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Fig. 1 Coherence Poincaré sphere of partially coherent optical

vector beams”’. (a) Coherence and polarization

properties of an arbitrary partially coherent vector beam

can be represented by two coherence Poincaré vectors

g, and g,,. The radius of the coherence Poincaré sphere

is Poy’; (b) when the beam reduces to a fully polarized

partially coherent beam, ¢q,,= g, = ¢q and the radius
reduces to p% (c) when the beam reduces to a fully

coherent beam, the coherence Poincaré sphere reduces

to a polarization Poincaré sphere. The polarization

properties of the beam are described by the polarization

Poincareé vector s. The radius of the polarization Poincare

sphere is equal to the degree of polarization P of the beam
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Fig. 2 Synthesis of partially coherent vector beams via generalized van Cittert-Zernike theorem™. (a) Experimental setup. A linearly
polarized beam passes through a neutral density filter (NDF) and a beam expander (BE), and then goes into a 4/ common path
interferometric system composed of two thin lenses L1 and L2. A spatial light modulator (SLM) is placed in the input plane of
the 4/ system with a fork-shaped grating loaded in it. In the frequency plane (rear focal plane of 1.1), a V-shaped filter is placed to
filter out +1 and — 1 diffraction orders of the light from the SLM. After the two diffraction orders are filtered out, the beams
then go into the quarter-wave plates (QWPs). After the QWPs, two optical beams become the left-hand and right-hand circularly
polarized beams and then are superposed by a Ronchi grating (RG) into a vector beam with higher-order polarization state. After
passing through a rotating ground glass disk (RGGD), the beam becomes incoherent. After passing through the thin lens 1.4 and
the Gaussian amplitude filter (GAF), the incoherent beam becomes partially coherent. The lens L5 focuses the beam, and the
QWP, linear polarizer (LP), and the CCD are used to measure the polarization state of the beam during transmission; (b) the
measured Stokes parameters and polarization state for the synthesis of fully coherent vector beam; (c) the measured spatial

coherence structure for the partially coherent vector beam
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Fig. 3 Synthesis of partially coherent vector beams via coherent-mode superposition. (a) Schematic for synthesis of the beams. The

screen of the DMD is split into two parts, which load computer generated holograms to create the modes T,,(r)and T,,(r). By

dynamically controlling the holograms, the partially coherent vector beams can be synthesized; The light intensity, polarization,

and coherence structure can be controlled by adjusting the weight and spatial distribution of vector modes™*”;

(b) experimental setup of synthesis of partially coherent vector beams based on the principle of mode superposition"””; (c) the

intensity distributions of the partially coherent vector beams with nonuniform coherence structures synthesized by pseudo-mode

superposition”*”; (d) controlling the amplitude and phase of B,,(r,,r,) by random-mode superposition"*’

]

1026007-7



5= @ E LR R
DIAT 8 10, 31 dn oy LIt P = 45 8o 848 B, (r, rs)
R AR AL A o
24 XEWRTEHHNE
RS BT o i BN = O 1 R RN
TAT B Y EE A R N 500 G R A DG B AR T 4
o TR AR T OE A A A AR L T X — 4R A T
T BRI A DA KOG AR 44 e [l e AT g I D

£ 44 % F 10 H1/2024 &£ 5 B/ RFFER

TEME ST 5B 43 AH O SR B 5 AU KRR AR v 7E B A 2 (] X6
FRPE 0 v S0 i R A o |, DR o R S — A T
FE R 23 (0] 43 A1 o W3 — 2 A T B2 09 O 32 vh e ol 42 L
SRR TH R T WL m & IR, 1§
T 43 T 2R a6 R 28 3 4 IRORCAL I il 7 3 3 42
W Bt P A (23 (] AR bR ok ) A0 I 1Y) Stokes 2 i AT L
HKomH

S, (r)=S"(r)+S2(r)+2JSV(r)SE(r) s, (rur)|cos| o, (rir)— k(r — r.) ], (27)

