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Lauren, Benjamin, and Jim,
Attached are the last 8 PDF files on the cold fusion memos.  The last two PDF files will be sent under
a separate cover due to the file size.  Once again, I am most appreciative for the assistance you have
provided to date.
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Ms. Carolyn J. L. Moore 
University of Hartford 
8 Walker Lane 
West Hartford, CT 06117 


Dear Ms. Moore: 


Your letter of April 11, 1989, to President Bush on the possibility that 
recent nuclear fusion results could contribute to a better environment has 
been referred to me for reply. 


The Department of Energy is cautiously optimistic about recent disclosures 
regarding a possible breakthrough in nuclear fusion research. The benefits 
would be overwhelming if an unlimited and benign energy source results from 
this research. Even if these preliminary claims prove to be partially true, 
a new field of science will have emerged with potentially profound benefits 
for society. We also need to remain objective because, throughout history, 
science has been littered with enthusiastic claims of technical achievements 
which subsequently resulted in disappointment. 


In order for the experiments related to harnessing nuclear fusion to receive 
a credible hearing, scientific details need to be made available. This must 
be accomplished through the publication of scholarly papers and direct 
interaction among researchers. The Department is actively monitoring recent 
developments in nuclear fusion research in terms of what the process of 
scientific discovery will reveal for future energy technologies. The 
successful utilization of a technology that might emerge from this research 
must be preceded by confirmation of reported results, an understanding of the 
basic phenomena involved, and dedicated development. 


Thank you for informing us of your thoughts on fusion and how its 
implementation might help the environment. 
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NE 
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Sincerely, 


Ryszard Gajewski, Director 
Division of Advanced Energy Projects 
Office of Basic Energy Sciences, ER-16 
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April 11, 1989 


President George Bush 
The White House 
Washington, DC 20500 


Dear President Bush: 


College d. Arts and Sciences 
Department d Politics and Government 


'WaS. Hartford, CT 06117 
203-243-4234 


a ains r. 
I have wondered why we as a country decided to develop fission 
facilities when the fuel and waste products are so costly and 
destructive. Recently in our paper, The Hartford Courant, I 
read the attached article with new hope-that perhaps this is the 
step necessary for the United States to reconsider the whole 
nuclear question. I heard on the CBS news last evening that 
this research has been confirmed in two other locations since 
the initial announcement. I believe this country should now 
support these efforts generously because fusion appears possible 
with readily available materials without producing harmful by
products. With nuclear fission we are left with the horror that 
the waste may never really dissipate and may destroy our fragile 
earth for future generations. 


Certainly we cannot go on indefinitely using fossil fuels-
these are damaging our air and atmosphere. Using nuclear energy 
is preferable for the environment only if it doesn't pollute in 
toxic ways. Thus it seems fusion, if research is encouraged, 
may well prove:J2 be the eneray soUrce of the future--safe. 
c1ean, and abundant. Let's find out! 


Carolyn J. L. Moore 
8 Walker Lane 
West Hartford, Connecticut 06117 


cc: Senator Dodd 
Senator Lieberman 
Congresswoman Kennelly 
Hartford Courant 
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Department of Energy 
Washington, DC 20585 


FEB 2 3 1990 


Dr. Chase N. Peterson, President 
The University of Utah 
203 Park Building 
Salt Lake City, UT 84112 


Dear President Peterson: 


Admiral Watkins has asked me to respond to your February 2, 1990 letter, and 
to assure you that your points are understood. 


The most important concern we all have is to ensure that we do not lose sight 
of the fact that there continue to be unexplained experimental results that we 
need to understand. 


From the very beginning of the "cold fusion" excitement, Admiral Watkins 
called for a thorough examination of the results and, as you well know, 
resources of the Department and our national laboratories were rapidly 
deployed to examine every facet of the results being reported from different 
quarters. 


The review by our Energy Research Advisory Board, which was reported in the 
article enclosed with your letter, was requested by Admiral Watkins. His 
purpose was to ensure as thorough a peer review as we could muster, and, as 
you know, we are continuing support at several universities and laboratories 
of research in this area. 


Thank you for taking the time to write and for the material forwarded. 


Sincerely, 


~~tif2L. 
~;F. Decker 


Acting Director 
Office of Energy Research 
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Dr. Chase N. Peterson, President 
The Universit of Utah 
203 Park Buildi 
Salt Lake City, 84112 


/ 


I 


espond to your February 2, 1990, letter. 


In making his comment rega din the absence of "proper peer review" of the 
original Fleischmann/Pons p r, the Secretary reflected a belief widely held 
within the scientific commun· y. If nothing else , just an examination of the 
paper's submission date, Mach 3, 1989, (in revised form March 22, 1989) must 
raise questions about the epth f the peer review that paper has received 
prior to the March 23, 19 conference. Accordingly, I believe the 
Secretary's point regard· g lack o a proper (emphasis added) peer review of 
the paper prior to the P. blic disclo ure was well taken. 


I also fully agree wit other statement, that the confusion 
of recent months coul have been avoided ad the University of Utah announced 
its findings in a sc·entific journal rathe than at a press conference. It is 
true that announcem ts of scientific resul s through press conferences are 
not unheard of, an the two examples you cit illustrate that well-known fact. 
Please note, howev r, that the Secretary did n t take a position as to whether 
this means of dis eminating scientific informati n is or is not appropriate; 
that issue, unde our system of government, shoul~ best be left to the 
scientific ity at large to decide. All the Secretary said was that 
11 confusion cou have been avoided. 11 I could not agke with him more. 


Thank you for taking the time to write Admiral Watkins. 


Sincerely, 


James F. Decker 
Acting Director 
Office of Energy Research 
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Chase ~- Peterson 
i' n"'tde nt 


The Honorable James D. Watkins 
U. S. Energy Secretary 
Department of Energy 
7 A-257 Forrestal Building 
1000 Independence Avenue, S. W. 
Washington, D.C. 20585 


Dear Secretary Watkins: 


2 February 1990 


I read with interest your recent interview comments that "fusion confusion" might 
have been avoided had there been proper peer review of the Pons/Fleischmann paper before 
the announcement. As a matter of fact, it was stated at the press conference that the paper 
had been submitted ro the Journal of Electroanalytical Chemistry and had been reviewed 
and accepted. Furthermore, we obtained permission of the editor to release the information 
before the actual publication date. 


We have repeatedly stated that the principal reason for the press conference was that 
the results were beginning to leak out and that because of the potential practical applications 
the story would excite considerable interest, which is of course what happened. We felt it 
was important to release the full story to the general public accurately and at one time. 


Interestingly enough, a similar sequence of events occurred subsequently last 
September in connection with the announcement of the discovery of the cystic fibrosis gene 
defect. As the enclosed article from Science relates, scientific papers were submitted and 
accepted, but the story started to become known and the investigators quickly held two 
press conferences before publication. Here again, the importance to the general public was 
the key issue. 


You may also be interested in the enclosed other story from Science concerning the 
announcement of the mass of the Z particle by the Fermi National Accelerator Laboratory. 
This was done by press conference in the absence of any scientific publication. Obviously, 
since the mass of the Z particle is of little interest outside of the scientific community, the 
event went nearly unnoticed. 


It was. and is my position that some scientific discoveries may prove to have such 
significance that there is a greater obligation to the general public than to the scientific 
con1munity. 


I have enclosed a copy of your interview as it appeared in the Deseret News last 
Friday. 


Attachment 


Sincere!~ 


c~,-L~ 
Chase N. Peterson 
President 


Office or the President 


203 Park Buildin ss 
Salt Lake Citv. Utah H41 12 


(801 ) 581-5101 







News & {!Comment 


The Cystic Fibrosis Gene Is Fonnd 
Researchers have identified the major gene defect that causes cystic fibrosis. The discovery should 
lead to better diagnosis and perhaps improved therapies for the now fatal disease 


known. The cystic fibrosis gene di 
not carry any such convenient taf 
unfortUnately. 


_ •.. , .• , ,...._·~~ In 1985, however, 2 years befon 
•..w~r. ~;:). Tsui and his colleagues joined force. 


3:f.;r::j with Collins and his team, the Toron-
.;r~- ~ · Iii to group had provided a big boost tc. 


· ·. -1 efforts to find the gene when the: 
.Si apped it to chromosome 7. Wil
o · amson and Rav White of the How
f ard Hughes M~dical Institute at the 
§ niversity of Utah in Salt Lake City 


THE RACE TO FIND the cystic fibrosis 
gene is over. In three papers to be 
published in the 8 September issue of 
Science, researchers from Toronto and 
Ann Arbor report that they have 
cloned the gene and pinpointed the 
gene defect that causes most cystic 
fibrosis cases. ''The data are virtually 
irrefutable that they have the right 
gene," says Louis Kunkel of Chil
dren's Hospital Medical Center in 
Boston, a cloning expert who led the 
successful search for the gene causing 
Duchenne muscular dystrophy. 


Gene sleuths. Lap-Chee Tsui (le.ft), Francis Collins, and er narrowed its location by ideo-
their colleagues tracked down the cystic fibrosis gene. · fying two "markers," the met onco


Cystic fibrosis researchers have 
looked long and hard for their gene-and 
with good reason. The disease is the most 
common generic disorder of Caucasians. In 
the United States, it strikes one child in 
every 2000. An estimated 30,000 people 
have the disease today, and their prospects 


· . Most will die before their thirtieth 


The discovery means that scientists can 
improve cystic fibrosis diagnosis, including 
prenatal diagnosis, and also devise better 
screening tests for people who carry a defec
tive copy of the gene and run the risk of 
having children with disease. It also raises 
hopes for better cystic fibrosis treaonents, 
perhaps new drugs or even gene therapy to 
replace the defective gene itself. 


None of this could have even been consid
ered until scientists could get a handle on 
the basic protein defect that causes cystic 
fibrosis. "Now we can really study what the 
basic defect is and we may be able to treat 
the defect directly, not just the symptoms," 
says Lap-Chee Tsui, the leader of one of the 
groups that cloned the gene. No one can 
now predict, however, how long it might 
take to do this or even if it will prove to be 
oossible. 


The search for the cystic fibrosis gene has 
been highly competitive, if not out-and-out 
contentious at times (Science, 8 April 1988, 
p. 141, and 15 April1988, p. 282). But in 


I SEPTEMBER 1989 


the end, a collaborative effort by the groups 
of Tsui and John Riordan at Toronto's 
Hospital for Sick Children, together with 
Francis Collins at the Howard Hughes 
Medical Institute at the University of Michi
gan, bagged the gene. 


The researchers appear to have a clear 
victory. ''We have a lot of papers in press, 
but we don't have the gene," says chief 
competitor Robert Williamson of Saint 
Mary's Hospital Medical School in London, 
who has also been rumored to be dose to 
cloning the cystic fibrosis gene. "If we 
couldn't get it, we're very pleased that Fran
cis and Lap-Chee were the ones to do it." 


The collaboration between Tsui and Col
lins began in the fall of 1987, when the two 
researchers, who had previously been work
ing independently, got together in San Die
go at the annual meeting of the American 
Society for Human Genetics. "It was clear 
by then that this was a very hard problem 
that was not going to be solved without a 
great deal of labor," Collins says. 


The cystic fibrosis gene was such a tough 
nut to crack because, in the absence of 
information about the protein it encodes, 
researchers did not know what they were 
looking for among the estimated 100,000 
genes in the human genome. Researchers 
have managed to done a few other genes 
without knowing what their products 
were-the Duchenne muscular dystrophy 
gene is one of them-but some of the 
defects responsible for the malfunction of 
these genes were large rearrangements that 
made them relatively easy to spot once their 
approximate locations in the genome were 


ene and a DNA sequence designated 
J3.ll e g · 


Once flanking markers have been identi
fied, they can serve as starting points for 
zeroing in on a target gene. But met and 
J3.11 are almost 1600 kilobascs apart-too 
great a distance to be traversed in a reason
able time by standard chromosome "walk
ing'' techniques. (A researcher walks a chro
mosome by identifying overlapping cloned 
fragments of DNA until the final destination 
is reached.) 


Tsui consequently decided to use a brute 
force approach known as saturation map
ping to find new marker sequences that were 
closer to the cystic fibrosis gene than either. 
met or }3.11. To do this, the Toronto work
ers had to look for identifiable DNA se
quences that are inherited along with the 
cystic fibrosis gene in the members of fam
ilies with cystic fibrosis. The frequency with 
which a particuiar marker is transmitted 
along with the target gene gives an estimate 
of how close together they are. "Lo and 
behold, after screening 250 markers," Tsui 
says, "we found two that happened to be 
between met and J 3 .11." The genetic studies 


600 kb 86CUb . . 
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• 
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• 
At the start of the search. The cystic fibrosis 
gene was known to be somewh~~ between the 
IRP gene and )3.11, but clos~ to IRP. The 
asterisk marks the location at which the successfol 
hunt for the gene began. 
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indicated that both were closer to the cystic 
fibrosis gene than either met or }3.11. 


and they can stop a walk in its tracks. 
It would have been ideal if the two new 


markers identified by Tsui had flanked the 
cystic fibrosis gene. But they didn't. They 
were located close together between met and 
another gene that the Williamson group had 
originally identified in the spring of 1987. 


It was at that point that Tsui joined forces 
with Collins, who had developed a tech
nique called chromosome jumping that can 
skip over lengthy segments of DNA. Not 
only is jumping faster than walking, but it 
also has the advantage of being able to move 
over unclonable DNA sequences. The hu
man genome is studded with such sequences 


At the rime, the London workers thought 
that they had the cystic fibrosis gene itself 
and said as much in an article published in 


92.4-


The CF Gene Hits the News 
When scientists atta pro ems cooperatively, they often hasten solutions. But there's 
at least one downside to this. It may fatally wound the hallowed tradition of the 


ublish · are a arcnd just too to 
That certainly was the case with the discovery o the cystic fibrosis gene. With some 


two dozen researcQers at two institutions and perhaps a half-dozen funding agencies 
involved in two countries, it may come as.no surprise that someone leaked the news to 
the press. Reports began appearing more than 2 weeks before the papers describing 
the achievement were scheduled to be published, promprir_g Scier.ce editor Danid 
Koshland to take the highly unusual step of lifting the embargo that is nonnally 
imposed on data in press at the journal. And that's not all the leaks did. 


The papers are to appear in the 8 September issue, a near record 5 weeks after they 
were first received. In the normal course of events, a press conference would have 
been held on 7 September. The patent agents for the two institutions where the work 
was done wanted to file the patent applications before then. 


But those plans changed on 22 August when Reuters News Service put out a story 
on its wire that said-correctly-that Francis Collins of the University of Michigan 
and Lap-Chee Tsui of the Hospital for Sick Children in Toronto had discovered the 
cystic fibrosis gene. "Once Reuters had broken the story we thought it was unfair to 
the rest of the press to withhold the information," Koshland says. · 


The researchers then hdd two press conferences, one in Toronto and one in 
Washington, on one exhausting day: 24 August. Howard Hughes Medical Institute, 
which supports Collins' work, provided private jets that made this possible. Scimcis 
own press office was under siege by reporters who were not pleased to learn that the 
acrual papers, still grinding their way through the editorial mill, would not be 
available for another week. At least one veteran reporter grumped that it was just like 
cold fusion all over .again jt wasn't, of course; the three papers had been accepted. 
-"Meanwhile, on learning that the press conference was going to be moved up, patent 
officials at the University of Michigan became concerned because the patents on the 
gene discovery and its applications had not yet been filed, and they were afraid that 
public disclosure of the research might jeopardize the awarding of patents, especially 
in Europe and Japan. 


According to Robert Gavin of Michigan's Office of Intellectual Properties, the 
patent rights will be jointly held by the Hospital for Sick Oilldren and the University 
of Michigan, with Howard Hughes receiving a share of Michigan's royalties. The 
discovery could be worth a lot of money because it should make it possible for the first 
rime to screen members of the general population for defeaive cystic fibrosis genes. 
Since an estimated 1 person in 20 is a carrier, the potential testing market is large. 


So with the press conference date moved up, the patent agent for the Hospital for 
Sick Children had to move quicldy, filing the patent at the U.S. patent office: at 11:45 
p.m. on 22 August. Gavin was still concerned that the descriptions of the applications 
were not sufficiendy detailed, however. James Friesen, the director of the Research 
Institute at the Hospital for Sick Children, concedes, "We knew that what we put in 
was not very polished. We thought we had another week and a half." They didn't, but 
patent applications can be amended. 


Can the decorum of science publishing be enforced in the future? Koshland 
certainly prefers this. "Basically we try to keep embargoes because we firmly believe in 
the rinci le that people should be able to see all the data at the same rime," he avers. 


ut in the new age o -s co ooranve groups, at may 
more easily said than done. • J.LM. 


Nature. By the fall of that year, howevc 
their hopes were cruelly dashed when adt 
tionaJ work showed that it was not. But t 
gene, which became known as the IRP ( f 
int-related protein) gene because the prote 
it encodes resembles the product of the : 
oncogene, did prove to be the closest mark 
yet for the cystic fibrosis gene. 


Despite some initial disappointment 
the location of the new markers, Tsui, Cc. 
lins, and their colleagues decided to plunf 
ahead. They began walking and jumping 
one marker, moving at first in both dire 
tions. "You have to move in both directior 
until you cross a landmark that tells yc 
which way you are going," Collins explain 
The IRP gene was one of the first landmarl 
crossed, and the researchers knew that the 
were heading in the right direction. 


The researchers had to jump and wat 
across 280 kilobases of DNA before er 
counteri .. "'lg the beginning of the cystic fibre 
sis gene. Along the way they searched fc 
potential . genes by comparing the DN1 
sequences they were traversing with DNA 
from other organisms. If strucrurally relate• 
sequences could be found in other organ 
isms, that would mean that the sequence hac 
been conserved during evolution, a · gocx 
indication that it has an essential function 
They found three conserved DNA se 
quences but were quickly able to eliminat 
two of them as candidates for the cystic 
fibrosis gene. 


The third proved to be the key to the 
prize-but not without some initial anxiety. 
Generic studies in cystic fibrosis familie~ 


indicated that the potential gene segment 
was in the right locatjon, but when the 
researchers looked for signs that it might be 
actively expressed, they could not find an~ 
after an extensive search. "''bat was quire 
disappointing," Tsui says. It looked as if the 
DNA sequence was not part of any active 
gene. 


And this is the point where Tsui's Toron
to colleague Riorda.~ made an essential con
tribution. The Riordan group had made 
"libraries" of DNAs copied from the mes
senger RNAs present in sweat gland cells, 
which is one of the cell types in which the 
cystic fibrosis gene is supposed to be ex
pressed. Each DNA copy corresponds to an 
active gene, and one of those from the sweat 
gland library proved to contain a segment 
matching the conserved sequence that Tsui, 
Collins, and their colleagues had found. 


The extent of the match-up was quite 
small. The two DNAs shared only 113 base 
pairs of sequence, a circumstance that may 
explain why the researchers originally had so 
much trouble showing that the conserved 
sequence was part of an active gene. Further 
analysis showed, however, that those 113 
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The long march to the cystic fibrosis gene. The trek began at a 
site, shown here at the left of the diagram, that Lap-Chee Tsui's group had 
identified as close to the cystic fibrosis geM on human chromosome 7. The 280 
kilobases of DNA between the start site and the beginning of the geM wert 
covered by a combination of chromosome "walking" and 1'iumping." The 
straight arrows above the line represent the DNA segments cloned during the 
walk and the curved arrows reprtsent the jumps taken. The long arrow on the 
lower right depicts the cystic fibrosis geM, which spans about 250 kilobases. 


The dark bars are the 24 exons that specift the _amino acid sequence of the 
protein encoded by the gene. These are separated by the noncoding sequences 
known as introns. The exon marked with the asterisk contains the mutation 
found in 70% of defective cystic fibrosis genes. The middle arrow on the lower 
left denotes the IRP gene that was identified by Robert Williamson's group 
during their search for the cystic fibrosis gene. The other two right arrows also 
marie sequences with protein-coding capabilities and the three triangles point to 
sequences of a type .frequently found near gene start sites. 


base pairs were likely to come from the 
starring end of the cystic fibrosis gene. This 
provided the probe they needed to clone the 
whole gene. But even that did not come 
easily. "To finish the cloning we spent night 
and day with lots of people;" Tsui remarks. 
"We could only get bits and pieces and then 
had to fit everything together." 


The gene proved to be quite large; ex
tending across nearly 250 kilobases of geno
nic DNA. Like other genes ofhigher organ
sms, it consists of a mosaic of protein


coding exons-24 in this case-separated by 
nonprotein-coding introns. 


Sequence analysis revealed that the pro
tein encoded by the gene contains 1480 
amino acids and that it has all the earmarks 
of a membrane protein, possibly of an ion 
channel. The protein sequence resembles 
those of several other proteins known to be 
involved in transporting substances across 
membranes. And that, says Robert Beall of 
the Cystic Fibrosis Foundation, "is very 
compatible with our current hypothesis of 
what causes cystic fibrosis." 


The patients' main problem is the abnor
mally thick mucus that they produce, espe
cially in the lungs. As a result, they fall prey 
to repeated infections that destroy the lung 
tissue; eventually leading to the patients' 
deaths. Although researchers had not been 
able to identify the protein defect causing 
the excessively thick mucus, recent evidence 
has indicated that the fault may lie in the 
inability of the lung cells to secrete chloride 
ions, and therefore water, into the mucus. 


The sttucture of the cystic fibrosis pro
. '~ now suggests that it may be a mem-


ile channel for chloride ions. Moreover, 
... sui, Riordan, Collins, and their colleagues 
have found that the gene encoding the 
protein is altered in cystic fibrosis patients, a 
change that might well cause the protein to 


I SEPTEMBER. 1989 


malfunction. 
Approximately 70% of the gene muta


tions are caused by the loss of a single 
specific ttinucleotide codon. As a result, the 
corresponding protein is lacking just one 
amino acid, the phenylalanine at position 
508. The researchers never see this change in 
the gene on normal chromosomes. This 
observation provides the proof that they 
have the correct gene; Tsui says. They are 
now looking for the remaining 30% of the 
mutations that alter this gene. 


The site of the phenylalanine deletion may 
provide some dues as to how the protein 
malfunctions in cystic fibrosis patients. It 
affects what may be an important region 
regulating the protein's activity. The region 
contains an apparent binding site for adeno
sine triphosphate (ATP), a compound that 
provides energy for many cell functions. A 
nearby region also contains several target 
sequences for phosphate addition by the 
protein kinases A and C, both important 
protein regulators. 


The loss of the phenylalanine may there
fore interfere with chloride ion transport by 
preventing ATP binding to the cystic fibro
sis protein and depriving it of the energy it 
needs or by rendering it unresponsive to 
activation by the protein kinascs. 


