) 3B 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 010504

T JEL& IR

AIFRIEIR R E PRI S G RER

EE &Y

Baronio Fabio?

1) (RERFYHFRE, Bt 211189)

2) (Dipartimento di Ingegneria dell’Informazione, Universita di Brescia, Via Branze 38, 25123 Brescia, Italy)

(2019 4E 8 J 19 AYF]; 2019 4F 10 H 28 AYFMEMR)

B AR BE b3, BRSSO g AT R AR R ) e 2 R Bl PR R RO AR SR BEE T =
JE TR f) ] AU PR AR EL AR AR (MK B B R 7 e, — BB IRAN AR I DT A, AR SRR R 75 A2 s i 5 -
A 38 765 77 i) ) BE B Peregrine S I iff S HARSCHIE T ik i85 WA 418 HH 1 3 S o S 6 e i 02 5 RAT 5 3 1
AR S ) 22 i g G B ) AT e AR B BUE AL, 3 RS 1L SRR B AN S . DA KA R

. 1% BH Peregrine 155 378 8h 1 2.

KR SR, REJEROER, —POBIRMA AR, & e AT s i

PACS: 05.45.Yv, 02.30.1k, 47.20.Ky, 47.54.—r

1 5

ISR (rogue wave, RW), M FREG)E (freak
wave), % I (monster wave). i %fi #§ (extreme
wave)., 5t # % (abnormal wave), A AN (killer
wave) ., /K3 (walls of water) 55, Fe#] L8
R — 2R WA B B R S E IR F
{4 0= AN 22 1 BRSSP Ve R B
IR, RIGTHRAGTICRE TR, RS T “BIFPE e
)24 (the real monsters of the deep). — =+
AR, X AR R PTR S HUE K T Z )Y
V. BUAE, SEmd i TR LI, 4 D) S ik 9 B A
SLERAFSE, CAMUIIESS T X FRIR B AYAAAE, T
H&w kA oy A py )52 1995 45t HAEAL
TR 18 55 348 (Draupner) ¥ S 5 K60 2] /) B FR
OTAR—87 BN, JEoRARZ O SErARIR” , R Y
KEEHEA 26 m 2 1,

FARFXS PRI IR G 1Y, B4R, &
2 07 FRREHE 32 1 74 s SCER I AT BT R AE

i

* K A RRHERAS (S 11474051, 11974075) BB IS

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

DOI: 10.7498/aps.69.20191240

PRI L, Qo FAE /N 2T 2R e S AT
EYREZA R, WARZMOL - B iRl 2 0
S5 BT MR g B 0000 RS A 2 8 - ] ST 4 5
R0 R ey ), PRI <RSI ROARIRE
ARTFANE IR P, S SORE R B e iR 3
ST (RW) SRR X M im0

TE FUIRFE, WRSE SR n] LIFR 2 0 53 I e 48
kAR T AR RIEIT, BEE R I
TS5 T AT HEAS AR P, A 4
1) BA BRI IR IR, 185 2 A 800 1 2 45 2
b (R BLIAD, A R0 R R A i N #
15 ) =0 22— ERIR R 2 1 ) 0495 2) AN ] S
P, WIERR G SCIE, S LT~ O 25 J0 s 1
3) HA L AU IR IR g T H R, B S I8 fy o 30
MR Lo ML e S0l T A G T PRI ) 22 B AT 45 120,211,
R =AM H AT 2T 5 W R
SEARGE S TR MPUE T B R
WFFEAFAE GO 0 200 W 5 =K

MO BEARTE, S B AT LA A AR L A

http://wulixb.iphy.ac.cn

010504-1


http://doi.org/10.7498/aps.69.20191240
mailto:cshua@seu.edu.cn
mailto:cshua@seu.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

