
A The equations of Einstein-æther gravity

In this appendix, we give all the equations of the Einstein-æther gravity that were necessary
to derive eq. (2.24). In most of this appendix, we keep full generality for the parameters c1...4
of the theory. Our equations can be compared with ref. [28], where a comprehensive analysis
of the Einstein-æther model with coupling to dark matter was performed.

A.1 Equations of motion

Recall that the action for gravity and æther is
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with Kµ⌫⇢� = c1gµ⌫g⇢� + c2gµ⇢g⌫� + c3gµ�g⌫⇢� c4uµu⌫g⇢�,, and � being a Lagrange multiplier,
while the action of a dark point particle with bare mass m is
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where, in eq. (A.2), ⌧ is the particle’s proper time and � ⌘ �uµvµ is its Lorentz factor in the
æther frame; in eq. (A.3), � is an arbitary parameter along the particle’s worldline xp(�).
This latter form, albeit more complicated, is necessary to identify where S1 actually depend
on gµ⌫ and uµ.

Dark matter. There are two ways of deriving the equation of motion for dark matter:
either by directly di↵erentiating S1 with respect to xµ

p, or from a Noether-like calculation,
using the invariance of S1 under di↵eomorphisms. We choose here the second method as it
will also bring energy conservation. Considering that SDM is the superposition of many S1,
such that there are n = ⇢/m particles per unit volume, then the stress-energy tensor of dark
matter is found to read
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with the symmetrisation convention (µ⌫) ⌘ (µ⌫ + ⌫µ)/2. In the functional derivative of (A.4)
we assumed that uµ is the fundamental æther variable.11 The equation of motion is then
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which yields the system given in sec. 2.3,

rµ(⇢vµ) = 0 (A.6)
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with !µ⌫ ⌘ rµu⌫ �r⌫uµ, and a dot is a derivative with respect to proper time.

11One could make another choice and consider that uµ is the fundamental variable. In this case the result
would not contain 2⇢F,�u

(µv⌫). This term would then have to come from the æther action. The important
thing is to choose a convention and follow it consistently.
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