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(i) Fermi-Edge Singularity (FES) in electron transport 

(ii) Review Feynman diagrams,  N ozieres approach

(iii) N ew technique: functional determinants

(iv) FES out of equilibrium

(v) Mesoscopic FES, chaotic scattering, quantum dots

D.A. Abanin &  L.L., PRL 93, 126802 (2004), PRL 94, 186803 (2005)



Fermi-Edge Singularity in Resonant  Tunneling

Matveev &  Larkin '92

Many-body enhancement of transition rate in 
resonant tunneling











Elas t ic Scat t ering , Fey nm an Diag ram s

One particle QM scattering amplitude, perturbation theory

Integral equation:

Solution:



M any -Bod y  Theory

Causal Green's funct ion

Retarded and advanced 
Green's funct ions

Summing the series for scat tering on V obtain



The ort hog onalit y  ca t as t rop he

Dynamical overlap

Linked cluster expansion

One diagram in each order of perturbat ion theory



Exam p le: s econd  ord er cont ribut ion

(the exponent gamma regularizes contribution of long times)

Power law for the overlap:

Ground state overlap in a finite system 
a power law function of system size

(relate gamma to level spacing)

Good only for weak perturbat ion  -->  Nonperturbat ive methods?



N ozieres-deDominicis approach

(i) Resummat ion of Feynman diagrams:

(ii) Dyson equat ion for G gives a singular integral equat ion

Scale decomposition of G good for clean Fermi liquid in equilibrium

(iii) Use special technique (Muschelishvili) to obtain solut ion







Klich '02









Example: Orthogonality Catast rophe



PRL 94, 186803 (2005)



(Effective temperature)









Tunneling  in an Op en Q uant um  Dot :
M es os cop ic FES

(i) Scat tering after tunneling, mult iple returns,
enhanced interact ion
(ii) FES depends on full S-matrix --- tunability
(iii) Mesoscopic fluctuat ions over FES

Resonant  tunneling spectroscopy,  Marcus, Zumbuhl (unpublished)



Tunneling  Sp ect ros cop y





M es os cop ic f luct ua t ions

Power law dependence?

Effect of backscattering

Average? Variance?



PRL 93, 126802 (2004)



Energy-independent
below Thouless energy





M es os cop ic FES s um m ary
 FES depends on backscattering, full S-matrix
 FES exponent tunable
 Different power law for fluctuations (in progress)

More broadly:

(i) FES for generic mesoscopic 
scatterer;

(ii) Generalization to disordered 
metals: 
resonant tunneling, two-level 
systems



Conclus ions

 Efficient technique for FES outside conventional 
approach

 One particle S-matrices appear early in the cal-
culation

 Applicable to general energy distribution and 
noncommuting scattering matrices: nonequilib-
rium transport, mesoscopic systems


