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SUSY

SUSY

1.2

Witten

(Topological Field Theory TFT )
Yang-Mills TFT (Witten,1988 [1], )
Chern-Simons TFT (Schwarz,1978 [2]; Witten,1989  [3], )
Non-Linear -Model TFT (Witten,1988 [4], )
TFT ( 1991 [5))
2 4 ) G )
Supersymmetry ( SUSY )
[16]
SUSY SUSY :
SUSY
rigid
TFT
SUSY
Chern-Simons 3
2
3]
TFT
4
( )
@] X y
hO(x)O(y)i (1:1)



hO(x)O(y)i = - - g Mix Vi 1:2
IO = o (1:2)
( )
well-de ned
( )
(1.1) 1.2)
broken phase
broken unbroken
()
broken phase
unbroken phase

0
unbroken

phase broken phase

1.2)
( const (x =y)
hO(x)O(y)i = - 1:3
O(x)O(y)i const® (x 6 y) (1:3)
1
broken phase unbroken phase
TFT 10 Witten
[11[4]

TFT



TFT



(Supersymmetric Quantum Mechanics)

6]

2.1
(Hamiltonian)
(Superdcharge) Q ;Q
1 1d .dwW(x)
Q=P+ Tax T
1 1d . dwW(x)
Q=P T T 2.1)
Q;Q 2 N=2
X W(x) X W (x)
! ! !
01 0 1 O
15 19 27 OI 13T 4 g (2.2)
!
(= iarig)= oé (2.3)
!
=31 = 00 (2.4)
2 2 2
!
_ " F(X)
) "B (X) '
= "F(x) + ' g(X) (2.5)
!
_ 1+ 3 _ 10 .
F = 5 T 0 0 (2:6)
2
1
H
H' Hg He 2.7)



jfi2Hg) Q
0
Qjfi=0 (2.8)
jf i 0 0 jbi(2
Hg)
Qjbi = 0 (2.9)
e % Q
0 Hg He ! 0 (2110)
Q
H=0QQ+QQ (2:11)
(2.10) Q:Q 2 0 (+%2=0, 2=0 )
Q%=0
Q%?=0 (2.12)
N =2 SUSY BRST 2 0
(2.11)
1( d? dw ) 1 d*w
=2 @@t & Y2¥ae (2:13)
1 + + + =1
(o o ) (3 .
) 1 2
+ + = 3
3 )
2 .
( (247) ) 2 1
aw ’ SuUsY
2
2
H QQ+QQ (
0) H
hijHj i = hjQQj i+hjQQj i
= kQj ik?+ kQ j ik?
0 (2.14)



SUSY

Hjbi
Fjbi

Ejbi

Q jbi = jfi

if | ibi
if | 0

hfjf i

hbQQ jhi

= hhR Q7 QQyib
H

= Ehbb

6 O

SUSY 2

jbi

Hjbi = 0

jbi

hfjf i

Q jb

SUSY
E>0

hbQQ jhi
"bQ 07, Q)b
H

0

1
o

SUSY 1
BPS

jfi

if |

(2.15)

(2:16)

(2.17)

(2:18)

(2.19)

(2.20)



1 )
BPS [7]
g L
g = &t
. 1, .
= 1+i L+ E(| L)+ (2.21)
L SUSY
L joi ( Lj i=0)
ejl—(1+IL+§(IL)+ )j i
= i (2.22)
ji et
i | L
( Lj i 6 0)
elji=jei(6ji) (2.23)
ji N ji
jiogs
susy Q Q 2
E>0
jbi Qjb=jfié 0 Qhb=0
jbi SUSY 2 jbi - jfi
SUsYy 2 jfi
2 joi jfi SUSY 2
E=0
jb Q jbi = Qb = 0 jb
SUSY jbi SUSY
SUSY 1
E>0 E=0
E 0 Bogomolnyi 1 saturate
) BPS SUSY
BPS Non-BPS BPS
Non-BPS
BPS BPS
BPS SUSY
BPS SUSY BPS



SUSY (

) BPS SUSY
( [8][9[10])
BPS SUSY (Witten
)
tr( 1)F (2:24)
(Witten,1982 [11])) E> 0
SUSY tr( 1)F BPS
BPS 1 BPS
1 SUSY
tr( 1)F = ( BPS ) ( BPS )
= N nNg (2.25)
ng =0ng =20 BPS SUSY
SUSY 0 SUSY
0 SUSY
(2.13) SUSY ng
Q (x) = 0
1d .dw(x) , _
ice: T X i SX s(x) = O (2.26)
dxj' s(x)j> < 1 (2.27)
(2.26)
'g(x)=e Wk (2:28)
NE
Q(x) =0
_1d  dwW(x) , _
ie: i—&+| f‘x F(x) = O (2.29)
dxj' F(X)j% < 1 (2.30)
"E(x) = e W) (2:31)
(2.28) ng = 1 (2.31) nge =1
(2.28),(2.31)
(2.28), (2.31) xXjpt o1 exponential 1
W(X) jX] WX)' x"( 6 0;n6 0) n



n= ( W) x2Z x4 )

(2.28) (ng = 1;ng = 0) (2.31) (ng = O;ng = 1)

tr( 1)F = sign( )

SUSY
1: W(x)' x?
aw
W) dx
\ / dw
T
2
_ dw
V= i
0 W (x)
iXj
h WKB
0 W (x)
n= ( W(x)' xLx3... )
W(x) x! 1
O;ng = 0)
tr( 1)F =0
SUSY n=3
2: W(x)' xB
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(2:32)

n=2

(ng =

(2:33)



d
V= G
0
0 0
W (x) W (x)
tW (x) t
W 2
t2 O('j—x "(x)=0 (2:34)
dw —
t! 1 o = 0 X
W (x) (localize)
W (x)
2 aw 2
dx
d
W (x) a1
dw
d—xl (X Xo) (2:35)
W (x) X = Xo W (x)
1 2
W (x) > (X Xo) (2:36)
. 1d® 1, 2 :
H cact 3 (X Xg)°+ = 3 (2:37)
1 2
3l ]
0 2
+3 3
|
e 2l i(x x0)?
<0 ' 0 ; (2.38)
!
1 0 .
>0 o 3 ikx xo? ; (2.39)
W(x) tW(x) t
( (2.37) )
|
e 3t ix x0)?
<0 x) 0 : (2.40)
!
L} 0 .
>0 (X) e %]t i(x XO)Z . (241)
t
d d
& O &
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3 (

