
M
em

be
r 

of
 th

e 
H

el
m

ho
ltz

 A
ss

oc
ia

tio
n Development of a relativistic full-potential  first-principles 

multiple scattering Green function method applied to complex 
magnetic textures of nano structures at surfaces

David Siegfried Georg Bauer
Schlüsseltechnologien / Key Technologies
Band/ Volume 79
ISBN 978-3-89336-934-8 79

Sc
hl

üs
se

lt
ec

hn
ol

og
ie

n
K

ey
 T

ec
hn

ol
og

ie
s

K
K

R:
 C

om
pl

ex
 m

ag
ne

tic
 te

xt
ur

es
 o

f n
an

o 
st

ru
ct

ur
es

D
av

id
 S

ie
gf

rie
d 

G
eo

rg
 B

au
er



Forschungszentrum Jülich GmbH
Peter Grünberg Institute (PGI)
Quantum Theory of Materials (PGI-1/IAS-1)

Development of a relativistic full-potential first-
principles multiple scattering Green function 
method applied to complex magnetic textures of 
nano structures at surfaces

David Siegfried Georg Bauer

Schriften des Forschungszentrums Jülich
Reihe Schlüsseltechnologien / Key Technologies Band / Volume 79

ISSN 1866-1807  ISBN 978-3-89336-934-8



Contents

1. Introduction 9

2. Density functional theory 15

3. Green functions 21
3.1. Green function in physics . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.2. Representation of the KKR Green function . . . . . . . . . . . . . . . 26
3.3. Expansion of the single-site Green function . . . . . . . . . . . . . . 28
3.4. Multiple scattering theory . . . . . . . . . . . . . . . . . . . . . . . . 33
3.5. Angular momentum cut-off . . . . . . . . . . . . . . . . . . . . . . . . 37

4. Single site problem in KKR 41
4.1. Schrödinger equation . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
4.2. Dirac equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
4.3. Scalar-relativistic approximation . . . . . . . . . . . . . . . . . . . . . 54
4.4. Spin-orbit coupling . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

5. Numerical methods 75
5.1. State of the art solver . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
5.2. Direct inversion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5.2.1. Subinterval technique . . . . . . . . . . . . . . . . . . . . . . . 78
5.2.2. Chebyshev polynomials . . . . . . . . . . . . . . . . . . . . . . 82
5.2.3. Discretization of the Lippmann-Schwinger equation . . . . . . 90

6. Improvements to KKR 95
6.1. Impurity calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

6.1.1. Host Green function . . . . . . . . . . . . . . . . . . . . . . . 95
6.1.2. Impurity Green function . . . . . . . . . . . . . . . . . . . . . 96

6.2. Structural relaxations . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
6.2.1. U-transformation . . . . . . . . . . . . . . . . . . . . . . . . . 100
6.2.2. Concept of virtual atoms . . . . . . . . . . . . . . . . . . . . . 101

6.3. Non-collinear magnetism . . . . . . . . . . . . . . . . . . . . . . . . . 108
6.3.1. Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
6.3.2. Magnetic model Hamiltonian . . . . . . . . . . . . . . . . . . 116
6.3.3. Model parameters by infinitesimal rotations . . . . . . . . . . 119

5



Contents Contents

7. Atomistic spin-dynamics 125

8. Applications 131
8.1. Monolayer Fe on Ir(111) . . . . . . . . . . . . . . . . . . . . . . . . . 131
8.2. Nano-islands of 7 Fe atoms on Ir(111) . . . . . . . . . . . . . . . . . . 142

8.2.1. Unrelaxed atomic positions . . . . . . . . . . . . . . . . . . . 143
8.2.2. Relaxed atomic positions . . . . . . . . . . . . . . . . . . . . . 149

8.3. 19 Fe nano-island on Ir(111) . . . . . . . . . . . . . . . . . . . . . . . 152
8.3.1. Unrelaxed atomic positions . . . . . . . . . . . . . . . . . . . 153
8.3.2. Relaxed atomic positions . . . . . . . . . . . . . . . . . . . . . 158

9. Summary and Outlook 167

A. Details on model parameters by infinitesimal rotations 173

B. Numerical treatment 175

6



M
em

be
r 

of
 th

e 
H

el
m

ho
ltz

 A
ss

oc
ia

tio
n Development of a relativistic full-potential  first-principles 

multiple scattering Green function method applied to complex 
magnetic textures of nano structures at surfaces

David Siegfried Georg Bauer
Schlüsseltechnologien / Key Technologies
Band/ Volume 79
ISBN 978-3-89336-934-8 79

Sc
hl

üs
se

lt
ec

hn
ol

og
ie

n
K

ey
 T

ec
hn

ol
og

ie
s

K
K

R:
 C

om
pl

ex
 m

ag
ne

tic
 te

xt
ur

es
 o

f n
an

o 
st

ru
ct

ur
es

D
av

id
 S

ie
gf

rie
d 

G
eo

rg
 B

au
er


	Introduction
	Density functional theory
	Green functions 
	Green function in physics
	Representation of the KKR Green function
	Expansion of the single-site Green function 
	Multiple scattering theory
	Angular momentum cut-off

	Single site problem in KKR
	Schrödinger equation
	Dirac equation
	Scalar-relativistic approximation
	Spin-orbit coupling 

	Numerical methods
	State of the art solver
	Direct inversion
	Subinterval technique
	Chebyshev polynomials
	Discretization of the Lippmann-Schwinger equation


	Improvements to KKR
	Impurity calculations
	Host Green function
	Impurity Green function

	Structural relaxations
	U-transformation
	Concept of virtual atoms

	Non-collinear magnetism
	Density
	Magnetic model Hamiltonian
	Model parameters by infinitesimal rotations


	Atomistic spin-dynamics
	Applications
	Monolayer Fe on Ir(111)
	Nano-islands of 7 Fe atoms on Ir(111)
	Unrelaxed atomic positions
	Relaxed atomic positions

	19 Fe nano-island on Ir(111)
	Unrelaxed atomic positions
	Relaxed atomic positions


	Summary and Outlook
	Details on model parameters by infinitesimal rotations
	Numerical treatment

