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Reconsideration of Mori’s Theory of Generalized Brownian Motion and
Its Application

B E5H
HIBUERT  ZEREWTSERT

For every system with a passably general Hamiltonian of a quantum harmonic oscillator coupled
to infinitely many scalar bosons, we estimate Heisenberg pictures of the annihilation and creation
operators, describing the quantum harmonic oscillator, from only data on the autocorrelation
function of the operators such that the pictures restore their autocorrelation functions to original
ones, by reconsidering Mori’s theory of generalized Brownian motion. And we then investigate

the Liouville space and Liouville operator associated with the estimation.
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R HETELNTREVES ) (BEROAMIBEEL TWAHZETTHHDT, HF
ROMEREZFANT-WEIATIRDH L)

CDEIBRAHLT, FOREXWTANINE =T v H PHFEL, EFRAEREF
IR T VRS T o EAEREET ot ONA XY VT g eHlge—H! L eHigtemH!
B ENETNEL DL ENTED, 12EL, CCTTS Vv o8 ik h=1 ELTHL. Dk
X CCTHRIMEIRDL ) ICHHAENG | T, 4Z X TWAROEREHEDNI VL
7Y H ORGPV DETE, 0T, 2KTHEVNAINVE =7 VO3
BRERTWRW, T/, 4F 2 T EROBTHMNESF O T AHREET (123, &
BIEET) oh 7 = A VECHBEER R.(t) (X724 R+ () , [1, 2, p. 96] 25 2 DE
BPLEHETERLTE COLE AIS—EDH /= H VEHCHBEER R.(t) (T4
Ra+(t)) OF =% DAY L, FETHEDONINE =7 v H RHREET L EREET D
NABY RV TR TCAD S 7 =5 )V BCAHEEE R.(t) & R.+(t) 2REBFICEITT 2 &
ICHWETEBTHHLIN?

 D/NGETIE, AR ERL L L TR HS 0D BEREHIEL (RWA) [3, 4] &9 2RO
IVFZT Y H(z,y) o T, NINFZT Y H 2HEELTHS. O RWA i22KD
NINVMZT v THBLL, HBLD R,(t) & R+ (t) CHETL5HE % 1RTOREIIFEL
FHEICT 5 EVHFIRADH S [5, §V]

o0 o]
H(z,y) ¥ woata+ 3 apbibp + 3 (yka+bk + yib?“) , (1)
k=1 k=1
mé——d(%,wl,zz,“‘), ydéf(yl,y?.,“')-

TZT b L b (keN) i, Zheh, EREDOZA ST — - KV Y OEBREET L EBIE
BFERL, 20 & 2 (ke N) i, Theh, EFAMREF L BRECA LT — - KV ¥
DIEDIEEHEHET. &biHy TV Yy - VRS v MidBEEK g (ke N) TRT. -
ZL,c* ik ce C DERMEEERT 5.

bL,T5F5—MHENINI=T Y HO¥EEER 2RONINVMZT ¥ H(z,y) 10L& o
TY DR HNBFENHEZ Mo TWik b, FOFERBELENLDTELEWES ) 22
Wb, BKHILNIARNE S H(z,y) 2EILZTTEIWOEDRPL. CONGHT H(z,y)
B4 MR L ERET 500 0 idhw, WS, T LA H(z,y) OBA ZWEX b OBRE L2
5Z LT, LTRRIBEEDOFEE —2DFERE L TR,

Z D RWA 133 LT, HEMER OGS CHEET atbf & abe PETBEEIF, RO L) IS
HASING LR (HBET atbf L oaby 7 ) — < 28—} zpata+ T2, zxbf b, DFH) & A
7ol & ENENDEETF otbf & aby EIHRBEL T, exp [i(zo + zx)] & exp [—i(zo + x))
A EHFS. DL (20 + zx)”' DEFWEBASOEROBREER L h 0481 v,
exp [i(zo + z1)] & exp [—z'(a;b + )] B AIRENC & o THE L SRRITEREBRAICHRE L 2 W,
Bo T, MARTE R ME |20 — 24| DEBELOTHET oty & bfa OHMEIFRD.

— 132 —



[FEFEROMETE —JURE RE ]

(BFROANBOETHEHMEL TV EFELDT, &I EMROMELHEWEIATH D
% H.)

CCTROFEZEELTEL. AFTIIE R(t) (DLW Ry+(t) ) DAAT —%
F— I DAEFoTVELLTWEDOT, BEHET2IERICBRBTZDRELWEERDL
NB. T2, R(t) (72X R(t) ) DAIT =BT =5 DARLPRVENV)I T EITLY,
b £ bF (keN) ORERBRBIL, 2T/ A XDBRFEVDOL)ICHEINETHS ). K
B, Ri(t) (b LI Ru(t)) DAKT—72T — 4 DHLIFI2% WEEE R, MEEAN
INh =T VOERETFEOFRE ERICHET A2 LR TERWESL ). fEo T, fiEsh
BREROFEEIFRET I L CHEEAEOEOHE» DA LIRS ZRWL T720IS,
FRLOF - POHRETEIFEEETF ¢ PHE) 249, 22T p IHIHREDOHEL L
L7

Hy(z)  zoata + Z bt by (2)
k=1

FCT, EZXAREMBEESVERLDLE, RONINVIZT Y H OEXFTLLRVE
I, A=A VHCHEEE R.(t) (£7:13 R+(t)) DRI S —fHOF -5 DAEHANT
TeAD Ry(t) & Ry (t) ZETLTH LI, N5 A—% 5o, 24,y (k€ N) 2PETH &
BTELD? EVIREICR D, $%bb, RD 2,y LT c KHTHEHEAEM L
%5

R,(t) o ——tr(el‘ﬁH) /Oﬁd)\tr (e_(ﬁ_’\)Ha+e"’\Hcthae'th)

c 8 . .
— —(B=X)Ho(z) ,+ ~AHo(z) iH (zy)t, ., —iH(zy)t
- t'r(e—ﬁHO("'))/o dAtr (e a’e e YV%ae V )
(3)
1

8 -
def —(8- - 1 -1
R+ (t) = t_r(e__ﬁH)/o dAtr (6 (B=XH go=AH Htgte Ht)

