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ABSTRACT

We present an experimental realization of a “sudden mirror replacement” thought experiment, in which a mirror that is
inhibiting spontaneous emission is quickly replaced by a photodetector. The question is, can photons be counted
immediately, or only after a retardation time that allows the emitter to couple to the changed modes of the cavity, and for
light to propagate to the detector? Our results, obtained with a parametric downconverter, are consistent with the cavity
QED prediction that photons can be counted immediately, and are in conflict with the retardation time prediction.
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1. INTRODUCTION

When an excited atom is placed near a mirror, it is allowed to radiate only into the set of electromagnetic modes that
satisfy the boundary conditions imposed by the mirror. The result is enhancement or suppression of the spontaneous
emission rate, depending on the structure of the allowed modes. In particular, if the atom is placed between two mirrors
separated by a distance smaller than the shortest emission wavelength, it will not radiate into the cavity [1-3]. This
phenomenon, known as inhibited spontaneous emission, seems paradoxical; for if the atom is prohibited from emitting a
photon, then how can it “know” that the cavity is there? One explanation is that the vacuum fluctuations which produce
spontaneous emission cannot exist in the cavity, because the modes themselves do not exist [1]. In the long cavity limit
of this situation, the atom is sitting at a standing wave node, where the amplitude of the vacuum fluctuations is zero, and
the emitted field consists of “virtual” photons [4]. A second, semiclassical explanation is that the atom initially emits a
classical dipole field which is reflected and returns to the atom out of phase with itself, preventing any further emission
or evolution of the atomic state [5].

However, as pointed out by Fearn, Cook, and Milonni, these two interpretations give conflicting answers to the
following question: if a cavity mirror were suddenly replaced by a detector, how much time would elapse until a photon
could be detected [6,7]? The first interpretation suggests that the atom must wait to “find out” about the absence of the
mirror via a change in the mode structure of the cavity; only after the node is eliminated may the atom emit a photon.
This photon would arrive at the detector after a minimum time 2d/ ¢, where d is the distance from the atom to the
detector. In contrast, if counter-propagating fields exist at all times in the cavity, then the detector should be able to
register a photon immediately.

We have conducted an experiment to distinguish between these two results, following a suggestion by Weinfurter et al.
[4]. The data show that it is indeed possible to detect a photon immediately after the mirror is replaced. Because the
associated timescales for atoms are too short (~1 fs) to be measured, we have used a spontaneous parametric
downconverter (PDC) as an analog instead. Parametric downconversion occurs when a “pump” photon is annihilated
within a nonlinear medium to create two lower-frequency photons, referred to as “signal” and “idler.” It is possible to
frustrate the spontaneous emission from this process by reflecting the pump, signal, and idler beams back into the
medium [8-11] “analogous to the modification of single photon spontaneous emission of atoms in cavity QED.” [12]
However, unlike atomic emission, downconversion into the detected modes can be suppressed with cavities that are
much longer than the wavelength of the light, so that the associated time scale can be made long enough (~10 ns) for the
“sudden mirror replacement” to be carried out with an electro-optic switch (Pockels cell) [4].
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