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1. X���hW�`��phY��
X
nû�n`-i�dFkþW�

∀i > N Hi(Xét , F ) = 0

gB�B�cd`(X ) ≤ NgB�h�F�

Alexandre Grothendieck et al., SGA 4, exposé X
(Michael Artin)

2. G�o	P¤hY��
û�n`-i�âcG- ¤MkþW�

∀i > N Hi(G , M) = 0

gB�B� cd`(G ) ≤ NgB�h�F�

Jean-Pierre Serre, Cohomologie galoisienne.
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I kLSgB�B�

cdp(Spec k) = cdp(Gk := Gal(k�â/k))�

I XL�pp > 0n¢Õ£ó��gB�B�

cdp(X ) ≤ 1

L��Ëd�
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©Ò� C1��_YSnp-³Ûâí¸ü!Co�å�gB��

��
1. 	PSLC1gB��
2. kLãp��SnBo�k(t)oC1gB� �Tsen	�
3. A�*ÀØó¼ëâcØ$°hY��

]npYSLãp��j�p�
Frac(A)�C1gB��Lang	�

*À°�Frac(Â)oFrac(A)
n�âá'gB��

4/ 34



û (Tsenn��nû)

K�k
nN	pãp¢pShW� p� phY��

cdp(K ) ≤ N + cdp(k)

gB��
K/ko	P�g�p · 1 ∈ K×j�p� I÷L��Ëd�

û (Langn��nû)

K���âcØ$ShW�p� phY��
pYSkL�hj�p�

cdp(K ) ≤ 1 + cdp(k)

gB��
p · 1 ∈ K×j�p�I÷L��Ëd�
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�� ( ä�_ �e�	)
A�*ÀØó¼ë
I�pâcØ$°hY��

cdp(K ) = 1 +!Cp(k)

L��Ëd� å
�pokn�phW�
!Cp(k)odimk Ω1

kÈodimk Ω1
k + 1gB��

dimk Ω1
k

(
= logp([k : kp])

)
�knp-�ph|v�
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�© (!Cpn�© �
	)

κ��pp > 0nShW�n ≥ 0�ê6phY��
Hn+1

p (κ)�å�n�nY8g����

Ωn
κ

℘→ Ωn
κ/dΩn−1

κ : a
db1

b1
∧· · ·∧dbn

bn
7→ (a−ap)

db1

b1
∧· · ·∧dbn

bn
�

FW�

Ωi
κ :=

i∧
Ω1

κ/Z

hnO�

Hn+1(Spec(κ)ét , µ
⊗n
p )n^<i�

H1
p(κ) = κ/℘(κ)�FpnB�ög!D�

H2
p(κ) = Br(κ)[p]�
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�© (!Cpn�© ��	)

κ�ShW� p� phY��

κn�pLpg!Q�p�!Cp(κ) := cdp(κ)g����
κn�pLpn4�o�!naöo�$gB��
�¢	!Cp(κ) ≤ NgB��
�¤	κnû�n	Pá'Sκ′kþW�
[κ′ : κ′p] ≤ pNÊsHN+1

p (κ′) = 0L��Ëd�

��!Cp(Fp) = 1�

©Ò
�Wκ′oκ
n	Pá'j�p�p-�p(κ) = p-�p(κ′)gB��
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�� ( ä�_��Langn��ná5	)
A�*ÀØó¼ëâcØ$°hYW�  pphY��

!Cp(K ) = 1 +!Cp(k)

L��Ëd�

û (Tsenn��nûná5)
K�k
nN	pãp¢pShW� pphY�h

!Cp(K ) ≤ N +!Cp(k)

gB��

ûn<��v�Khko�pönâcØ$°npYSh�
þúe��
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 ä�_�
Galois cohomology of complete discrete valuation rings�
LNM 967�t�

 ä�n�ó
A�*ÀØó¼ë��Hp�Íü¿ü��	@@tßhY��
°AnFS�KghW��ppnpYS�kghY�

!Cp(K ) = dim(A) +!Cp(k)

