(O\ivieo Sch’rppmanrb COhom.o\O%'\cg\ Hall A\casbfa&-

§ Mokivation — Represedation J\’f\eo% o& Kac—-Mood% &\%eb@g

Given T & gecealiced Dynkin disgam, get & Kac Moody  Lie a\ae\o«a & . Chosifa a0 orentation
of T (we ascume simply laced) e dlso et & quiver ®=(T,E). Old and clamsical Hoeorerns
eate ¢, {o the representtion dheory of @.

Reeall 4rat g s qiven by genersiors and eldlions delermingl oy T I paslicdlar Hhere s 8
Ceran ghotlgeba h=¢ . The afoiol adion W& ques & deropestion = de@h’fR Lo icto weight
spaee,  where b= Hom(h,IR) and fx x€ly, Sy we hate Leeyl= a@y. This is such drat ¢=h.
Qayy o#0 & & weot i) &£,#0, wole A=Y], for e =f o wols. Hawe & dewrmposton A=Aud"
ioto vasl and imegicay wots. Hawe  dimg =1 | «€a® TThe lie sgbe & gedad; i) «pEA dhen
dtpeA and [& &1 S g -

Re =W , e Tspn o A, is dre ot lalfice. This hes & Gastan forn <= and for any croce
o cimpe rods TI=Jaidi o odr postoe hotes AteA, nt= ko@D g, . The enveloping slgebe of]

de At

h* hae Chsua\le% amm (e‘- | iex ).

On 4he quiver sde fx a field kR ard concider dre cagppry, Rep Q- This is heredetany , and
fre numeda Grotrendiek gaop Ko™ (Rep\p@\ N %ee\% geoeaied by veclex sicoplea. Thie has &
sypomehic Ever form [, NT = torn (M, N) —ext' (M, N) -+ hom (N, M) —ext (N, M).
From this dale we defice A_‘&:{ de INT]| 3 indecompoalde M€ Rep, § with dimM)=4?% . Thie

=+ im0

decorepoes as Ag = A*g@' WA where de Af® 4 wome (squivalentiyy dl) iodewropeaale M ol,
diwergion d are rigid (ie ext'(M, M)=0).

Theorem [Galodel, Kael. For any choic o, posifive redls, them e o lattice isomorphiom K";’“‘ Rep, $ = Q;%
sending [SiT Yo dre smde postfice voot of; , and dhic meps A}‘{; (age A*é;‘ﬂ icomorphically to N
(esp AT, 477). Fochesmore YdeINT I Aga@)€ THT coh tret for any, pome pouer q, Agd®
i« pritelly e nuber o, sbeluly,  itdsmrmpcadle  ddimessionsl - represeriabions f € (up to o).

Thie ie Lewel O — a dafeert aboot Ky, <o homolepical dimengion O (semicicpification)-
On level 1, ve omider Hall Algbee or wrchictibe flp -dheaves  and wmwer Ug_(H}‘



On level 2, foking tre (HA og‘r*\?ep@ s the Uangan — o looped version o Ug(H).
O lewl 2, the aotical GHA ol T (T*Rq:kQ) In pachice e erdous moe sl onto level 2.

€ level 1: Hall Algebec

Fix & finle feld k=TR, and &t Mgq(lR) ke the qoupsd d-dimeosiorsl lereprasentstiors o ® . This
hae fioflely roany &omosphism c\aeses Defice Ny, 1= S5) Rm( (\kb, C[“,) , ad «up e wih a
binany, oreration & folows — Qd d(\\:ﬁ s dre goupod of ghor’remc’r sqenees  0->M-rN—+R—=0 o
BQ-epeseristons uh dimM=d,, dioR=d,. This tes mape dLID x D <=M Mgy 0.
Tre fler ) g aer MR i e gqoupod o b edersions 0->M—>N—>R—0, o lodks like 'Q%ammm
whle Yre fter d) p ook ddimensiors) cdoeprsentadiors of N, ie looke like & Grssmannian.

Weting Ha= Ron( dlgg(), €, wet & mullipiation mHy® Hy— Hara, 3 Gl A & '(@@)8)
I dec worde, (Fg)N) = mg) (N) = S =5 A g (M.

