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[ Analt y Eic Foundations and holom orphic disks

See http://math.mit.edu/~katrin/ for % Introduction £o pafyFoQJs
(slides from Yashafest)

3 my mseumh
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Let'’s use this model; space ::fap.guq#/""ﬂffo[df---- set 'zr
ofhafdmurp’ﬂl: curves i in * I L e

{ m{'li c{dmﬁ'; yjf{m{l‘lﬂ ﬂfju.::lr s en M
‘glft?mfter

I Pfu; and Fl"oﬂ-F

Transversal ii-y
Machine

you just have

to wiggle that |

Frﬁna'ftd}r
—aii— Q!’-'H'E?}J'SEF

m,—-—'

i

Thm: {...} is an inariant / manifold up to cobordism / can be migm’u( over.
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What we baye: many ideas , rany pages , man doubt s

o many geometric solutions in special cases

general approaches informed_users

* virtual modu i cyc é’e*! [Liu-Tian, ] Dusa Me Duff

* Kuranishi sfrucéure: z[ﬁb,nm-mﬁ-&m,la,g] Mohammed Abousaid :E?r.
+ Ry ol theory Hofo-bysoci- o] (Kebin Webeheim) §
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¥ _seems to be based on

g -

questionabe. FACT Whpfsz'ﬁf/faaffgrﬁ) (s @ Banach manifolol

c@esed moridald

fffff

et 1 ®
Eg:gi} forximpficify € (m@- ' R)A'Li-!-‘t 3 [u,]

neighbourhvod of ) ~ f1u: Bz R | tetsor=iiotso) § o) trantition mep
miﬂ'h’“rw J[“l]" {V’ R”E""R IVIS,):.-L:I{;I) U+ Vis)= w(s+7.)

5}1-'%{7:5 that
shift - 6: Rz = C(MR) —> €(%,R)

(“ffuﬂ:r:u.f%g

(T,wv) > (T#V) ()= V(s+7)
JE{I"—‘O,V)= (JF'IJ'V) — & v o+ dv maps R’e";ﬂi
j only if ve€

is not differentiable on any Banach speces QED
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-*'2 Kuranishi structures are constructed Eﬁcmﬁvffz on

y P { s
aver = enerdy /Undlex of etz
a °

(noncompact) moduli spaces My (P,,...,P4) mplexity"of Petyl)

such that compactified spaces have boundary . . . .
?)/fﬂ,, ,g,/[ (P B B P) X M, (R... B) u’%ﬂ,{ap)

Oekefed
A R . o f’@f@“_," /¢ .
ﬁ""w o PR A -
L ALY Fe— /L fl—’“ﬁJ | B WL

orat fﬂzﬂf we hm: GMA?'II funﬂamﬁrfﬂl'o‘aﬂh dike belaviour +o cancfua’z 2.3

O p(R) = phalP,pte) + Ah(p(PY) * pa(pio,P) + A5 (3P)

(d=1) o) = (1,1) (0,1 (0,0) / Note  pu,=p;'+9
R0 "B=c"
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f__@a can wrap. £éerlr' head arourd gofx&!ﬂfr 22¢
Let's test them on J’Mﬂ disks ... but first ...
[Fulkaya -Oh, Cornea-Lalorde, Seidel,...] : Awperturbation lemma suggests to

| replace o
Call) ——| L. Ep AR
) ;ifj q %, ?r’”‘f_"""ﬁ/
ME.ReCl) | = # M, (p,..pa;q) € R
BV.[ p d ] A -cquinalo. /’% Pd;iq

Gain - ‘Fini'éefy gzmru{d HF[L) ; A,.-nlg.e&rﬂ.,
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Loss: M (P.-pa; 9) “—'{th:es of holomorphic disks with Mor se a%wlt'nesi
Why brees? — Composition is gluing of Morse flow bires , so eg.

cirﬁ&m

EaO'Fn O = /a,n,u, + /uz{',/“a] + ﬂ:fﬂa;']

¢p 3P [ s ) )
Y ;#@ \7& 1 -ﬁl.p
'3 = U {' v ﬁ @“"‘\-’Ir U { previoss

-~

y Biif :ﬁ]

dq re Gatt .
} I. L 'h.l'.ll_
Co nénihs e.s,
al- parometo- .
Lamil ghim
T }f o st p
I.

