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EDITORIAL

The present volume represents the historical development of the research
carried on in Italy in the field of the so-called "Cold Fusion" during the
last twenty years.

This 2009 year marks the 20™ anniversary of the announcement of the
results of an experiment conducted in the University of Utah, USA, by
Martin Fleishmann and Stanley Pons '. To commemorate the "birth" of
Cold Fusion, the International Advisory Committee of ICCF-14, the
Conference held last August in Washington D.C., USA has decided to
hold the 2009 ICCF-15 Conference in Italy. It will take place in Rome at
the Angelicum University, on October 5-9, under the Chairmanship of
one of us (V.V.).

The name chosen for the Conference by the Cold Fusion community has
been the “15™ International Conference on Condensed Matter Nuclear
Science” in order to consider all the different nuclear events that take
place in Condensed Matter (http://iccf15.frascati.enea.it).

The publication of this book, to be distributed to the participants of the
2009 Rome Conference, has to be intended as the first action planned by
ENEA to honour this anniversary.

The Editors

Sergio Martellucci
Chairman of the ENEA Scientific Committee
Professor of Physics, University of Rome "Tor Vergata"

Angela Rosati
Secretariat of the ENEA Scientific Committee
ENEA Headquarters, Rome

Francesco Scaramuzzi
ENEA, Frascati Research Centre (retired)
INFN National Laboratories, Frascati, Rome

Vittorio Violante
Head for Energy Production Processes in Deuterated Metals
ENEA, Frascati Research Centre

" FLEISCHMANN M. AND PONS S. (1989). Electrochemically Induced Nuclear Fusion of

Deuterium, J. Electroanal. Chem., 261:301; see also Fleischmann M., Pons S. Errata
(1989) J. Electroanal. Chem., 263: 97.
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FOREWORD

LuiGcl PAGANETTO
President of ENEA

Twenty years have passed since two electrochemists, Martin Fleishmann
and Stanley Pons, announced the achievement of nuclear reactions in a
metal lattice at room temperature. During these years, many national and
international conferences took place and the International Conference on
Cold Fusion, which is now at its 15% edition, will be held in Rome, Italy,
under the chairmanship of dr. eng. Vittorio Violante. On that occasion,
the volume series on Cold Fusion History in all the countries that
contributed to this discipline’s development from 1989 until today will be
presented. Besides Italy and the United States, also China, India, Russia,
France and Japan have worked intensely in this field. ENEA — in
particular the President of the Agency’s Scientific Committee, prof.
Sergio Martellucci — has been assigned the task of editing the volume on
the history of such research in Italy by collecting the accounts on the
activities carried on by single groups or laboratories operating in the field.
A few years after Fleishmann-Pons’ announcement, the results achieved
by SRI International (Menlo Park, CA, USA) and IMRA (Okkaido,
Japan) showed that excess power production was a threshold
phenomenon. In other words that phenomenon could not be observed
without achieving a certain level of deuterium concentration in palladium
cathodes. This evidence gave rise to an original study carried out at
ENEA Centre in Frascati in the field of material science. Studies went on
for some years, at the end of which a new process was developed based
on theoretical considerations. Actually such process allowed to obtain
palladium that makes achieving the concentration threshold necessary to
observe the phenomenon extremely reproducible.

In the wake of this evidence a strong collaboration has been set up
between the ENEA team and some U.S. institutions (SRL Energetics, NJ,
and more recently Naval Research Lab, Washington D.C.).

Activities carried out in this field have highlighted the following:

- the measured energy gains were generally much superior to those
ascribable to all chemical processes which can occur in an
electrochemical cell like those used during experiments;

- the effect of excess power production could be observed only with
deuterium and not with hydrogen;
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- by using the same materials (palladium cathodes produced at
ENEA), the experimental results were the same in the three
laboratories, although different calorimetric instruments were
used. Thus, a significant level of transferred reproducibility was
obtained.

Such evidence, all headed towards the nuclear phenomenon, created
conditions for the development of two research programs — one Italian,
and one U.S. — by means of government funds.

The two programs carried out in close cooperation achieved better results
than those set as the research goals.

However, the importance of results lies not only in the fact that
reproducibility was more than satisfying and measurements carried out in
different laboratories have reached a higher order of magnitude than
measurement uncertainty. It also lies in the mutual result check based on
the fact that only specific material lots prepared by ENEA gave evidence
of excess power production in both Institutes: ENEA and SRL Energetics.
In other words, two government programs — carried out in close
interaction and with check of results — have proved the existence of this
phenomenon in terms that are not ascribable to a chemical process.

This must be considered a starting point. The results achieved so far
represent an obligation to continue on the scientific path already started
with the aim of achieving a complete definition of the studied
phenomenon.

In the United States a further phase of research development supported by
government is envisaged. Considering the results achieved by ENEA
researchers, the Agency's undertaking is to carry on research in this field,
within the framework of a co-operation program with international
Institutes 'par excellence'. This is the sine qua non of all achievements of
great scientific value.

March 2009
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PREFACE

SERGIO MARTELLUCCI
Chairman, Scientific Committee — ENEA, Rome

The present volume describes the Italian research history which has been
stimulated by the most singular scientific discovery over the last few
decades of the last century, the so-called "Cold Fusion".

On March 23, 1989, the University of Utah, USA, announced the results
of an experiment conducted by two Electrochemistry Professors, Martin
Fleischmann and Stanley Pons. In a table-top electrochemical cell they
achieved nuclear fusion reactions between D nuclei at very low levels of
energy, and the generation of unexplainable excess thermal energy with
no potentially-dangerous radiation emission, which was quite unexpected.
Actually its level was enormously higher than that usually ascribed to
exothermic phenomena — both chemical and physical — predictable in that
kind of experiment.

Such experiment was repeated with alternate success in many laboratories
in all countries all over the world. Failures and lack of reproducibility in
various experiments generated a widespread scepticism about this
phenomenon, that quickly replaced the excessive interest immediately
showed by the scientific community.

Twenty years after that very first experiment, however, research on Cold
Fusion has taken remarkable steps forward — both experimental and
theoretical — so that this empiric science has regained its credibility.
Today it is known as LENR (Low Energy Nuclear Reactions), a sector of
nuclear condensed matter physics.

By way of surveys ENEA Scientific Committee — installed by the then
President Carlo Rubbia on February 8, 2005 — collected information about
Cold Fusion research carried out in ENEA. Such information is
summarized in paragraph 3.6 of the "Scientific Committee Report about
present and future programmatic activities of ENEA", dated May 2006,
and are reproduced in the introduction notes in Chapter 2, that the reader
is invited to refer to.



Later in 2006, as quoted in Progress Report 2006 by the Nuclear Fusion
an Fission, and Related Technologies Department, ENEA-Frascati
(Rome), pages 149-151: “.... Prestigious institutions have been working
in this field and some have cooperated successfully. It was discovered
(D9, DI10)" that the phenomenon of excess power production was a
threshold effect occurring only if the average deuterium concentration in
the palladium lattice was not less than 0.9 (atomic fraction). Studies
performed at ENEA Frascati highlighted the fact that the high loading of
deuterium in the lattice was not reproducible when using commercial
palladium. Hence, a wide material-science study was carried out to
produce a metal with a proper metallurgical structure, capable of giving
a very high deuterium concentration during electrochemical loading.

Under contract agreements ENEA delivered cathodes prepared with such
a particular palladium to SRI International (California USA) and
Energetics Ltd. (US company with a research centre in Israel). A
reasonable level of transferred reproducibility was achieved by the three
groups and this was one of the reason for promoting a two-phase
research project with government funding in the USA to revisit the “cold
fusion effect”. ENEA was involved in the programme as ENEA cathodes
were selected for the research. During the first phase SRI International
was charged with replicating the results obtained with ENEA’s cathodes
and with the calorimeters used by Energetics Ltd. Phase I was concluded
at the beginning of 2007 with results well above the objectives defined by
the US Government referees, and continuation of the project towards
Phase 2 was approved. In the second phase, the US Naval Research
Laboratory is also involved in replicating the experiments.

The Italian Ministry of Economic Development (MSE) supported a two-
year project (Produzione di Eccesso di Potenza in Metalli Deuterati) to
improve the material science study and to gain an enhanced signal/noise
ratio. Material science studies have been extended to surface physics
aspects and to interphase physics, with the involvement of the University
of Rome La Sapienza.

' D9 — M. McKubre et al., Excess power observation in electrochemical studies of the

D/Pd system; the influence of loading, Proc. 3™ Inter. Conference on Cold Fusion
(Nagoya 1992) p. 5

D10 — K. Hunimatsu et al., Deuterium loading ratio and excess heat generation
during electrolysis of heavy water by a palladium cathode in a closed cell using a
partially immersed fuel cell anode, Proc. 3™ Inter. Conference on Cold Fusion
(Nagoya 1992), p. 31



The Italian project began in January 2006 and overlapped Phase 1, so
the two projects have been developed in parallel. During this period both
ENEA and SRI International gained reproducibility not less than 60%
with a signal/noise ratio well above the measurement uncertainty...

... The amount of energy gain and the occurrence of the effect with
deuterium and not with hydrogen point in the direction of a nuclear
fusion reaction between two deuterons producing, in the lattice, ‘He and
heat. This is in agreement with preliminary measurements of *He(D11-
D14)°, which reveal an increase in the concentration above the ambient
level, consistent with the energy gain.

In 2005 a very positive co-operation was started in the field of materials
science with the Materials Branch of the Naval Research Institute of
Washington DC. This ongoing research activity is funded by the Olffice of
Naval Research Global (ONRG), London UK, and an important
experiment has already been carried out at the Brookhaven National
Laboratory, USA. X-ray diffraction was performed during
electrochemical loading of cathodes prepared at ENEA in order to study
the palladium hydride (deuteride) in the so far unexplored region of
loading above H(D)Pd> 1. The experiment was concluded successfully by
collecting more that 240 spectra.

The support received by MSE has made it possible to extend the material
science study by performing a systematic characterisation of the surface
of cathodes on the basis of the atomic force microscopy (AFM) and
scanning electron microscopy (SEM) analyses ...

..... The SEM and AFM analyses revealed some differences in the samples.
A specific work devoted to identifying the correlation between excess of
heat and the characteristics of the sample, now in progress, should lead
to identification of the characteristics of the rough material capable of
producing Pd cathodes with a further increasing of the reproducibility of
excess power production.”

2 DI11-V. Violante et al., Some recent results at ENEA, Proc. XII Inter. Conference on

Cold Fusion (Yokohama 2005), p. 117

D12 - D. Gozzi et al., J. Electroanal. Chem. 452,253 (1998)

D13 — M. McKubre et al., The emergence of a coherent explanation for anamalies
observed in D/Pd and H/Pd systems : evidences for *He and “H production, Proc.
VIII Inter. Conference on Cold Fusion (Lerici 2000), p. 3

D14 — M. Miles et al., J. Electroanal. Chem. 346, 99 (1993)
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On completion of Phase 1, quoted in the above-mentioned Progress
Report, SRI International sent the President of ENEA — Prof. Luigi
Paganetto, who succeeded Prof. Carlo Rubbia — a letter partly reproduced
in the two following excerpts:

“...Together with ENEA, Energetics and NRL (The US Naval Research
Laboratory), we have just finished Phase I of what may prove to be a
milestone forward step in condensed matter nuclear research. The team
has successfully replicated at SRI experiments initially performed by
Energetics in Israel. Our results were reviewed two weeks ago by DARPA
(The US Defense Advanced Research Projects Agency, Washington DC)
and other government scientists. We reported very high levels of power
gain (heat out / energy in) and high levels of reproducibility that were not
imaginable as little as a year ago. A full report on this phase of activity is
now complete and I will submit it formally next week to my DARPA
contract manager. In addition to the obvious contributions of Energetics
and superwaves, a very large part of what must be considered a major
scientific success is due to the control of palladium metallurgy developed
and exercised by Dr. Violante at ENEA Frascati. This contribution is
recognized not only at SRI but also at NRL where new collaborations are
developing, and now at DARPA. Dr. Violante and I have worked in
formal collaboration between SRI and ENEA now for over a decade. |
hope this is only the beginning.

Based on the success of Phase I it is expected that the US government will
shortly move to an expanded Phase Il. In this second round we plan to
include with SRI and Energetics, both NRI and ENEA, representing
prestigious government institutions on two continents. This design is to
perform intentionally identical experiments in the different laboratories.
The hoped for object is to obtain similar results in the participating
laboratories that will form the basis of a joint publication that can begin
to dispel the criticism that nuclear effects in condensed matter are ‘“not
reproducible”. This ability to transfer reproducibility would confirm the
reality of an effect the existence of which has been questioned for 18
vears. ENEA is a crucial component of this planned second phase. Not
only has Dr. Violante established a unique level of mastery over the
metallurgy of palladium foils that we will need to succeed, he is also
familiar with the needed calorimetry and has already performed
successful heat producing experiments.”



In reference to such request, on July 3, 2007 ENEA’s President entrusted
the Scientific Committee with organizing a meeting in order to identify
possible ways to achieve the therein suggested collaboration. Besides
ENEA, participants included LNR Energetics, SRI International, NRL
and “La Sapienza” University of Rome (see the following list of
participants).

