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INSTANTONS AND AFFINE LIE ALGEBRAS

R E (ERKFREME)

1. &

—MEE B X UMESEIZ 4 RITDH — UBIRG (B M RO U — A~ i) 13tk —E s F L
FORBL iz o57- DL, Seiberg-Witten & ) WHEIEEF I L2 “BWatgE” OFRTLA. Zhid
70 EIZR B E 7z Olive-Montonen @ “BA-BAMNAETH" % N = 2 O#zHR Yang-Mills
HERIBIET 5 & 91 modify L72b 0T, oY MUETSU(2) 41 ¥ A%~ b AR
DR THAELIAHDU(L) £/ R—NVERRHSRA & N T, Donaldson BT F 127z
BHCEHETH o B AOMEINR L LBIRTVET L. F-MRCRENZEE S H»
56 “BHE” 13 N = 2 DA Yang-Mills FER 721 T {, B4 BRI OV TIERICHF
REhTwE 4.

I NGO BHHE BV THEIR, 7 — V8L, Langlands dual 1282 i b i‘\i‘/w
Fio, LAEEHSHEMIE (O ET AV AT IB PRI T F T
& %MV T Langlands B2 EWB I T ORI THLZWTL 152 S0EZ A E 1%/\
MARBLTHRLEV)ETT, ThPHEIBRL TR DOPHD DL BNDLDE 5
Y AN, Langlands OB RITAEL~DHE—4 L LTEZTRILEIELINER
2F & B8

&, Langlands BHEZ QB EWT, €7 a7 —EROMIEBE LT, V25 oD
EPadAEMOREQ T -BELLZZ EICLET. RICEZZITIER ST oR R, »
SEPILD2UBMTHLEBLNEHL S LI WA, “Hecke B TF. §3 CRAMMABEREE
BOFULHHET S L EHLBRT T, BAICOHEHRTD 2 B2 4 RITEHREDO I
DIAFE NI B HABIFTET S Hecke ERDBATILENTTEET. 72Lb LD
Langlands fE OB L AKE(CRZBI L E LT “Hecke B"MHFHIT|IZL H T, £0BH%
BT 2, T —<YHAEOLOZOo0HIE—ARICIIZb 6 2V, 4 RICEHED H O
SEREIE, L A4BPLTHERDL R L) Tk ] »5TT.

CORBOABFIGEVE L2 BE® Langlands IS OMEETLE Lz €550 AORME BEMORE
EMAE S TVARLCFREL L >TVETOT, 26601 bEbETIH (LS, 4, 100 bEFICLT
{rEawv.

SIS R o TV RV EV I BRT L, ZAb G oTuive v ) BERTY

2@, Ginzburg-Kapranov-Vasserot $ Langiands reciprocity for sutfaces 2 & ¢ BVHL TwET. [4]

SHUCMEN BRI ONIREE LTI F—0hErd D, BRUFRESWTVAILRIFLOZE
ThLEEVET. ¥~ VBROUMMELIEREHRENTLPIRELBVETHNEI TL AV EPRET

+.
AU VA VN DET aFAEMOLOMPEEZLLRBRTT. LPLSE0Y-DECHELZRESY

WOk ERBEOLIARLALFTRTHH T

— 116 —



Y hidT, 2 BSE, FICRBME LIRS PAKEOED 25 4 ZMPOBEIZD
W, FIHBRMBICHET 2 Hecke EABRERRTEF LA F 7 FERKIBWZ LI,
affine Lie Bk 4 Hecke & LTH N F L /. affine Lie B, HIEAIG Lie Bloflizx Eo
Laurent ZHRX DT Lie B% central extension L7-b DO TTHY, ZhHt 2 RILOFER, 72
ISR LB AR T OO MR TH N T, LIANEIHBLTHLHUREEI b %
WV 4 KITOFEERIC b, D affine Lie BAHN LI TES. SOLIAFETLYDY F¢
A3, affine Lie BARN A HAH L, “BOHE" IZ BV TR R HI L BHIT S 2O HRAHT
HLZENEFPIELVERBVET. AT 4 KRG~ VHEROEOEZI I (S ERE R
b RAZ EHHELVA) BRI TE Y, £ OIS G %8 U T affine Lie B8
Hhobw) ko b ERIIERIZIO N LW TT.