X ( )
aw X
" F(X)
4:
( ) X=X
W(x)"' x3
«( ) 0

0 (ne=0ng=0) ( )

12

10



( ) ( ) (2.42)

o N4
VAVAYA |

(2.42) (2.42)

ng =0ng=0

ng=1ng=0

AWA
VRV x

(2.42) (2.42)

SUSY
SUSY

2.2

(x:x2 xM (2:43)

(5% oM
(5% % M (2.44)
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n o
[ J :g'J
n (0] n 0
- = I I =0
1 1@ @)
Q =% T &
_ 1l e, ok
Q = P—EJ i_@+l @j
S | 2
1 i @ @ 1 i iy D°h
= 3 9@e Yaa@ "2 ' Doxox
(D ) Witten
(1982 [12) M
6 M h
M A
-------- h(x)
w h h(x)
\W (X = Xo) 1 W (x) " %(X X0)2
ho)' 5 (d xb)?
j=1
@ i xb)
(i) @y N
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(2.45)

(2.46)

(2:47)

(2:48)

(2:49)



(2.48) h  Hessian-&h_ (2.47)

@' @!
1 2
|
11X @ , , 1 '
H= =2 —+ 20 X2+ (i i) (2.50)
2]:1 @(12 G) 0 2 MOV j I b
j 1 (2.37)
(2.38)
8 9
' < :I.)(| . . J J 2: .
(x)" exp. 5 () (X Xo); i iplOi (2.51)
j=1
fikgk:l; P (i) @)
h  Hessian
p
Mp Mp 17
Mog=2mi1=6my= 2 SUSY
tr( )F = (1P
x
= ( DPmp (2.52)
p=0
h(x) t
0
_ 1@ . o®x) _ 1@
« s e e ®= e
_ 1@ .ok . _ il @
Q = Jf@;ﬂt@j, %‘JT@T (2.53)
Qo Qo Qt
Qt t
t=20
p
(X)= iy 5,00 = ejo (2.54)
i1; ;ip(X) QO
Q(X)=@ iy 5,00 ' " "o (2:55)

15



L= iy g, (x)dxt A A dxie

d
db = @ iy i, ()X Adxt A X
(
Qo d
! dx
Q ! d
(x) Qo

Qo (1 x) = ( l)k l@< i1 ik ;ip(X) 11 di

d (adjoint operator)
L= (DK 1@y iy g, (0dX A i
dx
(interior product) Qo d
I 8x
Qo !
Q: d Q d
(2.53) Qi
1@
— th(x) it =¥ ghx)
Q = e i @ e
1@
— th (x) iz = th(x)
Q¢ e T @ e
h(x)

H = QpQo+ QoQg

= d+ d
p p BPS Qo Qo
d
(2.64) eh (x) conjugation

16

) dx

'°jCi

(2.56)

A dxip

conjugation

(

(2:56)

(2:57)

(2.58)
(2.59)

(2:60)

(2:61)

(2.62)
(2.63)

(2.64)

(2.65)



by
SUSY
X
tr( 1)F = ( Py
p=0
= (M) (2.66)
(2.52)(2.66)
X
M)= ( D)Pmy (2.67)
p=0
[13]
(2.42) 14
mp B (2.68)
( )
h(x)

1

0
mo = 2 bzzl)
mp=6 ( bp=4)
Mg = o = 1)

mp by

(2.51)
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X X
(1) *Pm, ( 1) *Ph, (2.69)

p=0 p=0
( )
1
( )
2
0 (Witten )
Witten [12)
Witten
[14] Floer [15]
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3 4 N = 2 Super Yang-Mills

3.1 N = 2 Super Yang-Mills

N = 2 Super Yang-Mills TFT
(Witten,1988  [1])
N =1 Super Yang-Mills [16f N=1
(multiplet)
(A% 3:N=1 (3.2)
(% 3»:N=1 (3.2)
(adjoint) N =2
N=2
A a
a a (3:3)
Al ( nH * @ ( 12) @ (
0) N=2 1 1
N =2 2
1, 2
SO(4)
SO(4)' SU(2). SU((2)r (3:4)
N =2 Qi;Q7(i=12)
SU@)L SU@2)r
Q (310) (35)
1
QT (0! E)
SU(2), SU(2)r
SU@@)L SU@2)r
11
A (%, )
i ©; 5)
(0;0)
(0;0)
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;9

i=( ) =5 )@(=12)
TFT
2
U(2) global
R-symmetry SUSY
R-symmetry
R-symmetry
suU(2), i1 R/
U@ il e
3.7)
SU@)  U(@), 1!oe!
U(1), 3 SU(2),
( W ()
U(2), ()
( W ()
U(), ()
w '+ @
8
%A !
|
U(1)| . '
F
8
E A
|
U(l)J . I
N=2
U@
Ad 0
a a l
a 2
uil); 1 0 1 U(1);

20

( CPT )
N=2
2 2
R-symmetry
R R (Right R)
(Internal Symmetry) I
i (i=1,2)
R/ 2 sU(2) (3.7)
(3.8)
1 2! € (3.9)
W = ( a’A a) : =
e W(e'l)
& (el ) (3.10)
e We' )
. 3.11
(el ) (3.11)
A
e
J (3.12)
o2
A
el
o (3.13)
CPT conjugate
U(1),
Aad 0
a a l )
. 5 (3:14)



SU&Z)L SU(Q2)r SU£2)| U(l),
7 ( 0 % > 1 )
A : 2 0 0 ) (3.15)
1 1 |
i ( 5 0 5 1 )
2 1 i
i ( 0 > > 1)
( © 0 0 2 )
( 0 0 0 2 )
Qi i
(twist) (diagonal sum)
SU@R)r SU(2) SU(2)Ro
SU(2)ro = SU(2)R suU(2), (3:16)
SU(2)ro
SU@2)L SU(12)R 1SU(2)| U(1), SU@2)L ?Ul(Z)RO U(2),
Qi (%:0;2) ! (Z:3)
214 22 (3.17)
oR ©3: 20 L b (o0
|2'{Z§ Q: BR;T B
G 1/2 1/2 1 0 (3 3=
1 0) U(2),
(0;0)
BRST 2 0 )
Q
BRST
N=2 BRST
SU2)L SU(2)re  U(D)
a 1 1
(5i3h (3.18)
e 0;1) 1
a (0;0) 1
1 a (Ghost) *a
(Self-Dual) 2 ( (Anti Self-Dual)
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2 2
Yang-Mills

SU@)L SU(2)re  U(1)

