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Experiment: Cosmological Data

|_ T T T T T T T T I T i
= 4
I o LB 3
— " I E
| H—— J
L I - }
| | .
E .
L
|
|
= l P

L

. 1

]
. . .

k [k Mpe]

Linear matter power spectrum (source: Easther, Kinnev, Peiris)

e Projected accuracy 107" Spergel]
e Ratio of scales H,.q1/Mp ~ 107
e NOTE: Early times < Large Scales

Late times & Small Scales

{ Counterintuitive to effective field theorv expectations)




Theory:

e Effective action:

- Controlled theoretical error
- Predictability
- finite mumber of undetermined parameters
- “Identifies the small parameter”™ £ 1/
- consistent up to arbitrary precision in this parameter.
- Need a UV completion beyond scale M to describe
physics for £/M > | {includes fluctuations beyond

- Action:

(0'"':all operators of dimension n allowed by the sym-
metrnes (modulo feld redefinitions/tots]l derivatives)

- @'"=%: relevant; renormalizable

- O'"=%): marginal; renormalizable

_ @4 prelevant: non-renormalizable

(coupling constant has negative dimension |

e Physical principles underlving effective actions

- Decoupling (separation of scales)

- | Energy conservation implicit!




Theory:

e Effective action:
- Controlled theoretical error

- Predictability
- finite mumber of undetermined parameters

- “Identifies the small parameter” E 1/ :
- consistent up to arbitrary precision in this parameter.
- Need a UV completion beyond scale M to deseribe

physics for E/M = | {includes fluctuations beyvond

- Actlon:

=

)"i-all operators of dimension n allowed by the sym-

metnes (modulo Geld redefinitions/total denvatives)

relevant; renormalizable

=
- @'"==: marginal; renormalizable
€ nrelevant: non-renormalizable

(coupling constant has negative dimension )

e Physical principles underlying effective actions

- Decoupling (separation of scales)

- | Energy conservation implicit!




Effective actions for gravity:

e General Relativitv:

Coupling constant x ~ M - has negative dimension.

e Can consistently describe physies in terms of
E/A .-"_ Burgess hep-th/0311082]
e Need a UV completion (Quantum gravity) be-

yond A/,

- Difficult: NEW!
In FT a UV completion is “easy’

remmember the davs before assyvmptotic fresdom

_ Hints that the UV completion of gravity is “unique”

—{olrmg theorv ... ) [Vafa, Ooguri hep-th 0605264]

_AdS/CFT:

nly described in terms of the relevant parameters; RiG-flowr
i : .
Corollary: (asymptopiall)

x = ==
Keep this in mind!
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Effective actions for gravity:

e General Relativitv:

Coupling constant x ~ M~ has negative dimension.

e Can consistently -:’!F*-;Ll‘lhﬁ physies in terms of

_— r
I. i

[Burgess hep-th/0311082]

e Need a UV completion (Quantum gravity) be-
yond /[

- Difficult:
:[1]. FT a T T"r fl.'lj_'l £ I' 0N IS .'."-El."__‘-'.

NEW!

remember the davs before ssymptotic freedom

- Hints that “hu- UV completion of gravity is “unique”

—|k".1_11l'| _11r|| V ...) [Vafa. Ooouri |

Vafa, O« hep-th 0605264
_AdS/CF

I & — H o -i_ e theor
nly described in terms of the relevant parameters; RiG-flow
Corollary: (asymptopiall)
[R oravity = UV gauge theor




Effective actions in gravity/cosmology

e BUT. axiom “Enerev is conserved” does not al-
ways hold:

= Neo clean separation of scales

- (Possible ) Exception: spacetimes with a time-like Killing

vertor

Ti I
IT WorKs ..

- (Possible ) Exception: adiabatically evolving spacetimes:

. 1
[+ 1010070

| S
- (Possible) Exception: adiabatic ground state fluctua-
tions

— What is the small parameter?

- By the same effective action logic we expect a quantita-
tively controlled expansion in & /w= .

-|SUCH AN EFFECTIVE THEORY IS

THE TEMPLATE AGAINST WHICH TO

COMPARE COSMOLOGICAL MEASUREMENTS.

&




Effective Actions and Cosmology

L

e GR is an effective field theorvy for

e Effects of high energy physics encoded in irrelevant

higher derivative operators. Kaloper, Kleban. Lawrence,
Shenker:...]

