COHAS o\C O-O\:vv\ewsq‘gm\ shgaveS on SMVQ&CQS

hosed on 23443445

j-\- \J/ AH@ “n"’
0 . Schiffmann
E y \/DSSCVO“'

A 'exawi\z 5 Ak
MP| Bown



Mokvakion
S AU —proy swface
i, S c= { T e Og wesl = lg05/p =n ]~ Hiberk scheme of point
N vavieky  (Fogarky)
Queshon:  wndersland  H{HIL.SD
Helyf-ul Pevs[sec)ciuc: achon of a\%@sora&

T_\(V’W\ (l\[aka'j\m@\ let S ke Fvﬂj«zi%ve.

5 < q(>\\ iezjo C> c CLM“A\ — H 3 L‘@ ﬂ' b
S L \eH ) : efsen | v
ﬁ eH () [1Lm.‘1j(/4ﬂ= LS"'Q\C‘_S;)‘/A be% Jeora
i, A @H(Hik,S)  via {1c3¢D}
n20 / \
S=Hilb,S Hilb, .. S

Remk |\(-Sql)na3, 9. () labeled oy me HZ(S)



Mokvakion

DU Hil,S) is o hw Ulh)-nodule.  => | 27 B, (i, S)q = Exp (BS)q)
What about ving shuddume on H*(Hilb,S)?
Let S=A Dosieso @ Done= e (TT T o

Thwn (Lehn)
S \l\/” e <DM,W : M,Vl7/0> / [Dmn, Dma“:] = (WI'M- V'M') Bm+m'ln+w'-1 2" C.BH*(WIL”A?.)

' H*(Hi“.),,Az) IS qen. bJ Do». ay a module over itsedf

gL (- 1) g T
Ao(-ow. on = (ed)) - Z Clk k ) Om 99w
LQ’[’W)-SOVSW 4 %—;W‘&V wsd“- -(’{)yﬁ 3 \OI'U’O. ngo ==y dQSw. O‘p H*(HJL;.S)
Li~Qm-\)\Jav3

ngslw'_m How Aoe) Hois 50\279\[% to obher Vhaa[ul« aC SL\ZGWCS on S‘?



CokowOloz){ca\ Hall alqebras

ldga: %v—n&ad\&g 38(/\.21/5(1{%81‘,'{0‘4 0'( N\XL&/\'V‘V& OFCV'R"'OV.S

o Mo moduli shck o objects

C. - akelian cateqor
: : Zc _u——  of shat exad Sequenies

‘*L ée \p / /\

Mg > Me Me (A, E) )

L A ® AlM,) — A(Ue)

K Some invaviont

A= ‘El—[JOI'VUtS W) R,.uad- Hall a(ﬁelwﬂS
6 we want A to be “cohowological” | noed eshickons on € o make seuse of q*

' e — Do | man
Maﬂ— ﬁewznl sd-l-mg COHAS &r/%c\f QA-LQSOWE/S (kOnlrse,vc/l/l Soibe )
Bxt (49 e B (B A



TC\XOV\OW:S G GRS

T0d03 :

\/(AC (1) -skifted 3(1»1)(.
H*( L?Me) 7 H;L(MC_)

‘1 6’%‘6-5"100#\
H‘(lbﬂe) =A% ()

9 smooth
H( M)

3\0‘3&\ Qd

local
(Ctuivw -&Ps)

RQP(jQ‘w)
[km’rseuidn- Soi be‘vnan]

SM(-S;P n\? sl
[ ‘/am;flz—h.c: ’]

P\epQ

Rl ' D
wa::\lz:flliéckil

L l'O!/'(C.

wall
cvossig

e \/,‘( ﬂ@

Q’AJjoui G&‘HO&)
ot uﬂ(gQ)

loba

(cokewvd- sheaued)

A
tKl«am-K‘hio]'. H‘—To-‘-SKS
Genecal M- modudo 70410,‘8 ‘97

Cﬂ‘\ S p 5 SWCMQ
Y_ Kanawu ~\/a$$€uol: ]

Co\nc) C Guwve



O-dimens;ons| (2d) COMAs

for qeneal S, (OHA is deo big.
D O e Colh ot e N O RS
Ex - Gh,, S = S=BE.

