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JEa% SCHRODINGER FEROM%# s NELSON B##OEDRMA
(FORMATON OF SINGULARITIES IN SOLUTIONS OF THE
NONLINEAR SCHRODINGER EQUATIONS AND SAMPLE PATH
PROPERTIES OF THE CORRESPONDING NELSON DIFFUSIONS)

@A (Havaro NAWA)

KIRAZASEERTZTRN BHAZ

ABsTRACT. BRHBIEMTRELESLS I3RS chrddinger TR D BR O BRILINE O BLE 28 B
LORBIRICOWTEE LW, COX3RTEEND S (B¥2Z2 1 4+ d JITD) JESEASSchrodinger T FETA
DBRARIIREST - TR H o TV B ER T > T5 ! EROBRESIE, FATENICIE %Y MEDEE
BrEENAHSO—DTHBERRTE, TORER BORBINERICHZHSVITHD, BEZE
TS bubble LELIOERETLH 5. Ebic, BHEEIZ, Brown EEIOD ubiquitous DT EDDITEDH S
EIHEABAELTVWAI LY, BARARLTP> TR

0. SELF-rOCUSING OF LASER BEAM

IERRIEETRERT S L—P— P — AOEBEEETRT 5, UEOORFNTTIVE LT, JHRF Schrodinger
SIS DIE S HBNTOS (AAE[12). © 0T, Maxwell DARRZEBITER L L TR BHEROS
EREZERARAERBA LI,

IS RO BRI B R EL S, BEOGFEHNIRINMEP IKRDNS ! cE=gE+DP TIT, ¢ B D,
go WEZLDBEBRTHB. 5, x. % (FHE) BEELTNE, P=x(B)E THAD, BEE x, MERDBEI
B 5 25T, xo — o[BI (2 CTHIO x, EHBERE L) D, BRSEOBAS LT ENE, B
g niE n? =c BRETOT,

n? = &0 + xe|E[?

»7x 3. Fermat OEHIC XL, WEFD 2 & pi. po BRESRMEZATIIE, c ZEETOLRELLT,

1 [P
inf ~ f ndl
¢ P1

B AT BB, (RFTEERT) SDEEHEN
(0.1) ds® = n2dl? = (eg + X |E|})(d2® + dy® + d2?)
it BRSO SRR EEET A LICAB T LICERLLS.
&, JHETSERICESBER O-rys #REL, oy-TEICEEL, i ETCBES (L—Y—U—L) DR
LT ed%. kx>»1&LT, ZOBFED

_RQlzszToy 2 .
E(z,y,2,1) = %EE (E’ z E) exp(i(kz — wt))

ERENTVER LTS, FROYH % T OROEMNITEE (specific length) , C—AOHETHEZRTEY 2
&, FrEE, BUEHE (slow variable) EEZX 5. TOLE, V %

A

Typeset by ApS-TEX
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LEHTIE, U LOBEST [ I 7 ,,
_ly(ty 2
Izy,2)= 5V (34.5),
TEABNB. 5, EENICE—LD gy-FHEICAHINTHEEA,S

d—z//ﬁzf(;u,y,z)dmdy=0

THBTEICEELES. L—¥—U —L@@Eﬁ%"& DRAEENEENE LNEWVY, BENICERTIE  BE
varicll IS L
L
0.2) - I{z,y,z)dzdy — ZAjdgj (dzdy) + r(z,y)dzdy, as z 1z
7=1
BT L i35 (NREAEDOHBIROERTSHS). 2T, 4; (j=1,2,--,L) BEE, b.(dzdy) &
zy-TEDOM o IKEF L 2 KT Dirac ETHD, r i3 R2 £ LIS THB. R, KORFOFHEEHE
&b, Dirac HIEDL S BRERFRNTVLONE LIVINE, FIQ— ~ 0 EEBZTVAISBRTTFIVCRTEENS
NELOMBHNGZ.
BAE, BASHOET, O T EkE V 252 T N3EE (AER) BBLTVBC LiKkS. HMEDFEREK
&b, (0.1) &

(0.3) ds? = n2dl® = (k%o + xV (£, 17, O))(dE? + dn? + k*d(?)
LEEIBOT, ERCHHROAERERDTHEE, s~ k( LVIREDL L L OWROEERELT L
1_ X 8V

Efg T 2ot Xef
(0.4) -

n ol Xe OV
dac? 250+K:2‘i an

pizh, O 3 BAHOEERREE L 375 Ui Newton DEBAERMELNS. HIST 2 HENEE, OB
BEsd V EROXSIC LK EhLE) SOLEXLNE. TO NEHT) AEO—DL LT, Nelson Ok
BRETL [0,10] DRBICH - &5 & (COMLORML B, WET 5B

dX, = b(X,,t)d 1dB,,
05) ¢ = bX¢, )l + /1B
=L(R+)YE
RWREL, TCTT, 97 V BRET S ¢ RO Schrédinger FERDHETHS ©
18  1/06%2 & 1 _
(0.6) {225%+ﬁ (6_62+5'77_i>+51n( 143 W»C))}¢(§)W:C) =0.
L<10EE, Thig

