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ZRTTHFIZIEFD consistency & full TE G

(On consistency of two-dimensional conformal field theory and full vertex algebra)
7177 BE BT AR ARl 1B

Yuto Moriwaki

Kavli institute for the physics and mathematics of the universe

1 FX

AROHME, EED [M2] TEHE U 72 full TR L WS RIS, Twdpz U T (ke i im)
POEND D] % informal IZHfET D Z & TH D, KBGO IZMHBBEKR L WO YR ALY BT 2
ENTE S, WITHEERE AW CTHEGERAREOT 2 2L TE S, ARORREH T, informal
7R 2D S IR ER O MBI & full TEAREAE R I NDE Z L 2 RS, full HARBOEHZTA
BREOIIWHIZB T ATy TR EIFENETA T4 7 THD, ZOTAT 4T 2MEHT5Z
LEARROBANDO—~DTH 5, EBEHHTIE, full TEAABOMBE BB ZBEEMNEHZ L, Wi 0
Fam CHWWZ A OB E2EHR» GBI T 5, BPEMAOMAHNAE M IZEDWTWS, mED D
DETIE, FHARE e HESHHmOBRIEICDOWT, £/27 =AMy FRHi%E AW 7Z@ ot 0 5
ARODAFFENZ DN THIRRIZIRR B, full TR E ERT DB REF =Y a VI L TR Blo
RIMS D58k [M4] 2B 7z,

2 HEGER
2.1 H5EHR & BEEK
LORTRTIIHERVPEBRININEE2 LD D BEDHEHD, LR,

Y —~ VIR CP! LOMEEMHGE2# 2 5, WMEOEKD D1k [ a M
AIRERMELE ) BRI TS T L TH L, BOEHRN S I Gn

N EERYHED — DI L IEN S O H 5, EIZHEEE
BHG-2 o b L IELERIIEICTE 5720, AR CIEAHBEREE A FuL
H 7 %) & -3, HRGHEICE £05 i RE R AL R 2 b b
EEZRTHINE F B (EHICIZRMSCREIET 2 RELK), Z
LE RECP Dnfz, 2, ..., 2, € CPLD&EEIZ ay,a0,...,a, €F 1:
EEINEFNENREEZE RS (K1),
PRI 125, I Y S HfERITH 5 ERI (HERRR) Offodfickans (K2), ThH3HBIREKTH 5.
KO IEHEIZIRRZ72, CP! E® n Ol 22 %

Q
Xo(CPY) = {(21, 22, .., 20) € (CPYY" | 2 # 2} o r
r5<, CP' LE#HX N IBEIMAD n SRR 13, < > = @

Cor, : X,,(CP') x F®" — C

X 2:
DZLThHb,

Remark 2.1 (SGED ) B0 RTHIC BV CHIMBEA Y O & 51T omid, [12]7% 8% BRENEL,
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Sy & nIRONFEEE T 5, n RAHBIRREUTIX DB R E & 723
FEDoeS, ¥al,...,a, € FIZHUT,

Corn(ah 21505 0n, Zn) = Corn(aah Zoly -+ -3 Qon, Zcrn)~ (1)

2.2 HEEIRE

R R LD (=2 Vv FI) BOBEIIERT VA VEER? x SO(n) BMEHT 5, ZOMNFMESR LY
K ELMFFMER™ x SO(n) C SO(n + 1, 1) FLFRIE) (ZHREE L T 2 350 BlGh % L5 PG (Conformal
field theory) & IER, HIERFMIIEFC AT — VA 2 = ro 2858 r € Ro,

T, “UOTHEGEER OIRIED 2 M FI2IE, (KIEIK) B EFRE SO(3,1) =2 PSLoC AEH L TW 5,
RWHEEHG A 5 2 58546, FIXHEHE SO(2) € SO(3,1) & A7 —IVEH R, C SO(3,1) DEAZE-IZSA
fEg 27, REEMIE F = Qyep oep Fus SVEMT 2RD, YHEIZIE (H,5) 3T NEN energy &
spin IZXs 5,

5 — R s0(3, 1) DBIFEALIE sL,C B 51oC = @,y 0, CL() & @B, 0, CL(j) THH. EBFZ O
R U 2 AR & % X 5 SR 7, (hah) = (L(H +5), L(H — 5)) 10 £ 3 R2 S 3B £ % 5
ZEDEV, INEREY oA b LIRS,

2O & SRS FOME A2 a; € F,, 5, DL E,

" d
(12 d_zi)corn(aly ZlyensOp, Zn) =0
d
(Z 215 + hi)corn(ah 21505 0n, zn) =0

Z + 2hiz;)Corp (a1, 21, - - ., an, 2n) = Corp(L(1)ay, 21, ..., an, 2n) + - - + Corp (a1, 21, ..., L(1)an, zn)

n d _
Z E + h;)Cory(at, 21, ... an,2n) =0

i=1

n
Z + 2h;2)Cory,(ay, 21, - -+, Any 2n) = Corp(L(1)ay, 21, - - -, p, 2n) + -+ - + Cory(ay, 21, - - -, L(1)an, 2,)-

