Chinese Physical Society
M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

BT VIR EE L TRAVIE Stokes T =
i BB £xE FTIM HYH

Spectral Stokes singularities of partially coherent edge dislocation beams
Zheng Shang-Bin Tang Bi-Hua Jiang Yun-Hai Luo Ya-Mei Gao Zeng-Hui
5| {8 & Citation: Acta Physica Sinica, 65, 014202 (2016) DOI: 10.7498/aps.65.014202

7 £ )13 View online:  http://dx.doi.org/10.7498/aps.65.014202
214 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/11

AR RABNEM T
Articles you may be interested in

FET XKL AR B FR 52 S oA B 510 R T8 FA) e 42
Rectifying electromagnetic waves by a single-layer dielectric particle array based on dual-particle coupling
YE 2 4.2015, 64(22): 224201  http://dx.doi.org/10.7498/aps.64.224201

— RO S BE R Y S R AR T R I A

A narrow bandpass filter based on two-dimensional photonic crystals with two reflectors
YyH 22422015, 64(22): 224202  http://dx.doi.org/10.7498/aps.64.224202

[EE S Stl Vg by AR N IEAEE. SIvE 3

Focusing surface plasmon polaritons in archimedes' spiral nanostructure
YE = 4.2015, 64(19): 194201  http://dx.doi.org/10.7498/aps.64.194201

FEL TR AE R THIAR S5 8 14 P A R RF IR R 20 B
Analysis of propagation properties of electromagnetic waves through large planar plasma sheets
YE = 4.2015, 64(19): 194202  http://dx.doi.org/10.7498/aps.64.194202

FHVU € i AR AL AR ™ A2 iR e ot R
Generation of vortex beams by the four-step phase plates
VP 2EH%.2015, 64(18): 184202  http://dx.doi.org/10.7498/aps.64.184202


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.014202
http://dx.doi.org/10.7498/aps.65.014202
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I1
http://wulixb.iphy.ac.cn/CN/abstract/abstract65871.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65871.shtml
http://dx.doi.org/10.7498/aps.64.224201
http://wulixb.iphy.ac.cn/CN/abstract/abstract65713.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65713.shtml
http://dx.doi.org/10.7498/aps.64.224202
http://wulixb.iphy.ac.cn/CN/abstract/abstract65332.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65332.shtml
http://dx.doi.org/10.7498/aps.64.194201
http://wulixb.iphy.ac.cn/CN/abstract/abstract65333.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65333.shtml
http://dx.doi.org/10.7498/aps.64.194202
http://wulixb.iphy.ac.cn/CN/abstract/abstract65298.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65298.shtml
http://dx.doi.org/10.7498/aps.64.184202

38 % 4R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014202

R HEF VI BIALEE SR AVIE Stokes T

B2

A i A

£z

BLE 7Y

1) (NERERZEAME S TR, ¥ 646000)

2) (HEFB Y E 0=, HE  644000)

(2015 4 6 /7 23 HYZEI; 2015 4£ 8 H 31 HIL Bk )

R P 2 St P R B A i 2 3K, S H B 0 A T ZD AL RO AR B s ] P AR b Rk . 455
% Stokes ZH, TR 1 I Stokes 3 (1 aF AR, S5 SRR, BE70AH T 70 B CL B G AR AE B o 2 18] 4% 4y
HREHAFAENE 512, 523 M s31 AT L. EOAZ 7 FRUAL A AA) 80 ol B AR L 28 TRV R A B S50 RS i D K B 3 1 i B
BAAL, A1 Stokes AF IR B A RS, WaA V RH A O RUETER) .

KHEIR]: A TR, TIRIALE, 1 Stokes AT AT

PACS: 42.25.Bs, 42.25.Ja, 42.25.Kb

1 5 7

H M Nye Fl Hajnal Il & 8% 53 B A 4k 7
RUE, FEEASFSLES R O RIR AT A T
Ft, IEEF IR T 3 T m AR A X — ik 2
Xt PR A5 A, BT LA RO 3 PR 85X Stokes
SRR o b B AT DU T & Stokes 3 347 1
RS20 sk X R R A A A AU R B
SEAAR T Y R B 40 A0 Tk, Yan 1 Lit '8 i@ i
5] N\ Wolf 22 #2 H )3 Stokes 8k, #8584 M 111
i 4 T A 2R 40 A Ok, R TR i A Ot
WRAE B A A B IR A i, B Stokes & AL T
AL 18 53 NG IR e (A FR 9 W8 e o 4 ) A0 4l A &
e iR Pl 7 TR BT O R AR B A RORE ST T A,
i LA A A, B ORI IE; A 2
ORI A A AT AL, — O — BB TE D) O, Bk
Sz Y O (BALE) 28 n AL AR A FRovaifr
2. AR5 M 7) BB R AE B B R A%
iy 1ok B2 A U Stokes A AU A AT 4R R WE?
AR XA B R ek B A A S R, BETE T
#50 AH T 7] B AS DG AR AE B HH 28 [A] H R Stokes

