
DECIGO or BBO, as can be seen in Fig. 5. The points in this figure comply with all the

theoretical/experimental constraints, except that they only lead to underabundant DM,

and result from a random scan in the following range:

Mx1 2 [10, 1000] GeV, Mx2 ,MH± 2 [Mx1 , 1000 GeV], sin ✓ 2 [0,
p
2/2],

µ00
S 2 [0, 2000] GeV, �3,�S1,�S2,�S12 2 [�4⇡, 4⇡], �2,�S 2 [�⇡, 4⇡]. (7.2)
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Figure 5. Peak amplitude of the GW signal as a function of peak frequency with points from the
scan in Eq. (7.2). Also shown are the PLI sensitivity curves of future detectors LISA, BBO and
DECIGO. The left panel highlights the semi-annihilation rate, while the right panel distinguishes
single-step from multi-step PTs.

8 Conclusions

We have explored the cosmology of the Z3 symmetric dark matter model with an inert

doublet and a complex singlet with the emphasis on detectability of the gravitational-wave

signal and dark-matter phenomenology. In order for the model to be in agreement with

direct-detection limits the dark matter candidate needs to be a singlet-like state arising

from the mixing of the singlet and the neutral part of the inert doublet. This setup opens

an interesting possibility of important or even dominant semi-annihilation processes that

modifies the thermal DM production through an early kinetic decoupling: if the relic density

is determined via semi-annihilation, the dark matter-Higgs boson couplings that would keep

DM in kinetic equilibrium via elastic collisions are suppressed.

We performed MCMC scans to not only produce general coupling configurations avail-

able to the model, but also to look specifically at large semi-annihilation (through a large

cubic coupling µ00
S
or the quartic semi-annihilation coupling �S12 coupling). We find that

for the points with dominant semi-annihilation, strong suppression of the direct-detection
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