and other SSNTD, CR-39 is an example of a constantly integrating detector which means that once
an event is detected it will be permanently stamped in the plastic. While it will not be known when the events occurred,
the signal will not be averaged away.

5.1.1. UC Berkeley (U.S.)

In 1978, the group headed by Buford Price [59] at The University of California in Berkeley was the first to report that
CR-39 could be used as an SSNTD. In 1989, they did both D2 gas loading of Pd and Ti foils as well as electrolytic
loading of Pd foils [60]. For the gas loading experiments the 100 µm thick Ti and 233 µm thick Pd foils were cleaned
using aqua regia. After preloading the foils with deuterium, they were clamped to a CR-39 sheets (contact area 2 cm2

for each sample) and placed in a stainless-steel pressure cell attached to a source of D2 gas. After evacuating the cell,
it was loaded with D2 gas to a pressure of 15 bars and underwent thermal excursions between 77 K (liquid nitrogen)
and room temperature over a 9 h period. There was no mention of an aqua regia treatment of the 25 µm thick Pd foils
used in the electrolysis experiments. However, they did indicate that a 100 nm Au diffusion barrier was evaporated
on Pd and that this Au barrier side was in contact with the CR-39 detector. Electrolysis was performed at 1.00 mA
cm−2 for 13 days. For both sets of experiments, there was no significant increase in the number of tracks in the CR-39
detectors. However, linear energy transfer (LET) analysis indicates that 0.82 MeV 3He, 1.01 MeV triton and 3.02
MeV proton would go through 1.156, 4,168, and 31.02 µm of Pd, respectively. Since reactions to create these particles
could happen anywhere inside the Pd, only those that occurred near the Pd/CR-39 interface have a greater likelihood
of being registered in the CR-39 detector. The sources of the Pd and Ti were not indicated so the foils may not have
been LENR active. And it is possible that the treatment with aqua regia may have poisoned the surface of the foils.
This was address by Li et al. [61].

5.1.2. Tsinghua University (China)

Li et al. [61, 62] did gas loading of Pd foils. After heating Pd foils (0.02 cm × 0.5 cm × 2 cm) at 500◦C for two
hours at 7×10−2 Torr, the foils, CR-39 detectors, and CaF2 thermoluminescent dosimeters (TLDs) were assembled
into sandwich like structures. While the CR-39 was selected for charge particle detection, the TLD was chosen to
detect electromagnetic radiation. These sandwiches were then placed in a stainless-steel vessel attached to a source of
D2 gas. After evacuating the vessel, it was loaded with D2 gas to a pressure of 9 atm and immersed in liquid nitrogen
for four hours. Then the valve between the vessel and the D2 gas source was closed and the vessel was allowed to
warm to room temperature after the liquid nitrogen vaporized. The cooling/warming cycle was repeated several times
over a two day period. Figure 9a shows photomicrographs of CR-39 exposed to D2 gas, Pd in contact with H2 gas,
and Pd exposed to D2 gas. As can be seen, tracks were only observed for the Pd/D2 experiment. While no tracks
were observed for the CR-39 detector used in the Pd/H2 experiment, it exhibited a similar signal of electromagnetic
radiation as the Pd/D2 experiment. The electromagnetic radiation may originate from electrons which are transiting
from state to state when palladium foils are filled with hydrogen or deuterium. They then did an experiment where they
cleaned the Pd foil with aqua regia. [61]. They used this foil in the D2 gas loading experiment and, like the Berkeley
group [60], saw no tracks in the CR-39 detector. Li et al. [61] then analyzed the surface of the Pd foil cleaned by aqua
regia using an auger electron scanning probe and saw a clear peak due to chlorine. Using the argon mill, they found
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Figure 9. (a) Photomicrographs of tracks in CR-39 exposed to D2 gas and CR-39 in contact with Pd foil and exposed to either H2 or D2 gas [61].
Magnification is 300X. Republished with permission from Xing Zhong Li. (b) Schematic of the experimental setup used by Jin et al. [63, 64]. (c)
Photomicrograph of tracks on CR-39 produced by DxY1Ba2O7−δ[58]. (d) and (e) Statistical distribution of circular tracks on CR-39 produced by
vertically incident particles for DxY1Ba2O7−δ and 241Am α-source, respectively [63]. The total number of tracks, N, are indicated.