11
A (i 5o (3:19)
(0;0)2
(0;0) »
H
H=0
N =2 1
N=1 2
N =2
U(1),
a g a 1
g o & 2 (3:20)
U, 1 0 1
( 1/2) q ( 0) g q
R . p R %% R R
d> 20 Q(Q=(q ¢ ; ©= (e %))
( .
Q() ' Q' )
u(l . 3.21
() ORI (321
Q) ! €Qe' )
Ul . . 3.22
@ o) ! & Qe ) (822
8
% q ! - q
I e
u@), : q N 3.23
I (3.23)
.8 eé I el ea/
3 q ! ¢ q
. q ! q
u@); 591 el (3.24)
. e():‘/ | ea
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SU&Z)L SU(2)r SU(2), u(),

q ( = 0 ; 0 ; 1)
2 1
q ( 0 0 % 0 ) (3.25)
& ( 0 0 > 0o )
e ( 0 % 0 1 )
SU@2)L fUGDm Uu(),
q (E;O) 1
1
q w;%m (3:26)
& (0; %)0
ea/ (8 E)l
(monopole) (Witten,1994  [17])
BRST
BRST
A = |
= "D
=0
= 2" (3.27)
— 1"
= 5[]
_ w 1,
= "(F + > F )
Q 1 (Q Q¢ 1)
) H
Q?=0( 2=0)
(Lagrangian)
0
z 1 1 1
L = d&p_gng—F F + “F B +ZD D
M 4 iz}
i
iD +iD ~ I : 1
RSN
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|2 72 3 By
( "B =3 F)
(Stresstensor)
(metric)
Z
L = 1 d“xIO gg T
2 M
T = tr (F F -g F F )
LD D f($ ) o b )
2 29
1 1
5 DD +($ ) 59 DD
1
i D +( % ) 59 D
. 1 i 1 . L,
2i( 59 )+§g [ ]+§g [; 1
BRST
T = fQ; g
= %tr F +F :—2Lg F
1 1 1
+tr D + D 59 D * 29 tr [; 1]
BRST (
)
4
Chern-Simons Chern-Simons
BRST-exact
O BRST-exact o0
= OO
= Qo0°

BRST
BRST-exact
(trivial)

Lo Yoy

24

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)



BRST

BRST O BRST
0=0 (3:34)
O BRST-closed
BRST-exact
BRST-trivial exact
01,0, BRST-closed o°
01 = 0O+ O°
=) O Oz (3.35)
( App endix ) O O
BRST BRST d
de Rham
(3.31) BRST-exact
hOy(x)O2(y) | (3:36)
X
@hOu(x)O2(y) i = HT;01(x)]O2(y) i
= hQ( O1(x)O2y) )i
=0 (3.37)
hOi(x)O2(y) i X
X
BRST-exact
0
1
broken phase unbroken phase
BRST-exact
BRST-trivial
BRST-exact
BRST-exact
= fQ;Vg (3.38)
1 1 1
= Ztr(F )+§tr( D ) Ztr( [ D (3.39)
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L
Z = DX exp 7 (3.40)
DX = DAD D D D D
g
Z
1 L
Z = DX — |{&} exp ?
fQVg
1 L
= ) DX Q,VeXp )
g | @2 }
total derivative
= 0 (3.41)
Z
g O
g h g O
WKB WKB exact L=fQ;Vg
WKB exact
Yang-Mills Z
Z Z
_ 17 4 PpP— pra
Z = sz—gzdx ggT e¢
= 0 (3.42)
0
TFT
Chern-Simons
Chern-Simons
invariance
g O
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0 TFT
0
BRST-exact BRST
WKB
WKB
GaussianFluctuation h
WKB
1
FF +F P =3(F +P)F +P ) 0 (3:43)
Euclidean e e =1 F F =
F F ) 0
F = P (3:44)
M
TFT
well-de ned
1
F o+ F =0 (3:45)
A
Al A+ A (3:46)
D A D A+" D A =0 (3:47)
Badkground Field
A 6D (3.48)
D A =0 (3.49)



0 !

H! = KerD,=ImDx
(3.28)

o v v o
W W W
A
D
(=3 + ) ) dmH?
( )
SU(2),
: 3
dmM = 8k E( M)+ (M)
M) M (
[22] h G  dual Coxeter
(M)  bi(M)+ (M) by(M) + by(M)
2 2n(M)+ (M)
b (M) b, (M)

b (M) + b, (M)

dmM =8k 31 by(M)+B(M))

(M) M
dhk I (M)+ (M))dmG
) )
(M) =
M) =
(M) =
4
D D
(3.47)(3.49)
Fluctuation
3

Lo =

dmM =8 3

D = 0 ( )
+ D = 0 ( )
[23]
0
= (A5 )
=(5 )
2
Z
d4Xp_9( B +i D)
M

28

(3.50)

(3:51)

dmM =
(33

(3.52)
(3.53)
(3.54)

(3:55)

(3.56)
(3.57)

Gaussian

(3:58)

(3:59)

(3:60)



Gaussian

(Pfa an)

SUSY

Donaldson
1988

BRST

Z(k) =

Rfa(De) .V i o (3:61)
det g ; I2
Pfa
[19]
iDp = (3.62)
B = 2 (3.63)
60 )
X
Z= (1™ (3:64)
[18] Witten

[1],

Seiberg-Witten
(1994 [20)) N = 2 Super Yang-Mills
N = 2 Super Yang-Mills

BRST  (3.27)

A
D (3.65)
= 0

BRST
Wo(P) = tr ?(P) (3:66)

BRST
Wo(P)=0 (3:67)

Z LYK

DXe o2 W()(Pi) = H\N()(P]_) W()(Pk)i (368)

i=0
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(3.65)

W,
Wy

0= fQ;Wog
dWp = fQ; W19
dw; = fQ; W2g
dW, = fQ; Wsg
dWs = fQ; W49
dW4 =0

Wi (i=01234)

BRST

(dWo

Wi (k=1,234)

()

Donaldson

Donaldson M
W() WO
dwy = fQ;Wig (3.69)
Wl = tr (370)
Wy
dw, = fQ; W»g (38:71)
w 4
(dW4 = 0) W
Wp=tr 2 4
Wy = tl’( ) 3
= A i
W, = tr( 2 +iF ) 2 (3.72)
W3=tr(i "F) 1
Wy=tr( 3FAF) 0
2
descem equations ( )
Wo Wi (k=1234)
W1 BRST
total derivative 0
Wi k
Z
1() Wi (3:73)
k+1 Stokes
Z Z
Wy = Wy
7k @Yl
dw = fQ; Wk+10
k+1 k+1
0 (3.74)
0 ()

