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MnSi problems

1) Crystallographic Handedness and Spin Chirality.
2) Complex nature of the thermal phase transition.
3) T-P phase diagram: quantum phase transition.

4) H-T phase diagram, appearance of A-phase (k-flop an
skyrmion lattice).




Crystal structure
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MnSi, FeSi, CoSi,
Mn, _ FeSi, Fe,  Co,Si,
Mn, _,Co,SI,

FeGe, MnGe, Fe, ,Mn,Ge
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«B20-type cubic single crystal
«Space group P2,3
od = 4.55 A

FJ,u,u), (1/2+u,1/2-u,u), (1/2-u,-u,1/2+u),
u,1/2+u) with uy , = 0.138 and u¢ ; = 0.845



What is structural handedness?
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(1/2-u,-u,1/2+u) (-u,1/2+u,1/24+u) (1/2-u,-u,1/2+u) (-u,1/2+u,

with uy. = 0.138 1 ug; = 0.845. with uy. = 0.862 n ug; = 0.155.
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Magnetic order in FeGe and MnSi
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1) spiral period 18 nm for MnSi.

2) us(Me) = 0.40 u 4 for MnSi




H-T phase diagram
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Field induced k-flop in MnSi near T,
and skyrmion lattice
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k-flop or Skyrmion lattice?
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Neutron scattering in MnSi
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323 (2009) 915.
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Skyrmion lattice
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Skyrmions in Thin Films Fej5Coq 5Si
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Figure 1| Topological spin textures in the helical magnet Feg sCog sSi.
a, b, Helical (a) and skyrmion (b) structures predicted by Monte Carlo
simulation. ¢, Schematic of the spin configuration in a skyrmion. d—f, The
experimentally observed real-space images of the spin texture, represented

by the lateral magnetization distribution as obtained by TIE analysis of the

Lorentz TEM data: helical structure at zero magnetic field (d), the skyrmion
crystal (SkX) structure for a weak magnetic field (50 mT) applied normal to
the thin plate (e) and a magnified view of e (f). The colour map and white
arrows represent the magnetization direction at each point.

S MU, V. Onose, N. Kanazawa, J. H. Park, J. H. Han, Y. Matsui, N. Nagaosa, Y. Tokya,

Nature 465 (2010) 901 -904.



Skyrmions in Thin Films Fey5Coq5Si
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Figure 2 | Variations of spin texture with magnetic field and temperaturein
Feo.sCog.5Si. a—d, Magnetic-field dependence of the spin texture, in real-
space Lorentz TEM (overfocus) images. e-h, FFT patterns corresponding to
a—d. i-l, Temperature profiles of the distribution map of the lateral
magnetization for a magnetic field of 50 mT. Magnetic fields were applied
normal to the (001) thin film. The colour wheel represents the magnetization
direction at every point.




Skyrmions in Thin Films FeGe
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A-phase in MnSi: revisited

1) Hexagonal structure is
Insensitive to the
crystal orientation.

2) Hexagonal structure is
stable in sense of

(a) translation
110 and (b) orientation
. 4 #%on the scale of sample of 1 cm
7 the wavevector of spiral, con
‘. #4  and hexagonal phase
ks = K¢ = Ky




Magnetic field evolution
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Temperature evolution
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Orientational stability:
orientation of hexagon
independent on ’rempera‘rure
and magnetic field at given
field-to crystal geometry
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Thermal phase transition in MnSi
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Small angle neutron diffraction
experiment on MnSi single crystal



Conclusion 1
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Hexagonal structure asévibed to the A-phase only
can be “traced” down to the low temperature
range



Conclusion 2
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