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Counting curves on surfaces in Calabi-Yau threefolds, (with Amin Gholampour and Richard P. Thomas), Mathematische Annalen, Volume 360,
Issue 1-2, pp 67-78 (2014), arXiv:1309.0051.

Obtain modular partition function? Almost!
Z=> =Em+B4+0+0+0+. - B+0+W+...
B.n

To prove modularity we need:
1. Generalize from rank 1, ideal sheaf counting to rank one general sheaf counting
2. Compute higher rank sheaf counting from rank 1 sheaf ocunting (Feyzbakhsh, Thomas)

Artan Sheshmani
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Donaldson-Thomas Invariants of 2-Dimensional sheaves inside threefolds and modular forms, (with Amin Gholampour), Advances in

Mathematics, Vol. 326, No. 21, p. 79-107 arXiv:1309.0050.

= (Géettche invariants — Modular) - (Noether-Lefschetz numbers — Modular; Borcherds)

&7 (q) — k
Z(X,q) = %

where

-1

o7 (q) = @] (q)va € Cllq"/*]] ® C[Z/4¢7)
d=0
®5(q) = a2 TN ya

hez
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Stable pairs on nodal K3 brations, (with Amin Gholampour and Yukinu Toda), International Mathematical Research Notices, Vol. 2017, No. 00,
pp- 1-50, arXiv:1308.4722.
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On topological approach to local theory of surfaces in Calabi-Yau threefolds, (with Sergei Gukov, Melissa Liu and Shing-Tung Yau), 39 pages,
Advances in Theoretical and Mathematical Physics, Vol 21, no 7, p. 1679-1728 arXiv:609.04363.

DTa(w)=— D, SW(a1)-2"XV . A(a1,a,0) + DTh(v).

a1+az=a
arh<azh

Artan Sheshmani
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Nested Hilbert schemes on surfaces: Virtual fundamental class, (with Amin Gholampour and Shing-Tung Yau), 47 pages, Advances in

Mathematics, Vol 365, 13, May 2020 arXiv:1701.08899.

Localized Donaldson-Thomas theory of surfaces, (with Amin Gholmapour and Shing-Tung Yau), 28 pages, American Journal of Mathematics,
Vol 142, 2, April 2020,
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Atiyah class and sheaf counting on local Calabi Yau 4 folds, (with Emanuel Diaconescu and Shing-Tung Yau), Advances in Mathematics, Vol
368, 15 July, 2020, 54 pages, arXiv:1810.09382.

-1
&) Zo(X,2,£i)1 = S5-(871(g"2) + 471 (=12,

where A(q) is the discriminant modular form.

Artan Sheshmani



%\ep ® '- pr‘rrf\ Loubion  of %va«sl\ vank 1 Theaveg

WA BLL?QQ“\’\\‘ on \c\\éspev Rann Sedon  WCX -
A e W e W W e WA N



%\ep ® '- C,Gw‘wf\ Loubion  of %fmem\ vank 1 Theaveg

WA &LWW& on \c\\éspev Rann Sedon  WCX -
A e W e W W e WA N

Favio Tavg
0 )
S‘{*ﬂﬂ ﬁ«\q 9 QQ%QY\M‘\‘Q X AN \{ \ \7&\( 2
%
ETEN

A anki cment e\

A NANOS -
TP: 4 A\ ) Swmestts )?mvﬂ )tFawc \)Qr\q\a wWith ample

Ot Coaomi cal k,\\é : IS Spee T

ng‘\&ev Avina\ glm\\«& "\'P:Wx#\\—» #\\ & Sechion

9 v oY
S e K (RxM) £, BY)

We vew D) ag o Sedvow of \N\g Ae\)enia"ont'



Lx_a i@ﬁ“\& %T;ﬁ &1 %il SRR
awmple  (va Luandlo g

N

. \600& e\e%ev\evqﬁ on ’ iR
+=+o E(&({\\=: K—(;CTP j Smw-‘s?« (5‘(3

o  S@=3%, ; Siell (B w2
¥ esp=: . P ; diml  Tare
N, ‘Q\(z inker seck ’Yromwe(se\ﬁ a\evx&

Tor  ank caveniexd|  Aiisor



rﬁix a iwﬁ\i\& %T;ﬁ L] @il SRR

awmple  (va Lundlo &

P \\&ooél Q\e%ewevqﬁ AT
+=+o E(S&\\=: K—(;CTP j Smw-‘s?« (5‘(3

o  S@=3%, ; Siell (B w2
2esn=: WP . 3dwl Targ
N, ‘Q\(z inker seck ’Yromwe(se\ﬁ a\evx&

Tor  ank caveniexd|  Aiisor

gd XB-:%%(X; -»-\Yk(\é. \?Lk

P3
12
g o Y 0‘{ ; t)? ot ¥ R Fy =Tt
& Lk Qu&ﬁ\c o > K(F(ﬂ\- ngg
Quarkic e
cp! N0 wvo T (?(o)\ \Q\%Y

