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Mesoscopic quantum electrodynamics with spins in carbon nanotubes

Electron spins in quantum dots represent an attractive path towards the realization
of quantum processors due to the high spin resilience to environmental  noise.  A
promising architecture consists in coupling spin qubits to microwave photons in a
circuit  Quantum  Electrodynamics  (cQED)  architecture  to  manipulate,  read  and
couple spin qubits. It relies on an engineered spin-photon coupling. The HQC group
pioneered the field, with carbon nanotube (CNT) as the host material for the spin
qubit1,2. CNT offer very interesting aspect for spin qubits as they have a very low
natural  abundance of nuclear spins,  can be grown ultra-clean and be suspended,
offering the only qubit platform free of oxide, which host charge fluctuators that are
the  main  source  of  decoherence  in  other  solid-state  qubits.  The  technology  to
achieve these last two aspects was developed in the HQC group3. Thanks to the high
quality of  the  devices  obtained  with  this  nano-assembly technique,  we  recently
demonstrated the manipulation, with cavity photons, of quantum states in a CNT
with coherence time of the order of 1.3μs4. This is 2 orders of magnitude  larger than
any previous implementation of spin qubits  with CNT and 1 order of magnitude
larger than similar device using silicon.
The proposed internship, and following PhD, aims at pushing these recent results
further  to  demonstrate  a  high  single-qubit  gate  fidelity  above  the  fault-tolerant
threshold  for  quantum  error  correction  codes  (and  go  to  two-qubit  gates).  The
strategy  will  rely  on  electrically  tuning  the  spin  qubit  to  further  improve  its
coherence time (expected to be between 5μs and 25μs), boosting the spin-photon
coupling with high-kinetic inductance microwave resonators  and exploiting novel
electron-photon  coupling  schemes  that  are  currently  being  demonstrated  in  the
group. The candidate will benefit from the interaction with all members of the group
and of the fruitful partnership we have  with the startup C12 which can then offer a
CIFRE PhD funding.

The  candidate  should  have  a  strong  theoretical  background  in  quantum  and
condensed matter physics, a strong interest in nano-devices and complex microwave
techniques to manipulate a quantum system in the time domain.
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