M inimal MDJP—' Igro ram

L_ eavmg S eminav.

\/\/ee Kk 29
Canéenl:s S

COX Ying.
MO(: C‘Yc&m SFaces-




Mon c‘ream S Paces °

IVL L[:Dkw J) eV(’/f/" W@i[ AMWV W'\‘ C‘H H)en

A l

H P W) = Ho (PN dH) = JKT~d, x4 froe Homable

Thos We })zve th.b ]K,y,,a»,
© Houeow) = KD %)
Wie cicen) ’\

An/ hylaersurjzac 7 L[CD’"‘ Cbﬂerram)a 1‘79 an })om%jae/neoua )'}47 'oJ
Tha hfo”w(fencws oedi nikes of ‘Ph'

5[9& C[‘{[Xo,-w/ Yn}“ ‘[(0; ---<5ﬂ) /d}m = Ph,



Free + I cless roop
0 4 e
X pormal ij V—UTE(7 (MH\ Clex) jree anl if[)o

NSWD}VCX)J K

Thbes|_ghe | Jfind
CDX C><') (= @ HDCX/W)

WeK
We WWNNF& seckiony in K[X)

> C\ C><) IS an iSom,olfhifm,

Exam,)le: Cox Clprx@‘ ) Q’-[‘ KIXD,X;, Yo W)
| (j)rAJeJ [7/ the A""Zj"" o xm’/’



X hotm,| }

COX rigr Assime  CICX) s 36 pr

k(é W Div (0 &nJecéxa onbe  ClLCXD
Ko ékﬂ Kernel of K ——1 Cl ().

X‘. Ko — [{C)()* Le 2 hom,omsvl)k/\m /{ek);y,
div (X(E)) = E
jw al Ee K.
L=< 1-%E) | Eekad.

De kK, we Je{me Sp =0k (D).
m COW bkea\j’ oj >< 15 Je}%() 1}\7 [De R=S/2_

R= @ Rp Ho'= ’C( @ SD

PDecitx) p'e c'(to))

‘”’e CDX V’g C‘DX CX)"== F[X,R)
which admits & ClCX) &Srac)fg



Im\ex one oover:

\( D-on X/ L@:ﬁ/
\\Spec (0« ® Qu(D) e .— & OLn-)D))

(Qx (iD)e OxGD) = @ZH,‘)D)
1
(0 (Ci ) mdm D).
Y

X
-ﬂlis 1S an G)qam?le Oj' oy [(Cox r,-a“.

Hain gue;kam;
« Is ClOO jé? 7 yes D
- I Cox (X) jé 7

R,emaﬂtl Tlxe se(; of iSOMDrF}HFYm Q} Cox(CX)
cleyamjs on %1 )(o — ”\(C»X)x_ TL)@ Se[—of

?SUm/or,)WW olzrses is in Aijecéﬁon [:a

Exti( Cltx), ©Ocx)*).



HO” Jream s,pace:

MMP = NM _”1@7

Dej: A pormal P Vavre% X s a MDD 3f

(1) X s @- fackomal and Pul0g =Nex): #

(2) Nef(x> w5 the affine holl o} fmikel,
Wwy Serm.QMJole el bohdles:

(3) There xfe j)’mic& me SYY)Z)’ @,—Jcalrort-tl méck
j".i >< =< Xi Suo[" HVL echL X% Sziﬁoﬁes (L) an(]

Mo Cx) = Ui j:i“ Nefj (:)

] j? Nef CXi)




ProrWLibnl Leé X Le & NDS Then H)e Jtellw,g
CDm;ﬂgiom }\/DJJ

(1) M'anb Fraoram can Le Camaé oul j\)r ay <“M§Ov on X
) D sl s fseuéﬁ—e}} on X, there exnls a se?uence

><_———> X‘_——-) Xy =72 o0 —m—2 X«
v bheb bhe

jbrpg curve
m Lef Iwés D

h?jn[va




(,ID) D Is Yl,o[T Fseﬂ' on X TJ'L@re enits 4 sr,%l/(mce
BN NE A e AR e

L

Al
swh thal exh Xi-— Xii 15 a D—jlf
or & _D— cJWusorfa) @n&w@wm - Horeovev

Xe—>2Z v a Pk- Mo fiber spae
DK N Hw &m[ £er5f'wm of D wn X



(2)- Thm re jam’Lok mwy £W&£‘{Oi’)2[ cen&u@mm
5,- X —=Y wlh Y%oa MBS sl

NE*Cx) = U 97 (N Crid) x exigo)
.

