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Scale separation: Definition and
current status



Hiding the extra dimensions

10d spacetime = ×

4d world Compact X6

• Cosmological constant Λ

=⇒ R(A)dSMp ∼ |Λ|−1/2

• Kaluza-Klein scale MKK ∼ Ms
Vol1/6

X6

(and winding scale)

Scale separation: R(A)dSMKK ≫ 1
2
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Hiding the extra dimensions

10d spacetime = ×
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DGKT in type IIA [DeWolfe, Giryavet, Kachru, Taylor, ’05]

• X6 = T 6/(Z3×Z3) =⇒ h2,1 = 0 & let us forget twisted moduli

ta ∝
√
|ê1ê2ê3|
|êa|
√

m
with êa ≡ ea −

1
2
Kabcm

bmc

m

Tadpole: dG2 = G0H + QO6δO6

=⇒ Flux quanta ea, ma unconstrained

êa ∼ n

ta ∼ n
1
2 , VolX6 ∼ n

3
2 , eϕ ∝ (Kabct

atbtc)− 1
2 ∼ n− 3

4 , eϕ4 ∼ n− 3
2

Good control: n→∞ =⇒ large volume/weak coupling
4
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DGKT in type IIA [DeWolfe, Giryavet, Kachru, Taylor, ’05]

MKK
Mp

∝ eϕ4

max
√

ta
∼ n− 7

4 ,
MW
Mp

∝ eϕ4 min
√

ta∼ n− 5
4

Λ ∝ −3eK |W |2∼ n− 9
2

RAdSMKK ∼ n
1
2 , and RAdSMW ∼ n

Susy AdS:
• Moduli stabilised
• Controlled regime
• Scale separation
• Pert. stable

Generalisable:
• Metric fluxes [Camara, Font, Ibáñez ’05]

[Derendinger, Kounnas, Petropoulos, Zwirner ’05] [Villadoro,

Zwirner ’05]

• Arbitrary CY, Non-susy [Narayan, Trivedi ’10]

[Marchesano, Quirant ’19]

• AdS3 [Farakos, Morittu, Tringas ’23] 5
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Smearing

10d uplift of DGKT cannot be CY

O6-planes are diluted in compact space [Acharya, Benini, Valandro ’07]

smearing
−−−−→

δO6(y⃗) ∝
∑

k⃗

eik⃗·y⃗ = 1 +
∑
k⃗ ̸=0⃗

eik⃗·y⃗ −→ 1

DGKT lifts to 10d with smeared sources
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Status of scale separation
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Status of scale separation [DeWolfe, Giryavets, Kachru, Taylor ’05]

DGKT
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Status of scale separation [Banks, van den Brock ’07][McOrist, Sethi ’12]

DGKT

Smearing
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Status of scale separation [Junghans ’20]

[Marchesano, Palti, Quirant, Tomasiello ’20]

DGKT

Smearing
Localisation
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Status of scale separation [D. Lust, Palti, Vafa ’19]

DGKT

Smearing
Localisation

Swampland
Strong AdSDC
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Status of scale separation [Buratti, Calderon, Mininno, Uranga ’20]

DGKT

Smearing
Localisation

Swampland
Strong AdSDC

Refinements
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Status of scale separation [Polchinski, Silverstein ’09] [Montero, Rocek, Vafa

’23] [Collins, Jafferis, Vafa, Xu, Yau ’22] [Apers, Conlon, Ning, Revello ’22] ...

DGKT

Smearing
Localisation

Swampland
Strong AdSDC

Refinements

Holography

7



Status of scale separation

DGKT

Smearing
Localisation

Swampland
Strong AdSDC

Refinements

Holography

????????????????????

7



Status of scale separation

DGKT

Smearing
Localisation

Swampland
Strong AdSDC

Refinements

Holography

????????????????????

New families

7



New families: Motivations



New families: Double T-duality [Banks, Van Den Broek ’06]

• We consider (T 2)3/Γ

ê1 ∼ n2r , ê2, ê3 ∼ nr+s (DGKT was r = s = 1
2)

=⇒ t1 ∼ ns t2, t3 ∼ nr

RAdSMKK ∼ nmin{r, 1
2 (r+s)} , RAdSMW ∼ nmin{r+s, 1

2 (3r+2s)}

• Scale separation: r > 0, r + s > 0

• Weak coupling: r + s
2 > 0

Can be satisfied even when s < 0 ←→ shrinking torus factor

8
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Where T-duality brings us

• KK = − log
(
iκ(T 1 − T̄ 1)(T 2 − T̄ 2)(T 3 − T̄ 3)

)
, κ = K123

• KQ(��T a)

