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Abstract: The study of the anisotropies in the cosmic microwave background radiation over the past two decades has provided us with i
information about the early universe. In particular, there is strong evidence that these anisotropies were generated long before the cosmic mi
radiation was emitted. The most commonly studied idea is that they originated as quantum fluctuations during a period of inflation. In additic
spectrum of scalar perturbations consistent with the one that has been observed, inflation also predicts the presence of gravitational wave
might be observable in the polarization of the cosmic microwave background. An observation of this signal would indicate that the inflaton
have traversed a super-Planckian distance. Realizing this in string theory has been challenging. | will describe the basic ingredients for
theoretic setup in which the inflaton can move over a super-Planckian distance, leading to an observable gravitational wave signal withir
theory. In addition to an observable tensor signal, the model may also lead to other interesting signatures which | will discuss such as modulz
the power spectrum of scalar perturbations, interesting shapes of non-Gaussianities, and possibly the formation of oscillons at the end of infle

Pirsa: 11110071 Page 1/73



Pirsa: 11110071 Page 2/73




Axionj.‘.s; nodror my.. Inflation

T e T e
" Py - ¢

“and its Signatt res.

—_— v:um,

Raphael Flauger

arXiv:0907. 29|6 -
w/ ‘

Llam McAIhsr.er Enrjco &1er.Alnghal. Gang X,

arXiv:1002.0833
w/
Enrico Pajer

arXiv:1 106.3335
w/
Mustafa Amin, Richard Easther, Hal Finkel, Mark Hertzberg

Cosmology and Gravitation, Perimeter Institute, Nov'ember 22,2011

Pirsa: 11110071

Page 3/73




Motivation

Basic Ingredients &f A'xw_

Inflation
“Model Independent’ Signatures
“Model Dependent” Signatures

Conclusions

Pirsa: 11110071 Page 4/73




AuUlpolo momont ¢

(Larson et al. 2010) (Bock et al. 2009)
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The, energy scale of inflation and th
traveled by the inflaton in field space‘aw A:he‘i@d
to the tensor-to-scalar ratio

Vit = 1.06,%4 006l

o
>

inf.

If a tensor signal is seen, the inflaton must have moved
over a super-Planckian distance in field space™ @yth 199)

* For single field models with canonical kinetic term
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Motion of, thé seala,r f'aelld de': Sl_alpef HI ckian

dlstance is*hard to control in ar | (x& t‘e[sli.theory
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The ¢,, are typically unknown. v
Even if they were known, the effectlve“;-?‘-i-;a;;__
generically expected to break down fc
because other degrees of freedom be:«
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lotivation

A poss-ibl,e-édl'utiori:

W€e a field with a shift symmetry. 5
P ” Break the shift symmetry in a controlled wq “

"
vy

The inflaton as an axion

Freese, Friemian) ‘()llnto, PR! 65 (lm
V() = A% [1 + CcOs ((})—)] with f =Nt

However, such large f seem hard to realize
string theory.

Banks, Dine, Fox, Gorbatov hep-th/0303252 .
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in strlng theory

P Silverstein, Westphal, arXiv:0803.3085
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Y and more recently o
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i, - McAlhster, Silverstein zdNe h'a_l! iﬁiv.osos 0706 4 -
- Flauger, McAllister, Pajer, West s arXiv:0907.2916

Berg, Pajer, Sjors, arXiv:0912.1341
interesting studies of monodromy in EFT

Kaloper, Lawrence, Sorbo, arXiv:1101.0026

Dubovsky, Lawrence, Roberts, arXiv:1105.3740
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_Basic Ingredients
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Inflation
* - P -4 f’ ;f”;;qh
ConSIder strlng theory c',rﬁ% «;:X i,
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Axnons arise from integrating gaugejgoteﬁmals
over non-trivial cycles in the compactl
manifold. : -

| bI({L) /;(z)

Co @)= /{ Shtid
=&

where X(?) is an element of an
integral basis of H,( X, Z)
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L ¥

Jhese ﬁelds possess a shift symm‘éfﬂ 1;@ a{!horders
”  in string perturbation theory. ;e

‘The vertex operator for br(z)inithe I|m|t o
“vanishing momentun‘il’ls ,.m,_ , -

Vi (0) = [ g0,y 0¥l (v (©) = [
Jw Jp

with w! € H?(X, Z)dual to X;

- "

vanishes if (W) = 9C so that coupling vanishes.
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Breaklng by branes ‘

This implies the following potentlal*
€
S A . VLA & b2
_ 4 (Jt”)- (2@1)(%. :g
similarly for the C() axion in the
presence of NS5 branes

s
Vile):= LA 4
(¢) (B o g.2 VA g2
Quadratic for small field values, linear
for large field values

Page 15/73




Inflation
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Thet Basie. setup B '-n‘. A Ay Sy

€ ﬁ"“" 2 o
‘@ Type |IB orientifolds with O3f{C)s7'~ *12{‘,1&%
® Stabilize the moduli a laaKKLF.

_MAT q

anti-NS5
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Con;isten“‘cy checks

z.,f" The lnflaton potential must be smalle‘r l:hamr ,
-
the pgtentlal barriers stabilizing: g:he Mo

The bacKréiction on the mry must be ¥
controlled.

Higher derivative corrections must be
negligible.

Instanton cor'r'ectlons must be controlled.
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e Inflation
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Instanton corrections mayzle%dwgp |‘hme_§st|ng
~Signatures. e

anti-NS5

K. = =2log(Vg .+ e->EP1 cos(c))
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7 The low energy effective field theor)r fob_.

«% Monodromy Inflation is that of a single SC%%
withicanonical Kinetic term, mmlmally coupl

“ gravity, with' potential &

V($) = pP¢ + b f cos(o/ f)

possibly with addntlonal couplings to other degrees
of freedom .-
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(modification of
Komatsu et al. 2010)
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Osc:|llat|ons in the primordial power SDe -

In the présence of instanton correctlons the ;

~power spectrum gets %oéiﬁml_

This modification is not captured by the slow-roll
approximation for the power spectrum because of
parametric resonance, and the Mukhanov-Sasaki
equation has to be solved.
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S

: dx? -
Look for a solution

o . 1
Rr(x) = RE\:,()) [”\/ s i/zHg/’?fz

Then for Iérge >4

(1 — 211
dx
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