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Zp(XK) = Zd−p(XK)
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rationalª�¦§��©V­� �¥b¡�«2Ü�¦���­M�|¦§¡F��®$¡Mí�¦� y a©b¢�¤�¥b¦�Ü�ª�©Ç®a¤�Ü�ÊM­� y¦§©#�|¦§©b®�¡�í
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­���¢
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©b��®a¦�¡F�
p
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Íz¥3Úº¥bª�© Z ∈ Z0(XK)
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F�¡Mí��yË�©+íx¡F a« ∑

qizi

<5M�¦§�yË
qi ∈ Q

­���¢
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Ë�­�Êº¦§��Ù(¥b¡º¡F y¢�¦��:­M�y©b®2¦§�
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Gal(K̄/K)
¡F�

X(K̄)
��É:¡F 0©�=�­�«¬ì�ª�©�<l¡F�(�|Ë�©&­nq
��©�ª§¦���© {√3} + {−

√
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√
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√

3} ¦§®>��¡��b�t ©�®|­VÚè�cM`¡î¥#Úº¥bª§©b® Z1, Z2 ∈ Zp(XK)
­� a©

rationally equivalent
¦§íD] a¡F¤�ÙFË�ª�Ú
®aì�©b­�WL¦���Ù�F�¡F��©/¥b­��8ÙF©#�;íx a¡F« Z1
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0 8 P1
W

π
π X

W

W

P 12

1Z
X

Z

(simplest case:

W has one irreducible component.)

s�¡F a©2ì� y©#¥b¦§®y©bª�ÚZ<;ª§©#�
πX(

 y©#®yì��
πP1) : X × P1 → X (

 a©b®yìl�
P1)

Ü�©2�yË�©�ì� y¡gÍ
Îa©b¥3�|¦�¡���®����yË�©b�

Z1 £O¤-¥≡ Z2

D]¡�  Z1 −Z2 £O¤-¥≡ 0
F ¦�§a¨ª©⇐⇒«



∃ W ∈ Zp(X × P1
/K)

®a¤�¥sË �|Ë:­g�
πX ∗[W · (X × {0})−W · (X × {∞})] = Z1 −Z2
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∃





ιi -
Ỹi� Yi/K ⊆X ¦§ y a©b¢�¤�¥#¦�Ü�ª§©(¥b¡º¢�¦�«%�

p− 1,

fi ∈ K(Ỹi)
∗  y­M�|¦§¡F�:­�ª�íx¤���¥#�y¦�¡F��®





®y¤�¥sË �|Ë:­M�
∑
ιi∗(fi) = Z1 −Z2.
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Ỹi
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P1 [q®#�­I�� �|Ë�©%¡M�|Ë�©# 
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­� yÜ�¦§�| y­� aÚñÙF©#��©b y­^</¡F��©�Ë�­�®&­�ª�Ù�©bÜ� y­�¦�¥
©�QL¤�¦�Ê�­Mª�©b��¥b© Z1 ¤ ®°≡̄ Z2
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2d− 2p+ 1
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Z1

²�³c
≡́ Z2

¦v§x¨ª©⇐⇒ ∃Γ ∈ C ¥ ³cµ2d−2p+1(X ¤ ©C ,Q) s.t. ∂Γ = Z1 − Z2,¡F �©�QL¤�¦�ÊM­�ª�©#�L�yª§ÚÇ¦§í�¦§�y®�íx¤���¢:­�«
©b���|­�ª;¥bª�­�®y®�Dc¶
2.2

F`ÊM­���¦§®yË�©#®b�
ò`ª�©b­� yª�Ú £O¤-¥≡ 0 =⇒ ¤ ®°≡̄ 0 =⇒

²v³c
≡́ 0
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0
Íz¥3Ú£¥#ª�©#®D¡F�¬­�¥#¤� aÊ�© D

d = 1
F�<

�|Ë�©$®y©b¥#¡F��¢�¢�©3á:��¦§�y¦�¡F��ÙF¦§Ê�©b® Z £l¤-¥≡ 0 ⇐⇒ Z = (f)
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f ∈ K(X)∗.
�ní

X
¦§®$­�®a¤� aí]­M¥b©

(d = 2)
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Y
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2p − 2q £l¤-¥≡ 0 =⇒ p £O¤-¥≡ q
�·F Û
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/K
<

CHp(XK) :=
Zp(XK)

( £l¤-¥≡)K

.

Dat ©�­�ª�®a¡PM� y¦��|©
CHp(X/K)

<�©b®aì�©#¥b¦�­�ª�ª�ÚgM�Ë�©#�
X
¦§®> y©#ì�ªp­�¥#©b¢
Ü�Ú2®y¡�«¬©3�|Ë�¦§��Ù

ª�¦OW�©
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¥b¡F��®y©�QL¤�©#��¥b©`¡�í^MD¡F �WL¦§��Ù
«
¡£¢�¤�ª�¡��y¡F y®a¦�¡F��¦�®;�|Ë�­M�
CHp(XK) ↪→ CHp(XC),¹
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�|Ë�© £O¤-¥≡ Ín¥bª�­�®y®�¡�íï­
¥3Úº¥bª�© Z ∈ Z∗(X)
�:¥bª�­�®y®a©b®�¡�í>¥3Ú£¥#ª�©#® ²v³c≡́ D] a©b®aì�� ¤ ®°≡̄ F 0 ­M y©M� y¦��y�|©#�

CH∗²v³c´ D] a©b®aì��
CH∗

¤ ®°¯
Fe�
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Íz¥#Úº¥#ª�©b®
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F • ¡F� HC := H⊗Q C
®y­M�|¦§®aíÐÚº¦���Ù�íx¡F �©b­�¥sË

i ¢ F iHC ⊕ Fm−i+1HC =

HC = F 0HC.
t  y¦��|¦§��Ù Hi,m−i

(C) := F iHC ∩ Fm−iHC

<eM`©$ÙF©#�
­ÇØ�¡£¢�Ù�©�¢�©eÍ
¥b¡F«
ì@¡F®y¦��|¦�¡�� HC = ⊕p+q=mHp,q ��Û Q

Íz®a¤�Ü�®yì�­�¥b© G ⊆ H ¦�®$­�®y¤�Ü:ØPBî¦�N
GC = ⊕p+q=m(GC ∩ Hp,q)
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Ínª�¦§��©V­� ��| |­M��®aíx¡F a«Ç­g�|¦�¡�� H θ→ ′H ¦§®8­
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C
¦§�>�|­�W�©#®��yË�©�íx¡F y« ⊕Hp,q ⊕θp,q
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F j

hH(Q) :=
ª�­� yÙF©#®a�%®y¤�Ü:ØPB ¡Mí

H(Q)
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m > 2j
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Q(−d) <:¡�í�ì�¤� y©��zÚºì@© (d, d)
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Hm(X) := Hm¿OÀ © ¯ (X(an)

C ,Q)
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Hm(X,C) ∼=
Hm {Γ(XC,Ω

•
X∞), d} ←↩ Hm {Γ(XC, F

jΩ•
X∞), d} =: F jHm(X,C)
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Hp,q(X,C)
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Z ∈ Zp(X)
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©b���s­Mª�¥bª�­�®y®
[Z] ∈ H2p(X) ∩ F pH2p(X,C) =: Hgp(X)

¢�©#á���©b¢ Ü�Úè�|Ë�©%íx¤���¥#�y¦�¡F��­�ª {∫
Z(·)
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{
H2d−2p(X,C)

}∨ �0­���¢
Q[Z] ⊆

H2p(X)
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H2p

¤ ®°¯ (X)
íx¡F ��yË�© ®aì:­�� ¡�í�­�ª§ª�®y¤�¥sË

¥bª�­�®y®a©b®b���ní
X = Y1 × Y2

�|Ë�©#�
Hm(X) ∼= ⊕r+s=mH

r(Y1)⊗Hs(Y2)
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[Z]
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[Z]i ∈ H2p−i(Y1)⊗H i(Y2)
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m
©#Ê�©b��<R®�WM©"M�íx¡F 

m
¡£¢�¢eF(M�Ë�¦�¥sË�­MíÐ�|©# ��|©b��®y¡F a¦���Ù M�¦§�yË

CÄ



¡FÜ@©#Úº®��yË�©
Ø�¡º¢�ÙF©eÍ&}�¦�©b«¬­����(Ü�¦�ª�¦§��©V­M 0 y©#ªp­M�y¦�¡F��®#�&¨�¡Fª�­� y¦OTb©#¢îØ?Bñ­� a©
semi

Í
simple
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G ⊕ G⊥ ��®a¡Çíx¡F 
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Hm(X)
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ì�ª�©M�
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H2p

¤ ®°¯ (X) ⊆ Hgp(X)
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�yË�©b a© ¦�®4­ ª�­� yÙ�©îÜ:­��^W
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p,X
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j,m,X
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F j
hH

m(X) = N jHm(X)
<hM�Ë�©# y©

N• ¦�®4�|Ë�© ¢�©b®a¥b©b��¢�¦���Ù á:ª��| |­g�|¦�¡�� Ü�Ú
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p, 2p,X)
�D\Æ�¡��|©8�|Ë:­g�

N j ⊆ F j
h
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[H] ∈ H2(X)
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¦§®�­M� ∼= �oL�Ë�¦§®�¦§®8¥bª�©b­� yª�Ú(­�ª§®y¡%¦��£Í¢�¤�¥#©b¢�Ü�Ú+­M��­�ª�ÙF©#Ü� |­M¦�¥�¥b¡F a y©#®yì@¡F��¢�©#��¥b©¸D]¥3Úº¥bª�©�FD¡F�
X ×X �º�|Ë�©?r;©#íx®y¥sË�©#�vT

®a�|­���¢:­� a¢î¥#¡F�gÎa©b¥3�|¤� a©»D]¡MíJp8 a¡��|Ë�©b��¢�¦§©b¥+WjF�®|­VÚº®$�|Ë�©
inverse

¦§®o��­�ª�Ù�©bÜ� y­�¦�¥eÍ¡�¥3Úº¥bª�©eÍz¦§��¢�¤�¥#©b¢­Dxíx¡F 
­�ª�ª
i
Fe���z�4�yË�¦�®0ì�­�ì�©# �<�MD©±M�¦�ª§ª�M� a¦§�|©2Ø?r�ò�D

X
FhDiØ
­M y¢r;©#íx®y¥sË�©#�vTÇ¥b¡F�gÎa©#¥#�y¤� y©�F8íx¡F 8�|Ë�©Ç­�ì�ì:­M y©b���yª§Ú�®a�y y¡F��ÙF©b �®a�s­g�|©b«
©b�����|Ë:­M��Dxíx¡� 

©V­�¥sË
i
F��|Ë�©b y©$©�=£¦�®H�|®8­Ç¥3Ú£¥#ª�©2¦§��¢�¤�¥#¦���Ù

(∪[H]i)−1 : Hd+i(X) → Hd−i(X)­���¢(­Mª�®y¡Ç¦���¢�¤�¥b¦���Ù¬�|Ë�©±Tb©# y¡MÍn«Ç­�ì�¦��(­�ª§ªA¡��|Ë�©# 0¢�©#ÙF y©#©b®b�8�z�4í]­�¥3��<@�|Ë�©3Ú4­� a©
©�QL¤�¦�Ê�­Mª�©b����Ü�Ú»�ÇÂ�ª�¡\�R­���¢%¥bª§©V­� aª§ÚÇØ?r�ò�D

X
F�¦§®�¦�«
ì�ª�¦§©b¢+Ü�Ú�Ø
ò�D

d, X ×X F3�

� �ªÈ��mÉ �H�Z�eÊ��U�	����� Æ�©�=º�
­�®a®y¤�«
© H ¦�®2¡�ímMD©b¦§ÙFË��
2p − 1

<�­���¢ ¢�©#á:��©+�|Ë�©
ÝF­�¥b¡�Ü�¦p­��

Jp(H) :=
HC

F pHC +HQ

.

�z�gÎa©b¥3�|¦�ÊF©�¡� Ç®y¤� xÎa©b¥3�|¦�ÊF©4«
¡F yì�Ë�¦�®a«¬®"<`¢�¦§ y©b¥3�+®a¤�«¬®"<�­���¢yQL¤�¡M�|¦�©#���|®+¡�í�ØPBDi­�®]M`©#ª�ª2­M®4¥b¡F«
«2¤��y¦���Ùè¢�¦�­�ÙF |­M«¬®vF�¦§��¢�¤�¥#© �|Ë�© ®y­�«
©îÜ@©bË:­VÊº¦�¡F �¦�� �yË�©
¥b¡F a y©#®yì@¡F��¢�¦§��Ù ÝF­�¥b¡�Ü�¦p­���®b�Ët ©ÌM� y¦��|©

Jp(H2p−1(X)) =: Jp(X)
� D]�z�

�|Ë�©(®y­�«
©uM�­VÚ ¡���©(¥V­�� ¢�©3á:��©(íx¡F  ′H ¡Mí�MD©b¦§ÙFË��
2p

�|Ë�©�Ø�¡º¢�ÙF©(ÙF a¡F¤�ì
Hgp(′H) = ′H ∩ F p(′HC)

<�®a¡ �|Ë�­M�
Hgp(H2p(X)) = Hgp(X)

�¬FÍÆ�¡M�|©
�|Ë:­g��¦§í H = K∨ ⊗Q(−d) ­�®�Ø?B��yË�©b� Jp(H) ∼= (F d−p+1KC)∨À ´ (K(Q))∨

.p�¦§ÊF©#� Z ∈ Zp²v³c´ (X)
­���¢ H ⊆ H2p−1(X)

D]®y¤�Ü:ØPB	FmM`©�«¬­�Ú+¥b¡F��®H�| a¤�¥#�
­���©bª§©b«
©b����¦§�

Jp(H)
­�®�íx¡�ª�ª�¡�M�®#�5r;©#�

∂−1Z ∈ C ¥ ³cµ2d−2p+1(X,Q)
Ü@©�­$á^=£©b¢

¥sË�¡F¦§¥b©$¡Mí�¥sË:­�¦���Ü�¡F¤���¢�¦���ÙÇ¡F� Z <l­���¢(­M®y®y¤�«¬© H ­���¢ K ⊆ H2d−2p+1(X)­� y©�¢�¤�­�ªR¤���¢�©# D�|Ë�©�ì@©b Híx©b¥#�Dì:­�¦§ y¦§��Ù
H2p−1(X)⊗H2d−2p+1(X)→ Q(−d).B£¦���¥b© Z Ë�­�®¬¥#¡F«
ì�ª�©�= ¢�¦§«¬©#��®y¦§¡F�
d − p

< ∫
∂−1Z dα =

∫
Z α = 0

¦�í
α ∈

Γ(X,F d−p+1Ω2d−2p
X∞ )

�ÌL�ËL¤�® {∫
∂−1Z(·)

} ÙF¦§Ê�©b®&­ÎM`©#ª�ªuÍz¢�©3á:��©b¢ íx¤���¥#�|¦§¡F�:­�ªÏ



¡F��Ð
F d−p+1H2d−2p+1(X,C) ∼= ker(d) ⊆ Γ(X,F d−p+1Ω2d−2p+1

X∞ )¦§« {
d : Γ(X,F d−p+1Ω2d−2p

X∞ )→ �L¤�« } ,
M�Ë�¦�¥sË]M`©2«¬­VÚ% y©b®H�| a¦�¥#���|¡

F d−p+1KC

��×5­� aÚº¦���Ù+��¡�M��|Ë�©$¥sË�¡F¦�¥#©$¡�í
∂−1ZD]Ü�Ú%�|¡Fì@¡Fª�¡�ÙF¦�¥b­�ª;¥#Úº¥bª§©b®vF
¥sË:­���ÙF©#®0�|Ë�©�íx¤���¥#�y¦�¡F��­�ªïÜ�Ú� |­M�y¦�¡F�:­Mª�íx¤���¥#�|¦§¡F�:­�ª§®��

Ë�©b��¥b©�M`©8®H�|¦�ª§ªlÙF©3��­±M`©#ª�ª�Ín¢�©#á���©b¢% y©#®y¤�ª���¦��
Jp(H)

<£�|Ë�©8Û
Ü@©bªuÍHÝF­�¥#¡FÜ�¦�¥bªp­M®y®
AJX(Z)

¦�í H = H2p−1(X)
�

� �ÇÑ�� �_�j�U�a¼��|�y�Z�)Ò|�)ÓÅ�)�U�e¼H�e� É:¡F 2¡�¤� �¥#Úº¥bª§©�«Ç­�ì�®hM`©_M�¦§ª�ª`¤�®y©Ô{
©bª§¦�ÙF��©D]¥#¡ÕFHË�¡�«¬¡Fª§¡FÙ�Ú�<)M�Ë�¦§¥sË(íx¡F 
X

ì� y¡hÎa©b¥#�y¦§Ê�©�¡F��©�«¬­�Ú�¢�©3á:��©]D]Ü�ÚÖ�qÝ�Ñ�¡VF0­�®�¥b¡gÍ
Ë�¡F«
¡Fª�¡�Ù�Ú
¡�í>­&¥b¡�«¬ì�ª§©�= ¢

H i
D(X,Q(j)) :=

H i
{
C ¥ ³cµ2d−•

(
X, (2π

√
−1)jQ

)
⊕ Γ

(
X,F j ′D•

X

)
⊕ Γ

(
X, ′D•−1

X

)
, D
}

M�Ë�©b a©�×
D(Γ,Ω, K) = (−∂ ¥ ³cµ Γ,−d[Ω], d[K]−Ω+δΓ)

�>�z��ì:­� H�|¦�¥#¤�ªp­M �<�¡���©
Ë:­�®��|Ë�©�©�=�­�¥#��®y©"QL¤�©b��¥#©

0→ Jp(X)→ H2p
D (X,Q(p))→ Hgp(X)→ 0.Û «¬¦�=£©b¢ Ø�¡º¢�ÙF©(®H�| a¤�¥#�y¤� y©CD-s�Ø?B	F+¦�®�­

Q
ÍnÊ�©b¥3�|¡F %®yì:­M¥b© H M�¦��|Ë ­��

­�®y¥#©b��¢�¦���ÙCDaMD©b¦§ÙFË���F2á:ª§�y |­M�y¦�¡F�
W•

<`ì�ª�¤�®¬­ñ¢�©b®y¥#©b��¢�¦���Ù
F • ¡F� HC

<D®y¤�¥sË
�|Ë:­g�

GrW
mH

�|¡FÙF©3�|Ë�©# �M�¦��|Ëè�|Ë�©�¦���¢�¤�¥b©b¢
F • ¡F�

(GrW
mH)C

¦�®¬­GMD©b¦§ÙFË��
m
ØPB��£�ní

Y
¦�®D®y«
¡£¡��yËoQL¤:­�®a¦�ì� a¡gÎa©b¥3�|¦�ÊF©�<

Hn(Y )
Ë:­�®�­��:­M�|¤� |­�ª�s�ØPB¸M�¦��|Ë

Wn−1H
n(Y ) = {0} ­���¢ WnH

n(Y ) =
¦�« {

Hn(Ȳ )→ Hn(Y )
}

=: Hn(Y )íx¡F 
any

®y«
¡£¡��yËî¥#¡F«¬ì�­�¥#�y¦§á:¥b­M�|¦§¡F�
Ȳ
D]®y©#©K�ÇÂ � <>®y©#¥��KÈn¡VF3��É:¡F 

Ȳ
­ ¹º·�·b¸

¥b¡F«
ì:­�¥3�|¦�á:¥V­M�y¦�¡F�ØD
Ȳ \ Y = D

­ ��¡F y«¬­�ªuÍz¥b a¡F®y®a¦���Ù�®Ç¢�¦�Ê£¦§®y¡F vF�<�¡F��©�«¬­�Ú
¦����|©# yì� a©#�

Wm+jH
m(Y )

¦��&�|©b a«¬®�¡�í�íx¡F y«
®SM�¦§�yË¬ª§¡FÙ�ì�¡�ª�©b®5­�ª§¡F��Ù
D
ª�¡º¥V­�ª§ª§Ú

��¡oMD¡F y®a©$�|Ë�­��
d
ª�¡�Ù
zk1 ∧ · · · ∧ d

ª�¡FÙ
zkj

Dxíx¡� 
D = ∪{zi = 0} ª�¡º¥V­Mª�ª§Ú^F�<:®y©b©�¬p�BÕ¡i�t ©YM�¦§ª�ª�Ë:­VÊF©�©�=º�|©#��®y¦�ÊF©$¤�®y©�íx¡F ��|Ë�©8íx¡�ª�ª�¡�M�¦§��Ù2Ü:­�®a¦�¥�¥#¡F«¬ì�¤��s­M�y¦�¡F��® ¢

Hom Ù	Ú�Û (Q(−p),H) = W2pH ∩ F pW2pHC,

Ext1Ù	Ú�Û (Q(−p),H) =
W2pHC

F pW2pHC +W2pH(Q)

.

