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Abstract

The curvaton reheating in a tachyonic inflationary universe model with an exponential potential is studied. We have found that th
density in the kinetic epoch, has a complicated dependencies of the scale factor. For different scenarios, the temperature of reheating i
These temperature result to be analogous to those obtained in the standard case of the curvaton scenario.
 2005 Elsevier B.V. All rights reserved.
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Inflationary universe models[1] have solved many problem
of the Standard Hot Big-Bang scenario, for example, the
ness, the horizon, and the monopole problems, among ot
In addition, its has provided a causal interpretation of the
gin of the observed anisotropy of the cosmic microwave ba
ground (CMB) radiation, and also the distribution of large sc
structures. In the standard inflationary universe models, the
celeration of the universe is driven by a scalar fieldφ (inflaton)
with an specific scalar potential, and the quantum fluctuat
associated to this field generate the density perturbations
ing the structure formations at late time in the evolution of
universe. To date, the accumulating observational data, e
cially those coming from the CMB observations of WMA
satellite[2] indicate the power spectrum of the primordial de
sity perturbations is nearly scale-invariant, just as predicte
the single-field inflation in the context of “slow-roll” over.

At the end of inflation the energy density of the unive
is locked up in a combination of kinetic and potential en
gies of the scalar field, which drives inflation[3]. One path to
defrost the universe after inflation is known as reheating[4]. El-
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ementary theory of reheating was developed in[5] for the new
inflationary scenario. During reheating, most of the matter
radiation of the universe are created usually via the decay o
scalar field that drives inflation, while the temperature grow
many orders of magnitude. It is at this point where the unive
coincides with the Big-Bang model.

Of particular interest is a quantity known as the rehe
ing temperature. The reheating temperature is associated
temperature of the universe when the Big-Bang scenario be
that is when the radiation epoch begins. In general, this ep
is generated by the decay of the inflaton field, which leads
creation of particles of different kinds.

The stage of oscillations of the scalar field is a essential
for the standard mechanism of reheating. However, there
some models where the inflaton potential does not have a
imum and the scalar field does not oscillate. Here, the stan
mechanism of reheating does not work[6]. These models ar
known in the literature like non-oscillating models, or simp
NO models[7,8]. The NO models correspond to runaway fie
such as module fields in string theory which are potenti
useful for inflation model-building because they presents
directions which survive the famousη-problem of inflation[9].
This problem is related to the fact that between the inflation
plateau and the quintessential tail there is a difference of ov
hundred orders of magnitude. On the other hand, an impo
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use of NO models is quintessential inflation, in which the
of the potential can be responsible for the accelerated expa
of the present universe[10].

The first mechanism of reheating in this kind of model w
the gravitational particle production[11], but this mechanism
is quite inefficient, since it may lead to certain cosmologi
problems[12,13]. An alternative mechanism of reheating in N
models is the instant preheating, which introduce an inte
tion between the scalar field responsible for inflation an ano
scalar field[7].

An alternative mechanism of reheating in NO models is
introduction of the curvaton field[14]. The decay of the curva
ton field into conventional matter offers an efficient mechan
of reheating, and does not necessarily introduce an intera
between the scalar field responsible of inflation and ano
scalar field[8]. The curvaton field has the property whose
ergy density is not diluted during inflation, so that the curva
may be responsible for some or all the matter content of
universe at present.

