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• Localized Anharmonic Vibrations: history and 

the state of the art

• LAV role in chemical and nuclear catalysis

• MD simulations in crystals of NiH and Pd 

nanoclusters at finite temperatures



Energy localization in anharmonic lattices 

In the summer of 1953 Enrico Fermi, John Pasta, Stanislaw Ulam, and 

Mary Tsingou conducted numerical experiments (i.e. computer 

simulations) of a vibrating string that included a non-linear term 

(quadratic in one test, cubic in another, and a piecewise linear 

approximation to a cubic in a third). They found that the behavior of the 

system was quite different from what intuition would have led them to 

expect. Fermi thought that after many iterations, the system would 

exhibit thermalization, an ergodic behavior in which the influence of the 

initial modes of vibration fade and the system becomes more or less 

random with all modes excited more or less equally. Instead, the system 

exhibited a very complicated quasi-periodic behavior. They published 

their results in a Los Alamos technical report in 1955.

The FPU paradox was important both in showing the complexity of 

nonlinear system behavior and the value of computer simulation in 

analyzing complex systems.

https://en.wikipedia.org/wiki/Enrico_Fermi
https://en.wikipedia.org/wiki/John_Pasta
https://en.wikipedia.org/wiki/Stanislaw_Ulam
https://en.wikipedia.org/wiki/Mary_Tsingou
https://en.wikipedia.org/wiki/Thermalization
https://en.wikipedia.org/wiki/Equipartition_theorem
https://en.wikipedia.org/wiki/Los_Alamos_National_Laboratory


Localized Anharmonic Vibrations (LAVs)

A. Ovchinnikov (1969)
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LAV examples:
• ILM/DBs in periodic crystals

• LAVs in disordered systems

• Phasons in quasicrystals

• Calthrate guest-host systems

• Vibrations of ‘magic clusters’

• etc



ICCF19

ILMs in metals Hizhnyakov et al (2011)



Standing DB in bcc Fe: d0=0.3 Å

D.Terentyev, V. Dubinko, A. Dubinko (2013)



DB along [111] direction in bcc Fe at T=0K

Initial conditions:

2 1 1 2 30.2 0.2 0.4 0.4 0.2 0.2n n n n n nx x x x x x               

Boundary conditions: periodic

It is seen from the visualization, that the LAV has been generated from the 

initial anti-phase displacements of 6 atoms. 



Moving DB in bcc Fe: d0=0.4 Å, E= 0.3 eV

D.Terentyev, V. Dubinko, A. Dubinko (2013)



DB in bulk Pd 3D lattice

LAV Time Period= 

0.1292 ps

LAV frequency = 

7.7399 THz 

The DB frequency lies 

above the phonon 

vibration spectrum



Module of velocity of DB (#1100) and lattice (#1095) atom 

in fcc Pd lattice



Effective ‘temperature’ of DB (#1100) and lattice (#1095) 

atom in fcc Pd lattice



Gap DBs in NaCl type lattices, Dmitriev et al (2010)

NaCl-type MH /ML= 10 at temperatures 

T = (a) 0, (b) 155, (c) 310, and (d) 620 K

DOS for PdD0.63 and PdH0.63: MH /ML= 50; 100

D pressure of 5 GPa and T=600 KICCF19

Phonon 

Gap
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MD modeling of gap DBs in diatomic crystals at elevated temperatures
Hizhnyakov et al (2002), Dmitriev et al (2010)

* 70t   0.1 1000K eV K A3B type crystals MH /ML= 10

In NaI and KI crystals Hizhnyakov et al has

shown that DB amplitudes along <111>

directions can be as high as 1 Å, and t*/Θ~104

*

, 5.1B nK K 

Lifetime and concentration of

high-energy light atoms

increase exponentially with

increasing T



MD modeling of gap DBs in diatomic crystals 
A3B type crystals, Kistanov, Dmitriev (2014), 
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which should be compared to the lattice parameter
a=1.35 angstrom
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LAV effect (1): peiodic in time modulation of the 

potential barrier height



Reaction-rate theory with account of the crystal 

anharmonicity
Dubinko, Selyshchev, Archilla, Phys. Rev. E. (2011)
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How extend LAV concept 

to include 

Quantum effects,

Tunneling

?