= EIT(CT;H"T”E /Oﬁ dAtr (e_(ﬁ_’\)HO(z)ae—)\Ho(z)eiH(:c,y)ta+e_;H(x,y)t) ‘

RO ERFRELTBL. bL (3) T Ho(z) DD Y IT H(z,y) ) LEO»DEEL
HAEHTL S (§II 0 FEESHOZ L) |

ST, PDEDE I ICEZTL B ERDBBEICEINT . N BV RVTHiE eHlge-HE L
efltate=Ht |3 HB1) 2 —F 4 VEH[56,7,8,9, 100 DTLL LTATEIL, Va— 4l
HEF LY [H, ] LT eibtq = efltge=iHt 2 LT eiftqt = eifltgte=iHt L7223, N3
V=7 Y H % H(z,y) T, BEHRET 7 % ePH0E) THELLL S, fESNL
INA B YR T Hig e HEmw) ge—iH(z W)t L giH(z4)t g+ o=iH (2 ,9)t DIBTREY 2 —rF 4 VR
LT [H(z,y), - | TEEINDY 22— 4 VEEFIZIMT 22 5D ? :@d‘?ﬁ'ﬂi, £
DEI%)a—TANVEBRE) 2T 4 VEET2bHEEL, Fhb 2 EREICER LEEN
HEITOoWTHHENA,
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R,(t) (¥7213 Ryt (t)) OF =S DAPONINE =7 VEHEEL & ) & FT2RAIRK
DEIBEEICE S, —EROLERIC LS L, EEOETHWEBIZ I U CEREBIHE
PEETE 0, BHE (B, MEOEET ¢ = (a+dt)/V2 LEBHEOHET
p=ila—a*)/V2) OHEEY 7ZLvbhd. 4% 2 T 5 MEREREE T & £B0HE
BIDONAEL Y RVTBEORETH 2 OT, BRBOHBERY S R.(t) 724 R (t)
PEIETE L IALLERTS. (BREEFCHLTIERTLCLRTRTHL. #
HEREFENCECREEEZREODT, CCTHERTIBRLIVPAHHVDOFRLN
B, FRIOWTIRROBEICWT S.) 2% ) BHIFEOFTICBLNIYHERDOT -4
i, FVEVAT T - ETH LR R.(t) £721F R+ (t) Tho T, HRHET LA
BEEFOEETFEONA VRVt EHEFIT I LdTERVL, FLTRE
DYBRADFEEFHEDONIN 7 VEF R EEFCTAI LI TELRNWT EITR5. {Eo
T,NINVRZT7 V% R(t) (F721 Re(t) 2OHEELED LVIRAIEETHA ).

COREZEL 120, FoO—ba 75y VEBOME (11,1, 12,13) 2 HE T 5.
ZLTC, ZOMRESEZELTHLHEICEA L TH5. RWA OHREER 2R -7 H(z,y)
TH (2#¥ET 5L, H(z,y) O 2ROEPHROBIROPOFHEADEHREZHHEICL T N5,
FHL, ELAOFEZ IETFOLORBELTLLNE2LTHS [5,8V]

VEtBEOhOBEZAF L LT, ZOER L, BHIBONA ¥ Y AW THEOTIERL
7oy v BEOT YV ady VAR ERREE T LV I REICHT A HE RS R A 7201
BREN[11,1]. 20FDNT ¥V a7 7~} 3 (memory kernel equation &\ IFE
bdH o) X, BOERELELRL, RERER, $4bb, RE#ELRET 5. ZOHER,
HOBES, EEEE, EBHEO=2o0a Y R—F Y I PO, 5 218EH) - BokEEt
AW, HOF Va7 VHRERER, N EVAVT OEBHRERZOHELTELNS
B, DT EPEEZTVWLREL L 120IfilfEx > TL 5.

EEL, [5,10] KBWT, /= VHCHBEEE, LHE DT v Yoy 7 v 2 HE
By AEERL. $hbb, [5 10) TR, HREEFREREETO L ) L EETFHET
LT, 0% 7 = H VECHEEED L FOREE, SRR, FEHrE LERT
DYEEWFEDNEZONTWE, Z2o0a Y R—F Y b ERICERL THL &, HOIED
L AEEBUL, ) S VHCHEEEO A W TRECERTE S LGP 5. L
PLEDO, FOTEEHEL A/ = H VEHCHEREEOA > ORET S LI LW LT
43 % [10, Theorem 5.7). % ZC, E¥¥un Ay AROBFIRET [3] T, HOBEROF
DROZODEFRIFEEND & 51, JROFEHLEEL THbB. ZOZO0OR LI, K
SEROTIUE L H L HeE S NAZEHOMOBERMEABY Lo L &, 5 2 1EiEE) - Bk
SERRATC A DFEEEE L H L R S NIAFHEOMICE Y Lo & TH D, TDREAT,
W SNTHHNLBHHELTEBEINLROT Yoy 7 v HBRREHBD. #oTE
DHERL L LV IFTHEOTREM I TL 5. EBE, 2OFBRIBET T, BEINAEY
RVTHEDRDOER 2L, ZOLXDONINVF =27 VIZRWA O TS L ONE. T4
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bbb, TOFRRNEMBAREBLT, NFA—F 2o, 21, 1x (kEN) PREZDTH 5.

LIAT, BELL I THATEHER, A=V Fy 7 22 bDIERA Vw2 b LA
WAL, BERMLER—2 LR DIFRUL IO LEBINDLIOTIILEWESL ). Fh
&, [14] OF D ETLICBRLIROBEDHPIZR L Z LA TE L. BT ¥ ERL
THLRI, YalbF 4 v HF—ABRRADPOHRTADOTIRER L, N EVY VT OEEHE
NICEBL BBV H L. $2bb, £7, Wh ks EEEELEHELEL TP L %W
ETB. NINFZTY HIZOWTHEIETHRL, 20ORIG»OVET S,
REREBTAEEE A(t) TRE), TOLE At) WIEHEEER &) i, YRG» 5%
V., ZDEE N ¥RV OEBHER,

LAt =ilH,AW)], teR,

RS ERC LT, NINVFZT Y H & A() OBRTEET L L TOWE % AERICHD
BDOTHA. Thbh, EXFENA ¥y RVT OEBHERS O HRT 2EFLORET
B, LINVF— LEBHEOROR—T ORURICERELEVTWE, COEXHETHT
LILEoT, DT vV a Ty VHBRARET B LENA LY vy 0EFHERE
HETHILEERTE00, [CoMEINIEHHFERLOHBETI, NIV =T
VEBETAILNTEEIZ] LERIDIERTHA ). FE, CDLHIRADB L, ®
DHRDOETHAMEET 2 0§ 2 HREET L AREE T ORE S NN A B VT
BE/L 261, ROWEEINININVFZT V5 RWA OETHLNLDTHS. L
b HEE S NIHIRHE T L EBEETONA €V W HHED A 7 = 7 )V B THBEE
B, TTDA ) = A VHCHBEERE ZN T 5 & HicTH b, D EOHEN, £0H
FIWAFET 2 2 =T A VEEEY 22— T4 VEETFORFLLLIC, EH25 IKBWTH
FOEEOL TR NS, I DERIFOHFZODT, 2RO % - 7= ElEHRAL,
(RWA) DB OBERH % RIET 5.

2 EFEDIXT—F AN,

CHETRFEECHOERLHAT L. COBOFHMOES, §2.1 i, [15, 16] KHE-T
74y 7 ZR L, BETRMEST L EREOR Y 5 — - KV ¥ OREET L EBEET O
BFWER LIRS, o T, B EIE TR AL N BRI HEEN T E LN TITL 25T
DT, COBRMOETE LITL, §2.2 TEAINLEZRT) 2 - KR 7HEEF 72 2 —
T4 VEROEROTEI P OHmENTOHD W

2.1 HEFavEEfs.
BRIV~ 2R B(N) %

J%NﬂgﬁqmeN)echﬁ”qP<m}
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T52%. & fe ColMN) LT, f & (fofiyfor--:) TRT, bbb, f =
(fo, f1s faye++). 122L, TCT fo € C LT (fi,fo, ) € (N). Co *N) O
(, e®2(oeESRofior (L€ CORN)) CEoTE LB 22T, ikceC
DHEFIZEERT. Co B(N) Loxd#r7+y 7 2% Fs(Co B(N)) TR LT
%, 3T 4y 2 ZROERR, Fs(C o BN)) € @2, S:.(C o BF(N)* THA LS,
ZZTH n € N LT, S.(CoB(N) &, n D Co 3(N) 0T~V VIET,
So(CHIEN)) ¥ C LE&END ([15 p. 53, Example 2] ) . 512, Hne {0}JUN
KxFL S, ik o TS, (Col(N))* ENOBEAEFLFET (15, p. 53, Example 2] ) .
FED f € COP(N) 13T LT, BIUFEET BT (f) : Su(CHE(N))* — Sppa1(CHI(N))™H!
2 BY()¥ ¥ Vit 1S4 (f @ ¥) (¥ € 5,(C @ B(N))*) TEHT 5. Fr(Ca (N)) %
$H%ng € {0JUN FFEELTIM™ =0 (ng < n) £%DLI% Fs(C o I3N)) O
U= {U0}" SEOEELTE. Fr(Col(N)) 75 Fs(C o P(N)) THEL%2Z L
LlHENTWS (BT, [16, p. 68] SH) .

