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US penny: 3.1 grams of copper, 2.9x1022 

electrons 

DVD: 4x1010 bits 

we would need some  7.25 x 1011 DVD’s to 
store information just about spin of all 
electrons

Complexity arising from large number of 
electrons leads to fascinating physics of solids
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Periodic ionic potential

Kittel, Solid State Physics
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ARPES spectra
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A. Damascelli et al.

Synchrotron based ARPES measurements



Tunable VUV laser ARPES system Scienta R8000
Electron analyzer
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R. Jiang et al., Rev. Sci. Instrum. 85, (2014).

Beam size ~30 µm
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Gauss-Bonnet theorem

g=0 g=1 g=1

Brief introduction to topology
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Wave function in periodic potential

Schroedinger equation:

Berry connection:

Berry curvature:

Chern number:

Analogy in solid state physics:



Nobel Prize in Physics 2016
”for theoretical discoveries of topological phase 
transitions and topological phases of matter” 



M. Z. Hasan and C. L. Kane, Rev. Mod. Phys., Vol. 82, No. 4, October–December 2010

trivial state topological state







Graphene



Topological insulators: 
Highly unusual surface state

TI sample

Liang Fu and C. L. Kane, Phys. Rev. B 76, 045302 (2007).



Topological insulators: 
Highly unusual surface state
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Tuning properties of topological insulators: 
 Bi2Te2.8Se0.2 - a true topological insulator

Rui Jiang et al., Phys. Rev. B. 86, 085112 (2012)
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Tuning properties of Bi2Te2.8Se0.2



3D Dirac semimetal - Cd3As2



Weyl semimetals
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Weyl semimetals
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Type I:TaAs, NbAs 
           TaP, NbP 

Type II: WTe2, MoTe2
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Type I: 
TaAs 
NbAs

S.-Y. Xu et al., Nature Physics 11, 748 (2015).



Type I:TaAs, NbAs

L. X. Yang et al., Nat Phys 11, 728 (2015).
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Prediction of Weyl II semimetallic state in MoTe2

Alexey A. Soluyanov, Nature 527, 495–498 (2015)
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“Simplified” model of Weyl II semimetal

Lunan Huang et al., Nature Materials 15, 1155–1160 (2016)



MoTe2

Lunan Huang et al., Nature Materials 15, 1155–1160 (2016)



Signatures of type II Weyl semimetal in MoTe2

Lunan Huang et al., Nature Materials 15, 1155–1160 (2016)



M. N. Ali et al., Nature 514, 205 (2014).

titanic

~500,000%

Electronic properties of 
WTe2



WTe2

M. N. Ali et al., Nature 514, 205 (2014).



M. N. Ali et al.,  
Nature 514, 205 (2014).
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Yun Wu et al., Phys. Rev. Lett. 115, 166602 (2015).

WTe2 Fermi surface and band dispersion 



WTe2: temperature induced  
Lifshitz transition
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Yun Wu et al., Phys. Rev. Lett. 115, 166602 (2015).



Yun Wu et al., Phys. Rev. Lett. 115, 166602 (2015).

WTe2: temperature induced  
Lifshitz transition



Temperature and magnetic field dependence

Y, Wu et al., Phys. Rev. Lett. 115, 166602 (2015).
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Temperature induced shifts 
of chemical potential : 

๏ pnictides 
๏ Topological insulators 
๏ 3D Dirac SM 
๏ Weyl Semimetals 
๏ thermoelectrics

Yun Wu et al., Phys. Rev. Lett. 115, 166602 (2015).



WTe2 

two types of surface 
terminations: 

N- Normal 

T- Topological 

M. N. Ali et al., Nature 514, 205 (2014).

Yun Wu et al.,  
Phys. Rev. Lett. 115, 166602 (2015).
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Fermi Arcs
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Phys. Rev. B 94, 121113(R) (2016) 



Fermi arcs in WTe2
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Fermi arcs in WTe2
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“plain” and “titanic” Magnetoresistance
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~500,000%
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titanic

~500,000%
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PtSn4
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Dirac arc nodes in PtSn4

Yun Wu et al., Nat. Phys. doi:10.1038/nphys3712 (2016)



Dirac arc nodes in PtSn4

Yun Wu et al., Nat. Phys. doi:10.1038/nphys3712 (2016)



Conclusions: 

• Bi2Te2.8Se0.2 is a “true” topological insulator with Fermi 
energy located inside of the bulk band gap 

• TI properties can be reversibly tuned at the surface by 
hydrogen absorption 

• We discovered spectroscopic  evidence that both WTe2 
and MoTe2 are type II Weyl semimetals 

• PtSn4 is a novel topological material hosting Dirac node arcs 
(DNA)  that yet have to be understood by theory


