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1. Extra dimensions: What and why

Gravity is poorly understood at small scales:

• Theoretically: General relativity is not renormalisable

How real are singularities?

Few clues about quantum gravity

...
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1. Extra dimensions: What and why

Gravity is poorly understood at small scales:

• Theoretically: General relativity is not renormalisable

How real are singularities?

Few clues about quantum gravity

...

• Experimentally: Hard to test at small scales

V (r) = −GN
m1m2

r

[

1 + α e−r/λ
]

|α| = 1 =⇒ λ ≤ 56 µm

|α| = 8/3 =⇒ λ ≤ 44 µm

[Kapner et al., 2007]
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Dimensional reduction

Kaluza (1921): Unification of General Relativity

and Maxwell theory (with scalar) in D=5 in

presence of isometry

Klein (1926): Fifth dimension is compact and small

Massless field in 4+1 dimensions: φ̂(xµ, z) =
∑

n φn(xµ)einz/R
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Dimensional reduction

Kaluza (1921): Unification of General Relativity

and Maxwell theory (with scalar) in D=5 in

presence of isometry

Klein (1926): Fifth dimension is compact and small

Massless field in 4+1 dimensions: φ̂(xµ, z) =
∑

n φn(xµ)einz/R

∂µ̂∂
µ̂φ̂ =

∑

n

(

∂µ∂
µφn + m2

nφn

)

= 0 con mn =
n

R
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5-dimensional pure gravity:

ĝµ̂ν̂ −→ gµν + Aµ + k

15 −→ 10 + 4 + 1

gµν = ĝµν −
ĝµz ĝνz

ĝzz

, Aµ =
ĝµz

ĝzz

, k = ĝzz
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15 −→ 10 + 4 + 1

gµν = ĝµν −
ĝµz ĝνz

ĝzz

, Aµ =
ĝµz

ĝzz

, k = ĝzz

reparametrisation z −→ z + ξ(x) ∼ U(1) gauge transformation

δ5 gµν = δ4 gµν , δ5 Aµ = δ4 Aµ + ∂µξ, δ5 k = δ4 k
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5-dimensional pure gravity:

ĝµ̂ν̂ −→ gµν + Aµ + k

15 −→ 10 + 4 + 1

gµν = ĝµν −
ĝµz ĝνz

ĝzz

, Aµ =
ĝµz

ĝzz

, k = ĝzz

reparametrisation z −→ z + ξ(x) ∼ U(1) gauge transformation

δ5 gµν = δ4 gµν , δ5 Aµ = δ4 Aµ + ∂µξ, δ5 k = δ4 k

Einstein-Hilbert −→ Einstein-Maxwell-dilaton

S =
1

κ5

∫

d5x
√

|ĝ| R̂

=
1

κ4

∫

d4x
√

|g|k
[

R + (∂ log k)2 − k2FµνF
µν

]

.
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• Unification of gravity and electromagnetism and scalar theory through

dimensional reduction
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• Unification of gravity and electromagnetism and scalar theory through

dimensional reduction

• Beautiful geometrical interpretation of gauge interactions

−→ theory of fibre bundles: dŝ = gµνdxµdxν − k2
(

dz + Aµdxµ
)2
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• Unification of gravity and electromagnetism and scalar theory through

dimensional reduction

• Beautiful geometrical interpretation of gauge interactions

−→ theory of fibre bundles: dŝ = gµνdxµdxν − k2
(

dz + Aµdxµ
)2

• cannot eliminate k by consistent truncation

−→ problem of moduli stabilisation

−→ theory ignored untill arrival of supergravity and string theory,

who live naturally in 10 and 11 dimensions

−→ dimensional reduction necessary for realistic theory
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2. Compactification in supergravity

Supergravity = Einstein-gravity coupled to bosonic and fermionic fields ,

invariant under local supersymmetry transformations:

S =
1

2κ

∫

dDx
√

|g|
[

R + 1
2
(∂φ)2 + 1

12
eφHµνρH

µνρ + ...
]
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2. Compactification in supergravity

Supergravity = Einstein-gravity coupled to bosonic and fermionic fields ,

invariant under local supersymmetry transformations:

S =
1

2κ

∫

dDx
√

|g|
[

R + 1
2
(∂φ)2 + 1

12
eφHµνρH

µνρ + ...
]

• Appear as low-energy limits of string theory

• Precise content and interactions depend on dimensions and supersymmetry

D=11
SUGRA

S

S

S

Gauged 
SUGRA

N=4 
SUGRA

Type II
massive 

Type IIA

Romans’
theory

Type IIB

Type II

S

SUGRA
N=8 

D=11 D=10 D=9 D=4

CY

1

1

1

1
T 5

T 7

S
5
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Gauged Supergravities:

SUGRA

gauging
local symm

D<11 gaugedD<11 ungauged
SUGRA SUGRA

D=11

Kaluza

on Tn

Sn compactif.
flux compactif.

torsion
...

