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Alfonsine Tables:

Compiled 1n Toledo ca. 1252, financed by Alfonso X.
50 astronomer collaboration, led by Isaac 1bn Sid.
First printed edition 1483.




"If the Lord Almighty had consulted me before
embarking on creation thus, I should have recommended
something simpler.”

Alfonso X of Castile (r. 1252—-84) on the Ptolemaic system




6T = [1(1+1)C,/2m]/2 uK
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Inflation: Basic Predictions

-

@ Adiabatic density perturbations

@ Superhorizon correlations

@ Gaussian statistics




Cold Spot
Simulation

Cold Spot
WMAP Data

Hot Spot
Simulation

Hot Spot
WMAP Data

Temperature

Polarization: Test of Adiabaticity

Polarization

¥~ Polarization strongest along
gradients in temperature

(Komatsu, et al., arXiv:0912.0522)
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Adiabatic Perturbations:

Temperature and Polarization Spectra Anticorrelated
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(QuaD Collaboration, arXiv:0906.1003)
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Adiabatic Perturbations:
Temperature and Polarization Spectra Anticorrelated
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Inflation: Basic Predictions
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@ Adiabatic density perturbations v~

@ Superhorizon correlations

@ Gaussian statistics




The Horizon in Inflation
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Decelerating

Accelerating

ds* = a®(1)(dm° — di?)




classical

Mode Exit and Reentry
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quantum

re-entry




Shorter Wavelength Modes Exit Later




Longer Wavelength Modes Exit Earlier




60

We See The Last 60 E-folds




Initial Conditions: Inaccessible
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Superhorizon Perturbations
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Large-Scale CMB Polarization (WMAP?7)
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(Figure: NASA/WMAP science team)



Generating Superhorizon Perturbations

/ In an expanding universe, to generate
perturbations consistent with observation,
must have one of:

(1) Accelerated Expansion

(2) Superluminal Sound Speed

(3) Super-Planckian Energy Density

(Geshnizjani, WHK, Moradinezhad Dizgah, arXiv:1107.1241)



Inflation: Basic Predictions

-

@ Adiabatic density perturbations v

@ Superhorizon correlations v~

@ Gaussian statistics




Non-Canonical Lagrangians

Lagrangian with arbitrary kinetic term:

L=F(X,0)=V(§) X=30"0,00,6

= 56" 0,00,6 ~ V (9)

Acoustic metric

/
Light cone: g dxPdx” =0
Two horizons!

Acoustic cone: G*Ydxz*dx? = 0




Inflation from non-Canonical Lagrangians
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Inflation from non-Canonical Lagrangians

Signature: equilateral bispectrum

JNL ~ C§2




Inflation from non-Canonical Lagrangians

Signature: equilateral bispectrum

JNL ~ C§2

Planck: fas'' =42 475

No evidence for non-canonical inflation

(Planck Collaboration arXiv:1303.5084)



Multi-Field Inflation

Signature: local bispectrum
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Multi-Field Inflation

Signature: local bispectrum

62N
local __ 5 15 .

Planck: }\?zal = 2.7+£5.8

No evidence for multi-field inflation

(Planck Collaboration arXiv:1303.5084)



Inflation: Basic Predictions

/

@ Adiabatic density perturbations v

@ Superhorizon correlations v~

@ Gaussian statistics v~

1 Fully consistent

£=59"0.00,0 = V(9) with data.




Implications of Planck for Single-Field Inflation

-

@ Departure from scale invariance

@ Time-dependent equation of state

@  Small-field models: mass suppression




Implications of Planck for Single-Field Inflation
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@ Departure from scale invariance
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Implications of Planck for Single-Field Inflation

-

4

@ Time-dependent equation of state

4




Power-Law Inflation
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Implications of Planck for Single-Field Inflation
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@  Small-field models: mass suppression




The n Problem

Second slow roll parameter:

272
- M]% V”(gb) - mchp

—9
2 V(9) Vo t0

Uy

-~

Radiative corrections:

Vi
2 2 0
- - - NH ~ > Y 1
Q Mg V2 Ui




Shift Symmetries: Natural Inflation

-

Freese, Frieman & Olinto, hep-ph/9207245
The 1dea: introduce a weakly broken global symmetry
which protects the mass term.

