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Abstract
We reanalyze the multi-component strongly interacting mas-
sive particle (mSIMP) scenario using an effective operator ap-
proach. As in the typical single-component SIMP case, the total
relic abundance of mSIMP dark matter (DM) is determined by
the coupling strengths of 3 to 2 processes achieved by a five-
point effective operator. Interestingly, we find that there is an
unavoidable 2 to 2 process induced by the corresponding five-
point interaction in the dark sector, which would reshuffle the
mass densities of SIMP DM after the chemical freeze-out (f.o.)
of DM. We dub this DM scenario as reshuffled SIMP (rSIMP).
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2-loop
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Effective theory model
� Three representative EFT models for the rSIMP scenario :

� ␃␆ : Complex scalar ␄␅ : Dirac fermion

Annihilation processes

�Model A & B : 3m␃ > 2m␆,␄ > m␃
�Model C : 3m␃ > m␅ + m␄ > m␃ >

∣∣m␅ −m␄∣∣
DM-e± interactions
� If the U(1)D symmetry is gauged, it is natural to introduce
vector-portal interactions between the dark sector and the SM
sector after SSB as
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� As we shall see below, the rSIMP masses are tens of MeV
scale, we then focus on the DM and e± interactions.

Cosmological evolution of DM
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Kinetic decoupling (k.d.) of DM
�Momentum relaxation rate between DM and e± : γe(x)

� Kinetic equilibrium condition : γe(xf.o.) & H(xf.o.)x
2
f.o.

� Kinetic decoupling condition : γe(xk.d.) & 2H(xk.d.)
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3/2
f.o. /

4
√

2 ' 75 < xf.i.
� Kinetic temperature :⇒ Γ

2-loop
2→2 > Γel


