X-ray magnetic circular
dichroism (XMCD)
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To read

* Joachim Stohr. NEXAFS spectroscopy
https://www-ssrl.slac.stanford.edu/stohr/nexafs.htm

* Joachim Stohr. Magnetic Dichroism Spectroscopy and Micrpscopy
https://www-ssrl.slac.stanford.edu/stohr/xmcd.htm / IBM J. Res. Develop. 44, 535
(2000) / JIMMM 200, 470 (1999).
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X-ray magnetic circular dichroism (XMCD)
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A magnetic field applied in the 1" direction
aligns valence electrons in the 1 direction
leaving more hole states in the (| direction

For the L, transition (2p,,,->3d), X-rays with
1 circular polarization are more likely to
excite spin {, electrons into the hole states
than spin 1* electrons into the hole states

For the L, transition (2p,,,~>3d), spin-orbit
coupling is opposite (I-s instead of |+s), so
the excitation’s spin sensitivity is opposite
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® Density of states
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X-ray absorption spectroscopy

X-ray Cu Fe Ni
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Near Edge X-Ray Absorption Fine Structure spectroscopy
(NEXAFS) / X-Ray Absorption Near Edge Structure (XANES)
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Near Edge X-Ray Absorption Fine Structure spectroscopy

XPS NEXAFS
4l I I I = c | I T I
Secondary electrons Photon Energy 0
(x 1/100) 750 eV 2 N
C - 3 =]
= = | o-a? n
F
e
= o - @ " -
e 0
s 2} =
i N 1 3
MM N
C = K =
Auger peaks ulcncc J\«
Band —]
O | 1 Wil Ol\l'\ | ! ! 1
0 200 400 600 800 250 350 450 550 650 750
Kinetic Energy (eV) Photon Energy (eV)

https://wwwe-ssrl.slac.stanford.edu/stohr/nexafs.htm



https://www-ssrl.slac.stanford.edu/stohr/nexafs.htm

to remind: Auger electron spectroscopy
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Auger electron emission
https://en.wikipedia.org/wiki/Auger electron spectroscopy
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X-ray magnetic circular dichroism (XMCD)
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Carbon K-edge NEXAFS spectra
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Polarization dependent NEXAFS spectra of benzene
chemisorbed on Ag(110)
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X-ray Linear Dichroism
Stéhr et al., Phys. Rev. Lett. 47, 381 (1981)
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X-ray Magnetic Circular Dichroism
Schutz et al., Phys. Rev. Lett. 58, 737 (1987)
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X-ray magnetic circular dichroism (XMCD)

Circular Dichroism - Ferromagnets
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XMCD (a) d-Orbital Occupation  (b) Spin Moment (c) Orbital Moment
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P3/, (L3) and py, (L)
levels have opposite

spin-orbit coupling
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XMCD

Fluorescence
detector
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Circularly polarized
Undulator X-rays \
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yield detection

https://doi.org/10.1016/j.ccr.2014.03.018
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Sample transfer

XMCD at ultralow
temperature

A new ultralow-temperature setup dedicated to soft
X-ray absorption spectroscopy and XMCD on the
DEIMOS beamline (SOLEIL synchrotron). T =220 mK.

(1) main Hey, tank, (2) *He—*He dilution refrigerator, (3)
cryomagnet, (4) sample, (5) 4 K tank used for pre-cooling and (6)
4 K thermal retractable shield. Black arrows: the sample-transfer
and incoming beam axes. The total height is around 200 cm and
the diameter is 60 cm. The diameter of the bottom part of the
refrigerator is ~50 mm.

