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1) Introduction:  1D world, Luttinger liquids, bosonization. 

2) Summary of non-equilibrium LL: functional bosonization and 

 operator approach.  

3) Single-particle correlation functions and Toeplitz 

 determinants. 

4) Single-particle correlation functions: Szegő limit theorem  

     and generalized Fisher-Hartwig conjecture. 

5) Many-particle correlation functions and  more 

 complicated determinants.  

6) Generalized Szegő and yet another generalization of 
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7) Two particle correlations at the exit from  LL wire.  

8) Conclusions. 

 











Non-equilibrium LL: summary 

Functional  bosonization [Gutman, Gefen, and Mirlin, (2010)]  

Operator approach [I.P.,  Gutman, and Mirlin, (2011)]  

 Any correlation function is a determinant! 

Generally 



Single-particle correlation functions and 

Toeplitz determinants 
Green function of right  

fermions in the wire   

(left-movers at zero temperature, 

smooth boundaries)  

After time discretization  



Szegö limit theorem 
(Szegö, 1952; Widom 1976) 

 

In physical terms this translates into long time asymptotics  

of correlation functions. 

 They are boring for smooth energy distribution  



Fermi edges and Fisher-Hartwig conjecture 
Interesting things happens if the energy distribution has Fermi-edges 



Fermi edges and Fisher-Hartwig conjecture 

 

Jumps in distribution function lead to logarithmic  

divergence of the sum in the exponent and  

power-law behavior of the determinant. 



Fermi edges and Fisher-Hartwig conjecture 

 



Fermi edges and Fisher-Hartwig conjecture 

 



Fermi edges and Fisher-Hartwig conjecture 

 Classical Fisher-Hartwig conjecture:  

choose the branches of logarithm providing the slowest decay 

(Fisher & Hartwig, 1969; Deift, Its, Krasovsky, 2011) 

 

Generalized Fisher-Hartwig conjecture:  

sum over branches (Gutman, Gefen, Mirlin, 2011; 

 I.P. , Gutman, Mirlin, 2012) 

  



Higher correlation functions and Fredholm 

determinants  



Generalized Szegö  



Multiple Fermi-edges and power-laws 





Correlations at the output of the wire 



Fermionic distributions at the output of the wire 



Correlations at the output of the wire 



Outlook 

 Mathematical proof of generalized and “even further 

generalized” Fisher-Hartwig conjectures. 

 

 Application of mathematical results to other physical systems 

 

 Electronic backscattering.   

 

 Effects of curvature of fermionic spectrum.     


