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Abstract

Within a first-order time-dependent perturbation approach, we compute the spontaneous decay rate of a two-level
system placed in the vicinity of a perfectly reflecting spherical surface. We consider a model system on which the emitter
is represented by a two-level monopole coupled to a Hermitian massless scalar field. Using the method of images, we
determine the appropriate Green’s function evaluated in the world line of the atom. The change in the spontaneous
decay rate results from the interaction of the atom with its image. We provide a detailed analysis of the dependence
of the decay rate on the sphere’s radius, the atom’s location, and the emitted radiation frequency. Both exterior and
interior problems are discussed.

Keywords: Spontaneous decay, radiation-matter interaction, reflecting sphere, perturbation theory, method of images

1. Introduction

Tuning the rate of spontaneous emission of radiation
by excited single atoms, molecules and quantum dots has
been considered as a fundamental step towards the devel-
opment of a new class of quantum optical devices. These
include nanospectrometers and nanolasers, as well as elec-
troluminescent and photonic band-gap structures[1, 2, 3,
4, 5].

Since the seminal work of Purcell[6], it has been known
that the environment has a profound influence on the de-
cay rate of excited systems. In particular, when the ex-
cited system is close to interfaces, the imposed boundary
conditions modify the density of possible electromagnetic
modes. As result, the decay rate changes due to the sys-
tem’s coupling with the modified vacuum quantum fluctu-
ations.

Over the last decades, several works have explored the
possibility of enhancement or suppression of the decay rate
of emitters placed near conducting walls, wedges, spheres
and cylinders, or trapped in microcavities such as par-
allel walls, spheres and ellipsoids[7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32]. In particular, when a two-level system
is trapped between parallel walls, the spontaneous decay
process can be substantially suppressed when the distance
between the walls is much smaller than the wavelength of
the emitted radiation. On the other hand, the decay rate
can be strongly enhanced due to the emergence of resonant
modes. Recently, the spontaneous decay rate of quantum
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entangled atoms near interfaces has been a subject of in-
creasing interest due to the possibility of generating and
controlling quantum entangled radiation fields[33, 34, 35,
36].

In the present work, we study the spontaneous decay
rate of a two-level system close to a sphere with a perfectly
reflecting surface, within a first-order time-dependent per-
turbation approach. Experiments performed with spheri-
cal SiO2 colloids with two different diameters doped with
Erbium at different concentrations showed a large differ-
ence in the spontaneous emission rate for both colloid
sizes[18]. However, two factors that influence on the spon-
taneous decay process are usually superposed: the modi-
fication of the field quantum fluctuations and polarization
effects[20, 26, 28]. In order to focus on the specific contri-
bution of the modified field fluctuations, we will consider
a simple model on which the atom is represented by a two-
level monopole coupled to a massless scalar field. Although
not including polarization features, such model captures
the essential ingredients needed to understand the influ-
ence of the field’s mode changes induced by the presence
of bounding surfaces on the atom’s spontaneous emission.
This approach has been successfully used in the literature
to describe the process of photodetection[37, 38, 39, 40],
the influence of parallel mirrors and strings on the radia-
tion process[15, 41] and, more recently, on the entangle-
ment generation by accelerated atoms[34, 42, 43, 44, 45,
46].

This work is organized as follows. In the next section,
we will present the main lines related to the first-order
perturbation theory for the spontaneous decay rate of an
excited monopole coupled to a scalar massless field. We
also compute the decay rate for the case on which the
two-level system is placed in the vicinity of a sphere with
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