Magnetic Weyl Semimetals
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the materials

* explorative search for new materials & predictive design
® high quality single crystal growth
® epitaxial growth of ultrathin films and heterostructures

* 2D materials and micro/nano structures
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Weyl semimetals

Breaking time reversal symmetry




Weyl semimetals

Breaking symmetry
Inversion symmetry (Strain)

Breaking time reversal symmetry
Magnetic field

Weyl points

+ * . Dirac points at high symmetry
Weyl points at low symmetry
All crossings in ferromagnets:

Weyl points

Band inversion

Dirac point

C=0

Binghai Yan and Claudia Felser, Annual Review in Condensed Matter 8 (2017) 337



the Heusler family
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from semiconductors to half metals

X.Y7 " magic valence electron number: 24
2 _ .
= valence electrons = 24 + magnetic moments
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Galanakis et al., PRB 66, 012406 (2002)
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tuning exchange
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Heusler and Weyl

Breaking symmetry Co,TiSn |

Inversion symmetry (Strain)
Co,TiSi: 2x9+4+4 =26 Ms =2y,
Breaking time reversal symmetry
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Heusler, Weyl and Berry
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Heusler, Weyl and Berry

Giant AHE in ConnAI ConnGa I PHYSICAL REVIEW B 85, 012405 (2012)
Berry curvature and the anomalous Hall effect in Heusler compounds
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Berry curvature design

Berry curva.ture design Nernst effect
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Co,MnGa
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Heusler, Weyl and Berry
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Co,MnGa — ferromagnetic nodal line
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Heusler, Weyl and Berry

(d) Co,VGa(N, = 26) (e) Co,MnGa (N, =28) (f) Mn,CoGa (N, = 26)
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Half-Heusler, F43m (no. 216)

Regular-Heusler, Fm3m (no. 225) Inverse-Heusler, F43m (no. 216)
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Heusler, Weyl and Berry
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Heusler, Weyl and Berry
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Heusler, Weyl and Berry
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Heusler, Weyl and Berry

week ending
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Anomalous Hall Effect Arising from Noncollinear Antiferromagnetism

Hua Chen, Qian Niu, and A. H. MacDonald Non-collinear antiferromagnets and the anomalous Hall effect
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Heusler, Weyl and Berry
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Nernst effect in Mn,Sn

i nature
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Kagome lattice
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Kagome lattice

LETTER Looking for Weyl fermions on a ferromagnetic
Kagomé lattice with out of plane magnetisation.

Massive Dirac fermions in a ferromagnetic kagome
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Enke Liu, et al. Nature Physics 14 (2018) 1125, preprint arXiv:1712.06722



Weyl and Berry

Weyl points are close to EF
Hard magnetic behaviour
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transport: chiral anomaly
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Weyl and Berry

STM and ARPES confirms Weyl and Fermiarcs
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Weyl and Berry

ARPES confirms Weyl and Fermiarcs
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new transport properties
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new transport properties
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new physics
- Berry phase design of materials for energy conversion and Hall sensors
- Quantum anomalous Hall effect at room temperature
- Berry curvature design in real and reciprocal space
- devices made of thin films and crystals

- potential applications

- spintronics
- Racetrack memory
- Majorana fermions
- Spin Hall based MRAM
- antiferromagnetic Spintronics
- Spincaloritronics

- quantum computing

- energy conversion
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