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Abstract In this work a tachyonization of the �CDM model for a spatially flat
Friedmann–Robertson–Walker space–time is proposed. A tachyon field and a cosmo-
logical constant are considered as the sources of the gravitational field. Starting from
a stability analysis and from the exact solutions for a standard tachyon field driven by
a given potential, the search for a large set of cosmological models which contain the
�CDM model is investigated. By the use of internal transformations two new kinds
of tachyon fields are derived from the standard tachyon field, namely, a complemen-
tary and a phantom tachyon fields. Numerical solutions for the three kinds of tachyon
fields are determined and it is shown that the standard and complementary tachyon
fields reproduces the �CDM model as a limiting case. The standard tachyon field
can also describe a transition from an accelerated to a decelerated regime, behaving
as an inflationary field at early times and as a matter field at late times. The comple-
mentary tachyon field always behaves as a matter field. The phantom tachyon field is
characterized by a rapid expansion where its energy density increases with time.

L. P. Chimento · M. Forte
Departamento de Física, Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires, Ciudad Universitaria, Pabellón I, 1428 Buenos Aires, Argentina
e-mail: chimento@df.uba.ar

M. Forte
e-mail: forte.monica@gmail.com

G. M. Kremer (B)
Departamento de Física, Universidade Federal do Paraná,
Caixa Postal 19044, Curitiba 81531-990, Brazil
e-mail: kremer@fisica.ufpr.br

M. O. Ribas
Faculdades Integradas Espírita, Rua Tobias de Macedo Jr. 1333, Curitiba 82010-340, Brazil
e-mail: marlos@fisica.ufpr.br

123



1524 L. P. Chimento et al.

Keywords Tachyon field · Cosmological models

1 Introduction

Nowadays, there exists consensus that at early times an inflationary field has driven the
Universe to a rapid accelerated expansion. This period was followed by a decelerated
era dominated by a matter field and then, by another accelerated period dominated by
dark energy. Several cosmological models were proposed to do the job, based on roll-
ing tachyon field from string theory. Also, much effort has been devoted to the study
of tachyon potential and classical solutions on an unstable D-brane system. Actually,
the energy-momentum tensor of the tachyon field can be seen as a sum of two tensors,
associated with dark matter and vacuum energy density respectively [1], whereas the
tachyon potential has an unstable maximum at the origin decaying to almost zero as
the field goes to infinity. Depending on this asymptotic behavior several works have
been carried out on tachyonic dark energy, [2–5], on tachyonic dark matter, [6–8] and
inflation models [9,10]. Also, in Refs. [11–13] it was assumed an interaction for good
fit to the Supernovae and CMB data.

Although in k-essence cosmologies, the stability of the k-essence with respect to
small wavelength perturbations requires a positive sound speed c2

s = ṗ/ρ̇, in Ref. [14]
it was shown that a positive sound speed is not a sufficient condition for the theory to
be stable. Hence, non standard tachyon fields have been generated assuming a sound
speed proportional to that of the standard tachyon field in [15] for FRW and in [16]
for Bianchi type I cosmologies.

In this work it is analyzed the evolution of a Universe whose gravitational sources
are a cosmological constant and a tachyon field, and its aim is to determine a large
set of cosmological models which contain the �CDM model as a special case. Usu-
ally in the �CDM cosmological model it is assumed that the pressureless component
includes all types of matter known from laboratory experiments (protons, neutrons,
photons, neutrinos, etc.) as well as non-relativistic non-baryonic cold dark matter
(whose energy-momentum tensor is dust-like in the first approximation 0 < p << ρ).
This is an approximation only justified by the simplicity of the model. However, we
think that it would be better to consider the possibility of including a large set of
nearly pressureless components. Consequently, we have introduced the tachyon field
as representative of the above variety of components because it may behave as dust
like in first approximation. In fact, the potential we have chosen for the tachyon field
leads to an effective equation of state which interpolates between a nearly dust era at
early times and a de Sitter stage at late times. In this way we are considering a set
of enlarged �CDM cosmological model with the possibility of finding more realis-
tic framework for the present universe. The search for this large set of cosmological
models makes use of the stability analysis of the standard tachyon field and internal
transformations. In the Ref. [15] one of the authors introduced the extended tachyon
fields. These enlarged set of fields can be split into three classes, so apart from the class
containing the standard tachyon field two new classes arise, namely, a complementary
and a phantom tachyon fields. The three classes of tachyon fields will be analyzed
and shown that the limiting cases of the standard and complementary tachyon fields
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tend to the �CDM model whereas the standard tachyon field is able to describe the
inflationary period. We think that any model obtained from a symmetry transformation
of the dynamical equations should be taking into account as a realizable model. From
this point of view it is interesting also to investigate the phantom tachyon field.

