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@ Beam Self-Cleaning in Nonlinear Multimode Fibers
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W Thermodynamic Description of MMFs

Two constants of motion:
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W Thermodynamic Description of MMFs
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@ Relaxation Rates T
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Assumptions:
* Weak nonlinearity
 Random Phase and Amplitude

* Localization lengths > lattice spacing

* No condensation




W Relaxation Rates T

Nonlinear Strength
\ Four-Wave Overlap

2 2
The at mode relaxes like T',= %Zbyé"Qaﬁyé‘l ngn,Nsd(eq + €g — €, — €5)

~

Equilibrium Mode Powers Eigenvalue Distribution

I

[— 3.95¢-4%(] |

ode
occupancies

I .
15000 20000




@ Relaxation Rates—Nonlinear Defects
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For systems with a nonlinear defect,

Assume I, o< y2F, (T, u) X |f,,(m)|?

Analysis of relaxation rates collapses to

analysis of mode amplitude distributions




W Relaxation Rates—Nonlinear Defects
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@ Relaxation Rates—Nonlinear Defects
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@ Relaxation Rates—Nonlinear Defects
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w Relaxation Rates—Nonlinear Defects
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W Relaxation Rates—Correlation-Based Analysis
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The relaxation rates again simplify to mode statistics!




W Relaxation Rates—Correlation-Based Analysis
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W Multifractal Modes

NN
Greece’s coastline has fractal dimension = 1.25

The shorter you make your ruler, \
the more distance you measure! ‘

Multifractal modes have... —

e Self-similarity

* Anomalous scaling with system | | M/MN |

size

Space occupied by mode ~N%2, d, & Z




W Correlations of Multifractal Modes

Fractal dimension ~ 0.2 Fractal dimension ~ 0.97
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W Acceleration of Thermal Relaxation
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@ Acceleration of Thermal Relaxation

2_ 1 | | 1 1 | 1 |
10°E

i Two order of magnitude
8
ch 0'k enhancement around
= : phase transition!
S F--0 - R
< L -
~B e v
< 10 Ergodic Limit / y ! %
m GRIN fiber I / Hw:\/ s

BS S
BS

~

~.
\\

PBS v
Spatial filter e

Reference a m

-1 | L ] |
10 0.5 / | \ 1.5
Extended Modes I Phase Transition I Localized Modes
MULTIFRACTAL




w Acceleration of Thermal Relaxation
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