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Abstract In this paper we consider a correspondence between the interacting new age-
graphic dark energy density and tachyon energy density in non-flat universe. Then we re-
construct the potential and the dynamics of the tachyon field which describe tachyon cos-
mology.

1 Introduction

Recent cosmological observations indicate that our universe is in accelerated expansion.
These observations are those which is obtained by SNe Ia [1], WMAP [2], SDSS [3] and
X-ray [4]. This acceleration is triggered by more than 70% of dark energy. There are many
proposals to explain the role of dark energy. It seems that the best one is cosmological con-
stant [5-8] which is fit with observational data but it suffers from two kind of problems
[9], i.e. “fine tuning” (why is the current vacuum energy density so small) and “coinci-
dence problem” (why are the densities of vacuum energy and dark matter nearly equal today
since they scale very differently during the expansion history). An alternative proposal for
dark energy is the dynamical dark energy scenario. The dynamical nature of dark energy, at
least in an effective level, can originate from various fields, such is a canonical scalar field
(quintessence) [10—13], a phantom field, that is a scalar field with a negative sign of the
kinetic term [14—18], or the combination of quintessence and phantom in a unified model
named quintom [19-28]. But we should note that the mainstream viewpoint regards the
scalar field dark energy models as an effective description of an underlying theory of dark
energy. In addition, other proposals on dark energy include interacting dark energy models
[29-33], braneworld models [34-36], and Chaplygin gas models [37-39], etc. One should
realize, nevertheless, that almost these models are settled at the phenomenological level,
lacking theoretical root.
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Although we are lacking a quantum gravity theory today, we still can make some attempts
to probe the nature of dark energy according to some principles of quantum gravity. An
interesting attempt in this direction is the so-called “holographic dark energy” proposal [40—
57]. Such a paradigm has been constructed in the light of holographic principle of quantum
gravity [58, 59], and thus it presents some interesting features of an underlying theory of
dark energy. More recently a new dark energy model, dubbed agegraphic dark energy has
been proposed [60] (see also [61-67]), which takes into account the Heisenberg uncertainty
relation of quantum mechanics together with the gravitational effect in general relativity.

In this paper, we consider the issue of the tachyon as a source of the dark energy. The
tachyon is an unstable field which has become important in string theory through its role in
the Dirac-Born-Infeld (DBI) action which is used to describe the D-brane action [68-74].
It has been noticed that the cosmological model based on effective lagrangian of tachyon
matter

L=-V(T)/T—T,T* (1

with the potential V (T') = +/A exactly coincides with the Chaplygin gas model [75, 76]. In
the other hand, it has been pointed out that the Chaplygin gas model can be described by a
quintessence field with well-connected potential [37-39].

Most discussions on dark energy rely on the assumption that it evolves independently
of dark matter. Given the unknown nature of both dark energy and dark matter there is
nothing in principle against their mutual interaction and it seems very special that these
two major components in the universe are entirely independent. Indeed, this possibility has
received a lot of attention recently [77-85] and in particular, it has been shown that the
coupling can alleviate the coincidence problem [86]. Furthermore, it was argued that the
appropriate coupling between dark components can influence the perturbation dynamics and
the cosmic microwave background (CMB) spectrum and account for the observed CMB low
[ suppression [87]. It was shown that in a model with interaction the structure formation has
a different fate as compared with the non-interacting case [87]. It was also discussed that
with strong coupling between dark energy and dark matter, the matter density perturbation
is stronger during the universe evolution till today, which shows that the interaction between
dark energy and dark matter enhances the clustering of dark matter perturbation compared to
the noninteracting case in the past. Therefore, the coupling between dark components could
be a major issue to be confronted in studying the physics of dark energy. However, so long
as the nature of these two components remain unknown it will not be possible to derive the
precise form of the interaction from first principles. Therefore, one has to assume a specific
coupling from the outset [§8—90] or determine it from phenomenological requirements [91,
92]. Nevertheless, different Lagrangians have been proposed in support of it.

In the present paper, we suggest a correspondence between the interacting new age-
graphic dark energy scenario [61] and tachyon dark energy model. We show this agegraphic
description of tachyon dark energy in the non-flat universe and reconstruct the potential and
the dynamics of the scalar field which describe the tachyon cosmology.

2 Tachyon Field as New Agegraphic Dark Energy in Non-flat Universe

‘We consider the non-flat Friedmann-Robertson-Walker universe with line element

dr?

1 —kr?

ds* = —di* + a*@t) < +r2 d92> , )
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where k denotes the curvature of space k =0, 1, —1 for flat, closed and open universe re-
spectively. A closed universe with a small positive curvature (£2; ~ 0.01) is compatible with
observations [93-96]. We use the Friedmann equation to relate the curvature of the universe
to the energy density. The first Friedmann equation is given by

k 1
2 —
H + = = [ pa+ o) 3)
P

where k denotes the curvature of space k =0, 1, —1 for flat, closed and open universe re-
spectively. Define as usual

Pm Pm PA PA k
= —= QA:— Qk:aZHZ

Qm - 9
per  3MZH?

por  3MZH?

