Nanoscale Phase Separation in CMR Materials
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Huge worldwide effort in manganites!
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Nanoscale Phase Separation in CMR Materials

Motivation |: Colossal
Magnetoresistance (CMR)

 Drastic reduction of
resistivity with small
magnetic fields.

 Potential applicationin
“read sensors’?
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Motivation Il:

» Understand the complex phase diagram that
experiments are unveiling.

Spin/charge/orbital order

Cheong €t al. Fraction of holes
Schiffer et 4.

Orbital order
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Structure of the Manganites

Bilayer (La,Sr)sl\/lnzo7 n=2 0 Manganese (charge +3 or+4)

¢ Lanthanum (charge +3)
© of calcium (charge +2)

° Oxygen {charge -2}

Models for Manganites

Mn:[Ar]3d°4s

3d orbital

5 fold degenerate

S=3/2 (localized)
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Main couplings in models for
manganites

J1t>5 (prevents double
occupancy)

J.~ 0.1 (small but

relevant)

The Lattice Kondo Model

1 orbital approximation

: C'TUCJIU +C:,UQ,U)+JZS ES +‘JAF ZS I:Sj
' im))

Heavy Fermions: Jt<<1 Manganites: |Jt[>8, <0

Jit
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Two Orbitals plus Jahn-Teller
phonons (kanamori, Milis)
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g: electron-phonon coupling
= k: phonon stiffness
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Computational Techniques

e Partition Function
phonons

ﬁ_J\-\
Z :J’DQJ’DStreg (e‘ﬁH)

eg electrons

*Monte Carlo simulation over classical spins. Quantum itinerant
electrons treated exactly.

*No sign problems. All temperatures and densities are
accessible.

*Classical approximation tested in 1D comparing with Lanczos.

*Dynamical properties can be calculated straightforwardly.
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AF As observed experimentally (seelater)

\
FM

Results

— e FM, AF, Phase
=) Separation and Spin
Incommensuration

el ' observed.
AF

maﬁ‘c  No canted statesin
i ] this modd.

3, It

Monte Carlo and DMFET evidence of
phase separation in 1-orbital model

Y unoki, Furukawa, et
al., PRL 98. See &s0
Guinea, Arovas, ...

Similar in spirit to the

phase separation found in
the t-J model, although there
it involves SC and AF.
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Orbital and Spin order at x=0

Hottaet al.
PRB 60, R15009
(1999)
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(b)  Ferro .
ismuch relevant

insulator ] Precursor of CE
PS il - All the stable phases
[ SF Il observed experimentally
are obtained.
 PSvery prominent asin
1 orbital model.

Precursor of A-type AF
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Stripes exist as the ground state at
large e-JT coupling

Hotta et al.
PRL86, 4922(2001)

Pi-shift in orbital
order. 1/r not
neeadled.

Influence of 1/r Coulomb
Interaction

 Droplets, stripes or other nanometer size
patterns may form (asin studies of high Tc
and stripes, by many authors).

* In 1D the PSdate evolved into CDW state with increasing
repulsion (Malvezi et al. PRB’99).
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Pseudogap in simulations

\ At intermediate temperatures

disorder SN S\ | dynamicd clusters are found
\ \ nea the phase-separation

criticd temperature.

The dustersare metallic or

insulating, inducing a

Pseudogap.
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Polarons or Larger Clusters?

Mn oxide experiments reveal far larger clusters,
with many carriers inside. Polaron picture not suitable.

Disorder effects are very important
near a first-order transition

Strong Disorder No Disorder

RIS
c§® golt
compromise
Disorder due \ /

t? cljemi_(;al_ l large clusters
pitsbee!
pping disorder-induced

Coulomb centers| )
phase separation
Weak Disorder

Warning: Cluster size is disorder strength dependent!
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Phase Competition in the Presence
of Quenched Disorder

) ‘RE, SrMnO, 3 Manganites

P (x=0.45) 7 b La ,Sr,Cu0y

T

7 i Super— 1

. drSmNd Br La . ‘ c‘ond?ctln‘g
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First order

Real-Space Spin
Configurations

Paramagnetic  Clustered Percolated

Disorder

T<To,

Conjectured CMR
state in manganites
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CMR effect

RESEENEN (&

10 seconds movie
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Similar results in 3D

, ;
+ 3D J-J, Ising model |

Resistivity

| | H = 0
¢ 0.001
+ 0.01,

112 14 T/

Results in 3D, including long-range
correlations

4

0809 1 1.1 1.2
T/)

Work in progress, J.Burgy et a. See aso K. Yang, cond-mat.

Top: long-range
1r"3 interactio
H=0.0 and 0.01

Bottom: Short-
range, H=0.0,
0.001, and 0.01
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Experimental Test of
Predictions
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Additional evidence of T*
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Experimental phase diagrams with
and without disorder
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High Tc Cuprates

Underdoped
Bi-2212,

Teaor ™ Mixture of two

different short-range
electronic orders?

= |_ong-range

overdoped  characteristics of

Bi-2212

granular SC?
= SC domains ~3nm.

CMR-motivated Speculations
for Cuprates:

(a)

b

3D
AF

-
k

Mixture
SC-AF?

T

C

:/’-L;&
; Super-
" conducting

.0

0.1 02 x

AF-SC
transition in clean
[imit? Similar ideasin SO(5)
context. Tetracriticality is
another possibility (Sachdev).

transition?

e T*asa ?

in
underdoped regime? Proximity
effect?

e Coexistencein ARPES data?

(Fujimori)
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First-order SC—AF transition in
electron-doped systems?

Pri_,LaCe,CuQOy4

Heavy fermions
and organic SC
have smilar
features.

Brown'stalk

Heavy Fermions and Organic SC
have similar features

Elbio Dagotto, Florida State Univ (KITP CEM Conference 11/20/02)
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T* in diluted magnetic semiconductors as well?

Mn-doped GaAs; x=0.1;Tc =110K. Spintronics?
Model: carriers interacting with Mn-spins locally

Monte Carlo simulations

Very recent developments:

New = phase” ini undoped limit
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