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R 5 80 RO IR ORI & EHEIZ OV T

7KET & (Tetsu Mizumachi)
REIRTISL K% (Yokohama City University)

1 RIX

—HHTET, IR OMERERICET 2HRIL, TLFEIROFEXLYBELED
SMBEBTHELEGLD (]9, 1, 35| 2H) ZBRTIIERE L 2 LT 4 v H—FBRRXOBAIC
i Soffer-Weinstein [36, 37] X° Buslaev-Perelman (7] & % D#fE R % multi-pulse DFEITHE
88 L 7= Perelman [30], KdV FBXDHFEIL, Pego-Weinstein [32, 33] R EREZ o7 d
DOELBWET. BLIIMARRES L TEY B2 bDEEIT 71T TH Perelman
[30] DFER % EHBRIT DB A IZHLHR L 7= Perelman [31] X° Rodnianski-Schlag-Soffer D&
RREBHYVET. E7EFE Merle 2F0 & L1277 AOBE S V— 71 Liouville
RIS = L TREMOBROZEMMTICET5ERERL LHLTWETH
[20, 21, 22, 24, 25, 26]), TN LD XEREZAERT B Z L 13, FAOFITIIRZDTKIV FEK
¢ RIW FER &V 5 ZOo0REEFBROIME OBWERZ EEICET 2 1 9 9 0FKHT
Wk TORIRER L, Martel-Merle (17, 19] i< & 2 T OWHEL B OBIED RLW
BRADIERICONWTHRET S Z IR LET.

2 FX
KdV 58X
Us + UUg + Uzee = 0 forz €R, t >0,
1)
u(z,0) = up(z) for z € R,
¢ RLW FE3X

(1—-0%us + (u+ %uz)z =0 forzeRandteR,

(RLW) {
u(z,0) = uo(z),
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RFECBVKOREZ —FRAKGEDLIREROEOESZ BRI 5 FBRRTHS. BE
KAV FERNZ, REROEZERTIRBOARFBREL LTT S5 A~WEAR LITHIGH
WD, ZIZTiE(1) 2—B(LL=—IL KdV HER

Ut + UUy +Uger =0 forzeR, ¢ >0,
(gKdV)

u(z,0) = up(z) for z € R,

Fw) = [uplu/p 2|-> 2 Li2T 5. BT p = 3 DEIIEE KAV FERA L EITh 5522
iR FRRUCR 5.

KdV 58X RIW FREIXOEOH CRICEERZH 2 R-T01%, ZRBENTHE
REROTLEE—EOEE THEITT MU L MFTNIETHD. ¢ %

@' —cp+ fp) =0,
2) : _
lim o(y) =0,

y—r=xoo
DELTHLE, . 1T
3) Pe(x) = (p(p + 1)c/2)Y/®V sech71 ((p — 1)v/cz/2)

EWVWIHIETEZLND. D& Eult,z)=gp(z—ct+7), L TBE, ult,z)iX(gKdV)FH
BROMBIZRD. ZOMDZ L 2RICISIERE VY.

3 MIRBOPEREN
(gKdV) iZ
B = [ (Guttor - o )@ (k=)
N(w) = / u(t,z)fds (T— A B,
R

D2ODRERFRICED. T, =XLX¥—ZM H(R) OBRAAATIE, BOWE
BEHIIHBTERY. #oT, ROXIHIZV ¥ 7 7REMERRDZZ Lick3.

Definition 1 Ve > 0, 36 > 0 s.t. (gKdV) OFHUE ug 23

;2% luo — @c(- + ¥)|m@m) <6
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ThdLE, Bult,z)i

sup inf |u(t,") — (- + ¥)|am) < €

t>0 yeR

HTT.
FRATERR EOBEKRT (BuUl) RETRWVWE X, 20 (BLUl) REETHDI LW,

Remark 1 FOEBECHTEARETHS L5 & i, [F UEE CED I TR gLk
DB Hl-norm (OB B/ SHREBICE L TRE) Thd LI BETS. BEks
TOLSIERTAEBIL, o & 2BIT |pu — golm > 0 THER, +oHERE
o P

|06, (- = €12) = @y (- = €at)|mr = [opey | e
LRBMNLTHS.
(eKdV) FERXOIMSLEME o, 1%, BIREM N(u) = N(p,) DTFTO, R Eu) DR
RIZR2TNA.

