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Fig. 1. For TPCV beams with different values of the twist parameter wu,, contour lines of intensity I(z, y) at the different propaga-
tion distance in SNNM. Py = P rasm, [ =1, 8= 1, tppin = — 0.1 mL

(a) uo=0 2000 (b) uop=10.05 m~1! 3000
1500
g 2000
1000 g
=
500 8 1000
14
1500 1500
£ g
: 1000 £ 9 1000
> >
8 500 & 500
—3 -3
0 T 2n 0 e 2m
z/zp z/zp

B2 AR SE v BT, TPCV SR 7E SNNM Hot ik i & i i #5481k, Py = Poorasw, (=1, 8=1, gy = — 0.1 m'!
Fig. 2. For TPCV beams with different values of the twist parameter u,, contour lines of intensity I(z, 2/2,) in SNNM. Py = P rgsu,
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Fig. 3. When uy = ug i, and Py = P, are satisfied, for TPCV beams with different values of the coherence degree (3, contour lines
of intensity I(x, z/z,) in SNNM, I = 1: (a) tg iy = ~0.1 m™Y; (b) Uy = —0.28 m'Y; () tUppyin = —0.4 mY; (d) Uy = —0.63 m'1.
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Fig. 6. For combined beams with different values of the twist parameter u,, contour lines of intensity

propagation distance in SNNM. Py,+ Py = Py, Py1/Ppp =2, 1=3, 5= 0.8, typin = —0.16 m ..
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Fig. 7. When vy = gy, and Py + Py = P, are satisfied, for combined beams with different values of the coherence degree 3, con-

tour lines of intensity I(z, y) at the different propagation distance in SNNM, | = 3, Py /Py = 2: (al)—(ab) uypmin =

(bl)i(b‘r)) Up-min = 0.4 m l:, (C]_)*(CE)) Up-min = -2.52m .

040402-7

-0.16 m


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 75, No. 4 (2026) 040402

1

z/zp =0.51 z/zp=m z/zp = 1.1
1000 1000 1000
g 800 800 800
T 600 600 600
~~
= 400 400 400
200 200 200
1000 1000 1000
800 800 800
§ 600 600 600
g
> 400 400 400
200 200 200
4600 600 600
g
g 400 400 400
~
=N
200 200 200
4600 600
g
g 400 400
~
=N
200 200

z/mm

B8 S 1y = g B Porct Pry = P I, 7R IR0 41 000 100 20 1O S 7 SNNME 7 I 2 055 85 4 00 G O 307
Up-min = ~0.1m ]-, ﬁ = 1./ P()I/PU‘Z =2

Fig. 8. When wy = wgpy, and Py+Py = P, are satisfied, for combined beams with different values of the topological charge I,
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Fig. 9. When wy = g, and Py+Py = P, are satisfied, for combined beams with different values of the power ratio Py /Py,

contour lines of intensity I(z, y) at the different propagation distance in SNNM. I =3, 8 = 1, uy i, = 0.1 m L.
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Abstract

Optical solitons have long been of considerable interest because of their important applications, such as all-
optical information processing (e.g., all-optical switches, and all-logic gates), optical manipulation and beam
control. It is shown that an annular optical soliton may be formed when a fully coherent vortex beam
propagates in a strongly nonlocal nonlinear medium (SNNM). The annular optical soliton with vortex has more
advantages in applications than the Gaussian-like optical soliton without vortex. In practice, partially coherent
beams are often encountered, and the partial coherence is one of the main features of laser beams. However,
when a partially coherent vortex beam propagates in an SNNM, an optical soliton cannot be formed due to
partial coherence. This paper aims to find partially coherent vortex solitons.

Based on the extended diffraction integral principle and the ABCD matrix of SNNM, the analytical
propagation formula of twisted partially coherent vortex (TPCV) beams in SNNM is derived in this paper. It is
found that an annular optical soliton may be formed in SNNM because of the twist feature of TPCV beams,
even if the spatial coherence is extremely low. The conditions for the formation of annular optical solitons of
TPCV beams in SNNM are also given in this paper. In addition, it is shown that the intensity and the gradient
force of annular optical solitons increase as the partial coherence of TPCV beams decreases, which can be
applied to optical manipulation.

On the other hand, under certain conditions, an optical soliton may also be formed, when a TPCV beam
and a twisted Gaussian Schell-model (TGSM) beam are combined coaxially and incoherently in SNNM. The
conditions for the formation of optical solitons of the combined beams in SNNM are independent of the beam
coherence degree, the topological charge, and the proportion of sub-beam power. Furthermore, the gradient
force can be manipulated by the beam coherence degree, and the profile of optical solitons can be manipulated
by the topological charge and the proportion of sub-beam power. The results obtained in this study are useful

for optical manipulation, material processing, and beam control.

Keywords: twisted partially coherent vortex beams, strongly nonlocal nonlinear media, beam propagation

characteristics, optical soliton
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