ﬁww fézea/ j‘j}u/%’&f/c Sij/a//ﬁes&
ﬂ//ﬂ’c;&f/oﬂ; %o Z/}; {/ea;y , Ze Vfare 3.

) Q- Ffatored terminelizations.
.Z) ﬂt case 0/ ﬂ/?ollmf covers.
3) (ém/oﬁemenz‘s.

7) Q- factonad terminalizations.
Below X 15 a conical SJM/owa/'c 5//‘74(,/4//1‘}, je. Kis /5/;(7}“_
lar) sympllecitic £ A Clx1 is raded so thet Az DA AT
§ deg 5= ~d € Z., In Section 3 of Lec Z we hove statbed
—f/ ot Hbtered /aaanfizaf/ms 0/ A e /ﬂemmdm'zeo/ § /2‘:
of a cetain vector spact, jx (noduls & finite g action). We
bave steded tat f Y is a s(‘yﬂ?o/wf/c resolytion of A,
Ao sz H(yC). In his lecdure well fa;o/cu’n what /o//ﬂem

in e j@ﬂé/’a/[ case (and in 2 bprus section @\//ﬁu’n fow o
recover j « Bom X),

It X doeswt have a Symp bectic  resolution, Be _sfor;, (s more
Com/oficaifct{ /40 ar/;"frwg /eSo&f/on wWon ’ZZ ‘/4 /e.j // Z'J' a/?ocm/ on

He yesolition). _Z}y):/z‘eaﬁ/, we should e foo[/}ri . a ‘maximd pavtied
[isson resobution” 9 Y — , whvre

-V is a RusSon Vw/f/f;, foss/zfg‘ smgudar

c ¥ is a birationad /a/o/oer /14%0 f/d (S [bi5Sonm meRnHs Het
7]



for £9€ ClXT = [rth 7 j‘-—ﬁ/""({{j}).

- Matimel" means Yot & Y "5 ancthe Pusson Vm&f} £
7Y =Y ancthw proper bivational [Bssson Ma7a//'5h4/ Hen
T is an isomphism. for exanpls, s inplies /s nomel
Aherise for N Y '~ Y tare Yo normalization mor///ym. e
can show Yt §T extends Hom 6’}, % O, ks X a
[Biss0n /770/794/5}’?1, wndd it's Grationed £ Proper

: Vs 5/)7;«[&/ J'jﬂ;ﬂéyflc —
Hint:  consider o resobition X Y —>Y bt s w0 over ¥
T S — XN s & resobution of 5)}9'10/@’/'1465 74& X so (ﬁn’:ﬂf ks
extends o Y Fom ar gem} Boiscon deduce Hhat 9 %0 extends

re;

% a Sme/e&f/c ]érm on V.

I‘e}

/@ka-‘ _Zo Paff ch/a/; z% exeruse ('m/ogies z‘/a/f Z A;ym/ué%/c'c
Fesotation fes th /mxz‘mw'z‘axl /}’gygﬂs, (f it eusts).

T +tumns aut et a meximed /wfz‘zd Fousson resolution 2t Weys
exists ortinad).  Moreover it adwits a %/mymmf ﬁ/j%/o—
Uz;eowm‘//c chareterizgation: itos D-tekoned” & “bermnad’

750/@5/7& ‘fn/< /o)'mer recqﬁ z‘/wf ’fg A S&ch Z we Cap
assign s Heavd Jroup Fe(Z) whose elements are A'JOMo;;o%/km

clisses of bne bundles on Z.
2]



De/zhifzbh N Zﬂf Z 5e an Zf/foéza'fé /70//714/ VW/’%‘;{. //{ 5a6(
Z is ﬁ = 74 Aok if e cocernl of He restriction Map
/Olc [ Z ) —>[lc ( Zk‘;) (s torson.

