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Expected errors in the {; spectrum for the WMAP (hght blue} and

Planck ( dark blue) satellites. [{Source W. Hu. http:/ /background.chicago.edu

e Multipole moments of Temperature fluctuations in

the CMB

: Primordial Gaussian power spectrim

e Error: STATISTICS limiited { Cosmic Variance)




Dh=tmegmshing Inflattonary Models

¥ig) = L — (&f z)

Error bars in the r = C7T CFoer  n plane for WMAP and Planck.

These ellipses show the expected 2¢ errors. The lines on the plot

show the predictions for various inflaton potentials. Note that these
are error bars based on synthefic data: the size of the error =
meaningful. but not the location on the plot. The best fit for r and
: from real date is likely to be somewhere else on the plot. {Source

W. Kinney. astro-ph/ 9806259, astro-ph/0301448)



Inflationary Conmdroms

e Initial conditions

= needs initial conditions!

{only truly justified by observation]
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Strmmg Theory/OQG and Inflation ITI
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- —~ |new scale.

e Do present day cosmelogical features reflect| transplanckian

characteristics?

| different for each k)

{ Minkowsk vacuom |

COSMOLOGICAL VACUUM AMBIGUITY

standard vacumm )
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Effective Actions

Effective Action

Relevant Operators [rrelevant Operators
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Potential Irr. Op. Kinetic Irr. Op.

s = not unigue
non-irivial BG :
S = reason |
[Shin. Wasserms
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Effective Actions

Effective Action

Relevant Operators Irrelevant Operators

Potential Irr. Op. Kinetic Irr. Op.

= not unigue
non-irivial BG

R £ reason )
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Strmg Theory/ (G and Inflation V

e Do presennt |[_|_1' cosmoloeical features
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e COSMOLOGIC A\ MBIGUITY
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specific examples]
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HOTLY DEBATED




Initial States m QFT & Decoupling

e Lanvuave

Hamiltonian

Larransian

e Translation
e Ham: Lag:
¢ Boundarv conditions
be incor

e The location of tl

s arbiirary.

TT
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renormalization group flow.

e Apply to Cosmology




String Theory /G and Inflation V

e Do present d IV CH smological features

reflect new ]5[1‘-'-11'- z

'OSMOLOGICAL VACUUM AMBIGUITY
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e Are non-standard vacua consistent”

specific examples]

[Vilenkin Ford.
Burgess. Cline. Holman:
Kaloper, Kaplinghat,

HOTLY DEBATED




Imitial States m QFT & Decoupling
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Hamiltonian

Lasransian

e Translation
e Ham:
¢ Boundarv conditions
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e The location of thi

o Boundarv actios
renormaliz




String Theory /G and Inflation V
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e Are non-standard vacua consistent”

spectfic examples|

[Vilenkin Ford.
Burgess. Cline. Holman:
Kaloper. Kaplinghat,

HOTLY DEBATED




Imitial States m OFT & Decoupling

e Lanvuavse
Hamiltonian

Lasransian

e Translation

e Ham:

¢ Boundarv conditions

o The

- |;i-§ Farv.

e Boundarv acti

renorimuiZzation =ro

e Apply to Cosmology




Summarv of Resuali=s

e ANY"' b.c. can be incorporated in a boundary action

e The LOCATION of this boundary action is arbitrarv.

e Boundary actions are subject to renormalization sroup

flow.

homosgeneons &
Isotropic
= no Imirmsic scale

. .-"L[i'[i‘li"'lriﬁ'l.l in Cosmolosy

— w0 bevond Hadamard.

e Effects on CMB predictions

MILD.




Boundarv conditions from boundary actions

& Scalar field thes iy

distributions




Freedom of boundary location

e Solutions to EON

e Boundarv conditions

tor each

frequency .
independenthy

e Freedom of location .

= domain

= ALL PHYSIt




RG-flow and boundary conditions

e RG: Anything that is not forbidden. WILL happen.

e Example

Loreniz imvariance broken)

e Fixed points

e Interpretation




Decoupling and boundary irrelevant operators

e Effective tield the Ory

= RG-flow + irrelevant operators

hirher derivative corrections).

= Effective bdy L

\rransia

e 7> Scalar field theon




Mmmkowski boundary condicions. RG-flow and rrelevami

COTTEeCtlons

e Flat space: VACUUNM is uniqgue

restores Lorentz)

@ Irrelevant corrections to Mink vacuum are absent!

breaks Lorentz]

# Cosmology preview:

EFT Rule

= meht T




Boundary conditions m Cosmological Lasransians

e Preliminaries

Hankel

function




Harmonic oscillator and shortest lengih b.c.

e Covariantize Minkowski (harm. osc.) boundary con-

ditions

- — CONStant — - =




Bunch-Davies | adiabaiic) boundary conditions

e Bunich-Davies boundarv conditions

e Adiabatic. transparent. thermal b.c.: fixed point of
bdv RG-flow .




