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Fig. 1. (color online) Long-wavelength charge (k,) and
spin (ko) structure factors vs V for A = 0.5, U = 4.
The inset shows a linear extrapolation of the critical

values V¢ and Vi with the inverse of chain length 1/L.
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Fig. 2. (color online) Behavior of 27, and z¢ at
A =0.5,U =4 for L =64, 80, 96, and 128 systems.
In the L — oo limit, (zz, 27 ) converge as (—1, 0), (-1,
1), and (1, 1) for the MI, BOI, and BI regions. The in-
set (a) shows finite-size scaling of the critical coupling
Vi(s) (indicated by arrow) where zz(o) = 0; (b) shows
the same quantities but for U = 10.
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Fig. 3. (color online) (a) phase diagram of the 1 D half
filled EIHM, the BOI phase existing between the MI
and BI phases is colored by yellow, dashed lines indi-
cates U = 2A+ 2V, the bicritical point is at (Ug, V4) ~
(10.74,4.90) for A = 0.5 and (U, V4) ~ (12.03,5.01)
for A = 1.0, respectively; the inset shows a linear ex-
trapolation of the critical values (U, V;) with the stag-
gered ionic potential A; (b) phase diagram of the 1 D
half filled IHM (V = 0).
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Abstract

We use a density-matrix renormalization group method to study quantitatively the phase diagram of the half-filled

one-dimensional (1D) extended Hubbard model in the presence of a staggered ionic potential A. An extensive finite-size

scaling analysis is carried out on the relevant structure factors and localization operator to characterize the Mott-insulator

(MI)-bond-ordered insulator (BOI)-band-insulator (BI) transitions. The intermediate BOI phase occupies a small region

of the phase diagram, and this region is enlarged in the presence of A. In addition, the phase diagram of ionic Hubbard

(the nearest-neighbor electron-electron interaction V' = 0) is also given.

Keywords: density-matrix renormalization group, Hubbard model, quantum phase transition, phase

diagram
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