Prof. Luigi Paganetto President, ENEA

P.Eng. Giovanni Lelli  Director General, ENEA

Prof. Sergio Martellucci President, Scientific Committee, ENEA

Dr. Mauro Basili Assistant to President, ENEA

Dr. Alberto Renieri Director, FPN-FUS Department

P.Eng. Aldo Pizzuto Director, FUS Technologies Unit

Dr. Graham Hubler Head of the Materials & Sensors Branch,
Naval Research Laboratory
Washington D.C. USA

Prof. Michael Melich Professor at Post Graduate School of Navy
USA, SRI Consultant

Mrs. Alison Godfrey C.E.O. Energetics Technologies NJ USA

Prof. Mario Bertolotti ~ Energetics Dept., La Sapienza Univ. Rome

Prof. Concita Sibilia Energetics Dept., La Sapienza Univ. Rome

Dr. Vittorio Violante FPN-FUS-TEC, ENEA Frascati

Dr. Francesca Sarto FPN-FUS-TEC, ENEA Frascati

Later on the occasion of the International Conference on Cold Fusion held
in Catania (Italy), Prof. Melich — in his role as organizer of the following
International Conference on Cold Fusion (ICCF-14) to be held in
Washington DC next August 2008 — informed Vittorio Violante and
myself on what the program would be. It envisaged that representatives of
the various countries, who carried out activities in this discipline, would
give their contribution by providing information about the history of Cold
Fusion research in their own country.

Actually they would send a volume in their own native language, which
would be translated into English and edited by the United States. It would
then be published in view of the Conference following the Washington’s,
in 2009, on the occasion of the 20" anniversary of Cold Fusion discovery,
as part of a series of volumes illustrating the “History of Cold Fusion in
the World”. By the contacts established with field experts all over the
world by the Organizing Committee of the Washington’s Conference the
complete collection is expected to consist of volumes illustrating the



history of research on Cold Fusion in: China, France, Japan, India, Italy,
United Kingdom, Russia and the United States.

As regards Italy, Prof. Melich asked ENEA Scientific Committee to take
this initiative on. With the approval of ENEA’s President, the Scientific
Committee agreed with enthusiasm to carry out this task, relying on the
professionalism of Dr. Angela Rosati — of the Scientific Committee’s
Secretariat, who will immediately contact all field researchers included in
the Agency’s mailing list.

A first draft of the volume “Italian Cold Fusion History” was presented
and discussed together with the Members of the U.S. International
Editorial Board during a meeting held in Rome on February 4, 2008 (see
the participant list and agenda reproduced here below)

“ITALIAN COLD FUSION HISTORY” MEETING
MONDAY February 4, 2008 — 9.30 a.m.
ENEA Headquarters Lungotevere Thaon di Revel, 76 - Rome
Sth floor — Scientific Committee Hall

Prof. Luigi Paganetto President, ENEA

P. Eng. Maurizio Urbani Director General, ENEA

Prof. Michael Melich Professor at Post Graduate School on
Navy - USA

Prof. Faqir Khanna University of Alberta - Canada

Prof. Claus Rolfs University of Bochum — Germany

Prof. Edward Eyring University of Utah — Salt Lake City, UT
— US4

Prof. Sergio Martellucci Chairman, Scientific Committee, ENEA

(Rome)

Prof. Francesco Scaramuzzi ~ INFN — Frascati (Rome)

Dr. Vittorio Violante ENEA — Frascati (Rome)
AGENDA

Opening of the meeting

2. ICCF — 15, 20th Anniversary Series — Site proposals

3. Italian Cold Fusion History
3.a) Format of the volume
3.b) Draft Definition of the Fleischmann-Pons Effect(FPE)
3.c) Extent of the field spawned by the Fleischmann-Pons
announcement



4. Commissioned Topical Reviews
5. Closing of the meeting

Anybody who might be concerned to find out the results of this meeting
can refer to the meeting report, already made known to the authors of
contributions to the Italian volume. The most important points of it are
listed here below.

3. “Italian Cold Fusion History”:
Prof. Melich reminds that:

a) The “Cold Fusion History” volume series in the various countries will
have to be ready to be translated into English and then printed to be
distributed during the ICCF-15, that falls on the 20™ anniversary of
the first Fleischmann-Pons Cold Fusion experiment in March 1989.

b) This Rome meeting is the first of a series he is to hold in London,
Moscow, China and Japan, in order to press for the preparation of five
to eight volumes, for those are the countries that contributed to
research into Cold Fusion. His U.S. sponsors will finance the
publication of the whole English volume series, including therein
expenses for translation from the various source languages into
English (and vice versa).

3.a) Format of the volume

While illustrating the already-distributed draft of the volume, Prof.
Martellucci reminds that:

a)

b)

The Italian Editorial Board is made up of he himself, as President
of ENEA SC (Scientific Committee), Prof. Francesco Scaramuzzi
Associate Member from INFN, Frascati, Rome, Dr. Vittorio
Violante — ENEA, Frascati, Roma — and Dr. Angela Rosati —
ENEA SC Secretariat.

The contributions received have been inserted in the volume just
after the preface by S. Martellucci and an historical introduction
by F. Scaramuzzi. They are further subdivided into contributions
provided by: ENEA, CNR, INFN, Universities, and Industrial
Research Laboratories .

The volume presents some important missing parts — e.g.,
contributions by Bressoni (Turin) and Mengoli (Padua) who will
have to be urged to give their contributions as soon as possible. It



also lacks an accurate scientific editing allowing to assure its
reliability and homogeneity with the other volumes of the series.

3 b) Draft Definition of the Fleischmann-Pons Effect(FPE)

It was decided that the definition of Fleischmann-Pons Effect is supposed
to be reported in the Preface of each series volume in the following form:
"The Fleischmann-Pons effect is the production of heat in a hydrogen-
in-metal system under unusual circumstances of very high densities of
hydrogen. The observed amount of heat produced is at least 1000 times
the energy and power densities (Joules or watts per cubic centimeter of
the metal) and this is not available in known chemical systems. Also
associated with this heat is the production of helium 4 at levels that
account for the heat if each atom of He is associated with 20-30 million
electron volts of energy. A small amount of tritium, the mass three
isotope of hydrogen, and x-rays of energy around 1.5 keV are also
observed."

In original language volumes, the above definition will have to appear in
the same language of the country and translation expenses will be
reimbursed by the U.S. sponsors. Likewise the contributions supplied in
English will have to be translated into Italian — in the case of Italy — still
at the expense of the U.S. sponsors.

3 ¢) Extent of the field spawned by the Fleischmann-Pons announcement

During the Washington Conference a more accurate definition than the
one now existing will be proposed in order to define the scientific
research fields which Cold Fusion belongs to. The final definition of FPE
will be reproduced in the whole English volume series.

Furthermore, it was agreed with colleagues from the United States to
review the volume draft format to be sent to the United States on the
occasion of the Washington Conference:

1. The volume, in electronic format, can contain contributions both
in Italian (preferably) and in English language so as to avoid any
translations from Italian into English that possibly cannot be
checked.

2. In order to avoid repetitions making the volume too long, as a rule
entire articles already published by other reviews will not be
reproduced but in the form of abstracts.

3. Contributions are collected based on the of authors’ institutional
membership, as showed in the volume index.

8



Eventually, in the same meeting, ENEA Scientific Committee’s request
for appointing Prof. Francesco Scaramuzzi Member of the International
Editorial Board of the initiative as Italy’s representative, has been
approved by the U.S. colleagues.

As agreed with colleagues in Rome, the volume contains this preface. —
whose aim is to show the reader the reason underlying this publishing
initiative also by highlighting the role played by ENEA in this research
field — followed by the chapters described here below. Each one of them
is preceded by short explanatory notes written by myself:

- an Introduction, where articles by Francesco Scaramuzzi — already
written in the recent past — are reproduced showing the historical
evolution of this research field;

- Research in ENEA Departments in its evolution from 1989 until
today;

- Experimental and theoretical Research in CNR (National Research
Council) Laboratories, carried out by chemists and physicists;

- Research in INFN (Italian National Institute of Nuclear Physics),
both in its National Laboratories in its university Sections;

- Research in Universities, including Institutes, Departments and
Sections of INFM (Italian National Institute for the Physics of
Matter) hosted by the Italian universities; and

- Research in Industry Laboratories, where we have chosen, as an
example, contributions sent by industries still active in the field.

In conclusion, we remind that the Editorial Board of the Italian volume
has not altered the authors’ contributions except to conform them to this
volume's graphic design and to insert them into the above-mentioned
Chapters. Any possible integration and/or clarification generally
appearing as footnotes has been agreed upon with each respective author.
For such reason, authors are the only responsible for their works’ content.

On behalf of the Editorial Board, I eventually express my thanks to all
those who wanted to give their contribution to the success of this
publishing initiative.






CHAPTER 1
ITALIAN COLD FUSION HYSTORY

(By SERGIO MARTELLUCCI)

1.1. Introduction

This chapter contains some publications written by Prof. Francesco
Scaramuzzi, who headed Cold Fusion Research in ENEA from 1989 until
his retirement. Today he works at INFN National Laboratories in Frascati,
where he is still actively involved in this research field.

Upon proposal by the ENEA Scientific Committee, Prof. Francesco
Scaramuzzi has been appointed Member of the International Editorial
Board of the volume series about "Cold Fusion History in the World".

In these publications of his the reader will find the historical evolution of
Cold Fusion experiments carried out in Italy, along with the description of
researchers' mood having to do with these new phenomenons.
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1.2. Cold Fusion Research in Italy' at the ICCF3 (1993)

FRANCESCO SCARAMUZZI
ENEA - Frascati

The strange geography of Cold Fusion

In the last three and a half years many experiments have been performed
in the field known with the conventional name of “Cold Fusion” (CF),
and a number of theories have attempted to interpret them and to assess
them in a coherent picture. Differently from other fields in Science, this
area has grown in a quite strange atmosphere: the most striking aspect of
it is the anomalous “geography” of the activities, meaning by this term
the different kind of development that research activities in this field have
had in different countries.

Before outlining this geography, it could be worth trying to envisage the
causes of this anomalous behaviour. One important feature is indeed the
difficulty in reproducing most of the experiments in the field. Of course,
this feature can be interpreted in positive as a proof of the great
complexity of the phenomena under investigation, and in negative as the
demonstration that the claimed effects do not exist. Both positions have
been brought forward and are still existent: the increasing number of good
quality positive experiments, and the improvements in reproducibility
seem not to have changed the prevalent scepticism of the scientific
community. Anyway, the lack of reproducibility is not the only cause of
the scepticism: other features concur in creating it. In particular, the fact
that the observed phenomena, if interpreted as nuclear phenomena in
condensed matter, cannot be explained by the presently accepted
knowledge on nuclear physics. Most striking of all, the experiments
showing the production of “excess heat” pose a very intriguing problem:
the large amount of energy produced cannot be explained in terms of any
known chemical reaction; at the same time, the missing emission of
energetic particles (neutrons, tritons, etc.) is in contrast with the
expectations of nuclear reactions between energetic nuclei in quasi-
vacuum (e.g., plasma), the only ones that are well known presently.

! ICCF3 (1993). Frontiers of Cold Fusion. In: Tkegami, H. (Ed.), Proceedings of the

Third International Conference on Cold Fusion, Nagoya, Japan, October 21-25,
1992, published by Universal Academy Press, Inc., Tokyo.
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All these features are at the basis of the scepticism, which is the cause of
the “strange geography”’; this will be briefly described in the following.
Even though it is difficult to perform a clear classification among the
countries, an attempt is made to identify groups with similar behaviours.

e The first group consists of the countries in which an official and
substantial research activity is going on, with continuous interactions
among operating groups. In this group Japan excels, counting also on
the commitment of Industry and, more recently, of Government
(Ministry of International Trade and Industry, MITI). Russia (better,
the former USSR) , China and India can be assigned to this group as
well.

e The development of CF in the US4 puts this country in a very peculiar
position. On one side there are many scientists active in the field, as it
is witnessed by the large number of participants to this Conference
(55), second only to Japan. On the other side, it has to be noted that,
with the important exception of EPRI (Electric Power Research
Institute), no Federal Agency, nor University, is substantially funding
research in CF.

e As far as Europe is concerned, /taly and, to a lesser extent, Spain
perform a consistent activity, with moderate funding by state Agencies
and/or Universities. The activity in Italy, third for number of
participants to this Conference (20), is the subject of this paper, and
will be treated in more detail in the following.

e The most striking feature in this “geography” is the almost total
absence of research activities in the rest of Europe. Here, after the
negative results obtained in the experiments performed in the spring-
summer of 1989, mostly under the request of Euratom, every interest
in CF seems to have disappeared.

Italian Agencies and Universities active in Cold Fusion

In fact, Italy could also belong to the first group, since many Agencies
and Universities are moderately funding research in CF, and the scientists
involved in this field have made a few attempts to coordinate each other,
organizing meetings and conferences, both national and international
(Varenna in 1989, Frascati in 1990, Como in 1991, Torino in 1992).
However, up to now the activity has been mostly the fruit of the personal
initiative of the scientists, and never a coordinated proposal of Agencies
and Universities.