Y 27 -BROHER | 4 RSy — VR

#=I = SpecZ 4 RILEHE LD HR
oMk C

Y 25—k AVAS Y NDED 2T 4 MO

pFlll rEDY B

Hecke {EHI% % £ D Hecke 15 JiFE

Hecke B afline Lie Bt

—AED 4 RICEAETIT R AR Lk > TRV B, —f0 L 'Y 25 4
MR TRDLFEN LV EV R b OTTA, AT WAHsE4AkE LTIZ0E2
RIEDLDLIPEZ T RVOI, 4 KT~ VHRIIBOTEKEN MR THEEAI) 26
ERSTVEF. b L, 9% Calabi-Yau 222 BV THEI L X ) REBITE BIA U,
EI3RTTOBHEREYFHAMN 2R L I TIRCH ) FEA. ([11])

LD X Lb3 T, BEFTOLEIAHMBLIEWHIRESLSHEZEOTTA, 22T
138040 affine Lie AN BHICD VT, MFTIRE<BEMODB T ) 725> o7 ALE 22
FTEDHTHEMNLIWVERVEY. whiZIhold, HEOBREYEDTIT  -n0 EEx|
TI7. HERPHET HLIL, SBROKELRBEE LI EEWET.

RHEEEO BOHE" OV TRIEOEE Z BN T 5 L IR0 LB ATLE Y
FHOT, B> T—F5h YRt v N = 4 O Yang-Mills HiE B OHBZTH T
FHERTIZ W) ICB S “BtE” 2 2 TEFRALEST. ChDLBOF LoE S &
ZhF4. £LT, 8328V T Langlands IEFEOREIZH L BT KEEI L WEFICBIIAHE
BEOBAOBEUIIOWTERF T, I hif, BXJC Langlands #2221 5 Hecke MO EEM
YRALTCNBb DL BVET. CORUTREFOFHENBRS LTS 01 §4,85 721 T,
" SDonaldson DE&I L > TRBMEDHECIIA VAS Y Y OET 254 ZMEM L. MLERRNS b

HOAEM ST HLENHY ET
S%4 £ L affine Lie BISH LD FV OGS TiEdHh AT L. RDOBRIL, Ringel L Luszlig ®

BRFRBABOE=A5OMIC L 24 % Kronheimer-Nakajima @ ALE Z2M Lo ADBM 2t h BMT 3
Zelzhh E Lz 7 Gottsche 2 FR  ADTEY 254 O Betti BEEHH LT, £21C affine Lie BOiEE%:
BELE Lz CHHEBAORRIERPSSEVTVE L) HEXIV I e TT.

TCOBERTHROR sTWABI L EBREE] TF
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% 2T “Hecke B R GFNIFARS AU OV TR L. /2, BHERO “Watd” 120
WTIRERIZALABRETH, ThIEZRITERL TR WELZOTIREEERLTB UL
DOEXRIRFL FEA.

appendix {Z Heisenberg {83 & affine Lie BICOWTE L HTBEF L. [T oHERFOL
BB ENYBLTELZbOTT.

2. VAFA-WITTEN (243 N =4 B YaNG-MILLs B8O X4

FTRA<7z B PEEEICEI LM E LT, N = 4 OBXHR Yang-Mills BRSO WTH
MrLFEL . “TOMHE” HIRILT B 2 & DOFIRIL, Langlands BT L MO —F T 5
ZEELTHRINETH, METIIRBEN-BTartihFd. LIL, —RIIS
B EEE T A LRIEBICEELVOT, 10ER2LFRIZD s7b 0D 12 EROD
RSV 25 X5 EAMRETATLA. Vafa-Witten [14] @74 F71E N = 4 BT
Lagrangian #4°L modify LTR5Z L& o T, I ZAER Y SR E LTHNTR
N, th %238 LTF v TrE I ETL

X ¥EEHI N ARTEREK (L VBT, 3V s bELET) L LET. G 2k
Moy b - J—BL LT, GY ¥%0 Langlands dual & LF¥. ¢ 3R LT LMD
BN FV P 2EZT, ST 2 RACHHEROEY 27/ ZMEr MP) ELET. £
FALEMDAA T~ x(M(P)) DEDLBEFEEZIFT.