Currently, clinicians can only treat cystic 
fibrosis patients by attempting to control 
their infections and other symptoms. But 
now that the cystic fibrosis gene and protein 
are in hand it may at last be possible to 
design more rational therapies aimed at the 
specific defect itself. One possibility is to 
develop drugs that can act through the 
protein to restore normal chloride transport . 
"This will require a long period of research 
and development," Tsui says, "but we have 
at least reached a starting point." 


Ultimately, it may even be possible to usc 


gene therapy to correct the defect. Introduc
ing the normal gene into lung cells should 
be sufficient to help patients, Beall suggests. 
They have other symptoms, but these can be 
controlled. It is the lung defect that kills. 
Until a way can be found to deliver a 
functioning cystic fibrosis gene into lung· 
cells, gene therapy will remain something of 
a long shot, however. 


Improved detection of carriers of defec
tive cystic fibrosis genes is a much more 
immediate prospect. A person has to inherit 
two bad genes to get the disease. A carrier 
has only one defective copy and !oes not 
have any symptoms by which he or she 
might be identified. But if two carriers have 
a baby, their child has a 25% chance of 
being affected. 


Before the cystic fibrosis gene was discov
ered, carriers could only be detected in 
families already known to carry the defective 
gene because some of their members had the 
disease. Genetic counselors were forced to 
look for markers known to be inherited with 
the cystic fibrosis gene, rather than the gene 
itself, and this procedure requires a knowl
edge of family genetics. 


But the new work should make it possible 
to identify defective cystic fibrosis genes in 
anyone. This will require, Tsui points out, 
that the remaining 30% of the mutations in 
the cystic fibrosis gene be identified. But the 
researchers are hard at work on this project, 
and it may be completed in a year or two. 


The long march to the cystic fibrosis gene 
was obviously arduous. But the successful 
procedures worked out by Tsui, Collins, and 
their colleagues for isolating the gene should 
also be applicable to the identification of the 
genes causing other genetic diseases. "It was 
a long task," Kunkel says, "but it shows that 
it can be done. It can be done again." 


• JBANLMAu 
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'Zs For Two: A Critical Mass 
As physicists continue their global race to 


reveal the secrets of the Z particle, one of the 
pillars of unified field theory, tempers are 
getting frayed. On 19 July researchers at 
Chicago's Fermi Nari _ r Labo
ratory proclaimed '· press release th they 
had surged into the · mg "the 
most precise measurement" of the Z mass yet: 


5 billion electron volts ( Gc V). 
d Fennilab's West Coast rivals at 
rd Linear Accelerator Center 


( SLAC). "Tiley were deliberately trying to 
scoop what they knew [would be] a superior 
result," said SLAC spokesman Michael 
Riordan in the heat of the moment. Accord
ing to Riordan, the Fermilab team was well 
aware that at a SLAC swnmer workshop on 
21 July, the experimenters working at the 
Stanford Linear Collider were scheduled to 
present an even more precise result: 91.11 ± 
0.23 GeV. 


And using a press release to announce 
results rubbed people the wrong way, said 
SLAC director Burton Richter, who fired 
off a letter of protest to Fermilab's new 
director John Peoples. "I would prefer to do 
things the normal way, through conferences 
and publications," Richter told Science. 


But Peoples isn't apologizing. "So much 
money has been spent on these experiments 


by the American taxpayer that when an 
important result comes out, it's almost an 
obligation to let people know," he says. 


The University of Chicago's Melvin Sho
chet, a spokesman for the Fermilab experi
mental group, took exception to SLAC's 
accusation of "publication by press release." 


"We sent our article to Physical Review 
Letters first," he says. On the day it arrived at 
that journal, moreover, the group gave a 
detailed seminar on the experiment-at that 
same SLAC swnmer workshop-and dis
tributed copies of the paper to everyone 
who wanted it. "Tile whole thing got blown 
up out of proportion," he says. 


Indeed it was. The feelings on both sides 
simmered down almost as fas:: as they flared 
up. And yet in retrospect, say the physicists 
contacted by Science, the incident illuminates 
the deep undercurrent of anxiety at both 
laboratories. Budgets are right and, as Rich
ter points out, if the $6-billion Supercon
ducting SuperCollider really goes forward, 
"everybody is nervous about what it is going 
to do to the rest of the [high-energy physics] 
program." 


SLAC, most notably, is at least a year late 
with its linear collider, a highly experimental 
machine using electrons and positrons to 
create, what Richter promoted as a "Z F~c-


Gallo Associate Subject to Investigation 
A member of Robert C. Gallo's AIDS re
search team at the N arional Cancer Institute 
is being investigated for possibly violating 
federal conflict-of-interest laws in connec
tion with the award of contracts to a compa
ny where his wife worked. 


Syed Zaki Salahuddin, a technician who 
has .worked with Gallo for about l 0 years, 
allegedly recommended that Gallo's lab at 
the National Cancer Institute do business 
with Pan Data Systems, Inc., without dis
dosing that his wife, Firoza Salahuddin, was 
a founder and director of the Rockville, 
Maryland, biomedical research finn. 


Both Salahuddin and federal health offi
cials have declined to comment on the case, 
which was first reported in the Washington 
Business Journal. Salahuddin's lawyer, Sey
mour Glanzer, said he is "unaware of the 
existence of any government investigation 


to any purported wrongdoing by Mr. 
ahuddin." 


Contacted by Scienct, Gallo also said nei
ther he nor Salahuddin had been contacted 
by any federal investigator. And Gallo said 
that Salahuddin has never had any financial 
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connection with Pan Data. But Gallo recalls 
learning several years ago that Salahuddin's 
wife worked for Pan Data and says he told 
his technician: "I don't know if it's right or 
wrong, but I know it's stupid." Mrs. Sala
huddin promptly resigned from the compa
ny, Gallo asserts, adding that he was aston
ished and outraged that the cas~ has arous-.:d 
any outside interest. "He's not a big fellow. 
This is not a big deal," says Gallo. 


Gallo characterized Salahuddin as a hard
working, "totally dedicated" individual who 
"may be the best in the world at culturing 
blood cells." Salahuddin is a co-discoverer 
with Gallo of the HBL V -a B-cell virus
and has been involved in key work on the 
AIDS virus, HIV. 


The General Accounting Office reported
ly began an investigation last March which 
subsequently was taken over by the Inspec
tor General of the Department of Health 
and Human Services. Earlier this month the 
GAO informed the office of Representative 
John D. Dingell (D-MI), chairman of the 
House investigations subcommittee, that a 
grand jury investigation had begun. • C.H. 


tory." It is working now: some 150 Zs have 
been produced since April. But the labora
tory badly needs to reston: some of its 
credibility by skimming the cream of the Z 
physics-before the Europeans can weigh in 
with the enormous machine known as LEP, 
which is srill on schedule to start making Zs 
in quantity this August. So it hurt to have 
Fermilab beat them, even temporarily. 


Fermilab, meanwhile, is fighting a wide
spread perception in the physics community 
that proton-antiproton machines such as 
Fermilab's Tevatron are about as useful as a 
sledgehammer when it comes to doing high
precision experiments. "We wen: up on 
cloud nine" with the Z mass result, says 
Shochet, "not just because we were first, but 
because we got such accuracy" -better than 
the experimenters themselves expected. 


a M. MITCHELL W ALDllOP 


Headed for NOAA's 
Choppy Waters 
President Bush has 
nominated academic 
administrator and 
oceanographer John 
A. Knauss to head the 
chronically under
funded National Oce
anic and Atmospheric 
Administration. For 
25 years, Knauss, 63, · .. · 
was Dean of the Uni- ":... 
versity of Rhode Is- 5: 


land's Graduate John A. Knauss 
School of Oceanogra-
phy, where he oversaw its growth from a 
small coastal laboratory to a major research 
and teaching institution. In 1987, he 
stepped down to resume his research in 
physical oceanography. 


But now he has been lured away from his 
lab, all the way to Washington, where he has 
served on numerous governmental panels 
including the one that led to the formation 
of NOAA in 1970. Why leave the pleasures 
of academia beside Narragansett Bay? 
"NOAA is a big, exciting organization," 
says Knauss. "In an era in which more and 
more people are worried about global 
change, it has the primary responsibility for 
measuring and predicting it." And what of 
NOAA's chronic funding problems? "I 
don't know if I can turn that around," he 
says, "but rm sure going to try." 


Knauss's Senate confirmation hearing 
may not make it onto this session's calendar, 
but he is expected to face little opposition 
when it finally is held. • lLA.K. 
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Course of fusion race 
has yet to be set, 
energy official says 
• Science: DOE leader defends U.S. restraint in 
funding research of phenomenon that he says is 
still unproven. despite Japan's charging ahead. 
Copyright 1990, Deseret News 


By JoAnn Jacobsen-Wells 
Oeseret News science writer 


WASHINGTON- The United 
States is not trailing Japan in the 
international fusion race because 
no one, as yet, has convincingly 
proved that cold fusion exists, ac
cording to the nation's top energy 
official. 


U.S. Energy Secretary James 
D. Watkins &aid be is not con
cerned, "because I think we have 
done our homework. I think had 
we not done all this homework 
we would have been more con
cerned. I think it's premature at 
this time to say that we are losing 
a race in cold fusion when we 
have very clearly validated that 


we are not sure that it's fusion." 
In an exclusive Deseret News 


interview this week, Watkins re
sponded to the pronouncement 
by a Japanese government scien· 
tist that Japan - which boosts 
200 fusion researchers in 30 labs 
- is usurping the United States 
in the race to tum a Utah-born 
phenomenon lpto a practical en-
ergy source. , · 


Several U.S. scientists and po
litical leaden agree. They insist 
that the DOE's refusal to aggres
sively fund fusion research will 
result in still -nother Japanese 
tecbnolo~cal vtctQry. 


Watkins doesn't see it that 
way. 


"We have got some uncertain
ties, so to launch off on some
thing like that would be scientifi-


. · PHoTOGRAPHY I TOM IMART 
James Watkins says fears of Japan taking the lead In cold f1,11lon are pr..-nature. 


cally unjustified from our point 
of view. Yet to the tune of $1 mil· 
lion a year, we are not rejecting 
some of the interesting phenome
na that have yet to be resolved," 
he said. 


Watkins' conclusions mirror 


• • ' 0 • • • 


those of the DOE's Energy Re
search Advisory Board, which in 
April began a thorough as&ell
ment of the new science an
nounced by electrochemists B. 
Stanley Pons, of the University of 
Utah, and Martin Fleischmann, 


of England's ~outbampton 
Univeraity.-


Pons and Fleischmann said 
they had achievt'<l fusion at room 
temperature, a process that, if 


Please see FUSION on A2 
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peifected, could provide the world 
with a limitless supply of clean and 
relatively cheap energy. 


However, the advisory board's re
port- completed in November af. 
te(' a cold fusion advisory panel visit
ed several laboratories and studied 
the ,results of many others- damp
ened spirits heightened by the pros
ped of pollution-free fusion power 
pl4nta. 


Panel members, led by John Hui
zenga, chemiatry professor at the 
University of Rochester, and Nobel 
Prize winning chemist Norman Ram
sey, concluded that the nation's fu
sion experiments (reported up to 
July) didn't present convincing evi· 
der,ce that useful sources of energy 
will result from the phenomena. 


The panel recommended against 
any spec:'ial funding or the es(ahlish-


ment of special research centers for 
the investigation of the phenomenon 
but was sympathetic toward modest 
support for carefully focused experi
ments within the present DOE 
system. 


Watkins said his position on the 
report won't be announced until it's 
evaluated by James Decker, acting 
energy research director. However, 
unless some major flaws are identi
fied, the secretary said the DOE will 
probably follow it. 


"My first reaction i:; that it's a solid 
report coming from a solid group of 
people and generally in line with 
what my laboratory directors and 
others are telling me out there ln the 
experimental process," he said. "It 
also il balanced in the sense that it 
doesn't pooh-pooh the phenomena 
that are not understood yet." 


Watkins continued, "I am not a sci
entist. But I have been around the 
scientific world long enough to be 
cautious before you reject anything 
because many times we are right for 
the wron j! rNtsons or wr'1n l~ fo r fl ,p 
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right reasons. And we have got to 
find out exactly where these un· 
knowns- once we solve them- will 
lead us. 


"There are some interesting things 
going on here. We know that and we 
don't want to lose sight of that. But 
what we are not willing to do is go 
beyond the recommendations at this 
point in time that a very eminent 
p:>n"l rr·w•• ~~ ~" 


What does that mean to fusion re
searchen hoping to keep their ex
periments afloat with DOE funds? 
Watkins said the DOE doesn't have 
any line item that says, "Cold fusion: 
so many dollars - even $1 million a 
year." 


But money is available to re· 
searchers "trying to find out what 
II·'· 1 · .... 


Fusion programs at the University 
of Arizona, Brigham Young Univer
sity and the DOE's Los Alamos, Oak 
Ridge and Brookhaven labs will con
tinue to receive DOE support, he 
said. Grants from U. fusion research
ers "will be looked at like any other 
grants." 


"I don't know the contents, so it 
would be premature (to comment)," 
Watkins said of the four proposals 
the U. is expected to submit to the 
DOE for funding. "I don't want to 
raise expectations that we will ap
prove them, but we will look at them 
objectively like anybody else that 
comes in here with research grant 
requests." 


Meanwhile, Watkins said, the DOE 
is monitoring the activities of other 
funding organizations such as the 
Electric Power Research Institute. 
"We are all hooked up together." 


But unless "something exciting" 
leads them in another direction, the 
DOE for the time being will do no 
more than hnld the line on fusion 


at any time. 
Watkins said he baa just approved 


the names for the DOE's Fusion Ad~ 
visory Panel, which will "come to
gether and try to focus our future in 
fusion in perhaps a new and exciting 
way." 


The secretary's hope is that the 
mysteries that have shrouded fusion , 
researchers for years will be re
solved by the end of the decade, and 
that the United State. will move to a 
dempnstration program· that would 
lead to power generation in fusion by 
the year 2025. 


"That's optimistic probably, but 
that would be the kind of tbiog that I 
hope this panel would be able to 
come out with. And then really move 
down that path becau&e we are get
ting close," he said. "There's no 
question about it, but that doesn't 
mean we are ready for commercial 
application yet. Transition from the 
science laboratory to commertial use 
has got to be looked at very carefully 
and . through a verv deliberative 
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This is in response to your letter dated November 11, 1991, that transmitted 
your hypothesis regarding charge-neutral "particles" embedded in solids, in a 
scenario involving their nuclear reactions. 


I appreciate your interest in evaluating this hypothesis in the context of the 
cluster fusion experiments supported by the Division of Advanced Energy 
Projects (AEP), that are being performed by Buehler, Friedlander, and Friedman 
at the Brookhaven National Laboratory. While interesting results have been 
published on this subject, the present understanding of the processes 
attributed to cluster impact fusion, nevertheless, provides no compelling 
reason for this Division to expand its support of research in this area. 
Consequently, I cannot encourage you to submit a research proposal to develop 
your theory. 


Let me emphasize that this evaluation only considered the proposed research in 
relation to funding priorities within AEP. It represents no judgement in 
terms of the scientific merit of the hypothesis. 


However, you do have the option to seek funding from other sources. In this 
regard, I would encourage you to make sure that the members of the Brookhaven 
cluster-beam fusion research team are aware of your ideas. 


Thank you for taking the time to inform me of your idea. 


Sincerely, 


Walter M. Polansky, Director 
Division of Advanced Energy Projects 
Office of Basic Energy Sciences, ER-16 
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Mayer 
Applied 
Research 
Jnc. Applying Physics to Industry 


November 11, 1991 


Dr. Walter M. Polansky, Director 
Division of Advanced Energy Projects 
Office of Basic Energy Sciences, ER-16 
Department of Energy 
Washington, D. C. 20585 


Dear Dr. Polansky: 


1417 Dicken Drive Ann Arbor, MI 48103 313/662,3841 


As you may remember, my colleague John Reitz and I had done some 
theoretical research in cold fusion. Recently, we have considered other 
anomalous experiments according to our hypothesis regarding charge-neutral 
"particles" that we have called hydrons. Enclosed is a preprint copy of our 
recent paper, "On Very-Low Energy Hydrogenic Nuclear Reactions", for your 
review. We believe that it contains important implications for the cluster
impact fusion program which we understand your office has helped to 
support. As you no doubt realize, we are in need of some support for our 
research (the previous work was privately funded). Because it is potentially 
very important, we would like to submit a proposal for some support to 
further our theoretical efforts and to suggest experiments for the Brookhaven 
group that could either prove or disprove our hypothesis. I am writing this 
letter as a pre-proposal, and to inquire whether you would encourage our 
submitting a proposal for model calculations and experiments design. 


We think that there is some interesting new physics in these low-energy 
experiments; we hope that we might assist your office in an effort to 
understand it. I look forward to hearing from you soon. 


7:Jrn 
Frederick J. ~D 
President 
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Some results are described that derive from the assump
tion that very low energy(== 1 eV) electron-proton, electron
deuteron, and electron-triton resonance particle systems 
(denoted 1r-, o-, and r-hydrons) are created in various mate
rials and experiments. Information regarding the resonance 
width and lifetime is extracted from the data of cluster-impact 
fusion experiments, and these experiments are discussed in 
connection with other anomalous experiments, including cold 
fusion experiments, which are examples of a new class of 
hydron-mediated nuclear reactions-resonant direct nuclear 
react ions. 


INTRODUCTION 


In recent years, numerous experiments have been per
formed that, in one way or another, appear to be associated 
with nuclear reactions but in an energy regime so low as to 
make them, in effect, seemingly impossible. Some of these ex
periments have Jed to substantial controversy, as in the case 
of the Fleischmann and Pons 1 experiments; some, such as 
the experiments of Buehler, Friedlander, and Friedman 2 


(Ufo"F), have led to astonishment; while others, such as the ex
periments of Lochte-Holtgreven,J have gone largely unno
ticed. This..tcchnicalnote attempts to tie all of these seemingly 
disparate experiments together under one straightforward and 
basic theory of low-energy hydrogenic nuclear reactions. 


Although these experiments are characterized by widely 
differing material configurations, they have a common 
thread- they all incorporate heavy hydrogen (deuterium) as 
one species in their active media. In the case of the Fleisch
mann-Pons experiments, deuterium is electrolytically loaded 
into a room temperature metal (e.g., palladium); deuterium 
is one component of a near-solid, heated plasma in the 13FF ex
periments; finally, deuterium is a gaseous component in a lower 
density, low-temperature plasma in the Lochte-1-loltgreven 
experiments. It is well known that to obtain finite, i.e., mea
surable, deuteron-deuteron (d-d) nuclear reactions, a plasma 
temperature or the order of 1 keY or higher is required to 
overcome the Coulomb barrier. Since, in all of these exper
iments, the temperatures do not exceed about a few tens of 


electron-volts, it is often stated that no nuclear reactions are 
possible because the d-d reaction would be expected to have 
the l.owest Coulomb barrier, hence the highest reaction rate. 
We hope to show that this reasoning is only partially correct 
because it assumes that the incoming particles (deuterons) 
always have a charge of+ I. If a short-scale screening mech
anism exists, then barrier penetration is readily achieved, with 
much higher attendant nuclear reaction rates. That such 
screening does, indeed, lead to very strongly increased reac
tion rates has been clearly demonstrated in the case of muon
catalyzed fusion, 4 in which a muon of mass -200 times that 
of an electron effectively screens out the electrostatic field of 
a hydrogen nucleus down to a dimension of -260 F, giving 
rise to the strongly increased reaction rates observed in such 
experiments. 


Recently, Benesh, Spence, and Vary5 (BSV) suggested 
that an electron continuum bound state (resonance) is to be 
expected in electron-hydrogenic scattering systems. These res
onances or "virtual-state" particles may exist long enough to 
charge neutralize a hydrogenic nucleus and, in a manner sim
ilar to that of muon-catalyzed fusion, allow for easy Cou
lomb barrier penetration and hence nuclear reactions of the 
hydro genic system and its charged collision partner. On the 
basis of their quantum electrodynamic (QED) calculations, 
BSV estimated that the electron scattering resonance energy 
is only of the order of a few electron-volts, but perhaps most 
interesting is the fact that the virtual particle (e-p) is an ex
tremely compact object of the order of a few fennis. 11 Fur
thermore, Ucnesh, Vary, and SpenceR (BVS) applied the 
virtual particle concept in an attempt to understand the 
astonishing results of the "cluster-impact" fusion experiments 
of DFF, albeit with limited success. We believe that the large 
number of "strange" apparently nuclear reactions in these ex
periments, as well as other anomalous observations, may all 
be attributable to the existence and interactions in matter of 


"Although QED calculations of the BSV type are expected to be 
the most accurate method for determining the properties of this 
compact "particle" resonance, we mention that its formation de
pends on a strong attractive interaction of short range. Our pre
liminary calculations(• indicate that the magnetic dipole-dipole 
interaction (believed to be the important interaction governing 
compact e+e- resonance formation; see, for example, Wong and 
Becker7


) is large enough to make the resonance particle size -I 
to 2 F. 







these electron-hydrogenic resonance systems. We consider the 
resonance energy Eu to be -1 eY (because of our fits to 
some data). but the derivations given here are more general 
-and Eu can be considered a parameter. 


For convenience, we give these compact particles a name: 
hydrons. We denote these electron continuum bound-state 
resonances as follows: the e-p resonance as the 11'-hydron, the 
e-d resonance as the o-hydron, and the e-1 resonance as the 
r-hydron. Note that during their brief lifetimes, the 7!'-hydron 
behaves very much like a neutron, the o-hydron like a di
neutron, and the r-hydron like a trineutron, except that their 
nuclear reactions are different from their "real" neutron 
counterparts. It is very important to determine the character
istics of such particles, and in particular, their lifetimes. DVS 
made a fit to the BFF data to extract an estimate of the o 
particle's lifetime, arriving at a value of the order of tens of 
milliseconds, an extremely long time on the atomic scale. Fur
thermore, to have important implications, it is only necessary 
that the resonance particles live for times that are long com
pared to typical atom-atom collision times of:::=:: w- 14 s. 


We present a set of calculations for estimating the nuclear 
reaction rates and characteristics of this new class of hydro
genic objects. We then connect our results to some available 
data that we believe demonstrates that these neutral, virtual 
rarticles (the hydrons) play the major role in the "strange" ex
periments. A detailed explanation of the so-called "cold fu
sion" experiments (e.g., the Fleischmann-Pons experiments) 
has been presented elsewhere. 9 


THE SCREENED COULOMB PENETRATION CALCULATION 


Because it is the dominant process limiting nuclear reac
tions at low. energies, we estimate the effect of screening on 
the barrier penetration with a simple model. We use a mod
ified Wentzel-Krarrrers-Brillouin approximation and assume a 
sharp cutoff type of screening; i.e., the Coulomb barrier po
tential is unaffected for R 11 < r < r.n and it is zero for r > rs, 
where R,, and rl. are the nuclear radius and the screen length, 
respectively. It is easy to show that in the limit rslr,. « 1, the 
penetration exponent r goes as [remembering that the barrier 
penetration factor is p == exp(- r)] 


where 
(I) 


r,. = 7r[(2J.-L) 112/h] (21 Z2e 2/£ 112 ) =usual unscreened 
penetration exponent 


rc = 2 1 Z2e2/£ =distance of closest approach in the 
unscreened Coulomb potential. 


