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DayModuli of Pseudohol. Curves Workshop 1215/2025

onPardonifer
DerivedModuli spaces ofpsh Curves :
X ac manifoli (J : TX-TX)· = -1 .

C R-surface
u : ( -> X psff duiTC -> TX is

I-linear .

we only care thas see

↑&
kabout

-Elliptic PREThis is aconline
Some consider Hol(C

,
X) io

: Su :-X : Upsh3 .
Question What is this ?? (beyond just a sent-

Lots of choices of topology .

For Ccompan, U.

CC topology are all the same ! Contrivial).
classical Facts :/structure
-

Spse C cect : 1) HOL(C
,
X is a top Space wh

cocrge .

= ("erge (k >0.) .



= Co-cuge.
2) Let Hol(C* < Mol((ix) bethe "regular

19

locus The (C
, +TX (.

Hol((,X1isa smooth mold. ↓ut coul
T

Holl
*

(C
,
x)

careful! Structure vs Propertiet
For any psh U : C->X

,
we can formally

linearisethe- eqn near u . Get linear
Elliptic operator

Di(
°

(C
,
n
*T ->((F(Qu*T

nonlinar ellieric iffCleft alllineconisations
elliptic lineIt all Du areare eleptic.
Vu

.(a)"nes -
C

->
u regular iff In is Eurj .S all

ansBeing surj is indep of
I

-

3) Coor of (2)). Hol(C,X) has "local chartsa
Hol(C,X) le sto) for



S : M->E section of VBEE/M forM
Smoothsflo "Co
(De is iso any from finely may dims
So we jos makeatlas, look at Nensio. As...

2

Problem : Coherence problem how to relate
different such localchars
It's toughes this is a hanotopical setting "new

higher cocycle condts" ! No good notion of equalityofchee aOK
.
What happens in liveer case:

Families of Linear eliliptic operators·
E
,

F VBs over Q.Proper Belmensioni
LiE-> F (ie (IQE-C(Q,iM

derivativesvertical ellipticoperator.
in the vert Smooth.

Extl) If L is fibewise swing ,
Kent is a VBon
Fr can give ItM

.

notVBs Henseles
VB Strict

.

↓ canoriedly.
2) More generally, Kerl , CokerL ,

but are the



colom of a 2term complex of findin VBs
on M

,
ie objects of K(Vectm)

= dycar.

k(Vecul is given leadly arm by a xaf
UBS

...
-> - ro-> V' -....

1

& Hom (VW is the dy-mapping X
This is an O-actegory.
(Fidrewise thing us it's a l-cat"suppindego").↑

Local
,
as Vismay norgle glocally

Derivd SmoothMSOS : Cronlinear analogmap).
-

Topological"Site"= "Octegory of top. Spaces/

extra structure ofa loc nature

Smooth, Schoes, Top'l, Top'l +sheaf..... allexudes
Sm can of smooth inflos Top'l O size,
BSm derived smooth uflos E
: Sm- > DSm Fully faithful top. Sensor.

preserving hite products.
2) BSm has all finite limies &



&
1: DSm-tor (underlying spacepresses
3) NeSm

, any finite cosfed list inSm
"Cosimplicial' livest approx.

him
a
Ma

, wehas

Hom (imMa , wColim Hom(Ma
,
N)

"I
mearing = as sheare of Mal.

(b) : All objects are locally finite liniesof
Smoothuflis.
Preserves finLimits thas linios are pees.

Sm DSm formally adjoints all finite limits,
modulo presening fin .

Products as top' 0-sizes.
So ,this tells us what model stack ofpsh ought
be
, but stillheit adressed coherence

RubleFenctors:

Y Fu(coes).
Reall (20-cut, ( => psh(el SI Home-c is
belle futfll (Dai need Yonda to talk about rep.)



If F: C
:
-> Set is any pshelf.

we can ask if is is ofthe form.
· di- Hond,d for ce

Iso
,
I is unique up to contractible choice.

given F.
Example, Top

o
-> Set

CX + set offamilies ofAct Rien. Surfaces
Over X whose fibres have no aut

.

Moti Factors for psh maps:

-

=- Hol(2
,
z) iffquize ->X
A

UCz, ) is psh Vzez
Isthis repible? (totally diagenetic (can be anything
Theorem Le functor Su %-> Set- ↓

z + [u :Ex -> Get
#cat statementX ispsh & regs.

is hepble
. Sie reglocsi snoahufld.

But this is a livera I



Kat
,
aside : E : - See

.

Form Slice ChF

Then Repobj = final obj of (ChF). ↳
above th neds10 Take I
theorem : The following factor is repible

dispshMel:DSM- > Se -
in edirection

.

z1 zxe ->X

andthe underlying top zxSpe
-

(olce,Xsm) =Hol(Citiop path 2: FU> d
E in Hom(zxe,FTX) overU.

Remark : I maps in Dem z-11 whichsereachI32 to 0 but which do not factor through
a Pt (ie not const . map. z ->&R
This second and is the correct way ofclinking ps
in D ht world

Karanishi chers give me poses. of the repobi
above

.

IfI have something I think is eep obi, just check
I

targentSpace & PES.



Don't need to separately treat gluing ofchars.-

Reaks: 1) Hol(2,XSm (tagen complex of
-

is anonically idlatified /"analytic tangent"
casual family of linearized operators)·
2) A mas in DSM is a local iso iffint induces
iso on target .

Complexes CrSn = finite limits ofsmah
uflos).

Quotating leg aut C is family Problem her
Bisa stack : W

↓

i
Brmay be stack

z- Holp (Ch) off es

i



Laure Pusey -Nazzaro-Elliptic Theory /Cylin. 20s.

Twomain guys:
E

,
FrBs

.

CPBES
Elliptic operators L : [C(.E-F

km

Ca(x)tHomCE
,
H.

Micing:EHEC hom
. poly of degm.

EEndCE ,i in is imezible
-eliptic says 270· EEF => E,FSoe

Ideas Compac flow/-
&

In a collar nbhi
,
kill opens

m/k = Co, /XOM. differ tocylind
At O

, Mnifold is modelled on cylier.
Fredholm Fairytale : Nonlinear elliptic PRE Flat
-

M3 X-maybe Symp Flor thastpe setts,



M = [u : m ->X : Flu=ob.
~ Linearise Ftoget L line elliptic

operator.

IfM were a closedmuli , then Lis Fredholm
Lix-3Y : X

,
Y Barach Spaces

Deft : Fredholm iff L =o has linely may sol's
ic dimkeilo ,dim cokei
T * constructs

solts
.

im L closed in Y
just soI can take quotient.

Uhot: M is findin .
Cas not be ifld.

Goal Rescue Fredholm (inulinderall eps).-

Cicness of domains is what's crucial ingetting
findim :

Slogan: Inventability of (outside compact sets.
Ed. IfL isrical on IXN ie the

expression ↳= ECDID is translation invor.
kIIM CEXERxN



=> we can apply the Fourier transform to L

40
. try to invert "in Farrer coffs "

j A
> [( (d)(iz) * forzeR (dual ForreX

11 + j =M ~only buies colffs
Example: on IR L = Set to at I acting on
-valued functions on IR .

(most boring glinde).

FT: invest If =

g :

(z +qf= g
L : H(m) ->LY(IR)

key : if afilR , (3) =a

we'dhave a pole! Means were not integrable near
to in

↑

Story: Elliptic PLEs on Closed MfIPs
L: EC(DS bonded on Sobder Space

Q& Som

4(M. El Is H (M
,
F) .

Nireom : Klulls: SituDiy
where HCRY = 5f : DofELCIR) : 19153.



Open cover &:: (0,11 His
partition ofmugh4i3 . 2 12

.

Kully I (19 :(4:Cllr cay)
j

Facts : for Lelliptic
,
Timerse Q :H

*-SH

such there 1/D-QHalls [CUIsN FN
IIX-LG)Calls

this is called the smoothing property
-

↳ have earnest derivatives , not juse sobden
der. "Soboler emb

.

Theorem".

The constantsknow about geoney ofM !
This is built as such. Parametric
can improve constantsif I know geometry is
Colarg: Illiptic estimate:
Kulls Const · (IILullsm + /Imsn) ESER

V

one live proof from about kneqs. (briangleequations)
2) Elliptic regularity - If Let #3



- nett for L oforder m . "ladresult
when Mis Cact C : H- H is a compact
operator. when N30.

us Kerif=> I(1-Q4ulls = Consell iCUIIs-N .

findin
functional analysis result :
SeridholmLemma . T: X-> Y is boaded &
K :X-5z is compare. u/lx-C . (IITallyHx)
then kert is findin & ImT is closed.

lat we can boud better /desire,
based on geometry of situation.

infl0u/ cyl. eds is not set .

So can usethis

directly. Sett .....
position : If M has cylindrical ends and
is asymptotically cylindrical,elliptic and
iselliptic far out in the ends

,

then for some
R30 :

Host(lamIH(M)
closmin M

.



"IfI can inest our there
,
Iget similar result.

Soget Semi-Fredholmness.
I =

1
.

-Proofde Busofff*

KR
Caninert qu for neHs



Preshes
,
sheaves &Adjunctions - Yuguan two

I .Prestora :
-

↓categorically, Toreda says
2 -> Fun (2, See
C# Hom(-, 2)

is fully faithful.
-categorically, ourhou "set" is a space

Def: Sesset .. P(s) = simplicialset
Fun (58

,
Spc)
1 NCKan complet

This PCS) is called preshemes over S.

