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Outline 
• A lattice model for nuclear structure 

Wigner (1937), Everling (1958~2006), Canuto & Chitre (1974), 
Lezuo (1974, 1975), Cook & Dallacasa (1976~2013),  
Rossi (2010~2013) 

• Lattice simulations of low-energy fission 
Fragment mass asymmetries for 233U, 235U, 239Pu         (1999) 
Cold fusion “ash” for 102~110Pd                                                       (2006) 

Fragment mass asymmetry for 180Hg                                       (2010) 
Piezonuclear fission for 54~58Fe                      (2013) 

• Simulation of LENR transmutations 
 Model-independent analysis 

 

Presenter
Presentation Notes
At the four previous ICCF meetings, I have had the opportunity to discuss our lattice model of nuclear structure
and to show how we use the lattice to simulate low-energy fission phenomena.
Today I want to discuss the mechanisms of transmutation in Nickel-Hydrogen systems.
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“The symmetries of the nuclear 
Hamiltonian are those of a face-
centered cubic lattice,”  
Eugene Wigner,  
Physical Review 51, 106-131, 1937. 

Presenter
Presentation Notes
Briefly, our model is unconventional, but we have published several dozen times in the conventional nuclear physics journals.
More importantly, the origins of the model were established by Eugene Wigner in 1937.
Wigner received a Nobel Prize for inventing the “nuclear Hamiltonian” and this paper in Physical Review was in fact cited in his Nobel award.
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“The lowest energy solid-phase configuration of 
nuclear matter (Z=N) is an antiferromagnetic fcc 
lattice with proton/neutron layering,”  
V. Canuto & S.M. Chitre,  
International Astronomy & Astrophysics Union Symposium 53, 133, 1974; 
Annual Review of Astronomy & Astrophysics 12, 167, 1974; 13, 335, 1975. 

Presenter
Presentation Notes
Several decades later, Canuto and Chitre working in NASA published similar conclusions on the basis of quantum mechanical calculations of the nuclear “Equation of State”.
There, they noted that the fcc lattice is the lowest-energy solid-phase configuration of nuclear matter, and they also noted the fcc substructure that gives it extra stability.
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0.86 fm 

2.03 fm ρ = 0.17 nucleons/fm3   

Atomkernen. 28, 195, 1976; Physical Review C36, 1883, 1987; etc. 

Presenter
Presentation Notes
On the left is shown the antiferromagnetic spin alignment. In the middle is shown the isospin layering, and on the right is shown the lattice with REALISTIC nucleon and nuclear core density values plugged in. These values are suggestive of a dense liquid or solid – rather than a “Fermi gas” – with clearly very little free room for nucleons to “orbit” within the nucleus. And indeed the so-called “mean free path” of nucleons is known to be short, while the gaseous-phase nuclear models demand an MFP that is long enough for each nucleon to orbit several times before interacting with other nucleons.
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Presentation Notes
We have used precisely this lattice structure in the development of a unified model of the nucleus. Liquid-drop features come from the nearest-neighbor interactions among all nucleons in the fcc lattice. The shell and subshell structure of the shell (or independent-particle) model come directly from the fcc geometry (when nuclei are built from a centrally-located tetrahedron of nucleons). And even the alpha-particle structures of the cluster model can be deduced from the lattice structure, since the fcc lattice has an inherent tetrahedral subgrouping of nucleons.
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Outline 

“Your lattice model has been a tremendous 
instrument for me to work with the LENR.”  
“I demand to all my employees to study your book.”  
(Andrea Rossi, 2010~2013) 

PDF of “Models of the Atomic Nucleus”, 2nd ed., 
Springer, 2010; Mac and Windows graphical 
software, spreadsheets, etc., on the lattice 
model are available online. 

Presenter
Presentation Notes
Interestingly, Andrea Rossi has recently indicated that he has found the lattice model to be useful in his work in LENR.
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Presentation Notes
Again, very briefly, we have previously used the lattice model to study low-energy fission phenomena.
We have completed 3 studies and a fourth study by the Carpinteri group is underway, and will be reported tomorrow afternoon.



