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000000195200 Wick, Wightman, Wigner 0 3000000000000 O00ODOODOO
O [1)0 Heisenberg, Born, Jordan, Dirac, Schrédinger, von Neumann 0 00000000000
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000..0000000000000000000 von Neumann OO O O0O00O0O0O (19320)
O00... esist zweckméssig anzunehmen, ..000000000Beyer 000000 (19550) 0
O000D00000.. it is convenient to assume, ...0 0000000 0 Wightman (19950) 00 ...
it is appropriate to assume, .00 0000000000000 000O0O0O [2]0
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U00dbodbU0Ovon Neumann D00 OO0 0O0O00O0OO00ODOO0OOODOODOOOODODO
gbobobobgoboooobobobobooboboooobobobobobDoooobo
O0000O0O0O000DOO0O000DOO0Oo0oDoOOOOOO0nDoWwick, Wightman, Wigner
goboobooobboooboooboboooboobboobooboobboobooboon

ubobooooboooboboobbuoobbooobooobobooobboooboooobo
ggbobodobbooobboobbooobuooobbobooobboobbooobboo
gbobobobobobgboobooooobooboooooooooboboobobobobo
Oooooooooooooooooobo0oOoono Aoogo

AODDOO0O0O0 = A0O0O0OO0O0OOOO (1)
gboboboobooboooooooooon
A0D0O0000ODOOOOD = A0DDQOOOOO (2)

00D 0O Wick, Wightman, Wigner U0 0000000000000 O0ODOO0OO0OOOOOOO
goboobooboboobooboboobuoobboobooobo
000000000000 000000 (measurable) D0 0000000000000 OOOOO
0000000000000000000000000000000000 (algebraic quantum
field theory) 0000 0ODO0OO0OO0O00O0OOOOODODO fieldalgebrag 0O 0OOO0O0OOOO0OO0OOOO
00000000 observable algebra 2 0000000000000 gO>AODDOODOOOODOO
0000000000000 000D0000O000000000DO0O0OO00D0O000 (quantity,
physical quantity) D0 00000000000 (measurable quantity) 000000000000
gobooobooooboobooboooboooboboobboobboobbooboo
Joo@moboooobboboboooobooboboooobbooobDbooboboogon
gooooooobbbbotboddooooooobobooboooooooa
ddooododdogooogoogooooobooboobooo oooobobbboooooo Jg
(superselection charge) 00000000000 ADDOOOOOOO

[A7 J] =0 (3)

O0000000000000 (superselectionrule) 00 0000000000000 O0OOOO
cooboooooJoooboooboooboooobooobooobooooooooO0oobOOoOoDboOoDbo

uobooooobooooooooboooooooooboooobOoooobOoOoobbooooOoboOooon

tobooooooboooodoobooboooooobbooobod

2 OQooobooboobn

0000D0000000000000000000 (univalence superselection rule) 00 OO
oooooooooooooooo Jooo

J= 6271'1'Jz/h (4)
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JT=—p,  Jiylg=—yT (7)

0000360°000000000000000000000UDO0O00OD 200000000(6)0
gobooobooboooooooo

gboooooo

O, =900, e, oy (8)

000360°000000000000000000000D0000D000000000000y
000000000yy* 0000000000000y 00000 360°000000000
gobooobooobooobbooobboobbooobooobboobboooboboo
gobooboobboooboon

O000000000000000000 (de Brogliewave) OO0 OO0O0O0O0OO0OOOOOO
goboboooboboobbooboobooooobooboooboboobbooboboobboonooboao
goboboobboobboobboobboobboobooboooboooboboobboo
gbobobbobboobbobbooboobbobbobobobobobboobobbobobon
gobooooobooboobooobobobobobooboobooboobooboboobobo
gobobooooobobooboobobooboooboobogboobooboooboobooDo
googbooooboobooboboobobobooboobooboboobbobobooboobon

gobooobooobboobboobobooobbooobooobobooobooooo
gobooboooboboobboobboobobuoooboooboobooobooobobooobooboao
gobooboooboboobobooobobouoobobuooobooobobooobobooobobooboboo
gbooboboobobobooboboobobooboobooboboobobooobo
ooooooNMROODOOODOOOODOOOODOODOOODOOODOOODOOOOO
gbobooooboobobooooooboboboboobooboboboobooobobo
gobooobooobboobbuooobooobboobobbooobboobbooobboo
gobobooobooobboobboobobooobooobooobooobboobboo
goboobooobooooboooboo