Cazenave-Lions [8], Berestycki-Cazenave [3], Grillakis-Shatah-Strauss [11] 72 & DHF3E
XY, R 2 LT 4 U H—FRAOEEEMEL, WEREE Nu) =& OT T
INF—RBEE E(u) OBPRTHNUIRETH Y, BRTHNIRRETHD Z &M
b TV =, Weinstein [39] X° Bona-Souganidis-Strauss [5] 513 Z O F#kE —&(L KAV 7
BAOHEIGCAL, IRET

e ZN(p.) >0 R2BHIXEE,
o IN(p:) <0 RLITRERE,
THHZEERLE. 2FY (gKdV) DFE, 1<p<5BLERETHD, p>54bi
REEIZRD (p=5DHFEVREETH S Z & id Martel-Merle [17] IZ KXo TRENTE) .
LATFIZ Weinstein (2 X 2 SEBAOMEBE 2B T 5. 1o = 0o (x —y0) + 0 & L, ED¥ ¢
& () (t20) & N(u) = N(pc),
(4) (v(t)i 5y<Pc> = Oa U(t) = U(t, T+ 7(t)) — Pe

EAHICTEIIT®L. ZI2T, (u,v) = uvds LT 3.
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E(u), N(u) ix (gKdV) FRRDOEFEETH Y,
E(u(-+7) = E(u()), N@(+7)=N@() (VueHR), Vy€eR)
EWVSHHE SO, o T, BB
Su(u) = E(u) + ;—N(u)
p) criticél point THAZ LIZEBHTB &

88 : = Sy(ug +v) — Sa(uo)
= Se(u(t, - +7(t)) — Se(pe)
= (D*S,(@e)u(t), v(t)) + O(v(t)|3)

ERA,
PE(1,5) DHA, L= D*S,(p.) = —02 +c — /(o) Hidp B EDH v k%t LT

v € H'(R) 72 (v,8y0c) = (v, 00) = 0 => (Lev, v) > vlofin
Li25.
| L 3 2
vy = | l (U (Pc> = *ElvllelgoclL?(pc’
v =191+,

b R

(Lv,v) = (Lv1,v1) + O(|vl31)
2 v|uiff + O(lvlzn)
> Zfofin.
LZAHTREDND |6S] IZ+/NESRETHI 0D,
3 C > 0 such that sup |[v(¢)| < C/|6S]
20

2%, o TMARBREETHD T L BWRENT.
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4 EAMEZEMICHETHIMLEOIERES
L2 5T, (gKdV) HRADEBROED ) TORBLHER

(5) Ut + Ugge = 0
Iz eilkz—w(k)t) 2N 5 &, HBBIRA
w(k) = k3

BELND. o TITE & KB L7258 5B 5 08I & TREEFFRARE &2
3. ER/ASARISTEIEEERIEIC A L EITEERRBOOT, TERITEOR
DINTEBETD L, IMUERIBELEEICRZDZEBPRENS. ZOFHIT GER
MARDHEEER) BEERTHRIAD LA TVE.
Pego-Weinstein [32, 33] iX_EiZiR 7= (gKAV) DEEOFEEFIA L TEAAMH XM H, =
(o] o] = |e®v|m@) < oo} IBITF BT OWELEMRET LTz,
BOEDFEIUTOEIRbDTHS. (gKdV) Dffu %

(6) C ulta) = ey (e - 2(0) +olt,z - (1))

LEBERISEORS LR OBMTHIT S, =2 Tat), clt) ZENBNEERITHE
DRLEEERET AT A—FThD. y=c—a(t) LBE, (6) % (gKdV) IKRATS &

(7) Vg + Acyv + {€0c + (¢ — £)8y }pe(r) (y) + G N (¢, v),

Ay = 0yLewry,  N(t,v) = floewy +v) — fl@ery) — ' (@ey v
2585, 2Q%k20#aT5LE
(8) Adype =0, Abopc = aygoc

LRBOT, 0IXIMSIER o) DB Y TORBNERR A. OBFETHD L BDD5.

