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Abstract

We consider a Minimal Supersymmetric Standard Model (MSSM)
inflation in the context of the Randall-Sundrum type-2 braneworld model.
We apply the slow-roll approximations, in high-energy limit, to con-
straint various inflationary spectrum parameters in relation with recent
WMAP9 data. We show that, for some values of the number of e-
folding N , the MSSM braneworld inflation provides the best fit results
according to recent observations.
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1 Introduction

In the last few years, it has been shown that the Minimal Supersymmetric
Standard Model (MSSM) has all the ingredients to give rise to a successful
inflation with two flat directions which may serve as a low-scale inflaton[1].
In minimal supersymmetric version, the standard model of particle physics is
lifted by a soft supersymmetry breaking mass term, the trilinear A-term and by
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non-renormalizable superpotential corrections at scales below the fundamental
scale Mp = 2.8× 1018GeV. However, this consideration has affected by a large
total e-foldings number (N ∼ 1000) in standard inflation[1]. However, it’s
very important to show how the MSSM inflation behaves in another model
like the braneworld scenario. The braneworld inflation play a fondamental rol
for describing a successful model of inflation. One of the most used scenario
is the Randall-Sundrum type-2 model[2]. In this theory, our four-dimensional
Universe is considered as a 3-brane embedded in five-dimensional anti-de Sitter
space-time (AdS5), while gravity can be propagated in the bulk. The main
characteristic feature of this model is that the Friedmann equation is modified
by an additional term proportional to quadratic energy density[3]. Recently,
some generalized potentials in the supersymmetic versions have been studied in
the framework of Randall-Sundrum model and a best fit to recent observations
have been obtained[4, 5, 6].

In the present work, we consider MSSM braneworld inflation, in particular
the A-term model. We have analyzed in some details various inflationary
spectrum parameters and show that, for some range of number of e-folding N ,
our results provides the best fit results to more recent WMAP9 data[7].

In the next section, we recall first, the basic equations of the Randall-
Sundrum type-2 model and different perturbation spectrum expressions. In
Sec.3, we present our work concerning the A-term model on the brane. A
conclusion is given in the last section.

2 Pertubation spectrum

In this section, we start by recalling briefly some fundamentals of Randall-
Sundrum type-2 model. One of the most relevant consequences of this model
is the modification of the Friedmann equation for energy density of the order
of the brane tension, and also the appearance of an additional term, usually
considered as dark radiation term. In the case where the dark radiation term
is neglected, the gravitational Einstein equations, leads to the modified Fried-
mann equation on the brane as[3]

H2 =
ρ

3M2
p

[
1 +

ρ

2λ

]
, (1)

where H is the Hubble parameter, ρ is the energy density and λ is the brane
tension. Note that the crucial correction to standard inflation is given by the
density quadratic term ρ2.

Note also that in the limit λ → ∞, we recover standard four-dimensional
general relativistic results. Moreover, in the high energy limit i.e. ρ � 2λ,
the dynamic of the universe in 5 dimensions will be governed by the simplest



MSSM Braneworld inflation 279

equation given by

H2 =
ρ2

6λM2
p

. (2)

On the other hand, the matter in 3-brane is dominated by a scalar field with

energy density of the form ρ = φ̇
2

2
+ V (φ) , where V (φ) is the scalar field

potential responsible of inflation. Along with these equations, one also has a
second inflation Klein–Gordon equation governing the dynamic of the scalar
field as

φ̈ + 3Hφ̇ + V ′ = 0, (3)

where φ̇ = ∂φ
∂t

, φ̈ = ∂2φ
∂t2

and V ′ = dV (φ)
dφ

.
This is a second-order evolution equation which follows from conservation

condition of energy–momentum tensor Tμν . To calculate some physical quan-
tities as scale factor or perturbation spectrum, one has to solve Eqs.(1,3) for
some specific potentials V (φ). To do so, the slow-roll approximation was in-
troduced and applied by many authors to derive perturbation spectrum of

inflation[8]. In this work, we apply slow-roll approximation ( φ̇
2 � V (φ) and

φ̈ � Hφ̇ ) and we use the well known slow-roll parameters[9] to calculate
perturbation spectrum.

ε =
2M2

p λV ′2

V 3
, η =

2M2
p λV ′′

V 2
, (4)

where V ′′ = d2V
dφ2 . We signal that, during inflation we have the following condi-

tions

ε � 1, | η |� 1. (5)

The small quantum fluctuations in the scalar field lead to fluctuations in the
energy density which was studied in a perturbative theory[10]. As discussed
in[11] quantum fluctuations effect of the inflaton are generally negligibles, since
the coupling of the scalar field to bulk gravitational fluctuations only modifies
the usual 4D predictions at the next order in the slow-roll expansion. So, one
can define the power spectrum of the curvature perturbations as

PR (k) =

(
H2

2π
·
φ

)2

� V 6

24π2M6
p λ3V ′2 , (6)

where k is the wave number.
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On the other hand, the quantum fluctuations in the scalar field lead also to
fluctuations in the metric. In this way, one can define the amplitude of tensor
perturbations as[12]

Pg (k) =
8

M2
p

(
H

2π

)2

F 2 (x) , (7)

where x = Hmpl

√
3

4πλ
and F 2 (x) =

(√
1 + x2 − x2 sinh−1

(
1
x

))−1
. Note that

in the high-energy limit (V � 2λ), F 2 (x) ≈ 3
2
x = 3

2
V
λ
. These results lead to

the ratio of tensor to scalar perturbations r

r =
Pg (k)

PR (k)
� 24ε. (8)

In relation to PR (k), the scalar spectral index is defined as[10]

ns − 1 =
d lnPR (k)

d ln k
� −6ε + 2η. (9)

Other perturbation quantity is the running of the scalar index dns

d ln k
, which is

given in terms of V (φ) as

dns

d ln k
� 4M2

p V ′λ

V 2
(3

∂ε

∂φ
− ∂η

∂φ
),

� −8M2
p λ2(9

V ′4

V 6
− 8

V ′′V ′2

V 5
+

V ′′′V ′

V 4
), (10)

where V ′′′ = d3V
dφ3 .

