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Tailoring Fano Lineshape in Photonic Local Density of States
by Losses Engineering

Nicoletta Granchi* and Massimo Gurioli

Non-Hermitian theory in photonics revolutionized the understanding of
optical resonators, thanks to the concept of quasi-normal modes (QNM) and
to a deep revision of the Purcell factor expression. Counterintuitive effects
followed, such as complex modal volumes and non-Lorentzian local density of
states (LDOS) of QNMs. One of the fascinating aspects of non-Hermitian
theory is the analogy with quantum mechanics for autoionizing electronic
levels where the absorption cross’section is characterized by Fano lineshapes,
caused by interference between the probability of absorption in the
continuum and in the bound states. In photonics Fano lineshapes can arise
from QNM normalization through the complex modal volume. The link
between Fano lineshapes in photonic LDOS of QNMs and in the case of
autoionizing states needs to be clarified. Here, by developing an analytical
model based on the role of losses in the QNM normalization, they clarify the
meaning of the phase of QNM normalized fields (qFano parameter),linking
QNMs normalization to the concept of interference among the resonant and
the leaky modes. This inspired the design of photonic crystal (PhC) cavity that
exhibits LDOS with Fano character inside the itself, providing a proof of
principle on how to mold the radiative lifetime by Purcell effect.

1. Introduction

PhC cavities are nowadays the state-of-the-art devices for light
confinement at the nanoscale and are largely employed to en-
hance the radiative decay rate via Purcell effect, in view of de-
veloping devices based on efficient quantum sources. In addi-
tion, they are basic elements in many fields of research ranging
from integrated photonics,[1] optical,[2] and sensing[3,4] to quan-
tum electrodynamics,[5] and topological photonics.[6] At the ba-
sis of the control of the Purcell effect[7] is the comprehension
and study of two physical quantities: the Q factor and the modal
volume V of the cavity. For these reasons, many successful ex-
amples in which the Q factor is controlled and optimized both
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theoretically and experimentally[8–13] can be
brought up. The concept of modal volume,
which is less intuitive than the Q factor
since it is a function of the position inside
the cavity, has been recently clarified by in-
troducing its unavoidable complex-valued
nature based on the non-Hermitianicity of
open systems.[14–18] Non-Hermitian theory
in photonics has imposed a major break-
through in the understanding of optical
micro- and nano-resonators and their appli-
cations, thanks to the physical insight pro-
vided by the underlying concept of their nat-
ural resonances, the QNMs.[15,16,19] Indeed,
rapid progress in photonics has brought
many examples of resonant optical phe-
nomena associated with the physics of Fano
resonances.[20] Amajor interest in the study
of photonic Fano resonances lies in the
sharp transmission-reflection curves sup-
plied by their typical lineshapes displaying
a sharp transition from total transmission
to total reflection, which makes them ap-
pealing for optical switching and sensing
applications.[21–24]

One of the fascinating aspects at the basis of non-Hermitian
theory is the analogy with quantum mechanics for autoionizing
electronic levels where the absorption cross section exhibits Fano
lineshape.[25] Following the description of Ugo Fano, “interfer-
ence between the direct and indirect photo-ionizations becomes
then constructive on one side of the line center (resonance point)
and destructive on the other”, leading to the asymmetric Fano ab-
sorption profile. Indeed, the Fano resonance occurs when a dis-
crete quantum state interferes with a continuum band of states,
and it arises with an intensity F expressed as a function of energy
E which is well reproduced by the formula:[20,26,27]

F (E) = C0 + F0

[
q + 2

(
E − E0

)
∕Γ

]2
1 +

[
2
(
E − E0

)
∕Γ

]2 (1)

where C0, F0 are amplitude factors, E0 and Γ are the resonant
energy and width, while the dimensionless factor q, i.e., the Fano
parameter, accounts for the line-shape asymmetry; for example,
the lineshape is Lorentzian if q → ±∞, quasi-Lorentzian (dip) if
q = 0, and it is anti-symmetric if q ≈ ±1 (pure Fano).
In quantummechanics the common picture predicts that Fano

