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Inflation as known today should be
considered as an Effective Theory

That is, is Not a fundamental theory but a
theory on a condensate (the inflaton field) which
follows from a more fundamental theory (the
GUT model)

The Inflaton field may NOT correspond to any
real particle (even unstable) but is just an
effective description while the microscopic
derivation should come from the GUT

Inflation is to the microscopic GUT theory,like
the effective Ginsburg-Landau theory of
superconductivity is to the microscopic BSC
theory, or like the O(4) sigma model is to
QCD.
Our aim:To provide a clear understanding of
Inflationand the Inflaton Potential from
Effective Field Theory and the WMAP data.
This clearly places Inflation within the
perspective and understanding of effective
theories in particle physics, and sets up a clean
way to directly confronts the inflationary
predictions with the forthcoming CMB data
and select a definitive model.
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IMPLICATIONS FOR GRAND UNIFICATION:

GRAND UNIFICATION SCALE:
Three experimental supports:

(1) Unification of couplings in the Standard Model
with the Renormalization group For the Standard Model,

couplings get unified approximately at FEpngl1016 GeV.

(2) Neutrino Oscillations: and Neutrino masses 2
currently explained by the See-Saw mechanism A‘mvru MFE RM

M
Meermi ~— 2350 GeV, M >> Mgpepmi and Amvis
the difference of neutrino masses for the different flavors.

@ The observed values for Am,,~ 0.009-0.05 eV naturally
call for a mass scale /M close to the GUT scale2 Mn A0 “'5"“6’&\/
k

® The inflaton potencial relation \/ C¢) =M qfu“ 7\?——102
P

Ressembles the moduli potential from supersymmetry

breaking: n ¢
’Ugusy ($) = MMgusy U (Mphm&)

& Our approach, combined with [\ s  Implies sy ~
o 1016 GeV

® The SUSY breaking scale ms ~ is at the GUT scale
ms ~ mGUT




(3) Inflation

® We find that the mass scale of the inflaton 1013 GeV can be
related with Mgy by a see-saw relation

2
m =~ M~
M Plemeck

® The Inflaton describes a condensate in a GUT theory
(fermion-antifermion) pairs.

® There is no solid basis to identify such a condensate field
with a given fundamental field in a SUSY or SUGRA model.

® Moreover, the number of susy models is so large: there is no
way to predict the which is THE correct model.

D W%W , &.IMU%, N'G.Saﬁw%/
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Particle Decay during Inflation:
Self-decay of the Inflaton Quantum Fluctuations

D. Boyanovsky, H. J. de Vega and N. G. Sanchez

We find that quantum fluctuations can self-decay as a
consequence of the inflationary expansion through
processes which are forbidden in Minkowski space-time.

We compute the self-decay of the inflaton
quantum fluctuations during slow roll inflation.
And its observational consequences

For wavelengths deep inside the Hubble radius the decay
is enhanced by the emission of ultrasoft collinear quanta,
i.e. bremsstrahlung radiation of superhorizon quanta,

the leading decay channel for

physical wavelengths H <<kph(n)<<H/(ny -ev ).

The decay of short wavelength fluctuations
hastens as the physical wave vector approaches the

horizon. Superhorizon fluctuations decay with
r eV-qy+T

a power law n n

in conformal time where in terms of the amplitude of curvature
. 2 .

perturbations A°R, the scalar spectral index ng , the tensor to

scalar ratio r and slow roll parameters :

F~3282A%/(ng-1+r/4)%2[1 + O(ev.nv)]
The behavior of the growing mode 1 features an anomalous scaling dimensionT
From the recent WMAP data we find:
3.6x10°< T < 3x10°
H ~ 10" GeVv
10° Gev < HI < 10 " Gev




IMPLICATIONS FOR STRING THEORY

To generates Inflation Needs first to generate a mass
scale like the inflaton mass m.

Such scale is NOT present in the string action neither
in the effective fields (dilaton, graviton,antisymmetric
tensor).

Without the presence of the mass scale m and Mgyr,
there is NO hope in string theory to describe a correct
inflationary  cosmology describing the CMB
Sfluctuations.

Such scale should be generated dynamically perhaps
from the string vacuum, but this is still an open
problem far from being solved.

Since No microscopic derivation of inflation from a
GUT model is available so far, it would seem too
ambitious at this stage to look for a microscopic
derivation of Inflation from string theory.

The derivation of Inflation reproducing observed CMB
fluctuations is at present too hard.

An effective description of Inflation in String theory
(string matter plus background) could be at reach

H J de Vega and N Sanchez, PRD 50, 7202 (1994)
M. P Infante and N Sanchez, PRD 61, 0831515 (2000)
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Table I

STRING PROPERTIES FOR ARBITRARY R(X°) )

o #fdeka%adﬁ.faf%c/j,o@p@,?zoz (1999)

Equation of State:
i Pressure '
. - (p=(r-1p)

pr——

D=1+ 1: two fa.milia

( of solutions }

()t X =fe(otT) E=uR P=-F 7y=0
(i_i)niX=constant E=d/R | P=4F v=2
L g -

D = 2 + 1: Ring Solutions,)
;hree asymptotic - |BE= L X(7) P= ﬁ;o(z,.)l (72 - 7

sehaviours (u, d, s)

@ unstable for R — oo EII Rz ) R— o0 Pii = —E‘Z — —00 L= 1‘2
(ii!dual toSiZforR—ro Ey RB20 /R — o0 Pd=+E‘2—>oo 'yd=3/2 Rnpiah;
(mz stable for R — oo FE, = constant P_,_= 0 'y, =1 col. 0[.

ona tder

[

D-Dimensional spacetimes:

reneral asymptotic behaviour

.
(i) unstable for B — oo E,F2°uR o olP,=—FE= = —00 |y.=(D- 2-)/,(19-l
.-} b * [ e
(ii) dual to (i) for R — 0 EgREodZR—-)oo Py = b%--—-»oo Ye=D/(D-1)-
A -
i = tant P, = —1
'iii) stable for R — oo E, = constan 7 C1/
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PRD Gd, 09351S (2007)
P(o) [=¥]

1074
10-42 | No Dilaton Case
ofel
. ; ) . — seg
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10—42
10—43
10-4 [ Partial Dilaton Case
el ol
104 0° 108 107 108 10°
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1034
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10—38
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rad
| w[z]
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Figure 1: Power spectrum for No Dilaton, partial Dilaton and Full Dilaton Case
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