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What is IIBordia?
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What is IIBordia?

A fantastic realm inhabited
by the cobordism
classes of type 1IB
supergravity,

as well as the

branes and

defects that
trivialize them.
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There are two main
routes leading to the
far reaches of lIBordia.
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There are two main
routes leading to the
far reaches of lIBordia.

The Path of the
Mathemagician takes one
through the mathematical skills
necessary to compute the
cobordism groups of lIBordia.
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There are two main
routes leading to the
far reaches of lIBordia.

The Path of the
Mathemagician takes one
through the mathematical skills
necessary to compute the
cobordism groups of lIBordia.

The Path of the
Physicist uses these
cobordism groups to
predict new branes in

string theory.
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There are two main
routes leading to the
far reaches of lIBordia.

The Path of the
Mathemagician takes one
through the mathematical skills
necessary to compute the
cobordism groups of lIBordia.

The Path of the
Physicist uses these
cobordism groups to
predict new branes in

string theory.
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Basic ldea of this talk:

We have computed the cobordism groups
of lIB supergravity

including the duality bundle

These cobordism groups lead to global symmetries

[McNamara, Vafa’19; see also Jake’s talk]

and we study the branes that kill these global symmetries.

We will recover some SUSY branes, and find a few new ones
along the way.



Plan of the talk

Cobordism
Conjecture

Cobordism groups 4—_
of IIB
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Basic idea of the cobordism conjecture: [Jake’s talk]
|) Nontrivial topology can lead to global charges

For instance, take 5d gravity and on a t=0 slice

o )z

\

> The K3 “particle”
\ | is invariant under
K3 deformations

But in QG, topology is dynamical...
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2) One kind of global charge is preserved under
smooth topology fluctuations: the cobordism class
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C is a cobordism between M| and M2

The set of cobordism classes forms a group, the cobordism
group

e.g. """ =7 generated by [K3]
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The cobordism groups capture (generalized) topological global
symmetries that cannot be killed via smooth topological transitions

(the transitions you can describe with the low-energy EFT)

But there are no global symmetries in QG...

...S0 it must be possible to kill these global charges
somehow!

Killing the global symmetry forces the introduction of defects



Cobordisms can be decorated with additional structure (spin,
gauge bundle...)

One just demands that M|, M2 have the required
structure, and that this extends smoothly to C.
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Cobordisms can be decorated with additional structure (spin,
gauge bundle...)

One just demands that M|, M2 have the required
structure, and that this extends smoothly to C.

—

C
M, Mo

\ = Spin structure,

gauge bundle...

and it affects cobordism groups.

So let us now then compute Q£1B+D“a’lity
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[ Tachikawa-Yonekura ’ 1 8]

IB supergravity: SL(2,R) —>» [IB string:( SL(2,7Z)
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effects)
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In other words, there are three approximations to F-theory
cobordism groups:

SL(2,7Z) QuBSL(2,7))

Taking into account fermions:

Spin x Mp(2, Z)
Lo

QCSZpin—Mp

Taking in’ o account reflections: Spln X GL+(27 Z)
! L

Spin—GL™
Qd

and Q symmetries of perturbative |IB



We computed all three approximations!
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(1 (BSL(2,Z) = Zy ® Z15 These are all one-dimensional
cobordism groups

QSpin—Mp(Z,Z) N o 7
; BTl Only I-d manifold is

Spin-GL1 (2,7) circle, so all these classes
Q]. — 222 . . .
are circles with duality
holonomy

Cobordism conjecture:
Must have 7-branes

ETEOVe
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Ql(BSL(Q, Z) — ZQ D Zlg

. Capture ordinary /-branes
QSpm—Mp(Q,Z) S ZS\

1 S5 S

Class of a circle with U holonomy

Class of a circle
with S holonomy

Killed by D4 singu,
Kodaira type IlI*

Killed by E6 singu, Kodaira type IV*

Since S,U generate SL(2,Z), we
have all ordinary F-theory
7-branes



is not the true duality cob

Spin—Mp(Z,Z) el
But ... €] = L3 @ Ls group group of |IB sugra.



is not the true duality cob

Spin-Mp(2,Z) __
But ... €] = L3 @ Ls group group of |IB sugra.

1n- gt
Q?p Se o) S8 is.



is not the true duality cob

Spin—Mp(Z,Z) el
But ... €] = L3 @ Ls group group of |IB sugra.

1n- gL
Q?p Se o) S8 is.

What is going on?

Where did the F-theory 7-branes go?
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Answer: F-theory branes are not fundamental objects in |IB
supergravity!

Objects with the same holonomy can be constructed
without any singularity in the elliptic fiber.

Basic construction in
McNamara ’21:Torus
with holonomies allows
one to construct
commutators
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Ok fine. But what are the Z2’s in

Spin-GL ™ (2,Z
QR eh o7

4

They are classes of circles with torus
reflections around them.

[Dierigl-Heckman-MM-Torres, 2212.05077]
[Distler-Freed-Moore

=D 0906.0795]

One needs introduce new fundamental 7-branes to kill
these classes.We call them reflection 7-branes

New nonsupersymmetric, IIB brane
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Cannot be described in the worldsheet (e.g. as orbifold)

But we can learn a lot about the worldvolume degrees of
freedom of the R7 via anomaly inflow

Depict the R7 brane as the boundary of a long cigar:

0

Q ¥ R7
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Far away from the R7 (e.g. between the blue lines), the
configuration is just like |1IB on a circle with holonomy

There is a one=loop Chern-Simons term

1
Ag A (Tp? — 4ps) e

11520

QR

By anomaly inflow, this is the anomaly of the worldvolume
theory of the R7-brane



In other words, the anomaly polynomial of the R7 brane is

fﬁz/\(7p%—-4p2) +. ..
11520 e

This is the anomaly polynomial of one Dirac fermion of R-charge
/2.

That the coefficients come out correctly quantized is
nontrivial. For instance,

Fr A (7Tpi — 4p2)
30000

would not have corresponded to any sensible worldvolume theory.
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(first example of a worldvolume theory with a massless 3-form)



Let us now jump to the last row
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Cobordism invariants detecting the classes in this row are
topological couplings —discrete theta angles of type |II1B



Spin—-GL*(2,7) __
Ql 5 =47,

describes possible theta angles in 10d IIB.
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Milnor hypersurface
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(RP" — §2) x S?
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Spin—GL*(2,72) __
Ql 5 =47,

describes possible theta angles in 10d IIB.

Each of them detects the manifolds:

Spin(7) x T? —==—>p M on Bott x KB x S|

[Freed Hopkins ’19]

Milnor hypersurface __ Tau,
‘\\=§\D
2 -dualit
HP* x T° —2—p Trivial in M-theory
(RP’ - §%) x §! ———>» bordism

This illustrates how the corresponding cobordism classes
are killed by stringy symmetries.



CONCLUSIONS

We have computed the cobordism groups of
liIB+duality bundle

Killing some classes leads to a nhew, honsusy R7
brane, passes consistency checks

Also classify lIB discrete theta angles; killed some
of them



CONCLUSIONS

We have computed the cobordism groups of
liIB+duality bundle

Killing some classes leads to a nhew, honsusy R7
brane, passes consistency checks

Also classify lIB discrete theta angles; killed some
of them

Many more branes to be uncovered
by Markus after the coffee break!



Thank you!



