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e Helmholtz Equation
e Gaussian beam
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‘e Bessel beam Nondiffracting beams

* Mathieu and Weber beam
e Plasmonic counterpart ,
\ ’

e Em Em Ew EE EE EE o e S S D D S EEE EEE SEE SEE DEE DEE DEm BEn BEn BEn BEn GEn Ba DEm BEn an San Sae Sam Bam Bam M M e

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




+ RARNERRHSE  |E(x,t) = E(X)exp(—imt)
B(X,t) = B(X) exp(—iwt)

. T8 IHBERISE

k 2 i ( Q ) 2
Viu+ku=0 c
ufCEEFB
Dictectric Superattice Laborator

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




& D & | Nanjing University

el

BIMRMARE: E(X)=Ee™™ Pk

BRI FEAE B NATCRT

AR HREwave, AZbeam

T HBLEKFE—"beam

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




ﬂaﬂ]%ﬁgﬁ’wﬁﬁ B RARXRRE, HIEg
BRERN, FEITLZmERETR. fErEdm bR
A X A 1 R Y B ] B R Ul 2 ﬁﬂ;ﬁ@%ﬁ

s ZHWR IR B B =

2

e W VBRI I A2 Z P BRI

VB A2z R, RATLAu(x,y, )RR B
LIEREASE, BUAEFSWTFER

ikz

u(x,y,z) = g(z)e "@x+e

Dielectric Superlattice Laborator

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




u(x Y Z) . g(z)e—f(z)(x2+y2)eikz

R e BRUKRGZMEFERTF, FTHETF
R Xz 1Y 2228 BR g (2) T (2)

AT e T@OCHY") B R I8 3R AR 4% 8] 9 B PR R 1
A Fo@2) EBRNEHIPRG, RN B EHE
FHEATHRT o RBOHS. 4

(X, y,z)=g(z)e

E ARz R IRIEIT . K e Xtz i R a0
R R KT AT A2

Dielectric S uuuuu attice La oooooooo

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




MIEZWEZTTE  Viu+k®u=0
Rou(x,y,2) =¢(x,y,2)e" 1A
SEF

82—¢+i+(%+2l ~ KB +k@ =0

RGN 23R T B R KIS 2

il

2 2
af+a¢+2la¢ 0
ox* oy’ 0z

B 7 7

Dielectric S uuuuu attice La oooooooo

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




AR RN
(x* + y?)[2gf 2 —ikgf 1-[2 fg —ikg ] =0
EREIEEx, yEKOIL, VIR TES NAEEAE

<"2f2 = ikf * 1)
2fg =1kg' (2)
£ (D RN
f(z)= 12.
A+—|z
k

Dielectric Superlattice Laborator

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




X (1) (2) 3, TTLLEHg(2)=f(z)xHE %L

u
9(2) = —;
1+—z
) kA
¥f(z) A4, 753
1 2i
f(2)=———(A-22)
A+ o)
B , k2A2
& A=W
w?(z) = A1+ 2A2) w1+ il

Dielectric Superlattice Laborator

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




#| Nanjing University

1 212
(1-
w?(z) kw!

. f(Z) — )

A= RN

- L1 il -
07— eup - XL 2
- w(2) kwg ™ |

FIFEg(z) FTLAE A
UO e_i¢ i uo %e—i(o

g(z) =
\/1+( 22 y: i

kw
27
HH ¢ =arctan(—;)
Dictectric Supcrlattice Laboratory kWO

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




& D & | Nanjing University

1_l

AT B IRy 50 B L

W =
u(x,y,z)=u,—e " e
W

=h 2 2
A o, KX +y) il

27

w?(z) =W,

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




& D & | Nanjing University

’
W =
u(x,y,z)=(u,—e
W
I
2 2
X +Y 22

| REIEAEE W@ =W ()]

e
PR E Hw (2) UK, Ez=0B KA /DK
%, BRONEHR B — R

25 L HIPRIE, U R RN B HIIRIE .

Eﬂs}

N

oC
= \oé

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




Nanjing University

o k(x +v)
D =kz + ——

27| 1+

FERBBEERESFHALE , B o=-FE&HE.
Sz=0/7 , ©=0 , iRBBz=0FE=E—iBFEE , BPYERIZER
R S A,

MG B R ESAT 7 >> kw? —
0 @ /

2 2

X +

7+ 2 Y ey
27

Dielectric Superlattice Laboratory

Dr. Tao Li taoli@nju.edu.cn

Nat. Lab. Microstructures



& D & | Nanjing University

H Z° >> X+ y°
x2+y2 1 x2+y2
1 2 x]
( T+ 22 ) T 222
FRLASEImE B IERI S A
2 2 1
(142 ;y )2 ~ M
il r=(x+y?+2°) = W8

