4&/@/42(2269/ Sjm/aéazlc S/ﬁju/a//'ﬁesﬁ
%p/ﬂ'm;f/om ‘o Lie {4607, Lec 5

1) Havish- Chondra. bimodles
) Wessification, agptication & jenzmﬂzuf/m

11) Detinjtion

Lel A be o /ﬂfhzlwg jVQﬂéo[ (7, voded A - C)
commutative a/g%/a_ 570}29/76/ w a Fysson bracket o a/f:; -d. Lt
F be a fittoed guantization of A: o ftleed associetive ﬂ«%%fa
jm,/ea/ 15 S0 a%dm ZSomoyoé/'Sm jrﬂ’ =5 A

Detinition: St B be an H- bomod .
7) gg, a (jOOO/ Hltvation on B we mean au QSceno/My vector
Space Pbtrmton B=( B, with # %M/m /l/o/crf/cs:
vez }
() %‘U {05 S some J
() 9&" B;, B .k < B ‘V&/ - This S4ows,()7/mﬁkw/a/,’ Hhat
| TR AL j Y
(jrﬁ is an A -bmodid.
([z’i) [-.9?121 /.gs(]j C/gSl‘t/'-a( #K,J 7]1’5 J'/()u/! Z(/zz]f Z{[& é/{&
}’/jéz‘ A - actions on jrg Coincik, So jr/g is A- modils.
(iv) e B s a /j”;{é jmemzfeo/ A -modli .

2) B is IL/R//.SA %ano&a\ /S/offﬁ , HC ) [/ it aﬁ/m[{s 2 jOoo/
7// thrathon
—ﬂ



E)(m/o/es: »The /eju[a/ bimodile K is HC.
- I B s HC Hen 2l of its subs K7aa7ﬁen2‘; ave.

Kemares: '/) A jooa/ Lbtration is hon- cm/ we. MNeverthe ess, 'ﬁé, /ﬁ%h/m}
is {me_ z/ g (//5 Ung dre fh/a jooo/ /&‘/’a}é/om {4«
I mme7 st % C%J ﬁ<+,,,-b’(/ Le#f as
,2) For = Z/@) w Pﬁh/ Alration o s p/w/?/ﬂz‘/ons o/ ém
HC (Bove £ in Sec Z 2 of lec ¢) 2 ree. (om/oa/f: %o z[,(z/}’ao/

of Lemme below

12) HC bimodules over /tmnfl-Zzle/ms o CLOT
Now Supose hat J is @ (> = it cover of @ ﬂ/;oavfc«f orbrt
n g Lt K be a ftfored /ﬂaaﬁft»zd)on A C[D] feca,

Exer 1 in Sec 11 of Lec 4, et we have a /z/amfam comoment
/ﬁ7o P Z/@) — A S a/e?, «j&-&moa/wé can be viewed as
a Ul -bimodute.

Jemme: TF B is o HE F- bimodiks, Hop s abso HE whon
Viewed as a Z/@)—éZMM/w&.

Froof- We have QD@C %l - 5 (i), &m?ﬂjc/g Since A

A ﬁOS}Z(/V j/&o/eo/ 4 rd3 (s /M/tz memfeo/ over /4 we See
Lot 0(4:?9,,@) <eo, c% (z), Am /?500 —IV‘/ So &/e/;, elonert

in BB s contained iy a fnite uem/wm/ - stabt subpace. Als, (iv)
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Zm/nfies B s %/7/'1/6? jme/u‘c/ 73a j@- modeds. e T[] is ;g}?/'{ﬁ
over f@l we see f/ﬁif F is a /mif jene/:z/feo/ @/z/ Z/@)‘
module. Tt follows Yt B is a /?/ziz‘&& jer/mz/feo/ 124 ﬁ/@)—
moM, Jence. 2 HC Z//j)-{/maM. 0

Z) //assi/i cation, @pﬁ'da}fmn £ ffﬂﬁ%ﬁ‘zczif/an
2.9) assification.

Suppose K= Spec (A) is 2 conical S(ympféml/c singutarity.

We write A/[ZY@ 7{2/ Zln/e fwﬁf Sw/cd?ar} 0/ Bimod ()
(‘0/75)'52‘/}7; 07/ //[ {4'/’1400/&»/85, /;r ;g € /4/[(9?) , /a/cz a jooo/ %&‘l’azl/on
on B and  consider 55;4/0 (/jmg)ck le. Pl SUD/VQI/WL} detmeo

,% o amihilator of g &B.

