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Gauge Theory on Resolutions of Simple
Singularities and Simple Lie Algebras

WALKBEZEE 5 B (HIRAKU NAKAJIMA)

INTRODUCTION

Z DikER D HMIX . ALE space Y FEIFN 3B Loy — PEHEROEE ORI DU
ZICBH 3 % survey TH 5, ALE space [IERIEHTRMIAYICIT, simple singularity
® deformation ®°, % D resolution DZEfFIC hyper-Kihler metric (Ricci-flat Kahler
metric ¥ Vo< FETH 3) AN L EEITNIT LV, D XS5 2 metric
DTS 2 ki, Kronheimer [Kr] iC X o> T/RINADED, £ D metric ICBIL
T. anti-self-dual (ASD) connection ® framed moduli space EEZX 5% &, (H DL
I Theorem 2.7 I X > T holomorphic vector bundle @ framed moduli space I &
W TH LWA5 ) base space DV AL ARMEIRIRT S L dRIhd, KK
framed moduli space {X hyper-Kahler metric #%§2,

framed moduli space DYEE % FF L RT3 & TICHRIRER L 72 % D5, Kron-
heimer-Nakajima [KN] IC & % ADHM description T$H %, i, framed moduli
space ¥ it (X UF ) DEBD moduli space DENIC—Xf—X LA H S L V5 DT,
framed moduli space ¢ \» 5 R HERDOMES K5 b DHHRRITO H 2B OFT
FloZefEcitdENTLES>bIFTtds, BEL, - OftR TR MZEAERI LR
bhtlLEd 0T, cofRExTciitAVviEy, Motk Tlt, simple Lie algebra. %
7=1 Dynkin IR &3, —#D symmetric Kac-Moody algebra ICxfIt 3 % Z2fH]
BREZONDZ L REETIICL DD, (ThEMRSHEIKLFER, )

Lusztig i3, Ringel IC X 2fROFHRIC L 3 ETFEFRO_ L= ORRICHIFR &
hT, OEBRDZERE %\ T canonical base DR Z F I o7, [Lu] HEHK
~NEZ T, I NIE_ED framed moduli space ¥ DXFIGIC X > TTERITHIZEMICE
BHEhz, GEAOMOL A TMORBRI AR5 LB EICKDEH) 22T
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. quantized version T4 <, classical ZrEH& L DR R WA, simple Lie algebra
DFEB A, Hecke correspondence & FRIFN 2NNV THER I NS, |
simple singularity & simple Lie algebra i Dynkin BIxU% 5@ U THIGEIR 2D 5
ZEHEL LKL T WS, £ bl Cartan subalgebra DE5 L 2XHIRE €T
WALEDFX, RAOFILLHIBIR LY ELAEFIREEoTLWESS,

1. SIMPLE SINGULARITIES

simple singularity (BMAFRL) L 1X, SU(2) D Sﬁﬁﬁﬁﬁﬁﬁﬁrccﬂ LTCrt
MIBESEFRAD I LT, B b L{PIRINTVE, HFHIEXONTED,
FTRTCAHOBHME Y L TEF %, £ D minimal resolution ? exceptional set D
5t7 5 7 %$ < ¥ Dynkin RIS ZEHRO LV D (FThbb ADER) BBz &
rEIbnTWw3, (TE%ZZBM) /- Brieskorn[Br], Slodowy[S]] i X 1I¥, Dynkin
Bz his 3% simple Lie algebra @ nilpotent variety {5 = ¥ ICX > TC?/T%
BT % - L 23, & 5IC %D semi-universal deformation & € @ simultaneous
‘resolution % Lie ROBELXAHVTHIR T 5 Z L HTF[RETH 5, AHES DI, B
KR BREE TR A TROFAET 52 L THRADT, ThLICDLTHNESS
BH LI BY AR EES L > TOEE XU,

A—t+ R HRBEE T Dynkin Xz paafisfic]

Ay B n + 1 OK[EEE 0—0—0—:++—0 "t L yz =0
D, BIgY 4(n — 2) o IH T EARE 00—+ «(Z 2+ ylz+ 2 1=0
E¢ _IHPUEIA#E o—o—i—o—o 24+ +24=0
E7 :E/XE%% O—O—i—O—O—O a:z + y3 + yz3 =0

Eg TIHTATHEARE

24+ +25=0

b 5 —2}lD simple singularity & . sirﬁple Lie algebra OxfIGiX, McKay [Mc] I
Lo TRD IS ICER NI, po, p1, ..., pn & T OBEKIEBID isomorphism classes
¥ LX 3, pp i trivial representation TH 2 Y IR L T¥ <, inclusion I' C SU(2)
D oBHND 2RTEBE pg LET, DL E, (n+1)x (n+1) 751 A = (ai))
% .