I HFRMEIZREZE R?2 U {00} = CP! IZ strict three-transitive (ZfEf 3 5720, ERLOEN D HFERA
& FHEE B %
Cor,, : X,,(CP") x F®" — C
3. n<3ASIE ERORERERETLIZIE>TLE S,
Bl a; € Fy, 7 (1=123) 2T TAXVRELT S, L LaecF,; WETIAXVRETH D L1
L(Da=L(1)a=0DYLDI %N,
ZDEE, a; 72HbD 2 FA, 3 FAMBIREEIZ, BLro L5 Iz»ids

Cor2(a1-, 21, Gz, 22)

= Ohy o077y Canan (21 — 22) 7211 (21 — 25) ™M
Cors(ai, 21, a2, 22, as, 23)
— Ca1 s ag(zl o Zz)h3—h1—h2(22 o zs)hl—h'z—h_'j (Zl o Zg)hz_hl_ha

(21—22)}'3 hy— hg(z2 Zg)hl ho— hg(zl zs)l_z,g—fx,l—l_t,37



7272U Cay a5 Caras,as € Co
(FEBHD A7y F)
ZIERDONE (2 — 2) ZNNOWE 22T Z L 2FERET 5,

d d N
(dz1 + 2)(21 —22)"'=0
(Zld_zl + ng—ZQ)(Zl — Zg)h = h(Zl — Zg)h

ZDZ Kﬁ)g‘ f(Zl,ZQ) = COrz(al,Zl,az,Zg)(Zl — 22)h1+h2(21 — 22)E1+B2 Li‘

d d d d
(d71 + de)f(Zl,@) = (d?l + Tzz)f(21722) =0
d d d d
(Zld—zl +sz—zz)f(21,2’2) = (51d—21 +52d—22)f(21,22) =0

Ehi72 9 IO EREKTH B, (Z%d;jl + Z%%)(Zl — ZQ)_hl_hz = —(h1 + hg)(Zl + ZQ)(Z1 — ZQ)_hl_hz T
HBENS,

d d
( %T +Z§$ +h1Z% -+ hzzg)Corg(al,zl,ag,zg) =0
2

d d - -
difl —+ 2;722 + hlzf + th%)Corg(al,zl,ag,zQ) = 0

(2

i”‘?ﬁﬁf:?‘f:&bb:\ hl = hQ,I_Ll = }_7,2 ﬁiﬁﬁ) ° :/‘f—f"@i %ﬁﬁfﬁ)é (ﬁ?ﬂ"]&j‘lgﬁti D\/Il] %?ﬁﬁ)o
£ 5 TAN T = Cayays Caragas € C ZBDONIE, HT T 1 7 VRIED RO HBEIBIOHIZIT Y = 1 b
DHBSWE>TUES, TOED. Cuy oy, Corasas € C RIROMEE et 2 B ER L ITIENS, &
IR e A SEERITI C_._  FQF > C W5 2L TWskd, F LONMELZ 5,

Remark 2.2 =SB (2, — 20)he 1 =h2 () — zp)he=he=P (% by hy, hg, Ry, ho, by € R TH D728,
O] 5E S AN R R

U UEBRIE, Y21 b (hh) ELACY 2T AVE— (s, H) OIZiEs=h—h H=h+h&X\>
BE2H 5, AV s13S0(2) DRBTH D05, 0 exp(2mist) D¥ well-defined TH % 7-DITHEHTH
% (Fermion b GO MERZF A 2 GG EEBLFHIND ), £oT

hEh = 2%(z2)"

0. SRR X5 (CPY) Lo —(EAR R b 5.,

LUK, Foo IFEERYZ PV 1 EIFENBRR72RT ML TRONT WS LET S oo = C1, #&TH
5 & DITEEIE, BB NI T S,
Remark 2.3 & LHGERAZ =XV 251X, Fyo BREZRVF—%2 L DRBITHIGT 5,
<> F = @hﬁFh,ﬁ — F(J’(J ~C %E'TE”’CE%TZ)O flf: [J\ F(),() ~ Clx <1>=1 %{I%flj—i 5‘:

EDD, TD < — > F* DI %, HERMGHEL TR, HEFER» S, — BRI, EHEIK
Cory(a,2) =<a>€C 2729 z e CPLIZ L 57\,

2.3 MEEBEHETERIERR

LiOMERTIE, —DoDRNFEEDT 5 L HMEBEBED R 5, —ROGOMEHTIE, T ORI~ 4
FIFIZ XL DLW (cut-off scale ~NDEEIFER Y, Ua UBERERICH W TIE, AT S  HEH O
FLjRHDRFELEDT L & (2 — z;). HBEBIEOMTOIRSENZ, (2 — 2)" (% — %)%, (r,s €R
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MDOr—se Z) & Zi — Zj s Z; *2‘7' o)iﬁl\%féﬂﬂéﬂéo j‘@b% 21 — 29 ‘:BL"C‘(;{@%:&?P}&Q
35
Corn(a1,21,a2,20,-.-) = > (21— 22) " (B = ) " fros(22, 28, 20)
r,s€R
T, Z O expansion DFREL £ 0 X, 1 (CPY) — C %, n— 1 JSHHBEBETHIT 2 LIRET 5,
FThbb, &rs e RIZWUT,

(r,s): Fx F—F, (a,b) — a(r,s)b

RAHMNEZ 61,
Cory, (a1, z1,a2,29,...)
= Z (z1 — zg)*"*l(zl — 22)*'5*1001?“,1((11(7", 8)a2, 22, -« .y G, Zn)
r,s€ER
-9 IRNET B,

