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But... as every person In the picture...

. you cannot enjoy tapas and sangria on a Friday evening...
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But... as every person In the picture...
... You cannot enjoy tapas and sangria on a Friday evening...

...because of the unbearable weight of a question that you can’t get out of your mind...
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But... as every person in the picture...
. you cannot enjoy tapas and sangria on a Friday evening...

..because of the unbearable weight of a question that you can’t get out of your mind...
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Luckily...
...YOU can just stay at the IFT for a little bit longer...

... become a Swamp-Ranger™ for the next ~20 minutes...

...and hopefully enjoy tapas and sangria a bit later with some&peace of mind

Can Quantum Gravity
constraint observable physics?

Credit: Vistas over the Swampland, IFT, Madrid 2018
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* Swampland > Only some EFTs can be consistently coupled to QG (or obtained from String Theory)
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QUESTION: What are the general features of all QG EFTs?
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Why Conjectures?

* Why not theorems? > Need a framework to prove a theorem, and we don’t have a full formulation of QG

* Perturbative (Super)String Theory Test (check, disprove, refine...)

» AdS/CFT Prove/disprove in some concrete regions

* CONJECTURE > HYPOTHESIS

» String theory ~ (Theoretical) laboratory for Quantum Gravity > Explore it!
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Why Conjectures?

* Why not theorems? > Need a framework to prove a theorem, and we don’t have a full formulation of QG
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* Mathematical limitations ~ Technological limitations
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Why Conjectures?

* Why not theorems? > Need a framework to prove a theorem, and we don’t have a full formulation of QG

* Perturbative (Super)String Theory Test (check, disprove, refine...)

» AdS/CFT Prove/disprove in some concrete regions

* CONJECTURE > HYPOTHESIS

» String theory ~ (Theoretical) laboratory for Quantum Gravity > Explore it!

* Mathematical limitations ~ Technological limitations

Swampland ~ Experimentalist’s approach to Quantum Gravity
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Take-home message:

Not everything is allowed in Quantum Gravity——> Constraints
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Take-home message:

Not everything is allowed in Quantum Gravity——> Constraints

EFT rules in QG EFT expectations x

(Natural in EFT # Natural in QG)
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No-global symmetries in QG

|[Misner, Wheeler '57] [Banks, Dixon '88] [Banks, Seiberg '11] _
|Parallel talks by M. Tartaglia, M

} Delgado, ]. Huertas]

There are nwo EXACT global sy mmetries Ln RUantum C.mvitg
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|[Misner, Wheeler "57] [Banks, Dixon '88] [Banks, Seiberg '11] _
|Parallel talks by M. Tartaglia, M

} Delgado, ]. Huertas]

There are nwo EXACT global sy mmetries Ln RUantum C.mvitg
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 Heuristic argument in terms of Black Holes with global charge Q

Hawking evaporation S e
(no charge loss)
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No-global symmetries in QG

|[Misner, Wheeler "57] [Banks, Dixon '88] [Banks, Seiberg '11] _
|Parallel talks by M. Tartaglia, M

} Delgado, ]. Huertas]

There are no EXACT global symmetries in Quantum Gravity

« Global symmetries in EFTs must be either broken or gauged in the UV completion

 Heuristic argument in terms of Black Holes with global charge Q

Hawking evaporation S e
(no charge loss)
Mp;, O

Arbitrarily high number of remnants (labeled by different charges) in a finite mass range > Violation of Entropy Bounds
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Weak Gravity Conjecture

|Arkani-Hamed, Motl, Nicolis, Vafa '06]

}

Electric WGC: Glven a gravitational theory with a U(1) gauge symmetry, with

coupling g, the spectrum of the theory must tnclude at least a particle, with mass m

and charge g which satisfies the tnequality
89 >

nyy

1
m
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Weak Gravity Conjecture

|Arkani-Hamed, Motl, Nicolis, Vafa '06]