000000000000 00000000 Wightman2)00OOOOODO0OO0O0O0OOOOOOO
01900000Dirac0 0000000

V(@ t) = (. 1) = 7 ) (—a.t) (9)
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ooboooouoooooobooboooboooboobgobooboboobDobooOobOoO
0000000000 0DO00O00O00DO0o0DDOOo0oOO0O0ooOOoooOoooOoooDOoooDg
O0D0O0O0OD0OD0O00D0OOO Yang, Tiomno, ZharkovD O OO ODOOODOOODOOO 100000
oo0bO0o00oodobooooooOo00oboO0o0bOoOoo0oOoDOUOnD £, 000000
DDDDD%DDDDDDD p,n,ut, et v,y 0000000000000000000 =41, +i
000000000 0DO0OO00DOO000DOO0d FermiO Yangd WignerOOOODOOOO
0000000000000 0Wigner, Wick, Wightman 000000 DiracO v 0O0D0ODO0O
oobooboooooooooooooobooboooooooobooboooboboOoboo
000000oO0o0ooooooooDoooooOoooo
0O000O000O00DOO0DO0DOOoO00OO00O00oDOo0oOoOOobOoOO0OooooDoOoDOo
O000000Wick O Wigner O fermion-boson superselection rule 0 0000000000000
Wightman O univalence superselection rule 0 000 0000000000000 0OO0 [2]0

3 duoobobod

0000000 HOOOO
[H,J] =0 (10)

0Jo00OO00doOJO0ooooooboOoooo Jooooopoooon ADgoooad
[A,J] =0 (11)

0000000JO0000000000000000000000000000000000
000000
Jlj)=4j)0000 JO0000000 [;)00000[H,J]=0000000

0= GIH JNIi') = (" = DI (12)

0000000000 (|H|)j')#0000 j=40000000000000000000000O
obobobobobob Jobobooboboboooooo

0000000000000 0000000000 (selectionrule) 000000000000
goboooboooobboobbuoooboobb1obboooboooboboobbao
+1000 0000000000100 00000000 x2000000000000000O00
gboboobooobooobobooboooooboboboboobooboboboobooobobo
gboboboboboooboooooooobooooooooobooooobooon
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gboboooobobobooboooooboboooobooboobooobobobooboobo
gbobobobobobgobooooobooooooooobooooboboboboboDbo
goboooboboobobooobbuooobooobboobboobbooobooobboo
gobobooobooobbooooboboobboooboboobbooooboboooobboo
gooooo
uboboooobooooboboobooboooobooboboooobooooboboobobooooo
goboogooo
croodbooooboooOooboobOooooboboooOOobObOObOobobOOobOobObODO
OooOoOoOooooooGeNSOoOoOooooooooood
0000000000 D Gelfand-Naimark 00 0O
gobooobooobboobbooobooobboobboobbooobooobo
gobooboooboooboobooon
ubooboooobooooboboobobuooobooooboooobooboooboboooobooooo
gobooboodg

5 uobbboooobbbuooooon
5.1 U0dobobobuoooobobboooobobobooaon

00000000000 0D0OD000000000D0O0000D0OO0OD dcoherent subspace? OO
gobooboooboobooobooboooboon

5.2 U00oOobobObOoooobobboooobbbooon

0000000000000 000D0O000 Ostate vector O over-all phase DD OO0 OOOO
O00OblockDOO phase DD D000 OWickDOODDOOODOODDOOODDOOODDOOO
00000000 bOO0bOO00O0o0O00o00obOO0DOooOO00oOO0ODOOoDoDoDo00bOOobOOoDOoDOo
000D0O0Zuwrek OO0 OOOOODOODOODOO



