4 I %  Acta Phys. Sin.

Vol. 60, No.8 (2011)

084201

i BN R SR AL= B S A X R RY
(TSR IR

®F

LAM B F E %

(FEFMA MR RS 75 8 TR 2EBE  JbaT 100191)
(2010 4E 7 H 2 HUk®];2011 4E 1 H 5 AUEESHR)

WF5E T W 5 AR 4 EOEAI A XS AT S A A A AT R . R BRI A S ) D TRA5 H R R R AR 4
SOCHIHEE — BT SOC SR i 22X, SR i e 034 20 Aot 7 2 A TE X o B A% A 1 6T B
1) i 2% 13 16 AUk 4 57 [P HHS BT 37 SR D R A S D R A P R P o588 B AR A . PSSR . 7 i R - i 2
FRAE 4 B M AT S J5 15 2 0 8 2k 5 45 U T L AT R IO 5. Do S A 4 RO B 58 AN X e 2 5 DR AT O TR
JoeC (R 8%, T L TR 50 Lo P Bl 2 Ak A S S i 5 1 R0 i 125 70 F) 38 0 0 3800, 5 A S Y SR ) i B D5 1) o
FTCE. SR BURHE 500 B A% A 2 T A SR BT 07 A, AR GRS 314 Mo AR A 4 B 4 23 SURCHRAS 3 11
RO B A RS AL E. 73 SNE K B 5 AR B3+ M 55 ARz 2 SO 70 SO & 2 MU I T SHE R
F0 P PR (T2 B A S D' R 1% 0 6 0 2 R i 12 4 )94 00100228 3 DR/ 0 A0 244 79 2 2 AR g i ol T A eI TR
5 AL A EOCAIAN T Y AR oL 588 BE (AN A X 2 SR I 45 SR A TE A 1.

KRR fiai/R-mOLH, MO B0, B s, A m e

PACS: 42.25.Bs, 42.40. Jv, 42.25. Fx, 47.32.-y

AT B A 3 SRR R o,
AT [ B T 5T 1 B A 2 — | 76 G 2
I\ EPIEE 2 R TAE B GR AT  EA 1E BAL
U A T A . O F ikt B
TR T exp(isd) , BARZIOEH TR
THA hs WIHUE A, P s BROMIREMT . i
TRE R AR o R LA M 2 465 A {37 T, O
PR EE (% R4 T S R FRAR

77 L TR 1) 7 1k T AT = il B 374
W BB AT E A B0 i a2 A
Vi ATk TR O, AR R R B —
TR L 2Lt O A7 7 43 AR LI, 43
55 T L7 £ B I R TR E A RO 17, 2% 75 1
FARE 4 B , 5 307 R o st AR 3 4 O MR
SEREAEATEBY LA 5 By 038 A 3l ot 5
A SR AU T A W Y TR — iy 1, R

TP IRESC T+ M7 ) B 27 k. ABSEB  DE R A 1 41
58 s, BSR4 et s,
— B RS R AN s + 1. AR BRI R
LA N E BN N E B s + 1 =
0, MIa] LAIFHE ASDER MG - 1.

IR AR A7 2 G B0 43 56 e P BT ST AR R
FTCRRGE B T5 35 , XA TR BE T AT 8
SRR B ANAR LR | DU AE T T A T A e
I, SRR I B8 D7 VR R A LU A AE 2%, TR I o X
AR E AT I L i SR [ 13 ] XA 4 8
JCHILEE BT R BT TS Al A s R 2 A 4 R
SEAME, SEBR = A A Kummer SEH, 17835 450 B
AT AR B 5 K- (LG) B H AN A&
WL A S AN A R OCHE Y O AT RS, 77 2R 1D
HATSA T LS i Kummer JEH I 2 2 0 o 3
BE A B 28 AN 142 e e % AR, T2 i B i E
j(@[H] .

A SR 5 0 O A A 42 BOLHEHT T AR
TRBESCAR AL AR , DR AR 4 Ol o 2 00 364 e

* [ 58 H S SR FIY & TR (HEMES- .2011CB707001 ) Fl v [ 25 (814 AR RS B A1 3 4 (L 745 20090304 ) %8 Bl (4 148

+ E-mail ; cubbybuaa@ gmail. com
(€2011 FEHIEEFES Chinese Physical Society

http ://wulixb. iphy. ac. cn

084201-1



4 I %  Acta Phys. Sin.

Vol. 60, No.8 (2011) 084201

JEARIAF M £ BTk, e TS A 7 2 B DL
T AR BT A AR B AR S T T
WAL 2 B CAEAS 6T 4 INF 37 55 O SR A A A 2 ik
3, I ELAMHT 178 TRk v R ) O 7% | A 1] 4R K
R 150 i 2% 11 A i) AR 79 5 ) A A B 18 1 S Dl o
Rtk

2. Eihp S

LG AR e i W FLIR 55 5
SRR

u(r,d,z) =A[1 + (i)Z]-useXp[ . (w(rz>)2]

X wﬁ’) ]AL;[Z(w(rz) )z]exp(isqb)

X exp[i(Zp +s + 1)arctan(i)

2

()

'(w( ))2 Z 4 ike].

