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I. First-principles material design

Spin waves and Stoner excitations in solids
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I. First-principles material design

SPEELS: Spin Polarized Electron Energy Loss Spectroscopy
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I. First-principles material design

A magnon carries a total angular momentum of 1 ~

The magnon annihilation process is allowed for incident elec-
trons of majority character

The magnon creation process is allowed for incident electrons
of minority character
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Green function method
Parameter free simulations of realistic materials

Ab-initio Kohn-Sham approach

Wave function equation[
ε+

~2

2m
∇2 − Veff (r)

]
Ψ(r; ε) = 0

Green function equation[
ε+

~2

2m
∇2 − Veff (r)

]
G (r, r′; ε) = δ(r − r′)

Korringa (1947), Kohn & Rostoker (1954)

Dyson equation
G = G0 + G0∆Veff G

∆Veff = Veff − V 0
eff
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Green function method
Explicit Green function for various systems

Bulk

Gbulk = Gfree + GfreeVeff Gbulk

Surfaces & interfaces

Gsurf = Gbulk + Gbulk ∆Veff Gsurf

Wildberger et al. (1997), Uiberacker et al. (1998)

Defects in bulk & surfaces

Gcluster = Ghost + Ghost∆Veff Gcluster

Zeller & Dederichs (1979)
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Method: Coherent potential approximation

Alloys and pseudo-alloys

doping/alloys vacancies magnetic impurities

Coherent potential approximation

Soven (1967), Györffy (1972)

CPA equation for a binary alloy: cAGA+cBGB = GC

Nonlocal CPA: Charge and Spin-Fluctuations

D. A. Rowlands, A. Ernst, J. B. Staunton, B. L. Györffy, PRB 73, 165122 (2006)
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Method: short summary

Green-Funktion-Methode

Explicit Green Function

Dimensions: 1D, 2D, 3D & Cluster

O(N) method

CPA for disordered alloys

multi-code approach: crystalline structure from VASP or
experiments

A. Ernst, MPI Halle Magnetism from first-principles



I. First-principles material design

A. Ernst, MPI Halle Magnetism from first-principles



I. First-principles material design
Linear response theory in the DFT

Change of the magnetization via an applied magnetic field B(q;ω):

δm(q;ω) = χ(q;ω)B(q;ω)

Transverse susceptibility:

χ±(q;ω) = −
∑

j

〈0|σ̂+(q)|j〉〈j |σ̂−(−q)|0〉
ω − (Ej − E0) + i0+

+ H.c.

Singularities of the susceptibility define magnons and their lifetime
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I. First-principles material design
Linear response theory in the DFT

Calculation of the transverse susceptibility:

Pauli susceptibility (non-interactive):

χ0
ij (x, x′;ω) =

∑
km

σi
αβσ

j
γδ(fk−fm)

φ∗k (xα)φm(xβ)φm(x′γ)φk (x′δ)

ω + (εk − εm) + i0+

Dyson equation for the transverse susceptibility:

χ(x, x′;ω) = χ0(x, x′;ω)

+

∫ ∫
dx1dx2χ0(x, x1;ω)fxc(x1, x2;ω)χ(x2, x

′;ω)

with the Kernel fxc (x, x′; t − t ′) = Bxc ((x;t))
∂m(x′;t′)

E. K. U. Gross & W. Kohn, (1985)

A. Ernst, MPI Halle Magnetism from first-principles



I. First-principles material design

A. Ernst, MPI Halle Magnetism from first-principles



I. First-principles material design
Adiabatic calculations of spin waves
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I. First-principles material design
Dynamical calculations of spin waves
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I. First-principles material design
Dynamical calculations of spin waves

Examples of spin-flip spectra in Fe for different momenta along
(100) direction
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I. First-principles material design
Dynamical calculations of spin waves

Spin waves in Fe: Adiabatic & Dynamical approaches
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I. First-principles material design
Dynamical calculations of spin waves

Spin waves in hcp Co: Adiabatic & Dynamical approaches
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I. First-principles material design
Dynamical calculations of spin waves

Spin waves in fcc Ni: Adiabatic & Dynamical approaches
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II. Spin waves in thin films

Goals

Magnons in systems with a reduce symmetry

Lifetime of magnons

Role of the substrate

Support experiments
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II. Spin waves in thin films
Fe films on Cu(001) & W(110)
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II. Spin waves in thin films
Landau damping of magnons in Fe films

Stoner transitions
2D band structure
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II. Spin waves in thin films
Co films on Cu(001)

Cu(001) substrate does not change much spin waves in Co films
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II. Spin waves in thin films
Ni films on Cu(001)

Significant broadening of the unenhanced susceptibility on Cu(001)
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II. Spin waves in thin films
Ni films on Cu(001)

Landau complexes

Strong damping of magnons in Ni films due to Cu(001) substrate
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II. Spin waves in thin films
Fe films on W(110) and Au/W(110

Motivation: Spin wave design
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II. Spin waves in thin films
Fe films on W(110) and Au/W(110

Exchange interaction in Fe film on W(110) and Au/W(110)
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II. Spin waves in thin films
Fe films on W(110) and Au/W(110

Density of states of Fe film on W(110) and Au/W(110)
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II. Spin waves in thin films
Fe films on Ir(001)

Goals

Magnon softening in Fe films
on Ir(001)

Structure or origin of magnons

Interpretation of experiment
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II. Spin waves in thin films
Fe films on Ir(001)

Simple model: An infinite array of coupled oscillators
Classical analog of magnons: Excitations in coupled oscillators
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II. Spin waves in thin films
Fe films on Ir(001)

Magnons: Experiment
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II. Spin waves in thin films
Fe films on Ir(001)

Magnons: Experiment & Theory
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II. Spin waves in thin films
Fe films on Ir(001)

Layer-resolved transverse susceptibility

Interface mode Surface mode Free standing 6ML Fe
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II. Spin waves in thin films
Fe films on Ir(001)

Exchange interaction in 6ML Fe/Ir(001)
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Summary & Outlook

Results

First-principles design of spin waves is possible

Spin wave lifetime is related to the interaction of spin waves
with the Stoner continuum

Spin waves in thin films can be affected by the substrate

Future

Relativistic extension of the code

Coherent potential approximation for the susceptibility

Electron-magnon interaction
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