The superconducting diode effect (SDE) has attracted considerable attention because of
its potential applicability to dissipationless rectification in superconducting circuits,
corresponding to p—n junctions in traditional electronics. We theoretically examined the SDE
in a device with two quantum dots (QDs) connected to three superconducting leads L, R1,
and R2. Lead L is commonly connected to the QDs (QD1 and QD2), whereas R1 (R2) is
connected to only QD1 (QD2). The superconducting phase differences ¢, between leads L
and R1 and ¢, between leads L and R2 are independently tuned.

Within the superconducting energy gap A,, the Andreev reflection takes place between a
QD and a lead: An electron (a hole) from a QD is reflected as a hole (an electron). In QD
between leads L and R}, repeated Andreev reflections lead to the formation of a bound state,
known as an Andreev bound state. In our device, the coupling to a common lead L forms a so-
called Andreev molecule between the bound states, which results in the dependence of the
supercurrent to lead R1 (I;) on both ¢; and ¢,. The relation I,(—¢;, —@,) = =1, (@1, ¢;)
holds owing to the time-reversal symmetry. As I;(—@q, ;) # —1, (@1, @2) at @, # 0,7, the
critical current of I; can differ in the positive and negative directions for a given ¢,, that is,
13 (¢y) # I (92), where IF(9,) = max, [+1;(p1, ¢;)]. The conditions required for enhanced
SDE may now be examined.

In the absence of electron—electron interaction U in the QDs, we calculate the energy
levels of the Andreev molecules, +E;,+E, (0 <E; <E,), by solving the Bogoliubov-de
Gennes equation. In the ¢,-¢, plane, E;(¢;,¢,) =0 at two points, with a conical
dispersion relation of +E;(¢;,®,) around them (Dirac cones), if the energy levels in the QDs
are tuned to the Fermi level. The supercurrent [, is given by I (@4, ;)=
—(2e/W)[(0E /D @) + (OE;/0 ;)] . When ¢, is varied while keeping ¢, constant,
0E,/d ¢, assumes large negative and positive values before and after the Dirac points,
respectively, with these points acting as discontinuities. Thus, the critical current IF (¢,)
[17 (¢,)] is remarkably enhanced when 9E,/d ¢, is negative [positive], yielding a large SDE.
The efficiency reaches almost 30% when ¢, is set to the value corresponding to the Dirac
points.

In the presence of U (< A,), the ground state transitions between spin-singlet and spin-
doublet configurations around the Dirac points. The SDE is enhanced at these transition
points, with the efficiency nearly the same as that in the absence of U.
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