resonances are related to the interference between the probability
amplitudes of absorption in the continuum states and the one of
absorption in the bound states. On the contrary, the introduction
of the complex modal volume arising from QNM normalization
in non-Hermitian theories has unveiled contributions with Fano
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lineshapes to the photonic LDOS.[14] Despite the fact that any
photonic resonator can be considered a bound state embedded in
the continuum,[28] that is the analogous of atomic autoionizing
states, the link between the Fano lineshapes in photonic QNMs
and electronic absorption in autoionizing states still needs to be
fully clarified.
Here, by developing a simple, yet effective analytical model

based on the role of leaky modes in the QNM normalization and
by designing and simulating the photonic LDOS in a modified
L3 photonic cavity on slab, we shed light on the meaning of the
phase of QNM normalized fields (i.e., the q Fano parameter), es-
tablishing a link between QNMs normalization and the concept
of interference among the resonant and the leaky modes. In par-
ticular, although these two aspects lead to the same result, i.e.,
the physical origin of Fano lineshapes in the photonic LDOS, this
point has not been highlighted yet in the literature. Our simple
model, based on both concepts, aims at finding this link. It indeed
clarifies the interplay between resonant and leaky modes and
helps in understanding important features in sight of tailoring
the Fano LDOS. The results are carefully supported by Finite Ele-
mentMethod (FEM) and Finite Difference TimeDomain (FDTD)
simulations. The results obtained on the well-known L3 photonic
crystal cavity suggest that the Fano parameter q is strongly depen-
dent on the position inside the photonic system at the nanoscale;
therefore, even in the case of an “isolated” QNM, the LDOS does
not have an unique lineshape. However, an LDOS with Fano pro-
file can only be found outside the cavity itself, even in the case of
very small Q factors determined by large in-plane losses. Here we
present the design of an engineered L3 which exhibits an LDOS
with Fano character inside the cavity itself, showing as a proof of
principle that it might be possible to tailor the Purcell radiative
lifetime[7] of an emitter in resonance with the QNM by engineer-
ing the LDOS. Fano lineshapes with different degrees of asym-
metry can be obtained within the same cavity for similar values
of the Q-factor, showing that Fano asymmetry can be tailored in
moderately lossy systems.

2. Results and Discussion

2.1. QNM Normalization and Fano Lineshapes

The theoretical framework of the analytical model here devel-
oped considers a quantum emitter with dipole moment p = pu,
with u the dipole direction, at position r embedded in a pho-
tonic cavity. Within QNM theory, it is described by a set of modes
with normalized electric fields Ẽn(r) and complex frequencies
𝜔̃n = 𝜔n − iΓn, with 𝜔n the resonant frequency and Γn the coher-
ence damping rate.[15] It has been shown that the spontaneous
emission rate 𝛾(r,𝜔) (which is proportional to 𝜌(r,𝜔), the pho-
tonic LDOS) can be written as 𝛾 (r,𝜔) =

∑
n 𝛾n(r,𝜔), where 𝛾n is

the contribution of the n-th mode to 𝛾 , and is given by:[17]

𝛾n (r,𝜔) = 2
ℏ𝜀0𝜀r (r)

||p||2 Qn||Ṽn (r)|| 𝜔

𝜔n

×

[
Γn(

qn(r)
2 + 1

) (qn(r)2 − 1
)
Γn + 2qn (r)

(
𝜔 − 𝜔n

)
(
𝜔 − 𝜔n

)2 + Γ2n

]

(2)

where the complex-valued modal volume Ṽn(r) = [2𝜀o𝜀(r)
(Ẽn(r) ⋅ u)

2
]−1 has been introduced in addition toQn =

1
2
𝜔n∕Γn.

[12]

Equation (2) shows that the LDOS lineshape is a Fano profile
through all modal contributions, with the Fano parameter
qn (r) = −Re[(Ẽn(r) ⋅ u)]∕Im[(Ẽn(r) ⋅ u)] being associated to the
spatial phase of the n-th QNM, which is a physical observable
fully defined by the normalization. It is worth remembering
that for large qn(r), that is for Re[(Ẽn(r) ⋅ u)] ≫ Im[(Ẽn(r) ⋅ u)]
the lineshape is Lorentzian. To have a Fano profiles with strong
asymmetric tails the condition Re[(Ẽn(r) ⋅ u)] ≈ Im[(Ẽn(r) ⋅ u)]
is needed. At the same time, since in photonic crystal cavities
both the real and imaginary part of Re[(Ẽn(r) ⋅ u)] oscillate at
the nanoscale, Equation (2) predicts a spatial modulation of the
LDOS lineshape for any QNM. However, having the condition
of Re[(Ẽn(r) ⋅ u)] ≈ Im[(Ẽn(r) ⋅ u)] inside the cavity and for points
of large value of 1∕|Ṽn(r)|, Fano profiles can only occur for
extremely lossy QNM, such as in plasmonic resonances.
FEMsimulationswere performed on an L3 cavity on a slab,[8,29]

