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o Consistency with Planck bounds is correct after all.




Motivation Big Bang Theery
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Horizon Problem

Our whole Universe was in a hot dense state,

Flatness Problem o
Then nearly fourteen billion years ago

expansion started, wait...

Origin of Universe
structure

Origin of Matter and
Radiation
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Motivation Inflation

Dark Energy

Exponential accelerated
Accelerated Expansion

period of the universe

Afterglow Light
Pattern Dark Ages Development of

due to a vacuum constant 380,000 yrs. | Galaxies, Planets, etc.

(scalar field inflation)

Inflation

Quant
Fluctuations

Alan Guth

1st Stars
about 400 million yrs.

Andrei Linde

Big Bang Expansion

13.7 billion years

Alexei Starobinsky



Inflation Medels

As a result, trying to solve all the above problems
arose lots of different inflationary models

o Power law V(¢) _ Voe—/fm
|
. Cahotic  V(¢) = %m2¢2 V(g) =, 24"
2 r2 ¢
. Natural Vig)=M"f (I_COSF)
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S binsk _ . —2
tarobinsky V($) = 122M2(1 2M2)

| A 1 1
* Hybrid  V(¢,x) = Z(X2 —v%)? + 592¢2x2 + §m2¢2



Tensor-to-Scalar Ratio (rg.g02)
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1 Can we embed all this different theories in string

theory?
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Fig. 1. Marginalized joint 68% and 95% CL regions for ns and ro 0, from Planck in combination with other data sets compared to
the theoretical predictions of selected inflationary models.
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String Theory What is @ String

graviton Gauge boson

What we understand by
elementary particles are
not point-like but vibrating
strings

There are two
Quarks, kinds of strings
leptons, etc.

Massive and depending how
excitations. vibrates it could be one

particle or other...




String Theory Theeries

In superstring theory appear different theories that apparently are different...

Type IIA | f i A% |

Closed strings ,
Lev. and Dex. modes are differente 1IJs ¢C

Type IIB
Closed strings

Lev. and Dex. modes are the same
Ps Ps

Type |
Open and closed strings (non orientable) m

Heterotic
Closed strings

One mode is fermionic and the other bosonic



String Theory Theories
e

71 In superstring theory appear different theories
fe

that apparently are dif
Heterotic
N =1 SUSY
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Type ll
N = 2 SUSY

N _________________4




String Theory 2ne Reveluiien
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71 In superstring theory appear different theories

that apparently are different...

= :
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But if you know
them closer

equivalent!

The chosen one is type IIA



String Theory

01 In order to achieve a 4d theory we have to

Compaciification

compatify the extra dimensions

Calabi-Yau

Manifolds
.4

Gravity in 4d
. _________________________4
Gauge interaction 4d
.___________________
SUSY in 4d
. ___________________4
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String Theory

Compadiification

01 In order to achieve a 4d theory we have to
compatify the extra dimensions

Calabi-Yau
Manifolds

Moreover the process of
compactification gives us

moduli, which we have
to fix




String Theory Medull
B

01 In order to achieve a 4d theory we have to
compatify the extra dimensions

Calabi-Yau
Manifolds
modulus name
S =s+ic axio-dilaton
Ut =o' +iu' complex structure | — shape deformations
Ta=Ta+ipa+... Kihler — size deformations
Moreover the process of G =8V +ic axionic odd

compactification gives us

moduli, which we have
to fix
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ST & Inflation

Rierarehy

We should stablish a mass hierarchy to the moduli in
order to inflate with one scalar field

nonperturbative QG

perturbative QG

subhorizon

superhorizon

M

A

( M. >:5
gs \ Mgk

M, +

H +

M,y +

i\.[s -+

Mgk +

H -+

Msusy +

A
full string theory
= ()2 M+
supergravity
ten-dimensional
Mgk + ~ MY~1/6
four-dimensional 1
volume in string units
H+
SUSY restored

SUSY broken



ST & Inflation Hierarehy

1 We should stablish a mass hierarchy to the moduli
order to inflate with one scalar field

My + = == == ==
M, -+ = T === == 5 UV-completion
M KK =T — e e —_—
N . S —————————
: P —— —— ¢ spontaneously
H N === broken SUSY
JR— fine-tuning or
viH - < symmetry
single-field multi-field i quasi-single-field
inflation infiation inflation



