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Many dark energy models fail to pass the cosmic age test gialthquasar APM 08275255 at
redshiftz = 3.91, even theACDM model and the holographic dark energy model are not diaep
In this paper, we focus on the topic of age problem in the neageaphic dark energy (NADE) model.
We determine the age of the universe in the NADE model by uiaditting result of observational
data including type la supernovae (SNla), baryon acoustdlation (BAO) and cosmic microwave
background (CMB). It is shown that the NADE model also fadeschallenge of the age problem
caused by the old quasar APM 082A255. In order to overcome such dfidiulty, we consider the
possible interaction between dark energy and matter. e gtat the old quasar APM 0828255
at redshifz = 3.91 can be successfully accommodated in the interacting gegraphic dark energy

(INADE) model at 2r level under the current observational constraints.

PACS numbers: 95.36x, 98.80.Es, 98.80.-k

. INTRODUCTION

At the present stage, our universe is undergoing an actateexpansion, which has been confirmed
by lots of astronomical observations such as type la supeen(SNIa) 1], large scale structure (LSS
and cosmic microwave background (CMBJ,[etc. All these observations indicate the existence ofkda
energy” with negative pressure. The most important thexaletandidate of dark energy is the cosmological
constantA, which can fit the observations well, but is also plagued witine severe theoreticalfidtulties,
such as the so called “fine-tuning” problem and the “cosmiaadence” problem4]. During the past
decade, in order to unveil the nature of dark energy, thisaeiso proposed many phenomenological models
of dark energy, e.g., quintessendg, [k-essenced], tachyon [/], phantom 8], quintom [], braneworld
[10], Chaplygin gas11], etc. Besides, the possibility of that dark energy migheract with dark matter,
owing to their unknown nature, has also been seriously densd in many works to help solve the cosmic
coincidence probleml1P] and the cosmic doomsday probledd[. For reviews of dark energy, see, e.g.,
Ref. [14].

In recent years, it was found that many dark energy modelsgetrouble when tested by some old high
redshift objects (OHROS). It is obvious that the universencd be younger than its constituents, so the age

of some astronomical objects (at some redshift), if measaceurately, can be used to test cosmological
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models according to this simple age principle. Now, theeesmme OHROSs discovered, for example, the
3.5 Gyr old galaxy LBDS 53W091 at redshift= 1.55 [15] and the 40 Gyr old galaxy LBDS 53W069 at
redshiftz = 1.43 [1€]. In particular, the old quasar APM 082495255 at redshifz = 3.91 is an important
one, which has been used as a “cosmic clock” to constrain @ogical models. Its age is estimated to
be 20 — 3.0 Gyr [17]. These three OHROs at= 1.43, 1.55 and 3.91 have been used to test many dark
energy models, including theCDM model [L8], the general EoS dark energy mod#®], the scalar-tensor
quintessence mode2(), the f(R) = /R - Rg model 1], the DGP braneworld modeRp], the power-
law parameterized quintessence mo@d][the Yang-Mills condensate mode?4], the holographic dark
energy model25], the agegraphic dark energy mod26] and so on. These investigations show that the two
OHROs atz = 1.43 and 1.55 can be easily accommodated in most dark energglsnadhereas the OHRO
atz = 3.91 cannot, even in thaACDM model [L8] and the holographic dark energy mode&t5]. In this
paper, we will investigate the cosmic age problem in the ngegeaphic dark energy (NADE) model. We
will show that the NADE model also faces the challenge of sarchge problem. In order to escape from the
cosmic age crisis, we consider the possible interactiowdsst dark energy and dark matter. We will check
whether the age problem can be solved successfully in theaitting new agegraphic dark energy (INADE)
model. Of course, our discussions are based on the currsatwattional constraints on the models. So, we
will first place observational constraints on the NADE andIDE models, and then discuss the cosmic age

problem.

