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By using supersymmetry, even mild Swampland principles such
as absence of global symmetries become very powerful
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In this talk, we will see how, in d>6 SUSY quantum gravity, one can
find a

perfect match

between String Theory and the predictions of Swampland
principles. In other words, we realize the

STRING LAMPPOST PRINCIPLE

(also known as String Universality)

i.e. with this # of supercharges, ST is the unique quantum
theory of gravity. The basic physical ingredients are
Bekenstein’s bound and the Cobordism Conjecture
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Flash review: SUGRA w. 16 supercharges

Minimal SUSY in d>6.

Life is simple: There are just two multiplets

Gravity: ¢,A4;, B ¢
Gauge: A, b,
Low-energy interactions are completely fixed by susy.

There is a Narain moduli space parametrized by the scalars

SO(10 — d, r)
OT)“x”S50(10 — d) x SO(r)
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On a generic point in moduli space, the group is U(1)r*d

At some points in moduli space, symmetry enhancement
can OCCUYr.

So a sugra is fully specified by the rank of the gauge group...

...and a choice of Lie algebra (at special points in
moduli space)

The Swampland is just figuring out which combinations have a
consistent UV embedding!

In 10d, only 4 possibilities:
Es x Eg, Spin(32)/Z. |

[Adams-De Wolfe- Taylor ’10, Kim-Shiu-Vafa ’19]

We get string lamppost principle/string universality
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These are the observed values of the rank:

90 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
s(o 1 2 3 4 5 6 v 8 9 10 11 12 13 14 15 16 17 18
0 1 2 3 4 5 6 v & 9 10 11 12 13 14 15 16 17 18 19

We can argue from Swampland principles:
Upper bound rank<22-d in d dimensions [Kim-Tarazi-Vafa’19]
Mod 8 rank periodicity in 9d,8d, mod 2 in /d [Montero-Vafa *20]

Why there is no G2 symmetry in 8d,9d [Hamada-Vafa *20]

Some constraints on global form of gauge group
[Cvetic-Dierigl-Ling-Zhang >20, Montero-Vafa, ’20]

...but no match of enhancements to ST predictions... and nobody
knows why there is no Sp(n) in 9d
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To answer these questions, we will study the physics of the
magnetic (d-5)-brane

dual to the fundamental string in the gravity multiplet.

Due to the Bianchi identity
dH = Z ki Tr(F?P) — kg Tr(R?)

these can be identified with instantons of the gauge group.

(this is the only gauged Chern-Weil current)



There are BPS instantons, which preserve 8 supercharges.

They have (d-4) position moduli,
and one size modulus.

A “fat” instanton is completely
characterized by SUGRA

Its worldvolume theory is a bunch of free fields.

The gauge group is broken by the instanton itself

= [-, SU(Q)]G
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...the gauge symmetry G is
restored

/r and we reach an interacting
g SCFT in the limit of zero size.

At this interacting CFT, a new scalar direction becomes
massless. Its vev parametrizes the Coulomb branch

(as opposed to the finite Higgs branch
instanton vev, which is
called Higgs branch) Coulomb branch
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To build some intuition, here’s how this is built in type I’ string
theory:

O8 DS O8

Small instanton in D8 worldvolume (Higgs branch) becomes a D4

brane that can detach and move in the internal space (Coulomb
branch)

SUSY/string theory predicts Coulomb branch of ranks 0, |
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Now we come to the first key point in the talk:

Due to the Bekenstein bound, the Coulomb branch has
to be compact.

Bekenstein bound:A localized object of dimension
p has less entropy per unit volume that a black brane
with the same area.

(doesn’t work for p>d-3 due to objects not being localized,
large backreaction)

A noncompact internal degree of freedom produces
infinitely many states of arbitrarily low energy, e.g.

k2
U(¢) = exp(ike), E =
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This statement is general — any internal d.o.f of an
object is compact in consistent QG.

For instance, a probe D3 “sees” a compact CY, etc.