(App endix 70
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32 N=2

Donaldson

BRST-trivial

Donaldson W,

non-zero

S ux

Donaldson

d*xd® mtr 2

mass perturbation
BRST

31

(intersection form)

(3:75)

Yang-Mills

WKB

Donaldson

(Witten,1994  [21))

(3:76)

mass

(3:77)



N=1

familiar N=1 QCD
) dimensional transmutation ( )
length scale
massgap massgap
( ) 1 2
1
gap
gap
Coulomb phase( )
familiar
dimensional transmutation massgap
N=1 N =
perturbation N =2 N 1
N=1 =2
N =2 Internal SU(2),
Keahler
BRST Keahler
BRST
massperturbation BRST
Keahler
SO(4) u(2)
SO(4)' SU(@2). SU@R2)r ! SU@2).
TFT N=2
QL = @
Qi = Q2
BRST 2
N=1 G ,
4
1 s P 1
L = 2 d'’x o 4F F

N=1
asymptotic freedom (

1
1
gap
N =2
asymptotic freedom
mass
N=1
TFT
massperturbation
BRST
UDr' UQ) (3:78)
SO(4) u(2)
(3.79)
Aa , a
iD ) (3:80)



UD)r

!
et (3.81)
Zon
h  dual Coxeter SU(N) N ( )
| | dual Coxeter h |
SUN)(N 2)| N 1 N2 1 N
N 1
SO(N) (N 2) > EN(N 1| N 2(N 4
Sp(N) N N(2N + 1) N+ 1
Es 6 78 12
E-; 7 133 18
Esg 8 248 30
F4 4 52 9
Gy 2 14 4
Zoh 7
3
3
2 C, (@) ' CyFP) 2 dual
Coxeter UD)r
Zoh Z3
Z;
!
! (3.82)
Z,
2h 2=h SU(2) 2 N = 1 Super Yang-Mills
SUSY
N=2 notation
(Wi ! 0k
n (0}
do® = ;o (3.83)
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Ox) = 0O(x)=1tr ?(x)
Z (x) = 9(2)(x):tr(F i )
() = Z d 2 Hx(M;Z)

hQ(x1) ...O(x)I (1) 1( 9)i

U(Dr
3
=8 —=( +
U=8k 5( )
U(Dr anomalous
@j = aFF + bRR + cRR
(a;b;c R =1 R ;R =31
1
1 8k 2 3
(3.88) (3.87)
U=4r+2s
(3.88) (3.87) 60
N=2 U()r anomalous ( (3.88)
(3.87)
UD)r non-anomalous
N =2
massgap
X normalization
hX i
hii
M
t g

g ! tg (t! 1)

34

(3.84)
(3.85)
(3.86)

(3:87)

(3.88)

(3:89)

(3:90)

(3:91)

(3:92)

(3:93)



hli = ELeff (3.94)
Lot = d% g+ vR+wRZ+ ) (3.95)
u; v, w; R
Left
n U
£ P
d*x "guU (3:96)
t4 n
n 4 n 4
2 2 topological
invariant
hii = e *P (3:97)
(&b )
non-local
local
massgap
exitation  decy
massless
mass
hO(x1)  O(X;)i = hOi"hii (3:98)
massgap topological invariance
cluster decomposition
h( )I( 2) (3:99)
Z (3.85) massgap
() 1
H()i=0 (3:100)
2 1, 2 intersection( ) intersection
intersection
intersection 2
VA
(DI 2 = hZ  (X)Zpg(y)id  (x)d Pi(y)
1 2
= 1C 1\ 2)hdi (3.101)

35



10 1\ 2) 1 2
massgap clustering

0 1 0 1
D X E X
exp@ al (A = eXp@E ab ](al pAH (3.102)
a2H2(M) a;b
5 c y Ox 1,
: X 1 PX on 1 (2n)! .
.a — @ A
3 4
D X E X
exp al(a)* O =exp 5 apl(al »+ hO 7" (3:103)
N =2 massgap
N=2 massperturbation
N=1 N=1 1
h
N=1
D X E X X
exp al( a)+ O = exp > ab ll al p+ hO Hhi (3:104)
0 1
X X . )
= exp@é ab ]l al p+ hO Aeg * (3:105)
a;b
Donaldson
(Kronheimer & Mrowka [24]) K3 hyper Kahler
hyper Kehler
N =2 N=1 mass perturbation mass
perturbation 7
m d*xd?® tr ? (3:106)
d*xd? | d?zd?zd? (3:107)
d?z 2 dz; " dz
2 2
2 2
hyper Keahler 2 !
dz;Adz, ! massterm
Z
m ! d’zd?® tr 2 (3:108)
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hyper Kehler

clustering decomposition

mass
Coulomb phase
2
string vortex line
2 canonical class

canonical divisor

massperturbation

mass
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non-vanishing 2

mass

mass

canonical class
canonical divisor
N =2

N

mass

cosmic



4 N = 4 Super Yang-Mills

N = 4 Super Yang-Mills TFT
(Vafa &Witten, 1994 [25])
S-duality
4.1 N = 4 Super Yang-Mills S-dualit y
N=4 4 N =2
N=2 minimal
N=14
N=2 N = 2( )
A? g
a a qa qya (41)
a eya
q
0 & ( %) a &
( 0)
8
> 1 A
S 4 D i=1,234 (4.2)
' m( ) m=1 6
R-symmetry N=4 u@4), "' su@), U@Q),
SU(4), U(2), B
N 4
[Qi:B]=1——Qi (4.3)
N =4 0 B Qi
N =4 CPT self-conjugate (48 ) B
+ % % B 0
N =4 R-symmetry SU(4),
SU(4);  SO(6)
SU@) " SO(6) (4.4)
sSu@4), 4 SO(6)
. 4 of SU@4)
: 6 of SO(6) (4.5)
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4 SO(®) 6 SU®Q) 2