Kb S (r) RS () 53 50 2 4 IOWEL 1R 2 43 50 4T
TV J5 e H2 W B 6L b Y Stokes 24 53 Al 55, (ro, r2) A
T A7 TCOSUFLASE AR 5 0 958 23 A 1 O o D R 7 25 () 5
roor, Z I H — A T Stokes Z 8, W s, (ry, ry)=
S.(ri,r,)/[Sy(r)Se(r,) 17, o M £ 2 i N
@, (P, )y, 23 5 D WS B A7 TROBLAL 1A 2 1 R
2ol aE R (27) AT LA B, i g ) W56 5 P s AL Y
Stokes Z i , W] LASEBUXS s, (ry, o)) 3 0 AR 5 O PR 52
AT 52 AR I 8 4 A T O 5 DG SROAR T 25 48 LA K HL R A
TRE R & 5] 4 (a) A TROBUAL T 9 52 56 79 — P 4
J”, Leppanen % 5 8 RS2 56 1 UE WK A% FCOUAL
B e RSP A N A BT e ) G 3 O S T
W 25 B Stokes 24t , W] LA S BUGH P UM 78 2Z 7] A
PR O3 AH T < A 6 OMH T BE A I A 32007 1 AE I A
)R T4 B2 /N G A B e # o I B T 43 e
AXET H 2 T A TOBUAL T 95 19 92 58 D ¥ vh B — il
it HRB K S ER 43 AR T O SR A 2 () W [ € S ey e, 2 TH)
AR T 8 2SI 4k 5 (R AH T 45 A R I i GRS
7 Bl A [ TR] B 4 A% EQOUCFL X 5 D8 43 AR - Dl R gk A7 25
)4 41, PO PO AR IN o 1 Ah , 7R T4% [ROBLAL T Y
S, S s 1) 3 WA AR T A A I A
NN B RUAL B 0 IO A, X B AR T R GO
I ES

#F Hanbury Brown-Twiss (HBT ) 9 5% 56 J& 52 B
TR A3 AT SR G HRORE T 45 M0 5 1 5 —Fh o g2
50 TOBAL T 9 52 5 rh L 3 GO [R] , 28 iy HB'T 52
5 S T8 %F B AL G 7 1Y BE B OGS AT 0 R OCHK , B

Gu(rir)=(L(r)L,(r,)), Fh 1) 1, (r,) 53 51
WL TE @ 877 T L HIEHR 43 1 . R HEHLOG Y
il R HT G TR 4 AT T O 3 5 B G T T LR Ak
R 5 i Bk, B 2 Siegert X & -

Gu(ry,r,)

(Lr)){1,(r.))

Ko (L (e )R () ) 53 500 o R R 97 1) E 9 F- 2
S M (28) T L& B - 3 5 W A L 3 1 5
£ I T RSB | (e, ) OO T A 65 440 19 A
B gk o BRI, 78 SEBR R AR, 00 00 2 AR
N SR DM TSRS R EE . N
TSI HBT 528 eh A T 254 1 45 108 40 A 3 19 7] FF 30
BROEA R4 T — R CHBT 524 7
2y LA — X 5 A A T SO, Ho g T LR
S5 B (e ) FLE™) (1), 3P0 S %500 40 0 15 15 0 4
43 ML 5% kS A HEAT AT A, S B9 BEHL A 3
Tl L7

E“(r)=E™(r)+ E(r), (29)

E(r)=E™(r)+ E(r), (30)
67 SCHBT S50 v, % 8 S 06 320 ik 47 6 38 T X Bk
L

=1+ p(rar)| . (28)

GOrr) =1 (r) I (k). (31)
A LY (e )AL (ry) 3 508 28 6 3R 1 RS ot
H2FE o F1 B 07 1) b A BRI e . K (29) ((30)FR A
X (31) 3 F i Wi e i o 245 3

GE(r ) =1 rO) (1 () W, (ri e )F -+ 2 T (r ) 159 () Re[ exp (i, ) Wy (r, 72, (32)

L) =1 (r)+ L (r) ALY (r) =18 (r )+
L(r) 5y 51k 2% 06 53 40 A8 TR AE A 1 & i iy
B > A5 5 Ao, = arg[ EXV(ry) ] — arg[ ES (r,) ] H B
2265 NAE a F1 B 7 ] LA 25 0 AR (32) Hrm]
PLEILW o (ry, rs) B9 S0 R HE 38 #4063 78 OG5 B
T G(r,r) e BRI W, (r,r,), 3£ B
A (32) 18 =30, 7T DIXFHEAR T & 2 )5 59 Bk R
SRIEAT REET Y

