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1 ELC®HIC

LR T A M DOHEETHNTE b > 7z Fock IMBEDRERANZ MVIZET
% LB B A X DHFEIIZ DOWTHINT T 5. ZOAKXDEEMHIK 4] I2HWNWT
Virasoro DFFENRTZ ML D T — RO AR ZHWTE Z S5 NTW5, S|
D TIXLLBIER N RO G 2 W72 OFEH 2 1572, GEIHCEE
272201 [6) CEAINZO— T VRAMZEHADZER FONMTH 5. 2D
MXTIEY VTR HEAMIE R 2 Jack ZIHADEZMED G222 LI W
S5NT WS D45 M DL TE DFEHZ 872D THEBEIZHNA T 5. ZOLBIE
BARXRFDIFIHOEEIZEDOEIL ~A)UIZHB 1T 5 Fock MEEDFEE X sl, A
DILR W REDRELG [6] ZFARDDIZE DO TEIEIIRD.

2 BHIZDEmR

Z OF Tl Heisenberg AL & FEIEN 5 FEFRIRT Lie AER & Zvhr 5 HERL X
N5 LG DWW T [6] It > TRIRIZEHHT 5.

K = C(t) % 1 Z80EIIEIR Y L O 2RCEZ 5NB K OBAEL TS,
_y/
0={ 7 159eCl 90) #0}
BFCIRR=K,0, £7212 C £33,
T 2.1
1. gU(by) & gU(by) % R LD Z-graded 722 A ER

'RU(bi) - R[bil, big, .. ] 5 RU(bQ) — R[bo]



&35.72720 b, DIRE%E degb, = —n & U7z,

2. R LD Z-graded KA RE %
rU(b) = rU(b-)2rrU/(by)

EBL U o WHIREBT ICEm I Nz T YR T 5. gU(D)
Rz CREDREEE AND:

By b] = M6y, -id , m,n € Z\ {0} .
3. Heisenberg fRE U (b) % 22 1 {R
by bn] = M0y, -id , M, € Z
%723 Z-graded fEAMRE L U TIRTERT 5:
rU(b) = zU(b) ®r =U (bo).
E&E 2.2. cR LTD
1. R LD/ Fock i rFs 2l ” =« ~ 8 2KD/E qU(b) filEE L

TIRTEHRT 5:
B R
bo |B) = B1B), by [B) =0, n>1
BT HRET A4 MRZ ML B) 2 LT R EORZ MLZEMOD
[ %4
RU(b_> —)RFﬁ
P P|B)
NI A RVASR
2. R LD Fock Il Fy &Y =1 & f 2F24 gU(b) MifEe L
TIRTEHRT 5:
(Bbo = B (B, (Blb—n =0, n>1
BT RET A4 PRI ML (B I LT R EORZ MLZEMOD

FA
RU(b+) — RFB\/
P~ (8| P
N AIRVASH
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3. gFs & gFy EORIZRDERLAT ) V2
(|) :mFy xrFs =R
PEED ¢ € gFY, ue gFs & PegU(b)IZH LT
B8y =1, (¢Plu) = (¢|Pu)
ZlG72 T XOITHE—DIRES.
J. ¥HE—Fb DI b & HEIG
[bn, b] = 6,0id

REETHDE LTEDS. TOM v e RIZHLT e 1FIRD g U(b_)
Y RU(by) L #urns 7 MEREZEED S

b
e’ RFﬁ—>RF5+,\/ s

8) = [B+7)
E&E 2.3.
1. b(2) % {bp}nez OEEEE LT

b(z) = Z bz "

neZ

Y5 <. b(2) W RO ERER (OPE) 285,

2. p ERIZHLTZANF—FEFHET VI %

1
T(z) = 5(: b(2)” : +apdib(2) = 3 Lpz "
nez
TEHKTD. ZORE—F {L, }nez 1T PIOMITE ¢, = 1-302 D Virasoro
REEERRT 5.

3. HUMEE ¢op D R LD Virasoro DR AUMEERZ U (L) £HL. L
Fock ¥ p Fs (372 U (L) IIFE L IR D Fei@ ™V = 1 b X2 L |B) 13IRD
BfRA &7 g

