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3x300000000020000000000000T4=3x0000
M(A=1,---,8)0 Gel-kMann 0000000000 DODOO.

010 0 —i 0 1 0 0
M=l 100/, X=[4i 0 0], M¥=]o0 -1
00 0 0 0 0 0 0 0
1 0 —1
A= , M=o ,
1 0 7
0 0 0 00 0 ' 10
M=]lo0oo0 1], X"=[lo0oo0o —i|, ¥=—|01 o0
! V3
010 0 i 0 00 -2
(C.28)

O0oooNOD NOODDDOODoOoooooo

AP ABC)‘C

=i - C.29

| =i (C.29)
000000000000 400000 ABCOOODOOO0O0OO00000
0000000000000 0000000

iz =1
f1a7 = fase = fos1 = faas = —f156 = —faer = % (C.30)

fass = fers = §

ooboooo.0o0o00ooooo

{/\A )\B C

1 A
= 681 + dage— C.31
2’2} 3 tdasc (C.31)
000000dage 0000 ABCOODDDO0O0O0O0O0O0O00000O00
oooo

di1g = doog = d3zs = —dsss = %
di146 = d157 = dase = d3aa = d3s5 = % (C.32)
dos7 = dzee = d3z77 = _%
dass = dsss = dees = dr7s = _ﬁ
googd

rankSU(3) =2000000Cartan O00O0O0O0O0O0OH;, HsOOODOOO
ooooo
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0 —i 0 0 0 0 0
+ 0 0 0 0 0 0

0O 00 0 0 0 0 0

) 0o 00 0 —ii 0o 0 0

{Ad(H3)}AB = ZfSBA = 1 2

0 0 0+ 0 0 0 0

0 0 0 0 0 0 +it 0

0 0 0 0 0 —i& 0 o0

0 00 0 0 0 0

(C.33)
000 0 0 0 0 0
000 0 0 0 0 0
000 0 0 0 0 0
000 0 —i¥ o0 0 0

Ad(H)Y 5 =ifsg? = 2

1Ad(s)} : 000 +%2 0 0 0 0
000 0 0 0 =2 0
000 0 I (I
000 0 0 0 0 0

(C.34)

00D00O0o0ooooo (5=3,8)

{Ad(Hj)} pog = ajug (A=1,2,---.8) (C.35)

DbobbOw,, 0000 ;0000000000000 O0O00OObO0On
00000 d=(m,a) 000000000000 OOODOODOO véDDD
gooao

1
a = (£1,0) — v = —(1,+4,0,0,0,0,0,0)7
“ Ve
1
a = (£1/2,£V3/2) - vi = %(0,0,0, 1,+4,0,0,0,0)T
1
a=(F1/2,£V3/2) — v = %(0, 0,0,0,0,1,44,0)T (C.36)

00ooooo. d=(wm,e) 00000000000 OODOOOOO. OODO
gobooobooboobboobo

1 .

Eo=(+1,0) = Vi Ta = %(Tl +iT5), (C.37)
1 .

Eo—(t1/2,4v3/2) = viTa = %(Tz; +iT5), (C.38)
1 .

E (31721372 = VaTa = %(TG +iT7), (C.39)
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{H =T3 Hy=T% Eyo,E_o}00Cartan 00 00000.

[Hj, Eo] =0 Ea,  ([Hj, E_o] = —a; E_a), (C.40)

[Ea, E}] =0’ Hjdup (C.41)
1 (6%

[Ew, Eg] = — 75 PET, (C.42)

O000Cartan 0000¢44 =1/30000a* = ¢g**ay, = a,/300000
ooo.
SU(3)0Dooooon

Ay =g T = a, T +a), T+ Y AT (C.43)
a=1,2,4,5,6,7
3 1 8 1 P A2 4 P AD
. AH—&-%A# A, —iAj A — A
=3 A +id A+ AL AT — A (C.44)

4 | A5 6 4 ;AT 2 48
A#JrzA# A#JrzA# fﬁAﬂ
00 Cartan O O
3

Ay =a,Hy +a),Hy + > (WiEq + WiE_,) (C.45)
a=1
1 * *
) AL+ ZAS V2W V2W2
=3 V2W, —AS + %Ai V2R (C.46)
2
V22 VawE o AR

000.0000SU(B)000000003000000000000. (a,b) =
(1,2), (4,5), (6,7).

W, = %(A}L +iA2), W= %(Aﬁ +iAd), W= %(Aﬁ +iA7).
(C.47)
Cartan00O QOO O0O0OO
H =(Hy,Hy) = (T°,T%),
Eiq :%(T1 +4T?), Eio= \%(T‘* +iTP), FEis= %(T(j +4T7),
(C.48)
000000000. 0000E,=+v3E,00000.
[H,E,) =é,Eq, ([H,E_o)=—€,E_,), (C.49)
[Eo, Ef) =€, - Habop = [Ea, E_o) = & - Ho = o H; (C.50)
(Ba, By = — %ew@;, (C.51)
tr(Ef Ep) =tr(E, E}}) = %%g, tr(EqEg) = tr(ELE}) =0 (C.52)
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00000000 (positive root) O

-1 -3
& =alV =(1,0), 62—‘“(2)‘<v f>,

00000000000 (simple root) O
o= o, ayi=a®. (C.54)

noo. Y’ & =0000.
0000 fAB¢0000Cartan 00000000 30 800000000

ooooao.

fa12 =1, f345:_f367:%§ f845:f867:§ (C.55)
0000000dA 000 Cartan DO DO 0OODODOD 3080000000
ogooooa.
dss = dsss = 3, dses = dsr = —5, dszs = %;

dg11 = dgpa = dg3z = %» dg4s4 = dgss = dges = dg77 = —27\1/57 dggs = —%
(C.56)

dAP¢ 00000000 Cartan 000000000000 ODO0O0OOOOOO
000 Cartan 00000000000 OODO. DO0O04,k,¢0 CartanO0O
goooocooo

F 40, =0 (a4 k), F#0 (C.57)
dABC = ot ({T4, TBYTC). (C.58)
ooooooO
00 0 00 O 0 O
00 0 00 0O 0 O
1
00 0 00 0 0 -
00 0 £ 0 0 0 o0
dsap = 2 (C.59)
00 0 042+ 0 0 o0
00 0 00 -3 0 O
00 0 00 0 -2 0
1
00 5 00 0 0 0
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1
% 0 0 0 0 0 0 0
1
0 > 0 0 0 0 0 ©
1
0 0 = 0 0 0 0 0
0 0 0 =L o0 0 0 0
dsap = G (C.60)
0 0 0 0 5% 0 0 0
-1
0o 0 0 0 0 5% 0 0
—1
0 0 0 0 0 0 = 0
—1
0O 0 0 0 0 0 =
000000000000O000O0.
M =5 4y fiab (C.61)
00000000000000000000000000000
vEi(€y-Y) =v+i(d YY) (C.62)
ooooo
3
det M = [J[v* + (én - Y)?] (C.63)
a=1
oooooo.
C.2.3 SU(N)

