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A. HELIUM-4 FOUND IN Pd ELECTRODE

Themostimportant cold fusionannouncement madeat therecent
BYU conference was the joint announcement by Dr. Nate
Hoffman (as both Chairman of the General Paperssessionand a
member of the laboratory performing themeasurements) and Dr.
Bruce Liebert of finding significant amounts of “He in a Pd
electrode. Thereport follows:

Prof. Bruce Liebert (U of Hawaii).

[The experiment, which yielded very high levels of excessheat
and “He, used a novel molten-salt electrolytic cell. For
additional information, refer to Special Symposium Proceedings,
COLD FUSION, World Hydrogen Energy Conference #8 (July
1990) or the October 1990 FusionFacts. Ed.]
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Professor Liebert reported that the molten salt cell differs
radicaly from typical electrolysis cells in that the operating
temperature is greater than 350 C, and the electrolyte is molten
LiCl and KCl salts with LiD asadeuterium source. The system
is extremely reducing (oxygen activity < 10%°) so that ordinary
transition metals which would ordinarily form a hydrogen-
blocking oxide film can aso be used. It was noted that the
temperaturewas above thecritical temperature for theal pha-beta
phasetransition in Pd, which had been suggested by some other
researchers as possibly aiding in the fusion process. The
deuteriumis transported as an anion; the metal of interest is
run as the anode rather than the cathode.

Datafor aPd experiment showed excess power (excess heating
relativeto electrical power input) increasingwithcurrent density;
at 692 mA/cn? the power gain was approximately 1500% (25
W). The excess heat totaled over 1000 MJmole Pd in
approximately 100 hours, and could presumably have continued
longer except that the LiD in the cell electrolyte had been
exhausted.

No tritium or neutron measurements were made during this of
this experiment. However, Dr. Nate Hoffman of Rockwell
measured “He by mass spectrometry in 4 segments of the above
electrode, aswell astwo segments of another el ectrode from the
same source which had not been electrolyzed. An LiH control
Pd electrode is till to be measured. One of the reasons for
analyzing and reporting the various segments individually was
the possibility of a nonuniform distribution of fusion products,
such aswas seen, for instance, by the BARC, Indiagroup. The
two blanks yielded 0.2-0.3x10° atoms of “He, similar to the
background of 0.1-0.7x10° atoms. The 4 samples yielded 0.6,
0.6, 0.8, and 2.8x10° atoms; the latter is 14 sigma above
background. However, as discussed afterwards, the inferred
4x10™ fusion events, while clearly significant, arefar less than
would be needed to accountfor theheat generated by this anode;
thusif“Heis theprimary product of the heat-producing reaction,
the mgjority of the heliumwas not retained in the electrode (due
to a surface mechanism, porous eectrode, etc.).

EDITOR'S COMMENTS

This announcement is of fundamental importance in the
advancing discoveriesin cold fusion as it was the first, to our
knowledge, of significantly large numbers of ‘Heto be measured
ina spent palladium electrode. We strongly urge all cold fusion
research groups, who have personnel experienced in working
with molten salts, to replicatethisimportant experimental work.
Please note that replication isnot simple. Similar to the heavy
water el ectrolysisexperiments, the pre-treatment of the palladium
electrode appears to bethe key factor in achieving large amounts
of excess heat.

B. COMMENTS ON BYU CONFERENCE

In thisspecial issueof Fusion Facts weare pleased to present a
review of most of the papers presented at the recent BYU
international progress review on ANOMALOUS NUCLEAR
EFFECTS IN DEUTERIUM/SOLID SYSTEMS.

The papers reviewed are organized according to the following
aubjects: Neutron Measurements, Charged Particle Detection,
Tritium Measurements, Theory, and Miscellaneous Papers.

Papers are arranged, under these headings, alphabetically by
presentor. Where available, abstracts are reprinted, followed by
comments made by the presentor. Square brackets denote
editors comments as contrasted with the reporting or
paraphrasing of comments from the author.

Theconferencewas attended by over 150 scientistsfromtheU.S.
and 15 other countries. Attendees included 16 from Italy, 10
from Japan, and 6 from the People's Republic of China.

Nearly all non-theory papers reported positive results in the
measurements of byproducts of nuclear reactions. The papers
were divided between reports of on-going efforts and initial
reporting of new experimental work. Publication of proceedings
of thisconference will be another excellent addition to literature
of the emerging science of cold fusion.

C. NEUTRON MEASUREMENTS
LOS ALAMOS - EXPERIMENTAL ERRORS

R.E. Anderson, C.A. Goulding, M.W. Johnson, S. Gottesfeld,
D.A. Baker, T.E. Springer, F.H. Garzon, R.D. Bolton, E.M.
Leonard, and T. Chancellor (Los Alamos National Laboratory),
"NeutronMeasurementsin Search Of Cold Fusion,” Proceedings
of Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Three types of neutron measurements have been performed in
support of cold fusion experiments. These three types of
measurements are (1) integral neutron counting using a high-
efficiency well counter; (2) spectral measurements using an NE
213 cintillator; and (3) burst measurements, using the well
counter, searching for high-multiplicity, short-duration events.
The counting system was segmented to perform checks on the
operation of the various components. Experiments included
automeatic data
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acquisition for all measurement techniques. Datawere obtained
both above ground and in a shielded room approximately 50 ft.
underground. No evidencefor the production of neutrons above
thebackground level swasfound when el ectrochemical cellsand,
to alesser extent, high-pressure gas cells were used.

A careful study of the neutron background was conducted both
above ground and in the underground room. These experiments
used empty counters and counters filled with various materials,
such as alead brick. The background studies produced results
for all three types of neutron measurements. These results
strikingly resemble data that has been considered evidence for
cold fusion, specifically:

(1) In the integral count rate data, three- to seven-sigma
fluctuationsabove the average background rate occur at ratesfar
in excess of the statistical predictions;

(2) Weak peaks near 2.5-MeV neutron energy were observedin
the background; and

(3) High-multiplicity neutron events attributable to cosmic rays
are commonly observed.

We will show that simple observations of data of these three
types are, of themselves, insufficient to indicate that processes
other than background are occurring. Our data also allow usto
comment on the effectiveness of severd experimental
approaches. Measuring the barometric pressure and using
segmented counting systems arehighly recommended. However,
usingtwo identical side-by-side counters, onefor thecold fusion
cell and the other for the background, may not be useful under
certain conditions.

COMMENTS

[Theexperiment described by Dr. Anderson illustrates possible
systematic errorsthat can occur in neutron measurementsiif the
effects of cosmic rays and malfunctions are not properly
controlled. Ed.]

The neutron well counter described consisted of 20 *He tubes
with polyethylenemoderator, surrounded by Cd and polyethylene
shielding. The background count rate was 0.33/sec and the
efficiency was approximately 22% (dependent on the neutron
energy). TheNE213 background ratewas 1-1/2x10"%/secand the
efficiency was 1% (with 1 MeV threshold to give good gamma
rejection).

In the three above-ground background spectra, count ratesin 30
of the 265 100-minute intervals were more than 3 sigma above
the mean. The maximum deviation was approximately 0.08
counts/sec, equa to 7 sigma. In

contrast, if the background count rate had followed the expected
Poisson distribution, only 1 deviation of 3 sigma would have
been expected. Furthermore, in several cases a sequence of
successive values were high. Bursts with multiplicity up to 28
counts (= 150 source neutrons per burst) in 106 seconds were
also seen. In contrast, the background count rates in the
undergroundlab showed muchbetter agreement withthe Poisson
distribution; only 1 100-minute interval in 3 weeks was more
than 3 sigma from the mean. (Also, the background was
considerably reduced even at the depth of 50 m.)

The count rates of each of the 5 segments of the counter were
also compared to make sure the counter waswell behaved; this
was hecessary to eliminate episodes of spurious counts.  For
example, count rates jumped from 1.5/sec to > 80/sec when a
preamplifier overheated.

Finaly, afeatureat 2.5 MeV was seen inthe background spectra;
this averaged 3 sigma above background over a68-hour period,
but only in one of the two counters.

The systematic background variations in the aboveground
measurementsweredue to thestrong inverse correlationof count
rateswith barometric pressure. This variation was calculated at
-0.8% per mm Hgin this experiment; a similar value of -.94%
per mm isin the literature). Thus, it was noted that daily
barometric pressure variations can cause systematic errors in
low-level work at aboveground sitesif backgroundsare normally
acquired at one time of day and samples at another.

In the subsequent discussion, the use of high voltage, moisture,
and EMI protectionwas recommended- this was not donein the
above experiment. Also, it wasindicated that the Figure of Merit
(relating sensitivity to background count rates) which is
calculated for acounter would need to be modified depending on
whether the count rate is dominated by the background or the
signal.

CZECHOSLOVAKIA - HIGH ENERGY NEUTRONS

P. Bem, |. Paseka, I. Pecina, V. Presperin, O. Spalek, M.
Vomacka, & J. Vondrak (Inst. of Nucl. Physics & Inst. of
Inorganic Chem., Czechoslovak Acad. of Sci., Prague,
Czechoslovakia), "Search for Neutrons from DT-Cold Nuclear
Fusion”, Proceedings of Anomaous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT (Paper not presented)

Asa possible low-background test of cold fusion asearch for 14
MeV neutrons fromD+T reactionsinaD,O + LiOD electrolytic
cell was performed using a pulse-shape hardware-threshold
stilbene scintillator system. The
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cathode consisted of acommercially available Ti-T layer (1.4-
1.7 mg per cn¥, 8cm? area) on a0.1 cmthick molybdenum disk.
Pulseheight distributionsof signalsat neutron energiesfrom 3to
18 MeV have been stored in one-hour periods. A very low
background of average count rate 0.9 counts per hour (3 sigma
deviations 1.8 counts per hour) has been achieved at energies
between 6.5 and 14 MeV. In some periods of foreground runsa
counting ratefrom 2 to 6 counts per hour above background has
been observed at these energies. No time-correlation with these
fluctuationswasseen at higher energies. Therun performedwith
H,O instead of D,O has aso shown no three-sigma deviations
from background. Summing signals from such periods we have
found the pulse height distribution corresponds well to the
proton-recoil form of a 14 MeV neutron spectrum. It has been
proven that the random instability of the cosmic-ray separation
threshold leads to formsof spectraconspicuously different from
that of 14 MeV neutrons. We confirmed this recently in a
background experiment, performed with the pul se-shape versus
pulse-height registration system.

We therefore ascribe the observed foreground fluctuations to
possible emission of neutrons from D+T fusion. A maximum
counting rate of 6 counts per hour above background
corresponds to the neutron-source strength of 1300 neutrons per
hour or to the fusion rate of about 4 x 10 fusions per sec.
taking into account the content of 9 x 10'® atoms of T in
corresponding Ti-T sample andthe detection efficiency = 0.0045
of the present experiment.

Our results support very low levels of DD-fusion in a crystal
lattice, observed by Jones et a. Being above two orders of
magnitude larger than the DD-rate from Jones report, the
observed fluctuations in the DT-rate may indicate the
unstationary fracture origin of crystal-lattice fusion as predicted
by Cohen & Davies and independently by Gerstein &
Ponomarev.

ITALY - HIGH SENSITIVITY DETECTOR

Antonio Bertin (U of Bologna, Itay), "A Novel Apparatus to
Search for Electrolytically Induced CF- Neutral Productsin the
Gran Sasso Lab"

COMMENTS

[Improved neutron detection methods designed to replicate
previousTi gas-loading experimentsare described. No abstract
was available. Ed.]

Inthe origina work, performedin conjunctionwith Dr. Jones of
BY U (reported at the Santa Feconference, in 1| Nuovo Cimento
101A, p 997, 1989, and in the Journal of

Fusion Energy 9, p 211,1990), 0.2 neutrons/sec weremeasured,
with estimated energies consistent with conventiona d-dfusion
(2.5MeV), using a proton recoil scintillator with good gamma
discrimination (using pulse shape anaysis). However, thesignal -
to-noiseratio wasonly 0.18, since some gammas were still not
distinguished from neutrons.

Accordingly, the experimentswere repeated in the Gran Sasso
underground laboratory using additional low-activity Pb
shielding to reduce the gamma background by an additional
factor of 6, and new, dedicated neutron counters (to allow long-
termbackground datato be acquired). Thesewerelarger NE213
counters with better n-gamma pul se shape discrimination, and a
new coincidence neutron spectrometer with 2 phototubes (also
with n-gammadiscrimination, checked with an Am-Be source).
The latter used coincidences between the initial signal in the
scintillator due to proton recoil and the following signal from
thermal neutrons reacting with °Li to produce “He+T [asin the
detector described by Czirr]. When operated in the coincidence
mode, background count rateswere 150 timeslower (6.5 times
10%/sec versus 10™"/sec) and gamma discrimination was 12.5
times better, but efficiency was only 0.045 times as great at 2.5
MeV (0.7%versus15%). Finaly, furtherimprovements, suchas
requiring the amplitude of the delayed signa to also be of an
appropriate energy for the neutron capture reaction, have since
reduced the background counting rate downto 6 x 10%sec; this
trandates into only 3 background counts in the latest 140-hour
background run.

Withthenew spectrometer, the0.01 counts/sec signal seenin the
origina experiment would have givena signa-to-noise ratio of
80 rather than 0.18, even though the count rate would have
dropped from approximately 35/hour to 2/hour. The count rate
on the new NE213s would have been over 30/hour.

ITALY - HIGH TEMP. SUPERCONDUCTOR

FrancescoCédani (Itituto Nazional e FisicaNucleare, Laboratori
Nazionali di Frascati, Italy), "Measurements in the Gran Sasso
Laboratory"

COMMENTS

[These latest experiments involve gas loading of high-
temperaturesuperconductor; neutron production wasmonitored
duringcycling between 77K (thesuperconducting state) and 300
K (room temperature). No abstract was available. Ed.]

Theneutron flux in the Gran Sasso underground lab, measured
at 10"%/cr?/second, was reduced by 3 ordersof magnitude. The
gamma flux was reduced 10-fold, with a
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further 5-fold reduction achieved using low-activity Pb
shielding.)

Superconducting Y Ba,Cu,O-., (critical temperature 93 K) was
tested because of several similarities which were noted with
hydrided Pd, and the fact that these materials also possess a
reduced dimensionality which might enhance the fusion rate
under appropriate conditions, as suggested by Dr. Mario
Rabinowitz (Modern PhysicsLettersB3, 1990) and G. Dattoli et
al (ENEA RT/89.49 preprint). (Asreported by J.E. Schirber and
C.JM. Northrup, Phys. Rev. B 10, p 3818, 1990, Pd itself only
becomes superconducting when loaded to H/Pd or D/Pd ratios
greater than 0.8, i.e beyond the beta phase, but the maximum
critical temperatures, reached at highest loading, areonly 8 K for
PdH and 10 K for PdD. Thehigher temperaturefor the deuteride
than the hydride was noted to be unusual.)

A study wasalso cited (H. Niki et a, Solid State Comm. 63, p
547, 1989) which found hydrogen in the lattice to move
dynamically at 170 K but become trapped below 150 K, giving
reason to expect that a possibly sudden movement may occur
duringthewarming. A previous study of the effect of hydriding
and deuteriding on the superconductivity has been reported by
J.S. Reilly, P.R.B. 36 (10), p 5694, 1987.

Inthe experiment, 6-10 gof sintered material was |oadedwith D,
(35 bar) whilewarming from300 to 371 K. It was thencooled to
358 K, then after 3 hours cooled further to 300 K (i.e. room
temperature) in afew minutes. The D, pressure wasincreased to
36barsand neutron detection wasstarted. After coolingto 77K,
the material was warmed to 300 K again over 1 hour. Loading
wasestimated to rangefrom0.4 to 5 deuteriumsper formulaunit.
(Loading in excess of 2 deuteriums destroys the
superconductivity, however.)

Neutron emission (maximum 10 counts) was observed during
warming at approximately 100 K, using two *He tubes with
independent electronics. (Pulse shapes could be examined with
adigital storage oscilloscope. The background was 1 count/hour
and the efficiency 0.6%.) The emission decreased strongly in
successive cycles (stopping altogether by about the tenth cycle).
After the sample was reloaded at 371 K, emission was seen
again, but at alower level. (It was noted that a neutron burst,
with several hundred counts, wasalso observed by Dr. Jones of
BYU after a sample of this material and Ti deuteride were
squeezed and immersed in liquid nitrogen.) The effect of
exposing the material to a 2.2 KBq Am-Be neutron source was
also tested. Controls were undeuterated material and deuterium
gas. Neutron emission was 3 standard deviations above
background (73+/-26X10%/sec excess).

(Earlier experiments involved electrolysis with Pd and Ti-Al
cathodes in D,O + 0.1 M LiOD at current densities of 60
mA/cn?; neutron and gamma bursts were simultaneously
observed, using several *He and Nal detectors, in electrodes
which had been annealed and degassed at high temperature.
Calculated fusion rates were on the order of 10"9/d-d
pair/second. In addition, gaseous CO, was used in some teststo
enhance fracture rates.)

[The article by Dr. Rabinowitz proposing the use of high-
temperature superconductors may aso have been the first to
suggest that a d+d+d fusion mechanism might be likely in a
lattice environment. Ed.]

BYU - HIGH EFFICIENCY DETECTORS

J. Bart Czirr and Gary L. Jensen (Brigham Young U), "High-
Efficiency Spectrometers and Detectors’, Proceedings of
Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

A series of efficient, low-background neutron detectors hasbeen
designed and built at Brigham Young University. These
detectorsarebased upon acoincidence-cal orimeter principleand
are suitablefor measurements of weak sources of MeV neutrons
in which the neutrons are emitted singly or in bursts. A low-
efficiency spectrometer of this type was utilized for the initial
cold fusion experiments at BYU [J.B. Czirr and G.L. Jensen,
Nuclear Instrumentsand Methodsin PhysicsResearch, v A284,
p 365, 1989]. More recent detectors have greatly improved
efficiency and also permit measurements of bursts of neutrons.

Theburst-mode detector hasan efficiencyof approx. 25%for 2.5
MeV neutrons, with abackground level of 20 neutrons per hour.
Thehigh efficiency isachieved mainly by providinga 11/2 inch
diameter cavity in the detector body. Another detector in the
series is a combination spectrometer/burst mode detector with
efficiency of about 20%, depending upon the type of organic
scintillator employed. The spectrometer mode is useful for
detecting single neutronsin the 1-14 MeV range. The burst
mode feature, which may be used concurrently with the
spectrometer function, is useful in detecting bursts of two or
more neutrons and has low background rates.

A summary will also be presented in which existing neutron
detectors will be compared in terms of a proposed figure of
merit.
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COMMENTS

[This presentation by Dr. Czirr (and that of Dr. Menlove)
describe neutron detectorsparticul arly well suited forcold fusion
experiments. Ed.]

The initia (burst-mode) detector described contained a plastic
scintillator coreviewed by onephototube, with thesample cavity
in middle, and also a mineral oil bath with another scintillator
optically isolated from the first and viewed by 2 phototubes; the
signas from the phototubes are summed. A portion of the
neutrons should react in the plastic scintillator to give a sharp
start pulse. Then, neutrons in the burst are conveniently
separated in time by the glass scintillator, which has a suitably
long mean capture time. Also, the neutron capture in the glass
involves a monoenergetic 4.8 MeV reaction [°Li(n,alpha)t],
allowing the signal to be distinguished from gamma events.

If the detector is designed such that the neutronslose all of their
energy within the scintillator, and the signal due to neutron
capturein theglassis required to also be present (thusindicating
that the signal was due to a neutron), the pulse height
information allows the system to be used as a crude energy
spectrometer as well as a burst mode detector. As the decay
times of the signadsin the glass and organic scintillators are 20
and 5 microseconds, respectively, pulseheight analysis canalso
allow more sophisticated tests, leading to elimination of more of
the background counts. (All information is recorded in 10
microsecond units with awaveform digitizer.) For example, the
amplitude of the stop pulseshould be consistent with capturein
glass, and thesize of initia event should be correct (for example,
thermal neutrons can be eliminated in this fashion.)

The actual response of the latter detector wasalso tested using
theColorado School of Minesaccelerator. Efficiency was lower
for higher-energy neutrons- for example, it droppedto 5%for 14
MeV neutrons.

An example of a charged particle detector was also described.
This device is constructed of three layers: plastic scintillator
(thickness 1.57 x 102 g/cn?), Si glue (0.73X10? g/en?), and
glassscintillator (37.5x107? g/cn?). Thethicknessesaresuchthat
the energy of a5 MeV proton would drop to 3.52, 2.67, and O
MeV, respectively, in passingthrough the abovelayers. Thus, it
would be possible to discriminate between tritons and protons:
tritons would stop completely in the plastic scintillator.
(Regarding the glue composition, it was also suggested that an
organic glue would be preferable to the Si glue initially used.)

USSR - NEUTRONS FROM LiD DISSOLUTION

M. Danos (Nationa Institute of Standards and Technology),
"Neutrons from Chemical Reactions', reporting for A.V.
Arzhannikovand G.Y a. Kezerashvili (INP, Novosibirsk, USSR)

COMMENTS

[The experiments described indicated reproducible neutron
emisson during LiD dissolution in D,0. No abstract was
available. Ed]

Neutronemission was observedin nearly al trialsinwhich LiD
crystals (a few mm in diameter) or powder were dropped into
DL. Controls using LiH or H,O were negative. Count rates
were up to 20-30 per 30 seconds, versus 0-10 per 30 secondsin
the background. Background counts closely fitted a Poisson
distribution, while experimental datawas far fromiit.

ARGENTINA - PULSED ELECTROLYSIS

JR. Granada, R.E. Mayer, P.C. Florido, G. Guido, V.H.
Guillette, S.F. Gomez, N. E. Palino and A. Larreteguy (Centro
AtomicoBariloche, Argentina), "Neutron Measurementson (Pd-
D) Electrolytic Cdls Under Pulsed Current Conditions’,
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

We present in this work the results of neutron measurements
performed on electrolytic cells containing deuterated Pd
cathodes, usng a high efficiency therma neutron detection
system in combination with a procedure involving a non-
stationary current through the cell's circuit.

Experiments carried-out at our laboratory over a long period
revealed a low level neutron production correlated with the
current pulses, giving riseto characteristic patterns which were
grongly dependent on the previous charging history of the
cathodes employed.

Another set of measurementswas performed with essentially the
same experimenta set-up, but on board of a submarine 50 m
under theseasurface. A very low background level wasattained
under these conditions, thus yielding amuchimproved signal-to-
noiseratio ascompared toour ground laboratory situation. The
counting rates observed inthe measurementson cells containing
deuterated Pd cathodesare well separated from thoseobtainedin
test (H,0O, background) runs.
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COMMENTS

[This presentation by Dr. Granada discussed a Pd electrolysis
experiment in which neutron emission a few sigma above
background was measured. Ed.]

Current densities were cycled between 0 and 31-91 mA/cm? at
150-secondintervals, and neutron count ratesduring thetwo sets
of time intervals were then compared, in order to average out
significant longer-term fluctuationsinthebackground count rate.
After theinitia, inconclusive, aboveground measurements, the
experiment was repeated onboard a submarine (at depthsof 50-
100 m or more, to reduce background levels approximately 50-
fold). 68 3000-second runswere performed using four D ,0 and
one H,O cells; three of the D,O cells averaged 1.44+/-.12X 102
counts/sec (3 sigma above the control), versus 1.13X10%sec for
the fourth and 0.97X1073/sec for the H,O control cell. Further
runs are also planned.

Neutronsweremeasured using 2 setsof 6°He tubeswith paraffin
moderator (efficiency approximately 12%); the tubesweresealed
against moisture and signals due to power line noise were
eliminated by running the sets of counters in anticoincidence
mode (instances in which signals were registered on both sets
werergjected). [It should be noted that the use of coincidence
techniques for sample countersand anticoincidence techniques
for veto counters to eliminate line noise is far more common.
Also, some previous experiments suggest that periodically
switching the current off may interfere with development of the
effect. Ed.]

ITALY - TIME OF FLIGHT SPECTROMETER
F. lazzi (U of Talino, Italy), "Neutrons Detected using TOF"
COMMENTS

[A preliminary Ti gas-loading experiment was performed in an
attempt to detect production of neutrons and/or tritium; results
were inconclusive but further experiments are planned. No
abstract was available. Ed.]

Three g of Ti shavings were loaded in 2 atm of D,, and the
temperature was cycled 12-15 times (with cycles lasting 22-24
hours). At low temperatures, neutron count rates in the 2.4-2.8
MeV energy interval were3 standard deviationshigher thaninan
H,-loaded control (corresponding to 2 neutrons/sec) , measured
using multiplescintillation counters. However, decreasesin the
count ratesat other energieswere nearly asgreat. (Initia neutron
energies were based on time-of-flight [TOF] information
calculated by comparing the responses of the scintillators.)
6.6x10" tritium atoms/ml were reported,

but no data from a control was available.

In the subsequent discussion of the interesting neutron
measurement technique, it was noted that with typica times
between 2 scintillations of 34-66 nsec, it was possible to
eiminate nearly al of that portion of the background produced
by relativistic particles.

BYU - BURSTS IN COLLABORATIVE STUDIES

Seven E. Jones, E. Paul Palmer, J. Bart Czirr, Daniel Decker,
Gary Jensen, James Thorne, Stuart Taylor, Douglas Bennion,
William Pitt, John Harb, Dennis Tolley, JC. Wang, Russel
Hunter, David Buehler (Brigham Y oung University), Howard
Menlove, Michael Paciotti (Los Alamos National Laboratory),
Peter Jeschovnig (Colorado Mountain College), "Investigation
of Anomalous Particle Emissionsin Solid/Deuterium Systems’,
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Beginning with an early treatise published in 1986 [J. Phys. G
12, p 213], we have written several papers relating to ‘cold
fusion’, or nuclear effects realized in deuterium/metal (d/M)
systems [Nature 338 p 737, Nuovo Cimento 101 p 997, and
ahers]. In particular, we have developed new specialized
detectors and replicated with colleagues neutron production
reported in Nature last year. Studies of tritium and helium
production in d/M and geological systems also continue.

This report focuses on recent results obtained in a deep mine
with a segmented neutron counter. The detector incorporates
sixteen helium-3 filled proportional counter tubes embedded in
polyethylene moderator and divided into 4 segments. The
counter was utilized for seven weeks inthe Asarco lead minein
Leadville, Colorado at adepth of about 600 m below thesurface.
The background level (due amost entirely to decay of
radioactive trace elements in proportional-counter tube walls)
was found to be stable and close to 76 counts per hour. Signal
rates as high as 150 source neutrons per hour (average above
background) were obtained in D,O-electrolytic cells and
deuterium-gas charged titanium chips with al four segments
showing signals in balance. Episodes of significant neutron
production lasted from 1.5 up to 40 hours, consistent with
previous results. A high-sensitivity detector is required to
identify such signals; the detector efficiency was evaluated to be
34% using a californium-252 source. Five microbursts of
neutrons were also observed in 3 weeks of d/M tests, with
multiplicities up to 300 neutrons in a 128 us window. The
background for such correlated eventsis very small:
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only one correlated event was seen in nearly 3 weeks of
background runs, and this was small -- only 2 countsregistered
in the 128 micro-sec window.

Sourcesof spurioussignalsin thedetector werealso studied. For
example, high ratesobserved insegment 4 proved to stem from
humidity entering the segment. The use of asegmented detector
in a near-zero cosmic-ray environment proved effective in
eliminating spurious effects.

We conclude that anomalous neutron emissions from
deuterium/metal systems are observed. These results cannot be
ascribed to low-statistics or to cosmic-ray effects.

The assistance of H. Menlove and K. Wolf, both of whom
entered the mine with signal-yielding d/M cdlls, is gratefully
acknowledged. P. Jeschovnig of Colorado Mountain Collegein
Leadvillealso participated, asdid J. Wang, S. Taylor, D. Buehler
and other members of the BY U researchteam. Thisresearchis
supported by the U.S. Department of Energy, the Electric Power
Research Ingtitute, and Brigham Y oung University.

COMMENTS

[Dr. Jones' presentation described collaborative work in which
neutron bursts were measuredfrom several different electrolysis
and gas-loading experiments. Ed.]

The type of detector used was similar to that of Menlove, and
similarly portable to alow it to be taken into the mine for the 7
weeks of experiments mentioned. (Dr. Jones also noted that Dr.
Menlove had worked on such detectors for 20 years.) The
advantage of using correlated counting modes and underground
sites was made extremely clear by a comparison of background
countingrates. (Thesinglescount rate of 75/hr 600 m below the
surfacecompares with400/hr intheunderground lab atBY U and
23,400/hr at the surface at Leadville. The correlated count rate
of .05/day in the mine was 10° times less than the rate at the
300/hr surface at Leadvilleand 3-1/2 orders of magnitude better
than the 7/hrrate at the BY U lab.) Also, as mentioned, the only
correlated background count during the 20 days in the mine
consisted of only 2 neutrons, thus the background rate for
higher-multiplicity events would be expected to be much lower
yet. (For purposes of comparison, the shielding provided by the
Asarco Leadville mine was approximately 3/4 that of the
Kamioka, Japan facility described by Dr. Totsuka and half that
of the Gran Sasso, Italy site used by Dr. Bertin.)

