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In the latest paper of D,0 electrolysis
fusion by Fleischmann & Pons® (F-P ex-
periment, in the following), they reported that
the observed enthalpy generation showed 1047
times more frequent fusion-reaction rates than
those of the known fusion channels, 7. e.,
Did, n)*lle and D(d, $)T for which they ob-
served consistent results between the neutron
and the tritium generation, and concluded
surprisingly that an “unknown fusion process”
took place. What did really happen in their
experiment?

The author has studied the problem from
a theoretical point of view in the last few
weeks, and has reached the conclusion that
the D-cat. cascade fusion channel, 7.e., the
following (i)—(ii) reaction cascade would open
to be the predominant reaction channel in a
highly deuterium-condensed Pd electrode.
We may call this D-cat. type since deuteron
exists at both the initial and the final
state,

(i) D+D —> ‘He*

(i) “‘He'+D — °Li* — *He+D+23.8 MeV.
Calculated results of fusion rates and neutron
yield are consistent with the F-P experi-
ment, and can explain the key results of the
F-P experiment.

In the present note, key results of theo-
retical estimations are described. A detailed
report will be submitted to a journal (a pre-
liminary report describing the detail is available®®),

1. Theoretical Results

The free particle fusion reaction cross
section gfree is given as follows™;
Otree™ 5 - exp{—2mz,z:e%/fin), (1)
-4

where S is the astrophysical S-function,
relating to internuclear wave functions, to be
determined by experiment, I, the incident deu-
teron energy and other notations are the usual
ones {(zy=z:=1 for the D-D reaction). For
E;<1 keV, S values are almost constant; for
the T(d, n)*He, the D{d, #)*He and the D(d, »)T
reactions, the values are given by Jarmie as
Spr=12 MeV b, Spy(n)=53keV-b and Spu(p)
=060 keV-b, respectively. We can therefore
calculate cross sections for low energy using
Eq. (1) Tor Fy=1eV, calculated cross section
values (D) are 9% 107 1.7x10-* and 1.9
10-4%, respectively for T(d, n)'He, D{d, n)*He
and D(d, /T : It is quite evident that we have
to abandon “cold nuclear fusion” hy the free
particle reaction,

However in a condensed matter like PdD,
the barrier factor e “=exp(—2rzz,e%/hv)
showing the quantum-mechanical tunnel effect
through the Coulomb barrier increases drasti-
cally® because of the charge screening effect
on D* by surrounding electron-clouds. The
fusion cross section epp for a hound D-D
pair (bound with Pd atom, for example) is given
ast?-)

Ipp= O%DFD exp(—dd.dn/EY*?) (barn),
sl g

Es in keV {2)

where Spp=Spp(n)+Sop(p) and n=(z,2.¢")ex/¢*
(=ely/e®). Here the parameter » has been
introduced which equivalently represents the
charge screening effect on the barrier factor.
The fusion rate for a D-D pair is App=0ppry:
(1/em?) (f/s per D-atom), where v, is the veloc-
ity of deuteron. Calculated results of App
for E;=1eV are shown in Fig. 1.

* Yamadaoka, Suita-shi 5685,

1 T



Yol. 26, No. 5 (May 1989)

Jones et al.® has shown that Avalue for
D, gas is ~10-" (f/s per D). The distance
between two D* is #,=0.74 A. Since re=0.5 A
for two neighboring D-atoms bound with Pd-
atoms, we expect that the charge screening
effect is much stronger (;7/2>10; see Fig. 1);
the fusion rate Jdpp will exceed the 107Y (f/5
per D) level for 5-!/2=35,
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Fig. 1 D-D fusion rate for D-D pair sgcreened

with electron clouds in condensed matter,
ignoring cascade fusion process ; Ey=1leV

If we suppose that the deuteron density
Ny in Pd is ~ 102 atoms/cm®, the number of
fusion events is Ypp~10° (f/s/ce) at this level.
Therefore, we would expect to observe a lot
of neutrons from the *‘He*—n-+*He channel,
However, the situation changes drastically
when the D-cat. cascade fusion channel, (i)
(ii) opens in condensed PdD, as explained in
the following. Fleischmann & Pongt® sug-
gested that D* bound with Pd-atom behaves
as a harmonic oscillator having energy jwm
up to ~leV, So, we set E,=leV in the
following calculations.