Z ZCIHRMEMZE ((r,s) O REREE)
Y(—,z2): F — EndF([z, Z, |2|¥]]
Y(a,z)b= Z a(r,s)bz""1z7o71

r,s€R
EEAT DL,
Cory(ay, 21,a2, 22, ... ) = Cory_1(Y (a1, 21 — 22)as, 22, .. ., an, 2n)
L EIT B,
HOBELUHAWS &,
Corp(ai, 21, a2, 22, ..., an, 2n) = Coryp_1(Y (a1, 21 — 22)a2, 22, . . ., A, 2n)
= Corp_o(Y(Y (a1, 21 — 22)az, 22 — 23)as, . .., an, Zpn)

=Cor1(Y...Y(Y(a1,21 — z2)a2, 22 — 23)as, 23 — 24) . .. )an)-
ZZT COI"l(*,Z) =< -—>F= @hﬁ F‘h,jz — FO,O ~CEBVHT L,
Corn(ah 21,042,222, .., 0p, Zn)
=<Y...Y(Y(a1,21 — 22)az, 22 — 23)as, 23 — 24) . .. )an, >
BRnd, $hbb, n sUHEBERIETESEHRRZ L HENHE <> F - COA»SIRE S,
ZRMHBEREE N (-, ) FRF - C 25252 2R 0Hid &,
Cahllz,ag X (2’1 — 22). .
= Cors(a1, 21, a2, 22, a3, 23)
= Cory(Y (a1, 21 — z2)az, 22, a3, 23)
= (Y(al, zZ1 — 22)a2, a3)(22 — 2’3). e
kb, MECHAZZ DI L HAFHZIZIZIEAETH 5,
Remark 2.4 ZDZ k&, n fHEBEBPEHAEHRZE» SR TE 22005, LELEGROME

R — s A BB e = AR S 2 TR T E B 2 LW 0 5 (722 A [P]). ko TEfMDMIE
EMC.__FRFQF > CAPEETHS,



INETz =2 8 UED 2,01 = 2, ELTH XL ZOHH

Corp (a1, 215 -5 Q1 Zn—1,0n; Zn)

= Cornfl(aly 21y Y(anfla Zn—1 — Zn)an7 Zn)

=<Y(a1,21 = zn) ... Y(@n_1,2n-1 — 2n)an > .

UL Cllz1, 21, |21 1R, - .- 20, Zny |20 |R]] 72 % formal power series DILEED 5,
ZD XD IICTHAMEHAZZ WAl BER i DL 51k L8dH v, "Ah il L5743 formal power series & 5-
ZB, EITNSIERLINAURERED, 728 21X,

<Y(ai,z1 —2zn)...Y(an_1,2n-1— 2n)an > .

DBE. £F 201 = 2, EUT, RIT 20 = 2, EHEZATVDTZD, |2n_0 — 20| > 201 — 2n| DIRILT
LZREND L, TRHOHINISIE NOMBHEHIZR S ¢

{21,..,20) € Xn(CPY) | |21 — 20| > -, > |2n2 — 20| > 201 — 2}

Remark 2.5 AR O IR FREIZEREARZICBWTII FOERIZHEESHD S a € F, ; 12 LT,

[L(-1),¥ (0, 2)] = ¥ (a,2),
[L(-1),Y(a,2)] = i_Y(a 2),
[L(0),Y (a,2)] = (Zdi; + h)Y(a,z),
[L(0),Y (a,2)] = (2% +h)Y(a, 2),
[L(1),Y(a,2)] = Y(L(1)a, z) = (22% +2hz)Y (a, z),

[L(-1),Y(a,2)] - Y(L(1)a, z) = (22% +2h2)Y (a, 2).

2.4 HIZEHD Consistency
Ubzgedsdr, PHIGHIL X slb,CosLC DRI F T, REPOSEXDIBNIT F =B, jepe Fus
&, THREHE
Y(—,2): F — EndF[z, 7, |2[%]
Y(a,z) = Z a(r,s)z "zt

r,s€ER

ZRB, HEEHZRZHWT, CARIET EALREEDH T L 2 MBS i o &, WU
X, (CPY) EOFEMITHIEIE Cor, 2EDZHDTH D, TNEYHTIE (CP! LO) HEHHIRD consistency
EIER, £INETHTIRP oA, BHERT ML 1€ Ry I,

Yv(].7 Z) = ldF
yla,z2)1 =a+ O0(z,%) € F[[z,Z]]

BT AEETS, 22 TCidp BIESEE T,
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HZENR T VD consistency & fAWVWD &, 72 & X = AAHBEBERDO > b O —D% HEIZES &

Cors(1, 21, ag, 22, a3, 23) =< Y (1,21 — 23)Y (a2, 22 — 23)as >
=< Y(ag, 29 — z3)as >

= Cory(ag, 22, a3, 23)

Y70 SRR RS S B (BUEOME. 2 12 &SRV, JHUEE ARG ARIC (b, hy) = (0,0)
AT Wik 38

Cors(1, 21, ag, 22, as, z3)

— Cl,ag,a;;(zl _ 22)h3*h1*h2 (z )h1*h2*h3(zl o 23)h27h17h3

(21 _ 22)’_L3—7b1—ﬁ2 (22 _ 23)7L1—1_LQ—}_L3(21 o 23)}_:,2—5,1—5,3

2 — 23

= Chasas (22 — 23) 2713 (35 — 23) 2 he

. Crasas = Capay £ 5T & T compatible TH %,
Z DX S HIEEGHEERD consistency (&, FHEEHR DM O~ DEMERIZBE I NS, TIEEDL S5V
CTABBRAPEIEL S 5725507