}

Electric WGC: Glven a gravitational theory with a U(1) gauge symmetry, with

coupling g, the spectrum of the theory must tnclude at least a particle, with mass m

and charge g which satisfies the tnequality
89 >

nyy

1
m

Require Extremal BHs to decay > Otherwise problems with remnants
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Weak Gravity Conjecture

|Arkani-Hamed, Motl, Nicolis, Vafa '06]

}

Electric WGC: Glven a gravitational theory with a U(1) gauge symmetry, with

coupLng 9, the spectrum of the theorg must tnelude at Least a 1 rticle, with mass mu

and charge g which satisfies the tnequality
89 >

nyy

1
m

No charged gravitational Bound States

> <
FemZFgmv
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Weak Gravity Conjecture

|Arkani-Hamed, Motl, Nicolis, Vafa '06]

WGC for the magnetic monopole: 711, < 8magd = —
g
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Weak Gravity Conjecture

|Arkani-Hamed, Motl, Nicolis, Vafa '06]

WGC for the magnetic monopole: 711, < 8magd = —
g

A\

Mass diverges linearly with the cutoft: Mypag ™~ —
8
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Weak Gravity Conjecture

|Arkani-Hamed, Motl, Nicolis, Vafa '06]

o

Magwnetie WGC: The cutoff scale of a gravitational EBFT with a U (1) ts bounded from above by

NS gM,

WGC for the magnetic monopole: 711, < 8magd = —
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Weak Gravity Conjecture

|Arkani-Hamed, Motl, Nicolis, Vafa '06]

o

Magwnetie WGC: The cutoff scale of a gravitational EBFT with a U (1) ts bounded from above by

NS gM,

WGC for the magnetic monopole: 711, < 8magd = —
g

A\

Mass diverges linearly with the cutoft: Mg ™~ —
8

But what is the underlying reason for the breaking of the EFT?
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Weak Gravity Conjecture

|Arkani-Hamed, Motl, Nicolis, Vafa '06]

o

Magwnetie WGC: The cutoff scale of a gravitational EBFT with a U (1) ts bounded from above by

NS gM,

WGC for the magnetic monopole: 711, < 8magd = —
g

A\

Mass diverges linearly with the cutoft: Mg ™~ —
8

But what is the underlying reason for the breaking of the EFT?
(Spoiler: infinite towers of states becoming light)
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Distance Conjecture

[Ooguri, Vafa’06] [Parallel talks by V. Collazuol, I. Ruiz]

b o

Starting from a point P in modull space, and moving to a point @ an infinite distance
away, there appears a tower of states which becomes exponentially massless according to

M(Q) ~ M(P) e=™PQ

—

Scalar manifold with metric g;;(¢;) from kinetic terms
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b o

Starting from a point P in modull space, and moving to a point @ an infinite distance
away, there appears a tower of states which becomes exponentially massless according to

M(Q) ~ M(P) e==!"0

— R

Scalar manifold with metric g;;(¢;) from kinetic terms

BONUS TRACK: NO FREE PARAMETERS ——> All parameters in QG are vevs of (dynamical) fields
|Ooguri, Vata '06]
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Starting from a point P Ln modull space, ano moving to a point @ an infinite distance
away, there appears a tower of states which becomes exponentially massless according to

M(Q) ~ M(P) e==!"0

Scalar manifold with metric g;;(¢;) from kinetic terms

R — o0 Kaluza-Klein tower
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b o

Starting from a point P Ln modull space, ano moving to a point @ an infinite distance
away, there appears a tower of states which becomes exponentially massless according to

M(Q) ~ M(P) e==!"0

Scalar manifold with metric g;;(¢;) from kinetic terms

R — o0 Kaluza-Klein tower

R — 0  Winding tower

BONUS TRACK: NO FREE PARAMETERS ——> All parameters in QG are vevs of (dynamical) fields
|Ooguri, Vata '06]
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Distance Conjecture

[Ooguri, Vafa’06] [Parallel talks by V. Collazuol, I. Ruiz]

b o

Starting from a point P Ln modull space, ano moving to a point @ an infinite distance
away, there appears a tower of states which becomes exponentially massless according to

