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QUANTUM CORRECTIONS)

sffective potential to be

— Hg Ny — 4 € 310
‘/eff(q)()) - V(q>0) [1 + 3 (47[')2 MI%I (T’U - 361/ + 770 — €y +T

where V(®,) is the classical inflaton potential, 1y, €, 7 slow-roll parameters and T =Te+ T+ Tt

—145.15 is the total trace anomaly from the scalar metric, tensor, light scalar and fermion contribu
The terms that feature ratios of slow roll parameters arise from superhorizon contributions from cur

field perturbations. The last term in eq.(1) is independent of slow-roll parameters and is complete
the trace anomalies of the different fields. It is the hallmark of the subhorizon contributions.

In the case when the mass of the light bosonic scalar field is much smaller than the mass of the infl
we find the following result for the scalar curvature and tensor fluctuations including the one-loop qua

NI, {1@§ (ﬁ—};)z [1 L (n’(n—s 1_)522 “i‘j’e + 2283]}
s b () [k 25 S Y
. AL {1 1 ( Hy )2 {1+ S (n,— 1)+ di , 8709
85, P = Min oy
Corrections turn out to enhance th"‘ar curvature ﬂu01g e the |
Wf. The quantum corrections are always small, of the order (-M—HﬁT) , but it is
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’The Wilkinson Microwave Anisotropy Prbe (WMAP) has provided a full-sky map of the
temperature fluctuations of the CMB

o Inflation provides a natural mechanism for the generation of scalar density fluctuations that
seed large scale structure, explaining the origin of temperature anisotropy in the CMB

’ Wavelength that are of cosmological relevance today re-enter the horizon during the matter
dominated era when the scalar (curvature) perturbations induce temperature anisotropies that
are imprinted in the CMB

O Generic inflationary models predict gaussian adiabatic perturbations with a spectrum that is
almost scale invariant

’ Inflationary dynamics is typically studied by treating the inflaton as an homogeneous classical
scalar field whose evolution is determined by a classical equation of motion. The inflaton
quantum fluctuations provide the seeds for the scalar density fluctuations of the metric

o Important aspects of the inflationary dynamics, as the resonant particle production and the non
linear back-reaction that it generates, requires a full guantum treatment for their consistent
description

¢ Setting m = 0 in polynomial potentials implies a mzn-generic .choici. tZIAMP
disfavors such a choice and supports a generic quartic polynomial poten

:

: m>108 GeV
A purely quartic potential is disfavored ummalp Lower Bound for m: nm

‘Spectral Indices data wemel) Should help soon to make a clear selection between

inflationary models

‘ A measured I < 0.1 m excludes Chaotic Inflation

i brid
n, value above or below unit gy exclude either New or Hybr
5
respectively

inflation

2

Mpermi wummlp Implies m,~ 10'6 GeV
M

:

The SUSY breaking scale m, wmalp is at the GUT scale m,~ Mgyy
Meor

, me
Then the mass scale of the inflaton 10’3 Gev is related — Mp

‘ Our approach, combined with Am, ~



WMAP Supports Single Field Inflationary Models

Causal
| Seed model
» Flat universe: Q,,=1.02 +0.02 (- )
) ) 60 T /
 Gaussianity: -58 < f,, < 134
40}
« Power Spectrum spectral 20¢ Erimordial
ocurvature

index nearly scale-invariant:

n, = 0.99 + 0.04 (WMAP only)2e03
M, =0.95+ 0.02(WMAP, 2dF) 2006~ —»

0

+1)/(2 m) (uK)?