000 SUN)DDDO dimSU(N) = N? =10 rankSU(N) =N — 10
0000000000000000000000000 tr(7T4) =00 NxN
00000000 7T4A00000 (N?2-1)000000 (N-1)00000
O Cartan0000000000000000OO0DOODOO

1
trCTATB)::iéAB (C.64)
ooooo

1

(74, 78] = if 45T, {T“,TB}:aNﬁABl—%dABCTC (C.65)
ABlABlAB

TATE =S [T, TP) + T4, 77}

L

1 1
2N&w1+§fmc+§ﬁMmTq (C.66)

0o0ooo
ifABC = otr(TA, TP|TC), dABC =2u0({T4, TYTY).  (C.67)
SU(2)000000dape =000000000000
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if*¢ =0(A0000000000), (C.68)
d*C =0 (ADDooooon). (C.69)

gooboboboooooooobob.
G=SU(N)DOO0OO0ODOO0OO0O0O (completeness relation) O O
(T)ap(T)ea = L d0be — L bOecd
a C 2 a C 2N a C

(A=1,2,---,N* - 1;a,b,c,d=1,2,--- ,N) (C.70)

oo0000. boo0O0Lie000O0O0O0OOOOOOOODOOOOOO
oo

S)
> TATA = Cy(R)1g (C.71)
A=1

0000.00000000 Cx(R)OD0O00000D0OD0O0O0O0ODDOO
0 (Casimir invariant) 00000 . G=SU(N)O f000000«00000
goood

N%Z -1
2N
goo.0o0ooooooooo

Co(f) =CFp =

Cy(a) :=Cy =N (C.72)

tr(TATP) = T(R)6ap (C.73)

T(R)O Co(R)DDO0OODODDO

_ AR
T(R) = G Co() (C.74)
0000000O04R)000 ROOODOOd(G)00 GOOOoooo.
_ _ AW oy L
dG) = N* =1, dif) =N, T()= g0 =5  (©7)
d(a) =N? -1, T(a) =Cy(a) =Cs = N.
(C.76)
0oosu(3)ooooo
WG =8, d(f)=3, T(f)=5 CN=Cr=3  (CT)
d(a) =8, T(a)=Cs(a)=Cy =3. (C.78)
00000000 (Fierz identity) 0O
Tt = L bt = =TT (C.19)
gooooo.
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cooooooooooo

(4, TP, 7Y+ [[T7, 790, T4 + ([T, 74], T%] =0, (C.80)
{4, 7%}, 79 + {77, 7%, T4 + {1, 71}, TP =0, (C.81)
(T4 A{TB, T —{TB {1, T4}y + 19, [T4, TP] =0,  (C.82)

goooobooooooooooooobooao.
fABEfECD =+ fBCEfEAD + fCAE'fEBD _ O, (083)
dABEfECD + dBCEfEAD 4 dCAEfEBD _ O7 (084)

2
fABEfCDE _ N(éAC(SBD _ (SAD(SBC) + dACEdBDE _ dADEdBCE.
(C.85)
ogoooooooa

fACDfBCD _ N(SAB, fABCfABC _ N(N2 o 1) (C86)

0oosu()oooooo
§4p g §p
(ABCDEF _|sB  sB_ §B . (C.87)

p % %

e §4p
(ABE CDE _ — §AC§BD _ §AD§BC (C.88)
§Pc 68p
(ACD BCD _g5AB (C.89)
(ABC ABC _g (C.90)
goooooon

(T4, 77, T, TP + [[[T7, T4, T"], T
+[[[T€,TP), T4, T8 + [[[TP,T°], TB], T4 =0, (C.91)
H{TA’TB}aTC]’TD] - H{TA’TB}vTD]vTC]
+ [{[TcaTD]aTB}aTA] + [{[chTD]vTA}vTB} = 07
(C.92)
{({T*, 77}, 7, TP + [{{T", T4}, TP}, T°]
+ [{({1¢, TP}, 7Y, T8 + [{{TP,T°}, T8}, T4 = 0.
(C.93)

gooo
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fABEfECFfFDG + fBAEfEDFfFC’G

+ fCDEfEAFfFBG + fDCEfEBFfFAG _ 07 (0943)
dABEfECFfFDG _ dBAEfEDFfFCG

+ fC’DEdEBFfFAG 4 fCDEdEAFfFBG _ 0, (Cg4b)

dABEdECFfFDG + dBAEdEDFfFCG
4 dCDEdEAFfFBG + dDCEdE'BFfFAG = 0. (094(:)

gobobo.boboboboboooooooog.
gbooood,traced0000DOODOOOOOODODOODO.

tr(T4) =0, (C.95)
tr(TATP) :%51“3, (C.96)
tr(TATPTC) :i(z’ fABC 4 gABC), (C.97)

1 1
tr(TATBTCTD) :W(;AB(SCD + g(ifABE + dABE)(Z-fCDE + dCDE)

—i((SAB(SCD _ 6AC(SBD + 6AD(SBC)

4N
+ é(dABEdC’DE _ dACEdBDE + dADEdBCE)
1
+ gz:(dABEfCDE + fABEdCDE). (098)

000000000000000000(C.66)00000000000000
0.0000000000(C8)0000.
0oosU(2)ooooooon.

tr(TATBTC) :iiEABC’ (C.99)
tr(TATETCTP) :é(;AB(;CD _ éeABEECDE
=%(5AB<SCD — §A9§PP 4 5AP B, (C.100)
oooono
Tt = %EABDTD * iéAB' (C.101)

gooooooooooooon.
Cartan 00O QOO

[Hj, Hy] =0, (C.102)
[Hj, Exa] =+ ajEya (C.103)
[Ea, E_o|=0’H; (j=1,---,1), (C.104)

[Ea, Eg] =Na,sEa+s, (C.105)
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goob. booo
El,=E_a, (EaEp)=06asp0, (Hj, Hy) =) ajap =g

(C.106)
O000F., 000000 Eyy:=vNE,,00ODOOODO

[Ea, E_o) =c;Hj (j=1,---,7), (C.107)

goboocoooooo. DDDDaj:aj/N.DDDDDDDDDDDDDD
goboooooo.

