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The problem:
Experimental data Cosmological parameters
CMB, LSS, SN Lensing, Ly—a ... T Qu, Qc, Ho, T, As, N, T ...

The case of CMB:

TT, TE, EE, (BB) correlation multipoles C,

(912 \yith much systematics and complex likelihood

—

@ from raw data to C
code;

@ from theory to Cf.mOde') (fully independent and chi-square distributed if

primordial fluctuations are gaussian) through CMBFAST, CAMB, ...;

@ Markov Chain Monte Carlo analysis to assign likelihood to model
parameters with CosmoMC (possibly including LSS, SN, Lensing, ...).
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Neglecting all uncertainities but cosmic variance:

data) model)
csa ol

Letx = ; then

pe(x|model) O % (xe*x)“l/2

density for Cédata) given the model, with

(chi-square distribution) sets the probability

20-1
(x)=1and (X)m = 2041
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The framework
Observational data and models

On cosmic variance
Monte Carlo Markov Chains

Neglecting all uncertainities but cosmic variance:

Let x = C}data)/C}mOde” : then

0+1/2

p¢(x|model) O % (xe*x) (chi-square distribution) sets the probability

density for Cédata) given the model, with
20—1
(x)=1and (X)m = 2041

),then

‘model ) /Cédata

At the same time, ify =1/x = Cf

model)

71/ f+1/2 ana a ( -
pe(y|data) O (e y/y) sets the probability density for C, given

the data (assuming flat priors), with
20+1

(y)= 7—3 and (y)uL =1

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



The framework

/ational data and mode!
On cosmic variance
Monte Carlo Marko

An example: lowest 9 TT multipoles

de Vega, N. Sanchez, Phys. Rev. EFT of inflation.



The framework

Observational data and models

On cosmic variance
Monte Carlo Markov Chains

An example: lowest 9 TT multipoles

probability curves from best fit A\CDM
WMAPS data

Prob[C{"® < 0.184C{™%"] = 0.031...
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1o uncertainities based on p,(y|data)
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n cosmic variance
Monte Car v Chains

Unbiased(?) estimation

Probability that at least one multipole, regardless of ¢, is smaller than X times
its theoretical expectation value:

kmax

P (X, fmax ) = 1-@ {1—/0X_dx p(x\model)}

If model=ACDM, then
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kmax
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@ Observational CMB data = likelihood on CémOde');

@ Model with cosmological parameters A = {A1,Az,...An} = C/™%(2)
(CMBFAST, CAMB,...):
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The framework

data and models
riance
Monte Carlo Markov Chains

model)

@ Observational CMB data = likelihood on C[(
@ Model with cosmological parameters A = {A1,Az,...An} = C/™%(2)
(CMBFAST, CAMB,...);
— likelihood L(A) = exp[—x2(7)/2] J

The MCMC method produces sequences distributed as L(A) (x the prior
probability), through an acceptance/rejection one-step algorithm (e.g.
Metropolis)

k k k
W()\(k+1)7)\(k))_g()\(k+1)7)\(k))min{]_? LAk ga kD Al >)}

L(AK))g(Ak) A (k+1))
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c variance
Monte Carlo Markov Chains

@ Observational CMB data —> likelihood on C ™)

@ Model with cosmological parameters A = {A1,Az,...An} = C/™%(2)
(CMBFAST, CAMB,...):

— likelihood L(A) = exp[—x2(A)/2] J

The MCMC method produces sequences distributed as L(A) (x the prior

probability), through an acceptance/rejection one-step algorithm (e.g.
Metropolis)

k41 k+1) 3 (k
W(A(k+1).)\<k))ZQ(A(k+1).)\<k))min 1. L(A( i ))g()\< N >-,7\( >)
’ ’ " L(A®)g(a®), AT+

runs made on a Linux cluster (Turing) with 8 to 16 parallel chains, repeated
up to 4 times for each setup, with R —1 < 0.03

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78

EFT of inflation..., Paris 2008



The framework ode
and models

On ¢
Monte Carlo Markov Chains

The ACDM-+r reference model

MCMC parameters: «,, tx, 0, T, (slow), Ag, ns, r (fast)

Context: Qy =0, ...; standard priors, Kyjyot = 0.05,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS
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MCMC parameters: «,, tx, 0, T, (slow), Ag, ns, r (fast)

Context: Qy =0, ...; standard priors, Kyjyot = 0.05,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, ACBAR08

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



The framework N o
C data and models

On ¢
Monte Carlo Markov Chains

The ACDM-+r reference model

MCMC parameters: «,, tx, 0, T, (slow), Ag, ns, r (fast)
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Context: Qy =0, ...; standard priors, Kyjyot = 0.05,
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The ACDM-+r reference model

MCMC parameters: «,, tx, 0, T, (slow), Ag, ns, r (fast)

Context: Qy =0, ...; standard priors, Kyjyot = 0.05,
no SZ, lensed CMB, linear mpk, ...
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ACDM+r marginalized mean likelihoods

WMAPS5 + SDSS
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Monte Carlo Markov Chains

ACDM+r marginalized mean likelihoods

WMAPS5 + SDSS + ACBAROS8
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Monte Carlo Markov Chains