2 2
(0.7) w+ L (8 0 )¢+X€V(«S,n,6)w—0

k ¢ o2

LEMTE, i %o~ 1 0L ECEERMOE—HE ’C@ﬁ{uamzéiﬁu\iﬁf%% 7, U—LOWEV O
KELETBTE, xo B [{DTENTVA] LEXB ((04) T, XL PEBDEICRAS) REPELIVEL.
WFRUCE &, Nelson OREREBREFILOUSLATE, S Yo Xe O Thfil i&[y? ThHb, Thh'
BAERSABRTENS (Vo [¢?), EHEHOMOERE 1 LLTLEAR, I Shrodinger 751250
1(8 & —0

(0.8) k8§¢+ (352 >¢+%¢l Y=
B85, CARV &, BB, BENE | BRETSHERCHS. COBAHDIRE, BRUERRENEONS
Tl BHOME L AR RA—E—THB L ENPEIEOTVE T L THS.

TOPXTH, %Em.(o 8) DR LININA LD, (0.2) DX SICRBES T LERFLLTHRAT S LA
TERBCLEEML (B2, ¥LCHMTERRONEENSZHIE, ERICHAL Nelson 87 (0.5) D
(R = BOZEOLOWE) 2EETZCENEETHH L 2 RHEELRY GE3H.
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1. NONLINEAR SCHRODINGER EQUATIONS

MEETEH L Schrodinger AR (0.8) B—MHLLT (k= 1 EEIGHELTHL), 1+d HETROX 373k
WA EE R o 7z Schrodinger HREAROYINHEREZEZ 5.

{ (NLS) 22'%% AP =0, (2,) €R? xRy

(AV) %(0) = 4o € H'(RY)
2T, pe (1,2 —1) EL(d23kHL 2* = 2, d=120L¥ =c0) THB. TOLE

b € C(0, T,n); HI(RY)) %3 —REY=EMBHR (T, > 0 RRORAIERNL]) HEET S LIIRMOEERTH
D, KO TEFE ETrlE— NIV RZTY) OREFERIFHILT S (Ginibre-Velo 79, Kato '87) -

@I = 1)
Hoa (908 = IVUOIP = 5 IO = Hpa (v,

CTT, |||, BEMARICHETS L /VATHS. B g=2 DL, K || CHRFRERT B,
Haldssic TERE) TEREE (p=1+3) CHEKRSSH

- 81,&

(NSC) Zise + D+ |sb| /%4 = 0.
COBBONINV TR
2 2 2+4
HWﬁ»EHVMﬂH—2+§WMNH%
d

LB Dot B, EEATA 2 OLE, Bk d=20k%, (NSC) @ (0.8) R (k=1)k%3.
COp =140, —RY 3 ETRRICEABN, LFICRS &S CHRROROEE L BELHENS
b, IEEIMIEN 3K TH B C LI HEROROME Lidh T D BEIE | SERFEOBBRRTERETIDOTEHS.
HHT prgamatic 113, BHAEREM LRE 280 (21) ATEALNELS HREEDEHIC T U THRBRNTET
BBHC L LERUTEVORER( (NLS) p = 1+ 4 QLB RELES). TOFER (NSC) BROENTL
DEEHIROFRICEZITRINT NS,
ROESIE, M p=1+4 BT, HEAODATS MR QHICELT S (COFKRT, p=1+ 4
EERASE critical power EFHES ) !
(1) Case 1: p< 1+ 5 OFA
BIC T = oo (REAEHR) TH5 | TRLF—DHEEFRAICKOD Gagliardo-Nirenberg TFREZRAVS L,
[V (t)]| © a priori FEEBE T LA TES. ,

1155 S clpp e ey,

pHl =
(2) Case2: p= 1+ 4 DHAE
BRI BT BEMED 7 5 ANEAET B (TNTOMMBRT IR TIEAL, WHEMC B CEERR
B ERERETFEL, BOMRIERTHS). TTTHRARLE,

Tn<oo, lim [VH(O)] = o0
Lz BWREET.
BRI, BT EOZRTIE, RO Virial ZEhH7R¢% (Zakharov 72, Glassey 77, M. Tsutsumi '78)
il ()1 =lx[w () + 2tS((0), x - Vih{0)) + t*Hp41(1(0))

L (prr- (2+3)) [ mwongtion

Hps1 (H(0)) < 0 DB, BOBBIAEHICIET 2 LTS, HRRETEINENL RO FETS. p=1+] DL
¥, Virial EREROK > RMERHICAS T LITHER -
(1.1) il (&)1 = xR O + 23{(0), x - V(0)) + *H((0)

COBRE, p=1+ 4 ORBICHBAOROMGE (BHUILY) CIBLDLEAS.
FHERERICOV T ORI, H#X [7] *® Sulem-Sulem [12] ZBRE NI
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2. BLOWUP SOLUTIONS AT CRITICALITY

BHEEREE, BB p= 1+ 408, XOXS%ZEH (THUREER (dilation) & HBEHEHR (psedo-conformal
transformation) B8R L&D THB) BEVTERT HREENS (Weinstein '86, N ’86) :

ilz)? z
(2.1 {Q(T)i/)](a:,t)z(T—t)‘d/%xp{—z(,zu_t)}?/)(T__t,T(Tt_ t)) , T>0;

