
ELECTRON-MAGNON SCATTERING IN ELEMENTARY 
FERROMAGNETS FROM FIRST PRINCIPLES:  
LIFETIME BROADENING AND KINKS 
CHRISTOPH FRIEDRICH 

PETER GRÜNBERG INSTITUTE AND INSTITUTE FOR ADVANCED SIMULATION 
FORSCHUNGSZENTRUM JÜLICH AND JARA, 52425 JÜLICH, GERMANY 



ARPES MEASUREMENTS 

Fe

Schäfer et al., PRL 92, 097205 (2004) maj 
min 

maj 

min 

Schäfer et al., PRL 72, 155115 (2005) 

Anomalies in band dispersion of iron 

E. Mlynczak, L. Plucinski, unpublished 

Spin asymmetry in spectra 

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

Fe

Fe

Fe



IRON GW CALCULATION 

DFT 

GW 



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 

•  Iteration 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 
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MAGNETIC RESPONSE FUNCTION 
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Stoner excitation 

Single particle 

Spin-flip 

Large energy 
scale (~eV) 

Spin-wave excitation 
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Small energy scale (~meV) 
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BETHE-SALPETER EQUATION 
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Bethe-Salpeter equation for spin excitations 

Static approximation: 
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Wannier functions 

onsite approximation 
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SPATIAL DEPENDENCE W 

Largest contribution from the onsite interaction (~98%) 



EXAMPLE: BCC IRON 

Im R+�(q, �)

C. Friedrich, M.C.T.D. Müller, S. Blügel, 
"Handbook of Materials Modelling",  
Andreoni, Yip (eds), Springer (2019) 



EXAMPLE: BCC IRON 

Im R+�(q, �)

Experiments (white circles) Collins etal. PR 179, 417; Mook etal. PRB 7, 336 

C. Friedrich, M.C.T.D. Müller, S. Blügel, 
"Handbook of Materials Modelling",  
Andreoni, Yip (eds), Springer (2019) 



EXAMPLE: FCC NICKEL 

C. Friedrich, M.C.T.D. Müller, S. Blügel, 
"Handbook of Materials Modelling",  
Andreoni, Yip (eds), Springer (2019) 
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VIOLATION OF GOLDSTONE CONDITION 
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In the absence of spin-orbit coupling, the magnetization of a ferromagnet 
can be rotated without a cost of energy.  !  lim

q�0
�(q) = 0
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INSIGHT FROM HUBBARD MODEL 
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VIOLATION OF GOLDSTONE CONDITION 
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SELF-ENERGY (HEDIN EQUATIONS) 

Diagrams up to third order in W: 

� 6= �0

GT self-energy 



SELF-ENERGY 

GT self-energy: 

GW self-energy: 
1 3 4 2

starting at 3rd order Bethe-Salpeter equation: 

1 2 3 4 5 6 



SELF-ENERGY 

magnon is emitted 
before absorbed 

magnon is absorbed 
before emitted? 
electron travels back in time? 

time 



GW approximation: 

GT approximation: 

+ + + ...
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IMPLEMENTATION 

alignment of chemical potential 
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SATELLITES 

Plasmon satellites 
ω0 ≈ 23 eV 

Magnon satellites? 
ω0 ~ 0-0.3 eV 

GW Si Spectral function 



IRON BAND STRUCTURE 
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min 

E. Mlynczak, L. Plucinski, unpublished 

DFT 

GT 



IRON BAND STRUCTURE 

DFT 

GT 



IRON BAND STRUCTURE 

DFT 

GT 

DMFT: J. Sánchez-Barriga et al., PRL 103, 267203 (2009) 



only 3rd order diagram 

ANOMALY SPIN DOWN 

full GT self-energy 



IRON BAND ANOMALY (SPIN DOWN) 

Graphical solution 
of the Dyson equation: 
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NICKEL BAND STRUCTURE 

DFT 

GT 



NICKEL BAND ANOMALY (SPIN UP) 

Graphical solution 
of the Dyson equation: 
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HIGH-ENERGY BAND ANOMALY (IRON) 

ARPES (Mlynczak et al., Jülich) 
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Communications 10, 505 (2019) 



HIGH-ENERGY BAND ANOMALY (IRON) 
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Mlynczak et al., Nature  
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HIGH-ENERGY BAND ANOMALY (IRON) 

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

Importance of k dependence 



IRON BAND STRUCTURE (SPIN UP) 
GW GT GWΓ  (=GW+GT) 



IRON BAND STRUCTURE (SPIN DOWN) 
GW GT GWΓ  (=GW+GT) 



SUMMARY 

•  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 q!0 and ω!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). 

http://spex.readthedocs.org 
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