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the presence of secondary nuclides vidth Zo = 28 and
A > Ay = 58, 60, and 62, which demonstrates that the
Miley et al. and, independently, Mizuno et al. claimprocess cannot be fission of Ni. Because fission requires

to have observed nuclides produced in Ni€28) when  Z%/A > 45 (in Ni, Z?/A ~ 13 + 15), it can only follow
an electrolytic light-water cell is used. Miley et al. usethe fusion of 2 to 3 Ni nuclei.
thin layers of Ni (=5X 10°® cm) and claim that the Zone | of Fig. 1 shows the presence of nuclides with
effect is reproducible. The secondary nuclides are disZ > Z, or Z < Zy and shows that in this region, nuclides
tributed in a wide range of Z and A and show nuclideswith Z < Z, are about six times the one with> Z,. |
with Z < 28 and accumulations at Z 48 and 78. If the propose that this is the indication of an p — n» cap-
nuclides at Z= 48 and 78 are Ni-Ni fusion, they can be ture process. If so, such a process could be demonstrated
produced only when the original Ni nuclei gain suffi- by detecting neutrinos emitted during transmutation. The
cient kinetic energy to overcome the Ni-Ni repulsive Coupresence of nuclides witd > Z, can be attributed to

lomb barrier. a second-order capture of positrons emitted by unstable
The foregoing data are discussed in terms of currenhuclides.
physics. In particular, it is assumed that the gain of ki- Electron capture is possible if electrons have energy

netic energy derives from an impulsive increase of abscabove a threshol@n Ni, this is~3 MeV, while the Fermi
lute nuclear binding energies of Ni due to a high rate ofenergy is~8 <+ 10 eV). So, to have electron capture,
capture of orbital electrons and consequent almost inelectrons must gain energy. The only accelerating field
stantaneous multiple p> n transitions. Under this hy- present in the metal is the Coulomb field of nuclei. That
pothesis, neutrino emission should be detected duringan be effective only on electrons lying outside the Fermi
nuclear transmutation. levels. In the following, we consider the possibility that
the proton gas inside the metal lattice produces electrons
that for short time intervals are not bound to the Fermi
levels.
In a homogeneous system, electron and proton gas
behaves as two independent and interpenetrating gases.
INTRODUCTION The presence of inhomogeneitiélie a surface or the
boundary of a metallic bulkcontributes to an increase in

The present paper discusses in terms of current phy#2€ electron density and then in the Fermi energy of the
ics the results of Miley et dlfor nuclear transmutations electrons. The consequence is to make possible a degree
exhibited by Ni in an electrolytic water cell. An example of recombinatiore — p to form H atoms in proximities
of the results published by Miley et al. is shown in Of anisotropies. In this step, few kilo-electron-volt pho-
Fig. 1, where the nuclides observed in three intervals ofons can be emitted.

Z (zones |, Il, and 1) have been classified. Miley etal.  Miley etal. used Ni layers of 500-A thickness. Other
and Mizuno et al. claim not to observe neutrons and highobservations indicate that the production of nuclides,
energy gammas during transmutation. when observed in a thick electrode, shows a marked in-

It has been argued that the effect could be attribute@rease near the surface.

to fission processes. However, zone Ill in Fig. 1 shows The Hatoms so formed will be attracted through an
electric dipole force by nuclei and can easily form atomic

clusters. The orbital electron energy and phonon distri-
*E-mail: stoppini@difi.unipi.it bution are sufficient to trigger a plasma oscillation in
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Fig. 1. Data from Miley et al. and Mizuno et al.

the cluster that separates positive and negative chargd${E MILEY ET AL. DATA COMPARED WITH ELECTRON
producing a number of free electrons in a condition to beNUCLEAR CAPTURE
accelerated by nuclei and then captured.ifithe number
of H atoms in a cluster, this is also the number of neu-  The results of Miley et al. are interpreted in terms of
trinos emitted in a single process. Therefore, the emiselectron nuclear capture by using current physics. Refer
sion of neutrinos must possess a time modulation imo Fig. 1 (where qualitative curves have been drawn
groups off. The capture of tha electrons takes atime  which shows the Miley et al. and Mizuno et al. results as
that can be easily estimated to be< 10 12 s, published. Similar results have been reported by several
Obviously, the capture of a single electron changesther observers. In the case of Miley et al. the initial state
the binding energy of the original nucleus, which thenis Ni (Z = Z, = 28, andA = A = 58, 60, and 62 Ob-
becomes3™ or y active with a lifetimery that in many serving zone | of Fig. 1, and considering that arodggd
cases igy > 7. Whenn is low, only an excited Ni nu- nuclides are produced with> ZyandZ < Z,, one may
clide can be produced. Whanis high, there is a time conclude that here the main process can be orbital nu-
interval (~10*?) in which the nucleus of interest has clear capture of electrons from Ni nuclei.
performed a transition to a state with an anomalously high  In particular, it will be shown that experimental data
number of neutrons. As such, it has a higher binding enndicate that when the absorbed H concentratisrH /Ni
ergy because of the reduction of the repulsive Coulomls >1, electrons bind to protons to form H-like atoms.
interaction. Consequently, the nucleus gains kinetic enfhese atoms are subject to dipole attraction toward the
ergy that(impulse is absorbed by latticean be suffi- Ninuclei, one toward another, to form clustersiatoms
cient to overcome Coulomb barriers and produce fusiongand n bound electronsaround Ni atoms randomly
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distributed in the lattice. The orbital kinetic energy of If €,, — €,, ~ 1 MeV, in the case of N{estimated from
electrong~13 eV) is sufficient to trigger plasma oscil- experimentalb energies and after correction for Cou-
lations able to rule out a positive charge in the cluster. Asomb interaction and assuming = 6,

