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¢(z,2)—>(
L &4 5”7 Primary Field” ¢(z,z) #%X2TwWw5a. A,A% ¢® Conformal dimension X ME3:.
ZoXRBANGVirasorofRRDAERIT L & OXMBIR
m+1

Ly #@1=2"-L 5248 (m+ 12" 6(2)

PRBTHS (Z K EBLTWS) . ==, Virasorofc & 1%,

L] =(n-m)L, +=(nd=n) ¢,

[L nm® 17 - n+m, 0

n’
&5&4&&1@’&&#3‘ Operator Lm T‘iﬁkéhéﬁm#{fnmueﬁfﬁo‘(, Conforml?ﬂﬁd) '
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XT, [BPZ] T2, 2OX57% Primary Field ¢(z,z) 2 Virasorof{BOERAAEXRT 2
B2 T, #HEEHPEH TS Fields 2627 T3, T5LTHRH5R 3 Fields DN £i4HBIB
H<o o >4 8EL, LWOONCFTORKNGHEARETHS.

—%, [KZ1] Tix, ERBRIC X > T VirasorofSROEMRIT (%MD L $ 5 Stress-Energy
Tensor) 2% Current D2 XX TELNIZEWHEEABERL LT, ConformlER/BEDA LT,
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X [BPZ] O—BEDOHHNEZBEICE>TWAEY, KDBDBEWHWEREHICE>TWS (Wess-
Zumino-Witten ModelZ \W5) . T DiH4, HBIBIRIE Knizhnik-Zamolodchikov X (K Z 5#2
L) LI EWMABFERLHAELTWS. ZOHEKIE, Conformal i T 5 Ward-SEEF
{ICHXRY 5. |

ZhSIIMBORILTH > T, Field Operator X D& S BZEHICTEH T 2O0BHETIIZW.
7, Field 3B FTE2RNKHZOERE (X, VW ETERINTWEHDEABZINRELRSSR
W #5C, z=X+ Y1, 2= YiOWAREKETEEERBILHFRARBOTHS. &5
2, zIcHkET ARBEZ KEFEI B2 THRNICERDOS 2 EXRONINEIDL VI
% (Unitarity ORIEEWS) @I TESILIETEZN. LrL, [TKI T, [KZ] %%
L1 LC Operator Theory #BCEFMICHEICHRT 5L W OB 25, 2OAIKET S Field
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% Intertwine ¢ % Operator & L T Vertex Operator *BZICEEXEL, TOHAEHL5 2 7.
F7, KZABERAZSUCHEARIC L > THERBAZRBAMNITSZ CRILE. 22T, KZhH#E
AV HERESNTHIZ VRO TERREREREZLTWS. 28, Vertex Operator W5 3
#X, »DT® Dual Resonance Model (DH A String Model) I[CHIK4 5. %KPBE Dual Resonance
Model iZHibh 3 Vertex Operator {IXMBIR(EIZMAEL TWAS. mfiTIE [TK] @ Vertex
Operator it Chiral Vertex Operator (FEHIhTW3.

UEORRIZRINWT [ TK] i3, Vertex Operators MDARLE X MBIFR 438 U C Braiding %3
FELE. 2C2TH, KZABAYXEEREINLZRELTWS. BHRBEICE, BANRAELES
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2B, [TK]1Tidg=s1(2, O)DBADHE-> T 5. BKNZFEIIL b, BMARDER
{Lix, g ¥ —HMOHH Lie ROBEICABICHKRIhE. 2O/ — bTH, HH Lie ROBAAER
5TWB. £7%, P60 Rienann HAOERS [TUY] Kk D G2 6RE. Z ORI,
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8§ 1 Affine LielROFEI & Vertex Operators

1-1 Affine LielRD&EH

TZT Affine LieRORRICHI SRS LI LDTHEL . (AAHHO LHROBRR LR
Tk, BROBEHBLLT (K] 553, )

g% CLOHHM LielRe L, dimg =D& 95. L— b 3RBRUEHIL— F2EET 5. IEELE
REAB (, ) : gx g —> C BHEETE. £EL, BAL—F 6128LT (6, 6) =2
FEBILLELDOET S, TRICEHT, gkg AA-BTE. COLX,

P, : =dominant integral weights DES

P, :={2€P, ;05 (A, 6) =1}

LEETS. P[ IXHBESTH 5.

