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Qutline

* Introduction

* IR eftecs in Single Field Inflation

— Log running log(H/ )

7
— ( 1s not time dependent
— Zero effect from  Jog (kL)
— One true IR effect (already resumed)
* Organizing principle:
—projection effects

—dynamical effects (null)
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* [ntroduction
* IR efecs in Single Field Inflation
— Log runming log(H/p)

— ( 1s not time dependent

— Zero effect from  Jop (kL)

— One true IR effect (already resumed)
* Organizing principle:
—projection effects

—dynamical effects (null)
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Tiny Effect

« We have more interacting theories (laree non-Gaussianities! but still small)

» Weinberg cares: understand prediction of vour theory S Weinberz PRD72:2065

— These are the quantum corrections to the predictions of Inflation.
= dS is a puzzling spacetime. and mfiation is a regularization

L

» [etuselaborate on this...
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 With this you can prove that slow roll eternal milation exists

Standard Infi.
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JHEPOS09:036.2008

e With this vou can prove that slow roll eternal inflation exists

" o Sharp phase transition:




With: Cresnelly Dubavsky:

Nicolis and Zaldarmags

JHEPO369-136.2008

» With this vou can prove that slow roll eternal inflation exists

Standard Infi.
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" o Sharp phase transition:
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~ H*log(a) ~ H

« With this you can prove that slow roll eternal inflation exists

Standard Infi Eternal Indl
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harp phase transition:




Eternal Inflation With Dubovsky and Villadore
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« All of this fails if




nal Inflation

Nicolis and 7

MR A A IGEATTIRT

JTHEP9S9-036.2008

» With this you can prove that slow roll eternal inflation exists

Standard Infi Etemnal Inil.
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"« Sharp phase transition:
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All of this fails if

With Dubovsky and Villador

JHEPO904: 118 "Ullﬂ
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Eternal Infi.




* A possible xerox paradox

With Dubovsky and
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JHEP1904: 1152009
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» With quite more work: Ak Bndiot i
JHEPOTOS:055 2067

Standard Infi.




With Debovskv and Villadero

JHEP0904: 113 2009

reperalizanon of
\rkani-Hamed -+ o/
JHEPATHS:055 20407

* A possible xerox paradex




Predictivity of Inflation

{ 1s time in-dependent: ok

‘o trma_denesndant wa ased tn oo the hiete
( istime-dependent, we need to know the history.

Tl SIS, i i S ) Ll sor, (W = v o S e
— this is a weaklv coupled version of what could happen at other epochs




Log Running




L{Jg Running

Weinberg's result -2 h o L () S Weinberg PRDT2:2005

o S 100§ dmel others tnereaiter

Gives vou all these troubles (Eternal Inflation. Predictivity of Inflation)

But problem with gauge symmetry a— Aa, E—TIA, N— Ak

\‘ !-U.Ei ﬂ-‘l"‘ z_lL.-HLE Ih'l. “ [‘H-_.[j].lubt p‘_:"\“_\_u.. I.}...I.LLJ" '-
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: - = = _ Based on EFT of Inflation
Technical problem in implementing the regularization with C. Cheumg, B. Creminelli
L. Frtzpamek. J. Kapian
: [ e
| #L\ F6 JHEP 0303:014 2008
| '\Ji 1 __,_..:,[_';, 1 1 % fj ]”: :I

with Zaldarriaga 0912:1734 [b

Effect in the IR much larger than in Minkowsky space

Analoev with particle phvsies



Tadpole Diagrams
(and no time-dependent ¢ )




You need to renormalize the h

accordinely

Rl

[n practice:

Tadpole cancellation:

d

Tadpole Diagrams
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Woodard's claim

\ s time-dependent

5 0V Jenators and JalcaTiars that

R s e s o s e s

 _ .. Forgotten to renormalize the unperturbed history...
Indeed if vou do not...

Suppose you have a different cc that what you expected
A

: .’___'

Eifect on correlation function




Woodard s claim

» Effect of correlation function

— Find mass term for

o Second Woodard's mistake:

— You can not _LC‘:E{E:.'T - [Ime denvatves.