As indicated in the abstract, considerable effort was made to
eliminatesystematic errorsdue to spurious counts, and infact the
segmented detector with redundant electronics

and other precautions allowed all of the deliberately introduced

spurious countsto be recognized. (For example, acoustic noise
pickup was tested; no response was shown to occur to loud
noisesor tapping on the detector; an inadvertent sharp blow to
the detector did give spurious counts, but these could be seento
befase when registers were compared. Similarly, no response
occurred due to the operation of a CO, laser using a capacitor
bank discharge which generated considerable electromagnetic
interference. Theinterior of the detector contained desi ccant and
a humidity monitor. As noted, without the desiccant, much
higher count ratesoccurred, although again the redundancy (the
4 segment registers plus the registers used in the count
correlation) made it possible to tell the counts were spurious.)

Of the bursts recorded, two occurred during two days of
operation of three electrolytic cells from Dr. Kevin Wolf of
Texas A&M (6 mm diam. Pd cathode, Ni mesh anode, 0.1 M
LiOD, 8V, low current density). In onecell, no excess neutron
production was observed during the first 1-1/2 hours, whereas
random (individual) emission of an estimated 150 neutrons/hour
(4-1/2 sigma above background) occurred during the second 1-
1/2 hours.

A small burst event (2-10neutrons) wasal so observed from each
of two samples of gas-loaded Ti 6-6-2 identical lathe turnings
(approximately 1 mil thick, identical to those which Dr. Jones
has provided to many other groups) which were loaded with 2
atm D? at 650 C, then cooled in liquid nitrogen just before
entering the mine, and from a test in which a sample of high-
temperature superconductor (Y-Ba-Cu oxide) and TiD chips,
gas-loaded at 300 C, were squeezed with pliers. The latter
demonstrates the good agreement possible between the singles
counts (370) and theburst register (290) during aburst. Loading
of the Ti was apparently inthe TiD y,. 5, range.

The gas-loaded samples from Drs. Paciotti and Menlove at Los
Alamos began to count at up to approximately 15 counts/hr (>5
sigma) above background after D, was added in the mine.

In addition, results were also shown from a Pd electrolysis
experiment performed at the BY U lab with cellsprepared by Dr.
Douglas Bennion. During operationat slowly increasing voltage
over 3 weeks, one episode with very high counts was observed.
Theoveral count rate for the entire episode was approximately
90 sigma above background, and the count rate died off and
increased again during the episode. The averagerate over the 3
hours was 3.4/sec, and the total number of source neutrons was
estimated to have been 2400.

Dr. Jones expressed his willingness to share detectors, data,
samples and ideas, and indicated that he feels
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interdisciplinary and cooperative effort is needed in this area.

ROCHESTER - SUPERCRITICAL TEMPERATURES

Jacob Jorne (U of Rochester), "Neutrons Emission From
Palladium Deuteride Under Supercritical Conditions",
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Palladium has been exposed to pressurized deuterium gas at 60
atmand 198 K and the temperature has been raised up to 593 K,
beyond the critical point for alpha-beta palladium deuteride.
Excess neutrons, beyond the background level, have been
observed, while similar experiments with an empty cell or with
an hydrogen-palladium cell showed no excess. If the excessin
neutrons is due to fusion, a corresponding fusion rate of 10
fusion per D-D pair per sec. can be estimated. Solid state
electrolysis, using deuteron-conducting solid electrolyte, also
showed burstsof neutronsunder anapplied voltageandat 525K.

Recent results in our laboratory and elsewhere indicate that
neutron emission occurs in systems where the deuterated
palladium is subjected to stress gradients. It is suggested that
stress-induceduphill diffusionof deuteriumin palladium, against
itsconcentration gradient, canresult ina high ratioof deuterium
to palladium, higher than the equilibrium ratio attained at the
boundary. Theoretical analysis of stress-induced diffusion of
deuterium in palladium shows that high ratios are locally
attainable.

COMMENTS

[Inthe first Pdgas-loading experimentdescribed, dightincreases
in the neutron and gamma ray count rates were seen as the
temperature was raised above the critica point at which a
mixture of alpha and beta hydride phases would be converted
entirely to the beta phase. In the second experiment, a novel
method involving a deuterium-conducting solid electrolyte was
used, combining features of both gas-loading and electrolysis
experiments. Ed.]

1 g of Pd foil and 1 g of 20-mesh Pd were used in the gas
loading. The temperature and pressure cycling was more
complex than indicated in the abstract (including, for example,
2 months at room temperature, 298 K). An increase in the
neutron count rate (although less than 0.1 counts/sec) was seen
within 10 degrees of the critical temperature on each of two
NE213 counters (1.25 MeV threshold, 7% efficiency,
background .03+/-.005

counts/sec). Simultaneously, the gamma count rate increased
from approximately 73 to 81/sec. It was indicated that the
control experiments mentionedinclude atleast 3 months of data.

In the second experiment, beta" alumina, which can take up
cations such as deuterium, was used in place of D,O, and both
electrodes were made of Pd. Potential advantages of the solid
eectrolyte include a large overpotential, a potentially more
convenient search for fusion products [such as tritium] due to
elimination of the liquid phase, and higher sensitivity for excess
heat measurements sincethe heat capacity for the systemismuch
smaller (aluminaisaninsulator, solarger changesshouldbe seen
by a thermaocouple in contact with the Pd).

Porous Pd el ectrodes 100 micrometers thick (created by baking
on organometallic Pd) were loaded with D, at 1 atm. 20V was
applied (mostly to overcome the high resistance of the alumina).
A temperature of approximately 250 C was used in order to
attain reasonable ionic conductivity in the alumina.

Bursts of neutron emission several times the background count
rate of 0.02/sec were measured. No excess heat (above that
involved in the absorption of the deuterium) was seen, but the
sengitivity of the heat measurements was still low -- the 0.1 C
detectionlimit for heat would correspond to amuch greater 10°%°
fusions/sec/d-d pair.

In the discussion of stress-induced deuterium diffusion, it was
suggested that when one side of a Pd sample is exposed to D,,
the expansion of the lattice on that sidedue tothe hydriding can
aid the diffusion.

Inthe following discussion, it was pointed out that the voltage
used inthe solid state electrolysis experiment was several times
the decay voltage of the alumina, but the low current measured
(20 mA) suggested that decomposition of the dluminawas notin
fact occurring.

CANADA - ION IMPLANTATION

JS.C. McKee, G.R. Smith, C.B. Kwok, H.L. Johnston, M.S.
Mathur, J.K. Mayer, A. Mirzai, Y.H. Yeo, K.S. Sharmaand G.
Williams (Univ of Manitoba, Canada), "Neutron Emission From
Low Energy Deuteron Injection of Deuteron-Implanted Metal
Foils (Pd, Ti and In)", Proceedings of Anomalous Nuclear
Effectsln Deuterium/Solid Systems, Brigham'Y oung University,
October 22-24, 1990.

ABSTRACT

In examination of the possibility of observing D-D fusion
reactions at or near room temperature, our group at
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Manitoba has searched for an enhancement in the neutron
production rate resulting from stopping deuterons interacting
with implanted deuterons in a metal matrix (Durocher, Can. J.
Phys. 67 p 624, 1989). This non-equilibrium process was
selected as an alternative to electrolysis asa means of injecting
thematerial. Thedeuteronswereimplanted into themetal matrix
by a small high current accelerator which accelerated a mixed
beam of D* of energy 60 keV and molecular D," which upon
dissociation at the surface of the metal yields two 30 kev D*
ions. The precise composition of the beam was unknown. The
presence of neutrons was registered continuously during the
experimental runs. Scintillation light was detected as the
neutronstransferred aportionof their energy to protonsinalarge
plastic scintillator detector. Anomalous occurrences were
observed during the operation of the experiments, in the form of
sudden increases in the observed neutron detection rates. We
undertook to repeat the experiment under more controlled
conditions, with the intent of resolving to our satisfaction
whether anomalous neutron production was actually occurring.
In addition, an attempt to measure X-ray production within the
target metal wasmade. The build up of deuteronsin the metal
matrix was such that where density of deuterons in a
commercially available TiD target would be expected to be on
the order of 4x 10% cm®, our implantation scheme resulted in
deuteron densities up to 2 x 10”° cm® in the matrix. We argue
that theloss of deuteronsfrom thematrix will be small compared
to build up rates. The results of our 1989 experiment will be
compared with theory and results of a more recent one (July
1990), currently under analysis. Funding has recently been
obtained from our local eectricutility, ManitobaHydro, for the
production of analyzed beams of D° D" and D, for future
implantation experiments. Work in this areais now under way.

COMMENTS

[In this presentation by Dr. McKee, an ion implantation
experiment (which it was indicated might or might not prove
related to cold fusion) reproducibly generatedlargefluxesof fast
neutrons ("as though they are going out of style"). Ed.]

lonimplantation was sel ected becauseof itsability to providean
aternative to electrolysis as a nonequilibrium process for
injecting large amounts of deuterium into metals. The beam
current was 100 microamps, corresponding to a D," flux of
10'%%second, and the area illuminated was 1 cn?. A
bombardment length of 24 hourswasused for Pd, and 9 hours
for Ti; the estimatednumber of particlesimplanted inthe Pdwas
10%. Thus, very high densities could potentially have been
reached in the top micron. (Calculated ranges of D," and D" at
60 KeV are 0.42 and 0.56 microns; it is expected that most
would stop in the last 0.1 micron of the range. Thus,

local concentrations well above the solubility are possible.)

Neutrons were measured using an NE102 plastic scintillator
viewed by 2 photomultiplier tubes; coincidence of signals on
both was required, and the threshold was set high enough to
further minimize background counting rates. It was noted that a
large amount of background data on this detector was available
since the detector is normally left on, and that the background
hasbeen shown not tovary significantly. Inaddition, anintrinsic
Ge detector was used to measure the Pd K-alphaand K-betaX-
raysat 21.200 and 23.836 KeV, and a Nal counter was used to
measuregamma radiation resulting from(n,gamma) reactionsin
an In block placed beneath the sample.

Intheexperiment, 2500-3000 neutrons/sec withenergiesof 1-1/2
to5MeV (significantly different from the energy distribution in
thebackground) were seen. In Pd, neutron production increased
50% during the course of the run in an approximately linear
fashion. In Ti, the rise in production was on the order of 10%.
Final levelsin Pd and Ti were closdly similar.

The gamma radiation measured served as confirmation that the
neutron countswere in fact due to a high flux of neutrons. After
both the Pd and Ti experiments, it was found that the gamma
activity of theln block decayed with a half-lifeof 4.51 hrsequal
tothat of the *5In metastabl e state created by neutron activation,
and the activity indicated that the neutron flux to which the In
had been exposed was 2000/sec/crm? in the case of the Pd and
2500/sec/cm? in the case of the Ti (consistent with the neutron
counting rates measured). In addition, a carbon layer placed
between the Pd and In, which would have stopped charged
particles, had no effect on the activation.

SEM (Scanning Electron Microscope) photos of implanted and
unimplanted sampl es showed the devel opment of circular holes
with diameters just under 2 microns during the implantation
process.

Dr. McKee noted that the rates in such a "tepid fusion"
experiment seemed higher than expected on the basis of high-
energy d-d fusion data, and that the time variation seemed
interesting. However, as the hot fusion cross-section increases
exponentialy between 30 and 60 KeV, planned experiments to
determine the proportion of D* in the beam are important in
establishing the magnitude of the discrepancy between the
observed and expected rates.

Inthe subsequent discussion, Dr. Wolf of TexasA&M suggested
pulsing the beam to distinguish between the production of
delayedand prompt neutrons. It was suggested that the observed
increases in neutron emission with time could be related to
increases in the loading. It
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was indicated that the ion implanter was less stable at ion
energies below 60 KeV, but that it should nevertheless be
possible to use lower energies in subsequent experiments.

Dr. Srinivasan of BARC, Indianoted avery similar experiment
performed at the IGCAR lab (Indira Gandhi Centre for Atomic
Research) in India, in which reproducible variations also
occurredover longer times. A similar experiment a the Kharkov
Academy of Sciencesin the USSR using a 25 KeV energy was
also noted; in addition, after the bombardment the sample was
unloaded by heating in avacuum, and bursts of heutron emission
werealso seen attwo temperatures during this process. Thiswas
therefore suggested as another useful adjunct to future
experiments.

LOS ALAMOS - REPRODUCIBLE BURSTS FROM Ti

H.O. Menlove, T.N. Claytor, M.A. Paciotti, D.N. Tuggle (Los
Alamos National Laboratory) and S.E. Jones (Brigham Y oung
U), "Reproducible Neutron Emission Measurements From Ti
Meta in Pressurized D, Gas', Proceedings of Anomalous
Nuclear Effects In Deuterium/Solid Systems, Brigham Y oung
University, October 22-24, 1990.

ABSTRACT

During the past year, we have measured neutron emission from
samples of titanium(Ti) metal and spongein pressurized D, gas.
Beginningin January 1990, weimproved our samplepreparation
procedure and our detector sensitivity level so that the neutron
emission measurements are now reproducible.  We have
measured excess neutron emission from all of our lag eight
samples using our high-sensitivity neutron detectors. The
improved sensitivity inour new detector systemwas obtained by
using low radioactive background stainless-steel tubes, a small
detector volume with high efficiency, and additional cosmic-ray
shielding. Our most sensitive detector consists of two
independent segments making up inner and outer rings of *He
tubes. Theinner detector has nine *Hetubes (2.5 by 30cm), and
the outer detector has forty-two *Hetubes (2.5 by 50 cm). The
combined total efficiency is44%. Inaddition toinner and outer
ring segments, we have three separatedetector systems operating
inparallel control experiments to monitor environmental change.
We have measured neutron bursts from a variety of samples
containing Ti metal and D, gas. The low-multiplicity bursts
emittingfrom 2-10n occur much morefrequently than thehigher
multiplicity bursts. By measuring high-mass samples (300 g Ti)
over several weeks with several liquid nitrogen temperature
cycles, we have detected excess neutronemission fromall of the
samples with a significance level of 3 to 12 sigma. Blank
samples containing Ti plusH,

gas or D,0O have given no excess neutron emission. Details
concerning the detectors, experimental procedures, and neutron
emission results will be presented.

COMMENTS

[Dr. Menlove's presentation described high-sensitivity neutron
measurementsin Ti gas-|oading experiments. Samplepreparation
was discussed in the presentation by Dr. Paciotti. Ed.]

Detectors:

A number of major points were made regarding the neutron
detector design:  Firgt, in order to achieve the especially high
efficiency quoted, and thus allow very low-level counting, the
detector has a 4-pi geometry (i.e. the sampleisina central well,
completely surrounded), and contains a large number of *He
tubes (with polyethylene moderator). Second, the detector is
portable, so that they have been able to use it in underground
sitesinthe US, Italy and China, in order to greatly reduce the
cosmic-ray background counting rates. Third, considerable
effort has been made to protect against noise. For example, the
amplifiers are protected with desiccant, and they are aso
protected against electromagretic interference (RF pickup),
whichare the 2 most common sources of interference with *He
counters. (Moisture tends to cause bursts due to high voltage
breakdown.) A "veto" counter on the same power line (but with
Cd shidlding and without moderator, rendering thesensitivity to
actual neutrons very low) also allows spurious counts arising
fromline noise to be ignored. The external ring of *He tubes
added, which has separate electronics and readout, also helps
check for spurious counts. (However, it has been found that this
ring is far enough fromthe cell that the signal fromthe cell is
typically buried inthe cosmicray spallation background.) Fifth,
the amplifier signal is sent to a shift register to alow time-
correlatedaswell assinglescounts; it was stated that without the
much lower background in the coincidence mode it would not
have been possible to demonstrate the small increases in neutron
emission rate cited in the abstract. An approximately 100
microsecond gate is used; if 2 counts occur within this, a
correlated count isregistered. Valuesfor the background count
ratein thismodeaslow as0.68/hour were reported to have been
achieved using added shielding in underground sites. In
addition, statistical analysis can be performed on the number of
coincidence counts within 32 microseconds and 128
microseconds (to demonstrate that the counter is behaving
reasonably) when the number of counts is sufficiently high.
Sixth, background counters are located nearby and operate
simultaneously. Seventh, samples could be moved from one
detector system to another while they were active (i.e. if count
rates for the sample were, say, 5 standard deviations above
background, moving the sample
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to an aternate detector caused thefirst detector's count rate to
drop to normal and that of the new detector to rise to a
comparably high level.)

Results:

Background count rates showed the expected Poisson
distribution when averaged over 24-hour periods, athough
deviations of many standard deviations from this distribution
wereobserved over short periodsdue to cosmicray events. With
only one possible exception, the 3 to 12 sigma (standard
deviation) increases in the random neutron counting rates of the
most recent 9 sampl es represent |ong-term averagesover periods
of half aweek to 6 weeks, and no comparable increases in the
background during this period exceeded 2 sigma. Also, by
rotatingactive and control samples betweendetectors, it hasbeen
possible to show that the random neutron emission did in fact
appear to originate from the cell. In addition to this, rare burst
eventscorresponding to up to several thousand correlated counts
have been observed. As noted previously, these show a
correlation with the temperature cycling, with the greatest
frequency within 20 degreesof -30 C, similar to thepattern seen
by 1zumida (Hitachi, Japan), although the number of bursts for
agivencyclecan vary fromzero to several. Also, thefraction of
burstswhich are of particularly high multiplicity isconsiderably
higher at -30 C than at room temperature.

Future plans:
In addition to experimentswith tritium loading, further material

characterization and neutron energy spectrum measurements are
contemplated.

STANFORD - EXPERIMENTAL ERRORS

W.E.Meyerhof (Stanford Univ.), " Statistical Analysisof a Cold
Fusion' Experiment”, Proceedings of Anomal ousNuclear Effects
In Deuterium/Solid Systems, Brigham Young University,
October 22-24, 1990.

ABSTRACT

Yagi et a recently have claimed that neutrons from the D + D
reaction are emitted in Ti and in SIO, systemsin which D, is
trapped at approximately 1 atm at liquid nitrogen temperature.
A satistica analysis of the data shows that the background
counts observed over 58 time intervals do not follow the
expected Poisson distribution. This would invalidate the
interpretation of the resuilts.

COMMENTS

[This study involved a statistical analysisto disprove the

low-level neutron production reportedinapreviously published
cold fusion experiment. Ed.]

Thekey pointwas that whilethe mean backgroundwas 3 counts
per 1000-second interval, the graph presented indicated that no
timeinterval had over 5 counts; giventhe number of datapoints,
achi-sguared test indicated a very low probability that random
chance could have resulted in such a deviation from the normal
Poisson distribution (a probability distribution in which the
probability of i countsoccurringis given by P(i)= mu' X e™ /i!,
wheremuis the mean). In contrast, theresultsfor the sample fit
the Poisson distribution much better (within 5-95% confidence
limits).

It was thus pointed out to be important that statistical analyses
be performed in experiments in which low count rates are
involved, in order to help demonstrate that the equipment is
functioning properly.

Inthe discussion, it was pointed out by Dr. Srinivasan of BARC,
Indiathat the opposite deviation from a Poisson distribution (a
greater-than-expected occurrence of higher count rate values)
may occur in background counts due to cosmic ray spallation.
[Insuchatest, eitherthe number of occurrencesof i countsor the
log of this number is plotted versusi. Ed.]

[Another discussion of mideading data was given in the
presentation by Dr. Anderson. Ed.]

WEBER STATE - CHARGING & THERMAL DATA

Jerry R. Montgomery, Rondo N. Jeffery, Farhang Amiri, and D.
Jack Adams (W eber State College, Utah), "Correlated Nuclear
and Thermal Measurements In D/Pd And H/Pd Systems’,
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Gas loaded D/Pd and H/Pd rods (1 mm dia.) were used to
investigatecorrelated thermal andnuclear effects. Simultaneous
measurements were made of gas pressure, electric current,
voltage drops, wire and chamber temperatures, and neutrons.
D/Pd and H/Pd ratios were monitored by resistance changesin
wiresegments. Two deuterium runs(totalling 3000+ hours), one
hydrogen run (nearly 1000 hours), and background runs (2000+
hours) have been completed. Two neutron burstswere recorded
in the first deuterium experiment. No bursts, but periods of
increased activity, were observed in the second deuterium run.
Noincreased activity was observed inthe hydrogen experiment.
Accurate agreement with Poisson counting stati stics was found
in the background
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and hydrogen runs. Neutron bursts observed in the first
deuterium run exceeded, by severa orders of magnitude, the
Poisson prediction. A dlight resistance increase in one wire
segment was observed during one of the neutron bursts. No
simultaneousincreaseinwiretemperaturewasobserved. Several
potential triggering mechanismsweretried. Further experiments
will examine an observed possible resonance-like effect.

COMMENTS

[The goal of the Pd gas-loading experiment described by Dr.
Montgomery, which unfortunately gave only very low neutron
production, was to simultaneously measure and control as many
parameters as possible. Ed.]

A current varying between 2 A and 4 A on a 1-minutecycle was
passed through therods, and sampleswereperiodically unloaded
andreloaded. Other testsinvolved varying the current pulsesand
direction, switching thecurrent onandoff, changing thepressure,
fast and dow neutron bombardment, mechanical strain and
impact.

Background neutron count rates were on the order of 10/hour.
Noexcess neutronswereseen during the first few months. After
the start of the loading/unloading cycles and changes in the
current density, two bursts of 8 counts in 15 second intervals
were seen, possibly associated with changes in the current.
Slight changes in the temperature, pressure, and resistivity
coincident with oneburst were also reported. Asindicated inthe
abstract, no such burstswere seeninan equa (3000 hour) length
of timeduring the control experiments, and plots of the log of the
number of occurrences of i counts versus i confirmed that the
bursts represented the only significant deviations from the
Poisson distribution in either data set. The increased neutron
activity in the other rod occurred over a 10-day period.

Resistance measurementswereal so used to monitor thecharging
of different segments of the rod; these responded at different
ratesand reached different final values. Loading appeared to be
faster the second time than the first.

Future plans include the use of different Pd samplesand Ti, use
of more efficient neutron detectors and addition of charged
particle detectors.

During the subsequent discussion, it was noted that an increase
in the count rate would have been expected on Sept. 29, 1989,
reflecting a 2-day, 5-fold worldwide increase in the neutron
background due to record levels of solar activity.

LOS ALAMOS - Ti SAMPLE PREPARATION

M.A. Peciotti, H.R. Maltrud, H.O. Menlove, O.M. Rivera (Los
Alamos National Laboratory) and S.E. Jones (Brigham Y oung
U), "Sample Preparation for Reproducible Neutron Bursts',
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

A procedure is given that reproducibly induces neutron bursts
(<50 microsecond duration) from titaniumexposed to deuterium
gas. SinceMay 1989, 13 pressure cylindersfilled with titanium,
titanium aloy, or titanium sponge have been prepared and
examined for neutronemission. Repeatability is claimed on the
basisof positive response from11 of the 13samples. Amongthe
first 5 samples, the 3 with positive responses gave 2-4 bursts of
emitted neutron multiplicity greater than 20 or 30. Such
occurrencesare rare indummy samples or H, "controls'. All of
the last 8 samples responded positively with neutron excesses
three or more standard deviations above the cosmic ray
background. "Reproducibility” in this group was established by
summing over days the low multiplicity bursts with source
strengthof 2-10neutrons. Thehigh multiplicity burstshave been
elusive in these eight samples; only a few large bursts were
dbserved. Our objective is that every sample be productive so
that planned tests with D - T (or H,) will be meaningful. Even
thoughwecannat predictwhen largeburstswill occur, consistent
observation of smaller bursts is attainable. Samples are
degreased with methylene chloride, methanol, and water before
pumping and flushing with purified H, or D, at temperatures
between 120 C and 220 C. In all but one sample, the titanium
began absorbing gas during flushing or after the first thermal
cycleto75K. Thetechniquefor introduction of the clean D, has
evolved, and the changes could account for reduced probability
for larger bursts. We list some empirical rulesthat help predict
why some samples yield more neutrons than others.

COMMENTS

[Dr. Paciotti described the preparation of the Ti gas-loading
samplesin the preceding talk by Dr. Menlove. Ed.]

Theprocedure, asdescribed inthe abstract, required 2 days. Oil-
free pumps were used. Up to 10 cycles of purging were
performed, and continued until the final temperature was
approached, in order to reach into cracks not easily pumped
clean. Hydriding was avoided during the purging stage. Gas
pressures used were up to 1000 psi. For the final hydriding, a
known amount of gas was introduced in order to givean average
composition of
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TiD . o5 &fter thefirst cycle, and apressuretransducer wasused
to measure the actual gas uptake. The aloys used were
commercially pure Ti, Ti aloyed with 6%Al and 4%V, and Ti
alloyedwith 6%Al, 6%V and 2%Sn. (Thelatter isreferredto as
Ti-6-6-2in other abstracts. Possibly significant differencesnoted
duetoalloy compositionincludelarge changesinthe martensitic
shear induced by loading of alloys with different VV contents.)

The D, uptake effectively stopped at 75 K (approximately -200
C); dthough the solubility increases, diffusion becomes very
dow. Onwarming, active Ti surfaces begin to absorb deuterium
at approx -50to -30 C. Gas uptake was greatly increased by the
initial cycling downto 75 K.

Poor performance appeared to occur if the D, is introduced so
fast that the Ti heats (2 nonperformers and one low performer
resulted), if the gas is introduced at room temperature (2 or 3
nonperformers resulted), or if the sample is deuterated to
saturation. Also, samples eventually appear to wear out -- they
cease to absorb gas, bursts (at least low-level ones) stop, and
chipsbecome brittleandcrumble. A control samplenot warmed
up after saturation also never gave aresponse, indicating that the
temperature change is necessary.

A problem was encountered with the H, controls. the gas to
whichacontrol which counted 4 sigmaabove backgroundfor 3-
4 days and a previous control were exposed actually contained
1% D, as a result of the gorage tank having previously been
exposed to D,. (When the same control sample was exposed to
pureD,, it counted up to 9 sigma above background over 24 hrs,
but this wasnot avast increase.) It was noted that the Ti may
concentrate the D,; on 3 occasions it was observed to absorb
more easily than the H,.

AsaTiD, samplegaveasgood aresultasa TiD, ; sample, itis
possible that the amount of gas being used is still greater than
necessary.

Other future plansinclude resolving the questions raised by the
last control and attempting to better understand the separation
factors. A reproducible effect should aso alow further study of
the timing of bursts (preferred temperature), determination of
how much gasisrealy necessary, and attemptsto create larger
bursts. (Their fifth sample, which had a deliberately oxided
surface, suggested that this may be conducive to larger bursts.)

Given the fact that the samples contain a number of individual
chipsyet neutron production occursinbursts, it seems likely that
only asmall fraction of the chips are actualy active.

ITALY - HIGH EFFICIENCY DETECTOR

A. De Ninno, C. Pontorieri, F. Scaramuzzi, P. Zeppa (ENEA,
Frascati, Italy), "Emission of Neutron Bursts From A Titanium-
Deuterium Gas System in a High-Efficiency Low-Background
Experimental Setup”, Proceedingsof Anomal ousNuclear Effects
In Deuterium/Solid Systems, Brigham Young University,
October 22-24, 1990.

ABSTRACT

The emission of neutronsfrom a titanium-deuterium gas system
has been detected in experiments performed in the Spring of
1989. One of the most striking features was the structure in
bursts (duration of about 100 microsec) of theneutron emission.
Using a detection system proposed by a Los Alamos group (H.
Menlove, as presented at the First Annual Conference on Cold
Fusion), suitable to analyze the structure in bursts of the
emission, apreliminary set of measurements hasbeen performed
with satisfactory results (as presented at the First Annual
Conference on Cold Fusion). A better tailored detector is now
inuse, and measurementsin alow neutron background setup are
being started. The first results of this experiment will be
presented.

COMMENTS

[Dr. Scaramuzzi's presentation described small neutron bursts
observed in Frascati Ti gas-loading experiments using a new
extremely-low-background neutron detector. Ed.]

Although gas-loading experiments were chosen because they
werejudged to entail fewer complexities thanelectrolysis, alack
of reproducibility was seenin the early Frascati experiments, as
presented at the Santa Fe and Salt Lake conferences. Thus,
followup experiments withanew, high-efficiency Jomar neutron
detector (optimized for such experiments) have been performed
in low-background underground sitesin an attempt to establish
their correlation with thermodynamic parameters (triggers) for
neutron bursts.

The sample well is surrounded by aninner ring of 20 *He tubes,
and an outer ring of 8 which is registered separately. Four
additional ®*He tubes (without moderator) onthe same power line
are used asveto counters to minimize spurious counts. Despite
the larger detector area, the background count rates due to
cosmic rays were reduced to 10%/sec (dropping off rapidly with
energy) by using the Gran Sasso facility (1600 m underground).
In addition, thenew *He counter, constructed with stainless sted!
rather than Al tubes, has a considerably lower intrinsic
background. Finally, correlated counts are used to further
improve the signal-
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to-noise ratio to the point at which essentialy every event can
now beconsidered real . (The background coincidence count rate,
which had averaged 5 per 1000 seconds in the Frascati
laboratory, dropped to zero countsin 2-3 weeksin Gran Sasso;
in comparison, the singles rate was 0.02/second.)

Comparison of the signalsfrom theinner and outer ringscanalso
be used as another indication that the events seen came
predominantly from inside the cell. (In atest in which a Cf
sourcewas placedin thewell, theratioof counts intheinner and
outer rings was 90, versus 2.5 for the background.)