L0|B>:hﬁ|ﬁ>v Lﬂ‘ﬂ>:()a n=>1,

772U hy = B(B — a0)/2 £ 5.
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WITH o (2) %

. b,
#(z) = b+ bologz — Z gz*”
n#0

TEFET 5. OPE X

THEZLoN5.
£ 24. LERIINLT HVs(z) %
Vi(z) = P9¢) = oPb BT 5(2)
V(z) = eﬁzn>1 S =B s SaT
TEETSH. 7L 200 = efhlosz 2§75,
B 2.5. B € RIHLTE Va(z) AT OME £ 7%
1. v € RIZHU T Vi(2) i Fock IEE DD G4
Vs(2) : REy = rEpis [z, 27127
BEHL, HEOD |u) € vF,, (¢ € gFY, ITRHLT
(0 Vis(2) u) € 27'Clz, 27
EEDD.
2. T(z) ¥ Vs(z) ® OPE BIRTEZ 515

T(:)Vi(w) = Vs(w) + ——0Vs(w) +

hs
(z —w)?

3 By B ERIZHULT

k

k
[1Vei(zi) = e lﬂlbnzﬁm [T G=2)"" ][ Va(z):

i=1 1<i<j<k i=1
DD D. 7272 L
b

HV'BZ Zl = ﬁ = e BiXns wtE



3 YA AMde RhamiBf e ILNN—TBED

RuZK£72ZC LT3 ZDOFETIE[1],[5] 12D VWTY A A b de Rham g
XN N—= TR DBERIZO W THEIZHEN T 5.
m e ZIZX LT C™ O OEYH

Dy U U ,—1=0) U (yi —y; =0)

i=1 1<i<j<m

BHEZD.
m > 112N U TERZHRRY,, 2

Ym:cm\DY:{(yla'-'aym) 6Cm\%7éyj,yi7é0,1}

TEHKTD. p,o,7 € RIZNUTY,, EDZAMERI B

m(p:0,73Y) Hyzl—yz I w-wr

1<ij<m
ERET 5. < OS5 £ 52 %
wm(p,0,7) = d 1ogGhy = Z(p Yyt > T ‘dyf
Yi o 1<i<j<m o y]

EBEL. ZO—flim—RIEY A A NS
Veim(por) = d 4+ wn(p, o, T)A

ZEDDL. QO («Dy) 2 Y, LTIERRABED B ADOREL U (Q°(%Dy ), Vo, (p0r)
%Y A A b de Rham kL9 5.
R EDRR rLy(p,0,7) %

Vwm(p,a,‘r)f(y) =0
D[RR E T 5. R EOREATR LY (p,0,7) %

Vfwm(p,g,r)f(y) =0

DEFfEER L TD. ZDRE R LY (p, 0, T)BREDY A A NREV Y= H,(Yon, LY, (p,0,7))
ERLy(p, o, ) RBDY A A rarEBY —Ff

Hp(Ymv Rﬁm(pv ag, T)) = HomR(Hp(Ymv R‘Ci/n(pa g, T))v R)



A

DEXSD. VA XD deRham B 6 2R €0 Y — O ORI
H? (Y, RLim(p, 0,7)) = HP(Q*(*Dy), vwm(p,a,T))
WHED .
AR S, 51 42 1Y —BE 1Y (4Dy ), Vi) = HY (Vi Lo (0.0.7))
AL TWS. ZOEMIZEL TakED Y —BO KT E 22 %

Hp(YvaEm(pv g, T))Gm77
LBl
INTG A =R p o, 7 INEYIREM % 5725 IRHR D EHLDRE S .

I’ 3.1. p,0,7 € R DIRD A

dd+ V)T ¢7Z, dd—1)r+dp ¢ Z, dd—1)+do ¢ Z, 1 <d<m
7T LRET D ZORFL FOMENEL D LD -

1L YAAZAPAREOY—DRTHBUTFDOLDITEE S [1].

dlmRHp(Ym7R£m<p7 g, T)) =0 y P 7é m.,
dimg H" (Yo, Lin(p,0,7)) = m! |
dlmRHm(Ym,R/jm(p, 0'77'))6"“7 =1.

