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Motivation
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Take-home message
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• Antidamping SOT induces fast AFM dynamics 

(autooscillations) 


• Tailoring pulse shape => switching


• Time-dependent field-like SOT => switching control


• Magnetoelasticity => additional functionality 
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Outlook
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• SOT-induced dynamics of three-sublateral antiferromagnet 

• Time-dependent SOT: field-like vs antidamping torque

• Switching with the fast pulses

• Optically-induced dynamics of T-domain walls
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Collinear AFM, SOT

6

𝒏 × (𝒏̈ + 𝛾2𝐻𝑒𝑥𝑯𝑎𝑛) = 𝛾2𝐻𝑒𝑥𝒏 × (𝚲𝒅𝒍 𝒔 × 𝒏 − 𝛼𝐺𝒏̇)
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 Ω𝑝𝑟𝑒𝑐 ∝ 𝑗/𝛼𝐺

Ω𝑝𝑟𝑒𝑐 ∝ 𝜔𝐴𝐹𝑀𝑅 ∝ 𝐻𝑒𝑥𝐻𝑎𝑛

𝐽𝑐𝑟𝑖𝑡 ∝ 𝐻𝑎𝑛𝑡𝐴𝐹
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Three-sublattice AFM

7

Yu. Takeuchi, et al, (2021) Nature Materials 
https://doi.org/10.1038/s41563-021-01005-3

O.G., Loktev,(2015) Low Temp.Phys. 
http://dx.doi.org/10.1063/1.4931648

𝜃̈ + 2𝛾𝐴𝐹𝜃̇ + 𝜔2
𝐴𝐹sin 𝜃cos𝜃+𝛾𝜔𝐷𝐻sin 𝜃 = 𝛾2𝐻𝑒𝑥 (𝚲𝒇𝒍 𝒔̇ + 𝚲

𝒅𝒍
 𝒔)
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Phase diagram, field-current
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Switching with the short pulses
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Field-like-vs damping-like torque
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𝜃̈ + 2𝛾𝐴𝐹𝜃̇ + 𝜔2
𝐴𝐹sin 𝜃cos𝜃+𝛾𝜔𝐷𝐻sin 𝜃 = 𝛾2𝐻𝑒𝑥 (𝚲𝒇𝒍 𝒔̇ + 𝚲

𝒅𝒍
 𝒔)

Pulse width
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Yu. Takeuchi, et al, (2021) Nature Materials 
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Switching in a collinear AFM
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Switching with the short pulses
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Qiu et al, Nature Physics 17, 388 (2021)
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https://www.nature.com/nphys
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Switching with the short pulses
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Switching via magnetic DW motion
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Free magnetic domain wall motion 
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!× !·· − $"Δ! + '"(#$)%& = 0

!!" = 0
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Switching in NiO, T domains
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NiO

D. Bossini, O.G. et al (2021), 10.1103/PhysRevLett.127.077202

O.G.  and D. Bossini, et al (2021), J. Phys. D 10.1088/1361-6463/ac055c
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Effective anisotropy

https://doi.org/10.1103/PhysRevLett.127.077202
http://iopscience.iop.org/article/10.1088/1361-6463/ac055c
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Magnetoelastic domain wall

17

0

30

60

90

120

150

180

210

240

270

300

330

0

2

4

6

0

30

60

90

120

150

180

210

240

270

300

330

0

2

4

6

0

30

60

90

120

150

180

210

240

270

300

330

0

2

4

6



SPICE Workshop-2022 - Olena Gomonay ogomonay@uni-mainz.de

!× !·· − $"Δ! + '"(#$)%&(+) = 0

Pinned domain wall
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Bossini, OG, J. Phys. D 54, 374004, (2021)
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Localised domain wall
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Parametric downconversion, NiO
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D. Bossini, O.G. et al (2021), 10.1103/PhysRevLett.127.077202

S. Wust, O.G. et al (2022), arXiv:2205.02686
hflf

May, 10, 10:40

https://doi.org/10.1103/PhysRevLett.127.077202
https://arxiv.org/abs/2205.02686
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Summary
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NiO and domain structure
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K. Arai et al, PRB, 85, 104418 (2012)
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!× !·· − $"Δ! + '"(#$)%&(+) = 0

Pinned domain wall
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Reflection of magnons Localised mode
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T1
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Polarization of eigen modes
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Magnon birefringence
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Experiment
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Switching with the short pulses
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!× !·· − $"Δ! + '"(#$)%&(+) = 0

Pinned domain wall
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ωDW ∝ Hme Bossini, OG, J. Phys. D 54, 374004, (2021)
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Deterministic oscillations

34



SPICE Workshop-2022 - Olena Gomonay ogomonay@uni-mainz.de

Precession
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Magnetic field
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Transition to chaotic regime
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Switching in non collinear AFM
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𝜃̈ + 2𝛾𝐴𝐹𝜃̇ + 𝜔2
𝐴𝐹sin 𝜃cos𝜃+𝛾𝜔𝐷𝐻sin 𝜃 = 𝛾2𝐻𝑒𝑥 (𝚲𝒇𝒍 𝒔̇ + 𝚲

𝒅𝒍
 𝒔)
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Switchingand dynamics of NiO
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Th. Chirac, OG, et al, 2020, 10.1103/PhysRevB.102.134415
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Field-like-vs damping-like torque
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𝜃̈ + 2𝛾𝐴𝐹𝜃̇ + 𝜔2
𝐴𝐹sin 𝜃cos𝜃+𝛾𝜔𝐷𝐻sin 𝜃 = 𝛾2𝐻𝑒𝑥 (𝚲𝒇𝒍 𝒔̇ + 𝚲

𝒅𝒍
 𝒔)

Pulse duration

𝑰𝒄𝒓 ∝ 𝒕𝑨𝑭

Yu. Takeuchi, et al, (2021) Nature Materials 

https://doi.org/10.1038/s41563-021-01005-3
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