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In this paper, we study the evolution of a spatially flat universe composed of Tsallis agegraphic
dark energy (TADE) and a pressureless dark matter (DM), by assuming that there is a sign-
changeable interaction between TADE and DM. The density, deceleration parameter and the
equation of state parameters (EoS) show satisfactory behaviors in the model. By analysis we find
that the accelerated expansion of the universe can be achieved at the late time if model
parameters § > 2 and —2/3 < 8 < 0. Also, we investigate the interacting TADE model by

means of statefinder diagnostic and w—w' analysis.
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1. Introduction

Various cosmological observations [1-4] indicate that our
universe is undergoing a period of cosmic acceleration. This
cosmic acceleration can be explained by dark energy (DE)
with negative pressure. DE contributes about 73% of the
energy density of the current universe. The simplest candidate
for DE is cosmological constant with EoS w = —1. Although
the model can fit the observational data well, it faces two
difficulties, namely, cosmic coincidence and fine-tuning
problems. So cosmologists propose other DE candidates.

Agegraphic dark energy (ADE) is an alternative, which
has been proposed by Cai [5]. The ADE model is based on
the line of quantum fluctuations of spacetime, the so-called
Karolyhdzy relation 6t = Ar2/*#1/3 [6] and the well-known
time-energy uncertainty relation Eg: ~ ¢t~!. The energy den-
sity of the ADE reads [5]

ey

where m, = (87G)~!/2, n is a constant and T is chosen to be
the age of the universe

0= 3nzmp2 T2,

“ da
o Ha
Here H = a/a is the Hubble parameter. The ADE models
have been widely studied in the literatures [7—14]. Recently, it

is shown by Tsallis and Cirto that the horizon entropy of a
black hole may be modified as S5 = yA? [15], where + is an

T = 2)
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unknown constant and ¢ denotes the non-additivity parameter.
Based on the the Tsallis generalized entropy and the holo-
graphic hypothesis, a new DE model, dubbed the Tsallis
holographic dark energy (THDE), has been proposed by
Tavayef et al [16]. The energy density of the THDE is
written as

pa = BIZ#4, 3)

where B is an unknown parameter and L is the IR cutoff.
Later, using the age of the Universe as IR cutoff [17], pro-
posed TADE model. The energy density of the TADE can be
written as

pg = 3n°m, T?~* @)
if 6 = 1, then it reduces to the ADE model [5].

On the other hand, interactions between DE and DM
have been intensively investigated [18—26]. The most familiar
interaction is Q = 3cHp, where ¢ is a coupling constant
denoting the transfer strength, and p is taken to be the density
of DE, DM, or the sum of them. Obviously, these interactions
are always positive or negative and hence can not change
their signs. Recently, the observational data suggests that the
sign of interaction could change its sign in the approximate
redshift range of 0.45 < z < 0.9 [27]. This redshift range is
coincident with the one of our universe changing from
deceleration to acceleration [28, 29]. In view of the
above, Wei [30] proposed a sign-changeable interaction
0 = q(ap + 36Hp), where «, [ are both dimensionless
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constants, and ¢ is the deceleration parameter. One can see
that the interaction Q can change its sign when the Universe
changes from deceleration (g > 0) to acceleration (g < 0)
and brings different evolution to cosmology. The authors of
[31] find a sign change in the cosmological interaction which
is described by a running coupling scenario. In [31], they
propose a parametrization of the cosmological interaction that
changes sign as the scale factor evolves. This change in sign
is explored further in [32].

The TADE with usual interaction has been introduced
and investigated in [17]. In the present paper, we will
investigate the cosmological evolution of the model with the
sign-changeable interaction (Q = 308gHp,) between TADE
and DM. The density parameter of TADE (£2,), the decel-
eration parameter (g), the total EoS (wy) and the EoS of
TADE (w,) are studied. On the other hand, the differences
between the LCDM model and other DE models are attrac-
tive, because the LCDM model mostly fits todays observa-
tions. Statefinder parameter introduced by Sahni et al [33] is
proven to be a useful tool to differentiate between various DE
models. In addition to statefinder, in view of the characteristic
of the EoS for the DE models, w—w’ analysis [34] can also be
used to distinguish various models. In the present paper, we
will also investigate the interacting TADE model by means of
the statefinder diagnostic and w—w’ analysis.

The paper is organized as follow: in section 2, we
introduce the TADE model with the sign-changeable inter-
action and study its cosmological evolution. In section 3, we
apply statefinder diagnostic and w—w’ analysis to the inter-
acting TADE model. The conclusions are given in section 4.

