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Fig. 1. Energy density plot in the interaction parameter
space. Arrows indicate the regions of weakly interacting fer-
mions, CS model, fTG gas, and super-fT'G region. The
black dashed line represents the region ~v2 — o0,
~v1 = 1071102, and the black solid line represents the re-
gion v1 =10, 2 = 10~ ~102, corresponding to the areas
of Fig. 2 and Fig. 3 below, respectively.
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Fig. 2. The transport coefficients Dpne (a), Dne (b), Dze (c), and Dge (d) as functions of the dimensionless interaction strength

~1 and temperature at a fixed particle number density. The solid lines represent the results from Eq. (33) in the GHD framework.

The asterisk in the figure indicates the calculation results of Eq. (33) under low-temperature weak interaction. The particle number

density is n = 1, the effective range is & = 0, and the reduced temperature takes values of T'/T¢ = 0,0.1,0.2,0.4,0.6,0.8,1.0.
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Fig. 3. Transport coefficients Dpe (a), Dne (b), Dge (c), and Dgs (d) as functions of the dimensionless interaction strength 2
and temperature at a fixed particle number density. Solid lines represent the results from the Generalized Hydrodynamics (GHD)
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Fig. 6. Transport coefficients Dnp (a), Dne (b), and Dgg (¢) in the quantum critical region as functions of chemical potential x

and temperature. The solid lines represent the numerical results from the GHD framework using Eq. (28), and the dots indicate the

results calculated from the scaling equations (48)—(50) satisfied in the quantum critical region. The scattering length is I, = —0.01,

the effective range is & = 0, and the temperatures are taken as 7" = 0.01,0.02,0.03 , respectively.
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SPECIAL TOPIC— Ultracold atomic and molecular physics

Transport properties in one-dimensional p-wave Fermi gases”

YIN Xiangguo V23t  SU Yingdan V)2
1) (Institute of Theoretical Physics, Shanzi University, Taiyuan 030006, China)
2) (State Key Laboratory of Quantum Optics Technologies and Devices, Shanzi University, Taiyuan 030006, China)
3) (Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan 030006, China)

( Received 4 February 2026; revised manuscript received 4 May 2026 )

Abstract

Transport in nonergodic dynamics is a fundamental topic in quantum many-body physics. Integrable
systems, due to their infinite number of conserved quantities, exhibit unique ballistic transport properties. In
this work, we systematically investigate an integrable model of cold atomic gases-the one-dimensional p-wave
Fermi gas. Although the theoretical description of this model has been extensively studied, its ballistic transport
properties have not yet been fully elucidated. Within the framework of thermodynamic Bethe ansatz (TBA)
equations and generalized hydrodynamics (GHD), we derive an expression for the Drude weight that
characterizes ballistic transport and establish a universal relation linking it to basic thermodynamic quantities
such as particle density, energy density, and entropy. This relation holds in all integrable systems satisfying
Galilean invariance. Under equilibrium conditions and for weak interactions, we obtain the low-temperature
thermodynamic quantities and the Drude weight via Sommerfeld expansion, and further explore the dependence
of the Drude weight on both interaction strength and temperature. For non-equilibrium states, we analyze the
evolution under three protocols-tilted potential, local chemical potential difference, and local temperature
difference-all governed by the GHD equations. Numerical calculations of the transport coefficients in steady
states agree perfectly with the results obtained from integral expressions, further validating the reliability of the
theoretical framework. Furthermore, using the polylogarithm function, we derive a universal scaling equation for
the transport coefficients. It is found that the transport coefficients exhibit clear scaling behavior near the
quantum critical point of the transition from the vacuum state to a finite-density Fermi state, and their
temperature dependence is consistent with the universality class characterized by dynamical exponent z = 2 and
correlation length exponent v =1/2, thereby confirming the self-consistency of the theory. This work not only
provides a systematic theoretical framework for understanding ballistic transport in one-dimensional p-wave
Fermi gases but also deepens the general understanding of transport properties in one-dimensional quantum

continuum integrable systems.
Keywords: one-dimensional p-wave Fermi gas, integrable system, generalized hydrodynamics, Drude weight
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