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Outline

e The questions that motivate the experiments
(and the experiments that motivate the questions)

« Resonant x-ray scattering
- Direct comparison of orbital and magnetic order

- The oxygen contribution to orbital order
- Orbital domain dynamics

« Summary of open questions



Cubic Perovskite Manganites

C |Rare earth, e.g. La, Pr, Nd
or divalent ion
e.g. Sr, Ca
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Jahn-Teller effect and orbital ordering
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Important questions

« Are sublattices separated by unit
valence?

« What drives charge/orbital order?
« Dynamics associated with orbital order?

* Coupling between orbital and
magnetic correlations?
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Resonant x-ray scattering

Orbital order in the a-b plane

o \ In>
............... k. k

Qoo = [I>

frosion ~ Z<i [Eln><ne]i>

| % E—E, +il/2

a
Qur = (1/200)

® Mn#*, spin up

Mn3*, spin down ,
P £ =1(Q) + F(E) +

if"(E) _ |
Bragg peak intensity = |Z ., e(QN|?



Mn absorption edges

K-edge (1s to 4p) L-edge (2p to 3d)
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Direct comparison of orbital and magnetic superlattice reflections
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Orbital order correlated over a shorter length scale than magnetic order

K. J. Thomas, J. Hill, S. Grenier, P. Abbamonte, M. v. Veenendaal, G. Sawatzky et al. PRL 92, 237204 (2004).



Magnetic and orbital resonant line shapes: direct comparison
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- Understanding the line shape associated with orbital order
- The role of oxygen

- What sets the length scale for the orbital domains?



Diffracted intensity (arb. units)

Characteristic orbital scattering in half-doped manganites
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 Improve calculations
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In the spectra

(crystal field and
hybridization effects)



Explain difference between
magnetic and orbital lineshapes

Understanding the line shape associated with orbital order

(K. J. Thomas et al. PRL 92, 237204 (2004))
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Treat contribution from oxygen sites
and role of spin exchange

A. Mirone et al., The European
Physical Journal B 53, 23-28 (2006).
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Oxygen contribution to orbital order

- Figure out where the charge is sitting and the degree of

hybridization between the metal 3d and oxygen 2p

- Separate ‘electronic’ and ‘structural’ contributions to the
orbital order



) ».12¢ > O K-edge (540 eV) probes
S 2p unoccupied states
(hybridization with Mn 3d)

Biy 3;Ca, 66MNO; (~ 2 holes per 3 Mn sites)

~ S. Grenier et al. PRB 75, 085101 (2007)
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Orbital order diffraction peak in Bi, 5,Ca, 5oMNO;
at the O K-edge and Mn L-edge
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Amplitude vs T
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What sets the orbital domain size?

Correlation length appears to be half that of the
magnetic state

But, it is still large, suggesting it is limited by a
macroscopic ‘field’ (disorder, strain)

100-300 A appears to be a general result (i.e. not
about the sample)
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Coherent scattering:
But, there is a small fluctuating component

Cross-correlation coefficient maps

226K 230K 232K 233K
600 - 500
550 550
500 500 —
450 450
400 __ 400 12 _
g 350 g 380 S g
2 s 2 300 2, )
2 250 £ 250 2 2
150 150
100 100
50 50
0 0 0 0
0 005 01 0 005 0.1 0 005 0.1 0 005 01
g (1/nm) q (1/nm) q (1/nm) g (1/nm)

0.88 0.9 092 0,94 0.96 098 1

. Turner et al. (submitted)






Summary of open problems

- General model to explain the resonant diffraction curves

- On the basis of the OO diffraction peaks at the O and Mn
absorption edges, can the hole concentration on the oxygen
sites/hybridization be calculated?

- What do the slow dynamics of the OO domains tell us about
how domain walls form and what pins them?
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