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First Steps Toward an Understanding of «Cold» Nuclear Fusion.
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Summary. — We point out that the first steps in understanding the recent

results reported on cold nuclear fusion can be made by considering the
important role that the coherent interactions with the quantized e.m. field
play in condensed matter. Indeed we find natural mechanisms to deerease
the Coulomb repulsion and to suppress the usual nuclear-fusion channels |
with respect to the transfer of the excess energy directly to the electrons of

the metal.

PACS. 25.70 — Heavy particle induced redetions and seattering.
PACS. 71.556 - Impurity and defect levels. |
PACS. 67.00 — Quantum fluids and solids; liguid and solid helium. |

Since the first announcement by Fleischmann and Pons (") (hereafier referred
to as FHP) of an eleetrochemically induced nuclear fusion of deuterium, several
other reports have been given of analogous phenomena in different experimental

conditions |

(') M. FLEISCHMANN. M. HAWK Hectroanal. Chem. . 261, 301 (1989
S. E. JONER #f al - B preprint 1989
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It 1 now rather clear that cold nueclear fusion is a real f"fll'-‘l.('it'. NrOes
However the evidence, given so far, can be classified in two distinet categorie

FHF report about an electrolytical procedure for stocking deuterium ions

1 -~ v - : q 'y | . 1 ]
palladiom electrodes which lasts for prolonged times and includes 2 releas
laree gquantities of heat, accompanied by a verv modest release of neutrons (1 out

of 10 estimated fusions). Other groups (**), on the other hand, seemingly have
reported the observation of typical signals of nuclear fusion, such as neutron;
he relevant energy ranges, in experimental conditions which differ from thos
{ FHP, both in duration and the flux of deuterium stocking and in the met:
used as a catalvzer (titanium instead of palladium).

The great surprise and consequent scepticism that have enshrouded the
results are easily understood in terms of the prevailing views about bot

l 1 | 1 1 ] ey | . fs 4 oY = % 2
condensed matter and nucleay [MIVSICS. !.'t-.l*--'!{_ Lne very lact Lildal & IMNeLad

induece nuclear fusion on the absorbed deuterons means that energies and effect
which were believed to be in the eV range turn out in fact to be in the MeV rang:
or, put differently, the distances involved are fm instead of A). Furthermore t
laree amount of heat produced, without any large flux of neutrons or v-rays of
few MeV, seems to indicate that the fusion process in the FHP set-up must take
place in ways but have never been observed in vacuo. |

It 1s the purpose of this paper to provide a few hints that mi
theoretical understanding of the faseinating phenomena that have been reveale
in the last few weeks

The problems that the generally accepted views on condensed matter and

nuclear physics encounter in making sense of cold nueclear fusion are twofold:

i) why and how can the lattice of metals such as Pd and Ti «catalvze

nuclear-fusion process:

ii) why and how the fusion process, under certain conditions, takes place

differently than in vacwo, i.¢. without the production of neutrons.

[t is our view that one eannot overcome this dilemma without a major shift

v ]

our perception of the tundamental ways 1 whicnh condensed matter organizes

itself, while. of course, keeping the fundamental laws of electromagnetism al

gquantum mechanies. that have been corroborated in a countless number

observations.

148 been initi

This is just the basis of a research program that
J |10

Vedrs ago il ) 'x'\:lil'i'; aims to desceribe, by the methods of guantum held theor
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pical plasm Ireauen (We Shall St ! = 1

where ¢ is their charge, wm their mass and N/V their density. Quantum

mechanically one can show that the classical equilibrium configuration 1s

unstable when the coupling to the quantized electromagnet ic field is brought mto
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the picture. As a result the charged particles oi the same kind will perform
‘ofreradil l“‘"i],:;"l'I}:.‘ Wikl PEeCLe b F II‘! all :'ii' "'i' Nnal e i ,'"]n on L
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and the dispersion of the plasma oseillation is than given by

