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IMT and the Local Volume

|. Science themes
Il. Challenges / opportunities
lll. Facility context
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l: Science themes

e 7.10 Chemical evolution histories in the Local Group and beyond

e /.17 Resolved stellar populations as tracers of galaxy evolution

e 7.18 Reconstructing the star formation histories of nearby
galaxies

e 7.19 The time-resolved history of the galaxies in the Local Volume:
the TMT era

e 7.20 LSB and BCD galaxies study with TMT

e 7.21 Resolving extreme star formation environments in LIRGs at
low redshift

e /.22 Kinematics of star forming galaxiesatz=2 -3

Themes

¢ Studies of the resolved populations of large samples of (previously unresolved)
galaxies

e Faint and small galaxies

e Connecting the near and far fields
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Deeper, further, fainter ---> new science

¢ Unique insight into the timescales associated with chemical enrichment and the cycling of

baryons using resolved stellar population
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Deeper, further, fainter ---> new science

¢ Unique insight into the timescales associated with chemical enrichment and the cycling of
baryons using resolved stellar population
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* In principle, TMT allows us to view the resolved stellar populations of all galaxies out to
the distance of the Virgo cluster

e spanning all luminosities, morphologies, regions of the galaxy color-magnitude diagram
and across all environments (from voids to loose groups, groups and galaxy clusters)



The Local Volume of 879
galaxies (D<11Mpc)
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Statistically significant datasets of galaxies split by [parameter
allow the identification of any differences in the net built-up of
the baryonic component, and the identification of the epochs at
which these differences set-in

e.g. during what epochs do the SFHs of red sequence galaxies
maximally differ from the blue cloud?

for galaxies that are quenched, at what epochs does quenching
set in? Variations with environment?
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Spectroscopy in the distant Local Group and nearby

® e.g., alpha element abundance pattern
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Spectroscopy in the distant Local Group and nearby

® e.g., alpha element abundance pattern
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Beyond the Local Group

e Spectroscopy of
brighter stars possible e |8
for many nearby

galaxies beyond the - E
Local Group % -

e Direct probes of star 7
forming galaxies in ; dip!
different environments

% 3

99y /153

—
Moderate resolution spectrum of early A supergiant in
M33; Urbaneja et al 2007



From the Local Volume to the low-redshift Universe
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From the Local Volume to the low-redshift Universe

¢ Individual star clusters, HIl regions,
visible out to much larger distances

than stars

e GCs as tracers of the dynamics of

galaxies

e star formation in the not-quite-local
Universe; blue compact dwarfs, SF
as a function environment

e spatial resolution essential, AO-

assisted IFUs
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From the Local Volume to the low-redshift Universe

¢ Individual star clusters, HIl regions,
visible out to much larger distances
than stars

e GCs as tracers of the dynamics of
galaxies

e star formation in the not-quite-local
Universe; blue compact dwarfs, SF
as a function environment

e spatial resolution essential, AO-
assisted IFUs

e Study of local star formation, merger
history, secular effects for a population
of galaxies

Hao

F555W

F555W

F336W
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Il Challenges/Opportunities

e At first light, TMT will have 3 instruments
e \What is first light science for resolved stellar pops?
e c.g., HROS is not a first light capability

e Are large allocations possible? Large programs?
Strategic programs?

e Generally, resolved stellar populations is driven by
wide-field studies at blue-optical wavelengths

o c.f. TMT/IRIS FoV: 16” x 16”
e c.f. optical - NIR optimisation of the TMT
e How well do we “do” resolved stellar pops in the NIR?

e Theoretical: color-temperature transformations,
evolved stellar pops, line lists (APOGEE transforming
the field)

® Practical: photometry, astrometry with wide-field AO
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¢ WFOS (Wide field Optical Spectrometer)

e 8’ x 3’ squared FoV, 576” (total slit length, 200 objects); R=1000 - 8000+,
0.31 - 1.1microns

e Seeing-limited (hon-crowded field) moderate resolution spectroscopy, MOS
of distant/faint halo stars, LG galaxies (outer regions)...
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TMT first light instruments and key science