%, ELEHE Qr)e's (Q 13 AQ—Q+|Q12Q =0 OfF) IKIFREEB T LIt LD

Qa,t) = (T-t)exp {—zéfv'j D) } v (Ti J op (Wi—n)

w185, TOREX

lim [VQ(1)] = oo,

3 217 2 __

tiy [ 1o1G(e 0 de =0,

lim |Q(z, t) Pde = (| Q||*d0 (d2)
Bl BRAOBENELESI THICEERBLTINSGY, £id, Dirac BENARELSENZ 2V EER
B &, FhEE [—H (generic) | BHDTEZL.

ik, —RITIBRIRI P 0L 35D THADH%® Theorem 1 (X ZNLEOER) & LTHRRT BH0, 2L
PR EERRCOVTHNTIIC 3. p=1+ S0O8, EHEREDS BOREM (ground state) &

inf {linllzwL A% -

FEH (R
FZ£0

i o o)

THENIBNED, UTOESHMELAFEELEDLES.

(2.2) M= inf {ufn?
feH (RY)
f#0
inf IIfiIEHVfHE_

cHI(R? ,2+%
fE®E) £

H(f) £ 0} ;
(23} Nz =

ZOOEHMERRBERREOTIEEL, )
= -2-:*-:—-:%—/\/‘1

TBEEAHD, F N, REHASAOREEREZSAS !

N2
244 1 4 2
1711555 = A—&llfilzllvfﬂ :
g FRAERET 3OMBER Q,T, ZHRROMBDHKMILEMEETHS (Weinstein '83, N '94) :

H(Qg) =0,

2 4
sz-QT%”Qg“a’

AQQ - Qg + |QQE%Q9 =0.
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BLEOYREEE, DR Thoerem 1 DFAB X UHEHIC & > TEETHS. HBE, N'94 KBTI, LTHE (2.2)
# { FEED Theorem 1 DFEBROFHE Lx - T

[AE QAN BRI P O LS HIRABOETADRERB T LICLES. ZOEHIc, SHTR Lk
B PEThB XS IR AR EAT B, ¢ & (NSC) OEFEREL, B {t,}, AT—IWISTA—F~
A} &

tn 1 T sup [[$(O)llarg = [¥(n)ll24s,
t&[0,tn)

1
Ap = ————5-
()l

L4
2+ 3

pbT, THhBEROTERRE scale down LTSN B BIEG] (RIFBIE, EELHRE RERELRIT>TOE) !

(2.4) (@ 8) NG Rz b — 20, =12,

DIEBEOEBERETS (COT, ¥ DEOA—RZEERRERY). BEROBRRMAGETORIAE, BES
{n(z, 1)} D n — co TOWSEL & LTHSZIEL (encode) xhizc icikss. BHEREELD, ¢, & &
A, T < 0T ERE] ATDOne, by EVEAL TS (NSC) ORTHAHC LICHRLES. ¥/, LIT
t, =T L|WBTLITERV. ZHBIC, MEICE T<D CHB) LRERT, BEHELHEED MEER 3
(IR IS] Lo TWADT, (b THER] LE->TANOLRE LA

A ORER DB A0 & 3 I BROA—E—H o TV BRI, RO A, ODREANYFYELTOS
IEMD, t, =T, LR, EEEHEHC LR DAPBRELET TS, ZOFEETH %S HOHLERS, BREOE
B R E O BEAREE BT (Giga-Kohn '89). LA LBRADBRIXE S TREV. 4, BT
LD TR, BADBE TR, BEADESEI TR BREOLKECET SRR B IRRBLNE.

B b (x, £) DRBECZERE C([0, T); LA(RY)) (for any T > 0) ATORBEL (23787 MEDBIROWT) &
BB Rick D, ROEERES (N 94,99 [7))

Theorem 1. We have:

L
(2.5) Ynlz,t) ~ 3 (@ =¥ t) + oale,t), 00

=1

in the strong topology of c([0, T); LA(R2)) (for any T > 0). Here,
(i) ¥i(z,t)’s are solutions of (NSC) in Cp(Ry; H'(RY)) with H(47) =0;
(ii) @n{z,t) solves:

bol
{ 27;_;_".{_&@":{), (z,t) € R x Ry,
Pn(@,0) = Yu(z,0) = S0y 9/ (z — 75,0), <z €RY,

that is, pn(x,t)’s are solutions of the free Schrodinger equation; and

(iti) the sequences {,}, {72Y, -, {7} are in R such that
iMoo [, = Y| = 00 (1 # k).

I the original world of ¢, we have

=0

lim sup
0 teltn—AZTtn)

L
w('at) - Zd’%(;t) - an('vt)
j=1

with

im A2 sup  [@aIPTE =0,
no00 gty —A2 T, b ] +a
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where

; 1 (2= tn—1
7/’%(33,5):@?/)3 (_X;L’ 2 )=

Gl t) = _1_ x in 1t
PnlZ, Ag/QQOT% /\nﬂ /\721 .