Klein

•Maximal susy • Less than maximal susy

• Large global symm groups • Non-Abelian gauge groups

• running moduli • Scalar potential
•Max supersymm Minkowski vacuum • No Minkowski vacuum
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Gauged Supergravities:

SUGRA

gauging
local symm

D<11 gaugedD<11 ungauged
SUGRA SUGRA

D=11

Kaluza

on Tn

Sn compactif.
flux compactif.

torsion
...

Klein

•Maximal susy • Less than maximal susy

• Large global symm groups • Non-Abelian gauge groups

• running moduli • Scalar potential
•Max supersymm Minkowski vacuum • No Minkowski vacuum

E.g.: 5-dim maximally SO(6) gauge supergravity (gravity side of AdS/CFT)

−→ 10-dim Type IIB compactified on AdS5 × S5
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Presence of scalar potential:

• some fields become massive

• possibility of moduli stabilisation

• can act as cosmological constant
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• some fields become massive

• possibility of moduli stabilisation
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BUT: No-Go theorem [Maldacena, Núñez, 2000]

There are no lower-dimensional De Sitter vacua in a theory with

• Einstein-Hilbert like gravity

• compact extra dimensions

• positive energy sources
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Presence of scalar potential:

• some fields become massive

• possibility of moduli stabilisation

• can act as cosmological constant

BUT: No-Go theorem [Maldacena, Núñez, 2000]

There are no lower-dimensional De Sitter vacua in a theory with

• Einstein-Hilbert like gravity

• compact extra dimensions

• positive energy sources

−→ Orientifolds: Negative tension objects, that projects out odd

part of field content
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Orientifolds and warped compactifications:

3-brane in AdS5: ds2 = e2|z|/R0ηµνdxµdxν − dz2
[Randall, Sundrum, 1999]

Gravedad

Warp factor

Gauge

(3+1)−dim

• z → −z symmetry proyects out odd modes
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Orientifolds and warped compactifications:

3-brane in AdS5: ds2 = e2|z|/R0ηµνdxµdxν − dz2
[Randall, Sundrum, 1999]

Gravedad

Warp factor

Gauge

(3+1)−dim

• z → −z symmetry proyects out odd modes

• Used to cancel tadpole conditions:
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Tadpole cancelation: charge on compact manifold
Q

Q

Q

−Q

?

Fµν = ∂[µAν] + mBµν =⇒ dF2 = mH3 + ρ

⇐⇒ 0 = m

∫

H3 + Q
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Q

Q

−Q

?

Fµν = ∂[µAν] + mBµν =⇒ dF2 = mH3 + ρ

⇐⇒ 0 = m

∫

H3 + Q

BPS condition (no-force condition) of BPS orientifolds:

Electromagnetic attraction cancels gravitational repulsion
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Tadpole cancelation: charge on compact manifold
Q

Q

Q

−Q

?

Fµν = ∂[µAν] + mBµν =⇒ dF2 = mH3 + ρ

⇐⇒ 0 = m

∫

H3 + Q

BPS condition (no-force condition) of BPS orientifolds:

Electromagnetic attraction cancels gravitational repulsion

BPS condition (no-force condition) of extremal black holes and p-branes:

Electromagnetic repulsion cancels gravitational attraction

−→ similarity between orientifolds and p-branes!
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Orientifolds and warped compactifications:

3-brana en AdS: ds2 = e2|z|/R0ηµνdxµdxν − dz2
[Randall, Sundrum, 1999]

Gravedad

Warp factor

Gauge

(3+1)−dim

• z → −z symmetry proyects out odd modes

• Used to cancel tadpole conditions
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Orientifolds and warped compactifications:

3-brana en AdS: ds2 = e2|z|/R0ηµνdxµdxν − dz2
[Randall, Sundrum, 1999]