Double T-duality for a = 1: T 1 7→ − 1
T 1

KK 7→ KK + log |T 1|2

Kähler transf.: KK 7→ KK − F − F̄ , W 7→ eF W , F = log T 1

WRR = e0 + eaT a + 1
2Kabcm

aT bT c + m
6 KabcT

aT bT cy
WRR = T 1 (

e0 + e2T 2 + e3T 3 + κm1T 2T 3)
− e1 − κm2T 3 −

κm3T 2 − κmT 2T 3

9



Where T-duality brings us

• KK = − log
(
iκ(T 1 − T̄ 1)(T 2 − T̄ 2)(T 3 − T̄ 3)

)
, κ = K123

• KQ(��T a)

Double T-duality for a = 1: T 1 7→ − 1
T 1

KK 7→ KK + log |T 1|2

Kähler transf.: KK 7→ KK − F − F̄ , W 7→ eF W , F = log T 1

WRR = e0 + eaT a + 1
2Kabcm

aT bT c + m
6 KabcT

aT bT cy
WRR = T 1 (

e0 + e2T 2 + e3T 3 + κm1T 2T 3)
− e1 − κm2T 3 −

κm3T 2 − κmT 2T 3

9



Where T-duality brings us

• KK = − log
(
iκ(T 1 − T̄ 1)(T 2 − T̄ 2)(T 3 − T̄ 3)

)
, κ = K123

• KQ(��T a)

Double T-duality for a = 1: T 1 7→ − 1
T 1

KK 7→ KK + log |T 1|2

Kähler transf.: KK 7→ KK − F − F̄ , W 7→ eF W , F = log T 1

WRR = e0 + eaT a + 1
2Kabcm

aT bT c + m
6 KabcT

aT bT cy
WRR = T 1 (

e0 + e2T 2 + e3T 3 + κm1T 2T 3)
− e1 − κm2T 3 −

κm3T 2 − κmT 2T 3

9



Where T-duality brings us

WNS = hµUµy
WNS = hµUµT 1

• Quadratic term mixing Uµ and T 1

H-flux 7→ Metric fluxes (rank-one)

Lost Romans mass but price to pay: Depart from CY

10



Back to 4d setup

WRR, WNS = hµUµ + faµT aUµ

faµ ∈ Z ←→ metric fluxes:

dωa = −faµβµ, dαµ = −faµω̃a

Tadpole: [mafaµ + mhµ + mfaµba] βµ + Nαδα
D6 − 4δO6 = 0

=⇒ e fluxes (G4 and G6) are not constrained
=⇒ the ma’s (G2) not involved in mafaµ either

Generalizes the toroidal construction of [Cribiori, Junghans, Van

Hemelryck, Van Riet, Wrase ’21]: Iwasawa −→ Ell. fibred CY

11
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4d setup: Bilinear magic

VF = ρAZABρB

[Bielleman, Ibañez, Valenzuela ’15][Carta, Marchesano, Staessens, Zoccarato ’16][Herraez,

Ibañez, Marchesano, Zoccarato ’18]

• ZAB depends only on saxions

• The ρA’s are flux-axion polynomials

−→ depend on fluxes and axions

Facilitates systematic search for vacua [Escobar, Marchesano, Staessens

’18][Escobar, Marchesano, Staessens ’19][Marchesano, Quirant ’19][Marchesano, Prieto,

Quirant, Shukla ’20][Marchesano, Prieto, Wiesner ’21]
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New families: More details



4d setup: Bilinear magic

F-term ansatz [Marchesano, Prieto, Quirant, Shukla ’20]:

⟨DT aW, DUµW ⟩vac = ⟨λK∂T aK, λQ∂UµK⟩vac

ρa = ℓ−1
s P ∂aK ,

Kabρ̃
b + ρaµuµ = ℓ−1

s Q ∂aK ,

ρµ = ℓ−1
s M ∂µK ,

taρaµ = ℓ−1
s N ∂µK ,

Branch

Parameters
P ℓsρ0 Q ℓsρ̃ = m M

SUSY Free −3
2N N −10P

K −2
3P

non-SUSY
0

−N
2

(
1− 12

S

)
N 0 4P

S+N
2

−N
2

13
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Massless solutions

SUSY: Q = N , ℓsρ0 = −3
2N ,

non-SUSY: Q = N , ℓsρ0 = 3
2N .

