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KAM-theorem, QLT of plasma,
Chaos and beyond

Everything started with “Stability of Solar
System”

KAM theory
Did it make Planetary motion more stable?

Quasilinear Theory Is opposite limit
re:KAM (Landau Resonances vs.
Planetary Resonances)

Hamiltonian Chaos
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Going beyond 2-body problem
(adding planet/planet interaction)

Newton
Laplace
Poincare

Perturbation technigue and extraction of
secular effects

Planetary resonances of higher orders
KAM theorem



Philosophiae
Naturalis
Principla
Mathematica

1687

Newton/s conjecture - Solar System is UNSTABLE;
needs DIVINE INTERVENTIONS (how frequently?)



Pierre-Simon Laplace
1749-1827

Meéechanique ceéleste

Exposition du systeme du
monde

~Je n'avais pas besoin de cette hypothese-la”
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Where do we stay today ?

« KAM —theorem is not applicable to Solar
System (actual planets too heavy)

e Search of secular effects with
sophysticated computer simulation

o Effects of multi-dimensionality: tidal forces,
spin-orbit interaction



Modern view

Endangered species (planets) identified: Pluto,
Mercury; time scale for cataclysmic outcome 100
— 800 Min years

Should we be afraid ?

AU and Pluto

Discovery of frozen water on the poles of
Mercury
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What i1s Physics?
(What iIs role of Science?Religion?)

’ Tradltlone?l « “The Game of Eternity” as a
approach’ based metaphor:

on definition of

- Its “rules” are introduced by ??
Ph_y3|(_35_ as the (“Designer”, Creator, Nature)
scientific fromlthe orl]Jtset ..Ar;d Hed

SUTRT “Reality Show” was launche
discipline.. according to this rules..Big
Bang!

No more “Divine
Interventions” (?)

We (the humans) are trying to
decipher that rules (the Laws
of Nature)



Two greatest components
(mysteries of this game)

o Mystery of Universe: « Mystery of Life:

The Task is to construct  The equivalent task is to
the scenario with time understand
line of its evolution The Ongm of Life
(from Big Bang to
“Self-Organization” in
multitude of forms of
celestial objects



Back to KAM theorem
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This limit corresponds to KAM (Kolmogorov-
Arnold-Mozer) case.

KAM-Theorem ;:

As applied to our case of Charged Particle —
Wave Packet Interaction —

“Particle preserves its orbit “
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That means - overlapping of neighboring
resonances

Repercussions:

-"collectivization” of particles between
neighboring waves;

-particles moving from one resonance to
another — “random walk”? And If yes

- what is Diffusion Coefficient ?(in
velocity space)
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Repercussions: Quasilinear Theory,
Plateau Formation,

Beam + Plasma Instability Saturation
etc.



Instability: Velocity Anisotropy
(“Cyclotron Instability” of Alfven waves)

L + kVZ: @ g (Cyclotron resonance)
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(Sagdeev&Shafranov,1960)

Now should be applied
at cyclotron resonance

for accelerated particles (CR protons)
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Feedback on particles: Quasilinear
Theory of Particles/Cyclotron Waves

Interaction @
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Simplified approach

o Spatial Diffusion
approximation Is

- 2
valid: OB)
-QL estimateof V =~ ——
C
L R

eff V
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Marshall George
ROSENBLUTH ZASLAVSKY

Z plays role of time;

dB — role of wave
amplitude



Web Map (Zaslavsky Map)
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THE CHANGING OF ALL VALUES
IS FOLLOWED BY START MAFP FROM THE BEGINNING




PLOTTING PARAMETERS ——

START "SIZE ¥ =2=PI= - 89986-LE+A1

URRENT "SIZE ¥ =Z=P I3 9986 -E+H1

LENGTH OF LINE= H.HHHHHHHHHHAAEA




— MAF TYPES ———

WEE WAUVE HMAF




5 .-.- 5 -'hli.-

= . 'il:' n - I u . r ..:.. H )
d.{'r.' R T

“Minimal Chaos”










Two greatest components
(mysteries of this game)

o Mystery of Universe: « Mystery of Life:

The Task is to construct  The equivalent task is to
the scenario with time understand
line of its evolution The Origin of Life

(from Big Bang to
“Self-Organization” in
multitude of forms of
celestial objects

Where we are now In
these games?