Mignt wad o S %m\% X s 9 X “ ey Bp



Dicow Nse &eaenevaﬁcm *f&\woj\v\& i U T(Mq\m

(QQ\MH\JQ U ts -



Dicow Nse &eaenevaﬁcm *f&\woj\v\& i U T(Mq\m

(QQ\MH\JQ U ts -

FBT(\Q/S\ — VBT '\VN\‘ 0%‘ = tCG\I\ (\(\\ UbhiQsl\ Vnee*
=\(L Y (MQMG\Qa\CﬂU&\ %mvn&ver&a%

Q. TO“O:‘ CF‘( )Q%\ =

Open Cendition

’
LUISARKRIIRTY
Cy L



Fgum = ((nvevter QQ c\,e,oev\emh‘cn Led(m(gkv\m wn W ﬂ%\

Vi W L &%£mmh‘ovx of  idea| Dheawes K TU B*aL‘LQB

pats

600& <cevar 0

NN




Fgum = ((nvevter QQ c\,e,oev\emh‘cn Led(m(gkv\m wn W ﬂ%\

Vi W L &%£mmh‘ovx of  idea| Dheawes K TU B*aL‘LQB

pats

RAD  Scewart0




Fgum L\' (\\VN{V’*QX Qe &e;oev\emﬁon Lec)(m(%M wOW ﬂ%\

Vi W L &%emmh‘on of  idea| Dheawes K TU BM\DLQB

pats

BAD Scevario

l Qq?law, weHa QKQaVld@d

dea ene ahions

(2)%3 snded deyeners

Y

o Ror  Weal \I\eao\f
\N ey o N\ < \{\\:ﬂ X/ YJV\’] Yz

wL ?a\\r& wAuLes pryedd Q\‘m\‘iom of (elative wauli

R p

W K\(t/s\



S_L—\Nw 34 T ane Adeal sheaves

oy ?QLV\A\/\QHL Pav\de ‘N\){\QWWS

o Upanded c&é{mwaﬂwg Que  CowpuchGafla

g %\W\E\d\r o gvm L—l\/s &%CV\QVO\H(M
%aé CNANM O Fﬁ@r@w\n N QW Tf’/\w%




N

W
;\\j sl
A
> \
\\\(:\
(
<\ Wb
‘ A\
(S)

\Y

\
W\
X
A
NG
de C
L
\\\ e
28
W\
N,
cz/&)

(
u
J
an
a
("}
L ariante
S
(sC

\\)C-’



1 s\
(\;0\( %QY\QYa\ Caherent <heaveg Vi_Wuw CQ\AAQ&QH @icvtﬁo"

\06 m\;@V\deé\ de,c&@quh‘ovtﬂ dees  wot wcﬂc\\\

LI |

ZFWQ W\\od\«‘r Le come Aes&a%iltgedl

\=\;2

M G ) <ot el defind
'\‘a\;\\l‘\é ‘\ssueQ\




ones

o
Uge ieviu
ed |
inkeyv gednan T M\A\ ?\/ )
. ovkeck (opOKes



(&szda Wortk i\ all Sheaves (and TG v\w’wcmwerse)

ones

oam  qgo  devived  nkev cecdion WOV\A\\ ?@Y‘Pe& C(WP(QK&

b% —<cheme £ m‘ﬂk\ &@i@d Qefecc‘: CQ\AAQ\QM S

M = Mol <oee # T eReckor) | itk ave igiife
e P8, R e
8 S

® QX\L (F\’C\ = o >L<0
Q@ tew Waap Exl® E)—=TC & an \s:wv(\'-c-'\:)
X s Jwpl
@]nwr otV\ _Ueaacme\ T Qerved  Stadke \’\04\

208

qﬁua%i ~Ameater (e T de P-ds QGuplex &

)

M)
\S Qerfe& of w?ki\*mde ]}\/0'1



Ae@iN &m\\ar(b i ™) LM, )\\/\(S) amd  asuws Ty

D

~N
Gnd._Cquippea O UnweYa @N\VA at 14\_2"23



Ae@iN &m\\ar(b i ™) LM, )\\/\(S) amd  asuws Ty

D

~N
Gnd._Cquippea O UnweYa @N\VA W 14\_2"23

S‘mu % < s o« AwRox = 4 vataral C&Q(‘\\Jed\
o\
N =9 L
tes\ eickion  wa :Fi _LE@ =\2.
3)(\((3\



