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dŝ2 = HA(r) g̃ij dxidxj + HB(r)
[

dr2 + r2dΩ2
n

]

R̃ij = p Λ̃ g̃ij

2. Reduction to domain wall problem

3. Einstein branes without flux

B. Janssen (UGR) Oviedo, september 2011 2



Outlook

1. Introduction: flat p-branes and their curved generalizations
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1. Introduction

The importance of p-branes in string theory can hardly be overestimated:

• fundamental objects in string theory

• solitonic solutions in supergravity
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1. Introduction

The importance of p-branes in string theory can hardly be overestimated:

• fundamental objects in string theory

• solitonic solutions in supergravity

• crucial for understanding of

– gauge/gravity duals

– black hole entropy

– string phenomenology & cosmology

– non-perturbative effects

– ...
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In supergravity: solutions of

SD =

∫

dDx
√

|ĝ|
[

R̂ − 1

2
(∂φ̂)2 − 1

2(p + 2)!
ebφ̂F̂µ̂1...µ̂p+2F̂

µ̂1...µ̂p+2

]

of the form

dŝ2 = H2A(r) ηij dxidxj + H2B(r)
(

dr2 + r2dΩ2
n

)

,

e−2φ̂ = HC(r), F̂i1...ip+1r = ∂rH
E(r) εi1...ip+1
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SD =

∫

dDx
√

|ĝ|
[

R̂ − 1

2
(∂φ̂)2 − 1

2(p + 2)!
ebφ̂F̂µ̂1...µ̂p+2F̂

µ̂1...µ̂p+2

]

of the form

dŝ2 = H2A(r) ηij dxidxj + H2B(r)
(

dr2 + r2dΩ2
n

)

,

e−2φ̂ = HC(r), F̂i1...ip+1r = ∂rH
E(r) εi1...ip+1

x

x

y

• Planar extended objects with p spatial direc-

tions

• Electrically and/or magnetically charged

under F̂µ̂1...µ̂p+2

• D = 11, p = 2: M2 and M5-brane

D = 10, p = 1: F1 and NS5-brane

D = 10, 0 ≤ p ≤ 8: Dp-branes

[Duff et al.] [Güven] [Dahbolkar et al.] [Callan, et al.] [Duff et al.] [Polchinski]
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General solution:

dŝ2 = H2A(r) ηij dxidxj + H2B(r)
(

dr2 + r2dΩ2
n

)

,

e−2φ̂ = HC(r), F̂i1...ip+1r = ∂rH
−1(r) εi1...ip+1

with

A = −4(D − p − 3)

∆(D − 2)
B =

4(p + 1)

∆(D − 2)
C =

4b

∆

∆ = b2 + 2
(p + 1)(D − p − 3)

D − 2
∇2H(r) = 0

[Stelle][Bergshoeff]
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)

,

e−2φ̂ = HC(r), F̂i1...ip+1r = ∂rH
−1(r) εi1...ip+1

with

A = −4(D − p − 3)

∆(D − 2)
B =

4(p + 1)

∆(D − 2)
C =

4b

∆

∆ = b2 + 2
(p + 1)(D − p − 3)

D − 2
∇2H(r) = 0

[Stelle][Bergshoeff]

Known generalisations:

• Ricci-flat branes [Brecher et al.] [B.J.] [Figueroa-O’Farrill]

• Curved domain walls [Kachru et al.] [Alonso-Alberca et al.] ...
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Ricci-flat branes:

dŝ2 = H2A(r) g̃ij(x)dxidxj + H2B(r)
(

dr2 + r2dΩ2
n

)

,

e−2φ̂ = HC(r), F̂i1...ip+1r =
√

|g̃| ∂rH
−1(r) εi1...ip+1
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Ricci-flat branes:

dŝ2 = H2A(r) g̃ij(x)dxidxj + H2B(r)
(

dr2 + r2dΩ2
n

)

,

e−2φ̂ = HC(r), F̂i1...ip+1r =
√

|g̃| ∂rH
−1(r) εi1...ip+1

still solution if

A = −4(D − p − 3)

∆(D − 2)
B =

4(p + 1)

