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Abstract: We conducted at the Paul Scherrer Institute a series of Pd-D,O electrolysis
experiments to investigate the existence of the «cold fusion» phenomenon. In a D,0O-test
cell and a H,O-reference cell, a search for excess heat was made, using a closed-circuit
calorimetry set-up, and running currents onto 1 mm and 2 mm palladium cathode wires
from 120 to 545 mA/cm’. Simultaneously, with a NE213 neutron and a BGO gamma
detector, we searched for the occurrence of excess neutrons or gammas that might arise
from nuclear fusion processes. Our results are negative, i.e. we detected no excess heat
within less than 0.1 watt (expectation of Pons and Fleischmann 1 watt) and we found no
nuclear radiation in excess to the background (level of neutron sensitivity < 0.14 n/s or
< 107" W and 5.5 MeV-y sensitivity < 0.1 y/s). Mass spectrometric analysis of *He and
‘He in the Pd wire showed no *He in excess to the background expected from the decay of
tritium impurities, contained in the D,O already prior to our runs. Upper limits of “‘He are
more than 6 orders of magnitude lower than expected for a neutron free fusion rate as
reported by Fleischmann and Pons.

1. Introduction

Cold fusion of hydrogen isotopes is a
fascinating alternative to hot fusion, since
the high temperatures (on the order of 100
million degrees) needed for plasma ignition
would be avoided. The principle of cold
fusion is to overcome the Coulomb poten-
tial barrier by shielding the positive
charges of protons with negative particles,
so that hydrogen nuclei can approach each
other close enough for fusion to occur via
tunneling. Indeed, cold fusion works very
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well with negative muons, known as
«Muon Catalyzed Fusion» (zCF)!". This
type of cold fusion was originally sug-
gested in 1947 by Frank '™ and discovered
in 1956 by Alvarez et al.P. In the last
decade, extensive uCF research has been
carried out especially at the Paul Scherrer
Institute (PSI) and at Los Alamos™. In
deuterium/tritium mixtures fusion yields
exceeding 100 per muon were observed!.
This achievement allows already to con-
sider hybrid systems using xCF for energy
production®, however, the present yields
are still about one order of magnitude too
low for a direct 4 CF energy cycle.

For ordinary electronic deuterium or tri-
tium molecules, itis well known that fusion
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does not occur at an observable rate, since
the nuclear distance of ~0.74 A is too
large. Already in 1960, Zeldovich and Ger-
stein pointed out in a review paper!) that
reducing that distance by a factor of 5 to 10
would be sufficient to find a significant
fusion rate. They also noted that this can-
not be achieved in chemical compounds.
The shielding provided by a particle with
mass five times the mass of an electron
increases the charge density at the hydro-
gen nucleus by a factor of approximately
100. Clearly, such a condition would have
to be met, if ever electrochemical cold fu-
sion could become energy productive. Al-
ternative ways, as hypothetical accelera-
tion mechanisms, may also lead to observ-
able fusion processes (neutron bursts?),
but these rather belong to «hot accelerator
fusion», having an efficiency of < 107°®.

Recently, there has been substantial re-
search activity involving heavy water elec-
trolysis at palladium cathodes. Interest in
this area was generated by Fleischmann
and Pons", who reported that they were
able to detect the process of nuclear d + d
fusion calorimetrically (several watts of
heat), and Jones et al.!"”, who reported that
they detected this fusion reaction by
recording neutron spectra. A number of
laboratories attempted to duplicate these
results; most of their reports could not
confirm the initial findings"". Some early
investigations did report the existence of
«excess» heat!"?, while other groups indi-
cated that they were able to detect extra
neutrons!* '’ though — in terms of energy
release — at many orders of magnitude
lower levels. A number of theories were
proposed to explain the increased proba-
bility of cold fusion in palladium or tita-
nium ™", In a former Chimia edition " 4u-
gustynski discussed some of the difficulties
that might arise if these experiments were
duplicated, and Jorgensen discussed some
theoretical aspects. It should also be men-
tioned, that already in 1926 there was a
claim (later retracted) by Paneth et al.""" of
detecting helium products from d + d fu-
sion with D,O electrolysis on palladium
electrodes.

At Paul Scherrer Institute (PSI) active
research programs in electrochemical en-
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the tritium measurements in the electrolyte;
Dr. Felix Oberli and Dr. Martin Meier for
determinations of the Li isotopic abun-
dances.
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