Unconditional well-posedness of the fifth order KdV

equation with periodic boundary condition
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Corollary 2.2 Under the same assumptions as in Proposition [3], the estimate is valid
T. > Ce'*,
where § =n/4 — 1/ (p—1) and C is dependent only on n,p and || f]| - -
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Theorem 2.4 Let 1 <p<1+2/n, A€ C\{0},e>0and f € L2 If f satisfies (2.4),
then there exists a positive constant C' dependent only on k, p, A such that 7. < Cel/«,
where w=k/2—-1/(p—1).
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A Generalisation of Quasi-compactness and Its

Applications
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[n(z) —n)ll <e (dz,y) <1), (nlz),n(y) =0 (dz,y)>>5).
o (TFRRIRDOKENE) 2 X M OAESNBIEHZRR CH(X) W TH 5.

CCTC2H/RHDEMCEHLE L & 5. FHZRER CL(X) Drtld e )b)b R ZE[] 6, X 1
TEHT 2 8EEHERTY. ZORIILL FTEREINTVET.

EE 7. BN LX FOBIEIERZE a D propagation ® RUATTH 5 & &, BN R XD
EREZRX EOZRz,ylcDWT (ad,, d,) = 0D IIDT & THB. propagation HH
REFRZEE TN TEDIEEREE AL(X) £BL. CBRONX) % A (X) DIEFIZE
JIVLRC KB K > TED, —H Roe ERES DT 5.

propagation £V oW EDXK I EZETL L ID. EEPTDOIEHRaZ > TEET .
% ad, DENL 6, DFEEN N SHIPHERIRNT A ENTEET. EHZE a D propagation
WERTH S LIEDOXD, ahliN SHOBFRZG AR NEWVWS T EZEKRLEKT.
propagation 5% 0 TH AIEHZE IR (,LX FORAIEHZEREKTH O, (X EEMTT.
—Hk Roe Bl (o X & X ORHEREEDEHRZ LR > TVBHEWVAXT. TTITX D
TENETEIC DD B 5D T =N D ENTVDS T 2 DIZERTT . ZDEKIE
ROTFHIC K > TIEHEEINET. TNHROIEHOHETT .

EE 8. —HEICRATHERAEEEZER X IS DWW T—HERATENEN: & Property A [ [A{E.



Asymptotic theory of characters of U(Mx)

oo of oooDooooooog M2

oooooooOooboooboog,ooono, odg, ergodic method

googobodgbbogboogoob,ggboooboooob.booboa,oa
gboboodgbboobbuobboobobooobooobboobbuoobb.oon
0000000000 DO0DO0bO0bO000O0O0bO0O0O0DOOoDO? DO0D0ODO Haar
O0000000000oDoooooogo (WelDDOOO). OOODODOOOOOOO,

Un) = Un+1), ue (g ?)

U@ = U@, ues (“ 0)
0 u
00000 U(o),U(2*®), 0000000000000 0O0OOOOO0OODO. DDOOOO
000000,000000000000C0O0 (=00000DoO)00OoUoooo. O
gobobooboboogooooobobob boodoooobobooboobbo. oooooo
I 6 6
Stratila-Voiculescul2) 000000000000 OO AF O (Approximately finite di-
mensional) 00000 C*-00000,000000000000000. Boyer[1] OO
O000000,U0(*)0000000000000. 000000000 (finited)00O
gooooooooboobobg:

Theorem 1 (Boyer, 1993). U(2*) 0 finite D000 7277 (p, 00000 )000D00
0. 00070 My 0O (0000 )tracial state.

00, Vershik-Kerov[3] O S(co) O U(oco) 0O OO0 OO ergodic method D0 OO0 OO
ooogo0o:

Theorem 2 (Vershik-Kerov, 1982). 00000000000 limG, 000000000
limy, OO00OO. 000 x,0 G, 00000000000.

OO000000, 00 ergodic method, Boyer U0 OO0 0O0OOOOOOOOOO. O
O000000,000000000000, 000 unital simple AF O 0 unital AT O
gbbboooobbboooobboooobboo.

Ooon

[1] R. P. Boyer, Characters and factor representations of the unitary group of the CAR-
algebra. J. Operator Theory, 30(1993), 315-328.

[2] S. Stratila and D. Voiculescu, Representation theory of AF-algebras and the group
U(o0), Lecture Notes in Math., vol. 486, Springer-Verlag: Berlin, Heidelberg and
New-York: 1975.

[3] A. M. Vershik and S. V. Kerov, Characters and factor representations of the infinite
unitary group. Soviet Math. Dokl., 26(1982), 570-574.



