obooo0ooOooooo 12300 2001 0 49-53

49

Free group factor _E:(D*-derivation(pre-generator) M
BEICDWT

KB ¥ (Masaru Mizuo)
ALK - [EHRBL

(Graduate School of Information Sciences, Tohoku University)

B =

Quantum lattice system 355 V\iZ—R) UHF B} £ CI3MHE/ER 35 Hamiltonian
M 1NT A — X HEFABHED pre-generator KT HZ L N TES. ZZ T3,
B % free group factor B & €D dense C*—subalgebra I U =8I non-trivial 7
pre-generator ¥ ¥ DRRICHRTE2DO1 2 HR T 5.

1 Introduction

Hr % separable real Hilbert space, N = dim Hg, [N] = {1,2,--- , N} =X {1,2,---}
EUNHEZOHRILL TS, F(H) = CPo@P, H®" id full Fock space & U {e; : i € [N]}
ZHrg DCONS £T3. feHrICHUTa*(f) € B(F(H)) % creation operator,

a’(fle, ®ei, ® - ®ei, =f®e; Qe;, @~ ®e;, (020,45 € [N](1<j<n))
a(f) = a*(f)* 1& annihilation operator £ 35 & ¥,

a(fle, ®e, ® - Qe, = <f,e >e€,0 ---®e;, (n>1,i; € [N](1<j<n))
a()® = 0

EEU< - >RFH) ORE s(f) = a*(f) +a(f) LELE, ZZTHROERRR
EM = MHg) = {s(f): f € Hr} BET A=C({1}U{s(f): f € Hr}) TH 5.
ZDLEHEZE & X M E cyclic 2D separating vector ICRY, B 7(-) = (-@,8) &
THLETIIM Etracial iCER5. ULEDN ST F(H) ND M DIEEFEBIL standard
representation ICY, n: M3z zde F(H) L LELE LM, 1) L FH)EnD
B TREICRS.

s(f)(Vf € Hg) i 71X U T semicircular element T 5(s(f)) = f(f € Hg) &5 D
T, s(f)(f € Hr) DRI Ly(M, 1) CHBDERLRYEZ TR L, I VvbheCr IV
DIZFEMEICRS. UENoTM = {s(e):i€ [N]}', A=C*({1} U {s(e:) : i € [N]})
MNand. LZBM{s(e) : i € [N]} & 7 A LT semicircular system 3 2HHBHEWNIC

free relation(in the sense of free probability) ICd5 % standard semicircular element (D%
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1%, LEMST (M,7) = sy (L0(=2, 2], ), [ -dpss) = (L(By), < 6,8, >) BED
(A, 7) = xn(C*([-2,2)), [ -dus) 725, 27U p, I3 standard semicircular distribution
T L(Fy) i generator A% N fHD free group factor T3 5. = A1 [3] D free product
C* — algebra @ simplicity DFIERHAEEHVS & simple ICRB Z L BN S. £ P =
Alg({1} U {s(e;) : i € [N]}) & F B L %, faithful state IC& B free product IXfSHH free
product DEMBICRBDT, P = C(X; : i € [N)) THB. EELCX;: : i € [N]) & N 18
DR TEDIE BB,

2 Lz(M, 7') D FIFOBRAT
ZZTEY Ly(M,7) I Fourier BBI%X¥AT 3. AT s, =s(e;)(i € [N]) £ T 5.

Definition 2.1 T, (X) % niK (n > 0) D% 278 ChebyshevBEHR (To(X) = 1, T1(X) = X
BIVT (X)) = XT(X) - Thoi(X) TEES) 2T BLE,

T'I:lil ceot1098g 0 Tl c c v ip = Tml (sil )Tmz (siz)" °e Tmn (sin)
m) m2 mn

(n>0,4; € [NJ(1<j<n),m; >0(1<j<n))

ZDLE{Tipin :n 20,4 € [NJ(1<j<n)} B&T{s;,8,+5i, : 1 >0,4; € [N](1 <
j < n)} XS P D linear basis LB, n(Tiyiy.0,) = €, @€, ® -+ R €, (n >
Lij € [N(1 £ <n)BIUnT) = ®LRBZLIMBCEZEZDT {Tiy.u, -
n > 0,i; € [NJ(1 < j < n)} & Ly(M,7) D CONS 725, Ly(M,7) 5 f ICXHLT

~

= 2 n>0;e[N|(1<j<n) Jiriz-in Lizigein DBWE f =320 fo(fn € P,) % f D Fourier B
B & PR3 (i%:ﬂli Wiener-Ito BBED free probability analog IC% > TV 3). ==L
P, & {T;iy.4, 1 35 € [N)(1 < j < n)} DERT 2 B2 D projection TH 5.

