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Abstract. The recent observational evidence for the current cosmic acceleration have stim-
ulated renewed interest in alternative cosmologies, such as scenarios with interaction in the
dark sector (dark matter and dark energy). In general, such models contain an unknown
negative-pressure dark component coupled with the pressureless dark matter and/or with
the baryons that results in an evolution for the Universe rather different from the one pre-
dicted by the standard ACDM model. In this work we test the observational viability of
such scenarios by using the most recent galaxy cluster gas mass fraction versus redshift
data (42 X-ray luminous, dynamically relaxed galaxy clusters spanning the redshift range
0.063 < z < 1.063) (Allen et al. 2008) to place bounds on the parameter € that characterizes
the dark matter/dark energy coupling. The resulting are consistent with, and typically as
constraining as, those derived from other cosmological data. Although a time-independent
cosmological constant (ACDM model) is a good fit to these galaxy cluster data, an interact-
ing dark energy component cannot yet be ruled out.
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1. Introduction

Although fundamental to our understanding
of the Universe, several important questions
involving the nature of the dark matter and
dark energy components and their roles in
the dynamics of the Universe remain unan-
swered. Among these questions, the possibil-
ity of interaction in the dark sector, which
gave origin to the so-called models of cou-
pled quintessence, has been largely explored in
the literature. These scenarios are based on the
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premise that, unless some special and unknown
symmetry in Nature prevents or suppresses a
non-minimal coupling between these compo-
nents (which has not been found), such inter-
action is in principle possible and, although no
observational piece of evidence has so far been
unambiguously presented, a weak coupling
still below detection cannot be completely
excluded (see Amendola 2000;Zimdahl et al.
2001; Barrow and Clifton 2006; Wu et al.
2008; Costa and Alcaniz 2009).

From the observational viewpoint, these
models are capable of explaining the current
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cosmic acceleration, as well as other recent ob-
servational results. From the theoretical point
of view, however, critiques to these scenarios
do exist and are mainly related to the fact that
in order to establish a model and study their
observational and theoretical predictions, one
needs first to specify a phenomenological cou-
pling between the cosmic components.

In this work, instead of adopting the tra-
ditional approach, we follow the qualitative
arguments used in (Wang and Meng 2005;
Alcaniz and Lima 2005) and deduce the inter-
acting law from a simple argument about the
effect of the dark energy decay on the dark mat-
ter (CDM) expansion rate. The resulting ex-
pression is a very general law that has many
of the previous phenomenological approaches
as a particular case.

2. The model

By assuming that the radiation and baryonic
fluids are separately conserved, the energy con-
servation law for the two interacting compo-
nents (uaT;‘;ﬁ = 0, where 7% = Tg[jW + Tg%
reads (Jesus et al. 2008)

a a
Pom + 3; (ppm) = —PpE — 35 (ppE + ppE) (1)

In order to complete the description of our
interacting quintessence scenario we need to
specify the interaction law. In principle, if the
quintessence component is decaying into CDM
particles, the CDM component will dilute more
slowly compared to its standard (conserved)
evolution. Therefore, if the deviation from the
standard evolution is characterized by a con-
stant € we may write

oM = Pomod e, ()

where € is the interaction parameter and we
have set the present-day value of the cosmo-
logical scale factor ap = 1.

In what follows we also consider that the
dark energy component is described by an
equation of state where the constant w is a neg-
ative quantity. Now, by integrating Eq. (1) it is

PDE = PDE 04
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straightforward to show that the energy density
of the dark energy component is given by
, 3)

€ODMO  _3ie
3w|—€

-3(1+w) +

where the integration constant is the present-
day fraction of the dark energy density. Clearly,
in the absence of a coupling with the CDM
component, i.e., € = 0, the conventional non-
interacting quintessence scenario is fully re-
covered. For w = —1 and € = 0, we may inden-
tify (the current value of the vacuum), and the
above expression reduces to the vacuum decay-
ing scenario. Neglecting the radiation contribu-
tion, the Friedmann equation for this interact-
ing dark matter-dark energy cosmology can be
written as
3, 31w Qpu a4 Qppa 1+ (4)
3|lw|—€

where H = H(z)/Hj and Q;, and QpM are, re-
spectively, the baryons and CDM present-day
density parameters.