B w(z) = wy /1 + (/7)) Hoitw, HEHEF
12, 2o MIRAIBEES ; p MR T A OB T A
CEIEp = 0 WD) 5 L) N ORHRNL 36 R 25 A
= /2pV/(p +1 s 1) 1m NIH—1LHEL

LG S [m] i e Az A [l O £% 0 £ 1) A0 AR} IS 1 3%

ulp,, )_kACXp(lkz)[l ( jz]—o.s[

2z

X eXp[i(s + l)arctan(z—“‘)—

)

Koyt
u(r,¢,z) :A[l

()

0

y exp[ B P +d* - 2rdcos(d — &)

W (2)
<[] tresnio) —despie)

x expl iBreos(d — 1)
X exp[ (s + 1)arctan( )

P+ d —Zrdcos(d) &) z
-1 7 (2) ] (2)
Hrp (dx,dy) = (dcosé,dsiné) ﬁj“ﬁﬁiﬂ’ﬁﬁﬁﬂ%%
ey d RGNS R Gl Z (B i Im RS BB &
OGN R) A 7 1) 5 B SOEHmE Ay MK, B =
ksiny; m G T .
SRR A BOCIERT S S, — B AT St B B RO
AR R

w(ppr.) =PRI (g exp(itg)

Xexp{zk[r +p° = 2mp
z

Xcos(d)—w)]}rdrdqﬁ, (3)

Horbvu, (r,d) ASEH, 1 RN 4 B 53
SRR (2) ARA(3) AT 17

w(z,)
& ko, d2 z,
wz(za) +12Zp - (z ) 7 + ikz. ]

xZC”[—dexp(lf)] Jrq“exp[—( I +1i 1 2 lkj ]dr

X J:ﬁexp[i(q + l)qb]exp[w

X exp[ - %rpcos(d) — ) +iBrcos(dp - 1) ]d¢-

A
A, = 2(2icos§ Z._ kpcos ; 2lecos§ + Beosn, (5)
w(z,) % z w (z,)
2dsin§ z. kpsing stm.f
=5 - 6
3 wZ(Za) 2, 7 ’M} (Za> +B smm, ( )

Wz) | wt(z) @ 2

%(1 + ij—;)cosw - f)]

(4)

Qs = AT + B3, (7)
A

CosYs = 4.0 (8)
iy, = Db

simy; = 0, (9)

084201-2



4 32 % R Acta Phys. Sin.  Vol.60, No.8 (2011) 084201

2 S J [17] .
ﬁk):t%*% LFE/K PR ﬁ*’qﬁj\@ﬁ xexp[—%rpcos(qb—t,b) +iBrcos(¢p — ) [dd
[ et + D] - Erpents -]
= Trex i l exp|1Q;cos(Pp — d
a0 (el 5 4 00, (10) [ “explitq + Dlexpliscos(d ~7,) 1d
B0 (4) PO T ¢ MRS EER N =2mi " exp[i(l + )y, 1, (Qsr) . (11)

[, ewnlita + Dl Z{1 i 2 (@ -0] R AR

1 o (g i)

f:x"exp(—axz)J,,(Bx) = ) (12)

2:,~+la;—(v+u+1)]-v<1) + 1)
(G & SHE D - E STy

0 S (] L ol

ko &
P (z>zo+1kz + ikz

X G‘Xp[i(s + 1)arctan(z_"‘j+ i
29

s, !
(i0)) (1 - 1)
21 micC-2)r (1 - 1 - ¢)

x Zocz{ — dexp(i€) "™

B[ - Lt g - Lleslitg = 7. (13)
|
X R, hA T L R AL,
Re(a) >0, 3. FEHESHT
Re(p +v) >-1,
C= (w%lzg + iwz(lza) z—o - %j 3.1, Egxts
1<2, O IEF T HERT, i (13) 2URT RIS AT S
Re(C) > 0. SN W
|
e o (2) (-4
kA z. iz 2
u(p,,z) =§[1 + (_dj ] [%} P S SR