AeQiN &m\\aﬂb i ™) LM, )\\/\(S) amd  asuws Ty

N2 )]
Gnd._Cquippea O UnweYa @N\\’ieg at 14\_2"23

S\Y\Ll % ﬁ—':\‘,( [T &'\U‘\&O‘(‘ —) 1 Vcrk\\vq\ C&er‘wed\

s\
(\J N

U 1 =\2.
ces ¢ icton WD ;L _ E@ S 1=\.2
(2 [ 3 / C2

\ \ M(S\

—C—S

TR

Theovem (96 Beessaly ¢ M) — V)
Qko\m\v\qus\f y—kataicy
cankzevch~ R W2 3

dencl\e s Qerived reg’\mcﬁov\ W\U\'?W\BW\” Tm Q

Ba’ﬁ%%a& o Candirous ‘& \\/\A\Advaﬁ a &oém%\‘om K\ Aune -
‘ < J) = " . 1l
R i \\V\I\NL\I e

e!‘\m\ e 0% ?ﬁf‘w’ed& Blxes -



N M —— M

y ° K
L S PN y G W

M) _4 MR)
W W)




N M —— M

' ° *
aod A XY _”T\u\m —& T\{ Q)
W W) q.
Covregponds fo Mw;\)‘:( m—
& :
R Rn (€ 0 4, %g&\\m \h\
Y
Ry, Baow (7123 U

\!

%P1 . k?tk(\i‘ X n (%,E\‘\\\Q



N M —— M

A ¢
QKaS T _;\\—WY (\ L M)
DARNUUTA q.
Corre&FV\Ai to M\Y\\\\/X\(\ ‘_L%\(\
N S P
R o BT 0 4 D OHHU
v B (B ® ({“ ¢ 4 M)
"
R?\U‘ o (f'\:\ )?E\ t\l
\P
%P1 . @1“@‘ Chn (%,‘%‘\\\‘l
:mewan
TV\N\ ®TMW 0) - g L'\ Y v

GT @f T %?2 S¢
e e Ny T Ve VoW )



Prock M —2 My

) ° {ﬁ
A ¢ T
‘ Qmé AR _;\—\Wi\ BN
w VNG "
Co’rff"e"PV\A% to M\\((\\\/X\(( __Lq\(\
W LS P
Ry o BT g4 O =)
v B (B ® (f“ ¢ 1 )
Y
R?ut ow (f\:( )‘?a\ t\l
\p
ndnona - . °
A T @ Yy
* X £ 2
: AW :
: T\/\(S\@) ‘ \\{(g\%—_s “ ??IKSQW“NE\
f MR)

= A \Awa\oy\% WA\) YAween Cf (,90S ama O

3&0\7@& Mrnck und \a



3;0( Wzv\deQ ew,‘(okl% need Yo <Wew



$m Wzv\deQ e\m_‘(okl% need Yo <Wew

\\)
f“_q ——:“rw,\ — " Ty

Fa



(‘?0( V\deeQ ewxo\ls@ veed Yo Wnew

q . e
N A (N NS M)

R Saowe \o QN
h I

. , .
T1 ——:Ww,\ — 0 N

Com\\mva G ARV \vi MY, carries a e -Sifled
N

SywuNe rncune,  and '\a\% Joya <tal
(BeR7)

M) )\kl )N&\(Z\ W a dewed Gkl \ows o
XN
a Rundklow \ow”g/




Cq\eam{ﬁ“g(\ DU wwlg %QW\ AQ\QJQA J—ﬂarmv\&uv\

Need 4o Show <illed Supeckic
Uvunckuve awe Wl W Qe atvxevaﬂ} %m%

Tnlevgedan .

%y@%

\

- DR v
| (% \ L\/OOAK\\ X V\ (Mo fe, \
i\ M)
=0 N =c
QGik(§) [ Flowaten | q k(8
™ o gm\mria\'lfl Dy
of derivel % th&
* WV AN
t=e 1 A

g P otk (Xes W) Tae MR

NQ&\ lro \j&\\ deyived rvudune i< ’\\/\&MULA)
6\”0@ — Ceomn awmloient %?QCQ\‘\‘ l__,



‘Dum& (wiH(a\ \owss

Wi %] qu\dﬁovx o~ & woe ¥ Sdhewe \)&(

d Gir (§) ) Tepresevnlreé 3:9_ koszal a\gebrn

LN
(S T8
.\ Q&QV\%QM& Camplex s @ Cawpesition

&
TNi%’—s &



<Du‘\u& (wiH(a\ \owss

Y gs] Qundion on & Smoe ¥ Sdhewme X

CLCN’V () ] TQPPESQWJrQA }39_ Roc%m\ el\(ge\m‘m

LN
(S T8
.\ QQ}QQV\%QN& Camplex s @ Cawpesition

& &
TN & =
W W

%\n\%\{‘\ gawv?bzc&fc S)WV\C}\\U\& on W s (educu\

Yo T Shedewanl  Walk
T\o\/ S Q\)\/

¢ de\R — dunal \



\_oeca\ wodel Ro¢r dont leuws  omn \/\0(\

Wr R el ag Vel ;. F e Ghed



\_oeca\ wodel Ro¢r dont leuws  omn \/\(X\
Wr R el ag Vel ;. F e Ghed

Cm\%‘\QC\’ —6 = EK* kE E\ SQXYQ ) g‘%xi Q?E\
W, < A;.x\ w:@tg} Sy W, Ex@(?@F ?

o s m _®rakp) W= Ex‘; (Rek )



\_oeca\ wodel Ro¢r dont leuws  omn \/\(X\
Wr R el ag Vel ;. F e Ghed

CQ‘!\S‘\&C\' U = EK* kE E\ SQ\YQ ) g‘%xf Q?E\
W, < A;.x\ w\:@tg} Sy W, Ex@(?@F ?