FHEH B D AERRICH T A EERHTEHEFTE
RIRE  s# IO 2T
F—T— R B ER, GIEEDE, FBERIEA S BEEE

1 (FCHIC

AGEIE (1] TREE NIIRRIEH M TR O WIHAERTEIC N 9 2 R ORAIERT & £X
HRTETEZ TS 5. FERRLA EBUERTR &1, FHERIC K 2B & 0 /iAo
R & OFGEMERICR 2 ST RETFE 2R T 5. iz, FELRAEE VS SEEIFFEOH
BEFHNC, RIS 2O EP BN 2T 5 LWV ERLEIN TS, lFED
FEP— B BEENZ B LY ERD S 25581, T2 U CRIERIREEES L
U, FHRMHRAGEIHE TSR H 5.

2 IREEREE
RO I H 7 /TR R D W HE A E:
{ u' = f(t,u), inJ, (1la)
u(0) = up, (1b)

WX B uw = (u,...,u,)" € HY(J)" KT ZFEELRAENT  BUERTRIC DOV TE X
5. TCT, J = (Tp,) C RIFERXME, f: Jx LP(J)" — L*(J)" ZIERIELE
H#E, welUy c R &9%. £/, fI3EED v € HY(J)" T Fréchet T4 IRET
9 (. v) € L=(J)™" LAET 5.

W TR we € HY(J)" IS LT (La)-(1b) DEMBALIERRE £, .= £ — 2L(2, )

dt

LS. TOEE, (1a)-(1b) O u DFE LRI HHERD 3 DDEHETHEBNS.

L. HE;l”L(LQ(J)”,LP(J)”) Oquzmﬁ%??a (e'g'7 [2])'

2. (la)-(1b) & FMERABRTRRN w = L7 (F(t up + us +0) — SL (¢ wp)w — uj, — )
ZHlzd w e HY(J)" OIFTESRM 7% Schauder OB RUERIMN SRS B, T T T,
us € H'(J)" BYHMEDOREN L ERENSBUTH 5.

3. w DEINERGLES THE/ NI 78 2 56 23K B

wlE u & up +u, EOFTAEIIHIHL, up DY uw i FETNR w 3 NEEETH S L
T3, Tl 1D 5 3 OMGEESM 2 BARIICR S, BOMOMGEEEZ T 5.

SZ Xk

[1] Takehiko Kinoshita, Takuma Kimura and Mitsuhiro T. Nakao; A numerical verifica-
tion method for solutions of initial value problems for ODEs using a linearized inverse
operator. RIMS-Preprints, RIMS-1749 (2012).

[2] Takehiko Kinoshita, Takuma Kimura and Mitsuhiro T. Nakao; A posteriori estimates
of inverse operators for initial value problems in linear ordinary differential equations.
Journal of Computational and Applied Mathematics, 236 (2011), no. 6, 1622-1636.
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0 ogg oooooooo

000000000 Schrodinger 0000000000000 O0O0ODOOCOO

Lugiato-Lefever 000 (LL OO0D0)0000000O000O0OOOOOOOOOOO
Schrodinger 000 (CNLS) OO O OOOOOOOODOOODODODOOOODOODOOOO
000000000000 00DO0D000000 Lugiato O Lefever 0O O0O0OODOODO
Nooooo00o0oo0oooooo

OE =—(1+1i0) E + i’ AE +i|EPE + By, € Q,t>0, (1)

DO0O00QCcRY2=(21,...,2)" 000000000¢0000000A =92 +---+92,
0d000000000000W,9 e ROODODDDOODOODODOODOOODOOOOOO
E=E{tz)eCO00D00DO0OO0OOODOODOOOOODOE,>000000000
0000000 0000000000000O0O0O0O

0000000000000 00000D000000D0D00D0O0O0D0O0ODOOOOOO
0000000000000000000000000000D00D0000000000
O000000000000000000000000D0D0O0D00O0D0D0O0OODOOO
0000()0000000000000000E,=0000000000000000
00000000000000000 E=000000E,>000000E=000
000000000000000000000000000000000D00D00000
O000000000000000000000000000000000000000
000000000000000000000D00000000000D0D00D00000
0000000000000 0D0D00000000D0D0D0D0O0O0O0O0O0D0OOOOOOO
0000000000000000000000000000D00D00D0D0000000
O000000000000000000000000000000000000000
0000000000 00000000000000000000
000000000000000000 10000 2000000 (1)000000
D000000000000000000000000000 [2,3]j001000000
O0oooooo0

6=17,0=09 6=12,a=09

2.2

18
Re(E); 4

Re(E)

0.6

0 16 32 48 64

X

0 1: Stationary solitary waves. (Left) Q = (0,64) C R,b* = 1,0 = 1.7, B}, ~ 1.21491;
(right) © = (0,96)2 C R2, 62 = 1,0 — 1.2, By ~ 0.990454.

