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The  principle features 
1.  The  IR   laser field in the metal is screened and its strength 

decreases promptly into  the bulk. 

2. The ejected electrons suffer inelastic collisions with electrons of 
the metal and this determines a depth from which the electrons 
can reach the surface without collisions and thus carry a direct 
information on the processes in the bulk. 

3.  The ejected by XUV pulse electrons  move  in the field by the 
lattice. Taking into account  #1, does  the band structure and 
the group velocity of the electron wave packet in the final state  
are physically meaningful?  

3. A localized electron after its ejection leaves in the bulk a 
positively charged hole  which is then screened by the itinerant 
electrons. Could this screening be observed? 

     And…  what can be said  about an delocalized electron??? 



A one-dimensional model  of streaking 
experiment with solids 
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The cases considered: 
1.  The initial  state is localized, the final 

energy       E = 2 a.u. 
2.  The initial  state is localized, the final 

energy       E = 3 a.u. 
3.  The initial  states are delocalized, the final 

energy       E = 3 a.u.   for the central state 
of the band. 

The frequencies of the XUV pulse for  
the cases 1. and  3.  are very close. 



Overview of the results 

0.  The necessary condition:   

•  The spectra are almost Gaussian. 
•  The magnitude of the yield decreases 

exponentially: 

3.  The COM of spectra from localised states  
      are almost uniformly  shifted. 
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Result: 

Conclusion: 
  The experimental  result  can be   explained with 
   interplay of two mechanisms:  
•  difference in the velocity of the ejected 

electrons in the final state in the bulk,  
•  dependence of the features on the character of 

the initial states: electron ejection from a 
localized f-state versus a delocalized d-state 

•  . 



Principle questions: 
•  Can the relaxation processes be observed with 

attostreaking? 

       1. Relaxation of the image potential in 
           the case of  photoionization of adsorbates. 

       2. Dynamics of  charge transfer from 
           bulk to the adsorbate. 

       3. Dynamics of  screening of a hole in the bulk 
           with observation of the Auger process. 



•  What can we try to compute in the tasks 
with simple adsorbates?   

(A.K.Kazansky and P.M.Echenique, 
Phys.Rev.B  81,…, 2010) 



Basic  model: 







Charge exchange with the surface. 





Dynamical screening and   
formation of the image charge. 

(A.K.Kazansky, P.M.Echenique, submitted) 


















