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A bit of context: motivating the problem
• Any non-supersymmetric AdS𝑑𝑑 is conjectured to be unstable.

Ooguiri, Vafa ’16

• It follows from applying a sharpened version of the WGC

• Shown to be satisfied in many examples Apruzzi, Bruno De Luca, Gnecchi, Lo Monaco, A. Tomasiello ’19; Bena, Pilch, 
Warner ’20; Suh ’20; Apruzzi, Bruno De Luca, Lo Monaco, Uhlemann ’21; 
Bomans, Cassani, Dibitetto, Petri ’21...

Compactifications of the form 𝐴𝐴𝑑𝑑𝑆𝑆4 × 𝑋𝑋6, with 𝑋𝑋6 admitting a CY metric, remain elusive 
(perturbatively stable)
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• First order uplift computed recently in Junghans ’20, Marchesano, Palti, Tomassiello, JQ ’20 
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• We will focus on the D8s. Results Junghans ’20, Marchesano, Palti, Tomassiello, Quirant ’20 will be important.
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• Study the spectrum of membranes with 𝑧𝑧 = 𝑧𝑧0. If 𝑇𝑇 ≥ 𝑄𝑄 decays are marginal or 
forbidden. If 𝑇𝑇 < 𝑄𝑄 potential non-perturbative instability.
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• Need an excess of 𝑁𝑁 space filling D6 branes on the interval [𝑧𝑧0,∞) satisfying 𝑁𝑁𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 −
𝑁𝑁𝑙𝑙𝑙𝑙𝑙𝑙𝑟𝑟 = |ℎ|, 𝑙𝑙𝑠𝑠−2𝐻𝐻 = ℎ [Π𝑂𝑂6]
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Coming from the 
DBI of the D6
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• Including 𝛼𝛼′ curvature corrections (important for the non-SUSY case):
𝑇𝑇𝐷𝐷𝐷total= 𝑇𝑇𝐷𝐷𝐷 + 𝐾𝐾𝑎𝑎

𝐹𝐹𝐷𝐷𝐷 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎 = 𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙

𝐾𝐾𝑎𝑎
(2) =

1
24

�
𝑋𝑋6
𝑐𝑐2 𝑋𝑋6 ∧ 𝜔𝜔𝑎𝑎,𝐾𝐾𝑎𝑎

𝐹𝐹𝐷𝐷𝐷 =
1
2
�
𝑋𝑋6
𝐹𝐹𝐷𝐷𝐷 ∧ 𝐹𝐹𝐷𝐷𝐷 ∧ 𝜔𝜔𝑎𝑎, 𝑇𝑇𝐷𝐷4𝑎𝑎 = 𝑒𝑒𝐾𝐾/2𝑡𝑡𝑎𝑎



• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Smearing uplift

Branes spanning 
(𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 𝑧𝑧 = 𝑧𝑧0

SUSY case.
• D4 wrapping 2-cycle [J], 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s wrapping 𝑋𝑋6 with 

space filling D6s, 𝑇𝑇 = 𝑄𝑄

Recap



• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Smearing uplift

Branes spanning 
(𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 𝑧𝑧 = 𝑧𝑧0

SUSY case.
• D4 wrapping 2-cycle [J], 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s wrapping 𝑋𝑋6 with 

space filling D6s, 𝑇𝑇 = 𝑄𝑄

Non-SUSY case 𝐺𝐺4 → −𝐺𝐺4
• D4 ?
• D8?

Recap



• Massive IIA on a CY orientifold with 𝐻𝐻 flux and RR internal fluxes:

�𝐺𝐺2 = 0,�𝐺𝐺0 =
1
𝑙𝑙𝑆𝑆
𝑚𝑚, �𝐺𝐺4 = −

3𝐺𝐺0
10

𝐽𝐽𝐶𝐶𝑆𝑆2 , �𝐺𝐺6 = 0

• We can play the same game with the new flux 𝐺𝐺4

AdS4 orientifold. Smearing. Non-SUSY



• Massive IIA on a CY orientifold with 𝐻𝐻 flux and RR internal fluxes:

