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Abstract: We analyze the change in the spontaneous decay rate, or Purcell effect, of an extended
quantum emitter in a structured photonic environment. Based on a simple theory, we show that the
cross density of states is the central quantity driving interferences in the emission process. Using
numerical simulations in realistic photonic cavity geometries, we demonstrate that a structured
cross density of states can induce subradiance or superradiance, and change substantially the
emission spectrum. Interestingly, the spectral lineshape of the Purcell effect of an extended
source cannot be predicted from the sole knowledge of the spectral dependence of the local
density of states.

© 2022 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

In the last two decades, the ability to tailor the spontaneous decay rate of a quantum emitter,
by molding the dielectric environment at the nanoscale, has been the driving force of a large
variety of studies in cavity quantum electrodynamics [1], semiconductor exciton physics [2], and
nanophotonics [3–5]. The engineering of the electromagnetic local density of states (LDOS), in
order to tune the spontaneous decay rate by the Purcell effect [6], has become a major branch
of nanophotonics and plasmonics. The standard formulation of the Purcell effect is based on
the electric dipole approximation, which requires the electromagnetic field to be uniform over
the spatial extent of the emitter. The dipole approximation is expected to breakdown when
extended sources are used (for example extended excitons in semiconductors [7]), or when
the external field is confined at the nanometer scale, or beyond [8]. A theory governing the
spontaneous emission by extended excitons has been proposed in Ref. [9]. The theory predicts
large oscillator strengths, exceeding 103 for quantum-dots (QDs) with diameters on the order
of 100 nm. These ideas led to the concept of single-photon superradiance, which has been
observed in natural QDs arising in monolayer fluctuations of GaAs quantum wells, with radiative
lifetime below 100 ps. On a different scheme, Rydberg excitons have been observed in CuO2
bulk samples, with a Bohr radius extending over micrometers [10,11]. Extended sources are
also at play in microwave cavity quantum electrodynamics with Rydberg atoms [12], and in
electron spectroscopy where the interaction with light depends on non-local excitations [13]. In a
slightly different context, understanding and controlling the emission of a set of single-photon
sources connected through their electromagnetic environment has become a key issue for the
treatment of quantum information in photonics [14,15], or to favor collective emission [16,17].
This has stimulated the development of new theoretical approaches to describe photonic states
in ensembles of quantum emitters [18,19]. In the simple case of two (point) quantum emitters,
the role of the cross density of states (CDOS), that describes electromagnetic spatial coherence
between different points in an arbitrary environment [20], has been put forward [21,22]. It was
shown that the degree of quantum coherence in the emitted light is controlled by a combination
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of the LDOS and CDOS, the latter describing the coupling between the sources in the emission
process.

In the case of extended quantum sources that cannot be reduced to a single point dipole or an
ensemble of independent (mutually incoherent) point sources, it has been shown that spontaneous
decay results from a non-local interaction with the environment [9]. Nevertheless, the exact
role of the CDOS on the Purcell effect has not been explored in its full generality. In particular,
beyond the generation of large effective oscillator strengths, one can expect an engineering of
the CDOS to affect the emission substantially, e.g. by producing subradiance or superradiance,
or by changing the emission spectrum. The purpose of this paper is to analyze precisely the
Purcell effect for an extended quantum source. Based on simple theoretical arguments, we show
that the CDOS is the essential ingredient to understand the change in the spontaneous emission
decay rate, beyond the dipole approximation. The theoretical results are highlighted by numerical
simulations, in a series of simple examples involving either a single high-Q cavity or coupled
cavities with non Lorentzian spectra. Interestingly, the spectral emission lineshape of an extended
source covering a nanostructured environment cannot be predicted from the spectral dependence
of the LDOS alone.

2. Spontaneous decay rate in structured environments

In this section we introduce the expressions of the spontaneous decay rate of point and extended
emitters. We assume a weak-coupling regime, in which the population of the excited state
exhibits exponential decay, and the transition dipole is not modified by the interaction with
the environment. We also restrict the discussion to electric-dipole transitions, and the theory
involves the electric part of the density of states of the electromagnetic field. For magnetic-dipole
transitions, similar expressions could be easily deduced by using the magnetic contribution to the
density of states [5,23,24].