6 UOoooon
6.1 DOOOOO

algebra of bounded operators B(.¢).
S CB(#)0 commutant 0000008 ={C e B(#)|VAe S, AC =CA}.
oooscs”, s'=9".
von Neumann algebra M C B(J¢), M = M".
00 ADO center Z(A)=ANA'.
C*00 A000O (m,2) 00000 von Neumann 00 M = w(A)".
C*00 ADO0O 70 factor 00000000000« w(A) =C1.
sectorD factor 00000000« Z(n(A)") =n(A) Nnn(A)” =C1.
factor 0000000000 0OD0OOOsector0000000000O0O0OOODOODOOODOO
OfactorO00000Osector 0000000000000 O00O0O0O0OODO
20000 (m,74), (m,#4) 00000 (disjoint; 00 00000000000000000
000000): mO00000000 00000000O0O00OO
20000 (m,4),(m2,56) D000 (quaisi-equivalent) < m 00000000 m 0000
Ub0dm0d0bddbb0 noobooooo
Order parameters = Spec(Z(n(A)"))
quaisi-equivalent representation, disjoint representation, superselection charge, phases and

order parameters

6.2 DUUOOUObObOOOOObObOOOd

Lanford, Ruelle 000000000 (observable at infinity) D0 0000000000000
ooo00o0ooo

6.3 DUUOUooooooon

DHR (Doplicher-Haag-Roberts) analysis, DR (Doplicher-Roberts) category

6.4 0O0OUO0OOO0OOOOOOOOODOOOO

goo0dDccRODODOOOODOOOODODOOOOODO CCROO sectordOdn
ooooooooooooooog

gooocCcCRODODODcCcCRODODOODODODOOODO CCROOODOO

0000000000000 0oo0o0ooooo0oooooooooo0oooooooooon
0 O Mackey’s imprimitivity system. OO0 O0O00000O0O

OO0 Hilbert 0000000000 0DODOO0O0OO0ODDOOOOOODO ODODDOODOOODOD
0000000000000 00o00Oo0ooooooooooooooooooooooog
0000000000 0000000000D00000D000000000D00O0 GNSOOOoO



goboooboboobobooobuooobooobboobboobboobboobboo
O coherent state  Fock D0 OO0 0OOODO0OO0OODO0ODOOOO0OO0FockODODOOODOO
O000O00ODO0O0OO coherent state 00O O0DO0D0OOODOODOOOOOOOODOOODOO
Onmy00000000000000000O00O0O0OCOODOOOOOODODODOOOOODOO
oooooooOooobooooGNSOOoOoOooOOoOooooooOoobooboobooOoooOooDo

OHilbert 00 22000000000 B(w#)OOODOOOOx»# 0000000000 B(s7)
O affiliate 0000 MOOO00000O00O0O0O0O0D0OO0O0O0OOOOOOOO statement. B(.7)
gobooboooogoboboboooboooobobobooboobobobooboooooobooboD
goboooobooobbooboboooboboobboobobooobooobbooobboo
goboobogobboooboobooooboobboonoba

0000000000000 0000000000000000000 Yes/No question OO
obooooobob0oobobobooboobDobboonbog 3eVOUODLOO4evOOOOoooDODO
gboboouoooobobobuobooboboboboooobobobooboooboooobo
Ub00o0boooboobDOb0Omeetd join000000000D0O0O0DOOOOODOOODOOODOO
gboboooogooboobobooobooboboboboooooboobobobobooboooooboD
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0000000000 00oo00OoOo00OoO00oO0oooOOooooOOoUooOO 23100
goo

