INTRODUCTION TO p-ADIC HODGE THEORY

LIANG XIAO

ABSTRACT. We first give an introduction to the (¢, I')-modules and basic rings
and invariants for p-adic Hodge theory. Then we study the their relationships,
in particular, we will sketch a proof for weakly admissible => admissible. After
that, we study the cohomology of (¢, I')-modules and triangulations. In the
final lectures, we explain some recent work by Pottharst on application to
Iwasawa theory, extending Iwasawa Main Conjecture to the nonordinary case.

Lecture I: p-adic Hodge theory.

The study of p-adic Hodge theory is motivated by the seek of appropriate period
rings for the comparison theorems between p-adic étale cohomology and the alge-
braic de Rham cohomology. We first introduce Grothendieck’s mysterious functor
question, and then define Fontaine’s p-adic period rings Bqgr, Beris, and Bg;. Finally,
we wrap the lecture by stating the comparison theorems.

Lecture II: De Rham and crystalline representations.

Fontaine’s rings apply to abstract continuous p-adic representations. We give the
definition of de Rham, crystalline, and semistable representations and talk about
their basic properties, in particular, the (semi)linear algebra objects associated to
the representations. Some easy examples will be given.

Lecture III: The associated Weil-Deligne representation.

We say a representation is potentially semistable if it becomes semistable over
a finite extension of K. To a potentially semistable representation, Fontaine can
naturally associate a Weil-Deligne representation. We discuss this construction and
its relation with the conjecture on independence of [.

Lecture IV: (¢,T')-modules origins.

Fontaine introduced an alternative way of looking at p-adic representations, by
transforming them into (¢, I')-modules, which are some (semi)linear algebra objects.
In this story, a ground-breaking observation is that the Galois group of Q(ppe) is
isomorphic to the Galois group of F,((T)).

Lecture V: (¢,T')-modules over annuli.

Motivated by the study of (over)convergent (F-)isocrystals, Chebonnier and
Colmez proved that the (¢, I')-modules associated to Galois representations in fact
live over a smaller ring, the bounded Robba ring, which consists of analytic func-
tions on some annulus with outer radius 1 that take bounded values on the annulus.
We also introduce the Robba ring, which consists of possibly unbounded functions
on some annulus with outer radius 1. Kedlaya’s slope filtration governs the behavior
of (¢,T')-modules over this Robba ring.
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Lecture VI: (¢,T')-modules v.s. p-adic Hodge theory invariants (1).

In this lecture, we answer the question of linking (¢, I')-modules with the p-adic
Hodge theory invariants given by Fontaine. We start with Berger’s discovery on
recovering De,is(V) from the (¢, T')-module associated to V. Then we discuss the
reverse process, i.e., starting from a filtered (¢, N)-module, we construct a (¢,T')-
module over the Robba ring.

Lecture VII: (¢,I')-modules v.s. p-adic Hodge theory invariants (2).

We continue the discussion by introducing Berger’s differential equation. This
together with the construction from previous lectures enables him to prove (1)
de Rham = potentially semistable, using the p-adic local monodromy theorem
proved by Kedlaya, Christol-Mekhbout, and André independently; and (2) weakly
admissible filtered (¢, N)-modules actually come from Galois representation, as a
simple corollary of Kedlaya’s slope filtration theorem.

Lecture VIII: Galois cohomology via (¢, ')-modules.

Since we have established an equivalence of categories between the p-adic rep-
resentations and the (¢, T')-modules, one naturally expects an interpretation of the
Galois cohomology in terms of (¢, I')-modules. This is all established by Herr in her
thesis. We will also talk about Ruochuan Liu’s generalization of Tate local duality
and the Euler Poincaré characteristic formula to overconvergent (¢, I")-modules.

Lecture IX: Eigencurves.

We take a digression to introduce overconvergent p-adic modular forms. Coleman-
Magzur and Buzzard proved that all the overconvergent p-adic modular forms on
modular curves can be parameterized by a rigid analytic space, called the eigen-
curves. We discuss its basic properties. This result is later gereneralized to higher
dimensional case by Chenevier and Beillaiche.

Lecture X: Triangulation.

After Kisin’s finite slope space construction, Colmez realized that it is more
natural to interpret his result using triangulation of (¢, I')-modules. He observed
that even if a Galois representation is irreducible, the associated (¢, I')-module may
still be reducible and this is almost always the case for all p-adic representations we
can get from overconvergent p-adic modular forms. We discuss this point of view.
One of the open problem is to obtain a global triangulation of the (¢, T')-modules
associated to the family of p-adic representations parametrized by eigencurves.

Lecture XI: Bloch-Kato’s local condition and triangluordinary condition.
Bloch and Kato introduced a local condition on the H' for p-adic cohomology
served as an analogue of the unramified condition of H' for l-adic representations.
This allows them to construct global Selmer group with reasonable structure at
p. Pottharst realized that, as in the ordinary case, the triangulation can help to
rewrite this local condition. This breakthrough allows him to carry many important
work in Iwasawa theory to the nonordinary case.

Lecture XII: Nonordinary Iwasawa theory for modular curves.

We discuss Iwasawa Main Conjecture, relating the p-adic L-function of an eigen
new form and the characteristic ideal of the Selmer group of the associated rep-
resentation. Pottharst used Kato’s Euler system to prove (half of) Iwasawa Main
Conjecture at a nonordinary prime; his interpretation of local Bloch-Kato local
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condition is the new ingredient. If time permits, we briefly talk about Kato’s con-
struction of his famous Euler system, which is obtained by p-adically interpolating
the Beilinson elements for modular curves.



gL

ied’we il P—a&ic Hoclae ﬂ\U‘ry

M)/.St'eriou.c ;mc:tu'r‘ mavy rot be cauciall / wmlﬂ7 charadenistic O
‘ let X be « Ma:’bl\'mm'baoj dimersion d over a;cielcﬂ K
~ deRham asm'o\cx Q).( O)( ,Q;( d ‘Qi > .- ——>_Q;‘<
Define the algebrmic de Rham cohemdogy of X 1o be HgO/t)= H'(X, %)
We Cn‘Sjo,u{«' g\awt a Sl:ecbxaﬂ sequance Ef?s = HP<XJQ§) = HTR%(X/K)
I Aegmz,mtw ok Eqfarms A/(y char K=o0.
. ﬂ? K=~ R, iie. X is a PmFerswocr{'L\ vw\{iefy over R, we hore on isomm.]:tv'\sm
(*C)w ~! B(X(([Z)SM) ®> ®®(]: == H;R(X/IR) ®TRC
© ) Gal (TfR)=1 1.5

a

This iSMWFl/»iSM is Gal (C/[R) —ec‘ukvw\'\ww)c.