�𝐺𝐺2 = 0,�𝐺𝐺0 =
1
𝑙𝑙𝑆𝑆
𝑚𝑚, �𝐺𝐺4 = −

3𝐺𝐺0
10

𝐽𝐽𝐶𝐶𝑆𝑆2 , �𝐺𝐺6 = 0

• We can play the same game with the new flux 𝐺𝐺4

𝑄𝑄𝐷𝐷4 = −𝑒𝑒𝐾𝐾/2 �
Σ
𝐽𝐽𝐶𝐶𝑆𝑆𝑄𝑄𝐷𝐷𝐷 = −

5
3
𝑒𝑒𝐾𝐾/2𝑉𝑉𝐶𝐶𝑆𝑆

D4 branes with vanishing worldvolume 
flux 𝐹𝐹 and 𝑄𝑄𝐷𝐷4 = −𝑒𝑒𝐾𝐾/2 ∫Σ 𝐽𝐽𝐶𝐶𝑆𝑆 =

𝑒𝑒
𝐾𝐾
2area Σ ≡ 𝑇𝑇𝐷𝐷4 → 𝑄𝑄 ≤ 𝑇𝑇

Agreement with Narayan, Trivedi ’10

Bound state of D8+D6s 
𝑄𝑄𝐷𝐷𝐷/𝐷𝐷6
eff = 𝑄𝑄𝐷𝐷𝐷 + 𝑄𝑄𝐷𝐷6eff =

𝑒𝑒𝐾𝐾/2𝑉𝑉𝐶𝐶𝑆𝑆 = 𝑇𝑇𝐷𝐷𝐷

AdS4 orientifold. Smearing. Non-SUSY



• Massive IIA on a CY orientifold with 𝐻𝐻 flux and RR internal fluxes:

�𝐺𝐺2 = 0,�𝐺𝐺0 =
1
𝑙𝑙𝑆𝑆
𝑚𝑚, �𝐺𝐺4 = −

3𝐺𝐺0
10

𝐽𝐽𝐶𝐶𝑆𝑆2 , �𝐺𝐺6 = 0

• We can play the same game with the new flux 𝐺𝐺4

𝑄𝑄𝐷𝐷4 = −𝑒𝑒𝐾𝐾/2 �
Σ
𝐽𝐽𝐶𝐶𝑆𝑆𝑄𝑄𝐷𝐷𝐷 = −

5
3
𝑒𝑒𝐾𝐾/2𝑉𝑉𝐶𝐶𝑆𝑆

D4 branes with vanishing worldvolume 
flux 𝐹𝐹 and 𝑄𝑄𝐷𝐷4 = −𝑒𝑒𝐾𝐾/2 ∫Σ 𝐽𝐽𝐶𝐶𝑆𝑆 =

𝑒𝑒
𝐾𝐾
2area Σ ≡ 𝑇𝑇𝐷𝐷4 → 𝑄𝑄 ≤ 𝑇𝑇

Agreement with Narayan, Trivedi ’10

Bound state of D8+D6s 
𝑄𝑄𝐷𝐷𝐷/𝐷𝐷6
eff = 𝑄𝑄𝐷𝐷𝐷 + 𝑄𝑄𝐷𝐷6eff =

𝑒𝑒𝐾𝐾/2𝑉𝑉𝐶𝐶𝑆𝑆 = 𝑇𝑇𝐷𝐷𝐷

AdS4 orientifold. Smearing. Non-SUSY

won't somebody please think of the 
curvature corrections?



AdS4 orientifold. Smearing. Non-SUSY
• Curvature corrections in this case do have something to say

𝑇𝑇𝐷𝐷𝐷total= 𝑇𝑇𝐷𝐷𝐷 + 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 = 𝑇𝑇𝐷𝐷𝐷 − 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎



AdS4 orientifold. Smearing. Non-SUSY
• Curvature corrections in this case do have something to say

𝑇𝑇𝐷𝐷𝐷total= 𝑇𝑇𝐷𝐷𝐷 + 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 = 𝑇𝑇𝐷𝐷𝐷 − 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎

So…

𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 − 𝑇𝑇𝐷𝐷𝐷total= 2 𝐾𝐾𝑎𝑎2 − 𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 𝑇𝑇𝐷𝐷4𝑎𝑎

𝐾𝐾𝑎𝑎
(2) =

1
24

�
𝑋𝑋6
𝑐𝑐2 𝑋𝑋6 ∧ 𝜔𝜔𝑎𝑎,

𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 =

1
2
�
𝑋𝑋6
𝐹𝐹𝐷𝐷𝐷 ∧ 𝐹𝐹𝐷𝐷𝐷 ∧ 𝜔𝜔𝑎𝑎,

*𝑑𝑑𝐹𝐹𝐷𝐷𝐷 = 𝐻𝐻 + 𝛿𝛿 Smearing approximation: 𝛿𝛿 = −𝐻𝐻



AdS4 orientifold. Smearing. Non-SUSY
• Curvature corrections in this case do have something to say