I0��© ��¡��|©#® �|Ë�­M�î¦�í H ¦§®
pure

¡MíoMD©b¦�Ù�ËL�
2p − 1

D]¦i�q©M�O<
­ ØPB	F(�|Ë�©#�
Ext1Ù	Ú�Û (Q(−p),H) = Jp(H)

<�­���¢ ¤�®a¦���Ù��|Ë�¦�®uDx�|¡�ÙF©#�yË�©b �M�¦§�yË �|Ë�©
Ext

Ð mhPaQiP|Ü]ZV�h_XÝ>f�PaZh\e^SPa[�ZV�h_�PHQnYs^S\3Qy�×
′Di

X

f�PaZh\e^SPa[R^imhPï[]mhPyYsc�\ec
i
oÐd��hQSQiPaZb^S[a}#Y/kW\�dHYek�[]Pydz^SUq\#Z�\ec�X;mhU�dnm�UW[�Y/��\3�hZgfhPaf�kWUqZgPaYeQcu�hZMdz^iUW\3ZMYek�\#Z�kW\VdaYekï[]Pydz^iUW\3ZM[�\ec
C∞ (2d − i)

o�cu\3QS_�[H�»ÞÐZb^SPH~3QnYs^SUq\#Z+\sT3PHQ�^i\3v�\3kW\3~#UWdaYek
(2d− i) oÐdnmgYeUWZg[ Γ ∈ C ßOà\á2d−i(X,Q)

UqZgdHkq�Mf�Pa[@^imhPa_ Y3[�Üif�PHkq^SY/cu�hZgdz^SUq\#Zg[aÝ
δΓ ∈ Γ(X, ′Di

X)
�â



ª�¡F��ÙMÍz©�=�­M¥#�2®a©�QL¤�©#��¥b©%­�®a®y¡º¥b¦p­g�|©b¢ �y¡
0 → W2p−1 → W2p → GrW

2p → 0
F

¡F��©�®aË�¡�M�®��|Ë�­M�
¦§« {

Ext1Ù	Ú�Û (Q(−p), H2p−1(Ȳ ))→ Ext1Ù	Ú�Û (Q(−p), H2p−1(Y ))
} ∼=

Ext1Ù	Ú�Û (Q(−p), H2p−1(Y )
)/ ¦�« {

Hom Ù	Ú�Û (Q(−p), GrW
2pH

2p−1(Y )
)}
.L�Ë�¦�®3QL¤�¡��|¦§©b���0 a©"i:©#¥#�y®
�|Ë�©�í]­�¥#���|Ë:­g�0¦���ÙF©b��©b |­Mª�¦lT#¦���Ù&�|Ë�©$¥b¡���®a�y y¤�¥3�|¦�¡��4¡�í

¥bª�­�®y®a©b®
¦�� ÝF­M¥b¡FÜ�¦�­���®]D §2.3 F��y¡ñ�yË�©uQL¤:­M®y¦�ì� y¡gÎa©#¥#�|¦�ÊF©%¥V­�®a©�<�¡F��©���©#©b¢�®¬�|¡
«¬¡º¢�¡F¤���©#®y®a©b���|¦�­�ª�ª�Ú+Ü�Ú%­�ª�ª�¥bª�­�®y®a©b®�¡�íï¥3Úº¥bª�©#®�®y¤�ì�ì@¡F H�|©b¢�¡F�

(Ȳ \ Y ) ãL�¡î­�ì�ì� y¡Fì� y¦p­g�|©bª�ÚîÙ�©b��©# |­�ª§¦lTb©º{�©bª�¦§ÙF��©+¥#¡FË�¡F«
¡Fª§¡FÙ�Úñ�|¡
Y
<7M`©���©#©b¢ �y¡

�s­�WM©$�|Ë�©hM`©#¦�ÙFË��0á�ª§�| y­M�|¦§¡F�%¦����|¡�­M¥b¥b¡�¤�����Ü�Ú�¤�®a¦���Ù+­�Ü�®y¡�ª�¤��y©�Ø�¡º¢�ÙF©�¥b¡FË�¡gÍ
«¬¡�ª�¡FÙ�Ú

H∗
H(Y,Q(·)) Dx®y©#©kD §5.5.2 F�<�¡F u�ªr 1 ¡�íx¡F ¬­î«¬¡� y©�¥#¡F��¥#©bì��y¤:­�ª
©�=LÍ

ì�ªp­M�:­M�|¦§¡F�eFe�5t Ë�¦�ª§©0�|Ë�¦§®� y©b¢�¤�¥b©#®��|¡¸{
©#ª�¦�Ù���©�¦§í
Y
¦�®�ì� y¡hÎa©b¥#�y¦§Ê�©�<R¦§��¦§®y��[ ��­�®

¡FÜ�Êº¦�¡F¤�®�Ë�¡�M �y¡0¢�©3á:��©�¦§��M�¦§�yË�¡F¤��ïì:­�®a®y¦���Ù0�|¡
�yË�©�¢�©# y¦§Ê�©b¢�¥b­M�|©#ÙF¡F aÚ�D]¡�M�¦§��Ù
�|¡��|Ë�©�¢�¦Oq
¥b¤�ª��zÚ+¡�í

controlling
ì@¡Fª�©#®�¡�íï¥#¤� y a©b���|®vF3�XÆ�¡�M ®a©#�

H2p
D (Y,Q(p)) :=

¦§« {
H2p

D (Ȳ ,Q(p))→ H2p
H (Y,Q(p))

}
;¡F��¥#©0«¬¡� y©��yË�©0¦§«Ç­�Ù�©�¦§®�¦���¢�©bì@©b��¢�©#����¡�íA�|Ë�©
¥sË�¡F¦�¥#©0¡�íA®a«¬¡º¡��|ËÇ¥b¡F«
ì:­�¥3�|¦�Í

á:¥V­g�|¦�¡��
Ȳ
Dx®y©#©o�ÇÂ � <:®y©#¥��äÑ�¡VF3�äI0��©8ÙF©#�y®��cM`¡
©�=�­�¥3��®a©�QL¤�©#��¥b©#®

0 → Ext1åZæ"ç `

Q(−p),H2p−1(Y )
´ - H

2p
H (Y, Q(p)) - Hom

åZæ"ç `

Q(−p),H2p(Y )
´

→ 0

0 →
Ext1
åZæ"ç (Q(−p),H2p−1(Y ))

Hom
åZæ"ç

(Q(−p),GrW
2pH2p−1(Y ))

∪

6

- H
2p
D (Y, Q(p))

∪

6

- Hom
åZæ"ç `

Q(−p),H2p(Y )
´

w

w

w

w

w

w

w

w

w

→ 0

M�Ë�©b a©�M`©���¡��y©8�yË:­M���yË�©8 y¦�Ù�ËL��Ë�­���¢��|©# y« ¦§®�Îa¤�®a�
Hgp(H2p(Y ))
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�Ç���(ïM��9ï��8m45�l�
È�� 1 � ���|���U�F1v���U�	���P�H��� �_�UÊ��H�|�j�"�)� L�­�WM© Z ∈ Zp(XK)

­M®D­MÜ�¡�ÊF©hD]¦§���|Ë�¦§®
®y©#¥#�|¦§¡F�

K
ì�ªp­VÚº®`��¡� y¡Fª§©�F�<£­M��¢+­�®a®y¤�«
© Z £O¤-¥≡ 0 ¢ �|Ë�©b� ∃W ∈ Zp(X×P1

/C)M�¦§�yË%¦§ y a©b¢�¤�¥#¦�Ü�ª§©0¥b¡�«¬ì@¡F��©#�L�y® {Wi}
<:®y¤�¥sË%�|Ë:­M�

Z =
∑

i

π
fWi
X ∗

{
π

fWi

P1

∗

({0} − {∞})
}
.

DiØ�©b y©�©M�qÙ��
π

fWi
X = πX ◦ ιfWi

<3M�¦§�yË
ι

fWi : W̃i � Wi ⊆ X × P1 �yË�©
��¡F a«Ç­�ª§¦lTb­M�|¦§¡F���¬FÁB£©#�a�|¦§��Ù

Γ =
∑

i π
fWi
X ∗

{
π

fWi

P1

(−−→∞.0
)} </íx¡F  −−→∞.0 ­4ì�­M�|Ë

¡F�
P1 D]®a¤�¥sËñ­�®

R− F�<lÙF¦�ÊF©b® ∂Γ = Z ­���¢ Z
²v³c
≡́ 0

�PL�ËL¤�®�D]¤�®y¦���ÙºBº�|¡�W�©b®"[q®
�|Ë�©#¡F y©#«�F��|Ë�©�íx¤���¢�­�«¬©#���s­�ª7Dx¡F �¥#Úº¥#ª�©3Í&F`¥bª�­�®y®�¦§��¢�¤�¥#©b®�­±M`©#ª�ª�Ín¢�©#á���©b¢�«¬­�ì

clX : CHp(XK)
[ · ]→ Hgp(X).ð



É:¡F 
0
Ín¥#Úº¥bª§©b®0�yË�¦�®�¦§®

deg : CH0(X) → H2d(X) ∼= Q
®a©b��¢�¦§��Ù ∑

qizi 7→∑
qi
�

Û
Ü@¡�ÊF©�M`©�®yË�¡fMD©b¢ÇË�¡�M �|¡8¡FÜ��|­�¦��
­8«Ç­Mì&íx a¡F« {ker([ · ]) ⊆ Zp(XK)} =

Zp²�³c´ (XK)
AJX→ Jp(X),

Ü�Ú ¦§�L�y©bÙF y­M�|¦§¡F� ¡�ÊF©# %­�� ­� yÜ�¦��| y­� aÚè¥sË:­�¦§�
∂−1ZÜ�¡�¤���¢�¦§��Ù&¡F� Z ��ò`Ë�¡º¡F®a¦���Ù&��¡�M ∂−1Z := Γ

D]®a�y¦�ª§ª;­�®y®a¤�«
¦���Ù Z £O¤-¥≡ 0
F�­���¢

ω ∈ ker(d) ⊆ Γ
(
X, F d−p+1Ω2d−2p+1

X∞

)
,
M`©/Ë:­VÊ�© ∫

Γ
ω =

∫ 0

∞
∑

i π
fWi

P1 ∗π
fWi
X

∗
ω.p8©#��©b a¦�¥b­�ª�ª�Ú á:Ü@©b y®Ç¡�í W̃i → P1 Ë:­VÊF©(¢�¦�«
©b��®a¦�¡F�

d − p
�
®y¡ ¦§�L�y¤�¦§�y¦§Ê�©bª§Ú

(π
fWi

P1 )∗
DaM�Ë�¦§¥sË�¦����|©#ÙF |­g�|©b®�á:Ü@©b �M�¦§®y©�F�©V­M�y®>¤�ì

(d−p) ©V­M¥sË�¡�í dz [�®/­���¢ dz̄ [q®"<­���¢2�yË�©�¦����y©bÙF y­���¢�¦�®
d
Íz¥#ª�¡F®a©b¢�¡�í:�zÚºì@©

(1, 0)
¡F�
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0→ Gri−1
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Gri−1
L Jp(X) :=
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•≥d−k
XU/U

)

M�Ë�©b a©
d1 : Ej,k → Ej,k+1 ¦§®�¦���¢�¤�¥b©#¢ Ü�Ú ∇ DÐ�|Ë�©¸p8­�¤�®y®�Í�s�­M��¦���¥b¡�����©b¥eÍ

�|¦§¡F�eF3�_DUL�Ë�©
ªp­�®H��©�QL¤:­Mª�¦§�zÚ4¥b¡F«
©b®0íx a¡F« �|Ë�©¸r;©# |­VÚ(®b��®b�&íx¡F 
XU

π→ U ­���¢
¡FÜ�®a©b aÊº¦§��Ù2�|Ë:­g��®y¦���¥b© U ¦§®�­nq
��©8­���¢

Ωk
U ⊗Rjπ∗Ω

•≥d−k
XU/U

­� y©
¥b¡FË�©# y©#�L��<R­�ª�ª
H i>0 [q®�ÊM­���¦�®aË��¬F±t  y¦��|¦§��Ù Ð × FaHb

XU/U
íx¡� 

Rbπ∗Ω
•≥a
XU/U

<	M`©8¥#¡F��¥bª§¤�¢�©��|Ë�­M�
Ð × 6 \#QiP5~3PHZgPHQnYekWkq�#}h\3ZhP5X;QiUq^iPy[ Hb

X/U

cu\3Q
Rbπ∗Ω

•
X/U
∼= (Rbπ∗C) ⊗ ΩU

} Hb
X/U ,Q

cu\3Q
Rbπ∗Q

� t 7 kW[i\�Zh\e^SP6� Hb
Xs

_`PyYeZg[;^imhP�[SYe_�P�^imhUWZh~�Y3[ Hb
X/U

� {z�â



DF�£� 1 F
Grk

LH2d
(
XU , Ω•≥d

XU

)
∼= Hk

∇

{
H0
(
U , Ω∗

U ⊗Fd−∗H2d−k
XU/U

)}
.Æ�©�=£��<:¥b¡F��®y¦�¢�©b ��|Ë�©8¥#¡F«¬ì@¡F®a¦§�|¦§¡F�

φU :

Hom Ù	Ú�Û (Q(−d), H2d(XU ,Q)
)
↪→ F dH2d(XU ,C) ∼= H2d

(
X̄, Ω•≥d

X̄
〈log XD〉

)

→ H2d
(
XU , Ω•≥d

XU

)
.I0��©�¥V­M��®yË�¡�Mè�|Ë:­M�ï�|Ë�¦§®ï¦�®ï¦���¢�©#ì�©#��¢�©#�L��¡Mí:�|Ë�©�¥sË�¡�¦�¥b©`¡�íRÙF¡º¡£¢2¥#¡F«
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¥V­M�y¦�¡F�
X̄
¡Mí

XU
<�­���¢2íx¤���¥3�|¡F a¦p­�ª�íx¡F � y©#®a�| a¦�¥3�|¦�¡���®�íx a¡F« U �|¡ U0 ⊆ U

�ïØ�©#��¥b©
¦§��«¬­�WM©b®�®y©#��®y©�¦��+�|Ë�©�ª§¦�«
¦§�D¡�ÊF©b  U ⊆ S <R­���¢ºM`©�«¬­�ÚÇ��¡�M ¥#¡F��®y¦§¢�©b 

Φ ¢
CH0(XK)

∼=→ CHd(X(Q̄))
[ · ]→ Hom Ù^Ú�Û (Q(−d), H2d(X,Q)

) φη→ H2d(X,Ω•≥d
X )DaM�Ë�©# y©¬­�®8Ü�©3íx¡F y©

X = lim←−U
π−1(U) = Xη

F3�
Û
� ­� aÙF¤�«
©b����©�=�­�¥#�yª§Ú(ª§¦lWM©
�|Ë:­g��íx¡F �¨/ y¡Fì��

5.1(ii)
­�Ü@¡hÊ�©�<R®yË�¡fM�®

�hÒ|�Õ�)½f��Ó �������
Ξ (F i

SCH0) ⊆ LiH2d
µ/Å:³3Âl°s³ ∃ ¿ÇÆ
¿3Ö

Φi : F i
SCH0(XK)→ H i

∇
{
Γ
(
ηS, Ω∗

S ⊗ Fd−∗H2d−i
Xs

)}
=: ∇Jd,i(X/ηS).

å�³3Æ
¿�¼sÒ �£�ÇÑ ä L�Ë�©(��¡��s­g�|¦�¡�� ∇J ··· D]¢�¤�©4�|¡ B���B£­�¦§�y¡ÕF
®a¤�ÙFÙF©#®a�|®+�yË:­M��MD©
�|Ë�¦§�	W
¡�íA�|Ë�©#®y©

Φi

­�®�¦��£á:��¦§�y©b®a¦�«¬­�ª�¦§��Ê�­M y¦p­M�L�y®`¡�í�Ë�¦§ÙFË�©b `��¡F y«¬­�ªRíx¤���¥3�|¦�¡���®
¡�í5®y¡F«
©±WL¦���¢ Di­��ñ­��:­Mª�¡FÙF¡�¤�®
ì@¡F¦�����¡Mí5Êº¦§©"M M�¦�ª�ª�Ü@©2¥b¡F��®y¦�¢�©b y©#¢ Ü@©bª§¡�M ¦§�
§7 Fe�/Û�¥b¥#¡F y¢�¦§��ÙFª�ÚZ< Φi(Z)

M�¦�ª§ªlÜ@©�¢�©b��¡��y©b¢
δiZ

�
L�Ë�©�QL¤�©b®H�|¦�¡�� ­� a¦�®y©#®�­�®��y¡ÔM�Ë�©#�|Ë�©b 

δiZ
­���¢

[Z]i
 a©b¥#¡F y¢ñ�|Ë�©
®|­�«
©&¦��£Í

íx¡F y«¬­M�y¦�¡F�
for each i

<D¡F &©�QL¤�¦�Ê�­Mª�©b���yª§Ú Dx®y©b©Å�ªr�B�¡VF±M�Ë�©#�yË�©b 
Φi

«Ç­VÚ Ü@©
¢�©#á���©b¢ ¡�� LiCH0

��L�Ë�©Çì� a¡FÜ�ª�©#« ¦�®��|Ë�­M�$¦���¦�®8��¡���¥bª§©V­� ��|Ë�­M�
φη

«Ç­�ì�®
Li ¡F� F dH2d(Xη,C)

�|¡ Li ¡�� H2d(XU , Ω•≥d
XU

),
¡�M�¦���Ù2�|¡2�|Ë�©�ªp­�¥+W
¡�íï­2¢�©}�Ë�­�«&ÍS�|Ë�©#¡F y©3�|¦§¥$¢�©#®y¥b a¦�ì��y¦�¡F�)Ð û ¡�í5�|Ë�©&á� y®a� Li ��Ø�¡�MD©#Ê�©b �<�íx y¡F« �|Ë�© MD¡F �W

¡�í(rA©�M�¦�®�Í�B�­�¦��|¡òD ·sÖläñ°3ÁÐ»Sä F �OD]¦VF&¡�­M��¢ñ�yË�©¬­�¤��|Ë�¡F ¸D]¤���ì�¤�Ü�ª�¦§®yË�©#¢eF �lDx¦�¦VF&¡>¡���©
Ë:­�®��|Ë�©0íx¡Fª�ª§¡fM�¦§��Ù2ì:­M a�|¦�­�ª� a©b®y¤�ª§�|® ¢
Ð û O�Uq^imh\#��^ [i\3_�P�^SmhUWZh~ \ecÇ^imhU�[ñ[i\3Qi^a} LiF dH2d(XU ,C) t ^SmhP ~#Qi\#�hv ^S\ X;mhU�dnm