M(Q) ~ M(P) =0

Scalar manifold with metric g;;(¢;) from kinetic terms

R — o0 Kaluza-Klein tower

R — 0  Winding tower

Quantum Gravity < > Extended objects

General lesson:
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1) Compactifying the SM: L masses and A\ __

[Ibaniez, Martin-Lozano, Valenzuela ‘17|
|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]

Swamplancl: Review and Phenomcnologic:al implic:ations SUSY 2024, IFT Madrid



1) Compactifying the SM: L masses and A\ __

o

Assumptions:

* No non-susy AdS Conjecture
(strong WGC) [Ooguri, Vafa '17]

* Background independence

* No light dof at scales of Am,, or
below (i.e. SM + vp)

* No non-perturbative decays of SM
which are enhanced upon
compactification

[Ibaniez, Martin-Lozano, Valenzuela ‘17|
|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]
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1) Compactifying the SM: L masses and A\ __

o

Assumptions:

* No non-susy AdS Conjecture
(strong WGC) [Ooguri, Vafa '17]

* Background independence

* No light dof at scales of Am,, or
below (i.e. SM + 1)

* No non-perturbative decays of SM
which are enhanced upon
compactification

» Compactly the SM on a circle

[Ibaniez, Martin-Lozano, Valenzuela ‘17|
|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]

n ]/'3
> Casimir potential: V (R) = % r
P P (®) 7207 RO

|Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]
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1) Compactifying the SM: L masses and A\ __
g

[Ibaniez, Martin-Lozano, Valenzuela ‘17|

|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]
Assumptions:
: n ]/'3
* No non-susy AdS an]ecture » Compactly the SM on a circle > Casimir potential: Vp(R) -+
(strong WGC) [Ooguri, Vafa’17] - 7207 RO
% Backgroun d in depen dence |Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]
* No light dof at scales of Am,, or 4r
below (i.e. SM + vp,)
3|
* No non-perturbative decays ot SM |
which are enhanced upon = ol
compactification S |
= ﬁ
= 1 \
ol
| \
-1}
_2 ............................... |
-11.0 -105 -100 -95 -9.0 -85

Logy, (R_l GeV])
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1) Compactifying the SM: L masses and A\ __
g

[Ibaniez, Martin-Lozano, Valenzuela ‘17|

|Hamada, Shiu'17]
|Gonzalo, AH, Ibafiez 18]
Assumptions:
: n ]/'3
* No non-susy Ads Conjecture » Compactly the SM on a circle > Casimir potential: V(R) = % Z
(strong WGC) [Ooguri, Vafa’17] - 7207 RO
% Backgroun a5 depen Ssevee |Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]
* No light dof at scales of Am,, or 4r
below (i.e. SM + /)
3|
* No non-perturbative decays ot SM
which are enhanced upon = ol
compactification S |
P > With only 6 light dof
~ \ (Majorana neutrinos)
-1}
2110 -105 100 -95 90 -85 -8.
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1) Compactifying the SM: L masses and A\ __
g

[Ibaniez, Martin-Lozano, Valenzuela ‘17|

|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]
Assumptions:
: n ]/'3
* No non-susy AdS Conjecture » Compactly the SM on a circle > Casimir potential: V(R) = % -
(strong WGC) [Ooguri, Vafa’17] - 7207 RO
% Backgroun a5 depen Ssevee |Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]
* No light dof at scales of Am,, or 4r
below (i.e. SM + /)
3|
* No non-perturbative decays ot SM
which are enhanced upon = ol
compactification S |
P > With only 6 light dof
~ \ (Majorana neutrinos)
o —
[ Non-susy AdS vacuum
-2

-11.0 -105 -10.0 -95 -9.0 -8.5
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1) Compactifying the SM: L masses and A\ __

[Ibaniez, Martin-Lozano, Valenzuela ‘17|
} [Hamada, Shiu’17]
|Gonzalo, AH, Ibafiez 18]

Assumptions:
: n ]/'3
* No non-susy Ad5 Conjecture « Compactly the SM on a circle > Casimir potential: V.(R) = + —
(strong WGC) [Ooguri, Vafa’17] P 7207 RO

x Background independence |Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]

* No light dof at scales of Am,, or
below (i.e. SM + vp)

