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NISQ & FTQC

e NISQ: Noisy Intermediate-Scale Quantum Computer
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54.1. CHALLENGES

Quantum computers have both opportunities and challenges for optical interconnects [15-17]. Gate-based quantum
computers will require an estimated 1000 logical qubits to perform significant benefit. The number of physical qubits
required to make a logical qubit varies by qubit technology and might range from roughly 10 to 1000. Each physical qubit
requires control and readout, which requires optical, microwave, voltage, or current interconnects, depending on the qubit
technology. Challenges for qubit technologies that use photonics (e.g., trapped ions, optical) include scaling the photonic
controls to the small sizes necessary and reducing the error rate during qubit readout. Challenges for qubit technologies that
operate at extremely low temperatures (e.g., superconducting, quantum dot) include increasing the low temperature optical
to electronic (OE) and electronic to optical (EO) conversion efficiencies.

Quantum communications systems are sensitive to the loss or disturbance of single photons, which is both the foundation
for their security and the source of many challenges. Increasing the effective data rate and communications distance will
require improvements in photonic qubit generation, transmission, and detection. Standard telecom fibers or free-space
transmission can be used with photonic qubits. Quantum communications between quantum computers based on other qubit
technologies might require different wavelengths for optimization. Optical qubit switches need to operate without affecting
the qubit state, which makes them more challenging to realize than standard optical switches. Quantum repeaters are
required to transport qubits over long distances. Qubits cannot be copied due to the no-cloning theorem, so quantum
repeaters are fundamentally different from classical repeaters.

Quantum networks will likely need to communicate between quantum processors using different types of qubits if different
qubit technologies are required to provide both rapid computation and long-lived states (quantum memory) [18]. This will
require communication that is completed with a latency that is much shorter than the coherence time of the qubits in the
systems. This is a significant challenge that requires research into new physical methods that don’t disturb qubit states when
reading, but align states when receiving input from other qubits.
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