No s m _®rakp) W= Ext (Rek )

‘mé{,{ﬁ% ’\q‘:x\: _ q\d o vt L -x %AYYV\C& (VUA\S

ow XK \—\qu—

L2
L-w Qm&v&*’i -Q gam (W) — /(k

3 f\*q\ca ad\)Q Wt S

& 4Ty (1)

Jigmmetric ey



\_oeca\ wodel Ro¢r dont leuws  omn \/\(X\
Wr R el ag Vel ;. F e Ghed

CQ‘!\S‘\&C\’ U = EK* kE E\ &\YQ ) g‘%xf Q?E\
W, < A;.x\ w:(stﬂ Sy W, EY@CV@F ?

No s m _®rakp) W= Exk; (Rek )

‘mé{,{ﬂg '\q\:x\: _ q\d e\oro oA L‘ x %AYYV\C& NI

ow K \_\)& = A
L-w Qm&u&% -Q gém (W — /(k

3 f\q\a@ ad\)O\A&S
& 4Ty (1)

Z A (& ——%%& UZ\\

k=2 f(

Jigmmetric ey



\_oeca\ wodel Ro¢r dont leuws  omn \/\L\Il\
Wr R el ag Vel ;. F e Ghed

Cositer =Bt @) Sove J % @9)
W, < A;.x\ w:(stﬂ Sy W, Ek@(?@F ?

No s m _®rakp) W= Bd; (Rek )

‘mé{,{ﬂg '\q\:x\: _ q\d e\oro oA L‘ x %AYYV\C& NI

aw K \_\)& SN Y
L-w Q\*Q&Md‘% ‘Q- S%M (N — (k

3 f\q\ca ad\)Q\A&S
& 4Ty (1)

Z A (& ——%%& UZ\\

k»2 Rl
Kosau\ Compl A"X: (ML) @Sy (‘MV\/AQVX\

Jygmmetric  elps



\_oeca\ wodel Ro¢r dont leuws  omn \/\(X\
Wr R el ag Vel ;. F e Ghed

— .\
CQ‘!\S‘\&C\' —6 = EK* kE)E\ SQ\YQ d\/ g‘%xf Q%%\
% x P

T A \V) v 2 v
Wos Bt (& rekp) - Ext (Fek ©)

‘mé{,{ﬁ% ’\q‘:x\: _ q\d o vt L -x %AYYV\C& (VUA\S

ow K \_\)« BENY
\__ZK: U&V :

AY)

L-w Q\*Q&ud‘% ‘Q‘K . ggm ((M — /(k

3 f\q\a@ adﬁo\\A&S

Jigmmetric ey

c\ _A\&Q\gm o@ %m(JV\'oY\% v ¥ v

4&%& Qewa\  Complotie QK - ﬁﬁém (“\

ok MW\@?’ y ‘?x v
=T Da s ()

Kosau\ Compl N, = (N LUe) ®%ng (‘MV\/AQVX\



T (odim t)
g\m\\mv V~q  algebm  Shyndunk  of = eGP

K = Cyn (W@ W Tl @ 3yn U ) ,AQ?



T (odim t)
g\m\\mv V—g  algebwm  Shynduny of FE eGh(P)

K =Gy (Wi1® WS T1) @ Sym (U 4)
¥

Lome Cotismy e §o T LB el

ky2 & ke

dq - a\gelora N
T Ag-algelo Ax“ \1 (43

o s2u\

4\gelom



- (ediw t)
g‘\w\‘\\”\‘{ V-~ ”‘\SQ\O“’ Sty wdkun ol #@C@MC\P\

K = Spe (Wie W, vl @ yn (U @“\\,AQ?

Lo (ot w § T L8 syl
ky2 &)

dq elova 'N_ ’
T dg-algelo Ax“ \1 (43

ko s2u\

al Reloray

gcnr K‘P Q‘mm\\BK

wel CM- ar d \L Aoespt Lave Sw e d KQ\Q dum

s ?TQ?Q{\B X;q\\g\

ow eyey Ows- CCW\ TR coueyY A Q\‘QMA \‘ervu% W A 1



:-X—:MW&\AQ new) L——oq al R oo Srwdhurs \_
_\_

4 . )
L, - Seweu, = Ber ofd (o lonl s

) R RS
o We W@ \N\V: i:X&XG:,‘r\ B (‘r“nL@f-\;\&)Exk (%\ZQ

N X P



j-\»x\%m&\m new) L——oq al g \oron Srwdhurs \_
.\_

1

4 , )
L, < Veweu, = B obd (e jo B @i

5 2N =
- e W@ WY = &:x&x@rr\ eBd (Ri’@k-\;\ @EXE(%\ZQ
x @

A
Posseses Lm

peoducks
Q, %k(svvvf%Q N> Q)
@ %%mk'\(ru\w\—}\htz
® Sy 1) @ Wy —s W,

@glom QI\@W®NI*—9(U k>



j-:x\%wﬂmq new) L——oq al g \oron Srwdhurs \_
.\_

A VAR 2
| .- lew,eu, = BdrEe oEd (Fex) o B ()