No position on the scientific validity of the subject has been officially
taken and the funds dedicated to CF have been rather modest.
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The Agencies are the following:

e INFN (National Institute for Nuclear Physics): it is dedicated to
fundamental studies in nuclear and subnuclear physics, and is strongly
connected with Universities all around the Country. Most of the
funding to CF in Italy comes from this Agency, and is particularly
dedicated to the development of sophisticated nuclear detectors.

e CNR (National Research Council): it is the State Agency for Research
and operates in all fields of Science, mostly through its own Research
Institutes but also through funding of other research institutions, such
as Universities. It has contributed to CF mostly through its Chemistry
Committee.

e ISS (National Institute for Health): it is an Agency with a wide range
of interests in Science, performing research mostly aimed to solve
problems of health. Its Physics Laboratory is funding research in CF.

e ENEA (Agency far New Technologies, Energy and Environment):
formerly the State Agency far Nuclear Energy, it has been recently
restructured with the assignment of wider research tasks. After the first
success of a Frascati Group in 1989, research in CF has been
performed on a modest resource level and mostly on voluntary basis:
recently the new Board of Administration has expressed an interest in
the field, that hopefully will bring to a serious commitment of this
Agency in CF.

e Various Universities participate to research activities, most of them in
collaboration or with the funding of the above Agencies: among them
the Universities of Torino, Milano, Padova, Trieste, Bologna, Roma 1,
Catania.

e Up to now Industry has been totally absent in this field.

In order to have a feeling about the amount of investments in Italy on CF,

the figure referring to 1992 amounts to about 0.5 million dollars, not

including expenses for personnel. A number of about 10 scientists, mostly
working part-time, is committed all around the Country in research on

CF.

Italian Research on Cold Fusion

The Italian participation to this Conference is a good representation of the
research going on in this field, even though some active groups did not
send contributions. Eleven abstracts were submitted and were accepted
for presentation to ICCF3, coming from nine groups.

The experimental papers range from gas loading to electrolysis, from
nuclear particle detection to heat excess measurement.
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There is also a substantial contribution of theoretical papers. Eight of the
papers were eventually presented at ICCF3, and the reader will find them
in these proceedings.!-8 Three of the papers have not been submitted, for
the impossibility of the authors to attend 1CCF3: they are all theoretical
papers, and will be shortly described hereafter.

The first (authors A. Tenenbaum and E. Tabet, of INFN, ISS and
University of Rome 1) investigates a mechanism of D-D fusion taking
place in the lattice of a metal undergoing rapid thermal transients: the
abrupt release of elastic energy stored in the metal during the
absorption of deuterium could produce micro-hot fusion, which could
explain the detection of nuclear particles in gas loading experiments.’

The second (author A. Scalia, of the University of Catania)
investigates the behaviour of the fusion cross-section, as a function of
the energy of the nucleons, for very low energies. 10

The third (authors L. Fonda of the University of Trieste, and G.L.

Shaw of the University of California at Irvine) analyzes the hypothesis
that CF could be catalysed by a not confined quark compound.!!

Among the activities not presented at all at ICCF3, two are worth
mentioning: that of a Padova Group, and that of a Bologna Group. Their
most relevant results will be shortly outlined hereafter.

e Padova (CNR and University): two main kinds of experiments have

been performed:

- Study of the dynamics of D and H-charging in Pd sheets (gas
loading), as a function of temperature, reaching D/Pd ratios in the
range 0.8-0.9; when working with D, a quite substantial emission of
charged particles has been detected with the help of CR-39
detectors, amounting, if interpreted as D-D fusions, to 10-1° fusions
per second per couple of deuterons.!2

- The detection of neutrons emitted by D-charged Ti plates (gas
loading), under vacuum after temperature cycles, measured with an
advanced detector, has shown the emission of neutron bursts,
clearly above background, with energies of about 2.5 MeV.13

Bologna (INFN and University): experiments on the detection of

neutrons from D-charged Pd (electrolysis) and Ti (gas loading) have

been performed extensively under the Gran Sasso Laboratory of

INFN, a well equipped Laboratory more than 1000 m underground,

where the background of neutrons is about one thousandth of the value

at sea level. A particularly advanced detector system has been

developed, able to clearly discriminate neutrons from gamma's, with a
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time resolution in the order of 10 ns, and the ability to measure the
energy of the neutrons. None of the experiments performed up to now
has shown the emission of neutrons that could be ascribed to CF
effects.!4

Some relevant results

Among the many results in CF research contributed by the Italian
scientific community, two of the experiments presented at this
Conference deserve a particular mention, and will be recalled in the
following.

e The experiment by B. Stella et al.> performed in the Gran Sasso
Laboratory of INFN, in which a sample of deuterated Pd has been
stimulated with a neutron flux, while the emission of neutrons was
detected at right angle with the neutron beam. The result is
qualitatively interesting: it is possible to state that the rate of neutron
emission, when the D-charged Pd is stimulated, is higher than the rate
obtained with Pd without D. This seems to be a clear indication that
the combination of the two, Pd and D, is responsible for nuclear
reactions that manifest themselves with the emission of neutrons,
confirming the role of the lattice in this new kind of nuclear events.

e The experiment by L. Bertalot et al.® performed at the ENEA Centre
of Frascati has provided a novel approach to the heat excess
experiments in heavy water with Pd cathode. Taking a couple of
features from the Takahashi experiment (see also this Conference), i.e.
the “hi-lo” technique and the flow calorimeter, this experiment tries to
address the problem of the motion of D atoms in the Pd lattice at high
D/Pd ratios. In order to do so, the cathode is mounted in such a way as
to face on one side the electrolytic cell and on the other D, gas:

measuring the permeation of the gas into or out of the cathode seems
to be a powerful tool to investigate the heat excess production. The
experiment provides a quite convincing confirmation of the heat
excess production, with maxima up to about 10 times the heat input at
low currents, and to 100% of the heat input at high currents, and
presents stimulating correlations between the heat produced and some
meaningful parameters, such as the period of the hi-lo procedure, the
over potential across the cell, and the D-permeation into the cathode.
A transport model, also presented at ICCF32, nicely interprets these
correlations.
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Among the contributions of the Italian community to CF research it has to
be remembered the theory of G. Preparata et al.,!> which, with a very
interesting approach, tries to explain the most intriguing issue in CF, i.e.
the possible nuclear nature of the heat excess. Preparata's theory invokes a
collective and coherent interaction between the D-nuclei and the plasmas
in the lattice (electrons and nuclei), to justify the high rate of D-D fusions
and the transformation of the mass defect energy of the reaction into heat,
rather than in the well known processes taking place at high energy and in
quasi-vacuum.

Conclusions

The lack of official commitment and effective support by the Research
Agencies and by the Universities has not prevented Italian scientists from
being quite active in performing research in CF. On the other side, it has
to be acknowledged that no formal vetoes have been interposed to the
free initiative of scientists in this field: on the contrary, some of the
Agencies and Universities have moderately funded such an effort.

The quality of the experiments performed in Italy has been increasingly
good, and the results obtained are rather outstanding in the general
panorama of CF. But it is time to perform a more coordinated effort,
keeping in mind that material science aspects, such as the characteristics
of the materials used, play a very important role in the development of
this topic. Thus, a much more intense effort is required in order to obtain
a more substantial progress in the field.

The increasingly convincing results obtained by the whole CF
community (this Conference has been particularly comforting in this
respect), and the example of the Japanese Government and Industry,
which appear to be determined to promoting research in this field, have
changed the panorama of CF. There are now signs that also the Italian
scientific authorities could consider favouring research in this field in the
near future.
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1.3. Ten Years of Cold Fusion: An Eye-witness Account'

FRANCESCO SCARAMUZZI
ENEA - Frascati

There is still no effective dialogue between the CF community and the
traditional scientific world. There are extremes on both sides: some claim
that CF does not exist, others are convinced that we have already solved
the energy problems of mankind. Nonetheless, many good experiments
and publications have been produced on this subject and research in this
field has certainly made progress. Some of the phenomena known under
the name of CF are undoubtedly real, in particular the production of
excess heat and its nuclear origin.

Introduction

Two years ago I wrote the article published here below: this can justify its
title — “Ten Years Of Cold Fusion: An Eye-witness Account” — if we date
back to the very beginning of Cold Fusion's (CF) adventure, i.e., on
March 1989. The article was published last year in issue n. 1-2 of Volume
8 of the US Journal “Accountability in Research” (subheaded “Policies
and Quality Assurance”). The Journal tries to make the social and
ethical aspects of research understood, by examining those sectors
characterised by particularly interesting situations.

CF certainly is one of these sectors and my friend and colleague Scott
Chubb — researcher at the Naval Research Laboratory in Washington —
was encharged of editing the publication of a special issue on this subject.
The 8 authors consulted by Dr Chubb were not assigned any ‘task’ but
were left free to express what their thought was, although keeping in mind
the nature of the Journal the articles would be published in.

1 found it natural to write an article witnessing my personal experience in
CF research: first being part of ENEA researchers staff at Frascati
Research Centre until mid-1995. Then — since I retired — I kept up
research as senior advisor at ENEA’s Fusion Division. I sensed that what
we had done — especially within our Group — was not known and
deserved a description — though necessarily brief — and an ethical and
sociological analysis .

" The article was published in the ENEA “Energia, Ambiente e Innovazione” Review

no. 5/2001.
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I was also inspired by my will of showing that our research has been
carried out based on a rigorously scientific approach, which led to
remarkable results and contributed to the whole sector’s progress.

Seemingly this last point is somewhat polemical but has the intent to
object the aura of “non-serious science” that always accompanied CF
and that we, researchers in the field, have clearly perceived.

When the Editorial Board of the well-known ENEA journal —“Energia,
Ambiente e Innovazione” — proposed me to publish the Italian version of
my article, I thought it was a good chance to have this analysis of mine
known to the world where ENEA operates. I carefully read my article
again, and came to the conclusion that what I wrote is still valid,
although two years have passed since then. Yet I will add some details to
provide additional information about the latest achievements.

Last year, on May 21-26, ENEA organized the ‘“8th International
Conference on Cold Fusion” (ICCFS8) in Lerici (La Spezia), in the
wonderful Villa Marigola. I was the Chairman and the proceedings’
editor, whereas Antonella De Ninno was in charge of the Conference’s
Organizational Olffice.

The Conference was also under the aegis of CNR (the Italian National
Research Council), INFN (the Italian National Institute of Nuclear
Physics), and SIF (Italian Physical Society). There were 145 participants,
41 of them were from Italy, 40 from the U.S., 24 from Japan, 12 from
Russia. 110 abstracts were proposed and examined by an international
commission: out of the 78 accepted papers, 27 were presented as oral
speeches and 51 as posters. The Conference Proceedings were edited by
SIF by way of Editrice Compositori (publisher) in Bologna and published
last February into a some-500-page volume, numbered 70 in the
“Conference Proceedings” series. It contains 68 articles which were
previously subjected to the judgement of a referee.

ICCFS8 revealed the typical panorama of science at its dawn, progressing
hard and slow mainly due to the limited resources dedicated to it. Yet it
has now reached important scientific achievements and gives us
interesting outlooks as to their application. This is not the proper place to
make an accurate analysis of results, but I wish to remind that important
confirmation exists about the revelation of helium as the 'ashes’ of CF
process. Which is an indisputable confirmation of the nuclear nature of
the observed phenomena.
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A sad note dominated the Conference: a month earlier Giuliano
Preparata passed away. He was one of the most engaged physicists in
research into CF who made valuable theoretical and experimental
contributions to it. Not long ago Giuliano successfully promoted the
launching of a research initiative by ENEA at the Frascati Centre. Such
an initiative got underway, a new laboratory was set up and is still
operating, and Giuliano spent the last year of his life at the Frascati
Centre dedicating himself full-time to transmitting his enthusiasm and
culture to all of his collaborators, including myself. One of his ideas
began to produce results which were presented at ICCFS8. Such activity is
still going on and I wish that the seed sown by Giuliano Preparata could
bear fruit.

In conclusion I am ever convinced that the phenomena known as CF are
real. In my opinion it is a science field of the greatest fundamental
interest, even because it allows to study an example of quantum
behaviour of matter in macroscopic systems. Though maintaining a
prudent attitude about the application prospects, [ think that as to the
results achieved by deuterium charging in palladium, it can no longer be
denied that this is the 'cleanest’ form of nuclear energy ever found. All
energy is transformed into heat without any perceptible nuclear radiation
emission nor traces of radioactive waste. Although the energy quantity
revealed so far is small and the ways of using it are still to be defined, this
prospect should deserve major attention by the scientific community. Let
me express all of my gratitude and appreciation to ENEA for its proven
availability to conduct research into such a field.

The name of Cold Fusion (CF) comes from the interpretation given to
certain phenomena taking place in a metal lattice roughly at room
temperature, in terms of nuclear fusion, say between two deuterium
nuclei: cold in comparison with the high temperatures of thermonuclear
fusion (10°® K). The first time this was suggested was in the Spring of
1989, ten years ago, by Fleischmann and Pons': their experiment gave
rise to much turmoil all over the world, ending within a few months with
the scientific community rejecting the experiment and thus this
interpretation. Research in CF continued nevertheless in a few
laboratories, mostly in the USA, Japan, Italy, Russia and China;
International Conferences were held regularly, roughly every 1.5 years.
However, after ten years, in spite of undeniable (although not
overwhelming) progress in the field, there is hardly any communication
between this small CF community and the scientific world at large.
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I have been active in this field since the beginning, and I have
experienced with distress the lack of communication with the rest of the
scientific world, mostly because I am aware of the rigorous scientific
approach with which the research has been performed by the ENEA
Group in which I have been operating in Frascati. I think that I can
contribute in assessing the present situation of CF, both from a scientific
and from a “‘social” point of view, by acting as a witness of these ten long
years.

To start with I will address two of the issues that have been keys to the
present lack of communication: the problem of reproducibility and the
anomalous nuclear features of the experimental results (Some Problems).
Then I will try to tell the story of CF as I lived it, which means from my
own point of view and in the light of my personal experience: I hope that
this report will make clear the logical evolution of the research performed
by the ENEA Group of Frascati, resulting in significant progress in the
attainment of reproducibility (Narrative). 1 will then try to make a few
general statements about the entire field, in order to give some sense of
the present state of the art of CF, but without any intention to give an
exhaustive review of this discipline, which is not the scope of this Journal
(State of the art). In the last section I will try to draw some conclusions,
point out some prospects for the future, and make some comments on
communications between the CF community and the rest of the scientific
world (Conclusions).

