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ofrankrandheigl.tt
(II) If 0 ≠ ICAisprimetocha.nl , then 4 [I] ( L) =(Aki

。

(2) Supposep-chcnlisfinite.TLen Ve EN
rh

dpe] ( L) = (Alpe )
。

Pfi Frirst
,

中 ( L) = L

withA-modulestr.ginenbya.li出 (e) lEL.at

A.BYdefinition ∅ II) ( L) = ∅ ( L ) [ I]

… L :T.Va-tOGA.tit-Lisuvjecti.es

⇒ 中 (L) i

A-diuisible.BylemmaiitsuffiestoshowforI-Pe.PT
primeideal.andthatjec.IN

st

4(N的 = (Alpe)
"

if P ≠

charAL.GL) [ pe] = (AGMifP-charAL.lsothdtheaboveholdsforALl.es
1 )

[ et e EN st PE (a) .ae A. deg (a) = e.deg (D)

deg 出 ⼆ r.deg (a) er.e.degcpi.gl Alpek qedeg (D)

(1) Ifptchcgl , then 14(C) Cpejl = qrdtiqr.e.degcp )

灿⾨ ( L ) = (Alpe)
"
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w (出) Kdeg (a) 130(2) If p = charAL-V.ch ( Z) = awzt-tax.tt
◦ 㪳

rdeg (a) _wlda)1 4 [a) ( L) 1 = I
= qe.de9(v) ( r - h )

-_-

t.de g (a) ir-e.deg (v)

Wlfa ) = h.li(a) deg (v) ⼆ h.e.de
g (v)

⇒ 中 [a] ( L) = ( A/a )
"

'

a) = pe

Isogenies.ee :

Df : A morphism fi 4、 → 出 of Drinfdd

A-mod.de/L.iSCalledanisogeuyiffto.Prop_6.iIsogenousDrinfeld
moduleshavethesameraukandteightpfif-to.EHomlfi.ch)

,

fodi.a-dz.ci f.

⇒ deglhdtdeg (f) 2 deg (f) tdeg ( 中,a)

⼆) deglqi.diri.deg (a) ⇒ r
,
⼆ V2

Similarly hihz _
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Drinfeldmodules.kianycommntineringofcharp.EndlGa.DE kkl.tk)= 2!
U

Autil Ga.it k {以
"

.

k {以

iqlzkz9-nlemma1-nn.iAnelementIxiiekhiisinvertiblei.io
⇔

xoebiandai-ixninilpotent.pfiExercise.sn_idEN.4.INT"

,
4 ⼆ IRieh.li )

。

Lemma 2

S.txa.fotkandx.lu > d) adf.nl nso)

arenilpotat.ms
et 40404

"
= 三 Sni

Then ⼼ 8 dtkandfornsd.sn is nilpotent

(ii) 了 ! 4

stP-landfn-OV-nzdpfi.ci1 Write 4
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= Ernt
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so.IE

N.ru?niIpotentUnzoiThenSn=Epjx.rkpitiIitjtk=hpji+i:niI
pote-tifjzo.is d ,

k > 0
,

Pjxi 00k

⇒

Fornsd.sn?nilpote.tpd i pitjmd
, fd :P Xdr。 ⼗ 三 Pjxirk ⼆) Saiiwertible

jso
( i: d) ciiolic d)

unit nilpotet
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nilpote-tidedofA.IS
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"
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"
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) ( 2ot.tdddti.tt ) ( lt
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⼗
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"

,

then 4 = 1
.

d
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PN pd pdǛ" : 不 xd-fd.tw P.ru?N=...=O

⇒ ⼭ = 1
.
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S : baseschemeofcharp.ie _

S →

Spe.Ep.de/N.
1⼆ :D ADrinfeldA-moduleofrankdlsisapaivlE.ee ) ,

where E : commtative groupscheme 15 , and

4 : A → Eudgp (E) :

ringhomornovphisms.tl
IVKESJaffineopensubsetUzscandanisomYiEL-Gavofgps.chemeslū ,

(II) If U = Spec

kcsopenaffinesubschemand4iisomiasabove.thentatofA.let.to
4(a) 。4

"
= 三 ⼈ (a)

tiekkl.thefollowingaresatisfiedi.hn
(a)

Gliforhid.deglaj.tn
(a) inilpottforhsd.deg(a).

,

Two Drinfield

A-moduleslE.4.l.IE?,4dareisomorphicifJx:E-Ezisomofgpschemeswhichiscompatible

withtheactionsof A.



④
(2) rc-IN.letAidenotetheschemeofos-modulesdefdbyGVe.rs
V7 → S Ai ( T) = T (T.OI.fneenlT.OD-moduleofra-krcalledthetrivialve.to

bundle.fra-kr.AVectorbundleofrankrisaschemeofos-mod.hn
st V ⽔ ES

, 7 affine open Subset V3 >< and au isow

4 i Ev ≈ AǗ ,

ofschemesofou-module.Ifr-l.thaEiscalledalgeomjlinebu.dk ow S
。

(3) AstandardDrinfieUA-maduleofrankdlsisapairlE.cn
,

where.EilinebundleovevS.am d

, 4 : A → Endgp (E) ringhomoisatisfy-insd.de
g(a)