The work is organized as follows: in Sect. 2 a stability analysis of the standard
tachyon field is performed in order to determine the asymptotically stable solutions.
The tachyonization process is the subject of Sect. 3 where the complementary and the
phantom tachyon fields are introduced. In Sect. 3.1 a numerical analysis of the three
kinds of tachyon fields is considered and a discussion on the regimes is carried out.
Finally in Sect. 4 it is given a summary of the main conclusions.

2 Stability analysis

Let us present the Lagrangian density for the tachyon field ϕ

Lϕ = −V (ϕ)
√

1 − ∂μϕ∂μϕ, (1)

where V (ϕ) denotes the potential of the tachyon field. One can associate an energy-
momentum tensor for the tachyon field so that its energy density ρϕ and pressure
pϕ—in a homogeneous and isotropic space–time represented by the spatially flat
Friedmann–Robertson–Walker Universe–are given by

ρϕ = V
√

1 − ϕ̇2
, pϕ = −V

√
1 − ϕ̇2. (2)

Let us consider the gravitational field generated by a cosmological constant � and a
tachyon field ϕ(t) with energy density ρϕ . In this case the Friedmann and conservation
equations become

3H2 = � + ρϕ, (3)

ρ̇ϕ + 3H(ρϕ + pϕ) = 0. (4)

where H = ȧ(t)/a(t) is the Hubble parameter and a(t) is the cosmic scale factor. The
evolution equation for the tachyon field that follows from Eqs. (2) and (4) is

ϕ̈ + (1 − ϕ̇2)

[
3H ϕ̇ + 1

V

dV

dϕ

]
= 0. (5)

Note that the dynamics of the tachyon field driven by the potentials V and V → V0 V
is the same for any multiplicative constant V0.

In order to analyze the stability of solutions let us relate the pressure and the energy
density of the tachyon field by a barotropic index γ , so that pϕ = (γ − 1)ρϕ . In this
case it is easy to obtain from Eq. (2) that ϕ̇2 = γ , whereas from Eqs. (3) and (4) it
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follows that

3H2 = � + V√
1 − γ

, (6)

ρ̇ϕ + 3γ H V√
1 − γ

= 0. (7)

Now the differentiation of Eq. (6) with respect to time and the use of Eq. (7) leads to
the differential equation for the barotropix index

γ̇ = 2(γ − 1)

(
3Hγ + V̇

V

)
. (8)

To obtain solutions that are asymptotically stable, the barotropic index should tend
to a constant value, namely, γ = γ0. In this case one can get from (8) the asymptotically
differential equation

V̇

V
� −3γ0

ȧ

a
, so that V � V0

a3γ0
. (9)

From the knowledge of the asymptotic value for the potential density it follows the
corresponding asymptotic value for the energy density, namely,

ρϕ = V0√
1 − γ0

a−3γ0 . (10)

Equation (8) can be rewritten thanks to (9) as

γ̇ = 6H(γ − 1)(γ − γ0). (11)

The solution of the differential equation (11) for the case where γ0 �= 1 is

γ = γ0 + c1a6(γ0−1)

1 + c1a6(γ0−1)
(12)

where c1 is an integration constant. One can infer from the above equation that γ tends
asymptotically to γ0 once γ0 < 1. On the other hand, when γ0 = 1 the solution of
(11) reads

γ = 1 − 1

c2 + 6 ln a
, (13)

with c2 denoting an integration constant. According to the last equation the barotropic
index tends to γ0 = 1.
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3 The tachyonization process

Motivated by the stability analysis of the previous section—where the relationship
(10) between the energy density of the tachyon field and the cosmic scale factor is
similar to that of a perfect fluid with constant barotropic index—one is tempted to find
and investigate exact solutions for tachyon fields driven by the following potential

V (ϕ) = �
√

1 − γ0

sinh2
√

3γ0�
2 ϕ

, (14)

where γ0 is a parameter of the model. Although the potential diverges at early times,
where ϕ → 0, it reasonably mimics the behavior of a typical potential in the con-
densate of bosonic string theory. One expects the potential to have a unique local
maximum at the origin and a unique global minimum away from the origin at which
V vanishes [18]. In the most interesting case the global minimum is taken to lie at
infinity [19]. Obviously more complicated potentials having the same limit could be
analyzed but we restrict to that of Eq. (14). For this potential the tachyon field equation
(5) becomes

