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Standard Cosmological Model: ACDM
CDM = Cold Dark Matter + Cosmological Constant

Explains the Observations: T
» 5 years WMAP data and previous CMB data

# Light Elements Abundances

» Large Scale Structures (LSS) Observations

# Supernova Luminosity/Distance Relations (Acceleration
of the Universe expansion)

# Gravitational Lensing Observations
# Baryonic Acoustic Oscillations

#» Hubble Constant (Hy} Measurements
# Properties of Clusters of Galaxies
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Standard Cosmological Model: Concordance Model

’*dsg — dt* — a*(t) dz°: spatially flat geometry. j
The Universe starts by an INFLATIONARY ERA.

Inflation = Accelerated Expansion: £ d > 0.

During inflation the universe expands by at least sixty
efolds: €0 ~ 102%°. Inflation lasts ~ 1073* sec and ends by
z ~ 10%® followed by a radiation dominated era.

Energy scale when inflation starts ~ 10'° GeV.

This energy scale coincides with the GUT scale (<« CMB
anisotropies).

Matter can be effectively described during inflation by an

Scalar Field ¢(¢, z): the Inflaton.

Lagrangean: £ = a3(t) {“— _ o V((p)}

2 2 a?(t)

LFriedmann eq.: H%(t) = Jlfy [ + V(G‘J)} , H(t) = a(t) /a(2) N



Expected CMB constraints on A; should still improve this support.

THE SCALE OF SEMICLASSICAL GRAVITY

A+ and A, expressed in terms of the semiclassical and quantum
Gravity Temperature scales

Tsem =hH/2r kB) , Tp| — Mp| c?/ (21 kB)

Tsem IS the semiclassical or Hawking-Gibbons temperature of the

Initial state (or Bunch-Davies vacuum) of inflation. T, is the
Planck temparature 10 32" K.

Toem! Tp =21 (2 &) He Ar, Tem! Tp=m (2)-1/2 At

Therefore, WMAP data yield for the Hawking-Gibbons Temperature
of Inflation:

>3 Ty~ (ey) Y210 8° K.



LOWER BOUND onr
(ON THE PRIMORDIAL GRAVITONS

Our approach (our theory input in the MCMC data
analysis of WMAPS5+LSS+SN data). [C. Destri, H J de
Vega, N G Sanchez, Phys Rev D77, 043509 (2008)].

Besides the upper bound for r (tensor to scalar
ratio) r < 0.22, we find a clear peak In the r
distribution and we obtain a lower bound
r>0.016 at 95% CL and
r>0.049 at 68% CL.
Moreover, we find r = 0.055 as the most probable

value.
For the other cosmological parameters, both analysis agree.



Detecltion probability
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Fic 216, The probability of detecting B-mode polarization at 95% confidence as a function of Ap. the
amplitude of the primordial tensor power spectrum (assumed scale-invariant). for Planck observations using 65% of
the skyv. The curves correspond to different assumed epochs of (instantaneons) reionization: = = 6, 10, 14, 18 and 22,
The dashed line corresponds to a tensor-to-scalar ratio » = 0.05 for the best-fit scalar normalisation, Ag = 2.7 <1079,
from the one-vesr WMAP observations,



COSMIC HISTORY AND CMB QUADRUPOLE SUPPRESSION
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Fast roll Inflation produces
the Observed Quadrupole CMB Suppression

Como evoluciono el Universo

Inflacidn Big Bang El descubrimiento Aceleracion

Etapa cle expansion Despues de k3 iInflacidn comienza Estudianda la RCF, vestimao del Universo racien nacido, los Segin modelos actuales, el Universo comenza
acelerada, El Unverso una expanson desaceleada, clentifcas ahora logrann determingl que existe una conisima a acelerarse obfa vez per a un rtmo muchismo
aumenta &0 veces su talla conocida como Big Bang. etapa de inflacién rapida antes de b inflacidn kema va conocida, mas kento que durante |a inflacidn,

0N un tiempo muy corto.

