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OUTLINE

The kinematics of galaxies
Universal Properties of DM halos: relation to LM

The amount and distribution of DM around Spirals
The nature of DM

1996 MNRAS, 281, 27 Persic, M.; Salucci, P.; Stel, F.

The universal rotation curve of spiral galaxies - |. The dark matter connection
2007 MNRAS, Salucci, Lapi, Gentile, Klein

The universal rotation curve of spiral galaxies out the virial radius |







The Realm of Galaxies

15 mag range, 4 types, 16 mag arsec™

range

Central surface brightness vs magnitude
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Luminosity profile is Universal.
Spirals‘have alenght-scale
Distribution of stars: L(R/RD)/LT independent of Luminosity

l!lllllll‘ITII]—TTIIII‘LIIIIIIIIIIII[III(]I,f
. binned by magnitude binned by velocity N

/i
Obllll\l‘[l]lllll]|!|l |l??|L||||‘|*[|’I|’rI

¢ & 1 15 BO B i 18 B8
R/RBS R/RBS




The distribution in spirals is invariant 1(r) = 10exp[-R/RD]
The mass distribution is luminosity dependent:
-TF at different radii

-The Universal profile of the RC’s
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Do the RC’s probe the mass distribution of galaxies ?
What Is the zeroth order of their mass profiles

*Radial Tully Fisher
Inner mass distribution




TF at different radii

uGC2405

The relation: magnitude vs velocity @ different radii X; Rp, [ X=0.5,1,...5]

3 samples (600, 89, 78) M =a, + b, log V(x;)

No change in slope implies: 1) no DM or I1) constant fraction of DIV
No relationship if V does not trace the mass




Radial TF relationships
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Results: Slope and scatter of the TF-relations:
Mg = @ + b; log V(x;)
The slope increases from -4 to -8
The minimum scatter 0.2 mag at 2.2 R

* 86 galaxies (Courteau) —*— 86 galaxies (Courteau)
. —e — 967 galaxies (Mathewson)
e 967 galaxies (Mathewson) 0.50

0.45 |-

0.40

Implications:
\/ traces the potential

DM emerges at large radii




Modelling the very inner circular velocities:
light traces the mass
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The slope of the RC
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The RC Slopes indicate the presence and the amount
of Dark Matter
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3200 coadded Individual
The rotation curves
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V(R)/V(Rege)

V(R)/V(Rop)

V(R)/V(Repe)

<Mp> = -18.5

MU = ~10.4

<M;> = -20.0
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/ACDM Universal Rotation Curve from NFW profile
and MMW theory




The URC Concept

> @ fixed L and X=R/Rp, the Cosmic Variance of
V(X,L) Is one order of magnitude smaller than:

The variations that, in each galaxy, V(X) shows as
X varies.

The variations that, @ fixed X,V(X) shows In
galaxies of different L




The circular velocity is luminosity dependent
V(R/Rp)=F(L,R/R)




*. ]
Wt
el
i

i




dark matter

MODEL

Copynght @ Addison Wasley.



Rotation curve decomposition.
2 42 2 2
Vtot_v DM+Vdisk+Vgas

* dark halos with “cusps” (NFW, Moore)
* Hi-scaling




We can uniquely mass model a RC
disk-halo components, known surf phot, reliable V(R) and dV/dR, resolution ~ 0.3 R

True solution




BURKERT
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Modelling the Universal Rotation Curve

VIR)/ V{Fape)

VIR)/V(Fypa)

V(R)/ V(R
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Burkert-URCH-PI Halos

_ Ao
PB(T) = (1 +r/r0)[1 + (7'/7'0)2]

he profile is characterized by a density—core of extension g and value pg, while it
eserables the NF'W profile at large radii.

@ L*, VB ~ VNFW (R)

VNFW easier to fit uniquely




A family governed by luminosity

DM fraction
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Halo central density vs core radius scaling
P =102 (r,/kpc)*tg/cm?

FAN I




Halo masses

did;

BMF(M,) M, = (1.94 x 10735, 126~ M/19 1 4 52 1077 317%%) TN
0]

HMF{M jdM =AM **dM,

HMF{M, dM,/dM dM ,=BMF{M,}dM,

My = ((|8] = 1)/4 (1.94 10730 (=0.21, M,/1.9) +2.5 10~ 74,15 4 ¢)1/ (118D




RESULTS

Ellipticals

Spirals (Burkert profile)




RESULTS

DM halo density: observations vs simulations




THE UNIVERSAL VELOCITY CURVE
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Dark halos from simulations

Halos form hierarchically bottom-up via gravit. amplification of
initial density flucts. Most evident property: CENTRAL CUSP

41 3 . .

— : 2 _ — o ; 12 ,—0.09

M = 3 AvirpuRvir Vvir=GM vir/ Rvir Cvir:Rvir/rs_9'7l'. I\/Ivir/:l'0 |\/Iun.J

Navarro, Frenk & White, ApJ 462, 563 (1996)
['.J Q Bullock et al., MNRAS 321, 559 (2001

Klypin,2010

Pnpw M=

(r/ir)il+r/r)°

The cusp vs core issue

cuspy NFW density profiles disagree with observed kinematics.
comparison galaxy by galaxy and of coadded kinematics highlights a CDM crisis.

Moore, Nature 370, 629 (1994)
NFW HALOS Kravtsov et al., ApJ 502, 48 (1998)

Fit badly the RCs Salucci & Burkert, ApJ 537, L9 (2000)
. c ; de Blok, McG h & Rubin, AJ 122, 2396 (2000
Unphysically too low stellar mass-to-light ratios = =~ oo on & REEH (2000)

Salucci, Walter & Borriello, A&A 409, 53 (2003)
Gentile et al., MNRAS 351, 903 (2004)
Kuzio de Naray, McGaugh & de Blok, ApJ 676, 92(

Unphysically too high halo masses




A test case: ESO 116-G12
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E=R=N

Cored halos the best fits




50 objects investigated
NFW inconsistent
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DDO 47: NON CIRCULAR MOTIONS ?
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URC fits to RCs
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Gentile et al., ApJ 634, L145 (2005)
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Gentile, Tonini & Salucci, A&A 467, 925 (2007)



Weak lensing

With a density profile we model the tangential shear
Obtain the structural free parameters.
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Same results as those obtained from RCs.
Burkert profile provides excellent fit, better than NFW.

Christiane Frigerio Martins
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> AN INTRIGUING PROPERTY




Preliminar e we find similar po and ro relationships

6 M T T T ] T T T T ] T 1 _ll independenﬂy whether the mass
I I _ A I C profiles are obtained from RCs or
4 B Og I 0~ Og i-JO + d lensing data or from analysis of

individual or coadded objects

i dSph halos are much denser,

log p, r, (Mgpc™2)

lie on the Spiral relationship

data can be reproduced by
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>
DM relations cannot arise due to Seed i -

self-annihilation which would predict & =y
narrow range in po 25
Gilmore et al., ApJ 663, 948 (2007)
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Salucci, CFM, Walker, Wilkinson, Gilmore, Koch (in prep)



A matter enigma