And the reason really is Bekenstein's bound, since it
doesn't apply to scalars that take the brane out of the
box:

Brane position moduli are noncompact

Higgs branch is noncompact
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Now for the second ingredient: The CB is not only compact,
but also connected

This follows from N=2 SUSY + cobordism conjecture/ no GS.

No GS tells us that any two points in moduli space of the
probe brane are connected (possibly via a massive path)

And with this amount of SUSY, the only way a field can
become massive is by coupling to hypermultiplets (so on a
Higgs branch). So it cannot happen if we do not make the

instanton fat.
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For concreteness, | will focus on 9d during the rest of the talk.

(but we have similar results in 8d and 7d)

The CB is compact, connected, and (real) |-
dimensional.

32 supercharges |6 supercharges

So its either S or (interval)

We can use the known classification of rank | 5d SCFTs
and their local Coulomb branches to glue together all
possible compact Coulomb branches.



Name free or CFT Symmetry Geometry Brane c/ca,
A,(n=0,---) free su(n + 1) R (n+1)D8 =y
G lns=0 =) free sp(n) R /7o O8% + nD8 —(8 + n)
D,(n=0,---) free spin(2n) R /7 08~ +nD8 8 —n

E,in=1,---,8) CFT caption R /7 O8 + (n—1)D8 9—n
El CFT u(l) R/ZQ O8~ 8
Ey CFT o R/Z 08(=9) 9
08(=1) CFT o R/Zs 08(=1) 1

All probe branes match known string theory branes

There is a consistency condition that ¢ (related to a
worldvolume CS term) is single valued as we move around the

Coulomb branch)

E Csingu — 0

singus

This is essentially the same info as a D8-brane tadpole!
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Since we have recovered from the bottom-up the topology of
the internal space

its geometry

and something like the D8 brane tadpole,

We can argue that the existing ST constructions are
universal.

In particular, there is no way to cancel the tadpole
supersymmetrically with Sp(n) group

but one can do it either in a noncompact setup, or
nonsupersymmetrically (Sugimoto string)



# | theorics on the Contumb branch | Gouge alaebre Root lattics
1 Eg A1 Eg eg + eg + 5u(2) 2E3 + Aq

2 Eg As Er eg + e7 + su(3) Eg + E7 + Ag

3 Eg As Eg eg + e + su(4) Eg + Eg + As

4 Eg——A4+——F; es + 5pin(10) + su(5) Es+ D5 + A4

5 Eg As E4 eg + su(6) + su(5) Eg+ As + Ay

6 Eg Ag Es es +su(7) +su(3) +su(2) | Eg+ Ag+ A + A;
7 Eg Ag Eq eg + 5u(9) + su(2) Eg + Ag + A

8 Eg Ag Eq eg + su(10) Eg + Ag

9 Er As Er e7 + e7 +s5u(4) 2E7 + As

10 E- Ay Eg e7 + e + su(H) E; + Eg+ Ay
11 E- As Ex e7 + spin(10) + su(6) E; + D5 + As
12 Er Ag E4 e7 + su(7) + su(5) E7r+ Ag + Ay
13 Er Az Es e7 +su(8) +su(3) +su(2) | Er+ A7+ Az + Ay
14 E- Ag Eq e7 + su(10) + su(2) E; + Ag + Ay

15 E- Aqp Ey e7 + su(11) E; + Ay

16 Eg As Eg ¢6 + ¢6 + su(6) 2E¢ + As

Reproduces results of [Font et al’ 20], see also Timo’s talk




In 8d, we can argue the Coulomb branch is an elliptically
fibered K3

In 7d, we can argue that the CB is a compact hyperkahler
manifold, so T4 or K3

but we do not have a classification of 3d N=4 theories

(we do not have /d string lamppost, but we are close!)



10 WHAEF UP

In short we have seen how compactness and connection
allows Swampland to match the ST expectation.
The brane probe idea, correctly applied,
allows the SLP to be fully realized.

As a further direction, its natural to wonder
if low codimension probes
can take you any further

To find out the answer you won't have to work:
it is the main subject in Irene’s next talk

My time’s up now, thanks for your attention,

| will just stop and see if there's any questions.



Thank you!

Dankeschon!