\
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Fosnte NOSME SARCHET. CHRE | NEW YORM TIMES CLARIM

D. Boyanovsky, H. J de Vega and N. G. Sanchez,
" CMB quadrupole suppression Il : The early fast roll stage ”

Phys. Rev. D74 , 123006 (2006)



Quadrupole suppression and Fast-roll Inflation

- The observed CMB-quadrupole (COBE,WMAPS5) is six |
times smaller than the ACDM model value.
In the best ACDM fit the probability that the quadrupole is
as low or lower than the observed value is 3%.
It is hence relevant to find a explanation of the
quadrupole supression.

Generically, the classical evolution of the inflaton has a brief
tast-roll stage that precedes the slow-roll regime.

In case the quadrupole CMB mode leaves the horizon
during fast-roll, before slow-roll starts, we find that the
quadrupole mode gets suppressed.

Pk) = |A%) |2 (k/ko)™~"[1 + D(K)]
The transfer function D{k) changes the primordial power.

 1+D(0) =0, Dloo) =0 N



Slow Roll Inflaton Models

- o

Large field

1.=

y

Small field

w(x)

L L
1.1 1.5 1.0 x 15

V{Min) = V/(Min) = 0 : inflation ends after a finite number

of efolds. Universal form of the slow-roll inflaton potential:
_ 4 — ¥ —

V({P) =NM rw(X) s X = \/P_JMPI 3 X and rw(X) _ 0(1)

N ~ 60 number of efolds since horizon exit till end of

inflation. M = energy scale of inflation.
LSIow—roll is needed to produce enough efolds of inflation. J



Slow Roll expansion: a hierarchy of dimensionless parameters:

-, 49 .

_ Mp
N V(g) CE V(e

2

Co

as a 1/Ne expansion:

1 Pend d
N0 = 3 [ V) g o

(}é — \/EMP X - Rescale field

V(¢) = Ne M* w(x) O

11

* energy scale of inflation



| - value of X at the END of inflation

| PF(XC)F , 77?.;:]\178 i:f((;))

Explicit dependence on Ne: SIMPLE RESCALING
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spectral index n; and the ratio r

lir = ratio of tensor to scalar fluctuations. T
tensor fluctuations = primordial gravitons.

L3 (w17, 2 v L8 [w() ’
"TITTN [u»"(x)] TNuwx TN [fw{x)]
dns __ 2 w)w')_ 6 W' 8 W w'(x)
dlnk N2 w?(y) N? uwi(xy) N? w3(x) ’

y is the inflaton field at horizon exit.
ns—1and r are always of order 1/N ~ 0.02 (model indep.)

Running of n, of order 1/N* ~ 0.0003 (model independent).

D. Boyanovsky, H. J. de Vega, N. G. Sanchez,
LPhys. Rev. D 73, 023008 (2006}, astro-ph/0507595. J



Primordial Power Spectrum

fAdiabatic Scalar Perturbations: P{k) = |&.§€Sgd|2 (k/ko)=—1 . T
To dominant order in ilow—roll:
|&k u;d|2 - lgr‘rr (I’ﬂfi;) :.-,l:ﬂ((i}) '

Hence, for all slow-roll inflation models:

|‘&k adl 21r\/_ (ﬁﬁr)z

The WMAPS result: |A®) | = (0.494 +0.1) x 10~
determines the scale of inflation A (using N ~ 60)

2
(a%;;) — 0.85 x 10~% — M = 0.70 x 106 GeV

The inflation energy scale turns to be the grand unification
energy scale !! We find the scale of inflation
knowing the tensor/scalar ratio r !!

