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Motivation Experimental Setup

e Quantum information processing with single photonic polarisation qubits.

e Implementation of a deterministic gate protocol which is fundamentally different
compared to hitherto existing all-optical gates [1] based on linear optics.

e Various applications such as deterministic production of entangled states,
cluster states and scalable quantum computing [2].

Atom trapping in 3D optical lattice: [3]
e High trap frequencies (>100kHz)

e Tight confinement (<15nm)

e Full control over the atomic position
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e Fast cooling close to the ground state

e Fluorescence imaging of the atom

How to Make Two Photons Interact ? Cavity Parameters

Tmi =4 ppm, Tm2=92 ppm, i

Free space: No interaction Solution: Atom in cavity mediates Losses = 7 ppm, F = 60000, | = 0.5 mm ITum
interaction between photons (g, K, Kout, Y) =211 (8,2.5,2.3,3) MHz

[3] Reiserer et al., Ground-State Cooling of a Single Atom at the Center of an Optical Cavity, PRL 110, 223003 (2013).

Experimental Data
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F = (76.2 + 3.6)%

Average gate fidelity

Measurement of fidelity for all 36 possible
polarisation input states with 80 two-photon
clicks for each output state
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Underlying Atom-Photon Gate Mechanism Calibration of Raman Pulses

. . . . . . Pulse calibration with Ramsey-like - - B
Light is reflected off a resonant, single-sided cavity containing one atom sequence as in the gate protocol: 1) - = P =
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Example: Time
T e g , | Fitreveals residual two-photon
“4 | , detuning (< 3kHz) as well as Rabi
' frequency (250 kHz) and pulse
durarion (1ps).
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Atom in |): Impinging photons Atom in|T): Strong coupling splits
can enter the cavity before being the resonance such that resonant
reflected. photons are reflected without entering.

AC Stark shift caused by Raman lasers
(40 kHz) can be compensated by
switching to a different two-photon
detuning when the lasers are not im-
pinging on the atom.
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Difference between the two situations: Photon does or does not enter. Two—photon detuning (MHz)
— State-dependent m phase shift [4] on the combined atom-photon state
— controlled atom-photon phase gate

o Atom-photon gate: Efficiency and Error Budget
Implementation with 87Rb [5]: Truthtable
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