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1 BE - EHER

Z OffE X E TRIMS GEehks 15 OB & Z D JE 2019] Dk~ RDEEFEER Dt
XThd*,

7w 7B BT D HFITDOWTOER PR T ITBEE (1], [5] lcLzr 5,
H BRI RBRERCIN N NZER-E L, 7w T %R P () BITERT S NIV B
=7V

H = dDy(T) + 5 3" Aubs (g’ )

EFEZD, TNE->TEEREIND E OB % WA AL L NS,
NIWKIZTVEEDD T, M\, g, \CRUT, ROZKMGZEDS :

(Bl) T>0, D&Y TI3IHATHRNLH ILRIFAZTH S,
(B2) A\, €R, g, € dom(T/?) ndom(T~/?), n =1,2,---
(B3) 3252, Al T2, 2 < oo

(B4 5, Pl 2,2 < o0

(B5) % > 00H>T, IROEHBRDHFERDELY LD :

1+ Z An |T_1/29n> <T_1/2gn| >¢€

n=1

(B6) k& H7=T A EORBT T WIS -

JI'J =T, Jgn = gn, neN.

1Bt [7] OBLEOMBTE D5, HENEITNERBI (EMNKE) £ ORFAMKICHES S,
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TH 1. fE (B1) (B6) O £ T, H I dom(dly(T)) LT HCHEHD dTy(T) O
(LR ETABEMIC A A TH B,

(B1)-(B6) €L,

- 1/2
S = <T2 + ) A [T 2gn) <T1/29n|> (2)
n=1

Y¥Be (B5) £V S >0Thd, HHEX,Y € BK#) %

X o= % (T—1/251/2 4 T1/25—1/2> Y= % (T—1/251/2 _ T1/2S—1/2) (3)

W&o TEEL, B(f) = AXf)+AJY[f) &BLE, FH () Eoa=&)fEH
ZUT

UB(/)U* =A(f), [feH (4)
72T EDMNFIET D, 2D U % Bogoliubov £t 5, N EEHTH D,
EHE 2. (B1)-(B6) 2{KET D, U % (4) %729 Bogoliubov £ 45 L X
UHU* = dT'y(S) + E (5)
8D, I, HERETRILF— E I
1 —
THZLND,

FEHOIEHD S B (5) 2E T MM ITDONTIE, 2019 1L D55 % T i
HUEDTEE 5 EBIU TR X0, AMKEETIE, RO 2 fiT (6) DR
ERESL, 28 3 Hi CARMEITLO Pauli-Fierz #8 % &8 i HENIZ DWW THNA T 5,

2 HEREIXRILXF—DXRT
ZOHiTIE (6) DAEHZIT S, IFX AL (5) DEHEDKFETH D,

&% 3. (B1)-(B6) (&5, Zd& = YS1/2 L Hilbert-Schmidt TH ¥,

E = (Q,HQ) - [YS?s. (7)



Proof. £9, ®H 25056 H=U*dl',(S)U + E THY, ZTHOHEAEHRHEZ X
E = {(Q,HQ) — (UQ,dl',(S)URN)
Y 2% (22T ED Q¢ dom(dly(T)) = dom(H) THB = & IiiE), D F

12, S> 080T {e}, C dom(S) % # ® CONS 45 &%

(UQ,dDy(S)UQ) = > ||A(S2ex)UQ|? < o0
k=1

PR O, T IT (4) BHES &

1A(S 2er)UQ| = |U*A(S2e)UQ| = || B(S?er)Qll| = | A*(JY 5 2er)0|
= [|7Y " 2ep || = ||V S %e|

Y %%, ULEA->T, YSU/2 13 Hilbert-Schmidt TH Y, (7) 25D 320, O

H OBKIE (1) 2fdio7T (7) 25tR I D &
B= 1S hlso)l (VST g
n=1
= 32 Al ~n(ST) ®
Y%, TITYS2(YS2)r =Y SY* % 72*2,

tr(YSY*) 25189 2 720128 E2 HET 5,

8 4. (B1)-(B6) 2KET D, DL, [LED —1/2 <p,q<1/2 %727 p,q
IZR LT TP(S — T)T9 3B ICERINEEREMAZTHY, TP(S—T)T9 &k
V—ARERZTH %,

Proof. GEMIDFEHE S & S = (2/7) [, (S2+12)"12dt & S2 DL YRV FTERD
U, S—T2MRERTDIILL, SPTPHEHRTHD ZLE2WYNTHND L TH
%, #ffll [7] O Lemma 6.2 OFEZ S L T /22 E 720, O