embedded in a 2D PhC of different spatial footprints, i.e., differ-
ent number of rows R of holes (highlighted in different colors
from R = 1 to R = 7), as sketched in the left inset of Figure 1a.
The PhC consists in a system of air holes of radius 89 nm ar-

ranged with lattice constant 320 nm on a Silicon slab 220 nm
thick. We calculate the solutions to the eigenvalue problem for
each R, evaluating the complex eigenfrequencies 𝜔̃n = 𝜔n − iΓn,
from which the Q-factor of the n-th mode is found as Q =
𝜔n∕2Γn. The values of Q of the L3 ground state are reported
in Figure 1a as a function of R. The real and imaginary parts
of the normalized field component Ey were calculated and nor-
malized through the so-called Perfectly Matched Layer (PML)
normalization[15] (see Experimental Section for details). Then,
in the same graph of Figure 1a, Re[Ey] and 10xIm[Ey], were re-
ported as a function of R after being normalized to the maxi-
mum to be compared with the trend of the quality factors. We
observe that while Q and Re[Ey] decrease for smaller R, Im[Ey]
increases. Therefore the increase of losses determines a large de-
crease of the Fano parameters as expected; however, even for Q-
factors as small as Q = 20, at the center of the cavity we find
Re[(Ẽn(r) ⋅ u)] ≈ 10 Im[(Ẽn(r) ⋅ u)], that is still the condition that
gives an almost Lorentzian profile in the photonic LDOS. It fol-
lows that reducing the Q is not a sufficient condition to have a
pronounced Fano lineshape in the photonic LDOS.
It is important to consider that just like in the case of autoioniz-

ing electronic states,[25] a major role of the hybridization between
the continuum of leaky modes and the quasi stationary waves is
expected also in photonics. At first glance this feature is not ob-
served in the results of Figure 1b, in which we report the FEM
spatial distribution of Re[Ey] for the case of the L3 with R = 6,
Q = 4000 (left panel) andwithR = 4,Q = 600 (right panel), since
the twomaps are almost identical. However, by saturating the col-
ors for large fields (Figure 1c), it is clear that the field at the pe-
riphery of the cavity is much larger for the case with R = 4. This
is a clear signature of the increasing hybridization of the QNM
with the leaky modes as a consequence of increasing the mode
losses.
This picture led to the development of a simplified pertur-

bation approach to the problem of QNM, with the only scope
to highlight how normalization is linked to the interference be-
tween continuum and bound states to generate Fano profiles.
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Figure 1. a) Dots:Q-factors of the L3 ground state reported as a function of the number of photonic crystal rows, R. Squares and triangles: corresponding
values of Re[Ey] and 10xIm[Ey] for the L3 ground state as a function of R. b) FEM spatial profiles of Re[Ey] for the L3 with R = 6 (left) and R = 4 (right).
c) FEM spatial profiles in saturated colorscale of Re[Ey] for the L3 with R = 6 (left) and R = 4 (right).

Let the QNM of an isolated cavity be described by the normal-
ized electric field ẼB(r).

[14] In a non-magnetic and lossless dielec-
tric system the normalization condition can be rewritten as:

∭
(
2𝜀o𝜀 (r) ẼB(r)

2) d3r = 1 (3)

If the Q of the QNM is large, like for R = 7 and Q = 4000,
then ẼB(r) is almost real and the LDOS has a Lorentzian shape.
Let this be called a bound state and assume that ẼB(r) is indeed
real (the suffix “B” means “bound”). As shown in Figure 1a, if
the in-plane losses are increased by cutting the 2D PhC, then Q
becomes quite small, like for example it is for R = 4 and Q =
600, and the electric field tends to spread out of the cavity. Also
the field of this lossy cavity ẼQB(r) (the suffix “QB” means “quasi-
bound”) can be normalized:

∭
(
2𝜀o𝜀 (r) ẼQB(r)

2) d3r = 1 (4)

