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Abstract The principle of generating the spiral Bessel beam is theoretically analyzed. Based on the cross-spectral
density function of Gaussian-Shell model and the theory of cross-spectral density propagation, the expression of
partially coherent spiral Bessel beam is derived. The propagation characteristics of partially coherent spiral Bessel
beam are studied and the influence of coherence on its transmission characteristics is analyzed. The results show that
with the increase of transmission distance, the contrast of beam intensity distribution of beam cross section
decreases, and the distribution of light field changes from the Bessel type to the Gaussian type. However, the beam
still maintains the self-acceleration property. For the high-order beam, a phenomenon of dark core fading can be
found easily and the fading distance of the dark core increases with the increasing of the beam order. With the
decreasing of the coherent length, the distribution of Bessel light field decreases gradually, and the non-diffraction
distance of the beam is shortened. Moreover, the influence of light field regulation on the beam is also discussed,
which includes the parameter setting of the hologram and the adjustment of the coherence of the light field.

Key words physics optics; partially coherence; cross spectral density; self-accelerating beam; spiral Bessel beam
OCIS codes 260.1960; 050.1960; 050.1970

11

R AOCRAETAT T 45 /TR BE A 4 3 i 25

DI SR A2 fi -5 7 F P A R B — 4 S A A R
WG Hoh DR B TR SRR S f
PER U AL RO T X AR RO R B R £
S b T AT R DL SE RO BT L AT S AR X T
R H M Z . AIMEER S A &Y

PuB AR e T RO 2 4 TR, WHDE
TR TR T AT O Y B AR AL
AT TR 2] 3 e 5% 2 T B AT LS BN S R A% 1% L
AR . ISR T A AL i AR R B R B A
TN SE AR, 3RO TR O BF ST A O ELAE
AP AR RN T T B R (H B BT S R TR

Wi HES: 2018-05-02; 1EE B HA. 2018-06-18; RABHI: 2018-07-12
ELWMEB: BEXRAKB ¥4 (11774103) B K H R B2 4F 5 4 (61605049, 61802136) . f A FHH & KW H

(2016 H6016)
* E-mail: fengtie@hqu.edu.cn

1126002-1



% {5

N ASCRE I 410 0 2 203 5 A 47 1 3E R O SR BT O
N FEY NS B i QNS N e s R N
) 0300 A% 1 FLOG S50 A4 45 5209 A IS SRR Ry 2
A58 T L8 V) 9 Y ) 2 — e

2009 4F, Jarutis SEHT A8 il bk 4 7 A TC A 5 D
FEJRE AR A BE A L 308 5 0k A R B R A R L 3k
157 ELAT 4 B A% A 050 1 1 o DL ZE RO R
P, Sun USROG HRAE T — A 4 R L 1
W98 TAEAT R BR T A0 TR0 . R A7 A 10 3 3 1k
DA AL iy 3k A2 TP B 58 4 M O T LA S50 g
BB ME P RN LA B AR A ) L 3 A ok
BRI BEAE I — KA FE I . B RTSE TR S
oM AR LS A I B B 2 E L H
T A 0 Ot H 5 A A T AR A 2 S il A
AR AR N M 43 AR AR A -
IRASERY MBS A 3 A5 T A A T IR E 1 ek
DUSEIR G AR A i e I 22 ik X, S8 7O M e
SRR IR T DA B o A T R 2 . TR
W5 T G SR A% S e 1 o 20 BT T AH A B X A% i
PR R T O B IR . AT K A
TR EE DI FE SR O S N X A A A
TSGR T S B A RO T A U A —
TR G X,

2 Mo

—IE GRS s s T ORI i

T (p) =exp(—ikBp), @Y

Pk =2x/2 HWEEGR=n— Dy, vy Ntk HEE
o RITHE 0 AR ALIE R T IR,

Al 15 44 Bt e A v O R TE D SO B (2 s
vo)=C(Acos ¢,Asin ¢) FAL P A R B W,
M) KB FE L RRETRIRH Tay (psp) =

@ ®)

exp{ —ikB [/o* —20Acos(p—¢g)+AT |}« Hi. (A.9)
S Bk b B v SRAL A AR R L X L Al A% B AR A
ZINIR S 3 5 A pRBORT AT ALK R

Tay(os@) = exp[—ikBo +ikBAcos(o —¢)] . (2)
WARZ S b AR A HE P AR 1 DL S RO
A EBERE i 5 e Ho AW A% 1 A

T AR BB BEE 09 A 0 D ZE IR . B R
Xof fil b e AT A0 IR 1 Ca) Ji 7S 1Y Bl o DL B AR IR o
(1 A [ g it b B 23 50 O 22 B T BB T 2 1) [

5 (R AT o b e 4D L I LK 4 B I B
4 P KR IR (A Do) B9 AR A8 U2, b T
NEERBRESH., XEWRE, GREAHES M+
U AR TG S A T R A A2 B i A% L (H i
T o WA R HE S LR S AR IO, X
A Sl A I AN T A6 L G D' Tl R B TR — 2R 1)
Trfr AN e L e b i A% A A5 Y DL ZEJR OB BE. X p
HESARALI AR Rl HE R R R A N 1(b) L (o)
e 7 B MR T A% 6 B3 1) i DL ZE RO SR . e
Hogg 77 AR M8 D1 ZE 75 0l R A Bl o o 28 3o 3 e 50T %
)

Tar(os@) = expl—ikBp + ik BAcos(p —Ip) ], (3)
A A S IRE A, B (1) X b iy £ e B2
P=2n/T" Ja= B R . W% (3) 3 nl LI 31, %
IR REC AL T I B — T exp(—ikBo) NAESE
b b ) 125 o 3R o B i — T A A 9 i A A7 9 A
T S5 ek s 18] ' I i A X AR G AT A AL
il Ca AR A& 2 B ) o P4 98 i S B0 A
5 28 AR GEARIRE A L B AT AR AT BRI DL R RO, S8
PENEREME 3 PR . B IEBIAETE GO >
HE T W D1 ZE AR o, PR b A S 8 s i ' 3 o] s 4
DR A s - R ARG, AT R I -3 R A
BUSCA T3 15 AR 22 e 55008 18] B 5 A7 9 O 0 e e
B EE k.

©

IRy, Ry

1 Aoy i e B DL S JRKOE AR B I . (o0 B BRI A 5 () I R DL 26 RO AT s (o) el B MR DL 2 /1 Dl 3R

Fig. 1 Microsectioning axicon and transmission trajectory of spiral Bessel beam. (a) Microsectioning axicon;

(b) zero-order spiral Bessel beam; (c¢) high-order spiral Bessel beam
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Fig. 3 Schematic of experimental setup
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