2 ZNEEBTIRAEVS, SOREDE LTIk Y* dom(S) C dom(S) BE Y H, YSY* HFEIC
EHEINDZZENORTIENTED,



IC, YOEHIZLADST, YSY* 2EK LU &S, dom(T*) = dom(S*) (k =
1,2) 12 d % &, dom(T?) Ndom(T~1/2) ET

YSY* =YSY* = %(T—I/QSI/Q o T1/2S_1/2)S(Sl/2T_1/2 o S—l/2T1/2)

— %(T—1/252T—1/2 o T_1/2ST1/2 o Tl/QST—l/Q +T)
1

_ Z{T—1/2VVT—1/2 +T_1/2(T— S)T1/2 +T1/2(T— S)T_I/Q}

8B, MBEOHFERNTW = Y00 [TY2g,)(TY%g,| £LT S?2 =T2+ W &%

5l kMo, T-V2WT-1/2 =5 Ay|gn) (gn] THY, THD L —AlE

>onet llgnl? DT, (8) i

1 & 1/ &
E= > Anllgnll® - i ( S Nallgal? + te(T=172(T — S)TV/2 4+ TV(T — S)T—l/2))
n=1

n=1

= (TS —TT2) + (TS — TYT-172)

= %Re tr(T-1/2(S — T)T"/?) (9)

L%, EROERTIE, ME4IT&Y) TFE2(S —TTF/2 N L — AL 8252
LEMHWE, T, EONV—AZLHIZ

tr(T-Y2(S — T)TY?) = tr((S — T)T/?T~/?) = tx(S — T)

LEMRET L DIEGRBNIZER) TH Y, RLRIIEEISERTOIMLENDH D, #liEH4 T
p=0,-1/2 £ 3NE (S — T)TL/2 Offiiki% dom(T~1/?) Ic& £,

T-1/2(8 — T)TY/2 = T~ Y%(S — T)T/2
R LD, [ARRIZ, EHROER
TV2(S —T)=TY%(S - T)

B, MEA LY (S T)T2 13 b L — ZBEAZBDT, gy > 0 & R
% {embm, {fm}m ZHVT, Zh%

(S=T)TYV2 = i lem) (fnl

3 RERDL b€ A IVHUT, hy € dom(T3/2) T hy, — h, (S —T)TY/2h,, — (S —T)TY/2h &
B2EDEINE, T-1/2(S —T)TV/2h, 1& Cauchy 5ITH 5, LEA->T, T2 oLy
(S —T)TY/2h € dom(T—1/2) 7> T=1/2(S — T)TY/2h = T—1/2(S — T)TY/2h £ 8% 5,
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ERTIENTED, 2o,

(S —D)TYV2fn = pmem,  ((S—T)TY2) em = pim fm,

({fm}m) " Cker((S —T)T1/?),
({em}m)? C ker (((s - T)T1/2)*) = ker(TY2(S—T)) = ker(S — T)

BUEDS, BEEFVDE (9) B3O ES ICEBTE L RNTES

E = Re tr(T/2(5 ~ T)T172)
- %Rezm:<fm,T‘”2mfm>
- %Rezm: <fm,T 1/2,umem>
- %Rezm:<umfm,T_1/zem>
= %Rezm: (((S=D)T2) e, T2y, )
- % Re; <T1/2(S " Tem, T 1/Qem>
=3 Re; <T1/2(S “Tem T—1/26m>
- %Re; <(S “Tem, em>
_ %;<(3—T)em,em>
- %tr(S——T)

Lo T, E=(1/2)tr(S—T) THh5. GEHIK)

3 f
EEH R ANT, BA RO R FEOBBON L% 31

(1) Bl BHRE AR AR (550D 2 RO AR DS — 72 1 DB
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(2) FRHRE) T & R — 2B DFG AR
(3) a? A7 v ¥ ¥ )V & FE DRI ID Pauli-Fierz 1
(4) iAEAZ BT D Pauli-Fierz F58