2.5 T—KrANSY SRR

HGHERO T — b A STy TR & 5 &, HEGHEERO consitency (R 72 U s BERE S D —
Bh 6T RTHED,

(7= bA T v FIREH)

fEED a1, a9,a3,a4 € FIZRH LT, BAND formal power series:

< Y(Y(al,z12)a2,224)Y(a3,234)a4 > (2)

< Y(Y(al, 2’13)0,37 234)Y(a2, 2’24)0,4 >

7S Xy (CPY) Lo —flFEMEATIBBIZIUR L T T 2% 51E, 2T consistency 2SE D D, 7272 L
Zij =2 —zjo N(2)ET—FA TV TERLILE,

A (2) IIREEEBIC G 2R L TRIERICHER TH 52, HIEREZ T2 LTRIPPAETH LD
T, ZZCEHPUBALEHELZU NOEREZH VS ((EREUTHETH S Z EHEEHTE )

<Y(a1,z1)Y (az,22)Y (a3, 23)Y (a4, 24)1 > 3)
< Y(a,l, Zl)Y(ag, Zg)Y(az, ZQ2)Y(G4, Z4)1 >

ZIT, T bAL Ty THEHOEREZZ CHD, AT —~UH, -t A9 A — A% %D L0 bilinear
AR (FEAMW IR S5 2WEE) 95, £/ 1€ ADFE - ICBELTHNIEE LT3 EH LT3 (T
bbla=a=a-1), 2O E, TFHEEAEZEY(—,2): A = EndA[[z, 2, 2|7 2. Y(a,2)b=ablZ&>T
EDD (MEIZ K 570,

ZZT

a(be) = b(ac) (4)

PEED a,bc € AT UTHY LD EIRET 2, D&, Y(a,2)Y(bw) =Y (bw)Y(a,z) THZIN5,
T—=bA Ty TEBOMEIRE Y LB, A TGRS, Lo TnEDIEOR A" — A 13H#EH
DIET (FADFEIMT N 12X 5T —RITIREZIITTH S, Tabd AFERBIIRZIETTH S,



ZHUFFEBRIZIEL L, (4) 2RET S &, ab=a(bl) =b(al) =ba TH Y. a(bc) = a(ch) = c(ab) = (ab)c
e ns, ELKITRIFERDO DI A2k 540,

Lo THHHHGRD T — M A~ T v TR L &, [REDHEGIEAEZE 25 LT, 2 TOFEIM T2 F =y
732 0EER<, a(be) = albe) T AEFETIUE, RO IGHBIKIZES ] LWVWHHEDOA T v FHHLIE
Thb,

Remark 2.6 HANIC ZIEEHIRIE (RAZEMOAET AT Y K (X, (CPY)} oo, | EOREYBX

5, 272U, T ZANMTIIRA BEEDNH B, T\ oA RT v N WL EHGER A DD Mz
BIL CTldrz & 21X [HL2] # BRI Nz,

2.6 MH=EER#E conformal singularity

22 E TR & 21T, HIEXFMEE = mAEBEES X TIIR 22T TLU £ 5, TIRUSMHEREEIZ Y
DESRIBELTNDIZS DD, HEMBEBORTR M SN HFETH 5 HMEH

(21— 22)(23 — 24)

. 1 1
£: X4(CP")/PSLyC — CP\ {0, 1,00}, (21,22, 23, 24) (1 —2) (72 — 1)

ZEVHZE S Y],
a; € Fy 5, (i =1,2,3,4) BET A VRETHB L L,

Q(Z) — (21 _ 22)—2}L2(Z3 o Z4)h1—h2—h3—h4(zl o Z4)hg—h1+h3—h4(zl _ Zs)hg—hl—lzg+h4

(21 _ 22)*2}12(23 _ 24)7“*}12*53*714(21 _ 24)712*711+7137714(21 . 23)}727}717}13+}_14 (5)

Y¥B, 0L E, 22 EOHM LA LT, Corylar,21)Q(z)"" & 6 DDA IERHED kernel 12 A
B, F DB (T, 45), (S si), (Dl 224) EX D368, £5T Corglan, 21,4, 24)Q(2)

I X,(CPY)/PSLoC B #E N5, BAIHS CPL\ {0,1,00) F5E % SN EMHTEK 6 T
(21 — 22) (23 — Z4)>

(21 — 23)(22 — 24)

Corg(ar, 21, ..., a4, 24) = Q(2) ( (6)

BT HDODBEAET B, ¢(2) 1E—MEIZ 2 =0,1,00 THIZRFDA, MIZH I BHR2 N THEAFRED B
PIFT, FEFIZRW, 2221 2=01F 21 = 20 IZHIGLTWE D,

Cory(ar, 21, ..., a4,24) = Z (21— 22) " H(Z — Z2) " 'Cory(ay(r, s)az, 22, . . ., ag, 24)
r,s€R

