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            Abstract
A random walk is a stochastic process in which particles or waves travel along random trajectories. The first application of a random walk was in the description of particle motion in a fluid (brownian motion); now it is a central concept in statistical physics, describing transport phenomena such as heat, sound and light diffusion1. Lévy flights are a particular class of generalized random walk in which the step lengths during the walk are described by a ‘heavy-tailed’ probability distribution. They can describe all stochastic processes that are scale invariant2,3. Lévy flights have accordingly turned out to be applicable to a diverse range of fields, describing animal foraging patterns4, the distribution of human travel5 and even some aspects of earthquake behaviour6. Transport based on Lévy flights has been extensively studied numerically7,8,9, but experimental work has been limited10,11 and, to date, it has not seemed possible to observe and study Lévy transport in actual materials. For example, experimental work on heat, sound, and light diffusion is generally limited to normal, brownian, diffusion. Here we show that it is possible to engineer an optical material in which light waves perform a Lévy flight. The key parameters that determine the transport behaviour can be easily tuned, making this an ideal experimental system in which to study Lévy flights in a controlled way. The development of a material in which the diffusive transport of light is governed by Lévy statistics might even permit the development of new optical functionalities that go beyond normal light diffusion.
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                    Figure 1: 
                        Random walk trajectories.
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Figure 2: 
                        Thickness dependence of the total transmission.
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Figure 3: 
                        Spatial dependence of the transmission on the output surface.
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Figure 4: 
                        Average transmission on the output surface versus radial distance from the centre.
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Figure 5: 
                        Lévy walk in an inhomogeneous medium.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Loopy Lévy flights enhance tracer diffusion in active suspensions
                                        
                                    

                                    
                                        Article
                                        
                                         18 March 2020
                                    

                                

                                Kiyoshi Kanazawa, Tomohiko G. Sano, … Adrian Baule

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Observation of optical de Broglie–Mackinnon wave packets
                                        
                                    

                                    
                                        Article
                                        
                                         19 January 2023
                                    

                                

                                Layton A. Hall & Ayman F. Abouraddy

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Mean path length invariance in wave-scattering beyond the diffusive regime
                                        
                                    

                                    
                                        Article
                                         Open access
                                         23 April 2021
                                    

                                

                                Matthieu Davy, Matthias Kühmayer, … Stefan Rotter

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Kubo, R., Toda, M. & Hashitsume, N. Statistical Physics II: Nonequilibrium Statistical Mechanics (Springer, Berlin, 1991)
Book 
    
                    Google Scholar 
                

	Mandelbrot, B. The Fractal Geometry of Nature (Freeman, New York, 1977)

                    Google Scholar 
                

	Lévy, P. Théorie de l'Addition des Variables Aléatoires (Gauthier-Villars, Paris, 1954)
MATH 
    
                    Google Scholar 
                

	Bartumeus, F., Da Luz, M. G. E., Viswanathan, G. M. & Catalan, J. Animal search strategies: A quantitative random-walk analysis. Ecology 86, 3078–3087 (2005)
Article 
    
                    Google Scholar 
                

	Brockmann, D., Hufnagel, L. & Geisel, T. The scaling laws of human travel. Nature 439, 462–465 (2006)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Corral, A. Universal earthquake-occurrence jumps, correlations with time, and anomalous diffusion. Phys. Rev. Lett. 97, 178501 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Geisel, T., Nierwetberg, J. & Zacherel, A. Accelerated diffusion in Josephson junctions and related chaotic systems. Phys. Rev. Lett. 54, 616–619 (1985)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Drysdale, P. M. & Robinson, P. A. Lévy random walks in finite systems. Phys. Rev. Lett. 58, 5382–5394 (1998)
ADS 
    CAS 
    
                    Google Scholar 
                

	Frenkel, D., van Luijn, F. & Binder, P. Evidence for universal asymptotic decay of velocity fluctuations in Lorentz gases. Europhys. Lett. 20, 7–12 (1992)
Article 
    ADS 
    
                    Google Scholar 
                

	Ott, A., Bouchaud, J., Langevin, D. & Urbach, W. Anomalous diffusion in living polymers: a genuine Levy flight? Phys. Rev. Lett. 65, 2201–2204 (1990)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Solomon, T. H., Weeks, E. R. & Swinney, H. L. Observation of anomalous diffusion and Lévy flights in a two-dimensional rotating flow. Phys. Rev. Lett. 71, 3975–3978 (1993)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Sheng, P. Introduction to Wave Scattering, Localization, and Mesoscopic Phenomena (Academic, San Diego, 1995)

                    Google Scholar 
                

	Rikken, G. L. J. A. & van Tiggelen, B. A. Observation of magnetically induced transverse diffusion of light. Nature 381, 54–55 (1996)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Sapienza, R. et al. The optical analogue of electronic Bloch oscillations. Phys. Rev. Lett. 91, 263902 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Scheffold, F. & Maret, G. Universal conductance fluctuations of light. Phys. Rev. Lett. 81, 5800–5803 (1998)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Yodh, A. G., Chance, B., Boas, D. A. & O’Leary, M. Object imaging using diffuse light. US patent 5,917. 190 (1999)

