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Abstract 

Dark energy arising from the unstable D-brane system, the tachyon field, is considered in this work as 
an acceleration source of the power-law cosmology model, a  t. We investigate the universe with 
tachyonic scalar field and dust dominate at late time. We use data derived from WMAP7 data and 
WMAP7+BAO+H0 combined dataset which give  = 0.99±0.02 (WMAP7+BAO+H0) and 0.99±0.04 
(WMAP7) to construct the tachyon potential and scalar field solution. 
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Introduction 

Recently, it is know that the universe is 
expanding with an acceleration rate [1,2] which could 
be an effect of unknown form of energy dubbed dark 
energy. Many ideas [3,4,5] proposed as models of 
dark energy. Tachyonic scalar field is one of them. 
The tachyonic field, motivated from unstable D-brane 
system, can renders a tachyonic fluid with negative 
pressure [6,7] which is one of wanted aspects for dark 
energy candidates. Tachyonic field when evolving 
under potentials [8,9,10,11] has smooth equation of 
state parameter, w, running between -1 and 0 [12]. 

Power-law cosmology where the scale factor is a 
function of the cosmic time as a  t where 0 ≤  ≤  
can describe the acceleration of the universe as  > 1 
and is able to remove the horizon and flatness 
problems as in the simplest inflationary model [13]. 
Furthermore, it also resolves the age problem of the 
CDM model [14]. 

In this work, we study FLRW power-law 
cosmology with barotropic (dust) fluid and tachyonic 
field components evolving under potential. The 
situation considered is at the late time sufficiently 
long after matter and radiation equality. We find 
tachyonic field solution and construct the potential 
V(). In the construction, we use derived WMAP7 
and combined WMAP7+BAO+H0 datasets to find 
those parameters. 

Tachyonic power-law 

 
Let us considering the universe filled with two 

ingredients: tachyon scalar field, , and barotropic 
perfect fluid. The energy density  and the pressure 
p of the tachyon in the flat FLRW universe are 

defined as 
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Dynamics of the barotropic fluid is described by the 
fluid equation, 
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since wm is constant and 

 m ,
n

D

a
     (4) 

where a constant n = 3(1 + wm) and D ≥ 0 is a propor-
tional constant. Equation of motion of the tachyon 
field describing energy conservation as the universe 
expands is 
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where V, is a derivative of the potential V() with 
respect to field , dV/d. The Friedmann equation of 
the system is 
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where tot is the total energy density. It can be shown 
directly that 
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and the kinetic term is 
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For dust n = 3 (wm = 0). In the power-law cosmology, 
the scaling factor is defined as 
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Then Hubble parameter and its time derivative are 
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( ) aH t
a t

   and 2H
t

   respectively. By 

considering flat FLRW universe (k = 0), we are set the 
scale factor at the present time a0 to unity. 

Substituting H and H into equations (7) and (8), we 
obtain the potential and kinetic term 
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with solution to be integrated, 
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We will use only positive value. 

Cosmological Parameters and Results 

 In power-law cosmology,  relates to the 
Hubble parameter H0 as  = H0t0. The other quantities 
can be derived from the cosmological parameters at 
present i.e. by setting a0 = 1, the constant D in 
equation (4) is D = m,0. The values of those derived 
parameters from the WMAP7 [15] and 
WMAP7+BAO+H0 [16] dataset are presented in 
Table 1 [17]. 
 
Table 1: Derived parameters for tachyon-field power-
law cosmology. 
 

parameter 
WMAP7+BAO 
+H0 

WMAP7 

t0 (sec) (4.340.03)1017 (4.350.04)1017 
H0 
(km/s/Mpc) 

70.41.4 70.32.5 

 0.990.02 0.990.04 
m,0 (kg/m3) (2.530.37)10-27 (2.520.31)10-27 

 In SI units by using the parameters in Table 
1, the potential and the kinetic terms are significantly 
the same for both datasets (combined WMAP7+BAO 
+H0 and WMAP7), 
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which gives the tachyon field for both data from 
combined WMAP7+BAO+H0 and WMAP7. From 
equation (12), one can approximate D  0 at late time 
but still keeping D-term in the potential. We obtain 
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In above equation, we define 0 02 / 3 t  . Hence 
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Substituting back to equation (10), we obtain tachyon 
potential as a function of  as 
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This potential can be plotted with two datasets 
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 17
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for WMAP7+BAO+H0 and 
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for WMAP7. These potential are plotted in Fig. (1) 

Conclusions 

 In this paper, we study a power-law cosmology 
in universe filled with tachyon scalar field and dust 
components at late time. Considering the power-law 
cosmology with tachyon scalar field evolving under 
potential, we derive the potential as a function of time 
and as a function of field, . When tachyonic field 
dominant, V()   -2 and the condition  > 2/3.  
 Approximating D  0 at late time in the 
tachyonic field integral, we obtain tachyonic potential 
as a function of the field. The potential obtain is 
useful for further investigation for interacting case of 
dark matter and dark energy. 
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