We model this by assuming that the QNM field ẼQB(r) in a
lossy cavity can be expressed in terms of contribution of from
the initial bound state ẼB(r) and the “the continuum” of the leaky
modes propagating out of the cavityẼC(r). Then:

ẼQB (r) = aẼB (r) + bẼC (r) (5)

Notably, Equation (5) means that the QNM in a lossy cavity can
be described as a “hybridization” between the bound state ẼB(r)
and the continuum ẼC(r) with a and b relative amplitudes.
We also assume that ẼC(r) can be normalized:

∭
(
2𝜀o𝜀 (r) Ẽc(r)

2) d3r = 1 (6)

Then, from all normalization conditions, the following rela-
tion holds:

a2 + b2 + 2abC = 1 (7)

where the field overlap integral C = ∭ (2𝜀o𝜀(r)ẼB(r) ⋅ ẼC(r))d
3r

has been introduced. Hence, since ẼC(r) is a continuum state, it
is complex, and then also C is complex, even in ẼB(r) is real.
If the contribution of the continuum to the “quasi-bound state”

is not very large (i.e., a ≫ b), within a perturbation theory ap-
proach we have to the first order in b that a ≈ 1 − bC. Then:

ẼQB (r) = (1 − bC) ẼB (r) + bẼC (r) (8)

Therefore, starting from a high Q cavity and increasing its
losses, this equation states that the imaginary part of the field of
the QNM of the lossy cavity comes from the overlap integral with
the continuum C describing the leaky modes entering inside the
cavity region. Finally, since the field ẼQB(r) is complex, through
Equation (2) the Fano profile in the photonic LDOS can be linked
to the hybridization between the “original” bound state and the
continuum, which is the essence of the Fano theory in quantum
mechanics.
In particular, we can calculate the Fano parameter of the QB

state qQB, which is given by:

qQB (r) = −
Re

[(
ẼQB (r) ⋅ u

)]
Im

[(
ẼQB (r) ⋅ u

)] ≈ 1

Im [bC] − Im[b(ẼC (r)⋅u)]
(ẼB(r)⋅u)

(9)

It is now clear that the dependance of qQB(r) on the point in-
side the photonic system reflects the change of weights of the
contribution of the bound state ẼB(r) and the continuum states
ẼC(r). It is expectable that by moving the position of the emitter
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Figure 2. a) Sketch of the cavity with R = 7 (orange) and R = 3 (blue). The arrows indicate the positions of the dipoles in which the spectra are calculated.
b) Spatial cuts of Im[Ey] (orange continuous line) and Re[Ey] (orange dashed line) along the black dashed line in a for the L3 with R = 7, compared with
Im[Ey] for R = 3 (blue line). Overlapped to the cuts is the indication of the dielectric matrix (grey for Silicon and white for air holes). c) Upper panel:
LDOS spectrum for the L3 with R = 3, calculated by positioning the dipole in the center of the cavity as highlighted by the red arrow. Bottom panel: Fano
resonant contributions to the photonic LDOS obtained by subtracting from the total LDOS the baseline corresponding to the contribution from the
continuum. Note that in any case and for any wavelengths the total LDOS is always positive. In the panel we plot the resonant LDOS in two positions
out of the cavity (green arrow and dark blue arrow highlighting the dipole positions, which are reported in Figure 2b).

out of the cavity, where the ratio ẼC(r)/ẼB(r) becomes large be-
cause of the contribution of the continuum, the Fano parameter
of the LDOS qQB(r) will be small enough to observe asymmet-
ric Fano profiles and will change at the nanoscale following the
modulation of ẼB(r).
The picture emerging from this simple model clarifies the re-

sults of FEM simulations reported in Figure 2, where we consider
the L3 cavity with R = 7 (i.e., the high Q cavity) and with R = 3
(i.e., the lossy cavity); the sketches of the cavities are shown in
orange blue in Figure 2a.
In Figure 2b we report for both cavities the spatial cuts of

