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The field of “cold fusion” still needs
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
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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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“quantum space”
are
face-centered-cubic.
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The symmetries of
nuclear “quantum space”
correspond to FCC lattice

symmetries in 3D

“coordinate space”

(Lezuo, Cook, Dallacasa, Stevens,
Bobezko, Everling, Palazzi, Goldman,
Bauer, Chao, Chung, Santiago,
Campi, Musulmanbekov, DasGupt
Pan, Bevelacqua, et al.)
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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 the nuclear force...




At energies less than 300 MeV...

Electric and magnetic rms radi1 of nucleons
artiels € N
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 internal charge density...

Nucleon Charge
Density
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IS experimentally known ....




and Is consistent with what i1s known...

Argonne vig
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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
“close-packed” in
the nuclear interior.




2.026 fm internucleon
distance

First, the He? nucleus...

0.86 fm RMS




What do we get if we continue to “close pack™
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

2,75

...as reported

In all of the
textbooks...

0.17 nucleons

per fm3 ' A constant

------------ nuclear core
density is

Indication of a

“liquid-drop”

Hof 025 ‘h‘\‘\\‘ﬂ? texture.
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xperimental Data on Nuclear Sizes

2,75
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There are high-density tetrahedral regions inside
of a “close packed” lattice

in
attice is
eons/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 “close packed” lattice

attice is
eons/fm3.

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



..giving a mean density of 0.170 n/fm?

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



xperimental Data on Nuclear Size

. T T
.. which means
that both density
values are
consistent with
a close-packed

lattice of
nucleons.
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The FCC “unit cube” buried within
the many-nucleon system.




What Is the substructure within the lattice?

...Spin and isospin symmetries are known.



2 antiferromagnetic FCC lattice with alternating isospin la

The fcc unit cube. 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=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-particle clusters in the FCC lattice...

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
the “classical” alpha
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

Experiment
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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)




antitative prediction of the impossibili
of super-heavy nucleil.

e lattice theory

experiment
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All shell model predictions since the 1960s
edict “stable” (~10'° years, Moller & Nix, 1994
super-heavy nuclei.

Submarine

= Submarine-Ridge ¢
Mountain /

184[
NEUTRONS

Seaborg & Bloom, Science, 1969




Experimental Data (2009)

—s— S (Z=108)
—=— Eh (Z=107)
—=— Hs (7=108)
—=— Wt (Z=10%)
—=— 110 (Z=110)
—=— 111 (Z=111)
—=— 112 (Z=117)
113 (7=

114 (Z=114)
—=— 115 (7=115)

262 266G 278 =) 286 290

Nuclear Reactions Video
http://nrv_jinr.ru/

After 40+ years, still no indication of long-lived super-heavies.




In fact, however, the independent-particle
model (IPM=shell model) is the central

paradigm In nuclear structure theory.




Unlike the liquid-drop model and the cluster models,
the independent-particle (~shell) model is
guantum mechanical.

Prisimi = Ruisimi() Y nisimi(6: 9)
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the shells and subshells of the gaseous
are also found in the solid-phase FCC




The n-shells of the IPM are closed (x=y=z) shells
In the FCC lattice model

l.e., each nL S distance

from the nuclear c



The FCC lattice n-shells

> He?: the first “doubly-magic’ nucleus,
principal quantum number n =



The FCC lattice n-shells

> O16: the second “doubly-magic” nucleus,
principal quantum numbersn= |1



The FCC lattice n-shells

20Ca%0: the third “doubly-magic’ nucleus,
principal quantum numbersn= ,1, ~



The FCC lattice n-shells

40
102r%0: an unstable closed-shell nucleus,
principal quantum numbersn= ,1, 7, 3



The FCC lattice n-shells

2Yt140: an unstable closed-shell nucleus,
principal quantum numbersn= ,1, -, 3,



The FCC lattice n-shells

70
20 Yt149: an unstable closed-shell nucleus,
principal quantum numbersn= ,1, =, 3,



d all of the J-subshells of the IPM corresponc
cylindrical structures in the FCC lattice.




And all of the J-subshells of the IPM correspond to
cylindrical structures in the FCC lattice.

j=(Ix|+1y|-1)/12=1/2,3/2,5/2,7/2, ...
where x and y are odd integers.



And all of the J-subshells of the IPM correspond to
cylindrical structures in the FCC lattice.

j=(Ix|+1y|-1)/12=1/2,3/2,5/2,7/2, ...
where x and y are odd integers.



And all of the J-subshells of the IPM correspond to
cylindrical structures in the FCC lattice.

j=(Ix|+1y|-1)/12=1/2,3/2,5/2,7/2, ...
where x and y are odd integers.



And all of the J-subshells of the IPM correspond to
cylindrical structures in the FCC lattice.

j=(Ix|+1y|-1)/12=1/2,3/2,5/2,7/2, ...
where x and y are odd integers.