Gravedad

Warp factor

Gauge

(3+1)−dim

• z → −z symmetry proyects out odd modes

• Used to cancel tadpole conditions

• warp factor amplifies coupling constants and masses: Hierarchy problem
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Orientifolds and warped compactifications:

3-brana en AdS: ds2 = e2|z|/R0ηµνdxµdxν − dz2
[Randall, Sundrum, 1999]

Gravedad

Warp factor

Gauge

(3+1)−dim

• z → −z symmetry proyects out odd modes

• Used to cancel tadpole conditions

• warp factor amplifies coupling constants and masses: Hierarchy problem

• warp factor localises gravity to brane: Brane world scenarios

• what about backreaction?
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Example: KKLT scenario for de Sitter solutions [Kachru, Kallosh, Linde, Trivedi, 2003]

anti D3

Calabi−Yau

instantons

non-perturbative effects and anti-D3-branes lift minimum of potential
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Example: KKLT scenario for de Sitter solutions [Kachru, Kallosh, Linde, Trivedi, 2003]

anti D3

Calabi−Yau

instantons

non-perturbative effects and anti-D3-branes lift minimum of potential

However:
• No exact solution known −→ delocalised (smeared) limit

• Broken supersymmetry −→ instabilities?
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Example: KKLT scenario for de Sitter solutions [Kachru, Kallosh, Linde, Trivedi, 2003]

anti D3

Calabi−Yau

instantons

non-perturbative effects and anti-D3-branes lift minimum of potential

However:
• No exact solution known −→ delocalised (smeared) limit

• Broken supersymmetry −→ instabilities?

−→ Strong corrections expected

(Sometimes even cease to exist) [McOrist, Sethi, 2012]

Important to study backreaction!!
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Study backreaction by:

1. find exact solutions to full SUGRA eqns of motion

2. construct Warped Effective Field Theory (WEFT)

−→ integrate over high-energy effects of warping

−→ construct low-energy effective action

BUT: what is low energy in presence of warping?
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Study backreaction by:

1. find exact solutions to full SUGRA eqns of motion

2. construct Warped Effective Field Theory (WEFT)

−→ integrate over high-energy effects of warping

−→ construct low-energy effective action

BUT: what is low energy in presence of warping?

Strategy:

• Construction of exact SUGRA solutions in 10 dimensions

• Compactify and compare with WEFT results

−→ Test reliability of WEFT

Test case: Dynamical branes with extra fluxes
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3. p-brane solutions

p-brane are fundamental objects in string theory

solitonic objects in supergravity

S =

∫

dDx
√

|g|
[

R + ∂µφ∂µφ + eaφ Fµ1...µp+2
F µ1...µp+2

]

ds2 = Hα(r)ηmndxmdxn −Hβ(r)
[

dr2 + r2dΩ2
]

, e−2φ = Hγ(r),

Fm1...mp−1i = εm1...mp−1
∂iH−1(r), H(r) = 1 +

M

rD−p−3

x

x

y

• Exact solution for α, β, γ in function of a, D, p

• Planar objects, extended in p spatial directions

• Electrically/magnetically charged under Fp+2

• Preserve some fraction of supersymmetry

• Generalization of electron in Maxwell theory,

or black hole in General Relativity
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Fundamental string (F1): cosmic string, fundamental object with M ∼ g

[Dabholkar, Gibbons, Harvey, Ruiz Ruiz, 1990]

NS5-brane (NS5): solitonic object (cfr Dirac monopole)

with magnetic charge and M ∼ 1
g2 [Callan, Harvey, Strominger, 1990]

D-branes (Dp): Dirichlet boundary conditions for open strings

with arbitrary p and M ∼ 1
g

[Polchinski, 1995]

D0

D2

D2

Dualities: p-brane democracy: all branes are equally fundamental

. [Townsend, 1995]
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Rest of the talk: restrict to D6-brane in (m)IIA

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
4
e3φ/2 FµνF

µν − 1
2
e5φ/2m2

]

with

Fµν = 2∂[µCν] + mBµν invariant under δCµ = ∂µΛ − mΣµ

Hµνρ = 3∂[µBνρ] invariant under δBµν = ∂[µΣν]
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Rest of the talk: restrict to D6-brane in (m)IIA

