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Introduction

Introduction

® Top-down approach to inflation
seeks to embed it in a fundamental theory

® Bottom-up approach to inflation
reconstruction of acceleration trajectories
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Introduction

Scalar metric Fluctuations from Inflation
ds? = —(1 — 2b)dt? + (1 + 2d)a2dz2

Initial conditions from Inflation =

l

Random Gaussian Field ®(Z)

Qpor =1

kscbg — Py = Askn"’_l
2

PT = %gkn[

_ 1016Gey
N =62 —Ini7e
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Introduction

Inflation in the context of ever changing fundamental theory

1980 RrZ-inflation Qld Inflatio
New Inflation Chaotic inflatio

SUGRA inflation
i Power-law inflation
Double Infiation Extended inflation

Hybrid inflation

Assisted inflation
SUSY F-term SUSY D-ter —
nflation inflation Brane inflation
SUSY P-terfi Super-natural
Inflation K-flation >
DBI inflation
Racetrack inflation Tachyon inflation inflation
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Introduction

V =m2¢? + X193 + Aoop?

® renormalizable

» different choices of
parameters give quite different
powerspectra

# but also different shapes of the
potential:

» exponential
» SUGRA
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Introduction

CMB experiments
Bottom Up Approach
Conclusions
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CMB experiments

BOOMERANG sees 4" peak
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CMB experiments

CBI sees 5" peak

A-CDM
WMAP3
CBI Combined
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Bottom Up Approach

Slow-Roll Parameters

# Equations of Motion

¢+3HH+V' = 0
1.
87T <2¢2+V> — H2

2
3mIO

» Slow roll parameters
: p)
H sz) H CZ _ (m[2)> H/""H’

TR T e
» Flow Equations
» Powerspectra

k \™* H? k \™
PREAS< > x —, PGEAI< > x H?
kpivot € kpivot
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Bottom Up Approach

varying N moves the points in observable space around
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Bottom Up Approach

. reconstruction
Acceleration —

Powerspectrum

. ma 12
trajectory H(N) map Pr A=
€
(natural object from (mildly broken
Hamilton-Jacobi formalism) scale invariance)
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Bottom Up Approach

Ensemble of Inflationary Trajectories

various trajectories and time
variables

® e H, |n(PR), |n(PG)
* N,In(k)

= space opens up, fast
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Bottom Up Approach

Trajectories

* N: # of efolds dN = —Hdt
# Constraints during inflation
e 0<e<1
e H>0
» at the end of inflation e = 1
* Expansion to arbitrary order

N) = ciTi(x)

‘\/’/ \\/\ /(\

I
e withx = W Chebyshev / \ \VV,
polynomials T;(x) ’ AR e
(uniformly best
approximation to “true” Tn(cos(x)) = cos(nx)

function)
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Bottom Up Approach

< Space opens more
with higher order poly-
nomials

e red c,
our method

e black c,
Chebyshev-transformed flow equations
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Bottom Up Approach

Observational constraints on trajectories

1000

TRat+1)C, /2 (k]

Markov Chain Monte Carlo

Example of ¢, for

V= %mZmZ

Ann Arbor 2006 Scanning Inflation



Bottom Up Approach

Nodal points

choose f(x;) at nodal points x;

window function w;(x):

f(xi) =22 6Ti(xi) = ¢ = T;(xi) (%)

() =X 6Ti(x) = 3 F(a) D Ti06) (%)
j

e f(x) =H,In(H),¢,In(e), Pr, In(PRr), PV:;, In(Pg), ...
* x = N,In(k)
= €€ [0,1]
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Bottom Up Approach

Chebyshev nodal modes: order 3, 5, 15 (Fourier at high order)
Chebyshev modes are liner combination

How far does choice of values at nodal points “feel” out?
[ ] ' If Gaussian
likelihood,

compute XZ
where
probability, and
follow the ordered
trajectories to

InuL, =212,
displaying a
uniformly sampled
subset.

Errors at nodal
points in trajectory
coefficients can
also be displayed.

