ARTICLE IN PRESS

Journal of Magnetism and Magnetic Materials 310 (2007) 511–513
www.elsevier.com/locate/jmmm

Magnetic correlations of the Hubbard model on frustrated lattices
N. Buluta,b,, W. Koshibaea, S. Maekawaa,b
a

Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
CREST, Japan Science and Technology Agency (JST), Kawaguchi, Saitama 332-0012, Japan

b

Available online 9 November 2006

Abstract
In order to study the magnetic properties of frustrated metallic systems, we present quantum Monte Carlo data on the magnetic
susceptibility of the Hubbard model on triangular and kagomé lattices. We show that the underlying lattice structure is important and
determines the nature and the doping dependence of the magnetic ﬂuctuations in these models.
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The discovery of superconductivity in Nax CoO2  yH2 O
has generated new interest in frustrated interacting systems
[1]. In cobaltates, cobalt and oxygen ions form a twodimensional triangular network, and it has been shown
that the triangular CoO2 lattice consists of four coupled
kagomé sublattices [2]. For this reason, we use Quantum
Monte Carlo (QMC) simulations to investigate the
magnetic properties of interacting systems on triangular
and kagomé lattices [3]. The triangular Hubbard model
was studied previously with the path-integral renormalization-group (RG) [4], the one-loop RG [5] and the
ﬂuctuation-exchange (FLEX) [6] approaches. The FLEX
method was also used for studying the magnetic properties
of the Hubbard model on the kagomé lattice [7].
In the following, we will see that the triangular Hubbard
model has strong antiferromagnetic (AF) correlations near
half-ﬁlling and at low temperatures, when the Coulomb
repulsion U is of the order of the bandwidth. On the other
hand, for weak U, the magnetic correlations saturate as
T ! 0. The Hubbard model on the kagomé lattice also
exhibits enhanced short-range AF correlations. In the
doped case, we ﬁnd that the short-range AF correlations
are stronger for the kagomé than the triangular lattice.
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This is interesting since the ground state of the spin-12
Heisenberg model has long-range order on the triangular
lattice and it is disordered in the kagomé case. We note that
it would be useful to investigate the possibility of superconductivity in metallic kagomé systems.
The Hubbard model is deﬁned by
X y
X
X
H ¼ t
ðcis cjs þ h:c:Þ þ U
ni" ni#  m
nis ,
(1)
i

hi;ji;s

is

where t is the hopping matrix element between the nearest
neighbor-sites, U is the on-site Coulomb repulsion, and m is
the chemical potential. Here, cis (cyis ) annihilates (creates)
an electron with spin s at site i, and nis ¼ cyis cis . In the
following, we will take to0 and consider hniX1:0, which is
the appropriate case for the cobaltates [2]. In obtaining the
QMC data presented here, the determinantal QMC
technique [8] was used.
For the triangular lattice, the magnetic susceptibility is
deﬁned by
Z b X
wðqÞ ¼
dt
eiqr‘ hmz ðriþ‘ ; tÞmz ðri Þi,
(2)
0

‘

where mz ðri Þ ¼ cyi" ci"  cyi# ci# and mz ðri ; tÞ ¼ eHt mz ðri ÞeHt .
In the following, w will be plotted in units of jtj1 .
The kagomé lattice is a three-band model, since each unit
cell consists of three sites. Hence, each lattice site on the
kagomé lattice can be represented by the indices ð‘; dÞ
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where ‘ is the unit-cell index and d denotes the atomic site
in a particular unit cell. For the kagomé case, we deﬁne the
magnetic susceptibility as
Z

b

wdd 0 ðqÞ ¼

dt
0

X

eiqr‘ hmzd ðriþ‘ ; tÞmzd 0 ðri Þi,

(3)

