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Background

• Dark energy comprises the largest portion of
energy in the universe1

• Its simplest description is given by a 
cosmological constant

1. Planck Collab. 2018 Results VI, Astron. Astrophys.641, A6 (2020),[arXiv:1807.06209].



Background

• Λ might be assosciated with the zero point
energy of quantum fields, but there is a
discrepancy of ~ 55-60 orders of magnitude2,3

• Alternatively, dark energy could be due to a 
slowly rolling scalar field

2. JOYCE, Austin, et al. Beyond the cosmological standard model. Physics Reports, 2015, 568. Jg., S. 1-98.

3. Sola, Joan. "Cosmological constant and vacuum energy: old and new ideas." Journal of Physics: Conference Series. Vol. 453. No. 1. IOP Publishing, 2013



Background

• These scalar fields generically lead to fifth forces
in the solar system

• Some screening mechanism4 should be present, 
in order to explain the null results from solar 
system tests

4. Burrage, Clare, and Jeremy Sakstein. "Tests of chameleon gravity." Living reviews in relativity 21 (2018): 1-58.



Methods: Analysis of experiments

Neutron interferometry

Neutron interfermtry

Neutron interferometry5qBounce

CANNEX
Lunar Laser Ranging

Lunar Laser Ranging

5. Sponar, Stephan, et al. "Tests of fundamental quantum mechanics and dark interactions with low-energy neutrons." Nature Reviews Physics 3.5 (2021): 309-327.



Research goals

• Constrain the parameter space with table top experiments at the ATI

• Dilaton6: 

• Symmetron6:

• Chameleon6:

• Consult experimentalists

• Gain physical insight into these models

6. Brax, Philippe, Clare Burrage, and Anne-Christine Davis. "Laboratory constraints." International Journal of Modern Physics D 27.15 (2018): 1848009.



Analytical results

• Derivation of scalar field dependent physical effects

• Pressure between plates (CANNEX)

• Relative phase shift (Interferometry) 

• …

• Derivation of precise screening mechanisms of the Dilaton field



Numerical results

• Solve non-linear field equations numerically



Resulting constraints on the dilaton model

7. H.F, et al. "Search for environment-dependent dilatons." arXiv preprint arXiv:2307.00243 (2023).



Resulting constraints on the symmetron model

9. Brax, Philippe, Anne-Christine Davis, and Benjamin Elder. "Screened scalar fields in hydrogen and muonium." Physical Review D 107.4 (2023): 044008.

8. Burrage, Clare, and Jeremy Sakstein. "Tests of chameleon gravity." Living reviews in relativity 21 (2018): 1-58.



Future improvements

• Dashed Line: Chamber length X 10 

• Light area: Better vacuum pressure

• Ideal: Tunable vacuum pressure



Further material

Philippe Brax, H.F., Christian Käding, Mario Pitschmann. The environment
dependent dilaton in the laboratory and the solar system. The European Physical
Journal C 82.10 (2022): 934
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Thank you for your attention!
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