* Kappleretal.
e 252018 | 1727-1735| 10.11107/51600577518012717
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XMLD and XMCD by photoemission electron

microscopy (PEEM)
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Encoding Magnetic States in Monopole-Like Configurations
Using Superconducting Dots
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Advanced Science, 3, Issue: 11 (2016), DOI: (10.1002/advs.201600207)



Circular dichroism in ARPES mapping of surface state on Bi(111)
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Circular dichroism in angle-resolved
photoemission spectroscopy
of topological insulators
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Spin- and Angle-Resolved Photoemission Spectroscopy

magnet coll

VLEED-W

2D/3D Ferrum channeltron
VLEED Detector
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Mott and VLEED spin detectors

(a) Mott

Channeltron (up)
Quantization axis 1

Target (Au)

Electrons (> a few tens keV) 3

@ Channeltron (Right)

Channeltron (down)

(b) VLEED

o

Electrons (~ 10 eV)
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https://doi.org/10.1016/j.elspec.2014.10.010
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Infra-red (IR) spectroscopy



IR spectroscopy
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NIST Chemistry WebBook (http://webbook.nist.gov/chemistry)

A beam of infrared light (passed through an interferometer) split into two separate beams. One is passed through the sample, the other
passed through a reference. The beams are both reflected back towards a detector, however first they pass through a splitter, which
quickly alternates which of the two beams enters the detector. The two signals are then compared and a printout is obtained. This "two-
beam" setup gives accurate spectra even if the intensity of the light source drifts over time.

https://commons.wikimedia.org/wiki/File:IR spectroscopy apparatus.svg
https://en.wikipedia.org/wiki/Infrared spectroscopy
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To read

D.N. Basov. IR spectroscopy of high-Tc Superconductors
http://conferences.illinois.edu/bcs50/pdf/basov.pdf /

D.N. Basov and T. Timusk Reviews of Modern Physics 77, 721 (2005)
http://infrared.ucsd.edu/basov pubs/basov76.pdf

P. Grosse; V. Offermann. Analysis of reflectance data using the Kramers-Kronig
Relations. Appl. Phys. A 52, 138 (1991). doi:10.1007/bf00323731

Bo Xiang et al. Two-dimensional infrared spectroscopy of vibrational polaritons.
PNAS 115, 4845 (2018); https://doi.org/10.1073/pnas.1722063115
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I ERSTT o= (o) s e [V [we) s Energy Gap Interpretation of Experiments
D.N.Basov on Infrared Transmission through

University of California, San Diego Superconducting Films*
M. TINKHAM

Department of Physics, University of California,
Berkeley, California
(Received September 4, 1956)

PHYSICAL REVIEW
LETTERS

APRIL 15, 1959

superconductl /it

BCS@50)

DETERMINATION OF THE SUPERCONDUCTING SKIE‘ DEPTH
FROM THE ENERGY GAP AND SUM RULE

M. Tinkham
Department of Physics, University of California, Berkeley, California

October 10-13, 2007 -

Physics Department, University of Maryland, College Park, Maryland
(Received March 11, 1959)

PHYSICAL REVIEW VOLUME 108, NUMBER 2 OCTOBER 15, 1957

Conductivity of Superconducting Films for Photon Energies
between 0.3 and 40k T.*

R. E. Grover, IILY University of California, Berkeley, California and University of North Carolina, Chapel Hill, North Carolina

AND

ARG, Usionsley o Ciifseniey Burkstey, Caljorate http://conferences.illinois.edu/bcs50/pdf/basov.pdf

(Received May 17, 1957)
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Shedding Infrared Light on Superconductivity

Elemental superconductors

High-T_ cuprates

1. Doped Mott insulators

Normal state Fermi liquid
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IR spectroscopy of high-Tc superconductors
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Charge dynamics in weakly doped CuO, planes
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Re conductivity

Re conductivity

Sum rules and high energy effects at the onset of
superconductivity
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D.N.Basov et al. Science 283, 49 (1999)
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M.V.Klein and G.Blumberg Science 283, 42 (1999
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Two-dimensional infrared spectroscopy (2DIR)

A ‘ https://en.wikipedia.org/wiki/Two-dimensional infrared spectroscopy
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