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¢ Civm & Venion E of eﬂld)ﬁc COL\OMJO]%,

constuct eczuivmm venions
“o for all finite abelian qrups A

' shoubd relate fo L an
;‘/\,UA later o KU

* [¢{ s s)m'u‘% commudative | Hhen
Eﬂ should also be sﬁdﬁé commudtive.

’ Eﬁ% og:rb @%;wa abelian Lie \roups

’ NO | dea abouf nonabelian Qroups
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Fix a rlag i choui 5=56>ec(£<),
An elliptic curve means a commudtative

qoup scheme C’*’S of relative oﬁme/w\'on
one, with some +€chnica( d?fOp@fﬁ@A.

\ LOC@% , non-COAOr\ica&j , after wmoved of ze0:

(,6[1+ G,X(g + C(3g = X+ C:llDC;L +QAyX +Ay

6 1:(+|/1€ F(mL of C inﬁnﬁ@oimaﬂg_)
\C[OSQ ""D 36@

Thio is o #Ormai%roqf over 5.
Cln] <= kee ( C =2>C)

Thia isj; ﬁr\)t% ﬂa:r{ gmfajdw .
oo pon dan rou
i??mfomk gnl ag &Ofli/ Mm.
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Now suppase. we. Nave F 7 for spucea
/. sudn that

* E'lport) =k E'(pont)=0
* £M(S7) = E*(poi/\ﬁ\ o shift)
Then C = i, spec(E°CP")

s a fomal group over >= Sfec(U,

* For Moy spaces 7 there is a s(rvvolz
dmcdooﬁon ot £ or spec( F°2)
in Tems of (-
Eg: BUl), (LU, BZ/d)
(irensy (C7) , toric vadetien
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* An e/(/,(pﬁc%cmm s (BE.C 1)

where
before

EENESA cohomolog(at theory a4
( with ‘Eo(pofv_\i) =k> ;

(. is an eﬂi‘pﬁ\c curve over 5='z‘yecﬂ<>
ano{ £ - C v (o liso of fomal @roa,ﬂS)

" There is a %orgeﬂul functor fom
eiptic spem‘m To ew@ﬁc urves
This is net foo far Gom be{ng an
eoL(M'va(mca/.

' In (?arﬁoulw, it k is o fidd, a
@-a(aadom, or o (mg\ of #\k form
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(with n even) then awy elliptic

curve hos o cw\oru'av(@ Owsocia)@ei 5doednun
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o Given. an dﬁpﬁc cuve C over O
and o finle ab@em?}rmp Hf@z/of

= Hom (A",C) = T.T C[d:]
Cp = Cg 5 (an J,&fﬁc curve over <)
<l> A~ Gy (fautological )

H\@ 0\/& 1& in
(C(OSQ ¥ O%C‘% Grmt&nmaﬁ%)

* (€A ,4363 IS an exama?(a of an
equivariont fomal group
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An eivoionk foral quup oves S =spec (k)

s o formal, gmutp scheme C—‘—ch(R)

eqwﬂoefﬂ with </>:ﬁ*——>»C, such hat

* The Jew seetion in G isa mgulw Aﬁ(ww@cz
(so l(u(i:R-*k) is free of rank one over R)

* All of G is imﬁinﬁeoimqux@ ogto the
image £ ¢ A*‘*Q.

* A flodrexs condihion

ﬂ'\is IMMAM#WE K is fra of @ak If-‘l

NeL @& Su}frbmé |Eom0r39bl£c fo H[foﬂ.’ ‘ wnd
H'\a)t Qq/g 1S é’& of ranl one ove Qfﬁ

E_)(OMO;)(Q K"Z[U‘:x]:;_u) ) U= (x-u)

o= Z[u] . Cuspf() = on 575 (R1y7)
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Formal Goups Hom col/tomo(og_g thooties

’ Pw& WA - ClA” and FZ@A = |-dim, suéspcmf
/ﬂ‘m Wo(G)ﬂﬁ)ﬂ) - "To{l‘oqim %W@M%OMK = 44*
Piving, A" — PN, o A- spaced

’ W‘q c[o/.xsié‘eA eiuivodolvi ﬁfr\Q [%MMQA
is o commutotive ecLuA‘vm‘omf H- sfacQ.

s E* be o suitably eiulvodaa«fwhono&% ﬂ@g
o (= spec(Elponk), (= spl ()

b= ek & A*—a(%«,q)
§ves an equivaiont foonal AP

° Con%ﬂior\o -

FETS TS (o i) o oy (] b

" EO% freg o @nk one over EOW[A,




Extension WL@W"L

" (i a noneiaxvmoxlf eﬂx(p’nc spectium
(e(/ﬁdoﬁc ome ( Cohoww(o% Jrl«w'\éL E
with  fomal W réOMo(yl’%c, T C)

find an ectouvanax& fom EA sucy that
+ B (Ax7) ~ E(2)
* ﬂ'\e cwsoa'ﬂ(io@ ectuivoriamf T%Maﬁ%muf
'S (Sﬂ, CA, qé) Jhae
S = Hom(A,C) i Eqlr)- Q‘M/“’IQ
Coa=CsSy A5, tudologcd
* These should have +he cowooaf»'bi&'@ prpely
Fr(As2) = E.(#)
foc all DB-spacs £
"TFE & sﬂm?ﬂf) commitative. 50 SWF be
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° I\C E S K (n)- local. for S0
(au}l'omdcical% <2 )
ten [ can be conotudid fr al A.

