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correlated electron materials: overview

e magnetic interactions in transition metal oxides
e Mott insulator

e colossal magneto resistance (CMR) effect

e resonant / non-resonant magnetic scattering
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exchange interactions

combination of Coulomb interaction and Pauli principle

J ~ =] ¥i(r)¥y(r1) (e2/r12) ¥Y'y(r2)¥x(r2)

one-band Hubbard model:

tij hopping amplitude between nn sites <ij>
— _ (et e A : _ _ .
H= -2t (Cio CJU) + U 2 nitniy Cic™ creates an electron with spin o at lattice site i
U Coulomb repulsion

= Hxin + Hu nic nhumber of electrons at site i with spin o

t>> U: metallic system
t << U: insulator with one electron per site

( ........ ) 2
A A A | superexchange:
' ' ! v antiferromagnetic
AE =0 AE = -2t%/U
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Mott insulator

d-Band —
A\ \ ] Fermi-Kante
2 // - > ™~y
%0 Wechselwirkung U
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p-Band /

strongly correlated electron systems: transition metal oxides
high-Tc superconductors
CMR-manganites ...
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GKA-rules (Goodenough-Kanamori-Andersen)
orbital dependent exchange

interaction
Configuration example Exchange coupling
1) l i
4 |
v
occupied occupied antiferromagnetic
' |
(2) @@ <) -f_‘,‘:-; “-‘._:. 1

occupied ferromagnetic

LR

unoccupied unoccupied | antiferromagnetic
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double exchange interaction

ferromagnetic interaction between different ions due to
Hund’s coupling

4 3+
Mn3+ O Mn4+ O Mn * O Mn
/\
f_i pAN G T pAN N f_i
v eq N — ! ee N v e, N
p & ; p & : p & ;
2¢g 2g 2¢g
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magnetism of LaMnOs

VAT

A
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maghnetism of Lao.sCao.sMnOs3 and
colossal magneto resistance (CMR) effect
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magnetic x-ray scattering

Driving force

Synchrotronstrahlung linear polarisiert in

Ringebene <E

Streugeometrie vertikal oF

=>» o — polarisierte einfallende Strahlung
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resonant magnetic x-ray scattering

Rontgenstreuung an periodischen Strukturen
(Blume, J. Appl. Phys. 57, 3615 (1985); Blume and Gibbs, PRB 37, 1779 (1988)):

2
=i EAERD

Streuamplitude:

1k o)= ro== )+ ro (k.5 o)+ k5 0)+ ik, 5, o)

fcharge 5 Thomsonstreuung Bei 10 keV:
f ‘'und f ” — Energieabhangige Beitrage fspin

| . =0.02
f spin — Streuung an Spins fcharge
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resonant magnetic x-ray scattering

Storungstheorie 1. und 2. Ordnung

i\
[a’QdEJ =1

<b ol a>é- @—i@<b| 35| a>£‘><é'
J mc J

et

Exchange splitting

a>

C><{§hé +i(Ex§)-§Je’ﬁ

Lyy

c i

E —E +ha,—iT /2

a>
O(E, —E, +he, —ha,)

K-Kante:
L-Kante:
M-Kante:

14. 5. 2009

geringe Verstarkung

Faktor 50-1000
mehrere Grollenordnungen bei Actiniden
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resonant magnetic x-ray scattering

—_  —

1.k o)== 0)+ 1.k, 0)+if" k.5 o)+ 7,5, o)

J/
abseits der Resonanzen 2. Ordnung 1. Ordnung
ho>>FE —E,
d’c 2 & 1 =_35 5
SOdE 2<b|2e e (h—K XP.-B, + j|a> O(E,—E,+hw, —hw,)
J
ha) 1
— p(K)-B, — —
polarisationsabhangige Faktoren
Neutronenstreuung
2 2
d’c Lk & 0 5 5 5. = n°k* nk?
= —I<b| Y e | ——KXP,+Kx(5,xK) |la> O6(E —E, + —
(deE] (P~ \; [ KX+ KX(S, >]| Bom Bt =)