Kic, G=9gQCIE,E NDCe 49 12(4MiT 3 Affine LieliE L, 2054, X(n)=
XM rE£bT. g Dlevel [ Dintegrable XHET, BE™Y £ A +d classical part
A GPZ TH5HD% H 4 EExbT. H, RO L 57 gradation 23,

H,= 2 H,(d)
AT 350 A

Hl(d)z njz;zl Xl(—'nl)'”xk("nk)Hl(O)

n 1+...+nk: d

H,(0)={veH, ;f8DX€cg, n21cHLT, X(n)v=0}

2T, HA(O) Wk 2 PO AOBRKIg-MEEIicks. Tht, L){T'C'iivlc‘:ﬁfb'f-
1f:, VGHA{’E}:HA(d) 5:@?58% deg v=d 2:%<.

1-2 EHKIZVeER 3 5% Operators

FEXNZ121IZ/LT, H:A %P H , KfERI$ % operator ki, ®EE% A : H—H
l

Wit H= >
A €

it

DZETHB. 22T, H it HO T H,(d) %%b7.
d20

P,
L

COEEIR, KOESICEWEZBZLHLTES. $4bb, g MEH' %
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L
H =X H
A€P, A

+

H, = Hom,~ (H, (d), T
1744, c (H ()

TEHRL, <|>: Ha XH ,—C % Canonical Pairing &9 % & %, H k-0 Operator A %
Exaorl, BEREE®R < | Al >:H)xH,—C T#-T,
<viAlu>=<v]Au> 2WMETHORE5 23 IEMETHS.

(727 L, Canonical Pairing < | > & Htl xfI,1 ETEHAZLOEIZHEET L)

W Xeg, zeC LT

X(z)= X X(n)z_n-le——ﬂAI
nez

@

12H Lo Operator T3H 5. X(z)ik Current &FEIEHh 5. /-,

T(z)= ¥_L(n)z ~n-2

ne€s
1 D - -
L(n=—-—733 X :X)mX'(n-m):
2(1+8) j=1mez
13 H_E® Operator TH5. #EL, X1, -, XY 12 g OFEREXHKETSHY, - : 13 Normal
Ordering ‘ \ '
X(m)Y{(n) (n>m)
1
: X(m)Y(n): = 5—{X(m)Y(n)+Y(n)X(m)} (n=m)
Y(n)X(m) (n<m)

»Exbd. ¥, ,g* 39 @ dual Coxeter HTH 5.
T(z) 1% Energy-Momentum Tensor (Stress-Energy Tensor) '2: PRI 5.
L(n)eX(m)DMizix, >¥DOXHEBERIDH 5.
[L(n), X(m)] =—mX(n+m)

¥, L(n)izvwh®w 3 Virasoro ftﬁ%iﬁk‘i‘é
C . .
[L(n), L(m)] :(n—m)L(n+m)+T;-(n3-—n)
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Vo(l+g9

X(n), L(n) &, gradation H, = dgoHl(d) RO,

1-3 Vertex Operators

Vertex Operator # %7 5.
E#% Operator ®(u;z): H—sH i, GA6NEA P IIH L TUTOM~Q)DHELZKT
g & X, Vertex Operator &\ 5.
(1) UeV, IOWTEETHS.
() FEO weH, veH 2L T, <vio(u;z) |l w> ixz c C"OLBMBHERTHS.
Q) FED Xeg, meZ IZHLT

[X(m), ®(u;z)] =2z"®(Xu;z)

(&) £EOm e ZIoHLT

) d ;
[L(m), ®(u;z)] :ZE(ZH+(H‘+ 1)A ) ®©(usz)

(4
4
~

A (L DF2(e, A
AT 2(1+g%

% Conformal dimension & Wi, ﬂ%%ﬁé&)%ﬁ%&?"ﬁ%’f‘}ié.