) 3B 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 010504

o T R A BEeR B, HOE FRBIN —26
FisF [1) R 225 ) B Je 358 %) 30 L, LS W AN T 0 e
PE D223 A, — MRG0 0y R R G AR
TR AT DARE A BB (55— Bi) i i 2324 1) i
IR RT A B R BCR 7, HLAERT RN 2 [A]_E 4R 2
JRIR Y 2) I ARAERT S Ll RN —A 315
SCURIE P0G, TFAEAT PRSI T B S i 5] 5
W J& Peregrine I ¥, H i Peregrine #{ % > T
1983 4F 1 R Bt , 5 I AE R s o Al 4 Pk 1
(nonlinear Schrodinger, NLS) 77 2 i 3 B 5 £
PRANCAE . F T2 AR b e TR S b U0 81 1)
PR S, PRI Peregrine I35 ik 1A A
2 e TR PR S I D A 201 O AR 4k AR AR Ze MOl
£ HEN &2 AR N - N DN S WU D R(E 252
A P oI ). AR 5 — 5, TEARZAEIE T, 25 Fl
RSB AR, 77 A B A TR A T, 4k
T 72 A S i g BOSU AR B8R, Y Tim i 1 il SR
WA B, B AR ZE g (B0 7
VR AT 5T R 1) S AT Sl B2 AR R A i <
A B RRAE L, SX PRI S 7 A S AR B, AHAS 45
(8.9,

AR SCHG ST, AT R R A Lo S
P X A Pa S SR e A Rl I e ¢ | £ 57 Y
S ST S U RGN BT 1Y 22 R R 2O
O By AR A 23 i ASAN A2 fRT B NLS J7
BN WAL T . |, IR
Sk, 3 AR RN B R IR AR M R
B, AR =R (8% Kerr) FRZPEIU B33, Hyk, Xt
T RO IK b, AT BB 2505 FE i R By
RO R B AR LI, LIS RE T R M A AL 4
g )12 L N T e RS HDL S RS
(BTG ER), NTETR 275 A RBEEL
BEAYBOST A, M B ARG 0 K R 5 1L 7%
I 5T 1Y) 22 4 FE R ML B R FRATT 75 I — SRR Y B
Fmn A BCEAR AN, Y2 AT B OGE 1 ik
AT G B89 B G2 R A9 D' A B AR FE DO
&, X T SRR R G AN BTG AF O A 1
W T B AN G FE RO (An3E g5 19, JAE
A ;B (G b & 88 Ginzburg-Landau J7
i D) P AN PRI R BT A X S LS EER E L T AR
Z e (B0 ) AR ) BeE s, JfRrae i sh g
AR AT ISR (1) SR fif T AR (16191,

PRFRATIT AN, 4 K 45 m] R AUER S i/ A B

KW R, B TR & (fian
2l Korteweg-de Vries (KAV) 7 Kadomtsev-
Petviashvili IT J5 8 00 28) &k, s Horp H A& & 1)
A AL AL AL & A NLS 77 #2 PU| Hirota 77 2 P2,
Sasa-Satsuma J7 £ 5354 Chen-Lee-Liu J7 £ 0750 |
Fokas-Lenells J5 & P & % modified KdV Jy
R 100621 7 CNLS J7 A 03600 25 e A TR LB R iy
B S5 U A A L ARAS . AE M, G Bl ] B
HIWASE] T2 B, 41 Manakov R4t 6760 J¢
HAfE ™ [0-72] Davey-Stewartson J5 f¢ 7 48 %%
2 b, X AT BUBIRLIN 5, 3 20 S0 I A v LARE B
WU AR ] 3K (Darboux) 845 (76| Hirota XX
28 M5 1 17 Riemann-Hilbert 7735 87 o [6] 15
B 22307k (homoclinic test method)®0 > 3K fifg 15
B, ZTAEATRBAL, AATAT DS B2 sl
AR5 189 SR ALK i

SRR R e, AR 2
YT S Bof 2R IR 18 S0 B KR HIDE il JLAR,
AT R IS TR A I SO 2 5 4,
4k 2016 4F LI 21 S 27 B S5 % 3% f5 59, Baronio
B AU TIPSR (= o2 S b N | Ty Y S
W, Higfb s 112% 5 Chen %5 B8 E 2014 4 A i
fi BT TN 52 42— 2. 2017 4F, Peregrine K A9
AR T SCE R UE B AR, JEH Y & Peregrine
PRF B LS i Peregrine I~ PO S840 & S AH 2K
PR AN, TR BAL R L AR e P
(modulation instability, MIT) FIA] FR i i 2 1K
WA AE TG, 153 T Rp2e i G B (B —4
fY 42, 2016 4F Soto-Crespo 55 B2 #5751 9K+ i i
TESHE PO T —AH o 2 A
JIr A 3 285 A B IR T AATTXS 5 e AR o 1)
PR

