
 
 
 

• Kinks are everywhere  
 

• Kinks are generic in SCES 
 

• Kinks in SCES can be explained by Kondo effect 
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Ashcroft, Mermin, Solid State Physics ‘76 

Kinks in textbooks 

Electron-phonon coupling 
               (or any boson) 
 
         kink in E(k) 

Which boson? 
phonon? paramagnon? 



in cuprates 

low energy: Lanzara et al’01 high energy: Meevasana et al’06 

in graphene  

Bostwick et al’07 

in tungsten 

Rotenberg et al’00 

in platinum (110) 

Menzel et al’05 

Kinks everywhere 

and everywhere … 

 Mo (110)  Valla et al.’99 

 Fe (110)  Schäfer et al.’04 

 NaxCoO2  Jin et al. ’05 

 Sr2RuO4  Iwasawa et al.’04 

 La2-xSr1+xMn2O7 Sun et al.’05 

… 



Kinks in SCES (generic, no bosons)  

 

 
Kinks in SrVO3: LDA+DMFT              experiment 
                              Nekrasov et al. PRB’06                    Fujimori et al.’06,  
                         Aizahi et al.PRL’12 
 
    
 

       
 



Kinks in SCES (generic, no bosons)  

 

 
Kinks in SrVO3: LDA+DMFT              experiment 
                              Nekrasov et al. PRB’06                   Aizaki et al.PRL’12 
 
    
 

       
 

Z = (1-dS(w)/dw)-1  

Ek=ek+S(Ek)
 



 

    

 

Mathematical explanation of kinks  

3 peak strucutre in  Im G(w) 

Kramers-Kronig  

max  |Re G(w)|  

S(w)=w-1/G(w)-t2G(w) + ... 

w-1/G(w) 

Byczuk et al. Nat.Phys’07 

ZCP and ZFL  



 

    

 

But what is the physical origin?  



Kinks in SCES  

no kink in S(w) kink in S(w) and ARPES 

two energy scales  

• kink energy = TK  

• width of central peak G  

one energy scale:  

•TK= width of central peak 

Held, Peters, Toschi  PRL‘13 

G  
TK 

~ t 



Poor man’s scaling  

 

Flat wide band   

Anderson‘70 

Kondo model   



Poor man’s scaling  

 

correlated bath ~ Lorentzian  

two energy scales TK (J )  <  G  

Held, Peters, Toschi  PRL‘13 

TK (J )   < 1 



TK 

Kinks in SCES Hubbard model (DMFT)  
  

 
Held, Peters, Toschi  PRL‘13 

cf. Raas et al. PRL‘09 

Hubbard model U=2D 
 TK = 0.21G (poor man) 
     ~ 0.21G (NRG) 
 
 
 

T K
 

T K
 

T K
 

T K
 



Kinks in the specific heat 

 
Toschi, Capone, Castellani, Held  PRL‘09 

LiV2O4:  
first d-electron heavy fermion system 



Conclusion  

  If your ARPES resolution is good enough, 

 chances are high to see a kink 

 

  origin I: phonons (or other bosons) 

 

   origin II: Kondo effect in lattice SCES 

G  
TK 

one energy 

scale TK  

two energy 

scales G,TK 

& kink at TK   



Thanks…  
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