II. THE NEW AGEGRAPHIC DARK ENERGY MODEL WITH INTERACTION

In this section, we describe the interacting new agegragduik energy in a flat universe. Many theorists
believe that we cannot entirely understand the nature d&f elaergy before a complete theory of quantum
gravity is established?[7]. In the circumstance that a full theory of quantum gravgynot yet available,
it is more realistic to consider the possible cosmologicaisequences of some fundamental principles
of quantum gravity. The holographic principl2g is commonly believed as a fundamental principle of
guantum gravity, so it is expected to play an essential roleviestigating dark energ$]. Along this line,

a model of holographic dark energy has been propa3éd$ee also, e.g., Refs3], 32]). The agegraphic
dark energy model33] is constructed in light of the Karolyhazy relatioB4] and corresponding energy
fluctuations of space-time. Actually, it has been provern tha agegraphic dark energy scenario is also
a kind of holographic model of dark energ$3. In such a holographic model, the UV problem of dark
energy is converted into an IR problem, since the dark endegsgity is inversely proportional to the square

of the IR length scalgyge ~ L=2. In the old version of agegraphic dark energy mo@@],[the IR cutdf is



chosen as the age of the univetghlere it should be pointed out that the light speed has alrbadn taken

to be 1, so time and length have the same dimension). Howtbeee are some inner inconsistencies in this
model; for details see Ref3§]. So, in this paper, we only discuss the new version of theegdhic dark
energy model35].

In the new agegraphic dark energy model, the IR fusahosen to be the conformal age of the universe,
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so the energy density of NADE reads

Pq =

wherenis a numerical parameter ang), is the reduced Planck mass.
If we consider a spatially flat FRW universe containing agpgic dark energy and pressureless matter,

the corresponding Friedmann equation reads
1
2 _
H® = 3_m% (Pm +Pq), )

or equivalently,

E(@ =

all (Qmo(u 2)3)1/2, *)

1-Qq432
whereQy is the present fractional matter density, adgl= py/(3M3H?). From Eq. @), it is easy to find
that

n2

Qq = H 2772 (5)

Obviously, Qm = pm/(3M3H?) = 1 - Qq from Eq. @). By using Egs. 1), (2), (3) and &) and the energy

conservation equationy, + 3Hpm = 0, we obtain the equation of motion foX;:

Qa:Qq(l—Qq)(3—n—ilJQ7q), (6)

where the prime denotes the derivative with respecttan a. Sinced% =—(1+2 d% we get

dQ Q 2(1+2)
d_;:_ﬁqz(l_gq)(?’_ . Qq). @)

From the energy conservation equatigy+ 3H(pq + pg) = 0, as well as Egs2j and §), it is easy to find
that the equation-of-state (EoS) parameter of the NADEvViergby
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The NADE model has been studied extensively; see, e.g., R8& 37]. In the following, we shall extend
the NADE model by considering the interaction between dadegy and matter.
Assuming that dark energy and matter exchange energy thriheginteraction tern®, the continuity

equations become

pq + 3H (pq + pq) =-Q, 9

pm+ 3Hpm = Q. (10)

Owing to the lack of the knowledge of micro-origin of the ir&etion, we simply follow other work on the
interacting dark energy and parameterize the interaction generally a® = 3H(epq +Spm), Wwherea and

p are the dimensionless coupling constants. For reducingdimplication and the number of parameters,
one often considers the following three casesaa(i b andg = 0, denoted as INADEL, (iix = 0 and

B = b, denoted as INADE2, (iiiix = 8 = b, denoted as INADE3. Note that according to our convention
b > 0 means that dark energy decays to matter, whiteO means that matter decays into dark energy. In
the cases (i) and (iii), negatilewould lead to unphysical consequence {habecomes negative in the far
future. For negative in the case (ii), no such fliiculty exists. In Ref.38], from the thermodynamical view,

it is argued that the second law of thermodynamics stroraytgrk that dark energy decays into matter. So,
in generalp is taken to be positive.