G=SUN)DDOOoDo0g (A=1,2,---,N2—1);

dy =t = N dH;j+ Y AT (C.108)
j=1,2,--- ,N—1 a=1,2,-- ,N2—N

00 Cartan O 0O

N-1 (N2=N)/2 ) )
o= S aH Y (WiE, WiEL,)
a=1

Jj=1

(C.109)

gob.oboobboon

ﬁ :(Hla H27H3a e 7HN—1) = (TSaTSaTlsa e ’TN271)3

5 1 _ 1
Eil =—(TY' +4T?), Eio=—=(T*+iT?),
41 \/5( ) +2 \/5( )
. 1 2 o N2
oy Eynve_nyp = —=(TN 73 247N 72,

7 (C.110)

ajafs
wie Latyiaz), w2e Lty
w = AT, W= A i),

)

1
WV -N/2 - 72(143’2—3 +iAN -2 (C.111)
0ooooooooon.
SU(N) O Cartan 0 OO
U = exp (—igt’ H;) (C.112)

00000000D0000000000000
o, =U (Mu + ’aﬂ) Ut
9
=U <af;Hj +WiEq + WSE_o + Zaﬂ) Ut
9

=(ab + 8,05 Hy, + e 9 Wi B, + 9V WOE_,  (C.113)
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goooon

ak' = ak + 9,0k, W = uwe, Wi = e 9w
(C.114)
00000000SU(N)0DO0D00OOO0ONOD U()"000000r=N-1
gooooooooood a,’j (k = 1,---,r)00000D0DOOODOD
2 — 2
(N? - N)/20000000000 WO Wi* (e =1,...,(N*=N)/2)
Ooor0ooo0 +o; 0 —;000000000000000000000
ooo.
oooooooooooooo

A-B:=ABA, (C.115)
(B x C)4 :=fABCBBCC, (C.116)
(BxC)* :=d*B¢BBCC. (C.117)

goooobooooooooooooon
00(x) = ®(x) x 0, or 604 (zx) = fABDB(2)6°. (C.118)

oobooo.oooooooocoooboocooooon.

A-B=A"BA (C.119)

A-(BxC)= fAPeatBPce (C.120)

A-(BxC) = d*PCArBPcC (C.121)
C.2.4 SU(4)

SU(4)00000SUN)00000000000000000000000
000000000000000000000000SU3)00000000
00000000000000000000. rank SU(4)=30000000
00000000 (73,7, Ti5) 000. 00000000000000000
42-1=150000000 120000. 00073 -7:000000000
sU(3)0o0o00

770)7 (C.122)

Tis000000000000
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(L2 (L2
27 2\/51 \/6 ) 27 2\/57 \/6 )
1 2
(o,_%,%), (C.123)
goooooooonoo
1 2
(O7ﬁa 76)’
1 1 2 1 1 2
RV RN IV (2

oobO. 0Doocooobooooooooboooooooooooobooooooon
0o0o0ooooooocooO0Oooe0o0OoOoOooOoo9oOOOoboOoOoooon
goboo. ocoooooooooooooooobooOoooboooooboooon
gobooooooooooocoobO.ooooooOoobobcOoooo

w00, G20 &P

1 1 2 1 2 1 1 2

(5 TV 7) (O,E,—*GL (57_27\/3)_%) (C.125)
goo.
C.2.5 U(N)

UNN)~U(1)x SUN)DDOO0000000U(N)OOOOD 30400
000000007, =3100000000000B)0000003A400

Toz%1DDDDDDDDDDDDDDDDDDDDDDDDDDDDD

C.2.6 O(N)
oo (Orthogonalgroup)DDDDDDDDDDDDDDDDD.

x;T; = invariant. (C.126)

C.2.7 Sp(M)
0000000000 (Symplectic group) 0 0Grassmann 00 6, 00000
godboooobooboooooa.

0,,Cpn0,, = invariant. (C.127)
00000 cooooooooooog.
C.2.8 Osp(N|M)

000000000000 (Orthosymplectic group) 0000000000
goobooobo.
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x;T; + 0,,Crunb,, = invariant. (C.128)

O(N) x Sp(M) C Osp(N|M) (C.129)

Osp(N|M)DOOOOOOODOO Grassmann 00 000000000000
0 O supergroup or graded Lie group 000000000 SUN—M)OODO.
0000000 Lied00OO0OO0ODOOOOOOOO.

C3 00oQ

oooo

0 0 0 0 adjoint representation0 0 00000000 dimGOOO0OO
T,000000

(Ta) X =ifpac = [Ad(Ta)] S (C.130)

0000000000 Lie00O0DODO0OODOOODOOOOO(C130)000O
000 dimG xdmGOOOOOOOOOOOOO

[Ta,Tg| =ifapcTc (C.131)

000000 Ooooo*syg
000000000000000000 ®4(A=1,2,---,dimG)000 G
ooooo

By = exp [i04Ad(T4)] 5 B (C.134)

0000000000 0oo0ooooooooooooooonooed

(@), = dic ®* (Ta),’
o = A (C.135)
A=1

jd0Oo0oobooOoOoooooo o000 Goooao
& = UUT, U," = [exp (i0°Ta)] " (C.136)

00000000 uU0ooT,0e000000T,00000000000
goboooooooobooooooo

30 00000 T, 00000000 JacobiODODO
[Ta, [T, Tc)l + [IB, [Tc, Tall + [Tc, [Ta, TB]] = 0 (C.132)
00(c.131)0000o0ooooooon

fBepfape + fcapfepe + fappfepe =0 (C.133)

oooo
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00 C.1 00000000000 (C.134)00000 (C.136)000000

0000000
ooo
D dpTp =) ®PUTUT (C.137)
B B
oo
Ty exp [104Ad (Ta)] . e = DPUTRUT (C.138)

0000000X =8BT0 Y =kATA000000
1
eV Xe ™V :X+[Y,X]+5[Y, Y, X+ (C.139)

oobooooooo

C.4 su3) 0000000000

303=603" (C.140)
303" =801=3"93 (C.141)
3*®3 =6"®3 (C.142)
623=1008 (C.143)
623 =150 3 (C.144)
303R3=10808®10 (C.145)

333" =(3"96)3" =3"03" 063"
=6"®3®3d15 (C.146)

3*®3*"®3=(3"®15)®3* D6 (C.147)
323" 23" = (6"®3")d (3®3")

=8 310" 3138 (C.148)
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8®3=3®6"®15 (C.149)

10 3* =15 ® 15* (C.150)

808=14838¢10a 10* & 27 (C.151)
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oo D

00 Yang-MillsU OO 0O 0O 00O O
HREREREREREEN

000 Yang-MillsOOOOOOOOOO00D0O0O0O00O00O00OO00OO Yang-

Mills O O

0000000000000 0o0. 0000000 Yang-Mills O

goboboooooboooooobocooooooobooooooOooobooOon
ooooo. Oooooooboodooboooo0ooboooooooooon
ooooooooDo.

