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What is Dark Matter?

10�22 eV
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DM Production



Coupling to Standard Model



Forces From DM
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Blowing in the Wind



Dark Forces
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Detecting the DM Wind



MICROSCOPE
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MICROSCOPE II



Future Prospects
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FIG. 1: A torsion pendulum for dark matter direct detection. The dark matter field directly induces an equivalence-principle
violating acceleration on the test masses, resulting in an oscillating twist in the the pendulum. The twist angle is measured by
observing the deflection of a laser reflected from the mirror. Adapted from [69].

In modern experiments, the entire setup is placed on a turn table rotating at a frequency ftt. This causes the
torque exerted by an otherwise static force to oscillate at this frequency. The DM signal, by contrast, oscillates at
a frequency fDM = m/2⇡ (the Compton frequency of the DM), modulated by both the turn-table frequency ftt and
the Earth’s rotation frequency f�. Since the DM matter signal does not occur at a frequency associated with either
the experiment or the environment, it is naturally distinguishable from most backgrounds.

Torsion balance experiments looking for a static EP-violating force towards the earth (e.g. [66, 69]) must deal
with any e↵ect that produces a pendulum twist at the turntable rotation frequency, such as turn-table imperfections,
temperature gradients, and gravity gradients. Consider lab-fixed gravity gradients. These apply a torque on the
gravitational moments of the pendulum, and the torque changes direction at frequency ftt as the torsion balance
rotates, just like a static EP signal. The degree to which one can cancel the gravitational gradients in the lab and the
gravitational moments of the pendulum is a limiting factor in these experiments. However, the DM signal always has
frequency components separated from ftt, even for arbitrarily small DM masses, and so only phase-coherent gravity
gradient fluctuations that exactly mimic Eq. (19) a↵ect the measurement. This strategy has been e↵ectively used to
suppressed the major systematics in searches for sidereally modulated signals in torsion pendulum experiments [70, 71],
and it should work just as well in searches for the DM modulated signal.

A second major advantage of the DM search over the static search is the direction of the force. The static force
sourced by the Earth points in the vertical direction, while a hanging torsion pendulum is sensitive only to horizontal
forces. Since the Earth’s rotation causes the pendulum to hang at a slight angle, the pendulum is sensitive to the
static EP force, but only sensitive to at the level of 1 part in 103. A DM-induced force, on the other hand, points in
a random direction avoids this large suppression.

As a result of the turn-table rotation and the Earth’s rotation, the DM signal occurs at 6 distinct frequencies,
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where f� is the Earth’s rotation frequency, as we show in appendix A. The overall amplitude ⌧DM of the induced
torque, and the six O(1) coe�cients ci, are determined by �~aDM, the di↵erence in the DM-induced linear acceleration
between the two test materials. This is given in Eqs. (4, 13 & 18) for B�L and scalar DM. In practice one could then


