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Fig. 1. (color online) Specific heat ¢, susceptibility x, and compressibility x as a function of the chemical potential

u for temperature T = 0.1 and different interaction strength (U = 1,4,8,15). In order to have the system of the

central symmetry, we shift the chemical potential pu by U/2 (for convenience, we let t = kg = 1).

n—=U/2

2 (MFIER) T =01, U = L ESGL « FURLF 25
FEn BE p 134G (B IR MBI T R SR 7
X 4 JE AH A 4 2 A AH )

Fig. 2. (color online) Compressibility x and density n
as a function of the chemical potential p for temper-
ature T' = 0.1 and interaction strength U = 1. The
dotted lines from left to right divide the system into
the vacuum phase, the metal phase, and the band-

insulating phase.
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Fig. 3. (color online) For the temperature T = 0.1
and interaction strength U = 4, compressibility &,
and density n as a function of the chemical poten-
tial p. The dotted line from left to right divide the
system into the vacuum phase, the metal phase, the
Mott-insulating phase, the metal phase, and the band-

insulating phase.
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Fig. 4. (color line) Compressibility x and density n as
a function of the chemical potential y for temperature
T = 0.1 and interaction strength U = 8. The dot-
ted lines from left to right divide the system into the
vacuum phase, the metal phase, the Mott-insulating

phase, the metal phase, and the band-insulating phase.
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Fig. 5. (color online) Specific heat ¢, susceptibility x, and compressibility x as a function of the chemical

potential p for temperature T'= 0.1 and different interaction strength (U = 1,4, 8,15).
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Fig. 6. (color online) The local density n; of the metal
phase as a function of the lattice site i for interaction
strength U = 8, the number of particles N = 30, and
different temperature 7'= 0.01,0.1,0.6, 1.0.
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Fig. 7. (color online) The local density n; of the metal-
Mott insulating mixed phase as a function of the lat-
tice site ¢ for interaction strength U = 8, the num-
ber of particles N = 70, and different temperature
T =0.01,0.1,0.6, 1.0.
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Fig. 8. (color online) The local density n; and local com-
pressibility k; as a function of the lattice site i for tem-
perature T = 0.1, interaction strength U = 8, and the
number of particles N = 70. The dotted line from left to
right divide the system into the vacuum phase, the metal
phase, the Mott-insulating phase, the metal phase, and

the vacuum phase.
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compressibility x; as a function of the lattice site i for
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number of particles N = 70.
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Abstract

In this paper, we numerically solve the thermodynamic Bethe-ansatz coupled equations for a one-dimensional
Hubbard model at finite temperature and obtain the second order thermodynamics properties, such as the specific heat,
compressibility, and susceptibility. We find that these three quantities could embody the phase transitions of the system,
from the vacuum state to the metallic state, from the metallic state to the Mott-insulating phase, from the Mott-insulating
phase to the metallic state, and from the metallic state to the band-insulating phase. With the increase of temperature,
the thermal fluctuation overwhelms the quantum fluctuations and the phase transition points disappear due to the
destruction of the Mott-insulating phase. But in the case of the strong interaction strength, the Mott-insulating phase
is robust, embodying the compressibility. Furthermore, we study the thermodynamic properties of the inhomogeneous
Hubbard model with trapping potential. Making use of the Bethe-ansatz results from the homogeneous Hubbard model,
we construct the chemical potential-functional theory (u-BALDA) for the inhomogeneous Hubbard model instead of the
commonly used density-functional theory, in order to solve the in-convergence problem of the Kohn-Sham equation in
the case of the divergence appearing in the exchange-correlation potential. We further point out a multi-dimensional
bisection method which changes the Kohn-Shan equation into a problem of finding the fixed points. Through u-BALDA
we numerically solve the one-dimensional homogeneous Hubbard model of trapping potential. The density profile and
the local compressibility are obtained. We find that at a given interaction strength, the metallic phase and the Mott-
insulating phase are destroyed and the density profile becomes a Guassian distribution with increasing temperature. To
the metallic phase, Friedel oscillation caused by quantum fluctuations is still visible at low temperature. With increasing
temperature, Friedel oscillation will disappear. This situation reflects the fact that the thermal fluctuation overwhelms
the quantum fluctuations. For the Mott-insulating phase, the Mott-insulating plateau is robust at a certain temperature
and only the boundary of the Mott-insulating plateau is destroyed. With increasing temperature, the Mott insulating
plateau will be destroyed. And the change of the local compressibility provides the information about such a change. So
we conclude that the thermal fluctuation destroys the original quantum phase. Through our analysis, we find that the
u-BALDA can be used to study the finite temperature properties for the system of the exchange-correlation potential

divergence with high efficiency.

Keywords: thermodynamic Bethe-ansatz equations, compressibility, Hubbard model, chemical potential-

functional theory
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