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The Joint light-curve analysis (JLA) which consists in
740 data points (Betoule et al A&A, 568, A22,2014)
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What Is the nature of the dark energy/
source of the late cosmic acceleration?
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Cosmologists, astronomers, astrophysicists,

particle physicist, etc.



Cosmological constant
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* |t was introduced by Einstein to model
a static universe !

* Related to the vacuum energy density




The equation of state of DE

The ratio between the pressure and the energy density
w=P/p. If w<-1/3 the Universe expansion is accelerated.

The equation of state (EoS) for A is w=-1

Supernova Cosmology Project
Suzuki, et al., Ap.J. (2011)

Union2.1 SN la
Compilation




The problems of A

Although the cosmological constant it the favored
candidate by the cosmological observations, it has some
fundamental theoretical problems:

« The coincidence problem or why the dark energy

energy density Is similar to the dark matter energy
density today?

* The fine tunning refers to the difference of 120 orders of

magnitude in the values predicted by QFT and the
observations

Several alternatives have been proposed to solve the
problems of A



Braneworld



Revision of Brane theory
(RS I)

* |In this case we will focus our attention to RS models. (Many brane models:
DGP, Phantom-brane, etc...)

Randall-Sundrum I model: The main idea is to give a possible solution to the
problem of hierarchy.

BI;ane Cartoon
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L. Randall and R. Sundrum, A large mass hierarchy from a small extra dimension, Phys. Rev.
Lett. 83 (1999) 3370-3373, [hep-ph/9905221].




Randall-Sundrum I

1. A more economical model with a single brane.
2. It is not necessary for the fifth dimension to be compactified.

* RS | (With
compactification)
X 7 i *RS Il (Without
b e compactification)
= | > r — 00
|

L. Randall and R. Sundrum, An Alternative to compactification, Phys. Rev. Lett. 83 (1999)
4690-4693, [hep-th/9906064].



Field equations for the
brane theory
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brane world, Phys. Rev. D 62 (Jun, 2000) 024012.



Brane background
cosmology

Our goal is to study a DE field in a braneworid

ds® = —dt* + at)*(dr* + r*(d* +sin*Ady?)), FLRW cosmology.

H2 = Iizpeff,
Peff = sz (1 +,,2)\> No Weyl terms i.e. No Schwarzschild
bulk.
A
|— Corrective terms with the brane tension terms.
Densities:

Baryonic matter, dark matter, radiation, dark energy.

2
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At high energies.
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Modified Friedmann equation
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7 ] , Dark energy constraint

In terms of the density parameter and redshift.
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For Dark Energy we have:

_ L1+ AMQpge (1 + 2)301Fwae)
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Deceleration parameter:

_qr(z) + Maqu(2)
q(z) = B ,
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Qode
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grr(z) = 202 (14 2)% + 302 (1 + 2)® + Q2 (2 + 3wae ) (1 + 2)00Hwae),

qr(z) =

Probing dark energy with braneworld in the light of recent cosmological data
IJIMPD Vol. 27 No1 (2018) arXiv: 1609.08220



The data



* H(Z) data: The measurements of the expansion

rate of the Universe as a function of redshift. We use 34
data points which span the redshift range 0.07< z <2.3.
0 i ;Hih{::i] - HrJFr.ﬂ{:::'H! .

- 3
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e SNla data: we use the Lick Observatory

Supernova Search (LOSS) sample containing 586 points In
the range 0.01<z<1.4 (Ganeshalingam et al. 2013).
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e BAO data: Baryon acoustic oscillations are the signature

of the interactions of baryons and photons in a hot plasma on
the matter power spectrum in the pre-recombination epoch.
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Distance scale
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e CMB data: A useful method to obtain cosmological

constraints, without performing a complete perturbative analysis, is to
reduce the full likelihood information to a few parameters: the acoustic
scale, IA, the shift parameter, R, and the decoupling redshift, z*

.- (2, 7 = 1048[1 4 0.00124(%h°) ™" F[1 4 g1 (Qnh®)*],
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162.48 —1529.4 2.0688
Covpl = | —1529.4 207232 —2866.8 | .

2.0688 —2866.8 53.572



Results



Model Y2 h Qi We log(M) A(h%eV*4)
H(z)
Brane 1819  0.721001 0211002 —1.00t915 < -0.88 >3.07x10710
+0.01 +0.01
ACDM  17.15  0.71708T  0.2470:90 ~1.0 — ——
SNIa
Brane  574.73  0.721001 0137000 —0.8179%] < -031 >8.27x10"!
+0.01 +0.01
ACDM  576.12  0.727097  0.2410-07 ~1.0 — —_—
BAO
+0.01 +0.04 +0.13
Brane  5.46 0'7318'8-} 0'2018'85 —0.5310 8 < —9.52 > 0.13
ACDM  13.95  0.667957  0.2979-02 ~1.0 — —
CMB distance constraints
Brane  10.87  0.737001  0.297907 112799 < 150 = > 4.05 x 10*
+0.005 +0.008
ACDM 094  0.6879992 0.3119-098 ~1.0 — —_—
Joint analysis
Brane  636.70 0.711001 030700 1127003 < 162 > 6.42x10°
ACDM  640.79 0.687000%  0.301000° ~1.0 —
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Experiment /Observation Cut-off (eV*4)

Table-Top 138.59 x 1048, 49
Astrophysical 5 x 1032, 45748
BBN 1024, 51

Joint analysis 6.42h% x 10°




Deceleration parameter
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Summary

We investigated a RSII-like braneworld model with a DE field.

We put constraints on the brane tension and the DE Eo0S using
latest cosmological data

We found an important tension between the different constraints.

We can accelerate the Universe but with a dark energy field.

Thanks
S
juan.magana@uv.cl
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