Preliminary data showed a significantly greater number of
occurrences of small bursts (approximately 15-32 correlated
counts) in TiD thaninaTiH control, although the total number
of such episodesis still small.

A timing mechanism is also being developed which will record
the time of each count in a burst to within 0.05 microseconds.

[Dr. Scaramuzzi aso mentioned two experimentsby other groups
which he found quite suggestive: In work done by Dr. Kharkov
at the Institute of Science in the USSR, deuterium ions were
implanted into Ti or Pd targets at 100 K, and the samples were
then allowed to warm up. Neutron emission was reported at
approximately -30to  -50 C (and possibly again at 1000 K),
alongwith tritons, *He and protons of the proper energy for d-d
fusion. The experiment seemed quite reproducible, and the
calculated loading was high (up to TiDsand PdD, 4). Also, in a
plasma focus experiment reported by Dr. Srinivasan (BARC,
India), hightritium level swerefoundafter implantation,and high
D concentrations were again attained.]

GERMANY - Pd ELECTROLYSIS

M. Bittner, A. Meister, D. Ohms, E. Paffrath, D. Rahner, R.
Schwierz, D. Sedliger, K. Wiesener and P. Wustner (Tech. U of
Dresden, Germany), "Evidence for theProduction of DD-Fusion
Neutrons During Electrolytic Infusion of Deuterons into a
PalladiumCylinder", Proceedingsof AnomalousNucl ear Effects
In Deuterium/Solid Systems, Brigham Young University,
October 22-24, 1990.

ABSTRACT (Paper not presented)
A long-duration experiment for the observation of dd-fusion
neutrons emanating from a massive palladium cylinder is
described. The experimental results are discussed in the frame
of aplasma-like model of fusion in condensed matter, resulting
incalculated fusion rates of lambda,, = (1.19 + 0.15) x 10-* per
Sec.

JAPAN - PULSED ELECTROLYSIS

A. Takahashi, T. Takeuchi, T. lida (Osaka U, Japan), and M.
Watanabe (MatsushitaElectric Industrial Co., Japan), "Neutron
Spectrafrom D,O-Pd Cellswith PulseElectrolysis', Proceedings
of Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

To confirm "cold fusion phenomena’, a series of pulse
electrolysisexperiments hasbeen carriedout using D,O-Pd cells.
Biased-pulse operation of electrolysis current was adopted, in
order to possibly enhance the transient D-D fusion probability
under virtual electron screening effects in the PdD, lattice, and
to ascertain the correlation between fusion events (neutron
counts) and €electrolysis. Typical operation conditions for
stronger (a) and weaker (b) current regions are: [currents] l1a/lb
=1.1-1.4 amp/0.2 amp and [times] Ta/Th = 8.5 min/8.5 min.

For Pd cathodes, a 10 mm dia, 5 mm thick Pd metal [disk]
(99.5% Pd, 0.5% Ag) and a 10 mm diam 30 mm long pure Pd
metal (cold-worked, 99.99% Pd) [rod] were used. Experiments
have been carried out for about 4 months, changing the biased-
pulseconditions, LiOD density (0.2-0.6 mol/l) and Pd samples.
Neutrons are measured mainly by an NE213 recoil proton
scintillation detector (5 inch diam 2 inch thick), rejecting
gammarray signals and other noise signals by the pulse shape
discrimination circuit. Pulse height spectra of recoil protons by
H(n,n) scattering, time history of neutron count rates and time-
correlation between neutron counts and biased-pul se operation
aredways monitored. The time history of neutron counts by a
He-3 thermal neutron detector (5 inch diam spherical, 5 atom,
with 5 cm thick polyethylene moderator) was additionally used
tomake cross checks of excessneutroncounts. Neutron spectra
and count rates of the background were taken by stopping
eectrolysis (and taking out Pd cathode); correction for the
variation of cosmic neutron counts was done.

After several weeks of operation, we found meaningful excess
neutron countsand we could obtain corresponding fast neutron
spectra, for "certain” experimental conditions. Clear 2.45 MeV
neutron components were observed in wide time regions
repeatedly. The most mysterious results are that the observed
neutron spectra sometime have "higher energy components” in
the 3-7 MeV region; these were observed for both Pd samples.
It was confirmed that the higher energy component was neither
due to the multiple neutron detection nor due to the
contamination of gamma and other noise events. A possible
explanation at the moment is very bold; 3D fusion reactions
wouldoccur to make byproductsof these higher energy neutrons
in the slowing down process of 15.9 MeV deuterons of
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primary products. The hypothetically proposed excitation
screening model may support the possibility of 3D fusion. An
amount of tritium would be produced by the 3D reaction.

COMMENTS

[This presentation by Dr. Takahashi reports excess fast neutron
productionina Pd electrolysis experiment at not only 2.45 MeV
(as expected from conventional d-d fusion) but also higher
energies. Ed.]

Theoverall neutron count ratesin thisexperiment increased from
aninitial rateof 400 counts per 3 hoursto approximately 550 per
3hours after 500 hoursof electrolysis. Itisvery unfortunate that
the only simultaneous background monitoring performed during
the experiment was done in Tokyo rather than in the lab at
Osaka. After this background was subtracted, the derivative of
the spectrum was taken in order to look at differences in the
structure of the two spectra. [This method appears to have
helped in identifying the numbers and energies of the excess
neutrons, however, it is unclear how sensitive this technique
would beto typical background variations, compared with other
methods. Ed.]

Although two portionsof theneutron energy spectrum appeared
to have increased, graphs indicated that the peak near 2.5 MeV
was considerably sharper while the higher-energy pesk was
somewhat flat in shape between 4 and 6 MeV. In addition, itis
interesting that in many cases first one and then the other peak
would appear -- for example, in the first 300 hours only the
higher-energy peaks were seen.

JAPAN - BEST DETECTOR AVAILABLE
Y. Totsuka (U of Tokyo, Japan), "Kamioka Experiments"
COMMENTS

[This presentation described the availability to the scientific
community of possibly the most sensitive neutron detector in the
world. No abstract was available. Ed.]

The detector consists of 4500 tons of pure water viewed by a
largearray of phototubes, 1000 m underground in the Kamioka
mine in Japan. Neutrons are detected by the observation
(through the Compton process) of gammaradiation produced by
(n,gamma) neutron-capture reactions which occur after the
neutrons have been moderated. If thegammaenergiesare above
7 MeV (for example, capture by Ni gives a9 MeV gamma), the
individual gamma photons can be readily measured; the
background at 7-8 MeV, for example, is 0.2 to 0.03 counts

per 10 hours. (This detector is normally operated at a5 MeV
threshold; thisimpliesthesignal shouldbe seen by over 20of the
photomultipliersin< 100 nsec.) The photomultiplier array also
dlows the position and direction of the gamma ray to be
measured.

The maximum manageable burst is 30 eventsin 1 microsecond,
or 100 in 100 microseconds. Because of thelow background, this
detector is extremely well suited for measuring low random or
burst production of neutrons.

Dr. Totsukaindicated that researchers could request permission
to use the detector for measuring neutron production by their
cells. It was later indicated that Dr. Jones of BYU and Dr.
Worledge of EPRI intended to do so.

TEXAS A&M - EXPERIMENTS TO DATE
Kevin Wolf (Texas A&M), "Neutron Emission Studies'
COMMENTS

[In this presentation, Dr. Wolf summarized the scope of the
neutron experiments performed to date. No abstract was
available. Ed.]

The experiments included well over 100 Pd electrolytic cells
(including 9 of the Jones type) as well as 5 Ti gasloading
experiments (1000 psi D, 3 using RF induction) and 4 Wada-
type spark-gap experimentswith Pd. (Enhancement withneutron
and gamma bombardment was also tried.) It was noted that of
these experiments, it wasthe eledrolytic cells with 6 mm X 10
cmPd cathodes and Ni anodes (containing 100 timesas much Pd
asin the early 1 mm cells) which gave the notable results.

An NE-213 neutron detector was described which contained a
particularly large phototube, was optimized to avoidlight traps,
and used pulsedi scriminator €l ectronics to accumul ate datain 10
microsecond blocks. The detector was surrounded by a foot of
paraffin and by very large cosmic ray veto counters; a second
detector was used to simultaneously either view thesame cell or
measure the cosmic ray background under the shielding.
Compact electrolytic cells were used to give better detection
efficiency (i.e. the detector would thus cover alarger solid angle
around the cell). The efficiency was approximately 5%.
Measurements were performed both at the Texas A&M
Cyclotron Institute and in the Black Cloud Mine. The
background count rate in the mine was 0.5/minute.

Count ratesfor approximately half of thePd electrolytic cells run
(for several daysat increasing voltage) inthe mine werehigh, for
periodsof upto 10hours, typically starting within 2-5 hours. An
example was given of acell
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whichgave 1.8-2.2 counts/min (7 sigma above background) for

4 hours; this waswell abovethe (up to 3 sigma) variation in the
background over such a period, and a second detector seeingan
equa amount of Pd and D,O at the same time gave only the
background count rate.

An energy spectrum (up to 50 MeV) was obtained; comparison
of the resultswith Monte Carlo simulations indicated the results
were not grossly inconsistent with 2.5 MeV neutrons, athough
some harder neutrons may also have been present. A ®Li detector
was also used to check for low energy neutrons; these were not
seen.

JAPAN - LARGE BURSTS - SURFACE COATING

Eiichi Yamaguchi and Takashi Nishioka(NTT BasicRes. Labs.,
Tokyo, Japan), "Nuclear Fusion Induced by theControlled Out-
Transport of Deuterons in Palladium”, Proceedings of
Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

We present a new technique for enhancing anomalous nuclear
effectsin deuteron/solid systems. Thismethod makes use of the
production of D accumulation layers at Pd surfaces, due to the
controlled out-transport of D-atoms, on Pd:D systems set ina
vacuum chamber. By using this "vacuum" technique, we
observed:

1. Gigantic neutron bursts of 1-2 x 10° neutrons per sec from
Pd:D plates,

2. Anexplosive release of D, gas,
3. Uniform biaxial bending of al the samples, and
4. EXxcess heat evolution, a the same time.

Wealso observed the phenomena 2,3,& 4 onPd:H systemswith
this method. This is the first evidence that the excess heat

production cannot be caused by D-D reactions.

COMMENTS

[Theexperiment described by Dr. Yamaguchi isnotable for the
very large neutron bursts created under controllable
nonequilibrium conditions. The experiment involved the
creation of anaccumulation layer of deuterium during unloading
(high deuteriumflux) in aPd gas-loadingexperiment through the
use of surface coatings. Ed.]

The effect of such a barrier in creating localy high
concentrations next to it under conditions during outgassing of
the metal was expected to be andogous to the electron
accumulation layer in metal -insul ator-semiconductor sandwiches.

(It was noted that the initial impetus for such work involving
nonequilibriumconditionswasca cul ationsby Sunand Tomanek
[Phys. Rev. Letters 63 p 59, 1989] and by Wang, Louie and
Cohen[PRB 40 p 5822, 1989] of the large separations expected
between two hydrogens occupying the same site in a Pd lattice
(0.95 to 3.8 A, versus 0.74 A in H,) if only equilibrium
conditionsare considered. Asin the case of many other groups,
agas-loadingrather than el ectrol ytic system waschosen because
of its apparently lesser complexity.)

In the experiment, a <10 nm layer of Mn and O is deposited on
oneside of apurePd film, and the filmisloaded with 400torr of
D, gasfor 24 hrs. A >100 nm thick Aufilmisthen deposited on
the other side of thefilm, and the sample is placed in a vacuum.
After approximately 3hours, aneutron burst lasting 2-3 seconds
was measured usi ng *He detectors, gas release (predominantly
mass 4 with some mass 3) was measured by mass spectrometry,
and plastic deformation was seen in which the sample flexed,
with the Au side becoming concave and the Mn oxide side
convex. The accumulation layer and gas rel ease were indicated
to occur on the Mn oxide side when the samplewas placed in a
vacuum. In addition, a surface temperature of over 700 C was
inferred to have been reached, based on subsequent SEM

examination of the Au sidein which the gold appeared to have
been completely aloyed with the Pd.

The plastic deformation was observed to be rapid, taking less
than1 minute. Thetemperatureincrease wasinferredto precede
anincreasein the mass 3 peak in thegas, however, asadecrease
in the mass 2 peak was also observed, it was suggested that the
mass 3 peak was more likely due to H, rather than tritium.

As noted, only the neutron production did not occur in the
hydrogen-loaded controls. When a deuterated sample was
cycledasecond time, the neutron burst was smaller, 0.6-0.9X 10°
neutrons/second.

More recent experiments have included the use of current
injection (with a DC pulse applied through a tungsten needle),
additionof asecond (independent) neutron detector, and addition
of two charged particle detection systems (which will in the
future be able to determine energy spectra).

A cooperative cycle of positive feedback is suggested in which
deuterium accumulation at the interface produces alayer witha
large lattice constant, leading to strain,
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which in turn enhances deuterium migration, until eventually
plastic deformation occurs. It is possible that rapid phase
transitiong/lattice  rearrangement, defect formation, etc.
associatedwith the deformation, and/or adecrease inthenumber
of optimal D sitesduring thisprocess, aids inthe fusion process.
Possible anomalous ionization during the gas release was also
mentioned.

In the subsequent discussion, it was noted that severa other
oxides and nitrides have also been tried, with similar results.

[Datacomparing the amount of heat produced fromsimilar Pd:D
and Pd:H experimentswas not available. However, someheat in
the PdD samples would have resulted fromthe nuclear reactions;
the amount will depend on the energy yield of the neutron-
producing reaction and also on the energy released by other
nuclear reactions which do not generate neutrons. Given
previoushranching ratio data, the amount of such heat could be
large; thus followup calorimetry work could be of considerable
interest. Ed.]

CHINA - GAS LOADED Ti

He Jianyu, Zhu Rongbao, Wang Xiaozhong, Lu Feng, Luo
Longjun, Liu Hengjun, Jiang Jincai, Tian Baosheng, Chen
Guoan, Yuan Yuan, Dong Baiting, Yang Liucheng, Qiao
Shengzhong, Yi Guoan, GuoHua, andDing Dazhao (Chinalnst.
of Atomic Energy, Beijing), "Experimental Study on Anomalous
Neutron Productionin Deuterium/Solid System™, Proceedings of
Anomaous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

A series of experiments on both D,O dectrolysis and thermal
cycling of deuterium absorbed Ti turnings has been designed to
examinetheanomal ousphenomenain Deuterium/Solid Systems.
A neutron detector containing 16 BF; tubeswithadetection limit
of 0.38 n/s for two-hour counting was used for electrolysis
experiments. No neutron counting rate statistically higher than
the detectionlimit was observed fromFleischmann & Ponstype
experiments. An HLNCC neutron detector equipped with 18 *He
tubes and a JSR-11 shift register unit with a detection limit of
0.20 n/s for atwo-hour run was employed to study the neutron
burst signalsin D, gasexperiments. The experiment sequence
was deliberately designed to distinguish the neutron burst from
falsesignals, e.g. electronic noisepickup, cosmicrays and other
sources of environmental background. Eight batches of dry
fusionsamples weretested, amongthem six batches withneutron
burst signa swhich occurred roughly at the temperature between
-100 C to near room temperature.

In the first four runs of atypical sample batch, seven neutron
bursts were observed with neutron numbers from 15 to 482,
which are 3 and 75 times, respectively, higher than the
uncertai nty of background. However, no bursts happened for H,
dummy samples running in-between and afterwards and for
sample batch after certain runs.

COMMENTS

[Thispresentation by Dr. Zhu described neutron burstsobserved
during aTi gas-loading experiment, similar to thosereported by
other groups. Ed.]

In the second-generation experiments described (involving 270
gof Tiand 90 atm D,), the background level wasgreatly reduced
by various means. Power line noise was eliminated by using a
battery, cosmic rays backgroundwas greatly reduced (to 7X10°
counts/sec) by using correlated counts (128 microsecond
window), operating at a depth of 580 m in amine, and using
additional paraffin and Cd shieding, and humidity and
temperaturewere controlled to prevent discharges in thecounter.
Also, about as much time was spent in counting dummy samples
and background as samples (although the background was not
counted simultaneoudly). The efficiency of the detector in the
single-count mode was 20%.

It was found that samples which ceased to be active could be
reactivated, but with decreasing effect, by degassing and
reloading.

(The BF, detector in paraffin moderator which was used in the
electrolysis experiments also mentioned had an efficiency of
6.8% and arelatively high background of 0.3 counts/second.)

In the future, a multidetector system and energy measurements
are desired.

D. CHARGED PARTICLE DETECTION
COLORADO - GAS LOADED Ti

F.E. Cecil, H. Liu, D. Beddingfield (Colorado School of Mines)
and C. Galovich (U of N. Colorado), "Observation of Charged
Particle Bursts From Deuterium Loaded Ti Thin Foils",
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Observations of intense bursts of charged particles (up to about
10 per sec.) using Si surface barrier detectors from deuterium
loaded Ti aloy thin metal foils which had been temperature
cycled to -180 C and subjected to moderately
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high current densities (100 mA/cn) will be presented. Particle
energies from about 1 to 10 MeV have been measured.
Preliminary effortsat particleidentification suggest that some of
theparticles are tritonswith energiesup to 4.2 MeV. Analogous
burstswere not observedinsimilarly prepared hydrogen loaded
foils. Efforts to exclude possible artifactual sources of these
observations will be discussed.

COMMENTS

[Chargedparticle count ratesonthe order of several hundred per
second in gas-loaded Ti, possibly including unusually high-
energy tritons, were reported by Dr. Cecil. (Preliminary
experiments reported at the Santa Fe conference had been
negative.) Ed.]

Ti 6-6-2 samples from Dr. Jones were vacuum annealed for 2
hoursat 700 C, thenloaded with D, gas(2 atm) for 1 hour at 700
C. (A 25-35% mass change was inferred to indicate a
compositionnear TiD.) The sampleswerethen placed onacold
finger inthe counting chamber (approximately 1 cmfromthe Si
detector), to allow cooling with liquid nitrogen, current (from a
battery) was applied, and the charged-particle energy spectrum
was measured in 10-minute intervals. During this time the
sample was cooled to -180 C in 40 minutes, then allowed to
warm up after an additional 20 minutes, and counted an
additional 20-25 hours; thetemperature cycling wasrepeated 3-5
times. Controlsincluded both unloaded Ti and Ti+H, samples.
The detector energy calibrationwas checked with an Am source.
The background counting rates were very low.

The sample gave a very cleanenergy spectrum, with count rates
of several hundred per 5-minute interval. The changes in this
spectrum with time appeared quite interesting: after 2 hours or
more, the count rate above 1 MeV increased 2-3 orders of
magnitude in a series of bursts, and the energy of the peaks
typically increased as the temperature increased, suggesting a
change in either the depth at which the particles were produced
or the mechanism responsible. (In one calculation it was
estimated that 3 MeV particles could lose up to 200 KeV of
energy in the 3.5 mil thick foil, depending on thedepth at which
they were created). Also, during a series of bursts, the current
was turned off; the counts persisted for 10-15 minutes before
dying away, then reappeared after the current was restored, and
died away a second time when the current was turned off again.
Pul se shapes, as observed on the CRT, were reasonable.

A "poor man's particle identification system" was used to
determine the typesof particlesresponsible: half of the detector
was covered with 6 micrometers of Al, and half with 19
micrometers, causing each peak in the original spectrum to be
split into two peaks (since the energy loss

of half of the particles would differ from that of the other half).
This technique was a so tested by examining the products of a
®Li+D reaction; the 4.5 MeV triton signal was split into two
peaksat 3.15 and 4.07 MeV as expected. The apparent energy
loss rate of the particles from the sample, on the other hand,
ranged between those of apha particles and tritons. Similarly,
when the detector voltage was turned off during 1 burst, the
average gain decrease was 48%, versus 54% for 5.4 MeV apha
particles and 26% for 3 MeV protons produced during a similar
test with an accelerator source.

Twenty-four bursts were recorded in 56 days (July 6 to
September 10, 1990) from 12 of 26 samples, usualy after 6-10
hours (i.e. as room temperature was approached). The burst
durationsvaried from seconds upto approximately 200 minutes.
Tenburstsoccurred during the first temperature cycle, 8 during
thesecond, 1during the third and 4 during the fourth, suggesting
significantly greater production during initial cycles.

No bursts occurred during the more than 1 week that the 12 TiH
samples were run; the probability that such a difference in
behavior could have occurred by chance was calculated asless
than 2%.

Assignificant numbersof protonswere not seen, the pattern did
not appear to correspond to that expected for the d+d->p+t
mechanism; aso, there was no evidence of 24 MeV alphas or
other high energy events (up to 30 MeV); in fact no counts
above 14 MeV were seen. The failure to detect more than one
mainpeak should thusplace some constraintson possible2-body
and multibody theories.

The next phase, involving a new chamber which would allow
energy determination on a particle by particle basis, has not yet
yielded resuilts.

NRL - ION BOMBARDMENT

George Chambers, Graham Hubler and Ken Grabowski (Naval
Research Laboratory), "Search For Energetic Charged Particle
Reaction Products During Deuterium Charging of Metal
Lattices', Proceedings of Anomalous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

An effort has been made to create cold fusion in thin films of
titanium under low energy (300-1000 eV) deuterium ion
bombardment in a vacuum chamber. Deuterium ions are
produced by extraction from a plasma produced in a
Microscience el ectron cyclotronresonance (ECR) source and by
aKaufmannion source. The
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sampleis monitored during bombardment with a siliconparticle
detector in order to detect possible charged energetic reaction
products. A variety of metallic foils, bulk samples, and vacuum
evaporated thin films have been bombarded withdeuterium ions
atcurrent densitiesranging from0.4 mA/cm?to5 mA/cn? and at
temperatures ranging from 80 K to 273 K. Charged particle
spectra will be presented, including background and control
experiments, along with information about particle identity and
possible reaction models.

COMMENTS

[Thispresentation by Dr. Chambers described theproduction of
particles tentatively identified as unusually high-energy tritons
during ion implantation. Ed.]

This series of experimentsbegan 1-1/2 years ago with negative
results. Sincethen, amore advanced ion beam apparatus, using
adetector with very high efficiency (including ahigh solid angle
in viewing the sample) and low background (5 counts/day) has
allowed sufficiently higher sensitivity to allow fusion ratesonthe
Jones level to be examined.

PureTi, two Ti dloys (6-4 and 6-2-4-4), and pure Pd wereused.
Samples included both foils and 1-micrometer-thick films
deposited on Ni foil. At theion implantation energy used (300-
350¢eV for theECR source, 1000€V for theKaufmann gun), the
cross-section extrapolated from hot fusion data should be
extremely small. Samples could be cooled to prevent thermal
damage.

Pul se shapes wereobserved ona digital storage oscilloscope. It
was found that spurious counts from beam-induced noise,
microphonic noise, arcing and power line noise could be
distinguished from actual signals using pulse shape and a veto
counter on the same power line. As a further test, the energy
shift occurring when the detector bias was switched off was
measured.

Charged particles were measured at severa standard deviations
above background; burstswerealso noted. Thiswasin contrast
to the behavior of the hydrogen-loaded controls. Particle
energieswere upto 5 MeV. The 3.5 MeV of energy deposited
at zero bias was indicated to fittritons best, rather than “He (4.3
MeV expected), He (4.1 MeV expected), H (1.9 MeV), or ?H
(3.0 MeV). Similarly, the change in the spectrum on
interpositionof athick foil isconsistent with theidentification of
the particles as tritons. However, the triton energies are much
greater than those produced by the conventional d+d->t+p
reaction (1.0 MeV). Theinferred cross-sectionisat least on the
order of 10° barns. (If only small areas are involved, as seems
possible, the required cross-section could be much larger still.)

SAN FRANCISCO - ION BOMBARDMENT COATING

E. Lopez, B. Neuhauser (San Francisco State Univ.), F. Ziemba
(Quantrad Corp), J. Jackson (IICO Corp.), E. Mapoles
(Lawrence Livermore Nationa Laboratory), J. McVittie (CIS,
Stanford Univ.), and R. Powell (Varian Associates), "Search for
Charged-Particle d-d Fusion Products in an Encapsulated Pd
Thin FIm', Proceedings of Anomalous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

Stimulated by reports by Fleischmann and Pons and Jones et al.
of nuclear fusion at room temperature, we attempted to look for
charged particlereaction productsfromd-dfusion inadeuterated
palladium think film. A silicon nitride encapsulated palladium
thin film (3400 A thick and one cm? area) was evaporated on top
anuclear semiconductor detector and implanted with an 80 keV
D, beam in anion implanter. A first run of this experiment
showed charged-particle signal pulses after the film was loaded
to more than 100% and the beam turned off. The results were
not conclusive. A second run failed to produce any results.
More experimental runs are expected in the near future.

COMMENTS

[The presentation by Dr. Lopez described the use of a novel
encapsul ation mechanism to seal ion implantation targets. Ed.]

A thin (200 A) Ti layer was needed between the 1000-A-thick
coating layer and the Pdto prevent peeling. The thicknesses of
thelayers wereoptimized such that the deuteronenergy wouldbe
<30 KeV when it reached the Pd, and that it would be stopped
largely within the Pd [rather than the coating or detector]. In
addition to deuterium loading to an estimated composition
greaterthan PdD; 5, bombardment with 45KeV ©Li ionswas also
performed(cal culated average loading0.013 Li/Pd). A Quadtran
500-PN Si semiconductor detector was used; count rates of
10/minute or greater were recorded during the time the sample
wasbeing cooled. Instrumental problems prevented neutron and
other measurements.

[ The degree to which encapsul ation minimized deuterium lossis
unclear, especialy as it was noted during discussion of another
presentation that diffusion rates decrease considerably at high
loading. However, the deposition of the sample directly on the
charged particle detector is also interesting. Ed.]

JAPAN - PULSED ELECTROLYSIS

Ryoichi Taniguchi and Takao Y amamoto (U of Osaka, Japan),
"High Sensitivity Measurement of Charged Particle
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Emission with use of the Pulsed Electrolysis Method",
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

The charged particle detection is one of the most sensitive
methods to catch the evidence of the possible cold nuclear
fusion. Using the pulsed el ectrolysis method, we have attempted
to increase its sensitivity further and to detect weaker cold
nuclear reactions.

Charged particles were detected by a silicon surface barrier
detector. The detector was set under the bottom of a cell and
closeto athin paladium-foil cathode. The electrolytic current
of the DO cell wasintermitted at regular intervals about several
hours. Theforeground (current on) and background (current off)
weremeasured alternately. Thesedatafor the samecurrent wave
form were summed up so that the effect of the background
radiationwasreduced and thesignal-to-noiseratio wasincreased.

The experimental results, counting rate, and theenergy spectrum
suggested that some species of nuclear reaction occurred in the
cathode. The reaction rate, 10% fusion per sec per d-pair, was
about two ordersof magnitudelower than that reported by Jones
eta.

COMMENTS

[Theexperiment described by Dr. Taniguchi isunusual in that it
was designed to alow charged-particle detection in an
electrolytic rather than gas-loading experiment. Ed.]

The cell current was aternately switched on for 3 hours and off
for 3 hours. Thetotal current wasonly 30 mA. Power line noise
was eliminated through the use of a battery. Background count
rates were 0.42 +/-0.17/hour.

[Itispossible that the low current density and periodicswitching
off of the current may have prevented a larger effect. Ed.]

JAPAN - CRACK MONITORING

Ryoichi Taniguchi and Takao Y amamoto (U of Osaka, Japan),
"Relation between Charged Particle Emission and Induced
Current Pulse Noiseon the ElectrolysisElectrode”, Proceedings
of Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

The electric discharge when the micro-crack was propagated in
the cathode material, if the fracto-fusion theory would be true,
would be detected as the current impulse by the use of the
electronic measuring technique, and the charged particle
emissionwould be observed at the same time. We havetried to
detect the pulse and investigate the relation to the charged
particle emission.

A charged particle detector was attached close to a thin
palladium-foil cathode and current pick-up (f, < 100 MHz,
sensitivity for thepul sed input was about 0.2 pi co-coulomb), was
set at the anode input. The high frequency component in the
anode current, which would be induced by the crack-discharge
on the electrode, was measured by the pick-up and counted by
the PHA with charged particles at the sametime. The induced
current pulses onthe anode current, about afew counts per hour,
appeared at the beginning of electrolysisand decreased slowly.
The pulsed noise seemsto have somerelation to thetemperature
of the electrolyte, but nosimple relations to the charged particle
data

COMMENTS
[The described attempt to measure current pulses in the anode

dueto shock waves produced by the cracking of the cathode was
questioned by the audience in the subsequent discussion. Ed.]

TEXAS A&M - NEGATIVE REPORT

K.L. Walf, L. Whitesell, J. Shoemaker and H. Jabs (Texas
A&M), "A Search for Charged-Particle Emission from
Deuterated Titanium Alloys', Proceedings of Anomalous
Nuclear Effects In Deuterium/Solid Systems, Brigham Y oung
University, October 22-24, 1990.