B &R L2 = {v]e%v(y) € LXR)} (a>0)ITBIFBRAZ MAEEZBZ L
iX, A, = eWA,e® O [2IBITHARY MERARSD - LITHYT 3. A, OO bEREK
DES T ERY HT L

—(0y — a)® +¢(8y — a) = {~83 + (c — 3a*)8,} + 3ad2 — a(c - a?)
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ERDBDT, a<clTDELEHERANT MTTRT, EXEHLICMETS. 272 (8)
"o,

chl = 0: ch? = €17
&L= eayay(pca &= eayac(pc,

£72%. BiTp e (1,5) 2% VILIENRE Th 5B ITi% Pego-Weinstein DFFZE [32] 12
LV, FINMRBEEZRE A, OBEERZEE 2 0BAEO0DATHY, A, DAYk
Wo(A) IBESREDbICR LT

(9) o(A:) c {0}U{r e C | Rer < b}

LRBZ RS-,

Remark 2 4, ® L*(R) 281} 3 222 hLizilidk s —%+ 3.

A0 0OBEHECRTEREEEEn, m & ) =06, (,i=12) ERBESICE

B I0LE, BEMEOICET S A, OEHZE~0O spectral projection P, iX

Pu = Z (u, 7)’i>£i

1=1,2
KEoTEHEZDLNS. ‘
Qe=I-P. T3, (9)ITLV A DERT B ¥E 4 13
|etZ°chlL2 < Ce™™|f| e,
e 4Qef|m: < Ct™3e7%|f |12,

LSRR BT o(t) 25 HL(R) 1038V TIMER (10) & F Lo — & —CHEET 5 & 5
i, (6) IZBWVT w(t) =e™u(t) € Range Q. LB LSBT S, Thbb

(10)

(11) (w(t),m) = (w(t),m) =0

ERRDBEDTATA=F 2(t) & ct) BRS. (11) 2t THOT B L,
z—c\ _ [(OuN,e¥m)) _ —\/e)y, 2

(12) ( é ) - ((ayN, eay,’h)) - O(|€ yv|L2)

/5.
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w(O) | + [v(0)| 1 BHRAEN LV SEED T TR, HBRRK (7)-(12) DR o(?) i
(13) w(t)]a < Ce*w(0)]zz

S ERBE T ERTES. (12) 1T (13) RRAT B E, Hh e, >0k v, € R
FELTt>5 T

c(t) = cy, z(t) > cet+ 74
ERBTLBDONB.

P E?D X 5 72 58T Pego-Weinstein (3RS FAE O WL R EMEZIEA L. 1 5108
CUSIEAREH & L BI/BET D 2 L AFHER (10) TRLTWS. ZOHEKL, (RIW)F
B0 X 5 ICo8E L IMMENRE L & bICaRET 2 FRAUTITERFETH S (Miller-
Weinstein [29]). £72RV K& I0BbR2V (- TSITHEHETED) BEVICHoBEN
NVANDRDIBOEB LT TEDITHEHTH S ([27)).

FR L 2 VT 4 v H—FHBROBE, 7BEOBE ITE—FRTiIRS, (10)DX>
REMEIIHIRCERV. Ro THELEMDHETIZIL VL <72V, Buslaev-Perelman(7]
21D LT A EORITIZRNT, HLOEBNRED K 5 RIFREHEE L OFERUTH L
THEATETH 2 0EHBIIR S TRV,

5 RLW FiExXA® Liouville 2B H

A TiX, Liouville B# % AV 7z Martel-Merle IZ & 2 Fi% ([17, 19]) ® (RLW) FERX
OISR DWTIRA 3 ([10], [28]).
Q. %&

cQ”—(c—l)Q—{—lQ2 =0 forzeR,
(14) .2
|a:1$1—r-)noo Q(.’L’) - 0’
DL 3L %, (RIW) FEXOIZIMSEREEOESIT
{Qc(z —ct +7)|c€(l,00),7€R}

