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The goal of this project is to investigate
superconducting quantum dot arrays
integrated with superconducting circuits as
possible platforms for hybrid qubits. Under
the appropriate magnetic fields, the
effective mechanism of superconducting
pairing along such arrays was predicted to
be a spinless p-wave type, leading to the
realization of a Kitaev chain with Majorana
zero modes [1]. When two such chains are
embedded in a transmon circuit, hybrid
qubits are formed [2] that could harness the
conftrollability of transmon qubits and the
topological protection of Majorana modes.
In particular, we derive an effective low-
energy Hamiltonian of the minimal Kitaev
model [3], study extensions to longer chains
as well as embeddings into circuit QED
architectures [4]. As a future goal, the ability
to perform single-qubit operations will be a
first step towards quantum computing in
such hybrid devices [5,6].

107!

10‘2 —

1073 =
Standard appraoch

1074 =
1075 =

Near-term
applications?

Limiting Error Rate

106 =

1077 = Useful q

QuKIT approach  comp

X

| I | | I 1 |
100 10' 102 10%® 104 105 10 107 108 10°
Number of qubits

Classically
10°8 —4simulatable

Figure 1: Roadmap for the QuKIT project to
fabricate high fidelity qubits. The Kitmon qubit is
expected to reduce the limiting error rate
harnessing topological protection of Majorana
modes while sacrificing some scalability.
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Figure 2: Proposed minimal realization of the
Kitmon gubit. Two minimal Kitaev chains (green)
with onsite energy u,_, coupled by a
superconducting tfransmon circuit (cyan) with
Josephson energy E; form a local parity qubit.
This device supports elastic cotunneling t,
crossed Andreev reflection A and Josephson
coupling t; with superconducting phase
difference ¢.
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