EXM/& 1: [etos Zm/csfgajfe. when X= S/aec CLO] s Q-factonal.
First o/ MZ, a Version o/ f/{L /%z/éajmz lemme. Sfaw,r z‘/u‘ Ac [X )
=103 (hwe we use Hhet X is conical)

Secoim{ 5 <> X w a)ﬂ?oémmz‘ o codm 22 Ths shows Hat

Pic (X)) =5 B ( 5) Che can Com/ou'fc P (B) as follows. Assume
G s S‘/m/o«% Comecteod, LA @VA—’ Y 7Zw ﬁc[é) 5y
('a/ﬁnfxyeeﬂ/ w e Chova Aer j””"f F(H): = Hom //i C*) So X is
@'ﬁcfor/h[ (// f@) (s /ﬁnife, Let ch be the ovb)t covered
@04( ec() Then /#QML/, wiwe K 5 a 75/7/7,‘5 (nolex

Juo(’?mw/o o 71“7(:(@4,/ ) é/}mj, our /dmwﬁwja o/ Zﬁ fgé,f) in Fxer
Cise sheet 1 we see ot

.« if G=5¢,, Hew X is Q-facHonad & Wﬁwzzs W
e fw/z‘[zz/m of O are epued.

- if (=3a,, o SPan s e O = O, Hen X is - factoried
_Z_%D ffSOu A @V’: O) Han X is Q*;év'faﬁa/ jg/ most O

Now e frp/m'n whet Leominal” means in aur J‘%‘f/ﬂé,.

Definition /pm/o 05ition (Mamicoms): e sy Yot 2 simoulor

__]S;zmgfcaf/c VW/M;’( Z is temmad if Codim z 224
3



B(M/O/e 3:  Lef q be a assical. Lie afj«:/gm so Yt o
V. gao'fwzé vbits ave o&ssz%//’ea/ éu,' /ca/z‘mn) /arz‘ (tions. Led O« 9
be a mpotent arbt £ X=Spec CLOL Tt tuns out Hhet X s
terminal & codimz O\NO 79 (< (s easy, not 7a/¥c)_ Che
Can Mﬂ{;ze Yo ltter condition com K/ha,z‘ar/n/{}, The rvesuld is
it K is teminel <> Be /awz‘/‘f/m A= (.. 0) Co//@;ﬂoﬂaé;g Zo
O sodishes jc’ ¢ A, +1 Y i (e J=0 for im0 /? convention). [wo
anreo&'enfs: Z‘L cAMMS)'o/? ié/m/a 74r or bts X Q aé’j‘o';blz/bﬂ o/ f/e
order aé orbit closues.

Wc éawe ﬁ/e /2/ éh//n; /’esu,&‘, a Conse faena o/ R Mose Gq@/feml
vesidt of  Birvar- (oscini-FHacon- Mc Kernan on /M7

7760}’6%7 : /4 maximal /wwz‘/a[ 6/550” }’650541(/0/1 }/ a/ /{/ f/wsfs z< A}
Q- fp Aozt £ terminal. fa/weﬁSeg, any Q- tactonal f+termned
partiel Forsson resolution és maximel.

Tt turns out et many /ﬂwn‘c’ons doit X can be answerd
é wao/jt'nj v The Com/oa’fufion of jx (s (/Zn’f one of Hem.

fact: We have S, <H(Y" C)

Note Yot Hhs jmmz,&zes Zhe a/escrz/'oﬁon o j;( (n e case when

___]/l/ aa/m;{; 4 .gym/o/eu“f/c resotuTion.
4



2) - actoried  terminalizations 741/ méo?fmz‘ Covers.
Here we are Jorrs o eX/a/m'n fow o construt Ye D-factori-
ol Lominlization Y S Xi= S/ec @[5], For this we need 2
suiteBl, version of Yo so called Zas#l(?- .S/’Dﬂ,@feﬂsfem indyction
(a version of /mz/a bic induction in His fl/z‘z{/f;g)
/'7/0: 2 Ll Su?/’aaf /c f MO/ leéa/e /'7_[ zhio a pavabolic
Su @roa/o P=L AU Tate an /- efu[m//mf cover (3 ot a ﬁ/’éoafenf
bt i L(2[7) Set K= Spec CLOD. Fom Y pair (P X))
we witl //nz&,,a an  “inoluced’ 5/)?;9(” J'Jﬂ}oém(c'c W/a;t J w.

HomiCloman  (-acton. for X,={0] we recover T(p)- CXP(%ng
fecoll Yot Lie (U)= 4.

