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Fig. 1. 2D skyrmions, skyrmions clusters and skyrmion lattices: (a) Bloch-type and (b) Neel-type isolated skyrmions;

(c) skyrmions in the nanometer disk which transform from isolated state into cluster state with increasing diameter

of the disk [39]; (d) skyrmion crystal [13],
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Table 1. Detail information related to the Fourier representation of hexagonal lattices.
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o (C11 — C12)(Chy + 2Cho)

Ciy = Cua + 2Logm?®.

B 7 T (10) b 1 RS 4y, U HE B U5
W = W(mpp,5ij). Rw(mp,, ;) FIRNME, UA
1 5E mp.,.

T, A AT s B FO T A (I e
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e T AR T 7 1) 1 £ MR AN, B H oh  4
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i = Eig (1, 0y) £ (m, 3ig), ST €5(m, ) = BUR, BUR B DR 4, 5T LA
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51T, EAERENA, B (19) "R B R] AT SRALL R 75 955K 45

2 MnSifEMERI#R S H T
Table 2. Thermodynamic parameters of bulk MnSi [71].

C11=283.3 GPa, C12=64.1 GPa, C44=117.9 GPa, A=1.27x10"23 JJA—2.m~ 1, D=1.14x10"1% J.A~2,
B—HBH  M;=1.63x10° Am~!, a=6.44x10"7 JJA=2m 1. K1, =353x10"16 J A~*.m, Ty =26 K,

Ae=—0.05A, A. =0

K=-2x10" JJA=2m~ 1! L1 =-0.70x10% JJA=2.m~1, L5 =0.60x10% J-A=2.m~!, L3=1.65x10% J-A—2.m~1,
F WS  Loi=—-057x10"*J A 2m 2 Loy=1.15x10"*JA2m~ 2, Lo3=—-0.57x10"% J-A=2.m~2,

Loo=—1.01x10% JJA=2.m~1, L53=2.03x107 J-A~2.m~ 1.
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Fig. 3. Experimental results (48] and theoretical calculation results [71] of temperature-magnetic field phase diagram of bulk MnSi

subjected to uniaxial compression in different direction: (a)—(c) The magnetic field is along z-axis, the pressure is along [1,1,0]T

direction; (d)—(f) the magnetic field and the pressure are all along z-axis; (g)—(i) the magnetic field and the pressure are all along

[1,1,1]T direction; (j)—(m) the magnetic field is along z-axis, the pressure is along (j), (k) z-axis, (1), (m) [1,1,0]T direction.

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig. 4. (a)—(c) Observed Lorentz TEM images of the skyrmion lattices in FeGe film before (a), (b) and after (c)
uniaxial tension (28], the observation temperatures of (a) and (b), (c) are 260 K and 94 K, respectively; (d)—(g)
theoretically calculated Wigner-Seitz cell of skyrmion lattice in bulk MnSi before (region enclosed by black dotted
lines) and after (region enclosed by black full lines) stress loads (621 the background color reflects the magnitude
of z-component of magnetization, the arrows reflect the distribution and magnitude of in-plane components of

magnetization; (d)—(f) uniaxial tensile deformations of 0.02 along z-, y- and z-direction; (g) shear deformation of

0.02 in xy-plane.
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Fig. 5. (a)—(d) Intrinsic periodic displacement fields corresponding to SkX in bulk MnSi in different magnetic field (63, the
calculation temperature is 4 K, the magnetic field is (a) 0.1 T, (b) 0.2 T, (c) 0.3 T, (d) 0.4 T; (e)—(h) surface configurations

of MnSi hosting skyrmion lattice phase in different magnetic field [64]| the calculation conditions are the same as (a)—(d).
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SPECIAL TOPIC —Magnetic skyrmions

Magnetoelastic phenomena and mechanisms of
magnetic skyrmion crystal”

Hu Yang-Fan! Wan Xue-Jin Wang Biao*
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Abstract

Recently, a novel two-dimensional spin structure with non-trivial topological properties, called magnetic skyrmion,
has been found in many chiral magnets. In most cases, magnetic skyrmions assemble spontaneously and form a lattice
structure, called magnetic skyrmion crystal (SkX). SkX, as a novel macroscopic magnetic phase, may interact with
different types of external fields through the intrinsic multi-field coupling of the material, resulting in many peculiar
physical phenomena. It is found that due to the intrinsic magnetoelastic coupling of chiral magnets, SkX not only
influences the mechanical properties of the materials, but also has “emergent elastic properties” when subjected to
external forces. In this review, we first introduce and categorize various types of SkX-related magnetoelastic phenomena,
and then introduce a unified theoretical framework to analyze these magnetoelastic phenomena. Specifically, we establish
the Landau-Ginzburg free energy functional with a comprehensive description of the magnetoelastic effect for B20 chiral
magnets obtained through symmetry analysis, and prove that SkX should be described by a Fourier series due to its
wave nature. We show quantitative agreement between theoretical results and experimental results for three types of
phenomena: 1) the temperature-magnetic field phase diagrams of MnSi suffering uniaxial compression, it is found that
T

uniaxial compression in the direction [0, 0, 1] constricts the stable region of the skyrmion phase in the phase diagram,

while uniaxial compression in the direction [1, 1, O]T extends the stable region of the skyrmion phase in the phase
diagram; 2) the emergent elastic behavior of SkX, it is found that this property derives from the magnetoelastic effect of
the underlying material, and the linear constitutive equation (with coefficient matrix A) which determines the emergent
deformation of SkX, is briefly introduced; 3) the variations of elastic coefficients C11, C33, Cua, and Cee with the external
magnetic field for MnSi, and the predictions of the variation of Ci2 and Ci3 are provided by the theory. Based on
the theoretical framework, the analytical solutions of the eigenstrain problems for chiral magnets hosting SkX and the
surface configuration of SkX in a half-space magnet are introduced. In this process, we show how to use the theoretical
framework to deal with different problems. Finally, we make a summary and suggest several directions for the future

development of this field.
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