a consequence, a cloudmélectrons falls to the nucleus

through deeper and deeper quantum states in such a way AW=> 180 MeV

as to gain enough energy to give rise to nuclear orbitajynich is precisely the value of the }li Coulomb barrier.

capture from Ni nuclei. _ Equation(4) leads to an intermediate state, holding
The two elementary nuclear processes involved argyr 5 timer.. At the end of this timeg(n) can

e +tp->ntvre 1) 1. be reabsorbed without decaying
and 2. decay in unstable nuclides and neutrons
e"+n—-p+ue. (2) 3. interact with a nearby nucleus.
Equation(1) produces nuclides withZ < 0, while The data observed seem to suggest that the neu-
Eq. (2) produces nuclides withZ > 0. tronic nucleic(n) are actually not emitted in Ni. This

The probability of Eq(2) is much lower than Eq1)  means that the characteristic of the Ni lattice is such as
as it appears considering zone | of Fig. 1, which show#o not allow the foregoing options 1 and 2.

asymmetry with respect tdy. The reason is that E(R) The introduction of the neutral nuclewsn) fur-
is a second-order process. To be more explicit, the capishes an explanation of the distribution in zones Il and
ture of electrons follows a URCA schema: [l of Fig. 1 but is not essential to this end because the
B needed increase of nuclear kinetic energy can be a mere
e+ NucleugA, Z) — Nucleus(A, Z—1) + ve consequence of the multiple fast electron absorption.
NucleusgA, Z — 1) — Nucleus(A, Z) + e* + v, | Two arguments may suggest the possibility thart)

is a real bound state:
which represents an infinite sink for electron enerdies. . .
Secondary electrons give rise to nuclear excited states 1 !N an experiment performed by Curzio etal. some

that can decay ie* and are then absorbggg.(2)]. The time ago, it was observed .in Ti the emission of unres_olv—
lifetime of process2) is r (=107° s). If the rate of pri- 2Ple groups of neutrorisyhich could represent the emis-
mary electron capture is sion ofc(n, 0). However, this has not been proven.

r>1/r ?3) 2. In zone | of Fig. 1, the curve is asymmetric with
) o ~ respect tZy. Notice that(AZy ) - =13, (AZma)+ = 7

after the absorption df electrons, an excited intermedi- and thatAZ),o; = (AZmax)— — (AZmay)+ = 6 is the min-
ate nucleugA, Z — Anp) is formed, which will decay jmum number of neutrons required to buitdn) as a
after a timer, < 7. bound state.

We assume that the fast absorptiomelectrons pro-
duces a nuclear state with lifetimg, wheren (= n) neu-
trons bind in a neutron clustec. The transition is

(A,Z) < c(n,0+ (A, Z—n) . (4)

The neutron clustez(n, 0) is formed within the original
nucleus. After the timey, the nucleus will decay ime,
electrons, etc. It(n, 0 = c(n) is a particle, the anti-
symmetry of its wave function requires

THE DYNAMICS OF ELECTRONS

We consider now the dynamic behavior of electrons.
The H-Ni system considered here is simplified as a me-
tallic lattice where two uncorrelated interpenetrating and
interacting gases are present: thé Bbse Einsteingas
and the electron Fermi gas. The constituents of the Bose

n==6,9,.... Einstein gas are Coulomb-screened protons. Because the
In the transition Eq(4), the nuclear absolute binding issc;eenlng is due to Ni band electrons, the screening charge
energy of the nucleus increases up to To envisage a stationary state of the considered sys-
Bmax ~ ZANy(€pp — €np) tem, recall the following data observed in the Pd-H sys-

i . tem? which we assume also applies to H-Ni:
whereAn, is the increase of the neutron number apg

ande,, are the absolute interaction energy and pn, .

which differ at least for Coulomb interaction. Therefore, =1 whenc=H/Pd=0.3 , (5)
the nucleus can gain a kinetic energgnpulse is ab- Xpd
sorbed by the lattide Y&

— <0 whenc=0.8, 6

AW = Bax - XPd ©
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and of the plasma oscillation. Therefore, the experiment per-

5
')’|(3d)-H

~0.16 whenc> 0.6 , (7)

formed at different values of could be illuminating for
the importance of the presence and behavior of the atomic

Ypd cluster and the plasma oscillation.

wherey is the linear temperature coefficient of the heat
capacity andy is the magnetic susceptibility.

