GLAO @ Subaru

Globular Clusters & the Galactic Centre




Globular Clusters & GLAO Imaging

|. Proper motion cleaning

2.IMBH at cluster centres!?
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HST 0.04” imaging of 47 Tuc
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Cleaning 47 Tuc of foreground & SMC stars:
larger GLAO FOV helps!
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remove foreground, etc.

lower main sequence dynamical cleaning.
binary frequency

Multiple populations / Helium rich branch?

3 4 o 1 3 4 internal kinematics
(FEOBW — FB14W) (FEOBW - F‘BHH},
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Cleaning 47 Tuc shows ends of the VWD cooling curve:
Larger FOV helps!

. 47 Tue PM Cleaned

- Base Model
Axion Emission: ggee = 107122

No Neutrinos

104

=)
)
—
=
&y
P
O
oF
s
-
<)
>
-‘S
3
om
€2

10°
Age [years|

Empirical WD cooling sequence does not fit
the hottest WD models (MESA, Paxton et al.)

3 4 1] 1 b ] 4
(FEOBW — FB14W) (FEOBW — FB14W),

Neutrino or axion cooling important?
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Predictions for IMBH in centre of Omega Cen (M10, etc.)

From IFS spectra,
Noyola et al. 2010
report higher velocity
dispersions in their
central fields,

consistent with a
|04 Mo blackhole.

Surface brightness
profile also consistent
with a shallow central
cusp consistent with

an IMBH.
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Yet, no change in proper motion kinematics of inner Omega Cen

200~star bins .

_ Anderson:& van der Marel:2010:
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Figure shows there are the same number of high
velocity stars in the centre of the cluster as at 10”.

An IMBH would have induced increasing velocities

towards the center with RMS o R-!/2, 5 os™ pomiLE
W 90™ PCTILE
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Also, they relocated the centre of Omega Cen by TFER S

12” from Noyola, Gebhardt, and Bergmann 2010 RADIAL DISTANCE (arcsec)
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Are IR excesses Exoplanets Debris Dlsks QSOs n0|se7
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Field WD WDs in 47 Tuc
pure WD WD with IR excess
an SEREa e WD and Disk, Object ID: 139443 WD and Disk, Object ID: 55148
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White Dwarf Dust Cloud
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Wavelength [microns)
Dust Cloud Around White Dwarf  Spitzer Space Telescope ¢ IRAC * IRS « MIPS

MNASA / JPL-Caltech / W. Reach [SSC/Caltech] ssc2006-0da |

WDs with IR excesses in GCs!?
Are these debris disk?, planets?, or

just backgnd quasars, binaries, etc.? - , d
5.0+10 1.0-10 1.5+10 2.0e 5.010°  1.0-10° 1.5-10* 2.0-10°
Filter Central Wavelength Filter Central Wavelength

Metal-poor systems would
require a new way to form planets,
e.g., perhaps through disk instabilities.

GLAO Workshop, Sapporo - 14 June 2013



Globular Clusters

Open Clusters
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Proper motion cleaning of Galactic Open Clusters too:
Larger FOV helps!

Harder since OCs more embedded
in the disk, velocities differences with
the field stars is less.

* Disk holds 3/4 of baryonic mass.
 Star Formation History of the disk?
* Gradients in the Galactic disk?

e Changes in gradients with age!?

* Universal IMF?

* Universal binary fractions?
Outer Warps, structures k|n
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Proper Motion Cleaning of open cluster NGC 188

shows binary sequence
very nicely.
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Open Clusters indicate metallicity gradients steeper in
the inner Disk, but difficulties in comparing the datasets.

w  Open Clusters Friel et al. (2002):
'.-Zr.f:n Clusters Carraro et
e Open Clusters Twnrﬁ; et al. (1997 ):
— Cepheids presert work: Pedicelli et al. 2009
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Galactic Centre & GLAQO with Spectroscopy

|. 3D kinematics (RV with p.m.)

2.SMBH - asymmetries?




Galactic Bulge

in the

SWEEPS FOV

Sagittarius Window Eclipsing Extrasolar Planet Search

x 200”

~ 200

ACS/WFC FOV

Hubble Space Telescope = ACS/WFC

Blue Straggler Stars in the Milky Way Bulge
NASA, ESA, W. Clarkson (Indiana University and UCLA), and K. Sahu (STScl)

STScl-PRC11-16




SWEEPS FOV in the Galactic Bulge:

Sagittarius Window Eclipsing Extrasolar Planet Search

15323 Objects

i < —2.0 mas/yr

o, < 0.3 mas/yr
< 0.15
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+0.000
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Proper Motion cleaned CMD of Galactic Bulge (tiny FOV) shows old & metal-rich

(Clarkson et al. 2008)
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ACS/WFC FOV ~ 200” x 200”
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But the Galactic Bulge has Structure

Bissantz & Gerhard 2002
Babusiaux & Gilmore 2005
Cabrera, Lavers, et al. 2008
etc.

Bar and X-shape

GIRAFFE

Red clump stars show
two overdensities along
the minor axis:

McWilliam & Zoccali 2010
"""""" - Nataf et al. 2010
" Saito et al. 201 |

500 1000 1500
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ARGOS survey of Galactic Bulge

metallicities, [alphalFe], velocity dispersions

Freeman (March 2013 ngCFHT meeting) suggests:

A: thin disk interlopers
B: true boxy/peanut bulge
C: old thick disk which may be part of the bulge

Ness et al. 2012

completed fields

) incomplete fields
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Bulge Spectral Surveys

ARGOS (AAO) R ~10,000 optical

ESO Bulge LP (ESO) R ~ 5000 & 20,000 optical
APOGEE (SDSS-III) R ~ 20,000, H-band
MIONY [N = R ~ 5000

APOGEE only one that uses fibers:

300 low-OH (‘dry’) fused silica fibers with 2” FOV at focal plane,
usmg VPH gratings & HZRG CCDs (Ioan from jWST NIRCam
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Reason to Survey Stars *in*™ the Galactic Centre

z>15-307
. t<100-270Myr

’;

Search for remnants of the First Stars:
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First Stars may have bimodal mass distribution

If fractionation occurs:

(e.g., Schneider 2004, 2006,
Clark et al. 2008).

. Black Holes
|:| Metal Enrichment

|:| White Dwarfs

I, J in high density regions, Ho
" cooling becomes optically thick
and the cloud fragments
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or, dust formation 1n pair
instability supernovae can lead to
ethicient cooling and

100 100 102 10° fragmentation
Stellar Mass (Mo )

0.08 Mo stars would still exist
Nakamura & Umemura 200]| today
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Thus, AO-IR spectroscopic survey of the Galactic Bulge

R=2000 will be okay for [Fe/H] > -2.5 --> an IR SDSS!?

R=5000 okay for [alpha/Fe] in the IR? --> unknown if features available or errors
R>20,000 for [X/Fe] --> APOGEE (bright) calibrations.
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How do you know if you got a First Star?

Heger & Woosley 2010
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element charge number

F1G. 4—Production factors for massive stars (12-40 M ; dotted line,
open triangles) integrated over IMF and compared with solar abundances
as a function of element number. The yields are taken from Woosely &

Predict a unique chemical pattern : no elements > Zn
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GLAO Workshop questions:

Two science cases: - proper motion cleaning (VWF imaging)
- first star remnants (spectroscopy)

Ql. WF imager (p.m.) & MOS (R~5000, GCentre)
Q2. prefer <0.1” for proper motion cleaning
Q3. GLAO & TMT (preselect first star candidates)
- Q4.GLAO & (IMBH easier with JWsT).




