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« what can we learn from scattering experiments

when studying magnetism ?

 which probe to use to solve a given problem ?
neutrons or synchrotron x-rays ?

e problems to be solved :
maghnetic structures determinations
observation of magnetic order

origin of magnetic moments
complementary use n+x EER—
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MNEUTRONMS
FOR SCIENCE

PUG LLN team




i ——
s= _Magnetic Xcrays,

e magnetic structures
arrangement of magnetic moments in solids

 magnetic couplings :
magnetic excitations

local anisotropy

e Oorigin of magnetic moments:

electronic shells
form factors

origin of magnetisation d, f, p




m o attering methods:

scattering versus real-space/real-time

relevant time scales




ultra-fast time-resolved experiments : < 1012 sec

fast time-resolved experiments : 109-10-10 sec

medium time-resolution : 103-10° sec

slow dynamics - kinetics : 102 sec




M Scattering methodss 5y

« what is measured in scattering experiments?

« what does it take to get a magnetic scattering probe?

* neutrons, x-rays, polarised atoms, ...




neutron magnetic moment

no chemical sensitivity
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e intensity limited experiments flux at sample 108 n/cm2/s
sizeable sample volumes

low spatial resolution - “large” beams
restricted access to real-time mode




B Xeray magnetic.scat

X-rays: weak relativistic interaction
Thomson scattering

flux at sample 10'? ph/mm?/s







o Magnetic X-rays .versus:Neutrons

FOR SCIENCE
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resonant process probe of exmted states

scattering amplitude depends on the relative
direction of the electrical field and the local
guantization axis (magnetic moment, ...)

atomic scattering factors are NOT spherical tensors

magnetic contrast . e spin polarisation

sensitivity to long range order| :
Bragg peaks in scattering

element selectivity
electronic shell selectivity
large intensities




X ¥, T
A = s T




linear polarisation

circular polarisation




MNEUTRONS
FOR SCIENCE

4

strength of resonance
order of transition

spin-polarisation of intermediate states

Resonant X-ray. scattering

overlap integrals

.. |Intermediate | energy |wavelength
elements|edge |transition
states (keV) (A)
3d K FLEY 4p, 3d 7.112 1.743
Fe L3 El 3d 0.707 17.54
5d Pt L3 E2 5d 11.65 1.072
4f L E1,E2 5d, 4f 7.24 1.71
Gd M El 4f 1.22 10.2
5t L S 6d, 5f 17 7 0.722
U M E2 5t 3.74 3.32
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neutrons
e spin 1/2
magnetic moment
polarimetry
large magnetic sensitivity
mass
moderate energy

Inelastic scattering

low brilliance beams
low spatial resolution

I/ § i
swe  Magnetic scattering.m

Gpcligds

synchrotron x-rays
high brilliance beams
suited for surfaces and films

chemical sensitivity
electronic shell sensitivity
resonant process

relatively weak magnetic
sensitivity away from
resonances

magnetic inelastic scattering
not feasible
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« determination of magnetic structures/arrangements

e origin of magnetic moments

 magnetic excitations




sz Magnetic Struciufe

et

 powder diffraction
e neutrons : unique tool

used days and nights




ra% determinations

only example from synchrotron

82 83 B4 B85 _BE B B8 B9 90
0 (gegreos)

. Collins et al. J. Phys. Cond. 7, L223 (1995)




sm: Magnetic structufe:

M =il

e single crystals

GdB6 : M. Amara PRB 72, 64447 (2005)

I -H'II-E’

e« sample environment _ s

 heat load problems with x-rays




o Magnetic structure determinations

FOR SCIENCE

magnetic diffuse scattering from 2-fold
single quasicrystal
Zn,-Mg5;-Ho, icosahedral

polarised neutrons
3-fold

strong peaks near absent crystal Bragg peaks
antiferromagnetic correlations

5-fold
broad distribution in Q-space
neutron resolution in Q-space is adapted
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M \jagn etism at surfaces

: _\r ‘}.:r.],.-,..-

g;: Rotated
channel

Crystal analyzer
(FG[008))

..,..
o
o

Magnetization (a.u)

=]
o




M\ agnetism near surfaces

FOR SCIENCE

real interfaces are not sharp
effects of underlying “skin”

off-specular scattering
neutrons and x-rays

Diffusion Roughness Magnetic domains

C. Vettier Institut Laue Langevin European School on Magnetism
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Magnetism near suri

specular




M\ agnetism near surfaces

FOR SCIENCE

Top view

polarised neutron reflectivity
multilayers [Cr(9A)Fe(58A)]
exchange bias
disorder of antiferromagnetic objects
columns through layers "8

0 o

average size 3000A - R
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H.J. Lauter et al. Appl.Phys.Lett. occ QRN '
74, S1557 (2002) "
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o Magnetic arrang:
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Photon energy (eV) Photon energy (eV)

importance for thin film technology




M \1agnetic arrangements:imaging

FOR SCIENCE

D. Neeb et al. J.Phys.:Cond. Matter

17 S1381 (2005)
pump and probe

synchronized of magnetic field pulses

=13 ns 32 ns 47 ns 77 ns

i‘i
h‘:ﬁ -
F N' 60 1 . 4
I i EINI| — 4o} ]
FeNi/Cu/Co trilayer Cu 8. q
: : _ Co |z o \/fx
In-plan field pulses !

0 1Em
soft layer domains change

Delay [ns]
hard layer domains unchanged W.Kuch etal. Applied Phys. Lett., 85, 440 (2004)
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structure determination

details in magnetic structures

Imaging

surfaces
“skins”




@—E Origin o

which electrons carry magnetic moments ?

structure factors :
neutron scattering :

X-ray scattering :




g Origin o

 neutrons : the perfect tool
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g Origin of magneti




FORM FACTOR
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MNEUTRONS
FOR SCIENCE

e Important edges

E1 Al=1
E2 Al =2

Resonant x-ray.magnetie-scattering

typical edges
L intermediate| energy [wavelength

elements edge transition states (keV) A
d K E1,E2 4p, 3d 7.112 1.743
Fe L3 El 3d 0.707 17.54
5d Pt L3 E2 5d 11.65 1.072
4f L E1,E2 5d. 4f 7.24 1.71
Gd M El 4f 1.22 10.2
5f L E1l,E2 6d, 5f 17.17 0.722

U M E2 5f 3.74 3.32

e« wide energy range

e |lImitations

C. Vettier Institut Laue Langevin

Bragg cut-off

absorption
strength of the resonance

E1l transition to the interesting e- levels
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M Resonant x-ray. magnetiesscattering




o~ Origin of magnetic mor
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Hﬁ% Orlgln of magngsrh
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o Scattering experiment:

energy resolution !

fast fluctuations 101> sec

slow fluctuations 10%8-1012sec
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« X-ray methods are relatively recent and will develop
e gains in neutron optics are expected
new neutron sources are being prepared
new x-ray sources are dreamed of
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European Campus on the ILF_ ” ESRF site
ILL ESRF
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no spatial information