(3) &= — = (]l
(201, ) ek
It should now be clear how these oscillations can exhibit a catalytic property.
The clouds of Z electrons In a ball of radius 2 il!"-'*“‘“l..‘.{'l_: two deute distort
their Coulomb potential V(7 i as
Z
1 . { sl oS
D o
The first applicatior e electron lase ati nd to high 7
_"'1‘!""\"""”1. |'.'.":" :i":”‘:lj‘" Now t Lrel :.'.
' Incidentally the electru renerated motion should h
or role m the cohesion of stal, as thd ead to m attractions W ith a 1 daW

ead of the typical 1/7" behaviou of London-type lorces
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and the classical turning point is then given by
(3) Ry=2(3)

It is now a trivial excercise to compute the barrier penetration factor D between
R and ry (ry=5fm) when the nuclear attraction overcomes the Coulomb
repulsion. One obtains (2 is the reduced mass)

(6) D~exp [— 2(2ux R)"™* J -;—.l:—_(l - .r“}“‘“’] =exp|—4(2uz R, (0.87)].
/Ko

Putting now the appropriate Z, 46 and 22 for Pd and Ti respectively for dd, one
computes Dy~ 107" and Dy, ~107*, which must be compared with D ~ 10"
that one computes for the d. molecule (Z =2). However, due to the crudeness of
our caleulation we should not be surprised if our estimate of the argument in the
exponent is in error of a few percent. Once the barrier gets penetrated (with
probability D) the system will undergo a fusion process. Will fusion proceed as it
does in vacuo? The answer must be no for the following reasons. Once the
deuterons reach equilibrium in the lattice they will also be subject to collective
plasma oscillations with frequency

‘ATVIZ 1R
M md,,zﬁ(%) £ =0.7-10'f%em™,
d

where f is the number of deuterons per metal atom. The domain in which the
deuterons will oscillate coherently has the linear size i4,= 27wy =
=9-107*f " em. Inside the coherence domain the deuterons will act collectively
and are described by a single quantum-mechanical wave function (the classical
limit of the «wave field» (*)).

The transition between the excited state ‘He* (the compound nucleus of the
fusing deuterons) and the ground state *He is the source of an oscillating electric
field

(8) E=%§vexp[—imt](%)§l)‘z.

where =24 MeV is the energy difference between *He* and *He, and v is a
typical value of the velocity of the deuterons inside “He, |v| = 0.1. The important
aspect of E (eq. (8)) is its independence from the space coordinate, within, of
course, the coherence domain, within which all the plasma electrons are acted
upon coherentlv. A simvle caleulation shows that the nertnrhative transition
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where N ZINA )f'_' - 3.7 - 10 15 the «superradiant» factor Lo T

ia’ll

coherent electromagnetic Interaction mside the coherence domain. We can now

| (10) P, = ‘.-1 {r H _: 2351 10" Ds

which must be compared with the nuclear rate ' (I 1 MeV
=1 ‘f}_." ¢ J‘r"]”.."
We ean now determine the specific power released in dd fusion from

(12) W=y i ‘.\ } =3- 10" fD W/em

We end this paper with a brief discussion of some of the experimental findings in

the light of the present theoretical conclusions:

1) A comparison between eqgs. (10) and (11) shows that the suppression
factor of the nueclear channels is (/= 1) about nine orders of magnitudes. This is

in agreement with the findings of FHP.

ii) The mentioned suppression factor eannot apply when the stocking of
deuterons is not in equilibrium. In this case the fusion must go through the

nuclear channels. This might account for the observations i ref. (

1) According to eq. (6) the fusion rate in F should be suppressed,
respect 1o I'd, by about 10 thus accounimg ior the very small nedal rale reporied

in ref. (=9).

1v) _-\:'t'n!'t“li.u Lo eq. (6) the reaction ]Jli—- H + 5.4 ?\']l'\- should be
enhanced with respect to dd— He + 25.8 MeV six orders of magnitude, being the

relevant reduced mass a factor 2/3 smaller.
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