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Dark Energy Today

Betoule et al. (2014) 2

Equation of state:



New fields and New Forces

Explanations for dark energy typically introduce new, 
light scalar fields

Adelberger et al. (2009) 3

But Yukawa fifth forces 
are excluded to a high 

degree of precision



Is the New Physics Linear?

General relativity is 
a non-linear theory

Higgs scalar has a 

non-linear potential

4Image credits: NASA, John Ellis (1312.5672)



Screening Mechanisms

• Locally weak coupling
Symmetron and varying dilaton models

Pietroni (2005). Olive, Pospelov (2008). Hinterbichler, Khoury (2010). Brax et al. (2011).

• Locally large kinetic coefficient
Vainshtein mechanism, Galileon and k-mouflage

models 
Vainshtein (1972). Nicolis, Rattazzi, Trincherini (2008). 

Babichev, Deffayet, Ziour (2009).

• Locally large mass
Chameleon models

Khoury, Weltman (2004).
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A scalar field with canonical kinetic terms, non-linear 
potential, and direct coupling to matter

The Chameleon

6Khoury, Weltman. (2004).  Image credit: Nanosanchez



Dynamics governed by an effective potential

Non-linearities in the potential mean that the mass of 
the field depends on the local energy density

Low density High density

Varying Mass

7



Chameleon Screening

The increased mass makes it hard for the chameleon 
field to adjust its value

The chameleon potential well around ‘large’ objects is 
shallower than for canonical light scalar fields
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Chameleon

Newtonian 
potential



The Scalar Potential

Around a static, spherically symmetric source of 
constant density

This determines how ‘screened’ an object is from the 
chameleon field

Ideal experiments use unscreened test masses
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A Very Old Idea

Do large objects and small objects fall at the same rate?

Old idea Galileo Chameleon?

10Image credit: Theresa Knott



Astrophysical Hints?

Different components of a dwarf galaxy may fall 
towards a cluster at different rates

- Stars are screened, gas and dark matter are not

- Look for gas-star offsets & warping of galactic discs
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Desmond, Ferreira, Lavaux, Jasche. (2018) 

Tests proposed by Hui, Nicolis, Stubbs. (2009). Jain, VanderPlas. (2011)



Astrophysical Hints?

Different components of a dwarf galaxy may fall 
towards a cluster at different rates

Evidence for offsets using ~10,000 HI detections from 
the ALFALFA survey

Evidence for galaxy warps using ~4,000 images from 
the Nasa Sloan Atlas

Both consistent with screened force,  M~10 MPl, and 
vacuum Compton wavelength ~1.8 Mpc

Claimed ~7σ significance, but challenging systematics

12
Desmond, Ferreira, Lavaux, Jasche. (2018) 

Tests proposed by Hui, Nicolis, Stubbs. (2009). Jain, VanderPlas. (2011)



Imperial Atom Interferometry Experiment

Dedicated chameleon experiment, insensitive to the 
Earth’s gravitational field

Anomalous acceleration  = -77 ± 201 nm s-2

13Sabulsky, Dutta, Hinds, Elder, CB, Copeland. arXiv:1812.08244



Imperial Experiment

14Sabulsky, Dutta, Hinds, Elder, CB, Copeland. arXiv:1812.08244



Optically Levitated Microspheres

Limit on the strength of new interactions between gold-
coated silicone cantilever and silica microsphere

< 0.1 fN

15Rider, Moore, Blakemore, Louis, Lu, Gratta. (2016)



Optically Levitated Microspheres

16Rider, Moore, Blakemore, Louis, Lu, Gratta. (2016)



Optically Levitated Microspheres – Prospects?

17With thanks to Ben Elder and Hendrik Ulbricht



Astrophysical Hints?

18CB, Sakstein. (2017). With thanks to Ben Elder



Combined Chameleon Constraints

19CB, Sakstein. (2017). With thanks to Ben Elder



Future Prospects: Source Shape

20CB, Copeland, Stevenson (2015) CB, Copeland, Moss, Stevenson. (2017)

Scan over shapes of equal mass whose surfaces are 
described by Legendre polynomials to find optimal 

source shape and measurement point



Summary

Explanations for dark energy typically introduce new 
scalar fields but the corresponding forces are not seen

Screening mechanisms (non-linearities) hide these 
forces from fifth force searches

• Can still be detected in suitably designed experiments

Possible astrophysical hints for screened forces could 
be within reach of future experiments
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