ACDM+r marginalized mean likelihoods

WMAPS5 + SDSS + SN
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Monte Carlo Markov Chains

(ns, r) joint probability distribution

03l WMAP3,SDSS = T |
ACBARO0G,... )

0.25} y
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(ns, r) joint probability distribution
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The theory Trinomial Chaof \ Inflation
Early fast-roll and primordial fluctuations

The tral r function D (k)

EFT of (single field) inflation (a la Boyanowski—de Vega—Sanchez)
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fer function D (k)

EFT of (single field) inflation (a la Boyanowski—de Vega—Sanchez)

Inflaton potential (A =1, ¢ = 1, Mp, = 2.4 x 1018 GeV)
V(@) =NM*w(x), x= 2, w(x)~6(1), N~50 - 60

VNMp ’
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C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



The theory

The t

EFT of (single field) inflation (a la Boyanowski—de Vega—Sanchez)

Inflaton potential (A =1, ¢ = 1, Mp, = 2.4 x 1018 GeV)

V@ =NM*w(x), x=_ - wX)~0(1), N~50 60

Energy scale of inflation and inflaton mass
M ~ 0.57 x 101® GeV ~ Mgyr, m=M?2/Mp, ~ 1.3 x 1013 GeV

Hubble parameter and quantum corrections

H~5m< Mp_, loops — (H/MPL)Z ~107°

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



The theory

r function

EFT of (single field) inflation (a la Boyanowski—de Vega—Sanchez)

Inflaton potential (A =1, ¢ = 1, Mp, = 2.4 x 1018 GeV)

V@ =NM*w(x), x=_ - wX)~0(1), N~50 60

Energy scale of inflation and inflaton mass
M ~ 0.57 x 101® GeV ~ Mgyr, m=M?2/Mp, ~ 1.3 x 1013 GeV

Hubble parameter and quantum corrections
H~5m< Mp_, loops — (H/MPL)Z ~107°

Number of efolds

N =log &) W(Xena) = W' (Xena) = O
texit: the mode with comoving ko becomes superhorizon (— N = N(kq))
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EFT of (single field) inflation (a la Boyanowski—de Vega—Sanchez)

Inflaton potential (A =1, ¢ = 1, Mp, = 2.4 x 1018 GeV)

V@ =NM*w(x), x=_ - wX)~0(1), N~50 60

Energy scale of inflation and inflaton mass
M ~ 0.57 x 101® GeV ~ Mgyr, m=M?2/Mp, ~ 1.3 x 1013 GeV

Hubble parameter and quantum corrections

H~5m< Mp_, loops — (H/MPL)Z ~107°

Number of efolds

N = log Zii::ﬁ)) s W(Xend) =W'(Xend) =0
texit: the mode with comoving ko becomes superhorizon (— N = N(kq))

@ self-consistency of inflation — N (coarse—grained) J
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EFT of (single field) inflation (a la Boyanowski—de Vega—Sanchez)

Inflaton potential (A =1, ¢ = 1, Mp, = 2.4 x 1018 GeV)

V@ =NM*w(x), x=_ - wX)~0(1), N~50 60

Energy scale of inflation and inflaton mass
M ~ 0.57 x 101® GeV ~ Mgyr, m=M?2/Mp, ~ 1.3 x 1013 GeV

Hubble parameter and quantum corrections

H~5m< Mp_, loops — (H/MPL)Z ~107°

Number of efolds

N = log Zii::ﬁ)) s W(Xend) =W'(Xend) =0
texit: the mode with comoving ko becomes superhorizon (— N = N(kq))

@ self-consistency of inflation — N (coarse—grained)
@ Understanding beginning/end of inflation — N (fine—grained)

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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fer function D (k)

H2 Qm Qr Qr H 55 -5
H7579A+¥+¥g¥’ H—024.2><10 , (H~28x10"°Mp))
— lo 1~1Io H
932 %% ,var
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The theory

Friedmann’s equation right after inflation

H?2 On Q@ O H
oz =Ont m+—r~a—;, H—Oz4.2x1055, (H~2.8x 10 5Mp))
O .
— Iog 1I H
Hov
~
Inflation efolds for the quadrupole scale (kg = 0.982H,
qulogi—log}zlogH‘ ~61.6
Ho a
ot
ko 1
N = Ng —log = 57, ko = 0.05Mpc™* (CosmoMC)
q
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Early fast-roll and primordial flus
The tra function D (k)

Dimensionless setup

Stretched time and dimensionless Hubble parameter

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflatiol
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roll and primordial fluctuations
fer function D (k)

Dimensionless setup

Equations of motion

A0 =§ [ A +wn], Fx+3 K +w () =0
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EFT of Inflation
The theory 0 ation
lial fluctuations
unction D (k)

Dimensionless setup

From fast-roll to slow-roll (attractive regime)

FXZ~W(X), sxZ<w(X)

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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lial fluctuations
unction D (k)

4 .3
B0|? = 1’;7212 (MMP,) v\?,l,z(())(()) ) X = Xexit(Ko) - Ko = Kpivot

w(X) w(X)
Tensor to scalar amplitude ratio and running
_ 8 [wx]? dne _ 5( 1
r—N[w(x)] , dlgk_ﬁ<m>