𝑇𝑇𝐷𝐷𝐷total= 𝑇𝑇𝐷𝐷𝐷 + 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 = 𝑇𝑇𝐷𝐷𝐷 − 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎

So…

𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 − 𝑇𝑇𝐷𝐷𝐷total= 2 𝐾𝐾𝑎𝑎2 − 𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 𝑇𝑇𝐷𝐷4𝑎𝑎 > 0

𝐾𝐾𝑎𝑎
(2) =

1
24

�
𝑋𝑋6
𝑐𝑐2 𝑋𝑋6 ∧ 𝜔𝜔𝑎𝑎,

𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 =

1
2
�
𝑋𝑋6
𝐹𝐹𝐷𝐷𝐷 ∧ 𝐹𝐹𝐷𝐷𝐷 ∧ 𝜔𝜔𝑎𝑎,

*𝑑𝑑𝐹𝐹𝐷𝐷𝐷 = 𝐻𝐻 + 𝛿𝛿 Smearing approximation: 𝛿𝛿 = −𝐻𝐻

?



AdS4 orientifold. Smearing. Non-SUSY
• Curvature corrections in this case do have something to say

𝑇𝑇𝐷𝐷𝐷total= 𝑇𝑇𝐷𝐷𝐷 + 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 = 𝑇𝑇𝐷𝐷𝐷 − 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎

So…

𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 − 𝑇𝑇𝐷𝐷𝐷total= 2 𝐾𝐾𝑎𝑎2 − 𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 𝑇𝑇𝐷𝐷4𝑎𝑎 > 0

𝐾𝐾𝑎𝑎
(2) =

1
24

�
𝑋𝑋6
𝑐𝑐2 𝑋𝑋6 ∧ 𝜔𝜔𝑎𝑎,

𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 =

1
2
�
𝑋𝑋6
𝐹𝐹𝐷𝐷𝐷 ∧ 𝐹𝐹𝐷𝐷𝐷 ∧ 𝜔𝜔𝑎𝑎,

 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎 ≥ 0 for CY geometries

 Internal fluxes (𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷) can be taken to zero and so 𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 − 𝑇𝑇𝐷𝐷𝐷total> 0

*𝑑𝑑𝐹𝐹𝐷𝐷𝐷 = 𝐻𝐻 + 𝛿𝛿 Smearing approximation: 𝛿𝛿 = −𝐻𝐻

?



AdS4 orientifold. Smearing. Non-SUSY
• Curvature corrections in this case do have something to say

𝑇𝑇𝐷𝐷𝐷total= 𝑇𝑇𝐷𝐷𝐷 + 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 = 𝑇𝑇𝐷𝐷𝐷 − 𝐾𝐾𝑎𝑎𝐹𝐹 − 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎

So…

• Only applies to vacua containing D6s. 

𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 − 𝑇𝑇𝐷𝐷𝐷total= 2 𝐾𝐾𝑎𝑎2 − 𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 𝑇𝑇𝐷𝐷4𝑎𝑎 > 0

𝐾𝐾𝑎𝑎
(2) =

1
24

�
𝑋𝑋6
𝑐𝑐2 𝑋𝑋6 ∧ 𝜔𝜔𝑎𝑎,

𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 =

1
2
�
𝑋𝑋6
𝐹𝐹𝐷𝐷𝐷 ∧ 𝐹𝐹𝐷𝐷𝐷 ∧ 𝜔𝜔𝑎𝑎,

 𝐾𝐾𝑎𝑎2 𝑇𝑇𝐷𝐷4𝑎𝑎 ≥ 0 for CY geometries

• Sharpened WGC satisfied. Possible instability sourced by the curvature corrections.

*𝑑𝑑𝐹𝐹𝐷𝐷𝐷 = 𝐻𝐻 + 𝛿𝛿 Smearing approximation: 𝛿𝛿 = −𝐻𝐻

?