ϕ̈ + (1 − ϕ̇2)

[
3H ϕ̇ − √

3γ0� coth

√
3γ0�

2
ϕ

]
= 0. (15)

Exact solutions for the tachyon field were found using a linear field in several
references [20,21]. Also, this assumption has proved to be useful in the context of
k-essence theories [15,23]. With this idea in the mind, our purpose is to find an exact
solution of the field equation (15) by assuming a linear dependence of the tachyon
field with the cosmological time,

ϕ = √
b t, ϕ̇2 = b, (16)

where 0 < b < 1 is a constant to be determined later on. The latter will be solution of
Eq. (15) if

H =
√

γ0�

3b
coth

√
3γ0b�

2
t, (17)

which, after integration we obtain the following cosmic scale factor

a = a0

[
sinh

√
3γ0b�

2
t

]2/3b

. (18)

By imposing the consistency of this cosmic scale factor—expressed in terms of the
linear tachyon field (16)—with respect to the solutions of the Friedmann equation (6)
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for the potential (14), namely,

3H2 = �

[

1 +
√

1 − γ0
√

1 − ϕ̇2 sinh2
√

3γ0b�
2 t

]

, (19)

we get b = γ0. Therefore, for the linear exact solutions, the energy density of the
tachyon field is given by that of a perfect fluid, i.e., ρϕ = C/a3γ0 , where C = �a3γ0

0
is a constant. In this case the Friedmann’s equation (19) reads

3H2 = � + C

a3γ0
, (20)

whose integration leads to the knowledge of the cosmic scale factor as function of
time:

a =
⎡

⎣
√

C

�
sinh

⎛

⎝

√
3γ 2

0 �

2
t

⎞

⎠

⎤

⎦

2
3γ0

. (21)

Furthermore, the final energy density and pressure of the tachyon field are given by

ρϕ = �
√

1 − γ0
√

1 − ϕ̇2 sinh2
√

3γ0�
2 ϕ

, (22)

pϕ = −�
√

(1 − γ0)(1 − ϕ̇2)

sinh2
√

3γ0�
2 ϕ

, (23)

respectively. Clearly, in the limit γ0 → 1, this cosmological model—whose sources
include the cosmological constant and a tachyon field driven by the potential (14)—
reduces to the standard �CDM model. However, in the general case by considering
other solutions different from the linear tachyon field, the model will have slightly
dissimilar characteristics with respect to the �CDM model. In the next section we
shall investigate these kind of models by performing a numerical analysis of their
solutions.

To sum up, the tachyonization of the �CDM model we have presented may con-
sidered as a process of constructing a large set of cosmological models, generated by
a tachyon field, which contain the �CDM model. It means that the particular set of
solution, corresponding the linear tachyon field solution along with the limit γ0 → 1,
is the general exact cosmic scale factor solution of the �CDM model. In addition, for
the case where the tachyon energy density has the perfect fluid form ρϕ = C/a3γ0 ,
with γ0 �= 1, the time evolution of the cosmic scale factor is given by the solution
(21) of the Friedmann equation (20) and the tachyon field solution has the linear form
(16) with b = γ0. This represent the tachyonization of the flat FRW universe with
cosmological constant filled with a perfect fluid.
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Finally we comment that in the case without the cosmological constant, i.e., the
case of the FRW universe filled with a perfect fluid, the potential and the cosmic scale
factor reduce to

V = 4
√

1 − γ0

3γ0φ2 , (24)

a =
⎡

⎣

√
3γ 2

0 C

2
t

⎤

⎦

2
3γ0

, (25)

after taking the limit � → 0 into the expressions (14) and (21) along with φ = √
γ0 t .

These results are exactly and the same found in Ref. [20,21]. However, here we have
shown that the potential (24) gives the tachyonization of the FRW cosmological model
with a perfect fluid. Hence, the remaining solutions of the tachyon field, correspond-
ing to the solutions which differ from φ = √

γ0 t are associated with a more general
model containing it.

