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transition to a topological insulator phase
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Band inversion betweend and f
bands of different parity

PuTe under pressure has a
band gap up to 0.4 eV

Higher Order topological insulator
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Weyl semimetals

breaking symmetry
- inversion symmetry (strain)

breaking time reversal symmetry
- magnetic field

Magnetic Weyl semimetals

o — b -
Woion
— A
} E ‘ eyt points -
£ + '%‘
A T - Dirac points at high symmetry
0 w/a) wa 00‘22’;/’" preceont . Weyl points at low symmetry
- all crossings in ferromagnets:
Roald Hoffmann Weyl points

Binghai Yanand Claudia Felser, Annual Review in Condensed Matter 8 (2017)337
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chiral anomaly
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Heusler and Weyl

Breaking symmetry Co,TiSn

Inversion symmetry (Strain) .

o Co,TiSi: 2x9 + 4+ 4 =26 Ms=2pg

Breaking time reversal symmetry
Magnetic field

. Dirac points at high symmetry

. Weylpoints at low symmetry

. All crossings in ferromagnets:
Weyl points

orbital localization

Binghai Yan Claudia Felser, ZhijunWang, et al, arXiv:1603 0047
Guging Changetal

Annual Review in Condensed Matier 8(2017)
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Co,MnGa - ferromagnetic nodal line

o C0,¥Z (Y = IVBor VB; Z = IVA o I11A)
L2, space group 225 (Fm3m)

With SOC

Symmetry and electronic structures
depend on the magnetization direction

Without SOC Phys.Rev. Lett. 117, 236401 (2016)
Sci. Rep. 6, 38839 (2016)

+ nodal line is formed in the plane when bands of opposite mirror eigenvalues cross.

* Mirror planes are related to each other by the rotations

Manna et al., Phys. Rev. X 8 (2018) 041045, arXiv:1712.10174

family of quantum Hall effects
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Hall Effect Anomalous Hall Effect

diamagnetic semiconductor - ferromagnetic material
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Kaustu Manna, GerhardFe cher, JohannesKoder  Christina Poussetal

Co,MnGa - ferromagnetic nodal line

" DFT, Weyl lines

Co,MnGa
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Series of ARPES cuts through the candidate line node

Belopolski,etal, Science (2019) preprintarXiv:1712.09992

REVIEWS OF MODERN PHYSICS, VOLUME 82, APRIL-JUNE 2010

Anomalous Hall effect
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Heusler, Weyl and Berry
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Berry curvature design

MnGa i RERE
Giant AHE in Co,MnAl Cod
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Kilbler, Felser, PRB 85 (2012) 012405

Vidal etal. Appl .Phys. Lett. 99 (2011) 132509 Kiibler Felser EPL 114 (2016) 47005.

Berry curvature design
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2. Noky et al., Phys. Rev. B 98, 241106(R) (2018), arXiv:1807.07843 ,arXiv:1806.06753, Fuet al , APL Mat. 8 (2020) 040913
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Heusler, Weyl and Berry: Co,MnGa

Heusler, Weyl and Berry
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Kagome lattice

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

CosSn;S,

Nature, 2018, doi:10.1038/nature25987

Enke Liu, et al. Nature Physics 14 (2018) 1125 _preprint arkiv:1712.06722

Weyl and Berry
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Weyl and Berry

Weyl points are close to EF
Hard magnetic behaviour

transport: chiral anomaly
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Weyl and Berry
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giant anomalous Hall
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Satya N.Guin, et al._Chandra Shekhar, Andrea Damascelli,Yan Sun, and Claudia Felser, Advanced Materials in print

layered quasi-2D crystal T¢ ~ 503 K 1200
topological nodal line magnet.

2D Berry curvature!

Satya N Guin, et al. Chandra shekhar, Andrea amasceli, an sun. and Claudia Felser, Advanced Materials in print
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2D Berry curvature!
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vision

new physics
- Antiferromagnetic topological materials — more to come
- Berry phase design of magnetic materials for energy conversion and Hall sensors
- more ferromagnetic Weyl semimetals — oxides ..

- Quantum anomalous Hall effect at room temperature B " >
= v =
- from 2D to 3D quantum effects . ==
- light— magnetic Weyl interaction ] -
; \ [N
e Pole <=
potential applications \%. s

- energy conversion
- quantumcomputing
- spintronics o
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