Alternative Poli

Def.A morphism 7 :X-S is a right fibrate
CX

,
SEsSel if is satisfies the right lifting

property for inner & right horns.
ockIn 14 -> X

↓ --Lif
S -> S



Straightening-Unstraightening-
there is a 1-1 correspondence

Fen (So Spc)=> Right fibrations over S.
O-TorPa: The Yoneda embedding Szp(s)-

is fully faithful.
Easier to prom u/RMS than LS.

#-Auctionsextensions
Defz CE-

G

Gide GoF & E : For => Ido.
are compatible up to homotopy if we le :

Fun (C ,
)

%
Fun (D

,
C)

ilo
Foide diy ideof ideo -> Golde

mid NoidGop. E
simplehave this

Ifue here this isthe mitnd Fische



left apjoint & E count t right opport.
Remarks A factor is a right adjoint =n itpreservespresentable↳( Small colmots
Almor is a left adjoint presen solt

Core limits.

Adjoints are unique up to contactible choice.

Fun (t, FuR(D, e)
*

Ifull subcat spaned
leg leftadjoinos

↑right
Extensions:

Wart so fill left, right 2-horns "nicelynaso
e the LKE is a filling
up

E thos is the RKE.
e The "nice" in question means universal

Jeff Fix pie -> e'induces po Fu (C) -Enced



The left adjoint is the LE
"Right 1111" RKE.
III : Reflexive Subcont. OShears-
Def: A reflective subcategory is a subcut At the

inclusion admits a left adjoint.
Remark : Given an adjunction &*

u
G

u

And A B
l A

Fla)cB or refl.
-

GBCA
.

=for soft. wo reft;needto
impose . boch

=> F
,
G

,
restrict no abjunction onA,

B.

Example X Pop Space
.

-

Def : A sheaf I our X is a protectOpe(X spe
Such that El horn carr of U-

F(u)->Fa(Kapl..

&

is an equalises :



Remarks Can exteri beyond just "oped"Need-

just a reasonable notic ofcovers.

theis to a

Grothedieck Apology

Shu -psh iseflexive,
so inc has a left

adjoint :

Def: shefification isthe left abjort to
including Sh(s) PCS) -

Given a map oftop. Spaces fix->Y,
the pushformer

fo : Shr(x) -> Shr(X)

↳(k) = Elf"(u))· sands shead to shemes.

The pullback
fo: Shr(4-> Shu(X) is done ab a

Preshufpullback Ut Colin FCU
Flucu

& is composed /shefification.
This gives on abjunction on Shu(x1 & Shucy.



#freshesas cocompletions
1

Befh : - > e is a cocompletion if
· has allsmall colimits pres

. small
colims)

· Du/scolins
,
the ho Fun (2,8)
SP(S).

Es Fr(2,)

Theorem: The Toda embedding is a cocompletion.



&Sm Fondations - Senny Zhang
X

,
Yez in Sm

.

"X1Y"---Y If xy. Ifrot,! the 16 maysor exist
x -> z

Want a new cat. 2 St :

1) Sm is a full subcat of 2
2) fibre products exist Call fibre products).
3) If X,y ZESm &XAY,

XzY in e = X14 in Sm.

Defea-an /H: -> Top .

An open

embedding in C is a morphism which is
Cartasion over open emberings in Top
Emp f : UeX in 2 is Cartesian ift

g:-Xinerub H lul Es(X/
Ih

ifh does y
~ hig



nexists upto contractible choice.

11=h.
An open cover ofXEC is a collection of
open embeddings that are top't enbeds after H

=> Give 2 a Grotedieck topology

Def: A topological 0-site is a pair (2, 1)
which has all open embeddings,t allopen
sets of I can be realized as open embets
Xel

.

Deft: Given 2 O-cat
, define P(l):= En(2%Spd.

C is subcononical if every Yoreda psheaf
S

Hom(-,X) is a sheaf
Deft-A top'l O-size is perfect if for any
lifting problem -> C openembol

"Ca glue↓
-

TH along open
oneauction embois"
& "S-> Top

openembei

horphisms v- Fits se



Def: A diagram D :J> - is cosifted if
the colinit fector.

colim : Fun (5, e)-> e
J

preserves finite produces.
A cosifted lin't is a limit froma cosifted
diagram .

Idedof
- 5x5 is initial final

Travepig.
oft

,
(objective) "Unit is a statement, ofdiagram .

: A as simples& any colim.

Axionusation-
The D-cat WSm

,

/SoDSm isdefined
fallous :

-
Preserve too'l properties
"Contains local info"

1) Sm -BSm is a stict top'funcro between
perfect top'l O-sites.
2) Sm DSm is felts faithful. O preserfinite products



all

3) BSe has fite limits & every objetsmis

locally iso to a finite him of Smoot if los.
4) H : As -> Top preserves finite limits.
5) Hom ChirMa ,N = com Homsm(Ma,
I

En as shares or Kimmal
a

computationaltool
&

locally these are graphs ,
so

Momos (lim Ma
,
lim NI
i B

B

=
lim HomChim Ma ,Np)
B

6: UP. for every complexe perfect top'I
0-Size E

,
the O-cut of A00. Suretors

BSM-> E isequirto 0-cy of top, funtors
So-E

. "Not too far from Su"
Two lennas from Above Axious-
1) Any der .

Sm
. Mfldis locally the limit ofa

truncated cosimplicial Smooth myla.



Prof: By31 , it's locally him of fine graph of
Smooth ofPS.
m limit oftreated cosimdicialMold

,
vise the

Barfield - Kan transform . (This is goodfor compute!
Truncated - An -> Sm

.

Cosimp:A-> Sm.

Graph diagram (mey has higher dow simplices!

XzY - - -

↓ ⑭
X=> z

Can be winter as hop limit
XY lime (X+YXzYXEz

dering

locally, a morphism between smooth reflos is a
level rose submersion of cosimplicialreflos .

Lemma 2 Sm>Bor preserves Siste transverse limits-

"fue Six a Quite transcesse diagram D : J-3Sm,
The LimDESM.



As it's affinite transverse diagram, make in acosimpfip
May assure Xminimal(iff TX is minimal

·If DK(TxX) has zerodiff
coho in degzero. &Boldkan

v chein in deg >10.

Xtrasmerse iffDK(TX) concentratedin dego.
is this chin ( has onlydegree& Giv. diff
So

,
aroundex

,
like abo naround s St the

matchingmap UsM'4
:

·
i from deg an info
> U is const

,
so I is smoo.

=> CrDeSm
.

-..
So SMDSm preserves this liv,by axion.

Flomotopical Co-smooth-
Classical C-schemes - a define

CObi : IMV
,mot

= EF: Euc ->Sees (F(IR"XR
*)= FLIRY X FIRY

Thisisa co Ring



There exists a fructor
6 :Sm> Cring fully faithfully.
mis (((m)
fi fo Milnor exercia)

A co-ringed space (X, Ox) is a top Space
r/a sheefof corings. It's local if the

= Local R-alg.

Stalks OX are localRings. /res . field In Rig

they are office if (X,Q) = Spect
a Co-scheme is coveredby affine -schemes
Cu
. Pla E Speclu .

Def. A Honoropical Co-schere :
sSetti= Fun (Euc,

see) from anj
made

Structure
.

wwewillmodify)
.this has canonicalmodelcat

.
Structure if

I

sa) Weak equir : objectwise f(u)->Glu)is
weak equires in Set this is our Co-ring

b) fibrant objects = Flu) is a Kan &
Flux) = f(u)x Fu

↓ up to weak equr.



Def: An object Fe She,yesis a sheef
co

of local rings if
1) Fis Fibrent (ie flul librant in model).
2) - point . P : E->X

,
pof is a local co-Ming

Befz-iron office derived south unflo is a loc
i-ringed space (X,Ox where Ox is fibrant&
cale written as hapy limit of

(x , 0x) -> IRO
En 201
IR-S IR
f

A derived smooth manifoli can le coveredles
office derivedSmooth inflos.



Orbispaces as Stacks : Gomety-Maxine Calle
I-Vibes-
Eden: An Orbifold locally looks like M16,
quotients ofiglis /"nice" group actions.

·

my
Suthssna

Arand p, has usual Euclidea chart .
We remember isotropy data.
Note it's not global as S'u/ 1/32 action
givesthis.

2) Any manifold (boring)
3) global quotient M/G.
4) Many moduli spaces
5) IBE = classifying stack, ofa grow 6.

"eft"!An orbispace is to an orbifold as a top.
someis to a ifld&

Rel I many models for orbispaces /folds ; eg



- Charts Cabone)
-Complexes of groups
- Top' groupoids .

- Stacks - we'll do this
- preshes on Orb Ocat,

EpologicalStacks
Recall : A present F : e

%
-> Sec is a sheef-

if it satisfies "descent" not a notion oftopology
on C

.

Eg : X top space u) Open (x)
.

To be asked,
the

,
we denoid that if X = Uli, the

F(him (ii)
-> F(U)x Flu)
-> i

,
j

=... (
IreallyNoa stack is askraf
F : Top"->Sec satisfying descent for open case.

"Tech Descent"ieXe Top, opencovers ofX,
F=Fi)Funn ...-



Eg: Every Space X determines a repble
topological stack.

Hom(-,X +: Top /X

If Une oper cover, ofA
&the spaceX.

A= colim (HUiHiRWE .....
Hi Tordetermined,

need to glue along
overlap,on andon.

COS Hom(A) = Hom (Clon( .. ),x

=im (Thor(iXom(Un
- .. )

Hom sends coprod to product's can pull out colim)
this

,

the
, gives the Yoneda embedding

↳ : Top Shu (Top, Spd).