3.1 Extended tachyon fields

In a recent paper [15] one of the authors introduced two new kinds of extended tachyon
fields, apart from the well known tachyon field which was analyzed above. The usual
tachyon field, with γ < 1, can be associated with 0 < γ0 < 1. Below, we use the
extended tachyon fields to cover all remaining values of γ0. The tachyonization of the
model for 1 < γ0 will be achieved by the complementary tachyon field ϕc, whereas
for γ0 < 0 by the phantom tachyon field ϕph . In Ref. [22] the phantom tachyon field
was obtained by applying the dual symmetry transformation on the standard tachyon,
generating an extended super accelerated tachyon field.

These two kinds of tachyon fields can be introduced from the tachyon field analyzed
above by applying internal transformations as follows.

The complementary tachyon field ϕc is characterized by 1 < γ0 or 1 < ϕ̇2
c and it can

be generated from the standard tachyon field by making an internal transformation. In
fact, a real tachyon field ϕc is obtained from the energy density (22) and pressure (23)
by replacing simultaneously 1−γ0 → −(1 −γ0) and 1 − ϕ̇2 → −(1 − ϕ̇2

c ), resulting

ρc = �
√

γ0 − 1
√

ϕ̇2
c − 1 sinh2

√
3γ0�
2 ϕc

, (26)

pc = �
√

(γ0 − 1)(ϕ̇2
c − 1)

sinh2
√

3γ0�
2 ϕc

, (27)

Vc = �
√

γ0 − 1

sinh2
√

3γ0�
2 ϕc

, (28)
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ϕ̈c + (1 − ϕ̇2
c )

[
3H ϕ̇c − √

3γ0� coth

√
3γ0�

2
ϕc

]
= 0. (29)

The phantom tachyon field ϕph is characterized by γ0 < 0, ϕ̇2
ph = −γ0. It is generated

also from of the standard tachyon field by making an internal transformation. In this
case the replacement

√
γ0 → −ı

√−γ0 and ϕ → ıϕph in the Eqs. (22)–(23) gives

ρph = �
√

1 − γ0√
1 + ϕ̇2

ph sinh2
√−3γ0�

2 ϕph

, (30)

pph = −
�

√
(1 − γ0)(1 + ϕ̇2

ph)

sinh2
√−3γ0�

2 ϕph

, (31)

Vph = �
√

1 − γ0

sinh2
√−3γ0�

2 ϕph

, (32)

ϕ̈ph + (1 + ϕ̇2
ph)

[
3H ϕ̇ph − √−3γ0� coth

√−3γ0�

2
ϕph

]
= 0. (33)

We note that the cosmological expressions for the two new kinds of tachyon fields
were found by using simple internal symmetries. In conclusion, we need all of them
to describe the time evolution of the cosmic scale factor (21) for all γ0 values. This
close the tachyonization of the flat FRW universe with cosmological constant filled
with a perfect fluid.

4 Analysis for given potential density

Motivated by the above results one is also tempted to find more general cosmological
solutions by specifying the tachyon potential and allowing for more general solutions
of the tachyon field equation (15) other than the linear one given by Eq. (16). In those
cases, the tachyon energy density has a more complicated dependence with the cosmic
scale factor than the perfect fluid one ρϕ = C/a3γ0 . To find the solutions one has to
solve the following coupled system of differential equations:

(1) Standard tachyon field ϕ

3H2 = � + V (ϕ)
√

1 − ϕ̇2
, (34)

ϕ̈ + (1 − ϕ̇2)

(
3H ϕ̇ + 1

V

dV

dϕ

)
= 0, (35)
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Fig. 1 Cosmic scale factors as functions of time for standard (γ0 = 0.99 and γ0 = 0.75) and complemen-
tary (γ0 = 1.01 and γ0 = 2) tachyon fields

(2) Complementary tachyon field ϕc

3H2 = � + Vc(ϕc)√
ϕ̇2

c − 1
, (36)

ϕ̈c − (ϕ̇2
c − 1)

(
3H ϕ̇ + 1

Vc

dVc

dϕ

)
= 0, (37)

(3) Phantom tachyon field ϕph

3H2 = � + Vph(ϕph)
√

1 + ϕ̇2
ph

, (38)

ϕ̈ph + (1 + ϕ̇2
ph)

(
3H ϕ̇ph − 1

Vph

dVph

dϕph

)
= 0. (39)

In the above equations the potential densities V (ϕ), Vc(ϕc) and Vph(ϕph) are given
by Eqs. (14), (28) and (32), respectively.