Z(1,G) = q—X(X)/IZ Z qk(P)X(gm(P)); q = exp(2nir)
P

AL, k(P) 3. POAVAZ VP BB ZF v— VALV RLOTY) TF. —ARICIIE
Buoize ) LA, BIZIE G =SU(2) 2HBHTT L, G =5S003) Z5¥H Y 4 THoLH
BHTT. 272, LOMBLRTONY FLVEABPLTRY 2. (F—F v~V HEBZF v—
YHEBPTER TS (X)) 1, X D4 5-FELET.
ok E, B IX
1 7\ ~x(X}/2
z(--,6) =% (%) Z(r,GY)
ERAZEEFHLEY. UG & GV RERZZOTEEILETTY, Lok, Z2(r,G)
A weight x(X)/2 DET 25 -FERTH BT L 2I2ITHEL F3°  EBE, Vafa-Witten 12
Z(r,SU(2)) 25 To(4) WML TEY a5 —THAEI L ¥ ORI SE TV ET. (GY @ Lang-
lands dual ' G THBHZ L &, g g+4 TZ(r,50(3)) PAETHHZ & #FHITTCTT
%7
CHIZEL GRVOERT, BREDHZ P 0 %, HREO(TM(P)) OEIRE >TLE D #
BTHOLTOMEOREL Z LD, £ 25 -HBROFEATMISHVET. B2 POE
Va7 AZEZMOMICIZENERS A LBEFRID D FRADS, TRIZEBICEBRE T ETT.
2T, Vafa-Witten I3V AW E LA KTEERE X 1200 TLEDOKEF 2v 2 L F L. AW
CEEEORE VT BHFEEOERID L0 X PREMEOL X #FT, £k X
x(M(P)) % Gieseker-Maruyama @2 > /32 hb, +72 45 semistable 7 torsion-free sheaves
m’gu, http://www.math.tohoku.ac.jp/ DD F— AR~ L IZBEVTHEMNMEN TV ET.
AL OVTIRA L D) A
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DEVa5AEBMETBEZZHNED) L) T K3 lilio & &id, Gottsche-Huybrechts [6]
W& 2Te Dy D odd THIUEED 27 1 ZEHIIIERFR T, 4 7 — BidEY 7% 50 Hilbert
scheme DF N & B Uz ) F 341, Hilbert scheme M3 4 5 — ¥ DB EIZ, Gottsche [5] 2
X o TEHE ST T, FEMIC Dedekind O MEBUZZ ) 3 (84 ). FAHEFERO L
ik, HREBOFE (18] d b 3. HL, ZOBEEIL, weight 213/2 EVIHIEELVED 2
S—ERAMNNMTETCLEIOT, RMIRB(HEBLTBYTEA. HLVIER, XBMOLEDT
(14 # R TL2ZS V. FLTIV NS FTHEB Y FHAD, ALE EMo & %1213, RoOFHELC
& T affine Lie algebra @ string function AYH{T & F 411,

Eit, LOERIIFE Lo 2T 354010, LLEFEBTLEFVE LA —fRIZA
AT MY ORT 2T AEM MP) 1) TS R ERBS RV, 2) F AT~ x(M(P))
X ON—<VEBOWY FIEKETS, LI RENRBLNET. ZDI L 2) oFIE, &Ky
i, ROEILGFHFBROEY 25 A EMOBBERA DL W) L THMPENE T

dyB+d;C =0
(1 AWX P O, Be QAdP), C c QY (Ad P)

Fry[BAaC)+{C,C} =0

ZIT{C,C) DEHBIEBRF AN, C DTARTTE. ZOFEROD virtual ZXTTIL 0 T
& 1, pertubation ¥1T Z IREBINTTEY 25 1 ZEWIL 0 KITTDEHAE, + 725 £ union 127
NEF. ZObch OMERIL, BEOSURQ)A VAT Y P DEV 254 ZZHOE X L EIHIC
EHTE 2139 CY. FHERITF zv 7 LTERAD. (7))

F75,B=C=0lA YAV PR =0 —HLETH, ZnLtE1) Lok
DELEET 2T AZBMOEDNY bV o % QYAAP) THLEB o bDTEEHRLT
pertutb ¥2 & o =0 L5 HOMMBEMET L LIV ETHL, A4 5 - FEVIEL
bOMPATVLEREREDOTIREWTL 25 2.

HL, 50k Z 5 perturth LABRDET a5 A EBMMPa 37 MZREMNEI DL {50
NERHADT, FEREEZBRFMIERLT2EFTIIBES>TERA.

Fo, £ 25 4 MO Gieseker-Maruyama 2 > /37 MMUAWER S %10 & X1IBFEOR
EIEDHDFCAN, AT BEIBBEBELTLE) EIFLETV 2T -0k 2T hEH
Ao PIZE, K3 DL X21Zide, =0 T even DEED EV 2T A DA A T—KEET 2~
T oMHETL L, (BE)/4 LS ByBAE . T

TR THRRAZ EEEE L T—FERLTB L, MHMERO RN « 1338
DINGA=FELTHTETVEDOT, BHMKEERLZ-DIRETOA VA5V PV EHOE
Tag A EMERBICHDED Z EHWETHLEEDRE . BHOBMTIE, 254
AFV P BOET aFAEMOMIZEFEERLZ EIZENEES TIddH D A, LT OH
T, “Hecke " % 0C, E a9/ ZEMEX—BIZH 2RI

Roan =k WiE, —ED 4 RLERE DL %1213, Uhlenbeck @32 /%7 M F— VY7 3=V F 44 5~
BEHEILIFTLLOTHEVI ZETLAM..