2

kp
x,F, {1 Lo - ( Z) }eXp[i(S + D]

2’ 4C
xexp[ (s+l)arctan(z )+12£p + ikz, +ikz]. (14)
0

Hp — 0 I, AT RIS s 2R A0y

2(1-4)

[up.yr,2) |7 = <k7A)2[1 ¥ C_Z)z]l[wz(zza)]541'HC<2")72(1 —l—s)(k?p)_ﬂ_zs' (15)

084201-3



4 I %  Acta Phys. Sin.

Vol. 60, No.8 (2011) 084201

AT I, A Y s + 1 = O SRR PO S A AN
F WIE T AR A 4 BB B HUE A Sh Y R
LRI rhcs ;SR R AR R B RE AT R R
RGBS EECh - [ B BUED B S+
=0(s = 1) W, AR A PO AR BE S [+ s
#0(s = 1,0 =-2) B, M2 2 — BT 41 &
SR E AR RBIA(E ).

Bl 1 EEXERATIOCHRE SR (a) l+s =0(s = 1),
(b)l+s#0(s=1,1 =-2)

3.2. ERRE

MR SN 4 B R & A B m) w B s 7T
BFoE B 4 K A m AL, i HoOGsR A AR i 2
v

N T AR RS , 51 A CHR O RS

[le ﬂ[j] [u(x,y,2) | *dxdy
N )

[lutey.2) 12y
SErb Ay, 5200 AT 6 0 A R B
AR,

0 2040 B8 564 L 0 G

p = ) +y SASDEHEIN IR T TEE. WS

(16)

2 BE AT RO AR EE ST (a) [ +5 =0(s =1
(b)l+s#0(s =1,l =-2)

o, SASHOERMBIEE R WK 3 iR, H
FEI3(a) Bl +s =0(s = 1) RO, B 3(b) Ny
I+s#0(s =1,1 =-2) WIEL. HE 3 0] 0L, K
A B8 S 04 B I, 50 ) e RS a3
. EaCa)y Nl +s =0(s = 1) BHFOAREE M
‘r/f1<x1 = pcosi,,y, = plsin¢1) Iﬁ]ﬁﬂ‘l},@x,y 75 1] 9 Ji
B (do,dy) = (dcosé,dsiné) WAL K EE A, H:
A [ PR 3R 8 A SO A O B8 BB d 4l
0. 2w, F1 0. 8w, WHwFS 5 ) & Fxt g i B0 1Y 4 7%
gy, ZIREE AR o, KRB R RIS | ASHGH A I
R J7 I RO A R B A T E AR A [ - w ] A
4(a) ATLAE H, BlEE ASHCHR S J5 10 € B34,
X ) B R RS A o, R Z 3G K. 8] 4 (b) B
R IRE A g, 5 ASHOEHR RS 7 ¢ Z 18]
AR ZR I PR 25 SR N L 4 () T A
R, LI — RS HHLE ¢, = & ME 4(b) L
B, A GGG (B2 B A 5 B 5O 9 D B2 A
i HASOCHR IS J7 0] & Z IAAFAE—1> ] 5 1 22
H, Z 2= HbE R B R EMAE. 41 +s # 0
(s =1, ==2) B, LW AHAER S |
+s = 0(s = 1) EOHMIFE, 7E AR,

084201-4



4 32 % R Acta Phys. Sin.  Vol.60, No.8 (2011) 084201

3
(a) (b)
2 L
2 .
° g
2 <
~
1t <
1_
0 L L I 0 ) ) .
0 1 2 0 1 2
d/Wo d/Wo
B3 R mEE B M R o, SAFOERBIEE dMXR (a)l+s=0(s=1),(b)l+s#0(s =1,l =-2)
2 V1 x
| T I - —
© wp © 00w vise
1 n/2 L
[T
<0 0 s or
S i
-1 -n/2
rk
*2 = 1 1 1 1 1
-2 -1 0 1 2 K on 0 T
¢

de/wo
B4 BRI O A o, SARNHRZENER  (a) BEAFCHRBE R ME (dv,dy) AR, (b) BEASHEIREE 7 € AR1E

33 fbEs 5 TTRAKRIN, A SRR ARG 4 BOGHE ] HU2
o ” A AR RIS TR A R A iR, ﬁﬁa 'ﬁﬁsmﬁ
5 B R TRt S R R . fh REARIOANIRD, A A AN B 43 A s

5 fam st AT R E AT (a) L+s =0(s =1), (b)) l+s#0(s =1, =-
B 6 (a) 75 H A R, 777 569 D A0 1) P RBL, SCH R B A LT AS 52 5T 1) e A% £