However, recently, it is found that the observations mawifalie decaying of matter into dark energy
[39, 4Q]. In particular, in Ref. 41], in a way independent of specific interacting forms, theharg fitted
the interaction termQ with observations. They found th& is likely to cross the non-interacting line
(Q = 0), namely, the sign of interactio@ changed, around = 0.5. This raises a remarkable challenge
to the interacting models, since the general phenomerwabfprms of interaction, as shown in the above,
cannot give the possibility of changing signs. As noted ir. R&1], more general forms of interaction
should be considered. For this reason, a new form of inferadiiv) « = —8 = b, denoted as INADE4, was
considered in Ref42]. Obviously, for this case, in the early stage, sipge> pq, Q is negative. However,

Q may change sign from negative to positive when the exparnitre universe changes from deceleration
to acceleration. The parametemn this case is also assumed to be positive, since nedatiauld lead to

a negativeon, in the far future.



For clearness, we denote the interaction t€mforementioned as

3bHpq,

3bHpm,

Q=] (11)
3bH (0 + pr).

3bH(pq — pm).-

Note that in the cases (i), (iii) and (iv) the paramédtes always assumed to be positive in the literature.

However, in the present work, instead of making such an gssomonb, we letb be totally free and let
the observational data tell us the true story, no matter hgneghe ultimate fate of the universe is ridiculous
or not.

Differentiating Eq.%) with respect to Ira and using Eq.1), we get

, H 2 —

Differentiating Eq. ) with respect to time and combining Eqs.1j, (5), (9) and (L0), we can easily find
that

H 3 Q0
B A A v

(13)

Therefore, we obtain the equation of motion €&y,

Q= Qq [(1 Q) (3 - % Jaq) - Ql] , (14)

or equivalently,

dQq  Qq 2(1+2)
- =133 (1—Qq)(3— . ,/Qq)—Ql , (15)
where
Q
= —. 16
Q1 RRIVE (16)
From Egs. §) and @), we get the EoS parameter of dark energy:
2 [
where
_ Q
Q2 = g (18)
It is convenient to define thefective EoS parameters for dark energy and matter as
W = wq + Q (19)

3Hpq’
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W = ——=—.
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According to the definition of theffective E0S parameters, the continuity equations for dagkggnand

matter can be re-expressed in forms of energy conservation:

fg + 3HL+W)pq = 0,

pm+ 3HA +WD)om = 0.

Taking the aforementioned four cases of interaction, oneotéain

wi

Q
b Q = 3bHp,
—b Q = 3bHpm,
-b(1+25)  Q=36H(q+pm),

-b(-1+ %) Q=3oH(oq o)

Now, the Friedmann equation can be expressed as

where

H(2) = HoE(2),

1/2

E@ =

(1 - Qqo)e® b (Lrwii)az
1-Q4(2

(21)

(22)

(23)

(24)

(25)

In the above equatio4(2) can be obtained by numerically solving E&5) with initial conditionQq(zni) =

n?(1 + zni)~2/4 atzy = 2000 B6]. While this initial condition is obtained from NADE modelitout

interaction in the matter-dominated epoch, it is still gbié to an interacting model of new agegraphic dark

energy because the contribution of dark energy to the casgiwall evolution is negligible in the matter-

dominated epoch so that the impact of dark energy on mattebbe#otally ignored at that times; for details

see Ref. 43].

OBSERVATIONAL CONSTRAINTS

In this section, we place observational constraints on tABE and INADE models. For the data, we

will use the combination of SNIa, CMB and BAO.