GO(r,r)={I"" (r) 1" (r,)),  (33)
HE5H8H

GO r) =1 (r )T () 4+ W (P F,
(34)

PR (32) I I, AN 22 (5 R %L -

AGalg(rl, r,, Ad)aﬁ): GS(r,r,)— GY(r,r,)=

215 (r) 15 (r,) Re exp(iag,, ) W, (i)
(35)

AL 2 Adoyy = 0. Ap,, = /2 I 1] LA B AH T 45 4
F1%) S AR MR AR oA o 151 4(b) AR 23 AH T R BB R S
TR O R T 2 R e e 1 Rt R B

1026007-8



=EHNE SRS ' 44 % % 10 H1/2024 £ 5 B /SRR

R ST T B A LA AR UR TR T LR I 2 CRE 07 [T R
25 1] K T 25 B (0 38 45 M T 20 S S e [ S 2 45 F 2 A DL S BT 43 A T O 8 O TRORR T 25 R 18 S B £
ARSI A . S b AR T ER IR G El 4 (c) N B 5k a3 0] A0 1 25 7 19 58 40 A1 1 % 2t
By B2 TR 52 A, = /2, B T By o T AH S AR DL S XY (RO 5 M R
B A TR, S8 g e o b R AT AL
MEZHD IS BTN 22 ey o0 B 1 7 5 DR 000 B 28 96 6 O 5%
it i 53 G5 RUH BT R]A COD IR BRI GHR ST er gy o i 2 ) 43392 5 COD 1% % R 145 % |
Mo WS A A T RO AR RISk BES% . 3 i 41 2L (0 ) S —
W R G AR 15U (31) L (33) PR TR HEMO TSR AT B O AR 3L 0 [

(@) © a (Ar)_ A | (ar)

14 Electromagnetic degree
- of spatial coherence
‘ Polarizer f
"' 0.6,
12 5

2
. Y
& S N 2

0.2

"
™~

130 nm

0
= 400 600 800 1000
w 3 "
o Point separation [um]
=1
=

Ay (mm)

®)
l Laser

NDF g RPC

RGGD

GAF
= M H, (Ar) n’(Ar) I‘uxy Ar)l
BS u (]]] I@ " : @H \ or 036 038 025 0 o1
: i CCD2 ; 0.4 x .
» QIR ] ﬁ- @Z*l "R 1SS
.
NDF LP QWP PBS B 7 0.0 04 %4 0.0 04 %4 0.0

Ax (mm) Ax (mm) Ax (mm)

K4 FRoAR T o e RN T 454 E’\J’QQ%‘JEU%O(a)%?ﬂﬁ&ﬂﬁﬁl%ﬁi?ﬁf}m%%ﬁ%ﬁ?ﬂé ;j‘ﬁﬁﬁﬂﬁ HL R AT TR 40 A5 () BT
J7 X Hanbury Brown-"T wiss W 52 B 1 43 AH T 4% 41k /6 HRAH 7~ 45 49 552 58 Rkl 38 1) 0 41 (c)ﬂﬁ%% (5] AR 1 2544 B o A T

Rt s TR A T 2 A SIS R S R 46 AP s i) e A S G T e 2 A
Fig.4 Experimental measurement for the spatial coherence of the partially coherent vector beams. (a) Measuring the electromagnetic
degree of coherence of partially coherent vector beams based on subwavelength double scatterer interference””; (b) measuring
the real and imaginary parts of the complex spatial coherence of partially coherent vector beams based on the generalized

Hanbury Brown-Twiss effect”™; (c) the experimental results for the measured real and imaginary parts of the partially coherent

vector beams with special spatial coherent structure, as well as the modulus of the degree of coherence"”

