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Trapped ion quantum computing at the Quantum Computing Hub
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Quantum Computing

... to simulate nature at the quantum level ... as a general purpose computing “tool”
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How to build a quantum computer for qu(antum) bits.

Taken from nature
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Error corrected quantum computers

Boolean logic...
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Trapped ion guantum computer
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Integrated photonics
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Motivation: key element for scaling quantum computers PSI
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Two ways to scale up ions

Photonic interconnects _

Monroe et al. Phys. Rev. A 89, 022317 (2014).
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Status
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Active devices
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lon trap specifications PSI
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Active components

Signal control: Intensity, frequency and phase tuning.
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Optical Nanomaterials Grou @ ETH Zdurich (G. Finco, F.

Kaufmann, J. Kellner, R. Grange)
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Integrated optical modulators
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Observations
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Challenge 1: Low loss interfacing

Issue: High index contrast and confined modes in thin film waveguides makes edge coupling
not straight forward.

y (microns)

Scattering loss scales scale with the wavelength.
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ascattering < A
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Optical Nanomaterials Group @ ETH Zurich (G. Finco, F. Kaufmann, J. Kellner, R. Grange)

Challenge 2: Stability

Issue: Observation of zero point drifts at lower frequencies (< 10 MHz).
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Opportunities y PSI

* Integration with other platforms to exploit benefits from each (heterogenous
integration), i.e. SIN for tapers/low loss routing.

* Test other active materials including lithium tantalate.

* Implement design mitigation strategies.

* Targeted development for visible/quantum technologies.

* Leverage expertise in packaging and fabrication in the Swiss ecosystem.
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Conclusions

* Passive photonic integration has been demostrated in the ion trap field and will enable scalable
laser delivery inion traps.

* Integrated active devices have not been yet explored to the same extend and will become very
relevant for large scale implementations.

* Main challenges for the use of existing technologies include interfacing issues related to the
working wavelengths and lack of stability at the required time scales.
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