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A Universal Mass Profile for (Dwarf Spheroidal) Galaxies?
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Milky Way Satellites
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Milky Way Satellites: Star Clusters vs. Galaxies

+*

Globular Clusters

— Pressure supported
— 10%°%L sun

— No gas

— <v>~ 5-15km/s

Belokurov et al. 2007

dSph galaxies | '+

R a2 u,,,»zs _.-"QL.,~31 ‘.-"['.l\.":’:!

— Pressure supported
— #1037 L.sun

— No gas

— <v> ~ 5-15 km/s




Milky Way Sételiites:
Dwarf Spheroidal (dSph) Galaxies

e Lower limit of galaxy formation
Smallest: r~10'-3pc
Haintestab i@ ies
Darkest: M/L ~ 10!-3 solar
Most(?) Metal-Poor

e Tests of Cold Dark Matter
— Mass Profiles
ie., core vs cusp
— Halo Mass Function

Pick any two and solve for the
lainkdl

e Dark matter
e Baryon physics
 dSph data

| Diemand etal (2008); see
also Springel etal (2008)
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2. Data
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3. dSph Masses

\
Y

Consider a 5F|v1eﬁr_c.ﬂ Cow
of radius K ... @




dSph Masses: Kinematics with the Jeans Equation

Tl

Assumptions: Spherical symmetry, Dynamical equilibrium, Single (massless) stellar component,
negligible binary motions

1) Collisionless Boltzmann Eq. | 2) Jeans Eq. (spherical)

| --> NFW Cusp
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dSph Masses: Fornax
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See also Penarrubia etal 2007, Wolf etal 2009




dSph Masses: Simple Mass Estimator

Walker et al. (2009), see also Penarrubia et al. (2008), Wolf et al. (2010)

Jeans Eq.

I P —
revi dv OThalfo ( Thalf )

Gv dr G[1+7r2/r h.a.iff]

M(r) =

M (Thatf) = UThat 0" §

{ = 580 Mcpc™! ]a-:m_:3 |
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TABLE 1
DSPH STRUCTURAL PARAMETERS, VELOCITY DISPERSIONS AND ESTIMATED MASSES”

Object Ly Thal oV, M(rhaty) {p}
[Lv,a] [pe] [km 51 Mg Mgpc—?

Carina 244+1.0x105 137+£22 66412 34+1.4x10% 3.241.2x10-1
Draco 274£04x10% 221416 91412 1.14£03x107 23406 x 107!
Fornax 1.4+ 04x107 339436 11.7+09 27+05x107 1.6+0.3 x 10!
Leo I 3.44+1.1x108  133+£15 92414 65+21x10% 6.64+2.1x10-1
Leo IT 50+ 1.8x10° 123427 66+£07 3.14+09x10% 4.0+1.2x10°!
Sculptor 1.44 0.6 x 108 94426 92411 4.641.7x 10° 1.3+£05
Sextans 414+1.9x10% 204438 79413 11404x107 1.0+0.33x10-!
UMi 204£09x105 150+£18 95412 7.8+£22x10% 554 1.5x 101

Bootes 1 3.0£06x10% 242421 65+20 594+37x10% 1.0+£06x 107!
Bootes 2 1.0+ 0.8 x 102 E14£17 105474 3.34+3.3x 108 5O+59
CVen 1 234£03x10% 564436 76404 1.94£02x107 2.540.3 x 1072

ﬂ_.f(.rhazf) . ,Li-'rhaifﬂ' B CVenll  7.9+36x10%  74£12 46%1.0 91+42x10° 53£25x107]

Coma 3.7+ 1.7 x 108 TT£10 46408 09.4+£35x10° 4.9+ 1.8 x 101
Hercules 3.6+1.1x10% 330463 37409 50£20x10% 17409 x 10-2
Leo IV 8.74+4.6x10% 116430 33417 7.3+£73x105 1.141.1x10-1
Leo V 4.5+ 2.6 x 10? 4245

Leo T 590+ 1.8x104 178439
Segue 1 3.34+2.1 x 102 2047
Segue 2 8.5+ 1.7 % 102 3445
UMa I 1.44+0.4x 104 318+ 45
UMa II 4.0+ 1.9x10° 140425
Willman 1 1.0+ 0.7 x 103 254+ 6

1.4+1.4x 105 454+45x 101
58+28x 108 254 1.2x 101
3.1+1.9x 10° 3.0+1.8
2.3 423 % 10% 1.3+£1.3
26+1.6x 107 2.0+ 1.2 x 101
264+1.4x10% 2.3+1.2x10-1
2.7 4+2.3 % 10° 4.1+ 3.6

-
BRI

Lo =] WO s L0 UT e
(TR Y

AndIl 0.34+2.0x 10 1230420 . T 6.24+36x107 T.9+45x1073
AndIX 1.8+ 0.4x10% 530+ 110 . 5 1.44+1.1x107 234+ 1.7 x10-2
AndxXv 71+ 1.4x10% 270430 1.9+£0.2x 107 23425 x 101
2.8+£09x10% 5904 20 2 99+23x107 1.14+02x10-1
1.7+ 0.3 x 107 15504+ 50 . 7 12406x 108 TE+1.0x10-3
5.6+ 1.6x10% 274440 . B 40+£19x 107 46+£22x107!

