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Theoretical model

Grossa-Pitaevskii Equation (NRS)
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Free expansion

@ 080
1 sst atoms

0.60 | / Re(¥) \
0.40 \

)
5 0.20
0.0 Im(¥) \ \ k
-0.20
-2 -l ‘) l
i
(b) 0.80 1 1
[|

0.60
0.40 -

Absorption 100%

. 0.20
ko 0.0
0.20 -

FIC. 3. (a) Cuts along the x, y and  axes of the parent conden-
sate wave function W (x.,z.r=0) for N=1.5X 10° atoms in a trap
with harmonic frequencies of 84, 59.4, and 42 Hz in the respective

R v 0000k Im[I(x 720l is xdenucqllx Zero for cach case.
(b) Cuss along the x axis of Re[ W(x,0.0.t=1)] and [ ¥ (x.00.
=11)] for 1;=600 us

Free expansion: variational approach
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Rotations and quantized vortices
in Bose superfluids

1/2 %S
Complex order parameter: LIJ = /1 el

n : density
S : phase

Velocity field: 3 = (% / m)V.S

which implies: Vxv=0

A superfluid has an irrotational velocity field

Topologically nontrivial state
Low density core

Screw-like phase dislocation
Quantized circulation
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Vortices observed at:

JILA-Boulder
ENS-Paris

« MIT

Oxford

Produced with different techniques:

 Phase imprinting, rotating laser spoon,
rotating magnetic trap, rotating thermal
cloud, selective evaporation, decay of
solitons, etc.

A lot of physical questions:

* Nucleation mechanisms.

» Observation of density and phase.

» Stability, decay, precession.

» Shape and dynamics of a single vortex.

* Formation and dynamics of vortex lattices.

» Fast rotating condensates and giant vortices.

» Coreless vortices and textures in spinor condensates.

* Interaction with thermal atoms, solitons, surface modes.
» Vortex rings, vortex-antivortex pairs, etc.

A lot of theoretical papers !!
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J. Denschlag et al., Science 287, 97 -101 (2000) SCience
Published by AAAS
. Bragg spectroscopy of the
momentum distribution: principle
@+ @
Energy and momentum conservation:
Bragg outcoupling resonant with atoms
of momentum p. (Doppler effect):
TOF 21 ms
. A hk? p.
original cloud Ou::lnupled atoms ) = 2 AJL £ ZkL H_
extracted cloud reflects P(p.)
| By scanning & one can measure the momentum distribution P(p.)
¢f MIT and NIST
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Atom laser gallery 5505 1mm

MIT ‘97 Munich ‘99 Yale ‘98  NIST ‘99

Theoretical model

Grossa-Pitaevskii Equation (NRS)
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Atom-atom interactions U,

Harmonic Potential V(x,y,z,t)
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Nonlinear Optics versus BEC

Puls propagation
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Full collision
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Resonant conditions

">  Conservationof energy

> Conservation of momentum

n’k’
2m E+l€=g+lz

Wiarticleprocess| k" +k, =k, +k,

E =

Four Wave Mixing

(W.D. Phillips,
Nature, 1999)

< Narodowe

. 44 1aboratorium
“j/ Technologii

44/ Kwantowych

11



INNOWACYJNA UNIA EUROPEJSKA x* ok

EUROPEJSKI FUNDUSZ
GOSPODARKA ROZWOJU REGIONALNEGO

NARODOWA STRATEGIA SPOINOSCI

Qualitative agreement
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. . . FIG. 8. Comparison of Ny(1)/N versus -1, for 1.5% 10 atoms.
0.020 - * NIST data 3D (with elastic) | The different curves show cases where the Bragg pulses are applied
", at 1;=0, 600, 1200, and 1800 us after the trapping potential is
0.0 turned off (#,=t;). The trap is the same as in Fig. 3.
- L s
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FIG. 13. Fraction of atoms in the 4WM output wave packet o015 ] / \ Nosoaet -
N, /N versus the total number of initial atoms N calculated in 3D z / N
without and with inclusion of elastic scattering loss as discussed in = o1 / P N
- L P = L5x]
Sec. I E. The dots are experimental data [2]. The trap is the same = / / —F [
as in Fig. 3. The Bragg pulses are applied 600 us after the trapping 0.050 /’ / ) F
sy / N =0.2x10°
potential is turned off. /)
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FIG. 7. Comparisen of N,(1)/N versus r-r, for 0.2x10°, 1.5
% 105, and 5.0 10° atoms. The trap is tae same as in Fig. 3. The
Bragg pulses are applied 600 us after the trapping potential is
turned off.
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Full phase matching case
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Final results

t=t(after separation)

Time dependence

When we integrate over the whole space
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Amplifier

Ketterle (Nature, 1999)

Supperradiant Rayleigh scattering

Light . 100%'

» V
. Atoms

Laser
beam

(W. Ketterle,
Science 1999)
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atomic, optical, and plasma physics

Pierre Meystre

Atom Optics
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