2. R™ DD m IRt AR
Ay ={1l>y >y > >y, >0}

ORI NDIEEIRZY A 2V (A, (p,0,7)] € Hp(Yo, LY (p,0,7))
DIFEE U ZAMBEE G (p, 0, 73y) D [An(p,0,7)] EOREGBELTDO IV
N—=7RBTHEALNS [5].

dy; - - - dym,
Sm(/)7 0-77—) :/ Gm(pv UaT;y)i
[n@mn Yo Ym

H Fl+ir)l'(p+ @G —1)n)I(1+o+ (i —1)7)
T ml F1+7)(1+p+o+(m+i—2)7)

RIZN € Zso 123 LT CN DD

N N

D:U(zizo) U (zi —2; =0)

i=1 1<i<j<N
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PEHTD. ZOBEmEICH LT N RTEEZEL A
XN:CN\D:{(Zl,...,ZN) € CN|Zi7£Zj,ZZ' #0}
BEHETD.
K E€R\QIZHUT Xy ETEAIZRZANBE
Un(zm) = [[ (1-2)"
<iAjen

EERTD.
Un(z; k) DXEY

wn (k) = dlogUN(z K)
=K Z — + (1= N)k Z—]
1<i#j<N Zi J

XL TY A A de Rham #1K (Q°(xD), V() WEX S. 7272 L Q*(xD)
ci Xy ECIEMZEBRMD X 2ERDOZER &4 5.
Un(z;5) DO E X 2 RTRMOBNEITRE ZNEN Ly (K) , LY (K)
EEL. LY (K) BRBOY A A NKERY = RO Ly (k) FREDY A A k2
FRERY—Z2EZNTN

Hy(Xn, LY (k) , HP(Xn,rLn(K))
EHL. VA1 AP de Rham FEEglz & © akEw Y —DRD[EA
HP(Xy,rLn(K)) = HP(Q*(%D), Vi (x))

DHRES .
ZZTHLULWARI A =R 2 y1,...,yn_1 &
=z, 2=2Yi1,t=2,....,N
TEEDEDEUTERTD. TG L T Un(2; k) IZIRD & S 124X

nas.

N-1
Un(z, 241, ..., 2yn-13 k) = H Z/i(liN)H(l - yi)% H (yi — ;)"

1<i#j<N—1

= Gya((1 = N)k. 25, k)
Kiinneth D A& HW% &
HN<XN7R£]\<7(H)) >~ Hl(C*,R) & HN—l(YN—laREK 1((1 - N)I{ 2I§J :‘Q)) .

LS RED Y —BEORBAGRES . 2mily] € Hy(C*,R) % BUEE D ¥ 1 &
A bEEDREDV—HET S,



E#E 3.1. In(r)] & Tn(k)] %

o) = el [P(w)) = 1) [ )

TEET L. EBD SRS

N

dz;
Un(z; k) f=1
/[wn 11 %

=1

ZIZTRES, ..., 2 REBEHOT -7 VNHZIEARL T2,
B 3.2. f € Rz, ..., 259V 1T LT R ORI E

OO RIEE, 23] - R

K

EUTRCERT D :
N

Y= [ onmre[1

i=1

dZi

Zi

fFER[E, ..., 258 I LT fe R, ..., 255 %

7(217"'721\7) - f(Z;17" ZNl)
TREETD. LOMEEHITN L TELFOMEIK D 0.

#HF 3.3
1. (1YW =1

2. (f)N=0 ifdegf#0
3 (fIN=(F)Y.

4 Jack ZIER,

R%uZK E721XC L35 . UTFTI[3I2EDE T Jack ZIHA DM % i 812
AL, (6] 1IC&DBAINZT — T VRS EHADZEM EONRIZDOWTEH
ULBT 5.
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R LD N ZHRHLIEHAEE rRAy = Rz, ..., 2n]|v 2B N> M
2 U T rAN 25 AN NDEB py %

pnM i RAN = AN
r;—0 i >M

TEHRT D. T DGH) S MBEEDXIFRZ H A D 22
rA = limrAy
N
WEF 5. SHHEME R

py ¢ RA = rAN
Zon(xi) =2 (1<i<N), py(z)=0(E>N)LUTEHTS.