- Leading term:

_..' I..' 2
= L'.“'-.‘l[ nng enect Of OTaer ;

9 -. 3 _'I_ I" 1 | UsutBarhova bl
¢ Phenomenological models/Toyv studies
- Cut-off p{i

= A means an earliest time (&ferent for each F)
. Greene, Kinnev, Shiu; Danielsson

m: Kempi, Niemey
- Demand that at smallest scale | 2"

L .

sading effeet of order —




The Cosmological Vacuum A mbiguity

e Can cosmological data
contain signatures of new physics
_— :
- Dominant effect — arises from

COSMOLOGICAL VACUUM AMBIGUITY

o

e Are non-standard vacua consistent”

- PROBLEM: Non-standard vacua in cosmology are

difficult to square with decoupling.

- tend to be nondocal with scale H
{ specific examples)

- Backreaction

diverges.
- EXPLICIT EXAMPLES:
- suggest they are consistent

Vilenkin Ford. Burgess, Cline, Holman; Kaloper, Kaplings-

1at
|[KKLS; Banks; Larsen-Einhorn: Brandenberger, EGES




Deciphering Initial State Physics

e Primordial Power Spectrum
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(Choose basis where b{ k) = 0 standard Buneh-Davies vac-
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e Characteristic signature initial state effects

- Mode “mixding”
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Phenomenological NPH Approach

e Shortest lenegth b.c. (New Physics Hyvpersurface)

[Danielson; Brandenberger: Easther, Greene, Kinney, Shiu: Kempf,

Niemeyer:....]
- Boundary conditions “imposed 7 at
p(t) =k/aH =M

- Symmetries: homogeneity, isotropy and “scale” invari-

ance

[

- Power Spectrum
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Phenomenological NPH Approach

e Shortest lenegth b.c. (New Physics Hyvpersurface)

[Danielson; Brandenberger: Easther, Greene, Kinney, Shiu: Kempf,

Niemeyer:....]
- Boundary conditions “imposed 7 at

i p—

- Symmetries: homogeneity, isotropy and “scale” invari-

ance

e =
- Slow roll
|r|r =
- Power Spectrum
: - ( 1 .
I3 s i S
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Boundary Effective Field Theory

¢ Boundarv conditions can be encoded
in a boundary action

Connection with Hamiltonian approach
D (tg) + O Poit
-Is. (T _|_ i (I_: ‘.

New physics corrections to the initial state encoded in ir-

rejevant ]:-l_l".lll;'.c':l'_‘.' operators [Symanziks .... Schalm.Shiu, vd-
Schaar; Porratil

e Boundarv EFT parametrizes
cosmological vacuum ambisuity

- Symmetries: homogeneity and isotropy

- Power Spectrum

P(k) = Psplk) |1+ j——sin (—:I







Boundary Effective Field Theory II

e Can be shown to be consistent initial conditions

- Backreaction is under control: new boundary couplines

aDsorD \ L o — {1 ) primp dIVETFENCES




Deciphering New Physics

BEFT SL-NPH

Power Spectrum |0 P = Ppp (Aksin |;| ) |5P = Pg; | s | __- =
Amplitude = = _

— Ak =C = magH Al —C — —_

4 of Os N<X T
Ratio of scales A-AE=2M | — 35 _LI_'_ .y

e BEFT bound &, . < ag)/

—h . < aMC/H

[Bergstrom, Danielsson; Elgaroy. Hannestad; Okamoto, Lim: Martin,

Ringeval; Sriramkumar, Padmanabdan; Easther, Kinney, Peiris]
e Qualitative difference = Symmetries

- Lineargppr vs. Logsy_ ypy periodicity

e Preliminary studies (SL-NPH)

3H
- Observable if — -




Signature of BEFT corrections
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A, Geperic 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
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Phenomenological NPH Approach

e Shortest length b.c. (New Physics Hvpersurface)

[Danielson; Brandenberger: Easther, Greene, Kinney, Shin: Kempf,
Niemeyer:....]
- Boundarv conditions “imposed " at

o(t) = k/alH = M

- Symmetries: homogeneity, isotropy and “scale” invari-

ance
|:
. . .
— . HiEn1—
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- Power Spectrum




Deciphering Initial State Physics

e Primordial Power Spectrum

— @ (t. k) bk (£ Kk {b.c./vacuum choice
I e -
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(Choose basis where b{ k) = 0 standard Buneh-Davies vac-

nmm |

e Characteristic signature initial state effects

- Mode “mixing”

