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THE THIRTY METER
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Science Frontier Panels

* Planetary Systems and Star Formation (PSF)
- Stars and Stellar Evolution (SSE)

» The Galactic Neighborhood (GAN)

» Galaxies across Cosmic Time (GCT)

« Cosmology and Fundamental Physics (CFP)
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Overview

Will transform a broad range of science including stellar
astronomy, exoplanets, black holes:

— Complements JWST, ALMA, LSST

— High spatial resolution; high sensitivity spectroscopy

Top ground-based recommendation in AANM

Now two U.S. projects for 30m class optical-infrared
telescopes under development:

— Giant Magellan Telescope in Chile
— Thirty Meter Telescope in Hawaii

[Also ESO’s E-ELT in Chile]

NATIONAL RESEA
New Worlds, New Horizons in Astronomy and Astrophysics OF THE



GSMT - Details

GMT and TMT have each garnered private and international
funding and made significant technical progress

RECOMMEND NSF choose one of the two U.S. projects
and invest in a quarter share through some combination
of construction, operations and instrumentation to
provide access to the entire U.S. community

Total appraised cost of projects $1.1-1.4B

Project estimate of total annual running costs $36M (GMT)
and $55M (TMT)

Expect science in mid 2020’s; risk Medium to Medium-High
LSST to be ahead of GSMT in MREFC queue
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HIGH REDSHIFT GALAXIES




HIGH REDSHIFT GALAXIES

* Merging events
* Galaxy formation

e Morphology
Evolution




HiIGH REDSHIFT GALAXIES

Merging events
Galaxy formation

Morphology
Evolution

Star formation

Can observe UV/
optical /IR from
ground




HiIGH REDSHIFT GALAXIES
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e More information
in spectral data:
Kinematics &
Abundances




- morphology

INTEGRAL FIELD
SPECTROSCOPY

o More familiar with | .v:f'.
slit spectroscopy

e Can only tell us
about 1-D

o IFU




TMT

e TMT will have an IFU in the IRIS instrument:
s Fov=23
e Possibility of 4-50mas / pixel
e R ~4000

Observing lo with A0 on ground—based telescopes

A

Cit 8

TMT—30m/A0

Keck/AO+NIRC2




SOURCES

' Table 1
Observing Details
Galaxy b/ Observing Exposure Time" Filter Em. Scale F
(s) Line* (mas) (mas)
9-BX93 Ha 50
I Ha 50
HDF-BX1564 Ha S0
Q1623-BX453 Ha 50
Q1623-BX502 Ha 50
1 BX543 Om 50
QI700-BX490 114,830 Ha s0
22,128 2006 Jun Ha S0
2008 Jun Ha 50
2006 Jun Om 50
2008 Jun Ha 50
Ha S0
Ha 50
Ha 50
O S0
Ha S0
Ha 50
2008 Jun Ha 50
2008 Jun Ha 00
2008 Jun Ha 50
Owm 50
Ha 50
2007 Jun Ha S0
2006 Jun Ha S0
Ha 50
Ha 50
Ha S0
Ha S0
Ha 50
emission line.
urces was ~2 hr.
¢ Primary targeted cf
 FWHM of the K-band PSF (mas) during on-axis TT star observation (before /after spatial smoothing, respectively)
“ Poor obser onditions
Redshifts estimated from NIRSPEC spectra.
* Redshift estimated from IV spectrum.
Individual exposures were cach 300 s
Galaxy detected, but quality too poor for analysis.

- Photometric pre-selection - Un GR color selected (selects z 2-3
gals)

- UV follow-up work that found z - looked for young stellar pops, and
old stellar pops

- multicomponent UV morphology - previous strong H-alpha
detection

- Previous long-slit success - Bright star nearby for AO
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DATA PROCESSING

6 T T T T 6 T TT T
4 F Q49-Bx93 | 4 | Q217-8x95 E
2f T 3
E x| i -2 I itdul
196 197 198 199 2 222 223 224 225 226
Wavelength (um) Wavelength (um)
T T T T wF T LAR A T 3
6 F sior-muses E [ QI623-20483
aF 3 sk K
2 E 3
0 . - - 4 e "kﬂh"fn“\i
2 W\{\J\fwr e 0 L LIy
209 21 211 212 213 206 207 208 209 21
Wavelength (um) Wavelength (um)
8 F T T T 7 10 T T T T
3 Q1623-BX302 = Qe23-BXB3
4 E 5
2 E 9
0 & 0 |
| e oy 7 0

1
2.04 205 206 207 208
Wavelength (um)

1
1.74

1 1 1
175 1.76 1.77 1.78

Wevelength (um)

Flux (10 erg ' em 2 A1)

2.