7.1 UO0dooboggoboodgo

O0000000000von Neumann 00 0000000000000 OOOO BOOO
dodo0o0bOdD20000000000000D00000O00DOODOOOO0O ¢gOODOO pd
do0bOoo0oOo0o0bOooo0bO0d00Db QUObOOO0 pPOODOOODODOODOOOgOOODOOO
000dbOd¢00DbO0O0000bO0ObOO0ODOO0O0UOO0bOObODOoDoOobOobOOooDoOoOoOooDa
O00q¢O00O00D0O00000 QLOOOD0ODOO0DOO0O0OD0DOO00000OO0DOOODODOOD Heisenberg
operator 1 0 OO OO

ap: A ay(A) =Ul AU, (13)

00000000000000000 «0000
Q—a(@=Q+q (14)

000D0D00000000000000000 QU000 w(Q)00000000000000
(Q)0000000D000000000 a(Q)-w(@)100000000¢000000000
000000000000000000000

H:=KqP, U :=e /"  Kt/h=1 (15)

000000[Q,Pl=ih00 o(Q)=Q+¢00000(14)000000000000000000



goobooobooobboobbuoobobooobbooobboobbooobooobo
gbooooooobobobooooboboboobooooboboboobpooboooobo
gboboobooboboobooboobooboooboobooobbobbobboboobon

ubobooboobboobodgpuoboononog

a(p)=UlpU=p-P (16)

00000000000000000UCOO0000 ¢00000000000000 ¢0000
000000UO p00000000UNWU £p0000000000 00000000 pO0O
0D000000000000000000000000000000000000000000
D0000pO000000000O000000 ¢0000O000O00O000O00O000O000O
D00000000000000000000000000000O0

7.2 0O0O0O vs. OOOOO

0000000000000000000000000000»0000000000000
000ooooooog me,gpe (r=1,---,n) 00000000000 M (meter, pointer,
indicator) D0 00 0000000000000 000000D «00000000000000
0OBOO0OOOODO0 aB)=H"Be~ /P 00000000000 von Neumann 00 00
000000000000 000000000000000000000000

n
Pz = Zpra a(pz) = Px- (17)
r=1
goooooooooonon
n
p e 2or=1 Tl (18)
Zr:l my

000000000000 00U000U000z00000MsaM)=M+200000
oo MOooboooooMOOUOOobOobDooOooboobDoobDUoobUoboboobobo
00 AD0OO [A,M]=0000000000000000 p, 00000 [p,,M]=000000
Ubob«00b0booobooobbooon

[(pz), a(M)] = a([pz, M]) = 0 (19)

0000000000 [2,p,]=ih0000(17)0 afpy) =p, 0000000 (M) =M + 20
Doooooo
[(pz), (M)] = [pa, M + z] = —ih (20)

0000000000 (190000000000000000000000000000000
00 MOOOOOOODO00 20000 aM)=M+20000000000000 00
000000000000
0000000020000000 f(M,2)0000 a(M) = f(M,2)00 a(ps)=p, 000
00000000000000000 000000000000



O00o000o00ooo0o0o0ooo0ooo0oDooDooooo0oo0ooooooooooon
O0o0o0000oo00ooooooooooooooooooooooooooooooooon

000000000 p, 000000000 000000 DODODOODOOODOODOODOOOO
00000D0o000ooo0o00ooooooD p, O0O0DDODO0ODODOO0ODOOOOOO
002000000000 ¢r—¢s0p, 0000000000000 0OC0OO0OODOOOOOO0O

0000000000000 0000D000o00Do0oo0oo0o0ooooDoooDooDn
0000000000000 000000000000000000000000000000
0000000000000 0O Wigner-Araki-Yanase-Ozawa OO0 000000000 O0O0OO0O
oooooooooooooooooooon

