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Fig. 1. Conceptual architecture for a neutral atom quantum computer.
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Fig. 2. The optical dipole trap formed by strongly focusing far red-detuned laser. The fluorescence of single atoms trapped by the

dipole trap.
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Fig. 4. (a) In the presence of hyperpolarizability, the
differential light shift (DLS) of a qubit in the circularly
polarized trap is measured as a function of trap depths at
various magnetic field strengths; (b) coherence time 7 and
its dependence on normalized ratios U/Uwm obtained from
experiment. The solid blue line is the theoretical curve. A
coherence time is extracted from a decay time of the
envelope of Ramsey visibility, as shown as in the inset. At
Ug = Uy, 7= (2254 21) msl'.
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Fig. 5. (a) Experimental setup for coherent transfer of
atomic qubit. Trap 1 is a movable trap which can be
shiftted in two orthogonal diretions by an AOD. Trap 2 is
a static one. Both of their polarizations can be actively
controlled by a liquid crystal retarder (LCR). (b) Measured
Ramsey signals for single static qubits (black squares) and
single mobile qubits (red dots) at B = 3.115 G. Every
point is an average over 100 experimental runs. The solid
curves are fits to the damped sinusoidal function, with
coherence times of static qubits and mobile qubits are (206 +
69) ms and (205 & 74) ms, respectively!'”.
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Table 1.  The mechanisms of decoherence in magic intensity optical trap.
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Fig. 6. (a) Energy levels and lasers of 85Rb and 87Rb; (b) experimental setup; (c) the coherent Rabi oscillation between [1) and

|7} of 87Rb, there is no excitation of 3°Rb although the Rydberg excitation lasers also act on it which shows negligible crosstalk

between two atoms(20,
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Fig. 7. (a) Time sequence for heteronuclear Rydberg blockade; (b) Rabi oscillations between the 85Rb 5S; /2, F'=3,mp =0 and

79Ds 5, m; = 5/2 states with and without 37Rb in Rydberg state!.
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Fig. 8. (a) Experimental time sequence of H-Cz C-NOT gate; (b) output states as a function of the relative phase between the

Raman n/2 pulses, for the initial states |[|ft) (black squares) and [tM) (red circles). The solid curves are sinusoidal fits yielding

the phase difference of (0.94 & 0.01)n between the two signals; (c) truth table matrix for the initial state preparation; (d) set the
relative phase to be 0, the measured truth table matrix for H-Cz C-NOT gatel?).
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Fig. 9. (a) Time sequence for generating and verifying entanglement of two heteronuclear atoms; (b) measured probabilities for the

entangled state; (c) the parity signal P ; the solid curve is a sinusoidal fit with |C1| = 0.16 + 0.010.
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SPECIAL TOPIC—Advances in quantum coherence and quantum storage
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Abstract

As an important candidate for quantum simulation and quantum computation, a microscopic array of
single atoms confined in optical dipole traps is advantageous in controlled interaction, long coherence time, and
scalability of providing thousands of qubits in a small footprint of less than 1 mm? Recently, several
breakthroughs have greatly advanced the applications of neutral atom system in quantum simulation and
quantum computation, such as atom-by-atom assembling of defect-free arbitrary atomic arrays, single qubit
addressing and manipulating in two-dimensional and three-dimensional arrays, extending coherence time of
atomic qubits, controlled-NOT (C-NOT) gate based on Rydberg interactions, high fidelity readout, etc. In this
paper, the experimental progress of quantum computation based on trapped single neutral atoms is reviewed,
along with two contributions done by single atom group in Wuhan Institute of Physics and Mathematics of
Chinese Academy of Sciences. First, a magic-intensity trapping technique is developed and used to mitigate the
detrimental decoherence effects which are induced by light shift and substantially enhance the coherence time to
225 ms which is 100 times as large as our previous coherence time thus amplifying the ratio between coherence
time and single qubit operation time to 10°. Second, the difference in resonant frequency between the two atoms
of different isotopes is used to avoid crosstalking between individually addressing and manipulating nearby
atoms. Based on this heteronuclear single atom system, the heteronuclear C-NOT quantum gate and
entanglement of an Rb-85 atom and an Rb-87 atom are demonstrated via Rydberg blockade for the first time.
These results will trigger the quests for new protocols and schemes to use the double species for quantum
computation with neutral atoms. In the end, the challenge and outlook for further developing the neutral atom

system in quantum simulation and quantum computation are also reviewed.

Keywords: Rydberg state, single neutral atom, quantum entanglement, coherence time
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