$ !It.i n,

50:?96% O«»

@@
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So do we need to glue_rmany moduli spaces %22 )
/Kp(P q) = I_l Afp{p,T ) 2 Te% . o ﬁji}
iyu'r 533'/:{1{'3 ’ L AR
-DLNQ, we just ® “Pregiue the spaces o-Fmaps to build o Pafyfo!d
Also allow broken ~vf - Flow fines (Goal: cut out M =3]10)cB)

%ﬁ[ﬁ P4 :q) U {[(U. {'EE' ]ﬁﬂ‘fﬂ‘”]

I r-c:nf'
d leaves (ETMW-E!"{# C&SS under
o bomorphisms of T, -“.'D.Jﬂ})

= LNJ B ; ’6 = fﬁms with Kk Mﬂki’?i of flow !t'm.';':}
k=0 o
=Y B)x...x B

parfifinr e — o
of P Pd k*l
hﬂfll'a_j

32
W, :(DAD)=~M,L) W ""“f)mf_cg,g
.KE*:L broken flow Line Emaried

a b morked
Froot (1) =] Ypenp s (-02) = P

[onis
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® l-;u.ila( PO ?Y'ﬁ)fﬂ! ﬁp[?,-?ﬂf?) {Agﬁ’wfﬁﬁfrmgﬂuc& Frees oF spheres ije@]

@ prove that 5: [(3:1 uv) l is a Fred fwfm S&Cﬁ'aﬂ
(\ i}fah Citn fcf?ify ke ?Q,:ff@fjp;ggﬂ{
B’;(ﬂ-ﬂ,q) ,.-{u-r) (&.]’] [I:éﬁét{ﬁﬂr from stondord cases

Feompac £ Fgr-fg rbations

® check campac{'ness of 5;,-'(0) < ﬁﬁfp,npﬁq}

lLHEY’.‘E- 13 .r‘i?f'n'?@.'i t{j C_JleE?JE % {q‘?g =rd ,_C{:?a'-j {-ﬂ {tj{“_é?;.{dl‘f Ej Tﬂ-r Hﬁtmr ft‘{rh:fm F;E'ﬁm‘_’.w f—ﬁ]ﬂ?fﬂr}r’ ,m-{_*:'f ?

ol @ priort possibge b“bé’ﬁﬂ? phenomena. incfude trees of Sp.éfjrfi: untless mjﬂ'z[-ﬂJ?LJJ

@ pﬂmg. and PrﬂoF
\n{ wtmm
ﬂ;;[?:--f?i: < Bulpr-raiq)

Compact branched suborbifold }thﬂ.daﬁﬂfl #/ﬁ? eq

unique up to cobordism for O-dimenscorgd spaces
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@qunl’:e Theorem [HWz General FredholmTheory Tl ]

g

E->P s-i'mrg fofybundfe

B

f:B->€ Fredhobm s‘e:{t'm 'F-,(O)ﬂ B CﬂmPacf.x
=5 There exish . multisection \:E~>@' [+s\={feE, fkf?ho})

Finite weighted set

such that the solition set {ueﬁ[ f(u) e Syw) | inherits the structure

Pt

= For any fwn Suﬂ‘!l }\,)vi-#ﬂ* HIM s a Cobartﬁ'sm of sobution sets.
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In the absence of s)/:nmc.ﬁ-ies ( when the moduli space (s the ?uoﬁrn &)
of a Free action : wop=u > p=id
e can wse the manifolol version:

@qunfe T heorem [Hwz Genernl Fredhotm M"fﬂ ]

E->1P si’mr; M-Pofybuhdfe
f: B> E Fredhobm section ) folcB Ca»-:pacf

=> T here exists a (nrbr:{mﬂ'ﬂy small and suppor ted nmr{-’-?d}) section s: B—>E
such that the solution set (F+sjl(0) B  inherits the structure

of campqc?f manifolol with boﬂw&r’-p and corners.
= For any two such 5, s':B->E there is a cobordism {&5570)“’{&4'5'}*?0).
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Note: Welave cut out the compactitied modul space ﬁ;s(n--rﬁ)*@fs;(@
by an abstract perdurbation of fower order s:W*'cB — W'*c €
This will be nonlocal (s([(w).1)(2 ) clepends on all maps w, ).

Tt will not be d5+5=Dy For arother almort comploe structuce 3'

However , if % LS ndaﬂfgifz éranrmr.sa“, then we can choase s=0.
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® The bw,m[ary master c?m&mn for modu Uc spaces
9 My(p...paiq) = o~ U M, (p.- P.,,r;p,,, P4 9% o (Pr.-pe; )
{i

Ie ks
(8+s, . )l (2. aﬁapr._tg@ (35, )0)
n ﬁéfﬂ--ﬁ; ?) N %:(Pwhfi ?) N %(Plﬂ ~Pt; r)
‘Eﬁ Loapﬂ‘ary ﬂf@ﬂ 'B;’En'fm'or' of ’Bﬁ
Je’mmﬁm I.HJfK 1 ‘-'*E unbroken Morse Hﬁv&lﬂﬁl}

= {one broker Morse £fow fine

follows from @ )mm(my master equation for pofyﬁ/bfr /2]
@E(P'"'Pﬂ‘f?) U @ﬁ,(ﬁ! Pei¥iPen H:hq)" B, (P*" '?U"")

