Exchange interaction in Germanium hole spin qubits
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We infroduce a computational method,
derived from configuration interaction,
which enables efficient calculations of the
spectrum of two-particle problems in very
realistic geometries. We apply this method
to a double hole spin qubit in a Germanium
heterostructure. We analyze the nature and
physics of the exchange interaction, J,
between such two qubits. We highlight the
role played by the Coulomb correlations
and the importance of the couplings with
the excited states (See Fig. 1). We also
discuss the mixing of the singlet (S) and

triplet (T) states by spin-orbit coupling,
including the difference of g-factors
between the dofts and the Rashba

intferactions while tunneling. The S-To mixing is
particularly relevant for two-qubit gates and
the S-T- mixing for singlet-triplet qubits and for
readout [1]. We show, in particular, that
inhomogeneous cool-down strains can
make a significant contribution to these
mixings. We then analyze the dependence
of J and the S-T. gap on the orientation of
the magnetic field while keeping the
detuning between the dots fixed. This
reveals that the S-T- mixing is maximal for in-
plane magnetic fields and most sensitive to
the orientation in this plane. The magnitude
of the calculated S-T- splittings is consistent
with the available experimental data [2].
Finally, we show that we can achieve time-
dependent two-particule simulations with
our methodology and compute the fidelities
of the initialization and readout of a singlet-
triplet qubit as an illustration.
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Figure 1: Band structure of the system as a
function of the detuning between the dofts for a
full configuration interaction (Cl) calculation
and our proposed dressed basis approach.
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