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Fig. 1. Ground-state phase diagram of the 1D con-
ventional ¢-J model obtained from DMRG. The phase
diagram consists of four phases: metallic phase (M),
superconducting phase (SC), singlet-superconducting
with spin gap (SG+SS) and phase separation (PS).

For original figure, one can refer to Ref. [7].
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Fig. 2. Effect of density-spin interaction W on (a) density distributions (n;), (b) spin distributions (S?) in real

space, (c) structure factor N(k) for the density-density correlation function, and (d) structure factor S(k) for

the spin-spin correlation in metallic phase (n = 0.6, J = 0.2). The inset in (d) is expanded near k = 2kp.
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Fig. 3. Effect of density-spin interaction W on (a) density distributions (n;), (b) spin distributions (S?) in real

space, (c) structure factor N(k) for the density-density correlation function, and (d) structure factor S(k) for

the spin-spin correlation in superconducting phase (n = 0.7, J = 3.0).
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Fig. 4. Effect of density-spin interaction W on (a) density distributions (n;), (b) spin distributions (S7?) in

real space, (c) structure factor N(k) for the density-density correlation function, and (d) structure factor

S (k) for the spin-spin correlation in phase separation (n = 0.4, J = 3.6).
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Abstract

t-J model is one of important theoretical models in the study of high temperature superconductivity. Recent cold
molecule experiments indicate that ¢-J model can be simulated by ultracold polar molecules. In the simulated ¢-J
model, besides long-range dipolar interaction, density-spin interaction has also been introduced. In the present paper
we study the effect of density-spin interaction in the one-dimensional extended t¢-J model by using the density matrix
renormalization group method. We choose three sets of representative parameters, which correspond to three different
phases in the ground state phase diagram of ¢-J model, to calculate the charge and spin density distribution in real space
and the structure factor of density-density and spin-spin correlation functions. The results indicate that the nature of
the system will not change if the intensity of the density-spin interaction is small, however if the intensity is large enough,
the system enters the phase separation, in which the character is quiet different form that of the phase separation in the

traditional t-J model.

Keywords: ¢-J model, density matrix renormalization group, density-spin correlation, phase separation
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