* Estimated using Equation 11

*" References: 1) Irwin & Hatzidimitriou (1995); 2) Walker et al. {2000c); 3) Martin et al. (2008); 4) Walker
et al. (2007b); 5) Mateo et al. (2008); 6) Koch et al. {2007a); 7) Walker et al. in preparation; 8) Martin
et al. (2007); 9) Koch et al. (2009); 10) Simon & Geha (2007); 11) Aden et al. (in prep); 12) Belckurov et al.
(2008); 13) Walker et al. (2009a); 14) Irwin et al. (2007); 15) Geha et al. (2009a); 16) Belokurov et al. (2000);
17) McConnachie & Irwin (2006); 18) Coté et al. (1999); 19) Chapman et al. (2005); 20} Ibata et al. (2007);
21) Letarte et al. (2000); 22) Lewis et al. (2007); 23) Ibata & Irwin (1997); 24) Majewsld et al. (2003); 25)
Saviane et al. (1996); 26) Fraternali et al. (2009)

*** Struetural parameters refer to the bound central region of Sgr (see Majewsld et al. 2003).

Walker etal (2009)
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dSph Masses: Velocity Dispersion vs. Size
A new scaling relation for dSphs

M (Phatf) = [rhatfo”

Fhatt L PC]

Walker etal (2009) P a




dSph Masses: A Minimum Mass for Galaxy Formation?
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dSph Masses: A Minimum Mass for Galaxy Formation?
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dSph Masses: M300 vs. M(rhalf)

Mass within 300 pc (V)
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A “Universal” Mass Profile? (Walker etal 2009)




dSph Masses: Scatter
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dSph Masses: Implications

M(Tho) [Msun]

I half [PC]

+

No empirically-determined minimum mass for galaxy
formation -- mass profiles line up as far as each goes, but
some may have r<<300pc, and therefore M << 107 Msun

Large central densities for all dSphs?




THE ASTROFHYSICAL JOURNAL, 366:L11-L15, 1953 March |
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ACCURATE RADIAL VELOCITIES FOR CARBON STARS IN DEACO AND URSA MINOR:
THE FIRST HINT OF A DWARF SPHEROIDAL MASS-TO-LIGHT RATIO!

MARC AARONSON
Steward Ohservatory, Liniversiny of Arizona
Recetved F9D Auguar &) socepred {98 Ovroler 8

ABSTRACT

Velocities accurate to ~ 1 km s ' have been obtained with the Multiple Mirror Telescope and
echelle spectrograph for three carbon stars in the Draco dwarl galaxy and one carbon star in the
Ursa Minor dwarfl. These observations demonstrate that measurement of radial velocities having
such high precision & quite feasible for stars as faint as 1 ~ |8 mag. The data presented here are of
importance for understanding the dynamical history of the dwarf systems. In addition, they provide a
first and tantalizing hint of the velocity dispersion in a dwarf spheroidal and suggest that Draco may
have a mass-to-light ratic an order of magnitude greater than that found for galacte globulars. If
confirmed, this reselt would sepport the existence of a massive halo about the Galaxy. It would
furthermore rule owl the possibility that newtrinos could provide a solution (o the missing mass
problem, if the dark matter on small and large scales is similar,

Subject headings: galaxies: general — mass-luminosity relation — stars: carbon

i
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* | A Common dSph mass? (Mateo 1993, 1998)
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o MW dSphs
oM31 dSphs]
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gpm =0.97902

ACDM 6=V,

adjusted c—Vj,

McGaugh etal. (2007)

2
Mom(r) _ 20@%28( r )
M, pc/ B

[ ¢ spirals
Fe MW dSphs
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¥

Walker etal. (2010)



‘Universality’

+0.15 - ) r - :
—0.19+0'D 10810[r/kpc] [ e Spirals

re MW dSphs
| g M31 dSphs

= 20075

MDM(r) 4200 ( r

gpm = 0.9792km*s ™

adjusted c—Vj,

McGaugh etal. (2
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Core vs. Cusp: Stellar Dynamics

+*

Collisionless Boltzmann Equation:

Distribution function

F(E,L) = w(E)g(E,L)
9(E,L) = {

L

EF.L)= ——FF——
m( ’ ) L0+Lcirc(E)

Gerhard (1991)

c+(1—¢)(1—(1—2%)* tangential
c+(1—c¢)(1—2z?)e radial

Free parameters: a, ¢, L

Free parameters: rho, r,, alpha, beta, gamma

M. Wilkinson etal (in prep) P




Core vs. Cusp: Stellar Dynamlcs «

Constructing the line of
sight velocity distributions

® Fit surface brightness profile

® Use method by P. Saha to invert integral equation
for DF:

Ar [® Lmax E,L)LdL
p{@]=r—2fn w[E)dE]D 9(E, L)

V2(® — E) - L2/r?
Lo — V/2(8 — Ejr
3 @ Project to obtain LOS velocity distribution on a grid |
of adtd Vlos

® Spline to required radii for observed stars, and
convolve with individual velocity errors




Core vs. Cusp: 1 ests on artificial data
M. Wilkinson etal. in

Burn—in time = 500; Chain length = 4688 y Burn—in time = 500; Chain length = 21082

133
=}
1=
=)

No. accepted models
No. accepted models

0.4 0.8

0.6 .
Mean slope } 0.4

Mearl:'sslope '
Requirement: ~ 2000 velocities at +/- 2 km/s : i &

*




Core vs. Cusp: Stay Tuned for a Fornax result!

-

+ ~400 new members from Septemcer 2009
Magellan/ MMFS run

*

20 0 —-20 —40 -860
A RA [arcmin]

M. Wilkinson etal (in prep)







Substructure of Substructure: SCngG 2 1n a stream?

—200 =150 —-100

| Belokurov etal 2009




