
unchanged 1 and to test for modifications in the Poisson equation and in the relation between
� and  []. This has lead to precise constraints of the growth rate of structure f [] (BOSS) and
of the anisotropic stress [] DES?. Relaxing the assumption that Euler’s equation holds opens
the cosmic Pandora’s box, adding a freedom which cannot be constrained by the standard
cosmological probes. Indeed, if Euler’s equation is allowed to change, then one is left with
three probes for four relations.

In this article, we show that the so-called relativistic e↵ects in galaxy surveys are the
ideal laboratory to test the EEP directly. As such, they can break the degeneracy of the
standard set of cosmological probes, induced by potential violations of Euler’s equation.
Specifically, as originally shown by ref. [4], some relativistic corrections to the observed galaxy
number counts generate a dipole in the two-point correlation function. The amplitude of this
dipole is a↵ected by gravitational redshift, i.e. by the gradient of  . Combining the dipole
with RSD allows us therefore to test directly the relationship between V and  as shown
in fig. 1. This would provide the first direct test of the EEP on cosmological scales, since
modifications of Euler’s equation imply automatically that light and dark matter 2 do not
move in the same way. More precisely we will see that the relativistic dipole contains terms
of the form (galaxy accelerations + r ), which exactly cancel if the EEP is satisfied, and do
not in general.

The remainder of this article is organised as follows. In sec. 2, we discuss the notion
of free fall in GR and alternative theories of gravity. From the analysis of scalar-tensor and
vector-tensor theories, we deduce a quite general parametrisation of the deviations from
Euler’s equation in cosmology, at sub-Hubble scales. Then, in sec. 3, we present the relativistic
e↵ects in galaxy surveys which give rise to a dipole in the correlation function. We discuss the
origin of this dipole, and emphasise its usefulness to constrain the EEP, before explaining how
to extract it from the data in practice. Finally, in sec. 4, we present Fisher-matrix forecasts
of measurements of this dipole in future surveys like DESI or the SKA. We conclude in sec. 5.

[add citations]

2 Free fall in relativity and beyond

2.1 Generalities

The curious fact that all things seem to fall the same way has been fundamental in the genesis
of Einstein’s theory of general relativity (GR) [5]. During the last century, local tests of the
weak equivalence principle have reached an exquisite precision [6]; lately, the first results
of the MICROSCOPE mission [7] have constrained Eötvös ratio at the level of 10�14 [8].
Nevertheless, for obvious reasons, the validity of the equivalence principle is more uncertain
on astrophysical and cosmological scales, or when the unknown dark matter is concerned.

In cosmology, if we consider scalar perturbations of a spatially Euclidean Friedmann-
Lemâıtre-Robertson-Walker (FLRW) model in the Poisson gauge, the metric reads

ds2 = a2(⌘)
⇥
�(1 + 2 )d⌘2 + (1 � 2�)�ijdxidxj

⇤
, (2.1)

where a(⌘) is the scale factor of the background FLRW model, ⌘ and xi being respectively
conformal time and spatial comoving coordinates, while  and � are the gauge-invariant

1Here it is implicit that the laws of optics in curved space-time are also left unchanged with respect to GR,
so that the whole interpretation of cosmological observations does not need to be modified.

2As explained in more detail in sec. xx, we assume here that galaxies follow the motion of dark matter
halos, i.e. that there is no velocity bias.
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