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Challenge
Storing and processing data with the smallest 

energy and the fastest speed



h-HoMnO3
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MnO5 polyhedra

Rare Earth 
ion

PM

TSR = 33 K

TN = 72 K

HoMnO3

• 3 magnon modes (X, Y, Z)

• X/Y mode ~ 1.3 THz
• Z mode ~ 260 GHz



Setup
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∝ 𝑀𝑀𝑧𝑧(𝑡𝑡)

𝜕𝜕𝒎𝒎
𝜕𝜕𝑡𝑡

= −𝜇𝜇0𝛾𝛾𝒎𝒎 × 𝑯𝑯IFE − 𝜇𝜇0𝛾𝛾𝛼𝛼
𝒎𝒎
𝒎𝒎

× (𝒎𝒎 × 𝑯𝑯IFE)

𝜇𝜇0𝐻𝐻IFE = 1 T
𝜏𝜏 = 100 fs

𝜑𝜑 = 1°

Independent of exchange/anisotropy constants
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CT et al., Nat. Commun. 11, 6142 (2020)



Spin excitation
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ℱ = 𝐽𝐽 �
<𝑖𝑖,𝑗𝑗>

𝑺𝑺𝑖𝑖 � 𝑺𝑺𝑗𝑗 + 𝐷𝐷𝑧𝑧 �
𝑖𝑖

𝑆𝑆𝑖𝑖,𝑧𝑧2 + 𝐷𝐷𝑦𝑦 �
𝑖𝑖

𝑆𝑆𝑖𝑖,𝑦𝑦2 + ∆�
𝑖𝑖

𝑆𝑆𝑖𝑖,𝑥𝑥2 𝑆𝑆𝑖𝑖,𝑦𝑦2

𝐷𝐷𝑦𝑦 = κ 𝑇𝑇𝑆𝑆𝑆𝑆 − 𝑇𝑇
W. Ratcliff et al., npj Quantum Mater. 1, 16003 (2016)

𝐷𝐷𝑧𝑧 = 0.38 meV𝐽𝐽 = 2.44 meV

Fit reveals:
𝜅𝜅 = 0.032 μeV/K
∆ = 1.22 μeV

Small anisotropy parameters difficult to determine by neutron scattering, but 
crucial for estimating the minimal switching energy:

Bit volume 40x40x20 nm3 ≅ 500.000 spins  ≈ 1 eV/bit

HoMnO3

CT et al., Nat. Commun. 11, 6142 (2020)
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Spin excitation
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ℱ = 𝐽𝐽 �
<𝑖𝑖,𝑗𝑗>

𝑺𝑺𝑖𝑖 � 𝑺𝑺𝑗𝑗 + 𝐷𝐷𝑧𝑧 �
𝑖𝑖

𝑆𝑆𝑖𝑖,𝑧𝑧2 + 𝐷𝐷𝑦𝑦 �
𝑖𝑖

𝑆𝑆𝑖𝑖,𝑦𝑦2 + ∆�
𝑖𝑖

𝑆𝑆𝑖𝑖,𝑥𝑥2 𝑆𝑆𝑖𝑖,𝑦𝑦2

HoMnO3 EllipticityA

In antiferromagnets:
aspect ratio 𝐴𝐴 = ∆𝑦𝑦

∆𝑧𝑧
≫ 1



Spin excitation
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HoMnO3

𝜏𝜏 =
2

𝐴𝐴𝛼𝛼𝐴𝐴

𝐴𝐴𝛼𝛼
𝛼𝛼

𝐴𝐴𝛼𝛼 =
2
𝐴𝐴0𝜏𝜏

• Dissipation determined by 𝐴𝐴𝛼𝛼

• 𝐴𝐴𝛼𝛼 not small

Reconsider excitation 
mechanism



Damping-torque of the IFE
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𝜕𝜕𝒎𝒎
𝜕𝜕𝑡𝑡

= −𝜇𝜇0𝛾𝛾𝒎𝒎 × 𝑯𝑯eff − 𝜇𝜇0𝛾𝛾𝛼𝛼
𝒎𝒎
𝒎𝒎

× (𝒎𝒎 × 𝑯𝑯eff)

Gilbert 
damping 𝛼𝛼

affects

Initial phase 
φ0

Lifetime
τ
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CT et al., Nat. Commun. 11, 6142 (2020)



Ultrafast spin excitation via damping torques
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HoMnO3

tan𝜙𝜙0 = 𝑓𝑓(𝐴𝐴𝛼𝛼)

CT et al., Nat. Commun. 11, 6142 (2020)

𝜏𝜏 =
2

𝐴𝐴𝛼𝛼𝐴𝐴

• Damping torque of IFE 
determines initial phase

• same Gilbert damping during 
relaxation and excitation



Ultrafast spin excitation via damping torques
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HoMnO3

CT et al., Nat. Commun. 11, 6142 (2020)

𝜏𝜏 =
2

𝐴𝐴𝛼𝛼𝐴𝐴

Ground state

∆ℱ ~ 𝐽𝐽(∆𝑴𝑴)2+𝐷𝐷((∆𝑴𝑴)2 + (∆𝑳𝑳)2)

Exchange     >> Anisotropy

Giant efficiency of 
damping torques in AFMs

Field 
torque

Damping 
torque

IFE excitation



Ultrafast spin excitation via damping torques
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HoMnO3

CT et al., Nat. Commun. 11, 6142 (2020)

𝜏𝜏 =
2

𝐴𝐴𝛼𝛼𝐴𝐴

tan(φ0) ~ corresponds to energy ratio:

𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒆𝒆𝒆𝒆𝒆𝒆𝒔𝒔𝒆𝒆𝒆𝒆𝒆𝒆𝒔𝒔𝒆𝒆𝒔𝒔 𝒗𝒗𝒔𝒔𝒆𝒆 𝒅𝒅𝒆𝒆𝒎𝒎𝒔𝒔𝒔𝒔𝒔𝒔𝒅𝒅 𝒆𝒆𝒆𝒆𝒕𝒕𝒕𝒕𝒕𝒕𝒆𝒆 𝒆𝒆𝒐𝒐 𝑰𝑰𝑰𝑰𝑰𝑰
𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒆𝒆𝒆𝒆𝒆𝒆𝒔𝒔𝒆𝒆𝒆𝒆𝒆𝒆𝒔𝒔𝒆𝒆𝒔𝒔 𝒗𝒗𝒔𝒔𝒆𝒆 𝒐𝒐𝒔𝒔𝒆𝒆𝒇𝒇𝒅𝒅 𝒆𝒆𝒆𝒆𝒕𝒕𝒕𝒕𝒕𝒕𝒆𝒆 𝒆𝒆𝒐𝒐 𝑰𝑰𝑰𝑰𝑰𝑰

 tan(φ0) > 1 implies: excitation via damping torque
dominates despite 𝛼𝛼 ≪ 1



Summary
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Spin excitations provide valuable insights 
into magnetic low-energy landscape

 Quantification of magnetic 
anisotropy

Initial phase of optically driven excitations 
encodes information of the excitation 
mechanism

 Ultrafast damping torque of the IFE

Exchange enhancement dramatically boosts 
any excitation mechanism that generates net 
magnetization in an AFM
 Any such mechanism may enable 
highly efficient switching of AFM order
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