M<=N

n

There excle a smilar &xvis Re & comdtigiation.  Greder the mival paicoy  <FE7)= 'T £, A,

D=2 DL . The mifiglcation sod cxmdliplication e adipet wilh speck o ‘s

“Theorem [Rinae) ) Qreenl. The mufiplication aod cmdbplicaion make H idto a (huslad) selft dudl bialgebe

e
Nde e \3& coretaekion,  gpdion He ™ %(Aim\-\c\\zd = -‘J (1) ot = EXPJC (}: L Aga®) Zé)lt:q_
Mere Expy, is Hhe pehystic exporential dhab hacdles e discrepancy o) conls belueen  shspldely; indecomposdle, and
indecornporable  represedistions, oy, wurting Galois it
Ey if Vis a lNQ—aﬁaéa;\ wechor e then Xi%cdim_rgganz\b 7 = Ex, (Zﬂ_ ca«d'\m_ﬁ(\/) zﬂ>.

Whet i dhe dnclore of He over \qu? Feat look &t e gp\rehca\ Wall a\@bﬁ HZ‘;‘“ which = the
Woalpeod d Re pere@ad by indicator (randkeridic) furchiors of, vedlex swpes Al

Treoresn [Rogd Green]. Mg & omorphic do Ugn i) ae a quachucn qup.
oot iden - 1 s ey, fo dow dre eiskerre o] 2 biddgeba morhiam UQ‘VQ(H+3*>H§\‘ - Now
Uq_'h(l’l*') hag & cropabilde ron-degereate Hopf paiing , e Dewfeld painrg, mald(\cer Hre kornel q
o map a0 ideal and codesl wWhich dees not conkain & Clrevelley, gereaior. This implies Yhe. kemel,
s towal .



Treorem (Housel) (Kece erptoe 1), gim H;‘;;q:r—:)@(z; Aga®z*) . Equaerily re
aeeact Jem o dre Kac Rlypomial Agy®) is dre divenzion d| fre wsgnt g & .

It ie dren retwal o ak whelher e aa@\in% on He seh et e 8@5&&&‘\«\@3&00 vecovee e
athre Kae po\;g@om'la\? \n thig S\\\)&\%on, 1 e a g@:ﬁeﬂ Le &\erva :‘g ach Yat Aq,d (’G) 8’\\!93
-\he%@chd ditdenaion og %i (w\\’n ‘%=da3ree01>ar\og§) ?

§level 17 : TThe gromelny of Hell dlgedore

Work over k=15 o @ Now the grovpoid Mo d(R) wrsdered spve gives Hre g poris of) an Adin
dock Al wih lrointe [ Hom(5® 149 / TT @lla, D], This is a smooh oloaal quabent:
The faisceaun—fonctione  Bllows us to reace  Hayr,  with Dhee(Mg) (ot cefhciecs in &,
pasbly). We it al duckoes o dhie dack.

Noke now Mg A XM@%MZ)L;% Mgz, & 8 diegem of sooth decke. The ed-dack , whidh
pomeiees shirt oact @quones, & he ol space o, RMom{ €4 ,64,)[T  where  8ae GrlUlgg<T)
& e dutologiel buodle. Sto Rep® i heredetay, ) RHom(gy,, 84l i« o perfect aropihude 1]
e w ie & sk veetor buadle.  Petue : two wdor bundles B Bgr gy x Mgy, 80d & mep
B8 - Taking Hre quokert EofE., (wrere E,DE, by tre given map), gt U™ a wlor budle
oy ok <dj,d,> =hom(d d)—ext!(@, d). Tre map T it not repeedible kot # 8 almost ke
5 eetoe uedle.

The map T has fibers given by Qust eberes | & & & proper.