73 Uoopobobooooooo

gbobgoooboboboooobobooboooboobooboboobobobobo
000 A0D0DO0OO0ODOOO0ODOOO00DOOO0O0DODOO00ODO00ODOD MOOODOMODDOO
ooooo0ooOooboooooO0o0ooODMOOOOUODD ADODDOOODOOUODOOOOOOO
gogbobooooobooobbooobbtoomoboobooooboooooboooobobooon
() MOOOD AQODODODODOOOOOODOOOOOOOOOOOOOOOOOOODOO MOODO
0A000O0O0OO0O0O0OQO0O@{)MOODODOD ADODODODDOOOOOOOOOOOODOODDDO
000oo0o0ooooMOOO0OD ADODOOOOODODODO@G) MODODO ADDODOOODODOOOO
oooooooooooMOOOD AOOOODODOOOO

gooobobobooboobbooooboobooboboobDoboU0bDUDUyvon Neumann O
obobobobobobosobobbobbobboebobO

op(q) == eipb/hqe_ipb/h =q+b, (21)
00 Qo000
Tb(Q) — ein/ﬁQe—in/ﬁ _ Q +b (22)

00000000000 QO e, 00000000000000 «(Q)=Q+¢00000000
0 op(a(@)=Q+¢+b00000000000

¢Pb/R GiH/R () —iHU /R —ipb/h  _ iHt/h (iPb/h () o—iPb/h —iHt/h
op(a(Q)) = a(n(Q)) (23)

0000 (covariance) 0000000000 DO0D0OOOOO0OOOOOODOOOOODODOOODO
goooobooooooooo

Q+(g+b)=(Q+q) +b (24)

gobooaoo
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gooooOo0ODOO0O0ODOOO0O000 0000000000 00000 GOOOge@G
0 #00O000OOo0y: -2 0000000000000 7:#—.2000000
goooo

Og1 ©0gy = Ogi1g25 Tg1 © Tga = Tg1g2> 91,92 € G. (25)
0000000000 0000000U0L0LDL0 0000 UULD000 a: QM = I QM

oo000o0o0o0ddooooooooooodddffoy®T1y,04®id,id@7, 0000000
dM— QA 0000000000000geGOOOOOODOO

gdQM 25 IQM

- oo (26
dQM = AQM

0000000000000 0 GUOO0000000GLOO00000O (total conservation
law) DO0O0O0OOOOOO
0o0000O00oooobOoobodD Jew, Ke 20000000 100000 seRODOO
gooo
O_S(A):eijs/hAe—iJs/h’ TS(M):eiKs/hMe—iKs/h (27)

O0000000000000 (B) =€t/ PBe~#Ht/h Qo OOO0D0O0O0 HOODOOODOOO
0000000000000
[H, (J+K)]=0 (28)

O00000000(J+K)=J+KO0OOOOOOOOUODOOOOOO Bed @A, s,teR
gooog

ai((0s @ 7)(B)) = (05 @ 75)(u(B)) (29)

0000 (260000000
0000000000000 g¢geGOOOOOOO0

dQM 25 TQM

ag®idl log@d (30)
AM = ARM

00000000000 0000O000000 GOOOOLOUOUOUO0OOOOoOoon (isolated
conservation law) 0 000000000000 (28)0 [H, (J+K)|=000000

[H, J] =0 (31)

gooooo
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7.5 0O0OOO
gbooboboo MMObOOoDbDOOoOoOD

1loM % a(l® M)

id®~rgl l09®id (32)
1e7,M SN a(l®@1,M) =o04(a(1®@M))

000000000MOOO0O0000 (covariant indicator) 0000000000 (23) 0 von
Neumann 00000000 QOO0 op(a(Q)) =a(n(Q)) 000 DD00O0O0ODDO0
0000000000000000000000000000000

76 0O0O0OO0OOO vs.OOOOODO

A0D00D0O0OO0O0ODOO0OU0O00O0(M)D00O0DO0OO0OODDOUOO0ODODDOUDOODDOUDOOOOOD
00 A=o(M)00000000000O0O0COOOO0DOO0OOOOOOO0ODOOOOOOOO
goboboooboboobobooobobooobooobooobooobooobboobboo
gobooboooboboobbooboboooobooobobooobboobboobobooobobon
gobooboboooboobboobboobooboboobooooobooboobooboooboo
gobooboobbooobooobbooobooboan

000000000000 000000000000 1500000 (perfect correlation) O O
O0000000OHibert OO0 2200 2000000000 A, BOOOOOODOO

