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[15.5.] Ferromagnetism in a Nutshell
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Studies on Magnetic Nanostructures
by André Philippi-Kobs (AP)

Introduction to Magnetic Materials
Magnetic Phenomena

Magnetic Free Energy

Perpendicular Magnetic Anisotropy
Magnetic Domains and Domain Walls

interaction

IR laser

[1 7.5.] Interaction of Polarized Photons & pruetal, Nature Communications, Vol 3, 11: DOLdoi: 10.1038/comms2108 (2012)

. . . L.Mdilleret al., Rev. Sci. Instrum. 84, 013906 (2013)
with Ferromagnetic Materials ™"

Charge and Spin X-ray Scattering by a Single Electron
Absorption and Resonant Scattering of Ferromagnets
(Semi-Classical and Quantum-Mechanical Concepts)
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Studies on Magnetic Nanostructures
by André Philippi-Kobs (AP)

Scattering pattern

[19.6.] X-ray Magnetic Circular Dichroism
(XMCD) & Resonant Magnetic Small
Angle X-ray Scattering (mSAXS)

* Role of Spin-Orbit Coupling and Exchange Splitting
« Sum Rules

« XMLD and Natural Dicroisms

« mSAXS of Magnetic Domain Patterns

IR laser

Beamstop
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Interaction of polarized photons with matter

> X-ray magnetic circular dicroism (XMCD) effect

Crystal-field-split-d-states

- Strong ferromagnet:

one subband is completely filled

Polarization dependent p to d(1) transition intensities
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Interaction of polarized photons with matter

> X-ray magnetic circular dicroism (XMCD) effect

Polarization dependent p to d(}) transition intensities
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Strong ferromagnet:
One subband is
Completely filled
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Same results for I, ...: 1L, orw
AIL3,1:otal: AILz,total =1.-1
when using atomic d-states (w/o SOC); today's lecture
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Interaction of polarized photons with matter

> X-ray magnetic circular dicroism (XMCD) effect

What is happening in a paramagnet?

= No XMCD

Difference intensity
o

Photon energy

What is happening w/o Spin-Orbit-Coupling for the p-states?
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Photon energy
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Interaction of polarized photons with matter

> X-ray magnetic circular dicroism (XMCD) effect
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(sketches in textbooks can be misleading!)
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Density of d-states at E

> (Orientation averaged) Sum rules
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Interaction of polarized photons with matter
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Interaction of polarized photons with matter

> (Orientation averaged) Sum rules XH()

/M

(a) d-Orbital Occupation  (b) Spin Moment (c) Orbital Moment & c (“"( J"‘J
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Interaction of polarized photons with matter
> Application of XMCD

J. Appl. Phys. 87 (8], 1 May 1980
DORIS IT at HASYLAB, DESY, Hamburg.

Spin-dependent x-ray absorption in Co/Pt muitilayers and Cog,Pty, ~" - | 4 I PI— _ ' l ‘l
G. Schiiiz, B. Wienke, and W. Witheim UF I e - A 4 r l‘
Fak, f. Physik, TU Miinchen, D-8046 Garching, Federal Republic of Germany y - . < ‘/
W. B. Zeper -0.05[
Philips Research Laboratories, P.O. Box 80.000, 5600 J4 Eindhoven, The Netherlands -
H. Ebert S04
Siemens AG, ZFE ME TPH 11, Postfach 3220, D-8520 Erlangen, Federal Republic of Germany sk ey ’ - J r
£ 1P
Institut fiir Angew. Physik, University of Regensburg, Federal Republic of Germany e A
The spin dependence of L, , absorption in 5d atoms oriented in a ferromagnetic matrix 1" 0.8 r }
contains information on the spin density of the empty d-projected states of the absorbing

Q ,#[II

atom. Spin-dependent absorption spectroscopy using circularly polarized synchrotron
radiation was applied to study the polarization of the Pt atoms in the binary alloy Cos Pl
and Pt/Co layered structures, which are promising candidates for magneto-optical recording.
The spin-dependent absorption signals for vapor-deposited 250(4 ACo+ 18 APt)and
250(6 A Co + 18 A Pt) multilayers indicate a ferromagnetic coupling on Pt and Co atoms -0.10
with a significant Pt polarization. This is reduced on average by about 60% with respect to the

Pt polarization in the Cog, Pty alloy. The experimental results are discussed on the basis of

spin-polarized band-structure calculations, * ] —
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Interaction of polarized photons with matter

> From Absorption to Resonant Scattering (exp. approach):

f”=-(k/dm) o, (E) Measure absorption cross-section for both helicities
Kramers-Kronig relation 3
f [
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Interaction of polarized photons with matter

> Resonant scattering (gm concept): 2. Term of Fermi’s Golden rule in dipole approx.

