»

Com PU‘\'\\W\ k Q\Y VoG Wy Classes C,Ol\"?ev\’tc

&1 ¢ k‘o~\¥ua3|}\ 'Pom‘.‘ts

% l ' K b\VVﬁglﬂ, PO‘W{S . @Q SUPEV‘S“:‘:‘U‘Q" POl.n'}S E Q\)O'{Pf'ﬂlf;ﬂs

[&V\Q—\Vh(‘— §3 m D‘ . A
‘ : . Kolyvaqyy wisor. Mod p
: = condvdior | Jrank rege -
E/@ e\liptic curve ; N = conduator oL 84, The Kolpwytn' Poit mod p.

K=®(\ﬁ>~) guac\. ";\‘ﬂ _ !'(Pr\f;\e_g A\Q\A\-AgNspY\\) |
@K/JU\ t Zpy 9 prime power

L inert Pmme ) /Q,{/ N'D st ?) ’ 3CJ~(Q£)»Q+I). |

@k= ZbQ (DK ) JU}Q = JU‘(\(OR ) K/Q = f\‘w\(j c\ass ﬁe\aﬂ LonAudor Q

(C/o, )ﬁfﬂ"/@ﬂ) =X, € Ko (W) (K )

|

Cheléf ﬂ{l € E(Kl)

e

/

Gz Gal(Ky /K, = <2f>’ order L+ an(kg/@y}m' (
B3 )= Ton (Z06,0)) e[Ek)eZ2) > Selle/p)
N well defined up 4; 'I-’nverﬁme Scaloe (P 1% > 7 j’
Goodl © Compute [F), | (Or at least prove \P] #o Somejf\'/\-ri&s)
Theorem () “iee gy, Boes for SeP(Ea) TR st
, T M,:,»h
q=2: _/é_l_ }&M‘i)\l \Z \‘Sl\ﬁ\@: \\j\;\l 1702 } 2027 iz:ﬂ } :!;i !/ :bgij"if*t

- How 7 Fix auxdary iner] pr\ﬁr\e P and cg__yﬁﬁ;ﬁ (pﬂ YY\OAP] & E(’fo)@)%l

\)sinﬂ quﬁenmén o\ljebms,

Assume G prine, . .
Xo(NYCK, ) = oo =5 Kol (L) == D.v(xo(w)%;) —> E(R)of,).
Xq b 5> X, w2 Zigllx) > %

CM PO\.V\‘(



\UJ. Stem @

82, Sugers\'ngo\or pomts and quaternions

R= f’;’{c\n\é’( order of level M
0 guol. alg. ramified «t p,00
= End(E,)

Xo (N)(]F‘;l) 53 A;_"_ia_. 'NSWC \Aect" classes T €R } |

v
Eo:((E°’C°) J

'Fg'l_ Orh. C\{)O\r:z

E-(E,C) W >T= Hom (E E)

Remark s Ditrbdion Reladion

Tk (X\) = z Of(xﬁ) (a Cdl(,u)ﬁfh‘of\)

04 140
l<s, - —_
%S T, (x‘) = Z ot (%) e Dw (XO(N)";:S)
Compu\\‘“j TQ on DN (XO(N)IF;:) s ‘Ig\'&ncﬁanl u:

T,(1) = 27 (7] e @zl1]

Jel -
right deal 5/
/5 2 () -

E\'Pd‘\ egy ’

(1) Figsre out X, , somehov

(2) I‘TOP* Ou'\" O'l(xi)l sowme how ¢

U (R
(1) Fudig %0 = B @og N7 %0_.(24;,;»&8”. =
lof4 order ZEnd ()

T cyght dead > R={xeB xTel X
Lernaty q\mAro&\}_ Sorm .
2R+ Z) Nkec (8 @) IS0

Noren
Lemma [ Gross ; 1387 alse Jelchev-Kane gy1): |
’ ' N A\gor\ﬂm
0. <> End(E;) <= 9 represen.hs D\ -:E)JFOCDNMQ
X, !
(D(\OO'F Is € |€N\en+ar7 Y\Umb?f‘ -t.&\éofy) (vp %o cor\-j".?ah;v\\

?»i - P'C.*urt?




%3. The Ko\yvaq{n Divisor Mod p M
| ' "

‘} B‘gﬁ%}"\gg%:(’_ompu}g
Tk(;(-l) = Z Uz(xz) :
1
X, <[]
Assume T6F, = Ref, =~ M. ().

For vy €P(FR) tet T 4= Ahem(E) (wi)A=D
" et T = (T -

(.'UN) o

Then 7(1}) = 3 (L1 € OtV Z).
g xe®'(17) i

[ Can dl'-do.gs Pescw{e I]

Besel _ e Lrnert
o5 = Galk, k) = (Ocfio ) Mgyt = €T °
1 Compte. o € (G by compohig’)

CFT " oder ([T + o ]e [F‘Qz)
RBut (DK c>T b lemmal for a-= b2, .
o Arn—m"-3 t@.qmémz;(\\@,
Pr‘o (-): - — LS \ hon
P Z 10 (Xﬁ) o ZZ[:{_\,D)(J] 7%!‘ some choice of g

pLisd .
(Proo-?- avolves U\nmh&h‘a all defintions and 05\'\«‘5 CN\’jr‘hemy.-)

A\gor\'ﬂ\w\ o compute Ko\\/vag{“ dwisor

Z,= Sicilx,) € DN(XJN)%)



" g, The Kolyvagin Pont Mod p . sei

/’3(%{::3(151)&;
D\V (Xn (N)\ﬁﬁ) % E([F;a.)@%z

Ll) ——t

Zy \.[PA o0

E DP\’\W‘N& o\q&. _ .
Pf“_oe‘(') _Efq;& =.i'(*rec,\uc1\o\e = OE surJed\v&.

wm + Sm\(g_ \eW\Ma,

Proof: Lanq's Theorem + Tham's Theore
_h_'___m————""

L&t &-Fp . Evacl sequence of sbehian variehés over ot J=J (V)
!

O—'—>A):"3‘ J,—E—=0

Galois co\w'f\o\c?éL T 0 AR ST S E(R) - HUA)
by qug'SJfWM-
(Hasse bound when duwn (M“"l')
| Sh
':L ara’s Theorem J,,/ghm\um 50"’3“0“5’
0 —> T()* — J(h) —=>Sh> o0

Exact sequence

4

Snake Lewvmia LE(M 5 E\(IM —0 =0
| b
Sy—>0

Z —ss \“ )
So 0s o —“_=Heck_e, moc\dle, Yf%@er ((b}:) IS a qUOJﬂen‘t
of Sh, so ¥ B Ereskasfer Tt -
o ) c (
il h :/\( 'y ”'/Tvran all n\) = Avm" Y

1S not Ersensten by hy()o.

\i\ o f alar
A\ rithm’, We—_ corv\pu\a @E up to a P\Xecﬁ SC :
using lineae a\ﬁe\sm over and T-ochion -




Ronus
A,;? 061 b dim 2 ghelian surface

b(\& LL?/S) .‘:Q
=1

K- (=)
U XOUOH)H: oG

5
Get  © '$ [Psq] (Moci; N € A{(’E)@J@/ZZ\.

\@ Ana\oﬂue of Wolyvans COYZ:)GC}UTG for tWhis abver Is 'b:gg _

First ever Heegner point caleolation on abvar,?