We woid just take \ZBC“,S (Jld%ﬂ with  come bicexy opeation To T bt dhie wolld ke Yoo lacge
fo do muen with.  [nelead %\\ovoir% LUSZ'\"\% ; W axaider e abealegony @QC DbmJMQ\ geresied
by the wostaor dreaves @lﬂw.- (ieI) (Mo& of e we Uy i P/eml ) , and Qe
Yot @Gug e dable under Shifle, @, diract sxomands, sod  Ied = 10, T

Note & i& qnooth ard T i@ proper © Tnd(@\% @@ wll be. & @ of Sifle o smple perverse e
the save remaing e for dealed Tod o) _@le‘&---&[@\mig . The aalegony, Qg mat @sin

eadh  sucnrnand -



Wrle P foo Yo =t o 6l Q\mp\e perverse. dreans Jhat le in QQlé = QQ (\D\DW(JXQ,C_Q.
For A Kw(@ Vi= D bplhvd. The Apgpace b";\)Q N %ex\e@eé by, tre dass o PTL].

4 Pey

Get an asseciabve  peduct W®2-—> K induced by, Trd.

& KK be dne sbajgebe gerealed by destes d & M, - LS rexonabe to defire sn@
taking diect siomands makes Qg very large and we want o g on analeg of, e Shercal Hall algeoa.

Theorsro [Lusz’rial- We hae K=K (1), Fucker trere i & oproduct Qg sz gren oy
hppecbdlic [ocalisation , and & twidled bialgeba  gomorphiem V()= K ending B 2 v b[@zlﬂ

Grllary, Tre preimeges. o) bip (Pes) gue a beeis o Ui (), dre wocslled canonical bais.

- Olivier talke abouk e prof . Ore koy dep i proving K=K i an inducion by, reroving uee
verkees dy ®. Whe if) 4ere are 1o Sourees? \,Usz\n‘a el Mg to Mg, whee @ s dotaind

Lo @ b -QLFP'\O& cre <o

Mors\ @ I i Yesk 4o wock with &l osenfsbions ol ™, where any o oeidione €, Q' have an
ssovsled  Tower denfoen R T Qg - o Ret iboie tebeed wock with TMg  whicn acoik
for Al orerfestions s\mo\i‘&ﬁeous,[t,b-

Gereral pencple : X s soodh | drere s & draederdshic agle map CC: K, S &@“*‘Agm(’l‘
aescoiahip each dacs t a Laam\%\an Gm-equivarant cude in T . The map satisfies

cc(£ toal gds\em) Y 2y Dﬂwo tien > (1P awpe penere shm@ = pF‘(Spr!P)
Toens oot Ttl/{,cga hes a Lagmncai&n Wothack Aa (Lugzhca L'aaranca‘\an\ ah that the drarckrebc
oygles  map  CC* Kl —k(Q@—“?L "‘(TM\ R a0 omarpnist  oto hp(l\j. Bvidently,
this means z&\m(HbP/\b = EXP(EAQC\(O\ 4) . s ot we cen do ore teler amd caver dre complle
Kac pdupornial oy Bkig e fofal homdlogy, & Zgrdim(H,/\ﬁ 28 = Exp(id AQ,d(’c} zd>~

Boih hate dlodbr shuddwes; dhs e dre Ghomdegial Hall Mggon.



§ level 2 Conomological Hall a\geb(ag

We egin by ondeicting TRep ®. Rerall Repa®=Ed /Gy uhere Ea=ED) Hom (K, 1K) on
which @4 = Tl 6L, k) acts.  Tre Yorgent amplex ok a pont = i E(Repd®3= c%d&_) Ey
whee &q=Lie(By), a:(y)rr (ke Yoo Yeeey Xe) ic e icfindesion) action- To meke sence o e,
noke X can Yo gren by & point ()€ By indexed owr ddgx (@) @.

