Visualizing Electronic Structures of Quantum Materials
— By Angle Resolved Photoemission Spectroscopy (ARPES)

PART B: New Frontier in ARPES

Yulin Chen

Oxford University / Tsinghua University
WwWWw.arpes.orqg.uk
Yulin.Chen@physics.ox.ac.uk : yulinchen@mail.tsinghua.edu.cn



mailto:Yulin.Chen@physics.ox.ac.uk
mailto:yulinchen@mail.tsinghua.edu.cn

INew Frontiers

4 Complete photo-electron\
spectroscopy

ﬁh&hnﬂ
] Y,

Momentum Spin

Energy— Position
Time




- :
Exelore electron dynamics

Complete photo-electron
spectroscopy

f et pe

\ Momentum J L Spin

i

" Energy =— — Position
v < Time

Probe Pulse \% Data Collection
& analysis
Pump Pulse \%

Sample




ILong lived surface electrons of Bi,Se,

J. Sobota, et al. Phys. Rev. Lett. 108, 117403 (2012)
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Spin resolved ARPES
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IMateriaIs with spin-dependent electronic structure
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Exotic spin states: Topological insulators

“Locking” of current & spin
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Regular ARPES
3D structure

Bi,Te,

-

Y. L. Ch(abﬁ, et. al.,
Science 325, 178 (2009)

Bi,Se,

Y. L. Chen, et. al.,
Science 329, 659 (2010)

Understand the spin of topological surface electrons

TIBiSe,
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Y. L. Chen, et. al.,
Phys. Rev. Lett., 105 266401 (2010)

Spin-ARPES
1D structure

Spin polarzation
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D. Hsieh, et. al.,
Nature 460, 1101 (2009)
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C. Jozwiak, et al.
Phys. Rev. B. 84, 165113 (2011)
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IDetecting Electron Spin

I
Mott scattering spin polarimeter
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IDetecting Electron Spin

I
Mott scattering spin polarimeter
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IDetecting Electron Spin

Figure of Merit
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Detecting Electron Spin

Figure of Merit

To minimize AP, we need to maximize 152

So normalized by the total initial flux I,, the index is defined as
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Detecting Electron Spin
Mott scattering spin polarimeter
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IDetecting Electron Spin

L
Mott scattering spin polarimeter

sclenta SES 200 sclenta sSks 200

Laser
N
Sample
First Arrangement; Second Arrangement:

Measures Pg, and P, Measures P, and P_.



Spin-resolved laser ARPES
I
Spin-orbital splitting of the surface state band
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Spin-resolved laser ARPES

B
Sb(111) Surface state
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Spin-resolved laser ARPES
I
Spin direction of the FS
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IUnderstand the spin of topological surface electrons

B
Z. Xie, et. al., Nature Comm 5:3382 (2014)

0D Spin detection
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IUnderstand the spin of topological surface electrons

1D Spin detection
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IUnderstand the spin of topological surface electrons

C. Jozwiak, et. al., Phys. Rev. B. 84, 165113 (2011)

1D Spin detection
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Spatially resolved ARPES



IExplnre electronic structure with spatial resolution

New mesoscopic materials
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IExplare electronic structure with spatial resolution

Materials with domains
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IHow to achieve nm scale spatial resolution

Regular ARPES Spatially-resolved ARPES

2 100um <200nm

Photon beam

ﬁocus with lens Schwarzschild objective Zone plate




Preliminary study — element enhanced mapping
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IConceptuaI design
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IConceptuaI design
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