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Symmetry breaking of optical and 
plasmon fields in symmetrical  structure?
(Tsema et al OE 20 (2012)10538)

Field intensity  or 
Plasmon pattern

Field intensity or 
Plasmon  pattern

Left polarizationRight polarization



The distribution of difference of intensities for
right- and left-hand circularly polarized
illumination in plane of holes

2 / 1π λ =h Tsema et al OE 20 (2012)10538)
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Handedness-sensitive emission of 
surface plasmon polaritons by 
elliptical nanohole ensembles

Tsema et al OE 20 (2012)10538)
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Symmetry breaking explanation

1. Strong interaction between parts
( in our case between holes)

2. Retardation effects
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Analytical theory of  Molecule 
fluorescence 

near nanoholes
( Klimov, Guzatov,Treshin 2014)  
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OPERATION OF APERTURE-TYPE
NEAR FIELD SCANNING MICROSCOPE
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Relaxation

U is electric energy density

c is speed of light

Theory of fluorescence in free space
Model of molecule

Intensity of fluorescence

Molecule dynamics
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Near nanobodies are modified   

Theory of fluorescence near nanohole
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Fluorescence intensity into lower halfspace
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n is orientation of dipole momentum
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An excited Atom Near A Nanoaperture

Nanoaperture
( a << λ) 

Excited 
atom

2a

Radiation into
lower half-space

Radiation into upper half-space

Exact analytical solution   is found
(through spheroidal functions)
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Выступающий
Заметки для презентации
Let us now consider spectroscopy of an atom placed near aperture in ideally conducting plane.



Decay rates for an arbitrary atom 
position  ( quasistatic limit,
Klimov JETP Letters, 78(2003)471)
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SPONTANEOUS DECAY RATE OF AN 
ATOM NEAR A NANOAPERTURE
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totd ± is dipole momentum of radiation

in upper or lower halfspace

2a

Nanolight14-Klimov

Выступающий
Заметки для презентации
Unfortunately even our simple model of aperture in ideally conducting screen can not be solved analytically for arbitrary size of aperture. However in the case of nanoaperture the perturbation theory over wave vector can be applied. As a result the radiative decay rate can be presented  in this form. Here the first term describes radiation into upper halfspace while second describes radiation into lower half space. In its turn the radiation into upper or lower halfspace can be described by total dipole momentum of atom + nanoaperture system.To find total dipole momentum we have solved quasistatic Maxwell equations with dipole source and corresponding boundary conditions (continuity of tangential component of electric field). This problem can be solved for arbitrary position and orientation of atomic dipole. If the atom is in plane, the expressions for decay rates become very simple. In the case of  perpendicular orientation of dipole momentum we have this expression, for tangential orientation we have this expression.( expand ?)



Decay rates of  an atom with the z-orientation 
of the dipole moment depending on its position 

on the system axis.
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Decay rates of  an atom with the z-orientation of the 
dipole moment depending on its position on the 

system axis.
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Decay rate of an atom with the z-orientation of 
the dipole moment depending on its position in 

the aperture plane z =0.
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Decay rate of an atom with the radial 
orientation of the dipole moment depending on 

its position in the aperture plane.

ρ
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Decay rate for horizontal dipole 
in the center of aperture
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Excitation field behind aperture
(Bouwcamp 1954, Klimov Letokhov 1992)
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Electric field behind aperture
(Klimov Letokhov 1992)
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Excitation
field

Intensity of
fluorescence

Decay Rate
into lower 
halfspace

( ) ( )2 0/I ω Γr 

d || x d || y d || z

SM fluorescence for weak excitation
polarization
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Excitation
field

Intensity of
fluorescence

Decay Rate
into lower 
halfspace

( ) ( )2 0/I ω Γr 

d || x d || y d || z

SM fluorescence for strong excitation
polarization
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Optical Tamm state and 
extraordinary light transmission 

through  nanoaperture
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Anomalous light transmission through 
array of nanoholes
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I.E. Tamm showed first
the existence of

surface states in 1932.

What happens if our crystal is finite?

We could have real and complex k!

I. Y. Tamm, Phys. Z. Sowjetunion 1, 733 (1932)

Electron Tamm states

( ) ( ) iu eψ = kr
k kr r
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ε1 = - 0.5

ε2 = 4 ε3 = 1

Optical Tamm states
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New mechanism of extraordinary 
transmission 

(Balykin et al 2011, Treshin et al 2013)

Au

Bragg 
mirror



New mechanism of extraordinary 
transmission

Hole about 60nm , transmission about 20% 
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Hole  shape influence on 
transmission ( Klimov Treshin 

2012)
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Theory of extraordinary transmission 
in the presence of Tamm state

(Treshin Klimov et al 2013)
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Qualitative explanation of effect

4264 0.5%
27

0.2%

Bethe

num

dT

T

π  = ≈ λ 
=

Gold film without Bragg mirror

242

2
0

64* 30%
27

15%

Bethe

num

dT T G

T

 π    = = ⋅ ≈   λ   
=

H

H

Bragg mirror

( )λ = =796 , 100nm d nm

(Normalization on aperture area)
Nanolight14-Klimov



Hole  size influence on 
transmission (simulation)
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Transmission spectrum 
(illumination from gold side)
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Can we construct  such 
nonreciprocity for transmission  or
Is Optical diode effect  possible? 

Absorption in Gold film:

100% when illuminated from Bragg mirror 

0% when illuminated from gold side 

Nonreciprocity of the system 
with Tamm state
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Optical diode effect
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“Efficiency of optical diode
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Samples for measurements of optical 
diode  are ready and preliminary proof of 

optical diode effect is observed

10 х 10 array of nanohles
with diameter 
from 50 to 500 nm
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Conclusions
1. The effect of asymmetric electromagnetic and 

plasmon fields in symmetric structures is found

2. Analytical solution of dipole radiation  near 
aperture is found in quasistatic and retardation 
cases. On the base of this solution the 
Fluorescence images of single molecule found. 

3. Extraordinary light transmission and optical diode 
effect are found  for nanoaperture in metal film 
on Bragg mirror. The effects are due construction 
and destruction of optical Tamm states.
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