Eg: If 64X,then ,
the stackyorient &SG-equi

(X(/6](U):= ?TireX IUs
this is a grapois

,
take nerve. Wire now in Spe.

This is NX/G .
But we do awags has



[x/16] -> TOP
.%E Principal

G (5/6] = 16
G-bundles

E

utSbundes :Pringl
u/isos

Careful ! IBG F BG the class. Space.
Z-EG W should be iso of
↓ I pullbacks.

UB6 but we may have higher He

g

Def: A morphism ofStacks X-3Y is a net.
transform .

We say is is representable if FAETop &
Maps Topla -> Y

XyTopa ->TOPIA
↓
x-> Y

X *y Topla is repble
.

Eg: 1) Tool- >X is "picking out a paint"
L data of

A-3X(U) Fu
compatible from naturality)



2 Topa ->XI point of Devaluated at A.
XAI .

You a tells me to think ofin this very
3) A group har 126 gives BH->/BE is

reple if. - actingLy
46 via &

* YolBH = [G/H] CGA.
Looks like a spacefor triva isotropy.

Fust this
In fact

, have (E*) iff tis injective. mudlibs.

Ifthingswhe repble, we can do topology !! W
"Heft": A reable map X-> Y is

Propertypreserved
under pullback.

if Toplu ->Y, XyTop->Top is-
see property.

i

1

&Admit locsec V: 54: ·

covering Space



↳ Smoothmflos /smoothmaps

Def: Su w/open cors . A smooth stack is asheef
F: Smo>Sp openSales and
Rank :"Could equin workw/ luc Em,
Restrict ShulSm

,
Spe Es Shu(Erc

,
Spa

as iflos are built locally of que
Have I :Sm> Shr(Sm

,
Spc)
,but So

is not complete ! We en forget So--Stop

& so w usethis to define top'lproperties ofmaps.
kan replace Sm / other geometric sites, hashes.
-

#I Orbispaces,Again
-

2Def*A topological stack is a sheef
* ShuCTop

,
Spc)

,
which admits an atlasi .e

JUETop u/repble map Tool -> Xwhich
admits local sections.
local section:His a cover
Repiblei n1 by spaces



Deft: An adas I defines a besp'lgroupsid
UXXU

(tm) [UxUU3EX
U ↳this maps to a stack

,
which

-rgpsby ~ to the stek X.
actionExpe X2G ms Exercise : This action

grapid is [X//6].Tudorff groupid-
⑭

DefA (separated orbispace is a top.
Stack

X / alas 4-X which istale &

X&s XxX is proper
Such His an etale allas

Egiwhen is EX/16) on orbispace ?
1) When is Took -> [X//63tale
Locus when G is discrete.
2) When isA proper ?

Locurs when Gopot, Xis Hausdarff) .
Can also ask for "Submerwise atlas"

,
changes Hings, Mis useLie



Pop : X is an orbispace if I cover by quotients
Ex: /6:3 for Gi finte

,
Xi Hausdorff And

-

#I
,
the course modeli space is Hausdorff.
1 : Shu (Top

,
Spc) -> Top -

as seti needs

topology......
x 1> no(X(*)

To get orbifolds, replace Tope/SM.
Here this prop.

for in so
, having coerlocas...



Moduli Stack of Rieman Surfaces- Kenny Blakey
A Riemann Surface is either a :

1) Komplex Imflo, i .e Top. Space velcutlas ofchars
honeomorphic to I u/hol. Position maps. on
2A smooth surface ul acs
11 ES2).
A noda Riemann Surface isa tool space/
atlas of charts , locally hone to either

I USC open subset or
-

2) ElzuEC : zu =ob
with hol

.
trasition 87 .

Can also deal with boundary, (boupay)markedpoints.
In masked points on a note R-surface is a
Subset PS

.+ 191 = n & marked pisare Let nodal

Ex: .....

nodalmasked pos



A family of R-surfaces is a separatedmap
C-B St it is locally of the for
Dx ->U IDCC mit diskmK.

/

A family of real R-surfaces is a
map C-B St-

whose fibres are 100a R-surfaces
flat is what you went families to satisfy.
Example Q

&

Con also do bordars
,
markedits . --

Thisgives Rise to various stacks:

Moallobalcire ti Stable 1
Stable smooth

nodal

Mig ...ofgeisg Tofus Mig gas g
Mgi-- . ain Tw, Ug unmarkamahledpis

PtS .

Point



For example M°CB)= Space of families of sodal
curses >B

·=Sten
.

Topm
,
Top, ....

&1 So B is An
,

Sr,
An M
- Top.....

Occurina Su
-----> Spc fibres are always

fibres all ? ---- Galstic
calytic Top

of

always

Theorem : The LKE ofM under the Sorgetful
madAn>Sm is isomorphic toMs

Simily for ms>M.
Theorem

An (yz,2) has an etale azlas.
-

: Ug
Crot reple Chas isotropy)).

Profidea : Use line bundles to embedcurves in
Projective seace .

Consider afamily CIB,

ther
=c is ne unde (deg 129).
Pre-Cotangent Thisod is a VBonB & ther exists a

sheaf



closed embedding -> IPH%B. ThL)
We consider Ker(**-> Ho (

*1).
For K suff large ,

this kend is a recor bable
&

and cuts out ( (Cour of the proji).
Now
,
this gives a map of stacks My to the

Grasseamia (CN)*"Modelo Gh (c) action

Needtoshow that this realises Mg as a locally
closed analytic substack.... #

There : The diagonal->MXM
too

is

separated

Termi The diagonal-Mis
proper .

Chase Sm& An
,). Everybusiness

examples: 1) Mos is a point.
-

2) Man = IP! 150,
1
,
03 3 (Cross

3)Man = config space of 1-3 pas in IP
Theorem : Take /1 1 lattice. The



Aut (C/1) = IRXG for G one of
212

, 414 or 116.

4)M,,: - a point is a choice of lattice1
& the isotropy ofthe point is oneof 112, [14 or 116.

5)M
,o

:

a point is a choice oflattice 1
& the isotropy 's oneofa2/4
6)Moo is a pointo/isotag PSL(2je)

.

#Mo, 11
11 1 office groupAnfina

&)Mor" 11
U (

* (Sixing 2points,)in glider

Sitting inside Mgn isshe singular locus,
which is a simple normal crossings divisor.

(pullback against Repbl is a SNCN).

A log smoo carve (in pictures

3.- normal noche



x I
hota data ofwhere these pes meet



g Smooth ManifoldsI -- Ciprian Bonciocat

Conventions comm--

Monoid: Cyo
,
H-linear monoid mem

rela

MiMzEM
,
write M

,
M
,
& Miscell-def

(mm-mime adMira mi . ma

g : Irische additive monoid
Real
so
is the mule. One .

Both playarde.

Xtop. Space, write 2x for sheafof itsf
(20 (
(Hom(x,& is a sheaf of manrids.
20= Hom (X

,

1mo)
.

11 "I ,

00= 1 by convention

FlogTop'l Spaces :

A pee-log structure or X is a sheefofmonoids
(4) (C, Komal).



= forg"
o

A log structure onis a prelog structure
Opwith 0s

b

A morphism (X,

0%t (Y0,%
fix ->Y C & f :f,-> 00

compatible / Durg.
why log ? Somceines it's easier to, use
log : IBM 000 US-0

Properties-
Adjoint factors :

init
-> triv

Top -> LogtopE Top-> Logtop
left

adjunctions bright- noTo
trivx has 0=2. (nice)

unity has do = ex
**
E (wild)

x* =Maximal Open Subset inXw/=e
"Muse open" oncology.



Logification*
Log(Prelog(x) puseifies

pre0> Precedes
-

T proje
terbor type product

&

sections in
0 locally

(a
,b) (pre 00,24 under

ca,~cas) iff Im,me pare/
Cam

,
(m) "bl)= (a'm !I'l,b)·

Eg : 30 u/logification Rado ->0

Prototypical example. Pr(xx.
"real polynomial decay :"

one ent"

↳ 20 f= Xig No
, gro asf*

Ryo plays the analogousde A plays in Ab:

I

Logtop(X, 1R2d = T(0)
Def : The Ghost sheef Ex : = 0*%



atmubtn
, Mint ideal.

ES.... Ghost sheef
Cot Gross-Siebert

.

= (Top1 Skyscraper.
(in their paper).

wird you get 124... like you rook a log.
"sheef of Vanishing orders" (instead of ghost.
Bef: pullback structures

fix* (
,

0,
= Logif(f)
Log(f*Logy(0, fat.
(f+") : (

,
04 ->(Y

,
0,
3%

# : 0,
0
-> fo0

&

f #0, ->00
- log Morphism is strict iff 76ischist.

SNiCt => this
ES f

*

zy Es Ex is an iso. - unreasonable
↓ with some technical assues monoids.



I-LocalModelsmeani

Real office toric varieties.
start of a real polyhedral care. PLIR

given by finitely may ears ofthe form.
Sdix:0 .

ember. indep

T w
P-Q is the res ofa lovar map

Optimal embedding is
P2 par, grou (pltion
I
rector space.

Note such Pare navords (in au sense ! )
The real toric variety associated to Pis

add
.

Xpi= Mor(P,M) .

Z nonces mont hons :

Ma- Impermal CS IR-0 - 0

0 g 17 1 .

coarsest. top.

Sit lup csup. On Xp Mosis the

30
&origi onthe halfEg: p= Ryo, Xp = IR line

.

