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Laguerre-Gaussian beams are solutions of the paraxial wave equation and carry orbital angular momentum,
which can be transferred to trapped particles. Orbital angular momentum of light beams can be better under-
stood by considering angular momentum flux. Phase singularity and orbital angular momentum are different

concepts and should be distinguished.
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Fig. 1 Intensity distributions (()-1, (b)-1) and phase distri-
butions ((a)-2, (b)-2) of Laguerre-Gaussian beams
at beamwaist. (@) p=0,m=1. (b)p=0,m=3.

B3 2B/WAT T NAT YT Y- LS OWIE A EE)

Ji = €€l EunE By (7)

ThbH., ZITEE =1,2 31 3FNEhxks, v, z
B adg L, U 2ORN LA TN IS b0
E¥h. Floepdd(i,j,0=(1,2,3), (3,1,2), (2,3, )D
EE+l, b,k =(3,2,1), (2,1,3), (1,3,2)D& %1,
ZRUIHI0OTH B, Allenb IZLGE — A IZDWT I Dff
EEEREELEH L, 200 ORRTHIZOWT,

P omge 90l 8
O+ 52 o (8)
EWVI)FEREESY, XTI MEEETH L. o,

BEGIREEZ R L, Al) BELETIE-1, A=Y EET
3+1, EARIETIZOTH B, miZHBIT 2 5 1IED HLE S
5, CAAKIF T B E2ENA Y VG LR EN S,

WLE A EE) R BT A RTFEIEAER 2 o M EE) R I
DWTORRETCIZ L TR, —HKOBHIHIZOWT
BEER S L A VEGOGHEN D) FERTE RV E
W) FEDSH - 72, ZHUSHE L CBarnett i3 M E B =0 [ i
NNZEHTRELZEZE R, o fEH) R I (optical angu-
lar momentum flux) DIEGT %47 - 723). f @ s %
(angular momentum flux density) (X, EBjE FHEFE
(momentum flux density)

Tij :%dj(soE2 + H;le) - SOEiEj - l'l(;lBl Bj (9)
T HWT,
M;; =Eijkrokl (10)

CEREND. I 7Oy I—DTNVY Thb.
Ml fEB R OIS DI DR E R L, & DI
RO

] 0

aji-'-a_r'M“:O (11)

AR ASH

iy 38 Byt B OO W S8 A i | R A PR S b
7eo TR L72b O, ()i o fAES = HM,TH
D, TOBIZOWTIZAY V5 L WEELS OS2 7
DIEFRT HIENTEL, BHE L BREEB LT
LEFHE LB RD L) ITEAT 5.

E =Rd& exp(-iat)| (12)
B = ReJ, exp(-icu] (13)

TDL, MPpIA Y VERG M L HLETR S M2 UKD &
INIFITFoNnD, 7272 Leldtfitdh 5.

A | R Y

233



oot EC° - O
M;‘:;—wReng pdede

g .9 d . g . .o _UO
B —E +E —B -E —B +B,—E& 15
E_xaq)y yaq)x xaq)y ya(pr ()

B2, €& E,DQAF D exp (img) TH-2 HNZF (i
T2V =220V, N7 — (A LVF—H)FICA LT

in_&
ME =T (16)
Ol'blt_m
M =T (17)
E% 5.

COLHITAEBEREEATLILIZL ST, —f
DEWHIOVTAE VEF L EER G T &) L5
FBIENTEL. T, WREOMEEHSE#EmT
B, MERRFE L) 3MAEERBED AL
TWwh, 7272 LiEfinE PG AICBWTid, Adshisf
R L AR R OB ETEIIC OV T M, ~ ¢, 25K Y
Vh, fEROMEGRBEICLIERTIZIZZOTTN
WhHLZENTED.

4, SHF=IHIITLE—LDOER

LGY — 2R3 5H2 B2 L - -2 o 3ITEREES

CENTEDLY, L—F—DFRE— P& LTI TEM],

DL IFEHWTERRENL., LA L FKIZIZL—F—
FERBNOIELENGEIZ LY, TALI— b H YL T~ (HG)
E— FCTORROHFRERLT V. HfFL vy Xx ik
F— FEHBZL D, HGY — A2 HLGY — AR EKT 5
EDTERON, Fy LT o —LD—ERIIH T A%
BALTESNLEMHGE— FH5 b BRI TRTDH
512 VeV AOFEKIHES & I CE & A A A
FHTHRAMTIEICL > TLGY — 2 2T 5 EE D
ThhTWnaB,

KHECEL VLN TV S DIIEHERA T 75 4
WCEBERTHA, A TITLERNTH I T v E—
LAAAREHE Fexp (img) 20T 5 &, BRITHLISRD
BWT R=F VRO =B INL, AFEIHT L
TLGY — A DNAEN R S N5 FihR 0 275 29 R4
TL— MmO R B 5 O D D B 120,
R R T 7T L6 % 0B DR TH S, i
DT NV—FTIE, BFE— LI L BB %E HWTE
B L7ZMAT 7S ML BLGY — A DR F 1T > TWw
2,19.20)

FaDTN =T THERLTWEFTZ T LDKEN
¥ — Y %Fig. 218 Y. FEMER T 7 F AT 5462
T (Zexpliime +( 217d) X]} TH 525, FEBIIIL I OAL
MoAiz 20 FEHTLOTIER L, -n(=O BN
OO RS OB ) BAZS D% T A
WEDOR) v —EDEADGA L LTEET L. &%
R)v—%Z0FFERBFO 7T 08 LTHHATSZ
B, BREFEE LIS AT 7T ABERL T b,

234

Uil

Fig. 2 Hologram pattern for an off-axis phase hologram for
m= 1 beam. Scale for hologram pitch d is shown at
bottom.
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(a)-1

Fig. 3 Intensity distributions ((a)-1, (b)-1) and phase distri-
butions ((a)-2, (b)-2) of beams generated by holo-
gram (6.2 mm x 6.2 mm ared). Thedistributionswere
recorded at the same position, with filters to select
each wavelength. (a) m= 1 beam with wavelength A
=1064 nm.(b) m= 2 beam with A =532 nm, coaxially
generated with the A =1064 nm beam.
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Fig. 4 Intensity distributions ((a)-1, (b)-1) and phase distri-
butions ((a)-2, (b)-2) of astigmatic Laguerre-Gaussian
beam (numerical simulation for wavelength 632.8
nm). (a) Initial beam at z=0 mm withp=0, m= 2,
spot size parameter w = 300 um, wavefront curva-
turein x and y directions R, = -100 um and R,= 100
pm (1 mm x 1 mm areq). (b) Beam after phase sin-
gularity inversion (z= 600 mm, 8 mm x 8 mm area).
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