Another important caracteristic inflationary parameter is the number of
e-folding N defined by[9]

N � − 1

2λM2
p

∫ φend

φ∗

V 2

V ′ dφ, (11)

where φ∗ and φend are the values of the scalar field at the epoch when the
cosmological scales exit the horizon and at the end of inflation, respectively.

3 The A-term braneworld model

This model is caracterised by the following tree-level potential

V =
1

2
m2φ2 − A

κφn

nMn−3
p

+ κ2 φ2(n−1)

M
2(n−3)
p

, (12)
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where A is a positive number, κ is some coupling parameter and m is the soft
supersymmetry breaking mass for φ.

This potential corresponds to soft supersymmetry breaking, keeping only a
term W = κφn

Mn−3
p

in the superpotential with n > 3. It is suggested in[1] that we

are dealing with one of the flat directions of the MSSM, which provides two
candidates with n = 6.

On the other hand, the flatness conditions ε � 1 and | η |� 1 require
that V ′ = V ′′ ∼ 0,which corresponds to a saddle point φ0 described by φ0 =(

mMn−3
p

κ
√

2n−2

) 1
n−2

. Around φ = φ0 we can thus expand the potential as

V (φ) =
(n − 2)2

2n (n − 1)
m2φ2

0 +
(n − 2)2 m2

3
× (φ − φ0)

3

φ0

. (13)

In the regim |φ−φ0|
|φ0| � 1 a good approximation is ε � |η|. It’s clear that

the contribution of the tensor perturbations is negligible. In this case the
scalar spectral index ns and the running of the scalar spectral index index
dns

d ln k
become

ns − 1 ∼ 2η, (14)

dns

d ln k
∼ −8M4

p λ2

V 4
(V ′′′V ′ − 2

V ′′V ′2

V
). (15)

Inflation ends when η = 1, the equation η = 12M2
p λk(φ−φ0)

V 2
0

leads to

φend − φ0 =
V 2

0

12M2
p λk

, (16)

where V0 = (n−2)2

2n(n−1)
m2φ2

0 and k = (n−2)2m2

3φ0
.

Eq.(11) enable us to write

φ∗ − φ0 =
V 2

0

6M2
p λk (2 − N)

. (17)

In terms of N the scalar spectral index ns and the running of the scalar spectral
index index dns

d ln k
become

ns − 1 ∼ 6 − N

2 − N
, and

dns

d ln k
∼ − 4

(2 − N)2 . (18)

On the other hand, the combination of WMAP9, BAO and H0 data gives the
following results[7]

ns = 0.9608 ± 0.0080 (68%CL) and
dns

dln(k)
= −0.022+0.012

−0.011 (95%CL). (19)
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By using Eqs.(18 and 19) we can show that

86 < N � 130. (20)

Thus, we can deduce the necessary range for the number of e-foldings according
to recent experimental data.

The power spectrum of the curvature perturbations is given by

PR =
2

n+1
n−2 n2 (n − 1)

2n−1
n−2 λ (2 − N)4

3π2m
6

n−2 M
4n−14
n−2

p

, (21)

where κ has been set to be equal to 1. The observed value for PR from
WMAP9, BAO and H0 data is[7]

PR (k) � (2.464 ± 0.072) × 10−9(68%CL). (22)

According to Eq.(21), the brane tension is described by

λ =

[
3π2PR (k)

2
n+1
n−2 n2 (n − 1)

2n−1
n−2 (2 − N)4

]
m

6
n−2 M

4n−14
n−2

p , (23)

For soft supersymmetry breaking parameters m in the range of 1 − 10TeV [1]
and n = 6 taking into account the condition (Eq.(20)), we find

3 × 1020GeV 4 � λ � 4 × 1021GeV 4 for m = 1TeV, (24)

9 × 1021GeV 4 � λ � 1023GeV 4 for m = 10TeV, (25)

which constitute the necessary and sufficient conditions on the brane tension
so that the A-term model can describe the early inflation of the Universe
in Randall-Sundrum type-2 braneworld model. Note that the brane tension
increase with respect to n.

4 Conclusion

In this work, we have studied the MSSM inflation in the context of the
Randall-Sundrum type-2 braneworld model. In particular we have considered
the A-term model to study various inflationary spectrum parameters. We have
shown that our results for the scalar spectral index ns and the running of the
scalar spectral index index dns

d ln k
are inside the range allowed by WMAP9, BAO

and H0 data provided that the number of e-foldings N satisfies 86 < N � 130.
The power spectrum of the curvature perturbations allowed us to constraint
the brane tension T so that the A-term model can describe the early inflation
of the Universe in the Randall-Sundrum type-2 braneworld model according
to WMAP9 data.
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