OO0000O00O0OODOOOCNLSO Hamiton OOODOOO0OOODOOODOOOOODOLL
0000 CNLSOOOOOODOODODOODO 1000000000 (HWoooooooo



OO0O0O00O0OCNLSOOOoOooooDoooooobooooooobbooooooooboooo
obobodboobuooboboboLLboboobuoobooboboobooDbo
oboboboobooboobuoobobbobboobooboobg
d=20000000000000000 HopftODOUODOOOoscillon DODOODOODO
O00000000000000000 20000 ()0 20000000 NeumannO O
oooooboooobooooooooobobobobobobobobobobobo
goooobobooboooooooboobobobobobobobobobobobo
obobbooboooboobuooboobobboboobooboobo

(2)

{ 2 = a2y + Livez + QQOZ% + q112122 + CI022’§ + O(|Z’3)7

: 2 2 3
29 = Q9l129 + ZQI/QZQ + 2021 + 1r112122 + T02%9 + O(‘Z’ ),

O0000O(z,20)f €eR2O000n,», 00000 E,00000000000000000
(2) 000000000000 000O000O0O0O000O000OOO0OO0 AUTOO07-pl4]
OO0000Db00oooboooo20b00000 oscillon DOOOOOOOOODOODO
00000000000000000000000OO0 2I00200000000000
gboogbboboobuogbboobuoobboobuobooobooboboon
0000000000000 (2)0 (HW)oooooooooooooooo

(0,2)-(0.3), 8= 1.2, v, = 0.02

03 -
0.2 :‘\‘ o 03

0.1 |

BP 02 ¥

Max(z,)
o
Zy

BP ! P N
01| N R o1l
02} NP ™.
-0.3 1 ‘\‘\ ,:'/ HB\ I ! ™ 0

03 02 -01 0 01 02 03 w w
v 03 -02 01 0

Trivial
Nontrivial -------

Limit cycle «-------

0 2 000 (0,2-(0,3) 00000000000 (2)01-000000000u; vs.
max;(z (£))0. 00: (21,2) 0000000 (2)0000000.

Ooon

[1] L. A. Lugiato and R. Lefever, Spatial Dissipative Structures in Passive Optical Sys-
tems, Phys. Rev. Lett., 58 (1987), 2209-2211.

[2] P. Colet, D. Gomila, A. Jacobo and M. A. Matia, Excitability mediated by dissipative
solitons in nonlinear optical cavities, Lect. Notes in Physics, 751 (2008), 113-135.

(3] A.J. Scroggie, W. J. Firth, G. S. McDonald, M. Tlidi, R. Lefever and L. A. Lugiato,
Pattern formation in a passive kerr cavity, Chaos, Solitons & Fractals, 4 (1994),
1323-1354.

[4] E. J. Doedel and B. E. Oldeman, AUTO-07P: Continuation and Bifurcation Soft-
ware for Ordinary Differential Equations, Concordia University, Montreal, Canada,
January 2012. http://cmvl.cs.concordia.ca/auto/
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00000.:00000, ReuchO DO, JorgensOO 0O, HardyO O OO, SobolevO0 000

gogoobooogoobooog.

2, _ _ 3
{@u Au+ f(u) =0, teR, xeR, (NLW)

(u, Opur) [1=0 = (uo, u1), z € R’

000 u(t,z): RxR3 >ROOOOO, up,uw : R* RO f:R—-ROODODD0ODOO,
A:=Y? 920000000000.000,2=(21,20,25) ERIODD.

=1 "x;

000000000000000. CRR)HYODRODODODODDOD C*0000000
gbooboooooobooog.

00 1 (Jorgens). f € C?2(R), (uo,w1) € (C*(R*))?000. 00DODOOT > 00
(NLW)OODDODODOO ue C2(0,7)xR)00D000. 000000 T < 00000
SUPyor peps |4 (6, 2)] = co0 00, T = sup{T > 0ju € C*([0,7) x R*) O (NLW) OO,
SUPt<T zeR3 lu(t,z)| <oo}ODODO.

0000000000000000 f(u)=v 0000000000000 Jérgens
0000 Rauch 0000000000000,

00 2 (Jérgens). 2 < p <50 (ug,ur) € (C°(R*))’000, (NLW)DDDDOODOO.

00 3 (Rauch). p =50 (ug,uy) € (CZ(R¥)’000,00¢>000000 E (ug,uy) <
e000 (NLW)ODODDODODOOO.
2 2 6
000, B (u,u) = fp ebul 4 elgynpo.

oo

[1] Shatah J. and Struwe M., Geometric Wave Equations, (Courant Lecture Notes in
Mathematics 2, Courant Institute of Mathematical Sciences, New York University,
New York, 1998).

2] Struwe M., Semilinear Wave Equations, Bull. Amer. Math. Soc., Volume 26, Number
1, (1992), 53-85.