* No non-perturbative decays of SM
which are enhanced upon

L m,, = 6.5meV With e.g. Dirac masses
compactification

(i.e. 12 light dof), can
avoid AdS vacuum if

ROV [dof]

-11.0 -105 -10.0 -=-95 -9.0 -8.5 -8.0
Logq (R_l GeV])
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1) Compactifying the SM: L masses and A\ __
g

[Ibaniez, Martin-Lozano, Valenzuela ‘17|

|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]
Assumptions:
: n ]/'3

* No non-susy AdS Conjecture  Compactly the SM on a circle > Casimir potential: Vp(R) -+

(strong WGC) [Ooguri, Vafa’17] 7207 RO
% Backgroun a5 depen Ssevee |Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]
* No light dof at scales of Am,, or

below (i.e. SM + vp)

\

* No non-perturbative decays of SM m,, = 6mel

which are enhanced upon = = 6.5meV With e.g. Dirac masses

e S | .
compactification o — (i.e. 12 light dof), can
Ne) ml/l — me . .
s avoid AdS vacuum if
my, = (.omeV
R —_ m,, = 8meV
7 1/4
m, S A\,
-11.0 -105 -100 -95 -90 -85 -80

Logy (R_l GeV])
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1) Compactifying the SM: L masses and A\ __

[Ibaniez, Martin-Lozano, Valenzuela ‘17|
} [Hamada, Shiu’17]
|Gonzalo, AH, Ibafiez 18]

Assumptions:
* Nenon-susyAdS-Conjeeture : . : 1 ’
* Compactly the SM on a circle > Casimir potential: V_(R) = +
> AdS Distance Conjecture o 7207 RO

| Lust, Palti, Vafa "19]

x Background independence |Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]

* No light dof at scales of Am,, or
below (i.e. SM + 1)

% : = 6meV A
: G lo, . :
%*Gh—a*f&.eﬂjffaﬂeed—‘i?@ﬁVa[lezx;Z’ — 6.5meV With e.g. Dirac masses
compaectifeation f : :
[bafiez '21] B (i.e. 12 light dof), can
* No extra (infinite) towers of light B avoid AdS vacuum if
states which were not present in 4d — 7.5meV
B R — 8meV
/

1/4
m, S A\,

-11.0 -105 -10.0 -=-95 -9.0 -8.5 -8.0
Logq (R_l GeV])
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1) Compactifying the SM: L masses and A\ __

[Ibaniez, Martin-Lozano, Valenzuela ‘17|
} [Hamada, Shiu’17]
|Gonzalo, AH, Ibafiez 18]

Assumptions:
* AR = Seﬂjeetufe . . . np 7'3
. . » Compactly the SM on a circle > Casimir potential: V (R) = &
> AdS Distance Conjecture p 7707 R6

% Background in depe%?isgﬁ) Caéti' Vata 19] [Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]
% : = 6meV A
: G lo, . :
%*eh—a*.‘%eﬂ‘f%ed—‘ﬁeﬁw[l el — 6.5meV With e.g. Dirac masses
compaectifeation f : :
[bafiez '21] B (i.e. 12 light dof), can
* No extra (infinite) towers of light - avoid AdS vacuum if
states which were not present in 4d = 7.5meV
. R : = 8meV
| /
. m < A1/4
. o ' L
Light fermions e | ’
-11.0 -105 -10.0 -95 -9.0 -8.5 -8.0

Logy (R_l GeV])
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1) Compactifying the SM: L masses and A\ __

o

Assumptions:

* No non-susy AdS Conjecture
(strong WGC) [Ooguri, Vafa’17]

* Background independence

* No light dof at scales of Am,, or
below (i.e. SM + 1)

* No non-perturbative decays of SM
which are enhanced upon
compactification

vl SUSY 2024

e Compactly the SM on a circle

[Ibanez, Martin-Lozano, Valenzuela ‘17|
|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]

n ;/'3
> Casimir potential: V (R) = % r
P (®) 7207 RO

|Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]
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1) Compactifying the SM: L masses and A\ __

