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Recht folklore 2hm

•

"

D - T FT - ⇒ Frobenius algebras
"

A : fin .
din.

commutative K-dy .

. with tr : A → k smh that

the pairing A ④ A F A -7 k

is nondegenerate
• Fun

④
c Cobey , Veith ) E F rob uk )

Fully - extended version
-

Fun
④
C Bord z ,

l ) e I
T

co - groupaid of fully dnatizahe objects

today : Topological conformal field theories

Z :
Bondi

'

→ e ans Calabi - Yan object
Z ch of h .



* £egalPRI de

- odjeits : Lute sets

- Aheorphisms : Moyet .] ) -- tf Mz

• I is a surface with I -4 inuring , IJI outgoing
circle boundaries set .

each connected component
of -2 has nonempty inuring boundary .

• Mz is the moduli space of conformal
structures

over Z .

NO
] I €0 E Morne Z . Z )

.

D e C
not a mophorn .

!

- Def .
A CIT is a gun .

mon . fmtor

Z : all → Verte .



• Lineate ⇒ Cg CM . same objects
#

More* why I . J ) ⇐ Cx c tf Mz )

± Cx L
'

wz BDiff ; (
Il )

.

Here Diff 's in = f orientation- preserving differ
that equal the identity on

( a collar wbhd) of the boundary
ofgp.es ,

① Conformal Str
.
irrelevant !

I

Deff A closed ) TCIT is a gun . mon . functor-

Go cm → Ark

Def An HIFI -

- - -
-

the cm ) → Gr Modk

Ef . String topology af string operations



Upgrade ⇒ &pened TEI
• Ole :

. . Ejects ,
oriented I -mflds w/ boundary

. Mahim : Ceil Mz )

•
-⑧
x C

D ⑧
Ad or C
i:.÷÷:eag.

St .

each connected component has
nonempty mooring boundary .

. Let O c Oe be the full sub cat .

with objects f- into intervals .



Tio CY ke QE x. x-D
.
1*1 -- d

.

1) ifOpen Tatts t
: O → cha )

I f Calabi - Yan Ho - categories A on one

object J
. .

Rink
.

This is the categoriescation of
Frobenius algebras . Informally ,

a Cf
Ap - cat on c is

-

a stable (co -ill - cat

with tr : Ccc .ci →
'

k that

induces a nondegenerate symmetric
pairing of , er> = trcfofl .

2) . lyiven an open TCFT Zo
.

there is a universal open
- closed TUFT

Z : Ole S via left Kan extension .

St .

Z is 't is the Hochschild complex of A .



.. Fully extended Version (as , -21
-

-

I

{ Sym .

mon
.

Z : Bordin → d 's Z

I
<⇒ { Calabi - Yan objects of l } zoey

Bondy
←
non - compact

• is
, informally ,

the 6.21 - cat

w/ - others : oriented o- mfcds X

- tenor : oriented fordism B : X→ x
'

- 2X : oriented Gordianus Z : B → B
'

sit
.

E is trial along X
.
x

'

and every
connected component of Z

has nonempty intersection w/ B .

- ttighernor invertible
.



- Det
.

A Caas object of e- cousins of
• a dnatizable object X e e with

morphism
exercise)

• an som - equivariant
q : dined ) = evx o Coen, → 1 in re

that I the court for an adjunction
lV× -1 Coevx .

i

leg for 5 a

"

god
"

Cos
,
it - cat

.
Cee. f. Cha )

Alex , CS ) 8 the 6.21 - cat w/ objects

the E .

- algebras of S .

* A Ex-offed of S is then

an E . - dy A with Socal - equivariant
tr : fs .

A I din ch → I s.t .

tr

* ④ A = fs . A → fs ,
A → 2

identifies A with AV .- HA
.



Dink- A furry denali take object Y El

<⇒ a dualitable object Y at . evy has

both left & right adjoint .

- For a 4 object X ,
eve, only needs

a right adjoint corresponding to the

2- morphism D ,

white CD is not

a 2- morphism .

• On the otherhand , CY objects

of U are the SON - fixed pts .



Hyde : Sting Topology
Main player : IM = Ms

"

,
where Mad

is oriented and simply - connected .

txt- d

I car) is an Ei - alf in Mode . K -

- Q
-

Lx
.
x-D

,

tr : f, can e Ector) E' can EF k

↳ L EX CMI , tr) is Cf and determines

a TET Bordin → Alfa, c Model .

I
.

Does this recover the classical

construction of sting-operations ?

(E] : thx CIM is an HCTT
.

i.e .

there
.

are compatible maps

H* collect .fi ) ④ the charm → the ofay
Bl

parametrize.mg string operations .



-

ef .

Chas - Sullivan loop product

-
Her CLM) ④ the CLM) → He CLM)

is defined as follows :

-

• Consider the correspondence diagram
zu Et Map CP . My In x LM

,

where P is the bondi Sm §⑥ .

We want to construct an umkehr map
( Pink

. .

L Cohen - Jones ]•

-

Take X -

-
IM xm IM a Map up. M )

,

which sits in

X -e, IMXLM , a pullback of

ev t d t truer fiber bundles .

M - M x M
'

Let U ke '

a tubular Mud of D .

Which

pulls tuk to the
total space of

in normal

bundle he: : etcv g → X .

Thom collapse

yields thx l IM x Lou) → thx c Thayer ) → Hei CX )
.



Take 2 Cx Crm) is an Ei - alf in Mod k
# .

w/ f, Gx CNMI = Ex CIM ) .

However , Cee CNMI is not often dnalizake,

e. f .

the cars
'

) ± k Cx] .

- One can fix this by taking the opposite

target category Alg ? c Model ,

and

there is a cotrace K → Gx c LM ) green

by the fundamental class EMT
.

- Thus we get a TTT

Z : Bord :c → Algie cared k ) .

④ Unclear if this recovers sting
operations . or how to check it .

AFAIK . Blumberg - Cohen - Thema come

the closest to constructing a lift .