THBP6. ¢(2) 1F 2= 012BVWT

o(z) = Z ay 2" Z°
r,s€R,r—sEZ,
R HMAER AR R D, 2D & 5 4kli% [M2] Tl conformal singularity &IFA 72, IEHEZISAEABERRIC
HoT, FIZERTHZZLENET D, TD LS BRI DO R EME C((2, 2, [2F) &2, 25
W o 2 RE E RN I B R D 2 Vo8 s N SEIHTE S, EMERER L T OFBIZ OV T
D RIMS DFiZeik % B & N\ M4,

Foi.00 & CPY\ {0,1,00} EQEMHBET, 2 =0,1,00 25T conformal singularity &6 2% D
DRETEELT D, VN7 MIPGEEROISHHBEREIE, TZETTRTERL ST ¢(2) € o
ZHWTHR (6) DX S I1TiT 5,

BT DY SARBEREE D 21 — 00, 24 — 0 IZBIFDIBERIZ DWW TR L TH L,
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IA& (6) 2: 1im(z1,Z4)~>(:>o,0) MM =2 :k D

z1—23)(22—24) ~ 22
lim MM Corg(a, 21, ..y ag, 24) = 25 Pt hetha st hatha (@> (7)
(z1,24)—(00,0) 29
THd, 15, HEBKD consistency &
2222 Cory(ay, 21, - . -, as,0) = 22" 22 < Y (ay, 21)Y (ag, 22)Y (a3, 23)as > (8)

B |21 > |2 > |es] > |ea] CBWTHD 2D, (7) DUURIED S (8) DAL DIKEIE {27 ™2 " b nmso DI
LG ER, EoT.

lim Z%hl E%El < Y(al, Zl)Y(az, Zz)Y(ag, 23)(14 >=<ay (2h1 — 1, 27L1 — 1)Y(a2, Zg)Yv(ag7 2‘3)(14 > .

22T < a1(2hy — 1,2k —1)e > F — C ,v =< a1(2hy — 1,2h; — 1o > &, HIER & 7z RO 22
FV = @ ep Frj PrEaEH 5T LICHEEE L, R (7) OFLIEY) = {(22,23) € (C¥)? | 20 # 23} LD
EMITIERCH B, T TR () OELOHA U ZBEBE D SIS N5 Yy L O MR 23
e A GCor(Ys) £ B <, 7R (6) DAUDA LBl kh 585515 X, (CPY) o EmAriEE
B3 BEEZEE % Cor(Xy) & B <,

P&, =AM Ty PR &7 3 TR EH R RO E 2 W77

EED a,bjcc Fue FYIZRLT

o LRI w(Y (a, 2)Y (b,w)c), uw(Y (b,w)Y (a, z)c) 138 2 EMHTHIBEL ¢(2,w) € GCor(Ys) DFE7s
DK 2| > |w|, |w] > |2 \ZB 1 BRBURFIIZ T B,

2.7 Full BEEREDOES

5% TORMHES T, WBEFRO T — b2 b 5 v FIRBH S < BeEm e §% 5% 5.
Full TR S 1 R? YO & 85D C R MV F = @, hep Fri &0 €O THRWARZ ML 1€ Ry
B X OBIAE %

Y(—,2): F — EndF[[z, 2, |2F]], a~ Z a(r,s)z""1z7s71
r,s€R

& L(-1),L(~1) € EndF THo>TU FOEMEIE-TELDOTH S,

FV1) FE®D a,b € FIZH LT, Y(a,2)b € F((2, 2 |2|%));

FV2) h—h ¢ Z7 5 F, 5 = 0;

FV3) fFEDae FIZNLT, Y(a,2)1 € Fl[z,2]] #*D lim,_,0 Y (a,2)1 =a(-1 - 1)1 =q;
FV4) Y(1,2) = idp;

FV5) {LRED hi,hi € Ry a; € Fy 5, (i = 1,2,3) & u € FYAZH U T, BRI w(V(a, 2)Y (b, w)e),
w(Y (b,w)Y (a, 2)c) 133 2 EfHTIIEIE ¢ (2, w) € GCor(Ya) DL B |2] > |wl, |w| > |z IZB T
LB 5,

FV6) D a € F,; 128 LT, [L(0
722U L(0)|F, , = h, L(0)|F, , = .

Y
=
e
™0
P}
Il
—
™
S~
+
>
=
~
Py
,Q
™0
53
=
o
=
~
Py
8
™0
Pt
Il
—
k]
Sl
+
>
Z
>-<
Py
e
0
53
5

LY (a, 2).



BHRAEDBES 5 M, B FOBMAAEL 5,
1. full FRURHO MBI 2 5 % > TEH I ND DM
2. full TR MBBIEIE 7 — b A R 5 PER & 7527
3. full ELARBO MBS 5, S (R (1) Zilidn?

oz ML) TEABED T, full FREARED n SHHBIBE (n < 4) 2E# L. n <4108 LT LD
P& EEIICAE L7z, & <2 full EAREUE T — 2 b5 v ZIRBIA = LTV 5,

WOET, full FRIOM AR 38 L. EAORMO & < 12 3 OFERIC D\ TAEH ORI % 3
Y 5.