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



The theory

lial fluctuations

4 3
B0|? = 1’;7212 (MMP,) v\?,l,z(())(()) ) X = Xexit(Ko) - Ko = Kpivot

w(X) w(X)
. w
Tensor to scalar amplitude ratio and running
_ 8 W’()()2 dns _ »( 1
f—n[w] : dmk—”(m)
~

Trinomial realization (minimality + Ginsburg-Landau)
V(@) = NM*w(x) = Vo + 3m?¢? — gmg® + 32 ¢

EFT of inflation..., Paris 2008
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t-roll and primordial fluctuations

function D (k)

Trinomial inflation

W(X) =32+ 40y /0% + dyx* + const

4

with h and y of order 1

g=-h %(MMPI)ZNlO—Q7 )\:%(%)4N10—12

N

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78
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Early fast-roll and primordial fluctuations
The tra function D(k)

Trinomial chaotic (= large field) inflation
w(x) = %xz—%h\/gx3+%yx4 , —1<h<0, A=+1-h?

EFT of inflatiol

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78



EFT of Inflation

Trinomial Chaotic and New Inflation
t oll

The theory

d primordial fluctuations
unction D(k)

Trinomial chaotic (= large field) inflation

w(x):%xz—%h\/gx3+%yx4, -1<h<0, A=+y/1-h?

y=z+3hvz+ (1—%h2) log (1+2hvz +2)

n (% —2h2) [arctan (%) —arctan (%)]

4

Effective coupling

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78

EFT of inflation..., Paris 2008
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Early fast-roll and primordial fluctuations
The tra function D(k)

Trinomial new (= small field) inflation
w(x)=-3x2-3n/4x3+ Syx*+2F(h), h>0, A=+/Iih?

EFT of inflatiol

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78
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F(h) = s = §h* +4h? + 1+ §hA% — W(Xend) =W/ (Xend) =0
Xend = \/?(A"‘h) >0
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Trinomial new (= small field) inflation

w(x)=-3x2-3h/Ix3+ Syx*+2F(h), h>0, A=+I+h?

F(h)= 2o, = 8h* +4h% + 1+ 8hA% — W(Xend) = W' (Xend)

Il
o

~ 2NMF T 3

Xend :\/g(A"‘h) >0

. .

y=2z-2h?-1-2hvh2+1+4h(h+A—VZ)
+18h(A+h)A%log [% (1+ @)} —2F (h)log [VZ(A—h)]

- -

Effective coupling and normalized effective coupling

z=3x24 lel_m_iih)z> 0<z;<1, 0<y<w

A\

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



EFT of Inflation
The theory Trinomial Chaotic and New Inflation
| and primordial fluctuations
fer function D (k)

Trinomial chaotic inflation

Scalar spectral index and tensor—scalar ratio

2
ne = ]__L[ (1+2hvz+z)" 144hyz+32z
- 2N 2 4 1
z (1+%hﬁ+%z) 1+zhvz+52
:ﬁl (1—0—2h\/2—0—z)2

z (1+%hﬁ+%z)2
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Trinomial chaotic inflation

Scalar spectral index and tensor—scalar ratio
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The theory Trinomial Chaotic and New Inflation
Early fast-roll and primordial fluctuations
The tra function D(k)

Trinomial chaotic inflation

Scalar spectral index and tensor—scalar ratio

2
ns=1- .7 [3 (1+2hvz+z)" 144hyz+32z
- 2N 2 4 1

z (1+%hﬁ+%z) 1+zhvz+52

_ 4y (1—0—2h\/2—0—z)2

r
Nz 2
(1+%hﬁ+%z)
1
\ —h=0
0.8f —h=-04 |
—h=-08
06l —h=-09 |
: —h=-0.99
- h=-0.999
0.4t g
N
N\ |
0 ‘ ‘ Z
0.8 0.85 0.9 0.95 1 1.05 1.1
n

s
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Early fast-roll and primordial fluctuations
The tra function D(k)

Trinomial chaotic inflation

Scalar spectral index and tensor—scalar ratio

2
(1+2hvz+z)" 144hyz+32z
p Z 1
l+%h\/2+%z) l+§hﬁ+§Z

nszl—zyw[ (

_ 4y (1—0—2h\/2—0—z)2

r
Nz 2
(1+%hﬁ+%z)
: - : : : \
0.3r ——h=0 1
—h=-04
0.25f — h=-08 R
0.2k —h=-09 |/|
——h=-0.99
0.15- V h=-0.999 |
0.1F J\_/ 4
0.05f 1
0.92 0.94 0.96n 0.98 1 1.02

S
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fer function D (k)

Trinomial new inflation

_ 6y z(z+2hyz—-1)? LY 3z+4hyz-1

2 N 8
[F(h)—2z+%hz3/2+z2] F(h)—2z+3hz%2+22

16y z(z+2hyz—-1)?
2
[F (h)—21+ghz3/2+zz]
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Trinomial new inflation

Scalar spectral index and tensor—scalar ratio

_ 6y 2(z+2hy/z-1)? LY 3z+4hyz-1
[F(h)—21+%hz3/2+22]2 N F(h)72z+%hz3/2+22
16y z(z+2hyz—-1)?