Lattice Simulations of LENR 
233U + nth 
235U + nth 
239Pu + nth 
 
Thermal fission 

102~110Pd + d 
Cold fusion 

180
80Hg100  

Spontaneous fission 
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Presentation Notes
The basic idea is simply to build individual isotopes following the lattice model, and then examine the probabilities of fission along various lattice planes.



Lattice Simulations of LENR 

1. Build default lattice structure 
2. Randomize surface 
3. Add neutron/proton/deuteron 
4. Scission the lattice many times 
5. Calculate interfragment Q & bonds 
6. Collect statistics 

Presenter
Presentation Notes
The procedure is to build nuclei following the known, empirical build-up sequence for protons and neutrons.
The surface of the nucleus – which is either a fluid or possibly a superfluid – is then randomized, and a neutron, proton or deuteron is then added to the surface.
Next the lattice structure is scissioned along all lattice planes and the procedure repeated many times with each new randomization.
For each structure, the total electrostatic repulsion between the protons in each fragment is calculated, and the total number of nearest-neighbor “bonds” holding the fragments together are counted.



Lattice Simulations of LENR 

Hahn & Strassman, 1938 

Mizuno et al., 1996 

Spontaneous Fission of 180
80Hg100  

                              Light-to-Heavy  
                             Fragment Ratio 
Shell model & LDM:   1.00:1.00 
Lattice model:            1.00:1.21 
Experiment:               1.00:1.25 

Antonov et al., 2010 
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Presentation Notes
The results are qualitatively good. The asymmetric fragments of Plutonium, Uranium and other actinides is found to be a consequence of the slight asymmetry of the fragments when oblique cuts are made through the lattice. The same is true for an isotope of Mercury that has recently been in the news. Interestingly, both the shell and the liquid-drop model predict symmetric fission of Hg180, but experiment indicates asymmetric fragments.
Finally, the large abundance of Chromium isotopes reported in cold fusion experiments using Palladium cathodes is also predicted by the lattice model.
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Presenter
Presentation Notes
For predicting fission fragments, a specific model of nuclear structure must be assumed. That is an important theoretical task, but before we address the question of fragments, there are unanswered questions about the abundance of the isotopes in the mother nucleus. For that, we have developed a model-independent analytic technique.



“Transmutation” 
   Many LENR studies on nuclear 

transmutations, but not many reporting 
details on isotopic ratios… 

 

 1. Palladium isotopes (Mizuno, 1996) 
 
 2. Nickel, Iron and Chromium isotopes  
           (Focardi & Rossi, 2011; Defkalion, 2012; 
             Mizuno, 2013) 

Presenter
Presentation Notes
Many LENR studies have reported transmutation effects. Clearly, such results are of extreme importance in establishing whether or not cold fusion is truly a nuclear phenomenon. Unfortunately, not many studies have reported isotopic abundances, but some of the best data have been reported by Mizuno..



Assumptions behind the 
numerical simulation 

1. The surface region on the cathode “hotspot”  
      (where SIMS analysis is done) contains a  
       finite number of nuclei. 
 
 

Presenter
Presentation Notes
What I want to show you is the changes in the percentage of the various isotopes that occur on the surface of cathodes used in LENR experiments
Clearly, if the cathode has an “infinite” number of nuclei on its surface, then there would occur NO percentage changes in the various isotopes.
But of course an actual cathode will have a finite number of lattice sites on its surface, so it is of interest to see if a simulation can reproduce the
Reported experimental results.



 Fe Cu 

Cr Pd 

SIMS analysis typically 
undertaken at hotspots. 

Presenter
Presentation Notes
For anyone serious about knowing whether transmutations have occurred, it is of course necessary to make isotopic analysis at the so-called “hotspots” where changes have occurred on the cathode surface. Here are four X-ray images from Mizuno, where there was indications of deposits of iron, copper and chromium.



 Fe Cu 

Cr Pd 

SIMS analysis typically 
undertaken at hotspots. 

Pd 

Presenter
Presentation Notes
At the same location, there was a scarcity of Palladium, so that is where Mizuno did SIMS analysis of the Palladium isotopes.



Assumptions behind the 
numerical simulation 

1. The surface region on the cathode “hotspot”  
      (where SIMS analysis is done) contains a  
       finite number of nuclei. 
 
2.  Only isotopic depletion is allowed in reproducing  
                                              the experimental data. 
 