YEX L =#{i\ >0} BREHEIND. YU IEBOE box s = (i, )
(1<i<l),1<j<\)iEDnT

ax(s) =N —J a\(s) =j—1 (arm length, dual arm length)
I\(s) = N —i I\(s) =i—1 (leg length, dual leg length)

NERIND.
¥ R ORIZ dominant order & WL S EF A > p B3

i1 =1

TEHRIND. YVI/HEIWLT
pa(z) = pa, (T)prg(2) - - - € RA

BT py(2) IRERZOFEFINFEE p,(v) = 10, 0 THD. %
72 S R B TN R
my(x) = Z z
A

a€G

DEHRIND.



% 4.1. ﬁ e R\ {0} &3 2 FEEDOHE MK U THFRZIERDZERM A
V\ﬁi‘( ) %
(, ) @ RA®RRA SR
(p)\(x)apu(m))m = 5)\#2,\/4)‘
TEDD. 7L

Zy = H i M, (W)

i>1
mz</\) = #{jQ)\j = i} :
EHE 4.1. keR\Qu &T 5. YYIRFNIKNUT Py(2;5) € gkA TUTF
DOME %729 DDM—FET 5.
1. (Pa(z; k), Pu(wi5))w = 0 if A # 1
2. Pa(z; k) =ma(z) + 3 5o, uau(k)mu(z),  unu(k) € R.

COEBOME %Y Py(r; k) € gA ZREINITH T D Jack ZIHA &
.38,

EE 4.2. N ZENHLHADEM g Ay ICATONEPERETE 5.

(, )KN  RAN O RAN = R
such that

N

N — 25N F(2)a(z dz;
(f,g) = /Mﬂ Uz s DT ()9 [] 2

Zi

1=1
ZOWNEE Jack ZIEHA & ORNZIRDEFDK O LD,

U TIRAK D LD,

(P(z: k), Pz 0))Y = %2((%))
kax(s) 4+ \(s) +1 N—I—Ka/\( ) =1\ (s)
ba(r) g/ﬁa,\(s)—l—h(s)—l—/ﬂ’ HN+ s)+ 1)k —1U(s)—1"
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FE 4.3. Macdonald OARTIFRD h—F A EONBEIRERZINTNWS.

R =57 [ FEa@AGR: | for ()92 € R
72720 Az k) = [y (1 — 22,7 )Y THDY
T={2=(2,....25) €CY | [5| =1, 1 <i < N}

9% ZONMIZEL TRAKD L.

<P/\(Z7 K’)7 P/l(za K’)>IN = CN(s/\,,u,

ba(n) [N, () <N

N E A AL
W=l @ e pe -1

sex
7=7ZL
v = 7 [ At
EFREEBZBRWTER 42 DM E =T 2T LITEET 5.
FERL 4.2 DFEHZ BN 2 FNIZIROEERER %2 21T 5 [2].

+

7ZN

o

T 4.3. p,o,7 € R\ Qe EH 31 L UKM 2T LT 5. 2O

dyy - - - dym

Dum(p.o,7) = / Py(y; 7 ) Gr(p, 0,73 9)
[A(p.o,7)] Y- Ym

DfEN

m

i)

)

Im » Uy = m )
Am(py0,7) = vy (T) P\ +1+p+o+72m—i—1))

i=1

THEALGND. 272U

[ DA oivn)

U/\,m(p7 g, T) = F(Az - /\j + 7_(] _ Z))

1<i<j<m

HF()\i—i-p—i-T(m—i))F(l +o+71(m—

KRz A =0DK Iy, = Sp(p,0,7) LDV N=THEH & —8T 5.