Da;;
pi ® pg = EP o7 "
i

K> TEET S, 2Dt ¥, McKay 2F65fE L /2D 13 2I — A »* extended Cartan



matrix K72 9 | X535 Dynkin MKIZ ETHEX OGN —HTHEVWSI 2k
TH3B, ETbIT, py KHIET BT EFI%BR\ - b DOEE D Cartan matrix IC72 3,

& T, X % simple singularity #*® deformation ¥ £ U resolution % L T Hoh 3
BRI L §5, X HIC, ENI nonsingular “CZ 5335, 2ok ¥, Kronheimer
R X ER RO HHE D o LEBROFEST S L RAHL L,

Theorem 1.1 [Kr]. X _EICIX, order 4 ® ALE hyper-Kihler metric D& F1E
15,

hiceT ¥ 2 EEOBHA% L L 5, £, Riemannian manifold (M, g) £ hyper-
Kahler #& & 12, almost complex structure D=2>D#1, J, KT > T, WITHD
BRI IJ = —JI = K%i#7z L g® Levi-Civita ##t V ICB L TFFT (ie. VI =
VJ=VK=0)Td»5bD%W 5 » hyper-Kahler &% 7 Riemannian metric %
BAIC hyper-Kahler metric ¥ W95 & ¥ ICF 5, BHFREE 11T X > T Kahler ZHERiA
B/ xic, J KIcBIT 3 Kihler form %V Tw; +iwg #ZX 3 ¥ . nowhere
vanishing 7% closed 1IERI 2 FERiC 2 %5, 374 B holomorphic symplectic form T
»%, LOBEDOGEEICE., XDb bt OEBREES I IC—ET 5 L5 IC hyper-
Kahler %515 2 L A CE 5, ‘

% 7=, 4 {RJC Riemannian manifold (X, g) #* ALE of order 7 & i, 527
FES K C X L ARESE T c SO(4) ¢ X\ K LEF#E Wi diffeomorphism (a
coordinate system at infinity) ¥: X \ K — (R* \ Bg)/THPHEL T, B E ¢ % B#E
XTRLALEZEK

l times

19+ 8(gij(z) — 8;5)| = O(Jz|~"77)

Wi TEERVS,

2. GAUGE THEORY ON ALE SPACES

ALE space _£® ASD connection ® framed moduli spaces DR IL, [Nal] iIC¥

WTfihbhTwd, BEICEIRT %2911k, weighted Sobolev norms ZEA L
T, noncompact ZERIA LD Z Z LA L LORITRITVT 2w, 22 TREN
ZEBLTEPEIDOET R DONS 2T 5,

RIS L FRRIC, X BRI cHEMFRE CY/T OREAMEY, €OER L L,
ALE hyper-Kahler metric g 2*A>TWw3 bt §3, EERICHT 5EER X\ K -
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(R*\ Bp)/T B> TEELTHL., pI' - U(r) ZIDXHL L. TNICHIET S
(R*\ Bg)/T' _L®D rank #* r @ vector bundle (R* \ Bg) xr C" _£® flat connection
*E%E L TH <, X LI hermitian vector bundle E »*» Y, £DHfR E|X \ K
¥ (R*\ Bg) xr C" OREICHEIREDEER % cover 75 bundle isomophism #*%
533, i, E LD connection 4g T, £D X \ K~DHIRM ETY 57
(R* \ Bg) xr C" £ flat connection ICXIEL TWBE LTWB I DHFET S L
5, ,

instanton number k IR CEET 5.