Implications of string/M-theory to Friedman–Robertso
Walker cosmological models have recently attracted great a
tion, especially those related to brane–antibrane configura
as spacelike branes. The tachyon field associated with u
ble D-branes, might be responsible for cosmological infla
at early evolution of the universe, due to tachyon conde
tion near the top of the effective scalar potential[15,16]which
could add some new form of cosmological dark matter at
times [13]. In fact, historically, as was empathized by G
bons [17], if the tachyon condensate starts to roll down
potential with small initialφ̇, then a universe dominated b
this new form of matter will smoothly evolve from a pha
of accelerated expansion (inflation) to an era dominated
non-relativistic fluid, which could contribute to the dark mat
specified above. We should note that during tachyonic inflat
the slow-roll over condition becomeṡφ2 < 2/3 which is very
different from the condition for non-tachyonic fielḋφ2 < V (φ).
In this way, the tachyonic field should start rolling with a sm
value of φ̇ in order to have a long period of inflation[13]. In
this way, the basic field equations for tachyon inflation beco
3Hφ̇+(1/V )(dV/dφ) ≈ 0 and 3H 2 ≈ κ0V , whereφ denotes a
homogeneous tachyonic field (with unit 1/mp–1/energy–mp is
the Planck mass, so thatφ̇ becomes dimensionless).V = V (φ)

is the tachyonic potential,H is the Hubble factor andκ0 =
8πm−2

p . We have used units in whichc = h̄ = 1. Dots mean
derivatives with respect to time. These expressions shoul
compared with those corresponding to the standard case, w
we have 3Hφ̇ + dV/dφ ≈ 0 and 3H 2 ≈ κ0V . Thus, we ob-
serve a clear difference in the scalar field evolution equati
meanwhile the Friedman equation remains practically the sa
Certainly, this modifications has important consequences
instance, the slow-roll over parameters become quite di
ents[18].

In the following, we explore the curvaton reheating in tac
onic inflationary models with an exponential potential (i.
a NO model). We follow a similar procedure described
Ref. [12]. As the energy density decreases, the tachyonic
makes a transition into a kinetic energy dominated reg
l
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bringing inflation to the end. Following Liddle and Ureña[12],
we considered the evolution of the curvaton field through th
different stages. Firstly, there is a period in which the tac
onic energy density is the dominant component, i.e.,ρφ � ρσ ,
even though the curvaton field survives the rapid expan
of the universe. The following stage, i.e., during the kine
epoch[19], is that in which the curvaton mass becomes imp
tant. In order to prevent a period of curvaton-driven inflati
the universe must remain tachyon-driven until this time. W
the effective mass of the curvaton becomes important, the
vaton field starts to oscillate around at the minimum of
potential. The energy density, associated to the curvaton
starts to evolve as non-relativistic matter. At the final stage
curvaton field decays into radiation and then the standard
Bang cosmology is recovered afterwards. In general, the d
of the curvaton field should occur before nucleosynthesis
pens. Other constraints may arise depending on the epo
the decay, which is governed by the decay parameter,Γσ . There
are two scenarios to be considered, depending on whethe
curvaton field decays before or after it becomes the domi
component of the universe.

In the first stage the dynamics of the tachyon field is
scribed in the slow-roll over approach[13]. Nevertheless, afte
inflation, the termV −1∂V/∂φ is negligible compared to th
friction term. This epoch is called ‘kinetic epoch’ or ‘kina
tion’ [19], and we will use the subscript ‘k’ to label the value
of the different quantities at the beginning of this epoch. T
kinetic epoch does not occur immediately after inflation, m
exist a middle epoch where the tachyonic potential force is n
ligible respect to the friction term[20].

The dynamics of the Friedman–Robertson–Walker cosm
ogy for the tachyonic field in the kinetic regimen, is describ
by the equations (see[20])

(1)
φ̈

1− φ̇2
+ 3Hφ̇ = 0,

and

(2)3H 2 = κ0ρφ.

The associated energy density of the tachyonic field,ρφ , is
given by the expression

(3)ρφ = V (φ)√
1− φ̇2

.