AR SO Z5 AR TLS AR () R BRI i A EAE A
HUPR) S8 PR A ARG e . EAT1 o0 R I
%8 % (long-wave short-wave, LWSW) i #ig Jr
A 92 = P R A B AE FH (three-wave resonant
interaction, TWRI) J7 ¢ (4093 FlARLE i 1
Z il - &k (NLS and Maxwell-Bloch, NLS-
MB) J5 & 04951 Fif P 4~ a] B AR A i 38 S I 2 [H]
HIEIRAE BAEH, J5— BN G 5B IR N
FLZ A1 AR EAE . X T R— Dl BUBIR R4, X
HOB g HE Lax %) ik 7484 JEBY Peregrine RW
fife, DA SCBUEBSI IS UE, I OB i) S5 i 3

010504-2


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

Y B ¥ R Acta Phys. Sin.

15 48K, A HAB AT BGER AR, 40 AB A 0]
MTM (massive Thirring model) J5 F# 079 5 ¢
T AEAE S i, (A TR IR OC R, XA ——
BURE.

AICZERALNT . 56 15 F 855, 4
BT SR SRR R A, A 2
W7 LWSW J5 FER LB S e, BUE e 13t
FE50 0 WS, 28 3 e T TWRI J7 FERYE B
SR, SR T HAMY SRR BN E 2. AT
THE T NLS-MB J7 F2 ) 3L B 5% i, R T A
JEN 355 BH 1Y Y627 Peregrine T FIHT 45 B AN ) o
W SE W 12 5 5 O A SRS,

2 KIRAERIER RS

TERV G B 1, KU (LWSW) iR
JE— AR ) S R R R A T A
F1%) FF 2R 55 R0 K Ipt 178 A o R DT L 22 . AR
1972 4, Zakharov!” 7EMF 5% 46 25 TR Py # v 19 AE
LA IR BT S AT LWSW i RALH |
FHAFJE, Benney!'" 45 H1 T LWSW B AEH 7 2.
YER—ADEHE P FRHLE], LWSW 1R B4 i
FEVTERI £ SR B T T IZ ESE, animiAsh )
2P ) B AN =2 A A AR FE 00U S P o
SRAGEEA 5T TR S ST I8 5 25 A 1 — D TR
b A 1020 8RR S, 2010 4F, Shats 55 109 76 5256
T E LIS T RN SR S, XSS
T AT LWSW IR A I 4528 55 e S R 1)
BZ[:?T\‘: [104,105]'

LWSW il R — N FEA Yy T BB A HL
I AT 5 Sy 1102

. 1
1, + §utt + ¢u =0,

¢ — (Ju*)e =0, (1)

o wu(z, ) F @2, )53 I 2 7 I RIS U A7 o
2 F ¢ Jys () RN ] AR & AR R R i 4L %]
RO RE N SEMN AR —A~ 3 x 3LRMEAME ()

R, = (\U, + U))R,

R, = NV, +\V; + )R, (2)
KPP ANNIEEILE S, Uy = diag(2i,0,-2i), V; =
diag(—2i/3,4i/3, -2i/3),

Vol. 69, No. 1 (2020) 010504

7(A) 0 u —i¢

RN = s\, U;=|0 o0 u*],
w()) -2i 0 0

iy iful?

