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1 Introduction

Realistic string theory vacua should have full moduli stabilization and a separation of scales
between the Hubble scale LH and the Kaluza-Klein length scale LKK , corresponding to
the diameter of the internal manifold,

LKK
LH

� 1. (1.1)

The DGKT vacua [1, 2] are a class of N = 1 AdS4 flux vacua with full moduli stabilization,
obtained from compactifying massive type IIA string theory on a Calabi-Yau threefold with
fluxes and intersecting O6-planes. As there is unbounded flux |F4| ∼ N , parametric control

gs ∼ N−3/4, volS ∼ N3/2, (1.2)

with gs the string coupling and volS the internal volume in string frame, and parametric
scale separation

LKK
LH

∼ N−1/2 (1.3)

can be achieved by sending this flux to infinity.
There is however no full 10-dimensional understanding of the backreaction of the O6-

planes on the internal geometry [3] (for recent progress on this, see e.g. [4–6]), and scale-
separated supersymmetric AdS vacua are conjectured to be in the swampland [7]. Studying
the holographic CFT duals is a promising alternative approach for checking the consistency
of these AdS vacua [8–10].
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The would-be CFT duals of the DGKT vacua do have some very peculiar properties.
First, scale-separated AdS vacua in general should be dual to CFTs with a large gap in
the spectrum of single-trace primaries, and such CFTs are unknown [11]. Also, the central
charge should scale like

c4d ∼ N9/2, (1.4)
which is a higher scaling than in any known holographic set-up[12, 13], which goes up to
N3 [14, 15]. Moreover, the spectrum of light operators, dual to the moduli, would consist
fully of integer conformal dimensions [16] (see also [17–20]). The Kähler moduli and dilaton
are dual to h1,1

− operators with ∆ = 6 and one operator with ∆ = 10. These integers are
universal [21, 22]: independent of the values of the fluxes and microscopic details of the
Calabi-Yau internal manifold. As there is no extended supersymmetry in these CFTs (3d
N = 1), the presence of integers is very surprising and requires an explanation.

In this work we argue that integer dimensions are interesting, with two remarkable
properties for AdS flux vacua with integers:

• Moduli fields in AdS flux vacua, dual to light operators with integer conformal di-
mensions, do have polynomial spacetime-dependent shift symmetries.

• It is possible to obtain the leading scalings of the central charge, string coupling and
internal volume from the near-horizon geometry of a large number N of orthogonally-
intersecting D-brane domain walls, dual to the unbounded fluxes.

Because these domain walls reproduce the right scalings, it seems that the dual field theory
will be the one living on these branes. Therefore, the holographic set-up for these vacua
with integer dimensions does seem to be relatively simple and does not differ too much from
the well-known AdS5 × S5 example [14], where the D3-branes are dual to an unbounded
F5-flux and which has an integer ∆ = 8 in the light spectrum [23].

We heavily lean on [24] about a domain wall - flux correspondence in AdS4 flux vacua.
It is explained there how the fluxes (F4, H3, F0) in DGKT can be interchanged for domain
walls (wrapped D4-, NS5- and D8-branes), interpolating between AdS and flat spacetime,
and how a AdS4×T6 geometry can be recovered as the near-horizon limit of these domain
walls. We will just focus on the three stacks of N orthogonally intersecting D4-branes of
this set-up, dual to the unbounded flux F4 ∼ N , and observe how the large N scalings
in DGKT

c ∼ N9/2, gs ∼ N−3/4, volS ∼ N3/2, (1.5)
can be directly deduced from the near-horizon geometry of these domain walls. For other
parametric AdS4 flux vacua with an integer ∆ = 6 in the spectrum, we observe how the
large N scalings can be derived in a similar way.