Substituting numbers, this equation becomes 


r = 1.06(ZtZ2J.-Lu) 112 (r}12
- RJ,12


) , (2) 
where 


J.Lu = reduced mass (amu) 


R11 , rs = nuclear radius and screen length (F). 


With R, == 1.3AP F, note that if the screen length is roughly 
a few fermis, the penetration exponent is still about zero; i.e., 
almost complete penetration to the nuclear surface can take 
place. Hence, the penetration factor P = exp(-r) == 1. 
Therefore, the cross section for the resonance particle {11', o, 
or r) interaction with another nucleus may be approximately 
taken to be (in astrophysical notation) 


a(E) = S(E)IE , (3) 


where S(£) is the usual astrophysical S factor (keY ·b) and 
E is, in the rresent case, in the range of only a few electron
volts. 


THE NUCLEAR REACTION RATES 


In the following, the notation refers to the case of a o
hydron reacting with a partner, but it should be clear that all 
of the formulas are easily generalized to the other hydron in
teractions. 


We follow the calculation outlined by Rolfs and Rod
ney.10 The relevant formula for the reaction of o-hydrons is 
Rolfs and Rodney's Eq. (4.17) with complete screening, that 
is, taking b = 0. The average of the cross section over a Max
wcii-Doltzmann energy distribution (at temperature T) is 


(o·u)s = (8hrJ.-L) 112 (kT)- 112S(O) 


= 1.5 x J0- 15 (J.-L 11 T)- 112S(0) cm 3/s , (4) . 


with S(O) in kilo-electron-volt-barns and Tin electron-volts. 
The usual unscreened d-d rate is given by 


(au),= 7.2 x w- 19 t 2exp(-nS(O) cm 3/s, (5) 


with r = l97T- 113
• The total reaction rate (per cubic centi


metre) of a mixture of o and d particles would then be given 
by 


r = n6n,1(au)s + (n"n"/2) (av)11 , (6) _ 


where n" is the deuteron number density. An example of the 
effect of the o particles on the total d-d nuclear reaction rate 
is shown in Fig. I, where we plot rl0 191n,7 as a function of 
temperature for three different fractional numbers of o par
ticles (n61n,, = w-IJ' w-tl' and w-9 ), and we have taken 
S(O) =55 keY· b. These curves show that substantial reaction 
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Fig. 1. The normalized d-d nuclear reaction rate (r l0 19/n(7) as a 
function of temperature. The parameter on the curves in
dicates the value of logw(n6 /nc~). 







rates are therefore possible even with relatively small numbers 
of o-hydrons. This is, of course, the result of the electron 
scattering resonance providing easy Coulomb barrier pene
tration. Clearly, the number of o particles produced under 
various conditions is a most important consideration. 


RESONANCE PARTICLE PRODUCTION 


<--, To calculate the rate at which the resonance particles are 
t created, we again follow the Rolfs and Rodney derivation 10 


~ for sharply peaked resonance reactions. These authors display 
~ the velocity-averaged integration· over the strongly peaked v 
s: cross section of the (approximately) Breit-Wigner type. In the 


lU present case, Rolfs and Rodney's Eq. (4.56) becomes .. 
~ \.J (au)n = (27riJJ.kT) 312 h 2w-yuexp( -EulkT) (7) 


where 


J1. = m('m 111(m,. + m11 ) == 111,. =reduced mass 


Eu = electron scattering resonance energy 


T = electron temperature 


w =spin factor of order one 


-y R = r" r b < r u + I\> 
1'1, r, = energy widths for elastic and resonance scatter


ing, respectively. 


Substituting numbers, we have 


(au) u = 3.12 X 105 T,:- 312 71 exp (- EuiTe) cm 3/s , (8) 


where En and Te are now in electron-volts, and 11 = w-y u· 
Note that the resonance particle lifetime r,, and the reso
nance energy width are related by r/Jr, = h, so that with 
ra » rb. 


(au)ur, = 3.3 X 10-22 wT,:- 312 exp( -EniTe) cm3 • (9) 


Equation (9) relates the reaction rate to the o-hydron life
time. However, in general, mechanisms other than spontane
ous decay of the o particles are important, _thereby reducing 
the o part-icle's lifetime below that given by Eq. (9). We now 
look at some interesting time-dependent effects controlling the 
o-particle popu1ation. Notice that the peak c5-particle produc
tion rate occurs for an electron temperature of Te = ( ~ )Eu. 


RESONANCE PARTICLE POPULATION DYNAMICS 


The number of o-hydrons present under specific circum
stances depends on various time scales and whether steady 
state has been achieved. Here we derive the population den
sity of o particles for the important case in which we assume 
that the electron temperature remains constant (to make 
(au>n a constant). The o particles decay by either collisional 
decay with nuclei (or possibly electrons) or by natural decay 
after a lifetime r 11 • We refer to collisions with nuclei in the 
following. The population equation may be written as 


dn01dt = 11<.1111(au)u- 110 (r;; 1 + r,~J,) , (10) 


where 


11(', lit~= electron and deuteron (ionized deuterium at
oms) densities, respectively 


( au)u = reaction rate per pair per cubic centimetre. 


The collisional decay time is given by r,:;-,}1 = 11 11 (ou),, where 
11, and (au), are the nuclear density and velocity-averaged 


collisional decay rate, respectively. If the collisions between 
o particles and the nuclei are like "hard spheres," we might 
expect (ou),""" 1rR1~U11 == 5 X w-20A213 (TIJJ.0 )


112 cm 3/s. The 
solution to Eq. (10) is 


no= [nenc~(au)ur,/(1 + T11 hm11 )] [I - exp( -tits)] , (II) 


with 


Is = T 11 I ( 1 + T 11 IT col/) • {12) 


If the source producing the ionization is removed, the first 
term in Eq. (10) goes to zero, and the c5-particle density falls 
exponentially. If we go to the steady state (t » Is), then the 
o-particle density is given by 


lllJ = n,.nd( ou)nr11 1( l + r,lrco/1) . (13) 


lf the collisional decay time is short compared to the natural 
decay time (high densities), then the steady-state o-particle 
density is independent of the lifetime: 


( 14) 


Now, at early time (t « Is), the o-particle density from 
Eq. (II) is given by 


(15) 


We use this result later after estimating an important param
eter in the resonance particle system- the line width r/J. 


A CLUSTER·IMPACT FUSION MODEL 


Important experiments were recently reported by BFF 
in Ref. 2. In these experiments, clusters of heavy water mol
ecules were accelerated to a few hundred kilo-electron-volts 
and allowed to impact on deuterated targets (TiD, ZrD, deu
terated polyethylene-CD2). These researchers found that d-d 
nuclear reactions were induced in the cluster impact, yet the 
expected maximum reasonable numbers of such reactions 
based on high-energy deuteron barrier penetration was some 
ten or more orders of magnitude smaller than those observed. 
We believe that the production of a relatively small number 
of highly reactive o-hydrons during the cooling of the target 
and cluster material to only a few electron-volts is the likely 
explanation of these experiments, as we show later. As men
tioned earlier, this possibility has already been put forward 
in a different cluster impact model8 by BVS, who attempted 
to extract the resonance energy and line width from both the 
BFF data and from some more recent data from Buehler 
et al. 11 After describing our cluster-impact fusion model, we 
compare our results to those of BVS. 


We propose a model of the impact fusion process based 
on the following physical processes. A cluster of heavy wa
ter molecules ( ==200) carrying kinetic energy of the order of 
a few hundred kilo-electron-volts deposits its energy into a 
target material by both electron conduction heating along the 
slowing-down path and direct nuclear scattering of some of 
the target nuclei encountered. This process spreads the initial 
cluster kinetic energy among numerous dissociated target at
oms, ions, and electrons of the cluster material and a larger 
amount of target material. It is simple to show that the power 
deposition from the clusters must be of the order of 10 14 


W/cm2 • At these power levels and with temperature gradient 
lengths of approximately the cluster radius, the electron's heat 
conduction is saturated (or "flux limited"), ai1d an electron 
thermal wave moves outward from the deposition region at 
a characteristic velocity u"" = ft Ce = fdkTime) 112


, where the 


.3 







so-called "flux limit" parameter fi. has been estimated to be 
about fL == 0.4(2hr) 112 = 0.32. A good discussion of satu
rated electron heat conduction can be found in, for example, 
Ref. 12. 


The kinetic energy deposition time lasts only a short time 
(== 10- 14 s), approximately the time it takes the cluster to 
travel a distance of its own radius. During this period, the en
ergy is thermally conducted into a volume larger than the ini
tial cluster size, and because of the high density and relatively 
high temperature, pressure gradients then hydrodynamically 
accelerate some of the target material outward, creating a 
crater. 


A fully consistent plasma model for this complex inter
action must take account of the cluster kinetic energy depo
sition or both cluster and "knock-on" nuclei, the ionization 
or the cluster and target atoms, the thermo- and hydrody
namic expansion of the deposited energy, and the nonequi
librium effects that may be important because of the short 
time scales and high energy densities involved in these exper
iments . This complex model is outside the scope of this tech
nical note . We instead approximate the cluster-impact events 
with a lllodcl in which the incoming cluster deposits its kinetic 
energy as thermal energy in a conduction-heated zone extend
ing some to-be-determined distance into the target material. 
This is clearly a very simplified model, but it does show the 
effects of target heating on the cooling of the cluster parti
cles in a way that is, at least, straightforward, and it conserves 
energy; furthermore, it is similar in spirit to a model pre
sented in Ref. 13. 


It is useful to list some of the quantities of interest in our 
model and to be specific about the cluster and target numbers 
for better understanding . The notations and definitions that 
we adopt follow. The cluster radius and volume are given by 
Rc~ = 2 x 10-ll NH-' em, and V:·t = 41rRZ,1/3 cm 3


, where Nd is 
the number of water molecules in a cluster. The velocity of 
the cluster is V0 = 9.78 x 106 (Ed/Nd) 112 cm/s, where Ec~ is 
the cluster energy in kilo-electron-volts, llw = 3.3 X 1022/cm 3 


is the D20 density, and n, = 4.1 x l022/cm 3 is the C02 
density._ 


We consider the plasma created by the slowing-down nu
clei to be in thermal equilibrium to determine the number of 
electrons and ions among which the deposited kinetic energy 
is distributed . We used an ionization equilibrium model of the 
Saha type 14 to self-consistently determine the ionization level 
and the ionization energy that is expended to produce this 
level of ionization . We then curve fit the results or these -cal
culations for both heavy water and deuterated polyethylene 
(CD2)._ The curve fits take the following form (normalized 
quantities are per water molecule): 


Electrons: 


x,. = nc/nw = exp( -6.4/T) [T213/( I + 0.12 T 213 
)] , 


Deuterons: 


xd = nr~ln .,. = cxp( -6.4/T) [ T 213/ ( 1 + 0.5 T 20 )] , 


and 


Ionization Energy: 


E; = x('(12 + 0.07T) eY , (16) 


where Tis in electron-volts. The curve fits are accurate only 
to -20%. We used these curve fits (x,., x(1, and E;) to deter
mine the average temperature of the heated zone in the target. 


We distribute the cluster kinetic energy over the total 
number of particles (neutrals , ions, and electrons), the ion-


ization energy, and -9 eV per molecule of dissociation energy 
to self-consistently find the temperature and the number den
sities of each species. We define the energy (in electron-volts) 
deposited to cluster and target material as 


Ed(',,= Nc~[( ~ )(3 + Xe)T + E; + 9] f , (17) 


where we have introduced a constant!, which is the ratio or 
the total number of molecules heated (cluster plus target) to 
the number of cluster molecules. This result, Eq. (17), should 
be a good approximation for the higher energy (300-keV) clus
ters. For the lower energies, the cluster molecules are proba
bly not completely dissociated. The time scale for the heating 
(and cooling) should be quite closely given by the cluster
impact "collision" time t,. = Rc~IV0 , which is of the order of 
10- 14 s. Since the electron thermal conduction is saturated, 
the heated volume increases during the collision time to a 
value of approximately 


V= (47ri3)(Rc~+ vc,tc) 3 = v:_.1f withf= (I+ fLceiJ!l1)
3 


• 


(18) 


We use the flux limit parameter as a fitting parameter al
though we expect its value to be -0.32, as mentioned earlier. 
The energy balance is now written 


( 19) 


with Ec~ in kilo-electron-volts and Edep in electron-volls. 
Equations (17), (18), and (19) are iteratively solved using the 
temperature-dependent Saha parameters, Eqs. (16), for the 
self-consistent temperature. Once the temperature has been 
determined, we use Eq. (15) to determine the number of 8 
particles created during the cluster-impact heating time. 


Therefore, taking S(O) = 55 keY· band t = (in Eq . ( 16) 
and using Eq. (4) in Eq. (7), we calculate the number of re
actions that should be observed for given values of ft. and 
71 = w-yu. For example, the number of protons generated 
during the cluster-impact collision time can be shown to the 
given by 


Nf' = 2Nc~XeXc~(n,(au)slcl (n,(au)Rt,.} , (20) 


and this expression can be evaluated once the self-consistent 
temperature has been determined. Further, note that f enters 
the temperature estimate but not the reaction estimate. 


Using this simple heat conduction and energy balance 
model, we fit the Beuhler et al. data 11


; the results are shown 
in Fig. 2. We adjustedfL and 71 = w-yR to bring the model cal
culations and the data into agreement. The value of fL that 
produces the full curve in Fig. 2 isfL = 0.38, fairly close to 
the expected value of 0.32. The shapes of the yield curves ver
sus Nc~ are quite sensitive to the value of fL because of the 
cubic dependence indicated in Eq. (18). This sensitivity .is 
shown by the dashed curves in Fig. 2 for fL = 0.33 and 0.43 . 
The ratio of the total number of heated molecules to the 
number of cluster molecules is -42 over the range of cluster 
sizes in the data or Fig. 2. The self-consistent temperatures 
for the best-fit solid curve is also shown in Fig. 2. Both the 
number of heated molecules and the temperatures so ob
tained are in good agreement with those estimated in Ref. I 3. 
Although the fit to the data is reasonably good for a simple 
model, other effects mentioned earlier (e.g., incomplete mo
lecular dissociation) may come into play and thus require ad
ditional study. 
·· Our model, although inexact in the sense that it only ap
proximates the thermo-, hydro-, and ionization dynamics, has 
already approximately the correct behavior as far as the 
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Fig. 2. The proton yield data (points) produced in the 13euhler 
et al. 11 experiments (with £,.1 = 300 keY) versus the number 
of water molecules in a cluster. The solid and dashed curves 
are the model results and have / 1. as a parameter. The 
dash-dolled curve is the temperature corresponding to the 
ft.= 0.38 curve. 


reaction rates are concerned. Not only is it difficuit .. to.see 
how the ordinary a-d term {the second term in Eq. (7)] could 
be made to yield sufficient numbers of reactions, it is even 
more difficult to see how this term could be made to agree 
with a decrease of yield with the smaller cluster impacts. The 
model we have presented is to be viewed as schematic, al
though we believe that, ror the extraction of the effective res
onance width TJ, it is reasonably close. 


THE LINE WIDTH AND MODEl RESULTS 
AND COMPARISON TO BVS 


We now have an estimate (from the curve fit) of the nat
ural line width of the o resonance as approximately W"fu = 
4.4 X w-K eY. If w = I, then 'Yu = 4.4 X w-N eY; therefore, 
the natural lifetime is in the range 1.2 X 10-8 s < r, < 1.9 X 
10-8 s, with a best-fit value of 1.5 x 10-8 s. Of course, this 
value must still be considered an estimate because of the 
thermo-, hydro-, and ionization dynamics physics uncer
tainties. 


Finally, a few other numbers are worth noting. The o-par
ticle density at the peak reaction rate in Fig. 2 is -10 14/cm 3; 


i.e., only a few parts per billion of the available deuterons are 
converted to o particles in the interaction. We note here that 
in steady state and under similar plasma conditions, the re
action rate would be increased by a factor of ntJ/110 ~ 5 x 
108


• This increase, if realized at the same cluster kinetic en
ergy, would increase the nuclear energy gain G = £,11 /E;, 
from G:::: w-s in the present experiments up to a maximum 
gain of G11111x :::: 5000, a very large gain indeed. 


Note from Fig. 2 that the temperature at the peak clus
ter reaction poinl is -4 eY. Target materials with ionization 
energies different from that of carbon will change the num-


ber of electrons produced at a given temperature (Saha equi
librium), and this would change the temperature for a peak 
in the reaction rate. The shape of the reaction rate curve, 
therefore, will be determined more from the ionization phys
ics than from the resonance physics if, as expected, ER « £ 1• 


Therefore, it is probably not possible to extract the resonance 
energy from this sort of data as easily as the resonance width. 
Clearly, more work is required to obtain precision values for 
these important o-hydron data. The lower temperatures (be
low ~ 2eV) of Fig. 2 clearly require a more accurate model 
involving partial dissociation and other atomic and molecu
lar physics processes that are not necessary for the higher 
temperature experiments. We now compare of our results to 
those of BVS. 


Our results are substantially different from those of BVS 
because of our quite different models. BVS were able to ex
tract a resonance energy of between 0.16 and 0.67 eY. Our 
model does not allow us to extract the value of ER (we have 
simply assumed E1l = I eV) if it is small compared to the ion
ization levels of most materials. BVS find a line width of be
tween 2 x to- 13 and 2.5 x w-ls eV, giving a very long 
lifetime (r, ~ 3 to 300 ms) to the o resonance. On the other 
hand, we find "Yu = 4.4 x w-8 eV for a rather shorter life
time of r, ~ 1.5 x 10-8 s. Although our model gives sub
stantially different results, we do agree with BVS that the o 
resonance is probably responsible for the observed nuclear re
actions in BFF and Ref. 11. 


OTHER EXPERIMENTS 


There may be many experiments that can be explained 
by the existence of the o particle and/or its cousins, the 1r 


and r particles. The most controversial of these has been 
the observation of "excess" heat, tritium, and neutrons in 
cold fusion experiments. We have explained,9 in some detail, 
how the production of the o and r particles in a metal lattice 
immediately removes the conflicts between theory and exper
iments in deuterated metals, by showing how barrier penetra
tion takes place and by recognizing a new class of resonant 
nuclear reactions that give rise to the excess heat and very low 
neutron production. The new class of nuclear reactions is a 
resonant analog of the direct nuclear reactions in which a 
transfer of a neutron occurs between a projectile and target 
nuclei with positive Q with only charged particles in the exit 
channel. These resonant reactions are also analogous to low
energy neutron absorption resonances. An example of such 
a resonant direct nuclear reaction (RDNR) is 238 U(d,I)237U 
with Q = 0.106 MeV. Both (d, J) and (1, d) reactions may be 
operable in the cold fusion experiments; allowing for both tri
tium production and consumption in these experiments but 
without release of neutrons or gamma rays in the reactions. 
There is direct evidence in experiments that these RDNRs are 
responsible for the excess heat, tritium production, and neu
tron production. Only because of formation of the charge
neutral o- and r-hydrons are such RDNRs made possible 
through barrier penetration of the higher Z target nuclei. 
It is outside of the scope of this technical note· to present the 
details of these arguments; instead the reader is referred to 
Ref. 9 for details. 


Although the cold fusion experiments have received wide 
attention, their association with nuclear reactions has been 
poorly understood. A number of other experiments, less 
widely publicized and also poorly understood, appear to be 
connected to both cluster-impact fusion and coid fusion by the 
resonance particle interaction hypothesis. These experiments 
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and their theoretical connection. to cluster-impact ai1d cold 
fusion experiments provide additional evidence that such reso
nances do exist. 


The first of these is the experiment of Klyuev et al., 15 


where a LiD crystal was fractured by a shock wave produced' 
by the impact of a 0.2 km/s projectile. In an experiment of 
this type, shock waves may produce temperatures of< I eV 
but can produce both ionization and dislodged deuterons. 
These conditions are favorable to the production of some 
small number of 5-hydrons which can react, producing a 
small number of d-d neutrons, as these experiments did show. 
In these experiments, there are certainly no "high"-energy 
deuterons; hence, there can be no ordinary d-d reactions at 
all. 


Arzhannikov and Kezerashvili, I<• in another Soviet exper
iment, recently reported observing small numbers of neutrons 
produced in a chemical reaction. In this work, LiD pellets 
were simply dropped into a test tube of heavy water, the en
tire assembly having been embedded in a neutron detector. 
Statistically significant numbers or neutrons were observed 
to be emitted during the exothermic chemical reaction of the 
LiD and D20. 1\s in the previous experiment, there could 
not have been any conceivable method for producing kilo
electron-volt deuterons in a chemical reaction, but some neu
tron-producing o particles could have been created with the 
small amount of ionization that accompanies chemical energy 
release. 


Still another experiment with remarkable results is that of 
Lochte-Holtgrcven, 3 where a capacitor bank was employed 
to explode a thin wire of LiD and lithium. The slow-discharge 
capacitor bank added thermal energy to the exploding plasma, 
but only to a few hundred electron-volts. After a short pe
riod, pulses of neutrons were observed, along with some in
dications of alpha particles emitted in the d-6 Li reaction. 
These reactions presumably take place in a low-temperature 
plasma where there should be very few particles energetic 
enough to produce the observed reactions by energetic par
ticle barrier penetration. 


DISCUSSION AND CONCLUSIONS 


We have extended our theory for nuclear energy release 
in various very low energy systems involving hydrogen iso
topes and other nuclei by the production or charge-neutral, 
resonance states in the electron-proton (1r), electron-deuteron 
(o), and electron-triton (r) systems. The data in duster-impact 
fusion experiments have been analyzed to extract important 
information about the resonance width and the natural life
time of the o resonance. We expect the lifetimes of the 1r and 
r particles to be comparable, although this has yet to be de
termined. Most important is the fact that numerous experi
ments in which it is impossible to believe that high-energy 
particles have been present can be readily explained given that 
the resonance particles have been formed and survived long 
enough to allow barrier penetration and subsequent nuclear 
reactions. I3oth fusion reactions and a new type of reaction, 
RDNRs, have been identified in these various experiments. 
The RDNRs have a unique characteristic-they do not release 
neutrons, potentially important for the development of these 
reactions in nuclear reactors. 


Of course, many experiments are required to understand 
the details of the operable nuclear reactions, including the de
tails of resonance particle creation, scattering, reaction, and 
destruction. Optimization or these reactions in various ma
terials and devices may allow the development of nuclear 


reactors of a new character compared to the concepts in mag
netically confined and inertially confined fusion reactors. If 
sufficient energy release can be realized, the advantages pro
vided by the aneutronic nature of some RDNRs will be very 
significant. 


