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Many-pole Model of X-ray Photoemission spectra

• GOAL: Calculate many-body effects in photoemission
- L. Hedin’s Quasi-boson  method

• TALK:

1. Green’s Function approach
2. Spectral function in Photoemission and XAS
3. Many-pole Self-energy
4. Satellites, Intrinsic and Extrinsic Losses



``If I can’t calculate it,

I don’t understand it.”

R.P. Feynman



Formalism:   Quasi-boson Approach

Excitations (plasmons, electron-hole pairs, …)     
represented by    bosons



Paradigm shift:

Use Green’s functions not wave functions!

Efficient!

Ψ

XAS



Green’s Function formalism

A. One-particle Green’s function 

B.  Spectral Function – beyond quasi-particle approx:

k

G(ω) = 1/[ω − h− Σ(ω)]

Key ingredients:



Spectral function and 
core-Photoemission

sudden approximation (intrinsic losses only):

? What about extrinsic losses and satellites ?

k

independent particle approximation



XAS vs 
Photoemission 

XAS ~ XPS summed  over all final states k

(time-reversed scattering states)

μ(ω) = k Jk(ω)

≈ ik |Mik|2δ(²k − ²i − ω)



GW Self-energy (L. Hedin 67)

• GW Approximation

• Screened Coulomb Interaction W

• Ingredient: Dielectric Response



Quasi-boson Hamiltonian
(Mapping of full many-body Hamiltonian)

electrons

valence excitations  
bosons

electron-boson coupling

core-hole-boson coupling



Self-energy Algorithm: Many-pole Dielectric Function*

Full spectrum loss function  <  FEFF8

-Im ε-1(ω)              many-pole model

~  Σ i gi δ(ω - ω i)

many-pole self-energy

Improvement on plasmon-pole model:
* J. Kas et al. PRB 76, 195116(2008)

J.A. Soininen et al. J. Phys. CM 15, 2573 (2003)

Map boson couplings Vq to loss function* 
“fluctuation potentials”       
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Example: energy loss function of Cu

Many-pole model
ab initio q=0 loss function

�  (e V)

Im [����−1 ]

�  (e V)

Calculated -Im ε-1(ω)        FEFF8OP - M. Prange

J. Kas et al. PRB 76, 195116(2008)



Example: ab initio Inelastic Mean Free Paths

Plasmon-pole model many-pole model

Plasmon-pole model has too much loss!
Cu
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J. Kas et al. Phys Rev B. 76, 195116 (2008)



Example  Ab initio Collision Stopping Powers

A. Sorini et al. Phys Rev B 74, 165111 (2006)



Satellites: beyond the sudden approximation 
in photoemission

Quasi-boson Model

Also: W. Bardyszewski and L. Hedin, Phys. Scr. 32, 439 (1985)



Intrinsic and Extrinsic Losses in XPS

Amplitude for   extrinsic and    intrinsic losses

Contributions to photocurrent from
single boson excitations 



Beyond the sudden approximation in XAS

Multi-electron excitations 
→ satellites in A(k,ω)

Explains intrinsic losses

S0
2=0.9

Energy Dependent Spectral Function A(k,ω)

Beyond quasiparticles!

Quasi-boson Model



Intrinsic and Extrinsic Losses in XAS
extrinsic

intrinsic – sudden approx

interference

Effective spectral function



Satellite spectral function including
intrinsic & extrinsic losses & interference

J. Kas – Manypole model  Cu

Note: crossover between sudden/adiabatic limits

sudden

adiabatic
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Many-body Corrections to XAS of Cu

E (e V)

J. Kas, UW

Many pole self energy

Single pole self energy



Conclusion

Many-pole model for effects of excitations 

- extension of GW approximation

- explains inelastic losses, satellites

Can be used in XAS, XPS, …
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