N [F(h)—21+ghz3/2+zz]2
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Binomial New Inflation

Setting the asymmentry h =0 in TNI
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Binomial New Inflation

w(x) = % <x2 - 3)2

Scalar spectral index and tensor—scalar ratio

y 3z+1 16y z
ng=1->>-'- yy=—"2_% _ y=z-1-logz, O0<z<1
: N (1—2)2 N 1-z2° 7 <
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Binomial New Inflation

w(x) = % <x2 - 3)2

Scalar spectral index and tensor—scalar ratio

y 3z+1 16y z
ng=1->>-'- yy=—"2_% _ y=z-1-logz, O0<z<1
: N (1—2)2 N 1-z2° 7 <
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The transfer function D (k)

Scalar fluctuations

Gauge-invariant quantum perturbation field

3

u(x,t) =—&t)R(x,t)=J % [akSk(n)e“"X "‘GIISE(’])e*ik'X
o af] =80k k), £0 = o). =7
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Gauge-invariant quantum perturbation field

3
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Schroedinger-like dynamics
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Scalar fluctuations

Gauge-invariant quantum perturbation field

3

u(x,t) =—&t)R(x,t)=J % [akSk(n)e“"X +QJSE(n)e7ik-x
o af] =80k k), £0 = o). =7

Schroedinger-like dynamics

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



The theory

Slow—roll approximation

1 |:W/<Xexit)
W(Xexit)

EFT of Inflation

Trinomial C ¢ and Inflation
Early fast-roll and primordial fluctuations
The t r function D (k)

de Vega, N. Sanchez, Phys. Rev.

EFT of inflation.
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function D (k)

Slow—roll approximation

o= (] +o (%) o=+ o ()

W(Xexit) W(Xexit)
va-1

Un)="5%, v=3+3a -

4

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78



The theory Trinomia car nflation
Early fast-roll and primordial fluctuations
The transfer function D (k)

Slow—roll approximation

va-1 3
Un) = nZ V=>5+3& — v
v
Fast—roll correction
v2-1
Un) ==z +7(n)
v
2
n,= 1/N -50
= 1 fast roll -100
slow roll -150
0 -200
0 0.5 1 1.5 -02 -015 -0.1 -0.05
Ina n

2
for Binomial New Inflation, w(x) = % (x2 — g) andy =1.32

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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Fast-roll = special initial conditions for slow-roll

de Vega, N. Sanchez, Phys. Rev. EFT of inflation.
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Sk(n) = AK)gu(k;n) +B(K)gy(k;n), gv(kin) = 3ivtz = HY (—kn)
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Early fa and prir fluctuations
The transfer function D (k)

Fast-roll = special initial conditions for slow-roll

Solution when ¥ (n) =0
Sk(n) = AK)gy(k;n) +B(K)g; (k;n), gu(kin) = Liv+s /= HY (—kn)

AK)=1+i (%, dngi(k;n) ¥ (n)Sk(n)
B(k) =i /%, dnav(k;n) ¥ (n)Sk(n)

EFT of inflation..., Paris 2008
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The transfer function D (k)

Fast-roll = special initial conditions for slow-roll

Solution when ¥ (n) =0
Sk(n) = AK)gy(k;n) +B(K)g; (k;n), gu(kin) = Liv+s /= HY (—kn)

“Scattering” amplitudes (or Bogoliubov coefficients)

AK)=1+i (%, dngi(k;n) ¥ (n)Sk(n)
B(k) =i /%, dnav(k;n) ¥ (n)Sk(n)

Primordial power spectrum

2
| =Par()[1+D(K)]

Fast-roll transfer function

D(k) = 2[B (k)2 2e [A(k)B* (k)i®'~?|

\

a 3
P (k) =lim,_o- £

\

\

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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@ The transfer function D (k)

de Vega, N. Sanchez, Phys. Rev. EFT of inflation.
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y primordial fluctuations
The transfer function D (k)

The transfer function D(k) for BNI

Born’s approximation

D(k) = £ [%dn #(n) [sin(2kn) (1 - & ) + & cos(2kn))]

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



The theory

y primordial fluctuations
The transfer function D (k)

The transfer function D(k) for BNI

Born’s approximation

D(k) = £ [%dn #(n) [sin(2kn) (1 - & ) + & cos(2kn))]

For Binomial New Inflation:

0.5 ——1.498

ey 0.895
0.579
0.382 20
0.248
0.156
0.092 15
0.048
0.021 10
0.005

25

k. /m

300 0 0.5 1 15 2 25 3 35 4

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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Sharp-ci 5. fast-roll

MCMC results
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@ Trinomial Chaotic and Trinomial New Inflation

de Vega, N. Sanchez, Phys. Rev. EFT of inflation.



Trinomial Chaotic and Trinomial New Inflation
MCMC results

Main results

@ TCI fits data very well, but only in a small corner of parameter space
(Ginsburg-Landau unsafe);
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@ TNI fits data well throughout parameter space (Ginsburg-Landau safe)
and provides a lower bound for r.
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Trinomial Chaotic and Trinomial New Inflation
MCMC results :

Main results

@ TCI fits data very well, but only in a small corner of parameter space
(Ginsburg-Landau unsafe);

@ TNI fits data well throughout parameter space (Ginsburg-Landau safe)
and provides a lower bound for r.

