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The expansion of the Universe is 

accelerating 

 

 

 

 

 
 

"for the discovery of the 

accelerating expansion of the 

Universe through 

observations of distant 

supernovae" 
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The content of the Universe 

Cosmological 

constant? New scalar 

field? 

Modification 

of gravity? 
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New scalar fields 

 Both dark energy theories and modifications of gravity 

introduce new scalar fields 

 

 We expect the scalar field to couple to all Standard 

Model fields in the same way 

 

 We end up with a theory with two metrics: 

 One metric determines the geometry of space 

 One metric determines the motion of matter particles 
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What is the most general way of 

interacting with matter? 

 Matter fields couple to an effective metric which depends 

on the space-time metric and the scalar field 

 

 The most general effective metric that can be made from 

the metric and a scalar field that respects causality and 

the weak equivalence principle is 

(Bekenstein 1993) 

Conformal Disformal 
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 Conformally coupled scalar fields 
 

 

 There is no coupling to the kinetic terms of gauge bosons at 

tree level 

 

 

 The Standard Model is not conformally invariant 

 The conformal anomaly means that a coupling to photons will 

always be generated 

Relation to Axion-like particles 

(Kaplunovsky, Louis 1994. Brax, CB, Davis, Seery, Weltman 2011) 6 



Axion-like particles 

 The conformal anomaly generates a term 

 

 

 What is the scale of the coupling? 

 Could be scale of original coupling to matter (models cover 

the range TeV to Planck scale) 

 Could be a Standard Model energy scale 

 

 Disformal coupling to photons modifies axion-like particle 

behaviour in ways that are only beginning to be 

investigated 
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(Brax, CB, Davis, 2012) 



 It is hard to introduce a new scalar field that does not 

couple to matter fields at least at the Planck scale 

 

 

 

 

 Bosons that couple to matter mediate forces 
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What’s the problem with scalar fields? 



What’s the problem with scalar fields? 

 From the scattering amplitude we can find the 

corresponding classical potential 

 

 

 

 

 But we do not see any fifth forces or modifications of 

gravity in the laboratory or in the Solar System 
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Results of the Eöt-Wash experiment 
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Screening mechanisms 

 Start with a non-linear scalar field theory 

 Solve the equations of motion for the background  

 The Lagrangian for fluctuations (to second order) 

 

 

 

 

 

 

 

 

 

Large Z makes it 

hard for the scalar 

to propagate 

- Galileons 

- Massive gravity 

- Vainshtein 

mechanism 

Large m means the 

scalar only propagates 

over shorter distances 

- Chameleon 

Small β makes the 

interaction with 

matter fields 

weaker 

- Symmetron 
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 Lagrangian 

 

 

 

 Scalar field feels an effective potential 

 

 

 

 

Example: The Symmetron 

12 (Hinterbichler, Khoury, 2010) 



Example: The Symmetron 
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Low Density    High Density 

 

 

 

 

 

 

 

 Coupling between scalar fluctuations and matter 

 

 

 

 



What does this mean for axion-like 

particles? 

 Can’t apply constraints to these theories that come from 

dense environments 

 Eg Sun, White Dwarf stars…. 

 

 Best constrains come from experiments done in vacuum  

 Suitable observations 

 Precision measurements in laboratory vacuums 

 Tests for mixing between scalars and photons in the 

interstellar and intergalactic media 
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Conclusions 

 Scalar fields are extremely common in theories of dark 

energy and modified gravity 

 These scalar fields couple to matter and to photons 

 Either directly or through the conformal anomaly 

 

 But new scalar fields give rise to fifth forces 

 Not seen on Earth or in the Solar System 

 Non-linear theories contain screening mechanisms which 

suppress the effects of the scalar in dense environments 

 This means we need to be careful when applying 

observational constraints 
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