NE3chnnz e Bire, HERE | H¥ERE = 8% [ EZRLVIRMEIIL-oTwETRR.

12Geiberg-Witten HERICL (BT BT LABGM Y 2T sh b EYA. (B,C) 12l L T hyper-
Kihler moment map THA L WHFEEF TV T.
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3. BRvABIEE & EROKLE

B A BRI Hecke BTV EETH 20, ROFME BN, S5 IPHICBTLEROBK
ALOBBIIOWTHERET. WEELATHETH LIRS D FHAN, TR VR Y
ADERBFOERELLFEL LI bOTT.

217 b OBITAREINIHERIC BT S Hasse [BH, T4 b b BRI H 20 D
DIZBFEE p 22T mod p THYHENEIDPEZLE LV, L) L) ZFFEEZR
DTTHE, WHEVEREIABTERYIIEILTAFANHMONTVFEFT. By LD TAHEY
PARBEVH)TAFTTEED LT, A RTEMEIZONTY SU(2)- ¥ — VESR* &S EBCRT
THRT, KBAHRTHLEADA VA P DET 2T 4 BHERARLT ENTER
WiEAY M, EEZ DY TT.

BEFIV oI ENRY LI EDPMFTEIDZDEL)IH, ) Z 2o TR
BOTIIRZEHEH D 3. £ %D Donaldson OHEGR £ T o7z Vala-Witten O HEG
ZE BHETHR->TVE DR TRTEREOHSHEEI L 2L L2 VWHERT, EHYTHE
AL Riemann 5HE ¥ BAT2LEYH D 30, BEMLZZ ZFERBICIIES 0D
DT, FITHBUWEDEEZPITTEALAREL LT ILE2EZET. D008 L2
HOEBIIEACABNTYE T4 HIEAHEF LTS LERFEHOE, RVBBt0
HOMEFTERTEIENTEEIEA. HF, BETIIRL 2 2 AOMOMEAEAIX 0 1% -
TLEI LI TT IO ARTERKIINTNG IR o TVBERSTIVEE) biITY. &
WABIT KIBRIREA R T 5 & L OWEM Z BT, (ROMMRTTOTHLE > TWwzs
WwEHA)

FOEMZERIEY Ao THIE, FHEADS LD LI TP > TR NI L ALY
%72 { 7z oC, % # % Donaldson HEF TIEWAZTRIEINDIZTHH ) T A, FORH
RETFOHEH 0 THEPHIM2 ) FHA. (WHTIEmass gap AWV EEDH.) FZT
Witten[15] 12, 4 XIEEBEDFHZMTE O & 12, A 2 BR (T2 b IR K, OWH) %
HOWCTEMEHICHERE Y5 2 52 L2 o TRITKBEEYIBIZ T2 RKEICFE TV TR -
72T, ETAY, ERl 2 BEAWATRE A (=HOERRF) IIZER Y5 15
CEMNTELVOT, FDOFEO Y~ Donaldson BG4 #5735 Kronheimer-Mrowka @
basic class!t& U TR 2 T B T¢. X o7, basic classes {ZEBIr KRBIERIATH L U e W [E
HTHHEEZILIVWOTId W EBEbRE . b L 1L, basic class 13 2 RITDOHH%
BETHLOED, FNILIFRPHETELZVEVWIEKRT, HTHhrEEZLLVM LR
Wi, A

LORBTIEI— MDA RTEEMEIOVWTIHERLZ S5 A2 LN TEFRATLA. LA L
Seiberg-Witten DB MEIZ XL > THE A FH - W TFOEENUN)-E/ K-V THHI LD
BH oD T, FNVRTIAHBFEEOBETH DL & Z A0 basic class ([Z[HFRT B biT TY.