1 > = 1 'I‘_ = .
Woodard has on

Summary

— take into account of time derivatives, then take into account of tadpeles. result




IR logs: just projection effects




log(kL) IR logs

and their zero physical effect




Large IR logs 1o(kL)

* Single Field Slow-Roll Inflation (assumption on dynamics) V

=
/
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* Possible Infrared Effects:

— Modes emtted earlier can change the position on the potential at horizon crossing

L
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— But this is all of its effect on the dynamics as: 4

P
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ds ——dt" +altl (0 :
{ L : = FRW

— By Tavler expanding
~dS
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log(kL) Technical point: missing running diagram

— Cut-In-the-Middle diagrams: Each mode interacts once

« This gives the tilt squared

— Cut-In-the-Side diagrams: One mode interacts twice

* This gives the unning ()




log| kL)

. N0 dvnamical effec

[ et us concentrate on what an observer measures:
s 3 distance

1

1 mode came out of the horzon:

a background mode s equal to a rescaling of s

H"i' N --:[‘1. L

Longer modes cancel exactl

In every realization! (no average needed)
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log(kL) IR logs
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and their zero physical effect




Large IR h?sg'

» Single Field Slow-Roll [nilation (assumption on dynami
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* Possible Infrared Effects: O

— Modes emitted earlier can change the position on the potential at horizon crossing

— But this 1s all of its effect on the dvnamics as: £4
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Large IR logs log(kL)

Single L_ Slow-Roll Inflation: no dvnamical effec

[t us concentrate on what an observer measures:
— measures a distance

— ask when mode came out of the honizon:

* Since a background mode is equal to a rescaling of scale factor

-
= —.-”"

I ,'I b

* Longer modes cancel EXacly '

*In EVEIV T ealization! (no averace needed)



Second projection effect:
a Physical IR one




(kL)

low-Roll Inflation: no dvaamical effect

» Let us concentrate on what an observer measures:
L'...].th-_- I ul"[a]. h.-w.

— ask when mode came out of the honzon:

» Since a background mode is equal to a rescaling of scale factor

—:'.-“‘

- Tf‘f': _-1.I. L u-

cancel exact l"

: ISl b e = s i
« In everv realization! (no averaze needed)



Second projection effect:
a Physical IR one




Let us massaee the new time of ho EZON-CTOSSnS

ik, ¥ === classical expansion

enhanced cXDansi0n

Diiferent tilt and N depende



First 1ssue

s
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Wy did we toox the average of the enhanced expansion . (ON) ~ (TN
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Second 1ssue

120CTd eXpansion

— What happens for

» Non-perturbative treatment necessary

With Pubovskv and Villadoro

JHEP0904: 1132009

— Maximum enhancement:
— Small vanance

— Probability distribution known (also within eternal mflation)

E ¥7 i —
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Dynamical effects
(1t matters only the period of horizon crossing)




Summar y with Zaldarriaga, 09122734 [hep-th|

On Loops In Inflation

* We have learnt how to compute quantum corrections to inflationary observables.

in completion

« UV divergency
— The logarithmic running is of the form log [ e )
* IR divergency in Smgle Field Inflaton:
* need to renormalize the unperturbed history

* need to take mto account projection effects:

—There 18 no ime dependence

—and no non-trivial scale dependence (1]
—There 1s a physical enhanced expansion = ==
4 i aN__. -~ 1Y H'_

* The predictivity of mflation is fine

* Eternal Infiation 1s true

79
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umimary with Zaldarriaga. 09122734 [hep-th|

On Loops In Inflation

« We have learnt how to compute quantum corrections to imflationary observables.

in compietion

o UV divergency

— The logarithmic running is of the form log ( & )

* IR divergency in Sigle Field Inflaton:
* need to renormalize the unperturbed history
* need to take mto account projection effects:
—There 1s no ime dependence
—and no non-trivial scale dependence  o(1 1 )
—There 1s a physical enhanced expansion e
* The predictivity of mflation is fine

* Eternal Inflation is true




