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            Abstract
In quantum physics, measurements can fundamentally yield discrete and random results. Emblematic of this feature is Bohr’s 1913 proposal of quantum jumps between two discrete energy levels of an atom1. Experimentally, quantum jumps were first observed in an atomic ion driven by a weak deterministic force while under strong continuous energy measurement2,3,4. The times at which the discontinuous jump transitions occur are reputed to be fundamentally unpredictable. Despite the non-deterministic character of quantum physics, is it possible to know if a quantum jump is about to occur? Here we answer this question affirmatively: we experimentally demonstrate that the jump from the ground state to an excited state of a superconducting artificial three-level atom can be tracked as it follows a predictable ‘flight’, by monitoring the population of an auxiliary energy level coupled to the ground state. The experimental results demonstrate that the evolution of each completed jump is continuous, coherent and deterministic. We exploit these features, using real-time monitoring and feedback, to catch and reverse quantum jumps mid-flight—thus deterministically preventing their completion. Our findings, which agree with theoretical predictions essentially without adjustable parameters, support the modern quantum trajectory theory5,6,7,8,9 and should provide new ground for the exploration of real-time intervention techniques in the control of quantum systems, such as the early detection of error syndromes in quantum error correction.
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                    Fig. 1: Principle of the experiment.[image: ]


Fig. 2: Unconditioned monitoring of quantum jumps in the three-level system.[image: ]


Fig. 3: Catching the quantum jump mid-flight.[image: ]


Fig. 4: Reversing the quantum jump mid-flight.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Waiting time to switch from a |B〉 to not-|B〉 state assignment result.
Semi-log plot of the histogram (shaded green) of the duration of times corresponding to |B〉-measurement results, τB, for 3.2 s of continuous data of the type shown in Fig. 2a. Solid line is an exponential fit which yields a 4.2 ± 0.03 μs time constant.


Extended Data Fig. 2 Mid-flight tomogram.
a, b, The plots show the real (a) and imaginary (b) parts of the conditional density matrix, ρc, at the mid-flight of the quantum jump (Δtcatch = Δtmid), in the presence of the Rabi drive from |G〉 to |D〉 (Δtoff = 0). The population of the |B〉 state is 0.023, and the magnitude of all imaginary components is less than 0.007.


Extended Data Fig. 3 Reversing the quantum jump mid-flight in the absence of ΩDG.
Success probabilities PG (purple) and PD (orange) to reverse to |G〉 and complete to |D〉 the quantum jump mid-flight at \({\rm{\Delta }}{t}_{{\rm{catch}}}={\rm{\Delta }}{t}_{{\rm{mid}}}^{^{\prime} }\), defined in Fig. 3b, in the absence of the Rabi drive ΩDG, where Δton = 2 μs and θI = π/2. The error bars are smaller than the size of the dots. In the presence of ΩDG, PG is 5% larger owing to a smaller T2 effect. Black dots denote the success probability for |G〉 (closed dots) and |D〉 (open dots) for the control experiment in which the intervention is applied at random times (see Fig. 4b).


Extended Data Fig. 4 Control flow of the experiment.
a, Flowchart illustrating the control flow of the catch and reverse experiments, whose results are shown in Figs. 3, 4. See Methods for the description of each block. b, Flowchart of the master and demodulator modules chiefly involved in the ‘monitor and catch Δton’ routine. The modules execute concurrently and share data synchronously, as discussed in Methods. c, Flowchart of the processing involved in the master module of the ‘monitor and catch Δtoff’ routine; see Methods.


Extended Data Table 1 Input–output table summarizing the behaviour of the IQ filter implemented on the FPGA controllerFull size table


Extended Data Table 2 Summary of timescalesFull size table
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