‘

where mzd ðri Þ ¼ cyid" cid"  cyid# cid# , cids (cyids ) is the annihilation (creation) operator of an electron with spin s at lattice
site ði; dÞ and the summation is performed over the unit-cell
locations. Diagonalizing the 3  3 matrix wdd 0 ðqÞ, we obtain
wa ðqÞ which describes the three modes of the magnetic
excitations on the kagomé lattice.
We ﬁrst present results for the triangular lattice at halfﬁlling. Fig. 1(a) shows wðqÞ versus q for U ¼ 4jtj on various
size lattices as the temperature is lowered. Here, it is seen
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that wðqÞ does not vary signiﬁcantly with T, in particular
for 0:25jtjpTp0:17jtj. For comparison, w0 ðqÞ for the
noninteracting system at T ¼ 0:17jtj is shown by the
dotted curve. Fig. 1(b) displays wðqÞ versus q for U ¼ 8jtj
at half-ﬁlling, where we observe a large Stoner enhancement of the AF correlations. In contrast with the U ¼ 4jtj
case, here, wðqÞ at the K point grows rapidly with a Curielike T dependence down to 0:33jtj. However, it is not
known whether wðqÞ saturates at lower T for U ¼ 8jtj.
Fig. 1(c) shows the ﬁlling dependence of wðqÞ for U ¼ 8jtj
while T is kept ﬁxed at 0:33jtj. Here, we observe that the
AF correlations decay monotonically with doping.
Next, we discuss the magnetic properties of the Hubbard
model on the kagomé lattice. Fig. 2(a) shows QMC results
on wa ðqÞ for U ¼ 4jtj and T ¼ 0:2jtj at half-ﬁlling. The top
band (a ¼ 1) and the second band (a ¼ 2) involve strong
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Fig. 1. Magnetic susceptibility wðqÞ versus q of the triangular Hubbard
model. Here, q is scanned along the path G ! M ! K ! G in the BZ of
the triangular lattice. The temperature evolution of wðqÞ at half-ﬁlling is
shown in (a) for U ¼ 4jtj and in (b) for U ¼ 8jtj. In these ﬁgures, the
dotted curves represent results for the noninteracting case at the lowest
temperature used in that ﬁgure. The evolution of wðqÞ versus q with the
electron density hni is shown in (c) for U ¼ 8jtj and T ¼ 0:33jtj. Here, the
dotted curve represents the results for the noninteracting system at hni ¼
1:3 and T ¼ 0:33jtj.
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Fig. 2. Magnetic susceptibility wa ðqÞ versus q for the Hubbard model on
the kagomé lattice. Here, the three magnetic modes of wa ðqÞ are shown at
each q point, as q is scanned along the path G ! M 0 ! K 0 ! G in the ﬁrst
BZ of the kagomé lattice. Results on wa ðqÞ at half-ﬁlling are shown in (a)
for U ¼ 4jtj and T ¼ 0:2jtj and in (b) for U ¼ 8jtj and T ¼ 0:33jtj. These
data have been obtained on lattices with 6  6 and 4  4 unit cells. In (c),
results are shown for hni ¼ 1:15 with U ¼ 4jtj and T ¼ 0:14jtj.
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short-range AF correlations. The third mode is weaker in
magnitude. Fig. 2(b) shows wa ðqÞ versus q for U ¼ 8jtj and
T ¼ 0:33jtj at half-ﬁlling. In Fig. 2(c), the QMC results are
shown for U ¼ 4jtj and T ¼ 0:14jtj at hni ¼ 1:15. In the
doped case, we ﬁnd that the near-neighbor AF correlations
are stronger for the kagomé than the triangular lattice.
In this paper, we have presented QMC results on the
magnetic correlations in the Hubbard model on the
triangular and kagomé lattices. At the temperatures where
these calculations were performed, we ﬁnd, in both of these
models, that the magnetic correlations grow rapidly as T
decreases at half-ﬁlling for U ¼ 8jtj, while they saturate
when U ¼ 4jtj. In addition, in the doped case, the lowfrequency short-range AF correlations are stronger in the
kagomé case than in the triangular case. This makes the
interacting metallic systems with kagomé type of lattice
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structures a promising ﬁeld for studies of superconductivity.
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