
Page 1 of 30

(Submitted to the 7th Int. Workshop on Anomalies in Hydrogen/Deuterium Loaded Metals, Sept. 2006)

Fusion Rates of Bosonized Condensates

Akito Takahashi *1, *2 and Norio Yabuuchi *1

*1; High Scientific Research Laboratory, *2: Osaka University
akito@sutv.zaq.ne.jp

Abstract: In Part-I, theoretical basis for formulating fusion rates in condensed matter is
summarized. Nuclear strong interaction, S-matrix, T-matrix, fusion rate for steady state
dde* molecule as bosonized condensate, and fusion rate formula for collision process are
briefly given.
In Part-II, application for TSC-induced fusion is summarized. Fusion rate formulas for

adiabatic approach in EQPET theory are summarized. Final state interaction is briefly
discussed. Time-dependent approach for TSC squeezing motion is briefly introduced.

Part-I: Basic Theory
1.1 Nuclear Potential
In general, nuclear reaction is usually theorized and analyzed in three steps; initial

state interaction, intermediate compound state and final state interaction. Transition
from intermediate state to final state has various, sometimes complex, channels such as
the electro-magnetic transition to ground state emitting gamma rays, the particle
(neutron, proton, alpha-particle etc.) emission and residual nucleus, which sometimes
decay to ground state emitting gamma-rays, and the direct break-up to two or more
nuclei like fission. Potential for nuclear strong force and Coulomb force in these cases
can be categorized into three cases1) of Fig.1-1.

The potential state (I) shows the case that nucleons (neutrons and protons) are
trapped in a very deep well of strong force. Stable isotopes of masses less than 60 have
this type potential well. Fusion reactions by two light nuclei produce stable isotopes of
this type.
The potential state (II) appears for intermediate compound state in general.

Radioactive isotope has this kind of potential. Stable isotopes having masses greater
than 60 are trapped in these type potentials which are drawn according to the fission
channels breaking-up to lighter nuclei. In this case, the depth of trapping potential is
deep enough to have very long life time, but positive Q-value for fission channels makes
height of potential tail in outer-skirt lower than the depth of trapping well. At ground
state, the thickness of potential well is large enough to make the quantum-mechanical
tunneling probability of fission to be “inverse-astronomically” very close to zero.
Therefore, nucleus is regarded as stable isotope. Here, Q-value is obtained by

calculating mass defect between before and after reaction, using Einstein’s formula E =
mc2. However, when the intermediate compound nucleus has high inner excited energy
Ex, the thickness of outer wall of trapping potential becomes relatively thin and
quantum mechanical tunneling probability for particle emission or fission can
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Fig.2-2: Model-A for TSC formation in PdD lattice under D-phonon excitation

As a function of phonon energy, we can estimate D-cluster formation probabilities at
central T-sites, as example of such calculation is shown in Fig.2-4. However this process
is essentially time-dependent (transient), and we have to treat more exactly the process
as illustrated in Fig.2-3. We may first estimate the D-cluster formation probability
within a small time-interval of “deep trapping hole” in Fig.2-3, by treating adiabatically
the state (adiabatic dde* state). Then we will make time-averaging for the periodical
oscillation process. The adiabatic dde* state is regarded as the most squeezed state
(MSS). Numerical calculation for screened potential Vs(r) will be then done (shown
later) by EQPET.
The example of D-cluster formation probability for Model A, as shown in Fig.2-4, is the

treatment20) with quantum mechanical statistics, which does not include anti-parallel
spin configuration for pairing electrons forming electron balls, neither treating the
three dimensional constraint of squeezing motion under Platonic symmetry yet.
Centralized point-symmetric coherence of momentum-vectors for 4 deuterons and
4-electron balls is required to form TSC. This condition can not be expected in random
motion of particles in plasma. The squeezing motion under three dimensional constraint
(or ordering, or self-organization process) in lattice dynamics can realize that condition.
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D-Cluster Formation in PdD Transient
Dynamics by Phonon Excitation

Fig.2-3: Image of lattice potential change by D-phonon excitation
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Fig. 2-4: Example of estimation of D-cluster formation probability20)
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Tetrahedral Condensation of Deuterons in PdDx
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Fig. 2-5: Image of TSC formation in PdD lattice under statistical coherence by
phonon excitation
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Fig. 2-6: Semi-classical view of TSC (tetrahedral symmetric condensate) for 4
deuterons and 4 electron-balls (here electron balls are drawn as single electrons).

The semi-classical image of 4D cluster (TSC) is shown in Fig. 2-5. Pd atom has 10 outer
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Parameters of dde* potentials

15.10.36- 2,460(4, 4)

33.84- 259.0(2, 2)

7320- 37.8(1, 1)x2; D2

10140- 15.4(1, 1)

Rdd(gs) (pm)b0 (pm)VSMIN (eV)e*(m, Z)

Trapping
Depth

Ground
State

Table-2-2: Main parameters of screened Coulomb potentials

Compared to the bare Coulomb potential, a low energy d-d pair can come closer to the
position b0 classically and then penetrates quantum mechanically to the point r = r0 of
strong interaction range. It is well known that muonic molecule dde*(208,1) realize
large dd fusion rate. Shielded Coulomb potential for dde*(4,4) is equivalent to the one
for dde*(100,1), and dde*(6,6) has almost the same shielded Coulomb potential as
muonic molecule. Here muon mass is used 207 plus 1 considering one electron added.
Screening energy by e* is estimated by calculating bare Coulomb energy at r=b0.

Calculated screening energies are given in Table-2-1.

2.3 Multi-Body Strong Interaction
Now we move to explain the empirical formulas for extrapolating S-values of intrinsic

cross section terms of two-body and multi-body strong interaction in fusion reaction
process.
Basic measure PEF (pion exchange force) is defined as the scale of effective surface

area for very short range attractive force, that is the catch-ball of charged pion between
neutron-nucleon and proton-nucleon between two fusing nuclei. One PEF is defined as
the number of string between n and p, as illustrated in upper figure of Fig.2-9.
As discussed in Part-I, sticking force of fusion happens at near surface of fusing nuclei.

The larger is the sticking surface area, the larger is the fusion cross section. Using the
PEF measure, PEF = 1 for HD fusion, PEF = 2 for DD fusion and PEF = 3 for DT fusion,
respectively, as example for DD fusion is drawn in the lower figure of Fif.2-9.
Let us consider fusion reaction of deuteron with heavier nucleus, for example 6Li + d

fusion. As drawn by the right figure of Fig.2-10, catch-ball of charged pions is interfered
for about half of nucleons in 6Li nucleus due to self-shielding by more front nucleons. As