Lonstrudion of Y For Yis we witl wse He je/;om,Z construction
enown as FomiCeomian reduckion
Lonsider  He ca’fmjmf bundtl, 7_*5’ The action (G RG Gfts
Yo a temilloman (x(-ackion on TG The moment e For the.
it can be described o5 folllows. We z/wz‘fzé 7% = Cx 9"
A/Smj o ff/f invanant  vector felds on Gi so that 1% (~action
becomes [jf'jv)' [j,o()= 9,33[', 52.4). The momeat mep "
/I%Sp.,ﬂg) S He Cactin on Hhe ly/f /7630. on Y CH) s (4,0 >
/V{sP. {ﬁ"’() f—?jo() The acton of /[ on /\2 is 2o //mi&‘om'zw/
e  moment mep S XL " s Swite: s He com/oasfvf/on
Xé—»OZ_L) (¥ We can pflete 4o L-action on /*2 4o o -action,

__lﬂ/)o/ View [1, 45 «a moment /m?o féy 1‘4 p—tzﬁ%ﬂ éf Cozz;aﬁflhj,
5



d w [P Popt=p

[onsider e Fysson Vma‘} T*Cx )A(; W, &ﬁkéjomf acon of P
Tts Hamilloman w. moment mep f1: g,o(,x)fe -o(//;+J/L[x).

[Ms,-q/erf“’(DP[Q’, £ X)| D(/F = M) §. The tocus f/oz,x)/o(/ﬁf/-é&)f
(s lolentifed )QX/574Z)* we send [(4X) to (X, ). For z
suitedty P-action on /\Zx@/ﬁ )* vin Z/w‘f[/;m/‘f(pn

J0) = Gk~ ()

is - ffm'm//awf, Yechnical oetaits are et 2s an

The action P 2/“’(0} admits a /moaf/enf wwicky 1o be denoted
{}J‘f’(a)//). Ttrs e Aamgeﬂeaas bundts over (IP w. fber X x [jég)f
hence another nottetion: 6 xP/,g x@¢5)*>,

A fjficd /mezz 7 [XP[XLKC']//%)*) will fbe a/emien/é [j, XyBJ,
s (s, éq 0(\97/2141'{/0”) e Povbit of /j,)?f)e Gx k% {745 hia

* Busson strgture on Y & moment pep Sor (¥

The fracket on U}, (s also //aw/xcc/ g Homiblonizn reduaction:
.Z;n/oar‘famf c LA A be a Fossson 4,{7%)«2. 67”%/760/ W a
retiond action of an a,ligdmjc gy & ét, /505508 ﬂ/gzyo{m auTomor-
P//‘Sms. Assume, /arfn/er Yt Yhere is a comoment K A ,
Le. & ﬁeym’m//mz‘ Cneay Map b {cﬂf),'} =3 /‘LZ/& oenvation a/ A
COM/'W} bom He (-action). Then 3 Bisson brcret on (4//171(3] ))G st
[raw /fiﬂfg), é-)-ﬂ?(ﬂ)} = {@ 454— /4?»[5)/ ¥ 47—4?@), £+450(3) 6{4/450(3))0
j_]Ze /%/550}1 A{j&ﬁ’m (/4//4 Wg)}c is celled f/f. %/mi&(oﬂim /’eaéd‘/on a/ /4
6



o app ‘L%'J construction in our ’WL‘[’”J ot w- =
/‘j’%) P= C"P/)Qx{%ﬁ)*) 6P denste Yo /):(07}:01‘/0;1 Meps,

: /L;p an O/e@ 4/7/}/75 fa{'/a//%;, Uc [/f . Qlfﬁmfm f[ f"/aﬂ
50/)90'9/{35 W 754 //ami %omm /’604(756‘0/7 7€k /D ) C [ ﬂw”/ u )X)(AJ .