2.8 full ERREH SEBEBRHA

ZOFETIE, full EARED 4 SHBEEEEER L. Thds Sy /i (R (1)) 2#i729 2 & &2m_7, ful
THAREU DTS (FVH) 1S, DIED D B, (23) 1T IS B0 FRMEZ MBI M- L 288 &% Xk
LTWEA, DD S, OLIZR U TERIMIZR S Z L IFEHBTIEZW, FFHIEUSD AT Yy Th 675,

2. FWWEED T, full FRAREIZHET S 1 < VRED S sl,C @ sl,C IFEE LTEK I NS,
3. W75 A < VIRBED D MIBEREEAY 2.2 TOMA HRAZ W92 &2 6. PUIHBIBIEA IR T 5.
4. BEHRPARETH 5 Z & & T SFHBEBEERD Sy WFMEDS 355,

£ stepl BB, MR EEET B2, full FARBOERIA>TWAL, L1),L(1) €
EndF % AN BEHH 3, L(1),L(1) € EndF B\ FOZM% -3 L ET 5,

e Remark2.5 125 5 EHRRA %2 3,

o {L(i)}i=—101 & {L(j)}j=—1,00 WHWIZHHTS D ZNE N sly-triple DBIRRZ 723,
o L()1=L(1)1=0.

F 7z full HRREF I NO&ME2T7-3 LT 5,

Bl) % N e RBPFAEL T, FED A< N E7Eh < NIZHLT Fp, =0,

B2) fEED h,h e RIZHN LT, F,; 3ERIGLERY M IVER,

ZDLES, F— Flzt, 25 2" 2 hhe R, a € F,; 12/ LT

S.a = (—1)"""z2hz 2 exp(2L(1) + ZL(1))a

CEoTEDS, (FV2) &0 h—heZTHBMS, (~1)" " 13 well-defined TH 5. 725 (B1) &b
L(1),T(1) BRFTREBEHEZTH 5,
F EORHIA (-, ) : F@ F — C AL ATH S L 1E, (E75D a,b,c€ FIZRHLT,

(Y(a,z)b,¢) = (b,Y(S.a,2 )c)

729 2R ND, 2O E, HARBOEGE L AKIIROMBENRE S,
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Proposition 2.1 [M1, Proposition 3.2] F EOREREIEILROZEM & Hom(Fy 0/ L(1)Fi0+L(1)Fy 1, C)
=33 HEEET B0 ERALERRIBE R I TDH 5.
HRALIR R E RN ADMAET B full TERREE B SR full TEARARE L WS, full EAAEH L (1
HAZR A T 7V E V) 2 61E, ¥ TRWAERREE R EFERTH 5,
WIT step2 £ 25, & h,he RIZHLT,
QF,={a€ F,; | L(1)a=L(1)a=0}
QF = P QFus

h,heR

EBEL, FRQF D5 shCashLbCMfEL LTESINS L E, TFIXQPAEKINS] 2\, sl,CEsl,C
DRBGAMN 51272 HI12, IROMEDRE S,
Proposition 2.2 [M1, Proposition 3.5] F % H X2 full R L T2, ZOLE F 9 QPAEKT
N5 L L NOEMIXAETH S ¢
QP1) he 7o £Tld h € 37y B SIE, Fj =0,
QP2) TEDOn € ZIZH LT, L), =0% L(1)F,; =0Hm YLD,
QP3) EEDn e ZITRULT, L(-1)Fy,, =0 & L(—1)F, 0 = 0 DY 32D,

DU, full TEARBUE (QP1),(QP2),(QP3) iz T LIKET S, DL &, L(1)Fio=L(1)FR,=0%&
Foo=C1 &9, #2105, FIZEAREIRHER (-, ) T(1,1) 2li=THDO0BEMLTEH, Z0L

E (1,0) =< o > DD LD,
ZZTa€F, 5 (1=1,2,34) TN LT, ROBRNHEEEEAS ¢

(1,Y(al,zl)Y(az,ZQ)Y(a;;,23)Y(a4,z'4)1).
BHFEHRDOEBHEL D, (1,L(6)e) =0Di=—1,0,1 IZHUTHRY DI IFEET DL,

0= (1, L(—-1)Y (a1, 21)Y (a2, 22)Y (as, 23)Y (a4, 24)1)
= (17 [L(—l)7 Y(al, Zl)}Y(ag, ZQ)Y(ag, Z3)Y(d4, Z4)1) + ... (17 Y(al, Zl)Y(ag, ZQ)Y(ag, Zg)[L(—l), 1/(&47 Z4)}1])
_ ( d d d d

do Cdm dm d_z4) (1,Y (a1, 21)Y (az, 22)Y (a3, 23)Y (a4, z4)1).

BRI LT, IBRRREL (1,Y (a1, 21)Y (az, 22)Y (as, 23)Y (a4, 24)1) &, 2.2 D 6 DDA FifE X% i 7=
TZeWohb, RO TP ERZ2#EUICEEL, TOR T R 2 2T, BRW
TRRBER (21, 29, 23, 24) — (00,1, 2,0) % well-defined Td 2 Z L0335, EEE, HEHIADT4x2 =84
OB R DRD 2T 2ME C((2, 2, |2|%)) OENCIE, RABIFET S, ThE WS & BRI
(1,Y(a1,21)Y (ag, 22)Y (as, 23)Y (as, 24)1) 1. (FV5) (28 > 72 u(Y (ag, 22)Y (a3, z3)aq) (ZIRESIND, &
<AV s AHBEBE R D IURUE w(Y (a2, 22)Y (a3, z3)aq) DR SHE D, & > TIROMBEAH LY L2,

