R-QIP
Reliable Quantum
Information Processing

The R-QIP project aims to develop efficient and

practical countermeasures against quantum

errors in quantum computer systems. The focus

is on solutions for medium-sized quantum
computers that will be available in the near
future.

Motivation

Current quantum hardware is prone to errors
due to, among others, decoherence, I.e,
uncontrolled and undesired interactions of the
data qubits with the environment.

Although the quality of quantum hardware is
improving, there is a consensus in the quantum
computing community that quantum error
correction will be necessary to carry out useful
gquantum computations.

The goal in R-QIP is advancing towards fault
tolerant quantum computers by focusing on a
specific hardware platform (ion traps) and trying
to demonstrate a small instance of quantum
error correction code, optimizing its implemen-
tation as much as possible.
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Quantum Hardware

The work carried out in R-QIP is tailored to the
quantum computing demonstrator developed in
the QSea | project. This hardware implements a
MAGIC (Magnetic Gradient Induced Coupling)
quantum processor with 10 qubits and comes
along with a hardware-optimized compiler and
digital twin of ParityQC.

One of the advantages of ion traps is that they
offer all-to-all connectivity, which allows to go
beyond topological quantum error correcting
codes (e.g., surface codes).
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Digital Twin

In order to avoid running many time-consuming
experiments on the quantum hardware, the
work in R-QIP strongly relies on the Digital Twin
developed by ParityQC in the QSea | project. This
Digital Twin is a detailed simulation of the
physics underpinning the ion trap and is able to
model the behavior of the hardware in a realistic
manner.

Noise Modeling

While the effects of environment interaction or
imperfections can be reduced to a few basic
principles, their effect is very different depending
on the state of the system or the pulse
sequences which are executed. The Digital Twin
therefore composes these individual building
blocks into a quantum state evolution.

We extended this to allow for the simulation of
entire dynamical maps instead of single states; as
a consequence, we can now easily extract
effective Pauli noise models of individual circuits,
which allow for a better approximate under-
standing of what happens.

However, we still have the complete evolution
available, for which we implemented methods
that allow to differentiate with respect to
parameters in the pulse sequence. Regardless of
the type of noise (unitary, explicit channel,
implicit channel by Schrédinger propagation), we
obtain gradients, which can then be used in
optimization routines.

Combining the insights of these two approaches,
we can propose noise-tailored error correction
codes together with noise-tailored implemen-
tations.

Based on the effective error models for ion trap-
based quantum computers, quantum error
correction (QEC) codes will be developed that are
specially optimized to offer protection against
the main sources of quantum noise in the actual
hardware.
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Quantum Error Correction

At a high level of abstraction QEC consists of
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physical qubits, while an additional set of four
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extraction and error diagnosis.
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The 5-qubit code will be realized as a composite
single operation, whose full pulse structure is
optimized through GRAPE to minimize hardware
specific effects of decoherence and to mitigate /
control-induced errors.
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Demonstration

Two demonstrations of QEC will be carried out,
one relying on the Digital Twin and another one
running on the real quantum hardware.

The main outcome from this demonstration will
be the knowledge about the symbiosis of the
different techniques required to implement
guantum error correction in near term quantum
computers.
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