*t Eis KO- bl # Qck-E (ponf)

N K1) locall if =0 in k
for some v % C has no Jx(?ecsfhgufar
fibes.  (Not i hd might as well be )
*Eois KO- el it p=0in k
for e v (o M@'W&CMWMQUM

'ﬂ\&( isam%ﬂﬁmww
ave 1o the W@‘LXAM; thee

ML sore obstughony |



The rationd. cane
& Put k = Eo(pomk> , W= EYg)

$O0 W 1S \szo(l ramlcorm’over L(,

*If Qck tha E12)2 TTH (2™
Alpo Hom(/‘\*,C) J___Mon (R” C) |

BsA

Put Dﬁ@{mm ©) (aﬁ‘m’fe mowam&j
Thee E4(Z)=TT TTDeH2;u™)

BSA n

(Hio is e wmc{/m ecIUAVWth hmof F
with fhe required equivoiant fomal ﬂmuf)

’ T‘\e Jofinition. s lr\oﬁnfﬁ& b% Hofkmo
Kuhn - Kovend, buk the pecive rdwhaw
is indiredk
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* Let C be o finke flat goup scheme over S
(50 C';S(?@C(m ohee. A s a Hog( dgebra
ovee kL« 1‘)\‘@(&(@ %mm«lbﬂ (froJ‘eoﬁva - modufe)

' C s infiateinal if the wgmmta*iov\ ideal
L<h is nilptet (so all of ( s
im(%“n&ufmd@ dose. 1o the Kmxﬁm)

' Cl‘s eholg if I\'S@?/\mﬁibﬁmfﬁﬁfom
(so Ackx(%‘”‘w@"ﬁ} o n“fujs
S0 C= (16(0 526600> (s (&91”‘244!2 > an schomis
0 gointy (, me OQQQ\MJ'Q% X0
oc  ddnitaley nongeco).

' Ié\ka&\ﬂTM,M\Q/\ 3 na,fu(uﬂ
L= 0>0Q wth a nfinddesima] () etaly




Uniformites

’ Weaévﬁ‘%\af on eﬂAphcauvé—C 'S
wifoon i the gaoup Cln) = ke (C25C)
tle in Cl=Cl)—> Q] with
(L) bnitesimal & QL] erake (for ol o)

* Thio is oubomatic i [ 1c a held
* The Klm)-local cases teduce To the wifor cae
* bt Q=ly, QM 50

Hom (4°,@) = Hom (A',Q[0) e 0

* Becaee eqwli’(g) m Qs wm‘o’ugama,
Hom (AF,Q) = ,L|_ Mon (8", Q)

e g i & (;re\m%,e & Mon(€ Q) in S Henm C
o S LS
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'.L'F X IS ’:(2> W «Fl'\areaog
L’lomojmm codestan oube

X > Ly, X
Ny TN
lcu)x l ? Lz/a) Lu»X |
LZb).X {/ 2 LlaebLka' |
N\ N
- Lmo Lzu.)X > Lm.> Lm Lm X

= ><»Wog¢ Xn s K’(.'\)‘[omk (n=0,l,2>
b fon make Ko = Lan K, commute

9 ‘ Le )

me T Loy ez

Defm X @ W L\omoJropg (yuwmoé in

K —X,
| j X;_ 3 | L»aosx

5
X' '4—-7 Lm)‘x Lkb)\‘ L (e 1
Ny W ~

Lu;}( —— Lu,) —-w.u)XL,

/M LK@X:X., for n=0,,2




Civen on e,()(iboﬁ‘c spechun £ put

X.n - <LK(I\) E)q 120( n=0,1,2 .
One C oM CoNd %ma& mg Mo <
><| —h’; LKO\ Xl ) L-l((o) Xl é—g_ Xo i> [‘K(O)KZ

making X, - > L X,

Lv(lo) XI _— p LKto) LK(:) X?—
commute up to l/lm%ofqyg.

Con then adjust To commide on the
noz ,  defie X a@dlbac,/(, $0
LiwX = (LB
BUT  ring shugtuee. s f}(t(k\(ﬁ_
(Tn ¥ Ew cateqony , some probless
QO 4 owy, ek other ones OWWJ




