Title: Beyond slow-roll - Daan Meerburg
Date: Oct 28, 2014 11:00 AM
URL: http://pirsa.org/14100119

Abstract: <span>We live in exciting times for cosmologists. There is a plethora of cosmological experiments that allow us to reconstruct the ¢
moments in the Universe and test our ideas on how the Universe came into existence. Current data appear to favor an inflationary mo
produces adiabatic, scale free, Gaussian fluctuations with an amplitude of 10”-5 in units of mK. WIthin the realm of cosmological models, it a
that such conditions are easily accomplished if we have a single light field slowly rolling down its potential. In this talk, | will investigate
possibility to what extend our current observations would allow for a deviation from slow-roll: several class of models predicts that the fluctt
spectra will contain superimposed features on top of their slow-roll solution. | will discuss these models and explain a novel way of extract
features from the data, both in the power spectrum as well as in the bispectrum. | will give the latest constraints from current cosmological s
In light of the possible detection of primordial gravitational waves, | will show that there exists evidence (3 sigma) that the data prefer &
wavelength feature driven by axion monodromy, a model that naturally predicts large tensor modes. From this | will derive a constraint on the
decay constant. | will conclude with a discussion on how observations of higher order statistics and large scale structure could further cc
these models.</span>
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Planck Planck+lensing Planck+WP

Parameter Best fit 68% limits Best fit 68% lhimits Best fit 68% limits
Qi : W 0.022068  0.02207 + 0.00033  0.022242 0.02217 £ 0.00033  0.022032  0.02205 + 0.00028
Qr .. 0.12029 0.1196 + 0.0031 0.11805 0.1186 + 0.0031 0.12038 0.1199 + 0.0027
1000y ... .... 1.04122 1.04132 + 0.00068 1.04150 1.04141 £ 0.00067 1.04119 1.04131 + 0.00063
r 00925 0.097 + 0.038 0.0949 0.089 + 0.032 0.0925 0.089° 5013
Mg oivnuemsia 0.9624 0.9616 + 0.0094 0.9675 0.9635 + 0.0094 0.9619 0.9603 + 0.0073
In(10'°A,) . . - 3.008 3.103 £ 0.072 3.098 3.085 = 0.057 3.0980 3.089° 5037
Qn ; . 0.6825 0.686 + 0.020 0.6964 0.693 + 0.019 0.6817 0.685° 0015
Q. L L 0.3175 0.314 + 0.020 0.3036 0.307 £ 0.019 0.3183 0.315122:%
o8 . . 0.8344 0.834 + 0.027 0.8285 0.823 £ 0,018 0.8347 0.829 + 0.012
Zeo - 11.35 II-I‘I':“ 11.45 IUH_,'\ 11.37 11.1% 1.1
H B ENNES 67.11 674+ 1.4 68.14 679+ 1.5 67.04 675412
107A 2.215 223+ 0.16 2.215 2.19%51% 2.215 2.196°0020
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Or absence thereof (KSW)
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Fluctuations we observe are:

small: 67 /T 10)

Correlated (over super horizon

. . . , sales) (XY Jkcany #0
statistically isotropic: P(k) = P(k) ales) (XY )k<an

Gaussian: fni 0

nearly scale invariant: P(k) P
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Fluctuations we observe are:

small: 7 /T 10—°

Correlated (over super horizon

. _ ' _ sales) (XY Ykcan # 0
statistically isotropic: P(k) = P(k) : kel

; | ! )
Gaussian: v 0 predominantly scalar: 1 0!
aussian: |

————— - — e ——————

nearly scale invariant: P(k) = P
e ————

The effort in cosmology will be focused on finding
evidence for deviations from all of these.
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« Theoretical motivation for

features
« Complication and solutions
+ Results

Discussion

+ Non-Gaussianities and

BICEP
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What do we really know
about the potential”?
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What do we really know
about the potential”?

CMB and LSS

max 10 efolds
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Can we extract anything beyond first few derivatives?

|
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Effective sinusoidal potential (-->log features In the power

+ e.g. Axion inflation, Unwinding inflation, bends in field space

-  Resonance can amplify non-Gaussianity

* e.g. Axion-monodromy, initial state modifications
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More generally:

e Phenomenological/Observational

e Theoretical

Do we learn something more? Observation--->Theory
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Theoretical templates o

5 A' T | |
1A% (k) = A (l{ ) (1+ Ao (‘()H[u.)[ log k/k, + (,-‘)l])

. L' iy A' n
QAFQ (/\) = B (]\ ) (1 + B> (z) ('()s[wgﬂ' = (,')2]>
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2 issues

Likelihood is very irregular (slow convergence)

Oscillations at high frequency require high resolution (k and |)

MCMC (MH) generally becomes impractical (MULTINEST)

Recomputing all transfer functions is time consuming
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Expand Transfer function in oscillatory part

(AT (k))? = (AV)? 2.&’,"2{(—), O)Al o + 0(0?)

\A/

We then have for the perturbed part:

} ' $ 'I ) + O((ax 4 ;"I(_);"I

f.e

o C'™ + 7 +) (8 - 6:)(Cls

Power spectra and derivatives can be precomputed:

cP P C?

{ (.0, (,0,0,;
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Next few slides

Improvement i !.||’.‘-..'A\.'), [vpically, \:!: tribution ¢ ) variables, requires A.\I",

11 for 3 sigma significar
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Next few slides

Improvement in units « .'A\"), [vpically, \;'!: tribution ¢ variables, requires J\'",w’
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Full MCMC (planck noise) with mock data, no signal
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Full MCMC (planck noise) with mock data, no signal
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Counts

5000 Universes; Real Planck noise and cosmic variance, no signal
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5000 Universes; Real Planck noise and cosmic variance, no signal

600
4001
500
300
g 400 "
5 5
g 300 § 200
200
100
100
0 : . —. — A =i 0 y —. :
5 10 15 20 25 30 0.006 0.008 0.010 0.012

At A
Improvement as a tunction of maximum multipole:

14f
12 10
. 10} ,
1 | 1 S
8
6| '
; Lin Log
4t i i b PP R R R
500 1000 1500 2000 2500 500 1000 1500 2000 2500
S H \. Shahe
{ (

Pirsa: 14100119 Page 49/64



Pirsa: 14100119

Counts
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A H:S:

* Information criteria --> A mess

+ Simulations --> Most likely not

« Circumstantial --> Most likely not
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+  Implemented code into multinest.

*  Marginalized likelihood computed in ~16 hours, on 12 core node.

. . - - ; . rs; can improve fit by going go

higher order in the expansion

«  What about BICEP?
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What about BICEP? 2 Things:
r = 0.2 would put extra tension between TT data and TT theory

Also, r = 0.2 suggests Super Planckian displacement of field and

lates Lyth bound

Is there a model that would solve these 2 things in one go? Maybe:

Axion monodromy. Shift symmetry
Solves first

and could induce a large feature, to solve second?
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[esting inflation consistency condition w current data. Il = —I‘/8
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[esting inflation consistency condition w current data: Ny = —I*/H
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[esting inflation consistency
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