ST & Inflation Asxion menecromy

String axions are promising inflaton
candidates. Equipped with a continuous
shift symmetry to all orders in
perturbation theory, the axion potential
is stable against radiative corrections

The basic idea of monodromy
Inflation is that inflation can persist through many

cycles around the
configuration space. The effective field range is
then much larger than the
fundamental period, but the axion shift symmetry

protects the structure of
the potential over each individual cycle

| |
Cdnsdinndiade
Silverstein & Westphal ‘08 2mfs




ST & Inflation| Fderm exion menedremy
EE

Spontaneous SUSY breaking

SUGRA description at small field,
allows to connect with large field

monodromy inflation models in SUGRA

F-Term axion

Realizes Kaloper-Sorbo formalism
in string theory

Marchesano, Shiu & Uranga 14




Motivation
—

F=llerm axion menhecremy

Issues estabilizing moduli. Difficult

F-Term axion
monodromy

to single out an inflaton candidate

Giving a large vev to one modulus

Maxrchesano, Shiu & Uranga 14

you can destabilize the others




Motivation

F=lerm axion mMenhedreonmy

Issues estabilizing moduli. Difficult

F-Term axion

monodromy

to single out an inflaton candidate

Analysis carried in type IIB formalism
(Hebecker et al. ‘14, Blumenhagen et al.
'15...)

Giving a large vev to one modulus

Marchesano, Shiu & Uranga 14

you can destabilize the others



Inflation from D-branes

4d type IIA compactifications with O6-
planes and background fluxes

Dé6-brane wrapping a special
lagrangian 3-cycle T, of the
compactification manifold such that

b1(Il3) =1

Complexified brane
position modulus

b1(Il3) =1

[TT ,] non ftrivial

in the homology of
Mg

Seflup




Inflation from D-branes

4d type IIA compactifications with O6-
planes and background fluxes

Dé6-brane wrapping a special
lagrangian 3-cycle T, of the
compactification manifold such that

by (Il3) = 1

Complexified brane

position modulus

Seflup

by (IT3) = 1 L 5

/HchzzajnaT =T =

I/Vinf =a®T

[TT,] non trivial in the homology of
M4

Marchesano, Regalado & Zoccarato 14




Motivation Inflation & SUGRA

[ Chaotic inflation is builded in SUGRA using the following setup

Stabilizer field
AN : |
| W =(Sf (X) | [K:K(S,S,X,X)]

S — =S
V =K (K"‘BDQWDBV_V— 3|W|2) ¥ %

@ 1 X3 X+acR
s—o-m@] | v-p (L)) [CHLEET
Kallosh, Linde & Rube 10




Inflation from D-branes Sefup

Ky = —log (%Kabc(T“ — T9)(T* — T*)(T° — TC))

V = €K (K"‘BDQWDBV_V - 3|W|2)

2

, S o
Ko = —2log (—fﬁ [NK—NK—}-LZIQK@CI)]-[NL—NL—F%QL@CI)])

Wined = Waux + Wpa + Wiys Satisfies the

W = Winoa HOT )G @ w = sf ()|

We want to understand
the interplay between the

inflationary potential and

the moduli stabilization D stabilizer

/
H2

Je=B+iJ|| [ J=Y nro-T
Il a




Inflation from D-branes Setup

?

6

Kk::—hg<Kmﬂ“—ﬁwﬁ—T%@hjﬂ)

V = e (K#DWDsW — 3[W )

Wied = Waux + Wpa + Wiys T e

W =Wt HQTS I >

T — =T
o — P
d —- dP+a €R

We want to understand
the interplay between the

Re @

Inflaton candidate

inflationary potential and
T stabilizer

the moduli stabilization

Does not require any two-cycle of M
T — Tl . T2 q Y Y 6

shrinking to vanishing size




Inflation from D-branes |Med. Sialbil
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Kx = —log (%Icabc(T“ — T9)(T® — T%)(T° — TC))