The parameter Qpg is defined, in terms of
the density parameter of the dark energy com-
ponent as

7‘(2 = Qba

- eQ
QDE = QDE - & s (5)

3|lw|—€

and, therefore,

~ 3Q
Qpp=1-0y- 22 (6)
3w|—€
The above expression clearly shows

that the conventional (non-interacting)
quintessence scenario is considerably modi-
fied due to the dark energy decay into CDM
particles. It is also worth noticing the im-
portance of the baryonic contribution to this
sort of scenario. Going back to high redshift
we see that the presence of an explicit term
redshifting as (1 + z)° is well justified since the
decaying dark energy component slows down
the variation of of CDM density. Although
being sub-dominant at the present stage of
cosmic evolution, the baryonic content will
be dominant (in comparision to CDM) at
very high redshifts. Actually, it becomes sub-
dominant just before nucleosynthesis (z ~ 10'°
for € ~ 0.1), so that the CDM component
drives the evolution after the radiation phase.
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3. Constraints from X-Ray gas mass
fraction

In our analysis we consider the Chandra data
analyzed in (Allen et al. 2008). The data con-
sist of 42 clusters distributed over a wide range
of redshift (0.063 < z < 1.063). The clus-
ters studied are all regular, relatively relaxed
systems for which independent confirmation of
the matter density parameter results is avail-
able from gravitational lensing studies. The de-
fault cosmology used is the ACDM scenario
with Hy = 70 km s~'Mpc~'. By assuming that
the baryonic mass fraction in galaxy clusters
provides a fair sample of the distribution of
baryons at large scale (White et al. 1993), as
well fu,s o d,>/* (Sasaki 1996), the model
function is defined by (Allen et al. 2008)

0 JACDM ()13
fre) = G [A ©

Qp, + Qpyac dff"d(z) } > D
where G = %{’;f), the parameters K, A, v,
b(z) and s(z) account for computational sim-
ulations for corrections under the assumption
that f,,, should be approximately constant with
redshift. On the other hand, the distance ra-
tio [d}CPM(z)/dm*d(z)]*/* accounts for devia-
tions in the geometry of the universe from the
ACDM model, where explicitly we have

dACDM 1 fz dZ (8)
I+zJo HyV0.3a73 +0.7
and
1 * dz
dmod —
A 1+zJo HeH ©)

where H is given by Eq. (4).

In order to determine the cosmological
parameters € and Qpy we use a y’ min-
imization. For this purpose we set A =
1.0 (Samushia et al. 2008), as well Q, =
0.044 (Spergeletal. 1993) and marginalize
over the other parameters. The expression for

X2 is:

» ‘Z [t p) - [t )|

O'

, (10)
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where o, ; are the symmetric root-mean-
square errors for the ACDM data. The 68.3%,
95.4% and 99.73% confidence levels are de-
fined by the conventional two-parameters y>
levels 2.30, 6.17 and 11.8, respectively.

Figs. 1,2 and 3 we show contours of con-
stant likelihood (68% and 95%) in the € — Qpy
plane for fixed values of w = —0.8 (coupled
quintessence), w = —1 (vacuum decay) and
w = —1.2 (coupling with phantom), respec-
tively. At 68.3% c.1. we find Qyr = 0. 207“’88{2
and € = —0.2157017 with y2. /v =

-0.166° 1.241
(when w = —0.8); QME - 0206*0009 and
0040+0231

11
o T80» With Xmm /v =1 2101O (when
w = —1.0) and Qe = 0204700} and € =
0. 120+8 (1)2(7)’ with )(mm/v = 1.255 (when w =
—1.2). Note that for values of w > —1.0, the
observational analysis favours a transfer of en-

ergy from dark matter to dark energy (e < 0).

4. A low-7 test for DM-DE interaction

From Eq. (8), we see that at low-z the depen-
dence with the cosmological model can be eas-
ily eliminated. Thus, we can rewrite the fg,q
function as

KAybQ) Q,
1+ S(Z) Qb + QDMaE ’

foed(z) = (11)
Note that, although model-independent, the
above equation can be used to distinguish be-
tween coupled and uncoupled scenarios since
the the a¢ term cannot be removed. By restrict-
ing our sample to 11 clusters at z < 0.23, we
perform our y? analysis and find € = —0.065.
A more detailed analysis of this low-z test in-
volving a new set of f,,, data will appear in a
forthcoming communication (Gongalves et al.
2009).

5. Conclusions

We have used gas mass fraction data to test
the viability of a general class of coupled
quintessence models. In particular, we have
proposed a new low-z test which in principle
may be able to distinguish classes of coupled
and uncoupled dark matter/energy models. We
believe that with new and more precise data
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Fig. 1. Confidence regions in the € — Qpy, plane. The Best-fit model for these data occurs for:

(Left) Qpy = 0207 and € = —0.215, with x2,, /v =

1.241, by fixing the value w = —0.8

(Middle) Qp,; = 0.206 and € = —0.040, with anm/v = 1.211, by fixing the value w = —1.0 and

(Right) Qpy = 0.204 and € = 0.120, with y?

min

sets we will be able to use this test to place
tighter and stronger bounds on the interacting
parameter €.
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