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Ultracold gas - features
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Experiments
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Ultracold gas — cooling

1. Laser cooling + MOT (I\/Iagneto optical trap)
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Reduction of dimensions

Requirements in the narrow directions

\:‘ Harmonic oscillator Moritz, Kohl, Esslinger, PRL 91, 250402 (2003)

wllassical potential and
wavefunctions “Crossed” dipole trap

OCCUPIED - Ground state of transverse motion ONLY 4>:(

Need h(D| ong << kBT1 :U << h(Dn arrow Noether expt. Stuttgart
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Lattices

Momentum distribution for different potential depths of a 3D lattice:
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ldeal 1D gas
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FIG. 4. The condensate fraction for a finite number N of atoms
in a one-dimensional harmonic potential versus temperature. Plots
are shown for N= 100 (solid line), 10*, 10®, and infinite (dotted).

Ketterle, van Druten, PRA 54, 656 (1996)
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Integrabllity

Even in the INTERACTING uniform gas,
Quantum “Newton’s cradle” the momentum distribution is invariant
Because collisions create no dispersion

Apparently, this remains
a good approximation
In the trap

Kinoshita, Wenger, Weiss, Nature 440, 900 (2006)
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Interacting Bose gas

Uniform case is exactly solvable:

T=0: Lieb & Liniger, Phys. Rev. 130, 1605 (1963)
T>0: Yang & Yang, J. Math. Phys. 10, 1115 (1969)
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Deuar, Sykes, Gangardt, Davis, Drummond, Kheruntsyan, PRA 79, 043619 (2009)
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Quasicondensate

* Inthe uniform 1D gas, there is no true condensate for T>0

« However: finite coherence length I¢ and small density fluctuations
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FIG. 1. Diagram of states for a trapped 1D gas.
D. Petrov, G. Shlyapnikov, J. Walraven, PRL 85, 3745 (2000)
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Quasicondensate
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E. Witkowska, PD, M. Gajda, K. Rzgzewski PRL 106, 135301 (2011)
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1D Bose gas cooling

E. Witkowska, PD, M. Gajda, K. Rzgzewski PRL 106, 135301 (2011)

NN oolln %mahz ation \

:\k

Creation of defects via
Kibble-Zurek mechanism

DENSITY

Ramp beginning
3.06.2014 IF PAN




Long time after cooling, thermalization

E. Witkowska, PD, M. Gajda, K. Rzgzewski. PRL 106, 135301 (2011)
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