∆(D − 2)
C =

4b

∆

∆ = b2 + 2
(p + 1)(D − p − 3)

D − 2
∇2H(r) = 0 R̃ij = 0

Reason: factorisation of x-dependence

Rij = R̃ij − g̃ijH
2(A−B)−1

[

∇2H + (∂H)2
]

−→ eqn of motions:

R̃ij − g̃ijH
2(A−B)−1

[

∇2H + (∂H)2
]

+ g̃ij(∂φ̂)2 + g̃ij e
bφ̂F̂µ̂1...µ̂p+2F̂

µ̂1...µ̂p+2 = 0
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Curved domain walls (exact and/or numerical):

• one transversal coordinate

• magnetically charged with respecto to scalar potencial V (φ̂)
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−→ solutions of

SD =

∫

dDx
√

|ĝ|
[

R̂ − 1

2
(∂φ̂)2 − V (φ̂)

]

of the form

dŝ2 = H2A(r) g̃ij(x)dxidxj + H2B(r)dr2

e−2φ̂ = HC(r), R̃ij = (D − 2)Λ̃ g̃ij
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Curved domain walls (exact and/or numerical):

• one transversal coordinate

• magnetically charged with respecto to scalar potencial V (φ̂)

−→ solutions of

SD =

∫

dDx
√

|ĝ|
[

R̂ − 1

2
(∂φ̂)2 − V (φ̂)

]

of the form

dŝ2 = H2A(r) g̃ij(x)dxidxj + H2B(r)dr2

e−2φ̂ = HC(r), R̃ij = (D − 2)Λ̃ g̃ij

No known solutions of general p-branes with R̃ij = pΛ̃ g̃ij (Einstein branes)

−→ Knippenberg (2003): such solutions do not exist

End of the story (?)
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One to one correspondence between p-brane and DW

dŝ2 = e2A(r) g̃ij(x)dxidxj + e2B(r)
(

dr2 + r2dΣ2
n

)

ds2 = a2(z)g̃ij(x)dxidxj + f2(z)dz2

through dimensional reduction over angular part dΣ2
n = h̄ab(θ)dθadθb with

R̄ab = (n − 1)K̄h̄ab, K̄ = 0,±1
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One to one correspondence between p-brane and DW

dŝ2 = e2A(r) g̃ij(x)dxidxj + e2B(r)
(

dr2 + r2dΣ2
n

)

ds2 = a2(z)g̃ij(x)dxidxj + f2(z)dz2

through dimensional reduction over angular part dΣ2
n = h̄ab(θ)dθadθb with

R̄ab = (n − 1)K̄h̄ab, K̄ = 0,±1

Strategy:

1. Look for solutions

ds2 = a2(z)g̃ij(x)dxidxj + f2(z)dz2 with R̃ij = pΛ̃ g̃ij

2. Uplift solution to

dŝ2 = e2A(r) g̃ij dxidxj + e2B(r)
(

dr2 + r2dΣ2
n

)

with R̃ij = pΛ̃ g̃ij

−→ Knippenberg’s argument invalidated: too restrictive Ansatz?
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Motivation:

• For the fun of it...

• Alternative way of finding de Sitter solutions in string theory

−→ Randall-Sundrum type of analysis

• Flux compactificaction yield curved p-brane solutions

−→ backreaction poorly studied

• AdS domain walls sometimes supersymmetric. AdS -branes also?

−→ new class of supersymmetric solutions for AdS-branes?

Disclaimer: No impediments from Maldacena-Núñez

• Maldacena-Núñez: no solutions of the type dS × Mc

dŝ2 = g̃ij dxidxj + R2
0dΣ2

n with R̃ij = pΛ̃ g̃ij, R̄ab = (n − 1)K̄h̄ab

• We have a non-compactification:

dŝ2 = e2A(r) g̃ij dxidxj + e2B(r)
(

dr2 + r2dΣ2
n

)
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2. Reduction to domain wall problem
Magnetic Ansatz:

dŝ2 = e2αχ gµν dxµdxν + e2βχ h̄ab dθadθb

φ̂ = φ(x), F̂a1...an
=

1
√

|h̄|
Q ε̄a1...an

with µ, ν ∈ {0, . . . , p + 2}, a, b ∈ {1, . . . , n}

gµν = gµν(x), χ = χ(x), h̄ab = h̄ab(θ), R̄ab = (n − 1)K̄h̄ab
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2. Reduction to domain wall problem
Magnetic Ansatz:

dŝ2 = e2αχ gµν dxµdxν + e2βχ h̄ab dθadθb

φ̂ = φ(x), F̂a1...an
=

1
√

|h̄|
Q ε̄a1...an

with µ, ν ∈ {0, . . . , p + 2}, a, b ∈ {1, . . . , n}

gµν = gµν(x), χ = χ(x), h̄ab = h̄ab(θ), R̄ab = (n − 1)K̄h̄ab

Nota bene:

• h̄ab is metric of angular part of transverse space

• χ is breathing mode

• gµν is metric of domain wall spacetime

ds2 = gµν dxµdxν = a2(z)g̃ij(x)dxidxj + f2(z)dz2
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More precisely:

dŝ2 = e2A(r) g̃ij(x)dxidxj + e2B(r)
(

dr2 + r2h̄ab dθadθb
)

= e2A(r) g̃ij(x)dxidxj + e2B(r)dr2 + e2B(r)r2h̄ab dθadθb

= e2αχ
[

a2(z)g̃ij(x)dxidxj + f2(z)dz2
]

+ e2βχ h̄ab dθadθb

= e2αχ gµν dxµdxν + e2βχ h̄ab dθadθb

provided that

eβχ(z) = eB(r)r, eαχ(z) a(z) = eA(r), eαχ(z) f(z)dz = eB(r) dr
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Dimensional reduction: (D̃ = pα + nβ)

R̂ = e−2αχR + n(n − 1)e−2βχK̄

+ 2(D̃ + α)e−2αχ∇2χ +
[

D̃2 + pα2 + nβ2
]

e−2αχ(∂χ)2
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Dimensional reduction: (D̃ = pα + nβ)

R̂ = e−2αχR + n(n − 1)e−2βχK̄

+ 2(D̃ + α)e−2αχ∇2χ +
[

D̃2 + pα2 + nβ2
]

e−2αχ(∂χ)2

hence

S =

∫

dDx
√

|ĝ|
[

R̂ − 1

2
(∂φ̂)2 − 1

2(p + 2)!
ebφ̂F̂µ̂1...µ̂p+2F̂

µ̂1...µ̂p+2

]

=

∫

dp+2x
√

|g|
[

R − 1
2
(∂φ)2 − 1

2
(∂χ)2 − 1

2
ebφ+cχQ2 + n(n − 1)edχK̄

]

provided that pα = −nβ and α =
√

n
2p(p+n)

=⇒ β = β(p, n), c = c(p, n), d = d(p, n)
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Dimensional reduction: (D̃ = pα + nβ)

R̂ = e−2αχR + n(n − 1)e−2βχK̄

+ 2(D̃ + α)e−2αχ∇2χ +
[

D̃2 + pα2 + nβ2
]

e−2αχ(∂χ)2

hence

S =

∫

dDx
√

|ĝ|
[

R̂ − 1

2
(∂φ̂)2 − 1

2(p + 2)!
ebφ̂F̂µ̂1...µ̂p+2F̂

µ̂1...µ̂p+2

]

=

∫

dp+2x
√

|g|
[

R − 1
2
(∂φ)2 − 1

2
(∂χ)2 − 1

2
ebφ+cχQ2 + n(n − 1)edχK̄

]

provided that pα = −nβ and α =
√

n
2p(p+n)

=⇒ β = β(p, n), c = c(p, n), d = d(p, n)