1
k= g"’;-z- Ltl’(RAo A RAO)
IR, AT LoV, Ay & A rav s P EEONTELTONE, in-
stanton number T L\,
XTEZIT, A 2RDOZEHZF-F E LD connections A DIXTES L XS,

! times

(2.1) | V4, - Va, (A = Ag)| = O(r—37),

HL, 73 X 032500 DEHBERTH S, Gy 2IR% H /=7 gauge it s DK
TREL T35,

! times

(2.2) | V4, - Va, (s —id)| = O(r~27).

zhix., 5l ?E‘ LICE>T AWK X>TVERT %, £ 2 T anti-self-dual connection @

framed moduli space %

M(c1,k,p) = ME {Ae A|+Ra = ~Ra}/Go,
KEXoTEET S, fEL, ¢ . E D first Chern class TH» %, §5 £ T data c,
k,p % fix TH5DT, M &\ notation TAHWVWS Z rilT 3,

7 — VERRIC BT 2EEN EER L . ALE ZRIIC BT 2T VLT, 5 (Nal] i1
RuERLE, d L, ROFEAHE NS ¢ framed moduli space 7 gauge equivalence
class [A] DITET C®-manifold DIEEL b D,

0 = L?-Kerd}: Q* (Endskew E) — Q! (Endskew E),
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{HL . Endskew E & E @ skew-adjoint endomorphism ?iX 3 vector bundle TH 3,
Weyl tensor @ anti-self-duality & scalar curvature @ vanishing % Fi\>C, Bochner-
Weitzenbdck formula #FIA 32 . LDOSFEHEIT V25725 ASD connection IC2WV
TOIMIALT DL RTIEDTES, (see [Nal, 5.1]). & o>T, framed moduli
space M 1L smooth manifold TH 3, EDRITI., FHEHREBICI > THEI NS,
(see [Nal, 2.7]). I bic, [4] IC &1 % tangent space Id,

L?*-Ker(d} @ d}): @' (Endskew E) — QF (Endskew E) & Q%(Endskew E)

YFRETH S, FHC, LE-NEICX > T, M LI Riemannian metric 2 I N 5,
base space X _E® hyper-Kahler #:& I, J and K 1., cotangent bundle T*X _E
® endomorphism % induce L, & 5iC, L?~Ker(d} @ d}) I EN O TREILFK LN
%5, £ T, framed moduli space 9 _EIC 3 2D almost complex structure Ipn, Jon,
Kon T quaternion relation Z{ifi3 b DA EEIND, cDr T, Ihod L2-FHE
® Levi-Civita connection ICBH L TFTTH 5 = t ARE N 3B, [Nal, 2.6] Bl EDjE
RexrHT, KeH5,

Theorem 2.3. ALE space (X, g) LD ASD connection ® framed moduli space MM
{¥. hyper-Kihler manifold T» 3,

Feic#El ¥ 218, D framed moduli space ¢ . ALE space D—s.2 ¥ 37 L
X = X U {oo} LD ASD connection ® framed moduli space DREIDBEIFHICDWVT
B~ XS5, 9 ALE condition 7*&, X IC orbifold D% 5 X, X LTIRTAD
metric g ICHTEHITH B L 5 7 orbifold HHEAH S5 2 L #ERE L TH ., (See [Kr2,
p.686].) _kicik~rs & 5 hdnE2E@) %> ASD connection i, X EICHEREH, &
NoI>ET, HBEEE N orbifold vector bundle £ _EICEEA TV B, HEBLE oo
ICB 3 fiber B X, p KREIAD-VER%AED, c0r 2REEI0IEL < kv,

Proposition 2.4. 4 ® framed moduli space M V&, E LD ASD connection 7
framed moduli space, 3 7xb BIRDFD isomorphism class DI TEE (IKL 55~
xR ADD) LFEETH S,

(E _E®D ASD connection A, T'-equivariant isomorphism : Ey — C").
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i, [R-EEOSEHEIC > W TR T 5. framed moduli space 9 WD HF [A;]
#EX btk LX S, Uhlenbeck @ compactness theorem % orbifold X _ETHW
5., BHY[Aj)] CREZWETHIDOVHFEETS,

(1) HBHEMES S ={z1,...,2,} C X TH>T. A; % gauge transformation
TE» T, TDEEDONTH S ASD connection Ao, IKPERFT B L HiCT
£3, | |

(2) H2ER ar (k=1,...,n) DFLEL T, curvature densities |Ry4,|>dV

R4l AV + Y axés,.
k

IC measure ¥ LTIGRT 3,

LEDOER ap X, z, DITED © bubbling out % ASD connection ? curvature
integral YBIRL T3, B L, o X OIEFRS (Thbb o€ X) THorkk
T3, a X 8 OBBUETH S, —FH. zp =00 DL T, ar 1L 872 /#T DK
BZIC LA 2ok v, BL #I 12, T D order TH 3, KL, [KN, 9.2 and Remark
following 9.2] IKFLCEEAEI N T W3,

