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In this paper we study the tachyonic inflation in brane world cosmology with Gauss-Bonnet term
in the bulk. We obtain the exact solution of slow roll equations in case of exponential potential.
We attempt to implement the proposal of Lidsey and Nunes[l] for the tachyon condensate rolling
on the Gauss-Bonnet brane and discuss the difficulties associated with the proposal.
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I. INTRODUCTION

At present there seems to be no viable alternative to
inflationary scenario. But inspite of all the attractive
features of cosmological inflation, its mechanism of re-
alization still remains to be ad hoc. As inflation oper-
ates at Planck’s scale, the needle of hope points towards
the string theory. It is, therefore, not surprising that
M/String theory inspired models are under active con-
sideration in cosmology at present. It was recently been
suggested that rolling tachyon condensate, in a class of
string theories, may have interesting cosmological conse-
quences [2]. Rolling tachyon matter associated with un-
stable D-branes has an interesting equation of state which
smoothly interpolates between -1 and 0. The tachyonic
matter, therefore, might provide an explanation for in-
flation at the early epochs and could contribute to some
new form of cosmological dark matter at late time[3].
Unfortunately, this scenario faces difficulties associated
with generation of enough inflation, reheating and the
formation of caustics/kinks.

Another interesting development in cosmology inspired
by String theory is related to Brane World cosmology. In
this picture all the matter fields are confined to the brane
whereas gravity can propagate in the bulk. The scenario
has interesting cosmological implications, in particular,
the prospects of inflation are enhanced on the brane due
to the modifications in the Friedmann equation. While
discussing the applications of brane-worlds, one often as-
sumes Einstein Gravity in the bulk and then projects
the dynamics on to the brane. This leads to the high en-
ergy corrections in the Friedman equation which changes
the expansion dynamics in the early universe. To be in
the better spirit with string theory, one should include
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the higher order curvature invariants to the Einstein-
Hilbert action[d]. The Gauss-Bonnet gravity projected
on the brane leads to modified Friedmann equation differ-
ent from its counter part in the RS scenario|f]. And this
may have interesting cosmological consequences. As re-
cently demonstrated by Lidsey and Nunesll]], the Gauss-
Bonnet modified expansion dynamics can lead to spectral
index of perturbation spectrum consistent with the re-
cent WMAP observation. Interestingly, this is achieved
by suitably fixing the Gauss-Bonnet coupling parame-
ter and the brane tension without tuning the slope of
the scalar field potential that drives inflation. As men-
tioned above, there are problems with tachyonic inflation
as there is no free parameter in the tachyonic potential
to tune to make the field roll slow allowing the required
number of inflationary e-foldings. The proposal of Lidsey
and Nunes|l] is specially interesting in case of tachyonic
inflation as it does not require the tuning of the slope
of potential. In this note we study the tachyonic infla-
tion with exponential potential on Gauss-Bonnet brane
and show that the spectral index of scalar density per-
turbations can be pushed close to unity. However, for
the physical relevant values of parameters, one requires
to tune the slope of the potential.

A. Brane World with Gauss-Bonnet Term in the
Bulk

We consider five dimensional bulk action with Gauss-
Bonnet term given by

1
Su = 53 d5w\/—g[R —2A + a(R* — 4R,3R*?
268 S
+ Raﬁ’ﬂsRQBWS)} + Som + Smatter, (1)

where a represents the Gauss-Bonnet coupling, A is the
bulk cosmological constant. The additive pieces of the ac-
tion Sopr and Spuatier represent the action on the bound-
ary and the matter part respectively. The effective Fried-
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mann equation is obtained by imposing a Zs symmetry
across the brane [1,, 6]
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S8a
where
82, 1/2 ~ 2/3
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and o represents the energy density of the matter sources.

The conservation of energy-momentum on the brane
for perfect fluid matter sources is given by

6+3H(oc+p) =0 (4)

where p represents the pressure of the fluid and o its
energy density.

