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|. SYNCHRONIZATION LEADS TO COMMUNICATION

Il. CHANGING DYNAMICAL COMPLEXITY WITH TIME-DELAYED COUPLING

[ll. MODELING, DATA ASSIMILATION AND DYNAMICAL PREDICTION



Why Chaotic Lasers?
Short Term Motivation

Pri vate or nNnsecureo cCcO

Making, and breaking, codes: ancient enterprises

NCommunication Theory of
C.E. Shannon
Bell. Syst. Tech. J. 28, 65615 (1949)

Concealment Signal or Noise?
Privacy Special hardware
Security Encryption

Chaotic Lasers: combine all three aspects

Free space & Fiber Communication



Longer term perspective

What is the most private processor of information?
How does it communicate?




Communication with Chaotic Lasers

Synchronization of chaotic lasers: experiments
K. S. Thornburg and rr: Phys Rev Lett. 72, 2009 (1994); [Nd:YAG lasers]
Sugawara et al., Phys Rev Lett 72, 3502 (1994) [CO, lasers]

Numerical simulations and proposal:
Pere Colet and rr, Opt. Lett. 19, 2056 (1994) [Nd:YAG lasers]

C.R. Mirasso, P. Colet. P. Garcia-Fenandez, Phot. Tech Lett. 8, 299 (1996).
[semiconductor lasers]



Erbium-doped fiber ring lasers

46 m long cavity
214 ns round trip time

Oscilloscope sampling
time<=1ns

We can measure
Intracavity dynamics
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Long cavity multimode fiber ring lasers are
dynamically high dimensional systems.

Bandwidth =17 GHz

Mode spacing = 4.45 MHz Intensity
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Communication with Chaotic Lasers

Message modulation
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G. VanWiggeren & rr,

o710 Science279, 1198 (1998)
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G. VanWiggeren & rr. Int. J. Bif. & Chaos 9, 2129 (1999)
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Synchronized chaotic lasers for communication

Semiconductor lasers: J-P. Goedgebuer, L. Larger, et al.,
Phys. Rev. Lett. 80, 22491 2252 (1998)

Comptes Rendus Physique
Volume 5, Issue 6, July-August 2004,
Cryptography using optical chaos

Synchronization and Communication with Chaotic Laser Systems
A. Uchida, F. Rogister, J. Garcia-Ojalvo, RR
Progress in Optics, ed. E. Wolf, Vol 48, Chapter 5, 140 pages, (2005)

Controlling Optical Chaos, Spatio-temporal dynamics and Patterns
Lucas llling, Daniel Gauthier and RR
Adv. in Atomic, Molecular and Optical Physics, Vol 54, 615 - 697 (2007)


http://www.sciencedirect.com/science/journal/16310705
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%237237%232004%23999949993%23511981%23FLA%23&_cdi=7237&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=cd690d0956e79f9f74dcb8539467e55b

Much work by different groupse.

Jia-Ming Liu et al., UCLA,

Alan Shore, Siva Sivaprakasam, et al., Wales
J. Ohtsubo and collaborators, Japan
Chil-Min Kim and collaborators, Korea

P. L. Chu and collaborators, Hong Kong
Peter Davis et al., ATR & NTT, Japan

F. T. Arecchi and collaborators, Florence, Italy

W. Singer and collaborators, Frankfurt, Germany

D. Lenstra and collaborators, T U Delft, Netherlands

Atsushi Uchida and collaborators, Saitama University, Japan
Laurent Larger, J-P. Goedgebuer et al., France

Ingo Fischer and collaborators, Heriot-Watt University, Scotland
Claudio Mirasso, Pere Colet, Jordi Garcia Ojalvo et al., Spain
Ido Kanter and collaborators, Israel

UCSD, UCLA, Stanford
European network Large collaborative projects



Argyris et al, Nature 437, 343 (2005)
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Transmitter and receiver systems

Optoelectronic systems

Claudio Mirasso

Leader of the EU consortium
Spotted here in Guanajuato,
Mexico (2005)



