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SRF “SKIF”

Fourth generation synchrotron radiation source
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Spin- and Angle-resolved photoemission spectroscopy (SARPES)

allows to study

Many phenomena in quantum materials
Structures in momentum space

» Brillouin zones
» Fermi surfaces
» Band dispersion

Various types of magnetic order Quantum spin liquids

Superconductivity

Physics of
Heavy Fermions

Heavy Fermions and Strongly
Correlated Electrons Systems
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Crystalline Topological Insulator: PbSnTe case

Photoelectron emission microscopy
with an imaging spin filter
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Spin-resolved ARPES system

Hemispherical electron analyzer (R=200mm)
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Mott detector =

- based on the spin-orbit interaction of electrons

Schematic set-up of a Mott-detector
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Best commercial spin detector features :

» Operating energy in the 10-150 keV range

> Selectivity close to 20 % and F = 5-10°

> Collection efficiency at best equal to 103
Table 1. A list of specifications of various spin polarimeters. |Sq¢| and I/l are
» Large volume (a few dm?3) the effective Sherman function and the scattering probability, respectively. € is
the figure of merit or the efficiency of spin detection.

Interaction Energy 15l Iy €
Conventonal Mott [28] Spin—orbit 100 ke V 0.20 2.9% 1073 1.1 = 1074
Compact Mott [29]-[31] 2540 ke W 14415 9.7 % 10~ 19-5.6 % 10
SPLEED [33] 150 eV 0.19 2.2 % 1073 8.0 % 103
Diffuse scattering [34) 150 eV 0.19 9% 1073 13 10~
VLEED (Fe surface) [35] Spin-exchange 12V 0.4 0.1 2% 1072
VLEED ( O/Fe surface) [24] 6 eV 0.3-0.4 0.12 1.9 % 102

A. Nishide, et al. New J. of Physics, 12 (2010) 065011




Multichannel Spin-Polarization Detection

Au evaporator 1r(100) crystal
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V.N. Strocov, V.N. Petrov, et al.

Concept of multichannel spin-resolving electron analyzer
based on Mott scattering

J. Synchrotron Rad. (2015). 22, 708




Motivation:
Concept of projection-type 3D spin-resolving electron analyzer

based on Ferromagnetic - Semiconductor junction
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The main idea:
Injection of electrons and
Detection of Cathodoluminescence.
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Spin Filtering of Free Electrons by Magnetic Layers

Idea of the spin-filter similar to

Spin-dependent mean free path

an optical linear polarizer E
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In plane polarization detection

Spin-filter
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» compact

Barrier
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Measurement of out-of-plane spin polarization component
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Analyzers aspect ratio Advantages of two-side NEA vacuum photodiode:

~— Photoemission physics of very

100:1 low-energy electrons (0-300 meV)

Vacuum photodiode

Source of spin-polarized electrons

Injection physics of
spin polarized electrons

_ Spin-detector with spatial resolution
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Measurement of Energy Distribution Curves of emitted electrons
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Experimental realization of electron polarization
spatial detection

(C) PL (GaAs photocath.)  (d) CL (anode QWs)
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Development of a semiconductor spin detector with spatial resolution
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PL polarization (%)

New type of spin-polarized electron source based on multialkali photocathode

Polarized

: Electron spin polarization
photoluminescence
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sSummary

* 3D-type spin-detector with spatial resolution based on
Ferromagnetic-Semiconductor junction is proposed.

Detector characteristics:

> Operation energy: 1-1000 eV et
» Selectivity S~ 0.1 (upto 0.5)

» Detection eff. I/l; ~0.02 (0.2) 1

> F,=S2xl/l, = 0.12 x 0.02~10% (10"

1 2 -
2) Im Im ,IG+ IG'

Image Intensifier

> Number of channels: 109

» stable and compact
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Detection of spin polarization by polarized
cathodoluminescence depending on the electron energy
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Spin-filtering effect: electrical vs optical registration

The principle: injection of spin-polarized electrons from vacuum into a ferromagnetic
metal layer deposited on a semiconductor substrate and to measure the
spin-dependent transmission through the Schottky junction.
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Electrical registration of spin-polarized Optical registration of spin-polarized
electrons in magnetic Schottky barriers electrons in Pd/Fe/GaAs/InGaAs(001)
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Motivation: the least emittance is the most advanced ARPES !

The 1% ARPES station at SKIF: 1meV *1 meV*1 K*1 um
beam spot size <1 um

+ Imaging type spin detector

BESSY example:
The One-Cube ARPES 13 station at BESSY: the excitation source and the electron energy analyzer as well as the
sample temperature — have been reduced to <1 meV:

1ImeV *1 meV*1 K

SKIF ARPES Endstation Requirement Analysis SPECS

Only proven solutions considered!

requirements KREIOS (MM) ASTRAIOS ASTRAIOS
Inst SemiCon System System w HESTIA

Physics

Small Spot Capability
(<1pm stability)

Ultra Low Temperature
Analysis (T<4K)

Spin Detector Support
(incl. homebuilt designs)

ARXPES/XPD e
Ultra high energy

Resolution analyzer
(AE<1meV)

e Fully met Close to be met e Not met
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Terahertz-induced Dirac fermions acceleration

LETTER
https://doi.org/10.1038/541586-018-0544-x

Subcycle observation of lightwave-driven Dirac
currents in a topological surface band

1. Reimann!, S. Schlauderer?, C. P. Schmid?, F. Langer?, S. Baierl?, K. A. Kokh*4, O. E. Tereshchenko®?, A. Kimura®, C. Lange?,
1. Giidde!, U. Hofer!™ & R. Huber®*
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Spin-resolved ARPES: Topological Insulator study

%) SARPES for Bi,Se,Te
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ARPES light sources (6-200 eV)

Available photon Bandwidth/mon | Intensity Polarization
energies ochromaticity
Laser 6-11 eV; not much Can be <<1 meV  Potentially Variable
variation for a given high polarization
laser
Gas (He, Xe, Ne, 21.2,40.8, 8.4, 9.6, Can besmall (<1 Sometimes unpolarized
Ar...) discharge lamp 11.6 eV (and more)  meV) with low
monochromator
Synchrotron Variable; different 0.5 to several tradeoff Several fixed
synchrotrons and meV; tradeoff between polarizations
endstations between bandwidth
specialize in different bandwidth and and intensity
energy ranges intensity

E, =hv—¢—|E;|
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|. PopMHUpOBaAHME KOMOUHUPOBAHHOU SAEKTPOHHOMU CTPYKTYPbl CMUH-
NOASIPU3OBAHHbIX MOBEPXHOCTHbIX COCTOSSHMU AMpaka u Paubbl

BiTel -nonynposoaHuk (Eg=0.7 3B) ¢ ruraHTcKum pacwenneHvem Pawbbi
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