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Halo structure at small scales



Halo structure at small scales



Halo density profile

NFW profile

Two free parameters
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Halo density profile
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Inner density slope

Navarro, Frank & White (1997) :
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Halo density profile

NFW profile
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Halo density profile

NFW profile

Rvir/rs = concentration

Macciò+07
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Macciò+08



Origin of concentration

Formation expansion factor
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Is NFW a good fit?

Dutton & Macciò 2014



Einasto vs. NFW

Dutton & Macciò 2014



Dutton & Macciò 2014



Why should you care?

Calore+2014



Concentrations vs. data

Dutton & Macciò 2014



Back to cosmology



1) Initial conditions: Power Spectrum
2) Background evolution:  a(t) 

Expansion velocity

Back to cosmology

P(k, z)= A kn  T 2(k, z)

∇2Φ(x, t) = 4πG  a(t)2  ρ(x, t)

dx

da
= dx
dt

dt

da
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different background evolution

SUCDM has a faster expansion velocity

structures start forming EARLIER

waCDM2 has a slower expansion velocity

structures start forming LATER
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Dynamical Dark Energy

Penzo, AM+2014



Faster than LCDM

Klypin, AM +2003

• DE suppresses structure 
    formation
• More haloes at z>0
• Earlier formation time
• Larger concentration 
    at fix Mass



Faster than LCDM

AM 2005

Klypin, AM +2003
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DM only run

= 8x1011

DE at galactic scales

Penzo, AM+2014



DE on galactic scales

DM only run

Hydro runPenzo, AM+2014

Baryons are able to amplify
DE effects on galactic scales



Observed density profile
de Blok+02



Observed density profile

de Blok+02



de Blok+ 2001a
30 LSB/Dwarf galaxies analyzed

Concentration distribution

NFW gives a poor fit

Concentrations too low

or too low mass-to-light ratio

Theoretical prediction
Ωm=0.3
σ8=0.95

Why is the concentration so low?



de Block 2001



CDM ruled out?

Swaters+ 01

Similar dataset of de Blok+ 2001

Different parameterization 
of observational uncertainties

NFW

Cored

“… with the present data
it is not possible to rule out NFW…”

25% are inconsistent with NFW

α>1 inconsistent with data



Is the question solved? Not at all

High resolution observations of single objects do show deviations from NFW

C=3

Bump? 
non circular motion?

NGC3741

DDO47

Gentile+05 
Gentile+07

Observations do not 
like cuspy profiles





Galaxy density profile

Oh et al. 2011
Things survey

CDM profiles 
are

 inconsist
ent

with Low Mass
 Galax

y P
rofiles



Substructure abundance

A lot of power on small scales



Substructure abundance

Not to scale



Substructure abundance

To scale



Dwarf Galaxies and the LG





Quantitative approach
• Velocity dispersion from obs
• Fit with for a NFW model
• Compute Vmax (Vcirc)



DM haloes are (almost) self-similar

CDM Sa
tell
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Dark Energy and satellites

Coupled Dark Energy
(Amendola 2000, AM+2004)

DE and DM can interact (e.g. exchange energy)
- Solution for the fine tuning problem (why is Λ so small)
- Solution for the coincidence problem (why ΩΛ≈Ωm)

Effects on Newtonian dynamics

€ 

DE ⇒ DE (t) + β × DM(t)



Macciò+2004
Baldi+2019



Macciò+2004
Baldi+2011
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Baldi+2011



Macciò+2004
Baldi+2011



Macciò+2004
Baldi+2011









• Is CDM challenged by local observations? 

• Is the Universe made by CDM alone?

• Are we comparing apples with apples?

If anything we are proving that there is more than 
CDM in our Universe

YES

NO

NO



Easy to solve the MS problem
with a bit of baryonic physics

AM+2010



CDM model predictions

¾ of the satellites with MDM>107 Msun are dark
They do not host any observable galaxies

The presence of this large population of satellites
is a clear prediction of LCDM

We need to “detect” them
to probe LCDM 
to be correct

Lensing not really promising
Gamma Rays neither



Heating of stellar streams

Oderkirchen+09

Koposov+09







No Subs Subs

Streams are in equilibrium with the NFW+Disk potentialPerturbations in stellar streams as a test for DM at small scales



No Subs Subs

Unfortunately signal is very weak even for GAIA
Weinberger & Macciò 2014 (soon on astro-ph)



The Plane of satellites

The LG is keep challenging the CDM scenario

Satellite alignment

Pawlowski et al 2012



Satellites Plane?

Bright 
Satellites

Faint 
Satellites

Globular
Clusters

Streams

Pawlowski et al 2012



The Plane of satellites

Ibata et al. 2013



The Plane of satellites

Andromeda Plane of satellites is aligned 
with the MW disc ?????



Simulations predictions

Zentner+ (2003)



Simulations predictions



Simulations predictions

Open Problem

• Are we comparing apples 
   with apples?

• Are luminous satellites 
  special?

• Is the Local Group Special?



Summary
• Cold Dark Matter Theory very successful

on Large scales
● Power Spectrum
● Topology and Spatial distribution

• Cold Dark Matter Theory inconsistent
with galaxy properties on small scales
● Profiles
● Satellites
● Plane of satellites



Solutions

Tomorrow’s talk on Warm Dark Matter

SIDM talk from Jesus

• We need to modify the CDM paradigm



• We need to modify the CDM paradigm
• We need to abandon the CDM paradigm
• Or have we forgotten something?

The Baryons !!!
Stars and Gas

Stay tuned for Greg’s talk

Solutions



Thank you
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