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Urenevalised ovhifold ing of simple szngu/aw%ﬂ

This falk wap ow“jima/{y given af the Qeomefvy of ANU confevenie in /%{gw/ 20/6.
e aim is fo exploin a vemorkable Yheovem of the mathe matical physicii
Cavquevz’//e— Ros Camad;o—Ruwkelj and my own con Mbutipn fo some of Hhe

mathematical inputs fo fheir theovem.

Schemah‘cal\% the vesult can be descvibed an an unexpected sevies of eqfulva)ewwj)
of hiangulofed (afegovieﬂ assoclated fo Tsolafec] hypewsuvface J/'ngu/am'ﬁ‘w

We (C[x\,‘..,xh] > %\angulaled cczfego:/y hmf(w)
- A ,
Q\Ie (‘:[50“'}\%1] — " " MWUE(\/)
dl |'%cl/fm’(&\‘mj\/\\0\vﬂ‘f€/\

The ec(w\ralanw) care not himf(w) = hm F(V)  (+his would be Jpo J7[VDV79 fo
be In Fevmb‘ng) but of the form

l’lW)jC(\/) = MOC'[’IW}-F(W) (/L{)/ﬁobewﬁwa]%ebm/momd@\

The m’revwb‘nﬂ examply forare pai v (vw) of simple sinqulantres
(aka ADE singqulavifies), and uninwdular sinqulaiities , but threve
arepwbably many more.

Outline @ HC(M)({‘TAC*'DV}\SC{HOMS (e. hVV!)C(W)
® Fobeniw algelva
@ Shatement o theovem
@® Skeleh o2 PVOO?D (user wovlk 0191/141“/):1 with (arqwevi//e )
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[ Etenbud 80

D)V let R be a commutedive nng and W e/ R. Amabixfactovisation of W is

a Z>~qroded {g. puwojective R-module X=X o X fogether with
an odd R-linear dy: X— X sf dx = W'lx. Amoyohiom ¥ (X, dy) = (Y, oly)

s adegvﬁa 200 map with 0/)’{)0 fd)(

DM hmf(R,W) = mabhix fuclorisabions of W with lqolmoﬁ)pg equivalene
clasren O'P moyphisins (so (R&R, &) ;O)_

Eamples (1) R=Clx], W=x" N»2, for 12{<N-]

E; R@P\ ( -(o> c llwmc(@[ﬂ,yo\l) 65y

(2) R=Cxy], W=yg"-x" N7Z, 7= e So
4Pz = Il (9—"1°%)
(EN—]
Criven SS{O)---,N’I}wehaUQ
TT (g-7 x
o n - (Ren (2 T e hntlatn )
y-70x) O

g

Theowem [ Buchweitz, Orlov ) Theveis an equivalence of ﬁfamgu/akd categones

himf(Clrrs2], W) = D whw™ o))/P .
evik(W (©

€00



Pwloosiﬁon IF We Clxy-] hay isoloked cw’Hca//DoMﬁ then

(Te) Cu = hmf(CRoC), wel - oW ) Kaoubs clouve /
1dempotent-closure
is naually o @—er\amju(akcl categoyy (Ew,*), and hmf( =W )

i an gW‘WlDdMlE]!.e-H/LQU‘E U an achion &w x \'\W\‘F(WY’H '““"‘F(W);

wheve Yhe Jr(’J/\JOVPl/OC(ud ¥ for X, Ve Ew

Y % X = finle vank reprerentotive of

( 7’39] X) dy@\‘l’l@d‘{\) in gvv.

squaverte We el — leWa|
+lgwWel— (gle W

C{MC[WQC‘HOV\(I'E X on E€ I/H’Vlf((c[‘],w) s
Y x E = fuwite vk veprerentohive 0]?
(Y& E,dyel +lede) i hnf(W)
squarerte W @ |