2.1. Dipole emitter

In the weak-coupling regime, the spontaneous decay rate Γ of a two-level dipole emitter can be
calculated from perturbation theory. For an emitter with transition dipole p, emission frequency
ω, and located at the point rs, it can be shown that [25,26]

Γ(rs,ω) =
2µ0 ω

2

ℏ
|p|2 Im [û · G(rs, rs,ω)û] . (1)

In this expression G is the electric Green’s function describing the electromagnetic response
of the environment, and û = p/|p| is the unit vector defining the orientation of the transition
dipole. We note that the internal dynamics of the emitter, described by the transition dipole p
that depends on the excited and ground state wavefunctions, and the response of the environment
factorize. In free space, the Green’s function G0 is such that Im [û · G0(rs, rs,ω)û] = ω/(6πc),
with c the speed of light in vacuum, and the spontaneous decay rate is Γ0(ω) = ω

3 |p|2/(3πℏ ϵ0 c3).
Normalizing, we find that

Γ(rs,ω)
Γ0(ω)

=
6πc
ω

Im [û · G(rs, rs,ω)û] . (2)

It will prove useful to recall a well-established correspondence between classical and quantum
calculations. Considering a classical electric dipole p oscillating at frequency ω, the time-
averaged power released in the environment is P(rs,ω) = (µ0ω

3/2)|p|2Im [û · G(rs, rs,ω)û].
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Normalizing by the power P0 radiated in free space, we obtain

P(rs,ω)
P0(ω)

=
6πc
ω

Im [û · G(rs, rs,ω)û] . (3)

The right-hand side is the same as in Eq. (2), showing that the change in the spontaneous decay
rate of a quantum emitter due to the electromagnetic interaction with its environment, and the
change in the power emitted by a classical dipole, are identical [4,5,27].

In the particular case of a single mode cavity, the right-hand side in Eqs. (2) and (3) defines the
Purcell factor. For an emitter on resonance, it is usually written as 3/(4π2)λ3

mQ/V, with Q the
mode quality factor, V the mode volume and λm the resonance wavelength [5,6]. Equations (2)
and (3) generalize the Purcell effect to a more complex environment, and the right-hand side can
be seen as a generalized Purcell factor. This factor actually describes the change in the projected
LDOS

ρ(rs,ω) =
2ω
π c2 Im [û · G(rs, rs,ω)û] , (4)

which measures the coupling strength of a unit dipole û to the electromagnetic environment. The
LDOS actually counts the relative contribution of the electromagnetic modes at position rs and
frequency ω [4,5,28]. In terms of the LDOS we find that

Γ(rs,ω)
Γ0(ω)

=
P(rs,ω)
P0(ω)

=
ρ(rs,ω)
ρ0(ω)

, (5)

where ρ0(ω) = ω
2/(3π2c3) is the projected LDOS in free space.

2.2. Purcell effect for an extended source

A full quantum theory of spontaneous emission by an extended exciton has been developed in
Ref. [9], emphasizing the role of the internal dynamics of the source. In the present work, we
rather focus on the role of the environment, and take advantage of the equivalence of the classical
and quantum descriptions to build the expression of the decay rate starting from the expression
of the emitted power. For a monochromatic classical source with current density j(r) confined
within a volume V , and oscillating at frequency ω, the emitted power can be written as

P = −
1
2

Re
∫

V
j∗(r) · E(r) d3r , (6)

where the superscript ∗ stands for complex conjugate. In terms of the Green’s function G this
becomes

P =
µ0ω

2

∫
Im [j∗(r) · G(r, r′,ω) j(r′)] d3r d3r′ , (7)

which, by making use of the reciprocity relation G(r, r′,ω) = GT (r′, r,ω), can be rewritten as

P =
µ0ω

2

∫
j∗(r) · ImG(r, r′,ω) j(r′) d3r d3r′ . (8)

Normalizing by the power emitted in free space, we find that

P
P0
=

∫
j∗(r) · ImG(r, r′,ω) j(r′) d3r d3r′∫
j∗(r) · ImG0(r, r′,ω) j(r′) d3r d3r′

. (9)

In the classical picture, the current density corresponding to an extended exciton can be taken
of the form

j(r) = −iωû η(r, rs) , (10)
where η(r, rs) is the volume density of transition dipole at the position r, û gives the local
orientation of the transition dipole and rs defines the position of the source (the reference point rs
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can be chosen arbitrarily, for example as the center of the source spatial distribution). This model
allows one to take into account a possible heterogeneity of the distribution of elementary dipoles,
in amplitude and orientation, inside the extended emitter. Also note that a single extended
exciton corresponds to a spatially coherent source, that can be seen as a continuous distribution
of mutually coherent elementary transition dipoles. Inserting this expression into Eq. (9), and
invoking again the classical to quantum correspondence, we obtain

