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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 important
information about the early universe. In particular, there is strong evidence that these anisotropies were generated long before the cosmic microwave
radiation was emitted. The most commonly studied idea is that they originated as quantum fluctuations during a period of inflation. In addition to a
spectrum of scalar perturbations consistent with the one that has been observed, inflation also predicts the presence of gravitational waves. These
might be observable in the polarization of the cosmic microwave background. An observation of this signal would indicate that the inflaton must
have traversed a super-Planckian distance. Realizing this in string theory has been challenging. | will describe the basic ingredients for a string
theoretic setup in which the inflaton can move over a super-Planckian distance, leading to an observable gravitational wave signa within string
theory. In addition to an observable tensor signal, the model may also lead to other interesting signatures which | will discuss such as modulations in
the power spectrum of scalar perturbations, interesting shapes of non-Gaussianities, and possibly the formation of oscillons at the end of inflation.
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~ (Larson et al. 2010) (Bock et al. 2009)
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traveled by the inflaton in field space‘a‘,i -
” to the tensor-to-scalar ratio

it - 1.06 ><‘10“’ Ge'v

inf.

A(fNAN\/_ \/()01 M p

If a tensor signal is seen, the inflaton must have moved
over a super-Planckian distance in field space™ @yth 1996)

- .

* For single field models with canonical kinetic term
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= )""h(komatsu et al. 2010)
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Futdfe experiments: ~ r ~ 0.001

(Bock et al. 2009)
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Motion of.thé seafar’ ﬁeld der Super" m kian
distangéris fard to control in ansef xﬁeldxtheory
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= 1.
(A < M)
The ¢,, are typically unknown.
Even if they were known, the effectivef™ |

generically expected to break down fc
because other degrees of freedom be:«
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A posmble solutlon. e .ﬁ..;.ﬁ.,h‘,, B A
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Ufe a field with a shift symmetry. f»g‘ o q{;

s ~Break the shift symmetry in a controlleél wa,y.~
Wﬂ
JIFhe’inflaton as an axion

Freese, Frieman) ‘()hnto, PRE 65 (lw

Vip) = A4 [1 + cos (?)] with g AL

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

Banks, Dine, Fox, Gorbatov hep-th/0303252 .
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First example of: large ﬁglg,mﬂatlon i
in_stFing theory : :

Silverstein, Westphal, arXiv:0803.3085

and more recently T

- “x

-

McAlllster, Silyerstein !gNe Ii-a_lE iﬁv:osos 0706 4 .
- Flauger, McAlllster, 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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Cons:der strlng theory orr]\ztx% o
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Axnons arise from integrating gaugejpotajﬁl:tlals

over non-trivial cycles in the compactlﬁ@ﬂ;
manifold.

br(x) /;(2)

Gl L“” C'(P)

where () is an element of an
integral basis of H,( X, Z)
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These ﬁelds possess a shift symm’éﬁ"y tgo q!’léorders

in string perturbation theory. R B

S
‘The vertex operator for br(z)inthe I|m|t o

’
‘F ,r

Tvanishing momentun‘ihs gt = e -

Vi, (0) = / d2Ee®P B, Y Y wi (X (&) = /
J VW v L

with w! € H?(X, Z)dual to X;

- %

vanishes if (W) = 9C so that coupling vanishes.
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For definiteness consider a D5- brane | *.»"i .
wrapplng a two- cycle >(2) of size Lo g%,

B 0 g /dc’fm—:ﬁ (("+B))

(27r) e

D — S /(14:12\/(4)9\/L4+1)2
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Inflation
- :"%3‘.%":‘:‘:"-;

presence of NS5 branes

Vi(ie) = 3

(27‘-)505,293

- \/L4 AR 93202

Quadratic for small field values, linear
for large field values
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For Iarge field values in terms of the ca'nogrt by
normalized fields the potential then becow
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anti-NS5
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dhf’.,r' The lnflaton potential must be smallég tbam 3
the potential barriers stabilizing ;he mo

The bacKréiction on the gﬂtr)‘/ must be

Con;isten"cy checks

controlled.