¢ WFOS (Wide field Optical Spectrometer)

e 8’ x 3’ squared FoV, 576” (total slit length, 200 objects); R=1000 - 8000+,
0.31 - 1.1microns

e Seeing-limited (hon-crowded field) moderate resolution spectroscopy, MOS
of distant/faint halo stars, LG galaxies (outer regions)...

e |[RIS (Infrared Imaging Spectrometer)

¢ 16.4 x 16.4” (imaging; expansion to 33 arcsecs?), 0.84 - 2.4microns,
R>3500, 8000, 10000, IFS with 4 plate scales (works in parallel with imager)

e Diffraction limited NIR imaging for CMD analysis, star formation histories...
e Moderate-res spectroscopy (single stars, star clusters, integrated light)...
¢ IRMS (Infrared Multi-Slit Spectrometer)

e 2°x1’ spectrographic field, AO assisted (0.2arcsecs?), 0.9 - 2.5microns, 46
slits, R~3200+, + wide field imaging (not critically sampled)

e MOS spectroscopy for [Fe/H] of individual stars [Q: do Kirby+ techniques
work at 32007]...



TI\EEY)

Instrument complements and usage

e Use multiple instruments for single science programs?

e c.g. Diffraction limited imaging + AO-assisted MOS; metallicity information

to break degeneracies?
e cf recent papers by de Boer et al. (2012, A&A, 544, 73)

CTIO imaging +VLT/FLAMES + Keck/DEIMOS
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Instrument complements and usage

e Use multiple instruments for single science programs?
e c.g. Diffraction limited imaging + AO-assisted MOS; metallicity information
to break degeneracies?
e cf recent papers by de Boer et al. (2012, A&A, 544, 73)

¢ c.g. Resolved imaging + seeing-limited optical spectroscopy (“integrated light”)
or IFS NIR spectroscopy ?? (very intriguing simultaneous imaging
+spectroscopy in IRIS)



Near IR considerations
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Near IR considerations

e Optical is information rich for stars
(peak of SED, large number of
transitions at blue wavelengths)

e Optical + NIR bands give excellent
temperature sensitivity
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Near IR considerations

e Optical is information rich for stars
(peak of SED, large number of
transitions at blue wavelengths)

e Optical + NIR bands give excellent
temperature sensitivity

e RGB and AGB stars prominent,
especially for more distant systems

e Theoretical: AGB starsarehard =

(mass loss)

e Empirical: can we calibrate AGB
stars? (difficult since few single
stellar pops with AGB stars e.g.
Galactic globular clusters)
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Near IR considerations

e Optical is information rich for stars
(peak of SED, large number of
transitions at blue wavelengths)

e Optical + NIR bands give excellent
temperature sensitivity

e RGB and AGB stars prominent,
especially for more distant systems

e Theoretical: AGB starsarehard =

(mass loss)

e Empirical: can we calibrate AGB
stars? (difficult since few single
stellar pops with AGB stars e.g.
Galactic globular clusters)

e How well tested are stellar population
models in the near IR? (color-temp
relations as well as stellar evolution)
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NIR stellar pops with MCAO
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NIR stellar pops with MCAO

e Gemini/GEMS: First MCAO science system on
8m class facility (3 NGS, 5LGS)
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NIR stellar pops with MCAQO

* Gemini/GEMS: First MCAOQO science system on | i
8m class facility (3 NGS, 5LGS) Pao
* Deep(est) NIR observations of Galactic PhD d|date /

globular clusters: University of Vi¢to
¢ test the adequacy of color-temperature
relations in the NIR; new age diagnostics
for stellar pops

e proper motions (3 levels)
e photometry and astrometry with MCAO



NIR stellar pops with MCAQO

e Gemini/GEMS: First MCAO science system on
8m class facility (3 NGS, 5LGS)

e Deep(est) NIR observations of Galactic
globular clusters:

¢ test the adequacy of color-temperature
relations in the NIR; new age diagnostics
for stellar pops

e proper motions (3 levels)
e photometry and astrometry with MCAO

¢ 1/2 dozen different Galactic GCs
e J, Ksfilters

¢ 960s per filter, split into dithered 6 x 160s
exposures (although more for NGC1851)

e Right: J,Ks color composite of NGC1851
(also NGC6681, NGC6723, NGC5904,
NGC6652, NGC2808)

e All targets have exquisite HST/ACS data
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Single 160s sub-exposure on
NGC1851(D~12 kpc)
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NGC1851 -

K vs V-K
uncalibrated

V from Sarajedini  1°

HST/ACS GC
survey X

20
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t=10Gyr, [Fe/H] = -1.1, [a/Fe] = 0.2
NGC1851 " (Dotter et al.)