100 cycles50 cycles10 cycles

Tunneling: Numerical solution of Schrödinger equation

Stationary: tKramers~105 cycles at Vbarrier=12E0

Time-periodically driven: Ω = 1.5 ω0 , g = 0.2

10 cycles 50 cycles 100 cycles



Tunneling as a classical escape rate induced by the 

vacuum zero-point radiation, A.J. Faria, H.M. Franca, R.C. 

Sponchiado Foundations of Physics (2006)

The Kramers theory is extended in order to take into account both 

the action of the thermal and zero-point oscillation (ZPO) energy. 
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https://arxiv.org/find/quant-ph/1/au:+Faria_A/0/1/0/all/0/1
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https://arxiv.org/find/quant-ph/1/au:+Sponchiado_R/0/1/0/all/0/1


Can we increase 

the quantum noise strength, 

i.e. ZPO energy?

When we heat the system we increase 

temperature, i.e. we increase  the 

thermal noise strength



Stationary harmonic potential
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Time-periodic modulation of the double-well shape 

changes (i) eigenfrequency and (ii) position of the wells



Quasi-energy in time-periodic systems
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Consider the Hamiltonian which is periodic in time.

It can be shown that Schrodinger equation has class of solutions in 

the form:

where Is the quasi-energy

Time-periodic driving of the harmonic oscillator with non resonant frequencies Ω ≠

2ω0 renormalizes its energy spectrum, which remains equidistant, but the quasi-

energy quantum becomes a function of the driving frequency𝜆 𝜔 𝑡



Time-periodic modulation of the double-well shape 

changes (i) eigenfrequency and (ii) position of the wells
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LENR 2017

Non-stationary harmonic potential with 

time-periodic eigenfrequency Ω = 2ω0
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Non-stationary harmonic potential with 

time-periodic shifting of the well position at Ω = ω0
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Extreme example –

Low Energy Nuclear 

Reactions (LENR) 



LENR 2015

“Water will be the coal of the future”

Jules Verne

Electrolysis

D2O

or

D2

Pd

or



4

latticeD + D  He + 23.8 MeV

(i) high loading of D > 0.88 (ii) external driving

LENR requirements for D2O electrolysis
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Willis Eugene Lamb

Nobel Prize 1955

Julian Schwinger

Nobel Prize 1965

R.H. Parmenter, W.E. Lamb, 

Cold fusion in Metals (1989)

Electron screening

J. Schwinger, Nuclear Energy in an 

Atomic Lattice (1990)

Lattice screening



J. Schwinger, Nuclear Energy in an Atomic Lattice I, Z. Phys. D 15, 221 (1990)
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T0 is the mean lifetime of the phonon vacuum state before

releasing the nuclear energy directly to the lattice (no radiation!):

J. Schwinger, Nuclear Energy in an Atomic Lattice The First Annual Conference 

on Cold Fusion. University of Utah Research Park, Salt Lake City (1990)
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Schwinger, Nuclear Energy in an Atomic Lattice I, Z. Phys. D 15, 221 (1990).

Parmenter, Lamb, Cold fusion in Metals, Proc. Natl. Acad. Sci. USA, v. 86, 8614-
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Schwinger, Nuclear energy in an atomic lattice. Proc. Cold Fusion Conf. (1990)

Dubinko, Laptev, Chemical and nuclear catalysis driven by LAVs, LetMat (2016)
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ICCF19

Parameter Value

D-D equilibrium spacing in PdD, b (Å) 2.9

Fusion energy,  (MeV) 23.8

Mean DB energy,  (eV) 1

20

10/100

Quodon excitation energy  (eV) 0.8

1/10

2.9

Cathod size/thickness (mm) 5

LENR power density under D2O electrolysis 

BNC can provide up to 1014

“collisions” per cm3 per second

Table 1
   *, , ,J

D D DB DB D DP T J K E T J E 

crA*

DBE  0  crA  0 crA* *

DB DB DBn  126 10ef

DBk 114 10exV
ex 136 10 10ql b



MD modeling of LAVs

in NiH and PdH crystals  

and Pd nanocrystals



Visualization of the Pd(Ni)H fcc Lattice (NaCl type)