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
4
e3φ/2 FµνF

µν − 1
2
e5φ/2m2

]

with

Fµν = 2∂[µCν] + mBµν invariant under δCµ = ∂µΛ − mΣµ

Hµνρ = 3∂[µBνρ] invariant under δBµν = ∂[µΣν]

Standard D6-brane (1/2 supersymmetric):

ds2 = H− 1

2 (r) ηabdxadxb −H 7

8 (r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (r), Fθϕ = ∂rH−1(r),

Hµνρ = 0 = m, ∇̄2H(r) = 0

−→ Cfr Dirac monopole in 10 dimensions
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Outline

1. Extra dimensions: what and why

2. Compactification in supergravity

3. p-brane solutions

−→ test with dynamical branes with extra fluxes

4. Fractional dynamical branes

5. General backreacted domain walls

6. Conclusions
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4. Fractional dynamical branes

Dynamical p-branes: [Kodama, Uzawa, 2005]

Dynamical branes = branes with extra WV dependence: H = H(x, r)

ds2 = H− 1

2 (x, r) ηab(x)dxadxb −H 7

8 (x, r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (x, r), Fθφ = ∂rH−1(x, r),

where now

[gij] ⇒ ∂i∂
i H = 0, [gab] ⇒ ∂a∂b H = 0, [gai] ⇒ ∂i∂a H = 0
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4. Fractional dynamical branes

Dynamical p-branes: [Kodama, Uzawa, 2005]

Dynamical branes = branes with extra WV dependence: H = H(x, r)

ds2 = H− 1

2 (x, r) ηab(x)dxadxb −H 7

8 (x, r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (x, r), Fθφ = ∂rH−1(x, r),

where now

[gij] ⇒ ∂i∂
i H = 0, [gab] ⇒ ∂a∂b H = 0, [gai] ⇒ ∂i∂a H = 0

Hence:

H(x, r) = Hw(x) + Ht(r)

= cax
a + 1 +

Q

r
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4. Fractional dynamical branes

Dynamical p-branes: [Kodama, Uzawa, 2005]

Dynamical branes = branes with extra WV dependence: H = H(x, r)

ds2 = H− 1

2 (x, r) ηab(x)dxadxb −H 7

8 (x, r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (x, r), Fθφ = ∂rH−1(x, r),

where now

[gij] ⇒ ∂i∂
i H = 0, [gab] ⇒ ∂a∂b H = 0, [gai] ⇒ ∂i∂a H = 0

Hence:

H(x, r) = Hw(x) + Ht(r)

= cax
a + 1 +

Q

r

Supersymmetric for specific value of ca

What does linear WV dependence mean?
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Interpretation: warped compactification

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ

]

Smeared brane Ansatz (Q = 0):

ds2
10 = e2αχ g̃ab(x)dxadxb − e2βχ

[

dr2 + r2dΩ2
2

]

φ = φ(x)
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Interpretation: warped compactification

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ

]

Smeared brane Ansatz (Q = 0):

ds2
10 = e2αχ g̃ab(x)dxadxb − e2βχ

[

dr2 + r2dΩ2
2

]

φ = φ(x)

Calculations:

R = e−2αχ R̃ + e−2αχ(∂χ)2 + e−2αχ∇̃2χ

Reduced action:

S =

∫

d8x
√

|g̃|
[

R̃ + 1
2
∂aφ∂aφ + 1

2
∂aχ∂aχ

]

−→Worldvolume dependence: 7-dimensional scalars

−→ Smeared dynam D6: reduction to 7-dim domain wall with free scalars

−→ Localised dynam D6: (trivial) backreaction of domain wall and scalars
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Overview:

Standard D6

ւււ ցցց

dynamical D6

H = H(x, r)

free scalar fields
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Overview:

Standard D6

ւււ ցցց

dynamical D6 fractional D6

H = H(x, r) dF2 = mH3 + Q

free scalar fields
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Fractional p-branes: [Klebanov, Strassler, 2000]

Fractional branes = branes with extra fluxes: dF2 = mH3 + Q

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
4
e3φ/2 FµνF

µν − 1
2
e5φ/2m2

]

Solution:

ds2 = H− 1

2 (r) ηab(x)dxadxb −H 7

8 (r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (r), Fθϕ = ∂rH−1(r), Hrθφ = mr2 sin θ

where now

[gij] ⇒ ∂i∂
i H = HrθϕHrθϕ
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Fractional p-branes: [Klebanov, Strassler, 2000]