 Internal fluxes (𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷) can be taken to zero and so 𝑄𝑄𝐷𝐷𝐷𝑟𝑟𝑛𝑛𝑟𝑟𝑎𝑎𝑙𝑙 − 𝑇𝑇𝐷𝐷𝐷total> 0



• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Smearing uplift

Spectrum branes 
spanning (𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 
𝑧𝑧 = 𝑧𝑧0

SUSY case.
• D4 wrapping 2-cycle [J], 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s wrapping 𝑋𝑋6 with 

space filling D6s, 𝑇𝑇 = 𝑄𝑄

Recap

Non-SUSY case 𝐺𝐺4 → −𝐺𝐺4
• D4 wrapping 2-cycle -[J] , 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s D6s, 𝑇𝑇 = 𝑄𝑄
• Adding curvature corrections  𝑇𝑇 < 𝑄𝑄



• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Smearing uplift

Spectrum branes 
spanning (𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 
𝑧𝑧 = 𝑧𝑧0

SUSY case.
• D4 wrapping 2-cycle [J], 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s wrapping 𝑋𝑋6 with 

space filling D6s, 𝑇𝑇 = 𝑄𝑄

Recap

• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Beyond smearing uplift

Branes spanning 
(𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 𝑧𝑧 = 𝑧𝑧0

Non-SUSY case 𝐺𝐺4 → −𝐺𝐺4
• D4 wrapping 2-cycle -[J] , 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s D6s, 𝑇𝑇 = 𝑄𝑄
• Adding curvature corrections  𝑇𝑇 < 𝑄𝑄



Beyond the smearing. 
• As shown in Junghans ’20, Marchesano, Palt, Quirant, Tomasiello ’20 the smearing uplift can be thought as the 

0𝑟𝑟𝑟 order of an expansion in terms of 𝑔𝑔𝑠𝑠. 



Beyond the smearing. 
• As shown in Junghans ’20, Marchesano, Palt, Quirant, Tomasiello ’20 the smearing uplift can be thought as the 

0𝑟𝑟𝑟 order of an expansion in terms of 𝑔𝑔𝑠𝑠. 

𝐻𝐻 =
2
5
𝑚𝑚
𝑙𝑙𝑠𝑠
𝑔𝑔𝑆𝑆 ReΩCY + 𝑔𝑔𝑠𝑠𝐾𝐾 −

1
2
𝑑𝑑Re �̅�𝑣 ⋅ ΩCY + 𝑂𝑂 𝑔𝑔𝑠𝑠3

�𝐺𝐺2 = 𝑑𝑑CY† 𝐾𝐾 + 𝑂𝑂(𝑔𝑔𝑠𝑠)

�𝐺𝐺4 =
𝑚𝑚
𝑙𝑙𝑠𝑠
𝐽𝐽CY ∧ 𝐽𝐽CY

3
10

−
4
5
𝑔𝑔𝑠𝑠𝜑𝜑 + 𝐽𝐽CY ∧ 𝑔𝑔𝑆𝑆−1𝑑𝑑Im v + O(gS2)

�𝐺𝐺6 = 0

SUSY

• The following order (expansion at 1𝑠𝑠𝑡𝑡 order) was derived in those papers. For the SUSY 
case in Marchesano, Palti, Quirant, Tomasiello ’20 we obtained



Beyond the smearing. 
• As shown in Junghans ’20, Marchesano, Palt, Quirant, Tomasiello ’20 the smearing uplift can be thought as the 

0𝑟𝑟𝑟 order of an expansion in terms of 𝑔𝑔𝑠𝑠. 

• The following order (expansion at 1𝑠𝑠𝑡𝑡 order) was derived in those papers. For the SUSY 
case in Marchesano, Palti, Quirant, Tomasiello ’20 we obtained. For the Non-SUSY case we obtain:
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𝑚𝑚
𝑙𝑙𝑠𝑠
𝑔𝑔𝑆𝑆 ReΩCY + 𝑔𝑔𝑠𝑠𝐾𝐾 −

1
2
𝑑𝑑Re �̅�𝑣 ⋅ ΩCY + 𝑂𝑂 𝑔𝑔𝑠𝑠3

�𝐺𝐺2 = 𝑑𝑑CY† 𝐾𝐾 + 𝑂𝑂(𝑔𝑔𝑠𝑠)

