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N=1 supergravity chaotic inflation in the braneworld scenario
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We study arN=1 supergravity chaotic inflationary model in the context of the braneworld scenario. It is
shown that successful inflation and reheating consistent with phenomenological constraints can be achieved via
the new terms in the Friedmann equation arising from brane physics, provided the five-dimensional Planck
scale satisfied s<3.6x 10%° GeV. Interestingly, the model satisfies observational bounds with sub-Planckian
field values, implying that chaotic inflation on the brane is free from the well known difficulties associated with
the presence of higher order nonrenormalizable terms in the superpotential. A lower bodhdi®obtained
from the requirement that the reheating temperature is higher than the temperature of the electroweak phase
transition,Ms=1.6x 10%3 GeV.
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[. INTRODUCTION D=5 case. If one assumes that Einstein equations with a
negative cosmological constant hdkh anti—de Sitter space
Chauotic inflationary model§l] stand out for their sim- is required in D dimensions and that matter fields are con-
plicity and fairly natural initial conditions for the onset of fined to the 3-brane then the four-dimensional Einstein equa-
inflation. These features are particularly appealing in thdion is given by[9]

context of supergravity and superstring theories, where the 2

natural scale for fields is the Planck scale. In the context of _ 87 87 _
i St - \ Gu=—Agut —5 Tt S—Euu, (D)
N=1 supergravity, however, realizations of chaotic inflation M5 Mg

in minimal and inSU(1,1) theories are somewhat special so ) )
as to ensure sufficient inflatiof2,3]. Furthermore, chaotic WhereT,, is the energy momentum on the brai®,, is a

inflation requires super-Planckian field values both to ensurensor that contains contributions that are quadrati€ jp,

sufficient inflation and the correct amount of cosmic micro-8nd E,, corresponds to the projection of the five-

wave backgroundCMB) anisotropies, in which case higher dimensional Wey! tensor on the 3-brafehysically, for a

order nonrenormalizable terms in the superpotential would@€'fect fluid, it is associated with nonlocal contributions to
completely dominate the dynamics since no well motivate he. pressure am_j energy fluthe four-@mengonal cosmo-
symmetry is known to prevent them. Assuming that this ogical constant is related to the five-dimensional cosmologi-

problem can be circumvented somehow, one finds that, iﬁal constant and the 3-brane tensioms

order to accommodate in a satisfactory way the bounds on A 4w
the reheating temperature and energy density fluctuations, a A=l Ast ETVEL ) 2
5 5

two-scale chaotic inflationary sector is requifgd, in con-
trast with the situation found ilN=1 supergravity new in- while the Planck scale is given by
flationary type models, where a single scale suffi&e§].

In this work we show that specific features of the brane- [3 M3
world scenario allow for the abovementioned difficulties P EW
with higher order nonrenormalizable terms to be quite natu-
rally avoided and that current observational contraints can be | 3 cosmological setting, where the 3-brane resembles
accounted for with a single scale at the superpotential levelyr Unjverse and the metric projected onto the brane is an

Higher dimensional superstring motivated cosmologicalhomogeneous and isotropic flat Robertson-Walker metric,

solutions suggest that matter fields that are related to op&fe generalized Friedmann equation has the following form
string modes lie on a lower dimensional brane while gravity 1.

propagates in the bulK7]. It is striking that in these sce-
narios extra dimensions are not restricted to be sfBakhnd , A
that the fundamentaD-dimensional scaleMp, where D H :§+
=4+d, can be considerably smaller than the four-
dimensional Planck scale. In this work we shall consider thavheree is an integration constant arising fro),, . During
inflation, the last term in Eq4), the “dark radiation” term,
rapidly vanishes and will be disregarded hereafter. Moreover,
*Also at Centro de Bica das Intera@®s Fundamentais, Instituto observations require that the cosmological constant is negli-
Superior Tenico, Avenida Rovisco Pais 1, 1049-001 Lisboa, Portu-gible in the early Universe, meaning that and the brane
gal. Electronic address: bento@sirius.ist.utl.pt tension were fine tuned\ ;= —4m\2/3|v|§. The Friedmann
"Electronic address: orfeu@cosmos.ist.utl.pt equation can then be written in the following way:
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where G,=K ,W+W,, and the indices,b denote deriva-

