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What Is a galactic scale?
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What is a sub-galactic scale? |~  Satellite galaxies
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Cold Dark Matter (CDM) is successful
for explaining large-scale structures
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DM In a galactic scale
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Velocities of stars
near the Sun

Halo stars show

4 velocity anisotropy
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Velocities of stars near the Sun
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With more dlstant stars  sakamoto+2003
Rest-frame velocity: Ve < =(2 D)V
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Shape _ _
Stellar stream as tidally disrupted

dwarf galaxy
‘Fleld of Streams’ seen In star distribution
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Majewski et al.

Sgr stream

Stream Is confined onto an orbital plane
= round dark halo at 15 < r < 60 kpc




However, CDM halos are generally triaxial / prolate.
(Jing & Suto 2000, 2002)
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Gas cooling makes CDM halos rounder.
(Kazantzidis et al. 2004, ApJ, 611, L73)
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Density profile

CDM halos have cuspy central density profile
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Fitting to rotation curves of LSB galaxies
(Hayashi et al. 2004, MNRAS, 355, 794)
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More on DM density profile:

Stellar dynamics + lens analysis
Hamana+ 2005
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DM In a sub-galactic scale
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Deriving DM profiles from line-of-sight
velocity dispersion profile of stars
(Walker+2009)
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Mass enclosed within stellar extent (~ 4 x 10’'M)
In dSph galaxies

__Gilmore+ 2007
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New mass limits on dSphs: Axisymmetric model
(Hayashi & Chiba 2012)

* Stellar component 2
3L -5/2 ;m? = R* +
Vol. density: V(R,z) = pp— [1 b2 ] C)
i 2 o y2| d : axis ratio
Surface densityj(gj’ y) = IZ;Q [1 i ?’z ] m!? = 2% + qf
* q = cos> z+q sin“ ¢
)= m(2) [+ ()] oo
bha,lo bha,lo
[a=-1 5=-1 :NFW model J Q: DM’s axis ratio
a=0,0=-1.5 ;with a core

Gravity can be calculated by 1D integral:
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New mass limits on dSphs: Axisymmetric model
(Hayashi & Chiba 2012)

g: axis ratio of stellar system
Q: axis ratio of DM halo

Solid: NFW
Dotted: Core

Q=1,0=1




New mass limits on dSphs (l)

Carina, Fornax, Sculptor
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Line-of-sight velocity dispersion (km/s)

NFW

Sextans

New mass limits on dSphs (Il)
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Comparison with N-body models

Via Lactea simulation (Kuhlen+ 2007)
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More flattened
than CDM subhalos

Is CDM correct in a sub-galactic scale?




Missing satellites problem
Simulated CDM distribution
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Stellar halo in Andromeda
PANdAS survey: (g, 1) 2-color imaging with CFHT
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Are there many CDM subhalos in a galaxy-sized halo?
(Carlberg 2011)

11,14

. mdynamical effects
CDM halo in a galaxy on stellar stream
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Are there many CDM subhalos in a galaxy-sized halo?
(Carlberg 2011)

NW stream in M31 Non-uniform density distribution
(Richardson+ 2011) (~12 gaps=>consistent with CDM?)

o

over—density [stars kpc™2]

-50 0

B 5 0 5 4 Angle relative to long axis

Careful subtraction of foreground stars
and more studies on a stream are needed!




Wide-field FoV i essentia

for mapping stars




Gravitational lensing as a probe of
CDM subhalos

QSO

Dark halo
In a galaxy

Flux —ratio distribution, especially

In mid-infrared waveband, provides
substructure of lens mass distribution
(Chiba+2005; Minezaki+2008)
Signatures for CDM subhalos!




T™MT ALMA
(Thirty Meter Telescope)

MIR observations of lensed QSOs e il
with MICHI (#45) High-reso. sub-millimeter

"Mid-IR Camera, High-disperser, observations of lensed
and Integral field unit" QSOs

Lens mapping of CDM substructures



2 X 108 Msun subhalo at resolution 0.01 arcsec
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Conclusion

DM properties in a galactic scale can be
understood in a framework of CDM models.

DM properties in a sub-galactic scale are
NOT well understood.

* Future observing program with
Subaru/HSC, ALMA, and TMT/MICHI will
provide DM substructures in detall.
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