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Figure 1: Illustrative plots of the solutions of
the evolution equations in the case of annihila-
tions only (top left panel, discussed in Sec. 3.1),
annihilations with oscillations (top right panel,
Sec. 3.3) and in the case which includes elastic
scatterings (bottom left panel, Sec. 3.4). The
blue (magenta) line represents the comoving
population of n+ (n−), the black line their sum.
The arrow points to the value of the primordial
asymmetry, the green band is the correct relic
abundance (± 1σ).

neglected. As anticipated, therefore, in this typical aDM configuration the most relevant
parameter is the initial asymmetry ηB: it sets the asymptotic number density 4 and thus,
in order to obtain the correct ΩDM, forces mDM to be O(5 GeV) (4.5 GeV in the plot).

For illustration one can also define the sum and the difference of the comoving number
densities

Σ(x) = Y
+(x) + Y

−(x), ∆(x) = Y
+(x)− Y

−(x), (15)

In terms of these quantities, the Boltzmann equations read





Σ �(x) = −2
�σv� s(x)

x H(x)

�
1

4

�
Σ2(x)−∆2(x)

�
− Y

2
eq(x)

�
,

∆�(x) = 0,

(16)

which clearly shows that the difference ∆ between the populations remains constant and
equal to the initial condition η0; on the other hand, the total population of + and − particles
decreases, due to annihilations. At late times, Yeq is negligible and Σ is attracted towards
∆ = η0.

3.2 Oscillations only

We consider next the restricted case in which there are only DM ↔ DM oscillations in the
system, without annihilations nor scatterings with the plasma. Eq. (11) reduces in this case

4Note that we are assuming that any process changing the DM-number (such as e.g. weak sphalerons,
in models in which the DM-number is related to the ordinary baryon number) is already switched off by
the time of freeze-out, so that we can consider η0 as an actual constant in the subsequent evolution. This
could be invalid for very large DM masses (� 10 TeV), for which freeze-out happens early.
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