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extra dimensions inequality satisPed by particl€s,

10d consistency as stringsdomain walls in any

SUSY vacuum not consistent QG

fully established Lots of evidence, and partial proofs, but
general proof/argument, particularly in the
case ofdomain walls

These two seem to be incompatible

(either DGKT Is pathological, or membrane
WGC not true in general)
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The solution is noscale-separated
[See also Lust, Palti, Vafa’19]
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Most proposals of AdS/CFT correspondence are not scale-
separated

AdSs! SE AdSg ! (Half S%)
(4d N=2 SCFT) AdS,;! SE (54 N=1 SCFT)
(3d N=4 SCFT)

and so they do not describe lower-dimensional physics, but ratl
10/11d gravity in particular backgrounds.

Some examples achieyeartial scale-separation
AdS;! S°! K3 AdSs! (S%)/Z,! T*
dSs < SR T

And there are a few proposals faotal scale separation
(DGKT & friends, KKLT, Polchinski-Silverstein, LVS)
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Scale separation important because our
universe has only four large dimensions

Need scale-sep to connect holography to our universe directl

Constructed scale-separated AdS vacua use the same
technigues that one uses for low-SUSY or dS constructions

dS, MinkowskKi
subtlety

Scale-sep

subtlety 2,
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[De Wolfe, Giryavets, Kachru, Taylor ’05]

It iIs a 4d N=1AdS4 solution of the zero mode
e.o.m of massive IlA string theory

1) Compactity lIA on CY3 (N=2) 449, x CY;

2) Add orientifold (breaks to N=1).This induces tadpole

qoe + qps + mhs =0 /Fo/\Hg/\C7

3) The 10d eoms are very complicated. Instesaxlye only
the eoms for the zero modes (moduli)
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4) There is onaunconstrained flux
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that does not appear on a tadpole. Vacuum energy
depends on N

A~N2 L%, =N"/?
(&dS)Q i
Lk

So this solution iscale-separated In the large N limit.
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The brane can move on the radial direction

PoincarZ /D4
Horizon @ R=0

R=const
[ = N/ [ m=n

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

The dynamics of its R coordinate is determined by two terms:

(g=T/3) for D4 branes
D4 D4 OnAdS4, C3 = 3dV
Tension Flux charge o

and dv =

dXdYdTl

3
gAdS
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Codimension >2 is also when one can constrabhtarged black
branes

Heuristic: WGC particles allow black branes to decay
kinematically

- ¢ : = possible only if
.] i o ‘ T<q

For codimension <2, no heuristic btikue in many examples

AdAAA

EREL

-For instance, D7 branes in |IB, D8 branes in |IA
-True In all CY compactibcations of type Il

[Lanza-Marchesano-Martucci-Valenzuela ’21, °22]

-True In many holographic examples e.g.AdS5 x S5

Very similar, from top down pov, to codim >2 case
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Going back to our potential,

WGC for codimension 1
(domain wall) tells us T<=q, so
it rules out one case o s R

and since the brst case Is not compatible with SUSY

we can reformulate WGC for unitary/SUSY AdS/CFT as the
statement

There must be an exact moduli space

Notice this statement makes sense in AdS,
and also directly in CFT, where

R ! vev of some dual beld
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| |

BPS branese——————— QFT moduli

space
E.g. AdS5 x S5 N=4 SYM
D3 branes Coulomb branch

+many more examplesE

E and also in DGKT: The D4 wrapped on a holomorphic 2-
cycle is classically BPS

[Aharony,Antebi,Berkooz "'08]
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In e.g N=4 SYM, the classical moduli space of D3 branes is ¢
exact, as demanded by WGC.

This Is not surprising, as moduli space Is protected by N=4 SU
But things areweirder for DGKT.

Here, also WGC tells us that the moduli spacesxact.

However, DGKT iIs a 4d N=1 AdS4 vacuum, dual to a

3d N=1 quantum field theory

This is too little SUSY to protect the moduli space!
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In 3d N=1, there is ncholomorphicity.

[Aharony,Antebi,Berkooz ’08, ...Gaiotto-Komargodski-Wu '18 for recent rev]

Action comes from just one superspace integral,
Sie o dar WY

and there areno protected quantities.