2
Hint|n) (n|Hint |2 _ Tif
Pty ey o= T

2 .
Tip = = | (fMumeli) + >

l Dipol approximation etc. (as done for absorption term)

iy (alr - e3In)(nlr - €1]a) |

(ho —E7) 1i(4,/2) A, line width

J. P. Hannon et al., Phys. Rev. Lett 61, 1245 (1988)
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Interaction of polarized photons with matter

> Resonant scattering: 2. Term of Fermi’s Golden rule in dipole approximation
2
<f|Hint|n> <H|Hint|i>

Ei —€n

2
T =2 | ([ Hinsli) + 3 6(ei—es)pley)

. Ty _ 2
with o= @, and Oscattering — f

=» The elastic resonant magnetic scattering factor in units [number of elec-
trons| is given by
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N For circularly polarized light

if(e)'xe]=TFe
Charge: Natural dicroism
XMLD: X-ray magnetic linear dicroism
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Interaction of polarized photons with matter

> XMCD and XMLD effect i—s‘;ﬂr:;nagnetic” dichroism is due to spin alignment and the spin—orbit

X-ray Magnetic Circular Dichroism

— X-ray magnetic circular dichroism — XMCD — arises from directional

(d) Femetal . i . . )
spin alisnment. The effect is parity even and time odd.

Dichroism (%)
=
Absorption Intensity

L | L | L L
700 720 740
Photon energy (eV)

X-ray magnetic linear dichroism — XMLD — arises from a charge
anisotropy induced by arial spin alignment. The effect is parity even

and time even. Aligned magnetic state

X-ray Magnetic Linear Dichroism . N
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Interaction of polarized photons with matter

> XNLD and XNCD effect

X-ray Natural Linear Dichroism

X-ray “natural” dichroism refers to the absence of spin alignment.

= (a) L, La 45515 1sCu0y
g CuL-edges — X-ray natural linear dichroism — XNLD — is due to an anisotropic
I= charge distribution. The effect is parity even and time even.
s — X-ray natural circular dichroism — XNCD - may be present for
g anisotropic charge distributions that lack a center of inversion. The
% effect is parity odd and time even.
1 | 1 | 1 | 1 |
920 940 960
Photon energy (eV)
X-ray Natural Circular Dichroism
> (b) LilO, 16 -
@ E I Li-edge ] 22
2 13
oo, = "3
> 2 0%
e =
ol
=< | | | | |
5190 6210 6230
Photon energy (eV)
15 Methoden Moderner Rontgenphysik Il - Vorlesung im Haupt-/Masterstudiengang, Universitat Hamburg,

SoSe 2018, A. Philippi-Kobs




RCP or LCP

O

4| =0

Sample
(Domain pattern)

,magnetic grating/lattice” = stripe domain pattern with equal domain size D
(periodicity of d = 2D)

=>» Scattering factor f,,, = M,F™ varies in x-direction due to XMCD effect & alternating M,

fon 1
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S
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MSAXS of magnetic domain patterns

Scattering amplitude (Fourier transform of scatterlng factor):

ACQ) - FT (fu ) = 4,\ (®) i ¢~ 1O
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Studies on Magnetic Nanostructures
by André Philippi-Kobs (AP)

Scattering pattern

[19.6.] X-ray Magnetic Circular Dichroism
(XMCD) & Resonant Magnetic Small
Angle X-ray Scattering (mSAXS)

* Role of Spin-Orbit Coupling and Exchange Splitting
« Sum Rules

« XMLD and Natural Dicroisms

« mSAXS of Magnetic Domain Patterns

IR laser

Beamstog
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