And all of the J-subshells of the IPM correspond to
cylindrical structures in the FCC lattice.

j=(Ix|+1y|-1)/12=1/2,3/2,5/2,7/2, ...
where x and y are odd integers.



ery nucleon has a unigque set of quant
wumbers in the Schrodinger equation.
d a unique position in the FCC latti

Principal: n=([x|+|y|+|z|-3)/2
Angular momentum: j=(|x|+|y|-1)/2
Azimuthal: m=s* x|/ 2

Spin: s = (-1)*1
Isospin: 1= (-1)#1

where X, Y, z are odd-integer lattice coordinates.




versely, If we know the quantal state
1, we can calculate its spatial coorc

r=2m|(—1)(m + 1/2)
y=(2j+1—[z|) (:j—1)<*+'f+’”'*“/ 2
= (2n+3 — [z| - [y|) (-1 T

The correspondence between the IPM and
the FCC model is exact.



The symmetries of the IPM are also
found In the lattice model... but

vithout using a long-range “effective
nuclear potential-well.




realistic, short-range nuclear force known f
on-nucleon scattering experiments suffic
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The various long-range “effective” forces postulated
In the independent-particle model are not needed.
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Electromagnetic theory
at the Fermi level

Attractiv
between
nucleons ~



Magnetic moments

\ | \ Equivalent
b

current colls

Magnetic force as a source of nucleon attraction



agnetic components of the nuclea

In the Biot-Savart formula, the
mutual force between two coils
IS obtained as the contribution
of infinitesimal length elements
of currents, by ignoring any
phase relationship between
them. In contrast, the currents
of two neighboring coils in a
lattice are correlated since
there is periodicity.




agnetic components of the nuclear

Contrary to the Biot-Savart
result in which the potential
energy of the two colls Is
dependent on their separation
as y3, there is a strongly
enhanced contribution which
behaves as 1/y.




Magnetic force between two colls




agnetic force between two coils

T

,uOIllz §§d| d|

C2C1 r1z
In cylindrical coordinates

g _ Mol = YR® cos(p, — @,)d@dg,
L= 2]
(2 +2R?(1- cox(gy - o)

Note phases between
currents

(v + 2R (1-cos(, - 0,))] 2 y—(l—Byi(l 00S(p— 9)) + ..

Expansion of the denominator'




Potential energy

mlTZ cos@ +0O(y ™)
7Ry

V = 1o

— O when nucleons are randomly distributed in space

(gas/liquid models)

< COS (D > : when nucleons are in a lattice

(from periodicity conditions, the currents become

correlated)

where d IS the lattice constant



Numerical results

m,m, d
cosp +0
7R? y i (

y=2.0fm; R=0.5fm; cosp=1

= Lo

Nucleon pair \Y (MeV)Biot-Savart

P-P 4.2688103

N-N 4.2688-103
N-P 4.2688103

Average value = 2.82 MeV




operties and order of magnituc

Yukawa form with quadrupole features:

(1) Attractive/repulsive for first/second neighbors,
according to the antiferromagnetic arrangement.

(2) Short range (as a result of dephasing with distance)
(3) Right order of magnitude ~ 1-10 MeV

(4) Higher order terms O(y-?) small at the normal level
of the magnetic force < 100keV




Properties Explained by the Nuclear Models

Nuclear Property - Cluster

FCC Lattice
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Alphas on nuclear surface no - yes
Alpha clustering in nuclear interior no no yes
Alpha-particle decay no no yes

Asymmetrical fission fragments no no yes



Properties Explained by the Nuclear Models

Nuclear Property
I N N N

Yes
Short mean-free-path of nucleons | ocal Nucleon Interactions
yes [ mo [ mo
Evegetisoffision | yes | no | no
fearshellsourshells | no | yes | no
) 1 1

A

YEes
yes
yes

Discrete Ener ) States of cleons

yes

o )
Tetrahedral Nucleon Grouping

Asymmetrical fission fragments no no



Properties Explained by the Nuclear Models

Nuclear Property IPM FCC Lattice

Sratonofuckearfoce | yes | no | mo | yes
B o | ves | o | ool yes

Short mean-free-path of nucleons LOCaI Nuc | eon Inte raCti ons

Constant nuclear density yes

y
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Asymmetrical fission fragments



Finally, the lattice model also explains
two sets of “anomalous” data.

) The asymmetrical fission fragments produced b
thermal fission of Uranium, Plutonium, etc.

etrical fission fragments
Ission of Palladi

(Poster ICCF15)



Thank you for your attention.

rther details on the FCC nuclear model can be found in:
Cook, Models of the Atomic Nucleus, Springer, 2006

ear visualization software (NVS) is available a
w.res.kutc.kansai-u.ac.jp/~cook/nvsDown




