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Ideal cubic perovskite structure.
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Colossal Magneto Resistance
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Man uestions.

For explaining CMR we need a metal-insulator
transition coupled to a ferromagnetic paramagnetic
transition.

Nature of the insulating (homogeneous)
phases. Charge Ordered phase, Polaronic

phase...

Inhomogeneities seems to be crucial to the
understanding of CMR.

Origen of the inhomogeneous phases and
phase coexistence.




HOMOGENEOUS PHASES. INGREDIENTS.

» Kinetic Energy (two Mn d-orbitals)



KINETIC ENERGY La, Ca MnO,

Active orbitals Mn d (5 plus spin)  4-x electrons per Mn atom

A g i 1-x electrons
CS| R "
’ t2 l ? A 3 electrons

[2>= 3z2— [1>= 2

Hund’s Coupling

A density of holes, x, moving in these orbitals. The hopping 1s through the
oxygen, and depends on the orbital type and on the hopping direction.

In the z-direction In the xy-plane
t22=4/3 t t22=t/3
t,,=t,,=0. t,, =+t/(3)3 V= -t/(3)!3



INGREDIENTS.

» Kinetic Energy (two d-orbitals)
* Hunds coupling. (Double Exchange)



Hund’s coupling. Double Exchange Mechanism.

(Zener, DeGennes, Anderson, ‘50)

S, S, - *Holes moving around.

S e ng. 5
@ *Strong Hund’s coupling. G‘§

*Tunneling conserves spin.

Hke + Hpung = —Z fi. i taaCiaCia

f . = cos(gij e
2
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Long range ferromagnetic interaction mediated by the carriers.




INGREDIENTS.

» Kinetic Energy (two d-orbitals)
* Hunds coupling. (Double Exchange)

 Electron phonon coupling



Electron Phonon Coupling.

The active Jahn-Teller modes of the oxygen octahedra, couples with the e_ orbitals.

g

Hea_ph :@Z(Qlipi +Qyity +Qyi754)

Hagasic = ) O (AQF + Q5 + Q)

T are the orbital pseudospin densities.

7 =CiCi, +CLC,
T :Ci+1 il —CiECiz



Cooperative Jahn-Teller effect

Cooporative. Distortions are inhomogeneous, and produce

long range interactions.

‘ ’
o> O o> @ <© o o
‘ ’



INGREDIENTS.

» Kinetic Energy (two d-orbitals)

* Hunds coupling. (Double Exchange)
 Electron phonon coupling

* Superexchange interaction between Mn’s

Jar D SS
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HAMILTONIAN

Hie +Huung == fij taCitCia

Hel—ph =4 Z(Qlipi + Q)i 7 +Q3ifzi)

Hugasic = ) O (AQF + Q3 + Q)
Har = JarF ngj

<, |>
~ *Ferromagnetic metallic phase

Japs Xo b T *AF Mott insulator

In manganites the energies involved in these < *Stripe phases

interactions are comparable so different -Ferromagnetic charge ordered phases
ground state can have very similar energies.

. *Phase separation...



Low temperature phases. (x=0.5)
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r=0. CO Solovyev
’ Dagotto,
x=2/3,3/5 LB, PRL’04 Khomskii,



Melting of the CE phase.

LB, PRB’05
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Weak charge modulation.

Octahedra disorder phase.
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Strong charge modulation.

Disorder Polaronic
Insulator Phase.



Metal-Insulator transition increasing
Temperature.

NO POLARONS, 17 electrons 17 POLARONS

Ferromagnetic. Paramagnetic.

Vergés, Martin-Mayor and LB, PRL €02



Man uestions.

 Nature of the insulating (homogeneous) v
phases. Charge Ordered phase, Polaronic
phase...

* Origen of the inhomogeneous phases and
phase coexistence.



Inhomogeneous phases and
Phase Coexistence

Inhomogeneities seems to be crucial to the understanding of CMR

Ginzburg-Landau phenomenological theory
Strain induces kinetic phenomenon

Phase competition in the presence of quenched
disorder



Inhomogeneous phases and
Phase Coexistence

Ginzburg-Landau phenomenological theory.
Inhomogeneities as result of coupling between order parameters.
Coexistence of FM and CO. Milward et al. Nature 2005.