REFERENCES 


I. M. FLEISCHMANN and S. PONS, "Electrochemically 
Induced Nuclear Fusion of Deuterium," J. Eleclroanal. Chem . , 
261, 301 (1989). 


2. R. J. BUEHLER, G. FRIEDLANDER, and L. FRIEDMAN, 
"Cluster-Impact Fusion," Phys. Rev. Lelf., 63, 1292 (1989). 


3. W. LOCHTE-HOLTGREVEN, "Research on Nuclear Reac
tions in Exploding (Li + LiD) Wires," z. Naturforsch., 42a, 538 
(1987). 


4. J. D. JACKSON, "Catalysis of Nuclear Reactions Between <') 
Hydrogen Isotopes by 1-'- Mesons," Phys. Rev., 106, 330 ( 1957) . • "' 'loW' 0 


]J~{A... \)()~, , 
5. J. R. SPENCE and . P. VARY, "Electron ositi01 Scattering 


Resonances from Two-Body ave Equations," Phys. Lelf. B, 254, 
I (1991); see also C. J. BENESCH, J. R. SPENCE, and J. P. 
VARY, "Cluster-Impact Fusion by the Formation of Compact 
Electron-Deuteron Resonances," BAPS, 35, 1673 (1990). 


6. F. J. MAYER and J. R. REITZ, "Formation of Charge-Neu
tral, Continuum Bound State Resonances in the Electron-Proton 
System," submitted to Phys. Let/. B. 


7. C. Y. WONG and R. L. BECKER, "Scalar Magnetic (e+e-) 
Resonance as Possible Source of an Anomalous e+ Peak in 
Heavy-Ion Collisions," Phys. Lei/. 8, 182, 251 (1986). 


8. C. J. BENESCH, J.P. VARY, and J. R. SPENCE, "Cluster
Impact Fusion by the Formation of Compact Electron-Deuteron 
Resonances," Private Communication (Sep. 18, 1990). 


9. F. J. MAYER and J. R. REITZ, "Nuclear Energy Release in 
Metals," Fusion Techno/., 19, 552 (1991). 


10. C. E. ROLFS and W. S. RODNEY, Cauldrons in the Cosmos, 
University of Chicago Press, Chicago, Illinois (1988). 


II. R. J. BEUHLER, Y. Y. CHU, G. FRIEDLANDER, L. 
FRIEDMAN, and W. KUNNM/\NN, "Deuteron-Deuteron Fusion 
by Impact of Heavy-Water Clusters on Deuterated Surfaces," J. 
Phys. Cllem., 94, 7667 (1990). 


12. L. L. COWIE and C. F. McKEE, "The Evaporation of Spher
ical Clouds in a Hot Gas. I. Classical and Saturated Mass Loss 
Rates," Ap. J., 211, 135 (1977). 


13. M. W. MATIHEW, R. J. BEUHLER, M. LEDBETIER, and 
L. FRIEDMAN, "Large, Energetic Cluster Impacts on Surfaces," 
Nud. lnstrum. Met h. Plzys. Res., B 14, 448 (1986). 


14. D. L. BOOK, in Physics Vade Mecum, p. 271, American In
stitute of Physics, New York (1981). 


15. V. A. KLYUEV, A. G. LIPSON, Yu . P. TOPOROV, B. V. 
DERYAGIN, V. 1. LUSHCHIKOV, A. V. STRELKOV, and E. P. 
SHABALIN, "High-Energy Processes Accompanying the Fracture 
of Solids," Sov. Tech. Phys. Lett., 12, 551 (198?). 


16. A. V. ARZHANNIKOV and G. Ya. KEZERASHVILI, "First 
Observation of Neutron Emission from Chemical Reactions," 
Preprint, Institute of Nuclear Physics, Novosibirsk, USSR. 







FEB 6 1991 
ER-16 
\_) r--"'" 
WPolansky 


Dr. Frederick J. Mayer 
FJM Associates 
1417 Dicken Drive 
Ann Arbor, MI 48103 


Dear Dr. Mayer: 
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This is in response to your January 29, 1991, letter to me that outlined a 
proposed agreement between the Department of Energy (DOE) and your company, 
FJM Associates, to expedite a cold fusion research program based on your 
theoretical model. Although technical details of the proposed activities were 
not provided, you did estimate the funding levels needed to perform the 
research. 


The DOE has been receptive, at a modest scale and through its regular funding 
process, to high-quality research proposals aimed at understanding physical 
phenomena attributed to cold fusion. If your theory is based on sound, 
scientific principles and the proposed research effort would be within the 
Department•s policy on cold fusion, then you should consider submitting a 
research proposal for evaluation. However, as occurs with research proposals 
submitted in other areas, the evaluation process for your idea would include a 
comprehensive, technical peer review. 


I can appreciate that you are anxious to test your cold fusion theory and that 
you would be frustrated with our evaluation process. On the other hand, there 
has been no compelling evidence provided on cold fusion to date that would 
justify a revision of present DOE policy, such as the acceleration of review 
procedures. 


Please accept my best wishes in your future endeavors. 


Sincerely, 


Walter M. Polansky, Acting Director 
Division of Advanced Energy Projects 
Office of Basic Energy Sciences, ER-16 
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APPLYING PH YSICS TO IN DUSTR Y 


Dr . Walter M. Polansky 
Basic Energy Sciences~ ER-16 
Deparbo.ent of Energy 
Washington# D. C. 20545 


Dear Dr. Polansky: 


Ann Arbor, Ml48103 
313 /663-062 7 


January 29, 1991 


This letter is a follow-up to my telephone conversations with you 
and Dr. Barney last week. 


First of all, let me apologize for the tone of these conversations. 
I hope that you will understand that I feel some urgency in trying 
to quickly get the appropriate discussions underway on these new 
deTlelopments . 


As I mentioned on the telephone, we(myself and Dr. John R. Reitz) 
now have in hand a rather complete theoretical understanding ot not 
only the gross features of ''cold fusion '' experiments but also some 
very detailed data from at least two quite competent experimental 
groups . Fu.rthermore .. our model points a very clear path to 
increasing the nuclear reaction level~ almost certainly up to the 
power producing level. Our ideas are not generalities; they are 
directly testable . In addition.. there is over-arching physics that 
has allowed us to understand~ with precision~ the data of the 
cluster impact fusion group (Brookhaven)~ as well as other anomalous 
experiments with evidence of nuclear reactions. Our first paper 
entitled~ "Nuclear Energy Release in Metals" is scheduled for 
publica.tion in May~ at which time.. we expect a substantial change in 
the success rate and reproducibility in a variety of experiments 
with nuclear observations . 


I have suggested collaborations with LANL (Damon Giovanielli) and 
LLNL (Alex Glass). Both labs indicated either no interest or no 
funds~ at least for purchasing completed research. This is the 
reason for contacting you. I would like to propose the following 
axranqement for your consideration~ as a vehicle to get some 
experiments going as soon as possible . 


The propo~ed agreement would have the following components : 1.) 
DOE and/or its designees will receive a confidential briefing on our 
work after having signed non-disclosure agreements. 2.) It you wish 
to make use of the work in beginning experiments.. DOE will make a 
one-time payment to FJMA of $lOOK~ during 1991~ for the use of the 
information prior to publication. 3. ) If the experiments derived 
from this work are successful~ as I clearly expect them to bel I 
would be the lead author on the experimental paper. 4. ) DOE will 







consider negotiating a follow-on (1992) contract of about $1M with 
FJMA~ for extending our joint experiments and beginning development 
work on some (to be disclosed) FJMA proprietary concepts for the 
reduction to practice of our physics concepts. Of course~ there is 
no implied coni tm.ent of funds until you have decided that it is in 
your interest to proceed with such a joint program. 


I realize that this proposal sounds rather presumptious~ but please 
consider that we have some very important information that bears on 
the energy problem and there is not enough ti:me to go through a 
contract proposal preparation~ review~ etc. In fact~ we do not even 
have much time to get collaborative agreements in place~ before the 
information is broadly distributed. 


I trust that you will give our proposal a fair reading~ even given 
the present negative climate in this controversial area. We are 
convinced that things in this area will be changing. Please contact 
me as soon as possible on how you wish to proceed. I have enclosed a 
vita for your information. 


Very truly yours~ 


!=.~~2~~ 
President 
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Dr. Frederick J. Mayer 
President 
Mayer Applied Research, Inc. 
1417 Dicken Drive 
Ann Arbor, MI 48103 


Dear Dr. Mayer: 


MAY 3 1 1991 


This is in response to your May 22, 1991, letter regarding possible support 
from the Department of Energy (DOE). There has been no change in the 
Department's policy on cold fusion research since my February 6, 1991, letter 
to you. We continue to monitor developments in cold fusion throughout the 
world and we believe that we are aware of all recent reports, including your 
publication in Fusion Technology. However, we have yet to detect whether 
these reports are having any impact on the substantial air of scientific 
skepticism that has surrounded claims attributed to cold fusion. 


ER-16 


v~ 
WPolansky 
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In reply to the question raised in your letter, a proposal on cold fusion 
submitted to the DOE would be evaluated in accordance with the guidelines 
described in the enclosed booklet entitled, "Application and Guide for the 
Special Research Grant Program, 10 CFR Part 605. 11 You should note that the 
evaluation procedures for research proposals include a comprehensive, peer 
review. Recognizing the present state of affairs in cold fusion, it is 
difficult to envision a research proposal submitted in this area would be able 
to withstand the scrutiny of such a review. 


Thank you for taking the time to inform me of your research activities in cold 
fusion. 


Enclosure 


Sincerely, 


Walter M. Polansky, Director 
Division of Advanced Energy Projects 
Office of Basic Energy Sciences, ER-16 
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Dr. Walter M. Polansky 


Department of Energy 


Dr. Frederick J. Mayer 


9 (including this onQ) 


Dear Dr. Polansky: 


FAX: 301 353 6594 


FAX: 313 662 3920 


Dab~: 5/22/91 a .m. 


Appended i.s a copy of our first paper, "Nuclear Energy Relea e in 
Metals", which recently appeared in Fusion Technology. It go sa 
long way to rernoving the conflicts in the "cold fusio " effect. As I 
mentioned in my letter to you of January 29, we have in hand a 
rather complete understanding of the anomalous effects in 
deuterated n1etals. Our second paper (presently under review) is 
entitled, " On Very-Low Energy Hydrogenic Nuclear Reactions". A 
third paper with more of the basic physics of the new re onance · 
particles, ( we now call them "hydrons") is also out for review. 


e are interested in finding som upport for our experimental 
program. Is there a chance tha a proprietary proposal to DOE 
could be processed fairly quick! ? ith ur publications, we are 


1nt1ng the direction for the rimentalists, and we expect some 
rathe ectacular results quite soon. However, we also think that 


are in a unique position to most directly attempt the development 
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of an energy source from our present understanding and designs. In 
fact, we would hope to lead a national program for the research and 
development of this energy source for DOE and industrial partners. 


We have learned that a number of other countries are funding 
substantial programs in the area known (incorrectly) as "cold 
fusion". We have been approached by one Japanese company 
already, yet we don't seem to be able to get out of the "Pons and 
Fleishmann potential well" in our own country. 


We would be happy to give you a briefing about our propietary 
concepts, if that would help. Please let us know if you have any 
suggestions on how we might proceed. 


Sincerely, 


F:Jda~~ 
President 
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A scenario for nuclear energy release in metals produced 
through resonant direct nuclear reactions of/ow-energy "vir· 
tuur dtneu~rons ancttrtneutrons ts proposed. These reactions 
produce hear, tritium, and only low levels of penetrating radi
ations. The proposed scenario is shown to be consistent with 
some detailed dat~ from ''.;old /~lvn "~"'perlrm:m~;. Further
more, the possible connection of the proposed scenario with 
some other previously recognized, but anomalous, nuclear 
observations of geophysical interest is suggested. 
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I. INTRODUCTION 


In early 1989, the reports by Fleischmann and Pons 1 and 
of Jones et al. 2 led to a flourish of activity to determine if 
nuclear energy release at near-ambient conditions was indeed 
occurring in deuterium-loaded metals. Many experiments did 
not observe evidence of nuclear react inn .~ . whil,. oth~r~ did . 
This disparity led to rather polarized debate in the scientific 
community as it became quite clear that, without straining 
credulity, the positive observations could not be explained by 
the well·studied, and most probable, d·d nuclear reactions. 
However, while the debate proceeded, so did other experi· 
ments; there are currently some 60 laboratories3 around the 
world that have reported evidence of nuclear reaction activ
ity and/or excess heat from electrochemical cells or other deu
terium-loaded metal systems. 


Numerous theoretical suggestions have been ut forward 
to explain the experimental observations (excess heat , tritium 
generationJ neutron generation, and charged-part icle gener
ation), but mQny Ar~ not ~omp1'4;Lc:ly \;VU~blelll wlt:h the Ot>· 
servations. It is not the purpose of this paper to discuss all the 
c:xpcrlmemal observations, nor to critique the various theo· 
~etical models that have been proposed. The interested reader 
is referred to the review article of Bockris et al. 3 for a sum· 
mary of the experimental situation and to the paper by Miley 
et al. • for a summarY of the proposed nucleAr ['hyc i r~ mod. 
els. Rather, it is the purpose of this paper to propose a new 
scenario that may be responsible for the experimental "cold 
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fusion'' oh"ervations and to sussest r:ome clear directions for 
modifications of the current experiments that could test our 
proposal. We also suggest that the scenario proposed here 
may explain some previously reco2nized anomalou~ nHdf';~r 
observations of seophysical interest. 


For the sake of completeness, we list here some average 
observations in cold fusion experiments, not all of which are 
rouna by all observers, nor during all of their experiments. 
The positive results appear to be sporadic in nature and to de· 
pend in some unknown way on the materials used. Experi
mentally, the observations are roughly as follows: 


1. neutron generation rate up to 103/ s 


2. tritium generation rate up to -10 11/s 


3. excess heat generation rate up to -10 W /cm3 


4. little or no 3He or 4He detected 


S. no deuteron-triton ( d-1) neutrons or energetic gamma 
rays detected 


6. all observables seem to be produced in bursts (micro
'eoondr: for n•utron3 to Cl f"w hour.1 for c~~c~~ llcc.L). 


It is the lack of energetic secondary nuclear particles that is 
most revealing. As others4


·' have pointed out, the absence of 
the easily detected d·t neutrons. which would have to be ere· 
ated at a rate of -lo-s times the tritium generation rate (the 
triton has 1.01 MeV of kinetic energy in the exit channel) in 
the deuteron-deuteron ( d-d) reaction, apparently eliminates 
this reaction as the source of both the tritium and excess heat. 
On the other hand, the relatively small rates of d-d neutron 
production could be the result of secondary nuclear reactions 
in a situation where the primary reactions had very low en· 
ergy deuterons in the exit channel . 


w,. rroturn t o th~ comparicon of th• eHperimcntat ob~cr· 
vations and our proposed reaction scenario after a discussion 
of some; relevant nuc!c~a• vll y~h;s . 


II. RESONANT DIRECT NUCLEAR REACTIONS 


Th• mau-enersy differonoo b~twec:n th~ d~utc.ron c:uuJ G 


triton is quite small, l4d,j 11:1 J.8141 MeV. So. in the well· 
studied direct reactions,6 i.e., stripping (t,d) or pick-up 
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(d, t) reactjons, the energy increment transferred can be 
small. Contrast this value with the cJa~~ic direct re.actions , 
(d,p) and (p,d), with a transferred energy increment of 
5.8469 MeV. The latter energy incr~m~nt oftt".n re~ult~ in 'ub
stantial energy being carried away as kinetic energy of the 
exiting light particle or nuclear excitation (and, therefore. 
gamma emission) in positive·Q reactions. On the other hand, 
the heavy hydrogen direct reactions may resu1t in relatively 
low exit channeJ kinetic energies in reactions that are close to 
resonant with this energy increment. We believe that these re-


TABLB J 


Positive·Q. Tritium·Producing Reactions 
(on Stable Isotopes) for Which Q/j lldt I < 0.1 


Prntinrt 
Radiation Q 


Tritium Producers (MeV) (MeV) Q!l lldtl 


t. 23su (d,l)23'u {3-, low-energy 0.1059 0.0583 
gommos 


2. 201 Hg (d, t)2ooHg Stable 0.0259 0.014 
3. 195Pt (d t)t94pt Stable 0.1259 0.070 
4. IB'os (d, f) 1860s Stable 0.0459 0.025 


1s3w (d, n 1s2w Stable 0.0759 0.042 
6. 176Lu (d, I) l7~Lu Stable 0.0859 0.047 
7, t63Dy (d,l) 162Dy Stable 0.0059 0.0032 
8. t43Nd (d. t) 142Nd ~I .A hlP 0 ~~~Q O.OR6 


Note: React ion 1 conserves spin and parity. 
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actions may be the primary operative nuclear reactions tak· 
ing place in cold fusion experiments . 


With such reactions, tritium is produced or consumed 
with no other light nuolei involved. Tcabl~a 1 and lJ li~l· tlu; 
most closely resonant reactions on stable nuclear isotopes · 
with the heavy hydrogen isotopes . ., We designate these reac· 
tions tritium producers and tritium consumers. The list is in· 
complete, as we have chosen to display onJy those reactions 
that are within IOOJo of being 14on., resonance, Qlllld,l < 0.1 . 
Notice in Table I that for most of the tritium producers, 
the heavy product nuclei are stable. For the t-238U reaction, 
the resulting 237U decays with a half·life of 6. 75 days, and 
the product radiatioas are a soft beta and low-energy gamma 
ravs. 


Notice that the product heavy nuclei are either stable or 
have relatively low energy radioactivity. Also, the deuterons 
(and tritons) carrying away the excess Q are of low energy 
and, therefore, will not interact strongly with the ambient me· 
dium. There are numernw: nthPr r.P~t-tionc th~t could be off
resonance further than the IOOJo criterion above, especially in 
the (t,d) reactions; however, they would not be expected to 
have cross sections as large as the more closely resonant re
actions listed, i.e .• the zero·energy resonances. Of course, the 
resonant character of these r~oction$ might be expccLcd lv 
yield cross sections many orders of magnitude above the non· 
resonant background reactions as in neutron absorption res· 
onances (e.g., in indium). Without detailed measurements, 
however, it is not possible to know if these reactions actually 
possess very large resonant cross sections at zero energy. Such 
experiments are made·nearly impossible at the extren1ely lo\1\ 


•compil~d from dClto f1o111 ~cr. 7. M v11; •~m compllarlOns or tne 
nuclide mass levels differ from tho e used in the computat ions by 
as much as a few tens of ke\ ' 


TABLE II 


Positive-Q, Tritium·Consuming Reactions (on Stable Isotopes) for 


Product Radiation 
Tritium Consumers (MeV) 


l. 192Pt(l,d)'93pt IT. iridium L X rays 
2. 176Hf(l,d) 177Hf Stable 
3. 169Tm(l,d) 170Tm (j-(0.97), e-, X rays 
4. 166Er(l,d) 16'Er Stable 
S. 165Ho(t,d) 166Ho (j-(J .84), e-, X rays 
6. 159Tb (l,d) 160Tb (j-(J .74), e-. X rays 
7. 1560d(t,d) 15'Gd Stable 
8. 153Eu(l,d) 154Eu ,6 -(1.85), e-, X rays 
9. 151 Eu(l,d) 152Eu {3 -(1.48), e-, X rays 


10. 126Te(l,d) 127Te e-(0.7) . .e~mm~ ray~ 
Jl. t2lSb(t,d)124Sb 13 -(1 .48), gamma rays 
12. 106pd(l,d)I07•pd Palladium X ray~ . "-
13. 88Sr(t, d) 89Sr {3 -(1 .46), gamma rays 
14. SOTj (t,d) 51 Ti ,6 -(2.14), gamma rays 
IS . 26Mg{l,d)l' Mg 13 -o. 75) , gamma rays 


Note: Reactions 3, 10, 12, and 15 conserve spin and parity. 
•The asterisk in reaction 12 refers to an excited nuclear state. 


t t::..LA.' TCCliNOLOO Y VO L . 19 M l\"l' 199 1 


Q 
(MeV) Ql jAd1l 


0.0241 0.0175 
O.J 141 0.063 
0.1641 0.09 
0.184) 0.10 
0.0741 0.060 
0.134) 0.074 
0.0941 0.05 
0.1341 0.07 
0.0341 0.02 
0.033 O.OJB 
0.1701 0.094 
0 .0641 O.OlS 
0.1441 0.08 
0.1231 0.068 
0.1831 0.10 
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d (or I) kinetic energies due to the very high Coulomb bar· 
rier. Of course, this is the obvious major objection to such 
reactions having any finite probability. The Coulomb barrier 
for these reactions is much larger than that of the d-d reac- . 
tion because the barrier penetration factor scales approxi
mately as 


where 


Z1, Z2 =atomic numbers of the reacting nuclei 


A t2 = reduced mass (amu) 


E =center-of-mass kinetic energy (eV). 


Considering deuteron kinetic energies of, at most, a few elec
tron-volts, these reactions could not take place at finite (i.e., 
measurable) rates. Some reactions of the (d, t) type have been 
suggested by Rafelski et at., 8 with screening of the deuteron 
charge provided by a massive negatively charged particle, 
supposedly a remnant of the early universe. Alternatively, we 
propose a different screening mechanism. 


Ill. "VIRTUAL" NEUTRONS, DINEUTRONS, AND TRINEUTRONS 


There is now reason to soeculate on the existence of what 
we will call a "virtual" neutron, "virtual" dineutron, and "vir
tual" trineutron . (This nomenclature is used here for conve
nience, not precision.) These virtual particles may form as a 
result of continuum resonance scattering of an electron and 
a proton, deuteron, or triton . The latter resonance states 
are now expected, based on an extension of some recent work 
by Spence and Vary. 9 These authors describe a quantum 
electrodynamics calculation that yields quite narrow (i.e .• 
long-lived) resonances in the electron-positron system. The 
continuum resonances so predicted appear to agree very well 
with data from certain heavy-ion experiments, where an ap
parently long·lived electron·positron pair is left behind in 
heavy-ion collisions. Furthermore, Benesh, Vary. and 
Spence 10 (BVS) have proposed an extension of the quantum 
elect rodynamics calculations to the electron-deuteron (e-d) 
ase, finding resonances in this system that might explain the 


much-higher-than-classical fusion rates in recent cluster im
pact fusion experiments. 11 


From these experiments and their theoretical calculations, 
BVS estimate a line width in the e-d system of < 1 o- 11 eV, 
which would correspond to a lifetime of up to 60 JJ.S- a very 
long time indeed . Furthermore, the electron energies of the 
resonances are contained in a region between a few tenths of 
an e tron-volt and -5 eV, just the range of electron ener-


at are to be found in certain metal lattices. From their 
-J , BVS also calculate that the virtual particles will be 


ery small- only a few fermis . The compact size of these vir
tual particles allows them to penetrate the Coulomb barrier 
easily, with the much hisher probability that they will un
dergo a nuclear reaction. This situation is quite similar to bar
rier penetration in the well-studied case of muon catalyzed 
fusion. 12 The Coulomb interaction of the virtual particle and 
a collision partner is screened out in regions larger than the 
virtual particle size-in the present case, down to the fermi 
scale. These virtual or resonance particles, therefore, wiU be
have as though they were charge-neutral protons, deuterons, 
or tritons of very low energyi and if resonant direct nuclear 
reactions (RDNRs) are available, these reactions are then ex-


---- ec 


per.ted to be very strongly dominant,'ll a resultb important to 
the discussion below. 