AT, L ADBITAREERIZ BT local 76 global IZELEXWIF—EL2BbDELT,
Hecke Bt & ) (& AH Y 3. Hecke BOTLIE, BAM LN R AW TERI T . &%E

BEFHOERE, 5L UThAYEECH SIS Langlands I{ZFEIC 2V THE, Gelbart DR [3] AR T

3.
14~ > 4% basic class @FLBHIE L 7%c V>, basic class it 4 kT EREDOTZ R T, Donaldson FEEA T &AL

AWATHREDZEHHOERTV D
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p IS LTEY 25 —FBROZEMIC Hecke ERIEMEHR IR T T. 4 KLY — VER TS
T2 L9 2EAEE Bl 0L XTI}, 2 RILOBHISHAITH > T RBEME 9 0 & X121,
HOEN TORLEELELTEY a4 EMOFE a0y - BHEOBBEESRE LTHEALTL
o B BE LR = £ 2 REOEBEGEE-T, HADBEITIE 2 RIEOPHFHAED
Y THDEELZITNEC VWO T, FRUIHET S Hecke B b # 2 2 LEHH 2 b T
F. BENIOVWTIIBEG 5200 LI FEAD, WD ELZ ¥ “Hecke B PR LIZLET

4. HEISENBERG ALGEBRA & {{ZthiEm t DA HILBERT SCHEME

EBTHFITCOMTRBEYLTALI LY EBRIUEIDLZEIZLFL ). EEESTH, A
YAF LM DET aTAZEM, b LRIERIRS FAVHEOEY 254 EMOFET Y - BER
RBEZEFFNERELWIETIIH D T HA. LI b T, BN/ FH~ L LT Hilbert
scheme ¥ 222 LI LF¥. ZHIIREE 1 O torsion-free sheaf £ T, #® double dual EVYY
Hirivial 2 Oy THEODDEY 2T A LBHUTHLEVIFRT, Bl 1 0¥ — JHHRTH
LE#FEZLZENHETT.

o, BOBED L & b Gieseker-Maruyama 3 > 757 MEDIBFRIZIL, torsion-free sheal At
Hh, EVW/E IERBBEOSIIE L 1B TH Y, #048UE Hilbert scheme OMET-LIZE A
EFRILTHBRTLHFIhTHET.

HOBW TR BITABERALL D) 5.2 TH 2 5 Z 13, Hilbert scheme OB 1 10 &I
WKIHZIZWHL A TRZWTL &) 2 7 HEBE, £ Th o T, YD fIHIET B Hecke #1722
HThREQI-DEWELEIRTLEIEXLUTFTHPELET.

X z8EMREE L, S*(X) % X O n ROMFHE L, XM 2 X @ colength n @ Ox DA
FT7 VOB Hilbert scheme D53 LET. DL E A4 F7 MR LTED support B H
AAETHIBEEDZEILE >TEBR v X0 5 Sv(X) diEgkang§

ZDEERODZEIH SR TNF T,

R 2. 7 IIRROIMHTH 2.

Gottsche X Ellingsrud-Strgmme (2] @ X = CP? DL AR+ ¥ F 2 TR OS5 i
KOWT X 0 Betti BEaHH L E Lo BRIGAOMY) T

EH 3 (Gottsche[5]). X" @ Poincaré LN % P (X)) T2 L &, 2ORMEITATY 2
¥ (-

ﬁ (1+t2m—1qm)b|‘(/\')(1+t2m+lqm)b;,(X)
(1

n [y —
; 9 P'(X ) - _ t2m~2qm)bo(x)(1 — thqm)bz(x)(l — t2m+2qm)bg(){)

m=1

AL, b;(X) tX X @ i-th Betti HTH 5.

H.(X) OEE {[C],...,[CV]} #MY, ZRETHE CF L v () BASRETHIENT
W ERELET. XRS5 FOBMNEE ([D],...,[DV]) bR F 7 () B
EHETEFER T2 EEELEL ). 20k &, K i &meZ)\ {0} 1% LT Hilbert
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scheme OHEIBDHIZKRD & 9 72 (EOFEKD) correspondence Pim] 2 7.

{(J1, T2) | h D Fa, Supp(N1/T2) = {p}, p€ D'} (m <0)
{(J0, T | h C Ja, Supp(Je/T) = {p}, p€C'} (m>0)

Z Z T, Hilbert scheme ® i3 ideal sheal & BoTUEMHEEHEE F L2 72 Supp(Nh/Je) =
(P} E T A p ONTREMTHS v ERTT.

T, Pim) OFEOT—HL, Kk ) X0 o En Y -BOBEMO LICRIEE#R 5] &
#2Z LF 7. (correspondence S BAE R EL VDb DR 0 JAED, AP ERBIHTE T2
Z EICHER)

thn+m] x X" 5 pilm] def. {

P H.(x™) - P H.(xtm)

¢ (p1)s ((p2)"e N [Pilmi])

ZZT, p bk X XN o S A0sEE LET. 0 Plm) O (BSO) RITICE
THREOD—DORPEOTNIRFLZLIERELET. n L > TRIEMRLZ 5TV BDT, §
NI n itk o TR EF.

