Observation of phonon modes in a chiral spin soliton lattice

DMI-2021

Yusuke Shimamoto™, Y. Matsushimat, T. Hasegawa?!, Y. Kousaka'

l. Proskurin?, F. J. T. Goncalves3, Y. Togawal

(1) Osaka Prefecture University, Osaka, Japan
(2) University of Manitoba, Winnipeg, Canada
(3) Helmholtz Zentrum Dresden Rossendorf, Dresden, Germany

*y-shimamoto-spin@pe.osakafu-u.ac.|p

¢ Summary

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

bulk single crystal of monoaxial chiral helimagnet CrNb,S,.

» 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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The CSL can be regarded

» Phonon-like excitation of CSL (Vibration of magnetic superlattice)
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O Multiple resonance modes (n =0, 1, 2, 3) up to 40 GHz.

Non-trivial coefficient a appears in the H dependence of CSL period

(Direct observation using Lorenz microscopy)
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Theoretical equation (derived by sine-Goldon model)

_ 1 sn : Jacobi elliptic functions 27
" ksn(V, 1-k?) A

k : elliptic modulus
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V. V. Kiselev and A. A. Raskovalov, J. Exp. Theor. Phys. 116, 272 (2013).

Equation for fitting parameters
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Meanings of parameters

IfD=2.88KandD/J=0.16 A=5.0GHz

a: field dependence of the CSL (see left in detall)

B: magnitude of Dzyaloshinskii-Moriya interaction
(energy gap &, at H = 0)

Energy gap &= 31.2 GHz D=288K

y: frequency at the convergence points of CSL phonon
(frequency at critical field f, [H,])

Finite frequency-gap for n = 0 mode
> (In experiment) A=f,(0)-f,(H,) =5.9 GHz —

» (In theory) A= Dzjz

O Good agreement



