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Abstract: The scattering of electromagnetic waves by a resonator is determined by the excitation of
the eigenmodes of the system. In the case of open resonators made of absorbing materials, the system
is non-Hermitian, and the eigenmodes are quasinormal modes. Among the whole set of quasinormal
modes, static modes (modes with a zero eigenfrequency) occupy a specific place. We study the role
of static modes in quasinormal modes expansions calculated with a numerical solver implemented
with the finite-element method. We show that, in the case of a dielectric permittivity described by a
Lorentz model, static modes markedly contribute to the electromagnetic field reconstruction but are
incorrectly calculated with a solver designed to compute modes with non-zero eigenfrequencies. We
propose to solve this issue by adding to the solver a separate, specific computation of the static modes.

Keywords: electromagnetism; quasinormal modes; non-Hermitian systems; optical cavities; nanopho-
tonics

MSC: 78-10; 78M10; 78M99

1. Introduction

Nanoresonators play an important and growing role in various applications of op-
tical science, from lasers [1,2] to high-performance sensors [3–5]. Like other resonance
phenomena in wave physics, light scattering by a nanoresonator is largely determined
by the excitation of eigenmodes. Owing to the non-conservative and non-Hermitian
character of the system (nanoresonators are subject to energy dissipation by radiation
and/or absorption), these eigenmodes are usually called quasinormal modes or resonant
states [6–8]. We refer to them in the following as quasinormal modes, abbreviated as QNMs,
or simply modes.

Modal theories aim at calculating the electromagnetic field scattered by a resonator by
decomposing the scattered field as a sum of QNMs where the contribution of each mode is
weighted by an excitation coefficient [7,8]. The development of such QNM expansions for
optical resonators has recently received much attention [9–27].

The entire spectrum of the Maxwell operator is composed of several types of QNMs,
which play different roles in the reconstruction of the scattered field [7,8]. First of all, a
few QNMs are responsible for the resonances that can be observed in the system response
limited to a finite spectral window. These QNMs form in general a small discrete set and
are clearly meaningful from a physical point of view. Other QNMs can be responsible for
specific, non-resonant physical effects. For instance, the excitation of the QNMs that form
an accumulation point close to a plasmonic resonance is responsible for the quenching
of light emission close to a metallic material [15]. The excitation of most of the QNMs
creates the non-resonant part of the resonator response. In the case of complex geometries
that are solved numerically, these modes are often called “numerical modes” or “PML
modes” [7,8,15]. This second name refers to the perfectly-matched layers (PMLs) that can
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be used to regularize the divergent field of QNMs [8]. Finally, the spectrum of the Maxwell
operator also includes static modes, i.e., modes with a zero eigenfrequency [26].

The role of static modes in QNM perturbation theories (i.e., the description of a per-
turbed system with the QNMs of an unperturbed resonator) has been discussed in [12,28,29].
However, the role of static modes in the field reconstruction of a scattering problem has been
scarcely addressed in the literature. In the case of plasmonic resonators with a permittivity
described by a Drude model, it has been argued that static modes make a negligible contri-
bution to the field reconstruction due to a vanishing electric field inside the resonator [15],
but no clear proof has been provided. On the other hand, we have shown in [26] that, in
the case of a resonator made of a dielectric material, static modes play an important role in
the reconstruction of the resonator response. This study was limited to the case of a sphere
for which all QNMs were calculated analytically. However, until now, the calculation of
static modes and their role in the field reconstruction have never been studied in the most
general case when a numerical QNM solver is used.

In this article, we study the role of static modes in QNM expansions calculated with
a numerical QNM solver. We use a solver implemented with the finite element method
(FEM) that has been described and benchmarked in [30]. We first recall in Section 2 the
main lines of QNM theory as well as the implementation that we use in this work. Then,
we consider in Section 3 the scattering of a plane wave by a sphere. We show in Section 3.1
that static modes do not contribute to the QNM expansion when the sphere is composed of
a metallic material whose permittivity is described by a Drude model. We find that a QNM
expansion without static modes converges towards the result of a direct FEM calculation.
We show in Section 3.2 that the situation is radically different when the sphere is composed
of a dielectric material whose permittivity is described by a Lorentz model. In that case,
static modes contribute to the field reconstruction, but unfortunately, they are not correctly
calculated by the QNM solver. As a result, the QNM expansion provides erroneous results
and does not converge towards the result of a direct FEM calculation. In order to solve
this issue, we propose in Section 4 the use of a separate, specific computation of the static
modes combined with the standard QNM solver. We validate this solution by showing that
it improves the accuracy of the modal expansion in the case of the dielectric sphere and in
the case of a dielectric nanodisc. Section 5 concludes the work.