T, LoBE®RLFE LS Plm] TEbTZEIZLET.

EHR 4. @ H.( XU o) < operator & LCROBERABILY 215,
(5) Pi{m]P;[n] = (—1)3m=C S C? pin] Plin] 4 66 pm0(—1)" 0 - 1
HL,1 EEBETH L.

£iJEI Piml (mezZ)\ {0}) EIRErE&HL T T, LD (5) 1, dimC' H4BHKD &
S IERZEH O Heisenberg {LH D, #78 & 13 Clifford DR ARBERIMZ H TR A.
(Po) I TH &) FARLE ok LT, fERRTH®RTY.

XORB—giroih)FTOT, £0 0 Kok T Y —B Ho(X!9) 13 canonical 7% vector 1
PR ET. ZOXT Pzt LT ETH#A Heisenberg/Clifford {4525 S ¥ TEEHER
MHEREY. Tk x, BREAK (8),(9) & Gottsche DAR X B L TAS L, KDFRH G H
nEY.

* 6. @Ht(X["]) i1, Heisenberg/Clifford {8, HRBZEM & L THER T 218,

INODFERIT, D' R C 2B I (FERD L EREHETEN) TELEIE, 825
{ Chow T formulate B33 L B F 3. (HL, —RRICHIE D' & ¢ 2EBRIAAY 1 2 01
TRERTERZVTL 2IDE, ZOBEIE 5) KBVT &, DEIBE D & O ORI
ERA R IUER SR WTL &),

B_1)n+n L) BEEMR 0 ThwE & LAEHTE AT LAY, Ellingstud-Stremme 5814 L T<

nELi
1640y ¢ = 5, Gottsche DR E FH Vi WEEHIE 2 V. Gottsche DR DI 1 Weil FAESHVSL R LD

T, (FEHTE V) BEMEICE L TH LARMRY L2 &) PIETH
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5. ALE 2R ENDA4 > X% > b & AFFINE LIE T

SORFIZOVTH, BRSTE S B L L L7z LEFEM 07857 883 IC RO NEHSH
FFOTHEICT LD LI LT HL, BOHAHNRE883 ¥ #H /o & X213, affine Lie
BTk, HBRRIC Lie ROEHLIEZ TR P o070 T, FOMRZERIZZ >TVET. &
7o, —HMid g A BoLECRAZ EIILET.

T X % A B ALE Z2/H], & 2Tk C?/ {1} OB/NMER RN, $7%b5 CP! @ cotangent
bundle & LF¥. MEDI /Y M EOERAY MVEOEY 254 2EhT DL &
1, B3k & Chern class % 1L %O T34, noncompact % ZEM %k > TV 2% L, BHREM
ELTHRE S3/{+1} DLOFHRES p xROLZ L LET. FLTERRS PV E
LT, s 28R p IEL T2 0%E2FT. £V 254 ZEM % M(p,c1,c;) TK
b3z iz LUF¥. IFFEICIE, torsion-free sheaves DE Y 25 4 ZE[Y] (i.e., Gieseker-Maruyama
Daviy ME) FEAZTREVITEEA. L, CodbiohiddbEhRicLzwnwa il
FOHEL B OLEPTREFEZTE >TWAOTI 2V LICEELZH IV
HA.

PGB LE o Th, B (+1} OFBRRILEHDO T L TT. McKay fie712 & T, BE
#2343 affine Dynkin graph OTEAIIHIE LT85, ABTT S trivial 2FBE £ T2
WEHOZOOTEMIZ ) FEA. —BORBIIH LT, REOBHSMR p = p2™ @ pd™
#F 2 T, moAo+muA; EXRIGEH BT EI2X 5T affine Lie BB 0 T2 V> dominant weight
FAEELEDMEFET. (Ag, A, 13EET <A . T b b, appendix D hy, hy, d D
dual basis 2% Ag, A, 6 \Z72 B X HITHD-bDOTT.) & & THRE WD EHD highest weight
A= D weight \Z—FTEH5Z Lz hFET.

T, FHOE D HidwiEi & F o7 FRET, € 25 4 ZH OO LD 5L correspon-
dence 5.2 T, Y 254 B0k En I —EO FiZoperator ZENITI VT, Zhizid
FERICBRE b DD B -, parabolic holomorphic vector bundle DEY 25 A ZEH P(cy, ¢z, p)
FEAIEEA LT, Z DZEMIE, elementary modification

0—»E’—>E—»Oz(-—1)—>0

DLEM (E,E') ¥RBEELLTEATT. 22T L IFNEESOCP! TY.

