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The field of ncol d
developments in three distinct areas:

(1) reliable experimental data

(2) hypotheses concerning the
underlying phenomena

(3) integration into established
nuclear structure theory




Nuclear Structure Theory
(since the 1950s)

Empirically-known Nuclear Phenomena

Independent-particle Collective Alpha-particle, Cluster
(~shell) Model (~liquid-drop) Model and Lattice Models

€Cr:collc-phase -phase
assumptions



Eugene Wigner,
Physical Revie

JANUARY 15, 1937 PHYSICAL REVIEW VOLUME 51

On the Consequences of the Symmetry of the Nuclear Hamiltonian
on the Spectroscopy of Nuclei

E. WIGNER*
Princeton University, Princeton, New Jersey

(Received October 23, 1936)

The structure of the multiplets of nuclear terms is investigated, using as first approximation
a Hamiltonian which does not involve the ordinary spin and corresponds to equal forces
between all nuclear constituents, protons and neutrons. The multiplets turn out to have a
rather complicated structure, instead of the S of atomic spectroscopy, one has three quantum
numbers .5, T, ¥, The second approximation can either introduce spin forces (method 2), or
else can discriminate between protons and neutrons (method 3). The last approximation dis-
criminates between protons and neutrons in method 2 and takes the spin forces into account
in method 3. The method 2 is worked out schematically and is shown to explain qualitatively
the table of stable nuclei to about Mo,
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The symmetries of
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correspond to FCC lattice
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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 nuclel based on
what is known about protons,
neutrons and t he




At ener gl es

Electric and magnetic rms radi1 of nucleons

artind, € I
Particle " T

Proton 0.895+0.018 fm 1.086 =0.012 fm
Neutron —0.113+0.003 fm 0.873 £0.015 fm

I. Sick, Progress in Particle and Nuclear Physics 55, 440, 2005,

nucleons are particles with
radil of ~1 fm.



The 1 nter nal c ha
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and is consistent with what is knowné
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about the nuclear force from
nucleon-nucleon scattering experiments.



The first question about nuclear structure

concerns the mean distance between nucleons.




An Internucleon distance of about 2 fm

reproduces the known nuclear core density
(0.17 nucleons/fm?3)

2.026 fm

If nucleons are
hncl-paeked
the nuclear interior.




First, theHe*nucl eus é

|

0.86 fm RMS
radius

2.026 fm internucleon
distance

R



What do we get |1 f we ¢
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)



A nuclear core density of 0.17 nucleons/fm3
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A nearest-neighbor
distance of 2.026 fm

T

Edge-length
of the cube
IS 2.865 fm

8 nucleon octants
= 4 nucleons/23.517 fm3
= 0.170 nucleons/fm3

The unit structure of the face-centered-cubic lattice
(Cook & Dallacasa, Physical Review C36, 1883, 1987)



perimental Data on Nuclear Size
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xperimental Data on Nuclear Sizes
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There are high-density tetrahedral regions inside
of a nNncl ose packe

in
attice is
leons/fm3.

The unit structure of the face-centered-cubic lattice
(Cook & Dallacasa, Physical Review C36, 1883, 1987)



and low-density octahedral regions inside
of a nNnclose packe

attice is
leons/fm3.

The unit structure of the face-centered-cubic lattice
(Cook & Dallacasa, Physical Review C36, 1883, 1987)



The unit structure of the face-centered-cubic lattice
(Cook & Dallacasa, Physical Review C36, 1883, 1987)



Xxperimental Data on Nuclear Size
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The FCC nunit cubeo D
the many-nucleon system.




What Is the substructure within the lattice?

€ s p I n is@spindsymmetries are known.



2 antiferromagnetic FCC lattice with alternating isospin la

and alternating
me n isaspin layers.

Quantum mechanical theoretical work on neutron stars
has shown this lattice structure to be the lowest energy
configuration of nuclear matter (N=2) (Canuto & Chitre,
Int. Astron. Astrophys. Union Symp. 53, 133, 1974;
Annual Rev. Astron. Astrophys., 1974).



magnetic FCC lattice with alternating |
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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=2) (Canuto & Chitre,
Int. Astron. Astrophys. Union Symp. 53, 133, 1974;
Annual Rev. Astron. Astrophys., 1974).



Alpha-parti cl e cl uster s

Nucleon radius = 0.86 fm Internucleon distance = 2.026 fm



The alpha structure of Ca“*° in the FCC lattice




he alpha structure of Ca*° in the FCC latti

ENERGY(MeV)

and the alpha-particle
structure is identical to

t he Acl assi ca
structure for Ca-40.

Hauge et al., Physical Review C4, 1044-1069, 1971;
Inopin et al., Annals of Physics 118, 307-333, 1979



Id-drop-like properties in the FCC

Nuclear Radius
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Lattice theory = Liquid-drop model = Experimental data
(Cook & Dallacasa, Journal of Physics G, 1987)




Id-drop-like properties in the FCC I

e lattice theory

experiment
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Lattice theory = Liquid-drop model = Experimental data
(Dallacasa & Cook, Il Nuovo Cimento A, 1987)




Quantitative prediction of the impossibility
of super-heavy nuclei.
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