2.5 fEEESEMH iy, HC 5 HR A 6 B9 Stokes 28, RIS, .S, S, [ 5Ok
X F 58 A AH TR G AR, A% B R e 32 2 o AR 5 A 5 [ Stokes 2 S, B A 55 B9 N R, X —FF
FEPE TP Bl an Al R S R OGO, A B s e HEER T RIRAOEG P A —E M. —®IE
ol RO IR S M RN S BB E L EE BT A T R G AR L R S A R R A )
BN & A TR . M bR Bk, A [ HE Y A R PR U I A1 R M e a2, 38 5 0 SR A T 45 4 A A % D) A
*E’Jiﬂﬂiﬁﬁ'ﬁﬁiﬁﬁﬁﬁmﬁmE@Ez%%ﬁ}ﬁ'#ﬁn Ko WFFEHS 43 AH T % S 6 T 455 il R R OR
WK BRI R R R R e Y R A BT X Collins AU 2 2, A8 R2 WO 1 A9 AR 48 B4 ot T
ﬁ%ﬁﬂ:xt?mém%é:%ﬁ%ﬁ,,H\mmﬁjt%ﬂlﬂ% PLEIR N

itD ) kA i o
eXp|:((71 PE)}ﬂWﬂ,a(rl,rz)exp{(rIri)}exp[B(hPlrzpz)}dzhd"‘z,

(36)

Wnﬁ(pl’ 02 ):(

AB)

1026007-9



5= @ E LR R
X AB L C D F RS % i R GE AL B R FE 5 0140
e T & S o I 1 R G e 9
Wi (o1, 02) B AR 2 LASD , 30 TAT L B9 #H T 2R ik AT
VLt S W, Gy, ry) JRETF BG5S 42 A0 1 B0 25 ] A5 X 3k
T8O SR % o 8 W, (r,ry) 2 3 IR B 6 BB

Weor,r)=T.(r)T,(r,) p,(ri—r,), W F K
i 45 4 I T 7T L 30 S B OB R
., (p)oc{ AL/ (2B)]A [/ (AB) ]| @ 2, 0/ (2B)],
(37)
HF A (p)= T,z(p)exp[ikApz/(ZB)}; YA S
IR 2k 2 ek AT R kAR e SR (37)
LK B - AE — i BT B T O S R 4R
VE 5 5 0 86 i 5 A AT T 4R DA G . AR
o By G AT B AR N BE B g o/ (AB) ] 4R
Alo/(2B)]A[p/(AB)] v 1 iR %, 30 (37) 7T LLGE
1k

XED

@, (p)oc i 0/ (2B)], (38)
I 3 AT S R B 6 L SR O A
Pz . BRI, BB 38 4 AR F 42 R sk 7 S U6 Ak 10

£ 44 % F 10 H1/2024 &£ 5 B/ RFFER
PRFFVE— 2, o T AR T 2549 40 A AN A A% ik 72 v i
i R 1k Al A T R SR AN —

K 5Ca) (b)) B T PRl AS [A] 3 43 #H T % 5 6 R
280 % 30 O 4 R AR R B A% R L 5 Ca) v R 3 AR
T 5% i G AR AR T 5 R S AR R i R AR A A
PRI e 7 A% i o R v O AR 32 T A 0 A A AR R v B
A, 250 J3 AT B T G SR WA O 41 25 A AR 1] i B 40 A1
T 55 97 53 AT 2 PR 2 0 T A g ' 5 A O B R 5 9 A Fl
e 0T I R ASORE T 4 A B L AR R BT e o FE AR i
TR, H T AR TR R A AR 3 RO R A e B B
T B 7 O s gt s | E X 7 o PN 1]
(&1 5 (b)) v 8 1 AR Y Ay 5 Bk 25 [8) AR 1 45 #4 &8 20 A8 1
SO RO AR YR AL S AR R R G 2 i A%
ZJE BT AR T A5 R R AR L O SR 04 i A R 3% I
i, I HL g e 0 = B e 4R S o A o A P AR
ok AR b e R B T OCHRAE T, MO ) bR A T B AR
F A T 45 K R 45 00 A FH R 55, (1 75 ' TR A 125 i i 7
e Qi B 5 09 38 G248 T 2 W) A6 A T R R DR
) i 91 1 P e, 9 LR 5 1 1o Ak 4 el Al 41 B T AR
B 1. WAL, i T AT AR AN A 5] 5Ca) L (b) iy
TR AR TR AR R I T 58 2 R[] AL R

