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1 [ZC®IC

1.1 (IS OERE (&

A AHEIS O BRGR (Topological Field Theory, BA#% TFT &EL, ) LRI D —EOBRNH
LZDFTTR, T2V b0DHOELEBFELL Y LRVWET, FARBEEOHEGRNHDLNE
ELAEX N

o 4 RIED Yang-Mills BLEIZBIFR L7= TFT (Witten,1988 4E [1], - )

e 3 RIt® Chern-Simons EFHIZEAFR L7 TFT (Schwarz,1978 4 [2]; Witten,1989 4F [3], - - -)
e 2 RJt® Non-Linear o-Model 72615 5415 TFT (Witten,1988 4E [4], - --)

o 2 RTEDOILBAREMEZ RO TFT (LA — £,1991 4 [5)])

EVOTEDRHMONTVET, Eid, TOBERT (2. 4RT) OHE L HFEKTT (3 KIL) D
B EIIFFEITETFPE S TRET, boEWKRITDEDEEZ THWNND T A, SlEE 2R
TLIZLET, OB RELLI LEI DX, BERTOHBAETT, THT, FHI0VIHI55IC
REFDEIDEFTVET &, BERITOHEITIT, EARBIC Supersymmetry (L% SUSY &E<)
%ﬁotﬁ% SERICHoT[16]. ZNNBD LESTN—Va VOBEREIELZENTED LWV

ZE&TY, TI2b, SUSY LERBCBEBRLET, HED SUSY &) DI, RX—R &7 HRFZE
%%W#%#ofwék% . YELSEBETEEHA, bbAA, BFMIZSUSY EWVWHEZ
FHdHDETH, ZIUIENEANTELE LEERTT, BB > ZRETIIEETE 9 rigid 22
mBYiE%T%&mmf## MR STRZETHLERBLLI LT DL, HrobiBolN—Ts
NEY) Wb I5 /0T, ZNN TFTIZZRV T, £V I EBERT, BEKTOHAITE
%HBY:E% R LET, HEKTOHAICIE, SUSY L IXEHERIIH Y HA, TTH
5. 3 RITD Chern-Simons EEIIZ N THEOHER/E L TEZD I ENTEET, 8 HAAL3IK
TEOEG S, NIV FUERICBY, KE—EOE TV HLTETEOEEEZ RS Z LT, 2K
TOBERCARD ZERMONTVET 3], OF Y, FEKT L ERKT L 13TV K05
BfRICH Y 9, 7272, SEIOBFHE TIXHFHERITO b OIIRORN LIZ LT, ELBHKRTO
Bitx Ll BnET,

1.2  Ent

Witten ¥ T TFT Z2FHbH L EICEARIEEE o= VWnWET L, ETEMEE L
TiE, BRI ETFROZENDEREZEZ XV, —BREEEBRICH L TRER 4 IRTTDFEFZED
LFOEREEZZTZWD, HDBWVIEA N v I RADEBFICOHIBERVBL CHARERBREE
2T, EWH T ETLE, ZENT, BIXZARERE LE L, SETHRIRENER D D
ELET, TARBERIIERIZIIEETETCWRWVWDOTTR, HHELELLEY, ZOHEHGET
RE VD ENBRITTRER (47 F—R"TN) IR TNBH, EWVWH I EEEXTHET, VE,
HHARVL—F— O BH>THFT o ITEKFELTWD E L, I72BDO5FT y ITZFDA XL —F—N)
Ho T, TOHFHE

(O(x)O(y)) (1.1)



DHETELLELET, TOLIICINNEARBEBIZRSTWNDEN, EWNH ZLEFANTHE
T T ZAVIERECKTE T D IBIC 2o TV T,
1
|z —yl|’
ERRDET, BRES WO DIXA N v 7 ERODNITEED HDOTT, AN, SETHREEX
FTE AN I REFHRTEDLESELEFHNVTLENET, £975L. 5A M v 7ICH
LTIEVWE S IZH 2 b Litenl, S A MY v Z7ICBAL TUIESENLIITRZ 2008
L2, Z0b, EXrdHrEHME (TA v vad A FRROM) ORI, A NY v 73
LEL S X R THIUL, BEEL S 9 DI well-defined 12725 T, fAINELS ONERBTDHA
TR, ANV IV RHHEBOFOLVIZELSA LSRR T, FEFIIRELELWVWTLEI LD
IR (BIZIE, T Ty 7R NVDOEAFIED K S RIEFICE S OEOET) T, BRI > T
LZDOMHIEY BRI OND E A, SoZOHFHE (1.1) 2K (1.2) DL S RBIFIZR>TWDH &
T25L, ANV I ROLEELMEOEVICEL DT, —REZEEB/AEED L 5 b 00
BEATWD, EE54x%7, Zi% broken phase &EFFONE 3, il v — V2R FREIZE L CTiE
broken & 7> unbroken &I EWHE L TR Mo THDOITTTH, —REBEEBOFREIC
DNTIEFHZEIWVIBVHELEFA, TINLIIHIFATHRLIGDOLRVDITTTR, &bk
. ZHDBFEL DR Mo TS LIttt R T, 2%, 5FA4 BEATVSLHIER (FH) O ET
IXEERR &V 9 O broken phase TEBRINTWAHEEXET, BEABICHIEMNIH->TE
DOEVIZELWNTWVWS X 9 2RI TY, Zhuaxt LT, EAEFD unbroken phase £\ 9 D%
EBEZTCHET, Zhi, BEAOENERICHYLTWT, A M) v 7 bIFEFICREIZLNT
LE I LR, EWHERTY, HHRERREHRREMOE YD THDL SO TIER LS, Wbido
MHOETHHEIIRESSLELLTVDILWHIEHRTT, £IVIHELEEXTHZVEN)
ZETT, FRIRITY B 00 EHAN, ENEREAITNHNL LT, 2D X 9 7% unbroken
phase DEERIZXTT 2 BAED G O UL, T4 3MEA TV D broken phase DENEFRIZOWVWTH
HENELNDENG Lﬂiﬁb‘& ZONVOEENH oL ) TT, ZNT, —REELHBAREN
DELBEBNRVWTERIIERINTVDL LI RITCHOEMEEZEZIHZ LICLET, £9575&
‘tﬂ%@;v&ﬁuﬂﬁt# —EEDLORLOBREBEZONDNEVNET L, BB L

LTix

(O(x)O(y)) = HHNE e eyl (1.2)

const (x =

©@)OW) :{ e
EWVDHON 1 ODOFREML LTEALNE T, ZIUTERIFMERERIT/R>TWVE T, —MREE
FWMAEMNERINTWD LI REHEREE 25 L. HEBRBREIIETHEAEEICZR > TV
5LV T ETY, MBEEENETHEAERIIR>TWVD XS REOERNEZ LN LWVD
TETT, TOVoZ EBEMEE 572 X 5 TY, EJID broken phase & 7> unbroken phase &

VREDDHBAFVELSGVLORWVERTTE, —REARZ TAOERRHY 2 H5DM0EVD
\_c‘: EEXTHELI I,

(1.3)

TFT 31D CTHTREZDIX 10 FEERTZERBNEST, D& X Witten 28, To2WHHFH LW
FADEmAEEE T LEDIT TN (14, BREIEILTIOINI bDEZBZXTDONEISND
RNWET I, I DELRVWEREE X, ERITIEDTEANSEPoTEBVET, 5TH,
TET &IX—RMI22D0, RNRPRALE BEZXRVERTY, —HRMIRELVDON, EHNHY



HRERE S TWVADN, EWVNH T LITDOWNWTEZ S LRSI RN H Y 3, Fh
TEHESEIOFERT, TFT LWNIDITEINI DNENIDEREN LT, AARTEZTNE
g, REIZZARDBDTHVDD, —EE20A59 L LTNDED0, EW\WoltZ &ZONT
ZHL-WERNET,



2 BXMEFHhFELEE—RER

WEO=a T 7 A MZAaREa D= 85 LTEALI N ERL AP ILTHALTIND
il & U CEBXFRE T /15 (Supersymmetric Quantum Mechanics) £ W5 D2 H Y £9 6], £F
I, ZOERNRENPLIRDIZNEBNET,

2.1 BRTEFHF

BT HFETTNL, T,V h=7  (Hamiltonian) Z{ED 72D T A, £ORNII, A—
N—F ¥ — (Supercharge) Q*,Q ZIRD X HIZEHRLET :

o ! {1d mwm}

S

N EJJF i dx dx
1 1d dW(x)
Q—EU_{E%—FZ d } (21)

Q*,Q LI A—N—=F X —UN22H->T, VWhIEN=2DHEHETT, BETFHFERDOT, AE
= VDORFEH Y E¥ A o ITRLFOEE, W(z) ks DEEOLZERL LET, W) DI L
BA—NR=RT V¥ NVEBVET, o lTHEBEDNY VITHITROEY TY -

(e () (i)

o4 = %(01 +i09) = ( 8 é ) (2.3)
o_ = %(01 —i09) = < (1) 8 ) (2.4)

B 29T 2 FOITHN DT, WEIRAEIT 2 BT, £Z T, HWEREHAEKRO LS ICEEE
Lxo:

wm::<ww>

¢B(2)
= ¢l ( . ) + (o) ( 2) (2:5)
EJ/
F:1+03:<1 0) (2.6)
2 0 0

7o NVIAUVEBEETFELET, 2O LET L. 2RSEHEKEDOS L ERSN T NI A=y
TGy, FTROBHR Y = I R ERLET, BEFHFEENL 72V IF VR 1 DOWNB 00
RO LR, BERKOFELZEM H NEMofELET

H~Hp®Hp (2.7)

ZOEI BRERTEBMHRRERICR S TWET, o 7=V IFVOEREBERT. o_ 137 =V
IAVOBEBEETLERVET, ZHE. EobRELBLTHVWATTR, avrxXyryvard



LTZOMBZEICLET, ZNT, FlziE, 7oA 4=y 7R |f)(€ Hp) I Q* @
E0ICREY

Q*f) =0 (2.8)

INICT72VIFE2EAILTHLEO TETEDL0LWNI L TT, AV =y 7 REE |b) (e
Hp) IOV THEERT

QIb) =0 (2.9)
TY, £&HFETEL, Z2HVWHZE&TH:
¢ Y @
0 «— Hp Hr — O (2.10)
Q
FITAINF=T UL, EEVETEROLIIMED £
H=Q"Q+QQ" (2.11)
(2.10) 2B HHALRE I, Q*,Q EWVIDIF2EREH E 012V ET (0,2 =0,0.2=0LY):
Q*2 — 0
Q*=0 (2.12)

N =20 SUSY &\ 5 DIXZBRSTHIRDT, 2FHMB0ERVET, ZNT, NIV =T %1E
BITHE (2.11) D XS ITEBER L DORLEEZ Vo2 2N EWTRVWDTY, Zha BEEIIcEHEL

THDBD L. , ) ,
H:%{—%;+(%§)}+%@%%i (2.13)
N ET, F1EOHETo 0. +o 0 =1 (EOE7=AIA B0 ebZzn gl L TEY
(( : ) % ( : ) I£9oL). 71/1/5zl‘:/ﬁi‘b\f&ﬁ)of:%%z}/b%VEOT?ﬁﬁ‘(( 0 ) s ( 0 ) i3
DY) LWV ER, ZHITH LN LITHYTLDT, AED1LIC—ET D, )&, H2HD
HECToy0. —0. 0y =03 (BERET7=AIFVBNEBHELTHEY, 7o I4 0B 0o
TEHOENEZESOTHLIA T RAZDTF DLV B, ZhITESIT 03 THD, ) ZHVELL,
FE2HEOBWIINT VITFITENTCLE Y LV EZRVDTTR, of BT =/bE > OEREE
T o D7 =V I AV OEREBRET2DT, 0p0- —o_0y DEDE P ) —Ypyp* £ THENTR
BERROTLARET (R (247) BB), ©EV. B2EIB I v 7Y LS OETT, H1HD
@%fﬁ%ﬁ@%%@ﬁ?VVVW‘ﬁf:yﬁ&ﬁ?VVVwﬁﬁo:hﬁﬂ%Yf—%Eﬁ
HIRFIZIRS TWET, DFEV, RY = I RBT VXY VB A—I/N—=RT Y VOGO 2 5
TEI T, BA 7Y T OERA—IN—RT v v VD 2 BT BT 2 TET D LW
52 LTY,
RIZZDETNVOWEEZFARET, £, HIZQ*'Q +QQ* DFeDT, FHFAME (BAEENE
F2iF0) LRV ET, BRERDL, H ZEHEAKTIISATRSS L.

(WIH[Y) (YR Q) + (Y|QQ™Y)

Q)1 + 11Q )12
0 (2.14)

v



ERBMMBLTY, ZHiX SUSY OREE T,

o THXNXF—EHENPIEDHE

CZITCTHOEBFREEZEZEZEL X I,

WY =y VIR RNVX =N E OREE b) BNdbolcb LEL XD -

SOXDERND Q* IR = 7 RREEZ T NV IA =y 7 REBIZBELET

HbY) = Eb)
Flp) = 0 (2.15)
Qo) = [f) (2.16)

G0 O |f) BIFET 20 E DD, |b) DFBIINDMNE D, LWVWH T EEZRITHET,
If) OWFER 012220 EI MR THEL L D ¢

(f1)

( DIQQ"[b)
(blQ"Q + QQ"|b)
—_———

E(b[b) ’

0 (2.17)

L7z T, THENNET, 4%, RYUNOHBELELENS., 7oA IF0rnbH%E
LTHRATTY, T SUSY D 2 RTRBUCR->TVET, |b) & |f) Thx ) ERHE

Lo TWBEMNH T,

o TRNX—EFEN 0 DHE

ZOHEED 5o LIEBEPR LD TEET, WE,

LB, |b) ot LELED, TOEE, MERESTHRED LT5 L,

(f1)

L72BDT, FEFHEEVWSTEERT

RIoN

H|b) =0 (2.18)
= (blQQ[b)
= (0Q"Q+QQ"|b)
H
= 0 (2.19)

LR ETIIE, RS 0ROT|f) b 0T, 7%

Q[b) =0

Qb) =0 (2.20)

T, FEOT7 o LI FUBRNDOT, ZHUXSUSY D 1 RTRB|TT, 7 I40nb
HELTHRILEIIC I REREANMEONET., ZHIXZBPSREL VI LD TY,

SUSY OREORBRAZEZEZX T L ZIRBADKREEIVEIGENDHVET, EOEBEINELEVET
EVESODEINRNTA—F—D— OV VT, RERRE (ZOHAT 2 RTERE) BT

7



EHDITHLT, E=0DRIINTA—FZ—DENFINDLEY Y OFTETRD L EFEENE
boT, SEIZXV/NERRE (1 RERB) BTEET, REOVA ADNNESLBRVET, Z0
INERERBLAE BPSHREEL W ET (7],

ZHEZOWTERDEIICEZEL X, —MITY —FEL )V —ROBKREVI DL, U —FD
TE g, V—BROTE L &+t

g = &

1
::1+wL+?wm?+~ (2.21)

TY, IR TA—F—T, LWITFEKTTI, L2 SUSY OERFDEXIIT T A~ iz
DET, 5bLb, V—ROERT LMKRE |v) ZITHLTWD (Thbb Liy)=0) L35 &,

ePLlp) = u+ML+%%EV+~NM
A (2.22)

LI BDT, TOREE ) 1LY —BEOER VL 1T L TREZE NS Z IRV ET, 2FV
D ) ENIIREBIZIT CTREZEH L TVET, L2TABB L, o) DY —ROERTF L THIL
RN (Thbb Liy) #£0) &35 &,

) = 19) (# W) (2.23)

DX 5T, REE [v) OFEEE [) BHRTLEVET, ZOBREIE ) 2T T3 ) —BEOTHRITT
DREWEFESZ ERTERIT, |[P). ) RETRBEEERLET,
ZDZELEASDSUSY OFEICHEALTAELLY, BXDEKRTILIQ . QD 2FEDLV 7,

o £ >0D%HE
REE (D) IZOWTEZET, ZOBEAIE. Q*[b) = |f) £0, Q|b) =0 DY LHODT, REE
b) 724F T SUSY BHUCKH T A REMEREOZ LB TE P, 200RE D) & |f) ThoT
ZORBEEBRTHZ L1270 £F, ZHX SUSY @ 2 KRB TT, KREE |f) Ic>\T
ZZTCHRET, ZOHEL, 200K ) & |f) TH-oTSUSY ® 2 ReRBEEZHERK L
75

o« £E=00D%H4E
FERITIREE b)) 122V TEXE T, ZOHFAIT Q) = Q|b) = 0 BV L>DT, KREE |b)
7213 T SUSY BRI 2 REM A R0 TVET, ZOBAIE, WREE b) 721F T SUSY 0F
BEERLET, 2T SUSY © 1 RTEERHTY,

IDOEITE>0DHEAEE E=00D55L THRTIPESTRET, T2 THTREZZR LT —
B A& E > 01X Bogomol'nyi FEXEMEINAHDD 1 DT, ZOARERE saturate 3
L (fafsEs, EEERLIEDL)REOZ L%Z BPSHRELSWVET, H DT SUSY OEE
WRE L HE 2 F9, BPS REEIE Non-BPS HREEICHRTL /NS REBHITBE L TCWET, BPSIR
HED Non-BPS REEIZER U A IZIZZENE TR D2 BHELZES L2 TR 6T, TARI LIXE
TRIV/EEAL, TTLOHOEROBEIC, BHELETMELZITTH, BPS RiEIL BPS 1R
RBOFFELEEY, MOEEEEZRLET,

o b, HiRlC BPS RENHIIE SUSY REREERRENEET D Z LR35 £9,
T, HERIZ BPS IREN 2T HIE SUSY AEAREERENTFELEEA, TTHEH, BPS



WREDS721F AUIE SUSY 23 B RENTHEN £ 9, (RIFREDS BRERICHND L1Z. "INV =T U i3dh
HRMERTARETH L0 LT, ROERKRENZOMHER TREILRLRVNGEE
SVET, ) DX I, BPSHREZFA L SUSY BERMICHENTWEINE I 3 mn0 %
7 (BRI [8][9][10])o
Z TS, BPSHREZFHLIADLZLIZLEL L H, ZOHEITIE, SUSY 2 (Witten &
HEHVH, )
tr(—1)F (2.24)

% 2 5 OHMERTY (Witten, 1982 4 [11]), E> 0D & XX, RV &7 = VI A B3RHTRo
THTRETOTSUSY HEHITITZINTE ER A, tr(—1)F IXBPSIREE T 2o TEET, A
Y=y 772 BPSRKREICH LTI T A1 TAVY PLT, 7=/ IA4 =y 772 BPSHREIZH L
TE~vAFTA1THU Y b 5H50T, SUSY U

tr(—1)" = (R =v 2772 BPSIREDHK) — (7 =/ IA4=v 7 72 BPS KEED%K)
= np-—np (2.25)

ERVET, np=0,np =0 THIITBPSIKRENRNENWS Z LD T, Z0LE SUSY 2°H
EROITHENTWDZ LIZR VT, ZODITE SUSY #8528 0 TH D Z EBMETT, SUSY
B 0 TRIFTNIE SUSY O BRI Z W B EHEA,

ET, NIV =T 2 (213) IZ2OWT, SUSY HEHEEHELELX 9, fIxiE, ng A~k
i,

QY(x) = 0
ie. {%%—ﬂgfq¢mm = 0 (2.26)
/dx]gag(x)]2 < oo (2.27)

DIFEZ ATV TR, FBRETIER (2.26) ITFEBICARIT T,

pp(r)=e (2.28)
ERVET, np OV THREERIC,
Qy(z) = 0
, 1d dW(x) B
i.e. {E@Jrz - }cpp(x) =0 (2.29)
[daler@P® < (2:30)
/N
pr(z) =W (2.31)

ERDFET, M (2.28) DFEETIUL, np=1TdV., i (231) BFEETNEnp=1ThHDZ L
2720 F9, (2.28),(2.31) BARYORIZ/RDT-DIZIE, ZHLBRHEBETER2FERY 8 A,
(2.28), (2.31) ODFEDOMEBHFEALTE H72OITIX. |z| — oo T exponential DFD —co & 72 D LE
BHYVET, T T, W(x) O |z| KCO|RBDENE, W(r) = a"(A#0,n#0) & LT, nDE
FCOWTHEZIT 2 L TR THET -



o n=MBHROHE (TbL, W(z)~ A ? \rt, - DHE)
ADBIERGIT (2.28) DA (np =1,np =0) 5. ABERGIT (2.31) D& (ng =0,np = 1)
DAL RER KRB 52 £3, TT0bH,

tr(—1)F = sign(\) (2.32)

LRV ET, OFED, ZOHBAITSUSY BEREHITHND ZLB3H Y 8 A, HIZIE n=2
ZeE.

