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FIG. 5: Regime A results for �/m� in the range 0.1–10 cm2/g preferred by the SIDM solution of the small scale
problems in the mA–m� plane for two representative values of coupling constant ↵ = 0.0001 (left) and ↵ = 0.1 (right).
The gray area on the bottom left is excluded as it leads to too strong DM self-interactions, while the pale green region

above is allowed, but does not a↵ect structures at small scales.

FIG. 6: The results for the SIDM regime B originating
from late S decays. Color coding denotes the value of the
coupling g for the points that satisfy the condition �/m� ⇠
(1 ± 10%) cm2/g. On top of that the dark green shade
denotes the region at the 1� (68%) level around the mean
values of DCDM parameters, which relax Hubble tension
in the short lifetime scenario. Gray pluses overlay points
that have � > 0.01 which are in this model in tension with

the structure formation.

priors set to short S lifetime projected onto fixed5

�/m� ⇠ (1±10%) cm2/g in the mA�m� plane, with
colour bar indicating coupling strength g. The dark
semitransparent green region shows 1� range around
the best fit values relaxing the Hubble tension, i.e.
the DR fraction of F = 10�2.41

⇡ 0.004. The light
green line denotes the best fit parameters, which de-
pend on mS , hence it is a continuum and not a point,
with small width due to numerical resolution.

The numerical scan was performed in a grid over
four parameters uniquely specifying this fraction: mS ,
mA, m� and g, with the condition that the mass split-
ting, Eq. (9), is small, � 2 [10�6

, 10�1]. The only
remaining relevant cosmological parameter, the decay

5 The �/m� was fixed to a representative value in order to en-
hance readability of this particular figure, while we emphasize
that allowing larger range for the cross section enlarges the
allowed parameter space.

width �, can always be brought to correct value by
rescaling the ✏ coupling constant.

The lower right region starting roughly at the right
tip of best fit and going along right diagonal, repre-
sents the resonant regime. One sees smaller density of
points here, compared to Born and classical regimes,
and higher values of g are allowed. For largest mA,
points are very sparse which comes from the irregu-
lar pattern of consecutive resonances which have very
small width for large value of ↵. Roughly half of res-
onant parameter space is also marked by gray pluses,
which denote that those points require large �, which
is in tension with structure formation limits.

The 1� region is bounded from above by the con-
dition on F . The points above this bound are giving
too e�cient conversion to DR and manifest in two
regimes. The resonant and ↵ ⇠ 1 regimes are domi-
nated by loop decay into two As. This region is, par-
tially, also constrained by the limit on �. For the rest
of the parameter space, three body decay of S is dom-
inant.

It is worth stressing that a large parameter space
of the model allows for both the self-interactions to
be at the right range to potentially solve small scale
problems and to decay to correct amount of radiation
to help relieving the H0 tension.

C. The uSIDM regime

Finally, for even longer S lifetimes we enter the
two-component DM regime where the � can be much
more strongly interacting. As was noticed in [27] and
followed by, e.g., [40], such uSIDM could provide a
mechanism of formation of supermassive black holes
with masses of order 109MSun which formed by z ⇠ 7.
Such SMBHs were observed recently [28–30] and pro-
vide a challenge for standard formation mechanisms
because of their large masses forming at such an early
time. The proposed mechanism of [27] is similar to
ordinary gravothermal collapse which is believed to
be responsible for formation of globular clusters [65]
and takes place by ejection of most energetic stars, al-
lowing the rest of the system to contract. Concerning