�𝐺𝐺4 =
𝑚𝑚
𝑙𝑙𝑠𝑠
𝐽𝐽CY ∧ 𝐽𝐽CY

3
10

−
4
5
𝑔𝑔𝑠𝑠𝜑𝜑 + 𝐽𝐽CY ∧ 𝑔𝑔𝑆𝑆−1𝑑𝑑Im v + O(gS2)

�𝐺𝐺6 = 0

𝐻𝐻 =
2
5
𝑚𝑚
𝑙𝑙𝑠𝑠
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• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Smearing uplift

Spectrum branes 
spanning (𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 
𝑧𝑧 = 𝑧𝑧0

SUSY case.
• D4 wrapping 2-cycle [J], 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s wrapping 𝑋𝑋6 with 

space filling D6s, 𝑇𝑇 = 𝑄𝑄

Non-SUSY case 𝐺𝐺4 → −𝐺𝐺4
• D4 wrapping 2-cycle -[J] , 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s D6s, 𝑇𝑇 = 𝑄𝑄. Adding 

curvature corrections  𝑇𝑇 < 𝑄𝑄

Recap

• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Beyond smearing uplift

Spectrum branes 
spanning (𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 
𝑧𝑧 = 𝑧𝑧0

SUSY case.
• D4 wrapping 2-cycle [J], 𝑇𝑇 = 𝑄𝑄

Non-SUSY case 𝐺𝐺4 → −𝐺𝐺4
• D4 wrapping 2-cycle -[J] , 𝑇𝑇 = 𝑄𝑄



Beyond the smearing. Bionic D8s
• Consider again a D8 wrapping 𝑋𝑋6 and extended along 𝑧𝑧 = 𝑧𝑧0. BI for the D8 worldvolume 
𝐹𝐹𝐷𝐷𝐷 = 𝑑𝑑 + 𝑙𝑙𝑠𝑠

2𝜋𝜋
𝐹𝐹 is

𝑑𝑑𝐹𝐹𝐷𝐷𝐷 = 𝐻𝐻 −
1
𝑙𝑙𝑠𝑠
𝛿𝛿(Π𝑂𝑂6)

• In the smearing approximation the RHS vanishes and 𝐹𝐹𝐷𝐷𝐷 is closed (actually a harmonic (1,1) form)
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• Going beyond the smearing approximations means that now:

𝐹𝐹𝐷𝐷𝐷 =
𝐺𝐺2
𝐺𝐺0

=
𝑙𝑙𝑠𝑠
𝑚𝑚
𝑑𝑑CY† 𝐾𝐾 + 𝑂𝑂 𝑔𝑔𝑠𝑠

• Compatible with a BPS configuration if the D8-brane transverse field 𝑍𝑍 develops a non-trivial 
profile (Bion-like solution)

⋆𝐶𝐶𝑆𝑆 𝑑𝑑𝑍𝑍 = ImΩ𝐶𝐶𝑆𝑆 ∧ 𝐹𝐹𝐷𝐷𝐷 + 𝑂𝑂 𝑔𝑔𝑠𝑠 Δ𝐶𝐶𝑆𝑆𝑍𝑍 = 𝑙𝑙𝑠𝑠 𝛿𝛿Π𝑂𝑂6 −
𝑉𝑉Π𝑂𝑂6
𝑉𝑉𝐶𝐶𝑆𝑆

𝑍𝑍 ∼ 𝑙𝑙𝑆𝑆
𝑟𝑟

near Π𝑂𝑂6
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Beyond the smearing. Bionic D8s
• With this result one can compute the 𝑇𝑇 and the 𝑄𝑄 of the system

 For the SUSY solution:

 𝑇𝑇𝐷𝐷𝐷𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 = 𝑄𝑄𝐷𝐷𝐷𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛

*𝑑𝑑𝐹𝐹 = 𝐻𝐻 + 𝛿𝛿 Smearing approximation: 𝛿𝛿 = −𝐻𝐻
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 𝑄𝑄𝐷𝐷𝐷𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 − 𝑇𝑇𝐷𝐷𝐷𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 = 2 𝐾𝐾𝑎𝑎2 − 𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 𝑇𝑇𝐷𝐷4𝑎𝑎

𝐾𝐾𝑎𝑎
(2) =

1
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�
𝑋𝑋6
𝑐𝑐2 𝑋𝑋6 ∧ 𝜔𝜔𝑎𝑎,

𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 =

1
2
�
𝑋𝑋6
𝐹𝐹𝐷𝐷𝐷 ∧ 𝐹𝐹𝐷𝐷𝐷 ∧ 𝜔𝜔𝑎𝑎,
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*𝑑𝑑𝐹𝐹 = 𝐻𝐻 + 𝛿𝛿 Smearing approximation: 𝛿𝛿 = −𝐻𝐻

 Big difference: now the sources are not smeared and 𝐹𝐹𝐷𝐷𝐷 always must have a non-harmonic part.