L OFEOERESTUETIE, &L, HEOR (¢, ) de}ogyor, HEE (tight) (Ye > 0, 3R > 0.t
B> Ro — sup, fjys p 19(e, ) Pde < &) THIE, s, = b, = XoT. HBIUCE ST ABDHATIERD),

’ L
(2.6) W(x, 80)Pdz — 3 [[47(0) 2605 (da) + p(dz) as n— oo
j=1

75 BUGEIE DERIVROBER CHRD 0T LATRES. TTT, WE i |Fn(z, t)2ds OEEE LTELNEED
TH%.

Theorem 1 DRAREEICE XL, ZATVS [ROBEITLR(P LI VE—OREALE)] 2, FALT
W [ o’y MaEE (BEEHR L HTEE) ORE] BT MERZEMD) BEOMKA ] NEBF TS
DTHB. THRBREORAENCHLTERE, BRISLIGECOROMARNE—HE, (NSC) ThEED
“ o LE—" RO (BRR) “BEAEE (EERENCHLONERE-STVE) BHELERLTELNS
“EREOERY OERADETIHEEN, FANEREESE HEEMMEE, £ T 2o BlSchrodinger’s
EAOEEROTEEINA LSS CLICES | CORX DBOBHED B RIMARLNC BT Dirac IEIEE
BEEEOCLRRT L ENTET, L—Y—E—LDHEERDEFVEESBANLE, C—LPEREDCE
FoERHESTC LICAD  IEEEB S EEMSE VY — 2 R AU RREERSICINE, B piEhG
HRR" BEORIEDC LS.

CCTAREEE, B (¢, } OV MEMBINTITOERT, o EVERELAHTIRVWI LTSS,
HEROHTRE S TSR, L=oco LRETSELHETHS,

k
limsupZH(wj) <0
k—oo j=1
BARERTHD. ChDHTRTD j IKDVT H(Y) = 0 BT 5T LHFFET, £07edic, LITO Theorem
2 (ChBY, BREOEHEDEL LTEETSHS | BARYT HEMIR Viral FX (1.1) MEXSZZEMID LAV
IZER) ZRVTWLS (N 93,99 {7)):

Theorem 2.
‘ H(go) < 0= sup [[Vy(t)] = oo
. tE(0,Tm )
If Ty, = o0, we have that, for any K > 0,
lim sup (Vep(z,1)|?dz = co.

t—oo Jiz|>R
coEEND, HEL LTEBNS ¢ B, TATERMEDOIIVE—ERED (H(y!) 2 0) D005,
H(pi) =0 THB. LT, EHEN, DERFTED |97 (0)]|2 2 Ny B0, L < oo BHEND. EIR
L
DERBHTT S [[Pol? = S 97 (0)]|2 + p(RY). FHIE o DEHHTHBEE, L=1Tal =0 2%5%
F=1

(BAic BRR Th3) CLRMIMATETS. i, BRTAMRLIZEY, —MICRIEE 1 ITAEXY BHS)
BME BT LRIV T B TVS (N'99 [7)  Qla,t) DX > HBRBEIRATFERDTHS.

REORE {|Y(c,t)Pde}ogycr,, PREMH (tightness) KOWTHERICHNTEC 5. ROEEPKDILDO(N
99 [7]) -
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Therorem 3. Suppose thatp =1+ %. Suppose one of the following two conditions holds:

(i) d =1 and H{p) <0,

(i) d 2 2, H(zbo) < 0 and vho being radially symmetric. Then we have T, < oo, that s, the corresponding
solution ¥ of (NSC) - (IV) blows up in finite time Tom. Furthermore the family of Radon measures
{IW(e, )2 da}o<icr,, defined by the solution P s tight.

w% Theorern 2 OFFFICE, HEROBEHCETT 5#R Theorem 3 FENTWS, BMTEOERE Yo c H 1(Rd)
hﬁﬂﬂ%eL%Rﬂ&BﬁVmﬂ%ﬁ(M)ﬁﬁié@?,ﬂn<wdw%,wﬁ®%ﬂ¢@ﬁPMb$d%
X, WOTLEE (tight) THEBCLRARBCSDZOEN, —BOBARELY. EH 2| & M5 F<HEl-Tl
Virial £EROBFRLENRLOREZLT, ERESTD 1.2 mass BEIET 3 ORH, FORDIEIRPAET,
(2.2) % (2.3) B LB L R eh e THERTS. EHTXOEETH, FOZEFEONE L UTEREAS T
@ﬁé%wﬁﬁmémfwé@?,E%%@ﬁ&ﬂ%ugﬁt&ofmkwfﬁé.~&®%@m,C®g5uﬁm§
HTOBOREEREET 5T LRBRRI L TREVES THBOED, BROL—F - TLES &, FERIC
Fﬁﬁj@fﬁwjﬁ%wa&é;%%®F%J@%@@%haFﬂﬂwjﬁwbétﬂtw.%h&kﬁmﬁxa

ZORNC, TCT, LEDX S RBROREZR (BEN) ZBELTEL.

FIREA

u)ﬁﬁ%%ﬁi%,1*w¥—€m,Eﬁ%ﬁm@%@ﬁ&ﬁﬁﬁéaﬁ?