(oraquenty the  wtangent wmpex ab x i T;(Repc@\=5;|’—°‘v>(§d. But weling G§‘=(I, €)
for re opposite quiver, we an iden%% Ey wh Ey= @eEHom( \hc!"‘e’, ), The tace wap allows us

Yo '\de(\%\Q g;’ N &y, ren uve have av(g’@: Ze [&jé,tbe_] €&q (aum o) coromlators).-

sk
Patking 4hic dogelher, TRep® = Tokd Qpem< Ey— &, ) =16’c%d(T*Edi>(gd\
%mmen* map |, given bgof'.
The tangent anplex T(T,\é?ep Q) i & TEY &y (in degrees 10, D). The piee in degree 1
< » wflection o e devved decly dichwe . The (undemved)  dacsical hunchion s e kernd
olD e map _I}Eo\—‘fg: , i@ }[‘(0)/6d :

The dacsial fsuncstion & & sinaul&r dack, bk & e\h'c\erru% cuk bg the wm gxcbion of & uechor
bandle 0 it i 8 ‘quasemooth desved eck”

Example. Take ©= O e Jordan quiver. Tren Re_de:chd/GLa w0 drat e momert map
T?( cdrd\) LN gg lakos cmmustore. COﬂS&:(UQX%% e d twncstion e C’L('\%@d®3= §(’93\ G(ﬁidz | xy —-3x'§/6L4
This ie vl koown fo ke ivedudble.

Drampe. Teke ©= 3 whh d=(). Then Ren®=A/@y * 88, (soe e degoral G Gy
s ’rv\/‘\&\\gg- “Then C/Q(T*Repd®3= §xy+ x’y':og /ﬁm X BBy

We now inksoduce dhe Luszk% Lﬂ%f&ﬁ%‘&h , Which records he sir%ular spporls o all of Lus2-|1'8’$ perverse. sheaus
This 8@8“@\% e o devived shuchire, bub st ks dngular pints we do oot know which dexued erhan -
ment meke & l,egmnaxm B e ide o de olaxic) pche .

The h)gz’d% lagangian is then the. deesical logangian slostack f\={ (%e, x@eee\ Vachor speas L, such dnet b,

3 a esmcled flog o I-graded%
Xe(l)e b bt X<k



XYy=yX, * —_
For e dordan quver, /\A =§\ (x,«pe glj‘ X ory N\pder*% 29%* ih;fg o hee inreducibe omporents o£
AC; ae in bz’echon with mipolent olols . TR
Hee & anoher pengpedive : Repy Q =G*‘o/d(/A‘) paarochtes lengh & otherent sheaves on /N, while T"E’epdﬂ) s
(b\"o,a(/AQ)- Then /\dC—T’qu;c\Q Parawdzs’xses \ené\n d cderent deaes on /AQ' bk with &wa o 0\"‘{0}-

Fe ®= -2, a=01) we have Rep , 0= /AQ/Gm XB@:m=(\P‘uE>(Em3X BCy. The m\pv\a\ca conditon Lores etlner
both foward maps oo boh backwand maps do usnish, © AZRep,® L RefQ  hat dwo wedudbe amponents.
C\osxxe.i \P' %\”-bnd\e or BC,
Treoero- O A i Cgenedca\\@ Xograna\an.
D The drclerste qle map ce: Kl lag g & an comwphisw ooto HA=S, €T,

irc comp

1@t dve Yo \_ugz’ﬁa, @ awto Kashiwan acd \{.Sa"’ro].
T poe boh shdements, an indudive Shwcbee on A ("Kashiwan Cxaéa\ gh\m’me") i usedl.
Com\\s%. The dimension dZAim H *°P(/\ d) 2 e e P\e}h%sln'c exponedial EXP(Zd AQ, dCO)Z(‘) .

Quesbiorn  Gropukstion o T oncare ?o\anbmi&\s P( /\d ,{'3 and P(’\#Pep Q0.
S‘mslcaagb; Kacs ,oo(gbnomi'alg Compe Volumes, o] certain Fydacke fo do wlale “he aboue Poincaxe
Fo\ls.g\()m\&ls o \/\ac's F°\9§°m‘&‘s we use cobomo\o%ic&\ P\JU'}E '(G&U“S apd powb'\- uots  cver R:Ci—

Remadk . for every, doe ecE e i an acoralet GeCRepy®  whidn rexsles he aloe. Thae o dows

