
Constraining the Dark Energy PotentialConstraining the Dark Energy PotentialConstraining the Dark Energy PotentialConstraining the Dark Energy Potential
E. Fernandez MartinezE. Fernandez MartinezE. Fernandez Martinez

Based on JCAP 0808, 023, Based on JCAP 0808, 023, 
(1) Max Planck Intitut für Physik (München); (2) Institute of Space Sciences(1) Max Planck Intitut für Physik (München); (2) Institute of Space Sciences

1. How to ReconstructABSTRACT 1. How to ReconstructABSTRACT 1. How to Reconstruct
Recent observations

ABSTRACT
We generalize to non-flat geometries the formalism of [1] to Recent observations

density of the Universe

We generalize to non-flat geometries the formalism of [1] to

reconstruct the dark energy potential. Since present and forthcoming density of the Universe

component, responsible

reconstruct the dark energy potential. Since present and forthcoming

data do not allow an exact non-parametric reconstruction of the component, responsibledata do not allow an exact non-parametric reconstruction of the
Even if the observations

data do not allow an exact non-parametric reconstruction of the

potential, we consider a general parametric description in term of Even if the observations

constant, dark energy
potential, we consider a general parametric description in term of

Chebyshev polynomials. We consider present and future measurements
constant, dark energy

rolling scalar field.
Chebyshev polynomials. We consider present and future measurements

rolling scalar field.

energy it is importantof H(z), Baryon Acoustic Oscillations and Supernovae type IA surveys energy it is important

reconstruct the possible

of H(z), Baryon Acoustic Oscillations and Supernovae type IA surveys

and investigate their constraints on the dark energy potential. We find reconstruct the possible

discriminate among different

and investigate their constraints on the dark energy potential. We find

that, relaxing the flatness assumption increases the errors on the discriminate among differentthat, relaxing the flatness assumption increases the errors on thethat, relaxing the flatness assumption increases the errors on the

reconstructed dark energy evolution but does not open up significant
A scalar field φ contributes

reconstructed dark energy evolution but does not open up significant

degeneracies, provided that a prior on geometry is imposed. Direct
A scalar field φ contributes

ρ = K(φ) + V(φ) and
degeneracies, provided that a prior on geometry is imposed. Direct

measurements of H(z), such as those provided by BAO surveys, are
ρ = K(φ) + V(φ) and
Friedmann’s equationsmeasurements of H(z), such as those provided by BAO surveys, are Friedmann’s equationsmeasurements of H(z), such as those provided by BAO surveys, are

crucially important to constrain the evolution of the dark energycrucially important to constrain the evolution of the dark energy

equation of state, especially for non-trivial deviations from the standard
2 )( KVH −++= ρ

κ
equation of state, especially for non-trivial deviations from the standard

Λ

2 )(
3

KVH −++= ρ
κ

equation of state, especially for non-trivial deviations from the standard

ΛCDM model.
3

ΛCDM model.

3. Results3. Results3. Results

Forecast For the differentForecast For the different

constraints on theconstraints on the

Chebyshev expansionChebyshev expansion

derived exploringderived exploringPresent derived exploring

Markov Chain Monte
Present

Constraints Markov Chain Monte

the λ derived can
Constraints

the λi derived can

on V(z). Fig 1on V(z). Fig 1on V(z). Fig 1

reconstruction.
Forecast

reconstruction.
Forecast

Notice that for all

Forecast

Notice that for all

strongest for z ~ 0strongest for z ~ 0

dark energy becomesPresent dark energy becomes

tightening of the priors

Present 

Constraints tightening of the priors

into a strong linear

Constraints

into a strong linearinto a strong linear

two coefficientstwo coefficients

present for all theForecast present for all the

such a degeneracy
Forecast Forecast

such a degeneracy
Forecast

such a degeneracy

In all cases we foundIn all cases we found

V(z) = (αV(z) = (α

Figure 1. 1 and 2 σ constraints on the reconstructed potential as a function of the redshift V(z), from So that, V= ΩΛ forFigure 1. 1 and 2 σ constraints on the reconstructed potential as a function of the redshift V(z), from

present SN data (top left), SN data forecasted from a future space-based survey (top right), galaxy ages

So that, V= ΩΛ for
present SN data (top left), SN data forecasted from a future space-based survey (top right), galaxy ages

(middle left), a “ground” based BAO survey (middle left) and a“space” based BAO survey (bottom left).(middle left), a “ground” based BAO survey (middle left) and a“space” based BAO survey (bottom left).

