gooobooooon
0 7020 19890 1-24 : 1

. Affine Lie 3R> Integrable XBIC associate L 7% Plr,@ Conformal Field Theory

T XE:

Sk MW OBE OF

=113
cu

§0 LD

ZD/—h Gi, Tsuchiya-Kanie [TK] OfRIHSC, TRKDOHEEDOLHBTHSD. [TK]

i, Pljzo) Confbrnal Field Therory (CFT) b::b’h’(; &’)b\ii\f‘iofi Vertex Dperator
(Primary Field) OBE2 £ B#HICHEIIMNES 2 Q:LEJ?,I)‘JL it, Bra1dﬁ$0)-’(:/ Ptl‘-—%
B Fusmn Rules RELOL\’C@EQEQ’J%%%%T S(‘CEZ:
_?,2aE®CFT®%$%&mﬁ[BPZ][hZ]®W$®55,{TK]wﬁﬁ%ﬁiﬁ
OWTREENROFEHRICRET 5. @4’0) fw)#bh%ﬂiﬁ”)“ﬂik Wik, #x6hi

[AIN

CFTOHREEBZ OV [BPZ] Thb. CORILTI, z, z € Ci2xL T, conformal
Bz >, 28 I2koT

«;b(z,'zv—)(%)‘A (%)Aqs(c;'é) A, BeC

YEWY 5" Primary Field” ¢(z,z) 25X Tw5. A, A% ¢® Conformal dimension & WES:.
ZORBMANIVirasorofCHOERIT L) & OTHMBEILR

(¥)‘ (L, ¢(z)]=zm+1§a;¢(z)+z§(m+1)zm 6(z)

LABTHS (Z REIEBRLTWS) . 22T, VirasoroftB & i3,

]'"(n m)L c(n3' n)ad

[L n+m T 12 - n+m, 0

n’
&%ﬁwﬁﬁ%ﬁf'& Dperator L, T‘%ﬁiéh%%&ﬂﬁ&fcmueﬁ'c’ﬁo'{, ConformalZSfficD
Lmﬁ@¢®ﬁk&bf%6né _nm CFT@%mmm%Tﬁé 2T, c € Cl3HEED
3 Paraleter ‘(35-9'( Virasoro Central Charge ¥ BElEh 3. i



XT, [BPZ] T, 2®& 5% Privary Field ¢(z,z) i VirasorofSBOEM % ERT 3
BT T, HEANEH I B Fields 262G T35, 230 THHN 3 Fields DN S#HBIBS
H<g oy >4d0EL, LWSOHCF TORKNGRERETSH 3.

—%, [KZ] Tk, ERMBRIC X > T Virasorof{BO%ERIT (R 53 & § 5 Stress-Energy
Tensor) 2% Current D2 XK TEPNBZLWHBEELHERL LT, ConformlERFOAZ ST,
Lie¥§ (Non-Abelian Current, 7/ — I 8) OfFA4 D& 5% Primary Field #FxTwWw3. Zh
X [(BPZ] O—BEOHHNEZBEICE>TWEY, JDBRDIBVWEWEBRICE>TWS (Vess-
Zumino-Witten Model& \W5) . ZDIHE, HBIBIEIL Knizhnik-Zamolodchikov X (K Z H#E
L) LI SWMAFEXLZAEZL TWS. Z0HEKIE, Conformal M T 5 Ward-SiEESF
{ICHXRY 5. |

