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Take-home message

• Short-range correlations in AF + light ⇒ macroscopic 
quantum 2-magnon states 

• Coherent oscillations of AF vector ⇒ manifestation of 
entanglement?
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Scientific goal

!324 October 2018 - Olena Gomonay

Ultrafast manipulation of the magnetic order
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Femto-nanomagnons in AF
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Experiment, pump-probe
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D. Bossini et al. PRB 89 (R), 060405 (2014)

D. Bossini et al. Nat. Comm. 7, 10645 (2016)
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Experiment to be explained
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Quantum or classical?
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Two-magnon excitation
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Light
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P.A. Fleury and R. Loudon, Phys. Rev. 166, 514 (1968) 
D. J. Lockwood and M.G. Cottam, Phys. Rev. B 35, 1973 (1987)
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Light-matter interaction
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Change of exchange
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Different magnons modes
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Excitation Hamiltonian
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�Ĥ = �(t)
X

k

⇣
Vk↵̂k�̂�k + V

⇤
k ↵̂

†
k�̂

†
�k

⌘

∆k=0
∆S=0

Light



Rotation in Hilbert space
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Hamiltonian

Excitation

Wave function
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Perelomov’s states: SU(2) vs SU(1,1)
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Coherent state
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Photons, coherent state
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Coherent state and entangled magnons
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Edge of BZ, phase matching 
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Frequency: 22 THz 
Wavelength: 1 nm
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Vk sin(2⌦kt� 'k).
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Temperature dependence
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Frequency: 22 THz, wavelength: 1 nm



Control the dynamics
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One pump  
pulse

Two pump  
pulses

D. Bossini et al. Nat. Comm. 7, 10645 (2016)

µ ! µ+ µe�i2⌦kT

�Lz(t) = �Vkcos
2 ⌦kT sin 2⌦kt

i~@tµ = 2~ (⌦k + �⌦kf(t))µ+ ~V f(t)(1 + µ2)



Coherent vs entangled

!2124 October 2018 - Olena Gomonay

Photons, coherent state
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Magnons, coherent entangled state
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Coherent photons vs magnons
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Photons 
• Minimal uncertainty 

• Eigen state of annihilation 
operator 

• Generated by the 
displacement operator

â|↵i = ↵|↵i

Magnons 
• Minimal uncertainty 

• Eigen state of annihilation 
operator 

• Generated by the 
displacement operator?

h�p̂ih�x̂i = ~/2 h�K̂+ih�K̂�i = f(µ)~/2

D̂(↵0)|↵i = |↵+ ↵0i D̂(µ)|0i = |µi

K̂�|µi / µ|µi



Conclusions
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• Light => two-magnon excitations 
• Macroscopic oscillations => quantum effect 
• Macroscopic description with coherent states   
• New entangled state in solids?



Collaboration
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arXiv:1710.03143
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I.   Intro to talk 

II.  Raman excitation of 2M modes 

III. Spin waves and two-magnon excitations 

IV. Coherent state and macroscopic description 

V.  Conclusion

Femtosecond quantum spin dynamics 
induced by femto-nanomagnons in 

Heisenberg antiferromagnets