1) L Bomwre in Sec 11 % Show Het Spp (or )

(s zhod;oeno/enf o Yo My of 2 jaoo/ Bbtration. We write
Stﬂ/a/a[dg> 1o 5u/ﬂ/u/jrﬂg)

)Lt T b e LF amibiletor of B Then Siugp(H5)= Syp (88)
Hit: BT <= E""{ﬁ"f/’ (B) & ajaoo/ﬁﬂz‘rn of £ Orduces
one o e {aﬁd.

3) Iy‘oﬂ (S 5/}’}1/‘6,/ '54/» Sup/o(/g)=)( (}[ /g—fd

@efz’m"f)m . 7]& Caift’z?w;(_ 0/ //[ /z)'lﬂoa/wzes A//'-// /wgf Sv/o/owf,
a/eno?feo/ é gg (7@, IAS -f[L Serve /&(DZ(/%ZZ
/-72—19@:/7/(/3@/[5/ Su/p/o//?) £X§

—
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T turns  out Hat /Z/Z— (7@ ) efw’méw’f 4 He CQZ%j’WZL a
Yepresey tations of a finite j}’mf Yt s a 7ao7flen‘f of e
A)[joémjc Lonclamental oup & G /X)), H con fo defined as 4
/l’o-/lnz’fe Lomp lion of the usued %{na/zmm‘d jm70 aX ) T cortyols
He Foite etels cowrs of XF in Ha some way ") controls
‘fo,oofogicw@ covers.

IC;ZV[Z: @’d} /)/reg) (s %ﬂz'zzc {/Vﬂ/m.WR). //emz ‘(/z/ﬁ/ﬂg) ——».‘/7/""13/[”5)
and cuety PInite dimensionad /ﬁ/)’esenfaz‘tbn oA XX ") ftos f/fa@#
ap (X"™)

E)mmpés : 1) Lef 0?/ = [//f, where [ és 5/}7}0? cmﬂfﬂlm// fo ah
@yivar/anf cover of ﬂi?o@‘eﬂf o6t andd A= Spec cLo]
Then 9 (X')-37(D)= HIH, and Ty~ (X") =37 (")

2) et /FCSP(V) be @ Hnite Jua:?rou/n b4 Y=/ Thew (7/}’“[3[/’*3):;3)/["‘7):/_’
In Ao jWR/[ cose well write [ 7(& ar s ')
TAM / I{.—:/X): Theve is a normel SL{/J}’M/o [3;,4 [ st
HC (#) => oo (T]1})

/%reom; under mitd assumptions on /{’ ohe can Felover /o'; Bom

2o guantizaktion prrameter oA K an loment of 4/ W

7]



E)(amP{{: 2: Lt =ﬁ{: be 4o canomieal /auwfc%afc'on. /ef j(v " de
cover of  X'? w%;wna/m} %0 /— af Set X:o= Spec CLX"] <o
Yot [/ 1 X X= RN Lt L. L e ol codim 2 oases
in X and st XK' =X 11 ,/_[a[ 50 that (’oo/m X\X 29 Assume
yone of th stices 1‘9,[ Aas ?f"' £, Thn X st meximal
cover o/ X anramited over )( [ )( — X facHors z[//p@p/ every
other such cover), LIMMB' 21
Let [ be e [abois g1y o X=X W construdd «
7407 tor ,87) ([7) —> HCEP) Fhat Hon qves nse to Yo desired
Efasze}m ,@ip[ [7) = /L/( (). The 1/4///1%} X is & conicel symp-
lectic smjw/zam} et ﬂ/ be its canonicel ;awfc-wf/on The
[“~echon of CCX] extends 4o Jf g F= J% . Jo q rpreses-
“tation T of /_/ we aSIﬁﬁ Ao //4/[ af—émd%
B = (2‘@9?’: )"

2.2) A/ylbﬁmflm
The. main 4//4:@2‘/0/1 (2t Hhi's [ooz)v-f) of Y cbassification Zhm

is fo defn ning and Sﬁ’%"'j— am/o-fmzz HC bimodates for Z/@) —
Fhose Yot Shoukd 60//0790/40( ‘o ”/?o'fenf orbits £ Hheir covers
wm/er ’flz non- existin ﬁf//zz /MVL%/_

