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OUTLINE
• Two types of ZBA
• Tunnelling current in a non-equilibrium case
• Tunnelling DoS or else?
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Why “anomaly”?Why “anomaly”?

Ohm’s law: Normal:
G = const

Expected “anomaly”: “high” voltage
“Unexpected” anomaly: low voltage (bias), V→0 

At low T
well-known

for ages



Two types of ZBATwo types of ZBA



Dependence on disorderDependence on disorder

conjecture – Mott transition 
(DoS goes to 0 in its vicinity).

In general:  disorder matters



Dependence on T and VDependence on T and V

Excellent log dependence 
– in an agreement with    
(then) new theory:



Disorder+InteractionDisorder+Interaction ⇒⇒ ““miniblockademiniblockade””
Scatterting from impurities creates self-returning trajectories

A tunnelling 
point contact

The lower dimension d, 
the higher return 

probability

This disorder-driven
effect makes tunnelling 
more difficult for an 
additional electron 
interacting with the rest 



H

Interacting 
disordered sample

Ideal

probe 

TunnelingTunneling Current Current 
H=HP+HS+HT

integration over the contact volume

− Keldysh’ Green’s function, with



• Substitute HP,S → HP,S −(µH)P,S

• Bias µP →µS+eV
• Use the perfectness of P:  GP

<(ε)=2πi f0(ε) νP(ε)

• Rotate Keldsyh G:  GR,A=G--−G<,>,  GK≡G<+G>

• Express via GP and GS

h≡1−2f;  Keldysh ansatz:  GK
S=HS(GR−GA)S

GR−GA=2πiA(r,ε) →LDoS; no information on distribution

all purely non-equilibrium effects are in GK
S



Two contributions to Two contributions to II
Differentiate I to find dI/dV=(dI/dV)1+(dI/dV)2 :

Main contribution (smeared by T)

Additional contribution: ( )

probe DoS is non-flat near εF

HS differs essentially from h0

Two conditions 
for the existence:



Tunnelling Tunnelling DoSDoS contributioncontribution

A
r R

r R

U(ω,q)

In the diffusive limit, 
λF, κ−1á lá L,
1st order correction in 
the inter-n is enough

is universal (no dependence on int.strength at ωáDκq)

Altshuler, Aronov, Lee, 1980 Rudin, Aleiner, Glazman, 1997



P are superconducting:

In the absence of 
relaxation (St=0),   
f(ε) is a double-step: 

NonNon--equilibrium distributionequilibrium distribution

ZBA is suppressed; the 2nd contribution to I is measured giving 
information on f (and St) and thus on relaxation processes.



Measuring f with “zero-bias” probe



Kinetic contribution to Kinetic contribution to II

A

r R

r R

U(ω,q)

corrected simultaneously
A

=τesc

An extra diffuson is at 
q=ω=0: divergency! 

Can only be cut off at 1/τesc: 
particle conservation allows 
only dN/dt in the denominator



General results:

At equilibrium (h=h0), St≡0.



Results for a double-step f and a Breit-Wigner
DoS of the probe (∂ν/∂ε∝δ(ε) ):

The singularity is smeared 
out by temperature TáU



SummarySummary
• For non-equilibrium f, tunnelling current at 

small V is governed by the standard 
tunnelling DoS singularity and by a singular 
kinetic term proportional to St

• Kinetic contribution may be dominant, and is 
controllable by changing the escape time
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