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0, =T v 2N, —2u|dd — N6 + G(¢b),

dd +iN?6 + F(t). (29)
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U(d,t) = l
—Vv —2Ngexp(—03) —+vv—2Njexp(—
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v=vi(p () —p(p) () —p )", (34)
Hirr,
0(p) = €3 = 5ot (o1 = 2) (01 = va). 9l0) = €3 = 75 (01 =) (01— va). (35)
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_odu A ey )
[sm—m=7 [2 @)+ o<u+v>}’ (36)
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4.2 GIFEH nXiEHmT#H
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EP q, Lplv Lp?v W35an4ﬁ%

4sy + 8,/54 — 25101 + v%)

=\/vexp lc‘i ( — 7

X exp {_7 (51— 4s0) } exp [ In

+ /v —2Na(A;) exp (02(N))

=1/U — 2N1 exp 91
Lpg_i_j = —4/V = 2N2 CXp 92

—459 + 8y/51 — 8A\2v + (51 + v)°

+¢(k) +C(p)>]
o(d— U((S—p)
05+/€ (7((5—f-p)>]7

v —2N71(Aj) exp (=61 (A =1, 2,

0=/

’U—2N1
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@:;/(

—2v/P +2X* —
)\2

’U—2N2

2N; =

K, @, i =1, 2, 3, 4 HIBESEN PR FEME Y
AMEfp. PRI, 35 S8 (AR e P i & Bl 25
1720 il BUE TS S EONAE, 755 3 PRI i
Bl GB, AB 1 KMB.
VEHURRE S50, B dn 8 5 T AP T
Ao =140.51, Ap=1—0.5i, Ae=0.5+i, A\g=0.5—1.
BBH N =03+ 110, \, = 0.3 — 1.1i | 15 5]

2VP + 20* —

- 211) 5 —ir26 + i (8\/5 2y 452) t,

—2v>d5—|—1/\25+ (8\/_ + 52— 452) ¢,

A2 2
S1 + \/ﬁ’ 2N2:

X2y +2./51
\2 '

\
W (R R R S s b IR B e KA 7.65. S
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Fig. 1. AB on the dn-periodic wave background.

040201-7


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

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 4 (2024) 040201

Hrb, w5 =1, 2, -, 8) HUIFRBEA:

=y/v —2N1(Aj)exp (01(A;)) + /v —2Na(Nj) exp (62(X;)), 7=1, 2, 3, 4,
W4+j —4/U— 2N2 CXp 02 —4/UV— 2N1 CXp 01 s j:]., 2, 3, 4.

BEH =2+21, Ao =2-2i, A\3=05+2i, FFJF&UE& RS, B RN 17.75. IS4
Ay = 0.5 —2i, MF5%] GB Fl KMB #H 5.1 F /Y it M =242, g =2-2i, \3 =014 18], Ay =0.1—
23 G5k (] 4). AT LW S, PSP 7EAH BLAE 1.8i, 195] AB fil KMB A EAER IR 454 (1] 5).

() 5
4] B
2 S
2 9
1 S
= 0 4 %
14 %
—92 T
) S
] g
-5 T T T T T T
—2.0 —-1.5 -1.0 -0.5 0 0.5 1.0 1.5 20
x

B2 do- A5 B KMB
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Fig. 4. Interaction between GB and KMB on the dn-periodic wave background.
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Fig. 5. Interaction between AB and KMB on the dn-periodic wave background.
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Abstract

As one specific type of local solutions of nonlinear evolution equation, the breathers have the characteristic
of envelope oscillation structure. This kind of oscillation is periodic. According to the periodicity of the
distribution and evolution directions, there are three kinds of breathers, namely, the Kuznetsov-Ma breather
(KMB), the Akhmediev breather (AB), and the general breather (GB). In recent years, the propagation of
envelope breathers under the periodic background has been observed in many nonlinear physical fields,
including nonlinear optical fibers and hydrodynamics. It is believed that the breathers can arise due to the
modulational instability of the periodic waves, and they demonstrate many rich physical properties and
dynamic behaviors of interactions. Therefore, recently great attention has been paid to the breathers under the
periodic background in nonlinear science. As an important integrable model, the Gerdjikov-Ivanov (GI)
equation can be used to describe various nonlinear phenomena in many physical fields such as in the quantum
field theory, weak nonlinear dispersive water wave, and nonlinear optics. It is very meaningful to solve various
types of solutions of this model to describe the propagation of nonlinear waves. As far as we know, the breather
solutions for the GI equation have not been given under the elliptic function background. In this study, firstly,
elliptic function solutions of the GI equation are solved by the modified squared wave (MSW) function approach
and the traveling wave transformation. Then, we obtain the basic solution of the Lax pair corresponding to the
Jacobi elliptic function seed solution. Based on the elliptic function transformation formulas and the integral
formulas, the potential function solution can be expressed in terms of the Weierstrass elliptic function. Secondly,
by the once iterated Darboux transformation, three types of breather solutions under the elliptic function
background are constructed including the GB, the KMB and the AB. In addition, we analyze the dynamic
behaviors of these three kinds of breathers, and present their three-dimensional space-time structures. By the
twice iterated Darboux transformation, under the dn-periodic background we exhibit three types of interactions
between two breathers, i.e. a GB and a KMB, an AB and a KMB, and a GB and an AB. Finally, we also

present three types of interactions between two breathers under the general periodic background.
Keywords: Gerdjikov-Ivanov equation, elliptic function, Darboux transformation, breathers
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