Some problems

I think that two problems, lack of reproducibility and anomalous nuclear
features, need to be assessed clearly, because they have been serious
concerns of the scientific community, resulting in deep skepticism
towards CF. This is what [ will try to do in the following.

Reproducibility

Recently I was watching a TV-show, one of those designed to explain
science to the layman. A well known physicist was asked what he thought
of CF. His answer was that it was not good science, because of the lack of
reproducible experiments. I wrote to him, presenting the following
arguments:

a) | agree that reproducibility is a "must" in experimental research;

b) however, a new field, at its beginning, is often characterized by lack of
reproducibility, and it is the task of the scientists operating in that field to
understand what is going on, in order to pursue reproducibility;
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¢) this has been done in the case of CF, making meaningful, even though
slow, progress (I sent him a paper of mine? in which I had discussed this
problem).

My letter did not produce any effect, in the sense that he did not change
his mind, and went on demanding reproducibility, as if it were an intrinsic
characteristics of research and not something that has to be pursued.

In order to clarify the issue, let me try to propose a few statements about
reproducibility. First, what does it mean? Consider a simple desk-top
experiment. When you perform it, you choose your sample, you work out
a procedure (a protocol), and you get your results. It is reproducible if you
obtain the same results with the same kind of sample and the same
protocol every time you perform your experiment. A further stage of
reproducibility consists in describing your experiment in a scientific
publication, with the consequence that any other scientist who performs
the same experiment, on the basis of that paper, obtains the same results.
Now imagine that you perform your experiment, take note as accurately
as you can of its parameters (sample and protocol) and when you repeat it
you do not get the same results: the experiment is not reproducible! There
are two possible explanations: either the first experiment was wrong, or
you did not have the same kind of sample, or follow the same protocol. If,
by examining your first experiment, you reach the conclusion that the
measurement itself was correct and reliable, you have to accept the
second explanation. At this point you start a further stage of your
research: you try to understand which features were hidden in the choice
of the sample and in the protocol, that could have influenced your results
without your being aware, and thus you begin what may be a difficult
march towards reproducibility. It is not correct to state, as many have
done for CF, that non-reproducibility necessarily means a wrong
experiment.

An episode that I will now describe will help to illustrate my previous
statements: it occurred in 1992 to the ENEA Group of Frascati, which I
was leading. We had been working on CF experiments based on gas
loading of deuterium in titanium, looking for neutrons and tritium, and
eventually we had reached the conclusion that we should move to a
different type of experiment: the measurement of excess heat in palladium
charged with deuterium in an electrolytic cell with heavy water
(substantially the Fleischmann-Pons experiment). In order to build the
cathodes, we took the only palladium sheet that was at hand in the
laboratory, constructed the electrolytic cell and put it in an accurate
calorimeter, and performed the experiment: the first three runs, with three
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different cathodes taken from the same sheet, and with the same protocol,
gave very clear evidence of excess heat production: a couple of orders of
magnitude larger than the experimental errors.” At this point, we had used
all the palladium existing in the laboratory, and thus we ordered more of it
from the same firm that had provided the previous sample, asking for the
same commercial characteristics. When the new palladium arrived, we
started another series of experiments, none of which gave any sign of
excess heat production. So, there we were: we had no doubt about the
correctness of the first measurements, but it had been sufficient to change
the sample of palladium for the excess heat to disappear, even though,
from a commercial point of view, it was the same kind of palladium. This
was the beginning of the project that brought the Group to results quite
close to total reproducibility in 1996. I will come back to this subject
later.

Many research groups in CF have had similar frustrating experiences.
And I am sure that history of science is full of examples of this type, in
particular when the sample and the protocol are intrinsically complex. I
like to quote a sentence that Wolfgang Pauli wrote in 1931 in a letter to
Peierls: "One shouldn't work on semiconductors, that is a filthy mess;
who knows whether any semiconductors exist".> Today we are
surrounded by semiconductors, and no one has any doubt about the
important contribution of Pauli to the development of physics in this
century, but in 1931 he was among those who thought that "the
measurement was wrong". Conversely, sometimes it happens that, even
for complex systems, reproducibility is at hand. This has been the case of
high critical temperature (HT,) superconductors: in 1986, when these

peculiar ceramic compounds were discovered, in a few months everybody
was able to synthesize them and to check that they were superconducting.
Ever since, research on HT. superconductivity has been widely

developed, with a trend, and thus a growth, totally different from CF.
The comparison between HT_ superconductivity and CF, presented first

by David Goodstein in the paper that appears also in this issue of AIR®, is
a good guideline to try to analyze the present state of CF. It is my opinion
that the lack of reproducibility has played an important role in the
skepticism of the scientific community and in the consequent loneliness
of the CF community. It is my personal experience that it is quite
frustrating and uncomfortable to work for years in such a situation,
sustained only by the knowledge (not the belief) that "the measurement is
not wrong". Physics offers today too many opportunities lo perform
interesting and advanced research (even though perhaps not as interesting
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and advanced as CF), leading to more easily reachable rewards, in terms
of accepted results, of number of publications, and thus -career
advancement, to expect scientists to volunteer to perform research in CF.
Add to this the substantial a priori discrimination that many important
scientific journals have applied to papers related to CF, and the lack of
resources, both human and financial, and you have a picture that justifies
the slow progress of this field. On the other hand, I have just stated that
reproducibility has been "almost" reached. Why, then, has nothing
changed? The episode that I recounted at the beginning of this section is
an indirect answer: one often has the feeling that any attempt to restart
communications is doomed in advance. One is tempted to say, as Max
Planck is supposed to have said: "A new scientific truth does not triumph
by convincing its opponents and making them see the light, but rather
because its opponents eventually die, and a new generation grows up that
is familiar with it".

Anomalous Nuclear Features

Research in CF is characterized by a large variety of experiments, from
electrolytic cells to gas loading procedures, from the measurement of the
excess heat produced to the detection of nuclear ashes of various kinds:
neutrons, tritium, 4He and so on. Of course the concept of nuclear ash
comes from the conviction that the phenomena under study are nuclear
reactions, which is a central point in CF. For the purpose of this section, I
will limit myself, without loss of generality, to excess heat experiments,
where the large amount of heat produced cannot be accounted for by
chemical reactions; thus, by default, it is deduced that it comes from
nuclear reactions. The most immediate hypothesis in Fleischmann-Pons
type experiments is that a fusion reaction between two deuterium nuclei
(deuterons) is responsible for the heat production: this is what was
proposed in 19891, This reaction has been extensively studied, mostly
through experiments performed with the help of particle accelerators,
which means in quasi-vacuum and with energetic particles (>10%eV). This
is quite different from the CF experiments, which take pace in condensed
matter at room temperature (energies of the order of a small fraction of an
eV). The following scheme shows the well-known rules for the D + D
fusion reaction:

D + D=“4He + 24 MeV

——n + 3He + 3.3 MeV (50%)

——p +3H + 4.0 MeV (50%)

L 4He+ y + 24 MeV (10-9)
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(n = neutron, p = proton, in parenthesis the probabilities of the three final
branches). The first step in the reaction is the creation of a He nucleus
with an excess energy of 24 MeV. In vacuum this enormous energy
explains the high probability for this nucleus to decay into two pieces (the
first two branches); only very rarely is the excess energy emitted in a vy-
ray, leaving an unbroken 4He nucleus (third branch). If a D + D reaction
is what happens in CF experiments, then these rules are not at all obeyed,
because the amount of thermal energy produced would correspond to a
tremendous emission of neutrons (just to cite the only particles that go
through almost everything), about 5 orders of magnitude higher than the
measured flows.

This (and much more) is what I meant by the title "anomalous nuclear
features". It has been said that, in order to justify D + D fusion reactions
in CF experiments with deuterium in palladium, three "miracles" are
necessary. The first one is a dramatic increase of the probability for fusion
to take place. If you try to extrapolate to low energies the known
probabilities at high energies, you find that the probability of such an
event is some 50 or more orders of magnitude lower than that needed to
account for the measured excess heat”: in other words, there is no chance
that two deuterons will fuse at room temperature. The second miracle
pertains to the absence of neutrons (and tritium, and so on) as the ashes of
the reaction. You have to assume that the branching ratio (the relative
probabilities of the three branches) is also dramatically altered: you must
imagine that the first two reactions become highly improbable, while the
third, the one giving rise to a 4He nucleus, has a very high probability,
almost 100%. But here we need the third miracle, since we do not see any
y-rays: thus we have to make the hypothesis that the 24 MeV of excess
energy are in some way transformed in heat in the lattice of the host
metal, the excess heat that you measure with your calorimeter. If these
three miracles are produced, then the only expected ash is 4He: this has
been searched for, and in some instances it has been found. But to detect
small amounts of 4He is quite difficult, and this is one of the
characteristics whose reproducibility is still under investigation.
Accepting the three miracles does not imply a violation of the
fundamental laws of physics: in particular, conservation of mass plus
energy is satisfied. One possible solution is to suppose that what makes
the difference is the fact that the reaction takes place within condensed
matter, rather than in vacuum. However, this is not easy to swallow. It has
been said that there is no chance that the lattice, with its long
characteristic times (10-12s) and large distances  (10-19m) can influence
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nuclear events, whose typical times are in the order of 10-20s and whose
distances are of about 10-15m: to quote Goodstein,® "when the nucleus is
doing its thing, the atoms of the crystal are far away and frozen in time".
But, at this point, a comparison with the Mossbauer effect (which
Goodstein also makes) is quite natural. In some nuclei (1°!r, 37Fe, 67Zn)
the emission of a y-ray from a nucleus embedded in a lattice can take
place in two entirely different ways, depending on macroscopic properties
of the lattice, such as the temperature. In one of the two ways, the emitted
y-ray has an extremely narrow line-width, coincident with the natural
width, which means that the emission takes place as if -the recoil were
taken up by the entire lattice. To be sure, the energies involved are quite
different with respect to CF (tens of keV instead of MeV's), and theories
explaining the phenomenon have been devised and have been accepted by
the scientific world. But then, what strikes me is that, however you look
at it, a macroscopic parameter of the condensed matter system, the
temperature of the lattice, is responsible for switching the emission of the
y-ray from one mode (large line-width) to the other (collective behaviour
of the lattice): this means that the lattice is able to influence the
performance of a nuclear event. Giuliano Preparata has attempted a
different interpretation of the Mossbauer effect® and has proposed a
theory for CF% ©both based on the application of Quantum
ElectroDynamics (QED) to condensed matter.

These "anomalous nuclear features" are another reason why the scientific
community is very skeptical about CF. Incidentally, even in the CF
community there are attempts to interpret the phenomena in terms of (in
my opinion unlikely) electromagnetic (i.e., chemical) interactions, which
would avoid calling for nuclear events. I think that the experimental
evidence of nuclear ashes, including the rather new but impressive field of
"transmutations" (see below), even though not as strong as the evidence
for excess heat, is nevertheless quite convincing.

Narrative
The Start-up

At the end of March 1989, like many scientists around the world, I was
very much impressed by the press news from Utah, reporting the
experiments of Fleischmann and Pons' and of Steven Jones.!0 T must
confess that I was very skeptical about the excess heat results (how can
you imagine D + D fusion without neutrons?), and as a physicist I was
reluctant to work in such a "dirty" stuff as electrolysis. With a very naive
reasoning, that I am sure was shared by many others at that time, I
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thought that a more physical approach, such as gas loading of deuterium
in an appropriate metal, should succeed as well in obtaining the fusion of
two deuterons. I spoke with the two young physicists of the Group,
Antonella De Ninno and Antonio Frattolillo, and with the technicians
Peppino Lollobattista, Lorenzo Martinis and Luciano Mori, and we
decided to try a simple experiment: charging deuterium in titanium with a
gas loading procedure and looking for neutrons while performing
temperature cycles. We asked and obtained the participation of experts in
neutron detection, Marcello Martone and Salvatore Podda, and performed
the experiment: in one week we had two extended periods (tens of hours)
with an impressive emission of neutrons. This result was communicated
to the management of ENEA, a paper was written,!! a patent was issued,
and the results were presented in a seminar and in a press conference (the
latter seemed to be a common occurrence at that time).

I will not go on recounting what happened as a consequence of these first
events: this has been described in the paper by David Goodstein quoted
above.’ Here I will limit myself to a brief overview of the scientific
evolution of our research in the first couple of years. We were soon aware
of the very poor reproducibility of our experiment, because we succeeded
in repeating the event very seldom over tens of trials. We analyzed our
first results many times, wondering whether there was anything wrong,
and we could never find any artefact: I am still convinced that those
events, even though not reproducible, were real. (Eventually, years later,
we learned that another Italian Group had found the same evidence for
our second event, following the same procedure'?). In May 1989 there
was a workshop on CF in Santa Fe (NM), organized by the US
Department of Energy (DOE) and by the Los Alamos National
Laboratory (LANL), and I had the opportunity lo contact other groups
searching for evidence of neutrons, in particular those of Steven Jones in
Provo, Utah, and of Howard Menlove in LANL. As a consequence of the
information exchanged, we decided to adopt their sophisticated neutron
detectors. The measurements with such a detector were successful, and
we presented them at the 1990 March meeting of the American Physical
Society in Anheim (CA) and at the first of the international conferences
on CF, held in Salt Lake City also in March 1990."* The data were rather
poor and of much lower intensity than our first ones, but consistent with
those obtained by the other groups. The next step was designed to reduce
the background: we performed a series of measurements in the Gran
Sasso laboratory, a very advanced facility 1600 meters under ground, near
L'Aquila, Italy, belonging to INFN (Istituto Nazionale di Fisica
Nucleare), where the neutron background is reduced by a factor 103.
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The result was substantially negative: nonetheless, we reported the results
at the Provo meeting in October 1990'* and at the second international
conference on CF, in Como, Italy, in July of 1991."° There had been also
theoretical attempts to explain our results not in terms of a real cold
fusion, but rather as a hot fusion on a microscopic scale, the energy to
justify it being provided either by electromagnetic forces!® or by the
mechanical stress induced by the strong temperature gradients produced
during our procedure.'’

