Exploring topological magnetic
excitations with combined u*SR,
site calculations and simulation
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Throw a stone into some water...

.. the energy dissipates away.

Some waves aren't like this



Symmetry breaking and topology
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Topological excitations in magnets:
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Topology on diverse supetcomputer

energy scales:
computational strategies

1. Depth dependence in thin magnetic films:
micromagnetics

2. Anisotropic skyrmion phases:
muon sites and single crystal measurements

3. Transition metal dichalcogenides:
electronic band structure

Message: this is unlocked by muon site determination



Part 1: Depth dependence in
skyrmion- hosting Ta/[CoFeB/MgO/Ta]

L. Liu et al., Adv. Mater 31, 1807683 (2019)
TJH et al., Phys Rev B 109, 134423 (2024)






What leads to topological magnetic
states?

Three ingredients in an effective Hamiltonian
« Exchange interaction, J
* Dzyaloshinskii-Moriya interaction, D
 Single-ion anisotropy
* Applied magnetic field, B
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Interpretation in micromagnetics

H=—Am -V’m+D(m-Vm.—m.V -m)
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Multilayer skyrmion system
Ta/[CoFeB/MgO/Ta]
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Can we test this prediction?
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Stopping probability (nm™!)

LEM measurements

Penetration depth (nm)
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A(t) (%)

ZF LE results
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Change in the magnetic structure suggested below layer 5

Underlying magnetic state: disordered domain walls

TJ Hicken et al., Phys Rev B 109, 134423 (2024)



TJ Hicken et al., Phys Rev B 109, 134423 (2024)

LEM results
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Same effect seen in wTF measurements,
showing change around layer 5
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Interpretation of muon result

H=—Am -V’m+D(m -Vm. —m.V -m)
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Part 2: Anisotropy in Gd,PdSi,
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Single-crystal measurements are the
key...

(b)

Forward

*LIIE‘

Backward

Spin rotator measurements using GPS at PSI



(b)

Combined with muon sites... T
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Backward
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In-/out-of-plane Gd** spin =in-/out-of-plane magnetic field at muon site



Role of anisotropy in Gd,PdSi;

Dynamical relaxation A (us™)
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Skyrmion phase:
highly anisotropic.

Out-of-plane
fluctuations are
dominant

Message: anisotropy
crucial



M. Gomilsek et al., Phys. Rev.
Lett. 134, 046702 (2025)
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Role of anisotropy in Gd,PdSi;
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M. Gomilsek et al., Phys. Rev.
Lett. 134, 046702 (2025)
Merons

“ 0

rrrr \\\ ;;a ..»\\\
60666 ¢ (unn XXXX, 'XXXXIX
\\\\ 'hlll \\\\ ‘rrtt

See Murray Wilson’s talk at the end of the week



Part 3: M, 5NbS, e

Flexible series of TMDCs %

Rich range of magnetism

across the series . ){%
Wi oile

’ ¢

@ @ @ @ The main features of the
magnetism follow from filling

O @ @ @ rigid NbS, bands

N.P. Bentley et al., 2506.06111
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Band structure gives big picture

Experiment provided the
subtleties

Longitudinal relaxation shows
pronounced peak at 10 K.

A feature is seen at this
temperature in magnetization and
iIn neutron diffraction

N.P. Bentley et al., 2506.06111
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We can see topological excitations
through their dynamics

5
b

\e
;A
g

L |
Ny
, 2% \}’;‘:ﬁ:\_\\\\\ \/ .\-;7" o \§’\{
N 27 e AN P AT
\ e F PPN YL T AN LY L 7
\ - ‘\ Y ('t,‘ ’ ® \ = % ¥ =~ / ’
“ \ / ’ 4 . \"-—&"/ 7
\0 L) '\.' Bhag " ’ \ ,\ \‘ 3 ’
.\‘\”"a"/ / 3 T -""/ F/
\ el Y, N2 2n S Y gl #
R A ol 4 ’
R 8 4 X 13 ’
Counterclockwise Clockwise

Breathing



V, sNbS,
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Summary

* Topology gives us an organizing principle to
understand low-dimensional magnetism

* Phenomena operate across energy scales,
necessitating different computational
strategies

* Allows insight into depth dependence,
anisotropic magnetism and the search for new

excitations



ACknOWIedgements Funding: EPSRC (UK)

PSIl: Thomas Hicken, Zaher Salman, Andreas Suter,
Thomas Prokscha, Zurab Guguchia

Durham: Nathan Bentley, Theo Breeze, Matjaz GomilSek,
Kévin Franke, Peter Hatton, Murray Wilson, Zac Hawkhead

ISIS: Francis Pratt

Oxford: Ben Huddart, Stephen Blundell, Thorsten Hesjedal

Warwick: Geetha Balakrishnan, Daniel Mayoh



pbfcomics.com

Just hit the onelp
the far left ks

-
. Oy
& Y
>
»> c ’
< Ry Ay b 3
> e
- |
g
-

Questions




b12

I | I
Fully polarised -@- M-
M-

10 4—‘\,,,\\351?:3,:{:{— - o
T N - Fitting the trends
T ¢ e 1 implies a negative
4| Phasgll - ﬁ/'. _ . . .
, i B89\ hyperfine contribution
o, S T —r at the muon site
T (K)
= 04 . = 04 . .
5 ol ’ | Eoal ’l | This suggests an
S & . .
0.0 p—— | I e e o e e e RKKY mechanism in
< | (0 — 60T < 1 (9 — 60T _ _
Z 08T 1 E0f I this material
=06 . = 06 [ .
f 0.4 T - i 0.4 .
E! | 1 5 sl ﬁ l There have been
L e e ks claims that RKKY
04 -02 00 02 04 04 -02 00 0.2 04 o .
(B — By)/Bo (B — Bo)/By stabilizes skyrmions
1.0 ({1") o : . In this system
E 0.5 F { = -
T 00 fe o o 0 o o .
:ilzi‘ 0.5 | . 7 Qlj- T
1.0 | * - .




	Slide 1: Exploring topological magnetic excitations with combined 𝜇+SR, site calculations and simulation
	Slide 2: Acknowledgements
	Slide 3
	Slide 4
	Slide 5
	Slide 6: 1. Depth dependence in thin magnetic films:  micromagnetics  2. Anisotropic skyrmion phases:  muon sites and single crystal measurements  3. Transition metal dichalcogenides:  electronic band structure 
	Slide 7: Part 1: Depth dependence in  skyrmion- hosting Ta/[CoFeB/MgO/Ta]16
	Slide 8
	Slide 9: What leads to topological magnetic states?
	Slide 10: Interpretation in micromagnetics
	Slide 11: Multilayer skyrmion system Ta/[CoFeB/MgO/Ta]16 
	Slide 12: Skyrmions
	Slide 13: Can we test this prediction? 
	Slide 14: LEM measurements
	Slide 15: ZF LE results
	Slide 16: LEM results
	Slide 17: Interpretation of muon result
	Slide 18: Part 2: Anisotropy in Gd2PdSi3
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Merons
	Slide 24: Part 3: M1/3NbS2
	Slide 25: Electronic structure (DFT)
	Slide 26
	Slide 27
	Slide 28: We can see topological excitations through their dynamics
	Slide 29
	Slide 30: Summary
	Slide 31: Acknowledgements
	Slide 32
	Slide 33

