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● Evidence for non-luminous matter from galactic rotation 
curves, large scale structure of the universe, gravitational 
lensing, etc   

● Local Group (LG) dwarf spheroidal galaxies (dSphs) = 
dark matter dominated satellites to the Milky Way or M31
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● Tremaine-Gunn Bound
A model robust lower mass bound for known dark matter density profile

● Density Profile Models

– Ruffini-Argüelles-Rueda (RAR) model

with inconsistencies 

– Jeans analysis with Virial parameters

– Read-Steger profiles

based on Jeans+Virial analysis

● Mass bound with Read-Steger profiles



● Limiting condition for the phase space density f(q,p), 
derived from the fully degenerate Fermi gas[1]

● The phase space density is difficult to access in practice, 
but  coarse-grained phase space densities f(r,p) obey the 
same limit[2] 

● f(r) as obtained by integrating f(r,p) over momentum space 
reads Fully degenerate Partially degenerate

f (q , p)⩽
g

(2πℏ )3

f̂ (q , p)=
1

vol(Δ Π)
∫

ΔΠ (p ,q )

dΠ ' f ( p ' , q ' )

E E

f̂ (r )=
ρ(r )

mV (r )ms

=
ρ(r )

m4 4 /3π vmax
3
(r )

(1.1)

(1.2)

(1.3)



● Together, equations (1.1) and (1.3) yield the condition for the dark matter particle mass

● Using the escape velocity as an estimate for vmax(r) we only need to know the density profile 
ρ(r).

● Previous estimation for LG dSphs[2] 

m≥( ℏ
36π2ρ(r )

g vmax
3
(r ) )

1/4

(1.4)

m≥269eV



● The Ruffini-Argüelles-Rueda (RAR) model is a dark matter model modified by 3 free parameters.

Tμ ν=(P+ρ)uμuν−P gμν
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● Fermi statistics relate density ρ(r) and pressure P(r) to temperature T(r) and chemical potential μ(r)
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● Issues in the non-relativistic limit 
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Profiles are special cases, resulting from (arbitrary) assumptions 

This means that profiles are linearly dependent 



● Issues in the general case
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● Boltzmann equation in spherical coordinates
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● Boltzmann equation in spherical coordinates
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● Choose parametrizable profiles for ρDM, ρ, and β

ρDM →ΦΦ

     ρ         with 3.2:  v2
r→Φprojecting along LOS: v2

LOS

     β

● Infer  v2
LOS  from observation and compare to 

calculation

Standard Jeans analysis
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● Choose parametrizable profiles for ρDM, ρ, and β

ρDM →ΦΦ

     ρ         with 3.2:  v2
r→Φprojecting along LOS: v2

LOS

     β

● Infer  v2
LOS  from observation and compare to 

calculation

Standard Jeans analysis Estimation with Virial parameters

● Similarly, with the same parametrized profiles:

ρDM →ΦΦ
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● Infer the lhs from observation and compare
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● Based on Jeans analysis+Virial shape estimators

● Parametrization:

N
p
 Plummer spheres 

Sequence of N
dm  

power laws 

Stellar velocity-anisotropy 
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● Grey lines represent the half-light radius associated with minimal uncertainty in the mass profile.[8]

● We extend the profiles in order to get more accurate escape velocities
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● With the Tremaine-Gunn bound from before

● Calculate escape velocity as
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● With the Tremaine-Gunn bound from before

● For LeoII:

m≥( ℏ
36π2ρ(r )

g vmax
3
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(5.1)
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oI
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m≥18745
53 eV(5.3)
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