® ) 2=280mm 1 7=290.56mm .-
> §.;75 06 . : ,"
] © 0.8 7
Be 1 8% o3 2 j
23~ 105 2
©0os 12372 o 0.64 L
23 EO 40 Z0.0 3 —— polarization part
SEY = N -----unpolarization part
ég 1 0.4 03 g 0.4+
i 2 1 0 1 2 088 04 00 o4 08 8 ol <
u(mm) ’ “u(mm) ’ 08 -O.BU(&?“) 93 08 ‘.__’,,-’
0.0-frmmimemem == :
50 100 150 200 250 300 350 400
z(mm)
z=200 mm z=300 mm z=400 mm
1.30C 12.301 13.9
o B~ . 1.00f 1.00
1} s 1 ] o
0-:\/!\!14 0 (WARN 2
-1 1 i: { ﬁl ol b (N ) E 075 decrease of spatial coherence 075
....... ] . 2 :8. wo = 0.07 mm
21012 2-1012 5 0.50} Wo = 0.14 mm 0.50
O] () (] O | g — w, =0.68 mm
g i 2 2
1 1 = 025} 40.25
2
0 { 0 O
-1 -1 0.00 - - - 10.00
- -2 o -2 0 100 200 300 400
3-150153 -2-10 12 -2-101 2 z (mm)
x (mm) X (mm) x (mm)

5 B AR T o Ak SRR 1 b 2 ) A AR R Ca) EL AT R T A AT 5 A 0 A 1 i R D't SR 55 el £ i v 0 D6 58 A LA
T A i RV A O 4 306 43 0 A Ao R (b) AT R 2 T A T 45 4 30 0 A T 5% 5 O BRO7E 5% il A% il ol R PO IR RS DR AR L 4
A LA % 4 S A 4 35 I 2 2% il B 185 0 T AL A
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Abstract

Significance  Coherence and polarization are two intrinsic properties of optical fields. The investigation of optical
coherence has boosted the development of partially coherent optics, while the study of polarization properties has led to the
discovery and application of optical structured vector fields. For a long time, the coherence and polarization properties of
optical fields were generally treated as independent degrees of freedom and often studied separately. Since the 1990s,
researchers have gradually realized the inherent correlation between the coherence and polarization properties of optical
fields. It has been recognized that coherence and polarization properties can interact during light beam propagation or in the
interaction of light with complex media. The joint control of coherence and polarization has driven the study of partially
coherent vector optical fields. However, previous research mainly focuses on electromagnetic Gaussian Schell-model
beams, whose coherence structure follows a Gaussian distribution. Recently, with the emerging research on light field
manipulation and structured light, and the development of theories and technologies for controlling the coherence structure
of optical fields, the research focus on partially coherent vector beams has gradually shifted toward those with special
spatial coherence structures. Due to the control of vectorial coherence structures, these beams exhibit characteristics during
propagation that are completely different from traditional electromagnetic Gaussian Schell-model beams. They have
potential applications in far-field polarization shaping and optical super-resolution imaging. Furthermore, with the rapid
development of nano-optics, research on three-dimensional optical fields has emerged. Studies have indicated that due to
the modulation of coherence, partially coherent vector fields exhibit rich three-dimensional polarization characteristics. We
review the research progress on the joint control of coherence and polarization in optical fields, with a focus on the
characterization and synthesis of two-dimensional partially coherent vector optical beams with special spatial coherence
structures, and their robust transmission properties in complex environments. By combining developments in
nanophotonics, we present the extension of two-dimensional partially coherent vector beams to three-dimensional partially

coherent vector fields.

Progress We start by reviewing the characterization, synthesis, measurement, and propagation of two-dimensional
partially coherent optical beams. In the characterization of two-dimensional partially coherent vector beams, the utilization
of two-dimensional coherence and polarization matrices is common. Various polarization characteristics of the beams and
construction of polarization Stokes parameters and Poincaré sphere are obtained by the two-dimensional polarization
matrix. Although the coherence Stokes parameters similar to the polarization Stokes parameters can be constructed using
the two-dimensional coherence matrix, the lack of Hermitian symmetry in the coherence matrix prevents the direct