LThe scale M is independent of the shape of w(y). J




Trinomial Inflationary Models

-

# Trinomial Chaotic inflation:
wi) =3+ 4 I+t
# Trinomial New inflation:
wix)=—3 X+ 5 /50 + &+ 2 F() .

h = asymmetry parameter. w(min) = w'(min) = 0,
y = quartic coupling, F(h) =8hrt+4hr2+1+ 8 |h| (2 +1)7.
H. J. de Vega, N. G. Sanchez, Single Field Inflation models

allowed and ruled out by the three years WMAP data.
Phys. Rev. D 74, 063519 (2006), astro-ph/0604136.

| |



Binomial New Inflation
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r vs. ng data within the Trinomial New Inflation Region.
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MOCMC Results for Trinomial New Inflation.
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Monte Carlo Markov Chains Analysis of Data: MCMC.
MCMCGC is an efficient stochastic numencal method to find

’—the probability distribution of the theoretical parameters thatT
describe a set of empirical data. We found n,, the ratio r of
tensor to scalar fluctuations and the couplings by MCMC.
NEW: We imposed as a hard constraint that » and n, are
given by the trinomial potential.

Our analysis differs in this crucial aspect from previous
MCMC studies.

MCMC Results for Trinomial New Inflation:

Bounds: r > 0.016 (95% CL) , r > 0.049 (68% CL)
Most probable values: n; ~ 0.956 , r~ 0.055.

The most probable potential is symmetric and has a
moderate nonlinearity:

2
w(x)=§"—2(x2—§) , Y22
C. Destri, H. J. de Vega, N. Sanchez, astro-ph/0703417,
_ Phys. Rev. D77, 043509 (2008). |



Marginalized probability distributions. New Inflation.
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Imposing the trinomial potential (solid blue curves) and just
the ACDM+r model (dashed red curves).
UCurves normalized to have the maxima equal to one). J



Probability Distributions. Trinomial New Inflation.

-
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Probability distributions: solid blue curves

Mean likelihoods: dot-dashed red curves.
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Probability Distributions. Trinomial Chaotic Inflation.

-
) \-

0.92 0.94 0.96 098 1 1.02 1.04 o 0035 0.1 015 0.2 0.23 03
n r

Probability distributions (solid blue curves) and mean
likelihoods (dot-dashed red curves).
The data request a strongly asymmetric potential in chaotic

inflation almost having two minima. That is, a strong
Lbreakdown of the y — —\ symmetry. J



Rescale fields and couplings:

m> g | 1

zn > vn—1°9 = T2,-97
M Ne X0

w(x)zx—% [n (l—$2)+:1:2”—1} w(y) = X_% [nx2+$2”}
2n Qn

i [
Broken symmetry

Unbroken symmetry

Large field
Small field

w(x)

i,
i 03
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Higher Order Inflaton Potentials
Till here we considered fourth degree inflaton potentials.
fCan higher order terms modify the physical results and the T
observable predictions?

We systematically study the effects produced by higher
order terms (n > 4} in the inflationary potential on the
observables n; and r.

All coefticients in the potential « become order one using
the field x within the Ginsburg-Landau approach:

wx) = -3 X+ Y32 X", &=0(1).

All » = r(n,) curves for double—well potentials of arbitrary
high order fall inside a universal banana-shaped region B.
Moreover, the r = r(n;) curves for double—well potentials

even for arbitrary positive higher order terms lie inside the
banana region B.

| |



The sextic double—well inflaton potential
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2
wp(x) = % (xz— 3) (3—|—b—|—iybx2) .
0 <y < oo coupling. 0 < b < 1 shape-parameter.

2
wio(X) = & (x2 _ g) fourth order double—well.

|

wp=1(X) = % = %XZ -+ §”*§j % sixth order double—well.



The 100th degree polynomial inflaton potential
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k
wi) =4~ 5+ 0 (™ -1)
The coefficients ¢, were extracted at random.
The lower border of the banana-shaped region is given by
the potential:

wix) =2-1y24+ 2 (£ uz'”—l) with n = 50.