ChoiZMBORLTH> T, Field Operator BED L S LTRMICIEH T 200BRETIEZW.
7, Field 3B FTE2RNKHZEDOES(X, Y ETERINRTWE3bDARThAEZ6SR
W B#0T, z=X+ Y1, 2= YiOBMARKETILERBILHFYRBOTHS. &5
2, zREBETERBLZIEEET 245D THBNICEROL3EVROIINE SPL WO
@ (Unitarity ORIEEWS) bBITEALIETESW. LrL, [TKI TR, [KZ] %%
£1ZLC Operator Theory ZB¥MICHEICHRT 5L WOMIBI b, 20AIKET 5 Field
#FZZ2 T3 (Chiralz#a%) . I4bb, [TK] X, Affine LielROEXRZZ Db LIC, ZRTH
% Intertwine 4 % Operator ¥ L T Vertex Operator #MZICFERL, TDOHASBL5 A=,
¥r2, KZABAAGUAEARIC I > THBERRAB/UMIT A LICRIILE. 22T, KZHE
APBMERRENTHAI RO THEERENEREZLTWS. 2B, Vertex Operator L W5 F
(X, DT Dual Resonance Model (DH D String Model) |CHR9 5. EPBE Dual Resonance
Model IZHbh 5 Vertex Operator IIXMBIR(¥)IZMAEL TS, mIATIE [TK] D Vertex
Operator | Chiral Vertex Operator (FEIIhTwW53.

UEDORRICRIWT [TK] id, Vertex Operators MDA & 3 MPBIfR%#E L T Braiding %#3F
FELE. Z2TH, KZABADPEERZENARAZLTWS. HHRBGICIE, BAERRELET
L, Chick->THH6N 3 Braidft By O/ FOI—KBH HeckeROEXRE5 X5 L #RL
Tws. 7, HYBHEIC, Fusion Rule BT 2 ARMKRI[BTINS. £IF-TR, ZhbH
DEEF S £ ML KA L < M AR ED, == CRENBNE . AEFROMIKOBRES
BIhEwn.



ZO/— TR, hIPRRSOLELETONE (RUCO™ BUDHI” ) Otz +REOHE
CIEEREIR o TRE L. ThIE, EMEDFMA S L v o ERAHDTEENDELRE 2 Rbo
TWEWHSIZBER N, '
zB, [TK]TiEg =s1(2,C)0BAOAEK->TWS. AkMRaERe b0, BROER
fbid, g ¥ —MOBM Lie ROBAERICHKREINS. 2O/ — FThH, HH Lie ROBAER
WA, £7, P60 Riemann HAQEHES [TUY] kD G260k, = ORI,
AEFHO LHROBZEZGOLIPTRAINTWEY, 2OHT [TK] L OMBRICOWTLMAT
WADTERIAEN, |

H &
§ 1 Affine Lie IRODFEB & Vertex Operators
1-1 Affine Lie IROEKHR
1-2 ZEBICEH 9 % Operators
1-3 Vertex Operators
1-4 Operator ¥EH
1-5 Vertex Operators DZEfEAD Affine Lie IRDIEM
§ 2 NAMBOMSIWMIHER (Knizhnik-Zameledchikov FER)
2-1 Vertex Operators O N mif%
2-2 NpBEBoSWMaHER
2-3 NERBEVBZERORELZRT L
§ 3 Braid Relations & Fusion Rules
3-1 Braid Relations
3-2 Fusion Rules
3-3 B, FOB{kE Feynmann Diagras &K
3-4 B, FOKRDA
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2-1 Vertex Operators ON fHBI%

39, JOHUERBERUZORNERICBEWT, 0OTBWRT ML | 0>€Vy, <0 ev’(; %
BEd 5. h%k, Virasoro Vacuum &5, ‘
Zk‘:’ j?:ndfl\ODiﬂ 411’ °tcy Zbﬂfsf) l%i&:%i.

A. u

ChiZHLT, Type B¢ v;= ( py t 1‘1) @ Vertex Operator ®(uj;z) %#%x53.

22T, B= (ugeeug) €PN uy=ui=0TH5. (ChE” HHRET n)

COLE, BRESEBBELT
<<I>N(uN;zN)--~<I>1(u1;zl)> i X
> <01 Opup (e | 0>z N AR Pralv)
= u see u Z sne Z
B by N(uWp @1 (up, N 1
LEET 5.
ZORFRBURE<SHMTIEL T, Hom, (V, @@V, . C) KlEe 55 WhH

BEA525. 7:hli#(ﬁ'ﬁa)'iﬁﬂz.i(ﬂl)d)ﬁiﬁ%ﬁﬁo)ﬁﬁ}ﬁﬁﬁ (KZHER) @ﬂ?iﬁﬁk&
2TWaZehbfRiEEhs. XK, #% {(z, -, ZN)GCN; 0<lz I<-+<lzyl}

