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Topological aspects of switching in ferroics
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Ferroic switching
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This story: bulk switching, DWs and hysteresis not necessary




Topological switching
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Thouless pump

Thouless PRB 27, 6083 (1983) “Quantization of Particle
Transport”

pumped charge for one cycle 7*
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Topologically protected regime
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Microscopic intuition: Spin-flop transition
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Topological aspects of switching in ferroics
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Topological switching process E-field switching of spiral
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+ topological ferroic switching

- very low temperature (2 K), H-control, we want electric control!

Spiral magnets?

 KBN Electromagnons
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Ag,(B)e,(0) (%)

* Emergent Inductance
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* E control of natural l . , . :
Optical activity Magnetic field (T) . 2 Mag:etic ﬁeldﬂs') :

* E field switching? Magnetic control of ferroelectric polarization

T. Kimura, T. Goto, H. Shintani, K. Ishizaka, T. Arima,
Y. Tokura, Nature 426, 55-58 (2003)



Polarization induced by spiral
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Inverse DM/shift current mechanism:
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Model

H = 2]1511 +Sna1 + J2Sn - Snao + K87 + [E X 15][S X S5]
n

Continuous model — Lagrangian:

L =cA(M)-M — J(VM)? — J'(V2M)*+
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Domain wall types and topology o
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Winding number, is it important?
» Total polarization = winding number: P = [ dx [S X VS] = [ d¢ = pr — ¢;

* Nonlocal dynamics
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* Domain wall motion <=> phason

* No dielectric response in termodyn. limit!
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* Domain wall motion: local
* Damping~DW width, v; ~ E/a
* Pinning ~ sgrt(DW width)



Type | domain walls

Polarization along y Skyrmion charge density
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E-field induced motion —type 1 DW

140 7®Ops
M 50 ps
120 5r-™ 100 ps t=-0 ps
M 150 ps
100 7r-M 200 ps t=50 ps
M 250 ps
80 7t 300 ps t=100 ps
M 350 ps
60 71 400 ps t=150 ps
M 450 ps
40 T+ t=200 ps
20 7T+ t=250 ps
0 t=300 ps
_20nt) t-350 ps
-40 5t} t=400 ps
~60 1Tt t=450 ps

N
. 1 5] o - . vE . ~E
_ | o S s2] S Xy = Xy =
. Zﬁ, Lithe, L [‘“’Q}‘éﬁzmaﬂ] L 7= Tapxy T T aQEX, T 1QB(L — Xa)




E-field induced motion —type 1 DW
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Unusual domain inversion in spiral magnets

* Usual switching: independent * Switching in spiral magnets: strongly
of the domain structure dependent on the geometry
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Type 2 domain wall under E-field

i 2
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Disorder for type | walls
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Loss of long-range order in d<4 (Larkin length)
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Meron Domain Wall
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Meron domain walls

Magnetization along x Polarization along y Skyrmion charge density




Meron domain walls
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Meron wall defects

Magnetization along x Polarization along y Skyrmion charge density
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Bloch lines and hedgehog defects
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Conclusions A~z

A~
* 4-state unidirectional topological switching in GdMn, O« :" . S
* Key: the evolution of the potential energy surface u.-; _; k ! l .
* Binary counter: one H sweep — polarization toggles, two sweeps — the ‘/l“”\\ ‘/“4“’th*
system returns to the initial state
e Search for neighboring dissimilar switching regimes! 2 3
L. Ponet, SA, Th. Kuhn et al., Nature 607, 81 (2022) b2 3041
. Non-olocal d-ynamics of type-l walls | (a) ferromagnet (b) spiral magnet
e g esfange from type Lwall i [
* Wall velocity depends on the domain structure e
* Meron walls, defects -> nonlocal dynamics e T ]
* F. Foggetti, M.Parodi, N.Nagaosa, SA, arxiv:2204.09027 i e
* L. Maranzana, N. Nagaosa, SA, arxiv:2403.11195 M‘\i‘"\ o POJLP__T _____ —
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