E Mulsa (N A 3
1 1

= T — = 4 Ty
£ Q1700-BX490/] 3 [ Q1700-BY710 E
| Dmwas pwwd P P A L. 1. N L U
222 224 228 213 214 215 216 217
Wavelength (um) Wavelength (um)
T T T T N
Q17005763 4

i

It [
215 2.16 217 218 2.19
Wavelength (um)

1
2.13 214 215 216 217
Wavelength (um)

e L AArzas-asan
Q2343 Bx418 4 4 2 esaa-meis &
Mu\{hﬂ/i : W 0 Etltldr\{‘ f
- 1 l‘l* (”"L 1 e L 1 1 u"’ ".h
15 216 217 218 219 22 201 202 203 204 205

Wavelength (um) Wavelength (um)
T T T T
E i P  qean-mue60 |

1 (Kl He (% H) |

06 207 208 209 21

Wavelength (um)




DATA PROCESSING

Construct Datacube

Smoothing
Getting 1D Spectrum

Getting 2D image

Get kinematic data
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1) ~10A10Ms - Two v regions - Z ~ 0.5Zs

2) ~3 10A10Ms - similar to 1 - more compact - High Z

3) ~ Heavy smoothing - Delta-V 170km/s - Top left feature not real
4) Typical kinematics - ~3 10A10Ms - high Z



5) Low M: ~3 10A9 Ms - poor observing conditions - large PSF
6) d2c = 6.7kpc - if merger, M ~ 8 : 1

7) ~4 10A9Q Ms - Z =2/5 Ms

8) Nothing special



9)

10)

11) ~ 10A9 Ms - Little dust

12) Two v regions - Old - ~8 10A10Ms



13) Two regions - 10A10 Ms



TMT

= - e
* How will TMT improve ‘ Current Sample
r Starbursts, Kennicutt 1998
this science? 20 LTMT
* More collecting area ,!,}
Keck

3

* Better spectral ol

resolution (3600 vs i
4000) sf

e Better AO 0 :

|

-1 (1] 1 2
Log [Egy/ (Mg yr-! kpe-?)]
* Lower IR background SFR density of z ~ 2 galaxies (Eb et al. 2006)
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S/N Ratio
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RESULTS

e Morphologies are highly irregular
¢ Stellar population & Formation modeling

e Kinematics indicative of some rotation
(5/13), some small velocities (6/13), and
some non-rotation (2/13).

- No consistent structure - SFRs ~ 10s - 100s M/yr - Age ~ 10s -
1000s Myr - M* ~ 0.1s-1s 10A10



SUMMARY

Look at data collection
and processing

Random morphologies
and kinematics

TMT will expand this to
fainter galaxies - the
average guys

NEED MORE SAMPLES!




Science Frontier Panels

* Planetary Systems and Star Formation (PSF)
- Stars and Stellar Evolution (SSE)

» The Galactic Neighborhood (GAN)

» Galaxies across Cosmic Time (GCT)

« Cosmology and Fundamental Physics (CFP)
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RESOURCES

David Law’s Powerpoint: TMT: Science
Goals and Design Requirements for IFU Studies
of High-Redshift Galaxies

HighZGal --> APOD: http:/ /apod.nasa.gov/apod /ap040929.html

Movies --> Chris Mihos: http:/ /burro.cwru.edu/models/

Star Formation --> http:/ /www.profiledesigninc.com /OMOS-SO-
Matrix-Reach4theStars-HR.html

Law et al 2007, 2009