DOI: 10.7498 /aps.65.014202

2 HipEA

AT OTENR 2 = 0 Ab A8 ST 25 BE AR By
2x 2 R, AFE I 1 Waw, Wy, Wy FIW,. (5
Wy JEH), ARy (21522

(Wauw (o1, Yo1, 025 Y02, 0)]
= [(E} (o1, Y01, Zo2, Y02, 0)

Ey (o1, Y01, Toz, Yo2,0))]

(u,v =z, y, BRIAEF ML), (1)
Ho (VRRREGFY, *RpELPE BeH
z = 0 RCIIES 7 #H T 0 & T BT 138 40 A T
FEn T - R AR TR A S R B R JCAE 2 = 0
S F 7 122229

Wu'u (.%'01, Yo1, To2, Yo2, O)

— A AB,, <au$o1 — Yo1 + du)
Wo

2 2 _ d
X exp <_$01 "‘2y01> (%;3702 Yo2 + v>

wo
2 2
T
X exp <—02 +2y02>

* [ H AR A G (HEHES: 61275203) ADUIE A HIT AMRE A2 E (HHES: 15CZ0017) BEBIHERAL.

T B E/E#E. E-mail: luoluoeryan@126.com
© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

014202-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.014202
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014202

(o1 — 3002)2 + (yo1 — y02)2
X exp |— 2631) ’ (2)
F ‘:Pa gﬁAiﬂ Ava Buvﬂlﬁﬁw& uv %E{jﬁ

359%5’]%, Wo ?%KEEHEA&, Suw 7N TR AN AH R
F; By = B, — MBS Hu £ o 2EE, M
Hu=0vlf, By, =1; do Mdy, ax May, 5357 5
T Wy FIW,,, W1 ) BB 7E o F1y T[] 55 il
IR R

1 B 2 g R R v, R A8 SO 2 R i A%

A, 2 RSSO FEAERE T ] 2 = 0 ALY
LI Y|

”uv(xlaylvm%y%z)
kY K (23 + 3)
=|—) exp|—i— (z — 22
s p 9, 11 ?Jl 27 Ys

////Wuv (%01, Yo1, Toz2, Yoz, 0)

yoz)]

k
X exp {12 (1201 + Y1Y01 — T2T0o2 — ?J2y02)}

(5501 + Y5 —

xexp{ 2
z

X dxo1dyo1 dzo2 dyos, (3)

Hr (21, 1), (22, yo) 72 2 FHIAL T 55 6B ALK,
kRSEKNARBBEEH E =21/
(2 )fﬁﬁ)\(?))ﬁ oo =a0 =2,y =

Yo =y, L1533
uv (2,9, 2)
A Ay By < >
oy Puv T(wOZ
2
)
+ Puv huUqu(y
X + + Buw
403, QuvPuv Puv
+4q; R+ )
uv(x) uv(y) Yy
4
P l DPuv 42200y ’ ( )
/\q:‘
1 ik 1
Oy = — + —
w2z 202
_1, 1k 1
Puv = wd 262, 2z 462, au.
_ikz 1
Quov(z) = g 252 e -1 )
iky 1
G = 9, \ 22,00y )
uv - uv

B — (a'u + a'v) Quuv(x) . dv
. 2512wauvpuv 20‘7}.1)512“;
ik ikza
e “gdy),
2200, 2200,
By = Gy Oy (1 n 2q12w(:r)>
“ 4531,04%27% Puv

_ ikyd, +dv<1kxau +du>

2200, 2200,
ikya
+quv(x)<_ Yay + aydy,
pU’U ZZauv
ikza,a,

L Oudy
2200, 202 ey )
it Stokes B4 XL 21

So(x,y,2) = Waa(@,y, 2) + Wyy(2,9,2),  (5a)

Si(z,y,2) = Wae(z,y,2) — Wyy(x,y, 2), (5b)

Sa(x,y, 2) = Way (2,9, 2) + Wya(2,9,2),  (5¢)

S3(x,y,0) = i(Wya(w,y,2) = Way(z,y,2)). (5d)
IH— 1L B 1 Stokes Z%0°H s1 = S1/S0, s2 = S2/So
sz = S3/S0.