* Now, ify K s o« COVF of mived char. (ring of indagss Orc, readuafuldl fe et )

we |nu|>e t obtain some%frgm |
(%) Her <X&®P) %"?@ = Hr (%K) %Zﬁ
=G (%) G Cx

e rer:\uire i+ o be a G|<-e1wmnamlr isom#««'sm.
. Movto'vcr) ub X han o proper smoeth mode| X over O, Hhak is EI}/OKPmPersw\oc&l«J
such that X =X ®O}<K> we hoxe an isom H;\R(X/K) = Hou.s<%“/W(f€)>®K
where J@(sﬂ\z msxéwﬁul& o§ K ,ame“ Hclmlsofk/ W(%)) s a %n'njco. W(&)—MOJMLZ with o
semlinearadion @ (P(av) = 9@ -P) Sor o WE), 9 is the Frobenisio on WER))
T thio cane, we exPed- ot onj,y (xg) . bt oLo
oy HeORQ)eg T —— How (e i) R ?
i Q) &) ) J
Gk Gexp P Gie k¢
ﬂm'tsom?wm [S both G,(Cﬁwv-“'d - Q‘J]U"‘V'
Rm\(: —n\e,re 1S a s%zy %:o\l\ Sewﬁ*SlT\Uﬂ r‘cclM&f o We clomur olvouwo L\crc-




Fontmime’s mings
: Ld' K \oe x CD\/F,Mxeo\ cL\ar. OK,%O/D beg:m"é ’k ’@&éi
L et (EF dencle H/\.«a caw'olekm og- ‘,U/ma%d)wc closwre 057 K

Let =t _ (): () + () = (Xt )
: %%P OCP/P@‘EP () (Fa) = ()
=l O %O Yoo heme ()4G0 = (fiféer= )
L = Lt d e =
€vE—Q

(x®) — q_)(XM) or (Xn> — “P“-v(Xn) Sor wy M sk Xn#o in ©¢p/1,O¢r
Fact :E" is complete for the luodion v and hos dharaclesishic ¢
Special element : €= (1.8, §2. ), whewe s o mombrivicll 7 ook of wiy

v(€-) = )P/P-|
Gk ads on € via X @ Gg —_>Z; , JQ‘JA.QC)/(JO*\-UMXQ CL\AFOA:tLF clel-erm':v\co‘ @7 3@?)’%5‘(3) Vi
 9(€)= X¥

We Aegz{v\e E = E‘“ [_elq.])r\'/s an Aﬁz!lnu\m%, closed g\'e\cl oSv anara,miaJ‘fS%c ‘F>0‘
(One cam show that E = (Re-))#"")
» Consider (A”': \/\](ﬁ?) , }JJ\L (itE vec“b(:og' Eﬁ- its equiﬂx& with a meowmf“sm
p: B'=-AGl—— C
k;v]ok[xk] —

Debition Bix = hé:—“ E%Kere)m ’
A:r/m = “‘"fF\e\LtCliViOle’FMr eV\vchP 05’ %Jf /w.r.+- KU@ hﬁ::[) EMZA:’MEJF]

r\.++ _:E_“
[ IR
Seecioll element = logle)= (te1-1) CE G
is a ‘P-aa\ic OMOJ'Oﬂ(Le o§ 2Tl l 6*=X(3){Z (:\MLSM + o (i)=-1 gwcwwflex
kbwmkob{m%:\lam\ A:m,bu*niim%jorl?; Cmt\w)
Defition  Be=BiRF], Buio= Buioli]




Bt ®M$X] jmloccuwg who Bur by sending X to LaglB], @ () =pX
N =gy is awifc}a& Urmhvr ond N$0=10$0)\/
Here, ‘F: (b, ‘Py*’, Tyﬁ )¢E . ,Ifﬁ [FJ in Byr is CXFl‘eSSccg ao
fﬂa [F] = Q»Q’P +909(PP]/AP) :ﬂﬁg‘r; + ([?j/{a-l) - (E'F]/T)—l)z/z t -
L doice og a P-aabxc WUM
Fg_c\'s_: DOBRR is a COVF | with um)n{:ofm'\w £ amd) rcS\clmgm\A (CP_
Hence Bug is qbsl‘m:ﬂi lsomm‘%cép EP((H), bwt ﬁh?ollﬁ{m%. (o cont Gk-eﬁujv.
@ Boio and Bst beth aduik adims of @, ond PL=t Cp— Rk
® Bar, Beo, and Bst alll adwit- cwr\l—\mwuoaitﬂmﬂy Gy
- We albo hare o desandng fliroion on Bk defined by thet-vabualion . Fil B = 1 Bk
’Ba(k o CWVY]DC!/l)\SOY\ le\wmms, we hare
| Eeomm (Fq“w’vxﬁs) T&{Lji)
Let X be a proper smocth vameby over K We hawe aGK—ea‘ulv X miml-lov\ flaresmvf% ISam.
Het 0%, Q) QBur. = Hd;R(X/@ O Br o
Klhakion M 'S gwen 07 F\P (H;R(X/K) = HL(X)Q)j(% _)92()
Hence 37 (HRO/)) =H(X,S20
I—? moreover, X has o smodth mode| X over Ok, we have o Gk, P)- eclud\vwv‘\m*' 1Som.
He 0 Op) @ Beno = Hoio ¥v/iuthy) Dyt Borio
*“There is a S"'oly ‘;r TE)s’r, which we owit here.



Sodwre T DeRham and c,.,ys\uuwe rel:resmk-a&;}m

RCCajL‘ K CDVF /WV\XCJ clna.ro«ktrisl’ic) u_)i'Hﬂ 'lm.n](-\ed’ Vﬁ‘c&uﬁ Sjv”e\cl ‘&,
CJ rBAR is a CDVE, ums:mmgu‘ {T"'Llj(ﬁ]) V‘eS\AM-a_ge‘?‘ (CF
Ge T hos a Gr-equoradt Slhokion: Fl'Big- KBt
%gss{-. CN'BCI»\O C’BC{R ) Contama t; O«AM‘IE ackion og Frobeniws Y = @QMN&GK'OJ‘W\
Bst = Berio [X] — ]Bd& Ser\clma Xt L’a[?] , odwits ackians og ) amd N » NP=PPN