Feynman-KacO OO OO OO OO

ooog oooobOobooobooboboocooobono1100

gooogo.0boooooboo,oooogo,o0oo

gboobooboog
dXt = b(Xt)dt + O'(Xt)dBt

00 X;0O Itodifftusion 0000, 0000000000 0OO0ODOO. 0000O0OOO

ooooo A0 .

h—0 h
O0000,A0D00000000000000. 000000 KolmogorovO OOOOMO

0
a—?:Au+Vu+g, t>0,z€R?
u(0,2) = f(x), zeR?

000 X, 000000000000000b00b00b. 0b0obOobd Feynman-KacU
O0O000.000SCO0 Feynman-KacOOODOOOOOOOOODO, 0000000
gboboobooooboboooobood.

00 1. (Levy arcsine law)
{B}+>00 100000000000, 0000 L;000000. (LO0DO0ODOOOO
00)

Li = L({s €[0,t]; B, > 0})

000,,;00000000000000.

1 (7 1 2 T
P(Lf <7t :—/ —dx:—arcsim\/j
<=2 [t = Lancin [

Ooon

[1] B.Oksendal, Stochastic Differential Equations; An Introduction with applications, 6th
edition, (Springer, 2003).

[2] Hui-Hsiung Kuo, Introduction to Stochastic Integration, (Springer, 2006).
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O000ooooooobobooooooooodonn O Barotoropic Model
wp + uty + 5 (p = pu)e = g, p = plp)

O000g=000000000pp=000000000000000000 Riemann
HRN

ur+ f(u), =0

u(0,z) = uli(x) = {

u_(z <0

~—

uy(z > 0)

gbogbodbouoobbodoboobobbbobobuoobbooboobbodoboon
OoobobooobbooobOR,xROODODOODOOOODOODODOODOODOODO
gbbboogobboood

u_ (x < AMu-)t)
Wta) = A @/) (M)t < @< Au))
ug (A (ug)t < )

(A\DO fODODODDODODODO)0D0O000000000O0O0O0O0O0O00O0O0O0O0O0O0O0O0OOo
goboboogobobboooobbobooooboo

(1) = {u_(x < st) O

uy(z > st)

(sODwyeD fO0O0D0OD)0000O0OOOBarotoropic ModelD O OODOOO0O0OOO
Ooobooooboodoobodobodoboooobooooooooodgoode>o0
ooooOoOoOoOoOOO0000OooooooooOoobOoOObOOobOOOObOOOO000000
oooo0oo0O000oOooooooooOoOoOOOOODOODOOOOOOOOOOO0O0000
OoOO000000000oooooOboOo0o000o0o0o0o0o0oooooooOobObOobO00000
ooooooo

Ooon

1] 00000000000 000000000000000000O0000OO0O0O0O0
U O 0O 2004.

2 0000000000000 000O00O0OD0O000O0O0O0D?2010.



BfEENT « — F/\y JHlil & Floquet iR
P HiR SRR AR R B M1
F—T— R EENT 0 — RNw o, BN TR, Floquet ¥, 117%%

n XItDHE M7 e
@(t) = f(z(t)) (1)
IMNEEREEE T Z2FFD & 21, (1) I Kot —7) —2(t)] ZIMA TSRS N 5977
FE=C
a(t) = f(a(t) + Kz(t — 7) — 2(t)] (2)
ZEZ, T (2) OffiEE UTLEICZD K DICT BT EZRRENT «+— K73y Z
HEnS. TTT, 7 T O w OIEOEESE, K & nxn @8ITHTHS. TN
Pyragas[1] IC X DIREENT72, Pyragas filffl & &IN5,

Pyragas filfOREIE, SHEREIITLGELERTWEHLEDEHOATH S & T
HB. TOD, TOKS ERRENGIEL, Y, (b, EYe, EAFEOFIMHRD
ISR VBN, KREZEINZIND TS,

ZD—)T, HAMDOEAHGEIIN D EE T — RN\ 7542 KIZRHLUTHLELT
TRV EWSHIRIND B EEZENTVS. HlAIE, 1 XD EKEEH Floquet L 27T
BARE DFEMHLEIIZELTE RV ENS ED 2] BB D, TDXK S EHFIE odd-number
limitation &PEENS. 72721, THid subcritical Hopf 731 DFEEAEFE & 5N 7z Fiedler
5 Bl Ik > THEEINIE.

CCTTW, n=20D5"I K BAAhT—HELTENT %, 374&b5 K=k (k&
FE, 1 IFHAIATH) D& ZIC Pyragas flHIDAIHED £ 5 M2 FRTAGR [4] Z2F8/T9
5. UL, T4—FN\w 2750 UTREZHHEDRBETD D, (2) ORIERT (3]
EELEIEDND B .

