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Theories of dark energy usually invoke a screening mechanism to explain why their scalar fields do not
produce observable long range fifth forces; a primary example of this mechanism is the so-called chameleon
field. However, it is now known, from [1,2], that individual atoms are not massive enough and large enough
to screen the chameleon field inside a large vacuum chamber under UHV. We present the design for an
atom interferometer experiment that will place strong new constraints on the chameleon and other similar

scalar fields [1].
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Figure 1: Contour plot showing acceleration of rubidium atoms, normalized to the acceleration of
free fall on earth g, due to the chameleon force outside a sphere of radius R4 = 1 c¢m and screening

factor Ay = %—AR@’E. The L — M area above the heavy solid line will be excluded by a first atom
A

interferometer experiment measuring 106 g. With modest attention to systematic errors, this can move

down to the heavy dashed line. For A > 10 meV, atom interferometry could sense chameleon physics up

to the Planck mass MP. We calculate that measurements on atoms and neutrons near surfaces, (a)-(e),
already exclude the top-left corner, as indicated by the light-weight lines.
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