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S. Seki, Science 336, 2012

Their connection? : Skyrmion



- Rubidium gas in magneto-optical trap
- Combination of normal magnetic 

fields, and quadrupole magnetic field 
(all a few Gauss)

- Create electromagnetic Skyrmion

W. Lee et al., Sci. Adv. 2018;4: eaao3820



MagnetoChiral Dichroism in Cu2OSeO3
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A fun-fact from this literature search:
- Materials such as Silicon and CaF2 are in fact optically anistropic! ~k2 higher order natural optical activity.

Optically probed paper, PRB94 (2016)

Faraday, Natural Optical Activity observed:



• Difference between +k and –k direction: revert time 

• Q: What does reverting time do?

– +k  -k

– Magnetic field reverses: +B -B

– Photon helicity stays the same (in photon reference frame)

• Q: Is Natural Optical Activity “nonreciprocal”?:

• A: NO: in time-inverted experiment the L-handed crystal still sees same helicity of photon. 

• Q: Is Magnetic Circular Dichroism/Faraday/Kerr “nonreciprocal”? 

• YES: in time-inverted experiment the circularly polarized light sees another crystal. “not physical: crystal stays the same”

• Conclusion: Faraday effect  (broken T-symmetry) distinguishes between propagation direction for circularly polarized 
light!: Nonreciprocal dichroism for circular light!!  

. 

Nonreciprocal dichroism
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k∙M term on diagonal: different absorption for ± k direction! (also on diagonal): nonreciprocal

G. Kopnov, Rev Sci Instrum 85 (2014)

D. Szaller, PRB 87 (2013)

Data from Geert Rikken, Toulouse, France





Cu4 spin cluster understanding

J. Romhanyi et al. PRB 90 (2014)



Isolated Cu4 cluster spectrum Cu4 cluster in mean-field Cu4 cluster in mean-field + 2nd

quantizationJ. Romhanyi et al. PRB 90 (2014)

J. Romhanyi et al. PRB 90 (2014)

J. Romhanyi et al. PRB 90 (2014)





Cu4 cluster in mean field: Γ-point excitations with electron spin resonance (ESR)

J. Romhanyi et al. PRB 90 (2014)

Ozerov et al. PRL 113 (2014)



Cu4 cluster in mean-field + 2nd

quantization
PY Portnichenko et al. Nat. Comm 7 (2016)

PY Portnichenko et al. Nat. Comm 7 (2016)

Markus Garst et al 2017 J. Phys. D: Appl. Phys. 50 293002

J. Romhanyi et al. PRB 90 (2014)

Cu4 cluster including k-dependence: inelastic neutron spectrum



• Helimagnon bands in MnSi observed up to n=6 with inelastic neutron (M. Kugler et al. PRL115, 2015)

• Helimagnon bands in Cu2OSeO3 only up to n=3 observed by GHz-spectroscopy (M. Weiler et al. PRL119, 2017)

• Interesting task for Brillouin Scattering in magnetic field?