’F-nth'c Galsio reP_fg_senWw
Fodo BR =K , (Boid™= Ki=FacWh) 9@ , (Bgy T =K,
e Le* \/ IDC & ?—aclic Gaﬂnw mFmsen%om og GK.
We alwm/s view Vs a @P—vccjrm‘s]:acc and di=dim V
@ We o\c%r\e 1Dd’R(V> ‘= (V‘@]EAR)GK ;ibis O\‘S}n'\lf Agmensng K vedir spoce.
Ti irhecits o descarding Slkaion by K-veclor subspoces Fl'TglV) = (VR B ™
We a-[)xm75 howe dimTur(V) <d.
* We Sowy fhak Vis @Lu_m u()‘ Aime\DdR(V)zc),
T thio case , TD;R(V)@KBd«R —~ VB
Gl QKU,H\ Gl
The numbers i)%r which FIND;\'{(V) / F;IG"IDCR(V) ¥o0 , are caM@Q \-\ncl¥-Ta}e weijﬂb, o§ V,
dencted Q‘y HT(V) (w\\"r\wbu‘ol\uby)
-Deno\f h-\(\” P Sum 0§ HM nowbers. in HT(V)
@(L)e C!C)[lv\e mm(V) ‘=’<V®]Buri§GK ; H— is a ﬁni‘he o\imens{o“ag Ko‘VCCI‘oFS?O«Le
Tt has o semlbimear action og» ®.
me&xyﬂ& \/is M *’k‘ okaKijlo<V)=Ci
Tnthio Cose | Doio(V) O, Brsio = VB Berio
Q o 9ty
¢ PGk Gk PGk
The Newton T »n:N(V) 1= )éN (det V) =\/u.Q o’g CP-a.-,QAJM

bl s QMﬁz,anw Kgi‘b koo




Exag‘jer V=Q0) =Qv, where 40 =Xy for ¢ Gi

Dois(V) = Q™) TRV = Gy ()
CIGORE 33 ﬁ\‘mv):)g Rt (e
Ncw‘b‘n s\o e =" o) L20
@wt L\awt a Same S'kofy 1Cor (lBs{-

Dt - Repg (G) — (9N)-med /i,
v —— (V&Bg ™ Yo N
- S-WQ’BM <TE>5¥ CRAR , \/ is deRham =>V is SewiS'\-a.ue @\/ is mys‘m.uime.

| Adwissloly ond wedk adisslill,
I Vis ouyshll ve. DRV = (VOB = (VeRoia®p . B ™
= (Do V) O Brrio B, B ™" = (Do DB B = Deria W)GK
Same %r semstable reFresewB'l‘iAV\o-
%ﬂ\_‘\ﬂ_@ A Sbered (ON)modde s a Ko-vedor SFaceD,%jdA\ar with
' aswiw@wé P Npspiy o ThsSores N benalnt
+ an endomorhism N |
‘a Clescewkna g‘hra){on on D@QK
For DE (Rl 9N) 'V“LA/K ) we Moy Yalk about ty® and F1 D) an Lﬁgovt.
We sory M'D IS (wea1<7L/) sdmissille
. 'Fw °M7 sub- (F‘\ /(p/N)'“WWJMiL—D/ <D (w‘nuse JG\MAWSHMM oV\€> ; ‘IZH<'D/) Sf;\/ (D/)
. fN€D>=*HéD>
’RCW\_;‘W'\_(_: wea‘&‘,y oc\mssﬂailfh/ = "Newrton a.[:ove Hoc!ﬂe )
-H\eorem _(Colmez'Fonh'wfe ,‘Bﬂ'&ﬂ) weakl/ aMssiIo‘e@a&Msﬂue.
(We hawe am ea‘(,&\m,'evme o§ fensor ofies
(Eﬁ_*ﬁ;r(GK) — (Fil,P.N) ~mo /q|<
\ —— Dy(V) < Gliokion's oren b, e identiication Denia(V) G K >TarV).
P@P@Fcﬂ The fundor above is SmHéuQ, I.e. we may recover \ from the associatzd
Sltered - (9N) -modle




V= Fil°((Danrsra)™ )

Proof - Fil°(Du)@Bs) ™) = F" (Vg™ ™) =V Fi@E) -V
beccu,wc we wn” sechatrﬂuﬁues ﬁ\at i “F«l &R*@P

. An emw()c from c“rﬂwc Lwves .

e\l.(){'lc avwe /@ with %oocﬁ reduction ok /P
V=H (E Q ) V (E)(—D (L"AE[ ) Q) qutsorys‘nMMc
(PGTDW<V) L\as charaderishe 'F)‘?/Mwqu X -a X'\"P =0
>New¥ov\s\or3es anaenlrL\erzz,OV‘O| - o -
Rl () = Al ((H (e 6p @Rpy™) CE=" Fil' (He(E/@,) @)™ )= Fil (G

=HT ws=0,1.
J Y\w*m?&mm Newkon Fo\yson = Supesi r\ﬁulmr 0>y
/< Hot.}vﬁc 'Fo[)lﬁov\ _ “// ‘ O‘r*c\ih

Y o
((A)kw\'r»S laF|<ZlP| SOMCWM%ODIO% an?—'O>



o

Setwre I The associated (l)eilf-Dc\'ﬁv\a 'Ltrrescwlihims

Recl Di: Bl (G —= Flasdc . Diev) = (Vo)™
Dyt ’R_epaf (Gi) —= (FLPN)-med - Dy(v)= (V®T>3P)GK with gl”ﬂkongx\m l))/D;R@-

Putertial thaary,

. I? Vis %%&hc/%m‘nsﬁwkn VIMA on o rerresenjraiiw o§ GL, gwsm& L/\c —F‘Aﬂ-e
we say thak \/ is poetially cxystalline /semistolde. - vedorspaces over Lo
Ihﬁsz case , we hawe mm;,L<@ ‘=(\/®TB"“*°>GL @&* >GL
P LN
_ﬂney bhoth admit achions Og G | cmmknﬁ with the adkion & ¢ (ard N).
* T the geomelnic pickre, ify the vaniely X s gosd /senisoble. reduckion over L,
Hhon HQ(XE, Qp) is PoLewhaMfy mys\'alﬂtMe/semis\qu Sfar'ﬂw L.&a—nd GJV\NQISC\)/.
.—ﬂm s V\oa’FoLen\'ialﬂy ACPLDM“ ) le. i,%\/(s clc'er\cw/\ over L) HM,V\ it is Q\&J'OMOI!RQ»QL/ de Rhawn over K
I}\_ﬁea:m.(BergLr, Cb‘WEQ'FOY\“vJMe) :
ﬁ \ is deRham y ﬁJA(:V\ Vis Pcl'm\mu// sem;Stable.
C_O_V\#M~ E\/tly Proper smodth \[al\)\ej;y Xover K Do a?o‘m’mﬂﬂy smishoble redudkion )‘dmk s
g:or&we ;:ni\t extension L/K y X has o sewishable MO(JQ‘ over OL
Be_wnx_k i Thereis o %mqg version bg wmuy sdmissible = almissible
1% \is ?olc&iaﬁ// semistable and. besomes sozv&sl-aue over l_.l)
thea Dbt (V)@ L ~Dg 1 (v) =D(v) QL
To © with deRhowm = S‘l”/ weshoud howe am u,iv-a\]emc 0 es
Wm&@g@) ! (Fl, Gk,ap,m—@}i: ety
Vi D) =2, VEBL™ , Sliabion s givenly D).
Nedor 4puce over Ke'=Frac W(ﬁal?f) . GK—aJior\“roaM// ;‘ni[l’

