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WMAP and supergravity inflationary models
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We study a class dil=1 supergravity inflationary models in which the evolution of the inflaton dynamics
is controlled by a single power in the inflaton field at the point where the observed density fluctuations are
produced, in the context of the braneworld scenario, in light of Wilkinson Microwave Anisotropy Probe results.
In particular, we find that the bounds on the spectral index and its running constrain the parameter space both
for models where the inflationary potential is dominated by a quadratic term and by a cubic term in the inflaton
field. We also find thates>0 is required for the quadratic model whereag<0 for the cubic model. More-
over, we have determined an upper bound on the five-dimensional PlanckMcal€).019 M, for the qua-
dratic model. On the other hand, a running spectral index mgthl on large scales angi<<1 on small scales
is not possible in either case.
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I. INTRODUCTION inflation to take place—the so-calleg problem.
Recently, it has been shown that this problem can be

The first year Wilkinson Microwave Anisotropy Probe avoided within the Randall-Sundrum type Il braneworld sce-
(WMAP) data have confirmed the “concordance” values of nario[5], at least for a class of supergravity models in which
the cosmological parameters with unprecedented accuradfie evolution of the inflaton dynamics is controlled by a
and given important information on the primordial spectrumsingle power at the point where the observed density fluctua-
of density perturbationgl,2]. Their results favor Gaussian, tions are produced and the inflationary potential can, there-
purely adiabatic fluctuations and a spectral index that run&re, be approximately given by
over, WMAP has confirmed earlier Cosmic Background Ex- V=A4
plorer (COBE) Differential Microwave RadiometefDMR)
largest scales when compared to that predicted by the stafhere M= Mp/\8 is the reduced Planck mass. In the
dard cold dark matter model with a cosmological constanfraneworld context, the Friedmann equation acquires an ad-

from ng>1 on large scales tog<<1 on small scales. More- b\
1+Cn(M) }, 1)
observations that there is a lower amount of power on the

(ACDM). ditional term quadratic in the energy densi6j

Although these results are not yet firmly establisiid 8
an analysis of WMAP results which finds no evidence of H2=——p|1+ L , )
running see Refl3]), it seems worthwhile to reexamine in- 3Mp 2\

flationary models in light of WMAP results, as they may give ) ) )
where \ is the brane tension, which relates the four and

us further insight into the very early Universe. Supergravity

inflationary models are particularly important as supersym{ive-dimensional Planck scales through

metry (or its local version, supergravitys the only known 3
way to avoid the hierarchy problem, i.e. the fact that the high /i%
energy scale of inflation communicates to other sectors of the P 4w I\~
theory driving the electroweak scale much above its ob-
served value via radiative corrections. It is precisely the new parametbts that plays a crucial role
However, supergravity inflationary models also sufferin the resolution of thep-problem in supergravity inflation.
from a kind of hierarchy problem as supersymmetry is bro-As shown in Ref[7], for the case where the first term in Eq.
ken by the large cosmological constant during inflation giv-(1) is dominant andn=2 or n=3, this problem can be
ing all scalars, including the inflaton, a soft mass of the orderavoided provided the five-dimensional Planck mass satisfies,
of the Hubble parameté#]. As a result, the curvature of the respectively, the conditiorM;<10'"° GeV and Mg=1.1
inflaton potential, as measured by theslow-roll parameter, X 10'® GeV. The case where the second term is dominant
becomes too large to allow for a sufficiently long period ofandn=2, corresponding to chaotic inflation, has been stud-
ied in Refs.[8,9], where it is shown that it is possible to
achieve successful inflation with sub-Planckian field values,
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potential is allowed at two-sigma for any value of the braneif « is sufficiently large, then-problem is automatically
tension and the quartic potential is very constrained, particusolved by the brane correction.

larly in the case where the inflationary energy scale is close The number ofe-folds during inflation,N, in the brane-
to the brane tension. Here we concentrate on the case whensrld scenario, is given bj8]

the first term in Eq(1) is dominant. We find that although

the running of the scalar spectral index is within the bounds 87 (¢r V \Vj

determined by WMAP for both the quadratic and cubic mod- N=—— —,[ 1+ ﬁ}dcﬁ, (12
els and for a wide range of potential parameters, a spectral MpJo V

index running fromng>1 on large scales to,<1 on small
scales is not possible in either case as precisely the opposi
trend is found.