(4) DFBEFININ =T VO E T THRL, HEREVEAET D (X237
LZRWN) BOSKFIZ DOV TOMRREHENT S,

FEOFIOX AT ETHER DD, 2, 3,4, 6] TLoTHERINTWD, T
NH5TIE, NIV h=T VO MA{T S Bogoliubov Z#i % KEEK 9 & 25 12 HRELELGR A3
bz, €H2 2N & TXYEMIWIINMidd IR TED, 2L,
SAED 1R TNIIVNZT VY DARY MVIEFHEBNZ AT D BT UER 5 R0,

31 BEMANEEFRER

T>0,)€ER, g€ dom(T?)Ndom(T~1/?) ZREL, NINb=TV

H = dry(T) + 5 @s (o) (10)

EERD, ZOBMERALTS20I101E, (B1)-(B6) 2HMADNIE I, 55
(B1)-(B4) I3 D 20, T OEIITIE (B6) LK DHEN & HBIRIZRES

R 5. WD BEBELIVA)NER A FOFEZOECKEZIEAFZE AL he 2 1T
UT, AJ=JA, Jh=h %hi’=d & LOLET J B0dHET 5,

Proof. GEHDT A 74 TIFIRDEED TH D, £9, A 2BHIBEEHRII =L )L
il A — A(m), h— h(m) £33, DFIZ h(m) OIRADEZLZIC L ZHITHE %
T h(m) — |h(m)| 456, ZOBEEI=2)THY A(m) BRLTHE, 20D
Y¥, A(m) & |h(m)| ZEBMELROTEHELBTRETH D, HEILKLE L 2B
¥, RAOHIIRE =R VEBTERIBEOEKEZ J &ThE, Zhid 7 Lot
WP THVHMEDRMZ2T-TEDOTH D, HMI 7] 22, O

%M (B5) 1,
1+ AT V2 (T2 > ¢ (11)
YRBe>0MBEHETEIETHDA, Thid
14+ AT~ Y292 >0 (12)
LAMTH 2 2 LIRMIBICHE» D 5ND, LD > TIROER %43
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TE 6. 1+ AT V2|2 >0833, ZorX, (B5) KT D, LaoT, (10)
TEHIND HEFIERRACHBIEHEZETHY, P (H) LOI=R ) EHEU
TIR%Z G723 DPFET B,

UHU* = dI', <\/T2 + A [T1/2g) (TV/2g]) + F, (13)

ZZTEIZHOOERRELZRXLF—THY

1
E= §tr<\/T2 + XN [TV/2g) (TV/2g] — T) (14)

Thd,

3.2 AMIRENF &R —RIGZORBEEE

YA LQ(R)@)ﬁb(%) FiIZERAT A NIV =TV

1
H := 5(}02 + w?2?)®1 + 12dlL(T) + Az Ps(g) (15)

2 HEZX%, ZITp=—id/de, v FBIEMFEHE, NeR & w>0RFELTHY,
T>0& FOHOCHBEEHZETH S, g € dom(T?)Ndom(T~/2)\ {0} & Fh
X, EHRIKIZONWT,

dom(z®®s(g)) O dom(z*®1) N dom(1xdl',(T)) (16)
DT, dom(H) = dom(p? + 2?) Ndom(1xdl',(T)) TH %,

FE 7. N <w|T V2| 2T B, ZOLE, HEHOETHY, 2= fEH
# L2(R)®.Fy () — Fp(C D H) PFAELT,

. w? A1) (129 ]\ 2
UHU* = de< (MTUQQ> al T2 +E, (17)

(N
(N

Boly W AT (w0
2 NT2g) (1] T2 0o 17%) |-

XT, NINVb=T Y (15) 2T D4, EALZDDIZRONETH
00,56 ® e VNI NERETDHEE, 2007 4w V%M F(HHRM) &
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T () 2.F () DRNTIZEIRN

Ds(f1 @ f2) = Ps(f1)®1 + 12Ps(f2),
Q) = QN.