ABSTRACT

Reports of energetic charged-particle emission from deuterated
titanium foils have been investigated. Foils of 6-6-2 titanium
aloy have been vacuum annealed and converted to TiD in a
quartztube furnaceat 700degrees. Each Ti samplewasmounted
between thin stainless steel frames, which produced an exposed
areaof approximately 300 mm? each. Sampleswere mounted on
a cold finger in a high vacuum system and cooled to liquid
nitrogen temperatures, followed by a 24-hour warm-up period.
Two samples were run in each cycle, each viewed by a silicon
solid state detector system. A delta E-E telescope of 100 mm?
area (16 micron and 300 micron thicknesses) was used for one
sample, and a 450 mn? area, 300 micron thick single detector
counted a second sample for each
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run. Electropolished Ta defining apertures were situated 1 cm

from the Ti samples for both systems, allowing large solid
angles. Event-by-event data collection allowed unambiguous
particleidentification in a delta E-E map, with good sensitivity
even to energetic protons. In six samples, each cycled four
times, not a single charge-one particle was observed. Alpha
particle background is afew counts per day. A large systemis
being instrumented to attempt to measure the branching ratio
associated with the neutron emission data of Menlove, et al.
{Work supported by the El ectric Power Research I nstituteand by
the U. S. Department of Energy.}

COMMENTS

[Dr. Wolf's presentation described an unsuccessful attempt to
reproducetheTi charged-particle experiment by Dr. Cecil. Ed.]

Itwas noted that, where possible, measurement of theproduction
of theenergetic tritonsin such experiments should be 8 orders of
magnitude more sensitive that measurement of the decay of the
tritium afterwards [due to the long half-life of tritium].

The particle telescopes mentioned consist of a pair of
superimposed Si detectors withvery lowthreshold; identification
involves plots of delta-E (the loss of energy in the upper, thin)
detector versus E (the total energy lossin both detectors). The
detector energy response was calibrated with a ®Li(n,alpha)t
source.

Targets of the same Ti used by Drs. Menlove, Worledge and
Cecil were used; these were purified using a quartz furnace at
800 C and a high vacuum filament. (It was noted that the latter
shouldleave no doubt asto purity.) VariousD/Ti ratiosfrom 0.5
to1.7 weretried, andadeuterium gradient wasalso usedin some
samples, in case the proper range of loading was very narrow.
Finally, theapplication of stresswastried. Thus, thisexperiment
represented acareful attempt to get the experiment towork. As
notedin theabstract, six of the twenty sampleswere completely
negative.

E. TRITIUM MEASUREMENTS
NCFI - NO Pd CONTAMINATION

K. Cedzynska, S.C. Barrowes, H.E. Bergeson, L.C. Knight and
F.G. Will (National Cold Fusion Ingtitute), " Tritium Analysisin
Paladium With An Open System Anaytical Procedure”,
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

The formation of tritium in palladium cathodes during the
electrolysis of heavy water solutions comprises one of the most
significant manifestations for the occurrence of cold fusion in
deuterium - loaded palladium. There have been recent reports
that the tritium found by many investigators in the electrolyteof
"cold fusion cells" might have originated from tritium already
present as a contaminant in the palladium rather than from cold
fuson. We have applied the same open system analytica
procedurefor tritium anaysisin palladiumthat |ed another group
to make these claims, and we have evaluated the limitations of
the technique. In 45 palladium samples, produced by three
different manufacturers in various lots and sizes, we find no
evidencefor tritium contamination. Within the maximum error
of our experiments, that is 3 DPM/ml, the palladium samples
givetritium counts identical to the background of 26 DPM/m.
The major factors leading to possible errors in applying this
technique are discussed. Among these are the effects of
extraneouscounts, color, pH and palladium concentration of the
solution, as well asthe possible escape of dissolved tritium gas.
In extreme cases, false tritium counts of up to severa thousand
DPM/ml have been observed. Itisconcluded that thisprocedure
may give unreliable results unlessa number of precautions are
observed. Closed system analytical procedures are, therefore,
preferred.

COMMENTS

[Incontrast tothe presentation by Dr. Wolf, inwhich occasional
high levels of tritium contamination were reported, this
presentation by Dr. Cedzynskashowed no contaminationin as-
manufactured Pd in an equally large number of experiments
(135) involving both open and closed systems. Ed.]

In the open system Pd contamination test described, 0.5 g of Pd
was dissolved in aqua regia to form PdCl,, and the resulting
solution was analyzed for tritium. (Concentrated NaOH was
added to pH 13-14, the solution was centrifuged and decanted,
HCI was added to either pH 2-3 or 6-7, 1 cn® of pH-adjusted
solution was added to the scintillation cocktail, and the tritium
activity was measured and compared with a standard solution
containing a similar amount of PdCl, (to give the same color).

Samples were from Hoover and Strong, Johnson Matthey, and
Metalor; 2 samples from Texas A&M were aso run.)

Variouspossible sources of error intritium analyses werenoted,
such as escape of tritium gas during preparation (minimized in
thesetests by cooling the solution and limiting contact withair),
color quenching due to dissolved Pd (minimized by centrifuging
the solution and
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adjusting the pH), and chemical reaction of the cocktail and
acidic buffer with impuritiesinthe Pd. (Cu, Ag, Pt, Rh, and Ir at
the1-10 ppmlevel wereshown to produce artificially high count
rates.) It was aso mentioned that Pd oxychloride can cause
scintillation cocktail to deteriorate.

In the closed system test, tritium was recovered by distillation of
T,0 fromthe aguaregia and washing thecatalyst used inthe gas
recombination, in order to recover al of the tritium in the
system. The scintillator was calibrated using two blanks
containing H,O of a known tritium content, and the efficiency of
the collection was tested by electrolysis of tritiated water. The
90 samplesgave 27.2+ 1.1 dpm/ml, similar to the 27.1+ 1.1 for
30measurements of background on thescintillation cocktail; 1.1
dpm/ml would be equivalent to asensitivity of T/Pd =1.6x 10Y.

Inthe subsequent discussion, it was noted that the analyses did
include samples which generated tritium in NCFl experiments.
Dr. Barrowes|ater suggested other groups save aportion of their
as-received Pd, and if tritium later appears to be produced, the
NCFI lab can analyze this sampl e of the metal for contamination.
Dr. Barrowes aso noted that if random coincidence counts in
tritium analyses are greater than 5% due to chemiluminescence,
theresulting nonlinearity will giveproblems, and that efficiencies
less than 35% can also signa a problem (unless the lowered
efficiency is simply due to the solution being dark).

TAIWAN - Pd ELECTROLYSIS

Chun-ching Chien, T. ChenHuang (Institute of Nuclear Energy
Research, Lung Tan, R.O.C. [Taiwan]), "Tritium Production by
Electrolysisof D,O", Proceedings of Anomal ous Nucl ear Effects
In Deuterium/Solid Systems, Brigham Young University,
October 22-24, 1990.

ABSTRACT

Twenty-six electrolytic cells have been examined for tritium
production. Palladium rod was used asthe cathodeand LiOD in
D,Owasused as the electrolyte. Significant amounts of tritium
(10%-103 times background) werefound in three cells. In one
experiment, the tritium production was of zero order with a rate
constant about 2.2 x 10" T-atoms/sec, and the incubation time
wasabout 5hours. Thereaction was sustained for more than one
month. Preliminary resultsindicated that the tritium production
can beeither triggered or quenched by changing of D.C. voltage.

COMMENTS

[ThePd electrolysis experiment described by Dr. Chien showed
a very suggestive correlation of high tritium production with
current density. Ed.]

The cells described contained Pt anodes and 0.1 M LiOD; total
current wasup to 2 A. An open system was used, with tritium
being measured in the electrolyte only.

After 10 days, tritium levelsin one cell were reported to be 1200
times background (over 10/ dpm/ml versus dightly over 104
dpm/ml). In a second cell, levels rose to 5x10° dpm/ml in 2
steps, which were correlated with two of the increases in the
voltage. In a third cell, levels appeared to rise linearly; by
extrapolating to thebackground level, theestimated time before
tritiumproduction began wassuggested to have been lessthan 10
hours.

LOS ALAMOS - Pd + Si

T. Claytor (Los Alamos National Laboratory), "Tritium
Generationin Pd-Si Systems; Gasand Liquid AnalysisFacilities
for Detection of Tritium"

COMMENTS

[ The experiments described produced tritium using pressedgas-
loaded Pd+Si powdersor thin films and very high voltages. No
abstract was available. Ed.]

It was noted that among the facilitiesavailable at Los Alamosis
alargedata baseon D and T behavior in Pd. For instance, high-
temperature desorptionisothermsand separation equationsfor H,
D, and T are available at Savannah River.

Procedural parameters which have been varied in Pd-Si-D
experiments performed to date includethe voltage, pulsewidth,
repetition rate, pressing, surface asperity, and direction of
current. Variationsin the materialsinclude the oxide layer, gas
purity, foil or powder, gas pressure, Si size distribution, Si
oxidation, and binder.

Largeamountsof Pd wereused, rangingfrom 11t0105.5g. The
Pd currently usedis fromEngelhard. Analyses showed the most
significantimpurity to be oxygen, alongwith smaller anountsof
N, C and Cl. Samples were loaded with D, gas at 200 psi; a
standard loading ratio could be obtained by use of a standard
volumeof gas. Thegasused wasaso analyzed for H, D, T, and
“He. (Organic impurities are cold-trapped.) After a run,
dehydriding is performed a 200 C in a vacuum to completely
extract any tritium. (If the sampleisnot completely dehydrided,
errors could result from separation effects.)
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The powder was tested for tritium contamination by being
pressed, hydrided, and dehydrided; less than 0.2 nCi/g were
found. Each gas bottle used was analyzed for tritium content
before and after use. (The content was found to vary
significantly from bottle to bottle)  Also, the inside of the
chamber was carefully cleaned before use withabrasive, a cohol
and acetone; after evacuation, D, was flowed through it and the
gas analyzed for tritium contamination.

Various examples were shown; for example, in contrast to the
negative (1 + 3 nCi) results in all samples with sulfur surface
treatment, cells 19-21, with a greater number of alternating Pd
and Si layers than preceding cells, gave 56-214 nCi excess
tritium after dehydriding (but not before, indicating that thiswas
not due to contamination inthe gasused). [In contrast, estimated
tritium productionin cell 2 had been 170,000 nCi, and the next-
largest production had been 320 nCi in cell 10.] Approximately
10 nCi was found in two hydrogen controls, presumably due to
carryover from previously produced tritium to which the tubing
has now been exposed.

At the time of the conference, 29 cells have been run. It was
notedthat thelatest cells have all usedfoils, which canbereused
(whereas the powder sinters), and which raise fewer
contamination questions. These have also given small amounts
of tritium production, but additional controls are till being run.

In contrast, only weak evidence for neutrons has been found,
with burststo 100 counts in 10,000 seconds, equivalent to 3-1/2
sigma above background overall and 4 sigmabelow 0 C. Thus,
the neutron/tritium branching ratio for the powders used was
typically on the order of 3 x 10 or less, and 3 x 10° or lessfor
the foils. (Due to the large uncertainties, these values should
perhaps best be considered upper limits.)

During thesubsequent discussion, it wasnoted that the oxidation
of the Si determined how high a voltage could be applied;
voltages used were up to 2900 V, and it was suggested that
higher voltage may have given better T production. The
diameter of the powder used was 0.3 microns. It was noted that
one of the biggest problems experienced with the early cellswas
warping.

JAPAN - PRELIMINARY RESULTS

Osuma Matsumoto, Kan Kimura, Yuko Saito, H. Oyama,
Tsuyoshi Yaita(AoyamaGakuin U, Japan), "Tritium Production
Process"

COMMENTS

[In this Pd electrolysis experiment, neutron detection was also
attempted, apparently usingan unusual induced-fission detection
method. No abstract was available. Ed.]

Experimentsinvolved Pd or pall adized Pd cathodesin D,O +0.5
M D,SO,. Neutron detection used a fission track method; a
uranium acetate plate with polyethylene backing gave track
densities dightly greater than H,O and unelectrolyzed DO
controls (up to 188/cm? versus36-116/cm?) The corresponding
rate was reported to be 2x10-%/cn/sec, or 102 fusions/sec. In
addition, tritium wasmeasured by liquid scintillation; level safter
electrolysis were 40.6 + 1.8 dpm, versus 32.9 + 1.6 before.
Finally, using temperature-controlled desorption, the gasin the
electrodewas analyzed by mass spectrometry and found to give
larger mass 5 and 6 peaks than when pure D, was introduced,;
however, much higher resol utionswould have been necessary to
indicatewhether these infact contained tritium. (A resolution of
1 partin 850 isnecessary todistinguish DT and D,H, and 1 part
in 587 is necessary to distinguish T, and D.)

INDIA - EXPERIMENTS TO DATE

M. Srinivasan, A. Shyam, T.C. Kaushik, R.K. Rout, V. Chitra,
L.V. Kulkarni, M.S. Krishnan, SK. Mahotra, V.G. Nagvenkar
(Bhabha Atomic Research Centre, Trombay, India), and P.K.
lyengar (Atomic Energy Commission, India), "Observation of
Tritiumin Gas/Plasma L oaded Titanium Samples’, Proceedings
of Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

In search of the anomalous fusion phenomena termed as cold
fusion, several techniques have been employed at Trombay to
load D, gasinto metallic titanium. In many of these experiments,
significant amounts of tritium have been detected in the
deuterated samples/targets. Tritium levels in the near-surface
region of these samples have been measured by a variety of
techniquesincluding direct counting of tritium betas with a 2-pi
geometrygas-filled proportional counter or indirectly throughthe
measurement of the 4.9keV Ti K X-rays excited by these betas
and autoradiographic imaging with the help of medical X-ray
films. Some of the 'very hot' samples when introduced into an
ion chamber have even given rise to pico-ampere levels of
current. In one of the recent experimentsvery high (about MBQ)
levels of tritium has been detected in Ti electrodes deuterated
usingaMather-type plasmafocusdevice. Inanother experiment
about a thousand deuterated Ti lathe turnings (chips) were
repeatedly cycled in liquid nitrogen (LN,). Individual
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counting of the so-treated TiD, chipsindicated the presence of
about 1 to 5kBqof tritiumin morethan 50% of the chipswhile
four chipswere foundto contain an activity of asmuchasa MBq
each. However, the actual 'success rate' of tritium productionin
the chips may be muchless than 50% since we suspect that the
activity in many of the chips mights have been transferred from
a small number of 'successful’' chips when al of them were
treated together inliquid nitrogen. Investigationsto confirmthis
possibility areinprogress. The paper describesthe details of the
deuterium loading procedure, tritium measurement techniques
and important results and conclusions of the experiments.

COMMENTS

[Dr. Srinivasan's presentation gave an overview of the wide
variety of tritium experiments performed. A number of these
measured particularly large amounts of tritium- for instance, on
the order of 5X10" in gas-loaded Ti and Pd. In addition, the
wide variety of independent methods employed in the
measurements (several of which yielded confirming spectral
information as well as count rates) is notable. Ed.]

In addition to the plasma-focus and Ti+D,/temperature-cycling
experiments listed, other previously performed experiments
included work with RF-heated targets, vacuum-annealed Pd foils
and "aged" deuterated Ti targets (Ti deuteride analyzed for
tritium 10-20 years after deuteration). Other experiments
presently under way involve Wadatype gas-discharge
experiments, deuteriumion beam implantation, testsfor neutron
and tritium production in chemical reactions [as reported in the
presentation by Dr. Danos], and laser spot loading. In tritium
measurements, in addition to the use of autoradiography
(sensitive to beta and gamma emission), beta counters, and
current measurements [the beta particles emitted in tritium
decays are electrons], Si(Li), HPGe [high purity Ge], and Nal
detectors(all sensitiveto soft X-rays) aswell as CaF, scintillators
(sensitive to betas) have also been used.

In the plasma focus experiment, an approximately 12 KV
discharge between a pair of electrodes in 1-10 mbar D, gas
creates a momentary (< 1 microsecond), hot (10° K) plasma
containing on the order of 10" deuterium ions, and causes ion
implantation in the surface of the target. Hot fusion in the
plasma under these conditions could account for 10%° d-d
fusions, but upto 400 microCi = 10 tritium atoms wereactually
measured in one experiment consisting of 50 shots with the Ti
target at positive polarity and 10 shots using negative polarity.
(Another experiment using 25 positive shots gave only 8.1
microCi, and one with 30 negative shots gave 1.8 microCi.)
Additional tests are planned. Measurement of the tritium by
autoradiography showed that it was

concentrated in wormlike features, with more diffuse areas
superimposed onthesepresumably resultingfrom X -raysexcited
by the tritium betas. (A duplicate film on top of the first records
onlythe soft X-rays.) Theimage appearsunchanged for months.
Neutron production was also inferred from neutron activation of
Ag in the target, which gave gamma count rates of over
100/second in somecases. Rather than decreasing immediately
after a shot, the gamma ray signal initially increased, suggesting
continued neutron production for perhaps 15 secondsafter shots,
before decreasing with the proper 23 second half-life for the Ag
isotope produced. The latter decrease confirmsthat the gamma
ray signal is due to neutrons produced by the shot.

(Inanexperiment with an RF-heatedcoin, an overnight exposure
of the medical X ray film also showed spotty fogging, especially
around the edges of the coin.)

Inthe Ti gas-loading experiment, the chips were mixed together
from different batches from the same source. The chips were
cleaned with HCI, thendegassed for several hoursat 850 C. D,
gas(1 atm) wasintroduced at 600 C, and the gasabsorption was
measured. The samples were then cooled overnight, cooled in
liquid nitrogen, and allowed to warmup. [A few cyclesin H,
also may have been helpful.] Since it was suspected from
previous observations of bursts that not al of the chips are
active, the chips were measured individualy. X raysexcited by
the tritium betas were measured with an Nal detector; a "hot"
chip gave hundreds of counts/second with an energy spectrum
corresponding to that seen with a Ti foil covering a tritium
standard[i.e. theresultswere presumably consistent with Ti K X -
rays]. The same chips gave thousands of counts/second with a
beta counter, and a 10-16 hour autoradiograph showed fogging
(which was spotty even though the chip was only a few mm
wide). The calculated tritium levels in the hot chips (almost 1
milliCi each, or 10% tritium atoms) would represent a T/D ratio
of 10" to 10™*; note that the quantity is10° times the total tritium
in the source gasin the entire chamber. None of the chips not
cycled to liquid nitrogen temperatures showed high tritium
levels. H,-loaded Ti controls were aso negative.

A correction was noted to the BARC autoradiography data
reported at the First Annual Conference; the report that tritium
production occurred only after atime delay was incorrect.

LOS ALAMOS - HYDRIDING AND TRACERS

Edmund Stormsand Carol Tal cott-Storms (L osAlamosNational
Laboratory), "The Effect of Hydriding on thePhysical Structure
of Palladium and on the Release of Contained Tritium".
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ABSTRACT

When Pd takes up hydrogen or deuterium beyond the
composition at which the sample isfirst converted to the beta
phase, irreversible changesin dimension occur that result in an
increasein volume. Repeated removal and addition of hydrogen
caused theexcess volumeto steadily increase whilethe thickness
increases and the other dimensions decrease. These changes
suggest thecreation of microcracks and/or didocationswithinthe
metal. Such changes in the environment within Pd metal can
alter thelocal D/Pd ratio, change the lattice spacing, affect the
diffusionof impuritiesand, perhaps, producefractofusion. These
factorsneed to betaken into account in the interpretation of the
Cold Fusion Effect.

Inview of concernabout possiblecontamination of Pd el ectrodes
with tritium, a study was made using electrodes that were
purposely contaminated. Tritium that has been dissolved in
palladium is quickly flushed mainly into the gas during
electrolysis. Much less appears in the electrolyte. Apparently,
tritium that is on or near the surface can exchange with the
electrolyte whileinternal tritium exchangeswith D, to form DT
whichleavesthe metal as gas through anetwork of microcracks.
The pattern of tritium release from contaminated palladium is
significantly different from active cold fusion cells.

COMMENTS

[Dr. Storms' presentation discusses irreversible changes during
Pd hydriding which may be of considerable significance, aswell
as detailed tritium tracer experiments which can be used in
studying both D and T behavior. Ed.]

While positive tritium results have shown that there can be
production, negative results indicatemany thingscan prevent it.
It was noted that several factors can influence the degree of
deuteration attained, whichit ispresumed must exceed acertain
critical valuefor fusionto occur. First, in mixtures of hydrogen
and deuterium, the H/D ratio in the aloy will not generally
reflect the H/D ratio in the electrolyte; even a small amount of
H,Ointhe electrolyte (which can result fromabsorption fromthe
air) dilutesthe amount of deuterium intheelectrode significantly
because Pd takes up hydrogen preferentially. (For example, the
fraction of deuterium in the electrode can be 60% while the
fraction in the electrolyte is 90%. Second, higher charging
current densities may increase loading by making more
deuterium availabletoreplace that whichis lost. [However, note
that the presentation by Dr. Wolf indicated that higher current
may also trigger increased losses.] Third, surface poisons, by
creating overpotentials, can aso play a very important role by
affecting the rate of interconversion of atomic and

molecular species on the metal surface. Finaly, the
concentration of micropores may play a very important rolein
determining the attainable loading.

To study the latter effect, the change in volume of (arc-melted
and rolled) Pd disks were measured as they took up hydrogen.
(A similar effect would be expected for deuterium.) Thevolume
increases reasonably linearly from H/Pd = 0.1 to 0.6, at which
point all of the adpha hydride phase has been converted to the
beta phase; the total volume increase is 10% at H/Pd=0.6.
Above this point, the increaseis still linear but faster- in excess
of that expected fromthe increase inthe latticeparameter. If the
loading is then reduced again, the volume decreases only at the
rate characteristic of the change in the lattice parameter (i.e.
parallel to the curve for low loading); thus even when al of the
hydrogen has been removed, the volume isa few percent greater
thanoriginal. Repeated cycles can build up at |east 30% excess
volume. In another experiment using a charging current of 20
rather than 200 mA, excess volume appeared while the alpha
phasewas till being converted to beta phase, demonstrating that
the effect is also related to the rate of loading.

Asthe excessvolume forms, the disk diameter decreases and the
thicknessincreases- it tries to become asphere. With (extruded)
rods the effect is different- some samples showed changes
consistent with only lattice parameter changes, and others
developed excess volume. One of the latter appeared to
represent a borderline state; it did not develop excess volume
until placed in adifferent cell. Note that since the development
of excess volume causes rod lengths to decrease, the length
cannot be used to infer the amount of loading, as has been done
in some previous studies.

A photomicrograph of a specimen which had developed excess
vadume showed a trail of elliptica or tubular cavities (1-5
micronsindiameter, 2-10micronslong). Thesewere not enough
to account for the excessvolume, but could allow deuterium to
move out if these pores intersected the surface.

Decreases in loading were measured following development of
excess volume. For example, the loading of one sample was
shown to drop from approximately 0.77 to 0.66, the amount in
equilibrium with D, gasat 1 am. Furthermore, the loading
stayed low: once the excess volume formed, it was not possible
to get back to the high stoichiometries.

Anadditional experiment usedtritium as atracerto study theloss
of deuterium from the electrode and the behavior of tritium
contamination. (The Pdwaschargedinan el ectrolyte containing
tritium; the electrolyte was then replaced with relatively tritium-
free D,O + LiOD, and
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charging was continued.) It was found that the recombinant
started out high in tritium and dropped in tritium content over
tens of hours, while the electrolyte during this time slowly
increased in tritium content. When levels stabilized after 120
hours, 96% of the tritium wasin the recombinant versus 4% in
the electrolyte. There was no delay before the tritium began to
appear [such as was noted in the presentation by Dr. Wolf].
Thus if tritium contamination is present in the electrode in an
available form (or if tritium is produced below the surface), it
should be lost to the gas phase quickly; if it appears in the gas
after alongtime, or appears predominantlyinthe electrolyte, this
would not be consistent with contamination, but with production
at the surface of the electrode.

In addition, these results indicate that a good way to recover all
of the tritium in the electrode after the experiment in order to
measure it would be to run the Pd as the anode; under these
conditions the tritium should go amost quantitatively into the
electrolyte, rather than into the gaswhen itis run asthe cathode
above.

The rate of deuterium loss, asindicated by the tritium tracer
levels, was found to increasewith currentup to acertain paint,
then level off (above 200 mA in this experiment). It was
suggested that the deuterium flux moving steadily through the
electrode, forming gasonthe inside of amicropore, and escaping
where thisintersects the surface may have reached a maximum
value at sufficiently high current densities. At higher currents,
greater loading may thus be possible.

In the discussion following the presentation, it was noted that
XRD patternsof the loaded Pd initially showlinebroadening due
to the high stresses created by the hydriding, but that after
micropore formation occurs the lines become narrow again,
showing that the stressesa have beenrelieved. It wasalso noted
that Li in the alloy resultsin the generation of larger amounts of
excessvolume, and that gasloading can prevent excess volume
if sufficiently high pressures (suchas 5 kilobars) areused. Inone
experiment, it was observed that if microporeformation was not
seen on thefirst cycle of hydriding, it would generally not occur
on subsequent cycles either. Finally, it was noted that the
observations by Henry Randol ph at Savannah River showed that
gas came off a specific sites in hydrided Pd, and it was
suggested that these could reflect sites of microporesrather than
of recombination of atomic H to H,.

TEXAS A&M - TRITIUM IN CONTROLS

K.L. Wolf, D. Lawson, J. Shoemaker, B. Dean and D. Coe
(Texas A&M), "On the Observation of Tritium from the
Electrolysis of Heavy Water".

ABSTRACT

A test of the reproducibility of tritium production in DO
eectrolysis with Pd-Ni-LiOD cells has proved to be negative.
Theresults of Packham, et al [J. Electroanal. Chem. 451, 1989]
are considered to be spurious, and are attributed to tritium
contamination. An extensive study with over 100 electrolytic
cells has shown that the frequency of occurrence of tritium
sightingsis explained by the tritium contamination found in the
palladium metal stock. A cold fuson mechanism is not
supported and implications are discussed for many reported
tritium sightingsin other studieswhich were conducted without
sufficient blank and control experiments. { Work supported by
the U.S. Department of Energy and by the Electric Power
Research Ingtitute.}

COMMENTS

[Dr. Wolf's presentation of results from additional control
experiments suggests that the previously reported production of
tritium from electrochemical cells such as those previously
prepared by the Bockris lab (Pd-Ni cellsin D,O+ 0.1 M LiOD,
with recombination of gases) may have been due to
contamination. Notethat the opposite conclusionissuggested by
other presentations by Dr. Storms of LosAlamos(indicating that
tritium contained in Pd does not behave in the same fashion as
tritium produced during electrolysis) and Dr. Cedzynska of
NCFI (in which analysis of an equally large number of samples
found no contamination). Ed.]

The previousdatainvolved 75-80cells preparedby Appleby and
Martin, which showed no tritium, and 30-40 prepared by Wolf,
half of which showed tritium.

Tritium levels in additiona control cells prepared in the same
fashion as previously were reported to increase from <500 toas
much as 14,500 cpm/ml after some days, implying that tritium
contaminationin a cell need not show up immediately. Inall,
two of 27 H,O controls were reported to give 10'2*3 atoms of
tritium, comparable to (within an order of magnitude of) the
levelsin the D,O cells reported previously.

In addition, the loading was also monitored to see whether this
could account for the need for prolonged electrolysis. The
maximum D/Pd ratio attained for a 1-mm-diameter rod was
inferred to be approximately 0.7 based on the volume increase;
gravimetric measurements gave a value approximately 10%
higher. The majority of the loading occurred quickly, with the
D/Pd ratio reaching 0.5 in the first few hours. After 10 days,
loading began to decline, reaching 0.5-0.55 after 50 days;
increasing the current density also gave a measurable decrease
from 0.6to 0.5.
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Dr. Wolf noted that more work was done by their lab on the
controls than on the samples. All samples were counted twice,
24 hoursapart; positive resultswere then rechecked onthe lab's
homemade tritium counter. Two phototubes were used in
coincidence mode, and the results were compared with the
standardtritium beta spectrum. Thisproved agood match (much
better than the match for any other isotope), confirming that it
wasin fact tritium which was being measured. (However, it was
noted that measurement of the energy spectrum made using a
commercia tritium counter could be ambiguous if the counter
had a logarithmic response; in this case the tail of the energy
distribution will not show up well and the identification would
not be as clear-cut.)

Several possibleways to get mistakentritium resultswere listed:
spurious  counts due to chemica interference, tritium
contamination during cell construction or refill, and (iflevels are
low) failure to alow for increase in the tritium concentration of
the electrolyte during el ectrolysis (dueto the separation factor).
To check for contamination, an H,O blank and regular assay of
anyfill electrolytewould be necessary; it was also noted that spot
aswell as bulk contamination of the electrode may be possible.
Onthe other hand,it wasalso noted that in open systems, tritium
whichisactually produced canbemissed ifitis inthegas but not
in the electrolyte. Previous tritium studies were discussed, and
Dr.Wolf notedthat very few suchstudies eliminatedall possible
questions.

During the discussion afterwards, it was noted that for equal
current, 30% more power was used in electrolyzing D,O than
H,O. Problems with hydrogen embrittiement of the electrode
werealso mentioned, leading to splitting of the electrodein one
group'sexperiment. Finally, Dr. Wolf noted that the experiments
discussed here included attempts to increase tritium yield by
bombardment and by seeding with smaller amounts of tritium.

