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DGKT is a proposed 4d N=1 AdS vacuum from
massive ||A which has scale separation

[De Wolfe, Giryavets, Kachru, Taylor '05] [Camara,lbanez,Uranga ’05]

This talk is a tale of AdS scale separation
and the fate of the DGKT proposal

which will be shaped by the SUSY breaking on its domain walls
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All string theory examples are of the form AdSy x X,

Internal space Ik Kk

AdS space L Ads

Can we have small extra dimensions in AdS vacua? lags > kK

Otherwise, it does not describe low dimensional physics



AdS Scale Separationin d > 14

All proposed candidates for scale-separated (stable) vacua from the
bulk perspective are 4d N=1: DGKT, KKLT,...

Not known CFT dual yet, under debate whether they are consistent
top-down string constructions,...

[Andriot, Apers, Bena, Casas, Castellano, Collins, Cribiori, Dall’ Agata, De Luca, Demirtas, Emelin, Farakos, Grana,
Herraez, Hoter, Ibanez, Junghans, Kim, Li, Lust (x2), Marchesano, Marconnet, McAllister, Montella, Morittu, Moritz,
Nally, Ning, Palti, Plauschinn, Prieto, Quirant, Revello, Rios-Tascon, Schachner, Shiu, Shukla, Tomasiello, Tonioni,
Toulikas, Tringas, Tsimpis,Vafa,Van Hemelryck,Van Riet,Walcher, Wiesner,Wrasse, Xu, Yau, Zatti,...]



AdS Scale Separationin d > 14

All proposed candidates for scale-separated (stable) vacua from the
bulk perspective are 4d N=1: DGKT, KKLT,...
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Let’s try to shed some light on this debate!
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AdS Scale Separationin d > 14

We are going to perform a non-perturbative test of DGKT

Result: DGKT s in tension with WGC for domain walls

and any other N=I| 4d AdS vacuum without parity symmetries

Reason:
Too little SUSY to guarantee domain walls to remain BPS at quantum level

Quantum corrections will render all membranes non-BPS
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D G KT vacuum [De Wolfe, Giryavets, Kachru, Taylor "05]

[Camara,lbanez,Uranga ’05]

4d N=1 AdS vacuum arising from compactifying massive Type |IA on a
CY3 with O6-planes and fluxes for

F(),F4,H3 * AdS4xCY 3

There is one unconstrained flux that does not appear on the tadpole:

/ Fy=N

By solving the 4d eoms, one finds a family of AdS vacua with

- (MdS)Q N

Vo ~ N9/2

—2

2 2
mgk ~ Lig ~ N/ Lk

So this solution is scale-separated in the large N limit.
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The consistency of the solution is not clear because we only solved 4d
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Consistent with mild (but not strong) version of AdS Distance Conjecture [Luest,Palti,Vafa’ | 9]

We will assume everything is OK, and study the fate of branes on
DGKT vacuum, to perform a non-perturbative consistency check

(i.e. whether it is protected against non-perturbative brane instabilities)

[Montero,Valenzuela ’24]



Test of DGKT vacuum

Consider a D4-brane wrapping a holomorphic 2-cycle dual to the
large N flux
/ Fy,=N

/ 0 AdS
Poincaré D4
Horizon @ R=0
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Dynamics governed by V(R) = (T — q)



Three options:

1) T =Q

2) T <@

3) T >(Q



Three options:

D4-brane is BPS
V(R) and feels no force

(R is 2 modulus, stable vacuum)
/wF4:N—1 ‘/ /w4F4:N
I) T — Q .................................... .} R * —R

. , / 0 AdS
Poincare D4

Horizon @
R=0

2) T <@

3) T >(Q



Three options:

000000000000000

Poincaré
Horizon @
R=0

OOOOOOOOOOOOOOOOOOOOO

Poincaré
Horizon @
R=0

3) T >(Q

D4-brane is BPS
and feels no force

(R is 2 modulus, stable vacuum)

R

Repulsive force
(unstable vacuum)

R



Three options:

D4-brane is BPS
V(R) and feels no force

(R is 2 modulus, stable vacuum)
/WF“:N_l ‘/Y /w4F42N
I) T — Q .................................... » R * .