& feCal(N) LT, Fr(C o (N)) LOBELTF A*(f) % (AT(HY)™ ¢
BH(f)¥-D (n e N); (AH()U)W €0 (n=0) TEHETS. ZDL X, A(f) i&, EDFE
BRIBEC LD L) CEHREND. 22T, A(f) € AT [Fr(C o B(N)) £8BKL. 7=
2L, AY(f)* & AT (f) ORIBHETCTH L. HET AY(f) & A(f) B Fr(CO (N)) %
ABICL, RO E Fr(C o B(N)) LTy !

{ [A(f), Alg)] = 0 = [A*(f), AT(g)],
[A(f), A*(9)] = (£, 9)e, fig € Co*(N)

775U, [A,B] ¥ AB— BA L1 5.
{eslk € {0}UN} & C@OI*(N) D ex ¥ (0,0,+,0, 1 ,0,--) THXHONBELER
k+1)th

(
BEAGRET A, L& BFFAMNERTF L EREOA LS — - XY VOEREET LK
HEFIERDE)ICEHETESL .

{ o= Aleo),  at = A*(eo),

(4)

5
b Aer), b AH@),  keN. ®)

HET o & ot X, WEHICE, EFRNEETO, 2hh, HlEETFLEREET %
&L, BRI, BET b, & bf (ke N) &, BREOA T — - XY ¥ OHBHET L 45K
HETFEERT.

2.2 Ua—"J 1 IVZHE.

DRGHE D720, 5H 7 +v 7 Bl Fs(COP(N)) 2BEICF LB LTS, 861, F
OWREE (, )y BL C}:b:j‘é. &TC, ST, AN H 2 EREOA L S — -
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RY VOB Hy 7Y v 7 LB FAMREF 2 G5, FHIREBICHLRE2E2H. £L
T, Z0FRE, BOBDPSHEWNINVFZT Y H=H(a,a*; b, b, k€ N) I2& o THEL &
NTWBETE CONINVMNZTY HiE, 74y 7288 F LOBACHEHEREFL LTE
HEns, 4, HHREZEEL TWARTH 5256, H i3 F IMEHT 2 HBCHEET
T, &re(0,8 1L Te ™ HFE V=X 75 ADEET (Thbd, £ED F OFLE
ERERR {pn} KL T, Tulen, e ™o)r < oo E%BIE o T, e ™ OEFED
ADAHR) KRB L2 KET S 22T, B RBEETHSL. COREICLY, HDR
Ry b VATHERER (AR5 VIINLETH L EREOA P LB , SEAEICK T 5E
HZEEORTIARTHS, o0, Bl - TOHER) THh, H DEFRS b vE
& {|n) |n € {0} UN} T F OEEERBEISRICE 5. R, H OEAME N, (n€ {0}UN)
2 Hn) = Mafn) TO<S A, < Moy THDLICIRFREDET S, $/2, STTELI
inf(Apg1 — An) >0 ZIET 5.

NIWMZTY HIHLTFHERT S, DLETFEEFIOLLERGE2ESL ) 2 —
4 VIR X (H) BT A LATTED 5,10, 17). BT, £ OMBOHS & 3T
% 44 {jn)|n € {0} UN} DRFEAEEGLEEZ D TET LTS, T4bs, DY
L.h.[{|n) [n € {0} UN}]. 2l&, £& 5 DR EEAEE Lh[S) &S LIZT S, B
2, D FTHRHECTHL. 2515, BD,F) CLoTD 6 F ~ORFEETE4%
#£9. B(D,F) D& A &, F LOFFHEETEEOES B(F) OHOTANDHE—D DY
RERD. 0D A DYIRE A~ LEE 512, HETF A OFHBE D ICHIBRL THES
NEHHEET A*[D % At TRI ZLIZT 5.

S Y, BEFEETOIIAT(H) EHET 5. TD7 R ROZH L TET
HETFASBPLRIEETHD .

(T.1) FEEFOEHRE D 1CF L, FEETOMMUERTFOERRID 2 &t (3
%bb,D(A) =D »2D(A*) DD, T T D(B) RZHEETF B DEHBLET) ;

(T.2) EED 7€ (0,8 WA LT, HETF e ™A L A" i B(D,F) CBL, 51T, &
B (e ™A L (Ae™ ) X F Lo VAV b - Y23y VRIDEEFL 25, 2T,
B BRIV -TaIy  EITHB LR B BB —R-2FRICRBILES,

T, HETFOHREFMECETL L TR ELL . 2R, 72 V34 vDE LA
FEETF LRV Y0 L) RFEFFERET IO T 2BAEOREDREOBRICENIH S
TEFHLNTVRERLTH S (18,19, 20). F7-, FHEFHEETFIH LT, 216 OEHI
DRMERFFFEICT VI — b Thb. 4o T, Ff (T.1) &R 7. &M (T.2) 3FTY2—
R7RROPERICET 5 DTH 5 [5,10, 2, p. 96].
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K5I TT, T(H) BBBEMIC 25 L2 ERLTBL. 58, KIT)a—KTW
< 3 >p (AL AR-FRLDED)) &,

<A;B>p® B‘zl(—ﬂ) /0 ’ ditr((e"B-VHAN- (e B)"), A, B e T(H), (6)

DEICLTEAZNG. 1271, Z2(8) & tr(ePH) THB. < : >y # T(H) DK
KRBT EERTORMETHS 5] COREIRL>TI VA ||A|lg E< 4,45 %
MALTBL. DX, TH) £/ VA || |g TEMLT 2 L TRV 2R
B 2= 4 VER X (H) TH5bH. DL E X (H) » partial *-algebra with a unit [5,
Proposition 3.14] X% -2 TWAZ L FEF L THL. &5, X (H) DITRLFT LD F I
ERTAHEEF IR LW LITHER SN, £z, 1. Naudts F4% KMS- KRR -
P27 x v AT REEFEMILL THBR L 72 V)V b 22 BT, — I RRRIEIGE OB
MOBREATE o TWAHI EHERLTHBL [21). ARSI OMRICBNTY, KT 2—
R7HRRETEMIEL TR L-e VRV N ERE $%bb Y a— 4 VER ETHOE
mEilR).

S EEDTc (0, LT e ™ R L—X - 275 ADEETFITR B LW EHOT
Ta,at, by, TLTH (k€ {0}UN) THRENANINVI T VICk o THRENSFR
FEZTWAENDT,ac T(H) L WHRERBHRTHA ). £ T, TOPNRTIE, THREE
Foa 3EH TH) KBTS LRET S .

(Assumption 1) a € T(H).