ﬁm/o/e/ niton [ [ MBM Z/) LA 72 be an eym'l/a//zwf cover of 2
/7/?,» fmf 0/5)2‘ 177 3 Lf 5% (s 'L‘L canonicel /oaufz—sz/an 0/ f[ 0]
Tow T s semismpte as a Z/@) bimoduks . The simpte A sum-

mends ave colled am otent bimodules.
5]



Che con 56?# 2 (i aboul angoafmz‘ bimodiles 4{5/@4 z‘4 je/m/e/
zl/{o}fj,. //76 Cay p/esw'A: 'ﬁé. Mn/'/i/m‘ar_r = /(e/m’/Zs 0/ P Z/@) —aﬁg’ )
3} Thm in e ead 07/ Sec 12 of [ec{ 1‘% are meximel
ideads. [he can com/aufe Hoir ‘Onfinitesiml %maﬂlersf (e e
C0/7’£§00/70{m;, /Ooz'm‘s of j/ %1/. Ohe can show that Zho aﬂ//'ﬂoz‘&vf
bimodules w given annifiletor are 05255//%/ @ 72 i 66
/’q}/eSeﬂfaflom 0/ 2 certan ;éhz;ff j/’pu/y — z%’; /s h/leﬁe ‘f&
clessitication Hhm comes into /afay ﬁmzjg e cay Show Hhat
most of m;}?o"feﬂf bimodules ave cnitarizalh.

2.3) Jech m%ues of /&}’oof

776/& are 7,[&/0 £ Sﬁ? s:
Sff/p 0): Fodua a £l eméea/a//:g //7?-(3@&«7/@? (). Both cateso-

Vles are /440140[/&[4( So (s the functor. It wmtd /a%w -fn/az 7
Zmaje ‘s ,Pe/o[r/gl) for 2 aﬂ/'?(u gdf

Me witl 0/4/% Z)t)y/m'n whot  the Anctor does o o;{/’ed,‘:- frce
BeHC(H) and Equup it w 4j000/ Abration. 7Z¢jr/5’ (s «/nﬁiﬁ
jeﬂzf/z?/’tftio/ A’/MDM. But it comes w Ay aa/oz/'{lbnn/ _S‘z(/'adc/re} a
[Bisson braceet Map [, 5: A8 —8 e 501

Lar Ky, §+ ﬂgsJ-, $:=0lg67+ gftﬁ—/—r

R setishes usual axioms. Sp ard becomes a *faisson A-moduls” W

view ar8 as 2 cohwent sheef on X Consider Ao restvicton G785 | 7.

Becall Yot ['T s a 5}%007% ) Symplectic variet.
= gt iy



Fact: Lt Z b 4 smoit) S(/W//eﬂlzc VN/%} & M be a lpisson
%“MOM. Thn M fas He cM/'/oue @2 -moduly  struiture st
fv o Cocal Function ]“0, the vetor Leln {7;1} o 2 acts as o
bracket w £ wrt Ho Bisson modily structuwe.

50 @r B)/ s /ccomes an O-coherent @’I%OM, (e. & Vector bundts
w2 ot comecton Pee xel€ Th fbe (jm’f), carties @ Fpresen-
totion of HX “U) Hhet must Sactr 750/7’01:74 K% (X"). Dy ﬂﬁéofs,
ouwr Junctor is /g"“*/jrﬁ).

s not clear Hom s constructon W/? s a Fmctor. T,
actual  constructon of e full &145{0/0//”2, is more involved,

S{ff (2 We need 2o %jwc ot when VE@a [~ bes in 4o z}fmje. This
Can be /einz‘ﬁy/ﬁrﬁfeo/ as fllos. W con ‘mirloalize” B 40 X
j(]&f)hj/ /0@/? S/&znhj,) 2 S/eo/ of 75&‘0@/ %f/{/as on X ,’e}
4o be olencted ;/7 B We con sttl fele bt HC bmodits
over F Moveover  V G@,o [ gives Sse Yo an O-cohesent Q) -modid,
an X yﬂa; hene to 2 Bisson Q{,rea ~-modute. Che can cm/kuaﬁ 76{@}1%&3&
it 4 ashat of K -bimodides on X't % b denoted {;,
5, *

Dy /mesz‘/’on A w[zn /gﬁ COMES 45 -f[r. /451,1//'011/&/7 /= “Mickolp-
celization’) of 2 HC P-bimodie. I oher WD/’OZS/ we neeod
4o know whe /5/63 extends to a HC H-bimodute.