The cosmic dynamics on the brane is fully determined
using equations (2) and (4) when the equation of state is
known. We use here a simplified approach following Lid-
sey and Nunes|l]. Accordingly we define a new variable
and write the energy density as

2\ 4 N\
o= (@) sinh z, b= (l—l— gO[A) (5)
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Consequently the Friedmann equation (2) takes a simple
form which is given by

H? = i [b% cosh (%) - 1} . (6)

Taking into account () and retaining the terms up to
second order in o in equation (@) we have[l]

2
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where o is assumed to be decomposed into matter con-

tribution p and the brane tension A\, ¢ = A + p and the
four-dimensional cosmological constant is given by

A4:%(b%—1)+

4
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The above equation reduces to the standard form of the
Friedmann equation at a sufficiently low energy scales
(p << A) with

1 K/4)\
2 5
- s = —5 9
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where Mp is the four-dimensional reduced Planck mass.
It is also found that the four dimensional cosmological
constant vanishes when the brane tension satisfies

- %ﬁl‘i [1—17%}. (10)

II. TACHYONIC INFLATION

The energy density p and pressure p for tachyonic field
Vi(9)

are given by
p= \/j.v p:—V(@\/l—(ng (11)
1 — ¢2

The field evolution equation (equivalent to equation (4)
is

5
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We now describe inflation on the brane assuming slow
roll approximation. Using equations (@) and (@) we ob-
tain

: ADL/3YN
V =Vysinhz = 3an? sinh z (13)

The slow-roll parameters in this case become(we here use
the same definition of slow roll as in Ref]l].

AV 2\
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where egp and ngp are given by

(15)

2b%/3 sinh(2x/3) tanh z sinh? ,T:|

GB = [ 27 (b'/3cosh(2z/3) — 1)

4o
3(b1/3 cosh(2z/3) — 1)} (16)

NGB = [
The number of e-folds of inflationary expansion, is ob-
tained using equations (@) and (&), which is given by

3 Tend

N(z) = dx (%)2 (b1/3 cosh(2z/3) — 1) tanh z

(17)
where z.,q4 denotes the value of z when inflation ends.
The amplitude of scalar perturbation is given by

52 1 w§V8 729\ ( (b'/? cosh(2z/3) — 1)*
T\ 60072 X3VpV2 )\ 8b sinh® 2

(18)
using the canonically normalized field ¢ — /V,¢ M4]. The
exact expression for the amplitude of density perturba-
tions found by Hwang and Noh[d], 6 = H?/27¢V/V is
not very different from ([I¥ ) as the tachyonic inflation
commences very near to the top of the potential.

da J,




A. Exact Solution of Slow Roll Equations

We now study evolution of the universe with tachyon
field in an exponential potential which is of the form

V = V,e Prad, (19)

It would be interesting to obtain the exact solutions of
slow roll equations in high and low energy limits. In high
energy approximation z >> 1, the Friedmann equation
on the Gauss-Bonnet brane approximates to

H? = Ap? (20)

where ¢ = 2/3. We shall integrate the equations of mo-
tion in slow roll regime for arbitrary ¢. In case of the
exponential potential, we have

B
_B_ oz (21)

olt) = 350,

where § = (AV)/2 Equations Z0) and I are readily
solved to yield

oM 32
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where C is a constant determined by the initial value of
¢. The scale factor given by equation ([23)) passes through
a point of inflection marking the end of inflation leading

to

- 2 g2\

(bend \/37(]7 ‘/end VO <\/65Mp> (24)
One can arrive at () by demanding H + H? > 0 with-
out making use of slow roll equations. Since ¢ = 2/3
in the case under consideration, we find that (bend =1.
One should , however keep in mind , that Gauss-Bonnet
Friedmann equation in the low energy limit (z << 1)
reduces to standard RS form and in case p >> A reduces
to () with ¢ = 2 and § = (1/6AM?2)"/? leading to the
following4]

. 1
d)end = o>

20 Ve = BV2X (25)

B. Number of e-foldings and Density Perturbations

We now compute the number of e-folds and density
perturbation for the tachyonic system. For an exponen-
tial potential, the value of the field, x, corresponding
to N e-folds before the end of inflation is given by

3 Tend

N = dx

da J,

1
(Bra)?
(26)

coth? z (bl/?’ cosh(2z/3) — 1) tanhz.

