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• Observational evidence

• A cosmological constant

• Dynamical Dark Energy

• Quintessence

• Vainshtein screening

• Chameleon screening
• Finsler

geometry

• Coordinate 
invariants

• Generalized 
chameleons

• Induced metrics 
in higher 
dimensions

• Lovelock gravity

• A purely 4D 
Galileon





Perlmutter, Schmidt and Riess ‘11 - High-z Supernova Search Team & Supernova Cosmology Project



Plots from:  Union2 Supernova Compilation ’1:, Komatsu et al. ‘:8



Plots from:  Union2 Supernova Compilation ’1:, UK Herschel Team ‘1:







New degrees of freedom cause a large distance modification of GR

But new light degrees of freedom are very easy to 

excite – Fifth Forces, Equivalence Principle Violations etc..
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• Dark Energy is very weakly coupled to matter – e.g. Quintessence

• Dark Energy is effectively very weakly coupled in dense environments, 

i.e. in regimes where we have tested GR to high precision – Vainshtein mechanism

• Dark Energy is effectively very massive in dense environments – Chameleon mechanism



The only coupling to matter is a minimal one through the metric.

cf. Peebles & Ratra ‘88,  Wetterich,‘88



The only coupling to matter is a minimal one through the metric.

We can generalize this in the following ways:

• Introduce a small direct coupling  (protected by shift symmetry):

Brax et al. ‘:9

• Assisted Quintessence, i.e. introduce several fields:

Kim et al. ‘:5 

• Non-canonical kinetic terms – k-essence:

Armendariz-Picon et al. ‘99-’:1



deRham & Tolley ‘1:, Nicolis & Rattazzi ’:4, Vainshtein ’72



deRham & Tolley ‘1:, Nicolis & Rattazzi ’:4, Vainshtein ’72





cf. Armendariz-Picon et al. ‘99-’:1, Nicolis et al. ‘:8, Babichev et al. ‘:9, Deffayet et al. ‘1:, 

Kobayashi et al. ’1:, Gubitosi & Linder ’11, ...
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Start by looking at Finsler geometry:  Most general geometry in which the squared line element is 

homogenous of second degree in coordinate increments:

Bekenstein ‘92
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Acoleyen & Van Doorsselaere ‘11, deRham & Tolley ’1:, Lovelock ’71 & ‘72
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deRham & Tolley ’1:









cf. Burrage & Seery ’1:



matter source

“screened” 
GR region

“unscreened” 
modified 
gravity region

cf. Burrage & Seery ’1:









“The most general scalar field theories which have an action that depends on derivatives of order 

two or less, and have equations of motion that stay second order and lower on flat space-time.”

cf. Deffayet et al. ‘11 

Most general extension, under the condition that field equations stay second order, of

k-essence, Galileons, k-Mouflage, kinetically braided scalars… 

cf. Armendariz-Picon et al. ‘99-’:1, Nicolis et al. ‘:8, Babichev et al. ‘:9, Deffayet et al. ‘1: , Kobayashi et al. ‘1:



Thank you!

JN, in progress,  JN & Mazumdar, in progress


