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Abstract: The recently released WMAP 3-year data on the anisotropy and polarization of the Cosmic Microwave Background is a milestone in
cosmology. For the first time, it is possible to rule out popular models of inflation in the early universe. However, the WMAP3 data contain
interesting hints which indicate that it may be too early to declare a "slam dunk™ for ssimple single-field models of inflation. | will comment on the
successes and the limitations of the new data in the context of inflationary model-building, and discuss the next generation of theoretical tools which
will be necessary to make sense of future high-precision data.
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CMB Parameters
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WMAP3: Polarization
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Polarization Spectra

Autocorrelation

Cre = (a{;a?m> Cee = <a£Er:a£Em> Cpe = (afr;a?m>
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Inflation
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Slow Roll Parameters
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Slow Roll Parameters

e(®) Parameterizes equation of state:
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Inflation
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Slow Roll Parameters

e (¢) Parameterizes equation of state:
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Slow Roll Parameters

€(¢) Parameterizes equation of state:
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Fluctuation parameters

Tensor fluctuations
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Fluctuation parameters

Tensor fluctuations
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Fluctuation parameters

Tensor fluctuations
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Inflation: zoology
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The zoo plot
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Inflation: zoology
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The zoo plot
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Large-Field Models
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The zoo plot

Large Field:
—€ <7 < €

Small Field:
7 e e -

£ ¥ 1 8 1 ] 1 1 ] ] ] . |
irsa: 06040002 O Page 28/94

0.8 ! A : ! 1.1




Large-Field Models
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Spergel et al. chains (plotted incorrectly)

Kinney, Kolb. Meilchiorri & Riolto, preliminary
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Spergel et al. chains (plotted incorrectly)

Kinney, Kolb, Melchiorri & Riotto, preliminary
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Spergel et al. chains (plotted incorrectly)

Kinney, Kolb, Meichiorri & Riotto, preliminary
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Spergel et al. chains (plotted incorrectly)
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Spergel et al. chains (plotted incorrectly)

Kinney, Kolb, Meilchiorri & Riolto, preliminary
L] L] LJ I L4 LI Lj L) I

0.6 -
0.4 |

0.2

0.9

irsa: 06040002

0.95 g

1.05

Page 40/94



1.0 g1

0.8 ® Adp?

0.6

0

/
/

4?;’
/
Py A
'
JS

0.002

0.4

0.2

Ill|II1|T—TI]]_'

0.0 —
0.95 1 1.0€
irsa: 06040002 n Page 41/94

B § oo iyt b D e iR L B e v B PRSI Iy S ¢ LW e s W B N o BT

S
©



Spergel et al. chains (plotted incorrectly)

Kinney, Kolb,

iorri & Riolto, preliminary
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Spergel et al. chains (plotted incorrectly)

Kinney, Kolb,

iorri & Riotto, preliminary
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Spergel et al. chains (plotted correctly)

1 Kinney, Kolb, iorri & Riolto, preliminary
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Spergel et al. chains (plotted incorrectly)

1 Kinney, Kolb. Meichiorri & Riotto, preliminary
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Spergel et al. chains (plotted incorrectly)

Kinney, Kolb, Melchiorri & Rioltto, preliminary
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Spergel et al. chains (plotted correctly)

Kinney, Kolb, Melchiorri & Riolto, preliminary
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Spergel et al. chains (plotted correctly)

Kinney, Kolb, Meichiorri & Riotto, preliminary
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No running: 7 parameter fit
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No running: 7 parameter fit
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Spergel, et al. 7 parameter fit
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Spergel, et al. 7 parameter fit
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Spergel, et al. 7 parameter fit
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Reanalysis (KKMR):
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Spergel et al. chains + KKMR chains

Kinney, Kolb, Meichiorri & Riolto, preliminary
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Spergel, et al. 7 parameter fit
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Reanalysis (KKMR):

Nng — 0.986 = 0.03
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Spergel et al. chains + KKMR chains

Kinney, Kolb, Meichiorri & Riotto, preliminary
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Small-field models

Effective Potential: V(¢) = A*[1 — (¢/u)?]

p=2

n—l————- "”P]) n > 0.9= u/mp; > 0.9

r=8(1—n)exp[—1— N(1 —n)]



Small-field models

Effective Potential: V(¢) = A*[1 — (&/p)?]

p=2

n—l—————— mPl) n>0.9= u/mp; > 0.9

r=8(1—n)exp|—1— N(1 —n)]
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atural Inflation: pseudo-Nambu-Goldstone boson:

1 4+ cos ?
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atural Inflation: pseudo-Nambu-Goldstone boson:

1 + cos
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Natural Inflation: WMAP3 limits

Kinney. Kolb, Melchiorri, and Riotto, preliminary
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Kinney, Kolb, Melchiorri and Riotto, preliminary
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Kinney, Kolb, Meichiorr and Riotto, preliminary
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atural Inflation: pseudo-Nambu-Goldstone boson:

(L

1 + cos 6
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Kinney, Kolb, Melchiorr and Riotto, preliminary
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Running Spectral Index
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Working on it...

dn/d In(k)
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Working on it...

dn/d In(k)
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How many parameters do you need?