KBWT, “1/2,, =, W1/ 2 OXEERELTRET 5. & 5T OBIRL, ik

c'- U {z;=2z;) FTRFREIN, SERIBIREEDS.

i<}

2 OB 4 Vertex Operators ON SR EWS.

_11_



12
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a) CheORRRE, RREMELOIIIK 2, CHLTSSRYENLZDES TERE S -

TWwbeERS.

b) KZHEANEZ, T2HESITRETHS.
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RUABFED LEROBERESRE L)
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§ 3 Braid Relations & Fusion Rules

3-1 Braid Relations

¥9, XbOTHRNIEZHRWEEZT 5. 2D0DVertex Operators <I>3(z3), <I>2(zz) Ex5. FE

L, Typeld EhEh

945, 3¢, Operators DEHR ¢3(Z3)¢2(22) % (22,23)€ (‘C*)Z - {22:23} T

2B L 5. Zhix, XOEIiZ, (BldD)Vertex Operators 2 RNDBICERLEDDOD
INGE £ F. 3 N
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:g'(, Vertex Gperaturs 37O FHTernlc LY Parametrize X1 TWT,.

: Ag u A, Ay
Pp(z)®y(2)) <= ¢38¢, W3, ®Wu
. A, v Ay Ay
1?2(22)‘?3(23) «> ¢2®¢3 GW,14 ®W‘V
PHIELTWS. T3, WliTerndZHOMIC, & 5RAMEE
Ao A, A ~ A, v A, A,
B:~Z~wl3-®w et B S ®w, 3 4
u 4 M v 4 _
Aq i, a, Aq
i - + * A N + - {( < A
4 u 1 4 > 1

PEELT, ROWEZRET. $4bb, A ~A, ZEEL T OFREIATERLELOE

v Ay u A, A,z A, ¥ Ay A
L, »,®u,
¢3®¢2 —> 2> (B ) L7 ®¢3

M $.Q¢ 2
¥y ¥, =2

EFae, Nnda ﬁertex Operators O&RD

. v ¥,0u,
Dy(2)®,(2,) bZ, (But) gds, | Valap ¥z
372 .
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EEL, (B, Y) ¥ 9% 7y ® ® %%}Eé%‘ 5 B Y of7H
Py N &) # ¢3®¢2 3 ?ﬁz ¢37 ¢3 ¢2 23 X_—C’ J ﬂ o) J
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UE@OE#EDD & T, Braid Relation & Wwhh ZBHLR,
(1®B) (B®1) (1®B) = (B®1) (1®@B) (B®1)

A, u A, u A, A
}:wl‘*z@w 3" lgw 7271
MM 5 “o “1
241
AL A, v A, A
—_— Sw, 2 tew Pl gw 4TI
v v
vzvl 5 2 1
WYL T 5 .

CORZIBL LB\IEHRICL>THLNIZDBOTHY), FOMIE, BIFERD 250 Path @

Homotopy Class WEL W I EIZIEILE SR W, 2F L, BIFEKO path 13, IXTHEHUW XICHE
ELTHL.

[y [
~
e
~
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3-2 Fusion Rules

LEX, FRANCS T, 7 Vertex Operators WOP E#% All Order TIARS52¢” %% 2 5.
ETHEbEIE, XDXSI2% 3.

3 2
PP | .
{' { = 2 : v
A < < «—A v A < A
4 P 1 4 ; 1
FiATern T ORI E§
An U A, A ~ v A As, A
3 2 1 = 1 3 2
F:>X W QW —_— w W <
[ Ay H § Ay W,
| (v) ()
¢3®¢2 —_—> VZ,J_ ¢2j ®¢1j
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3-3 B, Fopfae Feynmann Diagram ;7
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1) Braid Relation
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2) Pentagon Relation (Moore-Seiberg A& it 7= BIR)
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3-4 B, FOXKDAH
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