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Principle of the Rydberg blockade. (a) A resonant laser couples, with strength
Ω, the Rydberg state |r and the ground state |g of an atom. (b) For two nearby
atoms, interactions U vdW shift the doubly excited state |rr, preventing the
double excitation of the atom pair when U vdW Ω.
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Table 1. Comparison of the achievable performances between three types of systems regarding QC. Numbers shown above are
representative data. For the number N of qubits that can be prepared in one register, other notable results include N = 40 for trapped
ions [44], and N ∼ 50 in references [45, 46, 47], N ∼ 150 in reference [48], N = 184 in reference [49], and N = 200 in reference [50]
for neutral atoms; for fidelities F1(2) of single(two)-qubit gates, other notable results include F2 = 0.991 [51] and 0.9944 [52] for SC,
and F1 = 0.998 [72, 77] and F2 = 0.974 [53] for neutral atoms. Here, results with larger fidelities are shown. Faster gates based on a
similar mechanism can have smaller fidelities as studied in reference [54]; take trapped ions as example, reference [38] studied
single-qubit gates of duration 2 μs and fidelity 0.999 96, and reference [55] studied an entangling gate of duration 1.6 μs and fidelity
0.9982.

Fidelity and duration of quantum operations

Number of qubits Coherence time One-qubit gatea Two-qubit gate or Bell stateb

SC 53 [56]; 54 [57] 70 μs [58]c 0.9992; 10 ns [52]c 0.997; 60 ns [59] (CZ gates)
Trapped ions 53 [60] 50 s [61, 62] 0.999 999; 12 μs [61] 0.9992; 30 μs [38] (Bell states)
Neutral atoms 209 [63]; 219 [64]; 256 [65] 7 s [66]; 48 s [67]d 0.999 86; 31 μs [66] 0.991; 59 ns [67]e(Bell states)

aThe duration for single-qubit gates refers to that of a Clifford gate such as a π/2 rotation between the two states of a qubit.
bThe time here refers to the duration of either implementing a controlled-Z (CZ) gate or creating a Bell state from a product state.
cThe coherence time for superconducting qubits refers to the smaller one among the relaxation time (T1) and the decoherence time
(T∗

2 ) of reference [51]; the single-qubit gate data are taken from table S2 of the supplementary information of reference [52].
dUnlike that in reference [72] which studied qubits defined by ground states, the coherence time in reference [73] refers to that of the
optical clock state (5s5p)3P0 of 88Sr. Reference [73] reported an atomic coherence time up to 48 s.
eA Rabi frequency Ω = 2π × 6–7 MHz was used in reference [67] so that a π pulse for exciting the ground to Rydberg states has a
duration π/(

√
2Ω) ∼ 51 − 59 ns with

√
2 a many-body enhancement factor.
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Fig. 1 An electron-on-helium dot a Optical micrograph and b schematic of the device. The resonator (red) can be probed with microwaves via coplanar
waveguides (yellow) that couple (decay rates κ1;2) to the microwave resonator. The white arrows show the electric field of the λ=4 microwave mode at the
center of the channel The transmission is amplified with a low noise amplifier (LNA) The electrostatic potential for electrons is controlled with additional






