EXCITATION OF A TRAPPED BEC:

GENERATION OF TURBULENCE AND
ITS CHARACTERIZATION

) cPOF N
DJT:E e aption ¢ Fotonics I K _IJ

Dr. Mbnica A. Caracanhas
(V.S. Bagnato)

University of Sao Paulo

Brazil

Critical Stability 2014



http://gamereporter.uol.com.br/primeiro-encontro-franco-brasileiro-sobre-videogames-procura-parcerias-entre-brasil-e-franca-no-setor/

External Collaborators:

Prof. V. Yukalov (Dubna)
G. Roati (Florence)

A. Novikov (Dubna)
Prof. A. Fetter (Stanford)
Prof. M. Tsubota (Osaka)

Part of the Group:
Prof. E. Henn

F. Poveda-Cuevas, P. Castilho, P. Tavares, R. Poliseli, E. Pedroso,
F. Vivanco, A. Smaira, A. Cidrim, A. Fritsch, A. Bahrami

K.. Magalhéaes, G. Telles, M. Caracanhas

E. Santos, M. Tsatsos

- 3 BEC experiments: Rb-I, Rb-II, Na/K
- Theory group



B e B R e A ol L ZE S L E
5 appeabe s Sl g s AL IRME 00 weanply s ]

SUPERFLUIDITY - BEC

camera

rotating
bucket of
superfluid

29090%2
2909999

N
3
3

20 seconds
per revolution

Y

10 seconds
per revolution




Experimental: generate
and characterize

In atomic BEC

Theory:

New possibilities to
generate QT




EXCITATION BY OSCILLATION OF THE POTENTIAL

OAC coil Atomic

washing machine

y - position (pm)

v

Displacement,
Rotation and

Deformation of the potential

6 8 10 12 14 16 18
¥ - position (um)



EXPERIMENTAL SEQUENCE

PRODUCING BEC (1 min)
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Dubna — Bogoliubov Inst.
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VORTEX FORMATION

GOLOR

J. Low. Temp. Phys. 158, 435-442 (2010).



EVOLUTION TO TURBULENCE

Drop - decay
to granulation
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Cloud expansion
as identification

of QT
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Energy is injected at
large scale

( vortex filaments)
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MOMENTUM SPECTRUM
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B. Nowak et al (arXiv: 1012.4437)

Occupation number n(k)
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HOW TO OBTAIN n(k)
In a trapped superfluid?

Time dependence on the free expansion



Energia

a.)

Energia (u.

Interactions vs kinetic

Self-similar = kinetic
Lower density = kinetic






VALIDITY

Kz - largest k - cutoff: 310" m-1
Ki - about 1.5107 m-1

Laser Phys. Lett., 11, 015501 (2014).
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Figure 6: This figure shows the two dimensional projected momentum density, n’(k’), on a log-log plot. The
Thomas-Fermi and condensates with a low number of vortices are shown in closed symbols. The B, o, 4, ¥V, ¢,
and % symbols represent condensates with 0, 1, 2, 3, 4, and 5 vortices respectively and the open symbols are data
from three different realizations of a turbulence. The distinction between the behavior of condensates with energy
dominated by internal and kinetic energy are clear from the different behavior.
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Direct versus inversed cascade : 3D versus 2D Time evolution
COLLECTIVE MODES

Momenturn distribution of turbulent cloud for different holding times
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n(k) xk : A=1Vpp/fexc =189Hz / Texc = 21,16 ms (4 ciclos)
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Demonstration of direct
cascade of energy.....




Spontaneous generation of two-dimensional
quantum turbulence through the decay of a giant
vortex

arxXiv:1405.0992 [cond-mat.quant-gas]



http://arxiv.org/abs/1405.0992

SPONTANEOUS GENERATION OF TURBULENCE

» Initial giant vortex state with charge ~ = 40.

» Closer look into the stationary state of the decaying

turbulence.
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» Simulations of the phenomenological dissipative
Gross-Pitaevskii equation

@féir) — (v — ) (_%Vz + V(r)+ g |v]* - #-) ¥(r).

» Initial state: giant vortices with several different circulations.

» Unstable to linear perturbations — Bogoliubov modes are
excited.



» |nitial giant vortex state with charge » = 40.




» Peaks suggest injection of energy into small scales due to the
giant vortex decay.

01 02 05 10 20




» Evolution and enlargement of clusters suggest that energy
flows from large to small k (inverse cascade).
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» Enlargement of vortex structures and stationary state.
Dissipation acts effectively for small k.
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» Closer look into the stationary state of the decaying
turbulence.
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Thanks for your
attention
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Occupation number n(k)
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