[ · ] ^nYe�#Pa[�^SmhP�[ivhQSPaY#f�\ec Y dH�VdHkqP UqZ LiCH0
{�U�[ wx�g[]^ LiH2d(XU ,Ω

•
XU

) ∩UW_ {
H2d(X̄,Ω•≥d

X̄
〈log XD〉)→ H2d(XU ,Ω

•
XU

)
} � 7 [i[i�h_�UWZh~

X̄
π→ S U�[

log
o
D
o

QSPH~#�hkWY3Qa}£\3ZhP�dHYeZ�vgQi\sT#P t �g[iUqZg~8^iPydnmhZhU�zb�hPa[�cuQi\#_�h � j {ï^imMYs^5^SmhP
Ej,k

2

o�^iPaQi_ \ec�Y8[iv�Padzo
^SQSY3k�[iP=zb�hPHZMd�P�dH\3_�vh��^SUqZh~

H∗
(
X̄, Ω•≥d

X̄
〈log XD〉

) [∼= F dH2d(XU ,C)
cu\3Q ∗ = 2d

] UW[
Hk
(
S, Ω∗

S 〈log D〉 ⊗ Rjπ∗Ω
•≥d−∗

X̄/S
〈log(XD/D)〉

) �h��^@vhQS\sTVUqZg~
E2 = E∞

\3Q�^SmgYs^
E∞�VUWPHk�fh[

Gr•L
[]PaPH_�[Af�U�t�d��hkq^a� z�ð



,g½f�#�S�)���x�f�U�)���������
Φ (LiCH0(X)) ⊆ LiH2d

(
X, Ω•≥d

X

) µ�Å:³3Âl°s³¬·gÂl³Ç°y¿�Â
¸º³xà�Âl³

Φi

·gÂ Li
µ5ÁÐÂî°y¿g´�³ ©b¦��|Ë�©# D]¦VF

X̄
π→ S °y¿�Â À3³�°sÅ:·�´�³3Â »�· À3³�´3ÆÇ·�·g»ÐÅ ¯nÂl·�´3ÁÐÂº¹�½º²�¿�¼�àDÀ3³3¼|´�ÁÐÂ »xÅ:³

°s·gÆ
Ö�¿º°3»iÁ à�³y¸�Ï#¿�Æ�ÁÐ²Ä±eÈ�µ ¡F D]¦§¦xF
H0(Ωi

X) = 0
ÏV·g¼

0 < i < d
ä

å�³3Æ
¿�¼sÒ �º��! ä rA©�M�¦�®�Ë:­�®8 y©#¢�¤�¥#©b¢î�yË�©¬Ù�©b��©# |­�ª�¥V­M®y©&�|¡�Ø0ò?<�­%¥#¡F�gÎa©#¥#�|¤� y©
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¡F yì�Ë�¦�®a«¬®¬¡�íhs�ØPB ¦��£Í
ÊF¡Fª�Êº¦���Ù�¦§�L�y©b a®y©b¥3�|¦§¡F�(¥b¡FË�¡F«¬¡�ª�¡FÙ�Ú)���yË�¦�®0¦§®�®a�y¦�ª�ª�­+ÊM­�®a�8¦§«¬ì� a¡�ÊF©b«
©b����¡�Ê�©b 
Ø0òmñ�Ì�Ì�ò q �
���~�HÓ��/�a�Q���32�� ÏV·g¼ Dx¦xF ¢ X/Q̄ ®y¡&�|Ë:­M�

X̄ = X × S <:�|Ë�¡�¤�ÙFË�­�ì�ì�ª§¦�¥V­MÜ�¦�ª§¦§�zÚ¦�®���¡M��ª�¦�«
¦§�y©b¢Ç�y¡��|Ë�¦§®b�
ÏV·g¼ D]¦�¦VF ¢ X ­Ç®y«
¡£¡M�|Ë4¥#¡F«¬ì�ª�©#�y©�¦§���|©b a®y©#¥#�|¦§¡F��<

K3
®y¤� Hí]­�¥b©n<

CY 3
ÍSíx¡Fª�¢!<

©#�y¥��3D]¢�©3á:��©#¢Kw�­���Ú+á:©#ª�¢eFe�
�n�5¦�®�¦���®a�| a¤�¥#�y¦§Ê�©��y¡�MD¡F �W�¡F¤����|Ë�©��s­M yÙF©3�D¡Mí

Φi
íx¡F 

X̄ = X×S ¢ �|Ë�©�¥#¡F�£Í��©b¥3�|¦§¡F� ∇ ¦§®�Îa¤�®H��¢�¦ON�©b a©b���|¦�­M�|¦§¡F�4­Mª�¡F��Ù S ­���¢(®a¦���¥#©
H i

dS
{Γ(ηS ,Ω

∗
S)} =

H i(ηS ,C)
<

∇Jd,i(X × ηS/ηS) = H i(ηS) ⊗ F d−iH2d−i(X) = H i(ηS) ⊗ H2d−i(X).B£¡&¦����|Ë�¦�®�¥V­M®y©
δiZ

­���¢
[Z]i
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Φi
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¡Fª§¡FÙF¦�©#®�Ë:­VÊF©5Ü@©b©b��¥b¡�«¬ì�¤£�|©b¢YM�¦§�yË
 y©#®yì@©b¥#���|¡��|Ë�©Ç­��:­�ª�ÚL�|¦�¥��y¡Fì�¡�ª�¡FÙ�Ú��¸t ¡F �WL¦§��Ù�¦§�ñ�yË�©

Q̄
Í�ë�­� y¦§®�WL¦>�|¡Fì@¡Fª§¡FÙ�ÚZ<

¡F��©�Ë:­�®��|Ë�©:>�¢�ª�¡FÙn@YD]¡F  � ª�ël©b¦��HF/¥3Úº¥bª�©eÍz¥#ªp­�®a®D«¬­�ìÇ¡��
CHd(X/Q̄)
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¥b¡F«
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Φ � ¤î£ /Q̄ : CH0(XK)→ H2d

� ¤î£ /Q̄
(X, Ω•≥d

X/Q̄
)
�D-B£©#©º�ªr�Bj¡\<7�¬p 1 ¡i�¬FîÛ
� ­� yÙF¤�«¬©#�L�8ì� |­�¥3�|¦�¥b­�ª�ª�Ú%¦�¢�©#�L�y¦�¥b­�ª��y¡��yË�©�¡F��©&­MÜ�¡�ÊF©n<

Úº¦�©bª§¢�®�­yr;©b |­VÚ á:ª§�y |­M�y¦�¡F� ¡F�
H2d

� ¤î£ /Q̄

­M��¢ «¬­�ì�®�íx a¡F«
F k

SCH0(XK)
�y¡

Grk
LH2d

� ¤î£ /Q̄

<^M�Ë�¦�¥sË%¦�®
DF�£� � F

Hk
∇

{
H0

� ¤î£ /Q̄

(
ηS, Ω∗

ηS/Q̄
⊗ R2d−kπ∗Ω

•≥d−∗
X/ηS

)}

∼= H0
(
ηS , Hk

∇, � ¤î£ /Q̄

{
Ω∗

ηS/Q̄
⊗ Fp−∗H2d−k�p� (X(η)/ηS)

})

Ø�©# y©��|Ë�©�á: y®H� ∼= ¥#¡F«¬©#®;íx y¡F«
Γ
Í�­M¥#Úº¥bª§¦�¥b¦��zÚ0¡�í

ηS
¦§���yË�©

Q̄
ÍHë�­M y¦�®�WL¦��|¡Fì@¡Fª§¡FÙ�ÚF�Æ�¡�M

H0(ηS ,Ω
∗
ηS/Q̄

) ∼= Ω∗
Q̄(ηS)/Q̄

∼= Ω∗
K/Q̄

DUÂa�MË�ª�©# %¢�¦ON�©b y©#���|¦p­Mª�®�M�Ë�©# y©
Q̄(ηS)

§��
→
∼=
K
F�<fM�Ë�¦�ª§©/¦��8�|Ë�©5­�ª§ÙF©bÜ� |­�¦§¥>¥b¡F���y©�=º�

Xη = XK× §�� −1

B£ì@©b¥
Q̄(ηS)

<
z ö



ηS =
B£ì@©b¥

Q̄(ηS) ∼= B£ì�©#¥
K
��Ø�©b��¥b©YM`©�Ë:­VÊF©8«¬­�ì�®

Φ � ¤î£i : F i
SCH0(XK)→ H i

∇

(
Ω•

K/Q̄
⊗ F d−•H2d−i��� (XK/K)

)

=: ∇Jd,i(XK/K)D]Ë�©# y© ∇ =
>�­� y¦��|Ë�«
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ΦiÜ�Ú «¬­�ì�ì�¦§��Ù
(5.2) → lim−→U(5.1)
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K ⊆ C
F
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Γ
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D/Q̄ ⊆ S D]Ë�©b��¥#©�ª§¦§Ê�©X>�¦���@ ηS F�<ZM`©��s­nW�©�­�ª�¦�«
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s0 ∈ S(C)
<R­M��¢�¡�Ü��s­�¦§��ª�¡º¥V­�ªl¦���ÊM­� y¦�­����|® Ð �

Φ ¤ ©i : F i
SCH0(XK)→ lim−→

B3s0

Γ
(
B, Hi

∇
{
Ω∗

S ⊗ Fd−•H2d−i
Xs

})
.

L�Ë�©Ç¦§«¬ì@¡F H�s­�����ì�¡�¦����$¦§®��yË:­M���|Ë�©¬¥b¡FË�¡�«¬¡Fª§¡FÙ�Ú(®aË�©V­VÊ�©b® Hi
∇
«Ç­VÚñÜ�©
á:ª�Í
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Xs
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m < 0
FM�¦§�yË

E `,m
1 (i) := H`+m

∇̄

{
Ω•

S ⊗Hd+m−•,d−m−i+•
Xs

}

­���¢ E `,m
∞ (i) =: Grm

f
H`+m

∇
{
Ω•

S ⊗ Fd−•H2d−i
Xs

} �`Ü�¤��&¦§��¢�¡£©#®
not

­�ª�M�­VÚº®Dxíx¡F 
dim(X) > 1

<
X

��¡���¢�©3á:��©b¢
/Q̄

FÇ¢�©bÙF©#��©b y­M�|©ñ­M� E1 ¡F �©3ÊF©#� E2 �DiØ�¡fMD©#Ê�©b "<
��¡��y¦���Ùñ�|Ë:­g�
dj

®a©b��¢�® E `,m
j → E `−j+1,m+j

j

<mMD©�­�ªOM`­VÚ£®ÇË:­VÊF©
E `,0
∞ (i) ⊆ E `,0

1 (i)
�¬Fºr;¦OW�©"M�¦§®y©n<)MD©gM`­� y���|Ë:­M�JM�Ë�¦§ª�© ∇̄ D = d0

F�«Ç­VÚ�Ü@©$¥#¡F«&Í
ì�¤��y©b¢�á:Ü�©# �M�¦§®y©�D]Ü�Ú�¥#¤�ì�ì�¦§��Ù M�¦§�yË�­�Â�¡£¢:­M¦� |­hÍ�B£ì@©b��¥#©b �¥#ªp­�®a®+F�<��|Ë�©8Ë�¦§ÙFË�©# 
dj≥1
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B
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¦§�

Ü�Ú
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­M��¢�¡FÜ��s­M¦���¦§�y©b |­g�|¦§Ê�©bª�ÚKDÐíx¡F 

m = 0, 1, . . . , i
F



 lim−→

B3s0

Γ
(
B, Hi

∇
{
Ω∗

S ⊗Fd−•H2d−i
Xs

})


 ⊃ ker

(
Ξ

(m−1)
i

)
Ξ

(m)
i→

Ð � \#ZhP�dHY3Z�Y3d�^i�gY3kqkW�`QiPavhkWY#d�P�^SmhP�Qy� mL� [a���b�
Γ(ηS , · · · )

�h��^�^imhU�[�X;UqkWkMZg\5kW\3Zh~#PHQR��P�^SQi�gP
cu\#Q�^imhP

Φ
(m)
i
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lim−→
B3s0

Γ
(
B, E i−m,m

∞ (i)
)

=: Grm
f ∇Jd,i

(
XB̂/B̂

)
,

­���¢�¢�©3á:��©
Φ

(m)
i

�|¡
Ü�©0�yË�©8¥b¡F«
ì@¡F®y¦��|¦�¡��

(Φ ¤ ©i )−1
(
ker Ξ

(m−1)
i

)
=: f

mF i
SCH0(XK)

Ξ
(m)
i ◦Φ ���i−→ Grm

f
∇Jd,i

(
XB̂/B̂

)
;

M� y¦��|©
Φ

(m)
i (Z) = δ

(m)
i Z

íx¡F ��|Ë�©�¥b¡F a y©b®aì�¡���¢�¦���Ù æ�¼|³s³3Â:égê@·gÁ�´3ÁÐÂ(ÁÐÂ:Ôg¿�¼eÁ]¿�Â:»x´ �DUL�Ë�©#®y©�­� a©�<Fíx¡F >©�=�­�«¬ì�ª�©�<�©#®y®a©b���|¦�­�ª�ª�Ú$¢�©3á:��©#¢¬¦§�º�¬p � ¡�íx a¡F« �yË�©�×�Ø?B2ì�¡F¦§���
¡�í�Ê£¦§©"M8�¬FL�Ë�©2 a©V­�®a¡F�4íx¡F �íx¤� a�yË�©b J>z¥sË�¡Fì�ì�¦���Ù¬¤�ìj@��|Ë�©

δiZ
ª§¦lW�©��|Ë�¦§®
¦§®�íx¡F �ÙF y©b­M�|©# 

¥b¡F«
ì�¤��|­�Ü�¦§ª�¦§�zÚ�<�©#®yì���¡�í
δ
(0)
i Z

</Ü�Úî©M�qÙ��ñì@¡Fª�Ú£��¡F«¬¦�­�ª�­�ª§ÙF©bÜ� y­��(É:¡F �©�=�­�«�Í
ì�ª�©n<R¦§í

X = {F({zi}) = 0} ¦§®
­&ÊF©b HÚ%ÙF©b��©# |­�ª�¢�©#ÙF y©#©3Í D Ë�Ú£ì@©b a®y¤�¤� aí]­�¥#©2¦��
Pd+1 ­���¢ Z ∈ Li = F i

SCH0(X)
<
δ

(0)
d Z ∈ Γ(B̂, Ed,0

1 (d))
M�Ë�©b a© Ed,0

1 (d) =
Ωd

S⊗H0,d
Xs

∇̄(Ωd−1
S ⊗H1, d−1

Xs )
¢�¤:­�ª§¦lTb©#®0�|¡

ker
{∧d θ1

S ⊗Hd,0
Xs
→ ∧d−1 θ1

S ⊗Hd−1, 1
Xs,
µ £ À ´
}
∼=

ker
{∧d SD ⊗RD−d−2

F

µ→ ∧d−1 SD ⊗ R2D−d−2
F

}
,
M�Ë�©b y©

S• ­���¢
R•

F
=

S•
/({

∂F

∂zi

}) ­� a©�ì@¡Fª§Úº��¡�«¬¦�­�ª;­���¢(ÝF­�¥b¡FÜ�¦p­��� y¦���ÙF®±Dx¦��%�|Ë�© {zi}
F�ÙF |­M¢�©b¢

Ü�Ú�Ë�¡F«
¡FÙF©#��©b¡F¤�®�¢�©bÙF a©b©�<R­M��¢
µ
¦§�LÊ�¡Fª§Ê�©b®�ì@¡Fª§Úº��¡F«
¦p­Mª�«2¤�ª§�|¦§ì�ª�¦§¥V­M�y¦�¡F�l�

×�¡F¦§®y¦��![q®; a©b®y¤�ª§�(D §3.2 F;¡��� y­M�|¦§¡F�:­�ªF¦§��©�QL¤�¦�ÊM­�ª�©#��¥b©�¡�í£ì�¡�¦����|® p, q ¡��$­�ÊF©# aÚÙF©b��©b |­Mª/®y¤� Hí]­�¥b©
X(s0) ⊆ P3 D

d = 2
F
¥b¡�«¬©#®8íx a¡F« ®aË�¡�M�¦���Ù

δ
(0)
2 Z 6= 0

íx¡F 
Z = p−q �S}�¡�¤�ÙFË�ª�Ú$®aì�©b­�WL¦���Ù	<��yË�©�¦�«¬­�ÙF©`¡Mí Z ¦�� Ω2

S⊗H0,2
Xs

∇̄(Ω1
S⊗H1,1

Xs)

∣∣∣∣
s0

¦§®/¦�¢�©#���|¦�Í
á:©b¢�M�¦��|Ë0�|Ë�©/¢�¦ON�©b a©b��¥#©5¡Míº�yË�©>íx¤���¥3�|¦§¡F�:­�ª§®

p̃∗, q̃∗ : H0

(
Xs0, Ω

dim(S)
X

∣∣∣
Xs0

)
→

KS|s0

∼= C
¦§��¢�¤�¥#©b¢ Ü�Ú �|Ë�©�®yì� a©V­�¢�®&¡�í

p
­���¢

q
�îÛ�®
­�ÊF©b¥3�|¡F &Ü�¤���¢�ª�©n<

Ω
dim(S)
X

∣∣∣
Xs0

(= V → Xs0)
¦§®8Ê�©b HÚî­M«¬ì�ª§©�íx¡F 

D ≥ 7
Dx�yË�¦�®8¦�®��yË�©¬�y©b¥sË���¦uÍ

¥V­�ª`ì:­� a��­���¢ ¦���ÊF¡�ª§ÊF©#®��|Ë�©�®a¡F a�&¡�í�ì@¡Fª§Úº��¡�«¬¦�­�ª`­Mª�ÙF©#Ü� |­&Îa¤�®a�
¢�©b®a¥b a¦�Ü@©b¢eF��
Ë�©b��¥b©��|Ë�©��:­g�|¤� y­�ª�«¬­�ì

P(V ∨) → P
(
H0(Xs0, Ω

dim(S)
X |Xs0

)∨
) ¦�®�¦§�gÎa©b¥eÍ

�|¦�ÊF©��äBº¦���¥#©
p̃, q̃

ì�ªp­�¦§��ª§Ú�Úº¦�©#ª�¢�©#ª�©b«
©b���y®�¡Mí
V ∨ ª§Úº¦���Ù�¡hÊ�©b �¢�¦�Nl©# y©b����ì@¡F¦����y®

¡�í
Xs0

DxË�©b��¥#©�¢�¦ON�©b a©b����¦§�
PV ∨ F`­���¢�«¬­�ì�ì�¦§��Ù$ a©b®aì��/�|¡ p̃∗, q̃∗ <��|Ë�©b®y©�ª�­M�aÍ�|©# �­� y©$¦���¢�©#ì�©#��¢�©#�L��­M®�¢�©b®a¦� y©#¢���ÉR­�WLË� y¤�¢�¢�¦��(©#ª�©bÙF­����|ª§Ú%ÙF©#��©b y­�ª�¦OTb©#¢4�|Ë�¦§®

­�ì�ì� a¡�­�¥sË��|¡
d > 2

­���¢%©b®y®a©b���|¦�­�ª�ª�Ú+®aË�¡�M�®
δ

(0)
d Z 6= 0

Dxíx¡F  Z ­���Ú
Q
Ízª§¦���©b­� 

¢�©bÙ� y©b©eÍ
0
¥#¡F«2Ü�¦§�:­M�|¦§¡F��¡�í��|Ë�©

n
ì@¡F¦����y®�¦§�_QL¤�©b®H�|¦�¡��eF3�

Ì`©#ª�¡�M ¦§� §6.2 MD©�M�¦§ª�ª�®H�|¤�¢�Ú�>zÙF©b��©# |­�ª�@0¥3Úº¥bª�©#®
¦§� ker(Alb) ⊆ CH0(C ×
C/C)