2729 & D BREARRFAMMBFAET S (1, p.208].
7, L’(R) EOMBIEMEZEE a = 27120 20 +iw™V2p) EHETD &, A
u: L*(R) — %,(C) T

uau™ = A(1), u(w/w)l/Qe:cp(—wa:z/Z) =

EBRBEDWPMIET D, ZORME = THIFE, #ANKRBFONIN =TV &2
&, ThTh

%(p2 + w?2?) = g(a*a +1) 2dl'y(w) + g

5= w2 (a + a) V3 2 w1 20g(1)
L8, UoT, NINWE=T Y (15) IFROESIZEBTE D,

H = dl'y (w)®1 4 10dTL(T) + w2 A0g(1) 205 (g) %

+
{@5(179) — ®g(1,— }

-1/2
~ Iy, (w@T)-I—w y A +
ZorE, HRNINVNZTY (1) OBTHY, DEOMSE
w12\
ToweT, A=-A= , ga1=(L9), g2=(1,—-9)

2
THB, T T OFEHDFOIZIE (B1)-(B6) 2HeRTNIE LV, (B1)-(B4) 13 H
W, (B5) L# 5 25K YD, WEDES, (B5) &

Ki=1+M|(w,T)""2g1) (w0, T)"Y2g1] = X (w, T)"2g2) {(w, T) " /?gs| > 0

Thd, KIZEHH%EE CoCT V29 2L, HERXWMMITIEEEHAETH D, B

Hor1E 2 x 2 1751
1 W IA|T 2]
W IAT 2] 1

“ EFFEOEOZBITEL 72,




ER%, UoT, ZHoEEMEEEZ BT, N PEeHoLt2-d288, |
DI EE A ERMTH 2 2 L BAMTH2 2 L bhd, LED->T (B) H
I RVASN

33 22 RTFUIvILEEDNEBIELID Pauli-Fierz R DA 1L

L2RYRF,(H) THEHT NIV RN =T v

=) (py®1+120s(g5)) Zw 291 + 10dLy(T) (18)

J=1

l\JI}—*

E#HR%. ZITw >0 T >0, g1, ,94 € dom(T"?) Ndom(T1/?) &
T3, pj = —id/0x; TH2,

Z_"EEE 8. %J:@ﬁi?&% Jﬁ)ﬁﬁbf TJ = JT, Jgj = gy, j: 1,-" ,d t‘d‘éo Z
DEE, HIFHOEKTHY, 2=F VEAZU : L2(RY0.%, () — F(Cha )
DMFAEL T

UHU* = dI'y, (\/dia,g(wf,--.,wﬁ)@Tz—i—W)—i—E (19)

d
1 . . w;
E= §tr <\/d1ag(w%,--- ;w2 B T?+ W — diag(wy, - -+ ,wa) @T) —|—J§_1 ?J,
(20)

THY, WIECla # LOEHET

( w.? |eJ> <T1/2.g | ) (21)
wj |T1/29g (ej| [T/ 2g;) (T2 g;|

M&

LEBEINDLDTH S,

EH 8 DFEIHIL, EHL 7 DTNEIXIEFE LU TH D W, k1 JIZETH I UE
BLTBEL, Jy & LP(RY) EOBICEELE LW BT T, Jox = Jox 22
Jop=—pJo THd, LENP>T, (18) 2T (1) DIZLAZLEIZ, T L g, %
FARHIZARZIZT 2 /T2 RO D60V, ThEEMT S 2012, HIRE -0/
VRZT VT — ) TERCRETHS Z L ERHTS, 7—) TEBTIR p; & 1,
LY, FNIRE FONINN=T VEALETHY, pjeds(g;) ¢ 1;0Ps(g;) L4
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%, $2&, MLGOMEMAMEERHEHUEEZNS, Lad>T, H&FICH
TSk = AN LA UITATD 2N TER™,

3.4 WERZLRIETLID Pauli-Fierz =Y
L3R4, dx)2.F, () EONINVN=T YV

d
lz (p; 91 + 12@g(g;))? + Ldly (T) (22)

[\
<.

2EZD, ZHUIAIVNIICw; =0 (j=1,...,d) LLEEDTHD, T>0FACIHE
%, g; € dom(TY?)Ndom(T~/2) (j =1, ,d) AHET 3,

Fa % L2(RY dz) 25 L2(RY,dP) "D 7 — V) TAHE U, H %L WTdL p; =
—i0/0x; I P \Z X DM FEHZL RS, TZ TP = (P, -, Py) € REIZx
UT % () EOERHFE

H(P):

l\’)l»—t

d
== (P + Ds(g5))° + 1wdl'y(T) (23)
j=1

d d 2
1 P;
= dT'(T 52_: (95) +;P<I>s gj +;7 (24)

ZEHRT D,
BIF, H(P) %5fuib$ 272012, TJT, Jgj =g, j=1,--,d £ 8% A LD
B BEET D ENET D,

d
Ll
Hy = dly(T) + 5 Z (25)