L��Ëd�
�å
�dim(A)oAn¯ëë!CgB��	
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�� ( ä�_� t)
A�*ÀØó¼ë�!Cn@@c�°hY��
]npYSoãp��SgB�hî�Y��
K := Frac(A)n�pLpg!Q�p�

cdp(K ) = 2

L��Ëd�

è�
I Merkurjev-Suslin��hòbnyp¹nã��
�c_�

�äÀø
Arithmetic on two dimensional local rings�
Inventiones mathematicæ 85� t�

I ���[û	]Po]n���i�jpYSk�á
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Snqgo� ä�n�ón<��ã¬W_D�

��
Ao*ÀØó¼ë@@tßhY��
]nFS�KghW��ppnpYS�kghY�
!n¹�L��Ëd�

!Cp(K ) = dim(A) +!Cp(k)

è�
��k�ppnKnI�o<�WjQ�pj�jD�
]n�g��pönKnI��<�Y��Lúe��
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�� (O. Gabber��Lefschetz affine
)

A�d!C*À7Øó¼ë1Z[1
`
]
nãphW�

AnCfhY�� û�ni > dê6pkþW�

Hi
ét(Spec(A[f −1]),Z/`) = 0

L��Ëd�

1Ï�g�strictement hensélien
h�F�
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�K�nU¡�!Cp(K ) ≥ dim(A) +!Cp(k)

Aoc�°hî�Wf�oD�

Aoå,°(�)`K��A → Ac��o	P�ÏgB��
κ′/κo	P!á'gB�p�!Cp(κ) = !Cp(κ

′)�
�	PnB	
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�K�nU¡�!Cp(K ) ≥ dim(A) +!Cp(k)

p�AnØU�n ¤Ç¢ëhW�
L := Frac Apg�B = Âp���âcØ$°	g�
L̂ := Frac BhhY�


I�pn4�
GbL ↪→ GL

=⇒ cdp(K = L) ≥ cdp(L̂)
≥ 1 +!Cp(Frac A/p) [ ä�n��]
≥ 1 +

(
dim(A)− 1 +!Cp(k)

)
[0
Õnî���]�
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�K�nU¡�!Cp(K ) ≥ dim(A) +!Cp(k)
p�AnØU�n ¤Ç¢ëhW�
L := Frac Apg�B = Âp ���âcØ$°	g�
L̂ := Frac BhhY�

I�pn4�
�[L : Lp] < +∞j�p	
[L : Lp] ≥ [L̂ : L̂p]hHr+1

p (L)� Hr+1
p (L̂)L��Ëd�

Ü©��
B��pp > 0n��@@°hW�
]nu'¤Ç¢ë�mBghY�

℘(mB) = mB

L��Ëd�
<��b = ℘(b) + bp = ℘(b + bp + bp2

+ · · · )gB��
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K�nU¡�!Cp(K ) ≤ dim(A) +!Cp(k)

Ofer Gabbernãp�n¹Õ

I �*Ànî��	Artin-Popescu  
�,'�1F�!O�
°Aoª�p°
n	Pãphî�úe��

I 80nä³Ó$�Õn<�=⇒
���¨¿üëhî�Wf�oD�

I�p�Epp�n����F�

I ï¤¨ë·åÈé¹n����h
Elkik�nãp�����F�

=⇒ øþ!C�n4�k�O�
Sn4�ko� ä�n����F�LïýgB��
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K�nU¡�!Cp(K ) ≤ dim(A) +!Cp(k)

Ofer Gabbernãp�n¹Õ

Ofer Gabber�
A finiteness theorem for non abelian H1 of excellent
schemes�
Luc Illusien�vÆ��Orsay, 2005t6�27å�

Ofer Gabber�
Finiteness theorem for étale cohomology of excellent
schemes�
Pierre Delignen�vÆ��Princeton�2005t10�17å�

Michael Artin�
Cohomologie des préschémas excellents d’égales
caractéristiques�SGA 4nexposé XIX�

18/ 34




L� !Cp(K ) ≤ dim(A) +!Cp(k)
t��d��n4�n!�

@@°Ao*À�dt�tßnB�Â�t�tßgB��
ôkK̂ ⊗K Ω1

K ↪→ Ω1bKL��Ëd�

OL�H?
p(K )