1: W(x) ~ 2% D&

dW
dx

Wi(x)

dW

dx

T ATV YAV = (W) DRFOEICEERESTE DD TTR, ZOZFLF—
AR D272 072805 2 ETY, ZHE, W) DZDBESHR LR LERZTY,
2| KCOFEEZRFE—BTFTOWEMITE BN, ZHWVWIEETT, JHFEx
EHOTWEDND MY ETARKNDT DO TTN, ZEHRYIEIREETT, 522Xt A
T, h TWKBEEZRD £T L. FROBHENS Y —o L HTRLIDTT R, £DOEFK
DRBNETO0 &V H Z ETT, B, LW DX W (2) ORI TREY, 20
FHMIK S R2VNOT, —EOMHEREEICR>TVD &N Z L TT,

o n=HEDBHE (Tbb, W)~ \al,\23,... DBFAH)
W(z) Az — oo THEEZEZATLE DT, FELATREREBBEEIIFELEEA (ng =
0,np =0) TIND,
tr(-1)F =0 (2.33)

LRV ET, 2V, ZORABITSUSY DERMICHENET, BlziEn=37"%L.

2: W(z) ~ a3 DBFE

Wi(x)

10



T, 5EL, RFUvy LV = (@Q D& ZAIZEMNBHTERT, Z0—FBEMLOEND
DNTZRNAEX—0NEIDPREE RS> TRDHATTE, ZOHEOEERIL, BEOA4A—1L
F—F—=TORATETEEI I RNIRTCZRINAFT =B ERSTLESTO TR ST
LEH, &WVWHZ &TT,

ZDOES T, BT W (z) OBERT T CRED . ZOEMITKES2NDT, WE W(z) &
W(z) ERXTr—NT v 7 LT, EAEAREILTAHET, Z0& ZEHFEXNT, t ORE VT
DEPNNTL 5 DT,

£ (‘g) o(z) = 0 (2.34)

LRVET, Ehb. t — co OMRT, BExRAX—HBBET 4V = 0 L7425 o k. 772
bbb W(r) DEEF R/ (localize) LET, OB XNVF—EHEER L LLH D
Lnid, W(z) OBRAEEICYE— FEHO L IR LD R TWAIXTT, ZhiTVbiE
ﬂ@W)@mm#F NSy T ENRIETY, €950V BBEEARVIRY, BExXLE—0
KEBERIHVEETA, L, TOVIEBEERH 7200 Lo T, TRNERICETX
NX—DOEBEMTHD LITRY EHA, &V HXT. W(r) DEFAMET D R 1OFEERF
OHLDEEZFEL X D:

% ~ \x — xg) (2.35)
ZOBEI W (z) DEERE 2 =z FHETOWRBBEIC OV TR THEYT, Z0&&, W) ik

1
W(z) ~ 5)\(x — x0)? (2.36)
LR NIV =TT
1d2 1, 5 A
H ~ 3.2 + 5)\ (x —x0)° + 503 (2.37)

LIV ET, TONINVE=T O 1TEEE 2 HE, RNRSTOBE LT, £o=xL
F—EHMEIE SN TF, ZRTHEIEHEEES RLEZ0TTR, NIV =T Oz X—EHEE
EOWLEWOT, A\PEDL ZITZOEOTXAX—EFEEL —IAN 2. NPADE XITZDHE
DERNVF—EHEHEE +3A ICTHENNDT, o3 DD,

o~ (@—20)?
. Y R (2.38)
0

o~ 31l (a—z0)?

A<0DEZE Y(x)

12

A>0DEE Y(z) ~ ( > R (2.39)

BESIN0ET, W(z) & W (2) £ AT —AT 97 Lick X ORBBEEIIERT A & INCEZ B
FTEL (AIAR=T U (237) 9.

A<0DEE Y(x)

1

67%|t)\|(a:fmo)2
0 Tz VIg v (2.40)

0
67%|t)\|(a:fmo)2

A>0DEE Y(z) ~ < ) ARV (2.41)

ERVET, TRERTOVET L, t ZEALARES LTI & S ITHEN B DS EE S RGL
CRFHET 200 EL 00 ¥, Eo, A&V H0iE, 4 230 2915 & &0 ¥ D& OF S

11



3 (GEEIHY) T )X — KB BIE OFEEHE L B SRIEEE o 9V ofx L oBIfR
dW dw
“dx dx

TEhb. YW or7 736 LRI o hiEiuEz ZiIchY =y 7 7 GERIE) B R ¥ —3§
BRI op(z ) BER, W prs 7 mETFHYIC s BEdNEEICT7 =V 4=y 7 i (E
HY) TR F— (EZEbEEJZ& pr(z) BELEVND Z & TY

Bz DY RRD K D I &

PpX)

r=xplZARY =y 77 GELH) BExRVX—EHEERBEL T, s =ap 7=VIA = I 7R
(GELIH) Ex XX —EKEHEKABELET, TiE. ZIRGCFERLXF—EEBEKIC -
TVBENEVWETE, ZOBEIFZEIR-oTVERA, ZOHEE W (r) ~ 22 2D T10—Y
TEmLeE o, RV =v I 72 (BEO) Box VX —EHEEOKL 0L, 721 I4=v 7
7 (BED) BExANF—EHBEHEOK S 0 T (ng = 0,np =0), (ED) BE-RALX—KEHEIHKO
BIX W (z) OWHERIIRD BN TREV ETOT, 20T T 7%2EL DFIZIED T EOF~HE
BERLTRD &,

5 WY = 7 (EBIAY) BT RSB E 7 =L A=y 7 72 (ERIE) B k% —
IR <T CHRLTLE S,

AW
dx
\ q, (x) @, (x) / U

n,=0, n=0

- =1?
n;=1, n.=1?
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DEHTR2Y, THHIERXTTHHERBRLTLEY Z ENoNY £, ZOREITEZX. brxrr
METHEWIRLDVEW., TXALF—0DEDL ER-T, X7 THRTHIRETYT, TInb,

(ERMET XL ¥ —EBEROK) > (MOBTXLF—EBEKOK)  (242)
RO SIHET, RTHHETHE. 2505 LT

e ng=0,np =0DHE

(2.42) DFEFAALIL (2.42) DEBRLSL

° nle,np:00)bZ—/a\

Ay
A% x

(2.42) DFE SRS (2.42) DEFRLIL
L, MHERIIAR Y e 72 V1A ORTTRIADOT, SUSY BEIIEDLY £HA, TT
225, SUSY #8825 Y 72 T UTER RAHEDIR D BV ST 2T D Z & T,
2.2 E—XRBEHRLOBDHLY
SBFHE LI EESEHRIERLTAHAEL L 5, S, BEXn EHHY 7 :
(2%, a") (2.43)

SoX X, 7=V IA VT LELETH- T, XU VITHI & ARk, HBREET W ozbl) T3,
FRL—F—HIZETFIE. Z29WVWISHICETET:

(¢1’¢2’_“7,¢n) : 7I/V‘2j’?/@?ﬁﬁ]ﬁ%%
@2, ) s T AL DERERT (2.44)
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JERER n FEEDHLDOT, v bnfHAOREZFHHET, SoX DT ITH o PNVED I, oy B
YIS LEYT, ThbD7 x4 U RAHEBMRIT
{0,077} = g7
{vi e} = {w, i} =0 (2.45)

DESIRYET, TIT, SoFLALLIEAINF=T V&Y LVATTR, A—ri—
Fr—V%

R 1i_.0h(m)
@ = \/57/) {zaxﬂ (9mj}
1 (10 .Oh(z)
_
QR = ﬁw {Z@mJ +ig s } (2.46)
L EFRT UL,
1( .. 0° - Oh Oh 1, o+ .. D?h
= __ 1 YR N IR IR Y
" 2 (g OxtoxJ +g" oz’ 3363) +2("¢ V-9 )Dxlij (2.47)

RV ET (D ITHBOIEMS TT), Witten IXZDET N EHEST, E—RAHin & OBRE R
BWEFE L2 (1982 4 [12]), ZHRIE M & LTIE, FIZIERO LY bDEEBEX T :

6: BRI M L SBIgK A
M A

-------- h(x)

FW ELT, @3B L 2R TREY, 20L& KRBT h(z) PDERARCERLET,
TDLEIL, EDOLD BRRENB- XN X —KHBEKIC N0 E2ZEXTHAELL Y, So&Id,
W DB (v = 20) fHET LALOFEFOLDEZEZD L, W(z) = I Nz —2)? LRV ELE,
G BESRRAHECTE Y R EER A LT,

1 n
~ 2 §_ —z))? (2.48)
ERVET, INEBERARSETHI TS L
oh . )

LV ES, TOLXIT, EDOLIRREPFR X —EBBIIIC 2N 50 TR, Thid
AG) PRFITED ET, WE N EZn BAHVETHONTATIZLTRNRDEWVIT R A,

14



ﬁ@A&iU\hﬁmen—m7i9i<ﬁﬁMT%TWibf ETNINF=T 2 (247)
DE 1 EEE 2 HEIIAHAR DT, TONILF=T VI,

1o 02 P 1
H=-33" (a—x? + A0 (@7 = 20)” + SAq) (W — W@) (2:50)

ERRDET, TR T EROBEDONAIN =T 2 (237) L2 FEUBREFELTVE

? ENba SoZ ERURRIZZRVET, S, A\BETOHNIET =V I AU Z2EEDR
CADBETHONE T 2V I AU EFEDDHENWSIZETLE, TID, BRAMEITHE XL
—&ﬁ%ﬁ%%xé& ZOES TITIEEBEEKIT (2.38) LRILEEZ L TNT

@) ~ exp {—% > gl - ) }w 5 |0) (251)
j=1

LRV ET, TIT {indpoy,y E A BPRITRD K BRIMEEROEETT, A BADHMH
WZIZ7 = VI A& bé&mo;kffo;hﬁ%%%hﬁ@%il*w¥~ﬁﬁ%ﬁf?o%
R RIZIBW T, & S B L D Hessian OB DOEAFEOEINERHIET XX —EHEBEKO 7 =
NIA VBB LET, EPHEIAX -0 7 =V I A VD p TH DB ADME
B m, CRTIZEWCLELL D, my, DT EHEFE—AEHLEVVET, HIXIE 17—V DR
L. mog=2,m =6,my =2 T3, ECOERRDOFLELEDOE SUSY 58T

(=17 = Y (-1F

= > (-1)’m, (2.52)
p=0
LR ET,
L. PLEICRS> TZORAREFNOBENLEZTHELE I, h(z) EVIDITHELTHE
VAT —=AT o7 LTH0NL, 0IZESFTHNNENS ZETLEDT, brotMTAEL
THET :

. 19 . 0Oh(z) e )
R s = B QOZW‘@
19 Oh(x) _
Qi = TW{ 5T it O }JFH\- QO-W;@ (2.53)

BRI Qf. Qo ZIRARIED o ToDIF TR, ZOFRL—F—ZR/RLDIIHOHNDT Q.
Qi DI -T, TNT, t ZREL LT EHBBEENRBET HOTEZEFTA, LB X
FL k9,

LH.t=0TEXEL L), BEBEEIIEARBHEEZ L TCWANETNET &, 7o IA Y
25 p BV DR,

O(2) = @iy iy ()Y - 77]0) (2.54)

OHERLET, L &) (z) HIRFOANEZICOVWTEERMH T, TS Q) Z1E
S5 L, e BRI

Q0 (x) = 0j®i iy ()Y Y™ - 4p™0|0) (2.55)

15



LRV ET, —F p KHER
w = wiy o ()T A A dz' (2.56)
(X 2 AMK S d OYERIE
dw = Qjwiy .., (x)da?! A dz™ A -+ A dz'™ (2.57)

TN, 7=V IFVOERBERETF Y 13O (FA VAV ) de 20T 5 L0 5 #E
2, Q§ MBS d I 22 Lm0 9

v — dx A (2.58)
Qy <« d (2.59)

F, B(x) 10 Qp BB S & |
Qo®(x) = (—1)" 19, @4y iy iy ()™ - - Pk - ¥*'7|0) (2.60)

L0 ET (P O S GE i B0 RS EVIEE), —F p KSR (2.56) 1K 5. S
57 d ODFEEAER R (adjoint operator) 6 DIEATX

—

dw = (—1)k_18ikwi1,...,ik,...,ip (z)dz™ A ---daiv - A da'? (2.61)

TIND, 7oV IAVOEBERET © IO dzr B0 E5 &0 8IE, TRbbNEE
(interior product) (2. Qg VFAMBG d DREFFERZR § IZx S LE T ¢

Y o dr (2.62)
Qo «+— 0 (2.63)

TINb, QF 13SMlsT d &2, Q 1I5MED d DREFEERFE 6 20 LAL-> TE- XS b D L
ZE2oNET, EB KX (253) £V, Qfy QIFROEIICEEZRTILHTEET
10
* —th(z) xj - Y th(x)
Qt € (¢ 18x1> €

0 = @ (Wl 9 ) o th(z) (2.64)

i 0xd

h(z) IFENTLEI Z LIZTHE, "IN F=T UiT

H = QyQo+ QoQp
= dd+6d
- A (2.65)

TY, ZHET T IV 70T, TIhb, EOFRTRINT—EKBEKEZEx 5L VWO 2Lt 7
TI7vTrDEET—R TROLANBITALEZL LI LIS LET, o, 7= IF VR
p BV BIREEIL p RIS TR KIS LT, BPS SRIEIE QF T Qp THIHSHL2RI T LIS,
ZHTdTH § THHIN MR LT 5D T, RAMOERLZE WS Z & TY, (BRI
X, K (2.64) DX ST, @) 12X B conjugation 2T DTS Y £33, conjugation D F T,

16



AT ATERTATEASTERIC ) &N 2D T, ZOMGIEHBAERYIDET), p KFATIK
SROE Xy FHE N, TRLET,
by 137 =V XA =y 7 REDOFZINX—KEBKDOK LR T DT, SUSY fHid

n

(=" = D (~1)%,

p=0
= x(M) (2.66)
L0 g, 2 (2.52)(2.66) LY.
X(M) =) (=1)Pm, (2.67)

p=0

DY ETH, ZhE, T—RAEROBEREE L LTHLN TS DO TY [13], BERAREH
DT —Z 12T T, ZEREDAA T B3> TLED LWV EHTT,
F, K (242) & U=V DR D,

my > by (2.68)
B0 S ET (KEBR),
h(x)
@ ® : ERHET XA X —EHER O
T2 A VE 2 T B IR
o . FERIET I X — BB O

TV F BN 1 THAHER A
x  EPEET RV — KB
T VI F U0 ThDHERE

ZHITE—AERICBVTHOEOET—AREXL LTHLRATVDEHDTY, m, 8b, LV b
—EIZREL D DIE, my, BERREFEOT —F DHNOEE DD, ZREO KB bR m
TV—EHAENT b, FERICGHEL X AN Z ENDETVET, Zhut, BXIHETHFET
RS 2 & BEEFRREEICY R — N 2R OB (2.51) &5 LOBERVAWEERLZZ L
NHETVET, 2 0OFBBEKICER Y AV HDHE, PV RABRTEWVIZIELY AV, BD
BOOTRXNX—EMNFEL ERNDZ BBV ET, 0, THHFER VX — KO
i, EOFERAX—KEREEOKLY b —RKICKELRDHDIT T,

17



RN DE — AREX

ﬁ(—l)“pmp > i(—m“pbp (2.69)
p=0 p=0
DEHIZIE, 2O R RAE (TRDHA VU AZ Y N OBR) ZERBICANDLERD Y £,
G BEWCE—REEDR 1 TRV EOBRAREEZDL L, BBBEROER Y EVIIER
REBSREBETRIE > TRRERD, P RARIIARKO L AR >TEL L EEZD
nNET, ZORBBETRESERRICBIT D (7o VIAVOERHFRO) #7 MLERWT,
ANy FY)— AR —F —FERTHIENTEET, annyF Y — TR —F—[F2[H]
ERSED L 0122V ET DT, BIK (Witten BIEE W) NERS ., ZHUNBBNOEOE—R
REXDPENNET, FMIZ OV TIE Witten OGRS [12] ZHE T S,

ZOLOIC, BRAKETHNFIE-RAHEROFELFBREAES ICHELE T, BXHETNF
3. BFAFED P RAVIREANTEREOEASOMIC—EDORNB Y 2HE | T— AR
ERETDHHDOTY, TOX D RFEX Witten MEIR HAVWO T, BEENRFIELRVELE
(14], ZOER EIZH DEFRDS, Floer DE R T [15],

18



3 4R35 N =2 Super Yang-Mills

3.1 N =2 Super Yang-Mills Big& V14 X +

N =2 @ Super Yang-Mills Bia22HHFE L T, TFT B E SR> THERIND DNEFATH
F L X 9 (Witten,1988 4E [1]).

ZDRNZ. N =1 ® Super Yang-Mills BFHIZOWTEBELWTHZ LICLET [16], N =1H
MODZEE (multiplet) 121X, =I5 E 55—V — ) BHEHX7 MEBEEHLE, ZhANOANT—
B, A NBINORDANA TNVEBEENH> T, B TROL IR ET

(A8 %) N =12 MVSEE (3.1)
(Y ¢%) : N =104 FNVEEHA (3.2)

HATNEBEEIIFERREATEZDIENTEET, TT2L, 5304 T NVEZEE IR,
(adjoint) RETHHELELEL LD, The, X7 MEBHEEZGDOETN =207 MV EZEE
2720 £9

N =27 pLVEEIR
A
A\ e (3.3)
e
AT PV (REV 1), X & PP IRTA VAL )V (RE L 1/2), ¢ IZERAD T — (AE
0) T, N =20FAIIE., ZheHME2AbET1 207 73I) —¢EXT1O20O_7 MEE
HEMESRZ EIWCLET, N=20HMII7=VIF R 2EHD LN ETT, WE, N\ ¢ &
EZIELEN, ZNHIFFCRAT 2 MNEITRS T ¢, ETHEVTHEVWERA,
ST, KZEZa—27 Uy REREE LET &, RELXETFRME SO4) 23

SO(4) ~ SU(2) x SU(2)x (3.4)

ERRLET, ~ IXRFTRAEL VI EBKRTT, N=2DA——F % — Q,;,0% (i=1,2)D
BT
SU(Q)L X SU(?)R
1

Qai (5’10) (35)
Qo'éi (07 5)

TF, FEMOFOLERSD SU(2) . FEIMDFDOERS D SU2) g IOV THOAE U E#RLET,
ZEIEICET 2 TNENLDOHIT OV TIL,

SU(?)L X SU(?)R
Ay %é)
Vi Sf) (3.6)
&i (0’5)
¢ (0,0)
¢ (0,0)



TY, TZTPi=\NY), vi=\) (i=1,2) T (IXCPTHEEZRLET),

ZNT, ZOHEGRNS TFT 2E5°0 HTTHA, ZHITKRDOEIICLEY, £ N=20
BEIXZ7 =NV IF B 2lHHZLTT, 2FV, A—N—F¥—IVR2@HLHDT, 2D 225D
ANEZ D U(2) D global 2%FMENRHDH LW Z 2TV ET, ZOXHMEL R-symmetry &
WWET, R-symmetry IZ SUSY EFDOHDTY, TDOR & Z>ZDR (Right ® R) & TRERED
M U CREENEND T, R-symmetry (2% U TIINEXFRME (Internal Symmetry) OBELF T %
WFIES Z LI LET, O R-symmetry I, A—/N—FEfZ 0, (i = 1,2) TR LT,

SU@2); : 6;— R0, R eSU©) (3.7)
U(l)[ : 0@ — €_m0i (3.8)

DEIITERLET, B (3.7) 13,
SU2) DUy : 6 — e 01, 0y — e, (3.9)

ERVET, U)X o3 iCL o TEREIND SU(2) DESEETT, ZOEBRDOT, RERT T
YOTUBMERD LI RN, SoXOZEBOLBEPRED T, Wo= (A A0), &=
(%, ) ERT &

Wa() — e W,(e ™)
1 ) ) 1
v { B() — eHod(eiop) (3.10)
Wa(0) — e W, (e '0)
v { ) — D n) (3.11)
ERDIEBGMNVET, Wy AN+00A, D~ o+60y K0, ZRDDBFOERMEIT,
AM — AM
A = e
1 ) 12
U(1); b oy (3.12)
¢ _ €2ia¢
Ay, — Ay
A — et
1 ) 1
U(1)s b ey (3.13)
¢ — ¢

LRV ET, ZOEBEEEZ R TH10IC, FRGOBES A vEY FRIZESR LD
TY, EHRMEDIRA T, ZEEL L) EFNTBE X7

N =27 MNVEZEIH % ® CPT conjugate
UQ)z UQ)z
Al 0 ) Al i 0
Ao vl Ao gr -1 514
o2 oo '
Uy, 1 0 -1 Uy, -1 0 1
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ULDBFEEELDD L,

