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Single-Field Slow-Roll Inflation
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Single-Field Slow-Roll Inflation

Background Evolution

Single clock: field position < Friction-dominated motion
v | do \/V(qb) V,(9)
dt 3 V(o)
- Quasi-de Sitter expansion
din H
<1
dIna
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Single-Field Slow-Roll Inflation

Curvature Perturbations

conserved outside the horizon « Scale-Factor

a’(x,t)=a’(t)e

2R(x,t)

log(Comoving Scale)

« Primordial power-

Inside the Horizon\ Outside the Horizon/ Inside the Horizon S peCtru m

2 2
log(time) ’ ARk o ‘727(‘

Seeds of the perturbations seen in the CMB

End of Inflation
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Single-Field Slow-Roll Inflation

Primordial power-spectrum: power Law
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Amplitude constrained around | ~ 1000. Tilt also constrained w/ high-I data
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Single-Field Slow-Roll Inflation

Primordial power-spectrum: power Law

Planck data is very sensitive to broad-band changes in

the primordial power-spectrum.

In(10'°A )= 3.094 +0.034
ns p— 09645 i 00049 TT+TE+EE+LOW-P, Planck 2015

Are there interesting single-field models whose power-

spectrum cannot be described by a power law?
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Single Field Slow-Roll Inflation

violation of the slow-roll approximation

In fact there are interesting models w/ rich

phenomenology. Hints from WMAP and Planck 2013

Dvorkin & Hu (2009), Adshead et al (2011, 2012,

. StepS in the Inflaton pOtentiaI 2013), Miranda et al (2011), Miranda & Hu (2012,

2014)

o MOnOdrOmV |nﬂati0n Flauger et al (2009, 2014), Peiris et al (2013),

Meerburg (2014), Meerburg et al (2014), Motohashi &
Hu (2015)

« Large running

Meerburg (2014)

« (Cut off Inflation Contaldi et al. (2003)
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Breaking Slow-Roll

Steps: transient violation of slow-roll
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! New phenomenology
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Breaking Slow-Roll

Steps: transient violation of slow-roll
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Breaking Slow-Roll

Steps: transient violation of slow-roll

« Temperature-Spectrum ) [ FIT }

. Polarization ‘

 Cross-Spectrum »«[ Prediction }

* Primordial Non-Gaussianity

 Lensing Reconstruction _

Adshead et al (2011), Adshead & Hu (2012), Adshead et al (2012), Miranda & Hu (2014)
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Breaking Slow-Roll

Steps: transient violation of slow-roll
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_ How the primordial

power-spectrum can
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A(egye,)/eyc,

be computed In

0.1 —

single-field models

that violate slow-roll?

N — N,

Miranda et al (2014)
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Generalized Slow-Roll
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Power-Spectrum

Mukhanov-Sasaki equation

AR, 2(. f'\d
7} 1= 4% e R, =0
ds s\ f ) ds
Sound horizon of perturbations Source
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Power-Spectrum

Mukhanov-Sasaki equation

d'R, _2(, f)dR,
ds’ s\ f ) ds

FKPR, =0

Provides the evolution of curvature perturbations with

respect to the sound horizon of perturbations

S_Jlnacdlna

~J
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Power-Spectrum

Mukhanov-Sasaki equation

« Can only handle case-by-case basis.

* Too slow for MCMC methods.

HAGEN © 2013
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Power-Spectrum

Generalized Slow-Roll

« Valid for single-clock inflation.
* Enough precision for analysis w/ the Planck data.

« Framework for constructing analytical solutions.

 Framework for model independent constrains.

Stewart (2001), Dvorkin & Hu (2009), Hu (2011), Adshead et al (2012), Hu (2014)
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Power-Spectrum

Generalized Slow-Roll

lnA$2 =1,(k)+In[1+ If(k)]

I,(k)os j dIn sW, (ks |

All phenomenology encoded in a single source

Dvorkin & Hu (2009), Hu (2011), Adshead et al (2012), Hu (2014), Motohashi & Hu (2015)
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Power-Spectrum

Connection with Mukhanov-Sasaki source
d'R, _2(, [)dR,
ds’ s\ f ) ds
2/ ’7 / /2\
G'(Ins)= J 3f f2
3\ f f

What have we gained?

Source does not depends on the solution itself
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Power-Spectrum

Generalized Slow-Roll

« Source linked to power-law formula in slow-roll

G’ oy =1=n, Powerful insights about
=
G ~ 1’ next-to-leading order
ks=1 S corrections
1444 144
=n .
G ks=1 § Optimized Slow-Roll

Motohashi & Hu (2015)
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Application of GSR — Part |

Steps in DBI Inflation

: @ MCMC me®

« Can only handle case-by-case basis.

()
o
N
[ oa)
> NEED SUPERCOMPVTER
" { To FINISH HY PhD
PLERASE HELP

%
Q
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Steps in DBI Inflation
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Sharp Steps in DBI Inflation

DBl as a phenomenological model

= ¥ -
L(X,0)=|1- |1 1'(Q)—V
(X,0) T (@)— V(o)
General Step
F(¢):F()(¢)_1+b(tanh(¢_¢s )—1]_

d
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Sharp Steps in DBI Inflation

Effects on Curvature Power-Spectrum
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Miranda et al (2012), Miranda & Hu (2013). Miranda et al (2014)
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Sharp Steps in DBI Inflation

11+1) C,/2m (uK?)