O := logif Per> (+Exp ,0
=p)

PK eup



goo
,
locally are Xp PUS

2) trivial log
structureerp(yig(x) (g70 , Pep).W

the vanishing orders are elements of P
p-> a induces IfPa,

the

Xa -> Xp Y Xp

R"= P
,

us Xp -> [Myo
70

Properties Log Top (Z, XpeMumpa-

=> products exist Xpra=xXa

log : X = (pop
VR =1 -> IR

.

assoc face
e

Lower Strata : XXp n) E := X"(IRpo)
.

< P

Face iffGEF &(geF iff X+y (F)
open Strate



Px = P/E
,
8 5.. scit .

E
-

- -

(o -> #x*-> p +# -> Px ->0) inMon

Pois the thing making this a short exact sea.
=> Xp x Xep model arc

X

↳ L IR .

Strate
Pilghedral

(structure
core

.

10
Vival

. *Il
⑨

-Smoothness: = Kircedast

trivial +p
TXp := Constant (p9P)"GOs *Y

Cotargent core"

top := P +# per = T
&

Xp
Examples : XOx is a nowmishing VEOn YRao.

x=e = x8x(m> Os

Definitely non vanishing on interior; doesn't vanish on
O as we have wird coords ,



"I : Exhib is a basis.
Def : Xp -> 13 is differentiable x if

is diffble
afx = image ofdg. FP+EDisodift

makes sense =:X
fel'if of ists 1

f : Xp -> IRp 7 = evp(x) - h(x)
T

*

Xp

dflx = pedge P+E
T

-->
f : Xp ->X diff iffg :X IRs

got is diff, C'
↑
Q

Ch (k = 0) - df :-X

Pizerate df : Mp -> MXQ

tagent bable construction.

target but to read taric ishead fori
Typ = Xp + Xpo



A log smoothiflo is a log space,/
an atlas locally modelledby Xp.
normal crossings divisor

zX XC

z locally is [7.... za =03 .
We get a real blowp z

RxXS-> C

( , 5)+

generalise to get map M11

(ots"
*

x
**

->E
,
Ez
,..j
2n =03

log smth
m : This is compatible u/bino's

=> well-defined real blocp.
Blow bed locus ; still remember thedirectionup
Icame from

noistheaC right nation of diffing for
Solts to

↳sheefof smooth fas determining Myattenda



Derived Smooth Manifolds #I-Sad Hilsen rath.

Subtitle : Minimal Amplitude Factorisation + Computations.

I&Madeling :

Deft, resuction fenctor res: esseSo

gorhasleft adjo n-skea

Def: The 1-th batching functor by
of

↳: evnoskores:-> 2

eve is ecolution at [n].

thosgives us the first level of only degen
simplices.

Defi The with latching map is the comit-
↳X-Xn-Bef: Given X-Xin the with relative

leaching ma iS

XnHxhY-> Y

Det Gie Xe
?"re say it's n-truncated iff



Xe essential image of Skn Or
, equivalenty , iff

↳ X-> XI is on iso forall kin.

Deally-i
Theright abjoint to espe is the 11th
coskeleton cosk, : Earsel

The nth matching fentor is
M= erro coskno resou

the noth matching mep ofXe* is the mit
of X> Mix

the with relative meetching map of X-SY is
X>M'XYmy Y
Xte is n-truncated if Xtession ofcosk ,or

equivalently iff X"EM"X is a iso for kin.

Bef: X-Y in 2 has Recog Property P. for
Pa properly ofmorphisms in if X->MX,Y
has PEn.



-Kan:

Def :- Abs· The Moore complex ofA is the
Chain CX (A) w/

CCA) = &An noO Otherwise
.

The differential D :An>An is

oStd!(o)
ford?

,

the face maps.
Jeff Endo DnCA) An isthe subgrap generated
by degenerate -simplices.

Enco
,

B(A) =0.

Subcolix Dol (A) .

The NormalisedMoore (x is NatAl =CLA)/BoAl
Lemma For Ac Abs kno. Wehas the following SES-

o ↳A- > An -> NKA -0,
Senctorial in A.

oA Abne hae inso ofcolors:



Coker (As#BBil= Coke (Nkt->NkB)
↑ relativ natiling
184 map

Proof : Diagram chile.
Lemma Let pbe a class of morphisms inAb that-

a) contains all isos ad by is stable when composition,

retracts & direct sums.
Then A-B in AbS"and 10

,
TFAE

1)AnBr EP
2) (NmA-> NmB) EP F mEn

.

?RekMerything works dually Sor matchinggugs.

In the prof,we use An NmA .
is functorial

: Enj=> [m]
Remark-> Everything works with Ed Vect insteadof Ab.
Prop: Given A-B in Veup and Ko , we has
a candrical iso

ker (A"->M"Amis B")= Ker (NKA- >NkB).
↳er : dim Coker(A"- MA+mis B"))
= dir Coker (NKA-NKB).



Theorem (Fold-Kon):

No :Ab Complexes(Ab) is in
equivalence of cats.

-The other functor. The Eilenberg Mac he space faster
is easier to write dan;
k : Complexes(Ab)-> Abs custIf

Mr - Hom(No(A, Ma).
Not= No(k[B])

,

where for Sesset,
&[S] = simplicat abdia group has
(Disil = <En-simplices of S3.

E: A-B in filvectr is belnise surjective
if it is Reedy subjective
Proof: P= E surjections ? z

chess
. A-B is buise

Surj off No (A) -> NoLB) is degreewise swj.
iff Ak ->M"Amis BK is Swij Vl (from voker resulto

cosimplicial Presentations
-

for: Assuring all madding guys exist,



AEB in SB is levluise submersive of a pt
X : D->A off it is Reedy submersive.

Def. Let Perf : DSM-> Cato be the factor
taking XenSm to perfect complexes on X .

Let

PerfoXDSm->BSm be the corresponding
Cocartesim fibration
Bef: The target complex factor T:BS->Perfo

-is a section that preserves finite limits to lifts
the ordinary tengers Suretor.

T: Sm-SVectXSm
DSm : exist and mige (up to contracable choice).

Def X-YinDSm ,
TCX/Y is

TCX,Y->

↓ - in Perf
o- foty

Theorem A-3B in DSM factors near xet as-

B
tz - .... ->z1 where Ei-> Zir is thes

pullback ofthe ith ,diagonal of TY(A/9)
x- Y

,
X+XxxX

,
y> XxxxyxX , . . . .



This is the minimal amplitude facteris.ation
Prof: Choose lednose subm, Reedy submersive,
minimal, cosimplicial presentation x-> X

By a diagram chase

him x-> him Y factors as Z...
-z

where E: -> Zi+ ispullback of the i-th
relative matching mep X->X.
It suffices to identify
F:= Tx(X

"/Mix Xmiy Y"l /

TY(A/B) & kee of NoTX->NoTY
indegree i

Minimal=> vanishing differential, so
F= Hi(ker No TxX-> No TY).

by a fact on limits ofxs
= Hi(kerMix -> Sim Tax *
= T(A/B).



Idea of constructing minimal guys:

X-> Y love rose subm.

Choose injection (IR(k+]
-> IR[[K3)]
↓

NoT(X/Y~Ni (1%
A k fixed, so itssimp

Cassies X-> C(14 such theo who
retake apullback ofthe form

u-↓
0-S((A

Therank ofthe differential ofNo (4/X) is that
8 X/Y-1

.



Representability in the Linear Seating- FrankZat
Setup: Q*B a proper submersion of smooth
mflos . Thought ofas a family ofSmooth ofLOS
Qu =

" (b)
.

E
,
F->Q VBs

. Agan as family (Es ,
Fo) .

LiE-F vertical linear elliptic operato
vertical: doivatives are only in fibre wise
direction ;ie have host linear elliptic operatorsI

↳: / (QbEd) -> (Fo

bat: Define the moduli stack Ital ofsols toL
Want to Show toL is repible in various categories.

her(spoiler : If Lis fibre isGive the
Hot is rep't by the nector bundle Kern ->B.

Cells = Kohls

In geer, tot not be repible by a VB, but
will locally be a 2-term complex of VBs.
(May be thought ofas H :



#MedCFd .

infinite dim budsofB
↓ ↓ fibreuise Fredhalm
BB asreduce to 2 term complex

(thoughtofch L).

Def: Secp(QE) the stack ofsections. Ams
zSep(QE) Es andemen((a,E(z).
Ling Yonede

,
we's the some thing

E "family of sectionsamap is -↓
a diagram QiBZ -> Q paraidbyz"

ofthis form ↓ -
z - B

This deff makes base in many contexts.
Netation Stek= Sheof.
Fact : L induces a map
Leup(Q,

El Es Sep (Q#.

Needgo check Lmaps Soth Smiles &fsections ofE toN "F



(for the not transform to be well-def)-
O. Not is the fibre product.

ItpL -> Secp(QE)

↓ ↓L
B-> Seep (a

,
#)

Ezero Cammimup)
.

"Section type hap
For now

,
weAgain,this makes sense in various contexts. (workin Sm)

ther. IfLis libruise surjective, then Hahis

repibte in Sm & its repling object is the toral
space of kert ->B
Digression · Repling in top'l sitch

"Canglue Hings"
I be a perfect top's site Category /notion of open
embeddings).

Fact Shu(1) is also a perfect top'l size ,
whope

embeddings defred via Maxine's Madlibs.
Exh m>Z Maps being ope1(the Look arous I ↓ map of embeds onlsnakes

are open embs ( ->X1 Shewes sensefor repla

FZ .



Pop Repability is local":
Xe Shule) is resible iffit upmits an open
cover by repble shares.

Strategy-we c work locally on B toprovthe
thereClic this prop .

