
This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Powered by TCPDF (www.tcpdf.org)

This material is protected by copyright and other intellectual property rights, and duplication or sale of all or 
part of any of the repository collections is not permitted, except that material may be duplicated by you for 
your research use or educational purposes in electronic or print form. You must obtain permission for any 
other use. Electronic or print copies may not be offered, whether for sale or otherwise to anyone who is not 
an authorised user.

Heydarian, Reza; Klimov, Vasily; Simovski, Constantin
Subwavelength effects near a dielectric microcylinder illuminated by a diffraction-free beam

Published in:
Photonics and Nanostructures - Fundamentals and Applications

DOI:
10.1016/j.photonics.2021.100894

Published: 01/02/2021

Document Version
Publisher's PDF, also known as Version of record

Published under the following license:
CC BY

Please cite the original version:
Heydarian, R., Klimov, V., & Simovski, C. (2021). Subwavelength effects near a dielectric microcylinder
illuminated by a diffraction-free beam. Photonics and Nanostructures - Fundamentals and Applications, 43,
[100894]. https://doi.org/10.1016/j.photonics.2021.100894

https://doi.org/10.1016/j.photonics.2021.100894
https://doi.org/10.1016/j.photonics.2021.100894


Photonics and Nanostructures - Fundamentals and Applications 43 (2021) 100894

Available online 18 January 2021
1569-4410/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Subwavelength effects near a dielectric microcylinder illuminated by a 
diffraction-free beam 

Reza Heydarian a,*, Vasily Klimov b, Constantin Simovski a,c 

a Department of Electronics and Nano-Engineering, Aalto University, P.O. Box 15500, FI-00076 Aalto, Finland 
b Department of Optics, Lebedev Physical Institute, Russian Academy of Science, 53, Leninsky Prospekt, 119991 Moscow, Russia 
c Faculty of Physics and Engineering, ITMO University, 199034, Birzhevaya Line 16, Saint-Petersburg, Russia   

A R T I C L E  I N F O   

Keywords: 
Diffraction free beam 
Microcylinder 
Near field effects 

A B S T R A C T   

Generation of a photonic nanojet with a slightly subwavelength waist at the back side of a dielectric microsphere 
or microcylinder impinged by a plane wave has recently shown that the near-field effects may hold not only 
inside the dielectric microparticle, but also outside it. In this paper we explain how to drastically increase the 
external near-field effect. For it one has to replace a plane wave or a Gaussian beam by the fully symmetric 
diffraction-free beam. In this case we observe a deeply subwavelength focusing of the incident beam near the rear 
edge of the microcylinder. This effect is accompanied by a very strong enhancement of the local electric intensity. 
Microcylinders with slightly different parameters grant the significant enhancement of the intensity on the whole 
cylinder surface. These implications of the resonant scattering result from the destructive interference of the 
propagating spatial harmonics which vanish at the back side of the cylinder in favor of the evanescent ones.   

1. Introduction and problem formulation 

In this paper we theoretically reveal two new near-field effects which 
when a properly chosen 2D wave beam impinges a dielectric micro-
cylinder with optically large radius kR ≫ π (here and below k = 2π/λ is 
the wave number of free space). Our incident beam is a 2D analogue of 
the radially polarized Mathieu beam [1] and is called in the theory of 
diffraction either the 2D Mathieu beam or cosine wave beam [2]. In 
practice, such a beam results from the transmission of two plane waves 
[1–12] through a large diaphragm D ≫ λ. These waves have the same 
frequency and opposite phases and their wave vectors should form a 
sharp angle 2β as it is depicted in Fig. 1. From the aperture D till the 
distances exceeding D, the cosine beam experiences the Abbe diffraction 
only in its tails. In the paraxial domain of the beam only the interference 
of two plane waves is observed. For our purposes, the presence of the 
diaphragm is not relevant. In our preliminary simulations, we have seen 
that the power flux distant from the cylinder lateral edges x =± R by 
Δx > λ does not feel the presence of the cylinder. The essential part of the 
incident beam is the interval − R − λ < x < R + λ. For this part of the 
cosine beam the diaphragm has no impact, and in our study reported 
below the wave beam is formed simply by two plane waves with the 
divergence angle 2β between their wave vector k±. 