&%, (14) OEIHTBHZTHII—BET5b0EKRITIEI—ET

91 [je—1
Q.(z) = 3(c — 1) sech (-2— x)

c



147

LRINS. |
72 (RLW) FERXRNOEERIT
E(u) :/ (u2+ 1u ) de (~NINbh=TV),
R 3
N(u) = /(uﬁ +ud)dr (F—AV})
R
EREFERIZLD

Q& (1) DEELTDHL EN(Q.) >0 L7420 (RLW) DI EARITT R TRETHB.
(RLW) FRA D & BHARDRE Y TOR L FRERIT

(1 —82)0u+ 8,u =0,

ThY, DBERNIwE) = 7 Thd. o THEER

2
(k) = (Tlrzf?)? <1
THY, KIVIBRROFELFERICHOBEIIINVE LD bETEENSEL, RMAET
ITIMALEE & I3 RET B 2 LRI E NG,
Miller-Weinstein [29] X8I EI L= FiEE B WA Z L CEAHEZEM HL (a > 0) 1
B DI OWHERENE 2 FEHA L 72
LI Martel-Merle D5 IEICHEV, ILEL B oBET 28T % H(R,)-BAMET

(y ITEITERERER) THETS.

Theorem 1 Let up € H*(R) and let u(t) be a solution to (RLW) on R, x R with a :=
infyer [to— Qe (- +y)| 1. Then there ezist ac, > 1 and an oy > 0 satisfying the following:

(i) Suppose ¢y € (1,c,) and a € (0,ap). Then, there exist a cy > 1 and a C*-function
z(t) such that
u(t, - +z(t)) = Q.. in H'(R),

and Tz — ¢4 ast — oo.

(ii) The conclusion of (i) holds for the speed cy € [c,,00), except for an exceptional set

of values that have no finite accumulation point.

Remark 3 Theorem 1 DFERRIZEBVT,
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(H3) MR OBIBALIER T 0 ISMCEHEZ b 72

Z L #{RE L7z, Miller-Weinstein [29] (X, ZDREDN (EOBBITR_-EEKT) 12L&
AMNEDBRERY DI & EZRLTUVWA. Martel-Merle DX Tid,

/ zu(t, z)’dz
R

EWVIEREFHETHI LT, (H3) ICHYTARELETIC (gKAV) DML EEOWHLE
EMETEALTNS. LHL (gKdV) L E2Y (RLW) IXE— A ¥ M A—EMS 28R
FRIZR-oTWAEYD, #b0REE HY(R) 07 FATRBIR) ZEIXEELV.

(RLW) O u(t, z) KD & 5 (2 TBERIASIE & & D OEMAH ST S,

(15) u’(t’ :1)) = Qc(t) (23 - .’E(t)) + ’U(t, :13),

(H1) (v(t, ), (62 - 1)Qc(t)) = (v(t, ')’ach(t)) =0.

(RLW) k2 (15) 2RAT 5 &,

(16) (1— 82w =0;Le@yv + {(& — ¢)0z — ¢0.}(1 — Bﬁ)Qc(t)
+ (& — c)(1 = 8%)v, — vO,,

/5.
Pego-Weinstein TIIANILEK & 438 OETHE NI LD BV L% (10),(13) T
KL=, UTOER T Lemma 2 & Lemma 3 R #FD&RE| 213727

wo) =5 [ ey,

I(t) = / ¥(z — ot) (e t, 7)? + ult, 2)2)da,
R
L, (t) = / Yz — ot — 3o) (uz(t, )? + u(t,z)?) dz
R
LB, L, iR 00 £ 9 bED Hl-mass 205 ETHB.

Lemma 2 (Monotonicity lemma) For any 0 > 1 and b € (0, 2(:—;111), there ezxists an

€0 > 0 such that if |ug|m < €9, I(t) is monotone decreasing in t.