0.3 N=50

WMAP3
+ small-scale

0.2r+ spss

C. Destri, H.J. de Vega, N. Sanchez, Phys.

. Rev. D77 - D78 EFT of inflation..., Paris 2008



MCMC results

Trinomial Chaotic Inflation

The marginalized z — h probability

CL: 12%, 27%, 45%, 68%, 95% The inflaton potential
-0.7 1
0.9 h=
-0.75 08 A
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-0.8 h=-d8
= 0.6
= -085 Zos
> h=/1
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Trinomial Chaotic and Trinomial New Inflation
MCMC results

The ACDM_TNI(z4,h) model

MCMC parameters: w,, ax, 0, T, (slow), As, z4, h (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, SN

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



The ACDM_TNI(z4,h) model

MCMC parameters:

Trinomial Chaotic and Trinomial New Inflation

MCMC results !

Wy, W, 8, 1, (slow), As, 71, h (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, SN
flat 0 <z, <1 prior
param best fit
100Q,h? 2.237 7\ .
Qch? 0.108 \ \ \ \
9 1041 0.021 0'8:%2 0.023 0.1 QCOrilz’l. 0.12 1.035 1.094 1.045 0.02 0,06T 0.1
100t 7.885 ] .
Ho 72.24 VRN
08 0786 0.;(;.720.74).76).78 13.5: = 0.75 0.8 \ON,BS 6 8 10 12 14
log[1019As] | 3.045 o AgelGYr %
z; 0.867 . NN
h 0.666 \ o
| - |Og(|—) | 149601 | = 70 75 295 3 3.053.13.15 0.2 0406 0.8 0 5\ - 10
Ho log(10%° A ) Z h

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78

EFT of inflation..., Paris 2008



Trinomial Chaotic and Trinomial New Inflation

MCMC results !

The ACDM_TNI(z4,h) model

MCMC parameters: w,, ax, 0, T, (slow), As, z4, h (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, SN
flat 0 <r < 2/15 prior
param best fit
100Q,h? | 2.237 7/ \ \
Qch? 0.108 \ \ \ \
9 1041 0.021 0.8[)2%2 0.023 0.1 Qcotilzl 0.12 1.035 1.084 1.045 0.02 0,06T 0.1
1001 7.885 -
Ho 72.24 VRN
08 0786 0.;0.720.74).76).78 135 \~14 0.75 0.8 0‘,85 6 8 10 12 14
log[10™°As] | 3.045 N AgelGYr o
Ns 0.963 X ~
r 0.043 7\ : N
| — |09(|-) | 1496.01 | = 70 7; 295 3 3.053.13.15 [ o’ 0.1‘

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78

log(10%° A)

0.94 0.96
nS

EFT of inflation..., Paris 2008




MCMC results

Comparing marginalized mean likelihoods

ACDM_TNI(zq,h) vs. ACDM+r

Q h

0.022  0.024 0.1 013 012 1.0351.041.0451.05 0.05 0.1 0.15
0
b c

07 075 08 135 14 075 0.8 085 6 8 10 12 14
Q, AgelGYr Og z,
6870727476 78 3 31 32 094 098 102 0 0.2
0 log(10'° A) Ns r

Ax2=0.08 , CL95%: r>0.026

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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Trinomial Chaotic and Trinomial N nflation
Binomial New Inflation

MCMC results Sharp-cut vs. fast-roll

BNI on the ng —r plane

16
nszl—%%, r:Tya_Ziz)z,y:z—l—logz, 0<z<1 J

de Vega, N. Sanchez, Phys. Rev. EFT of inflation.



Trinomial Chaotic and Trinomial New Inflation
Binomial New Inflation
Sharp-cut vs. fast-roll

MCMC results

BNI on the ng —r plane

_ ¥ 3z+41 I
ng =1 N2> =N azz¥Y=2 l1-logz, O0<z<1 J
| WMAP3,SDSS o |
03 ACBAROG,.. )
|
025 — N=50 /,/ ) |

1.02 1.04

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 -



Trinomial Chaotic and Trinomial N
Binomial New Inflation

MCMC results N
Sharp-cut vs. fast-roll

BNI on the ng —r plane

Inflation

WMAPS5,SDSS,
ACBARO08

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 -
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Trinomial Chaotic and Trinomial New Inflation

MCMC results B}@mlal New Inflation
Sharp-cut vs. fast-roll

BNI on the ng —r plane

y 3z+1 _ 16y =z _
ns=1 N e "= @ap y=z-1-logz, 0<z<l1 J
WMAP5,SDSS, T i

03 T N

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 -



Trinomial Chaotic and Trinomial

MCMC results L]

The ACDM_BNI(z) model

MCMC parameters: wy, ax, 0, T, (slow), Ag, z (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, ACBAROS8

