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Figure: Schematic illustration of the hierarchy of scales in compactifications
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Condition to estimate the existence of a large energy gap between the
extra-dimensional states of the fields and the vacuum energy of the EFT.
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Scale separated 4D constructions

▶ First explicit construction by DeWolfe,Giryavets,Kachru,Taylor ’05;
Camara, Font, Ibanez ’05

"Parametric scale-separated classical 4d AdS solution from IIA "

see earlier related constructions: Behrndt, Cvetic ’04; Derendinger,
Kounas, Petropoulos, Zwirner ’04

▶ Attempts followed to better understand DGKT:
Acharya, Caviezel, Koerber, Ihl, D. Lüst, Petrini, Solard, Saracco,
Tomasiello, Tsimpis, Van Riet, Wrase, Zagermann... (2005–2019)
using dualities, 10D perspective, more general compactification spaces.

▶ Early criticism: McOrist, Sethi ’12 regarding smearing of local sources
etc.
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Recent developments
▶ Parametric scale-separated classical AdS3 from IIA Farakos, G.T, Van

Riet ’20; Van Hemelryck ’22;

▶ Progress on localization Junghans ’20, ’23, Marchesano, Tomasiello,
Quirant ’20, Emelin, Farakos, G.T ’21, Andriot, GT ’23, Emelin ’24

▶ Progress in M-theory Cribiori, Junghans, Van Hemelryck, Van Riet,
Wrase ’21; Van Hemelryck ’24

▶ Scale-separated AdS3 solutions from IIB Arboleya, Guarino, Morittu ’24;
Van Hemelryck ’25

▶ Anisotropic scale-separated 3d and 4d solutions Carrasco, Coudarchet,
Marchesano, Prieto ’23, Farakos, Morittu, G.T ’23; G.T ’23 Farakos, G.T.
’25

▶ Scale separation in arbitrary dimensions G.T, Wrase ’25

▶ CFT study: Conformal dimensions, brane limits etc Apers, Conlon,
Montero, Ning, Revello, Valenzuela, Van Riet, Wrase ’20-’25
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Our scope

Starting point

▶ Classical scale-separated AdS3 vacua from massive IIA

▶ Dual conformal dimensions with interesting behavior

▶ Constructed with fluxes and smeared sources O2/D2, O6/D6

▶ Parametrically controlled solution due to unbounded F4 flux
Scope

▶ Perform dualities and study the dual and other families of vacua
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New scale separated solutions

Scale-separated AdS3 type IIA
Farakos, G.T. ’25

Type I

3 T-dualities

Classical Dual to classical IIA Strongly
coupled

AdS3 Heterotic SO(32)

S-duality
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massive IIA
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Toroidal orbifold
This the the associative 3-form of G2

Φ = e127 − e347 − e567 + e136 − e235 + e145 + e246 ,

with Φ =
∑7

i
siΦi. In this example we have G2-holonomy:

dΦ = 0 , dΨ = 0 .

The internal space is a seven-torus modded out by orbifold group
Γ = {Θα, Θβ , Θγ}, see [Joyce ’96]:

X7 = T 7

Z2 × Z2 × Z2

For our orbifold group Γ we use the following Z2 involutions

Θα : (y1, . . . , y7) → (−y1, −y2, −y3, −y4, y5, y6, y7) ,

Θβ : (y1, . . . , y7) → (−y1, −y2, y3, y4, −y5, −y6, y7) ,

Θγ : (y1, . . . , y7) → (−y1, y2, −y3, y4, −y5, y6, −y7) ,
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O2/O6-planes

▶ Consider O2 plane and require their orbifold image to be a physical object:

σO2 : yi → −yi , σO6i : σO2Γ

y1 y2 y3 y4 y5 y6 y7

O6α ⊗ ⊗ ⊗ ⊗ – – –
O6β ⊗ ⊗ – – ⊗ ⊗ –
O6γ ⊗ – ⊗ – ⊗ – ⊗
O6αβ – – ⊗ ⊗ ⊗ ⊗ –
O6βγ – ⊗ ⊗ – – ⊗ ⊗
O6γα – ⊗ – ⊗ ⊗ – ⊗
O6αβγ ⊗ – – ⊗ – ⊗ ⊗