R, AE T Ab R R
— AR . S
1LY 2157t Ak R ER TR

Dielectric Superlat tice Labora tory

A2 N LA R BB RO YRR D Y
&%EMFE“BE’J— Tl 128 5T

R‘H’c‘t#'

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




27
2 ~
W )] kw?

R E A Btan 6=w/zi87E , FRLA
2

kw
X — 45 K B, Zaw /M, R BUR R

Ko KM, BEXRRIEFFIREIR, KilABRA LS
R WMRERRBIFER, WIEHGEEAGERD.

AK, -w, ~ O(1)

tan 0 ~ —;

Dielectric S uuuuu attice La oooooooo

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




el o === 5]
RSN UANZIN SN E]
2W
PWa
\
N0 7
/ s

P

FRAEAEIR A R, 998 HINTH B
o5 1. Ol EESHFETTIAWORR?

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




& D & | Nanjing University

(11) Bessel beam

‘U+k?u=0

Helmhotz Equation V
FEAE AR R R AR
1éu,lou, 1 0°u o

) +— 2+—+ku—0
ror r or r- oo 0z°

2u(r,0,z)=v(r,0)Z(z), RN\ &

1 0 ,10v 1 0% d%Z
Z + +kv]=—v
[r or (r 6r) r’ 06° ! dz?

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




B BELeE, 5| NEHA 53
10 10v. 1 0%

+ +(k*=A)v=0
r@r(r 8r) r’ 06? ( )
d%Z
dz*

HEAV(r,0) = R(N®(9), AN 2.

r>*1d, dR 1 d°®
r—)+(k*-1)R]=-
R[rdr( )+ )R] O do°

Dielectric Superlattice Laborator

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




i

19 Ry k- a- AR =0
rdr - dr r . ( i
Y +ud =0 sin(mé) exp(—|m6’)
(cos(k,z [ exp(ik, z
e sm(k z) exp(—lkZZ)
XHy=m? 1 =k%
Lk =k?-kZ=k> -1 BB HRE (1) BN
1d 2 2
Fd_(r_)+(k ——)R 0| Bessel 772
Dielectric Su la ch

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




& D & | Nanjing University

HIH A /B ZR [ SR £ 06 5 R
HUJAN I I =01 L1 EARRAH JAZZ 07

R(r) =CJ

A~

k.r)+ DN, _(K.r)

m I

BHRRO0)VEFRE |, 5EID=0,
FTLASRZRVIR AR EBessel BREY] (ko) 2T |
miEE) AN iRZHE |, T)E@:EZ%MJ&IE] AIBEL !

1.0 g% 0.5 —
[,f%) === - / A

] / "N, L% ™, A 1
0.8 ptx) == 83 7 7 T ‘ M_
“ i / f‘ .‘. AU Lt =1
0.g T—.\ =05 ‘fi +
: NIy, .
0.4 f i}{ b -1.9 _l{jrl
¥

0.2 |+ ] — -+ - -15 :
FARRTANARYA.ixva 1 I I

) § % . F L ¥
-0.2 \\\\5 }f ‘!f \‘;/m:"ifi_.". M’wm:_ —25 Ef ¥t

=04 =37 -t Yy(x) mimun
1 1 1 1 1 1 1 1 1 1 1 1 1

oe

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




Nanjing University

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




PHYSICAL REVIEW
LETTERS

Vorusme 58 13 APRIL 1987

NUMBER 15

Diffraction-Free Beams
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Alry beam

Table 1. In the Paraxial Approxmation, this Table eives the Calculated Phase for Desired
)
AMeceleration Profiles as Shown.

