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1 (MTR ) Limilk MR S B EHER AT S 63 (po = 40)  (a) a = 0°; (b) a = 22.5°%; (c) a = 45°;
(d) a =67.5% (e) a = 90°; (f) @ = 122.5°; (g) o = 135°; (h) o = 157.5°; (i) fwIR A~ = A

Fig. 1. (color online) The conical diffraction patterns with linearly polarized annular Gaussian beam (po =
40): (a) a = 0°; (b) o = 22.5°%; (c) a = 45°; (d) o = 67.5°; (e) a = 90°; (f) & = 122.5°; (g) a = 135°;

(h) o = 157.5°; (i) the diagram of polarization state.
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Fig. 2. (color online) The diagram of polarization
characteristic of the conical diffraction pattern under

Gaussian beam.
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Fig. 3. (color online) Schematic diagram of conical diffraction under annular Gaussian beam.

(a) » E,

K4
Fig. 4.
cutting direction of KTP crystal.

(I ) (a) FIICHR (b)KTP SR IIE 7

(color online) (a) Annular aperture and (b) the

BI5 (a)—(d) 7 5l & 7~ Ml 4R 7 1) v 22.5°,
67.5°, 112.5° il 157.5° 1) £& M I% R K S A HE TR AiT
SR SRR A SR B0 45 R B 5 (a) ATAT,
OS2 AR G AR T 1) R 22.5° B, HETEAT S H G
JEIHIIEANIRAE 135° (177 S A AL G5, 1A
1E 315° J7 hi M Ab 5 %, BN BRAE 315° 77 4 £
FANRTE 135° J7 67 M A RAIR 77 113524 112.5°; i
K5 (c) TT18, NSRRI IR 7 A 112.5° 1,

K5 ZefmiRINRICHEZ AT 6 Sk 18]
(b) a =67.5°% (c) a =112.5°%; (d) o = 157.5°

(a) a = 22.5%

Fig. 5. The experimental results of conical diffrac-
tion patterns with linearly polarized annular Gaussian
beam: (a) a = 22.5% (b) @ = 67.5%; (¢) o = 112.5°;
(d) @ =157.5°.

124202-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 124202

HE T 7 5T H 55563 1 SR ER 2E 315° 17t i b e 3
N, T NFRLE 135° 7 RLfA ALk SR, B A BRAE
135° 77 f FYNERAE 315° 77457 F3 b 60 B8 77 0 34
$922.5°; BT LLAE Y, BRIH o ok 6l 7 0 ot
S35 1« IR ZEAH R 7 67 £ A 16 R A5 A L E 2
R, P15 (b) R 5 (d) th 3 B 7 1A 67.5° A1
157.5° G i % FOR 5t oK B0 41 T AT 56 5 0 th B A
R, S A B L, B RS0 4

54—, B 5 R DU S5 B4 B S T 1 (), (d),
(F) A () o BB 07 BB —— X B, 36 b3 e fir
B AR — Sk, PR BB, SRR s
HET AT 568 H 0 1 AR SRAE AR I 107 R b LA
I AR S

3 44l iR R R OR 4 T 4 R
i £

EERIRR s O AT O AN R e 4
IEAZ AR AR, BATBTT T — Rl BAT 4
PRIZHIHRE M B R A, TR R
TS B EIA I W AR 7 A, G0 6 s, 244
I A eh 8 BLE IR Ty RIS AN AR R 1 B3 2 ik v 2 &
18, P 6 Hh i i Sk R R B2 i I RO SE IR 5
. BEAMRATEWE T 7 H AR X HOCHE AT
5 R

El6 (MTEE) HemikrssE
Fig. 6. (color online) The Schematic diagram of the

combined polarizer.
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Fig. 7. (color online) The Jones matrix model of the
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(a)—(6) TR, (2)—() % (a), (g) § = 0% (b),
(b) 6 = 30° (), () & = 150° (d), () & = 180°; (),
(k) 6 = 210°; (f), (1) 6 = 300°

Fig. 8. The control results of conical diffracted field
using the combined polarizer: (a)—(f) The theoreti-
cal results; (g)—(1) the experimental results; (a), (g)
5 = 0% (b), (h) 6 = 30% (c), (i) & = 150° (d), (i)
5 = 180°; (e), (k) & = 210°; (f), (1) § = 300°.
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Polarization characteristic and control of the conical
diffracted output field under annular beam®

Du Chuang Jia Da-Gong' Zhang Hong-Xia Liu Tie-Gen Zhang Yi-Mo

(Key Laboratory of Opto-electronics Information Technology, Ministry of Education, School of Precision Instrument and
Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China)

( Received 8 January 2017; revised manuscript received 24 March 2017 )

Abstract

Conical diffraction, a unique optical phenomenon in biaxial crystal, has important applications for the manipulation
of particles. In this paper, a new model of annular Gaussian beam is constructed based on the Tovar’s flat-topped
multi-Gaussian laser beams. The conical diffraction of annular Gaussian beam is calculated using Belsky-Khapalyuk-
Berry theory. The polarization characteristics of conical diffracted output beams under the annular Gaussian beam are
theoretically calculated and experimentally demonstrated by means of the linearly polarized annular Gaussian beams
with different polarization directions. It is found that the same azimuth angles of the inner and outer rings of the
conical diffracted output beams have orthogonal polarization characteristics. A combined polarizer (CP) composed
of eight polarizing segments with different specific pass axes of polarization is presented to simulate the polarization
characteristic of the optical field of conical diffraction. Furthermore the calculations for output-field control of conical
diffraction under the annular beam by using the proposed CP are compared with the experimental results. The results
show that the intensities of both the inner and outer rings are periodically varied with CP azimuth angle. And when
the azimuth angle of CP is 0°, only the conical diffracted outer ring is remained, while only the inner ring of conical
diffraction is remained for 180°. This tunable conical diffracted field has important applications in optical tweezers and

wavelength division multiplexing.

Keywords: biaxial crystal, conical diffraction, annular Gaussian beam, combined polarizer
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