0OMogevoUsS Doundosies o2 Geomerric Structures

Luca VitAaGU ANO

\M/ ALFON S0 TORYDRTUWA

Unwersiby of Sod erwo | Thody-

XA Tinkecnohionod Fod WowrRshop on GEmv\e)n—a ond, P\f\»a s\es
Rptemboer A-4 | 2096 ‘ Dniversitor Rovivo Virga\ \/\cho%ov\c  Spawn



Hvaoanvuous Bouundounes ate S&wp\edﬂ'c MO\WHBOQAS

(M \DO\ Q Sﬂwlplu,ﬁc. w o v foldl

SeM a hypersurfoce (‘6"‘“'“ eA 2ed bouv\ol,q%)
Zex(M) a wotor Retd st. ZAS
@ (Gu-w)lg-o [ETmgess
= S posfestes o contact shructyre ("L‘z ié‘(zzoov ogvdo.cf_fwm)
@ ‘[Z"O 'S -0 cbuwvi?;\c RoUNDARY,

(1=8w), Q“%“”)

= S possesses o cosywpleehe §¥ucture \
(,o&ﬁw\()\tt'ﬁ(‘, POLAV‘



Hovwoaavwous Boundones of Rison Mewi s

(M\TE\ a Poistov  wmevufslo

SeM a hypersucface  (gtmntized Bouncary )
ZeX(M) a wector Retd st ZAS
O (Lzmc~ ) IS =0
= S postestes o Jocwae shruchire (achvally a Jacob! pair )
@) L]y =0

Prisiow bryectown >

= S possesses & How hwrew structme < +
Pisow wdor Lebsf



Hovwoeavu,ous Boundones of Cowmplex MHanmdds

(Ml I) o complex e wa Ll
SEM  a rel hwyptrivdec
Ze XM) a veckor peld st ZAS

oD CoMPlex ROUNDARY
THM

IZI |S =0 =r S possesses a norwmod o wmost contect structure

(odd domenyi onod awodw gue of comp\&x)

[TASHRO 19637 | [KENTARO, SHGERL 1965)




How aloout wiore gewverol /oL‘ﬂe.revﬁr %wvmd’h‘e.s ?

e Dirac shuctvres
® GewverolUted Gowmplex structures

G - shucture s

PLAN : D\lswssiws a %,wuwod Theortw Haot puts
al Huse coatr under e sawaw uwmbrdlo .



CoM‘ad’/ Cosymplechc Gepwxe.‘wa, Renis)4ed

ANALOGUES LINE BUNDLE PRwWuUPAL R*- RuNpLE
wntro ct S\{w\p\f.cﬁc =14 o vl gemes un
structure -V oluad Atiyah Torwn syw glectic gheuctore
OOS&\MP\ ecthic Sij plecthc =0 \/\oMa.wquA
huctuce | R-volied Abgeh Toewn | sywdeche shructoet
Jawdo\ \/ /
odd cow plex \/ \/




Dexivotions
E— N a vector bundiy

Dervation of C - D :1E) — E)
o D is [IR-Liweax

o lelbws wlu:  D(fe) = X(B)e+ £Dle) ;| X=0o(D)
;sodwt\o%{.

Rewmovrks :

> Denuokowms com bt veem ag nRnuteiwol aubovwd rpmsms of E

> Denvabons aw sechons of Hu gorge a\%:.\oro\}.k . DE=N ;
> DE acts v E  omd om HQN ~F Q(DE‘E) ) Q(DE’RN)
> DRy = TN@ Ry Atyoh forms




Contack Structures

N o vae v <04
Contack structuce on N - He TN .

wxr'_x%ma.\\ﬂ wom-ln\-r/&rqb\g hg)p(r‘;\cvxe Arstn bulNon
L= TN/H L bund

6 TN—=> L Hu projechon D e &ZL(N\LB
conrack strocture s __ Rosed non-dugeneratt ‘&
i wl{-hTN/l.\;L_ k bl { we (DL L)
sgmpleche Albgen bewms
H ; O'DL. (9 o 0')

o (kor (00 i 0



Co&dvup\ echic Stuctures

Co&ﬂvup\u;h‘c Sthvctuee on N (‘Q' \’V[)