M�Ë�©b a© C ¦§®�¢�©#á:��©#¢ /Q̄ Dx¦S��©���<�>z®yì@©b¥#¦p­�ª�@�F�<;Ü�¤��8�|Ë�©# y©
¦�®��|Ë�©�íx¡Fª§ª�¡�M�¦���Ù
 y©#®y¤�ª��5íx¡� �­P>z®yì@©b¥b¦�­�ª�@`¥#Úº¥#ª�©�¡F�
�yË�©�®y©bª�ípÍzì� a¡£¢�¤�¥#��¡�í�­�Ù�©b��©# |­�ª:¥#¤� aÊ�©��Stî a¦§�y©
KC

íx¡F ��|Ë�©�¥b­���¡F��¦�¥V­Mª�¢�¦§Êº¦§®y¡F �­���¢
ι∆ : C = ∆C ↪→ C × C.«�0



�hÒ|�Õ�)½f��Ó øe*_½����Å�fÒ��313*_½f�Õ�j�7ù �ªpgp � ¡aú � r;©3� C Ü@©�Ù�©b��©# |­�ªA¡�íïÙF©b�L¤�® g ≥
4
���yË�©b�

ZKC
:= KC ×KC − (2g − 2)ι∆∗ KC /£O¤-¥≡ 0¦��

CH2(C × C).I0��¥b©&­�ÙF­�¦��4�yË�©&ì� y¡º¡�í5®yË�¡�M�®
δ
(0)
2 Z 6= 0

��B£¦���¥b©�p� y¦Oq&�yË�®8­���¢òp� y©b©#��¤�®y©B£¥sË�¦�Nl©# 0Ê�­M y¦p­g�|¦�¡���®��y¡%®aì� y©b­�¢ñ¡F¤�� C × C <�­M�ñ©�=£ì�ª�¦§¥b¦§�
ª�¡º¥V­�ª�¥b¡F«
ì�¤��|­M�|¦§¡F�
 y©#ì�ªp­�¥#©b®�ì@¡Fª§Úº��¡F«
¦p­Mª�­Mª�ÙF©#Ü� |­��t ©�¥b¡F��¥#ª�¤�¢�©:M�¦§�|Ë
­���©�=�­�«¬ì�ª�©`�y¡�¢�©b«
¡F��®a�y |­M�y©��|Ë�©�©#���| aÚ2¡�íR�|Ë�©�Ë�¦§ÙFË�©# 
¢�¦ON�©b a©b���|¦�­�ª�®/¦§�¬�yË�©
®aì�©#¥#�| y­�ªR®y©"Qº¤�©b��¥#© E `,m

r (i)
�>Û
®`­� y©3íx©b a©b��¥#©0ì�¡�¦�����<�á: a®a�

¥b¡F��®y¦�¢�©b 5¥b¤� HÊF©b® C1, C2 /Q̄ M�¦§�|Ë
oi ∈ Ci(Q̄)

<
pi ∈ Ci(C)

ÊF©# aÚ¬ÙF©b��©b |­Mª/D]­���¢
®y¤�¥sË(�yË:­M�

p1 × p2 ∈ C1 × C2(C)
¦�®��|¡º¡ÕF3��L�Ë�©#�

pi − oi =: Zi
©b­�¥sË�Ë:­VÊF©

0 6= δ
(0)
1 Zi ∈ Γ(B̂, Ω1

Ci
⊗ H0,1(Ci))

<SM�Ë�¦�ª§©
(p1 − o1) × (p2 − o2) =: ZË:­�®�®aì� y©b­�¢

Z1 × Z2 =: Z
M�¦§�yË�©b®y®a©b���|¦�­�ª�ª�Ú

[0 6=] δ
(0)
1 Z1 ⊗ δ(0)

1 Z2 = δ
(0)
2 Z ∈

Γ(B̂, Ω2
C1×C2

⊗H0,2(C1×C2)).
D\Æ�¡��|©��|Ë:­g�D�yË�© ∇̄ [�®�­M y© 0

­�®5�|Ë�© Ci ¢�¡2��¡M�®yì� a©V­�¢l��L�Ë�©
d1

[�®�­�¥3�|¤:­Mª�ª§Ú�­� a©2��¡��PTb©b a¡¸R E1,1
2 (2)

­���¢ E0,2
2 (2)

­� a©
0
R

Ü�¤����yË�¦�®�¢�¡º©b®���¡���­�Nl©#¥#� E2,0
2 (2)

�·FÆ�¡�M MD©+ y©#ì�ªp­�¥#©¬�yË�© Ci Ü�Úñ�cM`¡(ÙF©#��©b y­�ª5©bª�ª§¦�ì��y¦�¥�¥#¤� aÊ�©b®b�Ît  y¦��|©
Eλ =

{y2 = x(x− 1)(x− λ)} Xλ→ P1
[x]

íx¡F &�|Ë�©�á:Ü@©b a®Ç¡�í0�yË�©Îr;©#ÙF©b��¢� y©�í]­�«
¦�ª�Ú
E π→ U ⊆ A1

[λ]

Dx¡F«
¦§�0®a¦���Ù�¤�ªp­� �á:Ü�©# y®vF3�&Éï¦�=
x0 ∈ P1(Q̄) \ {0, 1,∞} ­M��¢¥sË�¡º¡F®y©�¥b¡F���|¦§�L¤�¡F¤�®aª§Ú�¦��

λ
­Çª§¦§íÐ�

qλ ∈ X
−1
λ (x0)

�@�|Ë�¦§®3M�¦�ª§ª;íx¡F y¥#©$¤�®
�y¡+ì:­�®a®
�|¡î­ ¢�¡F¤�Ü�ª�©�¥b¡�ÊF©# +¡�íYr;©bÙ�©b��¢� a©�< Ẽ → Ũ �¾tî a¦§�|© Q =

⋃
λ∈ eU{qλ}

­���¢
oλ = (0, 0) ∈ Eλ

< O =
⋃

λ∈ eU{oλ}
� L�­�WM©

λ1

<
λ2

�y¡ Ü�©�­�ª�Ù�©bÜ� y­�¦�¥b­�ª�ª�Ú
¦���¢�©bì@©b��¢�©#�����y |­���®y¥b©#��¢�©#�L�|­�ª��º¤�«2Ü�©# y®#�L�Ë�©#� Zλi

= qλi
− oλi

∈ CH0(Eλi/C)
D
i = 1, 2

F`Ë:­VÊF©��|Ë�©�®|­M«¬©�®yì� a©V­�¢
Z1 = Z2 = Q−O ¡F� Ẽ <ÕM�Ë�¦�¥sËÇÚº¦§©bª�¢�®D­���¡F a«Ç­�ª:íx¤���¥#�|¦§¡F� ν ∈ Γ(Ũ , J 1

eE/ eU)¢�©#á���©b¢ñÜ�Ú
ν(λ) = AJEλ

(qλ − oλ)
��Û
®0�|Ë�¦�®0¦§®

2
ÍS�|¡F a®y¦�¡���íx¡F 

λ = x0
Ü�¤��

��¡��5©bª§®y©�M�Ë�©b a©�<�¦��5¦�®���¡F���| a¦§Êº¦p­Mª-��Ü�Ú
­�«
¡F��¡º¢� y¡�«$Ú�­� aÙF¤�«
©b���7M�¦§�yËÇ¨/¦�¥b­� y¢ºÍr;©#íx®y¥sË�©#�vTn<l¦���¥b­�����¡M�
Ü@©�i:­M�V��Ø�©b��¥#©$¦��|®�¦���á���¦§�y©b®y¦§«Ç­Mª�¦���ÊM­� y¦�­�����<	M�Ë�¦§¥sË�¦§®
δ1Zi ∈ Γ

(
Ũ ,

Ω1
eU
⊗H1

eE/ eU

∇
„
O eU

⊗F1H1
eE/ eU

«

) <�«$¤�®a��Ü@©
��¡F�	Tb©# y¡��+Ø�¡�M`©3ÊF©# 
δ
(0)
1 Zi = 0

Ü�©#¥V­�¤�®y© ∇̄ : H1,0
eE/ eU → Ω1

eU ⊗ H
0,1
eE/ eU

¦�®¬®y¤� ÐÎa©b¥3�|¦§Ê�©�<�Ë�©b��¥b©
0 6= δ

(1)
1 Zi ∈

Γ
(
B, Ω1

eU ⊗H
1,0
eE/ eU = E0,1

∞ (1)
) �

Æ�¡�M �|Ë�©2®yì� a©V­�¢(¡Mí Z = Zλ1 × Zλ2

¦§®
Z = Z1 × Z2

D]®a©bª§ípÍnì� y¡º¢�¤�¥3��F�¡F�
Ũ × Ũ × Ẽ × Ẽ <�­M��¢¬¡���©�©�=£ì�©#¥#�|® 0 = δ

(0)
1 Z = δ

(1)
1 Z

<
0 6= δ

(1)
1 Z1⊗ δ(1)

1 Z2 =

δ
(2)
2 Z ∈ Γ(B, E0,2

∞ (2)).
Ø�¡�M`©3ÊF©b "< E0,2

∞ (2)
¦�®���¡��

Ω2
eU× eU ⊗H

2,0
eE×eE/ eU×eU

Ü�¤£�8­
QL¤�¡��|¦§©b�����g«
¡F y©#¡hÊ�©b "< Z £l¤-¥≡ 0

<gË�©b��¥#©
δ

(2)
2 Z = 0
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Eλ1×P1

[x]

Eλ2 ⊆ Eλ1 × Eλ2

­M��¢
ι : B → Eλ1 × Eλ2

Ü@©
�yË�©
¥b¡F«
ì�¡�®y¦§�y¦�¡F�l� L�Ë�©b�
¥bª§©V­� aª§Ú

ι(B) 3 (q1, q2)
­���¢

(o1, o2)
�Lª�©#�

ι(o) = (o1, o2)
­���¢

ι(q) = (q1, q2).{
©#á���©
Π : B × B → Eλ1 × Eλ2

Ü�Ú
Π(b, b′) = (π1(ι(b)), π2(ι(b

′)))
<�­���¢

��¡��y©
�yË:­M�
Π∗ {(q, q)− (0, q)− (q, 0) + (0, 0)} = Z �+Ì`¤�� B ¦§®�ÙF©#�L¤�®

2
<

Ë�©b��¥b©(Ë�Úºì�©# y©bª§ª�¦§ì��|¦§¥�<�­���¢ ®y¡ Ü�Ú ÌD©V­�¤�Êº¦§ª�ª�©eÍn×�¡F¦§®y¦§�ôDx®y©#© §6.2 Ü�©#ª�¡�M3F&�yË�©
¥#Úº¥bª§©8¦���Ü� y­�¥+W�©3�|®
¦§® £l¤-¥≡ 0

�t  y¦§�y© X = Ẽ × Ẽ < S = Ũ × Ũ �/t ©0¥b¡���¥bª§¤�¢�©
�yË:­M�`�yË�©0Ë�¦§ÙFË�©# `¢�¦�Nl©# y©b�ºÍ
�|¦�­�ª�®SR «Ç­�ì�®�íx a¡F«
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{

Ω1
S ⊗H2,0

X/S

∇̄→ Ω2
S ⊗H1,1

X/S

} ­���¢

ker
{
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{

Ω1
S ⊗H1,1

X/S → Ω2
S ⊗H0,2

X/S

}
→ Ω2

S ⊗H1,1
X/S

}

�|¡
Ω2

S ⊗H2,0
X/S
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H� Z := V × W /
 ¢¡ u≡ 0

ÁÐÂ
CH0(Y1 × Y2/K)

Ó�ÁÐÂ�Ö�¿�¼e»]ÁS°3½£²�¿�¼|µ
[AJ(Z)]

(tr)
j 6= 0

ä
���~�HÓ��/�a�Qo���
�� L�Ë�¦§®�¦�«
«¬©#¢�¦p­g�|©bª�Ú0Îa¤�®a�y¦§á:©#®JL�Ë�«��

3.5(B)
<�Ü�Ú��s­�WL¦���Ù

V = (p1 − o1)× · · · × (p`−1 − o`−1) [d1 = j = `− 1],­���¢ W =W` × o`+1 × · · · × od [d2 = d− `+ 1].å�³3Æ
¿�¼sÒ !��ªÈ ä Dx¦xF�É:¡F 
0
Íz¥#Úº¥#ª�©b®"<M�yË�©7L�Ë�©b¡F a©b« ÙF©#��©b y­�ª�¦OTb©b®�­� y©#®y¤�ª���¡Mí	}�¡F®y©#�£Í

®y¥sË�¡�� ­M��¢ s �YB�­M¦§�|¡ØD��Ç}?B�¡VFÔM�Ë�¦§¥sË ÙF¦§Ê�©b®��yË�© ®yì@©b¥#¦p­�ª�¥V­�®a©
d1 = 1(=

j)
�»DaL�Ë�¦�®�¦���¥bª�¤�¢�©b®��|Ë�©

(〈P 〉 − 〈O〉) × (〈Q〉 − 〈0〉) ©�=�­�«
ì�ª�©
¡�ím}�©b«¬­� �W
3.6

D]¦§¦�¦VF3�¬F Æ�¡��|©��yË:­M�¬¦�� �|Ë�¦§®&¥V­�®a©�<�¡F��©�¥b­��  a©bì�ª�­�¥b©ÅDi­�F2Ü�Ú �|Ë�©�®a¦�«
ì�ª�©# 
®a�|­M�|©#«¬©#�L�Ç�|Ë:­M� 〈V〉 Ü@©bª§¡F��ÙF®
�|¡ CH ²v³c´0 (Y1/C)

­���¢ ¦�®
not

¢�©#á���©b¢
/Q̄

�DUL�Ë:­g��¦�®�<:��¡
¥3Úº¥bª�©8 y­M�|¦§¡F�:­�ª§ª§Ú
©�QL¤�¦�Ê�­Mª�©b�����y¡ V ¦�®�¢�©#á:��©#¢
/Q̄

�¬FD]¦§¦xFXL�Ë�©
(〈P 〉 − 〈O〉)× (〈Q〉 − 〈O〉) ¥3Úº¥bª�©8¥b­���Ü�©8¤�®a©b¢ÖD��ªÂ � ¡xF`�|¡&¥#¡F�£Í®a�y y¤�¥3��©�=£ì�ª�¦§¥b¦§�

0
Íz¥3Ú£¥#ª�©#®�¡�í��| a¢�©bÙ�� 1 ¦��

ker(Alb)
¡F��­���Ú�®aì�©#¥b¦p­Mª�Â�¤�«
«
©b D\ÂYÈ�F�®y¤� aí]­�¥#©����z� §8.2 M`©�M�¦�ª§ª�®yË�¡�M"Ë�¡�M �y¡Ç¤�®a©��|Ë�©�¥b­�®y©

d1 = 2
<
d2 = 1�|¡�¥b¡F��®H�| a¤�¥#�

0
Íz¥3Ú£¥#ª�©#®`¦�� L3CH0

¡F��ò5ó
3
Íníx¡�ª�¢�®5­� a¦�®y¦§��Ù8íx y¡F«-�|Ë�©0Ì`¡F a¥b©b­gÍ

×�¡F¦�®a¦���¥#¡F��®a�y y¤�¥3�|¦§¡F���
L�¡¬ÙF©#��©b y­�ª�¦OTb©0�yË�¦�®�©3ÊF©b�%íx¤� a�yË�©b "<	M`©8¢�©3á:��©oDxíx¡F �­Mª�ª

1 ≤ j2 ≤ d2

F
SF

(1, d2−j2+1)
h

{
Hj2−1(S2)⊗H2d2−j2(Y2)

}
:=ªp­� aÙF©b®H�%®y¤�Ü:Ø?B ¡�í

Hj2−1(S2)⊗H2d2−j2(Y2)
ª§Úº¦���Ùè¦§�

ker
(
Hj2−1(S2,C)⊗H2d2−j2(Y2,C)→ Hj2−1, 0(S2,C)⊗Hd2−j2, d2(Y2, C)

)
.L�Ë�¦�®�¥#¡F���s­�¦§��®

N1Hj2−1(S2)⊗H2d2−j2(Y2) + Hj2−1(S2)⊗ F d2−j2+1
h H2d2−j2(Y2),®y¡&¡F��©8Ë:­M®�­�ì� a¡gÎa©b¥3�|¦§¡F�

Jd2

(
Hj2−1(ηS2)⊗

H2d2−j2(Y2)

F d2−j2+1
h

)
Ξ
� Jd2

(
Hj2−1(S2)⊗H2d2−j2(Y2)

SF
(1, d2−j2+1)
h

)

­���¢ÔM`©2¢�©#á:��©
[AJ(Z)]trj2−1 := Ξ

(
[AJ(Z)]trj2−1

)
.
I���©$¥V­M�4®yË�¡�M �|Ë�­M�
�yË�©

¥#Úº¥bª§©b®�¥b¡���®a�y y¤�¥3�|©b¢�Ü�ÚºL�Ë�©b¡F a©b«
6.1

Ë:­VÊF©���¡F���y y¦§Êº¦�­�ª
[AJ(Z)]trj

�Æ�¡�M �s­�WM©�Dx®y¤�Ü�á�©bª�¢�®�¡Mí
C
F
K1

<
K2

í���Ù��
/Q̄

­���¢
Di­�F V ∈ Lj1CH0(Y1/K1

)
M�¦§�yË

clj1Y1
(V) 6= 0

<
D]ÜeF W ∈ Lj2CH0(Y2/K2

)
M�¦��|Ë�©b¦��|Ë�©# D]¦VF

clj2Y2
(W) 6= 0

I�}
D]¦§¦xF

AJ j2−1
Y2

(W)tr 6= 0
­���¢

clj2Y2
(W) = · · · = cld2

Y2
(W) = 0

�
B£©#�

K = Q̄(K1, K2)
<F�|Ë�©`á�©bª�¢�Ù�©b��©# |­M�y©b¢&Ü�Ú

K1

­���¢
K2

¡�ÊF©b 
Q̄
R �yË�¦�®>¦§®«�Ï



�|Ë�©��:­M�y¤� |­�ª:á:©#ª�¢¬¡�í;¢�©3á:��¦§�y¦�¡F�¬¡�í��yË�©
ì� a¡£¢�¤�¥#� V ×W ��É:¡F ��|Ë�©m>H­�ª§ÙF©bÜ� y­�¦�¥
¦���¢�©bì@©b��¢�©#��¥b©�@� a©�QL¤�¦§ y©b«
©b���mDx�|¡�íx¡F y¥#©D�|Ë�©�®yì� a©V­�¢�¡Mí V×W �y¡0Ü@©

V×W
F�<M`©�¢�©b«¬­���¢+�| a¢�©bÙ

/Q̄(K) =
�y y¢�©#Ù

/Q̄(K1) +
�| a¢�©bÙ

/Q̄(K2)
�SL�Ë�©b��íx y¡F« �ªÂ 1 ¡M`©8Ë:­VÊ�© ¢

�hÒ|�Õ�)½f��Ó o��dW|� Ñ
´s´3½£ÆÇ³ »ÐÅ:³ æD¶£B�Ó'»xÅ:³3Â
0 /

 ¢¡ u≡ V × W ∈
Lj1+j2CH0(Y1×Y2/K)

