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Figure 15: Contours of constant zero-temperature chargino–neutralino mass splitting in
the plane of M2 vs. µ�M2 (left) and M1 �M2 (right) corresponding to Figs. 3 and 8.
The contours include the tree-level and one-loop mass splitting. Above the thick black
line the mass splitting is radiatively dominated, that is, the one-loop correction is larger
than the tree-level splitting. The background refers to the size of the Sommerfeld e↵ect
and the green band to the correct relic density (within 2�), as in Figs. 3 and 8.

the parameter space shown in Figures 3 (Higgsino admixture) and 8 (bino admixture),
respectively, where the tree-level mass splitting becomes comparable to and then exceeds
the radiative one. In case of a mixed wino-Higgsino dark matter particle, the radiative
and one-loop mass splittings are equal when µ � M2 (assuming µ and M2 have equal
sign) is between approximately 200GeV (M2 = 1TeV) and 100GeV (M2 = 3.5TeV),
which includes the “nose” in Fig. 3, where the “correct relic density” line is pulled into
the Sommerfeld resonance. For mixed bino-wino dark matter, equality occurs when
M1 � M2 ranges from approximately 10 GeV to 1 GeV in the range of M2 shown in
Fig. 8. This is illustrated quantitatively in Fig. 15, which shows contours of constant
mass splitting on the background of Figs. 3 and 8.

Thus, the neutralino–chargino mass splitting has two components with di↵erent de-
pendence on the Higgs vacuum expectation value and hence di↵erent temperature de-
pendence. In the numerical investigation of this e↵ect, we separate the tree and one-loop
contribution to the mass splitting and modify each by its own dependence on v(T ).

A.2 Thermal self-energies

The second e↵ect on the particle masses arises from their thermal self-energies. We
discuss the case of electroweak gauge bosons and neutralino–chargino mass splittings in
turn.
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