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Focus of this Talk
Weak Crystallization of Fluctuating Skyrmion Textures
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Part 1
Results | will not talk about.



Skyrmion lattice and emergent electrodynamics in MnSi
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Hierarchical Energy Scales in B20 compounds
Landau-Lifshitz vol. 8, §52
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Fluctuation-Stabilized Multi-q Structure
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Zoology of Magnetic-Skyrmion Materials

B20 metals & semiconductor Sc-doped Ba-Ferrite

P243 insulator: Cu20OSeQOs3 Heusler compounds

P4,32 & P4332: CoxZnyMn; Fe or PdFe-layer on Ir (111)
SrFeOs, Lacunar Spinels Heterostructures & Multilayers
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unwinding by emergent monopoles
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Creation, Stability & Destruction of Skyrmions

distribution of energy barriers
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Creation, Stability & Destruction of Skyrmions

extreme entropy compensation
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Creation, Stability & Destruction of Skyrmions

Writing & Deleting Individual Skyrmions Electric Field-Driven Switching
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Blowing‘ Skyrmion Bubbles

Skyrmion ,Bubbles® in Trilayers
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Topological Hall effect in paramagnetic MnSi and Mn+.xFexSi
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Skyrmion Lattice in Gd2PdSis
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Fluctuation-Induced First Order Transition



Prediction of a Spontaneous Skyrmion Phase
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Magnetic Phase Diagram of MnSi
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decreasing temperature

Fluctuation-Induced First Order Transition
a helimagnetic Brazovskii transition

= Breansk Eq. (3]
O T imea -Teld

© ths work

© W T=1'0
* Grigeriev. T111°
4 Grigariev, [001;

0.04

|
| Ty

0
0.04
0.04
. . '1’( T.
D ! 429
-

v 31

Z

%K

® suppression of T,

33 34 35 36

(8}
temroerature T

" clualior - nducec

1
me=an-fis a1,

. Isl-urde 7
- C
St ‘E'L,;i ‘fl,m correlat on length &
| isctopicchirsl, | sotrapic chiral 2 Tomagnetic
0 etrongly irtaracting Auctuations fluctuations
I fluctuations |
0.0 | fluctuation = mean-field  mean-field
' , disordered | disordered disardered

M. Janoschek, M. Garst et al. PRB 87, 134407 (2013)



Chiral Fraction

P ..-Cryostat _

experiment @ RESEDA, FRM I

0.0

_ Tmag(k) 1
T=5%5 (k) 1+r2(T)/(2k2)
mag

Revisited

O 20 40 60 80
T'TC(K)

Kindervater et al., PRB 89, 180408 (2014)
see Pappas et al., PRL 102, 197202 (2009)

= 08fe 0 #
A 3 : ™~
a 25° g %‘
06Fv Pappaselal.:, -T"
: o 1 2 3
- T-T.(K)



Magnetic Phase Diagram of MnSi
specific heat

100} (a) Tjﬁ 0mT{(b) T_ﬁ 50 mTiH(c) TCI'I'mOn%T-

|
il i

C./T(mJ mol”'K?)
[0}
o

H
oal ICP
: .
conical JRRERREE. B,
03 r 1 b F.f
- skyrmion lattice 2
T 0.2 =
=3 >
0.1 NA’]OO
<
0 E
280 285 290 £
T (K) &° 60}

28 29 30 28 29 30 28 29 30
T (K) T (K) T (K)

Bauer, Garst, CP, PRL 110, 177207 (2013)

cf. ultrasound absorption

Nii et al., PRL 111, 267203 (2014)



week ending

PRT. 119, 047203 (2017) PITYSICAL REVIEW LETTERS 2% IULY N7
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To conclude, neutron scattering does not provide any
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Magnetic Phase Diagram of MnSi
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Magnetic Phase Diagram of MnSi

contrasts: Pappas et al., PRL 119, 047203 (2017) measurements @ SANS-1 & RESEDA, FRM Il



Weak Crystallization of Fluctuating Skyrmion Textures



Precursor Phenomena
in Bulk Properties?



Note on the Susceptibility Across Different Phases
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Microscopic Nature of the Precursor Phenomena
In the Bulk Properties?



Magnetic Phase Diagram of MnSi

Kindervater et al., arXiv 1911.05095 (2019)
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SANS across the Skyrmion-Lattice to PM Transition
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SANS across the Skyrmion-Lattice to PM Transition
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Influence of Magnetocrystalline Anisotropies
on the Skyrmion Lattice
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Precise Orientation of the Skyrmion Lattice
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Precise Orientation of the Skyrmion Lattice

Set-up from the side
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Precise Orientation of the Skyrmion Lattice

Set-up from the side
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Precise Orientation of the Skyrmion Lattice

Set-Up from the Side
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Precise Orientation of the Skyrmion Lattice

Set-Up from the Side
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,Fluctuating Skyrmion Textures® (a Skyrmion Liquid?)
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Lifetime of correlations?
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Paramagnons and itinerant-electron magnetism in MnSi
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(Longitudinal) Resonance Spin Echo for Diverse Applications
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(Longitudinal) Resonance Spin Echo for Diverse Applications
(RESEDA @ FRM )
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(9.9)/S(q.0) =

Intermediate scattering function S

,2Fluctuating Skyrmion Textures® (a Skyrmion Liquid?)
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Topological character of fluctuations?



Prediction of Universal Spin Excitations
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Schwarze et al., Nature Materials 14, 478 (2015)
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Nature of the transition?



Theory of weak crystallization

S. A. Brazovskii, I. E. Dzyaloshinskil,and A. R. Muratov
L. D. Landau Institute of Theoretical Physics, USSR Academy of Sciences

(Submitted 30 March 1987)

Zh. Eksp. Teor. Fiz. 93, 1110-1124 (September 1987)

Landau ZETZ (1937)
Brazovskii et al., JETP 66, 625 (1987)

A complete theory, based on the soft mode mechanism proposed by Landau [Zh. Eksp. Teor. Fiz.
7,627 (1937) ], is developed for a liquid—crystal transition with low latent heat. Thermodynamic
fluctuations alter substantially the results and change the form of the phase diagram. Thus,
besides the transition from a lignid to a body-centered cube, the only transition possible without
allowance for fluctuations, direct transitions appear from the liquid into other cubic phases and a
one-dimensional density wave. Transitions into quasicrystalline states, particularly the

icosahedral state, are discussed.

1.INTRODUCTION

Landau' investigated the transition from a liquid to a
crystal as far back as in his 1937 studies of phase transitions
(see also Ref. 2). He considered, of course, a hypothetical
weak crystallization, when a small-amplitude periodic (or
quasiperiodic) density component

so= Y pues
k

appears in the liquid. By virtue of the isotropy, this expan-
sion contains in the leading approximation only vectors k of
fixed length k,, for which the coefficient of the second-order
term in the Landau expansion has a minimum. The corre-

sponding Landau energy is"

®L=TZ kal“ruz Ok, P, T Z. A (Beskokskey) prPrPiPice

Landau’s analysis of Eq. (1) has shown immediately
that the absolute minimum of the energy (1) is reached for a
set of momenta k from which it is possible to construct a

maximum number of closed triangles (Fig. 1). The transi-
tion to such a state will take place, regardless of the sign of 1z,
already at 7> 0, i.e., will be a first-order transition.

U |
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Weak Crystallization of Fluctuating Skyrmion Textures
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