SU(Q)L X SU(2)R X SU(2)[ X U(l)[
1 1
Qai ( 5 5 0 5 ? y -1 )
Qaz ( O ) % ) 5 ) 1 )
1
AN ( ? ) 5 ) (1) ) 0 ) (315)
rlzz)l' ( 5 3 0 3 ? ) 1 )
_ 1
T;Z)i ( 0 ) 5 ) 5 ) -1 )
o (0 : 0 , 0 2 )
¢ (0 , 0 .0, =2 )

LRVET, ChAREL bARERO. S0, 74 SHAREROBTRAEOTTR, ShE ME
RUNAREROETRICEX BB Lk LET, BTROBAIBEL HTVET,

RS F = Qo DI § IEPEZE R OEBRIC BT 5 BT, o HAMIZER B B 3B 220
EHRCE T 5 RRATIA,. ChbEALLOREEBoTLES, NS 2k LETF, —ol
E&Y A A b (twist) L EVWET, BFITITH AT (diagonal sum) ZHLD L WVWHIFWVWHEZ LE
. Wi SUQ)R & SUQ) ERALEEBoT, SUQ)y LEXET :

SU@)w = SU@R 6" SU@); (3.16)

TNIFEFEOBEERTT, ACVOAKICL ST SUQ) ry PETFHIIKRD X ST/ 9 :

SU( )L X SU( )R X SU(2)[ X U(l)[ SU(Q)L X SU(2)R/ X U(l)[
1 1 VA 2k 11
Qozi (2 072) 1 B (575)—1
-~ (3.17)
. 11 .
Q% (0,5:3)1 AN oe (0,0,
E 2 ——

Q : BRST F%—¥
QEITBNT, AV 1/2 EAEV 12 DARICEV ALV 1 LAY OB TEELE ol =
130), FEMOETORFIU) Fx¥—, TROLIA—AMERLET, TN TEARRD 72
DoleMEFTVWET L, TZI2(0,0) &V ONRHTRETA, TAUIKFHR AT T —T, Ei
BRST F¥—VIl7eoTWET, EBE 2L CORKARY T (EBICHEIDDLZ ENTEET),
INEQLELZEICZLET,

0D, ZHH BRST AR —& —{2725 £ 95 REGRILIT T EWVWIDERTHADLZ &
WWLELX I, ThRbbL, N =2 OBMIHRERILETROFEA ML % LT BRST AE 2R
EEDE VWD ZELTT, E9LTIARIENRRY WA 5D £,

INERUTZEE T2 I NTONTHITVET, A—RN—F =T LTI 4 LR
FEIIFACTINORILZENRIVET, ZNEEESTTEROIIICRVET
SU(2)p x SU2)p x U(1)1

Vi 53 (3.18)
Xp (0,1)—1
na (07 0)—1

AEL 1Oy 13RS PLVTTREARARRTT, S0 =2 b (Ghost) TF. y 1o HHER
*f (Self-Dual) 72 2 T, RI—ZX M TY (H R B 2% (Anti Self-Dual) 23E =t o/
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YvavIiZEVET, ) ntIEABT =TT, it &t i3 EYA R LTRLAELDTT,
bbb TN IFUR 2l TZERmND, N7 MLEBEHXR 2R E AT T —BNH TR
T, DRVERKDTHATTN, BXIADRTEI EITEY E9, Yane-Mills £ A F 2 b
VDET 2 TAZEZBEOFTIRIZNR- T2 Y ENET,
DTz DN TIEL,
SU2)r x SUQ2)p x U(1)1

11
Ay (3230 (3.19)
¢ (03 0)2
(5 (07 0)—2

TY, BHADIZAZRLOTY, HE. ERICIIMEE H 25220 EW0NTFR200TTR,
HBod, H=0%LLET,

N = 2 EERITIINR7 PASEIEDAMS, b9 1 BEOSEENFELET, Zhin(/—%
HELWW, N=1IATNEEEE 2O TE TEAZ N TEE T

N =274 I NVEEIR

U(l);
(G -1
a ~ta
¢ 1 0 (3.20)
vl 1

Ul)y; 10 -1
Vg XU ANVARE )V (R 1/2) T, qiFERAD T — (A 0) T, £k, ¢,¢ PBET DR
BIIEE T, ZORBE R EEBTIE. ¢4, I ROFERBAR B LET, THMIIT /50D
TYO [d0V200Q (Q = (g,%q) s Q=(G,0) ) PREMNDREY XL T,

QW) — Qe 0)
U1 : i v\ 3.21
O &0 e %20
Q(Q) N emQ(e_mH)
U1 : pd A 3.92
M {@(6) L ceQ(eiog) (3:22)
ERVET, D, SRTDHEOEBRMEN SN 9
¢ -
U)r ﬁ ~ emﬁ (3.23)
@ - 4
Oy — e
g — €%
U(1), Yo = Y (3.24)
i — eog
v — i
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INODBRFHEEEETT L,

SU(Q)L X SU(?)R X SU(Q)[ X U(l)]
1
¢q ( 5 ) 0 3 0 y -1 )
g (0 : 0 : ! , 0 ) (3.25)
' ;
q ( O ) 0 ) 5 ) 0 )
o (0 , % : 0 1)

DEITRVET, ZNHIZOVTHEYA R MNEITH &, BFKIZ

SU( )L X SU(2)R/ X U(l)[
)~

Yq ( ,0)-1

q (Q% (3.26)
q' 0,5

! (0, i

ERVET, TONANRN—ZBEBEIZOWVWTIZIZ ZTIIHRNEEAN, VYA R FLIEANAR—LE
H(XE / A—/V (monopole) HREATIERE L £ (Witten,1994 4F [17]).

XT, ZIDBIERT MABEEAEICHEZRELET, TV A MOHEOZNL O BRST £#t
RIS E S RBMTETH, ZHETH &b L OBUMHREBMN LTI LN TEET, Zhidboi
REDDOTTNELRDHDTER L £, BRST £#HIX

SAY = e,

o, = —eD,o

6¢p = 0

8¢ = 2ien (3.27)
o = %Wﬁ]

xw = e(Fuw + %@wpona)

ERVET, A=NR—=F =V QDIA—RAMUL1 TT2H (QITQ% (F—A K1) 2V A X
FLTHES72DT), HBOT—R "MEEZ 2L EOEHRRINKETERCTE ET, Mbs H # A
TEBICHETSL, Q2=0(62=0) LR2VET, F—VEBRORERITFRY T3, EHA
ERETEET,

WIZT 77 VT~ (Lagrangian) T, FETFLET L.

1 1 ~ 1 _
/ d*z/ =g tr ZFWFW—}— ZFWFW +§¢DﬂD“¢
M S —
FEVET ANVZ
. . )
=D +iDythy - XM = 2é X X"

—_———
BNy T 7
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- 1 1 _
——
BB o7Y) o r RS=w7

NNV E 2

WS KRV ET (REL FWw = e F ), DT 75007 bR DRREE LTV E
T ZOTTITUTTUBNANAREELREEEFLET,

RIZA R VR T /Y )b (Stress tensor) ZEFELET, ARVA - TUYNEVNIDITA R Y
7 (metric) 2D LEXTZEXZTITTUOT UV REDL LWEDLLNTREY, RDOXHITRY
U

1

55:5Aﬂ%waﬂy (3.29)
1

TNV = tr {(FMO'FVU — Zg;LVFOTFJT)

43 | (Dutbo = Do )a” + 1 v) = 59(Datis — D)™

2

1 - 1 _
5 <Du¢Du¢ + (M = V) - §Q;WDU¢DU¢>

- (D;ﬂ? Yy + (= v) - §9WD077 " )

20t — bt 07) + L g, B2 } (3.30)

8
KERZ LI, ZOARA VAR - TUINARHLBOED BRST B> TWNWDH EWVWH Z L TY

2guu ¢ [n,m] +

T;,LV = {Q7 )\uu} (331)
1 1
)\;ux = 5“‘ (FMUX,,U + FVO'XH,U - §guuF0TXJT)
1 _
4500 (6uDu0 + 0,00 = 3900 D70) + Joute (0.0 (332

ZDNIZBRST B#%EfET EEBERA LR . T U Yo TWET (G2 AL TV 2RNO
TIELBTHHS AN EEABKEIIIRLERTT, ).

WE A RTOH DB > T2 B RE EICBOEGREERLIZVOT, A M) v 7 BUETY, TN
IR TED Chern-Simons Bif L&D & Z A T9, Chern-Simons TIEIA MU v 2772 LT 7T
CTURETET, LU, BERTEEEA NI v IRRNETTTUUTURETERAL, B
ZETFTFFTE2DICA N v I BRETT, ENDET AR v IZBNBEOTTN, ZOA R v
IR L THEHBRNEIEDLDINERDIZIZIA R LVAR . T U I NVOEFEZRRITUER Y £8 A,
ZZCHEEITHBRDIZA R VA T YA BRST-exact 722V H Z & T, —fRICHHEE
O 73 BRST-exact THH &%, DOIYWHEEO - T,

0 = §0
= {Q,0'} (3.33)

DRVSEHDZ EEZEVET, BRSTEH#LE WD DITEARMIC T 2 VI F Uy — DB T,
BRST-exact REE W) DI —VOBEBRE LNRWO CRE LML EBRE WD ONR
72> THY ETI (trivial) REIZR>TWET, EANEEDORETY, b, A ) v 7T
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—RESTVD LSRR DDTTR, EiXMKFOHFILBRST BHOBRLFICE T TNT, F—
CED L IR ZAZDTH = REEBFIFIZONTEHBLEFIIA MY o 7KL N E NS
ZETT,

BRST A"ZEE O LIXBRST Bz lid LIHAZEDZ & TY ¢

50 =0 (3.34)

Z9W9H O % BRST-closed EFEFONET, TV bDOBRT —VAREREL RO TCINNDLERT
HEERVET, —F5 BRST-exact REEWI DRI 2T/ —VREEBX 50T, WENEH
EZFEbLEE A, BRST-trivial 2&TY, WHEHEL V) DT exact RELITEHEL TEZXHDT,
01,05 % BRST-closed &, O' b 5WHEEL Lt & X,

0, = 02—1-50,
— 01 ~ 02 (3.35)

LT, aRERY—2EOET (ZHRETRT—IZONTIL, Appendix ), O & Oy LI1T57—
VEMOERL TR HOT, WEHEL LTIRILELERI EWVWH2E T, ZOXIICLTEE-
7eadErY—% BRST afREr P— LW Ed, BRST £#i 6 25l d LSS TR, bk
9 & de Rham aARERrP— i LET, MBI RER Y —27 7 ADHIILIMKLRNE
W9 Z LT,

ENT, E2ZFDARMVR .- T YN (3.31) ZRET & BRST-exact RIEHFIZR>TWETD
TYHEEL LTUIRNIETAIELENS ZLETY, APVA - TUYANRFIETARE ES 2D
EVWEF L RDOKSITARY T, BRI,

(O1(2)O2(y) -~ +) (3.36)
DX BAEEEEZE 2L &I, 2O REHEZFA-WE LET, £995 &,

9:(01()Oa(y) --+) = ([T,01(2)]O2(y) - -+)
= (Q(\O1(z)02(y)--+))
~ 0 (3.37)

£V, HBEBE (O1(2)O0a(y) -+ ) 1 o BEEEIAR BN & WD T e 0 £9, (IHEARERIZR-
TWVWB LN Z&TT, HBEBEED 2 KFEEE VI DIFETFRTHIUE, A MLVR . T Y LTH
NLUTHARDE DT TTHR, AL R . T YA BRST-exact ZRIBEHIT/RH>TNBH EWND Z LT A
RUVR T U RN, EWNWHZETT, APLAR.TUIANEZ)RDOT, =RLF—
EEENE & NTERR . E OHEBEBEBIIGRTICKY EE A, 20 OFEFS, 1ETE-
7-E /185 D broken phase & 2> unbroken phase 22\ H Z 2R L TWEFT, A MVR . TV
Y VH BRST-exact £V 9 DiE, TR AF—ENEBEIIVEETIIRVWEE>THDLITT, &
WMEITEOHAOZ LETERLTVET, —RICEXNHRERNOHELTYA A NEITI LA
ML R T 3T BRST-trivial 12720 77,

LZAT, bHY—EHERWERDV FT, Zo0XTRMVAR . TV BRST-exact 722
7-OTEN, Fix, 77707 b BRST-exact IZ72 > TWE T, MBiEEZ AN TWARWVWDT
INHTNDEESENRDH D DOTTN, AEITITRELFRTT :

£ = {Q,V} (3.38)

Vo= tr(Fux™) + (6, D"6) — 1te(al6, 3) (3.39)
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INLERICHENIDODZENTEET, THUBIEFITHVMEE TIOWVWI Z 03 H 5 EIEFITH
BARZENRIVET, TOXIRIENOLHEBN EARBIFITR>TL 20TTH, REHES
ETHERDE D IMEEERFOZ LN ET,

EFTROBRKEESZEZLET -

c
7 = /DX@@(—?) (3.40)
DX = DADDFDYDYDn

I THEER g ZHNLTHAELLY, £9T5HL,

57 = /DX&C——) c wp(—é)

{Q Vi

<o) forferer ()

RS DOERTO

total derivative

= 0 (3.41)

L2 SEBEE Z PEEEBITEKLRNE WS Z RGN ET, BAEERITIEKLRNEWN D

ITFREEEEERESWAIVNESKEBENESHLTHNNEWNWS ZETT, TTNoERg%0
WHoTWoTEXTET, g WVIDIX, AITHYELET, 2D, gZ0ICH>oToTEX
% & WKB LT 725 D TT A, WKB LA exact 7ZEF-THOIFTYT, Tt L ={Q,V}
MHPEVNE T, WKB AT exact &9 Z & I3HE R HA L HEEITO VO TR HHAA TN D
DODINTG A =B —TRBREND DT, TDO/NT A —F—[ZONTHEZTIILONE NS Z & TT,
Z DO W BARITER Yang-Mills DA VY AFX 2 F AR TWET, 2D Z %A M) v 7 TESER
5

£
2

57 ::‘/1x¥ ‘/dﬁm/_‘5%W7W”‘ﬁ
- (3.42)

e, 0LV ET, BEBESOBEIZA RN v 73 A TIRNE L THNET,
%hf'ﬂT@T BRI ATIRDODEIBRIETT, ETAMN) v 7 Z2FoTRRWVWEHE
DETEFA, ZHUIEFRRNTT, BB RFECHERZIERLEI EBoBA N v

75)721/\2:% TERA, BIRSTEREEICH L TIEA MY v 73, BABMLERE LD OT—fExt

ROERTTNG, LI A M) v I BUERDITTT, bbHAA Chern-Simons 13575 TI,

Chern-Simons lZHBS S 7RFZETH A MU w7 2 L TEHBROIETET, LOL—RIZIZA MY v

DBUNBERDITTY, &EIANFEFICHER R EROTTN, EIRO invariance DBT T, BF

WS TREA R 72O TH o LEIN L THERBIIBMLLERFA, EBEEEENIDL

BRICRS TREOTTN, ZOMAEHICHIKY THA, b, ZOBERITERNITH BN

REGRICAENICEDL TLESTNHDT, BEFMIREROELWHEIIEHRTELEE2H

NET, BFFEXNZHET LA, BAEER g Z 0o TV TEXZTWVWLDOTERT

FH-oTET, B2ERDLIENTEET, ENTANHTLS 20T TTH, HTRELDIX

R—RELRDEFEM ORA M) v 7 IHRLRNVEIZRS>TVET, 2L VNHEREETT, S

KM OEGZZEZIZ, BARARN) Y Z7DOANTRHDDITTTN, EVHITEEMICA

NTHARDZDITTT, E2ARB, BiIA M) v 7 DANFIELRNEWNI DITROT, ZERE
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MO MR =TI LIRS RWENHTRIZEWNWS ZETT, A M)y Z7ODANFITEDS /2
WEIICLEY LB EXIC, AMNLVR . FTUYNEQICLTLE D OIEMTEEd, TFT
TS 2 EWRITR->TVBE DI T, F'—VARE R 7 2 —IBNIT0E, LWnWHZE&TY, R
VA . FUINMEA RN v ZIZEoTWRNEWVIDITTIEHY THA, KoTWVBALITE
Y, BRST-exact 72T T LAME - TWRV, LAL BRST REMDORBE T, RERNIZIZEK > TV
WEWHZETY, FNT, WKBIELMPELWO TEREZHAVWCES HFERXOMBELZFHAITH
9, WKBIELIE W) DA d & 9, BAOHBNRL Z A2 B> TZDELY O
Gaussian Fluctuation E THRS2TERBEWVWIHDTYT, TN LD EIZ A BPEDRETA-TRKSD
EZATTN, ZIIFBTET, £ WKBELEITT,
ZNUTITEES SRR EARBENTIN, 77707 v ERET L7 —VHOERIL.
EWFWZ+EWﬁW%:%ugy+ﬁbxFWH+FW)zo (3.43)
L7V ET, A MY v 2% Buclidean 20 THEE L TFEW (F,, F* = e, T FP7Fy, =
FuFH), ZHUIEAMBETT NG, 0 &5 L ZANERFRATY

Fuy = —Fp (3.44)

nv

CHIIKBEORR RS —VH T, bEbERETOFN—VHBIZOVWTREES 2T 2137 7E-
TEDOTTN, TIHINIREILT D EREEIIIK B R —VHORZIEFICEBTLED
EWVWHZLETY, TALLEREESZTIMENRA VAX L P ERLET S &) BEIZTY
BV ET, F—VBICOWTREESOEDNEA VAZ L N DEY 2T A 2R EOESICHE
HLTLEVWET, A VAF L P EWVNIDIEINRTA—F —5FHFoTNETDTED/NNT A—H —
WZOWTORELGTYT, EV2TAZERENIDIIA LV AZ U R DRTA—F—DZEMT, M &
EXET, TFT LW DIXELFORMIN DT 5 L, BEROBHELZR > TWHIRKEEIEH
RE HEOHESIZETEE LT well-defined IZT AU FEEZE X TS, ERAHAZEHLTEET,
EVaTAEBEONT A—F—DEIZONWTHLERLEL L 9, WE, KB X 72BAL
Roholzb LET:

Fiur + oo 77 =0 (3.45)

ZOVIBDERDTILLEERL, F=VHAZL - LENLTAHET !
A, — AL+ 64, (3.46)

2L, BUNELSETE THORECHAMORELZHIZLTWDH L LELL I, ZHiT, 0
PCDF\E T, AV ARZ U NAIAVAZ L N DEERESTNDENWS ZETY, £
2975, ZOHFBADPLEMFITONTOLFEANHTRES

DuSA, — DySA, + €pe DPSAT =0 (3.47)

HEM BN D 7 — V513 Background Field T9, £/, ZOERBTS —VEHBRIE LSO B2
WOT, RO KD REMEZRLET !