Escample fﬁ, = hmf(Cludl, 3‘“—1“‘) i monotdal, it  0& N <N-2

o = P{a,wf\).-.)m)} € Eav
r-E)(aYWPlQ Pa:)\7$ lD(a-.O

min Vp, 2N - X ) = P”b"?\_l
X Pbyﬂ - &P Faxb -3 (pnev) v
V= a-p|
by Shepr of 2 (Brunner—Roggenkamp 57

PN

\/E\O\\Tﬂd‘b Wion/ SM'(Z)N-Z
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@ TFobenios a\@e\oms

s (8)@, ﬂ) be o mowoidal cafegoMJ. /‘} Fuobeniw a[gek)m n 8 15 an O‘Ojed
A eob(5) equipped ar an

- associative, anityl algebra AP A 7 A 1
o waslou‘aﬁ\re/ counial OOO\\ngm ; N:A—> A@L/ <:1— A

such thal Yhe Fuobeninwg i\dQV)H%[ holds -

| .e. (\A@/VL>° (A@lﬁ)’; A"/A = (/\A®\A)°(‘A®A)

A Fupheniun alqa‘am s sepanolole F

#):\ , l--Q./\_/LoA:_,A

&
HAhene is an action 8 xJ— I Ag—: T—T is amomad) and.
Med 7 (A) denoles modulen ovev Yhis monad.

Theovem (Balmer ) £ & o @ -Mia th\O\LQOL cakgovd acting on o %\amgu\akd
categowy J) and A isa sepavable dgelvain G, then ModT@r> is
notuvally tiangulated (some aveals). B
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B Fom nowon We Ty, xn], NVET [9y--Ym ] have isolated cw’%./oom;%_

DeJM \is a weak genevalired otbifsld (wGO) of W, denvled W — 00 v
ftheve is a sepaiable Fwbenius algebiz A€ Ew and an ec(u/'mlemuc op

‘hn\amg ulated categoies

MOCJMHW) (A) = hmf (V) (nok Mm¥(W)§AX—>

Example () W—wao W A= Nw € Ew vhich s e vnopoidal unit

(2) W —woo W +u+\vE A= Dw @QC\r@(uhvi)

Bhip)
(afovm o Kuswer pevuoc&?o’\m>
Theorem (Cavqueville -Ros (amacho - Runkel '(3)  With The notartion
‘,'(A:I—l) - '1.1‘1 ok 12‘2 c=3—3- :)? ((] P 2)
YDas1) = g4 4 7,42 c=3-3-2% (d > 3)
v (Ee) — .I’f g 124 c=3-3- %
VED) = g3 4 223 c=3-3-2
L,f'(l‘:.\-) — 'I.i'g e I_).) c=3-3- %
we have
(C{ eugh) \/(Ao‘—-l) 3,00 \/(Dd‘),'|'\ )
\/(Au) — GO \/ (E(’) I-€. Z(ADE jc\'OVVl H“
(Ar) (E~)
\/ —wao \/
(A q) (Ee)
\/ 'Y —wao V
(e for ADE iy any dimension

n 01‘J wit cuvvveo)

720



NO‘*e ’?3a+LIGOV€VV\d£ Kajium-SahLu«Takal/laﬂhi /Fsr \/ an ADE Siv\am\mvﬂy

(€41 Vit®) = D (vep € )

whave Q s oovw/;pondfng Dyphin quiver. The ft o the oloar
wCO velations won knoun  (Reifen — Riedtmann ' £5) and
cowespondsto o “foldi '\j“

[ 2 3

S5 T T \'d/z A e e« - o -%
l / [1=[a-1] [%-1]

-  ivveps of shabiliser o df,

| A ] Dan

M e A —E veloadions dont ceom bo cuive some 3uootpacf7‘omon
7ul'|/\ew inthis SJLvai\C/]/I FHovuwarrd wq,tj_

\Taﬂ,&ow”r wilte |

300



@ S)Zelbh 0'£ PVOWQ (QSKUVY\)Q N @%i/l)

fv_o_ﬁ ((arquevme—M //2.) Anﬂ X e hmf( @[l,ﬂ) V(2) —W(:QB
hara dual X € hmf( €18 8), W) =V(9) ) whichs anadjoint (snbeth sides)
i an appvopiiate bicategow

