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Magnetic circular dichroism 

in resonant inelastic X-ray scattering 

and under high pulsed magnetic field

Marcin Sikora
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X-ray Magnetic Circular Dichroism
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X-ray Magnetic Linear Dichroism

E. Arenholz at al., Appl. Phys. Lett. 94, 072503 (2008)

Sensitive to magnetic moment orientation

in antiferro-magnetic materials
LSMO

(Ferro)

LSFO
(AF)
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X-ray magnetic microscopy
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High resolution, element specific

imaging of magnetic domains

See review:

Ade & Stoll, Nature Mat. 8, 2399 (2009)

Gd-Fe hysteresis
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Vortex
dynamics
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However

(see P aul van Loosdrecht talk)

L2,3 edges  soft X - rays
 limited penetration depth

K edge   weak magnetic signal (10 -4)
& lack of L & S sensitivity 

Solution:  1s2p RIXS-MCD
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The same final state
as for L2,3 edge absorption
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1s2p RIXS-MCD:  Fe3O4

(T d Fe3+ site only)

M.Sikora , A. Juhin , T. -C. Weng , C. Detlefs , P. Sainctavit , F. de Groot , P. Glatzel

ESRF
ID26
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1s2p RIXS-MCD:  Fe3O4

4x Ge(440)
analyzers

APD
NdFeB magnet

QWP

2xSi(311)
mono

Fe3O4

B

DE  ~0.3eV ( incident )
~0.7eV ( emission ) ph / sec.

Incident intensity : ~5x10 12

Pre-edge at Ka1 max: ~8x10 6

RIXS -MCD amplitude : ~1x10 6

high S/N ratio (zero background )

ESRF
ID26
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RIXS-MCD for XFEL

fast 1D detector
(X- ray microStrip ) 

cooled
QWP

mono

B

DE  ~1.5eV ( incident )
~2eV ( emission ) ph / sec.

Incident intensity : ~5x10 12

Pre-edge at Ka1 max: ~8x10 6

RIXS -MCD amplitude : ~1x10 6

RIXS -MCD peak amplitude
per single XFEL pulse :      ~ 5x102

Euro
XFEL

Instrumentation

Dispersive XES spectrometer preferred

Fast X -Y micro stage for microscopy

Pulsed magnet for high field induced
phase transitions

EM field wave generator for M dynamics
in multifferroic materials

fs laser
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Applied science

High magnetic field may be

Generated using pulsed 

technique

Max. at SR facility:

50T at Spring -8 (10 -4 Hz)

40T at ESRF * (0.2 Hz)

*with sample cryostat (10 -300K)
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P. J. E. M. van der Linden et al., Rev. Sci. Inst. 79, 075104 (2008)
M. Sikora et al., Phys. Rev. B 80, 2451059R (2009)

XFEL based XES(RIXS)-MCD
would allow for single shoot
experiments to study
magnetisation ordering and
relaxation (fluctuations)

Bulk sensitive probe
Microscopy
 application in real devices
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Basic science

Magnetoresistive oxides:

Ferrimagnetic half metals
High spin polarisation
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Fe Re

Fe-O-Re

Characteristic hopping time
of double exchange MMCT :

NMR:  t < 10 -8 s
XAS: t > 10 -16 s

Ferro- & metallic state attributed to 

double-exchange-like interaction

Melting of L -S & magnetostructural
coupling at phase transitions 
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Check list

Beam size limits
Magn. dynamics:  <300 mm (1D)
MSFXM:   A.S(mall).A.P.

Burst mode
Desired (provided sample survive)

X-ray energy, BW & tenability
BW <1.5eV
4.9keV < E < 11keV
E fluctuations < 10%BW
slow tenability sufficient
E step <0. 5eV

Intensity and fluctuations
10 9 ph/eV/pulse expected
high accuracy (<0.1%) monitor

Setup
In -vacuum setup possible 
Circularly polarized light (MCD)
or linearly polarized light (MLD)
with flipping ability (an asset)
Magnetic field compatible

Detector
APD for single point experiments
X-Strip for dispersive XES
Single pulse readout (data trigger)   

Higher harmonics
unwanted
rejection threshold (10 -6) sufficient

Time resolved XES (RIXS) ïMCD

Magnetic Scanning Fluorescence 
X-ray Microscope (MSFXM) 

Thank you for your attention