F. THEORY PAPERS
BYU - DEUTERIUM DYNAMICS STUDY

M. Berrondo (Brigham Young U), "Molecular Dynamics of
Deuterium in Palladium Lattice"

COMMENTS

[Thestudyin progressusescomputer simulations of Pddeuteride
using molecular dynamics to study parameters which may
enhanceconventional fusion under nonequilibrium andtransient
conditions. No abstract was available. Ed.]

The strong experimental evidencefor the role of nonequilibrium
and transient conditionswas noted. Factorsincorporated in the
dynamical modeling of the deuterons included varying crystal
geometries and stresses, the presence of defects and vacancies,
and the development of cracks and phase transitions. Quantum
mechanical effects were incorporated only when necessary.

(The starting point was calculations of potentia energy; in
modeling elastic properties and interactions of D with D and Pd,
it was noted that individual potentials were not additive in this
case. Electronic motion was incorporated using electron
densities calculated from quantum mechanics, rather than
representing atoms as point charges and using 2-body nuclear
repulsions. Numerical solution of Newton's equations was then
performed to calculate deuteron trgjectories within a cell. At
equilibrium, energies of preferred deuterium sites, potential
barriers for deuterium diffusion, effects of imperfections and
nonequilibrium conditions on diffusion, average residencetime
in a site, and distances of closest approach were calculated.
From this information, reaction rates due to conventional fusion
were estimated.)

Preliminarycal culations under static conditions, using cal cul ated
deuteron potential energies of 1.6 eV in thepreferred octahedral
site, 1.9 eV in tetrahedral sites, and 2.0 €V for the barrier
between Pd atoms, gave a reasonable estimate of 1.9X10°
cnrf/sec for the diffusion coefficient at 1000 K.

CAL POLY - TRM MODEL UPDATE

Dr. Robert T. Bush (Cal. Polytechnic), "Production of Tritium,
Neutrons, and Heat Based Upon the Transmission Resonance
Mode (TRM) for Cold Fusion", Proceedings of Anomalous
Nuclear Effects In Deuterium/Solid Systems, Brigham Y oung
University, October 22-24, 1990.

ABSTRACT

TheTRM hasrecently been successful infitting cal orimetric data
having interesting nonlinear structure. The model appears to
provideanatural description for electrolyticcold fusioninterms
of "fractals’. Extended to the time dimension, the model
suggests a connection between cold fusion and Chaos Theory
with regard to the phenomenon of heat "bursts’. The TRM
combines atransmission condition involving quantized energies
and an energy shift of aMaxwell-Boltzmann energy distribution
of deuterons at the cathodic surface that appears related to the
concentrationoverpotential (hydrogen overvoltage). The model
suggests three possible regimes vis-a-vis tritium production in
terms of this energy shift, and indicates why
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measurabl etritium production inthe electrol ytic case tendsto be
somewhat unusual inthe absenceof a"recipe”. Below ashift of
approximately 2.8 meV there is production of both tritium and
measurabl eexcess heat, with thepossibility of accounting for the
Bockriscurve indicating about a 1% correlation between excess
heat and tritium. However, over the large rangefrom about 2.8
meV to 340 meV energy shift there is a regime of observable
excess heat production but little, and probably not measurable,
tritium production. The third regime is more hypothetical: It
begins at an energy shift of about 1 keV and extends to the
boundaries of "hot" fusion at about 20 keV. It suggests a
possible connection to the dendrite hypothesis of Bockris and
others. A new type of nuclear reaction, trint (for transmission
resonance-induced neutron transfer), is suggested by the model
leading to triton and neutron production. A charge distribution
"polarization conjecture” isthe basisfor atheoretical derivation
for thelow-energy limit for anenergy-dependent branching ratio
for D-on-D. Whenthevalues of the parametersareinserted, this
expression yields an estimate for the ratio of neutron-to-triton
production of about 2.64 x 10°. The possibility of some three-
body reactions is aso suggested. A comparison of the TRM's
transmission energy levels for palladium deuteride and titanium
deuterideisinterestingwhen compared to recent dataonneutron
emission by Zelenskii of the Harkova Institute (USSR).

COMMENTS

[This updated version of the coherent-interaction model
presented by Dr. Bush at the First Annua Conference is
scheduled to appear in Fusion Technology in March 1991, with
an experimental paper to appear in the following issue. Ed.]

Themodel involves greatly enhanced tunneling due to quantum
mechanical effectsinaregular lattice. The model has now been
extended to incorporate the Butler-Volmer electrochemical
equation and model an energy shift due to the activation and
concentrationoverpotentials (i.e. resultingfromtheelectrolysis).
It was noted that a surface effect was predicted, and that the
model can now explain why prolonged electrolysis may be
necessary: by changing the cathode surface (for example, by
plainizingit, if trace quantities of Pt are present), the hydrogen
overvoltage is changed.

(It was noted that development of the model was initialy
prompted by a conjecture by Leaf Turner at the Santa Fe
conferenceregarding De Brogliewavetransmission propertiesof
a lattice with sufficient regularity. A much earlier analysis of a
barrier-well-barrier-well... [comb filte] system (D. Bohm,
QuantumTheory, 1951) was also noted, in whichit waspointed
out that interference phenomena in periodic structures can give
high transmission across

thebarriers, and that an optical analogue involving light passing
through a series of glassair interfaces may be demonstrable.)

Experimental evidence for the theory was discussed. For
example, it was noted that in databy Dr. Eagleton presented at
theFirst Annual Conference, althoughastraightlinegenerally fit
an excess power versuscurrent density graph well, one point out
of the 12 wasonly half ashigh asexpected. Dr. Bush indicated
that at the time he speculated that the odd point might not bean
error, and followup experiments shown indeed indicated a
reproducibility in the dip. Possible peaks and dips in output at
particular temperatures were also noted in an experiment by
Zelenskii in which Ti and Pd films were cooled and allowed to
warm up. Although the statistics were poor, a suggestion of
neutron emission in Ti matching proposed lines at -30 C and
also perhaps 600 C in Pd was noted, aswas a possiblematch for
the proposed 200 K line (although most higher lines were not
clear).

Dr. Bush encouraged other researchers besides Dr. Eagleton to
attempt to reproduce the behavior predicted, such as dips in
output at certain valuesof current density or temperature (when
all other variables are held the same) and cessation of the effect
above certain current densities (which could vary depending on
the surface condition of the electrode). (It was mentioned that
severa researchers had already indicated that they planned to
performsuch tests.) An experiment performed by Dr. Jones of
BY U was also cited, in which deuterated Ti was warmed from
liquid Hein an attemptto see neutron emission corresponding to
the proposed Ti n=0 line; it was suggested this test might be
worth repeating.

During subsequent discussion, Dr. Bush indicated that his model
might be consistent with the band model of Dr. Chubb. In a
discussion of theEagleton data, it was notedthat the increasein
current density would also have a secondary effect through
increasing the cell temperature. [In a discussion of Dr. Bush's
previous paper, a potentially confusing aspect was pointed out:
the calculated Tn values which are shown represent energies
expressed in the same units as temperature, rather than actua
temperatures.]

ITALY - HOT CLOUD IN CLUSTER IMPACT

G.F. Cerofalini (Functional Materials Laboratory, San Donato,
Italy) and A. Foglio Para (Istituto di Ingegneria Nucleare,
Milano, Italy), "(D*+D*)2e" Binuclear Atoms as Activated
Precursors in Cold and Warm Fusion", Proceedings of
Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.
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ABSTRACT

The formation of a hot cloud in which an activation energy is
requiredinorder to promotea(D,D) fusionprocess, has recently
been hypothesized as the mechanism of the positive results
obtained by Beuhler et al. (Phys. Rev. Lett. 63, p 1292, 1989)
following the impact of large clusters of heavy water on
deuterium-containing targets. The hot cloud is an intermediate
stage in the dense collisional cascades resulting from the
implantation of large clusters (or of heavy molecules) onto
condensed matter targets.

The activation energy is required to lead to the formation of a
"binuclear atom", i.e. a metastable exotic atom in which,
generaly speaking, two nuclel with atomic numbers Z; and Z,
are separated by adistance r<< g/(Z,+Z,) (a, being the Bohr
radius) and are surrounded by Z,+Z, electrons arranged
approximately in the same configuration as in the atom with
atomic number Z,+Z,. The binuclear atom (D*+D*)2e" should
have an internuclear distance r approximately 0.5 X g, and a
stability against dissociation of a few electron-Volts at least, as
a result of a qualitative estimate. Detailed simulations of
molecular dynamicsarerequired, however, to eval uate the useful
energy for the activation process and for the de-excitation.

Inthepaper themodel is applied not only to experimental results
involvingimplantation of large clusterson variousmaterials, but
also to chemofusion and tentatively to electrolytic fusion.

COMMENTS

[The presentation by Dr. Cerefalini proposes a new tunneling
mechanism inorder to explainthe relationship of the fusion rate
on the kinetic energy in the cluster impact data published by
Beuhler et al. Regardless of the correctness of the model, the
suggestion that this data could indicate a very low-energy
reaction mechanismisintriguing. Ed.]

In the Beuhler experiment, relatively high fusion rates were
observed during low-energy impacts by D,O clusters on
deuterated targets. It wasobserved that for large clusters, the
slope in plots of yield versus cluster size characteristically
became approximately linear. Dataat constant cluster size and
dataat constant energy both fit an Arrhenius plot with the same
slope. [Such plots are commonly used to determine activation
energies of chemical reactions.] The activation energy which
wouldbe suggestedfor thisfusi on reactionwas approximately 35
eV. Based on the Coulomb repulsion, such an activation energy
would indicatethat the necessary separation between deuterons,
as indicated in the abstract, would be half the Bohr radius.

It was suggested that at this point ashift to a different electronic
configuration with lower energy may occur, inhibiting the
deuterons from moving apart again. [W. Kolos and L.
Wolniewicz, JCP 41, p 3633, 1964, and JCP 49, p 404, 1968
were cited supporting such atunneling mechanism.]

Other previous explanations, including Koonin (involving
inflight fragmentation and a greater than expected spread in the
cluster masses) and Cecil and McNeil (Phys Rev Lett 64, p2210,
1990, involvingioni zation of backstreaming deuterons) werealso
mentioned.

Duringthe subsequent discussion, it was indi cated that scattering
experiments were to be performed to determine whether the
proposed metastable state actually exists.

CHUBB - LINC MODEL UPDATE

S.R. Chubb and T.A. Chubb (Research Systems, Inc.), "Lattice
InducedNuclear Chemistry", Proceedings of AnomalousNuclear
EffectsIn Deuterium/Solid Sy stems, Brigham Y oung University,
October 22-24, 1990.

ABSTRACT

Just as electrons cease to be point particles when they are
injected into a solid, deuterons cease to be point particles when
they becomebound to the interior of adeuteridehost. Additional
guantum mechanical effects, well-known from the behavior of
electrons bound within a solid state environment at low
temperature, have thepotential to profoundly affect thetransport
of deuteronic chargein a solid in amanner that runs contrary to
conventional wisdom based on free space thinking. During the
prolonged electrolysis of LiOD by Pd, these kinds of effects can
be used to explainthe associated anomalous cold fusion heating
phenomenon through interplay between the highly non-
equilibrium circumstances associated with overcharging PdD,
beyond the value x=1 and the quantum mechanica implications
that result from 1) periodic order, 2) lattice-induced broadening
of deuteronic charge, and 3) the large lattice strain energies that
resultwhen individual deuteronscompetefor acommon location.
This interplay provides a means for satisfying the necessary
conditionsfor the formation and subsequent nuclear decay of a
new, chemical matter phase, which we have named Bose Bloch
Condensate (BBC). The periodic PdD latticeinducesformation
of the BBC as a means of eliminating localized lattice strain
energy costs by allowingasmall number of injected deuteronsto
occupy energy bandsprovided by the periodic potential of PdD.
Lattice strain energy costs are further reduced when the
coulombicrepulsion betweendeuterons remainsuncorrelated on
the scale of
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electrostatic interactionfor asufficiently longtime. Asaresult,
it becomes possible for deuterons within the BBC to interact
collectively in a nuclear fashion with each other in a manner
consistent with the prerequisite conditions which lead to the
formation of the BBC. The combination of overcharging and
periodic order provide the ingredients for this new form of
nuclear interaction, governed by new selection rules that result
from known quantum mechanical effects. We have named this
new form of interaction, Lattice Induced Nuclear Chemistry
(LINC). Under suitable conditions, LINC can beused to explain
awiderange of seemingly different nuclear phenomena within
condensed matter environments, including 1) the possibility of
enhanced secondary tritium production near cracks and
interfaces, 2) anomal ousheat generation through “Heproduction
that is conventionaly inhibited in free space, and 3) the
possibility for isotopic rearrangements within the host. If cold
fusionisthe result of LINC, the phenomenon, per se, bears little
resemblance to fusion since the primary forms of nuclear
interactionwithinLINC donot result fromthenuclear interaction
between isolated nuclei but are initiated from the decay of the
collective BBC stateviacollective self-interaction. Inthispaper,
we provide an explanation of the manner in which interplay
between periodic order and overcharging provide the necessary
prerequisite conditions for occupation of the BBC state and the
rules for subsequent interaction through LINC.

COMMENTS

[ Thisquantum mechanical theory involvescollectiveinteractions
proposedto occur within aregular lattice at evenlow energiesto
produce “He (produced in the bulk at low kinetic energy and
expelled oncrystallite surfaces, near cracks, at interfaces, andin
the out-gases), with tritons and neutrons only due to secondary
reactions. Ed.]

Therequiredloading in Pdto explain cold fusionissuggested to
be on the order of 1 part in 10’ greater than PdD, ,, with the
excess deuterium, present in an ionic form, forming a nuclearly
active collective Bloch state. As mentioned, the very small
fractional occupation of alarge number of lattice sites by such
band-state D* would be favored since charge can be shared
throughout thelatticeand strain minimized. TheBloch statesare
wavelike; the individual particle identities are lost, and zero-
point motions large enough to allow overlap and lead to fusion
of deuterons are possible even at very low energies, since
Coulombiccorrelation betweenthe deuteronsisnot important on
the timescade of the nuclear interaction at smal BBC
concentrations (on the order of 107 per Pd). (Allowable
perturbationswhichinitiatenucl ear reactions must also maintain
the simplicity of the system).

Reversible "nuclear interactions” (virtual coalescence
fluctuations) occur at all lattice sites, in which Bloch states of
chemical density are transformed into Bloch states of nuclear
density (2 Dgge <-> Hegp), with the latticeitsalf reversibly and
coherently absorbing themomentum change (inverse M ossbauer
effect; a perfect lattice would not move at all). Fluctuations
leadingto decay of the multiparticle state generatethe observed
nuclear products. (Energy may betransferred totheenvironment
by indlastic scatering of particles in the *Hegg. State with
electrons, coupling to phonons, etc.) Lattice disintegration
terminates the band state and ends the reaction. Thus, it is
desirablethat the energy released is transferred collectively, as
much as possible, to the lattice as a whole. Optimum lattice
stability occurs when the “He produced is distributed
predominantly to the surface.

Thereactions obey a bosonin, boson out selection rule, where
eachbosonisformed fromproton-neutron pairs(so that pairs are
not broken): for example, 4 D, .-> 2(23.8 MeV) alpha particles
or 2 Dgge + D, -> “He + D, with the energy taken up by
phonons(lattice vibrations). An experiment was noted in which
>20 MeV doubly-charged particles may have been seen.)

In addition to predicting the need for sufficient periodicity (and
thusgood-quality crystal sand uniform charging) andfor loading
ratios greater than 1 in individud crystallites (thus possibly
requiring prolonged electrolysis), this theory suggests how “He
can be produced in the bulk electrode and expelled from the
surface at |low energy, why bursts may occur, and why few other
fusion products are seen. In addition, such reactions could
possibly account for fusion during the initial portion of cluster
impacts (before thermalization takes place).

In Ti, it was indicated that the periodic order was more
complicated than in Pd, and the need for modification of the
boson in/boson out rule was discussed, such as:

4D +e->D+ H+ 2T (possibly 3.8MeV and 5.4 MeV
tritons). In addition, the suggestion was made that fusion may
occur in thepresence of 1part in10” Ag. Finally, the possibility
wasraised that therareinverse isotopeeffect in superconducting
PdD noted in the Céani presentation (2 K higher critica
temperature for superconductivity in PdD than PdH) could be
associated with the presence of a BBC state.

In the subseguent discussion, it was indicated that a porous
surface would be favorable for expelling the He and observing
theexcessheat. Possible enhancement caused by seeding of He
or tritiuminthe surface was speculatedon. Dr. Chubb indicated
that decay of the BBC state in the model was consistent with the
model of Dr. Bush.
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[Earlier presentations of this model have appeared in the July
1990 Fusion Technology and the First Annual Conference on
Cold Fusion in Salt Lake City.]

NIST & USSR - NEUTRON TRANSFER

M. Danos (National Instituteof Standardsand Technology) and
V. Belyaev (USSR Academy of Sciences), "Theoretical Studies/
Theory of Neutron Transfer Fusion”

COMMENTS

[It was proposed that high-order processes that circumvent the
Gamow penetration factor through catalytic neutron transfer are
sufficient to account for cold fusion rates, and that no exotic
mechanisms are necessary. No abstract was available. Ed.]

The approach in the calculations has been to estimate the
maximum possible rate rather than attempt to model the rate to
which the process would actually be limited by other possible
factors. The higher-order terms, ordinarily insignificant, are
proposedto dominate at verylow energies becausethey drop off
much less rapidly than the regular Gamow term (by factors of,
say, 10>, compared with 10 for the Gamow term).

The 3-body interaction suggested was shownusing aFeynmann-
type diagram; fusion involved a third, catalyzing, nucleus, viaa
fourth-order effect. It wasindicated that the fusing nuclei could
be D, "Li, or whatever other nuclei are available. Likewise,
variouscatalyzing nuclei suchas Ti, Pd, or **0 could bepossible.
For simplicity, the catalyzing nucleus and one of the two fusing
nuclel are assumed to bebound in the latticeand thus stationary,
whiletheother nucleusismoving. Themodel usesvery standard
wavefunctions. Although the question of the branching ratio is
not addressed, it was noted that it could be large. Initial
momentagreater than approximately 0.1 eV arenot required for
the particles; in a sample calculation shown, catalysis of the
Li+d reaction by O is modeled at thermal velocities of 10°
cm/sec, with a maximum possible rate on the order of 10
®/sec/deuteron. 1t was suggested that this rate was deliberately
overestimated by a factor of perhaps 10° yet even so, the
possible rate was gill 10™® timesthe rate needed to explain the
excess heat, without needingto resort to any exotic mechanism.
It was also pointed out that in this examplethe reaction modeled
was neutron-free.

[In the question session afterwards, it was suggested that the
theorists need to engage in round-robin reviews of each others
work, owing to the difficulties and timelag currently involved
with publication. Ed.]

POLAND - D, INTERMEDIATE

M. Gryzinski (Ingtitute for Nuclear Studies, Otwock-Swierk,
Poland), "Molecular Nature of Cold Fusion in Condensed
Matter", Proceedings of Anomalous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

Thisideathat electrons present in the matter are responsiblefor
Coulomb barrier tunnelling is applied to explain cold fusion in
solids. Arguments are given that hydrogen in a Pd | attice exists
inthe form of linear H," (D,") quasi-molecules which during the
phase transitions may collapse to the nuclear size - collapse is
initiated by a change of the binding energy of the electron
moving between the nuclei by approximately 2.5 eV. Relations
derived entirely within classical dynamics enabled to give a
quantitative description of some physical properties of Pd/H
system and to make some estimations for cold fusion rates.

COMMENTS

[ Thispresentation suggests occupation of latticesitesin Pd by D,
rather than the normally accepted D atoms. Experimental
evidence such as Mosshauer spectra could presumably be used
to cdculate an upper limit on the fraction of deuteriums which
could be present in the form proposed. Ed.]

MIT - COHERENT REACTION UPDATE

Peter L. Hagelstein (Research Laboratory of Electronics,
Massachusetts Institute of Technology), "Coherent Fusion
Reaction Mechanisms', Proceedings of Anomalous Nuclear
Effectsin Deuterium/Solid Systems, Brigham'Y oung University,
October 22-24, 1990.

ABSTRACT

Wehave beenconsidering anew classof nuclear reactionswhich
have the potentia for being accelerated by having numerous
reactions occur "in phase" at the same time. Reactions initiated
by electron captureand superradiant neutrino emission give rise
to intermediate virtual neutrons for which coulomb repulsion
does not play arole, and which have thepotential for long range
interactionsdue to the presence of coherence. These reactions
give rise to heat as a primary product through coherent depp
reactions, tritium as a secondary product from coherent depd
reactions, and fast neutrons and other particles through third
order incoherent branches.
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COMMENTS

[This model proposes collective (many-particle, coherent)
emission of essentialy stationary products, involving virtual
neutrons and possibly hydrogen or other atoms as well as
deuterium. An earlier version of the theory was presented at the
First Annual Conference on Cold Fusion. Ed.]

Recent progress in thismodel has included improved ideas on
low-energy virtual neutron states, significant progress in
quantifying thetheory, and proposed new semicoherent reaction
channels.

In discussing the problem of coupling of nuclear reactions to
other systems, the examplewas used of thecoupling of electrical
current (which can be treated with quantum mechanics as a
simple harmonic oscillator) to other systems if a sufficient
nonlinearity is present, such as can be provided by electrolysis.
Inthiscasg, itis conjecturedthat aplot of current versusvoltage
would be stepwise on a microscopic scale (since low grade
electrical quanta are being converted into high grade chemical
quanta). Another analogy involved a passive AM radio, which
can rectify high frequencies to give a DC signa. In the
discussion of coherence, Dicke superradiance was described, in
which n emitters in phase can emit n? times as much; the time
dependence is such that the effect takes along time to build up,
and is very spiky when it does come up.

In the model, Feynmann-like diagrams were used to show an
interactioninvolving virtual off-shell neutrons; it was proposed
that a strong scattering mechanism could provide the unusually
long-range propagation necessary for cold fusion. The primary
reactions involving 1s neutrons are d+e+p+p (Q=2.05 MeV),
d+et+p+d (Q=5.89 MeV), and d+e+p+°He (Q=20.21 MeV).

An example was given in which the calculated tota fusion rate
peaksfor a D/Hratio of 2:1, whileheat was optimized at 15% H
and 85% D. A maximum triton kinetic energy for the depd
reaction in Ti was likewise calculated as 5.5 MeV, with Ti
kinetic energiesup to 0.4 MeV. For the depp reaction, maximum
deuteron energies were 1.97 MeV, and for the dep®He reaction,
maximum *He energies were between 18 and 19 MeV. It was
noted that high-Z nuclei are favored for takingup the momentum.

Thismodel also makesthevery interesting prediction that spatial
separation of the inductive coupling [i.e. reactants] and the
nonlinearity [of the electrolysis process] should be possible.

MISSOURI - SURFACE TENSION; ALLOYS

Peter H. Handel (U of Missouri), "Influence of Surface Tension,
Nucleation Centers, and Electron Effective Mass on the
Achievable Leved of Electrolytic Deuterium Loading”,
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Electrolytic loading of completely immersed metallic cathodes
is limited by the process of nucleation of small deuterium
bubbles at the surface of the cathode. The nucleation usually
occurs at certain points known as nucleation centers. In the
absence of any nucleation centers, which rarely happens,
homogeneous nucleation will finally start at random on the
cathode surface at a considerably higher level of hydrogen
loading. We calculate the additional increase in the chemical
potential of deuterium in homogeneous nucleation conditions to
be about 1.2 eV. This could be connected with the
irreproducibility and sporadic nature of cold fusion reports,
athough we have no proof for this conjecture.

Fromelectronic specificheat measurements, theaverage thermal
effective mass my, of electronsin hydrogen-absorbing metals is
found to be about three free electron masses m,, while the
average of m,, in hydrogen-rejecting metals turns out to be just
m,. This experimental fact indicates a certain influence of the
thermal effective mass on hydrogenaffinity. We conclude with
adiscussion of heavy fermion metallic compounds, and suggest
their use as cathodes in future electrolytic or high-pressure
deuterium gas loading "cold fusion™ attempts.

COMMENTS

[ Thispresentationinvol ved twoseparate points- thepossiblerole
of high surface tension in electrolysis experiments, and possible
correlation of effective electron massesin particular aloys with
favorable hydrogen affinity. Ed.]

The absence of nucleation centers for the formation of D,
bubbles during electrolysisis suggested to be advantageous by
allowing higher loading before bubble formation eventualy
occurs due to random fluctuations. (Except at extremely low
current densities, bubble formation is typically the dominant
process by which deuterium islost from the electrode.)

Intheabsence of nucleation centers, formation of D ,bubbleswill
be postponed the longest when the surface tension of the
eectrolyte is high. For example, it was estimated that the
maximum achievable level of electrolytic loading in D,O was
equivalenttoaDb,



34 FUSION FACTS

NOVEMBER 1990

pressure on the order of 10%° atmospheres, provided the surface
tension is not lowered by traces of detergents and similar
impurities. (It was|ater noted that very small amounts of grease
also react to create detergent in basic solutions.)

A possibletest of the effect of surface tension was suggested in
which a drop of detergent is deliberately added to acell before
or after it becomes active.

With regard to the effective mass, it was noted that the high
effective mass states at the surface of the Fermi sea are Bloch
states, and thus cannot be used directly to provide localized
electrical chargedistributions capableof catalyzingd-dfusionin
thesame fashion asamuon. Nevertheless, as noted, metalswith
a high density of such states typically absorb large amounts of
hydrogen. Accordingly, it is suggested that alloys such as UPt,
and CeRu,Si, be tested. [Note- despite favorable equilibrium
loading values, formati on of hydrogen-blocking surface oxides
by such non-noble materials may bea problem in conventional
electrolysis experiments (i.e. ones other than molten-salt cells).
Ed.]

SWEDEN - ION PRESSURE EFFECTS

Magnus Jandel (Roya Ingtitute of Technology, Stockholm,
Sweden), "Pressure Enhanced Fusion Ratesin L attice Channels”,
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Thefusionrate of apair of deuteronsina narrow lattice channel
can be significantly enhanced both by electron screening and by
the pressure of neighboring spectator ions. The ion pressure
effect can not be accurately described by the mean pair potential
but requires a careful consideration of statistical fluctuations of
theion configuration. Based on a solvable model for astrongly
coupled Coulomb plasma we develop a theoretical scheme for
caculating fusion enhancement factors in a one-dimensional
plasma with screened Coulomb interactions where ion pressure
effectsare accurately described. Theresult iscompared to some
recent Cold Fusion experiments.

COMMENTS

[This model, which focuses on the effect of fluctuations in
deuteron positions, calculates an enhanced conventional fusion
rate due to such effects in a lattice, using a simplified 1-
dimensional model. Ed.]

A variety of simplifications are used such as:

1. 1-dimensional, 1-component plasma;

2. Simple U/r ™ ion-ion potentials; and

3. Only nearest neighbor interactions), plus optimistic screening
assumptions.  Using quantum mechanical time correlation
functions, the effectsof thesurrounding ions and thefluctuations
were shown toincrease the Coulomb barrier penetration rate by
3-5 orders of magnitude in Pd at high loading over that
calculated using only the classical mean potential. Three-
dimensiona calculations have not yet been carried out, and
possible transient phenomena are not yet taken into account.

In the subsequent discussion, it was pointed out that thermal
equilibrium was assumed, and Dr. Preparata noted that Dr.
Schwinger of UCLA hasa3-D model of fluctuationsin alattice.

UTAH - ANNIHILATION REACTION?
Carl Jensen (Salt Lake City, Utah)

[A novel mechanism involving neutron/antineutron annihilation
rather than fusion is proposed, occurring in regions of high
proton density. Ed.]

This mechanism produces energy yields 2 orders of magnitude
greater eventhanfusion (1878 MeV per event), and few particle
products. It was also noted that this process is not impeded by
Coulomb barriers. Finally, the energy release in the event was
proposed to proceed at a slow rate, say a few microseconds,
possibly leading to reactions lasting several hours. The
possihility of secondary fusion reactions was noted. Neutron
bombardment is predicted to increase the rate (due to decay of
the free neutrons); cooling may also increaseit.

CHINA - WHISKERS

X. Jiang (Langhorn U, China) and L.J. Han (LanzhouU, China),
"Theory of Micropinch".

COMMENTS

[Thecreation of conditionsfar from equilibrium, produced by a
high deuterium flux at whiskers and other protrusions less than
1 micron in diameter, was suggested by Dr. Jiang as a central
factor. No abstract was available. Ed.]

The enhancement of the electrical field/charge density/current
density (resulting inincreased €l ectron screening) is suggested to
befurther increased by magnetic self-pinch of the field present
during the éectrolysis, possibly leading to a contraction to a
degenerate state
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with an electron density of approximately 10¥/cn?®. It was also
suggested that the high electrical field strength at the tip could
change the branching ratio as well as the rate through
polarization (such as by orienting the deuterons). In a D,O
electrolysis experiment, in which 150 nanosecond high current
pulses (105 A) and a pointed Pd electrode were used, neutrons
count rates of 1100 to 1500 counts/10 minutes were reported,
versus <100 counts/10 minutes for H,O controls.

