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Outline

@ Introduction
@ The coherent scattering endstation at ALS
@ First investigations on nanoparticles

@ Different way to use magnetic Speckle
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How obtaining magnetic speckles?
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Coherent Soft X-ray Magnetic Scattering endstation
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Flangosaurus
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Flangosaurus
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Rotation Cryogenic
brackets Sample-
holder

Sample
location

Optical

table Pressure

108 mBar

K.Chesnel



Flangosaurus:
Cryogenic Sample holder + pinhole mechanism
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Experimental possibilities

e Control of pinhole positioning

 High oversampling condition

 In-situ 3D magnetic field

« Sample cooling (cryostat)

- Investigation of the full main scattering plane
» 2D detection with high resolution

e Fast detection
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Different geometries specificities

Reflection

* Any kind of substrate

e Possibility to vary the
iIncidence angle (f',f")

* Depth sensitivity

 Discrimination of the
magnetic components

ansmission

e Use of membrane

e Simple measure of
transmitted light (f')

 Direct image In the
reciprocal space

e Transmitted beam
easy to block
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Probing the magnetism in nanoparticles

Blocking temperature
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? Resonant soft X-ray scattering

: - Probe the magnetic order/disorder
Magnetic

configuration
of the nanoparticles ?

- effect of field and temperature
- slow and fast dynamic
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Probing the magnetism in nanoparticles

Different systems under study:

@ Co particles 8-9nm (variable packing)
m Fe;O, particles variable size 4-16nm

Sources S. Sun, K Krishnan...

Kortright et al. (2004)
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Characterization with polarized light (BL4)
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Coherent 2D scattering on nanoparticles
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General 2D scattering
Patterns (no pinhole)
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e ordered area d~ 12nm

e disordered d~ 13nm
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Effect of magnetic field In linear polarization
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_ _ K.Chesnel
Effect of magnetic field
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Obtaining a Speckle pattern:

degree of coherence/ pinhole size (Co edge)
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What the Speckle pattern tell us?

Speckle pattern Autocorrelation pattern
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Three Ways to use the speckle

@ Static spatial cross correlation (metrology)
@ Slow dynamic on spatial correlation
M Fast dynamic time correlation
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1. Static Speckle metrology
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Major Loop Return and Conjugate Point Memory
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2. Slow dynamic

Evolution of the slow dynamic
versus temperature
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- Speckle correlation
decreases with time
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3. Fast dynamic
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Fast dynamic measurements:
First results on Fe304 nanoparticles
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Conclusion

B New endstation for coherent magnetic scattering
now functional at ALS BL12

B First investigations on Co and Fe304 nanoparticles
with coupled measurements in incoherent light (XMCD,
SAXS) and coherent light (speckle)

W Static speckle study: magnetic memory
W Slow dynamic: time scale > 1sec

@ Fast dynamic: time scale 10 usec — 1sec
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General future directions

“Speckle” technigues Candidates

_ *Metallic thin films
» Speckle Metrology (spatial) Co/Pt. EePd. FePt. .

e Slow and fast dynamic _
» Patterned media

e Lensless magnetic imaging

y

Physics

» Local magnetic configuration

« Nanoparticles

e Exchange bias

 Manganites CMR

e« Magnetic memory

e Cuprates
superconductivity
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e Spatiotemporal fluctuations

* (Temperature, field) transitions
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