−→ gravity coupled to 2 scalars in double exponential potential
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Curved domain wall Ansatz:

ds2 = a2(z)g̃ij(x)dxidxj + f2(z)dz2

φ = φ(z), χ = χ(z), R̃ij = p Λ̃ g̃ij

Hence equations of motion:

f2a−2Λ̃ +
a′′

a
− f ′a′

fa
+

1

2p
(φ′)2 +

1

2p
(χ′)2 = 0

p(p + 1)f2a−2Λ̃ − p(p + 1)
(a′

a

)2

+
1

2
(φ′)2 +

1

2
(χ′)2

− 1
2
f2ebφ+cχQ2 + n(n − 1)f2edχK̄ = 0

φ′′ + (p + 1)
a′

a
φ′ − f ′

f
φ′ − 1

2
b ebφ+cχf2Q2 = 0

χ′′ + (p + 1)
a′

a
χ′ − f ′

f
χ′ − 1

2
c ebφ+cχf2Q2 + d n(n − 1)edχf2K̄ = 0
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All know p-brane solutions recovered.

Example: M2-brane (p = 2, n = 7, Λ̃ = 0, K̄ = 1) is given by

a(r) = (r6 + R6
0)

1/4 r2 χ(r) =
1

18
√

7
ln(r6 + R6

0)

f(r) = (r6 + R6
0)

3/4 r−2 Q = ±6 R6
0
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All know p-brane solutions recovered.

Example: M2-brane (p = 2, n = 7, Λ̃ = 0, K̄ = 1) is given by

a(r) = (r6 + R6
0)

1/4 r2 χ(r) =
1

18
√

7
ln(r6 + R6

0)

f(r) = (r6 + R6
0)

3/4 r−2 Q = ±6 R6
0

since (α =
√

7
6
, β = − 1

3
√

7
)

dŝ2 = e2αχ
[

a2(z)ηij dxidxj + f2(r)dr2
]

+ e2βχ dΩ2
7

= (r6 + R6
0)

−7/6
[

(r6 + R6
0)

1/2 r4 ηij dxidxj + (r6 + R6
0)

3/2 r−2dr2
]

+ (r6 + R6
0)

1/3 dΩ2
7

=
r4

(r6 + R6
0)

2/3
ηij dxidxj +

(r6 + R6
0)

1/3

r2

[

dr2 + r2dΩ2
7

]

B. Janssen (UGR) Oviedo, september 2011 14



3. The AJS domain wall [Alonso-Alberca, B.J., Silva]

Single scalar solution (uncharged p-brane) of

Sp+2 =

∫

dp+2x
√

|g|
[

R − 1
2
(∂χ)2 − edχΛ

]

of the form

[

1 + d
√

−Λ
2p

z
]2

g̃ij dxidxj + dz2, eχ =
[

1 + d
√

−Λ
2p

z
]− 2

d

with

Λ̃ =
2 − p d2

2p2
Λ, Λ < 0
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√
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with
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3. The AJS domain wall [Alonso-Alberca, B.J., Silva]

Single scalar solution (uncharged p-brane) of

Sp+2 =

∫

dp+2x
√

|g|
[

R − 1
2
(∂χ)2 − edχΛ

]

of the form

[

1 + d
√

−Λ
2p

z
]2

g̃ij dxidxj + dz2, eχ =
[

1 + d
√

−Λ
2p

z
]− 2

d

with

Λ̃ =
2 − p d2

2p2
Λ, Λ < 0

• in general: dS for d2 > 2/p, AdS for d2 < 2/p

• our case: d =
√

2(p+n)
pn

, Λ = −n(n − 1)K̄

– K̄ = 1 =⇒ angular part is S
n

– Λ̃ = 1
3
(n − 1) =⇒ de Sitter branes for 1 ≤ p ≤ D − 4
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Our solution becomes:

ds2 =
[

1 + λ z
]2

g̃ij dxidxj + dz2 eχ =
[

1 + λ z
]−

q

2pn

p+n

with R̃ij = −pn(n − 1)K̄g̃ij, λ = p−1
√

(n − 1)(n + p)
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Our solution becomes:

ds2 =
[

1 + λ z
]2

g̃ij dxidxj + dz2 eχ =
[

1 + λ z
]−

q

2pn

p+n

with R̃ij = −pn(n − 1)K̄g̃ij, λ = p−1
√

(n − 1)(n + p)

In D dimensions:

dŝ2 =
(

1 + λ z
)