The tachyonic potentialV (φ) is such that satisfiesV (φ) → 0
asφ → ∞. It has been argued[21] that the qualitative tachyo
dynamics of string theory can be describe by an expone
potential of the form

(4)V (φ) = V0e
−α

√
κ0φ,

whereα andV0 are free parameters. In the following we sh
takeα > 0. We should note thatα

√
κ0 represents the tachyo

mass[22]. An estimation of these parameters are given
Ref. [13], whereV0 ∼ 10−10m4

p andα ∼ 10−5m2
p.
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From Eq.(1) we find a first integral foṙφ in terms ofa given
by

(5)φ̇2 = 1

1+ Ca6
, C = 1− φ̇2

k

φ̇2
k a6

k

> 0,

whereC is an integration constant,̇φk andak represent value
at the beginning of the kinetic epoch for the time derivative
the tachyonic field and the scale factor, respectively. A univ
dominated by tachyonic field would go under accelerate ex
sion if φ̇2 < 2

3. The end of inflation is characterized by the va
φ̇2

end= 2
3. The value ofφ̇ at the beginning of the kinetic epoc

lies in the range 1� φ̇2
k � 2

3.
From Eq.(3), after substituting the scalar potentialV (φ)

and φ̇2 from Eq. (5) into Eq. (2), and considering thaṫa =
(da/dφ)φ̇ = (1+ Ca6)−1/2 da/dφ, we get

(6)

V (φ) = V
(
φ(a)

) = V :=
[
V

1/2
0 e−α

√
κ0φk/2 − √

3
α

2
C1/4I

]2

,

whereI represents the integral

I (a) := I :=
a∫

ak

a′1/2

(1+ Ca′6)3/4
da′

= 2

3
a

2/3
2 F1

[
1

4
,

3

4
,

5

4
;−Ca6

]

(7)− 2

3
a

2/3
k 2F1

[
1

4
,

3

4
,

5

4
;−Ca6

k

]
,

and2F1 is the hypergeometric function.
Now from Eq.(3) we get an explicit expression for the tach

onic energy density in terms of the scale factor

ρφ = V√
1− φ̇2

(8)=
√

1+ Ca6
√

Ca3

[
V

1/2
0 e−α

√
κ0φk/2 − √

3
α

2
C1/4I

]2

.

Finally, in the kinetic epoch the tachyonic energy density
the Hubble factor can be written as follows,

(9)ρφ = ρk
φ

V

Vk

a3
k√

Ca6
k + 1

√
Ca6 + 1

a3
,

(10)H = Hk

(
V

Vk

)1/2 a
3/2
k

(Ca6
k + 1)1/4

(Ca6 + 1)1/4

a3/2
,

respectively. Here,H 2
k = κ0

3 ρk
φ . Note the difference for the stan

dard case, where the energy density is definite byρ
(std)
φ =

φ̇2/2 + V (φ), and has a behavior during the kinetic epo
like stiff matter, i.e.,ρ(std)

φ = ρk
φ(ak/a)6 [12]. In this way, the

Hubble factor in the standard theory follows the lawH(std) =
Hk(ak/a)3.

We now study the dynamic of the curvaton field,σ , through
different stages. This permits us to find some constraint
the parameters, and thus, to have a viable curvaton scen
e
-

f
io.

We considered that the curvaton field obeys the Klein–Gor
equation, and for simplicity, we assume that its scalar pote
is given by

(11)U(σ) = m2σ 2

2
,

wherem is the curvaton mass.
First of all, it is assumed that the tachyonic energy den

ρφ , is the dominant component when it is compared with
curvaton energy density,ρσ . In the next stage, the curvato
field oscillates around the minimum of the effective poten
U(σ). Its energy density evolves as a non-relativistic mat
and during the kinetic epoch the universe remains tachyo
dominated. The last stage corresponds to the decay of the
vaton field into radiation, and then, the standard Big-Bang
mology is recovered.

In the inflationary regimen is supposed that the curva
mass satisfied the conditionm 	 Hf and its dynamics is de
scribed in detail in Refs.[12,23,24]. During inflation, the cur-
vaton would roll down its potential until its kinetic energy
depleted by the exponential expansion and only then, i.e.,
after its kinetic energy is almost vanished, it becomes fro
and assumes roughly a constant value i.e.,σi ≈ σf . Here the
subscriptsi andf are used to denote the beginning and the
of inflation, respectively.