,_ 87 p . ; : ; .
H “3mzP 1+ Nk (5)  tives with respect to the chiral superfields We consider
P the minimal choice for the Kaer function inN=1 super-
Notice that the new term ip? is dominant at high energies, gravity:
compared to\#, but quickly decays at lower energies. Re- K(D,dT)=d T, 9)
quiring the new term to be subdominant during nucleosyn-
thesis implies thah=(1 MeV)* and, thereforg11], corresponding to canonical kinetic energy for the scalar

fields. With this choice, the scalar potential for the inflaton

1 MeV\?? field ¢ is obtained from the superpotentigl®) as
Mg= Mp=10 TeV. 6)
Mp * ]2 2
V(¢)—el¢|2/M2 a_I+E _ u (10)
A much more stringent bound can be obtained in models ab - M? M2 ‘1’:(15,

where the fifth dimension is infinite as it yields an extra
contribution Mg)\*zr*Z to Newton’s gravitational force, whereM=Mp/\/§.
which should be, of course, small beyond scalesl mm Requiring the cosmological constant to vanish and that
(see, e.g., Ref12] and references therginFrom Eq.(3) it~ supersymmetry remains unbroken at the minimum of the po-
follows thatMs>10° TeV. We shall see in the ensuing dis- tential, ®=®,, leads to the following constraints on the
cussion that cosmological considerations intrinsic to supersuperpotential:
symetric cosmology can set even more stringent bounds on
M5.

In what follows we shall discuss the effect of the new
term in the Friedmann equation on the slow roll-over param-
eters and show that it allows for a single scale chaotic infla- Consider the simplest form for the superpotentialhich
tionary model, in the context dil=1 supergravity. More- satisfies the above conditions
over, we study how parameters in the superpotential and
are affected b); ConsFt)raints on the magnitFL)Jdep of the energy H(®)= (= Do), (12)
density perturbations required to explain the anisotropies i
the cosmic_microwave backgroun@MB) radiation 0b- .46 for inflation. Hereafter, we sé,=0. The relevant part

served by CO.Sm'C Background Explor_(étOBE) as V\,’e" a5 of the inflaton potentialalong the reak) direction is then
on the reheating temperature. In fact, in supergravity cosmo

logical models one has to ensure that the reheating tempergl-ven by

ture does not exceellz<2.5x10%(100 GeVim,, GeV

[13], in order not to generate an overabundance of gravitinos V(¢)=pu?
and the ensuing photodissociation of light elements at nu-

cleosynthesis. In the context of superstring cosmology, infla- - Consistency between the slow-roll approximation and the
tionary models have to face further problems such as the fatg|| evolution equations requires that there are constraints on
of the dilaton and moduli fields, the so-called postmodernhe slope and curvature of the potential. One can define two

al
(@)= 5 (Bo) =0, (1

there,u is a mass parameter that determines the energy

2 ¢4 6 ¢2/M2
4H°+ W‘l‘ [VE e . (13

Polonyi problen{14]. _ N ~ slow-roll parameter§15]
We also show that the observational quantities arising
from the model originate in sub-Planckian field regimes and, M,% V'\2 1+4+V/\
hence, higher dimensional nonrenormalizable operators in = 16m| vV T/Z (14)
the superpotential are not relevant. (2+VIN)
M3V, 1
Il. THE MODEL n= g v m (15)

We shall assume that the inflaton is the scalar component
of a gauge singlet superfield in the hidden sector of the Notice that both parameters are suppressed by an extra factor

theory. We start by spliting the superpotential in al/V at high energies and that at low energigss\, they

supersymmetry-breaking, a gauge, and an inflationary sectgeduce to the standard form. The end of inflation will take
place for a field valueb;, such that

max e( ¢¢),| 7(de)|}=1. (16)