—fRIC, (2) DX I, Kt ICBFBZERN ¢ L0 LHTOIRAEIC K > TRE B W0
HRERXZEN D e WS, KRN + OV RIS DONT, K4 s Z )8
K%l &9 2 0IHHEREE LT [s—7,s] TOMEH (37&bb, [—7,0] TEESNBED
MRETH D, Wt T [t —71,t] TOERZHIEEEET LT O(-7,0,,R") EDOXA
FIVAZREDBEEZEZDTENTES.

SE

[1] K. Pyragas, Continuous control of chaos by self-controlling feedback, Phys. Lett. A
170, 421 (1992)

[2] H. Nakajima, On analytical properties of delayed feedback control of chaos, Phys.
Lett. A 232, 207 (1997)

[3] B. Fiedler, V. Flunkert, M. Georgi, P. Hovel, E. Scholl, Refuting the odd-number
limitation of time-delayed feedback control, Phys. Rev. Lett. 98, 114101 (2007)

[4] M. Kadowaki, R. Miyazaki, Delayed Feedback HillfHlODRRFIC DT, BEEMATIIFZET
AZEER 1445, 121 (2005)

[5] J. Hale, S. Verduyn Lunel, Introduction to Functional Differential Equations,
(Springer-Verlag, New York, 1993)
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Chern-Simons-Dirac AFEILDEYIEICDWLNT
PA 28 R RAGIA R 22 D2

F—U—F IR TR, WINMERTEOE YN, Fourier IR/ )L Ly

1 F
Chern-Simons-Dirac(CSD) /7 #2=RD g HAE
SEMPE,, = (@, 0), 1
—10M'0,) = —mpByY + Aoy, (2)
$(0) = o € H*(R?), A,(0) = a, € H'(R?) (3)

DY DONWTEZS. TTT, A, RYF2 5 R ¢ RF2 5 C EARABEETHD,
F.,=0,A,—0,A,, m>0EEE o KU BF oo’ + oot = 2g,, 1, a'B+ Bar =0
it 9 X Hermite 151, I & " RHNIfTH, ervr 352 R2ONFRT >V IV ERL, g4 =
diag(1,—1,—1) &9%. £z, T7UFE {1,2}, FVU ¥ L7E {0,1,2) OFiFHZH)
CEDEL, MOBRLENZHFAFICE LTI, OISV TMERZEDET S,
CSD AR, BEEHRDNBE T R— VIR EZR T 2 45X LTHOBN TN 5.

CSD HREEDEEFDN L DHDHEIC DN THRS. I, CSD AREEr — I &
EIRENZEHIC K OAZETH S, B, (¥, {A,}—012) DY CSD SEREZT & &,
Ox = 0 27z 318 5 MR ¢ RT2 - RICKHLT,

Y =exp(ix), A, = A,+0ux (4)
5% (¢, {Al}z012) B CSD /iR Z 29, O —IALMICKD, FIED
Oraz — aay = —Wo|2 (5)

S (1), (2) O (¥, {Au}m012) TR Fio = — |92 2729, DF 0, (1)1,
{A =012 BT 2 DDA LMK L TWIEW. 2078, {A} 012 ZEET SIC
M SO ZR T BT NUTR SRV, ZT T, Fald Lorenz 7 — V44

9 A" =0 (6)

ZRLTEZS.

FIHERTE (1)-(3) I DWW TIX, Huh([2)Ic kD, s=5/8, r = 1/2 I 2 R JmT
ROGFAENREN TS, Huhid, FFRAZMIZTIFHEENENS K5 ICRT oy
VA, ZHEELTWS. TTT, FHEMLIF Klainerman('84) I X D B A TN HER
THY, FEAEMEENS “KIEK Qu(f,9) = 9.f0"g, Qus(f,9) = 0afdsg — 0agdsf
(o, € {0,1,2}) D—THESTERINBIHT, BEMEMTZT LWV, IEBENFSLN
Zimlc A, FEEMA R BN E AR E NS T2, K ORWNERIE T DY)
WK OO T EDHRFE NS,



2 IR

Lorenz 77— V5 (6) ZiR L2 BICE, T—IRT ¥ v )b A I EROPE TFEX
7z 9.

OA = "0, (1), ). (7)
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In this talk, we consider the scattering of the Cauchy problem for the 3D Klein-
Gordon-Zakharov system

e o1
with the radial initial data
u(0,x) = ug, (0, z) = uy, n(0,x) = ng, n(0,x) = ny, (0.2)
where (u,n)(t,z) : R — R x R,
(uo, u1, no,n1) € HYR?) x LA(R?) x L2(R?) x H'(R?). (0.3)

and o > 0, # 1 denotes the ion sound speed.

Inspired by [1], we combine the normal form technique, which was first used in a
dispersive PDE context by Shatah [2], and the improved radial Strichartz estimates to
prove small energy scattering of (0.1) with radial symmetry.