Proposition 2.5. framed moduli space M _£® L2-31E7, 5ETH 3 -HDNBE
Ta&EE AEBDOET] [A)] EA LN IS EORRES S7¢, 0 2 S = {0}
DOFNIICL DY BV ETHS,

EDOFBEIZONICHK Y AL TRV A, & ALE space IC2W T, HERREOF]
THRALT 5 535, /. first Chern class ¢; ¢ instanton number k & p
DEETH»IT 2578 EDDH S, [KN|.

Z DOEiDERHIC. ASD connection ® framed moduli space 9t ¢ holomorphic
vector bundle ® framed moduli space DEDRHRICOVTiR~<S, ZNiL, compact

‘Kahler manifold ® & ¥ iC, Hitchin-Kobayashi correspondence ¢ FRIEM T\ T &
B—HTBEEVSBDTHS, ([Ko, Lii, Do, UY]) compact Z3#& <1, holomorphic
vector bundle #fstable 2* £ 5 22 ¥ W S WD A EE A DA TE TERELDTDH 3 B,
FADEEICIE Bando KX > TRENAZ L S ITRD X 51T simple D TH B,

Theorem 2.6 [Ba]. vector bundle E _£® connection A T, (2.1) ? assymptotic
behaviour 2 3 B, 9404 =0 TH B2y DhEzx bt T3, Dt &, E D her-
mitian metric % &2 ¥ {ZBR & 72\ bundle isomorphism s T(2.2) Zli/=§ b DHFF
LT, A% s THERET L ASD connection i\~ TZ 3,
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£ X 51T connection A T, (2.1) & 9404 = 0 2T D DODOLE%E Hol &
L. hermitian metric Z £k & 3[R & 72 \> bundle isomorphism T, (2.2) {73
DOLE GF T 5, ASD connection A it 9404 = 0 %L T, LoT, B
M — Hol/GSxB/D, DL &, LOEE%\ 3 & compact Kihler manifold
¢ & LFRRICRDEE R ON S,

Theorem 2.7. LDER M — Hol/GS 1k, EHGTTH 3,

EDEEL <, Hol/GS . ERESHIAL L TOBE*H>Z L iRE N, LOER
D M OBEFEREE Iy \CBIL T biholomorphic map TH 3% & AR N B,

3. Sl.acTION

DTk, REIRET 5,

(3.1) base space X X, C?/T'® minimal resolution of singularity T» 3,
(3.2) framed moduli space M LD L2-F &L, complete TH 3,

DLt E, RHEY Lo,

Theorem 3.3. framed moduli space M IC1%, Sl-action TRZ T d DKL
T3,

(3.4) HFEHE Ly \CBIL T holomorphic TH» Y | L2-FHE%2HRHFET 3,

(3.5) holomorphic symplectic form we V1, weight 1 TEIK, Thbb, te S
X LT, t 2358 T 5 M O diffeomorphism ¥ ZDFEF t THOb LA
¥, t*we = twe DALY LD,

(3.6) *{I59 % moment map ¥Ex 5 &, M _k nonnegative T proper BT
»3,

(3.7) 8'-action 13 holomorphic 7 C*-action WHEEE h 3,

ZOEBOIERICIX, 218Y 3, introduction Tik-~X7 ADHM description [KN]
TRV HE L, BN L HTETH B, RAIENLAEC O DLTHEZB~RS b,
FPHE—IC (3.1) BFLT base space X EIC_EICRAZ (3.4)-(3.6) OHEZ D
VERADTFEES 5 2 ¥ 27T, D EIC, X DYERS® vector bundle E IC lift TE 5 Z
E®RT, TDE T, connection ¥5|FRT Z £ IC X o T, framed moduli space IC
Sl-action DUEFE N B, HH (3.4),(3.5) HHMiE 45 = L iL, tangent space 7°d} dd}
® kernel TH 3 = t #{F X 1¥. base space ~NDVERDOXILT 2 HH» b3 IcE»
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n3, (3.6) 71 24> LEE L \> 2%, Uhlenbeck ® compactness theorem %\ T/R &
N3, (See [Nad, 4.5].) (3.7) D C*-action ICH#RIERT % = & iZ. Theorem 2.7 Zf -
TREND,