Because the space of 2d CFTs is better understood, it might be easier to bootstrap the
holographic duals of AdS3 vacua. Scale-separated AdS3 vacua with minimal supersymmetry
were found in [25] from compactification of massive IIA string theory on G2 holonomy
spaces. The ingredients are very similar as for the DGKT vacua, with unbounded F4-
fluxes, and bounded H3- and F0-fluxes in combination with intersecting O6-planes. Now
O2-planes are needed as well. Thanks to the unbounded F4-flux, parametric control

gs ∼ N−3/4, volS ∼ N7/4, (1.6)
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IIA AdS4 [1] IIA AdS3 [25] IIB AdS3 [27]
parametric control yes yes yes
parametric scale separation yes yes no
integer dimension ∆ = 2d yes no yes
simple brane set-up yes no yes

Table 1. Properties of different parametric AdS vacua in (d+ 1) dimensions.

and parametric scale separation (1.3) are achieved in the N →∞ limit. The central charge
of the CFT2 duals should now be

c3d ∼ N4, (1.7)

and the light spectrum consists of irrational dimensions [26]. In this case, it is not possible
to obtain the scalings (1.6), (1.7) from the near-horizon geometry of a set of orthogonally
intersecting D4-brane domain walls. This suggests that for vacua with irrational conformal
dimensions, a more complicated holographic set-up will be needed.

There are however other AdS3 vacua in IIB string theory [27] for which the holographic
brane set-up might be much simpler and more alike the 4d examples with ∆ = 6 we discuss.
The internal manifold is a G2-structure manifold, and F7- and F3-fluxes are used [27].
Parametric scale separation can not be achieved for these vacua, but by taking F7 ∼ N

to be large, parametric control can be obtained. Interestingly, in a two-moduli truncation,
the conformal dimensions are integer and rational (∆1 = 4 and ∆2 = 20/7). Moreover,
the leading scalings are now obtainable from the near-horizon limit of a stack of N D1-
branes, dual to the F7-flux. So despite not showing a separation of scales, an exploration
the holographic duals of these vacua, instead of the ones with irrational dimensions [25]
mentioned above, might bring us closer to an understanding of the DGKT duals. The
properties of the different AdS vacua we discuss are summarized in Table 1.

The outline is as follows. In section 2, the relation between shift symmetries and integer
dimensions is explained. Then, in section 3, we first describe how to derive large N scalings
from D-brane domain walls in general in section 3.1. We apply this in section 3.2 to the
DGKT vacua, both in massive (F0 6= 0) and in a double T-dual massless (F0 = 0) form.
We also briefly touch upon more general parametric AdS4 vacua which have a ∆ = 6 in
the spectrum. In section 3.3 the large N scalings in IIA and IIB AdS3 vacua are discussed,
and we conclude in section 4.

2 Polynomial shift symmetries

The conformal dimensions of the light fields in the DGKT CFT duals are [11, 22]

∆φ = (6, . . . 6, 10), ∆a = (5, . . . 5, 11), (2.1)

for the h1,1
− + 1 saxions and axions respectively, and

∆φ = (2, . . . 2), ∆a = (3, . . . 3), (2.2)

for the h2,1 complex structure moduli and their axions. All dimensions are integer.
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As conformal dimensions in AdSd+1/CFTd are obtained from the masses via a
quadratic equation

∆(∆− d) = m2R2
AdS, (2.3)

it is surprising to get integers and one expects there to be a symmetry at work. Massless
scalars, with ∆ = 3, for example, enjoy a constant shift symmetry. Could there be different
shift symmetries for other integers?

For a free massless field in Minkowski space, there is not only the constant
shift symmetry

φ→ φ+ c, c ∈ R, (2.4)

but also an infinite sequence of shift symmetries that are polynomial in the spacetime
coordinates Xµ,

φ→ φ+ c+ cµX
µ + cµνX

µXν + . . . , (2.5)

where cµ1...µk are rank-k symmetric traceless constant tensors [28]. In AdS space, this is not
true anymore, but still, each polynomial shift symmetry of level k can be kept separately
if the free field φ has a particular mass depending on k [29, 30]. More precisely, in AdSd+1
a free field φ,1 has a symmetry

φ→ φ+ cµ1...µkX
µ1 . . . Xµk |AdS, (2.6)

where Xµ are coordinates on an embedding (d+ 2)-dimensional flat spacetime, if the mass
of the field equals

m2
φ = k(k + d)

R2
AdS

, (2.7)

with RAdS the radius of AdS. In a dual CFT, such masses correspond to integer dimensions

∆+ = k + d, or ∆− = −k. (2.8)

We conclude that there are indeed polynomial shift symmetries for the moduli and axions
(2.1) in DGKT related to the integer dimensions:

∆φ = ∆+ = k + 3, k = 3, 7,
∆a = ∆+ = k + 3, k = 2, 8.