L Y 2 ny \ 8" J



The exponential inflaton potential
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w(X) — yb(egh—l} [eiybxﬁ . eZb (1 —2h - %y b XZ)]
The upper border of the banana region is obtained for 6 = 0
and the lower border for b — oc.



The universal banana region

Ly = = ==

We fmd that aII r = r(ng) curves for double—well mflaton
potentials in the Ginsburg-Landau spirit fall inside the
universal banana region B.

The lower border of B corresponds to the limiting potential:

w(x) = g—‘X forx<\/7 =+ forx>~\/7

This gives a lower bound for r for all potentlals in the
Ginsburg-Landau class: » > 0.021 for the current best value
_of the spectral index n, = 0.964.



CONCLUSIONS

Most probable values with the fourth degree double—well
inflaton potential: n, ~ 0.964, r ~ 0.051

Lower bound for r for all potentials in the Ginsburg-Landau
class: » > 0.021 for the current best value n, = 0.964.

Notice that at n, = 0.964:

fTTS =49 onthe border of B (fourth degree
double—well).
j?’-'”ﬁ =1.35 onthe border of B.

Notice that an improvement ¢ on the precision of n, implies
an improvement ~ 5 § on the precision of » for the fourth
degree double—well potential.



PREDICTIONS

From the upper universal curve:
UPPER BOUND r <0.053

From the lower universal curve:
LOWER BOUND r > 0.021

0.021 < r < 0.053

Most probable value: r ~ 0.051
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Fast and Slow Roll Inflation

11
0= {§®2+V@ﬂ |
= “"PL

®+3HD+V(®)=0.

Slow-roll corresponds to ®2 < V().

Generically, we can have > ~ V(®) to start.
Thatis, FAST ROLL inflation.

However, slow-roll is an attractor with a large basin.

|



Hubble vs. number of efolds

14—
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12

T
H(t)/H;

1.1

o\

s \

0t

|
a 1d 20 30 4d sd ad

Ne

H; = Hubble at the beginning of slow-roll.
Fast-roll lasts about one-efold.

Extreme fast roll solution (y? = 3) in cosmic time:

H:é , a(t):agt% , — prg\[lo g(mt) .



A: a fast-rolf stage PRIOR to siow roll

Allowing for RAPID variation of the condensate (;b

d2 2 1
R R

Depends on high(er) derivatives of (’25 . neglible in slow roll iarge for fast roll

WHEN? large INITIAL gb but large FRICTION term = _




General solution: S(k;n) = A(k) g, (k;m) + B(k) |gv(k;n)|”

With normalization condition \A(k)ﬁ — ‘B(k)‘g — 1

Quanizanon;
ve(n) = apS(k;n) + (‘LLS* (k;n) B(k)=0 == B.D. vacuum

Power spectrum |
P(k) = (0]|0%x[*[0) = Prp(k) [1 + D(k)]

H (‘“v‘)”“ Transfer function for boundary conditons

E,UMJ_% ko

nge = 1 — b€, + 21,



The Fast-Roll Transfer Function
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kQ = 11.9 m, kfastraﬂ—}sfuwraﬁ = 14 m, Kpivet = 96.7 m,
m =1.211013GeV, kg’d“y = 0.238 Gpc~! = redshift at the
Lbeginning of inflation = 0.9 x 109 ~ 129 J



Quadrupole suppression and Fast-roll Inflation

- The observed CMB-quadrupole (COBE,WMAPS5) is six |
times smaller than the ACDM model value.
In the best ACDM fit the probability that the quadrupole is
as low or lower than the observed value is 3%.
It is hence relevant to find a explanation of the
quadrupole supression.

Generically, the classical evolution of the inflaton has a brief
tast-roll stage that precedes the slow-roll regime.

In case the quadrupole CMB mode leaves the horizon
during fast-roll, before slow-roll starts, we find that the
quadrupole mode gets suppressed.

