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Freedom in a Single Photon

Scalable, deterministic single- and two-qudit optical quantum gates exploit the
full information capacity of single photons to implement quantum computing

algorithms in large Hilbert spaces.

Quantum computation promises to enable the simulation of complex
guantum mechanical systems which are impossible to realize with our
current computing infrastructure. Quantum computation using optical states
consists of making photons interact with one another, which leads to a
probabilistic process, hence not scalable. Currently, deterministic quantum
gates use different degrees of freedom in a single photon, utilizing two-
dimensional encoding per each degree of freedom, thus failing to exploit the
full information capacity of single photons while having very limited Hilbert

space dimensions.

Researchers at Purdue University have developed deterministic single- and
two-qudit optical quantum gates in a single photon. By proposing a scalable
scheme to execute quantum gates, this technology can implement quantum
computing algorithms in large Hilbert spaces. This technology can help
producers of optical quantum processors who want to demonstrate
quantum computing algorithms in the optical domain.

Advantages:

-Scalable scheme

-Implementations in large Hilbert spaces

-Exploits full information capacity of single photons

Potential Applications:
-Near-term quantum computing

-Optical quantum processors
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