0 —u 0 0 3 >

Vi= |0 0 —w|, Va=| . iu
0 0 0 2

0 U 0

Ry TR R UL, X H T A PR (2, ) A% R A8 WA
PE I AT UK & A TE W A 5 A 2 i 2 [106);
21\ — A\ — B*)

u=1ugp+ A s w, (3)

8(A — A*)

¢ = ¢o+ A

[ AP w]® + iX(a — %) Im(r*w)] ,
(4)
K (uo, go) Tl (u, ¢) 7 HIFRRFTHE (1) BIFhF
HIBA#, T 2R BUEHE,
A=A

= — T — —F
! Y R\)'o1R(N) o,

B=-RMNaR(-N),

A=A
A+ A*

v=- R(-N)1o1R(-)) = =",

A=ay—|BP

1E_ R A NG ERIGSEUE, o N
— AR BT 3 x 3HIE R, B 538 m & I,
Gl etk g E xBECLEK
s(=A) = s w(=X\) =w(\), 1B r(=X) =r(\)+
22w\, W, &5 KW, o B I 2
a+ B =7+ B FAa—B*)+ N(a+ B) =000

FIH Lax %t (2) PSSR (3) 01 (4) =K,
AATAT LR Y LWSW F#E (1) 945625 RW fi. B
PRI S ad A5 v 25 Sk [92,106,107). 3 BLAL ARt
HIER RW fi#, 0F:

2in?z + 2i(m — w)(t — 1
Y in“z + 2i(m — w)(t —mz) +

[n2+(m—w)?] {(tmz)2+n222+47112] 7

2

2.2 -
+4n2

n?z? — (t — mz)
p=0b+2

(6)

PR
2 1

t 2,2

{( mz)” +n2z +4n2

A ug(z,t) = aexp (iwt — ikz) UG 1 1%

010504-3


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 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 010504
k=w?/2 — b HHAHOCRA, S8 b KM 1+ a*(m — w) A*(m — ) —0. (12)
FOTF SRR GE A TN 0). X EEH m A 2 24 (m-w? [+ (m— Q)7

n N TP ASUEOT R E

o a2[n? — (m — 0‘;)? —0, (7)
[n? + (m —w)7]

1 a?(m —w
3 + 2 +((m - w))z]z =0. (8)
SRR (5) 2R (6) SRR T EE B TR K
B35, MRS 0207 (TR R R 2
FEIRIE O T B B — 25 IR S 0Um Bl
SERE). RERIHL, ESCHR [92] TR, VEE 1S B Tl
FBUERA, 23T T LWSW A 15 5137 10 I il R
FEPE (MI), #5417 LR EEF RW I i SEE 7R
X 0E), Bl w < 3w,/2 = 3(2a2)Y3/2, H AR W17 T
MI & () 3717 (baseband) X, & & ik [92] Kl 5.
5, Baronio® 05108 BERHEZ Y T MI (1931 B8,
RIS i HOBEAEAE T MI FRJEAF X, T AN S Ay
(passband) IX. BUAECIERY, iX—Big ] H T A
B T AR 2= AR T AR LM R G 0 S U S
AFEAEIX [A] 23],
(HASTERAE, JE6 RW f# (5) 200 (6) &
AT LUHES 2 2505 LWSW 5y fEh 20y, fildn, %F
TIN5 LWSW J7 e 109

. 1
i, + iutt +up =0,

1
i, + ivtt + ’Ud) =0,

¢z — (luf® + [v]*)e = 0, (9)

JEIEBY RW i h B89 w o 0 AR SR (5) 2UF0
(6) ORFIR, v BPITEATZR RN

2in? 2i(m — 2)(t — 1
N in®z + 2i(m )t —mz) + 7

[n2+(m—02)%] (t—7713)2—1—71222—1—4—7112
(10)
K Hrvg(z,t) = Aexp (it — iK2) Fn v /& IR
SR (FVLOBOCR A K = 2%/2-b). [FRY,
B2 S0 m F o P REOT R :
27,2 2 27,2 2
o ) -]
[n? + (m —w)7] [n? + (m — )]
(11)

REIR, 2 oI mt (R A=0), B S5
LWSW J5 2 (9) 294k hFA LWSW J5#2 (1). #H
N b, HEER R AR [ (5) A (6) SRIE K, TR
BPARECOT R (11) A1 (12) AR R A2 (7) Al (8) 1Y
.