HHYIADFEETF AHLT, Va—TA VIFETF L % LAY [H A TEHTHC
LDTE5 [5, Lemma 3.8]. TDLE, Y a— 4 VHETF L OEFEBED(L) i, FAHELI
SRE D 2 DR, O DR, T(H) DT AT, HA £ AH[D 2* T(H) KBL, &
LIS, EED 2z € D XX LT Az, Ate, HAz, HAtz, AHz, # LT AtHz D KBT 5
LIRETD ADPS%RBEETHS 5, Lemmas 3.7 and 3.8].

fHELZEHRICL D,

{ D(®nn) ¥ D,
Bmnlp) & B2 Z(B) /P WY (n|p)|m), m,n,p € {0}UN
(72721,

A — A . '
Wm,n c!_g_f e=Prm _ g—0Bn if /\m # An’ (8)
31¢B>m i, = A,

TEELTBL) THEXONBHHHEBETFnp: D> D, myne {0}UN i £ DEFA
7 PV D, X (H) DREFREREELZ % L

L(Dm,n = (/\m - )‘n)q)m,m m,n € {0} U Na (9)

— 138 —



[FEFl A ORI —FIR L RE

o, = ¥, mne{0}UN, (10)
Qm,nék,l = /61/2Z(:B)l/2W/:,{2m7n1/2wr}1{72;5nkq)m,la -ka l’man € {0} U Nv (11)

ROMWHRFRFOC LN, TCTC, 6 70Xy h—DFAETHY,
O ulp) = B2 Z(B) W28 lm), mom,p € {0} UN (12)
(10, Proposition 3.9] £ A %. X L L,

Wmn > 0, myne€{0}UN, (13)
Won = Wam mne{0}UN (14)

RERLTEL.

fEED AeD & teRIHLT BERE Al) ¥ 694 @4 ¥ v < rfig
et Ae=Ht I —F4 % [5, Proposition 3.13]. £ IFHERKED,, ., (m,n € {0}UN) 2 H
WBZEIREY, Y a—TANEET L DAY M ALEDOES EN— A (m,n € {0}UN)
O BEE L &S [10, Proposition 4.1], Thb b,

o(L) = 0p(L) = {Am — A |m,n € {0} UN}, (15)

LT RE inf(Any1 — M) >0 ICE D, SEIRL TV IREE TR, A7 P ADEE o(L)
CHREERENC L EEI L.

HmO—Blb I 77 v vEBHOBRREHEEA T « 8T 3 ) = — 7 4 VZEE X (H)
CEfT 3 C &C, BEIRE a(t) € e'a (e R) WL, DL a BY a— Y 4 AHETL O
FHEBICBELTVaALIE (Thbb,aecDK)) , ZOTvVayy vHBERTEL bR
3. 22C, k7, o KHTEHROBEHHR w, T LTEEEIL *

def -
w, = —<a;La>y<aja>y, (16)

(LOEERTHR, REFDWRFPOER L+ OHFFEEL T3 (11, 1])
L) ¥ ie“41 ~Mo)La, te€R, (17)

- TEETD. KL, o iFa BRERT MO EREX(H) EA~DBERHEHRETTH 5.
FThbb, DX (H) = X(H) ¥ {aa € X.(H)[e € C} [5, 10]. €T, X (H) DEsy2Ze
S oFa% T tBnik. ZLT, L i, B~ b2 (1 - T)X(H) kVeAT 282
HEHETF T, A€ D(L1) € D(L)N (1 - o)X (H) K LT LAY (1 - T)LA TEH
Xh 3 [13].

CTCT, b L L BRANT VDAERFFORDLI, L; DAX7Z bABEL B BT W
< B5.
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R HE
Z T, TOMNRTRROFEHERFTEL THL ¢
(Assumption 2) (1 —o)L(1 — o) AR Y AD B EFRFD.

a(t) KT BEHRDI vya v v HERR, dL a B D(L) KEALTYWhK, RDOE%
;o
d , t
—a(t) = —iwsa(t) = [ dsga(t=s)a(s) + L(t), tER (18)

COHBR D0, &2 LT - BRTE L2 > TH 2 b cRDOFCRER 4.(t) DFELD
5. D% D, ROBEEI 6.(t) &, ROFTINHE LL.(1) OEEIEEK & 5 2 TR - SuREHE
TR T b B

<aja >y do(t) =< L(0); L(t) >y,  t€ER, | (19)
ZLTCDE %, a & (1) (t€R) LORBDOEREENSKRD LD, ThADD,
< a;1,(t) >g=0, te R. (20)

EICHBE < a;a(t) >y % R,(t) TETC it 3. cokE, (18) & (20) 220

j—tRa(t) = ZiwRo(t) - /Ot dséo(t — s)Ru(s), tER (21)
HEHIND.
Ya—Y AR X (H) %
XHH) ¥ LTh [{®mnlrm > M}, (22)
X-(H) ¥ LTh[{®malrm < Al (23)
XUH) € Th{®n. = A0, (24)

TERINZEZOOFEHZEXE(H) 2 LT XYH) e HRLTEBL. ThbDD,
X (H)=X}(H)® X (H)® X)(H) (25)

LAY, foTXHH),X;(H), 2LT X(H) E~OERHEHRETF Py, P-, ZLT P
EENENERT D LHNTES.

CCTC, HILWAELZAEL TR, —BBARGECHEHEETF L 2AXNS. B
FRAES TS 2 BARE, MBEORET ¢ ¥ (o + 0)/V2 CEBROBETF p ¥
i(a* —a)/V2 BB 5. Flal, chbOMNBOFRET ¢ L EBROEET p BEED

def

t € RICHLT< pyelqg >p=0 B 2REERAWE, Ra(t) & Ry(t) =< g >g &
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R,(t) €< pyefip >y 5 Ry(t) = (R,(t) + Ry(1)) /2 (t €R) DEIITKOBZ LN TE
. Ry(t) & Ry(t) ®BWIL, R.(t) 251H T 5 L &, ARAEAOEEBRTHRO NI ARER
Bxb o AEBEABRE DT — 5 OBIR L LT R,(t) R R,(t), £ LT, R(t) ZBAICHERK
LaiThidzoiwv, CORBEROL JICERLTAL).

T, an NeN) 2ay E TN < Bnnia >y Onp CEHETS. N oo00 ELT2E
&, X (H) IZBWTay va &%5BZ LIXHL A TH S W or0HLEIEDEHTCH
B S R, (t) FETETE, imy_e Rayy (0) PFET 5 L &, R, (t) BRI & V) BRI
LB LEtHDRIBEL VW) S LT B, 7275, R, (t) < an; eiltay >x.

COLE HEFRET o KL TROHEIREND,

fHzE 2.1. R,(¢t) 258U & D ARREL 2 EHENTEEL 51F, La = limy_o Lay TH
D, HREEF o 3V 2 — T4 VHEET L OERBICET S. T4bH, ac D).

AEEA. 4 limy—co Bay(0) £ 2. T25L,0<Tnnl <®rmmja>g |PAn — Maf* <0 %
7, CNITEY {Lan|N e N} XX (H) OFDI——FN% B2 525, L 13H
HETTHED0, La=limyoe Lay &£ aeD(L) 2155,

Q.E.D.

I CIODES [R.)(2) & [¢a)(2) (2 € C with Sz > 0) %
Rl (z) ¥ [7 dte*Ra(t (26)
¢l (2) ¥ [T dte a0 (27)

Lo TEELTEL.

R.(t) D7 =V L - 575 AEHROBPIETH S PEPY, HKEETIFRT A7 5%
w5,

i3 2.2. [R,)(z) DEAFSETIER O, HIREE T P_X.(H) KEBT 5.

