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A B S T R A C T

In this paper, the evolution dynamics of astigmatic four-petal Gaussian beams in isotropic nonlocal nonlinear
media is investigated. A series of analytical expressions are derived to describe the beam evolution, the beam
width, and the critical power. The anomalous transverse transformation is presented, i.e., an astigmatic four-
petal Gaussian beam is compressed in one transverse direction and it is broadened in the other transverse
direction. These evolution characteristics of astigmatic four-petal Gaussian beams are illustrated through some
numerical simulations.

Nonlinearity exists in nature widely, and optical solitons are typical
nonlinear phenomena in optics [1–5]. Recently, nonlocal nonlinear
media [6,7] have attracted much attention, because of the discovery of
many new novel nonlocal solitons [8–13]. The evolution of optical
beams in nonlocal nonlinear media also indicates many novel proper-
ties [14–16]. In this paper, the evolution dynamics of astigmatic four-
petal Gaussian beams (AFPGBs) in strongly isotropic nonlocal nonlinear
(SINN) media is investigated. The anomalous transverse transformation
of AFPGBs is illustrated.

The evolution dynamics of AFPGBs in nonlinear media is governed
by the nonlinear Schrödinger equation (NLSE). For the beam evolution
in SINN media, the NLSE is reduced into a simplified form [7,8,13]
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where k represents the wave number, γ is a material constant, z in-
dicates the direction of beam propagation, and ∬=P dxdy|Ψ|0

2 denotes
the input power of AFPGBs.

The electric field of an AFPGBs in rectangular coordinates at the
input plane ( =z 0) is expressed as [17,18]
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where = +C P w w n4 (2 )/( ) /Γ(2 1/2)n
x y0 0 0 0 , Γ(·) denotes the Euler

gamma function, = ⋯n 0, 1, 2, 3 denotes the order of the beam, w x0 and
w y0 denote the size of the beam spot in x and y directions, respectively.
In this paper, we take =η w w/y x0 0 0 to describe the asymmetric degree of
AFPGBs at the input plane.

Resorting to the similar method in our previous work [13,18], one
can obtain the evolution expression of AFPGBs,
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0 , L=ξ z F a b z/ , ( ; ; )P 1 1 denotes the Kummer
confluent hypergeometric function. In order to show the good gross
information on AFPGBs during propagation, we employ the second-
order moment to describe the beam width of AFPGBs. Thus, the beam
width in x or y direction is defined as

∬ ∬=w z j x y z dxdy x y z dxdy( ) [4 |Ψ( , , )| / |Ψ( , , )| ]j
2 2 2 1/2. Then one can

obtain
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where =z kw /2r x0
2 . Therefore, the asymmetric degree of AFPGBs during

evolution is =η z w z w z( ) ( )/ ( )y x . Based on Eq. (6), one can easily find
that if the input power of an AFPGB takes a critical power

= − −P n P n(1 8 ) /(1 16 )cx
n

cg
( ) 2 , the beam width in x-direction keeps in-

variant during evolution, where =P γ z1/( )cg r
2 2 is the power of a Gaus-

sian nonlocal soliton [8]. Similarly, for y-direction, the critical power is
. The evolution of AFPGBs in SINN media is periodical and the period is

L=T π P.
If the input power is between Pcx

n( ) and Pcy
n( ) for ≠η 10 , there exists

the anomalous transverse transformation, namely, an AFPGB is com-
pressed in one transverse direction and it is broadened in the other
transverse direction. Especially, if = = − −P P n P η n(1 8 ) /[ (1 16 )]e

n
cg0

( )
0
2 2 ,

the variational region of the beam widths in two transverse directions
are equal [see (a) in Fig. 1]. For another special case, if =P Pcj

n
0

( ), the

beam width of AFPGBs in one transverse direction keeps invariant
during evolution, and it varies periodically in the other transverse di-
rection [see (b) in Fig. 1]. Although the evolutions of AFPGBs in two
transverse directions have several different transformation forms, the
asymmetric degree of AFPGBs at the middle of each evolution period is
always η1/ 0, i.e. ≡η η· 1max min [see (c) and (d) in Fig. 1]. Fig. 2 gives the
intensity distributions of AFPGBs at different evolution planes. The
evolution period of AFPGBs is associated with the input power, hence,
in Fig. 2 the actual distances are ≈T z3.92 r for (a) and ≈T z1.96 r for
(b), respectively. These evolution properties are much different from
the standard symmetrical four-petal Gaussian beams, i.e. the case of