K vs V-K
uncalibrated

V from Sarajedini
HST/ACS GC
survey




Peak: 79243 Sky: 18911 Flux: 5566728 Peak: 46948 Sky: 19339 Flux: 2744100 Peak: 21405 Sky: 19501 Flux: 1355189

PSF stars

Peak: 46912 Sky: 17206 Flux: 3028308 Peak: 20562 Sky: 16410 Flux: 1553102 Sky: 22073 Flux: 1989757




Peak: 79243 Sky: 18911 Flux: 5566728 Peak: 46948 Sky: 19339 Flux: 2744100 Peak: 21405 Sky: 19501 Flux: 1355189

Construct oversampled PSF for every
PSF star; measure peak flux and fit

X: 1792 px
40

ellipse to contour at FWHM (or any
other radius)

40 40
@ 60 @ BU @
80 80

X: 286 px Y: 917 px 120 X: 126 px Y: 1908 px 120 X: 568 px
40 60 30 100 120 20 40 60 80 100 120 20 40

Peak: 46912 Sky: | Flux: 1989757




Distribution of PSF stars
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Distribution of PSF stars
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Variation in time

dt = O minutes
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Variation in time
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Variation in time

dt = O minutes
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Variation in time

dt = O minutes
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Variation in time
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Significant (random?) deviation in the shapes of the PSF with time

Can we predict the shape of the PSF at any point in the field based
on measurements at some other point?

Particularly important for non-point source science
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To do

e Extensive dataset to be exploited for stellar populations, proper motions, +
photometric and astrometric performance

¢ Photometry:
e Performance at shorter wavelengths (J band)
e better understanding of the behaviour of the PSF, spatially and temporally

® c.g., how well can we predict the shape of the PSF at a location given the
PSF shape elsewhere in the field?

e Astrometry:

e Form of astrometric distortion and its stability (ultimately, predictability)
(using relative positions from HST/ACS as “truth”)

e ultimately limits astrometric accuracy e.g., for proper motions of nearby
galaxies; internal dynamics of dwarf galaxies



Facility Context

o TMT will be the Jewel in the Crown of the OIR astronomical
network of the 2020+

e How do we use TMT in this context?
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For deep imaging, require
reasonably long exposure times

For deep imaging, IRIS FoV is
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cf. modal size of (early-type)
galaxies in Virgo (Sersic
r~5-40”; Ferrarese et al. 2012)
How do we select our targets?

How do we decide where to
put fields? Essential for
interpretation
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field imaging and HST, or
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Understanding the sample of TMT targets

e Comprehensive characterisation of the large scale structure and environment of
Local Volume galaxies to aid sample selection, guide field placement and allow
consistent interpretation

¢ ¢.g. structural decompositions, color gradients, homogeneous morphological
analysis

¢ |In the optical
e | SST for all targets south of equator (~1/3 of the TMT sky)

e |[n the north, Subaru/HSC could play defining role (but smaller fields from e.g.,
GMOS imaging could work, since do not always require huge fields)

¢ \Wide-field IR studies of local volume galaxies clearly useful to compliment
narrower field of TMT

e 4m-class IR facilities e.g. UKIRT
e Space missions: Euclid, WFIRST, WISH
e 8m-class MCAO, GLAO (Gemini/GeMS, LBT, rumors of Subaru GLAO...)
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Summary

Science

Challenges

Programs

Large range of science cases for galaxies in the Local Volume
Extension of current Local Group based science into Local
Volume has potential for new science due to statistics and
access to full range of z=0 galaxy types and environments

Better understanding/characterisation of near-IR stellar
populations

Develop understanding of challenges and limitations of
MCAOQO-assisted science

How best to use TMT first-light instrumentation suite for
maximum science return?

Observations are still very expensive; potential for
development of key programs to best address most pressing
science questions?

Synergies with other facilities obvious and necessary



