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Introduction to Physics of Laser Speckle Formation
Definition: Laser speckle – Gaussian random distribution of light electric 
fields A(x,y) – result of Probability Central Limit Theorem (PCLT) 

PCLT Applicability Conditions:                        1. Huygens-Fresnel, linear Fourier mapping in      
                                                                            Fresnel approximation 

for each (x,y) and for different (x,y)- M-fold joint Gaussian 
probability p([A])=exp{-([z]*[z]/[CA])} with 

and

2.  Object waves are homogeneous: (i) they are 
completely polarized; (ii) they have uniform 
random      distribution of phases; (iii) they have 



  

Autocorrelation Function of Laser Speckle

Using Fresnel formula one obtains 

autocorrelation function: 

and 

.

For delta correlated a function is constant and thus

hasfor intensity

; - for 2D rectangle (Goodman);

- for 2D volume circle (Goodman);

- for 3D volume sphere 
   (Abdullaev, Pelster).



  

Experimental Realization of Laser Speckle 

from D. Clement et al., New J. Phys. 8,165 (2006). 

Correlation function is taken from M. Modugno, 
Phys. Rev. A 73 013606 (2006).



  

Proposition for Experimental Realization of 3D Speckle 

A B

Cross section of ellipsoidal reflective cavity with spheres A and B in its focuses. A contains small size 
absolute spheric light reflector in the center and volume optic inhomogeneities. Incident laser beams 
(thick yellow arrows), after reflection from reflector, scatter additionally from  inhomogeneities 
producing individual wavelets (thin yellow lines), which are collected in B (in point, where BEC exists). 
 



  

Gross - Pitaevskii Perturbation Theory for BEC Depletion   
1. Gross - Pitaevskii equation 

2. Perturbative solution 

4. Disorder ensemble averages

3. Statistical properties of disorder

5. Condensate depletion



  

Equation for Sound Velocity 



  

BEC Depletion and Sound Velocity in 3D Isotropic Speckle  



  

Khalatnikov – Landau Derivation of Normal Fluid Density

1. Boost for one quasiparticle: 

2. Mean momentum of 
quasiparticle after boost:

Two fluid model: origin of superfluid density – condensate, origin of normal fluid 
density – gas of quasiparticles

3. Assumption: particles of condensate after scattering with disorder are 
quasiparticles. Then averaged over the ensemble of disorder



  

Summary and Conclusion

1. The 'Gaussian' speckle is result of Huygens-Fresnel, Fourier mapping of 
homogeneous object ways.
2. Spatially varying part of autocorrelation function of speckle can not be 
approximated by Gaussian, since it contains zeros. 
3. Ellipsoidal optical cavity is proposed for experimental realization of 3D 
speckle.
4. Density depletion and sound velocity is found for BEC in weak 3D 
isotropic speckle.
5. Khalatnikov-Landau derivation of normal fluid density: particles of 
condensate scattered by disorder consists gas of normal fluid 
quasiparticles – alternative physical insight to problem.  



  

Thanks for attention.
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