Tr : Hr, N Hr2 % contraction & U, T : H; — H, I EDWRIL, DI F(TR) :
f(?‘tl) - }-(Hz) %,

F(Tr)ei, ®e€;, ®---Qe;, = Te;, ®@Te;, ®---®Te;, (n>1,i; € [N](1<j<n))
F(Tp)® = &

TRHET S L E F(TR) B contraction THd. DI T(T) : [(Hry) = M(Hg,) —
[(Hrz2) = M(Hrp2),

F(T]R).’L‘ = f(TR).’Ef(T]R)*(SC € F(HR,])))

I& 7 preserving normal complete positive map IC%3 Z L HHIBHTWS ([6]). 2D &
& T' I% (real Hilbert space, contraction) D A5 TV A% (free group factor, 7 preserving
normal complete positive map) DAF TV AD functor IZ% 5. Zhid Voiculescu O free
[ functor LIFINS. ZDLEIBIC Ty K TR ICJ VLIURT 3 & = I'(Tk,) B T(Tk)
I point-o weak PBRT 3. L= > T M(exp~t1)(t > 0) & M _ED 7 preserving normal
complete positive semigroup % 52 % ( SZH%Z i3 Ornstein-Uhlenbeck semigroup O free
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probability analog IZ/2>TVV&). I BICT(exp~t1)(t > 0) ¥ Ly(M, 1) EICHER LS

% Texp—1) LRI L (Lo(M, ) & F(H) % n TH—BIF1IE Nexp~ 1)=F(exp- 1)
& 725 (D T) 5D Fourier BRI %88 5 T spectral #R1 T 5 &,

o
I'(exp—t1) ='Z exp ™ P,

n=0

U =45 TED generator L I3,

dI'(exp—t1) s
b= =2 P,

C Laplacian OBfE*35. = Z."G‘?KU) Sobole\; K%ﬁﬂd)ﬁ@ (1)) NFEHIHTW 3.
Fact 2.2 f € Ly(M,7) DL %,

IP(exp™ 1) llz < IT(exp™ 1) flloo < ¢721£1l2

3 Generator DEERK

Z Z T M ED*-derivation 6 Tdom 6 = P L 3HD¥2%T 3. UHF BT
dense Z2ATHITRD RBHY inductive limit ICE R %D derivation # normal derivation
EMES. B3R UJ= full Fock space I & 245 % antisymmetric Fock space ICBA =5 &
XY % C Bid 2° O UHF B 2 2 AHE OBROMNIGE B2 2 L T2 2 tid
%AID derivation A normal derivation O free analog K25 TW3 Z E RSN B. EEL
AF R normal *-derivation i approximate inner *-derivation IC /3 Z & "4 & Y
(5]), approximate inner *-derivation i closable G closure A% generator I 12 U, &5
ICHAB E D one-parameter action it approximate inner automorphisim T$» 2 Z & ¥
HMBNTWS ([5). Bx DHBE P 2B L 3 5 * derivation D approximate innerness
PAPRDT, ZZTHRT 2 DILZ DEID* derivation B pre-generator £ 5= D -
THRRELVWDZ LIS,

ZOLEPRHARSEARLARROTERA: {s;:i € [N]} > MBHBWE A
MHERRE X N7z & ZIC derivation 64 s.t. a(s;) = A(si)(i € [N])) I—BWicre 5. X
BIC 64 AV*-derivation & 725 1= DAEHRLITHS MIC A - {si 11 € [N]} = M>
TH5. EEL M3 selfadjoint DLk, 22T A DESH 3 Bl % Fourier BT
?Eﬁ L/'C A(e,) = ZnZO,jkG[N](ISksn) aijlj,...jnlejz...jn (Z S [N]) t ‘g.é bt’-i’“ﬁ Tﬁ:ﬁﬁ‘i
{@ijijga 11 € [N],n 2 0,5k € [N](1 < k < n)} ICHMT R BRMAEEEXEL 2126,
pre-generator LRV EWWRT D2 LIRS,