Summing up the state of the art of our research activity two years after its
beginning, we were not happy at all: on the one hand, our efforts to
conquer reproducibility were making no progress, on the other hand the
explanation in terms of "hot fusion on a microscopic scale" rendered the
issue much less interesting than we had hoped. Furthermore, I was still
very skeptical about the reality of excess heat measurements, considering
neutron and tritium measurements the only relevant and reliable evidence.
This conviction was shared by many coldfusioners, and this created a
division in the field (what Goodstein® calls the "good" and "bad" kind of
CF). The Provo workshop quoted above was dedicated only to
experiments based on the detection of nuclear particles, and I participated
in its organization, and I appear as one of the editors of the Proceedings
(even though my contribution was quite small).

In this state of mind we participated to the Como Conference in July

1991.

The 1991 Como Conference

I am convinced that the Como Conference was the most important in the
short history of CF up to now. What I mean is that in that Conference
results were presented that produced a real progress in the field, and
influenced the research of the whole community in the following years. I
will cite here the three issues that I consider most important:

A. Excess heat versus nuclear emissions. There were many
confirmations of excess heat measurements in experiments performed
in electrolytic cells, even if the amount of the heat produced was quite
variable: it was possible to say that there was a first step forward
towards reproducibility. Conversely, the measurement of nuclear
emissions, in particular neutrons and tritium, even when accurately
performed, gave quite random results, far from reproducibility, and at
a very low level, often hardly detectable over the background. The
attempt to measure neutron energies gave contradictory results, often
with no correlation with any theory. Furthermore, it was very difficult
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to find in a single experiment any correlation between excess heat and
nuclear emissions: it seemed that they were totally independent of
each other.

Excess heat versus D/Pd ratio. One of the most significant results was
presented by Mike McKubre el al.’®: at SRI (Stanford Research
Institute) they had constructed an accurate calorimeter for electrolytic
closed cells, and had also developed methods to measure the amount
of deuterium absorbed in the palladium cathode, expressed as D/Pd
ratio (atomic). This had allowed them to find one of the most
important new features of CF: the existence of a threshold of the
D/Pd ratio, below which it was not possible to produce excess heat.
The value of this threshold, for the experimental configuration of the
SRI experiment, was about 0.9-1.0. A posteriori, this would explain
why CF phenomena were not easy to produce: electrochemists know
well that reaching a D/Pd ratio of 0.67 is quite simple, while going
beyond this limit is not easy at all. This information had the important
result of switching the attention of the experimentalists struggling for
reproducibility from the general problem of producing excess heat to
the more specific and more controllable problem of overcoming the
quoted threshold. It had also an ancillary consequence for me, a
physicist totally ignorant of electrochemistry: to understand the main
reason why electrolysis is so much more efficient than gas loading in
CF experiments. If you look at the phase diagram of the deuterium-
palladium compound you find that in order to obtain high D/Pd ratios
at room temperature you have to use very high pressures. This is quite
impractical in gas loading experiments, and conversely it is
unnecessary in electrolysis, where the electrolytic mechanism itself
can be considered equivalent to applying very high pressures to the
ions entering the metal lattice. It seemed that, until one found a
different, more efficient way of loading by gas, electrolysis provided
a much better way to reach and overcome the famous threshold.

. Another important communication was presented by Melvin Miles of
the China Lake laboratory of the US Navy!®. They had collected the
gases evolved from an electrolytic cell with which they were
performing CF experiments, and had mass-analyzed them with the
collaboration of a Group at the University of Texas at Austin, trying
to correlate the production of excess heat with the presence of 4He in
the gases. The correlation was found and was at least qualitatively
consistent with the hypothesis presented above, that 4He is the
relevant ash in this type of experiment. It was the first convincing
direct evidence that the excess heat is of nuclear origin.
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The results just described had a noticeable impact on the development of
CF, and in particular they had an immediate effect on the activity of my
Group at ENEA Frascati: we decided to switch from the experiments that
we had been doing to experiments with electrolytic cells, looking for
excess heat. In fact, there was another Group at ENEA Frascati, including
Luciano Bertalot, Francesco De Marco, Aurelio La Barbera and Vittorio
Violante: they were mostly doing experiments with electrolytic cells, with
heavy water and palladium, looking for neutrons and tritium: one of them
(ALB) spent a few months at the Texas A&M University, performing
calorimetric measurements on an electrolytic cell, and obtaining clear
evidence of excess heat in one run out of three.”” The two Groups merged
for this new project.

Excess Heat at ENEA Frascati

I described in section 2a the episode in which the ENEA Frascati Group
saw a clear evidence of excess heat production in 1992 and the ensuing
disappointment with the "new" palladium. Convinced of the reality of
excess heat production, the Group went on trying different experimental
arrangements, and trying to address issues that could contribute on the
one hand to a better comprehension of the observed phenomena and on
the other to the achievement of better reproducibility. I will just cite here
some of the features that, in my opinion, contributed to progress in the
field.

A. In the first set of measurements’ the cathode was mounted in such a
way that one of its sides was facing the anode, being immersed in the
electrolyte, while the other was facing at a sealed volume containing
deuterium gas. Monitoring the pressure in this volume gave
information on the permeation of deuterium through the cathode. It
was found that during the periods of excess heat production
deuterium gas flowed from the volume into the metal, the opposite of
what happened when there was no excess heat. I do not know what
this means, but it is another distinctive feature of this phenomenon.

B. One of the arguments against the reality of excess heat was the
following. Normally it takes a lot of time under electrolysis,
sometimes weeks, in order to "charge" the system, so that it can
produce excess heat. One could imagine that there is an unknown
mechanism of accumulation of energy (common chemical energy) in
the system during this phase. At a certain point this energy is
released, and is interpreted as excess heat: if this were true, the
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phenomenon would be much less interesting, because nuclear
reactions wouldn't have to be called for. In two of our experiments we
were able to refute this argument. In run n. 3 of the first set of
experiments® the excess heat production started a very short time,
minutes, after the beginning of electrolysis and lasted almost 24
hours. In the most spectacular of our results, presented at ICCF5 (5th
International Conference on Cold Fusion),2! we had the production of
a large amount of excess heat, up to 600 kJ, with a peak power of
11W (compared to 8W of power input), in the last three days of a 50-
day long run. We had performed an accurate calorimetry of the
experiment during the whole run. Thus, we could account for all the
heat produced, within experimental error (5S0mW). If we imagined
that all the experimental error was dedicated to this anomalous
accumulation of energy, a very unlikely hypothesis, this still could
account for less than one half of the total excess heat measured.

In this same experiment a very suggestive feature appeared. While
measuring the balance of the calorimeter, to detect excess heat, we
were also monitoring the voltage applied to the cell (through a
constant current power supply). In the three periods in which excess
heat was produced we found that the measurement of the voltage was
characterized by a totally different "mode", and the "switch" between
the two modes was very abrupt and coincident with the start of excess
heat production, as if a transition of phase of the entire
thermodynamic system had occurred. The possibility that a phase
transition is the basic condensed matter phenomenon that gives rise to
CF is quite reasonable: it has been proposed that it could be related to
the deuterium ions moving from the octahedral to the tetrahedral sites
in the palladium lattice.

The Quest for Reproducibility

The quest for reproducibility has been a central theme of the Group, both
because of its intrinsic importance, and because we are aware of the
"social" consequences of its lack: the unavoidable “loneliness" with
respect to the traditional scientific community, which I discussed above.
The importance of having a high value of the D/Pd ratio, which we had
learned at the Como Conference, became more and more evident as time
went on and thus the episode of the "good" and "bad" palladium could be
interpreted in terms of different degree of difficulty in pursuing this
objective for different "kinds" of palladium.
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This was a clear indication that studying the characteristics of palladium
and their relation with the deuterium absorption dynamics was the main
route to follow in order to obtain high D/Pd ratios. Eventually the work
done on this problem by the young scientists of the Group (Antonella De
Ninno, Aurelio La Barbera and Vittorio Violante) yielded important
insight into the main reasons for the difficulty of attaining high loading
ratios™. As a consequence of these insights, they proposed a protocol for
the preparation of the sample, and a particular procedure for the first
phase of deuterium loading, which eventually allowed the Group to reach
a good level of reproducibility: 5 samples out of 6 that had undergone the
whole procedure showed very clear excess heat production.” At this point
an intense investment of time and effort was called for, to take advantage
of this progress. Unfortunately, what has happened instead in the last few
years is that the Group has been reduced from five full-time-equivalent
scientists to a staff of two.

I want to mention here another technique to study the dynamics of
deuterium in palladium, which was applied in experiments of the Group
done in cooperation with another laboratory in the Frascati area (Istituto
di Struttura della Materia of the Consiglio Nazionale delle Ricerche): an
X-ray diffractometer was used to measure in real time the unit cell
parameters during electrolysis, thus observing possible changes in the
palladium lattice when high values of loading ratio were attained. This
technique worked well23, but we never reached D/Pd ratios higher than
0.75 in these experiments. This is a very promising technique that should
be pursued in a more systematic way. Unfortunately, this was not possible
in our case: the experiment was very “expensive", in terms of time and
work, and the Group was quite small.

State of the art
Science

Evaluating research in CF is quite difficult, due to the great variety of
experiments and of theories that have appeared in this field: I stopped
counting publications when the number passed a thousand a few years
ago. It is also difficult because, in the absence of normal relations with the
traditional world of science, within the CF community there has been too
little criticism, and, I would say, a lack of serious refereeing. Thus the
papers are not all of good quality, and their results are sometimes
questionable. Nevertheless, there are many good experiments and
corresponding good papers: there is no doubt that there has been progress
in research on CF.
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Edmund Storms has tried twice to review it, producing two very detailed
papers, complete with very extended bibliographies®*: I recommend them
to those who want to have detailed knowledge of this field. Here, both
because I do not feel able to perform such an enterprise satisfactorily, and
because this is beyond the purpose of this article (and of this Journal), I
will try to give a short summary of the most important areas: once again,
it will reflect my personal view on the field, which does not pretend to be
exhaustive.

A. Let me start with the effort to attain reproducibility. I want to mention
here the work of Giuliano Mengoli, in Padua, in which excess heat
measurements in electrolytic cells have been performed in different
configurations, while working at temperatures close to the boiling
point of water. The results are quite reproducible®. (Experiments at
"high" temperatures had already been performed by Fleischmann and
Pons, who showed also an interesting feature, called "heat after
death", i.e., the persistence of heat production after all the electrolyte
was evaporated™®) . Another interesting method worth mentioning is
the one followed in the experiments performed by Giuliano Preparata
et al. The idea is that the presence of an electric potential in the
palladium cathode can influence its chemical potential,”” with the
effect of allowing higher D/Pd ratios: in this way, excess heat is more
easily obtained, without worrying too much about the "material
science" characteristics of the metal (the idea arises out of Preparata's
theory cited above’). In order to have high enough potentials, the
cathode is a long thin Pd-wire, with a voltage applied at its ends: the
results are quite reproducible”™. The route chosen by Francesco
Celani, consisting of coating the cathode with appropriate materials in
order to prevent the deuterium from escaping is also quite
promising®.

B. There are a number of experiments that seem to show that it is
possible to have excess heat production in a different experimental
system: nickel and hydrogen rather than palladium and deuterium. In
this case the only reasonable explanation for nuclear fusion reactions
is the fusion of hydrogen with one of the few deuterons that are
always present in hydrogen as impurities. This idea is reminiscent of
the work of Julian Schwinger, who examined the possibility of such a
reaction as a general explanation of CF30. Excess heat has been
detected in light water electrolysis experiments™~', in electrolysis in
so-called "Patterson cells", in which the cathode is constituted by
thousands of small plastic spheres coated with layers of palladium

and nickel all packed together’, and in gas loading experiments™.
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C. There has been a growing interest in the detection of "nuclear ashes".
A number of careful and refined experiments have been reported that
are designed to detect 'traditional' ashes, such as neutrons, tritium,
and so on, and to their correlation with excess heat: with particular
mention is the work of the Osaka Group led by Akito Takahashi**,
There has been an increasing effort to detect *He, which is an
intrinsically difficult task. The results have been interesting, but the
reproducibility has been far from satisfactory: I want to note here a
very clear signal found by the Turin Group in a gas loading
experiment®> and an elaborate but convincing result by Daniele
Gozzi, in which the balance between energy produced and number of
*He atoms is consistent with the model of D + D fusion®®. A totally
new line of work, known under the name of "transmutations" has
been developed in the last few years. Here, in experiments of various
types, stable isotopes that were absent at the beginning of the
experiment are found. This seems to indicate nuclear reactions other
than D + D fusion, which is very difficult to understand. There is a
wide spectrum of publications on this field, of which I cite just a few
representative papers due to the University of Illinois Group led by
George Miley®’ and to the Sapporo Group led by Tadahiko Mizuno™.
This field seems to be expanding, as evidenced in the last conference,
ICCF7, held in Vancouver, Canada, in April of 1998.