Ann Arbor 2006 Scanning Inflation



Bottom Up Approach

time variable N < Ink

* N: N € [0,70]
but: only interested in
observable interval
AN =~ 5

® Ink: observable k €
[10~*Mpc~1, IMpc ]
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* Expansion of In(Pg(Ink) to

Bottom Up Approach

order 3, In(P(Ink)) to order 1 Datasets:
» Expansion of In(Pg(Ink) to * ACBAR
order 3, Pg(Ink) to order 1 * BOOMERANG
» Expansion of ¢(Ink) to order e CBI
10, keeping outmost points « DASI
fixed * MAXIMA
® VSA
* WMAP
e 2dF
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Bottom Up Approach

InPR3. 1.allparamsb

InPR3.PG1.all_paramsb
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Bottom Up Approach

cosmological parameters:

parameter WMAP3 INPR 3InPG 1 InPR3PG1
A 1 1 2
- 2113 22%3 227
ns(0.002Mpc~1)  1.2170%, 1.16 1.22
ns(o.odsr:vlpc—l) 0.845j§;§212 0.78 0.79
e ~0.11273%, -0.117 -0.13

T 0.09713%3.  0.0967393  0.1027033
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Bottom Up Approach

InPR3_1_all_paramsb powerspectrum likestats

T T T
InPR3_1_all_paramsb.powerspectrum likestats, TT
to(Cls, likestats
totCls, 1 ¢
tensCls, likestats
tensCls, 1 o

1(1+1)C,/ 2m(uK?)
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Bottom Up Approach

Expansion of
® In(Pr) = > PR;Ti(x) x 10710
® In(Pg) = 1PGoTo(x) x 10710
= for PGy € [-10, 5], Pg is preferably exponentially small
* Pg = 3PGo
= for PG € [0, 5], Pg is uniform
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Bottom Up Approach
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(compatible with
WMAP3 if run-
ning of ng is al-
lowed)



Bottom Up Approach

epsilon_nodal_fixed_ends10_all_paramsb_contd powerspectrumlike:

stals

—
1(1+1)C,/ 2m(uK?)

T T T
epsion_nodal_fixed_ends10_all_paramsb_contd powersped

tolCls, likestats

totCls, 1 @

tensCls, likestats
s, 1o
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Bottom Up Approach

WMAP1 «— WMAP3

opsilon_nodal_fixed_onds15.poworspoctrum likostats opsilon_nodal_fixed_onds10_all_paramsb_conta powerspectrum likostats
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Bottom Up Approach

Degeneracy of the Potential Reconstruction

known Ps(k)— reconstruct V(¢)

8xH!

2 3
Fu(k) MR

>
a
=
=
=
1
=
z

(¢-¢)/80

.‘/h" i VB i
R R e dloghk  H?

Degeneracy is lifted by fixing Pgy = %2
M2
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Bottom Up Approach

Example Ps(k) = kns—1
ng = 0.98

mo1
]

=08
San
¥ o4
=08
3

E o

Ann Arbor 2006 Scanning Inflation



Bottom Up Approach

Why large tensor modes?

* CMB: 4T sensitive to Pg + Pg
=- Favors one set of trajectories

* LSS: &% sensitive to Pg only
= Favors another set of trajectories

» Prior = Weighs different trajectories differently

= Combination of these effects picks a set of trajectories
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Bottom Up Approach

Can do PR, Pg plots for specific potentials:
solve

¢+ 3H gb + V’ =0

obtain: H(t), e(t), a(t)

Pr(Ink) from parametric plot [In(aH), 6(t())]

P (Ink) from parametric plot [In(aH), H2(t)]

but: proper normalization of a(t) depends on details of
(p)reheating

= shift powerspectrum to left/ right
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Conclusions

Conclusions

Classical Observables < power spectra

Increasing the order of Chebyshevization opens the space
of classical observables

Reconstruction of inflationary trajectories
Priors

Degeneracy

LSS «—~ CMB
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