FHELT LAY LWSW iR 245, 240 LWSW
AR RGO AFTEA R LA R PR il desy
S AR B SR TEAH [F] B 75 537 v [ AR A
[RS8 Fa i M S B, ELEAT 1342 AT AR A
A PRPRER. N, X4 EMe=A=1, w=0,
M Q=—1.24691F, J5F8 (11) FI (12) K25 i PRLHA
BEAE (m,n) = (—1.3514,0.7803) Al (-0.4287,0.6442).
R, U ma)ERA (5) X, (6) XM
(10) 2 rheke A5 31 25 T 48 7] 8 5t 2 5000 W9 Fl 55 By
RW fift. & 1 ZEF B 45 H T X 2 RW g1
WA 1 RS R A 0 T BRI ZE AL AR W AR,
TERRME IR B B4 A HREE BRI, RE X
A MI 2R B HEVEH.

F—J T, AMIWEF2sm], XMW RW fERed
TEBLSC A FAAAWE? A, Chen 48 1Ol
MRE IR S5 BUA b, eI 2 = 09 F- T I A
How v W IR SR, JF 4 ¢ = 0.4cos(2nt/40) x
sech[(t — 2)/8], SR J5 FI FH 43208 BL S A (E AR
IR AR (9), IR RME 1 A5 R (Rh e
P LG 115 g s K VA SN 2T ety S S g I
Bt MI 51 A2 1 i 25 AN AR B S ). AT LA Wi b
B, 78 2 = 10/ 3, [Al—5 St rp Rl b B 7 A i
TANIA) Y 5 B, AR R (9) HIAET i
SEA—F W, T MIASKHE R, 55l
L S sl 12, AR X 2 g 25 R LR
Fif S PR A &

3 ZHEIRMEERRS

AP REAL, ZPOE IR EAEH (TWRI) 74k
MR A A €0 10 filan, FEdEZebE
S, TWRI AT AN R g 12, S &k
PN 5 RUNE8 CA=E: 1 € NG S & 1]
MBI 4] 45 A, TWRI i A] FH e S2 306 ik
I A R A ] 000 R R Dk g e A 8 S =
W AR 77 A T DL R -4 B8 - (AR VR ()

010504-4


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 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 010504

B 1 BB IR UA 1 T B3R RW i (5) 3%, (6) UAI (10) sRAGRaE M:, Z23 B R (m, n) = (—1.3514, 0.7803),
HBIE X R (m,n) = (—0.4287, 0.6442). 4751 & /83X P2 RW 250 78 7] — 75 5 3 b B0 BB 3 % . B eie 4 A SCilk [109)

Fig. 1. Simulations confirm the stability of the fundamental RW solutions (5), (6), and (10) against initial white noise perturba-
tions. Left column: (m,n) = (—1.3514, 0.7803); Middle column: (m,n) = (—0.4287, 0.6442). The right column shows the nu-

merical excitation of such two rogue wave families from the same background field. Figure adapted from Ref. [109].

A RUTE 20 el 70 4EAR, AR, T TWRI %
W7 R AT R, IRgh T AR 0L R E TR
FITABI R ICTFIEIE 1) LA 07 F2 %
FEAE T AR AN 5 RS 11 B B 5S4 5 P A
AN VG L JIT 5 32 1 X6 9 =2 [0 ) S Ay 101, e B 2 g
PL—AN LY (BE ) SR ALK, R H =AMk
A3 AR A B AR 22 BT A B T LA R A [ (120,
XFREEE 15X 2 TWRI IRF-76 0 TP A 2415 A
X PR A ph A R AN DG T 51 A A A AR R
(walk-off) HE REREAE L AR A KT 45
TEFEROEIT, TWRI FRRIEAIE A 0] 2

7y [110],

w1 + Vv, = ujus,

ug + Vaug, = —ujug,

uzy + Vausz, = ujus, (13)

N w1 23(2, )78 =6 W9 18 72 5240 4% PR AL

Vi,2,3 0 HOAH I 1Y B 20 RE R H. R A W ERCE
V=0, LRI PR G BIAY (13) & H 7 7 us iz
IS IRAR L — e, 2V, > VL, % TWRI A
DK FR VIR 28 4 (soliton exchange) 3l J1 2% (1
LM A, PR SR SR RE) 15
VIFFTE, (H25 V) < VoI, OB SR A7 BRI 52 BT
#} (stimulated backscattering) zfj 2% 101,
R =N e ol 2N LS N S U 8 = S 1)

