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Motivation 

 Ultracold polar molecules 

collisions problem  

(simulated by dipole-dipole 

scattering ~    ) 

 

 

 Partial wave expansion 

becomes inefficient at           : 
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Two-dimensional (2D) stationary 

scattering problem formulation 

 Two-dimensional Schrödinger equation: 

 

 

 

 

 Hamiltonian of the system 

 
 

 

 q – the relative momentum,  µ - the reduced mass,   
U – the interaction potential   
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Time evolution of 2D systems 

 Time-dependent two-dimensional 
Schrödinger equation: 

 

 

 

 

 Hamiltonian of the system 
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Algorithm of numerical solution 

 Transformation of partial differential equations 
into differential-difference equations: 

 Fourier basis: 

 
 

 Special representation of the wave-function: 
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Stationary problem 

 The system of differential-difference 
equations has been obtained: 

 

 

 

     after reducing it reads as: 

 

 

 

 

      Hereafter ћ=µ=1. 
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TD Schrödinger equation 

 Crank–Nicolson scheme has been employed: 

 

 

 

      

after reducing time evolution of wave function reads as: 

 

 

 

 

      Hereafter ћ=µ=1. 
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 For two arbitrary oriented 
dipoles interaction potential 
reads: 

 

 

 where     ,      − dipole moments,                  
  −  their projections  
onto the collision axis. 

   

Dipole-dipole scattering 

 An example of the physical system with the anisotropic 
interaction is the dipole-dipole system, that models polar 
molecules in optical traps.  
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Dipole-dipole scattering 

  

  A particular case of parallel dipoles with the polarization axis tilted to the plane 
of motion   with short-range interaction modeled by a hard wall at 
the origin with the width                  : 

         

 

 was considered in the paper by С. Ticknor [Phys.Rev. A84, 032702 (2011)].  
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Dipole-dipole scattering 

  

 A particular case of parallel dipoles with the polarization axis tilted to the plane 
of motion   with short-range interaction modeled by a hard wall at 
the origin with the width                  : 
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Dipole-dipole scattering 

  

 

 

 

  

  



Dipole-dipole scattering 

 We have analyzed how the found “resonant” structure for the polarized dipoles 
in the calculated dependence of the scattering cross section on the dipole tilt 
angle         varies with elimination of the polarization.  



Conclusions 

 Due to advantages the algorithm can be 
applied for several problems:  

Numerical simulation of scattering processes 
in two-particle systems of the ultracold 
atoms in optical traps 

Quantum collisions of the diatomic 
molecules with induced dipole moments. 

Theoretical investigations of hydrogen atom 
collisions on the surface of liquid helium. 
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