Γ(rs,ω)
Γ0(ω)

=

∫
η∗(r, rs) η(r′, rs) Im[û · G(r, r′,ω)û′] d3r d3r′∫
η∗(r, rs) η(r′, rs) Im[û · G0(r, r′,ω)û′] d3r d3r′

. (11)

This expression of the normalized decay rate of an extended source accounts for the non-local
interaction with the environment, as already put forward in Ref. [9]. The similarity with Eq. (5)
can be made more explicit by introducing the projected CDOS [20], defined as

ρ(r, r′,ω) = 2ω
π c2 Im [û · G(r, r′,ω)û′] . (12)

The projected CDOS measures the connection between two unit dipoles û and û′ located at
the points r and r′. More precisely, the CDOS counts the contribution of the electromagnetic
modes connecting r and r′ at frequency ω [5,20,29]. It can also be understood as a measure of
the intrinsic spatial coherence between the two points r and r′. We also note that for r = r′ the
projected CDOS coincides with the projected LDOS evaluated at point r. In terms of the CDOS,
we find that

Γ(rs,ω)
Γ0(ω)

=

∫
η∗(r, rs) η(r′, rs) ρ(r, r′,ω) d3r d3r′∫
η∗(r, rs) η(r′, rs) ρ0(r, r′,ω) d3r d3r′

, (13)

where ρ0(r, r′,ω) is the CDOS in free space. This expression of the normalized decay rate (or
Purcell enhancement) generalizes Eq. (5) to extended emitters beyond the dipole approximation.
Indeed, it can be seen immediately that by using η(r, rs) = p δ(r − rs) in Eq. (13), which
corresponds to a point dipole source with amplitude p located at the point rs, we recover Eq. (5).

3. Extended sources in photonic cavities

It is instructive to start with the simplest model of a spatially coherent extended source, made of
two mutually coherent point dipoles with amplitude p1 = p1û1 and p2 = p2û2, and located at
positions r1 and r2, that is

j(r) = −iωû1p1δ(r − r1) − iωû2p2δ(r − r2) . (14)

According to Eq. (13), the spontaneous decay rate is

Γ ∼ |p1 |
2ρ11 + |p2 |

2ρ22 + 2Re(p1p∗2)ρ12 , (15)

up to a constant prefactor (independent of the environment) that we do not specify. Here
ρij = 2ω/(πc2)Im[ûi · G(ri, rj,ω)ûj] is the LDOS for i = j and the CDOS for i ≠ j. If the two
dipoles have the same amplitude |p| and a phase difference ϕ, we simply have

Γ ∼ |p|2[ρ11 + ρ22 + 2ρ12 cos ϕ] . (16)

The mutual coherence between the two sources is essential for the appearance of the interference
term involving the CDOS. This situation is different from that analyzed in Refs. [21,22,30],
where spontaneous emission by two independent sources (e.g., two fluorescent molecules) in a
structured environment was considered. In this case, it was shown that intensity fluctuations are
influenced by a cross term involving the CDOS. In the situation considered here, interferences
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directly modify the spontaneous decay rate. The state of interference not only depends on the
relative phase of the dipole sources, but also on the environment through the CDOS that can
take positive or negative values. The increase or decrease of the spontaneous decay rate of an
extended source due to interferences corresponds to superradiance and subradiance [31,32]. In
the following subsections, we use numerical simulations to illustrate the substantial role of the
CDOS on the spontaneous decay rate of extended sources in photonic cavities.

3.1. High-Q cavity

Let us first consider a source immersed in a discrete set of high-Q electromagnetic modes, whose
resonances do not overlap spectrally. The Green’s function in this case takes the following form
[5]

G(r, r′,ω) =
∑︂
m

c2 em(r) ⊗ e∗m(r′)
ω2

m − ω2 − iωγm
, (17)

where em are eigenmodes of the vector Helmholtz equation in absence of losses, ωm are
eigenfrequencies, and γm is a phenomenological mode damping rate. This expression can also be
seen as low-loss limit (γm ≪ ωm) of an expansion in quasi-normal modes (QNMs) [28]. For the
CDOS we find that [5,29]

ρ12 =
∑︂
m

γm

2π
Re[(û1 · em(r1)) (û2 · e∗m(r2))]

(ω − ωm)2 + γ
2
m/4

. (18)

This expression shows explicitly that the CDOS accounts for the phase difference of each field
mode em between the points r1 and r2. In the particular case of a single-mode high-Q cavity,
the CDOS factorizes in the form ρ212 = ρ11ρ22 [22]. For a source made of two coherent dipoles
located at positions r1 and r2 in a single mode cavity, we find from Eq. (16) that the spontaneous
decay rate is

Γ ∼ |p|2[ρ11 + ρ22 ± 2
√
ρ11ρ22 cos ϕ] . (19)

The field mode in this case is a standing wave with real amplitude, and the plus or minus sign
in the interference term corresponds to û1 · em(r1) and û2 · em(r2) having identical or opposite
signs (which corresponds to a positive or negative CDOS ρ12).