(2.9)

For the massless axions in (2.2), there are the ordinary constant (k = 0) shift symme-
tries, but for the complex structure moduli with ∆ = 2 such a symmetry is absent. A
microscopic explanation of these shift symmetries, possibly related to the domain walls
discussed in the next section or the discrete symmetries of [31] in the large N limit, would
be very interesting.

The non-susy DGKT vacua obtained from the original ones by a change in the sign of
the F4-flux still have a full integer spectrum [19], and so the shift symmetries are there as
well for all the moduli. There is another class of scale-separated non-susy vacua, described

1The interactions in DGKT are 1/N suppressed, and so the fields are free in the large flux N → ∞
limit [16].
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in [19], with both irrational and an integer ∆ = 6 in the spectrum, so there the shift
symmetries are only present for a subset of the moduli.

To check what these symmetries look like on the boundary of AdS, we consider Poincaré
coordinates

ds2
AdS = R2

AdS
z2

(
−dx2

0 +
d−1∑
i=1

dx2
i + dz2

)
, (2.10)

the boundary being at z = ε, ε→ 0. Then the polynomial shifts on the boundary reduce to

cµ1...µkX
µ1 . . . Xµk |AdS

z→0−−−→
(
RAdS
z

)k
ci1...ikX

i1 . . . X ik |boundary, (2.11)

with Xi coordinates of the flat embedding restricted to the boundary. Considering the
near-boundary behaviour of the scalar field

φ ∼ φ0z
∆− + φ1z

∆+ = φ0z
−k + φ1z

k+d, (2.12)

we see that the shift acts only on φ0 as

φ0 → φ0 +RkAdSci1...ikX
i1 . . . X ik |boundary. (2.13)

In standard quantization φ0 is fixed, and this means that the shift symmetry is broken on
the boundary [32]. This should be investigated more precisely when more is known about
an explicit DGKT CFT dual.

3 Large N scalings from D-brane domain walls

Parametric control, and possibly scale separation, can be obtained in AdS flux vacua in
the N → ∞ limit, where N is proportional to some unbounded flux. This flux, and also
the bounded fluxes needed for moduli stabilization, may be interchanged for brane domain
walls interpolating between the AdS vacuum and flat spacetime, as in [24]. Interestingly, an
AdS×(torus) geometry may be found in the near-horizon region of this entire brane-system
and the dilaton approaches a finite constant when approaching the horizon [24].

In this section, we focus on the branes dual to the unbounded fluxes and explain how
one can derive the scalings of the central charge, string coupling, and internal volume for
most AdS flux vacua by just looking at the near-horizon geometry of these branes. We
first do this for a single stack of domain walls in general flux vacua, and afterwards apply
it to some concrete examples including the DGKT and scale-separated AdS3 vacua.

3.1 General flux vacua

If there is one unbounded flux, F8−p ∼ N , we can change this for N Dp-branes, wrapped
on (p+ 2−D)-cycles, in a 10d flat spacetime consisting of D non-compact directions, the
other directions forming a toroidal geometry. These branes can be considered as domain
walls in the D-dimensional spacetime, with coordinates (t, x1, x2, . . . xD−2, x), and where x
will be the direction transverse to the branes. We denote the wrapped internal coordinates
by (y1, y2, . . . yp+2−D), and the unwrapped ones by (z1, z2, . . . z8−p), as shown in Table 2.
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t x1 . . . xD−2 x y1 . . . yp+2−D z1 . . . z8−p
N Dp ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗

Table 2. N Dp-brane domain walls in D dimensions.

This system is described by [15]

ds2
10 = f

− 1
2

p

[
−dt2 + dx2

1 + · · ·+ dx2
D−2

]
+ f

1
2
p dx

2 + f
− 1

2
p dyidy

i + f
1
2
p dzjdz

j , (3.1)

and the string coupling is
gs = f

3−p
4

p , (3.2)

with
fp ∼ 1 + N

r7−p , r2 =
∑
i

y2
i +

∑
j

z2
j , (3.3)

a harmonic function in the transverse coordinates that scales like fp ∼ N in the near-
horizon region.