Proposition 2.3 [M1, Proposition 3.6] a; € QF;, 5, (i =1,2,3,4) D& &, BAFHE YLD :
1. % Coy 0y €CHH T,
(1, Y (a1, 21)Y (a2, 22)1) = Gy a0, iy Caran (21 — 22) 201 (21 — 20) 2.
2. % Caya9,05 € CHH ST,

(1,Y (a1, 21)Y (az, 22)Y (a3, 23)1) = Cay ag.aslli<icjes(zi—z)) Fhatha=2him2hs (7,7 )Ithatha=2hi=2h;



3. B §(2) € Fo1m0 BB 5T,

(a1 = )23 — 21)

(1Y (01,2 (0, 2)Y s, )Y, )1) = Q)6 (L ZBEEY

272U Q(z) BR (5) THEA SN,

F 7)3‘ QP EEEYFC%%) Z 873)‘5\ a; 73)@7054 X ‘) M?EZ BE%@L"EE%:\O) (17 Y(al., Zl)Y(a27 ZQ)Y(ag, Zg)Y((l4, 24)1)

ik, X (6) DD X4 (CPY) EOEMIFTHEE DM TS, LoTENHE., (6) DFOBEBOIELH
THT 5, £oT
Cory : F®* x X,(CP') — Cor(X,)

AN
(1,Y(a1,21)Y (a2, 22)Y (a3, 23)Y (a4, 24)1) = Corg(ar, 21, az, 22, a3, 23, @4, 24) ||z, > |2a|> |25 |> | 24

ZEoTREEIND,
BT, TED o€ S, T LT,

Cor4(a1, 21, G2, 22,03, 23, A4, 24) = COI‘4((151, 201562, 262, Ag3, 203, aU4~, 20'4)

MDD I %2 HAD, o= (23) 1220\ TIk, (FV5) E@l 2.3 255, o = (34) IZDWTIE, full THA
RED R & U B 5 5K

Y (a,2)b = exp(zL(—1) + ZL(—1))Y (b, —2)a

oD, o To=(1234) ICH L TREFTDTH S, a; € QF,, 5,(1 =1,2,3,4) BWET 51 < ) IRE
LT, WEERRDOARZEMN A2 V5 &

(].7 Y((ll, Zl)Y(ag, ZQ)Y(ag, 253))/((1147 Z4)1)
= (Y(Szla17Zl_l)l,Y(a27ZQ)Y((IS,Z?,)Y((I4,Z4)1)
= zf%l Zf%l(fl)hﬁhl(Y(al, zfl)l,Y(az, 29)Y (as, 23)Y (a4, 24)1)

ThHd, BHBLANDEZET
(1,Y (a1, 21)Y (az, 22)Y (a3, 23)Y (a4, 24)1)
= (IR ()M (V (a2 )Y (a3, 25 )Y (a2, 55 )Y (a2 )1, 1)
= (1, (I M2 ()R ) (F (a2 )Y (0,25 )Y (a2, 7)Y (@, 271
Z I ThHMIR

4 —2h; —2h; hi—h; -1 -1 —1 —1
<Hi:1Zi 'Zi L(_l) ‘ 1) C0r4(a4,z4 ;a3,23 502,29 01,2 )||z1\>\z2\>|23\>\z4\

ELW, (211’23,1“%1*21 ) (1mm)z—) G2 2 b b Q(z) HOZLA (H4 —2“2{2%(*1)’12%)

. T (21—23)(22—24)

IZAERY éﬂé tfﬁb %ﬁ@*ﬁﬁ’]ﬁ@*ﬂ(& LT
Cory(ay, 21, az, 22, a3, 23, a4, 24) = Cory(ay, 24, a3, 23, az, 22, a1, 21)
Wb

Theorem 2.1 [M1, Theorem 3.1] F' %% QP42 H BRI 72 full TERAER S51E, /T7ED a1, a2, a3,a4 €
F&, oeS ZxLT,

Cory(ay, 21, a2, 22, a3, 23, a4, 24) = Cory(ag1, Zo1, Go2, 202, Ae3s 203, God, 254)

A IVASN
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& o TVUASAHBERERUE S, WFRMEAR R D, 1 2FATAZ LT, n<4ko1E, n sAHBERERD S, SRRt
"D,
T— ATy TEX(2) M

< Y(Y(al, 212)0,2, 224)Y(a3, 234)(14 >

<Y (Y (a1, 213)as, 234)Y (ag, z24)as >
L{Xﬂi‘d‘é 75)\ ES f:%*ﬁ@%ﬁj—é e 007’4(0,1, z1,02,22,03, 23,04, 24) & gﬁ(?éﬁ)&iﬁkﬁﬁﬂ ‘5 MTIER W, Z
NTE O T 7 = VIRGHHDPBRE RO T, ARTIFEET 2, HKRODH 2H54 1% M1 2SBI Nz,
Theorem 2.2 [M1, Theorem 3.2] F 5% QP *Eih D B AR 72 full THERE R SIE, n <4128 LT, n
FMHBEREEL D consistency DK D LD, & UERED ay,az,a3,a4 € FIZX LT,

<Y (Y (a1, z12)az, 224)Y (a3, z34)as >, <Y (Y (a1, 213)as3, z34)Y (az, z04)ay >

(=8 X4((CP1) J:@IEJ bi@ﬁﬁﬁ’ﬂﬁgﬁ COI‘4((I,17 Z1,092, 22,03, 23, A4, 24) L:”Xﬁ—a—%)o