If this angle is small enough (2β < π/kR) and the beam is TM- 
polarized the x-component of the incident electric field and the inci-
dent magnetic field grows versus |x| from zero almost linearly over the 
interval |x| = [0, R]. In this case the period of the incident beam in-
tensity versus x is optically large, and the maximal intensity (square of 
the electric field amplitude) of the incident beam Ii(x) = Im holds when | 
x| > R. In this paper, we will show that this structure of the incident 
beam enables very strong near-field effects in the area behind the cyl-
inder and on its surface. 

Since the cylinder practically feels the incident beam only within the 
interval x = [− R − λ, R + λ] it is reasonable to normalize the electric 
intensity I of the total field to the intensity I0 – that of the incident beam 
averaged namely over this interval. The value I0 is marked in Fig. 1. 

In our study we aim to obtain the subwavelength concentration of 
the electric field outside the cylinder, i.e. our target is to achieve high 
values of the local intensity enhancement I/I0. 

Resonant enhancement of the electric intensity at some points inside 
a dielectric microcylinder is a well-known feature of the resonant scat-
tering theoretically revealed by G. Mie for a sphere 150 years ago and 
discussed in books for spheres and cylinders, see, e.g. in [3]. Even inside 
the cylinders the local intensity enhancement may be very high – of the 
order of 100 [4]. However, the resonant scattering effects that result in 
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the strong local intensity enhancement outside the cylinder have not 
been known previously. This enhancement as a rule is fixed in the re-
flected field and is of the order of 2 even at whispering gallery reso-
nances when the internal enhancement is maximal [3,4]. In the 
transmitted field – behind the cylinder – the most known effect of 
enhanced intensity is the waist of the so-called photonic nanojet [5]. A 
photonic nanojet is a wave beam arising on the back side of a dielectric 
particle (a microcylinder or a microsphere) illuminated by a plane wave. 
On the back surface of the microparticle and at a small distance behind it 
this beam has a waist of subwavelength effective width [5–8]. In the 
domain of this waist, the electric field comprises a noticeable 
evanescent-wave component, a longitudinal component of the electric 
field arises there and the electric intensity enhances several times 
compared to that of the incident wave [6,8]. However, this known 
near-field effect is quite weak. For a microsphere, the waist effective 
width calculated at the rear sphere surface is within the range 
(0.29 − 0.35)λ [5–8]. For a microcylinder, this width is (0.4 − 0.5)λ, 
whereas the local enhancement of the electric intensity inside the waist 
does not exceed 4 [8]. At a distance of about 2λ from the microcylinder 
the Abbe diffraction turns this waist into a usual wave beam of Gaussian 
type. It is clear, that the generation of the photonic nanojet by a plane 
wave is such the combination of near-field and far-field effects, in which 
the far fields dominate. 

In this paper we will report the high values of I/I0 behind the cylinder 
which have nothing to do with the photonic nanojet. The problem 
symmetry in Fig. 1 prohibits the generation of the photonic nanojet. On 
the axis y the total electric field is longitudinal (Eρ(ϕ = 0) = Ey ∕= 0, 
Eϕ = 0) and the magnetic field nullifies. Suppressing this way the 
propagating part of the total field spatial spectrum in the paraxial region 
our wave beam offers the enhancement to the evanescent components of 
this spectrum. This point will be additionally discussed below. We will 
show that the rear point of the cylinder (x = 0, y = R), or, in cylindrical 
coordinates (ϕ = 0, ρ = R), may be a center of a deeply subwavelength 
focal spot in which amazingly high values of I/I0 are achieved. This 
subwavelength field concentration in free space results from the proper 
choice of the incident wave beam parameters – symmetry shown in 
Fig. 1 and small angle β (it should be smaller than π/2kR) – and from the 
optical thickness of the cylinder R ≫ λ. This subwavelength field con-
centration is our first new result. Our second result is a high field 
enhancement in an optically large area – on the whole surface of the 
cylinder. 

