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Figure 6: Left panel : Joint 1-� and 2-� constraints on the parameters ⇥0 and �0 obtained
from the dipole only, with the SKA. The other cosmological parameters are fixed to their
fiducial value and the growth rate is the one of a ⇤CDM universe: µ0 = 0. Right panel : Joint
1-� and 2-� constraints on the parameters �0 and µ0 obtained from the dipole only, with the
SKA. The other cosmological parameters are fixed to their fiducial value and ⇥0 = 0.

as well as on �0 individually 10. However this second dependence is much weaker than the
first one at low redshift, since the terms in the second parenthesis are proportional to the
second time derivative of the growth factor, D00. As a consequence ⇥0 and �0 are strongly
correlated. However as discussed in section 2.4, in vector-tensor theories, ⇥ = 0. In the EFT
of dark energy ⇥ is generically not zero, but it is directly proportional to the background
evolution of the scalar field. As such it is generically expected to be significantly smaller than
�. It is therefore natural to explore how the constraints change when ⇥ = 0. In this case, the
constraints on �0 strongly tightens and we obtain ��0 = 0.26.

Comparing with the constraints on standard modified gravity parameters in [50] we see
that the constraints on �0 are weaker by 1 to 3 orders of magnitude. This is not surprising
since the signal-to-noise of the dipole is weaker than that of the standard multipoles. However,
as discussed in the introduction, such a constraint would provide the first direct test of the
equivalence principle at cosmological scale, which cannot be probed directly with the standard
multipoles. In fig. 7 (left panel) we show the dipole in the lowest redshift bin z̄ = 0.15 when
�0 = 0 (blue solid line) and when �0 = 2 (dashed black line). We see that in this case
the deviation due to the breaking of the equivalence principle is larger than the error bars
(coloured blue region) in the range 10  d  130Mpc/h. Combining all separations and all
redshifts allow us to see deviations already for �0 = 0.26. In the right panel of fig. 7, we show
the constraints on �0 in each redshift bin. We see that the constraints come mainly from low
redshift.

As discussed above, generic modified gravity models generate not only deviations in
Euler’s equation, but also deviations in the way structure are growing as a function of time,
i.e. in the growth function D. We model this in the following way

D(z) = D̄(z)
�
1 + µ(z)

�
, (4.3)

where D̄ denotes the growth function in a ⇤CDM universe, and we let the deviation µ(z)

10Note that since the deviations ⇥0 and �0 are expected to be small, we can neglect � in the denominator
of (3.22).
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