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The focus of this project was to develop a theoretical  
model of electron transport in adjacent nanoscale 
conductors (top left figure).  Electron flow in one 
conductor may drag electrons in other conductors because 
of electron-electron interaction between the conductors. 
This phenomenon is called the Coulomb drag. We 
evaluated dependence of the drag current on system 
temperature and applied voltage bias. We also investigated 
statistical distribution of the drag coefficient for single and 
multi channel quantum dots (right figure). 
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dependence for extended s± SC state in the presence
of interband impurity scattering. Interband impurity
scattering also results in a power–law dependence of
the spin relaxation rate in nuclear magnetic field res-
onance [24, 26]. Therefore, one can evaluate SC OPs
and interband scattering rates from independent experi-
ments.
Model. We consider a simplified two–band model [24]

of iron–based pnictide superconductors with a single elec-
tron and hole FSs. Generalization of this model to a
larger number of electron and hole FSs does not qualita-
tively change our results. We assume that the SC state
has an extended s±–wave symmetry and is characterized
by isotropic OP ∆α on electron, α = e, or hole, α = h,
Fermi surfaces, with ∆h∆e < 0. Scattering off disorder
can be separated into two categories: intraband scatter-
ing when electron band index stays the same and inter-
band scattering when electrons change their band index.
We note that the intraband scattering does not affect
the SC state with isotropic OP. The interband scatter-
ing mixes electron states with opposite OP in s±–wave
SC and results in the depairing of the Cooper pairs sup-
pressing superconductivity. In this case, the inter–band
scattering rate Γπ characterizes SC properties in a similar
way to the spin–scattering rate in conventional supercon-
ductors with magnetic impurities [29].
For a weak enough current through the point con-

tact, the superconducting state is nearly homogeneous
in space. We disregard the proximity effect in a metallic
probe [27] and apply the circuit theory [28] to evaluate
the differential conductance G(V ) = dI/dV :
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has a meaning of spectral current density and is written
in terms of functions aα(ε) and ξα(ε) = [1 − a2α(ε)]/[1 +
a2α(ε)] of quasiparticle energy ε. The function Zα(x) is

defined in terms of the transmission eigenvalues t(α)n of a
point contact between states in normal tip and electronic
states on Fermi surface α:

Zα(x) =
e2

π
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n
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The functions aα(ε) are solutions of a system of two
forth–order algebraic equations

∆e(1 − a2e) + 2iεae =
2Γπ(ae − ah)(1 + ahae)

1 + a2h
, (4a)

∆h(1− a2h) + 2iεah =
2Γπ(ah − ae)(1 + aeah)

1 + a2e
. (4b)

FIG. 2. (Color online). A fit to the experimental data of
Ref. [19, Fig. 3] with ∆h = −∆e = ∆ = 6.3meV and
Γπ = 0.59meV used as fitting parameters. Only experimental
points for V > 0 were utilized for the fit. The distribution of
transmission eigenvalues, Eq. (5), was adjusted to match the
experimental zero–bias conductance G(0). The temperature
was fixed at the reported value T = 2K.

A proper solution of Eq. (4) is chosen from the condi-
tion that aα behaves like i∆α/[2(ε+ iΓπ)] at |ε| " |∆α|
and Eqs. (1)–(3) recover the normal conductance GN =
(

e2/2π
)
∑

α,n t
(α)
n at bias eV " |∆e,h|. We note that for

Γπ = 0, Eq. (4) describes the BCS-type superconductor
and Eq. (1) recovers the BTK result.

Results. We first analyze the differential conduc-
tance for a superconductor with equal in magnitude OPs,
|∆e,h| = ∆. The left panel in Fig. 1 shows the differen-
tial conductance for a single–channel junction with very
weak tunnel probability t(α) # 1 between the normal tip
and the superconductor.

In this case the Andreev reflection is suppressed as

(t(α)n )2 and the differential conductance is proportional
to the electron density of states (DoS) in a superconduc-
tor, except at the very top of Andreev resonance peaks
at bias e V = |∆e,h|. As the ratio Γπ/∆ increases, we
observe an evolution of the DoS from a BCS–type DoS
with gap equal to ∆ and a very high peak above the
gap to a smaller gap and reduced height of the peak. In
particular, a relatively small Γπ/∆ = 0.01 already dras-
tically reduces the height of the peak. At Γπ/∆ $ 0.5,
the gap completely disappears, as expected [29]. We also
note that the position of the maximum of the differen-
tial conductance moves slowly to higher bias as Γπ/∆
increases.

Larger contacts have many conduction channels with

transmission eigenvalues t(α)n between 0 and 1. Assuming
that the contact is diffusive, we model the statistics of

We also investigated the current through a nanoscale contact between a 
novel type of superconductor and a metal.  Recently discovered iron-
based pnictide superconductors are multiband electronic materials. We 
demonstrated that the inter band scattering off disorder is responsible for 
broadening of the of the differential conductance curve across the 
nanoscale contact between such superconductors and normal metals. Our 
theory is in a quantitative agreement with experiments (bottom left 
figure). 