that the chlorine penetrated into the Pd to a depth of a few hundred angstroms. They then did an experiment where
they used chlorine gas to intentionally contaminate the Pd surface. Again they saw no tracks in the CR-39 indicating
that surface contamination may suppress the anomalous nuclear effects.

5.1.3. Graduate School, University of Science and Technology of China

The high temperature super conductor, Y1Ba2Cu3O7−δ, is able to absorb hydrogen and structural analysis has shown
that the absorbed hydrogen is located on the Cu-O plane [63, 64]. In 1993, Jin et al. reported on observing an
anomalous nuclear effect when Y1Ba2Cu3O7−δ absorbed deuterium. Figure 9b shows a schematic of the experimental
arrangement they used to expose Y1Ba2Cu3O7−δ pellet or powder to deuterium gas. The Y1Ba2Cu3O7−δ sample
was in direct contact with a CR-39 nuclear track etch detector. An Au-Si surface barrier (SSB) detector was placed
above the sample. In their experiment, the chamber was evacuated to about 10−1 Pa and then filled with D2 gas to
a pressure of 1 atm. The experiment was terminated after 1 to 2 days of exposure. The CR-39 detector was etched.
A photomicrograph of one detector is shown in Figure 9c. After subtracting the background, the track density was
3×105 cm−2. Figure 9d shows the size distribution of circular tracks obtained for tracks produced by vertically incident
particles in the D2/Y1Ba2Cu3O7−δ experiment. For comparison, the size distribution of circular tracks produced by
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Figure 10. (a) Cross section of the Teflon electrolytic cell used by Ziegler et al. [65]. (b) Charged particle spectrum for a thin Pd cathode (25 µm
thick, backed with 1.76 µm Au) during 205 h of charging. Results of TRIM calculations for (c) 8 MeV α-particles going through 0. 5 mm thick Pd,
200 Å thick Cr, and 6.5 µm thick Au; (d) 8 MeV α-particles going through 0.025 mm thick Pd, 200 Å thick Cr, and 1.7 µm thick Au; (e) 3.02 MeV
protons going through 0.025 mm thick Pd, 200 Å thick Cr, and 1.7 µm thick Au; and (f) 3.02 MeV protons going through 0.025 mm thick Pd, 200
Å thick Cr, and 6.5 µm thick Au.

vertically incident α-particles from an 241Am α-source is shown in Figure 9e. Only one peak, due to the 5.49 MeV
α–particle is observed for the CR-39 detector that was exposed to the 241Am source. In contrast, several peaks were
observed in the size distribution obtained for the CR-39 detector used in the D2/Y1Ba2Cu3O7−δ experiment indicating
that several species and/or energies of charged particles were formed. In the absence of D2 gas, no tracks were observed
in the CR-39 detector. Interestingly, Jin et al. made no mention of the measurements taken with the SSB. From this we
can conclude that either the flux of energetic particles was too low to be detected or the particles formed were neutrons,
which would not be detected by an SSB detector.