We think it important to point out that there is a long
standing anomaly in the studies of the diffusivity of intersti· 
tial atoms in metals . It is well known that hydrogen isotopes 
have an extremeJy high diffusivity in metals, 14 as much as 20 
orders of magnitude higher than other interstitials such as ox
ygen or nitrogen. This anomaly could be the result of the ex
treme smallness of the hydrogen isotope virtual particles 
giving rise to the rapid diffusion through the metal lattices. 
For example, the cross section should scale roughly as the 
approximate size of the interstitial atoms or particles. The 
charge-neutralizing radius of a hydrogen isotope dissolved in 
a metal is -1 A, but the size of the virtual neutron (e-p) or 
its heavier counterparts {e-d and e-t) is a few fermis, which 
then gives a projected area ratio of 109 , not as large a factor 
as the observed increase, but large nonetheless. Clearly, com
pact virtual particles could be part of the explanation for the 
hydrogen-in-metal diffusivity anomaly. 


We suggest that although there has yet to be direct evi
dence for the existence of compact, charge-neutral resonance 
particles (virtual neutron, dineutron, and trineutron), the in
direct evidence (see below) for their existence does seem to be 
increasing. The possibility of generating and selectively react
ing these virtual states of singly charged nuclei (and singly 
charged only!) could, in fact, open up a whole new class of 
low-energy nuclear physics experiments and applications. 


Lastly, we mention that there has been speculation 15 •16 


that low·energy resonance reactions may have potential for 
nuclear fusion. However, the (d,t) and (t,d) reactions de
scribed in this paper were not suggested by McNally; more 
importantly, neither was the enabling screening mechanism 
provided by virtual particle formation . If our scenario does, 
indeed, explain the current cold fusion experiments, then it 
would be, of course, useful to search out additio{lal resonant 
reactions . 


IV. RDNRs, VIRTUAL PARTICLES, AND 
COLO FUSION EXPERIMENTS 


IV.A. Electrochemical Experiments 


The resonant direct nuclear reactions of the (d, t) and 
( t, d) type mentioned above have the important characteris· 
tic that the released nucleons all have very low energies (on 
a nuclear scale); hence, they do not react strongly with the 
surrounding medium to create secondary nuclear products, 
but deposit their energy as heat in the medium. Additionally, 
only very low energy gamma rays from low-lying excited 
states are present. Furthermore, neither 3He nor 4He are cre
ated in the reactions. All these characteristics are in agreement 
with observations (or. actually, the lack thereof) in cold fu
sion experiments. The observation of tritium production 
would be consistent with the tritium producer reactions listed 
in Table I, if the relevant nuclides were present as impurities 
in the metals or electrolytes in the electrochemicals cells. For 


bReactions on high-Z nuclei are expected to be much larger than 
for d-d, even without a resonance, as may be seen from extract· 
ing the S(O) value from reaction cross-section data. Note that 
o(£} = S(E)P(E} I E, where S(E) is the astrophysical S factor. 
With screening down to the fermi scale, P(E) • 1. similar to the 
case of deuterons with energy "above the barrier." Based on data 
from Ref. I 3. we find that S(O)- 770 keV · b for (d, t ) on 231U, 
but S(O) • SS keV · b for (d, I) on deuterium. 
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the virtual dineutron and tr!neutron &tates, the resonant-elec
tron may enter the exit channel reaction kinematics so as to 
carry away some fraction of reaction energy. further reduc· 
ing the observable secondary nuclear reactions. 


Impurities may be playing a very substantial role in the 
cold fusion experiments both in the metals and in the deute
rium supply. In particular. the tritium that is found in 0 20 
water and deuterium gases could be contributing strongly to 
the evolved excess heat produced. Furthermore, if the tritium 
and metal impurities are indeed significant, then we expect 
the following: 


J. The reactions should be sporadic (in bursts) as the var
ious interaction partners are brought together in the electro
chemical loading process, e.g .• by cracking the lattice or by 
phase changes giving rise to drifdng nuclei. 


2. The experimental reproducibility should be poor due 
to probable widely varying levels of impurities in the differ
ent cell materials. 


These erratic observations in cold fusion experiments arc ex
pected by our proposed Ecenario. 


Determining which reactions in Tables 1 and 11 are al
lowed depends on the spin and parity of the nucleons in the 
reactions. In the case of the virtual partides, these quantum 
numbers are not known. One is tempted to use the spin and 
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parity assignments of the corresponding charged particles ( d 
and t ); doing so results in only reaction 1 of Table I andre· 
actions 3, 10, 12. and IS of Table II being allowed. Note that 
for the tritium producers, only the uranium reaction remains. 
Of course, there is a possibility that a uranium impurity is 
present in some cell materials, but it is more likely that plat
inum (an anode material in some cell designs) is present as an 
impurity. In the case of the tritium consumers, the obvious 
allowed reaction is 106Pd(t,d) 107•Pd, reaction 12 of TabJe II, 
but other impurity nuclides involved in reactions 2, JO. and 
1 S of Table II could also be present. However. it is not clear 
that these spin/parity assignments are correct for the virtual 
particles, so these selection criteria may be in error. Further 
experiments should help resolve this issue. 


There is some recent evidence that the 106Pd ( t. d) 107 •Pd 
reaction may be taking place. In the following, we analyze the 
new results presented by Appleby, Murphy, and Srinivasan 17 


(AMS). This 8roup presented depth profile data of palladium 
isotopes taken from cathodes that were electrolyzed in both 
H20 and 0 20. The experiments described by these authors 
are of the standard electrol)'tic cell type usi;tg a palladium 
disk cathode and a nickel mesh anode. Some of their data, 
reproduced in Fig. l, shows the isotopically resolved data 
from a 0.63·Cm·diam x O.S·cm-Jong palladium disk in both 
heavy and light water electrolytes as a function of depth. The 
natural palladium isotopic abundances are 102Pd = 0.960Jo, 


10~'~--------------------------------------------------, 
SAMPLES 3 and 5, Pd/102 Pd 


V) 


104pd 
106pd 108pd 


.... 10!ipd z 
::l 


8 
z 
Q 104 104pd 
>-c:c 
(3 
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~ 
(I) 


0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
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Fig. 1. Palladium isotope data versus depth in !wo experiments of Appleby et al. 16 The upper set of curves (sample 3) was obtained with 
a palladium cathode electrolyzed in H20; the lower set of curves (sampleS) was obtained with a palladium cathode electrolyzed 
in 0 20. Note that the 106Pd curve in sample S has decreased a small amount relative to the other isotopes in this sample when 
compared with those In sample 3. 
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104Pd = 10.970Jo, 105Pd = 22.2%, 106Pd = 27.3%, 108Pd = 
26. 70Jo, and 110Pd = 11.80Jo. In Fig . 1, the upper curves are 
the data from the light water electrolyte run, and the 'tower 
are from the heavy water run. The important observation 
here is that the 106Pd of the light water run appears to have 
been depleted to a level about equal to that of the 108 Pd in 
the heavy water run at least to a depth of 1.4 #-tm. Other data 
show that ·this depletion extends into at least 8 #-tm. The can· 
didate resonant direct nuclear reaction, as mentioned above, 
is 106Pd(l,d) 107.Pd with Q = 0.0641 MeV, and the 107•Pd 
then undergoes a radiative transition yielding a 0.115-MeV 
gamma ray. 


The 106Pd depletion ts,c amounts to -0.60lo of the palla· 
dium in the first 8-#-tm layer, which corresponds to roughly 
4 >< 10 17 atoms, and the energy released to -4 kJ (not count
ing the gamma-ray energy); over a time of -1700 h, this gjves 
a released power of only -7 mW. However, the heat may 
have been released in a much shorter time burst (-12 h). In 
any case, the important result here is that the excess power 
deduced from this candidate reaction is within reasonable 
agreement with the observed excess power levels of AMs•s ex
periments. 


Clearly, if this is the operative nuclear reaction, then an 
equal number (4 x 1011


) of tritons would need to have been 
consumed. However, it is easy to estimate that there could 
not have been this many tritons available from the tritium 
in the heavy water (which typically contains -109 atom/ml). 
The electrolyte had a volume of 100 ml. which converts to 
-10 11 tritons, but there is also fresh heavy water added to 
make up water lost in the electrolysis at a rate of -4 ml/h 
for a replacement time of -2S h or 68 replacements in their 
1700-h run. This gives a total number of tritons available 
of -6.8 x 10 12 , which is down 6 x 104 from the total re
qui red to account for the 106Pd depletion. So either there 
was additional tritium intr duced, or it must have been pro
duced in a tritium-produ eaction of the type listed in Ta
ble I. 


There is no (d, f) RDNR on the palladium isotopest so we 
are forced to look for reactions with contaminants. The 
nickel anode itself also has no'RDNR candidates. However, 
platinum is a known contaminant (up to hundreds of parts 
per million) of palladium. Therefore, a candidate RDNR is 
195 Pt(d,I) 194Pt(gs} with Q = 0.126 MeV. Uranium (reaction 
1 of Table I) might also be present in smaller concentrations, 
although this has not been measured (as far as we know). The 
highly nonreproducible and sporadic (burstlike) character of 
the observed nuclear effects in cold fusion experiments might 
be traced to the amount of tritium (a contaminant in the deu
terium) present and/or the amount produced (through metal 
contaminants) in RDNRs. This hypothesis can clearly be 
tested with controlled contamination of the palladium cath
odes and by addition of tritium while measuring the excess 
power generated. 


Before leaving our discussion of typical electrochemical 
experiments (with palladium cathodes), it is useful to mention 
a point of possible experimental confusion regarding tritium 
production in these electrodes. If the (t,d) reaction on 106Pd 
(reaction 12 in Table II) is active in these experiments, then 
107 Pd is created. This palladium isotope is beta radioactive 
with a very long half-life, but, more importantly. the beta 


'Contrary to these results, Ref. 18 reports data indicating an en· 
. hancement of the 106Pd isotope durina electrolysis; however, the 


authors in Ref. 18 also suMested that a contaminant species may 
have compromised their Pd data. · 
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end-point energy is only 40 keV. This is to be compared with 
the tritium beta end-point energy of 18.5 keY. If care is not 
taken to discriminate between these two nuclides by their en
ergy spectra, it is possible to confuse 107Pd for tritium. It is 
not clear whether this confusion has or has not occurred in 
cold fusion experiments up to now. 


IV.B. Charged·Particle Beam Experiments 


Next, we consider another very interesting and impor
tant recent experiment that has been described by Chambers, 
Hubler, and Grabowski 19 (CHG). This group has directly 
measured charged particles emitted from a thin deuterium
loaded 1-J.Lm titanium foil using charged-particle detectors 
located directly behind the titanium foil. This group has ob
served the emission of 5.08-MeV charged particles. It is not 
known whether the particles were protons, deuterons, or tri· 
tons, but the energy measurement resolution was excellent at 
17 keV. The CHO experimental result is inconsistent with the 
charged-particle branch of the d-d reaction that produces a 
3-MeV proton and a 1-MeV triton. However, a candidate 
RDNR that might be responsible is 4'Ti(t, d)48Ti with Q = 
5.3701 MeV into the ground state of 48Ti. Assuming zero inci
dent energy in the center of mass, the exitina deuteron would 
then have kinetic energy of Ed = (48/SO)Q c S.lS5 MeV. 
The comparison with the measured charged-particle eneray 
is even closer if the source encrsy is corrected for comina 
through the 1-#-tm foil. {Energy loss of -88 ke VI 14m can be 
estimated from other data of CHG .) 


A straightforward calculation of the number of tritons re
quired if this RDNR is producing the CHG data suggests 
that, as in the case of the electrochemical cells, a tritium 
supply in excess of the tritium contaminant { -1 pan in 10 14 ) 


in the deuterium would be required to observe their count 
rates. Since there are no (d, t) RDNRs on titanium, another 
contaminant metal (see Table I) would again be necessary. 


Finally, we mention the quite extraordinary results of the 
Bhabha Atomic Research Centre 20 (BARC) group. After 
bombarding a titanium disk with energetic (hundreds of kilo
electron-volts) deuterons from a plasma focus device, the 
BARC group found no evidence of tritium production on two 
successive days; however, after S weeks they observed very 
large tritium activity. This group also measured the produc
tion of excess tritium by simply loading 0 2 gas into palla
dium metal for a number of days. These results may be 
consistent with the RDNRs on contaminants taking place 
during some buildup time, due to a small reaction rate. How
ever, experiments are needed to confirm this conjecture. 


Our proposed scenario for explaining the observations in 
cold fusion leads us to suggest specific experiments that can 
be performed to test its validity. These include introducing ex
cess amounts of tritium into palladium or titanium, along 
with measurements to observe enhancement of the nuclear ef· 
fects. Also. palladium and titanium metals may be doped spe
cifically with measured amounts of metals chosen from the 
list in Table II and then examined for production of addi
tional tritium and heat. 


V. DISCUSSION 


In this paper, we proposed a scenario that appears to 
have characteristics that agree, in large part, with cold fusion 
experimental data. The scenario consists of RDNRs and elec· 
tron·resonance-created virtual dineutrons and trineutrons. 


FUSION TECHNOLOGY VOL. 19 MAY 1991 







z: 313 662 3920 MI=IRI P.05 


The resonance screening hypothesis (without the RDNRs) 
may also explain observations of strongly increased nuclear 
reacti6n rates in "cluster-impact" fusion experiments.IO Fur~ 
thermore, it would appear that our scenario could also be an 
explanation for other anomalous observations apparently re
quiring nuclear reactions at near-ambient conditions. These 
include· the observation of tritium being released from volca
nos arid other geothermal vents, as noted by Jones et al., 2 


and the observation of an anomalously large 3He/ .. He ratio 
in chemical-grade metals21 ; this latter observation might oc
cur in a tritium-producing RDNR from deuterium introduced 
in water during melt processing of the metals, followed by 
subsequent beta decay of the tritium. Finally, the observation 
of excess 3He compared with 4He in geologically evolved 
gases22 could have a similar reaction scenario as its source. 
Along· with the excess 3He from these reactions, there would 
be the associated additional source of heat, possibly contrib
uting to the earth's anomalous heat production. 22 


Of course, our hypotheses will require many laboratory 
experiments of different types before the processes can be 
fully understood or extended to the geophysical problems 
mentioned above; however, the direction for further study of 
these virtual particle low-energy nuclear reactions has been 
made explicit and should be examined in the near future . 


And finaUy, if the virtual particle hypothesis is borne out, 
there will undoubtedly be. in addition to the resonant direct 
nuclear reactions, other interesting virtual particle reactions 
to examine, such as the virtual-neutron-to-real-neutron trans
formation reaction that frees a neutron. Some of these reac
tions have been identified and would be worth examining 
later, as the two neutron transfer reactions would be. 


Our scenario, if proven accurate, could indicate a very 
important new direction to access nuclear energy release with 
moderate effort and capital investment, compared with the 
present fission or fusion technologies . 
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May 23, 1991 -- on Mayer pre-preproposal 


1) Any theory involving "hydrons" is unlikely to hold water. 


2) Not clear who the experimentalists would be. Or just what the 
experiments themselves would be. (But I bet it'd be easy to 
disprove, probably an afternoon in somebody's lab, not a whole 
project at big$.) 


3) The paper is unconvincing: 
a) Uses Vary as evidence, but we didn't credit that work. 
b) They also ignore fact neutrons are 100,000 times less 


frequent than tritons (when they should be nearly equally 
frequent). This, while explaining why there are "no" heliums. 


c) Other things in my notes I found unconvincing or doubtful 
but won't go into here. 


4) Would recommend to Mayer not to make a proprietary proposal. 
No proposal to AEP is processed quickly because it is reviewed. 
And, in present climate, any proposal having to do with cold 
fusion would likely fair badly. (Even the Admiral says it's "bad 
science".) 
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Department of Physics and Astronomy • :6127 Wilc:k:r Laboratory • TEL.: (603) 646-2359 


May 21, 1993 


Han. Dick Swett 
Room 230, Cannon House Office Bldg. 
U.S. House of Representatives 
Washington, DC 20515 


Dear Congressman Swett: 


I have been hearing that, in some recent committee hearings 
that you conducted in connection with Department of Energy 
appropriations, you seemed to be advocating transferring emphasis 
to cold fusion research and away from more mainstream approaches 
such as magnetic confinement. I do not have first hand confirmation 
that this has been your position, but for purposes of this letter I 
\Viii assume that my information is correct. 


As someone rather familiar with both subjects, and with all 
respect, I would like to suggest to you that this is not a tenable 
position to take up. As one who has spent the better part of his 
adult life on fusion research, I would be more than happy to advocate 
cold fusion as a subject to investigate if I could see any likelihood 
that it would lead anywhere. Unfortunately, I just don't see any 
grounds for doing so. Many laboratories in many countries have tried 
to duplicate the spectacular claims for the subject that were 
released to the world in the spring of 1989. None have had any 
success. This essential lack of reproducibility of the results is, in 
my experience, the surest giveaway that it isn't real science that we 
are dealing with there. 


The situation with magnetic confinement is much different. It 
has been a long, hard road, and there were perhaps some decisions 
that one wishes had been made differently; but there is a world
wide network of investigators who, when they try to repeat each 
other's experiments, find that they get pretty muctl the same thing. 
Magnetic confinement research is not what Irving Langmuir called 
"pathological science," but there is every evidenCE) that cold fusion 
research is. At tile end of the day, it still seems to me to be 
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overwhelmingly likely that magnetic confinement of a 
thermonuclearly reacting plasma is the proper path to pursue. 


With all good wishes, 


~o.J,_ryr]~ 
avid C. Montgomery 


Kelvin Smith Professor of Physics 








MAR 7 1990 


Dr. Mastaka Mizushima, President 
Mizu-Tech, Inc. 
523 Theresa Drive 
Boulder, CO 80303 


Dear Dr. Mizushima: 


This is in response to your and Mr. Plywaski's letter of February 12, 1990, 
transmitting a document "Research Proposal on Cold Fusion." The document does 
not satisfy the requirements of a grant application and, therefore, cannot be 
considered a formal proposal. Please check the enclosed brochure, 
DOE/ER-0249, for the requirements placed on grant applications. 


Having said this, let me state that I cannot in good faith encourage you to 
resubmit the proposal in the required format, as I do not think that the 
approach offered is sufficiently original to stand a chance of passing a 
technical peer review. 


I read with interest the attachments to your proposal. If you wished in the 
future to s e nd us assorted cold fusion items from the Japanese press, that 
would certainly be appreciated. 


Thank you for sharing your materials with the Department of Energy. 


Enclosure 


Sincerely, 


Original signed byf 
Bfs~ ga.J_e·wsk~ 


Ryszard Gajewski, Director 
Division of Advanced Energy Projects 
Office of Basic Energy Sciences, ER-16 


ER-l6:RGajewski:mfr:3-5995:3-7-90:c:\Gajewski\Mizushima:wp 


ER-16 I. 
~ - o-. 


Gajewski 


3/ 7 /90 
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MIZU-TECH, INC. 
523 Theresa Drive, Boulder, Colorado 80303, U.S.A. 
Telephone an d FAX: (001-1) • (303) 494-0603 


Dr. R. Gajewski 
Director, Advanced Energy Projects Group 
Basic Energy Science Division 
United States Department of Energy 
Washington, D. C. 20545 


Dear Dr. Gajewski: 


February 12, 1990 


Thank you for your graciously sharing with us the information on current 
status of cold fusion research, for forwarding your related report 
(DOE/S-0073), and for being receptive to review our research proposal in this 
field. 


Accordingly we are sending our research proposal on cold fusion for your 
review. During our conversation, you mentioned that although your office was 
interested in receiving our proposal there were no research funds available 
until next fiscal year (Oct. 1990). However, in view of the ensuing development 
in current Japanese work in cold fusion, a long delay will represent$ a 
significant research drawback. We would like to check with you whether or not 
some contingent research support funds might become available prior to Oct. 1990 
to start this work immediately and so not to lag almost one year behind, if our 
proposal is favorably reviewed by your office. 


During our conversation you expressed an interest in receiving from us the 
latest related research work information from Japan. We enclose two newspaper 
articles and a paper by Arata and Zhang (translated by M.M.) and another paper 
by Wada and Nishizawa (originally in English) as appendix to the proposal. 


Because of M. M. 's close association and frequent communication with Japanese 
scientists, we will be glad to provide a liaison function to your office on the 
Japanese cold fusion research effort and provide the related translations, as 
well as on any other scientific topics of interest. 


~~A:r"~ 
Masataka Mizushima and 
President, Mizu-Tech, Inc. 


and Professor of Physics Emeritus 
University of Colorado, 


Yours sincerely, 


//}'.4/1. -t?t?~ 
ct(~l 
Vice-president, Mizu-Tech, Inc. 
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Abstract 


In view of the recent developments in Japan, it is now certain that we can 
achieve cold fusion reaction using deuterium saturated palladium. We propose 
to confirm the latest Japanese experimental results and seek ways to improve 
the reaction efficiency. 


Keywords: cold fusion, deuterium, deuteron, palladium, electrolysis, 
electric discharge. 
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Historical Background 


A muon catalyzed cold fusion p+d+ /.1. -?3He+ /.1. was seen by Luis Alvarez and 
others in a bubble chamber (Phys. Rev. 105 (1957) L1127). In the ordinary 
hydrogen molecular ion the probability of one proton tunneling through the 
Coulombic potential barrier to interact with another proton (or deuteron) is 
extremely saall(about 10-64/molecule-sec). But, if the binding is due to a muon 
the equilibriua inter-nuclear distance is reduced by a factor of 200, and that 
reduces the potential barrier sufficiently so as to make the probability of 
tunneling treaendously enhanced and the pd reaction can occur within the 
lifetime of the muon. However, since the muon lives only a very short time it 
was thought that one cannot sustain a sufficient number of such aolecular ions to 
mass produce energy in this way. 


C. DeW Van Sicken and S. E. Jones (J. Phys. G. Nucl, Phys. 12, (1986) 213-221) 
used the Morse potential to numerically show that the above stated change of the 
probability of tunnel effect is possible. They also predicted that a very 
high pressure could reduce the internuclear distance of the hydrogen molecule 
and that cold fusion could be made possible in the same mechanism, but the 
required pressure was so high that hydrogen might become metallic. While such 
high pressure is not available to us, they suggested that the known extra 
heating of Earth and Jupiter might be due to a cold fusion produced in this way. 


