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Research interest

Professor of Applied Physics at Yale University (which he joined in 2002

group" were in this period the measurement of the traversal time of tunneling, the invention of the single electron pump (now the basis of a new standard of capacitance), 



Quantum jump

The famous physicist Niels Bohr first conceived of the notion of quantum jumps, or 

quantum 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 

quantum mechanics, the assumed objectivity of quantum jumps required a second 

look.

Then in the early 1990s, physicists developed quantum trajectory theory, showing that 

quantum 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.html



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



Indirect detection
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Τ෡𝐻 ℏ = 𝜔𝐵
෠𝑏† ෠𝑏 + 𝜔𝐷

መ𝑑† መ𝑑 + 𝜔𝐶 + 𝜒𝐵 ෠𝑏
† ෠𝑏 Ƹ𝑐† Ƹ𝑐

𝜔𝐵 ∕ 2𝜋 = 5570.349𝑀Hz
𝜔𝐷 ∕ 2𝜋 = 4845.255MHz
𝜔𝐶 ∕ 2𝜋 = 8979.64MHz

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



Indirect detection

𝐺

𝐷
𝐵

Ω𝐷𝐺

Ω𝐵𝐺

Τ෡𝐻 ℏ = 𝜔𝐵
෠𝑏† ෠𝑏 + 𝜔𝐷

መ𝑑† መ𝑑 + 𝜔𝐶 + 𝜒𝐵 ෠𝑏
† ෠𝑏 Ƹ𝑐† Ƹ𝑐

𝜔𝐵 ∕ 2𝜋 = 5570.349𝑀Hz
𝜔𝐷 ∕ 2𝜋 = 4845.255MHz
𝜔𝐶 ∕ 2𝜋 = 8979.64MHz

𝜏not−B



The histogram of 𝝉𝒏𝒐𝒕−𝑩

On average, the time spent in the G state is 1𝜇𝑠



State evolution without signal
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State evolution without signal

𝑋𝐺𝐷 = 𝜎𝑥

𝑌𝐺𝐷 = 𝜎𝑦
𝑍𝐺𝐷 = 𝜎𝑧

Τ2𝜋 Ω𝐷𝐺 = 50𝜇𝑠
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State evolution without signal
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State evolution without signal

𝑋𝐺𝐷 = 𝜎𝑥

𝑌𝐺𝐷 = 𝜎𝑦
𝑍𝐺𝐷 = 𝜎𝑧

𝜓 ~ 𝐷 + 𝐺

By applying 𝜋 ∕ 2 pulse at Δ𝑡𝑚𝑖𝑑 , the quantum jump can be reversed!



Τ𝝅 𝟐 Pulse

𝜃𝐼 = Τ𝜋 2 : pulse area
𝑃𝐺 : Probability in the ground state

𝑃𝐷 : Probability in the dark state
𝜑𝐼 : phase of pulse



State at 𝚫𝒕𝒎𝒊𝒅

Density matrix at Δ𝑡𝑚𝑖𝑑

𝜃𝐼 : pulse area

𝜑𝐼 : phase of pulse



Reverse the quantum jump

The controller is programmed with the optimal reverse pulse parameters

𝑃𝐺 : Probability in the ground state