Lax X

R, = (A\Uy+Ui)R, R.=(-3i\Vi+ V)R, (14)
XPANNEEIE S, Uy = diag(-2i,1,1), Vo=
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. o ui Vaw
Va-Vi V=W
R=|s|, U =|y 0 0 ,
w u; 0 0
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K o Fluy, (n = 1,2,3) 505 R R (13) HYFp
5 il FORT MR, N R BT A E I S R,
os =diag(1,I1,1%), I; =V;/(Vi — V) (j =1,2).

7 3 = PAE R BAE IR AT (B3 i hE &
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u10(z,t) = ay exp [—i(k1z — wit)],

ug0(z,t) = ag exp [i(kez — wot)],

uso(z,t) = tazexp [i(k; — ko)z — i(w1 —w2)t], (16)
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X HL 01,273%%3?)}2% H E@%ﬁ%g, 0 =w —ws
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(17)

A e=t+ z (aerag) + A
— —_ — | o; = —_
Vl_‘/2 Ot% Ot% J Ho 0

(71)j6/27 aj =& i/aj (] = 172)' ﬁiv NO%jﬁ
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i), N RFERIGNKA =0® - p? = 01— P ER
N . 1

(HAR 0), Krho=X3 + 62/12+§(F1a%+F2a§),
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ATLAIERA, A2 =R (Vi > Vo) 25T

B (<), #RESHEHT, @
(17) I REIR HARUERY) Peregrine J-FE X 1991,

ZICEEN], AAT14:A], TWRI J5 FE A R 15 1
(VLB VL = Vo = V) 2 EAEE RW fRIE? X LTAR
SME TR A AR S SR A 5, BN TERX G TE
T, Lax Xf (14) 20B AR5 J0 & L. H B, &It
TWRI J REAKSR 2 AT ALY, DA H: RW fi 2 ] g
TETEI) . il SCHR [122] 2R 575 — A 5w Sk [m] 2%
XA, e, X SR (17) QBT A B
Vo — Vi =V, IIRE] T #JF TWRI 5 72 1Y 5
B RW fii:

210V (0 — 2a32) — 62AV? /a2
up =uyp |1 ] N |
02+ 4024222 + A2V2/(4a2)

26V (0 + 2a32) — 62AV? /a3
Uz = ugo |1 2 2,22 2172 2y |
| 02 4 46%a32% + A2V?2/(4a3)
AP V(VE = 2) + A*V? /a3 (18)
| 02 +462%a322 + A2V2/(4d3) |’

U3z = u3o

AP A=a24+a3, 0=Vt —2)—(a? —ad)z. 5
Sy e
] + Jug|* = af + a3 = A, (19)

R wy 1w 43 1 1Y 5 8 RS 2 AN AR 1Y
ANEENE AR gty a2 4. $eaihit, &
TR 23 F AN, PRIHCRR Ay B A S i 11221,

SCHR [122] 21 T HAME S i R E A AL 2
R, WA 2. BARRUL, VEFAHS =300 R i SR
FER A IR AR T-[1 + eri(2)] (XHL, i=1,---,6,
ri ABHER 0. 7250 1 IBERLIT A1 sREL, & AR
W EEZH), SR IE R 94 Fourier k%) TWRI
BB R AT BB AL A 2 2250 R U i M e
(e =0) BIBULEER, HHI AN T HBEFS (e =
10 %) WOBHDE R, W LUE B, et heydish v, Br
A=A H BT EARIR AT LUTE A XS4 (Y s 1] P A
SEAGE, HRBESEE 5 MI B E KON k.

