
M
od

el
in

g 
an

d 
Si

m
ul

at
io

n

6

Modeling and Simulation
Band / Volume 6
ISBN 978-3-95806-159-0

Quantum Materials: Experiments and Theory
Eva Pavarini, Erik Koch, Jeroen van den Brink, and George Sawatzky (Eds.)

Q
ua

nt
um

 M
at

er
ia

ls
: E

xp
er

im
en

ts
 a

nd
 T

he
or

y
Ev

a 
Pa

va
rin

i, 
Er

ik
 K

oc
h,

 Je
ro

en
 v

an
 d

en
 B

rin
k,

 a
nd

 G
eo

rg
e 

Sa
w

at
zk

y 
(E

ds
.)



Forschungszentrum Jülich GmbH
Institute for Advanced Simulation

Quantum Materials: Experiments and Theory

Autumn School organized by
the Forschungszentrum Jülich
and the German Research School
for Simulation Sciences

at Forschungszentrum Jülich
12 – 16 September 2016

Schriften des Forschungszentrums Jülich
Reihe Modeling and Simulation Band / Volume 6

ISSN 2192-8525  ISBN 978-3-95806-159-0

German Research School for
Simulation Sciences GmbH

Lecture Notes of the Autumn School on  
Correlated Electrons 2016

Eva Pavarini, Erik Koch, Jeroen van den Brink, and George Sawatzky (Eds.)



Contents
Preface

1. The Explicit Role of Anion States in High-Valence Metal Oxides
George Sawatzky

2. Mean-Field Theory: Hartree-Fock and BCS
Erik Koch

3. Tight-Binding Models and Coulomb Interaction for s, p, and d Electrons
Matthew Foulkes

4. An Introduction to the Hubbard Hamiltonian
Richard Scalettar

5. Multiplets in Transition-Metal Ions and Introduction to Multiband Hubbard Models
Robert Eder

6. Multi-Orbital Cluster Perturbation Theory for Transition-Metal Oxides
Franca Manghi

7. Orbital Ordering
Eva Pavarini

8. Studying Continuous Symmetry Breaking with Exact Diagonalization
Andreas Läuchli
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