2. Quasinormal Modes Theory in Electromagnetism: A Reminder

We recall in this section the main lines of QNM theory applied to open, dispersive,
and absorbing electromagnetic resonators. Different implementations have been proposed
in the recent literature, and we describe the one that we use in the rest of the article. More
details can be found in [7,8,15,30].

2.1. QNM Calculation and Normalization

The QNMs of an open electromagnetic cavity are the eigenmodes of the system. They
are defined as the time-harmonic solutions of the source-free Maxwell equations,

∇× Ẽm = iω̃mµ(r, ω̃m)H̃m , (1a)

∇× H̃m = −iω̃mε(r, ω̃m)Ẽm , (1b)

with outgoing-wave boundary conditions [7,8]. We use throughout the article the exp(−iωt)
convention. Each QNM is characterized by a complex eigenfrequency ω̃m and a field
distribution [Ẽm(r), H̃m(r)]. In the case of absorbing and dispersive materials, the permit-
tivity and permeability tensors ε and µ in Equation (1) take complex values and depend
on the frequency. For the sake of simplicity, we limit ourselves in the following to re-
ciprocal and non-magnetic materials with permittivities and permeabilities that satisfy
εT(r, ω) = ε(r, ω) (superscript T denotes matrix transposition) and µ(r, ω) = µ0, but the
theory equally applies to magnetic and/or non-reciprocal materials [8].
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In the case of dispersive materials, Equation (1) is a non-linear eigenvalue problem.
Different strategies have been proposed in the literature to solve it [7,11,15,30,31]. We use a
method that has been described and benchmarked in [30] (method “FEM2”). It applies to
systems whose permittivities can be described by a Lorentz model of the form

ε(ω) = ε0ε∞

(
1−

ω2
p

ω2 −ω2
0 + iωγ

)
. (2)

By introducing auxiliary fields, the propagation equation ∇×∇× E = ω2µ0ε(ω)E is
recast into a coupled system of partial differential equations that takes the form of a linear
eigenvalue problem in ω. It is solved with a FEM implementation based on edge Whitney
elements with tetrahedral adaptive meshes. More details on the QNM solver can be found
in [30] (Section 4.2, description of the method “FEM2”).

The divergent field of QNMs is regularized by using perfectly-matched layers (PMLs).
Regularized QNMs become square-integrable and can be normalized as follows [8,10]:∫∫∫

Ω∪ΩPML

[
Ẽm ·

∂ωε(ω)

∂ω
Ẽm − H̃m ·

∂ωµ(ω)

∂ω
H̃m

]
d3r = 1 , (3)

where the derivatives are taken at the QNM frequency ω = ω̃m. The integration domain
Ω∪ΩPML is the entire, finite-size computational domain; it includes the domain Ω without
PML and the PML domain ΩPML.

In the following, we consider non-magnetic materials and non-dispersive PMLs.
In that case, the permeability µ is independent of the frequency everywhere inside the
integration domain Ω ∪ΩPML and ∂ωµ(ω)

∂ω = µ in Equation (3). Moreover, it can be shown
with the Lorentz reciprocity theorem that [8]∫∫∫

Ω∪ΩPML

H̃m ·µH̃md3r = −
∫∫∫

Ω∪ΩPML

Ẽm · ε(ω̃m)Ẽmd3r . (4)

As a result, the magnetic field can be eliminated from Equation (3), and the normaliza-
tion condition becomes∫∫∫

Ω∪ΩPML

Ẽm ·
[

ε(ω̃m) +
∂ωε(ω)

∂ω

]
Ẽmd3r = 1 , (5)

where the derivative is taken at the QNM frequency ω = ω̃m. With this expression of the
QNM norm, it is not necessary to calculate the magnetic field.