S b, FRATTIIU X 2 5 - e R ) X, A A
SR T RETE UL EF FAS DLSEEE. KR,
HWAE WA CET BALRRIT , IRZE T K A1 1m) 52 AR
FE PRI I 0280 FER AE AL T, SR CATHG e
Hr (Stokes) YERYFFHZILFAHE, MiAHILZ K, 7
W B AT, = R AT I TWRI &
Jv it S AR RIS 5 25 1, DA H 390 b T 2 38 Fry R 62
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B2 HAMIEEG RW # (18) AR RUERLIA R 2250 RN ; HiIK:

9

-8
-9 0 9
z

R AR TE . P A SO [122]

Fig. 2. Simulation results of the complementary fundamental rogue wave solutions (18). Left column: unperturbed; Right column:

perturbed by initial white noises. Figure adapted from Ref. [122]

4 A LMEERE-Z R A

J3— 5, i G ARG R BT A B
RN B AR CE SR (R X 4 L
P LWSW, TWRI i 2, Hol 5 & A4 £ R 1k
A I P VPR R 8, = A B AR ) 24 i 3k e
A 24 WL TR K b 5 W BE R T 5 R A
YERT, BUETIE 19 22 5 7 45 A Bk (MB) #5402,
TS B TR RA EAE A, AR & W] (s
W) B A JBT A R R VO ok o R ST AR A 58 4 i
B, S RIR ST BRI RN G 120, R T A
JENE LG A1, MB 5 R i) L™ A AR 2m 1Y)

A sech RIPNF- 124, J5ok, —LL225 % MB R4t
T HE)T, BER T BEDLE i Ik v g 3 3h
22 2T FENS A 2 e NGE U T, R RS AT
FRL MR E 1522 ST T AT IFORF (NLS-MB) 5k
TR . T TH R e 1K — A R ) AT B Y R H
B RW fif.
75 HE, 8 NLS-MB 75 725 1 an K o i

?ﬂﬂfﬁiﬁ [94,95]:

u, = %Utt + iul?u + M,

M, = ipM — 2uF,

F, = M*u+ Mu®, (20)

K ulz, ) TG IREE, M1 F Yk
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Kl 3 NLS-MB i EEB RW fift (23) (S 23 84k, o (a) 51 180 X5 R % A i 09 3D it it R4 121 5 (o) 30 el S B0 MEL AR 400 485 2R
B AT ST g i (o) PR R X 28 57 B IS TE S 5 T N BUEIUR ™ A, © BBl B A SCRK [95)
Fig. 3. Spatiotemporal evolution of the fundamental rogue wave solutions (23) of the NLS-MB equation. Column (a): Analytical

solutions, given by 3D surface and contour plots; Column (b) the numerical results, with initial conditions being specified in the

text; The column (c¢) shows the numerical excitation of the rogue waves, indicated by the black circles, from the background field.

Figure adapted from Ref. [95].
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Abstract

From a microscopic perspective, the single extreme rogue wave event can be thought of as the
spatiotemporally localized rational solutions of the underlying integrable model. A typical example is the
fundamental Peregrine rogue wave, who in general entails a three-fold peak amplitude, while making its peak
position arbitrary on a finite continuous-wave background. This kind of bizarre wave structure agrees well with
the fleeting nature of realistic rogue waves and has been confirmed experimentally, first in nonlinear fibers, then
in water wave tanks and plasmas, and recently in an irregular oceanic sea state. In this review, with a brief
overview of the current state of the art of the concepts, methods, and research trends related to rogue wave
events, we mainly discuss the fundamental Peregrine rogue wave solutions as well as their recent progress,
intended for three typical integrable models, namely, the long-wave short-wave resonant equation, the three-
wave resonant interaction equation, and the nonlinear Schrodinger and Maxwell -Bloch equation. Basically,
while the first two models can describe the resonant interaction among optical waves, the latter governs the
interaction between the optical waves and the resonant medium. For each integrable model, we present
explicitly its Lax pair, Darboux transformation formulas, and fundamental Peregrine rogue wave solutions, in a
self-consistent way. We confirm by convincing examples that these fundamental rogue wave solutions exhibit
universality and can be applied to the multi-component or the higher-order versions of the current integrable
models. By means of numerical simulations, we demonstrate as well several novel rogue wave dynamics such as

coexisting rogue waves, complementary rogue waves, and Peregrine solitons of self-induced transparency.

Keywords: rogue wave, long-wave short-wave resonance, three-wave resonant interaction, Maxwell -Bloch

equation
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