D. Much could be said about theories: many and extremely various ideas
have been presented. But, once again, I will not try to describe them.
Let me just make a couple of general observations. The traditional
recurrent mechanism that governs the development of science,
alternating theory and experiment, so that they can check each other,
is hardly possible if you are still struggling with the lack of
reproducibility: this problem has seriously hampered the development
of theories. The second observation is that, accepting the nuclear
nature of the phenomena of CF, as I do, and considering the
arguments discussed in section 2b about the "anomalous nuclear
features" of CF, it is not possible to explain CF on the basis of two-
body interactions. It is necessary to demand the existence of a
collective and coherent mechanism governing the phenomena. Such a
mechanism was proposed immediately by Preparata e/ al.” and others,
of which I note here Scott and Talbot Chubb,* has been proposed
since then.
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The CF Community: Science Versus Ulility

A little history is useful in order to better understand the present status
of the CF community. As I said at the beginning, towards the end of
1989 there was a rejection of CF by the traditional scientific
community, leaving behind a number of ongoing efforts with a
particular geographic distribution. In the USA there were many groups
operating in spite of the lack of dedicated funds by DOE and NSF. In
Japan there was considerable interest from the beginning. Within
Europe there was continuing research in a number of groups in Italy,
plus a small Group in Spain. China and India were also active, and in
due time Russia also showed up. Most of these initiatives were due to
small groups, with little or even no funding. Its activity is witnessed by
the periodic International Conferences that have been held since then,
8 of them up to now. But there were also three big initiatives that were
launched in the years following 1989, that I want to note here:

A. The Electric Power Research Institute (EPRI) made an important
investment in CF research, initially in a number of areas, eventually
mostly in excess heat experiments with D/Pd systems, that were
performed at the Stanford Research Institute (SRI). This project was
active for many years, and was terminated in 1995.

B. There was an important early project conducted by IMRA, an
institution tied to the Japanese industry Toyota (in fact, this was a
personal decision of one of the heads of this leading group, Minoru
Toyota): three laboratories were created, two of them in Japan (in
Sapporo and in Nagoya), and one in Europe, at Sophia Antipolis, near
Cannes (where eventually Fleischmann and Pons became active).
This project too has been terminated quite recently.

C. Another important Japanese initiative was taken by the Ministry for
International Trade and Industry (MITI) with an additional
contribution from a consortium of industries. The project involved a
specialized laboratory built fur the purpose, and the collaboration of
Universities on more fundamental aspects. This project was
terminated in 1998.

One could be tempted to interpret the closure of these three important
projects as a demonstration that CF research is failing in its objective to
become a well defined discipline in science. I am personally convinced
that this interpretation is definitely wrong. Let me explain why. One of
the common characteristics of these projects is that they were promoted
by agencies (in a general sense) that were highly interested in the
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potential energetic applications of CF (it is undeniable that the picture that
I sketched earlier indicates the possibility to produce particularly clean
nuclear energy, which is something mankind has been dreaming for
decades). Thus, their expectation was to be able to develop practical
applications of CF in a few years. From the description of the progress in
science that I have reported above it is clear that, despite indubitable
scientific realities, progress in its development has been quite slow, both
because of the intrinsic difficulties of the field, and of the very scarce
resources that have been dedicated to its study. We are still far from
developing applications. Thus, it was to be expected that enterprises that
were born with the aim of having a practical fall-out in short time had to
give up. [ am still convinced that a lot of basic research is needed, in order
to better understand the science underlying CF, before practical objectives
can be seriously addressed: this can be better pursued by small groups that
proceed with this clear idea in mind.

And this is in my opinion what is beginning to happen. Let me mention a
few events that show this tendency: it could be (and I hope it is)
incomplete, but nevertheless it gives the sense that CF is finally beginning
to reenter the scientific world.

A. At Grenoble, in France, there is a new laboratory funded by the
French CEA (Commissariat a 1'Energie Atomique) and by the
Grenoble Institute Polytechnique, which has started a research project
in CF.

B. The SRI Group, that was funded by EPRI for many years, and then by
the Japanese MITI for a couple of years, is presently active in CF
research with funds from the US agency DARPA (Defense Advanced
Research Projects Agency).

C. In Italy a new initiative is starting now: a cooperation between
ENEA, INFN and LEDA that will allow the creation of a new
laboratory at ENEA Frascati with a research program on CF, funded
by the Italian Government, for the next three or more years.

Let me mention, to finish, that at the American Physical Society March

Meeting of 1999 (the Centennial Meeting) there will be a session, entitled

"Palladium Electrochemistry", where papers on CF will be presented.

Conclusions

It has been a long story; let me try to conclude by pointing out some
meaningful aspects of this strange adventure of CF, relative to the past, to
the present and to the future.

39



Scientific Realities

There is still no effective dialogue between the CF community and the
traditional scientific world. There are extremes on both sides: some claim
that CF does not exist, others are convinced that we have already solved
the energy problems of mankind. As this paper makes clear, it is my
conviction that some of the phenomena known with the name of CF are
real, in particular the production of excess heat and its nuclear origin. I
am also convinced that it is a very complex matter, that it requires a
stronger and longer effort in research, just to understand better the basic
phenomena, and that it is too early to consider practical applications.
Reproducibility is still an important issue, but much progress bas been
made, and I think that it is at hand.

Sociology

A reasonable question is the following: How is it possible that after 10
years the extreme positions about CF have not softened, and nevertheless
there is a small community (hundreds of scientists) that goes working on
with enthusiasm, in spite of the great difficulty that the general skepticism
produces? It seems to me that this question has two different answers. The
first is connected to the extreme appeal that the theme of CF has on
people. There is the hope of solving one of the most serious problems of
the world, the problem of energy, and succeeding in the task means pride,
honours, money and so on: even if it is very difficult, even if the chances
of succeeding are very small, some think that it is worth pursuing this
objective. The other answer is that, no matter how you judge the CF
community, there are results that are real, for example, the excess heat
and the nuclear ashes do exist, in spite of the lack of reproducibility and
of all the difficulties that I have tried to describe in this article. If they
were not real, the field would have been abandoned many years ago. Add
to this that those who started working on it and got positive results believe
in the reality of their results and are willing to go on until a better
comprehension of the phenomena is acquired, and some practical
application is at hand. It is certainly an unusual situation, one that has
never happened in the past.

The Role of Chance

I have often wondered about the influence of chance on my personal
history. Consider the first episode: we try an experiment that is very
naive, we perform it and get tremendous results, twice in a week.
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This produces success, excitement, commitment and so on. In two years
we realize that it is one of the most irreproducible experiments. Thus, the
question comes to the mind: if in our first attempts we hadn't had any
neutron emission, what would have we done? The answer is clear to me:
we would have abandoned the field after a few more negative attempts,
exactly as many others have done, and we would not be involved in
research on CF. Now, a posteriori, we know that the probability of seeing
neutrons in that experiment was very small: thus, chance was the
determinant factor in our participating in the CF adventure. Once again,
consider the impasse in which we were at mid-1991: we were
disappointed in the lack of reproducibility in our gas loading experiments,
we decided to move to excess heat experiments, we did our first
experiments with the 'good' palladium, and saw without any doubt the
production of excess heat. Suppose instead that we had started with the
'bad' palladium and saw no excess heat: we would have been thoroughly
convinced of the non-existence of excess heat and most probably we
would have abandoned the field. Once again chance has been the
determining factor in our continuing our activity.

The Future

It is evident that this field requires a more massive effort in order to attain
steady progress. Propagation of the research into the rest of the scientific
community would greatly contribute to this result. As I said before, I have
the feeling that this is beginning to happen, and I am optimistic about
future developments. As far as the fields of investigation are concerned, I
think that the most recent results indicate that there are three important
areas to be pursued: systems that yield excess heat without electrolysis,
work at temperatures (at least slightly) higher than room temperature, and
work with low dimensionality systems (powders, wires, films).

The reasons "why" one should devote a more massive effort to develop
CF are clear to me, and I hope that they are convincing to you, now that
you are reading this last paragraph. The study of collective and coherent
phenomena promises very high intellectual rewards, and the hope of
contributing to the solution of the problem of the energy supply for
mankind is highly inspiring. Last but not least, the challenge of studying a
field which is not well understood is definitely fascinating. Let me end by
quoting Albert Einstein in a sentence that I read during a visit to the Space
Museum of Washington: "The most beautiful experience we can have is
the mysterious. It is the fundamental emotion which stands at the cradle
of true art and true science".
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CHAPTER 2
RESEARCH IN ENEA DEPARTMENTS

(By SERGIO MARTELLUCCI)

2.1. Introduction

This chapter reproduces the contributions I received in reply to the letter
I sent to field researchers operating in the Laboratories of ENEA
Departments inviting them to collaborate to the publishing initiative of
this volume.

ENEA Scientific Committee — installed by President Carlo Rubbia on
February 8, 2005 — collected information on Cold Fusion research carried
out in ENEA over a one-year-survey period. Such information is
summarized in paragraph 3.6 of the “Scientific Committee Report about
present and future programmatic activities of ENEA”, dated May 2006,
reproduced integrally here below.

“Since the Fleischmann-Pons' announcement about the discovery of
anomalous phenomena in condensed matter, in 1989, remarkable
research activities on cold fusion have been performed all over the world.

Very important contributions were provided by Italy, and in particular by
ENEA.

Research activities went on for years, though the initial enthusiasm
noticeably reduced as a consequence of the experimental results which
gave evidence on the weak reproducibility of phenomena and their
hardly- measurable extent. Thus doubts were raised about their very
existence.

Today the institutes mostly involved in this research field are SRI
International (Menlo Park, California), Illinois University, Osaka
University, Sapporo University, Tokyo University, Beijing University and,
in Italy, ENEA and INFN. Several private companies are involved in this
field as well, Mitsubishi and Energetics Technologies Ltd. (USA) to
mention a few.

ENEA's activities did focus on two kinds of experiments — both in
electrolytic cells — carried out with different involvement levels. The
major one was en experimental check of Prof. G. Preparata's theory
about deuterium charging in palladium electrodes.
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The charging is expected to be also influenced by the electric cathode
potential. The experiment was performed with cathodes made up of a very
thin wire covered with palladium (~50 p) and long enough (~ 1 m) to
produce a considerable potential drop and it was brought to conclusion
in 2002, with the collaboration of a private company, LEDA. It provided
c@arging indications based on the theory and production of nuclear ashes
("He).

However, it should be pointed out that for effects to be measured the
reduced palladium mass employed in the experiments made the use of
very sophisticated instruments and complex experimental procedures
necessary, with a consequent increase in the statistical uncertainty of
results.

Cathodes with useful definitely-superior palladium masses would make a
detailed study easier to understand the phenomenon's nature and its
scalability to levels allowing for its practical use.

Anyway, the experiment in its canonical configuration can be considered
concluded.

The second kind of experiments were performed in collaboration with
“Tor Vergata” and “La Sapienza” Rome Universities, and arose out of
the experience built up in developing palladium membranes for the fuel
cycle of controlled thermonuclear fusion. Metallurgy investigations
allowed for the setting up of a patented procedure for obtaining cathodes
generating high deuterium charging in palladium for the possible cold
fusion. In fact it is known that the necessary condition for cold fusion
power emission is the insertion, e.g. by electrolysis, of deuterium atoms
into the palladium lattice up to a concentration of order 1 :1. If on the
one hand it is rather easy to obtain the charging up to concentrations of
order 0.6, on the other higher values are achievable only by way of
special approaches or technologies. ENEA's approach allows for high
loading with a high degree of reliability and reproducibility. ENEA
cathodes raised the international interest and gave rise to a commercial
activity which led to selling SRI International and FEnergetics
Technologies Ltd several samples. The achieved results fully came up to
expectations due to a remarkable power excess production. Well beyond
cathodes production and characterization, ENEA's activities in this kind
of experiments concerned, with promising results, the laser-stimulated
heat emission start of electrodes properly charged in deuterium.
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Such approach allowed cold fusion research to be included as a priority
in the collaboration agreement recently formalized by ENEA and Pirelli
Labs. Hence they have been assigned special funds by MAP',

Activities will go on with the development of metallurgy (at the present
time, a second patent is in progress ) and laser stimulation.”

The reader can acquire more detailed information directly from both the
contributions already reproduced in the Chapter 1 and in those reported in
this Chapter.

At present the international collaboration — already mentioned in this
volume's "Preface" — of SRI International, Energetics Technologies Ltd,
and NRL (Washington-USA) with the research group of the Energetics
Department of “La Sapienza” Rome University, directed by Prof. Mario
Bertolotti and Concita Sibilia, is being formalized with ENEA.

Based on the criteria for contribution acceptance already mentioned in the
Preface and agreed with the International Editorial Board of the volume
series, the contribution sent by Salvatore Scaglione (ENEA Casaccia -
Rome) — " The Production of Neutrons and Tritium in the Deuterium Gas-
Titanium Interaction " by A. De Ninno, F. Scaramuzzi, A. Frattolillo, S.
Migliori, F. Lanza, S. Scaglione, P. Zeppa, C. Pontorieri — has not been
reproduced for it has already been published in the SIF Conference
Proceedings (Bologna) in 1991, Vol 33, “The Science of Cold Fusion”,
edited by: T. Bressani, E. Del Giudice, and G. Preparata.