2. Calculations: results and discussion 

2.1. Subwavelength focusing 

In our calculations we use a full-wave commercial solver (COMSOL 
Multiphysics) and a classical analytical solution of the 2D diffraction 

problem for a cylinder impinged by a single plane wave [9]. For a single 
plane wave incident on the optically large cylinder kR ≫ π this solution 
(series of the cylindrical functions with cylindrical Mie coefficients of 
TM type) has no practical meaning – the series converges very slowly. In 
this case, besides of commercial solvers, one applies high-frequency 
asymptotics or performs numerical integration in the integral form of 
the solution (see, e.g. in [9,3]). However, for our incident beam of two 
plane waves with the symmetric polarization we combine the terms 
corresponding to k+ with the terms corresponding to k− and obtain a the 
series of cylindrical functions whose coefficients grant much faster 
convergence compared to the case of a single plane wave incident along 
the axis y. This convergence grants us the possibility to simply sum up 
the terms in the home-made Matlab code until the result nearly stops to 
change. The comparison with the COMSOL simulations allows us to see 
that the convergence of the series is absolute. 

Our incident beam propagating along y has an only z-component of 
the magnetic field (we denote its magnitude by A) and the incident 
electric field on the axis y is longitudinal: 

Hi = Hi
z = Asin(kρsinβsinϕ)e− jkρcosβcosϕ (1a)  

Ei(ϕ = 0) = Ei
ρ = E0e− jkρcosβ, (1b)  

where E0 = − jA
̅̅̅̅̅̅̅̅̅̅̅̅
μ0/ε0

√
sinβ. 

For the mean electric intensity of the incident beam we have I0 =

E2
0sin2(kRsinβ)/sin2β. In the reported simulations β = 0.01 and 

π ≪ kR < π/β, i.e. an optically large cylinder is fully located in between 
two adjacent maxima of the incident beam. It implies that E2

0≪I0. 
If kR ≫ π any incident wave beam with any wave number k for any 

refractive index n of the cylinder efficiently excites in it a number of TM- 
polarized eigenmodes whose amplitudes are proportional to that of the 
incident beam. These eigenmodes (leaky as in any other dielectric cav-
ity) resonate for given n at specific values of kR and for given kR at 
specific n. Every mode has a number of such resonances. We are looking 
for the regimes of the incident beam subwavelength focusing at the point 
(ϕ = 0, ρ = R). Subwavelength concentration of the electric energy im-
plies the strong enhancement of the electric intensity I = E2

ρ at this point. 
What can cause this enhancement? Definitely, it may result from the 
resonances of the eigenmodes. 

Therefore, we start from the study of the modal electric field excited 
by our beam at the point of our main interest (ϕ = 0, ρ = R) varying n 
and kR. Using the analytical solution, we calculated the partial in-
tensities of the TM modes E2

mρ excited by our beam at this point. These 
partial intensities, normalized to I0, are shown in Fig. 2 as the functions 
of n for the case kR = 10. In this case, the modes of the orders m = 11–15 
are resonant within the interval n = [1.4, 2.0] where some resonances 

Fig. 1. Planar problem: a cosine beam impinges a dielectric microcylinder. 
Cartesian and cylindrical coordinates systems are shown, important notations 
are depicted. 

Fig. 2. Total (dashed line) and partial electric intensities of the eigenmodes 
(m = 11 is red, m = 12 is green, m = 13 is blue, m = 14 is magenta, m = 15 is 
cyan) calculated at the point (ϕ = 0, y = R) for the case kR = 10 versus the 
refractive index of the cylinder. All intensities are normalized to I0. 
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are repeating. In the similar plots, calculated for larger kR, the density of 
the resonances of E2

mρ over the axis n is higher because for the thicker 
cylinder the higher modes also become resonant. Similarly, the set of 
resonant regimes arises for given n versus normalized frequency kR and, 
similarly, the increase of n increases the density of the resonances on the 
axis kR. 

Total intensity I(0, R) results from the interference of these modes 
with one another and with the incident beam. However, as we can see in 
Fig. 2 E2

mρ for m = 11–15 exceed I0 for any n because the resonant ranges 
of n corresponding to different m intersect. Roughly speaking the whole 
range n = 1.4–2 is resonant for kR = 10. If we fix the refractive index, e. 
g. put n = 1.7 we will see that the whole range kR = 10–20 is resonant for 
it. Thus the feature of the resonant scattering is observed in the broad 
bands of the problem parameters. 