Te
No charge modulation, fem

Incommensurate charge modulation, ferromagnetic

En
E- Commensurate charge
o modulation and
= ferromagnetism
Incommensurate
Commensurate charge
modulation

0.5 \ Critical hole density
Doping concentration, x . o
for lock 1n transition.



Inhomogeneous phases and
Phase Coexistence

Strain induces kinetic phenomenon. Coupling between short
and long range strains produces inhomogeneities in the nanometer
and micrometer scales. Ahn et al. Nature 2004.
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Inhomogeneous phases and
Phase Coexistence

Near a first order phase transition the presence of
quenched disorder can produce phase coexistence.

strong disorder no disorder
metal insulator
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\‘compromise’/

large clusters.
equal density.
disorder-induced
phase separation

At zero disorder, no interfaces exist. Al large disorder, small size
cluster are formed. At weak disorder, the compromise between the
two tendencies leads to large clusters. Dagotto, Moreo PRL, 2000.



Inhomogeneous phases and
Phase Coexistence

*Ginzburg-Landau phenomenological theory.
Strain 1induces kinetic phenomenon.

*Phase competition in the presence of quenched disorder.
The first proposal 1s phenomenological and the last two are

based in oversimplified models.

Strong topological concepts confirmed by
realistic microscopic models.

INHOMOGENEOUS PHASES NEAR HALF
FILLING COULD BE A SOLITONIC PHASE




Main Result.

Manganites at half doping present orbital order that
support topological defects in the orbital sector:

Solitons.

Topological Charge < Electric Charge.

Charged solitons are the relevant charge excitations and
charge added to the system creates an

incommensurate array of solitons.

Inhomogeneous phases
in manganites near half doping.




Ground state x=1/2 R, A MnO,
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J ,r Interaction favors FM chains coupled AF.
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Hopping amplitude between d> o and d; 2 o e,
x W orbital changes sign when is along the x or the y
C -

%\:ﬁ AN Why zigzag chains?
X

_éQ@ direction.
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With this orbital order the system opens a gap at the
Fermi energy and minimize the Kinetic energy. Band insulator.



ISOSPIN LENGUAGE.

dopo2 — 1> el -dyo2-dog -dyn 0 -deo e -dyo -0

d322-r2 — | »l«>

. T . T
7. (1) = Acos(zl +¢) 9=0, 7 32

Orbital order along the chain:
(1 position along the chain.)
Associated with this degeneracy we expect SOLITONS,
where the phase changes slowly from 0 to *7/2.
Topological charge +1/2.




Topological charge <to electric charge.

For a modulation 7,() = ACOS(ﬂi + ¢j , /2 is kpand 1is
related to the hole concentration, x, trough /2= 7x, except
in the region 1nside the soliton.

Assuming ¢ changes slowly , the pseudospin modulation
can be written as Acos(zxi +V¢i+¢,) and the local charge
inside the soliton is 7(x+V¢/7) By integrating between 0 and
+ /2, we obtain the total charge of the soliton +1/2.



How to create solitons in the CE phase

X X X X X X X X X X X X
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The phase changes in £7/2 when going from -oo to +co.

Soliton +1/2. Antisoliton -1/2

Introduce the defect and solve microscopic model...



Introduce the defect and solve microscopic model...

HAMILTONIAN
Hke + Hpung = —Z fi.i taaCiaCia
Hel—ph =1 Z(Qlipi + Q)i 7 +Q3iTzi)
Haase = 5 2L (A + Q5+ Q)
Har = JarF ZS gj
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Density of States (arbitrary units)

Density of States.
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Localized states in the gap. Half of the
spectral weight from VB other CB.
Occupying/emptying these states

we add *1/2 electron to the system.

Similar results for finite
electron-phonon coupling.



Soliton shape
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Incommensurate Solitonic Phase

Added charge forms an array of half charged solitons
separated by 1/2|x-0.5] 1ons along the chains, and produces
a continuous orbital, charge and spin modulation of

wavevector g=(1-x)a. (Incomensurate phase).

I 1/2]x-0.5]

1 Soliton thickness~10



PHASE DIAGRAM. 1J,.=0.1t
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Main Result.

Manganites at half doping present orbital order that
support topological defects in the orbital sector:

Solitons.

Topological Charge < Electric Charge.

Charged solitons are the relevant charge excitations and
charge added to the system creates an

incommensurate array of solitons.

Inhomogeneous phases
in manganites near half doping.