Our main result is

Theorem 1. If (ug, uy,ng,n1) are all radial and small enough in the norm of (0.3), then
the solution (u,n) scatters in this space as t — +00.

The main difficulties for the proof of scattering are derivative loss and slow dispersion
of the wave equation together with the quadratic nonlinearity. The loss of derivative can
be overcome by the normal form transform (under the assumption o # 1, so we have
good nonlinear structures mainly due to the different propagation speed.) To handle the
quadratic interaction, we have to assume radial symmetry so that we have wider class of
Strichartz estimates. The following lemma (improved radial Strichartz estimates) is the
other important result of this talk.

Lemma 2. Assume that ¢(x), f(t,x) are spatially radially symmetric in R3. Then
(a) Assume (q,7),(q,7) € [2,00]? both satisfy the Schridinger-admissible condition:

2 5 5
5+;<§ or (q,r) = (00,2)

and § > 2. Let

T3l L2 o op(gr) = (00,2)
Blgq, ) = %4_%—%, %+%>1and§+g<g§
(

3= ti=1



where we used the notation a+ to denote a + € for arbitrary fized € > 0. Then

K () Paodll g -sian Sl 2 (0.4)
t
/ K(t —s)Psof(s)ds <||onf||Lq’Bﬁ(w>7 (0.5)
0 LqB (q ) t .2
1E(8) P<odll T 3 Slollre, (0.6)
7,2
t
| K= Pt o SIPof s (0.7
0 Lqu T2 BF,’2

(b) if (q,7),(q,7) € [2,00]? both satisfy the wave-admissible condition:

1 2
i< = (00,2
St <lor(gn) = (02

and q > 2, then

[Wa(t )¢H

/Ot W, (t —s)f(s)ds

By normal form transform, we can get the Duhamel formula of (0.1), which can over-
come the derivative loss. Then, by above improved radial Strichartz estimates, we can
get the contraction mapping. Scattering follows immediately.

1
q

+%—%5H¢”L%? (0.8)

||f|| v i (0.9)

1,3
490 T q
Lqu " B,
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Transverse instability for a nonlinear Schrodinger

equation
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Critical exponent for the semilinear wave equation

with scale invariant damping
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MRS FO9R  SOEREBERRT 22T D2
F—U—F . EWMIREGG, 27 2 —HGE, Fourier-Pontryagin AORME, KAz HEE

HPAPEMGRIEC C 30 FIF EOMICEHICERL, ZERL TV R RIS 2 EHR
DELB X G*@@H’Jfﬂﬁﬁt (FeRR) D7D CaNEWVE MmO —nEH L A>T\ b, i
EOREE E U TR NEOAE [1] ORERAIRGEESRER 2] 2 5FEED / —N)VEICHbD % H
gf&ﬁi%ﬁ*%bf%’h%o
FERD AL H G 5 - HAEHER ORI E > TH O, 3BT (WHD
P 72@ R BV D IEOADDVIRELIRIE D B DY) ALiE - B OREERIT U BRI
WCHIEHEEHZEE F9FORR L THD, SHEDE FHEMGRICEEIC DR % A
(DF—) DNUREHO SRUCEINT W, LM LENS, TOMEROERICITECAE
BOTERDARAIRTH O, BIRENT N CIERZREROMEANC K > T T 40 FCTRFHEM
sDBCAINCIERIC I ER L E N BRIV Ie o T, FEFETXE XD E.B. Davies &
JT. Lewis ICK B A4 VA MY )V A2 b (instrument) OEEZRODEAX [4] T, HEZRD A —
Z—DHi T 85?%:0) (KES L < 3YHE) Z{tZRR 0 6Nd K5Ik oTz, L
LEh'5, adilkamfly « BOAHVESRIE 7T E 2 H0WHLERE & U CRlEEREOHIERH AA/EH
I K Badih & DBIEIZRHECH > 7o TDOIRMZZEZTOMN 5] T, A VALYV AY
MIFLIEfEY (complete positivity) ZINZ % C & THIEERE (OFFHNRME) & D
XHISRfRZ R UTE

E&E 1 ([5]). M 7%Z Hilbert 2% H LD von Neumann{{# (B(H) O *-#7RET M =
M &Rt T ED) LT B, MITHUTHUEERT : B(S) x M — MIEROFEMN %
icd &, (M, S)ICHITETRIEAVARYIVAY FEMES
(i) A € B(S)ITRL, Z(A) GHAIM (unital) M D5ERIE (completely positive) T 5, I
Hbb, I(9)1 = 1 KURZHTIZST (EEDn e NICHL, FED A, e X & e H
(j=1,2,--- ,n) XL,
S (EIT(A)N (AT AE) > 0. 1)
2y

(id) ALEEDHWICEZ TS {A;} € B(S)IZH L,
Ay = "I(A)),  (EERNR).

