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Lecture 1:

Introduction to perovskites and other transition
metal — rare earth oxides.

Introduction to superexchange theory.

Posing the question: How does a particular system
choose Its magnetic structure?

Cuprates



transition-metal oxides—RMO3 ; R,MO,
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transition-metal oxides—RMO3 : R,MO,

High-T,. cuprates, e.g.,
LachO4:

Colossal magnetoresistance
manganites;

Mott-Hubbard insulator
titanates (close to MIT)

e.g., LaTiO3 or BaTiOg3 :
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transition-metal oxides — Ni3V208 C03V208
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perovskite structure




the MO, octahedron
(perovskite strucutre)




cuprates crystal-field splitting of 3d orbitals—
lifting of orbital degeneracy
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free ion cubic tetragonal orthorhombic

9 d--electrons — effective spin-only Hamiltonian,
s=1/2



manganites
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2 degenerate states

|

spin and orbital degrees
of freedom



titanates
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LaTiO; :a single d
electron, s=1/2

l

spin and orbital degrees
of freedom



Buckled Kagome

Also:
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General outline:

- Cuprates

Vanadates

Titanates

References can be found at http://www.tau.ac.il/~aharony



CUPRATES

High-Tc materials exhibit
Interesting phase diagrames,
with many potential
multicritical points

28 MARCH 1988
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Magnetic Phase Diagram and Magnetic Pairing in Doped La;CuQ,

Amnon Aharony,“ VR B1rgeneau.m AL Camgho.“ HMAL Kastner, ) and H. E. Stanle}'{”

FIG. 1. Schematic phase diagram, as a function of hele con-
centeation x. AF=antiferromagnetic; SG=spin-glass; [=insu-
lator, M=melal; SC=superconductor; O=orthorhombic;
T=tetragonal.
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FIG. 1. Phase diagram for La,_ Sr CuQO, summarizing struc-
tural, magnetic, and transport properties. The narrow dashed
line (dR/dT = 0) separates the region of metallic linear re-
sistance from that of logarithmically increasing resistance. The
conductance in the Neel state is strongly localized. From Ke-
imer, Belk et al., 1992,



High-Tc materials exhibit
Interesting phase diagrams,
with many potential
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FIG. 1. Phase diagram for La,_ Sr CuQO, summarizing struc-
tural, magnetic, and transport properties. The narrow dashed
line (dR/dT = 0) separates the region of metallic linear re-
sistance from that of logarithmically increasing resistance. The
conductance in the Neel state is strongly localized. From Ke-
imer, Belk et al., 1992,

Incommensurate magnetism? Stripes?



Magnetic structure of cuprates (214, 2122): LayCuOy, StyCuClOy, PryCu0y, NyCuO,

Frustrated sublattices (2342): SraCuz(4Cl;
Theory: Superexchange q Heisenberg model + anisotropies
Quantum fluctuations: Order out of disorder

Explain magnetic structures

Explain magnetism in 2342

Relevance to ladders, chains?

References can be found at http://www.tau.ac.il/~aharony



LCO, 214

YBCO, 123

LasCnu0Oy, SroCuCloOs,

What determines the easy axes for the spins
(in plane and between planes)?




214: orthorhombic,
Weak
ferromagnetism
In layers: flop with
magnetic field
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FIG. |. Resistance and magnetic moment v& magnetic field in
the b direction (except as noted).



Simple theory: Super-exchange
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Hubbard Hamiltonian:

4 H = ZZtu io Ja+UzniTni¢
. <ij> o [

t<<U  Perturbin # keep
low energy states

ty
' Heisenberq Hamiltonian: .
H=J) S-S,

, (ij)

t
6 J ~ U

ordered moment: = L
2

(the U — o0 manifold, each site
has only a single electron)
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Superexchange: H — JS;- S, J=t*/U

No phase transition in the 2D
Isotropic Heisenberg model??

Order arises due to small anisotropies
‘ plus weak interplane coupling
20 Plus gquantum fluctuations!
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Interplane frustration in tetragonal 2122

SroCuCloO9




ProCu0y. NdoCnOy

FIG. 2. Magnetic structure of ProCuOy4 (left) and Nda-
CuOy (right) as for “214” in Fig. 1, except that open circles
represent the rare earth ions.
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Center for Superconductivity Research

Comment on “Spin Structures of Tetragonal
Lamellar Copper Oxides™

FIG. 1. The Cu spins occupy a bct lattice, and form a
noncollinear magnetic structure in which the spin direction
alternates between (100) and (010) as one proceeds along the
c axis. The Nd magnetic structure observed at low temperature
1s also noncollinear, and is shown for completeness.




ProCu0y. NdoCnOy

{a) Noncollinear Phase T1&[11
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Ferromagnetic Moment and Spin Rotation Transitions |
in Tetragonal Antiferromagnetic SrzCu3z04Cl;
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FIG. 1. {a) Crystal and magnetic structure of SrsCuy Oy Cly. Or-
dered spin directions for copper spins are shown as arrows, (b)
“uy 0y plane and various exchange interactions between spins.
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Cul Cul0 &1 S 2 decoupled AFM sublattices: frustration
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FIG. 3. Magnetic moment A vs H for H|( 110} and (100) at 200
K. The inset compares M for H||{ 110} and H|(001).
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FIG. 2. Saturated FM moment M§'” and susceptibility yHo

The full lines represent Ms ~ (Tyy — TV and a simulation of
yur forthe § = 172 SLOIA (see text).
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Weak FM moment proportional to

staggered AFM moment!
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Ordering due to Quantum Fluctuations in SraCuz04Cl,
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FIG. 1. {a) Magnetic structure of the Cuz Oy plane in 2342 at g:'m' 105
T < Tyqr. The corresponding 2D reciprocal lattices are shown é i E‘
in(b)for T = Ty, and in (c) for T << Ty ;. The shaded area 8 i =
15 the 2D Brillouin zone. 5l ! 5
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FIG. 3. (a) Magnon dispersion along the L direction at the

2D zone center for T =200 K (solid circles). (b} Same for
T = 10 K. The solid lines show Eq. (2).




THE END

(More tomorrow)
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