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The field of ñcold fusionò still needs 

developments in three distinct areas:

(1)  reliable experimental data

(2) hypotheses concerning the 

underlying phenomena

(3) integration into established

nuclear structure theory
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More than 30 (!) nuclear structure models reviewed in

Greiner & Maruhn, Nuclear Models, Springer, 1996

(not including any of the cluster and lattice models)

Nuclear Structure Theory

(since the 1950s)

Empirically-known Nuclear Phenomena

Independent-particle

(~shell) Model

Collective 

(~liquid-drop) Model

Alpha-particle, Cluster

and Lattice Models

Gaseous-phase

assumptions

Liquid-phase

assumptions

Solid-phase

assumptions
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Eugene Wigner,

Physical Review, 1937



The symmetries

of nuclear 

ñquantum spaceò

are

face-centered-cubic.
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The symmetries of  

nuclear ñquantum spaceò

correspond to FCC lattice

symmetries in 3D

ñcoordinate spaceò

(Lezuo, Cook, Dallacasa, Stevens, 

Bobezko, Everling, Palazzi, Goldman, 

Bauer, Chao, Chung, Santiago, 

Campi, Musulmanbekov, DasGupta, 

Pan, Bevelacqua, et al.)
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Eugene Wigner,
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Atomkernenergie 1976, 1981, 1982;

Int. J. Theoretical Physics 1978;

Physical Review C 1987;

Il Nuovo Cimento 1987a, 1987b;

Journal of Physics G 1987, 1994,

1997, 1999;

Physics Bulletin 1988;

New Scientist 1988;

Computers in Physics 1989;

Modern Physics Letters 1990a, 

1990b;

IEEE Comp. Graph. Appl. 1999;

Yadernaya Fizika, 2007;

Models of the Atomic Nucleus,

Springer, 2006; etc.
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The lattice model potentially unifies 

nuclear structure theory, but it also 

leads to answers concerning 

transmutation results in LENR.

Let us build nuclei based on 

what is known about protons, 

neutrons and the nuclear forceé
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At energies less than 300 MeVé

nucleons are particles with

radii of ~1 fm.
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The internal charge densityé

is experimentally known é.
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and is consistent with what is knowné

about the nuclear force from 

nucleon-nucleon scattering experiments.
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The first question about nuclear structure

concerns the mean distance between nucleons.
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An internucleon distance of about 2 fm

reproduces the known nuclear core density 

(0.17 nucleons/fm3)

2.026 fm 

if nucleons are

ñclose-packedò in

the nuclear interior.
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First, the He4nucleusé

0.86 fm RMS 

radius

2.026 fm internucleon

distance
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What do we get if we continue to ñclose packò 

nucleons with a nearest-neighbor distance of ~2 fm?

The unit structure of the face-centered-cubic lattice

(Cook & Dallacasa, Physical Review C36, 1883, 1987)
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A nuclear core density of 0.17 nucleons/fm3

The unit structure of the face-centered-cubic lattice

(Cook & Dallacasa, Physical Review C36, 1883, 1987)
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6 nucleon hemispheres + 

8 nucleon octants  

= 4 nucleons/23.517 fm3

= 0.170 nucleons/fm3

A nearest-neighbor 

distance of 2.026 fm 

Edge-length

of the cube

is 2.865 fm



Experimental Data on Nuclear Sizes

Hofstadter, 

1956

0.17 nucleons

per fm3 A constant 

nuclear core 

density is 

indication of a

ñliquid-dropò

texture.
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éas reported 

in all of the

textbooksé 



Experimental Data on Nuclear Sizes

He4

but the high-density 

Helium-4 curve is

not shown in the

textbooks !
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A constant 

nuclear core 

density is 

indication of a

ñliquid-dropò

texture.

0.17 nucleons

per fm3

Hofstadter, 

1956



There are high-density tetrahedral regions inside 

of a ñclose packedò lattice

x

z

The unit structure of the face-centered-cubic lattice

(Cook & Dallacasa, Physical Review C36, 1883, 1987)

y
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The density of 

the Helium-4 

tetrahedron in 

the FCC lattice is

0.31 nucleons/fm3.



The unit structure of the face-centered-cubic lattice

(Cook & Dallacasa, Physical Review C36, 1883, 1987)
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and low-density octahedral regions inside 

of a ñclose packedò lattice

The density of 

octahedral

regions in 

the FCC lattice is

0.09 nucleons/fm3.



égiving a mean density of 0.170 n/fm3

The unit structure of the face-centered-cubic lattice

(Cook & Dallacasa, Physical Review C36, 1883, 1987)
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Experimental Data on Nuclear Sizes

0.31 nucleons

per fm3

é which means 

that both density 

values are 

consistent with

a close-packed

lattice of   

nucleons.
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0.17 nucleons

per fm3

Hofstadter, 

1956



The FCC ñunit cubeò buried within 

the many-nucleon system.
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What is the substructure within the lattice?

éspin and isospin symmetries are known.
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The antiferromagnetic FCC lattice with alternating isospin layers

The fcc unit cubeéwith antiferromagnetic

spin alignmenté

and alternating 

isospin layers.

Quantum mechanical theoretical work on neutron stars 

has shown this lattice structure to be the lowest energy 

configuration of nuclear matter (N=Z) (Canuto & Chitre,

Int. Astron. Astrophys. Union Symp. 53, 133, 1974; 

Annual Rev. Astron. Astrophys., 1974). 
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The antiferromagnetic FCC lattice with alternating isospin layers
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Quantum mechanical theoretical work on neutron stars 

has shown this lattice structure to be the lowest energy 

configuration of nuclear matter (N=Z) (Canuto & Chitre,

Int. Astron. Astrophys. Union Symp. 53, 133, 1974; 

Annual Rev. Astron. Astrophys., 1974). 



Alpha-particle clusters in the FCC latticeé

Internucleon distance = 2.026 fm

2.865 fm
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Nucleon radius = 0.86 fm



The alpha structure of Ca40 in the FCC lattice

The FCC lattice showing

three spherical shells,

corresponding to the

first three doubly-magic

nuclei.

Ten tetrahedral alpha

clusters are found in 

the FCC latticeé

and the alpha-particle 

structure is identical to 

the ñclassicalò alpha

structure for Ca-40.
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Hauge et al., Physical Review C4, 1044-1069, 1971;

Inopin et al., Annals of Physics 118, 307-333, 1979

The alpha structure of Ca40 in the FCC lattice

and the alpha-particle 

structure is identical to 

the ñclassicalò alpha

structure for Ca-40.



Lattice theory = Liquid-drop model = Experimental data

(Cook & Dallacasa, Journal of Physics G, 1987) 31

Liquid-drop-like properties in the FCC lattice



Lattice theory = Liquid-drop model = Experimental data

(Dallacasa & Cook, Il Nuovo Cimento A, 1987) 32

Liquid-drop-like properties in the FCC lattice



(Cook, Modern Physics Letters A, 1990)
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Quantitative prediction of the impossibility

of super-heavy nuclei.