The is
U Bopen

,
ther define
L (exactly as before ,

but In)Tollu↓
u -> B

Hallu Hot is an open libei ! So i suffice
to showTally is repble forsmallopens U.

Lema : SupposeLa isa iso for some beB
.

Then I
U open abhiof b st TLIn isMepble (by U).
This lemma needs analysis ! bod line op. Iso

.Peu.I willstill bea iso

Prof: IUseVS'El, L is an iso .
Here

↳ nay assume WLOG Lisa fibewise iso. by shrinking
B



claim L : Secp(QE) Es Sep(at) is on iso of- -

smooth stacks.

The inverse is definedby
L-1

Sep(Q->Selp(QE).
Sadlyof sectionsofF L" (had a

I makes sense
,
as Lisfisrise

iSO-

need to check Smooth families 1-> smooth families
Cotrivia Analysis) .

It does
,

Claimprod.

Na -> Secp(Q,
El

↓ < pullback of
iso is iso.

B -> Secp(Q o NoLB

Lena : Suppose L is surj for sone beB.

Then JU ,
ribbo of A se Molly is Repible (by UXIR").
Proof: We went to make L bijective

k= dim(ker)

beT: x Y Fredholm operator of Banach spaces,
-

surfectiv Kent is Sindin, by Fredholm.
=> I projection X /est. Then un ca form



XSYkerT "think top-forns"

which is an isomorphism
.

bunde ofdesities on
- - QlB

-B : Q EQRa XIR
K

There is a pairing integration type thing

E*Ra,@RYQTE)-> IR

Binduas a map Sep(QE) -> IR"Suchthat

Selp (DE) LP's See (a,
FxIRk

is an isomorphism andb. (CL ,Bla is an iso).

"Ease of Kurnishi reduction"
Byde previous lenma (sillapplies here), so , after
after Shrinking B, CL

,
B) is an iso of stacks-

ToL -> Secp(QiE)
YaL is iso to ↓

·

J 24(h,B)
BXR" BaRK - Sep(XIR

*

↓ ·

J HPr
B-> See(AF



Er : If Lis fibrecise swig endywhere,ther
Hal = (KerL -> B)
Lie the globally ; he showed locally).
[that this is the repling object

~
Repe in His
sur by calogans

I doallthis again in VectySm thing..

category v/ Ob : (X
,
VI xeSm

,
V

,
UB/X.

Nor: com squar, Sibese↓ lineab
.

X ->
- bdi complexof
Consider Perfx Sm: (A-ot). ↓

VBs .

objects locally given by (X,

...
-zu->vzuz ...)

can ado liney, ...SurNote: Perfosm isalmost" a dy categoryI(only ifrepon base

Gains : There is a functor is the same

(Complexea

Fun (VectXSm/B,Ab) ->PShv(k(reaySm/
sending the section stack

Secp(QElveaxsm to (Sec (DE)Kreaysm /B.



Phot: Can define
Secp(Diego Sec(Perfum
functorially from our original ((on Sm

,
nowis in

perfYSm).

Gr : If L is a fibruiseso.

then his thisnew
Cat

. is a stack iso. on perfysm.
curely formal - factors presen isos)
Lor : If Lis fibrecise Sarg the Halpersysv
is repble by the -term x Kerl.

Creed to check various things).
Torm : (Helpergysm is rep's locally by a 2-term

complex of nector builes
is repbe globally by southingthed from 2orm CXs.



Moduli Problems 8.TheirModuli Factors-Malcolm Tack
I-Introduction
-

C-Riemann Surface, 3 notuli problem"
X-Almost c Manifold

Hol
= qu : -X : dulo is
mochuli Problem

.

May also wart sol's param's by a (smooth) Space
Zi
Hol(2

,
(2) = [4 : zxe->XIda"=ob.

This guy is really a smooth stack, paraming such
meps.

the points of the stack are solns Hol(2,X.
#-Mouli problems-
C-Riemann Surface
T: W-> C almost < subm

.

(Wac
,
Tpsh)

This sety gives psesional section problem
solts
-> Ipsh Sections U : C -> W.



Expe : W=Xx2 u/produce acs
,
the sol's

we get are U :->X psh .

(d =0

If W= XxC u)as induced by section
ricoX->TXF*C

my solts are U :-X Smooth &

da + r(u) =0 thisispsh
* urt to this as

holomorphicSection Problem
- C smooth surface (no acs).
-

it: We c Smooth subm
.
D

Digression Jet bande &'Cw/cl-su-

libre over peW = sections ofup
*Tc

This is anott bandle modelled on HomCic
, Twyk.

* - Real UB H-su
- Ellipticoffice lamar map 4:G'(W/->H

* dis elliptic means the linear part
Hom (H*Tc

,
Tw() -> H



seris nonzero elements of*TC"to isomorphisms
Tw/ -> H.

Sol's are quasihol. sections U :->W
,
ive

↓
9(du)=0 .

Ee: W-C ac submersion

H = Tw **

q(Q) = Q(a)) secuper.

~
This quasikol. problem a psh problem.
Point Constraints-
- f: A-y extra to a quasi-hol sec problem
solt will be atA + quasitol section:->

sefla)e u(c).

Bondary Constraints: Guasihol. see , problem +
--

- ↳W have bondary
- submersion K-> 02
- Immersion K> Wach C St

Hom (H *Tc
,Tic -> HomLMTc

,
Tw) -> H.



this composition is an isomorphism. ↑
Example: For psh section problems

,
weget

totally real bondary conditions.
Sol's tosuch problems are diagrams:

oc ↳I sections
-W
Tu quasital

Parameterised Quasihol
.

Section Problem-
- Submersions W=C -B (CB has fibredim2)
- Rea VB H-z4 rel. Let

ble
- Elliptic office liner mas C: fr(C/u-> 14
O'(C) is modelled on

Hom (ITCB
, Tw()

Reak : Such parano problems also make sensefor
Ba Smooth Stack (

!)

MockliStacks:
Fix paramo problem as above: (

= -B
,
H
,
4)

Smooth MMOS (for now).



Wish to generalise Hol(C,
X).

Points of this stock are
Hol((

,x -> c
*

(C)

↓ ·

I ↓
Utzero

secoden

Ut (410)

(o((x)->(4TXx
ur(

,
u)

SmoothModuli Stacks Hold ((n)sm-
Smooth stack Seekinom is deft leg
EzSel(ing] = U W

CXBz-
->

↳ a
z B

#(GulsmSec(,Usm
↓ ↓ has zerosection

Seep(Culsm-> Sep((,H) .
ut q(du)



Remark : All these def's make sense for B,
Smooth Stack

-

ToologicalModeli Stack:

Mols(Cultop :

Sec (Chop defies before, but with
diagrams in TopSm&
& Objects are locally ZxIR" ZETop

,

IRVESM.

Z" -> EXIR" is continuous -smooth of
1) ZXIR" -> ZXIR" -> Z is locally on the
source like ZxIR" -> ZinZ

2) ExIR" -> ZxIR"->IR" -SIR Shouldhas
all differentials DC in 12" direction continuous.

us Fols(Cin)
Top

can be def as before in
smoth case.

Derived Smooth Modeli Stack-
Holp (Gulism is defined as always ,be with-

diagrams in DSm
,

/ derivedagent funcoor.



Comparison Maps-
Dolg(n) ->Holp(linusm-Kolp (hn)Top
mening (e) Hol (Cusm* (Sm-stoolHold(Cro
Reason Seep-diagrams sent to Secp (Ch)-diagrams.-

Take diagram in Sm
,
but viewit as diagram in Top.

Log Moduli Stack--
- Submersions of log Smooth marifilis W-B
u/->B simply broken submersion
- Real VBH-SW
- Elliptic.office lovea mep

9: &(w( -> M
- Modeli stack Holthlogsn defined/
diagrams as before.



Regularity Theorem (NoCing) -Adrian David Day
4.

reg quesi
holsection problem -locaproperty

Short Storg Hol Holse is neable
-

>

- Im

WhatIs Holre ? Need toget Space first ofall
-Sm

Fix once and for cell : auasihol. Section problem
-> B

,

H
,
4)
·
Assume ->Bis proper.

Det : (Analstic Tangent Space):
1)U is a solt to this problem; we get

Bu:°C,Twi-> C(C,H obtardly
formally linearising the problem Y(dul
Thisgives as a first order variation of G(dal
induced by theSirs order variation of U.
We can view this operator as a 2-term CX

We say that the chastic targent Space
Tuto = (this two term (x give- by Dr, starting indego)
we call is regular ifthe colo vanishes on

positive degree .

Lie Durssurjective.



2)Ifve have a param's problem, we can defire
16, 4 :C ->Ws)

, giving on operator We over Cs,
Crieved a 2termcx

.)

calledthe relative analytic target space.

Tbus Hol(h)B.
We thus define our regular locus
Holsregular solts to problems .

structureofencostacks :

stack of sections Se (M,G.
(8)i i Theorem Secp (M,

Q) is covered by openSchon
.

-

Subtecks of the form]
LeM,

Q) where Q
O

KircB ,
not zero BCB

~

are open subsets & M =MrB"

Qo
↓
no is iso. 10))↓
go



Recall: Hol (4)-> Sep (CN)
↓ ·

J ↓d

Seep(m) -> Selp(C,H)
ut Y(dul

Theorem Holling Hallm is replie-

auf (domain of incl .
isrepble;; not the incl).