5.2. Use of SSB to Detect Energetic Charged Particles

5.2.1. IBM (U.S.)

In 1989, Ziegler et al. [65] constructed electrolytic cells to detect charged particles from d+d fusion reactions using
SSB detectors. Figure 10a shows a schematic of the Teflon electrolytic cell. The anode was Pt (2 cm wide and 4 cm
long). A thermocouple was attached to the top of the anode. A 7 cm2 conical hole in the side of the cell led to the 2
cm2 Pd cathode of various thicknesses (0.025 to 0.5 mm). A dense 1.7-6.5 µm Au film was sputtered on the backside
of the Pd. A 200 Å layer of Cr was used to adhere the Au to the Pd. While the anode–cathode spacing was adjustable,
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a spacing of 2 cm was used in these experiments. To measure charged particles an SSB was placed∼ 2 mm away from
the cathode. The SSB was optimized to detect charged particles up to about 8 MeV. Particles with energies above this
would still be detected but some energy information would be lost. The Teflon cell held ∼150 cm3 of electrolyte. The
electrolyte consisted of 0.1 M LiOD in various mixtures of H2O and D2O. The anode/cathode current density was held
at 150 mA cm−1 for all studies. No excess heat or nuclear fusion products were detected for any of the samples tested.
Figure 10b shows a charged particle spectrum obtained for a thin Pd cathode. A background spectrum was obtained by
turning off the cell current. The resultant spectrum was virtually identical to that obtained while the cell was operating.

There are several possible reasons why no charged particles were detected by the SSB in the Ziegler et al. exper-
iments. In their publication they indicate that the Pd that was used was 99.9% pure [65]. However, the source of the
Pd was not indicated and, has been discussed vide supra, not all Pd is LENR active. The fact that no heat was detected
using the thermocouple attached on the top of the Pt anode indicates that the Pd was not LENR active. TRIM (TRans-
port of Ions in Matter) [66] calculations of 8 MeV protons, 8 MeV alphas, and 3.02 MeV protons through the cathodes
used by Ziegler et al. were done. The cathodes used by Ziegler et al. had three layers—Pd (0.025-0.5 mm thick), Cr
(200 Å thick) and Au (1.7-6.5 µm thick). Plots of some of these calculations are shown in Figures 10c–f. Charged
particle formation can occur anywhere inside the lattice but in these calculations the charged particle is formed at the
surface of the Pd in contact with the electrolyte. These charged particles can also travel through the lattice in any
direction—forward, backwards, and sideways. Particles traveling sideways or backwards away from the SSB will not
be detected. In these calculations we only looked at particles that were traveling in the forward direction towards the
SSB. For 0.5 mm thick Pd, calculations show that the 8 MeV protons and alphas cannot exit the cathode unless they
were formed very close to the Pd/Cr interface, Figure 10c. The same would be true of 3.02 MeV protons. For 25 µm
thick Pd, 8 MeV protons will go through but an 8 MeV α formed at the cathode/electrolyte interface will not, Figure
10d. However, this calculations shows that if the 8 MeV alpha formed deeper inside the cathode near the Cr/Au layers
(≥ 8.4 µm from the cathode/electrolyte/interface), it could go through and impact the SSB. Calculations done for 3.02
MeV protons indicate that these protons can go through a 25-µm thick Pd foil, 200 Å Cr film, and 1.7–6.5 µmAu film.
If the Pd foil had been LENR active, the d(d,p)t reaction does not correlate with the heat and is a minor secondary
reaction.

Another consideration is D flux and cathode reaction surface area both discussed vide supra. The cathodes prepared
by Zeigler et al. had an Au film sputtered on the side that faced the SSB. This Au film will impact D flux through the
lattice. The surface area of the Ziegler et al. cathodes was 2 cm2 and they detected no energetic charged particles. In
the neutron detection experiments done at BARC [46] and by Ilić et al. [47], the surface areas of the cathodes were
300 and 20.4 cm2, respectively. While neutrons were detected in the BARC experiments none were detected in the
Ilić et al. experiments. Furthermore the autoradiography of TiDx chips discussed vide supra showed small numbers
of localized “hot spots” where tritium production had occurred [50]. This is likely true for Pd as well as evidenced by
crater formation in cathodes that produced heat [48]. If so, the rate of proton production may be too low to detect by
an SSB in real time.

