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Abstract

We calculate the optical absorption spectrums for the S = 1/2 two-leg spin ladder systems using continued fraction
method based on Lanczos algorithm. We use two sets of parameters suggested for a S = 1/2 two-leg spin ladder
material SrCu2O3. We find that due to a cyclic four-spin interaction the dispersion curve becomes flatter and hence
the large peak structure appears in the optical absorption spectrums.

Key words: optical absorption spectrums; S = 1/2 two-leg spin ladder; cyclic four-spin interaction; SrCu2O3

S = 1/2 two-leg spin ladder systems with antifer-
romagnetic interactions have been studied intensively
[1]. Fascinating aspects of the elementary excitation as
well as thermodynamic properties have been revealed.
Recently, the S = 0 two-magnon bound state as well as
excitation continuum was observed by the optical ab-
sorption spectrums for an S = 1/2 two-leg spin ladder
material (Ca,La)14Cu24O41 [2]. For SrCu2O3, which is
an S = 1/2 two-leg spin ladder material, two sets of
parameters were proposed to reproduce temperature
dependence of the susceptibility [3,4]. Note that in one
set of parameters importance of a cyclic four-spin in-
teraction has been pointed out [3]. It may be difficult
to decide the proper model only from temperature de-
pendence of the susceptibility.

In this paper, we calculate the optical absorption
spectrums for S = 1/2 two-leg spin ladder systems us-
ing two sets of parameters for SrCu2O3. Let us consider
the following Hamiltonian,

H = J‖

N/2∑
i=1

(�1,i ·�1,i+1 +�2,i ·�2,i+1)

+J⊥

N/2∑
i=1

�1,i ·�2,i
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+Jcyc

N/2∑
i=1

{4[(�1,i · �1,i+1)(�2,i+1 ·�2,i) + (�1,i ·�2,i)

×(�1,i+1 ·�2,i+1) − (�1,i · �2,i+1)(�1,i+1 ·�2,i)]

+(�1,i ·�1,i+1) + (�1,i+1 · �2,i+1)

+(�2,i+1 ·�2,i) + (�2,i ·�1,i) +
1

4
}

+Jdiag

N/2∑
i=1

(�1,i ·�2,i+1 +�1,i+1 · �2,i) , (1)

where �l,i denotes the S = 1/2 spin operator in the
i-th rung of the l = 1, 2 chain, N is the total number
of the site, and J‖ and J⊥ are the coupling constants
for the interactions along the leg and rung, respec-
tively. Jcyc and Jdiag are the coupling constants for a
cyclic four-spin interaction and a diagonal interaction,
respectively. Two sets of parameters for SrCu2O3 are,
(a) J⊥ = 150meV, J‖ = 195meV, Jcyc = 18meV and
Jdiag = 3meV [3], and (b) J⊥ = 86meV, J‖ = 172meV
[4].

Using continued fraction method based on Lanczos
algorithm, we calculate the optical absorption spec-
trums defined as

I(ω) = − 1

π

∫
d�Im〈φo|R(�)†

1

ω − H + i0+
R(�)|φo〉,(2)

where |φo〉 is the eigenfunction of the ground state and
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�= (qx, qy) with the wave numbers along the leg (qx)
and the rung (qy = 0, π). For the polarization along
the leg and the rung, I(ω) is given by the contributions
Rl(qx, qy) = (1/

√
N)

∑
i,j
�j,i · �j,i+1e

i(qxi+qyj) and

Rr(qx) = (
√

2/N)
∑

i
�1,i ·�2,ie

iqxi, respectively.
First, we calculate the �-resolved optical absorption

spectrums. The results are shown in Fig. 1. Note that
the energy is measured in units of J‖. The intensity is
proportional to the area of the circle. In the leg po-
larization, the largest intensity for given qx lies in the
lowest excited state. In the rung polarization, on the
contrary, the largest intensity for some qx lies not in
the lowest excited state but in the higher excited state.
The solid lines denote the dispersion relation of the low-
est excited states. In the leg polarization, the disper-
sion relations of the parameter (a) become flatter than
those of the parameter (b). This tendency becomes no-
ticeable for qy = 0. The flat dispersion relation may be
caused by the effect of a cyclic four-spin interaction.

By integrating each result in Fig.1 with respect to
�, the optical absorption spectrums along the leg po-
larization and the rung polarization for N = 24 can
be obtained. The results are shown in Fig. 2. The op-
tical absorption spectrums along the leg polarization
provide the dominant contribution. In the leg polar-
ization for the parameter (a), the sharp peak structure
appears at ω ∼ 1.4, which originates from the flat dis-
persion relation with 1.3 < ω < 1.5 for qy = 0 mode of
the parameter (a). Such a large peak is detectable by
phonon-assisted optical absorption experiments [2,5,6].
The experimental findings may be effective to decide
the minimal model for SrCu2O3.
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Fig. 1. q-resolved optical absorption spectrums. Parame-

ters used are (a) J⊥/J‖ = 0.769, Jcyc/J‖ = 0.0923,

and Jdiag/J‖ = 0.0154, and (b) J⊥/J‖ = 0.5,

Jdiag/J‖ = Jcyc/J‖ = 0.0, which correspond to those pro-

posed in Refs. 3 and 4, respectively.
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Fig. 2. The optical absorption spectrums along the leg and

the rung polarizations. The parameters in (a) and (b) are

corresponding to those of Fig. 1 (a) and (b), respectively.

Our computational programs are based on TIT-
PACK Ver. 2 by H. Nishimori. Numerical computa-
tion was partly carried out at the Yukawa Institute
Computer Facility, Kyoto University, and the Super-
computer Center, the Institute for Solid State Physics,
University of Tokyo. This work was partly supported
by a Grant-in-Aid for Scientific Research from the
Ministry of Education, Culture, Sports, Science, and
Technology, Japan.
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B. Büechner, and A. Revcolevschi, Phys. Rev. Lett. 87

(2001) 127002.

[3] Y. Mizuno, T. Tohyama, and S. Maekawa, J. Low. Temp.

Phys.117 (1999) 389.

[4] D. C. Johnston, Phys. Rev. B 54 (1996) 13009.

[5] J. Lorenzana and G. A. Sawatzky, Phys. Rev. Lett. 74

(1995) 1867.

[6] H. Suzuura, H. Yasuhara, A. Furusaki, N. Nagaosa, and Y.

Tokura, Phys. Rev. Lett. 76 (1996) 2579.

2


