waz‘éze/ Sjm/afwfzc S//yw/m/ﬁe&&
é}ﬂ/ﬁ'c;z;f/om to Lie Lheor : Lectue 2.

1) Eyw'mn'thz covers of ﬁz’éo‘fm-é orbits.
2) Sc'ndqa/a/ ggym/o/éoz(/c variedies,
3) f/asszﬁ'cafcm of 75 Uered /WM(ZQZZ/MS.

7) Jet ﬁcg be o mtpotent ovbit. Then D= G w H=Z () A (-
eyuimr/ﬂn‘f cover of D fas Ghe foom GIH' w H'< H « Fnte cndex
5«K/mu/o. In other words, covers are permeterized by su b roups of HIH?
wheve H° i Hhe conmmected C'aM/oa/zwf o Tin H Tn what /O'%IVJ we will
O/{fn call ji = C/H/a ///?0075&11‘ cove’. M’/ ﬁte ‘fo c/ho/erjz[ano/
zz/e jraa/o ////'/,0 7%’5 (s oéme MMJ S{- ‘fh'ﬁ/fs,
“ o Show that ié) ~ Z (641K Hhipoffnfjl’abya.
« Deduce ,Zé.[t)/zc(c)a —”—>Z¢f§4,/)/2¢[f;4f)_a

The Component 7o Z.(e)fZ.le)" is known in &l cases. fov clessicad Lie

a,lig%ﬂzs Z{’; 5450‘1 ‘o determine Zafg 4,/ ). 7Zfs (s a/om 7 He
5A/wf 74}' /ecfw’e / #or BCD ’Lf%nﬁs

Froposition: Lek (= SL,(C), G(C) or o (C). Lot D b < mplsbent it
Cor}’e_S}yaha/mj_ o a /a/fn‘/on [ /7/' ”;/k ) /0/4 20 15 zé(e mwﬂ’ft/aﬁag\/) l Cea
1) Let (=SL(C). Then Zlehf) =y, q)€l1GLELI [T detls,)"=1F
_{wo/ 2(6) (2 1hZ)—» Z.C)f2. ) = 2/ (LD 1) T.
7



) Lt [=QC) o Sp,(C) Thn Zolehpr=[1G, where
i =Gy i 1 is odd § Spy iy is even G O vice verse

for 3,0; ). Therefore, Z()f2le)'~ (7/22)7 where 2=
# of adol Gor )/ even (for ) 105 (= # of O fackrs in Z.1647))

Exm/ﬁ: G = <$oz,, (c), & com:?oamé b (21.,1). W have ,igﬁ)/g[c)odZ/zZ
We tlaim et He Z-7td cover (/ZL(e)" is cY\ (o3 /Memeﬁ,(,’aﬂ.?lb/ﬁ}”
He naturel (-action oo € This action is Hemilhomen w. moment
map CM——-?g* : fﬁ(v),jﬁf&)[jlgv)) wheve 45 is e fom used %
define (.
: 1) (hecx 2his.

2) Show thet inp=0

3) Show that aver () He morphism i is a 2-flo cover

Se, we juf the conclusion of His fXa/u/ofe,

Tn the end o/ Sec 3 of Lec T we fave shown Lot e
a«%mfm CLADT s ;‘7}1)’7.‘6? jWMfea/ A all /7/'@07,‘6/72‘ arbits ()
This jeﬁemﬁ zes To all /ﬁ?ollwf covers,

Theorem:  [et @ be an e/ommm,,z‘ cover of a ///;aoz‘enz‘ ovbit D Then
ﬂ@] (s & ;5/7/1‘:{} jmemfeo/ jmaéo/ /%/'550;1 ﬂ,{}dm_

Skefc/r 0/ l’ao/: . 5/5 symplectic a/z'scaxw/ o Sec 1 o/ Zec 1
s Sy, s, T
- LCL@] is /M- jeﬂ’a/ : COﬂSidﬁr f/e S{fch /ecoﬂ?aosz'f/oh 7/01’ D —0:

2]



i fackoizes as ‘Lzﬂ/ﬁ CUIM/oosi'f/on @J — X ——>>0_, where X= S/’aec of
He fﬁlzﬁmf closure of CLAI in 4o feldl of retionad funtions
on 0 Mp/ [})V——ﬂ( is an W emo/ea/oﬁ»;q_ From Co//mg— J\@zzlwfz

7

0/£a/aa COﬁ/}mX X[@]%Z and @ Fact 2 i Sec 3 of Lec Z h/ejﬁf

ClD3= X1
'fraa/m}évfxm, D lifted foom C0 a} z.j'=Z”(; o sutafle d>0.a

Detrn: the dz%jhz'i‘aif/on of J (s X-’=Lg/’0e:c CLOT

2) Sin jaéer qum//goz‘/c varietses.

