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A mapping between two braneworld cosmologies – Randall-Sundrum and holographic – is
explicitly constructed. The cosmologies are governed by the appropriate modified Friedman
equations. A relationship between the corresponding Hubble rates is established.

1 Introduction

Braneworld cosmology is based on the scenario in which matter is confined on a brane moving
in the higher dimensional bulk with only gravity allowed to propagate in the bulk. We will
consider two types of braneworlds in an AdS5 bulk. In a holographic braneworld a 3-brane is
located at the boundary of the asymptotic AdS5 . The cosmology is governed by matter on
the brane in addition to the boundary CFT. In the second Randall-Sundrum (RSII) model ? a
3-brane is located at a finite distance from the boundary of AdS5.

A cosmology on the brane is obtained by allowing the brane to move in the bulk. Equiva-
lently, the brane is kept fixed at z = zbr while making the metric in the bulk time dependent.
The time dependent spacetime may be regarded as a z foliation of the bulk with an FRW cos-
mology on each z slice. In particular, at z = zbr we have the RSII cosmology and, at z=0, the
holographic cosmology. The Friedmann equation on the brane is modified
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where � is the AdS5 curvature radius, H is the Hubble rate and μ is a parameter. By introducing
the boundary in AdS5 at z = zbr instead of z = 0, the RSII model is conjectured to be dual
to a cutoff CFT coupled to gravity, with z = zbr providing the IR cutoff. This conjecture then
reduces to the standard AdS/CFT duality as the boundary is pushed off to z = 0. In the
original RSII model one assumes the Z2 symmetry, so the region 0 < z ≤ zbr is identified with
zbr ≤ z < ∞, with the observer brane at the fixed point z = zbr. Hence, the braneworld is
sitting between two patches of AdS5, one on either side, and is therefore dubbed “two sided”.
In contrast, in the “one-sided” RSII model the region 0 ≤ z ≤ zbr is simply cut off so the bulk
is the section of spacetime zbr ≤ z <∞.
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The variation of the action yields Einstein’s equations on the boundary ?

Rμν − 1

2
Rgμν = 8πGN(γ〈TCFT
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μν ), (2)

where Tmatt
μν and TCFT

μν are the energy-momentum tensors associated respectively with matter on
the holographic brane and the CFT on the boundary. The parameter γ takes on the value 1 and
2 for the 1-sided and 2-sided RSII model, respectively. According to the AdS/CFT prescription,
the expectation value 〈TCFT

μν 〉 is obtained by functionally differentiating the renormalized on-

shell bulk gravitational action with respect to the boundary metric ?. From (??) one derives the
Friedmann equation at the boundary
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where H2
0 = H2

0 + κ/a20 and H0 = ȧ0/a0 is the Hubble rate at the holographic boundary.
A map between z-cosmology and z = 0-cosmology can be constructed using ?
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The map is schematically illustrated as
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where τ and τ̃ are the holographic and RSII synchronous times, respectively. There is a clear
distinction between the maps involving 1-sided and 2-sided versions of the RSII model ?. In the
2-sided map the low-density regime on the RSII brane corresponds to the high negative energy
density on the holographic brane. The low density regime can be made simultaneous only in
the 1-sided RSII. It is conceivable that we live in a braneworld with emergent cosmology. That
is, dark energy and dark matter could be emergent phenomena induced by what happens on
the primary braneworld. For example, suppose our universe is a one-sided RSII braneworld
the cosmology of which is emergent in parallel with the primary holographic cosmology. If
ρ0 describes matter with the equation of state satisfying 3p0 + ρ0 > 0, as for, e.g., CDM, we
will have an asymptotically de Sitter universe on the RSII brane. If we choose � so that the
cosmological constant Λ fits the observed value, the quadratic term will be comparable with
the linear term today but will strongly dominate in the past and hence will spoil the standard
cosmology. However, the standard ΛCDM cosmology could be recovered by including a negative
constant term in ρ0 and fine tune it to cancel Λ up to a small phenomenologically acceptable
contribution.
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