Letting N →∞, the near-horizon geometry will be of the following schematic form,

ds2
NH = α′

[
N

1
2ds2

XD
+N−

1
2dyidy

i +N
1
2dzjdz

j
]
, (3.4)

where XD is the D-dimensional spacetime and

gs ∼ N
3−p

4 . (3.5)

We see that there is a separation of scales between the wrapped internal dimensions and
the scale of XD, and we can read off the internal volume in string units:

volS ∼ (N−
1
2 )

p+2−D
2 · (N

1
2 )

8−p
2 · l10−D

s = N
D+6−2p

4 · l10−D
s . (3.6)

From this, we deduce the D-dimensional Planck length

lp,D = (g2
svol

−1
S )1/(D−2)ls = N

− D
4 (D−2) ls. (3.7)

Hence, the metric in Planck units is

ds2
NH = N

1
D−2

[
Nds2

XD
+ dyidy

i +Ndzjdz
j
]
l2p,D. (3.8)

Then, the AdS radius is
RAdS ∼ N

D−1
2 (D−2) lp,D, (3.9)

and so the central charge will be

c ∼ (RAdS/lp,D)D−2 ∼ N
D−1

2 . (3.10)

Repeating the same calculation for domain walls from NS5-branes, we find

gs ∼ N
1
2 , volS ∼ N

3
2 , c ∼ N

D−1
2 , (3.11)
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or for F1-strings (only for D = 3),

gs ∼ N−
1
2 , volS ∼ N

D−3
2 , c ∼ N

D−1
2 . (3.12)

In the examples that we discuss below, there will often be multiple stacks like in Table 2 of
D-branes dual to unbounded flux. If these stacks are orthogonally-intersecting, they must
satisfy certain composition rules, summarised in [33]. For the Dp/Dq-brane intersections
that we consider, each pair of these branes must have (0 mod 4) relative transverse coor-
dinates. These are coordinates that are orthogonal to one of the two branes, but not both.
Then, we can assign a function fpi to each stack of Dpi-branes, that only depends on the
overall transverse directions. For each of the coordinate directions ζ = t, x, y or z, we then
multiply the appropriate powers of these functions as follows,∏

i

f1/2
pi ·

∏
j

f−1/2
qj · (dζ)2, (3.13)

where the pi-branes are orthogonal, and the qj-branes are parallel to the ζ-direction. With
these harmonic superposition rules [34], we obtain the supergravity description of the brane
systems. The string coupling will be given by

gs =
∏
i

f
3−pi

4
pi , (3.14)

where the multiplication is over all branes involved, and we will deduce the central charge
and internal volumes from the near-horizon geometries of (3.13).

3.2 AdS4 vacua

3.2.1 Scale separated AdS4 vacua in massive IIA string theory (DGKT)

The DGKT [1] potential is given by

V = 1
s3

[
AF4

us
+ AF0u

3

s
+ AH3s

u3 −AO6

]
, (3.15)

where u3 = volS and s = e−D = e−φ
√
volS , and the A’s are coefficients depending on

the values of the fluxes or the orientifold charge, with A2
O6 = 16AF0AH3 . The Kähler

potential equals
K = −3 log u− 4 log s. (3.16)

The conformal dimensions of the dual fields are

∆1 = 6, ∆2 = 10. (3.17)

Imposing the scaling AF4 ∼ N2, we find that, at the minimum of the potential

V ∼ N−
9
2 , s ∼ N

3
2 , u ∼ N

1
2 , (3.18)

which means that
c ∼ N9/2, gs ∼ N−3/4, volS ∼ N3/2. (3.19)
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t x1 x2 x y1 y2 y3 y4 y5 y6
N1 D4 ⊗ ⊗ ⊗ ⊗ ⊗
N2 D4 ⊗ ⊗ ⊗ ⊗ ⊗
N3 D4 ⊗ ⊗ ⊗ ⊗ ⊗

Table 3. D4-brane domain walls in DGKT.

If the internal manifold is a toroidal orientifold T 6/Z2
3, F4,i ∼ Ni (i = 1, 2, 3) flux is turned

on along each of the 3 sub-2-tori. We can interchange these 3 fluxes for 3 stacks domain
walls consisting of respectively Ni D4-branes wrapped on the different 2-cycles, as shown
in Table 3.

