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consider the action

This should give fifth forces, but these are screened. Two types of screening. 
Chameleons - the mass depends on the environment; dilatons and symmetrons - 

the coupling to matter depends on the environment. 	


Both are considered. They have been constrained by solar system and lab tests.	





The effect of the environment 

     When coupled to matter, scalar fields  have  a 
matter dependent effective potential 

 
Environment 
dependent 
minimum 

The field generated from deep inside is 
Yukawa suppressed. Only a thin shell radiates 
outside the body. Hence suppressed scalar 
contribution to the fifth force. 
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Dilaton(



!f(R)!is!!totally!equivalent!to!an!effec4ve!field!theory!with!gravity!and!scalars!!
!
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The!poten4al!V!is!directly!related!to!f(R)!
!
!
!
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Crucial!coupling!between!
maBer!and!the!scalar!field!

Formalism!applies!also!to!f(R)!gravity:!chameleon!mechanism.!



Tomography

Applies to all models considered



All#these#models#can#be#en/rely#characterised#by#2#/me#dependent#func/ons.#The#non9linear#
poten/al#and#coupling#of#the#model#can#be#reconstructed#using:#

Works#for#chamelons,#
dilatons,#symmetrons#etc…#

tomography#



The$m(a))β(a)$parameterisa0on$is$useful$to$express$the$screening$criterion$for$an$object$BLUE$embedded$in$a$larger$
region$RED:$

Scalar$charge:$

Newton’s$poten0al$at$the$surface$$

Self$screening:$large$Newton$poten0al$

Blanket$screening:$due$to$the$environment$G$



For$chameleons,$dilatons$and$large$curvature$models:$$

Self7screening$of$the$Milky$Way:$

This$bounds$the$range$of$the$scalar$interac>on$to$be$less$than$a$few$Mpc’s$on$cosmological$scales$

3/2<r<3,$$s=0$:$chameleons$

r>3,$s=0$:$large$curvature$$

r=3/2,$s=73:$dilaton$

The Milky Way must be screened



Cosmology

Modified gravity can evade detection in the solar system, but 
this doesn’t mean there is no effect on cosmology.

There is a long range field of gravitational strength. It adds 
an extra force cosmologically

For example, there could be affect the clustering of 
matter to form galaxies.



At the linear level, CDM perturbations grow differently from GR in chameleon, dilaton, symmetron 
models: 

Linear perturbations solely determined by the m(a)-β(a) parameterisation ! 
  

Inside the Compton wavelength k<<m(a)a, anomalous growth depending on the coupling to matter 
β(a).   

Outside the Compton wavelength, growth is not modified: 



dilatons

N-Body Simulations

ECOSMOG simulations using a modification of the RAMSES code. 
Full use of the m(a)-β(a) parameterisation.  



The differences are subtle, but could be detected 
in the next generation of experiments



Can rewrite usual parametrisation in this notation	



µ(k, a) =
(1 + 2�2)k2 +m2a2

k2 +m2a2
,

�(k, a) =
(1� 2�2)k2 +m2a2

(1 + 2�2)k2 +m2a2

now constrain parameters with data using 
posterior probability of parameters

Compare                     parametrisation with data to extract 
parameters

m(a),�(a)

with Philippe Brax, Alireza Hojjati, Aaron Plahn and Levon Pogosian







Symmetrons





Dilatons





Next we want to make forecasts for 
future experiments.

This is in progress



force between parallel plates

force between a plate and a sphere

chameleonic force 

dark energy scale is

The scalar force could be detected in Casimir type experiments

Brax et al PRD76(07)124034

Fcas ⇡ d�4

Casimir Force Experiments



Casimir Force



by changing the density between plates 
the chameleonic force is screened

for plate separation of 30 microns, 
inject gas at different pressures could 

determine the coupling to matter
with Davide Iannuzzi 
PRL104(10)241101



 core
 core chamber

ion getter pump

primary pendulum

seismic filter
voice coil

geophone

secondary pendulum

Eddy current dampers

outer chamber

class 7
clean room

Davide Iannuzzi, Rene Sedmik et al





Can we do More?

Use tomography to consider generalised chameleons, symmetrons and dilatons

Expect chameleons to be detected or ruled out by Amsterdam 
experiment. Constraints on other models are less strong

in progress with Philippe Brax



⇢⇤

⇢m ⇡ 0

RS

R0

Screened ‘Hair’ on a Black Hole

Consider the effect of screened modified gravity in the strong gravity regime, for instance in a the presence 
of a black hole. There is a ‘no scalar hair’ theorem for black holes, but this is for idealised conditions where 

there is no matter and the scalar field is constant. This is not the case in screened modified gravity.

RS ⌘ 2MBHM�2
Pl

RS < r < R0
In the absence of 
the scalar field the 
region I is vacuum

with a constant 
matter density 	



in region II 

⇢⇤ r > R0

with Ruth Gregory and Rahul Jha
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The ratio of scalar to 
gravitational force is

Comparing scalar radiation 
to quadrupole radiation for 

supermassive black hole

In the thin shell limit we find
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the value of the scalar field 
at the black hole horizon



2 Scalar profile of a black hole surrounded by matter

Once again, will look at the scalar profile around the black hole, but this time write
in Weyl form:
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Although this looks di↵erent, the simple transformation

⇣ = (⇢�GM) cos ✓ , ⇢

2 = r(r � 2GM) sin2
✓ (2.4)

in fact returns the metric to its standard spherical form.
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We thought to take the scalar field equation in this background,
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and add a model accretion disc:

⇢ ! ⇢0 + ⇢1�(⇣)⇥[⇢� ⇢0]⇥[⇢1 � ⇢] (2.7)

Our idea was to do this to leading order in ⇢1 and ��.
In general, the solution to the Poisson equation is
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(I know ⇢ means two things here - too bad!) So input the density surplus from (2.7):
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When we first did this, Anne and I forgot the square root, and also ignored the volume
factor e2(⌫��) to get a first pass, so we need to re-do. First, at ⇣ 0 = 0
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where K is the complete elliptic integral of the first kind.
Then get mathematica to do the integral, setting ⇢0 = 2

p
6GM and ⇢1 = 100,

say

– 2 –

Now consider realistic accretion disk

Solve as before
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Figure 1. Integrating out the � field.
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Figure 2. Splitting it up into the ⇢ and ⇣ dependence.

References

[1] A. -C. Davis, R. Gregory, R. Jha and J. Muir, “Astrophysical black holes in screened

modified gravity,” arXiv:1402.4737 [astro-ph.CO].

– 3 –

0

5

10
-10

-5

0

5

10

-52

-50

-48

Figure 1. Integrating out the � field.

-2 -1 1 2 z

-52.0

-51.5

-51.0

-50.5

Mpf

b

r=10

r=1

r=5

0 2 4 6 8 10-0.55

-0.54

-0.53

-0.52

-0.51

-0.50

r

Mpf

100 b

z=2

z=1

z=0.1

Figure 2. Splitting it up into the ⇢ and ⇣ dependence.

References

[1] A. -C. Davis, R. Gregory, R. Jha and J. Muir, “Astrophysical black holes in screened

modified gravity,” arXiv:1402.4737 [astro-ph.CO].

– 3 –

Kerr black holes treated similarly - 
numerics in progress



The Future

Forecasts for future experiments for all generalised models — underway

Detailed predictions for all lab experiments for generalsed models 
—underway

Predictions for scalar radiation from Kerr black holes 
— in progress

Thank you!


