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precision Cosmology

= Cosmological parameters are now

with

WAIAP 5-vear Cosmological Interpretation
Komatsu, etal. 2008

TABLE 1
SUMMARY OF THE COSMOLOGICAL PARAMETERS OF ACDAMAI MODEL AND THE CORRESPONDING 6870 INTERVALS

Parameter WMAP 5-year ML* WMAP+BAO+SN ML WNMAP 5vear Mean® WMAP+BAO+SN Mean

1002, 2 2 268 2262 2973 + 0.062 i
Q. h* 0.1081 0.1138 0. 1099 + 0.0062 0.1131 + 0.0034
.78 0.751 0.723 0.742 = 0.030 0.726 £ 0.015
ny 0.961 0.962 asex’ s 0.960 £ 0.013
- 0.0%9 0.08% 0.087 £ 0.017 0.084 + 0.016

_"h._: 241 x 10792 246 « 10—° (2.41 +£0.11) x 107° (2.445 + 0.096) = 102
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@oSIological Constant Problem

Standard model presentfs us with a
rexing theoretical problem:

* In EFT, robust confribution to vacuum energy is
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SM
which, already with the electron, is > (1 meV)?

* Relaxation mechanisms not possible with 4d massless graviton
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(LBl excess:
eNIsus of SZ clusters at z~1

= Do we underpredict the # of clusters?
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LYVman-a excess:
structure at z~3

= Ly-a, more clumpy than CMB predicts?

0.8

WMAP3+ACDM




ISW effect X galaxies:
metric pert. at z~ 0.1-1

Gravitational Potential: 2.23+ 0.60 larger than ACDM
predicts

Sample Amplitude (A + o)
2MNASSO 2011141
§ ; 2MASS1 +3.44 + 447
3 2MASS2 +2.86 + 2.87
p i = ';‘_%r 2MASS3 +2.44 +1.73
=4 Tl o s TN A WG LRGO +1.82 £1.46
E L = LRG1 +2.79 +1.14
ol g T QSO0 +0.26 + 1.69
L SRR i ¢ QSO1 +259 + 1.87
) NVSS +2.92 +1.02
i T'a'l e 9 All Samples +2.23 + 0.60
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LVIman-a excess:
structure at z~3

= Ly-a, more clumpy than CMB predicts?

yman-c forest

WMAP3+ACDM




ISW eftfect X galaxies:
metric pert. at z~ 0.1-1

Gravitational Potential: 2.23+ 0.60 larger than ACDM
predicts
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Dark Bulk Flow |I:
velocities at z=0

= Local bulk flow within 50 Mpc is 407 £ 81 km/s

Watkins, Feldman, & Hudson 08
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PDark Bulk Flow II:
velocities at z=0

= Bocal bulk flow within 300 Mpc is ~1000 £ 300
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BULO. from lensing is consistent

with ACDM!
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Leouidilensing and Newtonian
potentials be different?

ds® = —(1 + 20)dt* + a*(1 + 2®)dF”

5 ¥ = -&in ACDM+General Relativity
= Non-relativsistic matter follows -¥
= Photons (Lensing and ISW) see &_= (9-¥)/2
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Leouidlensing and Newtonian
potentials be different?

ds®> = —(1 4+ 2W)dt? + a?(1 + 2®)dF?

¥ = -@® in ACDM+General Relativity
Non-relativsistic matter follows -¥

Photons (Lensing and ISW) see & = (&-V)/2



CVIB auto-correlation.

beyond 60 deg’s
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CMB auto-

beyond

Si/2
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ne-Gravitation: the panacea

pvali. Hotmann. and Khourv 07
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e Gravitation: the panacea

pPvali, Hotmann, and Khoury 07
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= Seolves the cosmological constant problem

= Growth on small scales:

= Large Scale CMB Cancellation
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oS mological degravitation

= Around Minkowski space:

)

2,
-

= General cosmological solution is non-existant;
so let's guess:

(analogy with « =1/2, Dvali, Gabadadze, Porati model)




pegravitating FRW
m FRW with a 2 0

indistinguishable
from ACDM

2

lower limit on r (Mpc
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oS mological degravitation

= Around Minkowski space:
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= General cosmological solution is non-existant;
so let's guess:
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pegravitating FRW
2 FRWwith a > 0

indistinguishable
from ACDM

2

lower limit on r (Mpe
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pegravitating FRW
2 FRWwitha =2 0

indistinguishable
from ACDM

= Inhomogeneous
Universe could

be different!

lower limit on r (Mpe
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(Fiu& Sawicki 2007): b
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(Fiué& Sawicki 2007): b L W
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LseIcelling ISW against Sachs-Wolfe

= On super-horizon scales, in the matter era:
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ies@orrelating CMB on large angles

r.=100 Mpc
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IeNe0Trelating CMB on large angles

Data S1/2 P(S1/2)
Source (uK)*  (per cent)
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ieeoTrelating CMB on large angles

r.=100 Mpc
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IeNe0Trelating CMB on large angles

Dat;}. .51.;'-_'3 Pf 51};2}
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T he Moral

Several observations point to
(relative to CMB) on small scales at

Massive gravity can (potentially):

The model can roughly explain observations if

the graviton Compton wavelength ~ 100 Mpc



What should we see?

= Detect many SZ clusters with ACT, SPT, Planck??

= Large redshift space distortions, measured by

= Scale dependent bias

= Subtle distortions in weak lensing map power
spectra




What should we do?

= Non-linear models of degravitation (e.g.
cascading)

= Cosmological solutions+perturbation theory

=

=2 Alternative models of gravity that have the
desired behavior