Fontwine~Mozur an)ectme

(:P'OA"C repn m@ﬁme | semistble de Rhow T fha somae

9\—oclkc_ vt]o'm ummgiec& , 'bame%ad'lms im03e=zl ) ol cont ‘pe])/n 0’& 3:&31;@'«\




Con'?e,(,bwre (Fon{’ojmc- M )
\_E F/(D \oe a nw\)a'ogg;\c\ owg lejr _Pi GF’_) GLH(QP) loeq ’F-aohc IWQF’V\ s}'.
: ?\Gﬁ 5 unomifind for all dut Ginite plaeo v F
. For amvy vl )F) HG‘F\/ is de Rham (OMA hence 130\'6#&[«1”/7 SM—SI‘GHQ>
Then P comes {rown aecw\etv] e kisa swkc‘uo;r'\e,v} 031 the élle colxomo,ojy o‘} some PmFQrvcw{uely/F
leii wb\cw N=2 aV\A F= ®) Kisin 'PYZNCAW Cdv\jezm l)y Sll\m»ivg ﬂ@t am ;wjt J)coww,o

. We(l-De[igne WPE&\@
K=o finke extension o% ®P .
1 — T — G 2 Gal(@/&)% — |
| U ; U
o WkKwe;l gpef K¢ 7 el Frbonas
—De‘FlnH’.IOY\. A wﬂ\:wlgv\e_ V’EFP&SOAl’qJ'iOY\ 5 a m,:’w J)/: WK'%G_(V)=G|4\(C> ‘\'ogeuuer with a
(V\:\Polenb eﬂo\owz)c)«viw\ NeBd (V) , st NP'(g) = \#Hu%) P’<g)N
e (-adic sl-o{;['- ﬁ:ool.ic ,Q»caQ rw«anoelnom7 ﬁxm—em (Weol() IL#—-F
We hawe on el\ui\ml.ﬂ.w.LoS- Tﬁl»\wrco_.b.gcuw when (Aevxlng-ymﬁ Q¢<®l=(ﬁ
WD : Repgs, (W) = >&F¢(wb@ X4 cpclbemic chomaidi .
n o 4 QVopY > Ngiven by ‘%(P(’% ’)/%(x,w”)) Plgy= peep-exp(-Lon ¥(3 JIN)
3{}%%% Foberiuo @ for £ T, mskf disible afj&f«ﬁﬁaém
. M&LO/)L ék)e Mreamatu‘nﬂ ﬁw%ﬂd}w — -g;lhaJ-.oms cows;oh:c-cp
WD Eﬁ}ﬁ}‘,(GK) ’_>’E£Pc (wDK) on
V. ———=Dpst(\), le [ be tha adion of Gig on Dyst (V)
~ Pig = P> 9P Sor geMi
T some awmae we showld view dR =>]>3l- oo The /ﬁrarhc QpcaQ oo ‘ﬂ‘\wﬂﬂ
‘Ona SePam?llz n&e) Somehow P‘QAAC wlb/ms Hencl H?\km;a‘r‘ﬂ\ahﬂ“ ?nsm !VZH/\L UUDvef/m oma‘

S?J/\L Ho&ﬁe shhudtures. The velatire Pos%lior\" 4 ﬁJNL ﬁUm&'na [S re[aqu 7 ‘ﬁ/u oE—IMNm\Aa\A/L‘s.
&A.M%O ak °°—P|me5 (o{gmaﬁ;m)

4 —=|

d

(S Sio\e.




Todsrendses of £
Let X be O\rarortersmoo'\'l‘\ vwv'\eé over K.
'If X han 39od\ redudion over K, Gne@xpuiow
HeL’r(X/@D S W/LI‘ON\M§|€0Q 4;[; l£p. s wysl-aume A)K ﬁ=10
‘Ihﬂ. The dharadenshc ?o\ynovvv\ai °§ P owngHeEJr (X,®D le quf'o s \m&m{)mtlu\*”ogﬁ_

Dono (Het (X. @) A{; f=p
“Houw about B&gumraﬁm7
jQSL\o‘F og— U)ej\:De\%m repr‘esenu‘iovxs-‘
Tt allows one b , Q—o.cbc or podic /xeﬂ:'v\s gcrous%«m\k { o reasonable sense.
Gonieclure The wem:e NFPESeV\lra"JZt\A WD< Hé&(&@@ is W\A.Qfmdu\lf og Q




gL

a[u,twrt N i) ‘MDOlMlLQ 6&9&/\.

| Galsin Permscn*'ahnn As-.or o charaderistic ":_;:ieu

- E §ield 0§ char P>0 ot ’V\eces.sa/vily Fer{ed:.
- Ge = Gd (E'/E)
@ E—-E, x— X ﬂ/m (axthmekic) Frobeniuo
fDe;mJnoﬂ A (P—moc\ujc M over E is o Sinite dim{ vedior over £, with o
V\ovx-ACﬁa\a.roit E‘A—QWQM\QM‘ LVAW\OW\OZFL\AAAM §0 M—M ol CA%?‘QSB(MﬁI:EMW
(—pmeowo Plav) = (o) P(v) ’%P Xd=
Theorem We have an wvalcnce o ories R F (GE) = qo‘"m]/ E
opied oty 0 ——D()- (Ve EP*
VO = pg T« D
Morcover, it Prcse)rvcs'ei(mMm ond dualo on bith aidseo.
P__£ D Let d=dimV. We clawn that \/®— B is 1Somcq:]mctc<EseP>dao Ge-medulles
Pk o basio o VOLEF, et a eGLd(E“") doncke Hha adion of g€ Ge
“Then Ggh = @ S(Qh) <—Thio s Qcocyc\c n Z-<GE J Gly (Esep)>
Byl 45, WG GLa(e™) i bl e £ e i o
= \/®ﬂ‘ Ese]> has a baaio og G -nwaniant-vedisrs &7 '
Hence A.mE (\/@F ESEP)GE d it has o P-ackion M%Mﬂu S‘LaJ}w\ o ET
® Leb d=dimD. We meed s show that dim (e E D)™ -d
Toke 6 basic of. D ond dendhefha mabie of @ oD o JLePe Gla(®)
FﬂAM\% (DoeE eP)P is equulcvd: s ganmg v 0 éqzseP) st
PH)=
This ts equirentto fndina Epoinkoof.  E [v1, - / e
! ¥%m lzmi - (v5)=1° H
We have £ sduhons >'D€<>EESeP =Y a5 o Pomodde
= dim (’D®EESEP)(P =
Weap up: DVED) - ((D%E*Pﬂ” @ BT =~ (Do, ENE~D

