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This talk is about work in progress.

Details may change, etc.

so I'll give you the punchline first:

We perform a consistency check of the DGKT vacuum
(scale-separated) as a SUSY vacuum

If pass: Non-trivial consistency check So far looks
like this

If fail: there is a non-perturbative instability in DGKT

-It’s non-SUSY -No holographic dual

Swampland-motivated, but not conjectural
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It is easiest to say what a hon=scale-separated vacuum
is. Take |IB on
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The “internal” dimensions are of the same size as the AdS ones!
A A1/2

The solution is not scale-separated
[See also Lust, Palti, Vafa’19]
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Most proposals of AAS/CFT correspondence are not scale-
separated

AdSs x SE AdSe x (Half %)
(4d N=2 SCFT) AdSy x SE7 (5d N=1 SCFT)
(3d N=4 SCFT)

and so they do not describe lower-dimensional physics, but rather
10/1 1d gravity in particular backgrounds.
Some examples achieve partial scale-separation
AdS; x S° x K3 AdS, (S 2y T
dSs < SR T

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

Need scale-sep to connect holography to our universe directly

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

Scale-sep ) dS, Minkowski
subtlety 50,78 subtlety
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Review of the DGKT vacuum
[De Wolfe, Giddings, Kachru, Taylor ’05]

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

l) Compactify llA on CY3 (N=2) 449, « 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. Instead, solve only
the eoms for the zero modes (moduli)
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4) There is one unconstrained flux

/ i —
W4

that does not appear on a tadpole. Vacuum energy
depends on N
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So this solution is scale-separated in the large N limit.
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No conclusive answer, but everything cool so far.
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At low energies (long wavelengths), the D4 domain wall is described
by a

3dN =1

SQFT.We can get it from dim. red of D4 worldvolume theory on 2-

cycle.
[Aharony,Antebi,Berkooz '08]

The radial position of the D4 brane is an exact modulus of the
worldvolume QFT.

This scalar is part of the moduli space of the DGKT dual.
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And now, we get to the weird part.
3d N=1 is so little SUSY that there is no holomorphicity.

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

Action comes from just one superspace integral,
Si= / d*0W
and there are no protected quantities.

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

W=V Z ol

How can there be a modulus?
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Answer: Parity symmetry X — —X
[Gaiotto-Komargodski-Wu '18]
A 3d parity symmetry acts as

P(d%0) = —d?’0  so W

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

E.g: M-theory on AdS, x G¥***  with /G : =
2

[Forcella, Zaffaroni ’09]

Preserves Pint symmetry of M-theory

So 3d N=1 + Parity = Moduli space
Dual to BPS M2 branes in AdS4
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So then we check DGKT...

F4 m
7 A
ROMAN'S . y
All break parity symmetry! I “'““"'“'“' “FLUK
So no reason for D4 brane \\ PM“" =
R to be a modulus. BIIEAI(IHG

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

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

/.2 / Orientifold

Can wrap a D4 on a T2 @. T6 [Aharony,Antebi,Berkooz "08]

...or can wrap on the orbifold fixed locus

T?/Zs ~ S* + orientifold image
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Worldvolume theory: 5d gauge theory on T3/Z23

5d 3d
SU(2) gauge fields SU(2) gauge fields
Hypers
(normal coordinates) ~Fhypers—
R (gauge coupling) R (gauge coupling)
+ extra scalars + extra-seatars

Resulting theory: 3d N=1I pure SU(2) + modulus for gauge coupling.
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S ~ / %(8}%)2 —~ gTr(F A xF)

3d N=1 SU(2) breaks susy spontaneously.
[Witten ’99]

So integrating out the gauge field generates a superpotential

C

4 (and Q%U(g) ~

V ~ W2 o g5p(a) ~

This generates a repulsive force, and therefore, an instability

Brane on calibrated cycle # BPS

[Lust, Vafa, Wiesner, Xu ’22]
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It is energetically favorable for the branes to
move to the boundary, discharging the AdS

1
RS

D AdS
/D4 /D4 /D4 /D4

We still have not e.g. computed the €CdL decay rate
associated to this, but seems like an instability.

If so this DGKT model is not really a stable SUSY AdS.
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So as expected from the little SUSY, the moduli space
gets lifted.

In this case, the resulting superpotential pushed the branes away,
leading to no AdS minimum.

Perhaps it could be the other way around?

This would go

against a strong

) WGC for
membranes
[Ooguri-Vafa ’16]

............... !

WGC forces exact moduli space in SUSY theories!
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Can’t have scale-sep without minimal SUSY!

[Polchinski, Silverstein ’09; Perimutter, Alday ’19;
Cribiori, Dall’Agata ’22; MM, Rocek, Vafa ’22...]

Dimension| # of Q’s |R-symmetry

2(N =1) ——

J—4 4N =2) 50(2)
B 6 (N =3) 50(3)

8 (N =4) s0(4)

10N =5)| so(b)

12(N=6)| s0(6)

16 (N =8)| s0(8)

Dimension| # of Q’s |R-symmetry
4N =1) u(l)
J—5 8N =2) |su(2)eu(l)
B 12(N=3) |su(3)a®u(l)
16 (N =4) su(4)
d=26 8(N =1) su(2)
d=7 8 (N = (1,0)) su(2)
|16V =(2,0)] sp(2)
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E.g. [Cribiori, Junghans,Van Hemelryck,Van Riet,Wrase "21]

proposed a construction equivalent to M-theory
on new family of weak G2 manifolds with topology
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No explicit construction

Let's get on with it!

However: Existing set of
examples
are not promising

[Collins, Jafferis,
Vafa, Xu, Yau ’22]
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brane dual to any given large flux AdS bulk
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[Angius, Buratti, Calderon-Infante,
Delgado, Huertas, Uranga ’21, °22, ‘23]
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Exhibit
explicit instability
(not just energetics)

{ We must...

Triple, four...N re-

Extend to |
check!

other CY3’s
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