D.1 GribovO O

0000000000000000000000000000000000
00000000000000000000000000000000000
000000000000000

D000 «/(x) 0000000000000

A={ZMz)|p=0,--- ,D-1;A=1,--- dimG;z € R} (D.1)

000000000 AOwOz0 JOOOOOOOOOOOOOOOO %HA(LE)
00A0O0OO0O0OOCOOO0ODOO0OOOOO0OOOOOUOOOOOOOOOD
guo szuAU(x)DDDDDDDDDD A0D00000O0OOOOOOOOOOOO
gobooooooboboooooboooooooooobboooooooooboboooo
00000000000 0AQ0U0OODOUO0OOO0O0ODOUOUOOOO
00D0DOgauge orbit0 ** 00 00000000000000000ADDODO
ugobooobooooboooooooo
oooooooooooooooooobooboOoooooobooooooooon
gobooooooocooboooooobocoboboooOooboOoOoooooboOooon
O000000o00o0o0OoU0o0o0oU0oUoUonD0 90000000

x10 JO0000oo0ooooboooobooboo0oooooooooboooDoboOOobbOoOoOoooooo
gobo0o0o0oDbo0o0oDbOo0O0DbOO00DOtrajectoryD D 0OO00D0OOODO
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0O D1 O00OO0O0O0O0OO0O0O0OCOOO0OO0O0O0O00O0OTrooo
O00oo0ooooooooorooo 10 Gribov OO
Q00000000 GribovOOODOO 00

000 AD000000000 fA.@dDDDDDDDDDDDDDDDDD
0000000000 0000000000O0over countingd 00000000
000000000 A00D0DO0DO00D0D00dOoooooooooooOO g
goooood CZA/QDDDDDDDDD*QED
000000000000 00000D00O00OD0D representatived 0000
000000000000 000D0O00DOYang-MillsDOOODOOODOOOO
goooobobboboooooobobobbooooobobbooogoooo
Landau 000 O#, =000.A00000000000 00000000
00000oooo00oo0oooooooO0 roooo0oooooooooon
0000000000000 000000000000 fl[&]=000A400
0000 I'000000 roo0on0oo0Oo (gauge fixing hypersurface)
oood
Jooooooooobobooobooddooogoooobobooood
dooooooooooboooooooooooooooooo rooooao
00000 goooooooooooooooooooooooooooon
oo obobobbbobbobboon
000000000000 DO0DO0000oO0oOooooooDOooDoonO ba
gooodobooooboobooobooo
ooboobooboooboobooboobobooboboobooboo
00000000000 000000 o, =00000000000000
goboobooboobboobuoobuoobboobobooboobooo
goboodobobobobooboobuooboobboobobooboobooo
00 GribovOOOOOOOOOOOO Gribov OO0 Gribov problemO 00O
0oooo*ag
OO00CoulombOdOO0O0O LorentzOOOOODOOOOOOOOOOOO

20 00000000000000modulo0O000OOD0OODODODOODOODOODOO

*30 V.N. Gribov NuclO Phys0 B 1390 1-190 19750 00 0000000000000
0000 Gribovproblem 0000000000000 00O000O0O0ODOOODOOO
O0000o0o00oooo000o0ooo00l. Singerd Commun Math( PhysO 600 7
g19780 0000
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0000000000000 00000000000 Lorentz O Landau OO
00000000000 #,0 LandauD 00 OMe, =00000000000
00D g¢g0OO0O0ODOOODO Mgzgﬂg_l—&—gaug_lljLandauDDDDIZIEI
goooood [“)“,52712‘7:OIZIDDDDDDDDDDDDDDDDDDDDDD
2 0 o, 0 Gribov 0000 Gribov copyd 00000000 GribovO OO
J000doooooooodddCoulombd0 00000000 OOOOOO
ogooog
00000000000oDooo*0000000o0o0n FPOOO

MAP[)(2,y) = ~0, 2, P 118D (& — y) (D.2)

000000000248« = 0,648 4+ gfA°P/C(z)0000
Landau 000 9,4/, =0000FPO0000000000000000

M) = -0 - D) = —D|H) -0 = M. (D.3)

000 M«#]0000D00000000O00000000000O0O0O0O00O0
O0000opoo00 M<X<---000000

detM[e] = ﬁ Anl ] (D.4)

oooooooooN 000000000000
0000000 &, =0000

M08 (z,y) = —0,0,04P5P) (z — y) (D.5)

oo00o0o0ooooooooOoOooUoUUUoooDoooofrFPOOOOOO
0 O positive definite0 0000000000000« =000000000
00 A 000N >00000000 detM[«/] >00000\[«]0 & 0
00000000 OODOO0O0O0D0O0O000000D0o0o0O ;000000
0o0o0o0ooooooooo detM[,Qf]:ODDD*5”DDDDDDDDDDF
000 Gribov 00 (Gribov region) 2 00000000 GribovO OO
(Gribov horizon) 92 0000000000 D0000000

*40 Gribov 00000 Eucid 00000000000000000000000Eu-
cid 000000000000 well-defined 0000000000000 Euclid
000000000000 00000 FPOOOODOOOOODODOOOOODODO
O000O00Euclid 000008,8, = (80)? + V2 00000 Minkowski 10000
O, = (89)% — V20

x50 000000000 dw=00000000000000000000000000
000000000000 00000000

x*60 0000000000000000 Gribov regiond 00 Gribov horizon 0 000 O
ooooeWoan)o

detM[«/] >000000000 M[&#]=-8-D[«]>00000
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N={d|0- o/ =0 & detM[«/] >0} Gribov region (D.6)
N ={A|0-o/ =0 & detM[«/] =0} Gribov horizon (D.7)
I'={4|0 -9 =0} gauge—fixing hypersurface (D.8)

e >0 for o €12
det (=0 - 2[])) = [[n (D.9)
n=1 =0 for & € 9
GribovOOOUOODOODODODODODOODOOOODOOOO
i) 20 &/ =00000
ii) O000000000O0ooon
iii) QO0000000go

