The Schrodinger Operator with Random Vector
Potentials
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Nonlinear electromagnetism is a theory of generalized random fields in four dimensional Eu-
clidean space-time obtained by solving a system of coupled stochastic partial differential equations.
The fields are homogeneous with respect to the Euclidean group. Recently, in [S. Albeverio and H.
Tamura, preprint], they consider a coupled theory of the confining nonlinear electromagnetic field
and a charged scalar field within the quenched approximation. And they consider the propagator
of matter field in approximation. The propagator is the expectation value of the resolvent kernel of
the Schrédinger operator with the vector potential of the electromagnetic field. They define it as an
element of LP(S'(R%; R%), 1) where p is the probability measure which characterizes the nonlinear
electromagnetic field. And they examined the asymptotic behavior of the propagator and showed
that the correlation length is zero. However, they did not define the operator.

In this paper we consider the semi-group with random vector potential formally represented
by et/ 20-iA)* on [}(RY), d > 3, A € S'(R%RY). The word “formally”reflects the fact we have
not given a simultaneous definition of the operator et/2(9-i4)" for every A in the support of the
measure g on S'(R%;R%). We define the semi-group on L*(S'(R%R?),p) p-almost surely and
show it is a strongly continuous symmetric contraction semi-group. Then there exists a generator
of the semigroup that is self-adjoint. And we can show this operator is gauge covariant.

BRSO RTFROBROHSIE L LT Schwartz OARDBIED dual 2] S'(RY;RY) AN
Gauss BIERAIEIC X > CEHT 2 b0XD 52, ChBEEVERO %L v model iIKHIELTn5. HA
VEE# AT 2 H5EE LTk, HERHIE % 23T 5 characteristic functional I Poisson &S %
RN 3 T tpEL b B, FE4E[S. Albeverio and H. Tamura, preprint] % £ DHEEVERAEAZ R
7 REEHIE 1 K LT 2,y € RY %% T 5 LiC resolvent kernel ((8 — i4)? + m)~(z,y), A €
S' (R4 RY), m > 0, R 1 CHIRR L 7. $& 5 11#BBERTH 5 vector potential A € S'(RY;RY) 2145
1 b b 5B A € D(RY RY) THEAIL, T OERBIIC X D@ Ehie (9—iA™) +m) " (z,y)
5 LP(u)(p > 1) C Cauchy FITH 5 € £ 2L, TOEHRE LT (0 - iA) + m)" (z,y) kBEL %.
LiL, BABEREMiofk s, y Kb TN T LR EXEHHINTwEN. I-T, TZOEETH
L}(RY) EoVEFR L LT (0-iA)? 2 EHET 5 L LB TE A\, £ T T I DFRSLTH resolvent kernel &

_28_



»b Y ic semi-group TA = et/28-i4)’ 4 5 g RPRBOELFA 2L I BRI sk b,
ETOEBERR L LT (0-1A4) % [*(RY),d 2 3, 0RCHBEAR L LTERSH 2 0 L ¥ ER L L.

COWMXLTREITTA >3 LT 3. ¢ = (20,21,%2,..., Ta—1) € R, f = (fo, f1,.eer fa—1) €
S(R%RY) K LT,Sf %

d-1 .
CHFOED DY RERCEPIAO™

p=0
&F5. %L,
- L(d/2) 2, — 4,
=8 (—A)-1 = )Ty T Yy
Sou(z - y) = 8,(-A)" (z,9) 2rd/? |z — y|2°

' - I'(d/2) z; — y;
(e - 1) = ~0y(~)ev) = TR =L

d-1
Sij(z ~ y) = (6:00 + Y _ a:ijxdi)(—A) " (z,9),
k=1
_ _T(d[2) (20 — 90)8i; + Tz Gisk(zk = Y)
T 2xd/? |z — yj@ !

0<v<d-1,1<14,j<d—-1. 2TT§; {X Kronecker ® delta T a;j BEEHLTS. ¥k ¢
t Lévy-Khinchin formula ic X o T&H 4 bh d R LB :

(1) B0 = [ (e B ydua) + 50, A% - i(m, 3,

7L v it v({0}) = 0, [Ra(la]? Al)dr(a) < oo 23 R LORE, A it d x d OFEEDOTHTH,

meRITHB.
S(RYR?) _EORBIRC() %

@ oty =ew (- [ wsia)e)

5. LY BIBHe >0 g <n<L2ICHLT
[P < erfAl”,  for Al <1,

W hbiE (2) 0ELOWMIRIBERL, £ 7 C() & characteristic functional &% 3. & o T,
Bochner-Minlos ®ZEic X b S'(R?;R?) Lic Borel BRI p 22— ERICHEIEL

© cth=[ . N,
S'(R4;R4)
&7x3. 4, S' (R RA) ko transformation {6.}.e¢re %

6. A= A(-—2), AeS'(R4RY),

EF3E, (3) Lk YV EEIN SHERAE 4 1T O transformation I LTARETS Y, EiC ergodic T
HBTeXRbrB COBRATR Y COWTECLUTORERT S -

(A) & WA AFERIEBIK TS 5.
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CoBMI:R—[0,1]%

<1l
w={y b3
y sl 2 2,
2L7T,leNEsLT
1’ |3|51_1,
I(s)={ I(s|-14+1), 1-1<s| <1,
0, s| > 1,

