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Abstract: We have observed photon blockade, as evidenced by the photon statistics for
light transmitted by an optical cavity containing one trapped atom. The measurements also
reveal the energy distribution for atomic motion in the trap.
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1. Photon blockade in cavity QED

The phenomenon of photon blockade, first proposed in Ref. [1] in analogy with Coulomb blockade for elec-
trons, occurs when the absorption of a first input photon by an optical device blocks the transmission of a
second one, thereby leading to nonclassical output photon statistics. One of the settings for which photon
blockade has been predicted is that of a single atom in cavity quantum electrodynamics [2-4], in which
the blockade is due to the anharmonicity of the Jaynes-Cummings ladder of eigenstates [5]. If an incoming
photon resonantly excites the atom-cavity system from its ground state to |1,£) (where |n,+(—)) denotes
the n-excitation dressed state with higher (lower) energy), then a second photon at the same frequency will
be detuned from either of the next steps up the ladder, i.e. from states |2,4). In the strong coupling regime
[6], for which the coherent rate of evolution g exceeds the dissipative rates x and -, this detuning will be
much larger than the excited-state linewidths, so that the two-excitation manifold will rarely be populated.
This in turn leads to the ordered flow of photons in the transmitted field, which emerge from the cavity one
at a time.
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FIG. 1: Second order intensity correlation function of light emerging one photon at a time from the atom-cavity system.

We have recently observed photon blockade in the light transmitted by a high-finesse optical cavity
containing one trapped Cesium atom strongly coupled to the cavity field [7]. The coherent excitation at
the cavity input is near-resonant with one of the two sidebands in the previously-determined vacuum-Rabi
spectrum for our system [8]. The resulting output displays both antibunching and sub-Poissonian statistics,
as shown in Figure 1. The measured second order intensity correlation function demonstrates the manifestly
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nonclassical character of the output field, with ¢®(0) = (0.13 4+ 0.11) < 1 and ¢ (0) < g (7). 2

2.

Motional energy distribution

The atom is localized within the cavity mode by the anharmonic potential of a red-detuned far-off-resonant
trap. The axial and radial motion-induced modulation on the atom-cavity coupling g can be observed on the
cavity transmission and hence on its correlation function. Figure 2 shows a Fourier transform of the second
order intensity correlation function, with a narrow peak just below the calculated maximum oscillation
frequency in the axial direction, corresponding to the lowest-lying vibrational level. We use the shape of this
peak to estimate that the atoms are distributed among only the lowest ten levels, with maximum energy for
axial motion E/kp ~ 250 pK.
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FIG. 2: Fourier transform of g(2) (7), with the dotted lines indicating the predicted maximum and minimum frequencies allowed
for harmonic motion along the cavity axis.
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