EIE 4.2 DEBE. HWZEAR 5V v ZXBIcE L TER

(Pa(zik), Pul(zi )0 =0 A, [\ =yl ,



DD SLTIE (Po(z; k), Pa(z; k)Y DfEld Pieri DA% AW TRANIZEHA
TEL. FHULKIE B OB VIEEZSHLUTML L. ZOEREMNZRT 2D
RT3 24T O BED D 5. AT I 2B R 5

keEK\CLTD Bz Y > IXEDOHM (A p) T

(Pa(z;5), Pu(z6))N #0 XN, [N = |y

72T HDNPEIET 2 EAET B, (P2 k), Pu(z; k)Y 13k e K\ CIZE
UCEHATHEDS, HDIEDEE L =k, T

(Pa(z; k1), Pu(z: k7 1)) #0
BT HEDONEET D, Z I TIROBEN 2 EZ D,

N
_ dz;
](s,k):/ / U(z;s—|—k:)P>\(z;k*1)PM(z;k*1)H i
1 J [AN-1(1-N)s,25,9)] i1
RE D &
I(s, k
lim O (B k), Bk ) A0

s=0 Sy_1((1 — N)s, 2s, s)

THhHDIEIZFERBTDEL I(s,k) ks =0T N — 1IROWMEFFDZ & H453 70
5.~/ CEIMAIDAREHNT I(s, k) 23HT DL N — 1RO R
b =T 2 EONE (Py(2;k7Y), Pu(z; kY)Y ICHBIT 5 Z DR E 5.

(Pr(z:k7"), Pu(2: 7))y = 0
THolDTINRIFETHS. koTreCt)\CITHLT
(Pr(z k), Pu(z k) =0 A, [A =l

DD ILD. T A =R IZBE U TG T 5 2 21280 ke C(t)\ QI
BIL CERMA D LD, O

5 BERIFAREFENT ML

ZDETIZS T TOEMRD T IZEMAIEHE & XN D Virasoro #AEHE %
BAL, FrRARZ MVOEHIEB AN RDFEIHIZOWTEHHAT . LR R 2 K
¥F-IEC 9 5.

FT D00 a,a- € RTara. = -2 %=L, I512a2 ¢ Q &7z
THLDOEEETD. ke = a2 /2 LB UG U THUMEE 1-3(ay +a)?
D R LD Virasoro RED e iR 2 rU(L) LB L.

17



78

r,s €ELIZNUTHUTORHSEERT 5.

1—r 1—s
ﬁr,s: 9 O(_,.-'— 9 a_,
1
hrs Eﬁr,s(ﬁr,s oy — OK,)
rr—1 +52—1 rs—1
Ty T TR T

Fock ﬂﬂﬁ RFﬁr,sv RFﬁvrs ’E%Z/h%m RFns, RFT\,/S Z%%ﬂ’é’é

AR 5.1 AEED r,s € ZITHUT Ly|Brs) = hys|Brs) THY, by =hy
Thd.

LR T R ENEF N ha, =h1 21 =1 ThHhbd DD
Qi(2) = Vo, (2), Q(2)=Va_(2)
D N fE DR
Qi(Z1)Qi(Z2) s Qi(ZN)

N
_ Nail; a+bo
=N ] IT G-=2)
i=1

1<i£j<N i=1

i
— =
P
H
i
g
S~—

EHEAD.ITZU

N R N 2k N 2k
; H Qi(%) = H et Zuim bk H e Lim b
i=1

k>1 k>1

r>1,s€ZIZNLUT O (21)0(22) - Qy(2.) D Fock A g F, s ~NDIE
R

Qi (21)Q4(22) -+ Qy(2r) = U, (2 1) 1_[27{?71 : HQ—+(%) 1

i=1 i=1

EHETD. EzreZ,s>11THUTQ (21)Q4(2) -+ Q (z,) D Fock MIEE
o Fry NOFERTIE

Q. (21)Q-(22) ++ Q-(an) = **Ui(zs ) [ [ 4 [T @ (20) -

Y#EIB. ZNSDSMBEEZNENY A A N A 2L [0, (ky)], [Ts(ko)]
TR L ODERHEFI L TH 5.



79

£52.r>1,5>1,ke€Z ITNUTHEBEHAZLITIENDG RUL) DI
YA EAEDRU T TERZINDS.

