Chinese Physical Society

YIRS Acta Physica Sinica

€D Institute of Physics, CAS

— M AR SR IE S &R Sasa-Satsuma 5 IE
REF RER
An integrable reverse space—time nonlocal Sasa—Satsuma equation

Song Cai-Qin  Zhu Zuo-Nong

5|5 &, Citation: Acta Physica Sinica, 69, 010204 (2020) DOI: 10.7498/aps.69.20191887
TEZERE View online: https://doi.org/10.7498/aps.69.20191887
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

A2 AR S BRI 5
Rotation effect on spin current in curved space—time

PB4, 2019, 68(12): 120401 hitps:/doi.org/10.7498/aps.68.20182260

WL AR5 22 A 22 i o o A s i) 1 3 1 A BE R BB A

Performance analysis of polarization—space—time adaptive processing for airborne polarization array multiple—input multiple—output

radar

WIFEAEA. 2017, 66(4): 048401  hitps://doi.org/10.7498/aps.66.048401

Korteweg—de Vries /7 4 (Y HEIRST i S HAE B FF  rh 1 i
Quasi-soliton solution of Korteweg—de Vries equation and its application in ion acoustic waves

YIFR44. 2018, 67(11): 110201 https://doi.org/10.7498/aps.67.20180094

Y5 1k B etk J AR AR ) Riemann—Cartan %S [0)32 21 5 F& 5 9 RH
Improvement of field method and its application to integrating motion equation in Riemann—Cartan space

YIBR2EA. 2018, 67(3): 034501 hitps:/doi.org/10.7498/aps.67.20171583

G B I (R ELARAF 265 1) SR 1 345 17 S I [ 2B

Local adaptive heterogeneous synchronization for interdependent networks with delayed coupling

PB4, 2018, 67(5): 050504  htips://doi.org/10.7498/aps.67.20171927

AE—BOE F A 5 727 W 4 L R IS R AP
Successive lag synchronization on dynamical networks with non—uniform communication delays

YrH2E 4. 2018, 67(1): 018901  https:/doi.org/10.7498/aps.67.20171630


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.69.20191887
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20182260
https://doi.org/10.7498/aps.66.048401
https://doi.org/10.7498/aps.67.20180094
https://doi.org/10.7498/aps.67.20171583
https://doi.org/10.7498/aps.67.20171927
https://doi.org/10.7498/aps.67.20171630

) 32 % 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 010204

T JEL& IR
— A FR A%

H

BF3EEED Sasa-Satsuma FFE"
kA R

1) (R TR pE, B 200093)
2) (sl R RUA R, Bl 200240)

(2019 4E 12 H 14 Bk Z; 2019 4E 12 A 21 B2 E )

ARSCHH T — AR R Zs i (G 2 [A)- 380 i [R] ) R RIS Sasa-Satsuma AR, @57 T XA #2H) Darboux 284,
It B T XA s i R SR i O B SR T T

KEEIA . PR s B R JRER Sasa-Satsuma HRE, AT AR, AT

PACS: 02.30.1k, 04.20.Jb, 04.30.Nk, 05.45.Yv

1 — ARy = et & Sasa-
Satsuma 7 £
A Y Sasa-Satsuma R4

i0r + X 1 @R

+i[Q@xxx +9QRQx +3Q*Rx]| =0,
iRy — L’Q‘X — QR?
+i[Rxxx +9QRRx +3R’Qx] =0, (1)

B—TAELETT RS, X RGE AL
R(X,T) = £Q* (X, T) FALAZMA Sasa-Satsuma
Jif -4

iQr + %QXX +1Q1*Q

+i[Qxxx £9QPPQx £3|QPQ%)] =0, (2)
BE— AR B AR M e i R, XA T R
AT DA RS CEF b Rk b A5 3 291,
i, Ablowitz I Musslimanil™ 25 H{ T —/~ i 25
(] AT AR SR8 NLS 5,

* K A RRHERAS (S 11671255, 11801367) ¥ B

t BIEYE#E . E-mail: znzhu@sjtu.edu.cn
©2020 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.69.20191887

i (2,t) + qea(2,1) £2¢% (2, )" (—2,t) = 0. (3)
XA S ] A AT FRAE R NLS RS [ T A6
AR RER TR L M R G R I 5E 2488, 5T
WS [A] | 355 () B s i R R vl RO R g4
AT 1524 VR 78 SCHk [20] HFSE 1T — i e
A ] FHIE SRR Sasa-Satsuma J7HE:

Up+ U £ (Ut u* (—2, —t)+3u? (u* (—2, —t)),) = 0.
(4)
FATERFGXAE A TR (1), WRM
ML R(X,T) = Q(—X, —T), W A2 40 F 386 45 i
JEEEF Sasa-Satsuma JiFE:
iQr + Q% +Q*Q(-X,-T)

+i |:QXXX +9QQ(-X, -T)Qx

- 3Q276Q(_6§’ _T)} =0. (5)
TEAS
u(x,t) = Q(X,T)exp {;(X — 11;)} ,
T
t=T,r=X — T (6)

http://wulixb.iphy.ac.cn

010204-1


http://doi.org/10.7498/aps.69.20191887
mailto:znzhu@sjtu.edu.cn
mailto:znzhu@sjtu.edu.cn
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

Y B ¥ R Acta Phys. Sin.