AR BF a =Y pmn <®mpuja >y Oy W0& D,

[R:)(2) = ¢ Z | < ®mmsa >y P (24 An = /\n)‘1
2185, #€oT, 4 [R](z) DEBPETIETH D LREINTVERS, Ay =X, 20 %25
< @y pa>y=0 £%53. THE acP.X(H) L5,
Q.E.D.

WE 22125, b L [R)(2) DEFETER bIE, BOEHK w,
=—<ala>g -<aa>F BIEE%E. CDLE B D,(2) (2 € C with 32> 0) %

g{ iwaRa(O)
z[Ra] (2) — 1R4(0)

Daq(2) (28)
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TEHETS. b L lim,o Do(2) LT H% 01, D,(0) %
D,(0) ¥ lim Dy(2) (29)

TEHLTHBL.

KIZ, A —An # 0 £ BKD,, , DHEE L TRRVWIHAIL, ZONDFHE (Fact a) & (Fact
b) #7R¥. T T T, (Fact a) & (Fact b) i, #2220 &, , PHERL TV 2IHEIC
bRESL L ETFELTEL ([10] 22H) .

A, B a =T nn < ®mpni @ >H Ompn 2o T,

Ro(t) = S| < ®pnia >u Pexp[ithnn]  Man = Am — An)

m,n

ERTENTED, 0T,

FAR(E) = Ru(0) =~ 1 < P > 5 (30)
2) PT—VL-57FAEWE LD 2:'(
R = G o
2155, (28), (29), Z LT (31) 25, ROFXMSEY LD EBTH5 .
Da(z) — Dy(0) = Wz:)% | (32)

(Assumption 2) T LI, DEEBUL, L DEHEBEEH, L DEHZRBOHFHOEZ A I
FFLT LIIGA = TIlLA THE00, LLAONEEFOREEIS, £, DEFRZ MV
U (myn = 1,2,--2) EAELT, L1%mn = pnn¥Umn E%5B. T T, #HELTY
BV, (myn = 1,2,--2) KX LTEBHZRAS. $58L T4 b EEHIITRET
H5 (10 ZR) . B (1 -)La = Tpp < Upnn; (1 = Mo)la >y ¥y, &) &,
$a(t) =< a;0 >F T | < Ui (1 — Mo)La >p [Pexp [itpma] 255, H€2 T,

(Fact a) D,(z) & [R.)(2) ¥, ZNENOWE Jp\ THEFRFE LICHRTEETHS. £L
T, Do(z) DETOFERP LR IHEEE, [R](2) PETOBI LR AEFLFELY. 26
\Z, & B [R,)(2) DI HIE, £e 3V 2 — T 4 VHEF L DEHAMETH 5.

(Fact b) lim,_o[R,])(2) # 0 % 5T, [¢a](2z) d T 72, ZDRE RV CHEELE LIRS
N5, ZLTC z2=0 £fx\V7z D,(2) — D,(0) DETDRLS S % HEE, [4,](z) PET
DIEP S % HEAITELV. S5, v 2 (¢)(2) DIER B, —y IRz 2 -7 1
VEET L, DEFETH 5.
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(Fact a) L Tinf(Apypy — An) > 0 BBREIC LY, Dy(2) DHFEREERDOES (Tib
B, [R.)(2) PBEEDES) % {6, >0|p=0,1,---} TRL, e, <epp1 £BDBEIITLD,
EHIT, 2 =0 2R < Du(z) — D(0) DEHERDES (Thbb, [¢)(2) DBEEDE
B) & {ulk=1,2,---} TRL, 1% <qpp1 ELTBLIENTES.

ROFEELRTORG LW,

fE2H 2.3. R,(t) BN & ) AR 2 FHR AT, [Ra(2) @ﬁrbf/\fﬂzr:c BT,
lim,_,o[R,)(2) # 0 SFET 5.

SFPA. #HRH 2.1, 2.2 TARLAEL I, HREEF « 3 P_X(H)ND(KL) IKBLTWA,
A inf(ng1 — M) > 0 BBREZ L TWzZ L 2ERLTEL. $/, (Fact a) 1240,
inf Ay = A | < ®mpnja>p#0} =€ b5, #£o7T,

1
[R.)(z) = " | < ®pnya >y
m,nwi:h/\zm—/\,.<0 ’ z + (A‘m - /\71)
%145, (Fact a) ICEE TR,
o 1 1 ,, .
E | < (I)m,n' U UEY S - E l < Qm,ﬂ;a >H I
m,n with \m—An<0 m = A") €o m,n with A\;—=An <0

b, CORERETAINVY AP TFTADM- FA RS &,

1

. _ . 2
lim[R,](z) = > | < ®pmsa>p | C— %) #0

m,n with A\;yy —An <0
g5,
Q.E.D.

WE 231280, b L R,(t) PEENC X ) AR 2 5HEATEET, [R,](2) DETD
FBASTE 72 & 43,

Da(0) = —w,. (33)

FIRFR w, = —D,(0) X520 1/ Dl (ep) BN ALDDT ([10, Theorem 5.7]) , ¥324 1/ Di(e,) =
1 &b ERFRLTBL.

CZC, limno[Ra)(2) #0 T, A = An #0 %2 25K &, , DHHEL TRV E WV ) S
DT T, W OPDERHFEZRLTBL. (Fact a) 2k b, % B WX LT, H5 ¢, P
LTn=—¢, £%5. €0 T,

1
| < ®pnja >y > = lim = z—e,,/ dte’ R,(t)

Z—E&p ’L

O
P~a\>p

= R,(0) lim

AT . X Du) = De) >0 (34)
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HRZHE

% D,(z) DERE (28) & (29), D,(e,) =0 L 2HE, 2 L CHEEEE,LBELONSL. €0
T, (28), (29), (30), (34), & LT lim,_o[Ra)(2) # 0 # D4(0) = —w, ALY LD T & 2T,

_ iR,(0)D,(0) B 1 -
Da(2) = = 1% e B, (0) - iRa(0) (; = e,,)D;,(e,,)) (35)
2185, FHIER (34) & Du(0) = —w, WROFHL b125F

Ra(t) = ~Ro(0)D:(0) Sewp it Vet (36)

(35) & (36) iXMEBRT 50, PHFELCHAHAT L LNTEL I LEERET S ([10]
) .

(Fact b) IC& > T, & U, , L TH By DFELT, pmn = —y DD LD, €0
T, (34) EMERICL T

1 co .
| < Wi (1= Tho)a > [* = Jim (2 =) [ dbe™gal)

= — im z Z =k = Yk
B S TN o e X ) X e X ) R T e R

% (32) & Do) — Do(0) =0 THBZ LA H1RA.

LUF 26 0fF LI, R.(t) &, BHIC & ) FRBLECMY 2 EHE AT RE T, [Ra)(z) DBAYE
TETH»2LT5. T2, aePX(H)NDL) T, lim,o[R,)(2) # 0, FLTEDLI,
LI, D I,L THAHZ & (Assumption 2) XKET 5.

HOBE ., & REER 6.(t) WRO &) nEBRE RO |

w = B (( )) (38)
$u(t) = }Z 1;2 (12)6-"%, teR. (39)

7L, ST, ROREERL, (1 -)La DEFALHER 37) HWTEBLNE. &5
\Z, [10, Theorem 5.7) 5, FHD TG ¥V aj 7 VY HENIL R, (t) DT — ¥ 2o THEETT
HHETES .