[Ibanez, Martin-Lozano, Valenzuela ‘17|

BONUS: S U SY 2 O 24 [Gonza[llcj,agnliciab’ésﬁzi; 1;
n, 3

o

Assumptions:
* No non-susy AdS Conjecture « Compactly the SM on a circle > Casimir potential: V.(R) = + —
(strong WGC) [Ooguri, Vafa’17] P 7207 RO
|Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]

* Background independence

* No light dof at scales of Am,, or
below (i.e. SM + 1)

: 60"
* No non-perturbative decays of SM |
which are enhanced upon
compactification 20|
Eo |
O
=3
=
20|
ot/
0 5 0
Logo(a™"[GeV])

SUSY 2024, IFT Madrid
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1) Compactifying the SM: L masses and A\ __

[Ibanez, Martin-Lozano, Valenzuela ‘17|
|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]

* vl SUSY 2024

Assumptions:
* No non-susy AdS Conjecture e Compactly the SM on a circle > Casimir potential: VP(R) = - 21(9) 26
T

(strong WGC) [Ooguri, Vafa’17]
|Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]

* Background independence

* No light dof at scales of Am,, or
below (i.e. SM + 1)

: 60"
* No non-perturbative decays of SM |
which are enhanced upon
compactification o
Eo |
O
S
=
20,
o/
=0 5 0
Logo(a™'[GeV])

SUSY 2024, IFT Madrid
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1) Compactifying the SM: L masses and A\ __

[Ibanez, Martin-Lozano, Valenzuela ‘17|
|[Hamada, Shiu’17
|Gonzalo, AH, Ibafiez 18]

* vl SUSY 2024

Assumptions:
* No non-susy AdS Conjecture e Compactly the SM on a circle > Casimir potential: VP(R) = - 21(9) 26
T

(strong WGC) [Ooguri, Vafa’17]
|Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06]

* Background independence

* No light dof at scales of Am,, or
below (i.e. SM + 1)

: 60"
* No non-perturbative decays of SM |
which are enhanced upon
compactification a0l
Eo |
=
N
20,
‘e
050 e
Logo(a™"[GeV])

SUSY 2024, IFT Madrid
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1) Compactifying the SM: L masses and A\ __

[Ibanez, Martin-Lozano, Valenzuela ‘17|

oy SUSY 2024 ot v 1

Assumptions:
* No non-susy AdS Conjecture T 3
0 1o Y J  Compactly the SM on a circle > Casimir potential: Vp(R) = +
(strong WGC) [Ooguri, Vafa '17] 7207 R®
: Arkani-Hamed, Dubovsky, Nicolis, Villadoro '06
* Background independence : ram-'uvyl . |
* No light dof at scales of Am,, or st e
. - ‘0 0’.
below (i.e. SM + vp) | 27100 | T,
* ! *
. 60‘ 0. i ‘0
* No non-perturbative decays of SM | S 05 3
which are enhanced upon | s | ’ e \ .
e | e 0.0! /A P
compactification a0l i | U )
IS : = -05 :
3, = ..% n
b - - :
s _ | . s —1.0¢ .
20| - :
—— m— | e \\ v 18| H
0 / _" _:5 ““ -2.0 “ ‘;'
. . .
| Pl 25l o
=100 8 e e a0 B e s D -5 0 5,0
Logo(a™"[GeV]) .\"”&.* Log;o(a™"[GeV]) ““"
LT “,“
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2) Towers of states and extra dimensions

b o

Assumptions:

* Emergence Proposal (DC) (Large distances/

weak couplings < Towers of states)
| Grimm, Palti, Valenzuela '19]

|Heidenreich, Reece, Rudelius "19] [Palti '20]

* Tower is Kaluza-Klein (ESC)
|Lee, Werche, Weigand '21]

*x UV cut-oft > Species Scale Ay,
[Dvali,(Redi) '07 ] [Dvali, Liist ’09] Dvali, Gomez ‘10]

|Parallel talks by A. Castellano, C. Aoufia & A. Valenti]

* Light RH neutrinos (Dirac masses)

* Simple model (no detailed pheno)

