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Density fluctuations in a very elongated Bose gas : crossover from weakly to strongly

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.
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Transition towards quasi-condensate 

γ = mg/ 2 n ≪ 1 Cross-over : 1 N H int ∝ gn ≃ |µ| µ = mT 2 /2 2 n 2 , ⇒ T c.o. ≃ 2 n 2 2m
√ γ , n c.o. ∝ T 2/3 Transition for a degenerate gas

• For T ≪ T c.o. : quasi-bec regime, g (2) ≃ 1 2 ξ = / √ mgn z 1 g 2 T > gn R e ψ I m ψ
Transition towards quasi-condensate 

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

• For T ≪ T c.o. : quasi-bec regime, g (2) ≃ 1 2 ξ = / √ mgn z 1 g 2 T > gn T < gn R e ψ I m ψ
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µ ≃ gn > 0 µ < 0 n co = 1 λ dB t 1/6 g (2) (0) < 1 t = 2 2 T/(mg 2 )
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• Relative wave function If E ≫ E g , |ψ(0)| ≃ 1 If E ≪ E g , |ψ(0)| ≪ 1 z ψ ψ(0) • Many body system z ψ ≃ 1/n z ψ E = 2 n 2 /m ≪ E g E = gn ≫ E g ⇒ γ ≫ 1 ⇒ γ ≪ 1 g (2) (0) ≃ 0 Fermionization Strongly interacting regime : γ ≫ 1, t ≪ 1
δN 2 = N + N n dz(g 2 (z) -1) → Thermodynamic quantity δN 2 = k B T ∂n ∂µ
Expected behavior in asymptotic regimes

• Ideal gas regime 

0 2 z ′ -z 1 g 2 l c ≫ λ dB : |µ| ≪ T l c = λ dB :|µ| ≫ T δN 2 = N + N n dz(g 2 (z) -1) lc ⊲ Non degenerate gas : nl c ≪ 1 δN 2 ≃ N ⊲ Degenerate gas : nl c ≪ 1 δN 2 ≃ N nl c = N 2 l c /∆ • Quasi-bec regime H k=0 = g∆δn 2 0 /2 Equipartition : T/2 = H k ⇒ δN 2 = ∆T/g Thermodynamic : µ ≃ gn

•

  Statistical analysis over hundreds of images l c ≪ ∆ ≪ L → Local Density Approximation valid δN binned according to N δN 2 versus n = N /∆

  (2π) = 19 kHz, ω z = 7.5 Hz Yang-Yang solution t = 4.3

We measure : δN 2 < N (by more than a factor 2) 2) function smaller than one ⇒ Quantum regime δN 2 = ∆T/g ⇒ T < gn • However we still measure thermal excitations Low momentum phonons : high occupation number Shot noise term, removed from the g (2) fonction, IS quantum. 

For our parameters : a/l ⊥ ≃ 0.025 Modified Yang-Yang model : 

Weakly interacting gas : Smooth transition towards quasi-bec driven by interactions

Transverse BEC :