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Classical fluids

@ What happens if a plane wave impacts a vortex?

@ It is possible to extract some of the vortex rotational energy.
A7 T T T T T T T

Qc/a=14.0 1

Ep(t)/Ep(0)

@ The phenomenon is called Superradiance
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Classical — Quantum

@ The propagation of density fluctuations on classical fluids obeys the
same equations as a BEC in the hydrodynamic regime.
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Classical — Quantum

@ The propagation of density fluctuations on classical fluids obeys the
same equations as a BEC in the hydrodynamic regime.

@ In particular, one usually makes the analogy between a rotating black
hole and a vortex in a BEC (e.g. cosmolab)

@ However. . .the analogy is valid only at the perturbative level!!
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What happens to a confined BEC?

Question: Is it possible to transition from a vortex to a state
without vorticity as a result of the scattering of a sound wave?
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What happens to a confined BEC?

Question: Is it possible to transition from a vortex to a state
without vorticity as a result of the scattering of a sound wave?

Main differences:
@ The BEC has its vorticity quantized.

@ In current experiments, BECs are spatially confined.
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The Gross-Pitaevskii energy

The steady states of a BEC at T = 0, \{, are minima of the functional
_ 3 h? 2 2, 9.4
E[p] = | &1 | z—=IVYI* + Ve (r)W[* + = |
2m 2

where Vg, is the external potential (trap) and g is the interaction constant.
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The Gross-Pitaevskii energy

The steady states of a BEC at T = 0, \{, are minima of the functional
_ | a3 h? 2 2, 9.4
Ep] = [ &1 | 5= IV Y| + Vet (t)I° + 5 W]
2m 2
where Vg, is the external potential (trap) and g is the interaction constant.
Some facts:

@ Vortices are steady states of the functional.

@ They are not ground states (unless the system is set into rotation).
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@ PROS: simpler to interpret and solve.
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Variational Study

PROS: simpler to interpret and solve.
CONS: sensitive to the chosen Ansatz and (of course) doesn’t

incorporate all the details of the true wavefunction

mw T‘2 maw T‘2

P(r) =N [coste 2R b2 Lsint ST TR @2
Clhod

® ©

Populations: Ng = N cos?2T and N; = N sin? T
(Lz) = hN1/N

PRO: The energy can be written analytically. Extremizing, we found the two
states g and ;.
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Energy barrier
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Energy barrier
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For large interactions, the model predicts W/Ey ~ 10%. Therefore,

@ We expect that it will be possible to overcome the energy barrier by

supplying enough energy.
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Variational dynamics

Starting from the Lagrangian of the system

_ <0y op* 2 2_ 9.4
a[w,ﬂ—” < A ) T[T~ Vel 2|¢|]dr

and a parametrization of the wavefunction { =1 ({«}), we numerically
solve the Euler-Lagrange equations for the «'s

4oLy ot
dt \0&/ 9«
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Our parametrization

o P(r) = a(thpo(r) + b(t)P(r), with a(t), b(t) € C.
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Does not allow for angular momentum exchange because g and {1
are eigenstates.

@ We need some transfer-allowing interaction

Pablo Capuzzi (CONICET) Scattering... 10 / 14



Our parametrization

o P(r) = a(thpo(r) + b(t)P(r), with a(t), b(t) € C.

Does not allow for angular momentum exchange because g and {1

are eigenstates.
@ We need some transfer-allowing interaction

Y(r, t) = a(t) Yolr) + b(t)ha(r) +clt) dolr —rg)e
with ¢g(r) o exp(—rz/b%).
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Our parametrization

o P(r) = a(thpo(r) + b(t)P(r), with a(t), b(t) € C.

Does not allow for angular momentum exchange because g and {1

are eigenstates.
@ We need some transfer-allowing interaction

Y(r, t) = a(t) Yolr) + b(t)ha(r) +clt) dolr —rg)e
with ¢g(r) o exp(—rz/b%).

[nitial state

a(0) =0, b(0) #£0, c(0) #£0,
k(0) = —kgX and rg(0) out-
side the condensate.

{
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Wavepacket orbits

For 8Rb parameters with N = 105 and N, /N ~ 8%.
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Wavepacket orbits

bp/ane =1, koano = 5.5  by/ane =1, koano =10 by/ane = 3, koano = 5.5 by/an, = 3, koan, = 10

@ The bigger by, the lower the density and less penetrating wavepacket.

@ Changes in the L, manifest themselves through, e.g., changes in the
orbits area.
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Angular Momentum
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Angular Momentum
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@ The wavepacket energy is efficiently transferred to the system.
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Summary and outlook

@ There is a potential barrier between the ground and vortex states, of
about 10%

@ By scattering a sound wave carrying that energy, the system seems to
be able to overcome this barrier.

@ This is irrespective of the angular momentum carried by the
wavepacket.
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Summary and outlook

@ There is a potential barrier between the ground and vortex states, of
about 10%

@ By scattering a sound wave carrying that energy, the system seems to
be able to overcome this barrier.

@ This is irrespective of the angular momentum carried by the
wavepacket.

Future directions

@ Numerical solution of the GPE

o diffusion of the condensate and wavepacket.
@ excitation of collective modes.

@ What if the vortex and the wavepacket does not belong to the same
condensate?

@ Two-dimensional geometry.
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