2p

p+n

g̃ij dxidxj +
(

1 + λ z
)− 2n

p+n

dz2 +
(

1 + λ z
)

2p

p+n

dΩ2
n

(1 + λ z = rλ)

= r
2

q

n−1
p+n g̃ij dxidxj + r

2
q

n−1
p+n

−2
[

dr2 + r2dΩ2
n

]
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Our solution becomes:

ds2 =
[

1 + λ z
]2

g̃ij dxidxj + dz2 eχ =
[

1 + λ z
]−

q

2pn

p+n

with R̃ij = −pn(n − 1)K̄g̃ij, λ = p−1
√

(n − 1)(n + p)

In D dimensions:

dŝ2 =
(

1 + λ z
)

2p

p+n

g̃ij dxidxj +
(

1 + λ z
)− 2n

p+n

dz2 +
(

1 + λ z
)

2p

p+n

dΩ2
n

(1 + λ z = rλ)

= r
2

q

n−1
p+n g̃ij dxidxj + r

2
q

n−1
p+n

−2
[

dr2 + r2dΩ2
n

]

Comment: this is scaling solution:

a(z) =
(

1 + λ z
)

and eχ =
[

1 + λ z
]−

q

2pn

p+n

have same potentials in e.o.m.

−→ use to construct two scalar solutions
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4. Einstein branes with flux: general case

S =

∫

dp+2x
√

|g|
[

R − 1
2
(∂φ)2 − 1

2
(∂χ)2 − 1

2
ebφ+cχQ2 + n(n − 1)edχK̄

]

Scaling solution:

eφ = a(z)N1, eχ = a(z)N2.
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4. Einstein branes with flux: general case

S =

∫

dp+2x
√

|g|
[

R − 1
2
(∂φ)2 − 1

2
(∂χ)2 − 1

2
ebφ+cχQ2 + n(n − 1)edχK̄

]

Scaling solution:

eφ = a(z)N1, eχ = a(z)N2.

We find:

ds2 =
[

1 + λ z
]2

g̃ij dxidxj + dz2 eφ =
[

1 + λ z
]

2p(n−1)
(p+n)b

eχ =
[

1 + λ z
]−

q

2pn

(p+n)

with

λ =
b(p + n)

p

√

(n − 1) K̄

(p + n)b2 + 2(p + 1)(n − 1)
Q2 =

4(n − 1)2(p + n)

(p + n)b2 + 2(p + 1)(n − 1)

Λ̃ =
n − 1

p

(p + n)b2 − 2(n − 1)2

(p + n)b2 + 2(p + 1)(n − 1)
K̄ −→ K̄ = 1
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Uplifting:

dŝ2 = rA g̃ij dxidxj + rA−2
[

dr2 + r2dΩ2
n

]

,

eφ̂ = rB, F̂a1...an =
Q

√

|h̄|
ε̄a1...an

with

A = A(p, n, b), B = B(p, n, b)

R̃ij = −p Λ̃ g̃ij (dS) for b2 >
2(n−1)2

(p+n)

R̃ij = +p Λ̃ g̃ij (AdS) for b2 <
2(n−1)2

(p+n)

−→ strong dilaton coupling yields positive curvature branes

weak dilaton coupling yields negative curvature branes

B. Janssen (UGR) Oviedo, september 2011 18



5. Einstein branes in D = 10 supergravity (p + n = 8)
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5. Einstein branes in D = 10 supergravity (p + n = 8)

• Einstein Dp-branes: b = 1
2(p − 3)

dŝ2 = rA g̃ij dxidxj + rA−2
[

dr2 + r2dΩ2
3

]

eφ̂ = rB F̂a1...a3 =
(7 − p)
√

|h̄|
ε̄a1...a3

with

A =
1

4
(p − 3)

√

7 − p

2
B =

1

4
(7 − p)

√

2(7 − p) Λ̃ = −(7 − p)(5 − p)

2p
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5. Einstein branes in D = 10 supergravity (p + n = 8)

• Einstein Dp-branes: b = 1
2(p − 3)

dŝ2 = rA g̃ij dxidxj + rA−2
[

dr2 + r2dΩ2
3

]

eφ̂ = rB F̂a1...a3 =
(7 − p)
√

|h̄|
ε̄a1...a3

with

A =
1

4
(p − 3)

