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Question: Why consider such an imaginary interaction in 
the case that we even know little about dark energy and dark 
matter 

There is, possibly, some direct, non-gravitational 
interaction between dark energy and dark matter 

From the theoretical perspective, the interaction can be used to 

alleviate the “cosmic coincidence” problem, and to avoid the 

“cosmic doomsday” caused by phantom, etc.  

On the other hand, more importantly, since this possibility exists, 

we have enough interests to have a look at its theoretical and 

observational consequences. 



Interacting dark energy models 

Q > 0 : from DE to DM 

Q < 0 : from DM to DE 

Q ---forms: 

Q changes sign? 

Are there observable effects? 





Holographic dark energy 

Cosmological constant (vacuum energy): incorrect 

calculation in QFT due to absence of gravity 

Holographic model: partly consider the gravity effect (by 

considering holographic principle to reduce DOFs) to 

construct an effective QFT. 

UV cutoff runs with IR cutoff: dynamical DE 

IR cutoff is taken to be event horizon 



Holographic dark energy 

Causality trouble: the existence of the event horizon should be a 

consequence but should not be a premise of a dark energy 

model 

Recent study on inflation and quantum mechanics: if inflation 

indeed happened in the early times, the quantum no-cloning 

theorem requires that the existence of event horizon is a must 

 

So, as long as holographic model admits inflation, it seems that 

event horizon may be tolerable 

On the other hand, holographic model is the best in fitting data 



A comparison of several holographic models 

M. Li, X.D. Li, S. Wang & XZ, JCAP 06 (2009) 036 



M. Li, X.D. Li & XZ, Science China G (2010) 

H. Wei, JCAP 08 (2010) 020 



Why interaction? 

Alleviate coincidence problem 

Avoid big rip (doomsday) 

Before the big rip, UV length scale (even IR scale) would become smaller than 
Planck scale, breaking down the effective QFT 

Extra dimension 

Interaction between DE and DM 

X. Zhang, Phys. Lett. B 683 (2010) 81 

B. Wang, G.Y. Gong & E. Abdalla, Phys. Lett. B 624 (2005) 141 



Spatial curvature Clarkson, Cortes & Bassett, JCAP 08 (2007) 011 



Interacting holographic DE model 

Miao Li, Xiao-Dong Li, Shuang Wang, Yi Wang, & XZ, JCAP2009 



Probing interaction and spatial curvature 

Miao Li, Xiao-Dong Li, Shuang Wang, Yi Wang, & XZ, JCAP2009 

When curvature and interaction are involved, parameter spaces are 
amplified --- models 1 & 2 can avoid big rip 







Union2.1 SNIa data 
the CMB anisotropy data from the 7-yr WMAP observations 
The BAO measurements from the SDSS, 6dFGS and WiggleZ Dark 
Energy Survey 
the Hubble constant measurement from the WFC3 on the HST 

Data 

Results 



HDE 

IHDE 









Fate of the universe 
c < 1 —— can avoid future big rip? 



Stable solution (future) 

de Sitter! 











A global fit study on HDE 
Y.H. Li, S. Wang, X.D. Li & XZ, 1207.6679 







Interacting DE: in a perturbed universe 



               Next step 
 
Add interaction, calculate perturbations, 
and do global fit analysis 



Thanks! 