construction of a coherence Poincaré sphere. To this end, Setdld ez al. from the University of Eastern Finland proposed a
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method using the Gram matrix to construct a coherence Poincaré sphere as shown in Fig. 1. This sphere can fully describe

the coherence and polarization characteristics of a partially coherent vector optical beam between points r, and r, using the
coherence Poincaré sphere vectors q,, and g,,. Concerning the construction and synthesis of partially coherent vector optical
beams, we primarily review methods for synthesizing partially coherent vector optical beams with novel coherence
structures. This includes the scheme based on the generalized van Cittert-Zernike theorem (Fig. 2) and the method based on
vector-mode superposition (Fig. 3). The former method based on the generalized van Cittert-Zernike theorem is suitable
only for synthesizing vector optical beams with spatially uniform coherence structures and has low optical efficiency due to
the utilization of rotating ground glass to synthesize spatially incoherent light. The latter method based on vector-mode
superposition solves the low efficiency and the inability to synthesize spatially non-uniform coherence structures, providing
a significant advantage in synthesizing high-power spatially non-uniform coherence structures. In terms of measuring
partially coherent vector optical beams, traditional methods based on Young’s double-slit interference have low spatial
resolution and measurement speeds. While the Hanbury Brown-Twiss (HBT) experiment based on intensity correlation
resolves the limitations of Young’s double-slit interference, it only allows for the absolute value measurement of coherence
structures. To this end, Chen ez al. proposed a generalized Hanbury Brown-Twiss experimental scheme (Fig. 4), which
introduces a vector fully coherent reference light to achieve simultaneous and rapid measurement of the real and imaginary
parts of the coherence structures of partially coherent vector optical beams. Regarding the propagation of partially coherent
vector optical beams, studies indicate that due to the modulation of vectorial coherence structures, these beams exhibit
completely different propagation characteristics compared to traditional electromagnetic Gaussian Schell-model beams.
The former shows a gradual increase in polarization degree during propagation, while the latter exhibits a gradual decrease
in polarization degree during propagation (Fig. 5). Meanwhile, it is demonstrated that vector optical beams with special
coherence structures exhibit robust propagation characteristics in complex media (Fig. 6) to present potential applications in
far-field polarization shaping. Additionally, we review the research on three-dimensional partially coherent vector optical
fields. In the characterization of three-dimensional partially coherent vector fields, three-dimensional coherence and
polarization matrices are employed. Unlike fully coherent vector optical fields, partially coherent vector fields exhibit rich
three-dimensional polarization characteristics due to the coherence modulation, with polarization dimensions exceeding 2
(Fig. 7). In contrast, fully coherent vector optical fields localized in a plane at a determined spatial position only exhibit two-
dimensional polarization characteristics. Furthermore, for clearer presentation of three-dimensional polarization structures
in partially coherent vector optical fields, characteristic decomposition is utilized to decompose the three-dimensional
polarization matrix into fully polarized state, middle-component polarization state, and three-dimensional unpolarized state
(Fig. 8). The middle-component state is generally considered as the two-dimensional unpolarized state, but under complex
polarization matrix of the middle-component state, it exhibits three-dimensional polarization properties, which can be
characterized by the concept of the degree of nonregularity.

It is shown that rich three-dimensional polarization structures are presented in partially coherent tightly focused fields.
In studying the three-dimensional polarization characteristics of partially coherent tightly focused fields, the first challenge
is the rapid calculation of the tightly focused fields. Traditional methods using the Richard-Wolf vector diffraction integral
formula for direct integration typically take hundreds of hours. To enhance computational efficiency, Tong et al. proposed
a method based on random-mode expansion in 2020 to achieve rapid computation of partially coherent tightly focused
fields. Subsequently, researchers from Spain (Carnicer e a/.) and China (Chen ez al.) separately put forward convolution
algorithms to fast calculate the tight focusing properties of partially coherent vector optical beams with a Schell-model
correlation function. Compared to random mode expansion algorithms, the advantage of convolution algorithms is that the
computation time is independent of the coherence length of the incident partially coherent vector beams, providing a
significant advantage in computing the tightly focused characteristics of low-coherence optical fields. However, the four-
dimensional convolution algorithm can only compute the tightly focused characteristics of partially coherent optical fields
with Schell-model correlations. The random mode expansion algorithm is still required to improve computational efficiency
and thus compute the tightly focused characteristics of partially coherent fields with spatially non-uniform correlations.
Additionally, the four-dimensional convolution algorithm can only rapidly compute the polarization characteristics of tightly
focused fields. The mode superposition algorithm is still required to compute the coherence characteristics between two or
more points in the tightly focused field. By adopting fast algorithms, it is discovered that coherence structures play a critical
role in shaping tightly focused fields. Research indicates that the transverse and longitudinal intensities of the tightly
focused field can be controlled by the coherence structure of the incident light (Fig. 9). Furthermore, fast algorithms help
discovered that in the tightly focused field of a radially polarized Gaussian Schell-model beam, three-dimensional
polarization states with polarization dimension greater than 2 and three-dimensional degree of polarization less than 0.5 can
be observed. By controlling the coherence length of the incident beam, the polarization dimension and three-dimensional