0ooO

i) MAB[0] = —026486(P)(z—y) 0000000 w0 0O00(w, M[0Jw) > 0
Doooo

i) 00 MABleZ] = MEPB + M{Blo/]0 M = —026486(P)(z — y)O

M{Bla] = gf*PCqC0,6P) (¢ — y) DO OO0trM[o/] = 0000
El] = (w,M}[/|w) <000000 wOOOODOO0000M,[«]0 o
0000000M M| =AM,[]000000000000
(w, MM |w) = (w, Mow) + X (w, M1 [/ |w)
= (w, Myw) + AE[] (D.10)
0000 (w, Myw) >00E[«/] <0000000000000 AD0O0OO
(w, MM?w) < 00000000 RO0000000O0
iil) 0o € N0a+F=10a>006>00000 aw + B € 20
O000M[«/| 0000000 M e + Bah] = aMi[eh] + BM; 4]0
ooono
Mlach + Bata] = My + aM[e] + BM, []
aMo + Mo + aMy[o4] + BM o]
= aM[o4] + BM | )] (D.11)

O000O0OM[eA] >00Meh] >000 Mlagh + Be5] >000000

oooo
GribovO00ODOO0OOODOODOOOOODOODOOOFPODOOODOODO
0000000 GribovO0OODOOOOODODOOODOOOOODOOODOOO
0000000 GribovO0OODOOODODOOODODOOOOODOOODOOOO
00000000000000000000000000000000000
0000000000000000000000000 Gribov3d OO Gribov
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00000000000000oooo*g

dooooooooo gzODDDDDDDD*S”DDDDD Gribov O OO
gdooobodoooodooobobooouoboboooooboooooo
godobooooobooooooboooobobooooobooooooog
GribovO OOO0OOOO0OO0OO0O00DO0O00O0O0O00O0OO0O0OOOODOOOO0OO
J0o00d0o000o0U0oOdoodo 00000 o0o0U0oooooOoooaon
Jdo0oodoodooorFPOO0DOODO0OODOODOOOODOODDOODOOOD
0J000000000d0oOoooooos10000000GribovOOOonO
0000O0GribovOODODOOOOOOOOOODOODOO

O0000000GribovOOGribovOOOOOO0O Yang-MillsOO QO OO
0000000000« 000000000 GribovOOOOOOOOoOoOO
O00Landau 0O Q0O

Zym = m”mf 6(0 - o )det Mo |e~ vl (D.12)

0o0o0o0oooooooo*n

D.2 OO0O0O0OO0OO0OOoOoOoOooooooOoOOOO

GribovOOODOOOOO GribovOOOOOOOOOOOUOOOGribovO
goboooboboOoboooooooboboboooooooOoboboOob0oOoOo0o0oooon
00 GribovODOODOOO GribovODOODOOODOO0O0D00O0D0O0ODO0*00Q0
00000 GribovDODOOOOO0OO0OOODOOO0OOOOODOOOO fundamental
modular region0 0000 A0000AO0O0O0O0OOOOOOOOOOOOO
ooo b2000

i) ADDD & =00000
i) AD Q000000 O0O0ODOOO
iii) ADDDODOODO

*70 000 review 00O 0OOR.F. Sobreiro and S.P. Sorella, hep-th/0504095. Gribov
ambiguity 000000000000 DOOOOOOtopological propertyD 00000
ooooooooooooooo

x80 0000 g00« — g 0000000000 00000g< 10 |lge#|| <100
gooooooooboobg

*90 GribovO0ODO0OOD00 20 ) 000000000000000000000
ooo0oo0ooO0ooOooOooooooo

*100 M.A. Semenov-Tyan-Shanskii and V.A. Franke, Zapiski Nauchnykh Seminarov
Leningradskogo Otdeleniya Matematicheskogo Instituta im. V.A. Steklov AN SSSR
120, 159 (1982). English translation: (Plenum Press, New York, 1986) p 999.

G. Dell’ Antonio and D. Zwanziger, Comm. Math. Phys. 138 (1991) 291;
Proceedings of the NATO Advanced ResearchWorkshop on Pobabilistic Methods
in Qunatum Field Theory and Quantum Gravity, Cargese, August 21-27, 1989,
Damgaard and Hueffel (eds.) (Plenum, New York, 1990) , p.107.
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Singular Boundary Point r

0O D2 OD0O0OOUOO0OOTrrooUOOoOOOOOO AQO Gri-
bovOI O QUUIOOOOOOOOODOOOOOOODOO
OO00. L. Stodolsky, P. van Baal and V.I. Zakharov,
[hep-th/0210204], Phys.Lett. B 552, 214-222 (2003).

iv) ADD0 9AD0D0D0D0OO0OODOOOODOO
v) 00D 04000 ONRDDODOD0ODOOOOOOODOOO
goboogpooooboo

Zynt = / Dt 5(0 - o )det Mot Je= M)
A

0000000000000 0000ADOOD Q00000000000
0000000000000 0000000000000000000000
00O000O0GribovO0OO0O00O00DOOD0OODODOOOOOODOOODOO
0000000000000 fl#]=000000000000000000
ooooo

0000000000000 0000000000O00Onumerical simula-
tion000000000000000D000000000DOO0 EuclidO
Yang-Mills 00 0000000000000000«/(z)00000000
#9(x)000000000000xe

Fylg] = /dDa: tr [dj(w)szfj(x)] , A= g_lﬂfug —|—g_16Mg
(D.13)

0000000000000000D0 ¢g(x)0000000000000000
0000000000000000000minFy[g]0

00000000000000 LandauD0 0000000000004/ 00
0 Gribov00OOODO000000D000000000000000000
A0 # 00000F,(0,w)000000000000000 0000 wOt
0000 Fy(0,w) < Fy(t,w). 0000 &/ 0000000000 Gribov O
0Q00F,(0,0)00000000000000000 w00000O0¢0
0000F,(0,w) < Fy(t,w). 0000 0000000

D00000 GOODODODODODO g(t) = e 000004 =

*110 000000 Morse function0 OO OO0,
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A, (t,w, )0 o, 0 g(t)0000000000000000¢0000wD
0000 GO Le0D0000000000,(0,w,)=«,000000

/de tr [(ﬂ;(t,w,ﬂ)ﬂ

= /d% AP RA N

Fg{(t, w)

= % (%(f,w,%),%(t,w,ﬂ)) 0 (D.14)

