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  Introduction

 Two kind of BEC systems under stirring potential

 Binary mass-imbalanced mixture with trap perturbed by eliptic 

deformed time-dependent interaction

 Characterization of a turbulent regime in the time evolution

 Dipolar system under periodic circularly moving obstacle

 Dynamical vortex production and turbulence

 Results and main remarks
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Classical and Quantum Turbulence

 Quantum turbulence is an apparently random tangle of vortex lines 
inside a quantum fluid, as indicated by experiments and numerical 
solutions.

 Some examples of quantum fluids include superfluid helium (4He and 
Cooper pairs of 3He), Bose-Einstein condensates (BECs), polariton 
condensates.

 It is being noticed that quantum fluids exist at temperatures below the 
critical temperature at which Bose-Einstein condensation takes place.

 Two main questions in the study of quantum turbulence:
 Are vortex tangles really random, or do they contain some characteristic 

organised structures?

 How far one can compare quantum turbulence with classical turbulence?



Binary mass-imbalanced BEC systems 
under stirring potential

 Vortex and turbulence generated by a stirring time-
dependent interaction in a two-species coupled mass-
imbalanced condensates. 

 For the perturbation we have considered a slightly 
modified elliptically periodic potential. 

 The approach is suggested to the experimentally 
accessible binary mixtures 85Rb-133Cs and 85Rb-87Rb, 
which allow us to verify the effect of mass differences 
in the dynamics.



































Dipolar system under periodic 
moving obstacle

 Vortex dynamics associated with moving Gaussian 
obstacles, in pancake-like trapped dipolar BECs, 
leading to vortex-antivortex and quantum turbulence

 The critical velocities, to produce vortex-antivortex 
pairs and vortex clusters, for given repulsive dipolar-
dipolar interactions, are obtained by solving a nonlocal 
2D GP formalism in real-time.  







Tuning of the dipole-dipole interaction

Where, α  varies from 0 to π/2 

T. Lahaye et. Al., Rep. Prog. Phys. 72, 126401 (2009)

The new form of  the dipole-dipole interaction is

θd  = π/2 

For ---  α  = 0  Udd(r) = + ve         
     α  = π/2  Udd(r) = - ve 

α

1/r3   +ve

z
θd 



 Moving circularly a laser beam 

x0(t) = r0 sin (ν t)  
y0(t) = r0 cos (ν t)

When ωA = 0, 

A(t) = A0 [1 + εA sin (ωA t) ]  
εA = 0.4  and ωA = 2   

A(t)  = A0 = 36 (90% of μ)

 Velocity of the Gaussian potential

V = r0 ν 

By varying r0 ν, we can find the 
critical velocity Vc  for the vortex 
nucleation in the BECs.
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 Circular and linear movement comparison 

x0(t) = r0 sin (ν t)  
y0(t) = r0 cos (ν t)

x0(t) = r0 sin (ν t)  
y0(t) = 0



Case(b) - α  = 0 - π/2  θd  = π/2 



 S. Sabari and R. KishorKumar, Eur. Phys. J. D 72, 48 (2018)

θd  = π/2 

α  = 0 

Vortex-pair nucleation - linear movement

Vp < Vc Vp = Vc Vp ≥ Vc



Vortex-pair nucleation

 S. Sabari and R. KishorKumar, Eur. Phys. J. D 72, 48 (2018)



Nucleation of rarefaction pulses 

t = 0 ms 0.4 ms 2 ms 2.6 ms 4.9 ms 5.9 ms 6.7 ms 7.5 ms



 Actually, in our study on vortex production under periodic stirring potential, 
 we are also characterizing manifestation of quantum turbulence, from 
 analysis of the incompressible part of the corresponding kinetic energy. 