N =4 0
(9)=0 (4:6)
N =2 SU(Ng) 1
1
_ bg
(9 = 16 2 . § (4.7)
11 1 2
b = —CyG) ~T(Rs) 5T(RF) (4.8)
3 6 3
Rs Re
T(R) ® = tr(R3RY) (4.9)
C2(G) B = faeqfbed (4.10)
Co(G) G 2 T(R) R  Dynkin index R2
Rs: RE S:F
G = SU(Ny)
C2(SU(2)) = N (4.11)
T( ) = N¢ (4.12)
T( ) = 1 (4.13)
2
N=2 b
1 2 1
11 1 2
b= % 1 £ 2 3 2 Ne=2Nc (4.14)
2 2
1 2 1
b = g 4t3 2 3= 1 (4.15)
1 2
b = 6 4+ é 2 NC: 2NC (416)
N =4 (4.1) N =2 1
b= 2N, 1+ ( 2Ng 1=0 (4.17)
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duality (

duality) N =4

SL(2;2)

SL(2;2)

S-duality

SL(2;2)

8 G

dual
G = SU(2)

)

S-duality

SL(2;Z) 3

SL(2;2)

S-duality

4 G

& = so@)

S-duality

weight lattice

massless

I SL(2;2)

2 a+hb
' c +d

dual
[26]
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S-duality (Strong-Weak
S-duality

S-duality

(4.18)
(4.19)

S-duality

(4.20)

(4.21)

(4.22)
(4.23)

(4.24)

(4.25)

S-duality

(4.26)



S-duality Montonen  Olive

(2977 [27) Montonen-Olive duality N =2
N=2 duality
N =14 [28][29]
duality
N=4 (
SUSY
N =4 1 1 1/2
4 0 exact S-duality
N=2 1/2 0
N=2 1 1/2 0 exact
S-duality N=2 duality
Seiberg-Witten [20]
1 N=2 U()r anomalous
0
Donaldson N =14 U(Dr non-anomalous
non-zero
8:
= 2 2
UD)r ( 1
+1 1 1 )
N =2 SU(2) U@k N=4 SU(4)
U(1)r
0
, G
4 VA .
Z( :G)= DXexp y d4xp_g g—lzter + étrFP"—“ + matter part (4:27)

Vafa Witten  S-duality

zw( Sey= — Tz 68 (4.28)
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(M)
12

*

Zu = gy M (4.29)
q= €' =e 89_22+i
M n
12 (G) G ( 1Z(SU(N)) =]Zn =N )
M
M hyper Kahler hyper Kahler K3
4 T4 (Appendix ) M  hyper Kahler
Appendix (74 )
N =2 N=4
(4.27)
explicit
N = 4 4
Qi i=1234
Q7 i=1234 (4.30)
su@), 4 4 4 N=2 Internal
Space-Time Space-Time Symmetry SO(4)' SUQR2). SU(2)r
sSu@), 4 4 SU@)L. SU@r
3
(SU@)iL  SU@)iR)
: 1 0 o: 1
M (50 (03
N 1 1
(i) (03 (©:3)
i) ©3 ©0) (0
SU2),.L SU2), r
3 (ii) ©; 3)
N=2 N =2 2
SO(6), 6 SU@2)L SU@Qr
(SU@)i;L  SU@2)ir)
(0;1) 3(0;0)

42



N=4
(SU@)L SU@)R) (SU@2)1..  SU(2)Rr)

Q (5:0 20, %)

Qs © %) 20;3)

A (%; ) ©;0) (430
i (5:0) 20 %)

1
i (©; 5) 2(0; E)
m (0;0) ;1) 3(0;0)
i= G e =0 e o m=Goaage N =2

SU@2)r SU@2)r

SUQ@ro= SUQR  SU@) & (4.32)
11
Qi ! 2(515)
7 ! 2(01) Fﬁ?ﬂ (4.33)
BRST
(0:0) BRST
SU@)L  SU@)re
. l- l
€ 52 (4.34)
e 0;1) 2
(0;0)
("5 ) (&5 )
SU@)L  SU(@2)ro
11
A 5:3) (4.35)
B* (0;1) 2
, C (0;0) 3
2
4.2 1 1)
M d(= 2n) v
d Vv Oab
(V;W) = gapV®WP;  viw2V (4:36)
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SO(d) u M i M

(i=1 ;d)
BRST
u = i"
" BRST 0
oUj = i i (438)
vV 2 ad(u);H3W)(a=1;...;d)
a(u) V H2u) V
Vv
BRST
a - IIH a n OUiAiab b
A& |:ij a, vV BRST 2 0
L = oW (4.40)
W= Zi(; H + 2is) = zi aH2 + 2is?) (4.41)
. 1 . 1 b1 o
ber L = o—(HiH + 2is) + =gap a% ! > Fija biah (4.42)
S
1 Z
Z= -~ dud ddH e - (4.43)
(2)2
H H
%Z
zZ = - dud de ‘- (4.44)
sis) 1 @P 1
L = (2 )+ —0ab a@ I 2 Fljab biah (4.45)
0 1
TFT
10
s(uy=0 (a=1;...;d) (4.46)
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4.3

M

W
s?(u) = a°
av 2+ @w
@ @2
W
S P 1
s*=fmu® (a not summed)
0O s O 1
¢z ( a)2 )
2 dudd 2d 2exp (fazu) + lfa a a
2
X
/Z =
P
_ @*
= sign det @ o
1 2
$Z 1
Z = 5 dudd exp Z—Fijab
Z
1
= du Pla(F" , "R)
X
2
Poincare-Hopf (
)
2 ( 2)
M M union
normal normal

S
Yo,
et 1
a:]_.lfa.l
j ab
S
s=0

(4.47)

(4.48)

(4.49)

(4.50)

(4.52)



9: S d .
1
M
(2 6 0) > o
=0 (a=d d +1 :d) (4.54)
1 oM
( (4.45) = )
d
o ¥ 1
7
d d |
/ (4.55)
7
a °
#
masslesgermion
1 y 5= 0 ) M normal
(s60)
X
Z = " (V )
Vv (tangent )
(normal ) (99
v M
(4.29)
1950
[30)*
(4.29)
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4.4 3(N=2! N=14
M normal
tangen M normal
1 2
A u M
N =4
s=u?> a
8
P . ®
< a>0 u= " a (sign @ s " 1
a<?o
X
Z= sign@ =+1+( 1)=0
P @
u= a
s = u? a y?
S; = 2uy
$1=0;5,=0 2
s1=0;5,=0 (4.60)
a>0 y=0;u= pﬁ
a<o y = pEl;u:O
C e e
det%% %§:4(u2+ y?)
@ @
a>0
2
4.5 4 (N=14 )
TFT TFT
N =4
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tangent

(dim M

o

N

(4.58)

(4.59)

(4.60)

rankV) )

(4.61)