@)%ﬁ%<ocaﬁ%ﬁﬁm&a@mbzenéﬁ?z@ﬁ@?m,%ﬁﬁ@@ﬁ%ﬁﬁéh&%ﬁﬁﬁﬂ@ﬁa
Hle kBT LEBETERY. BEBRICENT a¢;=q; (1 #£7) 6HBES.

(3) EREFRICRNBAE o BHETER TS 507

@)%UIiWﬁ—%%ﬂﬁ%kﬁ%@%ﬁﬁfgﬁjTE%E#,%ha%fﬁﬁkjémT%55#?

(5) MseRti 5 EBE B Radon WEDHE {|9(z, t)2da}ogicr,, & VO THLIE (tight) THAID?

m)<bca§m(a@%ﬁmaﬁmm,%a%ﬁ%@r%a:at;of,%zrwa%w%ﬁm&%@%ﬁ&
@ﬁu%%ﬁmb<<hfm%.:@%ﬁ,%ok%ﬁd%¢@ﬁﬁﬁﬁﬁ@?é£@?é%.w%%&%ﬂ

3, EEEICET B WEEL S TOB.
e bR, ZhEOREE (D —HiE) WEROA—F— LEHTETOV TV A,

3. LocLoG LAW AND NELSON DIFFUSIONS

R —H— AR BT LG, SRR T T RA L LU SRIEMICITHN TR (Sulem-Sulem
00[12] #BR). BHERERBAICHT S, TORRE (T4) &

InIn(T, — )1
/ = —_
[Tl < o 2
TH D, loglog law LMENTVS. HEHICE, THLOFMEMNUMIOMENTNT (Y. Tsutsumi 89,

Cazenave-Weissler 90,
1

Vol 2

TH5. ERTELOBMCZOLEY vy ThBof. LTAD, KICHENLREREN D TEERR TSN,
BHRTIHROBRA—F

]

IV = 77—

P TWTHE LV, BROF—F—L 03 8EI bR LRI RN TRIRNESE.
BRI ->T, BEEEREDL OBRBCHLT

Inln(T, — )1
< g
IOl S [ TR
72 AN & 7z (Perelman 2001 (11}, Merle-Raphael 2003 [6]). FARICE DI, i & LEERE
COBALERED AR MVCE L THAREEBO TS ES TH 5. Merle-Raphael RIELHANICHALE
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FITVEA, TRER BHCH U TIRRERTSY, loglogBAA RN e 45 7 U LM SN LREAZVE S
Hzs, WZ, p> 1+ 5 H8E BENCERERTHES, THEE
1

(Trm ~ t)?—1

Ve ()] =

i3

S
|

nle

THDH. LrLEds T bOFMEREFNE UTHEECRLNTOT (Y. Tsutsumi '89, Cazenave-Weissler *90) :

1
v >/
H ¢(t)|| ~ (Tm _ t) 2p+3£ %

EDBOFUELN LV E T AR, EEVOE, TOBEY I —ZHERORFARADEA LU TH > T, M
RERLPBTNTORY. &Y, p=1+% OLERY, ENMMESLECEZONIEABNERETHB LI
Bbhs. ‘

i3, BHACRERES (B (NSC) OBRERICH LT) &, loglog law WELWVE TS E, Theorem 1 OFER
BV R R EE A 1), REROEBSTORMIEHFAIORD FICERELTIC—BNICRE>TLES. L0
£33 RERTLERA - A —OREESFNCERAMETHS L EA 5. AR, BEEINCETESD, BB
72 (Nelson diffusion ¥FHENS [9,10,1]) ZHVAAEEENL LS (N 2001 [8]) : Carlen °83 [1], ’85 [2] ik
ZiE ([3] ©BH), BO%W T = C([0,Tn);RY) ki

P[XtEdm]ZMn%/)%)HL:E{E

TRBMERAE P k5 LN TES. TR X, &
Xi(v) =), vel
55 THEREH THsb. COXSEHE P RROFBHEERY HER
dX; = b(X;, t)dt + dB;

OWEL LTEBLNS. TTT, B WIS Brown E&8TH D, BHE b 3, Shrédinger FEADHE ¢ 25

Vip(z,t)
m)g{%@,o’ 0 #0
0, if ¢{z,t) =0,
«Vi(z,1)
v(z,t) = { M Pz, t) ¥la,t) 0
! 0, if (2, t) =

L&z, osmotic velocity u & current velocity v 2T

b(z,t) = u(z,t) +v{x,t)
8%%‘521% LEDTH5.
THAFT, Carlen DEREZBVTHET 5 (Carlen DFEEHAE, *HE{'F% BRFTYVTEALNS LS TR
FSchrodinger HEROBICHT L ORY, IHREOESLERTHS).