Fractional branes = branes with extra fluxes: dF2 = mH3 + Q

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
4
e3φ/2 FµνF

µν − 1
2
e5φ/2m2

]

Solution:

ds2 = H− 1

2 (r) ηab(x)dxadxb −H 7

8 (r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (r), Fθϕ = ∂rH−1(r), Hrθφ = mr2 sin θ

where now

[gij] ⇒ ∂i∂
i H = HrθϕHrθϕ

Hence:

H(r) = 1 +
Q

r
+ 1

6
m2r2

BUT: No longer supersymetric!
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Interpretation: warped compactification (again)

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
2
e5φ/2m2

]

Smeared brane Ansatz (Q = 0):

ds2
10 = e2αχ g̃ab(x)dxadxb − e2βχ

[

dr2 + r2dΩ2
2

]

φ = φ(x), Hrθϕ = hr2 sin θ
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Interpretation: warped compactification (again)

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
2
e5φ/2m2

]

Smeared brane Ansatz (Q = 0):

ds2
10 = e2αχ g̃ab(x)dxadxb − e2βχ

[

dr2 + r2dΩ2
2

]

φ = φ(x), Hrθϕ = hr2 sin θ

Calculations:

R = e−2αχ R̃ + e−2αχ(∂χ)2 + e−2αχ∇̃2χ HµνρH
µνρ = eaχ h2

Reduced action:

S =

∫

d7x
√

|g̃|
[

R̃ + 1
2
∂aφ∂aφ + 1

2
∂aχ∂aχ − eaχ+bφh2 + ecφm2

]

−→Non-trivial scalar potential: gauged SUGRA from flux compactification

−→ Smeared fractional D6: reduction to 7-dim Minkowski space (no scalars)

−→ Localised fractional D6: backreaction of orientifold flux compactification
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Overview and strategy:

Standard D6

ւււ ցցց

dynamical D6 fractional D6

H = H(x, r) dF2 = mH3 + Q

free scalar fields non-trivial potential
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Overview and strategy:

Standard D6

ւււ ցցց

dynamical D6 fractional D6

H = H(x, r) dF2 = mH3 + Q

free scalar fields non-trivial potential

ցցց ւււ

fractional, dynamical D6

H = H(x, r) & dF2 = mH3 + Q

scalars in non-trivial potential!

−→ scalars probe potential!
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Fractional dynamical p-branes: [Blåbäck, B.J., Vercnocke, Van Riet, 2012]

Fluxes + worldvolume dependence:

S =

∫

dDx
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
4
e3φ/2 FµνF

µν − 1
2
e5φ/2m2

]

Solution: ds2 = H− 1

2 (x, r) ηab(x)dxadxb −H 7

8 (x, r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (x, r), Fθφ = ∂rH−1(x, r), Hrθφ = mr2

where now

[gij] ⇒ ∂i∂
i H = HrθϕHrθϕ [gab] ⇒ ∂a∂b H = 0, [gai] ⇒ ∂i∂a H = 0
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Fractional dynamical p-branes: [Blåbäck, B.J., Vercnocke, Van Riet, 2012]

Fluxes + worldvolume dependence:

S =

∫

dDx
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
4
e3φ/2 FµνF

µν − 1
2
e5φ/2m2

]

Solution: ds2 = H− 1

2 (x, r) ηab(x)dxadxb −H 7

8 (x, r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (x, r), Fθφ = ∂rH−1(x, r), Hrθφ = mr2

where now

[gij] ⇒ ∂i∂
i H = HrθϕHrθϕ [gab] ⇒ ∂a∂b H = 0, [gai] ⇒ ∂i∂a H = 0

Hence: H(x, r) = Hw(x) + Ht(r)

= mz + 1 +
Q

r
+ 1

6
m2r2

−→ 1/4 supersymmetric

−→ Still sum of linear WV part and transversal dependence
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Interpretation: warped compactification

S =

∫

d10x
√

|g|
[

R + 1
2
∂µφ∂µφ + 1

6
e−φHµνρH

µνρ − 1
2
e5φ/2m2

]

Smeared brane Ansatz (Q = 0):

ds2
10 = e2αχ(x,r) g̃ab(x)dxadxb − e2βχ(x,r)

[

dr2 + r2dΩ2
2

]

φ = φ(x, r), Hrθϕ = hr2 sin θ

Reduced action:

S =

∫

d8x
√

|g̃|
[

R̃ + 1
2
∂aφ∂aφ + 1

2
∂aχ∂aχ − eaχ+bφh2 + ecφm2

]

We expect a supersymmetric domain wall solution with running scalars...