Un



VW) - (Ve EHE g BN = (Ve B =V O
Coro”gg[. Let C be o. Cohen ring og E cmc\fPiclc a Fm\oenuww Pon C.
Then we hove on ez{ul\m:lwae og kﬂSﬂ‘%«bﬂcﬁe@
R‘:PZF(GE> == -/ N
V ——=D()=(v& C)*
Vo)=Y — D
) Hcre, we ’Y\eec,Q ﬁjlxa'ym‘kov\ og éﬁ'e (Pwmochul,et
AV\ éla\c qo'moc‘)ulﬁ over C is a ]r-inibz %ee C—wx\u.lzD ﬁg@ﬂl\z}‘ w{l-lq an isomcm]a\/\%sm
B: ¢'D =D
An élale QD—wxoo\ul< D over C[‘J‘;] is aé’—‘w\}«h 40 C[JI,;] ~vechor Arcwz with a sem'l\iwear
(Pwdmm such Tthat ﬂ\m A a CP-SJUUC W@Do whidhis él'qlea/o a (P-w\oJMlx,
(T pobnlr, e ek ke © 1 be e &y p.)
Co_ !‘o\_\w;é We have an ulvvxlwae og kv\sor,@llgmico
R@Pa)zg%s) —— <P‘—QSFJVCEJ‘;]

Key Fact: Gal (Qp/@uGre) = Gal @y
Hence , we contiurn a r*ePresenhji'mx of G?( who o P-rodule and fhen rememlx,rﬂm adim og
= Gal (Cp/0) L7
- K v og woxed dhoradenstic Ok Hng )./v\tzaz}\SJ ]% resAw_M og cl«or”fbc g&f
* For s?mp\icj)cy , e apuune ﬂ\at Kis MWM e, OK:V\/(%) l ‘
K =K, K= UK, Gl (/i) = ZST | W Gl (K) K

Mm(%nﬁine’wihknb%er) }(I )HK
%:rﬁm K()M‘,n) If\a/aasb:uchutog} f&e\c\, ow\A is '\sommftk L {%((6—0) ::IEK |°°>r|<
where €= (1,5, 85 ) %y samduvil phosboo§ waty

ord crnl:,@rﬁ.)"
Mortovcr, GK o.u{’o on \EgéFay\A HK = Ga‘ (Koj/l(w) = GOQ GE;S:P/]EK)




« We dencte T=X=7=€- ~> EK=%<((T) or {é((x» or k«ﬁ))
The ac,lrion og [ is %wev\ ﬂ-y T <T+ D) 0”—\ and ¢ odo an ’P'H\»'Power Frobenius.
+ O = Ac = a Cenring of B = O (T prodic complelion
E=Bx = A ["FJ =1 %GAT“ "U(Ov\) is bowrded) below and v(an) —s+w 0o m —s ooy
We Uit the adious of M amd @ on A orBr to be
YO, = (-

Theorem. (e have equivalonco o egprics e g ool
/&’—Pa—;,,z,,@,,<61<) > (PD)med /IEK;AKfEK
Vo - D)= (Ve Ef7) or (Ve ™

V(’D) :(D%(ES:P)(Pﬂ or (D®Aqu‘}<r )?=L— — D




Iutm: v ( ) ‘moo\ulz_a ovel vaw.L,

Reaall We hae an equielence of caligpries  Repqy (Gr) <—> (#1) m:\e*EK
V — Q\/%(LBK )¥
(—DQZ)lTs Er)(P

For Snmp\\aky we. ahAe HWJC Kis “L“M_Mgi&
Ovcrconvcraenjc s%ry

’Degmjnol\ U)C Acg\me asu)oﬂng 05: B\( ab ‘Sjouows
For S >o, B %‘R’O— ZC\nT l ‘Q ‘ls lgowvclco\ &(-OCCWWEF%W_) on'f)/\l o»mu.\wa 0< 'O(T)<—- %

g i¥eo wZa T

When m =+, 1 (an is bounded Lt\ow%
BE s o subsing of By, sl soder Tk k¢, Bl —BL"
Deline (Ru é‘ ]BT = U BK it is shoble under <P
Fack: Bl is a Sonchs veludtion Gield with valuaion © (§) = mim (@t
Lﬁ{_Rr& OT AL denoke ﬁ/\.a v~m og mhgus °§ ]B;[( kWSmﬁ%:mﬁM l?elsm Uc w\Jr\'\ Some
I+ N} no\‘ (,cvnf‘el-c va’ 15 LEV\SQ.\KW\ —~—> Cow\‘}a“(aLch: W\MQ umvuMM @(V A
The residuce Gield o AL s agam k(T
—n\corem (Ckelaonmer Colmez) —”\ere exist e w\m\l:wmog

(Gd < = (p0)med /L ET efireh sl
&PZ? *V —— D)= (V@ZFAT“ )”K
\D\ ~ D A
v ((P l‘) moc;e‘-/AK BK
n ether womQD ﬂ“’» 60 DMUJ‘JB we cbteimed '9""‘" Gﬂu"’w "Cfrtscnl‘ahavxs com e desconted
h OtSmo.U&,F ﬂﬂé A\( or (B){(

M“"Or(@r}"w mrﬁ)ﬂmm@v@j@h%b cwiibmahc MQ)CGNAEDQA/«%M"'L\
| auredt series with Ginite tails. Bt it n&mﬂrcshvg on The sther hand .