In order to illustrate the relevance of Eq. (19) in a realistic situation, we consider a single mode
contribution in the well-known L3 photonic crystal cavity [33]. The cavity is formed by a line
of three missing holes in a triangular-lattice pattern of air holes on a slab with refractive index
n = 3.48 and thickness L = 200 nm. Calculated maps of the amplitudes Ey(r) = Re[ŷ · em(r)]
and Ex(r) = Re[x̂ · em(r)] of the fundamental mode m, obtained from a FDTD simulation, are
displayed in Fig. 1(a) and 1(b). The positions of the photonic crystal holes, designing the L3
cavity, are indicated as circles. The fundamental mode m is characterized by a LDOS with a
Lorentzian lineshape (not shown), with a resonance wavelength λm = 1270 nm and a quality
factor Qm = ωm/γm ≃ 2000. We focus on the emission by two coherent electric dipoles placed
either at the points α indicated in Fig. 1(a), or at the points β indicated in Fig. 1(b). We show
in Fig. 1(c) [resp. Figure 1(d)] the Purcell enhancement Γ/Γ0 for two dipoles with identical
amplitude and phase difference ϕ, and oriented along the x direction [resp. y direction]. The
black curve corresponds to two dipoles in phase (ϕ = 0), and the red curve to two dipoles with
opposite signs (ϕ = π). The decay rate is obtained from a FDTD simulation, in which the emitted
power is calculated from the net flux of the Poynting vector through a box containing the two
dipoles, and having spectral linewidth much larger than the linewidth of the cavity mode. For
two dipoles placed at positions α [Fig. 1(c)], that are connected by a negative CDOS since the
field amplitudes have opposite signs, we observe a subradiant emission for ϕ = 0 and perfect
superradiance for ϕ = π (we have verified that the emission rate in this case is twice that obtained
for a single dipole). For two dipoles placed at positions β [Fig. 1(d)], connected by a positive
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CDOS, we observe superradiance for ϕ = 0 and subradiance for ϕ = π, as expected. Note that the
distances between the two points α and β are ∆r = 320 nm and ∆r = 480 nm, respectively, that
is comparable or larger than λ/n, with λ the emission wavelength in vacuum. In bulk materials,
super or subradiant effects would be observable only for ∆r ≪ λ/n. The simulations clearly
confirm that the photonic mode imposes the constructive or destructive interference, through the
sign of the CDOS, in agreement with Eq. (19).

Fig. 1. Emission by two dipoles in a L3 photonic crystal cavity on a slab. The slab has
a refractive index n = 3.48 and a thickness L = 200 nm. The photonic crystal is made of
holes with a diameter d = 180 nm and a lattice constant a = 320 nm. (a) and (b): Field
amplitudes Ex(r) = Re[x̂ · em(r)] and Ey(r) = Re[ŷ · em(r)] of the cavity mode em(r). The
field is calculated in a plane coinciding with the middle of the slab. The points α and β
indicate the positions of the two emitting dipoles. The locations of the photonic crystal holes
are also highlighted. (c) and (d): Spectrum of the normalized spontaneous decay rate Γ/Γ0
(or Purcell enhancement) of two coherent dipoles with identical amplitudes, phase difference
ϕ, located at positions α and oriented along the x direction (panel c), or located at positions
β and oriented along the y direction (panel d). Black line: ϕ = 0. Red line: ϕ = π. The
curves corresponding to subradiant emission have been multiplied by a factor of 103 (panel
c) and 104 (panel d) for the sake of visibility.