(pRREN—FOHDES)

wiz, Vertex Operator @ “Type” IZOWTHHT 5.

A A
rA4 ROHE V= (12 1) AeP, ,ll,lzePl % Vertex WS, ROXHHRET

EbeZidbbhs.




Vertex Operator ®(u;z) % Type v THBLIE, ueV ,TH-T,
@0uz)ﬂyH—»H12aémﬁmaéﬁaztvza.

P 1 ®(u;z)% Type v @ Vertex Operator 52 X, KO~ @)PHENLT 5.

{ N RS *
W @uiz)= T_ou)y 2" V) A()=a, 4, -8, tEETES.

EEL, ®(u)y X, degree —k DFS P(u)y: Hll(n) - le(n—k) TH3.

(2) BBE5ES :,V/lxv)li—w,1L2 *
<wlg¢(u,v)>:=<w]o(u)lv> veVll.u €V W €V+,12

EDERTBEE, ©(u;2)Ix 412k > T Unique {2RFES. ¢ 20 (u; z)DFHATernd X 3.

(3) iﬁlt. ¢€H0m(c (V1®V 11 ;Vlz) %5‘7_{7{'8%, ¢%§U%Tent’§’6 type Vv O

, AA
Vertex Operator ®(u; z)XHHT 21-DOREHRIL, L €P; 2D ¢ ewlz 1

‘ Ad, s
LBBILTHE. EEL, W, 1ma®;okziénaﬂom{¢vl®vll,vlg

OHBAEMTH 5.
—fic, V, OREY A b -y’ LTRLE, BAFOLT TS
cvtua _ M A
wYHA =W,
TEDS. 27, WAV~ FOICHBT 28 Lie | ko =s1(2,C) 2L 5L%, V 0Ok,-
ML LTKE2 k + 1 OBPRRICET BRIEW |, LS. O S

VYA _ | '
W :={geHom ;(V @V ,®V,)
k+j+i>1 ol ¢ . =0
| W, W, ®, 5 }



1-4 Operator FEHERH

251t Operators OHEAERT 5. 220 operators A, B: H—H OIE—-MBICITESE

TXx3LIIMHHW. —#IZ, Operator A%
A= A(k) A(k)iE degree — K DORST :Hll(n) — le(n—k)
k

EaWT 5.

e +
=2 (gperators DM (B, AIVERRAAEL L, deg v=deg u—n nAFEOv e, ué€H,
nez LT,

Y I<viBmpA(nplu>] < (ot R )
ny +n,=n

YA LHWS. Ok X Operators B, ADWB A%, £ degree —n DT

> <vIB(nypA(pP|lu>
n1+n2=n :

TH 5L 5% Operator L L TEETS.

M X, Yegedarex, (X(z), Yw) T # {1zI1>Iwi>0} TAKARTH-
T, 20L&, z=w TOFREBXRDOATEDENS.

x(vow = 25 DLy v+ (z=weENGHS)
(z —w) (z —w)

&6z, X(2)Y(w) 3k (C) - {z=w} Lz BEMCEEINC, §isk (1wi>121>
O} kTl YW)X(z) 12—Hd 5.

“®LS|- Operators DD B4 £ b T X%, Operator Product Expansion (OPE) &u
3.

rom% goFREsRE XL XY Ry s e,

D - .
% XJ(Z)XJ(W)ZI(T(-};’)—;)M + (z=wTEMZ#D)

#8085, ->T, T(2)DKRDES>BRRA2EHS.