Since I0≫E2
0 the intersecting resonances in Fig. 2 mean that E2

mρ(0,R)
exceeds the incident field intensity at the rear edge of the cylinder 
drastically. In other words, in the value I(0, R) the contribution E2

0 of the 
incident beam is negligibly small, and I(0, R) is determined only by the 
interference of the excited eigenmodes. Studying the phases of these 
modes we have found that for kR = 10 the intensity I(0, R) has local 
maxima versus n which do not exactly coincide with the resonant values 
of n seen in Fig. 2. And beyond these local maxima still the local field 
enhancement holds – I/I0 ≫ 1. 

In Fig. 3 we present the plots of I(ϕ, R)/I0 calculated on the back side 
of the cylinder surface for (a) n = 1.40 and (b) n = 1.57. Analytical so-
lution is in a very good agreement with the result of COMSOL in both 
cases. In Fig. 3(a) the angular width Δϕ of the central intensity 
maximum determined in accordance to the Rayleigh criterion (0.7 of the 
maximum) is nearly 8.3◦, that implies the linear width of the focal spot 
RΔϕ ≈ 0.24λ. In Fig. 3(b) Δϕ ≈ 7.2◦ and the focal spot is narrower: 
RΔϕ ≈ 0.20λ. In this case, the refractive index is close to the resonant 
values for the modes m = 12 and m = 14, and this is the reason why the 

focal spot for n = 1.57 is more subwavelength than it is for n = 1.4. Also, 
the local intensity enhancement at the focal point for n = 1.57 is as high 
as 22 − 24 (24 results from the analytical model and 22 from COMSOL), 
whereas for n = 1.4 we have I/I0 ≈ 11.5 in both COMSOL and analytical 
solution. We have not found in the available literature, local intensity 
enhancement due to the presence of any dielectric cylinder of micron or 
submicron radius exceeding 4 for a point located in free space. It is clear 
that this effect results from a specific excitation of our cylinder. 

The color map of the normalized intensity I/I0 around the cylinder 
for the case kR = 10, n = 1.4 is presented in Fig. 4(a). The central focal 
spot with subwavelength width is not a waist of a photonic nanojet (see 
above). Together with two lateral spots the focal spot represents the 
birthplace of two wave beams symmetrically tilted to the axis y. A set of 
similar beams leaks from the overlapping spatial maxima of the 
important modes (m = 11, m = 14) on both sides of the cylinder. These 
lateral beams cannot be visually distinguished in the regions |x| ≥ 20 
where they become negligible on the background of the incident beam 
intensity maxima. 

The most important feature we can see in this color map is a clear 
spatial separation of the central maximum (focal spot) from two lateral 
maxima. Also, it is seen that the focal spot keeps the subwavelength 
width at sufficiently small distances Δy from the rear edge of the cyl-
inder. When kΔy = 1 (i.e. in the plane ky = − 11) the linear width of the 
focal spot in the plane (x − z) is nearly equal Δx = 0.26λ, i.e. is still 
subwavelength. For n = 1.57 the width of the focal spot at the same 

Fig. 3. Electric intensity enhancement on the back side of the cylinder for 
n = 1.40 (a) and n = 1.57 (b). 

Fig. 4. Color map of the normalized intensity outside the cylinder when 
kR = 10, n = 1.4 (a) and the similar map when kR = 20, n = 1.7 (b). Incidence 
from top. 
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distance from the cylinder is smaller: Δx = 0.22λ. So, in a plane located 
at a certain distance from the microcylinder the intensity distribution 
still forms a pronounced subwavelength spot. 

In Fig. 4(b) we present the similar color map for kR = 20 and n = 1.7. 
In this case, n is close to the resonant value, i.e. the regime is similar to 
the case kR = 10, n = 1.57. In this regime, Δϕ ≈ 4.7◦. It implies the width 
of the focal spot at the cylinder surface RΔϕ ≈ 0.27λ. At the distance 
Δy = 1/k from the cylinder the width of the focal spot is Δx ≈ 0.29λ – 
still subwavelength and the intensity enhancement is still high – at the 
point (x = 0, Δy = 1/k I/I0 = 9.5. 