AdS vacua with V |vac = −12eKQ2

10d interpretation:

• Half-flat (W1,W2,W3) with W3 = 0

• Complements [Marchesano, Prieto, Quirant, Shukla ’20] where the
geometry was nearly-Kähler (W1 ̸= 0)

14
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Vacuum equations

Metric flux Ansatz: faµ = σaσµ −→ rank 1

=⇒ Closed expr. for stabilised axions and Q(fluxes), which sets
vacuum energy

Saxions:

Jabt
b|vac = Q

[
4 σa

σata − 3Ka
K

]
, Q∂µK|vac = σµσata

Ka ≡ Kabct
btc

• To generate infinite families of sol.: Scaling symmetries

15
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Exact scaling symmetries

If Kabc = σ(aηbc), ηab = ηba,
∑

a

σaηab = 0

Q ∼ n2r, mbηbc ∼ nr−s, maσa ∼ const., with r ≥ s ≥ 0

=⇒ tbηbc ∼ nr, taσa ∼ ns

And scale separation RAdSMKK ∼ n
1
2 (r−s) (gs ∼ n−r+ 3

2 s)

• X6 = (T 2×̃X4)/Γ

X4 = T 4 [Cribiori, Junghans, Van Hemelryck, Van riet, Wrase ’21]

or X4 = K3 [Caviezel, Koerber, Kors, Lurs, Tsimpis, Zagermann ’09]

=⇒ Closed expressions for saxions
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Ell. fibred: Approximate scaling symmetries

Kabc more involved, scale sep. still possible?

KLab = ηab , KLLa = ηabc
b , KLLL = ηabc

acb , Kabc = 0

• Exact sym. if

ma ∼ nr−s , mL ∼ const. , Q ∼ n2r , ca ∼ nr−s

• Hint for approx. scaling corrected by ϵa ≡ ca

ma ∼ ns−r

−→ Saxions as expansions in ϵ

tL = tL
(0)

(
1 + ∆L +O(ϵ2)

)
, ta = ta

(0) −
5
3

tL
(0)

mL

(
∆a + ma∆L +O(ϵ)

)

∆L = −(ctηm)mL

2(mtηm) , ∆a = 4
5camL

17
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Perturbative stability

Compute Hessian (∂∂V ) and diagonalize

−→ very involved computation!!

But analytical expression is found!

−→ Diagonal complex structure sector

Factorised cases:

m2
s

|mBF|2
=

(
8,

280
9 , 8,−8

9

)
,

SUSY: m2
a

|mBF|2 = (40
9 , 352

9 , 40
9 , 0)

non-SUSY: m2
a

|mBF|2 = (−8
9 , 160

9 , 160
9 , 0)

Multiplicities (1, 1, h1,1
− (X6), h2,1(X6))

Universal DGKT spectrum [Marchesano, Quirant ’19]

18
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Factorised cases:

m2
s

|mBF|2
=

(
8,

280
9 , 8,−8

9

)
,

SUSY: m2
a

|mBF|2 = (40
9 , 352

9 , 40
9 , 0)

non-SUSY: m2
a

|mBF|2 = (−8
9 , 160

9 , 160
9 , 0)

Multiplicities (1, 1, h1,1
− (X6), h2,1(X6))

Universal DGKT spectrum [Marchesano, Quirant ’19]
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Some numerics

Simple elliptically fibered models:

−→ T-duals of P(1,1,1,6,9) (h1,1 = 2) and P(1,1,2,8,12) (h1,1 = 3)

• Confirm the existence of infinite families

• Check analytics of approximate scaling symmetry

• Compute masses when not possible analytically

• Crosscheck of our analytical Hessian
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Some numerics
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Conclusions

• Scale separation needed to justify 4d EFT ×

• Status uncertain in string theory

−→ Progress on source localisation and past worries

−→ Bottom-up constructions clashes with Swampland and
holography

• We proposed new families of sol. in massless type IIA based
on elliptically fibered CY with metric fluxes
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Outlooks

• O-plane backreaction [Junghans ’20][Marchesano, Palti, Quirant, Tomasiello ’20]

• Strong coupling regime to study M-theory uplift

RAdSMKK ∼ n
1
2 (r−s) and gs ∼ n−r+ 3

2 s

So r > s while r < 3
2s =⇒ Scale sep. and strong coupling

• In [Cribiori, Junghans, Van Hemelryck, Van Riet, Wrase ’21] backreaction makes
F2 closed and suggest a sourceless M-theory uplift geometry

See also recently: [Van Hemelryck ’24]

• Interesting to challenge conjecture in [Collins, Jafferis, Vafa, Xu, Yau

’22]: “KK scale cannot be decoupled from internal curvature”

−→ But sourceless scale sep. only possible if it is the case
[Gautason, Schillo, Van Riet, Williams ’15] 22
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Thank you for your attention!
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