[Castellano, AH, Ibanez 22 '23]
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2) Towers of states and extra dimensions

b o

Assumptions:

* Emergence Proposal (DC) (Large distances/

weak couplings < Towers of states)
| Grimm, Palti, Valenzuela '19]

|Heidenreich, Reece, Rudelius '19] [Palti '20]

* Tower is Kaluza-Klein (ESC)
|Lee, Werche, Weigand '21]

*x UV cut-oft > Species Scale Ay,
|Dvali,(Redi) '07 ] [Dvali, Lust '09] Dvali, Gobmez ‘10]

|Parallel talks by A. Castellano, C. Aoufia & A. Valenti]

* Light RH neutrinos (Dirac masses)

* Simple model (no detailed pheno)

~ O(1
Uv Y (1) A
Yig ~ O(1) Sp
- . |

Vi < 1

[Castellano, AH, Ibanez 22 '23]
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2) Towers of states and extra dimensions

b o

Assumptions:

* Emergence Proposal (DC) (Large distances/

weak couplings < Towers of states)
| Grimm, Palti, Valenzuela '19]

|Heidenreich, Reece, Rudelius "19] [Palti '20]

* Tower is Kaluza-Klein (ESC)
|Lee, Werche, Weigand '21]

*x UV cut-oft > Species Scale Ay,
|Dvali,(Redi) '07 ] [Dvali, Lust '09] Dvali, Gobmez ‘10]

|Parallel talks by A. Castellano, C. Aoufia & A. Valenti]

* Light RH neutrinos (Dirac masses)

* Simple model (no detailed pheno)

~ O(1)
Uv Y (1) A
Yig ~ O(1) Sp

Y <1

e Observation

[Castellano, AH, Ibanez 22 '23]

> Small (and hierarchical) Yukawa couplings in the SM

Swamplancl: Review and Phenomcnologic:al implic:ations

SUSY 2024, IFT Madrid



2) Towers of states and extra dimensions

[Castellano, AH, Ibanez 22 '23]

b o

Assumptions:

* Emergence Proposal (DC) (Large distances/
weak couplings < Towers of states)

| Grimm, Palti, Valenzuela '19]
|Heidenreich, Reece, Rudelius '19] [Palti '20]

* Tower is Kaluza-Klein (ESC)
|Lee, Werche, Weigand '21]

*x UV cut-oft > Species Scale Ay,

|Dvali,(Redi) '07 ] [Dvali, Lust '09] Dvali, Gobmez ‘10]
|Parallel talks by A. Castellano, C. Aoufia & A. Valenti]

* Light RH neutrinos (Dirac masses)

* Simple model (no detailed pheno)

~ O(1)
Uv Y (1) A
Vi ~ O(1) Sp

IR pp = 1

Y <1

e Observation

* Interpretation

states

> Large kinetic terms in the IR from RG flow

—1/2
Yige = Siji <gifgjfgkl_<>

> Small (and hierarchical) Yukawa couplings in the SM

> They come from light (and hierarchical) towers of
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2) Towers of states and extra dimensions

b o [Castellano, AH, Ibafiez 22 '23]
Assumptions:
% Emergence Proposal (DC) (Large distances/ Observation > Small (and hierarchical) Yukawa couplings in the SM
weak couplings < Towers of states) . . . .
[Grimm, Palti, Valenzuela '19] * Interpretation > They come from light (and hierarchical) towers of

|Heidenreich, Reece, Rudelius "19] [Palti '20]

* Tower is Kaluza-Klein (ESC)
|Lee, Werche, Weigand '21]

