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TG CS model weak interactions
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Fig. 1. Energy density plot in the interaction parameter space. Arrows indicate the regions of weakly
interacting fermions, CS model, fTG gas, and super-fTG region. The black dashed line represents the
region v, — 00, 41 = 107! — 10%, and the black solid line represents the region ; = 10, 95 =10"! — 102,

corresponding to the areas of Fig. 2 and Fig. 3 below, respectively.
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AP TARRARAE. Horfr (33) A —Br T 1/ SHUSKIEE (1| AR L, (KB 505 A B X
BRI, Sy (32) A (33) EMPMRER v WHEKINTI/D, Do SIUHFRRB/INVES (20
& 2(b) * SRR ). T Bt 1/ (viye) NIBWE T A RO S RO IR BE RO & STk, 72 —Brisdh 2
T HE— R T T ARG ERE e ). FIARRE IR e SRR AE D, Dhe R TS, JE
B p AU EE I AE iz p R PR

3.3 AREETRERUPEHELERRENEL
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K 2 5i5 %L Die(a), Die(b), Dee(c) Fl Dea(d) A2 KL 740 N B TC SO ELAE SR EE 0 AR
Ak, SLEFoR GHD HEZE R (20) sUp04sR, B * SEORMRIRSHEENN (33) Uit a2k, ki1
B n =1, AR & = 0, ALIREE HIBE N T/Tr = 0,0.1,0.2,0.4,0.6,0.8, 1.0.
Fig. 2. The transport coefficients D,,. (a), Dyz (b), Dz (c), and Dz (d) as functions of the dimensionless
interaction strength v; and temperature at a fixed particle number density. The solid lines represent the
results from Eq. (20) 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'/Ty = 0,0.1,0.2,0.4,0.6,0.8, 1.0.

R AR RR Y, AR TR E R OUR, (AP . REERETE e FIIESE P AR, MM BERfiz it
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N (o BER), BER IR Z MRS, WEBN R AR AL o (X) TSN 2], IXERE HOWARES R 2, BroA S
B i BRI R ZFEAR, AITFEL Dye ABHB/N. 3T 2(d) i Dee BIARERIATT N SR T RS HIZ
BERMA T B R W SO R B A AR, BER LS W RR RE R IE Iz, B BERIAR
AR, R B RE RIS EE T KM, B Dee BRI BEA S ELAR M KIS, THmpteas 9 o (L
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DEE/ 1%
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0 A = —— —4 (0 = 2 &
107! 10° 10! 10° 107! 10° 10! 10
V2 Y2

2

B 3 iZ %L Die(a), Die(b), Dee(c) FIl Dea(d) A2 KL 740 N B TC B9 ELAE I HREE 4o MR
A2, S GHD HEZEE (20) SUMEER, B (a) A1 (b) BRYIEER RIS (34) R, X
ISR BERE SN ¢ = 107°; Bl SR Rl 25 R (41) sUMEER, XA 952K op = 0.001. [&
(b)-(d) R =AIERREEREZE T (42) SWEER, M2, 6T = 0.01. K FEUFREEN n =1, B
KRR 1, = —0.1, ZfbilRES BIBE N T/Tr = 0.1,0.2,0.4,0.6,0.8, 1.0.

Fig. 3. Transport coefficients D, (a), D,z (b), Dz (c), and Dz (d) as functions of the dimensionless
interaction strength 7, and temperature at a fixed particle number density. Solid lines represent the results
from the Generalized Hydrodynamics (GHD) framework using Eq. (20)." The squares in panels (a) and
(b) show the results under a tilted potential from Eq. (34), with a potential gradient strength ¢ = 107°.
The circles in the same panels indicate the results from a local chemical potential difference using Eq.
(41), with a chemical potential difference o = 0.001. The triangles in panels (b)-(d) display the results
from a local temperature difference based on Eq. (42), with a temperature difference 67" = 0.01. The
particle number density is n = 1, the scattering length is [, = —0.1, and the reduced temperatures are

T/Tr = 0.1,0.2,0.4,0.6,0.8, 1.0, respectively.

11
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ZH IR ) RGBT
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e 5 At B Y A3 SR B S B R Ve 3, T AR GEAE ) SRR B 1 A HE SR AR I F 5 25
FEALFIAR A RS, MRAE TBA J574% (11) R (13) 0T PATHE H RGPS MR REARL T L% fE ¢ =0
I ZIGIA—MEERES V(2) = —¢n, ¢ HEIGIIBEIERE, XA RMBEIER o = 20, ZJGRGHH
GHD 7% (14) Ak,

TESLICE NPT R R DW, BRAE T ICFERUHL I, FT AR SCAFERS /N ELAE SE i 5137 i 7 i fe s
FEL AL ) B ) 4, P

D,y = dl)im lim (34)
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in= | T () p (N (35)



o= [ R s (36)
o= [ 0% =)o) OV AN = e = (37)
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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
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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 hydrody-
namics, Drude weight
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