Z @ Sl-action DIHA & LT, framed moduli space @ homology %* Morse theory
WKEX-oTHEINS, fZmoment map & LEX S, TDE ¥ grad f »*, Sl-action
? generating vector field IC%2 5, FFIC, f O critical points 1& S'-action @ fixed
points TH 3, Kz XHFKT 3 gradient flow X, C*-action #f>T, t —» e~ tx T
Gxrond, HEH (3.6)ICLD gradient’ flow i1 =2 v 7 F REICEE - T, HWEA
BIHFET S, F1, ..., 3N % fixed point set D connected component & T3, &
Sn IEDEHRETH S, F,ICET S f Dindex Z d(n) £ T35, 2Dt &, Frankel
[Fr], Bialynicki-Birula[BB], Carrell-Sommese [CS], Atiyah [A], Kirwan [Ki] © D&
RICE - T, d(n) IBFTEHETHY . f T perfect /& Morse function I35, i
DH,

N
H,,-(DJI; Z) = @ Hi—d(n) (Sn; Z)
n=1

B Y LD, [Nad] TiZ, ADHM description %38 U T, F,? homology % Kirwan
DHEKI) TEHE TS Z L 2 TE A, [Na3] T . base space 7° A,-BlD ¥ EiC,
function f % perturb L T index 3BEICL 2 X S5I1IC LA F £ critical point 2*F
BRIEDE» OB LS ICT R o TcEl, ROMBREBIZLHTEL,

Theorem 3.8. {RK5E (3.1), (3.2) Db &, framed moduli space M ® homology group
iX. torsion free TH > T, AHIKTIHX %,

ZZFTor A, #H (35), (3.7) HELILTOVARLY, RO TEERKEY
®¥3,

4. LAGRANGIAN SUBVARITIES

ZDFETH, (3.1), 3.2) xRET 3,

Morse function f IC& % gradient flow T, & 53 fixed point IKHE TV o e
B, SEIX, —fIC X 5 gradient flow #E X %, £NIT C*-action ZFVT, t - etz
THEZONE, —DORIT, EREARATO->TLES A, a2 v P REICEE
5RVDBH, £ T,

£ (zem| lim e'.c BHET 2.}
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%% 3, £ fixed point set ¥ EFH, EXOHBRHPFFET % £ 1L, fixed point
set IKCA-> T RiTEVTZvI LiZBAL»TH S,
fixed point set DFEICIL L T,

def. :
£, = {zel] tl_lgl(}é.ﬁé&n}

EEt, £=,L.,THoT, & £,D closure IZ £ D irreducible component I
5,
T LICRDALY 3L,

Theorem 4.1. £ 1¥(—MRIC I singular 7%) holomophic symplectic structure wc &

B3 3% Lagrangian subvariety T» Y | 9 ¥ homotopy BIfETH 3,
ZEFAIX . [Na2] THER LN TV B2, simple ZDTZ ZI2d 5 —EiR VKT,

Proof. 73, tangent space #*isotropic TH5 2 t %/"7, ¢ % L DK k& L, tangent
vectors v, w i, CIKELTWVWR YL LS, ¥, HH(3.5) 1KLY

we(tav, taw) = twe(v, w) fort € C*

HED LD, t — oo DRERREZE X 5 &, AT we(v,w) 0 THWVE T3 LR
CRICHEHT S, L HH, Lt EIERICATC L EIBORT % &5 0BT
HH o, EAIRRLAEZTNE 202V, XoT, we(v,w) =0 Thbb,
tangent space 14 isotropic T» 3%,

RIC £ DIRTEH, M DIRTEDTEHDITH B = L %77 T, £ 5 OHFIC St-action D
fixed point % ¥ B | £ Z T tangent space DIRTTXEHH T NI+ TH S, = % fixed
point ¥ § 3 k| tangent space T,9 & S'-module & %z %, weight 2% i D weight
space ¥ V; £ I 5, symplectic form Q¢ 2t (3.5) PHEHZFFOI t 20,

dimV; =dim V;_;

Y Lo, Xo T,
. . 1 .
Zdlm‘@:ZdlmViz-z-ZdlmVi
<0 ‘ 1>0 %
%85, 2T, LHtoo00o DTty PERT D LI RRTHEHH, z i
¥ % tangent space .