Vol. 69, No. 1 (2020)

010204

T, WA mEE R Sasa-Sasuma J7 R (5) F Ak A0
TR
ou(—x, —t

U+ Ug e +uu(—z, —t)um—ﬁ—?)uQ%
WK, R (7) WA LLEAE R — i 7S iR R
mKdV B FE . ASCI 22 H )& g i 25 i R
Jr i Sasa-Sasuma J5 2 (7) ) Darboux A8 #, Jf
25 XA Iy B IR

=0. (7)

2 #ZEt3EREB Sasa-Satsuma J7A% (7)
iy Darboux 7 ##

FAEEBIRE (7) TUMNRS
U + Upgs + VUL + 3ulv, = 0,
Vg + Ve + Juvv, + 302Uy = 0, (8)
Wt 2946 v = u(—x, —t) M 15 2. Sasa-Satsuma
5i (8) G R (1) &5 MMM, L b, 1k

u(z, 1) = Q(X, T)exp {61 <X - i;) } ,

o(z,1) = R(X, T)exp {é <X _ 1T8> } ,

T
=T z=X-——
» & 12

T, XWARGE T DA E L. X TR A Sasa-
Satsuma R4t (8) TEA R LS54T v LI R
AR IR Mo = ulih, RS (8) b8 mKdV Jr
i Bo=uif, ZGE 8) (L I—PEH mKAV
75 FE BN 2 ML) Sasa-Satsuma 5% . Sasa-Satsuma
JAE (8) & Lax AT ARy, F32 b, R4 (8) nl i
T ) A

&, =UP, U=ido3s+ P, &, =V P,

V =4iX3a3 + 4\? P + 2i\(P? + P,)o3

+P,P—- PP, P,, +2P3 ©)

By ol Uk & F U, -V, + UV - VU = 015 31,
Hrp

0 0 u
P= 0 0 v |, o3=diag(l,1,-1).

—v —u 0
(10)

TN B(x, 1 \,) K FR e MERE IR (9) 7EIS B8
A= IR B B 4 ©; = & (2, 05)M,
AT L F B

O; = (¢2(z,t, 7)), d1(x, 1, Aj), d3(2, 1, Aj))
FELRMETE IR (9) AT i) &
0,=-0U, 0,=-60V (11)
TERESHN = — X\ P RURHIE R gL, X B AR, R
FEFERREE, FEE M2

01 0
M=(100]. (12)
00 1

B (o, t;0) Fl gy (0, 5 0,) 3 BT IE R @, 1 ¢, 2K
LF 3CHK [20], FRATTAT LL3REAS Sasa-Satsuma J7 2
(7) B Darboux 78 #t . ¥ 4t 45 1 (8) =\ 9 W
Darboux 7284, VEUNT FHAE pREL I AR 4

P =TP =P —m2(m,m) ' 20m,P), (13)

Hrfin, = (&1, P2),

6,9, e.9P,
o ) = —2)\1 —A1— A9
n,m)= @2¢1 @2452 )

-2 — A\ —2X2

6P
A=A
e,d
—Xo— A
N R FHEA ) Sasa-Satsuma R4 (8) ML MEIE
IR (9) 2845y

o[1], = UNlje[l], @, = V[1]®[l], (14)

2(n,P) =

Hrp
U[L] =ires + P[1],
V(1] =4iX* a3 + 4\ P[1] + 2i\(P[1]* + P[1],)o3
+ P[1], P[1] — P[1]P[1], — P[], + 2P[1]*.
(15)
AT ER R P 58 FF PA 5t &M 254 .
A USRI SRR M5 P[] P w[1], 0[1) 54 P
M, v A AR R
u[l] = u — 2iSy3,v[1] = v — 2153, (16)
Hr S =m2(n, )" tn) M, WHERE P[1) 55
PASELMFEE, BIJr# (8) A M Darboux
AR . EAFE IR IR o = o, #
4 Sasa-Satsuma J F2 (8) 2 b £ ML 1Y Sasa-
Satsuma F 72 FRATEZHR (13) 2P, = — A S
TEBRHC B, = (03(x, 15 0), 01 (.1 ), 65,5 00))

010204-2


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. 69, No. 1 (2020) 010204

M 224 f5 (16) 200 bR 500 12 o[1] = u[1]*, H
F ik X5 30k [5,7.8) 1 15 2] ) & M Sasa-
Satsuma J7 F2 Y H R B4 OC R AHR].