äC^eÂ�Ö�¿�¼e»iÁS°3½º²�¿�¼|µ�ßïÅ:³3Â�¯nÁWÈ�Å:·g²�¸g´sµ
clj1+j2

Y1×Y2
(V×W) 6=

0
Ó�ßïÅºÁÐ²�³�Á Ï
¯nÁÐÁWÈ2Å:·g²�¸g´sµ

AJ j1+j2−1
Y1×Y2

(V ×W)(tr) 6= 0
�

L�Ë�¦§®�<��yË�©b�!<ï¦�®8�|Ë�©¬®a©b��®a©+¦��»M�Ë�¦�¥sË ¦���ÊM­� y¦�­����|®?>�«$¤�ª§�y¦�ì�ª�ÚÕ@$��¡F���y y¦§Êº¦�­�ª�ª�ÚF�L�Ë�©0�|Ë�©b¡F a©b« ¦�®�¡FÜ�Êº¦�¡�¤�®yª�Ú¬í]­�ª§®y©JM�¦§�|Ë�¡F¤����yË�©0¦���¢�©bì@©b��¢�©b��¥#©� a©�QL¤�¦§ y©b«
©b����<
©���Ù��¬íx¡� �®a©bª�ípÍzì� a¡£¢�¤�¥#�|®oD V = W <

K = K1 = K2

F3R ®a©b©&�|Ë�©¬Ì`©b­�¤�Êº¦�ª§ª�©3Í
×�¡F¦�®a¦��+�yË�©b¡F a©b« Ü@©bª§¡�M8�
!�� � � �����aõi1���½f�~���������Y�eõä���|���a����� �z�¬�yË�¦�®/®a¤�Ü�®a©b¥#�y¦�¡F��M`©�ì� a¡hÊ�©��cMD¡� y©b®a¤�ª§�y®Di­�ì�ì� y¡�=£¦�«¬­M�|©�¥#¡F��ÊF©# y®y©#®�¡�íl¡F��©�­���¡��yË�©b vF�¡��
�yË�©m>z®aÚº«
«¬©3�| y¦§¥�®�QL¤:­� a©�@�¡�í�­
¢�¦§Êº¦§®y¡F 

p−o ¡��Ç­�¥b¤� HÊF©n<�¥b¡���¥bª§¤�¢�¦���ÙYM�¦��|Ë¬­�Ü� a¦�©3í��y y©V­g�|«
©b���`¡Mí�¦§�y®�Ë�¦�ÙFË�©b >�ì@¡�M`©# y®�@|�/Û
®�­�Ü@¡hÊ�©�<:¢�©#��¡��y©�Ü�Ú
KC

�yË�©8¥V­���¡���¦�¥b­�ª�¢�¦�Ê£¦§®y¡F �¡Mí C �
�hÒ|�Õ�)½f��Ó ø�ý±�Õ�H�|�~�\�U�U�F1a�����U���U�äù �qÌD×3¡Uú � rA©3�

o
<
p
Ü@©��cMD¡èì@¡F¦§�L�y®+¡F� ­

®y«
¡£¡M�|Ë�Ë�Úºì@©b y©#ª�ª§¦�ì��y¦�¥�¥b¤� HÊF© C/C ¡MíDÙ�©b�L¤�®
g ≥ 1

<�M�¦§�yË
(2g − 2)o £O¤-¥≡ KC¦��

CH0(C)
�SL�Ë�©#� Z := (p− o)× (p− o) £l¤-¥≡ 0

¦§�
CH0(C × C)

�
� ¼s·�·�Ï#ä L�Ë�©&­M®y®y¤�«¬ì��y¦�¡F��¦�«
ì�ª�¦§©b®

o ∈ C(C)
¦§®?t ©b¦�©# y®H�| |­M®y®�<;Ë�©b��¥#©&­+ |­�«�Í

¦§á:¥b­M�|¦§¡F�4ì@¡F¦����
¡�íD�yË�©ÔD]¦§���| y¦§��®y¦§¥�F�¥V­���¡���¦�¥b­�ªï«¬­�ì
ϕ : C ¦v§ ¯ 2→ P1[⊆ Pg−1]

�tî a¦§�y¦���Ù
σ : C → C íx¡F ��yË�©+¥#¡F y a©b®yì@¡F��¢�¦���Ù4¦§��ÊF¡Fª§¤��|¦§¡F��<�MD©+®a©#� f(z) :=

z−ϕ(p)
z−ϕ(o)

­���¢
F := f ◦ϕ <�­���¢Ç��¡��y© (F ) = p+σ(p)− 2 · o �/Ø�©b��¥#©�Di­M��¢Ç�|Ë�¦�®¦�®:MD¡F a�yË�¢� |­�M�¦���Ù�íx¡F �¡���©b®a©bª§ívF

(ι∆C
)∗ (F ) +

(
ι{o}×C

)
∗

(
1

F 2

)
+
(
ι{p}×C

)
∗ (F ) +

(
ιC×{σ(p)}

)
∗

(
1

F

)
=

2 · {(p, p)− (o, p)− (p, o) + (o, o)} = 2 · Z
®yË�¡�M�®��|Ë:­g�gDi­�ª�M�­VÚº®�«¬¡º¢�¤�ª§¡2�|¡F a®y¦�¡��eF Z £O¤-¥≡ 0

�
�

�z��­�¢�¢�¦��|¦�¡���<V�|Ë�¦§®; y©#®y¤�ª���Ë�¡Fª�¢�®
vacuously

¦�í C ¦§®A­�Ù�©b��©# |­�ª�¥#¤� aÊ�©D¡Mí�ÙF©#�L¤�®
g ≥ 3

�A�|Ë:­M�8¦§®�<;�|Ë�©b a©
¥b­�����¡M��©�=£¦�®a�
ω ∈ Ω1(C) M�¦§�yË (ω) = (2g − 2) · o ��z��¢�©#©b¢�<�íx¡� �®a¤�¥sË�­�¥#¤� aÊ�©�­�ª§ªZtî©#¦�©b a®a�y |­�®a®ïì@¡F¦����|®�­� a©D��¡� y«¬­�ª-<hË�©#��¥b©D¥V­�����¡��

Ë:­VÊF©
2g− 1

­M®�­$Ù�­Mì¬ÊM­�ª�¤�©���DaL�Ë�¦�®D¦�®�í]­�ª�®a©�íx¡F D­� aÜ�¦§�y |­� HÚ&��¡F��Ë�Úºì�©# y©#ª�ª�¦§ì��|¦§¥
¥b¤� HÊF©#®b�¬F
Ì`©3íx¡F y©�ÙF¦�Ê£¦§��Ù4�|Ë�©¸>�¥b¡��LÊ�©b a®y©�@v<�­(Ü�©b­�¤��y¦§íx¤�ª5�|Ë�©#¡F y©#« ¢�¤�©��|¡�Û
®y­�WL¤� |­j<M`©&¢�¦§ÙF y©#®y®�Ü� a¦�©�i�Ú4¡F�

AJ
«Ç­�ì�®b�&ò`¡F��®y¦�¢�©b 

Y1

<
Y2

®y«
¡º¡��|Ë(ì� a¡gÎa©b¥3�|¦�ÊF©&¡�í
¢�¦�«
©b��®y¦�¡���®

d1

<
d2

<
d1+d2 =: d

<�­���¢�ª§©#�
Πi : Y1×Y2 → Yi

Ü@©`�yË�©��:­M�y¤� |­�ª«vâ



ì� y¡hÎa©b¥#�y¦�¡F��®±D
i = 1, 2

F3�(Lï­�WM© V ∈ CHd−p(Y1)
­���¢

Z̄ ∈ CHp²v³c´ (Y1 × Y2).L�Ë�©8 y©#®a�| a¦�¥3�|¦�¡��%¡Mí�íx¤���¥#�|¦§¡F�:­�ª§®
{
F d−p+1H2d−2p+1(Y1 × Y2,C)

}∨
�
{
F d−p+1

(
Q[V]⊗H1(Y2,C)

)}∨

∼=→
{
F 1H1(Y2,C)

}∨
¦�®:MD©bª§ª�Íz¢�©#á:��©#¢�«¬¡º¢�¤�ª§¡�ì�©# y¦�¡º¢�®"<�Ë�©b��¥b©�¦���¢�¤�¥b©b®

ì� 
V : Jp(Y1 × Y2)→ Jd2(Y2).L�¡�¢�©#®y¥# y¦�Ü@©/�|Ë�¦§®;«Ç­Mì�¡F�
Z̄
<gª§©#�

∂−1Z̄
Ü�©5­�Ü�¡�¤���¢�¦§��Ù�¥sË:­�¦§��­M��¢� a©b®H�| y¦§¥#�;�yË�©

íx¤���¥3�|¦�¡��:­�ª ∫
∂−1Z̄

�y¡
Q[V]⊗F 1H1(Y2,C).

�ní
ξV ∈ Γ(Ωd−p, d−p

Y ∞
1

)
 a©bì� a©b®a©b���|®

[V]
­���¢

ω ∈ Ω1(Y2)
<��yË�©b�

∫

∂−1Z̄

Π∗
1ξV ∧ Π∗

2ω =

∫

(∂−1Z̄)∩(V×Y2)

Π∗
2ω =

∫

Π∗
2{(∂−1Z̄)∩(V×Y2)}

ω.

Æ�¡��y¦���Ù&�|Ë�­M�
∂
(
Π2

{
(∂−1Z̄) ∩ (V × Y2)

})
= Π2

{
Z̄ ∩ (V × Y2)

}
=: Z̄∗V,M`©8«¬­VÚoM� y¦��|©��|Ë�¦�® ∫

∂−1(Z̄∗V)
ω
��¦§��íx¡Fª§ª�¡�M�®`�yË:­M�

ì� 
V
(
AJY1×Y2(Z̄)

)
= AlbY2

(
Z̄∗V

)
.��®a¦���Ù��|Ë�¦�®:MD©���¡fM ì� y¡�ÊF© ¢

�hÒ|�Õ�)½f��Ó øa�_���	ü~�|½f��ù ��Û�®�¡Uú � rA©3� C Ü@©$­
®y«
¡£¡��yË�ì� a¡gÎa©b¥3�|¦�ÊF©$¥#¤� aÊ�© /Q̄ <M�¦§�yË
p ∈ C(C)

ÊF©# aÚ ÙF©b��©# |­�ªD­���¢
o ∈ C(Q̄)

�ºL�Ë�©b�
(2g − 2)o /£l¤-¥≡ KC

¦§�
CH0(C/Q̄) =⇒ Z := (p − o) × (p − o) /£O¤-¥≡ 0

¦§�
CH0(C × C/C)

�/«
¡F a©
ì� y©#¥b¦§®y©bª�ÚZ<

[AJ(Z)]tr1 6= 0
�

� ¼s·�·�Ï#ä t ©`á: a®a��¥b¡���®a�y y¤�¥3�5­0¥sË�¡F¦�¥#©�¡�í@¥b¡�«¬ì�ª§©#�y©
Q̄
Íz®yì� y©V­M¢

Z̄ ∈ Z2(C×C×
C/Q̄)

íx¡�  Z �5t  y¦§�y© Pi

< Pij

­���¢
ιi
<
ιij

íx¡F �ì� y¡gÎa©#¥#�|¦§¡F��®�­M��¢�¦���¥#ª�¤�®a¦�¡F��®"<£©M�qÙ��
ι13 : C×C ↪→ C×C×C ®y©#��¢�® (q1, q2) 7→ (q1, o, q2)

­���¢ P23 : C×C×C �

C × C ®a©b��¢�® (q1, q2, q3) 7→ (q2, q3)
�äB£©3�

∆
[3]
C := {(Q,Q,Q) |Q ∈ C} ­���¢

Z̄ := ∆
[3]
C − ι12∗ ∆C − ι13∗ ∆C − ι23∗ ∆C + ι1∗C + ι2∗C + ι3∗C ;

­���¢���¡��|©8�|Ë�­M�
Z̄ ∩ ({p} × C × C) = (p, p)− (o, p)− (p, o) + (o, o) = Z �s�¡F a©b¡�ÊF©# 

(P23)∗ : H4(C×C×C)S3 → H2(C×C)S2
¦§®�­��&¦�®a¡F«¬¡� yì�Ë�¦§®y« ÐXc

M�Ë�¦�ª§©
(P23)∗Z̄ = 0

<�®a¡
Z̄
²v³c
≡́ 0

�
ò`¡F��®a¦�¢�©# ��|Ë�©8¥b¡�«¬«2¤£�|¦���Ù�¢�¦p­�Ù� |­�« ¡�í>ÝF­�¥b¡FÜ�¦p­���®

ÐXc
Sn

fhPHZh\3^iPa[;^imhP
n ß¢¤ [i�V_�_`PH^iQSUWdï~#Qi\#�hv «�ð



J2
(
H3(C × C × C)

)
// //µ £ ⊗3

)) ))SSSSSSSSSSSSSSSSSS

J2
(
H1(C)⊗H2(C × C)

)
// //

����

J2
(
H1(C)⊗ H2(C×C)

F 1
hH2(C×C)

)

����

J2
(
{H1(C)⊗3}S3

)
� �

I
// J2
(
H1(C)⊗3

) µ £ F // // J2
(
H1(C)⊗ H1(C)⊗H1(C)

F 1
h{H1(C)⊗2}

)

J2(H1(C)⊗3)
J2(H1(C)⊗F 1

h{H1(C)⊗2})M�Ë�©b a©$�|Ë�©$¥b¡�«¬ì@¡F®y¦��|¦§¡F��¦����yË�©��y¡Fì4 a¡fM ®a©b��¢�®
AJC×C×C(Z̄)

�|¡
[AJ(Z)]tr1

<M�Ë�¦�¥sËÔM`©�«2¤�®H�
®aË�¡�M���¡F�^Tb©b a¡���ÌDÚ��yË�©�¢�¦p­�Ù� |­�«Ô<��|Ë�¦�®�¦�®�­�¥#¥b¡F«
ì�ª�¦§®yË�©#¢�¦�íM`© Ë:­VÊF©
(
ì� 

F ◦
ì� 

⊗3)(AJ(Z̄)) 6= 0
�uL�Ë�©Ç y©b«¬­�¦§��¢�©b �¡�í��yË�©+ì� a¡£¡�í`�|Ë�©# y©#íx¡� y©+ì� a¡MÍ

¥b©#©b¢�®�¦��
2
®a�|©#ì�® ¢ MD©8®yË�¡�M á� y®a�gDx¦xF/�|Ë:­M�

0 6= ì� 
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Y1 = C × C <
Y2 = C <`­���¢ V = ∆C − {0} × C − C × {0} ∈ CH1(C × C) �èÛ�®��|Ë�©Â�Ã�����©3�|Ë+¥#¡F«¬ì@¡F��©#���|®

[V]0 ∈ H0(C)⊗H2(C) ­���¢ [V]2 ∈ H2(C)⊗H0(C)­� y©gTb©# y¡	<
[V] = [V]1
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Z̄ · P∗

12V = ∆
[3]
C · (∆C × C)− (∆C × {0}) · (∆C × C)

= −(ι∆
[3]
C )∗KC + (ι∆C×{0})∗KC,­���¢�­Mì�ì�ª§Úº¦§��Ù

(P3)∗
ÙF¦�ÊF©b®

Z̄∗V = −KC +(2g−2)o
�SB£¦§��¥b©
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Z̄ ∈ (CH2(C × C × C))S3
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©b���

¡�í
F 1
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(ι∗TC×C) /TC ∼= TC
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aj = ᾱj
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H1(C)⊗ F 1
h{H1(C)⊗2} �|ËL¤�®��|­�W�©#®��yË�©�íx¡F y«�× y

∑

i,j

ωi⊗ωj⊗ ᾱj +
∑

i,j

ωi⊗ ω̄j⊗αj +
∑

i,j

ω̄i⊗ωj ⊗ β̄j +
∑

i,j

ω̄i⊗ ω̄j⊗βj.
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∑

i,j

ωi⊗ωj ⊗ ᾱi +
∑

i,j

ωi⊗ ω̄j ⊗ β̄i +
∑

i,j

ω̄i⊗ωj ⊗αi +
∑

i,j

ω̄i⊗ ω̄j ⊗ βi.
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AJ(Z̄) = 0
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H7(X×X×X) = 0
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(p− o)×
· · · × (p − o) ¡�� C × · · · × C d Ø�©b a©2¦�®
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²v³c´
0 (C) �kL�Ë�©b�è�|Ë�©

n
ÍSíx¡Fª�¢ ®a©bª�ípÍzì� a¡£¢�¤�¥#� Z×n £l¤-¥≡ 0

¦��
CH0(C×n)
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/Q̄

� ÉR¡� 
�yË:­M�¬®y¦§�y¤:­M�y¦�¡F�è¡F��©�©�=£ì�©#¥#�y®�­î«2¤�¥sË ®a�| a¡F��ÙF©# Ç a©b®y¤�ª§��<`�:­�«
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(p− o)×n £O¤-¥≡ 0
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n ≥ 3
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¥#Úº¥bª§©b®2¡Mí��| a¢�©bÙ�� 1 ¦�� L3CH0(C×n)
­M y© £O¤-¥≡ 0
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×CH0 ⊆ LnCH0

�
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Ü�©�­� yÜ�¦§�| y­� aÚ�<@­���¢]M� a¦§�y©

[p1, . . . , pn]
íx¡� ��yË�©$¦§«Ç­MÙF©�¡�í

(p1, . . . , pn)
¤���¢�©# Ç�|Ë�©�®a�|­���¢:­� a¢ «¬­�ì

α̃ : C×n → SnC ¡��L�y¡ �yË�©
n ¥ ²®aÚº«
«¬©3�| y¦§¥0ì� a¡£¢�¤�¥#�V�är;©#�

o ∈ C Ü�©�­�¥sË�¡F¦§¥b©8¡�í�Ü:­�®y©8ì@¡F¦�����­���¢�¢�©3á:��©
ξ̃k : SkC → J1(C) Ü�Ú

[p1, . . . , pk] 7→ AJC

(∑
pi − k · o

)
,

γ̃ : Sn−1C → SnC Ü�Ú
[p1, . . . , pn−1] 7→ [p1, . . . , pn−1, o] ;¢�©b��¡��|© �yË�© ¦���¢�¤�¥b©b¢ «¬­�ì�®(¡F�
CH0

Ü�Ú
α
<
ξk
<
γ
� Æ�©�=º��<hM� y¦��|¦���Ù W̃íx¡F ¬­îª�¦�íÐ�¬¡Mí W ∈ Z0(S

kC) �|¡
Z0(C×k)

­���¢
Symk := 1

k!

∑
σ∈Sk

σ∗ ∈
End

(
Z0(C×k)

) Di­���¢% a©#íx©# y y¦§��Ù��|¡ §5.1 íx¡F  P [k]
×
<
Boxk FXMD©�¢�©#á:��©

β : CH0(S
nC)→ CH0(C×n)

ÜLÚ
Symn

{
P

[n−1]
× W̃

}
,

b : CH0(S
n−1C)→ CH0(C×n−1)

Ü�Ú
b(W) := Symn−1

{
P

[n−1]
× W̃

}
= Symn−1

{
Boxn−1(W̃)

}
.

Éï¦���­�ª�ª�ÚZ<lª§©#�
ιj : C×n−1 ↪→ C×n Ü�©��yË�©�¦���¥#ª�¤�®a¦�¡F�(ì�¤��y�y¦���Ù {0} ¦§���yË�© j ¥ ²¥b¡º¡F y¢�¦��:­M�y©�­���¢

πj : C×n
� C×n−1 Ü@©��|Ë�©�ì� a¡gÎa©b¥3�|¦�¡�� íx¡� yÙF©3�y�|¦§��Ù(�|Ë:­g�

¥b¡º¡F y¢�¦��:­M�y©���­���¢%¢�©#á:��©
ι(1)∗ : CH0(C×n−1)→ CH0(C×n)

Ü�Ú
ι(1)∗ (W) :=

1

n

n∑

j=1

(ιj)∗W ,

π(1)
∗ : CH0(C×n)→ CH0(C×n−1)

Ü�Ú
π(1)
∗ (W) :=

n∑

j−1

(πj)∗W.
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F n
×CH0(C

×n)
´Sn ��

I

// CH0(C
×n)

α // CH0(S
n
C)

ξn

wwpppppppppppp

β // `

F n−1
× CH0(C

×n)
´Sn

π
(1)
∗

��

CH0(J
1(C))

CH0(S
n−1

C)

ξn−1
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γ

OO

b // `

F n−1
× CH0(C

×n−1)
´Sn−1 .