As explained in [24], we can also change the other bounded H3- and F0-fluxes for
NS5-branes wrapped on 3-cycles and D8-branes on 6-cycles respectively. The resulting
near-horizon geometry of this brane set-up will be AdS4 × T6. In the following, we will
not explicitly take the presence of these sub-leading branes, dual to bounded fluxes, into
account, but just assume they are there to make the near-horizon geometry of the right
form and look only at the large N dependence of this geometry.

As Ni ∼ N →∞, using the harmonic superposition rules, we find

ds2
NH = α′

[
N

1
2

1 N
1
2

2 N
1
2

3 ds
2
X4 +N

− 1
2

1 N
1
2

2 N
1
2

3 (dy2
1 + dy2

2)

+N
1
2

1 N
− 1

2
2 N

1
2

3 (dy2
3 + dy2

4) +N
1
2

1 N
1
2

2 N
− 1

2
3 (dy2

5 + dy2
6)
]
,

(3.20)

with
gs ∼ N

− 1
4

1 N
− 1

4
2 N

− 1
4

3 ∼ N−
3
4 . (3.21)

The internal volume can be read off,

volS ∼ N
1
2

1 N
1
2

2 N
1
2

3 ∼ N
3
2 , (3.22)

along with the degree of scale separation,

L2
KK

L2
H

∼ maxi(N−1
i ) ∼ N−1. (3.23)

The 4d Planck scale is given by

lp,4 = gs√
volS

ls ∼ N
− 1

2
1 N

− 1
2

2 N
− 1

2
3 ls, (3.24)

and so it follows that the central charge is given by

c ∼
R2
X4

l2p,4
∼ N

3
2

1 N
3
2

2 N
3
2

3 ∼ N
9
2 . (3.25)

We obtain the same scalings as the ones (3.19) from the scalar potential. This match is
non-trivial and suggests that the DGKT CFT duals can indeed be found on the D-branes
dual to the fluxes. In the next sections we will see that something similar holds for other
vacua with integer conformal dimensions.
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x0 x1 x2 x y1 y2 y3 y4 y5 y6
N D2 ⊗ ⊗ ⊗
M1 D6 ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗
M2 D6 ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗

Table 4. D2- and D6-brane domain walls.

3.2.2 Scale separated AdS4 vacua in massless IIA string theory

We can proceed similarly for scale-separated AdS4 vacua without Romans mass. These are
obtained by performing two T-dualities on massive DGKT and then re-scaling fluxes to get
a solution under control [4, 33]. The internal manifold will now have curvature becoming
a more general SU(3) structure manifold. The flux distribution is anisotropic, with only
unbounded flux on 2 out of 3 2-tori in the toroidal case. That is why we now write explicitly
vols = u1u2u3. There is unbounded F6-flux, both bounded F2-flux (F2,1) and unbounded
F2-flux (F2,2, F2,3), a curvature R contribution and again there are O6-planes. The scalar
potential is given by

V = 1
s3

[
AF6

1
su1u2u3

+AF2,1
u2u3
su1

+AF2,2
u1u3
su2

+AF2,3
u1u2
su3

+AR
su1
u2u3

−AO6

]
, (3.26)

with Kähler potential
K = − log u1u2u3 − 4 log s. (3.27)

Conformal dimensions do not change under T-duality:

∆1,2,3 = 6, ∆4 = 10. (3.28)

Letting F6 ∼ N , F2,2 ∼M1 and F2,3 ∼M2, it follows that

c ∼ N
3
2M

3
2

1 M
3
2

2 , gs ∼ N
1
4M

− 3
4

1 M
− 3

4
2 , volS ∼ N

3
2M

− 1
2

1 M
− 1

2
2 . (3.29)

For N large enough compared to M1 and M2, the coupling will be strong and this solution
can be uplifted to M-theory. The first dimension-6 operator can then be interpreted as
being dual to the (7d) internal volume.

Now we change the F6-flux for D2-branes, and the unbounded F2-fluxes for D6-branes
wrapped on 4-cycles, as in Table 4.

