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ABSTRACT

In order to induce coherent deuteron fusion in metal-deuteride, three kinds of experiments have been performed.
In the dosed type D,O /Pd dectrolyss experiment, sgnificant amount of heium-4 aom was detected in upper ges of
dectrolyss cdl and indde the paladium cathode by QMS andyss In the discharge type dectrolyss experiment,
anomalous dements were detected on the surface of cathode palladium by PIXE andyss after experiment. The detected
dementsareiron and zinc. Under dectron beam irradiation to highly D-loaded paladium, anomalous spectrawere takenin
X-ray measurement.

1. INTRODUCTION

Itissaid thet the coherent excitation of the harmonic oscillation and the diffusion of deuteronin ametd laticeare
important factors to induce nudear reactions in solids™ . It is assumed that this condition is not attainable in eqilibrium
date, but in some dynamic processes In our group, severd types of experiments are under way for gimulaing such
dynamic conditions and for inducing coherent multibody deuteron fusion in solids. There is one possihbility that the excited
energy of compound nude produced by coherent multibody fuson can be trandferred to lattice oscillation energy by
quantum-electrodynamic process. If such energy transfer associates intense short burst of X-rays, it become possible to
meke fission induced by multi photon process? . In this paper, three types of experiments are described: i, the dosed type
D,0 dectrolyss, the discharge type D,O dectrolysisand the dectron beamirradiation to highly D-loaded metds

2.EXPERIMENTAL RESULTSAND DISCUSS ON
21CLOSED TYPED,OELECTROLYSS

In order to cregte dynamic condition in highly D-loaded Pd cathode, dectrolys's experiments were performed
with changing dectrolytic current mode.

OrHline messurements of corrdation between time-variaion of D/Pd ratios, excess power ( by mass flow
caorimetry) and neutrons ( messured by NE213 sdintillation counter and *He detector) and off-line quantitative
measurements of “He atoms accumulated in the cell and the cathodes after dectrolysis (using Quadrupole Mass
Soectroscopy) have been performed.

Resuits are summarized in Table 1. Experimental resuits for #1 to #7 were reported at ICCF8? . Results for “He
and neutron messurement are written “Yes” or “No” in the table, it means whether measured result was more than or less
than detecting limitation. The limitation is 3.2x10™atomsg/cn® for “He andlysis Detected vaues are dso written for “He
result.

Meaningful increase of “He atoms was recognized for four experiments. These *He-atoms had probably been
produced by some nudlear reaction during electrolysis, because it was confirmed by experiment that there was no “He
contamination from air. The detected neutron was not meaningful amount through this series of experiments The excess
power was detected only in experiment #2 however that excess power was very smdl( about 2.6 W a mos) . In the other
runs, dear heet generation was not detected.



For the experiment #3, nemy designed dectrolyssvessd, which hastwo glasswindowsto measure X-ray, was
usad. It is supposed that bremsstrahlung or characteritic X-rays involved to nudear reections would be emitted.
But meaningful X-ray emission was not detected in #38 experiment.
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Resuits of dlosed type electrolysis experiment suggest existence of some nudlear reactions which produces “He
without strong emission of neutrons and large amount of heat. At least D-D fusion reaction does not come under such
reaction because of its smal branching ratio for “He production. We think coherent multibody deuteron fusion such as
D+D+D or D+D+D+D should have occurred in the D,O /Pd dectrolysis.

2.2DISCHARGE TYPE DO ELECTROLYSS

We performed dectric discharge in the D,O dectrolyte. The cathode was made of palladium, and manufactured
to hollow type which had good ability to emit thermad eectron. In this experiment, on-line measurements of neutron
( NE213 <cintillation counter) , X-ray ( twin CdTedetectors) and light spectrum ( by monochrometer and photomutiplier)
were performed. For this purpose, open type glass cdl was sdected. After the dectrolyss, dements in the cathode metd
were andyzed by PIXE andyds

The dectrolysis was controlled by dectrolytic voltage. In the case that the voltage escalated, current increased in
lineer till 40 V and became condant value of 4 A between 40 V and 65 V. At 65 V, current dropped down to 2 A and
discharge was started. The discharge state shifted to normd glow discharge & 95 V and current dropped downto 0.5 A. In
the experiment, the voltage wasincreased to 80V sharply after D-loading ( 5V, 0.5A/cr?, 3 hours) .