Za(t) = Dy O)ZD,( - +D(0)/dsz

_'(t"")'ypa(s)
p=0 p—l P)

DO DT < 0§ a>n g = e ). (40)

P g Tk~ Ept
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(40) IZBWV T, ;ﬁm%ibﬁ L(t) &

I(t) = zwazz < <I> ,qp),a >H > Df}kwc) . = _1 - e‘i‘vkt&)(p*,q;)’ (41)
THEZLNTWAD. 7L, 3(p*,¢) (p",¢; € {0}UN) &) 2—J 1 VERT L DEFA
N7 b IVT< é(p*,q;);a >yg# 0, L@(p*,q;) = —&,0(p ) LBBLDERTET . 4,
(k € N) &9 € (ex_1,6x) (k€ N) &% B L) ICPDB T LATTE S (10, Proposition 5.4
(c))-

3 (38) & (39) HSERIC R,(t) DANDEETEKHIN TS, $€5 T, HROIEEH & iLiE
B B AR R (t) OADT— 2 2o TEET I LHTEBDOTHS. fiff, R
(41) i, FOBHINL R,(1) PADERETHAT A LRELVWI LEYHE TS, %
N, V) a—J 4 VEETF L OEAFRZ PVt ) (p*,q; € {0}UN) 2fb, 413
V=7 v H ORHGH 5% VOEHR L, YK EHRY b VE(p*,q¢) (0 ¢, € {0}UN)
DELHY &) FnrbTHB.

A HREET LABEET CRRBENIEREDOR L T — - KV SOBH T ) VY
LB THAMERTOR (0% 9, a & ot ETEFHAMEET, €L C, b & b (keN)
ETAAT— - BV VERBRLTW) 2o Tw-D T, FOEEIH L(¢) &, Pel L
bbb bf Ko TR THS ). $6oT, BROIZEIE I,(t) 13, b, & bF (ke N) # %%

D—EETHEETHEOEBTH L LELD. L Lids, ZOEBEHEIC b, & bF 2°&
DE)FBED TR, SOFRLOBEMCIIERICHBRITE R, £2T, L(t)
3T 5 b & b DEETEOMBEL L) LEREFOHLEY LA NT—LBTES
MABILEAAD. T, KH (39) LB 2HERE - BukteH (19) 2 BViHZ). 75
&, L) ST B b &b DEEFEOMRLHEBE v > 0 2Fo A AT — - KV ¥
DIFE) & REL (wave/DL(1))? (k€ N) ECRIED B ENTELEL) . Wik d, &
2 TEIZE) - BoEH (19) 25, ROEEEHOER L 205 DRHMEEhEN 4, >0 &
(W / Dy (1)) ? (k € N) EHLRE) BB D, T0 I(t) OHEEE—HEOZRNIFEIEDOK
BRI R 202 b Lkwv. SOLHILT, Lok, HESNHOZENE II7(1) 2°

0 1/2
I & i3 exp [t (wa Tk ) b, teR. 42
(%) El [—itve] Dl (78) k (42)

DL KBS |

HREET o LT, L) ST 5 b OEETFHEOIROARERD I LICT S, &
BURET of I3 LT, #5E S N BRORBIIE 117 () % 1700 Y (1) 12 & > T
LTBL. T35,

1/2
I[m] =1 E exp [ttvk] |we=——] b}, teR (43)
= D'( )
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2185, b DEESNEHOIEEEL - T, ADBEEIRLFROTI Y Va2 d7 Vi
BREZNFN G Lot LT THILDNTES !

%a[m](t) = —iw,am)(t) — Ji dsda(t — s)apm(s) + IIM(1), tER, (44)
am)(0) = a,

L at(t) = iwaay(t) - fidsgilt - aty(s) + 1FN0),  teR, (45)
aitn](O) =at,

T T, $(t) 1ga(t) PEFHIEERT.

TP, CRLOHLWBESNLFZRDT vV ad 7y VIR EZBE, 2T TR 62,
ZO10I, BIOAER, ShLDBESNLHRNT v Vad 7 VARASBED Y 2 — T 4
VB TRINLED? FD) 2 — T 4 VEREZFO T T L 5%\, ) a2 -7 4 VER
i, ESNFROITENH L (1) & L+ (t) WEHODT T ARBFIERIH[S) LAREL &L
HJICEALTAS. 2F0), F)THIELICET, S LDFEEZLICLEZVWERTH S,

EE. (3) ITBNT Hy(z) DD D ITH(z,y) 2o THEL). $5&,[5,(70), Theorem
53(e)] & D, ROz, y #LT e KT 2HBREBIRITE S 2

R,(t) = cﬁ‘l(e h™le~Reg)p

e—itep(a:,y)
= ¢f~ .
pz—%)ép (z,9)D; 4 (en(2,y))

=Z7T h ik CoP(N) IfEMT 2 HOHEEAT <
h def ho + (77 ')1260 + (60’ ) )127’
hoey & zyes, ke{0}UN,
7 @_ﬁf (0, yiay;) v ) €eC @ lz(N)’

DEICEHREND. T2, B D,, 3,

2
D, ,(2) def To + Z [y , z € C\{zy,zy,---}.
-1 T — 2

S5 1T, gy(z,y) € (Tp, Tpi1) (p € {0}uN) ¥ D,, PETOFREEERT. —7, (36) I
£h
) e—itsp

Ru(t) = ~Ra(0)Da(0) Y-

p=0 ep D (ep)
L%b. fEoT, &TD pe {0JUN XL T |
5p(m7y) = €p,
{ﬂRa(O)Da(O)ep( )DL (ep(2,9)) = 2 D(es), (46)

LB L),y ZL T 2EDRITTL LRV, L LA, (46) % ¢ = (20, 21, T2, -+ +),
y=(y1,¥2, ") LcKDVTHE/IILRBELTIERWEAS),
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#-T, §1 DFOF TR FEHIHE - T, HEHEETF L EBFEETFONA LV RNVT
Hifg #LTNINPT U REEEL, SR EFDLED ) a— T4 VEBL ) 2 —-T 4V
HETF 2 AT

T, %7,

H([,m] def weata + i 7 b3t by | (47)
k=1

TEHELTHLVAANIVE =27 v % B CHET 5. 230, H™ = Hy(w), w =
(Way 1y Y2y ). O HM AL TROME 4155

HE2.4. ILVBEBNINVI =T Y HM R, 74y 2728 F EET 2 BCHMGHE
FLLTERSIND. 51T, b L [I2(1 — exp[—7¢,])™! 2% 7 € (0,8) WA LTHD XL
DL bIE, FET e RNV —2 - 75 ADEETFIIL .

SRR, HIM A7 4y 2220 F CERTAHCHEETF L LTEHR SN Lir L (A
bNTw3, BIZIE, ZOEBIE 5,8 IV 1H 5. v € (ek_1,6x) Tex < €xp1 P LI
v & IEFEFT TWi222 6 [10, Proposition 5.4 (c)],

ad 1 ad 1
15
k=1

<H1

< <
— €xp [_Tp)/k] p=0 - €xp [_TGP]

oo, 7€(0,8]

Ehh, SR, EET o 3% € (0,0 LTI L—2 - 25 ERBIELE
Ky 5.

Q.E.D.