Table: Localized positions "-" and the warped directions ⊗ for O6-planes
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3D effective theory

▶ Performing a dimensional reduction from massive IIA

e−1L = 1
2R3 − GIJ ∂φI∂φJ − V (φI) , φI = υ, ϕ, s̃1, . . . , s̃6

with scalar potential

V = VH + VF6 + VF0 + VO6

▶ Scalar potential in 3D supergravity:

V = GIJ ∂IP ∂J P − 4P 2

▶ The relevant superpotential

P = 1
4vol(X)2

∫
X

(
e− ϕ

2 ⋆ Φ ∧ H3 + e
ϕ
4 Φ ∧ F4 + e

5
4 ϕ ⋆ F0

)
.
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Tadpoles
The fluxes H3 and F4 are expanded on the Φi and Ψi basis

H3 =
7∑

i=1

hiΦi , F4 =
7∑

i=1

f i Ψi , F0 = m0 .

▶ The integrated Bianchi identities

0 =
∫

3i

H3 ∧ F0 +
∫

3i

µO6J3

0 =
∫

7
H3 ∧ F4 +

∫
7

µO2/D2J7

▶ Fluxes ansatz

f i = (−N, −N, −N, −N, −N, −N, +6N)

hi = h(1, 1, 1, 1, 1, 1, 1)

▶ Because hifi = 0, the tadpole cancellation is satisfied while F4 flux is
unbounded.
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New flux configuration

▶ Consider the following flux configuration

F4 = − N (Ψ2 + Ψ5 + Ψ6 + Ψ7)
+ (Q + G)Ψ1 + (Q + G)Ψ3 + (Q − 2G)Ψ4

H3 =h (Φ1 + Φ3 + Φ4) ,

F0 =m0 ,

▶ The tadpole

0 =
∫

(F N
4 + F Q

4 + F G
4 ) ∧ H3 +

∫
(µO2 + µD2)J7 ,

is satisfied in the following way

F N
4 ∧ H3 = 0

F Q
4 ∧ H3 = 0

F G
4 ∧ H3 = (µO2 + µD2)J7 → 0 = 3Qh + (16 − ND2)
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type I
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T-dualizing scale-separated AdS from massive IIA

▶ T-duality along the directions y5, y3, and y2.

▶ The F4 flux and Romans mass become

F7 = − Gdη1 ∧ · · · ∧ dη7

F3 = + NΦ̂1 + NΦ̂3 + NΦ̂4 − m̃0Φ̂5

− (Q + G)Φ̂6 − (Q + G)Φ̂7 − (Q − 2G)Φ̂2

▶ The three NSNS fluxes give the following metric fluxes

H127 ↔ −τ2
17 ≡ h , H567 ↔ τ5

67 ≡ −h , H136 ↔ −τ3
16 ≡ h ,

respect the Maurer-Cartan equation

dηa = −1
2τa

bcηb ∧ ηc ,

and ηi are the coordinates of the twisted torus.
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Internal space of the dual type I theory

▶ The internal space is co-closed G2

dΦ̂ = W1 ⋆ Φ̂ + W27 , d ⋆ Φ̂ = 0 ,

▶ The fluxes satisfy the following conditions

dF7 = 0 , dF closed
3 = 0 , dF non-closed

3 ̸= 0 ,

the relevant Bianchi identity is

dF non-closed
3,i = µO5J4,i .