 
 

Presenter
Presentation Notes
There are only 2 assumptions underlying our simulation. The first is simply that the SIMS analysis was done on a finite number of nuclei.
The second is that – whatever may have happened to the surface Palladium nuclei, such as the absorption of deuterons or fissioning into smaller nuclei – the number of Palladium nuclei necessarily decreased. We therefore call our simulation technique a “depletion analysis”.



“Depletion only” simulations 
(Isotopes at surface sites on the 
cathode are removed at random) 

 
1. The 6 isotopes of Palladium. 

 
2. The 13 isotopes of alloy SUS304  
       (Nickel, Chromium and Iron). 

Presenter
Presentation Notes
So, first, let us examine a simulation of changes in Palladium isotopes, and then address questions of the changes in other elements.



Changes in Palladium isotopes in a Pd+D high- pressure, 
high-voltage electrolytic experiment 

Natural abundance  
(Firestone, 1999) 
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Presentation Notes
Subsequent to high pressure electrolysis, Mizuno found abundances of the palladium isotopes in the palladium cathode to differ from the natural abundance.
The natural abundances are of course known.



Changes in Palladium isotopes in a Pd+D high- pressure, 
high-voltage electrolytic experiment 

Abundance on the cathode surface after electrolysis 
                             (Mizuno, 1996) 

Presenter
Presentation Notes
Subsequent to electrolysis, unnatural abundances were found.



Changes in Palladium isotopes in a Pd+D high- pressure, 
high-voltage electrolytic experiment 

Increases and decreases!! 
“sloppy experimental work”, “nonsense”, “bad data” 

Presenter
Presentation Notes
Mizuno himself did not attempt to explain the changes, but, as an experimentalist, he simply reported what he found. What he found was a BIZARRE pattern of increases and decreases in the various isotopes.
Unfortunately, theorists have been unable to understand how such changes might have occurred and have severely criticized his work.
What I want to show you is that a fairly straight-forward “depletion analysis” indicates that these data are not “bad data”, but rather are entirely coherent!
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Presenter
Presentation Notes
On the left is shown the Mizuno data.
On the right is the simulation. To begin with, all of the 100,000 surface sites contain Pd nuclei. At each step of the simulation, the number of the various isotopes is slowly “depleted” (the Loss column) and the percentage abundances recalculated. As you will see, the simulation is deigned to gradually converge on the reported abundances…
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Presentation Notes
So, we start with the natural abundances. In the early simulations, the numbers of Pd isotopes were arbitrarily decreased “by hand” and percentages calculated in an Excel spreadsheet. There is no analytic formula, only a slow convergence to a unique solution. The simulation proceeds like this:
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Presenter
Presentation Notes
By removing already 2/3 of the surface  isotopes, there are only small changes in the percentages, but further depletion shows some interesting effects.
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Presenter
Presentation Notes
As you can see, the more abundant isotopes show gradual decreases in relative abundance, while the less abundant species show relative increases.
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The abundances in the simulation match those found in the 
Mizuno experiment when the depletion is at 86.13%. 
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the numerical solution 

is unique.  
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At precisely 86.13% mean depletion of the surface Pd, the numbers reported by Mizuno are reproduced. 
An important theoertical point here is that, regardless of the starting number of Pd nuclei in the simulation, the percentage depletions that reproduce the experimental numbers give a unique solution. If the addition of various isotopes was also allowed, then there are infinite possible solutions, but a “depletions only” simulation always converges on the same solution.



The abundances in the simulation match those found in the 
Mizuno experiment when the depletion is at 86.13%. 
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In fact, there should be error bars and some uncertainty in the numbers themselves, but, given percentages that sum to 100%, the depletions that produce these percentages are unique.



The “depletion only” simulation has successfully  
reproduced the experimental data.  
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But the manipulations that made the simulation 
work are what is of interest… 
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Changes:  +2.6%  +6.2% -1.9% -7.0%  -5.9% +6.0% 



The correct abundances were 
obtained with the depletion of 
all isotopes to approximately 

the same degree. 