First, we consider the data points of the 557 Union2 SNla ¢lethin Ref. 44]. The theoretical distance

modulus is defined as
pn(z) = 510930 D1 () + po. (26)
whereyo = 4238 - 5log,; o h with h the Hubble constarttp in units of 100 knis'Mpc, and the Hubble-free

luminosity distance

DL@=01+ Z)f EZp) (27)

whereE = H/Ho, andp denotes the model parameters. CorrespondinglyytHer the 557 Union2 SNla

data is given by

557 N 2
Xi(p) _ Z [ﬂobs(Zo)-z(zfl)th(Zu)] , (28)

whereo is the correspondingdl error of distance modulus for each supernova. The parameter a
nuisance parameter but it is independent of the data pokadiowing Ref. 5], the minimization with

respect tqig can be made trivially by expanding tlé of Eq. (28) with respect tqig as
X5(P) = A~ 2uoB + C, (29)

where
557

L 2
A(p) = Z [obs(z) g;hzz(;)to 0,p)]

2

>

B(p) = Z ﬂobs(z|) O/-lﬂt:b(jz,;lo =0,p)

557

B Z ﬂobs(z)

Evidently, Eqg. 29) has a minimum fopg = B/C at

2
70 = Ap) - 22 (30

Sincex? in = 14

)(# mine INStead m|n|m|2|ng(# we will m|n|m|ze,yﬂ which is independent of the nuisance

parametefg. Obviously the best-fit value dfcan be given by the corresponding = B/C at the best fit.
Next, we consider the cosmological observational data W8MAP and SDSS. For the WMAP data,

we use the CMB shift parametBr for the SDSS data, we use the paraméterf the BAO measurement. It



is widely believed that botR andA are nearly model-independent and contain essential iratom of the
full WMAP CMB and SDSS BAO data].

The shift parameteR is given by @6, 47)

Z dz
R=QY” fo 5 (31)

where the redshift of recombinatian = 10913 which has been updated in the WMAP 7-year dd]. [
The shift parameteR relates the angular diameter distance to the last scajtstirface, the comoving
size of the sound horizon a and the angular scale of the first acoustic peak in CMB powectspm
of temperature fluctuationgl§, 47]. The value ofR has been updated to725+ 0.018 from the WMAP
7-year data48]. On the other hand, the distance paramétef the measurement of the BAO peak in the
distribution of SDSS luminous red galaxiet] is given by

= QY2E() V2| L Zbir/s
A= QO E(z) [beo ol (32)

wherez, = 0.35. In Ref. B0, the value ofA has been determined to bet69 (1s/0.98)%3° + 0.017. Here
the scalar spectral indax is taken to be ®63, which has been updated from the WMAP 7-year dé [
So the total? is given by

2 ~2 2 2
X~ =Xu tXcme T XBaos (33)

wherey? is given in Eq. 80), x3 s = (R— Robs)?/0g andx3ag = (A — Agps)?/o4. The best-fit model
parameters are determined by minimizing the tgfalThe 683% confidence level is determined hy? =
X° —sznin < 10, 23 and 353 fornp, = 1, 2 and 3, respectively, wherg is the number of free model
parameters. Similarly, the 8% confidence level is determined by? = y? — y2, < 4.0, 617 and 802

forn, = 1, 2 and 3, respectively.
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FIG. 1: The plot ofy? versusn for the NADE model.



TABLE I: The fit values for the NADE and HDE models. Note thard¢he NADE model is regarded as a two-

parameter model.

Model Qmo n/c Xevin
NADE 0.270°5321(10)'5035(20) 206762 131212(10) 334507 (20) 542915
HDE 027692 (10)* 5055 (20) 0.748'39%5 (10)* 5154 (20) 543056

Now, let us discuss the observational constraints on the RAibdel. The NADE model is a one-
parameter model, and the sole model parameter &olving Eq. ¥) numerically with the initial condition
Qq(zini) = n’(1 + zni)~2/4 atzy = 2000 and substituting the resultang(z) into Eq. @), the corresponding
E(2 can be obtained.

For the NADE model, the cosmological constraints are obthim = 2.886335; at 1o~ level andn =
2.886'012% at 27 level. At the best fit we have?, = 571338,h = 0.685 andQno = 0.265. In Fig.1, we
plot the relation of¢? — n for the NADE model.