ilréthe slow-roll approximation. We see that, as a result of the
modification in the Friedmann equation, the expansion rate is
increased, at high energies, by a fadt@2\. For this model,

we get, in the high-energy approximation,
Il. QUADRATIC POTENTIAL 9 9 gy app

We first consider the case where the potential is quadratic ,_ % b 277_“ 2 2 16m°a 4 4

in the inflaton field,¢, and we rewrite it as N 4log( oF * M3 (¢ = F)+ M3 (6= dp).
L (13
V=Vo+ Emzd’Z' (4 Notice that, for sub-Planckian field values, the second and
third terms are negligible. The value ¢gf at the end of in-

and assume that the first term is dominant. flation can be obtained from the condition

In supergravity, effective mass squared contributions of
fields are given by max e(¢g), | 7(He)[}=1. (14)

1 Vo However, we shall consides-= M as a free parameter
§m2=8wW%3H2, (5)  since quadratic potentials of the type we are studying arise
P typically in the context of hybrid inflation, once some other

since the horizon of the inflationary de Sitter phase has 4€!d iS held at the origin by its interaction wi#. In these

; ; _ ios, inflation may end due to instabilities triggered by
Hawking temperature given by, =H/27 [4]. Scenarios, n .
Contributions like the ones of Eq(5) lead to 7 the dynamics of the other field and, therefore, the amount of

— M,%V”/87TV22; however, the onset of inflation requires inflation strongly depends on the value of the inflaton field at

- . the end of inflation,¢g, at the time the instabilities arise.
77<1: \_N|th“|n the br?neworld scenario, howeve;r,a_r)d the Actually, these instabilities are necessary in order to end in-
remaining “slow-roll” parameters and &, are modified, at

high energies, by a factor proportional XaV [8] flation ase<1 for a>1 and sub-Planckian field values.
9 gies, by prop The amplitude of scalar perturbations is given[BY

M2 1\ 2 +
55%(\/7 L/)\Z’ (6) 22 (51277)V3 . VAR 15
T (1+VI2n) =76 | oy .
s \75M3 V2 2N N
VEVAVARE
N= o\ T von (7)  where the right-hand side should be evaluated as the comov-
8w\ V/)1+VI2\ . ) > :
ing wave number equals the Hubble radius during inflation,
4 k=aH. Thus the amplitude of scalar perturbations is in-
Mp V/V/// 1

®) creased relative to the standard result at a fixed valug¢ of
(8m)° vz (1+VI20)* for a given potential. Using the high energy approximation
andV=V, in Eq. (15), we obtain

o
Il

In the high energy approximatioW,>\, we obtain, for this

model A2 1600r V§ — 8N, 16
> as 775 m N Ty ) (16
e= % m'¢ 9)
87 Via' where Ny is the number of e-folds between the time the
scales of interest leave the horizon and the end of inflation.
4 The scale-dependence of the perturbations is described by
=y (10 the spectral til{8]
_ dinAZ
£=0, (1) ne—1=—g—==—6e+27, (17)

where we have also used the approximatiosV, during
inflation and the definitiorv=V,/\. As shown in Ref[7],  which, for this model, gives
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B> [8Ny| 8 we obtain
ng&=1-192—-exp — |+ —. (19
o o o

The “running” of the scalar spectral index is given by

_dns _ _oa2_
as= Ink—16e77 24e°—2¢, (19
and we get
2 (8N 8N
ag= 51%ex;{ TK) 1-3 ex;{Tk”. (20

The amplitude of tensor perturbations is given[khy]

A?= o4 V|1+ v F2 21
t1507Mp P2V @D
=aH
where
1 -1
F2= \/1+32—szsinh1(g” : (22)
and
2V \Vj 1/2

In the low energy limit 6<1), F?~1, whereasF?
~3V/2\ in the high energy limit. Definingwe choose the
normalization of Ref[12])

Al

= 16A—S, (24)

M2Em*\ 82 8N
pM™AB r{ | (25

r=0.06——5—ex
VO

WMAP bounds on the above inflationary observables are,
for this class of modelgscasen> 3¢, class D in Ref[12])

0.99<ny<1.28, —0.09<a.<0.03,

rs=1.10. (26)
These bounds refer to the scale best probed by the CMB
observations i.e.k=0.002 Mpc !; accordingly, we set
N (k=0.002=N,. On the other hand, bounds o from
other experiments are less blue, e.g. the combined data sets
from BOOMERANG, CBI, DASI, DMR, MAXIMA , TOCO andVSA
give [13]
0.955<n < 1.05. (27