00 g(t)=1+tw+ 32w+ 000, (tw, ) = o), + 1D, [H |w +
000D000F,(t,w)Dt0000D0000

Fl(t,w) = 0wy, ) = (Du[dw, 4,) = (0w, 7,) = — (w,0,,,)
Foy(t,w) = (0uw, 60 )) = (0w, Dl |w) = (v, =0 Dl ).
(D.15)

O000F, 0000200000 F)(t,w) = 000 Landau 0000
09,4, =000000000000000000000000FPOO0
M| =-0-2(«#)00000000000000000F%(t,w)>0000
0000000000000000F, 0000000 GribovDOOODOO
O0000000000000000000000000000000000
0 O true or absolute minimumOd 00 0000000000000

///( )

IIII

W, 90w ), X w) = (0w, gD, [ |w x w)
W, (92009, X w) X w)

(9

= (9

(0uw, (6° D[ |w x w) X w)

2 (02 0?) + (- B, D[ 1e). (D.16)

000Cribov0D 2000 GribovD 000000000000000 D.1
000000« 0 GribovD0O0OD0 dRO0000000000« 0 9,4, =0
000D00FPOOO -8,2,[«]00000000000000000000
00000 wo00000 8,2,[#wo=00000000000200 &0
0000F,(0,w)0 & 000000000000000000000000
F',(0,w0) =0=F"(0,wp) 00000000000 F%(0,w0)#00000

F%(t,wo) — FJZ{(O wo)

=tF,(0,wp) + t 2F!(0,wo) + gt?’F'”(O,wo) +O(t")

= gtsF’”(O,wo) +O(th) (D.17)

x120 DO0000000000 (local minimum)JO0O0O000 (local maximum) 0000
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000000000+¢+=000000000000000000000*3 00
000000000000000000000000000dQ00 /0000
000mMOO00GribovDO00000000 GribovDOO0D0O0O00000000
F',(0,w) =000000000000F"%(0,w) 00000 F”%(0,w0) > 0
0000000000 GribovDOD 2O00000000000D0000O000
000D0D00000D000000000000000000 GribovOOOO
000D00000AD QOOO0D00*M4
000D000000000000000000D0000000000000
00 Fylg)00LeO0000 &, 0000 Lie0O0O U,(x)0 00000000
000000000000000000000000000000000000
0000000000000000000000000000000GribovO
0000000000000000000000000

D.3 Neuberger’s 000000000 BRSTO OO

oooooo0o00000o0O0O00O00O000Ooo0o0oooooou,,00
00000000000000000000000000000000000
0000000000000 0000000000000000000000
00000000D000D000000000000000000000000
000000000 «,000000000000000*%, 0000000
000000000000000000000000000000000 (weak
coupling expansion) 00 0000000000000 00000OO000O*0
000000000000 000BRSTOODOOOOODOOODODOOODODO
000000000000 00D00000000OBRSTOOOOOOOOOO
000000000000000000000000000000

000000000000000000000000 o[U)0000000
o0oog

(0) = 771 / QU S=UlglU] | 7 = / U 5= (D.18)

00000000oOooD Syw[U]0ooooooOoooooooooooo2un

*130 F//'(0,wo) = 3 (8w}, 0pwd) > 0000000000000 F/(0,wo) =000
DDDDDDDDDDDF&”(O,&)())DDDDDF&’(QW())DDDDDDDD%DDDD
goboboooooboooooooooboooDbboooboooon

x140 ODOD00O0O Yang-Mills 00000000 DOO0OOOOOODOOOOOOCOODOOOO
OOGribovO0D Q0000000000 AODDOOODOODOOOOOOOOOOD.
Zwanziger, [hep-ph/0303028], Phys. Rev. D 69, 016002 (2004).

x150 DO0O000OO0O00O0O0OO00OO0OO.

x160 0000000000 O00O000OOHJ. Rothe, Lattice Gauge Theories, An Intro-
duction, 3rd ed. (World Scientific, 2005). I. Montvay and G. Miinster, Quantum
Fields on a Lattice (Cambridge Univ. Press, 1994).
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0000000000000 0D00000000 measure000000OBRST
000000 fU]=000000000000000000

/@u exp{ | //2+5/Cf}
Ty = / P exp{ / s | Of} (D.19)
Du = QUDN DCHC

00000000000000COCO Eucid00O0OO0O0O00000O00O0
0000000000/ 00000000000BRSTOO 6 U0Onilpotent
04’ =000000000U00000000000000000000COCO
A 000000000000000000O0

6C=iN , 64 =0, 6C =iCC (D.20)
000000000000 0*™00000 2000000000000
Siot[U, C, Oy N = Siny[ / NP § / cf (D.22)

OOBRSTOOOOODO
cooooooooooooon
goooon

/9u exp{ v | /J/Mté/Cf} ](D.23)
d

:7; [6/C_'f]exp{ /W2+t6/0f}
/QuéK/}Cf)exp{ inv /w2+t6/0f} ]

(O{iQp, [---]}0) =0 (D.24)

O00DO BRSTOOOOOOODODOODOOODODODmMOOOt=00000
gogbooooboobobooboobbooboon

- /@u exp{sinv[U] a/JVQ}ﬁU
/QU/Q,/V exp{ ol ]—g/WQ}ﬁ[U]/@C@C

(D.25)

x170 00000 U, O BRSTOOOOODOODOOOO0OO0OOOO0OO0OBRST OO
000000000 Usp — goUspgly, = €05Usue™0otn = Uy + i0Us p —
iUs,ubz4, +0(02) 000000 6, 0000000 C,00000000000000

60Uz, = —t(Uz,yCorpp — C2Ugz ) (D.21)

gooooooo
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0000000000000000*% [92C2C =00000. 0000
4Fs(t)=000 Fp(0)=0000F,(1)=000000000000000
0DZg=F(1)=00000000000

(0) = _— (D.26)

oooo
007 00000000000 BRSTOOOOOOOOOOOOOOOOO
0000000000000000 #0000 (0000000000000
0000000000000000 BRSTOOOOODOOOODOO BRST
000000000000000000
00000000000000000Neuberger 0000000000 no-
go theoremO0 OO0 *0000000F,(t)0t0000000000O000O
00000000000000000000000000000000000
00000000000000000000000000000000000
00000000000000000000000000.
0000000000000000000000000000000000
000000000000000BRSTOOOOOOOOO0OO0OOOOOOO
00000000000000 GribovOODOODOODO0OOOOODO0OO
00000000000000000000000000000000000
0000000000000000000000000 BRSTOOOOOOO
O0BRSTOOOOOODOOODOOOODOOOODODODOODOOOOOO0OO
0000000000000000000000
0000000000000000000000000000000000
00000000000000000000000000000000Faddeev-
PopovO0 00000000 GribovD O0OOOODOO0O0O0OO00OOO0OOCOOO
000 GribovDOOO FPOOOODODOOODOOOOOOOODOOOO
000000000000000Neuberger 000000000000000
00000 BRSTODOOODOOOOOOOOOOOOODOODOOOO BRSTO
0000000000000000*00000000000 GribovO OO
00000000000000000
0000000000000000000000000000000000
00000000000000000000000000000000000
000000loophole 0000000 O00. 0O00DDOO0DODOODODOO

*180 OO AOO.