New physics in the CMB 1

e Leading irrelevant operators




New physics in the CMB 1T

e Perturbation theorv aroumd Bunch-Davies o

phenomenclogical
Imput




Summary: boundary conditions in cosmology

e Boundaryv conditions parameterize vacunim ambigirits

[

"% T2

L= CODNSTADLRE ~

CORRECTIONS OF ORDER H/M ~
FROM UNKNOWN UV PHYSICS




Summary: boundary conditions in cosmology

e Boundarv conditions parameterize vacinim ambisuity

|
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CORRECTIONS OF ORDER H/M ~
FROM UNKNOWN UV PHYSICS




Backreaction 1s under conirol

e Convenitional wisdom:

Hadamard condition




Backreaction: Phenomenological constramts m cosmolosy

e No backreaction problems for xzp (Bunch-Davies)

e Ought to be no [Jl‘|:-|:-l+-111 for

//

Observation'

Wi "."."i."‘].l L k_ll'i‘;"- KBL




Backreaciion: Phenomenological constramts in cosmolosy

e No backreaction problems for xpp (Bunch-Davies)

Observation'

e Here we wish to know




Backreaction: Phenomenological constraints in cosmology 11
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Backreaction: Phenomenoclogical constrainis m cosmology 111
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.. Hubble Scale

= MEASURABLE

e PHENOMENOLOGICAL constraints on 3.




COSNMO - CALISTHENICS

rvthmic exercises without

\PParatils




Deciphermg New Phys=ics

e Characteristic sicnature initial state effects

¢ Boundarv EFT

¢ Shortest leneth b.c.




Signaiure of BEFT corrections

TRRARI)

L8

A . Generic change in the power specirum from mnitial state effects

as deduced with boundary EFT.

B. A refined estimate of the sensitivity of the CMB to new physics.




Signaiure of BEFT corrections
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A . Geperic change in the power specirum from nitial siaste effects

as deduced with boundary EFT.

B. A refined estimate of the sensitivity of the CMB to new physics.




Deciphering New Phy=ics 1T

BEFT bound E

3

e Omalitative difference
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¢ Preliminarv studies (SL-NPH




Signaiure of SL-NPH corrections

A . The modified perturbation spectrum Fi &) (for a power-law infla-
tionary model) as a function of the momentum for a nearly “scale

invariant” change In the mitial conditions compared to Bunch-

Diavies.

B. The percentage change n the observed spherical harmonic co-

efficients O, Pk 2.6) = Ten CellENYE(8. &) for a canonical cosmo-

logical constant cold dark maitter model. [(Source Easiher et.al.

hep-th /0110226



Signaiture of SL-NPH corrections
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A . The modified perturbation spectrum Fi &) (for a power-law infla-
tionary model) as a function of the momentum for a nearly “scale

invariant” change In the matial conditions compared to Bunch-

Davies.

B. The percentage change n the observed spherical harmonic co-

efficdents Oy, P(|kl.2.6) = Ten CellENYE(2. &) for a canonical cosmo-
logical constant cold dark maiter model. [(Source Easther et.al.

hep-th /0110226)



Conclnsion and owtlook

e Initial states on Effective Field Theorv

e Application to Cosmology

~pnarantee” irrelevant boundarv corrections.

- .b.l.j." ]." -'|"|.111: ]“‘l'\ ll-l_ II1.I. i -11T1'H;11T'[U'|_1~.
decipherable in CMB data?




Signaiure of BEFT corrections
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A . Generic change in the power spectrum from initial state effects
as deduced with boundary EFT.

B. A refined estimate of the sensitivity of the CMB to new physics.




Decipherng New Physics

e Characteristic sicnature initial state effects

e Boundarv EFT

e Shortest leneth b.c.




Deciphering New Phy=ics 11

¢ Preliminarv studies (SL-NPH




Signaiure of SL-NPH correcitions
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A . The modified perturbation spectrum Fi &) (for a power-law infla-
tionary model} as a function of the momentum for a nearly “scale
invariant” change in the mitial conditions compared to Bunch-
Diavies.

B. The percentage change n the observed spherical harmonic co-

efficients O, Pkl 2.6) = T CellENYE(8. &) for a canonical cosmo-

logical constant cold dark maiter model. [(Source Easiher et.al.

hep-th /0110226)



Deciphermg New Phys=ics

e Characteristic sienature initial state effects

¢ Boundarv EFT

e Shortest leneth b.c.




Backreaction: Phenomenological constrainis m cosmology 11
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£ (redshift)

e PHENONMENOLOGICAL constraints on 5.




Backreaction 1s under conirol

e Conventional wisdom:

\

Hadamard condition




New physics in the CMB I

Leading irrelevant operators




New physics in the CMB I

e Leading irrelevant operators