2.1) Detinition:
We can 4ali about (Jy%}ﬁé%!/c smpsdh venetres: Hese are smodt)

w/g%m'c verieties eym,'n/oeo/ with an a/ng/a,éc Symp lechic fovm: a
.SJn}a/eaf/c [/e&fgr ;mce (s z% /mﬂz /af/'c C/mm/a é.

A_Ve}} ij/oéd‘/c 5moof/) Va//r;i;\(, )( 5 6155'0}7 Meaﬂ/hj_ 1[/41‘ 0)(

comes  w. a Pisson backet.
geauwé& [ 2000) jeﬁem/é'éeo/ ’L‘A neton a/ %]n;a/éu‘f/c”’/a
S/;ij&w Porsson  yariedes.

Detiniton: Let X be a Bisson vanety. Wb sey X 15 5 M//%m‘fc
y W sy N1 ymplect
/4. k.2, S/Wju/fczr {7;44/0{{20&[/9 aAk.c. 4&3’ )‘Jm/o/ea‘t‘/c ;/;:/fa/ar/ﬁey) c/
() )( is normavz (¢ ﬁno/} 75/ Jz)n/aé‘a”fdvl o/ szOS/.ZZIO'I) z')’rca/aa'a/é),
() +4, restriction ﬂ/ 14. 51550}1 Stucture o 2‘4 5144002’/ locus
X YQ}CX (s ﬁaﬂ-ﬂ/ejeﬂdaﬁ. Zf/{ " e”éc)ZZ//{/ h:’) be -ﬁ co//f,/vw//%fj,

3]



{;m/o{eof/a ;@wm, £

(D) thowess a resolution of 5/)7Ma//¥/e; P ¥ —=X 0 meanmy..
bt Y is smoot and 9 i brationed & /}’90&/) 5.t ¥w")
Z/rfe'm(s yg’am 5)’"//{/”3) % a /?ju/a/ ,7'7‘2//14 on Y

lgf}%ﬁlﬂts.’ / ) Z/ Wwe 4&1/: (2'[) 74# ane /ejo«&{'f/wf) /‘t/’; z{}’u.c 7@# zu,7/
resolution, s /Vom:o/ M/eaoly/ é Beauntte.

2) The extension of W*(0"%) 4 Y 15 ctosed but ey Sail s
KE /70”-0/€j,€/4€/4/’f€. _Z;/ /f/j //0174/62,&4{4/4’16 ((=> )‘JM/UK"QZ((C) we 5(27/
Bat Y —X /s a ()"/)tyoéﬂfzc resolution.

L. Z) gmmpffs: sgm/aéoz‘z'c 7uo'f/}m‘ J(h;or(ar/z‘/es,
Lt V be a fuite dmensionad SJ@O&&Z‘/C vector Space w. form
Mo( FCS/DKI/) {e 474’}71%6 Suojrau/q Set A= V//—/KS;OZC_ S/l/)r>
Tos a Bisson variek 4/c S[V) FCS(V) /s closed andler {;-f.
geauw%a /}’Weo/ ﬁ/ﬁtj itrs 5/}270/04/ J(‘jm/p/ém‘/c, Niem , ﬁ/f: cApim
Yt X is noml is studerd T p: V=W is e qustient
mg,%/,//gm/ o (Y1) s Symplectic : e ?')/)t?oér/'i[lc A e scends
Hom He restriction of w % /’/ v/r )’e’ )V 4 Y& Mmm/}fc’a/ over (V//")_rch
The cleim 2heit VI setsfies (i) mes cAecred ? Beauvitte.

SD}MPJLZ imes V/ [ Aa.r 2 5//:%/6021 Ic /eSaﬁ(lzIbM / ano/ /‘Z{’J' /WIZ‘?, Khowh WAEM).

/%Z‘e,gf'; exam/ﬁ{és ;
7



cdm /=2 so Lt < <, (C). T );,ayéd/c tesolution of CJT

is e higue minimed. resolution. This case I very important  for He
jmm/f fAeor} 4/c ’%cajé, ’ crery 5/@1{@&/ ,(Vym/ofec’f/c [/ar/f/f} of
dm 2 is C/T for suitabbe I

+ This case iswit relevert for 4his cowrse bt too important o
Lgnore.: /= /CZ)&Z” [=S5, ao’t‘/y on V o}/mﬂmﬁhj He copes of CF
Tl X is the symmm‘r/c power (C 9°7S, [/Wme/fer/zes unordered
/- tuples of /a[m‘s in C') whts #r Y we can Tare HEh, (C°)
Qoamm%’cr/émé éﬁjz% 1 subschemes of C°) Fos S‘jﬂ?o/eyz‘/c.