Pk) = |A%) |2 (k/ko)™~"[1 + D(K)]
The transfer function D{k) changes the primordial power.

 1+D(0) =0, Dloo) =0 N



Comparison, with the experimental WMAPS data
’_of the theoretical C;' ' multipoles .
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Comparison, with the experimental WMAPS data

’_of the theoretical C;* multipoles
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Comparison, with the experimental WMAP-35 data
’_of the theoretical C;** multipoles
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Summary and Conclusions

Inflation can be formulated as an effective field theory inj
the Ginsburg-Landau spirit with energy scale

M ~ Mgyt ~ 1016 GeV < Mpy.

Inflaton mass small: m ~ H/\/N ~ M?/Mp; < M.

Infrared regime !!

The slow-roll approximation is a 1/N expansion, N ~ 60

MCMC analysis of WMAP+LSS data plus the Trinomial
Inflation potential indicates a spontaneously symmetry

2
breaking potential (new inflation): w(x) = 5 (3.;2 - 3) .

Lower Bounds: r > 0.016 (95% CL) , r > 0.049 (68% CL).
The most probable values are ns; ~ 0.956 , r ~ 0.055
with a quartic coupling y ~ 1.3.

|



Summary and Conclusions 2

—» CMB qguadrupole suppression may be explained by the —
effect of fast-roll inflation provided the today’s horizon
size modes exited by the end of fast-roll inflation.

# Quantum (loop) corrections in the effective theory are of
the order (H/Mp;)? ~ 10~°. Same order of magnitude
as loop graviton corrections.

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

Quantum corrections to the inflaton potential and the power
spectra from superhorizon modes and trace anomalies,
Phys. Rev. D 72, 103006 (2005), astro-ph/0507596.

Quantum corrections to slow roll inflation and new scaling
of superhorizon fluctuations. Nucl. Phys. B 747, 25 (2006),
astro-ph/0503669.



Quantum Fluctuations:

calar Curvature, Tensor, Fermion, Light Scalar.
All these quantum fluctuations contribute to the inflaton T
potential and to the primordial power spectra.

In de Sitter space-time: < T, >=%g,, <72 >
Hence, Vj; = Vp+ < 10 >=Vr + 3 < T2 >

Sub-horizon (Ultraviolet) contributions appear through the
trace anomaly and only depend on the spin of the particle.

Superhorizon (Infrared) contributions are of the order N°
and can be expressed in terms of the slow-roll parameters.

Hg nv—4 € 3 1No /
1 —I_ 3 (‘-.l'FI._)2 .a"lifil (7}'13 €y —I_ Neo— €&y —I_ T)

T =T+ T+ T+ T = —222 is the total trace anomaly.

— 720
To =T =%, T=—5", Tr = §
L—:. the graviton (t) dominates. J

Ves (o) = V(®0)




Corrections to the Primordial Scalar and Tensor Power
1AL = 1A {1 -
3 () [1+ R 2g9) )
AT =180 {1 -4 () [ b e+ 39

The anomaly contribution —232 = —145.15 DOMINATES

as long as the number of fermions less than 783.

The scalar curvature fluctuations \Af)\z are ENHANCED
and the tensor fluctuations \&PF REDUCED.

2
However, (%) ~ 1079,
vl Pl

D. Boyanovsky, H. J. de Vega, N. G. Sanchez, Phys. Rev. D
72, 103006 (2005), astro-ph/0507596. J



CONTENT OF THE UNIVERSE

WMAP data reveals that its contents include 4.6% atoms,
the building blocks of stars and planets.

Dark matter comprises 23% of the universe.
This matter, different from atoms, does not emit or absorb
light.
It has only been detected indirectly by its gravity.

/2% of the Universe, Is composed of "‘dark energy’’, that
acts as a sort of an anti-gravity.