W 2.4, HENINM =7 Y HM o LT, v a— 9 4 VEE X HM) b s )
EX(H) D&)A NBI LR BT HONTHS. BEIN-HDOS V2T 7 v
R (44) & (45) 22DV 2—7 4 VR X (H™M) 0 LT

TIERRIS, CETRWA ORT VY VEGZTHRL, SORTFVVXViZ) a—J 4N
22/ X (HM) LOBESNI=HDT v I oy v HEROHE S - ISEE Y KT 3
£ L7, RWA DZDOEF ¥ v )V HM i3

o 1/2
gl &f (wa L. ) atb, + bta 48
T kz=:1 D () (678 +bia) 8)

IZ& o> THRHN5. (10, Propositions 2.8 (c) and 2.8 (e)] 2% D,(0) = —w,, €L T

% -0, keN, (49)

Dy ()
= _ Vk .
0< 1§1 ( D"(O)D' (%)) < (50)

a
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LRI A0T, COMFY Y v B, 7 4y r MRS BRI B (5,
§. IV]) .
BB RWA Oen3I V=7 gHM %
H, € HM 4+ H

o0 00 1/2
= wpata+ E 7, b by + E (wa D,’Yk )> (a"'bk + b;'c'a) (51)
k=1 k=1 a(7k

. 1/2 1/2
. " _ H(w _ T 2 .
RSB TR, M = e 0 ((“’“D;(vl)> (o) )

PDECEY, FEEDOAF— M AV M RELILITED

T 2.5. 4, OGP LBBNINVI2T Y HICERENTWLEREOZN F — -
BY VOFH v 7T ) V7 L& TREE 72 b A EEOFHIRBICH 2B REE
2%, b LEBEFETROEM (1), (i), (i) %77 HOHBEE R.(t) 2175 4 OEERE
BllrortELiELE )

(i) Ra(t) (BRI & b A BRITARY % BHE AT BE,

(i) [Ra)(2) DETOBANE,

(iii) [12 (1 — exp [—7¢,]) ™" < oo (1 € (0, B]) DIBLH L.
toLE, Exmc L) € (HEL, | TEEEnD (EMLERI (60) Va—TaN
EHT Lhh & X, (H™) EOBTIBERT LY, WREHT o ONA LY VT H
&3, apm(t) = ewmﬁa = e"Hﬁt'c‘]Mtae"‘Hl[{c\]Mt D& ) ITHE SN, e Hiatge~Hiwat i, BIE S
NEHOT YV 2T 7 VHER (4) O X, (H)") LTO—20BERY, 2L TROEH
B DR

Ra(t) _ 1 g ( (8- H™ gl )
waRa(0) ~ tr (e_gygml) /0 dMr (e a’e am(t)), teR (52)
2. : .7
&5 I, EPGEET ot ONAEY VT HiGIL of (1) = AL ot = HI ok o —iHI ¢
DL IHEE SN, HiutateHint ik, BESNLHEOT ¥ V27 YHBRR (45) O
X, (BM) Leo—onfLiy,

Ro+(t) 1 A (—-(ﬂ—,\)H["'] Y ) '
WaRat (0) ~ ¢r (e._aygml)/o ditr (e o ae” 0 ara(t)), tER (53)

% 5 BB OBERADE Y LD, 72721, R+ (t) BROEBERT o« OB CHEEK
<at,at(t) >g TH5.
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Y 2= 4 VER X (H) & X (HM) = Xere (HMY) @ Xer-(HY) RMETH 5.
X (Hg™) = Xyt (HY) @ X (B,

275U, Xoro (HEY) 12, a & ot 2R3 X (HM) 0#f2efc, Xev(HM) 1 Xore(HM)
DERMERTHS. DL E,

a,at € X (HgY),
b, bF, IIM(2), ITt) e Xe(HY™), keN

PEY D, Thbb, CO¥ELELT, Va—7 4 VERIZ, ETFRAESDTF» 585
F Xore (HE™) L 2H 95—« BY UL BHD DR Xer(HM) L OB & Bk, 0
L&, Xy (M) WRIZY X (HY) o, ERMC [HY, ] TERSND (R
REH (57)) ) a—TANVEETOBBCHREN, 2L T, TOZODRIEFHEOERIC
LoToO%d5

EH 2.5 DERIFOEROF T, 2RO % F - 72 BIEEHEHEL. (RWA) OBEERM D
BRI 2 RET 5. COER 2.5 DFFHIX, & D/NROREBEI T 72 APPENDIX %
LS [22] 2 Ronizv, 7 COMNGTE VRO, 23] 2R S0z,

3 FFUN

FHE25 ICBNWT, BEBRBEORAL S — - KXYV IZhy T Y V7 LEFRAESTFOR
3t LT, BEF ARSI FOEREET O B CHBEKOT — 5 0A>» 6, HFO—LSh
1275y v EBOHERABEET LI LI Lo C, BT RNEEF 2R T A2 HmEET &
HFEEFONA BNV TH#GE2HEEL, COL & HESNINL BV RV T HERT
DECHEEREEEITT S LeR L7z FH 25 1, [5, §VI. DISCUSSION] TOMERD
Wk THH, £ L T [10, §VIL. DISCUSSION] OHTH % 72 (i), (i) £ L T (iii) <349
LIRETH 5.

COPRDOBEPOFICEERI LI, M XAERIIREIHELTWANI VTV
H = H (a,a*;b,,b}) OHD 5% &b, WRERET 01 ) =7 )V ECAREEROT —
Y DHEPLABIESNTFRDT V2T 7 Y HRER (44) & (45) 272 THILHFTE, b1
ZNLDME G A ENTEL. L2 d, ZNFNOfFE RWA THEZONENI VS
TUVRETANA LY RVTHETHEOLNEI L THS. £ LTI ORTEDFEDIRIEX
EH 2.5 TR L-BHEERITTR ). Thbd, BRMEDA LS — - KV VIChy TV
7 LI-BFRIMEEI IS LT, Bl S n 20 5 —EOBHREE (Tabb, /) =HhV
HOMBEE) Oad» SEEHEORFREREY, — oM LEAL T, N1 EVy VT H
BOFTHEINZOLNLI L THS.
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COREFIRDEEICESV TSI LICEE SNV, HHEHI L FRICHET L R()
(b LI R+(t)) DRMEZEL T, EBDY 2 — 7 1 VER X (H) &, EFHRMNERET
POBAREAN T~ RV VB OEINNOREDEMEALZSNS. £LT, EOD
DREBFOHFBIZL o TR o Tna,

4 APPENDIX (FTEHEODIIRR) .

In this section, we prove our main theorem. We assume that R,(t) is computable by
finitely approximable observation, and all poles of [R,](z) are positive. We further assume
that [Io2, (1 — exp [—7e,)) ™! < oo (1 € (0,]) holds. Thus, we have a € X7 (H) N D(L),
and lim,_,o[R,](2) # 0, as well as LIy D II,L by (Assumption 2).

Let {ln(o)) |n € {0} U N} cDh (H(E"‘l) be a complete orthonormal basis satisfying H{™ |n®) =
A2|n®) with 0 < A2 < A2, ,. Weset Dy E Lh.[{In% |n € {0} UN}].

We define linear operators (D?n,n : Do — Dg,m,n € N* by

D (8},,) = Dy, (54)
82, . & gz(py (we,)" (nolp")m), m,n,p € {0} UN,
where
’\2 — ’\9n : 0 0
(Wo) % { o e HAn 7 (55)
’ B1efm if A0 =)0,

For certain operators A in XC(H([,m]), we can define the Liouville operator CE,"‘] as LM &
[H([,M, A]. Then we obtain the following lemma.

Lemma A.1. If [T52,(1 — exp[—7¢,])~" holds for every r € (0, 8], then the annihilation
and creation operators a and a* belong to the Liouville space XC(H([,m]), they also belong
to D(LM), ie., a,a* € D(LIM) ¢ X (HM).

