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Motivation

Resistivity is often first measured, the last understood...

What is current?

Lorentz model of electric current flow electric field
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No stationary state
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Problem

Grand canonical Hamiltonian:
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> Electric current?




Method

C. Caroli, R. Combescot, P. Nozieres, and D. Saint-James, J.Phys.C 4, 916 (1971)

For ¢ < {g no hopping between metal and insulator:
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Equilibrium quantum statistical physics

Attime {y hopping turned on:
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H(t > tg) = H(ty) + (Tal a, + T’agab + h.c.)

Nonequilibrium, nonstationary situation

But limit g — —OO, stationary state



Equilibrium case: t <t

Grand canonical partition function (thermodynamics):
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N-particle quantum states

number of particles

Effectively three separate systems:
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% chemical potential grows 1+ eV



Current in the system: ¢ > t,
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Operator calculating number of particles in the left metal

NL = CL,}-LGJ@'
i<a Y (t)) = U(t, to)yw (to))

A

Np(t) = Ul(to, t)YNLU(t, to)

Current 7] ;



Non-equilibrium Green function
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time ordering on Keldysh contour

Teds(£)al (1) =

{ a;(t)al(t)  for t >t
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—al(t)a(t) for t <.t



Green function for system with perturbation
H(t) = Hy + H,(t) Hi(t<tg)=0

For Hp: Go.i;(t, 1) /i(fllcc’ii(t)&}(t’))eq
Hamiltonian in time evolution
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For H : Gij(t,t) = —i(Toa;(t)a (t'))eq

Keldysh-Kadanoff-Baym equation:
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equilibrium!



Keldysh-Kadanoff-Baym equation in practice

Nonequilibrium Green function negative branch
/ .
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yield four different physical (real times) Green functions.

Keldysh-Kadanoff-Baym equation => four equations for physical Green functions
G =Gy + GoxGG

In Fourier transform four algebraic equations

=> non-equilibrium Green function



Current

Assumptions:

estationary state

ezero temperature

edensity of states in the insulator in the range of energy is strictly zero

advanced retarded
(QW)QGTQT’Q/ u+eV diw y/ /
J = - Gba, G b (W ps(w)
h " 27T \/4
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Current:

built up from contribution of states with energy between
*depends not on momentum, but energy



Perspective — include interactions

Grand canonical Hamiltonian:

H = Ztijagaj — Zuiaga@-
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metal Insulator metal
Extension:
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The main point: density of states for inhomogeneous equilibrium system
(real space DMFT)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11