- results in oscillations
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Phenomenological NPH Approach

e Shortest length b.c. (New Physics Hvpersurface)
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Deciphering Initial State Physics

e Primordial Power Spectrum
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e Characteristic signature initial state effects

- Mode “mixing”




Boundary Effective Field Theory

o Boundarv conditions can be encoded
in a boundary action

R —
— e
)

Connection with Hamiltonian approach
D (tg) + I DL{H
:'Is- [ { + 7 n:[:

New physics corrections to the initial state encoded in ir-

refevant ]‘.-l_l':_-"ll;'.dl'_‘: operators [Symanzik: .... Schalm.Shiu, vd-

Schaar; Porrati

e Boundarv EFT parametrizes
cosmological vacuum ambiegnity

- Symmetries; homoegeneity and sotropy

= [ia30% 0] (557)
- Power Spectrum
DIEY — P ] g __-,1
k)= Fgplk) |1 o ( H ;I




Phenomenological NPH Approach

e Shortest lenegth b.c. (New Physics Hvpersurface)

[Danielson; Brandenberger: Easther, Greene, Kinney, Shiu: Kempf,

Niemeyer:....]

- Boundary conditions “imposed 7 at
oty =kfal — M

- Symmetries: homogeneity, isotropy and “scale” invari-

ance
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- Power Spectrum
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Boundary Effective Field Theory

o Boundarv conditions can be encoded
in a boundary action

Connection with Hamiltonian approach
D_ (o) + TP {
D_(tg) + T P_(#

New physics corrections to the initial state encoded in ir-

relevant ]‘.-I_I".Il(:.{:l'_'*.' operators [Symanzik .... Schalm.Shin, vd-

Schaar; Porratil

e Boundarv EFT parametrizes
cosmological vacuum ambiguity

- Symmetries: homogeneity and isotropy

= [ia3d? ] (=]
- Power Spectrimm
® — P 0 ..__\\1




Boundary Effective Field Theory II

e Can be shown to be consistent initial conditions

- Backreaction is under control: new boundary couplines

absorb | { . — A L ) afink (IVETFETICES







Boundary Effective Field Theory

o Boundarv conditions can be encoded
in a boundary action

Connection with Hamiltonian approach
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Phenomenological NPH Approach

e Shortest length b.c. (New Physics Hvpersurface)

[Danielson; Brandenberger: Easther, Greene. Kinney, Shiu: Kempf,

Niemeyer:....]
- Boundary conditions “imposed 7 at

S8 L

nlth =klaH = M

- Symmetries: homogeneity, isotropy and “scale” invari-

ance
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Deciphering Initial State Physics

e Primordial Power Spectrum
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e Characteristic signature initial state effects

- Mode “mbdng”

results in oscillations




The Cosmological Vacuum A mbiguity

e Can cosmological data
contain signatures of new phyvsics

=)
- Dominant effeet — arises from

¥

COSMOLOGICAL VACUUM AMBIGUITY

e Are non-standard vacua consistent”

- PROBLEM: Non-standard vacua in cosmology are
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- Backreaction
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Deciphering Initial State Physics

e Primordial Power Spectrum
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The Cosmological Vacuum A mbiguity

e Can cosmological data
contain signatures of new phyvsics
H

- Dominant effect — arises from

COSMOLOGICAL VACUUM AMBIGUITY

o

e Are non-siandard vacua consistent”

- PROBLEM: Non-standard vacua in cosmology are

difficult to square with decoupling.

- tend to be non-local with scale H
{ specific examples)

- Backreaction

diverges.
- EXPLICIT EXAMPLES:

- SUgpest they are consistent
=l= :

Vilenkin Ford. Burgess, Cline, Holman; Ksloper, e
1at
KRLS; Banks; Larsen-Finhorn: Brandenberser, EGES,




Effective actions for gravity:

e General Relativitv:

M= has negative dimension.

