Distribution of entanglement in an ion trap array
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Experimental investigation of scalable ion trap QIP Sympathetic cooling of two-species ion crystals Creation and separation of DFS states

Two main requirements for scaling up an ion trap quantum information processor:
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1) The ability to move information between locations in the processor. Spectral addressing of ions I\/Ia.gneS|um .tr.anS|t|onS at 280 nm are 33 nm Ent_angled sta’Fes of the form | 1) +e _| 1) are |r_1$ens_,|t|ve to correl_ate_d phase noise. In
2) High fidelity logic gates detuned from the nearest Beryllium transition (313nm). o4 . an ion trap, this makes them robust against fluctuations in the magnetic field strength, one
' « Laser cooling Magnesium doesn't affect the coherence of Be* qubits. Mg‘|_ COOlaﬂt 10N of the principal mechanisms for spin decoherence.
. _ . . .  The Coulomb interaction means vibrational modes are shared among ions.
For 1), move the ions themselves: negligible perturbation of the internal states. 9 2p " Magnetic field differences between the two qubits leads to precession of the state of one
Moving ions heats them up, which decreases the fidelity of 2-qubit gates using a motional mode, therefore . . . 1/2 m = ' ' ' ' i '
9 _ up _ _ y q g g + We demonstrate Magnesium recooling after separating the Be-Mg-Mg-Be - lon relatlve_ to the othgr. This Iea@s to precession between the smgle.t and triplet states. We
we recool the motion while preserving quantum information. chain l 92 GH observe this precession for two ions in the same trap, and for two ions separated by 240
. . y 4 .
: : microns.
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Quantum logic gates with mixed species ion chains Re-ordering and cooling a two-species, 4 ion array Separating large ion crystals

_ _ _ L _ Voltage waveforms applied to the control electrodes separate string of ions into smaller
We demonstrate a quantum logic gate between the two Beryllium internal state qubits in our four-ion,

_ _ _ _ _ For sideband cooling and quantum logic gates, a prerequisite is knowing the frequencies of the normal modes. groups. The voltage waveforms consist of three parts:
mixed-species array. The gate is a geometric phase gate where state-dependent forces are applied to the For a four-ion, mixed-species array, this depends on ion order. Therefore it is crucial to be able to re-order the crystal. 1) Move the ions over the separation electrode while maintaining the trap frequency.
Beryllium ions (see details of these gates in inset). We produce Bell states with fidelities up to 89%. 2) Split the single well potential into a double well while maintaining the highest possible
Pulse sequence (after re-ordering and cooling) The radial pseudopotential strength is mass-dependent, whereas the static axial potential is not. frap frequency to protect against heating.
_ _ | A il f tincreases. heavier ions “oob out” radiall 3) Move the two wells to the separate trap positions.
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Experimental sequence. Pictured example: 3 ions
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