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Overview

● Lasers and Random Lasers

● Shaken Granular Lasers: gravity affected random lasers

● Paper-based Random Lasers: geometry affected random lasers

● Control of Random Lasers



  

Lasers and Random Lasers

RANDOM LASERS

LASERS



  

Make an example of a laser

● LASER

Light amplification by stimulated emission of radiation

● YES... but how?

● Gould, Prokhorov, Schawlow, Townes

Invented the open cavity design (1957)

Gordon Gould 1957
(source:wikipedia)



  

The way a standard laser works

● In two mirrors the electromagnetic field is a standing wave

● The amplitude of the wave is amplified by gain

● Gain is due to population inversion by stimulated emission

● In simple terms



  

The Schwalow and Townes law

The Langevin equation predicts the linewidth
of a single mode lasers decreases with energy



  

VS Letokhov (1966), 
Dubna (URSS)
● Alternatives to the Gould design?

● We need a mechanism to trap photons in a spatial region

● “Another type of laser with positive feedback is possible”

● … simple … use a bomb! Letokhov
design

“Stochastic resonator”

Gould design

Ordered resonators (two mirrors)



  

A bomb, nuclear Vs photonic

● Chain reaction in nuclear fission

● Neutrons diffuse and their number amplifies

● More neutrons sustain the reaction
● Diffusion and amplification are needed

● To have diffusion of photons 

you use a multiple scattering medium

● So photons are put 

in a diffusing medium with gain

 



  

Comparison
● “Standard laser”

● Directional

● Spatially and temporal coherent

● Efficient

● Fixed and sensible design
● “Random laser”

● Omni-directional

● Variable degree of coherence

● In-efficient

● Everything can lase and can be “trained” to lase

“Gould design”

“Letokhov design”



  

Define the Laser and the Random Laser

● A standard laser is 

● LASER in a ordered resonator (Gould)
● A random laser is

● LASER in a disordered resonator (Letokhov)



  

Ambartsumyam, Basov, Kryukov, 
Lethokov (ABKL) experiment, 1966 

JQE 2, 442 (1966)



  

Lasers and Random Lasers birth 
(the same day and year?!)

● Theodore Meiman (summer 1959) US Patent 3,353,115

● According to Orazio Svelto, the first laser was criticized because the spatial coherence 
properties were limited

● This was probably due to bad-quality (disorder...) of the mirror

● Was an almost-mirrorless laser ---- i.e. a random laser!

http://www.worldlinkbiomedical.com/laser_history.htm



  

The experiment of Lawandy et al

● Nature 1994

Very similar to the Schawlow-Townes law

PRL 101, 143901 (2008)



  

Applications of Random Lasers
● Sources

● Multidirectional coherent source

● Flexible devices

● Biophysics:

● Early cancer detection and related

● Selective irradation and spectral analysis

● Transport through disorder (tissue)

● Microfluidic Random Lasers

● Compatible with optofludic

● Biodegradable etc

● Imaging:

● Tailorable Spatial and Coherent properties

● Transport through disorder (opaque media)

● Ultra-focused sources

● Telecom:

● Cryptography

● Novel kind of amplifiers



  

SHAKEN GRANULAR LASERS
(gravity affected)

Viola Folli (IPCF-CNR)
Neda Ghofraniha (IPCF-CNR)
Andrea Puglisi (ISC-CNR)
Luca Leuzzi (IPCF-CNR)



  

Granular matter
● Solid macroscopic particles loosing energy when interacting (friction)

● “The second-most used material in industry after water”

● Sand, icebergs, asteroids, nuts, rice, coffee...

● Are affected by gravity and by external mechanical driving



  

Phase-diagram of 
vertically shaken granular matter

● Various phases

Number of granular layers

Shaking

Gas

Leidenfrost

Undulations



  

Experimental setup

● Shaking lasers



  

Spectra of granular random lasers

PRL 2012

shaking

1.6 mJ 3.7 mJ  (Pump energy)



  

Dynamics of the emission

Scientific Reports 2013



  

Temporal signals

Scientific Reports 2013



  

A related theoretical work

Rivas, Luding, Thoruton, ArXiv:1310.1776 (2013)



  

PAPER-BASED RANDOM LASERS
(geometry affected)

Neda Ghofraniha (IPCF-CNR)
Ilenia Viola (Nano-CNR)
Antonella Zacheo (Nano-CNR)
Valentina Arima (Nano-CNR)
Giuseppe Gigli (Univ. Salento)



  

Flexible Paper

J. Mater. Chem. C 2013; Optics Letters 2013



  

Technological advantages
● Tendency: replace inorganic materials with organic matter (e.g., silk) in 

optical and electronic devices

● Paper 

● Bio-compatible and bio-degradable

● Low cost

● Flexible

● Bio-fluidic ready

● Chemically and mechanically stable

● Scalable to large area

● Simple soft-litography compatible



  

Paper-based random laser

100u

J. Mater. Chem. C 2013; Optics Letters 2013



  

Effect of channel size
100µm 200µm 300µm No channel

J. Mater. Chem. C 2013; Optics Letters 2013



  

Effect of curvature
We study the effect of a local curvature on the threshold

100u

500u

J. Mater. Chem. C 2013; Optics Letters 2013



  

Functionalizing paper (add TiO2)

50u

100u

J. Mater. Chem. C 2013; Optics Letters 2013

We add TiO2 particle to increase disorder 



  

Threshold Vs Geometry



  

Surface Tension Driven Litography

● We also reported on similar results based on a different technology on 
other kinds of functionalized organic substrates

Laser and Photonics Review 7, 432 (2013) 



  

Control of Random Lasers

Marco Leonetti (IPCF-CNR, Rome)
Cefe Lopez (ICMM, Madrid)



  

Sample

A solution containing :
-diethylene glycol
-Rhodamine
-titanium dioxide nanoparticles (<1 mm)

Self assembled cluster of 
titanium nanoparticles

15 mm



  

Experimental setup



  

Control strategy (pump shape)



  

Control of RL (1/4)
Q=4



  

Control of RL (2/4)
Q=4



  

Control of RL (2/3)
Q=4



  

Control of RL (4/4)
Q=4



  

Large scale excitation

Q=240



  

Earlier literature
Diffusive random laser Resonant random laser



  

The number of peak changes
Number of activated modes

Spectrum Vs  Q

Nature Photonics 2011; PRA 2012; PRA 2013

Modes interact!



  

Gating and control

Source Mode Gate Mode

Nature Communications 4, 1740 (2013)

5u



  

Mode competition and nonlocality

Spectrum @Gate

Increasing Source Strength 

Gate Frequency

Source Frequency

Nature Communications 4, 1740 (2013)



  

A transistor-like action

Intensity@source

Intensity @Gate

Intensity  @ Gate/Drain
(source  frequency)

Nature Communications 4, 1740 (2013)



  

Measuring the degree of nonlocality

Neighboring
Modes 

Distant
Modes 

Nature: Light Science and Applications 2, e88 (2013)

5u



  

Multi-color localization

Profile of localized modes Vs excitation shape

Leonetti, Marco, Conti, Claudio and Lopez, Cefe (2012), 
"Tunable degree of localization in random lasers with controlled interaction", 
Applied Physics Letters, 101, 5: 051104.



  

Energy dependent localization in random 
lasers

Light: Science and Applications, Leonetti, Conti and Lopez, 2013 to appear



  

Collective regime

To appear 30 August 2013
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