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COMPACTONS IN INTERSPECIES SPIN–ORBIT-COUPLED NONLINEAR
SCHRÖDINGER LATTICES UNDER STRONG NONLINEARITY

MANAGEMENT
(Kompakton dalam Kekisi Schrödinger Tak Linear yang Terganding Spin-Orbit Antaraspesis di Bawah

Pengurusan Kuat Ketaklelurusan)

LUKHMAN ABDUL TAIB*, MUHAMMAD SALIHI ABDUL HADI & BAKHRAM UMAROV

ABSTRACT

This study shows the existence of special matter waves, known as compactons, in binary dis-
crete nonlinear Schrödinger (DNLS) equations with equal distributions of interspecies Rashba
and Dresselhaus spin-orbit coupling (SOC) in the presence of fast periodic time modulations
of the interspecies scattering length. However, the existence is limited to only of one-site com-
pacton type, which means the absence of larger size compactons such as the two- and three-site.
Further, the dynamical stability of the compactons is predicted by using linear stability analysis
method and verified through the direct numerical integrations of the equations. We find that the
stability of the compactons has strong dependence on the strength of SOC term.
Keywords: discrete nonlinear Schrödinger equation, spin-orbit coupling, compactons, nonlin-
earity management

ABSTRAK

Kajian ini menunjukkan kewujudan gelombang jirim khas, yang dikenali sebagai kompakton,
dalam persamaan dedua Schrödinger diskret tak linear bersama caruman sama gandingan spin-
orbit Rashba dan Dresselhaus antaraspesis dengan kehadiran pemodulatan masa berkala pantas
pada panjang serakan atom antara spesis. Namun, kewujudannya terhad kepada kompakton
jenis bertapak satu, yang menunjukkan ketiadaan kompakton bersaiz besar seperti tapak dua
dan tiga. Selanjutnya, kestabilan dinamik kompakton diramal menggunakan analisis kestabilan
linear dan disahkan menerusi penyepaduan berangka langsung pada persamaan tersebut. Kami
mendapati bahawa kestabilan kompakton amat bergantung dengan kekuatan sebutan gandingan
spin-orbit.
Kata kunci: persamaan Schrödinger diskret tak linear, gandingan spin-orbit, kompakton, pen-
gurusan ketaklelurusan
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Greiner M., Mandel O., Esslinger T., Hänsch T.W. & Bloch I. 2002. Quantum phase transition from a superfluid to a

Mott insulator in a gas of ultracold atoms. Nature 415(6867): 39–44.
Guo H., Qiu X., Ma Y., Jiang H.F. & Zhang X.F. 2021. Dynamics of bright soliton in a spin–orbit coupled spin-1

Bose–Einstein condensate. Chinese Physics B 30(6): 060310.
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Struck J., Ölschläger C., Weinberg M., Hauke P., Simonet J., Eckardt A., Lewenstein M., Sengstock K. & Wind-
passinger P. 2012. Tunable gauge potential for neutral and spinless particles in driven optical lattices. Physical
Review Letters 108(22): 225304.

Su J., Lyu H., Chen Y. & Zhang Y. 2021. Creating moving gap solitons in spin-orbit-coupled Bose-Einstein conden-
sates. Physical Review A 104(4): 043315.

Tononi A., Wang Y. & Salasnich L. 2019. Quantum solitons in spin-orbit-coupled Bose-Bose mixtures. Physical
Review A 99(6): 063618.

Vicencio R.A., Cantillano C., Morales-Inostroza L., Real B., Mejı́a-Cortés C., Weimann S., Szameit A. & Molina
M.I. 2015. Observation of localized states in Lieb photonic lattices. Physical review letters 114(24): 245503.



Lukhman Abdul Taib, Muhammad Salihi Abdul Hadi & Bakhram Umarov

Wang Y.J., Wen L., Chen G.P., Zhang S.G. & Zhang X.F. 2020. Formation, stability, dynamics of vector bright
solitons in Bose-Einstein condensates spin-orbit coupling. New Journal of Physics 22: 033006.

Wang Y.J., Zhao X.J., Wang L.X. & Yang X.Y. 2023. Dynamics of vector bright solitons in one-dimensional Bose-
Einstein condensates with time-dependent Raman coupling. Optik - International Journal for Light and Electron
Optics 287: 171073.

Wen L., Liang Y., Zhou J., Yu P., Xia L., Niu L.B. & Zhang X.F. 2019. Effects of linear Zeeman splitting on
the dynamics of bright solitons in spin-orbit coupled Bose-Einstein condensates. Acta Physica Sinica 68(8):
080301.

Yu Z.F., Chai X.D. & Xue J.K. 2018. Energetic and dynamical instability of spin–orbit coupled Bose–Einstein
condensate in a deep optical lattice. Physics Letters A 382(18): 1231–1237.

Zenesini A., Lignier H., Ciampini D., Morsch O. & Arimondo E. 2009. Coherent control of dressed matter waves.
Physical Review Letters 102(10): 100403.

Zhang A.X., Hu X.W., Jiang Y.F., Zhang Y., Zhang W. & Xue J.K. 2021. Localization and spin dynamics of spin-
orbit-coupled Bose-Einstein condensates in deep optical lattices. Physical Review E 104(6): 064215.

Zhang A.X., Hu X.W., Zhang W., Liang J.C. & Xue J.K. 2022. Nonlinear dynamics of tunable spin-orbit coupled
Bose-Einstein condensates in deep optical lattices. Physics Letters A 456: 128529.

Zhang Y., Hang C. & Huang G. 2023. Matter-wave solitons in an array of spin-orbit-coupled Bose-Einstein conden-
sates. Physical Review E 108(1): 014208.

Zhu X., Xiang D. & Zeng L. 2023. Fundamental and multipole gap solitons in spin-orbit-coupled bose-einstein
condensates with parity-time-symmetric zeeman lattices. Chaos, Solitons & Fractals 169: 113317.

Department of Computational and Theoretical Sciences
Kulliyyah of Science
International Islamic University Malaysia 25200 Kuantan
Pahang DM, Malaysia
E-mail: lukhman.taib@gmail.com∗, salihi@iium.edu.my

Phsyical-Technical Institute
Uzbekistan Academy of Sciences
Taskhent, Bodomzor yuli, 2-b
Uzbekistan
Email: bakhram25@gmail.com

Received: 15 September 2023
Accepted: 7 Mac 2024

∗Corresponding author