The N=1 supergravity theory describing the interaction  The number ofe-folds during inflation is given byN
of gauge singlet fields is specified by ther{er function, in :J‘tfHdt which become$15]
terms of which the scalar potential is given by i ’

W=P+G+]. 7)

8w (/’fV[ Vv

1 _ | = —
V:ZeK[Ga(Kfl)ng_3|W|2]’ (8) N M% PRV 1+ 2)\}(1(15 (17)
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in the slow-roll approximation. We see that as a result of theother hand, anharmonic terms coupling the inflaton with
modified Friedmann equation at high energies, the expansioother chiral superfields can be an alternative route for reheat-
rate is increased by a fact®f/2\, allowing for a smaller ing [17]. In the braneworld scenario, gravitational particle
initial inflaton field valueg, for a given number ot-folds,  production has been discussed for an exponentially decaying
which is crucial for achieving the goal of obtaining sufficient inflaton potentia[18].
inflation with sub-Planckian field values in our model.

IV. CONSTRAINTS FROM CMB ANISOTROPIES

I1l. CONSTRAINTS FROM REHEATING . . L
The amplitude of scalar perturbations is given[th]

After inflation, the field¢ releases its energy via the cou-

pling to fields in the other sectors in E), thus reheating 2_ 512 V? 1+ v : (23)
the Universe. Since the inflaton is hidden from the other sL7MEIVET TN | L

sectors of the theory, it couples to lighter fields with gravita-
tional strength of the orden/M. At minimum, the inflaton  where the right-hand side should be evaluated as the comov-
field has a mass ing scale equals the Hubble radius during inflatike,aH.
Thus the amplitude of scalar perturbations is increased rela-
my=2\2u, (18) tive to the standard result at a fixed valuegffor a given
) . potential.
leading to a decay width In order to obtain the value af when scales correspond-
m 3 ing to large-angle CMB anisotropies, as observed by COBE,
Iy= _¢3<ﬁ) , (199 left the Hubble radius during inflation, we také&~55 and
(2m)°\M éi= ¢, in Eq. (17). Combining with Eq.(23) and using the
fact that the observed value from COBEAs=2X 10" °, we

and a reheating temperature obtain, after a numerical analysis, a furtiistrongey con-

1/4 straint onu
Tru= o vMmI u=2x10"M, (24)
2 15 3|12 which, in turn, implies an upper bound dns, namelyMg
z—z( \/_'U“_) ' (20) 53X1074Mp.
™ Oru M The scale dependence of the perturbations is described by

whereggry is the number of degrees of freedomTay,, . the spectral til{15]

As already mentioned, a quite severe upper boundgn din A2
comes from the requirement that gravitinos are not abun- Ng— 1E—nz—66+277, (25
dantly regenerated in the postinflationary reheating epoch.

Indeed, once regenerated beyond a certain density, stablghere the slow-roll parameters are given in E(s}) and
thermal gravitinos would dominate the energy density of thg15) Notice that, asv/\—=, the spectral index is driven
Universe or, if they decay, have disruptive effects on nucleoyoards the Harrison-Zel'dovich spectrumy—1. For our
synthesis, causing light element photodissociation and distof,ode|, Eq.(13), we obtain

tions in the CMB. Avoiding these difficulties implies in the

following bounds[7]: ng=0.95 for w=2x10 %M. (26)

Try=2x10°, 6x10° GeV (21) The ratio between the amplitude of tensor and scalar per-

i turbations is given by19]
for mg,=1, 10 TeV. For our model, demanding thBgy

be less than 210° GeV leads, forgg,=150, to a limit on AZ  3MZ(V’\22)\
parametefu A_g_ 167T<V) v (27)
w=3.7X10"°M, (22
We get, for our model,
which coincides with the bound obtained in Ré#] for )
SU(1,1) supergravity since, in either case, reheating is natu- r247TAT:O 22 for w=2x10"8 28)
rally controlled by the lowest order quadratic term in the ATS ' K '

superpotential.