√

7 − p

2
B =

1

4
(7 − p)

√

2(7 − p) Λ̃ = −(7 − p)(5 − p)

2p

• Λ̃ < 0 for 0 < p < 5: AdS D-branes

• Λ̃ = 0 for p = 5: Ricci flat D5-brane −→ near-horizon of standard D5-brane

• Λ̃ > 0 for 5 < p < 7: dS D6-branes
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√
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ε̄a1...a3

with

A =
1

4
(p − 3)

√
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4
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√
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2p

• Λ̃ < 0 for 0 < p < 5: AdS D-branes

• Λ̃ = 0 for p = 5: Ricci flat D5-brane −→ near-horizon of standard D5-brane

• Λ̃ > 0 for 5 < p < 7: dS D6-branes

• D7 and D8 are single scalar solutions (see previous section)
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5. Einstein branes in D = 10 supergravity (p + n = 8)

• Einstein Dp-branes: b = 1
2(p − 3)

dŝ2 = rA g̃ij dxidxj + rA−2
[

dr2 + r2dΩ2
3

]

eφ̂ = rB F̂a1...a3 =
(7 − p)
√

|h̄|
ε̄a1...a3

with

A =
1

4
(p − 3)

√

7 − p

2
B =

1

4
(7 − p)

√

2(7 − p) Λ̃ = −(7 − p)(5 − p)

2p

• Λ̃ < 0 for 0 < p < 5: AdS D-branes

• Λ̃ = 0 for p = 5: Ricci flat D5-brane −→ near-horizon of standard D5-brane

• Λ̃ > 0 for 5 < p < 7: dS D6-branes

• D7 and D8 are single scalar solutions (see previous section)

• D3 does not fit in out Ansatz ⇔ no scaling solution
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• Einstein F1 and NS5

F1 (b = −1)























dŝ2 = r
√

3
2 g̃ij dxidxj + r

√

3
2
−2

[

dr2 + r2dΩ2
3

]

eφ̂ = r3
√

3 F̂a1...a3 = 6√
|h̄|

ε̄a1...a3

Λ̃ = −3
4 −→ AdS2

B. Janssen (UGR) Oviedo, september 2011 20



• Einstein F1 and NS5

F1 (b = −1)























dŝ2 = r
√

3
2 g̃ij dxidxj + r

√

3
2
−2

[

dr2 + r2dΩ2
3

]

eφ̂ = r3
√

3 F̂a1...a3 = 6√
|h̄|

ε̄a1...a3

Λ̃ = −3
4 −→ AdS2

NS5 (b = 1)























dŝ2 = r
1
2 g̃ij dxidxj + r

11
8

[

dr2 + r2dΩ2
3

]

eφ̂ = r8 F̂a1...a3 = 2√
|h̄|

ε̄a1...a3

Λ̃ = 0 −→ Ricci flat

B. Janssen (UGR) Oviedo, september 2011 20



• Einstein F1 and NS5

F1 (b = −1)























dŝ2 = r
√

3
2 g̃ij dxidxj + r

√

3
2
−2

[

dr2 + r2dΩ2
3

]

eφ̂ = r3
√

3 F̂a1...a3 = 6√
|h̄|

ε̄a1...a3

Λ̃ = −3
4 −→ AdS2

NS5 (b = 1)























dŝ2 = r
1
2 g̃ij dxidxj + r

11
8

[

dr2 + r2dΩ2
3

]

eφ̂ = r8 F̂a1...a3 = 2√
|h̄|

ε̄a1...a3

Λ̃ = 0 −→ Ricci flat

−→ S-dual to Einstein D1 and D5-branes
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6. Scaling solutions and near horizon regions
DW / FLRW correspondence: relation between [Skenderis, Townsend]

ds2 = − f2(t)dt2 + a2(t)g̃ij(x)dxidxj

ds2 = a2(z)g̃ij(x)dxidxj + f2(z)dz2

provided t ↔ z Λ̃ ↔ −Λ̃ V (φ) ↔ −V (φ)
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6. Scaling solutions and near horizon regions
DW / FLRW correspondence: relation between [Skenderis, Townsend]

ds2 = − f2(t)dt2 + a2(t)g̃ij(x)dxidxj

ds2 = a2(z)g̃ij(x)dxidxj + f2(z)dz2

provided t ↔ z Λ̃ ↔ −Λ̃ V (φ) ↔ −V (φ)