D . .
L > X3(z)xd(w)——DL 1

L2 s v e & ;|
g27) 171 2(1+g") (z-w)
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1 1 d . - .
——T\,v-sz_ X(w)+—F —X (w)+(z =w TiEIZE9)

T(Z)X(W)z(z (z-w) dw

Cv

1 d o
= —W “d—;T (W) +(z =w TIEM&H53)

: 2
T(z)T(w)= dt———7 T(W)+

2z-w): T z—w)

O (Xu;w)+(z=wTENZERS

X(2)® W)= =2

A

O U W) = D (usw)+ —
T(z)2(usw T (z—-w)? ’ Z —

4 d(u;w)+(z=wTIENZHED) |

w dw

22T, (W DOBEEED, X(2)0(u52), T(2)0(u:2) (CH2- (2 =w)
LOSMRITERICE 5. |

$7, ARISLT, X(2), T(2), ®(u; 2) 2 ARMAKL = bOBR S SHETERE N
3. 20K, ZMtEIO(u; 2)DAICHKT B,

1-5 Vertex Operators MZEM~® Affine Lie IRODFER

76K, Vertex Operator ®(u;z)id u €V, KHLTERIRTWEDTHEY, ZOER%E
u€H FCHIETAHZENTESL. (ZH%A Nuclear Democracy &£\ ) ‘
ZhzZzHnWwT,

_ ) .
<w | ®(us;z) | v> = n Tk fd gk...fdgl

My i
(ék_z) "'(gl—z) <wlXk(gk)".Xl(gl)@(uo;Z)l v >

LERTES. EEL, BORBIKRDEIIZES.




10

ZOERE, BRARICROISICRDTZEHTES.
X(w)d(u;z)=® (X (W—2z)u;z) 7
Za)itbi., Fusion Rule DR HHBBBAOREHET T EHTES.

¥ 7, Virasoro fCBOA L (m) iZHLT,

. _ 1 _ m+l .
®(L(m)u;z) -(5233—_fd§ (- 2" T(E)d(u ;2)

BRRILT B,
HBEnrs

(X)) ®) (u3z):=d (X(n)u;z)

(Lm)®) (u;z): =@ (L(m)u;z)
rEbT L,

(L(-1)®) (u;2)=——a(u;2)
dz ;
(Xg(-1) I ™1o) (usz)=0 uev,
ﬁﬁﬁ?é.kﬁb,{XQ,X_G,He}mﬁﬁw—bemﬂﬁ?ﬁu(zmﬂ#nmmrfgn,

Xeu-—-o, H6u=p‘u &9 5.
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§ 2 Nﬁﬁﬂﬁ@ﬁéﬁﬁﬁﬁﬁiﬁ (Knizhnik-Zamolodchikov A7)
2-1 Vertex Operators DN sBI%

¥7, gOHHRBERUZOIHEZRIZCBWT, OTRWRY p L |0>€V0, <0 | GV %
BEd 3. 2h%, Virasoro Vacuum &\ 5.

K‘:’ ‘71'{ f\o)ﬁ ll, °*y ).NGP é’t%.
ZHUHUT, Type 25 vi= (M1 #in1)
zhic > i= L ouy @ Vertex Operator ®(uj;z) %%z 5.

22T, E= (ugeeng) €PN = ui=0TH5. (ChE” HHRET Ln>)

Ay A, Ay
”Nzo <€ + > o <€ * « € € ,u0=0
Ey-1 My
ZOtE, ERARREIFRELT
<Oy(uyszg)@y(ugz)> i
Py A(VN) -p.l—A(vl)
P, Py N
LERTS.

ZONSRBEAZXEEETRRLT, Homy (V, @@V, . C) KHilk & 55 WHH

BE%525. ChRKEOEE2 2D ORTHESRORANFER (K ZHER) OBAMIcH
2TWAaZehbRiEIhs. KR, @k {(z, -, ZN)GCN; 0<izl<-<lzyl}
KBWT, “1/2,, =, W1/ 2 OXEHBELUTHET 5. X 5T ORISR, #isk

C"‘-}’- {z;=2;} STRIERSN, STRITHREEDS.