ι
(1)
∗

OO

ò`ª�©b­� yª�Ú
ξn−1 = ξn◦γ

��t Ë�¦§ª�©
ι
(1)
∗ ◦π(1)

∗
¦�®;��¡��;�yË�©�¦�¢�©#���|¦§�zÚ�<

(πi)∗◦(ιj)∗ = δij¡F� (
F n−1
× CH0(C×n−1)

)Sn−1 =⇒ π
(1)
∗ ◦ ι(1)∗ =

¦�¢�©b���|¦��zÚ��|Ë�©# y©��
�n�0¦�®�­�ª§®y¡
©V­�®HÚ �y¡�®a©b©+�|Ë�­M�

β ◦ γ = ι
(1)
∗ ◦ b

<�­���¢ ­�ì�ì�ª�Úº¦���Ù
π

(1)
∗

¡F�î�yË�©+ª�©3íÐ��Úº¦§©bª�¢�®
π

(1)
∗ ◦ β ◦ γ = b

�ys%¡F y©#¡hÊ�©b "<`�|Ë�©��y¡Fì ¥b¡F«
ì�¡�®y¦§�y¦�¡F� ¦§®�Îa¤�®a�&�yË�©�¡FÜ�Êº¦�¡F¤�®
¦���¥#ª�¤�®a¦�¡F�!<£­M��¢

π
(1)
∗ ◦ β ◦ α ◦ I = 0

�7B£¦§��¥b©��|Ë�© £l¤-¥≡ Íz¥#ªp­�®a®�¡�í Z×n Ü@©bª§¡F��ÙF®`�y¡
(
F n
×CH0(C×n)

)Sn <�¦§��¦�®�¡�ÜLÊº¦§¡F¤�®yª�ÚÇ�y y¦§Êº¦�­�ªl¦�í
β ◦ α ◦ I ¦�®�¦��|®y©#ª§í�Tb©# y¡��¹ 0
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n ≥ g + 1
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ξn

­M��¢
ξn−1

<ïË�©b��¥#©
γ
</­� a©Ç¦�®a¡F«
¡F yì�Ë�¦�®y«
®b� ×c×

Û
®a®y¤�«
¦���Ù��|Ë�¦§®�<jMD©�¥V­M��­�ì�ì�ª�Ú
γ−1 ◦α ◦ I ¡F�+�|Ë�©0 y¦§ÙFË��`�|¡ β ◦ γ = ι

(1)
∗ ◦ b

<
¡FÜ��|­�¦���¦§��Ù

β ◦ α ◦ I = ι(1)∗ ◦ b ◦ γ−1 ◦ α ◦ I.I0�
�yË�©�¡M�|Ë�©# DË:­M��¢�<£­�ì�ì�ª�Ú£¦§��Ù
γ−1 ◦α ◦ I ¡��¬�|Ë�©� a¦�ÙFË��5­���¢ ι(1)∗

¡F�&�|Ë�©�ª�©3íÐ�
�|¡
b = π

(1)
∗ ◦ β ◦ γ

ÙF¦§Ê�©b®
ι(1)∗ ◦ b ◦ γ−1 ◦ α ◦ I = ι(1)∗ ◦ π(1)

∗ ◦ β ◦ α ◦ I = ι(1)∗ ◦ 0 = 0 ,
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¡£¢�¤�ª�¡�¡F¤� �¥bªp­M¦�«%�}�©b¥V­Mª�ªL�|Ë:­M�

ξ̃k
¦§®ï®a¤� xÎa©#¥#�|¦�ÊF©�íx¡F 

k ≥ g
<�M�¦§�yË2ÙF©b��©b y¦§¥`á:Ü@©b 

Pk−g �ï�z��¢�©b©#¢�<­�ª�ª�¦§�y®�á�Ü�©# y®�­� y©� |­g�|¦�¡��:­�ª ¢ ÙF¦§Ê�©b�
x ∈ J1(C) <0ì�¦�¥+W ­���Ú

[q1, . . . , qk] ∈
ξ̃−1
k (x)

�F�|Ë�©#�
ξ̃−1
k (x) ∼= PH0(C,O(q1+· · ·+qk)) ∼= PM íx¡F �®y¡F«
©

M ≥ k−
g
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¡Mí
ξ̃g+1
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<�Ë�©b��¥#©
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ξg+1 ◦ γ = ξg

<
γ
¦�®�¦��hÎa©b¥#�y¦§Ê�©��uL�ËL¤�®

ξg+1

¦�®�­��
¦�®a¡F«¬¡� yì�Ë�¦§®y«Ô�� y©#ì�©b­M�|¦§��Ù¬�yË�¦�®�­� aÙF¤�«
©b���
®aË�¡�M�®

ξk
¦§®
­���¦�®a¡F«¬¡� yì�Ë�¦§®y« íx¡� 

k ≥ g
­M®�¥#ªp­�¦§«¬©#¢��

�L�Ë�¦§®��|Ë�©b¡F a©b« Ë:­�®��|Ë�©�©�=£¥b¦��|¦§��ÙÇ¥#¡F y¡Fª§ªp­� HÚÇ�yË:­M�
­�ª�ª;¥3Ú£¥#ª�©#®�­�ª�Ù�©bÜ� y­�¦�¥b­�ª�ª�Ú
©�QL¤�¦�Ê�­Mª�©b�����y¡

0
­� y©�>z��¦�ª§ì�¡M�|©b����@�«¬¡º¢�¤�ª§¡ £l¤-¥≡ ��L�¡�®y©#©/�|Ë�¦§®�<hª�©3� Y ∈ CH ¤ ®°¯m (X)

�L�Ë�©b���yË�©b a©0©�=£¦�®H� Yi ∈ CHm+1(X ×Ci)
­���¢

pi, qi ∈ Ci
�
=
¥#¤� aÊ�©�¡MíAÙF©b�L¤�®

gi
¡5®b� �V�

Y =
∑

i (Yi(pi)− Yi(qi))
<�M�Ë�©b y© Yi(c) := πX (Yi ∩ ({c} ×X))íx¡F 

c ∈ Ci
��É:¡F �©b­�¥sË

i
¡F��©�¥#¡F��®a¦�¢�©# y®��|Ë�©8«¬­�ì

φn : CH0(C×n)→ CHm·n(X×n)

c1 × · · · × cn 7→ Y(c1)× · · · × Y(cn)
¦���¢�¤�¥b©#¢�Ü�Ú Y×n �/B£¦���¥b© φn {(p− q)×n} = (Y(p)− Y(q))×n ­���¢ (p− q)×n £l¤-¥≡
0
íx¡F 

n ≥ g+1
<V�yË�©>�|©# y«
®;¡�íL�|Ë�© ∑

i

­� y©/��¦�ª�ì@¡��y©b���S� ¦S��©��
(Yi(pi)− Yi(qi))

×(gi+1) £O¤-¥≡
0
¡i�/�n��íx¡Fª�ª§¡fM�®`©V­�®a¦�ª§Ú
�|Ë�­M�

Y ×{P
i(gi+1)} £O¤-¥≡ 0

�
�g�)½f�)�U�U�	½��ªo���o~� Ñ
²Ð²A¸º³S¹�¼|³s³3é

0
ðg³3¼|·géy°3±�°3²�³s´�¿�¼|³8Â:ÁÐ² Ö:·g»z³3Â:»nä

×c× §:\VPHT#\�fh[]�V�
�g[iPa[�^imhP`d�k�Y3[S[]U�dHY3kLc�Y3d�^�^SmgYs^ t Py[i[iPHZb^iU�YekWkW���V� ? UWPH_�YeZhZho ? \�dnmM{ SkC ξ̃k→
J1(C) U�[;Y`vhQS\ewxPad�^iUWT3P>�h�hZMf�kqP>cu\#Q k ≥ 2g − 1

}V^i\�[iPHP>^SmhUW[lcu\#Q
n ≥ 2g

�×cû ¥g\3QR^SmhU�[RUW_`vgkqU�dHYe^iUW\3Z�[iPHP;^SmhP�Y3Qi~#�h_�PHZb^RUWZ«h § ��j } §11.1.1 t vL� 310
{z}#X;mhU�dnm�UW[l[x^nYs^SPafcu\#Q�[i�hQ]c�Y#d�Py[R�h��^�TsYekWUWf�Yek�[]\/cu\#Q@mhUW~3mgPHQiopf�UW_�PHZg[iUW\3ZgY3khTsYeQSUqPH^iUWPa[ t P3� ~g�W}V[]PaP�Yek�[i\�h ¬ ��j }bvhcx�:\ec
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©b���;�y¡��yË�©�©"N�©b¥3���yË:­M�A©�=º�y©b��¢�¦§��Ù
�|Ë�©���¦�ª�ì@¡��y©b��¥#©`®a�|­M�|©#«¬©#���/íx y¡F« ¥#Úº¥bª§©b® ¤ ®°≡̄ 0

�|¡8¥#Úº¥bª§©b® ©­�≡́ 0
MD¡F¤�ª§¢&­�«
¡F¤����
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­�ª�®a¡�­�ì�ì@©V­� a©b¢
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©
­���¢ ì� y¡�ÊF©#®���¦�ª§ì�¡M�|©b��¥b©&¡�í�¥#Úº¥#ª�©b® ²�³c≡́ 0

D]­���¢ Ì�òmF8íx¡F 8ÊM­� y¦§©#�|¦§©b®�¡�íX>ná:��¦§�y©
¢�¦�«
©b��®y¦�¡��:­�ª�@8ò`Ë�¡�M"«¬¡��y¦§Ê�©b®b�3L�Ë�¦�®
¦���¥#ª�¤�¢�©#® Dx®y«
¡£¡��yËeF�Ê�­M y¦�©3�|¦§©b®�¥b¡�ÊF©# y©b¢
Ü�Úî­�ì� y¡º¢�¤�¥3�2¡�í�¥#¤� aÊ�©b®ÔDi­M��¢î�|Ë�©Çì� a¡£¡�í�¡�í��|Ë�¦§®�¤£�|¦�ª§¦lT#©b®�¡F��¥b©Ç­�Ù�­�¦§� �yË�©
¥bª�­�®y®a¦�¥V­Mªlí]­�¥#�� a©bÙ�­M y¢�¦§��Ù

Sn≥2g−1C → J1(C) ¤�®y©#¢�¦��»� ×�¡�¡VF3�

!��ªÈ�� �g�)½f½f�����S�)���|�����Z�ò���|���a����� �ní
X = C1 × · · · × Cn /Q̄

D]Ë�©# y©
n = d

F
�|Ë�©#�ÅMD©�«Ç­VÚ�¥b¡���®y¦§¢�©b 

0
Íz¥3Ú£¥#ª�©#®$¡�í��yË�©Çíx¡F a« Z = Boxn(p1, . . . , pn)

íx¡� 
p` ∈ C`(C)

�^M`©8Ë:­VÊ�©$­�¤£�|¡F«¬­M�|¦§¥V­�ª§ª§Ú Z ∈ F n
× ⊆ LnCH0(C1 × · · · × Cn/C)

�L�ËL¤�®�<º�|¡2Ü@© ¸º³3»z³s°3»n¿�Àb²Ä± ��¡F���| y¦�Êº¦p­�ª\< Z «2¤�®a�
not

Ü@©
¢�©3á:��©#¢�¡hÊ�©b �­8á:©bª§¢+¡�í
�| y­���®y¥#©b��¢�©b��¥#©�¢�©bÙF a©b©Dª�©b®a®��yË:­��

(n−1)
¡�Ê�©b 

Q̄
�/L�Ë�©D¦����|©# y©b®H�|¦§��Ù
®a¦§�|¤�­M�|¦§¡F�

¦�®5�|Ë�©# y©#íx¡� y©3M�Ë�©b y© S0/Q̄ ⊆ C1× · · ·× Cn
¦�®D­ºD]ì@¡F®y®a¦�Ü�ª�Ú&®y¦§��ÙF¤�ª�­� +F

(n− 1)
Í

¢�¦�«
©b��®y¦�¡��:­�ªl®a¤�Ü�ÊM­� y¦§©#�zÚZ<�­���¢
P = (p1, . . . , pn)

¦§®��|Ë�©�¦���¥#ª�¤�®a¦�¡F��¡�í>­&Ê�©b HÚ
ÙF©b��©b |­Mª�ì@¡F¦§�L�

P0 ∈ S0(C)
<R®y¡&�|Ë�­M���yË�©�®yì� a©V­�¢

P
¡�í
P
¦�®��|Ë�©�ÙF y­�ì�Ë%¡�í�­

¢�©b®a¦���Ù�¤�ªp­� a¦lTb­M�|¦§¡F� S � S0 ⊆ X
­�®�­¬®a¤�Ü�Ê�­M y¦�©3�zÚ�¡Mí S ×X �mtî©YM� y¦��|©�¦��

­���¡FÜ�Êº¦�¡F¤�®���¡M�s­M�y¦�¡F�
Z̄ := Boxn

S(P)
�

Û �|©#¥sË���¦OQº¤�©
íx¡F �¢�©#�|©#¥#�y¦���Ù�®y¤�¥sË
0
Íz¥#Úº¥#ª�©b® Z ¦�®�¢�©3ÊF©#ª�¡Fì@©b¢ñ¦��k�ÇÂ � <;®y©#¥��1 Ñ�¡\< Ü�Ú M� y¦§�y¦���Ù ­�� ©�=£ì�ª§¦�¥b¦��

Ωn(X)∨
ÍnÊM­�ª�¤�©b¢

(n − 1)
Ín¥b¤� a y©#�L�

RZ =
∑

k∈K
[ωk]∨ ⊗ Rk

Z

¡F� S �-�z�L�y©bÙF y­M�|¦§��Ù
RZ

¡F� �|¡Fì@¡Fª�¡�ÙF¦�¥b­�ª�¥#Úº¥bª§©b®
γ ∈ ¦�« {lim←−D Hn−1(S \ D) → Hn−1(S)} �|Ë�©b� ¥#¡F«¬ì�¤��|©#®

[AJ(Z)]n−1 ∈
Hom

(
Hn−1(ηS ,Q), Ωn(X)∨À ´ Hn(X,Q)

) �/¦i�q©M��­�®8ÊF©b¥3�|¡F a® ∈ C|K| < (∫
γ
Rk

Z

)
k∈K

≡
(∫

Γ
ωk
)

k∈K

«
¡£¢�¤�ª�¡
Λ{ω}

�Ç×:� }�©b«¬­� �Wg­�Ü�ª§ÚZ<5¦�� ¥V­�®a©
n = 2

Dx¡F��ª§Ú^F ∫
γ
Rk

Z y©#¢�¤�¥b©#®��y¡+­���¦§�|©# |­M�y©b¢%¦����|©#ÙF |­Mª-<:®y¡¬¦§��¦�®�¦§�%�yË�¦�®�¥V­�®a©��yË:­M��M`©� y©3Ê£¦§©"M��yË�©
¥b¡F��®a�| a¤�¥#�y¦�¡F�l�
Ø�©#��¥b©3íx¡F a�yË S0 ⊆ C1 × C2 = X

­� a©(¢�©#á:��©b¢
/Q̄

M�¦§�yË
o` ∈ C`(Q̄)

<
P0 ∈ S0(C)

¦§®+ÊF©# aÚ ÙF©#��©b y­�ª?M�¦§�yË ¦�«¬­�ÙF©
(p1, p2) ∈ X(C)

<
­���¢ Z =
(p1 − o1)× (p2 − o2) ∈ L2CH0(XK)

M�Ë�©b a©
K ∼= Q̄(S)

�

×:� O$P5Zh\3^iP/^SmgYs^
dim(S) = n − 1 =⇒ [Z]n = 0 =⇒ [AJ(Z)]n−1

UW[�f�P r ZgPaf8Y3ZgfdH\3_�vh��^SPaf0�V�
^imhPD_`Pa_5�hQnYeZgP�UqZb^SPH~3QnYek�[;\3cp�@Qi\#vM\b[]Uq^iUW\3Z
4.8
�M¥h\3Q

n > 2
Uq^�U�[�Zg\e^ïdHkqPyYeQ

t X;U�^Smh\3��^ � � {>mh\sXñ^i\�_�\�f�U�cu�
Z̄
\sT3PHQ

D ⊆ S ^i\�~#P�^ Z̄ ¤�àF°≡ 0
}£[i\0^imgUW[/�M[]Py[ ? PH_�YeQS�

4.10(b)
V#cu\#Q

n = 2
}h[iPHP>��PHkW\sX/� ¹ «



C S
0

1
(o ,p )

 2

1
(o ,o )

 2

1  2

1
(p ,o )

 2

C

(p ,p )=P

2

1

Z ¦�®5¥V­Mª�ª�©#¢Ç­M��> S0
Í-@�¡F S>z¥b¡F a y©#®yì@¡F��¢�©#��¥b©eÍ-@

0
Ín¥#Úº¥bª§©�¡F� C1×C2 �º¦��
í]­�¥#��<ÕMD©Ë:­VÊF©�­Mª� y©b­�¢�Ú&©#��¥b¡F¤��L�y©b a©b¢��|Ë�©
¢�¦p­�Ù�¡F�:­�ª

0
Íz¥#Úº¥#ª�©
¡�� C ×C D S0 = ∆C

F5­���¢
�|Ë�©�Ü�¦§©bª§ª�¦�ì£�|¦�¥

0
Ín¥#Úº¥bª§©�¡F�

E1×E2

D S = B F3�SÆ�¡��|©��|Ë�­M�5®y¦���¥b© [Z]0 = [Z]1 =
[Z]2 = 0

Dx¦S��©��
[Z] = 0

¦��
H4(ηS × C1 × C2,Q)

F�<
[Z̄] ∈ H4(S × C1 × C2)¥b¡F«
©b®�íx y¡F« ­+¥bª�­�®y®�¦§�

H2({Q} × C1 × C2)
��Û
®0�|Ë�¦�®0«2¤�®a�8­�ª§®y¡�Ü@©�­+ |­hÍ

�|¦§¡F�:­�ª
(1, 1)

¥#ªp­�®a®�<^rA©3íx®y¥sË�©3�vT
(1, 1)

®y­�Úº®��|Ë�­M��¦§�`¦�®`�yË�©�¥bª�­�®y®�¡Míï­2¥3Úº¥bª�©�¡��
{Q}×C1×C2

�ï�ní�MD©�«¬¡º¢�¦§íÐÚ
Z̄ = Box2

S(P)
Ü�Ú�®a¤�Ü��| y­�¥#�y¦���Ù�¡�N+�yË�¦�®/¥3Úº¥bª�©n<

�|Ë�©#�%�yË�©8��©"M
Z̄
²v³c
≡́ 0

�r;©#� {αj
`}j=1,...,2g`

< {α̂j
`}
Ü�©�¢�¤�­�ªLÜ:­�®y©#®�¡Mí

H1(C`,Q)
Ü:­�®a©b¢$­M�

o`

 y©#®yì��
o′`
<

M�Ë�¦�ª§©�­�Ê�¡F¦�¢�¦���Ù
o′`
 y©b®aì��

o`

��­���¢��s­�WM©
D` := C` \

⋃
j |α̂j

`|
­�®�íx¤���¢:­�«
©b���s­Mª

¢�¡F«¬­�¦��ñíx¡F  C` �»tî a¦§�|¦§��Ù {ωk
` }k=1,...,g`

⊆ Ω1(C`)
íx¡F �­4Ü�­�®y¦§®�<SM`©�¡�Ü��s­�¦§�

íx¤���¥3�|¦�¡���®
zk

` :=
∫ ∗

o`
ωk

`

¡F�
D`

DxM�Ë�¦�¥sË ­M y©
0
­M�

o`
F�<�¡� ¬©"Qº¤�¦§ÊM­�ª�©#���|ª§Ú

0
Í

¥b¤� a y©#�L�y®8¡F� C` M�¦§�yËu>�Ü� y­���¥sËñ¥b¤��y®�@
­M���yË�© {αj
`}
��I0��©&Ë:­M®�¦§�(ì:­� H�|¦�¥#¤�ªp­M 

d[zk
` ] = ωk

` −
∑2g`

j=1

(∫
αj

`
ωk

`

)
· δα̂j

`

�
t  y¦§�y©oW

= (k1, k2)
<
K = {1, . . . , g1} × {1, . . . , g2}

®a¡4�|Ë:­M���|Ë�©¬Ü:­�®a¦�®
{ω ± } ⊆ Ω1(X)

�s­�WM©b®��|Ë�©�íx¡� y« {ωk1
1 ∧ ωk2

2 }(k1,k2)∈K

�$­�ª§®y¡ ¢�©#��¡��|©(�yË�©
ì�¤�ª§ª�Ü:­�¥+WL®�¡�í

z
<
ω
<
α
<
α̂
�|¡ S ��¡&¢�¦�Nl©# y©#�L�yª§Ú��SL�Ë�©b�%íx y¡F« �ªÂ � ¡

R
(k1,k2)
Z = zk1

1 ω
k2
2 −

2g1∑

j=1

(∫

αj
1

ωk1
1

)
zk2
2 · δα̂j

1
∈ ′D1(S).

