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Influence of surface Plasmons on spontaneous emission of a two-level quantum
dot: Beyond dipole approximation

Zeynab Farzanegan, Malek Bagheri Harouni
Department of physics, Faculty of science, University of Isfahan, Hezar Jerib Str. Isfahan 81764-73441

Abstract- In present paper, the spontaneous emission of an emitter in the inhomogeneous mediums beyond dipole approximation
is studied. According to Purcell effect, the spontaneous emission rate is not an intrinsic feature of the emitter whereas it depends
on boundary and local modes. In the present research the role of surface plasmons on the spontaneous emission rate beyond dipole
approximation is investigated. The physical model is a single quantum dot which is placed in proximity of a spherical metal nano
particle and an infinite cylinder rod. Our results demonstrate that the spontaneous emission rate of the quantum dot depends on the
shape of conductor and distance from metal bodies. Moreover, the dipole orientation and the size of quantum dot possess
important roles in the spontaneous emission rate evolution.

Keywords: Surface plasmon, Quantum dot, Beyond dipole approximation, Spontaneous emission rate.

\OY

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allie


http://opsi.ir/article-1-1272-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

WA o VEIY OlRl SS9 (5)9ld 5 (cwiite 1S retd 5 SHF 9 9 Sl (ST g 5 Cen

el 25, BB
alolw Cdl> 0399 -y-)

Blo) e 5 (so53lsS sabaii (oS 5 aibels Sl o3
4 Ol 5 sosillsS gabai glacdl I S 5 &5 4

il ) )90

M
w)=c.t)e)

[T drdor, (F",a)",t)‘g (F",w")>,

Sl iy 4 [€)

L ol siiSmpyn saible sazSily 4l glacl>

g (F",a)")> ol o] o a5

(Wgd so patiine pj Laly, b g aites (cogtilsS sabads
‘g (F"aa’")>:|F>®‘1(F",a)")>,
le)=[X ) ®[0}).

M

5w [UTL0)) 5 HOY) sttt o5

@b b ez gaZ Sy 5wl skl KL

> 0359 Laums wl g &5 o Yolzo —Y-¥
alolw

Olhes 5 (oogtlsS gabl ASeen  Selele

4 il gailey o Ol glad o ML;.@»:SJI

H=YRE 07, ®
mO

FA L) ole lobame 15 65 Jamslty ol 4o aS
Lo]ass o cons 5 gk,

doosio —)

s> JouS Sipl a5 oo ol Me)l el
4 o9 aplgr Dglite calize byl ph 4 axgi b eailnS
soslsS sabis Sy sgFangs JeuS Sial (Jlo e
bk ssangs oS Kol b 1] (Ken slad o

el Dglaie (Kanl glad jo egiilsS

2 A Silian ostlsS abis a1
ol oy 8 0,8 gL Djglme jo dabgs o i
sabis 03wyt S Kial imens [2]c
slad o (ohabss (slys o i bl o (55l 590 (segilsS

[3];.,“»‘ 03 w)f)l)s R é)}og’)io.b

so5lsS (sabis sg3ags S Sual ol el 50
() Soglme o1, (ehadss slyg s Ll )0 551590
St oS sm sy 5388 s syl (i) 5 0,55
gabi o ST glacdl> 4 (1-2) iw o sl
G ) S (o0 dx g end ileypame b (segtlsS
5 oS sz angs S Kol 5 Selels (2-2)
" s (el slad s (ades iy oy Ll
de>dde> oS Kol Sl (3-2) isw jo 0gb
o (1) o 5l abols e (551590 (cagiilsS (salais
s ab sl o) s sk el (i) 5 o

255 pedly> Gl | @l asdls b 4 (3) i

39 09541095 oS SiaT ogiilyS gy L Y
S0l (gLad jo (udaBed (519 i byl i

blooy a5 651590 (sog8lsS (sabas 5 JSais slailols
0 delan b uodbliveg wSIl o a5 o0 050 Jlai o
Sl a5 Sgeudly deles 05 (538 0gd Jlas!
Sz55 kP omblisng 2SIl e e b b anslie o
G Solke 4 0ed wleal flawe Ol g alls
Sin] mulys o Il ol jo ails B, dades o b
L aS aoysl Covss 1) (sogiilsS (galaii sg5dsgs JuwS
albole Sglals 5 Sl 05 ,Kiuog,d (galolas 4y axgs

"'Purcell

VoF

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1272-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

. PR +i (w,+ay)
2y sabaly 4 a0 oS e i B0 € “

)R
h
,/ [>
72-80 kc ky /1
jjjd3rd3r'dwa§(F,F’,w)
€, Py )e e M (kL k)

Jime(F, 0)f (F,0)!,6,

+Hc.].

(23,9 Cows |y dlole Cll> oy 5 Syl a5 >
sbadl ol Bl g Kuog,d gdolee lawg nuiles oo
5 (el

u)yocbdsrp)s‘wm‘ d.)LALMMJL}OJJS‘EM) ‘)..o

oS > Yol o et 59, <g

L§T..\..‘:; S c_a) Lg‘).g O ..\.;.ca|9.> ooy Sz sdolro g0
4255 b Soles 50 9 S (o0 ooliinl BoS Lo o) 23 ]
Sonl ik, ‘Ce(t) s oo &S > ddobe > 4

02)9] 0 Sy 25 Sygo |y 093 wsgS fuS

R
hgo

‘Z”d 3rd °r

”J'd rd °r d waG (F, 7', @) Q)

X (_ro,r,r)x (. r,T)
[e”#.ImG_(r*, r,m)€ 1.

