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 Inner-shell photoionization and Auger decay 
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Discovery:  Lise Meitner 1923 and Pierre Auger 1925 

Resonant photo double ionization 

Energy 
conservation: 

and 

Auger spectroscopy 



Infrared (IR) laser pulse:  

ω= 1.66 eV  (800 nm), 
TL = 2.5 fs 

I = 1012 – 1014  W/cm2  

Attosecond  XUV pulse 

ω= 70 – 130 eV 

The main parameters:   τL  - duration of the IR pulse   

  τXUV  - duration of the XUV pulse  

TL  - period of the IR pulse 

Two limiting cases: 
Streaking 

Sidebands 

Time-resolved study of Auger decay 
M. Drescher et al. Nature 419, 803, 2002 First experiment: 
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τA  - Auger life-time  

Suppose: 



Time-dependent description of the Auger 
process in a strong laser field   

No direct interaction between photo and Auger electrons 

A.K. Kazansky, N.M. Kabachnik PRA 73, 062712 (2006)  

A.  Auger decay without laser field 

Expanding the wave functions in partial waves, we solve the system for 
partial wave functions and calculate the amplitudes: 

and the TDCS 



1.  SFA for the Auger electron 

Example:  KLL Auger transition in Ne  
Ee= 13.6 eV, EA = 800 eV 

B. Auger decay in a strong laser field 

Main approximations: 
2. All inner electrons are not effected by the laser field 

3. No direct interaction between photo and Auger electrons 

Advantages:  Interaction of slow photoelectron with the ion is taken into 
account – Near threshold phenomena (PCI), rescattering in the strong field, 
population of Rydberg states etc. 

A.K. Kazansky et al, J. Phys. B 42, 245601 (2009)  



Calculations for Ne KLL Auger transitions  

A.  Spectra and angular distributions of photoelectrons 

Basic parameters: 

Ne (1s) Eb = 870.1 eV 

τA  - 2.4 fs,   EA = 804.3 eV  

X-ray pulse: τX  - 330 as  

IR pulse:  800 nm 

τL  - 5 fs  

I = 1012 W/cm2  

 TL = 2.5 fs 



B.  Spectra of Auger electrons 

EA = 804.3 eV (30 a.u.)   

τA  - 2.4 fs,   TL = 2.5 fs  

ϴA  = 0  



Ne KLL Auger spectra at different emission angles 

C.  Angular distributions of Auger electrons 

Parameters: 



Ne (1s),  KLL 

A. Kazansky and N. Kabachnik J. Phys. B 43, 035601 (2010) 

EA = 800 eV (30 a.u.) 

τA = 2.4 fs  (100 a.u.) 

X-ray:  τX = 1 fs 

IR:  τL = 4.0 fs  

Sideband structure for Auger electrons  



IR:  τL = 9.3 fs 

Sideband structure for Ne KLL Auger transition 



IR: τL = 14.7 fs 

Sideband structure for Ne KLL Auger transition 



IR:  τL = 20 fs 

Sideband structure for Ne KLL Auger transition 



τL = 4.0 fs τL = 9.3 fs 

τL = 14.7 fs τL = 20 fs 

Sideband structure for Ne KLL Auger transition 



Description of the gross structure 

where 

Stationary phase approximation 

Suppose for simplicity that 

Result: 



 Angular dependence of the gross structure 





Thank you for your attention ! 