0

10

20

30

40

50

60

70

80

90

100

D
ep

le
tio

n 
(%

) 

Depletion Rates Per Isotope 

0

5

10

15

20

25

30

Pd102 Pd104 Pd105 Pd106 Pd108 Pd110

Ab
un

da
nc

e 
(%

) 

Mean Depletion = 86.13% 

0

5

10

15

20

25

30

Ab
un

da
nc

e 
(%

) 

Natural Abundance 

Presenter
Presentation Notes
And what we find is that the relatively strong depletion of all of the Pd isotopes reproduces the Mizuno data. The only possible exception here is the weaker depletion of Pd102, but that isotope accounts for only 1% of Palladium, and its weaker participation in the LENR depletion may be due to sampling error.



• The Mizuno (1996) results are … 
    not “nonsense,” and at least 
    suggestive of the involvement of all palladium 
    isotopes in the LENR experiment. 
 

Presenter
Presentation Notes
In other words, at least for the Mizuno-style high-pressure, high-temperature electrolytic experiments, it appears that there are no “special” Palladium isotopes that are responsible for the excess heat. The case of Uranium in thermal fission is apparently quite different, where one particular isotope, U-235 is the main player.



Simulation of Transmutation  
in Ni+H Systems 

 
Focardi & Rossi, 2010; Defkalion, 2012; and 
Mizuno, 2013 (Patent Application May 29, 

2013) 
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Presentation Notes
What about Nickel-Hydrogen systems?
Again, Mizuno has produced interesting isotopic data, that are reported in his recent patent application (available over the internet).



Nickel Transmutation 
SUS304 alloy:  8% Nickel, 18% Chromium, 74% Iron 

 
…used in a high-temperature alloy+H20 Hydrogen-

generating system 
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Presenter
Presentation Notes
He uses a particular Nickel alloy that contains three main elements (and less than one percent impurities).
As with the case of Palladium, Mizuno has reported the changes in isotopic abundance after several hundred hours of “cold fusion” experimentation. He has not attempted to explain the data – and why, again, there are both increases and decreases in relative abundance – but again a depletion analysis indicates what is happening.



Nickel Transmutation 
The raw data suggest that Ni-58 and Ni-60 were consumed, 
while neutrons were added to Ni-61, Ni-62 and Ni-64, but 
“depletion analysis” indicates otherwise… 
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Presentation Notes
The “raw data” again suggest crazy, physically impossible things going on, but depletion analysis provides an understanding.



Before the start of electrolysis… 
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We start with the natural abundance...
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Gradually, the isotopes with higher abundances at the outset decrease, and the low abundance isotopes increase...
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Final isotope abundances obtained with 
~71% depletion of the surface isotopes… 

0

10

20

30

40

50

60

70

Ni58 Ni60 Ni61 Ni62 Ni64

Ab
un

da
nc

e 
(%

) 

Mean Depletion = 71.06% 

Presenter
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At a mean depletion of 71.06% for all the isotopes, the Mizuno experimental abundances are reproduced.



Experiment                    Simulation  

0

10

20

30

40

50

60

70

Ni58 Ni60 Ni61 Ni62 Ni64
Ab

un
da

nc
e 

(%
) 

Mean Depletion = 71.06%  

0

10

20

30

40

50

60

70

Ni58 Ni60 Ni61 Ni62 Ni64

Ab
un

da
nc

e 
(%

) 

Mizuno Result (2013) 

Again, the simulation successfully reproduced  
the experimental data… 
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But the interesting result is not simply that the simulation “worked”, but what are the specific manipulations – the depletions – that made the simulation work.



Interestingly, Ni61 was not strongly depleted 
– apparently not participating in the LENR 
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Is this independent replication of the 
Defkalion result? Little LENR effect with Ni61 
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Needless to say, there is no hint of this result if one simply looks at the raw data. 
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Strong depletion of 
all isotopes except 
Ni-61 reproduces 
the Mizuno results.  

Nickel Isotopes 



What about Chromium and Iron 
depletion in the Ni-Cr-Fe alloy? 

SUS304 alloy:  8% Nickel, 18% Chromium, 74% Iron 
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Cr Isotopes 
Again, a comparison of the natural abundances and 
the post-electrolysis abundances “suggests” that Cr-
52 was consumed, while neutrons were added to 
Cr-50, Cr-53 and Cr-54!! 