Remark 4 Lemma 2 TiX H-norm BN ENWZ L DOHEFEELTWADT, NERINT
BRIIBIZEENZZ 035D, AMHITNIREDIZE, BITEHEENEL 112E 5.
Lemma 2128V T o > LIS LT |ug|lg BREZDIIZDHTH 5.
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Lemma 3 (Almost monotonicity) Leto > 1,6 > 0 and b € (0, 2("‘1)) Let z(t) and
c(t) be C'-functions satisfying 2(t) > (14 8)o and c(t) > o. Then there ezists an £ > 0

such that if sup,sq [v(t)|g: <,
Iy (t) — I, (0) < CeP™  for every zy < 0 and t > 0,
where C = C(0,4,b, ¢).
u% (RLW) O, yo > 0 & +5AkE 2%+ 5 & Lemma 3 75
70 = (1= (o = 2(0) +30) (s 2)" + ult, 2,
= [wle— o)~ 1) alt,2)" + (s, 2,
| IVt e [0, iz LT

(17) Jr(t) > Jp(t)) — Aje b, Jr(t) < Jr(t') + Ay~

BRI, OFVISFEOEMIZSH D H-mass ITIZITHERASTH Y, MIEOEBIZH

%5 H'-mass IXIZIEFEW R TH B Z & Bb» 5.

ROMEBILE OWEREMEE H (R) OFMHETRT 20D0EL RS,

Proposition 4 (Liouville Theorem) Let a; > 0 be a sufficiently small number and let

¢, > 1 be a positive number given in Theorem 1.

(i) Suppose that v(t) € C([0, 00); HX(R)) N L ([0, 00); H*(R)) is a solution to (16) on

R x R satisfying [v(0)|m: < ai, (H1) and the following assumption:

For all § > 0, there exists an A > 0 such that for any t € R,

(H2) / (B:0(t, 2)* + v(¢,2)%) dr < 6.
jz|>A

Thenv=0 on R x R.

(i) The conclusion of (i) holds for the speed cy € [c.,00), except for an exceptional set

of values that have no finite accumulation point.

Remark 5 LOMmER, (TS EEOEBIZBNT Hl—massﬁlﬁﬁﬂ)‘%}’)ﬂuﬁﬁ'ﬁ'éﬂ@}i

MW ERITERD ) EWH T L EEBLTVA.
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Theorem 1 MEEER

Proposition 4 #58% T, Theorem 1 #7779 FERAIITEEIEIC L 5. ISLEBOREN
225, sup,sq |v(t)m < Clvolm 72D T, Theorem 1 DFERETET S & limp o0 tn = 00,
c(t,) — &,

V(tn,") = T Z0 in H'(R)
2 HICTEE {tn} 5o, DEETS.

o = Qz + Vo ZFIHME L 32 (RLW) OfE%E 4(t) & L, Z(t), &), 0(t) IXERZt iz
WCERHEF (HL) 2H =T L5 a(t) #ofELcbo 35, b L) 2 (H2) 2 H72HIT,
Proposition 4 235 #(t) =0 £ 2V FETHSD. - T Theorem 1 BRENF T LT/ 5.

o(t) 3 (H2) 2 H 732 L 2 EBIEICE Y /RT. (H2) Bz LARTHIE, 36 > 0such
that Vyo > 01C5f LT

/ (g (b0, T + E(t0))® + ©(to, z + Z(to))*)dz < N(@(0)) — 6
lyI<2¥0
ATt ERVBEETD. o THERLIE, y23bItk&EBIET
/{zb(m — Z(to) ;f'yo) — (T — E(to) — Yo) Hile(to, 2)* + @(to, 2)?)

9

<N(i(0)) - E(s’

(18)

1) [(¥le+u) - 9@~ 1)} Ealte, 0 + lto,2)) 2 N(EO) - 158
LRB. ROMu(t) L alt) DRICKO L 5 RxtiRs-o<.