2.2. QNM Expansion, Expression of the Excitation Coefficients

QNM theory aims at calculating the electromagnetic field scattered by a resonant
system illuminated by an incident field Ei(r). The permittivity can be decomposed as
ε(r, ω) = εb(r, ω) + ∆ε(r, ω), where εb(r, ω) is the permittivity of the background that
surrounds the resonator and ∆ε(r, ω) is null everywhere except inside the resonator. The
total electric field can then be written as

E(r) = Eb(r) + Es(r), (6)

where the background field Eb is the field in the absence of the resonator (i.e., for ∆ε = 0)
and Es is the scattered field. Note that the background is not necessarily a homogeneous
medium; Eb = Ei in the case of an homogeneous background and Eb 6= Ei otherwise.

The scattered field is decomposed into a sum of QNMs [7,8],

Es(r) = ∑
m

αm(ω)Ẽm(r), (7)
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where the contribution of each mode is weighted by an excitation coefficient αm(ω), which
depends solely on the frequency. For a system made of dispersive materials whose permit-
tivity ε(ω) is described by a rational function of the frequency, the closed-form expression
of αm(ω) is not unique [23,24]. In this work, we use the following expression, which was
first proposed in [15]:

αm(ω) =
ω̃m

ω̃m −ω

∫∫∫
Vres
[ε(ω̃m)− εb]Eb(ω) · Ẽmd3r +

∫∫∫
Vres
(εb − ε∞)Eb(ω) · Ẽmd3r , (8)

where Vres is the volume inside which ∆ε 6= 0. This expression of the excitation coefficient
holds provided that the QNMs are normalized according to Equation (3) or (5).

In practice, we first calculate numerically the QNM eigenfrequencies ω̃m and fields
Ẽm with the QNM solver. Then, we normalize the fields with Equation (5) and calculate an-
alytically the excitation coefficients with Equation (8). Finally, we reconstruct the scattered
field with Equation (7) and the total field with Equation (6).

3. Role of Static Modes in the Modal Expansion

In this section, we study the role of static modes in the reconstruction of a scattering
problem with a QNM expansion. We consider a sphere illuminated by a plane wave, and
we focus on two different situations. In the first case, the sphere is composed of a metal
(silver) whose permittivity is described by a Drude model. In the second case, the sphere
is composed of a dielectric material (silicon) whose permittivity is described by a Lorentz
model. We calculate the QNM expansion with the FEM-based QNM solver and study its
convergence towards the result of a direct FEM calculation performed with the same mesh.

3.1. Drude Permittivity—Metallic Sphere

Let us first consider the metallic nanosphere (radius R = 30 nm) studied in [15].
The sphere is surrounded by air, and its frequency-dependent permittivity is given by a
Drude model, ε(ω) = ε0

[
3−ω2

p/(ω2 + iωγ)
]
, with γ = 0.0023ωp and λp ≡ 2πc/ωp =

138 nm. The Drude permittivity is a particular case of a Lorentz permittivity, with ω0 = 0
in Equation (2).

The size of the matrices handled in the computation depends on the support of the
auxiliary fields used to linearize the eigenvalue problem [30] and on the mesh fineness.
We have worked with matrices of size 6482× 6482. We have chosen to work with “small”
matrices (i.e., a coarse mesh) to easily compute all the eigenvalues and all the eigenvectors.

Figure 1a displays all 6482 eigenfrequencies in the complex frequency plane. The
shape of the eigenvalues spectrum is typical of a FEM-based QNM solver implemented
with non-dispersive PMLs; see for instance results in [15] for comparison. The modes whose
excitation is responsible for the two resonances observed in Figure 2a are highlighted with
red squares. Most of the modes are “numerical” or “PMLs” modes; they have no clear
physical meaning but are important to ensure the convergence of the QNM expansion.

Figure 1b,c show enlarged views of two specific area of the complex frequency plane.
Eigenfrequencies forming an accumulation point at the pole ω = −iγ of the Drude permit-
tivity are shown in Figure 1b. Eigenfrequencies with very small values close to the origin
ω = 0 are shown in Figure 1c. The latter are the numerical versions of pure static modes
calculated with the QNM solver: their eigenfrequencies are not strictly equal to zero due to
numerical inaccuracies in the resolution of the eigenvalue problem.