Im[Ey] (orange and blue continuous line for R = 7 and for R = 3)
and Re[Ey] (orange dashed line for R = 7 and for R = 3 since
they almost coincides) along the black dashed line in Figure 2a.
Overlapped to the cuts is the indication of the dielectric matrix
(grey for Silicon and white for air holes). Notably, the spatial cut
of Im[Ey] for R = 7, highlights how in every x-coordinate the
imaginary part of the field for R = 3 (blue) is bigger than the one
for R = 7 (orange). This indicates that the L3 cavity with R = 3

exhibits a large contribution from the continuum.We then calcu-
late through FDTD simulations the LDOS in three different po-
sitions of the exciting dipole (see section Methods for details): 1)
Dipole placed at the center of the cavity, indicated by the red arrow
in Figure 2b,c and 2) Dipole inside the PhC along the horizontal
cut, with position indicated by the green arrow in Figure 2a,b.
3) Dipole inside the PhC along the lossy direction among the
30.7° diagonal, with position indicated by the dark blue arrow
in Figure 2a. The results are shown respectively in the upper
(dipole inside the cavity) and lower panels (dipole in the photonic
crystal in two positions) of Figure 2c; we can observe that while
the LDOS at the center has a Lorentzian lineshape, as the dipole
is moved away from the cavity, the spectrum changes into a Fano
lineshape with q parameter, extracted from fit, that changes from
−2.6 to 1.8 as the dipole moves from the horizontal (green spec-
trum) to the diagonal line (dark blue spectrum). Note that these
plotted Fano lineshapes represent the resonant contribution,
since they have been obtained by subtracting from the LDOS the
baseline corresponding to the contribution from the continuum

Adv. Quantum Technol. 2024, 7, 2300199 2300199 (4 of 7) © 2023 The Authors. Advanced Quantum Technologies published by Wiley-VCH GmbH
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Figure 3. a) Im[Ey] of the cut L3 ground state. b) Spatial cuts of Im[Ey]) of the engineered cavity (red line) and profile of q = −Re[Ey]∕Im[Ey] (blue dashed
line). c) Comparison between the LDOS of the cut L3 (red spectra) and the L3 with R = 3 (light-blue spectra) calculated near the center of the cavities x
= −160 nm and inside the cavity at x = −390 nm (yellow and green squares). d) Zoom of the plot of q within 100 nm range. The green, purple, and cyan
dot highlights the three positions in which the LDOS shown in (e) are calculated, which correspond to q ≈−1, q ≈0, and q ≈1.

(see Equation (1)). As suggested by the simple model, outside
the cavity the hybridization of the QNM with the leaky modes
increases, and therefore contributes to reveal the Fano profile.
Indeed, in order to observe a Fano profile inside a PhC cavity, and
not only at the borders, a large contribution of the continuum is
needed. In standard photonic cavities, this could likely happen
only for Q as small as few tens like in the plasmonic resonances.

2.2. Tailored Fano Lineshapes in Engineered Photonic Crystal
Cavities

We now show how, by engineering the losses, it is possible to
enhance the imaginary part of the QNM such that a Fano LDOS
is displayed inside the cavity without decreasing too much the
Q – factor. The design of the modified L3, which can be seen
in Figure 3a through the map of Im[Ey], is obtained by cutting
a clove out of the photonic crystal (R = 7) surrounding the cavity
along one of the four Γ −M diagonals occurring at 30.7°, through
which the standard L3 typically drives the outgoing field. This
allows to increase theQNMhybridizationwith leakymodes along
this line where only two photonic crystal rows are present, while
at the same time the photonic barrier on the other three Γ −M
diagonals allow to have Q = 300. Infact, as it can be deduced by
Figure 3a, the imaginary part of theQNMof the engineered cavity
redirects most of the losses in the cut area.
This is further confirmed by the asymmetric feature of the

spatial profile of Im[Ey] along the horizontal black dashed line of
Figure 3a reported in Figure 3b in red, together with the plotted
value of q = −Re[Ey]∕Im[Ey] (blue dashed line); we see that inside