We now define a linear operator LE,m] acting in XC(H(gm]) by

{ D (") ¥ {4 et (HM) |HM A, HMA* € T (HY)}, (56)

A g (BMAY)T, AeD(c).

Since (Qom,n)-'- = @) by (10), and ®), , can extended to a unique bounded operator

(‘I’?n,n)—, we have (HEm](D?n,n)* > ((‘I)?n’n).*.)— H}m] = (lem)_ tml which implies that
H}m]q)ghn satisfies condition (T.1). Moreover, equality (12) implies that H}"ﬂ@ﬁ’n,n satisfies
condition (T.2). Thus,. H}"‘]@;m €T (H([)m]) and H™ (@?n,n)+ = Hgmlql?hm €T (H([)m])
hold for each m,n € {0} UN. Therefore, we obtain ®° € D(£I™). By using this

m,mn
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LTI0S, > pm=< L7195, 05,

uui

fact and equality (12), we can prove that < CI)u v H[m]
Thus, we have that E[I ™ is symmetric. Here, we denote theA closure of the hneal hull of

{a/||a||H[m1,bk/||bk||H[m]lk = 1,2,--.} by YC(H([,m]). Let Py be the orthogonal projection
0 0
onto Yc(Hém]), and we define a linear operator L:[Im]’_ acting in XC(H([,m]) by

D(£i") ¥ D(cf), (57)
Ll & ps plmlp, 4 A €Dy

Now, we suppose that A € Y (H, [m]) For each M,N € N with 1 < M < N, we can
estimate ||[CI™(An — Apr)|I? i 28

N N
, by 2
LM Ay — AP < E < i A > _im E (wa(O) ) -0
L7 (AN M)“H([, 1 o “bk”H‘[)ml H} ST D'.()

as M — oo, where we used equality (33) and inequality (50). The closedness of ;C[Im]
implies that A € D(L™) and £IMA = s—limyoo LMAN € Y (HI™); and we have
£" 4 = £I"'~ A. Therefore, we obtain that :

Y(H™)cD (e, (58)
cma=cm-4, Aev HM. (59)

By (58) , we have ,C[Im]’_ C (,C[Im]’_)*. By applying (59), we can show that E[m]’— can expand
to a bounded symmetric operator on X.(H, [m]) Then we denote the closure of E[ = by

the same symbol. Now, we can define a Liouville operator cl, by a perturbation of Cl[) m]
by LI~ .,

Ll = L5+ £ (60)
Expressions (58) and (59) can be used to prove the following:
LA =HELA - AHGL Do (61)

for every A € YC(H(E",l]). We note a € D(,Cém]) by Lemma A.1, so a € D(ﬁmA) by (58).
Therefore, we consider Mori’s memory kernel equation for etchwaa on XC(H([,m]). Then
by applying Mori’s theory, with orthogonality among a, at, b, bf (k € N) in X (HM),
and expression (61), to a and ﬁ&"JJA, we can prove that Mori’s memory kernel equation
for e"*hwaa on XC(H([,m]) is identical to (44). Namely, we define a new Mori’s frequency,

fluctuation and memory function with respect to the annihilation operator a in the Liouville
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space XC(H([,'"]) as

W ¥ _<gLla > pim © < 450 >;{E,,,], (62)

L) ¥ iedclMe,  teR, (63)
def -

¢g(t) = < IS(O)’ Ig(t) >H([)"‘] - <aga >HEM], teR, (64)

where

(c‘"”) (1 — ) X (HY™) n D(LEL),
e -md) che, o eDEM).

Here IIJ denotes the orthogonal projection operator on the closed subspace of XC(HC[,m]) ,

which is generated by a . Then, we have by Mori’s theory

jt ztﬂmAa _ zwoe’tCRWAa / ds¢0 ) ’."LgCE'Aa + Ig(t), t € R. (65)

We note here the following facts. Using (61) and simple calculation yield results of calu-
culations for CRWAa and £Rw,,bk Then, since a, by, by, - - - intersect each other orthogonally in
X (H[m]) Elm]bk = —vb; holds. Thus, we have w? = — < q; C%}Aa > im< a;a >;I}m]= We

0 0

by the definition of Mori’s frequency for a and £, and obtain that ™) = I(t) €
X (H™) for all t € R. Therefore we obtain that (44) is equal to (65) , so that etlhng is
a solution of (44) on X ( ) Since a € D(LRWA) we obtain eCiwata = e'Frwatae=Hiwat
by [10, Proposition 3.7]. Then, by taking the Fourier-Laplace transformation for

: r[m] .
< a;erwatq > iml, and based on (44) and < a; bk > pm= 0 (k € N), we obtain for z € C*
0 0

00 it ; clml 3 Tk ! )
ttz . ot t =1 5
A dte < a,e RWA g >H(!,m]— 1 < a,a >H¢[)m] {Z — Wa — Z ( D/ (7k)) } '

k=1 Z =Yk

By taking the Fourier-Laplace transformation for (21), we have

[Rel(z) = iR (0){2—%_ 2 ( *D; (’Yk)) Z—l'rk}-l'

= (Bw,)~!. Therefore, by (36) we get

It is also easy to show that < a;a >

am
. = 1 © ;clm)
Ra — Ra, 0 . — 2/ 1tz . L i
[Rs] (2) = iR, (0)w Imz(,sp(z—ep)l)fz(ep) R,(0)pw; A dte'™ < a;e'rwag > i

The above expressions imply the relation (52).
We shall now prove the rest of our theorem. For instance, it is shown that eiFrwatat e=iHRmat

is a solution of (45) by considering the adjoint operator of e'Hrwatae=Hiwat and (44).
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Furthermore, we keep in mind the following facts: The norm equalities which mean
< gja >pm=< at;at > i and < by; by > ptm =< bt b > i (k € N), and the or-
thogonalities among a, a*, by, bf (k € N) in X (Hp [m]) hold. And we can calculate £, a*
and LI7, 5}, These facts imply that Equation (45) holds.

Here we prove the following important lemma:

Lemma A.2.

(a) For each m,n € {0}UN, | < ®mpn;a>p P =| < ®pmjat >p | holds.

(b) The creation operator a* belongs to X7} (H).

(c) For every t € R, Ry+(t) = Ro(—t).

(d) For every t € R, Ra+(t) = —Rq(—1).

Since e'Hrmtate=Hiwat is a solution of the modified Mori’s memory kernel equation (45)
on X, (H[m]) by (45) we have for R[m](t) e ot ¢ Hrwata e~ HRwa? > gim)

(ZR["‘]() iR R (2) — / dsg:(t — s)B(s). (66)

By (21), and Lemma A.2, parts (c) and (d), we have
d : —t : t
ERG,L (t) = zwaRaJ.r (t) +/0 dsga(—t — 8)Ry(s) = iw R+ (t) — /0 dsga(— (t — s))R,+(s)

Additionally, by (39), D,(0) = —w,, and (49), we get the fact of ¢o(—(t — s)) = ¢5(t — ),

so we have

& Rus(t) = i Bas (1) = [ dsgi(t = 5)Ras (9). (67)

In the same way as R,(t), by using (66), (67), and < a*;a* > pim =< €50 > gim) = (ﬂwa)‘l,
we obtain (53). The correspondence of ®, , to ®J, . implies that X (H) is equivalent to
X (H[m]). And we note that a, at, b’s, and b}’s intersect orthogonally each other in
XC(H([,m]). Hence it follows that the last part of the theorem holds. The above arguments

imply the last part of our main theorem.
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