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Fig. 1: Two interacting lump chains given by Egs. (7)-(12) witha =%, 8=5, A1 =1, A\ =2 and e = %
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Fig. 2: Two interacting lump chains given by Egs. (7)-(12) with o = g, B = %, A =1, A=2and e = é.
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Fig. 3: Two interacting lump chains given by Egs. (7)-(12) with a =2, 8 =3, X, =1, Ay =2 and ¢ = 5.
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Fig. 4: Two interacting lump chains given by Egs. (7)-(12) with a =%, 8=5, A1 =2, A\, =3 and e = 1.
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Fig. 5: Two interacting lump chains given by Egs. (7)-(12) with o = %, B = %, A =2, =3and e = é.
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Fig. 6: Two interacting lump chains given by Egs. (7)-(12) with «
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Fig. 7: Density plots for one-breather-one-soliton molecular solution at ¢ = 0 with the parameters k; = 1.2 + 1.2i, l;,, = 2.4,

ks = 3,13 =1.6, {10 = €20 = —5, €30 = 5, a = 2.5; (a) B =15 (b) B =2.5; (c) B = 2.6.

K7 s THESRFATE T, BEa, FEEZSH B IZHHE R RIPI- BT 0 1 1AL, MRAEILIR 2% AF
(18), B MR T [1y;| MILERHE FRBIIN, J7 5 P07 18] AR 51 AR ELAF A 5.

7



4.2 BIFR-WIF 75 F

VUG i 25 Kot A DA T8 BEILAIR 26 A N 7 43 28 BP0 700

ki =ky =k +iky, L= 15 = L, +ily,

Wiy w3 Wy Wir w3 Wy (19)

k1r_/<?73_/€74’

ll'r _E_E

K8 REAERFE S HUEFE N PR T 20 T ER.

Bl 8: FNFIR-WIRF I3 FARAE t = 0 WIUEERE, 808 ki, = k1, = 1.2, ks =2, ka=1, l1, =24, I3 =4, Iy =2, &0 =& =0,

€30 = —15, €0 =15, B=32: (a) a=2.4; (b) a=25; (c) a =2.56.

Fig. 8: Density plots for one-breather-two-soliton molecular solution at ¢ = 0 with the parameters k1, = k1; = 1.2, ks =2, ks = 1,
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Fig. 9: Density plots for the interaction between a one-breather-one-soliton molecule and a two-soliton molecule solution at t = 0

with the parameters ki, = k1; = 1.2, ks = ky = 1, ks = %, li, =24,13 =2,y = %, ls = %, 10 = €20 = —€30 = —8,

€40 = —E&s0=4; (a) a =2.36, B =2.5; (b) a = 2.5, B=2.5; (c) a = 2.5, B = 2.78.
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Lump chain and hybrid interaction solutions for a
(241)-dimensional generalized Caudrey—Dodd-

Gibbon—Kotera—Sawada equation in fluid dynamics*

HOU Huijuan MENG Xianghua!

( School of Applied Science, Beijing Information Science and Technology University, Beijing,

100192, China)
Abstract

The (2+1)-dimensional generalized Caudrey-Dodd-Gibbon-Kotera-Sawada (gCDGKS) equation is an important
integrable equation in fluid mechanics. In this paper, a novel type of interacting lump structures and various bound-
state molecular solutions for this equation are investigated. The general multi-soliton solutions in hyperbolic function
form are constructed via the Hirota bilinear method. Purely imaginary parameters with a key small parameter € are
introduced into the soliton solutions to obtain lump chains. When ¢ goes to zero, the asymptotic behavior of the
lump chains are analyzed. It is found that during the degeneration process, two originally independently propagating
lump chains gradually evolve into three lumps with identical velocities, which are closely arranged in space to form a
resonant triangular structure. This process clearly reveals the dynamical transition mechanism of lump interactions from
the crossing-through interaction with unchanged shapes to the interaction characterized by merging, deformation and
resonance. Furthermore, based on the hyperbolic N-soliton solutions, a variety of mixed molecular structures solutions,
including one-breather-one-soliton molecule, one-breather-two-soliton molecule and interaction between one-breather-
one-soliton molecule and two-soliton molecule are constructed under velocity resonance conditions. The adjustment of
the parameters o and 8 can change the shape of the breather component within the molecules without altering their
overall spatial positions. The collision processes among these molecules demonstrate that the interactions between these
mixed bound states are always elastic, which verifies the stability of such molecular structure as particle-like excitations.
In summary, this work reveals the transition path from interacting lump chains to resonant triangular lump structures

and form solitons to various mixed molecular bound states within the (241)-dimensional gCDGKS framework.

Keywords: Generalized CDGKS equation, Lump chain, Breather-soliton molecule, State
transition
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