5 2N =
= e W@ WY = s:xxx@w\ eBd ('%%\;\ @EXE(%GQ
x @

A
Russeses LDO

\bméucfv&
&% \ * -
O %%W\ W— 1 — EH“(\'F)
@ g K-\ \l\{
‘3\!\!\ oW =N, %A&a\ devivatives
N
® Sy 1) @ Wy —s W, ue \t@wz

@glow\ \®W®N1—9ﬂ k> (E



j-:x\%mﬁmq new) L——oq al g \oron Srwdhurs \_
.\_

4 , )
L, < Veweu, = B obd (e jo B @i

2 \
= alp e W = B ) @B (Fifaky) i@ )
x @

A
Passeses LDO

Seoducks
Y %%W&““%“V — EH;(\':,ﬂ
@ %mk'\m W=, e
® %%vk'\m\ AW s\ U W, QU
\
@glow\ %\@W@Nl_g@ Ko (E%

K22

k-
Lewma ~ T products S\Gmk('u\éflﬁ/ Sy (evy —Wy

Gan Ve Qnoten Ao deyrlbe Ths Canenica) L ~e alyebron
Existena of de Gnod
Shrudwuna Exhp(? ) = o Serie ,gf@m&mg ftm\q‘me%



}Q_ /US(’S ko&at‘.m \m«\w‘) and Yot

\Tkl (X) \r\ow\ ngm% k?@\ )k\\%\ N\\ =0 )ﬂb&)o
X
N

Replae © by total Raw o ol undle

\'P\ = R‘\\/Q\ )(_%XL(
oy srenl T tan e viewed ag

Nevwed tedmichion  of its pull ack P Yo

V
W \p\y\“_‘;' X

$

EWXU%E\ cnd Byl (E8) an  uiewed
‘P\

08 Cq\/\QWO\a@\} o€ %Ho\/\\ (?)DB ond (eploce w(w%/
(1>

koszu\ resgln

7
Rl (¥og, £e8,)



_C,DL T &i— alg elorow
A l; - f%m‘ (@ W,T\ @M \1)@3%&1 (4 &, @\A@\
] %%MW\QJWV\\C a\Sc\om £ C&a——W\QAMLL

N{Eﬂ@ I\o —%NZ(EW‘\D
P P



C)-r T"\L dﬁ— a\& elorac

A T 335w: (@ W,T\ew M)@igv; QY &)
g

] %%MW\QJWV\\C C(%C\orﬂ/\ N C&a——W\QQ(ALL
® Ak —=\ ®7‘\°
WUl I\P L
WU A QQQMA/\\‘EO\\ Olotain & gmw\ (Q‘M(Lm\ wap

N —> \‘\2@&6““* K/U\VB
/?I.v\év\u& \o\a % \\

2 _, 1~i&cw‘
Cor (BKKS 2004) "Tu “W”“‘Sebm ;Ax_ﬂ_f— +g

di—mléebw of Ol(n‘l]r (;4—@) on /(,(@W;/@V\I\



Q\Aaii AN Catey anieg for  Samilig o
potanbalg  amd e Gau<s-Manin Connechion

o Periodic (Jﬂw‘c l/\(ZW\olOgﬁ,
Covsides MEUP) T Guat —Smooth  Shheme
ms Congder Bumily of polentinl Consbruckd i
previeus hep Sy = ’Dv(g\+%cs\ AQQ@A&“@ on T

ooia o8 SeW (B \4:?\



Q\Aaﬁi AN Ca/re@ arvieg for QO&M(\I{QQ N2
polontialy  amd Hhe ga\Ks-Manin Connechion

o Periodic %cuc hemologiy
Consider MEUP) T c@«am‘ —Smoathh  Shheme
ad  Congder —Eam‘\\\o of Polentoll\  Comsbruucitd  in
previeus hep Sy = Pﬂg\—»&cs\ Aegewdua on e
Unoica  of SéHﬁQ ©, \»cé\ Weve ACMU:V\ 5
quasi -isom Yo t\%—mo&w\\' <hems 0# Na\a:@ea

