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dRGT Massive gravity

A massive graviton can be decomposed (in the massless
limit) into 

– One helicity-two mode

– Two helicity-one modes

– One helicity-zero mode

We give GR a potential

Where

The vector modes decouple at lowest order

de Rham, Gabadadze 2010.  de Rham, Gabadadze, Tolley 2011



The decoupling limit

The effective Lagrangian is

Cubic and higher self interactions of the scalar are 
controlled by the scale

– If the graviton mass is ~ H0, this corresponds to distances ~ 
1000 km



Strong coupling – A simple example

Perturb around a background

The Lagrangian is

Where

4 Luty, Porrati, Rattazzi 2003



Strong coupling – A simple example

Self interactions of the canonically normalised scalar 

are suppressed by

Around a static, spherically symmetric source of mass M

When the graviton mass is ~ H0, the rescaled strong 

coupling scale (at the surface of the Earth) corresponds 

to distances ~ 1 cm
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Strong coupling in massive gravity

There are additional higher order terms and interactions 

with the metric

Perturb around the scalar and metric field configuration due 

to the Earth 

Then canonically normalise the scalar

The interactions for fluctuations in the Lagrangian become



Strong coupling problems for massive gravity

The theory becomes non-perturbative at the lowest energy 

scale controlling these interactions

The lowest scale at the surface of the Earth is 

For gravity to be valid on the distance scales probed by 

laboratory experiments requires



Chameleon dark energy

Picture credit: Habib M’henni



The chameleon scalar field 

A scalar field theory

– With self interactions

– Which couples to matter

Evading fifth force constraints requires .

The screening mechanism is relevant if .

f(R) modifications of gravity correspond to

Khoury, Weltman. 2004



The effective potential

High density, no pressure  Low density, no pressure

The mass of the chameleon changes depending on its 

environment



Chameleon effective field theory

At high energies quantum corrections become 

uncontrollably large

Difficult  to embed the chameleon in string theory

Picture credit: June Gilbank

Brax, van de Bruck, Davis. 2004

Hinterbichler, Khoury, Nastase. 2011

Cannot predict when the 

chameleon breaks down

But we should not trust the 

chameleon up to the Planck 

scale



Chameleon cosmology

During radiation domination the field is initially frozen due 

to Hubble friction

Decoupling of Standard Model particles ‘kicks’ the 

chameleon towards smaller values

Brax, van de Bruck, Davis, Khoury, Weltman. 2004



Chameleon cosmology

The kicks drive the chameleon towards the steep part of 

the potential with high velocity

Classically the field rapidly climbs up the potential and falls 

back down



A chameleon catastrophe

Rapid (non-adiabatic) changes in the mass of the field 

excite quantum fluctuations

– Very high energy fluctuations are excited

– With small occupation numbers



The death of the chameleon?

Production of high energy particles leads to a break down 
of calculability

This can only be evaded for weak couplings and very fine 
tuned initial conditions

This fine tuning requires knowledge of the full particle 
content of the Universe

Picture credit: Karen Watson