Let’s look for it...
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Most general susy domain wall of SO(2) gauged D=7 maximal SUGRA

S =

∫

d8x
√

|g̃|
[

R̃ + 1
2
∂aφ∂aφ + 1

2
∂aχ∂aχ − eaχ+bφh2 + ecφm2

]

is given by [Bergshoeff, Nielsen, Roest, 2004]

ds2
7 = (f1 f2)

1

10 ηijdxidxj − (f1 f2)
− 2

5 dz2

eφ = f
1

4

1 f
− 5

8

1 , eχ = (f
− 3

4

1 f
− 1

8

1 )
√

3

5 ,

f1 = 2hz + c1, f2 = 2mz + c2
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Most general susy domain wall of SO(2) gauged D=7 maximal SUGRA

S =

∫

d8x
√

|g̃|
[

R̃ + 1
2
∂aφ∂aφ + 1

2
∂aχ∂aχ − eaχ+bφh2 + ecφm2

]

is given by [Bergshoeff, Nielsen, Roest, 2004]

ds2
7 = (f1 f2)

1

10 ηijdxidxj − (f1 f2)
− 2

5 dz2

eφ = f
1

4

1 f
− 5

8

1 , eχ = (f
− 3

4

1 f
− 1

8

1 )
√

3

5 ,

f1 = 2hz + c1, f2 = 2mz + c2

Change of variables: SO(2) rotation (φ, χ) −→ (x, u)

V = h2eaχ+bφ − m2ecφ = eγx
[

h e−u − meu
]2

Special case: in the minimum of the potential

V = 0 ⇐⇒ e2u =
h

m
⇐⇒ f1 =

h

m
f2

−→ precisely our case of smeared dynamical fractional D6!
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Our case:

ds2 = H− 1

2 (x, r) ηab(x)dxadxb −H 7

8 (x, r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (x, r), Fθφ = ∂rH−1(x, r), Hrθφ = mr2

with

H(x, r) = Hw(x) + Ht(r) = mz + 1 +
Q

r
+ 1

6
m2r2

−→ Extra fluxes: Non-trivial potential of gauged supergravity

Worldvolume dependence induce running scalars
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Our case:

ds2 = H− 1

2 (x, r) ηab(x)dxadxb −H 7

8 (x, r)
[

dr2 + r2dΩ2
2

]

,

e−2φ = H− 3

4 (x, r), Fθφ = ∂rH−1(x, r), Hrθφ = mr2

with

H(x, r) = Hw(x) + Ht(r) = mz + 1 +
Q

r
+ 1

6
m2r2

−→ Extra fluxes: Non-trivial potential of gauged supergravity

Worldvolume dependence induce running scalars

−→ Smeared dynam D6: reduction to 7-dim domain wall with scalars

−→ Localised dynam D6: backreaction of domain wall and scalars

−→ scalars run in minimum of potential:

free on shell! ⇒ linear dependence!
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5. General backreacted domain walls

Dynamical fractional brane is special case f1 = h
m

f2 of general domain wall

ds2
7 = (f1 f2)

1

10 ηijdxidxj − (f1 f2)
− 2

5 dz2

eφ = f
1

4

1 f
− 5

8

1 , eχ = (f
− 3

4

1 f
− 1

8

1 )
√

3

5 ,

f1 = 2hz + c1, f2 = 2mz + c2

with a scalar running in the minimum of the potential.
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5. General backreacted domain walls

Dynamical fractional brane is special case f1 = h
m

f2 of general domain wall

ds2
7 = (f1 f2)

1

10 ηijdxidxj − (f1 f2)
− 2

5 dz2

eφ = f
1

4

1 f
− 5

8

1 , eχ = (f
− 3

4

1 f
− 1

8

1 )
√

3

5 ,

f1 = 2hz + c1, f2 = 2mz + c2

with a scalar running in the minimum of the potential.

