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- charged particle dynamics in an oscillating electric field 

 

 

- ultrafast change of optical properties of electronic systems 

 

 

- emission time of photo-ejected electrons 

 

 

 

 

overview 
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aim             ultrafast XUV transient optics 

D ~100 as – 1 fs 

 atto second XUV pulse 

spectrally  
broad pulse 

F. Krausz and M. Ivanov, Rev. Mod. Phys. 81, 163 (2009). 



experiments                 evidence of superatom states  

Feng et al., Science 320, 359 (2008);  ACS NANO 3, 853 (2009); 

Nano Letters 10, 4830 (2010 ). 

     C60 



     C60 

dodecahedrane 
          C20H20 

dodeca-aza[60] 
fullerene C48N12 

B80 

Au72 

C540 

Pavlyukh, Berakdar,  Chem. Phys. Lett. 468, 313 (2009); PRA 81, 042515 (2010), J. Chem. Phys. 135, 201103 (2011). 

systems    quasi spherical molecules  



theory                 key points 

- single-particle states  in quasi spherical systems 

 

 

- inter-particle correlations   quasiparticles: 

                                                    decay and energetic shift of single-particle states 

            transient dynamics of quasi particles  

 

 

- collective response   coupled plasmons 

 

 

- buildup of collective response   transient dynamics 

 

 



preliminaries 
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     C60 

Pavlyukh, Berakdar  Chem. Phys. Lett. 468, 313 (2009) 

spherical molecules  single particle states 
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spherical molecules  single particle states 



spherical molecules  exp. vs. theory 

l R p

Vos et al.  Phys. Rev. B 56, 1309 (1997),   Avaldi et al. (private communications) 
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quasiparticle dynamics  life time 

many-body effects on single-particle states 
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Pavlyukh, Berakdar, Hübner, Phys. Rev. Lett. 100, 116103 (2008) 
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Pavlyukh, Berakdar, Chem. Phys. 135, 201103 (2011). 



quasiparticle dynamics  life time 

quasiparticle states of C60  

IPHF=7.9 eV,   IPGW=7.5 eV,    IPexp=7.5 eV exp: Hertel et al., Phys. Rev. Lett. 68, 784 (1992) 

State ℓ EHF(eV) EGW(eV) EGW(meV) 

HOMO-3 3 -12.61 -11.39 136 

HOMO-2 4 -9.93 -9.07 41 

HOMO-1 4 -9.69 -9.03 30 

HOMO 5 -7.89 -7.48 15 

LUMO 5 -0.95 -1.15 -10 

LUMO+1 6 0.77 0.22 -29 

LUMO+2 5 2.03 1.48 -36 

LUMO+3 0 2.10 1.71 -13 

transient dynamics of quasi-particles  Pavlyukh, Berakdar, J. Chem. Phys. 135, 201103 (2011). 



excitations   absorption 

excitation spectrum of C60  

Particle-hole excitations 

optical  

absorptiona) 

3.8 eV 

4.8 eV 
5.9 eV 

energy 

22 eV 

38 eV 

collective excitations 

• Bauernschmitt et al., J. Am. Chem. Soc. 
120, 5052 (1998) 

a) • Hansen et al., Chem. Phys. Lett 181, 367 (1991) 
 

• Scully et al., Phys. Rev. Lett. 94, 065503 (2005) 
• Hertel et al., Phys. Rev. Lett. 68, 784 (1992) 

b) 

c) 

EELSb),  photoionizationc) 

IP=7.5 eV 



plasma oscillations 



experimental proposal  build up of plasmons 



experimental proposal  build up of plasmons 

D ~100 as – 1 fs 

photon 

detector 

e- detector 

 XUV pulse 

fullerene spectrally  
broad pulse 

Moskalenko, Pavlyukh, Berakdar,  Phys. Rev. A 86, 013202 (2012). 



build up of plasmons                  time asymptotic 



time-dependent absorption and refraction 

Moskalenko, Pavlyukh, Berakdar,  Phys. Rev. A 86, 013202 (2012). 



time-dependent absorption and refraction 





build up of plasmons 



photoionisation in the time domain 

streaking histogram  relative time of emission of the photoelectrons 



photoionisation in the time domain 

streaking histogram  relative time of emission of the photoelectrons from C60 



summary 

-symmetry, topology  single-particle states 

 

-inter-particle correlations   

                                              1.  decay and energetic shift of single-particle states 

                                              2.  emergence of collective response 

 

- quantum kinetics  build-up of inter-particle correlations 

 

- Ultrafast XUV plasmonics behaviour is theoretically possible  

 

 