With these QNMs, we reconstruct the field scattered by the sphere illuminated with
a linearly polarized plane wave; see Equations (7) and (8). Then, we calculate the extinc-
tion cross-section,

σe =
ω

2Pi

∫∫∫
Vres

Im[∆εE · E∗i ]d3r , (9)

where Pi =
1
2 ε0c|Ei|2 is the Poynting vector norm of the incident plane wave in air and E is

the total electric field inside the sphere. The extinction cross-section calculated with the
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QNM expansion is shown by the solid blue curve in Figure 2a. It exhibits two resonances
that are caused by the excitation of the two QNMs highlighted by the red squares in
Figure 1a. Black circles display the result of a direct FEM calculation of the cross-section
with the same mesh. The agreement is excellent.
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Figure 1. Complex QNM frequencies for a metallic sphere with a Drude permittivity. (a) Full
eigenvalues spectrum computed with the QNM solver. Red squares show the two QNMs responsible
for the resonances observed in the spectral range of interest. (b) Eigenvalues forming an accumulation
point at the pole ω = −iγ of the permittivity. (c) Cloud of eigenvalues close to the origin that
correspond to static modes.
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Figure 2. Convergence of the QNM expansion for a metallic sphere with a Drude permittivity.
(a) Spectrum of the extinction cross-section normalized by the sphere apparent surface πR2. The
results obtained with the QNM expansion (blue curve) are compared with the results of a direct FEM
calculation (black circles). (b) Mean relative error as a function of the number of modes retained
in the QNM expansion. The results of a direct FEM calculation with the same mesh are taken as a
reference, and the relative error is averaged over the spectral range of (a). The black dashed line
shows a 1/N decrease.

Finally, we investigate the convergence of the QNM expansion in Figure 2b. We
plot the mean relative error as a function of the number of modes retained in the expan-
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sion. The results of the direct FEM calculation σFEM
e are used as a reference. Modes are

sorted in descending order according to their contribution to the cross-section, which
is given by |

∫∫∫
Vres

Im
[
∆εαmẼm · E∗i

]
d3r|. The mean of the relative error over the spec-

tral range considered in Figure 2a is calculated as 1
M ∑M

i=1 Erri, with Erri = |σQNM
e (ωi)−

σFEM
e (ωi)|/σFEM

e (ωi) and M = 41 the number of frequency points ωi used in Figure 2a. To
get an idea of the convergence speed, the black dashed line shows a 1/N decrease.

Two important conclusions can be drawn. First, the QNM expansion nicely converges
towards the result of a direct FEM calculation with the same mesh. The mean relative
error over a broad spectral range is as small as 10−10, which means that the scattered field
is well reconstructed both on resonance and out of resonance. Secondly, static modes do
not contribute to the field reconstruction and can be removed from the QNM expansion.
Indeed, the modes whose eigenfrequency is close to zero (modes shown in Figure 1c) make
a zero contribution to the cross-section. They are the last in the sorted list of QNMs; their
addition to the modal expansion does not change the error, as can be seen from the bottom
right corner of Figure 2b.

The uselessness of static modes can be explained as follows: ω = 0 is a pole of the
Drude permittivity, and ε(0)→ ∞. As a result, the electric field of static modes vanishes
inside the metal, their excitation coefficient is equal to zero according to Equation (8),
and they do not contribute to the QNM expansion. Since ω = 0 is not a pole of the
Lorentz permittivity, we see in the next section that the situation is drastically different for
a resonator made of a dielectric material.

3.2. Lorentz Permittivity—Dielectric Sphere

We consider now the dielectric nanosphere studied in [26]. The sphere of radius
R = 75 nm is embedded in air, and its frequency-dependent permittivity is given by a

Lorentz model, ε(ω) = ε0ε∞

(
1− ω2

p

ω2−ω2
0+iωγ

)
, with ε∞ = 8.51, ωp = 3.62× 1015 rad·s−1,

ω0 = 5.09× 1015 rad·s−1, and γ = 1.16× 1014 rad·s−1. The parameters of the Lorentz
model have been chosen to fit the data of silicon tabulated in [32] in the 400–800 nm
spectral range.

Figure 3a displays all 15,394 complex eigenfrequencies computed with the QNM
solver. The shape of the eigenvalues spectrum is similar to that of the metallic sphere; most
of the calculated modes are “PMLs” modes. Three QNMs are responsible for the resonances
observed in Figure 4a; they are highlighted with red squares. Figure 3b,c show enlarged
views of two specific areas of the complex frequency plane. Eigenfrequencies forming an

accumulation point at the pole ω =
√

ω2
0 − γ2/4− iγ/2 of the Lorentz permittivity are

shown in Figure 3b. Eigenfrequencies with very small values close to the origin ω = 0 are
shown in Figure 3c. The latter are the numerical versions of pure static modes calculated
with the QNM solver; their eigenfrequencies are not strictly equal to zero due to numerical
inaccuracies in the resolution of the eigenvalue problem.

