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Luttinger Liquids
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Bosonization
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Non-equilibrium Luttinger Liquids

Non-equilibrium edge-channel
spectroscopy

C. Altimiras, H. le Sueur, et. al., Nature Physics 6, 34 (2010);
Phys. Rev. Lett. 105, 226804 (2010).



The model
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The interaction constant is smooth on the scale of the Fermi wave-length but sharp
on scale of the relevant bosonic wave-length.

g(x) = g0 (/2 — |x|)



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!

M = M(T = 0)A[0r(t), nr(e)]A[L(t), nL(€)
det [1+ (e — 1) n(e)]

Z[é(t)g n(e)| = det [1 4+ (655(15) )TZT:O(G)]

Generally  AJA(t), B(e)] = det [1 + EE}



Single-particle correlation functions and

Toeplitz determinants
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SzegO limit theorem
(Szeg0, 1952; Widom 1976)
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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
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Fermi edges and Fisher-Hartwig conjecture

AN[f]— e exp
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Jumps In distribution function lead to logarithmic
divergence of the sum in the exponent and
power-law behavior of the determinant.
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Fermi edges and Fisher-Hartwig conjecture
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Fermi edges and Fisher-Hartwig conjecture
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Fermi edges and Fisher-Hartwig conjecture

Classical Fisher-Hartwig conjecture:
choose the branches of logarithm providing the slowest decay
(Fisher & Hartwig, 1969, Delft, Its, Krasovsky, 2011)

Generalized Fisher-Hartwig conjecture:
sum over branches (Gutman, Gefen, Mirlin, 2011,
|.P. , Gutman, Mirlin, 2012)
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Higher correlation functions and Fredholm
determinants

det [1 + (€1 — 1) n(e)
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Multiple Fermi-edges and power-laws
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Correlations at the output of the wire
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Fermionic distributions at the output of the wire
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Correlations at the output of the wire
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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.