This and /}w/porfmz‘ exerise Shoy Tht we have 2 well -defoneo! forsson
braceet on o, ‘/j&«co/ Fom [;-5'5 on f[[’(él)J 06trined /} reduction)
Mow  we /}’ocw/ Yo the moment mep A Gay Mite thet i)
is (-sthble wnder o Gt Cakion on T¥C X, and so ( acts
OMJH"(D)/P . j [j,’)(//é]=[33:)(//3] There is a Piwvarait £ Jﬂefw-l/’f
map - ) — g% (KR 2 9. O &Ip). TE descends 2o 4
Q-Cﬁa/hbi’mlllt mep JV"/”)//D —’ﬂ* also 1o be dencted ﬂ} /1./
I Jq’ /s /Oyﬂ/mk
/'{’ /s a moment map S (LAY
comp fs Yo closure of 2 S/}yé ///z//ooz‘mf orbit.

’ Q‘/RVL(WM/Z ‘terminalizaition.
We have e /Jfawm} resudt

neorem : ﬂare (5 a {//"eoz‘/anm between:
(i) 4’ "f7u[1/62}’/w41‘ covers @ of ﬁ/';bafﬂmz‘ orbits o :7*
(i) Fhairs (Z,@Z), WAN& L is a lew Jap(/jmx/o n G: 0? A
__lan /- €9 uivariant cover of a ﬂ/ﬁoffmz‘ orbit in [ LI® (note
Z



that LUL] 5 agoin o s/smple Lie alyebre) s &) is -
74%%10//4% ferm[ﬂa,/ X 7Z£ /omrs (2 Z) Q) e V/eweo/ “ o Ju/'z‘m/?,
defined ([ ~cotf/'c<(7a cy.

(i) 4o (i): e plek a /m/’e/aﬁ‘c P w Levi Z and con
sidey Y :*/0"[0)//? Then O is e anipue. gpen Corbit in Y
/on,é 0/(793@////; onl )& X —>X=Spec CLOT is a D-factwmel
terminalization Fmally, fi='H*(y" €)= (L)

_Z;v f/e /Lfo é%‘arﬁ we ¥ é\*ﬁ/m’n 4041/ z‘o CoNs, z‘}’uﬂz Q
fu&’nfi—zafIOﬂ of ClO] Sz‘arz%;, Hom a /m/@/m%’cr de jx-
We 'l use ?&/Q/?Z(&/m Homi Clonran reduction”

Kemarcs: Let's  comment on various /&’/Z(S of He /)’po/ of Thm.
() T X, is D-factondd £€ermnml, Hhen o is Y )
(6) /7/2(7ﬁf”° C) = [[/[ﬂ’])* comes Fyom e specttral
Sequent 74;’ ZZL Co/oma /DJ 0/ 'L(/¢ 74 1% /&wo/ﬁ
YR 1/ ) — P
D 4o //l//l/kf C) z//"[gzl C)=10F A (=12 [he (=1 case folis
dh/ejs, X (=2 case holuls b/c )Q iy Q-Jédfw/aj

(c) The clpim that Y fas an Ppen Corbit Yat 5 a cover
of a ﬁ/'éofem‘ adit (s classical (/W/}g; back o ém.zz‘g &
S/aa,%cﬂs{an (1579). Tle /ﬂfoo/ uses & certain Busson deor.

/__I/mzf/on “of Y, ils seetdhed o ik cmp/%mmz‘ Section
&



@) To prove e biection aim one Hhn needs 4o construct
2 map 75’0/77 () 1o 2l/l ). 77/'5 is based on /60(//7; at a Bisson
deformation of X, cssem‘/al/} done éi Ll in 207

3) [5/77/&%@/42‘5_
37) Sketch of /mp/ of (c)
We need 4o establish Hhe /wf/ww/g\
[emmo:  dm /9”/0)/ P = dim an/{’; Z.e./f’ (s jeﬂm’cd{}, Inite.