SseaS| pe ab X (Fo,Te,Fn) alal, ol o
JenS Soal pb oo yo alaly pl @ axgs L [3]ewl
ONeal glad o hdes sliy o & 0 dgFass
00l e Seobs ()5 &b sesrse LS

D9 sn 510059 (SeieS Shor &l lawgs a5 ol

salaiis 39341095 S Sobl ol puudi Y-
A o ©,glo 0 (0gileS

955 (so9lsS aball alS (5,8 0 4z gs (V) SO @
SN calols o L glas 4 s gluygame b S

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

[[“drdoye (o) (\c)
G (1,1, o) (F, 1),
+H c.).

b G, T, 0) 5 ik asly oy 84 alad, ol o
Foge o bl ol Tl 53 Sobs )8
L, FI(F,0t) 5 f(F,ot) sbsle [4]cw

:A:»)L) ‘) ).:)

f(F,ot)=f (F,o)e ',

A A . )
(7, 0t)=f ' (F,0)e ™.

5 sopl sl Slee wip & T I(F,0) 5 f (F,w)

Solas b T o8 50 (e (S5Slp SO (Sohe B
[oloss

[f, (F.0).f\ (T 0)] =5, 50 —F)
o(w—m").

*)

2P S my Sekule salal, (V) gkl 4 axe L
el 25 Oyg0 4 pgd (NS

- T THEL

ki kK
Hk’f"’kﬂj =(L,, IH f(r,t)‘lﬂykj>, V)

a,pe{c v}

S @ dgamme cwyp ml sled 28 85 Ll o L
LAS g5l o 0 0l aaler iile, g bl les

Yo sabnl, 50 D 5l Ky cl @y estlsS
a.p

Cudyl g sad dlas WS @) oS ood ool
ol Slee sl (@, ¢ uils, e gad aulus 5 @) «
Loy eo)S K (V) gadal, o0 [iSenp pgas
s a5 Jeloe 5oz mee s 5l eoli]

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1272-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

25F
Z0F
2 15F Cylendrical-BDA
= Mo 10-11
1.0F a=20nm
a=40nm
0sF a=B0nm B
0oL . . . . I
2 < 5 3 10 12

h (nmj)
Oyglme jo 0siilsS (galads dg3asd oS Sial ol a5 3 S
Glida Jolgh o 1 (St (5128 &1 Card (538 eshe sl
h

& 5 4 -
oS Sl 2855wt (g o0 05 S ail @ 4z L
B350 slyg co i Lulpd 50 (oagiilsS (galadi 254095
55 B ey Cond ey Seal slad o g
eS| e wly lawss a5 ol 0y 0l e ol
GBsawais ez Sbelss oS Gal sbie I3
Gl ez eegiilsS gabali (giluygame Sla
okt SLbl S pSlles lame iz estilsS
oorblisng SSUl Glae zge Jobo blo) a9 (o09lsS
m90 S Cux (S Gl w2 e Seedly el

S5uS| igr &lgs gols] Sl yo ¢ cagilyS (salais dad
YN v

&=y

[1] L. Novotny and B. Hecht, Principles of Nano-optics
(Cambridge University Press, Cambridge, UK, 2006)

[2] J. Hakami, L. Wang, Zubairy and M. Suhail, “Spectral
properties of a strongly coupled quantum-dot-metal-
nanoparticle system," Phys Rev. A, 89, 053835 (2014).

[3] Stobbe, Sgren and et al, “Spontaneous emission from large
quantum dots in nanostructures: Exciton-photon interaction
beyond the dipole approximation,” Phys. Rev. B, 86, 085304
(2012).

[4] O.J. Martin and N. B. Piller, “Electromagnetic scattering in
polarizable backgrounds,” Phys Rev. E, 58, 3909 (1998).

[51 W. Vogel and G. D. Welsch, Quantum Optics, (WILEY-
VCH Verlag GmbH March 2006).

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

S olaize o)ls 158 glad 4y 5518 50 S5l mlan
ol o el (0,0,a+L +h)  LoglsS cabhais o,
0,5 Blbl glad o Suobo (T Al 4 axgi L & a0
39541095 JomS Sipl Syt Qe () sl 5 [2]
ONep lad a4 Cond Ll o ) peglsS (salais

r
(V) IS8 Oy9e ah Gl Jolgd cons .
0

.0)9T Cawdo

Sphernical-BDA

3=20nm

F=40nm
3=B0nm

uuuuuu

2 4 G 2 10 12

Syglme j0 (sogiileS (galaki 993 as095 JunS Sial &l s ¥ 5o
N Gl Lol oo o Son slisd @ s (5315 50,550

L S S ogiilsS gahass gom b o
eleds g Lz el b Z bl o ass silojsaxs
s 4 o318 bob sailsinl mhaw h salols oL
2 Soobs (5 b aaxg bl (@+L +h,0,0)
e Q) sabad; 5 [4] Jusk salyinl Ol (sliad
ol 31y (oogilsS alali sg3a095 JrS Sinl Ol i
4.sh alizee Jolgd cans o Sen glad 4 s >
D91 Caws B) ISt & jg90

Syrasg> S Suial Olss @ h PRI
abise of osole olal 5 318 o 4 Koo

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1272-en.html
http://www.tcpdf.org