“

Let us first review the origin of the agegraphic dark energy model. Following the line of
quantum fluctuations of spacetime, Karolyhazy et al. [97-99] argued that the distance ¢ in
Minkowski spacetime cannot be known to a better accuracy than 8z = Bz,°1'/> where g is a
dimensionless constant of order unity. Based on Karolyhazy relation, Maziashvili discussed
that the energy density of metric fluctuations of the Minkowski spacetime is given by [100,
101]
1 M,
PAY on Y T (5)
p
where ¢, is the reduced Planck time and ¢ is a proper time scale. On these basis, Cai wrote
down the energy density of the original agegraphic dark energy as [60]

o= 2 ®)
T2
where T is the age of the universe,
Ty= Oa 16_11—6;, (N

and the numerical factor 3n? is introduced to parameterize some uncertainties, such as the
species of quantum fields in the universe, the effect of curved space-time, and so on. How-
ever, to avoid some internal inconsistencies in the original agegraphic dark energy model,
the so-called “new agegraphic dark energy” was proposed, where the time scale is chosen
to be the conformal time 7 instead of the age of the universe [61]. The new agegraphic dark
energy contains some new features different from the original agegraphic dark energy and
overcome some unsatisfactory points. For instance, the original agegraphic dark energy suf-
fers from the difficulty to describe the matter-dominated epoch while the new agegraphic
dark energy resolved this issue [61]. The energy density of the new agegraphic dark energy
can be written
3n*M;
et ®)

PA =

where the conformal time 7 is given by

_/dt_/ da ©)
=) e @
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Using definitions Q4 = % and p,, = 3M12) H?, we get
n
VAN

we obtain the equation of state for the agegraphic energy density when there is an interaction
between agegraphic energy density p, and a Cold Dark Matter (CDM) with w,, = 0. The
continuity equations for dark energy and CDM are

Hn— (10)

Pa+3H(1 +wy)pp =—0, (11)

where the quantity Q expresses the interaction between the dark components. The interac-
tion term Q should be positive, i.e. Q > 0, which means that there is an energy transfer
from the dark energy to dark matter. The positivity of the interaction term ensures that the
second law of thermodynamics is fulfilled [102]. At this point, it should be stressed that the
continuity equations imply that the interaction term should be a function of a quantity with
units of inverse of time (a first and natural choice can be the Hubble factor H) multiplied
with the energy density. Therefore, the interaction term could be in any of the following
forms: (i) Q o< Hpr [86, 102], (i1)) Q o« Hp, [103, 104], or (iii) Q o« H(pr + pp) [105,
106]. The freedom of choosing the specific form of the interaction term Q stems from our
incognizance of the origin and nature of dark energy as well as dark matter. Moreover, a mi-
crophysical model describing the interaction between the dark components of the universe
is not available nowadays. Here we consider Q = I'p,. This is a decaying of the agegraphic
energy component into CDM with the decay rate I". Taking a ratio of two energy densities
as u = pm/pa, the above equations lead to

L3l n 1+u I' (13)
i =3Hu|wy 30
Here as in [107], we choose the following relation for decay rate
[ =301 +u)H (14)
with the coupling constant b?. Following [108], if we define
r 1T
eff eff
— —, =, 15
WA SUaTIE Yn =73y (15
Then, the continuity equations can be written in their standard form
pa+3HA +wiHpsy =0, (16)
fu +3H(1+ N, =0 (17)

Using (8), (10), (15), (16), one can obtain the equation of state as

2 r
=—(1-—/Q — 1
wa < 3na A+3H) (18)

Then using (14), (4) we can rewrite the above equation as following

2
wA:_<1_i @AJFM) (19)

3na Qa
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then we can see that w, can cross the phantom divide if % 350 Qa.
The energy density and pressure for the tachyon field are as followmg [71-74]
V(T :
1) Pr=-V(T)Vv1—-T? (20)

PT = —Fers
V1-T2
where V(T') is the tachyon potential energy. The barotropic index for the tachyon is
wp =72~ 1 @1

If we establish the correspondence between the agegraphic dark energy and tachyon energy
density, then using (8), (20) we have

_ V(T)
A =3 Mon T = ——=. (22)
. NI
Also using (21), (19), one can write
2 P*(1+Q .
O - YA UL O = (23)
3na Qa
then
2 b2(1+ )
= = /Qy - ——F 24
\/Bna A Q4 @4
Now using (22) we can obtain the tachyon potential energy as
2 b2(1+Q
V(T)=32M2n72 |1 — —/QA + b +£x) (25)
P 3na Qa
Differentiating (3) with respect to the cosmic time #, one find
) k
=_Fr 4= (26)
6HM§

where p = p,, + pa is the total energy density. Now we write continuity equation for dark
energy and cold dark matter as

=-3H(1+w)p (27)
where
Q
w— WA PA _ Aka (28)
P L T
Substitute o into (26), we obtain
2/3(4 — H)
w=—=+———1 29
i (29)

Using (28), (29), one can rewrite the new agegraphic energy equation of state as

—1
YA = 30 H?