 Bion corrections are of the same order of curvature corrections, so both contributions must be 
considered at the same time
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⁄𝑇𝑇6 𝑍𝑍2 × 𝑍𝑍2 we obtain 𝑄𝑄𝐷𝐷𝐷𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 − 𝑇𝑇𝐷𝐷𝐷𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 = 16 1

3
𝑒𝑒𝐾𝐾/2 ∑𝑟𝑟 𝑉𝑉𝑇𝑇𝑖𝑖2 > 0 instability

 For more complicated geometries we expect 𝐾𝐾𝑎𝑎
𝐹𝐹𝐷𝐷𝐷 𝑇𝑇𝐷𝐷4𝑎𝑎 < 0 to hold.

 Big difference: now the sources are not smeared and 𝐹𝐹𝐷𝐷𝐷 always must have a non-harmonic part.

 Bion corrections are of the same order of curvature corrections, so both contributions must be 
considered at the same time
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• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Smearing uplift

Branes spanning 
(𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 𝑧𝑧 = 𝑧𝑧0

SUSY case.
• D4 wrapping 2-cycle [J], 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s wrapping 𝑋𝑋6 with 

space filling D6s, 𝑇𝑇 = 𝑄𝑄

Non-SUSY case 𝐺𝐺4 → −𝐺𝐺4
• D4 wrapping 2-cycle -[J] , 𝑇𝑇 = 𝑄𝑄
• Bound state of D8s and D6s, 𝑇𝑇 = 𝑄𝑄
• Adding curvature corrections  𝑇𝑇 < 𝑄𝑄

Recap

• Massive IIA with RR and NSNS
fluxes on an orientifold CY. 
Beyond smearing uplift

Branes spanning 
(𝑡𝑡, 𝑥𝑥1𝑥𝑥2) at 𝑧𝑧 = 𝑧𝑧0

SUSY case.
• D4 wrapping 2-cycle [J], 𝑇𝑇 = 𝑄𝑄
• BIonic D8-D6s, 𝑇𝑇 = 𝑄𝑄

Non-SUSY case 𝐺𝐺4 → −𝐺𝐺4
• D4 wrapping 2-cycle -[J] , 𝑇𝑇 = 𝑄𝑄
• BIonic D8-D6s and curvature corrections 

𝑇𝑇 ≠ 𝑄𝑄. 

Incomplete picture



Conclusions
• Studied non-perturbative stability of IIA 𝑁𝑁 = 0 AdS4 × 𝑋𝑋6 orientifold (𝑋𝑋6 admitting a 

CY metric) vacua using D4 and D8 membranes with 𝐺𝐺4non−SUSY = −𝐺𝐺4SUSY. 

• Potential decay channel via D8 𝑄𝑄 > 𝑇𝑇 branes. Curvature corrections and Bion profile, 
which is only seen beyond the smearing uplift, equally important. 

 Explicitly computed for toroidal models. More complicated CYs geometries to be studied

• Only apply to vacua with space-time filling D6s. Not in the original setup of DGKT… Other
decay channels? More corrections needed? 

• Further study deserved: more detailed 4d analysis, generalise it to other string theory 
settings…



Conclusions

• Potential decay channel via D8 𝑄𝑄 > 𝑇𝑇 branes. Curvature corrections and Bion profile, 
which is only seen beyond the smearing uplift, equally important. 

 Explicitly computed for toroidal models. More complicated CYs geometries to be studied

• Only apply to vacua with space-time filling D6s. Not in the original setup of DGKT… Other
decay channels? More corrections needed? 

• Further study deserved: more detailed 4d analysis, generalise it to other string theory 
settings…

Thank you for your attention!

• Studied non-perturbative stability of IIA 𝑁𝑁 = 0 AdS4 × 𝑋𝑋6 orientifold (𝑋𝑋6 admitting a 
CY metric) vacua using D4 and D8 membranes with 𝐺𝐺4non−SUSY = −𝐺𝐺4SUSY. 
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