Cowplaxes  NlXs) ow A0 Sheme Zea= KCP
S



Q\Aaﬁi AN Ca/re@ arvieg for QO&M(\IWQ N2
polambialy  amd e 8&u<s-Manin Connechion

o Periodic %cuc hemologiy
Consider Mtc@)-m* 1wv-&m&ﬁ Schheme
ad  Congder —Eam‘\\\o of Polentoll\  Comsbruucitd  in
previeus hep Sy = Pug\—»&cs\ Aegewdua on e
Unoica  of SéHﬁQ ©, \»cé\ Weve ACMU:V\ 5
quasi -isom Yo :S%—mo&wu <heme. 0% Ma\&:@eé

Cowplaxes  NlXs) ow A0 Sheme Zea= KCP
S

eﬁén\mﬁo “Vedar

O_P,m%‘\ — ®R¥ Cﬂ*eo°% @m oR-
M e



@ . = (X — Cve o(TI0
}&& /~2 %mded Ca’re(jcr\é, vg \J\dﬁ\x adasoth

@‘% Va&\ :



}&g o« r7L2_ %mded Ca’re(jcnél bES \"\q&r(x_ ad@z'smzm

VG\'“‘\.Q- D) = dy- cakegany,  of U -qroded
GJDV 1= « % (60 18“ £ grade
loc Qree heaves £ _Par' W MXE)) ndee

A 0dd di@Q/\ % NI Sah‘%e‘(ég

2
S = g -Td
N Comptexes  of worpmiasms delina d “9 %qlc—iv?_

Slandard  Howm— Counplexes

3‘@\* 0 WOQW\SJMS(' < /I -C&m«dec& \Veckovx %Eqw,s AVUA
2

wn éDLs\

pdd deran tral A d  ejen Qyvature dements

@ 4 SassKies ﬁe\\mi?mle
nat A CQ\N\PO‘b\”\_i(’W W\OY?MSN\

R € Mo 0k TEDS) V5 L Letow 1)

D) A(ZL NS Fgl/l
&) = \/\\{% X
3 i = @ ) Shy=o
SwT E== Ay )Lc\x \/\ms deqree G-



QQQ\-{A
TV A k‘\od/\sc\/\\ \d \/\o\/\/\o\@&”b L V)

|
W atrix Yactor {64{-‘\ N
categengy



éo&-:r\
ARV k\od/\sc\l\\ \d \/\ow\o\@&vb c@ (DC%\

!

W atrix ﬁac’coﬁaaﬁ en

Ca%%cﬂﬁ
WmAnw & \\
N/

(Pz"r‘\o&\'c Ctad,ic. \AQ\N\OKOZJWA, PR\ oFf D&}

C W ( k\od/: (DY W), \a:_ai/(s>
d' X\



QQQV{A
ARV k\od/\sQ\M \A \/\ovv\o\@&vb c@ (DC%\

T

\J
W atrix xadqoﬁaah en

Ca%c%
R XS \\
N/

(Pzﬂo&\'c Clad,ic. \AQW\OKOZJWA, PR\ oFf D&}

C W ( E\od/: (DY W), \a:-_ﬂl/ﬁ>

4.,

ggw’\f\o\l Q0%

N\

lAé (8\ ~ CQV\OW\O\OL&@ (i %ari‘&kﬂu '\UP\W\
'Zz-cd rodea

of Complex Gz:;/lm((%\)) — v(s\ +?Ac1de_>

Vi
de Rham QX -



—_[L,\—qu_ ( RkkR 202&0 S(\Q)Y A ﬁooal deéevwcﬁfo“
,\@1 X ——D L{\ U\ljz,

NS

1 o Rat Comedion on a0 godor  loundle over (!

W Ri\per HPC@(&\'OQ J\:}? > - In partimlay
C

(8 aqmded dimeunsion of He (mg\\ s Gnskan ©

\n -Qawfa\%s -



—_[L,\—qu_ ( RkkR 202&0 S(\Q)Y A ﬁooal deéevwcﬁfo“
,\@1 X ——D L{\ U\ljz,

NS

1 o Rat Comedion on a0 godor  loundle over (!

W Ri\per HPC@(&\'OQ J\:}? > - In partimlay
C

(8 aqmded dimeunsion of He (mg\\ s Gnskan ©

\n -Qawfa\%s -



[LW ( RkkR "ZON\ YQQN A ﬁooel &eéevmaﬁo\f\
,\P'- X D L{\ U\(Z
Y
1 o Rat Comedion o« gedor  loundle ovet (!
W Ri\per HPC@(@\'OQ Jj}(g > - In partimlay
C
‘J\(M\ C&Y‘&de A(M{V\%\OV\ @e HP (m%\\ 'S Gwﬁj\‘dhk
\n -Quwu\%
Rewiarle . Ty 4 Sally here dait(Us)) < &(Vs))
d
: van‘\s\n'\wd
e tuicked  de Phamn Cwpex  \w aleve (ocus
< ‘{i\\sow(nrpw‘c o e hedl of \/amg)niv» Cgcﬁ&l&

oM L(?(SN S ANAD g Co\/\aw«o\@«?Y 6?\)6& CdJrerri@ca(hdﬂ

oﬁ ﬁ—( ‘tvl\]lv&‘ D %(S\ Con loe feaandeé\ as MF{S\/\QY
Veve\ Calve%ori &Cﬁ\'\"i@h\,



Cow[m‘rah‘ovu of DT Co\nomalc?