1¢]

Z OB % Vertex Operators MON SRR E WS,
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2-2 NHARPAKOBS WO HEK

=8 2 ll,"', A’Ne Pl %‘U(L:O@fébtbg‘y ETEELEL (DN(UN; Zn)"’(pl(uli Zl)>

BEROEFELEAET.
(1) (Projective Invariance) m=-—1, 0, 1L T,

N
B G . . =
32::1 z (Ziazj +(m+1)AAj)<®N(UN’ZN) <I>1(u1,zl)> 0

(I1) (Gauge Invariance) X € gicxL T
N
jz=:1 pj(X)<©N(UN;Zn)“‘(bl(ulizl)>:o

T, pj(X)&:tN,."—iﬁaﬁd)j ZB® Vertex Operator [CXAFHIH A LAZEKT 5.

(I) (Knizhnik-Zamolodchikev A EX LUUTRKZ HEAL#],T)

3z;: k=1 zZ

9 N 9k : . _
[(l+g)—J —'Z _Zk] <(DN(UN1ZN)"'(DI(UI,Zl)>—O

D
TIT Q= 2 p(XP) 0 (XP) TH 5.

(V) ((REFHHED

j € l y "%, )J %&EﬂiE]J, X:e u,j::O » }19 u.=pu

; j ERBUEERL
<(DN(UN; Z 1)°-~<I>J.(X Gl'pﬂuj; zj)--»<bl(ul; Zl)> =0
B BNICHIIT 5. ThESEE L TN AT sRBHRASEoN 3.
HE
a):ﬂ%@ﬁﬁﬁm,%ﬁtﬁ%t%tzwﬁjt%be%ﬁﬁE%bk#tﬁfﬁﬁé%o

TWBLELS.

b) KZHABAUDZ, ZAWATETHS.

c) ()& (1) AV)idCompatibleTH % .

d) (IDHedD)»s(¥FoN5S.

e) Riemannfi®FormulationT, HZOEMAHom ; (V 1, 8OV 3 O) B Eh B KN

_12_
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()THB. COREERDBHER (Gauge HPF) HVITHN, —F, Noduli ZBLE L X
B BHBRAPDOK ZHEXTHS. Moduliz > T, Riemann K LD Puncture %%

ABEEATED, COBAEPLETZ v 2y ABOTEBEN RIS T S, ([TUY]

RUABFRO LFROBERLSEE L)

2-3 NEBEEPBZEMORKEEZZIZL

Ayeer A Ay i | U
N N “N-1 2 My 1 g
w . = W . QW w
M § M2y Q Q M9 Q /11
M
GHom, , (V, @RV, RV , V )
g " Ay AT Mg T omy
EEL, Mk £ = (upeeng) €M u—u -0 @<,
Ay | Ay 11
{ % |
#N:O » . ‘ . ’uo__o
“y-1 #2 My

N

THL, oy @B%; €W LT, dy, =, ¢ &HHTern T35 5%

Vertex Operators (DN’ vee <I>1 i)ftff'—*ﬂféi’] (FEHM1), Zh»b N HEE v
<®N(UN; ZN)"'(Dl(ul; Zl)> -

0CRE, ChOABRR(D~IVORICR 3. Eix, X6I10#<, ROCKZ MLEBELTO

RIS 5 . - ’

EH3 "“Aw~117' ~ L A
. > FEAR(D~(V)ORER

13-
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§ 3 Braid Relations & Fusion Rules

3-1 Braid Relations

9, XDbDTHRINEDMEALT 5. 2-D0DVertex Operators 4)3(23), <I>2(zz) 3Ezx3. FFE

L, Typeld ENFh
,13 12

S

M ’ M - 2—1

95, 9§35, Operators DEHL (D3(Z3)(D2(Zz) 1% ¢ (22,23)€ (‘C*)Z - {22:23} T

ZHEMIBREEE 5. Th#x, kODESIZ, (BlD)Vertex Operators % AN DBEIZERLEZDHOD
mrTHEEET.