It has been known since Fritz Paneth and Kurt Peters (Nature 118 (1926) 526) 
that palladium absorbs more than one hydrogen atom per each unit cell. They also 
asserted that titanium might absorb more hydrogen atoms. Such high density of 
hydrogen atoms might provide the required high pressure to produce cold fusion. 


Stanley Pons and Martin Fleischmann pointed out that more deuterons can be 
absorbed in palladium than protons and tried Pd cathodes dipped in 020. On March 
23, 1989 they had a press conference at the University of Utah and announced 
that they had sustained fusion in a test tube with the Pd cathode dipped in 020 
with a current density of about 500 mA/cm2. They also published a "preliminary 
note" in J. Electroanal. Chem. 261 (1989) 301-308. 


S. E. Jones and others (Nature 338 (1989) 526) used a titanium cathode 
dipped in ~0, and measured an emergent neutron flux which was five times the 
background; much less spectacular result than Pons and Fleischmann, but still 
suggesting that a nuclear reaction of so.e kind was occuring. 
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Many scientists throughout the world tried to repeat the experiment of Pons 
and Fleischmann, but the results were mixed. Most of the established scientists 
remain skeptical and "Nature" refused to print Pons and Fleischmann's paper. 
The general opinion at present seems negative as one popular magazine (Discover 
1990 January issue p.43) expressed it in a bitter way. 


However, there are some positive results reported. A group at Texas A&M 
by May 25, 1989 reported that they did observe an excess neutron flux and a 
group at Stanford and a few others are said to have confirmed Pons and 
Fleischmann's result. The entire situation, including a long list of scientists 
who gave negative results or opinions is well reviewed by B. G. Levi (Physics 
Today June (1989) 17-19) and I. Goodwin (Physics Today December (1989) 43-45). 
DOE's Energy Research Advisory Board accepted the Huizenga-Ramsey report which 
concluded that "cold fusion is not persuasive" which implied that "that's not 
to say untrue" . 


Recent Developments in Japan 


On November 30, 1989 a leading Japanese newspaper, "Asahi", reported that N. 
Vada and K. Nishizawa of Nagoya University, Nagoya, Japan, observed a neutron 
burst about 20,000 times the background under electric discharge between 
palladium electrodes which were previously exposed to the D2 gas of about one 
atmosphere. Their paper was published (Jpn. J. Appl. Phys. 28, L2017 (1989)) 
shortly before this newspaper article. 


H. Ikegami of the Institute of Nuclear Fusion, one of the largest federal 
research institutes in Japan, also located in Nagoya, performed an experiment 
similar to that of Vada and Nishizawa, but with better detectors and observed 
a neutron burst of about 1.7 million times the background, according to Asahi 
newspaper report of January 11, 1990. 


Independently from the Nagoya group, Y. Arata and Y. Zhang of Kinki University 
and Osaka University, both in Osaka, Japan, observed over 108 neutron/sec 
emitted from a Pd cathode saturated with deuterium. They used a large cathode 
and observed that deuterium is extensively absorbed by Pd when the temperature 
is below 800C, but that ordinary hydrogen does that below 110°C, and that above 
these temperatures neither element is absorbed by Pd. Arata and Zhang published 
their paper in "Study of Nuclear Fusion", 62, November, 398 (1989), but that 
was published only in Japanese. These articles and papers are translated into 
English and included in this proposal as appendices. 







Research Plan 


It is certain now that one can induce at least some kind of a nuclear 
reaction, most likely a nuclear fusion, by means of electrical discharge on a 
deuteron saturated palladium. Our plan is to confirm and improve Wada's and 
Arata's experimental results. 


In both Wada's and Arata's papers, it is eaphasised that the surface of Pd 
has to be clean in order to produce the neutron bursts. The initial discharge 
for "activation" in Wada's experiment seems useful for that purpose. The Wada 
group has not tried mechanical or chemical polishing or any other methods to 
clean the surface. Wada assumes that the squeezing of deuterons at the surface 
of Pd as they try to migrate into the crystal has something to do with the 
initial step of the nuclear reaction. We will try the best techniques to 
prepare the surface of Pd. 


If the surface is indeed where the initial reaction takes place, the use of a 
Pd powder, rather than a bulk crystal, aight be aore efficient. If that is the 
case, using an electric discharge may not be practical, but a high power laser, 
like a C02 laser, may work for that purpose. The Principal Investigator (PI) has 
experience in using co2 lasers at the National Institute of Standards and 
Technology (NIST), Boulder, where he and his students and colleagues are doing 
spectroscopy work. 


Purity of the Pd rod has not been examined carefully in existing experiments, 
including that of Pons & Fleischmann. Yet the preparation of a high quality Pd 
material is most likely very important. The Arata group asserts that activation 
of Pd by means of what they call "on-off effect" is essential to prepare for 
cold fusion. It seems that in this effect deuterons go through the interstitial 
space of Pd a number of times, which probably means to correct for the crystal 
defects. If so, conventional methods like annealing for a recrystalization might 
work also. 


Stimulation by a discharge was thought to be not very important in Wada's 
experiment, but subsequent experiment by Ikegami with better neutron detectors 
showed that this step was essential. Our opinion is that e+d~2n+ 11 reaction is 
important as an intermediate step of the whole process at least at the initial 
stage. Second order process with this weak interaction as the intermediate 
step, namely, e+d+d~2n+d+ 11 ~n+t+ 11 , may make the tunne 1 effect easier than the 
straight forward first order tunnel effect. If so, a high energy electron beam 
would also initiate the reaction. Also ordinary DC or AC currenct instead of a 







discharge might be equivalently sufficient. (The bombardment by a proton or 
a deuteron beam aay also help to stiaulate the cold fusion.) 


In this theory, we think that the second step of the process (nuclear fusion) 
can take place quickly if the neighboring deuterons are close by; that is, the 
higher the deuteron density the faster this process can take place. To sustain 
the fusion reaction it is obviously necessary to have deuterons in a very high 
density anyway. Arata group states that inside an activated Pd rod the deuteriua 
pressure can be as high as 5000 atmospheres. If we use a larger Pd crystal, the 
pressure aight be even higher to achieve a greater density of deuterons. Also a 
better shape of the Pd crystal might increase this inner pressure, or the 
density of deuterons. We will try a spherical shape of crystal, for example. 
(Arata asserted that larger Pd crystal was better, but Vada used wires with 
success. We will try both powder and a bulk crystal of Pd to see which is 
better.) 


Arata-Zhang paper also indicates that a lower temperature (at least below 
80°C) would increase the deuteron density, but they did not try any forced 
cooling. Ve will try freezing or lower temperatures to see if we can enhance the 
reaction efficiency. 


Wada group used D2 gas while Arata group used 020 liquid. In the latter case 
one has to dissociate oxygen out with extra energy (electrolysis), but it is 
easier to handle D2o than D2 gas which is reactive. For future industrial 
applications the D20 is probably better. Even with D2o, electrolysis may not be 


necessary; for example, we might just immerse Pd in D2D with some catalysis, and 
with current, cold fusion aight work. 


We plan to subcontract with the University of Colorado (CU), where the PI is 
a Professor of Physics Emeritus, to use its shop facilities for .echanical, 
glass blowing, and other laboratory work. Library, computer, and soae office 
facilities of CU can be used under that arrangement. Student assistants will 
also be available fro• CU. We also plan to invite a Japanese physicist as a 
consultant at the beginning stage of the experiment. The PI can communicate with 
Japanese scientists through verbal and written Japanese using BITNET, FAX, and 
other communication methods. 


The PI was in Physics Department, Nagoya University for three months in 1986. 
In fact, the president of that university, Sachio Hayakawa, is a friend since 
the days when both of us were physics students at University of Tokyo at the 
same time. The PI was also at Osaka University a number of times as a visitor. 
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Proposed Budget for the First Year 


Masataka Mizushima (Pricipal Investigator) 400 hrs/$40/hr 
William Plywaski (Associate Investigator) 700 hrs/$25/hr 
2 Assistant Investigators 900x2 hrs/$15/hr 
Consultant 200 hrs/$35/hr 
Secretarial 100 hrs/ $8/hr 


labor overhead 


travel(to Japan) 


Neutron detectors 
C02 laser 
mass spectrometer 


subtotal 
17% 


subtotal 


shop work including material 
subtotal 


administrative expense 13% 
subtotal 


profit 10% 


Total 
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$16,000. 
$17,500. 
$27,000. 
$7,000. 


$800. 


$68,300. 
$11,611. 


$6,000. 
$85,911. 


$50,000. 
$12,000. 
$8,000. 


$20,000. 
$175,911. 


$22,868. 
$198,779. 


$19,878. 


$218,657. 
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A New Method of Cold Fusion 
Discharge on deuterium saturated palladiua 
Detected a large number of neutrons 


A lecturer of Nagoya University and another person announced 


Asahi shinbun (Hews paper) November 30, 1989 


Lecturer Nobuhiko Vada of the Faculty of Science, Nagoya University and 
Associate Professor Kunihide Hishizawa of the Radioisotope Research Center, 
Nagoya University, announced that they were able to produce cold fusion by means 
of a new method in which a discharge is applied to palladium in which deuteriums 
are absorbed. Their paper was published in the Japanese Journal of Applied 
Physics which was published on the 29th. According to their paper a large amount 
of neutrons, 20,000 times that of natural background, were detected at one time 
and they were sure that they had a nuclear fusion. 


After a report of cold fusion, in March this year in England, there were a 
few reports of neutron detection up to a few times its background, but this 
report of a very large number of neutrons is the first. It will be of interest 
to many people. 


They placed two palladiua wires, 2 mm in diameter and 2.5 em in length, 
facing each other with a distance of about 4 em, in a flask, 8 em in diameter 
and 0.3 ml in volume. First, air was evacuated out of the flask and the 
surface of the palladiua was cleaned by a discharge for 10 minutes; then the 
deuterium gas was injected to one atmosphere and the apparatus was sealed. They 
observed neutrons emitted to about a few tiaes over the natural background in 
every hour. 


After two days they applied a discharge between palladium wires for about ten 
minutes and observed neutrons of about 20,000 ti.es over the natural background 
for one minute. After that, they observed neutrons up to about ten times over 
the natural background on and off for about 10 hours. They repeated this 
experiment three times, and observed the same result. When they replaced 
deuterium by ordinary hydrogen they did not see any neutron emission. Palladiua 
absorbs about 800 times its own volume of deuterium gas. In this experiment, 
Lecturer Wada assuaed that deuterium, as it comes out through the surface by the 
discharge, produces nuclear fusion because of its high density. This is quite 
different from the conventional aethod of electrolysis. 
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To detect neutrons they desensitized a detector so that it did not react to 
sources other than neutrons, such as gamma-ray. They think this made their 
detection of neutrons easier. 


Mr. Wada said, "no paper with a clear description of experimental method has 
been published on cold fusion so far. I want our result to be tested by others." 


A comment by Professor Noboru Oyama, Department of Engineering, Tokyo 
Agricultural and Engineering University (Electro-chemistry): "it is likely that 
nuclear reaction is taking place, since the neutron emission is as high as 
20,000 ti.es that of natural background. The number 20,000 is not ridiculous as 
I see from what I understand. It will be necessary to test the noise level of 
detectors and such by another independent group." 


(The paper referred to in this article is in English, and a copy is enclosed 
M. M.) 
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Nuclear Fusion in Solid 


Nobuhiko WADA and Kunihide NJSHIZAWAt 


Department of Physics, Faculty of Science, Nagoya University, 
Furo-cho, Chikusa-ku, Nagoya 464-01 


tRadioisotope Research Center, Nagoya Unil'ersity, 
Furo-cho, Chikusa-ku, Nagoya 464-01 


(Received August, 9, 1989; accepted for publication October 12, 1989) 


Spontaneous neutron emissions were intermittently detected from activated palladium rods well soaked with 
deuterium gas in a closed glass bulb. Uy the stimulation of the palladium rods with a high voltage discharge between the 
rods, a burst of neutron t1ux 2 x 104 times larger than background was detected. Atoms or molecules of mass number I, 
2, 3, 4, 5 and 6 were found in the residual gas. Nuclear fusion in solid is interpreted in terms of the supersaturation of the 
solid solution of deuterium. 


KEYWORDS: nuclear fusion, spontaneous emission, burst emission, deuterium gas, reaction bulb, activation, 
bombardment, solid solution, supersaturation, mass spectrum 


Observation of nuclear fusion of deuterium (Dz) in the 
solid matter has been reported by a few aut hors. 1


•
2


> They 
used the method of electrolysis of heavy water (020) for 
the hydridation of palladium. We attempt the direct 
method of soaking pallauium into deuterium gas in a 
closed shell. 


The activation and soaking oft he palladium rods were 
carried out in a reaction glass bulb of 300 ml with a pair 
of electrode sterns, as shown in fig. I. The palladium 
99.5% rods of 2 mm¢ x 35 mm were fixed to the Cu elec
trode stems. In order to activate the sample, AC voltage 
of. KV, 60Hz was applied between the electrodes in 


uum of I Pa. In other words, the sample was born
. After the activation, the bulb was filled with D1 


of I atm. The purity of deuterium gas was 99.8% with a 
trace of tritium en less than about to ·- ll mol/1. 


The schematic arrangement of the experimental system 
is shown in Fig. 2. Neutrons were counted by using a BF3 


detector (Nuclear Enterprises Ltd. Neutron Monitor 
NM213) and a multichannel analyzer (lnotcc Inc. IT-
5400). The neutron detector was calibrated with the 


Gas introduction pipe 


Reaction bulb 


Fig. 1. Schematic diagram of the reaction bulb. 


neutron standard sources 241 Am/13e and 252Cf at the Na
tional Electrotechnical Laboratory. The multichannel 
analyzer was used in the multichannel scalar mode and 
the integration time per channel was set for 9 or 0. 9 sec
onds. 


In order to raise the counting rates of the events, three 
reaction bulbs were set around the detector as shown. 
The pressure of deuterium in the reaction bulhs was 
measured by a pressure compound gauge ranging from 0 
to 105 Pa (I atm). The amount of deuterium gas absorb
ed into the sample was estimated by the variation of the 
pressure. 


Figure 3 illustrates the time dependence of detected 
neutrons together with the pressure variation. The error 
bars for the points arc not shown in fig. 3 for simplicity, 
but they rang from ±I 00% (4 counts/ hour) to ± 3.8% 
(697 counts/hour). The average background of neutron 
flux (B.G. mean) was 1.99 counts per hour (CPH) and 
the standard deviation (a) was 0.266 CPH. The counting 
rates of B.G. were distributed mostly in 0, I, 2, and 3 
CPH and occasionally 4 CPH and rarely 5 Ci>J-1. The 
counting rate greater than three times the standard devia
tion of B.G. (3a) was counted as a significant event. llut 


-Neutron detecter 


' High voltage transformer 


Experimental system 


Fig. 2. Schematic diagram o~ the neutron measuring system. 
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Fig. 3. (a) Time variation of D~ pressure in the reaction bulb. (b) Time dcpcndcJh:c of neutron ~o·mi!>~iom and peaks aflcr 
stimulation by high vollage discharge. 


the events of three CPH were not counted even though 
lhey were larger than 3a because they appeared often in 
B.G. The solid line aud dotted line represent the levels of 
ll.G. mean and 3a respectively. 


The activated sample began to absorb the deuterium 
gradually with time aud the inner pressure of the bulb 
decreased as shown in Fig. 3(a). Very few emissions of 
neutrons were dctc~tcd during this absorption process. 
The pressure showed a few plateau regions at different 
pressures. The spontaneous intermittent radiations of 
ncur ron were appeared in l hese plateau regions. 


Stimulation of palladium rods with high vollage 
discharge was applied at 55 hours when the pressure was 
i• • do • · ·. ·nnrl r ·,hf ·- Jl rt·Pinn A hur'\1 of IH'II'I~Il ('mission 


just after starting of the 540-second stimulation. It co1 
responded to the counting rare of 2 x 10-1 times largL 
than that of the background level (5.5 x 10- 4 cps). The i1 
ncr pressure of the reaction bulbs rose by 2 x 10-1 Pa afll 
the stimulation, forming the 3rd plateau and the inrermi , 
tent neutron emissions were revived making several peak 
A, 8, C, D, E, F, G, and H which showed higher rate u 
neutron emission than those of the Jst and the 211 
plateau. The detailed a peak is represented by the left i1 
sertion of Fig. 3(b). By the stimulation at 95 hour ~ 


another burst/J of nl'utron of 28 c:ounts was detc~ted in 
seconds but the counting rate was almost equal to that,-, 
the first (14 cps). The details arc represented in the rigL 
itl~; ,~ rtion The peri ndic:d flf'IHr:-ln f'lllis•.ion ne:lh I J. 1\ 







were detected by stimulation at the other plateaus of 
pressure which arc not illustrated in Fig. 3 but their peak 


l heigh4s were weakened gradually. The used palladium 
never showed the emission of neutrons again, even 
though it was soaked with deuterium by the activation . 
The samples were consumed. Many cracks and holes 


ere observed on the surface of the consumed sample by 
canning electron microscope (SEM). 
The same experiments were conducted with hydrogen 


gas instead of deuterium but no appreciable spontaneous 
neutron emissions nor the bursts of neutrons were 
detected, even though pressure variations similar to those 
for the deuterium were shown (Fig. 4). The possibility of 
detection of y-ray emissions due to the nuclear fusion of 
hydrogen is thought to have been very small even if they 
were existed, because the detection of y-ray noi se of used 
detector was suppressed to low level deliberately. 


After the experiment, the residual gas in the reaction 
bulb was analyzed by quadrupole mass spectrometer 
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Fig. 5. Typical mass spectra of used gas in the reaction bulb and that 
of original deuterium gas. 


(UL VAC Co.). A substantial amount of atoms and 
molecules of the mass numbers I, 2, 3, 4, 5 and 6 were ob
served (Fig. 5). The spectrum intensities of each number 
were very much influenced by the fractionation due to 
the character of the preferred evacuation of the ion 
pump used for the analyzing system. The molecular 
hydrogens (H2, D2, H D) should have been evacuated at 
the first step of injection of the residual gas into the 
system. 


The activation process used in the experiment was con
ventional procedures of the hydrogen storing technique 
in metals except that bombardment was used. 


The emissions of neutrons were not detected during ab
sorption and began spontaneously at the plateau region 
of the pressure variation curve. The burst of neutron was 
emitted accompanied by the burst of spouting absorbed 
deuterium gas in the sample. These facts suggest the 
following interpretations for the possibility of fusion in 
solids. 


The well-saturated solid solution of deuterium will be 
supersaturated by raising temperature and the excess 
deuterium atoms in the solid should be exhausted as 
bubbled of deuterium gas. Thomson-Gibbs formula 31 of 
supersaturation of vapor pressure for the homogeneous 
nucleation is tentatively applicable to the nucleation of a 
deuterium bubble in solid . 


p A 
-=exp-
Poo rT' 


(I) 


where P is the equilibrium pressure of deuterium with 
solid solution; T, the temperature of the solid in Kelvin; 
A, the constant including atomic volume and surface 
energy of the solid; and r is the radius of the bubble. At 
the beginning of the nucleation, the radius of the bubble 
r is to be zero and the pressure P should be infinity. This 
means a very high rate of supersaturation sho uld be 
created at the beginning of the nucleation of bubbles in 
the solid solution. It is very analogous to the bumping of 
bubbles in superheated boiling water. The high rate of 
supersaturation means a high density of deuterium 
atoms, which is just the condition for excitation of the 
nuclear fusions. 


During absorption of deuterium into palladium, cer
tain amounts of latent heat arc to be released . 1 f they ex
ceed the natural dissipation, the temperature of the 
samples will be raised and the st a te of supersaturation of 
deuterium should be created. When the sample discards 
the excess deuterium gas, some neutrons will be emitted. 
The sample is cooled by the desorption of deuterium. At 
a certain desorption rate, the samples will cease desorp
tion and begin absorption again. This alternating process 
of "breathing" of deuterium would explain the spon
taneous intermittent emission of neutron at the plateau 
of the pressure variation. Application of high voltage be
tween the sample rods will also work as an intense 
stimulation of abrupt supersaturation state that make ins
tant bursts of neutron emissions. 


The apparent ratio of absorbed deuterium and 
palladium rods 0/Pd, was almost I /3 at maximum. The 
most absorbed deuterium was distributed mainly in the 
surface layer of a certain thickness and not uniformly in 
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the whole sample at the beginning of absorption. As the 
time went on, the palladium became saturated layer by 
layer from the surface to the inside of the palladium rod. 
By the first stimulation, large amounts of deuterium in 
the first layer were exhausted instantaneously and the 
burst of neutron emission a was created. The small burst 
of neutron emission p stimulated 40 hours after the a 
might be emitted from the second inner saturated layer 
which absorbed smaller amounts of deuterium than the 
first one. 


These mechanisms of fusion in palladium suggest 
similar results for the other metals. But the physical prop
erties are different from the respective metals. The critical 
temperatures for the other metals are lower or higher 
than that of palladium. The latent heats for absorption 
are larger than that of palladium with positive or 
negative sign. This means that these other metals should 
be cooled or heated accordingly to allow absorption of 
deuterium. Palladium is the only metal that exhibits the 
nuclear fusion at room temperature except for some 
alloys used for hydrogen storing. 
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Cold fusion is confirmed 
Institute for Nuclear Fusion succeeded in confiraing experi.ent 


of Nagoya University 
Asahi Shinbun (Newspaper) Jan. 11, 1990 


"' Professor Hideo Ikegaai of .the Institute for Nuclear Fusion~ (located at 
Chikusa-ku, Nagoya), which is one of the facilities for all universities, 
announced on January 10 that he observed nucleons up to 1.7 billion tiaes 
the natural background at one tiae in the cold fusion experiaent by means of an 
electric discharge. In this way the cold fusion by aeans of a discharge, as 


~announced by a group of scientists of Nagoya University last Noveaber and had 
been disputed pro and con, was finally confiraed by a third investigator. 


The apparatus for this experiaent was of about the saae type as that of 
Lecturer Wada and others of Faculty of Science, Nagoya University: inside a 
flask of diaaeter 8 ca." voluae 0.3 liter, were placed two palladiua ro~ of 
diaaeter 3 ••· length 3.5 ca, facing each other with distance of about 4 ca. 
After puaping out the gas fro• flask, D2 gas was injected to 1 ataosphere and 
sealed; let the whole thing stand for a few days so that the palladiua was 
saturated by the deuteriua. 


In this experiaent, within 1 second after a discharge by 12 kv, 450,000 
neutrons, and within the next 1 second period 850,000 neutrons were detected. 
These were 9 aillion and 17 aillion tiaes the naturally existing neutrons. In 
Wada's experiment, he detected neutrons about 20,000 ti.es the background for 
the initial 1 ainute period, and aore than 10 tiaes after the initial period for 
the remaining 10 hours, but in this case no such continuous eaission of neutrons 
was detected. 