1= (B\‘:\Hac’cs oo TT?GPAQ' 1t N %ooc! dea o wock Tectoxxfax%‘anﬂ(éo-

Theorem O \-\1-(/\,@) is pae, ewen, and fee as an H;—modtde.
©) H-,r(T;EePdQ3 i pue, even  and fee & an Hr module .
(O A P eannVasset, @ € wore %enera\ aod dwe o Ben Davicon .|

Rou%h\gw the dea foc @ was o leverse. aralegous eclts foe Nak&d,ma quiver \Wahehes. For ®/ which
holde msenemll% L Y ca\eaodes, the iden s Ho relale H,(T*Re%qb o dhe ostical lnomolo%
dy %e modali deok o@ cherls in &8 2CY ategeses (thie € called diwengion reduction). Then we again



employ_ diwersion rduchion Yo elale dhia vl homology to H, o) a cack paamclisiog  paits
(xe Rep® , PE€ Eﬁd(&)) This dack = g\*%k@ed b& e eiﬂeﬁ\)a\UQ,% dO © 80:;) e\)Qtsa:\\\ina reduces to
tre nilpctert ase. In the Joxdan shalficaton, all dole an Yo exprssed o doms d Rep®-

U)e Ve & -“a\IOUK Qg Po'\\‘\' cou(\‘\'s NOW-

Theoem O keFy, OF, Mhep (B ¢ 728 = Bt Xheu®2 ),y
@, INE) &2 =6, [ 7, Nehe)2)],
[© i Moz%w%' CAEN an'»g)mam— \eseersb—\biscele ] .

Pﬂ,g(og @). T}RQPC@ o e iden\igieo\ with S(Me Ey, ®€ Ex’c‘(M,N\)*)}lGd. Thus we have

ST B @R #05 = 7 o] M A
\lsvc‘m\a:s , AU.:!',CM)‘

By, defiokion, =M, M= dim Ext (M, M) — dim Ed (M. Thue lext‘(M,w\-—-c{‘M’m.la\aml, e e
sum i veduced to XM IEna (W01 g 2N The quantiy_ B /(A M o e ompoted
from the decocopoaibon of M into indecsmposalies , o tre wm becomes EXP(ZA%\‘#?::?:@" )
Tre compdation & voubine one fwilimnty with Plbydtic expeeecials & given. O

Combined wih Pm's‘c%reso“s, we then have an ebmele oo Ye g'\ZQ,oL H,(T*pq;':,@)

We e now defjoe Hne (2D) Ghomdlogical Wall slogbd - b is @nuspient fo phvree dhings using e preprojective
dogon ¢ Yo the quier © ue asodsle e dodbled quiver ®=(1,EVE*) and dke dhe qudtient
Tg= C¥/5 lee1=0. Thus TEQPAQ = Repg Ty
The slgpoe = 4o inducad by doe induction diagam Pepdlﬂ}?x Repdlﬂqfi Pep?f dfu”" Rep g +4,11Q -
The mp T & Wl wwe Quob stheme (e i proer), and T, whle not swodh, @n ‘oep\)\leddm%.
'\)0\\\;3 eﬁ&l , win decved druckue, i the Aokl v of RHom(€s, ) 1] aod e wep B i
<RHom(ed,,eth‘l RHom (84,801 | & womplex over Repy Tp*Repy Ty Thus T & the tokd speco o
0 R¥ow (€4, &)1

a dhee-term @mpex - Thentee i@ 5 retval pxdlback HXH, ot T ascocaled o a0y Sroeoth e
XY [cce Adeel Khan 13 Cc><><:f*e>,\e\);(Q we re.preseﬁ“" BHom(&d,,84.)1] 32 a3 Jbre lern axoplex



d vector bundles €317 eo—b‘?éil . Tre classicl funcation is dhe dokd epace o() & Kee(b).
Then without apresling to dewwed shaucbaes, we pul back by comideing '\Bgi_—*&z} o;n—%i—) To’»(e_rﬂlmlo)

Zor-ga o&

Paepdijx qud ;n-o\ \echoe bundle
* v v . . )
© B, and W, exct (%2 is refioed Gysio pullbade) .

