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LECTURE 4 
Future probes of screening mechanisms



Probing Modified Gravity in Cosmic Web



Probing modified gravity in cosmic web

Massive 3D distribution of
matter

Characterised by di↵erent
structures

Halos – overdense regions
Voids – underdense
regions
Filaments – connecting
two high density regions

Excellent probe of modified
gravity
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Global properties

Length L: sum of segment
lengths

Width RT : ⇢(RT ) = 10⇢c0

Mass M: M = NDM ⇥MDM
RT

Global properties

Length L: sum of segment
lengths

Width RT : ⇢(RT ) = 10⇢c0

Mass M: M = NDM ⇥MDM
RT

Global properties of filaments

Observed mainly using galaxies



Global properties of Filaments: dependence on coupling and range

Filaments shorter in Modified Gravity Filaments thicker in Modified Gravity

Filaments more massive in Modified Gravity

(Ho, Falck, Gronke, DFM)
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Less massive: large deviations More massive: small deviations

Environmental dependent properties of Filaments 
Density Profiles
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Environmental dependent properties of Filaments 
Velocity Profiles (Ho, Falck, Gronke, DFM)

Less massive: large deviations More massive: small deviations



Voids as probes of Modified Gravity
(Maudland, Elgaroy, DFM, Winther)

(Voivodic, Lima, Llinares, DFM)

Observed via: galaxies, but mainly lensing
Fifth force not screened!



Voids abundances 
More larger voids in Modified Gravity

(Voivodic, Lima, Llinares, DFM)
(Maudland, Elgaroy, DFM, Winther)

(Perico, Voivodic, Lima, DFM)

Dark matter probes
(Lensing )

Using galaxies: 
Not so promising



Voids Profiles  
Voids are emptier in Modified Gravity

(Voivodic, Lima, Llinares, DFM)
(Maudland Elgaroy, DFM, Winther)

(Perico, Voivodic, Lima, DFM)

Observationally difficult both via lensing (even worst with galaxies)  
Not so promising!



Context and motivation Methodology Results Summary

Void abundance

Void abundances

Many modified gravity models predict larger and emptier voids
Void abundance (like cluster abundance) was thought to be a good test of models
Many of previous studies studied the abundance of voids identified from the dark
matter field, rather than a galaxy field, which is directly observable
Concerns that void abundance is too sensitive to the specific void finder

Baojiu Li (ICC, Durham) Testing gravity using cosmic voids DARKMOD 26/09/17 11 / 20

Context and motivation Methodology Results Summary

Void abundance

Void abundances

Many modified gravity models predict larger and emptier voids
Void abundance (like cluster abundance) was thought to be a good test of models
Many of previous studies studied the abundance of voids identified from the dark
matter field, rather than a galaxy field, which is directly observable
Concerns that void abundance is too sensitive to the specific void finder

Baojiu Li (ICC, Durham) Testing gravity using cosmic voids DARKMOD 26/09/17 11 / 20

How promising are voids?

Observationally difficult to probe!

Fifth force not screened!



LECTURE 5 
Are screening mechanisms viable?
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Astrophysical Bounds

Solar System Bounds

Strong field Bounds

Viability of Modified Gravity 
Light degree of freedom driving acceleration

Screening Mechanisms!

Binary Pulsars



Equivalence between Bardeen potentials

“Newtonian” potential:                                  Space curvature:                                  
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Equivalence between Bardeen potentials

“Newtonian” potential:                                  Space curvature:                                  
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Solar System

“How much space is curved by a unit rest mass”



Solar system tests  
` Post-Newtonian parameter 

 
 
` Bending of lights  

 
 
 
 

` Shapiro time delay   
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Solar System Tests



“How much space is curved by a unit rest mass”

Constrains on Modified Gravity 
Post-Newtonian Parameter

� � 1 = (2.1± 2.3)⇥ 10�5

� � 1 = 0, GR

� � 1 = � �2

M2

2
�2

M2 + 2 (1 + �2

M2 )



“How much space is curved by a unit rest mass”

Constrains on Modified Gravity 
Post-Newtonian Parameter

� � 1 = (2.1± 2.3)⇥ 10�5

� � 1 = 0, GR
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6

Quasi-Static Scalar Fields

● Scalar field equation of motion (KG)

● A damped wave equation

-V
eff ,ϕ

 (ρ, ϕ)

Profile of field in Solar system
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Quasi-Static Scalar Fields

● Scalar field equation of motion

● Quasi-static approximation:
Poisson eq.

● No waves!

-V
eff ,ϕ

 (ρ, ϕ)

Quasi-static approximation 
Field profile does not change in virialised systems

�
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Quasi-Static Scalar Fields

● Scalar field equation of motion

● Quasi-static approximation:
Poisson eq.

● No waves!

-V
eff ,ϕ

 (ρ, ϕ)

Quasi-static approximation 
Field profile does not change in virialised systems

�
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The Thin Shell Effect

R



The Thin Shell Effect

R

Field reaches effective minimum almost everywhere in the body

All field variations confined to small region near body surface

This region is called a thin-shell



Thin shell

Fifth force produced in a body with 
thin-shell becomes very small

Fifth Force on Body with Thin-Shell



Fifth Force: 

Fifth force constraints easily evaded!

Evading Gravity Constraints on Earth

Objects with thin-shell:



Thin shell effect 
Screening mechanisms suppress value field and gradient

�

F� ⌧ FN

� � 1 = � �2

M2

2
�2

M2 + 2 (1 + �2

M2 )
⌧ 1
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Chameleon Potential Profile of field

Waves from Supernovae

Ewave



f

VeffHfL

Profile of field

Waves from collapse of domain walls

R. Hagala-1 1

f

VeffHfL



Cassini bound       

Solar System

Distance from milky way centre

Hagala, Llinares, DFM, PRL
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Solar System

Distance from milky way centre

Cassini bound       

Hagala, Llinares, DFM, PRL
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Cassini bound       

Solar System

Distance from milky way centre

Screening disrupted! 
Scalar waves increase the PPN parameter 

and fifth force several orders in magnitude!

Hagala, Llinares, DFM, PRL

Oscillations are a smoking gun!
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in laboratory 
 
 
 
 
in the solar system 
 

 
 
at astrophysical scales 
 
 

 
 
at cosmological scales 
 

} 
+ perfect to test EP violations, PPN, etc 

	    + Direct gravity experiments	  
- very limited time/space/energy scales 
- only probes baryonic physics 

+ 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

Summary: Probing Screened Modified Gravity


