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3D gas in harmonic potential is coherent below critical temperature

1D gas not always - quasicondensation phenomenon

Classical Fields Approximation describes Bose gas at nonzero
temperatures

dependence of the quasicondensation on the interaction

density matrix spectrum analysis for ideal gas in different geometries
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BEC: Statistical picture Inuitive picture
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What is Bose-Einstein condensation (BEC)?
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3D BEC is coherent!

Ketterle, MIT c?
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@ interference with itself

@ interference of two condensates
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3D is coherent!
What about 1D?
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Quasicondensation phenomenon

true condensate quasicondensate
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true condensate: Phase fluctuations in quasi-1D
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Classical Field Approximation

= / ¥1(x) Bj' + ;mw2x2} $(x)dx + % / Pt () ()T (x) T ()

Base - harmonic eigenstates: W(x) = 3 ¢n(x)an

Long wavelength part of Bose atomic field replaced by a classical
function:

an, fg:f, = o, W(X) = 21,1(:0 ¢n(x)an

Close analogy to electromagnetic field.

The most relevant question:

Where to cut?
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@ We have a finite dimensional classical system!

K

E(fan}) = hw Y nlanl + Eine({an})

n=0

@ Probability distribution in canonical ensemble:

({an}) /\/ ) exp [ (;j:-;'—})} ; ZnK:O |O‘n|2 =N

o Metropolis Monte Carlo algorithm may be used to generate
probability distribution!

o ldentification of the condensate requires diagonalization of the single
particle density matrix:

pxy) = (W) V(y)) = D (afa))éf (x)é5 (v)

i
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|deal gas in canonical ensemble in harmonic potential

Quantum: Classical fields:
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Local density fluctuations

25 T T T T T T T T
8 20
8
g
§ o 15p
(aV] .
© 10} numerical
5 -
81D = 277,0@_3, a=>5.7nm,
w, =27 x 3.9 kHz, w, = 27 x 4Hz, 0 ] 1 1 1 1 1 1 1
T =0.09hw, /kg = 88hw,/kg 0 5 10 15 20 25 30 35 40 45

<n>

J. Armijo et al., Phys. Rev. A 83, 021605(R) (2011)

Quasi-1D Bose gas revisited

Przemek Bienias, K. Pawlowski, M. Gajda, K. Rzazewski



Quasicondensation

quasicondensate:
true condensate: o lp <L
o lh~L o large phase fluctuations
o No > N, @ small density fluctuations
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Density fluctuations are not so small
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Coherence length shortening regardless interaction

repulsive 1D gas attractive 1D gas
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Density fluctuations in the center of the trap

normalized by n(r = 0) normalized by n(r = 0)?
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Let’s concentrate on the ideal gas!
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'Sticking' of Ny /Ny for different dimensions

quasicondensate: Ng > Np > Ny > ... true condensate: Np > N;

canonical ensemble:
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Quasicondensation transition

Tph/-r c

1D: T, = N/log(2N), 2D: T. = ()2, 3D: T. = ()3
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|deal gas - dimensions comparison
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o 3D gas is fully coherent up to T,

o Classical fields describe interacting gas very well

o 1D differs from 3D - quasicondensation phenomenon
e quasicondensation is a dimensional effect
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