▶ We have already constructed the relevant N = 1 3D supergravity in
Emelin, Farakos, G.T. ’21

P = 1
4vol(X)2

∫
X

(
e− ϕ

2 F7 − e
ϕ
2 ⋆ Φ̂ ∧ F3 + 1

2Φ̂ ∧ dΦ̂
)

.
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Sources in dual type I



O2/D2 − − − − − − −
O6α × × × × − − −

O6β/D6β × × − − × × −
O6γ/D6γ × − × − × − ×

O6αβ − − × × × × −
O6βγ − × × − − × ×

O6γα/D6γα − × − × × − ×
O6αβγ/D6αβγ × − − × − × ×


→



O5′
αβγ/D5′

αβγ − × × − × − −
O5βγ × − − × × − −

O5γα/D5γα × − × − − × −
O5αβ/D5αβ × × − − − − ×

O5γ − × − × − × −
O5α − − − − × × ×

O5β/D5β − − × × − − ×
O9/D9 × × × × × × ×


Figure: Mapping of type IIA O-planes/D-branes under three T-dualities.
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Supersymmetric solution

Solving the supersymmetric equations ∂IP = 0 for I = υ, ϕ, s̃1 , . . . , s̃6 :

▶ The string-frame 3-cycles are stabilized by fluxes:

s1 = s3 = s4 =
(

4G3Q3N

m̃0(2G − Q)(G + Q)2(2G + Q)3

)1/4

,

s2 = 4G2 − Q2

2NQ
s3 , s5 = m̃0

2N
s3 , s6 = (G + Q)(2G + Q)

NQ
s̃3 = s7 .

▶ The string coupling :

eϕ = h

2(G + Q)

√
m̃0GQ(2G + Q)

N3(2G − Q) .

▶ The vacuum expectation value:

⟨V ⟩ = −4P 2 = − h6m̃4
0(Q + 2G)6

212(2G − Q)2(Q + G)4
1

G2N6 .
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Parametric regimes

Parametrically we find the following ratios:

⟨V ⟩
m2

KK,{1,6,7}
∼ 1

N
,

⟨V ⟩
m2

KK,{2,3,5}
∼ 1

N2 ,
⟨V ⟩

m2
KK,4

∼ G4

N3 .

Families of solutions

▶ Classical solution with scale separation:

G
10
3 ≪ G2N ≪ G ≪ G2N3 .

▶ Weak coupling, a shrinking dual s5 cycle and scale separation:

G ≪ G2N and N3G−3 ≪ G2 ≪ GN
1
3 and G4 ≪ N3 .

▶ Strong coupling, all cycles large and scale separation:

G6 ≪ G2N3 ≪ G .
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Conformal dimensions

For the mass eigenvalues we find

m2L2 =
{

8Q(2G + 3Q)
(2G + Q)2 , 8, 8, 8, 8, e1(Q, G), e2(Q, G), e3(Q, G)

}
,

they can be expanded for G ≫ 1 to reproduce the IIA results

e1(Q, G) = 48 + 35Q2

3G2 + O
(
G−3)

,

e2(Q, G) = −4Q

G
+ 22Q2

3G2 + O
(
G−3)

,

e3(Q, G) = 3Q2

G2 + O
(
G−3)

.

8Q(2G + 3Q)
(2G + Q)2 = 4Q

G
+ . . .

while finally the conformal dimensions are given by

∆ = 1 +
√

1 + m2L2
∣∣
G→∞

= {8, 4, 4, 4, 4, 2, 2, 2} .
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Heterotic S-dual

We perform the S-duality to the strongly coupled type I solution:

F3 → H3 , F7 → H7 , ϕ(I) → −ϕ(HET ) ,

and find the superpotential

P = 1
4vol(X)2

∫
X

(
e− ϕ

2 H7 − e
ϕ
2 ⋆ Φ̂ ∧ H3 + 1

2Φ̂ ∧ dΦ̂
)

.

which matches with the superpotential found in de la
Ossa–Larfors–Magill–Svanes from 10d heterotic truncation on G2.

dH non-closed
3,i = µONS5/NS5J4,i .
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Conclusion

Summary

▶ We performed three T-dualities to scale separated AdS3 from massive
type IIA. The dual theories maintain the same characteristic.

▶ Apart from the dual theory with shrinking cycles, we found classical type I
solutions and strong coupling ones.

▶ The strong coupling type I leads to classical scale separated AdS3 in
Heterotic SO(32) supergravity.
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Thank you!
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