Theorem (Carlen). Let u, v, b and p be defined through the solution ¥ of (NSC) - (IV) as above. We
associate T = C([0, Trn); RY) with its Borel o-algebra F. Let (T', F, Fi, X:) be evaluation stochastic process
X (y) = y(t) for v € T with natural filtration F; = o(X,,8 < t). Then there exists a Borel “probability”
measure P on T such that:

M) (T, F, Fe, Xy, P) is a Markou process;
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(ii) the image of P under X, has density p(x,t), that is,

f(z, t)Pde
ol

(iii) The following process By is a (T, F:, P)-Brownian motion:

PX; € da] =

£
Bt = Xt - .XO — / b(X,-,T)dT.
a

 OEETELNBILEERR Nelson diffusion LFEATVSY, TOREEBENZZLILE-T, loglog law &
HFRE fgm [Vep(t)]ldt < oo DB L, Theorem 1 ARRENB L LILES. A OF BRI BRI

XAk Ab .
/0 IV @lidt < oo,

4

3 lim X; a.s.,
t1Tom
U

. (e t)Pde
Stlfllr{xn PlX;edx)= tl‘rlifr{ln ————HU)O”? ,

¢

L
(e, )2 de — > Aj0qs(de) + plde) as t1 Tm.
j=1
2EREMD 3B EIE, Tprocess DIURIEAHDNRZE L W03 HBRHTEBLHLNEERTH AN, ThT
Radon WBORE {|[v(z,1)2de}ocscr, PREL (tightness) PELN, HAWATICE->TiE (2.6) XAEDII-
TWBDT, BEOHRERS.

CONTDRD EEEESTREDIC LIV, COX S RHERSRERAV AR, <D THBRICE> TENT
LE o, BOBOEHBICHET 2ERPERL T NB LD THEEEYD S, Eie, & ;7 IVY(O)lIdl < oo
13, Bid PEVERK, BRTAERERALTINETVS, 20T, COMIEMERTSS LORERBIE,
loglog law PMF5NBDTREVALEIRLBE>TL S ! S hRNETEREETIE, BEA—A—3EE
# (universality) #% 2 &5 T 2%,

L, RAED TBESL KXo ThikeLEd. TOLE

o= M(t)izﬁ / T"'uvw)ndr}ﬂuv(t)lac)aszwm]

n>0 n<t<Tm

R BHEOBRED
P (Io(R)) >0
ERRELLET S (BRBIRCET 3, L5PLRLOERNSNSERTEZS TH2), COBREAVT, #R
M FETRES N,
Inin(Tp, ~t)~1

IV S 4 =5

% (3] T%%. Brown EBOENEERAERVEZ %S !

lim sup |Br,, — Br,,—s| < o0.

1
sl0 ﬁ/SIﬂIH%



155

Zhhb
lim su T = ¢ Brn — By
e A (T — 0% | T —t

. 1
= lim sup |Br, — Bt} < oo, as.,

1T /(T — ) Inln(Ty, — )1

%185, —T, To(R) BT 3ERHVT, Nelson HEMGH I THERHD AR

Br. — B X1 —X: 1 Tm
™ =2 - X, 7)dr.
T — t Ty — Tm—t/t b(X7, T)dr

fmsup, | Tt ! /T V() ldr ) <1
tTTmp Inln(Tm—t)*l Tm—f £ T d ~

®B5, ThREAKETEHSH loglog law EARLTWVAEEE>TIWEEREDNS.
M, ReLT

&b

P(To(R)) >0

ERBTHADIN, 2SI CLTHD. UTOTDOHENIER, Theorem 4 £ Theorem 5 CEfFH) A%, Th#%
BR—FLTVBEIICERS.

Theorem 4. Suppose that 1 is a blowup solution of (NSC) such that tlTICIZ‘n (W) = co. We put:

[ 1w <o,
(4) lm VT =~ LIV (B)]] = oo,
Jmn (T — )V ()] =0,
This condition (A) is imcompatible with the following:
(B) Wehave L=1 and w,=0 in (2.5) of Theorem 1.
%M (A) & (B) b, BREE

Jo ¢ R tgrqq [ (, 8|2 dz = llhol|*da(dz)

ERBTEAREND. LA, TNb2EFRFELLEVEFRLTVEDIT, —AT
Theorem 5. Suppose that i is a blowup solution of (NSC) such that tlTlr}n V()] = oo, If we have

L =1 and p, =0 in (2.5) of Theorem 1, then

limsup /T, — | VY1) = o0.

1T

BBRBREFET, B Qz,t) DESIC, —RCTATO L? mass ZRFELTLES L5 BRI, loglog law
BPEELEVC LRSS, Thbb, loglog law MBI T 5 DOBRERME, (2.5) kT, L =22 £l
on # 0 LIEBTETHS, TOTEDD, ROBREBS T ENHIRE S RORE, RIEERBARICEE > TV



156

“Theorem”. We put a; =0 (by space translation). Suppose one of the following two conditions holds:
(i) ay = a; for some 1 # j,
(it} p({ar}) # 0.
Then we have:
P (To(R)) > 0,

for some R > 0.

T, & (1) 13, BESSBRNICEERS (B, resonance) CLET 2TV, B (2.5) HiE—
BHC L =2 TRITA. UL, Pl RREEEInE, RRERTEARIEC TS EERTHPERD
X3keE2 5. ¥, &6 () BEOBOFEEY, <hid. Haussdorf KA EOREAPERLEZNET S
speculation &i&, £BAAFEZLEL.

(2.6) RTEALNARHERE, Thb PRFBELENCEBIIMATHECES HENICE, 3RE%iL )T,
a; = a; (resonannce) AT BT LEFELTWELL, ME pKOVTRE, Z O EFIEL RBROEET
H-T. BL, i (i) DL CHOEOHBIMEL 2722 LTS, BRPIA Dirac Al L BEERIZTTRE LV
speculation & &FELAV. BEE (2.5) »5E5NS (2.6) Y, LTETHERE (faithful) BIRERORRICZ >
THEMEVITLTHS.