The following near-horizon geometry can be read off:

ds2
NH = α′

[
N

1
2M

1
2

1 M
1
2

2 ds
2
X4 +N

1
2M

− 1
2

1 M
− 1

2
2 (dy2

1 + dy2
2)

+N
1
2M

− 1
2

1 M
1
2

2 (dy2
3 + dy2

4) +N
1
2M

1
2

1 M
− 1

2
2 (dy2

5 + dy2
6)
]
,

(3.30)

with
gs ∼ N

1
4M

− 3
4

1 M
− 3

4
2 ,

L2
KK

L2
H

∼ maxi(M−1
i ), (3.31)

fully in accordance with the scalings from the scalar potential (3.29).
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3.2.3 Other parametric AdS4 vacua

These large N scalings from domain walls do not only work out for scale-separated vacua
as in the examples above, but also for more general 4d examples with parametric control
without scale separation. A simple example is obtained by imposing isotropy u1 = u2 = u3
in the potential of the last section, so that

V = 1
s3

[
AF6

1
su3 +AF2

u

s
+AR

s

u
−AO6

]
, (3.32)

and then the only unbounded flux will be F6 ∼ N . The conformal dimensions are now

∆1 = 6, ∆2 = 11/3. (3.33)

The scalings are
c ∼ N

3
2 , gs ∼ N

1
4 , volS ∼ N

3
2 , (3.34)

which coincide with the scalings (3.5), (3.6), (3.10) for one stack of N D2-branes in 4d.
There is clearly no scale separation,2 as can be seen from the near-horizon geometry as well,

ds2
NH = α′

[
N

1
2ds2

X4 +N
1
2 (dy2

1 + dy2
2 + dy2

3 + dy2
4 + dy2

5 + dy2
6)
]
. (3.35)

Reference [35] classifies 2-moduli scalar potentials for asymptotic 4d N = 1 flux vacua.
For the AdS vacua they obtain near infinite distance singularities, we observe that

∆1 = 6, ∆2 is rational. (3.36)

Moreover, the central charge is always given by

c ∼ N
3k
2 , (3.37)

with N an unbounded flux and k some positive integer. With (3.10), this suggests that
these vacua can be obtained in the near-horizon limit of k stacks of D-brane domain walls.
The string coupling and internal volume scale accordingly. We will report on this in more
detail in the future.

3.3 AdS3 vacua

3.3.1 Scale-separated AdS3 in massive IIA string theory

The vacua of [25] are scale-separated AdS3 vacua, from compactification of massive IIA
string theory on a G2 holonomy manifold. There are F4-, H3- and F0- fluxes, together with
O6-planes, and the scalar potential is:

V = AF4

u
1
2 s3

+ AF0u
7
2

s3 + AH3

u3s2 −
AO6u

1
4

s
5
2

, (3.38)

2Hence, the use of a 4d effective potential is strictly speaking not valid. Also, the large N limit corre-
sponds to strong coupling in this case, which means that these IIA solutions should be uplifted to M-theory
to be reliable.
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t x1 x y1 y2 y3 y4 y5 y6 y7
N1 D4 ⊗ ⊗ ⊗ ⊗ ⊗
N2 D4 ⊗ ⊗ ⊗ ⊗ ⊗
N3 D4 ⊗ ⊗ ⊗ ⊗ ⊗
N4 D4 ⊗ ⊗ ⊗ ⊗ ⊗
N5 D4 ⊗ ⊗ ⊗ ⊗ ⊗
N6 D4 ⊗ ⊗ ⊗ ⊗ ⊗
N7 D4 ⊗ ⊗ ⊗ ⊗ ⊗

Table 5. D4-brane domain walls for scale-separated AdS3.

with A2
O6 = 12 · Af0 · Ah0 , and where u7/2 = volS and s = e−2φvolS .3 The conformal

dimensions are irrational

∆ = 1 +

√
191± 8

√
277

7 . (3.39)

With F4 ∼ N , we find from (3.38) that

c ∼ N4, gs ∼ N−3/4, volS ∼ N7/4. (3.40)

There are such F4-fluxes on seven different 4-cycles, and interchanging them for D4-branes
wrapped on the dual 3-cycles, we find the system of Table 5.