¢3(Z3)®2(Zz) = %:1?2(22)‘1’3(23)
ZDEO%, HLHOSHRBREEDIRELEZIEW. ITEDBIEROLSIBIETHS.

SIS S AU S S

4 1 4 1

chit, BifiOFEBRA23b 0T, XDEDICSWEIT T BT ES. Vertex Operators DA
Da(z)P,(2,) I, PUOERXHE E LU Ci38%

1241>12,1>0 TERIATWS. Thz@K L :
12,1>1241>0 FTHRINERL ZBOBRALHER

(ID~IVZH-LTWB. EZATERICEIRE,
HABREX(D~AV)ORZERIE, (REZ3XEEZHL2HE

°/
9 ) Vertex Operatorsd)Nﬁﬁaﬂ'C‘B’EBﬂ'Cb\ZaiJ‘fi, Z4 Z, (/
‘/

BIERL-BARDED 1 XEAETERDLINBRTT

H5. : ,/
7L, MW d 3 Path 2—OBEETETEIC \\

EfrfgohaZiciEER L. Z2Tik, AEHD

Path ZMEEJHLICT 5. Z,  z4

SRR G i et i B R e i e b

..14_
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:é'C , Vertex Operators c;,t%ammem:;n ‘Parametrize XN TWT,.

. /‘LB M 2.2 ll
Py(7)®y(2)) <= 8389, €W;,- @ Vu
. 12 v 13 ll
1?2(22)?3(23) «> ¢2®¢3 €w14 ®WV
PHELTWS. $5F, FifiTernDZHOMIc, b 3EMER
A, u A, A ~ A, v A, A
3 ; 2 1 = ) 2 3 1
B: X W, W, = 3w, W,
i 4 v !
13 ‘12 , lz 113
Ay — t 1’ A A, { _ t A
4 u 1 4 > 1

DHIELT, ROMEERET. $2bb, A ~1, #AEL T ORREITERLZH0%

v Ao u A, A ~ A, v Ao A
o 3 2 A = 2 3 41
$. @ > (B V) ¥ 9%y ». Qv

—_—

s 5E, ﬁﬁ‘;j‘%’; Vertex Operators D&kH

®
Oz )0 (z,) —> ¥ (B, V) 22V

v (z.,) ¥,(z,)
¢3,¢2 M ¢3®¢2 2’ 2 3 3

tEbXRS.
¥,y
e v 2 3 .
=FL, (B# ) ¢3®¢2 &, ¢2®¢3 , ¢3®¢2 %Eﬁt%xf,ﬁﬁﬂ B#”O)ﬁﬂ

ER%EDbT. ZOfT¥ B % Braiding Matrix w5,
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KU EDFEZEDY LT, Braid Relation &Wwbh ZBHER
(1®B) (B®1) (1®B) = (B®1) (1®B) (BR1)

s w ’14“z®w l3#1®w Ay Ay
Moty AS Mo 1
AL A, v A, A
2 V2 3 V1 4 *
- Zwl ®Wv ®wv
vy, 5 2 1

PRRILT B,
CORZIAL LB|FERICL>THLNIZDBOTHY, FOMMIE, BIFEKRD 250 Path @

Homotopy Class MWEL WIZ &IZIE LB 68 W, 2FL, BIFESED path 1T, s XTHEHUM X 12@
ELTEL.
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3-2 Fusion Rules

Lk, RIS > T, 7 Vertex Operators AOP E#% All Order Tii%>52k” 4%2 5.
ETEbEIE, XKDXSI% 3.