§A, # D,A (3.48)
ZHiE, ROE D2 —VREEZRT L TRIZSNET :

D, 6A" =0 (3.49)
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Z Dfamid, BEiE

D+
0 — Vo 2 v 2wt - oo
W W W (3.50)
A 5Au X v

22\, H' =KerD}/ImDs Z5HELTWHZ LICRV ET, HEEET D IxnIr/I v
VTV (3.28) IZHWATVET () = §(6,6% + ¢ )X )o dim H' D353 T HREEE )
BAVARZ LN DINTRA=F =D (=FV 2T A ZERORTT) B £9, Thl LR
TEBELETH, MRIIRSAONTHWELT, F'—V%E SUR),, A v AZ U Mo BE kLT
RN

mmww:%_;um@+aw@) (3.51)

ERVET, 2L (M) IEM OFA =8, o(M)IE M OFFHTT, (—H&IZIE dimM =
4hk — L(x(M) + o(M))dim G £ 720 FF [22], h 138 G @ dual Coxeter T (33—
R, ) Ry FHEERNTERT L,

X(M) = bo(M) —bi(M) + bo(M) — bg(M) + bs(M)

= 2 —2b1(M) + by(M) (3.52)
o(M) = by (M)~ by (M) (3.53)
bo(M) = by (M) +by (M) (3.54)
/N
dim M = 8k — 3(1 — by (M) + b3 (M)) (3.55)
ERVEY, AR —7 Y v FERTIEdimM =8k —3 TY, ZORKRIIBOLZLICLE
L9,

ASEZT o NIF L DOFOEBHFEREE L FT

Dyt =
Duwu - Duwu + 5Mup0Dp1/}U =

ZhHiER (3.47)(3.49) LRI TY, S-o&ORIIK B ERKRENLAHDOT N EFTTR L TVWEHR
EoleDTTR, R T =2 NVIF O OESFBRNE B LET, 2F0., BEANLOTIIC
ONTiH, R VDOFDRLEL 72V I A DFORLENE CIRDE,E LTV TC, Gaussian
Fluctuation 3 TEX* ¥ B/ UET 23], ME—FRDDIIHFEZT TT,

fHEOTDE, TV 2 TAZRORTEZ 0 ELET, ZHIEZEIWOIRENEVNETE, A
VABE U NUPRGA=E—FFo TR, TRODLINILTWARRITY, 22T, AV
3D0FEHT

(n DEHPE) (3.56)

0
0 (x OEHHD) (3.57)

®=(A,¢,9) (3.58)
LEX, T NVIFUE3ODOEEDT

= (0,4 ) (8:59)

LEXET, ENT, F7 70V T U E2ROEETEEHT L

LQV:/;d%hﬁ§(¢AB¢+4WDFW) (3.60)
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L FES, ZD Gaussian B EEITITHE

Pfaff(Dr) Ai
—_— = ==+1
vdet Ap 1:[ /\2

BRONET, ZREIARY Vol bDOTHFIIT7 =NV IA U NOEHTE DT, Plaff 1337 1
7 (Pfaffian) &FEIEN S 6D T, TFIRONL— F T, EELBFEPHLIZ ERH Y ET, £
P % IEREIC IR DI IER ICE Lo T, T2 TIIEKLET (19,

4 SUSY ’A-TWBHDT,

(3.61)

iDp¥ = AU (3.62)
Ap®d = )@ (3.63)

BEOIEDLET (T2, A #£0TY), ERSEREEIL. LU R Z2 2 b DEE5EEMA T,

LD ET

HRIZ, Donaldson NEEB EAR S DLV DEIFHE L ET (18], 4365 L T HikmiEL Witten
D 1988 FEDHEFELR AT (1], ZORY TE D &, BIPEFRICH LV bDE 52220 )
DTIERL T BETEZLNTWIAHEAREREEZ LI VI FOBEBTLE I WVWOIHHIT TH - T
Fam T AT DD E WS RADTIRATE N2 DZRE LTV S Z & TY, 2026, HRHIR
D ZREEDR 2N E WS D, EERERTENEFATLE, LML, &I 5 T Seiberg-Witten @

HIRBHTRHEBEREDY £ Lz (1994 4 [20])), Z OEFRITE N = 2 Super Yang-Mills B D g
x5 H5H0OTY, ZT?D N =2 Super Yang-Mills Bigx W TERAZ T &5 OBERED
VEOFETTEDLLICRVELT, ZNTHACERLIEDITTY, REZZOBRBETIEE
W Z OFIRIZFRAR TS, TV REERR Y 7 ADGOEG®RNH > T, 99 b O THER
EELEZELZLNTED, TOREDOZLESTZDITTY, ¢0bxd, ZOHUOEFESL IV
LELSFARSDZ EIZLEL X I,

BRST RELMEEL LTEARLDREZONDNTTR, £7T &-& D BRST £# (3.27)
ZEWHLELX D !

0A, ~ P,
Sy ~ Duo (3.65)
0p = 0

FREUIE Y TY, T TP IEBRST REILR->TWNWDEDT, ROF—VREREERLET !
Wo(P) = tr¢?(P) (3.66)

PIIMfrEZRLET, ZTh BRST AEICRS>TWVET -
Wo(P) =0 (3.67)

FHTUVWE kS

K= [Dxe HWO = (Wo(Py) - Wo(Py) (3.68)
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EEBLET, 20X LODEEY % Donaldson REEELFESZ SIZLEL L D, SR M
ERARDEDICIDEIBREEEZET, b, Wy DMEBEEZES-TN T EEEXET, W
DL VET, F99T5L 1BRANTETCVWBATTN, THITEITKRO L IIZEEINET

AW, = {Q, W} (3.69)
Wi = tréy (3.70)

ZiE, EoEFDK(3.65) o TSIHENDDINET, IDHIT, W OMEBELd L,
AWy = {Q, Wa} (3.71)

L7275 2R W, DEENERET, TNEEASAMRYEL TV & W ORFIBTEET, 4K
FROT, AR W, ETHEELET (W, = 0), W ORFIEEEX FHEROL SR ET

0= {Q, Wo} WO = tr¢2
dWo = {Q, W1} Wi = tr(¢v)
dWy = {Q,Ws} Wy = tr(3¢ Ay + igF)
dWq = {Q, Wg} W3 = tr(iw A F)
dWs = {Q, Wy} Wy=tr(—3F AF)
AWy =0

(3.72)

O R N W R

EOBFIIEW; (i=0,1,2,3,4) DA—ANTF ¥ —IVTT, g DIT—ZXA MR 2 THDLHI LMD
ZORBIENZINY ET, TDFRFI% descent equations (BETFHER) LFWNET,

WE BRST RERA TP —RT AN LTIEET Wy B3V ELEN, Wi (k=1,2,3,4) %
ZHEEENLOTEO D ERA, FlIXIE W, ZRTRDE, ZHIXBRST E#T 5 EHAE
T (dWo IZRD1D), HARWIT ED total derivative 7201 TY, ZbEH L TRNIT 0
o TLEIDTHESLTRNIEN, brobBELIIENNH DA EMENEEDLNG,
Wi (k=1,2,3,4) bRIZILDENVWD Z L TY, EnbATHF—R"TNELIo LERLTERXD
ZEitLEL X D,

I FELNDDIE W, ZOTT N, T THE—BIC W, ZHVET, 2Lk ROBHERT
HY, kA IV ETESNERTEET

MﬂELW% (3.73)

EbL, ZOEVATN 5, k+1 YA 7N By OEFIZR>TWD LT HE, Stokes DIE
Bry,

1) = [wi=[ m
Vi OBr41
= / de:/ {Q, Wiy1}
Br+1 Br+1
— 0 (3.74)

LRV FET, BHORENIHFELZIM S0 01225 L VI EKRTT, TIMND I(y) Idy DFE
nY— . JTADHRIZELELRY £T,

WIZ, Donaldson REEN EARBDRONERT DT LI LET, —BRICERIEDORITOFH
SFORIE. TROLHFMKITTE VD DITEETTY (Appendix 70—V M), 50 4 IRTLLHRIK
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DHFEIT 2RI TY, MHEENPEVWET L, —DIIFHERTEDOY A 7 VRLORFEEZ
NODHEE LTEZDILNTILLEVOIEENHY 9, ThaR R (intersection form)
EWVWNWET, FIT Donaldson FEETT N, Wy ZHWVWT, REKRD XS ITERINET

gémgm@» (3.75)

MBEHEWRIIRO L 57 bDTY, Wy OFESMIZEB LET, Wy &V DITKE oF OF%
LTWETR, o0b F HITHIT, TAVAEVDREFHE>TVET, TR THE, ¢ NEZHIE
fEZFF->TWT, HlziEE 3 FRIZDOWNT non-zero I E-oTWAELELLE Y, 97T 5&.
F OB 3ROV THEBESZITI &IV ET, bbb S 28 flux (BER) 2% x T
HZEIZRVET, FRT, &S, ZEL lxIZOWTHIET S, Z0OL5 R LE200 4, &
BIESTHEXIC, F—VBEOA L REZ L N DEMBPASTRLEDTETRN, HEA LV RAZL b
DERE S; B L lux ZFAXRTHNZET D, TOXIRIELERLS TVET, £5VIHIHOR, ZD
ZEEOMHEREREIZZS>TVNDHEVNIDITTT, ZTIHIVIRIIRER V— LWV o i BAYZRAIHH
FEEIVS, ToEBRBRMERERETT, ZREZFARDLDIZ, ZHRELTEZTWZDT
IRV BLI 67\, £Z T, ZORIZT—VHEFF> TE T Yang-Mills Ein 2 BRI 5, &
WHZELERDET, BICA VRAZ U FNUDERMICEERH D06, EIVIREICT HNEN
Y&, FTEHFERANA VRAF VN ERRRTEEIRT I T VT v EFFoTRET, — K
WIEZFOR Y OEELWEFMHENR A TERLDTTR, £HWVWIBFMENRL T, WKB il
DIELS RS TLEI LORREILT D, £9FT D&, KYIERED LDOA L REZ U R
FEFIZELT, 220 bOOREEZRRDL Z LICXL->T, TOEEEIZ OV TOERPELN
BEWHZETT, TITNDL, PRVERRI 2o TWVET, EiX, Donaldson FEEIIHK
FEBICET AARERT, ZREOMB HEEL R L CEET, THHOZMEIEELV b X
DEX T, ETRHNRUEARERELESAZ EHTEET,

3.2 N =2 {5 DER & Donaldson FEE

& HIZ Donaldson RFEEIZOWTH 9D LEL K FANTH LT (Witten,1994 4 [21]), EFHY
BIEIIFZBA LIS, DEOBEBSLT A 77 2#-> CHEBKZFM L2V o TR, 20k
WIZN =20HiwE N =10DERIEELTENIZLEEZET, . N =20HEGBEOY
MV EIEIT,

Agf
A\ e (3.76)
e
THY, TIIN=1DHA TNVZEEE N =1 D7 MEEEPADI>TTEEHDOTT,
b, RINFIZLTLEZEN=1RXRES>TLEVWET, ZDEOHIA T NVEEEIZ mass
term (HEH)
l/}#deQTntr¢2 (3.77)
EMZT, 2k, SAEBEILTRVET, 29758, A TLVZEEDOFIIEETE T,
N =1 OHEGRIIEDLET, ZDEIEL mass perturbation EFFONE L k 9, Z OEBEHEITEIX
BRST-trivial T3, T3 b BRST AER S DA E 2 2#iF ClL, WEAIZIXTEH LTWRne
WHZEIZRnET,
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ZNT, ES5LTN=1DERBILTLENTZWNEVNWET L, N =10ERDHINHYE
B familiar 72226 T3, N =1 OEERE WD DX QCD IZEVW R T, asymptotic freedom (T
IR E BHME) 2% Y. dimensional transmutation (RICERE) BEZ VY £9, TITH, A W)
length scale # 52 5ENH > T, WIEEFORBIIETADERE LRV ET, Z 5 WO RBLE
BEER T mass gap WEET 2 EEWVE T, mass gap ZFFOE VI DIIHHEICE 2 &, ROXH 7%
ZLeTY, VAT LEFRTHERY A ZADOR Yy 7 ZTANT, NI b= 7/@@ﬁm%ﬁ~5
ELET, ZF0EE XX —EAFEOTRNVF—EEE VD DLV AT AOEMSO 1120
BILET, Lo T, BHEEZEAZ RE LTV EZ XX /RN E Y 9 o &/ &L fcﬁO’Cﬂé
F9, TRAF—FKIEORE (FEERE), 5 1 pERE, £ 2 pERKE, SREMEHTWDLb
FTEA, BREABEARES LT ok e T, 1 EREOZ LT —DNERREDO= L
F—F TARYITEDNTEKLD, EWVWIZENREE > TRET, F1EREO=RLX—
BDENEATRoTLKBAURETE, DL ZATOo0o> TENLUETRLRWGE. gap 0
HDHENVNET, gap BHNIE, BRENERKTH-> THEFIEIREE & LEREL ORICAIR
DEIEAZEEZ ET, gap RN &, BRERBICH IR FLERNOTXLF—TH o TRIESE
5 EMTEET, Coulomb phase (7 —1 U HH) BRIZWREDTYT, N =2 OEFHEV I DI
HFEY familiar TEH Y A, X—FZEBIIATT, TT2 5. asymptotic freedom 238 Y |
dimensional transmutation 28 Z V £, L2>L mass gap (X722, % 5\ 9 BT,

L7ERo>TN=10EGwE N =2 OHEGHE & IIVENITITIE BREmTT, &I1EE X mass
perturbation TN = 2 0)@”‘\ IN =1 DHERBHEDLD LWVWOIYEARFAENLHDLDOT, £
N =1DHEwmEMFITL T, TAnD N =2 DEFRIIRDLE VI L& LET, 727, N=10DH
AL N = 2 OFEFG L iE - T Internal RIFRME SU(2) 2372WDT, ZOFEETIETFT X TE 20
DOTTHEFES TR THET, LML, ZOEETIIRNNIVEENH D DT, X—RLRDHEE
IR EOITET, N—R LR DEEEEE Kahler 24K L LE T, Z DFA mass perturbation
Mz TH BRST AR ET, EiL Kihler ZEREOHEITITD 9 —HA——F ¥ —
P, $7ebH BRST A FITHE T2 b OMMENE T, TORZIIELNT BRST HEF21H
%728, mass perturbation & 2772 T% BRST REMIIRZND £V H Z & TT,

Z 1T Kihler ZARME & 1IN TT R, T HORWERLRAE T, EREENFITEE
DL ETRELRVET, A/ I—B S04 "o UR) ILHELET :

50(4) ~ SU(Q)L X SU(2)R — SU(2)L X U(l)R ~ U(2) (3.78)

—fRIZ TFTIE N =2 LRV EERRVWATTRERR ) =2 SO4) b U(2) &L TS
DT,

YQu = Q1
0%Qu = Qo (3.79)
& LT, BRSTHEFICHY T HON 2 2>ENE T, RN—R ERDEEERITMMNEGEZFIT D L
TATPHNEERE MR UONREREPREFEIRDZERDVET, FOXIRBAEITT 4
CANGERE PR YU INREEE ENREIZEIZRDENEW S BEIIEY 2BEE T, Ehizon
T, DLFARBZZEICLEL L I,
N=10HERGIRVET, 87— V#BEGLL, F—VE% A%, F—=—=) % N ELET,
ST 0L 1 1
=5 / d4m\/_—g(—ZFWF“” — \¥h iD,AY) (3.80)
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EETET, T, FERNR U HFEEREL T
Ao — €7,
j\d — eiiﬁ/j\d (3.81)

DFED, TNEFIA TNARKMHRETT, RSV AZ U N AT > TN T, MR Zoy, I
ETHEDET, hiddual Coxeter BT SU(N) DFEIL N TT (KRSH),

‘ BE ‘ A/ ‘ Y/ ‘ dual Coxeter £ h ‘
SU(N) (N>2)| N—-1 N2 -1 N
N 1
SO(N) (N >2) > §N(N—1) N —2 (N >4)
Sp(N) N | NeN+1) N+1
FEg 6 78 12
FEr 7 133 18
FEyg 8 248 30
Fy 4 52 9
Gy 2 14 4

Zop AKX 70X 577707 ) <) —0OHENSLHTEET,

T/ —2HT3ATTT

Ay

Ay

ID3ABE TN IF VRS DobEbLoTT /v —2HLET, WERERBEZEL TV
DT, FEHERBLO 2IROT L IT Co BHTRET (9,74 ~ CoFF)y TD 2RDH ¥ T3 dual
Coxeter U —B L ET, ETEGHIRIA TARFE U(1)g 37T/~ Y —TBREBBI R T A TV
KIFME Zop, ICEDET, WRICZOBERRIR A T V72 RBEN B BB T Zo ICETHEDE
T, Zio RIFRMEI

A = =

A — =X (3.82)
EWVWOEHD Y EEHRBPAEL LN DO TTR, ZOXMHHETr— LU YBHOHRIZE LT
F9, LER-STZ 3NE 03D A, TTND, BRAIABENRENETHDENEVNE
T&, 2h2=hfEAHV ET, SUR) DHAIT2MEH Y £9, Z4E N =1 Super Yang-Mills #

D SUSY 85T,
ETCZZIT, N=20DFEIRVET, Zo0XEERELEAT YV — 3T LD notation 2V LE X

T (W — O,
do® = {qQ 0} (3.83)
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Ox) = 00(z) = tre?(z) (3.84)

Zu(z) = OP(x) =tr(¢Fu — iyt (3.85)
(3 = /ZWMW S € Hy(M: Z) (3.86)

DEICEZEL L H, HEEREEKE LT
(O@z1) ... O@@)(Z1) - I(Ss)) (3.87)

BEXET,
& UQ)p Fr—VDONRT L AEEZLET

3
AU =8k~ (x+0) (3.88)
ZOROBEHRIEIRDOL 576D TY, U(l)g 7 L FAS anomalous (2725 T 5D T,

9uj" = aFF + bRR* + cRR™ (3.89)

*k

DRV SEHET (a,b, c 1LER, F2 B = %GWPURQ;U, B = ieamgeﬂymR%p{")o ALz
ODWTIEEE 1 HOALEZEZERZ DD TT N, ZREDHMMA > TNDLIDOT, SHIZFE2H, FHIHE
DHTRET, F1HEITERTDL8k LV ET, FE2H, E3HEBEHET DL, o x BHET,
IHT, A (3.88) HTKRES, —FH. XB8Y) DI—X"Fr—VEMETD &,

AU = 4r + 2s (3.90)

RV ET, T, (3.88) L—ETH L&, (3.87) OHIFFHEN £ 012V £,

—HIZ N =2 DEERTIX U(1)g F¥— T2 anomalous T (X (3.88)), L72A3> T, %ﬁﬂﬁg
BEOLOIXFEIZRHOT, B (3.87) B2 52 Ltk Ed, —FH., N =4 DOHEHHT
U(l)r % — 2 non-anomalous & 72 ) DEEBEEZZEZ 2 Z LICERPHV £3, OFD @J‘\
TV —=BHDH0E DN T*ﬁﬁgﬁﬁﬁ%%%ZD75“%355%?&%%7\_675‘@1&%75%:‘;’(‘5[%&'31

ETCENTN =2 0GR CHBEEKEHET LI LICLELE . LTV THIEFICHEHEL
KTEIRALEDLVVDOPREEDEERA, £IT, AYEFELL RO TTA, N =2 DH
R ATET EERER DS mass gap ZFFOEWIORELZBEX LT, ENTESITLHLTTN, £TH5
2 X OHFHE% normalization %35 2 72\ T

(X) (3.91)
EECZEIRLET, £57 5% LaBlBEI
(1) (3.92)

EETET,
UTbrobA o FRpiEmz LET, WESKREM OLIZA M) v 7 g, ZVNET, £h
MH, t EWVINRTA—F—ZFHESTRT, AV g, 2IAEMEVSELIZLEELET:

Guw = g (1 —00) (3.93)
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Z5FHL. MIZES L ZAKKFHICRY £F, 20 L X ICHEHRBKITY 5 725 1T
T,

(1) = e ters (3.94)
Leps = /d4x\/—_g (u+vR+wR?+ ) (3.95)

EVWOSTBILRD EEZEZONET, ZZT, uyv,w, - 1 XEH. RIFANT—WRTT, BT 77
YTV Leff ELTUIZDEI R DLHY FHA,
KIZEBORILH n OFEETF U 28> TRT

/ dta/—g U (3.96)

EWIHEEBEXETE, ZHUIH N ICHBITAAL T LRV ET, WERA N v ZIRLRVE
EEZEZTNVWDDT, AEERDIDIEn NADEEETTYT, TRT, nH4DLE LV DITHZED
QEOERLITINAEZERVET, THI2EBEHVEL TS -EX Dy & o TY, TTH D topological
invariant 7243 BoREEUT

(1) = eaxtbo (3.97)

L2V ET (a,b ITEEK).

DEVREE LTE, IEE LV non-local 720, @S OHMEAHIT CTHEAILEZL I 22
DIFHRNEL XD, local 2T —FEITTEFTWVWDHELLEY, EWVWHZ ETYT, BB AR
HEERHITTHESLELOIIRNE LET, WE mass gap DO AIEREB L TWVETNDL, VA
TALAEX2USEBXIETLTRD L. HAFTTE Z > TV 5 exitation X decay LTLE 5, iE
SETEIRV, LW ZENEIVET, massless & b a0 L LTV DO TEL OFEEE
BHDHAIEITE, mass ITHATA N v 7250 MIELTLEXRITRFNZR S DT TEIT T
LEWET, TIVI@IETY, £o2T5L. x Lo LK<Y ET,

TN TWICHBEREEEZER LE L X 5, LR UimELME S & HBERBRBIIRES#E L T,

(Oz1) -+~ O(ay)) = (0)(1) (3.98)

L7720 £, mass gap 2% > T topological invariance X&H 5N 5 Z 9V 5 Z EBE D MLHET,
Z9H9WH D%, cluster decomposition EEWVWET, F7z.

(I(Z1)1(22)) (3.99)

WEIRDNEEZTHET, Zy i, SoEDOK(3.85) DI TLIA, THIT mass gap Disam
EESTLEIRDD, EWHIZLEEZET, I(X)Z 1 2LEFITLTLES &, WHITFEHL
THEIZRY £

(I(Z)) =0 (3.100)
FIZR O RNHE—DREEMEIX 2 DD X , 3o I intersection (28301 ) 238 25E T, intersection
BIRNGEIIFIZBEL TLE-> TEIZTETE T, intersection 1XFE CARDO T ZREL L5 03%
D EH A, intersection 22ODFELETHEV T, €575 L. 2 REBIX

I(E)I(Z2)) = /Z B @) Zyg ) do* (210" )
= n-4(E1NXE)(1) (3.101)
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D ET, HEL, nIXRMOEE. (21N D) XX & X OREETY, FEFICENG -7
FEAM T 2%, mass gap DHIIETI D X 51T clustering & LT, FEFITTRAIEWHENTEET,
o595 L. BB

<eXp ( Z aaI(Ea)) > = exp (g Zaaab (2. N Eb)) (1) (3.102)
) a,b

Ya€Ha(M

1 1 (2n

i.e. }:6Eﬁ«§)%ﬂzap§ _ E:Egﬁmm'(z)7mﬂbﬁ@ mz@)(b

LY EY, 3EMERE, 4EFHFRIIRNWE LELE, 2L, HERFEIBEIZANTHET,
LN THER.