The hypothesis is that during the kinetic epoch the Hub
parameter decreases so that its value is comparable wit
curvaton mass, i.e.,m 
 H . From Eq.(10), we obtain

(12)
m

Hk

=
(

Vm

Vk

)1/2 a
3/2
k

(Ca6
k + 1)1/4

(Ca6
m + 1)1/4

a
3/2
m

,

where the ‘m’ label represents the quantities at the time wh
the curvaton mass is of the order ofH during the kinetic epoch

In order to prevent a period of curvaton-driven inflation,
universe must still be dominated by the tachyonic matter,
ρφ |am = ρ

(m)
φ � ρσ (∼ U(σf ) 
 U(σi)). This inequality allows

us to find a constraint on the initial values of the curvaton fi
in the inflationary epoch. Hence, from Eq.(2), at the momen
whenH 
 m we get the restriction

(13)
m2σ 2

i

2ρ
(m)
φ

= 4π

3

m2σ 2
i

m2
pm2

	 1 ⇒ σ 2
i 	 3

4π
m2

p.

This value is the same to that found in the standard case[12].
The ratio between the potential energies at the end of in

tion is given by

(14)
Uf

Vf

= 4π

3

m2σ 2
i

m2
pH 2

f

	 m2

H 2
f

.

Here, we have used forVf = (3/8π)H 2
f m2

p and Eq.(13). Thus,
the curvaton mass should obey the constraint in the tachy
model

(15)m 	 Hf ,

which gives from Eq.(14) thatUf 	 Vf . We should note tha
the condition given by Eq.(15) is inherent to the nature of th
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curvaton field, since the reasonm 	 Hf is because only the
can be the curvaton superhorizon perturbations ofσ be gener-
ated during inflation. In this way, the conditionm 	 Hf is a
fundamental prerequisite for the curvaton mechanism.

After the mass of curvaton field becomes important,
m 
 H , its energy decays like non-relativistic matter in t
form

(16)ρσ = m2σ 2
i

2

a3
m

a3
.

As we have claimed the curvaton decay could be occu
two different possible scenarios. In the first scenario, when
curvaton comes to dominates the cosmic expansion (i.e.,ρσ >

ρφ), there must be a moment when the tachyonic and curv
energy densities becomes equal. From Eqs.(9), (10) and (16)at
the time whenρσ = ρφ , which happens whena = aeq, we get

ρσ

ρφ

∣∣∣∣
a=aeq

= 4πσ 2
i m2

3H 2
k m2

p

Vka
3
m

√
Ca6

k + 1

Veqa
3
k

√
Ca6

eq+ 1

(17)= 4πσ 2
i

3m2
p

Vm

Veq

√
Ca6

m + 1

Ca6
eq+ 1

= 1.

Now from Eqs.(10), (12) and (17), we obtain a relation for the
Hubble parameter,Heq, in terms of curvaton parameters and t
ratio of the scale factor at different times, given by

Heq= Hk

(
Veq

Vk

)1/2 a
3/2
k

(Ca6
k + 1)1/4

(Ca6
eq+ 1)1/4

a
3/2
eq

(18)=
√

4πσ 2
i

3m2
p

[
am

aeq

]3/2

m.

Notice that this result coincides with the one obtained in s
dard case.

On the one hand, the decay parameterΓσ is constrained
by nucleosynthesis. For this, it is required that the curva
field decays before of nucleosynthesis, which meansHnucl ∼
10−40mp < Γσ . On the other hand, we also require that the c
vaton decay occurs afterρσ > ρφ , andΓσ < Heq so that we ge
a constraint on the decay parameter,

(19)10−40mp < Γσ <

√
4πσ 2

i

3m2
p

[
am

aeq

]3/2

m.