.ua#oEA,4(a)=Exu(aItn.n=owhemi:EspPnnth.powerofFro
beniusmorphism.SI
→ s

P
"

i ⊕↑ xn
Xn (a) EHYS

,
P"")

,

E → E -> E

H ( S
, Os )

[ z A
'
≈ Ga

外
。 Xddegcai (a) : nevervauishiy a S Vato EA

( ⼈ (a) = o Vn > d.deglal )



Every standard Drinfdd A-modulels-DrinfeUA-mod.le.lS.by 180

forgetiythe

Os-modulestructure.Prop3-iEveryDrinfddA-modnlels.is isomorphi.to (
onearsingfroniastandardDrinfeldA-modulelsofth.es

ameranki

1⼆ :

Thiscankeproredusinglemma2.skipdetails.IStandard Drinfihd
natA-modnuscfmkf.is/DrinfeUA-modusjotrakdlsldlS

fullyfaithfd

Prop3-n.itheessentidimage ofthisfmetcr = everythiy 。

⇒

theyareequivaleueofcategorien-CE.ee
) : Drinfeld

A-moduhls.Thenthederivat.net?EndgplE)-)fP(S,Os).ringhomo.f:
E → E.dfil.ie (E) → Lie (E) , Lie(E) loc.fm

㖄0s → Lie (E) ⑦Litilate 以"
, 2 :

f-dfihecharacteristi.oflE.es
istheringhomo

事 。 4 i A → Endgp (E) 上, HTS , Os )

or Spec ( 2 04) : S → Spec A
_



NI : X : scheme.Aicommtahering_Thereisacanonid-is.vn ④

Hom ( X
, Spec A) ≈ Hon (A , ㄇ ( ✗ , 0八)

fi-yf-thepull-backopemtora-fa-E-tale_morlse.in( Milnei Ētalecohomology )
。

Wechoose

Settingis :LT X : localb Noetherianscheme ,

f :

Y-xmorphismlicallyoffinitetype.byX : anyscheme.fi

Y-Xmorphismlocdlyoffinitepresentation-Dfi.fi
Y-xmorphismofschemes.loc.offinitetyRe.SE
Y

,

⽔ = f (g) EX ,

(1) fissaidtokeunramifiedatyifcilmxOY.ge my
。

(ii) k (g) isafiniteseparableextn.tk (x )
.

(2) Iffisunramifiedatdyc-Y.thenfiscalledunmmif.it

(3) fissaidtbeetdeatyiffisflatzunram.fid

aty ,

(4) T.ffisdleatalhyEY.the.fiscdledētde
.
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f : Y-Xmorphismofschemeiloc.off.t.Asswfiseparated.ie

△ : Y-Yyclosedimmersion.Y-OM.tv
DY ⼆ sheuf.fi deds of YY defining △ (Y) 。

Define iyyi = ⼼ ( 9Ylsi )
,thesheafofkahlerdifferentids.Pr-if-Y-Xcsab.ve

,
TFAE :

(a) f : unramified
,

(b) Iyx ⼆ 0
,

(C) △ :

Y-YYopenimmersion-levelstructn.net
:

Itoc A idenl (E) 4) : Drinfeld

A-moduleofraukdls.li
(I) C Xl 9 的了 = Spe. A : cbsedsubschemedefdby I
"

spe.it/I..O-:S-Spe.Acharot(E,s).TheI-torsionsubgpsdemeoflE,e)isthe
subschemeofE.FI
= n ( ker -4 (a) : E → E)

aEICleahEIisubA-mochh.fE.IE
III.

,
It Ii A

, HI = 少, x AG 2 EI-EI.tn
.

S

S
.



②Proptee : Assume that : S→ SpecAl VII) ⼆ Spec A的 。
Then

EIislocallyconstmtwithvalueisomorphi.to (A/ I)

dfortheetaletopologyonSPfiNeedtoshowVSESJconne.tl
ētalenbd

Uofsst.EdUIENIYFirst.chooseJ-toEA.idedS-t.ci
) (5) 4 V1了 ) , (ii) I.j.la)

(iii) It

J-ATodothis.firstehooseJS.t.IT
⼆ (a)

useweakapproximatianybc-FXs.tJ-bpr.ie to ⊖ (s) & I

rcplae T.by Jb _

-

So ⊖ (a) 4 V (a). Supposethe prop hddsfar I : (a) (*)

Then 7 conn.EtdembdUofs.si

Ea (a)

t.LA/aY=(NI)dx(AlJ)QOntheotherhand,EI.f=EIlDXEg(u)=)Edu)re(Ah)
9 「

T.provectiwemayassv.me S : SpecR.UA [ a"] → R
,

⊖ (a) ERX
-

4 (a) 侹] = G (a)Zta.it … + Gr ZN ēttepolynomial
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EuifiniteetdecoverofSofcoustantrankqE.ci=

"

qddeg(E) ⼆ didg(a) -2

M-EdUI.MiE.lu) = (Alai

Lemma6.rr.im?finiteNa2-module,Ma=ker(a:MsM).Thenci)ttM
≤ (# Mai
=

(ii) "

=

"

inci, holds (⇒ Mifr.ee Ayi _ moduleoffiniterak
-

,

(⼆) Ma :Alail
1

,

Pfi Exercis e.

.9
1 ⼆ hkkl

S = v5"0
1 E htr