S/Cefc/l o/ /0}’007/: 7741 /}’00/ (S {zzSeo/ on an /b/fa_ /Lm a/a/hgnz‘zal
J/ak his Saé/'ecz‘ — deformation. Set ; LV W fove patoral
eméeo/a/m)s 3 . /5:( g* (o the emo/ea/aéﬂj orto 57* tore Ye
unigue /- eya/'yawzwzz em Keo///ﬂé whose Co/xfay/'zl/m w Yhe testnction
mép ﬂ* —/ P s the /a/m{f{J ) The natured /timﬁ:’w /1’6) =2
is Rinvgrint so descnds %

MGAP —3 (1)
We can 20/071[/'79, Jw"[é)/P ~ G P(}x X x [3//5)*) and (1) becomes
[j,z/o(} x] > 2. In /m/fz'ca/zzr, ol fhers of (1) have He some dmeen.
Stan

We stel have o (- equivanant mep p' fBYP — gt

Fact 1: For a Zansei Jenule Zez, we hawe an z’somor/%z}m
GrALIx K x op)) == x“(l1xk) and ¢ mophism
__Tf/: CXP([ZEX)QX@/ﬁ)*) —_’ﬂ* /s %ﬂl"{ﬁ_
9



Now  consider //f /{’/ Cz)/P — g* We have
dom f(Ce)/P =dm S 1

% Fact 1, the cmage of /’f”’/ Ce)/P cr g* has dmension
f/awl % Mm/”/(fz)//? . rempins 2o show f/df’(y) /s
& dwisor in ’//tr" / Lz )/ P), For f//s, fﬂ//j//zr e ca»/ma;ﬂz/bn
0//’ w. The 7//9/2‘1072‘ /170}/194/'5}% ﬁ;g*—eﬂ*y/g For any Z’e;,
H, z'majg o//”[z’)/p angler J‘/}y’/’ is @’/Z’) (w. 2’ vieweo!
2s an elemey ”/ﬂ*)' We have .974’(2’)=0<==>21—0_ So
Jf)zyw"///"’[fz)//o) (s a4 curve Ma(/u’(y) is A /’f‘”‘fjﬂ
of &/o[n‘f o e cave andey @ifr’gu"[fz)/lp) —-)j*//c’
So [’oa/)m /4’99"'[{%) /p) /‘4'[7 ) 57) h/él% %ﬂ/}ﬂ/ﬁf #L /}’007/ 0

31) lnstrction of /ﬁ(, W, Hom the feaﬂwz‘? of X
4/01/& we A&Wg f,t;ofa.inea/ /ow %o recovey z‘/ e _;mca j; 7%;14
Y — X, 2 D-factmal Lerminalization. NMow we 'l ety Sow
+o  Kecover jx 4 M( %fom /{/ /"/S&/ﬁé 6556177,‘/'41,”;, dee o /Vam[mm,
We start w an important exampte.

EXam,o/e: Zf/é [ c SLZ [ C) be a 75}7/7_16 Su@//ouﬁ 7Z£Se 5q§rm/os
<> ?ﬂ: ADE a/izzjrms. T rcover e ﬂl/gc?mm Pom a 5u5/-v
Group. one considers e minimt /sﬂyftyﬁwﬁc) fesoliction V:=CY[
— X= Cz/ [ 7741 74{0’ aver O (s e wnion of [F ‘s, Two
Componm.‘s either domt intersect or intersect 'ﬁ’mwgm%

ﬁﬂf 2 .S’/nj/é /O/M'f‘ So we e/?con/e 7[4/’1 as & jm}a/ “he
7|



vertices we the wm/oomz‘: wnd we hove a 1on- Oriented edae
betheen Lo vertices i Dhe Component's i Zevsect e resliing
j/af/ (s an ADE jgyﬂtéh g@zgmm and z‘//; &ézm’ﬁes [ 4 %
Coh aja .

The space H Z/ e C) #as fasis Lakelled /g e ccw}oom‘z‘,r
of e 2o ffor LA f,. dente He  (vtan Sw/xx\lym{m in Y
S/»yé Lie %Jm o e some ADE % pe as [0 We //eqz‘;‘;}

Vad 7 C) => jf‘ may/yfnog e bosic eloment in Yo Chs. 1 He S//;?oé
cwfpmf Z)? 'ﬂc /{/. S.

Z&Z{ ’s /0)'05680/ %o z% qu’Z case. Aé’re jx (s z//c Mreoz‘ Sum

of severnl /g/'fc es: one co//tyono/s 2 X' , t.’/aaa[ 4 KX rf} C) and
Yo obhers are Contributions of “codm 2 gm/o/em‘[c Gaves " in X

Delinitbon: Let X be a Risson varets . ?z a {7/14/)&921& leaf  we

mean an  (meduidl tocal &/ofe/ Su zxa/ia%, LcX st
e L is smodt)

. .Z I5s R 6/550/4 Suzfl/ar/fyf}, mmnmog et s /Z/BR/Z (5 0/0}6/
Lndler ‘faxz‘n} A, Wecket w 6)7(
- Wit {[g induced Puisson strucdure on g’. L s ﬂ'"f lecArc.

