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Could we live in an asymptotic limit?

Properties of asymptotic limits that resemble our uninverse:

* Weak coupling: 9gvm — 0 atinfinite distance \/

* Light states [Razamat,Tong'20] \/

* Approximate global symmetries \/

* Small cosmological constant: V' — 0  at infinite distance \/

* Quantum gravity effects become important at scales much below Mp:

Opportunity to explain naturalness issues!?
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We could live in:

* de Sitter minima
* de Sitter maxima
* rolling potential (quintessence)

First part of the talk

Universal consequence: light tower of states

Second part of the talk
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1
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Universal asymptotic runaway behaviour of potential:

IVV(p)|
V(p)

>cq ~O(1) as D(pg,p / \/Gabgoa’gab dt — o0

A
v * Asymptotic dS conjecture [Oogurietal’lg]

* Generalization of Dine-Seiberg for any field
space direction

> ¢ ° String theory evidence [Wrase,Junghans,Andriot... "18-19]

[Obied et al’18] [Grimm et al’| 9]
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Asymptotic Quintessence

To get accelerated expansion:

IVV ()]l 2
v = < — +v/2 in four dimensions
V(p) vd— 2 V2

Proposed Swampland bounds:
[Rudelius’2 ]

TCC _ 2 2 strong 2 \/5

T d-Dd-2) _& T Y e

[Bedroya,Vafa’| 9] in 4d * in 4d

No accelerated expansion!



Can we have asymptotic accelerated expansion in string theory?
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4d N=1 supergravities

[Rudelius’2] Argument to prevent accelerated expansion in runaway
(also [Hellerman et al'01]) potentials in SUSY setups:

4d N=1 EFTs: 7 = 5/2|W

1 2 D9 1 [ ~?
V=3 (1071 -37) = (T 3) >0 w1516

C —
| No accelerated
x KT P expansion!

eg. V X eXPs va . L X exp( Yp/2)

Not true in general, gradient flows of W and V can be different

A priori, no obstruction to get asymptotic accelerated expansion in SUGRA

R w
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Flux potentials in string theory

No asymptotic accelerated expansion in perturbative Type ||A/B:

[Cicoli et al21] * Runaway in overall volume is too steep

But quintessence field cannot be the overall volume for our universe

This is just one corner of the landscape, many more
types of asymptotic limits!
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Asymptotic
Hodge Theory

1
V:—3</ G4/\*G4—/ G4/\G4>
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Two-moduli limits classified in [Grimm,Li,IV’19]

Weak string coupling limit: d = 1 (worst limit to look for acceleration)

We find concrete examples yielding v < V2

A

This is not enough to get accelerated expanison,

Ignacio Ruiz-Garcia’s

parallel talk

since we are ignoring Kahler moduli stabilization

More work is needed!
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Asymptotic limits

Still within asymptotic regime, it might be possible to get
accelerated expansion during some time:

V(9) k

Universal feature:
light tower of states!

Distance conjecture:

: : : . — A
There is an infinite tower of states becoming m ~ Mmgpe€ ?

light at every infinite distance limit: as A¢p — o0
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Evidence for Distance conjecture

Flat moduli spaces:

o String theor)l evidence [Grimm, Palti, IV’ 8] [Grimm,Palti,Li’ | 8] [Lee,Lerche,Weigand’18-20] ...

e CFT evidence [Perlmutter,Rastelli,Vafa,IV’20] [Baume,Calderon-Infante’20]

* Bottom-up argument based on black hole entropy [Hamada,Montero,Vafa,IV'21]

Take Einstein-Maxwell-Dilaton theory:

IFI?| st g(¢) >0 as ¢ — o0

1
_ d4 — d 2
s / xﬂ[R+2\ o + 5

There are electrically charged BH solutions with classical zero area (small BHs):

A(—o0) = 0

large field range!
small gauge coupling!

T = —00 T=0
(horizon)
e e e —
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Evidence for Distance conjecture

Flat moduli spaces:

o String theor)l evidence [Grimm, Palti, IV’ 8] [Grimm,Palti,Li’ | 8] [Lee,Lerche,Weigand’18-20] ...

e CFT evidence [Perlmutter,Rastelli,Vafa,IV’20] [Baume,Calderon-Infante’20]

* Bottom-up argument based on black hole entropy [Hamada,Montero,Vafa,IV'21]

Entropy Bound: A region of size L cannot have more entropy than a
Schwarzschild black hole of the same area

2
Nspecies — Qmax 5 L*=A

Small BHs lead to a violation of the entropy bound, unless the EFT
cutoff (|dp|* ~ A2 . o) decreases as dictated by the SDC /WGC

cut-off
(so that they gain an effective area)

* Acut-offt S 9Mp  due to an infinite tower of states
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Evidence for Distance conjecture

Flat moduli spaces:

o String theor)l evidence [Grimm, Palti, IV’ 8] [Grimm,Palti,Li’ | 8] [Lee,Lerche,Weigand’18-20] ...

e CFT evidence [Perlmutter,Rastelli,Vafa,IV’20] [Baume,Calderon-Infante’20]

* Bottom-up argument based on black hole entropy [Hamada,Montero,Vafa,IV'21]

In the presence of a potential:

4d N=1| EFTS: [Lee et al’|9] [Klaewer et al'20] [Lanza,Marchesano,Martucci,|V’20-21]

There is a tensionless BPS axionic string at every limit )
See Luca’s talk 1 =1y exp(—)\qﬁ) Miower ~ L w=1,2,3

Presence of a potential: strings attached to membranes

Ty~ T = Voem,, 2<a<6
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Relation betweenV and m

In all known string theory examples, it occurs that

(87 .
V o~ M wer asymptotically (see also [Andriot et a"20])

Swampland arguments:

* Tower of states is responsible of the runaway potential [Oogurietal’|8]

* AdS Distance conjecture:  [Luest,Palti,Vafa’l 9]

Flat space limit is at infinite distance in the space of metric configurations

distance ~ log |Vp| — oo

Supported by all families of AdS vacua when Vj — 0 (even DGKT)
[DeWolfe et al’05]
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Non-SUSY example

SO(16)xSO(16) non-SUSY (tachyon-free) heterotic string theory:
V4 A

Positive runaway on the dilaton

)gS%O

Tower of string modes becoming light in the weak coupling limit

[0 ds mss V ~m
Vioop ~ = S(-1)" [ 8_6@{1@( 2 ) —>

1 Uv mNMS

10

Contribution of massive string excitations
is cut-off at Ms due to modular invariance
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V~m®  with 2<a<d

L ———— ————————
« > 2 Higuchi bound: Mower > H  since it contains higher spin fields

a < d Even if tree level is small, there is a one-loop contribution:

V ~m® (if non-susy)

Consistent with Light Fermion conjecture: [Gonzalo,lbafiez,IV2I]

If VV > (0 thereisasurplus of light fermions with m < yi/d

(to avoid inconsistency of Casimir vacua with AdS swampland conjectures
upon compactification of the theory)
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Our universe

Notice! It could go against field theory expectations V ~ m" < A‘éG

Interesting opportunity! Could it be the case of our universe!

Combined with experimental data, the scale of tower should be

m ~ AL/4  Miguel’s talk

implying one large extra dimension [ ~ 0.1 — 10um

The Dark Dimension [Montero,Vafa,[V'22]
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Conclusions

** The smallness of our cosmological constant might indicate that
we are near an infinite field distance limit

** Asymptotic accelerated expansion for a quintessence potential is not
ruled out yet (potential examples?)

¢ There should be a light tower of states satisfying V' ~ mi 0.

(with « = 4 for our universe: neutrino scale!)

%[/m /
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CFT Distance Conjecture

AdSy.1/CFTy with d > 2  [Perimutter,Rastelli,Vafa,IV"20] (see also [Baume et al’20])

3 tower of HS with v; ~ e *¥™7) as d(r,7') = oo in the conformal manifold

e
Consequence: 3d conformal manifolds are compact

( not proven
measured by (supported by all , ,
Zamolodchikov metric)  Jopown examples) [Maldacena,Zhiboedov'l 1]
Infinite distance > Free point > Higher Spin tower
p < gher Sp

proven in SCFTs  gY M — 0 proven in SCFTs

By perturbation theory:

Marginal operator: O, = Tr(F* 4 ...) ds? = B2 (;hd; as Im7m — o0
’ mr .
d(r, 1’ r= 2
v~ Fgbag ~ 1) e (-5 R
It gives a lower bound for 2¢
. . 2 . —
the exponential rate in 3 = 24 dimG = o = \/dimG qauge group

its!
Planck units! \_ getting free



Status report of SDC

Exponential Tower populated
Asymptotically Minkowski compactifications: behaviour of the by infinitely
tower mass many states

Classification of
limits

More than 8 supercharges: coset spaces

Vector
4d N=2 (Type I multiplets

on CY3)
Hypermultiplets

Vector/tensor
5d/6d N=1 multiplets

(M/F-theory on

8 supercharges

4 supercharges: 4d N=1

No supersymmetry

Weak coupling points in d>3 -

Other points




Two moduli limits

Enhancements

Potential Vi

Enhancements

Potential Vi

Io m—2
Vl m>V1 m—2

L+ 2+ 3 +ap’+espl et

IIO’.,;,_ —)Vl’m

L+ %+ %+ S+ ST 4 egp” +erp’ +espT — o

Iy ——Vim—2

,,3,+°2+63” + & +05p+csp T —co

IIo,m—>V2’ﬁl

—’—+—%+—L+ T+ c5p° + cep®T — o

IIl,ﬁz —)szﬁl

+p37+—”—+—L+65p T+ c672 — ¢

IIIO’m_2—>V1,m

,,2,2+ + S + S+ c5p% + copPr? — <

S+ 24 SL 4 SE 4 ST 4 ST 4 crpr + c3pPT — G

Iy p—2——Vim—2

c1 +c2+cs+ +65T +Cap+C7P +csp7' —C

HIO,m_g —>V2,ﬁ,

p?7?
Sz + % +“—3”r+4r+csp + cep’T

3k
+
8
+
3

S+ ST+ esp+ cepT — €0

-

Iy 34— Vi m—2

Sy + 2+ 5+ 45 iy +csp2+C7T+c8p2'r—

p2,,.2

IIIo,m_4 —>V2,m

C1 c2
S+ 2 +9 9

+—‘3+°6’+°" + c8p” + copt + c10p’7 — co

9,}+§+63p2+c4'r—c0

il"f‘” S+ 5+ D UL 4 e5p” +copT — o
M2 TR
o 54
Lo m—o2—=10 m—a
Iom—2——Ig m—2
o m——=11y m—2 2+ sz +e3p+eqT — ¢
Lo, m—2
Ho m>IIO m—2
Iom—2——lim
Lo, m—a——$I2.m L+ <P+ ST+ eqpT —
o 2=y 2
La——m

I ==l 52

MMy 5 o——111; 5

L _
MLy 5 2

S+ F+ep’+ar’—c

IIIl’Th_gj,Vg,ﬁl

S+ B+ G+ L+ ST 4 cgp? + o2 + esprE —

We compute leading behaviour
of the flux induced scalar
potential for the 46 possible

asymptotic limits

T, p — OO




Two moduli limits

Enhancements [ Potential Vi | | Enhancements | Potential Vi
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What is the value of the exponential rate?
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