.. =PV

i<0
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CEABRE, koT. ERICLD TORTR. M ORTEOTEESTHS, O

Lagrangian subvariety £ X, resolution m: X — C2?/T' iIC#1} % exceptional set
771(0) ERD XS5 IIER 2RO,

Theorem 4.2. T 0 2JHA & 75 cone TH 3% affine algebraic variety My &
proper holomorphic map II: 9 — My PFHFLEL T,

(4.3) I iX. 9 D resolution of singularities TH 5,
(4.4) £=171(0) 2K Y iL>,

SIS, 9, X, C?/T LD ASD connectioﬁ ® framed moduli space ®
L2-metric ICBIT 252kt LTEX OB, BRI DEFKICIT ADHM description
DRV ONE DT, $AEIICEIAT 5 & L 2t TE VA, Theorem 2.7 ZHVT M
% X _E® holomorphic vector bundle ® framed moduli space & f\> holomoprhic
vector bundle % IERIERx: X — C?/T ## L T, C?/T IC “push down” L THOL
nsrE@bns, |

5. REPRESENTATIONS OF SIMPLE LIE ALGEBRAS

Zoffitd, (3.1) HEKET S, (3.2) RLYRVKROKREICEEHTAONS,
(5.1) FERZFICET 5 T OFB p 2BV ICHMEL = & 1T, trivial represen-
tation DD ZHFF -2 v,
(5.2) IRDZE[E]HS trivial TH 5,

L*-Ker(d} @ d;): Q'(E) — QT (E) @ Q°(E)

&H# (5.2) 1. index theorem IC X > T, ¢y, k, piCBAT2FRHBFICEEIRD L
T E | FFIC ASD connection A DELY H1213 £ HF, framed moduli space IZXf3
DRELES T ES, £ (5.1),(5.2) B0 (3.1) pEHrnd it [KN, 9.2
and Remark following 9.2] 267355,

ZOFIT, (5.1),(5.2) AR TEED vector bundle IDWTIET 3 framed
moduli space & x, EN O DE]DOXIE%E VT simple Lie algebra DI % #(r]
FHNTHEK T 5,

§1 O McKay correspondence I £ Y | T' @ nontrivial irreducible representaion p;

iX, M F % simple Lie algebra @ simple root {ICXIGLTW3, X->T, Lo
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(5.1) Db k. pld, dominant weight DZEFDITLL A5 Z e HTE 3, p= Pl , pd™
EBERID R L7 210, wE VS vector &

wW = t(wl,...,wn) € ZYZLO

KX >TED, 2% T OFHX dominant weight t BS = ric¥ 3,
§1 @ resolution @ exceptional set & Dynkin BIXDOXFIGIC X > T, exceptional
set @ irreducible component ¢ simple root DfEIC d —FF—xFi54*PH %, irreducible

components X1, ... , X, i & 5T, base space ® homology group Hz(X;Z) IC basis
DEED, cRhITKD

u=Yc1(B)[Z1],...,a(E)[E.]) € Z™

V) vector ZED B, INiE, weight lattice DILEES Z ¥ »TE 3,

&HF (5.2) IC L Y| instanton number k 1, ¢;(E) ¥ p KLV EX 30T, 3
¥ % framed moduli space ZHIC M(u,w) TEDLTLES ZLiKT3, Lol
Gl (5.2) kBE VY (E), p P TR EPFRELAVIER DS —FEELT
BL, |

EF., offiokky T, M(v,w) i Theorem 2.7 i< £ > T holormorphic vector
bundle @ framed moduli space £ B 5 & ¥ IZ3 %, parabolic holomorphic vector
bundle ® framed moduli space P;(u, w) ’5_’7’/7\'0)42’ SJICERT S, £¥', datau, w
ICXTI 3 % hermitian vector bundle E %% X %, £D_E®D connection A T 9494 = 0
27T v DL E D Ty ~DOHIFRD subbundle § TH- T,

(1) S X holomorphic structure d4 ICBIL T, E|Z; ® holomorphic subbundle
TH3, Thbb, § Dsection s IKXf L, Ga5 2FHU, S D section I 5,
(2) quotient bundle (E|Z;)/S 1. T; £® degree #* —1 O line bundle T» 3,
Z @ pair ¥ complex gauge group G§ D HA L action THID A/ % Pi(u, w)
Y EFT D, subbundle S TN D & L ICKo>T, BARER pp: Pi(u, w) — M(u, w)f
PEFRINSE, £/, E D §4 \CBIL T holomorphic vector bundle ¥t Bo /i3 D%
EYEZX, T, LD degree —1 D line bundle # £; PNTO0 t BPLTIIRLA DD
% Oz, (1) tBLIEICTD, £ %2 % KHIBLTEOIT, (B|X;)/S K& T
& IC X o T exact sequence