−→ generalisable to timelike / spacelike brane correspondence
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• Cosmological models (hence DWmodels) with exponential potentials

S =

∫

dp+2x
√

|g|
[

R − 1
2(∂φ)2 − 1

2(∂χ)2 − 1
2e

bφ+cχQ2 + n(n − 1)edχK̄
]

form autonomous system: flow equations in flow diagram
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• Cosmological models (hence DWmodels) with exponential potentials

S =

∫

dp+2x
√

|g|
[

R − 1
2(∂φ)2 − 1

2(∂χ)2 − 1
2e

bφ+cχQ2 + n(n − 1)edχK̄
]

form autonomous system: flow equations in flow diagram

• Scaling solutions are critical points in flow diagram

−→ FLRW: early time of late time behaviour

DW: near-horizon or asysmptotic regions
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• Cosmological models (hence DWmodels) with exponential potentials

S =

∫

dp+2x
√

|g|
[

R − 1
2(∂φ)2 − 1

2(∂χ)2 − 1
2e

bφ+cχQ2 + n(n − 1)edχK̄
]

form autonomous system: flow equations in flow diagram

• Scaling solutions are critical points in flow diagram

−→ FLRW: early time of late time behaviour

DW: near-horizon or asysmptotic regions

Flat branes: full solution: H = α + βrp−7 =⇒ H ≈ rp−7

−→ flat DW: a(z) ∼ zℓ with ℓ = (9−p)
(p−3)2

Curved DW: a(z) ∼ z

−→ Einstein branes: full solution: unknown, but should exist
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• Cosmological models (hence DWmodels) with exponential potentials

S =

∫

dp+2x
√

|g|
[

R − 1
2(∂φ)2 − 1

2(∂χ)2 − 1
2e

bφ+cχQ2 + n(n − 1)edχK̄
]

form autonomous system: flow equations in flow diagram

• Scaling solutions are critical points in flow diagram

−→ FLRW: early time of late time behaviour

DW: near-horizon or asysmptotic regions

Flat branes: full solution: H = α + βrp−7 =⇒ H ≈ rp−7

−→ flat DW: a(z) ∼ zℓ with ℓ = (9−p)
(p−3)2

Curved DW: a(z) ∼ z

−→ Einstein branes: full solution: unknown, but should exist

• cases without curved scaling solution: (AdS with Q = 0, D3-brane, ...)

−→ solutions should exist

just do not have scaling regime
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7. Conclusions

• Constructed domain wall solutions with Einstein worldvolume

ds2 = zℓg̃ijdxidxj + dz2 R̃ij = p Λ̃ g̃ij
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• Uplifteded to D = p + n + 2 dimensional solutions
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ε̄a1...an R̃ij = p Λ̃ g̃ij
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7. Conclusions

• Constructed domain wall solutions with Einstein worldvolume

ds2 = zℓg̃ijdxidxj + dz2 R̃ij = p Λ̃ g̃ij

• Uplifteded to D = p + n + 2 dimensional solutions

dŝ2 = rA g̃ij dxidxj + rA−2
[

dr2 + r2dΩ2
n

]

,

eφ̂ = rB, F̂a1...an =
Q

√

|h̄|
ε̄a1...an R̃ij = p Λ̃ g̃ij

• Exact solutions are scaling solutions and hence near horizon limits

Full solutions to be determined
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Future work:

• Look for full solutions
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• Randall-Sundrum like analysis
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Future work:

• Look for full solutions

• Determine supersymmetry

• Randall-Sundrum like analysis

• Generalise to other brane-like solutions
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Thank you!

B. Janssen (UGR) Oviedo, september 2011 25



Thank you!

special thanks to:

Dr. Thomas S. Harvey with Einstein’s brain
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