56T Stokes ;5 (4, j = 1, 2, 3, BRARKEA
Y N

512 = 81 + isg, (6a)
523 = S2 + 183, (6b)
S31 = S3 + 1is7. (6C)

W (4) AR (5) 1 (6) 2N, 71455 — 43 Stokes
SR S Stokes 37 AT 45 3. 15 Stokes #F
RO LT 1% Stokes 1 s;; = 0, B (6a)—(6¢) 2K
FAH AL (BRI AH AT £, s10 AT SO0 T35 20 AH T
B C r, B RERIR, s3> 0 (s3 < 0) X 1% A
(A T (70 €) 1. U so3 Fl sgq AF SUERAL T L 26 I,
TEAZ R W FT A s e R PEAN B 28, HB O 2 i %
M. H(4), (5) 1 (6) AT LAE th, &7 AHF 7] 807
G 1 Stokes 7F w5 ' AU T] BUAL B R R as
BB d 2 AR S 5 R T i wo SEIEHI S 40
DA B AR farBE B 2 A8k

3 ¥ Stokes & &

i Stokes FF R BEIE IR BT LA

R (6a)—(6c) X, BILEAH T AR 2 &b s, =
0 (SEZR), so = 0 (RIZR) Flsy = 0 (MZk, B L)
(L. SHIEN By, = By, = 1,

3.1

014202-2


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

) I % R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014202

B,y = 0.3exp(in/3), A, =1, A, = 1.5, wy =
1 mm, A = 632.8 nm, 0y = dyy = 0.225 mm,
dzy = Oyr = 0.225 mm, a, = 0.9, a, = 0.1,
dy = 0.9, dy = —0.5. E1 o, S22 5RIZ A S
N s19 TR, B C R, o AREANHLAT m = +1
f1C m, <o LRI AT m = -1 C i R
5 15 2 A8 RN s03 T AL, CA7 ARG AT AL A

y/mm

-30 -—-25 -—-20 -—15 —10

z/mm

y/mm

z/mm

y/mm

—20

-30 —25 -15 =10

z/mm

y/mm

y/mm

y/mm

m = +1 1 so3 7 5L, “A7ARININHATm = 11
593 T ALy SKEE RIS RN 531 77 /L, “O07 AR
FARINEAT = +1 3 sgp TR, W7 AARIAI
it m = —1 [T 531 A & (F0 40 HLAT MR 75 50k
g 24). P o3 = 0 SE R, /I L 22 /e Al
A7 e DX 4 e U4 pr 5 3R 1 IX 4O A e
XK, =75 RoR 1 DX O 2 e X 3

b
-" B
+
-30 -—-25 —-20 -—15 —10
z/mm

z/mm

—30

—-25 =20 -—15 -—10

z/mm

1 REMERMIEEAL s1 = 0, sp = 0 Fll s3 = 0 LS (2g = mwd/A)  (a) 2 = 0.820zg; (b) z = 0.822zR;
(¢) 2 =10.889zR; (d) z = 0.9202R; (e) z = 0.9882R; (f) z = 1.140zR

Fig. 1. Contour lines of s1 = 0, s2 = 0 and s3 = 0 with different propagation distances (zgr = T(wg/)\):
(a) z=0.820zR; (b) z = 0.822zR; (c) z = 0.889zR; (d) z = 0.920zR; (e) z = 0.9882R; (f) z = 1.140zR.
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Fig. 2. Distance between singularities versus propaga-

tion distance.
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Fig. 3. Contour lines of s; = 0, so = 0 and s3 = 0 with spatial correlation length: (a) gy =
0.225 mm; (b) §zy = 0.236 mm; (c) dzy = 0.245 mm; (d) dzy = 0.253 mm.
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Abstract

The polarization singularities in vector wavefields have been extensively studied analytically and experimentally.
The polarization singularities can be analyzed by using electromagnetic theory or Stokes parameters, or be described in
terms of complex Stokes scalar fields. In some practical applications, partially coherent beams have more advantages
than fully coherent beams. Recently, the concept of the polarization singularities has been extended from fully coherent
beams to partially coherent beams. In this paper, using the representation of cross-spectral density matrix propagation,
the explicit propagation expressions for the partially coherent edge dislocation beams are derived in free space, and based
on the spectral Stokes parameters the spectral singularities are studied in detail. It is shown that there exist spectral
s12, S23 and ss31 singularities of partially coherent edge dislocation beams in free-space propagation. si2 singularities
correspond to circular polarization (C-points) of the partially coherent edge dislocation beams, and s3>0 (s3<0) means
right- (left-) handedness, where the orientations of the major and minor axes of the polarization ellipse become undefined.
s23 and s31 singularities must be located on L-lines, where the handedness of the polarization ellipse is undetermined
(linear polarization). The motion, creation and annihilation of spectral Stokes singularities may appear in the variation of
a controlling parameter, such as off-axis distance, slope of edge dislocation, spatial correlation length, or in the variation
of the propagation distance. By suitably varying the spatial correlation length or propagation distance the V-point,
the handedness reversal of C-point, creation and annihilation for a pair of oppositely charged spectral singularities take
place. The creation and annihilation occur for a pair of s12 singularities with opposite topological charge but same
handedness. The critical points of the controlling parameters and propagation distance, at which pairs of different
spectral singularities annihilate, are not the same. The collision of the C-point and L-line results in a V-point (vector
singularity), which is unstable. A small perturbation leads to the handedness reversal. At such a point the state of
polarization is undetermined and the degree of polarization P = 0. The results obtained in this paper would be useful

for a deep understanding of polarization singularities of stochastic electromagnetic beams.
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