5.3. X-ray/γ-ray Detection of Energetic Particles

Attempts have been made to detect charged particles using X-ray and γ-ray detectors. One such effort was made by
Salamon et al. [27]. There had been reports of excess tritium production [46, 50, 67]. The most likely source of tritium
in the fusion channel d(d,p)t which would occur inside the Pd lattice. Salamon et al. [27] explored Coulomb excitation
[68] to detect these protons. Given the configuration of the experiment, shown in Figure 3a and b, this was probably
the only way feasible to measure these protons. Coulomb excitation is a process of inelastic scattering in which a
charged particle transmits energy to the nucleus through the electromagnetic field [69]. This process can happen at a
much lower energy than that necessary for the particle to overcome the Coulomb barrier and is shown schematically in
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Figure 11. (a) Schematic illustration of a projectile, p, being scattered in the Coulomb field of an infinitely heavy target nucleus [69]. For a given
beam velocity β, the impact parameter b depends on the scattering angle θ. (b) Electric-quadrupole (E2) γ-ray lines from the isotopes of Pd, excited
by 3.02 MeV protons, as measured by a 3 x 3 in NaI detector [27]. The three lines at 0.37, 0.43, and 0.51 MeV are assigned to 110Pd, 108Pd, and
106Pd, respectively.

Figure 11a [69]. The range of a 3.02 MeV proton is ∼ 31 µm. As they traverse through the Pd, the 3.02 MeV protons
will cause Coulomb excitation of the even-numbered isotopes of Pd resulting in the spectrum shown in Figure 11b
[27]. No signal was observed as Salamon et al. [27] monitored the cells during electrolysis in the Pons–Fleischmann
laboratory.

To obtain the spectrum shown in Figure 11b, a 3-mm target of natural Pd was exposed to a beam of 3.02 MeV
protons generated by a Van de Graaff accelerator. The flux of protons to generate this spectrum was not indicated. To
generate ≥ 3 MeV protons, Van de Graaff accelerators operate anywhere from 0.2 µA to 3 mA [70]. This current is
proportional to the rate at which the protons are generated. Using the lower value of 0.2 µA, the generation rate of
protons would be 1.25×109 particles s−1 (pps). Such generation rates have not been observed in the Pd/D system. As
was discussed vide supra, BARC [46] measured a ∼20,000 increase in their tritium activity (initial and final tritium
activities were 0.075 nCi mL−1 and 1.5 µCi mL−1, respectively). Tritium, from the d(d,p)t channel, showed an activity
of 1.5 µCi that is equivalent to 5.55×104 decays s−1—more than four orders of magnitude lower than the protons
generated at the lowest setting of a Van de Graaff accelerator (0.2 µA). Other measurements of tritium activity for
Pd/D electrolytic cells were significantly lower than what was reported by BARC. Consequently, it is highly unlikely
that it would have been possible for Salamon et al. to measure 3.02 MeV protons in real time using this method of
Coulomb excitation.

Attempts were made to detect Pd X-rays resulting from the refilling of the K shell electron orbits ionized by the
passage of charged particles through the Pd lattice. Both Bennington et al. [71] and Deakin et al. [72] used lithium
drifted silicon, Si(Li), detectors to detect these X-ray emissions in real time. A schematic of the electrolytic cell used
by Bennington et al. [71] is shown in Figure 12a. The cell had a thin Mylar window. The Pd disc cathode was 1.5
mm thick and 20 mm in diameter. A gap between the Pd cathode and Mylar window was less than 1 mm. A peristaltic
pump was used to circulate the electrolyte to prevent the trapping of gas bubbles between the cathode and the Mylar
window. As shown in Figure 12a, the Si(Li) detector was placed on the other side of the window so that only a small
amount of electrolyte and Mylar separated it from the possible source. They estimated that the absorption of the Pd
K shell X-rays by water, Mylar, and air would be 6%. A calibration run was performed by placing a 150 nCi 241Am
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Figure 12. (a) Schematic of the thin walled electrolytic cell used by Bennington et al. [71] to look for X-rays in palladium when electrolytically
charged with deuterium. (b) A calibration run using a 150 nCi α source in contact with the back of a 0.1 mm Pd foil [71]. The Pd Kα and Kβ lines
of Pd are indicated. (c) Schematic of the electrolytic cell used by Deakin et al. [72]. X-ray spectra measured when the Pd foil was irradiated with a
Ba X-ray source (d) and after 333 h of electrolysis (e). The Pd X-ray line was in the background.