B
O<hel<d
=l =

@c,ghmn": choice of pcrfltrbqﬁans slﬁ‘uﬂ“:y# gxS
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B The bowndary master equation for polyfolds B hotds by construction

'B; (p, P ,q} LJ;; ﬁ;l(ﬁr- PVt Pro- P Q) x ﬁ;(ﬁm-wﬁr‘ "')

ked=d
mr

Example: d=|

i 1 . il ".fff*' @
{}-U % AU O

£ ) BB BOir)
* B, (r9) * Bylpriq) 'ﬂifﬂ Piq)
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B The baudary master c7uuf:£on for modulc spaces follows from
@ bownddary master epuation for polyfolls B

A prime decompasition on the set of symbols

P Py
jd‘: f[ﬁPr'Pdf‘f] {ﬁe'ﬁz[ﬁ;”, Ph‘?em{: 5 ijﬁ
-
with npcraﬁ'un $x 8 —> subsetsof § P 14”}
' " P4
N |
[!2 Pd,qu [ﬁ P ] = {[ﬂ*(@a PPt Pr-- Py P Pa {f] IP:“}'} T

hr‘uc)\ €nhsures thet H‘!e Perfurbmlmhs ( S ] can be cJ'loscn cohtr'cnﬁ)’

o N I Y e T S e, T I

- = - o
f;f,; T f';e m’ffﬂ{g_ﬂﬂqf r"fﬁ'lal:'r‘ -ibf.-i"wjj {.5 ol = Lfl_w.af_“-j_; can be h.r,-:f..;TfE{f tn mest Floer theories

|':P:'._r‘ fora :"‘-'hna’-ﬂ'ﬂ? Eroyy eetorles)

[ £ L SET or ftress of disks
BT hat -J':wr' =3 i g _,,? htj*.fr r_'.hr’-"‘-E.l"’.\-_:) J':f';.'l_ on T
14 y - [ = = = &
-y iy ' = o N g [ i = "
£.9. A a(pip) contains @4 (pp): wr{prrkr o L master equaton and algebra

[
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Goal® polyfold chart near [u,v, 2.2, 2,2 € Bylpiq)

TP P N

Containing nearby points } y 3F
et € 8§
® .

E] -i-‘." E

q

© Pick enough transwerse Jyprrsmﬁ;m to fix parametrization ...
(-""-"P to finile f)/mmcﬁ‘" Jroup, which becomes morphisms in the 3rpupﬂd)

(@ Restrict to local charts in domain (strip-tike) and éugei’ (M,L)=(C"\R)
(..actual pobyfoldl chavt will get petxhed bopethor From bhese constructions)

interesti rt: » nearby points of B :
_— —F-Pars .
[ Uy(3T) e R h

v \\'—'/ ulgo ) = v (-of J}J—j<

vo(dDICR" . Ry |
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@ describe ‘i:dn{snnmr center uo: R0l C"

 Uo(e)
=Wp(~0) =0

By one set of data :

. . g ¢
. : ; = —r—————
60+ ot” [[UmbatBon | o WS
\
requives  SeW (Iilc”), xeR ' FeW'(R:luic")
Shyeo Sk € R Slyeo,Sly=i & R
05,3 bt it [ TR
on Bl M WR=E"
by "pregluing’inter polation — = @+
Bpluv)=Tau +(IFTR)V(--R) g Ry
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€ project out ambﬁgu&y :

[:'yl; I) x urm*:[mﬂ] X mﬂx w&!(ﬂi" [o.r']) not injﬁcﬁﬁ BP(P;q) innt!i%ed
t H: 3' 3-) — {i"&jﬁg—:;ﬂ“}} ; t£%0
X
T i1 @- (Hﬁgﬂf ) t
E’rt Vor3+x ; <0

\' 4
U {flx(kyrﬁg}l Wv&hurf

t&(-1,1) )
"spLicing core

Note: Mo cone parameters ve [-O,oﬂ)k , o this is interior chart.

ALL bourdary ard corners arise from breaking Morse trajectories.
(Need to use manifold with comer structure for Morse modul: spaces.)
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P’"eﬁl:“iﬂj & Anti fm)ﬁat’rn define an és:amar-p/n'sm
B 6 : WIRIWF(R) 25 wiror)) W (R)
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P , (wy) — [ Teu + (f-'q)w-—ﬂ))
__E!,,;_' . > ""'U"TR)U- + t-R V{"‘R)_;
0 Re B R BoA
inved'ihh matrix CIRLTRY "
>
Graphically )
&k 9R QanHrEE nﬂ)rm%c@m Lhat
was lost n pregluing @,
LU V(--R) v:. -R) R
R
il &
Ju:nc.e we can choose (.&r@g) = !‘""QR and Je&ne Tﬂ-m =Id,

Mico (5,%3)= (§43) st @R, T+R)= B(Sex, §+x), &(5,$) =0
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