Acceleration profile / Applied phase
Parabolic: ¢(z) = az” dy) = —4/3 a* kv
Quartic: ¢(z) = az’ Ky) = 16721 (3a)™ k v
Logarithmic: cf7) = a Infbz) iy) = e a'b k (1—expl-wal)

i ' I/ m
e ) la(l—n)/ y]
Polynomial: ¢fz) = az B v) = kn® V2 :

(for n even) T (2n-D(1-n)

(a) Parabolic Beam (b) Quartic Beam (c) Logarithmic Beam

Experiment ~ Experiment

0 10 20 30 40

0 10 20 30 40

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




Nanjing University

-
Nonparaxial = nondiffracting

F E . Airy BREFERZEHelmhotz 52 HEHIALLT
BT
SCIS F : Hcaustic beamBEL KK , beamBA R R

BIREKRprofile,

Q3: S ETE nonparaxial nondiffracting
beam?

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




& D & | Nanjing University

- EEISRERESE
o'p 0 ¢ 0° ¢ 109 _ 0
> oy’ 82 02 ot
EEIFEY AN , MEE " 4Helmhotz/5FE

2 2
8? 8¢+128¢:O
OX 0z° ¢’ ot

. pEIES ¢=U(r)exp(iad -iot)
NERREHE 1 0

oU a’
(r B )+ (k* _F)U =0

YrERYBessel 512

Far

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




Nanjing University

AN ERIR AL TSR -
U(r)=1J,(kr)
¢ =J_(Kkr)exp(iaf —iwt)

AR - RO NAEORTIRIKEL , fEKBessel EERATIRFAIIFZM
SZ3ME IRk, 20,

=0 ) , M a=0 , 1BZI=M
HIATH SRR,

SRR {:b} 1'\il'}" appr{m’imaﬁﬂn

.

araxial regime
(a) TE accelerating \ /P Fnr'.w.-arld beamn \ % :
i - > ! Nt === ~[7|
W | XEEa=100 ( Sk /R

non-paraxial beam \ \ Backward beam |k,
R

XAfbeamZBRIFEITI0E |
KA 1 paraxial {UPRH !

(c¢) TM accelerating (d) TM accelerating
polarization Ky polarization £

Dr. Tao Li taoli@nju.edu.cn

Nat. Lab. Microstructures



& D & | Nanjing University

AL R BT AMT REEE | BT — et 2

Cd HI=H A TNAC - U/ /\7<'_ AL = J 4

MFR. TIYDAMTE (IR ZRALRET ¢

| =

— x = hsinh &sin §el0,0)MRIT “42
Wﬁﬁ&*ﬂ?% é 4 n €[0,2x)X BT “HAim”
Zz =hcoshcosn
h=./|a*—b*|
2
e (- 2acosn20)R(E) =0
d d(z(”) (88— 2qcosh 28)0() = 0

M (£,0) = R, (£, q)(ce, (17;0) —ise, (7; )

) . L ]
L[A]MathieuRRZ{ Y
fA[AIMathieufZ{

Dielectric Superlattice Labora tory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




Nanjing University

Parabolic coordinate

. {’JE':-IJ' ) e .
Mathieu beam il {:; + (K a? + 2ky)®(o) = 0,
do-
) X {ﬁ? T
(a) ; x A : ; i ] + (k7 = 2ky)d(r) =0,
y a7
a<b a=b

a>b

%
g:m-- - : '
i es 5 os Weber beam

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




Nanjing University

Dielcctric Superlatticc Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




Nanjing University

(1\V)
\*V)

E—
mp

CMonNn co
U (A

Ji1 11 | I |

;
13

Two dimensional nature of SPP

z4 : &y ~ 100 nm

O, ~ 10 nm

Dialactric

VAAAE*.

R e T
Mt al

Dielectric Superlattice Laboratory

Nat. Lab. Microstructures Dr. Tao Li taoli@nju.edu.cn




Nanjing University

Airy plasmon: a nondiffracting surface wave
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Plasmonic Airy beams with dynamically
controlled trajectories
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Generation and Near-Field Imaging of Airy Surface Plasmons
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Plasmonic Airy Beam Generated by In-Plane Diffraction
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Cosine-Gauss Plasmon Beam: A Localized Long-Range Nondiffracting Surface Wave
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Use your imagination,
but depends on your solid
foundation!

Thanks!

EEpptigER http:/ /dsl.nju.edu.cn/litao/res/ talk/
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