£ — 0)31.(—1) -0
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*18%, D kernel ® holomorphic vector bundle % & ¢ H<L, £ & & X, I;
ONTEEITH D20, FICHERZEICHT S framing DD, cHICKD, B
p1: Pi(u,w) - M(u + Ce',w) {5, 22T, 'i3FE i WHH 1 TEDMLIZ O
® vector THH | C IE Cartan matrix TH 3%, Lo T, ROMAH»Ex LN,

M(u+ Cef,w) —— Pi(u,w) —=— M(u,w)
ZOERAIT, EZEE] S Y —~< YHEOD ¢ ¥ IC Narashimhan - Ramanan [NR] iICX > T

A X /= Heche correspondence @, E/RICTD analogue TH 5, Fxix, Z DX
3 b Hecke correspondence & FFRZ L i3,

Lemma 5.3.
p2(p7 " (L(u + Ce',w))) C L(u, w)
£(v,w) _E® constructible function KDL TZERE] %, C(u,w) ¢ T 5, w % fix
Lau 22 F2itdoT,. C=@,Cu,w) EEL, D&, LOFMEICK
D IRIZ X > T operators X EETE 35,

Hi:C(u,w)) — C(u,w); Hif =wuf

Ei:C(u,w) — C(u+ Ce',w); Exf = (p1)i(p3f)
Fi:C(u+ Ce',w) — C(u,w));  Fig = (p2)i(pi9),
Z N b D operator &, Hecke VEFAFR D geometric analogue TH 5,

Theorem 5.4. Hy, Ei, Fi, 1. C _E® operator ¥ L TROBIFRR % i3,

HyH, = H Hy,
H.E, - E\Hy = cE), HiF, — FiHy = —ciFy,
E.F; — FiFEy = 6 Hg,

1—cii

o (1) mtmet o

p=0

iy 1-c¢

> (-1 ( “) FPRFI™™™P =0 (k#I).

p=0 P

{fHL. cxlt. Cartan matrix C DD TH D, £->T, C X T i<xHinT % simple
Lie algebra DEHZE[ETH 3,

ZEEHICIE . ADHM description Z V7 py, py @ fiber DEFEL VECRIC L B, &
ZTIIERET B,
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Lemma 5.5. u ¥ LCTw 285 b, ¥5F % framed moduli space M(w,w) iT—
Rmhohrs,

2N b ADHM description %* & ZITHE S A, IRICAFUC L - T framed moduli
space 2*0 THEI L ikRL, EOIKR—DDEHIPOLRDB I EERTIENTES,

M(w,w) LEFEHIC 1 THEHH % 2 THODLT, z I F, 2fEDIFE T
Ik THBONIBEHOKT C DR ZEREE L THobL, LNCu,w) %
Lu,w) ICL > TEET S, »

Theorem 5.6. L &, T' {CXI53 % simple Lie algebra ? highest weight 7* w @
BIRZEBHTtH S, 01, L(u,w) . weight 2 u D weight space TH 5,

FERICIE . FU ! (1< k < n) CHRENS left ideal KK & > T o AIHENB 2 L
ERLTHEONS, |

m#ic, T DFXB L framed moduli space @ topology & DRFHICDOWLTiR~ 3,
£(u,w) @ irreducible component Y #*&x b/ & L, L(u,w) ICJET S con-
structible function {CXf LT Y @ open dense subset L TOEZXIIGT 5 I k
IC& 5T, L(u,w) £ linear functional #%5%, £ Z T, £(u,w) O irreducible
components IC & > T, HFHED degree DFE 1 ¥ —Bf Hiigqie(M(u, w); Q) D basis
BEX LN TV L RBOETE, |

&: L(u,w) — H™4e(9(u, w); Q)

£\ linear map ¥18%, D¢ FRHWY LD,
Theorem 5.7. EOEZIE, £TD u i L CEEERTH 2,

EORSRED | AT Hmidde(n(y, w); Q) DRTEHEBZMOY = £ } ZROK
TV EZLNS,
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