<exp (Z alI(3,) + )\(’)) > = exp (g Z aqop - (8, N Ep) + A((’))) eWxtbo (3.103)

PRbONET, TN THLIo L BN UN L TRE Lic, N =2 OEFRZR AT E mass gap
EROL L TVETOTERYGIIERALTE, ZoREIARVEETGENSEDTY, LENAN
ATHTVWET, Ehbbro b MELRITIEINTEHA, N =2 OEEFIC mass perturbation
EEHITTN =1 0OERIELTOITTTN, N=10HERmIBEEN1O>TEHY A, o
EolXOREEIRELEDHY £7, ZOHFHEZI > TS L ZAITENENDOEZEZ O
THIFEZER > TWETOT, ELIEN =1 TiX

<exp (Z agl(Xg) + )\(9) > = Z exp <g Z agayp - B(38, N ) + )\<O>p) (1), (3.104)
P

TY, STNTHREZRICERTIEIH Y TEANEEBEEOBEZOBEMGE LTI oREH - T
ELLXD:

FRBERE R D REEI%L = Z exp (g Z aqop - H(Xa N Xy) + )\<(’)>p) X tboo (3.105)
14 a,b

EIXZ OV BREFE WD DIZEMD I TH LTV T, Donaldson RAEEDEEEHE L WVNET
(Kronheimer & Mrowka [24]), —fXIZIEH ko & TN ETA, K3 HiED X 5 72 hyper Kihler %
BEDOBZAITIZZ N TRS 7Y TF, hyper Kihler ZEETRWFEAIX, KOLHIITEXEL X
9, N =2 OHim%E N =1 OEGRICHE & 77121 mass perturbation 27 5 H1F TT A3, mass
perturbation X072 REZ2 Cid
7n/d%¥eu¢2 (3.106)
ERVET, TNEHMBSOTRFETESZEINTTN, ETHIEOHS %
d*zd*0 — d*2d*zd?6 (3.107)
CEEXMZFET, P OESVHEETT A, ZIUIIER] 2 B deyAdzy TY, FHARREZETIIIE
Rl 2 BRUSHFAE L ETH, HB o RETIE—RITITER 2 BRIIFELEEA, LRLEVD
z2 T, BRI 2 BANFET AR -7 2K EEEZ 2 52 LI LEd, ERI2 BB FET D05

Te AR IB & D DIXFEIT hyper Kihler 28k L EMTY, ZDOERI2 R EZ w LFELZ LITLE
T, F9TDE dzyNdze 1Z w2720 £ O T mass term 1%

m/wfm%u@ (3.108)
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EET 9, hyper Kihler 2R DA 1213 w 1T non-vanishing IER 2 X & £4, £2C
HBEILRORVATENLEZTHL22°) mass BPAD EWNWI T ETY, £995 &I oXDHER
D3ME X T, clustering decomposition & 2372 A E PP IEFEIZEAE T, EZAB, bLwBEZ
MCTEIL o T5L, 22 Tlimass BHEICR>TLEVWET, 2 Tid mass DIHZE T,
©. Coulomb phase U722V FF, £ T DL EZINOMENHTHRET, mass BEITAR
BHIETIE 2 WITEDH D ERIEIZ /2> T, 22T DMENHE T, mass BEIZ/AR D% cosmic
string & 2> vortex line D X S IZH 2 L THEDHELZ LET, THEZDHALRLHIDITELNT
9, 1ER|2 KD Z &% canonical class £ F 9 DT, Z 9\ canonical class BWIEZX D &A%
canonical divisor L EWVWET, S o X DEEEH L F 9 DX canonical divisor IZDOWTOREL k
FOREFTEPNTVDDOTT R, TRE2YENICHRT L N =2 08Kz N = 1 OHEGRIC
7% £ 9" mass perturbation £ FEHHVH T & T,
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4 4R N =4 Super Yang-Mills Eif

SN N = 4 @ Super Yang-Mills HFNHHFE LT, TFT B EHIR-> THERINDDNE
FANTDNATTR, THIEDR Y IAB A TeiimiZ 72V £9 (Vata &Witten, 1994 £ [25]), 4%
TR EENRVERDIE DL H D TR, BEREH D DIX S-duality DFETT,

4.1 N =4 Super Yang-Mills Eif & S-duality

EPFN=4ADZEEIZEIRDZNTTN, 7z IFUBN4EGKLVOT, N=2 D7
IWEEIEL N =2DNAX—LEE  minimal IZHy TVERBEZEE2EZET, NA/X3—FE
HIFERRBETEZDZENTELDT, TITIIMEERBRTEZELE Y, ZNTN=4D
ZEENTEET :

N=2~_7 "MEZEH & N =2 (FEfERER) N /"—LEH
A o
2@ ¢a q° i C’]*Ta (41)
0" vy

ZIZT Ny, g EBNTVDORT 2V I AV (ALY L) T, 6,¢,§ LBV TVBDORHEHR
ANT— (AL 0) T, THTHE, BREBWMTENLETHENESVET L,

A VAME oy i=1,2,3,4 (4.2)

{ N7 MVIE A,
AHT— 618 : ¢pm(E) m=1~6

2o £9,

ZDOBE. Rsymmetry (AL EWVWETE, N=4TINb—RU4); ~SUM4) xU(1);
DEINTBAETH, FISUM) T2V EF, ZOEBITKROBY T, U(l); DERTFZ B &
RLET L,

N -4

[QaiaB] = iTQai (43)

BERVIMLET, N=4DLZIZHETIZ0ICRVETOT, B & Qu EIXETORREIZK LTH
CERZLET, L ZAMN, N =4 DLEEZL CPT self-conjugate 72D T (48— ZM), B
~NYTT 44— 4+ ORIEE -] ORI L CTRICERZ La< TR LT, B OERIZ 0%
DEd, L7 >TN =40 R-symmetry I£ SU(4); TS,

SU(4); 1% SO(6); & RFFRB T -

SU(4); ~ SO(6); (4.4)

Tz F AL SUM) D 4ARTEANT RAVRBLT, R 13 SO(6); DRI KRB ERY
9

T34y 4 of SUM4);
R v . 6 of SO(6); (4.5)
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BB, ZD 41X 50(6); DRBE LTUIALE /UL, 6% SU(4); DRBLE LTI 2 BRAHT v
VTR £,
b N =4 OEFRIIN—Z BN 0 T

Blg) =0 (4.6)

ESLTEIRDMHELTAHAELL S, N =200 SUN,) BimoO_X—FBI 1 V—TDFSE
LDd ) FHAN, 1 V—TOR—FBHKIX, B<ALNTWD X I,

3
Be) = 1oy (4.1
b = L;CQ<G>—§%T<RS)—§§T(RF> (1)
T(R)6® = tr(R*RY) (4.9)
Co(G)8™ = facdfoed (4.10)

ERVET, Co(G)IFHEG D 2RDHI LI T T, T(R) IZFRE R ® Dynkin index TY, R IR
Bl R ORBIITHIT, Rg,Rr DTFTHRFE S, FIFZTNENEDAD T —, EOAY ) VhbDES%
RLET, G=SU(N,) DF,

Co(SU(2)) = N, (4.11)
T(REfEERE) = N, (4.12)
T~y PAVRE) — % (4.13)

TY, ZOAXEZHNT, N =207 MEBEIEENA/NX—FZEHIE|IZOWT, b E2RDOT
%L\i—g_o

o XU FMLEEIE|IZHOWT
R MVB 1A, BEORE VN 2ME, BEALT—0N 15D T,

11 2
:(—xl——x2——x2)Nc:2Nc (4.14)

LR E9,

o NANR—ZEIE|ZOWNT
BERADT N2, BOAE ) VN 2{HH D DT,

1 2 1 .
b = _<6X4+§X2) ><§:—1 : X7 MLVRE (4.15)
b = - (% X 4+ g X 2) X No = —2N, : WEfERE (4.16)

L7 F9,

L5EZTND N =4 OFZEIE (4.1) 11X, N =207 MVEEEN 1 fl, FERBRO A /—
ZEEN 1 fldH 5D T,

b=2N,x 1+ (=2N,) x1=0 (4.17)

39



ERVET, LIeBoT, X—=FBENR 012D 9, X—FBHKN 0 20T, BERIIEBELH
DEFA, DEVENERZERTY, Lob, be b & massless OEFHTT 0O HHBAR 7 —
NAEERDHY, TR EFIRTHRENET, 250V BRTHEIRIIRERTT, EFmA
AT DIEFITEHMERITEV, BVIABRFREL WS 72 T“Gfa? SAGITHBMA HRW, £ AR
0%@®Wf#ott_oﬁ%®EWi$éiE<AmDiﬁh
D duality (BORHE) DFETT A, N = 4 TRICHEIRD B % DT S-duality (Strong-Weak
duality) T3, N = 4 OEFRII S-duality @W?ﬁ@—FT’TT&)é EBEIFF X TUWVE T, S-duality
DEWE T, THEMKFZICRITH2ER LMK E AN 5 EBROILRET, BEiOFh LV b
VEANBRZ DEWOZ L TY, BROMATEREY g0 EZEMAZ 0 LT 5L, S-duality DEHIT,

47 g2

— — 4.1

0 — 6+2r (4.19)
EVD 2ODERMPLAERIND HDOTY, R (4.18) ZRAUIHSHND X 5T, HHEEHOH A
B3 X9 7%, BEigOiEkEaHEk & B AHEKRE ANBRZ D L O REBTT, Z D S-duality DEHL
FEE, SL(2,Z) EHE LTEZET, gL 02 EEDT, HlCHATERE

0 4ri
_ 9 4.2

EEFEL. SL(2,Z) DD 7T H1ER %

a b at +b
L(2,Z : 4.21
S<,>a<cd> eI (121)
LT X, S-duality OZEHET SL(2,Z) BHe L KIK 1% 1 ICHR L £ ¢
S-duality DZ&#: —— SL(2,Z) E#
a7 g° 1 -
g—ZHE — T—)—; ((9:0) S (4.22)
0—0+2r «— T—o7+1 T E#h (4.23)
SEH, TEBRETIRTTD L,
0 1
:SE 4.24
( ~1 0 ) wi (4.24)
11
: TE 4.25
( 0 1 ) A (4.25)

RV ET, SL(2,Z) E#IT. ZOSEH, TEHRICL - TERINET, EMICIE. S-duality
DEBIZ L > T —VHND LiBoTob DI 9 ¢

SN (4.26)
ar+b

cT +d

G1X G T dual REETY, G L G D weight lattice AEVMT dual IZ72 5TV LW I BT,
BlziE, G=SU@)DEx, G =503)TT[26], LnLIZTIHEDT LILOWTHEHEY
KLz Lz LET,

E—VﬁG} YoUREG

T S-duality Z&#
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S-duality Z#O b LEG@RBRETH LI &V D DEFEHNZE 72 Aix Montonen & Olive
T (1977 4 [27])s Z#% Montonen-Olive duality £ EWE T, HOIIHRA N = 2 OEFHIZD
WTZIONHIZEEZFVHLEATTN, AYEIX N =2 OFERTILI O duality (XEEEIZIZKY
Mo TWERA, N=4DEFGRTHRILDOEEZOLNET [28][29] TOWVIBIFDOERELRD
bOIIMANEFTNET L. TOVOIHEGRITITY Y PUBRHTERD LN ZLTY, bebLHRm
WCIEFRLF R H LD TTR, BEEREVSSVRTILET, VI Fr2FFLERELTR
HTENRTEDEWNWH ZETY, £D& X duality BV SLODIX, FBRIFDANRT NF L&Y
URVDART R T AEDANBINELFEDHRTT, N =4 OERIITET/FA—1 (YU b
V)BHTERLATTNR, SUSY BHEIMNOE/ RV HZEELEV ET, TOZEENRL L
EE0ZFLFELUN=4DOXY M EEBEEZHELET, ALLV1OHOR 1, A 1/20%
OB 4E, AL 0DLDON6EHTHKET, TITHN D exact Z2EMD S-duality 23K Y SLOFEE
HERHVET, —FHF N =20EHTIEE/R—VIAE L 1/2 LA 0 DHLOTEEEEEY
i?oN:2®§EE_iXE/1kzt/y2k1t/0®%®ﬂlofwt®1\mmﬂi
BERO S-duality BV LB EHA, 772, N=2DERETHDL ko LEFR LEFO duality 135K
DILHET, END Seiberg-Witten OEFR "CE‘Z?J ZHRELE L [20]

1ETHBRARNE LN, N=20HETIZU(1)g F¥— Y% anomalous TT, ZD & Z55ELE
BiX0IZRoTLEI DT, WANWAREZFHET 2 & ITHBBELHE L RiIThiTe b T,
Z3A Donaldson RERICRD 9, —FH N =4 OEEHTIL U(1)g % — A non-anomalous
TY. TIHAEEEIE non-zero L2V | HEBAEEEZEZ L LBRERERLET, 7/ vV —
BDME I MEVD DI

& 7/~ V—HI=Ar77

Ay

EVWSEAT T T EFHETLIIVWDIT T, ZABONL—T %27 =V IFUHREID DO TTR,
N =4 OHEFGHTIEINZ PASZEEIZ 2EH, "AAN—FEEBRIZ2ET7 =2V IFBNLHDOT, £h
SBOUN)R Fx¥—VOEERHLEIEX YNV LET (NI MEBEEO 7 =V I4 2 1 HD
FHHIZ 41, NANX—ZEEOT 2V IA Y 1 HOFELIT -1 T, )o HDIVIFROLIICEZT
HWWNTT, N =2 OB SU(2) x U(1)gr T, ZHH N = 4 OEFROXIFRME SU(4) DHIC
XEVIRBETOTEEABFIIRL—ALVRIIRVET, LW Z LI UN)gTF¥—VERLE
HOIX0ITRLTNDENS ZETY,

ZNTHEBEKIILEVET L. BeaERE r, /' —VHEZG L LT

1 60 ~
Z(1;G) = /DX exp {/ d*z\/—g (—2trF2 + #trFF + matter part)} (4.27)

LD ET, 0IIEZEMATYT, Vafa & Witten 1d S-duality P L LT, ROKXEZREBLELE :
_x()

ZM(—%;G):—t(:) " Zu (r:G) (4.28)

7
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=721

q* 12 ey
Z = M)q" 4.29
M 20 n;x( )g (4.29)
; L
qg = €2mT —e 42
M, : n—AVARELS I NDEY2T1ZEMH

1Z(G) : BHEGOPLOTOE (FIAT Z(SUN)) =4Zny=N)

OB OSLOMNE I DEINNOT =2y 7 LIEWDTTR, —RICITELTETFOoDIT LD
BV EFAL, ZZTEREM & LTIPENR D> CROREEZERICT S22 2%
R FT, M 28 hyper Kihler ZEREDGHE 3MEE TY, hyper Kéhler ZHRIEDHI & L Tix K3 #h
ES 4 KTE b—TF A T &R S Y £9 (Appendix ), M 23 hyper Kihler ZHEDK, & &b
EDT A VAN E MR VAN BREGRPSFEMICR Y £, SEREREFET O, FARe
VAN TRHEL TN ENS 2L TE, EH5LTIIHIVIERFIIRDINEN ) DIF
Appendix (74X—2) TRLHZ LICLEL X 9,

b, N=20EROELZ LT, N=4DERT MR INREREIES Z LIT
F7. TATHEESE (4.27) ZFHE L 720D TFA, BRI ZABA VA Z - FrORL L 7“
WA LERL, IHIZENE explicit IZKRD D EVH Z & TT,

EFT. VARMEITVET, N=4 TINHLA—RN—=Fx—UR4HHY £ :

Qai 1= 1727374
Q% i=1,2,3,4 (4.30)

(2

INHIFENEN SU4) D AKRTRIR 4, 4 Z2/E>TVET, N =2 DHAE L FEERIC Internal 72
/&% Space-Time DRICEZ# 2 £, Space-Time @ Symmetry i% SO(4) ~ SU(2), x SU(2)r
TTM, SUA); DARTRED 4 % SU((2), x SUR)g DRBELE LTEIERINEWVD T &M
BERDET, I3 SRSV ELT

(SU(Q)LL X SU(Q)LR)

(iii) (0, 5) @ (0,0) & (0,0)

B0 ET, FBIMOFDERSD SU(2); L DAYV E, FEILDOHOERS D SU(2)rr DALY
ERLET, SO320F aA ARHLOFTTR, 41 (i) #@EZ LI LET, (0,1) £k
BN=20DHELE2LFALTT, N=2Dat—RN2EHDEWVHIRIIZR--TVET, £,
SO(6); ® 6 WITLREL 6 1L SU(2), x SU(2)g PERBLE LT

(SU(Q)LL X SU(2)[,R)
(0,1) @ 3(0,0)
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ThHhrERIZLIZLET, N =4 DEFGAHOETHIILLTOEY TF
(SUQ2)L x SU(2)r) x (SU@2)r,L x SU(2)1,R)

Qai (%70) 2(07 %)
@ 0. %) 200,5)
Ay (%5) (0,0) (4.31)
v (5.0 2(0, %)
_ 1
P (0, 5) 2(0, 5)
D (0,0) (0,1) @ 3(0,0)

f:Tib\ ¢z - (A?qb?wqa&q% TZJZ - (5‘71[}71[}(17,[;(1)7 (bm = (gb?&v(b(i?(ja&) *’C:\-g‘o N = 2 0)&% J:IEJ
B, SU2)g & SUQ)[RICDNVTYA R MEITVET :

pap=Ei]
SUQR)rp =SU(2)r & SU@2)r (4.32)
FFTRA—RN—F % —JIZONTIE
11
. 20 =
Qui = 205:5)
Qal — 2(0,1)® 2(0,0) (4.33)
——
BRST EHET

&V ET, (0,0) ABRSTHEEFTY, 7=V IF IO TE

wm%L (55) K #arp <7 h L 434
X Uity (0,1) B Rt 72 2 =k
n,¢ (0,0) AH T —

k&biﬁou;mwiﬁwﬂﬁhw§§@®y4xhﬁg\@;iwi@@ﬂ4ﬂ_ggg@
VAR INOHELNE LTc, RY /ZHONWTIE

SU(2)L, x SU2)

11 .
Ay (5’5) 7 v (4.35)
B, (0,1) B Wt 72 2 B
¢,C (0,0) ZHF— 35

ERNET, o IIERROT2o0LH 2T, R SADERASTRETHLLENENATT
B, TNBEIRoTHERBTAINRDIZEICLELL Y, ET4A4T7—HNE SR THOHER
WHEHTHEVWIZ L 2B ot BEXTAHAELL ), BERBENOHEL T, BEEZL LT
N=T a7y 7L TN ZEIZLET,

4.2 N—o3v1 (BAKEFHEL)

E7. BEEOPARKTOED THLIHEEEZATHET, ZHITBMHETNFERTN
HDTT, M %Zd(=2n)REDALNY FREZ ST ONIEFREL L, V ZmE ST b
T dDERT MVRELET, VORA N v I % g,y &EX, NEL

(v,w) = Gapv®w® v,weV (4.36)
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PUET, HERHE SO(d) LRV ET, w ke M ORFEBEEL L, 7oA I40 o & M O
JRVELET (i=1,--,d). BHREFAFETIETZ 2L IA L0 OO L W S R
TL7,

BRST Z#ii

5ui = iEwi
o = 0 (4.37)

TY, £/, e ZBRW BRST E#AZEAL, §) &RTZ LITLEY, FlRIE,

<7,

FNPEH o LEBIRVOTTRSV OUlliE 2 28AL, x%(u), H*(u)(a=1,...,d) &F
LET, x4 (w) XV oY CRAMEZRE, H(u) 3V OUIE CR#/@BhiE ¢4, YIS o &
KIFETTN, BIXERSOEEBELEDOZ LT, VOT s BNEEREEKORSOBICHEYE LE
4, T 50 BRST E#ix

ox? = eH® —edoulA;%x°

0H® = 5(50uiAi“be—géoui&)quij“bxb (4.39)

THo A%, F 137 MYV O i T, 20 BRST BHIER 2[ER5 & 01272Y
i‘?ﬂo

ENTTT I T %
L = 6W (4.40)
1 . 1 a a - a
= ﬁ(x,H—&—st) =X (H* + 2is%) (4.41)
1 1 os® ;1 »
; - : - a A i,05a.b
ie. L QA(H,H—FQZS) + )\gabX aulllf 2)\Fwab1/1 (0 XX (4'42)
ERTZEICLET, MIHEEERK T, @13V Ol ¢4, ~EBEEIX
7= 1 . / dudipdxdHe " (4.43)
(2m)3