V=X (K"‘BDQWDBV_V - 3|W|2) Kq = —2log (21 Fii [NK - N Qkéé] - [Nﬁ - NP+ %Q%@D

K}, = —2log —.FKL N¥ — N¥ — zQ"(<I> ®)? NL—NL—iQL(tb—@)z
? 8

Wmod — Wﬂux + WD2 + WWS

W, 4 does not
depend on T and @

F-terms vanish and almost
all moduli are stabilized
with a very small or

Axion is a flat vanishing value of WO

direction




Inflation from D-branes |Med. Sialbil

Kk

Kq

V =K (KaBDaWDBW - 3|W|2)

og (eanlT ~ T~ (T T

1
—2log <

2”&

. [Nf‘ _NE§ fIfocbci)] - [N’3 _NLy %Q’iq@])

k& K = —2log (%;KL [NK S @)2] . [NL ~NF - QM@ - &))2])

Switch on W

AV = Vg+Vk —3eK|W|?

Wmod — Wﬂux + WD2 + WWS

W, 4 does not

depend on T

Axion is a flat
direction

F-terms vanish and
almost all moduli are

stabilized with a very small
or vanishing value of WO
We have concrete
examples

DNWmod =0
DraWmnoa = 0

Scalar potential during

inflation




Inflation from D-branes
.

Meel. Stalsil

V = & (K |05 Wit + (K™ + A(Re T))|0rWiasl?) + O(Weq)

N\

ReT # 0, ImT =0, ® = 0 Inflating with B-field

eK K<I><I>

2 _
ky Kpp

V|traj =

al® b? [ ] Vitaj = —5 ——/al* 6’
a e "v'Zchéll

CK KTT

- &

Inflating with Wilson Line

Re®#£0,Im®=0,7T =0

V = K (K** |0 Wi|* + KTT10p Wigs + 2TWS [ + dlaf2(Re T)*(Re @)? ) + O(W5,)




Inflation from D-branes

Mass [Hierare,

Inflating with B-field Inflating with Wilson Line

M, + == M, + ==
Wmod = Wﬁux + WD2 + WWS
A/[s —— —_— ‘ A/Is —t— —_—
A/IKK - ————— K A/IKK - —————
NK 7o
A ...... A

mgtab |’I&-aj2 15H? m?2 |Tra‘ ~ 12H? _h
H+ e H+
Mgaxion |’I‘raj ~ 6H Mgaxion |’I‘raj ~ 6H

2 ~ 2
m32 |Traj ~ 6H

Vill + —
single-field po @




Inflation from D-branes

Mass [Hierare,

Inflating with B-field Inflating with Wilson Line

Wmod = Wﬁux + WD2 + WWS

Alpl -T ;

A[pl -T ;

M; -+ ‘ M, +
Mgk =+ ———— K Mgk + —
N e
A A J N E——

2 N 2 2 2 _i
H msta,b |’I&'a3 —_— 15H msl |’I‘raJ e 12H H
——- ——-
~Jy ~J 2
mgaxion |’I‘raj ~ 6H? mgaxion |’I‘raj ~ 6H

2 2
m32 |T'l-aj ~ 6H

Our model has a mass

hierarchy that allows

single-field inflation

Vil £ ——
single-field po @




Inflation from D-branes DBl recduction

The inflaton will take trans-
Plankian vacuum
expectation value at the
beginning of inflation

It is necessary to take into Dimensional reduction of the
account Planck supressed DBI action which sumes over

corrections to the quadratic all &’ corrections to the
potential given by SUGRA potential




Inflation from D-branes

Messes

How to supress the
inflaton mass with

respect the other
closed string moduli?

Decrease the value of
respect KNTT}

Set the Dé6-brane in a
warped region

AV

Ve ~ 103\

Vi, ~ 10

b Z ~ 100

—1/21n—4 B e s
Enhance the Minf ~~ ZD6 10 Mpl Gives a realistic

constants QK

) inflaton mass




Inflation from D-branes Masses

Single-Field
Inflation

How to supress the

inflaton mass with

respect the other
closed string moduli?

