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FIG. 2: (a) Continuous degeneracy of the classical minimal
energy states. We identify 3 highly symmetric midimal states
O;, i+ = 1,2,3 (white, black, and grey dots) involving two
opposite junctions with a phase difference ¢;; = 0 and four
remaining junctions with ¢;; = w. Three families of lines
(solid, dashed, dotted) connect these states around the cube
[—7,7]* where the energy is continuously degenerate with a
value V; = —2E;. The (non-orthogonal) coordinates y; are
directed along the minima, e.g., x1 = 0, x2 = —7, x3 €
[0, ] along the reference line «y along which the change in the
potential V, is shown for the values xz = 0, 7/2, 7. Quantum
_ fluctuations induce potential barriers along the minimal lines,

separating the classical states O; and transforming them into
semi-classical states |O;). (b) Tunneling between the states
|O;) establishes the low-energy spectrum of the tetrahedron.
The tunneling process connecting the states |0:1) and |O2)
involves two trajectories where a fluxon ®0/2 cuts through
4 junctions, flipping all of them by w. The phase difference
between the two trajectories (the solid line corresponds to )
produces the Aharonov-Bohm-Casher phase obtained when
taking the fluxon ®¢ around the islands ‘1’ and ‘2’.
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FIG. 3: Excitation gap A4 protecting the qubit doublet
against higher excitations as a function of E;/E¢c; the dashed
line is the semi-classic result based on (17). The inset shows
an expanded view illustrating the crossing of the singlet and
triplet excited states as the system enters the charge dom-
inated regime at low values of E;/FE¢c; the dashed line is
the analytic result (20) valid in the charge dominated regime
Ec > Ej;. Data obtained with help of a Lanczos algorithm
operating in the charge representation with 27 charge states
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(a)

isolated

FIG. 1: (a) ‘Tetrahedral’ superconducting qubit involving
four islands and six junctions; all islands and junctions are
assumed to be equal and arranged in a symmetric way. The
islands are attributed phases ¢;, 1 = 0,...,3. In order to mea-
sure the qubit’s state it is convenient to invert the tetrahedron
as shown in (b) — we refer to this version as the ‘connected’
tetrahedron; the inner dark-grey island in (a) is then trans-
formed into the outer ring in (b). The additional junctions on
the outer ring are used in the measurement process probing
the qubit state via the external currents [mi; their coupling
E is large compared to the Josephson energy E; of the six
qubit junctions, hence effectively binding the ring into one
1sland.
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