In Fig. 2 we show an example of the boundsIn Fig. 2 we show an example of the bounds

derived for the first three coefficients of thederived for the first three coefficients of thederived for the first three coefficients of the

Chebyshev expansion of the potential withChebyshev expansion of the potential with

forecasted BAO data. The left plots correspond toforecasted BAO data. The left plots correspond to

bounds derived with information on d alonebounds derived with information on dA aloneA

(extracted from the measurement of the BAO(extracted from the measurement of the BAO

scale across the line sight) and the right plots toscale across the line sight) and the right plots to

information on H(z) (from line of sightinformation on H(z) (from line of sight

measurements of the BAO scale). Notice themeasurements of the BAO scale). Notice themeasurements of the BAO scale). Notice the

much tighter constraints derived from H(z) due tomuch tighter constraints derived from H(z) due to

its more direct relation to V(z), which in d (z) isits more direct relation to V(z), which in dA(z) is

diluted in an integral.diluted in an integral.diluted in an integral.

Notice also the strong linear degeneracy amongNotice also the strong linear degeneracy among

the two first coefficients due to the tighterthe two first coefficients due to the tighter

bounds achievable at lower redshifts.bounds achievable at lower redshifts.
Figure 2. 1, 2 and 3 σ constraints on the first three coefficientsFigure 2. 1, 2 and 3 σ constraints on the first three coefficients

from measurements of dA (left) and H(z) (right) aloneA

tighter bounds places by the constraints on H(z) compared

Present
The constraintsForecastPresent
The constraintsForecastPresent

Constraints
coefficients allow

Constraints
coefficients allow

to V(z) by reconstructingto V(z) by reconstructing

Friedmann equationFriedmann equation

d  φ
2

1 ( ) Hz
d

zK +





=
φ 2

2

1
1

)( ( ) Hz
dz

zK +





= 1
2

)(
dz 2

Forecast Which can be integratedForecast Which can be integrated

( ) ( ) ∫=−
max 6

0

z

z
κ

φφ( ) ( ) ∫=−
6

0z
κ

φφ

Present 
∫
0Present Present 

Constraints

Fig 3 shows the results

Constraints

Fig 3 shows the results

the 68% best modelsthe 68% best modelsthe 68% best models

Note that, upon integrationForecast Forecast Note that, upon integration

limited ∆φ(z) can
Forecast Forecast

limited ∆φ(z) can

value will stronglyvalue will stronglyvalue will strongly

cosmological modelcosmological model

thus, the tighterthus, the tighter

dataset places arounddataset places around

∆φinterval in ∆φ(z) thatinterval in ∆φ(z) that
Figure 3. Reconstructed V(φ) for the 68% best models for the different datasets.Figure 3. Reconstructed V(φ) for the 68% best models for the different datasets.

Constraining the Dark Energy PotentialConstraining the Dark Energy PotentialConstraining the Dark Energy PotentialConstraining the Dark Energy Potential
E. Fernandez Martinez(1) & L. Verde(2)E. Fernandez Martinez(1) & L. Verde(2)E. Fernandez Martinez(1) & L. Verde(2)

JCAP 0808, 023, arXiv: 0806.1871JCAP 0808, 023, arXiv: 0806.1871

Sciences (Barcelona) & Dept. of Astrophysical sciences, Princeton UniversitySciences (Barcelona) & Dept. of Astrophysical sciences, Princeton University

Reconstruct the Dark Energy PotentialReconstruct the Dark Energy PotentialReconstruct the Dark Energy Potential
observations indicate that the present-day energy Thus:observations indicate that the present-day energy

Universe is dominated by a “dark energy”

Thus:

( ) ( ) ( ) ( ) ( ) ( )zdH 211 2Universe is dominated by a “dark energy”

responsible for its current accelerated expansion.
( ) ( ) ( ) ( ) ( ) ( )





++=+− zzzV
zdH

zzH km ρρκ
21

1
1

3
2

2

responsible for its current accelerated expansion.
( ) ( ) ( ) ( ) ( )





++=+− zzzV
dz

zzH km ρρκ
32

1
2

3

observations are compatible with a cosmological
dz 322

observations are compatible with a cosmological

energy can also be explained by a slowly In order to reconstruct V(z), both H(z) and its derivative areenergy can also be explained by a slowly

To improve our understanding of dark

In order to reconstruct V(z), both H(z) and its derivative are

then needed. We instead expand the potential in ChebyshevTo improve our understanding of dark

important to test its dynamical nature and to try to

then needed. We instead expand the potential in Chebyshev

polynomials:important to test its dynamical nature and to try to

possible shapes of the potential so as to

polynomials:

( )
� zpossible shapes of the potential so as to

different physical models.
( ) ∑ 





−≈
�

nn

z
TzV 12λ

different physical models.
( ) ∑

=






−≈
n

nn
z

TzV
0 max

12λ
= n z0 max

contributes to the pressure and energy as.
So that the potential can be recovered from H(z):contributes to the pressure and energy as

and p = K(φ) –V(φ) with K(φ) = φ
.
2/2, the

So that the potential can be recovered from H(z):

and p = K(φ) –V(φ) with K(φ) = φ /2, the

equations read: ( ) ( ) ( ) 











−Ω−





−Ω−−+= ∑
�

n zFzHzzH 262 1
1

1
1311

λequations read: ( ) ( ) ( )
( ) ( ) 




















+
−Ω−









+
−Ω−−+= ∑ kmn

n

zz
zFzHzzH

40,30,max

2

0

62

1

1
1

1

1
1311

ρ

λ

2c
k ( ))(243 φρ

κ
VKp

a
−++−=

&&
( ) ( ) 











 +



 +

∑
=n

kmn

c zz0
40,30,max0

11ρ

with2a

c
k ( ))(243

6
φρ

κ
VKp

a

a
−++−=

&&

( ) ( )( )∫
−

+≈
7

1 zzTzF nnwitha 6a ( ) ( )( )∫ +≈ 1 zzTzF nn

2. Datasets and Priors2. Datasets and Priors2. Datasets and Priors

Baryon Acoustic Oscillations: We considerBaryon Acoustic Oscillations: We considerBaryon Acoustic Oscillations: We consider

measurements of the BAO scale both along and across thedifferent datasets we compute the measurements of the BAO scale both along and across the

line of sight, from which H(z) and d (z) are respectively

different datasets we compute the

the first three coefficients of the line of sight, from which H(z) and dA(z) are respectively

extracted. To estimate the errors with which these

the first three coefficients of the

expansion. This constraints are extracted. To estimate the errors with which theseexpansion. This constraints are

exploring the likelihood surface via a magnitudes will be recovered we use the fitting formulas ofexploring the likelihood surface via a magnitudes will be recovered we use the fitting formulas of

Ref. [2]. We consider future “ground” and “space” based

exploring the likelihood surface via a

Monte Carlo. The constraints on Ref. [2]. We consider future “ground” and “space” based

surveys with the following parameters:

Monte Carlo. The constraints on

can then be translated into bounds surveys with the following parameters:can then be translated into bounds

shows the results of this
Survey Area (dg2) z z bins in z

shows the results of this
Survey Area (dg2) zmin zmax bins in z

ground 10000 0.1 1 9

shows the results of this

ground 10000 0.1 1 9

space 30000 1 2 10
all the datasets the bounds are

space 30000 1 2 10
all the datasets the bounds are

Supernovae type IA: We consider the measurement of0.1 - 0.3 since at larger redshifts Supernovae type IA: We consider the measurement of

d (z) from present and future Supernovae surveys. For the

0.1 - 0.3 since at larger redshifts

becomes subdominant. This dL(z) from present and future Supernovae surveys. For the

present sample we consider that of [3]. For the forecast we

becomes subdominant. This

priors at low redshifts translates present sample we consider that of [3]. For the forecast wepriors at low redshifts translates
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through H(z) = dz/dt(1+z)-1. We use the data from [5].

α-1)λ1+ΩΛ+λ1·2z/zmax

through H(z) = dz/dt(1+z)-1. We use the data from [5].
for z=zmax(1-α)/2 regardless of λ1.for z=zmax(1-α)/2 regardless of λ1.

Priors: In all cases we consider a fiducial LCDM modelPriors: In all cases we consider a fiducial LCDM model

with Gaussian priors of σ = 8 Km s-1 Mpc-1 for H , σ =with Gaussian priors of σH = 8 Km s-1 Mpc-1 for H0, σm =

0.01 for Ω h2 and σ = 0.03 for Ω .0.01 for Ωmh
2 and σk = 0.03 for Ωk.0.01 for Ωmh and σk = 0.03 for Ωk.
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Figure 4. Comparison of an example model (red lines) with the ΛCDM (black lines).

models for the different datasets. Notice the stronger sensitivity of H(z) measurements (left) compared to dA or dL
measurements (right) to the dynamics of dark energy.
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