(SM-Top !: Hole-> Hole is an iso.
↳possibly Sm/g-> Tople)
Peof: Suffices to show it locally (being repble is
local)

-

: (Wo-CoB2 -XB
can shrinkToo
make

himia

locally
,

the
,
our problem becomes : "JacD : (BECWH->(H)
# Y(bidu). isa pulled(b , a) 9

Mus locally, Da=O is equivalent to soling our problem



Holt-> 0 "We're lawgoo some

↓ I to nice local cords

Secon> Sec((
,
til

&
Look at findin projections: sore Andin VS.

-
↓: BCW -> K

Obtained by integrating against a section
c- (W+*Q&

c
*K densing thing from Frank'stalk

Asolve isX- regular if
X : Kerin >k & is regular
- every his reg for some ↓

,
andeRemark

denote Holsto be the locus of X-eguten
solutions.

By the above .

To Hol= [BAC (CW(til]
cas a complex, its grasi-iso to Kin deg of

= DBX :B(,w+(4,Hik
isan iso and we can Welt it

Q : CC H BACCW)
.



-And so we do some Newton type iteration .

40: k -> B CCC
,
not section ofI

& u=- Qui

Risis allat local constration - at thewely
base point

,
it's (Nordly) fac 4)

On Some abbo VCK of Ock, can define
u:->Bo

*

(GWY
4 Am Lilk)
if

Whydoesthis converge & alsohow ??
1) Pick 530 At Ho-sections are cus.

MS-
2) View the is as mapping in to sober sections
3) Using the quedratic estimate ,

we have near o

that this converges in Hnorm && epric estimate

4) By Soboler embedding , We thes have a smoot map.

Further
,

Q - Kent for all sections lify.
We already have X .u = idk near set

not = idno (followe from t 1-1. v



=> local is for top'l stacks
To get smoothness,

run on inductive argument :

-Stacks / Carbone) KantC
AHere is whywe generalise toquisitholproblems.

We obvair a tangent moduli problem :

Th : C
*

(C
,Tui 1 -> CoCC, Tric

C

by differenting the VB scritos
THol =F "Co
-

which is a quasibal . Section problem !
Latstep : Crepility of Tal
=> C-repility of Hol
Take diff't of X ,

can show it regular locus

of The is reg loces ofthe,, ...



Log Smooth Manifolis -Gabriel Beiner
TheEameyofLogoohManifolds
Inverse Faction Theorem--
Ex: f: CIR ->IR

(x,y) 1> (xy , x y2 globe sections
L

tergent space : (XOx
, yog

us Tf = (12) iso, enzehere Or target spaces

This"Should" be lead differ of leg smoth. Not
even an openbop'l map sear O

iti
issue : map performs a sheer.

them (log insense Function theorem): FiM-IN
Suppose11t8f:N-M isa so of
tagent cores

the t is locally a log hone at x /local
C"inverse +(f) = Est-



This condition is basically a condition on being
near 0.

Cl ES Tafmy ToMxsTacNec

EnZM,x
iso of GSs.

My : Stratum X lines on

Peof: Reduce to (xp ,

0) -> (xp, o) , check it in
loca courds . Invest locally on

S

Example PEM
,

A30M has section by- M,
P

"lofting basis"· Dualising, this section is a germ~(m,
p- Xom local differ byIUT

some get local cords in terms of this toric variety↳
X grea XToM Scx(q)EIRyo.

Submersions f : M->Nis a subm . @P is-

If: ToM-> THIN is SWij (iffTNT
Eg: Qui monia pa

mep



Sulmensions are poorly behood (first · eg.)Y

Pop : fiM->N sub
, if locallyon source, t is

modelled on Subm .
Monomical maps.

A->ToM
P ↑Tpf Get diagram
[50 inj of geims- >T

(m,p) -> Xom
↓ o

(N
,

f(d)
-> X+Non

Eg: %:R0 ->R (k,g) +-) (x, xy)
if =(ii) in log cords (always).

not excidimensional/Signe is

Not locally proper
·

2 fibress
Subms realy are baby lohned



Deff f :Q-sp when (78% "(p) = Q
it's locally exact when FFCP lacs

Q + f"(t)-> P+ F9 is exact.

locally exact is stranger then exact.
B: fim-sN of log south inflisis exact
if Tof is locally exact.
liffa "Loc . exact iff Toof or f exactin

1530 oft
Las locally exact morphisms of coses are
preserved under pushout on
TA

Eg:11 mult30 (1,g) #> by exact
tool loc

.

Nir an source Calup ru.

like in #/10
Xy=

Floer theor
#
·Ro Holayo

Good breaking . We like this

Pop: Exact Submersions are preserved underpullbac
Ite to above temmal



PfReducase of PB of Mornipa
Xp ** to -> Xp

↓ jt ..

X-Xa

Eg:* ->M log smooth iff & lads in M*
= fibres of exact submersion over Moare log
Broth.

Bat at M
"

=MIM we car get "broken
log smooth manifolis.
Pop: Proper subs of log smooth muflis:
Griv : loc on source = Niv on target.

Chession of Ehresman Bx11xYM

↳
Deff:A simply broken submersion is a map
which is locally a pullbacks of IR"xIRED
&1130 XIR" D 11270.
These are exact (pos of exact subms !



We:A stators gluing family (Mo? N,
i
,
d)

mo log smooth
ideapas

N smooth M/m
-

:NX'R-M hittingallposofpositive depths
5.N->N a free involution

·>
oti .-more WheMe

MoxM:/o
identify N.

(MoPre)ox 112 Esyo , NXT8 I

*

I

-
Ele (1, X

,y) ~(i(1,x), xy)
To or

Nimoswapping coards on

=> M-> 10 u/fibres My= MoyinMo-Mohe vict,
- (((nd

=
icon)

,
aThis Stuff is just.

Can just think of cylinders Bibreak like in floo.



Theorem (Simply Broken Ehresmann) : Gez
proper simply broken submersion is locally
on the base a pullback ofa Star
gluing family.
"Assembl an base ; worst Iget is this mult. Eg !

Prof: Q ->R30X12
fit ↓malt .

35011130 iT
-/(b)
/

Patch togetherNar Q to Standardglas
family
Ide: Recover localourmusically from
map ; naturallyassemble to SEF.

↳Q neusingle celen it is strict Mary.-
&

Nonsingular ~) Q = Qu + 353 locally.

Singular pesu) Iron Strict if in preimage of
C00ER230

ms TqQ-IXIRk
↑A

↑B IRo



us Zag
↑ A
ZBibL-IRyo

Get loca courds X
.%
: (Q

, 21-> IRs
,

o

xy =b = x : (Bb) - 20
,

01

Ob is t a log bep Space (bcouldbe desen
-

Buta nomalise toGo by resolvie sugg.

housing :Q

E us ·Qb

N/o is sing ets of Qb
(oprep is rousing pos
b = N/ou(00

"

/N = (8)
Eg: e-enzu e



blowu (IRpoxSl2 -> (TR+ 5)
0, 9, 4.%17) (+ 1

, xy)
zimps

bon glinderso origin
gloer orGromo-pctness)

.



Log Gluing - Yichen Cheng
Log Smooth Regularity :
---

Goal (We
,
H

,
1) log Smooth quasi-hol- broken

section problem
.

Pope

reg
Holg(C,w)

logsm
is rep'ble over Logsm(B)

Local ModelMaig-
blown up

↓fg ED blomp (DAJOEJElogsm
z)

Form a gluing family j
↑

Co

HON of2-

'I go X coord : gh LHS
goord = glue RIS

Deft : timeN in LogSe is Svict if fis an
isomorphism of cases.
A strict submersion is locally on source a
pullback of 11"->A



EfiMeNspilt sobm .

then Locally Mis
NYM)

.

Pop :Qigm he ,
nar be chris an

10-M-> Bi
,

Be Bopen
,

Ni=MxB
& QB: and a map B->I which makes
0->M-> B

:

a pullback of the stadari
gluing family definedby Mr (Q- m ->11 0)

↑ some VB
.

Moreover
,
the map B-10 factors through

any strict map (B-> B.

Rx's olocally
Co : Our local chars B carry a splitting

1

B= VxA v/a map A /Ro Va VB ,
such

that b= coal
,
att is its our log strate.

"Only singerlan node near it Comin
Linear Regularity :

-
of logsm

-- mos

M
.

-B Simply broken proper subm L : EtFrenticalElliptic operator post



(E LiEb -> Fo over Mb elliptic opener
Ag:(20 = Ef -X :70

, Ecli
· expdeigon sing.

Node

Def: Given log smooth fliMr/only I-depth
I

boy locus be c :Nx Rso ->M corching sing, Cows

gm,ther an elliptic operator LiE-Fis
the same as the a symptotic cylindrical ellpic
operator L :E-F over M ⑧abldofmodal pointis one ofthese wis.
Theorem : Q->B

,
L defined as above .

Then :
1) IfL is an iso In nondegenerate, (Lit. enverzie)↑the L isa nondege iso for b' nearb . ↑ freeholnna7

2) If↳ is a nondage isobEB the
L :Sel(E)> Sec (Q,

#1 isan iso of log short
- B

stacks . "Hofer gluing iso" -very important
Cade (ax) ((4,03)M .

->-



Nonlinear Theory ⑳MVs-
QMe QVB,

B = UxA
,

w/basepoint
Co,a)
,
att is its on log Stratum.

Prop: See (M,Q is a locchart ofthe section
Brack SecpCM,

Q) & allchoices of suc loca
charts gives an open conering
Def : Holg(M:Q) is the pullback of
Fol(Mid -> Selmiai)↳ replace/justbito

.

( ?)
↓ ↓ Ch
(MQ- > Sec (Mit

- B

(b ,
4:Mb-sQ edu).