L35, coBRI2HE-T,e>0iICHLT

1 ooz
o(z) =z [T 12,
pe(e) = o, 117
eF3. L || @ LMRYdz) JrntTd ¥BRw %

d-1
wi(z) = [] Li(z0),

v=0
2¥3. UTer DR, D(R%GRY) % #hFh R, R? Cffi% & b compact support %> C™ B
Bethke s . 20L %
pe € D(RY), lmp.=46, inS'(RY),

w € DRY, 0<w<l, wtl as [—oo.
£ A € S'(R%GRY) Kt LTERBI A™ (n e N) %

AZ("E) = wn(z)(l’l/n(a’ - ')’ AV)? v=0,12,..,d-1
CX-oTEHETS. A" ik

A" € D(R%RY), lim A" =4, in S'(R%RY)
WL TR C L BIH5.

KD Lemma MERILT 3. £ CCRAIMED D TA™ &g et/20-i4") 23024 3.

Lemma.
T >0 %EET 5. £%0 € [0,T], f € DRY) LT (T F}2, &t
L*(S'(R%R%) x R4, p x dz) © Cauchy BT v, Bicz o3RI, t € [0,T] €oWwT—HTH 3.0
)
sup ”TtA’"f - TtA'mf“Lz(sl(Rd;Rd)de) —0 m,n — oo.
t€0,T]

¢ ® Lemma & BIFICH~5—BMRA b n THMIRKAIC LA & & DR & L AN IR
et/20-i4)" " 4 ¢ S(R%;RY) L Hhh B, semi-group TA HNELET 3.

(R, F, P) & RS2, X %7457 Hilbert space 3 35. X LOBEFRAERRM%E L(X) LB T
Lt s,

Definition.

(Q,F, P) ko L(X) {EfERAETE {T:}in0 22

P({T:}+>0 is a strongly continuous symmetric contraction semi-group ) = 1,
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T L ¥, Th% X ko PicBd3 3 strongly continuous symmetric contraction semi-group
process L TEL,

Theorem 1.

{I7}es0(n = 1,2,---) # X ko> P B33 strongly continuous symmetric contraction semi-
group process DR 235D & X ORHTHELABHEELT 3. 2D L ¥EHDO fe D, e > 0,T>0
LT

lim SuP]P(“Ttnf—Ttmf”X >e)=0.

m,n—00 te[o,T

PROIDObDLT 3. c02% X Lo P BT 3 strongly continuous semi-group process {Tt}e0
BFELT,

lim sup P(ITPSf - Tuflfx > €)= 0

n—00 1€[0,T)

2L2Th fe X et L.

DX 5 ICLTEEL N semi-group processTA K LT, £ DRVEEES GatBELlTret
S, Hbdhic G, RECHBIERETH 3.

Theorem 2.
L*(R%) 351} 5 EATHBNEFIR G 2% RERBUE 4 B LTI EA SR TD A S'(R% R?) CH1LE
+3.

thit A € L}, (R?) ic5t LT gauge covariant TH 3 2 & #5bh3s. Thbb

Theorem 3.
Ae L} (R icxfL T, _ '
erGre~ P f = Gatvorf, p-—as.

BiC pHergodicTHBT & XY, G4 D spectrum LCDONWTERDZ & 358 b o,
Theorem 4.

0(A), 0pp(A), 04c(A), 04c(A) % G4 D spectrum, point spectrum, absolutely continuous
spectrum, singular continuous spectrum ¢4 3.33% 2, R © Bo8e Oy Opp, Oacy Oge MTFTEL T

0 = 0(A),0pp = Opp(A),00c = 04c(A),05c = 05c(A) 4 — as.

BB LIPS,

&% XR
[AT] S. Albeverio and H. Tamura, On the propagator of a scalar field in the presence of confining
nonlinear electromagnetic force, preprint.
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PRRANDEEHFROER

TRTETABBICE | EFRNEEEZESRHBL, ELTERTHE8A IR OOFERROR,
& o EFNATEEZESYHE, BBOBRUTOBEIHELE.

B SN EREOT 2B HERFORTFHREL—27 Y v FRETEE TS L &, TOERSE
PERTB YA L—F A v EAREFRT S LRFEFCEETHS. 2oL, BRHEIRT
LERTNBEDT, Yal—F 4 Y H—ERARORZ bVRT vy e & LTRERICESR & DHR
TR AEEZ AFRTR SR, T, ZOValb—F 4 v H—ERAROEFNENLEIALLTR
vy, ARG, MEEROD D EFNMCKIET 5 BEERRERE XS M BT Yy T
Byal—F 4 VT —ERARERVE TN, X7 MRT V¥ v V2R OPREEFITEUL,
It B A TRER OISR 1 TRETZZ L 2R, TOBRTHIRABEROLERFEMAFRLLT,
DY a L—F 4 VH—ERRERENCERE L., ZOBRLERWT, BREOS —VERO
FToDYalL—F 4 v H—EAROEHY, ERBOTHRATRCMONI S/ —VHEELHRELT
Bl L REE L, B, R ELTVWIBREBR L T— FEEZ b DI LERL, Yalb—7 4
VH—ERROE AR M OBFEFRSFREREIC—BTHI LERLE.

P OWERER, FRAERBEORTRICTARERDY, SROMROERCFEFTHIILHE
HESHE LD THD, T, FBRUIHLRANCMET LD LEHETS.
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