This energy, distinct from dark matter, Is responsible for

the present-day acceleration of the universal expansion.
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Dark Matter

- DM must be non-relativistic by structure formation (z < 30)
In order to reproduce the observed small structures at
~ 2 — 3 kpc. DM particles can decouple being
ultrarelativistic (UR) at 7,; > m or non-relativistic T; < m.
Consider particles that decouple at or out of LTE
(LTE = local thermal equilibrium).
Distribution function:
fala(t) Ps(t)] = fa|pe] freezes out at decoupling.
P:(t) = p./a(t) = Physical momentum.
pe = COMOVING momentum.

Velocity fluctuations: y = Pr(t)/Ta(t) = pe/ Ty
P21 — (B0 _ [ 5 o falat) Py = ]2 9 faly)dy

™ T nlewr)  Lme@ I I




The formula for the Mass of the Dark Matter particles

* Energy Density: ppu(t) =g [ g—;}% \/m2 + P? fala(t) Py]

g . # of internal degrees of freedom of the DM particle,
1 <g<4.Forz<30 = DM particles are non-relativistic:

pom(t) = mgag(t) fg y? faly 271'2'

Using entropy conservation: T, = (g%) ’ Ty (14 24),
g4 = effective # of UR degrees of freedom at decoupling,
Ty, =0.2348meV , 1meV=10"3¢eV.

Today Qpar = ppar(0)/pe = 0.105/h% and we obtain for the
of the DM particle:

m = 6.986 eV -—2d . Goal: determine m and g4

> 2
g/ﬂ v~ faly) dy




Phase-space density invariant under universe expansion

—Using again entropy conservation to replace 7y yields for —
the one-dimensional velocity dispersion,
B 2 23 142 T, [[ vt Faly)dy
oom(2) =[5 (P2)(2) = Zy M2 T2\ [l iy

94

= 0.05124 12 eV [ VLV ?

93 Iy y? Faly) dy s

i o . n(t) nonz—rel 0D M
Phase-space density: D = 0 3v3mA ob

D is computed theoretically from freezed-out distributions:
-9

g fﬂ Y Fuly ]

2m fu y* Fa(y

: The phase- space density D can only decrease

under self-gravity interactions (gravitational clustering)
 [Lynden-Bell, Tremaine, Henon, 1986].

D =

b3 L




Mass Estimates of DM particles

—Qur previous formulas yield for relics decoupling UR at LTE:—

i . . | 155 Fermi
o ( z ) eV 0.568 gy = g% 7L 55 Fermions
g 0.484 180 Bosons

Since g = 1 — 4, we see that g; > 100 = T, > 100 GeV.

1< Z< < 5.6for1 < Z < 1000.
Example: for DM Majorana fermions (g = 2) m ~ 0.85 keV.

Sterile neutrinos v as DM decoupling out of LTE and UR.

v is a singlet Majorana fermion with a Majorana mass m,,
coupled with a Yukawa-type coupling Y ~ 10~2 to a real
scalar field x. x is more strongly coupled to the particles in
the Standard Model. [Chikashige,Mohapatra,Peccei (1981),
Gelmini,Roncadelli (1981), Schechter, Valle (1982),
Shaposhnikov, Tkachev (2006), Boyanovsky (2008)]



Relics decoupling non-relativistic

7 3 1

3 5 7 2
PE 94 Yo (7)€ TmTi = B S i

Fé\rR(Pc) — 24
Y (&) = n(t)/s(t), n(t) number of DM particles per unit
volume, s(t) entropy per unit volume, z = m/T;, T; < m.

_ 1 /45 1 ime limi
Yo = 2V'8 J5iTu oo 3 |GLE time limit of Boltzmann.

oo thermally averaged total annihilation cross-section times
the velocity.

From our general equations for m and gd

45 Q c []748 s 45 1 s
m = A 72 g;g{}f gy eV and ?’?’12 Td = 917 3. Va o3
Finally:
ﬂ/m_T_147( ) keV. m—367keVZ§T %

We used ppar today and the decrease of the phase space
density by a factor Z. 1 pb = 1073 ¢m? = 0.257 /(10° GeV?).