=η 10 [18].
In conclusion, the evolution of AFPGBs in SINN media is in-

vestigated. The analytical expressions of the beam evolution and the
beam width are derived. The anomalous transverse transformation are
presented and investigated in detail.
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Fig. 1. (a) and (b): Evolutions of beam widths of AFPGBs; (c) and (d): Evolutions of asymmetric degree of AFPGBs corresponding to (a) and (b), respectively. The
solid and dashed lines in (a) and (b) represent w z( )x and w z( )y , respectively. The parameters are = =P Pe

n
0

( 3) for (a) and (c), = =P Pcy
n

0
( 3) for (b) and (d), and

= = =n w w3, 1, 1/2x y0 0 for all cases.
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Fig. 2. Intensity patterns of AFPGBs at different output planes shown on the top in one evolution period. The parameters in the first row (a1)–(a5) and the second row
(b1)–(b5) are the same as those in Fig. 2 and Fig. 1(b), respectively.

Z.-J. Yang et al. Results in Physics 10 (2018) 320–322

321



Acknowledgments

This research was supported by the National Natural Science
Foundation of China (Grant Nos. 61308016, 11374089, and
61605040), the Chunhui Plan of Ministry of Education of China (Grant
No. Z2017020), the Natural Science Foundation of Hebei Province
(Grant Nos. F2017205060, F2017205162, and F2016205124), the
Technology Key Project of Colleges and Universities of Hebei Province
(Grant Nos. ZD2018081 and ZD2016031), and the Science Foundation
of Hebei Normal University (Grant No. L2017J02).

References

[1] Agrawal GP. Nonlinear fiber optics (fifth edition). Oxford: Academic Press; 2013.

[2] Ma X, Egorov OA, Schumacher S. Phys Rev Lett 2017;118:157401.
[3] Zhao XJ, Guo R, Hao HQ. Appl Math Lett 2018;75:114.
[4] Guo R, Liu YF, Hao HQ, Qi FH. Nonlinear Dyn 2015;80:1221.
[5] Han M, Li X, Zhang S, Han H, Liu J, Yang Z. Opt Exp 2018;26:265.
[6] Nematicons Assanto G. Spatial optical solitons in nematic liquid crystals. New York:

John Wiley and Sons; 2012.
[7] Snyder AW, Mitchell DJ. Science 1997;276:1538.
[8] Guo Q, Luo B, Yi F, Chi S, Xie Y. Phys Rev E 2004;69:016602.
[9] Horikis TP, Frantzeskakis DJ. Opt Lett 2016;41(583b):0050.
[10] Xu SL, Belić MR. Opt Commun 2014;313:62.
[11] Wang Q, Li J, Xie W. IEEE Photon J 2018;10:6500611.
[12] Dai Z, Yang Z, Ling X, Zhang S, Pang Z, Li X, Wang Y. Sci Rep 2017;7:122.
[13] Yang ZJ, Zhang SM, Li XL, Pang ZG. Appl Math Lett 2018;82:64.
[14] Maucher F, Pohl T, Skupin S, Krolikowski W. Phys Rev Lett 2016;116:163902.
[15] Izdebskaya YV, Desyatnikov AS, Kivshar YS. Phys Rev Lett 2013;111:123902.
[16] Yang ZJ, Yang ZF, Li JX, Dai ZP, Zhang SM, Li XL. Results Phys 2017;7:1485.
[17] Duan K, Lü B. Opt Commun 2006;261:327.
[18] Yang Z, Lu D, Deng D, Li S, Hu W, Guo Q. Opt Commun 2010;283:595.

Z.-J. Yang et al. Results in Physics 10 (2018) 320–322

322

http://refhub.elsevier.com/S2211-3797(18)31071-4/h0005
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0010
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0015
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0020
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0025
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0030
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0030
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0035
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0040
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0045
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0050
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0055
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0060
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0065
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0070
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0075
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0080
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0085
http://refhub.elsevier.com/S2211-3797(18)31071-4/h0090

	Anomalous transverse transformation of astigmatic four-petal Gaussian beams in isotropic nonlocal nonlinear media
	Acknowledgments
	References