Presenter
Presentation Notes
Once again, the “raw data” suggest crazy effects – with neutrons being shifted back and forth among the Chromium isotopes! Physically impossible, and neutron radiation would have been detected in these and many other cold fusion experiments if neutrons were being emitted and absorbed...
But depletion analysis suggests what was actually going on.
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Strong depletion of all the 
Cr isotopes produces the 
experimental results. 

Chromium Isotopes 
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Again, we find rather strong depletion of all the isotopes.
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Fe Isotopes 
Again, the raw data suggest a decrease in Fe-56, 
while neutrons were added to Fe-57 and Fe-58! 
Changes in the abundance of Iron isotopes were 
reported as “small effects”… 
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Presentation Notes
Finally, for the Iron isotopes, the raw data reported by Mizuno suggests that not much was happening in the Iron isotopes, in so far as relative abundances changed only a little bit, but ...
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Strong depletion of all the 
Fe isotopes produces the 
experimental results. 
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Contrary to first impressions, it seems that there was strong depletion of all of the Iron isotopes.



SUS304 Alloy: 8% Nickel, 18% Chromium, 74% Iron 

• Mean depletion of Iron isotopes: 88.6% 
• Mean depletion of Chromium isotopes: 68.9% 
• Mean depletion of Nickel isotopes: 71.1% 
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All in all, it seems that there might be some significant isotopic effects in these three elements. Certainly Nickel-61 is unusual in being only weakly depleted.
But it is unclear why it was the only “non-participating isotope.



Conclusions (1/2)  
 

The LENR transmutation data 
indicate extensive depletion of 

isotopes subsequent to “cold fusion” 
treatment. 

Further analysis should  
include possible “accretion” effects 

(e.g., Ni60+HCu61Ni61,  
Pd104+DAg106Pd106, etc.). 

Presenter
Presentation Notes
In conclusion, it is clear that the raw data on isotopic abundances does not lead to an understanding of what has been going on. Particularly when isotope abundances of all of the stable isotopes of a particular element have been measured, then “depletion analysis” can provide insight.
Finally, although depletion appears to be the main effect on the surface of the cathodes in these experiments, there are theoretically some possible accretion effects that need to be studied.



Conclusions (2/2) 
 

If the depleted isotopes are replaced 
by fission products, 

then analysis of the nuclear 
fragments will require the use of a 

nuclear “model” to make predictions 
about fragment masses. 

Thank you. 
Comments and Questions,  

please! 
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Presentation Notes
And for the study of the abundance of fission fragments, it will be necessary to begin the analysis from a theoretical model.



Thank you. 
Comments and Questions,  

please! 



Possible Nickel Accretion 
Mechanisms (Ni+H…) 

• (68%) Ni58 + H  Cu59 (81 sec)  Ni59 (0.075 Myr)(not observed) 
• (26%) Ni60 + H  Cu61 (3 hr)  Ni61 (stable) 
• (1.0%) Ni61 + H  Cu62 (10 min)  Ni62 (stable) 
• (3.6%) Ni62 + H  Cu63 (stable) 
• (0.9%) Ni64 + H  Cu65 (stable) 

Presenter
Presentation Notes
The fact that the presence of the long-life Ni59 isotope has not been reported suggests that the simple addition of protons (or neutrons) to the Nickel nuclei is not a major contributor to the cold fusion effects. In other words, Mizuno-style experiments may be generating excess heat primarily through LENR fission effects.



Possible Chromium Accretion 
Mechanisms (Cr+H…) 

• (4.3%) Cr50 + H  V51 (stable) 
• (83.8%) Cr52 + H  Mn53 (3.7 Myr) (not observed) 
• (9.5%) Cr53 + H  Cr54 (stable) 
• (2.4%) Cr54 + H  Mn55 (stable) 



Possible Iron Accretion 
Mechanisms (Fe+H…) 

• (5.8%) Fe54 + H  Fe55 (2.7 yr)  Mn55 (stable) (not observed) 
• (91.7%) Fe56 + H  Co57 (271 d)  Fe57 (stable) 
• (2.2%) Fe57 + H  Co58 (70 d)  Fe58 (stable) 
• (0.3%) Fe58 + H  Co59 (stable) 
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