To find exact solutions of the three systems of differential equations is a very hard
task and in the following numerical solutions of the three systems are analyzed. In
Figs. 1, 2, 3, 4 and 5 it is plotted the numerical solutions of the above systems of
differential equations for the following initial conditions a(1) = 1, ϕ(1) = ϕc(1) =
ϕph(1) = 1 and ρ(1) = ρc(1) = ρph(1) = 1. Moreover, in all three cases the cos-
mological constant was taken equal to � = 0.001. Figures 1, 2, 3 and 4 refers to the
standard and complementary tachyon fields whereas Fig. 5 correspond to the phantom
one.

Let us analyze the standard and complementary tachyon fields for values of γ0 ≈ 1
which are very closed to the �CDM model. For the standard tachyon field it was
chosen γ0 = 0.99 whereas for the complementary γ0 = 1.01. For these two values
one infers from Figs. 1, 2, 3 and 4 that there is no sensible difference of the solutions
concerning the time evolution of the cosmic scale factors (Fig. 1), energy densities
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Fig. 2 Energy densities as functions of time for standard (γ0 = 0.99 and γ0 = 0.75) and complementary
(γ0 = 1.01 and γ0 = 2) tachyon fields
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Fig. 3 Potential densities as functions of time for standard (γ0 = 0.99 and γ0 = 0.75) and complementary
(γ0 = 1.01 and γ0 = 2) tachyon fields
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Fig. 4 Accelerations as functions of time for standard (γ0 = 0.99 and γ0 = 0.75) and complementary
(γ0 = 1.01 and γ0 = 2) tachyon fields
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Fig. 5 Cosmic scale factor, acceleration, energy density and potential density as functions of time for
phantom tachyon field, for γ0 = −0.05

(Fig. 2), potential densities (Fig. 3) and accelerations (Fig. 4) with the �CDM model.
From these figures one concludes that the cosmic scale factors increase with time,
the energy densities and the potential densities of the tachyon fields decrease with
time, whereas the accelerations show a transition from a decelerated to an accelerated
regime. The two tachyon fields here behave as matter fields which are responsible for
the decelerated regime.

The standard tachyon field with γ0 = 0.75 plays the role of an inflaton field
which decays into a matter field. This can be observed from the behavior of its
acceleration field in Fig. 4, since at early times it begins with an accelerated regime
which goes into a decelerated era returning afterwards to another accelerated regime
where the cosmological constant predominates. This kind of behavior of the accel-
eration field was also obtained in the work [17] where the potential density of the
tachyon field was considered as an exponential type. The analysis of Figs. 1, 2 and
3 for γ0 = 0.75 shows that the evolution with time of the cosmic scale factor is
much more accentuated than that for the �CDM model, the energy density decreases
more slowly whereas the potential density is larger than the one for the �CDM
model.

The complementary tachyon field with γ0 = 2 represents stiff matter with a decel-
eration larger than the one corresponding to the �CDM model (see Fig. 4). The
cosmological constant is the responsible for the transition from a decelerated to accel-
erated regime. From Figs. 1 and 2 one can infer that for γ0 = 2 the increase with
time of the cosmic scale factor is less accentuated than the one for the �CDM model,
whereas the energy density decreases more rapidly. Furthermore, according to Fig. 3
the potential density stands between the potential densities of the standard tachyon
field with γ0 = 0.75 and the �CDM model.

The phantom tachyon field has the typical characteristics of a phantom field, since its
cosmic scale factor and acceleration field increase very rapidly with time (see Fig. 5).
Moreover, its energy density grows with time and the potential energy dominates for
large times so that the energy density becomes equal to the potential density.
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5 Conclusions

The tachyonization process we have introduced allows to think the �CDM model as
included in a more general set of cosmological models with cosmological constant
and containing a tachyon field driven by the potential (14). This is a very interesting
procedure to investigate models bearing certain resemblance to the �CDM model.
The same process was applied to the FRW universe without cosmological constant
and filled with a perfect fluid, taking the limit � → 0 of the above �CDM model.
There we have obtained the standard inverse square potential, which has been exten-
sively used for tachyon and k-essence cosmologies, and the corresponding power law
solutions. The tachyonization of the �CDM model was determined from the stability
analysis and from exact solutions of the standard tachyon field driven by the given
potential (14). From the use of simply internal transformations two new kinds of
extended tachyon fields were derived from the standard tachyon field: the comple-
mentary and the phantom tachyon fields.