Qe P(N) | meN)
/qfO I} LQ"IQer\ Wown du&,q.vu.\ro.k + d«Q.fd'Vl: O

\ W - wavrate
{cm\svup\edw‘c struchures on N } S { &bc:)t:)&z.g?DTE:%m“:Q3 }

™ Ry ber
(Q,m) — (5 d)  pRETNeR,
("O'TN y QW |TN3 Set r
ub ro e
’/COY\C!D’\UQQ'“ Gm‘\jw\o\ed\‘c shrochie s = {d:;?:Q‘EADf‘&é:D }

ou a L bundl LL—= N (b-sﬂmp\ec\{ wWEds w/ non-coarient. SUTY '0“*9\



Howw%zw.iﬁa/ Stuctores

ftwe bundss | = | pancpal R*-lbuwds}
L— — L:G\O = | t 'Q) IFR* ? V\,
(P<R)/R* P

*
D\o\\‘omo\na/ — relk

(L) ——  Pwnchons of dygres 4 on L0 5P R
(DL = vedor Relds of diger O on L WE K= X

&X(DL‘L\ — ARereuiNal brms o dugresr A \/\tUO = rw

Q(DLIRN\ ~ AperevN ol Brws o digre O W= w

& € %(15 Hre Rt el %{MQ'\Of 2 e prnepol ckon



wauo%x ALOUS %Wpluﬁc Maw £0ds
{ conrack stroctuses } — { Wowcogemeou s :%w.p\ﬁc\\\c s’mx,\\)ﬂ.r}
with TN/H = L ™oL dey = A

{ cm;%wpkd\‘g ruchuees k : {\/\nmeuums Sdup\tcﬁc Stuctoees
sw L—=>N on L of AJ.,% = 0

{ odd cowplix gmch)msk —— [ howwgemsous Complex Shuctuns }
on L — N ov T of dg=0

complex stucture in DL=N

l/wmwﬂw*\éy = »qu#ua&amc_o.
/\Q'T*t d—‘% Ww=0 e W eowvaronwt wrk %da“'- R*U/%T*Z
ol < | W) = BE (W)
T daw=1 € o swvaant wet W RTO ATL
PP (w) = r &%, (w)



Contack Boundones of Sﬁwxp\euﬁc Mo v slds

(M \u)\ a sywplecthic wovafold
SeM a hypersurfoce (gzvu.n‘&‘z—od boumd,qnaj
ZeX(M) a wector Retd s.b. ZA\S

(Lzw-w) g =0

[Q%
MS\V\a a thvbulayr Mﬂkbor\/\nod we o v (

M= T $r sswe (fvial) 2w buwdee L— N

>

> S=im0 Pr sme wkon M N i E-Z
o

s Z=56



%
Cond Qe e acRon g
K RF () ATEM M

durote & - (M) = QW) .

‘R/\g \V\%‘V\/H'(S\\\N\al %,gmo.,l:)r; Z(w}: ‘szr—w [il \/O”
Rewark . (o[Zw‘Q))IS:O < (;):zéw\gzo
Cxlend wls ',Q_.o\u)ucw‘aw\'?ﬁ 4o o o ws gt weown %eﬁ(ﬁ) o oh,cé= A

= O \sa Wowwe gawtows clwost syw pleche §trucore
T+ s Wowogrwowy v p@ (e 4@ dw=0 lout

dd = dw + 0 =0 = S s oeaact 7



incpol R bund
Av\ A\DS{TOQ‘\‘ KP\C,’VO\‘L =M A B

S HM\W\O.%Q o ¢ e Nopn g

R* E om K- 2oulvad eut VS

R (6-3, /\H‘-"I‘D
fe O E %O & e 2 a xhow o £E—-> M (e.ﬂ,w)
E— M
vxz/ PE)=0
J ° Br wwa (mu—Qw)
£, N [R%— 20UV Cun oot

\/0‘ Lt ordur DO B (€~3- d )

Cxlend Z'.ls ‘,iqu}uowav‘\'eﬁ 4o & i € T(E) :
Quaston - when is D(Z) =0 7

NS

Thm  DE)= D@+ 029 .7%)  whee TV=E12 |4



Gewvolized Complx HowPolds

M & wmoaw.ftd

™ = TMoe ™M game ol ved -&”"‘Gf"‘* bund 0e
> pc: TM— ™ (a Courant algebro d )
> & TMe T — Ry D (Y = < %> < )
o [-,-1: M) x (M) = F(Tnv\) [[({1‘*) ' (?‘}ﬁyﬂ m (Lx,dix-”)‘(‘.idms