Next, in order to mimic the emission by a one-dimensional extended exciton (as found for
example in a carbon nanotube or a quantum wire), we consider a line source with length d (hereafter
denoted by emitting nanowire). In the FDTD simulation, the source model corresponding to the
emission by a single exciton is a linear cluster of N elementary and mutually coherent dipoles with
amplitude p/

√
N (as already pointed out the source is spatially coherent for a single exciton). In

order to focus on the influence of the environment, we consider the situation where all elementary
dipoles are in phase (but the approach allows one to use a more refined source model). The
emitting nanowire is embedded in the L3 cavity, and we can expect very different radiative rates
depending on its location and orientation. As a case study, we consider a nanowire oriented
along the x direction, polarized along the y direction, and located at the center of the L3 cavity.
The emission wavelength λ = 1270 nm is on resonance with the cavity mode, and the nanowire
can be seen as immersed in the field distribution shown in Fig. 1(b). We show in Fig. 2(a) the
calculated radiative rate versus the nanowire length d in the L3 cavity (green circles), and in a
homogeneous medium with the same refractive index n = 3.48 as the cavity slab (blue triangles).
The radiative rate in the homogeneous medium increases with the exciton size, in agreement with
the result already found in Ref. [9], up to a maximum reached for a size d = λ/2n. Interestingly,
a very similar trend is observed for the nanowire in the L3 cavity.
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Fig. 2. (a) Comparison of the spontaneous decay rate of an emitting nanowire polarized
along the y direction and extended along the x direction in the L3 cavity (green circles),
and in a homogeneous medium with refractive index n = 3.48 (blue triangles), versus the
nanowire length d. In the case of the L3 cavity, the center of the nanowire coincides with
the center of the cavity. (b) Purcell enhancement Γ/Γ0 versus the emitting nanowire length
(red dots). The field amplitude Ey(r) = Re[ŷ · em(r)] of the cavity mode at the extremities
of the emitting nanowire is also indicated (blue dashed line). Up to a length d ≃ 300 nm,
the center and the extremities of the nanowire are connected by a positive CDOS (the field
amplitude is positive at the center and at the extremities). For d ≳ 300 nm, the center and
the extremities of the emitting nanowire are connected by a negative CDOS, and destructive
interferences reduce the spontaneous decay rate. The minimum is observed for d ≃ 560 nm.

To address this length dependence in more details, we show in Fig. 2(b) the Purcell enhancement
Γ/Γ0 in the L3 cavity (red dots) versus the emitting nanowire length. In the same figure we also
display the field amplitude of the cavity mode at the extremities of the nanowire (blue dashed
line). We see that the Purcell enhancement is almost constant for d ≤ 300 nm, i.e. as long
as the nanowire is inside the central hot spot of the field amplitude seen in Fig. 1(b). In this
case, the CDOS remains positive over the emitting nanowire extent (the field amplitude of the
mode does not change sign from the center to the extremities of the nanowire). Constructive
interferences between the emissions from different parts of the nanowire lead to a substantial
Purcell enhancement. However, for d ≳ 300 nm, the center and the extremities of the emitting
nanowire are connected by a negative CDOS (the field amplitude of the mode is positive at the
center of the nanowire and negative at the extremities, since they overlap with the negative spots
indicated as β in Fig. 1(b)). Destructive interferences reduce the spontaneous decay rate, leading
to a minimum of the Purcell enhancement for d ≃ 560 nm. This subradiance of the emitting
nanowire arises from the dominance of negative CDOS contributions, induced by the spatial
structure of the underlying cavity mode.

3.2. Coupled cavities with non-Lorentzian spectrum

In addition to generating subradiance or superradiance, the CDOS contribution in the interfero-
metric emission process may also influence the spectral lineshape. An interesting situation is that
of two coupled photonic cavities generating a LDOS with a non-Lorentzian spectrum, which
can be achieved by selecting two L3 cavities with unbalanced losses [34]. This situation goes
beyond the high-Q model used above, and the expansion (18) for the LDOS and CDOS has to be
replaced by a more general expansion in QNMs (for an introduction to QNMs in photonics, see
for example [32]). Considering that each cavity can be described by a single QNM, the Green’s
function takes the form [28,29]

G(r, r′,ω) ≃ c2

2ω

[︃
Ẽa(r) ⊗ Ẽa(r′)
ω̃a − ω

+
Ẽb(r) ⊗ Ẽb(r′)
ω̃b − ω

]︃
. (20)
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Here Ẽa and Ẽb are QNMs corresponding to cavity a and b, respectively, with ω̃a and ω̃b
the associated complex resonance frequencies. A major difference with Eq. (17) is that the
expression above is not limited to the low-loss (or high-Q) regime.

