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ABSTRACT
The observation of significant neutron yield from gas loaded titanium samples at

Frascati in April 1989 opened up an alternate pathway to the investigation of anomalous
nuclear phenomena in deuterium/solid systems, complimenting the electrolytic approach.
Since then atleast six different groups have successfully measured burst neutron emission
from deuterated titanium shavings following the Frascati methodology, the special
feature of which was the use of liquid nitrogen to create repeated thermal cycles resulting
in the production of non-equilibrium conditions in the deuterated samples. At Trombay
several variations of the gas loading procedure have been investigated including
induction heating of single machined titanium targets in a glass chamber as well as use of
a plasma focus device for deuteriding its central titanium electrode. Stemming from
earlier observations both at BARC and elsewhere that tritium yield is 108 times higher
than neutron output in cold fusion experiments, we have channelised our efforts to the
search for tritium rather than neutrons. The presence of tritium in a variety gas/plasma
loaded titanium samples has been established successfully through a direct measurement
of the radiations emitted as a result of tritium decay, in contradistinction to other groups
who have looked for tritium in the extracted gases. In some samples we have thus
observed tritium levels of over 10 MBq with a corresponding (t/d) ratio of > 10-5.

One of the most interesting findings to emerge out of the autoradiographic imaging of
deuterated Ti samples from different experiments is the fact that tritium is invariably
concentrated in highly localized spots (fraction of a millimeter or less in size) each
containing typically about 1012 to 1014 atoms (2 to 200 K Bq) of tritium. If this is viewed
in the light of the observations of other groups notably, the Los Alamos work, that
neutrons are produced in bunches of 30 to 300 within time spans of microseconds and
also that the neutron-to-tritium yield ratio is in the range of 10-8 to 10-9, it is tempting to
speculate that in these titanium samples perhaps some kind of a cascade reaction or
micronuclear explosion probably occurs in specific sites in the near surface region
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resulting in 1010 to 1012 fusion reactions during each event. This intriguing possibility
warrants further experimental study.

I. INTRODUCTION
Jones and his collaborators at Brigham Young University (BYU), were possibly the

first to employ titanium in place of palladium in cold fusion experiments and obtain
direct experimental evidence for the occurrence of anomalous nuclear reactions in
deuterated metal lattices1. They employed an electrolytic loading technique similar to that
adopted by Fleischmann, Pons and Hawkins2 in their Pd electrode experiments. It was
however Scaramuzzi and others at Frascati3 who first demonstrated that a simple high
pressure gas loading procedure can be used equally successfully for deuteriding Ti for
studying anomalous nuclear phenomena in deuterium/metal systems. A novel feature
introduced by Scaramuzzi's group was the adoption of thermal cycling of the deuterated
titanium pieces by means of liquid nitrogen cooling followed by warm up phases to
create non-equilibrium conditions in the deuterated metal lattice. It was earlier pointed
out both by Jones et al.1 as well as Fleischmann et al.2 that this helps occurrence of
nuclear reactions by causing rapid diffusion and migration of the deuterium ions within
the host metal matrix, Both the BYU and Frascati groups have reported the measurement
of significant neutron output from deuterated Ti samples. Since then Menlove et al..4 of
Los Alamos in collaboration with Jones have achieved considerable success in carrying
out a systematic study of burst neutron emission from deuterated Ti chips, during the
warm up phase following cooling to liquid nitrogen temperatures. Their success is
attributed not only to the deployment of improved and sophisticated neutron detection
equipment but also the use of a larger quantity (up to 300 g) of Ti chips in each
experimental bottle5. Burst neutron emission from D2 gas loaded Ti shavings subjected to
thermal cycling has also been reported by other groups from Japan6-7, India8 and China9.

At Trombay, within weeks of the commencement of cold fusion research in April
1989, it became apparent that tritium yield was much more prolific than neutrons by
several orders of magnitude, a result that was clearly at variance with the commonly
accepted branching ratio value of unity in (d-d) reactions. The Trombay groups were
amongst the first to report a figure of 10-8 for the neutron-to-tritium yield ratio at
Karlsruhe as early as July 198910. Bockris et al. of Texas A&M University had earlier
reported finding11 a similar number for this ratio at the Santa Fe Workshop on Cold
Fusion Phenomena. Claytor et al.12 of Los Alamos published a value of 10-9 for the
neutron-to-tritium yield ratio in their “solid state cell” experiments. Influenced by these
findings, right from the inception of gas loading experiments in our group, emphasis was
placed on the detection and quantification of tritium levels in gas/plasma loaded Ti
targets rather than on measuring neutron output.

In the present paper we start with a brief review of the early results13-14 which were
primarily of an exploratory nature and follow it up with a description of the more recent
experiments15 involving the direct counting of tritium from TiDx chips. The paper also
discusses the observation of MBq levels of tritium on the end face of the central Ti
electrode of a deuterium filled Plasma Focus device16.
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Fig. 1. Schematic Diagram of a Plasma Focus Device With Central Ti Electrode

The neutron yield in a PF device depends on the quality of focus formation. Usually the
neutrons are produced in one or at times two sharp bursts of a few tens of ns width but
the whole emission occurs well within a micro second. In the present experiments the
neutron yield in each shot was measured with the help of a set of calibrated activation
type silver cathode Geiger Muller (GM) counters embedded in paraffin and located close
to the device. The GM counters count the 23 sec beta activity induced in their silver
cathodes by the moderated neutrons. This set-up has a threshold sensitivity of 105

neutrons/burst. The neutron yield per shot typically varies in the range of 5 × 105 to 108

depending on the filling pressure.

The first experiment with a central Ti rod electrode (TA1) was carried out on the 4th of
January 1990. This titanium electrode was initially exposed to 50 charge/discharge shots
at different deuterium gas filling pressures with the PF operated in the normal mode,
namely with the bank charged to positive voltage (12 kV). Subsequently around 10 shots
were taken with the bank charged to negative voltage (-12 kV). The reversed polarity
shots were given with the hope that some of the energetic deuterons which are the cause