Q[];] :/ 21 (2) Q4 (zy1) - - Oy (21 dez Crb gy = RE_ g
P (0]
0= [ 0 ()0 ()0 (e Hd% LIRS
r ]
FEB5.3.p /py €QuoilH L Tar=+/2p /p+t€0,a =-2a;' €O
Z[EE U7z IR, O btk
Q[r]( ) C OF—rk
Q[s ( ) C OFk —s

DD LD [6].

ZZT
Qx(z; k) = by(K)Py\(7; K)
LEE, ye R\ {0} KL TR FARMEH

Pyt RA = RU(b-)
() = b, n=1,2,...

BEFTD.
FEHA2ZFH WA Z LIZE D IROMEIRES.

R 5.4. Ay = (M, M, ..., M) & B ERIEARED |B,.) ~DIEFADLA
TTHZOLN5.

I.r>1% seZizxLT

0
[7] —
S = {paa(@r,lsmx; E)[Bors) 80

2. reZ ¥ s>1I1Tx LT

013,y = 1" -
ST 2 @ @) B TS0
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Z ZC Fock IIFF DR MVDEFRIZOWTHET 5.

EH 5.5. Fock lHf R Fs DX B TR IE ug BWRHERZ ML TH S &1
Lyug =0, n>1

iz DL LTERIND,

il 5.4 K O Fock JIHE F, g, 7,8 € Loy 1& Lo EAED b, s +1rs DIEH
THZ RPN h L pﬁ(Q/\r’s(x;H_)) 1B, ) ZFREDZ DN 5.

INTA—=R kg WZELT

ke € R\Q
TH>7h 5 Fock Il g F_, s IZX LT
RE -5 = RU(L) |B—r—s)

DD 3L D [5]. & o THIEEARZ ML pi(QAm(x; k) |Bor—s) 1E RU(L) TR
#FD. 22T

RSr,s |5—7’,—S> = Cr,spi (Q/\r,s (x; ’i—)) |ﬁ—7“,—8> y Crs € R
RST,S - Lcsl +--- € RU([’—)

EBL RS LS DB E 1 THIET—RENIZEELE D RU(L) DT T
H5.

ZZT

In(z; k) = H(/faA(s) +I\(s) + 1) P\(z; k)
SEA

LX<

FORFENRY SV IBIER ¢, FEERMIZHEIT D, T RO HIROEEDN
% D SLD [4).
EHE51. 6, cR\Q&Ulrs>12795. ZOWgF ,  DRENZ MLIZ
HNUTUTOEXDED LD,

RST,S ‘ﬁ,r’,s> = H H(Z’K’-i- - j)p%(‘])\r,s (ma KV*)) ’B*T,*S>

i=1 j=1
COFEBIIMO DO =SB ZERTH I LITLDRES.
</8727“71,72571’ Vﬂ,n,s (Z)RST‘,S ‘ﬁfr,fs> )
<5—2T—L—2s—1’kanfs(z)ﬂgi(Jkns($£“—>)!ﬁ—n—s>

—HFHOAIX Jack ZIHADHE G 6EHHTE 5. — i —FHO RO EHE
MOEIRTE 5.
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EE52. heRETD MEDRIEAL ;=L L, Ly, € RU(L_)IT
XU TR ER R

. 0 , 0 .
_ —inr+1 s —in ... —i1+1 s —i
Dy(L_y) = (z 5 T h(—iy + 1)z ) (z 5 T h(—iy + 1)z )

EEHL RU(L) DFEEOTUT LTI IEER T 5. 2 O, B 2hrn .oy
(7'1, S1,7T3,S3 € Zzl) D Dh(RSr3,33) O)’ﬁzﬁﬁ 0:55 L/T?ﬁ\’ﬁi‘ﬁi b fLO

T3 83

Dh<RST3,53)Zh”lvslfhthSvSS = H H(h_hT1+T3—2i+1,51+53—2j+1)Zh”’sl —h—hrg,s3—7353

i=1 j=1
EE 5.6. RAN T —fE2HRWT
(B—zr—1,—25—1| Vi_, _.(2)RSrs |Br—s) = Di, (R Sys)2"2r12e41 72l
Thb.
ZOEMIIEMGOHEmEZHWTRIND 7).
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