Coupling constant & ; :
e Can consistently describe physies in terms of

—

E /M, | [Burgess hep-th/0311082]

e Need a UV completion (Quantum gravity) be-
vond /[

- Difficult: NEW!
In FT a UV completion is “easv’

remember the davs before asvmptotic freedom

- Hints that the UV completion of gravity is “unique”

- (String theorv ...) [Vafa. Ooguri hep-th 0605264]
-AdS/CFT:
UV gravity = IR gauge theorv
only described in terms of the relevant parameters; RG-flow

Corollary: (asymptopiall)




Theory:

e Effective action:

- Controlled theoretical error
- Predictability
- finite number of undetermined parameters
- “Identifies the small parameter™ £/ 1/
- consistent up to arbitrary precision in this parameter.
- Need a UV completion beyond scale M to desecribe
physics for E/M > | {includes fluctuations beyond

- Actlon:

(0'"':all operators of dimension n allowed by the sym-
metries (modulo field redefinitions total derivatives)
- @'"=%: relevant; renormalizable
- O'"=%: marginal; renormalizable
- @'"=%: prelevant: non-renormalizable
(coupling constant has negative dimension
e Physical principles underlving effective actions
- Decoupling (separation of scales)

- | Energy conservation implicit!




Boundary Effective Field Theory II

e Can be shown to be consistent initial conditions

- Backreaction is under control: new boundary couplines
absorb {T) coeme — (1 | ating divergences




Deciphering New Physics

BEFT SI-NPH
Power Spectram | 6P = Pap (Aksin (2£)) |6P = Pap (Asin (Zn £
J-__ DIlTmae —]| T — l — P
s Ak = C = magH Aln——C — Z—
# of Os AS L N o~ M,
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e BEFT bound &, .. < agl!

= - MO/ H

[Bergstrom, Danielsson; Elgaroy. Hannestad; Okamoto, Lim: Martin,

Ringeval: Sriramkumar, Padmanabdan; Easther, Kinney, Peiris]
e Qualitative difference = Symmetries

- Lineargppr vs. Logsy_ ypy periodicity

e Preliminary studies (SL-NPH)
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- Observable if — ~




Signature of SL-NPH corrections
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A. The modified perturbation spectrum Pikj (for a power-lasr ing
function o > momentum for a nearly “scale invariant™ change in
compared to Bunch-Tavies.

onary moedel) as a
ve initial conditions




Signature of BEFT corrections
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A, Geperic change I the power specirum from inixial state effects as deduwced with

boundarvy EFT

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




Signature of SL-NPH corrections
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A. The modified perturbation spectrum Pk} (for a power-lasr 1ng
function of the momentum for a nearly “scale Invariant™ chamge in
compared to Bunch-Tavies

e Initial conditions

B. The percemtage change 1n the observed spherical harmonie coeficents Oy, Pilk|, &, 8} =

¥ e O ¢ for & canonical cosmological constant cold dark matter model. (Source

Easther et.al. bep-th /0110226




Signature of BEFT corrections
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A. Geperic change in the power spectrum from initial state effects as deduced with

boundarvy EFT

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




Linear matter power spectrum II
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BEFT corrections to linear matter power spectrum
{source: Easther, Kinney, Peiris
e Growth of BEFT corrections with £
- suggests LSS- Ly o searches
e = Ahsence in Data:
- suggests irrelevance of BEFT to observed cosmology.
e NOTE: Early times < Large Scales
Late times < Small Scales




Summary: Quantum Field theory in curved
spacetimes

e | Are quantum gravity contributions
decipherable in cosmological data?

e Initial states in Effective Field Theory
- Phenomenoclogical SIL-NPH approach

- Intuitively sensible: lacks nterpretation/consistency

- Indicates moderately larpe H/M corrections for any

model

- Theoretically controlled boundary action formalism

- but, growth with & = LSS data suggests irrelevant

- Best of Both “Universes” approach?

@

fective Field theory (in progress)

e Application to Cosmology

- Parametrize the cosmological vacuum ambiguity

- Generically receive H/ M corrections!

- Parameters encoding initial data are phenomenoclogically

constrained.

- Earliest time in cosmology
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e Application to Cosmology
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]

M corrections!
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Summary: New Physies in Cosmology:

e | Are quantum gravity {'Dtltl‘ihl.ltil}115|
decipherable in cosmological data? |

e Measured (indirectly)

- Spatial eurvature fluctuations

p H° 1w COBE |
T — ~ L i
M= WNMAP
- Primordial Gravitational Waves
_'-J'l:
— measures — directly! [not yet observe
If H/M =~ 1% < primordial grav-

ity waves observed. there is good
reason to search for effects of
new phyvsics in the data




ON THE IR STRUCTURE OF GRAVITY
AND

HOLOGRAPHY

kK oenraad Schalm

with

Justin Khoury

hep-th/060soon




Summary: New Physies in Cosmology:

e | Are gquantum gravity ::Dutrihl.ltiu:ansi
decipherable in cosmological data? |

e Measured (indirectly)

- Spatial eurvature fluctuations

sp H’ _ia-10 COBE |
~ M2e WMAP |

— measures — directly! [not yet observe

If H/M =~ 1% < primordial grav-
ity waves observed. there is good
reason fto search for effects of
new phvsics in the data




Gravity in the IR

e Standard GR = W /O | Dark Energy
Dark Matter

e MODIFY GRAVITY IN THE IR??
- MOND Milgrom,Bekenstein,. . . ]

Phenomenoclogically succestul (until recently. ..)