- / 9 AdS
Poincaré D4

Horizon @
A Repulsive f
V(R epuisive 1orce
/ () (unstable vacuum)
[revr s
2) T < Q ............... R
Poincareé
Horizon @
R=0

Attractive force
F=N-1 \ (stable vacuum)

g\

R

Poincaré
Horizon @ D4

R=0




Three options:

- / 9 AdS
Poincaré D4

Horizon @
R=0

2) T <@

Poincaré
Horizon @
R=0

V(R)
/w4F4=N—1 ‘ /w4F4:N

D4-brane is BPS
and feels no force

(R is 2 modulus, stable vacuum)

R

Repulsive force
(unstable vacuum)

R

Attractive force
(stable vacuum)




Expectation from WGC

Given a p-form gauge field, WGC requires:

- (p-1)-brane with I <

L1
Q" Qlpn

(in Planck units)  [Arkani-Hamed et al’06]



Expectation from WGC

Given a p-form gauge field, WGC requires:

= (P- | )-brane with Z < Z (in Planck units)  [Arkani-Hamed et al.06]

Q" Qlpn

For codim-1| branes, there is no BH extremality bound
Instead, WGC defined in terms of repulsive force conditio/n:-\‘

— —

Fgcmge > Fgram’ty (equivalent to extremality bound in the absence of
[Palti’| 7] massless scalar fields or at weak coupling/infinite
[Lee et al’| 8][Heidenreich et al’19][Gendler’20] distance limits for p<d-2)
[Lanza et al’21]



Expectation from WGC

Given a p-form gauge field, WGC requires:

= (P- | )-brane with Z < Z (in Planck units)  [Arkani-Hamed et al.06]

Q" Qlpn

For codim-1| branes, there is no BH extremality bound
Instead, WGC defined in terms of repulsive force conditio/n:-\‘

— —

Fgcmge > Fgram’ty (equivalent to extremality bound in the absence of
[Palti’| 7] massless scalar fields or at weak coupling/infinite
[Lee et al’| 8][Heidenreich et al’19][Gendler’20] distance limits for p<d-2)
[Lanza et al’21]

Consider an AdS vacuum supported by fluxes in the internal dimensions:

T <@ Implication: non-SUSY AdS vacua
with internal fluxes are mestastable
[Ooguri,Vafa’| 8]

WGC:

(tension) < (charge)
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What is the case of DGKT?

At the classical level, the D4-brane is BPS, so the position of
the brane is a modulus [Aharony,Antebi,Berkooz ’08]

What if we go beyond classical level and consider quantum corrections!?
Do they vanish by supersymmetry!?

Not necessarily, at low energies the worldvolume theory is 3dN =1

This is so little SUSY that there are no protected quantities
[Aharony,Antebi,Berkooz ’08, ...Gaiotto-Komargodski-Wu '| 8]

The superpotential can receive quantum corrections

In general: W = W, + Z cn, R"

V(R) = |W/|* the position field R will not be a modulus
the brane will feel a non-vanishing force
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3d N=1 theories

The only known way to protect the superpotential from quantum

corrections is to have Parity symmetry
[Gaiotto-Komargodski-Wu ' 8]

Action just comes from one superspace integral: § — /d29 \4Y
A 3d parity symmetry ¥ — —XI  acts as
P(d?0) = —d’0  so W — —W

and so a parity-even scalar R cannot generate superpotential!

e.g.4d N=| AdS from M-theory on AdS, X Gé“eak with / G, =N

G’éu eak
[Forcella, Zaffaroni '09]

Preserves Pin+ symmetry of M-theory = —> it has a moduli space
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Parity Symmetries in DGKT

Could this be the case of DGKT? No

In DGKT, the fluxes break the parity symmetries

= No protection against quantum corrections

By explicit computation, we show that a superpotential is generated
(SUSY is broken spontaneously on the brane)

w the position of D4-brane is not a modulus
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Brane dynamics in DGKT

Consider the original DGKT solution:

2; — 12; Orientifold

We can wrap a D4 on a T Cc T°

...or can wrap on the orbifold fixed locus T2/Z3

Brane|T' X1 X5 R Re(z1) Im(z1) Re(z2) Im(z2) Re(z3) Im(z3) + orientifold image

o4 | e — X X X X
c . X - X - X
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Instanton corrections