(4.62)

o

3

4  topological



Yang-Mills

(HY; 18 )

self-conjugate
M

u=2
= e+
= A B C HY B8
= 1 * e
u= 2
U= U= |
self-conjugate
A
s(A) = F*(A)
s s=F*'(A)=0

s=0

10:

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

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

topological Yang-Mills

X n
Z = (Mn)q
n=1
qQ = e ngn“n
K3
[31 K3
dmM, = 8k g( + )

48

(4.63)

(4:64)

(4.65)



8k g(z4+( 16))

= 42k 3) (4.66)
K K3 sU@ E SU@)
SU@) L 2k 3
HOM:L T E) s 1 :
essetial U(l) S
2
( ) n :
1 E
2k 3
K3 2k 3
K3 4 1 4
K3
K3 2k 3
K3 (K3)"=5,
n Sh n K3
K3
( )
(resolution)
n (32
X n=s, reso!utlon X 8=5, (4.68)
X g:S‘l x [n]
(K ®=s, n=4

IW ©
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(K 3)"=S, K3

[33] Weil
X
2 X
N X
H (X ) (4.69)
H (X )N X N
H =H (X )N
H (X=) = H (4.70)
N N
Sy X (K3)"
Sh n
n=4
S, 1+1+1+1 2+1+1 2+ 2 3+1 4
| | I | |
Sa LEEA L2ACH 1:2AE4H (1L,23)4D (1,234

P e

| | | | |
OO0 ©© o O
(K 9= oo oo o & 8

dmH ((K3"=s,)
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O O O O O
(K9'=s O O O O 00 & B
| | | | |
Fock & bl “1 d1j [ P b1 Cdi 3, sz i %3 blj [ G4 i
K3 | (I
) I 1 = (1,2)(3;4)
2 2 N = f(1;3)(2;4);(1;4)(2;3)g

N 3 (1;3)(24) : (D@) 7 %
Nnswaey (D) 7 00,

n
X
n= In (4.71)
|
n [ N
Y
N = N() (4.72)
|
N (@) |
| n H (K3) ™
dmH (K#®n=S,) n
it imj 1 (i1+  +im=n) n
Fock

Qi (14 qnybss(kd)

n dm H K n= = O n=1 473
n=0 q ! ( gb Sn Y%:l (1 qn)beven (K3) ( )
Gettsche [34]
Qi 2m 1gmybi(X) 2m+1 ybs(X )
q"P(X8=S,) = O m=1 (1+ t2m Igme(X) (1 + t2m+ly w1
(1 t2m 2gm)bo(X)(1 2mgm)b(X)(1  t2m+2 gm)ba(X)

n=0 m=1
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P¢(X) Poincare
dign X '
Pi(X) = b (X)t!
i=0
dign X
P1(X) = b(X) = dimH (X)
i=0
dign X _
P 1(X) = ( D'b(X)= (X)
i=0
Gettsche (4.74) X=K3 t=1
(4.65)
R
Z() = q (Mn)
n=0
= qn (K@)nzs1
n=0
A Qﬁzl(l qn)bodd(K3)(:0)
- %:1 (1 gn)beven (K 3)(=1+22+1)
_ ¥ 1
L a q)%
1 1
G = Z = Q
=207 na
Dedekind
1
() = ~ya
. ¥
() = g (1 d
n=1
Dedekind
M)
1 2
G( -) = I_ G()
1 3
- 5 7 ()
Zm ()
[25]
M)
zy L o= - 20 ()
S-duality (4.28)
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(4.73)

G()

(4.75)

(4.76)

(4.77)

(4.78)

(4.79)

(4.80)

(4.81)

(4.82)

(4.83)



K3

53

CP2 ALE
S-duality
(holomorphic anomaly)



[35]
A.l
(manifold) [36] n M
M n
(n )
11: n M ( uU;v (X1;X2;  5%Xn); (YiY2:  iYn)
)
Xn
U
M U (X1;X2;  ;Xn)
( )
( )
M M
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hyper Kahler

Keahler
Hermite
(37]
- %
Kehler hyper Keahler
2 S2
(X1;X2;X3) j (X1)? + (X2)? + (x3)? = 1
12: 2 s?
Z
q
~a/|
|
o
Y
X S
(:")
N (0; 0; 1) ;")

S(0;0; 1)

(x;y)
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[38]

S =

U=S? fNg



13: U=S? fNg (x;y)

Xp Y
ﬁ xy)

X X
(1Y) (X15X2;X3)
!
o 2y xX+y® 1
X1 X2
. — A A.l
(X1 y) 1 X3’ 1 X3 ( )
U=S2 fNg N
V =52 fSg (u;v)
14 V =5S2 fSg (u; V) (v
VX u Vv (A6) w= 1=z
)
X3
\Y ﬂ X2
o
le u S = (Xl’ XZ XQ
(u;v)  (X1;X%2;X3)
!
o _ u v 1 u? VP
(Xl!XZ!X?}) - 1+ u2+ V2’l+ u2+ V2’1+ u2+ V2
X1 X2
= X2 A2
(U1V) 1+ X311+ X3 ( )
2 uv 2 s?
2 U\ V=582 fN;Sg u Vv

(X1;X2;%3) = (0;1,0) U (xy) = (0;1)
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V (u;v) = (0; 1) U xy) V (u;v)

(A1) (A2)
Gy) = uzf V2 02 +VV2
(uv) = x2:( V2 X2 +yy2 (A.3)
2 s? (A.3) 2 1
z=X+iy;w=u+iv (A.1)(A.2)
w = XL )':;2 (A.4)

X1+ X2 1+ X3

2 2 2 _
(x)7+ (x2)"+ (x3)"=1 () s X1 o (A.5)
1
W= Z (A.6)
U\ V=582 fN;Sg 2
(Riemann Sphere)
12
[39)
A2 1
1 1 (Riemann Surface)
g ( )
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(A.8)

cpt

=lr

I = f,(z2)dz = fy(w)dw

(canonical bundle)
(n;0)
( ) (n; 0)

15: E!' M

(A.9)

f2(2) = wiy(w)

w2

e @ @
X = f2(2) g = MW g,

d
£7(z) = fvf*ﬁ(w) = %f*”(w)
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(A:7)

(A:8)

(A:9)

(A:10)

©

(A.11)

(A.12)