Z.3) E(Q”}OK”SJ \%ec f[ 07 B
Zﬁ’f ( be a _S’emz'j/m/oﬁ ﬁ/{%&{/’aja j/ﬂu/o , a be a ﬂ/éﬂ‘fﬁnlz cover,

ﬂm! )7 =5/Dec Cl @/j (s /S/réfa/ar) SJ/h/oéwf/c

The CrSe 0/ j s g /oﬂow; Jg’om 244 Wore ﬂ/ /%ll/éﬂ/ev & /4/1}7/'{&4 :
one. can /}’oa/ace }/ asmg e 1‘460/2 A S{ ~ 7.(#1/0 /E'_v, -f/;’; is done o

Sheet. The jﬁ'//em/ ase can be educed Som ere usmg
some resubts from A %%/’u’c jfomyfg.

Somctmes X adwits Smplectic tesolution. Terns adt, most of such
/650411‘[0/75 e 07/ 'L//e 7érm 7_*( ( /,0 7, w/c/e P C 5 (s /ﬁl’@/afgc

= //Mcél , & /ﬂ/tb{o lic  Su {fm’/g of  is an /M‘LLOMKZ[[(%
5



comected) d{f% raic .saéjmu/) Ve (a/fz‘mhm} 2 Lorel S’u?l’&of/
& 0P i //’0/6021/1/6, We howe 4 a/ecaﬂya:/'zz('oﬂ P=/4U, wheve
L s comeded rednctive 14 Levi _s‘aéjmc}a ) £ U is Uﬂ}Ofolﬂ{ for
ZXM/Q, /3}' (= SZ,,, wd 2 cw;?oas/z(/m N=/] t.+ N we can consider
Ho su barop P of blece upper fhénjuﬁw matries w. 8loce sues 4.1,
1?5 /wem/faﬂ’c w Levi [ of all ,{L”ocr—%@;m«/ mattices & U ben
Zhe rernel of Bo natwad //(o/'eyfzbn P~/ [t h:=Lie )
/0/75/'5/0 {/e [afm ot a/wfﬂ/ﬁ 7—*/ (/P). JZ’S 5’/17002{/ 46 S{y/n/o-
loctic. Tt can be "ﬁ’j”'/f of a5 He /omajflaeaas vedtor burdt
Gl k) (Ghe guotiont of O (qp)" b He P-acton gue
éﬁ p. [j}o() = {7/0’,’ /fo(*[p)o/». We write [:?,o(J Ay o Parbt of (7,4],
1%'5 (s a/aom{ i C’x”(%g)* Nite that- /5’L=€ wrt. ﬁ/ﬁnj_ 75/»7
f"””} a /9~efw'mmwz‘ /50/:4474//5/17 @46)*?"’% h. The [-action o
7"*((/,0) (s A/M///famw W Moment i j/l/@n @ /@,&7) -"/40/(/7)0(.

/W (s /Ia/oer,

£V£y, elemant m b is ﬂ/@dfﬁm{ so m ‘/H cons) sts 0/ /i/éﬂofmf

elements. Sme Yo mmber of ///ﬁaz‘wz‘ arbits is pute (Fact 1 in
Sec 4 of Lec 3) & im s ivednabts. (e T1CR) is), it folblows

it 5./ orbit @p e st Znyﬁ@;, In Z(ZL /szZ( 492‘41;@/ we'll
Scetch to arguncat bt din G, =dn TP T folltous
thet  TGJP) contains a &//7/;&{,& goen 4E, @;, whid is

ﬂffuiVmMz‘ cover of O, é o Stein fotmizeHion we have

He /»Z/awmé Commetative a['aaq Yam
6]



T*((/p)

=7
m’l N i
5fec f[@.] >> ()

LI (s a ﬁmpéﬂfic resoletion o/ Jz;gwﬁw/{/a,

EXM?/DZQS: 1) Let P=B Then Zm/=,/V /46Cora///7ai % Lostod, N i
mormad. So  we jﬂz a gn;a/{'mf/c resoltion T () — N e
5}//%5& resotution. Ths s one of He most [m/oorz‘mz‘ /1707&/)'5)"5
in He jeamﬂ‘r/c /@loraenz‘afmn zé/ew} ~ See the Lhriss- gne{w&a boox.