(@) -medudes over Robba rin(cjg
’]k‘ InIf0 ForS>0, B‘/S _'%"RT):%ZGM—FV‘ 'S;(T) CGYWEfgmon'Q}l\JLOMW\AAlM/J 0<'U(T)<3L}

A«B,K -

=§_R_\_):ZGM—‘—V‘ When M— -0 ’l)((ln)-t-hg —> 409 }
neZ

whcm N—>t00 /l)(am) _l__'WF —— Vr—>1-
’—n'\ere 1S Mo &owl\ciecﬁﬁ’\ess cof\@\)lrioﬂ L\CFC
S’M;\a\r\\,)/) ’B&;S,K Is S*aUc uwxo\ar I lm’cm_:,_“ P (P‘E)L;K ——’BL?K »wLev\ S>>0
§ s
’:DenoLe R = %Mb,K = US_,WHB,\,;&K 5 s S“aue uwxo\.u' (P
. A (‘le’) 'W\oc\ul-v_ ove.rO%_ is QS;“VQEQ —JQ;___ER—MAJAAL'D win SG\WQ.A\NL&FCMW\MMW tuﬂ;m
@ :There is mo \\Mvﬁ °§r ,{Mbg(fs" —S;w R; we need sowxejrlaivg else 1o talk ahod ehaleness

S_'org Cliradion Hhaorem
Let5 forge about the T-acins for o moment.
‘DegnbLion_ We Sa/>/ a (P—wwe\ulz MoverRR is l_’jﬁ_le 4)5 there exisk on elole <P-M0°\MLL M
on B (orR™) sb. M= Mo QiR
- e W a (P—mooue MD over (RH has pure slog ’ ﬂ/\z m‘uoﬂlwu anHJM
dﬁ&izmS. og ﬂALma'knAxg;v ¢ wrt. some ﬂ,w} are ﬁli‘y\mﬂ JOO}U\ O%
This does not o\e])ewlen‘“ov\’ﬂl\k choice Og'ﬂ'\q bosio
We Sovy Mo®gkd R $ao /Pms\vFe M
_RM-‘ uureog slope O &> éh'c
Slosac ,'gha'hon H\ecweM ( Keo“ a)
For a (P—Moo\ul.o. M over R, 'u\.QJ‘C@XlSkO a cononical) %\hwl{an
: O=E\OM$Q|,M§"' < §ikM =M
ST 3&\\4 has wreslo s N;)am\ moTegver /Uhf/**zé'-—é n
“IWEW)F;@M omes from o P-module WR"K
—n/\\'s aloo ocFP\ies v )HM (Lp,r\)‘w\ofluj.a, cove .
‘Lejf/s Y‘GCor*c‘ ot\ﬂ\m«\ Q’)’ cibt“'w‘vkon ’




Theovem . We howe eclulmlws o‘g @jl%v{eo

; - K - ug K Fs
Repe(Cr) R ((P,F)‘M*/BKS%L— (9r)-mod /B B o /8y
Sulll, Sth Sl

sﬁ&}\&&m (. r)-M_OQ\ABLﬁx

HOVFCLLF' No\ms]m]mn ;ilhn\-iov\
U)ew to exP|a'm a bit o% ﬂzxz]amo’% ogdw Slope %\hnhm‘ﬂmm%
. E&‘i : Rx < Rbcl
- Fora (P-MGJAL&M 052 ruw»\<1) Pv=av Coe O»GJ?,XC(RM
o\e\:g(M) = 1 (a) where v is ﬂuL P-a&'c \RKLAQhﬂV\ on ﬂ&WF O?,()J.
- Por o (P"W\OO\MLQ M og rank o\, wea‘e%e Aeé (M):cleg (/\O\M) a”‘“‘
(M) = degM)/d < slpe of M.
(DeginhLion A LP~MOAMQL2\/\)ESCQ%LC§ seM.shL\g A{T %’*\W ¢ su}c;w\ocl“ﬂ,( N OS M R
N) 2 M).
Mre_m_‘ Let M be a/‘;o-wwc\MJA over (R There exsto o comonical %l’rmjrfo»’\ %ILM OS M
st M is senistable oand /m(gr, M) < M(gsz)<-~--</\A(ﬁG\M)
. _Wc io\ea og'ﬂu ?roog— S i}MMAm,Jﬂvelry -halwg ﬂ/u; ()O—S\ALMJAJK Mi‘Hf) MV\}MAQ AL:VJ{
- This Phesem is not evx‘fm& abshock nansense 5 wemeeo\ b SL\ov\) iJ/\a)c ;@J«uz Alnr)es o& O\M
KQPO'\}WQ ﬁ\ﬂ SLOTLQ uﬁ‘lfmﬁow - Semshable = fune |
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Iutmdl[ (‘P,\‘)-moAAAm V.S, 'frmhc Hodaeﬂ\wf/ invaniands (1)

' CSZL ' e s (-med S:,o = ES;,);O G
’R—egﬂ. TD ,-R—FQF(GK> SD /Ko ’ D (\l> <V 2 ) s|o|’°¥l'[hakon l‘e"s ou wl'\al‘
We have ec‘uiwlwns of cali, \e,_\;(: . —Q&”Bt‘ } . | happers here
ik DAA@

For sim‘s\idby > We assume ﬁ\al' Kis wmfie&, omo\ we m\lzy AQQQ with Ilae m):sl‘aulme case.

| Recover —DOWO(\D ¥m\m ‘DLé(y_z

Theorem . For any \' GJQ—eP@P(GK), we have -
)= (v oBha) "= (D%(v)) ©and D)= (TDAT‘@(V) [%])

Pemor\( ~'C|—[/VL5 ‘ancm:m Aoes "nojr r‘equ,ive \/ 'to ‘oe Olysl'aMWe |
Iclea og HM.'Dmo-C: —”16 Secov\A one So“ows 7(:mwx H[\L S{M}/ %nshn&\/
e, - (o™ " (v (ol Lt
AN _ e IS
([Ds,0) = U <ﬁﬂ>M3(v)> i, J @, (V(—w>)>
‘To prove ﬁ\l,%rs*‘ ec‘\mh%, one. would dike to write L we *"ee‘l?"‘f‘e 5‘*"’%‘&&*
(VOBLs) 2 (VoBlY = ((veBl by o mtestdes
Tris howevernd-so i‘lwsu)conuwd i jdwywlék Berio ""}L‘N 43WKGK
Rick:cmpore (V@B0) = (Vo BL,) ™ = (VeBlsi)™ = (voB )™

[k

56“‘5“"\3 over Sow\ll-lwﬁ over S'Mllv:ﬁ ovcl‘\-/.,{_.‘u
T g o gy s unblde process
mA);S /(7 /) AAND ‘ \1/ /\ <w- [:;(E Y “: - meamd 'fSAM S-}Qlcl ffe&ﬂk
(d P! — {__~ - *mo ~ waans Mok esSed,
. . I
When ‘HNL HT w&z“u o¥ \ are ll Posnl?we ,we hawe ®%<V)= ((DT (V)) K

