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k H1(T )

Z

yy %%X
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Y
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X  Z ! Y
C/k H1(C, TC)

⇠X 2 H1(TX) ⇠Y 2 H1(TY )
⇠Z 2 H1(Z, TZ) X Y Z Z ! X

X̃ X Z̃ Z X̃

H1(X,TX) ,! H1(Z, f⇤TX) ⇠= H1(Z, TZ)

H1(T )

X
f Z

g! Y k L
h0(L )  1



s = (sX , sY ) t = (tX , tY )
P1

Z
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X

sX
tX

  

Y
sY
tY
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P1

⇤
X  Z ! Y k

• (k) = 0 h1(T ) = 0
• (k) = p h1(T )

X  Z ! Y
M

[X  Z ! Y ] M
p

p
T

k LT T s 2 H0(T,L d
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s LT As
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T � . . .L �(d�1)

T
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1
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T T (s
1
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s
1
d d s
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1
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⌦
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H ⌦
p�1
2

H
2

p�1

X  Z ! Y f⇤ : Pic(X) !
Pic(Z) g⇤ : Pic(Y ) ! Pic(Z)

f⇤ : Pic0(X) ! Pic0(Z)
g⇤ : Pic0(Y ) ! Pic0(Z) f⇤Pic0(X)\ g⇤Pic0(Y )

Pic0(Z)

X
f Z

g! Y k
X  Z ! Y Pix(X)⇥ Pic(Y )

Pic(X  Z ! Y ) := (Pic(X)⇥ Pic(Y )
f⇤�g⇤

! Pic(Z))

Pic0(X  Z ! Y ) := (Pic0(X)⇥ Pic0(Y )
f⇤�g⇤

! Pic0(Z))

Pic0(X  Z ! Y )
Z k Pic(X  Z ! Y )(k)

X  Z ! Y Pic(X  Z ! Y )/P ic0(X  Z ! Y ) ,! Z
Z

Pic(X  Z ! Y ) ! Pic(X) Pic(X  Z ! Y ) ! Pic(Y )

Pic0(X  Z ! Y ) ! f⇤Pic0(X) \ g⇤Pic0(Y ) ⇢ Pic0(Z)

A k G ,! A
G0
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f Z

g! Y k
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k

A

Pic0(Z)
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✏✏
JX
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X Y X ! B Y ! B

B X  Z ! Y
Pic0(X  Z ! Y ) Pic0(X  Z ! Y )

Pic0(X) ⇥ Pic0(Y ) A = Pic0(X  Z ! Y )0red
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⇤

X  Z ! Y k
L j, k 2 N

L j ⇠= ⌦k

Z ⌦�n ⌦ Lm

m,n 2 N ⌦�n ⌦Lm

j, k 2 N L j ⇠= ⌦k ⇤

⌦

X
f Z

g! Y k
(k) = 0 f⇤H1(X,OX)\g⇤H1(Y,OY ) = 0 H1(Z,OZ) f⇤H0(X,⌦1

X)\
g⇤H1(Y,⌦1

Y ) = 0 H0(Z,⌦1
Z)

H1(X,OX) Pic0(X)
f⇤H1(X,OX)\g⇤H1(Y,OY ) f⇤Pic0(X)\g⇤Pic0(Y )

Pic0(Z) f⇤Pic0(X)\ g⇤Pic0(Y )
f⇤Pic0(X) \ g⇤Pic0(Y )

f⇤H1(X,OX) \ g⇤H1(Y,OY ) = 0



k ⇠= C C
H1

sing(C(C),C) ⇠= H0(C,⌦1
C)�H1(C,OC) H1(C,OC) = H0(C,⌦1

C)

f⇤H0(X,⌦1
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Y ) = f⇤H1(X,OX) \ g⇤H1(Y,OY )
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sing(Z(C),C) f⇤H1(X,OX) \ g⇤H1(Y,OY ) = 0 ⇤
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f Z
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sing(Y,Z) = 0 H1

sing(Z,Z)
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sing f g
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1
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k G k
!G/k G
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H0(⌦)
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f⇤ : H0(B,⌦1

B) ! H0(A,⌦1
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K = (f) f

(K0)red ⇢ K0 ⇢ K

(K0)red k
A/(K0)red
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A/K0
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H0(B,⌦1
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A/(K0)red
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) ! H0(A,⌦1
A) f⇤ :
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A) K0 f
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(f⇤)
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G = Pic0(X  Z ! Y )[p] p
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f⇤{{
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f⇤ : JZ ! JX g⇤ : JZ ! JY
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k S ⇢ Z(k) f�1(f(S)) = g�1(g(S)) = S S

f g S

X
f Z

g! Y z 2 Z(k)

X
f Z

g! Y k (d, e) S
L (S)
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X  Z ! Y k
k = 0

S L (S)
h0(L (S)) � 1 ⇤
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P 2 X(F) Q 2 X(F) (P,Q) 2 �

Cn n � 1 G1(X,�) d
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S� ⇢ �(F) ⇡1(S�) = ⇡2(S�) S�

SX = ⇡1(S�) = ⇡2(S�)
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k Hfull
gen
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Gfull
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Y0(2)  Y0(4) ! Y0(2) Y0(4)
[E1 ! E2]

E1 ! E0 ! E2 Y0(2) [E1 ! E0]
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