' MAP = Ministero Attivita Produttive (the Italian National Ministry for Productive
Activities)
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2.2. Cold Fusion at ENEA Frascati from 1989 to 1998

FRANCESCO SCARAMUZZI
INFN National Laboratories, Frascati

History

At the end of March 1989, following the news on "Cold Fusion" (CF)
coming from Utah (1,2), by Martin Fleischmann and Stanley Pons (F&P),
who both were working in Salt Lake City, and by Steven Jones, who was
working in Provo, also at ENEA, in line with what was happening in the
whole scientific community, initiatives got started in order to verify the
"astonishing" results they announced.

In Frascati, at FUS Department — the seat officially dedicated to nuclear
fusion studies — a programme got underway promoted by the ENEA
Direction. It was aimed at investigating the production of neutrons and
trittum production within an electrolytic cell with heavy water and a
palladium cathode (there was much skepticism about the heat production
boasted by F&P). This activity reported by Aurelio La Barbera, an
electrochemist from ENEA Casaccia Research Centre who was "lent" to
the Frascati Centre on that very occasion.

Almost contemporaneously, still in Frascati another line of research arose
spontaneously in the Molecular Spectroscopy Laboratory of the TIB”
Department, and in particular in the "cryogenic" facility running in that
Laboratory. The core of this initiative was the attempt — maybe naif but
certainly compelling — to avoid the complexities of electrolysis by aiming
at direct interaction of metal with gas-phase deuterium. Since palladium
was not available at the Laboratory, we thought of replacing it with
titanium. Previously used by Jones along with palladium for his own
experiments, it was easier to find, cheaper and had a very good
deuterium-absorbing capacity. Influenced by the habit of using low
temperatures, yet trying to create the conditions for a "non-stationary"
situation — one of the ingredients of those days' "recipe" — we thought of
putting titanium shavings obtained by a rod worked on a lathe into a
vacuum-tight container resilient to high pressure and so built as to be
immersed into a liquid nitrogen dewar.

* Translator's note: Tecnologie Intersettoriali di Base (Basic Intersectorial
Technologies).
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Once deuterium gas was loaded into the container (some tens of bars), 77
K periods were alternated with room temperature, thus creating the
programmed non-equilibrium conditions. Due to the skepticism on F&P's
excess heat, once again the aim was to detect possible neutrons emitted by
the system. To such purpose some Fusion Department colleagues were
asked for help. Experiments started in early April and considerable results
were achieved in a couple of weeks. (See “Gas measurements (1989-91)”
this chapter).

These results brought the authors and ENEA itself the greatest popularity,
with the blessing of the agency's Board of Directors. [The article David
Goodstein wrote years later (3) gives a witty description of the situation
which came into being at that time]. The popularity gained by the
ENEA/TIB Group was certainly disproportionate to the significance of
results, but it was not possible to mitigate it notwithstanding the belittling
statements by the authors. In particular, the most worrying aspect was the
poor reproducibility of results which over time became a "nightmare" for
the research line as a whole. Such aspect was stressed by the authors in all
of their communications, both written and oral. At the same time, the
popularity and involvement of ENEA's Board of Directors assured this
activity a future development, even a few months later, when the
international scientific community decreed with excessive haste and
superficiality that CF was not a serious issue (3). As is common
knowledge, from that moment on cold fusion researchers could no longer
interact with the mainstream scientific community on serious grounds,
and this generated several distortions within that small community.

Research in ENEA went on for a couple of years, with still unsatisfactory
results in terms of reproducibility. Financial resources were granted,
higher quality instruments were acquired, particularly as to neutron
detection; collaborations also at the international level were set up as
regards neutrons [LANL (Los Alamos National Laboratory, TN, USA),
BYU (Brigham Young University, Provo, UT, USA)] and tritium
(Euratom, Ispra) measurements; an experiment got started in the INFN
Gran Sasso Laboratory, a 1700-meter-underground facility, where the
background of natural neutrons is reduced by a factor 10° if compared
with that found on the surface.

In the meanwhile, a set of international conferences took place in which
ENEA research groups participated giving their contribution: a Workshop
on Cold Fusion Phenomena, organised by DOE and by LANL in Santa
Fe, New Mexico, in May 1989; the “Understanding Cold Fusion
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Phenomena” workshop, organized by SIF (Italian Physical Society) in
Varenna, on the Como Lake, in September 1989; The First Annual
Conference on Cold Fusion, organized by the National Cold Fusion
Institute (a branch of Utah University) in Salt Lake City, in March 1990;
the “Anomalous Nuclear Effects in Deuterium/Solid Systems” conference,
organized by the "heat excess objectors" in Provo, Utah, in October 1990.
The Proceedings of this Conference were published by AIP (Admerican
Institute of Physics).

A turning-point for ENEA research groups was the Como Conference,
organized by Tullio Bressani, Emilio Del Giudice and Giuliano Preparata
in the week of June 29-July 4, 1991. The conference proceedings were
published by SIF in vol. 33 — The Science of Cold Fusion; Proceedings of
the Il Annual Conference on Cold Fusion — of the Conference
Proceedings series. Both ENEA Frascati groups showed the outcome of
their research. The TIB group presented the results, basically negative,
obtained from the measurements made at Gran Sasso, and a general report
on measurements in “gas loading”. During this Conference the CF
research outline got rather clearer. If on the one hand heat excess
detection was confirmed in many cases, on the other the radiation
measurement outline — as to neutrons, tritium and charged particles —
appeared to be confused, contradictory and having no relation with heat
excess. Moreover, as regards heat excess measurements, two important
contributions were set forth. The first was the correlation between heat
production and palladium loading atomic ratio (D/Pd > 0.9) reported by
Michael McKubre's Group of Stanford Research Institute (Stanford, CA,
USA). The second contribution — presented by Melvin Miles from the
Naval Weapons Center [China Lake, CA, USA, one of the laboratories
coordinated by Naval Research Laboratory (NRL)] — deals with the
correlation between heat excess and “He production, where “He is to be
intended as the nuclear ash of the process.

Such an outline led the two ENEA Groups to a critical assessment of the
activities performed until that moment, thus putting forward a different
program. They decided to join efforts in the attempt to measure heat
excess by exploiting TIB's thermodynamics and electrochemistry know-
how for the achievement of a good calorimetry and the setting-up of the
electrolytic cell on the one hand, and FUS Group's for nuclear
measurements on the other.
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This program was implemented in 1992 and immediate clear evidence of
heat excess was found in three subsequent experiments and then reported
at the ICCF3 (3rd International Conference on Cold Fusion) in Nagoya,
Japan. This positive result launched again and stronger the Group's
activities. In the following years we kept on measuring heat excess with
different geometries and also tried to develop techniques for the
measurement of loading (D/Pd ratio) and for trace detection of “He (See
“Excess Heat Evidence (1993-1996)”, and “’He Measurement” this
chapter).

It 1s worth mentioning here an episode shedding interesting light on the
poor reproducibility phenomenon. For the first three experiments
indicated above, the Group used the last palladium foil. As the experiment
was successful, we ordered more palladium foils from the same supplier
requesting they should have exactly the same characteristics as the ones
supplied previously. Yet when we made experiments with the "new"
palladium, we were no longer able to evidence the production of heat
excess. It was then clear that deuterium loading and, therefore, the
reproducibility of CF experiments were definitely influenced by the
characteristics of palladium depending on the thermal and mechanical
treatment it might have undergone. That is why the Group started
investigating this phenomenon keeping always in mind: the goal of
achieving high loading ratios. At the end of such effort, a new particular
treatment was developed for the samples in order to optimize some of the
significant parameters. Furthermore a more efficient loading procedure
was created. The results achieved were satisfactory: a set of samples they
attained heat excess production and a high grade of reproducibility. These
achievements were then reported at the ICCF6 Conference in Toya,
Japan, in 1996 (See “Material Science” Investigations, this chapter).

The following years witnessed the decline of the Group. ENEA's Board of
Directors was ever reluctant to support this line of research, which was by
then surrounded by heavy skepticism from the whole scientific
community. What is more, the Group reduced considerably. In 1998 it
was made up of myself, Antonella De Ninno and Antonio Frattolillo, the
latter being only partially involved in it (See “’He Measurement” this
chapter). In the same year a new attempt was made following a proposal
put forward by Giuliano Preparata. Besides giving very important
theoretical contributions, he had carried out a significant experiment in a
laboratory being financed by a private companies in Milan (LEDA). So he
proposed ENEA to take part in a joint ENEA-LEDA programme.
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Interest came from the political environment too and it seemed that they
could count on a considerable financial support. The initiative went on
with many difficulties. Yet, in July 1998 the then ENEA Board of
Directors (President Nicola Cabibbo, Director General Renato Strada)
approved the launching of the program and in 1999 a new laboratory was
set up in the Frascati research centre. At the same time, new experiments
were being made in the old venues of the Liquefier building by using the
equipment put at disposal by LEDA and relying on a financial support
provided by ENEA (needless to say that the funds promised by policy-
makers did never arrive). The first experiments began and the atmosphere
was positive again. Then, unfortunately, Giuliano Preparata passed away
on April 24, 2000. After that event — which almost coincided with the
“8th International Conference on Cold Fusion”, held in Lerici and
organized by ENEA — the Group collaborating with Giuliano Preparata
kept on working actively for 2-3 more years attaining very interesting
results. This activity is accurately reported on an article by Antonella De
Ninno and Antonio Frattolillo, published in this volume. Over time,
however, the Group definitely broke up. Besides the report just
mentioned, the reader will find an additional report by myself on an
experiment begun within the Group headed by Preparata and aiming at
investigating the palladium charging with deuterium gas at low
temperatures. Finally the volume contains a report by Vittorio Violante on
his own research line.

Gas measurements (1989-91)

The experimental equipment was very simple and its scheme is reported
in Fig. 1. The sample of titanium shavings was put into a stainless-steel
chamber adjacent to a BF3 neutron counter in which deuterium gas was

introduced at a pressure of a few tens of bars. The system was then
immersed into a liquid nitrogen (77 K) dewar and taken out in a second
moment thus creating non-equilibrium conditions.

Soon two important events, reported in Figg. 2 and 3, occurred. The first
one lasted some 40 hours and came about during the sample cooling; the
second one occurred at the end of a temperature increase. Both witnessed
a neutron emission which was much higher than the background values.
At this point, the results achieved were reported during seminars and by
way of publications (4). An event very similar to the second one was later
experimented by the Padua Group (CNR/University) (5).
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Fig. 1 — The experimental equipment for gas measurements

A modest presence of tritium was evidenced by the “post mortem”
analysis of the titanium already used (6).

Although many attempts were made to reproduce the occurrence of these
events, there were poor results and of lesser importance. Not even better
equipment and the Gran Sasso experiments did provide the expected
results. Therefore, as already reported in Chapter 1, this research path was
abandoned in favour of the attempt to measure excess heat in an
electrolytic cell.

S0y

counts

RS —
(“ T -
- ] I

0 L;UI.L#H I ‘ ! [lii EML__M m ”‘!l ;mgulé:i di)
1 & 11 16 21 26 31 36 41 46 51 56 &1

eLapsed time (h)

Fig. 2 — The first event (April 7-10, 1989)
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Fig. 3 — The second event (April 15-16, 1989)

In the light of the later information and, in particular, of the hypothesis
that the "real" CF in the palladium-deuterium system is the production of
heat and *He, intended as the only nuclear ash of the process, it seems
reasonable that the results reported in this chapter could be included into a
new category, that of thermonuclear fusion in a microscopic scale. Such
hypothesis was taken into account by some researchers who tried to work
out theories accounting for the experimental results. In particular, they
proposed a mechanism based on the creation of electric fields when
deuterium absorption in palladium occurs (7); another hypothesis was
made on a mechanism of mechanical nature caused by the lattice collapse
(8). One could also think that these data actually are to be considered as
“precursors” of the experiments made by the Taleyarkan Group from Oak
Ridge producing thermonuclear fusions on a small scale by way of
acoustic cavitation (9). Events during the experiments made in Frascati in
1989 were left to chance and hence hardly reproducible. Conversely, for
Taleyarkan's they are generated by a specific trigger.
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Excess Heat Evidence (1992-96)

Fig. 4 shows a scheme of the experiment made in 1992 by the Group
resulting from the fusion of the two Groups operating at ENEA's Frascati
centre. That same year, in October, the results were reported at the 3rd
International Conference on Cold Fusion (ICCF3), held in Nagoya, Japan
(10). The data were then published on “Il Nuovo Cimento” (11). The
particular geometry adopted was aimed at giving evidence of deuterium
gas permeation through the cathode. The results attained were very
interesting and can be consulted in the above indicated articles, which the
reader is invited to refer to.

A flow calorimeter with a sensitivity of approximately 50 mW was used.
A technique suggested by Takahashi's Japanese Group was implemented
by alternating high and low electrolytic current densities. It is evident that
once again the aim was to create non-stationary situations within the
system.
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Fig. 4 — Scheme of cell and calorimeter used in 1992 experiments
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Special emphasis is given here to the excess heat measurements obtained
in all of the three runs of the experiment. Fig. 5 shows the time graph of
excess heat production for the second run, with a peak of approximately 3
W resulting at the end of the experiment.
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Fig. 5 — Graph of power excess as a function of time, obtained in the second run
of the experiment performed in 1992

Following the success obtained in 1992, the ENEA Group's activities
expanded in several directions also trying to develop a technique to
measure loading ratios and coping with the "material science" issues
aimed at overcoming the difficulties which could prevent achieving high
loading ratios.

