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supergravity/etc etc. Eg KKLT, D3/D7, etc.

Inflationary phenomenology.
Qualitative construction of inflationary scenarios to explore the range of
phenomenology. Eg chaotic inflation, multi-field models, multiverse,
reheating, curvaton.

Deriving observational predictions.
For given scenarios, computing observables such as n and r, and nowadays
commonly fNL as well.

Constraining inflation with observational data.
Usually CMB data combined with others, either using slow-roll
approximations or exact numerical calculations.
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The Key Tests of Inflation
The simplest models of inflation predict nearly
power-law spectra of adiabatic, gaussian scalar
and tensor perturbations in their growing mode
in a spatially-flat Universe.
This statement lists the key predictions of inflation that we would like to
test. However some tests are more powerful than others, because some
are predictions only of the simplest inflationary models.

Test: a useful test of a model is one which, if failed, leads to rejection of that model.
Supporting evidence is the verification of a prediction which, while not
generic, is seen as indicative that the model is correct.
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given inflation model are
n: Spectral index of density perturbations.
r: Ratio of gravitational waves to density perturbations.
In the simplest inflation models (eg a single scalar field
rolling on a nearly flat potential) these are all we need.
But more complicated inflation models may produce further
observables, including
Scale dependence of the spectral index n, known as
the running α.
Significant non-gaussianity.
Isocurvature density perturbations (perturbations in
the relative amount of different materials, leaving the
total density unperturbed).
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Ωtot = 0.98 ± 0.03

(68 percent confidence,
using WMAP5 and HST
Key Project only)

(Exact constraint depends on model
assumptions and data included)
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The main current controversy is whether the
spectral index n is a parameter, or whether instead
the Harrison-Zel’dovich choice n = 1 is sufficient.
The distinction is important.
n = 1 gives the perturbations a high degree of (statistical) symmetry
which may indicate their origin lies in some unknown fundamental
symmetry.
If n ≠ 1, the indication is for dynamical evolution as perturbations are
being produced, as in inflation.
The discussion centres around possible data analysis systematics
— accurate modelling of large-angle statistical uncertainties,
point source subtraction, WMAP beam profile, SunyaevZel’dovich effect marginalization — and also around methods for
robust definition of the standard cosmological model.

Is n different from 1?

Is n different from 1?
Spectral index at 95% confidence
1.08
1.06
1.04
1.02

WMAP1

n

1

Wang et
al 2002

0.98

Rudjord
et al 2008

0.96

WMAP5
Dunkley

WMAP3

0.94

WMAP5
Komatsu

0.92
0.9
2002

2003

2004

2005

2006
Year

2007

2008

2009

2010

Is n different from 1?
Spectral index at 95% confidence
1.08
1.06
1.04
1.02

WMAP1

n

1

Wang et
al 2002

0.98

Rudjord
et al 2008

0.96

WMAP5
Dunkley

WMAP3

0.94

WMAP5
Komatsu

0.92
0.9
2002

2003

2004

2005

2006
Year

2007

2008

2009

2010

pectrum reconstruction and the evidence for a red tilt 10

Is n different from 1?

Spectral index at 95% confidence

Verde-Peiris 2008

1.08
1.06
1.04
1.02

WMAP1

n

1

Wang et
al 2002

0.98

Rudjord
et al 2008

0.96

WMAP5
Dunkley

WMAP3

0.94

WMAP5
Komatsu

0.92
0.9
2002

2003

2004

2005

2006

2007

2008

2009

Year

dial power spectrum P (k) (left) and spectral index ns (k) (right)
WMAPext for the CV-selected optimal penalty. A deviation
ce consistent with a red-tilted power law form is clearly visible.

2010

pectrum reconstruction and the evidence for a red tilt 10

Is n different from 1?

Spectral index at 95% confidence

Verde-Peiris 2008

1.08
1.06
1.04
1.02

WMAP1

n

1

Wang et
al 2002

0.98

Rudjord
et al 2008

0.96

WMAP5
Dunkley

WMAP3

0.94

WMAP5
Komatsu

0.92
0.9
2002

2003

2004

2005

2006

2007

2008

2009

2010

Year

Observational analyses put n = 1 at around the 2 to 3 sigma position.
dial power spectrum P (k) (left) and spectral index ns (k) (right)
WMAPext for the CV-selected optimal penalty. A deviation
ce consistent with a red-tilted power law form is clearly visible.

pectrum reconstruction and the evidence for a red tilt 10

Is n different from 1?