So it Is extremely weird to have a modulus! Expect quantum
corrections to R

W= Wit R

How can there be a modulus?
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Answer:Parity symmetry k1" kK
[Gaiotto-Komargodski-Wu '18]

A 3d parity symmetry acts as
P(d?!) =1 d° SO Wi" W

and so a parity-even scalarddnnot generate superpotential!

E.g: M-theory onAdS, ! G¥e3  with G7=N
G Wweak
[Forcella, Zaffaroni ’09] :

Preserves Pin+ symmetry of M-theory

So 3d N=1 + Parity = Moduli space
Dual to BPS M2 branes in AdS4



So then we check DGKTE



So then we check DGKTE

F4



So then we check DGKTE

F4 [



So then we check DGKTE

F4 [



So then we check DGKTE

Fa [

it l®

ROMAN'S . y
All breakparity symmetry! I IIIIIEII'I'II‘IIIII ’ H.lll

\\ Pﬂlll" —
" BREAKING —




So then we check DGKTE

F4 8
i A
ROMAN'S . y
All breakparity symmetry! I IIIIIEII'I'II‘IIIII ’ H.lll
So no reason for D4 brane \\ l'llll'" =
R to be a modulus. " BREAKING

Let us look more closely!
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Consider the original DGKT model:

[De Wolfe, Giddings, Kachru, Taylor ’05]

T4 H o
/ \_s Orientifold
Zr e 7 62! 155 zi! 17

Canwrap aD4onaT?! T® [AnaronyAntebiBerkooz '08]

Eor can wrap on the orbifold bxed locus

T?/Z3! S* + orientifold image
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Worldvolume theory: 5d gauge theory on T3/Z3

5d 3d
SU(2) gauge belds SU(2) gauge Pelds
Hypers
(normal coordinates) STes=
R (gauge coupling) R (gauge coupling)
+ extra scalars + extra-seatars

Resulting theory: 3d N=1 pure SU(2) + modulus for gauge coup
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|F|2’ g%M % (
3d N=1 SU(2)breaks susy spontaneously.
[Witten ’99]
So integrating out the gauge beld generates a scalar potential

2R :

(21" *)*#aas

Vloegoa =

In other words, we get a positivgquantum correction to
T-q
Brane on calibrated cycle&e BPS

[Lust, Vafa, Wiesner, Xu ’22]
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There can be other classical BPS brane conbgurations in the C
geometry

e.g. D4 branes that intersect the orientifold, but not the orbifolc

We studied all of these, and in every case, found effects
(D-brane instantons) that generate a correction

1 (T! @) >0

l.e. we compute quantum corrections to DGKT moduli space,
showing its lifted entirely

Violation of
s the membrane
WGC

No brane with
T=q
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So as expected from the little SUSY, the moduli space
getslifted.

The D4 branes all get
an attractive force
d4d5 toward the PoincarZ-
AdS horizon

This adds to theweirdness of the DGKT solution

—% If you can prove WGC for membranes In
AdS, you show inconsistency of DGKT

—» If you establish full consistency of DGKT as
a SUSY vacuum, you disprove membrane
WGC
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AdS/CFT pairs usually come from branes on singularities

E.g.lIB on dual to D3 branes
AdSs! SEs probing singular ﬂ
CXa

AdN =2 AdN = 2 e

For DGKT dual to D4 branes
dN = probing massive ﬂ
el s singularity 5

D4

but only N=1 when D4Os on top of singu, otherwise, N=(

N=0! N=1 [WIP w. Apers, Valenzuela]
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For WGC-compatible scale-sep: Look at moawiith parity

symmetry

E.g[Cribiori, Junghans,Van Hemelryck,Van Riet,Wrase "21]
[Van Hemelryck °24]

proposed a construction equivalent to M-theory
on new family of weak G2 manifolds with topology

St el h
No explicit construction

Let's get on with it!

However: Existing set of
examples
are not promising

[Collins, Jafferis,
Vafa, Xu, Yau ’22]



CONCLUSIONS

There is a tension between WGC for membranes
and the DGKT scenario

One or the other must go away

If DGKT survives as a SUSY vacuum we have a very
weird CFT with N=1 enhancement from N=0 and
huge central charge

If WGC survives, what is the mistake in the DGKT
construction? Can it be seen in SUGRA?

Parity sym in other 4d N=1 [3ux vacua?



Thank you!



