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AK Geim & IV Grigorieva Nature 499, 419-425 (2013)

ÅVan der Waals heterostructures ÅMoiré heterostructures
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Commensurate moiré superlattices
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N. Sivadas et al., Nano Letters, 18, 7658 (2018)

ÅOrbital hybridizations ᴼ Interlayer ExchangeÅStacking order ᴼInterlayer Exchange
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Stacking-dependent interlayer magnetism in CrI3
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ÅCoexistence of various stacking orders

ÅStacking order ᴼOrbital-hybridizations ᴼ Interlayer spin interactions

- Intralayer spin interactions: stacking-order independent approximately

Spatial modulation of interlayer exchange
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Magnetic domain
BottomTop

Non-collinear domain BottomTop
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Moiré magnetism



strong AFM FMFM
ÅMD phase

ÅNCD phase
weak AFM FMFM

- Twist angle controls K-V competition (ὔḐ— )

- NCD for ὑḐὠ, MD for ὑḺὠ

ÅGradient energy (ὑḐὐ π) vs. potential energy (ὠḐ ὔὐ π)
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Energetic competition



ÅTwisted 2D magnets: formation of 

magnetic domains

ÅHow can we study such moiré 

magnets?

ÅWhat kind of new magnetism in twisted 

2D magnets?

T. Song et al., Science, 374, 1140 (2021)

ÅAFM measurement in twisted bilayer CrI3
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Observation of moiré magnetism



What are merons and anti-merons?

ÅSkyrmion number: ὗ Ὠ᷿ὼ᷿ὨώἶẗЋἶ Ћἶ
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ÅMerons: topological spin textures with a half-skyrmion number ὗ ρȾς

- Polarity: ὴ ÃÏÓ—ὶ Њ ÃÏÓ—ὶ π

- Winding number: ύ ‰• π ‰• π
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ÅMerons: ὗ
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ÅAntimerons: ὗ

ὴ , ύ ρ ὴ , ύ ρ
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Observation of merons and antimerons in various forms

Isolated forms in magnetic disks (Exp., Py-Cr-Py) Square lattice in a chiral magnet (Exp., Co8Zn9Mn3 ) 

Unstable pairs in 2D van der Waals magnet (Theo., CrCl3)

C. Phatak et al., Phys. Rev. Lett. 108, 089901 (2012)

Meron and antimeron pair-annihilate

X.Z. Yu et al., Nature 564, 95 (2018)

M. Augustin et al., Nat. Commun. 12, 185 (2021)N. Gao et al., Nature Commun.,10, 5603 (2019)

Stable pairs via magnetic imprinting (Exp., Py thin film ) 
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Unstable meron-antimeron pairs in conventional 2D magnets
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ÅEasy-plane ferromagnet
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Moiré Magnets: Magnetic Domain Array Patterns

ÅTwisted bilayer easy-plane magnets
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ÅDomain array patterns in twisted bilayer CrI3
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Using various domain array patterns, explore 

diverse potential topological soliton lattices.
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ÅAb-initio derived ὐ (CrI3)



Stable meron-antimeron pairs in twisted magnets
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Meron Quartet

ÅñMeron Quartetò = Stable double meron-antimeron pairs

(1)One pair in each layer

(2)Meron and antimeron in each pair are separated by domains

(3)Each domain hosts two merons or antimerons

ÅCrucial conditions for generating stable meron-antimeron pairs

Top Bottom

AFM
FM

AFM
FM

Meron-antimeron pair

Å Domain array pattern ᴼMeron lattice consisting of Meron Quartet

Twisted bilayer easy-plane ferromagnets can create a meron lattice with a unique Meron Quartet configuration.

Å Protection against pair annihilation

- Minimize interlayer exchange energy

- Energy barrier preventing core movements
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Nano Lett. 2024, 24, 1, 74ï81
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npj Quantum Materials  10, 68, (2025)
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Arrows = Neél vectors

Å Meron Kekul® lattice = a distorted arrangement of meron cores (ὰ ὰ)

Å Meron lattices in twisted bilayer easy-plane Neél antiferromagnets

Meron Kekulé lattices in in twisted vdW antiferromagnets

Yellow Dots = Meron Cores

Intracell bond length (ὰ)

Intercell bond length (ὰ)