↑

1 (m : 29 -> A
B
↓ ↓ !

Seca(ma ,Q)V getSecalma , Hi
Vdirective is deformation of hal equ
Def HM,

Q) is che locus where THlp(M,Q)-

is supported in degree 0.



Hol(M,
Q) is the locus where Told,op

is supp.
in deg 0.

Lic is say on fibres).
Prop : Hol(MQ) is covered by MolMic
because ofA is its ownlos),
Hence -hyhe not such Nice splitting ass1
Cor

.

wire already reg, so this says not much
the rest is similar to smooth reg)



-an Ext
.
Repability & etc. Goj Helfer

8. Introduction E,X
,
BE Smoot

Sp(X,
El Ina neflOS .

B

Theorem Seep(X,Elosn is left Kan extended-

from SM(B
?
)

Special case : B =*. Sec(XE for Xcpat Mans .

-

proper fores this forB=DL
&

Derive (Derived Zings tearen.
Theoes /submersive ,rGay(orineSmooth Stack in-

attas & proper diagonal is a(compactLe orbifold.
Ederived

Seu(X,Elsm :Sn Set discrete factor.

- SMI-

Mx(iso)
i

cam: This is asheaf



See(XElgsn :DSM-Spa&

·
AmBu Right fil)
↓ I

cart . fibration
DSm- > Spc

BSm NCTod U-Merm
·por Embed"makes seise

F:DSM-> Sp Shefmeas :
MeBSm

, (DSmm) = Open((m))
Flasmlml : Open (Im/)-> Soc meean

DSM is the universal finite-cosifted-complexe perfect
-top'l -site/funcoor iSm> Em
estrict top'l sie((Chinite productpreserving). Top

Other good properties are observed by explicit
constructions : presente
i is fully faithful, ... Line transpare ....

-
-

Recall Shr
,
Psh are BPC-valued



ShuCDSm)Sh(Sm
It

Grstafift I
PshLBSm)Psh(sm)
E:(ii) = F ,

as i is fully faithful
DSEs Spe

I
Sec(X,Elos is i (Sec(,Elosal
u

= Secly, Else
Ultimate Goal-
Want Hel repble
Prop: f:-* 0 - Fucoor on top's B-sizes.
Cey Sm- > DSm) Then

MESM -> DSm

I Q
·

I commutes

Sh(Sm)ShrCBSm)
This if ESh(Sm) replb4, so too is F



Sketch : Wis: ((m) = i([(m))
Suffices to prove

ShuCDSmI(i : ((mI)
,
G 11+

*

-Shu(Sm(G(M) , G be adjust
= (G(M) by Tuneda Lemma
= Golmil = ShESm) (G(i(m)l

,
6) . o

-

edientsfor Rep ability :

- Reduction using locality of Lan-extendedness
(i) is a Strict top Suerof.-

Cond of LIE m> LKE of cours
Subs

Results Suffices to prove it for E--XarB.
XPt Hausdorff

Se (X
,
4) < Sec(X, Elesm

-
-Pelesz cover

, by previous tall.-

3more ingredients
1) Topologically preserving cosifted limitscriteries



2) Proper base change theorem
shearsalpations of
W miny (sectionsofUBS onMi

eg) .
dre acgelic

3) k-sheares (k = compact& K-acyclicing . So

rector bundles .

1) FeSh(NSm) m> EntSh(IMI) for MERSM
Also fiM-N msf* -> In or

(intSm)
Fr ->He FM(fliml-> (n)

D:-> DSM

T obtum : I Ene-Sh(IMI).
mi ↓

"Love" map

Min =B(x) Fa

This results is a diagram
:-> Sh(m)"

Def. I topologically preserves casified limits . if
-

D is a limit in Sh(m) wherever Kis a
↑

cosifted limit ↑ Theorem
lett :

↑ ken exentedoff top'll presses cosift limits



Day 5

Representability of Holo-Grisha Taroyan
Plan: -Categorical interp. ofderived regulating
- Reduce to reg.

Locus
- reduce to checking over smooth base
- Smooth reg => Derived reg.

-
C

,
D perfect toplSites ,

f: -Construction

Consider Shu(elfsh() Et : X-> Xo : obj
Espace of sections. Mor : Secure of such.

D : (Xe
,
X f: Xe -> Xo is cocaresion if

fl is an equivalence.

: For a pair of properties Pe
,
Po

,
(Xe

,
Xo

Satisfies P : (Pe
,
Pol ifeach individed cont his Pape.

Deft : A property Pe is preserved by t if Xepc
= f ! Xe is Po Shuse If Shr(sul/BIB

Def:A pair lotsmEt is desired regular if
&

It is cocortesian & Hism-B is repble.
Reall: PC is a target local propening if it can



be verified on carbitrarily fine covering.
Seama : X-X' morphism in 1-17-1 pulledback from
X-Y

.

Let PC be a property stable under pullbacks
andof! presences pullbacks along Pc morphisms.

Assure Y
,
Y'are cocorrosion . Then Xe -> Ye has

property PC & X is locar if
X-> Yhaspe &X is Colartesian.

The coverse holds if he is target local&

Ye -> Ye aboits local sections.

Prof: De is pullback Stable , so Xi Thas Pe
f ! preserves Po pullbacks = F!XcS Xo
Admits localsections a "effective epimorphisms. Pe is
target locas descendable along eff epics.
Co: Desiredregularity ispreserved under pullbacks
ofmaps admitting local sections.
Proof: [sn-Top] ! preserves PBs of maps which are
repible

.

&

By the lenna ,
derived reg,

is preserved by PBs of dernes
smooth stacks & descends along maps admitting loc sections



Pop:Walbikal
.
Section problem .

BEDSM
- e-B is proper. TenAssure chet

Holp(e,n) may be correby open substeks of
the form Holgi Ce ,wireg for Some Bo
u/pullback of giving the original problem.

"Derived ray is loce; needonly check on such reg.
loci "

Roof w

C Ba
Oc B

replace basea/ Ball" =:B'
cido Yit

B

perturb c
,

4+ <(0) 2) <(d =0

IR***W,
H ->( ,40H)=>Th(C·No

nigh to kill t Elionicig ! - This ce,
w

"Kill the lindin who by perturbing"
Now wenish to reduce to the smooth case.



Pep: Any quesibol secon problem is locally
pulled back from a smood base.
(W-> (-> B) =: P

"
B ->B
sm

.

Ism

Prof: 1) Derived Ehressman

p =

) xB
, locally.( ↓ 2 :-> Su

2) B = him Bi k
,
cosifted diagra in Sm

.

itk

3) Wxq is a K-acyolic factor. In particles,
is preserves coloms of shard M k-psk

(f(we) , Ha system ofshers Over Wing
*

& c(g'(Wi/cil
,
Mil 54

,
must has been pulled

back from sucha/How colins are canoated on shes).
&

P: Lew(>B
,
M
,
c) be a quisitel see . problem.

Holw -> Sep (14) H=H:

↓
I

·

J ↓ c , +
B .

B-- See (C Hol



Pl p = f8p
↓

BE Bl

Roof : Holg (4w)-> Lep(e, u)
↓ % ↓

Secp((n-Seep((H) -> Secp(em)
-

↓ % ↓ I h
B - Secp((,H: -> B
↓ I ↓ I ↓

&

B' -> Sec(C -> B
o

Prop guasitol section problems Power Smooth base B
reg CLKE)

.Emsm]! Hold (Plsm) Hollose
Prof Pe Holy(P2(a)

Hal(u) -> Se(en)
↓ ·

J ↓
B -> Sep (4t)

need to check this isercnsmerse
&

S

Follows from Ordinary regularity !



Probe itw/ ZeSm :

Holoz(loz , Worz -> Selp(IoNd

↓ ·

J ↓
Z -> Seep(2H)

use smoothly to get its a transverse PB

Our 4 ste plan has been fulfilled ,
so

Holder(CH) is repble.
-

The point construed version of derived reg follows
-from unconstrued one

, purely formally.
W

Hols(wt -B
↓ · t

Hp(l.w) -> Secg(A, f(W/c)
Prome it's desired reg . by pullback stability.



Extracting Emmersive Invariats 1- Amanda Hirschi

Ge: Find some process P associating to a derived
smooth manifoli, X a "court" [xjvr

Asuptions: * Every derived smooth M10/orbitolo us of
the form X=(t

,
E

, s) ,
X= s

"Co).
Imfld/orbi L uB

& Xis proper, ice Is" coll is compact
.
Emy now beout

↓ Ot is empty (T :

Mackening
,
E, "obstruction burke

* We have two operations

i) Restriction : U<T open
, containing sCo),then

we home Ch
, Elu , Skul "only care near zeso locs

I how things Look)
(i Stabilisation : If P: W-> [ is an orbibuile

,

then
whe (W

, pE
,

&pow,
parsAw

first example : Assume X=(T
,
E
, S) ERSM afvirteddim

-

De dimT-MkE =d di
-

Perturb to a nearby section 5: E-E which is
regular [x]#5"(0) . God21

Chyograde to a round count if I, E are oriented.
Remark If (I, E,

S) is a derico arbifold a smiles- -1

argument works ; need to use "multivated perturbations" "



What if X is a derived orbifold of negative vire
dam ? Unoriented
Reall: The bordism groups ofQ a top'l space

are gend by equir. classes [(M
,

f : m -> Q)
closed,

fcesl, modulo ~ where ~ is being
cobordant . - JWcPau/O

,

OW =MHM !, f
,
f

extend onc W.