X X*_
& > > \/ (1-0, hmf(@[ﬂj\/\)) < > hWYF(C[lT,\/)>
X X x —
This leads ua moyphisms in Cw, & resy.
MV‘H— UOUY\'I.]L
7C\I'VVM(>Q:= ANw — X% X — D

wunit

O{d\‘ﬂ’\v(x\ VAN L K* X = Ay

Pop If both gdim’s of X ave _rcalat/vnulHle<r€ 1a, then A= X% X
s asepavable Fobeviiw) alg-;‘n Cvv and. Mod () (A) ’}%an‘%
Aot s, \W —uco \VJ (mvewioy\wgm@aw—gecﬁkﬂ/mmw>

DefV I X in the pwpon’h‘on exdk we soy W ,V ave orbifeld equivalent
\/ ~co W Thiz is an ec{mvalema me//u Sy‘vomjevﬂzam — w0 .

(Ad-) (Dd)_
One actually pooves the ADE singulavitier ave olbifold guimlemb ey, v ~eo V )

Noke Fora grading [2:]€e® 54 [WI=2, the enbal charge is c(wW) = ZL,('-ILD

Lemma Vo N = wmi=n (mad2) and c(W) = E(\/)

2 L ‘
\/(DAH) _ 7(‘0\4 9(17&2 [ \= 3 ])(Z\ =~ 4, <= | — Z/MARE{VVU(CM

v Pt P4yl lﬂu\=)‘\c¥ .1 =1,
3 , 0\”00



Theovem (Cavqueu'lue—l“’l 12) With X W —\ s above,

5*/( Ixdx - ndxydx - Bnmdx) d\‘y,~ddm) 1
R

: = +R
76///)4{ (X) eA@[;(,ﬂ/C[)L]( 931\[ - /adw\\/

- —_’—\/—/
5{"’( M) = é_g (“)lh\ M e vertdine s a polynomial in WES

and Simflavllﬂ Fov 7diVWV( X).

ﬁnallﬂ - Carqueville —Ros (armadhs - Runkel pwre theiv theorem loy SeaVCMi’mﬁ
ﬂ/\ﬁlSanLO‘e moabiws cx  over C[z,4] with (i) dy=V-W and
(i) cldiwlf(X\ € CK/ 70“/»4»/()() e@* in OLC‘QVQVU\/G,ﬂJ. and
q@‘r\dmg an exPI\"chde in each cane

@ Nots
[ of ADE pain
e Tnall cases The Frobeniup a\qum A= Xx XK eCw hos ay mmdeu(gfny
O%jed o divectsum o8 B mabixfuctopiahions fr some S ( Cavqueville )

y Com!’echv\e SMnge\g] duwal unimodular excap%‘oma\ &inﬂmlmw%‘eﬂ
awve ovbrfold equivtlent (Here ave fouv nondivial canes,

o 6 out e U are rel#—dmal).

Kuown = o (o = 2" ’r‘fhtzz ~ao Fu: 12 + j”"L 2" (Ros-Camacho , Newhon /15“)

* Excepional W‘"”"Od"“a‘r‘”‘”ﬂ-"? same weight Ry GO-egrivalen/
( Ros—Camacho, Newlon’l6 ).



Q[ what is the 7@0%467%’( ongin o ovbifold equivalenceo 7

Q 2/ Ts Yhere a beffey way df yg/memﬁ‘ng exampleo 7



ﬁggnc{i\(A S}mnqedt/\alw) qrom Eb@l"”ﬂ : SMV‘?"- duality, minor S\‘jVV‘VV‘e’h’ﬂ
and the Leech ot " '98



Appendix B ADE ovbifolding defecks X

. \/(Aal—lj o \/(Dd)z’f‘) ok X = 2 (ve. di/d; are 2x2 I/l/\O\\‘\/LCQJj)
) \/(Au),v\/(Ee) rank X =2

Ly W) Ay lED) e X = 2.

. \/(Aijm\/(Eg] vank X = G
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