2.3 As :
+ = 2 v
< < < v
14 € l 14 ‘ <

mﬂren‘f‘@vlﬁl’ﬂg@

e

: _— w -

- | v) o (%)
+,09, — = ey ew

%, 2,~2,kBBOPEERWTERT 5.

<I>3(u3; za)d)z(uz; A 2)

)
A v
=VZj(z3—zz) ’ : {‘Ifgjj')(rﬁ{;)(u:;@uz);zz)+0(z3—zz;zz)}

EEL, I23I>Izzi>0<‘:b\5%#%ﬁ<t, !z3—zzliﬂlj\éﬂn<‘:b'(, 'Eﬁ(za—zz. 'Zz)

B35, O(ZSFZZ;‘ZZ)Li, z‘zl: depend LU, z4— 7, ZonwT—MENEREEDY.

2z, v ) (u@up eV, ThATEREEEL,

_17_.
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3-3 B, FOBfRy Feynmann Diagram FEi=

¥9, EREMR
A, A A, A
_ 2 A 1 42
AZ,I : Wl3 _ Wl3
%
‘ —(A12+A11-A13)7t1
A2’1:=(1®T) e : v

TE%?%.EEL,TME&‘
T:V RQV — V RV
v,®v, v,®v,
#EbY. |
&iz, % OBItRAD Feynmann Diagram FR&3H 9 5. 22Tk, Feynmann Diagram &\ %
X, D EH%, Vertex B LY, Vertex 2080 WEFHLDAE2ES5. 27 L, Vertex I, " BH X
577 FERST, AL UEWwWiFzndy, FaANTOmEITFIh3EELS.
- _ .

Ag—= A4

A, 4 '
2, Vertex %, BMTern%M W, 27l 2EbLTWELDOTHBLERT, BIEK

ZEERY. T, ROOMIZREZBZILE, WOBRRFO LT TTIRHET 5.
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1) Braid Relation

14 /13

L1

19

Aq

L,

1

I Mot I R

1 ®B
A+4 T
Asg
B®1 J
”}2 114
1.5 = T

1B

B®1
A+3 lr )Lf
Ag < | Ay
l 1 ®B
Aq Ay Ay

B®1
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2) Pentagon Relation (Moore-Seiberg 5% fdv7=BIR)

1Q®F F®1

< < 1 2,5 ~ o Al
FO1 l l F
3 A Ay Ay
Ag A2
+ ' —_— < —
g 44 s A4
F

=20~



3) B & F OB3f%
)}3 l{
.
1A J’
Aj Al

. _21..

21
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3-4 B, FOXKDE

Famrnwald, 45BBOMEI RO TEA BT T 2BICL>TRDGNSE. T2bb, MOk
ERAD 1 HORALICEITSEAL, thORRSAICEII 2B L OMOERTMICR 5. MERIZ

Gauss DBLMAMSHELD3 SEEME, $4bb, PLED3E (0, 1, ©) THEHRELA
HOMERESHB FEAOEREBECEZ 52w, '
T, THAERICETT 372D, WS ODDOFELPLETHS.
% 9", Vertex Operators DFEIT A
(b3(113;23)<D2(L12;Zz): H:ll D H:l4
7% 4 QOperator TH 3P, xEKEHEOTEMADIEH
(*) < U11|‘ba(l13;253)¢)2(L12;22)| Lll>’ U]_€<V>ll, 114(§VP£;

Bamrhif, <I>3(u3;z3)®2(u2;22) DIMNERITEF L. (x)iF, Z, Zg LT

(C*)= {z,= 74} LEWMENT, KiE “2/z5 KLoEsa0.

