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Random-field  XY spin-1/2 model and its physical origin

Low-energy effective Hamiltonian for  strongly disordered 
superconductors  with a pseudo-gap  (near  SIT)

M.Feigelman,  L.Ioffe, V.Kravtsov, E.Yuzbashyan, 
Phys Rev Lett.98, 027001, 2007  
M.Feigelman, L.Ioffe, V.Kravtsov, E.Cuevas,  
Ann.Phys. 325, 1390 (2010)

B. Sacépé, T. Dubouchet, C. Chapelier, M. Sanquer, M. Ovadia, 
D. Shahar, M. Feigel'man, and L. Ioffe, 
Nature Physics 7, 239 (2011)

T. Dubouchet, B. Sacépé,  C. Chapelier,  et al, to be published (2015)    
         



  

  Local tunneling conductance



  

Andreev point-contact spectroscopy

2eV1 = 2Δ

eV2 = Δ+ ΔP

T.Dubouchet,
thesis, Grenoble
(11 Oct. 2010)

(to be published)



  

Tc    versus   Pseudogap

Transition exists even at   δL >>  Tc0      and  

Theory: Cooper pairing of electrons in localized  eigenstates

ΔP   >> Tc



  

Single-electron states  suppressed by pseudogap

“Pseudospin” approximation

Similar   Hamiltonian appears in the study of  JJ arrays
If  off-set charge disorder is taken into account 
 -  see  talk by  Lev Ioffe
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Phys.Rev. B   82, 184534  (2010)
M. Feigelman, L.Ioffe, M. Mezard

Mij  = g/K

Mean field approximation 
 (K →∞) :

Hj = ξjσj
z – σj

x (g/K) Σk<σk
x  >

Bj =(g/K) Σk<σk
x>

 

Bethe lattice approximation and quantum phase transition
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Nontrivial distribution function for O.P. 

Linear  recursion (T=Tc)

Solution in the RSB phase:

T=0

Diverging 1st moment

General recursion:
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Vicinity of the 
Quantum Critical 

Point

<< 1

Order parameter  near transition point:

typical value near the  T=0  critical point 
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Criteria for  localization in the interacting  system

• 1.    Level  statistics  (Poisson vs WD  statistics of the full 

            system spectrum) 

• 2.    Do local excitations  decay  completely ?

● 3.   Does  the external noise propagate

      into the  interior of the system ?
●      …............ (many others)

                   No long-range order at  g < g
c
; 

              What is the nature of  excitations   ?

What determines a boundary of the coherent (noiseless) state ?

Extensive  energy (i.e. temperature)  v/s  intensive (excitation) energy ?
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Superconductor

 g 

Temperature

Energy

RSB state

Full localization:
Insulator with
Discrete levels

MFA line

gc

Full phase diagram: previous results
M.Feigelman, L.Ioffe and M.Mezard,
  Phys. Rev.B 82, 184534 (2010)

X.Yu and M. Mueller, Ann. Phys. 337, 55 (2013)
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Phase diagram (for Jzz=0, T=0)

The Question:   delocalization transition at intensive energies ?

Qualitative reason for that: sharp growth of the total DoS  with excitation energy



  

Bethe lattice recursions for noise power: 

Single-spin approximation
Yu & Mueller 2013 



  

Bethe lattice recursions for noise power: 
many-body effects

Additional resonance  terms due to 3-spin entanglement 

~ g4/K4

Energy shifts   with  the recursion



  

3-spin entanglement and new resonances

Ground state

1st excitation

Corrected eigenstates: New matrix elements:



  

Bethe lattice recursions for noise power: 
many-body effects

~ g4/K4

Recursions produce stationary  distribution functional

which describes 

Single­particle problem:   random numbers and distribution function



  

 Simplified  recursions and  low-energy  decoherence  line:
“proof of the principle”

Neglect energy shifts and
look for the instability line 

3­spin  term is  small  unless very near resonance

“Directed polymer” approx
“Anderson upper limit”



  

Yu & Mueller 2013 

3­spin resonances



  



  

Decoherence line

Actual   critical  energy   'ω
c
(g)    >  ω

c
 (g)  

 But  it  is of the same order of magnitude:
consider recursions at        >>  ω ω

c
 (g)

and  proof  their  divergence 



  

Major approximations employed
1.    Neglect of the non-locality in the  energy 
       during the  recursions

2.   Forward path approximation 
     ( similar to “upper limit” from   AAT) →→   2b < 1

Conclusions
 1.  In a quantum  disordered  spin model  decoherence  
at  intensive energies  occurs  near  the  quantum critical
 point  leading to the ground state with  LRO

2.  Therefore any T>0  leads to non­vanishing transport

3.  Quantitative description of the  decoherence line
demands solution of  the  functional recursion relations
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