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“Making lasers from dust”
(The title of an article by D.S. Wiersma in Photonics Spectra, February 2007)
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Theory of random laser
Diffusion theory

Idea: Replace intensity I
in laser equations by its
average value <I > that
obeys diffusion equation

Anomalous states
Idea: Study untypical
states (modes) that might
be most adapted for
lasing 

Numerical methods
Idea: Study lasing for a
given realization of
disorder, then average
(if computer time allows)  

Advantage: Allows for
many analytical results
(threshold, dynamics
beyond the threshold, etc.)

Drawback: Replacement
I → <I > not justified

Advantage: Analytical
approach beyond the
diffusion theory

Drawback: No guarantee
of finding the best
states, results
specific for a particular
system, not always
realizable

Advantage: Numerically
exact, easy to adapt to a
specific system 

Drawback: Results are
difficult to interpret and to
generalize, too time
consuming in 3D

http://revelation4-11.blogspot.com
/
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Need for a simple model
that allows for an
“exact” solution



The simplest random laser

The same atoms
scatter and amplify light !



Random lasing in a cloud of 3-level atoms

[Similar approach: Savels, Mosk and Lagendijk (2005)] (scalar model)



Random lasing in a cloud of 3-level atoms



Euclidean random matrices

The notion of Euclidean random matrices was first introduced by
M. Mézard, G. Parisi and A. Zee (1999)



Eigenvalue density of Euclidean matrices: main idea



Eigenvalue density of the matrix Ĝ: main results



Eigenvalue density of the matrix Ĝ: main results



Random lasing in a cloud of 3-level atoms



Random lasing in a cloud of 3-level atoms

Well below
threshold...



Random lasing in a cloud of 3-level atoms

Approaching
threshold...



Random lasing in a cloud of 3-level atoms

Threshold
reached!



Random lasing in a cloud of 3-level atoms

Far above
threshold...



And what about the “standard” diffusion theory?



And what about the “standard” diffusion theory?



Link between random matrix and scattering theories



Link between random matrix and scattering theories



Eigenvalue domain from the diffusion theory

Borderline of
the domain of
existence of
eigenvalues
found from
the diffusion 
theory



Minimal optical thickness to lase



Random laser beyond threshold



Random laser beyond threshold

numerical
solution
of coupled
equations

analytical
result

analytical
result
for a
larger
optical
thickness

Best fit:
b0 = 41



A universal result



An even simpler laser: 2-level atoms

[B.R. Mollow, Phys. Rev. A 5, 2217 (1972)]



Scattering and amplification by a pumped 2-level atom

-10 -5 0 5 10

0.00001

0.0001

0.001

0.01

0.1

1

-10 -5 0 5 10

-0.05

0

0.05

0.1

0.15

0.2

0.25



Mollow random laser at a fixed pump frequency



Mollow random laser at a fixed pump frequency



Two types of emission mechanisms

“Laser” of the 1st kind

- Emission by pairs of
very closely situated
atoms

- Not a true collective effect
- Does not require many 
atoms: also exists for
2 atoms

- Typical mode localized
on 2 atoms:

Laser of the 2nd kind

- Emission by all atoms
- A true collective effect
- Requires multiple
scattering by many atoms

- Typical mode delocalized:

This is a true
random laser

Long-lived sub-radiant states



Is the Mollow random laser realizable ?

Diffusion theory



Is the Mollow random laser realizable ?

Our Euclidean random matrix theory Diffusion theory



Why does the diffusion theory not apply?

3-level atoms 2-level atoms



Application to a more “conventional” random laser
Passive
scatterers

Amplifying
matrix

Amplification

Laser threshold



Find details in our papers:
- Physical Review E 84, 011150 (2011) 
- Europhysics Letters 96, 34005 (2011) 

Conclusions
Finding the domain of existence of eigenvalues of the Green’s matrix 
is mathematically equivalent to finding the threshold of a random laser
In a cloud of 3-level atoms, random lasing should be realizable 
starting from optical thickness b0 ~ 35 (instead of 50 in diffusion 
theory) 
In a cloud of 2-level atoms, Mollow random laser should be realizable 
starting from optical thickness b0 ~ 110 (instead of 200 in diffusion 
theory)

Much remains to be done: lasing beyond threshold,
quantum statistics, etc.

This work was supported by the French ANR (project no 06-BLAN-0096 CAROL)

Euclidean matrix approach applies to passive scatterers in an 
amplifying matrix as well



Announcements

... and a workshop
“Recent developments in wave propagation

and imaging in complex media”
(IHP, Paris, November 7-9, 2012)

CNRS research group

is organizing
a special session

“Wave propagation in disordered media”
(JMC13, Montpellier, August 27-31, 2012) 

mesoimage.grenoble.cnrs.fr

http://mesoimage.grenoble.cnrs.fr/
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