- DGP [Dvali,Gabadadze, Porrati: Vainsthein]




Linear matter power spectrum II
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BEFT corrections to linear matter power spectrum
(source: Easther, Kinney, Peiris)
e Growth of BEFT corrections with £
- suggests LSS- Ly o searches
e = Ahsence in Data:
- suggests irrelevance of BEFT to observed cosmology.
e NOTE: Early times < Large Scales
Late times < Small Scales

(Counterintumtive to effective field theorv excpectations)




Summary: Quantum Field theory in curved
spacetimes

e | Are quantum gravity contributions
decipherable in cosmological data?

e Initial states in Effective Field Theory
- Phenomenoclogical SL-NPH approach

- Intuitively sensible: lacks mterpretation/consistency

— Indicates moderately larce H/ M corrections for any

model

- Theoretically controlled boundary action formalism

crowth with k£ = LSS data suggests irrelevant

- Best of Both “Universes” approach?

flective Field theory (in progress)

e Application to Cosmology

- Parametrize the cosmological vacuum ambiguity
- Generically receive H /M corrections!

- Parameters encoding initial data are phenomenologically

constrained.

- Earliest time in cosmology




Summary: Quantum Field theory in

curved
spacetimes

Are quantum gravity contributions
decipherable in cosmological data?

e Initial states in Effective Field Theory

- Phenomenoclogical SL-NPH approach
- Intuitively sensible: lacks mt
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— Best of Both “Universes” approach?
Cosmological Effect

e Application to Cosmology

heory (In progress)

- Generically receive

- Parametrize the cosmological vacuum ambiguity

M eorrections!

- Parameters encoding initial data are phenomenoclogically
constrained.

- BEarliest time in cosmology
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AND
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Gravity and Effective Actions Revisited

e Physics: What is the relevant scale?

- Decoupling
- Effective action

= Theory vs. Measurement -

e Gravity: [Cosmology]

ACDM Concordance MNModel

Two ~obscure” ingredients:

- Dark Energy (p = —p) ~TO%

- Dark Matter (p=0) ~25%

- Evidence: - Cosmic Expansion {CMB/LSS)
Gravitational Lensing
- (DE) Supernova Standard Candles




Gravity in the IR

e Standard GR = W /O | Dark Energy
| Dark Matter

e MODIFY GRAVITY IN THE IR??
- MOND Milgrom,Bekenstein,. . . ]

Phenomenologically succesful {until recentlv.

- DGP [Dvali,Gabadadze, Porrati: Vainsthein]




An UV effective action?

e Different IR extensions
= GR for scales ; Galactic

e | Lift to an action?
- Arg: IR Cut-off /IR scale
-:r - .IIIII;. I." _'I"-_""”---E.'-"._ 14

Horizon Observer dependent

- Physics independent of A;g

An IR RG?

- Connections with Holography?
'j__l ':_. '||_.. = ]_-_l:- ._.1=I._---.I .r'-' e tvpDe [__ recmniacoE

e N=0U7 /! s |
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Why an UV-effective action could exist

e Wilsonian RG a la Polchinski

- Pick an arbitrary separation seale A\ :

Demand physies does not depend on the cutoff

-| ® can be either UV or [R excitation

o E_." :l _.. = D _1",, -r.-|.--

- Generates all relevant and irrelevant operators plus RG-
fow (classical/ quantum)
-UV: irrelevant . . . — non-loeal?
- IR: irrelevant — higher derivative

- Example:




An UV effective action?

e Different IR extensions
= GR for scales ; (Galactic

GR + — + —/ +
e | Lift to an action?
- Arg: IR Cut-off /IR scale
.."f. : g Asvmptopia

Horizon Obs . lependent

- Phy=ics independent of A;g

An IR RG?

- Connections with Holography?