( ) 1
z=10 U
Zdz k 0 1 (A.13)
4@ 0 . (A.14)
@
(A.8) (A.12)
ZXdz= w ¥ 2dw (A.15)
| @ _ w2 @_ 21 @
z @ W W av w av (A.16)
w=20 \%
w=20 \%
k 0 k 2 0) k (A.17)
I 002 | 0) 1=012 (A.18)
1
=012 3
dmHOCP LK) =0 (A.19)
dimH%CPY[ K])=3 (A.20)
KL[ K] [MK] (m 2 Z50)
m [ MK](m2Zsg)
m HO 0
3
Ln
n+1_@
Lh : z! z+"z @ (A.21)
Zn+1 Zn+1 3 L 11|—01|—+1
SL(2;C) invariance
degree degree
« )
degq(; [mK]) = [mK] (A.22)
3
@ _ L, @ . ..
1 % w g" cz=1 (w=0) 2
z% = W@@:Z:O(W:l);z:l w=0) 1 (A.23)
2— = _— N = =
z @ 1 a z=0w=1) 2
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degCP Y[ K]) = [ K]

= 2 (A.24)
(A.23)
degree
h%0() = dimHO(; [K]) (A.25)
hPd (71 ) 1
ht%cpPl =0 (A.26)
hl;O g
h*o( g =g (A.27)
T2
16: 2 T?
c

1
dz = dw (A.28)
( )
2
h¥9(T2) = dmHOT%[K]) = 1 (A.29)
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(A.27) g=1 degree O

deg(T?%[K]) =0 (A.30)
dmHO(T2%[ K] =1 (A.31)
degT%[ K])=0 (A.32)
1
1 g=h'0 | degK) |
cp? 0
T2 1 0
g(9 2) g g 2
( )T (=
1,2) (T =T
traceless
@T = 0 ( =12) (A.33)
T =0 (A.34)
@T11+ @T21 = O (A.35)
QT+ @T2 = @T2 @T11=0
T,z T Tz T,z Tuu+iTy z
Tzz z! w= W(Z)
T2(2)(d2)* = Tyw(w)(dw)? (A.36)
T, 2
dimH®( g [2k)=3g 3 (A.37)
dmHO g[mMK)=@m 1)(g 1) m 1 (A.38)
g=1 0
b;c [2K];[ K]
¢’ @b;, (A.39)
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dz"dz

@b,; = 0
@c“F=0

b = dimH%( 4 [2K])
c = dimHO( ¢[ K))

dimHO( g[2K]) dimHO( [ K) =3y 3

Riemann-Ro ch

dimH®( 4;[D]) dimH® g[K DJ])=degD) g+1

A3 2

2 ( ) [40]

K ample( )| CP?, ruled surface

K = K3, T4
K ample generaltype
2
fdz; ™ dzp = fdwy A dw,
1.2 CP?2

3

(z0;21;22) 2 C*  f0g

(z0:21:20) = (WO:W1:Wz)(d5afg 2C ; (Wo;wi;Wo) = (Zo; Z1; Z2)

(z0:21: 2)
Cp?

CP?=1f(z0:21:22)9
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(A.40)

(A.41)

(A.42)

(A.43)

(A.44)

(A.45)

(A.46)

(A.47)



Zy 2y

U : — 206 0
0 20’ o 20
20 22
U : —;—= :z2160
1 7' 71 21
Zo 721
U : —;— :2060
2 7' 7, 4]
cp!
CPl =1f(z:2z1)9
Do — . (d?fg . ) _ )
(2o :z1) = (Wo : wa) 2C ; (woywi) = (zo; Z1)
Z;
U : —:7206 0
0 ZO,ZO
29
U —:71 60
1 21,21
1
z= —
w
cp? N
cpN
CPN =1f(z0: :zn)g
f
(zo: 2= wo: w)OF 9 2¢ (W swn) = (zo
U 2, M z80 (=0 N)
Zi Zi
cp? Uo ( (A.52)
1 1
CP & LY,
7060 20=0
z60 Uo Z():O
cpt CP?2 Uo( (A.48))
2 . 2 1
cP ity [ 23
2060 20=0
N cpN
cpN ' cN ct c°
CN
Cl (j <N)
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(A.48)
(A.49)

(A.50)

(A.51)

(A.52)

(A.53)

(A.54)

(A.55)

ZnN)

(A.56)

(A.57)

(A.58)

(A.59)



CcpP?2 Ccp2 2

Uo; Ug
Z1 Vi) 1
U :d = r"d = = —5(z0dzy" dzp z1dzp "™ dzp + 22dzp ™ dz)
Zp Zp Z;
4y) Z2 1
U : d — *"d — = —5(2dz1"dzz z1dzp " dz; + z,dzp " dz;) (A.60)
Z1 Z1 Z7
3
d &4 ag 2 - & 0 A4 2 (A.61)
20 Zp o) Z3 3
degree
deg(CP?%[ K]) = 3 (A.62)
degM ;[ K]) 1stChern class c1(M)
ci(CPN)=N+1 (A.63)
1st Chern class M
(1-loop ) )
b= ci(M) (A.64)
(target space)M "Hz;z) (i =
1, ;dimM)
L= doe'e’ (A.65)
gj
( 17 ):
17:
Y
i'(z,2)
S
cpl cp? by QCD 1st
Chern class

1st Chernclass 2
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ct>0( K ample)| CP?, ruled surface
c1= 0(K = 0) K3; T4
1< 0(K ample) generaltype
A4
[41] M
de Rham M
p P(M) d p p+1
d : Pm)!t P (A.66)
di = d(li a,(x)dxtA A dxiP)
= @iy 5, (A AdxtA A
2 0
div rot= 0, rot grad= 0
(A.67) (closedform)
(exact form) 2 BRST
BRST 2 0 BRST
! d
d =0 (A.68)
p
ZPM)=f1 2 P(M)jd = 0Og (A.69)
BRST BRST-closed
BRST BRST-closed
p
n (0]
BP(M)= 12 PM)j! =d;® 2 P1im) (A.70)
BRST BRST-exact
BRST-exact
(A.67)
BP(M) ZzZP(M) P(M) (A.71)
P de Rham H p(M )DR
HP(M)pr = ZP(M)=BP(M) (A.72)
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HPM)pr 3['1]=T['2], '1 !2=d 9 2 P Mm)
T d
BRST
Poincare ( )
Poincar e : M ( )
ZP(M) = BP(M); HErM)=0
divB =0 B =rot A A statemert
Poincare
de Rham
de Rham
de Rham
de Rham : de Rham
HP(M)pr ' Hp(M)
( ) 1
de Rham
de Rham p
p (p-chain) p
p Cp(M)
@
2 0
@=0
P P p (p-cycle) p

