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Does Dark Matter Exist?

● Yes!
– Rotation Curves

– Gravitational Lensing (Bullet Cluster)

– Old Galaxies (z~10)

● What is it?
– ???



  

A Dissipative Model

● U(1)
D
, heavy fermion X, light fermion C

● Dissipation
● Radiative cooling (Bremsstrahlung & Compton)
● Rutherford scattering
● Conservation of angular momentum → form a disk

→ increased local dark matter density



  

How Do We Know the Local DM 
Density?

● PDG:

● Global fit (e.g. Catena & Ullio 2009)
● Local stellar kinematics (e.g. Holmberg & Flynn 

2000; Bovy & Tremaine 2012)

● For any bound on the local dark matter density, 
replace  ρ

DM
 → ρ

halo



  

Local Stellar Kinematics



  

Pinching



  

Invincible Model?

● Not quite
● Holmberg & Flynn 2000
● Self consistent approach

● Ρ ≈ 0.010 +/- 0.001 M
sol

/pc2

● May exclude a dark disk



  

Holmberg & Flynn (2000)

Second moment of Boltzmann equation:

Use this to derive vertical Jeans equation, solve for 
galactic potential (Poisson-Jeans solver)

● Continuity:

● Use this to derive density for more general velocity 
distribution

● Explains ρ for more general f(w)



  

Holmberg & Flynn Revised
● Kramer & Randall 2016 (1604.01407)
● Nonequilibrium effects:

– Epicyclic oscillations

● → less time in the disk → lower bound  (compare to 
vis and tot)



  

Non-Equilibrium Effects:
A Short Video



  

Non-Equilibrium Kinematic Bound



  

Mass Extinctions

● Randall & Reece 2014 (1403.0576)

– Σ
D
 ~ 10 M

sol
/pc2, h

D
 ~ 10 pc

● Shaviv 2014, 2016b paleoclimate data:

ρ
D
 ~ 0.08 M

sol
/pc2 = 3 GeV/cm3



  

Gas Equilibrium

● Magnetic fields must be included



  

Conclusions

● Most constraints only apply to the halo
● Direct approach to constraining surface density is 

best approach
● Non-equilibrium effects lower the bound
● Parameters needed to explain mass extinctions and 

gas distribution are allowed

Future:
● Gaia will give us a better picture of the galactic 

potential
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