Spectral index at 95% confidence

Verde-Peiris 2008

1.08
1.06
1.04
1.02

WMAP1

n

1

Wang et
al 2002

0.98

Rudjord
et al 2008

0.96

WMAP5
Dunkley

WMAP3

0.94

WMAP5
Komatsu

0.92
0.9
2002

2003

2004

2005

2006

2007

2008

2009

2010

Year

Observational analyses put n = 1 at around the 2 to 3 sigma position.
dial power spectrum P (k) (left) and spectral index ns (k) (right)
WMAPext for But
the is
CV-selected
optimal
penalty.
A deviation
that the right
question
to ask?
ce consistent with a red-tilted power law form is clearly visible.

Levels of Bayesian inference

Levels of Bayesian inference
Parameter
Estimation

Levels of Bayesian inference
Parameter
Estimation
I’ve decided what the
correct model is.

Levels of Bayesian inference
Parameter
Estimation
I’ve decided what the
correct model is.
Now I want to know
what values of the
parameters are
consistent with the
data.

Levels of Bayesian inference
Parameter
Estimation
I’ve decided what the
correct model is.
Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Levels of Bayesian inference
Parameter
Estimation
I’ve decided what the
correct model is.
Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Model
Selection

Levels of Bayesian inference
Parameter
Estimation

Model
Selection

I’ve decided what the
correct model is.

Now I think about it, I
don’t actually know what
the correct model is. It
could be one of several.

Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Levels of Bayesian inference
Parameter
Estimation

Model
Selection

I’ve decided what the
correct model is.

Now I think about it, I
don’t actually know what
the correct model is. It
could be one of several.

Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Now I want to know
what the best model is.

Levels of Bayesian inference
Parameter
Estimation

Model
Selection

I’ve decided what the
correct model is.

Now I think about it, I
don’t actually know what
the correct model is. It
could be one of several.

Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Now I want to know
what the best model is.
I can do this by
computing the Bayesian
Evidence. I can then do
parameter estimation
using the best model.

Levels of Bayesian inference
Parameter
Estimation

Model
Selection

I’ve decided what the
correct model is.

Now I think about it, I
don’t actually know what
the correct model is. It
could be one of several.

Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Now I want to know
what the best model is.
I can do this by
computing the Bayesian
Evidence. I can then do
parameter estimation
using the best model.

Multi-model
Inference

Levels of Bayesian inference
Parameter
Estimation

Model
Selection

Multi-model
Inference

I’ve decided what the
correct model is.

Now I think about it, I
don’t actually know what
the correct model is. It
could be one of several.

Mmm, I did the model
selection thing, but there
wasn’t a single best model.

Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Now I want to know
what the best model is.
I can do this by
computing the Bayesian
Evidence. I can then do
parameter estimation
using the best model.

Levels of Bayesian inference
Parameter
Estimation

Model
Selection

Multi-model
Inference

I’ve decided what the
correct model is.

Now I think about it, I
don’t actually know what
the correct model is. It
could be one of several.

Mmm, I did the model
selection thing, but there
wasn’t a single best model.

Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Now I want to know
what the best model is.
I can do this by
computing the Bayesian
Evidence. I can then do
parameter estimation
using the best model.

But I still want to know
how probable the
parameter values are.

Levels of Bayesian inference
Parameter
Estimation

Model
Selection

Multi-model
Inference

I’ve decided what the
correct model is.

Now I think about it, I
don’t actually know what
the correct model is. It
could be one of several.

Mmm, I did the model
selection thing, but there
wasn’t a single best model.

Now I want to know
what values of the
parameters are
consistent with the
data.
I can do this using e.g.
Markov Chain Monte
Carlo.

Now I want to know
what the best model is.
I can do this by
computing the Bayesian
Evidence. I can then do
parameter estimation
using the best model.

But I still want to know
how probable the
parameter values are.
I can do this by combining
the parameter likelihoods
using Bayesian Model
Averaging, adding them
together weighted by the
model probabilities.
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The most useful divisions are 2.5 (odds ratio of 12:1) and 5 (odds ratio of 150:1).
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gravitational waves may also be caused by defects forming after
inflation. Targeted by upcoming polarization experiments.
Expectations mixed.

α ≡ dn/dlnk: Running of the spectral index, predicted to be
too small to detect in almost all models.

fNL: Simplest measure of cosmic non-gaussianity; would indicate
non-linear processes in perturbation generation. Already tightly
constrained by WMAP5; Planck has only modest extra power but
should help resolve interesting hints in WMAP5 data.

Gμ: Topological defects (cosmic strings, monopoles, etc) may be
produced at the end of inflation.
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Conclusions
Inflation is beginning to be meaningfully tested by
observations. The Planck Satellite should provide the next
major step forward (unless beaten to the punch by
ground-based polarization experiments).
Confirmation of scale-dependence of the perturbations
(n ≠ 1) would be a strong indicator of a dynamical origin
of perturbations, but is not yet secure.
Ultimately, only relatively limited information may be
available from data to constrain a very wide model space.