, R 8r?ga\/
Jym = Cags vol(ws)
Brane on orbifold singularity: 3d N=1I pure SU(2) + scalar for gauge coupling
D4 This breaks susy spontaneously [Witten '99]
T2 /74 O6. 9y M (@uzs) » T > @

Brane on calibrated cycle # BPS
[Lust,Vafa,Wiesner, Xu '22]

Brane on generic position:

Euclidean D2-brane instantons can contribute:

"
\
y

UC ean

42 D4

W ~ exp(—=Tpavol(wz) d) wip T > Q
06 |

instanton configuration
with two fermion zero
modes




Result for DGKT vacuum

Assuming the EFT of the DGKT solution is correct:

V A

> R Poincaré

Horizon at R=0
(stable vacuum)

All branes charged under F4 flux are non-BPS beyond classical level

It violates the Weak Gravity Conjecture!!
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General result for 4d N=1 AdS vacua

Even if exemplified in DGKT, the result in principle applies more
generally to any 4d N=1 AdS vacuum without parity symmetries

General argument from CFT perspective:

Locations of BPS branes in the
bulk AdS Poincare coordinate

by conformal invariance (at R=0)
If the CFT moduli space gets lifted /)

by quantum corrections: V (

= moduli space of the SCFT

» T—0 >0 (in field theory)

WGC implies that the the dual CFT to a holographic AdS vacuum
supported by fluxes must have an exact moduli space of
deformations
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General result for 4d N=1 AdS vacua

The only possibility consistent both with having a SUSY AdS vacuum
and the WGC is to have a CFT moduli space (i.e. BPS branes)

But we saw that, without a parity symmetry, CFT moduli spaces
get lifted by quantum corrections

Any 4d N=1| AdS vacuum without parity symmetry seems to be in
tension with the Weak Gravity Conjecture

All known holographic AdS vacua (with known CFT dual) have
indeed a moduli space

e.g. AdSy X S° ,ABJM, or AdS4 X Géueak (4d N=1I with parity symmetry)

But no parity symmetry for DGKT, KKLT,? ... Are they in the Swampland?
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Result

Either DGKT (and similar AdS 4d N=1 vacua) are inconsistent
(i.e., cannot be UV-completed)

or

WGC for codim-1| branes have to be revisited (the “repulsive force

version” would be incorrect)
string worldsheet proof

[Heidenreich,Lotito’24]

Disclaimer:WGC for codim-1 is much less understood than for particles or
low codim objects (so far it worked, and it was used to argue for many
instabilities in non-SUSY AdS vacua, but who knows...)

[Ooguri-Vafa'l 6] [Lanza, Marchesano, Martucci, IV'21] [Herraez'21]

We don’t know for sure which one it is, but both would have
profound implications
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DGKT brane geometry

If DGKT is correct, this adds to the weirdness of the solution

AdS/CFT pairs usually come from branes on singularities

eg.lIBon AdSs x SE; wap dualto D3 branes
probing singular CY3

For DGKT » dual to D4 branes
probing massive IIA

singularity

We will provide the putative geometric singularity in [Apers, Montero,Valenzuela’ongoing]

It should imply an enhancement of N=0->N=1 1>

when placing the D4-branes in the singularity
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Is SUSY protected?

If DGKT is inconsistent, what could go wrong with the sugra solution?

Maybe DGKT is still a valid low energy approximation
to a perturbative vacuum of massive llA,
but is not supersymmetric!?

We have seen that 4d N=1 is too little SUSY to protect classically-BPS
domain walls from quantum corrections that render them non-BPS

Question:

How can we be sure that there is no higher order UV effect that
breaks SUSY also in the bulk?

Maybe satisfying the F-term egs. for the zero modes is not enough
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Conclusion

Either DGKT (and similar AdS 4d N=1I vacua without
parity symmetries) is inconsistent,

or the WGC for codim-1 branes does not apply as a
repulsive force condition

Further ongoing investigation
(in other 4d N=1 setups like Gaiotto-Tomassiello’09)
to shed light on this

[Montero,Sharon,Valenzuela’ongoing]



Conclusion

If we are looking for AdS scale-separated vacua, which is the most
promising corner of the landscape!?

