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Mass scale of dark matter
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Problems of CDM in small cosmological structure

Though succeed in the large structure in cosmology, the CDM model still confronts with small
structure problems which means that 1t gives inconsistent predictions in the small cosmological
scales such as clusters, galaxies and dwartf galaxies. The problems are so-called

Cusp vs. Core
Too big to fail
Missing satellite
Diversity problem
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Solutions: Self-interaction DM
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Self-interaction DM with light mediator
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Self-interacting DM candidates

Elastic SIDM model

Inelastic SIDM model

Light mediator (partial wave analysis)

— Atom DM
Composite DM
—meson, nucleus, Bound state etc.
Point particle DM
Resonant SIDM

Dark QCD DM

Two mass splitting dark states

Excited state



Puffy DM

If dark matter has a finite size that 1s larger than 1ts Compton wavelength, the corresponding self-
interaction cross section decreases with the velocity. The radius effect of DM from the form factor is
another source of the velocity of dependence for cross section.
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In case of Born approximation
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Puffy DM

Even in the presence of a light particle mediating self-interactions, the finite-size effect may dominate
the velocity dependence.
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Self-interacting pufty DM

This puffy DM model can solve the small scale problems.
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Two points need to be speculated on

°The interaction to confine the matter to
form the pufty dark matter

*The validity of Born approximation



The interaction to confine the matter
to form the puffy dark matter



The interaction to confine the matter to form the pufty dark matter must exists!



Just like proton and proton collision!

Proton



High energy pp elastic scattering
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Proton-Proton elastic scattering
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dark matter-dark matter elastic scattering
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Self-interaction puffy DM

The standard partial-wave expansion of the scattering amplitude is
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eikonal approximation condition: de Broglie wavelength of the heavy dark matter are much smaller than the size
of the dark matter — mvry,, > 1
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Traditionally, ctot and the slope parameter B are given as, using the approximation of the impact- parameter representation,

a(b, s)

pure imaginary are always adopted for the forward high-energy scattering, there are several profiles such as disk,
parabolic form, Gaussian shape and Chou-Yang model etc
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Self-interaction putty DM

Chou-Yang model

Chou-Yang model consider that the attenuation of two hadron going through each other 1s denoted by the
evaluating the opaqueness at the impact parameter b. The density of opaqueness can be seen as the
charge distribution inside the hadron.
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SIDM in Astrophysical halos

When the DM-DM scatting 1s proceeded in the Astrophysical halos, the transfer cross section

do
or = |dQ(1 — cos@)d—Q

The total transfer cross section is

do
or = /(IQ(I — | cos 0|)—
, df) _
1 (7)
B ord cos d(1 o5 0 do. do;,, do,
= | —Emdcosdl —leosO)(Gq + aa T aa )
where
do, m? o*GA(t) _
” - 21—cost 2\2 (8)
df) 4 ((mv)*=3*= +mj)*
Ao, m2v OOt . Bx|t| .
= — G(t)e” 2 (pcos(ao(t)) + sin(ao(t 9
ds) Ir 2((mo)r =t 4 pzy O (e 7 (peos(aglt)) +sinfag(t))) ()
do,, (mv)? o2 (1 + p?)e B>l

= . 10
df) 47 167 (10)

\]



SIDM in Astrophysical halos
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FIG. 1: Ratio op/04 in rpy and A space with different ab-
sorption parameter A = 0,1, 10, respectively. The other pa-
rameters are the same which is mpy = 100GeV, a = 0.01
and v/c = 0.1.



SIDM in Astrophysical halos
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FIG. 2: Left panel: The best fit point for the velocity de-
pendence the the puffy dark matter, Right panel: the fitted
O'A/mDM versus mpmTmm in the A < rpmM case.



The validity of Born approximation



Case of a point dark matter
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Dominant parameter space is resonant, thus the Born approximation are

skeptical.
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Case of a pufty dark matter

p(r) = 42%% O(Ry —1),
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The validity of Born approximation

1. The Yukawa potential are approaching the
Coulomb potential in force range with a
pole

2. The pufty potential removes the pole and
the strength decrease along with the
increase of the radius.




The validity of Born approximation
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The transfer scattering cross section in puffy dark matter parameter
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The puffy SIDM self-scattering can explain the dwarf galaxies in the Born and
resonant regimes, and can also explain the cluster and Milky Way galaxy in the
non-Born regime. So the cross sections merely in the Born approximation
can not solve the small-scale anomalies



CONCLUSION

*Chou-Yang model are very beautiful and predictive.

«Simplicity and analyticity is our struggle!

«Self-interacting of dark matter needs deep studies.

*The cross sections merely in the Born approximation can not
solve the small-scale anomalies.