According to Ref. 85], the NADE model is always considered as a one-parameteelnaad the initial
condition is chosen to bQq(zn) = n?(1 + zn)2/4 atz, = 2000. However, we can also adopt another
perspective that regards the NADE model as a two-parameideimif so, we are interested in what result
the observational data will tell us. To see this, we choosaertiial conditionQgq = 1 — Qny for the NADE
model, and then the model becomes a two-parameter modetheitiiee parameteiQ, andn. In Fig. 2
(Left), we plot the contours of 68% and 954% confidence levels in thex—n plane for the NADE model.

The fit values for the model parameters are also shown in Table
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FIG. 2: The probability contours abland Zr confidence levels in th€,0 — n plane for the NADE modell(ft)
and in theQ o — ¢ plane for the HDE modeRight). Note that here the NADE model is regarded as a two-paramete

model. The star denotes the best fit.
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FIG. 3: (Left) The plot ofy? versusn for the two-parameter NADE model wi = 0.270. Right) The plot ofQq
versus for the two-parameter NADE model witihvarying from 137702 to 337974.

Now that the NADE model is viewed as a two-parameter modd, of great interest to make a direct
comparison with the holographic dark energy (HDE) modek &quation of motion for the HDE fractional

densityQ, is given by BQ|
Q;\=QA(1—QA)(1+%\/Q ), (34)

wherec is a numerical parameter just agn the NADE model. Usingd = - (1+2) &, we get

dQy  Qa 2
E_—sz(l—QA)(l+E\/Q_). (35)

In Fig. 2 (Right), we plot the contours ofd and 2r confidence levels in th€,, — ¢ plane for the HDE
model. The fit values for the model parameters are also pes@mTablel.

Comparing with the HDE model, we find that the NADE model caregi IowerXﬁqm. Notwithstanding,
it is obviously seen from Fig3 (Left) that the data are not able téectively constrain the parameteyi.e.,
a very large range of values ofare allowed by the data. Fig.(Left) shows the plot 0f? versusn, with
fixed Qny (it is fixed to be the best-fit value, 0.270). It is noticed tiatends to be a constant abecomes
large and the value of the constatis just slightly larger tha;yrznin, S0 it is not surprising that can get
values from 137702 to 337974 at - level. Now, let us discuss the cosmological consequenceatf a
strong degeneracy of For this purpose, we plot the evolution @f(2) with n varying from 137702 (the
lower limit value at Ir) to 337974 (the upper limit value atdd) in Fig. 3 (Right). We see that the curves
with differentn almost totally degenerate in a narrow region. This inde#tat the cosmological evolution
tends to be the same whartakes large values in this model. In fact, we can also inferfidom Eq. (7).

We notice that the terrﬁ(lnﬂ v/Qq is negligible asis large enough. Thus, EdZ)(reduces to

dQg 304

dz ~ 1+z(1_gq)' (36)
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TABLE IlI: The fit values for the NADE and INADE models.

Model n b X

NADE  2.8862984(10)*51%3(20) N/A 571.338

INADEL1  3.199'91%%(10)" 3335 (20)  0.02939%8(10)301e(20)  552.674

INADE2  3.2459218(10)*3352(20)  0.01629%8(10)13510(20)  556.492

INADE3  3.236'02(10)03%07(20)  0.010°29%3(10)* 595 (20)  555.015

INADE4  3.208'92%(10)" 3435 (20)  —0.027°0913(15)*0352(20)  561.634

Solving this equation we obtajp, = constant. Therefore, from the above analysis, we find tharwh
the NADE model is regarded as a two-parameter model, the elaekgy is more likely to behave as a
cosmological constant. So, in the rest of this paper, we gerdur discussions to the single-parameter
NADE model.

