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Observation of phonon modes in a chiral spin soliton lattice 

 We report experimental results of the magnetic resonance of a chiral spin soliton lattice (CSL) in 

bulk single crystal of monoaxial chiral helimagnet CrNb3S6. 

 We observed a lowest frequency mode and three higher order modes between 16 and 40 GHz.

 The frequency of all resonance modes converged at a critical field due to a increase of the CSL 

period concurrently with decrease of the size of the Brillouin zone in spin-wave band.

 Experimental data were fitted to analytical solution of band problem of the one-dimensional chiral 

sine-Gordon model and we evaluated Dzyaloshinskii-Moriya interaction as 2.88 K in the crystal.
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Spin-wave dispersion of CSL Brillouin Zone boundaries
(Determined by CSL period)

Vector Network Analyzer and coplanar waveguide (VNA-FMR)

Temperature : 100 K

Field sweep : +200 to -200 mT (Above Hc)

Frequency range : 1 ~ 40 GHz

Power intensity : 1 dBm
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Theoretical equation (derived by sine-Goldon model)

sn : Jacobi elliptic functions
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Non-trivial coefficient α appears in the H dependence of CSL period 
(Direct observation using Lorenz microscopy)

Equation for fitting
α = 2.1

γ = 15.0 GHz

β = 5.9

parameters

 Multiple resonance modes (n = 0, 1, 2, 3) up to 40 GHz.

Field dependence of magnetic resonance in CSL

ε0 ≈ 
𝐷𝑆2

2
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 Good agreement between theory and experiment

Phonon-like excitation of CSL (Vibration of magnetic superlattice)
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Elementary excitation of CSL
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The CSL can be regarded 

as a magnetic superlattice with tunable periodicity.
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Meanings of parameters

β: magnitude of Dzyaloshinskii-Moriya interaction 

(energy gap ε0 at H = 0) 

α: field dependence of the CSL (see left in detail)

γ: frequency at the convergence points of CSL phonon 

(frequency at critical field f0 [Hc])
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Energy gap ε0 = 31.2 GHz D = 2.88 K
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If D = 2.88 K and D / J = 0.16

f0 [0]

Δ = f0 (0) - f0 (Hc) = 5.9 GHz

Finite frequency-gap for n = 0 mode

 (In experiment)

 (In theory)

Δ = f0 (0) - f0 (Hc)

Δ = 5.0 GHz

 Good agreement

Chiral magnetic crystal CrNb3S6
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