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Figure 8: Joint 1-� and 2-� constraints on the parameters �0 and µ0 obtained from a
combination of the dipole, the monopole, quadrupole and hexadecapole of the bright and
faint population, with the SKA. Here ⇥0 = 0, and the constraints are marginalised over the
four bias parameters, b1 to b4.

As in the previous section, we fix the cosmological parameters to their ⇤CDM fiducial
value. We consider �0 and µ0 as free parameters (as motivated above we fix ⇥ = 0). We
assume that the bias of the bright and faint population evolves in the following way [44]

bB(z) = b1e
b2z +

�b

2
, (4.5)

bF(z) = b3e
b4z � �b

2
, (4.6)

where as before we fix the bias di↵erence �b = bB � bF = 0.5. We have therefore 4 additional
free parameters b1, b2, b3 and b4 that we want to constrain. We choose their fiducial value as
in [44] (see table 6): b1 = b3 = 0.554 and b2 = b4 = 0.783. In this way the bias of the bright
and of the faint population are uncorrelated, but their di↵erence is always of 0.5. As shown
below, the constraints can easily be rescaled according to the bias di↵erence.

In fig. 8 we show the joint constraints on �0 and µ0 marginalised over the 4 bias
parameters. We see that adding the standard multipoles strongly tightens the constraints
on µ0: the marginalised error on µ0 becomes �µ0 = 5.1 ⇥ 10�4, consistent with [18]. This
is not surprising since the monopole, quadrupole and hexadecapole provide three di↵erent
combinations of µ0 and of the bias, which can then be both robustly constrained. Since
the signal-to-noise of the even multipoles is significantly larger than that of the dipole, we
find that adding the dipole in the forecasts does not improve the constraints on µ0 at all.
This is consistent with the conclusion of [cite Pedro] which showed (using the angular
power spectrum C`) that relativistic e↵ects do not improve the constraints on parameters
that govern the growth of structure, like µ0. The utility of relativistic e↵ects is therefore
to test for deviations that cannot be probed with standard observables, like deviations in
the equivalence principle. The marginalised error on �0 is also tightened by the combined
analysis: ��0 = 0.26. Hence even though the standard multipoles are not sensitive to �0,
they improve the constraints on �0 by breaking the degeneracy with µ0. Comparing with
the results in sec. 4.1.1, we see that we recover the constraints that we had on �0 from the
dipole when all other parameters were kept fixed. Combining the dipole with the standard
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