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- Galaxy Morphology
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Milky Way
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Introduction

So, where can we find DM? “.‘

29.06.2016 Dark Matter distribution on galactic scales 6/38
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DM mode
Milky Way
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particle mass
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i Model assumptions

Conclusion

29.06.2016 From first principles

e Pauli principle (fermions)
e gravitational interaction
e evaporation (neglect inter-galactic medium)

e spherically symmetric



Wi Fermionic DM with Cutoff

Conclusion
29.06.2016 Self-gravitating system of massive fermions in spherical symmetry
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@i Perfect fluid in equilibrium
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Introduction
DM model
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Tolman & Ehrenfest
(1930)
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W Initial conditions
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29.06.2016 Parameter of the model
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i Turn off evaporation
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29.06.2016 Let‘s start slowly

No evaporation
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E/Iilkxz Wav RAR family

29.06.2016 halo-core solutions

density profile (Gy = 10°°) rotation curve (Gy = 10°°)
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Wi Turn on evaporation

Conclusion

29.06.2016 from halo-core solutions to fully degenerate cores

density profile (W, = 65, 3 = 10°) rotation curve (W, = 65, 5, = 10°?)
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@ (most) general profile

29.06.2016 regimes in density profile

density profile
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@ (most) general profile

29.06.2016 regimes in density profile - core

density profile
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" (most) general profile
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29.06.2016 regimes in density profile - fall

density profile
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" (most) general profile
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29.06.2016 regimes in density profile — plateau and halo

density profile
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" (most) general profile
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29.06.2016 less regimes in rotation curve

rotation curve
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i Core, Plateau and free Halo
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29.06.2016 defined by extrema in the rotation curve

rotation curve
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Milky Way
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central degeneracy vs. radius ratio
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L Various regimes
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29.06.2016 For varying central degeneracy (temperature and cutoff parameter are fixed)

central degeneracy vs. mass ratio
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it | Focus regimes with halo
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29.06.2016 For varying central degeneracy (temperature and cutoff parameter are fixed)

central degeneracy vs. mass ratio
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Wi | Vary evaporation
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0y = 30,8y = 107°

cutoff parameter vs. radius ratio (6, = 30, 5y = 10°°) @ weak eva po ration
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W Vary central temperature
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6o = 30, Wy = 65

central temperature vs. radius ratio @ low temperatures
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BiKe model in MW
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29.06.2016 Two Keplerian behaviour in rotation curve

Bi-KEpIerian
+ family
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BiKe model

Conclusion

29.06.2016 Change of parameters

Mp — Mp(907 /807 WO) m)

Bi-KEpIerian
Ms — MS(907 /607 W07 m)

family

m(r,) from observations
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BiKe family in Milky Way

Conclusion

29.06.2016 different degenerate cores for same halo

o= 32, Wy = 59.092, = 1843 x 1077, mc* ~ 108+1.3keV | | _ 11
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BiKe family in Milky Way

Conclusion
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Oy = 32, Wy = 59.092, % = 1843 x 1077, mc® = 108+ 1.3keV M. — 11 Vi
Oy = 38, Wy = 66.717, A = 2.196 x 107", mc® =~ 68.8 +8.6keV s 2.3 x 10 ©
@
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BiKe family analysis

Extrema in parameter space
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central degeneracy vs. particle mass (BiKe model)
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10°

BiKe family analysis

Bifurkation in parameter space

central degeneracy vs. particle mass (BiKe model)
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Alternative Core

density profile
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Alternative Core
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29.06.2016 rotation curve

B = 38, Wy = 66.717, fy = 2.196 x 107", me? 68.8 + 8.6 kel”
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Compactness

Two Schwarzschild radii
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Compactness

Two Schwarzschild radii

central degeneracy vs. compactness (BiKe family)

schwarzschild-core
scharzschild-halo
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Summary
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e Idealized DM model explains main characteristics of a galaxy (core and
halo)

e Bike family in the relativistic approach prevents the gravitational collaps

e Inferred particle mass bounded to m € [60,425]keV /c? (from MW)

]

degenerate
core
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