Conventional focusing of a wave beam implies a symmetric inter-
ference pattern (of spatial harmonics composing the converging beam) 
distributed so that the intensity has the absolute maximum in the center 
of the focal spot (on the optical axis). The intensity distribution across 
the focal spot in the conventional case can be approximated as I/ 
I0 ~ [sin(αx)/(αx)]2. This is a qualitative (the so-called Kirchhoff) 
approximation, in which the parameter α depending on the focusing lens 
design determines the effective width of the focal spot. In the conven-
tional case α < k and this width is larger than λ/2. 

Let us discuss the difference of our interference pattern in our focal 
plane from the conventional focusing. First, our focal plane is given by 
y = − R, i.e. is plane tangential to the cylinder at its rear edge. Second, in 
Fig. 3 we see that the intensity is not nullified at the minima unlike the 
intensity of usual focused beam. In other words, the function of type [sin 
(αx)/(αx)]2 should be complemented by a weakly varying additive 
component (it tends to zero only for large x). Third, and this is most 
important, if we approximate the oscillating component of I/I0 as [sin 
(αx)/(αx)]2, our α is larger than k. This is the indication of the contri-
bution of the evanescent spatial spectrum. Of course, physically it is 
simply the implication of the resonant scattering when a TM-mode of the 
cylinder is excited inside it with the subwavelength intensity maxima 
(the length of the intensity maximum is nearly twice smaller than the 
distance λ/2n between the adjacent intensity minima). However, in the 

usual case of the single-wave incidence the evanescent waves are 
confined inside the cylinder and these subwavelength features are hid-
den. Moreover, in the usual case there is no absolute central maximum. 
Engineering the interference of the mode patterns by the proper choice 
of the incident beam we achieve the absolute maximum at the axis and 
the extension of evanescent waves behind the cylinder. It results in the 
subwavelength focusing accompanied by high field concentration. This 
can be treated as a conversion of propagating waves in the spatial 
spectrum of the excited modes into evanescent waves. 

Fig. 5 illustrates the domination of the evanescent waves on the rear 
surface of the cylinder kR = 10, n = 1.4 via the analysis of the phase 
shifts between the components of the electromagnetic field. Fig. 5(a) 
depicts the distribution of the phase shift ΔΨxy between two Cartesian 
components of the electric field over the part of the microparticle sur-
face marked by red in the inset. This area covers the central focal spot 
and two lateral ones in which Ex and Ey have nearly the same magnitude. 
At the center of these spots the phase shift ΔΨxy ≡ phase(Ex/Ey) passes 
through the values ±90◦ that means the circular polarization. In general, 
the electric polarization is elliptic. It is linear (and longitudinal) only on 
the axis y. Meanwhile the magnetic polarization keeps one-component 
polarization H =Hz everywhere. The phase shift ΔΨ between the ellip-
tically polarized electric field vector and linearly polarized magnetic one 
exceeds 50◦ within the central spot. These phase relations and corre-
sponding polarization transformation effect clearly point out the 
domination of the evanescent waves in the vicinity of the rear edge of 
our cylinder. 

To conclude this subsection let us report the best corresponding 
result. Varying kR within the interval 10 ≤ kR ≤ 20 and the refractive 
index in the limits 1.4 ≤ n ≤ 2 we have found the case, when the linear 
width of the focal spot is minimal. This is the case when kR = 20 and 
n = 1.610. This refractive index is very close to the value n = 1.612 
corresponding to the superposition of two resonances mode resonances: 
m = 23 and m = 27. The local intensity enhancement for this case is 
depicted in Fig. 6 in both color map and plot. The angular width of the 
focal spot on the surface is equal 3.1◦, and the linear width is 
RΔϕ ≈ 0.15λ. At the distance Δy = 1/k, i.e. in the plane ky = − 21 the 
focal spot has the width Δx ≈ 0.16λ. We can see that in this case our 
analytical solution and COMSOL simulations are also in a good 
agreement. 