In the experiaental set up of Wada and others they could not distinguish 
neutron signals froa electric and aechanical noises, but Ikegaai had equipaent 
to check for such noises, and he said that the resulting signal is certainly due 
to the neutrons. 


In order to be useful as an energy source, it is necessary to have an 
eaission of a few trillion neutrons per second continuously, or the Nagoya and 
'present situations are not sufficient for practical purposes. Professor Ikegaai, 
who is the chairaan of the cold fusion research group, sponsored by the 
Ministry of Education and Research, coaPOsed of several cold fusion researchers 
of the nation, said: "now that cold fusion is confiraed, the research effort in 
our group will be given iapetus. The next step is to find the aechanisa of the 
nuclear fusion". 


-------------------------------------------------------------







Lecturer Wada, upon hear·ing of the success of the nuclear fusion experiaent 


said "I aa delighted that they corrected the deficit in our experi.ent. We will 
make an efficient set up to produce a larger nuaber of neutrons continuously, 
and try to find structure changes in palladiua by electric discharge using an 
electron microscope." 


(* This institute used to be the Institute of Plasaa Physics, Nagoya University. 
How it is independent of Nagoya University and directly supported by the 
Ministry of Education and Research. They are building a superconducting helical 
device. M.M.) 
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Achievement of Intense "Cold fusion" Reaction 
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Abstract 


Intense generation of neutrons in "cold" fusion was achieved where " avalanche" 
phenomenon of nt"utrons t"mission was frequently observed by the deuterium forcedly 
penetratt"d into a palladium cathode ( ¢J 2 em X 5 em). There found · a very specific 
phenomenon of intense charge and discharge of deuterium in the Pd cathode during the 
continuous electrolysis of heavy water, and this was termed "on-off effect" . While tht" 
Pd was strongly absorbing and exhausting deuterium, the tht"rmal behavior of the Pd 
was examined in detail, and it was ·concluded that its feature and the generation of huge 
innerpressure of the Pd should be a necessary condition for the achievement of "cold" 
fusion reaction . It was clarified that a large amount of excess heat produced during 
the electrolysis was not due to "uno~served nuclear fusion" proposed by Fleischmann 
and Pons, but due to "reaction heat" which connected with intense absorption and 
explosive exhaust of the deuterium into and out of the Pd. 


Keywords: 


cold fusion, intense nuclear reaction, deuterium, heavy water-electrolysis, palladium· 
cathode, on -off effect, neutron, 
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(Translation of the text into English follows.) 


Introduction 
Recently reports1-3) are published in which deuteriuas were forced into Pd or 


Ti using two kinds of aethods and resulted in a "cold fusion" of deuterons due 
to the existence of .etals. One of thea1•2) is to put deuterons to the surface 
or bulk of metal by means of electrolysis, and the other3) is to put deuterons 
to the surface or near area of aetal under high pressure of deuteriua gas. In 
both aethods they observed only a saall a.aunt of neutrons eaitted by the "cold 
fusion" of deuterons: up to or slightly above the background. Thus aany 
scientists who tried the sa.e experiaents, particularly plasaa physicists, 
denied the existence of "cold fusion". 


For exaaple the Caltech group (Lewis et al) 4) tried electrolysis "cold" 
fusion experiaent for a long period of tiae under several conditions, using very 
sensitive detectors, but did not observe any "phenoaena" (neutrons, 7 -rays, 
triciuriS, 4He, extra heat etc.), hence denied "cold" fusion coapletely. Many 
other scientists5) had siailar experiences. Nobody who had been supporting 
"cold fusion" by that ti•e could refute that, because all they observed were 
neutron eaission of near or slightly above background, and they had trouble in 
reproduceability and reliability of their eXPeriaents. 


Thus the aost iaportant problea now is to prove that "cold fusion" really 


exists. 
We, recently, obtained a positive result in response to that problea. We 


achieved intense "on-off effect" (to be explained below) on the Pd-cathode, 
activated by forcing deuterons in and out repeatedly, gave high "aobility" 
(increase of speed and freedoa in direction of .otion) and huge pressure on 
deuterons. Thus we investigated the theraal properties of Pd with large a.aunt 
of deuterons inside, and found their important relations to the achieveaent of 
"cold" fusion. As a result we detected a reaarkably large aaount of neutrons in 
excess over the background. In soae case they appear as avalanches; over 108 n/s 


in one case. 
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The phenoaena were observed ten ti.es during one aonth: for periods as short 
as 30 ainutes and as long as 40 hours. Maxiaua of to13 neutrons per case were 
observed, and it was difficult to attribute thea to any other reaction than 
deuteron nuclear fusion. 


All Pd-cathodes used by other scientists before us were auch saaller than 
ours: they could not find characteristic heat properties of the Pd-cathode and 
strong "cold" fusion because of that. The unknown "nuclear fusion" with high 
yield of heat as proposed by Fleischaann and Pons1) does not exist; the heat 
they observed aust be the reaction heat produced when deuterons are absorbed 
into and emitted out of Pd-cathode explosively. 


Experiment 1 
Our experiaental equipaent is shown in Fig.1: bath is filled by D20+0.5~H2o 


with saall aaount of LiOH or LiOD added. The cathode is aostly Pd, and coapared 
with Ti. They are 20 .. in diaaeter and 50 ca in length. The anode is a platinua 
plate (width 50 ... length 100 ••• and thickness 0.5 ••). The current density in 
electrolysis is 20 to 500 aA/ca2, and 10 to 30 V is applied. The set up is kept 
in a te•perature controlled water bath, at a given teaperature T


0
, outside 


which are 4 neutron detectors (BF3 and 3ue), one aulti-channel analyzer(1024 
channels, connected to the BF3 detectors and a display) and they are connected 
to autoll8tic recorders, and one 'Y -ray detector. 


Let the palladiua which had strong "cold" fusion during the electrolysis be 
Pd_.; an exaaple of recorder chart of neutrons eaitted froa such Pdtt is shown 
in Figs. 2 a) and b). In the case of Fig. 2a) the total intensity is about 
103 aRea/h; the chart shown in the upper left is that of the "standard" nuclear 
source(252cf=105n/s, placed at the sa•e location as the Pd_.) observed by using 
the saae detector, and the intensity is 0.8 aRea/h. Coaparing the intensities 


for Pd~ and 252cf we see that the nuaber of neutrons e•itted fro• Pde is 110re 
than 10 n/s. If nuclear reaction energy for 1010n/s is 6 aVatt, the aaount of 
energy produced in this case is 0.1 aVatt. Fig. 2b) shows aaxiaua 107n/s 
continuous for 3 hours but with large fluctuation. 


Hext we analyzed the display of aulti-channel analyzer during the eaission of 
large aaounts of the neutrons fro• Pd_. and 252cf. Fig. 3 is the recorder chart 
(on logarithaic plot) of the neutron eaission. A) gives that for neutrons fro• 
Pd_. shown in the display through the BF3 detector <10s+10n~4He+7Li+2.78 MeV 
and 4He+7Li+2.30 MeV), recorded during only 10 seconds. B) and C) are froa 
standard neutron sources 241A.Se(=2x106n/s) and 252Cf(=105n/s), recorded for 
10 ainutes and 3 hours, respectively. D) shows background for 100 hours. B-1), 
C-1), and D-1) show those of AaBe, 252cf, and background, respectively, for 
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10 seconds. When we coapare thea to A) we see that the nuaber of neutrons 
produced in 10 seconds in this experi.ent is co~arable to that in 10 ainutes by 
241AaBe shown in 8), and that in 3 hours by 252cf shown in C). For the 
background we see that the noise increases with tiae, but no phenoaenal change 
even after a long period ~f ti.e. Fig. 4 is in linear plot with 103 as its full 
scale in contrast to Fig. 3 which is in log plot. A) is the record of neutrons 
produced by 252cf in 6 hours and 8) is that of neutron burst produced by Pdtl 
after producing neutrons for 40 ainutes. In this photograph, 252cr gives 11 
counts for 568 channels and a spread between 568 to 668; on the other hand, the 
Pdtl count nuaber is 143 for 40 ainutes in channel 568, which is over the full s 
cale of 100, resulting in avalanche of count points in all channels in the 
display. We, therefore, took the photograph B) in a short period of tiae of 
points of count display at 40 ainutes after a continuous neutron eaission 
started. At least .we see that Pdtl eaits by far a larger nuaber of neutrons than 
252cf. Patterns siailar to Fig. 3 and 4 are obtained every ti.e when recording 
siailar to Fig. 2 is obtained. In other words, these recordings are obtained by 
different detectors si.ultaneously. 


Thus we have shown that intense deuteron nuclear fusion appears with 
avalanche pheno.ena. 


Experiaent 2 
Next we investigated the theraal properties of Pd-cathode which contains a 


large aaount of deuterons. These properties are related to the production of 
"cold" fusion. Let the teaperature near the center of Pd-cathode be T2 and that 
of 020 be T1 (which has large local fluctuation), and that of theraal water bath 
which contains thea be T


0 
(which is controlled to be constant); then we see that 


as we switch "on" and "off" the electrolysis current they change as shown in 
Fig. 5: when the current is "on" we see T2>T1>T


0
, but when the current is turned 


"off" T2 decreases auch faster than T1, and coae to T
0 


alaost siaultaneously. 
If we "on" again at this situation T2 increases faster than T1 going back to the 
original situation. This phenoaenon is reversible, and is an iaportant theraal 
property of Pd-cathode. This is accoapanied by Joule heat VJ and reaction heat 
VR (due to absorption and eaission of deuteriuas by Pd), and their sua 
v1(=VJ+VR). When heat eaitted by Pd as it absorbs deuterons is Rexo' and that 
absorbed by Pd as it eaits is Rendo' then IRexoi=Rendo(=WR). In our experiaent 
W1/VJ=1.5, or VR/WJ=0.5, showing that a large aaount of heat appears and 
disappears inside Pd-cathode, and obviously the aaont of heat depends on the 







aaount of deutriuas contained~ If that amount is large, T2 increases or 
decreases .ore. We call this pheno.enon "on-off", na.ely ron-off of the 
currentJ. This pheno.enon is reversible which is an iaportant theraal property 
of Pd. 


For the Ti-cathode we find WR=O and W1=WJ. Thus Ti cannot absorb deuterons, 
or the deuterons penetrate only near its surface with a negligible reaction heat 
and a negligible change in T2. This is a big difference froa Pd, hence Ti-cathode 
is not suitable for intense "cold" fusion. This is because a deuteriua -Ti 
compound is foraed on the surface which prevents deuteriuas froa penetrating 
into the bulk of Ti. We see, for exaaple, when current is turned "off" in -the 
Pd-cathode tiny bubbles coae out violently for a few ainutes, but nothing like 
that seen in the Ti-cathode. 


We tried to iaprove the Ti-cathode by fusing Pd and Pd-Ti powders around the 
Ti-cathode to a few hundred aicrons. When the electrolysis is started, we see 
deuteriuas are absorbed rapidly at the beginning as in the Pd-cathode, but that 
is only for the fused surface layer, not on the Ti-cathode itself, resulting in 
big cracks at the interface of the surface layer as shown in Fig. 6. Thus we 
need to change the properties of Ti funda.entally or continue the research of 
the surface layer, if we want to use the Ti-cathode 


Experiaent 3 
We will state the thermal properties of Pd-cathode closely related to the 


"cold" fusion. The relation is stronger than that shown in experiaent 2. Fig. 7 
shows that as we increase T


0 
to soae extent, the teaperature of Pd-cathode T2 


increases rapidly and then goes up and down near a given teaperature 
spontaneously; this is a "new phenoaenon". It appeared about 50 tiaes in 20 hours 
in our experiaent. We aeasured such alternative teaperature change every 2 
hours, and let the aaxiaua of T2 during one 2 hours as TM, the ainiaua of T2 as 
TL, and the teaperature aaplitude as ~TM (=TM-TL); they are illustrated in the 
upper part of Fig. 7. Fig. 8 shows experiaental values of TM, TL' and ~TM. Ve 
see that ~TN=3oPC, hence the reaction heat due to absorption or eaission of 
deuteriua,' e ~T(=MC~T) is 360 cal(=1.5 kJ) if M=200 g and C=0.06 cal/deg.g. 
Since the average tiae interval for this teaperature change is about 80 sec, the 
average power is 20 Watts. This large average power is actually not due to an 
unknown nuclear reaction as Fleischaann and Pons1) assuaed, but siaply due to 
the explosive absorption and emission of the deuteriuas in and out of Pd. Next 
we will explain this "new phenoaenon" in .ore detail. The ratio (D/Pd) depends 
on the teaperature of Pd as shown in Fig. 9, which exhibits a characteristic 
hysteresis curve. Between 80°C and 110°C the ratio changes very auch; froa about 
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60~ to 5~. If we take TL=20°C and Tw=300°C the change is fro• 70~ to 1~. Since 
the ratio is extremely saall for TM~110°, the deuteriua is eaitted explosively 
froa the surface of Pd, and results in a rapid drop of r2. When TL~0° deuteriua 
is absorbed like an avalanche by Pd, resulting in a rapid increase of r2• This 
is the reason of the spontaneous oscillatory appearance of ~TM. 


Fig. 5 shows a pheno.enon due to the "on-off" of current, as previously 
stated. We ~ee, when Fig. 5 is coapared with Fig. 7, they both have the saae 
characteristics. However, the reaction shown in Fig. 7 is 10 to 100 tiaes aore 
intense than that of Fig. 5, so we call this new reaction an "on-off effect". 
We designate Pd which experienced this effect as Pd*, and call the teaperature 
range ~r80~110 as "on-off range". 


In order to understand these "on~off" states, we take the following two 
exaaples. In the first exaaple we take Pd saturated by the deuterons at 30°C and 
put that into an oil of 1500C. Pd is oversaturated by the deuterons and eaits 
deuteriu.s explosively to produce a strong upward streaa of oil. This stream of 
oil is aore violent than that in "Tenpura" of water containing food. Siailarly 
when Pd prepared as before at 30°C is placed in a vacuua oven and heated to 
110°C, it eaits a large aaount of deuteriuas so rapidly that our vacuua puap 
cannot keep up (650 1/sec). As a result, the oven stays at ataospheric pressure 
for a long time. In other words, a high pressure appears instantaneously inside 


• the Pd•, which is deforaed and pushes out deuteriua explosively. For exaaple, 
for 99.85~ pure Pd the Vickers hardness index is v8=38, and the aaxiaua 
strength is a.=17.5 kg/aa2, and Pd saturated by deuteron has about three times 
of this value, v8-110, which iaplies a.-so kg/aa2 (=500 ataosphere). Thus when 
Pd is super-saturated to get about 4~ plastic deforaation, its inner pressure 
aust be at least 5000 ataosphere, and probably aore. 


In the case of sPOntaneously oscillating "on-off effect", the inner 
temperature of Pd takes its aaxiaua T2, hence the above stated effect appears 
near its center axis first, resulting in bulging of both ends of the cylindrical 
cathode by about 1 ••· as shown in Fig. 11(a); this corresPOnds to about 4X 
plastic deforaation. Vhen aaxiaua T2 appears out of the central axis, the 
cathode is deforaed like a bent-nail, as shown in Fig. 11(b). This phenoaenon is 
proof that the inner teaperature of Pd is higher than the boiling paint of the 
electrolysis liquid, or higher than 1100C. However, because of the 


• "on-off effect", the increase of the inner teaperature T2 of Pd. is strictly 
liaited, to prevent aelting or evaporation. The reason is that, due to 
TM(~110°), the deuterons cannot stay in pdf, resulting in explosive eaission to 
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eaphasize cooling effect. No one so far has .easured the teaperature of Pd 
itself. Instead people measured that of the electrolysis liquid or the surface 
of the cathode, but the measureaents do not reflect the theraal properties of 
Pd, and this leads to wrong conclusions such as of Fleischaann and Pons; hence 
one has to be careful. We heard an explosion, heating, and ignition a few tiaes 
near the surface of the Pd, but they aust be outside the Pd, not due to an 
inner reaction. As very active deuteriums coae out of the Pd surface as ainute 
bubbles, the current must decrease rapidly inducing a high voltage locally which 
produces ignition with spark, or burning soae impurities. In these cases, the 
increase of Pd temperature is only 1 to 2 degrees, thus it is not due to any 
inner reaction of Pd, nor due to an unknown "cold" fusion reaction 1). The 
"on-off effect" of Pd cathode is, therefore, the JIOSt important property aaong 
others. 


After an explosive eaission of deuteriuas froa the Pd surface, we polished 
the surface as we do for a aicroscope preparation, and after 1 to 2 hours sealed 
it in a vinyl bag with saall holes for 3 days. We observed that the surface was 
wet with 020 and the bag contained about 3 cc of D20· This aust be the active 
deuterium which has reacted with oxygen in the air. No such phenoaena were 


observed with respect to Ti-cathode, but we saw soae aicroscopic saall POwder 
pieces as shown in Fig. 12. They must be soae coaPOunds of Ti and deuteriuas as 
stated in experiaent 2. 


Discussions 
We used a auch larger Pd-cathode and Ti-cathode .than anyone else. Many 


scientists used a very saall cathode, such as 1 •• thickness of string or foil, 
but with such small cathodes there are a few causes to prevent "cold" fusion. 
One cannot measure teaperature or its change of the cathode. Even when exo- or 
endo-thermic reaction appear, any extra heat will be absorbed quickly by the 
electrolysis liquid, making it difficult to detect thea, and the teaperature of 
liquid cannot exceed its boiling temperature. Particularly, the Pd-cathode will 
be rapidly saturated by the deuteriua rapidly to fora a stable PdDx' and cannot 
expect to have the strength to endure the very high inner pressure~ Under such 
condition, the mobility of deuterons necessary for the nuclear reaction is lost; 
one cannot have "cold" fusion forever in electrolysis. 


Nobody previously noticed that saallness of the cathode is a fatal aistake. 
We realized that fro• the beginning and designed the cathode to have diaaeter 
2 ca and length 5 ca. In this way we can aeasure the teaperature of its center, 
T2, accurately, and independently fro• its surface teaperature, T1, which is 
also the teaperature of the liquid electrolyte. Thus we can find its change due 
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to exo- or endo-thermic reactions. Only in this way we find the appearance and 
properties of "on-off effect". We think that the size of our cathode happens to 
be appropriate for the "cold" fusion. 


We want to emphasize this: scientists both pro and con on the existence of 
"cold" fusion have only tried electrolysis for a long time. For exaaple, those 
who denied the phenomena used high precision detectors and tried electrolysis 
for days and months, but could not find any phenomenal change, while those who 
were for the "cold" fusion insisted that even if it were so low that one needs 
to have statistical treatments, one should be able to detect so.e results if the 
electrolysis were continued for a long time. They both had electrolyses with the 
same conditions, but extracted opposite conclusions to our surprise. Ve feel that 
both of thea had iaplicit autual understanding that only if one is patient 
enough, electrolysis would produce "cold" fusion soaeday. We, however, think 
that simple electrolysis will never, even for aonths or years, produce strong 
"cold" fusion. Actually electrolysis for a longer period than a critical value 
would make it worse. 


We think that the •iniaum condition for strong cold fusion is to activate the 
Pd surface and push deuteriuas into Pd as quickly as possible. An electrolysis 
for a long period of tiae renders the surface inactive and sometimes prevents 
deutrons froa penetrating it. Also, it is necessary to polish the surface now 
and then. Another important point is to make the density of deuterons inside the 
Pd as high as possible and give thea intense pressure and mobility (both in 
speed and direction of motion). 


To satisfy these conditions, we applied deuteron saturated Pd to the "on-off 
• • effect", making Pd into Pd•; then kept "current-on" this Pd. for 2, 3 days to ... . 


produce deuteron saturated Pd"", still keeping "current-on" for about 3 hours to 
polish the surface, and again kept "current-on" for 2, 3 days to have strong 


... 
avalanche of "cold" fusion, namely achieved the transforaation Pd.~Pd._. 


Among the two Pd-cathodes we used, successful results were obtained with the 
Pd which is shown in Fig. 11a); we obtained above stated results 10 times during 
one aonth. For the one shown in Fig. 11b), as shown in Fig. 13, measured by 
high sensitivity enclosed BF3 neutron detector (NPC-101.Aloka) and in Fig. 14, 
measured by 3He neutron detector modified as enclosed fora (TPS-451 S.Aloka), 
only _a weak but true neutron eaission, a few times stronger than that of the 
background. In Fig. 15 upper liait of background noise of each detector is shown 
for this case. We thus found aany of the necessary conditions for "cold" fusion, 
but we have to find differences for the case of Figs. 2, 3, and 4, and case of 
Figs. 13 and 14. We also have to learn aore about when the reaction appears and 
disappears. We are going to investigate the necessary and sufficient conditions 
for "cold" fusion. It will also be iaportant to me~sure neutron energies and 
other reaction products. 
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Note added in proof (received on Dec. 19, 1989.) 
Strength of "on-off effect" varies. We gave insufficient "on-off effect" on 


the cathode two tiaes, on Dec. 6 and 7, and investigated resulting neutron 
eaissions. In both of these cases, we obtained results siailar to each other: 
the following Figure shows their results as obtained using 3II .odified as 
enclosure type (TPS451S.Aloa) and •ore sensitive enclosedBF3 (NPC-lOl.Aloka), 
both connected to the saae pen-recorder, as in the case of Fig. 15 of the text, 
and recorded on the saae paper. Strong neutron pulse eaitted by Pd_. is recorded 
by both detector si•ultaneously; peaks A-A, 8-8, c-c, D-D, and E-E correspond to 
each other. These pairs shift by 3 •• in each case, but that is because pens 
were separated by that aaount. 


In this way, we see that Pd_. eaits neutrons intensely, and that is closely 
related to the "on-off effect". 







Fig. 1 Experi.ental set up. 


A glass beaker contains 300 cc of D2o with 0.03, 0.05, and 0.1 units of LiOH 
and LiOD. These are aade froa Li metal. The cathode is suspended by a gold 
plated Ti rod of diaaeter 5 ••~, and positioned 2 to 3 •• below the top of 
the liquid. The electric current and potential are 2 Aap and 15 volt, and 25 
volt in aost cases. 


Fig. 2 a) Recorder chart for neutrons emitted fro• Pd._(BF3 detector 22020, aade 
in Sweden.) 
Recorder chart at upper left is the one for a "standard neutron source" 252cf 
(-105 n/s), placed at the same position as Pd 41 , by the saae detector, 
showing intensity of 0.8 aRea/h. The neutron eaission fro• Pd41 was observed 
10 tiaes in one aonth. The intensity was over 103 aRealh twice, was about 10 
mRea/h three times, and was in between thea at other tiaes. Coaparing with 
252cf, we see that the aaxiaua intensity was found to be 108 n/s. 


Fig. 2 b) Another recorder chart for neutron eaission fro• Pd._. 
In this case aaxiaua neutron eaission intensity was 107 n/s and lasted for 
three hours. 


