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Spin asymmetry in spectra Anomalies in band dispersion of iron
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OVERVIEW

* Many-body spin excitations

 Transverse magnetic response function

» Bethe-Salpeter equation

 Implementation (Wannier functions)

* Transition-metal ferromagnets

* Goldstone violation (resolved with COHSEX)

* Electron-magnon scattering

* lteration of Hedin equations (GT self-energy)
» Aspects of implementation

 Results for iron and nickel
(lifetime broadening, kinks, band anomalies)

» Conclusions
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MAGNETIC RESPONSE FUNCTION @) JuLicH

Response of the magnetization (electronic) density with respect to changes

of the external magnetic (electric) field: . _ _
Spin-orbit coupling neglected
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Response of the magnetization (electronic) density with respect to changes

of the external magnetic (electric) field: . _ _
Spin-orbit coupling neglected
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Bethe-Salpeter equation for spin excitations
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SPATIAL DEPENDENCE W

Average elements of W (0) [eV]

nearest neighbours

Largest contribution from the onsite interaction (~98%)
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Diagrams up to third order in W: % %?

GT self-energy
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GW approximation:
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" Spectral function

Energy (eV)

Plasmon satellites
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Magnon satellites?
wy~ 0-0.3 eV
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DMFT: J. Sanchez-Barriga et al., PRL 103, 267203 (2009)
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IRON BAND ANOMALY (SPIN DOWN)
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NICKEL BAND STRUCTURE

4 |

IJ JULICH

FFFFFFFF gszentru

Ni T




Energy (eV)

NICKEL BAND ANOMALY (SPIN UP)

0.6

0.5

0.4

0.3 |

0.2 |

0.1

0

-0.1

0.2

'Re ()
Im X(w)

IJ JULICH

Forschungszentrum

' Im Gw) eV

Graphical solution
of the Dyson equation:

ImGy, (w)




HIGH-ENERGY BAND ANOMALY (IRON) @) JULICH

ARPES (Mlynczak et al., Julich)

0

O
o

-
(€}

Binding energy (eV)

2 | Experiment

Binding energy (eV)

Fe

Mlynczak et al., Nature
Communications 10, 505 (2019)



HIGH-ENERGY BAND ANOMALY (IRON)  9) JULICH

2l minority

Energy (eV)

Forschungszentrum

majority . - Mlynczak et al., Nature
Communications 10, 505 (2019)




HIGH-ENERGY BAND ANOMALY (IRON)  9) JULICH

Forschungszentrum

Mlynczak et al., Nature
Communications 10, 505 (2019)

Importance of k dependence

O_“\) ' (I
I
%05 \ | I _ZI‘_H
Ol | e
> 1 | N 4
B —~ 1l SrnX 3.0 o
c15 > | >
0 & T
o)
=

5 2 £, | = 2
£ |
@o5 |

SN T H 0~=3 > 4 0
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» Calculation of spin excitations (spin waves and Stoner excitations) implemented within FLAPW
through the solution of the Bethe-Salpeter equation.

» Goldstone condition violated in the limit g—0 and w—0 due to inconsistency of Green functions
(LSDA vs. self-consistent)

« Static COHSEX approximation for the self-energy recovers correct dispersion of Goldstone mode.
Alternative: corrected LSDA approach.

 Electron-magnon scattering described by GT self-energy.

 Strong spin asymmetry of lifetime broading in agreement with experiment. Majority d bands
strongly renormalized (quasiparticle character lost) due to coupling to many-body spin excitations.

« Band anomalies due to many-body renormalization through coupling to spin-wave and
Stoner excitations (the latter seen in recent ARPES experiment).

SPEX

http://spex.readthedocs.org
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