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Generation and Nondestructive Detection of In-
dividual Photon States

Junki KIM and Kyungwon AN

An overview of Serge Haroche’s works, which led to the
2012 Nobel Prize in Physics, is presented. In particular,
the generation and the nondestructive detection of the
states of Schrddinger’s cat and the recent quantum feed-
back experiment on photon number states are discussed.
Other progress in cavity-QED(quantum electrodynamics)
and in quantum optics experiments by other groups is al-

so introduced along with the related activities in Korea.
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Fig. 1. Schematic of the experimental setup used by the S. Haroche
group. An atom prepared in a circular Rydberg state (B) passes through
a cavity (C) and interacts with it. A pair of Ramsey interferometers (R1,
R2) and a state analyzer (D) are used to detect the atomic state.
Excerpted from Ref. [8].
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Fig. 2. State detection result of the Schrodingers cat state of light.
(@ No photons in the cavity. (b)-(d) The mean photon number of
9.5 with the atom-cavity detuning of 712, 347 and 104 kHz,
respectively. The right panel illustrates the cavity field distributions
showing the distance between two distribution peaks increases as
the detuning decreases. Excerpted from Ref. [4].
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Fig. 3. a. The principle of the quantum non-demolition measure-
ment is analogous to a cock running at a speed proportional to
the photon number. The clock's arm rotates 45 degrees per pho-
ton, and conversely one can determine the photon number based
on the amount of rotation. b. In the experiment, the atom going
through the cavity acts as a clock. Excerpted from Ref. [7].
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Fig. 4. Quantum probability distribution (Wigner function) of the
Schrodinger's cat state obtained from atomic state detection. The
quantum probability distribution, which has a negative value in con-
trast to the classical probability distributions, clearly shows the non-
classical property of the Schrodinger's cat state. The cat state has
an even photon number in a and an odd photon number in b.
Excerpted from Ref. [8].
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Fig. 5. Stabilization of the photon number by the quantum
feedback. From the atomic state detection (a), the distance from
the target photon number state is calculated (b), and based on this
result the external microwave field is fed back to the cavity (c). The
cavity field state is analyzed with the Bayes statistics (d) and the
density matrix of the cavity field can be obtained (e). Excerpted
from Ref. [9].
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