?
↪→ H?

p(K̂ )�

Ü©��
A��*ÀØó¼ë@@tßhW�Â�]n���hY��
K
n�C°K̂oæ��ÏLB�K
n	P�ãpnôuP
gB��
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�©
å�naö��_YBÍü¿ü°Ao�*Àh�F�

I �X = Spec(A)n¹xg�
��n�Spec(ÔX ,x) → Spec(OX ,x)nû�n~U�
Õ¡¤ÐüocGgB��

I û�nA
n	PtßA′kþW�
cG(Spec(A′))ozg!D�Æ�gB��

]nØj°onM�å,°gB��

Øó¼ë@@°nB��*À
h��*À
o�$gB��
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K�nU¡�!Cp(K ) ≤ dim(A) +!Cp(k)
��n4�n!��H?

p(K ) ↪→ H?
p(K̂ )�

Ü©��
A��*ÀØó¼ë@@tßhW�Â�]n���hY��
K
n�C°K̂oæ��ÏLB�K
n	P�ãpnôuP
gB��

�� (Dorin Popescu � ArtinnÑ<�'ê)

û�nA
n	P���ûkþW�
Â	�¹LX(Y�B�A	�¹�X(Y��

û
F��A
n�C°	K��Æ��	x 	Ph:¢K
hY���F(K ) → F(K̂ )oX�gB��

Hi(−,Z/p) �Hr+1
p (−)
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I�pn
L�!Cp(K ) ≤ dim(A) +!Cp(k)
��

è��ÊK��Ao�Íü¿ü	��gB�hî�Y��

�WD�
	I��

p-�p(K ) = dim(A) + p-�p(k)

L��Ëd�
�³ü¨ó����F�	

©Ò�!Cp = p-�p+ {0Èo1}�

1
�
≤ 0�
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I�pn
L�!Cp(K ) ≤ dim(A) +!Cp(k)

!Cp(k)�rghW�N = d + rhY�h�

Hd+r+1
p (K ) = 0L��ËcfD�����WjQ�pj�jD�

�f ∈ A− {0}hω ∈
(
ΩN

A/i
)
kþW� ω

f
∈ ΩN

K��H��

¹e�A�aö�¢	h�¤	��_YØó¼ëÃkÿH��
�¢	Ãnf2���oAgB��
�¤		P�Spec(Ã) → Spec(k[[t1, . . . , td−1]]{td})LX(Y��
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I�pn
L�!Cp(K ) ≤ dim(A) +!Cp(k)
80nä³Ó$�Õnh�k

��
(O. Gabber�L. Illusien�vÆ�n�?nû8.1)
A�d!CI�p��@@Íü¿ütßhW�
]npYS�kghY�
	P�d���¨¿üë�Spec(A) → Spec(k[[t1, . . . , td ]])L
X(Y��

è�
�pönB�å
n��o³ü¨ón��gB��
6WjL��
I�pn¹��<�Y�ºkykËd�
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I�pn
L�!Cp(K ) ≤ dim(A) +!Cp(k)
ãp�


nØk�X = Spec(A) → X0 = Spec(A0 = k[[t1, . . . , td ]])�xv�
��àP�R ⊂ X0ghY�
[ω
f
] ∈ HN+1

p (K )Lökj�����KkW�F�

f ∈ A0hî�Wf�oD�
R ⊂ V (f )hî�Wf�oD�

ï¤¨ë·åÈé¹n������§�	ÛY�p
fok[[t1, . . . , td−1]][td ]nX���hWf�oD�

25/ 34



����n©Ò

�� (ï¤¨ë·åÈé¹�t�)

1. κ��â��@@°��HpS	g�
m�]nu'¤Ç¢ëhW�
κ[[t1, . . . , td ]]nCfL(m, t1, . . . , td−1)k^U!DhY�h�

�¢	f = XM · (X���P ∈ κ[[t1, . . . , td−1]][td ])

L��Ëd�
2. m�ÕhWfög!Dκ[[t1, . . . , td ]]nCfhY�h�

B�α ∈ Autk[[td ]](k[[t1, . . . , td ]])LX(Wf� α(f )o
�¢	naö��_Ykj��
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I�pn
L�!Cp(K ) ≤ dim(A) +!Cp(k)
ãp�

X = Spec(A) → X0 = Spec(A0 = k[[t1, . . . , td ]])

[ω
f
]

?
= 0 ∈ HN+1

p (K )�
��àPR ⊂ V

(
X���f ∈ k[[t1, . . . , td−1]][td ]

)
⊂ A0�

�ÿÖ�f (0) = 0LB��	

yk�
I V (f )oX̃0 := Spec(k[[t1, . . . , td−1]]{td}) K�e��
I X̃0n(f )2���oX0gB��
I D(X̃0, V (f ))oØó¼ëDgB�ng�
��«�X → X0oX̃0
g�©ïýgB��

X = Spec(A)

�
��

f2���// X̃ = Spec(Ã)

	P�d���¨¿üë
��

X0 = Spec(A0) // X̃0 = Spec(Ã0)
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Elkik�n��n©Ò
�©
D(X = Spec(A), Y = V (I ))LØó¼ëDho�
û�nf ∈ A[T ]h��fnÕIX9kþW�
]n9n�a
RLX(Y�i��F�

�� (Renée Elkik�t)
A�Íü¿ü°hW�
D(X = Spec(A), Y = V (I ))�Øó¼ëDhY��
!Xnº�U = X − Yo#PgB�hî�Y��
��Û := U ×X (X/ bY )�#Pg�

π1(U) → π1(Û)

L��gB��

Renée Elkik
Solutions d’équations à coefficients dans un anneau
hensélien.
Annales scientifiques de l’École normale supérieure, t�
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I�pn
L�!Cp(K ) ≤ dim(A) +!Cp(k)

X = Spec(A)

�
��

f2���// X̃ = Spec(Ã)

	P�d���¨¿üë
��

X0 = Spec(A0) // X̃0 = Spec(Ã0)

ω

f
=

( ω̃ ∈ (ΩNeA/i)

f

)
+

(
UK ∈ mA(ΩN

A/i)
)

L��Ëd�

℘ : ΩN
K → ΩN

K/dΩN−1
K oh�gB�K�

I ,�n�n�o�WD��a = ℘(a + ap + ap2
+ · · · )	

I ����H��
SFrac Ãn Frac k[[t1, . . . , td−1]]
n��!po�dg
B�K��  ä�n��h0
Õ��H��
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I�pn
L�cdp(K ) ≤ dim(A) +!Cp(k)

ðã��WV (p) ⊂ Rj�p�ï¤¨ë·åÈé¹n��
��H!DK�� ãp�LúejD�

T� XLV (p)n��¹n
g¨¿üëkj�ºk�
Epp�n����F�
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Epp�n��n©Ò

�� (Helmut Epp�t)

ThS���âcØ$°hW�T → S�h�hY��
�ppnpYSκSL�hhî�W�
κp∞

T := ∩rκ
pr

T oκS
nãpá'gB�hî�Y��
SnB�B�	Pá'S ′ → Sg�

T ′ := (T ×S S ′)c��
«� → S ′

ny�Õ¡¤ÐüL«�hj�iLX(Y��

Helmut Epp
Eliminating wild ramification.
Inventiones mathematicæ� t.
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I�pn
L�cdp(K ) ≤ dim(A) +!Cp(k)

ðã��WV (p) ⊂ Rj�p�ï¤¨ë·åÈé¹n��
��H!DK�� ãp�LúejD�

T� XLV (p)n��¹n
g¨¿üëkj�ºk�
Epp�n����F�

³Ûâí¸ü^�ãp�Y�ºk�0
Õnî�h
ä�-GabbernØó¼ëhb�Ô�����F�

32/ 34



ðã�Epp�n����FK��H?(K )�H?(K ⊗K0 K ′
0)k

ÿHjQ�pj�jD�

T�
dimp GK0=Witt(�hS) ≤ 2

L��Ëd�

è��

cdp(Spec(A[
1

p
])ét) ≤ dim(A) +!Cp(k)

���Ëd�

33/ 34



B�

34/ 34