*190 H. Neuberger(d PhysO Lett0 B1830 337-3400 198700 00 0 0 0 0O 0O O M. Testall
PhysO LettO B4290 349-3530 19980 [hep-let/9803025] 0 0 0O O

x200 BRSTOUOUOOOOODOOOOOOOOOOODODODODOODOOOOC. Becechi and C.
Imbimbo, [hep-th/9510003], Nucl.Phys. B462, 571-599 (1996). C. Becchi, hep-
th/9607181.
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0 (equi-variant)BRSTO OO OOO0O0OO0O00DO0OO00OOO. DO00O0O0O0O0O
0000000000000 00000000000000000000oOO
OOo*2lo, goooooooo*2

gooo

41 FY'(t,w)00D.160000000000

4.2 0000000000 Fock-Schwinger 000000000000000000
00000 FPOOOOOODOOD. 000e=00000 FPOOOOOOODO
4.3 Fock-Schwinger 00 0000000000000 (5.141)000.

44 G=SU(2)00000000000000000000000O0000O000
00 FPOOOOOOOOO0. 00000O0GribovO00OO0O0000000000000

*210 M. Golterman and Y. Shamir, [hep-lat/0404011], Phys. Rev. D 70, 094506
(2005). M. Golterman and L. Zimmerman, [hep-lat/0504023], Phys.Rev. D 71,
117502, (2005).

*x220 A.C. Kalloniatis, L. von Smekal and A.G. Williams, [hep-lat/0501016], Phys.
Lett. B 609, 424-429 (2005).
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oo E

Jodduoboboobnd

E.1l 0000 LSzOOOO

000000000000000000 29— —co000000 29— +00
0000000000000000000000D0000000000000
0000000000000000 ¢(x) 000000000000 ¢, ¢ou
00000000000000000 ¢™,¢° 0000 (asymptotic field) O
ooo

0 O 0 Heisenberg O ¢(z) O O Klein-Gordon 0 00 00O

© +p)o(x) = J(x) (E.1)
000000000000000 J(z)00000000000000GreenO
0 Ax(x;p?)0000000000

60) = dus@) + [ PyBx (o= 5312) ) (B.2)

0000000000Green00000 (O +p?)Ax(x—y;u?) =67z —y)
0 00 ¢as(z) O O Klein-Gordon 0 0 O

(O + 1) Pas(z) = 0 (E.3)

0000000000000 00000000000000000GreenO0O
|:||:||:||:|[|q?)asljDDDDDDDDDDDDDDDGIGGHDD AxO00Oo0OQoo
O (retarded)Green 00 Ar 00O (advanced)Green 00O Ap

Ar(z —y; p°) = —0(2° — y°) Az — y; p?) (E.4)

Anle =y ) =0(y" — ") Az -y ®) (E5)
0000000%° >2°0 Ar(z—y;02) =002° >0 Ax(z—y:pu?) =0
000z —FooUOyUOUOOOOOOOoOooooboOoooOo
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$(z) = VZP"(x) o — —o0 (E-6)
$(z) = VZ¢*"(x) xo — +o0 (E.7)
00O00¢™ = {¢™ ¢} 000000000
@O +p?)¢p*(x) =0, as=in or out (E.8)
000000000
6(w) = VZd"(a) + [ dPybu(o~ yin) ()
= VZe(a) + [ dPutale - i) ) (£9)

0 Yang-Feldman(O OOOOOODOO)00000000000xze — oo O
000000000000000000000000000+/Z0000Z00
00000 (000000 )(renormalization constant, or renormalization O
factor) 10000 0¢* 000006 =VZ¢* 0 0000000000000

000000000 ¢00D0D00O0O ¢*¥000000000OD0 |a),|py0000

B |p(x) = VZ¢™ ()| |a) = 0 (0 — Foo) (E.10)

0000000000000000Lehmann-Symanzik-Zimmermann 0 0 O
oo (LSZDDDDD)DDD*IDDDDDDDDDDDDDDDDDDDD
D(Weak]imit)DDDDD. Jdddooooooooooooooood
goooo.oboobood (Z)(J:)D[IDD[IDDD[IDDDDDDDD (b(x)lj[]
od \/ZQS“@)DD[I[IDDDD[IDDDDDDDDDDDDDDDDDDD
gl oobobbon

E.2 00000000O0O0OoOoOo

00 8 Heisenberg ¢, 00000 QUOOOO

[iQ, de(2)] 3 = de() (E.11)

000000 ¢,0000000000000000000HeisenbergO ¢, 00
DDD¢fDDDDW@ﬁ;:;:&?@mDDDDDD¢fDDDDDDD
00000 (00D0000000)00QO000 ¢3*00000000000
00000000

P@?@L=waﬁm:=2/fwmww@m

J

*10 H. Lehmann, K. Symanzik and W. Zimmermann, Nuovo Cimento 1, 205 (1955).
6, 319 (1957).
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(E.12)

ooooooo00O0 R,;,00000000000 ¢, 00000000000
0O R/ 00 (kernel)R,7(z —y) 00O

R/@*w::zjm +m) (0|70 ()1 (y)[0) (™)

on—shell

= / 4P (@ - + m3) (01T S0(2)dn(2)[0)(n~ )87 (= — y)

on—shell
= 3 [ a0 souta)outI0) T ou(:)65(0)10)
on—shell
(E.13)
000000000 #7,000000DODO (0)0000
5 (@), 68 W) | = inA(w — y,m3) (E14)

0000000000000000000000000000meneg = Nexme
0000000 [,-}00000 ¢3¢ 000 Fermi0OO 0000000
000000000000000000000000 A(z—y,m?) 0000
00000000