Theorem [&Hg{)mam-\)a&d?, "('m%“useo*.\ (63 H 9 dfep“-cg, TD*"E!> i & geded assocative sgeba
and ditto for H,(/\B. Tucther, ths holdc forus -gqunavantly  and HY (erv@ i an H:r—a\geba-

We now mvew some i we know deoot Hhese a‘g@ﬁom.

We koo : size d HICAY, HI(Rep Tq) i gen by Kact polynomials.
Also, Hp M= HIN) | uhich & iodegendestt o, T and comesponds o condant ks o] Kack poyrorials,
it (a2 & vector gpace) he enveloping Blgpba of & Kac- Moody, slopbe.

Theoem [ Heinpecact | The map cc! ’/L‘a‘rJuh,—'\"+ H?‘OP/\ i an o isomosphism.

Descsling the Wi ~dggba dovctwe & hadd. I we do Hhe easier dhing 80d loetlice do Fre(HT), we e ot
HT(AQ\.“_* “\.T(REPTFQB becores. a0 isomosphimn - We expect thic a‘e@b@ ‘o ve a aommmtion o ap
edersico €] of  &lud. QWeh trvnge are usus\% eslled “‘(’m%'\ahs'.'

Thaern © HI(N), = (ReTly) s epneated by WICA) for o€ 3eh .
® The rop H;r(/\Q\loc—'r HY (sz—@_)loc io\anlw'gies fhe domain wih a small shu@é(e algeba -
® There exicls & pv@sen\'&ﬂor\ Ok HTIN loc. b& caaaera’rocs and c\uad@%c ard w{\g’c wakions .
Wheel @editions
@ I O e fnle I'&gbine, HIN) e = %e vsol|dfice Yaogian -

O & Uhiffmeon-Vasect wih Neaui ih @ hos e loope, @ 1= Neod ~Sala ~Sehiffroann 1



_(Rn%s loke nicer { we Yo orly a Slbtows which presesves. e ympechc fom (Qd boval T)

Theorem [Da\ﬁsoﬁ—\%mﬁecac\-—&kﬁéd-t\’\ej&a » Datison—Hemeecart —Kino o, Jindal 1 He (RepTip), if T preserves
e sympeche fem, is somanive fo UC%BTPSS= D& wrere e offnnad BR e slgelon %Q:SIT is
fsomoghic. as & wohor ga o &, Tul. Moreower, GBch,d s & subseba (BR Le sepbe), aod it is a
Borcheds  dlgpba-  Logddy | when =4, thic howx  gadimn (%,E’PS=AQIO\(‘€ DYARe

coarse

The inlesaction bomdogy o RepTly) s mrorded as e Gareos walx o) D&y,

Remack o geoea\ H_ECPepT@ ®<Tam‘ro\o@ca1 Uoses 1 ® H—,r(/\Q\OP ' iomophic o & Maulik-Oounkou Nangisn
[Saffwonn-Vasserck, Bola-Dason] - Moreover &% gves e ManlileObounkou  Ue alggboe-

3 From quiters Yo cusves

lodead of Rep®, we ceo wmder a swodh pojecie axve K and Hhe csleqony GhX. —W\m"\ibe@ \ecomes
Yoo woduli Sack o) Wiops chmvee , while Mg ‘eaxoes tre gdodl wipdent mre Ay T spell Anis oul,
& \\i%%g shea] & & sheal o TX il prer supaxt, e 2 drepd FEGY with o bisked. erdomorphism
@: F—>Tow, . hen A, carerelomes dientes sypoded oo e 2o shion, e it (5,®) with @ wipolent

Hoe Ko=2% 4-9=(5 %) looke ko dfjeicion o, T Thes erids a "Kee polyromial’ Ay

Ak indec. vecdtor  ‘bundles o& ank ¢, degmee d ar ch,a(G 6\ ,
! | 7 §
Wei\ numoets

Coﬁ&e%me Tre Hall Jepba @k Xﬁ/ﬁi and e grometne Hall &\%Qba W .

Tre aromdogical Mol olgeba aleo exite and Yos a rilpolent version 3 & s omopphic up Gmplehion o
O( 65‘«,& fﬁgﬁ D T s gded UsTOR) Wei) rumbers, we dopt eten  Ynow Yre dagree. 7210 P\’eco,‘\
We kow U(E®W)=@®n, ().