PURDUE -SCREENING

Gary S. Chulick, R.A. Rice, Y.E. Kim (Purdue), "The Effect of
Electron Screening and Velocity Distribution on Proton-
Deuterium Fusion Ratesin Physical Processes’, Proceedings of
Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Recently, the electron screening effect, in conjunction with a
particle velocity distribution, has been shown to greatly enhance
thecrosssections and reactionrates for deuteron-deuteron (D-D)
and proton-deuteron (p-D) fusion at extremely low kinetic
energies|Fusion Technology 18 p147]. Thep-D fusionreaction
isshown todominate other fusion reactionsinvolving hydrogen
isotopes for kinetic energies E less than approximately 8 eV in
the center-of-mass frame. This indicates that p-D fusion may
serve as an important source of interna energy for planetary
bodies. It was suggested that the well established high *He/*He
ratio in volcanic emissions may be attributable to the reaction
D(p,gamma)*He occurringin the earth'smantle withageol ogical
fusion rate of lambda,., approximately 10* fusions s'/D. For
temperatures of 1200-3000 degreesK (kT approximately 0.1 -
0.25 eV), which correspond to that of the earth's mantle, our
calculated values of the p-D fusion rate lambda,. with
reasonable electron screening models bracket lambday,, The
conventional calculation without the electron screening effect
yieldsvalues of lambda,,, which are astronomically small. The
electron screening effect on the fusion rate for reaction
D(p,gamma) Hemay thereforeexplain thehigh *He/*Heratio and
also providea major sourcefor mantle heatingin theearth. The
electron screening effect on p - D fusion may also provide a
balance to the excess heat radiation from the gas giant planets
(Jupiter, Saturn, Uranus, and Neptune), provided it isabout four
times stronger than Thomas-Fermi screening.

COMMENTS

[Extremely large possible enhancements due to electron
screening were modeled for the d+d and d+p reactions

at very low energies. Ed]

The d+p reactionrate was modeled be greater than the d+d rate
by one to a few orders of magnitude at the lowest energies.
Experimental datawasalso presented, showing deviations of the
cross-sectionsfor other nuclear reactions from the extrapolated
trend at very low energies.

PURDUE - EFIMOV EFFECT

Yeong E. Kim (Purdue), "The Efimov Effect And The
AnomalousBranching Ratio For Deuterium Fusion Reactions”,
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Thebranchingratio, R’ o, [D(D,p) TI/R",, [D(D,n)°He] lessthan
approximately 10° observed by Claytor et a. and others is
contrary to the conventional assumption of nearly equa

branching as expected from charge symmetry and the charge
independence of the nuclear force, and is yet to be explained
theoretically if the experimental data for the anomalous
branching are definitively confirmed. After theincident deuteron
penetrates through the Coulomb barrier to within an effective
nuclear interaction range of 8 F (twice the deuteron radius),
nuclear dynamicstake over for thissystemof four nucleons. One
possible explanation for the unequal rates is that there may be
resonancebehavior in sigma(E) for the reaction D(D,p)T but not
in sigma(E) for thereaction D(D,n)*He at low energies. Thisis
plausible since the final state Coulomb interactionis present for
the reaction D(D,p)T but nat for the reaction D(D,n)°He.
Another possible explanation isthat there may be resonancesfor
reaction D(2D, T)°He at low energies. The question of whether
theanomal ous branchingratio can beunderstood as anextension
of Efimov's effect [Phys. Lett. 33B p 563] to the four-nucleon
systemand the three-deuteron systemwill bediscussed. Efimov
demonstrated aremarkableand hitherto unsuspected property of
three-body systems by showing that if three non-relativistic
identical particles interact via short-range two-body potentials
gv(r), then as the coupling constant g increases to that value g,
which can support asingle two-body bound state at zero energy,
thenumber of bound statesof thethree-particle systemincreases
without limit, being roughly given by the formula N =
approximately (1/pi)In(jaj/r, ), where aisthe two-body scattering
length (which becomes infinite whenever there is azero-energy
s-wave two-body bound state) andr,, is therange of the potential
v(r). Thisimpliesthat whenever thereisatwo-body bound state
with zerobinding energy, thereare an infinite set of solutions of
the three-body Schroedinger equation with E complex and
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very near zero. Whether any of these states will be observable
resonancesor virtual states for four-nucleon and three-deuteron
systemswill be discussedin terms of (1) Efimov's effect for the
(D+D) system as a three-body system, (D + p + n), (2
generalization of Efimov's effect to four-body systems, and (3)
Efimov's effect for the (D + D + D) system. An Efimov or
Efimov-likeeffect isexpected to be different between reactions
D(D,p)T and D(D,n)*He due to different final-stateinteractions.

COMMENTS
[It was suggested by Dr. Kim that the Efimov effect, discovered

in1970, could provideanother possibletheoretical basisfor low-
energy multibody resonances such as d+d+d fusion. Ed.]

PURDUE - HYSTERESIS EFFECT

Y.E. Kim (Purdue), "Hysteresis Effect and Fusion Burst
Phenomena in Electrolysis and Gas/Solid-State Fusion
Experiments’, Proceedings of Anomalous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

Practically al of the reported results of heat, tritium, and neutron
generation from electrolysis and gas/solid-state deuterium-
deuterium fusion experimerts are burst phenomena in which
fusionproducts have beenobserved intermittently inshort bursts.
The fusion burst phenomena observed recently by Arata and
Zhang[Fusion Technology 18 p 95] and others are describedin
terms of a surface fusion mechanism involving hysteresis of
deuteriumsolubility inmetal s as afunctionof metal temperature.
The proposed surface fusion mechanism with the hysteresis
effect suggests a temporal correlation between the meta
temperature and the fusion burg phenomena, which should be
measured in future experiments totest the proposed hypothesis.

COMMENTS

[A hysteresis phenomenoninvolving cyclicchangesinthedegree
of loading of Pd in H,O or D,O, accompanied by repeatable 30
degree C temperature fluctuations, is suggested to play arolein
cold fusion. Ed.]

The hysteresis cycleinvolvesendothermic desorption of H or D,
withadecreasein thePd temperature from 110 to 80 C, followed
by exathermic reabsorption, withatemperature increasefrom 80
to 110 C. This mechanism creates a high density of mobile
deuterons in the surface layers of the Pd. Similarities to the
conditionsduring ionimplantation were noted, and it was noted
that increased

electron screening could result. It was also suggested that this
could create conditions favorable for forming D-D or D-D-D
resonances.

A test was suggested in which excess heat would be looked for
in a blank experiment with hydrogen pressurized so that the
hydrogen hysteresis temperature of 140 C could be reached.

PURDUE - CLAYTOR Pd+Si EXPERIMENTS

Yeong E. Kim (Purdue), "A Surface Fusion Mechanism And
Optimal Conditions For Deuterium Fusion With Gas/Solid-State
Fusion Devices', Proceedingsof AnomalousNuclear Effectsin
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

Claytor et a [Los Alamos Reprint LAUR-89-39-46] have
investigated deuteriumfusi on processesin agas/solid-state (G/S)
devicewith high pulsed DC voltages less than approximately 3
kV and have been successful in attaining reproducibl e resultsfor
tritium production from their G/S cells. Their experimental
results are explained in terms of a surface fusion mechanism.
Theoretical criteria and experimental conditions for improving
and optimizing the deuteriumfusion ratesin G/Sfusion devices
are described inthe context of the surface fusion mechanism. It
is dso shown that the surface fusion mechanism provides a
plausible explanation for the non-reproducibility of results in
electrolysisfusion experiments. In contrast to the shortcomings
of electrolysis fusion cells, the G/S fusion cells are stable and
physically controllable for each and every experiment, and thus
theG/Sfusion device offersadesirable and promising systemin
which experimental conditions for optimizing deuterium fusion
ratescan beinvestigated with reproducibleresults. Theuseof a
highpulsed DC voltageof lessthan approximately 100 kV in the
G/S fusion device may provide economical tritium production
and may lead to practical applications for large-scale power
generation.

COMMENTS
[Calculations suggested that enormous gains in tritium

productioninthe Claytor Pd-Si-D experiment might be possible
at higher voltages. Ed.]

PURDUE - WADA HV EXPERIMENTS

Yeong E. Kim (Purdue), "Neutron Bursts From High Voltage
Discharge Between Palladium Electrodesin D, Gas'.
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ABSTRACT

Recently, Wada and Nishizawa [Jap. J. Applied Phys. 28, p
L2017] reported a burst of neutrons from the stimulation of D,
gashby ahigh AC voltage (12 kV, 60 Hz) discharge in a closed
glassbulb between two palladiumelectrodes which were loaded
with deuterium to a maximum value of 1/3 for the D/Pd ratio.
The observed neutron counting rate R, of 692 counts for a
duration of 63 seconds or R, approximately 11 cps
immediately after the beginning of the high-voltage stimulation
lasting 540 seconds is about 2X10" times larger than their
neutron background counting rateof R, approximately 5.5 x 100
“cps or approximately 2/hour. They interpret this neutron burst
asdue tofusion eventsinterms of the supersaturation of the solid
solution of deuterium. An dternative explanation of their
experimental results, which is less speculative and more
plausible, is given interms of known values of the experimental
cross-section for deuterium-deuterium (D-D) fusion. Theoretical
criteria and experimental conditions for improving D-D fusion
ratesin the device of Wadaand Nishizawa withthe use of pulsed
high DC voltages are described. It is shown that the use of
pulsed high DC voltages and high D, gas pressure can increase
the total D-D fusion rates by many orders of magnitude.

JAPAN - NATTOH MODEL

T. Matsumoto (Hokkaido Univ., Japan), "Progresses of
NATTOH Model and New Particles Emitted During Cold
Fusion”, Proceedings of Anomalous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

Progresses of the NATTOH model and related experiments are
described.

In the NATTOH model, the cold fusion is based on the
hydrogen-catalyzed fusion reactions, in which the word
"catalysis' has doublemeanings: intra- and inter-clusters. Inthe
former, new"iton" particles are emitted which take away excess
energy of fusion and close channelsfor emitting neutrons and
tritium. The latter makes chain-reactions possible which have
two loops: direct and indirect.

Related experiments have been made to make clear the
mechanism of the cold fusion. New particles "iton" and "quad-
neutron” have been observed. Especialy important, micro-
explosions have been recorded. This fact opens new aspects to
the cold fusion that the cold fusion isa small scale simulation of
events which take place in the last period of stars far in the
universe and that not only the

fusion energy but also the gravitational energy will be available.

1. Progresses of NATTOH model
a. Concept of hydrogen chain-reactions
b. Fundamental egquations
c. Critical equation for indirect loop
d. Time-behaviors of power
e. Prediction of new iton particles

2. Related experiments
a. Observation of new iton particles
b. Microscopic observations of Pd
¢. quad-neutrons and gravity decay

COMMENTS

[The model proposed involves chain reactions to form novel
particles. Inaddition, unusual tracks seen in nuclear emulsions,
which could represent these or other nove particles, wereshown
which appeared interesting in their own regard. Ed.]

Additional deuteriums in the reaction both cause sufficient
aggregation to allow fusion and carrying off sufficient kinetic
energy to undergo further reactions. Various possible products
such as “He and ®Li are considered. A nonlinear rate term is
proposed tolead to apower output whichrisesto a spike, drops
off again, and asymptotically risesto a plateau.

In theemulsions, sets of several tracks radiating from a single
point are taken as evidence of "itons, and circular features of
"microexplosions”.

PREPARATA - COHERENCE & FRACTOFUSION

Giuliano Preparata (National Cold Fusion Institute and U of
Milano, Italy), "Fractofusion Revisited".

ABSTRACT

The well-known phenomenon of high energy particle emission
from newly-created fracturesin solid materials is seento havea
natural explanation interms of the ponderomotive forcesexerted
by the coherent em. fields associated with the "superradiant"
motions of the charged plasmas of solids. The possible role of
thesefields to produce the neutron bursts that havebeen recently
observed concomitantlywith "crack” formationin Ti-deuterides
isbriefly discussed.

COMMENTS

[A superradiance phenomenon and coherent electromagnetic
fields areinvoked. Ed.]
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Dr. Preparata noted the early suggestion of fractofusion in the
mid-1980s by Russian groups, and the observation of
fractoemission of negatively and positively charged particles
(presumably electrons and ions) and electromagnetic radiation
since WWII in very strongly stressed solids subsequent to
mechanical creation of cracksand voids. (Electron energies up
to tens of KeV werereported by V.V. Karassev, N.A. Krotova
and B. Deryagin, Dokl Akad Nauk SSSR 88, p 777, 1953,
associated with cracks at metal-polymer interfaces. Electrons
with energies up to 200 KeV were reported by Kluyev, Dokl
Akad Nauk SSSR 279, p 415, 1984, in LiD, with thesuggestion
that accelerated deuterons colliding with stationary deuterons
could beundergoingd-d fusion. Neutronswereal so reported by
V.A. Kluyev et a, Pisma Zh Tekh Fiz 12, p 1333, 1986.)

Dr. Preparata questioned whether we undergand this, and
suggested it could be important for cold fusion. Although
evidencefor charge separation atcracks, suchasradio emission,
was also seen, it was suggested that electrical fields of 1067
V/cmweretoo largeto be reasonable, nor was emission for upto
2hours. Instead, superradiancewas suggested asan explanation;
Dr. Preparata also referred to Dr. Rafelski's work on coherent
electromagnetic fields, and indicated that his usage of
superradiance was not completely identicd to Dicke
superradiance. As a reference, G. Preparata, Quantum Field
Theory of Superradiance, in Problems of Fundamental Physics,
R. Cherubini, P. Dal Riaz and B. Minetti, eds, World Scientific
(Singapore) was cited, along with the paper by Preparata
presented at the First Annual Conferencein Sdt Lake City.

According to this model, nuclei and electrons undergo plasma
oscillations in phase; the coherent EM field istrapped (totally
reflected) insidethe plasma. At theinterface between theplasma
and vacuum, however, an evanescent EM wave spills over, with
an exponential decay with distance.

In addition, ponderomotiveforces produced are hypothesized to
cause enhancement of Coulomb barrier penetration; an analogy
wasmade tolaser physics. Thecharge separationisexplained as
aconsequence of the strong mass dependence of this force,
created concomitant with crack formation but not thecause of the
fusion. The energy imparted is on the order of 20-40 eV.

Inthe subsequent discussion, extension of thetheory from metals
to dielectrics (i.e. deuterides) was debated.

EPRI & PURDUE - CLUSTER IMPACT

R.A. Rice, G.S. Chulick, Y.E. Kim (Purdue U) and M.
Rabinowitz (Electric Power Research Institute, Palo Alto

CA), "Clusgter-Transport Impact Fusion”, Proceedings of
Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Recently, Beuhler et a [Phys. Rev. Lett. 63 p 1292] measured
deuterium-deuterium (D-D) fusion rates in a series of
experimentsin which singly-charged clusters of D,O molecules
([D,0]*,, n=25- 1300) accelerated to 200 to 325 keV (abeam
current of approximately 1 nA) wereincident on TiD, (CD,),
and ZrD, ¢ targets. Their observed D-D fusion rates are more
than 10® times larger than the conventional estimates
[Rabinowitz, Mod. Phys. Lett. B4 p 665; Kim, Fusion
Technology 17 p 507] expected for deuterons of the same
velocity. Several theoretical models [such as Echenique, Phys.
Rev. Lett. 64 p 1413] have been proposed to explain the
discrepancy of 10% but fail to reproduce the observed fusion
rates by many orders of magnitude. More recently, Fallavier et
a. [Phys. Rev. Lett. 65 p 621] carried out similar experiments
using pure deuterium clusters (approximately D' 540 - D*550) With
kinetic energies of 100 - 150 keV in the same range of incident
energy per deuteron (approximately 400 eV - 750 eV) and
observed noD - D fusion events. Their upper limit for thefusion
rate ismore than one order of magnitude below the observed
value of Beuhler et al.

Both thepositive and the negativeresults of these recent cluster-
beam fusion experiments are explained by a cluster-transport
impact-fusion moded involving a local Maxwell-Boltzmann
distribution for the Boltzmann transport equation in the lowest
order approximation. Calculated results indicate that the total
deuterium-deuterium fusion rates can be enhanced by many
ordersof magnitude by the use of deuterium-heavy atom cluster
beams. A set of experimental tests are proposed to probe
thermalization processes for the cluster-transport impact fusion.

COMMENTS

[Dr. Rabinowitz described the use of conventional means,
involving the energy escalation possible for a fraction of the
mol ecules due to Rutherford backscattering, to explain theD,O-
cluster bombardment results reported by Beuhler et a. Ed.]

Inthe data, amaximumof 4fusions per 10° clusterimpactswere
reported at 200-250 molecules per cluster and only slow
decreases for larger clusters.

Theprobability of a deuteron first backscattering off a Ti atom
and then backscattering asecond time off an O atom (so that itis
travelinginthe forward direction againbut hasgained energy) is
caculated as0.004. Thisis
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sufficient to represent avery significant raising of the tail of the
Maxwell-Boltzmanndistribution. (Theprobability of adeuteron
undergoing multiple cycles, however, drops rapidly.)

Asnoted, the predictions of this model werealso consistent with
the negative resultsthen being found by Fallavier et al, usingan
ion beam not containing oxygen (D, rather than D,0), and with
thefact that Beuhler found only minor differences dueto thetype
of target. It wasal so noted that among the predictionsthat could
be made for experiments not yet conducted, this model would
predict much less fusion if the target is D,, and particular
conditions in which (D,), impacts could yield the same fusion
rate as (D,0) ,

Apparent errorsin previous cal culations were also discussed; it
was stated that both Beuhler et al and Echenique et a appeared
tohaveincorrectly usedthelaboratory rather than center-of-mass
frame of reference in expressing the deuteron energy in their
calculations of the expected rateof conventional fusion, leading
to an underestimate of the rate by afactor of 10"

Although a low-energy Bright-Wigner resonance was also
mentioned as another possible explanation, it wasnoted that such
aresonance would need to bevery narrow in order to be seen at
500 eV but not at 3 KeV.

ARIZONA - THEORETICAL PROSPECTS

J. Rafelski (U of Arizona), "Theoretical Prospects for CCF:
Conventional Cold Fusion", Proceedingsof AnomalousNuclear
EffectsIn Deuterium/Solid Systems, Brigham Y oung University,
October 22-24, 1990.

ABSTRACT

One of the first steps towards the understanding of the
"background" rate of fusionsin ahydrideisthe understanding of
thestatic meaninteracti on potential betweenthehydrogennuclel.
It was quickly realized that diverse static condensed matter
effects have great influence and hence the two body fusion rate
is greatly enhanced. The key conclusion of quantitative studies
isthat even avery substantial but justified modification of the
Coulomb barrier will result in fusion rates that are many orders
of magnitude too small to be observed.

About ayear ago the attention hasturned towards thepossibility
that anew elementary particle, or perhapscomplex systems made
of known particles, of negative charge ¢, could catalyze fusion
reactions. Whilethere are attractive experimental aspectsof this
hypothesis related to the sporadic reports of fusion activity and
possibly their space localization in materials, presence of such
new

objects is strictly putative. However, if stable, negatively
charged (ultra-heavy) objectsexist, cold catalyzed fusion will be
the source of power in the next century.

Conventional Cold Fusion (CCF) must be aquantum process, far
away fromthe classical limit. Especialy in a near degenerate
condensed matter environment atheory must alow for many
body non-equilibrium quantum phenomena. Yet nearly al
seriousestimates of fusion ratesare based on classical two-body
free-space reactions. Such an approach is even not correct in
static estimates of the fusion rate: despitethefact that individual
deuterons are ‘classical’ objects, apart of their amplitudeis in
guantumdomain (elsethey could not fuse at all) and the question
arisesabout the coherence of the small quantum tails of the N-
body wave function. This issue is greatly amplified when
nonequilibrium phenomenaare involved, asa major share of the
flow energy can in principle be directed into these quantum
components. Only a non-equilibrium study of what experts
would cal dynamic quantum - two-plasma model in harmonic
time dependent lattice potential can provide the ultimae
theoretical answer about fusion in condensed matter. Work
supported by the US-DoE/BES-AEP.

COMMENTS

Dr. Rafdski began by mentioning the variety of approaches
which have been used by cold fusion theoreticians.
"Conventional" approaches have involved electron screening,
bothstatic (ex. Zakowicz) and dynamic(ex. Belyaev and Danos),
pressure / confinement (ex. Jandel), and mean kinetic energy,
both temperature effects (ex. Gajda) and fractions (ex.
Preparata). "Wishful" approachesincluded 3-body interactions
such as d+d+d -> 3He + t (each with 4.8 MeV kinetic energy),
interactions involving leptons (electron, neutrino capture), and
methodsto borrowkinetic energy fromlighter particles(by going
off the mass shell). "New physics' approaches included new
particles (ex. Rafelski and Shaw), new or modified interactions
(ex. modifications to the Coulomb interaction), and new many-
body physics in solids (ex. Preparata). Lastly, "virtual kinetic
energy" was listed.

It waspointed out that, given that an energy scale on the order
of 10 eV isinvolved when hydrogen molecules dissociate and
enter the lattice, the probability of deuteron kinetic energies of
say 100 eV was worth considering, since the Jones cold fusion
ratecould beexplained by 1 partin 10°of thedeuterons having
energieson thisorder (as could screening radii on the order of
0.1A). [However, in subsequent discussion, it was suggested by
Dr. Kim that theenergy scale of deuteronsinthe latticewas more
nearly on the order of 1 rather than 10 eV ]

If, instead, the explanation involves new particle catalysis,
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certain requirements must be met: a stable, inactive form must
exist, yet activation (release of the catalytic particle) must be
relatively easy, such that active forms such as Xd or Xdd are
formed in the presence of deuterium even in such low-energy
environments. It is suggested that the only clear solution is a
stable, negatively charged particle (whichcan therefore exist as,
say, neutral XD or X*He). A paper by Bigeleisen in Physical
Review Letters was cited showing limits on yet-undetected
particles; it was noted that catalytic particles with masses > 10°
GeV and average abundances < 10% per nucleon could still
exist.

Two significant itemsof experimental evidence werealso noted.
First, it was pointed out that simple calculations or the TRIM
program show that a significant fraction [up to 1 in 10° to 109
of products such astritons should undergo secondary reactions
unlesstheirkinetic energies aremuch lessthan 1MeV, or unless
other products such as *He are formed instead. Second, the
apparent need for a flow of hydrogen suggests that
nonequilibrium processes be model ed.

GERMANY - PLASMA MODEL

Dieter Seeliger & Andreas Meister (Dresden U of Technology,
Germany), "A Simple Plasma Model for the Description of dd-
Fusion in Condensed Matter”", Proceedings of Anomalous
Nuclear Effects In Deuterium/Solid Systems, Brigham Y oung
University, October 22-24, 1990.

ABSTRACT (Paper not presented)

A simple plasmalike model for the description of the time
behavior of the dd-fusion reaction rate asafunction of charging
time is presented. Its application to the description of
experimenta dd-neutron production rates averaged over broad
time intervals gives reasonable agreement. The fusion rates
obtained from this comparison are in the order of magnitude of
effects, which could be expected by the combination of electron
screening and fluctuation enhancement. The model alows
predictions under which conditions dd-fusion neutrons in
condensed matter could be observable and provides an
explanation, why in many cases no effects are observed.

UC IRVINE & ITALY - QUARK CATALYSIS

Luciano Fonda (International Center for Theoretical Physics,
Trieste, Italy) and Gordon L. Shaw (U of California, Irvine),
"Fluctuations and Nonreproducibility in Cold Fusionfrom Free
Quark Catalysis*, Proceedings of AnomalousNuclear Effectsin
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

It is now more than a year since Fleischmann and Pons, FP,
announcedtheastonishing (andrather premature) claims of watts
of power from cold d+d fusion without large amounts of
radiation. This gave rise to a flurry of experiments trying to
reproduce or investigate the claims of FP. most of them were
completely negative; some saw some bursts of neutronsor some
power produced for short periods of time. Further
discouragement came from the lack of viable theoretical
scenarios for the cold fusion phenomena.  Although most
scientists are convinced that there was no cold d+d fusion
observed, there remain some observations which make the final
conclusion to this problem uncertain (perhaps due to the
staggering importance of a positive result), and further we
suspectthere areexperimenters i nvesti gating thisproblem around
the world who are now being extremely cautious in announcing
any positive results. The purpose of this contribution is to
summarizethe recent publication[Shaw et. al, [ Nuovo Cimento
102A, p 1441 (1989)] presenting a scenario for cold fusion
catalysishy free Q anti-difmu]quarks. Our Q catalysis scenario
is consistent with conventional physics, would explain the non-
reproducibility and fluctuation in these experiments, and gives
testable predictions.

Werecently point our that free stable Q's (electric chargeof 4/3,
massgreater than some fraction of aGeV, and short-rangestrong
repulsion with hadrons) could rapidly (at a rate of 10 per sec
per Q) catalyze d+d fusion with the reaction channel He’
dominating. The existence of such free, stable Q anti-diquarks
is provided by the glow model of spontaneously broken QCD
and the number of such Q's (left over from the big bang)
necessary to explainthe fusion reportsis consistent with present
experimentd limits on the non-observation of free fractional
charge.

The d+d cold fusion reactions catalyzed by the Q's are:

(Qdd) molecule ="
(i) He* + Q + 23.9 MeV,

(i) He® + n+ Q+ 3.3 MeV, or
(i) T+ p+Q+4.0MeV.

Note that the charge -4/3 of the Q is crucia in the rapid
formationof the (Qdd) moleculewhichisthe limitingtimeinthis
catalytic cycle. We predicted that:

(1) Dueto the strong hadronic interaction of the Q, the Q is not
a spectator as would be the case for muon-catalyzed fusion.
Thus we found that the two-body He* channel (i) is strongly
favored with respect to the three-body neutron (ii) and proton
(iii) channel's by afactor of Rabout 10°{m,, (GeV)}?, wherem;,,
is the relevant strong interaction mass for the final state
interaction.
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(2) Theneutrons produced from the n channel (ii) obey athree-
body energy spectrum instead of having the fixed energy 2.45
MeV (asfor the two-body reaction d + d --> He® + n).

(3) Bursts of neutrons, localized in time, should emerge out of
the deuterated transition metal electrode.

Prediction 3. comes rather naturally from the fact tha when a
nonequilibrium process releases a Q, perhapsfrom a hydrogen-
like "quarked" He'Q atom, inside the transition metal electrode
(e.g., mechanical cracking occurs during the later stages of
hydration) the Q will causethe catalytic reactions (i)-(iii) until it
eventually gets trapped on a deep energy level of a heavy atom
or escapes from the interaction region.

Thusit isclear that in thisQ catalysis scenario many factorscan
play arole, e.g., the metalurgica preparation of the transition
metal electrode could determine the initial Q concentration; the
physical thickness of theel ectrode and the deuterating recycling
previoushistory will play rolesin depleting the available Q'sfor
liberation.

Weconclude by emphasi zing theimportance that theseQ's could
have in catalyzing cold fusion, and providing a large energy
sourcewith relatively low radioactivity if these type of particles
arenot confinedand can be accumulated. Thusrenewed interest
inhigh sensitivity bulk matter searchesfor freefractional charge
seems warranted.

COMMENTS

[Dr. Shaw's presentation suggested that the mechanism of cold
fusion may involve catalysis by anti-diquarks to produce “He.
Ed]

Itwas noted that theconcentration of such Q particles necessary,
less than 1 per 10" baryons, is consistent with failure of
experiments to date to detect fractional charges, but suggested
that the concentration of the latter may be only 1-2 orders of
magnitude below the present level of sensitivity. It was aso
suggested that Q particles bound to He could have a similar
affinity as hydrogen which would lead to their concentration in
certain transition metals.

Predictions include bursts consisting predominantly of alpha
particles(*He), but alsoincluding some (3-6 orders of magnitude
fewer) neutrons and protons, in which the apha particles have
fixed energies but the neutrons and protons would have ranges of
energies. The alpha particle energy would depend on the mass
of the Q particle; it would be 5 MeV if the Q massis1 GeV, or
8 MeV for 2 GeV Q's.

It wasnoted that if this mechanism iscorrect and collection of Q
particlesinliquid deuterium ispossible, each untrapped Q should
generate 0.02 W of continuous power.

BROOKHAVEN - COHERENT MOTION

Hiroshi Takahashi (Brookhaven National Laboratory),"TheRole
of Coherency on D-D Fusion Reaction in PdD, Deuteride",
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

To get a kinetic energy required to produce d-d fusion and to
dissipate the excess nuclear energy to Pdlattice motion inPdD,
deuteride, the coherency of the Pd lattice motion plays an
important role. A number of elementary processes of exciting
phonons which are participating in the coherent motion is
extremdly large, thusmaking it hard to solve the simultaneous
equation of motion for the many phonon excitation states. By
describing the coherent state as classical mechanics, the
formulation becomesmore simplified and becomesmanageable.
The cause of the coherency in PdD, deuteride, and the analogy
tothetheory of Fermi'sstatistical acceleration, will be discussed.

COMMENTS

[Coherent behavior in alattice was suggested as an explanation
for how measurabl e reaction rates could be possible even though
lattice vibration energies (typicaly on the order of 0.1 eV) are
quite a few orders of magnitude less than the energy barrier in
conventional fusion. Ed.]