(p-boundary)

Zp,(M) =
Bp(M ) =

{52 Co(M) | @p=0g
pch(M)j p— @p+1;9

(0]
pr1 2 Cpr1 (M)

Bp(M)  Zp(M) Cp(M)
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(A.73)

HER(M)

(A.74)

de Rham

(A.75)

(A.76)

(A.77)

(A.78)



67

Hp(M) = Zp(M)=Bp(M) (A.79)
1
de Rham
Z . .
< plP> = iy ,dx2A Adxle 2 R (A.80)
p
p 2 Cp(M)
lp = Liy 5, 00dXt A Adxle 2 P(M)
p dprl 2 p
Z Z Z VA
| P 15 = dP 1= 0
p p p @
ia
p P @p+1 2 p é; Fz,
Z VA Z VA
| P 1P = 1P = IP=0
! 2 @pus 12
HER(M)  Hp(M) well-de ned
de Rham
HEr(M) " Hp(M) Hpr(M) Hp(M)
(Betti)
(M) = dimHB (M) = dimHp(M) (A.81)
(Euler) (M)
dign M .
(M) = ( D'b(M) (A.82)
i=0
1.2 T2' st st
0 ko
0 1 ( )
18
2 2 1
o= 1 (A.83)
0



18: 0 0 ()

b
2 (
) 19
0 2
0
2
+
19: 1 1 ( )
— g HEA
a pHEAD
2 by
3 2 3
2 2
b =1 (A.85)
(TH=h b+bp=0 (A.86)
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Sl

3.K3  [42]
K3

Kummer

Kummer

K3

Kummer

T4 ' Sl Sl Sl Sl

F&FFFTF
I
, A O A P

(A.87)
4 st b= 4
1 4 b,=6
st st 2
(THh=t b+b b+hb=0 (A.88)
1st Chernclass 0 by = 0( ) 2
K3 Kummer
4 T4 Z;
24 =16
K3 Kummer
b = 1
lh = O
bhh = 22 (A.89)
s = 0
by = 1
b= 22 T4 bh=26
16 b = 16
(THh=t bi+b by+hy=24 (A.90)
by r=h Poincare
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Poincar e

Ho t(M)=HLr(M) O r n (A.91)
de Rham
H'(M) = H" "(M)
k k (A.92)
Hi(M) = Hp (M)
n= 2k ( ) ()
(intersection form)
Q : Hk(M) HkM)! Z (A.93)
k=2
n=4)
K3
! ! !
01 01 01
E E A.94
(Ee) (Eo) , | 10 10 (A.94)
Es Es
Es ( 0)
0 1
2 1
1 2 1
1 2 1 1
12 ! (A.95)
1 2 1
1 2 1
1 2
1 2
20: Eg Dynkin  (Cartan Dynkin Egs Dynkin
3 8 1 8 Cartan
(3-8) = 1 (1-8) =0 )
Ts
O O O O O O O
1 2 3 4 5 6 7
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b, = 3
b, = 19
22
M)=t b= 16
4 16
K3 Es
Es Es
de Rham
d
@= dzi@@i
2 0 de Rham
PAM) = f(p;q) g
_ =1, i ;jqdzill\ A dzip/\ dzjll\
ZP9MmM) = @ (p;g)
= 12 Pdj@ =0
BPIM) = n@ (p;a) o
= 12 PAj9 2 PAl =@
@ (p;a) (p;g+ 1)
@ Pam)! Piatl (M)
Dolbeault
HP9(M) = ZP9(M )=BP9(M)
Hodge
hPA9(M ) = dim HP9(M)
Keahler
(M) = hP4(M)
p+g=r
Keahler
hPd = [OP
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(A.96)

(A.97)

(Rohlin )

Dolbeault

(A.98)

(A.99)
AN dzj q

(A.100)

(A.101)

(A.102)

(A.103)

(A.104)

(A.105)

(A.106)



b2 — h2;0+ hl;l + hO;Z — 2h2;0+ hl;l

K3
b =22
( 19
htt = 20=
1 : Keahlerclass
hz0 = 1 : 2
h%2 = 1 2
Keahler class 2 2
3 J3,J+,d hyper Kahler
hyper Kahler hyper Kahler

ALE (Asymptotically Locally Euclidian) (K3

A5 (Hyp er) Kahler

hyper Kahler hyper Kahler

M 2n

(X1;  5XniY1, iYn)

12= 1
[ i [
@ @
ey @
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non-compact

(A.107)

(A.108)

(A.109)

N
I
w

K3

(A.110)

2n

(A.111)

(A.112)

(A.113)

(A.114)



1.0 (A.115)
i @ P7@ _ @ P5@_P5 @ P5@
|| @j 1@j @i + 1@i 1 @i 1@i
j @e,pm@ @ P;@_ P @ PO
I & 1@j @ @ 1 @ + 1@i (A.116)
e _ @ r;e
@l @i @I
_ @e,r50e
@ - @ + 1@I (A.117)
Nijenhuis
g:T,M T,M! R
_ @ O
gj =9 @ @ (A.118)
g(u;v) = g(lu;lv) u;v2 TpM (A.119)
Keahler form
F(u;v) = g(lu;v) (A.120)
Huv) = g(lu;v)
= g(u; 1v)
= g(lv;u)
= I (v;u) (A.121)
2 Keahler
Keahler form
d =0 (A.122)
Keahler class
ri=0 (A.123)
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hyper Kahler hyper Kahler
3 I J K

12=32=K?= 1

I1J=K; JK =1; KI =] (A.124)
Keahler 3 3 Keahler form
o(l u;v) : Kahler class
g(Ju;v) +p_:Lg(K u;v) : 2
g(Ju;v) P S 1g(K u;v) : 2 (A.125)
3 K3 B =3

SO@4)  SU@)

(Canonical bundle)

1st Chern class= 0 (Calabi-Yau )

no-wherevanishing 2 1
r 1=20 =1,2,3,4 (A.126)
r ;r JI=20 A.127
¢ (121
[r ;r ] (A.127)
SO@4) ' SU(2)L SU@2)r

#
ue : Keahler (A.128)

#

SU(2) : hyper Kahler
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SO@)  SU() SO@)' SU@). SU()r
2
SU@). SU@)r _
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1998 11 24 27
I ( )

|11 | )] ( )

24 N =2 N =2
25 N =2 N =4 N =4
26
27 (OHP)
[43]
(
)
OHP
TEX
TEX
SusY
OHP
1999
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