®Iiz, Type
+
Ay g Ay Ay
Lo
0] 0
2:4 2.4 Z:g M 212 A.l Z 1
D 4 S

<<I>4(u4;z4)<b3(u3;23)62(u2;22)®1(u1;21)>
AFZ25. ZOMEEKIT, 21,22,23,240)%5&5:1_,;!»4: 57wy (Conformal Invariance) . 93¢,

(0] ®, »Vertex Operators THA3Z &6,

1> 74

2A
. 4 i _
lim Z, <<I>4(u4,24)@3(u3,23)®2(u2,22)®1(u1,21)>
zl—>0
247
= <u,l <I>3(u3;23)®2(u2;22) | u,> = (%)
THb. —HhH, <®4(u4;z4)®3(u3;23)<I>2(u2;Zz)d)l(ul;Zl)>5iiKZ73Eiﬁ%i§T:L‘(b\;

316, (X)OWEITHIAERSFONS.
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()% Z, zswfﬁlﬁkﬁ'(@c‘:ibb, RZHFEAIDZ2HFEEXTLTASL,

3 Q23 Q12
(A+e)5— - - } =0
Z3 227723 Z2
3 Q23 Q3
{(1+8) - = } ®=0

9z3 z372; 23 ‘
5. —hH, {EABEAMVSEETIZLTE&5 ([TKIP39) 3, ZZTIHERT 3.
wic, BRER (2,, 29) > (1=%2/24, 24) %2f1\, TOAREKZBIZWMY HEE,

3 Q23 Q12
{(1+8) — - } ®=0
ar ;

T—1 T

naEEXEES. chiE, PLE, 35 (0, 1, o) THREBEEAS OB FERTHD,
7= 0BV TEREXhA®E, Q ,2HALy 5.

—h, E=1/1 LEBRTBL,
a y 3 Q23 Q13+ Const |
+8g - - d=0
{ GRS E-1 3

EMFE. ZIT, £=0 (ie.T=w) RBWTERLShERIE, Q AHALTS.

Z =T, Braiding &1, lzzl<|z31c:33b‘éﬁ%|z3|<lz21 RITERT S THH .
chid, T=O0CERLERERE, 7=k BITEKT 5 LITHSTS. f5T, Q%
HALT BME, Qe AL 58O (BHMBO) WEsS L, Braiding Matrix B #55HE
TE5.

$7, BHER(2,,29>(E= 7,75, 2,)6 52T, EORIKABAZMIELT, RS
FEREBS. £=0 (e.t=1) EBWTERLIRERE, Q, k8 ffbT5. 2L T,
Fusion iF, =0 CEMLINERE, ©= 1 IRITEET 52 & IH%T 3.

=23~



24

g €

[BP Z ] Belavin,A.A.,Polyakov,A.M.,Zamolodchikov,A.B.: Infinite conformal symmsetry in
two dimensional quantus field theory. Nucl. Phys. B241,333(1984)

[ K] Kac,V.G.:Infinite dimensional Lie algebras,?nd edition.Cambridge Univ.Press(1985)

[ KZ ] Knizhnik,V.G.,Zamolodchikov,A.B.:Current algebra and Wess-Zumino model in two
dimensions. Nucl. Phys. B247,83(1984)

[MS ] Moore,G.,Seiberg,N:Classical and quantum conformal field theory. Commun. Math.
Phys. 123,177(1989) '

[ TK] Tsuchiya,A.,Kanie,Y.:Vertex operators in conformal field theory on Pl and mono-
dromy representations of the braid group. in:Conformal field theory and solvable
lattice models. Adv. Stud. Pure Math. 16,297(1988) '

[ TU Y] Tsuchiya,A.,Ueno, K. ,Yamada,Y.:Conformal field theory on universal family of

stable curves with gauge symmetries. ito appear in Adv. Stud. Pure Math. 19

Wl

ftid ZO/—bAEHT BI2HF-T, BRK, RBNEAIEEKD/ —F&2BFITLELEZ. X

BEAINELRELEICE, BRICL2H6T, ERICHABLTHEZIL L. BHOELZXRLE

7.

_24_

f e P