In Fig. 1, we show contours of the observational bounds
on the inflationary observables,, rg and ag in the (o, B)
parameter space, for different valuesMf; in these plots,
we have taken the bounds of E®@6) except for the upper
bound onng, for which we took the bound of Eq27) in-
stead since such a blue spectrum is not to be expected. We
also plotted theng=0 contour, which shows that, is re-
quired to be positive for this model. The shaded area corre-
sponds to the allowed region in parameter space. We would
also like to mention that we have checked that it is possible
to obtain sufficient inflation with sub-Planckian field values
e.g.N=70 for ¢;=0.2Mp and«, B within the range speci-
fied in Fig. 1.
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7210 : : on the scalé/,, namelyV§*<2.1x 1073 M.
g Notice that we have chosen to vay, since, although a
wide variety of assumptions abobk, can be found in the
& literature, the determination of this quantity requires a model
of the entire history of the Universe. However, while from
S 4 nucleosynthesis onwards this is now well established, at ear-
S8 lier epochs there are considerable uncertainties such as the
S mechanism ending inflation and details of the reheating pro-
@ar By - cess. This issue was recently reviewed in R&4] (see also
. - Ref.[15] for similar result$, where a model-independent up-
per bound was derived, namelN, <60; in fact,N,=55 is
found to be a reasonable fiducial value with an uncertainty of
around 5 around that value; however, the authors stress that
1 there are several ways in whidl, could lie outside that
range, in either direction. Moreover, in the braneworld con-
text, one expectdl, to depend on the brane tension. Actu-
50 ally, one expects to obtain larger values\af because, in the
high-energy regime, the expansion laws corresponding to
FIG. 2. Contours of the inflationary observabiesidashegland  matter and radiation domination are slower than in the stan-
as (full) for N, =55. The allowed region is shaded and the dotteddard cosmology, which implies a greater changalih rela-
contours correspond to different valuesMf in units of M. tive to the change im, therefore requiring a larger value of
. ) N,. This is confirmed by the results of R¢1L6], where the
Notice that the contour corresponding to the upper bounghs,nd N, <75 is found for brane inspired cosmology.
on ag is too small to be visible in Fig. 1, hence we show itin  \zie have studied the dependencengbn k to see whether
Fig. 2, for N,=55 (similar behavior is obtained for other ns can vary fromng>1 tong<1 from large to small scales.
values ofN,), which makes it clear that this bound plays an grom the conditionk=aH, assuming that H is approxi-

important role in constraining the parameter space. We obmately constant during inflation, we obtain the relation
tain lower bounds orx and 8, namelya>39.23, pratically

independent oN,, whereas the lower bound g8 ranges Ke

from 2.2<107 3 to 1.7x10 % asN, ranges from 50 to 75. exp(Ni) = 7~ (28)
In Figs. 2 and 3, we have superposed contours of the scale

Ms, as derived from Eqg16) and(3), where we have used

the COBE normalization i.eA;=2x10"° for N,=N,

=55. As the allowed region is quite narrow for low values of

wherekg is the value ofk at the end of inflation. Inserting
this relation in Eq(18), we obtain

a, it allows us to find an upper bound oW, Mg 8 2 (k| Bla
=0.0194 M, which we have checked is almost independent ng~1l+—— 19%(?) , (29
of N,. Combining the above results, we find a lower bound @ @
0.09 : : from which we conclude that, fow, B fixed, ng increases
;A with k. Hence, it is not possible to obtain the desired behav-
0081 iy O ior, i.e. ng decreasing froomg>1 to ng<1 ask increases.
0.07 ,; ‘ i
y lll. CUBIC POTENTIAL
0.06} 4z 4 .
/ $ & We shall now consider the case where, due to some can-
0osf y ° ° . cellation mechanismil7], the quadratic term is absent and
= A the potential is cubic inp,
0.04F @/ Qé‘ il
//QA == =105 - 8
0.03f y /// ..j'\\ il V=A4 1+‘y %) . (30)
e //////v/"( ) 2 . \\\ |
I /,/’/’_.- AT ‘\\ | As mentioned before, we shall assume that the first term is
o P ! dominant. The parameteyr is expected to be of order unity
ER I and negativg17]; the model of Ref[18] corresponds to

PR N L 1
50 100 150 200

o precisely this case, withy=—4.

