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One-dimensional (1D) quantum fluids are often modelled by Luttinger Liquid (LL)
theory. The collective excitations (phonons) are expected to propagate almost with-
out dissipation. Thermal fluctuations and deviations from linear dispersion are pre-
dicted to introduce subtle mechanisms of damping even in the deep 1D regime. Here
we directly excite phonon modes in a weakly interacting 1D Bose gas and study
their time evolution [1]. For weak excitations (linear response), the damping is sur-
prisingly fast and follows the non-analytic scaling Γk ∝ k3/2 predicted by Andreev’s
self-consistent hydrodynamics [2]. The extracted exponent 1.48± 0.03 and a scal-
ing pre-factor of 0.76±0.02 proves the quantitative agreement between experiment
and hydrodynamic prediction and establishes phonon–phonon scattering as the dom-
inant relaxation mechanism for low-momentum excitations in near-equilibrium 1D
quantum fluids. For strong excitations, we observe a crossover to a highly non-
linear regime characterized by wave breaking, captured by finite-temperature non-
polynomial Schrödinger equation simulations.

Fig. 1: Dynamics of a single (on the left) and collective (at the center and on the
right) phononic modes in a 1D Bose gas.
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