%rawl?g ovey T g\)wm\ @Lea’\



Cow[m‘rah‘ovu of DT Co\nomalc?

%rawl?g ovey T g\)wm\ @Lea’\

& iven Jjaarangiams icw\c\ M ¢ wd. S&VMPl mEd S

L

)
W Choicae 012 —&i o 4 &';

“Thim (Gum'ng:'ﬂow\ —Sa?mmovx
3003
/.
Lo- Mo <£>L0M @_Cch)

178)



Cow[m‘rah‘om of DT Co\nomalaa

%ram?g ovey T g\)wm\ @Ler\

Givov\ Laamngiaws icw\c\ M ¢« hnd. Savmpl mEd S

L

)
N‘\‘H’/\ @Iﬂoiu 012 —&i N cl &);

“Thim (GMW&;WW\ —Sa?ro\novx
8083

/.
Lo Mo @ C(h
\Vc&) <£)LOM < \

s ) ' |
%uaﬁao\-\%w N4 ?ewexgﬁ g\\eaﬁ ol \Jam\g\\\é
wodules ovex deg Gssonated ‘o

T_CS: VS(O\ ® (E-((JV\\\

Crea ) Sagronglan intersectian.



Our appmad\-: 81‘m[|4r devived aeovm’mﬁ@\((



Oar aPproac}\-: Similqr devxived aeoma’m/(@k((gx

1 1
lo} L(/ * om d kz

L) M(Ye)

L

. \
det ( BV det (E \L

\“\h\ \-{(\(2\
\ de Qmwaﬁo‘f
Q eloyw ):Jﬂq‘\' %% %Y Qu arntization
Auerniaien Lottt €Tt -flat

4 L@t DcJ wisdule
M

€T -flat

vv(\edufn le M “Wﬂ



Oar aPpmad'\-: Similqr devxived aeomqfnﬁca((gs

1 1
lo} &/ > om d kz

LY M(Y,)

L

e TV de >
det- ( Ew\fQ k(E \

ML)
Q efyyw akiew i % de Qmwah‘w
. . iuawﬁsqﬂg\,(
warni
e Y et € Tt | -Rlat

4o Lt LR

2 Wsdulg
CTe] -flat K \22
wodu le “(\h\ \}\\\{’L\
Lt Y Y
W <Raw (K &Y \Mmts
MU % MOR)

U, Rar e in Yise Ray Tesolin



CG“SC(’N\I@ (@Kk& W - ?Q‘(\‘HO\\\() WNork W '\M‘oﬁrKS>

ZJV\ W
I‘ GG w\}

@’
N A 2

= ) g



Ge\nem‘c (-P\C}YUN, g_ %_ dWJ/AB Qew)edwm
?%: Q)\k\n\-ic 3%\4 ﬂe@mw\ﬁon

T

NN
B
X an&ic < \’\
2 2% 4

\V

Quirti ¢ 3%d



Ge\nem‘c (-P'\c}m& g_ %_ dWJAB QQV\}l&JWML
g&, G)\L\M—ic 3%\4 deammﬁon

T \rﬂ //\ .
>, | ) R
NN l: %/.//
& \,l = /
X \ /
‘ VAN dim=0 \‘W&\W\s5 P2 \Nétm 3
s Co-
¥s 3 g3
Y =k3
XM( \ S
veolp



Ge\nem‘c (-P'\c}m& g_ %_ dWJAB QQV\}l&JWML
g&, G)\L\M—ic 3%\4 deammﬁon
T

NN
) L
N é < .\ Ha /
G (12 h Q /r Y, oee
Vir dim=0 Virdips 2 vedim=3

du <6« Ja (T ) e
Smoota \Cg:&\ med



Ge\nem‘c (-P'\ c}m& g_ % _ dWJAB Qowl 4 thtl’uL

g&, Quinkic 3%\ degeraration
T

Vir diwm=0

3
Y oRR
\l\f&\v\l\ss \( / f)/ \Néw( 3

g\w\@: P 3% KC% 5 ) hal. SEJ’MP

%YV\OO‘R/\ \C&~S\ med
La \a
QYOW\& %
N fboration W
a Sechom
3C2 siwme \C 23\ - B3
oA
e

(oY (0L

ETW& NNP oz\

“\

Y e

tnserkion

Colnowm C’\C’ﬁ‘q
Class



%b \gca},i?)aﬁow;

& Q\cﬂ(\§< L\’Q = g L

[Me)* [ oMl
T ‘

~_ C
Sublowe



%B \gcal,igaﬁow;