Z @) correspondence & E & E' % AW Z 72 correspondence Tey & fo *EHELET. /-
er & fi 1Y, Og(=1) % Op TEHEHBZ-BDTT. 272—DHili& &) T &1, correspondence
DRFEHEY 25 A ZHMOBRORTOTEEFTH Y, ZhhrShHRTOFRED Y~ HHih
HMRIGOFREQO T ~BIIBEINLZ NG ET.

F 7> Cartan OJT hy 13, first Chern class ¢; %135 % operator (2 2 h F3. £LTd I
second Chern class (or second Chern character) %329, K »% identity OFSEMEICZ 2 X9
WLET. T 2bb L BRICE L, 7 oA FEMIL, ¢, ¢ FIED/EY 27 4 ElO
REO VB LI IR ET. p 1 XT oL BEEENRTWT, elementary modification
THEDLS W EIZEEL T,

EFRIIKOBY TT.

TMcKay DWW TR BB #ZR883 X TE {2 awn
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T 7. D., ., Hmidae(M(p, c1,c2)) DLz FoH K TESD Iz operator EIE, afline Lie D%
FA % i7- L, highest weight A1 p T ¥ % dominant weight 127 5T\ % 4%%2 integrable
highest weight I 0 F 7.

Z OWRHIET TR RTH5H 5D, HIBAKIC Lie |T% {, affine Lie BAM T
LHIE, ¢ b parametrize L TWA DOz Y FA. RBMIEO H, ORI —
F %o Cartan {THICALZ- b DTHD = L1, ALE Z2M), 72 b b YT 5 0% R S fF i 72
HICEEFLTVAVAEREIATHEINTVADLIITYY, TV a5 A M2 E LT H*
DEROIWY Al 2 A2 afine (LENLHEHMSHLOTIREE >TRET.

6. TOFRODERIZOWT

FETALIEODA LIz S, YRR CHASEIIZ > Ty 5 OREHGRONETY. 33
o classical 2R E L THOHGRAH Y, L TRA-L D ZBOHGEO N4, HEROM
WHEDPSES>TVBEDREEVI LI LOTT. LaL, 28N MENBL LT W
FBERZEOPFICEZ AT ERF AR TRV E S T

HHEGIZNE, ¥4 TUA A TUB, AT OT 4w 7 R EOROPD I~ ardPhhy, £h
SOMIZA A H B Z EATFHI R TV E T LHEETIY target space @ 10 RICOBFZEHT
R? x (curved space) & 7% o TV AR EEZ 5O TTH, B ETHZEB S & 517 (curved
space) 1I3EbL N F4. FHADOKR LAV DL, curved space = K3 WD & 1 7 1A BliRj &
curved space = T4 DAF I F 4y 7 HEGTY. Vala (13] ic XU, K3 MFR G2 HO L %12,
HETLATFOF A9 7GR EZI LT LICL T, F 4D affine Lie BO/E A ERHIC S
HEhD W) I ETT. BRALNOHRIL, TOANFOF 40 7 GHRIZOWTTHHEFE L T
Wi wOTTA, BECLISHAETE L L) T (1, 17).

Dto@ianz X b, SPmEFEN BN SRETEL2E R LT HHERTIVTCX
WDEL)LENET. b LD, BEEIRERY A E A R ITE e SV ERRFICE -
EThE, ERICIONR LW EFEBLWET.

APPENDIX A. HEISENBERG {£¥ & CLIFFORD {£ 3

Heisenberg {43 & Clifford & # ORIERWC OV THBIZEF EDTEE FT. 2FCHIL
7, §9.13) T+

SRR A ITLD Heisenberg A s 1ZEHTT pim] (m € Z\ {0}) & K &b, ROMFEK TE
#END Lie RETT.

[plm], pln]] = mbninoK

FHacC tdeCWXLT, EREOEROLEHADLEDZEM R = Clz),25,...] D LI
s OBHEBEYROLICLTERT L EXNRFT. DB, boson @ Fock 22 & [/
Ehctwisd.

il
amz=— (m >0
plm] — o ), K ald.
Tom (m < 0)
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Z DFHIL highest weight vector 1 ¥ ¥ 5, R 1
.1:{‘ xi’ coegdn = p[—-1)p[—2)2 - - - p[—n]ml.

L) O THRONET.
E5IZ 5 ¥RTH 2 5% derivation dy 12X =T central extension L 4.

[do, p[m]] = mp|m|

ETHZzONICER R I
d
do — Z":ml'ma':

WE o THIRE N T, XOEBEAR LW LET.