More precisely,y decreases steadily with increas-
ing c to reach a negative value wher> 0.8[result(7)
ensures that at high, m* ~ m]. At ¢ = 1, the system
has performed a transition from paramagnetism t
diamagnetism.

At H concentration= 1, the system can be described
as having a single Coulomb-screened proton in each
cell,/®with only one screening unbound electron per each
proton. The electron energyhe Fermi electronis too
low (~7 eV) to give rise to an electron-proton combina-
tion (the energy needed is13 eV). It is proposed as a
key hypothesis that the presence of anisotropies in the
metal lattice gives rise to the formation of H atoms in-
side an Ni-H system. This is impossible in homogeneous
and isotropic lattice metals, where the energy difference
betweene andp makes a direct recombination impossi-
ble without resorting to indirect and complex processes.

If anisotropies are present, however, the proton den-
sity n, can change appreciably:

Anp = I’rlpf(Q) )

CONCLUSIONS

The considerations presented and discussed to un-
(Sjerstand the Miley et al. effect are based on three main
points:

1. the possibility that a fast rate of electron capture

gives rise to a neutron cluster inside the nucleus,
with the consequence of increasing the kinetic en-
ergy of the nucleus, thus producing inelastic nu-
clear reactions

. the possibility that at high H concentrations, clus-

ters of several H atoms are formed in the pres-
ence of dishomogeneities around atoms of the
lattice

. the possibility that plasma oscillations separate out

electrons of the plasma that will fall toward the
nucleus, suffering local acceleration and then nu-
clear capture.

We stress the necessity of obtaining the following

o ) ] further information to test the meaning of the exposed
wheren, is the density averaged in the volume of theconsiderations and the validity of the hypotheses:

sample considered arfdQ) is a function of the poin@Q
in the sample. Whenn, > 0, two effects are present:

1. an increase of the electron densityn, ~ Anp)
and a corresponding increase of the Fermi energy
€F

2. no change of the proton energy.

For instance, the surface of a sample is a region of max-
imum anisotropy. In fact using elementary arguments, one
can estimate that the proton density on a depth of the
order of 10 to 100 A is1, ~ 2.

In this case the Fermi energy becomek2 eV, which

1. to search for neutrino emission during transmu-

tation, proving that the fundamental step of the
process is electron nuclear capture

2. torepeatthe Miley et al. experiment by using met-

als with several different electrical conductivities

3. to search for low-energy protons and neutrons
4. to repeat the experiment at different temperatures

(this requires metal filling with H gas

The model discussed here implies the emission of
secondaries like excited nuclei, neutrons, gamma rays,

is not too far from the recombination energy. Hydrogerand X rays:

atoms produced through recombination are attracted by
Ni nuclei (and attract each othetio form atomic clusters
centered on nuclei formed by H atoms. The phonon
distribution(the temperatunecan give rise to a pulse of
plasma oscillatiorithe bound electrons have the appro-
priate energy~13 eV for the triggey. In this event, pos-
itive and negative charges separate out. Because all levels
of Ni are filled and fall toward the Ni nucleus, thedded

electrons gain through Coulomb acceleration the energy 5

necessary to be captured from the nucleus.
Needless to say, the rate of falling electrons can be
very high. In fact, the migration time to nucleus of elec-

1. neutrons from a lack of nuclear recombination and

internal decay of the excited neutron clustén)

. gamma rays from electron acceleration and de-

cay of excited nuclides as well as inelastic colli-

sions of decay electrons with the metal lattice after
they are emitted by radioactive products from the
nuclear transmutations

soft X rays(a few kilo-electron-volts from the
electron capture emitted during the electron-
accelerating process.

trons inside the atomic cluster can be as low as'4@®  An alternative class of explanations might be based on
reduction of temperature should reduce the probabilitpther processes like the proton-proton chain for production

84

FUSION TECHNOLOGY VOL. 34 AUG. 1998



Stoppini NUCLEAR PROCESSES IN HYDROGEN-LOADED METALS

of solar energystandard solar modglbut that requires 3. J. M. IRVINE, Neutron Starsp. 44, Clarendon Press, Ox-
energies that are not available here. ford, United Kingdom(1978).

4. B. R. FULTON,Z. Phys. A345(1994).
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