FTERENITERIEA VA F)L XY & Ozawa-Naimark-Stunespring(ONS) dilation
EMEIND, &ETAbBRMLGEZ R ORGSR & FERIFMZRZ V2, 7Td Hilbert
2T K D KREVZER TORIGRNERDBITIFET S -

EE 1 ([5]). M, 9)ICHTB7EEIEA AN )IVAY N TICR U, Hilbert 250 Hy, AR
7 RV E - B(S) — B(H,), JERLIER *-E£H 7 : M — B(H,), TLUTHEREMEMHZE
ViH = HyDMFELT, [EEDA € B(S) & Aec MITHURDKILT S -

T(A)A = V*E(A)n(A)V,  E(A)r(A) = m(A)E(A). (2)

AEAD A FIZE R EMEMEICH %, Z LT, B(H) &0 5 RS EICIE RO AR
MMFES 5 -



% 1 ([5]). (B(H),R)ICxHTB5EEEA ARV AY N TSR L, JIEHEE (K, U, 0, M)
TRZWT2TEOMNFET 2 ALED A € B(R) KX L,

T(A)A = T [U (A EM(A)YU(1®0)], AecM. (3)

C T, WEERE (K,U 0,M) &&, HilbertZE K, U e B(H®K), 0 €e T(K)11, TL
TMEFK EOHCHRIEHNZRED J DD ETH %,

RIFETEENOEERTHZINES, B(H) &V SRR EIC UKL LRV,
ZFNi, —D von Neumann REUCHB W T E KOS 58 1 B X TREHZ X O R%E07x
BN DFIH LU TREBIEA VA NIV A Y M X ZIREORE 7 77 RO Z RT3 (7).
6] TERENTOERWEDOH LWHERZHIN T 5, RERHIRERBDAD NI TERIEA VA Y
VA N BT YIS RICH 125 7 Z—BG [6] IS DWW TN ZTT S,
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80 FARHIEEIC Voiculescu X HHBENBIEEND T+ 2 /A VIRZWGET 5728, HHH
HERGmE VI T ZZA M LTz, KEMCE IS &, HHiERR & SRR CEARNL T
M OBESE TEHHRMI ] EWVWSEDTESHMA S LICE>THELNA MW THS.
& 51T 91 4FIC Voiculescu i K> TT Y X LTHIDY A X722 KE L LTl T 5 sz
WHNS T EDGEIIE N7z [6).

T 5m CHEARMN: HEUI MY A EREBOMZHNE e THho T, TV R LT+ —7
RHOMEER E W o T2 DK S IFFEEN TV 5. HHIERGRICHBWTE BN i
BRI OMZTND T DAL T EH, THUIHNTTZKENT VX LT OMZHN%
CErEFELCCEICED. HHAPODREHEZE Z % &, Z DM iE Wigner D FHI

1
w(dr) = 2—\/4 —22dz, |r| <2
7r

RT3 C eI NTVS.

DB EBE D —AHE & HERIR T R ISR E N T 5. — I IEOMIEERZZ 2 %
YRR ERAIRES G £ NS 75 ANENG . RERIIE o BNMERSRAEETH 2 213, T
SRR XM X BEELT,

XM g X DT -

ExBHTETHA. of: FULMFREMIZLL DX SITIANENS. LRI AR (Xi)rs1
LUNSFIT B(X,) = 0, B(X2) = 1 B0 LT, 2 X A Xn

NG \/ﬁ—i_. . .+%

DHEEIIAIIA YT R ez RS %, TOREE XY = 3L Lho>TW5.

R MRATRED DB & L THISN TV AHERNTRITEHEZ S HED, W DODYIET S
&, HI A0, K7V ot {680 e~ %dx,x > 0, H <040 ﬁxp_le_“*’d:c,x > 0,
d— 32— 10 %ljmgdx, r €R, )SL— b+ rardr, @ >0 N3, FIERDIEHE
FROMARATREIC 72 5 T D DR TN E WL D HIBE N TN 5.

HAHERGRICBOTE HHRERD A RED R E VWD VT A REZ BT ENTES. TD
—f%EmE 00 FERM BB E N T E =D, ED XS HERN A B R iR GEIC 7 5
M, HEODLZLDHNNSENT WD o7z, ZT T, FEHIVWANALEIERDIIZC L
1 DOHREC LT R TE .

AFEHE CIEEEOMIZREROF LD E LT, WL DhO H MR R A e iR 7=
BNT5. THRLEOBUTOEY TH 5.