2.9 HA FILTFME

ZOETET— A NSy FEREE AR L RO 5 IR A KO WTIBT 5, 1E
AT [7— N2 R Ty PERUIX THRAK = BAFRER RO 2 2 2 I05E L. ST & > T
FERZOM AR RG] 2105 FEREAVSND, T2 THIRME L IZAT U SER U — R85 %5
LDOLERST. o & IR (71 T ARFE L IENS) 2525 2 ENTE B,

FZfull HRfR#ed2, Z0tEackeal(-1)&35L, (FVT) &b
0= Y(Z(il)a’ Z) - %Y(a’ Z) = Z Q(T‘, s)(*S — 1)27"27872_
r,sER,r—s€Z

£oT, Y(a,2) =Y, cpaln,—1)z " L B30 5b, THDBE Y (a,2) FIEMTH 2,

CP'\ {0,1,00} EOERHTHIEEEIT 0,1, 00 T conformal singularity % KD B ¢(2) HSIERIBE L § 5.,
[FBRDEMIZ & . conformal singularity &\ 9§k, EAIBIEK ¢(2) 12X L TIX 0,1, 00 TOREMH
FAMTHDZ L LHEEIZS, CPY\{0,1,00} EDIERIBEET 0,1, c0 T fli% R DB D 22X IE
RECEE, (1 -2 TH 3,

ZOZeS, [EEDabekerL(-1) & uc FY & ce FIZRUT, BRI u(Y (a, 2)Y (b,w)c),
uw(Y (b, w)Y (a, 2)e) & B LN ¢(2,w) € Clzt, wF, (z — w)T| DR DBHL 2| > |w|, |w| > |2| 1ZBITS
RGN 30T 2 Z &35,

Proposition 2.4 ker L(—1) C F IFHHRMTH Y, YV (-, 2) I &> THARBOME 2R D, T5ITF
i ker L(—1) DEHARBE LTONMBETH D, Y (—,2) FTESNRBOIEEDOR-I D intertwining operator T
Ho,

ker L(—1) BRBKMIZ LT, (282 % £ 0) THARBOMIE 2RO, £72 F I3 full THRAE ker L(—1)®ker L(—1)
DILRIZ 725,
k5T, full FARECE MRIE DD AT v FI2Ahh 5 [MS, FRS].

o ker L(—1) & ker L(—1) OfIEE Z OO intertwining operator % 53549 %,

o TNOLDHBAH ALY LEIET S,



Bl ) — B g ONFME R D & 5 R BHGER OB A ker L(—1) &7 7 7 1 VIHRARE Vi (g) &E
NEHEFREE EL, 207D, HERBOD Z &2 LPGEERONFE & 8o T, A4 T IVASHRME &I,
FIRGEER ORI IZ Z D & 54 —REUCEEEET 23 00E»ICE, WREEIFEN S & O 8
7 THEGHRONEE] bEZ 6N,

BW27 I A (regular) DIEA (FHZE) REDINEE L Z D[E D intertwining operator O —#Gld Huang 5
O—HEOMAFCHMES N (2 ZIE ML), F£72. ker L(—1) = ker L(—1) »’[ U regular THai/EHFEA
BOGE. NAMIZBERINEZEY G5 &, full HARBOMESAS Z 2 H HK] IZ& > TREI N,
(Huang-Kong DX Tl full field algebra &5 AR & 4 U E4 5 MBSO E MRS TV S D,
regular TEAEHZREE 4 ZVRFRMEIC RO GE IXHE OMRIXEETH 5, )

X TRV E R O BCE I AR R AN U Tid [M3] 2 2T hwn,

2.10 BRTOHWBERE T — KA NS v FIRER

EEOYIHFEIZBNWT T — A b 7 v 7ERE W72 B SR ORISR O IIE SR £ 59D T,
HEZLVWEEZ2ZT WS, EENT—MAL Iy 7ERCHE DS HBGHR 2 ENML LB EE 2 2
12 5,

YT, (B 5L @B IR UADH D) X (3) TEHAESA (2) BHVWSNS, TOHEMF, =44
Wi a5 25 & X (2) o IFMEERIZET 2 MEHORBWAERPEINEZ ETHD, ZORE
REBEFEIZNT 2 2 THMIZHEND LB Y =4 SOMEICHINGEE2RT I eNTES, Z0Zeh
5 H 5D I GHER O IFAEDFEHI N 5,

ZOBUERI T — N A ™ T v TR BORTHRE IR T IO HL WERLTE AN TH S, [RRTV]
TIXPUR T DG EE N UCBYER 7 — b 2 Iy 72 B L, AER0BEBEPLTWL &, #HF
T4 FDELY 5 BMEIZNT A= REFOPE TN UIZNSREDLSIZHRD I ER U, ZDZ2IiX
BOHIZ DO LBGHRMAFAET 52 L2 /RBT 5, ZORKADEES L ild, BOLRIFE DA
LU CERE I NS EGRDOILIE Y =1 ME, MO AP HTIRINMEL D BREMN
FWEIAILHD, BUENT — b A N T v THEFZZRGLO LG HEERIC S L TH AR TH 5 [EPPRSV].

ZOEIIZT = PAN Ty TIFHROGFERIGALC T 2N FEE ML T D, BRI
MOEDT—=RANT Y TRFSTZEIEZDHF DRV, RFEVRT— b Ty THEAMAND Iz 2iE
SENWTH 5,

S Xk
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