. Ad]a R P og e B WMAP TE
batic initial conditions * _ | ___datain
bins of
« Superhorizon fluctuations .| S A Al=10
. R 0
(TE anticorrelations) VA
Primordial Adiabatic
i.c.
primordial power Spectrum. 10e Sww-sui appie e o ‘
Negotds ~ 50 is the number of efolds before the end of inflation when modes Of COBMOIOGICHS 1EIGvamer: v =y
crossed the Hubble radius.
e e ["Brogress permit to start to discriminate among different inflationary - models, placing stringent
constraints on them/ T he upper bound on fle ratio 7 of tensor to scals fluctuations obtained by WMAL 14, o] rules
Slies the presence of a mass term in the inflaton potentia 5, 9].

for inflation in the grounds of

Ut the massiess ¢- model and necessarily im
well motivated potentia
potentia h to

/ Besides its simplicity, the tinomia potential is a physically
the Ginsburg-Landau approach to effective field theories (see for example ref.[11]). This
d ) duce the WMAP data [4,5

describe the physics of inflation and accurately repro ,
< slow-roll expansion plus the WMAP data constraints the inflaton potential to have the form [9]

V(¢) = Nefous M* w(x) » )

nsionless, slowly varying field

(1.1)

where ¢ is the inflaton field, x is a dime

— ¢
L x= \/Ne!olda Mp ! M; (1-2)

which is determined by the amplitude of the scalar adiabatic

w(x) ~ O(1) and M is the energy scale of inflation
fluctuations [4] to be

g M~ 0.00319 Mpt = 0.77 x 10'°GeV .

Following the spirit of the Ginsburg-Landau theory of phase transitions, the simplest choice is & quartic trinomial for

the inflaton potential [9, 10]):
T % TLCON £ V- i APV
i w(x)—woizx +3\/;x +32x. (1.3)

)
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/

where the coefficients wg, h and y are dimensionless and of order one and the signs + .correspond t.o large and
field inflation, respectively (chaotic and new inflation, respectively). Inserting eq.(1.3) in eq.(1.1) yields,

™o me s A )
® r V(¢)—Voi—2—¢2+ 3 ¢+4¢- 7/ ®

where the mass m? and the couplings g and X are given by the following sge-saw—like relations»,‘

2 4
me M () e lam) %:NM‘iﬂ
- ' 2N \Mp 8N \Mpy S

10-%) and A ~ ©(10~12) without any fine
ly follow from the form of the inflaton po

where N = Neyo4s. Notice that y ~ O(1) ~ h guarantee tl}at g~ o(

as stressed in ref. [9]. That is, the smaliness of the couplings direct

eq.(1.1) and the amplitude of the scalar fluctuations thgt fixes M [9].

'S ' of egs.(1.3)-(1.4) corresponds to a quadratic potential whil.e the strong co

ic potential. The extreme asymmetric limit |h| ) y}elds a massive

he product |h| M? must be kept fixed since it is determined by the am]
e

limit y — oo yields the massless quart
without quadratic term. In such limit t
of the scalar fluctuations. == 7 ”
e study here new inflation with the trinomial potential eqs.(1.3)-(1.4) _and hybrid inflation [see bel(;)w], dt
{odels fulfill the observational constraints. We compute in both scenarios n;, r and the running ln, / |
functions of the parameters of the models, derive explicit formulae.for n,, rand dn ,/ dlnk andsprovx?; re el\lfla(;n(
Moreover, we plot the ratio r and the running dn,/dIn k as functions of the scalar index ns. utlc_e : i‘ viar
now known [5]-[8], these plots allow us to predict the values of 7 and dn,/dInk for the different inflationary

cgmdered. —

"We study here new inflation with the trinomial potential eqs.(1.3)-(1.4) and hybrid inflation [see by
odels fulfill the observational constraints. We compute in both scenarios n,, » and the running
nctions of the parameters of the models, derive explicit formulaefor ng, r-and:dn;/dlnk and provide
loreover, we plot the ratio r and the running dn,/dInk as functions of the scalar index n,. Since the
ow known [5}-[8], these plots allow us to prédict the values of » and dn,/d1nk for the different inflat;

)nmdered,

The three years WMAP data indicate a red tilted spectrum (n, < 1) with a small ratio r < 0.28 of t
actuations [5]. More precisely, the three years WMAP data [5] as well as ref. [6] yield