1. X % Wigner ORI wi ICHE D HERLE L 95, DL E X2 X* & HHRE iR
ATREARICHED . [2]

2.0<a<1EUTR=R500 B1_q11a(de) = 22975701 — 2)%dz (0 <z < 1) ZHE X
% &, TN 5 < aDEEICRD BRI AT RE. (1)

3. HHE 1 DA “304nld | R ATHE. (2]



4. BHEEHED t 734013 B IR fEATRE. [5)
5. F A F(1,2n—1) (n=1,2,3,---) i HHEERSHRATHE. [5]

6. WEHRAH
_ sinar x !

Yo T T ey 2(cosam)z® + 1’

iZa e (0, 3] DAY B R ) iF ] RE.

x>0

KIIATIIIET, Gauss DD HHMREAIRETH B L EMONTN S [4]. ERdD
TERDIDHT, Gauss 7317, 714 “FfI530, 6 7340, F 730, v (& A7 0 T & SRR )
FRATHEIC 72> TV AL CThETIE THH) Offtie M OfFIZPR ok T
T & S BN S - Teh, HSBHI LA TV BIHERDMDRIEIC /R > TRAL ERDN-T
ENQAYSE

SE
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For a mathematical research of quantum physics, the state spaces are defined by a
Hilbert space and Hamiltonians are given by self-adjoint operators on the Hilbert space.
For systems of quantum mechanics, its spectral analysis and scattering theory has been
analyzed. In particular, for the analysis of essential spectrum, there is the HVZ theorem by
which the essential spectrum of Schrédinger operator is exactly analyzed (See e.g. [3]). In
this paper, an abstract interacting system of fermionic quantum field is investigated. The
state space is given by a tensor product of an Hilbert space and fermion Fock space. In the
main theorem, we investigate the location of the essential spectrum of the Hamiltonian.
This research is a fermionic version obtained by Arai in [2] where an abstract bosonic
field system are analyzed and the location of the essential spectrum the Hamiltonian is

investigated.

Let us introduce the abstract interacting system of fermionic field. The state space is
given by H = F¢(K) ® T where F¢(X) is a fermion Fock space on a Hilbert space K and
T is a Hilbert pace. The free Hamiltonian is given by

Hy = dU(K)® I + I®T, (1)

where dI'(K) is a second quantization of the self-adjoint and non-negative operator K,
and T is a self-adjoint operator on T with bounded from below. It is seen that H,
is a self-adjoint and bounded from below. Here the domain of Hy is set by D(Hp) =
DAINK)®I)ND(I @T). The total Hamiltonian is given by

H = Hy, + Hj, (2)

where Hp is a symmetric operator on J.

We imposed some conditions of the weak commutator. The definition of the weak
commutator is as follows. Let X and Y be a densely defined linear operator on a
Hilbert space X. Assume that there exists a linear operator Z and a dense sub-
space M such that M C D(Z) N D(X) N D(X*) N DY) ND(Y*) and for &, ¥ € M,
(X*P,YW) — (Y*®, XWV) = (P,2V). Then the restriction Z to M is called a weak
commutator of X and Y on M and it is denoted by [X,Y ]S, = Zx.

Here we assume the following conditions :

(A.1) H is self-adjoint on D(H) = D(Hy) N D(Hy).
(A.2) For all h € D(K), [Hj, B(h)®l]%(H) and [Hj, B*(h)@]]%(H) exist where
B(h) and B*(h) denotes the annihilation operator and the creation operator,



respectively. For any sequence {h,,}>2 ; of D(K) satisfying w- lim h, = 0 and
n—oo
lha|l = 1, n > 1, it follows that for all ¥ € D(H),

s- lim [Hy, B(hy) ® 1% ¥ = 0,

n—oo

s- lim [Hy, B*(hn) @ 1]y ¥ = 0.

n—oo

The main theorem in this paper is as follows.

Theorem Assume (A.1) and (A.2). Then

{Eo(H) + A | X € 0ess(K)\{0} C 0ess(H), (3)

where J denotes the closure of the subset J C R.

We prove the above theorem by same strategy considered in [2], which is explained below.
Let X be a self-adjoint operator on a Hilbert space X and A € R. Then a sequence
{5, of X is called the Weyl sequence for X and A, if (i) ¢, € D(X) and ||V,| =1
for all n € N, (ii) W_nh—g;lown = 0 and (iii) s—nli_r}olo(X — MY, = 0. For A € R, For a
fundamental fact of the essential spectrum, there is a Weyl’s criteria. Weyl’s criteria says
that A\ € 0es(X) if and only if there exists a Weyl sequence for X and A. To prove the
main theorem, we directly construct the Weyl sequence for H and Ey(H) + A from the
Weyl sequence for K and A where A € gs(K)\{0}.

For an application of the theorem, the essential spectrum of the Yukawa model, which is
a interacting system of Dirac field and Klein-Gordon field, is also investigated (See [5])
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