2. The TADE model with the sign-changeable
interaction

In our scenario, we consider a spatially flat universe in which
there are the TADE (p,) and DM (p,,). The corresponding
Friedmann equation reads

1
H? = —(p,, + py). 5)

Sm[,

Introducing the fractional energy densities such as
pm pd

= , Q= (6)
3m§H2 ¢ 3m§H2

m

we rewrite the Friedmann equation as

Qn + Q= 1. @)
Using equations (4) and (6)
27264
=" 8)

We assume that DM (p,,) and the TADE (p,) exchange
energy through an interaction term Q, namely

pm + 3Hpm = Q’ (9)
P+ 3H(p, + py) = —0, (10)

where Q is assumed as follows

0O = 3(qHp, (1D

with 3 being a coupling constant [30, 35]. The parameter (3 is
assumed to be negative, since positive § will result in nega-
tive p,, in the flat universe. Obviously, as the expansion of the
Universe changes from from deceleration (¢ > 0) to accel-
eration (¢ < 0), Q can change its sign from Q < 0to Q > 0.
For 0 <0 (Q > 0), there is an energy flow from DM
(TADE) to TADE (DM). p,; denotes the pressure of TADE.

The equation of motion for {2, can be obtained by dif-
ferentiating equation (8). The result is

H 2 -6
O =20, = + —|, 12
d d(Hz T ) (12)
where
2\zq
T= (Q"f ) (13)
n

from equation (8). The dot and the prime denote the deriva-
tive with respect to the cosmic time and the derivative with
respect to In a, respectively.

Taking the derivative of equation (5) with respect to the
cosmic time and using equations (4), (8)and (9) one can
obtain

H 3 (0] 6 —2)Qy
—=—1 - Q) + + . 14
o T s HT (1
From equations (11) and (6) we obtain
o 3
= =(q€,. 15
T 25‘] d (15)
Here the deceleration parameter is given by
_ da H
Therefore, % can be calculated as
B 5= QB + -
H? 1+ %ﬁQd .

Substituting equation (17) into equation (12), we rewrite €2/,
as

21— Qg + By + S0

24
1+ 26

Q) = —20,| - =

(18)
Using relation H' = H/H, we obtain
2(1 = Qq + UH + 2 — 6)Qu/T

H =
1+ 2504

19)

Substituting equation (17) into equation (16), we get
13 Q-6
JR— *Qd 4 =
qg= 2 2 - HT (20)
1+ EﬁQd
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Figure 2. Evolution of the deceleration parameter ¢ for different model parameters § and 6. We take n = 3.

The total EoS is given by

1 2H 1,2
Moo= T T3 T 3 T Et
To accelerate the expansion of our universe, w,, < —1/3 is

necessary. Obviously, if 6 > 2, 1 + %ﬁQd > 0and Q; > 1/3

(Qg >~ 0.73 today), then wy < —1/3 follows. 1 + %ﬁﬂd is
always positive provided —2/3 < 8 < 0 since 0 < Q, < 1.
Therefore, the late time accelerated expansion of the Universe
can be achieved if 6>2 and —-2/3 <f<0. From
equations (4), (8), (10) and (11), we have the EoS of the TADE

wdE&:—l—ﬁq—26_4.
Pa 3HT

21

(22)

To get illustrations for the behaviors of Qy, g, wy, and
wgy, we show some numerical plots by using equations (18)—
(22) We take n = 3, and let 3 and ¢ vary. In the numerical
integration of equations (18) and (19) the initial condition is
taken to be Q4 = 0.73 and Hy = 67 km s~ ! Mpc~' to
compare with the observation data (the subscript ‘0’ denotes

the present value). The results are contained in figures 1-4. In
figure 1, we show the evolution of €2, for different model
parameters 3 and ¢ in the case of Q = 33gHp,. It is easy to
see that for the fixed 6, €, tends to a lower value at the late
time when | 3] is larger. Furthermore, the flat tails of the curves
perhaps indicates that there exist the scaling solutions at the
late time, which can alleviate the coincidence problem. The
evolution of ¢ for different model parameters 3 and ¢ in the
case of Q = 33gHp, is shown in figure 2, from which we can
see that ¢ — 1/2 at the early time and ¢ — —1 at the late
time. This implies that our universe changes from decelera-
tion (g > 0) to acceleration (¢ < 0) as the Universe expands.
For the fixed 6, the Universe starts accelerated expansion
earlier when when || is larger. The evolution of wy, in the
case of Q = 38gHp, is shown in figure 3. From figure 3 we
see that w,, — O at the early time and wy,, — —1 at the late
time. The plots of the evolution w, and ¢ are similar. This is
because wy, = —% + %q. In figure 4, we show the evolution
of w, for different model parameters 3 and ¢ in the case of
Q = 38qHp,. 1t is easy to see that the EoS of TADE w, can
cross wy; = —1. For the fixed 6, w, tends to a lower value at
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Figure 3. Evolution of wy, for different model parameters 3 and 6. We take n = 3.
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Figure 4. Evolution of w, for different model parameters 5 and 6. We take n = 3.

the late time when | is larger. On the other hand, for fixed £,
wy tends to a lower value at the late time when 6 is larger.

