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XMCD

X-ray Magnetic @rcular Dichroism
Magnetization dependent absorption of circularl},aped light
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Circularly Polarized Light

Photon angular momentum: =S5k

Where =photon helicity =x1

Right circularly polarized Left circularly polarized
=+1

S



Polarized Radiation at a Synchrotron
Source
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Polarization properties of SR
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Bending Magnet Radiation On-axis



Power per Solid Angle
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Flux per Solid Angle

Now; following Kwang JeKim:
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Horizontal and Vertical Components

We areinterestedn thepolarizaton of theradiation
® breakflux upinto horizontalandverticalcomponents
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Flux as a function of angle
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Behavior at Critical Energy

Photon Flux

Moving off axis

Horizontal (on axis) radiation as a
function of energy



Behavior at 700eV

L adsorption
edges of Fe are

~707eV, ~720eV Photon Flux

ALS:
Ee=1.9GeV, I=400mA, B=1.27T

Ec=0.6650*(E€)GeV]B[T]
ECALS=3.05keV

700eV/3.05keV =0.2

=1957Ee[GeV]
ALS=3718.3 Moving off axis

v

* = ~2.7*10% radians

Bending magnet radiation is naturally polarizedratll angles off-axis



X-ray Magnetic Circular Dichroism
(XMCD)
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XMCD Measurement

| absorber transmission mode
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Dichroic signal
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X-ray Absorption
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Conservation laws

+ energy E=E-E
 linear momentum (for
2h,1 small e-energies) Iin

electron transitions;ﬁ/\
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Absorption of Circularly Polarized
X-rays
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2-step description:

Photon “polarizes” electron
through the transfer of

~
~

electron transitions angular momentum to
Ls electron spin through
; . B : . !
EFE(L) — 2., spin-orbit coupling

EFE (L)

Valence band only takes
electrons of appropriate
spin



Origin of Spin and Orbital Polarisation

L.,absorption of a right pol. photon
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Not all transitions are allowed,

considering the allowed transitions, L, L,
we calculate average spin and s)) 12 +1/4
angular momentum of the excited
electrons (1,) +3/4 +3/4




Transition Probabilities
L, absorption of a right pol. phot
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Spin and Orbital Polarizations

< > for Initial State (Clebsh- | Transition | Relative Spin up or down| Weighted Spin
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down
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Spin-orbit coupling

d-like final states
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Ferromagnetic state of a 3d transition
metal

Stoner model energy (eV)
Derlsity of states (DOS)

Net magnetic
moment in
material caused
by exchange
splitting

3d band

Majority band| Minority band



The “hole-moment”

Splitting of “spin-up ene?y (eV)

and ‘spin-dowri bands DOS
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What does XMCD probe?

energy (eV)
A

DOS
>

Absorption probes the r 1s T
density of valence states

E=0
~5 eV - =
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0

...or the “hole moment”

Electron moments 3d band




Fermi's Golden Rule

L_-absorption: -
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The sum rules of XMCD

difference spectra
Dm=mm
schematically

Sum rules

Fit the experimental spectrum by a
weighted addition of both
contributions to obtain
spinandorbitalmoments
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Orbital and Spin Moments

Orbital MagneticMoment SpinMagneticMoment
z\ — z\ — 2
(mg) ===541,) (me) == s,)

Magnetic moment from motion of electron
in orbit

where:

Intrinsic magnetic moment of the electron

BohrMagneon: m = % =117 10V ms
m

(1,),(s,) expectationvaluesof theangularandspin momentunoperators

J. Stohr and H. C. Siegmann, Magnetism, From Fundamentals to Nanoscale Dyf&priinger-Verlag Berlin Heidelberg, 2006).




Sum rUIeS Areas:
From B>0
2 2
=QRrR* |(CY) -[CY
| xmco State‘s< 1> K 1> A<O
SUM RULES:
(- A+2B) = 3mS spinsumrule
m
3C .
(- A+B)= orbital momentsumrule
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J. Stohr and H. C. Siegmann, Magnetism, From Fundamentals to Nanoscale Dyf&priinger-Verlag Berlin Heidelberg, 2006).




XMCD of Co structures: 3D 0D

P. Gambardella et al., NATURELG, 301 (2002)



XMCD

Following Stohr and Siegmann:
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J. Stohr and H. C. Siegmann, Magnetism, From Fundamentals to Nanoscale Dyf&priinger-Verlag Berlin Heidelberg, 2006).




XMCD
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Element Specificity
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Radial component of core levels is highly localized



XMCD difference signal

Dol -1
for fixed magnetizabn DI =1 - 1"
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J. Stohr and H. C. Siegmann, Magnetism, From Fundamentals to Nanoscale Dyf&priinger-Verlag Berlin Heidelberg, 2006).
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