) k
(ZH +3H*+ —2> (30)
a
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Therefore one can rewrite (24), (25) respectively as

. 1 . k
T°=1- ——(2H+3H>+ — 31
3QAH2< + +(12> ( )
3n°M2 [2H +3H?>+ %
V()= 4 (32)
HT]2 391\
Using (10) we get

2 ] k
V(I)=HM, |3Q, 2H+3H2+—2 (33)

a

In similar to the [109—113], we can define 72 and V(T) in terms of single function f(7T') as

TS S P 2 k
~1=1 3QAf2(T)[2f(T)+3f (T)+a2} (34)

k
V(T)=f(T)M;\/SQA[Zf/(T)+3f2(T)+a—2j| (35)

Hence, the following solution are obtained
T =it, H = f(it) (36)
From (34) we get

k
— =312 — 1) =2f/(T) (37)

a?
Substitute the above a% into (35), we obtain the tachyon potential as
V(T) =3V2M2Q f(T) (38)
One can check that the solution (36) satisfies the following tachyon field equation

r +3HT+V,—0 (39)
172 Vo
Therefore by the above condition and using (38), f(7T') in our model must satisfy following
relation

sifr + 220 g (40)
f()
Elementary algebra now gives the f(7T') to be of the form
f ()= 2 (41)
3T

In this case, we can determine the potential to be

—42 1
V(T) = TM;QAF (42)
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For the tachyon self-interaction, there are a number of models which one can consider, some
being motivated by non-perturbative string theory and others purely by phenomenology. The
authors of [114] have studied a wide range of potentials, they have shown that in the presence

of a tachyon field 7' with potential V (T") and a barotropic perfect fluids, the cosmological

dynamics depends on the asymptotic behavior of the quantity A = %

’

. If A is a constant,
which corresponds to an inverse square potential V(T) o« T2, there exists one stable critical
point that gives an acceleration of the universe at late times. In fact €2, is not constant, the

differential equation for €2, is

dQ Q 2 P*1+Q
Ao g e —an|1- 2 ey 0% 43)
dx H 3na Qa

where x = Ina. The above equation describes the behavior of the new agegraphic dark
energy completely, in the spatially flat case, i.e. k =0:

dQ, Q 2
A= 30,1 - Q)| 1 — =/, (44)
dx H 3na

From (36) one can see that 24 depend to T, therefore, the potential (42) does not only vary
as T2, but at late time 2, increases to 1. Then it is interesting that in our model, at late
time where 2, = 1, we obtain V(T) o T2, similar to the result of [114]. In fact only in
this case potential is as V(T'). The additional dependence through €2, makes it dependent
not only on the tachyon field but through H?, on the matter component as well. With this
result we can claim that only the potentials which have the above form are consistent with
the agegraphic approach of tachyon dark energy model. From (30), (33) we have

V(T) = HM,\| =993 H*wx = 3H>M;Qx+/—wn (45)

Substitute w, into the above equation

2 214+ Q
V(T) = 3H2M[§QA\/1 — 5(1 +2)VQn + (Q;k) (46)
A

3 Conclusions

Within the different candidates to play the role of the dark energy, tachyon, has emerged as
a possible source of dark energy for a particular class of potentials [115-121].

In the other hand some experimental data have implied that our universe is not a perfectly
flat universe and recent papers have favoured a universe with spatial curvature [93-95]. As
a matter of fact, we want to remark that although it is believed that our universe is flat, a
contribution to the Friedmann equation from spatial curvature is still possible if the number
of e-foldings is not very large [122]. Cosmic Microwave Background (CMB) anisotropy data
provide the most stringent constraints on cosmic curvature k. Assuming that dark energy
is a cosmological constant, the three-year WMAP data give 2, = —0.15 £+ 0.11, and this
improves dramatically to €; = —0.005 £ 0.006, with the addition of galaxy survey data
from the SDSS [96]. The effect of allowing non-zero curvature on constraining some dark
energy models has been studied by [123-129]. Recently Clarkson et al. [130] have shown
that ignoring €2; induces errors in the reconstructed dark energy equation of state, w(z), that

@ Springer



2942 Int J Theor Phys (2010) 49: 2935-2944

grow very rapidly with redshift and dominate the w(z) error budget at redshifts (z > 0.9)
even if 2, is very small. Due to these considerations and motivated by the recent works
[62—64] on the new agegraphic dark energy model, we generalize their work to the non-flat
case.

In this paper we have associated the interacting new agegraphic dark energy in non-flat
universe with a tachyon field which describe the tachyon cosmology. Studying the interac-
tion between the dark energy and ordinary matter will open a possibility of detecting the
dark energy. It should be pointed out that evidence was recently provided by the Abell Clus-
ter A586 in support of the interaction between dark energy and dark matter [131, 132]. We
have shown that the new agegraphic dark energy can be described by the tachyon field in a
certain way. Then a correspondence between the new agegraphic dark energy and tachyon
model of dark energy has been established, and the potential of the agegraphic tachyon field
and the dynamics of the field have been reconstructed. For the agegraphic tachyon model
constructed in the present paper, the tachyon potential can be determined by (42).
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