Model —A(2InL) | Npar |
M1 Scale Invariant Fluctuations (n, = 1) o) S
M2 No Reionization (7 = 0) b 5}
M3 No Dark Matter (€2, = 0.0, # 0) 248 6
M4 No Cosmological Constant (€2, # 0,2, = 0) 0 6
M5 Power Law ACDM 0 6
N6 Quintessence (w # —1) 0 g
M7 Massive Neutrino (m, > 0) 0 [
MS8 Tensor Modes (r > 0) 0 7
M9 Running Spectral Index (dn,/d1In k # 0) " 7
M10 Non-flat Universe (€2 # 0) —6 7
MI11 Running Spectral Index & Tensor Modes -3 8
M12 Sharp cutoff —1 7
M13 Binned A% (k) —29 20
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How many parameters do you need?

Model

M1 Scale Invariant Fluctuations (n; = 1) 8 5
M2 No Reionization (7 = 0) 8 5
M3 No Dark Matter (€2, = 0.2, # 0) 248 6
M4 No Cosmological Constant (€2, # 0,Q, = 0) 0 6
M5 Power Law ACDM 0 6
M6 Quintessence (w # —1) 0 7
M7 Massive Neutrino (m, > 0) 0 7
MBS Tensor Modes (r > 0) 0 7
N9 Running Spectral Index (dn,/dIn k # 0) -3 7
M10 Non-flat Universe ({2x # 0) —6 T
MI11 Running Spectral Index & Tensor Modes -3 8
M12 Sharp cutoff —1 7
M13 Binned A% (k) -39 20
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How many parameters do you need?

l_ Model | —A(21n L)

M1 Scale Invariant Fluctuations (n, = 1) o) D
M2 No Reionization (7 = 0) 8 5
M3 No Dark Matter (2. = 0., # 0) 248 6
M4 No Cosmological Constant (€2, # 0,Q, = 0) 0 6
M5 Power Law A\CDM 0 6
M6 Quintessence (w # —1) 0 T
| M7 | Massive Neutrino (m, > 0) | 0 [
MS8 Tensor Modes (r > 0) 0 7
M9 | Running Spectral Index (dn, /d1n k # 0) —3 7
M10 Non-flat Universe (€2 # 0) —6 7
M1l Running Spectral Index & Tensor Modes -3 8
M12 Sharp cutoff -1 7
M13 Binned A% (k) —22 20
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How many parameters do you need?

l Model | —A(21In L)

M1 Scale Invariant Fluctuations (n;, = 1) o) D
M2 No Reionization (7 = 0) 3 5
M3 No Dark Matter (€2, = 0., # 0) 248 6
M4 No Cosmological Constant ({2, # 0,Q5 = 0) 0 6
M5 Power Law A\CDM 0 6
M6 Quintessence (w # —1) 0 7
M7 | Massive Neutrino (m, > 0) 0 i
MS Tensor Modes (r > 0) 0 [ 7
M9 | Running Spectral Index (dn,/dInk # 0) —3 7
M10 Non-flat Universe (2 # 0) —6 T
MI11 Running Spectral Index & Tensor Modes -3 8
M12 Sharp cutoff —1 7
M13 Binned A% (k) —22 20
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How many parameters do you need?
l_ Model | —A(2In L)
M1 Scale Invariant Fluctuations (n;, = 1) b D
M2 No Reionization (7 = 0) 8 5
M3 No Dark Matter (£2. = 0.Q, # 0) 248 6
M4 No Cosmological Constant (€2, # 0,Q, = 0) 0 6
M5 Power Law ACDM 0 6
M6 Quintessence (w # —1) 0 7
| M7 | Massive Neutrino (m, > 0) 0 i
MS Tensor Modes (r > 0) 0 B
M9 | Running Spectral Index (dn, /d1n k # 0) —3 7
M10 Non-flat Universe (€2 # 0) — 6 7
MI11 Running Spectral Index & Tensor Modes -3 8
M12 Sharp cutoff —1 7
M13 Binned A% (k) —22 20







How many parameters do you need?

L 1 Model | —A(2In L)
M1 Scale Invariant Fluctuations (n;, = 1) X S
M2 No Reionization (7 = 0) 8 5
M3 No Dark Matter (£2. = 0.Q, # 0) 248 6
M4 No Cosmological Constant (€2, # 0,02, = 0) 0 6
M5 Power Law ACDM 0 6
M6 Quintessence (w # —1) 0 7

| M7 | Massive Neutrino (m, > 0) | 0 [
MBS Tensor Modes (r > 0) 0 7
M9 | Running Spectral Index (dn,/dInk # 0) —3 7
M10O Non-flat Universe (€2 # 0) —6 7
MI11 Running Spectral Index & Tensor Modes -3 8
M12 Sharp cutoff —1 7
M13 Binned A% (k) —29 20




Summary: WMAPS3 Is...

& Confusing
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Summary: WMAPS3 Is...

& Confusing

As far as | can tell:

& Harrison-Zeldovich is not ruled out
& \o" is not ruled out

& The best-fit spectrum is red.

& Unless it's blue.

& Or both.

& Exciting
& Evidence for running stronger than WMAP1

& Axis of Evil?
& Simple hybrid models pretty much dead

irsa: 06040002 Page 93/94



Kinney. Kolb, Melchiorri and Riotto, preliminary
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