6QV\€V‘QQ){-QA Cow\p\cx Stwctuore ow M

T T = TM) T orthopral wek & =) & T2= —1 & T = O

——

™ M
BN m( & @ Possoun structure s V) /
J'L - + won ~2vieose
™\ W -® Lnkegiral: iy

Csnd'town



[T6\ES\AS ,WaDE 2005 )

Gevavo2ed Contack Bundlss Cv. ,wADE 2067

L— N Line bundes

DL = DLe J'L owmwm-Ge olgtbioid J'L= tom (DL, L)
> o DL— DL (0w L -Convont algubrorok )

> {-.-): DLeDL— L NN ERTI IR D!
> [--1: ML) x ML)~ MoL) [E@) G- (527 0

Generadited Contoct Strvctur ow [

‘K : DL — IDL_) [K OrW%OV\O.QNf“ <<*\->> & IKQ: -1 & ’th =0

DL '
K = oL/ A @T_; Jawl structore s L
o oK ey

Csndthow



(xwneraliied Gontact Bouwdaines

| Wourd grintous  gamer ali +ea
{%xwal*d\ Cortock b — Complex stroctores en |

stucuees on L

Thwm

(M\E\ a  gutalited CompRex wnowfolel
SeM a hypersurfoce
e x(M) a vector Retd st ZA\S

E(T)|g - O (€ (5 %)= (5% 5L

= S s Wwaﬂla—d conto
Pk E= BMdTM | Bc- Gd (8™ e &™)

)

Cwrk. hew g pew ‘“‘E ——9’\(’[: }

GENTRAUZED CONTACK ROUNDARN
™M

)



GQ\A!-V‘CLQJ{ -?;QA O‘)S&MP\LC—H C Buvdb S

L— N Line bundes

D“L = DLe (DL doubbe of Hne Gauige algebrold

> ¢ D L— ™

> {--) DLeD°L— Ru &) (BN = w D)+ <ea D

> [- -1 M0 x Mo*0) = ML) L&) G- (52 ae)

GQMQTQQ)J:GA 0053M\P\&LHC_ SJN'U(.)\‘UR ow L

J - DGL ——?[DCSL,) :ﬂ or\'%o:)ov\o.ﬁwfj‘ <<"'>> & ]1: -1 & /t/—ﬂ— =0

DL OV
7 - /% % Hows Howiaun  dtructore
(qu & 1 Kf nwon ~ £ vieoJde

integurals iy

Csnd'bhow



Goneralited CO&(AWPQJ e Bouwndosmes

N c,o.sﬂvmp\ccﬁf. \NO\MD%UALD\AS %&WO'Q':M
i%mwal*u\ Cortetk } : Complex STructures ow (\L

stuctues on L Cork, b g -\’n"*ctam'(\‘t __91‘_.[:
Thw
(M \\l\ a %,o.w.xaQn-eA Com plex v ova folel
SE M a MP—W&UHQO\CQ GONSRAGATD COSNTMLECTIC ROUNDARY
TR

ZexX(M) a vector Rezd st AAS
- _ ¢ m b Luuf
g‘;(ﬂ)ls’o (5(00 _cb*)’ (0(%0076 "chb*>>
__=> S \\S WV‘C&QM \ ! cos%w\p\ecﬁc
@xoo& E=EdTM

ctam

Re - end (B™e &7)

)



H‘Dmo%xvu.ous Bouv\d.ow% o:@ G - shructures

o IQ¥QD‘r\L:—> N a PN pol R*- bund s

~\J

There \s 0 noRon of HOHOBENEOUS G-STRULRE on L
contnet | cosﬂwpu N, odd complex , - [TORTOREWUA ,YUDIEVICH V. 2020])
Conye chure

(M.Z) 4 wone pd with 6 Brwslly inlegrable G- g o
SeM a hypersurfoce

e X(M) a vector Retd s.b. ZF}NS

APRQROPRIATE INCNITESIHA( EQUIUARIANCE COND'TON ALON G <

= S podiedtes & P:ruu% ‘w\‘d’»&va\o\& V\owuoaxv\LOuS G - dteuctore




\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\



