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A First recognized in 1994 that dwarf
galaxy rotation curves are too shallow

2. D'WARF SPIRAL GALAXIES

unusual properties of the dwarf spiral galaxy DD{
mnan & Freeman 1988; Carnignan & Beaulieu
it an ideal laboratory to test the distribution of D
b5 at least on small scales. The luminous compone
154 are neutral hydrogen gas, visible through
pn, and stars. With a gas mass—to-blue light
» % 9, which makes it a very gas-rich system, DIV
the advantage that the mass of the dominant lum
bnent, the gas, is quite insensitive to the uncertain
o-light ratio. The inferred contribution of the lu
nents Lo the circular velocity reveals a system ¢
by its DM down to very small distances from the ¢
the largest distance at which the H 1 is detected,
0% of the mass is invisible. Thus, the DM distribuf
eIl constrained in this system.
igure la we show the inferred contribution of the T
cular velocity as a Function of the distance r fro
of DDO 154. We have used the parameters of Ca
ulieu (1989) for the two lnminous components to ¢
contribution from the data; thus, we model the

nent as a thin exponential disk of mass and scale
5 % 107 Mg and b, = 0.5 kpe. The H 1 surface d

of DO 154 is well approximated for + 2 by,

Flores & Primac

Isothermal:
- - ——— Hernguist:

Moore



A Navarro, Frenk, & White (1996)
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A This is important because:

0 Measurements of the mass distribution within
galaxies could provide clues to DM physics

OoDM anni hil ation signal

Kuhlen et al. (2008)



A Four primary regimes in which dark
matter density profiles can be
measured

0 Local Group dwarf spheroidals
0 Low-mass spiral/irregular galaxies
0 Massive galaxy lenses
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A Closest and most dark matter -
dominated galaxies known

0 luminosities from 103to 107 L,,
d sizes from 30 to 1000 pc
d masses of ~10 M,,



A Cleanest systems in principle
0 Baryons of little importance
0 Less interpretation of observations necessary

A But: radial velocities provide only one
component of the 3D motion of each star



Dwarf Spheroidals as DM
Probes -

movie courtesy of TJ Cox



A Cleanest systems in principle
0 Baryons of little importance
0 Less interpretation of observations necessary

A Jeans equation:

: d(r.s,) _
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A 2b(r)r.s 2

observed

M(r) and b(r) are degenerate!



A Assumer (r) ~ r9
o0 Want to distinguish
from
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Strigari et al. (2007)



current
studies

5000 10000 15000 20000
Number of stars

dg < 0.25 requires 5000 stars
dg < 0.20 requires 9000 stars

Requirement
to usefully
constrain ¢

Strigari et al. (2007)



A Fornax 2483
A Sculptor: 1365
A Carina: 774

A Sextans 441

A
A
A

Draco: 210
Jrsa Minor; 182

_eo |;: 827

Walker et al. (2009)
Mufoz et al. (2005)
Kirby et al. (2010)



A Fornax

0 (Walker & Penarrubia 2011)
0 (Jardel & Gebhardt 2012)
0 or (Breddels & Helmi 2013)
A Sculptor
0 or (Battaglia et al. 2008)
0 (Walker & Penarrubia 2011)
0 (Amorisco & Evans 2012)
0 (Breddels et al. 2013)
0 or (Breddels & Helmi 2013
0 or (Richardson & Fairbairn 2014)



Dwarf Spheroidal Density Profiles

A Instead of using radial velocities alone,
add proper motions

0 Directly determines the velocity anisotropy
05kmst~11nasyrt

Strigari et al. (2007)



A Currently little agreement in derived
density profile slopes

A Radial velocity sample sizes are still
peing increased

A Possibility of measuring proper motions
with HST, Gaia, JWST, or ELTs




Late-Type Dwarf Galaxies
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movie courtes;gof*ucio Mayer



A Galaxy rotation curve is determined by a
harmonic fit: Vs = Vgt VigtC 0 St ¢S 1 1
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— Rotation curve
—— Noncircular motions
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A Interpretation complicated by:

d Bars

o Unknown stellar M/L

0 Disk geometry (warps, etc.) S o P
0 Adiabatic contraction Kiiziorde haraytet, 2 (GDOC IR

(7011)
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Adams et al. (2014)




A Initial suggestions of disagreement
between stars and gas, now resolved

NGC 959
UGC 2259
NGC 2552

UGC 11707

Simon et al. (2003) - gas Adams et al. (2014)



A Nstar = 0.68
standard error on the mean: 0.06
standard deviation 0.10

ANyas = 0.67
standard error on the mean: 0.04
standard deviation 0.24

A What does the difference in standard
deviations mean?