L5V LD, BREOA—F—LEAFICHET 5 EE (FH) 2ATMATETS.

“Theorem” 6. In Theorem 1, we suppose that |z|y(0) € L*(RY) and
A T — LV ()]l = oo

Then ¥ ’s must be standing waves, that is,
W (z,t) = Q(z)e™*?  for some w; >0,

where Q7 ’s solve
{ AQ-w;Q+1Ql5Q =0,
Q € H'(RY)\ {0}.

T, Bigic, loglog law (EMEEE) BB LR AEHEICOVT, REELTREVD, RARBNTHTL LI
D B EWHEEEALECE S BRI E CIKBATVIh &V S &, Nelson diffusion &% TV HRMH DTN

t
.Bt :Xt—Xg—/ b(XT,T)d’T.
0

@ Brown EEIOHIZ TH-T, ZOBrown EHOEICET 2ELLEMHERD, Akid ME| OEFUE>TRA
TLESTWTRAGWIRT DL, BBHE P OS7HEN

L

[W(z,t)Pds —= Y A;6.(de) + p(dz) as 1 T,
j=1

&, BEES T, BT Dirac HERERT T LIc kD, [ OHRICEAHTRILLDIELEAED (BD) THB.

APPENDIX

T T TR, EOZEM (path space) T = C(R; RY) RICEROR FHELAUFELEA SR P 2523,
Nelson OHREFRR 7L (stochastic quantization) [9.10] KDV THBICHEM L7 (Nelson IKHA LT,
Fiiyes [4] BEROZEZ ZEB LIS LY). [ ICEEERITURICE S Fréchet topology AAA->TWaEL, O
Borel g-albebla & B LB T EICT 5.
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Nelson’s Observation.
Blic, BFAISOERABERTSHS, —AD Schrédinger H1EX

_, Ov(z,t) A2
(A.0) wDY - L Ap(a,t) +V (o, (e
BH5LT 5. COFBROFRI, ULOOBBRENEBATNST L2, Nelson K> THHTHSE. 7,

pi= [P BROZODHBREMET BT L (HRIIC) MPDHENS :

op 173
(A1) 5t T Vip) = 5-Bp =0,
op h B
(A.2) o +V(b_p)+ %Ap_o.
ZCZT,
P VY
(A.3) by = m(éR +9) m

Thb. & X, % Xy : T3y 4(t) € R? 25 evaluation map T, T LiZ P[X; € dz] = p(z, t)dz ZHET %
(GRIEXGT) B B P Mo dhid, (Al) & ROFEAEERMI7ENX (1t type SDE) OFIAE (forward)
Kolomogorov A L7k - T35 :

(A4) dX, = by (X, £)dt + ﬁ/%dgt.

2T B, &HllE P 1B 218187 d KT Wiener process (Brown #8)) TH5. T (A.2) ¥ (A4) O
A% (backward) Kolomogorov AR LFIENS L0OTHEH, HE P CHT3E 5 —DORENZ d KT
Wiener process (Brown #8)) B* ZEATACELXHT

(AS) d*.Xt = b_ (Xg,t)dt + ’U %d*Bﬁ.

IZ#td B forward Kolomogorov FRBRE BRI T LETES, METR X, = X — X, X=X~ X
(dt > 0) RBESEMVL. By & Bf DBVE, t>s CHLT, B — Bs & {X;| -0 <7< s} IKHI,
Bf —B* i3 {X, |t <7 < oo} KHILLZOTVD TETHB.

T ZETH, Nelson DEFILOEHLNR S L%S. El, (Ad) L(AB) OFEHFEBVT, by ZLDOXS
ZRY x R FOMHEKLKEST 25k, FEL LTV AHERERE (process) A Markovian TH 3 & {RE LHC
ZaTWwa.

RICEIIEHES (dynamics) 3 EDESITEBONEEZ LS. KD Nelson’s conditional derivatives &HHE
h3, Dy RU D_ ZE&IT 5 .

F(Xian, t £ h) = f( Xy, )
+h

(A6) Dy f(Xet) = m B

Xt] ., fe B[R R).

B X, € L3(I,8, P) (fnite energy diffusion) OFF & f =z LTET. ThBHERICRK (A4) & (A5) D
5, FNEN by b b l—BTBL LD | |

(A?) D.{.Xt = b_;_(Xt,t),
(A.8) D_X; = b_(Xs,1t).

Ebl, BEOAR (It formula) ZHEZIE,

(A.9) Dof(t) = (5 +bs T+ g8 ) SOt

(A.10) D_f(Xy,t) = (% +b_-V - %A) F(Xu 1)
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(A.9) BXU (A.10) &4 0 LBV fIexy 377844, forward martingale, backward maritingale 7772
RTH3.

& BICEHE RS, Nelson %' stochastic accelation (SA) &FF&LTBD

If

(A.11) a(Xs)

FEFEL LS., TTT, current velocity v = b”z"b‘ & osmotic velocity u = be=bo ;b‘ BBAT B, EERHE
D%, ofX;) du & v TEFRZEHTNS !

