Local field effect
in Smith-Purcell radiation
from dotted grating

D.Yu. Sergeeva, A.A. Tishchenko, M.N. Strikhanov

National Research Nuclear University MEPAhI,
Moscow, Russia




Daria Sergeeva, Channeling 2018, September 2018, Ischia, Italy

What for we investigate

@ a(w)

» Amplification of the radiation because of...

» ... localized surface plasmon resonance in every particle

* D.Yu. Sergeeva, A.A. Tishchenko, M.N. Strikhanov, NIMB (2017)
* D.Yu. Sergeeva, A.A. Tishchenko, A.S. Aryshev, M.N. Strikhanov, JINST (2018)
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What for we investigate

@ a(w)

» Amplification of the radiation because of...

» ... localized surface plasmon resonance in every particle

dZ\N(n,a))oc‘a(a))‘2 a(w)=1, g(w)_;

w*: e(w*)+2=0

* D.Yu. Sergeeva, A.A. Tishchenko, M.N. Strikhanov, NIMB (2017)
* D.Yu. Sergeeva, A.A. Tishchenko, A.S. Aryshev, M.N. Strikhanov, JINST (2018)
* N.K. Zhevago, V.I. Glebov, Modified theory of SPR, NIM A (1994)
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What for we investigate

@ a(w)

» Amplification of the radiation because of...
» ... localized surface plasmon resonance in every particle

» ... local field effects in the system of interacting particles

* D.Yu. Sergeeva, A.A. Tishchenko, M.N. Strikhanov, NIMB (2017)
* D.Yu. Sergeeva, A.A. Tishchenko, A.S. Aryshev, M.N. Strikhanov, JINST (2018)
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Interacting particles
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Interacting particles
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Interacting particles
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Interacting particles

Maxwell equations Electron and particle properties
G mic 4 I R . mic - i
A, H™ (0,0) | =—"(° (a,0) + (0, 0)) - ZE™ (g, 0) )= —Y S (m—qu) )
. C C (27)
[ mic _ @ mic N _
tq’E (q,a))}— C A e i(ro)=-iwa(w)Y E™(R,,0)5(r-R,)
m=1
Radius-vector of
Exact solution Field of radiation N the particle

a(w NV i
[Eimic (ro)=E'(ro)+ z;z)fd%lsu (0.@) 2B (R, )€™ 5 (r - Rmﬂ

m=1
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Interacting particles

Emfc (r, (I))
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N (N —1) self-consistent equations
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Local field effects

» Replacing the exact acting field by the averaged local fiel'd
£ (1)

__ loc
» Averaging over positions of all N the particles - EJ' (r,a))

r=R,
» Averaging over positions of the rest particles relative to the given one

: : : : !
» Calculating the local field as a function of the Coulomb field E,-OC (q, a))

> Calculating the field of radiation Ej”jIOI = |ij (Ef (q,a)))

M.I. Ryazanov, A.A. Tishchenko, JETP 103 (2006) 539 10
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Local field effects

» Replacing the exact acting field by the averaged local fiel.d
E™(r,0)

- E (r0)

» Averaging over positions of all N the particles r=R,

» Averaging over positions of the rest particles relative to the given one
: : : . I
» Calculating the local field as a function of the Coulomb field E,-OC (q, 60)

> Calculating the field of radiation Ejr‘"IOI = |ij (Ef (q,a)))

2y
V ; » N isnotlarge
\' -

N > The structure is finite, so the last particles in
each row are influenced differently than the
v —eo— , Y
l middle ones

Exact solution of N (N —1) self-consistent equations should be found!
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Two interacting particles

. AW (n, )

dodQ

2
=cr’

E e (r,a))|

interaction

)

N
[k,[k, E°(R,,0)+E, (Rl,é/)]]—

4 exp (ikr)

; k,[k,EO(RZ,w)JrEl(RZ,a))ﬂ

N~ J
o) = 1 g(a))—l E (R,,.0)= f(EO(Rl,a)),EO(RZ,a)))

(@)= +(Rawe) (1-o* (@)e"™B?)(1- o’ (@)™ (A+B))

A \

resonance because of every particle resonance because of interaction

s(@)=-2 1=Re[a’(@)e"™B*] 1=Re|a’(w)e”™ (A+B) | "
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, y =12
a(w)=r03 : C‘ZO _ h=0.3mm
Wy, —o" +1I'w @, =1.2 meV
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- | — Interaction d = 0.4mm
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Lorentz model 13
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Radiation

y =12
2
3 Wy h=0.3mm
a(a)):ro 2 2 -
@y, —o" +1I'w @, =1.2 meV
:' — No interaction n 0 = 30°
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"? 3'_ d =0.4mm
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, y =12
a(w)=r03 : a;o _ h=0.3mm
@y, —o" +1I'w @, =1.2 meV
_ m 0 = 60°
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y =12
2
3 Wy h=0.3mm
a(a)):ro 2 2 -
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» Microscopic theory of radiation from 2D photonic grating consisting of

interacting particles (needs calculation for N>2 particles)

» Strong amplification of radiation is possible (needs optimization)

» Interaction leads to arising double or even triple maxima at relatively small

angles

18
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» Microscopic theory of radiation from 2D photonic grating consisting of

interacting particles (needs calculation for N>2 particles)
» Strong amplification of radiation is possible (needs optimization)

» Interaction leads to arising double or even triple maxima at relatively small

angles

Thank you!
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Interacting particles

o 1 w)a,(0)e’™AB(A+B)+ARR.
E oo (Ryy0) =—ay, (0)e™ [85 _a(@)e (@) v ( ) RZ‘]E?(RLZ,a))+
1 A(A+2B)RR
+a, (0)a, (w)e ZR"V[BZ5 (W ) RZ"]EE(RM,(:))

V=1-q(®)a,(0)e*™B*

W = & (0)a, (@)™ (A+B) 1]

k?R? + 3ikR — 3
A= =

k?R? +ikR -1
B=——
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c=D 150t
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7 =30 %100-
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MapadwuH, nonnaTnneH

LLinpuHa nuka AU 7/_1

* HepenATMBUCTCKME CBA3AHHbIE SN1EKTPOHbI
* HeTt 3aBMCMMOCTU OT 3HEpPrumn, pasmepa, matepuana
* YcpegHeHue? KorepeHTHOCTb (92 +y72 )‘2

n, =coso

n,=sindsing
’ M.U. Pa3aHos, 31ekmpoduHamuKa

n =sinédcos
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[lpogonbHaA ueno4vKa YyacTuy,
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Lleno4yku yacTtuuy
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Maccus yactuy,
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dddeKTbl IOKANbHOIO NOAA

- .
<

loc
EJ' (q’a)) dakTOp YyCMneHus ~103!

* M.l Ryazanoy, A.A. Tishchenko, Clausius-Mossotti-Type relation for
planar monolayers, JETP 103 (2006)

* M.l. Ryazanov, M.N. Strikhanov, A.A. Tishchenko, Local field effect in
diffraction radiation from a periodical system of dielectric spheres, NIM

B 266 (2008)
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dddeKTbl IOKANbHOIO NOAA

E™(r,w)=E’(r,®)+ A E"™(r,o)

E™(r,w)=E’(r.0)+ A E”(r,0)
g E(q.0) ?
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YaCTHI] OTHOCUTEIILHO JaHHOU

JACTUII
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1D dOTOHHbIN KpUCTaNN
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M.I. Ryazanov, A.A. Tishchenko, JETP 103 (2006) 539 32




1D dOTOHHbIN KpUCTaNN
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