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Halo structure at small scales



Halo structure at small scales
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Inner density slope p(r) _ o)
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Name QA+ Q2 Qn h oy n Qp
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Origin of concentration

Concentration
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Is NFWV a good fit?
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Einasto vs. NFW
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Why should you care!?

10 Calore+2014
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Concentrations vs. data
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Back to cosmology



Back to cosmology
P(k,z= A" T (k,z)
"®(x,) =41 a(t) p(x,1)

dx __Jh Expansion velocity
da d

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




Dynamical Dark Energy

w ( Z ) > different background evolution
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Faster than LCDM
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Faster than LCDM
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)M only run
10

DE at galactic scales
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Observed density profile

de Blok+02
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de Blok+ 2001a
30 LSB/Dwarf galaxies analyzed

LSE ROTATION CURVES. IIL

T NFW gives a poor fit

Concentrations too low

or too low mass-to-light ratio

\ Theoretical prediction
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Concentration distribution

Why is the concentration so low!?



log(p/[Mg pe?])
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CDM ruled out!?

Swaters+ 0|

Similar dataset of de Blok+ 200

Different parameterization
of observational uncertainties
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“... with the present data
it is not possible to rule out NFW...’

25% are inconsistent with NFW

a>1| inconsistent with data
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Is the question solved? Not at all

Gentile+05
Gentile+07

High resolution observations of single objects do show deviations from NFW
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Bump!?
non circular motion?
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Galaxy density profile

NFW
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Substructure abundance
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Not to scale
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Substructure abundance
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Dwarf Galaxies and the LG
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T'he Hercules dwarf galaxy view by the LBT (Coleman et al. 200/)
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DM haloes are (almost) self-similar
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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 /A so small)
- Solution for the coincidence problem (why QAXCm)

DE O DE (@ Bx DM(%)

Effects on Newtonian dynamics



-G M,

What changes? v, =—Hv,—V
. | r
Maccio+2004 ;ii;?;gﬁ; Hubble drag grav. potential
Baldi+2019

LCDM acceleration equation



: c . — — H(:Mc
What changes? U.=—H (1 — Bﬂ(f) qﬁ) Ve — VG

Maccio+2004
Baldi+201 |

— additional contribution to proportional to coupling



What changes? v, = —H (1 _ Be(9) ¢

Maccio+2004
Baldi+201 |

- effective gravitational constant

Ge= Gy [1+262(9)]




What changes? Ue=—H (1 —

Maccio+2004
Baldi+201 |

-  effective gravitational constant

G.=Gn [1+26(¢)]

— mass sourcing the grav. potential changes

i, = Mo~ [ 59



What changes? Ue = —H (

Maccio+2004
Baldi+201 |
additional contribution to proportional to coupling

ﬁC(¢)¢ — "écMc
L= H)t"’_v r

effective gravitational constant

Ge =G [1+263(9)

mass sourcing the grav. potential changes

5 ) —-
""?\VEIC = -ﬂ’jce_ -f JL(CD) da da

ONLY DM PARTICLES ARE AFFECTED
(no coupling to baryons)



substructures:

(extreme) coupled DE

Pz Fe=i
M = 3.5e11 Msun/h M= 1.6e11 Msun/h
Rvir = 160 kpc/h Rvir = 122 kpc/h




(EXPO06) coupled DE
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distribution of satellites:

# satellites (m>m )
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The Hercules dwarf galaxy view by the LBT (Coleman et al. 2007)

* Is CDM challenged by local observations? YES

* Is the Universe made by CDM alone? NO

* Are we comparing apples with apples!? NO

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



dN/dM,

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

100 : I I I I I I I I | | I
AM+2010
0t | E
1 E
.'.i'..‘o
vy
0.1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 -5 -10 -15 —20

M, [mag]



CDM model predictions

4 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
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No Subs Subs

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




The Plane of satellites

The LG is keep challenging the CDM scenario

Satellite alignment

Pawlowski et al 2012
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Satellites Plane?
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Streams of stars and gas (3x magnified)
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The Plane of satellites

Ibata et al. 2013
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The Plane of satellites

Andromeda Plane of satellites is aligned

G0

1 =[x]

1K)




IONS

t

IC

-

<
T

o

400 |-
200

0
200 |-
400

[2dy] z

b [Mpc/h]

G,

HALO

Simulations pred

0.2
Zentner+ (2003)
¢ [Mpc/h]



Z [kpe]

400 -

Simulations predictions

2001~ .

200 -

-400




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

e Satellites
* Plane of satellites



Solutions

* We need to modify the CDM paradigm

Tomorrow’s talk on Warm Dark Matter

SIDM talk from Jesus




Solutions

* 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




Thank you
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