Density Of States of NiH



1 H atom (100) in NiH at T=0K



1 H atom (100) in NiH at T=0K



2 H atoms (100) and (-100) in NiH at T=0K



2 H atoms (100) and (-100) in NiH at T=0K



2 H atoms (100) and (-100) in NiH at T=0K



2 H atoms (100) and (-100) in NiH at T=0K



Visualization of the PdH fcc Lattice Oscillations at 
T=100 K



Visualization of the PdH fcc Lattice Oscillations at 

T=1000K





T= 1600 K



Nickel nanoparticles, Zhang and Douglas (2013)

Atomic configuration of a Ni nanoparticle of

2899 atoms at T = 1000 K. The atoms are

colored based on the potential energy and

their size is proportional to Debye–Waller

factor. Potential energy and DWF are time

averaged over a 130 ps time window,

corresponding to the time interval during

which the strings show maximum length.

Map of the local Debye–Waller factor showing

the heterogeneity of the atomic mobility at a

temperature of 1450 K. Regions of high mobility

string-like motion are concentrated in filamentary

grain boundary like domains that separate regions

having relatively strong short-range order.



Pd nanoparticles, Dubinko, Laptev, Terentyev (2017)

Epot_Pd_1289atoms_250K_d=3.1nm



Pd nanoparticles, Dubinko, Laptev, Terentyev (2017)

Epot_Pd_1289atoms_250K_d=3.1nm



Pd nanoparticles, Dubinko, Laptev, Terentyev (2017)

Ekin_Pd_1289atoms_250K_d=3.1nm



magic clusters (rus.

кластеры, магические) —

clusters of certain ("magic")

sizes, which, due to their

specific structure, have higher

stability as compared to

clusters of other sizes.

Mass spectrum of carbon clusters produced by laser evaporation of graphite. The 

highest peak corresponds to C60 fullerene molecules, and the less intensive peak 

represents C70 molecules

Magic Clusters

  2

1

2 1 10
N

k

n N k

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Number of atoms in the icosahedral 

cluster

13,55,147,309,561n 

http://thesaurus.rusnano.com/wiki/article1105
http://eng.thesaurus.rusnano.com/wiki/article947


Quasi-crystaline Pd cluster

Consider a cluster of 13 Pd atoms with quasi-crystalline 5th order symmetry axis.

E0=0.1eV



Magic icosahedral cluster of 55 Pd atoms

Consider a cluster of 55 Pd atoms with quasicrystalline 5th order symmetry 

axis.



Initial conditions: 

at the initial time 

moment all 

particles have zero 

displacements 

from equilibrium 

positions. 

Atom #1 has initial 

kinetic energy 

1.5eV in [00-1] 

direction.

Atom #12 has 

initial kinetic 

energy 1.5eV in 

[001] direction

Boundary

conditions: free 

surfaces of cluster

T=0K

Icosahedral cluster of 55 Pd atoms



It is seen from the visualization, that Localized Anharmonic Vibration is 

generated. The observed LAV in the atomic cluster represents the coherent 

collective oscillations of Pd atoms along quasi-crystalline symmetry directions. 

Dynamics of the icosahedral cluster of 55 Pd atoms



If the initial energy, given to cluster is large enough (greater then the cohesive 

energy) then the cluster is destroyed after a certain period of time (~ ps) .

Dynamics of the Pd atomic cluster



Conclusions and outlook
New mechanism of chemical and nuclear catalysis in solids is proposed,

based on time-periodic driving of the potential landscape induced by

emerging nonlinear phenomena, such as LAVs.

The model (under selected set of material parameters) describes the

reported exponential dependence on temperature and linear dependence on

the electric (or ion) current.

Atomistic modeling of LAVs in metal hydrides/deuterides may offer

ways of engineering the nuclear active environment .

Outstanding problems:

Existence and properties of LAV at elevated temperatures

Account of quantum effects in MD/DFT at low temperatures

Experimental verification of LENR
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LAV !

THANK YOU 
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