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Outline 

 

 

1. Enhancement of many-body delocalization by      

                                                  spectral diffusion 

 

 

2. Many-body delocalization in continuum 

 



slide from 2004 



T-dependence of conductivity (1958, 1980) 

No interaction: Anderson ’58; short-range interactions: Fleishman & Anderson ‘80 

( ) 0T 



T-dependence of conductivity (1982) 

Dephasing of weak localization. Altshuler, Aronov, Khmelnitskii ‘82 

( ) 0T 



T-dependence of conductivity (2004) 

( ) 0T 

IVG, Mirlin, Polyakov, arXiv:cond-mat/0407305v1  

Localization in Fock space (Altshuler, Gefen, Kamenev, Levitov ’97), but 

error in counting terms (“n! problem”) – “too classical”, as pointed out by BAA 



T-dependence of conductivity (2005) 

MIT 

( ) 0T  ( ) 0T 

GMP‘05 (~GMP‘04 with corrected factorial)  

Basko, Aleiner, Altshuler ‘05 



What might be missing here? 

• Spectral diffusion 

 

 

• Divergence of single-particle localization length 

 

 

• Rare events 

 

 

• Long-range Coulomb interaction 

 



J.R. Klauder, P.W. Anderson (1962); J. L. Black, B. I. Halperin (1977); 

Yu.M. Gal'perin, V.L. Gurevich, D.A. Parshin (1983,1988); 

A.L. Burin, K.N. Kontor, L.A. Maksimov (1990); A.L. Burin, Yu. Kagan (1995)  

                                                           (spin resonance, relaxation in glasses) 

transitions in interacting many-body systems affect resonant conditions         

for other transitions – “true many-body” relaxation mechanism 

 

 

delocalization for power-law interactions: 

                                           A.L. Burin (2015); D.B. Gutman et al. (2016) 

 

 

This talk: parametric enhancement of many-body delocalization  

                by spectral diffusion for short-range interactions 

 

“Anderson vs. Anderson”  (Fleishman & Anderson ’80  vs.  Klauder & Anderson ‘62)   

Spectral diffusion 



diffusive quantum dot, conductance:   

mean single-particle level spacing:  D  

Thouless energy:  ET = g D 
 

B.L. Altshuler, Y. Gefen, A. Kamenev, L.S. Levitov (1997) 

Relaxation in a quantum dot 

random interaction, r.m.s.   V ~ D / g 

(within energy band of width ET )  
 
 

typical many-body states with energy  E :   
                             
                             excited particles 
 
  “effective temperature”    

/N E D

E TD 

T D 



              Localization in Fock space 

Mapping onto localization problem for hopping over graph in Fock space: 

Interactions  → hybridization of Fock-space basis states (Slater determinants) 
                       → noninteracting single-particle problem on Fock-space graph 
                            (node = basis state, hopping = interaction) 

Anderson transition on  graph    Localization-delocalization in Fock space 

B.L. Altshuler, Y. Gefen, A. Kamenev, L.S. Levitov (1997) 



Many-body interference 
Silvestrov (1997); 
Basko, Aleiner, Altshuler (2005);   
Ros, Mueller, Scardicchio (2014);                                  
IVG, Mirlin, Polyakov (2016) 

Decay of n-particle state: elementary interactions → n! ways to be time-ordered 

                                                                               → n! different paths in Fock space 

                        but not statistically independent: correlated amplitudes 

No spectral diffusion: 

Loops in Fock space  

→  destructive interference 



             Counting resonances 

a 

b 

g 

d 

V 
elementary resonance: 

level spacing of all basis states with energy E 
to which a given basis state is connected: 

number of resonances for N-particle state: 

no spectral diffusion (no energy shifts)   conservative estimate:   



       Quantum dot: Counting resonances 

V1 V2 

V3 

V1 
V2 

V3 

N =  6,    p = 3  

+ other permutations  



       Quantum dot: Counting resonances 

V1 V2 

V3 

V1 
V2 

V3 

N =  6,    p = 3  



       Quantum dot with spectral diffusion 

diagonal matrix elements of interaction 

do not connect sites on Fock graph 

 

 

 

Energies of sites on Fock graph (basis states) include interactions 

between all single-particle states forming given many-body state 

  



  Without and with spectral diffusion 

without spectral diffusion with spectral diffusion 



  Quantum dot: Structure of resonant graph 

without spectral diffusion: 

finite cluster of resonant nodes 

with spectral diffusion:  

very similar to Bethe lattice 



           Reinitialization of resonances 

elementary resonance: 

spectral diffusion (diagonal interaction):  each step (two electrons change states)   

     all other single-particle energies are shifted by random amount  V ~ D / g 

 

    ~ p/2 original resonances are replaced by new resonances 

           (“reinitialization” of resonances at each step) 

 

after m steps, pairs with original mismatch 

become resonant; hybridization proceeds until   

number of resonances for N-particle state: 
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b 

g 

d 

V 

a 

b d 
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  Quantum dot: Higher-order processes 

Generalization to k nonresonant pairs: 



  Quantum dot: Higher-order processes 

without diagonal matrix elements (no spectral diffusion): 

with diagonal matrix elements (spectral diffusion): 



  Quantum dot: Higher-order processes 

Generalization to k nonresonant pairs: 

a 

b 

g 

d 
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a´ 
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g´ 

d´ 

V´ 
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g´´ 

d´´ 

V´´ 

Many-body delocalization threshold at 

Single resonance (p~1) is sufficient 

 

(“Aberg criterion”) 



Onset of quantum chaos in nuclei 



              Extended systems 

Inclusion of diagonal matrix elements    spectral diffusion   

                                                               enhancement of delocalization 

without spectral diffusion (2005) with spectral diffusion 

Higher-order processes important at  



              Diagrams and factorials 

Quantum dot: 

Extended system (M “quantum dots”): 



Conclusions I 

 

1. Spectral diffusion (diagonal matrix elements)  

             enhancement of many-body delocalization 

 

3.    Relaxation in a quantum dot revisited: 

          Localization threshold at  Ec ~  

 

4.   Extended systems with localized single-particle states: 

          Many-body delocalization down to 

       

       



IVG, Mirlin, Müller, Polyakov,   

Ann. der Phys. 2017, 1600365 

Absence of MBL in continuum 



T-dependence of conductivity (continuum) 

Superactivation 

( ) 0T 

quasi-MIT 
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Conclusions II 

In continuum [unbounded localization length ξ(E)], 

an effective mobility edge Em  emerges  

due to hot-cold hybridization;  

Em (T) diverges (rather slowly) as T → 0. 

 

Thus there is no genuine MBL in continuum: 

the conductivity is zero only for T = 0. 

 

Superactivated transport as T → 0 

 

 

 
 