Until now, it is interesting to give an estimation of the co
straint of the parameters of our model, by using the sc
perturbation related to the curvaton field. During the time
fluctuations are inside the horizon, they obey the same di
ential equation as the inflaton fluctuations do, from which
conclude that they acquire the amplitudeδσi 
 Hi/2π . Once
the fluctuations are outside the horizon, they obey the same
ferential equation that the unperturbed curvaton field does
then we expect that they remain constant during inflation.
spectrum of the Bardeen parameterPζ , whose observed valu
is about 2×10−9, allows us to determine the initial value of th
curvaton field in terms of the parameterα. At the time when
the decay of the curvaton fields occur, the Bardeen param
,

n
e

n

-

n

-

r

r-

if-
d
e

er

becomes[14]

(20)Pζ 
 1

9π2

H 2
i

σ 2
i

.

The spectrum of fluctuations is automatically Gaussian
σ 2

i � H 2
i /4π2, and is independent ofΓσ [14]. This feature

will simplify the analysis in the space parameter of our m
els. Moreover, the spectrum of fluctuations is the same as i
standard scenario.

From Eq.(20) and by using thatH 2
i = H 2

f (2N + 1) and

H 2
f = α2κ0/6 [13], we could relate the perturbation with th

parameters of the model in such way that we could write

(21)
27π

4

Pζ

(2N + 1)
σ 2

i = α2

m2
p

.

This expression allows us to the above equation permit fix
initial value of the curvaton field in terms of the free param
terα. By using Eq.(21), the constraint Eq.(15)becomes

(22)
m

mp

	 3π
P

1/2
ζ

(2N + 1)1/2

σi

mp

.

Finally, Eq. (19) restricts the value of the decay parame
Γσ , which can be transformed into another constraint upom

andσi , so that

(23)
m

mp

√
σ 2

i

m2
p

�
√

3

4π
× 10−40,

where we have used the conditionam < aeq, and Eq.(19).
On the other hand, for the second scenario, the deca

the field happens before this it dominates the cosmologica
pansion, that is, we need that the curvaton field decays be
that its energy density becomes greater than the tachyonic
Additionally, the mass is no-negligible so that we could
Eq.(16). The curvaton decays at a time whenΓσ = H and then
from Eq.(10)we get

(24)
Γσ

Hk

=
(

Vd

Vk

)1/2 a
3/2
k

(Ca6
k + 1)1/4

(Ca6
d + 1)1/4

a
3/2
d

,

where ‘d ’ labels the different quantities at the time when t
curvaton decays, allowing the curvaton field decays after
mass takes importance, so thatΓσ < m; and before that the
curvaton field dominates the expansion of the universe,
Γσ > Heq (see Eq.(18)). Thus,

(25)

√
4πσ 2

i

3m2
p

[
am

aeq

]3/2

m < Γσ < m.

Notice that the range ofΓσ is the same that obtained in th
standard case.

Now for the second scenario, the curvaton decays at the
when ρσ < ρφ . If we defined therd parameter as the rati
between the curvaton and the tachyonic energy densities,
uated ata = ad and forrd 	 1, the Bardeen parameter is giv
by [14,25]

(26)Pζ 
 r2
d

36π2

H 2
i

σ 2
.

i
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With the help of Eq.(24)we obtain

(27)

rd = ρσ

ρφ

∣∣∣∣
a=ad

= 4πσ 2
i m2

3H 2
k m2

p

Vka
3
m

√
Ca6

k + 1

Vda3
k

√
Ca6

d + 1
= 4πσ 2

i

3Γ 2
σ

m2

m2
p

a3
m

a3
d

.

From Eq.(25)we obtain thatrd < (aeq/ad)3, then fromrd 	 1
we get(aeq/ad)3 	 1. Therefore, the conditionaeq 	 ad al-
lows us to use expression(26) for the Bardeen parameter.

