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experimental observation of  
persistent currents in  
GaAs-AlGaAs single loop 

Mailly et al. 
PRL 70, 2020 (1993). 

atomic force microscopy (AFM): InAs/GaAs 
Offermans et al. 
Appl. Phys. Lett. 87, 131902 (2005)  

AFM: Si rings           
You et al.                     
PRL 98, 166102 (2007) 

300 nm 

Fuhrer et al. 
Nature 
413, 822  
(2001) 

AFM: ring in 
2DEG in 
AlGaAs/GaAs 
 

density  

5.1011 cm-2 



Ariwala et al.  PRL ('01) 

Radius ~ 8m 

SEM of Ag split-rings arrayed in 260 nm period. 
Clark et al.  APL 93, 023121 (2008) 

polycrystalline Co rings  outer diameter = 1.65  µm  
width = 530  nm; thickness = 34  nm 

Kläui et al. APL 85, 5637 (`04); PRL 94, 106601 (`05) 



benzene ring 

     C60 
dodecahedrane 
          C20H20 

dodeca-aza[60] 
fullerene        
C48N12 

B80 

Au72 

C540 

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

stationary single particle states  

 Benzene  ring  B~5000 T 
    Mailly et al. 1993  I~ 4 nA  
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PRB 70, B 74, 161303 (R) (2006) 
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Moskalenko,  Berakdar PRB 70, 161303 (R) (´06); 

  density- matrix formalism   
 

0

single-particle density matrix 



z || E0 

 D. You et al., 

 Opt. Lett. 18, 290 (1993). 
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pulse-induced dynamics 
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single-cycle pulses 



( )mz p t 

z || E0 

few-cycle pulses 

 D. You et al., 

 Opt. Lett. 18, 290 (1993). 
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Goulielmakis et al., Science 317, 769 (´07) 

pulse-induced dynamics 
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single-cycle pulses 
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    time dependence of the total induced electric  dipole moments  in  106 D.    

    E is the peak-field amplitude. Pulse duration is 1 ps. 
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induced dipole moment 

T=2K  

E
 

0 1.35 m 

* 0.067 em m

1400N

160d nm

d 

0 

Mailly et al. 
PRL 70, 2020 (´93) 
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-10 0 10 20 30 40 

dynamical  electric dipole moment of ring structures  

ρ0 = 600 nm 

ρ0 = 900 nm 

ρ0 = 1200 nm 

ρ0 = 1500 nm 

N = 400 

N = 800 

N = 1200 

N = 1600 

ρ0 = 900 nm N = 1600 

PRL 94, 166801 (`05) 
PRB 77, 235438 (`08) 
PRA 79, 023822 (`09) 
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t 

E1 

t1  



train of 10 pulses with 100 ps period.            
              field amplitude is 1 V/cm. ω0= 2/T = 6.3 1010Hz     

 

 

 

emission spectrum has maxima  
at the harmonics 
 

 ω = nω0, ω0= 2/T, n=0,1,2,… 
 ω0= 6.3 1010 Hz  
 

EPL 78, 57001 (`07); PRB 77, 235438 (`08) 

ring as light source 
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PRA 79, 023822 (`09) 

Clark et al.  APL 93, 023121 (2008) 
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ring as light source 
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Zhu, Berakdar Phys. Rev. B 77,  235438 (´08) 

pulse-induced spin dynamics  
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charge current generation 
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induced magnetization 

M [eV/Tesla] 

I=1A  M112 eV/Tesla 1 Bohr magneton = eħ/2me ~ 7 . 10-5 eV/T 
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ring radius, ρ0=800 nm  

Matos, Berakdar Phys. Rev. Lett. 94, 166801 (`05) 
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Experiments on 20 nm Co – nanoparticles  
 

C. Thirion et al. Nature Mat. 2, 524 (´03) 

 

applications… 
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applications… 

Stanford linear accelerator 

d =2.3 ps, several T pulses 

Back et al.,  Phys. Rev. Lett. 81, 3251 (1998) 

                                   J. Berakdar, MLU-Halle, Germany spin dynamic 



Th. Rasing group (Nijmegen): 

magnetization by instantaneous photomagnetic pulses 
 

Nature 429 850 (2004)  

Nature 435 655 (2005) 

Phys. Rev. Lett. 99, 047601 (2007) 

*M E E    

inverse Faraday effect 

Pitaevskii   JETP 12, 1008 (1961) 
van der Ziel PRL 15, 190 (1965) 
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photo-induced internal magnetic fields  



*M E E    

inverse Faraday effect 

Pitaevskii   JETP 12, 1008 (1961) 
van der Ziel PRL 15, 190 (1965) 

photo-induced internal magnetic fields  

Off-resonance, high-frequency strong fields 
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mag. fields via optical vertices 

 Allen, Padgett group    PRA 45, 8185 (`92) 

 (Glasgow)                     Opt. Com. 96, 123 (´93) 

spiral 
phase 
plate 

Gaussian 
beam 

central 
 vortex 

 Quinteiro, Berakdar, Optics Exp. 17, 20466 (2009) 

l=1 

l=3 

photo-induced internal magnetic fields  
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