With these modes, we reconstruct the field scattered by the sphere illuminated with a
linearly polarized plane wave; see Equations (7) and (8). Then, we calculate the extinction
cross-section with Equation (9). The extinction cross-section calculated with the complete
QNM expansion is shown by the solid blue curve in Figure 4a. In that case, the QNM
expansion provides an erroneous cross-section that is completely different from the results
of a direct FEM calculation with the same mesh (black circles). The corresponding mean
relative error (calculated as in the previous Section) is shown by the blue solid curve in
Figure 4b. It is extremely large.
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Figure 3. Complex QNM frequencies for a dielectric sphere with a Lorentz permittivity. (a) Full
eigenvalues spectrum computed with the QNM solver. Red squares show the three QNMs responsible
for the resonances in the spectral range of interest. (b) Eigenvalues forming an accumulation point

at the pole ω =
√

ω2
0 − γ2/4− iγ/2 of the permittivity. (c) Cloud of eigenvalues close to the origin

that correspond to static modes.
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Figure 4. Convergence of the QNM expansion for a dielectric sphere with a Lorentz permittivity.
(a) Spectrum of the extinction cross-section normalized by the sphere apparent surface πR2. The
results obtained with the QNM expansion formed with all modes shown in Figure 3a (blue curve) are
compared with the results of a direct FEM calculation (black circles). The red dashed curve displays
the results obtained with a QNM expansion that excludes the 1786 static modes shown in Figure 3c.
(b) Mean relative error as a function of the number of modes retained in the QNM expansion. With
the static modes calculated with the QNM solver (blue curve) and without them (red dashed curve).
The results of a direct FEM calculation with the same mesh are taken as a reference and the relative
error is averaged over the spectral range of (a).

This dramatic disagreement is due to the incorrect calculation of the static modes’
contribution. Indeed, by comparing the field distributions with an exact analytical calcu-
lation [26], we have found that the static modes are incorrectly calculated by the QNM
solver. As a result, their excitation coefficients and their contribution to the scattered field
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are erroneous. Removing these modes (the 1786 modes shown in Figure 3c) from the
QNM expansion leads to a better reconstruction, as shown by the red dashed curve in
Figure 4a. However, in the absence of static modes, the reconstruction cannot be accurate,
as shown previously in [26]. The red dashed curve in Figure 4b illustrates that, with a QNM
expansion that excludes static modes, the mean relative error does not decrease with the
number of modes but on the contrary saturates to a value of a few percent.

Two important conclusions can be drawn. First, these results provide evidence that
static modes make a non-negligible contribution to the scattered-field reconstruction in
the case of a Lorentz permittivity. When a numerical QNM solver is used, their specific
contribution is not replaced by other “numerical” modes. Secondly, static modes are
incorrectly calculated by a numerical QNM solver designed to calculate modes with a
non-zero eigenfrequency. It is of major importance to solve this issue if one wants to use
QNM expansions for dielectric resonators. In the next section, we propose to add to the
QNM solver a specific calculation of the static modes.

4. Specific Calculation of the Static Modes

In the case of dielectric systems, a QNM expansion without static modes is not accurate,
as shown by the red dashed curve in Figure 4b and by the results in [26]. However, the
static modes calculated by the QNM solver are erroneous and cannot be used.

We propose to use a separate, specific computation of the static modes to improve
the accuracy of the QNM expansion in the case of dielectric systems. The calculation is
performed by solving an electrostatic problem with the FEM; it is described in Section 4.1.
This approach is validated by considering the dielectric nanosphere (Section 4.2) as well as a
more complex geometry that is not analytically solvable: a dielectric nanodisk (Section 4.3).

4.1. Calculation of the Static Eigenproblem

Instead of relying on the most general Maxwell equations to calculate all modes, we
calculate the static modes by considering an electrostatic problem. We solve the Laplace
equation,

∇ ·
[
ε(0)∇Ṽm

]
= 0, (10)

where Ṽm is the electrostatic potential and ε(0) is the value of the permittivity at ω = 0. In
the case of a Lorentz permittivity, ε(0) = ε0ε∞(1 + ω2

p/ω2
0). By using the FEM formula-

tion, Equation (10) is recast into a matrix eigenvalue problem for which we calculate the
zero eigenvalues.