000000000000000000000 20000 0Heisenberg 00
20000100 poleD0OOOOOOOODODO

T.(0[Tpe()pr(¥)10) 5 o pole 00

T (O () B ()]0) = ~ — 2 (E.15)

i mj — p?
000000000**0000000000000000000d8¢(z) 0 Heisen-
berg0 0 20000000000000 QO HeisenbergOOODOOOO 30
0000000000000 QUODO0ODOO0DO0OO 2000 (quadratic
form) 00000000 (bi-linear) 000000000 O0OOOOOO

E.3 BRSOODOOOOOOOOOOOOO

Yang-MillsOOOOOOOLorentzOODOO0OO FeynmanO OO a=1
0000000000000 &2,.4%,0%,C*04000000*%

x20 0000000000000 00000000O00000O0O0O0OD0OO0 I(DODO
1989) 5.8 0000000
x30 0000DO0O0O0000000000000, D(z):= A(z,m? =0).
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[0 (), 2P (y)] = —i64P g,., D(x — ) (E.16a)
[/4(2), /B (y)] = [N ™4(2), 7P (y)] = —i64P 0, D(x — y)

(E.16b)

[ 254 (@), /B (y)] =0 (E.16c¢)

{C*A(z),C%B (y)} = —048D(x — y) = 0P D(y — ) (E.16d)

00000 &, 4%,C>,C*000000 9, 000000000000

B B CcB CB

v

AL =g =0 0 0
me= N4 -9, 0 0 0 xdP (E.17)
cA 0 0 0 i

cAl 0 0 —i 0

oooooo
0 &% 0 0
_or 1,1
(n—l)ké — 92 O, Iuv 3, 00 X 6AB (E18)
0 0 0 1
0 0 - 0
gooooo.

BRSODO Qp 0000 &,C%,C™, 40 ¢ ¢* 000000000
0BRSOODODODOOO0OO0OOOOOOOOOOOBRSTOOOOOOOOO
00000000000 peled000000000D0000D0O0OO0DOOO0O
00000000D000000000000000000000000000
00000000000 LorentzOODOOODOO

(@), d(@) — 2" W*(x), 9 ())
— 1/2 asx
) %”; /Q% @ (E.19)
(C(2),C(2)) — Z3/*(0%(x),0%(x))
N (x) — Z3YPyes(a)

0000000 Z,,75,2;0000000004.1000000

Zy=F(p*=0), Z3=G(p*=0), Zo=A"'(p*=0) (E.20)

00000000000NLD 4 4(2)0000000 22000000 A (x)

000 z/°000 z;/?0000000STOO0 (5.114) 0000000
00 Heisenberg 0 .4 000000 044/, + ./ =00000000000
000000 o, = Z;'%«00000000000000000000000

8“5zfis+ar</1/as:()DDDDDEIDDEIDDEIDDDD Feynman 00O O
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o, =10000000
0000[iQE,C*(x), 000000000

(0I78C ()01(y)|0) = =5 (OIT(C(2) x C()) 1 (y)[0) (E21)

000000000000(CxC)000000 4200000000000
0000000000* 00000000 —20 (00)0 (000 CxCQO)
00000000000000000000000000000000000
00000000000000000000000000000000000
00o0ooooooo

ﬁQB,C“A@thzo (B.22)

000[iQp,«(z)]_00%,C0 Lorentz0 0000000000 410
oooooooooo

(01T, ()1 (y)[0) = (0T Z,C(x)Pk(y)|0) (E.23)

00000000000 %,(y)OO0O0OO0OO0OD -1000000000000
goboooooooooooooon C_’(y)DDDI]DD[IDEID

iQp, 2, w)| = (RIP@)C™P)(w), (E:24)
= _1\C B
RAP(9) = 0 ,(0|T(2,0)* ()0 (y)|0) (=) ¢
= 0, (0|T(32CH (2)CC (y) + g(u(x) x Clx))ACC (y))[0) (1) "
(E.25)

STDDD(5MQDD(TDDDDDDDDZyQDDDD@mnDDDDD
000 Z;/?00000000000000000000(E.18)000

RAPB(9) = Z7/%9,04F (E.26)

000. 0o0o*sy

. _ N\ —1/2

[iQp, (@) = (%:Z3) 9.0 () (E.27)
D000 [iQp,C*(x)], 00000000000DO

(0|T8CA () @S |0) = i (0|T A () D |0) (E.28)

x40 000051 00000000000000000000000000000000
000000000000000000 well-defined 0000000 (0]iQc, 6]/0) =
Npp(0|60) 0000ONpp 0 ¢0000000000

x50 RABOO0D092,C0 8,0000000000 RAB=2,/%9,64B 00000
000 g, xCOO0000000000 RAB =2;"%5,645 0000000000
oo
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oooooooooooé, 000000 ODOODOODOOODODODODOOO
000000 &, 0 4 000000STOO0O (599900 4000000
¢, =0,00000000000STOODO (5.114)000

iQp. ;0 ()| = (B2 2P (o), (£:29)

R (z —y) = /dDZ 0 (0|5 A (@) (2)[0) (=)™ " 5P (= — y)

R —o
= /dDzsz - o (z — 2)64¢ ((92) 6CB§P (2 —9)

= 04864z —y) (E.30)
0oo (p )’ *” £000000 =4 000000000000000
0ooo

[iQp,C(x)], = (ZsZ3)~/%ih™(x) (E.31)

000000 (Z525)Y/200Qp0000 Qp — (Z323)/2Qp0000000

00 COCO000000C —elC,C—e?COODD0 e = (Z373)" /2

0DCcoCooooooooooooooon.
00000000000000QeO0O0000000000000000.

[iQp, ;°(2)] = 0,C(x) (E.32a)
[iQp, C*(x)] =0 (E.32b)
[iQp,C*(2)] = it ™(z) (E.32¢)
[iQp, N/ ™(z)] =0 (E.32d)

E.4 BRSOUOODOODODOODOODODOOO

Lorentz 0O OODOOOOOOOOOOODO BRSOO QeOOOOOOO

0oo
A (x) = Oux (@) + - (E.33a)
(2,C0)*(x) = 0y (z) + -+ (E.33b)
CH ) = ¥ (x) + - (E.33c)

NN z) = pA )+ (E.33d)

0000000000 BRSOO Qe 0000000000000 ODOOOO
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e R (VE 20

)

Oy

00

0O E1 BRS400O0OU0OO0OO0OO0O0OO BRSTOO j0O0O0OOOO
00 BRSTOO /0O00DOO0DOOO

r—»d—30 ¥—0—0 F/' y

i i i i e

CE s

v T
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