
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

↵

Pan
daX

-II

LUX

XEN
ON1T

XEN
ONnT

(pr
oj.

)

102 103

MS/GeV

10�47

10�46

10�45

10�44

�
S
I/
cm

2

Figure 3. Direct detection colour-coded for the semi-annihilation fraction ↵ at the freeze-out. The
parameter space is constrained from below by perturbative unitarity (thin solid), the stability of the
EW vacuum (thin dashed) and metastability of the vacuum (thin dotted). The experimental bounds
from LUX(2017) [45], PandaX-II (2017) [46], XENON1T(2018) [47] and the projected sensitivity
of XENONnT [102] are shown in grey.

obtaining correct relic density and b) a velocity dependence of the semi-annihilation cross

sections, which is very mild. If either of these conditions were not fulfilled, the e↵ect of

early kinetic decoupling on relic abundance would be much more significant.

In summary, we find that in the Z3 singlet DM model the standard treatment of the

freeze-out process is a good approximation everywhere apart from the Higgs resonance

region, even though also in the semi-annihilation regime the kinetic equilibrium is not

maintained around the time of chemical decoupling.

5 Direct and indirect detection

We use the micrOMEGAs [86] to calculate the spin-independent direct detection cross

section. The predicted signal and current constraints from LUX(2017) [45], PandaX-II

(2017) [46] and XENON1T(2018) [47] are shown in figure 3. The projected sensitivity of

the XENONnT [102] will be su�cient to prove or disprove the current model.

The parameter space is constrained from below by perturbative unitarity (thin solid),

the stability of the EW vacuum (thin dashed) and metastability of the vacuum (thin
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