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Density fluctuation measurements Transition towards quasi-bec in pure 1D gases 1D-3D Crossover Density fluctuations in a very elongated Bose gas : transition towards quasi-bec and 1D-3D crossover

Density fluctuation measurements

Transition towards quasi-bec in pure 1D gases 1D-3D Crossover

Weakly interacting Bose gases : 1D versus 3D behavior 1D Physics 3D Physics µ n µ ρ No BEC BEC phenomena : ρλ 3 dB = 2.612... Weakly interacting gas : Smooth transition towards quasi-bec driven by interactions Special case of correlated systems : exact solutions dimensional crossover iota-logo Density fluctuation measurements Transition towards quasi-bec in pure 1D gases 1D-3D Crossover Realisation of very anisotropic traps on an atom chip Magnetic confinement by micro-wires 87 R b atoms in F=2,m=2 V = µ B |B|

Ideal Bose gas regime

• Bosonic bunching z ′ -z l c ≃ 2 n/(mT) : |µ| ≪ T l c = λ dB :|µ| ≫ T g 2 δN 2 = N + N n dz(g 2 (z) -1) lc Non degenerate gas : nλ dB ≪ 1 δN 2 = N + N nlc ≃ N Degenerate gas : nλ dB ≫ 1 δN 2 = N + N nl c ≃ N 2 l c /∆ δN 2 N iota-logo
Density fluctuation measurements Transition towards quasi-bec in pure 1D gases 1D-3D Crossover

Crossover towards quasi-condensate 

H int = g 2 dzρ 2 ⇒ δH int > 0 Reduction of density fluctuations at low temperature/high density Cross-over : 1 N H int ∝ gn ≃ |µ| ⇒ T c.o. ≃ 2 n 2 2m √ γ , n c.o. ∝ T 2/3 weakly interacting : γ = mg/ 2 n ≪ 1 • For T ≪ T c.

→

  Two-body correlation function integralδN 2 = N + N n dz(g 2 (z) -1) → Thermodynamic quantity δN 2 = k B T ∂n ∂µ

••

  o. : quasi-bec regime, i.e. reduction of density fluctuations • Transition occurs for degenerate gas (γ ≪ 1) iota-logo Density fluctuation measurements Transition towards quasi-bec in pure 1D gases 1D-3D Crossover Quasibec regime • Bunching effect killed : g 2 (z) close to 1 Chemical potential : µ ≃ gn δN 2 = ∆T/g δN 2 N iota-logo Density fluctuation measurements Transition towards quasi-bec in pure 1D gases 1D-3D Crossover Quasibec regime • Bunching effect killed : g 2 (z) close to 1 Absorption of an atom spreads on several pixels → blurring of the image Decrease of fluctuations : δN 2 = κ 2 δN 2 Strong bunching effect in the transition region Quasi-bec both in the thermal and quantum regime iota-logo Density fluctuation measurements Transition towards quasi-bec in pure 1D gases 1D-3D Crossover 1D-3D Crossover in the quasi-bec regime µ ≪ ω ⊥ (na ≪ 1) → Pure 1D quasi-bec µ ω ⊥ : 1D→ 3D behavior Transverse breathing associated with a longitudinal phonon has to be taken into account. Thermodynamic argument : Var(N) = k B T ∂N ∂µ T N 1 (resp.N 2 ) : deviation from the ideal gas (resp. quasi-bec) model by 20% N 1 (resp.N 2 ) : deviation from the ideal gas (resp. quasi-bec) model by 20% quasi-bec cross-over Highly 1D regime and crossover towards 3D 1D quasi-bec in the quatum fluctuations regime (subshotnoise) Non gaussian atom number distribution measured Evidence for three-body effect (strong cooling in the strongly 1D regime) Prospect Study of correlation length of density fluctuations in 1D gases. 1D strongly interacting regime Localisation in strongly interacting 1D gases Momentum distribution/correlations