α source against a 100µm thick Pd foil that was in contact with the Si(Li) detector. The resultant spectrum is shown
in Figure 12b. A schematic of the cell used by Deakin et al. [72] is shown in Figure 12c. This cell was constructed
of Pyrex glass with a thin blown Pyrex window. The Pd foil cathode was 50 µm thick and had an area of 1 cm2 and
was pressed against the thin Pyrex window. As shown in Figure 12c, the Si(Li) X-ray detector was placed on the
other side of the thin Pyrex window. To demonstrate that Pd K shell X-rays could be detected, a Ba X-ray source was
used to stimulate the emission of these Pd K shell X-rays, Figure 12d. It was also shown that the room background
radiation caused the Pd cathode to fluoresce and a weak line due to Pd K shell X-rays was present as an artifact in
the background, Figure 12e. It should be noted that in both sets of experiments no X-rays above background were
detected.

As was discussed vide supra, Li et al. [61] had demonstrated that Pd/D2 produced energetic particles using CR-
39 detectors. Likewise Mosier-Boss et al. [73] also used CR-39 detectors to register energetic particles in Pd/D
co-deposition experiments. The main difference between CR-39 detectors and Si(Li) detectors is that the former is
a constantly integrating detector and the latter operates in real-time. Forsley et al. [74] conducted experiments to
investigate this apparent discrepancy between the two kinds of detectors in measuring energetic particles in LENR
experiments. In one set of experiments, they placed a 1 µCi 241Am source in contact with a 25-µm thick Pd foil.
Using an HPGe detector with a Be window, they obtained a spectrum of the Pd Kα and Kβ X-ray lines. They then
placed a 560-µm thick Cu sheet between the Pd foil and the 241Am source. A Cu sheet of this thickness will prevent
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Figure 13. (a) Schematic showing the orientation of the Pd foil, 210Po source, and HPGe used to obtain the spectra shown in (b) [74]. (b) 210Po-
Pd experiments conducted by placing the samples in a Pb cave and in direct contact with the HPGe detector where: i = Pd foil, ii = 210Po source, iii
= Pd foil in contact with 210Po source, iv = a 100 µm thick acrylic film is between the Pd foil and the 210Po source. Spectra are time-normalized
[74]. The blue bars indicate the gamma lines of the unknown contaminant(s) and the red bar indicates the Pd Kα shell X-ray. (c) Plot of the %
absorption of Pd X-rays as a function of Pd thickness. The thicknesses of the Pd foils used by Bennington et al. [71], Deakin et al. [72], and Forsley
et al. [74] are indicated.

the 241Am α particles from reaching the Pd foil. However, they still observed the Pd Kα and Kβ X-ray lines in the
spectrum indicating that something else, that was much more penetrating than the 241Am α particles, was stimulating
the emission of the Pd X-ray lines. Besides emitting α particles, 241Am emits a γ-ray at 59.54 keV [75]. It was
observed that when the 241Am source was in contact with the Pd foil, the intensity of this γ-ray decreased indicating
that it was being absorbed by the Pd foil. This, and the fact that γ-rays are more penetrating than α-particles, indicates
that the stimulation of the Pd X-ray lines is primarily due to the 59.54 keV γ-ray.