From the analysis of the numerical solutions for the three tachyon fields shown in
Figs. 1, 2, 3, 4 and 5 one concludes that: (i) the standard and complementary tachyon
fields with γ0 ≈ 1 reproduce the �CDM model as a limiting case, since the time evo-
lution of the cosmic scale factors (Fig. 1), energy densities (Fig. 2) and accelerations
(Fig. 4) are very close to each other; (ii) for values of γ0 < 1 the standard tachyon
field behaves as an inflaton field at early times and as a matter field at late times
describing a transition from an accelerated to a decelerated regime (Fig. 4). In this
case the time evolution of the cosmic scale factor (Fig. 1) increases more accentuated
than the �CDM model whereas its energy density (Fig. 2) decreases more slowly;
(iii) for values of γ0 > 1 the complementary tachyon field behaves as a decelerated
matter field. Its energy density (Fig. 2) decays more rapidly with time in comparison
to the �CDM model, its cosmic scale factor (Fig. 1) increases more slowly and its
deceleration is more accentuated (Fig. 4); (iv) the phantom tachyon field (Fig. 5) is
characterized by a rapid accelerated expansion where its energy density increases with
time.

Acknowledgments The authors acknowledge the partial support under project 24/07 of the agreement
SECYT (Argentina) and CAPES 117/07 (Brazil). LPC thanks the University of Buenos Aires for partial
support under project X224, and the Consejo Nacional de Investigaciones Científicas y Técnicas under
project 5169. GMK acknowledges the support by Conselho Nacional de Desenvolvimento Científico e
Tecnológico (CNPq).

References

1. Chimento, L.P.: Phys. Lett. B 633, 9 (2006)
2. Bagla, J.H, Jassal, K., Padmanabhan, T.: Phys. Rev. D 67, 063504 (2003)
3. Copeland, E.J, Garousi, M.R, Sami, M., Tsujikawa, S.: Phys. Rev. D 71, 043003 (2005)
4. Calcagni, G., Liddle, A.R.: Phys. Rev. D 74, 043528 (2006)
5. Copeland, E.J., Sami, M., Tsujikawa, S.: Int. J. Mod. Phys. D 15, 1753 (2006)
6. DeBenedictis, A., Das, A., Kloster, S.: Gen. Relativ. Gravit. 36, 2481 (2004)
7. Das, A., Gupta, S., Saini, T.D., Kar, S.: Phys. Rev. D 72, 043528 (2005)
8. Padmanabhan, T.: Phys. Rev. D 66, 021301 (2002)
9. Sami, M.: Mod. Phys. Lett. A 18, 691 (2003)

123



Tachyonization of the �CDM cosmological model 1535

10. Paul, B.C., Paul, D.: Int. J. Mod. Phys. D 14, 1831 (2005)
11. Chakraborty, W., Debnath, U.: Astrophys. Space Sci. 315, 73 (2008)
12. Berger, M.S., Shojaei, H.: Phys. Rev. D 74, 043530 (2006)
13. Herrera, R., Pavon, D., Zimdahl, W.: Gen. Relativ. Gravit. 36, 2161 (2004)
14. Carroll, S.M., Hoffman, M., Trodden, M.: Phys. Rev. D 68, 023509 (2003)
15. Chimento, L.P.: Phys. Rev. D 69, 123517 (2004)
16. Chimento, L.P., Forte, M.: Phys. Rev. D 73, 063502 (2006)
17. Kremer, G.M., Alves, D.S.: Gen. Relativ. Gravit. 36, 2039 (2004)
18. Kutasov, D., Marino, M., Moore, G.: J. High Energy Phys. 10, 045 (2000)
19. Gibbons, G.W.: Class. Quantum Grav. 20, 4401 (2003)
20. Padmanabhan, T.: Phys. Rev. D 66, 021301 (2002)
21. Feinstein, A.: Phys. Rev. D 66, 063511 (2002)
22. Aguirregabiria, J.M., Chimento, L.P., Lazkoz, R.: Phys. Rev. D 70, 023509 (2004)
23. Armendariz-Picon, C., Mukhanov, V., Steinhardt, P.J.: Phys. Rev. D 63, 103510 (2001)

123


	Tachyonization of the ΛCDM cosmological model
	Abstract
	1 Introduction
	2 Stability analysis
	3 The tachyonization process
	3.1 Extended tachyon fields

	4 Analysis for given potential density
	5 Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