Next, we discuss the cases of the INADE modelff@ent cases of the INADE model are denoted as
INADEL, INADEZ2, INADE3 and INADE4, respectively. Tablké summarizes the fit results for the four
cases of the INADE model. For comparison, we also list thalteef the NADE model. In this table we
show the best-fit, & and 2r values of the parameters and fifg,, values of the models. At the best fit, we
haveh = 0.692, 0690, 0691 and (688 andQn = 0.240, 0236, 0237 and @39 for the four interacting
cases. One can see from Tablaghat the INADE1, INADE2 and INADE3 models have a simij\afﬁn,
and the INADE4 model gives a largef,  than the above three cases, but all lower than the NADE model.
Besides, a distinctive feature in the INADE4 model is that fibh values of parametdr are all negative in
20 range. As discussed in the previous section, a heghtiveuld lead to a negative, in the future. So,
in this sense, we have shown that the INADEA4 is not a reasemabtiel according to the observational data
analysis. For thed and 2r contours in then — b plane for the four INADE models, we refer the reader to
Fig. 5 whereby we discuss the higheosmic age problem caused by the old quasar APM 083755 at
redshiftz = 3.91.

IV. AGE PROBLEM: CHALLENGE AND WAY OUT

The age of the universe at redstifis given by

« dz
@, o o
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It is convenient to introduce a dimensionless cosmic age

Tesld = Mo = [ e 3®)

whereE(2) = H(2)/Ho. At any redshift, the age of the universe should not be smtibn the age of any
object in the universe, namelleos(2) > Tonj(2) = Hotobj(2), Wheretqyj(2) is the age of the OHRO at redshift

z For convenience, we define a dimensionless quantity, tieeatthe cosmic age and the OHRO age,

_Teos(d 1.1 0 dz
@500 [ oem .

Thus, the conditionr(z) > 1 is equivalent tal cos(2) > Tobj(2).

First, we will test the NADE model with the ages of the OHROse Will use three OHROs: the
old galaxy LBDS 53W091 at redshift = 1.55, the old galaxy LBDS 53W069 at= 1.43 and the old
guasar APM 0827985255 atz = 3.91. The ages of the two OHROsat 1.55 andz = 1.43 are 35 Gyr
and 40 Gyr, respectively. For the age of the OHROzat 3.91, following Ref. R5], we use the lower
bound estimatedtj(3.91) = 2.0 Gyr. We calculate the age of the universe dfedent redshifts using
the best-fit results of the NADE modeal, = 2.886 andh = 0.685, and then we obtain the valuesof
7(1.55) = 1.215,7(1.43) = 1.136, andr(3.91) = 0.833, also shown in Tablgl. So, the NADE model can
easily accommodate the former two OHROxzat 1.55 and 1.43, respectively, but cannot accommodate
the old quasar at= 3.91. Of course, the above result is only for the best fit. Notwisesee whether the old
guasar can be accommodated within ther@nge. We show the result in Fig. In this figure, the blue line
represents(3.91) with n running over the @ range; for reducing the complication, we fat the best fit
in the calculation. It is clear to see that the NADE model gdleannot accommodate the old quasar APM

08279+5255, and the age problem raises a serious challenge to tBENAodel.

1.10

105k NADE ]

1.00

095

0.90 -

0.85 /
0.80 L ]

0.75

T(3.91)

0.70

L L L L L L
275 2.80 2.85 2.90 2.95 3.00 3.05
n

FIG. 4: The plot ofr(3.91) versus for the NADE model. The region avoiding the age problem ig #izove the
7(3.91) = 1 line (red).
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TABLE llI: The values ofr(2) in the NADE, INADE1, INADE2, INADE3 and INADE4 models at bifét concerning
LBDS 53W091 az = 1.55, LBDS 53W069 az = 1.43, and the old quasar APM 082#5255 atz = 3.91.

Model (n, b, h) 7(155) 7(1.43) 7(3.91)

NADE (2.886 0, 0.685) 1215 1136 0833
INADE1 (3.199 0.029 0.692 1326 1238 Q919
INADE2 (3.245 0.016 0.690 1318 1230 0923
INADE3 (3.236 0.010, 0.691) 1323 1235 (0923
INADE4 (3.208 —0.027, 0.6889 1.290 1204 Q908