Thus, the possibility of subwavelength focusing of a diffraction free 
beam by a microcylinder is proved. This focusing is accompanied by a 
strong enhancement of the electric field in the focal spot. The sub-
wavelength focusing can be implemented with several values of n for 
any kR if the adopted condition π ≪ kR ≪ π/β is respected. For given n 
and R this regime can be implemented (under this condition) for several 
values of k. Therefore, a cosine wave beam with a wide enough 
continuous frequency spectrum impinging a glass microcylinder 
completely located between its intensity maxima contains the spectral 
components which will be focused behind the cylinder into a sub-
wavelength spot. 

2.2. Maximal enhancement of the surface-averaged electric intensity 

Above it was shown that the resonant magnitudes of the eigenmode 
electric field at the point (ϕ = 0, ρ = R) are achieved for a number of the 
cylinder parameters. The other sets of the design parameters offer the 
resonant magnitudes of the electric field at the other points of the cyl-
inder surface. It is even possible to find the regime, when the value I/I0 
averaged over − 90◦ < ϕ < 90◦ is maximized (for given kR or for given 
n). For kR = 10 the maximum of the mean value of I/I0 (close to 15) is 
achieved when n = 1.7. This regime is illustrated by Fig. 7. We can see 
that the local maximum at the rear edge (ϕ = 0, ρ = R) is relatively weak, 
whereas on the sides local intensity enhancement I/I0 attains 23–24. The 
effective width of all local maxima is weekly subwavelength (close to 
0.4λ). All intensity maxima except the axial one, in this regime can be 
treated as the waists of the photonic nanojets. 

Fig. 5. (a) Distribution of the phase shift between Ex and Ey on the rear surface 
of the cylinder in a region covering three main local maxima of the electric field 
(this region is marked by red in the inset). (b) Phase shift between the electric 
and magnetic field vectors in the same area (b). 
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Since this regime grants a significant enhancement of the electric 
intensity to the whole surface of the cylinder, it can be used for the 
enhancement of the fluorescence and Raman scattering of quantum 
emitters. For example, a long dielectric rod with optically substantial 
diameter can be covered by fluorescent molecules and impinged by a 
cosine beam. This technical solution will grant much higher level of the 
fluorescence than the well-known plasmonic fluorescent tag [10]. 
Really, the number of molecules coupled to a plasmonic nanoparticle is 
much smaller that the number of molecules covering a rod with the 
thickness of several microns – in our case the area is much larger. 
Meanwhile, the mean Purcell factor of a typical plasmonic fluorescent 
tag is of the same order of magnitude as in our case (10–20). The same 
observation concerns the surface-enhanced Raman scattering (SERS), 
because a substantial dielectric cylinder offers a large area for molecules 
emitting the Raman radiation. Our substantial cavity is also promising 
for SERS of biomedical objects chemically not compatible with metals 
and not detected therefore by usual metal SERS [11]. 

2.3. Eigenmode pattern in the case of the diffraction-free incident beam 

In this subsection we discuss why the electric field in our case turns 
out to be strongly enhanced outside a dielectric microparticle, whereas 
in the case of a usual wave beam or a plane wave incident on any 
resonant dielectric microparticle a so drastic enhancement occurs only 
inside it. 

Not only the internal field of the cylinder impinged by a wave beam 
comprises the cylindrical functions of high orders implying the small 
scale of spatial oscillations and, therefore, capable to grant the sub-
wavelength field concentration due to their interference. The scattered 
field outside the cylinder comprises these functions as well. If we want to 
stress these terms, we may engineer the incident beam so that it would 
be nearly orthogonal to the large-scale oscillating terms and would 

maximally fit the small-scale ones. Our incident beam due to its sym-
metry does not excite the propagating waves in its paraxial region and, 
therefore, in this region the evanescent waves dominate. For small β the 
whole cylinder is located in this paraxial region, and the excited mode 
pattern is less leaky and more evanescent than in the case of a single- 
wave excitation. 

We have studied our subwavelength effects for different values of β. 
For β = 0.01 (the case reported in the present paper) and for β = 0.001 
all our results are practically the same. When β = 0.1 the values of the 
intensity enhancement reported above decrease nearly twice and the 
focal spots enlarge twofold. When β = 0.2 > π/2kR the near-field effects 
beyond the cylinder practically disappear. In this trivial case, each of 
two incident plane waves independently generates its own photonic 
nanojet tilted to the axis y by angles ±β. 