Lemma 5 (Stability on weak convergence for local time) Suppose
that u(tn, - + z(t,)) — o in HY(R) as n — co. Let @i(t,z) be a solution to (RLW) with

u(0) = 4. Then, as n — oo,
uft, +t,- +z(tn)) = 4(t,) in H'(R) for everyt € R,
u(- +tn, +2(tn)) = @ in C([~t1,t1); LL (R)) for every t; > 0.
72 v(t) = vi(t) + ve(t),
(1 - 828w, — (1 — 82)vy + O, (vl + lvf) =0,

(20) | 2
(%1 (0, .'E) = ’!)0(.'17).
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LBE, (16) DREv(t) /&7 (RLW) OBIZHY T B8R4 vy & 72 BRI vy 124)
T5&, v ZTEERAMIE LY bETHEENEL, +oRBARTITRIEOR Y 5
BERXED. —FTo)ix

(21) { Oyvg — 20,03 + 05(1 — 82) 1wy = 8,(1 — 82) g1 + g5,

'1)2(0, .’I)) = 0,

1 . .
91 = —va(v1 + 5v2) = Qe(v1 + va), g2 = (& — €)0:Q — ¢0.Q.
EHIEL, FRAOELOEI 1> TS (1 -82) L oienic
sup |e"vy(t)| g2 < 00
t>0
L%, ThboDHEEND,

 N(u(tn +to)) = (J(tn + to) + Jr(ta + to)) =~ (18) DD
N(u(tn)) — (Jo(ta) + Jr(ts)) ~ (19) DED
Rbnd, o
Ti(ta + to) + Jrltn + o) > Ji(tn) + Ja(ts) + ga

EI2BW, tIZOWT JL HRIEHEED, JIRSITHERBDT, tay1—ta >t L7232 L
SICEA A B BRI,

(22) Toltwss) = Jioltn) > 26

L7225, (22) 1 Ju(t) < Nu(t) OBRMIKE LFEThH 5.

Proposition 4 MOEEEA DR

AEAIIEEIRICE D, PARNES Ry &> TETY, Proposition 4 DRERRASARY M7=
RNET B, ZOLE (HL), (H2) & limn e [va(0)|m = 0 #5723 (16) OREDF {0},
BFEETS. '
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(i) an = supeg |vn(t) g1, bn = sUpyeg |Un(t)|r2 £ T5. TDLE, HEHIEDEC, Oy,
0 BEELEBEDOne NIZXH LT

(23) bn S Qn, S Clbna
(24) lon(t, z)| < Cobne™®® V(z,t) € R?
LB LETRT.

() {tn}2 % [vn(ta)lrzm) > 300 BT IITED, w(t) =Ll 322, )25

!'wn(o)lLﬂ >

N =

ThHY, {w,}2, PEYRERFIEEE

(hl) (w(t)a (612; - I)Qco) = (w(t)aacho) =0,
(b2) lw(t,z)] < Ce™®  for every (t,z) € R?,
BITT

(25) (1 - 820w = O, Legw + B(t)(1 — 82)0:Qc,

@#E%%w@ecmmmufmnuﬂﬁfé.::?

B) = (w(t), LOG(1 = 87) 7' Qe)-

L
102 Qcq |22

(iii) B H-ER (25) (o3 3 Liouville B EEE % ML TR DAED local energy decay
EFRWTIERT 5.

Proposition 6 Let w € C([0, 00); H*(R))NL>([0,00); H*(R)) be a solution to (25)
satisfying (h1) and (h2). Then, there ezists a positive number c, > 1 satisfying the
following:

(i) Ifce (1,c4),
w=0 onRxR.

(i) The conclusion of (i) holds for the speed ¢y € [c., 0), ezcept for an exceptional

set of values that have no finite accumulation point.
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Martel-Merle [17, 19] & [3:EVY, FEBRIZIE (RLW) O#FL TR D local energy
decay DFHHiZ AW 5.

Martel-Merle-Tsai[23] 1%, FEEDRKE WS DM LIEIZEDS+H5CHE L TEED L2
A~ 7 gKdV FRRO multi-pulse OBELEMFFER L. # 5 OF kL (RLW) F
BRCHEATEbDOLEbN 5.
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