Shift symmetry: L(¢,0,¢) — L(¢ + const., D, )




Shift Symmetries: Natural Inflation
Non-perturbative axion: Freese et al., hep-ph/9207245

NG

Chiral symmetry breaking: WHK, Mahanthappa, hep-ph/9503331
2
V(9) o< [mg(¢)] " In [m3,(¢)]

Gauge symmetry breaking: WHK, Mahanthappa, hep-ph/9512241

j T

4 2
V(¢) x sin <?> In |sin <?> (KM Model)

Axion Monodromy: Silverstein, et al., arX1v:0803.3085
V(g) oc ¢/
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Natural Inflation and Effective Field Theory
Effective potential suppressed by mass scale u

V() =Vo—> X (%)p

Lowest-order term always dominates near origin:

p=2: V(¢):V0—m2¢2—l—---
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Natural Inflation and Effective Field Theory
Effective potential suppressed by mass scale u

o=w-5n(2)

p = 2 : Spectral index quadratic in scale

4

1 mpe :
mnn — _— — _
Adm \ W
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Tensors and CMB Polarization

Is

Quadrat

1C potentia

r > 0.02

1 Pianck+wp+Lensing+ACT+SPT

= = Planck+WP+Lensing+BAO

A R T
B TR e T e ] A R
R N IERETTRRREE c T  T  E T I R e
(PP R N RPN A G R T L N O T SR P L
R I B B T e T e S WS BT e ot S
S e S e et SRR S E N B s R
e T e e e N S T N S TR S S L
M e e e e e
o™ M 1 e — e = o e N e e o LY
I I T B B it L e
R N o e e A e SRS B L in e 5 e R
D S I I B e T T e R L M S U P
BN e R ] R s e e R e T —
B e L O N S I T T
qu\\ss\namas__JJJI\IIIJJzzzx\\sfiiull\m\
w BT T T T S B B R T i T e e
[} B I e R R O O B B e T S W S TR P e S B S S S R
w i ANEIES S R 'y TR SR e e S R o s e
= i 1 O e T B P (R T R e B SR o i e R
m d T b i i et e e e e e R P R (R N AR,
JHE D= I B e S et O S G B Bl e 1 1 R e R e
[l L Bl vRe e et R T T B O T Tt Gl S S e
b - = = - - B T I S el A T B
- - B e T, T (N T A et T e TS S R A B
= ﬁ n - Al e R e e e T L e, ST
Y . B P B R R R U LB [ S R S S BRI SR
[ =T IR TP T T -~ Hn\\uziu\\\s.ifi
¥ M (5 P L o o e o o b Ry
PUI: e B
(=] - - T B B T L S
m . L R T R e R
T m < ﬁ\\xuu.xxax_a;_u\\a_f_ﬁ__ s L
n o S oo T e e O I I B
- M B T T T S P PP
A A L T T B R T e SO N T o L
| ]
N.ﬂ B Lo g SRR e g T R R ST Tt L P, A L T ¢
=H e S T ] D R O T R R O P R Y [ S S L T
A e E o [ O T ] 0 T O SRR IS0 ) e St St
T Y E B N O Y S R
R e e T A B S
T B T B |
Te el — e N e = - LT T T O i |
T T e P B L SR Rt S (O | P B R
ST (e S S R T e e R
e 4 T e R R B e e e e e T
I [ S T TR S T B S T s T
S T T I N R S T e R m = m i Y
B RO R L
T o, P S O, W S (L W (Y TN
LR

n

|||||| e e S S N Y

e L el
e R

8

0.9

0.97
Ng

0.95 0.96

0.94

SPTpol / ACTpol / SPIDER /

BICEP / POLAR / ABS /
EBEX / QUIJOTE

POLARBEAR / QUIET /

0.20

0.0893

€00,

PR R S~ | [ SR T i T I el S BN S RS e SR

B I e P et

R < Tl T e R
T T O B T T e B T e T i

|

15EMh{.

o

e T T [ SO A T S A R
= e e e e

[TRE T T T T N R

—= 00 I

s 200 uK

3.53 LK

)

101

BICEP collaborat

(Figure



Natural Inflation and Effective Field Theory

Effective potential suppressed by mass scale u
¢ p
V(p) =Wy — Z)\p (‘)
- H

p > 2 : Spectral index independent of scale p=4

1
— [0.935,0.967]

(WHK, Mahanthappa, hep-ph/9512241)
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Summary: Planck and Natural Inflation
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