ERVET, £F HIZOWTHEZ LTS T, 777097 bl H ZHETLH L

d
z - (i) / dudipdye" (4.44)
2T
_ (s,8) 1 aasb i 1 i ab
= 2\ + )\gabx auzlf) + 2)\E]db¢ T;Z) X X (445)

LR ET,

EC, ZOEBEIMLIZVWDITTTR, ZDEHIZ N — 0 ORRIREE A — oo DIBR T
TH5ZEEEZET, THILTFT OFEEFETT,

FTNS0DMmRE LD L.

s(u)=0 (a=1,...,d) (4.46)



(HEDOHEERZEINCRD Z ERFPY ET, Thit 1 ETRok@ReAL T, Thbb,
R=R=RT % W ZHNT

a _ OW
s%(u) = S (4.47)
ERT L, TITTUVTUDRT T VDAL
OWN? | OPW
(%) + s 2 (0 (4.48)
EETTRENERIZRVES, 2F0, W OBROFELTPEZICHNTEET,
FNTEB L, s PR P IZBWT, L I OFERERFOETDHE. siT
5" = flou” (a: not summed ) (4.49)
EETET, u—0TsFOWTESETET, £57T2L 1EOFEANLDFLEIT
ANE [ (fau™)* 1. 0
<2ﬂ_> /du dy®dy exp{— o + )\fa¢ X ]-_-[ |fa (4.50)
ERVET, ZHIE, 2ETRLLLHERLFE LS DI > TWET, L7eh o THEBEEIX
zZ = Zsa
Pa
. 0s®
Eq = sign (det <8ua>) - (4.51)

ERVET, FEMETEEANDLDDODHREZREL TV EWVIHDIZR>TWVET,
%EiA—mmwﬁw%kék\777/v7/®%1\QEﬁﬁﬁﬁ%ftﬁﬁb%s:ok
L7c X9 7k, srER RS

)\ % 1 i,05~a.b
7z = (X /dudxdwexp ﬁFi]’ablb PIxx

= /du Pfaff(F/\ -AF)
n {8

= Xka (4.52)

72D 2EOFERL—BELET, B2{TOHMOIIIEIRT MROFA T —HTT, HBEDOHE
FIIHFEOEETT, ZORKIIVWDWW S Poincaré-Hopf DEHE (X7 MVIRDAA T =B~ b
NROGBOETOERDERNOZND LN D) ITHE L TWET, TI»nb, ZITOFH
BNOIEAA 7B HTRET,

4.3 N—v3arv2 (BAKEFHE?2)

H ID LIABASTZHZEITONTRSTHET, N—=V a1 Tl s OFRITIMEZLL TV ed
TIN, SEFXENDBH DN %ﬁo“(b\éi}}%/—\ IOWTERELLE I, s =0 LRDEFEHER
BRSRTE d,, ZFFD M O EAEE M, © union IZ—FT5HE LEL X D,

M, OFEET, M, IZ normal fiﬁﬁ@ﬁjlﬁ?a)ﬁk/\% normal 2 H R OEE u; (i=1,--+,d—dy)
T

s*=f' (a=1,---,d—d,) (4.53)
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X 9: Gl s DFEREESIKRTT d, ZFFD M OEBERIE M, (272> T3,

ERLELED (f2#0) 2FV ZOFMITIE s 1ITBLL TWRWE LET, M, IT tangent 5
] D BT DRy 1

=0 (a=d—dy+1,---,d) (4.54)

LR ET,
ZHEZONTA=Va v 1 ERLEZEERS>TAHEY, 175 f4 13 M, fHETDT =)V IA >
DEEFTFITHY (R (4.45) LV v 7Y > ZOFER gy Loyt & 75 2 LITEE).

iy

(4.55)

do | K

massless fermion

TY, N=Varl &k, M, ED (s=0I1C%27)EANOAA 7 —HDBHT. M, IZ normal
727518 (s £ 0) OEZ P OHFEHHET, Lo THEEEIX

Z = Z Ea X(Va)
Vo ¢ (tangent J7IM)
€a : (normal J5TH) (4.56)

ETRVET, Vo 137 MR E M, IZHIRRL7ZH DT,

ZHIEFARKE LTIEZEOR (4.29) LIEFITENHDIZR>TNET, T2 &k
T, 290V DIFFHEEOARLZ RAIVTHTWET, 1950 FRO¥XFOFERT, R<HMbzbD
TY [30]'s AOFERIIZOEZORRELZETNEOAEF Yy THHALLLEVWIHOTY, BED
K (4.29) ICBIET BICIEEICA—=Va v T v P LARTHIERY £/ A,

BB | OXNE, RRFERS B TEOELOTT, ©ZTHORERENR ) —E LD
DCTHELRBOTT,
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4.4 N—2323(N=2—>N=4)

S o XTI BB OFE CIIME S %, M, 1Z% LT normal 725\ & tangent 72 FRNZ /3T E L
7co tangent FMOEZI M, DA A T —8 L 72V, normal FRIOESIIFF LRV ELE, &
ERIIORZELDSoTRDILEERTT, N—Var 1, 2T TERLILITIREN =2
DRRCT, F— VBT, A, 25 ulC. ¢, 25 M OE~Y FUCHE LET, 020 57—
T —VEBRDNTA=ZIHIELET, N=4TEb 3P LBBANINRE RV ET, T T
HERhEhET,

TNERDTD,

s=u’—a (4.57)

ERoTVB XS RBlEEXEY, BHOLD, FFITARKITTY, £5FTDL, s=0DLE

0s
a>00DLE w==4a (sign (Bu u:l:\/a) +1 HEEFIE) (4.58)
a<0DEE fRRL
L720 ETOT, HEBEEKI.
Z = Z sign <%> =+14+(-1)=0 (4.59)
ou
u==++/a
TYT, TNEHFERLTRLEVWDITTTN, £ZT, FlBREREy 2 b o> TE T,
51 = ul—a—1>?
sg = 2uy (4.60)

ELET, EHEHBLOLEDOT, FERABHERLI RV EWTERA (dimM =rankV) £V), £
T 51=0,80=0D2KDEHEEXET,
ST, 51=0,80=0&F D&, (4.60) DFEIL,

a>0DLE y=0,u==+a (4.61)
a<0DEE y==+a,u=0 '
T, ZDEX,
det % % = 4(u® + ¢?) (4.62)
ou Oy

ou

TR LGB EZHTEONR 2 09H5305TT, 2FVEKALELL T, FEAHHEC L TR
NIEEERDEICEEINTVET,

EHICEE 2o TWET, ZOBEMIT, flzifae>0nexERAT, & —9y & %—s; —2u Dk

4.5 /N—23 4 (N =4 LHENSOER

WEWE, TFT OFEICBV ET, ZNETOBELELZ TFTICEALELL 9, N—Ya 3
TEEEZESLLELEN, ZBLEHIE N =4 ORWIZHIGELET, N = 4 @ topological
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Yang-Mills BEGOBPF A E, T—A MEKU THELTH ) —EEEZ LT L,

U=2 ¢

U=1 d ¥n ¢ -

U=0 A, Bf, C H' H, (4.63)
U=-1 X Xu 7

U=-2 ¢

LRVET, (HY H,) ZHBE T, S—A MR U= 0bDL U= —j Db LIZEFHEN
FELLI o TWVWET, TV D% self-conjugate THDHEWVWIFENWEFEZLET, TON =4H
# D self-conjugate YN D, SEEBORF S LN E TS

WEZHEER M & LTI —VRT o vy VvV A2EBEED - DEEXET, THTHR s &
LCZEFF-> T A0 TT 0,

s(A) = FT(A) (4.64)

EWVIHDEEZET, ZIZTE s ITREKTT, s = FH(A) = 0 OffIIR B S ## T
TROOBAVAZ LM EBZRLET, s=0DZEMENIDIIA LV RAZ L N DINT A—F—DZE
ME7oTWET, ENLINEIA VAE U N DEY 271 ZE/ETT,

10: AV ABZL RV DEY 2T A 2214

The Space of Gauge Field {A |}
/ (up to gauge transformation)

Instanton Moduli Space {A ul F (A)=0}
(up to gauge transformation)

bl A VALY N DNT A—=F —OZERICERT 2 ZEZRICOVWTORESEIFENEL LD LD
ICTETWET, ZHEROTLE S Z LI 5 L. topological Yang-Mills B D 43 BELBAEIT

Z = Y x(Mu)q" (4.65)
n=1
qn _ ef%Jﬂ'n@

ERVET, ZOELCIIEINLEINEVNET L, EEERBESNOERET,
BOFEIL, BETHONTHEREENET, WETHER TILOVVATTN, ZEALT
TERA, Flo. M ELTI K3HEERY ¥, ZOEV 274 ZEMOBEETHITHET,
UTo@ERIIMHIRSADOLEETT 31, ¥ K3HMELDOA VAL N DEV 2T A2
DO TEIX

3
dimM; = 8k — 5(x—|— o)
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— 8k- 2(24 +(=16))
— 402k —3) (4.66)

ERDBTENHLILTVET,

L AV RBY MUk RO K3HEEO SU®R) RE 229, SUQ2) KEWVI DX

SUQ2) F—VHIELBOTIEEN, ZDEE, SFVEMRKLEZL>T, FHOEN 2k — 3 &
LB X957 HY(M; L7 @ E) OIERIR2EI s B7272 1 DHFEET DX 2 LET, BEFEEL &0
I DT essential ILE>TU(1) F'—I%HTY, s IFEAIRKERZOZ LT, ZAIWETHR
<AL TVWAEZ ETT, flAiE 2 REFEEICERFLOBERHHE LT, TOLTAHIT—
BaEZET, RAICHERR®S S X5 RNTT, 20N 7 —50EESHFERNEMHE L. ik
FRICERZFLE T, MITE LA E DT, xw7—%%%uﬁbmbi# ZD
WE (REHR) B n SHOWEE, AW T—HIIFERTn OB EFFOZ LIZRY T, oibwn
DREPBEROBEERMLET, ZZTE-THDIE, ¥—VB L IQE #/ELE LTH-T
etz & EIZ, BROFN 2k 3L 725 & 5 RIEREEIBERNS 2721 DOFETHLWND 2 & TY,
WE K3 B Rz %:3@®mmmiofmébTT¢@ ZOREANCZOREZTZR TS
EEEZET, REBMEERPBHEZE T, FICEREDLS OWERBOBHEZFF> T\ 50
WO DEZ ®£m®%%ﬁfkm#ii¢;K3®ﬁi4&mf#ﬂ 1ODFERHTY 4
DEHERHV EF, TI1L, ROEFKOBBHEIX

4(2k — 3) (4.67)

R, FEVaTAERORITLE B LET, KZiTE R~ K3fim koA 220 |
VDEY 2T A Z2ERNE. K3HED 2k —3HOa—2EDL0D L HICBAET, BENE AT
WNEWI HDTIESH Y FHADN, Va2 T4 EROTEROMEF L LTI IV bORbERAED
DVEF, T2 T, K3HIE EOA LV RAZ U N DF V2T A BRNE, KERICIIXE (K3)"/S,
DL £9, n ROXMFREE S, TEIDDIX n O K3 HE DO ANBEZIZ OV TREENH 2SO
EEZDHEVIBHRTT, R—AFEHEBRLELOIRBOTT, HERERNREDIDSTZE AT

BELRTNEVWTERA, S0o0olct ZAFTEY 2 7 ZRIOFERSIHIGELET, WE, K3
HE LA v AZ L F DRV 2 TA BROarERY— (A FT—K) 2HELLZVOT, 20
BERZBHELTBLERD Y £9, 22T, IHEORER RN EARITAE (resolution) 7z
ZEMEZELXET, TOZERIZ, n ROEAL FAF—A LIRS O TY [32], :BEE LT,

RHBRRE X7/S,, TOSAUON L L | 2 — 4 X7, (4.68)

ERWSZ LI LET, iliE X1/S, LEAPIC, X bEXETR. #OTAAOHE L. =
FELZERLEY, BV P RAF— L ua)w@&m\mzﬁn:4ﬁk\

B O O O CO
(K381 =
Kgsoo,oo,oo,c%,%

L. {ﬁlxi88 K3 BTG S LURIC 4 SE o TS b DR ET
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DZ LT, XHME (K3)"/S, DHEICIT KSHENIERSTZ S DITEY 2 71 ZHOBRRIT
o TWETH, EAL EAF—AOBHITIHREREAL R LELORETEENETS

ZOBWYFNEA MY U TEEROA—E T 4+ —/)L RIZEND b O THEFIEIR < HHTH
7 [33], 72 LEREIZIE Weill FRE W HBEFEPLETYT, LA LERIIFEFICHANVD
D72 D THEEITHEMN LE TS,

FTRIRDRAEEAE T, X 2ZEME L, ARED BZIUERAL TV b0 L LET,
Flo. HDy el OERICH L TENRWRBH DL E L, BInR2NnbDeEr X7 LEXET,
o, Y bRBT LT OXLEE N, EELZLRZLET, WEZDO XY DakEry—%2Ex
EJC

H*(X7) (4.69)

BREANZIZAA F—EEHE LW T, Xy FEORRME2HET A Z LIV T, £
FTIOVI boOOarErY—2EXET, Thnb, H(X)M & X7 OarErY—7T, N,
DD ERERbDE L, Hy= HY(X")M LRLET, 5T 5L,

H* (X/T) = & H, (4.70)

ERVET, BEFMEIT O2TOREBEIZOWTEDET, ZEFEIVIZEnEnir L, 4T
EE SN/ DD LEIZIE N, MBEETHE, N, IZOVWTIREBHHRbDLETE2L-TIDE
WHZETY, R—AHEHE2RT LR bDTT,

CICT RS, Fok bl o RbnEXE L L), -, M X L LTL, (K3)" %
EXET, S, OFEEEIn OV A I NAHERY L TRIZAWTERRTHZ LN TEET, FilIX
n=47%&.

SDTEDYFA I NVGE 1+1+1+1 2+1+1 2+2 3+1 4
! ! ! ! !
S, OFEEFEORKRT (1)(2)(3)4) (1,2)(3)(4) (1,2)(3,4) (1,2,3)(4) (1,2,3,4)
! ! ! ! !
|
! ! ! ! !
o O OO OO O
®is o o o o o & &

TY, ZOEA YL R RAF—ADRER P—DKRTE dim H*((K3)"/S,) ZFE Liz\WOTTH,

50



TN OWTIIAERBEREFEAVWEERAH Y T, n=4DFIZL,

L — - TTT
1 1 1 1 1
O O o0 00 O
(K3)1/54 O O oo o & &
1 1 I I 1

Fock ZZRIDTE a0l 10 0%1|Q) a%yal 0 ]|Q) a®yal,|Q) a‘i3ab_1|ﬂ> a®,|Q)

EWVWIRIEEERET, T2LL, K3MEN [ HER>TVWAIR (A7 NVERESZ LIZLE
LX) ZFIMEREBICHD VRFRELE—HRLET, £/, v=(1,2)(3,4) &35 & XFHH
T2V A 7B 2EEATRETTR, ZDEE N, ={(1,3)(2,4),(1,4)(2,3)} T, T42RbDL,
2 YA I NVELOBRIZRY T,

o N, > (1,3)(2,4) :

00
00

5 8
ORNO.
1

5 8
ONNO,

00,
N3 (1 (2)

—fRIZIT n DY A 7 NV5EN

n= Zlnl (4.71)
l

EETET, X I VA7 NVDOETY, TOLE N, I
N, =[] N,() (4.72)
l

LRYVET, 22T N,() R A 7 NOBBRERER LES, RUKEOYA 7L 2W 02
58D RBEREERDOERSTT, £ VA IR @85 EE, ZOaRER V—T H (K3)®™
L0 ET, T dim H*((K3)"/S,) BREVEF, SHI2, 2TO n OV TERICVR
TRDE, a gy a0 (i1 4+ +ip =n) DFEOLDORE n IZOWVWTHIFL, 60 H
5 & Fock ZZMEMEEZRY £9, aRErO—L 0 DIIBHTERTTNL, Ny FEMNMEEKDO L
DIFRY v, Ry FENFEO DX T =V I A NHEY LET, UEDOERIZI - T,

e ) Tl e
I (N a7
n=1

n=0
ERABZEDSIHVET, DEBRYUNLDEFELET, HFN T NANIFUNOOELETT, &
B—xr92 & LT, Gottsche DAXEWI bDRHY [34], T —rE2ZRAWET T v 7 K—
NOTy ba—DHETI{ Ao TWET

00 . o x: 1_|_t2m—1qm b1(X) 1+t2m+1 b3 (X)
Zth(Xn/S”): 5 2mj2(mbX )2mn(1bX )2m2mbX
(1 — 2m=2gm)bo(X)(1 — 2mgm)b(X)(1 — ¢2m2gm)bs(X)

n=0 m=1

(4.74)
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7272 L. Py(X) I% Poincaré ZHAT

dim X

B(X)= Y bi(X)t (4.75)
=0
T¥, Bz,
dim X
Pi(X)= ) b(X)=dimH*(X) (4.76)
iy
Pi(X) = ) (=1)'b(X) = x(X) (4.77)
=0

T9, Gottsche DA (4.74) IZBWT, X =K3, t=1¢,75L, XU73) BHEOLNET,
FER. RDTeho 723 ERE%EL (4.65) 1.

Z(r) = Y qd"x(My)
n=0

= §§¢W(Uﬁﬁﬁ&0
n=0

2 (] — gn)boaa(K3)(=0)

n=1
ZOZI (1 — qn)beven(Kg)(:1+22+l)

s 1
_ nl;[l T (4.78)

ERVET, ZHEARY =y 7 - A M) U TOGEEEEREFRLEZ L THWET, G(r) &)
B%
1

1
Gl = Lo — 4.79
™ q(ﬂ gl (1 —qm)* (4.79)
TEHETDH L. ZHid Dedekind @ n B TEIT £ -
1
G(r) = R (4.80)
n(r) = ¢ [[(1-q¢")
n=1
Dedekind @ n BAEIIVWVWREMEZ K> TV T
1 - _x(éﬂ)
a0 = (3) 7 e (4.81)
() = () 1)

DRV HET, ZI00 Zy(r) ZELITIEL D LERPLETTS, A LET, #LVE
RS OWTIIRER L [25] ZHE T SV, RAEAITIT.

