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Classial �uidsWhat happens if a plane wave impats a vortex?It is possible to extrat some of the vortex rotational energy.
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Classial −→ Quantum
The propagation of density �utuations on lassial �uids obeys thesame equations as a BEC in the hydrodynami regime.

Pablo Capuzzi (CONICET) Sattering... 4 / 14



Classial −→ Quantum
The propagation of density �utuations on lassial �uids obeys thesame equations as a BEC in the hydrodynami regime.In partiular, one usually makes the analogy between a rotating blakhole and a vortex in a BEC (e.g. osmolab)

Pablo Capuzzi (CONICET) Sattering... 4 / 14



Classial −→ Quantum
The propagation of density �utuations on lassial �uids obeys thesame equations as a BEC in the hydrodynami regime.In partiular, one usually makes the analogy between a rotating blakhole and a vortex in a BEC (e.g. osmolab)However. . . the analogy is valid only at the perturbative level!!
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What happens to a on�ned BEC?
Question: Is it possible to transition from a vortex to a statewithout vortiity as a result of the sattering of a sound wave?
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What happens to a on�ned BEC?
Question: Is it possible to transition from a vortex to a statewithout vortiity as a result of the sattering of a sound wave?Main di�erenes:The BEC has its vortiity quantized.In urrent experiments, BECs are spatially on�ned.
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The Gross-Pitaevskii energyThe steady states of a BEC at T = 0, ψ, are minima of the funtional
E[ψ] =

∫
d3r

[

 h2

2m
|∇ψ|2 + Vext(r)|ψ|2 +

g

2
|ψ|4

]where Vext is the external potential (trap) and g is the interation onstant.
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E[ψ] =

∫
d3r

[

 h2

2m
|∇ψ|2 + Vext(r)|ψ|2 +

g

2
|ψ|4

]where Vext is the external potential (trap) and g is the interation onstant.Some fats:Vorties are steady states of the funtional.They are not ground states (unless the system is set into rotation).Pablo Capuzzi (CONICET) Sattering... 6 / 14



Variational StudyPROS: simpler to interpret and solve.
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Populations: N0 = N cos2 τ and N1 = N sin2 τ

〈Lz〉 =  hN1/NPRO: The energy an be written analytially. Extremizing, we found the twostates ψ0 and ψ1.
Pablo Capuzzi (CONICET) Sattering... 7 / 14



Energy barrier
1

1.1

1.2

1.3

−π −π/2 0 π/2 π

E
[b

0
,d

1
,τ

]/
E

0

τ

E0

E1

W

N = 105

N = 104

Pablo Capuzzi (CONICET) Sattering... 8 / 14



Energy barrier
1

1.1

1.2

1.3

−π −π/2 0 π/2 π

E
[b

0
,d

1
,τ

]/
E

0

τ

E0

E1

W

N = 105

N = 104

1

1.1

1.2

1.3

0 0.2 0.4 0.6 0.8 1

E
[b

0
,d

0
,τ

]/
E

0

Lz/~

N = 105

N = 104

For large interations, the model predits W/E0 ≃ 10%. Therefore,We expet that it will be possible to overome the energy barrier bysupplying enough energy.Pablo Capuzzi (CONICET) Sattering... 8 / 14



Variational dynamis
Starting from the Lagrangian of the system
L[ψ, t] =

∫ [

i h

2

(

ψ∗∂ψ

∂t
−ψ

∂ψ∗

∂t

)

−
 h2

2m
|∇ψ|2 − Vext(r)|ψ|2 −

g

2
|ψ|4

]

drand a parametrization of the wavefuntion ψ = ψ({α}), we numeriallysolve the Euler-Lagrange equations for the α's
d

dt

(

∂L

∂α̇

)

=
∂L

∂α
.
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Our parametrization
ψ(r) = a(t)ψ0(r) + b(t)ψ1(r), with a(t),b(t) ∈ C.
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ψ(r) = a(t)ψ0(r) + b(t)ψ1(r), with a(t),b(t) ∈ C.Does not allow for angular momentum exhange beause ψ0 and ψ1are eigenstates.We need some transfer-allowing interation

ψ(r, t) = a(t) ψ0(r) + b(t)ψ1(r) + c(t) φ0(r − r0) e
ik·rwith φ0(r) ∝ exp(−r2/b2

p).
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Our parametrization
ψ(r) = a(t)ψ0(r) + b(t)ψ1(r), with a(t),b(t) ∈ C.Does not allow for angular momentum exhange beause ψ0 and ψ1are eigenstates.We need some transfer-allowing interation

ψ(r, t) = a(t) ψ0(r) + b(t)ψ1(r) + c(t) φ0(r − r0) e
ik·rwith φ0(r) ∝ exp(−r2/b2

p).Initial state
a(0) = 0, b(0) 6= 0, c(0) 6= 0,
k(0) = −k0 x̂ and r0(0) out-side the ondensate.Pablo Capuzzi (CONICET) Sattering... 10 / 14



Wavepaket orbitsFor 87Rb parameters with N = 105 and Np/N ≃ 8%.
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Wavepaket orbits
bp/aho = 1, k0aho = 5.5

 

 
bp/aho = 1, k0aho = 10 bp/aho = 3, k0aho = 5.5 bp/aho = 3, k0aho = 10

The bigger bp, the lower the density and less penetrating wavepaket.Changes in the Lz manifest themselves through, e.g., hanges in theorbits area.Pablo Capuzzi (CONICET) Sattering... 11 / 14
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The wavepaket energy is e�iently transferred to the system.Pablo Capuzzi (CONICET) Sattering... 12 / 14
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Summary and outlookThere is a potential barrier between the ground and vortex states, ofabout 10%By sattering a sound wave arrying that energy, the system seems tobe able to overome this barrier.This is irrespetive of the angular momentum arried by thewavepaket.
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Summary and outlookThere is a potential barrier between the ground and vortex states, ofabout 10%By sattering a sound wave arrying that energy, the system seems tobe able to overome this barrier.This is irrespetive of the angular momentum arried by thewavepaket.Future diretionsNumerial solution of the GPEdi�usion of the ondensate and wavepaket.exitation of olletive modes.What if the vortex and the wavepaket does not belong to the sameondensate?Two-dimensional geometry.Pablo Capuzzi (CONICET) Sattering... 14 / 14
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