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Synopsis

 Part| (COMPLEXITY)
— Theoretical model
— Complexity
— Phase diagram

* Part Il (Haus equation) A
— The Master Equation for Random Lasers '
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— FDTD of 3D Anderson localization of light
— FDTD of 1D and 3D random lasers I
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e Early experimental works in 1959-1960

e Driving theoretical results in 1970-1980

* Extension to a broad range of physical settings till today
( “Science of complex systems” )

— Soft matter and structural glasses
— Optimization and neural networks
— Brain modeling

— Econophysics

— Random lasers (and nonlinear optics) ?
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Mezard, Parisi and Virasoro, Spin Glass Theory and Beyond (not for beginners !)

Castellani and Cavagna, Spin-Glass Theory for Pedestrians, (not for pedestrian !)
arXiv:cond-mat/0505032
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Spin glasses

e Hamiltonian

H = H(o;J)

o dynamic variables (spins)
Jrandom couplings (or quenched variables)
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* Quenched disorder

— Biological systems —




Spm glass theory and CompIeX|ty

i ° An exponentlally Iarge number of states N
* Replica Symmetry Breaking (or “glassy”) transitions
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“Energy landscape” 2: “complexity
or “configurational entropy”
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A random distribution of the refractive index
Closed Cavity (the modes are complete set)

Open Cavity (modes are linearly coupled)
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Electromagnetic Modes

Modes are used to express the general field
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Electromagnetic energy

fom = [ B-DaV
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Instantaneous energy
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Linear and nonlinear polarization
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Coupling coefficients

\X(z) W,0,0,
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| The qguenched amplitude regime ||

Interaction H

The mode amplitudes are
taken quenched variables
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Normalized Hamiltonian

Jqur COS(@S + @p o @q o @r) ' |
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The coupling coefficients

Distribution of the couplings (three cases)

degree of order J /o,

Ordered laser

_jO mean value

G, Std variation c,=0
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Start from a dimensionless Hamiltonian
and partition function

Calculate the partition function
use the replica “trick”
average over disorder
some manipulations
thermodynamic limit (N->Inf)

Identify the “overlaps”

Calculate the transition temperature

H = — z JZ‘I,Z‘Q,kl,kZ COS(’PM + %DPZ - (f;\kl — fﬁ‘jkz)
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The order parameters
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The magnetlzatlon is different from zero when all the modes are in phase
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Thrmodynamic phases
(qualitatively)

Inchoerent regime (q=0, m=0)
All the modes oscillates independently
Paramagnetic-like

Mode-locking regime (=0, m>0)
All the modes oscillate with the same phase 5
Ferromagnetic like

{ Need of a saturable absorber /

. | Glassy phase-locking (>0, m=0) / J
‘ All the modes oscillate with fixed phase (with zero mean) |
N Glassy like (“GLASSY LIGHT”) v
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Summarizing

e Multimode ordered and disordered lasers can be treated in a
unified way

* Disorder allows coherent phases (!)

* RL have a glassy phase-diagram | v
b
I  Complexity>0 implies: I

‘n — Large shot to shot spectral fluctuactions '/v' ,"
\‘ — Speckle pattern fluctuactions ¢
\ — This is dependent on the pump level 7
" | * Complexity is much better than CHAOS ! ey
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HAUS/ G ROSS PITAEVSKII

EQUATION




Describes passive mode-locking in multi-mode ordered lasers (ultrafast oscillators)
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Decay time distribution after FDTD
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The lineshape is described by A(w)

Very simple ... indeed
Thelineshape is described by A(w) [
GAIN=LOSS

GAIN=LOSS
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Loss profile

Non resonant o,
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In the time domain ...
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[ .. Here: the lifetime distribution
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Heuristic interpretation

Photons that are coupled
in various modes
experience a longer lifetime e t1+t2+t3
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After normalization
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Solution of the Haus/GP equation

Spectrum
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Conclusions, our results on RL

-Spin glass theory of random lasers

-Haus/Gross Pitaevskii equation for random lasers
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SPIN GLASS: “The most complex kind of matter”
(Fisher and Hertz)

RANDOM LASER: “The most complex kind of light”
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