1 - _x(éﬂ)
Zm (—;) = (;) Zm(T) (4.83)
DE 2T, S-duality P48 (4.28) D3RV SO T L BFEND HILE T,

52



K3 BELUSADOZREIC N TRV EE L < 25D T, CP? R ALE ZEIC oW\ T O Ak
DFBRB R ENTVWHRETY, ZOHEITITEERERD S-duality I1ZY L2220, 772
FTRTFHALTEET, WHWAHIEAIT /< Y — (holomorphic anomaly) &FHINTWS %
DTT, ZTOEIRBDIZOVWTITELEEERS Do TOWRVOBRBERIZELE X ET,
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A BERERMAEF

ZORERTIE, EREMEORRNLFEEZ UET, HENBEESCHImICIIZEbo T, B’
B S L HERIZOVWTER LIV ERWET, TRENOARIZONT, ZOHESE#RE
HIFTWEETOT, HELWIZLEZHMV T2V ANTZELLESRLUTT IV, YEZEE AT O KT
ZRBORCMEHE LTI 35 BHV £,

A1 ZHE

F LR (manifold) DFENHIEDET [36]. n RILEBERE M L5 OIXKREEIZE > T
M OEDFRIZBNTS, ZOMER nRIT2—7 Y v FEMO LS ICRADZEMOZLTT, /
FITHIIZ AR (n FRLG7) D380 2 K 5 e 25 2 & TF -

11: n RIEERRIE M (/X F U,V IZENEIVRFTEE (21,22, Tn), (Y1, Y2, -+, Yn) BADT
b\éo)

M OBREAR U &2 ZICEDPNTZRPTERE (21,29, -, 2,) EEDE TRy FENIFTVFHELE
Fo Ry FRAEOZRDY ICHEEEROXNEE Y T, v F (i) 2 EEEROKIC L
No TV EoET (RWEDER) bORSHEETYT, BEEZROXNEZETO/ Yy FHTEFT
HDHELICTEDEE M ZMHESHRAEL D, BOFRETHALIICTEDEE M 20 hE
ZRREE VW, ERITHD L IICTEDLE M 2EREFERLESVET,

B LV DL, BTFEOHEETT, TOLICESEEERBMEELANDL Z &I2L- T,
BAEHNRMEEEZRARDL VI LB LET
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BRI

hyper Kéhler 2%k
7
Kihler 24k
7
Hermite 24k
7
BRERIE
7
LU VI T 4y 7 BTE3T) B RS REIR Y — B3]
AN T /!
oy FTREZ AR 1A
7
VRSB ZE3US

AR 5 DIZZ DORO, EREHKME, Kihler ZHRAE, hyper Kihler 28R & o 7o & LW 722 4EE
ERoLOTT, OLDIZOWTEERNH D FIISEMEHE T SV, oKLz~
VI T 4y I BRI E Vo lo | MIREIHVEEDZRELETF 2R Er U —0FER ETCLEEH
LET,

flEZefl L LT, 2 RocEkmE S? ICEBRICRPTEEEZ AN TAHAET, 2 RTEREIL 5?2 =
{ (1, 29,23) | (21)* + (22)* + (23)* =1 } TRENDHLOTY :

12: 2 WITERE S2
Z

AN
<

2 WICERTE IS AL B EAE & L Cid, HBIERE (0, ) BBRLMBRTWETR, ZIUIRATEETIX
bV E¥A, RERG, B N(0,0,1) ZHET D (0,0) B—ETR0=0,p=FE &72->T
LEH0NHTY, M S(0,0,—1) IZOWVWTHREETT, TINDH, T XD REZEDANT TIE,
FRERFRND TEERA, TZ T, ANDNIORSIEFEOFETT, £, U=52-{N} I
LT, DK D RGIETHRITERE (v,y) ZEALET :
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13: Ry F U= 8% - (N} ~DORBFTERE (r,y) DEA

X3

N

ﬂ N e %)

X, X

(x,y) & (x1,22,23) & DBEURIFTRDO L H 1720 £

(1,79, 75) = 2z 2y 2 +y? -1
T T+a2+y2 T4+a22 +y2 1 +a2 +y2
T X9
= Al
@ = () (A1)

INT, U=582—{N}ZH LTRIFEBEN AT T, At N (28 LT BT
Ao TWERA, TZTEHERIV =82 - {SHITH LT, KD X 9 725k CRTERE (u,v) Z2EA
LET:

14: Ry FV = 8% — {S} ~OFFTEIE (u,v) DEA (v EAORZIIEH XTI DO L S IZR> T
Do vEliE o IR CAEICEMA L, Ny F U LV OMYELEDOR (A6) Bw=1/z L KE

BlicZ2>TLE D, )
-

Wi T Gan

X3

(u,v) & (@1, 22, 23) & DBEMRIFKD X 512720 £

( ) 2u —20 1—u?—0?
T1,T9,T =
172,53 L+u?+02 14+u2 402" 14+ u? + 02
I — X9
p— A.2
(u7v) (14—1‘3’14—1'3) ( )

TDO2KDNRyF U,V T 2RTERE S2 DETORICH L TCRFEEZ AND Z LR TEELE,
Ry FR2HBOT, UNV =52 —{N,S} ODRICRIZH LT, U &V & TRRDFFTEZED
ERT~NENDZ LR ET, FlE, & (21, 20,23) = (0,1,0) X U TiX (z,9) = (0,1) T,

56



V Tl (u,v) = (0,—1) T9, BB, U CORFTELE (v,y) & V CORFTERE (u,v) & DD
ORI, (A1), (A2) &V

(z,y) = ( e _U)
u? +v2’ w2 + 02
x )

LRV ET,
2 IICEKE 52 133N (A3) £V 2 WTOWES FREESRIE T, FiT 1 W OERZEREIC
HigoTWET, EBE, 2 =2 +iy,w =u+iv EEFFIE X (A1)(A2) LV,

r1 + iza
B 1—1‘3
I —il‘g
W= - (A4)
LR FETH,
2 2 r1+iry 1+ a3
(21)” + (22)” + (23)" =1 T (A.5)
X0,
1
w= - (A.6)

ERVET, ZhiE. UnV =82 —{N,S}HIZBWTERITY, 2 KEkEE2ERSHAEL LTAH
7e& &, UV —~ KM (Riemann Sphere) EFESZ E03H D £,

BE 0B OENERTE LW D STk L <. BEREZREITR V15 2 BERIT DM FTRELARIAIX
DRVBRONET, Zhnb 1, 2IRTOERZRIKICONWT, BELIZWEBWET, FEITE
AREORV—RRFOEENLLROALRS TN EZATTN, I 2 TIIME R v
Y BREICED o C, ZOHE, AEOHAZ L TN EWVWHIRZ AU LIZNEBNWET,
B 72 B0 RNZ OV TIE [39] ZHET SV,

A2 1 RTERSHEK

FETIE. 1 RTCERZREDOFETT . 1 RILEFRLRIKIL Y —~ 1 (Riemann Surface) &
HEFZNTWT, FARRY—IZITER g (ROE) THEINET :

=S | 7 |

g=0 @ 1 RIE IR 2 CP!

g=1 <:::> 2RI h—7 A T?
g9 @ g NV ZEHRY,

o7




S 0 0b O LHEAN 1 ObORFFRIT, BES 2 U LD SO LEEINENET, 20BN
= %ﬁbf:b\&,@b\ij—o

1. 1 RTERHNF LM CP!
XKoo XZBER LELYIC MR MCITERE LR U9, BT

1
2= (A.7)
TLDT, EXRMRBEMRE LT
1 1
BR/ONETS,
EFTE 1 KO EEZLET -
w = fo(2)dz = fu(w)dw (A.9)

T, YR (canonical bundle) DU A& 2 TW5 Z &2 0 £9, BER LWV DI,
n WICEREIRIETE -T2 6, (n, 0) REOTERDNSIRIEDE RIZE- > TNDHHDTY, £
DI & ix, KR (ZRERETERINTG) (n,0) REHFERE WO BHRTY, —MK&RIZ
Tilr& S o726, WERAEZ B ENASTVnnTT (X 152 81),

X 15: 77 AN—HK E 5 M OHIWT s

T (%)
}

vd \ E

S Tt
L
M
X
X (AR) &, R (A9 ITRAT DL,

f(z) = —waw(w) (A.10)

PELNET, TTHLEI Sy FICBEE —w? L0 5 EABENY TT, B (0 K
R ICIXELDREN D 8 A,
T R BIZOVTHE,

0 o 0
X = f(e) g = Flw)ge (A1)
0. FRIZLT,
dz - ~
£ = W) = - o) (A12)



LRy, SEIX EWVSEBDBENY £,

éf_;f\iék;5(§%¢éﬁf)_%ﬁlﬁﬁ\% R RAVBZONTEZE
Lo, INBIE, 2=00FbY DRy F U Tl

Kdz k>0 o ERIZ 1 REESTFR (A.13)
dg-lzo : IERZ2NZ RV (A.14)
z
EEET, EHA(AS)., (A12) ZHWD &,
Kdz = —w T 2dw (A.15)
0 0 0
19 _ -2 9 o1 9
S wowh o W (A.16)

&ﬁé*kﬁﬂmwifo:@%@Ekiwzomibwmﬂy%VﬁmiﬁffO:h
ODNREAHELEZAFHITHAEZDICIE. w=0DFEbLVDONyF V THEATRITNIEAZD
RVD T,

k>0, ~k—2>0 = ZODX5REIFIFEELRD (A.17)

1>0,2-1>0 = 1=0,1,2 (A.18)

BEONET, Thbb, 3L ZAEMR 1 REBAERITRL, D EZAEMRRZ b
% 15 l:QL2®%é®3oL&w9_&TTO_®_&%ﬁvf\

dim H°(CPY;[K]) =0 (A.19)

dim H°(CPY; [-K]) = 3 (A.20)

LERLET, (K], [-K] ZOBOERMEDIEETT, —BIC [mK] (m € Zsg) LBV E

ZITEIEIDS m RS THDEZ L ZEWR L, [-mK] (m € Zsg) EBEWZ & X ITUIMA~ 2
"MBEO mET YLV THDHZEEZERLET, HY O 0IXTNWZAFFEA L WO B

<7,

ZZCHTRE 3 SOERZRY MBIIHREHEGR CRE{Aonzbo Ty, 7 vufk
BOAERT L, 1IRO X 5 2B EEHE 5 &R IEETF T

L, : z—z+ 52”“% (A.21)

2B T EFTOTEVIERTTIN, 2o ICEBTSHE, ED3 DX L_,Lo, Ly
RIS LET, ZAUIFEIL SL(2, C) BHDAERMTFIZ /2> TWT, EREDFEF> TS invariance
ERLTVET,

& & degree DFE%E LR EWTEH A, degree EIIAINEFTNET &, KEEHIZE > T
BhEA%L (BIlT) OFER DD Z L TY

deg(Z; [mK)) = [mK] OEHbk % R oW BRI DO F R OfEEK (A.22)
BlZIE, Eo&ED 3 ODOERIRRT FAFIZONTIE,

0 2(9 ,

[ — . — _ < =
1 5 50 | 7 oo (w=0) T2RDEH

0 d

—_— = — _ . — — — — > Y %

r» Wtz 0 (w=o00), z=00 (w=0) T1KRDE (A.23)
S R RO

e = 1 8w.z—0(w—oo)f2{k®$
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/N

deg(CPY; [-K]) = [-K] DL R oRKEhREKOESO[ELK
= 2 (A.24)

L0 ET, ERERD DB, BAOKKOELE ST TRELETET, (A.23) Ofi%
RTHA95 & 512, degree &1 DIXEHIENR U ThHEEDERRAY MEE R
THRUTY, BHRERIEE L & X ICBAMTED 55 & 5 OBEEOBRIC > T
i ‘g—o

FEESLLT,

RYO(2) = dim HO(Z; [K]) (A.25)

LEL D LICLET, IO TIHECRIALET (71 R—UBH), 1 KHBEmic-o
AN =N

rO(CPY) =0 (A.26)
T, ZOO T g & —BLET

RO, =g (A.27)
. 2WIE h—TF A T?

F—=F ZADFHITEZREUPEBNET, P—F RIKRD X HIZEY £9:

X 16: 2 RT b —F A T2

c
/ / / /
1
Ry —
/ (7 //1 /

=t z~we ImneZ, 2=w+mw +nwy ICE-T, TOFTHBKD LT LR
T+ EEOTURLEN D> DNT F—FANTE ENY 9,
FT1IRBOEREZZEZE L ), 1 KESEROEHIT

dz = dw (A.28)

2OT, EERII NI ETALTYT, TR b—F AORKTT, EREAR BE2RZ20)
I 2H 203 TT 23, 2 EEMBEKIIE  BEROEHNRELWVWOT, £H L ZAE
REWIXERDO D L dH Y EHA, LB oT

RYO(T?) = dim HO(T?%; [K]) = 1 (A.29)
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ERVET, (A27) b, g=1,WVWH 2 LIZRVET, I, BRABRVD T degree 130
Ty

deg(T%[K]) =0 (A.30)

N7 MBI ONTH, BHII N ET A TN,
dim H(T% [-K])
deg(T?; [~ K])

1
0 (A.32)

LR E9,
FLOFET L, 2T b 1l REOERZHREIZOWVTIE

(= R0 R RO BHRSRRE | Rk g = 110 | deg(K) |

CP! 0 _
T2 1 0
Yy(g>2) g 29 — 2

LR ET
ZNOHEERTHIODL LTUL =X VX—EBET YNV (A MVR TN T, (py =
2) BHVEY, TXVFXF—EHET YR IRFICOWTHIR (T, =T,,) T 2. &
T— Al & traceless DA

0T = 0 (v=1,2) (A.33)
Tr = 0 (A.34)

EHWS &
0Ty +0T = 0 (A.35)

O1Tia + 0Tny = 01112 — 0111 =0

L7V T, =Ty —iTio V% 2 OIERIBER, Tor = Ty +iTh2 13 2 OERIBIER L 722 2 L3530
ET, ERIRS T, oW T, ERIREELHR 2 — w = w(z) DFT,

T2 (2)(d2)? = Ty (w)(dw)? (A.36)

CEWMLET, LER-TT, I 2KEHCRVET, 2055 2b0O0HTEL L ZAEA
HDIINWL 2HBZINTI N, EiL

dim H°(%,; [2K]) =39 — 3 (A.37)
ERDIEPMONTVET, —RITIE,
dim H(Zy; mK]) = 2m —1)(g—1) m>1 (A.38)

BRVNHET, Bl g=1DLXF2RIZ0TY, TOTUDFEIIT—A KT /~V — L B%
LET, HERIHEND b,c T—R FOEBEIIZNEN 2K],[-K] TT, TITNLHIT7T 0¥
TUERED EZITIEIRO X D BRBFICRD ET,

*0sb.., (A.39)
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I, deNdz THATLHEADT—BIZRY ¥, EFHHFEAX

agbzz - 0
dzc* =0 (A.40)

ERVET, TDLEE,

b DFEE— RO = dim HY(Z,;[2K])
c DEE—FO¥ = dimH'(Z,;[-K]) (A.41)

TIN, ZOENPBEELR-TEET, BHEEHIC LT,
dim H°(2,; [2K]) — dim H(Z,; [~ K]) = 3g — 3 (A.42)
BRI BLES, —&IZIE

¢ Riemann-Roch OEHE
dim H°(2; [D]) — dim H*(Z; [K — D]) = deg(D) — g + 1 (A.43)
BdHY, 2o ERABEINET,

A.3 2RTEFRZHE
WIC 2 RTE R SRR (ERME) OFFCBY £T (40, SEERMEEICEXE L L )

—K 7 ample (&%) | CP?, ruled surface %
K=0 K3, Tt
K 75 ample general type

2 WILERZRIEDIELERIZ OV TR,
fdz1 A dze = fdwi A dws (A.44)
BEEZDHZLITRVET,

1. 2 RTTERHNEZEM CP?
1 RTERFRER O L 1T, SENEDOFIECRTEELEZEALE LN, SETF
WEAE Z# VT, BT E L EZEALET, £ 3 508FK

(ZQ, 21, 22) S C3 — {0} (A.45)
ZHELT,
(ZQ A 2’2) = (wo W 'LUQ) <d:ef> 3)\ € C>< s (wo,wl,wg) = ()\20,)\2’1,)\22) (A.46)

EVIFE—REITVET, (20: 21 20) EFRREEE VNET, ZOFKREZELED 2 KT
BERFZEM CP2 TF ¢

CP2 = {(20 4 2’2)} (A.47)
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NyF L LTiX

lh:{(iyi>,m¢o} (A.48)
20 <0
[ﬁ:{(@y@>ﬁl#0} (A.49)
Z1 %1
U - {<z_0 Z—1> 2o # 0} (A.50)
zZ9 Z9
BEDHDIENTEET, E2FDCPLIZONT, ZDEHIRRLFETE L,
CP' ={(2:2)} (A.51)
(20 :21) = (wp : wy) <d:ef> INe C*, (wg,wr) = (M2, Az1)
Uo - {ﬂ;m¢0} (A.52)
20
U {@ 4 #0} (A.53)
21
L7 £, z—;l),wzj—‘;c‘:ifi JEREZEHE DRIT
z= 1 (A.54)
w

ERVETDOT, E0XDCP DEHBLE BT HI NSV ET, N RTERNEZER/
CPN Iz T RIS

CPY ={(20: - :2n)} (A.55)
(zoz---:ZN):(woz---:wN)<d:ef>3)\€CX , (wo, -+, wn) = (Az0, - AzN)
U {(?,-w%¥)¢5¢0}@:0,~,N) (A.56)

DEITERINET,
KICRAESEEZE 2T, 7 CP! ofaksEX, vy F Uy (K (A52) ICEB LT,
CcP! ~ L Ufeo}
2070 ?0:0/

~ ClgcCY (A.57)

ERDBIEDHMDVET, 2A0DET AT U TEV, 20=0D LI A—REMX
CP ZRBLEVWHIZ ETE, ARRIZ CP2IZoWVTh, Ny F Uy( (A48)) ICEE LT,

CP?

12

C? uCP!
R
2070  20=0
~ C’apClapC (A.58)
ERDBENSN ET, N KRTERHELER CPY okl b RkIC
cPV~CcVg...qoClaC® (A.59)

L ET, EARMIZIZICN BATTR, BOLZARZELIITNAHAHDT, ER., #iv
Ci (j < N) &2 Tav 87 MeT 5LV IR ETT,
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WIZ CP? DIZHEREZEZE L £ 5, CP? (IR 2 RIEDEHERD T, BROEEREE
2B LRV ET, NvF Uy, U; T,

1
Uy : d (ﬂ) ANd (9) = —3(20d2’1 Ndzg — z1dzo N dzy + zodzg A dzl)
<0

20 20

-1
U, : d (j—o) ANd (2—2) = —3(Zod21 ANdzo — z1dzg N\ dzg + zodzg A dzl) (A.GO)
1 1 21

LY T OT, THO ORI,
3
D)D) e
20 20 20 21 21
L7720 F9, degree IZOWTIE
deg(CP?[-K]) =3 (A.62)
LR £,
728, deg(M;[—K]) % 1st Chern class &\ W e (M) EEEE T, —RITHEZERIZOWTIL,
c(CPY)=N+1 (A.63)

720 E£9, ZI T 1st Chern class MABMEENEWVWWET &, ZIWBEHEE M 2% —47 v b
2T BIERIE L 7 < RO (1-loop D) _— & B DIREL by (272> TV B0 5 T

bo = —c1(M) (A.64)

IR L <R LD DL, U —~ Vi X A BAERIZER] (target space) M ~DER ¢i(2, 2) (i =
L,---,dimM) ZHBELT, 27530V 7 0%

1 .. . .
L = 597(0)0:¢'0:¢ (A.65)
gij - IEHZEHELEOFHE

THEZAEBROC LT (F 175 H):

17: FERRIE S 7~ A5y

¢i(z,z)

—_—

EHZER E LT CPL R CP2 2L 5L by DAICRY £TOTQCD MARHERE A2V E1, 1st
Chern class WEIZ/R AHE 1355 T, EIRICEEL R AT — NV AREERNDH Y 7,
1st Chern class T2 R TERSHEEEZDETHERO XL H IR 7!
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c1 >0 (=K 2% ample) | CP?, ruled surface %
c1 =0 (K =0) K3, T*
¢1 < 0 (K 2% ample) general type

A4 AKREQDS—ER
RIZaBRERV—RmOFEL LET 4], &V DI TWOFRESRE M OaREn V—RmOHE
WRRELET, Ziitde Rham Bi L I TWEHDTT, £ M ETHMABREZELE L &
Yo pROWHTERDOETZEMZ QP (M) EEXEL X 9, MU X p ROWMHITERZ p+ 1K
DWETERUT 9 > TIEAFE T, BEMITITRO L S ICEBRSNET -
d : QP(M)— QPFYL(M) (A.66)
dv = d(wiy,..i, (z)dz™ A - A dz')
= OjWiy, iy (z)dx? A dzt A - A da'
SoTIE 2 EIRD L 012720 F9 -
d*=0 (A.67)

ZE, T MV TE 72 CADIEEX diverot= 0 , rot-grad = 0 IZHY L E T,

B (A6T) ICEV aRERV—PERTEET, £0LDHI, HER (closed form). TEF
K (exact form) LMFHIND bDOEZHMAL ET, LB, 2ETBRST aRER I —DOFENHTRE
L7, HDEEH BRSTAEBIL2ERD L 0ICRV E LT, TT2H, BRST OFFbaRER
V=D HDITIRDDTY,

AR w LIS d T LR D HDTT ¢

dw =0 (A.68)
p RO K%
ZP(M) = {w € QP(M) | dw = 0} (A.69)

ERTZEICLET, BRST afREr—0O3RTiE, BAERIELSE X 5 £ BRST-closed 72 &IZ4HH
YLFEF, BRSTE#E W) DT T = VI A VR —VE#TT DT, BRST-closed 72 & &\
IDIXT—VAREREEZEZTCNDI LRV ET,

Fo, pROFEFRIIKRDO LI ICEREINET ¢

BP(M) = {w e (M) | w = dn, 'y € QP71 (M)} (A.70)

BRST aAEa vy —0OXARTIE, 2NV DiE, Bx ) & BRST-exact REICHY LET,
BRST-exact REE W) DI 2T HF—JIloTWAEHRET, NI ETALRETYT,
PE (A67) 12XV, ZeBRIARXTYT, BEBRIIKRO L I o THET :

BY(M) € 27(M) € 07 (M) (A.71)
IR TpRD de Rham aRERY— HP(M)pr BDERECTEET ¢
HY(M)pr = 27(M)/BY(M) (A72)
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AR EZZ T VWATRITNE b ENTEERRUTR>TVWEIHDIRIFETEEZ, EWHZLTY, ¥
RbbH,

HP(M)pr 3 [wi] = [w] © w1 —wa=dn >ne QP YM) (A.73)

ENDTETE, wi & wy &A% dy B TORER L aRE R V=7 FRAICELET, Hjp(M)
DFEICK LTI, RBT LW BRTAFEIM LT TR LET, BRST K€ R V—OLRTIL,
P ORERBEEZVARINE LY —VERTBI AL bORALERL, L)L
<7

Z ZCPoincaré (R7 A V) ODFMEE WO BEREENH D £7 ¢

e Poincaré DR : FIMERZEM M (Bl 1E=>—2 U v FZER) TR RS

ZP(M) = BP(M), H? (M) =0 (A.74)