Let us define ¢p. as the cross section for
the reaction channel (). We can write,
assuming the charge screening effect for ‘He*
is almost the same as that for D+, since there
remain electron clouds (4t= rafve~107" 8) until
‘He* decays.
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We compare S-factors between the T(d, n)*He
and the D-D reaction, and obtain Sor/Sop
=100, If we could guess S/ Spp = Spr/Sop,
Sp:=100s5Spp, es=1. In the following calcu-
lations we set es=1. The cross section o,
of the (i)—(ii) cascade channel can be defined
as(ﬁ) ,

(3)

exp(—drals/hv).

(4)

we guess® life time *~10-%g for ‘He*, and
M is the multiplicity of deuteron flux for har-
monic oscillator D* which is bound with
Pd-atom and oscillating with high frequency
. We roughly estimate here M=~2.7x 10
(=va/ry+s). Consequently we obtain ;

O‘C“:RDD'GEV?*'&L

Ocas+2.7X107* e5+ App+ opp exp(—1 ,404%). (5)

The fusion rate Aps of the D-cat. cascade
channel (i)—(ii) is; Av=0casva Ny (f/s per D),
and can be estimated (roughly) using Eq.(5)
(Apw: relative to ipp). The neutron -+proton
(triton) emission rate is An, p=App— A 20,
Calculated results are shown in Fig. 2, where
A/App values are shown,
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Fig. 2 Fusion rates diagram for competing process

between D{d, n)"He+D(d, ;T channel and
D-cat. cascade fusion channel: Ei=leV
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At p~12=5.0, the D-D fusion rate is as
high as 6.7x107"" (f/s per D) and the cascade
fusion rate is very small, namely ~107% (f/s
per D). Above the point %~*#=10.0, the cascade
fusion starts to catch up with the D4+D—
*He* fusion rates, and Ap./ipp hecomes 1.0
for »'2z15.0. At 3~'*=40, App=Ap.=1.3
% 10713 (f/s/D) and {Fusions/cc/sy=~10%(f/cc/s):
{Energy deposit>=10"% (W/cc), without any
neutron emission (i, ,=0), from the usual
channels.

2. Discussions

In the F-P experiment, they observed an
enthalpy excess of about 10 W/cc, although
they could only detect a small number of
emitted neutrons. Therefore, one might
predict that deuteron number density would
be higher than 10%; if we guess Ny~~10%"~,
it could correspond to their 10 W/ce run, (rg
would be 0.1~0.2A). An emitted D* (£,=15.9
MeV) by the channel (ii) cannot fuse with
‘Ie*, any more, and it slows down in a
volume of Vignge=4nR%/3 where Ry is the
range of 15.9MeV D' (Rp~0.1 cm), generating
the D(d, n)*He+D{d, p)T reaction (with an aver-
aged reaction energy Egp~1MeV, where gpp has
a broad peak). The neutron vield ¥, (nss/cc)
of this process is;

Vﬂz-"\‘rd‘gfree(ﬁ‘ﬂ)'EDU‘N'L'I'RE(ER)- (6)

The ratio § between the D-cat. cascade fusion
event number (Veas=Ap«N,;)} and the number
of D(d, n)’He neutrons is;

d=Y,/ ycau#l'vd‘G'free(F:R:"RE{ER)- (7 )

The ratio § becomes constant, once we know
the energy distribution of a deuteron harmonic
oscillator in PdD. Tor fw=1eV, we obtain
§:=2%10-*% using Ry(Ex)=2%10"*cm, which
gives good agreement with the F-P obser-
vation (1075,
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3. Conclusion

When the deuteron effective charge under
the screening of electron clouds in PdD (or
possibly TiD efc.) can become e/35, the “cold
nuclear fusion” rate exceeds 10-'* (f/s per D-
atom) and a net power output can be expected,
However, the present theoretical analysis has
shown that the D-cat. cascade fusion channel
can open and most (almost 100%) energy deposit
is attributed to kinetic energies of *He*' and
D+ which are the final products of the cascade
process. Neutrons can be emitted after the
cascade event (by the free particle D-D reaction),
with a very small portion ~10-¢,

Using the present theoretical model, the
key results of the F-P experiment on D,O
electrolysis fusion could be explained. Iowever,
to confirm the present result by further more
quantitative analysis, we need complicated
quantam-mechanical theories and calculations
supported by many data bases of experiments,
e.g., for the charge screening and the nuclear
reaction process of the D-cat. cascade fusion,
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