Forsley et al. [74] repeated the experiments using a 0.1 µCi 210Po source in place of the 241Am source. Figure
13a is a schematic of the experimental arrangement used to obtain the spectra in Figure 13b. Figure 13b(i) shows the
spectrum of the 25-µm thick Pd foil. A small peak due to the Pd Kα is observed. This peak is due to background
radiation stimulating the emission of the Pd Kα X-ray line. The spectrum of the 210Po source is shown in Figure
13b(ii). 210Po is supposed to be a pure α source [75]. However, as can be seen there are two lines at 14.8 and 21.9 keV
due to an unidentified contaminant(s) in the source. Another line due to a contaminant(s) was also seen at 122 keV (not
shown) [74]. Figure 13b(iii) is the spectrum obtained when the 210Po source was in contact with the Pd foil. Emission
of the Pd Kα line is stimulated by the background, the 210Po α particles, and the γ-rays (primarily the 122 keV line)
from the unknown contaminant(s). To eliminate the contribution of the 210Po α particles, a 100 µm thick acrylic film
was placed between the Pd foil and the 210Po source. The resultant spectrum is shown in Figure 13b(iv). Assuming
that the background, 210Po α particles, and unknown γ-rays contribute additively to the Pd Kα X-ray emissions of
the Pd - 210Po sample, the peak area due to the 210Po α particles is 1.163×10−4 and, for a 0.1 µCi source, this is
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proportional to 3700 decays s−1. This rate of particle production is more than two orders of magnitude greater than
has been observed from the CR-39 experiments [61, 73]. Consequently, the increase in peak area due to such a low
rate of particle production would be too low to see in the measured spectrum.

Self-absorption may be another reason why no emissions above background were observed in the electrolysis
experiments. In the experiments done by Deakin et al. [72] and Forsley et al. [74], the background radiation stimulated
the emission of Pd Kα X-rays. In contrast the background radiation did not stimulate the emission of Pd Kα X-rays
in the Bennington et al. [71] experiment. The cathode used by Bennington et al. was 1.5-mm thick while those used
by Deakin et al. and Forsley et al. were 50 and 25 µm thick, respectively. The % X-rays absorbed as a function of
Pd thickness was calculated and plotted in Figure 13c [74]. From this it can be seen that the 50 µm thick foil used
by Deakin et al. would absorb 55.8% of the X-rays while that used by Bennington et al. will absorb 100%. It is
interesting to note that to obtain the spectrum shown in Figure 12b Bennington et al. [71] irradiated a 0.1 mm thick Pd
foil with an 241Am α source and not the 1.5 mm thick Pd cathode used in the electrolysis experiment. A 0.1-mm thick
Pd foil would have absorbed 80% of the Pd X-rays.

6. CONCLUSIONS

On November 8, 1989, John Huizenga submitted the Final Report of the Cold Fusion Panel [76] to the Energy Research
Advisory Board (ERAB) of the DoE. This report was a culmination of members of the Panel participating in the
Workshop on Cold Fusion in Santa Fe, NM; visiting several laboratories; examining many published articles and
preprints; and participating in many discussions over a six month period. The report indicates that they visited the
Pons–Fleischmann and Wadsworth laboratories at the University of Utah; the Jones laboratory at Brigham Young
University; the Appleby, Martin, and Bockris laboratories at Texas A&M University; the Lewis laboratory at Caltech;
the Huggins laboratory at Stanford University; and McKubre of SRI International (at EPRI). The report also indicated
that detailed queries were made of other investigators by telephone. However, the ERAB committee failed to visit
Martin Fleischmann, the main scientist behind the Cold Fusion discovery. Some of the negative and positive results
discussed in this communication were referenced in this final report. The members of the Panel seem to have taken
the experimental results at face value and did not question how the experiments were carried out, the instrumentation
used, or the data analysis. As has been discussed in this communication some of the early experiments that gave
negative results were seriously flawed. Based on the examination of published reports and several site visits, the
Panel concluded that there was no convincing evidence that the excess heat produced in calorimetric cells would be
useful sources of energy nor was there convincing evidence to associate the reported heat with a nuclear process.
These conclusions were based on the discrepancy between the claims of heat production and the failure to observe
commensurate levels of fusion products, which should be by far the most sensitive signatures of fusion. The Panel
further said that cold fusion should not be possible based on established theory. This goes against Kolthoff’s adoption
of his advisor, Schoorl’s, adage towards research [77], “Theory guides, experiment decides.” There is supposed to be a
synergistic relationship between theory and experiment. A theory is usually expected to explain existing experimental
results and to predict new results, while an experiment is usually expected to check the validity of existing theories and
to gather data for modifying them [78].