Decrease the value of
respect KNTT}

What about the saxionic

Set the D6-brane in a partner?

warped region

Enhance the
constants QK




Inflation from D-branes | DRl recuciion
e

4 )
_o 3 VI
c~107%g3 —2
g VMG V
a !~ gs—lK@@KTTVHaVMe
\ J
0.15;
N/ 0.14
a ~ 10_1 — 10_3. 0.13
VMs ~ 103 0.12
VH3 ~ 10 0.11
5 0.10
gs ~ 0.1 0
008

. . 0.02 0.04 0.06 0.08 0.10
Typical mass of the inflaton

with these scales and also Our model interpolates between quadratic chaotic

we satisfy Planck bounds inflation (a=10-3) and linear chaotic inflation (a=10-")




Inflation from D-branes Resullis
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0 Planck 2013

\ Il D6-Inflation B Planck TT+lowP

\ a~0.1 - 0.001 B Planck TT,TE,EE+lowP
=
—m

0.20

Natural inflation
Hilltop quartic model
«v attractors

— - Power-law inflation

—— Low scale SB SUSY

——  R? inflation
V x¢®

— Vx¢?

—_— V x ¢4/3

— Ve

— V x ¢2/3

e N.=50

@ N.=60

0.15

Tensor-to-scalar ratio (79.002)
0.10

0.05

0.00

0.94 0.96 0.98 1.00
Primordial tilt (ng)

Escobar, A.1. , Marchesano & Regalado 15




0.00

Running spectral index (dn,/dIn k)
—0.03

0.03

Inflation from D-branes

Resulis

Primordial tilt (n;)

Work to

appear
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= ck+WP+BAO: ACDM + dn,/AIn k N Planck+WP+BAO:
+dn/flink +r = B ACDM + dn./dInk+ d?n;/d? Infk
©
- _g 3 |
£ o
©
o]
@
&
. g 8o 8 N
£ S
c
2 I D6-Inflation
B D6-Inflation ‘s
1 1 1 vg 8
: o. ] 3 |
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Running spectral index (dn,/d In k)
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Conclusions

We have been able to develop a model in type lIA with
O6-planes and background fluxes which interpolates
between quadratic chaotic inflation and linear chaotic
inflation.

We see that our model satisfies, in the single-field
scenario, all the bounds stablished by the Planck
collaboration.

Our model matches with well-stablished models of
inflation in N=1 SUGRA in the small field regime.

We have been able to carry out the building of a mass
hierarchy through flux compactification which is
consistent with a single field inflationary secenario.
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Flainess preolle

Inflation

~

today it must have been extremely

For the universe to be nearly flat

flat at nucleosynthesis.

J

This extreme fine tuning of initial

the

conditions is explained by

exponential expansion.
It explains how a region much

greater than our observable

universe could have become

smooth and flat.




HorizonProblem

Our Hubble
radius at
decoupling

Taec = 0.3 eV

.

Universe
expansion
(z =1100)

I

T0=3K

Our

observable

universe
today

Rlerizen preblem

Regions separated today by more
than 1 degree in the sky were in
causal

contact before inflation,
but were stretched to
cosmological distances by the
exponential expansion
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When the accelerated expansion
ended all the potential energy of
the inflaton turned into matter and
Gravitational Wave background

= T T I
- - A - P

-30

,,,,, \WiWwac - — Y ¥
~ CEEEE |\ U - — — -
= - v\ SRR -
\\.,,ull/////,

1

-20

I
-10

Field —

i il
T

<— Strength of Inflaton
20

l
v ~—/ e /) L o -

PR | | v T

- e | 4 - ——— -\ -
,,,,, T\ B — ~ |
,,.._////’/,r,,_..,,
1 1 1 L
o n {1 n
? ? K i

['6op] uoneulpaq

I
30

High

=
= <—— pPY uojepu| jo Ausua ABsau3z 3

—

Right ascension [deg.]



Inflation Origin of Struciure

Any inhomogeneities present before
the tremendous expansion would be
washed out

The inflaton is a quantum field,
so it has its own inhomogeneities.
These inhomogeneities growed with
the expansion and were the seeds

for the great structures that we
observe today.




