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Abstract

We investigate the measurement induced dephasing of the Fano effect in the electronic transport through a double quantum dot
mesoscopic interferometer coupled to a charge detector. The current and the differential conductance are computed within the Keldysh
formalism, taking into account of the inelastic processes due to the dot—detector interaction. We show that the visibility of the Fano
lineshape is reduced by applying a finite bias on the charge detector.
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1. Introduction and model

The decoherence of quantum transport in mesoscopic
interferometers is a timely issue both from experimental
and theoretical points of view, particular attention being
paid to the loss of interference when reading ‘Which
Path™—type information [1]. It was shown that the
Aharonov-Bohm oscillations of the current through a
single dot interferometer are reduced when a charge
detector subjected to a finite bias is placed in the vicinity
of the embedded dot. This effect is due to the inelastic
scattering processes induced by the dot—detector Coulomb
interaction and was discussed theoretically and reproduced
qualitatively in Ref. [2]. Another mesoscopic interferom-
eter which shows interesting properties is the so-called
T-shaped system, or the side-coupled dot. In the experi-
ment of Kobayashi et al. [3] it was shown that the current
exhibits Fano lineshapes as a function of the gate potential
applied on the side-coupled dot. Also, Johnson et al. [4]
emphasized the interplay of Coulomb interaction and Fano
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interference in quantum dots coupled to a one-dimensional
channel.

In this paper we present related results for a different
system, namely a double quantum dot coupled to a charge
detector. One of the dots is connected to leads and provides
the background contribution to the transport. The second
one is only side-coupled and interacts with a nearby charge
detector. We consider single site quantum dots. The
Hamiltonian of the system (interferometer+ detector)
reads as

2
H=Y (&+ V)dld: +t(did, + hc) + eoa’a + Udidra'a,
i 1 2
i=1

(1)

where dj(di) are creation (annihilation) operators on the
two dots, a'(a) are operators associated with the detector
and ¢;, & are on-site energies. t is the hopping constant
between the dots and U is the strength of the Coulomb
interaction between the second dot and the detector. V; is a
plunger gate voltage applied on the ith dot. In the steady
state regime the standard application of the Keldysh
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Fig. 1. (a) The differential conductance as a function of the gate potential applied on the dots for U = 0.0 (dotted line) and U = 0.5 (solid line). The
dashed line plot corresponds to the first term in the current formula. The bias on the interferometer is ¥ = 0. (b) The dependence of maximum and
minimum values of the Fano lineshape on the bias V4 applied to the detector at fixed interaction strength U = 0.3. (¢) and (d) The differential conductance
as a function of the gate potential at bias ¥ = 0.5 and interaction strength U = 0.3 (c) and U = 0.5 (d). Other parameters: 1 = 0.2, & = 0.0, & = 0.57.

machinery and current conservation lead to the following
formula for the current:

e 2t

J=:

h [, QE(CIGHF — TGy ImZ5G)(f, —f ).
— tL

2

where I' = 2nflp in which p = /453 — E*/(2nt}) is the
density of states in the lead and 7 is the hopping energy.
Note that we do not use the wide-band limit approximation
and therefore the density of states depends on energy. Z® is
the interaction self-energy that will be computed perturba-
tively up to the second order in the interaction strength (for
more details see Ref. [2]). We also remark that the Green
functions contain the self-energy of the leads which we
denote by X1 as well as the interaction self-energy Z®. The
above equation clearly shows that as long as the interaction
self-energy has a non-vanishing imaginary part the current
cannot be cast in a Landauer—Biittiker formula. This fact
was emphasized at a general level by Meir and Wingreen [5]
and more recently Koénig and Gefen [6] pointed out that for
a single site dot the correct transmission coefficient in
the presence of electron—¢lectron interaction is 7T(E) =
—I'Im Gﬁ instead of the Landauer form T(E) = I'*|GY}|.
For our system it is very easy to see that using the identity
Im GY, = [GR(ZR + £R)G*],, the current formula can be

rewritten as

21,
J=—e/h dET(E)Im Gﬁ(E)(f'a(E) —fp(E)).

=21

(€)

When computing the differential conductance Gg4(V) =
dI(V)/dV it is enough to take the derivative of f, —f
only since it turns out that Iran22 has a very weak

dependence on the bias V.
2. Results

We present now the numerical results. The bias on the
interferometer and on the detector are introduced by
taking different chemical potentials of the leads. For
example the bias on the interferometer V = u; — pp. In
Fig. 1a we show the differential conductance for two values
of the interaction strength (U = 0.0 and 0.5) as a function
of the gate potential applied on the dots. As expected, G is
a mixture of a broad resonance originating from the QD
which is strongly coupled to the leads (i.e. #{, = 1) and a
sharp resonance due to the level of the second dot whose
imaginary part is of order 2. The resulting Fano lineshape
is shifted and reduced as the interaction strength increases.
The current through the detector in turn exhibits two steps,
the passage between them corresponding to the Fano
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resonance. For the interacting case we plot (the dashed line
curve in Fig. 1a) the contribution of the first term in the
current formula which is of a Landauer—Biittiker form, still
containing the interaction effect. This term alone would
lead to dephasing but the Fano dip increases more when
the second term is taken into account. The fact that the
Fano dip is not strictly zero is due to the non-vanishing
imaginary part of the interaction self-energy. It is easy to
show that the numerator of the effective Green function of
the double dot behaves like & — XR(E) — E. From the
physical point of view the reduction of the Fano dip means
that the Coulomb interaction suppresses the destructive
interference. The same effect was discussed by Koénig and
Gefen [0].

Fig. 1b demonstrates the enhancement of dephasing
when the bias on the detector increases. While keeping U =
0.3 we give the Fano peak and dip values as functions of
V4. The amplitude of the Fano line is drastically reduced
(by 80%). Note that the dependence on V4 is nonlinear and
that the dephasing saturates at large values of V4. The
saturation appears when the efficiency of the detector
reaches its maximum.

In Figs. 1c and d we present the differential conductance
when the bias on the interferometer is ' = 0.5. The main
difference when comparing to Fig. la is that the
conductance exhibits two dips. This is due to the fact that
at finite bias the derivative of the Fermi functions lead
(in the zero temperature limit) to two delta-functions
O0(E £ V/2). The dotted line in Figs. Ic and d is the non-
interacting conductance and it is clear that the two dips
are located at 0.25 and —0.25, which are up to a sign

the chemical potentials of the two leads. Again, the
interaction effect is to shift the resonances and to reduce
the Fano dips.

Given the experiment of Kobayashi et al. [3] with side-
coupled dots and the high tunability of double quantum
dots we hope our result will stimulate a similar setup with a
charge detector. We mention also a recent paper by
Malyshev et al. [7] on non-interacting side-coupled double
dots which presents the time evolution of an incoming
narrow Gaussian packet. The theoretical formulation we
have previously developed [2] and briefly discussed here
should be applicable to this and similar systems.
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