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



Trinomial Chaotic and Trinomial New Inflation
Binomial New Inflation

MCMC results Sharp-cut vs. fast-roll

The ACDM_BNI(z) model

MCMC parameters: wy, ax, 0, T, (slow), Ag, z (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, ACBARO08
flat 0 <z < 1 prior
param best fit \, \
100Q,h? 2.226
Qch? 0.111 “002 9.023s 01 01, 0121035 104 1045 002 %5 o1
Q h Q h [¢]
0 1.042 b ¢
1007 8.78 )
Ho 71.9 y y , 7\
Og 0.807 07 074 078 s 18 o7 08 085 10 15
log[10TAs] | 0.307 i haeremt °
z 0.553 N """\
“log(L) | 1854297 | |/ '\ \
70 u 75 Io 3(:(138 @Al 3.15 0.2 0.11_2.6 0.8

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78

EFT of inflation...,

Paris 2008




The ACDM_BNI(z) model

MCMC parameters:

Context:
Datasets:
param best fit
100Q,h? 2.226
Qch? 0.111
0 1.042
1001 8.78
Ho 71.9
Og 0.807
log[10%°As] | 0.307
Ns 0.968
r 0.107
| —log(L) | 1354.297 ]

MCMC results

Trinomial Chaotic and Trinomial New Inflation

Binomial New Inflation
Sharp-cut vs. fast-roll

Wy, W, 0, T, (slow), Ag, z (fast)

N =60,Qy =0, ...

; standard priors,

no SZ, lensed CMB, linear mpk, ...
WMAPS5, SDSS, ACBARO08

flat 0 <r < 2/15 prior

\
\ \\
\ \3
P> \s 2 N,
0.022  Q.023 0.1 0.11, 0.121.035 1.04 1.045 0.02 0.06 0.1
Qbh Q h 6 T
[
4
4 \
ll /l N 4 '/
0.7 074 0.78 136 138 0.75 0.8 0.85 10 15
Q, Age/GYr LA Z
7 N\ N =
\ 7 3
o ‘.
\ ’
\ \ .
4 N i
A
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H log(10 AS) n r

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78
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MCMC results Sharp-cut vs. fast-roll

Comparing marginalized mean likelihoods (WMAP5+SDSS+ACBARO08)

ACDM_BNI(z) vs vs. ACDM+r

0022 4024 01 011 0.2 1.04 1.05 005 01 0.15

b Q h 0 T
[

07 075 08 135 14 075 08 085 10 15
Q, Age/GYr Gy z,
70 75 80 q[; 0.94 098 1.02 0 0.2
H, Iog(lO ng r
Ax?=+0.01, AX2: —0.03, CL95%: r > 0.039

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78

EFT of inflation...,

Paris 2008
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MCMC results Sharp-cut vs. fast-roll

The ACDM_BNI(z) model

MCMC parameters: wy, ax, 0, T, (slow), Ag, z (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, SN
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MCMC results Sharp-cut vs. fast-roll

The ACDM_BNI(z) model

MCMC parameters: wy, ax, 0, T, (slow), Ag, z (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, SN
flat 0 <z < 1 prior
param best fit
100Q,h? | 2.226 / \
Qch? 0.111 0022 0023 01 011, 012 1035104 1.045 002 0.06 01
Q,h o h [} T
6 1.040
100t 8.67
Ho 71.3
Og 0.805 0707707978 13.5A o 075 08 085 6 8 10 12 14
A ge/GYr s Ze
log[10T°As] | 0.307 -
z 0.148 \
[ —log(L) [ 1495.83 | / L/
70 75 3 30531315 02040608
Ho log(10*° A ) 1-z

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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MCMC results Sharp-cut vs. fast-roll

The ACDM_BNI(z) model

MCMC parameters: wy, ax, 0, T, (slow), Ag, z (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, SN
flat 0 <r < 2/15 prior
param best fit
100Q,h? | 2.226 7\
Qch? 0.111 \ g\
9 1040 0.022Qb gp23 0.1 g:ﬁz 0.12 1.035 1.%4 1.045 0.02 0.06‘ 0.1
100t 8.67
Ho 71.3 \
g 0.805
0.70.7D.78.78.78 13.5 14 075 0.8 0.85 6 8 10 12 14
log[10%°As] | 0.307 g, AgelGYr %
Ns 0.965 )
r 0.057 ,
| _|09(L) | 1495.83 | 70 75 3 3.053.13.15 094 096 o' 0.1
Ho log(101° A) ng r

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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MCMC results Sharp-c fast-roll

Comparing marginalized mean likelihoods (WMAP5+SDSS+SN)

ACDM_BNI(z) vs. vs. ACDM+r

0.022  .0.024 01 011, 0.121.03 1.04 1.05 0.05 0.1 0.15
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Ax?=-0.07, Ax2: —0.15, CL 95%: r > 0.032
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Outline

9 MCMC results

@ Sharp-cut vs. fast-roll

de Vega, N. Sanchez, Phys. Rev. EFT of inflation.