I gives additive structure or these

We can enhance this by requiring some additional
Cargential) structure

,

loke :

1) Oriented bordism(+ TME"has
- 1 Cy structure

2) Complex bordism (+ ihas Stable Str
3) Framed bordism+ CTM & I" is trivle

Gl
Remark We have a naturalma-
-

funder []fc5class
.

[x] +> #X ,

(i) di to for key
above objective.

We am define te ,
for orbifulos



And we may define derived Corbifold burdism!

Recall thataseparated orbispace & is a stack

admitting an etcle atlas andwhose diagonal
Q->QQ is psope

Def the 1-th derived Corbifold bordism group of
Q is

***

(4
=SCIE ,

S :->Q3/
where"colliscect

,
virdim =k & frepble

& this ~ is gen'tby restriction ,

stabilisation

no being cobordant.
Prop : [CT

,
E

,
s
,
f]= [Cl ! E ! s : 71] indical

ifthey are cobordant after stabilising & restricting
E,f) ) [,T, id

,
f)

Lea: The canonicalNT &8->de is a iso.-

A

This ist once for>de

Proof: Given (t
,
E

.
S
, f) we can perturbs to make it-

-Musverse Chemotopic05)
,

hence it's the some as
ko

(tE,Y.
f 1. After stabilising ,

it's just [5d, f] ↳Empi
i I'

Desired flo bordism is just mid bordism
-



Real : We can have di to for ko,
Eg Gfinite group.

[BG
,
V
,
oB

,
ed

VG-rp ad
inval

Locus
.

(D
,

VG
, 0 dedim (V4

nonzero if VE=0.
Remark: We haven't computed di (yet).
=> to commente something ,

we want to have NTs

di Rosen'tclothes ,
(ie Ha(Q)

Theorems (Abouzaid-Blumberg : Bai-Xu) : There corsa-

mapsilde > Mal,/p
Gildeorb -> Me(1). Lidon nos

retract Briver
↑

Theor (Abouzaid-Bail: There is a section of
- SplittingS

CFukasaonener
Prof (Stech): This splitting is done by:

1) go from der Orb, to orb using FOPperturbs.

2) Resolution of singularities of the orbifold, using
a "finctorial resolution" ofsings.
However

,
this is not a map of Mingspectral, as resolving

sings of a product of orbis, is not done by doing it in each
· Accor separately.



: This allows us to define bordism valued
Gromov-Witten invariants.

Can defines can show some recessive
,
coroututral

relations ordinary GW has



Emmerative Invariants #- Ceyhun Elmaciogly
I: Stable Homotopy Theory

-
basic a- Ig. top .

H(X; 6) = [Xk(Gn)] Braun Repily.
S

[X
.

2k(
, 1 +)) = [EX

,
k(G.H] = HCEXi G

-

= HY(XiG) =[X
,
KC6,n)]

.

=Rk(6
,mm) = k(G,n) .

Deffit spectrum R is a sequence ofspaces
·.R

,
Ro

,
Ris-StRis R . De infinite

Loop Space ofR is Ro.

Eg: $= Es = 5 The sphere spectrum

Ext There isa symmetric monoidal product
1 : SpxSp-> Sp

.,

the smash product
Es

Defe:A ring spectrum is a spectrum R,
equipped

with a map RAR-R .

Defz- A modulespecorm is a Spectrum M equipped
with a map R1m->M.
I-- Hoer Theory
CX, co) > unt todo floor homology, Takaya lat....



chainx (EXiHm) HE
Eg: one Hamilarion or bit ofdegree 0, 1. over
Consider CF*(X) . T

,
)

&

() =CoIs("(B) has dim 0.p< (signed#(x,1 .3

CTO] Orla c[o]
colom(↓

-> I-[c]stat
.

o HE(Xi4)
Fue has C-c-> C the

clim (10) ->20] I↓ = 0.

co]

OMCr) = u(x
,p) + M(B, r).

So we really went. amazing fect.
(20)->C'[07colim( 40=x

.



#ComplexBodism: Quinn):
Det, The classifying space for soubly complex
EKl-manifolds is the geometric realisation ofthe
sset , whosen simplices are corner transverse

maps M""->A"
,

for Msably almost CX,
devind by MK

: For each k
, osimplices ofMK_ 1 are k-iflos

m"
->1
:
= => closcosably almost x K-mflo.

E. Et, I simple in MUo.
[: Eg : -
M
-

↓ -⑯V
&

These:Mo =MU-1
Proof: EMo, = Ea>Mus : 01"-*].

simplices
= Em"Ess" : Flos")=3= Emb-a'

-

(stabal =EMA"1= 3=Mo
.

Def: The stable complex, bardism Spectrom is



MK with 1-th space MMK
.

(Allispet.
E MU is a Ring spectio, given by product
offleis -regard Ras R-module.

Prop : Let R be a ring spectrum.

Then

Enda(R)=Ro =&R.

Prof: End (R) =Mon(RR)= Hongp(I
= Homsp([S°, R) = HomCSR

= Ro E

Asa loop spaces , so more bocheck.

But day
GiGrdim Stably ruflo gives an endo
ofM.
Eg : Map) us Mrs M-MU.
↳: Let Mbestably ex ofdim 1.

At ON=M

defines a honorary in MK-mod beauen Ind%↑

#= Flow Gregories I , indexdiff- -w
Suppose wehave 3 crit pas a,b.

C
.

(Han or bins · eg.

).
· Take a copy ofMy for eachcit point



· U(ab)
,

MCbid are ODi,so they induce
maps of 19Mab) M(b()

Pr(4,)Mu->Nu

↓ Peterbody Desc
Car2

O-> ma
·Mad is stable of of dim !
Otela,c = Elub) x jecbid.

Mod:

Mi ->Mu
Y Floer honotage

colim I ↓ "I I = type of X our·
Me

Vo A

M-modules.

Fat Rex Oriented as a specare if Imap ML-R.
So we can ddie FHT oner an oxori . R.



What's Next-Horo & John
Hiro: Paul Seidel Kontserich carpet bomb.
7

Kontserich
-

8 CobleafConj Seidel 2009
.Mi

-

Aseidel's Research

Costeuf conjecture is now atheorems-GPS descent
JAMs 2024) Algebra

.

Ellio.

PIES dSM&Stacks.

-
⑭

Egmp
geom .

Log geometry.



(1994, ICM) (Kontsevich) : AlomologicalMirror Symmesz
Assure Xiao,algebraic
~ the there exists

Xe
,

Kahlen Bt
.

ChMod)(sured.
(Fuk(x) = DCoh(x) &

Lag. subblis
Coll Fuk(**) = Do Coh(X).

Ch(Rmod) is our algebra.
Eg: Hanlon-Hicks-Lazareu ,

2024
,
form Ri.

tori resolutions vie Minor symmetry
↓

Now Fukp(x) = DLoh(X
Codef Fakaya cuts Specially via floor homeroy.
D"Coh(X1 Over $ isvery poorly understood.
there Moxinic & chromatic hopy they -

Super
difficult!!
Application Ca you say when a specim admits-
a Ring Spectrum CIEn

,

In 15)
I Isl-[/p2 ok.



$ -$/pMoore Spectrum

Thisdoes not admit a sing structure for p =2

Now, ifwe have a special Fakaya cut, life becomes

blessed.

John :

-

-bifoldBordism Theories :

EBBG3[(h(Top,resible morphoses) spanned
by /G for G,pat Lie grow (orechoice).
Orbispaces are theanalogue of Spc .i.e
Psh(EIBG3)= Fen(EIBG, Spc) .

= free O-cocompletion of E1B630
= acat of orbo ch exs

, ie built from
IBGx(D"

,
OD") u/repible attaching maps

repble : injectin on psotigg groups.
1B6-> BH pf G-H inj.
Epble X torbispace .

Ed(X) = bordism of d-dim orbifolds
,

seable over X



e( : ""derived x(12

Can this by a virtual VB3 onX to get
ea(x-2) =bordismof desired orbifolds repble ou

Xalvirted tagent bundle 3.Korbispectrum "
w

bordism oforbifdis/X (norable).
-

XeSpc,(x)= (R(i)- where
-R
Spe> Orbispace I

,
R adjoint

Enk) encodes equivariance (Xme X/6 for G-equin ))

Aside : There (Wasserman
,

P
.

): Orbifold borcism
is a version ofedes u/tergential structure.
Assembling GW-iUts- C

Consider theSum .

Monoide -cat ↓of objects
Orbispectrum

=finitesets
, & morphisms : ~ wX maste

Hom(S
,
T. = Deeper(MtMint))XSms

C G
Mx = moduli stackofal generalised Resurfaces.
-Allow "formal collapsesof



uper
Diea spection ofderived statly U-oriented orbitolis.
↳su-dualerotic)
eupen , Orbispecia -> Spectra

4:3 is class, space ofdesiredorbifolds
repibte ach Xuish target
bundle z .

ManaMarMPR immersion of codim 2 . 1Q1.

↳ eastamp
F -T -T

Mpur- > MaaXMQHR
Fix a compact Symp. flo W

&

Laim : The collection ofmaps

brinTUT (u)
-> MSHT is sepible.

smooth Defines a sym. monodded Succes
orbifli

2 -> Spectra Cow) .

* W -

Eg : 3 = <5
,
8)

, T= 33 gives amap
Dreperciodic(Mote) -> Hom CWWnisproduct"



Potter : Find a presentation/compute in some simple
cases , what I is

Tsut(x) -> Mont YWxWt is a point in
per(Ms+ XWxWi).

Homorbispecia (X-2, 4)
-der

. Smoo orbifolds W TW=z -y
red ren

X Y