[AN)
o
o
o

. — Smooth
L - - Potential Step

- —--—-- Warp Step
4000

IIlIIIl

Effects on Temperature Power-Spectrum

6000

Not so big impact

Projection effects

1000

on high-frequency

oscillations!

Adshead et al (2011), Miranda & Hu (2014),
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Sharp Steps in DBI Inflation

Analytlcal Soluticii
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Model Slow-Roll

Evaluate the GSR Source

Approximate the GSR Integral

Adshead et al (2011), Miranda & Hu (2014), Motohashi & Hu
(2015)
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Sharp Steps in DBI Inflation

Analytical Solution

Model Slow-Roll

Evaluate the GSR Source

jdln sW.(ks|

( Approximate the GSR Integral )

Adshead et al (2011), Miranda & Hu (2014), Motohashi & Hu
(2015)
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Sharp Steps in DBI Inflation

Analytical Solution

|IIIII| LI I| T |II|I|I|

S parameters

not independent

|* Step Amplitude

1+ Step Position
|« Step Width

« Sound speed
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_— Warp Step
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Sharp Steps in DBI Inflation

1(1+1) C/2m (uK?)

.:
o
—

frac. error

\ ,- I AT
-

frac. error

1

Analytical Solution

6000

N
o
o
o

O
o
o
o

0.01 E

~0.01 E

_0.02 : L1 1 111

Enough Precision for Planck windsiuco

ULBRIGH

Pr e T INN
X\~

Vinicius Miranda

_— Potential Step

- -
IIIIJJ_I_I lIIlIllIl




Sharp Steps in DBI Inflation

Planck 2015

9.1.1. Step in the inflaton potential P I a n Ck h aS fo I I OWed O u r

A sudden, step-like feature in the inflaton potential (Adams
et al., 2001) or the sound speed (Achtcarro et al., 2011) will lead

to a localized oscillatory burst in the scalar primordial power d h
spectrum. A general parameterization describing both a tanh- ro Ose a roa C
step in the potential and in the warp term of g49BI model was
proposed in Miranda & Hu (2014):

In P (k) = exp [InPR(k) + To(k) + In (1 + I30)],  (71)

where the first- and second-order terms are given by o AS S u m e d C — 1
S

k/ks)

S

(72)

To=HAq ‘Wo(k/ks)ﬂ(

I (I = ng) + [A; Wi (k/k)+

5l

.ﬂzwzkks+ﬂ3w3kksﬂkks, 73 2
A Constrains |Ay~ <10

with window functions

Wo(x) = % [(18x — 6x’) cos 2x + (15x% — 9) sin 2x] , (74

Wilx) = —% [3(xcosx — sin x) [3xcosx + (2x2 - 3) sin x]} ,

s  Final word will be given by

Wy(x) = x% (sinx — xcos x)?, (76)

Wi(x) = —xl—s [3 +2x% — (3 — 4x?) cos(2x) — 6xsin(2x)], DO I a rlzatl O n

(77
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Application of GSR — Part ||

Anomalies in the temperature spectrum

e Too slow for MCMC methods.

« CCan only handle Case-b@

N 0
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" { To FINISH HY PhD
PLERASE HELP
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Anomalies in the temperature
spectrum
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Power-Spectrum

Generalized Slow-Roll

lnA$2 =1,(k)+In[1+ If(k)]

I,(k)os j dIn sW, (ks |

All phenomenology encoded in a single source

Dvorkin & Hu (2010, 2011), Miranda et al (2014)
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Model Independent Analysis

Choice of basis

G'(Ins)—(1—n)
= Z B (Ins)w,

NATURAL SPLINE BASIS

* Natural Spline Basis

] * Range (< second peak)

1 « Number: 20 components

Miranda et al (2014)
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Model Independent Analysis

What is the fit?

ACTT/CIT

acT/CIT

|
o o
N (@) N
T

|
o
~

G-T -

100

Planck, r=0 (no tensors)

Planck, free-r

Miranda et al (2014)
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Model Independent Analysis

What is the reconstructed source?

0.2 — A e ‘
B - Planck, r=0 (no tensors)

2 r :
o i Planck, free-r

-0.4 :— o

:Il 1 1 | 1 1 IIII 1 1 1 1 IIIII :

100 1000 10
s[Mpc] Miranda et al (2014)
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Model Independent Analysis
What is the prediction?

o
)

Planck, r=0 (no tensors)

ACEE/ CEE

ACEE/CEE

Planck, free-r

] Miranda et al (2014)
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Conclusions

Single-field inflation provides phenomenology much

richer than what can be described by a simple power-law.

GSR provides a framework for constructing accurate
analytical solutions in models that violate the slow-roll

approximation.

GSR provides a framework for model-independent

constrains in single-field inflation.
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Thank You
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