
Accepted Manuscript

New limits on coupled dark energy model after Planck 2015

Hang Li, Weiqiang Yang, YaBo Wu, Ying Jiang

PII: S2212-6864(18)30023-2
DOI: https://doi.org/10.1016/j.dark.2018.04.001
Reference: DARK 205

To appear in: Physics of the Dark Universe

Received date : 25 December 2017
Revised date : 20 March 2018
Accepted date : 3 April 2018

Please cite this article as: H. Li, W. Yang, Y. Wu, Y. Jiang, New limits on coupled dark energy
model after Planck 2015, Physics of the Dark Universe (2018),
https://doi.org/10.1016/j.dark.2018.04.001

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.dark.2018.04.001


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

New limits on coupled dark energy model after Planck 2015

Hang Li∗

College of Medical Laboratory, Dalian Medical University, Dalian, 116044, P. R. China

Weiqiang Yang, YaBo Wu, Ying Jiang
Department of Physics, Liaoning Normal University, Dalian, 116029, P. R. China

We used the Planck 2015 cosmic microwave background anisotropy, baryon acoustic oscillation,
type-Ia supernovae, redshift-space distortions, and weak gravitational lensing to test the model
parameter space of coupled dark energy. We assumed the constant and time-varying equation of
state parameter for dark energy, and treated dark matter and dark energy as the fluids whose energy
transfer was proportional to the combined term of the energy densities and equation of state, such
as Q = 3Hξ(1 + wx)ρx and Q = 3Hξ[1 + w0 + w1(1 − a)]ρx, the full space of equation of state
could be measured when we considered the term (1 +wx) in the energy exchange. According to the
joint observational constraint, the results showed that wx = −1.006+0.047

−0.027 and ξ = 0.098+0.026
−0.098 for

coupled dark energy with a constant equation of state, w0 = −1.076+0.085
−0.076, w1 = −0.069+0.361

−0.319, and

ξ = 0.210+0.048
−0.210 for a variable equation of state. We did not get any clear evidence for the coupling

in the dark fluids at 1σ region.

PACS numbers: 98.80.-k, 98.80.Es
Keywords:

I. INTRODUCTION

The dark energy theory could be used to explain the late-time cosmic acceleration, a cosmological constant Λ
with equation of state wΛ = −1 is the simplest candidate of dark energy, which is favored by the cosmic microwave
background observations from Planck 2015[1–3], however it is plagued with the fine-tuning problem and coincidence
problem [4–6].

In the cosmological standard model, dark matter and dark energy are assumed to be free each other. However, from
a particle physics point of view, it would be natural to assume that these fields interact with each other [7–36]. Thus
in this paper, we allow for coupling between dark matter and dark energy, that is, a phenomenological energy transfer
term exists in the dark fluids. The coupled dark energy could be adopted to avoid the coincidence problem of the
cosmological constant model. In the literature, there are two main categories for the choice of the phenomenological
energy exchange term: (1) A choice for a phenomenological interaction is only related to either the energy densities
or some combination of them (without including the Hubble parameter and hence an implicit time dependence), as
done for example in Refs. [37–57]; (2) In another class of coupled dark energy models, Q is composed by the times
of Hubble rate H and energy densities [58–147]. For example, the energy exchange is Q = 3Hξρc, Q = 3Hξρx (the
parameter ξ is the constant interaction rate), or their sum of the energy densities Q = 3Hξ(ρc + ρx), the majority
of the literature have considered this kind of couplings. The times of energy densities is also a phenomenological
coupling Q = 3Hξρcρx/(ρc + ρx) [103, 105]. Q ∝ ξραc ρ

β
x or Q ∝ ξραc ρ

β
x(ρc + ρx)γ is the power law form of energy

densites [99, 100]. Q ∝ aα is the power law form of scale factor [114, 121, 135]. Q = ρ′i and Q = ρ′′i (i = c, x, c + x,
the prime represents the derivative about the conformal time) is the derivative of energy densities [107–109]. The
combination of equation of state and energy densities Q = H(ξ + 3wx)ρcΩx (wx is dark energy equation of state) is
also a different type of coupled dark energy model [102, 104].

To test the gravity on large scales, the only possible tool is the cosmic observations which include the geometrical
and dynamical measurements. Through the geometrical measurements, for example the cosmic microwave background
(CMB), baryon acoustic oscillation (BAO), type Ia supernovae (SNIa), the background evolution history can be fixed.
When the information of the large scale structures is included, the dynamical evolution, such as the growth of the
matter perturbation, can be determined. Combining the two sides measurements, the degeneracies between model
parameters would be broken; and a tight constraint can be obtained. Redshift-space distortions (RSD) [150–153]
arising from peculiar velocities of galaxies on an observed galaxy map provide a direct measurement of the linear
growth rate f(z) of the large-scale structure formation, this opinion has been proved in Refs. [154–162]. The
constraint results of energy exchange Q = 3Hξρx from CMB, BAO, SNIa, RSD have shown that the interaction rate
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