=



A classical fact abBoct cokuent sheoves in ﬂ{jaﬁw}: jeomd?
/s ‘L%z/é oNe can aju/ajs 6)(1[&40/ Such Q S/ea/ ygfom an %e/; Sub-
Variei} o an ambigut Vwﬂmj}. SM@, s is not e case for
coheren® modudes over 7amz‘é'aazfzons s ey /50/’5" et [ @@)3 [oF
o Sfao? Yhe que stion of when one con extead 857 %o N weitl
need constructions FHom Sec 3.2 of Lec 3 recalled o &M/ﬂ&
2 in SecZd4: X XU L[4
Let ¢ XFe s K be Ho inclusion. We nerd 4o se Lo which
V 7,(4 /D'%WM} /Jols
() 5;3 extends el 4o X ,/ ie. Yat the sheat- theoretic
/uséférwam/ LB is cohrent in a suitalls sense.
Chee s s known, set 3, = [ | ( é*ﬁVrej). Then we have ﬁylx,?’—”zgf"
To address (%) we show thit e f«cﬂ[/on o whn by dgyc} is
cobeont around L con be vedund 4 2 stiw O to L He ﬁef(% -
borhood of O in €I In more detoil , G4 Ael, & e
mevfo of F 5 Sec 32 of Lec 3 j}( =J§j} W,
jJ Cajg =jct//j —VJ'=Z.. €. LA A be Yo j‘ -60;700/4&:71[ of N,
and “9%,&‘ i Cor/cjbom/ug, /umz‘(zu‘[m of C 7[ .
Niste -fﬂ/azf 1%& nclusion 2: <X _quves. rise % e j’}’oa/a
Aomo/hor///sm /;=57/’d5 (S \{o3) T, fl?,”dg/)(”‘j) = [T Thes
Z?V’C} (5 cohvent avound f‘ H Hoers 2 YL (9% /(l_"{/l'h'gﬂ/u/é
m%”f‘hd‘f %o 54*/ V) wnder qur Sndor Ohe CM)MQ,%-Ze e
tater as /0/40@ as [; s nd a/typc é;, (7 ( Z078)
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24) entratizartion.

Dhe coutd fr(}, To jenc/dia@ Yo chassitication +hm in Sec 2.1 4,
#Le /oyoﬁem of ”faanfizin} Smj”[” /%ij/kws. ’ /ng&ﬁ) tt X e
2s before. Lonsider 2 sub vw/%} yeX SjSjél;g He /of/mw/y:

() ¥ Sjmpfeﬁflc leaf L<X = YNl is /5076’%16 (ie 4
testriction of ZZA jym/afeﬂ‘u 7%}% #pm L o [yﬂl)m} (s ze/a).
(i) YNX©s =Y
(ict) Y s stabl under z‘/:, conf/ayf/n;, C X acton
IA/& 07/1(01 /@05& A 40/041!/0/4&,[ cvmé'l‘/gn :
(v) 7 is (e ducible 4 Coa//my 75/”2/22.

EXam/D&: faﬂsfa/fr 7,4(& /glsson Var/oz; / X /{/ %f h//é/c ”o/p/" mewns 1‘/@2‘
we mulliply -3 é‘l ~1. Then )(a/mjc XXX sedishes (1)~ (1)

One codd ase to /aamrfc'—ze J éfa;‘a/peo/ with an colstoonal

,51%0@}%) b 2 /hoa/wé over 4 ﬁxe/ 7aanfc'zw£mﬁ F
I () holds, Hen v 2o additiond strubare we can tare a

vector Gundle w. a twisted S cometion on V¢ /e.j. in e
»fz(am/aé 'L%J’c's Ao fMSf) 14/6 are /oot:ug 7@' &%‘Ma% M st
+ ”ﬁaoo/ %%meioh " on M p 4l vestriction ji’«/('/ / Yy (s He
/;xw( Vector bundle w twisted //R:f comnection. Such S s expec:
-éeo/ 4o be /{ﬂ/fm, z'/ it exivts and -%. /m:r//an s w&« it exists
This is ex/acoz‘co/ Lo o reduced 4 He case when gim X=9

(and hence dm Y=2)

|



Ms-mdq_ s /'a/fo/c:j}, I K S 7 hove clessitted HC modules
over gacntizaitions of CLOT  wheve codm 5 9024 1 we rempve
s condition, Fen (i) 1o ﬁvyw holids and He  situation becomes
fom/aﬁ'cufeo/...



