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Compactification in a nutshell

Core idea
String theory naturally lives in ten spacetime dimensions. Compactification means that some
spatial directions are curled into a compact internal space that is too small to be directly
resolved at low energies.

A typical product ansatz is
M10 ≃ Md × X10−d,

where Md is the non-compact spacetime and X10−d is the internal compact geometry.

At energies below the Kaluza–Klein scale,

E ≪ mKK ∼ 1
LKK

,

only the light zero modes are visible, giving an effective d-dimensional theory.
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What does compactification produce?

Geometric data
internal radii and volumes,
complex-structure and Kahler moduli,
cycles supporting fluxes and branes.

Physical data
string coupling gs,
scalar potential V (ϕ),
cosmological constant Λ,
masses of moduli and KK towers.

The central technical task is moduli stabilization: fixing the continuous geometric parameters
so that the vacuum is not runaway.
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Flux compactifications: why fluxes and sources enter

Fluxes are quantized field strengths threaded through internal cycles. They generate a scalar
potential for moduli.

In type IIA examples, one commonly uses

F0, F2, F4, F6, H3,

plus localized ingredients such as D-branes and orientifold planes.

Role in this paper
The paper starts from massive type IIA AdS4 constructions and adds an extra S1 direction.
New fluxes and D6/O6 source contributions are introduced so that the extra circle is stabilized
instead of decompactifying or collapsing.
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Scale separation

Definition
A compactification is scale-separated when the internal KK scale is parametrically higher than
the curvature scale of the lower-dimensional spacetime.

For AdS vacua, this means

LKK
LAdS

→ 0 ⇐⇒ mKKLAdS → ∞.

This is valuable because it gives a genuine lower-dimensional EFT: the AdS curvature is much
softer than the excitation scale of the compact space.

Without scale separation, the compactification is not cleanly lower-dimensional.
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The Swampland pressure point

The Swampland program asks which low-energy EFTs can arise from quantum gravity.
If quantum gravity is the hidden treasure, the Swampland program is not the treasure itself,
but a map that tells us which apparent paths are dead ends.

Scale-separated supersymmetric AdS vacua are controversial because several conjectural or
semi-general arguments suggest that they may be absent, rare, or strongly constrained.

AdS Distance Conjecture intuition
As Λ → 0 in AdS, a tower of states should become light. A strong version suggests that the
tower scale tracks the AdS scale, obstructing parametric separation.

Λ → 0, mtowerLAdS
?∼ O(1).

If the KK tower is instead much heavier than 1/LAdS, the strong expectation is challenged.
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Question addressed by the paper

Can one construct controlled, supersymmetric, scale-separated AdS vacua
with extended supersymmetry?

Known examples before this work mostly involved minimal supersymmetry, especially in low
dimensions.

The paper proposes the first candidate examples combining:

AdS3 + N = 2 + scale separation + moduli stabilization.
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Construction: DGKT/CFI on a circle

The starting point is two known massive type IIA AdS4 flux-vacuum families:
DGKT: toroidal orbifold X6 = T 6

Z3×Z3
limit of a Calabi–Yau orientifold,

CFI: another toroidal-orbifold X6 = T 6

Z2×Z2
construction.

The paper compactifies one more direction:

X7 = X6 × S1,

and adds fluxes along or involving the extra circle.

Mechanism
The new flux/source sector stabilizes the circle modulus while preserving the desired
three-dimensional supersymmetry.
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Ten-dimensional and three-dimensional descriptions

The paper gives two complementary descriptions.

10D viewpoint
solve massive IIA Killing-spinor equations,
impose Bianchi identities,
include fluxes and D6/O6 source charges,
check scale separation directly.

3D EFT viewpoint
construct K and W ,
solve F-term equations DIW = 0,
match the 10D vacuum after field
rescalings,
analyze the scalar spectrum.
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Main scaling result

Take the large-F4 flux regime

|f | ∼ |f ′| ∼ N, N → ∞,

with other discrete parameters fixed.

The paper finds

Vol(X7) ∼ N7/4, gs ∼ N−3/4,
LKK
LAdS

∼ N−1/2.

Interpretation
Large N simultaneously gives large internal volume, weak string coupling, and parametric
KK/AdS separation.
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Extended supersymmetry result

The vacuum is argued to preserve three-dimensional N = 2 supersymmetry.

The 10D solution guarantees at least one 3D supersymmetry.
The 3D effective theory naturally contains the fields of N = 2 supergravity.
The vacuum solves the N = 2 F-term conditions.
This is not secretly an N = 1 vacuum produced by partial SUSY breaking from a gauging.

Why this is notable
Scale separation plus extended supersymmetry is more constrained than the minimal-SUSY
case, so this is the central novelty.
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Moduli and holographic data

Moduli stabilization
For the analyzed closed-string untwisted sector, the Hessian has nonzero determinant. This
supports full stabilization inside that restricted sector.

Putative dual CFT2

The scalar operator dimensions are reported to be non-integer, unlike earlier
DGKT/CFI-related four-dimensional cases where integer dimensions appeared.

Example pattern:

∆ ≈ {1.43, 2.43, 3.57, 4.57, 1.90, 3.18, 8.94, 2.90, 4.18, 7.94, . . .}.
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Connection to the Swampland

The proposed vacua put pressure on strong no-scale-separation expectations.

In the large-N limit,

LKK
LAdS

∼ N−1/2 ⇒ mKKLAdS ∼ N1/2 → ∞.

So the KK tower becomes parametrically heavier than the AdS curvature scale.

Swampland relevance
If these vacua are genuine string-theory solutions, they would be counterevidence to a
universal strong claim that supersymmetric AdS vacua cannot be scale-separated.
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Important caveats

The proposal is strong as a supergravity construction, but not yet a complete string-theory
theorem.

Key open issues:
sources are treated with smeared backreaction,
fully localized D6/O6 solutions are not constructed,
possible intersecting-source subtleties remain,
twisted sectors need analysis,
flux quantization, tadpoles must be checked model by model beyond isotropic ansaetze.

Critical reading: the paper gives compelling candidate vacua, not an unconditional proof that
the Swampland obstruction is false.
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Conclusions

1 Compactification reduces 10D string theory to a lower-dimensional EFT by hiding extra
dimensions in a compact space.

2 Scale separation means LKK/LAdS → 0, giving a clean low-energy AdS EFT.
3 We propose AdS3, N = 2 massive IIA vacua with

Vol(X7) ∼ N7/4, gs ∼ N−3/4, LKK/LAdS ∼ N−1/2.

4 The result is directly relevant to Swampland debates on whether supersymmetric AdS
scale separation is possible.

5 The decisive future test is localization/backreaction and the full moduli spectrum.
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