3. Statefinder diagnostic and w—w’ analysis

The statefinder pair {r, s} is defined as follows [33]

a r—1
aH?’ 3(g—1/2)

r =

©
Il

(23)

This diagnostic is constructed from the scale factor a(f)
and its derivatives with respect to the cosmic time, up to the
third order. For the spatially flat LCDM model, the statefinder
pair is the fixed point located at {r = 1, s = 0}, while the
trajectories evolve in the {r, s} plane for other DE models. So
the parameters {r, s} can be used as the diagnostic tool. By
far, many cosmological models have been successfully dis-
tinguished by the statefinder diagnostic [36-47]. Now we
apply the statefinder diagnostic to the interacting TADE

model. From equation (23), we have

a
r:F—3q—2, (24)
where the deceleration parameter can be expressed as
1 3
= —+ =Qyw, 25
9=+ Ftaw (25)
and
H 9 9 3
— ==+ =Quwiwy + 2 + — =Qw 26
7, Tyt a(Wa Ba) 5 awa (26)

from equations (5), (9) and (10) The statefinder parameter r is
written as
9 3 ’
r=1+ EQde(l +wa + Bq) — EQde' (27)
Using equations (23), (25) and (27), we obtain the other
statefinder parameter s as
!

s=1+4w — —4 4 g, (28)
3Wd
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Figure 5. The r—s diagram for different model parameters 6. We fix
n=3and § = —0.01, and vary 6 = 2.5, 3.0, 3.5 respectively. The
dots show the current values of the statefinder pair {r, s}. A star
denotes the LCDM fixed point {r = 1, s = 0}.

Differentiating equation (22), we get

26 —4( 1Y
W= — ,__(_). 29
d Bq 3 HT (29)
From equation (25), we have
3
q = E(QZJWd + Qaw)). (30)

Substituting equation (30) into equation (29), we rewrite w;) as

3 aey 265-4( 1Y
2ﬂQde 3 (HT)

/
Wd = . (31)
1+ 269
where
1Y H 1 1
— == - ——. 32
(HT) H*HT  H?T? (32)

In addition to the statefinder r—s, there is other dynamical
diagnostic wy;—w,; which is also used to discriminate DE
models. The LCDM model corresponds to a fixed point
{wy = —1, wj = 0} in the wy—w;, plane. In the TADE model
with the sign-changeable interaction, w, and w; are given by
equations (22) and (31) respectively.

Next, we show the evolution trajectories of this model in
the r—s and wy—w), planes for different &, respectively. We fix
model parameters n = 3 and 3 = —0.01, and let 6 be adjustable.
In figure 5, we plot the r(s) diagram for different 6. It is inter-
esting to find that there is a loop in the r—s plane. The loop will
be larger with the increasing of 6. From figure 5, we can see that
the current values of {ry, so} are different for various values of 6.
The larger the value of ¢ is, the greater distance from the current
value {ry, so} to the LCDM fixed point is. Therefore, we can not
only distinguish the interacting TADE model from the LCDM
model but also discriminate the model with different model
parameter 6. The evolutionary trajectories of the w;—w;; pair for
the model are plotted in figure 6. From figure 6, it can be seen
that the differences between various values of parameter can be
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Figure 6. The w;—w, diagram for different model parameters 5. We
fix n =3 and 8 = —0.01, and vary 6 = 2.5, 3.0, 3.5 respectively.
The dots show the current values of {w;, wj}. A star denotes the
LCDM fixed point {uy = —1, wj = 0}.

identified. In addition, the LCDM model can be easily dis-
tinguished from the interacting TADE model by w;—w;) analysis.

4. Conclusions

In the present paper, we analyze the cosmological model with
the sign-changeable interaction (Q = 38gHp,) between
TADE and DM in flat universe. We show numerically the
evolution of €, g, w and w, for different model para-
meters, where the initial condition is taken to be )4y = 0.73
and Hy = 67 km s~ Mpc~!. We find that the accelerated
expansion of the Universe can be achieved if 6 > 2 and
—2/3 < 3 < 0. Furthermore, we apply statefinder diagnostic
to the interacting TADE model. It is interesting to find that
there is a loop in the r—s plane. The loop will be larger with
the increasing of 6. This characteristic can differentiate the
model from other DE models. The evolutionary trajectories of
the wy—w, pair for the model are plotted. It can be seen that
the differences between various values of parameter ¢ can be
identified. The LCDM model can be easily distinguished from
the model by wy;—w, analysis.

Recently, Arabsalmani and Sahni extended the state-
finder to higher-order derivatives of a(f), and called such a
diagnostic statefinder hierarchy [48]. The statefinder hierarchy
has been applied to some DE models [49-52]. We will use the
statefinder hierarchy to diagnose the interacting TADE model
in future work.
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