B o CoL.,,,,\A‘g[{(X,Y)égn’][x,%]:OI/GLJ

T Sepp: PR R L S e wodii.

Deflll ()= @ H2 ( Goh,,,S) -~ sheaves an S

Rk V] for A%, M1 for T°C, [MuZhol bral S.

25
Vorienk - 7 (5)i= @ HC (s, ) Cohy S+ Coh { s
: J’  m o) !t
CQWPO\UHNI SLVPPOH(-Q&( COHA Sl(mﬂs *S\(mng > Sﬂmlmﬁg

Rmk For Qes U"”Pﬂd%@a\\w‘on,
HE(S) - Hc(g) — H,(3) :.qlxs. vnwlolusvng,



HQC\(Q Po\\-\-‘avws
ln & sense , Ho(S) s wmiversal algebw\ 1L Nﬁ‘(anMQ-(iLe pPem}a,_S .

Assume S is peper
Ll Coh™'(S)  subshkeh of shoaues with wo -F"n.lu«aﬂa subsheaves
N R ES) bu[ﬂ Josed.

Dﬁ X S a Heole Puu-el/m i\c
)= 2—TF —g=0  [elhS) , TeX = geX.

E_)\Lw,é_e; Hilb, S | Greseker stoble sheaves

vaim?l;ql-\g; Rt o N e d i Sk T S N “z Yot r=ch.
{Thngﬁ%m§¢Hm
7 e o Hls) A @R
Coh, ,, * X, e
Rk When S is nel preper, we hace hickolony -
weak HE(S)

L opmalb o Ueek e on S oyt o B TSR SR e o)
Shong HolS)



Exp\ioi—i— Lormulas

F,— X>S wniverssl  chesf.

X pmodli =
s () 1= § e (Boy OO Vizo, yeHi(S)
M % pots swns
i W'ﬂ"lh , ¥ 51YﬂmeLw'c bunchon ‘@:‘C(P{Pz'---) {9 k! ch,
' e (Chewin)
{ZK(X):=SS\C(LCL"ZMW")OX' b, e S. (Seqe)

Consider Fl, =] FeF:lq¥r=43

N\ ' X
T'eTF = xeS + ligin ¥, = Flm o ,waig(r'l:u>

&ﬂ'_‘, Need Lo (AJ-&PL@-L' RHS in deriued Sende (Q,:lia )
This Wquies X e Cohs: 05

Lt Kui ¢ \—\*(COLO'4S)': H)ul  ~ Xui-{)(k] = k;-,ﬂ(x)‘b(k”]

Covellavy
In KO(F'kll) ; {'I\(hl*[Tm.,.‘\:):Ihu] A [FK Kuzl T

These 4wo wlshons, open He door Ho wmrwfﬂfa HolS).



W - g\_\seb ves
Denole Age HI(SxS) J«‘ajoul 2TVl (s) |, Si=¢f-o (TS) eH (S)

Deb WS = € D, o)+ Sekoe > /rehbios.
- Yo 120 * Tl TR T O - [T, T (100, T (]

[T (0 Tl = 30T (0 T O]+ 3T T (0] = [T T 1]
B [Th (A) .Tm\ (S,}Dl ‘[T.m 1 (A)'T,,(S‘/a)] =X {Tw\ ,TnS (Cl As)/‘x =0

a Z [Tn@m Oe(o) y ):T"em (,\w(,)) y T“ew 5 O‘?B))’H =0

&Teg

WE(S) r= Tl ¢ WHS)

M(MNS\” Let S be Co'«o_mo'oai_qll\o( pure i.e. K () —H (D)

Then ek Qlﬁe),ms [-lo (%) — \,J*LS) ln ,r)ayl’;UJlalr' Ho($) geu. ia Ae?me 1
,\u" — T,.(A)

o "'P‘é i VesSHnon

Rﬂ_lf \\COL.PWIW" cond;bion s la}mial) should be able o O’Wf: n"é.



owujrics o WIS

N a0 | WO = UwE) Hor eplut Lic algebs w(S)

I fwlaovwnoe 5,20,

Ul VR S D I e ) 5
Eﬁ' {ov S-A* ~  Lehns a(ge\’)lﬁ.

