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General Relativity: One field

® General Relativity is a theory where gravity is mediated by
a tensor field |




Modified Gravity: Extra degrees of freedom

* Gravity may be mediated by a tensor field , and/or a
vector field B, and/or a scalar field




Scalar-Tensor Theories
Extra scalar degree of freedom (fifth force)




Extremely tight constraints on Modified Gravity
at small scales and “strong” gravitational fields!

extra dimensions? GR MOND? Modified Gravity?
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Extremely loose constraints on Modified Gravity

at large scales and “weak’ gravitational fields!
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Modified Gravity as Dark Energy

v 1{(R) models are simple
¥ easy to produce acceleration (first inflationary model)

v high-energy corrections to gravity likely to introduce higher-order terms

v particular case of scalar-tensor and extra-dimensional theory
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Large Scale Structure Formation:
deviations from GR must be small

p.

High-Z Supernovae Search Team




How to Modify Gravity and evade constraints?
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Screening mechanisms key elements

5= [ dtv=g | 5 M- 506 - V()| + Sn(A (D), ¥)
Scalar bosons produce Yukawa potential:
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Range of Fifth Force on Scalar-1ensor Gravity

5= [ dtv=g | 5 M2~ 500 = V(O)] + SnlA(O)guns )
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Chameleon Screening: range of fifth force depends on local density

5= [ dxtv=g |5 Ma = 5067 = V(O)| + Sn(A2(0)gi0r0)
Nonlinear mass/range




Chameleon mechanism
Range of dark force depends on local environm

ent
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Symmetron Screening: coupling of fifth force depends on local density

S = / dx*/—g [gMgl - %(&;5)2 - V(o)| + Sm(;?;;w)gw,w;)

Nonlinear coupling
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Symmetron mechanism
Strength of dark force depends on local environment




Structure formation probes deviations from GR

Llinares, DFM & Winther, ApJ



Structure formation dependence on coupling and range
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Scales larger than Compton wavelength: recovers GR

Llinares, DFM & Winther, ApJ



Structure formation dependence on the screening scale

High density region
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Global observables are not ideal to distinguish
Modified Gravity theories with or without Screenings
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How to Probe Screening Mechanisms?



Mass measured via gravitational lensing

Lensing Mass 1n (conformal) Modified Gravity same as GR




Mass measured via dynamics

The mass inside an orbit can be found using the
size of the orbit and the orbital speed. The arrows

show the speeds for certain points on the rotation
curve for this galaxy.



Modified Gravity with Screening Mechanisms:
Dynamical mass depends on position in environment

Screened. Unscreened

Dynamical mass is same in GR Dynamical mass differs from GR

Dynamical Mass depends on distance
to high/low dense environment



Modified Gravity with Screening Mechanisms:
Dynamical Mass depends on size of cluster

-

Fifth-force Gravitational force Gravitational force
Fifth-force
Dynamical Mass same as in GR Dynamical Mass differs from GR

Dynamical Mass depends on size/density of cluster



Smoking gun for Screening Mechanisms

Lensing Mass vs. Environmental dependent Dynamical Mass
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dynamical vs. lensing masses of halos in clusters
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dynamical vs. lensing masses of halos in clusters
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dynamical vs. lensing masses of halos in clusters
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dynamical vs. lensing masses of halos in clusters
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dynamical vs. lensing masses of halos in clusters
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Probing Symmetron Unique Signature

Global Power Spectra Local Power Spectra
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Summary: Probing Screened Modified Gravity

el at astrophysical scales

% at cosmological scales

+ probe different Screening Mechanisms
- complicated non-linear/non-gravitational effects

+ unlimited scales

+ baryons, dark matter, dark energy

+ mostly linear processes

- Does not probe screening mechanisms