Meaningful pectra were not observed by measurements of neutron and light spectrum. In X-ray messurement,
there would be possibility thet we observed bremsstrahlung X-rays but dectromagnetic noise from discharge region wes
too high to digtinguish such X-rays. Increase of specific dementswere observed by PIXE andyss Resultsare summarized
in Table 2. Impuritiesin the aquaregion are neglected because their concentrationswere within the range of 0.001 ~



0.03 ppm. The increased foreign dements larger than ones in bulk sample are iron and zinc. Their increment factors were
1.2timesand 5.6 times repectively.

sarple glaments” concantration (pprm)

r Fe o n

bullk Pd (before) 1R TE18 37 17577105 1850515 12 8005 85

cathede Pd (after) 1283241781 209 G0 55 13505 81 T1 3550

Table2: Reaitsof PIXE andysisfor dscharge Hlectrayss

If fission of palladium nudeus have occurred, two new elementswould be produced with various combinations? .
We guess observed anomd ous dements are one fragment of the scission fragment pair, however, partner dements have not
been found. Further experiments are needed to determine the origin of increased dements of iron and zinc.

2.3 ELECTRON BEAM IRRADIATION TO HIGHLY D-LOADED METAL

The purpose of this experimeant is to make some disturbed Stuation by stimulaing highly D-loaded metds
(titanium+-deuteride, TiDx or paladium-deuteride, PADX) with dectron beam irradiation and to induce nucdlear reectionsin
lids.

Fgure 1 shows the experimentd setup. The dectron beam was produced with an eectron gun of which beam
energy, beam current and beam diameter were about 3 keV, 5 pA and 1 mm, respectively. Two CdTe-detectorsfor X-rays a
lithium drifted silicon detector ( S( Li) ) for low energy X-rays and a HPGe detector for gammarrays were atached to a
vacuum chamber. The chamber was kept in avacuum level of about 5x10° Pa. Pd ( PdDx: x~0.7, by electrolysis method)
was used as a target. Surface of PdDx was coated with copper layer (~0.05 um) by dectroplating method after the
D-loading ( 150 mA/cn, 8 hours) , in order to attach blocking-layer to keep the deuterium inside the Pd and to make
boundary atom layersin different metd interfaces

In ICCF8, we presented thet bumps in X-rays spectra from 10 keV to 20 keV were recognized in bath of two
spectramessured with twin CdTe detectors under dectron-beam irradiation to PdDx? . In order to confirm thet the bumps
were definitdy X-rays, one of the CdTe detectors was covered with a Zr filter thet hed absorption by the K-shdll edge a
about 18 keV. Fgure 2( @) shows energy oectra measured under this condition. Differences between foreground and
background from 10 keV to 30 keV are recognized, though the differences are smdler than the dataof ICCF8. The numbers
of counts from 10 keV to 30 keV in the both of pectraare larger about 1.25 times, comparing with the background. The
numbers of counts above 30 keV are nat different from the background. Differences between CdTel and CATe2 are d0
recognized ( Fig.2( b) ) in gpectraof foreground. The numbers of counts of CdTel from 10 keV to 30 keV were about 1.13
times as much asthet of CdTe2. We conceive that the cause of the differences was due to the K-shell absorption with the Zr
filter. There are Some possibilities that these spectra are responses of bremsstrahlung X-rays by dowing down of generated
charged partides, scattered gammearrays by Compton effect, or some pumped-up photonsin the sysem.

3. CONCLUSION

The phenomena that observed in above three experiments suggest nuclear reections in solids such as coherent
deuteron fusion and multi photon induced fisson of paladium. These phenomena are witnessed with the generation of
hdium-4 atom for dosad type D,O dectrolyss, the anomaous increase of oecific dementsin cathode metd for discharge
type D,O dectrolysis and the reproducible bumpsin X-rays spectrafrom 10 keV to 20 keV for dectron beamirradiation to
highly D-loaded metd. However, further experiments are needed to assert the suggested nudeer reectionsin solids.
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Fgure2: Energy spectraunder dectron-beamirrediation
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