From expression(26) and (27)we could write

(28)
σ 2

i

m2
p

= 81

4

m2
p

m4

(
ad

am

)6
Pζ

(2N + 1)

Γ 4
σ

H 2
f

,

and thus the expression(25)becomes

(29)
√

27π
a3
d

a
3/2
m a

3/2
eq

P
1/2
ζ

(2N + 1)1/2

mp

m2Hf

Γ 2
σ <

Γσ

m
< 1.

Even though the study of gravitational waves was develo
in Ref. [26] for the tachyonic model, it is interesting to giv
an estimation of the constraint on the curvaton mass, using
type of tensorial perturbation. Under the approximation giv
Ref.[27], the corresponding gravitational wave amplitude in
tachyonic model may be written as

h2
GW 
 C1

Vi

m4
p

,

where the constantC1 ≈ 10−3. Now, using that Vi =
Vf (2N + 1), we obtain

(30)h2
GW 
 3C1(2N + 1)

H 2
f

8πm2
p

.

In this way, from Eqs.(15) and (30)we get that

(31)m2 	 8πm2
p

h2
GW

3C1(2N + 1)
.

If we consider thathGW of the order of 10−5 and if take the
number of e-fold to beN 
 70 (but in context of the curvato
may be much lower that this value, let say 45 or so, since
inflationary scale can be lower) we find that the above equa
gives the following upper limit for the curvaton mass

(32)m 	 10−4mp ∼ 1015 GeV,

which coincides with the limit reported in Ref.[28]. We note
that in this model we haveV ′′ = 3α2H 2

f , where the prime de
notes differentiation with respect to the tachyonic fieldφ, and if
V ′′ > H 2

f m4
p the curvature perturbations can becomes too la

compare to the COBE observations[28], so that the inflationary
scale cannot be much larger than the scale of grand unific
(inflation does not produce perturbations ifα > m2

p/
√

3). This

means thatHf � 1013 GeV [6]. Hence, the bounds in Eq.(32)
is redundant unless the inflaton does not produce any curv
perturbations.
d

is

e
n

e

n

re

In order to give an estimation of the gravitational wave,
move to the kinetic epoch in which the energy density of gra
tational waves evolves as in Refs.[10,29]

(33)
ρg

ρφ

∼ h2
GW

(
Vk

V

ak

a

)√
Ca6

k + 1

Ca6 + 1
,

where we have used the same approximation than that us
Ref. [27].

On the other hand, when the curvaton field decays,
(Γσ = m) it produces radiation which decays as 1/a4. Then we
may write

(34)ρ(σ)
r = m2σ 2

i

2

a3
m

a3
d

a4
d

a4
.

If the radiation produced from the curvaton scalar field
equal to the tachyonic density, i.e.,ρ

(r)
σ = ρφ , at the time in

which a = aeq, then we could keep the gravitational waves s
ble, so that

(35)

ρ
(σ)
r

ρφ

∣∣∣∣
a=aeq

= 4πm2

3m2
p

σ 2
i

H 2
k

Vk

Veq

(
am

ak

)3(
ad

aeq

)√
Ca6

k + 1

Ca6
eq+ 1

= 1,

and used Eqs.(12), (24) and (33), we obtain a constrains durin
the kinetic epoch given by

(36)

mσi

mp

� hGWHk

(
Γσ

Hk

)1/3(
Vk

Vd

)1/6(
ak

am

)3/2(Ca6
k + 1

Ca6
d + 1

)1/12

,

where we have usedρg/ρr 	 1 at the time in whicha = aeq.
We note that from Eqs.(13), (32) and (36)we obtain a bound

for them parameter, i.e.,√
4π

3
hGWHk

(
Γσ

Hk

)1/3(
Vk

Vd

)1/6(
ak

am

)3/2(Ca6
k + 1

Ca6
d + 1

)1/12

(37)	 m 	 10−4mp.

It is interesting to note that in this case we have obtaine
bound from bellow for them curvaton mass.

