Cosmologically Consistent Self-interacting Dark Matter and Small-scale Galaxy Anomalies
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Introduction Evolution of two temperature universe Galaxy fit and experimental constraints
Data from The HI Nearby Galaxy Survey (THINGS), Low Surface Brightness (LSB) galaxies, Galaxy In our model, only the total entropy is conserved, including both the hidden sector and the 10
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The Hubble parameter also depends on both T" and T}, as can be seen from the Friedman = 0 . 108—5/—:,:;’%’_;:’:”9,/ R
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dz_tD +3Hnp = {<O‘U>ig%DD(T>n7?q(T)2 _ <O-U>DD_>7/7/<Th)nD(Th)2 # Left side: Galaxy fit of our model constraining m., = (1 — 5) MeV, mp = (1 — 4) GeV
2l 2l 5 + Right side: Experimental constraints from CHARM, E137, DarkSide-50 etc.
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+ Cross section is dependent on velocity — # Can fit galaxy data from small scale to large scale b '
+ Cold Dark Matter model is collisionless  # Easy computation of relic densit . dpp, '
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Model with a dark photon and a dark fermion ! ! Chen =/ (HH) T G © 394 199 0018 ¥
. where T' = nTy, ¢ = %(1 +p/p). Here = 1 is for the radiation dominated era and ¢ = 3/4 for (f) 4.0 220 0.020 3.6
Stueckelberg U(1) extension to the Standard Model: the matter dominated universe. j, is defined by
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# Cp, By gauge field of U(1)x and U(1)y the Hidden sector — ool O e A 0 (€) 1.24 0.1185 | 48x 1072 | 13.8
% D: Dirac fermion, only charged under U(1) x | y (f) 1.43 0.1229 | 5.6 x 1072 11.7
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Mass eigenstates: the photon (v), the Z boson, and massive v/, S
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S fits data on ov from galaxy scales to galaxy clusters.
>WN< >i >i # Left side: Evolution of £ = T3,/T as a function of T for different initial conditions. # All relevant constraints on m.,, mp, ¢ are satished.
K >>< >>< # Right side: Showing the evolution of the dark sector + We developed a new formalism solving Boltzmann equations with two temperatures.

Evolution history: % The velocity dependence of the cross sections within this model points to the existence of a
« D~ is produced via freeze-in dark fifth force and thus further data will help confirm the existence of such a force.

Visible Sector
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