QM—‘M I{Z Vis ovfs{-aujme , we exPect TDom(V) ®’15LA§ X [Jf] = ]:D/\Aj (V) [JEJ

From ":\\\'cre& SD-MoAu.Q.wJDD (\P [‘)-mo:l.u&z.o




Geoal - conshruck o\;umdvr (H\)(P>"“_°A./K — ((’o’n’m—“i/BLg,K
ot ﬁfk we dont v\eeA wea/l< oxclw‘&ss}l;il/{ here.
Tdea: Gien D€ (Filfp)"ﬂ:‘/K , we k- off the V“igf\l’?idce )me\ Do, tAgK[%]
‘De‘:in\\-‘\on Lk sa- (- \"M forn>o. Let |<n=K<}‘*1>“> _
We ave o cansmicall wajecblfe LomomaFWSM , “Nocalizabion ok T= §|2>" - ;*“u)é@/r"ly ’
s Bk — KD
T — Cp\n exP(JC/P'\) —1 X (j)‘hon K
]bTu;“K b D Pt=pt
~> Commudadinre Auas(tuw\ l(P l
B s ]
Now, {2, o (.1 ~module DL% over Lﬁ P Then DL;” %I,:;K 2, Kk is a St Kw[[tﬂ—woJulz
From m to mtl , e L\aueamtmaQ’va
Pr Dl\% O s e KlC) @, gy K8 — Dj%m Dt e ()
VO X @y | <,0(v)®x)'
Consiclcr IL\Q \\ouuin calesor
C- % (M,,)f:,, e i flgn;g free KBt sdmobde of I Byl KL) /\, p %4&4)
L n>>0

S‘I’ﬂ:\)‘t W\A&F I-K—a(j'ion 5 (pV\(M")@Kr\“.‘t-ﬂ é{tﬂ = M‘n+|
Ke;(:PmFos‘\kov\ A 5uL’(¢,F>*VMTJMLQ Uk‘D’T“Q[JE] over ﬂﬁgk is n one-to-one corres]xm(emcc ,Q» the
hjecks (M) in G

'Proo‘;’ The CDYFESFOV\Aeme is %\}\rﬁvx l:y
513CDL3[%} <———>:[5,TVb 3'®Bks?< K.t =M. < —lj\,s\é %;k K@)
We meed o \'ecl'\nicag Qosmma %rcwj\_oézmg % go back.
Now, it is o makhker og fack how one ACS:{V\C o\PPmFrioil Mn ‘s %M’f}/\l filiration

‘ (O.0)-medule

e skt wsth DEFLD)-1lc, andapplyhe by poposion fo DOBgeH] ad b
M= (D@ gokil(1))  ashae the filinabinn on K1) i given by - vaobion.
(Onchecksﬂ/\d‘ My is a CSMPG:hML S)/&]'CW\ m ‘H’m SeV\SQ‘H/\af

Po(Ma) @y Ko [0 = Myer )




~ ((p,r)-mo&.l: over ([BI‘,;&)K, ) T
I§ the HTwe'\Z&A‘o 0§ D awe o w(ﬁoﬂme) DLJ C D@EMS,K
T the HT weighte of D awe all pesibve, Do Biyx < T,
+ Somehous, the shilfs on £ corespord 1o Hhe change on Hodge Take weights
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oCQLtm:W (‘P,r)-moAMLw V.S, ’P’C&&AC Hcdﬂeﬁ\ﬂm/ Invamianks (2)

Recall: DunolV) = (Dug)ED)'™ .
LOCOﬂl\tha ok 1= grn = %WSO a home ISM '[B/\:Ij:‘K - K’Y\[[{'Il .
T \——>§Pn exp (JC/P“> -1 X¢ on K
We howe o 1cuwx<:"or <Fi\,tp> —@A/K a(@f)‘ﬁ/ﬂm}x
D ——= something cut off from ’D@lBLé (3] according 1o the FliobiononD

me\ (LPF 'W\DAMLA % AA%(’WJ’\QQ eqw&fmw
“To delermine ('IDM%(V) [’}C‘])r‘( k 9& He &‘h‘a'hm) we use o\»kktremho& equaliumo
We work with more aer\emQ DIAﬁ S ((Pzr) "ﬂ‘é/ ]BLB'K . f
Define ¥ =9°jY/ foa(X() o YT with Y= T it is all&cre/\ﬁaﬂ armt;mn D%amﬂ Bhigk.
T £ Th =0 (- 8) on Boge
Voo conser LD @1 ) §5 oo

g K - L
_Degv»}‘%ov\ _DLB is called lom%;, bv'\\f\ag 4,{7 Mv/\ S QWQQ V‘MOJMLQ %YM»O
Fack - When Dl is Jocally fniniall, 3! KatD-submadile Mo <2 s+ V(Ma) <M,
’B): kcy 'Pro]vosilion agm,m Ma Clegw\c NiR , @ SuJo*(CP,I_)—mocQAJc og 'DLa[jt:] over TBLB/K
Uphot + Nor ‘tslw‘no’r onby o dierenbial wodule for V= 13, buk aloo o, diffential module
o

l hCO(‘CW\. We |f\0Nt‘ Cqu,;\[ulev\ge_ aman Catlgor\cs.
DenioW)= Nag = L 3y Vs cnlalline

iy .
(Fi\)GK,(PzN>‘WL°‘/K 4%%&23&4&— /P—oclac &% MMR‘FM%&?EM og

> equaliow
. D+— (D@’LR,I@L Hi/HoN=o the G X (.-
e I RS T
= Y M 5, on w ach
\;,M(D@B}ﬂl_{@)“vaw—o locally Friviad (9,)-med /BL&K Dhig[F) 3 ado

Ny U)e exF\ch how one erv-icvts ﬂ'\zgi‘m&urv\ g;-awx Yl/\-ﬂ (CP,W “W‘OA}JQ DL?
(For $§MJ>\icA)D7«, we asawne Hhat ﬂ/\ﬁ olaJ&cw\wa.Q eqwdwm NaR iS'QJU/vTAQ, . @)/S“aw»\e caSe)




Let D =Neg" betha @-module over K, given by souing Nag.
Then ’Dg"DQ@KIq)mK <-—>”D®I“b’1,;:‘< ®B‘A§?K,ln Kn((’c))
s

Nur %Ia; 1 Kn(®)

s
Dy @iy 1, () =Dl @y 1, ol

Deghe H\LD =Dn tL (Dj»‘ﬁ ®BL’§,{‘<»“ K"Eﬂ)