To overcome this diiculty, we seek help from the possible interaction betweeh eaergy and matter.
Thus, next, we explore whether the old quasar APM 0852%5 can be accommodated in the INADE
model. Based on the above results of observational contdyaie can easily accomplish this task. Using
the best-fit values, we obtain the valuesr() for the four INADE models, listed in Tabléll. We can see
that ther(2) values indeed increase when the interaction is involvetiémrmodel. Notwithstanding, for the
old quasar ar = 3.91, the values 0f(3.91) only increase from 0.83 to about 0.92, not yet exceed lif So
only with the best fit, the INADE models still cannot solve tge crisis. Of course, it is evident that the age
problem has been greatly alleviated via the interactiowéeh dark energy and matter. As the next step, we
will scan the whole parameter space to explore whether #asts area being able to realiz€8.91) > 1.
We show the result in Figh. The red line contains all points with(3.91) = 1, where the best-fit used,
and thus the right region of which denotg8.91) > 1, as indicated by the arrows. From this figure, we
can clearly see that the red line passes through ¢heegion of then — b parameter space of the INADE
model, for the former three cases. For the fourth case, INADIRe red line only intersect the edge of the
20 region. This result again shows that the form of interac@# 3bH(pq — pm) is not reasonable, in that
it not only has a negativie, but also fails to provide a solution to the higlzosmic age problem.

The above analysis indicates that the old quasar APM 082295 can be successfully accommodated
by the INADE model (at least for the former three casespaleXel. There indeed exists an area within 2
scope realizing(3.91) > 1 and thus successfully solving the age crisis in the NADEe&hotb be modest,
we do not assert that the cosmic age crisis has been totalgtsio the INADE model, after all only a small
area but not all region of theo2scope resides in the right of th€3.91) = 1 red line. Though, it should
be admitted that the age problem has been significantlyiaié in the INADE model under the current

observational constraints.
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FIG. 5: The probability contours abland 2r confidence levels in thie — n plane for the four INADE models. The
red line is an isoline with(3.91) = 1. The allowed region avoiding the age problem is in the rafhihe red line, as

indicated by the arrows.

V. CONCLUSION

The agegraphic dark energy model originates from the hajfggc principle of quantum gravity, so it
deserves a further investigation. In this paper, we disthesage problem in the NADE model.

There are lots of work addressing the age problem causectmjdlquasar APM 08274%5255 at redshift
z = 3.91, because this quasar has led many dark energy modelsitagg&buble, even thaCDM model
and the holographic dark energy model are not exception.dtvedf in this paper that the NADE model is
also dilicted by the age problem. So, we explore whether the invodrerof the interaction between dark
energy and matter in this model can make the age problemdsolve

First, we used the current observational data to consth@mMNADE and INADE models. For the data,
we use the SNIa Union2 sample, the CMB shift paramBteom 7-yr WMAP, and the BAO parametéy
from the SDSS. We determined the age of the universe in theE®&iDdel by using the fitting results and

found that the NADE model cannot realiz€3.91) > 1 within the whole parameter space. By the way, we
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also explored the cosmological consequence of regardenlADE model as a two-parameter model. The
fitting results show that in such a model the dark energy isrtikely to behave as a cosmological constant.
For the possible interaction between dark energy and materconsidered four phenomenological
cases:Q = 3bHpq, Q = 3bHpm, Q = 3bH(pq + pm) andQ = 3bH(pq — pm). The observational data favor
a positiveb for the former three cases, but give a negahiier the fourth case. We found that when the
interaction is taken into account, the age problem causettidoygjuasar can be successfully solved in the
former three cases of INADE model, air 2evel. The isoliner(3.91) = 1 passes through therZegion of
then — b parameter space of the INADE model. So, there indeed exisésesa within 2 scope realizing
7(3.91) > 1 and thus successfully solving the age crisis in the NADE@hothough we cannot assert that
the age crisis has been removed in the INADE model, since tis part of the parameter space is still in
the trouble and only the lower bound age of the quasar is ustHttitest, we are sure that the age problem
has been significantly alleviated in the INADE model under ¢hrrent observational constraints. So, our

work can be viewed as a further support to the INADE model.
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