Relics decoupling non-relativistic 2

—Allowed ranges for m and Ty.
m > Ty > beVwhereb>1o0rb> 1for DM decoupling in
the RD era

(g—i)g 147 keV <m < % MeV (g%)

gg~3 for 1eV<T;<100keVandl < Z < 103
1.02keV <m < 1 MeV |, T;<10.2keV.

D. Boyanovsky, H. J. de Vega, N. Sanchez,
Phys. Rev. D 77, 043518 (2008), arXiv:0710.5180.
H. J. de Vega, N. G. Sanchez, arXiv:0901.0922.

Only using ppas today (ignoring the phase space density
information) gives:

g TIt
NITRY

2
3

og = 0.16 pbarn http://pdg.lbl.gov



Dark Energy

76 + 5% of the present energy of the Universe is Dark !
Current observed value:

pA = Q27 pe = (2.39 meV)4 , 1 meV = 1073 eV.

Equation of state py = —pa within observational errors.
Quantum zero point energy. Renormalized value is finite.
Bosons (fermions) give positive (negative) contributions.
Mass of the lightest particles ~ 1 meV is in the right scale.
Spontaneous symmetry breaking of continuous symmetries
produces massless scalars as Goldstone bosons. A small
symmetry breaking provide light scalars: axions,majorons...
Observational Axion window 1072 meV < Muxion < 10 meV.
Dark energy can be a cosmological zero point effect. (As
the Casimir effect in Minkowski with non-trivial boundaries).
We need 10 learn the physics of light particles (< 1 MeV),
also to understand dark matter !



Summary and Conclusions
We formulate inflation as an effective field theory in the
Ginsburg-Landau spirit with energy scale
M ~ Moyt ~ 1016 GeV <« Mp;. Inflaton mass small:
m~ H/VN ~ M?/Mp; < M. Infrared regime !

For all slow-roll models n; — 1 and r are 1/N, N ~ 60.

MCMC analysis of WMAP+LSS data plus this theory
input indicates a spontaneously broken inflaton

2
potential: w(x) = 5 (x2 — %) Cy~ 1.26.

Lower Bounds: r > 0.023 (95% CL) , r > 0.046 (68% CL).
The most probable values are r ~ 0.051{«< measurable
) ng~ 0.964 .

Model independent analysis of dark matter points to a
particle mass at the keV scale. T; may be > 100 GeV.
DM is cold.



Summary and Conclusions 2

—» CMB qguadrupole suppression may be explained by the —
effect of fast-roll inflation provided the today’s horizon
size modes exited by the end of fast-roll inflation.

# Quantum (loop) corrections in the effective theory are of
the order (H/Mp;)? ~ 10~°. Same order of magnitude
as loop graviton corrections.

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

Quantum corrections to the inflaton potential and the power
spectra from superhorizon modes and trace anomalies,
Phys. Rev. D 72, 103006 (2005), astro-ph/0507596.

Quantum corrections to slow roll inflation and new scaling
of superhorizon fluctuations. Nucl. Phys. B 747, 25 (2006),
astro-ph/0503669.



Future Perspectives
_The Golden Age of Cosmology and Astrophysics continues.

A wealth of data from WMAP (7 yr), Planck, Atacama
Cosmology Tel and further experiments are coming.

Galaxy and Star formation. DM properties from
astronomical observations. Better bounds on DM
cross-sections.

DM in planets and the earth. Flyby and Pioneer anomalies?
The Dark Ages...Reionisation...the 21cm line...
Nature of Dark Energy? 76% of the energy of the universe.
Nature of Dark Matter? 83% of the matter in the universe.
Light DM particles are strongly favoured mpps ~ keV.
Sterile neutrinos? Some unknown light particle ??

_Need to learn about the (<1 MeV).__
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