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Outline
Dark Matter is a main protagonist in the Universe

Atoms
4.6%

Dark
Matter
23%

TODAY

In the mass distribution of the structures of the Universe we detect a dark massive
component Atoms cannot develop these structures neither be responsable of this

component

Standard Model of Elementary particles has not this

Details of the In the mass distribution in galaxies play today a totally new role






Spirals best place
to investigate DM

M33 disk very smooth,
truncated at 4 scale-lengths

NGC 300 exponential disk
for at least 10 scale-lengths
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V., (km/s)

Radio + Optical Rotation Curves of Spirals

Coadded from 3200 individual RCs
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The Concept of the Universal Rotation Curve (URC)
Every RC can be represented by: V(x,L) x=R/Rj

veky

The URC out to 6 R, is derived directly from observations



ACDM Halo Density Profiles from N-body simulations

The density of virialized DM halos of any mass is empirically described at all times
by an Universal profile (Navarro+96, 97, NFW).
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Rotation curve analysis
From data to mass models

VQ(R) — VhJQaJO(R) T VJ%I(R) T Vd?isk (R)

observations = model

> Viisk from I-band photometry

V2
> "HI  from HIl observations

2
5 Vhalo gifferent choices for the DM halo density

Dark halos with central constant density (Burkert, Isothermal)
Dark halos with central cusps (NFW, Einasto)

PO

10000 T T " T /p(’r‘) p—
- (L +7/ro)(1 4 (r/70)?)
- NFW _
1 _ =Ty (r/r0)?
""" T ISO The mass model has 3 free parameters:
M | disk mass
001 | Burkert 1 halo central density
o001 [ | Halo core radius (length-scale)
’ Obtained by best fitting method
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URC Modelling the Coadded Rotation Curves
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GALAXY HALOS STRUCTURAL PARAMETRES

Core radii between 0.1 kpc to 100 kpc



Observational rotation curves and density profiles versus the
Thomas-Fermi galaxy structure theory
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The Realm of Galaxies
The range of galaxies in magnitudes, types and central surface
densities : 15 mag, 4 types, 16 mag arsec-

Central surface brightness vs
galaxy magnitude
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SMALLEST GALAXIES:
DWARF DISKS

the most numerous ones
the more DM dominated
the densest objects

the first born

Immune by feedback ?

simple dynamics




Updated Nearby Galaxy Catalog.

Igor D. Karachentsev, Dmitry I. Makarov and Elena I. Kaisina

M, (mag)

1000 galaxies inside 11 Mpc
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Hulbble Flow
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Classification of Dwarfs

Classification for dwarf galaxies
(fainter than LMC or with W < 100 km/s)

High 3; dEem BCD
Normal dS0 dSOem BCD
Sph Transition Im, Ir
Ir/Sph

Low Sph Transition Ir

X-Low Sph Transition Ir
SB - p ansitio HT cld
Red Mixed Blue

(Gas content

Color Index




Name Mp Mp(Ks) Muyy My (K13) Te log(pa) Ma c
— »x107 x107 x 107 x107 — — x107 —
(1) (2) (3) (1) (3) (&) (M) (8) (9)
UGC1281 12.2 19.8 39.5 22.1 2.83 -23.6 32.2 1.05
UGC1s501 15.1 23.9 48.8 38.4 4.32 -23.9 43.8 0.87
UGCs427 4.63 828 15.02 3.93 0.76 -22.5 a8.85 1.80
UGC7559 5.2 T.21 168 13.9 2.46 -23.8 11.8 081
UGCS837T 14.9 24.4 482 208 5.40 -24.2 44.4 0.74
UGCToaT 3.28 11.4 10.6 15.3 1.34 -23.3 6.50 1.02
UGCsz7r2 16.4 6.58 N1 23.1 4.14 -23.8 a7.8 0.93
DDO52 19.8 14.7 4.3 27.8 4.24 -23.8 59.8 1.0
DDO101 13.8 49.8 447 16.0 2.71 -23.4 36.6 1.17
DDO154 4.58 233 14.89 25.3 1.88 -23.6 9.69 0.90
DDO1s8 12.7 828 41.1 288 2.28 -23.3 32.4 1.28
Haro29 1.26 3.86 4.11 7.65 0.51 -22.6 2.01 1.34
Haro36 3.82 13.8 15.8 14.9 2.54 -23.5 33.0 1.11
IC10 2.31 17.7 8.80 13.3 0.78 -22.8 4.91 1.38
NGC2356 16.4 Z3.1 932 54.2 4.16 -23.8 47.97 093
WLM 1.78 284 8.23 9.0 1.29 -23.4 4.84 0.94
UCC76e03 17.1 33.5 55.6 55.4 3.42 -23.6 48.8 1.09
UGCTs61 9.74 97.3 31.6 41.1 1.51 -23.0 22.5 1.53
NGCissd 14.7 31.5 47.6 1425 3.37 -23.7 40.7 1.03
DDO125 0.60 7.55 1.95 4.02 1.1 -23.8 0.682 0.55
UGCs423 1.66 15.4 5.39 9.2 1.19 -23.5 2.897 0.82
UGC7s66 1.80 9.20 6.15 10.6 1.27 -23.5 3.47 0.83
DD0O43 3.0 244 9.72 9.42 1.35 -23.3 S5.88 0.98
IC1613 0.92 7.05 3.0 T8 1.45 -23.9 1.52 0.54
UGC44583 0.34 0.6 1.11 4.4 0.29 -22.6 4.51 1.12
KK246 2.51 3.86 9.56 15.6 1.40 -23.4 3.79 0.95
NGCes22 2.84 13.1 9.41 18.8 1.32 -23.3 3.65 0.98
UGC7e16 9.45 3.78 30.7 35.8 3.80 -24.4 26.2 0.57
UGCs818 10.4 12.3 438 23.1 3.88 -23.0 28.2 0.80
AndlV 2.08 Q77 6.76 27.8 1.05 -23.2 3.79 0.99
UGC7232 1.23 4.77 4.0 3.84 0.34 -22.2 1.87 1.75
DDO133 6.85 10.4 222 21.1 2.55 -23.7 16.4 0.90
UGCss08 0.77 213 2.48 2.65 0.50 -22.8 1.I5 1.08
UGC2455 9.83 1225 322 87.9 3.21 -23.8 23.9 0.90
NGCs741 0.36 1.44 1.16 10.1 0.27 -224 0.47 1.22
UGC11583 13.5 5.73 43.9 24.8 3.67 -23.8 37.6 0.935