In Pmlnculav) NE'C><) is  ral Fu&he&ml‘

(3) The chambers T (Nef (1)) {Boilm orith  thers
d.ue:. i JLM shuchwe op  Mav (x).
These cones wre in one—bo-ane  comesponknce ik
rabions| maps 5 Y ==X aith Y pomil # pey

Via

[5: x -] = Lg* Ongcen) € Mo 0o



Exemple of a MDS:

P, X- Blp. I>*. !//‘xna./

[ be the shid Bam{mm of the line HV%J« pP*t
Normal bondle of 2 s CQPC'})CBZ i This corve
n be contracle) N a sl combrachon ](" X —
K be the blow- op of /. and E =2 PxP' and
ils hormal bunde (OC-4-1). We can conbet E in
the sccon) diiechon ko obban a mmwlh  blow- doun

/ >< \/) nd can(r nc[m»\
2C>< —_ — - = ><__3_

N



Ex.m\ole of MDS:
(>\( - P( is-2 smsobh rmv’o;v'fm with Jiber P~
CLira(:iom[ fro)' @?———> 1P' fwm Hw Lina “’wah f and %)

The mef,)l'nrm 9< T JP' j,xc]cars n ﬁm clﬂjeven@
UJ-L/S Uwzl\ a JPL Eumu,e S& —s

[E¢)
%*Al'h’\ J[;.ccg: X‘LX; ><—-~> ;I(
‘lvc}ﬂm j'acew /
eoTres Js J;o X_” T
FOﬂ
r C‘Dﬂv‘lm‘lo L X— Bl}JPL z

X — Blp P
0 i = Y -



I
3-dm o XK, X - X
JVAWH }acew /
eotresponds Lo X—
Fon
[ cmpeb b X — BlslP" ¢

X 4 Blr \PZ)
___\—-. C?ﬂ‘&?vn& Lv X——») E

o~

A X— P
><>(l/-'7ﬂ—>| [Hp) X — \P?
L H]
X—s P>

X — P



ND” J‘ream SFZczi
T"M éij' Keel 2000'5)‘. X s & MDS l)’ and
Oﬂé/ I'J’ CDXO() is J}m‘e} doanenﬁeJ.
Goml Cseomel;nc Fw}oerl»‘es of H/DS:
A7 nef cliwsw Is S(’/Mz‘é.n\,o[c .
e AV7 pseff dvis s efechve
e The )‘m@ae o < HMPS 5 alo & MPS. @;"/-\

]

ALelian ?uasi —éonov\ X nsrrml Vane{7, OK*)kX A
\( — X Is an aée l/ielfl ?um' ~l‘7ﬂﬂ>’ i) H»are exu[é
H & gom‘»%ms J-C‘[‘Ig on Y szt\n}/\ag the j’ollowg condi b

a) Ho g H, \('=Y/Ho —s X s ?Uz-\héue,)
iy Uy €Y, Uy €Y EH open sels s thel

—

Oy — UT‘ is e:{z'e ’DCL”/— & énv;zl Ha—lmdle
iy (000 = O,



jm:le woverd AN W“Ienb’ owver -

&Lelfam ?v;.si—'l:wsom AN~ srecbwn o\’— Cox CX<).

Prolam;l:wm The sreagnnm of Jc\»e Cox ng 0§ X

> an Univer sl .'zl>e'/zn ?uo:— {nrrm-

Caro”u,: 6)- Pam[; o4 X C«SY‘!@]»M) L Z’mes
Dj’ SP& CCDx CX’))

X o (ox (X)), (ox CCox CX)), ...
h(’ﬁ’”‘gj’ &'d?ofh{s ojf X incresyes \HLL Hm i(ﬁn‘m.

/’3 Cbarzcteﬂ)l—rc aw:y,, ‘;b,uj
Cb’o“37: Tl:SFQC (MECICX)I) of & MDs X

Then X = (Spec (GO =V ) 4 T

(

d&B‘CJ 0j‘ Os:}m 2z

Ay Weil <l1vm)v omn X (,oﬂc\y’yom‘s l—u a h,omzfoneaw
rzvlw 'jvn{&on o (on(X).



LDC&I Hbﬂ Jream S’u.ces:
Con(x)= @ Hxi,p)

Declcx)
kd——-/

CE:)D) , CICD) s pob j(j j‘may 695
Cx'%) ) >/ou 147 Le vse er chaJ d’mf C’(X:z) .
Co X = (D HCX )

DGC'CX:L)

Ex""'P"el Jtxrzw) | x2+ry? 22w =0 F = X
(,DVD;D(D) - x.
518 Curve C= {X=y=%=55, ceC 5enem.|<
X e(l'a.le am\m(‘ C 1s ‘.SD‘movrk‘t Lo Cx E6 5/‘3.
The Chss erwf Cl (%) s ‘L’nv.-a.l.; CICX) 5 vl
However, T (X™) s Hne Ainzyv Lelahedr.| domp
Tzl me) 3l> — ZB~

Solvbon: D(’jme Cox(Cxiz) = @ HDCX:»D)
De Cl(x)



D?,Mib&n: The S/Zj? CXix) 5 a [DC‘Q[ MBS
if Cox CXix) 15 e of §imite £7]”‘

O

Thm (BCHHOG) A l:ano Vav:eb is & HDS
T‘m ( BH-’LL)Z A K”: SZJ)U/.‘U\‘}' Is a cha’ MDS