“haotic and Trinomial
Inflation

MCMC results Sharp-cut vs. fast-roll

BNI+sharpcut vs. BNI+fastroll

MCMC parameters: w,, ax, 0, T, (slow), As, z, k; (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, ACBAROS8
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MCMC results Sharp-cut vs. fast-roll

BNI+sharpcut vs. BNI+fastroll

MCMC parameters: w,, ax, 0, T, (slow), As, z, k; (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, ACBAR08
sharp-cut flat0 <z < 1 prior
param best fit
100Q,,h? 2.256 , \ J \
Qch? 0.110 22 \ / X
6 1041 0.025[] h9.023 0.1 QOC%% 0.12 1.035 1.0% 1.045 0.04 0+08 0.12
100t 8.83 ]
Ho 71.82 X \ .
08 0803 0.7;).71).74’).76).78 13.5[3.6[3.713.813:.9 0.75 0.8 0.85 6 8 10 12 14
log[1019As] | 0.307 o, AgEICTT 5
z 0.162 N\
k1 0.260 Y, = .
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MCMC results Sharp-cut vs. fast-roll

BNI+sharpcut vs. BNI+fastroll

MCMC parameters: w,, ax, 0, T, (slow), As, z, k; (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, ACBAR08
fast-roll flat0 <z < 1 prior
param best fit
100Qph? | 2.253 y \
Qch? 0.109 \ / \
9 1041 D.OZ?2b h(3.023 0.1 (?c# 0.12 1.035 1.0% 1.045 0.04 OT.OB 0.12
1007 8.42
Ho 72.00 p Y
08 0794 0,7;).72),74).760‘78 13.5[3.613.713.813:.9 0.75 0.8 0.85 6 /B 10 12 14
log[10%°As] | 0.306 @ AgelGYr %
z 0.102 .
k1 0.284 , = \
| — |Og(|—) | 1253.82 | ) 70 75 295 3 30531315 02040608 0 0.2 0.4
Ho log(10*° A) 1-z k;*Gpe
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BNI+sharpcut vs. BNI+fastroll

MCMC parameters: w,, ax, 0, T, (slow), As, z, k; (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, ACBAROS8
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MCMC results Sharp-cut vs. fast-roll

BNI+sharpcut vs. BNI+fastroll

MCMC parameters: w,, ax, 0, T, (slow), As, z, k; (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAPS5, SDSS, ACBAR08
param best fit sharp-cut flat 0 <r < 1 prior
100Qph? 2.256 \
Qch? 0.110 J J
2] 1.041 0022 0.023 01 013 012103 1.0‘(; 1.045 0.04 01.08 0.12
1007 8.83 ’
Ho 71.82 y
Og 0.803 / . /
|Og[1010A5} 0.307 0.70.71)5;:{).76).78 135%;/3&?&3'9 0.75 3;38 085 6 8 er(: 12 14
Ns 0.965
r 0.060 y AN
Ky 0.260 [N
| —log(L) | 1253.96 | 70 H, 75 295 3 30531315 094 nf:.ge o1

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78
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MCMC results Sharp-cut vs. fast-roll

BNI+sharpcut vs. BNI+fastroll

MCMC parameters: w,, ax, 0, T, (slow), As, z, k; (fast)

Context: N =60,Q, =0, ... ;standard priors,
no SZ, lensed CMB, linear mpk, ...
Datasets: WMAP5, SDSS, ACBAR08
param best fit fast-roll flat 0 <r < 1 prior
100Qph? 2.253
Qch? 0.109 \ J \
6 1.041 o022 9.023 01 013 0121035 1.04 1.045 0.04 008 012
Qbh Qch [¢] T
100t 8.42
Ho 72.00
Og 0.794 y
|Og[1010A5} 0.306 0,70.72),5;4\).76)‘78 13.513/;.5;(.37#?.813.9 0.75 (?f 08 6 8 erg 12 14
Ns 0.963
r 0.047 N
kq 0.284 AN
| —|Og(L) | 125382 | 70 HO 75 2.95 |§g(i?15025 3.15 0.94 n(5).96 0 ?,1

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



MCMC results

Ax? w.r.t. ACDM+r

WMAPS5 | +SDSS+ACBAR08 | +SDSS+SN
BNI+sharpcut -1.07 -0.71 -1.02
BNI+fastroll -1.15 -0.99 -1.45

\

95% lower bound on r

WMAP5 | +SDSS+ACBAR08 | +SDSS+SN
BNI+sharpcut 0.028 0.033 0.028
BNI+fastroll 0.028 0.032 0.027

most likely value of k; (in Gpc—1)

WMAP5 | +SDSS+ACBAR08 | +SDSS+SN
BNI+sharpcut 0.258 0.260 0.244
BNI+fastroll 0.298 0.284 0.291

A\

A\

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008



Trinomial Chaotic and Trinomial N
Binor Inflation

MCMC results Sharp-cut vs. fast-roll

Comparing TT multipoles

7000

o WMAPS data

6000r

5000r

121
»
o
o
o

I0+1)C;

w

o

o

o
T

2000r

10001

3
log(multipole index)

EFT of inflatiol




MCMC results

Sharp-cut vs. fast-roll

Comparing TT multipoles

7000

6000

5000

4000

J2m

I(+1)C

3000

2000

1000

3
log(multipole index)

EFT of inflatiol




Trinomial Chaotic and Trinomial

MCMC results

Sharp-cut vs. fast-roll

Comparing TT multipoles

7000 T T
o WMAPS data

—+— ACDM+r
60001 —— BNI+sharpcut|

5000

/21
ey
o
o
S

I(+1)C

3000r

2000r

1000r

3
log(multipole index)