the cavity the Fano parameter shows strong modulations that
indicate the possibility of tracking non-Lorentzian lineshapes,
even in points with relatively large LDOS. For this reason, two
positions, highlighted by the green and purple squares in the
plot of Figure 3b, were properly chosen to fall within the range
of q values suggesting a Fano lineshape of the LDOS. The calcu-
lated LDOS are shown in Figure 3c (red spectra) and compared
with the ones of the standard L3 with R = 3 (light blue spectra),
where a similar Q-factor is found. The spectra were obtained
by placing a dipole near the center of the cavity (x = −160 nm,
yellow square) and a bit further from the center, but still inside
the cavity (x = −390 nm, green square in Figure 3b). While the
L3 in both positions still exhibits a quasi-Lorentzian lineshape
(light blue spectrum), the modified L3 displays an LDOS with
a Fano lineshape (red spectrum), respectively with q = −3.8
(upper panel) and q = 4.4 (lower panel), as predictable from the
modulation of q shown in Figure 3b. These results demonstrate
that the cut design of the L3 allows to increase ẼC(r)/ẼB(r) inside
the cavity area, and therefore to decrease the parameter q and to
have a Fano lineshape inside the photonic cavity. Interestingly,
by zooming the plot of q within a 100 nm range (Figure 3d), we
can finely tune the position in which the LDOS can be calculated,
in order to spot the transition from q ≈−1 to q ≈1. The final
calculations for three positions, highlighted respectively by a
green (x = −141 nm), purple (x = −139 nm) and cyan (x =
−137 nm) dot, are reported in Figure 3e in corresponding colors.
The three LDOS, of smaller intensity with respect to the ones
previously shown, clearly exhibit the typical shapes determined
by q ≈−1, q ≈0 and q ≈1. It is worth noticing that in presence of
a QNM in resonance with the emitter, the radiative rate could in
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principle be decreased, with respect to the non-resonant value,
as shown by the Lorentzian dip (that is q ≈0) at x = -139 nm.

3. Conclusion

In conclusion, we have demonstrated the possibility to tailor the
Fano spectral lineshapes of the photonic LDOS by controlling the
spatial distribution of the leaky modes. The cavity engineering is
driven by the predictions of an analytical model that is developed
through a perturbation theory approach, in order to link non-
Hermitian QNM normalization to the concept of interference.
The model is based on the assumption that the QNM of a high-
Q photonic cavity, after the introduction of a certain amount of
losses, can be considered as a new QNM state that is the result of
the hybridization between the initial high-Q state and a contin-
uum state, determined by the leakymodes propagating out of the
cavity. Indeed, from the general expression of the LDOS within
non-Hermitian theories the LDOS of any QNM, even if it is of
Lorentzian character at its center, is an asymmetric Fano inside
the PhC in which it is embedded, with strong variations of the
lineshape of the LDOS at the nanoscale.
However, in order to detect a Fano lineshape of the LDOS in-

side the cavity one should increase the contribution of the losses
so high such that the Q-factor would be too low to be considered
for any application and experimental demonstration. Inspired by
this, we engineered a standard L3 that exhibits an LDOS with
Fano lineshape inside the cavity itself, in positions where the
LDOS is not too small. We believe that our results have shed
light on the physical mechanisms underlying well known pho-
tonic features of the state-of-the-art devices for light confinement,
i.e., PhC cavities, andmight contribute for their practical exploita-
tions in several fields such as quantumdevices, optical switching,
and sensing applications.

4. Experimental Section
Finite ElementMethod Simulations: The photonic cavities on slab were

simulated with a finite-element complex eigensolver.Within the theoretical
framework of QNMs, which were the solutions to the source-free Maxwell
wave equation with a radiation boundary condition,[15,30,31] the photonic
crystal resonances can be solved. The resulting eigenvalue problem ad-
mits solutions with complex eigenfrequencies 𝜔̃n = 𝜔n − iΓn. As a conse-
quence of the radiation condition, the QNM fields diverge in the far-field,
which invalidates common energy normalization approaches in Hermi-
tian systems. This was circumvented through alternative normalization
approaches that regularize the QNM behavior.[19] In this work the so-
called perfectly matched layer (PML) normalization was used:

∭
(
𝜀Ẽ2 − 𝜇0H̃

2) d3r = 1 (10)

where {Ẽn, H̃n} is the electromagnetic field of the QNM and the integral
is calculated over the volume VT = V ∪ VPML, i.e., the total volume that
comprehends not only the volume surrounding the cavity (V), but also
the volume occupied by the Perfectly Matching Layer (PML) used for the
numerical implementation of the radiation condition.

Finite Difference Time Domain Simulations: FDTD simulations were
employed to calculate the LDOS of the cavities. The spectra were obtained
by calculating the flux of the Poynting vector exiting a closed squared
box surrounding the dipole, which was y-polarized and spectrally centered
≈1250 and 200 nm broad.

For both types of simulations, the employed refractive index of Silicon
was n = 3.46.
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