Emm/a_ﬁﬂ.- Let OCﬂ be & ﬂ/%az‘fnf bt Thn 4. ,)Jﬁ/w/éd[/c Caves
o O we exa o‘t‘? flc C-ovbts
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Assine bl e end of the section tat X is Si»rjwla/ Sy
{émf[c.
fact ( Caledin): X Aas /gh/’z‘cﬁ, ”mn;_‘ %mpédzc leaves and 0,

Moveovel, Lhecr %’y'o/hf lhlon

K

Let ,4,,__)4 be Hhe codm 2 leaves of X so thet X”ﬁ/é/ ;

!

is the 9pen sub ww’a? i X whose wﬂ?&émz‘ has codm 29,
To each of hem we witl associate a vector pace y; and 2
refteLion o4 W, éyfbg, an b, 50 thet j;sc_@ b ﬂ%’c/? W,
[j’o: =/—/2/)(’€o'; C) w. thviak zzﬂ‘/or))_

We can Cw/sia/tr 7{4 74//14:&/ ansversel stie ZC- ‘o L i TZ
hes dmension X so must be e Symel /w‘/}/)/a/oréao/ of 0 in
L7 for é/ﬂ/’fzuxgt oLtermined [7 cS,.(C) [ bheve are 10 oher

Z- dimensionald fym/uﬁewf/c smg wharities). Ths quves e (ovtan
S/mcc 5,7 and He A/?(j}’ﬂa/u % of U some ADE '([7,0@‘

T +tums out Yot  Ho findamentad e PL) acts on j,;,
We i a compatible wey, and j = j;;’vﬂ,") W = h/,:fr'.[m

Let's explain how IUL.) acts. The acton comes Fom /ae/mz‘m;,

e siple. coroots in j = lonsider a Q-fackoned Lerminadizaton
Y —fv)(. Ifs bese c‘%cwje o =, fos o be a ,Cv/m?/ed‘/a vesolu-
+ion Z[ —> ZZ. So f/LNye/w of Y =X over each /ochlz 7%
L is He O-Fer a/ fz//[ —%fz//; When a/wz)nz Davels
avound 2 /290, e components of e fber My gt /ae»ﬂaz‘ep(

Ths gives an acton of 9;’ 174 ;) o 7‘4 @(7/754';7 ﬂﬁkzjfm ASsSol -
12]



Mfﬁo/ o /T 77)5 j/l/ej ‘L(/c actions on jf‘,-; W’T’ ‘f/a}f we /Le&o/

Emm/ufz  Led g be 4 smpls Lie alyebra andd XK= We have
j: =103 There (s one codm 2 Cleaf (=ovbit) known as He sud-
/?wfw bt for clrssical Lie 4{7{/&& 5, 1%91 COI/ﬁ,C/Oﬂo/ % 4o
/DZZawmj /wufz‘[zz/ons:
8L (n-11)
© 80, (11, 1)
i (11-27)
+ 8a,, (21-3 3)
It g s ,c/m/p% éc\w}/ Yop Ho b 4 £ ﬂ/a/)’fja/ter wvbr¥
(s o/ ﬁQ Same ’L?/oe as g and “he Maﬂoa/}’alu; 4ctoon & vird.

7ZL 'Liy,oes 0/ _S’flb% ]4)’ /on- S/M% /ch( //Ef k{}’%/&.&’
‘L‘%m%z/ w (L) are 4, /af/owmé; 4o bf -

g 2 L)
B,, ’42)7-/ 7//2 Z
G| D 247
F Ee RLAA
Gl ‘/'D4 J “S:i‘

i, j}'ou/o I (L) acts gl a//ajmm /wfo/mjs
I ol cases we recover Yo desciption of !./V as j ¥ see
Exemple. in Section 1
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