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10gy: the Golden Era
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p05mMology: the Golden Era

il
six-paramete can now explain (almost) all
)SH '.--__-_-,at1mg ra:ngmg from the intergalactic neutral

hjrdrogen to the Cosmic Microwave Background (CMB)
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recision Cosmology

ical parameters are now

WMAP 5-year Cosmological Interpretation .
Komatsu, et al. 2008

TABLE 1
SUMMARY OF THE COSMOLOGICAL PARAMETERS OF ACDM MODEL AND THE CORRESPONDING GSY INTERVALS

Class  Parameter WMAP 5-year ML® WMAP4+BAO+SN ML WMAP 5-year Mean® WMAP+BAO4+SN Mean

Primary 1000 h? 2.268 2.262 2.273 + 0.062 2.2671 0055
2. h? 0.1081 0.1138 0.1099 -+ 0.0062 0.1131 =+ 0.0034
(A 0.751 0.723 0.742 £ 0.030 0.726 + 0.015
0.961 0.962 0.9631+0-014 0.960 + 0.013
0,080 0,088 0.087 + 0.017 0.084 + 0.016

241 % 10~9 2.46 x 10~ (2.41 +£0.11) x 10~ (2,445 + 0.096) x 10~7
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(what happened to rest of tt

Standard model presents us with a
vexing theoretical problem:

Why. is A so unnaturally small?

* In EFT, robust contribution to vacuum energy is

Opvac ~ Y _ min log(Auy/msy)
SM
which, already with the elecfron.. is > (1 I’IIEV)J'
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Live happily: Anthropic
reasoning

Or ..

* In EFT, robust contribution to vacuum energy is

0 Pyac ~ Z ”’*‘-’-.;:L;M log(Auv/msa)
SM
which, already with the electron, is > (1 meV)?




infrared-modified gravity theories, inspir
with infinite-volume extra dimension
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Sources with wavelength << L gravitate normally,
whereas those with wavelength >> L (including
vacuum energy) degravitate.




sosmological degravitation

m=(0)
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ns, extr_‘actmg COSI‘HGIOglC al predlc tions

eser 'tg a daunting technical challenge.

S C. de Rham, 5. Hofmann, J. Khoury and A. J. Tolley



The 4d graviton is no longer massless but a resonance (a continuum of
massive states) with a tiny width r.? .

On intermediate (albeit cosmologically relevant) scales, an extra scalar force
which enhances gravitational attraction by order unity.

Non-linear interactions can suppress the effects near astrophysical sources.

The theories of interest are higher-dimensional generalizations of the
Dvali-Gabadadze-Porrati model in which our visible universe is confined
to a 3-brane.

It has been shown instabilities are absent if our 3-brane lies within a
succession of higher-dimensional branes, each with their own induced
gravity term, and embedded in one another in a flat bulk space-time
(Cascading Gravity). In the simplest codimension-2 case, for instance, our
3-brane is embedded in a 4-brane within a 6-dimensional bulk.




iiagarathieimplications for Cosmological
observations?

logical solution is non-existent ; We pick
an from theory and fill out the holes with

Equa’don in cascading
etion of Hre equation



DEgTavitating FRW

lower limit on r_(Mpc)
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DEgTavitating FRW
B FRW with o > 0

mdlstmgmshable
from ACDM
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lower limit on r_(Mpc)

lunar laser ran
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(;t(mg (Lensing and ISW) see @ = (¢,_x|;)/ %










CBl excess;

Census of SZ clusters at z~1
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BVman-afexcess: structure at z~3

g

re clumpy than CMB predicts?

0.6

WMAP3+ACDM
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Fu, et al. 2008: Very weak lensing in the CFHTLS




Amplitude (A)

ional Potential: 2.23+0.60 larger than ACDM

Sample Amplitude (A £ o)
2MASSO —2.01 +11.41
2MASSI1 +3.44 +4.47
2MASS2 +2.86 + 2.87
2MASS3 +2.44 +1.73

LRGO +1.82 4+ 1.46

LRG1 +2.79+1.14

QSO0 +0.26 + 1.69
QOSO1 +2.59 + 1.87
NVSS +2.92 + 1.02
All Samples 4223 4-0.60




Dark Bulk Flow I:
velocities at z=0

ik flow within 50 Mpc is 407 + 81 kmi/s
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PDark Bulk Flow II:
velocities at z=0

1 bulk flow w1thm 300 Mpc is ~1000 £ 300
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GV BTauto-correlation,
beyond 60 deg’s
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Copi, Huterer, Schwarz, & Starkman 08

Data
Source
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5.1

WNMAP3 pseudo-C'y
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Theory5 Cy

0.18
4.2
43
4.6
41




GV BTauto-correlation,
beyond 60 deg’s
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HoWawe deal with perturbations

del for ot =1/2

& Newtonian potential vanishes on super-horizon scales
at late times



= Newtonian potential vanishes on super-horizon scales
at late times
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= Plenty of excess power on small scales

= Lensing potential is much less affected



