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Observational Signals for Modified Gravity

Outline

Observations

= Background evolutions (SNe).
= Linear perturbations (CMB, LSS).
= Non-Linear perturbations (Clusters).

Modification on Observations

= Jordan or Einstein Frame
= Changes in linear densities
= Changes in critical density, mass function, and normalization.

Conclusion
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Cosmic expansion & Growth of Structure

= Cosmic background evolution is
determined by all the constituents

= Baryon and photon are coupled by
Thomson scattering

= b-y fluid moves under gravitational
(Background) o) potential well generated by CDM

= Assume massless v

Baryon

(Ls9) Linear perturbation

e

Both linear & nonlinear
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Parameter Dependence : SNe
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Temperature Fluctuations [uK?]
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Parameter Dependence : CMB (also see Arman’s talk)
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Parameter Dependence : LSS

P(k) [h=3 Mpc?]
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Parameter Dependence : CL
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Figure 5: a) The comoving number density of clusters n of mass greater than M for different
values of z = 0, 0.5, 1.0, and 2.0 (from top to bottom) when wqg = —1 and . = 1.58. The circular
(z ~ 0) and triangular (0.18 < z < 0.85) dots represent the data from Ref. [33]. b) Errors of n
when we use the correct threshold density contrast 6. = 1.58 instead of 1.69 for different values

of 2 =0, 0.5, and 1.0 (from bottom to top).
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Background evolutions on Jordan vs Einstein Frame
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= Mathematically two frames are same.
= How about physics? Any preferences? Still under debate

= However, one should stick on one frame after using one frame for the
background evolution. Because

@D = Vait, o = VBa, HE EYVE + (1/2)d /0%




. Wavenumber k [h/Mpc]
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CMB

Angular scale
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CMB
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Current results are limited hy a parameterized post Friedmann (PPF) frame-
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Observational evidence of deviation from ACDM (also see Shiniji’s talk)
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= Data may already show deviation from ACDM ?
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Conclusions

Background

= Need to decide the frame first to fix the model parameters with background evolution
= Go beyond PPF (numerically difficult)

Perturbations

= How to perform Boltzmann equations without PPF
= Normalization and b(k,z)
= Beyond linear region ?
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