Remark 3.1 Fact 2.2%M5 &, Ly(M,1)> f = ano’ije[N](lstn) Jivigewvin Tigigeriy, W0
LT3t 30 emacicn €l fainin|? <0 DL E f € ABWAS. ThrbS Fourier B
PSR BB/ S K RBFILEBREB CH B 2 L NF2B. LENST (G 1)

1. Vi 3¢ ZnZO,jkEIN](ISkS") entilaijljz"'jnIQ < oo
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2. Gijijaja = Gijnjn-y (8 € [N],n 20,4k € [N](1 <k < n))

DeESIIMEHBWNITA LD *derivation L UTEETES.

Proposition 3.2 54 B&M: 1 2= 3 *derivation £ F3. IBIC (G 1)

Biyigrin + Qigigeriniy T Qigigiziz T F Gigiyiny =0 (n 20,45 € [N](1 < j <n))

DL E 1(d4(z)) = 0(Vz € dom 6,4).

C* B 3\ ix w* B ED*-derivation M faithful state % preserve 375 & FhEH clos-
able 3 % VM3 o-weak closable £ 725 Z 2 BAISH TS ([5]) DT Z D Proposition D
kLT T 64 VX closable IC%23. Z M Proposition DIEHD /=8I Lemma ¥ #iET 5.
Tisigoivs Tjvjaims  * * s Thrkyokn DEADNIE L ERDE DRI R iy 4y,... ko ETOY
7| DoW=RERBHTS.

EE. . N |28 - B |EHE.-®
i g Y 1 J2 * Jm ki ke -+ kyn

ZD L EZDHERAD pair partition(2@IT D2 DODH) KRB0y 7Dtk pair iCLT
WTHDELETIRNVDTEE pair ICLTWHSBRICHAS LTV L LAZLILTS.

Lemma 3.3 (T} i;i, * Tivjgoim * ** Teskakn ) W& LACDORE EDBE U= pair partition D
MBICH L.

proof of Proposition 3.2 PV 7 7 Xy b [N] D4R T B free monoid % [N]* & L1=& &,
[N ICRDEMEBIRE VNS, B iy i, 51j2---Jm € [N DD n < IBFEHEL
T tnbng1 Gl ey = 12 jm CRDEZRAHEATHZLTE. ZORMICLSEH
EIEBAEE cong([N]*) LBZLKTSE. ZDLE [iyiy---i,) € cong([N]*) IKHLT
Qliyig-in] = Firig-in + Gigigeiniy T Qigigeigiz T 0 F Qigigenin_y taa-a. ZD¥xE Lemma 3.3
EHWBL, REFIDB L TIIERD fe PIIHLT,

@A) = D auCus

wecong([N]*)
LRBIUMVAD. U Y, comg(ny-) MRS M T ey e CRw, fICEST
BE DM LENS THRME M Proposition D+43%ETHB Z LIZHL . O

Proposition 3.4 64, ¥R LIT %8=3L353. EBIC

1. @ijyjpjn =0 (n > 3,i € [N], ji € [N](1 < k < n))

2. SUDy>0,i€[N].jr€[N](1<k<n) |aijsz-~jn| <oo

3. Z"ZO,jkE[N](ISkSn) sign(|aijlj2...jn|) 7’J‘z ':*‘j- bf—ﬁﬁﬁ
BT L X 6, 1 pre-generator THD. BTN < co D EWX 1. 2BETZETT
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RS P DL T DFEH analytic element(ln the sense of Yoshida-Hill semigroup)
THaZL Eﬁm?é <

Example 3.5 dim Hg =3 & U A(e;) = —2e2®@e3 —2e3®@ €2, A(ez) = e3®e; + €, Q ez,
Ales) = e1Qey+es®@e; ME X b4 I3 closable *-derivation T pre-generator. Faithful state
T % preserve § 5 *-derivation NERTHD L E Ly(M,7) ERICBERBZENABHT
W3 ([5]). ERROBNL Ly(M, 1) BERTRWZ LHABERTE DD T non-inner H5Z &
A5,
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