8 Surfaces

Exsmple . Ower €, for O= O, we have Tp=Chyl o hat TRep® =RepTly = Gho K. Thus the
COHA H. (T"f{?epq)) ic e COHA o Zero dimensioral sheaves oo the sucfaco A2,



This i< sPeci@c fo Jhe stbustion. for gereal S, @S & nob quasicorepact or global quetient The <tack
CO‘(\OIP?' is quascempact, e resdbiog OHA s & veyy S| pece of, Yhe HA f e Fll exclace .

Treorer L hftmaon—Vascersk, Davson] For T=a*2 W (@, A?) ie Yhe poabive hall Vi (&) o +e

aline Yangine ) &, - This slgba is a deformation o Ulw ) Where Wiy is e Lie slogbe o}

ron-corchont differsclial operators  on /A

o the ron-equivarient seling , NG, K)= W e = (B=" [ mae, "’°>/ I8 57 = o) 5 2"
baukologyesl classes

Remack. Ore can dejhe & £l Yongran (8 = Y3 (@) © €[< ¢ 6, T V(&7 sabidyoy

OV, (&N C WL (MG where Hhe inshoton spces UG, generlise  Hilb(@)=M(1, ).

® (Y@, V™ W( I HT(G)  waling he lfler & Veroa mole for W(ER.

N D dK’QC‘ o
(eshoreologicol &anﬁi>

N,

erensiors
® : e ® ® © of%
o: s © o o o
}; R Nekere opmstocs
| °c ° ° °
! P P P s - > z' d\"QC‘\'ion
T T T Rigeba lvesio heve (lengih of sheof)

Mok of dhe soove qenenlises bo any smooth quasiprgtive. sufae S Wiile 5%, e ke Ghem st , and
woke K ®g= HE® , $=[0,]1 dacs of a poct. The Chern ootx are e elrmbon paamedes
- we  cannct tuen off. When ‘dne\a do hawe vaniching propertes (e il Qs &dmp\ec‘\ic) we will recover
undefosmed.  Lie. algehac-
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exBEm, uhle for 050 Here is o wop Al TrSWS whose foses ae T, oromubiog ey
(e some packkon 0=3:d;) .
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of, 9 cpen gobs\-ackg § My ) Insde HE) we have H(®)=O Hlm, ). Bothae
associsbive. orded, dgebas [Sa\a—&hi&mann, Minels, Kapfahw—\]aggem’t , R:rl-a-Salzl.

Remark . When S is not proper, it is uselyl to eplae H (M, R) by Ho(my, &) ¢ H(TB, SWP((D(DB)
for T mQ(SB——l»Ft (besequactly, for soy, cpen iomersion S°°7S we have algel oS
W@ = HIED ;T8 H ) —H (9.
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@ Tre assigpreert O o I d — T (\) gives a0 docba omorphiem  Ho(S) = ’\(\/,m@»)
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ldes: WS) drookd ack oo e homolooyw, o, Nermh\% moduli gpaces. Pa*came}&si(& Z1-dirvensional <heaues.
The gpoenal foamaliom, due Yo Kepranov-Vasserst, s Yot of a Hecke pattern.

Delinilion Aeswwe S is peoper { swoplcity . A twosided Hecke Paddemn is g \ocaU% cdoed  sudack
X=1IX,= Mg (shack o sheaves o S whh 0o Odin whehea) soh bhot X = stoble undec Hecke
modifestions | ie Vses 02EF—>G—0 wth GEM,, ue have FeX=E6X) and((i-:ex/?efwi")
=>Fe)0.
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P(’O\‘DOS'\"C'IDO leb X be a hwo-sided Hecke pa\-\em. Vere KC;CS), \ﬁ(: @l H.,(’mmgnxl&\ i< a \e,tk
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Togredients @ dhe maio dea s to ue Negols lemma o delermine e ackion ol lengit 1 Hecke openstors
and seecialise Yo Hilbert wheme of poiate to pecform explicib @mpulstioos.
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