It was noted that Drs. Hagelstein and Schwinger had previously
presented models which suggested that the kinetic energy from
the reaction could be coherently absorbed in the lattice. Also,
data published by Dr. Meyerhof, showing energy levels in
various nuclei, was noted, and it was suggested out that the
extreme n/t branching ratio could be accounted for by a d-d
reaction mechanisminvolvingan excited state whose energy was
above that for t+p but below that for *He+n.

The possibility of coherent acceleration of deuterons during
alpha-betaphasetransitionsin Pd deuteridewas considered, and
a nonlinearity in the mechanism was suggested as a cause of
burstlike behavior.



42 FUSION FACTS

NOVEMBER 1990

ITALY - PHASE TRANSITIONS

Eugenio Tabet (Physic Lab NIH, Rome, Itay) and Alexander
Tenenbaum (La SapienzaU, Rome, Italy), "Developments of a
Dynamical Model for Cold Fusion in Deuterated Palladium",
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Wehave devel oped a dynamical model which accounts for cold
fusion processes in deuterated palladium exposed to a steep
thermal transient. The thermodynamic instability induced by
such transient gives riseto a deuteron drag which enhances the
nuclear reaction rate (Phys Lett A, 144, p 301, 1990). The
deuteron drag processhas been analyzed in aself-consistent way
in the framework of a pseudo-plasma treatment of the deuteron
population. An explicit numerical computation of the nuclear
reaction yied is given as a function of two relevant
thermodynamical parameters of the metal-deuterium system
(concentration and temperature). Findly, we present some
comments on the time evolution of the instability.

COMMENTS

[The theory presented by Dr. Tenenbaum models the
concentration of elastic energy released during Pd deuteride
phase transitions in small areas and its transfer to the deuterons
in the lattice, leading to conventional d-d fusion. Ed.]

Itwas noted that while alphaand beta deuteridephases withquite
different deuterium concentrationscan coexist belowthe critical
temperature [approximately 300 C], only the beta form exists
aboveit. Thus, if the temperature is dropped from the 1-phase
tothe2-phase region, an unstablecondition will be created. Two
sets of regions with different lattice parameters will form,
deuterons will migrate from the low- to the high-concentration
phase, and eastic energy will be redistributed and may be
released. (The effect would be different in the reverse
transition.)

Thetransition ismodeled to occur inspherical regions, with the
maximum size of the regions and the resulting change in
potential energy depending on the change in the lattice
parameters- the regionscan becomelarger if thechangeis lower-
energy. It is hypothesized that in the formation of the low-
concentrationregions, theelastic energy isreleasedin acoherent
way, with the whole region collapsing inward together. (The
typical size of a region is estimated to be approximately 30
lattice parameters.)

In deuterated metals, it was also noted that the Gorski effect
could lead to an inward current in such conditions, raising the
concentration of deuteronsinthe inner region("deuterondrag”),
and that concentration gradients could also contribute to the
inward deuteron flux. Modeling of the approximate number of
deuterons migrating inward, and their average kinetic energies,
suggests that it may be possible to get conventional nuclear
reactions even at low initiad deuterium concentrations. For
example, at 77 K, it was indicated that even with an initia
loading of only .001, it might be possible to localy reach
supersaturated conditions during the phase transition.

Calculations of conventional fusion rates were made, based on
extrapolation from thermonuclear fusion rates and assuming a
Maxwell-Boltzmann velocity distribution with  maximum
predicted deuteron Kinetic energies of up to afew KeV. Ina
calculation of the maximum rate possible, if al elastic energy
could be converted to kinetic energy, the yield at 77 K was
3.5X 108 neutrons per mole of Pd, with the maximum occurring
for aninitia D/Pd loading of 0.1. The yield for the reverse
transition (to higher temperatures) was less, and the maximum
occurred for high initial loading.

Morerealistic calculationsusing 2% and 10% efficiency for the
conversion of strain energy to deuteron kinetic energy were al'so
performed at both 77 K and 273K. Theoptimum loading at 273
K inthe exampleshown was higher thanat 77 K. Also, theyield
was 25 timesless than at 77 K, since thermal motionsat higher
temperatures can prevent coherent collapse of large regions.
(The energy barrier the outer atoms have to overcome is very
smal.) At 2% efficiency, the optimum concentration range
became very narrow (and corresponded to lower loadings),
leading to less reproducibility. The yield for the reverse
direction was aso sensitive: in a sample calculation at 10%
efficiency, theyield was 300,000/mole at an initia loading of
0.72, but dropped to zero at aloading of 0.73.

It was reported that the model's quantitative predictions were
currently being tested in Italy. Inthe subsequent discussion, the
possible existence of asimilar mechanism for Ti was raised.

EGYPT & ITALY - SCREENING

M. Vasdli, V. Paleschi, M.A. Harith (Cairo U, Egypt), G.
Salvetti and D.P. Singh (Istituto di Fisica Atomicae Molecolare,
Pisa, Italy), "Explanation of High D-D Nuclear Fusion Ratesin
Metals at Low Temperatures', Proceedings of Anomalous
Nuclear Effects In Deuterium/Solid Systems, Brigham Y oung
University, October 22-24, 1990.
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ABSTRACT (Paper not presented)

Many experimental studies have demonstrated the possibilities
of the occurrence of very high nuclear fusion rates between
deuterium ions absorbed in metals at low temperatures in the
recentpast. On the other hand, various attempts have been made
tointroducea"pseudomass' and "pseudocharge” forelectronsto
forma moretightly bound hydrogen moleculeto undergo fusion
similar to muon-catalyzed fusion, however no plausible
mechanism for the enhancement of electronic mass/charge has
been presented so far. The aim of this paper isto present, within
the framework of a plasma model, a redlistic estimate of the
inter-ionic potential involving electron screening of ion
impurities in palladium metal [Nuovo Cimento 11D(6) p 927]
and the short range ion correl ations between such ions, that may
account for the experimentally observed fusion rates at low
temperatures. However, till now it is not clear how many of the
46 electrons surrounding the Pd nucleus can effectively
contributeto the screening of deuteriumion potential. Hence, it
has been considered a free parameter in the present work. The
redial profiles of the bare Coulomb potential and the effective
potential incorporating el ectron screening andthe deuteriumion
correlations are plotted. The dependence of nuclear fusion rate
per D-D pair on the ion temperature and on the number of
electrons per Pd atom contributing to the screening has been
presented. Itisseenthat the experimentally observed fusionrate
(approximately 102 fusion events per D-D-pair per sec) canbe
explained if at least approximately 30 out of the 46 Pd electrons
may contribute to the deuterium ion screening.

USSR - CAVITIES AND CRACKS

V.I.Vysotskii (Kiev State U, USSR) and R.N. Kuz'min (M oscow
State U, USSR), "The Theory of Nonthreshold Cold Fusion in
Solids.", Proceedings of Anomalous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

INTRODUCTION

[No abstract was given, but the following is the introduction to
the authors' paper.]

In our articles, the theory of controlled nuclear synthesis for
charged particles under a dynamical regime was constructed.
The main ideas of this theory are connected with a drop or
breakdown of the Coulomb barrier for target atoms due to spatia
averaging under oriented motion of deuterons (d) or tritons (t) in
the lattice. Much attention [in these articles] is given to
optimization of the nuclear reaction (d-d, d-t) for a drop or
breakdown of barriers for the LiD compound.

In this note, we propose a simple model for the quasistatic
situation which suggests that cold fusion of deuterium atoms
occurs without a rapid transfer of particles. In this case the
reason for abreakdown of barriersintheexternal (quantizing the
motion of particles) field of force (for example, the potential
energy of the holewalls - analogous to 3-dimensional quantum
hole; or crack withundetermined boundaries - analogousto 1-D,
2-D quantum hole). A similar mechanism of a breakdown of
barriersisfound ina heliumatom when theCoulomb interaction
with a nucleus cancels the repulsion of e ectrons.

Ina quantum system consisting of N deuteronsand ahole barrier
confluence, atoms breakdown under the condition:

Vg >> By >> V> = <<< Sum; V4 (vector r; - vector
rj)>spin>ri>rj

where<V > isthe average energy of the (d-d) interaction; V,, =
13.6€V istheinteraction energy of deuteronin adeuteriumatom
withitsown electron; E  is theenergy difference of the levelsin
the quantum system - hole or crack. Averaging is done for
dimensional and spatia variables.

The first term of the inequality makes it possible to
independently consider atoms of deuterium and to use the
perturbation theory with independent wave functions for all
particles (the second term of the inequality). [The authors note
that by making use of the theory of the interatomic H-H or D-D
interactions with alowance for Coulomb spin and dispersion
forceswith potential V 4(vector R, - vector r,) it is possible to
demongtrate that the value of <V,,> is computable and equal to
zero under specified conditions.]

COMMENTS

[Dr. Vysotskii proposed high rates of fusion among deuterons
trapped in a potential well created by a bubble or hole afew A
across, or ina crack, and suggests that this mechanism could
also account for bursts occurring at intervals. Ed.]

ARIZONA - COUPLED REACTIONS; RESONANCE

W. Zakowicz and J. Rafelski (U of Arizona), "Low Energy
Nuclear Resonance and Cold Fusion”, Proceedings of
Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT
The hypothesis that the existence of an ultra low energy

resonance in the d-d system could assist fusion is considered
quantitatively. The presence of the nuclear
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threshold resonance would be a consequence of rather
coincidental relation between the nuclear and Coulomb
interactions between two colliding deuterons. In the resonant
conditionsthe probability of penetration of the Coulomb barrier
isenhanced. A schematic, potential based model of the nuclear
reactions coupled to the d-d fusion channels as shown in Figure
1 is described, which permits an assessment of the exact
magnitude of the fusion reaction cross section at ultra low
energies in presence of screened Coulomb d-d repulsion. Our
resultsfor the reaction efficiency are presented. We canfind an
enhancement by about 10 orders of the magnitude for low
energies. However, this resonant cross section does not match
well the experimental data at accessible energies, E > 10 keV.
Once our model parameters are adjusted to experimental data
there remains little sign of aresonant reaction process.

In the process of obtainingthis result we resolvea long-standing
discrepancy between the 1/v* behavior of the Gamov
astrophysical reaction formula for thelowest energy fusion cross
section, and the general quantum mechanics inelastic reaction
result (Bethe's law) which requires 1/v behavior of al reaction
cross sectionsin thelimitv --> 0. In particular, we determine at
which energy there is a significant deviation from the
astrophysical Gamov formula due to onset of the Bethe's law.
We dtress that the considerations in this note will be strictly
limited to the reactions of two deuterons; however, recognizing
the importance of Debye-Huckel screening for lowest energy
reactions, weal so modify thed-d Coulomb repulsion potential by
a datic (exponential) screening. This is a token
acknowledgement of the fact that numerous other many-body
processes could and will stimulate fusion rates in dense matter.
A full investigation of the many-body phenomena isrequired in
order to clarify the theoretical issuesrelated to ultra-low energy
two-body fusion reactions at low energy. {Work supported by
the US DoE/BES-AEP}

COMMENTS

[In the presentation by Dr. Zakowicz, two possible models for
low-energy fusion were considered, involving coupled nuclear
reactions and very-low-energy resonances. Ed.]

The first model involves 3 interacting and mutually coupled
channdls: d+d, n+*He, and p+tfusions. Sincethe neutron hasno
Coulomb repulsion, such reactions would be possible in a
coupled system, and the energies of the neutrons and tritons
would be predicted to be higher than normally expected.

In the second model, it was noted that the degree to which a
resonance would be spread out over the entire low-energy range
would depend on the strength of the coupling to the other
channels. However, as noted, taking

higher-energy data and inverse reactions (p+t-->d+d, etc) into
account, thebest fit to thedatainvolvesno resonance, suggesting
investigationof multibody rather than 2-body effectsmay bethe
more productive approach.

In subsequent discussion, Dr. Kim pointed out that 3-body
collisionswould be more reasonable in 1-dimensional channels
created in lattices or in implantation experiments than in
conventional fusion.

G. MISCELLANEOUS PAPERS
NCFI - ELECTRODEPOSITION OF PdD

Zhong-Qun Tian, Steven C. Barrowes, Haven E. Bergeson
(National Cold Fusion Ingtitute, U of Utah), "Attempt To
Confirm The X-Ray Radiography Results Reported By S. Szpak,
et a *", Proceadings of Anomalous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

The technique of Szpak for obtaining x-ray radiographs from
workingelectrolytic cells hasbeen followed, in order to confirm
hisresults. Each experiment was run with two cells, one with
light water and one with heavy water, to verify that the nuclear
difference was crucial to any observed effects. Szpak's
technique, if confirmed, offers the possibility of obtaining the
energy spectrum of emitted X-rays.

*S. Szpak, et al., San Diego, "On the Behavior of Pd Deposited
in the Presence of Evolving Deuterium” (submitted for

publication)
COMMENTS

[The presentation by Dr. Barrowes described a novel Pd
electrolyss method described by Dr. Szpak (Naval Ocean
SystemsCenter, San Diego) which minimizesthetime required,
and partia replication of the experiment at NCFI. Ed.]

The method involves deposition of Pd deuteride from solution
ontoacathode; Szpak's autoradiography datagaveclear evidence
of X-ray emissionlocalized inthe cathodewithin 1/2 day or less
of the start of electrolysis, with high reproducibility, as well as
tritium production.

The Szpak experiment used a Ni mesh cathode and Pt anode.
The éectrolyte was 0.3 M LiCl and 0.05 M PdCI, in D,0.
Deposition of Pd deuteride on the Ni mesh by the current was
used to avoid the long wait frequently found to be necessary in
conventional electrolysis experiments; in this experiment high
loading occurs at the
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outset. [In addition, no strains, defect formation, phase
transitions, etc. due to the loading should be expected. Ed.]

The X-ray filmused (4 mils thick, sealed in awater- and light-
tight polyethyleneenvel ope and covered with an additional 1 mil
of polyethylene toavoid contaminating the solution) is sensitive
to X-rayswith energiesgreaterthan3 KeV. (Thefilmwastested
by exposing it to light in the laboratory for 3 days; no fogging
occurred.) After several hoursof e ectrolysis, thefilminonecell
showed aclear image of the Ni mesh (in fact, a doubleexposure,
asthe film had moved). Thusthe cathode was apparently acting
as an X-ray source. The films from the other 6 cells, although
not showing images, were darkened. No effect was seen with a
H,O control cell run simultaneously and in series with the D,O
cdls.

In addition, subsequent analysis at NCFI showed averagetritium
levelsof 200dpm/ml inthe electrolyte(versus 27 dpm/ml for the
blank).

In the preliminary NCFl experiments, no noticeable darkening
has been found to date, and tritium increases, athough quite a
few standard deviations above the controls, have typically been
much smaller (8-10 dpm/ml). The experiments are continuing.

In subsequent discussion, it was noted that image formation
would require a minimum separation between the cathode and
film; in the Szpak experiment the wiresin theNi mesh were only
approximately 1 mm apart, but the film was less than 1 mm
away. It was a so noted that cleaning of the cathodesinthe NCFI
experiment would haveintroduced some hydrogen into the cell,
leading to a mixture of H and D.

ITALY - NEUTRONS, TRITIUM

D. Gozzi and P.L. Cignini (Universita "La Sapienza’, Rome,
Italy), S. Frullani, F. Garibaldi, F. Ghio, M. Jodice and G.M.
Urciuoli (Istituto Superioredi Sanita, Rome, Italy),"Neutron and
Tritium EvidencesintheElectrolytic Reductionof Deuteriumon
Pd Electrodes’, Proceedings of Anomalous Nuclear Effects In
Deuterium/Solid Systems, Brigham Y oung University, October
22-24, 1990.

ABSTRACT

In a ten-cell electrochemical system a Fleischmann and Pons-
typeexperiment wascarried outwhich lasted about three months.

All the cells were connected in series and electrolysis was
performedin galvanostatic modeat amaximum current value of
2.5 A corresponding on the average to 500

mA/cm?. The ten cells were placed in a perspex water-cooled
toroid positioned at 36 degrees one from the other.

In the centre of the toroid aHe® neutron detector (efficiency = 5
X 10®) was inserted and two gamma-ray detectors, Nal(Tl)
monocrystal and Ge(Li) were tangentially placed externaly to
the toroid in adiametrically opposite side.

A dedicated data acquisition system (Maestro from Ortec) was
connected to both the gamma-ray detectors in such away as to
store the results at programmed time intervals.

Tritium was systematically measured in each cell by sampling
small volumesof the electrolyte. Tritium was also measured on
recombined gases. In both the cases, tritium was measured by
thetechnique of the liquid scintillator according all the standard
procedures routinely followed in thistypeof measurement. We
carried out about 350 tritium tests.

Inthis experiment all cathodes weremade of Pd andanodes were
made of 1 mm Pt wire wounded as a cylindrical coil. In nine
cells out of ten, cathodeswere shaped as aparallelepiped (25 x
5x 5 mn?) obtained by high vacuum sintering according to the
procedure reported in our first positive experiments [Nuovo
Cimento 103A, p 143, 1990]. The starting material for al these
electrodes was Pd sponge powder (Johnson & Matthey) sieved
from the same batch in such a way as to obtain powder with
grains amaller than 105 micrometers. The other cathode was
obtained using 32 short 0.5 mm diameter Pd wires, gold-welded
together at one end. In each wire a similar concentration of
screw dislocations was produced. Three different groups of
sintered cathodes were used inthe experiment corresponding to
three different sintering procedures.

On the top of each cathode a K-type thermocouple, encased ina
stainless steel shield, electrically insulated from the
thermoelement and used as the current lead, was welded.

All the reference electrodes were 0.5 mm Pd wires and
positioned very close to the cathodes. Nine cells out of ten
contain 0.2 M LiOD in D,O as €electrolyte. The other cell,
containing one of the sintered cathodes, wasin 0.2 M LiOH in

H.0.

An automatic system in each cell alowed heavy or light water
refilling insuch a way asto maintain constant the initial volume
of electrolyte (31 ml).

The experiment started on March 15th, 1990, and it was stopped
onJune 10th. Theapplied current density was step-changed and
for the first two months of the
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experiment was gradually increased. When the current density
reached thehighest values, we observed amarked increaseof the
neutron detector counting rate with respect to the background
level (2 counts/h). The pattern of the emission was burst-type.
The waveform shape of the signals were monitored but not
stored. Both noise-likeand charge-likesignalswereseenintime
intervals, grouped in some minutes spaced even of afew hours.

Thisbehavior wasobserved for about tendaysbut onlywhen the
current density was set over 320 mA/cm?.

Inthefirst part of that period, we found inthree cellsout of nine
(oneof theten cellswasin light water) an excessof tritium with
respect to the expected value calculated for the electrolytic
enrichment. This excesswas about two timesif considered with
respect to the enrichment and about 4 times with respect to the
initia tritium content in the heavy water (267 dpm/ml). The
other cells, included that inlight water, did not show any excess
of tritium, the value of which wasin good agreement with the
calculated value.

Some aspects concerning the thermal behavior of the electrodes
will be also shown.

COMMENTS

[This presentation by Dr. Gozzi described detection of
unidentified particles during Pd electrolysis. The use of sintered
electrodesfrom asingle batch of finepowder, inorder to control
for spot contamination of tritium in the electrode, is very
interesting. Ed.]

The neutron counter in this experiment measured significant
bursts (maximum > 0.3/sec) lasting for up to 6 hours. However,
asthepul se shapes (recorded with adigital storage oscill oscope)
were different than those seen for the background counts or
countsfrom an Am-Becalibration source, they did not appear to
be due solely to neutrons. The counter had previously been
checked for EMI [electromagnetic interference] pickup, and
generaly found to be insensitive to the operation of other
equipment inthe lab and tovariationsin the power supply; aso,
such a series of signds had never been seen in the months
previous, and a cosmic ray monitor nearby saw no significant
change.

The tritium excesses, on the order of 400 dpm/ml, were also
noted after 60 days, after the current was increased to > 320
mA/cnt and varied; the levels subsequently decreased again. It
washoted that since al of the Pd was mixed fromthe same batch
of powder, yet some of the cells did not yield excess tritium
levels, spot contamination could not have been responsible.
Also, no tritiated compounds have previously been used in the
laboratory. Thetotal tritium production during the 1989

and 1990 experiments werecalculated asbeing 2 x 10™ and 1 x
10" atoms.

Inthe subsequent discussion, it was indicated that the sintering
of the 3 cellswhich gave tritium was different from that of the
other six, but that this difference still needsto be confirmed. It
wasalso noted that some of the (externally) recombined gaswas
lost, so that actual tritium production could have been higher;
hence true branching ratio calculations would not in fact be
possible.

ENGLAND & CHINA - METEOROLOGY TRIGGER

N. Hawkins, S. Sh. Yi, X. Zh. Qi, X.D. Li, L. Wang, Q.X. Zu
and X. Zhi. Li (Indgtitute of Physics, Beijing, Ching),
"Investigations of Mechanisms and Occurrence of
Meteorologically Triggered Cold Fusion At the Chinese
Academy of Sciences', Proceedings of Anomalous Nuclear
EffectsIn Deuterium/Solid Systems, Brigham Y oung University,
October 22-24, 1990.

ABSTRACT

Morrison at CERN ascribes regiona variation in fusion cell
results to possible sociological factors. In view of the
observationof cold-fusion-like effectsin electric stormsby Shah,
Razdan et al. the present paper seeks physical causes of such
variation in terms of meteorological conditions.

Previouswork on Abrikosov vortices(rotating stringsof el ectron
Cooper pairs) and their possible availability in near or actual
electric stormconditionsisreviewed, together withwork ontheir
potential for fusion. A note is attached modeling their possible
behavior in fusion cells, predicting short bursts of fusion in
standard open cdlls, longer-term quasi-stable fusionin modified
cells and no fusion at al where lack of meteorological
availability or the use of closed cells prevents the Abrikosov
vortices being available inside the apparatus.

Experiments with modified cells a the Chinese Academy of
Sciences, designed to test the meteorological trigger hypothesis
and to monitor any resulting fusion, are described. Both
continuous and short-burst fusion are reported to occur if, and
only if, the hypothetical meteorological trigger-conditions are
present. Isotope-ratio and particle-yield analysis may suggest a
cathode-surface chain reaction of lithium derivatives, self-
terminated by the production of non-fusibleions.

This is taken as being possibly the first observations of
meteorological triggers for cold fusion, the first derivation of a
surfacechain reaction effect and the first reported observation of
continuous fusion from this source. Various possible causal
mechanisms behind the detailed
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resultsare discussed. A future experimental programto confirm
and further define these effects is described.

No claim can yet be made for definite confirmation of the
Abrikosov vortex hypothesis, or any other coldfusion trigger or
reaction details.

COMMENTS

[Inthis presentation by Dr. Hawkins, an unusual meteorol ogical
phenomenawhichmay be associated with stormswasconsidered
apossible catayst for cold fusionin open electrolytic cells, and
to account for irreproducibility of the results of such
experiments. Experimental tests were described. Ed.]

Pd electrolysis experiments were conducted on the roof of a
building during the storm season in China. Gamma radiation
levels measured were found to repeatedly increase during the
onset of storms(by 50%, to 5X10*Gray/hour) when thecell was
operating properly; the probability of this correlation being due
to random chance was calcul ated to be less than 1%.

(In addition, evidence for possible very brief, high-temperature
spikes localized on the cathode surface was inferred from
deposition of carbon at thetop of the electrode, even though a
thermocouple placed at the top of the electrode, with a response
time on the order of 10 seconds, recorded rises of only 1 or 2
degrees.)

A tabulation of published results from various locations was
presented, in which 5 groups at sitesin which electrical storms
are commonreported successes and 1 reported failures; thiswas
contrasted with 1 positive report and 7 negative reports from
other sites. It was noted that an outside location would not be
necessary for the proposed mechanism, as it was suggested that
the vortices could enter buildings, magnetization of the vortices
was suggested to cause them to be attracted to the area of the
cathode and remain there for some time.

Previous work suggesting arole for Abrikosov vortices in ball
lightningwasnoted (Dijkhuis, Zeldenhurst College, Holland), as
well as possible observations of neutrons and gamma rays
associated with lightning and storms.

Experiments involving artificially-created storm conditions are
planned.

[The weather hypothesis is intriguing. However, as noted in
previous papers, background count rates are known to be
affected by meteorological conditions over longer time scales,
and sometypes of equipment are al so sensitive to humidity and
electromagneticinterference. Thus, further investigation of such
amechanism could best bedoneif an H,O control could be run
simultaneously. Ed.]

YUGOSLAVIA - Ti GAS LOADING

N. Jevtic, S. Miljanic, S. Pesic, J. Dobrosavljevic and J. Pupezin
(Boris Kidric Institute of Nuclear Sciences, Beograd,
Yugodavia), "The Change in the Isotope Ratio and a
Spectroscopic Anaysisof theGas from Gas L oad Experiments”,
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Titaniumand palladium sampleswere D, gasloaded. Two such
systems were cycled from liquid nitrogen to room temperature
and ina number of runsto 100 C. Both exhibited anincreasein
the neutron count only upon thefirst immersioninto the liquid
nitrogen. Virgin gas and gas from one of these gas-load cold
fusioncells exhibiting an increaseinthe neutron count at heating
of 3to4 times backgroundover 1.5 h. were analyzed both mass-
spectrometrically and spectroscopically. Mass spectrograms
were made on two different systems after the shut-down of the
experiments. On both, the change in the relative mass 2 and
mass 3 content is evident. Hollow cathode discharge Emission
spectroscopy of the gasfor T and He prove negative. Though a
He4 line was observed in one spectrum, repeated attempts to
observeit in the gas from the same sampl e were unsuccessful.

COMMENTS

[This progress report by Dr. Jevtik describes gas-loading
experiments which were largely inconclusive. Ed.]

Forthgrams of Ti wereused; inthe origina sample, 5.5 gramsof
Pd were also present. A BF; and an NE213 neutron detector
were used (background 0.5 and 108 counts per 15 minutes,

respectively).

Itwas noted that the peaksin themass spectrometry results could
bedueto several different species (for example, T and HD); thus
itwould not be possible to show whether tritium was produced
without data at high resolution. Likewise, as previous
experiments using He carrier gas had been performed, the *He
line seen could have resulted from a bubble in the grease of the
stopcock.

In addition, two Pd electrolysis experiments were performed,
using current densitiesupto 200 mA/cn?, showing littleevidence
of neutrons and tritium concentrations consistent with
enrichment.

It is hoped that further experiments can be performed in the
future, using a better neutron detector with 12 phototubes and
500 liters of scintillator fluid, and a plasma focus apparatus.
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OREGON - HEAT ONLY

A.C. Klein, L.L. Zahm, SE. Binney, JN. Reyes, J., JF.

Higginbotham, A.H. Robinson, M. Daniels, and R.B. Peterson

(Oregon State University), "Anomalous Heat Output From Pd

CathodesWithout DetectableNuclear Products', Proceedings of

Anomalous Nuclear Effects In Deuterium/Solid Systems,

Brigham Y oung University, October 22-24, 1990.
ABSTRACT

In the spring of 1989, an interdisciplinary team of researchers at
Oregon State University designed andimplemented alaboratory
experiment to explore the effects of electrolyzing heavy water
(D,0) using palladium and platinum electrodes. The intent of
these experiments was to reproduce as closdly as possible the
work of Pons and Fleischmann which reported severa
observations of "excess heat" production, possibly due to
deuterium-deuterium fusion reactions. During the past year and
one haf, over 40 weeks of experimental runs have been
conducted in four cells which electrolyze heavy water using
palladiumand platinum electrodes. Tritium production, neutron
and gamma radiation, and cell temperatures were monitored
simultaneously and continuously throughout theruns. The OSU
experiments have resulted in seven elevated temperature events
similar to those claimed by Pons and Fleischmann, with no
correlating detection of nuclear products that would be present
if thesource of the"excess heat" wasdueto deuterium-deuterium
fusion reactions.

Even though severa events of increased temperature difference
have been observed, no evidence of increased tritium
concentrations has ever been observed. Also, significant
numbersof neutronswould have been generatedif the traditional
D-D fusioneventshad occurred, and average neutron count rates
of onthe order of 10° cpswould have been expected. However,
these rates are compared to the observed background of 0.2 to
0.4 cpswhich has been measured and verifiedmany timesduring
thecourse of these experiments. Such agreat discrepancy shows
that no significant amounts of detectable neutrons were emitted
from the palladium rod.

The seven events which have occurred to date all take the same
genera formin whichthe apparent heat output of a cell, as seen
in terms of the measured change in cel fluid temperature,
increases in a distinct and significant step. In none of these
eventswas there any intrusion by the experimenter toinitiate the
changeinthe cdll fluid temperature. Inall cases, however, some
actionby theexperimenter caused thetermination of theapparent
release of heat. Inall casesthe measured temperature difference
returned to the pre-event value. Termination of the events, in
many cases, resulted fromthe additionof D,O tothe cell inorder
to maintain the fluid level.

Recently, a single light water cell, identical in all respects to
those using heavy water, has been operated for over 14 weeks
and has produced notemperatureexcursions, andalso no nuclear
products.

COMMENTS

[Dr. Klein's presentation described aPd electrolysis experiment
in which excess heat was detected but neutrons, tritium and
gamma radiation remained at background levels. Ed.]

The Pd cathodes used (4 mm diam. X 10 cm rods) were obtained
from Johnson Matthey; the anodes were Pt. The solution
contained 0.1 M LiOD in D,O. Current densities were 15-300
mA/cn?. External recombination of gaseswas performed (using
Pt at 425 K).