—1/2
* UV cut-oft > Species Scale {\Sp Yzj — Sijk < gi;gjfgk,;>
|Dvali,(Redi) '07 ] [Dvali, Lust '09] Dvali, Gobmez ‘10]

|Parallel talks by A. Castellano, C. Aoufia & A. Valenti]
* Light RH neutrinos (Dirac masses) /’\ /’\
* Simple model (no detailed pheno) X —p»— —»— X X —» w — X

states > Large kinetic terms in the IR from RG flow

Pn Vn
3
N, A
2 3 QG
n h
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2) Towers of states and extra dimensions

b o [Castellano, AH, Ibafiez ‘22 23]
Assumptions:
% Emergence Proposal (DC) (Large distances/ Observation > Small (and hierarchical) Yukawa couplings in the SM
weak couplings < Towers of states) . . . .
[Grimm, Palti, Valenzuela '19] * Interpretation > They come from light (and hierarchical) towers of
d h, delius '19 1t1 20 : : :
Heideneich ecce Rudelie R 0l states > Large kinetic terms in the IR from RG flow
* Tower is Kaluza-Klein (ESC) | | 3/)
[Lee, Werche, Weigand "21] m(gl) m(g]) m(gk)
x UV cut-oft > Species Scale A Y,]k = S
|Dvali,(Redi) '07 ] [Dvali, Liust '09] Dvali, Gomez ‘10] AQG AQG AQG
|Parallel talks by A. Castellano, C. Aoufia & A. Valenti]|
i L, Hy male
* Light RH neutrinos (Dirac masses) /’\ /’\
* Simple model (no detailed pheno) Qi, Li —— > Qs, Li Qi, Li —» w >— Qi, L
}\}f > V12
Nk
I/fLz > Q - V;z > Megr ~ 700 TeV
L
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2) Towers of states and extra dimensions

b o [Castellano, AH, Ibafiez ‘22 23]
Assumptions:
% Emergence Proposal (DC) (Large distances/  ° Observation > Small (and hierarchical) Yukawa couplings in the SM
weak couplings < Towers of states) . . . .
[Grimm, Palti, Valenzuela '19] | * Interpretation > They come from light (and hierarchical) towers of
Hedenreich, Reece Rudetius 1o TRt 203 states > Large kinetic terms in the IR from RG flow
* Tower is Kaluza-Klein (ESC) , . 3/2
|Lee, Werche, Weigand '21] m(gl) m(gj) m(gk)
* UV cut-oft > Species Scale Ay, Y,]k = S
[Dvali,(Redi) 07 ] [Dvali, Liist ’09] Dvalj, Gomez 10] AQG AQG AQG

|Parallel talks by A. Castellano, C. Aoufia & A. Valenti]|
* Similar string theory embedding with SM at intersecting branes in

Light RH neutrinos (Dirac masses) [Casas, Ibafiez, Marchesano '24] [Parallel talk by G. F. Casas]

* Simple model (no detailed pheno)
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3) Small A_. and the Dark Dimension ..., s iemmes 2

g

Assumptions:

* Generalized Distance Conjecture

(mtower 5 A1/4) | Lust Palti, Viva '17]

* Validity for expanding universe

* Emergent String Conjecture (DC)

> Tower i1s KK or strings
|Lee, Werche, Weigand '21]

* UV cut-oft > Species Scale Ag,
|Dvali,(Redi) ‘07 ] [Dvali, Lust '09] Dvali, Gomez ‘10]

e " Eammaae

|Gonzalo, Montero, Obied, Vafa "22]
|Law-Smith, Obeid, Prabhu, Vafa '23
|Obied, Dvorkin, Gonzalo, Vafa 23]
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3) Small A_. and the Dark Dimension ..., s iemmes 2

g

Assumptions:

* Generalized Distance Conjecture
(mtower 5 A1/4) | Lust Palti, Viva '17]

* Validity for expanding universe

* Emergent String Conjecture (DC)

> Tower i1s KK or strings
|Lee, Werche, Weigand '21]

* UV cut-oft > Species Scale Ag,
|Dvali,(Redi) ‘07 ] [Dvali, Lust '09] Dvali, Gomez ‘10]

L e —

o Observation

|Gonzalo, Montero, Obied, Vafa "22]
|Law-Smith, Obeid, Prabhu, Vafa '23
|Obied, Dvorkin, Gonzalo, Vafa 23]

> Tiny cosmological constant A_. =~ 10_122M§1
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3) Small A_. and the Dark Dimension ..., s iemmes 2

g

Assumptions:

* Generalized Distance Conjecture
(mtOwer 5 Al/ 4) [List Palti, Viva '17]