(A.12) alXy) = %—? —{(u-Viju+ (v-V)v - %Au.

i3, WEEEE o = exp(R+1S) (p =exp R) LTI, u= LyR, v=LVSERS

_ S _h 2, P iggr_ M

LEBIBC EDSAD, BRELT, Schrédinger AEXR (A.0) 5
(A.14) me(X;) = -VV (X4, 1)

FENE. Chh Newton NFEDEALROBERITER L HEENZ LD THE.
HET AR, (A12) £703 (A13) & (A4), (A5), (A7) (A8) MBEDN, by DRAN FHITZK
EEVETHS.

Stochastic Quantization.

Nelson OE 3 EBREEFLEVI D, UEOFHEYRU->TH T LILERS.

Nelson . LM BMUVEERZER (BFH2LRLTFERSA5 T O BRUE P) 55 2E-T,
evaluation map X; : I' 3 v = 4(t) € R i3 LT Itd type SDE @ forward XU backward FER (A4) &
(A5) ZLBICEL. TTT, diift by & b BT B, TOMNE Nelson /1% DOERPEINER 47 (kinematics)
THBH, TD by & b BRDBEN Nelson DEFED FEEO-HFEE>TE. i, ETLBAED,
by #TDE3ICRY x R FOTRBEFES 553, MELZ LT3 process #° Markovian TH3 ERELISE
1275 T %, [Nelson /1% OBIf1% (dynamics) DEGH, Newton DOEEISERE randomize UIcHERRITE
g5k (A.14) £, BB, Nelson DREZEBRT L&, HEME (A4), (A5), (A14) ZHETS
drift by & b & T LOHE P ZRETXEESHEE LS. VWhBHERES TR R (A4) OFREROELE
SETHB.

%7 (A.14) OEDTHS (SA) 1 current velocity v & osmotic velocity u TENMNAHT 205, pragmatic
I HRROER SRR (A14) TESFHREELL T, (A4) & (A5) IKHEEY 5forward RU backward
Kolomogorov AER (A.1)-(A.2)% A EHE DM [Nelson 7% (mechanics)) &E> TRV MUTFD M
TRBEIIE, by & b BHIALOTEEL, Thbidnf p ZELTHUDWVTEY, Nelson @ Stochastic
quantization £1&, 9% p LBEE b, ZEABRAELESCLETES. KLV T LORE P D57 p
A Kolomogorov AN BRED, Thp A Born DHERRIZSZ 3. HBEHOBFHELFALTER 5AHHIC
%5, COXDRHERENZIESENEERLBTAPN TS (Guerra - Morato [5], Yasue [13]).

&, WA EREHGICHELTAZS. (A1) 5 (A2) BFILT,
(A.15) R

) T 9m o8P
%185, Tk (A1) & (A2) BNXT,

Bp
Al6 bl -
(A.16) 5+ V(vp) =0
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%B%. (A.15) % ¢t THHLT (A.16) ZREVHE,

du o)
A-]_ —— DT — . — — .
(A.17) 5 Vv -u) 5 V(V -v)
MBENB. ZO—AT, (A12) & (A1) 25
e
(A.18) % (4 VYu— (v Vo4 == Au— TV
ot 2m

BBILLTOERD, =20 velosity w & v 1019 2 BTIHRRES K (A17)-(A.18) BERBICES. 20
LE, 5% p & (A16) HHRES.

£pxc, Nelson 1%) »5 Schrodinger AEANMERLNSHPELTIKRETALD. EORE v & v OFEX
i, FhUEEHORTERY. 2CT, TASH LY REREERSREEAT S L, FND Schrédinger 7%
WE L, TORMEOERS p L -RTZENREND | AT (A15) D p kv =LVS &5 S ERVT,

(A.19) ¥ = /pexp(iS/h)

CRBIIEY. TOkE (A0) BB, [HI1#0 Newton DEFHRNNS Schrédinger TEAZEIC L) %
g7k 2ENRE, B Nelson DUARART EDDBFILTHD, EEWVWZ LI, Born OEREIE ¢ OFH
o BEMICHTERTV 3.

CATEROTLEVWIhE, SHOENTS >z, BFNI¥LALCTFEREA SHERER path space I' LicH
BHFEERERCESTITUTOTERY. ChBETULEOH Carlen [1,2,3]. ZLT, ZO path space LORIE P
LT

lv(z, 1)|?dz
A20 PIX(t) e dr]| = ——5—

(420 A N O

PEIZL, Born OFESBHIEEMNNS. Carlen OERIHRBEE TLOFRE & GEBHAC, Schrédinger 771
= (A.0) DEET ¢ € C(R; HI(RY)) %3 e DHEA Shiud (A.20) 2R SRIE P A path space I' LIZABRT
BT LRFRLTVS.

Acknowledgments. BEEOBREEATTE ofr, BEABESRE, SAERTACBRHBLET.
A7, YOS BREERETTERE L. SETRELTUTOLOEBETHEEET. TNoDMEER
Enid, AXTOTHECERICEETESLRVEY. £330, BHFLEEZETLS.
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