Fig. 3 Display (log-display) of neutron eaission fro• Pd 41 by aultichannel 
analyzer (BF3 type, nu•ber of channels is 1024). 
To eaphasize the iaPOrtance of the display for neutron eaission fro• Pd 41 
A), i.t is coapared with B), C), and D), which are for standard neutron 
sources, 241AaBe (-2x106n/s), 252cf(-106n/s), and the background, 
respectively. In order to show that neutrons are really eaitted fro• Pd 41 
we pick up the 568th channel, which is suitable to show neutrons froa 
standard sources, 241A.Se and 252cf, indicated with a horizontal bar in 
the display, and coapare thea with the patterns which appear in the 100 
channels between this and the 668th channel. Thus we can coapare the patterns 
in these 100 channels for the duration tiae r to find the neutron eaission. 
For exaaple, A) is the display pattern for neutrons eaitted fro• Pd41 for 
only 10 sec (r =10 sec), and is coaparable to B) which is froa 241AaBe for 
r =10ain, and C) which is fro• 252cf for r =3hrs. Also coapared with B-1), 
C-1), and D-1), which are r =10 sec like A), we see re~~arkable differences. 
Thus we see how a large nuaber of neutrons are eaitted as an "avalanche" fro• 


Pd._ • 


..._ __________ _ 







Fig. 4 Display (linear display with full scale 102) of neutron eaission from 
252cf coiiPared with that froa Pde. 
A) Neutrons fro• 252cf (=105n/s) for 6 hours. 


B) Neutrons fro• Pde (=108n/s) for a short period of tiae after 40 ainutes 
of e•ission. 


Fig. 5 Relations between T2, teaperature inside the Pd-cathode, T1, teaperature 
of liquid which depends largely on location, and T


0
, which is the controlled 


teaperature of the thermal bath when the electrolysis current is on and off. 
When the current is "on", we see T2>T1>T


0
; this is because deuterons are 


absorbed by Pd as an exotheraic reaction. When the current is "off" deuterons 
are eaitted fro• Pd as an endothermic reaction. In this experiaent the 
reaction heat was about half of the Joule heat. In the case of the Ti-cathode 
such reaction heat was negligible coapared to the Joule heat. 


Fig. 6 Cracking of fused layer on the Ti-cathode. 
Deuterons are absorbed by the layer of Pd and Pd-Ti pawders fused to the 
thickness of a few hundred microns, as by the Pd-cathode, but they are not 
absorbed by the Ti-cathode itself, resulting in the cracking at the 
interface. The Ti-cathode is not suitable for "cold" fusion. 


Fig. 7 Theraal property of the Pd-cathode during the "on-off effect". It looks 
siatilar to the "on-off" of the current shown in Fig. 5, but in this case 
it is independent of the current "on-off". Explosive deuteriu• eaission and 
absorption appear spontaneously while current is on, and a large aaount of 
heat is given off to the liquid. This is not due to the unknown "nuclear 
reaction" as proPOsed by Fleischaann & Pons. This effect of deuteriua 
eaission and absorption is 10 to 100 tiaes stronger than that for Fig. 5. 
The driving force to produce this phenoaenon is due to the characteristic 
hysteresis (Fig. 9) of the teaperature dependence of the deuteron saturation 


aaount in relation to Pd. 


Fig. 8 Variation of the inner teaperature of the Pd-cathode due to the "on-off 


effect"; TM is the aaxiaua, TL is the ainiaua, and ~TM is the aaplitude for 
a given two hour period. 
This· ~TM appears spontaneously by the "on-off effect", and is about 30°C on 
average; but this large reaction heat is not due to the unknown "nuclear 
reaction" as stated with regard to Fig. 7. 
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Fig. 9 The teaperature dependence of the ratio deuteron/Pd.6) There is a 
characteristic hysteresis at 80°C and 110°C for deuteriua, and that is the 
cause ·or the "on-off effect" and LlTM of Fig. 8. For the hydrogen, however, 
the hysteresis loop is above 100°C, (1200C to 150°C), hence no "on-off 
effect" or LlTM appears under one ataosphere unless soaething is done. This 
aakes a large difference between deuteriua and hydrogen with respect to Pd. 


Fig. 10 An example of "on-off effect". 
When Pd is saturated at 30°C is heated in a vacuua oven, an explosive 
eaission of deuterium appears at around 110°C, and that disrupts the work of 
the vacuum puap. 


Fig. 11 Deformation of the Pd-cathodes under the "on-off effect". 
In (a) the aaxiaua inner teaperature TM appeared along the center axis of the 
Pd-cathode; due to a very large internal pressure induced by the "on-off 
effect" both ends of the cathode bulged up by aore than 1 ... giving 4~ 
plastic deformation. In (b) TM appeared off the center axis, and is bent by 
about 15°. 


Fig. 12 Powders which caae out of the Ti-cathode. 
After a long tiae of electrolysis, we placed the Ti-cathode in a vinyl bag 
for 2, 3 days. These POWders came out autoaatically; they were shiny silver 
white, probably they were deuteriua-titaniua coapounds. Their thickness vas 
about 100 microns, length was as long as a few aa, and aost of thea were 


spiral in fora. The unit shown is 1 ••· 


Fig. 13 An exaaple of weak neutron eaission (A). 
The Pd-cathode shown in Fig . 11 (b) was used. In this case only a few tiaes 
of background neutrons were eaitted. The detector used was a highly sensitive 
enclosed BF3 neutron detector (HPC 101.Aloka). 


Fig. 14 An exaaple of weak neutron e•ission (B). 
This tiae a 3He detector(TPS 451S.Aloka), .odified to be an enclosed for•, 


vas used. 


Fig. 15 Measureaents of background of each detector. 
The upper liait of the background of detectors we used are shown and coapared 


to each other. 


Fig. for the note added in proof. 
Simultaneous measureaent of a neutron eaission by 3He and BF3 detectors. 
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Professor Johann Rafelski 
Department of Physics 
The University of Arizona 
Tucson, AZ 85721 


Dear Jan: 


AR 1 199 


Thank you for your letter of February 12, 1990. 


I fully agree with you as to the need to pursue theoretical research in order 
to elucidate the various nuclear phenomena reported by some laboratories under 
the general heading of cold fusion. Let me also state that we at the Division 
of Advanced Energy Projects consider you as a leading force in the field of 
cold fusion theory and would be delighted to see the University of Arizona 
play a major role in that field, assuming that the experimental results 
pertaining to cold fusion warrant such effort. 


Which brings me to the main problem in planning support for your group. 
Should there be within the next year a surge of confirmatory cold fusion 
results, with an accompanying tidal wave of interest in the scientific 
community, the amount of $400Kjyear you mention would not appear unreasonable 
to request. Should on the other hand the present trend continue of positive 
results trickling in, only to be challenged by equally credible negative 
results, it would be hard to justify a significant theoretical effort centered 
on a phenomenon of dubious authenticity. Thus, a discussion of specific 
levels of effort that would be appropriate for your project would have to be 
delayed as much as possible, so as to take into account the most current 
status of cold fusion experiments. 


Having said that, let me share with you a serious concern. If the University 
of Arizona wants to aspire to become a world-class center for cold fusion 
theory (again, assuming that cold fusion exists!) it must demonstrate an 
appropriate level of corporate commitment. Thus, any future proposal from the 
University would have to contain specific assurances that proper working 
environment will be provided to members of your group. Personal observations 
made at the time of my recent visit led me to conclude that this is presently 
not the case. 


Best regards. 


Sincerely, 


Original signed by~ 
Ryszard Gajewski 


Ryszard Gajewski, Director 
Division of Advanced Energy Projects 
Office of Basic Energy Sciences, ER-16 


ER-l6:RGajewski:mfr:3-5995:3-l-90:c:\Gajewski\JRafelski:wp 


ER-16~. & . 
Gajewski 
3/ l /90 
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Dr. Ryszard Gajewski, Director 
Advanced Energy Projects 
US-Deparbnent of Energy 
GrN ER-16 
Washington DC 20545 


Dear Ryszard: 


TUCSON ARIZONA 
1118 E. 4th Street 
Tucson, Arizona 85721 
(602) 621-6820 


February 12 I 1990 


over the course of the past year the primarily •'hobby'• program of 
theoretical cold fusion research has been growing within my theoretical muon 
catalyzed fusion group to the degree that I nrust today consider seriously 
the options arising to continue with this research. The opinions abo".lt cold 
fusion are very divided in the scientific oamnmity, ranging fran outspoken 
warnings fran my peers not to ruin my scientific career by further 
involvement, to clear encouragements. Without doubt, there will be always a 
flair of caution surrounding any such theoretical research program, mainly 
due to the inability of even the semi-infonned scientific public to 
differentiate our effort fran the Pons-Fleislnnann•s circus. 


However 1 fran the frequent interactions we have had I have the perception 
that you concur with me that it is absolutely necessary to seek explanations 
of the nuclear phenanena observed in various laboratories, in particular 
here the randan fusion neutrons, the neutron bursts, the tritium-like beta
spectrum. The sporadic appearance of these phenanena may be due to either an 
uncontrolled ingredient ("catalyst") or due to resonance matching in the 
solid of certain nuclear properties and the resul tinq coupling of nuclear 
and atanic properties akin to the MOssbauer effect. Once these 
characteristic nuclear observables have been properly clarified, it may well 
be that there is space for the understanding of any heat imbalance reported 
since 1926 by several groups. 


It is hard for me to see clearly the effort needed to succeed in this 
project; in general we both know that 100ney can not buy scientific insight, 
but on the other hand this very strange subject requires several different 
lines of approach in order to hope for real progress. Therefore my intention 
wculd be to keep my group at the level of activity already reached and tum 
all its attention towards the understanding of cold fusion. This would ilrply 
an annual budget of about $400 1 ooo • The length of the project will of 
course depend on the actual results, but in order to be able to employ 
serious collaborators, at least an 18 100nth period, and better two years 
should be envisaged. I would appreciate it if you could cxmnent to me at 
your earliest opportunity about the prospects for a proposal along these 
lines. 


Yours Sincerely 








... 
1 • 


Profes11or Stanley Pons, Qlainum 
~ of I'J'!ea1.,..-y 
'Dni'Versity of "Utab 
HeMJ EyrUa& Buildm& 
. .s..lt l.Me City • Dub I4J.l2 


Dear Professor Pons: 


April 24, 1989 


This will acknowledge the receipt of your April 14, 1989 7 letter. Please 
1l8ke .sure that the Universiey of Utah fonaally notifies the DOE Contr4lctin,g 
Office in Chicago of the university's decision to withdraw the grant 
applic&tion. 


I w.as pleased to 1~ &bout your plans for a .. jor research effort oriented 
toward a better understanding of the phenomena involved in the process you 
reported. The Department of Energy will stand ready to consider a pertinent 
proposal. vhich you. aay submit to the Division of Advanced Energy Projects . 


I certainly wish you 4IDd Professor Fleischmann every success in yDur research 
endea'vors . 


bee: ER-1 
!R-2 
ER-10 
~ 


Sincerely., 


Rys%ard Gajewski, 'Direetor 
Division of Advanced Energy Projects 
O££ice of ·Basic Energy Sciences. ER-16 


Gajewski 
04/20/89 
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April 14, 1989 


Ryszard Gajewski, Director 
Division of Advanced Energy Projetts 
Office of Basic Energy Sdences, FA-16 
Depanmem Gf .Energy 
Wasbington DC .20545 


Dear Dr. Gajewski: 


As 1 told you m our last discussion, 1 have considered the possibility of withdrawing the :proposal 
submitted 'tO you last -tall peganting aplotatory ~ on our nOftl concept of an alternative fusion 
~rgy '50UT<le. Wltile this iJr.oject ~ t~ us t-e be -at too -early a ~tege foc -developtMnt t{J -qualify f'(}r 
funding by DOE for technology development, and involved a high degree of risk, there was clearly an 
indication of a high potential payoff. These t:onsiderations obviously led us to apply for funding 1lilder 
lhe 4115pices of yam lniliarive (cf. Progr:am Description Bulletin, Department of Energy, Office .of .Basic 
Energy Sciences, Division of Advanced Energy Projects, page 3). 


Because of the long delays 'that have occurred (due 'tO -the 'l1!View -process and due 'to the 
negotiations of the unusual circumstances that arose in that ])I'OCess), I must tell you that w~ have 
accomplished most of the preliminary work proposed 'tO you. I am therefore obligated to instruct the 
University of Utah to withdraw lhe proposal. 


We intend now to begin a major ~ effort in new directions which will lead to .a more 
complet-e understanding of the .reattWns involved in the process. This new effort is quite broad in scope, 
and we will be seeking annual funding levels of approximately $2.5 million. We would of course like to 
know jf we might submit ~ ne¥1 proposal to you for consideration. 


SP/sdp 


cc: , 
Dr. James Brophy 
Dr. Hu-go Ro~~i 


Department of a.ea....., 
Henry Eyring Building 


Sa.Jt Lake City, Utah 84112 
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THE UNIVERSITY OF ARIZONA 
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COLLEGE OF ARTS AND SCIENCES 


JOAClli.TY OF SC:IF.NCF. 


DEPARTMENT OF PHYSICS 
BUILDING #81 
(602) 62 J -6820 


Dr. Ryszard Gajewski 
US Dept of Energy/AEP 


by FAX 


Dear Ryszard: 


August 31, 1989 


Enclosed please find a preliminary note on our understanding of 
the question of tritium production in Cold Fusion . 


It ~ould be very kind of you if it would be possible for you to 
forward a copy of this note to ER-6, JF-061 (William Woodard ) 
a s per their request of 9 August. As I have no FAX number for 
Dr. Bigeleisen, I also ask them to attend to any further 
d istribution of this preliminary document, intended only for 
INTERNAL use by the committee. 


Please limit distribution to official use only until submission 
for publication. 


I4J 002 
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Comment on Tritium Production in Cold 
Fusion in Condensed Matter 


David Harley and Johann Rafelski 


Department of Physir.s 
University of Arizona, Tucson, Arizona. 85721 


August 29, 1989 


Following on the firs~ report of the observation of cold fusion neutrons in lab
oratory, [1,2], Fleischmann et a/[3] have also claimed that anotnalous an1ounts 
of tritium may be produced in this way. While their. other n1easurn1ents of heat 
and million times higher neutron yield than that of Jones' have been. repeatedly 
criticized, there have been recently several reports supporting the third claiin 
that tritium is produced during the electrolysis of heavy water !4,5,6,7]. In 
particular, Packhatn et al have presented experimental data. that places a lower 
limit on the tritiurn production rate in two such experhuents wit.h palladiu1n 
cathode and nickel anode, vis. their runs labelled lA2' and 'A7', for which 
we estimate a lower limit on the tritiun1 production rate of 5.2 >~ I06m1- 1of 
electrolyte s-1a.nd 2.1 x 108rnl- 1s-1 respectively. The same group concurrcnt;ly 
measured the neutron flux during the expcrirnental runs. In one electrolytica.l 
cell they obtain a neutron count of about one per second [8) which is about 
106 less than the expected value derived from conventional deuteron-deuteron 
(dd) fusion, assuming :;,yrnmetry between the neutron and tritium producing 
branches of the dd-fusion reaction. While the neutron count rate is consistent 
with the observation of 2.45 ~eV fusion neutrons reported first by SE Jones et 
a/[2], the reported tritium yield requires son1e phenornenon other than the one 
associated with the results of Jones et al. According to Wolf [8] it is very un
likely for the observed tritiun1 abundance to have been from an impurity within 
the electrodes used in the experiments. 


There are two points presented here in v-iew of which make the trithnn pro
duction perhaps even more rnysterious than the excess heat reported. Firstly, 
the non-observation of neutrons severely limits the final-state triton energy due 
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to the possibility of a neutron producing dcuierium-triLium (dt) secondary reac-.. 
tion. Secondly, the required smallness of thiet energy makes tritium production 
even Jess likely in an exit channel in which more than one charged particle is 
present (such as the proton-tritium (pt) exit channel of the dd reaction), due to 
the Coulon1b suppression of such channels. These observations seem to in1ply 
that the only possible nuclear mechanism derives from some nuclear reaction 
other than dd, and we discuss all possible options without arriving at any satis
factory conclusion. Perhaps we should emphasize here that while we explore the 
consequences of energy and momentum conservation, which we presume to be 
sacred laws of physics, we are ignoring the fact that the lowest order quantum 
mechanical processes lead to rates for the processes we are discussing which are 
many orders of magnitude too small. 


The constraint on the final state triton energy arises from the possibiiity of 
secondary fusion reactions being induced by high energy tritium produced in the 
'cold fusion reaction'. It is well known that the dt reaction has an unusually 
1arge cross section that peaks at about 5 barn for a triton incident upon a 
deuterium target at a.n energy of about 70 KeV. The cross section is reduced 
to 2 barn at about 150 KeV, and falls off as 1/ Et at higher energies. If a high 
energy triton is produced in an environment containing substantial amount~ of 
deuteriutn, it has a significant probability of undergoing a fusion reaction before 
being brought to rest. Specifically, the fraction of tritons of initja} energy E 
that will fuse in a target is given by: 


NfutJ .-v fE dE'?,fua(E') 
N,nc - Jo 8(E') 


(1) 


<Tfu:8(E) is the energy dependent fusion cross section. S(E) is the stopping 
power of the target, and at low energies is generally dominated by electron 
ionization processes that dissipate the incident charged particle's momentum. 
We have computed this fraction in manner simHar to our prior treatment of the 


suggested fractal fusion [9J as function of the incident triton energy, using exper
inlental data for the fusion cross section for d+t-4 a(2.8 MeV)+n(14.8 MeV) 
[10] and computing S(E) fort incident upon a PdD target using a standardized 
approach [llJ. Despite the relative smallness of the fusion fraction (7.9 x 10-12 


fusions per triton at 10 Ke V, 1. 7 X 10-9 at 20 Ke V, and increa:~ing to 2. 7 x lo-B 


at 100 KeV) the absolute yield of secondary neutrons we should expect to soc 
turns out to be forbiddingly high. For t-energies as small as 100 KeV we find 
that the secondary neutron production rate should be of the order of 14 neu-
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trons ml-1electrolyte s- 1 (for run A2 of Packham), or 570 ml""""' 1s~ 1 {Run A7). 
For the less restrictive run (A 7), only at a triton energy of 14 Ke V does the 
secondary neutron flux begin to fall below the threshold of detcctibility of neu~ 
trons (about O.Ols-1and assuming an electrolyte content of 10 ml). We assume 


in these estimates that all other neutron channels (such as fro1n d+d-t3He+n) 
are totally suppressed. 


H tritium is indeed created with the required energy of less than about 
20 KeV, then one can expect an asyrmnetry of greater than 50 : 1 favoring the 
unwanted neutron branch in the dd fusion reaction. This arises as a simple 
consequence of the appearance in the transition matrix element of not only the 
entrance channel wave function (containing the usual tunneling amplitude) but 
also the exit channel wave function, which in. the case of the charged reaction 
products t+p being created at KeV energies will be suppressed due to the srna.ll 
amplitude of the Coulomb wave near to the nuclear channel radius in this exit 
channel. This effect is well known, such as in the Gamov description of a


radioactivity. Clearly, the 3 He+n channel does not suffer from this suppression, 
a~ there is no repulsive Coulomb force acting between the reaction products. 


One may also wonder where the energy of fusion has gone, if tritons are 
fornled at such small energies in the dd reaction. The only plausible answer 
is that such a reaction arises in association with the conversion of an electron, 
or a BreinBstrahlung photon. The phase space of the three final state particles 
favors equal momentum for each, but that implies that the n1omentum of the 
nuclei is only about 4 MeV fc. This corresponds to a very small energy for the 
triton, just a fraction of a Ke V. While this is in accordance with the lack of sec
ondary neutrons, such a tiny energy would lead to a titrong branching into the 
neutron producing branch of the dd reaction because of the above- mentioned 
final state Coulomb effect. Th.i.s observation is weakened. to some degree by the 
possibility of (yet unexplained) long range neutron tunneling towards one of the 
deuterons, but one would expect such a process to produce energetic tritons. 


Thus if indeed the tritium observed is due to cold fusion, we tnust find an
other nuclear reaction which will form t ,dtons at just the "right'' energy of about 
20 KeV, higher energies being forbidden by absence of secondary neutrons, lower 
energies being made implausible by final state Coulon1b suppression. We there
fore turn now to consider a11 possible tritiurn producing, deuterium induced 
nuclear teactione, accessible in cold fusion. The number of direct exothermic 
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(positive Q-value) nuclear reactions involving a. deuterium reacting with a sta
ble or sufficiently long lived nucleus with nucleon number (A), resulting in 
tritium and a nucleus (A-1), is indeed severely limited; in fact, a survey of 
all such exothermic reactions using available nuclear and atomic mass tables 
{12] reveals just fifteen such possibilities, and two other candidates with sn1.a1i 
endothermic reaction energy (negative Q-values) which could possibly change 
sign after reevaluation of the experimental data. The two exothermic reactions: 


d+183W---*t+182W (Q=46±4 KeY) and particularly 
d+201Hg-tt+~w0Hg (Q=l9±6 KeY) 


are the only two known reactions with a Q-value of less than 100 l{cV. The 
other 13 reactions, aside from the usual dd case, are; 


d+6Li (Q=2.557 MeV for the a:+n+t channel); 
d+9Be (Q=4.592 MeV); 
d+18C (Q=l.311 MeV); 
d+uO (Q=2.114 MeV); 
d+143Nd (Q:=l33 KeY); 
d+145Nd (Q=302 KeV); 
d + 149Sm ( Q=385 Ke V); 
d+1701If (Q=157 KeY); 
d+1890s (Q=336 KeY); 
d+195Pt (Q=152 KeY); 
d+285 U (Q=959 KeY); 
d+238U (Q:::;;lQ5 KeV). 


None of these 13 more energetic reactions can proceed via a small Q .. value 
to an excited intermediate state in the daughter nucleus. The nuclear mass 
data currently available further shows that d+163Dy has an adopted Q-value of 
Q=-14±4 KeV, having been listed at earlier times as Q=5 KeY. Another case, 
d+116Lu has been listed with Q=66 KeY in older mass tables, but today the 
adopted value is Q!:;-36 KeY. 


Thus if tritium is produced without the presence of a much larger neutron 
signature, we must conclude that a ( d,t) reaction on a heavy nucleus has taken 
place by some unknown mechanism with the best candidate being the reac
tion involving 201Hg (13.6natural relative abundance; resulting in a triton of 
19±6 KeV, just barely within the tolerable lirnit for neutron production by 
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secondary reactions. (Othe:r such good candidates are 183W (14.3% natural 
abundance) and perhaps also 168Dy (24.9%).) In view of the obstacles to such 
a reaction and the preceding discussion we however conclude that the process 
of tritium production wjthout accompanying neutron yield gives rise to even a 
greater scientific n1ystery as the purported anon1alous heat effect. 
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