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Abstract. The competition between the Kondo effect and the Ruderman-Kittel-Kasuya-Yoshida (RKKY) interaction is
investigated in a double quantum dots system, coupled via a central open conducting region. A perpendicular magnetic field
induces the formation of Landau Levels which in turn give rise to the so-called Kondo chessboard pattern in the transport
through the quantum dots. The two quantum dots become therefore chirally coupled via the edge channels formed in the open
conducting area. In regions where both quantum dots exhibit Kondo transport the presence of the RKKY exchange interaction
is probed by an analysis of the temperature dependence. The thus obtained Kondo temperature of one dot shows an abrupt
increase at the onset of Kondo transport in the other, independent of the magnetic field polarity, i.e. edge state chirality in the
central region.
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Lateral Quantum Dots (QDs) have attracted a great
deal of attention from the scientific community due to
their high versatility and tunability. Since the spin of a
confined electron in a QD was proposed as an implemen-
tation of a quantum bit (qubit) in a solid states system [1],
the investigation of single, double or triple QDs has led
to many breakthroughs, for instance the observation of
the Kondo effect [2, 3, 4] - a signature of spin entan-
glement in a many-body system where delocalized elec-
trons screen a localized spin. Furthermore, long range
electron mediated spin-spin exchange interactions, like
the Ruderman-Kittel-Kasuya-Yoshida (RKKY) interac-
tion, could provide a solution to spin entanglement be-
yond the nearest-neighbor restraint.

At very low temperatures, in a QD with a non-zero to-
tal spin, i.e. odd number of electrons, the Kondo effect
leads to the formation of a singlet ground state between
the spin on the dot and a conduction electron in the leads.
The new ground state induces the formation of a peak
in the density of states which basically allows transport
through the QD in a situation where sequential tunneling
events are otherwise Coulomb-blocked. The energy scale
of the interaction is described by the so-called Kondo
temperature TK [2]. The Kondo impurities interact also
with one-another via carrier mediated spin-spin interac-
tions, like the RKKY, which compete with the local inter-
action that give rise to the Kondo effect [5, 6, 7, 8, 9]. In
the present work we use transport measurements of the
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FIGURE 1. (a) AFM image of our device defined by oxide
lines (bright). Quantum dots, 1 and 2, are connected to a com-
mon source S, and each to individual drains. Six in-plane gates,
G1-G6, control the potentials of the dots and coupling to the
leads. Differential conductance G2 through QD2 as a function
of VG6 and magnetic field, for positive (b) and negative (c) mag-
netic field polarity. Differential conductance G2 through QD2
as a function of VG6.

Kondo effect as a spectroscopic tool to probe the pres-
ence of the RKKY interaction.

The sample consists of two lateral QDs (Fig. 1 (a))
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FIGURE 2. Temperature dependence of QD2 for (a) positive
and (b) negative magnetic field polarity, taken along the dashed
lines in Fig. 1(b), and 1(c) respectively. (c) TK2 (⊗) vs mag-
netic field and the s fitting parameter (◦). (d) Temperature de-
pendence with respect to the background at the corresponding
positions in (b).

defined by local anodic oxidation with an AFM on a
GaAs/AlGaAs heterostructure containing a 2DEG 36 nm
bellow the surface. The QDs are connected to a com-
mon Source via an open conducting region, and individ-
ual Drains. Further details about the sample and mea-
surement setup can be found in [9]. A magnetic field
applied perpendicular to the 2DEG induces the forma-
tion of Landau levels in the QDs which give rise to the
so-called Kondo chessboard [10, 11, 12, 13]. The edge
states formed in the central open conducting region will
couple the QDs chirally [9], and the coupling direction
can be controlled by the magnetic field polarity. In the
measurements of e.g. QD2 this effect is seen as a clean
chessboard when the QD is "up-stream", i.e. positive
magnetic field (Fig. 1 (b)), or has superimposed the neg-
ative of the QD1 chessboard when it’s "downstream", i.e.
negative magnetic field (Fig. 1 (c)).

The presence of the RKKY exchange interaction in
QD2 is probed by analyzing the temperature dependence
of the Kondo transport in the −4.92 T to −5.05 T inter-
val, as well as 4.92 T to 5.05 T (gray regions in Fig. 2 (a)
and (b)). From the Kondo chessboard measurements, we
also know that QD1 shows Kondo transport between
−4.77 to −4.97 T, respectively 4.77 to 4.97 T [9], there-
fore in the interval −4.92 T to −4.97 T, respectively
4.92 T to 4.97 T, both QDs are acting as Kondo impuri-
ties. TK2, i.e. the Kondo temperature of QD2, is extracted
from the measurements shown in Fig. 2 (a) using G(T ) =
G0(T

′
K2/(T

2 + T
′2

K2))
s with T

′
K2 = TK2/(

√
21/s −1) [3],

after subtracting a polynomial background for each tem-
perature trace. The obtained result is shown in Fig. 2 (c),

where TK2 exhibits an abrupt increase and decrease in the
magnetic field range where the Kondo transport regions
in both QDs overlap, a result very similar to the one ob-
tained for QD1 [9].

For the negative magnetic field situation, when QD2
is "downstream" from QD1, the non-monotonic back-
ground makes a similar extraction of the Kondo tempera-
ture over the whole interval unreliable. However an anal-
ysis of the conductance steps with respect to the back-
ground at the onset of Kondo transport, i.e. at −4.92 T
and −5.05 T, is possible. By using an averaged difference
filter on each temperature trace in Fig. 2 (b) we obtain the
conductance step height Δstep(G2), shown in Fig. 2 (d).
While the temperature dependence of the step height at
−5.05 T shows the expected logarithmic drop with tem-
perature and can be fitted with Eq. (2) in Ref. [3], the
step height at −4.92 T shows a highly non-monotonic
behavior with temperature. The obvious qualitative dif-
ference between the two traces, indicates again that the
two Kondo transport regions are characterized by differ-
ent ground states.

Both the abrupt increase and decrease in TK2 shown
in Fig. 2 (c) and the non-monotonic conductance step-
height behavior with temperature in Fig. 2 (d) are cor-
related with the onset of Kondo transport in QD1 and
are interpreted in terms of RKKY exchange interaction
between the spins of the QDs via the edge states in the
central region. Although in the case of QD2 the effect of
the edge state transport direction is stronger, it is still un-
clear what role the chirality of the edge states is playing
in the exchange interaction between the two spins.
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