(8) trr g% = H !

o -g)

Kz, Clifford {3 Cl 12, p[m] (m € Z\ {0}) & K THERENLRET, XOMERTH 2
b5 bDTT.

p[m]p[n] + plnlplm} = némsnok

3721, Heisenberg (G ORRMFERII B CHRF 2 BT ICE X 0012k b
FHA.

ERRKITTDONZ FIVEM V = Cde' @ Cda? @ --- OHRIE F = A"V DLz Cl OEB
MEROXTEFRS T T, Z N fermion @ Fock ZEMEEbhTwT 3.

WMH{m%J m>0 ke e,
mdz™A  (m <0)
ZZT JIIAEETY. S OFEB D highest weight vector 1 kb,

dz;, A Adz;, = p[—i] - pl—t]1, (tr >t >+ > 1,).
EVOEDOFTRTEREINET. E510,d %

(d, p[m]] = mp[m]
WKLo TERTZE, F I
ﬂhhAnmd%Jz(Zygd%A‘nAhw

WEoTHEALES. ok XiEARIL,

(9) trrg® = [J(1 + ¢).

J=1
ERDET.
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APPENDIX B. AFFINE s, {(ZDWT

affine Lie B —FH i 7 ;[2 ownwTFeHTEBEET FLOXBIR[T) T
sl 1t s, @ C[t, 17 @ CK @ Cd 2 RDRT Lie bracket ¥ g L7z b DT

[ X @t +aK +2d,Y @t" + b + yd]
=[X,V]@t"" 4+ znt @t" —ymX @1 + tr( XY )mébomin

F 7> affine Lie algebra sl, 11, Kac-Moody Lie B b £ 2 2= L b ik F . s, OIBEHER

I
E:(o 1), F:<0 0>, H:(l 0)’
00 10 0 -1
¥ -TET,
WS Fet, LYERt!, hSK-Hel
e E®l, [LYFel, METH®I
LEEET.

lei, fi] = bishi,  [hishs] =0, [d hi} =0,
(hise5] = aize;,  [hi, f5] = —ai; f3,
[d,ei] = biwes, [d, fil = =binfi,
(ade;)'"%e; =0, (ad f;)'™f; =0 (i #j)

MERYILLET. ZIT (ay) BRTH R HND extended Cartan matrix T8,

2 -2
(ai;) = (_2 ) )

W, e, fio hi REBITCE L, FOMBERTERSNS Lie BATsl, £ %222 EDSHIHATY
3

FHRXIT Lie ROBEMFRRITERIIE TS b DL LT, affine Lie T (& ) —ARIZ Kac-
Moody Lie Bt) @ integrable highest weight R ITh 2 RWO 7 5 AR F+. T h¥
DFHEBELEL LS.

T, SRTHSEM ) = CH® 1)@ CK & Cd = Chy & Ch, @ Cd 13, sl ® Cartan
subalgebra & 7z ) 2%, HH V 27 G- BLTHE TH B &1,

V=@ v Va={veV]|hv=xhloralheh)
Aehv

.y OFBEAZMCEISBRT L EE R0 T. V, ¥ weight 22 & IR0 IIHBEXTO
FEEEFMTT. b-RH AT fE FBAT “integrable” THh 2 ki, ¢, f; (i = 0,1) Aflocally

B, WA 2 THAHEUABRITINSG AN &2, COMERTE#RS LS Lie B% (symmetric)
Kac-Moody Lie & v §.
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nilpotent, T b HLEFDTT v 1L T e, fi ZHMRIG apply T2 L 01222 LEEZVN
9.

—H A € Y R LT, FHB V A%, highest weight A @ highest weight £¥ T 5 L1,
highest weight vector ¥ FHIN L RXROME ¥ M/cFTNv, e V X FOLE¥EVET.

1. e,-v,\x() i=0,1,
2. h’UA = A(h)v,\,
3. V 13, sl,-module ¥ LT v, THEEENL.

B4 7z highest weight B, FF D A WX LT —2F4EL, 2 hhtintegrable 1272 2
7O DYE+ 534412, A A% dominant highest weight THEZ &, $4bb A(l) (0 =0,1)
MEABKHTH LI LBASRTVET. A(d) DI THAREINICIZER 2 R T
LB ROTHEIER SN T 4. F /-, integrable 7 highest weight =313, BEIEOICELH
s EbROhTHET.

—fi% 7 Kac-Moody Lie BIZ DV >Ti, highest weight A7 A @ integrable 7z highest weight
ERLVIBVHETHOTT D, affine Lie BOEHIZOWVTIL, HARERKRIT Lie BOKHD
highest weight & K € ) TD A D& AK) (LswvEBwET) 0D data IZX W EHZ
INFTRAMFIAXTEADPEfEDhE T
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