There should be further domain walls from NS5-branes and D8-branes, dual to the
bounded H3 - and F0-fluxes. If there is indeed an AdS3 × T7 geometry in the near-horizon
limit of this set of domain walls, the schematic flux dependence should be like

ds2
NH = α′

[
(N1 · · · · ·N7)

1
2ds2

X3 + (N1N4N6)−
1
2 (N2N3N5N7)

1
2dy2

1 + . . .
]

= α′
[
N

7
2ds2

X3 +N
1
2 (dy2

1 + dy2
2 + dy2

3 + dy2
4 + dy2

5 + dy2
6 + dy2

7)
]
,

(3.41)

with Ni = N, i = 1, . . . 7. The string coupling (3.5) would be

gs = (N1 · . . . ·N7)−
1
4 = N−

7
4 , (3.42)

and the internal volume is

volS = (N1 · . . . ·N7)
1
4 = N

7
4 . (3.43)

Finally, the central charge would be

c = N1 · . . . ·N7 = N7. (3.44)

Remarkably, the scalings of the central charge and the string coupling, derived from the
brane system do not match with (3.40). Given that each of the seven internal lengths
should scale in the same way with N [25], and taking into account that each pair of stacks
of D4-branes should have 0 or 4 relative transverse directions [33], the set-up of Table 5

3To make contact with the notation in [25]: u = e
φ
2 +2βv, s = e− φ

4 +7βv.

– 11 –



J
H
E
P
0
5
(
2
0
2
3
)
0
4
0

t x1 x y1 y2 y3 y4 y5 y6 y7
N D1 ⊗ ⊗

Table 6. D1-brane domain walls for parametric AdS3.

is the only possible set-up consisting of orthogonally-intersecting D4-branes. Given the
irrational dimensions (3.39) for these vacua, it seems that this simple holographic set-up
with orthogonal D-branes, dual to fluxes, only works for vacua with integer conformal
dimensions, which go together with the polynomial shift symmetries discussed in section 2.

3.3.2 Parametric AdS3 vacua in IIB string theory

To stress that this failure to obtain the scalings from the near-horizon geometry of a
simple system of orthogonally-intersecting branes is not generic to asymptotic vacua in
3d, we mention another example: AdS3 vacua from compactification of IIB string theory
on G2-structure manifolds (so with curvature R) [27] with F7-, F3-fluxes and O5-planes
and possibly D5-branes. These do not allow scale separation, but the moduli can take
parametric values. The scalar potential equals

V = AF7

u
7
2 s3

+ AF3u
1
2

s3 + AR
us2 −

AO5/D5

u
1
4 s

5
2
, (3.45)

with A2
O5/D5 = 16AF3 ·AR/3. The conformal dimensions are now integer and rational

∆1 = 4, ∆2 = 20
7 .

(3.46)

Choosing F7 ∼ N , the scalings

c ∼ N, gs ∼ N1/2, volS ∼ N7/4. (3.47)

from the scalar potential (3.45). These coincide with the scalings (3.5), (3.6), (3.10) for N
D1-domain walls in 3d, see Table 6.

4 Conclusions

The holographic duals of the DGKT vacua are remarkable, in the sense that their spectrum
consists of integer dimensions and that the scaling of the central charge c ∼ N9/2 is unseen
in any well-understood holographic set-up. We have observed, however, that the DGKT
scalings are consistent with the large N near-horizon limit of three intersecting stacks of
N D4-branes wrapped on 2-cycles. Similarly, the scalings in the scale-separated vacua in
massless IIA, obtained after twice T-dualizing the original DGKT vacua [4], are consistent
with the near-horizon geometry of one stack of D2-branes and two stacks of D6-branes
wrapped on 4-cycles.

More generally, for AdS vacua in (d + 1) dimensions with minimal supersymmetry
and an unbounded flux proportional to N , and where the conformal dimensions take spe-
cific values

∆1 = 2d, ∆2 is rational, (4.1)
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the scalings of the central charge and the moduli deduced from the scalar potential agree
with those of a near-horizon geometry of O(N) D-brane domain walls as N →∞, whereas
this does not seem the case for vacua with irrational dimensions. Hence, for AdS vacua
satisfying (4.1), a dual field theory might be found on this set of orthogonally intersecting
D-branes dual to the fluxes. Also, the integer dimension ∆1 = 2d signals the presence of a
level d polynomial shift symmetry for the corresponding field.

The scale-separated AdS3 vacua are unlike their 4-dimensional DGKT counterparts,
despite being built from similar ingredients, with irrational dimensions and scalings that
cannot be obtained from orthogonal D4-domain walls. Moreover, a massless version
(F0 6= 0) does not exist here [36], preventing an M-theory uplift [37]. Future research
will clarify the origin of the failed scalings for the AdS3 vacua and whether they imply
any inconsistency.
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