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1. Critical velocity for superfluidity

Michel et al., 2018; Eloy et al., 2021

v∞ v∞↘

No scattering off a localized
obstacle when v∞ < vc

Landau: vc = min εp/p

Beyond Landau: vc = ?

−→ Analytical and numeri-
cal results in 1D

2. Generalized Gross-Pitaevskii equation
Ultracold atoms, microcavity polaritons, paraxial or guided
photons, etc.:

iψt = − 1
2m

ψxx + (U(x) + g(n = |ψ|2)− iγ
Adiabatic

)ψ

n(x, Ct)n∞

v∞ < c∞
σU0 ≷ 0

3. Narrow then wide obstacle

Narrow: vc =

{
F (U0, σ), Repulsive
c∞, Attractive

Wide: vc =

{
G(U0) +H(U0, Uxx(0))/σ4/3

c∞

g(n) ∝ n Hakim, 1997; Leboeuf and Pavloff, 2001; Pavloff, 2002

4. Obstacle of arbitrary width
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U(x) = U0 exp(−x2/σ2), U0/(mc
2
∞) = 0.7

g(n) ∝ n
g(n) ∝ n/(n+ ns), ns/n∞ = 1

Narrow
Wide
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