The integral in [Z8) may be evaluated analytically, which
becomes

N = ey (27)
where we have
flz) = gbl/?’ cosh(2z/3) —
N %(2 +bY3) In[1 + 2 cosh(2z/3)] +
+ (b—1)In(sinh(z/3)) (28)

It is possible to simplify the above expression if aA <<
1 which leads to b ~ 1. The end of the inflationary
epoch is determined by noting that  >> 1, the slow roll
parameter € >> 1. Thus one determines x.,q and Veng
from the condition that x is sufficiently small (i.e., z <<
1). Using equations (@) and EH), it is now possible to
determine Zeyq

Tend = (604625421)1/2' (29)
Using equation (28) gives

2
F(@ena) = g - 311;(3) + xegnd (30)

Now equating 29) and 1) we determine o

o m B(n3—1)+2f(an)]  (31)

Using ([[¥) and COBE normalization we obtain

243 x 1016 1
A= gz g lcoh@en/3) 11 (32)
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One may now extract the values of the brane tension A
and Gauss-Bonnet coupling, a which are consistent with
the COBE normalization.

The slow roll parameters can now be cast in the form

~ [Im3—-1+ %f(x]v) sinh(2zx/3) tanh(x ) (33)
€= 2N +1 (cosh(2zy/3) — 1)2

while n = 0 in case of exponential potential. To get
scalar field confined on the brane we have to impose the
constraint p < 115_8/ ? which leads to a lower limit on the

allowed values of @\ for a given xx |1
adh > 48/@21 sinh® z . (34)

Using equations ([BIl) and B2) we determine

27 x 1016 IN +1 2
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The inequality (B4 is satisfied for values of 2 such that
zn < 6.5. Making use of 3)), we find that the spectral
index ns ~ 0.97 for an allowed value of x. Unfortu-
nately, the numerical values of A\ and V., 4 turn out to be
larger than the Planck’s scale if B/Mg ~ 1, i.e., if one
restricts to string theory tachyons. This ,of course, puts
the whole procedure under doubt as the classical treat-
ment of gravity becomes invalid in this case. Actually,
the problem is present even at the RS level itself which,
it seems, can not be corrected by Gauss-Bonnet correc-
tion. Indeed, the RS level expression for the asymmetry
is given by,

o _ 8kif' x (2N +1)°°

5 ~ 1071 36
H 60072V,004 (36)

where Vi,q = V/(2N + 1)Y/2[4] in case of the expo-
nential potential. It follows from equation BH) that
Vend > M;l if 5/M5 ~ 1.This is related to the fact that
not enough inflation can be drawn in case of tachyonic
field if one restricts to string theory tachyons. The situ-
ation could be remedied either by tuning the parameter
[ or by introducing the large number of D-branes paral-
lel to each other and separated by a distance much larger
than [,(this is the same mechanism of assisted inflation as
introduced by Liddle et. allg]). The first option is out of

place as ( is not a free parameter in tachyon potential((
is fixed by sring scale l5). As for the large number of
D-brane assisted inflation is concerned, one could draw
enough inflation in this procedure and push the spectral
index ns close to one in the standard FRW cosmology it-
self. The sole purpose of invoking the brane worlds with
Gauss-Bonnet term in the bulk is defeated. It is remark-
able that the exponential potential, in case of normal
scalar field, on the brane with Gauss-Bonnet Einstein
equations in bulk allows to push n, very close to one
independently of the slope of potential. It was, there-
fore, natural to investigate the tachyonic system along
the same line as there is no free parameter in this case to
tune. But due to the peculiar nature of tachyon field dy-
namics, the proposal of Lidsey and Nunes does not seem
to work in a natural way.
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