	Cao, H. et al. Random laser action in semiconductor powder. Phys. Rev. Lett. 82, 2278–2281 (1999)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Ripoll, J. & Ntziachristos, V. From finite to infinite volumes: removal of boundaries in diffuse wave imaging. Phys. Rev. Lett. 96, 173903 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Shlesinger, M. F., Zaslavsky, G. M. & Klafter, J. Strange kinetics. Nature 363, 31–37 (1993)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Shlesinger, M. F. Physics in the noise. Nature 411, 641 (2001)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Mandelbrot, B. The variation of certain speculative prices. J. Bus. 36, 394–419 (1963)
Article 
    
                    Google Scholar 
                

	Mantegna, R. & Stanley, H. Scaling behaviour of an economic index. Nature 376, 46–49 (1995)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Lepri, S., Cavalieri, S., Oppo, G.-L. & Wiersma, D. S. Statistical regimes of random laser fluctuations. Phys. Rev. A 75, 063820 (2007)
Article 
    ADS 
    
                    Google Scholar 
                

	Sharma, D., Ramachandran, H. & Kumar, N. Levy statistical fluctuations from a random amplifying medium. Fluct. Noise Lett. 6, 95–101 (2006)
Article 
    
                    Google Scholar 
                

	Bardou, F., Bouchaud, J. P., Emile, O., Aspect, A. & Cohen-Tannoudji, C. Subrecoil laser cooling and Lévy flights. Phys. Rev. Lett. 72, 203–206 (1994)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Nolan, J. P. Stable Distributions (Birkhäuser, Boston, 2002)

                    Google Scholar 
                

	Metzler, R., Chechkin, A., Gonchar, V. & Klafter, J. Some fundamental aspects of levy flights. Chaos Solitons Fractals 34, 129–142 (2007)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Buldyrev, S. V. et al. Average time spent by Lévy flights and walks on an interval with absorbing boundaries. Phys. Rev. E 64, 041108 (2001)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Mantegna, R. N. & Stanley, H. E. Stochastic process with ultraslow convergence to a Gaussian: The truncated Lévy flight. Phys. Rev. Lett. 73, 2946–2949 (1994)
Article 
    ADS 
    MathSciNet 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We wish to thank A. Lagendijk for discussions and for reading the manuscript. Also we thank R. Righini and M. Colocci for continuous support, the entire Optics of Complex Systems group at LENS for discussions. This project has been financed by the ATLAS program of the European Commission, as well as the European Network of Excellence PHOREMOST.


Author information
Authors and Affiliations
	 European Laboratory for Nonlinear Spectroscopy and INFM-BEC, via Nello Carrara 1, 50019 Sesto Fiorentino (Florence), Italy , 
Pierre Barthelemy, Jacopo Bertolotti & Diederik S. Wiersma


Authors	Pierre BarthelemyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jacopo BertolottiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Diederik S. WiersmaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Diederik S. Wiersma.


Supplementary information

Supplementary information
The file contains Supplementary Notes with Supplementary Figures 1-2.. Mathematical model of the relation between the alpha-parameter and the sphere diameter distribution. Details of the sample fabrication. Control measurement of the transmission profile, for a sample containing only one category of spheres.  (PDF 319 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Barthelemy, P., Bertolotti, J. & Wiersma, D. A Lévy flight for light.
                    Nature 453, 495–498 (2008). https://doi.org/10.1038/nature06948
Download citation
	Received: 19 September 2007

	Accepted: 26 March 2008

	Issue Date: 22 May 2008

	DOI: https://doi.org/10.1038/nature06948


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Isotropic gap formation, localization, and waveguiding in mesoscale Yukawa-potential amorphous structures
                                    
                                

                            
                                
                                    	Murat Can Sarihan
	Alperen Govdeli
	Serdar Kocaman


                                
                                Communications Physics (2024)

                            
	
                            
                                
                                    
                                        Orbital-flop transition of superfluid 3He in anisotropic silica aerogel
                                    
                                

                            
                                
                                    	M. D. Nguyen
	Joshua Simon
	W. P. Halperin


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        A metallic road to localization
                                    
                                

                            
                                
                                    	Diederik S. Wiersma


                                
                                Nature Physics (2023)

                            
	
                            
                                
                                    
                                        From enhanced diffusion to ultrafast ballistic motion of hybrid light–matter excitations
                                    
                                

                            
                                
                                    	Mukundakumar Balasubrahmaniyam
	Arie Simkhovich
	Tal Schwartz


                                
                                Nature Materials (2023)

                            
	
                            
                                
                                    
                                        Record ages of non-Markovian scale-invariant random walks
                                    
                                

                            
                                
                                    	Léo Régnier
	Maxim Dolgushev
	Olivier Bénichou


                                
                                Nature Communications (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Flights of fancy: 'Lévy glass' opens a window on new optical materials
Translucent materials such as milk, clouds and biological tissues owe their appearance to the way they interact with light, randomly scattering an incident ray many times before it re-emerges. This process — analogous to the brownian motion of particles in a fluid — is called a random walk, a concept central to statistical physics. It is used, for example, to describe the diffusion of heat, light and sound. An extension of this idea is the Lévy flight, where a moving entity can occasionally take unusually large steps, thereby transforming a system's behaviour. Lévy flights have been recognized in systems as diverse as earthquakes and animal food searches. Barthelemy et al. have now engineered such behaviour into an optical material (titanium dioxide particles in a glass matrix). In the resulting 'Lévy glass', rather than regular diffusion, light waves perform a Lévy flight, in which photons spread around extremely efficiently. This will be an ideal model for studying Lévy flights, and may also lead to novel optical materials. The cover the photons' path, with the light source top right. Photo by Diederik and Leonardo Wiersma
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