WRASHRE PR v = u(—z, —t) T EBGE 24
S HAHAS Sos = Si3(—x, —t), B4 PP o[1]
MET u[l](—z, —t). \IfTu[1]5 u R
& W 25 W 9E J B Sasa-Satsuma 7 FE (7) 1Y
Biicklund A8 # . w[1] /2 X 4> ¥ 25 Bf JE J5) # Sasa-
Satsuma J7 RIS

it —2, AT L4 A& Sasa-Satsuma &R 4t
(8) fY n KA Darboux AF 4. 4>

®n) =& - RW ', (17)
HPR= (2, mn) JFH
02(m,m) 2(m1,m2) 2(n1,Mn)
9(772,771) 9("727"72) 9(772,77n)
W == )
Q(Tlnﬂh) Q(Tlnﬂh) Q(T]n»nn)
Q(nh@)
‘Q('r]?adi)
2= ,
: (18)
Hrfiny, = (Pog—1, Do),
O 1D O 1D
—Aok—1 — Aoi—1 —Aok—1 — Ay
Q(nkvnl) = )
@2k¢21_1 @2k¢21
—Aok — Aai—1 —Aop — Ay
Oy P
—Aok—1 — A
2, P) =
Oy, P
—dok — A

AR 0 5 AV B PR B w[n] A o[n] BT UL AR B Pn) 556
M P ZRIHIOC R

Pln) =P +i[RW 'R'M, 03] (19)
. Wa, bi2— 2n BrfTia i, ABAMREEASER
W
—-a 0
aW= b = +—+—1
W]
ERYEEE|

w ré’
. -rt 0
uln] = u — 2i+—— |
144
W or
o) = v — 2720 (20)
vn] =v - 2i—F—1,
W

Hod r= (b0, 200, don—10, d2n4), 1 =1,2,3.
a2t i, SCHR [5] 45t T Sasa-Satsuma J7 2 (HJ
JiE (8) HHlv = v*) 1Y Darboux A& #t, (H¥AH %4
H & B Darboux 2% # . X H 4 H T Sasa-
Satsuma R4 (8) 175 B A Darboux A8 . 7E 2
o=uT, By = —A§j71&¢%?ﬂi PR KL By =
(dﬁ(fﬂ,t;>\2j71)a¢T($»t;>\2j71),¢§(xat;>\2j71)>/> Hp
T 3848 Sasa-Satsuma J7FERIE B Darboux A5k

3 #EEHEAH Sasa-Satsuma A% (7)
ty fit
1 B F Darboux 8, IATEAIE T (7) 1Y
fift. TR (7) BIEBOE R w = ren(e— (=" +6r")1)
Hi r fl v BATE A SEEC FEA L, w=02—1
fife. XTI LR PETE R S B FE IS S B = M\ BT
FHIERRECH
pj1 = e, pjo = Bie%, ¢z =e",
H Darboux 284, 345 w[1] Flo[1] 40 :
ull] = 400+ 22) T oft] = 40 +22) 2, (21)
Hirr
h=— 2)\1)\2 (1 — 20&1,816461 — 20&2526402
+ 4(agB + a1 Bo)e?r162)
+ 2610 a5} + o))
+ (14 201 81€*) (1 + 202 826*%2) (A + A3),
g1 = (011)\16291 — 042)\26292)()\1 — )\2)
+2(BragA; — Baa Aa) (a2
— a1/\26201)62(61+02),
g2 = (Bid1e® — Barae®2) (N — \2)
+2(BranA; — Baag Aa)(Bar e
— ,61/\2e201)e2(91+02). (22)
AR, BAR B AS BHEE R TR (7) B, Tk

010204-3


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 =% R Acta Phys. Sin.

Vol. 69, No. 1 (2020) 010204

\u\l\\

\u\l\\

Bl 1 AR s iR JR FF Sasa-Satsuma J7 2 (7) M IKF
it () ag = ay = B = B §7)\1:i,>\2:—i/2;

b)) ay=—a=0= 0=

ol

A=14+1id=1—-1;
1-v2

A2
1+v2

Fig. 1. Soliton solutions of integrable reverse space-time
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Abstract

In this paper, we introduce an integrable reverse space-time nonlocal Sasa-Satsuma equation. The Darboux

transformation and soliton solutions for this nonlocal integrable equation are constructed.
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