Then f1 6= h
m

f2 represents supersymmetric domain walls with non-trivial

running scalar

−→ Localised solution: Backreaction of running scalar

−→ Supersymmetric restricts form of Ansatz
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Most general supersymmetric Ansatz of this form [Imamura, 2001]

ds2 = S−1/2ηijdxidxj + KS−1/2dz2 + KS1/2
[

dr2 + r2dΩ2
2

]

,

eφ = K1/2S−3/4, Fθϕ = −∂rS, Hrθϕ = ∂z̃(KS), Hzθϕ = ∂rK,

with

∇2S + 1
2
∂2

zS
2 = −Q6δ, mgsK = ∂zS
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Most general supersymmetric Ansatz of this form [Imamura, 2001]

ds2 = S−1/2ηijdxidxj + KS−1/2dz2 + KS1/2
[

dr2 + r2dΩ2
2

]

,

eφ = K1/2S−3/4, Fθϕ = −∂rS, Hrθϕ = ∂z̃(KS), Hzθϕ = ∂rK,

with

∇2S + 1
2
∂2

zS
2 = −Q6δ, mgsK = ∂zS

−→ Determine K and S such that the solution reduces to domain wall

solution in smeared case:

Laurent series: S(r, z̃) =
∑∞

n=−1 an(z)rn

Imamura eqns: n(n + 1)an = −1
2
∂2

z

(

∑n
k=0 ak−1an−k−1

)

z-independent charge: a−1 = Q

in smeared case Hrθϕ = h: 1
2
∂2

za
2
0 = mh
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Solution no too illuminating:

S(r, z̃) =
∑∞

n=−1 an(z)rn

mgsK = ∂zS with

a1 = −β
gsmhQ6

2a3
0

a2 = −1

6
gsmh + β(g2

smhQ6)
2

(

1

a5
0

− 5β

4a7
0

)

a3 = β(gsmh)2(gsQ6)

(

1

4a4
0

− β

3a6
0

)

+ β(g2
smhQ6)

3

(

− 5

2a7
0

+
35β

4a9
0

− 105β2

16a11
0

)

...

Warped effective potential and gauged

SUGRA potential coincide in minimum

φ

V
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6. Summary and outlook

• Flux compactifications can lead to interesting results, if done correctly,

taking backreaction in account!

⋆ Adding fluxes leads to lower-dim theories with non-trivial potentials

⋆ Worldvolume dependences leads to lower-dim dynamical scalars
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• Flux compactifications can lead to interesting results, if done correctly,

taking backreaction in account!

⋆ Adding fluxes leads to lower-dim theories with non-trivial potentials

⋆ Worldvolume dependences leads to lower-dim dynamical scalars

• Fractional dynamical branes describe on-shell free scalars

H(x, r) = Hw(x) + Ht(r) = mx + 1 +
Q

r
+ 1

6
m2r2

B. Janssen (UGR) Aveiro, May 7th 2014 33



6. Summary and outlook
• Flux compactifications can lead to interesting results, if done correctly,

taking backreaction in account!

⋆ Adding fluxes leads to lower-dim theories with non-trivial potentials

⋆ Worldvolume dependences leads to lower-dim dynamical scalars

• Fractional dynamical branes describe on-shell free scalars

H(x, r) = Hw(x) + Ht(r) = mx + 1 +
Q

r
+ 1

6
m2r2

• General supersymmetric brane solutions with non-trivial running scalars

H(x, r) 6= Hw(x) + Ht(r)
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• What about non-supersymmetric case?

⋆ Fractional dynamical D6 found in 1998: [B.J., Meessen, Ortı́n, 1998]

H(x, r) = cax
a + 1 +

Q

r
+ 1

6
m2r2

solution for general Hw = cax
a, but supersymmetric forHw = mx

−→ what do other solutions represent?
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• What about non-supersymmetric case?

⋆ Fractional dynamical D6 found in 1998: [B.J., Meessen, Ortı́n, 1998]

H(x, r) = cax
a + 1 +

Q

r
+ 1

6
m2r2

solution for general Hw = cax
a, but supersymmetric forHw = mx

−→ what do other solutions represent?

⋆ Supersymmetric solutions come from superpotencial W :

V = e2γx
[

h e−u − meu
]2

= 1
2
(∂xW )2 + 1

2
(∂uW )2 − 3

10
W 2

with

W = eγx
[

h e−u + meu + C
]

C = 0: real superpotential, real supersymmetry transf.

C 6= 0: fake superpotential, only formal transform.

−→ Strong enough to restrict solutions?
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Thank you!
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