In the preamble of their 1989 final report [76], the Panel said, “Ordinarily, new scientific discoveries are claimed
to be consistent and reproducible; as a result, if the experiments are not complicated, the discovery can usually be
confirmed or disproved in a few months. The claims of cold fusion, however, are unusual in that even the strongest
proponents of cold fusion assert that the experiments, for unknown reasons, are not consistent and reproducible at the
present time.” The lack of reproducibility is not unusual in a newly emergent field. This was particularly true of the
semiconductor industry. The parallels between irreproducibility in cold fusion and transistors/integrated circuits has
been well documented by Rothwell [79, 80]. Today there is great concern over reproducibility in biomedical research
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[81-83]. For better or for worse, experimental reproducibility is the coin of the scientific realm. Loscalzo [83] summed
up the situation with the following:

From a more practical perspective, reproducibility is a means by which to reduce the tentative nature of an initial
scientific observation. The implicit assumptions of tests of reproducibility are that if an initial observation is found
to be reproducible, then it must be true; and if an initial observation is found not to be reproducible, then it must be
false. While the logic of these concepts is unimpeachable, we should not conflate scientific truth and reproducibility.
As Jonah Lehrer pointed out recently, “Just because an idea is true doesn’t mean it can be proved. And just because
an idea can be proved doesn’t mean it’s true. When the experiments are done, we still have to choose what to believe
[84].”

Interestingly, the Panel in 1989 [76] acknowledged that neutrons near background levels had been reported in some
D2O electrolysis and pressurized D2 gas experiments, but at levels 1012 below the amounts required to explain the ex-
periments claiming excess heat if one assumes conventional high temperature deuterium plasma fusion. Significant
contemporaneous and subsequent research suggests other factors come into play [85]. This communication has dis-
cussed some of those experimental results. However, the Panel [76] concluded that “Although these experiments have
no apparent application to the production of useful energy, they would be of scientific interest, if confirmed.” One does
not expect electrolysis or gas pressurization experiments to produce neutrons. Where was the scientific curiosity to
elucidate why or how these neutrons were produced?

As was discussed in this communication, we have a better understanding as to why LENR/cold fusion results have
been hard to replicate and we can explain why so many scientists failed in their attempts. Not all samples of Pd or Ti
are equal. Even if a given sample of Pd or Ti has the potential of being LENR active, certain conditions, i.e. high D-
loading and high D flux within the lattice, must be met in order to induce the effect. Furthermore, not all sites within the
metal are going to be active. Yet, not knowing any of this and after only six months of investigation, the Panel in 1989
declared that the phenomenon would not be a useful energy source. In 1989, experiments were being conducted using
relatively small samples. The technology was nascent and more research was needed to understand the phenomenon
before it could be turned over to the engineers for scale up to make a practical energy source. Without this research,
it is not possible to gauge how much power LENR could potentially generate once the conditions to initiate the effect
have been optimized. In the time since the 1989 DoE report, we have learned more about the metallurgy of Pd and have
developed metallurgical treatments that facilitate absorption and hydrogen mass transfer into the Pd lattice [86-88]. It
is expected that, given time and resources, we would have learned how to process the metal to make more sites that
are LENR-active and to increase the reproducibility. Additional work would have been done to optimize triggering
methods. As it is we have learned that magnetic fields [89-91], additives [90] and laser-excitation [90, 92-94] can
stimulate the effect. That we have come this far without the necessary funding and resources is a testament to the
fortitude and dedication of scientists worldwide who have conducted LENR research.
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