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Re-entrant charge order in Manganites

[1] E-beam-induced charge re-ordering in (Bi,Ca)MnO3

[2] T-induced charge re-ordering in (La,Pr,Ca)MnO3

“Strain Liquid/Strain Glass”





Charge ordering is pinned !
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Who ordered the reordering of 
charge order?



Dynamic Reordering of Voltex latttice
in 2H-NbSe2

A. Duarte et al. PRB (1996)
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Dynamics of disordered Wigner Crystals

C. Reichhardt et al. PRL (2001)

disorder
drive

Koshelev and Vinokur, PRL (1994)
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E-beam-induced melting of charge order
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Temp.-induced charge reordering
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Coexistence of FM domains and CO



EXAFS Temperature Dependence Yields Phase Specific EXAFS Temperature Dependence Yields Phase Specific 
Vibrational Data in Mixed Phase MaterialVibrational Data in Mixed Phase Material

Pu EXAFS

Phys. Rev. B, 2003, V67, Phys. Rev. B, 2003, V67, 
224206.224206.

α'-Pu and δ-Pu
Pu—Pu Displacements 
Fitted to "Debye" Model

30% α’ 70% δ
1.9 at% Ga

mixed phase
“martensite”

GaGa in in αα--Pu Bonds are Pu Bonds are 
also separable!also separable!

C. Booth et al.



Reentrance of CO at low T?
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Magnetic Phase Diagram: A new low-T phase
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Tomioka PRB (’02)
PCSMO

Magnetic Phase Diagrams of 
the Manganites

CMR in PCSMO/PCMO

Bicriticality: 

CO/FM competition

H-induced Collapse of 

CO/OO states

LPCMO
µm-scale PS & large CMR

occur at low T
Bicriticality + Disorder               phase coexistence?

(Uehara – TEM)

Theory : e.g. Moreo PRL (’02) vs. Motome PRL (’03)
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CuMn
Nagota PRB (‘79)

Spin Glass-like signatures in charge/spin sector

Spin Glass “Irreversibility”
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Accomodation strain 

⇒ two phase coexistence ⇒ strain glass

Disorder in AFM 

⇒ suppress TN ⇒ spin glass

Bicriticalty (multicriticality)

New state of mater ??