Now, let us inspect the electric field pattern depicted in Fig. 8(a) for 
the case β = 0.01. We see that the spatial maxima of the electric field 
corresponding to the resonant mode m = 13 are extended in the radial 
directions and expand outside the cylinder. For a single plane wave 
incident along the same axis y the field maxima of the mode TM13 are 
nearly circular spots which do not expand outside. The magnetic field 
map depicted in Fig. 8(b) is not very different from that corresponding to 
the incidence of a single plane wave. Both shapes and sizes of the 
magnetic hot spots are visually the same. The main difference is the split 
of two magnetic field maxima centered at the axis y onto two spots with 
the exact zero between them because in the present case H(ϕ = 0) = 0. 
For the magnetic field outside the cylinder we have not find near-field 
effects. Only the magnitude and phase of the outer electric field feel 
the impact of the resonances. 

Thus, our beam of two plane waves with a small angle 2β between 

Fig. 6. Color map of the normalized intensity in the case of the tightest 
focusing, corresponding to kR = 20, n = 1.61 (a) and the plot of this intensity 
calculated on the back surface of the cylinder (b). Incidence from top. 

Fig. 7. Angular plot of the normalized intensity calculated on the back surface 
of a cylinder with kR = 10, n = 1.7 (a) and color map of intensity for the 
case (b). 
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the wave vectors offers an interference effect of the resonant or nearly 
resonant eigenmodes induced in the microcylinder which drastically 
elongate the tails of the modal maxima and increase the impact of the 
evanescent waves behind the cylinder – on its surface and even at a small 
distance from it. 

3. Conclusions 

In this work we have studied the incidence of a fully symmetric 
diffraction-free beam on an optically thick dielectric cylinder. We 
designed the incident beam so that the electric and magnetic intensities 
have deep minima on its optical axis and the cylinder though very thick 
is fully located in between two adjacent maxima. For this case we 
theoretically revealed two strong effects of the local intensity 
enhancement. The novelty of the first effect is the location of the hot 
spot. It is located in free space and is centered by the rear edge of the 
cylinder. The plane tangential to the rear edge can be treated as a focal 
plane, and the corresponding field concentration can be treated as a 
subwavelength focusing. The second one is drastic enhancement of the 
electric intensity on the whole surface of the cylinder, especially high on 
its back side. The novelty of this effect is the large area where the field is 
enhanced. In the available literature the area of local field enhancement 
resulting from the resonant scattering by a dielectric cylinder is of the 
order of a wavelength (photonic nanojet) or smaller. In our case this area 
is as large as dozens of wavelengths, and the enhancement is much 
larger than in the case of a nanojet. 

We have shown that in both cases the evanescent waves dominate 

over the propagating waves. The conversion of the incident propagating 
waves into evanescent ones in the area turns out to be so efficient, 
because the cylinder is located in the paraxial region of the incident 
beam having the exact zero at the optical axis. In this region, propa-
gating spatial harmonics of the scattered field basically cancel one 
another that enhances the near-field effect. Of course, our effect is 
nothing but the interference of two conventional resonant scatterings. 
However, we do not claim a new physical mechanism of the local in-
tensity enhancement. We claim the method of its engineering with the 
purpose to drag the hot spot of enhanced electric field from the cylinder 
to free space. 

Now let us discuss possible applications. First, the subwavelength 
focusing can be utilized in the label-free far-field subwavelength imag-
ing. In our work [12] we have shown that the microcylinder excited by a 
closely located radially polarized dipole creates a 2D Mathieu beam. In 
this work we show that another microcylinder focuses this beam into a 
small spot. Now all we need to achieve the subwavelength image of a 
point dipole is to combine these two cylinders locating the second one 
far from the first one. As to the second application, it refers to our second 
effect. As it was explained above, a large-area local intensity enhance-
ment is promising for cavity-enhanced fluorescence [10] and 
cavity-enhanced all-dielectric Raman scattering [11]. We will be not 
surprised if our effects will find even more nanophotonic applications, 
than these two ones. 
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