‘-‘-L\is s VAAQPemch& ogﬂw.c}\m\ceog m.
Remrl(‘-:[?ﬁ/\z\'l_\wdﬁ of D amaMSo) DLj cNg
T8 the HT weghts of Dore dlz 0, Ng<Dhiy (thisis conslort with DD

| Application #1: weaHy_dess ble = adwssible
T we stort with o weauy admissible )Ei"rcmo\- (G, ON) module D, the wadiiver 312/«\1@110
a (@,0)-medule DL over Hhe Rebba riva TBT@,K. All we meed £ show is thak ﬁﬁ;ﬂ,‘@ Comes
'g‘om (5N reJJY‘GSevdZahbw , O ectwuulewﬂ\/? ) 'lH& éhle. B}/ KCA lm)/ds SlOPe gh‘mhov\ 5 ﬂ;{w IS
5 %ﬂtw ea(w\ra\o/\k thct\ec{; Hhot FDMﬁ;S“S;MS‘Zuf ">ova ; ((CP;\I '(MSAMle.
roPos'\'on.I we aet Dhis out of D than Dria) = tnD)-1u(D
”PW,S?_ Its 'cesSJOo cL\enﬁ Phio ng“ Hhe case ;%PD frcwk 'DL\‘5=I '
Sor/ D=K-e. , Pe.= oteo for 26K and Fl'D=Ke, 2l D=0
~ @) =u() , () =L | .
By the constrachion cf (0.1)-mobles, D=t Bl e ond @ltle)= e,
=> deg (le) = ()1 M
Coro“a/y D wcawy adwissible -=>DL3 éhale = D comes ‘From o relar:s@v‘-ailm

LA‘PPl‘_Qb‘” #2 : de Rham =>']>o\-ev4m0.gy sew -stable
We neeA to show ﬂ/\af \/ de Rham =D, (V) isknzal%ﬁwriaQ

Iﬂp& <EV\er'me) For anvy \/é’&P@P(GK) , ﬂl\m S o M mosimal %Vﬁ% gevxemiio.b




Kwllt]l

sub- kj@c» -Mo&«Je og— (\/ @Bc\R)HK) clem}ecl 0)7/ IDS,}(V), )“(J/\ai' Is S%\c w/\o\er FK-ach
P@oﬁshgvx 0 Ke®Dgr(V) s the boame og V on D&f (\l)
@ V is deRham ©FDA"-$ (V) is adnivial AA{S&U&\JZAQ WAMle -Fow’ Vv,
cquivedodly , 2 o s Kllt- medile Mo of Tug (V) s+ V(M) <ti,
rProo? L 015 S becanse TR(Y) is the \—K—ivsv.oHDc\Lg(\/)
@ {llows from @ WL%
&X: ])B;(V) ®1BL‘;;','KJ" Ko(t) —> J&(V) Sor M>>0 [-equv => resloed' V-ackion.
(Proogt: We show this QX\/ ’Prov]nj ([DT"I’; (V)@)ﬂ%:‘k,h‘(w[&ﬂ L’D;.F(V)
Sfficsth show T() Q\é;ﬂgw KAt ) D:x:gé\/) "
1DJA‘}S)"(\') /go“"(fﬂ?ﬂ ) 5K Dserl)

. | e
—ins —S:o“ows guw, J'iwmion Ccownk | Umique §5 KM'SUJO\MDAAAC og— Q/@(EK)
chce, \/ de Rham =>‘]1JM’9<V) IDmH»/ibme = \//Ps\-
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Locture YIL Galm,o cokomo‘s)/ Vio. ((P,I—)-MOJNL%

Recall : Forr a%e\c& E 0§ cl'\a“g’ta>o, weébcwt an ec{u)walenceo} m@w{% -
Beeg 7 6,(Ge) pomed/E oo i) D) =(VRCE)
P .
For K CD\/F o)C W\‘\XeA cho\rB( Pe‘:%UL Pes-gielcQ) we Incwc equlmlev\ccs og COtLgOY\QS
PR—C?FFPIP, (Gy) =— (LP,F)—,T_“\f/ Ex. /AKI B D(\Q =(\ @ZPA?Kr )C"'HK
(9rnedfp <28 (o) mekes ~OAEN oyl (o) md ],

IV\JR(]‘JV‘E'\'C Ga.o.a—u: co\r\omo\o&)/ ' arms 05: (‘P.V)-MOAMLM
‘E ofield °§ CL\ar.’]D>o |
Let V€ Repr; 7.0, ey define. cronlay g H(GEV) a0 in Senes locel ficlds

0 ->ZP—>CE'-&L>CE —>0

= 0 —=\/ QVQ@BV%@—»O
Note thak V®ZF€E“’ z‘[D(\/)/GiCE@W is a frinial GE—sem}QAmar Ww £>F
=H (Ge, DV)®L.CY) = ; D), if =0 ool

O, ik t>]|
This, 0 — H(Gg,V) —=D(v) & >n>(v)%——> H(GEV)—o k H(GEV)=o for >
%One should view H'(GEN) as bhe cowf\cx RT(GE,\/) ~=(D(v) ‘(E';D(Vn
- Some how )'H/u'b Cowrlcx contaims wusre ivxgormahjm Hiam Colnomo\%y We many work with asmlala«:x
Mkcmk H/UL allswmev&) OV\D/)/ '\'al(fng COLOMO\%{ us‘t\aﬁ i')e are. nequ.u\le

Now, let K be o CDVF, ‘mixeo\ C\r\ar , residug S}CH Pm
Serre specnal sequance - H/(T, H(Hie, V) = HI(Gi V)
 Albelterwoy b view it H'(Hi,V) is given by D) £2D)
H*<r\<,M) S:ryr‘o\ r—moo\ulkis gwen 0;7/ M Y4, M)
where Vis o Wr%t Mk (a/wmwé b+2 {:arsiwl’o[id‘iy)
~P So, H*(G\(,\/) s ?Ncn Qr)/ ﬂ\a cotmowo\osy og—ﬂm Aouue, czmp‘ex <Ca:\onimu,7in<le‘2o§7)

W) 22 D Gy D(V)MD(V)GBD{V) (RALD) D(v)
J,Y*l h*‘ —s X ——=> ((P-)x, (J)x)

D(\/) i-"’;ID(V) (x ,7) —_— (I-))x + (‘P—Dy



V- operalic
Nokp-;m]é:cr") EK is uhwe and EK is Sree cg' mmk‘r over SD(ES )
Define V= ¢ ?TFE?"/?(E.?") e — B¢
Ir Mg{ﬂ)%b 1]( ¢ 1°T’_Av</<p(A“') AK ——9A|<
-In ?masc'ﬂfrums €= (1, C C‘D )~ [é] éAwr
Then 1. [el, - L[ %m banio of AE over G (Af)
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