Æ�¡�M ­�®y®a¤�«¬© S0 3 (o1, o2) =: o
­���¢ ­�ª�®a¡ÎM� y¦§�y©

o
íx¡F �­�ì@¡F¦�����¡F� S«Ç­Mì�ì�¦���Ù+�|¡�¦§�b�
ò`Ë�¡£¡�®y©

γ
�y¡%ì�­�®y®��|Ë� y¡F¤�Ù�Ë

o
D]­���¢�®y¤�¥sËñ�|Ë:­g�

γ ∩ α̂j1
1 ∩

α̂j2
2 = ∅ ∀ j1, j2

F�­���¢�ª�©#�
ϕ : [0, 1] → γ ⊆ S Ü@©�­¬ì:­� y­�«
©#�| a¦lTb­M�|¦§¡F�_M�¦§�|Ë

ϕ(0) = o
�ä{
©#á���©��yË�©8¦§�y©b |­g�|©b¢�¦§�L�y©bÙF y­�ª

∫

γ; o

α ◦ β :=

∫ 1

x=0

(∫ x

t=0

ϕ∗
tα

)
ϕ∗

xβ

íx¡F �­���Ú
α, β ∈ Ω1(S)

�YD
A priori

�|Ë�¦§®�¦§®�¡���ª§Ú�­M��¦§�LÊM­� a¦p­�����¡�í��|Ë�©�Ë�¡F«
¡MÍ
�|¡Fì�Ú(¥#ªp­�®a®8¡�í

γ ∈ π1(S; o)
�·FÖtî©&¥#ªp­�¦§« �yË:­M� ∫

γ
R

(k1,k2)
Z =

∫
γ; o

ωk1
1 ◦ ωk2

2¹�¹



¡F� �|Ë�©���¡F®y©n���|¡�¥sË�©b¥+W �yË�¦�®±MD©%¢� y¡Fì �yË�©
k1,k2

­���¢ÖM� y¦��|©
R = z1ω2 −∑

j

(∫
αj
ω1

)
z2 · δα̂j

1

�5¨/¤�ª�ª§¦���Ù��|Ë�¦§®�Ü:­�¥+W+�|¡
γ
ÙF¦§Ê�©b®

D�!�� 1 F
z1ω2 −

∑

j

∑

q∈α̂j
1∩γ

(∫

αj
1

ω1

)
z2(q) · δ{q}.

{
©b��¡��|©8�|Ë�©8ì:­g�|Ë�­�ª�¡F��Ù
γ
íx y¡�«

q
�|¡
o
Ü�Ú −→q.o �R¡F���|Ë�¦§®�ì�­M�|Ë%ª�©3� z̃2

Ü�©��yË�©
¥b¡F���y¦��L¤�¡F¤�®�íx¤���¥#�|¦§¡F�ºM�¦§�|Ë

dz̃2 = ω2

­���¢
z̃2(o) = 0

�äL�Ë�©b�ÔM`©�¥V­M���s­nW�©
d¡�í��|Ë�©

0
Ín¥b¤� a y©#�L�

−
∑

j

∑

q∈α̂j
1∩γ

(∫

αj
1

ω1

)
z̃2 · δ−→q.o

�|¡&¡FÜ��|­�¦��

+
∑

j

∑

q∈α̂j
1∩γ

(∫

αj
1

ω1

)
z̃2(q)δq −




∑

j

∑

p∈α̂j
1∩γ

(∫

αj
1

ω1

)
δ−→q.o



ω2 ;

­�¢�¢�¦§��Ù2�|Ë�¦�®��|¡
(6.1)

Úº¦�©bª§¢�®


z1 −

∑

j

∑

p∈α̂j
1∩γ

(ω1) δ−→q.o



ω2 =: z̃1 · ω2

M�Ë�©b a©
z̃1

¦�®�¥b¡F���|¦§�L¤�¡F¤�®0©�=£¥b©bì£��­M�
o
��©#®y®y©#���|¦p­Mª�ª§Ú

(z̃1 ◦ ϕ)(x) =
∫ x

0
ϕ∗ω1

¡i�
Û
ª§¡F��Ù

γ
�yË�¦�®�¦§®�¥b¡FË�¡F«¬¡�ª�¡FÙF¡�¤�®D�y¡

(6.1)
Ü�Ú�¥b¡F��®a�| a¤�¥#�y¦�¡F�!<:®y¡

∫

γ

R =

∫

γ

z̃1 · ω2 =

∫

γ; o

ω1 ◦ ω2

­�®�¢�©#®y¦� a©b¢��
�hÒ|�Õ�)½f��Ó o��32�� ÞA³3» S0/Q̄ ⊆ C1 × C2

À3³�¿è°3½º¼eÔ�³�Ö�¿g´s´3ÁÐÂº¹ñ»ÐÅº¼s·g½�¹gÅ
o =

(o1, o2) ∈ (C1 × C2)(Q̄)
ß/ÁÐ»ÐÅ Ô�³3¼e±�¹º³3Âl³3¼a¿�²;Ö:·gÁÐÂ:»

(p1, p2)
µ�¿�Â@¸4´�³3» Z =

(p1, p2)− (p1, o2)− (o1, p2)+(o1, o2) ∈ L2CH0(C1×C2/C)
ä}l�Å:³3Â0ÏV·g¼

γ ∈
H1(S,Q)

µ
[AJ(Z)]1(γ)

³3Ôg¿�²Ä½�¿�»�³s´/»�· (∫
γ̃; o

ωk1
1 ◦ ωk2

2

)
(k1,k2)∈K

∈ C|K|/Λ{ω}·gÂ »xÅ:³+Às¿g´3Á�´ {ω} = {ωk1
1 ∧ ωk2

2 }
µ0ßïÅ:³3¼s³

γ̃
Á�´+¿�Â:± °3²�·�´�³y¸
Ö�¿�»ÐÅ 3 o

¿�Â@¸
���e ≡ γ

ä
���~�HÓ��/�a� þ �fÒ|� �~�Õ½�ÓÅ�^�

0
1v���|���a�)� B£ì�©#¥b¦�­�ª�¦OTb¦���Ù��y¡ C1 = C2 = E

­��
©bª§ª�¦�ì£�|¦�¥`¥b¤� HÊF©�<�M`©JM� y¦��|©

Ω1(E) = C 〈dz〉 ®a¡$�|Ë:­g� ω = dz1∧dz2

Ù�©b��©# |­M�y©b®
Ω2(E×E)

�/�ní�MD©
�s­nW�©
E
�|¡�Ë:­VÊF©8òmsò<º�|Ë�©#�

H2(E×E) = H2

¤ ®°¯ ⊕H
2

¥O£
­�®

ØPBÔM�Ë�©b y©
H2

tr(E × E,C) = H2,0 ⊕ H0,2 �l�yË�¦�®�Ë:­�®
�yË�©2©�Nl©#¥#��¡�í�«¬­�WL¦���Ù
ω
[q®�ì@©b a¦�¡º¢�®

Λω ⊆ C
Ú£¦§©bª§¢ ­M� Ë�¡���©b®H�

2
Ín¢�¦�«
©b��®y¦�¡��:­�ª� |­M�y¦�¡F�:­Mª0ªp­M�a�|¦§¥b©��¹ Ä



B£©#�a�|¦§��Ù
E = {v2 = 1− u4} M�¦§�yË o = (0, 1)

�
= (u, v)

¡>­M��¢
dz := 1−i

4b
du
v

<M�Ë�©b a©
b =

∫ 1

0
dt√
1−t4

<�MD©4Ë:­VÊ�©(¦�� í]­M¥#�
Λ{dz} = Q 〈1, i〉 ��Ø�©#��¥b©4¦�í S0

<
Z < γ ­� a©(­�®�¦§�yL�Ë�«%�

6.7
<

[AJ(Z)]1(γ)
¦�®¬¥b¡F«
ì�¤��y©b¢ Ü�Ú �yË�©(�L¤�«2Ü@©b 

∫
γ̃; o

π∗
1dz ◦ π∗

2dz ∈ C/Q 〈1, i〉 Dx¦����|©#ÙF |­g�|¦�¡��Ç¡F� S F3�JDx�n��®y©#©b«
®� y©b«¬­� �WM­MÜ�ª�©�|Ë:­g�
�|Ë�©�¦§�|©# |­M�y©b¢4¦§���|©bÙ� |­�ª�¦�®?MD©bª§ª�Ín¢�©#á:��©b¢(«
¡£¢�¤�ª�¡
Q 〈1, i〉 ¡F� homology

classes
�¬F

É:¡F  S MD©�®aË:­�ª�ª��s­�WM©��yË�©�ÉR©# y«¬­M��¥#¤� aÊ�© F = {x4 + y4 = 1} <�©#«2Ü�©#¢�¢�©#¢¦��
E×E Ü�Ú

(π1, π2)
M�Ë�©# y©

π1(x, y) =
(
−1+i√

2

y
x
, 1

x2

) <
π2(x, y) = (−y, x2)

�
��¡��y©

o = (1, 0) ∈ S «¬­�ì�®/�y¡ o1×o2 ∈ E×E
�/tî©�®yË�­�ª�ª:­Mª�®y¡�«¬­�W�©�¤�®a©�¡�í

­
�yË�¦� a¢�«¬­�ì
π3(x, y) = (x, y2)

��tî a¦§�|¦§��Ù
νi = π∗

i dz
MD©2Ë:­VÊF©

ν1 = 1
2b′

dx
y3M�Ë�©b a©

b′ =
√

2b =
∫ 1

0
dt

(1−t4)3/4

<
ν2 = 1−i

4b
x dx
y3

<
ν3 = 1−i

4b
dx
y2

��L�Ë�©b®a©Ç®aì:­��
Ω1(F)

<ï­M��¢ ®a¡
q 7→

〈∫ q

o
νi

〉
i=1,2,3

¦���¢�¤�¥b©b®�­�«Ç­�ì
F

AJo→ J1(F)
í]­�¥#�y¡F y¦§��Ù

(π1, π2, π3) : F→ E × E × E <�Ë�©b��¥#©$­M��¦§®y¡FÙF©#��Ú J1(F)
µ→ E × E × E �L�Ë�©8¥b¡�«¬ì�¤£�s­M�y¦�¡F�Ç�yË:­M��íx¡Fª§ª�¡�M�®�¦§®�­�ª�«
¡F®H��©�=�­�¥3�|ª�Ú+�|Ë�©�®y­�«
©8­�®��|Ë�©�¡���©

¢�¡F��©�¦§�u��ØJ¡ ¢ �s­nWº¦§��Ù γ =
ì:­M�|ËuD]¡��

F
Fïíx y¡F«

o = (1, 0)→ (0, i)→ (i, 0)→
(0, 1)→ (1, 0)

<�M`©�¤�®a©��yË�©8­�¤��y¡F«¬¡� yì�Ë�¦�®y«
σ(x, y) = ( y

x
√

i
, 1

xi
)
�|¡&ÙF©3�

∫

γ; o

ν1 ◦ ν2 =

∫

σ(γ); (o,−i)

ν3 ◦ ν1 = 2(1 + i)

∫
−−−−→
(0,1).o

ν3 ◦ ν1

= 2(1 + i)

∫ 1

0

(1− i)
4b

dx√
1− x4

◦ 1

2b′
dx

(1− x4)3/4

=

∫ 1

0
dt√
1−t4
◦ dt

(1−t4)3/4

2
∫ 1

0
dt√
1−t4
·
∫ 1

0
dt

(1−t4)3/4

=: κ ∈ R/Q ⊆ C/Q 〈1, i〉 .
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Ü@©bªuÍHÝF­�¥#¡FÜ�¦�«¬­�ìeF��yË�©

­�ª�Ù�©bÜ� y­�¦�¥8¦���©�QL¤�¦§ÊM­�ª§©b��¥#©$¡�í
AJo(F)

­���¢(¦��|®�«¬¦§ y y¡� �¦§«Ç­MÙF©
AJo(F)−

­�®
1
Í

¥#Úº¥bª§©b®�¦��
J1(F)

�X��®a¦���Ù&�|Ë�©�¦�®a¡FÙF©#�LÚ
µ
­���¢�©�=�ì�ª�¡F¦��|¦���Ù�®aÚº«¬«
©#�y y¦§©b®�¡�íï�yË�©

¦�«¬­�ÙF©/¡�í
F
¦��
E(1)×E(2)×E(3)

<M¡F��©5á: a®a��¢�©b¢�¤�¥b©#®ï�|Ë:­g�
Box2

E3
(
¦§«

(F)) /¤ ®°≡̄ 0�|Ë�©# y©n<º�yË�©b�&�|Ë:­g�D¦��5¥V­�����¡��5Ü�© ¤ ®°≡̄ D
a fortiori £l¤-¥≡ F/�y¡$­8¥#Úº¥#ª�©�®y¤�ì�ì�¡F H�|©#¢Ç¡F�

E1×E2×{
ì��|®#� ∈ E3}

�>ò`¡F��®y©"QL¤�©b���|ª�Ú$�yË�©`®aì� y©b­�¢
Z̄
¡�í:�|Ë�©�É:©b a«Ç­M�

0
Ín¥#Úº¥bª§©

Z <�M�Ë�¦�¥sË+«¬­�ì�®��|¡ Box2
E3

(
¦§«

(F))
Êº¦p­

E1×E2×F
( À ¦ , À ¦ ,π3)−→ E1×E2×E3

<
¥V­�����¡��5Ü�© £O¤-¥≡ �y¡$­�¥#Úº¥bª§©�®a¤�ì�ì@¡F a�y©b¢+¡�Ê�©b D­�¢�¦�Ê£¦§®y¡F 
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F
�£­���¢Ç®a¡ Z /£l¤-¥≡ 0

�¹ Ï



!��ÇÑ�� ���Õ¼)���a�^���e½��ô�H��� ½f���U�j�f�a�)�
0
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ì�ª�©3�|©#ª§Ú4¢�©b®y¥# y¦§Ü�©��|Ë�©
ò`Ë�¡�M-ÙF y¡�¤�ì�¡�í

0
Í
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¡�í/�yË�©

relative
¥#¤� aÊ�©

(P1, {0,∞}) <jM�Ë�¦§¥sË�¡F��©�«Ç­VÚÇ�yË�¦��^WÇ¡�í intuitively D]¡F��ª�Ú^F­�®
P1 M�¦§�|Ë {0} ­���¢ {∞} ­M�y�|­�¥sË�©#¢KR ­�¢�©#ÙF©b��©b |­g�|©&©bª§ª�¦�ì£�|¦�¥�¥b¤� aÊF©M�±tî©

ÙF¦§Ê�©`Îa¤�®a���|Ë�©�Ü:­� a©b®H�0®y¤�«¬«¬­� aÚ+¡�íï�yË�©�«
¡F®H��®H�| a¦lWL¦���Ù
 y©#®y¤�ª���­���¢� a©#íx©# ��yË�©
 y©b­�¢�©b ��y¡u�ÇÂ � ¡�­���¢ò�ÇÂ�È�¡;íx¡F �íx¤�ª�ª�¢�©#�s­M¦�ª�®�Dx«¬¦§�L¤�®� y©#ªp­M�y¦§ÊF© £O¤-¥≡ <R­
¢�¦§®y¥#¤�®y®a¦�¡F�¡�í�M�Ë�¦�¥sË�íx¡F ��|Ë�©b®y©8ì� a¡FÜ�ª§©b«
®�¦�®�¦��G�ÇÂ�Ñ�¡xFe�B£©3�

Xn := (P1, {0,∞})×n < ¡F  ©�QL¤�¦�Ê�­Mª�©b���yª§Ú íx¡F  ¡F¤�  ì�¤� yì@¡F®y©#®�<
(Pn,

⋃n
i=0{zi = 0}) DaM�Ë�¦§¥sË ¡F��©4¥b­�� �|Ë�¦��	W ¡�í�­�®+­ ¢�©bÙF©#��©b y­M�|©(ò5ó

n
Í

íx¡Fª�¢HF3��I0�
Xn

L

D
L ⊆ C

F�ª§©#� {a1, . . . , an}
 a©bì� a©b®y©#�����yË�©¬ a©bª�­M�|¦�ÊF© £l¤-¥≡ Íz¥#ªp­�®a®¡�í

B(a1, . . . , an) := (〈a1〉 − 〈1〉) × · · · × (〈an〉 − 〈1〉)
�Pt ©2«Ç­nW�©$�yË�©

ad
hoc

¢�©#á:��¦§�|¦§¡F�
LnCH0(X

n
L) := {{a1, . . . , an} | ai ∈ L∗ (∀i)} ,

­���¢ ¡FÜ�®y©b HÊF©��|Ë:­g�+�|Ë�¦§®+ÙF¦�ÊF©b®Ôs%¦�ª���¡F 
K
ÍS�|Ë�©#¡F aÚ

KM
n (L)
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©
L
¦�®�á:��¦��|©#ª§Ú&ÙF©#��©b y­M�|©#¢

/Q̄
¡�í;�| a¢�©bÙ
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<£®y¡$�yË:­M�D¡F��©�Ë:­�®

Q̄(S)
∼=
→§�� L íx¡F �®y¡�«¬©8®y«
¡º¡��|Ë%ì� y¡hÎa©b¥#�y¦§Ê�© S/Q̄ ¡�í>¢�¦§«¬©#��®y¦§¡F�
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�:L�Ë�©# y©

¦�®�­�«¬­�ì
R : KM

n (Q̄(S))→ Hn−1(ηS ,C/Q(n))¥V­�ª§ª�©#¢%�yË�© s�¦§ª���¡� � y©bÙ�¤�ªp­M�y¡F ��R¡F��©$¢�©3á:��©b® R{f1, . . . , fn}
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«¬¡�ª�¡FÙ�Ú
¥#ªp­�®a®�¡Mí��yË�©
(n− 1)

Íz¥#¤� y a©b���
n∑

j=1

(−1)nj−1(2π
√
−1)j−1 log fj

¢�ª�¡�Ù
fj+1∧· · ·∧

¢�ª§¡FÙ
fn·δf−1

1 (R−)∩···∩f−1
j−1(R−)

¡F�
ηS
�äI0ÜLÊº¦§¡F¤�®yª�Ú�¡F��©8¥b­���¥b¡F��®a¦�¢�©# ��|Ë�©8¥b¡�«¬ì@¡F®y¦��|¦§¡F�
LnCH0(X

n
L) ∼= KM

n (L)
§�� −1

−→ KM
n (Q̄(S))

R→ Hn−1(ηS ,C/Q(n)).I0� �yË�©�¡��yË�©b 
Ë:­���¢�<��|¡ñ�| aÚ ¥#¡F«
ì�¤��|¦§��Ù ­ Ë�¦§ÙFË�©b 
AJ

¥bª�­�®y®&íx¡F  Z =
B(a1, . . . , an)

<5¡F��©_MD¡F¤�ª§¢ ®aì� y©b­�¢ �yË�¦�®�¡F¤£�
�y¡
Z(U) = B(f1, . . . , fn)

¡F�
(P1, {0,∞})×n × {U ⊆ S} Ü�Ú��s­�WL¦���Ù fi :=

©3Ê −1(ai)
��D � ­�¥sË�¥#¡F«
ì�¡F��©b���

¡�í
Z
ª�¡º¡ZWL®�ª�¦OW�©2�yË�©&ÙF |­�ì�Ë ¡�í

n
íx¤���¥3�|¦�¡���®8¡hÊ�©b  U �¬F I���©¬¥b­��ñ�yË�©b�ñ®yË�¡fM

�|Ë:­g�
Z
²v³c
≡́ 0
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AJ

¥bª�­�®y®�íx¡F 
Z
<ïÜLÚñ¦§�L�y©bÙF y­M�|¦§��Ù

íx¡F y«
®$¢�ª�¡FÙ
z1 ∧ · · · ∧

¢�ª�¡FÙ
zn ∧ ωU
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Z
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AJn−1

X

<R­���¢%¡���©�M`¡F¤�ª�¢%¥b¡F�gÎa©#¥#�y¤� y©8¦§��¦§®�¦��gÎa©#¥#�y¦§ÊF©M�
Û
®î­ ®y­���¦��zÚ ¥sË�©b¥+We<+¡F��© ¥b­�� �y aÚ ¡F¤��

n = 1 ¢ R{f} = log f ∈
H0(ηS,C/Q(1)) ∼= C/(2π

√
−1)Q

<�M�Ë�©# y©ìDx®y¦§��¥b©
dim(S) = 0

F� y©b­�ª�ª�Ú
f = α ∈ Q̄∗.