Non-SUSY 4 supercharges 8 or more supercharges

.4
(4d N=1 theories)

Easier, but unstable 227 Difficult or impossible

KK (BPS) modes are charged

Take e.g. non-SUSY vacuum with under continuous R-symmetry
| which prevents scale separation
% imir ©™~ 77 7 md —
o e m o~ qlgs
(scale-separated for d>2, but g=20,1,2,...

unstable and no unitary CFT dual)
[Polchinski,Silverstein *09][Alday,Perimutter ’ | 9]
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Conclusion

If we are looking for AdS scale-separated vacua, which is the most
promising corner of the landscape!?

Non-SUSY 4 supercharges 8 or more supercharges
.4

Without | With

parity | parity

Easier, but unstable symmetry | symmetry

Difficult or impossible

One has to deal with They are stable, but... scale-separated?
instabilities issues

revisit WGC? % .y
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Flux Backtracking DGKT

How can we derive the brane geometry that should generate a
given AdS flux vacuum as its near horizon geometry (and the
dual CFT as its worldvolume field theory)!?

Flux backtracking procedure: /
oo I S

Brane picture o

- Start with effective (bulk) flux potential

- Remove some flux (that will then be dualize 1
. . i H Holography
to the barnes probing the singular geometry) = j , l

. . e”s%.j
- Solve the eom for the running solution of “ova | ML

the remaining effective potential

- This yields a “dynamical” cobordism yielding CFT
the singular geometry where we should place

he probe brane
the p obe branes [Apers, Montero,Valenzuela’ongoing]



Flux Backtracking DGKT

How can we derive the brane geometry that should generate a
given AdS flux vacuum as its near horizon geometry (and the
dual CFT as its worldvolume field theory)!?

Flux backtracking procedure applied to DGKT:

place wrapped
D4-branes here

dsty = dy* +y~%dss + y*Pdsty,  gs(y) ~y !

[Apers, Montero,Valenzuela’ongoing]
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Evidence for WGC and SDC

+* String theory compactifications: Plethora of quantitative tests!
[Grimm, Palti, IV’ 18]

* Systematic approach according to the level of supersymmetry [Grimm,Palti,Li’|8]

. ) . [Lee,Lerche,Weigand’|8-19]
* Interesting connections to mathematics

s AdS/CFT:
[Heidenreich et al’ | 6]

* WGC proven for AdS3 using modular invariance of the CFT [Montero et al'l¢]
* WGC from QI theorems and entanglement entropy [Montero’|8]

* SDC formulated in terms of a CFT Distance conjecture [Perimutter et al’20]

+» Black hole arguments:

* WGC follows from requiring black holes to decay [Arkani-Hamed et al'06]
* WGC/SDC follows from entropy bounds associated to small BHs [Hamada et al'21]
* Connection between WGC and weak cosmic censorship [Crisford et al’l7]

¢ Using positivity/unitarity bounds: lead to mild versions of the WGC
[Cheung et al’|8][Hamada et al’|8]...
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Is there any universal instability that arises when breaking supersymmetry?

Candidate: Bubbles of nothing
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Non-perturbative instability
from the vacuum to nothing;

It is topologically allowed if:

The compact space Cq shrinks to a point <@m» (; belongs to trivial class of {24
i.e. Cy=0Bg+1 (in cobordism)

<= no topological global charges (cobordism classes)
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Instabilities of non-SUSY vacua

Swampland conjecture: Any non-supersymmetric vacuum is at best metastable

Is there any universal instability that arises when breaking supersymmetry?

Candidate: Bubbles of nothing

W’M

Non-perturbative instability
from the vacuum to nothing;

[Garcia-Etxebarria,Montero,Sousa,|V’20]

Cobordism conjecture:

(no global symmetries) * No topological obstruction
0QG _ g to have bubbles of nothing
=

They will expand and describe a vacuum instability if a certain energy condition

(DEC) is violated semiclassically
which can happen when supersymmetry is broken
PP persy Y