degree of polarization of the focused field can be controlled (Fig. 10). Additionally, by introducing coherence structure
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control, three-dimensional unpolarized lattice and channels with specific spatial distributions can be designed near the focus
(Fig. 11). Due to the rich three-dimensional polarization structures in partially coherent tightly focused fields, the spin
angular momentum vector of the field can be decomposed into contributions from the fully polarized state and middle-
component state. Under the nonregular middle-component state, the spin angular momentum will be carried. Research
indicates that for the classical Gaussian Schell-model beams, the focused field exhibits three-dimensional nonregular
polarization characteristics under moderate coherence length. Therefore, the spin angular momentum is contributed by both
the fully polarized state and the nonregular middle-component state. Since the coherence structures and radial polarization
of the optical field exhibit rotational symmetry, the generated spin angular momentum in the focused field has a vortex
distribution with rotational symmetry as well. When the coherence structure or polarization state exhibits spatial
asymmetry, it is found that the directions for spin vectors of the fully polarized state and middle-component state can be

completely different (Fig. 12).

Conclusions and Prospects We review partially coherent vector optical fields, including two-dimensional partially
coherent vector beams and three-dimensional partially coherent vector fields. Meanwhile, we emphasize the basic
principles and experimental techniques for controlling and measuring the two-dimensional coherence structure of partially
coherent vector beams and analyze the propagation characteristics of beams with novel vectorial coherence structures.
Results show that partially coherent vector optical beams controlled by coherence structures can maintain robust
propagation characteristics in complex environments and have potential applications in far-field optical polarization shaping.
Additionally, in conjunction with the development of nanophotonics, we discuss the extension of two-dimensional partially
coherent beams to three-dimensional partially coherent fields. Specifically, we introduce the three-dimensional polarization
structure, three-dimensional nonregular polarization state, and spin angular momentum structure caused by optical
coherence in vector optical fields. Genuine three-dimensional polarization structures are discovered in partially coherent
tightly focused fields, with the influence of coherence on polarization dimensions, three-dimensional degree of
polarization, degree of nonregularity, and spin angular momentum structure analyzed. Optical coherence as a novel degree
of freedom plays a crucial role in the control and application expansion of vector optical fields. With the development of
temporal and spatio-temporal joint control techniques in the optical field, temporal or spatio-temporal structured optical
fields play a significant role in fields such as ultra-fast optics, quantum optics, and nonlinear optics. Currently, the spatial
coherence structure control of vector optical fields has been widely studied, but research on their temporal or even spatio-
temporal joint control is limited. Optical coherence as an intrinsic property of the optical field is expected to provide a novel
degree of freedom for spatio-temporal structured optical fields and thus expand the application range of such fields.
Additionally, we specifically review the joint control of coherence and polarization parameters. Optical coherence plays a
crucial role in the joint control of more parameters. Research suggests that coherence plays an important role in the spin
(polarization)-orbital angular momentum (phase) coupling of light. In the case of three-dimensional partially coherent vector
optical fields, coherence not only induces three-dimensional polarization structures in tightly focused fields but also plays a
significant role in controlling the evanescent waves and surface plasmon polaritons. Finally, this has led to the research on

physical properties and potential applications of partially coherent surface waves.

Key words partially coherent optical field; vector optical field; optical field manipulation; coherence and polarization;
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