L�Ë�©�¥b¡�«¬ì@¡F®y¦��|¦§¡F�î®a©b��¢�®
(〈α〉 − 〈1〉) 7→ logα

�5®y¡KMD©�©�=LÍ
ì�©#¥#���|Ë:­g��íx¡�  ∑

qi = 0
< ∑

qi 〈αi〉 £O¤-¥≡ 0
Dx«¬¡º¢%�y¡F y®a¦�¡F�HF ⇐⇒ (Παqi

i )
N

= 1íx¡F �®y¡F«
©
N ∈ Z+ ��B£¦§��¥b©�¡F� (P1, {0,∞})Q̄

<R |­M�y¦�¡F��­�ª�©�QL¤�¦�ÊM­�ª�©#��¥b©�¦�®�ÙF©b�ºÍ
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F ∈ Q̄(P1)∗
M�¦§�|Ë

F (0) = F (∞) = 1
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XU
π→ U [⊆ S]¡�ÊF©b $­�� ­nq
��©¬Ü:­�®a©�</M�¦��|Ë

Z(U) ∈ Zd(XU)
®y¤�¥sË �yË:­M� Zs := Z |Xs

²�³c
≡́ 0D ∀ s ∈ U F�<�¡F��©
¥b­��î¢�©#á:��©&�|Ë�©

normal function νZ ∈ Γ(U , J d
XU/U)

Ü�Ú
νZ(s) := AlbXs(Zs) ∈ Jd(Xs)
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δ­�®y®a¡£¥#¦p­M�y©b¢��|¡
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0→H2d−1
XU/U , Q

→ H2d−1
XU/U

/
FdH2d−1

XU/U →
J d

XU/U → 0
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XU/U , Q
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ξ ∈ P1(C)\T[2]

<F¡F��©�Ë:­�®�­�¢�¦p­MÙF |­�« ¡�í�­���­�ª§ÚL�|¦§¥DÊM­� a¦�©#�y¦�©#®
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Yξ := f−1(ξ) ∼= S_?Iξ

oo
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E×S
(ι,)

= X̂
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R = S/ E/ι ∼= P1 {ξ}_?
oo
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θ\2 :

(E \ E [2]) × S → X
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Ü�©%­���Ú ­Mª�ÙF©#Ü� |­�¦§¥Çì@¡F¦����]DxM�Ë�¦�¥sË

��©b©#¢ ��¡���­VÊF¡�¦�¢ C F�<�­���¢yM� y¦��|©
θ
\2
q0
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πq0 : E × S → E × {q0} ↪→ E × S
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Z0 £O¤-¥≡ 1

2
(Z0 + (ι, )∗Z0)

£l¤-¥≡ 1
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{(p, q)− (p, q0) + (ι(p), (q))− (ι(p), (q0))} =: Z ′
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Z := Γ∗Z ′
0 := πX
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E×S(Z ′
0) · Γ

}
= Iπι(p)
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0 (E/Q̄)

®y¤�¥sË
�|Ë:­g� Zγ := Z̄γ
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{q}×X

¦§®
/£O¤-¥≡ 0
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[AJ(Zγ)]2 6= 0
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(p0) − (o)
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(Γq0)∗ = Γ∗ ◦ πq0
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Zp0−o = πX

∗
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{(p0, q)− (p0, q0) + (ι(p0), (q))− (ι(p0), (q0))} ,
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j = 2

<
Y1 = E

<
Y2 = S

< W = p0 − o
<

V = q − q0
F�<:¡F��©8Ë:­M® Z0 =W × V /£O¤-¥≡ 0
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0 /£O¤-¥≡ 0
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θ∗(b∗Z) = θ∗ (θ∗{(p0, q)− (p0, q0)}) = 2Z ′
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Θ : E1×E2×E3 → E1×E2×E3

V4
=: X̂ ′ íx¡F ��|Ë�©?Qº¤�¡��|¦§©b���Ü�Ú+�|Ë�©�­�¥3�|¦§¡F��¡�í

V4 = {(1, 1, 1), (ι1, ι2, 1), (ι1, 1, ι3), (1, ι2, ι3)} .Æ�¡�M
X̂ ′ ¦�®$®a¦���Ù�¤�ªp­� �­�ª§¡F��Ù%�|Ë�© 48

 y­M�|¦§¡F�:­�ª�¥b¤� aÊF©#®
Θ(E1 × E
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2 × E

[2]
3 )
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Θ(E
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1 × E2 × E [2]
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Θ(E
[2]
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2 × E3)
��Ü�ª�¡�M�¦���Ù¬¤�ì

first
­M���|Ë�©
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X
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p, Q2, Q3

¡F�
E1, E2, E3
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D]¦VF

p
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­���¢

Q2, Q3
­M y©¸Di­�ª§Ù��>¦§��¢�©bìl�·F$ÊF©# aÚ�ÙF©#��©b y­�ª-<HIY}D]¦§¦xF

Q2
¡F 

Q3
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q, q0
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(Q2, Q3)
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(Q2, o)
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 |­M�y¦�¡F��­�ªl©"Qº¤�¦§ÊM­�ª�©#��¥b©#®�¡F��©8Ë:­�®�¡F�
E1 × E2 × E3 ¢

0 /£O¤-¥≡ 4Box3(p, Q2, Q3) £l¤-¥≡ ∑

σ∈V4

σ∗Box
3(p, Q2, Q3)

£O¤-¥≡ ∑

σ∈V4

σ∗{(p, Q2, Q3)− (p, Q2, o)}

= Θ∗ (Θ∗{(p, Q2, Q3)− (p, Q2, o)}) .L�Ë�¦�®�¦§«¬ì�ª�¦�©#®`¡F�
X̂ ′ ¢

0 /£l¤-¥≡ Θ∗{(p, Q2, Q3)− (p, Q2, o)} = B∗
{
Iπι(p)
∗ (q − q0)

}
,Ë�©b��¥b©�¡F�

X ¢
Z := Iπι(p)

∗ (q − q0) /£O¤-¥≡ 0.�z�4¥V­M®y©ÔD]¦VF��yË�¦�®�¦�®��|Ë�©2¥3Úº¥bª�© Zπι(p)
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R ­¬�y |­���®a¥b©#��¢�©b��¥b©3Í
¢�©bÙ� y©b©eÍ

2
¥3Ú£¥#ª�©�¡F�%­��%­�ª§ÙF©bÜ� |­�¦§¥�á:Ü@©b �¡�í
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CY n
ÍSíx¡Fª�¢�¢�©3á:��©#¢

/Q̄
<�­�®��|Ë�©# y©$­� y©�®y¡F«
©$��¦§¥b©�®y¦�«
ì�ª§¦§á:¥b­M�|¦§¡F��®�¦��%�|Ë�¦§®
¥b­�®y©M��É:¡F �¡���©��yË�¦���Ù^<

�|Ë�©8Ü:­M®y¦�® {ω} Dxíx¡�  i = n
F�¦§®� y©bì�ªp­�¥#©b¢%ÜLÚ%­&®y¦§��ÙFª§©0íx¡F y«

Ω ∈ Ωn(X)
�R­���¢

®y¡��|Ë�©�ì@©b a¦�¡º¢�ªp­M�a�|¦�¥#©0¦�®

Λ =
¦�« {∫

(·)
Ω : Hn(X,Q)→ C

}
.

Æ�¡�M ­�®y®a¤�«¬©
K ∼= Q̄(S)

¦§®0á:��¦��|©bª�Ú�Ù�©b��©# |­M�y©b¢
/Q̄

¡�í��| y­���®a¥b©b��¢�©b��¥#©¬¢�©3Í
ÙF y©#©

n−1
<F­���¢2��¡M�|©`�yË:­M�

Grn
LHg

n(X×ηS) = 0
Di­M®�MD©V­�WhrA©3íx®y¥sË�©3�vT

=⇒
Hn(S) = N1Hn(S) =⇒ Hn(ηS) = 0

Fe�:L�Ë�¦§®�«
©V­���®��yË:­M�
AJn−1

X

¦�®�¢�©eÍ
á:��©#¢
¢�¦� y©#¥#�yª§Ú�¡F� LnCH0(XK)

<F­���¢&¥b¡F«
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D�f�� 1 F
AJn−1

X : LnCH0(X/K)→ HomQ

(
Hn−1(ηS ,Q),C/Λ

)
.

��®a¦���Ù$¨� a¡Fì@¡F®y¦��|¦�¡��
4.8

­M��¢_}�©b«¬­� �W
4.10(b)

MD©0«¬­�Ú
¢�©#®y¥# y¦�Ü@©��yË�¦�®`­�®Díx¡�ª�Í
ª�¡�M�®�<�íx¡�  〈Z〉 ∈ LnCH0

­���¢
[γ] ∈ Hn−1(ηS ,Q) [⊆ Hn−1(S,Q)]

��ò`Ë�¡£¡F®�Í
¦���Ù�­�¥#¡F«
ì�ª�©3�|©
®yì� a©V­�¢

Z̄ ∈ Zn(X × S/Q̄)
íx¡F  Z <ï�|­�W�© UZ̄ ⊆ S

ë�­M y¦�®�WL¦
¡Fì@©b��®y¤�¥sË%�yË:­M�

Z̄
∣∣
X×UZ̄

Ë:­�®� y©#ªp­M�y¦§Ê�©
¢�¦§«¬©#��®y¦§¡F�
0
¡�ÊF©#  UZ̄
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γ0
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¥bªp­M®y®

[γ] ∈ Hn−1(S,Q)
M�Ë�¦§¥sËî¦�®8®a¤�ì£Í

ì�¡� a�|©#¢ ¦�� UZ̄

�]L�Ë�©b�
πX{Z̄ ∩ (γ0 × X)} ∈ Z ¥ ³cµn−1(X,Q)

¦�®YM`©#ª�ª�Ín¢�©#á���©b¢
­���¢ÎD]®y¦§��¥b©

[Z]n−1 = 0
F5­�Ü�¡F¤���¢:­� HÚZ<º®|­VÚ

= ∂Γ
D
Γ
­��y¡Fì�¡�ª�¡FÙF¦§¥V­�ª

n
Ín¥sË:­�¦��HF3�I0��©0�|Ë�©#��®a©#�|®

D�f�� � F
AJn−1

X (Z)[γ] :=

∫

Γ

Ω ∈ C/Λ,

M�Ë�¦�¥sË%¦�®�¦§��¢�©#ì�©#��¢�©b����¡�íï­�ª�ªl¥sË�¡F¦�¥#©b®#�
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H0(Ωi
X)

íx¡F 
0 < i < n

®yË�¡F¤�ª�¢%¦�«
ì�ª§Ú
Gri

LCH0(X/K) = 0
¦����|Ë:­g�� y­���ÙF©M�

B£¡
AJn−1

X

®aË�¡F¤�ª§¢�Ü�©&¢�©3á:��©b¢ ­�ª� a©V­�¢�Ú�¡F�
CH

²�³c´
0 (X/K)

�os�¡F y©#¡�ÊF©b "<ï¤��ºÍ
¢�©b ��yË�©�¢�¤:­�ª§¦§�zÚ

Hn−1(S,Q) ∼= Hn−1(S,Q)∨
¦���¢�¤�¥b©#¢ Ü�Ú ¦§�L�y©bÙF y­M�|¦§¡F��<

�|Ë�© ¢�¤:­�ª�¡�í
Hn−1(ηS ,Q)

Dx¥b¡F��®y¦�¢�©b y©#¢ ­�®�®a¤�Ü�ÙF a¡F¤�ì ¡Mí
Hn−1(S,Q)

F�¦§®
Hn−1(S,Q)/N1Hn−1(S,Q)
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¦���Ù��|Ë�©¸>�p�Ì�òä@+<
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D�f��ªÈ�F
CH

²v³c´
0 (X/K) −→ Hn−1(S,C)

N1Hn−1(S,C) +Hn−1(S,Λ)
.

���~�HÓ��/�a�e� É:¡F 
�|Ë�©
¥#¡F«
ì�ª�©3�|©2¦§�L�y©b a®y©b¥3�|¦§¡F� ò5ó [�®�¥#¡F��®a¦�¢�©# y©b¢ ¦�� §8.1 <�M`©
know

DaM�¦§�yË�¡F¤��`¥b¡F�hÎa©b¥#�y¤� y©�FD�|Ë�­M� LnCH0 = CH
²v³c´
0

�5ò`¡���®y¦§¢�©b �­�®y«
¡£¡��yË
Q̄
ÍzË�Úºì�©# yì�ª�­���©$®a©b¥3�|¦�¡��

Y
ιY
↪→ X

M�¦§�yË
q ∈ Y (C)

ÊF©b HÚ�Ù�©b��©# |­�ª\<
o ∈ Y (Q̄)

�
�s­�WM© Z = ιY∗ (q−o) D]¢�©#á:��©#¢ /K ∼= Q̄(Y )

F�< S = Y
<�­M��¢

Z̄
©#®y®y©#���|¦p­Mª�ª§Ú�­�®�¦§�� =�­M«¬ì�ª§©

4.2
�/L�Ë�©b�òDi­M®�¦�� � =�­�«
ì�ª�©

4.9
F
πX

{
Z̄ ∩ (γ ×X)

}
= ιY (γ)

íx¡F 
γ ∈ Z ¥ ³cµn−1(Y )

M�¦§�yËî¥#ªp­�®a®
[γ] ∈ Hn−1(ηY ,Q)

</­���¢
AJn−1

X (Z)[γ] =
∫
Γ

ΩM�Ë�©b a©
∂Γ = ιY (γ)
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Ω
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n
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¥#Úº¥bª§©�F�<��|Ë�©#� Z /£l¤-¥≡ 0
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¡F yì�Ë�¦�¥
íx¡F a«]<
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Hn−1(ηY ,Q) 6= 0
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dimQ(Λ) > 2
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Hn,0(X)⊕H0,n(X) ⊆ Hn(X,C)
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Fe�
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¥V­M®y©&�| y¢�©bÙ

(K/Q̄) = n − 1
��¡FÜ�Êº¦�Í

¡F¤�®aª§Úî�y y¢�©#Ù
< n − 1

«Ç­nW�©b®
AJn−1

X = 0.
I0� �|Ë�©�¡��yË�©b �Ë�­���¢�<D­(«¬¡F a©

¥b¡F«
ì�ª§¦�¥V­g�|©b¢ ì�¦§¥#�|¤� y© ­M y¦�®a©b®�¦�� �yË�© ©3ÊF©b���(�yË:­M�%�| y¢�©bÙ
> n − 1
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¥V­�®a©�� B£¦§��¥b©
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LHg

n(X × ηS)
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AJn−1
X

¦�®Ç��¡��+¢�©eÍ
á:��©#¢��%ò`¡F��®a©�QL¤�©b���yª§ÚZ<>�yË�©

C/Λ
ÍnÊM­�ª§¤�©b¢(íx¤���¥3�|¦§¡F�:­�ª

γ 7→
∫

∂−1
X {Z̄∗(·)} Ω

¡F�
Di­�¢�«¬¦§®y®y¦§Ü�ª�©�F��|¡�ì�¡Fª§¡FÙF¦§¥V­�ª£¥#Úº¥bª§©b®�DÐ�|Ë�¦§®�¦�®�©b®a®y©b���y¦p­�ª§ª§Ú2�yË�©
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(8.2)
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¡F� ­ Ü@¡F¤���¢:­M aÚ

γ = ∂G ¡F� S <��|Ë�©�íx¤���¥#�y¦�¡F��­�ª
©3Ê�­Mª�¤:­M�y©b®»Dx«¬¡º¢ Λ
F
�|¡

∫
Z̄∗G Ω =

∫
G{Z̄∗Ω =: ΩZ}
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D�f��ÇÑÕF
χn

X
: LnCH0(X/K)→ lim−→ Hn

D(S \D, Λ{n})

D]ª§¦�«
¦§�/¡�ÊF©# �¢�¦§Êº¦§®y¡F a®
D ⊆ S ¢�©#á:��©#¢ /Q̄ FD­�ª�®a¡�í]­�¥3�|¡F a¦���Ù��|Ë� a¡F¤�ÙFËÇ�yË�©0«¬­�ì

Grn
Lψ

�|¡
Grn

LH
2n
D (X × ηS ,Q(n))
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(8.4)
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Z̄∗ : Ωn(X)→ Ωn(S)
U�[l^imgP�UWZgf��gdHPaf�_�Yev�\3cºmh\#kq\#_`\#QivgmhUWdAcu\3QS_�[ t []PaPåh < � }[iPad3� �¦j {eV�^imgUW[�U�[�^imgP�[iY3_`P/Y#[

[Z]∗n
UWZ §4 � ÏvÄ



D�f����ZF
Hn−1 (ηS ,C/Λ)

βn−1−→ Hn
D (S \D,Λ{n}) αn−→ F nHn (ηS ,C) ∩Hn (ηS ,Λ)

­���¢4¦§��íx¡F a«Ç­�ª§ª§ÚÇ©�=£ì�ªp­M¦����yË�©��y©b a«¬®#�0�z���|Ë�©2ª�¦§«¬¦���<��yË�©2ª�©3íÐ�aÍnË:­���¢%�|©b a« Dx¡�í
(8.5)
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(8.1)

Dx¡F 
(8.3)
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