The
DD Sample



Log V [kmvs]

36 Individual RCs

Double Normalized
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The DD Coadded Curve - DDURC

V(RIRopi)Nopt

i N 5 V; dv; R; Vi dV;

(1) (=)  (3) (4) (5) (6} (7) (8)

1 31 0.11 0.21 0.015 0.27 3.28 0.59
2 30 0.22 0.37 0.021 0.54 14.57 0.82
3 21 0.32 0.49 0.019 08281 19.37 074
<1 26 041 0.60 0.019 1.03 23. 68 0.78
o 25 0.52 0.68 0.018 1.30 27.03 0.72
6 33 0.63 0.78 0.014 1.58 31.04 0.56
T 34 0.77 0.26 0.016 1.94 34.0 0.63
S 28 0.91 0.95 0.009 2.29 37.42 0.35
9 25 1.03 0.99 0.009 2.60 39.21 0.37
10 28 1.18 1.05 0.010 2.97 41.43 0.38
11 18 1.32 1.07 0.018 3.31 42 .50 0.71
12 17 1.45 1.07 0.020 3.65 42 22 0.78
13 20 1.65 1.12 0.020 413 44 37 0.80
14 14 1.88 1.20 0.030 473 47 .53 1217




Radll vs Luminositles
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Velocity residuals
observational
errors and no biases
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V [kmi/s]

DDURC: modelling the coadded curve
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tight correlation core radius-half light radius
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Central DM surface ¢

ensity
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Baryonic = halo masses relationship
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Dwarf Disks structural relationships _ ..ow .

al
R N
/ P,

Bl %
I T e [
| 7~
H -
Q e
) -~
£ AP
] - luminosity
£ Z
A= =SS S

Log Ro [kpc)

W T T T R T T B A e

! KR f .

A 25} ! .
— N ...5: ol <
’ - k< _

05k ‘.. 230_ ik e

' & : M

" N 18 i ' } ;oS
| " f 1 E msl L I
o - : : vE,

r plt MAN ¢ : B‘) b QJ",ﬁ‘i ..
oof i Y 18 .1 S - ™

L . L] 4 g) ‘240 ." *' ” \ \‘

"o - 14 : L
" A 245 , *

[ “n I ‘3 o
0.5} e "H ,

' -250¢ .

...................... B, | I L N TR N A 0 P TP S TR S P

G 10 1 12 13 -10 -0.5 0.0 05 1.0 15 240
Log My (M) Log r, [kpc]

not anymore a Universal Curve



The C parameter
log Rp=a + b log M,

log C =log Ry -a -blog My
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ACDM + feedback ?

Good Luck!



CDM PARADIGM

-we know the dark particle ab initio

-we will detect it through LHC experiments, by capturing it or by
detectitd its annihilation or decay product

Large scales observations in agreement

Observations of dark matter in galaxies must fit the LCDM scenario once their cosmo
astrophysics is correctly considered

Inferred properties of Dark Matter halos give no new information on the particle



After 30 years CDM

Progresses in detecting the particle have been very few, if any.
No dark particle has been "produced” or "seen" at LHC (also in run 2)

no dark particle has been detected in the many underground dark
matter experiments

no dark particle has exposed itself by emitting radiation while
annihila‘rl?ng wiﬁ\ iIts anEriparTicle in ﬂ)\le cen’rergs of Earth, Sun and

Galaxy.

th b dark halos and their densit iles
diffgqgwn’revr\./i?r rggpecqr qro qr?\ose ?Ka’r%?*el %rperg i]z:l’rgd C\]A'/ﬂigrl'\\/ﬁﬁhe CDM

paradigm.

very serious lack of the “shooting gun" that a collisionless
COLD elementary particle runs the Universe.



CONCLUSIONS

Cosmo-astrophysical Observations are an Unique Portal to
the nature of DM & galaxies Formation and Evolution

The amazing properties of the mass distribution of Dark Matter
In very different types of galaxies clearly indicates for a Warm
Dark Particle

Other possibilties are too much fine tuned and or ineffective to
explain the observational scenario.