A:/)\EA(d)\), B:/AEB(dA) (33)

gooodoogood EA,EBDDDDDDDDDDDDDDD Yezx 00000000 Borel
OO0 ACROOOO
ENAY = EB(A)y (34)

O000O0O0O0O0ODOO0ODOyOOO0OO0O AOD BOOOOOOOO (perfectly correlated in the state
) 0000000000000 0000000YwO0O00 AD BOOOOOODOODOOOAO
0000 ADODODODO BOOODOD AODQOOOOODOODODOODOOODOD

A=,B (35)

0000=,0000000000000000 (i)0000A=yA, (ii)) J000A=yB = B=yA4,
(i) 0000DA=yB,B=,C=A=,CO0000.00000000000000O000OO
ggdod

000000 GNS (Gelfand-Naimark-Segal) 00 6|0 00000000000 0O00O0OOO
O00¢esx 00000 (state) w: o7 — CO

w(A) := W[Alp),  Ae B(X) (36)
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000000000o00Uoo00 B(w#)O 000000000000 wO0O0O00OO A,BO
000000000 Y9%A,B)0000000O0O0DO0OGNSODODO n, 000O0DOO0OODOODO

mw(A) = 7 (B) (37)

gboboboboboboboboboboboboob
gboo40000000000

air a2 0 0 bin b2 0 O c1

Ao |02 o2 0 0 . B= bar b2 0 O Cp= c2 (39)
0 0 aszs3 asq 0 0 533 b34 0
0 0 a43 ayq 0 0 bsz by 0

(c1,c0#£0) 00000 GNSOOOO#, =C200000000

bi1 b
Ww(A): ail a2 7 Ww(B)Z 11 12 (39)
az1 a22 b21 b22
0000000000 00000000000 m,(A) =7m(B)DOODODOOA # BOO
(A =7,(B) 00000000000
00000 A0DDOO0OODOO0OO0 oM) 0000000000000 ODOO0ODODOOODDA

0aoM)DODODODD0O00Y% CcH@2) 0000000000000 w, 000000000
0000000000 v=w®eOOOOD¥0OGNSOOO m,:¥9 - B(s,) 000000

™y (A) = my(a(M)) (40)

0000000000000 AD(M)D0ODOOO0O0DODOOOOOO0DODOOOvOOOOODOO
00000 A0 «(M)OO0OODDODOOOOOOO

A=, a(M) (41)

gooo

7T DOoO0boOoOobOoood

ooobood GoOo0o0ooooOoOooOooboOoOoOoooOooooo00oDboOoOoDbboOoOoDo
0oo0oooopooo0 ADODCO GooOoOOoOoooDoooo

00000000 ooooooooonoDodddv=wedODODODODODODOODDODOOO0OO
O (o,A,M,v)0000 (G,o,7) 0000000000000 ADDOUOOOOOOO o(M)DO
00 A=, oM)00000000000O0DO0OO0DOOOOO0DODOOOOOOOODOOOOOO
0,A=,a(r,M)0000000000000D00000000 a(rgM) =04(eM) 000000
ooodooooid cjoa=aoog,. DOOOO

04A =, a(tyM) =, 04(aM) =, a(ogM). (42)

12



0000000000000 00000000M=19oM0O0,1=1(1000000000
gooooo

a(7,M) = a(oy(1® M) = a(l® M) (13)
0000@42)000000geGOUOOOODOOOO
o,A=, A (44)

obodbb0v=w@eUODLOUOOOOODDLOODOOOD0DD whOODOODODOODOO
goboooboooboooboboobboobobooobooobooobboobboo
gobooboobboobooobobooobooboobboooobon

og,A=A (45)

0000 D0O0O0Ob0 ADGOOOOO0ODOOOOOOODOOO

ubooboooobuooobooooboboobobooboobooooboooboboobobooooo
goboobooobobooobobooobbuooobuooobooobooboooboobooobobooboboo
ggbbogobboobbooobbuoobbuoobobooobbooobooobboobboo
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