% dTy(T) ECTHARETHY, Fy(H) EOLI=ZVERIK U T

d
UHU* =dly(S)+ E, S:= \IT2 + ) |T12g;) (T2, (26)
j=1

B I [7]) TIE, K VEBICHETEEEL TSR, 7—) TEME Mo Z#RDIED b T
Whh LR,

10



E=tr(S—T)/2 L B2 EDMFET S, ZDE X, Ubg(g,)U* = Og(S™Y2T1/2g))
BODT

p2
73 +FE (27)

d d
UH(P)U™ = dTy(S) + @5 (57212 3" Pg) + 3
j=1 j=1
i3, STV2T2g, € dom(S™Y?) BT, UH(P)U* 1 dom(dl',(S)) =
dom(dl',(T)) L CHEHKETH S Z LITHET D, (27) IF van-Hove A6 2D T
St £ (L AT B ME I AN Rl 2 R B L [ CH 5, = 2T, H(P) OREEIRGE
DEFIEIET MR 2 BN T2,

EE 9. RO 2 DIXMAMETH D,

(a) $RTD P e R IZOWT H(P) DEEIREDFET B,
(b) gj € dom(T~1),j=1,--- ,d.

Proof. % P € R1IZDWT H(P) MEEREZ KD Z L O B4 51

d
5_1/2T1/2 Z Pjgj c dom(S_l) (28)
j=1

THd*, TIUTHS I

d
T1/2 Z Pjgj c dOm(S_B/Z) (29)
j=1
YRAMTHZ, BL,
dom(S~3/2) = dom(T~3/?) (30)

DD VT, (b)—(a) BSULZEBS. (30) BIEEMTHY, BT 5 < MUIEFHE
LEbNE, UNL g €dom(T™1) (=1, -+ ,d) DIKEDE LT (30) 2RFT &
MTE% (|7, Lemma B.1]).

—7Ji, (a) BRETNIE, (29) 25K jIZDNT TY2g; € dom(S73/2) &3,
(30) AWV i CTHE gy € dom(T—3/2) £ B2 DT (b) AL A2AS DEH, W EDRID
LLTIE(30) 2EHERTDIEETHHL W, (b) 2RI 7ZOITIE L VIAAAD 5%
AASBENZ RS, G [7, Theorem 7.5 12585, O

*6 [1](F) p.241
*T TR DOV T [7] 221

11



EORRTIE, g; ITIF—MME €28 TR, £V BENZ Pauli-Fierz ##T
gy RN S VTIES N, R
<T_1/2.gj7T_1/29€> - HT_1/291H25]'€7 ]76 - 17 T 7d (31)
DD LD, ZORGEDE L TIE, & ROIROFERDEL Y 32D,
EHE 10. &M (31) 2IKET D, ZOLE, LD P e R IZHN LT H(P) DRI
L)V ¥— E(P) &
d

1 2
B0 = s 2 )

j=1

BB, ILIRIFEMHETH 5,

(i) H(P) EIEERIEE Ko,
(i) 35—, Pjg; € dom(T~1).

Proof. 7A T4 T EIMNATE, A =1+ z;l:l |T=12g) (T~1/2g;] B &,
S2=TAT T»Y, BRI (31) Db & T, HEHEN

d

1

At =1- }: T2\ (T—1/2,.
1+ [|T-172g, |2 j:1| ) I

Y3RkED, LEMoT S 2 =T 1A T b 52 % g; & HVTEKIKIZES
LTES, gi=Y1_ Pigy £ B & HP) BEEREEFOZ L & TV €
dom(S—3/2) WRMEZD, &L IO D ETEE, LD S2 DEKENS T 1g
%

1
-1, _ G—1/21/2yx g—3/21/2
9= T 17 ) g
YRR T ZENTE, 2205 (i) g € dom(T— 1) UMD, #H, S22 0
FoREMN STIR2TY2 )NERTH B Z L IiZFEETIE LV, O

9 DR (a) IETARTO P e RUICET2H DD, EH 10 OFAM: (1) * (ii)
FEELZ PeRVZHTHEDTH D FITHER,

Rig

4 g1EZIC
Z OZEIE JSPS BHifFE: 16K17612, 20K03628 Dk % 3213 7-£ DT,

12
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