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• Spin

• Charge (aka orbital)

• Ionic

Degrees of freedom Interactions

Coulomb



Strongly correlated electron systems

Transition metal oxides

f -electron systems/rare earth intermetallics

High temperature SC
CMR manganites

Orbital ordered systems

Heavy fermions/mixed valency/Kondo 
systems

SC, Hidden order

Other new superconductors
(organic...)

d-electron systems



Outline

Magnetic scattering

Orbital order/Hidden order

Diffuse scattering/superstructure/CDW

Ladder/chain quasi-1D physics
Charge texture and nanoscale disorder in HTSC

Jahn-Teller polarons in manganites
Multiferroics

Phase separation and decomposition



Static charge texture and nanoscale 
disorder in BSCCO

BSCCO is the HTSC best studied by ARPES and STM

K. McElroy, et al, Science 309, 1048 (2005)
A. Fang, et al, PRL 96 017007 (2006)

(High temperature superconductor)



Nano-patches in High-Tc cuprates
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Q=0.12 

Q=0.40 

Z. Islam, et al, PRL 93, 157008 (2004)G. Chabot Couture, et al (unpublished)

J. Castellan, et al, PRB 73, 174505 (2006)

HgBa2CuO4+δ (Hg1201)

Bi2Sr22CaCu2O8+δ (Bi-2212)

YBa2Cu3O6.92 (YBCO)



Uses of Nonresonant Diffraction
Decomposition phase of electron-doped HTSC Nd2-xCexCuO4

P. K. Mang, et al, PRB 70, 094507 (2004)



ID/Quasi-1D Physics
Sr14Cu24O41

G. Blumberg, et al, Science (2002) A. Rusydi, et al, PRL, (2006)
P. Abbamonte, et al, Nature 431, 1078 (2004)

Novel CDW in adaptive misfit

Z. Hiroi et al, PRB 96



Orbital order-a new broken symmetry

Y. Murakami, et al, PRL 81, 582 (1998)



OO in Magnetite

E. Nararenko, et al, PRL 97, 056403 (2006)



Mutliferroics
Coupled displacive and magnetic order parameters



Jahn-Teller distortion and polarons in manganites

B. Campbell, et al, PRB 67, 020409 (2003)



Now demonstrated for S>=1/2 spins

J. Hill, et al, PRB 61, 1251 (2000)

Resonant (NSLS+ESRF) Non-resonant (APS+SSRL)

Z. Islam, et al, PRB 71, 212506 (2005)

Magnetic ordering studies with X-rays

F. Ye, et al, PRB  (2002)
F. Ye, et al, PRL (2002)