FIG. 3. Contours of the inflationary observallg (dashegl for We start by computing the slow-roll parameters,
N, =55 (notice that the range af and g is enlarged as compared 18+2 & 4

with Fig. 2). The allowed region is shaded and the dotted contours e~
M

correspond to different values &5 in units of M. 16
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wherea=A%/\.

from Eq. (14); we get

¢

aZ

, from|e|=1

w 1/4'\/I
F7118y2 ’

while, from|#|=1, we obtain

o=z

Hence, the prescription to be used depends on the value
a. For y=—4, we see that the two prescriptions coincide

for a=26.

The number ok-foldings, N, is given by

horizon/flatness problems, thatNs>70, is achieved, for in-
-4, if ¢,<7.5X10 °Mp.
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FIG. 4. Contours of the infla-
tionary observablegg (dasheglin
the (a,N,) plane for the cubic
model. The allowed region is
shaded and we also show contours
corresponding to different values
of Mg (dotted in units of M. The
upper left panel corresponds to the
results for this model in the low
energy approximation, i.e. without
the brane corrections, and the re-
maining three panels correspond
to the high energy approximation
for different values ofy.

a’\

(35

where ¢, is the value of¢ at horizon-crossing. The scalar
(31  spectral index and its running can be readily computed from
the slow-roll parameters, Eq31), via Egs.(17) and (19).
Notice that the inflationary observables can, of course, be
written as a function oN,, as for the quadratic model, using
The value of¢ at the end of inflation can be obtained Eq. (34) with ¢, = ¢, but one has to bear in mind that the
prescription to use forpe depends onw.
WMAP bounds on the inflationary observables are, for
this class of modelécasen<0, class A in Ref[12])

(32

0.94<n,<1.00, —0.02< @,=<0.02,

r.=<0.14, (36)

again for the scal&=0.002 Mpc®. In Fig. 4, we show
(33)  contours of the inflationary observabig, s in the (a,N,)
plane. We have checked that neithey nor rg give further

anstraints on the parameter space. We also show contours
o . : )

corresponding to different values &5, as given by Eq.
(35), again COBE normalized. The upper left panel corre-

sponds to the results for the low energy regive\, where
the brane corrections are negligible, and the remaining three
panels correspond to the high energy regiivie,\, for dif-

(34) ferent values ofy.

We see that it is the lower bound an that most con-
strains the model and, clearly;=1 cannot be obtained. It is
Therefore, sufficient inflation to solve the cosmologicalalso clear that, for the model to worki, >65 is required if

brane corrections are not included aN¢g> 60 if those cor-

rections are included; in the latter case, however, this bound
increases outside the range 308=<100, for y=—4 (this
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range is slightlyy-dependent, see Fig).Moreover, the run- as N, varies between 50 and 75. We have also found an

ning parameter is always negative although it can be quiteipper bound oM s, M=<0.0194 M, pratically independent

small. Finally, 0.042M <Mz=<0.025M, for y=—4 (how-  of N,. Moreover, we conclude that,>0 is required for this

ever, these bounds do not change significantly withsee  model.

Fig. 4). For the cubic potential, in the low energy regime i.e. with-
Clearly, the spectral index cannot run frarg>1 on large  out the brane correction, a relatively high valueNf, N,

scales tong<1 on small scales, sincag(k)<<1 for this  >65, is required so as to meet WMAP’s lower boundmn

model. In the high energy regime, when brane corrections are sig-
In Ref.[7], a very strict bound omr was derived for this nificant, the allowed region in thea(N,) parameter space

model from the requirement that the reheating temperature ishanges withy and the main constraints come from

small enough to avoid the gravitino problem. We should likeWMAP’s lower bound onng. Moreover, we find that

to point out that there was a numerical error in that compu<<0 for this model.

tation and, in fact, the bound is much weaker and pratically We have also studied whether it is possible to obtain a

meaningless. running spectral index such that>1 on large scales and

ns<1 on small scales and concluded that this is not possible
IV. CONCLUSIONS for either model.

We have analyzed the implications of WMAP results, in
particular the bounds on the inflationary observables, for a
class of supergravity inflationary models, Ed) with n
=2,3. We find that, for the quadratic potential, the main M.C.B. acknowledges the partial support of Furatac
constraints come from the WMAP’s bounds mnand upper para a Ciacia e a TecnologigPortugal under the grant
bound onas. We have obtained lower bounds on parameter?OCTI/1999/FIS/36285. The work of A.A.S. was fully fi-

a and B, namelya=39 (pratically independent dil,) and  nanced by the same grant. N.M.C. Santos was supported by
the lower bound orB ranges from 2.210 % to 1.7x10 %  FCT grant SFRH/BD/4797/2001.
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