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𝐽1 < 0, the antiferromagnetic second-neighbor
coupling 𝐽2 > 0 , and the antiferromagnetic
interchain rung coupling 𝐽′ > 0, while 𝐻DM =
∑ℓ ∑𝜎=± 𝜎 [(−1)ℓ 𝑫s ⋅ 𝒔𝜎,ℓ × 𝒔𝜎,ℓ+1 + 𝑫u ⋅ 𝒔𝜎,ℓ ×
𝒔𝜎,ℓ+1 ] is the DM interaction part 𝑫s ⊥ 𝑫u in
the 𝑧 and 𝑥 direction, respectively.
３． The maximum peak position 𝑞0 in the static
𝑥
𝑥
−𝑖𝑞ℓ/𝑁
spin structure factor 𝑠𝑞𝑥 = ∑𝑁
ℓ=1⟨𝑠+,0 𝑠+,ℓ ⟩𝑒

for 𝐻SU(2) has been computed by the iDMRG
method (Fig.1). The region of 𝑞0 = 1/4 r.l.u
observed in experiments is located at a
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2

Fig.2 (a) Curie-Weiss fitting of 𝜒 = ( 𝑔μB ) /
2

boundary between blue area and green area.

(𝑇 − Θ) + χ0 with 𝑔 = 2.16 and the Bohr
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Fig.1 Maximum peak position 𝑞0
Fourier component

𝑆𝑞𝑥

for 𝐻SU(2) .

in the
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Fig.4: Theoretical low-energy powder-averaged
spectra at 𝐵 = 0 and 𝑇 = 0 . The position of
black arrow corresponds to 1/4 r.l.u.
４． Thus, we conclude the frustrated 𝐽1 -𝐽2 spin-1/2
two-leg ladder model with DM interactions can
explain experimental results of the magnetic
susceptibility and inelastic neutron scattering
spectra of Rb2Cu2Mo3O12 in the zero-magnetic
field. Our numerical works find the large DM
Fig.3: Three lowest-energy levels at 𝑄b = 1/4

interactions are required to explain the three

r.l.u calculated by the exact diagonalization

low-laying energy split from the spin-1 triplet

on a 16-site cluster (a) and the iDMRG (b).

excitation.

The horizontal orange bands point to the
three experimentally observed low-energy
spin

excitation

levels

５． Although we had a plan to tackle the kagome
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quantum spin liquid in the spin-1/2 kagome

0.38 ± 0.02 meV and 0.60 ± 0.04 meV in (a)
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35.1 K, 𝐷u /|𝐽1 | = 0.215 , and 𝐷s /|𝐽1 | = 0.39
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in (a) and 𝐽2 = 39 K, 𝐷u /|𝐽1 | = 0.182 , 𝐷s /
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|𝐽1 | = 0.285 in (b). Three dashed black curves

controversial

are guides to the eyes for trajectories of

frustrated magnets.

0.20 ± 0.02

twofold degenerate levels. The choice of
𝐽1 /𝐽2 = −3.24 and 𝐽′/𝐽2 = 0.583 is commonly
taken in the both cases.
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Masashi Hase , Yukio Yasui, “Emergent spin-1 Haldane gap and ferroelectricity in a frustrated spin-1/2
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