Coming back to the simple source model described by Eq. (14), with two coherent dipoles at
positions r1 and r2, we can derive the expressions of the LDOS and CDOS entering Eq. (16).
Defining ωm = Reω̃m and γm = −2Imω̃m, with m ∈ {a, b}, the result can be cast in a form
involving Fano profiles of the form

F(m, q,ω) =
γm/2
q2 + 1

[︃
(q2 − 1)γm/2 + 2q(ω − ωm)

(ω − ωm)2 + γ
2
m/4

]︃
, (21)

where q is a parameter defining the resonance lineshape [35]. Introducing the phases of the QNMs
at the source points φm

i = arg[ûi · Ẽm(ri)], with i ∈ {1, 2}, and the parameters qm
i = tan(φm

i ),
qm

12 = [tan(φm
1 ) + tan(φm

2 )]/2, a simple calculation leads to

ρ11 ∼ F(a, qa
1,ω) + F(b, qb

1,ω) (22)

ρ22 ∼ F(a, qa
2,ω) + F(b, qb

2,ω) (23)

ρ12 ∼ F(a, qa
12,ω) + F(b, qb

12,ω) . (24)

We find that the spectrum of the LDOS and CDOS is a sum of Fano lineshapes, each arising
from one QNM (a and b), with q parameters depending on the location of the source points (1
and 2). These expressions reveal the complexity of the prediction of the spontaneous emission
dynamics of an extended source in a structured environment, that depends on the LDOS and the
CDOS, and on the spatial distribution of the phase of the QNMs. In particular, it is interesting to
note that the spectrum of the decay rate cannot be predicted solely from the knowledge of the
spectrum of the LDOS at each point. The relative phases φm

i between different source points,
imposed by the electromagnetic QNMs, play a crucial role on the lineshape of the emission
spectrum.

To illustrate this result, we have carried out numerical simulations in the system depicted
in Fig. 3(a), made of two coupled photonic-crystal cavities with unbalanced losses. The holes
with different colors have different radii, the green holes being designed to tailor the losses, and
the pale blue hole being designed to reduce the frequency detuning between the two cavities.
Unbalanced losses lead to highly non-Lorentzian LDOS and CDOS spectra (not shown), resulting
from the superposition of two strongly asymmetric Fano contributions according to Eqs. (22–24).
As a result, we can expect the spectral profile of the spontaneous decay rate of a point dipole
source to be very different from that of an extended exciton. This is clearly seen in Fig. 3(b),
where we show the calculated spectrum of the spontaneous decay rate Γ of a point dipole (black
dashed line) and an emitting nanowire (red dashed line). Both sources are polarized in the x
direction, and centered on the position indicated by the red cross in Fig. 3(a). The nanowire has a
length d = 300 nm and is oriented along the x direction. We observe that the CDOS contribution
not only produces a subradiant effect reducing the decay rate to very small values, but also
induces a substantial reshaping of the spectral profile. This example clearly demonstrates that the
emission lineshape in the Purcell effect of an extended source cannot be predicted from the sole
knowledge of the LDOS spectrum at all points.



Research Article Vol. 30, No. 10 / 9 May 2022 / Optics Express 16182

Fig. 3. (a): Sketch of the system made of two coupled photonic-crystal cavities on a slab,
with the same thickness and refractive index as in Fig. 1. The white holes have a diameter of
180 nm, the green holes of 140 nm and the blue hole of 150 nm. (b): Spectrum of the decay
rate for a point dipole source (black dashed line) and an emitting nanowire (red dashed line).
The red cross in the left cavity in panel (a) indicates the location of the center of the source,
that coincides with one of the α points indicated in Fig. 1(a). Both sources are polarized
along the x direction. The emitting nanowire has a length d = 300 nm and is oriented along
the x direction.

4. Conclusion

In summary, we have studied theoretically the change in the spontaneous decay rate (or Purcell
effect) of an extended emitter in a structured environment, emphasizing the role of the CDOS in
driving interferences in the emission process. Beyond the generation of large effective oscillator
strengths, that had been put forward and exploited in previous studies, we have demonstrated that
a structured CDOS (in space and/or frequency) may produce subradiance or superradiance, and
change substantially the emission spectrum. These results, based on a simple but robust theory,
have been highlighted by numerical simulations in realistic photonic-crystal cavity geometries.
The study clearly shows that a knowledge of the LDOS spectrum at all points does not permit to
predict the change in the decay rate, neither in value nor in lineshape. It also emphasizes the
importance of the engineering of both the LDOS and the CDOS for the control of spontaneous
emission by extended sources.
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