Blp = /oy SASOCRRT ATt %, RSO g AOG TS Z A By, =
NS R s fr e ke, W LR 2 L, WE6(b) BoR. k25 A B, JGR A SR
BARPECR  RIEIAE R T p /w0, =23423.259y . & WOFRTMa FIARAL 42 BOLHE A 73 B 2 /0 XA

084201-5



4 I %  Acta Phys. Sin.

Vol. 60, No.8 (2011)

084201

PSSav )

AT DL LB nT R, 2SO0 S A A7 4 B
SRR A I BUREI, PR AT 5 A 22 % AR
Ji LR G A 5 500 58 T Ol — AL, i A2
R AT SR AERT ) BE IE A S OE AR 4T s = - L
ifif LARGEIC R 5 p)/w, = 23423. 259y Ry, = nikn]
VA A S OGS i 25 A R 5 (4 il T
FEIECA A £ 15 {50

2
(@
QU
0 1 1 1
0 4 8
r/107°
aF ®
s or
-l
- 0 T
n

Ko i AR AT S ' TR B B O D B S5 AR o =2 [ ) 2%
£ (a) FUORMB L o) SASDUIME A v BIKE, (b) B
ORI o SARDETT AL 9 KRR

3. 4. 15 [EMR R0 | R E i

TESEPREEI | — A 1) i 2 01 A7 1) R 23 (7]
IAFAE. 22005 5 B, M Ak AT S5 D' TR0 A i % 2
S AGCH ARFS J5 18 A5 AL TE G, S i B iR
BRI S A I SC R AN 7 . g7 T RUE Y R
Ui B i i 2 A M 25 A AR . X 5o b
WAIAF. WFFEal A B, Jo00o fin B B AN 25 T 7 2 B
A7 D % A2 3 U AR 1) i B 5 £ 1) (0RO A3
SPOCHR IS, 7 R % 8.

&7

S EABURE RV i b B[R] I A7 7 B RO A ik oy 5088

B d MUy ISR

e AR 4 SO CAIHI B L ARG # F A Ik, HE
SRTEREATSHC AR A v 5 BE AR 75 o 2, T AT 2
JCRE A iR A SR 22 5 [ v 0 i BE LAY 22 . 1 L
Aok E L R R L B A At 55 A S O Bl B D B 7 1)
FT5 A TGO, T 55 A5 DI SR 4 i 2% 1 g R v 25 £
ﬁ%,ﬁ%%ﬁﬂl’fﬂ 8 F)?ZT‘ }J\lg 8 ﬂu%rﬂj: i’] l+s

0.04

0.02

S8 /rel. units

0.00
0

S8 /rel. units

0. 00

0.5

P8 A T SRRV il (2 1) I A7 7 I L 3 B (9 AR R
BIIRFSEEES d R ES M y RIRE  (a) L+5s =0(s = 1), (b) !

y/107™*

0.0 0

+s#0(s =1,0=-2)

084201- 6




4 I %  Acta Phys. Sin.

Vol. 60, No.8 (2011)

084201

= 0(s = 1) W, HoCo o B (B 2 Bl 3 & 10 145 1 22 st
NS L+ #0(s = 1,0 =-2) B, 058 EE
TAXTUERAFAEA 2. B, Y AR OGO Xt
T S 252 M 0 5 235 S 79 TE A 2

4, % 7w

ARICHIESE T 83 JRE G TR AE AN o 9 o i A 7 4
SCHATT S A MR AT R PE. 22 A3 T AR Y LG DGR £ AR
fra BOCHIAT 5 5 74 B A9 6 3 2 38 X0 5 il L
] RO 3. 5o 5 A AL 4 2 G 8] e A AN R o
W, 25 EATSHOCHR BT . B ) 25 i
JCaR I R AR AT S O A O ) D A% B A
B B BT TS0, S5 S O SRR D A% 07 16
JoK, o0 B A% £ -5 A S R B D A% D7 1) S e Ak
KA R R B A S A i B B A K. T A

i) R AN AT AR, SRS G AR AR 3 4 i 1A
A3 24 O B8 0 SRR AN 52 R 237 565 56 TR0 19 v
¥, T ELSOC i D 3% -5 A S OIC SRR i 725 ) 12 e ik
KE GG A T 6 A T e, L B fi 7 # 45
T AGECH BT A 2 17 A A1 A 16 450} ]
AL ) i 7 0 A 45 T 199 25 B A7 7 I 114
Mot U WA 1) (b A2 -5 A1 1] (038X S0 D6 TR 4 52 i
FEAR ST, 76 R i L 2 L BRI A, 24 A
JCTR S AR 4 RGN XoF I, A7 S O SR A v 5
JEE BARA 5 ARGl ) i 2% T 1) R 6 A TR SR T
HASOER MBI B MR A A, L+ =0
I o R JRE P 2 B P AR 4 TS i S T 24 1 +
s 7 O B rPCo g BEARL T AR e A A7 AR A AN 2
. R, 25 A SR i TG TR -5 AR 07 4 B G AS X ofe
B, 25 M D0 2t 25 SR 1) TE A e, A S B 1 b T
PRABAL A2 B M5 A 3 e SR & 2 181X 1.

