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LECTURE 2
Screening Mechanisms



Extending General Relativity

extra degree of freedom driving acceleration




Screening Mechanisms in Scalar-Tensor Gravity
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Screening mechanisms classification
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Laboratory tests
Robustly confirm the predictions of General Relativity
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Equivalence Principle:

All bodies fall in gravitational field with same
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Solar System tests
Confirm General Relativity

MICROSCOPE
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Conclusion of experimental tests in the Parametrized Post-Newtonian formalism
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Astrophysical Observations
Robustly confirm the predictions of General Relativity

Pulsar (neutron star emitting EM 17/sec)
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Properties according to General Relativity

Compact Objects
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Why and where do we need
screening mechanisms?

Modified Gravity must recover
General Relativity in high curvature regimes



Extra-degree of freedom screened in high curvature
(In most gravity theories equivalent to high density)

Fifth forces are described by it range and strength

(and as you will see they will have a “onset scale’!)



Chameleon Mechanism

Idea: Make the mass of the scalar field depend on the local matter density.
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@ Matter fields
@ Minimal coupling of 1) to the metric: g, = A*(}) g



Chameleon Mechanism: Effective Potential

Around a spherical body: spherical symmetry, static, flat space
d?¢ N 2 do
dr? = rdr

where p = A3 is the density conserved in the Einstein frame.

=V +Agp




Chameleon Mass Not Constant
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Large Mass (short range) ¢ Small Mass (long range)
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Bounds on Fields Coupled to Matter

Long et al. (2004)
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Modified Gravity either:
1) strong coupling and very short range
2) very weak coupling and long range



Chameleon Screening
Mass/Range of field depends on local density
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Chameleon mechanism
Range of dark force depends on local environment

Gravitational force Gravitational force
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Symmetron Screening
Strength of fifth force depends on local density
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Symmetron mechanism
Strength of fifth force depends on local environment ...o...ouwn




F(R) Gravity

» R: Ricci scalar or “curvature”
» f(R): modified action (Starobinsky 1980; Carroll et al 2004)
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F(R) Gravity

» R: Ricci scalar or “curvature”
» f(R): modified action (Starobinsky 1980; Carroll et al 2004)

R+ f(R)
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» fr = df /dR: additional propagating scalar degree of freedom
(metric variation)



Modified Einstein Equation

» In the Jordan frame, gravity becomes 4th order but matter
remains minimally coupled and separately conserved

f

Gaﬁ + fRRaﬁ — <§ — fR> 8aB — VQV5fR = 381G Taﬁ




Modified Einstein Equation

» In the Jordan frame, gravity becomes 4th order but matter
remains minimally coupled and separately conserved

f
Gaﬁ —+ fRRa/g — (— — fR> 8aB — VQVQICR =38 G Tag
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» Trace can be interpreted as a scalar field equation for fp with
a density-dependent effective potential (p = 0)

30fr + frRR — 2f = R — 87Gp

» For small deviations, |fg| < 1 and |f/R| < 1,

fr ~ = (R — 81 Gp)
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f(R) gravity conformally equivalent to scalar-tensor

f(R) modifies GR by replacing the Ricci scalar, R, in the gravitational action with a more general function f(R),

S = /1433\/—79@ f(R) + Sp.



f(R) gravity conformally equivalent to scalar-tensor

The effective potential is then V(¢),

a, R pm

0R

By specifying the form of f(R), the effective potential will trap the field in regions of high density.



f(R) gravity with Chameleon screening
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Gravity beyond GR:
Cosmological Perturbations Theory



Cosmological Perturbation Theory



f(R) Gravity

i R+f(R)
» f(R) gravity S:jd“xﬁ L




Hu-Sawicki model

» No cosmological constant f(R) —>0,R— 0 (in the future)

Drives acceleration
nowadays!



Background Cosmology

» Background cosmology €2, , fr,

Modified Friedmann equation:
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Structure formation in GR

ds® = a*(1 +2®)dn* — (1 — 2)dz?
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Structure formation in f(R)

ds® = a*(1 + 2®)dn?* — (1 — 2W)dz?
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Linear and large scale effects

» Linear perturbations



Large scale matter clustering

» Growth of density perturbations




Parameter | 1, |

» Compton wavelength

Fora larger | I ro k
the Compton wavelength

is longer

Range of the fifth force
(1/mass of the field)
changes in time:
Chameleon mechanism
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Summary of the model

» Background

Indistinguishable from LCDM if the solar system constraints are
satisfied ‘fRO‘ < 10_5: Jro = fR(tO)

Linear approximation
— ' breaks down at small
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Background Constraints on
Modified Gravity

3
L ModGrav = R — aRR

Supernovae + Large Scale Structures + CMBR + Baryon Oscillations
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T~ Almost GR!
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