We have checked that the above bound also ensures thahich is consistent with current upper limits<0.4 (see,
gravitino production via inflaton decay is sufficiently sup- e.g.,[20]).
pressed, as if4,5]. Naturally, one could contemplate other  For consistency, it should be verified that enough inflation
more specifical reheating mechanisms. Parametric resonancen occur. Indeed, fop=2x10"8, we getN=65 for ¢
[16] seems to be unimportant given thai,>1I", and the =0.094Vp and a huge amount @ffoldings can be obtained
absence of bilinear-type couplings in supergravity. On thdor larger values ofp;, e.g.,N=9.1x 10° for ¢;=0.5Mp.
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TABLE I. Relevant physical quantities, for different values of easy to obtain analytic expressions for the relevant quantities

w, for the simpleN=1 supergravity model of Eq13). as it is reduced to the case analyzed in R&%].

wlM é./Mp  Ms/Mp ne r o Try (GeV) V. CONCLUSIONS

2x10°8 0.09 31074 0949 0.21 7.%10° Hence, we see that it is possible to sucessfully implement
. » chaotic inflation in a simpl& =1 supergravity model within

10 0035 1.x10% 0953 018 2X10° the braneworld scenario, without the need to fine tune the

parameters of the potential. In fact, a single mass parameter

5x10°°  0.018 6x<10°° 0955 0.17 9.&10 : . . g
M is needed, as iN=1 supergravity new inflationary mod-

10°° 0.0035 1.x10°° 0955 017 86&10° els[5,6].
— — An upper bound on., ©u<3.7X10 ®M, is obtained from
10 0.00035 1.x10° 0.955 0.17 272 the requirement that sufficiently few gravitinos are regener-

ated in the postinflationary reheating epoch. However, a
more severe upper bound is obtained from requiring ad-
For smaller values ofu (see Table ), we get smaller gquate density fluctuatiorfboth slope and amplitudes ob-

values of¢, andMs, but ng andr change very little. The ggrved by COBE, namelyy<2x10 M implying for the
number ofe-folds of inflation increases for the same initial fje-dimensional mass scale tHdi<3x 10 *Mp. Requir-
value of ¢ and ¢, (Eellg)culated according to Ed16); for  jng that the reheating temperature be greater than the typical
instance, for u=10""Mp, ¢ =0.09Mp and ¢i=9  temperature of the electroweak phase transitidizy

x10"°Mp, we getN=3x 10", about five orders of magni- ~300 Gev, leads to upper bounds on these quantities,
tude greater than the value obtained for the case2  pamely,u=1.06x10"°M andMs=1.3X10 M.
X107°M (see above Notice that the values ofig and r Finally, we have shown that, remarkably, successful cha-

exhibited in Table | are consistent with latest CMB data fromgtic inflation can be achieved with sub-Planckian field val-
DASI [20], BOOMF1I§ANG[21], and MAXIMA [22]. How-  yes, thus avoiding the need to invoke hypothetic symmetries
ever, foru=1x10""M, the reheating temperature becomesthat would prevent the presence of higher order nonrenor-
smaller than the typical value for the temperature of the elecmalizable terms in the superpotential. This last feature is
troweak phase transitionTey=~300 GeV. Thus, =1 important to prevent an overproduction of tensor perturba-
X10"""M implies a premature breaking of the electroweaktions in the CMB, a problem that can be particularly acute in
phase transition, from which we can extract a new bound oghaotic inflation scenariog23], and that, ultimately due to
the five-dimensional mass scdkeee Table) the quadratic energy density term that appears in the Fried-
mann equation in the context of the braneworld scenario, is
absent in our model.

Ms=1.3x10 *Mp. (29
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