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Collaborators from JINR : V. Yukalov and A. Novikov 



T > Tc T < Tc T << Tc 



Displacement,  

Rotation and 

Deformation of the potential 

ADDITION OF “SHAKING” COILS 

EXCITATION BY OSCILLATION OF THE POTENTIAL 

Atomic  
 washing 
machine 



PRODUCING BEC ( 1 MIN ) 

EXCITATION   ( 0 TO 70 ms ) 

Time and amplitude  

Rest ( 20 ms)   

TOF FOLLOWED BY ABSORPTION  IMAGE 



Vortex formation 

Phys. Rev. A 79, 043618 (2009) 
 

COLLECTIVE MODES 
 



Vortices and anti-vortices are together) 

Three-vortex configurations in trapped Bose-Einstein  

 Phys. Rev. A 82,033616(2010) 



PROLIFERATION  
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Vortices to tangle vortices 

“TURBULENCE” 

J Low Temp Phys (2010) 158: 435–442 

Phys. Rev. Lett. 103, 045301 (2009) 

Increasing amplitude or time of excitation:  
Explosion   and proliferation of many vortices 
but no regular pattern and hard to count 

NON REGULAR – MANY POSITIONS 

ORIENTATIONS AND LENGTH 



Tangle vortices region 



Las. Phys. Lett. 8,691(2011) 
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 CRITICAL LINE ------  Fitting:  A+Ao = C/t 

Finite size effects on the QT 

Laser Phys. Lett. 8,393(2011) 



Dubna collaboration: A.Novikov – V. Yukalov 
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Cloud expansion 

( hydrodynamics) 

J. Phys. Conf.Ser.264,012004(2011) 



Journal of low temperature Physics,166,,  49-
58 (2012) 



Light speckles  

http://www.optical-calculation.com/drawings_grossis/g_divergence_of_a_plane_wave_diffracted_by_a_rectangular_slit.gif?PHPSESSID=0bcc01b7386d34631d41c5208609cb33
http://oleg.ucsd.edu/speckle_trans_ref_LG.jpg
http://www.nuffieldfoundation.org/sites/default/files/images/Diffraction of light at a narrow opening5_1525.jpg


Diffraction of matter waves 

normal 

turbulent 





Wx=20, Wy=50,  L_corrx=L_corry=30 



Similarities ( Differences)  to classical Turbulence 
- KOLMOGOROV 
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Granulation 

 

HIGH DENSITY FLUCTUATIONS 



At the moment two possible routes to explain 



Superfluid turbulent 

Weak turbulent??????? 

External oscillatory 
field 

Berloff &Svistunov – PRA (2002) 



MODULATION OF SCATT. LENGTH 

granulation in another context 

Collaboration with Hulet´s 
group 

E. R. F. Ramos, F. E. A. Santos, M. A. 
Caracanhas, V. S. Bagnato - 
Coupling collective modes in a 
trapped superfluid - 
PhysRevA.85.033608(2012) 

http://pra.aps.org/abstract/PRA/v85/i3/e033608
http://pra.aps.org/abstract/PRA/v85/i3/e033608


• Higher amplitudes  take to “granulation” 

 

 



> 5sec 

Long living after excitation!!!! 



Time of 
excitation  









Multi-charged vortex using 
(magnetic) topological phase 

imprinting in São Carlos 

BEC 1 laboratory, CePOF - USP, 2015 



Previously (Aug-Sep 2014) 



Multicharged vortex: bias inversion 



Collaboration:  
Newcastle & São Carlos 

Twisted Unwinding…: PRL 
submmitted 

 
arXiv:1505.00616 

http://arxiv.org/abs/1505.00616
http://arxiv.org/abs/1505.00616


ArXiv version available 



New data! (May 2015) 

Vortex line 90º flips when the trap is compressed in the axial 
(weak) direction, at fixed hold time (May/2015) 



Dynamics in a compressed trap 

Vortex dynamical evolution at average compressed hybrid trap 
(ODT@ 0.96A) versus the hold time (May/2015) 



Studying Quantum Turbulence and Vortices using Two Species Atomic Superfluids   
 

 Vacuum System 

K source Na source 

2D MOT apparatus for K 
2D MOT apparatus for Na 

Ultrarigh vaccum Chamber 



K 2D MOT Chamber 



Updated experimental setup 