2) Lot g8l are o riggtat orit D=0, for A LAt
At dbnote 'fZL 7/[)’0/75/03?0/ /Oen‘iz‘/on (i-e. A /wz‘/f/on c’or}zyacwﬁn/,
to £h Z‘Vms/poSep( /V"”’;L Mkymm ) Fce 4. m@wﬂ’z‘m cmxzjz‘/;g,
of /DM‘S o N in some ordev anol fare He (oy/&;&ﬂﬂa///g, /xm-
&5’&, P Ohe con show Yt im ‘/czr o X Jv /s jeﬁer/'cwé{} ('t?/'t’c-
tve. Moreover Lft cad Frocesi checeed Hhat @ s nomel.
I follows Hhet a2 TN p) —>0 is a Jj/;}oém’c'c re sotution.

3) Zd 5 = 5/0 y and 0 (’a/%:;&mo/ Zo 'f/ﬂ /@rﬁ‘f/b}; (; Z z) 71'-
group Z,:(c)/gfff)" (s ZHT og PVO/OS;'Z[[M i Sec 12 So we
Aau/e A /-/0{0/ cover @/0/@. ﬂ; % m‘/&r /ew( /e /Mt Z

SM/‘S/M/Q‘é w1 /Wa/lﬁﬁc;, /Z g 5 [onfes)oow/ny, g KMJ, & Short. torts,
7|



. Show Yat 7%/(/5 ) and T XTP) ape (y/»f/éyﬁc

resolutions of L_g/OEC, ClO1 & _?ec C[ZPJ] — and ,@:um out
whet tesolies what.

3) (tassitication 0/ 74 Kfare/ ;aanfa'zaftbﬂs,

5675{/@: 45 %m'{cg jena’tﬂ[eo/ j/zz/ta/ commutative C-~alecbra w
Risson braceet of dearec ~d (de 2, ) We assume Lhit

. ,4°= C seq: X 7s a conicad symplectic
o 379 g7
. )(: = \Sl’uec[ /4) A .51/(7]01/4/ jjnffeyﬁc S'//gwéu'/zj,

ﬁeorem / 1L Z015): 7]6}’6 are R %m'z/c afmeﬂsiank/ C-vector spac
J/X £ a Pnite cysfﬂl@@yﬂ/m teflection o W< CL(8,) st thaes
a neturad  identificetion:

[ 7&5:”1‘&29.75/0”5 of A5/ iso > j(/h{(

E\Wﬂpf[%‘ I be 2 S/S/m/né Lie ﬂ/{%\'nga and Nea be Be mitpotent
cone, % Sec 7.3, N s singuler Symplectic. Lot J W be o Cartan

subalyebre & A/ej/ o of 9 > j/zr = j * W= W The 7uw;1‘£2a;é/on
CDI%‘:‘S/;OIM/MJ/ % Wle j W & constucted as Sollows.

[eA ﬂ@? be Ao universal f/ﬂ/&Zro'nj, a/%%m a/f] K ,{ZCZ//g)

be iHs conter e have e Harish-(handna c'somayaé/m Z =5 ﬂ] ik
/WABVZ/ 5; convention, Wil j * s e usd. linear actin). So %o A< f*
We can dSS(lj}’) ‘/4, maximal /'a/fel /h)‘é f[j x] Y Z casz/fzzm} of

Y4 ﬂmﬂlzkms szsn/mag at ;1) of course, Mo =M, ¥ we l/
8|



Then Yo 74«@1‘/’2@%}7 of CLNT 60/’;25/0”514)7, ‘b W) is He “caytrl
feduLion” U = Uly)/Ule) . A /mo/ wh s indeedd guantize-
Don Is svelihed i Sheet-

Tlen we hove 4 /w%wm} ZWo /aueyz‘/om:
1) How 4o construck j;(?
2) For léjx/ how o constract 4k 60/7’&5/90/741///;{ /&M({afzoh?

Well stort ? answerns 7) i & speaad cas, “h penernd
case W/gf p/e ﬂ/ang/fe/ ch Zec 5 ia.ffﬁon Z) witd /e do/a/ffsfea/
in fec 4

7Za S/m/oészz case a/ fMCS‘L(lDi’I 7) s W/»w )( dﬂ/mfzzj a SJm/o/édl/c
resotution, sy 7 Then

S H C)
gxa,m/oé: /d X=/M We cay 'fakt: }’= 7-*[(/5) A/e. /au/a
H (T (5/8) C)=H 1078 d:)=[/oy 5/qu§ comected Lie 7o 4 &
lie subgronp F, have HICEC)=H'(F,O™ [- HIB L) - f7

Werll see 7_‘/4,1‘ o ‘fZe_ jemm[ case we heed 4 ,%Wé‘é J