* Validity for expanding universe

* Emergent String Conjecture (DC)

> Tower i1s KK or strings
|Lee, Werche, Weigand '21]

* UV cut-oft > Species Scale Ag,
|Dvali,(Redi) ‘07 ] [Dvali, Lust '09] Dvali, Gomez ‘10]

S e

o Observation

e Interpretation

> Light tower of states

mtower

N

|Gonzalo, Montero, Obied, Vafa "22]
|Law-Smith, Obeid, Prabhu, Vafa '23
|Obied, Dvorkin, Gonzalo, Vafa 23]

> Tiny cosmological constant A_. =~ 10_122M§1

< A4~ 1072 eV
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3) Small A_. and the Dark Dimension ..., s iemmes 2

|Gonzalo, Montero, Obied, Vafa "22]
|Law-Smith, Obeid, Prabhu, Vafa '23
|Obied, Dvorkin, Gonzalo, Vafa 23]

g

Assumptions: » Observation > Tiny cosmological constant A .. ~~ 10_122M§1
* Generalized Distance Conjecture
(Mypver S A4 [Lust Palti, Viva’17]
* Validity for expanding universe o Interpretation > Light tower of states m,, .. S A/ ~ 1072 eV
* Emergent String Conjecture (DC)
> Tower 1s KK or strings . . .
Lee, Werche, Weigand 211 ® Not observed strongly coupled gravity > Tower from extra dimensions

- V. ~m|
*x UV cut-oft > Species Scale Ag, n tower
|Dvali,(Redi) ‘07 ] [Dvali, Lust '09] Dvali, Gomez ‘10]

e

1
» Experimental bounds on Newton’s law valid up to r ~ 30 um ( F ~ _2>
r

Dark Dimension (R ~ yum)

KK-Gravitons (Dark Matter)
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3) Small A_. and the Dark Dimension ..., s iemmes 2

|Gonzalo, Montero, Obied, Vafa "22]
|[Law-Smith, Obeid, Prabhu, Vafa '23
|Obied, Dvorkin, Gonzalo, Vafa 23]

g

Assumptions: » Observation > Tiny cosmological constant A .. ~~ 10_122M§1
* Generalized Distance Conjecture
(Mypver S A4 [Lust Palti, Viva’17]
* Validity for expanding universe o Interpretation > Light tower of states m,, .. S A/ ~ 1072 eV
* Emergent String Conjecture (DC)
> Tower 1s KK or strings . . .
Lee, Werche, Weigand 21]  * Not observed strongly coupled gravity > Tower from extra dimensions

- V. ~m|
*x UV cut-oft > Species Scale Ag, n tower
|Dvali,(Redi) ‘07 ] [Dvali, Lust '09] Dvali, Gomez ‘10]

it — SD—

1
« Experimental bounds on Newton’s law valid up to r ~ 30 yum ( F ~ —)

Dark Dimension (R ~ yum)

KK-Gravitons (Dark Matter)
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Other Phenomenological Applications
 Cosmology (DC /WGC) [Parallel talks by G. Villa, F. Revello]

* dS vs. running solutions (dS Conjecture / TCC) [Parallel talk by D. Panizo]
. Festina lente bound: m* > (eqM »H )2 (WGC)

* Bounds on ranks of gauge groups (No Global Symmetries)
* Massless photons (WGC/DC)

 EW scale (No non-SUSY AdS/DC)

* Big desert scenario vs low energy SUSY (DC)

e AX1ioNns [Parallel talk by M. Putti & A. Valenti]
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Take-home message:

Not everything is allowed in Quantum Gravity——> Constraints
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Take-home message:

Not everything is allowed in Quantum Gravity——> Constraints

EFT rules in QG EFT expectations ){

(Natural in EFT # Natural in QG)
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Take-home message:

Not everything is allowed in Quantum Gravity——> Constraints

EFT rules in QG /

(Natural in EFT # Natural in QG)

EFT expectations x

k]

1 } : 1 : ' '
"""u """ll T4 T iR a oy B 9=

AEONEDEE B 8%
e 8
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