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SRR VERE AR, W 8 AR, Bl (a), (b), (c), (d)
I3 R8N 6K 43 310N 556 nm, 576 nm, 616
nm, 636 nm A&7 AE A0 BRI K I E
BT R B, bR E e A BT, UG
Je UK A K T R R B B, e RE R S A OE BT 4R
d A E 8(a), (b)s(c), (d) s, MASHEH
KA B /NI, 2300 6 3 (1) 55 2 A AR A AN K, T
K B B ORI, 2 S 0 0 o 1 [0
FRPE.

N T AT AR AOL BE G I S, FRATT SRR A B
596 nm- i B E N 10 nm (= A TE ) MO
A E NGB R b, RO T8 8 0.62
mm- BTHFEE BN 1.2 m H 30O A o SR A
G SE A RHE RSO T, PR A2 OISR WA 9 (a)
fiias, MBI AL LA ), BRR 250 06 3R B A 1R &
DR, AE F Al SR A AR LT, B ASE
(P B B 48 0 3 20 nm, 774 128 O 6 I BRJE A
T RESTRRE, ik 9 (b) Bras. [FI, AT % &
T NG 0 Y AR 5 A AT H O BB R AR T
TGN, 435 5 9 10 nm. LK S
52 576 nm [ T O SRR NS B AR AL B
FEARAL Y 5 1.2 m R B A0 75 B 2 0o I BT 9 (c)
BT, S B 25 a0 ol PR 58 FBE 43 A1 P (580 %o A A A Al 3
FEH—J7 ) B GaR A — Bk, HOGsR H H AR
T ES. T NSO T G N #) 20 nm B, 72
A O R 8 A LT B, Wil 9 (d)
JioR.

B IR AT T B O EE BN B
FARL R EBF, 25 NS 2 AL P 0 K5
ZINERE, 7R AR R R0 S R R E AT LS AT R DG AR
;2 NS G B9 AH AL 7 OB K BOR R, 7
A0 ISR BE A AT 22 2 B sg i, HAERE—T7 ]
FE-AHERER; FR, B EmA
UGB AR A P AR 2 O eI, 2 0 6 R 58 o A
FEE NGO KA K. Bk, £ CARS #
Iy RIS OB AR Ay R U
K ZE P HITEE/NYEE A (— 8N T 10 nm).

5 & W

20 G TR I 5 R LR OC AR B AT S A PR AR T
S AT e ey 2 N RO R A Bt S TR R
PR G EERE, PRI, A SCAEAT S BV Y S il L
XA OEHR I P AEHEAT T B o i A BB A, IF

XFECTM AT T A R BN S 25 0 7 A R A 0 B TR
SRPL AT RE . B e SR A SRR W AR BAR G O
T, AW R R B AR A 2w e R
H Ly S AR A FR) O AN HEIRE, 25 )l SRR [ X A
PERRBIR, SR B A R —Jr g, II5 1A S AT
PR 0% e G TR DA A BEABTARE N S B AR A A
I, 20 G AR S B A T L AN A, T E 7 R 5
Jf LB EAR X T I BE rh e 2 R AR BRI AS; )
e, NSRS I 38 5 A D9 AR IR R ARIR R, A3 0 e
3 5 AT B R R AR, — R AL 5
B ATt OL; NS RO B A B AR AL R LR
AR, 2 R TR0 Wi 220 1 TR 58 € A 1) 8305 R
P, EANE AT S VE . 3R 2 # 45 R
FEAT S A B o 3 2 B B U R R
BRI R SRR 4R 3 O
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Generation of dark hollow beams used in
sub-diffraction-limit imaging in coherent anti-Stokes
Raman scattering microscopy”

Liu Shuang-Long Liu Wei  Chen Dan-Ni  Niu Han-Ben'

(College of Opto-Electronics Engineering, Shenzhen University, Shenzhen 518060, China)

( Received 10 April 2014; revised manuscript received 25 June 2014 )

Abstract

Profile of a dark hollow beam in sub-diffraction —limit imaging is of crucial importance for its spatial resolution
when using the coherent anti-Stokes Raman scattering microscopy, as far as the imaging quality is concerned. Therefore,
the generation of dark hollow beams through a vortex phase plate will be theoretically analyzed based on the Fresnel
diffraction theory. Influences of different incidence conditions on the intensity distribution of the generated dark hollow
beams are also investigated. And it is shown that a perfect dark hollow beam could be produced when a Gaussian beam
is vertically incident upon a first-order vortex phase plate, with the incident light wavelength equal to that of the phase
plate. However, both the circular symmetry of the incident beam’s intensity distribution and the alignment between
the centers of Gaussian beam and phase plate may affect the intensity distribution of the dark hollow beam, which will
almost be in circular symmetry though it may shift some distance from the image center when at a small incident angle.
Furthermore, the dark hollow beam’s intensity distribution will scarcely change when the central wavelength deviation
is very small from the incidence light and the phase plate. These results may be of great value in generation of perfect

dark hollow beams in sub-diffraction —limit imaging by coherent anti-Stokes Raman scattering microscopy.

Keywords: dark hollow beam, sub-diffraction-limit, coherent anti-Stokes Raman scattering microscopy,

vortex phase plate
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