[1]  Simpson N, Dholakia K, Allen L, Padgett M 1997 Opt. Lett. 22
52

[2]  O’Neil A, Padgett M 2001 Opt. Commun. 193 45

[3]  Gibson G, Courtial J, Padgett M J, Vasnetsov M, Pas’ ko V,
Barnett S M, Franke-Arnold S 2004 Opt. Express 12 5448

[4]  Mair A, Vaziri A, Weihs G, Zellinger A 2001 Nature 412
313

[5] Lii H, Ke X Z2009 Acta Phys. Sin. 58 8302 (in Chinese) [ £
T, PUERIE 2009 PEIEAR 58 8302 ]

[6]  Allen L, Beijershergen M W, Spreeuw R J, Woerdman J P 1992
Phys. Rev. A 45 8185

[7]  Torner L, Torres J, Carrasco S 2005 Opt. Express 13 873

[8] Sueda K, Miyaji G, Miyanaga N, Nakatsuka M 2004 Opt.
Express 12 3548

[9] Hasegawa T, Shimizu T 1999 Opt. Commun. 160 103

[10] Liu YD, Gao C Q, Gao M W 2008 Chin. Phys. B 17 1769

[11] LiYY, Chen Z Y, Liu H, Pu J X 2010 Acta Phys. Sin. 59
1740 (in Chinese) [Z=FIH . Br 7B, X1 %, Hi4kHE 2010
By 59 1740

[12] GuoZ Y,QuS L, Sun Z H, Liu S T 2008 Chin. Phys. B 17
4199

[13] Bekshaev A Y, Karamoch A 12008 Opt. Commun. 281 1366

[14] Bekshaev A Y, Karamoch A 12008 Opt. Commun. 281 3597

[15] Cheng K, Liu P S, Lii B D 2008 Chin. Phys. B 17 1743

[16] LiF, Jiang Y S, Tang H, Wang H Y 2009 Acta Phys. Sin. 58
6202 (in Chinese) [ 35 VLA & £, FIHE 2009
PIH2A4 58 6202 ]

[17] Gradshteyn I S, Ryzhik I M 2007 Table of Integrals, Series and
Products (7th ed) (Salt Lake City; Academic Press) pp340,
706

084201-7



4 32 % R Acta Phys. Sin.  Vol.60, No.8 (2011) 084201

Diffraction characteristic of a misaligned vortex beam through
a phase-hologram grating”

Li Fang" Jiang Yue-Song Ou Jun Tang Hua
(School of Elecironic and Information Engineering, Beijing University of Aeronautics and Astronautics, Betjing 100191, China)

(Received 2 July 2010; revised manuscript received 5 January 2011)

Abstract

We study the analytical features of the output beam diffracted from a phase-hologram grating when the incident vortex
beam is misaligned with respect to the grating. The analytical representation describing the diffracted beam of the 1st order
is derived theoretically. Based on the representation, the central of gravity and the central intensity of the diffracted beam
are investigated in the cases of the alignment, lateral displacement, angular tilt and simultaneous lateral misalignment and
angular tilt, separately. It is shown that the diffracted beam is described through confluent hypergeometrical function. The
misalignment of the incident vortex beam can give rise to the displacement of the beam center of gravity, which is
independent of the misalignment direction and azimuth angle. The displacement is more obvious for the lager
misalignment. In the case of angular tilt, the direction of beam center of gravity is nearly identical to the misalignment
direction, whatever the topological charge of the incident beam and the fork number of the grating are. Besides, if the sum
of the topological charge of the incident beam and the fork number of the grating is zero, with radial displacement and
deflection angule increasing, the central intensity of the diffracted beam decreases gradually, otherwise, the central
intensity is non-zero value any more. That means the misalignment between the phase-hologram grating and the incident

vortex beam can influence the measurement of the topological charge of the vortex beam.

Keywords; Laguerre-Gaussian beam, phase-hologram grating, lateral displacement, angular deflection
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