For a resonator embedded in a homogeneous medium, the electrostatic potential out-
side the structure varies asymptotically as Ṽm ∼ a/r and cancels out at infinity. Therefore,
it is not necessary to use PMLs, and we solve Equation (10) with the following boundary
condition in the FEM formulation:

∂Ṽm

∂r
= − Ṽm

r
. (11)

Once the distribution of the potential is known, we calculate the electric field of the
static modes as

Ẽst
m = −∇Ṽm. (12)

Since static modes do not diverge as r → ∞, they can be normalized easily without
regularization. They are normalized with Equation (3) by using the fact that H̃st

m = 0.
Finally, their excitation coefficient is calculated with Equation (8).

We validate this specific calculation of static modes in the following two sections.

4.2. Back to the Dielectric Sphere

Let us come back to the case of the dielectric sphere of Section 3.2. We reconstruct
the scattered field with a QNM expansion formed by all non-static modes of Figure 3
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(all modes excluding the 1786 static modes shown in Figure 3c), to which we add 90
static modes computed with the method described in Section 4.1. To validate this ap-
proach, we have chosen to calculate the average intensity enhancement inside the resonator,
(1/Vres)

∫
Vres
|E|2/|Ei|2d3r, because static modes significantly contribute to this physical

quantity [26]. The sphere is illuminated by a linearly polarized plane wave.
Figure 5a displays the average intensity enhancement inside the sphere as a function of

the frequency. The results of a direct FEM calculation (black circles) are taken as a reference.
The red dashed curve shows the inaccurate results obtained with a QNM expansion that
excludes static modes, and the blue curve shows the results obtained by combining non-
static modes calculated with the QNM solver and 90 static modes computed separately.
The proposed method to calculate static modes works well and allows for an improvement
of the field reconstruction inside the sphere.
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Figure 5. Field reconstruction with a specific computation of the static modes. (a) Dielectric
nanosphere of Section 3.2. (b) Dielectric nanodisk with rounded edges. The average intensity
enhancement inside the resonator is plotted as a function of the frequency, (1/Vres)

∫
Vres
|E|2/|Ei|2d3r.

Blue curve: QNM expansion with separately computed static modes; Red dashed curve: QNM
expansion without static modes; Black circles: direct FEM calculation.

4.3. A More Complex Geometry—Dielectric Disk

To further validate our approach, we study a more complex geometry that is not
analytically solvable. We consider a silicon nanodisk that has been previously studied
in [33], with a radius of 242 nm, a height of 220 nm, and rounded edges with a radius
of 50 nm. The silicon permittivity is described by the Lorentz model used in Section 3.2.
As for the sphere, we calculate the average intensity enhancement inside the object as a
function of the frequency. The incident plane wave has its wave vector parallel to the axis
of the disk and it is linearly polarized.

The results are displayed in Figure 5b. The red dashed curve shows the inaccurate
results obtained with a QNM expansion that excludes static modes and the blue curve
shows the results obtained by combining non-static modes calculated with the QNM solver
and static modes computed separately. A direct FEM calculation (black circles) is taken as a
reference. Again, adding in the QNM expansion static modes that are computed separately
improves the accuracy of the field reconstruction.

5. Conclusions

We have studied the calculation and the role of static modes in the electromagnetic
field reconstruction in the case where a numerical QNM solver is used. We have shown that
static modes do not contribute to the field reconstruction in the case of a resonator made of
a metallic material whose permittivity is described by a Drude model. The calculation of
static modes is thus useless in that case. We have shown that the situation is drastically
different in the case of a resonator made of a dielectric material whose permittivity is
described by a Lorentz model. Static modes markedly contribute to the field reconstruction
but are incorrectly calculated with a QNM solver designed to compute modes with non-
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zero eigenfrequencies. To our knowledge, this important issue had not been been raised
until now.

Therefore, for dielectric resonators, QNM expansions should be used by paying special
attention to static modes. To bypass this issue, we have proposed the use of a separate,
specific computation of the static modes. We have validated our approach numerically on
two different examples: a dielectric nanosphere and a dielectric nanodisk. We have focused
our work on purely metallic and purely dielectric resonators. An interesting perspective
would be to study metallo-dielectric structures.
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