Temperature measurementsweremade using 2 thermocoupleson
the cathode and 2 in the water bath. Neutron measurements
were made using15 BF;, counters (efficiency 3-5%) surrounded
by Cd shielding. (It was noted that some large and sustained
neutron pulses were observed, but that thesewere demonstrated
tobespurious.) Tritiummonitoring of both recombined D,O and
electrolyte was performed by liquid scintillation. Gamma
radiation was measured using a Pb-shielded Nal detector. The
detectionlimit fortritium was 4X10°microCi/ml. Also, an XRF
[X-ray fluorescence] depth profile of thecathode was performed
after the experiment; this showed the accumulation of Pt, Cu, Si,
and asmall amount of O in the top few microns.

Anexample was shown in which a smooth temperature increase
of approximately 10 degrees occurred with the same time
constant as was seen when the current was increased; this very
clear stepwiseincrease iswhat would be expected from asudden
development of a steady level of excesspower. It was noted that
no change occurred in another cell run at the same time on the
same power supply, and that levels after each event were the
sameaslevelsprecedingit. Thetotal excessenergy intheevents
ranged from 8 to0 2240 W-hours over 4-364 hour periods; in the
largest and longest event the excess power was approximately
7% of the energy input. If this excess energy output were dueto
d-d fusion, this event would correspond to approximately 10
fusions. Notrigger for theeventswasidentified, although events
weregenerally terminated by the additionof D,O (at 20 C) to the
cell (whichwasat 65 C). During 15 weeksof datafor the H,O
control (approximately half the 35 weeks for the DO cells), no
heat eventswere seen; in fact, it was noted that the temperature
of the control was considerably more stable.
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HUNGARY & JAPAN - Fe-Zr ALLOY NEGATIVE

E. Kuzmann, M. Varsanyi, L. Korecz, A. Vertes, F. Deak, A.
Kiss, L. Kiss(EotvosU, Budapest, Hungary) and T. Matsumoto
(Tohoku U, Sendai, Japan), "Investigation on the Possibility of
Cold Nuclear Fusion in Fe-Zr Amorphous Alloy", Proceedings
of Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

Neutron, gamma and M ossbauer spectroscopy wereused to study
the possibility of cold nuclear fusion in FeyZr,, amorphous
ribbon having high hydrogen absorbing ability. No significant
changesin the neutron and in the gamma spectrawere found at
deuterization performed electrochemically at different cathodic
potentials The observed differences between the Mosshauer
spectra of samples deuterized in air and in nitrogen atmosphere
can be explained by adecrease of deuterium uptake aswell asby
a small heat effect due to reaction of hydrogen with oxygen
dissolved in water in the case of electrolysis carried out in air.

COMMENTS

[This presentation by Dr. Kuzmann reported unsuccessful
attempts to detect fusionin an electrolysis experiment using an
Fe-Zraloy. Previousexperimentsat EotvosU. using M ossbauer
spectroscopy to study the hydrogen uptake of such aloys was
also described. Ed.]

Thealloy selected can absorb upto approximately 1.8 hydrogens
per metal atom. A variety of Mossbauer spectra were shown to
demonstrate their ability to indicate changesin hydrogenloading
and temperature; it was also noted that such spectra could be
usedto indicate, for example, the proportions of hydrogen inthis
alloy which resided in the two different sites, and to distinguish
between hydrogen and deuterium loading.

Thealloy, prepared at Tokohu U. in Japan by spinning the melt
in Ar, was 1 mm X 20 microns by 10-20 mm. Electrolysis was
performedin D,O +H,SO, + Na,SO, (pH 2) at currents of up to
15 mA for 5000 seconds. Plastic scintillator and BF; detectors
were used for fast and slow neutrons, respectively, and a GelLi
detector for gamma radiation.

[Possible factors contributing to the negative results in this
experiment include the use of an aloy which would form a
hydrogen-impeding oxidefilminsolution, the small sample size
and low current density, and the brief electrolysis. Onthe other
hand, the use of Mosshauer spectroscopy to monitor aspects of
loading about which other methods give little information was
very interesting.

It should be noted, however, that itsuse on aquantitative rather
than qualitative basis may be more problematicdue to the variety
of factors which appear to influence the spectra. Ed.]

CHINA - Pd GAS LOADING

Xingzhong Li, Shiyuan Dong, Keli Wang, Y ueying Feng, Lee
Chang, Chengmo Luo, Renyong Hu, Pingli Zhou, Dawei Mo,
Chongli Song, Yingtang Chen, Minyan Yao, Chuang Ren,
Qiankun Chen (TsinghuaU, Beijing, China), "The Precursor of
"Cold Fusion' Phenomenon in Deuterium/Solid Systems',
Proceedings of Anomalous Nuclear Effects In Deuterium/Solid
Systems, Brigham Y oung University, October 22-24, 1990.

ABSTRACT

While a few labs claimed successes in reproducing the "cold
fusion" phenomena, the majority of the experimentsfailed to do
so. The criteria for success or failure are supposed to be the
"nuclear fusion products*, which are difficult to measure in a
convincingway. If wecould alwaysfind some precursorsbefore
the "cold fusion phenomena’, this correlation between the
precursor and the "cold fusion” woul d make the measurements
more convincing. This precursor might also guide us in
approaching the "cold fusion phenomena’ and make it easier to
solve the problem of reproducibility.

The results of experiments will be presented to show the
evidence of the precursor in a pressurized deuterium-palladium
system. The electromagnetic radiation and the emission of the
charged particles are detected. Specia methods are used to
increase the ratio of signal to noise. The control runs and blank
runsexhibited good contrasts between thesignals andthe natural
background. Particularly, experiments indicate that the surface
condition isimportant for the reproducibility. The results have
been compared with asimilar one in another |ab.

This precursor is qualitatively consistent with the theory of
shielded coulomb barriers and the existing huclear reaction data
a low energy.

Thiswork is supported by the Natural Science Foundation of
China and the contingent funds from the National Education
Commission.

COMMENTS

[Thepresentation by Dr. Li described a gas-loading experiment
using Pd rather than Ti, in which the total charged particle
production during the experiment was recorded using a track
detector. Ed.]
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Thisexperimentwas reported at the May 10-12, 1990 cold fusion
symposiumin Beijing, China. Sampleswere exposed to D, gas
at 9am, thencooled in liquid nitrogen. The cumulative charged
particle emission from the surface was measured using
thermoluminescence(CaF,) andplastic track (CR-37) detectors.

Track densities were much higher for the D,-loaded Pd sample
than for the H,-loaded Pd sample or the D, gas samples (which
in turn were 2-3 times the background density). Trackswerein
some caseshighly localized in particular areas. When half of the
D,-loaded Pd was covered by 0.2 mm of Al, the track density on
the covered half was shown to be much lower than on the
uncovered half.

Thelackof asimilar effectwas noted when Pd cleaned withagua
regia was used; it was suggested that this was due to chlorine
remaining at the surface after cleaning, as indicated by Auger
Spectroscopy.

In addition, measurements were made in an attempt to detect
"precursor” electromagnetic radiation expectedin theUV to soft

X ray region.

SPAIN - LOW-LEVEL TRITIUM

F. Fernandez, J. Sevilla, B. Escarpizo, C. Sanchez (Dpt. Fisica
Aplicada, Universidad Autonoma de Madrid, Spain), "Nuclear
EffectsInElectrolytically Deuterated Ti and Pd", Proceedings of
Anomalous Nuclear Effects In Deuterium/Solid Systems,
Brigham Y oung University, October 22-24, 1990.

ABSTRACT

SinceApril 1989 we have performed electrolytic experimentsin
order to reproduce and control cold fusion events. In this
communication we will present a summary of our experiments,
regardless of whether theresultswerepositive or not (Solid State
Comm. 21(12) p 1039, 1989).

The detection systemavailable covered the measurements of the
total number of neutrons (BF;detectors), neutron energy (proton
recoil spectrometer), gammaray energy (Nal and Ge
spectrometers) and tritium electrolyte content (scintillation
counting after sampling). In most cases all detectors were used
in the same experiment looking especialy for coincidences in
anomalous detection.

Typical data on the behavior of the different parameters are
presented. Positiveresultsarediscussed and parallelism between
negative results and blanks is also shown.

Misleading resultswill beincluded aswell asa discussion about
the error sources we have found in this kind of measurements.

Weconsider that the knowledge of the final state of the cathode
has to be as accurate as possible in order to understand the
physical-chemical processesunderlaying cold fusion. With this
purpose, in some cases, we have followed a four step
measurement routine at the end of the experiment including X-
ray diffraction, Electron Microscopy and Surface Anaysis
(EDAX), Thermal Desorption and Differential Scanning
Calorimetry. On the basis of the experimental results a brief
discusson on D-loading and the after-experiment surface
morphology is presented.

At thepresent moment we keep on running experiments oriented
to detect nuclear reaction products, and we investigate some
physical problems that according to some theoretical proposals
could be steady statebreaking agents, like, for example, themain
features of the fcc-fct phase transition suffered by TiH, when x
>1.6.

COMMENTS

[The presentation by Dr. Sevillareported the generation of low
levels of tritium during electrolysis experiments. Ed.]

Tritium levels of 100 dpm were measured in one cell
(approximatdy 8 times initial values), and lower amountsin a
second cell. No control was run, although aparalldl experiment
gavenoincrease. Inthecell with high production, tritium slowly
declinedagain afterwards. It wasnoted in subsequent discussion
that only the electrolyte had been assayed, and not the gas.

In addition, the neutron count rate data in another experiment
showed deviations of a few standard deviations above the
Poisson distribution at the highest count rates. However, these
represent count rates of only 11-14 counts per 5-hour interval; no
accompanying increase in tritium was detected.

Analysisof the cathode surface after several daysof electrolysis
showed increases in Si from the glass, Pt from the anode, and S
from the electrolyte, and cracks and other aterations in the
surface.

USSR - ACOUSTIC SIGNALS

Vladimir Tsarev (Lebedev Physical Institute, Moscow, USSR),
"Experimental results on neutrons, protons, and theoretical
model, geophysical."
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COMMENTS

[This model involves fractofusion (accel eration of deuteronsin
electrical fields across cracks), and possible experimental
evidence isnoted. Ed.]

Itisnotedthat electrons, ionsand electromagnetic radiation have
been reported during fracture of dielectric crystals, and that
neutron emission apparently correlated with acoustic emission
has been reported in certain experiments (such as those of
Golubnichyi). However, the manner in which this mechanism
would beableto operatein metalsduring changesinthe hydride
phase, andthe apparent lack of emission of electrons, needsto be
explained; very high loading or a metal-insulator transition due
to lattice dil atation (Mott effect) may play arole.

If this mechanismis correct, correlation of fusion products with
acoustic and radio emission should also occur in deuterated Pd
and Ti, and it is suggested that various types of shocks
(including mechanical, thermal and current level changes) could
act astriggers.

In an electrolysis experiment involving Pd in D,O + 0.1 M
LiClQ,, with current densities up to 200mA/cm?, 6 bursts of 100
neutrons each (greater than 10 times background) were in fact
detected after cryo- and thermal shocks, using a coincidence
between signalsfrom aplastic scintillator (for fast neutrons) and
10 *He tubes with oil moderator (for slow neutrons). Controls
wererun at zero current and using H,O. Efficiency was 3%, and
background was 5X10°*/second.

In anather run, two events were seen during 11-1/2 hours in
which neutrons, acoustic signals and radio emission were
correlated in a 10 msec window; the inferred fusion rate was
stated to be 10%/sec/gram, comparable to the Jones level. The
probability of such a triple correlation having occurred by
random chance during this time period was calculated tobe 10”7,
A control with HO was negative. However, the number of
events was too small, so another run was performed in an
underground site (Baksan). Six double coincidences of slow
neutrons and acoustic signals were seen in 4 hours, for an
average of 3X10? n/sec. Further experiments are planned.

Tritium was aso found, but only on the first desorption; this
needs to be confirmed.

WORLEDGE - SUMMARY
D. Worledge (EPRI), "Summary of Progress"
COMMENTS

[Dr. Worledge noted that in his opinionthe conference had been
asuccessful one, with amuch larger number of

contributorsthan originally expected, and alot of data, too much
for him to tabulate, as he had originally planned. He noted that
his presentation was intended as a summary of progress in the
field, putting the material presented at the conference in the
larger perspective. Ed.]

Among the general features which he perceived had changed
little since a year ago were the usua types of experiments
(predominantly Pd electrolysis and Ti gas-loading, although a
few additional types including Pd gas-loading and ion
implantation were now being reported). Also, the field was
clearly till an active one, with both positive and negativeresults
continuing to be reported but possibly fewer negative reports.
(In fact, the field seemed surprisingly active given the low
fundinglevel.) Theexperimentsreported werenotedto till vary
vastly in quality; it was suggested that the increasing amount of
effort that went into some of them was acting as a confidence-
builder for skeptics, but that this wasa serious concern onwhich
itwould still be necessary to work harder. Tritium was noted to
still bethe least reproducible, in hisopinion, although reports of
small amounts were fairly common. Additional high-quality
neutron measurements confirming the Jones results were noted,
along with some higher rates which Dr. Worledge indicated he
didn't know how to view. Repeatability of high-multiplicity
neutron burstswas considered to remain low, with questionsas
totiming and triggering. Finally, it was noted that observations
of X-rays, gammarays, and He remain few.

Amongthe areas perceivedto have changed since January 1990,
on the other hand, are improved reproducibility of low-
multiplicity neutron spikes and random neutrons. Inafew cases,
reproducibility approaching 100% wasindicated. Also, neutron
observations which have survived changes in detectors,
environments, and research groups were noted. New charged
particle observations besides Dr. Taniguchi's were mentioned,
with tentati ve identification of some of the particles as tritons.
Dr. Worledgeindicated that hefelt that metallurgical variations
and batch-to-batch variations were now being taken more
serioudly asimportant factors, eventhoughitis not yet clear how
best to control them. Likewise, it was felt that the behavior of
deuterium and tritiumin Pd has become better known, and there
is a better appreciation of the complexities which can be
involved. Finaly, better evidence that there can be tritium
contamination was noted.

Amongwaysto improve confidencein the results being reported
were confirmation by other groups, improved reproducibility,
andreportsof many occurrences (rather than merely morereports
of afew occurrences). It wassuggested that successratesof over
50% would both make it easier to get funding and allow the
necessary tests to determine appropriate experimental
parameters. Other
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needs listed were concurrent measurements of backgrounds,
adequate numbers of blanksand hydrogen controls, use of more
than one detector of the same type and detectors of different
types (especially convincing if two detectors work on different
principles, and if different detectors respond simultaneoudly, as
shown for example by BARC), improved signal-to-noise ratio
(especialy if the size of the signal stays the same, as in some
recent experiments), and demonstration that the results are not
affected by changes in the lab environment (such as electrical
noise or humidity). It was noted that at least most of these
features have to be incorporated into an experiment to give
confidenceinthe data. Finally, the need for proper attention to
random and systematic errors, and the need for appropriate
expertise, were noted. (For example, in experiments at the
cutting edge of neutron measurements, it would be hard to
convince others unless a neutron physicist were involved.)

It was noted that EPRI's assessment has been that the way to
show the existence of cold fusion or write it off would be with
nuclear measurements. The need for improved quality and
reproducibility in nuclear experiments (including the search for
tritium contamination, control experimentsfor tritiumrunin the
same electrolyte, lower background rates, “He assays, geologic
evidence, and delta-E/E particle identification) was stressed
again.

The need for study of the excess heat and associated physical
circumstances, on the other hand, should not be neglected.
Collaboration and integration of experiments and results was
once again strongly urged.

Various recurring or provocative puzzles in Pd electrolysis
experimentswere mentioned: How can thelow levels of tritium
contamination reported exit the cathode sometimes but not in
others (as Dr. Wolf suggests may be possible)? In addition to
the contamination reported by Dr. Wolf in 3 célls, are larger
amountspossibletoo? InDr. Storms resullts, tritium deliberately
introduced into the Pd came out easily and in the gas, while
experiments reporting tritium production find it predominantly
intheelectrolyte; what implicationdoes thishave? Somereports
have tritium produced early in the dectrolysis, and others only
after a delay; this difference may be important, but why does it
occur? Low levelsof random neutronstend to be observed early,
even beforethe cell is fully charged, or correlated with changes
in current density; neutron spikes, on the other hand, don't
correlate in a clear way with particular parameters- what does
this mean?

Regarding theelectrolysis experiments, it was noted that random
neutron energies of about 2.5 MeV (which have in most cases
been reported in Pd), and possibly also higher-energy neutrons,
are interesting, as arethe continuing reports of neutron/tritium
ratios of 10%"*, and

the large neutron bursts in some experiments. It was noted that
information from underground sites is now helping to establish
that the low-level random neutrons are not from cosmic rays.

Regarding thegas-loaded Ti experiments, correlation of neutron
spikes with temperature transients, and the absence of
correlations of such spikes with cosmic rays, were noted.
However, the scarcity of determinations of the energies of the
neutronsin thespikeswaspointed out, aswasthe scarcity of data
on whether random neutrons are also produced.

Regarding charged particle experiments, thepoint wasmade that
the general lack of secondary reactions suggests that charged
particles such as tritons produced during the Pd electrolysis
experimentstypically have energieson the order of 15 KeV or
less, while other experiments have measured some such particles
with energies up to approximately 5MeV. Thiswas suggested
as providing amajor constraint on theoretical explanations.

Other points made included the frequent suggestion that high
deuteriumloadingand/or disequilibriumconditions(which could
produce highlocal loading) may be needed. Also, theinteresting
observation was noted in early data presented by Dr. Wolf, in
whichsome cathodes gaverandom neutronswhile others did not,
and when al of the cathodes were reanneadled (3timesin al), it
was thesame ones which continued togive neutrons. Similarly,
datasuggesting that neutron spikeswere reproducibly lower for
some Ti batchesthan otherswas noted. The suggestion that cold
working may increase neutron spike reproducibility was also
mentioned, and it was pointed out that increasing sample
volumes typically did not increase output by an equivalent
amount.

Steps identified by Dr. Worledge as being needed were better
tritium/Pd models (including porosity/crack formation), better
(sample and control) tritium data plus diverse neutron detectors
(preferably concurrent) and delta-E/E particle identification in
Tilgas experiments, lower background in random neutron
measurements in electrolysis experiments, delta-E/E particle
identification in electrolysis experiments with thin Pd cathode
walls, and *“He assays on Pd and Ti.

In conclusion, although many experiments were judged to have
greatly improved in quality (including some extremely good
scientific work), and many rather different experiments were
giving a similar pattern of results -- which favored a process
different from normal D-D fusion -- it was suggested that the
experimenta evidence to date till gives too little guidance to
theoreticians, and more definitive informationis needed. It was
indicated tofunding agencies that thiswasalegitimatefield that
needs support.
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BRIEF REMARKS
ITALY - SCARAMUZZI

Dr. Franco Scaramuzzi of ENEA, Italy noted that much high-
quality instrumentation has been reported to be coming into a
number of laboratories, and that resultsshould follow, whichhe
expects to lead to more concrete answers in the next year.
Therefore, he proposes another workshop with the sametitle, to
be held in Varenna, Italy (sponsored by the Italian Physics
Society), around September or October 1991.

Since the number of papers submitted to the conference just
concluded wastoo great for a3-day conference, leaving no time
for some of the papersto be presented and far too little timefor
discussion, alength of 4 days was suggested inwhich to present
thesame number of papersaswere submittedto this conference.
A referee process for papers to be published in the proceedings
was also proposed.

Dr. Scaramuzzi also recounted a curious and suggestive story
which could represent the production of cold fusion during an
experimentin 1951-2. Atthetime, Dr. Germagnoli was making
delicate neutron cross-section experiments at the Italian CISE
physicslab, and afew meters away Drs. Marchetti, Cerrai and
Silvestri were performing adeuteriumenrichment study inwhich
impuritieswere filtered out by passing the deuterium through a
Pd-Ag tube. On a number of occasions, Dr. Germagnoli
accused his colleagues of using aneutron sourcein their lab and
spailing his measurements.

INDIA - SRINIVASAN

Dr. M. Srinivasanof BARC, India proposed theestablishment of
aninternational data bank on theory and experimenta resultsin
cold fusion, eventually accessible via anetwork. (Similar data
banks are used in other fields.) Dr. Jones offered BY U as one
node, and it was suggested that additional nodes be formed in
other countries to collect and pass on information originatingin
those areas. A standard format would need to be devel oped
(including names, phoneand fax numbers, abstracts, and results
presented in a standardized fashion).

[Fusion Facts also urges standardization of experimental data.
All too frequently, vital information cannot be determined from
published data. For example, inreporting neutron emissionrates,
an article may not note whether this reflects thecount rate or the
calculated production rate. Likewise, background count rates
and dtatistics, detector efficiencies, cell voltages and current
densities, electrolyte compositions, eectrode treatment, or
similar potentially relevant information may be omitted. Ed.]

ILLINOIS - MILEY

Dr. GeorgeMiley (U of Illinois) indicated that experiments using
a plasma focus device with an axial magnetic field to lengthen
the plasma lifetime and thus allow moretime for implantation
are beginningin an attempt toreplicate the BARC, Indiaresults
reported by Dr. Srinivasan. (Only 1 sample has been run to
date.)

MORRISON - NO PATHOLOGY?

Dr. Douglas Morrison of CERN made a variety of what were
described as general preliminary comments. He expressed the
view that the conference represented a big improvement over
previousones, athough he pointed out that the timeavailable for
discussion and comments was still not sufficient. The frequent
technical improvement in the quality of the experiments was
noted (lower backgroundsin underground labs, systematic efforts
by researchersto check for errors, asmuch hydrogen control data
assample data, more careful statistical and other analysis, etc.).
Tominimize spuriouscounts, it wasal so suggestedthat detectors
should be completely surrounded with a veto counter.

However, the question of careful yet unsuccessful experiments
was brought up. Doubts were raised as to whether null results
could necessarily be attributed to insufficient loading or times,
based on information in some of the presentations- for example,
it was pointed out that in the Menlove and Jones experiments,
D/Ti ratios of only approximately 0.3 were used. Also, it was
suggested that positive tritium reports seemed more common in
labsin which other sources of tritium were present. Finaly, Dr.
Morrison made the [excellent] point that the fraction of groups
reporting count rates only several standard deviations above
background was dstatistically unreasonable (given that the
background levels in the experiments varies widely) unless a
number of these reports are actually negative.

Dr. Morrison indicated that in his estimate over 90% of the
world's scientists still judge that cold fusion does not exist; the
probability of excess heat wasjudged to be extremely low, and
theprobability of fusion productssmall. One reason mentioned
was the existence of careful experiments which find no effects;
convincing experiments and improved reproducibility would be
necessary to change this situation.  Finally, it was strongly
suggested that the length of time which had now elapsed is such
that it is now too late for poor experiments to be justifiable.

CHINA - INITTIAL EVIDENCE

Dr. Zhongliang Zhang of the Ingtitute of Chemistry, Academia
Sinica, People's Republic of China, reported the
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observation of a 1-hour elevation in the power output in an
electrolysis experiment. Charged particle measurements were
also attempted. The total current was only 2 mA. The
electrolyte contained 0.1 M LiOD. A control with H,O was also
run.

ROMANIA - METALLURGICAL

Dr. George Dragan of Romania raised the need for additional
attention to metallurgical aspects, and noted that the solubility
and kinetics for hydrogen uptake are very sensitive to such
factors.

MISSOURI - EXPERIMENTAL CARE

Dr. Peter Handel of the U. of Missouri stressed the need for
establishingbetter correl ations betweenexperimental conditions
and output. For example, data from experiments by Drs. Klein
and Montgomery was noted which suggested that small,
temporary increases in the voltage at constant current, or
decreasesin the current at constant voltage, followed by sudden
decreasesinthe amount of Dinthe electrode, may havepreceded
neutron pulses.

UTAH - DETECTORS

Dr. Steven Jones of BrighamY oung U. madethe suggestion that
experimenters attempt to make use of a major detector, rather
than relying solely on a detector of their own. For example, it
was noted that Dr. Jones has accepted the offer to use the
Kamioka detector described by Dr. Totsuka, which is possibly
the most sensitive neutron detector in the world, and has asked
to have aperiod of afew weeks in order to have a reasonable
chance of seeing an effect. (Dr. Jones also mentioned examples
of previous efforts to take advantage of other groups' facilities,
such as counting of cells from Drs. Menlove and Woalf in a
Colorado School of Mines underground site.)

Dr. Jonesalso critiqued anexampleof an electrolysisexperiment
performed by another group using Jones-type cells(D. Aberdam
et a, Physics Rev Lett 65 #10), with negative results. It was
pointed out that thelength of the experiment, 45 hours, might not
have been sufficient to see what has been indicated to be a
potentially infrequent effect. In addition, it was noted that the
useof Ti turningsinan electrolysis environment typically results
invery low loadings; Dr. Jones original experiments (aswell as
experiments at Gran Sasso and LANL) used a large amount of
fused material (consisting of very many tiny crystalsin order to
giveavery large surface area, to help the deuterium penetratethe
material despite the surface oxide layer), yet even under these
conditions the loading measured was only 0.5%. A second
technique used by Dr. Jonesto aid in loading was a Pd coating
on theTi.

H. CALL FOR PAPERS ETC.

CALL FOR PAPERS
Courtesy of Subbiah Arunachalam

The Indian Journal of Technology (the third journal -- after J.
Electroanal. Chem, and Nature-- topublishan original research
paper on cold fusion) invites papers. Both original research
papersand critical review articlesin all areas of cold fusion are
solicited.

M anuscripts may be sent, induplicate, to Editor, Indian Journal
of Technology, PID, Hillside Road, New Delhi 7110012, India.

CONFERENCE PROCEEDINGS AVAILABLE

The First Annual Conference on Cold Fusion Conference
Proceedings, is now available. The proceedings include the
papers presented March 28-31, 1990 at the conference.

Send check for $55. Order from:

National Cold Fusion Institute
390 Wakara Way
Salt Lake City, Utah 84108

The Proceedings of the Cold Fusion Symposium of the World
Hydrogen Energy Conference #8 can be ordered from:

Hawaii Natural Energy Institute
University of Hawaii

2540 Dole Street, Holmes Hall 246
Honolulu, HI 96822 USA

Make check payable to Research Corporation of the University
of Hawaii. The pricesis $15 for each copy of the Cold Fusion
Proceedings. Priceincludes shipping and handling.

TECHNICAL NOTES IN FUSION TECHNOLOGY

Fusion Technology has initiated and is continuing a very
successful section for "Technical Notes' on cold fusion. This
section in intended for fast publication of important papers on
new directions, innovative ideas, and new results. Over the past
year over 48 papers oncold fusion have been published, making
Fusion Technology one of the premier professiona journals
covering this area.

Technical Notes do not have apage limit but they typically run
2-4 journal pages (1 journal page approx. = 3 double-spaced
typed pages). A brief abstract is required. ASCII format
computer media can be accepted.
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Technical Noteswill be reviewed but the process stresses rapid
response. Reviewers are instructed to consider Technical
Notes as speculative, sometimes incomplete work that should
be judged on the basis of innovation, originality, and
importance to fusion power development. Appropriate
citations to prior work are also essential.

Deadlines for future issues are as follows:
July 1991 issue: December 21, 1990

Send manuscripts to:  George H. Miley, Editor, Fusion
Technology, Fusion Studies Laboratory, University of Illinais,
103 S. Goodwin Avenue, Urbana, IL 61801. Fax (217) 333-
2906. Phone (217) 333-3772.

FUSION CONCEPTS COURSEWARE COSTS
2-Diskette Set IBM-compatible.$ 95
Specify 5 1/4" or 3 1/2" Diskette

FUSION ANNOTATED BIBLIOGRAPHIES
COSTS
Published on 5 1/4" or 3 1/2" Diskettes.
Includes INFOFIND search and retrieval program.
Three Volumes now available.
Each Volume................ $95

CONSULTING SERVICES

Consultation services can be provided to evaluate
research proposals and aso to define new business
opportunities and/or declining markets for specific
industries. Consultants have access to the large
Fusion Facts database. Call us for information.
Phone: (801) 583-6232

The following publications have been helpful in
furnishing latest fusion information:

FUSION ASIA

C-9 Nizamuddin East
New Ddhi 110013, India
$40 for 4 issues.

21t CENTURY SCIENCE AND TECHNOL OGY
P.O. Box 65473, Wash, D.C. 20035

$20 for 6 issues.

FUSION TECHNOLOGY

Recently added new section on Cold Fusion
555 N. Kensington Ave.

LaGrange Park, Illinois 60525

$310 for 2 volumes + 1 supplement.

ADVERTISEMENT

FOR YOUR LAB NEEDS

AURIUM RESEARCH CORPORATION can supply
you with the following:

Palladium Rods: Palladium Plates:

Heat trested OR COATED WITH METALS OR
METAL OXIDE OR WITH DIELECTRIC
MATERIAL

Gold, Palladium, Platinum plates or rods or Most

metals electro-plated, immersion plated or electro-
formed.

Metals diffused on palladium rods or plates.
Palladium rods and plates ceramic coated or partially

coated with ceramic. Palladium rods with inserts of
dielectric material.

Call about your specific needs!

1-800-645-6110 InN.Y.: (516)-714-0300
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