To catch and reverse a quantum jump mid-flight
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discrete and random results. Emblematic of this feature is Bohr’s
1913 proposal of quantum jumps between two discrete energy
levels of an atom'. Experimentally, quantum jumps were first
observed in an atomic ion driven by a weak deterministic force
while under strong continuous energy measurement*. 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,
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Quantum jump

The famous physicist Niels Bohr first conceived of the notion of quantum jumps, or
guantum leaps, in 1913. Bohr understood quantum jumps as objective events in
which an atom emits or absorbs a photon, causing an electron to jump from one
energy level — or quantum state — to another inside the atom. But a few decades later,
when physicists began to understand how the act of measuring can affect the result in
guantum mechanics, the assumed objectivity of quantum jumps required a second
look.

Then in the early 1990s, physicists developed quantum trajectory theory, showing that
guantum jumps are not caused by the emission of a photon, but by the
detection of a photon. If an emitted photon is not detected, then there is no quantum
jump. In other words, quantum jumps are detector-dependent, which is in marked
contrast to Bohr’s objective emission events.

Quantum jumps represent the collapse of the wave function due to a measurement.

https://phys.org/news/2012-06-quantum-events.htmi



Monitoring quantum jumps
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Prolonged silence means that the state is the dark state



Indirect detection
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Resonance frequency of the cavity depends on the state of the atom



Indirect detection
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On average, the time spent in the G state is 1us



State evolution without signal
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State evolution without signal
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State evolution without signal
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State evolution without signal
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By applying © / 2 pulse at At,,,;4, the qguantum jump can be reversed!
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Reverse pulse angle ¢,
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State at At,,,;4

6; :pulse area

@, : phase of pulse

Density matrix at At,,;4



Reverse the guantum jump

The controller is programmed with the optimal reverse pulse parameters
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