[ n,=095+002. )

/e find that for n, = 0.95 and any value of the asymmetry h [see figs. 4 and 5], new infla
otential egs.(1.3)-(1.4) predicts —ir

with

—

003<r<0.04 and -—0.00070 < dn,/dlnk <
=0,000 5SS

trinomial potential inflation for n, = 0.9

- ooz,

/e find for the lower border of the three years WMAP data band:

(trinomial potential new inflation for n, = 0.93: 0.003 <7 <0015 and - 0.0011 <dn, /dInk<
e 3

loreover, in new inflation with the trinomial potential, we find that n, is bounded from above by
new inflation : Ny < Ny mazimum = 0.961528... . )

or n, = 0.961528. .. we have in this model r = 4769... (see figs. 4 and 6). Interestingly enoug
¥o values (two branches) of r for one value of n, in the interval 0.96 < n, < 0.961528... [see fig.
nar = 0.114769. .. is the maximun r in the first branch. The va.!ues 0.16 > r > 0.114769... correspo

(1
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WMAP bounds on r clearlF disfavour chaotic inﬂatf‘onf. Now THELoT y fu res
[onr and prepares the way for the expected data on the ratio of tensor /scalar fluctuations r < 0.
In the inflationary models of hybrid type, the inflaton is coupled to another scalar field o with

through a potential of the type [16]

2 2 4 4A 2
_m’ 9o 9 42 2, Mo (2 270} _
2 4
_m® 1 9.9 9y 2, Mo _4
—"—2'¢ +Ao+2(90¢ #0)00+16A0001

where m? > 0, Ao > 0 plays the role of a cosmological constant and g2 couples gg with ¢.

The initial conditions are chosen such that g0 and do are very small (but not identically ?ero) &
is driven by the cosmological constant Ao plus the initial value of the inflaton ¢(0). The xnﬂ?,to:
with time while the scale factor a(t) grows exponentially with time. The field g0 has an effective

mg = g5 6% — g -

Since the inflaton field ¢ decreases with time, m2 becomes negative at some moment (.lurin
moment,'spinodal (tachyonic) unstabilities appear and the field oo starts to grow exponentially.

both fields ¢ and og are comparable with & and &o and close to their vaccum values. .
_We find that the time when the effective mass of the field oo eq.(1.9) becomes negative dep

~ s FRUERYE JEEU SR SO« PR

where the 6% correspond to the error bars in the amplitude of adiabatic perturbations[8]. From figs. 9, 12 and 15
we can understand how the mass ratio ﬁ;—l varies with n, and 7. We find a limiting value =9 = 10° M’ﬂ"_}; ~ 1 for the
inflaton mass such that mg ~ 10~5 Mp; is a minimal inflaton mass for chaotic inflation, and a maximal mass for
new inflation in order to keep ns and r within the WMAP data.

New inflation arises for broken symmetric potentials (the minus sign in front of the ¢? term) while chaotic inflation
appears both for unbroken and broken symmetric potentials. For broken symmetry, we find that analytic continuation
connects the observables for chaotic and new inflation: the observables are two-valued functions of y = k N. (N
being the number of efolds from the first horizon crossing to the end of inflation). One branch corresponds to new
inflation and the other branch to chaotic inflation. As shown in figs. 4-7, 9, 12 and 15, n,, 7 and |6£52d|2 for chaotic
inflation are connected by analytic continuation with the same quantities for new inflation. The branch point where

the two scenarios connect corresponds to the monomial +¢? potential (k =y = 0).

/ ¥ The potential which best fits the present data for n, < 1 and which best prepares the way to the expected data
(a small r < 0.1) is given by the trinomial potential eq.(1.1) with a negative ? term, that is new inflation.
In new inflation we have the upper bound —

r<

2| oo

This upper bound is attained by the quadratic monomial. LOn the contrarj, Jn chaotic inflation for both signs of the

@erm, 7 1s bounded as
0.16::é <r<1§zo.32 )
N N .
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