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Direct Look Back to Early Epochs
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And IT’s unusual internal stellar kinematics
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And IT’s unusual internal stellar kinematics
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And IT’s unusual internal stellar kinematics
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M32’s remarkably regular internal kinematics

Major Axis Profile Minor Axis Profile
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A combination of integrated light and resolved stellar population spectroscopy



Effects of tidal distortion on NGC 205’s morphology & kinematics
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Dynamical modelling using a genetic algorithm indicates that NGC 205 1s approaching
from the N'W, on a very eccentric orbit, possibly onits first close passage. Observations
can be reproduced with a dynamically cold rotating or hot non-rotating progemnitor.

Geha, PG, Rich & Cooper (2006, AJ) Howley et al. (2008, ApJ)



Mormalized Flux

Series of co-added spectra of red giant stars in
the luminous Andromeda satellite, NGC 147
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CGLdLEd Spectra of Group 1
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Lucy Cheng

Harker High School
(summer intern at
ucsc)

Iei Yang

KIAA/Peking Univ
(visiting student at
UCSC + Caltech)

Detailed chemical
abundances from
co-added spectra of
RGDB stars in M31
dSph/dE galaxies
(paper in prep)
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Weak “metal” absorption lines are

clearly detectable in co-added spectra
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Detailed chemical
abundances from
Keck/DEIMOS
spectra of individual
red giant stars in
W GCs and dSph
satellite galaxies:

— Kirby, PG &
Sneden (2008, ApJ)

— Kirby et al.
(2009—2011)

Lei Yang, MS thesis,
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+ Caltech)

Detailed chemical
abundances from

coadded spectra of

RGP stars in M31
dSph/dE galaxies
(paper in prep)



Andromeda satellites resemble their Milky Way counterparts

Metalhclty Lurnmos:ty Helatlon for MW and M31 Dwarf Satellites
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Cannibalism in progress in the Local Volume

Martinez-Delgado et al. 2010



Remote outer stellar halo of Andromeda
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Andromeda clearly has a virialized stellar halo

Spectroscopy allows us to statistically remove substructure (partially digested
former dwarf satellite galaxies) in different fields 0w w0 0 w0 w00 200

Fields in
M31’ s South
quadrant

Fields North
of M31’ s
semi-major
axis

GIMIC hydrodynamical simulations

Font et al (2011)

PvdB | a9 4)

I - -3 [t A

L aN 1 s
-200 0 -600 -400 -200
Velocity (km s™1)

Gilbert et al., 2012



Andromeda is big on the sky, very big!
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Andromeda gets progressively more chemically anemic
as one marches from its center to the outskirts
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Photometric vs. Spectroscopic [Fe/H] Estimates
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It 1s reassuring to see that there 1s a reasonably good correlation
between the photometric and spectroscopic [Fe/H] estimates



Deducing the statistical properties of disrupted satellites
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M31’ s Boxy Bulge and Central Bar
An Unobstructed Wide-field View in the Near Infrared
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Model disk galaxy with central bar,
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|V o Vsysl (kn’l/S)

M31’s inner spheroid rotates slowly
(and is mostly pressure-supported)
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Forensic reconstruction of a recent significant collision
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— Minor axis arcs, giant southern stream, and shells may be the result of a single collision event
— Stream asymmetry can be reproduced by a rotating satellite
— Metallicity variations can be explained by a satellite with an intrinsic radial metallicity gradient

— Tidal debris tracked through three pericenter passages; should strongly constrain M31’ s potential






Ground Based Image
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Sideways Stellar Motions Suggest Shell in Milky Way Halo

Andromeda
Galaxy

."1

Milky Way Galaxy










TMT-Keck Heritage

Keck 10-m, 36 segment mirror TMT 30-m, 492 segment mirror
1.8-meter segments 1.4-meter segments



TMT: Fast Facts

30 meter primary, filled
aperture, 492-segments

f/1 primary
Visible/Infrared (0.31 — 28 pym)

Fully integrated adaptive
optics
Partners: ACURA, Caltech, UC &
Participating: NAOJ, China, i
and India




Star formation history

In galaxies out to the

Virgo cluster:

Adaptive Optics will
allow photometry of
resolved stellar
populations in crowded
fields

This will constrain the
star-formation history
and metallicity in a
wide range of
environments

High-resolution

spectroscopy will
provide element

abundances

Complementary to
high-z galaxy studies

1 arcsec at

Virgo, K-band

16

18|

M32 with TMT AO.
20 - (Olsen, NOAO)
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M31 substructure supports violent merger history

3

® Jbata et al. (2z001)
discovered a giant stellar
debris stream

Ferguson et al. (2002)
found several other
significant structures
(NE shelf, NGCz2o05 loop,
etc.)

Jﬁ
B 0
E.
=

[bata et al. (2005) found
evidence for an
“extended disk-like
structure” comprising
~10% of the luminous
disk mass, extending to
~40 kpe, possibly the
result of recent mergers
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Spectroscopic and Photometric Landscape
of Andromeda’s Stellar Halo
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Inner “halo” of M31 looks like a bulge

Profile loo.
de Vaucou

Pritchet & van den
Bergh (1994)

ks like a
ers ri/4

canonical
power-law

law instead of the

r—=2 halo



Surface brightness: i, (mag arcsec—2)

M31’s Surface Brightness Profile
GIMIC hydrodynamical simulations

|:_ W .{_1 |_::

lbata et al.
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0

® Gilbert et al, (2009)

Fontet al (2011)

— PG, et al. (2005)

— Gilbert, PG, et al. (2012)



Simulations of the Formation of the Stellar Halo of MW/M31

Higher SB tidal debris tend to be more metal rich: observations and simulations

Higher SB debris tend to come from the more luminous, metal rich dwarf
satellites and/or recent encounters

Font et al. (2008, ApJ)
Bullock & Johnston (2005) models Gilbert et al. (2009, ApJ)




Metallicity and [a/Fe] of Tidal Streams
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Stellar Kinematics of M31" s Disk & Spheroid

Disk

Bulge
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LOS velocity histogram
from five DEIMOS
multislit masks near
M32 (with region
around M32 excluded) A

-200 0 200

Velocity (km/s)

— Well approximated by a cold, rotating disk with a flat rotation curve (v, = 250 km/s)
superposed on a hot spheroidal component with low rotation

Howley, PG, Kalirai, et al. (2011b, in prep)
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Co-added Spectra of RGB Stars in NGC 147

Coadded Spectra of Group 5
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Spectra of C stars, IR-selected stars, etc

Unusually weak TiO, very strong CaT
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