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Part 1l

Magnetism — Magnetic Thin Films

:attering pattern

by André Philippi-Kobs (AP)

[23.5.] Magnetic small angle scattering of magnetic domain pat

e Introduction of magnetism in thin films IR laser

Beamstop

e Resonant scattering & X-ray magnetic circular dichroisn

[30.5.] Imaging of magnetic domains
B. Pfau et al., Nature Communications, Vol. 3, 11; DOl:doi: 10.1038/ncomms2108 (2012)
L.Mulleret al., Rev. Sci. Instrum. 84, 013906 (2013)

e Fourier transform holography (FTH)

Time delay
e Scanning transmission X-ray microscopy (STXM) 1,0
e Coherent diffraction imaging (CDI), Ptychography 8 ool
§ ¥
[1.6.] Femtomagnetism S 08t =
= S
-]
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e Introduction of ultrafast magnetization dynamics o7 8
ﬁ =]
e  Pump-probe experiments of nano-scale magnetic domain patterns E .6l - .
2 )
[136] Related aspects 0,5}¢ " E. Beaurepaire et al.,
) . ) . PRL 76 (1996) 4250
L . . . 0 5 10 15
e Determination of coherence via magnetic domain patterns At (ps)
e Magnetic XRD of antiferromagnets and chiral systems ¢ Time-resolved MOKE (Ni 120 fs)

e Further electronic inhomogeneities probed by X-rays (charge density wave; Abrikosov
vortices in superconductors)
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Resonant magnetic small angle X-ray scattering
(MSAXS) of magnetic domain patterns

2.) Interaction of polarized photons with matter

- Resonant Scattering (QM concept, Fermi’s Golden rule)

(- XMLinearD and X-ray Natural Dichroism)

3.) Resonant magnetic SAXS of magnetic domain patterns
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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
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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>
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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

i [(ei)* X c—:i] — Fe
Charge: Natural linear 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

(d) Femetal — X-ray magnetic circular dichroism — XMCD — arises from directional
L -edges spin alignment. The effect is parity even and time odd.
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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
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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.
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,magnetic grating/lattice” = stripe domain pattern with equal domain size D
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MSAXS of magnetic domain patterns

Scattering amplitude (Fourier transform of scatterlng factor):

Aa) = FT(£(~) - £2(a) & 9%
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Partli
Magnetism — Magnetic Thin Films

by André Philippi-Kobs (AP)

FA= &1 HKA

netic small angle scattering of magnetic domain patterns

'oduction of magnetism in thin films IR laser

Beamstop

onant scattering & X-ray magnetic circular dichroism (XMCD),

[30.5.] Imaging of magnetic domains - ,
B. Pfau et al., Nature Communications, Vol. 3, 11; DOl:dei:10.1038/ncomms2108 (2012)

L.Mdlleret al., Rev. Sci. Instrum. 84, 013906 (2013)

e Fourier transform holography (FTH) Time delay
e Scanning transmission X-ray microscopy (STXM) 1o
e Coherent diffraction imaging (CDI), Ptychography § 09}
@
. 5 =
[1.6.] Femtomagnetism E, 08f &
¢ |ntroduction of ultrafast magnetization dynamics % ' %‘
e  Pump-probe experiments of nano-scale magnetic domain patterns % 06} .
z
[13.6.] Related aspects oo . , S
0 5 10 15
e Determination of coherence via magnetic domain patterns at (ps)
e Magnetic XRD of antiferromagnets and chiral systemsJ Time-fecolved MOKE (NI 120 f2)

e Further electronic inhomogeneities probed by X-rays (charge density wave; Abrikosov
vortices in superconductors)
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Imaging of magnetic domain patterns with X-rays

> X-ray lenses based methods

Scanning Transmission X-ray Microscopy Transmission Imaging X-ray Microscopy

STXM TIXM
X-rays X-rays
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Imaging of magnetic domain patterns with X-rays

