Dynamical Stripe Correlation in the d-p Model at 1/8-filling
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Abstract

We investigate the dynamical stripe correlation in the two-dimensional d-p model near 1/8-filling on the basis
of the dynamical cluster approximation combined with the unrestricted fluctuation exchange approximation. We
obtain the fully self-consistent solutions near 1/8-filling. The spin correlation function near 1/8-filling reflects the

existence of the quasi-one-dimensional fluctuation.
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1. Introduction

The quasi-one-dimensional (Q1D) charge order in
high-T. cuprates (HTC), which is known as a striped
state, has been one of the significant issues for the last
years [1]. Considering the various experimental re-
sults, it seems natural that this order originates from
the strong on-site Coulomb repulsion. By the many
numerical and analytical studies it has been clarified
that the stripe state can be the ground state of the
two-dimensional (2D) Hubbard or d-p model near
1/8-filling [2-6,8,9]. Although at finite temperature
strong fluctuations can destroy long-ranged order,
short-ranged Q1D fluctuations will persist. Thus, we
should consider both antiferromagnetic (AF) spin
fluctuation and Q1D charge fluctuation in a self-
consistent manner in order to see their influences on
the electronic property. In this work we investigate the
electronic correlation function in 2D d-p model on the
basis of the dynamical cluster approximation (DCA)
combined with the unrestricted fluctuation exchange
approximation (UFEA). We calculate the dynamical
spin correlation functions at finite temperature.
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2. Dynamical stripe correlation

We consider only the on-site Coulomb repulsion U
among d-electrons at each Cu site, and divide our
model Hamiltonian into the non-interacting part Hy
and the interacting part H; as

H=Hy+H, — MZ [d}%dka —I—pgapza —I—p}gap%a .
ko
(1)
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Here dka(d}%) and pp.” (pk
(creation) operator for d- and p**)-electron of momen-
tum k and spin o, respectively. p is the chemical po-
tential. The non-interacting part Hy is represented by
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where Agp is the hybridization gap energy between
d- and p-orbitals. We take the lattice constant of the
square lattice formed of Cu sites as the unit of length,
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and we can represent C;;(y) = 2itapsin 5 and =

—4tpp sin %’L sin =, where t4;, is the transfer energy be-
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tween d-orbital and its neighboring p*™*-orbital and
tpp is that between p®-orbital and p“-orbital. In this
study, we take ¢4, as the unit of energy. The residual
part, Hi, is described as

_U t t
= N %l: Z dk-t,-qydl_qldlldkw (3)
q

where N is the number of k-space lattice points in the
first Brillouin zone (FBZ).

We diagonalize H — H; and derive unperturbed
Green function, gJ (k,i€,). With the help of the DCA
concept [10], our unrestricted perturbed Green func-
tion is approximated as Gg (k, k'sien) ~ G (K, ien)
if K —k € {K}. Here we use an abbreviation, €, =
7T(2n + 1) with n = 0,£1,42,.... T represents the
temperature, and {K} does a cell in the FBZ repre-
sented by a cluster momentum K in the center of the
cell. This perturbed Green function and the unper-
turbed one are combined by the Dyson equation :

(G (Ryien)] = {93 (Ryien)} " 050 — S5 (R, ien).
(4)

We adopt the UFEA in order to compute our unre-
stricted self-energy [11], X7 (k,ien). In eq. (4) we use
an abbreviation for the inverse operation, [---]™", de-

fined so that the identities :

o . o . -1
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are satisfied for all k and n. § ¢ is Kronecker’s delta. We
have to solve all equations for the fully self-consistent
solution, G;K(k,ien).

We divide the FBZ into 16 x 16 meshes, and take 8 x 2
cluster momenta. We prepare 2'' Matsubara frequen-
cies for temperature 7' = 0.030 ~ 270K. Our other pa-
rameters : tgp, = 1.0 ~ 0.80eV, t,, = 0.60 ~ 0.48eV,
and Agp, = 0.0, U = 10.0 ~ 8.0eV. In our results § =
Niotar — 1 = 0.120, and nf/nk = 1.64. We adopt Padé
approximating for the method of analytic continuation.
We calculate the dynamical spin correlation function :

I(q,B) =Tm Y X" g (a,iwm)
K

X [6K—UX+K_(Q—K,iwm)]_1 ,(6)

iwm—FE

which corresponds to the inelastic neutron scattering
intensity. In Fig. 1 we show its momentum dependence
at 2 = 0.24. We can find that it reflects a weak Q1D
character of the electronic state. Such a Q1D character
appears around F = 0.22 ~ 0.25, but in the other
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Fig. 1. I(q, E) at E = 0.24 ~ 192meV

energy range does not. This Q1D character originates
from the strong Coulomb repulsion.

In summary, in this work we analyze the dynamical
spin correlation in the two-dimensional d-p model near
1/8-filling. We calculate the one-particle spectral func-
tion, the charge correlation function, and the spin cor-
relation function at finite temperature. We obtain the
fully self-consistent solutions taking account of some
certain types of inhomogeneities in our system. The
spin correlation function reflect the existence of the
Q1D fluctuation. In three-dimensional real materials
this fluctuation tends to form the vertical stripe state,
which has been observed in the neutron scattering ex-
periment in Las_,SryCuOy4 [12].

Acknowledgements

The authors are grateful to K. Yamaji, M. Miyazaki,
S. Koike, and I. Nagai for their invaluable comments.
The computation in this work was performed us-
ing both IBM RS/6000-SP at TACC and VT-Alpha
servers at NRI in AIST.

References

1] J. M. Tranquada et al., Nature 375 (1995) 561.
2] D. Poilblanc, T. M. Rice, Phys. Rev. B 39 (1989) 9749.
3] J. Zaanen, O. Gunnarsson, Phys. Rev. B 40 (1989) 7391.

5] T. Giamarchi, C. Lhuillier, Phys. Rev. B 42 (1990) 10641.
6] T. Mizokawa, A. Fujimori, Phys. Rev. B 56 (1997) 11920.

7] S. R. White, D. J. Scalapino, Phys. Rev. Lett. 80 (1998)
1272.

(1]
(2]
(3]
[4] M. Kato et al., J. Phys. Soc. Jpn. 59 (1990) 1047.
(5]
(6]
(7]

8] M. Ichioka, K. Machida, J. Phys. Soc. Jpn. 68 (1999) 4020.
9] T. Yanagisawa et al., J. Phys. Cond. Matter 14 (2002) 21.

11] N. E. Bickers, D. J. Scalapino, Ann. Phys. 193 (1989) 206.

[
[
[10] Th. Maier et al., Eur. Phys. J. B 13 (2000) 613.
[
[12] K. Yamada et al., Phys. Rev. B 57 (1998) 6165.



