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INTRODUCTION

Λ > 0



THE KKLT SCENARIO
Giddings, Kachru, Polchinski (2002)

Kachru, Kallosh, Linde, Trivedi (2003)

Calabi-Yau 3-fold

H, F3

anti-D3 branes

O-planes
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ANTIBRANES PRELIMINARY

Antibrane refers to a D-brane which has opposite charge to the
surrounding flux

dF8−p = H ∧ F6−p +Qδp .

D Compact solutions without orientifolds⇒ AdS. The CC is
determined by fluxes.



ANTIBRANES PRELIMINARY

Antibrane refers to a D-brane which has opposite charge to the
surrounding flux

dF8−p = H ∧ F6−p +Qδp .

D Compact solutions without orientifolds⇒ AdS. The CC is
determined by fluxes.

D Non-compact that can be made compact by cancelling flux
energy against O-plane energy so that CC is decoupled
from fluxes and branes (GKP style).



ANTIBRANE SINGULARITY

In both cases the backreaction of the antibranes leads to
divergence in the flux energy density

eφ|H|2 →∞ .

Bena, Blåbäck, Danielsson, FFG, Graña,
Halmagyi, Junghans, Kuperstein, Massai,

McGuirk, Shiu, Sumitomo, Van Riet,
Wrase, Zagermann, . . .



TOY MODEL FOR ANTIBRANES

Massive type IIA with H-flux and D6 branes.

AdS7 S3

H

D6

Blåbäck, Danielsson, Junghans, Van Riet, Wrase, Zagermann (2011)
Apruzzi, Fazzi, Rosa, Tomasiello (2014)



TOY MODEL FOR ANTIBRANES

Massive type IIA with H-flux and D6 branes.

AdS7 S3

H

D8

The AdS7 solutions regulate the singularity via brane
polarisation (Myers effect).

Apruzzi, Fazzi, Rosa, Tomasiello (2014)
Junghans, Schmidt, Zagermann (2014)

Gaiotto, Tomasiello (2014)



TOY MODEL FOR ANTIBRANES

Massive type IIA with H-flux and D6 branes.

AdS7 S3

H

D8

The AdS7 solutions regulate the singularity via brane
polarisation (Myers effect). This has been shown not to work
for the non-compact Mink7 solution.

Bena, Junghans, Kuperstein, Van Riet, Wrase, Zagermann (2012)



BRANE-FLUX DECAY

What happens to the flat solution that are not regularised via
brane polarisation?

Reasonable to assume that the branes will annihilate against
the flux.

Danielsson, Van Riet (2014)

But the decay process is only known microscopically for D3
branes.

Kachru, Pearson, Verlinde (2002)



SETUP

FFG, Truijen, Van Riet (2015)

Type IIB supergravity with F3 and H flux together with
smeared D3 branes

AdS4 S3 S3

F3 H

D3

ds2 = e2A(ρ)ds2AdS4 + e2B(ρ)dΩ2
3 + e2C(ρ)

(
dρ2 + e2D(ρ)dΩ2

2

)
,
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Fluxes

H = −λ(ρ)eφ(ρ) ?6 F3 ,

F3 = M vol3 ,
F5 = e−4A ?6 dα(ρ).

The H-equation demands

α = λ e4A .



SETUP

FFG, Truijen, Van Riet (2015)

Type IIB supergravity with F3 and H flux together with
smeared D3 branes

ds2 = e2A(ρ)ds2AdS4 + e2B(ρ)dΩ2
3 + e2C(ρ)

(
dρ2 + e2D(ρ)dΩ2

2

)
,

Fluxes

H = −λ(ρ)eφ(ρ) ?6 F3 ,

F3 = M vol3 ,
F5 = e−4A ?6 dα(ρ).

The H-equation demands

α = λ e4A .

D3 branes, spacetime filling, localised at ρ = 0 and smeared
over the S3.



THE SINGULARITY
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Consider the compact solution:

Λ = −Qα0

4V6
i.e. α0 > 0.
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Consider the compact solution:

Λ = −Qα0
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i.e. α0 > 0. This implies that the energy density of H diverges

e−φ|H|2 = α2e−2A+φ|F3|2 →∞ ,

since e2A → 0 close to the brane.



THE SINGULARITY

FFG, Junghans, Zagermann (2013)

Consider the compact solution:

Λ = −Qα0

4V6

i.e. α0 > 0. This implies that the energy density of H diverges

e−φ|H|2 = α2e−2A+φ|F3|2 →∞ ,

since e2A → 0 close to the brane.

Analogous arguments can be used for the non-compact
solution.

Blåbäck, Danielsson, Junghans, Van Riet, Vargas (2014)



POLARIZATION TO D5-BRANES

The singularity suggest that the antibrane wants to polarize to
a 5-brane.

D3
D5

Myers

effect



POLARIZATION TO D5-BRANES

The singularity suggest that the antibrane wants to polarize to
a 5-brane. Consider first the D5-brane, calculate the probe
potential by evaluating the D5 action in the background:

SD5 = µ5

∫ {
−e−φ

√
−det(eφ/2G−F)− C6 + F ∧ C4

}
.

Use the standard flat-brane boundary conditions for the warp
factors together with GKP-like equation

∇2LD3 − e−4A
(
∇LD3

)2
= e4A

[
4Λe−2A +

(1 + λ)2

2
eφ|F3|2

]
,

where LD3 = D3 lagrangian = e4A + (α− α0). Then expand
close to the brane ρ = 0.



POLARIZATION TO D5-BRANES

V ∝
(
8Λ + k20

)
ρ̄2 − 4k0ρ̄

3 + 6ρ̄4 + · · ·

ρ̄

V



POLARIZATION TO NS5-BRANES

Similar resolution of the singularity could happen through
polarisation into spherical NS5 brane:

smeared
D3

NS5

Myers

effect



POLARIZATION TO NS5-BRANES

Similar resolution of the singularity could happen through
polarisation into spherical NS5 brane:

SNS5 = µ5

∫ {
−e−2φ

√
−det(eφ/2G− eφF) +B6 + F ∧ C4

}
.

The NS5 wraps a S2 inside the sphere which the D3 branes are
smeared. The calculation is even simpler here and follows the
one done by KPV. Remember that the NS5 polarisation also
serves as a decay channel for flux to annihilate against branes.

Kachru, Pearson, Verlinde (2002)



POLARIZATION TO NS5-BRANES

V ∝ e4A
√

1

M2
e4B−φ sin4 ψ +

1

4

(
2π

p

M
− ψ +

1

2
sin(2ψ)

)2

−α
2

(
ψ − 1

2
sin(2ψ)

)
− π(α− α0)

p

M
.

ψ

V

0 π



SUMMARY

D Antibranes are singular.
D In AdS they are resolved via brane polarisation.
D Flat antibranes, when smeared, annihilate against the

surrounding flux.
D Fully localized D3 branes might still be OK.

Hartnett (2015)

D But this contradicts earlier results
Bena, Buchel, Dias (2013)

Bena, Graña, Kuperstein, Massai (2013-14)
Blåbäck, Danielsson, Junghans, Van Riet, Vargas (2014)

D We are currently investigating fully localised D3 branes.
D Decay channel of other antibranes is not understood yet,

maybe KK-monopoles or non-geometric branes.
D A single flat antibrane may be resolved at string length

scales.
Michel, Mintun, Polchinski, Puhm, Saad (2014)


