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This talk contains no new results. Our goal
is to draw attention to an old question.

Outline + Punchline :
-

1
.
Framed 2D TFTs with bornday
~ f . &

.

associative algebres

2. Unoriented 2D TFTs with boundary
u * -Frobenius algebras

3
.

Framed ID QFTs with boundary
us associative algebres

4. OIDXOID IDQFTs with boundary
us vor Neumann algabres (17

5

5. 0123 IDQFTs with boundary
~ von Neumann algebras ( !! )



1
.

Framed 2) TFTs with boundaryedition
-

#field theory can answer
A (wick-rotated) quee
questions like "What is the expection value of ...

"

?

Some axioms for fired ID TFT with b . C:

2

· questions" are expressed by pictures.

· "pictures" are ID manifolds with glazed
boundaries .

(Glue doesn't stick to glating .)

· questions like "What are all

valid insertions at this point ?
"

&
take values in vector spaces . & 1800

.po
⑤f

So

↳
· all strate are framed . ↳t

& -
& Lgo

Near glazed brundary , V
.
&

- Q

framing is product. Lea



Some interestingor spacesof boundaryoperators
-

↑
A =i

& Inclusions like :i
E

· :

1
·

+
make A into anS= associative algebra and

S
I ,

into A-bimodules .

- &
To*
L &

S = : -To
↳ Here is a trace onS,:5 L· of-s



Axid :

-enoteDectability-

"Anything that is consistent with all other

operative is a valid operator .
"

In TFTs
,
this implies that pairings

like

------- ----

: :Y addr
~

are deality pairings .
E . g.

S
,

=AY

It also implies giving rules
,
e . g. plain&

5
, QS, A is an iso

.

Water

This is how to translate to the story
of TFTs that you may already know

.



orintingthestoferature of :

· no structure at the boundary
· no structure in the bulk

· near
the boundary , the no structure is product .

Get new contrivial isomorphisms :

Let-
Aii-irr = A

& ei b

[2[ R9&
~

Air-i ! = S
,

= A
&E Re

These make A into a # -Frobenius algobe .



Heawesday have to

do with the groups O(2)
and 0(1)

,

and

in topology , we like to describe groups

by their classifying spaces .
1

The data and properties of #-Fobenirs

algebre" match exactly the low-dimensional

cells in standard cell models of BOSICBO(2) .

So topology says we
are done with the

characterization of unoriented IDTFTs + b . C .



3. Framed QFTs on flat spacetime.
-

Actual QFT is not topological. It lives
or

flat manifolds .

Sometimes but not always

it has more :

· extension to curved manifolds is

called "coupling to background gravity"
· integrating over the choice of curved

manifold is called "dynamical gravity".

If you
don't couple to gravity, the

all
you have are Poincare symmetries .

Framed case : just translation .

At glazed brundaries
,
the rule remains :

Local structures, inc . metrics, are product .



Flowing oHedeepV
-

In this world , there is no "algebra of operators ."

Even if you can continuously more operators

near each other
,

the limit has no reason to exist .

Let's fix that . The derivative of translation

is called the energy-momentum operator Pr

Its spectrum is in the H22 momentum space

dual to 12 spacetime .

· Deep IR
: scale Pr- .

Only Ker(Pul remains .
Look from far away

.

· Deep UV : scale Pm -0 .

Can only study pictures that fit on the

slide of your microscope .



#I getmalge.

In the deep UV
,

translation is trivial .

So Pe is an algebra.

A
=

Nothing else exists. There isn't room

for framings to rotate.

I think that remote detectability 222
probably implies that z(A) = /2 E

222
and that's basically it .



4. Flat QFTs with two reflections
-

If your
QFT admits a reflection

symmetry normal to the boundary , .......t
the as before, A is a * -ulgebe .

&

Suppose there is
also a reflection

symmetry parallel to the boundary. i
-

Then we can for a strip : /
Since Pr =O, can narrow the strip : /(v)
Now can form an interesting E
"space of states" : = =



Reflection positivity,most important axion .
-

Our universe is defined overI , or maybe
over

& w/ reflections acting antilinearly .

Reflection possticity
aXian : If a closed
-

diagram admits a reflection symmetry ,
then its value is positive .

-T

Eg. The priving ! : 7x1-R or
I

is positive and hence Hilbert by rem. det

Remark :1R has a topology . So
any

Qual
-

rector space has
a topology , and remote

detectability is really about continuous duals .



Wair can be closed to
I

a closed diagram in lots of ways :

* "I" means
: In

11 ↑ to fill it byit If 8I S any
rector in

= He corresp

space.

This gives maps

A - /Hoh)"
,

A-HOAH], ...

Moreover , these fillings are related by fusion :

-

= = - s↳ -I I- &

I ii I & i*- ·no ,
&

↓-

if
- G I YI

8 -> o ·-



The L
*
axion
-

These assemble into a single map

A - lim) some big diagra- )v
This limit computes EndRmod(a) /Ha) .

Remote detectability says that this

map
is an isomorphism .

Since It is Hilbert
,
this realizes A

as e von Neumann algebrat



[FIctQFTs0(2) symetry-

Now suppose
our QFT is fully (wick-rotated)

special-relativistic. Then we can place boundaries

at
any angle : 1. The rule remains :

near boundaries, local structure is product;

boundaries cannot bend. But we can inquire

about spaces
of operators at corners.

/

↑
They are A-A bimodules

.



&remote detectability changes

Now there are many
more closures oft

So now remote detectability says

A Ee Lin (somebigses diagram)
I don't know what this diagram computes

in general .



#on Newmarn algebstill work

Ele(Segal: Assign Ap=A
#Leorem (Parlor) : This assignment

satisfies remote detectability !!

In other words , von Neumann algebras

have a secret O(21 symmetry .



Mysteries
& What is the "OCI) action" on algebes
that these are fixed points of ?

& LP/A) is not invertible as a bimodule :

only "part" of 012) acts.
How to

formulate this ?

· What in physics rules out concave angles ?

Or are there "LPCA)" spaces

to be investigated ?

· AreMere any
other reflection positive

remote-detectable ID QFTs w/ bounding ?