Among the various attempts, it is worth mentioning an experiment
performed in 1994, aimed at investigating the influence of the different
characteristic parameters of electrolysis, such as, in particular, electrolytic
current, molarity of the solution, voltage applied to the electrodes, and so
on. In this experiment it was decided to use a palladium anode so that the
palladium dissolved from the anode would deposit on the cathode thus
causing it to be continuously regenerated. This would have prevented the
electrolytic cell from its usual deterioration.
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Fig. 6 — Graph of power excess and voltage applied to electrodes, as a function
of time, in the 1994 experiment during the last 22 days. Two heat production
events occurred at day 35 and day 45.

Actually the experiment lasted almost 50 days. At an advanced phase of
the experiment, two heat production events occurred on the 35" and on
the 45™ day respectively (Fig. 6). The latter was really evident: heat
production kept increasing for more than three days up to a maximum
value of 11 W. It must be pointed out that the power applied to the
electrolytic cell during this episode was about 8 W. Hence, in the last
period, the threshold — called in thermonuclear fusion physics breakeven
— actually had been exceeded.

I like to recall here a particular aspect of such experiment. A constant
current was applied to the cell and we had decided to monitor the
difference of potential between the two electrodes. This is one of the two
parameters showed in Fig. 6 which follows the many vicissitudes of the
experiment, in particular the topping-up of the cell with water to
compensate the level of electrolyzed water, and the variations in the
solution molarity. Yet the most interesting aspect is a very specific
behaviour of the applied voltage occurring in both heat production
episodes, and in the very moment in which heat excess takes place.
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Fig. 7 — Trend of the voltage applied to electrodes as a function of time, at the
beginning of the second heat excess episode (t = 45.4 days)

This is showed in Fig. 7, as regards the second episode: before heat
production begins, the voltage value is rather oscillating over time; once
heat production begins, the voltage value stops oscillating and gets steady
with its decreasing trend accounting for the system's loss of water. One of
the hypothesis made attributed normal oscillations to the rise of D,
bubbles on the cathode surface and to their following detachment. Thus
the new situation somehow altered this mechanism. The general feeling
was that a phase transition was being witnessed.

The results of this experiment were reported in the ICCF5 Conference,
held in Monaco (Montecarlo) in April 1995 (12).

“Material Science” Investigations

Part of the ENEA Frascati Group dedicated a considerable amount of
research activities to deepen the specific aspects of deuterium charging in
palladium. I will limit myself to a brief mention of the three most
significant research routes, inviting the reader to refer to the original
articles for more detailed information.

The first route concerned the study of material characteristics and its
behaviour in relation with the deuterium absorption (13, 14, 15, 16).
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The mechanisms of deuterium transport in the palladium lattice were
studied by correlating the charging with the metal's metallurgy
parameters. A practical result of these investigations was the development
of a treatment procedure for the samples, along with a different charging
procedure, both aimed at maximizing the deuterium charging. These
results were the basis on which a set of experiments was carried out in
1995-96 aiming at detecting heat excess. The results were very
satisfactory, as reported in Fig. 8, where evidence is given of the
correlation between heat excess and charging (17).

Another research route is to be quoted. It is the study of an

electromagnetic mechanism allowing deuterons to get closer within the
palladium lattice (18, 19, 20).

Eventually, it is worthy of mention the measurement of palladium lattice
parameters in real time during electrolysis charging. This research was
performed in collaboration with the CNR Institute of Structure of Matter
in Frascati and led to very promising results (21, 22, 23).
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“He Measurement

In early 1996 a measurement system, based on the use of a mass
spectrometer, was set up with the aim of detecting the production of ‘He,
to be intended as the nuclear ash of the D + D nuclear fusion process.
This measurement is complicated by a set of concurrent factors.

Firstly, the mass of deuterium molecule differs from that of the “He atom
by only 0.026 amu. Moreover, the quantity of “He which is to be detected
is rather small and usually mixed with a considerable amount of
deuterium. Finally, “He is contained in the atmosphere (5.4 ppm), and
therefore possible atmospheric 'contamination' should be prevented during
measurements.

An original method was developed by employing a quadrupole mass
spectrometer used in static mode — i. e., with the quadrupole being
statically immersed into the gas to be analyzed — and a getter pump, i.e., a
pump removing all but noble gases. In this way the deuterium present in
the mixture being analyzed could be completely eliminated, leaving only
*He. The latter could be measured upon calibration of the spectrometer.
Such method and its first laboratory results were reported at the ICCF8
Conference (24).

Conclusions

It seems to me that the history of ENEA Frascati Group has its own
internal consistency and is an excellent example of a constructive
evolution of research. In 1992, after an accurate assessment of the work
done, a substantial change in the research route was made passing from
neutron detection to excess heat measurement. The positive results
convinced the Group that CF — at least in the form investigated i.e., the
production of heat and *He in a palladium-deuterium system — is an
important scientific reality. This justified the following efforts. I am
convinced that, at least in the "rising" phase, i.e., in the 1992-1996 period,
the Group undoubtedly gave a considerable contribution to the progress in
the field.

Bitterness is left as this meaningful undertaking did not continue. And
regret is left too for the rather slow and almost inefficient progress of the
whole sector. I think that this disillusionment can be ascribed to both the
widespread skepticism on CF, which since the autumn of 1989 has been
pervading the mainstream scientific community in a completely
unjustified way, and to the consequent ever-increasing lack of interest by
the authorities in charge of research.
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2.3 Cold Fusion Research Carried Out at Frascati and at The
“Texas A&M University” for Heat Measurement, within a
collaboration context

AURELIO LA BARBERA
ENEA - Casaccia

The pioneer phase

The activity started soon after M. Fleischmann and S. Pons
announcement, when ENEA decided to check experimentally their
striking assertions. A research group was officially constituted. It was
made up of chemists from the Casaccia research centre and physicists
from the Frascati centre. The latter was chosen as the most suitable seat
for performing experiments as it was endowed with the proper
architectonic structures, the greatest skills in the nuclear field and the
instruments for monitoring neutrons and tritium possibly generated during
electrolysis of heavy water.

Some electrochemical cylindrical glass cells were realized. They had a 1
mm-diameter palladium wire, 20 cm long as the central cathode and a 0.5
mm diameter platinum wire, 2 m long as the anode, that was wrapped in
the shape of a spiral around the cathode about 1.5 cm distant from it. The
cathode was welded to a platinum wire to bring the electrical contact out
of the cell. A teflon lid allowed for the electric passage of the two
electrodes and had a hole for the emission of the gases produced, for the
solution sampling and the topping up of D,O. The experiment assembling
envisaged the contemporary presence of a 4-5 cells group surrounded by
three different neutron detectors plus a fourth one placed under the cells.
Periodically the tritium concentration of a solution sample through
scintillation measurement was estimated.

The experiment was carried on uninterruptedly for more than two months
with no neutrons and tritium detection. Therefore it was suspended.

The second phase

After some months, in early 1990 a research group was set up, under F.
Scaramuzzi's responsibility. It was made up of L. Bertalot, A. De Ninno,
A. Frattolillo (physicists), A. La Barbera (chemist) and V. Violante
(chemical engineer), besides the technicians L. Bettinali, D. Lecci, G.
Lollobattista and F. Marini.
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Much news had come from active groups spread in the world, often about
results obtained clumsily, but also from excellent researchers whose
reliability was certain. Among the news coming from the latter, one was
generally accepted: for any detectable phenomenon (heat, neutrons,
trittum or transmutations) to happen, a high loading of the palladium
lattice with deuterium atoms was necessary, with the D/Pd atomic ratio
close to the unit value. In that moment, the failure in achieving or in
maintaining a high loading ratio was considered the main cause of the
non-reproducibility of experimental results. Then it was decided to face
research following two different directions. The first concerned the study
of measurement and the methods for achieving and maintaining high
loading ratios. In parallel, the second concerned the -calorimetric
determination of the electrolytic cells. In most tests the two measurements
were carried out simultaneously.

These two lines of activities and the remarkable results attained are
largely described in another section written by Prof. Scaramuzzi which
the reader is therefore invited to refer to. Here I am going to describe the
activities I carried out at the “Texas A&M University” (TAMU).

In early 1990, in fact, the group of Professor A. John Appleby, director of
the “Center for Electrochemical Systems and Hydrogen Research” at
TAMU was contacted for a scientific collaboration implying hospitality
for a researcher of ours. Moreover, also the group of Professor John
Bockris and that of Dr. L. Kevin Wolf were operating in the same
University. These groups were very appreciated by the scientific
community and active in the field of cold fusion with interesting results,
the first for tritium excess, the second for neutrons emission. So there was
the opportunity to collaborate in a particularly-stimulating environment.
Hence I was hosted at Prof. Appleby's laboratories for a three-month
stage, a profitable period I spent from mid-September to mid-December
of the same year.

The TAMU Experience "’

I realized three experiments with the aim of measuring the heat output
from an electrochemical cell hoping to provoke and measure heat excess
produced during the electrolysis of heavy water. A commercially-
available four-cell Hart Scientific Model 8244 heat conduction
calorimeter was used.
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In this instrument, that can be used non-stop for a long time, the heat flow
between a room producing heat and an inactive twin room, is measured
based on the Seebeck effect. In this way the potential difference is
proportional to the heat flow coming from the cell. Each of the 4 cells can
be calorimetrically calibrated by means of an internal resistor and used in
a power range up to 2 W. The whole system is mounted in a large
aluminum block that is submerged in a constant temperature water bath.
The two twin cells are connected in a differential way so that external
thermic effects are cancelled and a long-term stability and reproducibility
of the base line are assured. The maximum error in power estimation is 5
mW, while the relaxation time is three hours.

The cells used for the experiment were cylindrical and made of stainless
steel, with a teflon lid screwed on the top. The lid has two connectors and
a valve to permit a free gas evolution and solvent topping-up. The
connector of the palladium cathode (Alpha product 99.997%) was a
platinum wire spot-welded and insulated from the solution by using a
teflon tape wrapped around it. The anodes were made up of the same
platinum wire. The cathodes were degassed under vacuum at 950 °C for
one hour. Then they were cooled, washed in ethanol, rinsed in water
(deionized) and in heavy water (Aldrich 99.8% atomic in deuterium and
activity of about 185 dpm/ml), just before the cell assembling. The
solutions were prepared with metal lithium (Aldrich 99.9%), and Sodium
deuteroxide (MSD Isotopic 99.8% atomic in deuterium).

In the table below the main characteristics of the three experiments are
reported. The second column shows the solutions used, the third one the
current densities applied for long periods, the fourth one the maximum
current densities applied as pulses lasting from some minutes to a
maximum of 30 minutes, and the last one the total duration of the
experiment.

Cells Solution Current Density | Current Pulses Time
(mA/cm?) (mA/cm?)
(days)
1 LiOD 0.1M 500-950 1400 62
2 LiOH 0.1M 600-800 1400 60
3 NaOD 5M 600 1400 48
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The second cell was used as a control experiment because it was
considered free from “cold fusion” phenomena, while the third cell was
used to highlight the effects of a cation other than lithium. In both cells no
heat excess was measured for the whole experiment duration. On the
contrary, cell 1 produced a considerable heat excess.

Such cell was operated for 23 days by imposing different current densities
and pulses up to 1400 mA/cm?® for a maximum of 30 minutes, and then
was maintained at 600 mA/cm® for five days. Fig. 1 shows the trend of
current and of heat excess measured in the following two days. It is
evident how the current density was enhanced up to 950 mA/cm” for three
hours and then decreased at 825 mA/cm?”. After the relaxation time of the
calorimeter a heat excess of about 50 mW was detected. To verify if the
calorimeter was working well 111 mW were superimposed by means of
the calibration resistor. After the three relaxation hours, the excess
increase measured was exactly 111 mW, while three hours after the
resistor was turned off a some-50 mW heat excess was measured again

(Fig. 1)
The experimental conditions were maintained for ten days, during which

such excess ranged between 50 and 80 mW, that is 12-19% of the cell
power input.
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Fig. 1
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After that, current density was increased up to 950 mA/cm® for three
hours and then decreased at 750 mA/cm’, causing heat excess disappear,
as shown Fig. 2. The latter also shows that a new attempt to reactivate
heat excess was unfruitful. Many other tries were performed during the
following 23 days with no result and eventually, after 62 days of non-stop
working, the cell was turned off.

800 400
Heat [_ b) | current
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600 . e
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0 1 g ! ! L : ; 0
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Fig. 2

The table below sums up some significant data of the experiment just
described, in particular power density in watt per volume of palladium
and the total excess energy produced. Such values were in line with what
was then published by other research groups.

Cathode Volume Current Power Excess Power Density Generated
(cm) Density (W) (%) (Wicmd) Energy
(mA/cm?2) (kJ)
0.002 600-950 50-80 12-19 25-40 57
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2.4. Historical Reconstruction of Cold Fusion Activities
at ENEA

ANTONELLA DE NINNO
ANTONIO FRATTOLILLO

ENEA - Frascati

Cold Fusion is known in Italy since 1989, when the news from Utah
about Fleischmann-Pons electrolytic experiments were bounced off our tv
and daily paper new. The attention of public opinion was also drawn by
the discovery of a shortcut — by a group of Italian researchers headed by
Prof. Scaramuzzi from ENEA - to reproduce the odd phenomenon
through an apparently-simpler method based on the use of Titanium
“sponges”. A media uproar rose with radio, television and newspaper
interviews where anyone who thought they had the right to speak on the
matter hastened to do so. The then President o