2) W*(S) iy bigreded: dea (N = (0, 2024 deg))
cl,ﬂs FR.()\‘- (i.ZW‘Q*JﬁA)

5 di WS) = Exp <;%(S;(;" ))
e Y o By

4) { Dno> — half of Heiseuberg
D e ha\f of Virasore

53 \,\/;(S> ochs  on He ‘\‘w/‘(](ﬂgdboj Sst(aaczOC HBHO() : X Hecke Palkm,



Skd-d/\ D(- P\/oo(‘
A FMOVi) ho \Mwe \A/*(SB = Ho(5> : HOW'ZUEU, 3i\l€l4 QA Hec‘Q Fu“-%/m X‘-*.UX;:

Tl e\ ut \/= H‘f”(x\

m N
bk :
wW*(s) fSEre S V& = fukdogial part

L |

Bl e e )

[ BT s i it
(i) wi(s) NV U
(i) dim W'(S) = dim Ho(S)

(i) [KV] via Sadodrabion netlods, [DHSM] via BPS wmellods.

(M : holds for Xz L Hilb,S i S is pwe
CD: helds for U W'(S) oy Nakejima, Lehn L T WS too-sded idesl
A s e = 0

Cﬂ' \I\J”(_S) M}s on \/ \ not IM# Vl-ml-' D



Wil w’(S)
Twis u@hcﬂ- A?Q(‘M’\')kalq L H(S) alloos us 4o wrile down ibs Ndouwldde

Def Lt W= WP S W R S
DeGM \[\I"\(g) — \n\/—(g) @\MO(S) @W*(S) as w vcoloa Srace) wikh \.Qla“ff?ﬂsf
CWDeW(s) = W(SY, WI(S)oWLS) 2 W (S) subalgtbras
= oA . -y | :
S NG (Vzii )Q»m.j e )(eih)
OE:‘EJ‘t.vH-m

eX&ES G e veuk »
%(NMSV) \€ X S a -{-wo-%a{af Hecke Pau-WVL (i.e, (=P O 2 E——’T-)g—>0 TFeX&E gx) of
e T e e e

Rmk . We should be a%(z [o Lemove \\-‘aw{-”
- Weak/shong  vevsions.

liwfeyicﬁ . \I\I(“(S) Conlains Hd%ﬁh&ug Sl Q,,Jul q,l,\,afag_ v g >~/«1
Virasoro r(S cz)/u d (4_.,-.)SC'1,\/4 +lt{,(r:.p\/1)>

chos o Skl medile ()o@ ) 2 /.

Ackion similor fo Lehs  diffoantial o ptuefors



P\S\vx\( 0 Cax
L&ﬂ. X ke a Hecke P»\u-&/w 9€ (/uh\( 9) =) K quau.ell,qg.es lezauzs -af-‘-’« A-dim'( SWPPOVé

E.)(O\V_"PLC_S_ = H{cﬁsn: {(2'9) . & eBum,, C, 9£ﬁ2®L‘5 On S :To'l‘c'..
. Muk&“n:{'x‘ w-lu\. Pw-l.lj (‘Ailn 9‘410{'.) C'(f_\:mCK on S:‘{g C cS Sz«og-h\ @

= i . swppF={y=0} a4y
. g, — , | /A
pT“ { L 32 C:lfurr? has &n fe'j#\ k g

’V\ {his cse comhal d«waz ot ({gCW(S) vanishes => W(S) AKP(x) miﬂh-\- hawve non- hivial kevnel

on'. e llae S 2 geawelu'c (f, A H*Higgs)
We have o simila degenermbon for K3's > P for Hubsi ork i ogitss)
ln fack | Hwis 05 wllechue of a mae ?S“M patesieci ot

Thn (M.,in P*"g»%) Swﬂ)c;e, ¢, (=nl for £eX.

Then \I\/(DI(S)QHDH(X) Q&JOVS -HvVOM.jA, “Cosle,,,lo-(syojwsl:i e
ossocialed 4o HT(S)

2 Slaluwi(,s.\ {'u'ﬂonom‘m’c DAMA oF Gl

Cor sDAHA,, N HY'(PT,)