Higher derivative corrections must be
negligible.

Instanton correctlons must be controlled.
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Instam:on corrections f ayﬁle%dﬂp i’h ~_Jf:stlng
-«' e
~Signatures. Sy R

anti-NS5

— =~ 2log(Vg + e=>EP1 cos(c))
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The low energy effective field theory foi:-Akjvwn _
Monodromy Inflation is that of a single sc%%ﬁ
withicanonical Kinetic term, mmlmally coupl

“ gravity, with' potential & T il

/

V(g) = 1P + b f cos(p/ f)

possibly with addltlonal couplings to other degrees
of freedom .-
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Oscullatlons in the primordial power SBe- o

In the présence of instanton correct|ons t

‘power spectrum gets I*uoc'liﬁm} :

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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Osc:|llat|ons in the primordial power SDe-
d? TR
‘ dxr?
. 0 ol *
Look for a solution

o - — . v
Ri(x) = RE\:,()) [L‘ foes 5 5/‘21‘{2}1,(;:) — (:iT )(:1:)'1,1 / 5:

Then for Iérge >4

(1 — 271
dx
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Os¢cillations in the primordial power
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&esbnant Non-Gaussianity

ol Models wn:h large:d can lead to large; non- Gh‘mm]l;ies

,r . “(Chen, Easther, Lim 2008) '

. Wt ol . -~
SR, RN, D) = L

—2 /— ‘ dt’([R(kl, t)R(ka,t)R(ks.t), HI (fl)]>

with |
Hi(t)y D = / d3x a3 (t)e(t)d ()R (x, t)R(x,t)
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&es'éh‘ant Non-Gaussianity

s Models wn:h large:d can lead to large; non- Gmﬁﬂl;ies

((,hen Easther, Lim 2008) '

SR, ORISR GG, ) = L

—2 /— ‘ dt’([R(kl, t)R(ka,t)R(ks,t), HI (fl)]>

with _
Hi(t)y o = / A3z a3 (t)e(t)d ()R> (x, t)R(x,t)
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- Signatu ref*

Observable lll: Resonant Non- Gaussmm;‘xé
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(This satisfies the consistency condition.)
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Can-¥e convert existing constraints cal, ec
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Ifﬁd orthogonal shapes into constraints onthi
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,Ilmlted to larger axion decay constants é“ 3,%%\,
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b x

Whether thisiis detectable rémains to be s
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Osfillons at the end of inflation

.l Oscillons are long-lived, localized,
conf‘guratlons of agcalar field”

. P 4 L s‘
g " pr b

=22 [m ‘]
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Osc:|llons at the end of inflation
s2sclllons at the end of intlation

.l Oscillons are long-lived, challzed
conf‘guratlons of agcalar field”

. FH y L .", »
- - - : ‘g r

t="7[m 1]

Pirsa: 11110071

Page 63/73



Pirsa: 11110071 Page 64/73




/The calculations assume that the coupllrigS

‘ -
J‘ -

e to. the degrees of freedom on the brane arw
enough SO that 1_‘ << g at t.h ﬁHd of mﬂat,gn. !

"y~

Under these assumptlons oscﬂlons are stable
provided the potential flattens out for large field

values.

~Parametric resonance in the equations leads to an-
i . . % - -
instability which causes the inflaton to fragment
and form oscillons. '
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®String theory seems to possessithe right,
A : ¥ - ._‘1.. ) R | ‘
ingredients to realize large field infi ;t_l_op?&

»
5
%

g™

_® Theiscenario has interesting sfgfnat_:‘urem.
e, 3 A large tensor toScalar ragiogpotentially a

modulated temperature anisotropy spectrum |
as well as resonant non-Gaussianities. |

Resonant non-Gaussianity is currently poorly
constrained and deserves further study
independent of the stringy scenario.
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? - yo 35U
& In these models oscillons may formsm; the. end

#ﬂi. of inflation. The properties of osallons‘gfngi i

deserve further study both infthe cont
the stringy. model;nd.man right...

-

® More explicit geometries are desirable,
reheating in these models should be studied, ...
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