& (S0 )’ ) = E

- N\ Q_OY'L\ (‘?JC\C\/\WJ
Mo [extosctll
C. Sublowe
N?’
C#ix
g3
S=k3
\
Quankic \{\
3£old S\ g e
¢ 3 S c _Sac(cai\
=
C%-fs C dac C(%/N’
1/ \Ca 3|
i 3
- =\C
C%=3 PrelP=|C, 3]



%B \gcal,igaﬁow;

& (S0 )’ ) = E

- N\ Q_OY'L\ (‘?JC\C\/\WJ
Mo [extosctll
C. Sublowe
N?’
C#ix
g3
S=k3
\
Quankic \{\
3£old S\ g e
¢ 3 S c _Sac(cai\
=
C%-fs C dac C(%/N’
1/ \Ca 3|
i 3
- =\C
C%=3 PrelP=|C, 3]



bT(‘(/Bto(\ o Gulwbubion o€ pauil of
Quonkic  kg's o DT(Y). with Loe locus

_ 2
= Cyps R\ P
Jott :‘rlu"'(}?zo

BT ) <> Coftrviosben of \OM(B P /C >
29pt



bT(‘(/B!o(\ o CGtmbubon o€ pennl  of
Quonkic  k3s to DI(Y,) witt Loe loag

- 2
e Cyps R\ P
Jobe :110'"0120

Y, _®l o
) b 8P
STy ¢ ) v Corkmbrbon  of . ,
/ / ™ n A QdPt /C‘Pv>
g:?
BTN = 7,_ ST(Y, ). (W La 7/t )
C TS, it 8”

% (N\*zcx\\ - & (b’rw@,{x\\ EACAEZY

\ X Gv’lo\mvu\souﬁ ~S 06

W\o&\ll‘f ? wodular Sepw.



~N v
e Y, = BN 5 Y = ka3 Riend TR
a—; o ¥ C%X
CQ;S

Relate ﬁTLtg{\\ o d N(Vl/g;o(\ Vin cle@evxe“raﬁoh

(ot Y AADS Vl U \P 8@/\]v deneverotiion +o norwa |
| S S/Y\) ¢ Cona. of SCY,



N v
w Y= B Y= ka_%\ws hid
C X

p) owR vt
a CQ; <

Relate ﬁTLtg{\\ o d N(Vl/g;o(\ Vin deéevxemﬁoh

!
CH:P‘Z Y\ AND Vl U \P(@Q@/\]vg/yy deaewemﬁoh +o norwa |

Cong. of icY\
20 V
0 / a8 lf@&@,\%/}‘.)
Z 2
=3 e X
S J e
\l\ y\ S

,Al




~N v
ur Ypo= BN o Y= ka-Ribed Shid
R
C

p) owR vt
a CQ; <

Relale  XT(Y) avd N(Vl/g;o(\ Vin deéevxemﬁoh

{
CH:P‘Z Y AAD> Vl U \P(0.® 019 eneworflon o norma
! ( Q/Y)

Cong_ of icY
©
Cﬁix»’c /\4 P CBAg/Y) N
7 6;3 *\X,'\‘—Q
< K&
\l\ y\ S
Rix < "
ut+ 8 = 4@;\»/« C o
t=o 472
v/ |
wt P=81F
& BI N
C?nx;*"

q, A



=
N
o
<
I
—4(

= K3-Ribernd 3HId
\
C%’X

oy
a } CQ?S

Relate ﬁT&\\ o d N(Vl/g;o(\ Vin deéevxemﬁoh

!
CH:P‘Z Y\ AND Vl U \P(@ g/)ﬂ 019 everottion Yo nerma|

Cong_ of RCY
PO, )= A(
Cﬁx»’c /\4, o /\g/\fl
7 6:3 C’R\X t=o
S e
\l\ y\ S
,Al
~ :t\'x,Jt
ur C = Im C
t—=o §=*
v/ |
- B\ C ¢
e QN =Y
C C?fxf‘a
/-

— Z .ﬁ' /z‘\’

TR - TRl 30 )




/

NN
||
N'T

FOEN = ROl - K it $))



2

[
]
X

[ = N &w). 300 )

O 2
RSN < ROriem)) - ROTC il CF))
C\l/\o\ank@%(~§ a6\3
V. Wodulor formn <@
wziém K'%)



/

NN
[
ST

FOSEN = ROl - Kot )

T

G\lno\aw\w(~§ Q6\3
V. Woedu lor Roxwn =@
waight (5)

T A S UA A IR AL A PA)

_ Z o -z LWN n:g/c\)
< () "

= R OTE)) w VU woduas Torwn
ot wegnt (=) Q.ed




[

0
||
X

FOSEN = ROl - Kot )

T

G\L\o\au\mufﬁi 96\3
V. Woedu lor Roxwn =@
waight (5)

T A S UA A IR AL A PA)

- Z 2 mr)
2 v ¥
Wan k \fobL‘ 2 (3 'VUP/C)\ w0p
z UsT(\?\j ooy VU Wodu\dr Tom

ot wegnt (=) Q.ed