BHRFET, divB=0XY B =rotA £72% A BEET D LV statement BH D F LN, Z
AUiX Poincaré OMED—HITY, "MERZEMIZI PR =B M) BT VT, ZD7HITZ de Rham
ARERTVRDFEIIRVET, EIAB, ZEEDO PR —R R ) ET AT o TL %L,
BROFTEEEATET 2V HONENTE T, de Rham aFREr V—NH ERICRVET, O
%Y de Rham 2 AREB YV —NEMO MR —%2RMLTEET, TOERRAFZERLTNS
DM de Rham OFEE T :

e de Rham OFEH® : de Rham aHRFa P—[IFETa o —DOHALERTH D,

Hp(M)DR >~ Hp(M) (A75)

RERI—LWN) DL, (HEAEE (ZEHZERNICEE L THEDLRVE) D 1OTHY, %
BWORBHREHREZH> TNDEHDOTT, T, BHFEXTEZEIND de Rham aRER Y —
NHRED EVI EERTT,

FERD—IZOVWTHBALET, de Rham I AT P—I1ZBIT S p REOTERICHIGET 5D
DB, pF =AY (p-chain) EMEHINDEHDTT, pTF A V EITKREELIZE ST, ZHREM O p R
TR EREDZ LT, pF=A LV E2KE C)(M) TRTZLIZLEL X I, IS d TG
LZOIIBERERAFZ O T, ZhiL, BDEF =AM v E2ZOERERSTVEF =L ) DT EWN
IERTERBEINET, TRLLEREZLZEVIEATYT, ZOBERERDEVIERI LR
0 2ERHE 01272 £9

82 =0 (A.76)

Fo. p KRB, p RELSFERICKIET D00, ENEiLp A 7V (pcycle), p/ X7 F Y —
(p-boundary) &FEIND HDTY, ThbEEOESZ

Zp(M) = {’Yp € Cp(M) ’ 871) = 0}
Bp(M) = {’717 € Cp(M) | Tp = 87p+1,37p+1 € Cp+1(M)} (A-77)
ERLET, AEERIIKDO L IR TVET :

B, (M) € Z,(M) C Cy(M) (AT8)
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INTpROKED BN ERCTEET
Hy(M) = Z,(M)/Bp(M) (A.79)

YA INEBEZTZVATETNES, 1 RIEEWHIOY A 7 VOBEBRIZ/R>THWALDIX N ET L
LRz, twnwyZ b Td,
T, de Rham ODEFRIZEVEL X 9, THDREARLDONEHRDLT-HDIZ, NEL

< Yp,wf > = / Wiy iy dz A Adz'? €R (A.80)
Tp
T € Cp(M)
Wy = Wiy e, (T)dT™ A Ada' € QP(M)

TEELET, TORBEIFERY =7 TRLaRERY—I TRADRIKY £T, £HLThr
EWVNET L

o YA TNy, BT dp~t BIFRED 250 p KEHTHR WP, ol 2T 558

/w{’—/wé’:/dn”_lz/ P t=0
T T Tp 8717

~—~
0

o p RBATR WP %, 1 0ypy1 KRS TS 200 pHA AL 42 ECHATHHE

/wp—/wp:/ wp:/dwp:O
o Y2 Ovpt1 oy

LB bTY, LoT, ZOWKEIX H) (M) x Hy(M) OAFEE LT well-defined TY, H L.
ZOWNEPBILLZNE NS Z & EZRIZFIUTNT 20O TTR, £ de Rham OEAREH
RV ET,

HY n (M) ~ Hy(M) TT b, HY (M) DRTTE Hy(M) DIRTERFELL 2D ¥, ZOKRTT
DZ &L ENyTF (Betti) HEFVET

bp(M) = dim H?, (M) = dim H,(M) (A.81)

F7o. A 77— (Buler) B x(M) 1INy FEORRMTERSNET ¢

dim M

X(M) = > (=1)'b:i(M) (A.82)

=0

W o2l E EIFEL & 5,
1. 2RTE b —F A T2 ~ 81 x St

o 0 IRTTy FHK by
0P AT NENIDITRDOT L TTH, 1 A T NVDEFITR>TND (B THERD)
HOIXFECE AR LT, WMZRHOMIESHENENI 2L E2EZET, K18D LD
2, 2T b —TF A LD 2 FITRL THREETOT, M28031°5TY, LER-T,

by = 1 (A.83)

T, —RIC, SERERZEBO 0 RTRy FEIT 1 T,
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B 18: 0 %A 7 LV OFHAK : B THERS 0 A 27V () ALIEFE T & &7,

o 1 IRITERyFHK by

LA I NEND DIFIN—TDZ LTI, 2947 NVOBEFITR>THD (BB EN
) bDIXRLC AR LT, MIRBOBAEH LNV 2 E2EZET, K191
BT, VA7V o Il 3ERNERDLZOTHY BT VI A 7 MR ET, RER
U—0DLE LTIE0 TY, ERENLZWYA 7 LELTL, B,y B3V ET, 2020
DYA TNV B E~yDORICIEEZRESD Z LIXTEETADD, THDITAEVITHMSLZR YA
INTE, YA 7N B L B EERICEREALSO TR YA 27V EBWET, $72,
OB RN 2N A I VT, 25DF A 70 3 Ly DERTEITET, FZIEVA
INGIEB+yDEITRVET, LD TRy FEIX

by =2 (A.84)

<.

® 19: 194 27 LOBBR : BWHEND 1 ¥4 24 (L—F) REER T & &R,

ll

o 2RITEy T by
2WIE h—F RAZBWTE 3T A 7V NI BOBRFELRNDT, 2% A 7 VB3 Y
AT NDEFIZRSTWDEENS ZEIEHVEETA, M2 2V A 7005 DI 2
RIED—FAZDOLOTTND, Ny FHIX

by =1 (A.85)
7.
I A 7 =8
X(T?) =bg— by + b2 =0 (A.86)
LR ET,
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2. AWRTE R —F &2 T4~ Gl x §1 x §1 x §!
RETEXET L, NoFHT

by = 1
by = 4
by = 6 (A.87)
by = 4
by = 1

TT, ARTF—=TRENIDF 425D S ODEBETTNDL, by =4 EWIHIRERIT, 4 oD
BB SUICEREMLSMSIR 1V A IR A40BDENI T ENHETWVET, by =6 WV
IFERIX. 6 0DRD S x SLIZBREM MR 2V A IABR62HDHE NI Z DX
TWET, 3% A 72OV THRBETT,

A 7 —¥ix
X(T*) =bg — b1+ by —b3 +by =0 (A.88)
T
3. K3 dhim [42]

K3 i &5 DX, 1st Chern class 250 T, by = 0 (b DWITHER) 72 2 KL=z o
7 NMERSREOKRHTT, K3HEOH L LTiX, Kummer HEE W) HDOBH D £,
Kummer BEIZE 9o TERZ D EWVWWET L, T, ART =T AT 2FHE-TETZ,
ERTEV 9, 20L &2 = 16 HOFRRBHTRET, Zheya—Ty 7Lk
H O Kummer B T3, EEO K3 HEmDOW< 5 THIT< IZ Kummer HIESFEELE T,

K3 #iim o~y F#ix

by = 1
by = 0
by = 22 (A.89)
by = 0
by = 1

ERDIEDHMONTVET, ZhEEHLALRODIOIIZZTIEITEERA, EE. &0
O Kummer BIEZE, by =22 EWHDIE, HEHED T O Thy =6, FFRAET
0 —7 v LIEHSRN 16 HHDDT by =16, £V D T ML RHEEHEITITHNY 7, £z
A7 —Ex

X(T*) = bg — by + by — by + by = 24 (A.90)
<

EOHINEHLFRTEETA, by, =b, ER2TWVWET, Z L Poincaré DWNXEE E VD
HODIFRETT -
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e Poincaré O M EE -

Hy (M) = Hypy(M) 0<r<n (A.91)

Zie de Rham OEH E 2 HAbEE T &

H' (M) = H""(M)
| | (A.92)
H (M) = H,_.(M)

DR VLB ET,
n =2k (BEKKRT) O L&, FRKRTO (2) FEw D—IXERIRREAAE CEY, FRKRT
Db DEEIF—RIZK TEOND £T DT, ZHIEA (intersection form) BAERTE E7 -

Q : Hu(M)x Hy(M)— Z (A.93)

kYA I NVOEEEZEDIVLZIIITIIER SR TEET, TNERFITINEWVNET, BT k=21
(TR0 Hn=4) DK, ZRITFNIRFATINCIRY £7
K3 #mE i, RT3

<—E8>@<—E8>ea(f ;>@(f ;)@@ (1)) (A.94)

ERBIEPHOENTWET, Fy LENW-DIZY —8 Ex DU NVE ATHITY -

EsDHNZ ATH| (ZEA & 725> TV B G 1E2T0)

2 -1
-1 2 -1
-1 2 -1 —1
-zl (A.95)
-1 2 -1
-1 2 -1
-1 2
—1 2

20: Eg @ Dynkin ¥ (Cartan 17%i% Dynkin Kb BB T&E 5, Fg ® Dynkin K TIiIfil x 13,
THA 3 & 8ITMATREITNIY ., THR 1 & 81T THRITN TV, ZdZ &2 Cartan 1751
T(3-8) Ay = —1. (1-8) & = 0 THD Z LITHIET D, )

8

O O I O O O O
2 4

o
> (
-3

1 3
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REATH Rt it T 5 L. Es DESOEEENETIEILR D720,

b = 3: EQOEHEOK
by = 19: ADEAEORK (A.96)

PR/ONET, THhTEET22ETY, F5Ex
o(M)=b] —b; =—16 (A.97)

R FEF, —RICH 4 RITA E U ZIREDOHF ST 16 DEE L 72V £7 (Rohlin DEH), 7
B, K3WETEPHTRBEIEWVWOIDOR~TaT 47 - ARNY VT THEERT—VEED 1 ORN
Eg x Eg lZ725 & W5 EFITxE LTWET,

A FTREZ AR Tl de Rham 2 AFu Yo —%2F 2% Lz, HRELEARTIL Dolbeault =278
FaT—LWNWILDEEZDHZLENTEET, SEIL. M d DRV IC
0
ozt
EEZET, THH2ERHE 01278 FF, TTH 5 de Rham aFEr v— L RERIC

9 = dz*

(A.98)

QM) = {(p,q) 3} (A.99)
= {w = Wiy iyt yengg A2 N N2 NI N - A dzjq}

zPI(M) = {0—H (p,q) B} (A.100)
_ {we P | dw=0)

Bri(M) = {9- 5% (p,q) B3} (A.101)

= {wear | Fearat w=dn}
EWVWHIBDEZEZXET, 01X (p,q) BXE (p,q+ 1) RIS >THEAFETT -
D : QPUM) — QPITL(M) (A.102)
Dolbeault = AE 1 P—(%
HPI(M) = ZP49(M)/BP(M) (A.103)
TEZEINE T, £72. Hodge %
hP4(M) = dim HP4(M) (A.104)
TEHLET, Kihler ZERIEDHAIT

b(M)= > BI(M) (A.105)
p+q=r

OBV Y B ET, 2F Y., Kihler ZEREDOFEITIINy FHZIER, KIERIOES 5T
HIENTET, LVBERERITEET, —RIZ

hPd = P (A.106)
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DY SLOD T,
by = h*0 + BBl 4 p02 = 2p20 4 bl (A.107)
LR ET, K3 HEOHAX
by = 22 (A.108)
TEA, IR
1 : Kahler class

W20 = 1 R 2 B
% = 1 : RIERI 2 B (A.109)

1
bt = 20:{ )

&7 ¥£F, ZO Kihler class L EERI 2 R L KIERI 2 BREN S0 XD b =3 ITHY L ET,
ZD 30N J3,J 0, J - DX D e&kENEZ R LUE LT hyper Kihler ZEREDORHEK E 20 3, K3
1T hyper Kahler 28D 3 T9, hyper Kihler ZHEEDH] & LT, MUTIZ4RT h—F AR
ALE (Asymptotically Locally Euclidian) 2%/ (K3 BT ® non-compact /S— 3 ) 3% 0 £75,
A.5 (Hyper) Kihler £k

hyper Kéahler Z8kEIZOWTEHBA LE T, hyper Kihler ZRk{IEIZI1X 3 DOBEREENH Y
9, BMEREEICONTOLBEEZLELL I,
M % ZZTiE2n REESKREL L, RTEELZ

(xly"'vznayla"'ayn) (A].lO)

TRLET, THE n RIEDERZEREILNLIZWE LET, 22T, #HEFREEEZ AN T 2n
B DOEERE % 2 H§°>FE, EEICHHA CTHRFREE

(21, 2n) (A.111)

EEDDHENIZ L2 LET, M OEZEMT,M OREEE LT

0 o 0 0
<@,"'aﬁaa—w,“wa—w,) (A.112)

B o CRET, BHRMIE T L1 OIX 2 OBERICH < BIFERT 2ERD L 11085 b0
<

I?=-1 (A.113)

L7zBoT, T EWIDIIEBEEMN i DX O RBDTY, [ 2 oxOREEICERHIES L

i _ 9
Lozt Oyt
Iijaiyj = _aii (A.114)
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W% e LET, k. TAIERFT DL,

O 1n><n
A.115
( _1n><n O ) ( )
TY, £9795d&.
0 0 0 0 0 0
I _ /1) = A/ — ./ A/
' (8 j 18yf) ay Loa ](8xi 13yi)
0 0 0 0 0 0
i( 9% =9\ _ o — = A
‘ (3 ;T 18y]') oyt 18xi ! (le * 18yi) (A.116)
ERVETDOT, ZONRTHERIEZELEDDHZ LN TEET
0 0 — 0
9zt dxt _18yi
0 0 0
- = - 4+ 4/ —1— A1l
0z" ox? + oy’ ( 7

IHNT, RFTMICIIEREZEZEDDH I ENTEHOTTR, ZNET TIEETO/ Ny FH Tl
DEDERERIE 25X 91, BREEEZEDHZ ENTEERA, THIZIE Nijenhuis 7> Vb
BOILRDEWVD FENPBETT, TOHRMIZZITITERKLET,

STHEEVWOIDIZH EBH E

g:T,M x T,M — R,

9ij =9< 0 0 ) (A.118)

Ox1’ Owi
TEHSNTVELE, ZOHBEMIEHRBIEL 5 < 74y PLAVLVWITERA, ZZTRO
FHEEEALET

g(u,v) = g(Iu, Iv)  u,v € T,M (A.119)
ZOFREEFHETHEDOZ LET A I— FFELWVWWET, Z 2T, Kihler form
w(u,v) = g(Iu,v) (A.120)
FEBLEL X 2. ZHIERHHRTT

wlu,v) = g(lu,v)

= —w(v,u (A.121)

SIEEN 2 DORY MATRIAFHLTT NG, ZHUE 2 KBS ER—HRTE £9, Kihler 4%
B E1X, Z® Kihler form B’ CTWAHDTY

dw =0 (A.122)
IhRarReEny—r7 7 AEEDET, Tk Kihler class &EWWET, ZDOFEMEIT

VI=0 (A.123)
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CEMETHDZERHONTVET, TANETBEHOL LIERBEERREL LV I DEHDL
DIZRLTWHATY, BHEREEIISEROEEM AL ER], KIERID 2 DOEZITHT 2505
ZHETDOLDOTTN., ZOFZIHBPEREEETI ELHEVE-oTNDHLENI T ETT,

BT hyper Kahler 4%k & 132 % 3B L £ 9, hyper Kihler 28R & 1%, EATBEIO S
ERRI3ODOEEREE L. J. K BH->T

= =K?=-1
IJ=K, JK =1, KI=J (A.124)

DY LD, W) Kihler ZRIED Z & TT, ZD 3 >OEREE)S 3 5D Kihler form 23
EnE4 :

g(Iu,v) : Kéhler class
g(Ju,v) +vV—1g(Ku,v) : BRI 2 K
g(Ju,v) —v—1g(Ku,v) : RIEA 2 = (A.125)

ID3ONEoED K3IMEDOHNZH -T2 b =3 DHDIHEY LT,
L OFFEIIK D X 5 b DT

o BT I—78 SO4) hb SU2) £THDL S

o HEYEW (Canonical bundle) 23 kU £ 7 /1
TRbb
1st Chern class = 0 (Calabi-Yau 4&f4)
ZDEE
no-where vanishing 721ERl 2 X3 7272 1 OFFET D

A ) I-=BELLIDITES LTHhEVWWET L, 7

V=0 p=1,234 (A.126)
£,
YV, V] I=0 (A.127)
————
3

ERVET, [V, V)] BDHRERIITINIROTTR, TITE2TWDHDIE, K (A.127) 2fEE
FoltWwoz &, TbbiTlDT I RELTNDHENS 2 ETYT, MEERTITINENHID
X, X7 MPVEER/NONL—TIZIR> TR MUEETEBEH L C—RASE L iz, TOXRZ b
N ENEFTTNTWENERTITHNTY, HEREZRIITIOIT I BRELTNDLDT, Au/
I—-BEHET

50(4) ~ SU(Z)L XSU(Q)R
U2 : Kihler Zkf (A.128)
SU(2) : hyper Kihler Ztk{&
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AE ) I=RS0M4) 5 SUQ)ETHELD L EIRBNEVNVET L, SO(4) ~ SU(2),xSU(2)r
DRBUEI S © 5 D2 OOWFDIH. FHIFEITHELRDLE NI ZLTT, #Eblhn

=% SUQ2) ZLEZIT, SUQ2)Rr DR BITHMBEZELLRVDOTH->THRITH LRV,
ZTOEDTETEVA AN L TETFROBEABRZ ZTo TCHERIILZDLLRNVEWVWI ZEIIRV E
To TOZ LD, T4 PANBREERE MR PN RBERSPEMITRY ET,
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BREBEREHENE

T DFEFRSKIT, 1998 4 11 A 24~27 BDO 4 BREIZNT CTTFERFETITONTETER - ik
YRR R RIGES 11 GRAT - Lo, R  (HEBOER L OB ICESWTELNZ DT
T, BREOFEMIZKROEY TLK,

[ 11 A ] S | (e % (%24 |
24 H AWRTE N =2 AT N =2

25 H 4RI N =2 AWITL N =4 ARITT N =4

2% H e JLES BREMZ | BUHETFIFELE— AR
27 B | AMAHRYE LR (OHP)

Bofs B ONLFEAAB REHL R O BEE I HAE DI 0 Je 4 ORFFR ORI T L7z [43],

ERBEOERRIIAL, EFNEY U L, TOAE0#ERIT, KREHMETONI T, £<
DEEREZMT LE Lz, ZOBRKTIE, TOEEHEREHELI LT RDRNES AFEHRAICL, B
FLEINEZ L EBEICERTALIRAAE L, LPLEDODITRRDTZD, ZDIFEAENK
biTBY, ETHESTT, TORDLYERNZEHIOWVWTTFHELIEIMZ, £, 35X
BROHRDZTEL T HEICLE L, T OHERERS Z ONFICHREZRFOH 2 (BRI FEE
AREL TEA) I L THRISETE, FAELTHETHELLBVET, Ki&HE OB

FRIC OV T, A0S OHP OITRIZHED A Z E AR T, Z OB CIXEAKTHZ LIce E
L7z, ZOFEEICOWTIHITOEENEFERLR ECHOBHEL TAIREIVNDHDLEZI DT, £
DEXIZHDHTELHEILBESTWVET, ZOFEBFKICEHL THERRLZISWELEDL, &
HFIZBH LT TFEV,

Z DEBGHOERICE - T, MBS, MBRBOEROEA S, REBSICHNDE Z LN TE,
ETCHMBBICARDE L, ZOXIREEEEXTTEY, BHCHRICOEVRER E THLEY
WDEEHS T FIo LALLM ORBILBLETET, £, YA A MNIETH I EE, T
EHERBS B TCT S oFIBHEREECE CHLRHLTBY EJ, &b, TEXICETSZ
ELA—ET ANV RICETAZ R ERZEFICTEICHELTCTEY, BICHMBIZE L Ehi
3o To BRI RFEZEITIE S BV e LE T, MELEOHIEER 2o 61E, TEX RO Z
DBBHOFTERIIH YV 2 2o TL X I, REOEMEEITIL. SUSY OELRHZRZ L2
ANAHEDLYE LT, DT, BILBL LT ET, EEFAEORARERIIINNYa LD RNTFT
NOEZMELBTTHLOWE Lz, #HEORKEIINY LTTAERATLE, ZOMIZH KRS
DFIZBWHFFICRVE L, E2bHRE > TXVET,

B%IZ, #BOHM T, a—t—DFELOHP Dabt™ =Rl NWANALRER > TTFEo
TFERZOBEBEDF 212, ZOBERMHEY LTBILBE L EFET,

1999 £ B
HIRRKFERFRBEZRAM AR B EEIR
TR FimbFE=E &+ 2 4

Eh EE
e-mail : hamanaka@hep-th.phys. s.u-tokyo.ac.jp
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