> X-ray lenses based method

Fresnel Zone plates:
Con L ko, /f‘l‘ Go—;dbgd\\le
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disadvantages:
- High absorption
- Hard to fabricate
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Imaging of magnetic domain patterns with X-rays

> X-ray lenses based method
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Fig. 10.22. TIXM images recorded at the Fela-edge as a function of applied field
for a 75 x [Fe(4.1 A)/Gd(4.5 A)] multilayer deposited on polyimide and capped for
protection with an Al layer [463,482]
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Imaging of magnetic domain patterns with X-rays

> Lensless Imaqging — Fourier transform Holography

‘ Schliisselelement-Herstellung ‘ Bild-Rekonstruktion
TXM | Zonenplatte XXXXX -direkt- X
FTH | Optikmaske XX Einfache Fourier-Transformation XX

Fracivore colioraces
»

oL (dee ce ,&cﬁ_“&

Object hole

20 um pinhole

e

Undulator

Reference

hole Mask and sample

SiN, membrane
Magnetic film
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Imaging of magnetic domain patterns with X-rays

> Lensless Imaqging — Fourier transform Holography

Mask and sample:

Preparation
by focused ion beam
technique

—> 2 pm <4
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Imaging of magnetic domain patterns with X-rays

> Lensless Imaqging — Fourier transform Holography (FTH)

inciple: {2 0-(a) = ?T(-(;( )
Principle: /“/L/:.g , ,(ZJ (&\
- Intensity on detector: I(Q\ li { (&) Q-+ I

- Scattering factor for cwcularly polarlzed light and M]|L:
S R |

£ ¢ FC-i(ExE)YRF"

£ = F9(8) £ 47a) (Rl

£€(8)= L£5(a) « L (D)
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> Lensless Imaqging — Fourier transform Holography (FTH)

Principle: s nfege
108
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Imaging of magnetic domain patterns with X-rays

> Lensless Imaqging — Fourier transform Holography (FTH)

Differenzhologramm Fourier-Transformation

Principle: Mok . J':T"'( I(&\)— }‘T‘&-(((;‘)) @ |
- Reconstruction = Fourler transformation: = ( ,)
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FTU e AT

—————
A\"’ oort-chQ\
& @ 4~ xe
fFTETES) T (47 4])
\ﬂ&uhabxckow
— A~ -
O« F (L") e FILL
= -c (4‘) @ ((L (:3 €9 -F47 zentraler Ausschnitt
"~ <)
= SN st < [ @)
_—
19 Methoden Moderner Réntgenphysik Il - Vorlesung im Haupt-/Masterstudiengang, Universitat Hamburg,

SoSe 2017, A. Philippi-Kobs



Imaging of magnetic domain patterns with X-rays

> Lensless Imaqging — Fourier transform Holography (FTH)

Referenzstrahl

Meigungs-
Objektstrahl achse

¥/ blockierender
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Imaging of magnetic domain patterns with X-rays

> Lensless Imaqging — Fourier transform Holography (FTH)

X—r«.} u"’(ﬂ’?‘r Lng
"’l:cw Joo,x- (YHH)

Objekttrager

Optikmaske +—3iN

Fe wedge

« ColPt
giN

o 9% D. stickler et al., Appl. Phys. Lett. 96, 042501 (2010)

Blhne

norm. Intensitat

Element-selectivity
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Imaging of magnetic domain patterns with X-rays

> Lensless Imaqging — Coherent Diffraction Imaging (CDI)

| Schliisselelement-Herstellung | Bild-Rekonstruktion | Amplitude[* Phase TR
TXM | Zonenplatte AXXXX -direkt- X (a) Loop 1
FTH | Optikmaske XX Einfache Fourier-Transformation XX From data Random
CDI -direkt- X Phasen-Riickgew innung XXXXX ¥ SRR

1"iteration:
A(Q=VI(Q) explip(Q)]
Random phase ¢(Q)

Partial Retrieval

FT"
p'(r) [« A'(Q)

Constraints:
Q Space
IAQFVIQ)
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