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DARK ENERGY

THE ENERGY BUDGET OF THE UNIVERSE 
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EARLY DARK ENERGY

ENERGY DENSITIES IN THE UNIVERSE

Georg Robbers (2008) 
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EARLY DARK ENERGY

ONE MODEL OF EARLY DARK ENERGY
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PERTURBATIONS

PERTURBATIONS - DARK ENERGY STRESSED PARAMETRIZATION
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synchronous gauge - energy momentum conservation 

The trace of the synchronous metric perturbation

DE density perturbation

Velocity potential

Anisotropic stress of DE
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Ma and Bertschinger  (1995) 
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RESULTS

EFFECTS ON CMB

wCDM wCDM
Effect of the effective sound speed on the CMB spectrum Effect of the viscose sound speed on the CMB spectrum
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RESULTS

EFFECTS OF SOUND SPEED ON CMB

EDE
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RESULTS

EFFECTS OF SOUND SPEED ON CMB

EDE
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RESULTS

EFFECTS OF VISCOSITY ON CMB

EDE
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RESULTS

EFFECTS OF VISCOSITY ON CMB
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RESULTS

ISW COMPONENT OF THE TEMPERATURE CMB ANISOTROPIES

V V
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l < 30 l < 30l ∼ 120 l ∼ 120



RESULTS

CMB LENSING
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RESULTS

EFFECTS ON MATTER POWER SPECTRUM
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RESULTS

CONSTRAINTS ON EARLY DARK ENERGY

H0 = (70.6 ± 3.3) kms−1 Mpc−1
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Khoraminezhad+19, in prep.

Planck: Planck TT, TE, EE + low TEB 

Planck

Planck+BAO+SNe+H0

Planck+BAO+SNe+H0+Lensing



RESULTS

ARE     OR             AFFECTED BY EDE ?τ Σmν

EDE

wCDM

wCDM
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Planck2015 (Planck TT, TE, EE + low TEB) +BAO+JLA+H0prior



RESULTS

ADDING QUASARS 
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Planck+BAO+SNe+QSOs+H0

Planck+BAO+SNe+H0

log(LX) = β + γ log(LUV)
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RESULTS

ADDING BAO DR14 (QSO,LYA) + QSO
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Planck+Lensing+BAO+SNe(JLA)+H0

Planck+Lensing+BAO+SNe(JLA)+H0+BAO(qso,Lya)+QSOs



CONCLUSION

▸ constraints on early dark energy (EDE)  —>  CMB, BAO, SNe and QSOs datasets ( with CosmoMC code) 

▸ Including the possibility of clustering through        and         (implemented in CAMB code) 

▸ Perturbations in a DE component    —>    affect the CMB  —>  only on large scales   —>  ISW effect 

▸ The net of increasing         and          —>   making the ISW power higher 

▸ Degeneracies  between  —> (   and           ) , (    and      ) ,  (          and      )      

▸ Adding BAO Lya-qso dataset  —> improving constraints on  

▸ QSOs do not seem to constrain much the EDE parameters but they constrain other models in which       is free 

▸ The effect of EDE model on     and           —>   No strong degeneracies  
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