
We have AJ : Xo(N) · JoIN)
,

Construct A by quotienting Joll)

Need to check :

· JoIN has good reduction outside N

dy > Xo(N) has a smooth model over1)

·

(Today) Jo(N) has toric reduction at N.

This is sufficient because
toric and good reductions pass through quotients :

Let A be an
AV over K : Frac(R)

,
R : DVR

,
R : Residue field

If f : A > B isogeny of AVS
, Eg : Bc A S

.
+

. fg : In)

A, B : Neron models of A and B

NMP = f , g extends to A and B and fg: In) still holds

If A has Semisable /good) reduction then in) : Am : Am is surjective

Let fi : An Bi
,
Kerfe Ker Inter is finite

dimAk = dimAm = dimAx = dimBK = dimBm = dimBi

=> fo is surjective -> B has Semisable (good) reduction.

Idea of proof :

· Let J be the Naron model of Jo(N) over I

Jir = 4,
XOIME/EN ,

where XoIN is a minimal regular model for XoIN

(Raynand)



Problem : The moduli problem for Xolp) is not representable /replace ↓b)
Xo(p) over It) is the coarse moduli space.

construct a regular model of Xo(p) over Xp by the following way :

Xo(pie)
-

G Il

Glifel
X

to(p24(2)
= representable over E2Y]

, regular , flat (Katz-Mazur model)

~

Xo(p) : = XNop &N(e/GLaCFal Schematic quotient

We calculate the complete local
ring at singular points (Supersingular ES)

- local ring of Xo(p)

AfterSeveral Steps of blow ups We get a regular model of Xo(p)

PiX(/Ep is the collection of "degree 8"line bundles
,

which is a forus.

& Geometry of Xolpie)

X11)
,p

is a smoothcurve

~~ ii: (E ,
Me) 1 < JEFEl

, MelX(9)Fp in X(9) #p
in

i2 : /E ,Mell 1 (ERVE
,
Heil)

·
19//

ii : (E , C
. Me)1 (E , + (e)

W

Hi Tz
S

supersingular points
it2 : (E

. C .
Mel)1 /Exc , itel)

X(e)
p X(f)

P it o l = 2012 : id
, i ol = No i2: Frob

Prop (Deligna-Rapoport, let x Xolpie , then Exopitpix = KIn
.vD/ (40)

·

K = R(x)



12) Exospieyp .

x

= WIRIWvD/1nv-p)

Pf :

117 Let A= Gopietx ,

C = Exp .
*

· Consider a: (ii): A c(x) is injective Since A is reduced
. (X) is the

-

normalization of A. So + R
,
- /M Since it's

d

generically reduced
a quotient

·

X19Ep is Smooth =) is a DVR
,

let t be a uniformizer

n= H *< + ) -Mist*) => a(n) = It-+*,y- +0

S
~ = m

*

(t) - M* (+4 = a(v) = (f- +
1

= 0
, + - +4)

alul
.

G(v) generates myxm) => KIUND,A (X) =KID/:A

Y -a(u) · alv) = o

injective

(2) Le+ R : Exolpielyp
.
Y

then R is regular of dim 2
, R/pR = KIWD/(w)

=> R = WIHIn , v])/nu - pf)
for Some f(WIKIn,vD

Ma= (p .
u , r)

, dim = 2 => f is a unit /otherwise dim
, /m = 3)

change coordinate ->
p = WILIn,vD/no- P #
J
II

Now consider GlaFel/g Xolpiele <

Xolp"-Xolpiel/>
take 1 S.t . pHGL(Fell = e(1-i (2+1)



Let x be a point on special fiber of Xolpizy
1)[(x) + 0, 1728 , J acts Simply transitively on T(*

1

T
permutes#Oxoiely = ExopxExopil ,i

· x ordinary
. Exospi .x

= WIND Smooth point

· X SS
. Exop1XE WIn,vD/no- p

1) (N= 1728
. Stab(y) = */22 for ye(x

action : U11 Ju
,

U1 , Jr SF1
.

5: 1

WIIn ,rT]

Go
,
x

= & /nv- +1) = WInv/iv= pr
= WEX ./x2-p)

(3) (ix)= 0
. Stably) = 2/32

,
similar action by =1.

31 & non-regular

=> Exopix = WIX. 3D/(xy- p3)

do up to 2-steps of blow up at these points , we get a regular model Xo(4)/zxp

Prop : Le ( be the special fiber ,
then C is

a reduced curve
, whose components

are I! with mode singularities.

#
# di ↑(e/] = pl via jinariant , and blow-ups give some additional IP
-

the two components



Grelative Picard functor

I : X 'S proper flat , finite presented

· Picxis(t) = Pis(X*/Pic(t)

· If it admits a section 9 : S > X ,
then

Picx (t) =
<(2

· X) : 1 Pic(X) ,
X: S

*

2 ~ G+]

21 ·

120 #
* It

,
X : 52@ S*** 2" = (2052" = 0+

)

·

Picx/s = R
*

Com for the ferf topology

· Pics < Picxs on geometric points degree o line bundles

Ihm 11 X/R proper curve. Pickim is represented by a smooth h-gp scheme.

12) If X is semisable , Pic is represented by a Semi-abelian variety.

(3) Pixol/2p represented by a smooth gp scheme over
p

St-

generic fiber = Jolp)

Cor : NMP = Disco t ~ j(p) Neron model over
p

~ Pico/Ep · jopE , map between Semi-avs and Neron models

Rayand isomorphism

ETS : Pix/Ep is a torus



&

over k

Lemma Let i : ~ X normalization of a s.S. Curve
,

then

w T ~ Pixin **, Pic > 8

~
torus ↑

Al

Our case : T = HI
, Pixom= lob = Pixan/Ep is a torus.

Pf of Lamma :

1 c Amix1@mx : C 10

-

supported on singular points

fX Speck , fxD=Ras I
LES

us

1:AmRemP PR-
-

irred components of X
#