EFT of inflatiol




Trinomial Chaotic and Trinomial N
Binor Inflation
Sharp-cut vs. fast-roll

MCMC results

Comparing TT multipoles
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MCMC results
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Comparing TE multipoles
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Comparing TE multipoles
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Comparing real-space TT correlations
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Comparing real-space TT correlations
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Comparing real-space TT correlations
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MCMC results Sharp-cut vs. fast-roll

Highlights of BNI+fastroll

The probability distribution for r (WMAP5+SDSS+SN):
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Highlights of BNI+fastroll

The probability distribution for r (WMAP5+SDSS+SN):

1 1t
0.8f \ 0.8f
0.6 E 0.6
0.41 BNI 1 0.4r BNI+fastroll
r>0.32 (95% CL) r>0.27 (95% CL)
0.2 E 0.2
o . . . . . . 0
0 002 004 006 008 0.1 0.12 0 0.02 004 006 008 0.1 0.12
r r

kq, corresponds to the crossover comoving wavenumber

it exits the horizon when fast-roll ends and slow-roll starts

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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MCMC results Sharp-cut vs. fast-roll

Highlights of BNI+fastroll

The probability distribution for r (WMAP5+SDSS+SN):

1 1t
0.8f \ 0.8f
0.6 E 0.6
0.41 BNI 1 0.4r BNI+fastroll
r>0.32 (95% CL) r>0.27 (95% CL)
0.2 E 0.2
o . . . . . . 0
0 002 004 006 008 0.1 0.12 0 0.02 004 006 008 0.1 0.12
r r

kq, corresponds to the crossover comoving wavenumber

it exits the horizon when fast-roll ends and slow-roll starts

the quadrupole wavenumber

kq ~ 0.83k; and exits roughly 1/10 of an efold before k;

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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Checking the total number of inflation efolds
(using best fit y = 1.26 with WMAP5 and N = 60 (it was y = 1.32 with WMAP3 and N =50...))

The quadrupole wavenumber at the beginning of inflation

k(" ~ 0.83k"" ~ 11m ~ 1.4 x 1014 GeV

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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(using best fit y = 1.26 with WMAP5 and N = 60 (it was y = 1.32 with WMAP3 and N =50...

The quadrupole wavenumber at the beginning of inflation

k(" ~ 0.83k"" ~ 11m ~ 1.4 x 1014 GeV

The total expansion since kq exits is OK
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MCMC results

Checking the total number of inflation efolds

(using best fit y = 1.26 with WMAP5 and N = 60 (it was y = 1.32 with WMAP3 and N =50...

The quadrupole wavenumber at the beginning of inflation

k(" ~ 0.83k"" ~ 11m ~ 1.4 x 1014 GeV

The total expansion since kq exits is OK

k(gthen) /k((]now) ~0.9x%x10% — N ~57

Hence, assuming sharp AD— RD

Repeat MCMC with N =57 or use N = log %D(T’ —log E—Z
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MCMC results Sharp-cut vs. fast-roll

Checking the total number of inflation efolds

(using best fit y = 1.26 with WMAP5 and N = 60 (it was y = 1.32 with WMAP3 and N =50...

The quadrupole wavenumber at the beginning of inflation

k(" ~ 0.83k"" ~ 11m ~ 1.4 x 1014 GeV

The total expansion since kq exits is OK

k(gthen) /kénow) ~0.9x%x10% — N ~57

Hence, assuming sharp AD— RD

Repeat MCMC with N =57 or use N = log %D(T’ —log E—Z

or really understand reheating or be satisfied with 57 <N < 76 J
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MCMC results Sharp-cut vs. fast-roll

Checking the total number of inflation efolds

(using best fit y = 1.26 with WMAP5 and N = 60 (it was y = 1.32 with WMAP3 and N =50...))

The quadrupole wavenumber at the beginning of inflation

k(" ~ 0.83k"" ~ 11m ~ 1.4 x 1014 GeV

The total expansion since kq exits is OK

k(gthen) /kénow) ~0.9x%x10% — N ~57

Hence, assuming sharp AD— RD

Repeat MCMC with N =57 or use N = log %D(T’ —log E—Z

or really understand reheating or be satisfied with 57 <N < 76 J

Another interesting refinement

Study fast-roll — slow-roll more accurately and use k; =k, (y) ina
6—parameter model with builtin quadrupole depression

C. Destri, H.J. de Vega, N. Sanchez, Phys. Rev. D77 - D78 EFT of inflation..., Paris 2008
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Summary

Summary
© ACDM_BNI(z) is the true inflationary ACDM model.
@ It provides lower bounds for r.

@ Early fast-roll inflation is generic and provides a quadrupole.
depression

@ BNI+fastroll significantly improves the fit w.r.t. ACDM+r.

@ BNI+fastroll improves the fits also w.r.t. BNI+sharpcut.

@ Fast-roll puts the lower bounds N > 57 on the number of efolds.
@ A best fit 6-parameter fastroll model should be feasable.

@ Outlook

@ Improve the theory (expecially concerning reheating)
@ Wait for better data (Plank and new gound/balloon experiments)
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@ A best fit 6-parameter fastroll model should be feasable.

@ Outlook
@ Improve the theory (expecially concerning reheating)
@ Wait for better data (Plank and new gound/balloon experiments)
@ Refine, refine, refine
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