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since the theories may be distinguishable at an intermediate
energy scale

-Spectrum of massive states -Higher-derivative & topological terms
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theory
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lIB string theory in 10d has two perturbative Z; symmetries,

called Q) and (-1)fL .They are S-dual to each other. On the RR
axion CO0, they both act as

C() — —C()

Take |IB compactified on S! with a Wilson line for QQ or (-1)fL

This sets Co=0.The resulting theory with 16 Q’s is called the

Dabholkar-Park or AOB backgrounds, for Wilson lines of ) and
(- DL, respectively [DP ’96, Hellerman '04].

It describes one of two known components of the moduli
space of QG with |6 supercharges with one vector, i.e. rank
onhe.
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But since CO is periodic, Cy ~ Cy+ 1 and
Co=-Cy =20p=n, nes

SO Co = is also a solution.

1
2

This theory lives in a nhew component of
moduli space in 9d. (for a total of 3 rank |
components)

Q:This mechanism is extremely simple.Why not
proposed before?

A: It was, but it led to nonsense!
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Recall the description of type | string theory as an O9 orientifold of
lIB with 32 D9 branes.

The orientifold maps

C() — —C()

so [Sethi ’|3] proposed to set CO=1/2, leading to the Sethi
string.

Seemed like a new 10d string theory, but under e.g T-duality it
led to inconsistencies.

It was not clear to many of us what was the deal with this
theory. Do dualities work differently? Is it illegal to set CO=1/2?
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Answer: C0=1/2 is fine, but equivalent to C0=0.
Sethi string = ordinary type |.

Arguments by Witten '98, Bergman (2015 unpublished
Oviedo seminar)

Type | has O(32) adjoint massless fermions, with the
disconnected part being anomalous

The anomaly can be used to freely shift C0=0 to C0=1/2
and vice-versa as a gauge choice.

Same phenomenon as washing away theta angle in 4d gauge

theory with massless quarks.

We also checked this is consistent with duality, spectrum of
strings & branes.
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(IIB compactified on S! with a Wilson line for Q or (-1)f)

no such anomalous fermions, so the theories can be different.

They differ on the spectrum of extended objects (strings)

All theories with 16 Q’s have a 2-form B

Strings charged
2-form B in gravity . under B

/
E

ForAOBorDP, B =BY°N5 or B=C3E
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Take AOB. so that B = BéVSNS, Strings = Fundamental strings

(1,0) (1,0)
Co =0 ® ®
S PO (_1)FL ............. >

1 | (1,0) (1,0)
Cp— L —e .
) enre et e et .
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| (071) (1 1)
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String of smallest charge is non-BPS
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The most important feature of this theory is that it violates
string BPS completeness [Kim-Shiu-Vafa’19]:

The string of charge | is not BPS. Even charges are.

First example of a violation with |6 supercharges.

(the example in [Heidenreich-Reece-Rudelius ’1 6] also had it, but it was not discussed)

Many Swampland papers using anomaly inflow on
strings in 6d, 10d assume this; these need to be
revisited.



Completely identified the moduli space:

[Aharony-Komargodski-Patir '07]
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Self-dual point at gs=| Self-dual point at gs=2
Duality group: SL(2,Z) Duality group: I'o(2)
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When compactified on a circle to 8d, the theory admits an M-
theory description as compactification on a nontrivial KB fibration

KB — S!

Known component is KB x S* so the theta angle is geometrized.
So this was just a regular M-theory compactification!

Let’s make sure we do not miss any more!

8 Q’s Calabi-Yau, K3, G2 |16 Q’s?

4Q’s Ricci-flat Riemann-flat
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Theorem (Bieberbach): Most general compact, Riemann-flat

/T

manifold is

(a Bieberbach manifold)

For low n, classified in the math literature!

Bieberbach | GL(2,7) element | Quotient description
2 (21 0) T?xS"
8 —_11 TQZ><231
( 1 —1 ) 7
0 —1 T2 xS
(1 0 ) 7.4
1 —1 T?xS*
(1 0 ) Ze
(5 %) KB x St
((1) 0 ) KBxS*

p—t
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3 13 N3 N3
()27()37()47()6
do not admit cov. constant spinors, but they admit cov. constant

SL(2,7) spinors.

Can compactify |IB on the above to produce

7d N=1 theories

This is a new description of the low-rank examples of triples, fluxes
& strings.

Two of them admit discrete theta angles
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/ C, / Bs The periods of 2-forms can be frozen

K—VTZ x S1

Lo,

In both cases, the theta
angle turns on an
incomplete BPS
spectrum.

For n=3, discrete Z3 theta angle

For n=4, discrete Z; theta angle
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M-theory on KB
1 d F-theory on N3

' F-theory on KBx S* l

l

JM/F on KBxS'4 ,M/F on N3

l l
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| |

+CHL on S' Het on T?

. e

.o wHet. with triple

(6 components)

Dimension

e L DEOTY



This is a talk at a Swampland workshop



This is a talk at a Swampland workshop

and so far the only thing we have done is extending the
Landscape.



This is a talk at a Swampland workshop

and so far the only thing we have done is extending the
Landscape.

Now | will describe what could be a conjecture

based on the results presented.



This is a talk at a Swampland workshop

and so far the only thing we have done is extending the
Landscape.

Now | will describe what could be a conjecture

based on the results presented.

But this is still work in progress,

and there might be counterexamples.

(if you know one, let me know!)
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There are several disconnected components of moduli space.
Until our work, some of them lacked a geometric description.
(without singularities)

E.e. the rank | component of moduli space on M theory on

K3 with three frozen FEjg singularities.

We canseeitasllBon O; =T°/Z3

Every example | know admits a geometric description now.

leading to...
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“Supergravity conjecture”

Every connected component of moduli space of Minkowski QG
vacua has a corner described by a pure supergravity
compactification of one of the five known 10d QG’s.

That means no branes, no orientifolds, etc.

|10d QG on
smooth
mabnifold

Decomp.

Only smooth
compactifications, with
ingredients that can be

described entirely the low-
energy EFT.

Pert string
+ branes

Decomp.

In a sense, SUGRA “has a peek” at everything!
(just a peek, though; at most a small corner of moduli space)
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Evidence for the conjecture:

-All Q=16 theories in d>7, explicitly

(in d=6 or less, they are presumably Bieberbachs, too)

-All 6d (1,0) and 5d N=1, if Reid’s fantasy is true

-4d N=1| only for models with “accidental N=2"; inherit
from CY

(conjecture becomes more interesting with more Q's)
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Is it true?

Why should it be true?

Generalization to AdS/Potentials?

Applications/consequences!?



Summary & future directions

(At least) three new SUSY string theories in 9d,8d and /7d

Some of the new models do not have a full lattice of BPS
strings

Find new low-rank examples using compactifications on
Bieberbach manifolds

Is the Supergravity conjecture correct! What would be its
consequences!



tGracias!