— (%L(K)+S(K))-(K><(O'><K))
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resonant magnetic x-ray scattering

0) T
N o ((1 au Lo,
o o (kxk')-S(Q) E ([2L<Q>+S(Q)j kK+=L(0) k]
T om0 (1 R R 0’ o
E ( : L(Q)+S(Q>] k+-L(©O) kj [ e L(Q>+S(Q)] (kxk'")

Linear polarisierter einfallender Strahl

) A S, cosd [(L,+S,)cos@+S,sinf]sin &
< f, >=—i—%
. d |-[(L,+S,)cos@+S,sinH]sin b [2L,sin” 8+ S,]cos@
Ladungsstreuung f Lo
< f >=
|0 cos26

Hohe Energien (kleine Winkel)

A
<fy >:—17C

S, 0
0 S,

«—— polarisationsunabhangig

Magnetischer Streuquerschnitt (E > 80 keV)
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resonant magnetic x-ray scattering

E<4keV E=4-20keV E=30-60keV E>80keV
,weiche“ Rontgenstrahlung ,harte” Rontgenstrahlung ,hochenergetische”

Rontgenstrahlung

«— 4d: Ca,RuQ,
L-Kanten der 3d und 4d
Ubergangsmetalle

4f: Eu,Gd, S
M-Kanten der Actinide /

Ubergangsmetall-Difluoride

MF, \

L-Kanten der 4f-(Seltene-Erd)-systeme
K-Kanten der 3d Ubergangsmetalle

Resonante und nichtresonante Beugung mit ‘ nichtresonante Beugung
Polarisationsanalyse

Resonant: Elementspezifisch / Phasenubergange

Nichtresonant: L/S Verhaltnis S absolut / Phasenubergange
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. . . . . {//A ;\1
Scattering scheme with polarization analysis @9 @

Non-resonant magnetic scattering amplitude [Blume & Gibbs]

fmag L ha [fcro" fovr}

mc fﬂ'O" fzm'
_ . ho S, sin 260 —2sin” @cos O(L, +S,)— S, sin 6]
mc® | 2sin’® Ocos O(L, + S, )+ S, sin 6] sin 29[2L2 sin” @+ S2]

Determination of L/S ratio
Magnetic structure determination

Resonant magnetic scattering amplitude (dipole transitions) [Hill & McMorrow]
res—mag =£f0'0" fo'ﬂ'\]
El fﬂ'O" fim"

=F°—iF1[

0 m, cos @+ m, sin Q
A
m, sin @ —m, cos @ —m, sin26
L2 m; m,(m, sin @ —m, cos 6)
m,(m, sin @+m, cos@) —cos’ G(mf tan 6 + m32)

Strong intensities due to resonance enhancement
Element sensitivity at absorption edges
Magnetic structure determination

- /sample

3

Jorg Strempfer | VIII. Research Course on New X-ray Sciences| 18-20 Feb. 2009 | Page 5
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L/S determination

3.5
£ 30
(Ciaruffo et al., PRB 65, 174455 (2002) ) _; 251
Magnetic moment in basal-plane (S;=0) -f-;]‘ 200
L and S collinear: S, =S cos & é 157
S, =Ssina g 10
o)
: : > 0.5
Scattering amplitude: £ 00 : 9 L7
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Jorg Strempfer | VIII. Research Course on New X-ray Sciences| 18-20 Feb. 2009 | Page 6
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exercises

Is it possible to observe resonant scattering from orbital order (magnetic order) in
LaMnOs (lattice parameter 5.4 Angstroem) at the Mn L-edge?

At which position of (h,k,I) can magnetic scattering and scattering from orbital
order be measured in LaMnOs and Lao.sCao.sMnOs?

Explain the principle of a polarization analyzer.
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