Whyv an UV-effective action could exist

e Wilsonian RG a la Polchinski

- Pick an arbitrarv separation scale A\ :

Demand physics does not depend on the cutoff

-| ® can be either UV or [R excitation

- Generates all relevant and irrelevant operators plus RG-
How (classical/ quantum)

- UV: irrelevant .. . — non-local?
- IR: irrelevant — higher derivative

- Example: A\¢® (isn't gravity




Consistency of UV-effective actions

e [R-effective action

Extra terms: irrelevant. nonrenorm. higher-derivative op-

ETatoTs

e UV-effective action

[T

D ('t E /
Extra terms: NON-LOCAL?

= Correlated Problem: Sources and Sinks
- IR-Effective action: Jiry = 0 — Energy conservation
- UV-Effective action: SOFT EMISSION

= Possible zolution: smeared wavefunctions

[R-effective action: UV_effective action:
Lattice /graining in coherent sum |

r-space EINIS=i0ns

discretize 2 diseretize p

{ ~ fmite volume

IR-cutoff)




ERG for (pure) gravity

e GR-ERG equation:

GSErT

o ' & in O

Fo X, } A i

Last term renormalizes &

-
== T F

o ket ¢ —rrF 5]

with

e Solution:

in|

e

ling irrelevant op

werator

MR AL (3ee DErvinssy |

- Theory is still pure GR!




Leading order correction of Einstein-Hilbert

e Naive expectation: (NOT REALIZED)

- vDVZ diseontinmity: e = —7/2; € = () [Barvinsks]
- bevond symmetry

e Intecrated full UV effective action to order R°

¢ il i L

-= EOM

Filter funetion: \ does not gravitate [ArkaniHamed,

Dimopoulos. Dvali. Gabadadze: Barvinsky]




ERG for (pure) gravity

e GR-ERCG equation:

OS5ets

A ."'.'_'.'. N p T "'._". |'-'_I'-l

Last term renormalizes Gy /My .
o Let (7#P° — (Gmves 2
with

e Solution: (F |

*-.:/ __.(:.".—r- 'E":a + :I

- Leading irrelevant operator jee Barvinsky

- Theory is still pure GR!




Leading order correction of Einstein-Hilbert

e Naive expectation: (NOT REALIZED)

-vDVZ discontinuity: & = —v/2; € = () [Barvinsks]
- bevond symmetry

e Intecrated full UV effective action to order R-

1 ' )

Filter funetion: \ does not gravitate [ArkaniHamed.

Dimopoulos. Dvali. Gabadadze: Barvinsky]




Universality of the UV-effective action

e Different IR extensions (consistent ...)
— different coefficients of irrelevant operators

girr _ f T( R=R =R, + R E s
-DGP |
- (in progress) (a = —3/2; v =1; e =

-vDVZ |
- Analytic?

- MOND

Scalar+Vector+Gravity  Cf. Brans Dicke-like
5= [(1+9)R+3000
- Higgsed Gravity

— T - v

Cf. k-inflation




Cosmological solution

e IR-Cutoff: screening of A
e BUT:effective action = physics “same”

e Self-gravitating solutions: (Brans-Dicke)

- DGP (Exact | [See, however, Charmousis, Gregory, Kaloper. Padills]

e

~ H,

(Generic?), (Dimensional analvsis)

- | Quantitative agreement???




Observational constraints

e Constraints on « € .

-for DGP [Manartens. Majoretto: Ishak, Spergel, Upadhye;

Sanichi, Carroll]

(in progress)

L1




Open questions

e Is a UV-effective action truly consistent?

e (Non)-uniqueness of IR-completions of Gravity

e Connection with Holographv

AdS CFT: boundary IR cutoff ~ Gauge theory UV cutoff

- independence of the choice of cutoff function?
- non-aAds spaces
- Horizon physies?

e Unifies open ideas in universal phvsical concept

- MOND-like and/or IR modifications
- Filters CC

- Barvinsky's action explamed




Conclusions

e Consistent effective action framework is still lacki

- Evidence that both a IR and a UV-effective action should
Eist.

-| As data improves, these effective actions will be necessarv
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Open questions

e Is a UV-effective action truly consistent?

e (Non)-uniqueness of IR-completions of Gravity

e Connection with Holographv

AdSCFT: boundary IR cutoff ~ Gauge theory UV cutoff

it

- independence of the choice of cutoff function?
- non-aAds spaces
- Horizon physies?

e Unifies open ideas in universal phvsical concept

- MOND-like and/or IR meodifications

- Filters CC
- Barvinskyv's action explained




