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Abstract 

Quantum hydrodynamics and turbulence (QHT) have been central topics in low-temperature physics 
for over half a century, spanning superfluid ⁴He, ³He, and ultracold atomic gases [1]. Their defining 
feature is the presence of quantized vortices—stable topological defects—that provide a reductionist 
framework for studying nonlinear, non-equilibrium quantum phenomena beyond the scope of 
equilibrium statistical mechanics. 

I will review the development of QHT, beginning with superfluid helium. Thermal counterflow in 
superfluid ⁴He has served as the canonical system, with experiments [2], vortex filament 
simulations [3], visualization of quantized vortices and normal-fluid motion [4], and studies of two-
fluid coupling [5] establishing its dynamics. Recent progress in Kelvin-wave excitation and observation 
will also be discussed [6]. 

The talk will then focus on QHT in atomic Bose–Einstein condensates (BECs), where both 3D and 2D 
quantum turbulence have been realized [7]. Homogeneous turbulence and energy cascades have been 
observed in box-potential experiments [8], while the high controllability of BECs enables detailed 
studies of vortex dynamics, reconnections, and multi-component superfluid. I will conclude by 
outlining current challenges and future directions. 
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