In the first scenario, our computes allow to get the reh
ing temperature as hight as 10−9mp, since the decay paramet
Γσ ∝ T 2

rh/mp , whereTrh represents the reheating temperatu
Here, we have used Eqs.(19), (21) and (32), am/aeq ∼ 10−1

and α ∼ 10−5m2
p. We should compare this bound with th

bound coming from gravitino over-production, which giv
Trh � 10−10mp [30].

In the second scenario from Eqs.(25) and (32), we could es-
timate the reheating temperature to be of the order of∼ 10−3mp

as an upper limit.
As it was reported in Ref.[13] at the end of inflationρφ at

best could scales asa−3, it is valid irrespectively of the form
of the tachyonic potential provides it satisfiesV (φ) → 0 as
φ → ∞. However, this is not in general since in our partic
lar case, we have found that it is possible to get a more com
expression for the dependence ofρφ in terms of the scale facto
This could be seen from Eq.(8).
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cl.
On the other hand, the shape of the tachyon condensa
fective potential depends on the system under consideratio
bosonic string theory, for instance, this potential has a m
imum, V = V0, at φ = 0, whereV0 is the tension of som
unstable bosonic D-brane. A local minimum,V = 0, generi-
cally atφ → ∞, corresponding to a metastable closed boso
string vacuum, and a runaway behavior for negativeφ. An ex-
act classical potential (i.e., exact to all orders inα′, but only at
tree level ings ) encompassing these properties has been
sidered[31],

(38)V (φ) = V0(1+ φ/φ0)exp(−φ/φ0),

where the parametersV0 andφ0 in terms of the string lengthls
and the open string coupling constantgs , are given by

(39)V0 = v0

gsl4s (2π)3
, φ0 = 1

α
√

κ0
= τ0ls ,

with v0 andτ0 dimensionless parameters, such thatV0/v0 is the
tension of a D3-brane andτ0ls is the inverse tachyon mass[22].
The gravitational coupling in 4 dimensions is given in terms
the stringy parameters by

κ0 ≡ 8πGN = 8π

m2
p

= πg2
s l

2
s

(
ls

R

)6

= g2
s l

2
s

v
,

(40)v = 1

π

(
R

ls

)6

.

Here,R is the compactification radius of the compact 6-dim
sional manifold, taken to be a 6-torus. For theD = 4 effective
theory to be applicable, one usually requires thatR � ls , i.e.,
v � 1.

From Eq.(29)we obtain that

(41)36π
a3
d

(amaeq)3/2

P
1/2
ζ

(2N + 1)1/2

Γ 2
σ

m2
<

gs

τ0v1/2
.

From Eq.(41) and takingN = 50, Pζ ∼ 10−5, andτ0 = 1,
we find a constraint (from the reheating scenario) for the p
metergs coming from string theory, which is given by

(42)g2
s > 10−4 a6

d

(amaeq)3

Γ 4
σ

m4
v,

the above expression give to us a lower bound for the st
coupling constant. From the amplitude of gravitational wa
produced during inflation the upper bound isg2

s � 10−9v [6].
In this way, we have the following constraint forg2

s /v

(43)10−4 a6
d

(amaeq)3

Γ 4
σ

m4
<

g2
s

v
� 10−9.

Summarizing, we have describe curvaton reheating in tachy
inflationary model in which we have considered two cases
the first case the curvaton dominates the universe before
cay. Our results are specified by Eqs.(19) and (22), and we see
that they are identical with the standard curvaton scenario[12].
In the second case where the curvaton decaying before d
nation, we have arrived to Eq.(29), which represents one of th
most important constraint by using the curvaton approach.
ef-
In
-

c

-

-

g
s

ic
n
e-

i-

In conclusion, we have introduced the curvaton mechan
into NO inflationary tachyonic model as another possible
lution to the problem of reheating, where there is not nee
introduce an interaction between the tachyonic and some a
iary scalar field.
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