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Mark Dickinson (NOAO)
and

Warren Skidmore (TMT)

Present and future activities of TMT’s 
International Science Development Teams
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TMT International Science
Development Teams (ISDTs)

Engage	future	science	user	community	in	TMT	now

Plan	TMT	science	programs

Provide	scientific	input	&	guidance	to	the	TMT	project

Help	define	observatory	capabilities	&	operations	model

Foster	collaboration	&	cooperation	between	scientists	in	and	

beyond	the	international	TMT	partnership

Fundamental Physics & Cosmology
Early Universe, Galaxy Evolution, and the IGM

Milky Way and Nearby Galaxies

Supermassive Black Holes

Stars, stellar physics, and the ISM

Formation of Stars & Planets
Exoplanets

Our Solar System

Time Domain Science
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ISDT membership by TIO Partner

• ISDT membership is open 
to all PhD scientists

• Annual call for membership 

applications (usually due in 

January)

• ISDT membership requires 
a commitment of effort

• Current membership:      

255 astronomers worldwide
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ISDT membership by subject
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The TMT Science Forum
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The TMT Science Forum
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The TMT Science Forum

Annual	science	conference	&	collaboration	meeting

Planning	the	future	of	TMT	science	and	instrumentation

Unique	annual	opportunity	for	face-to-face	meetings	of	ISDT	

members

ISDTs	have	typically	organized	topical	breakout	sessions
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Topical conferences
ISDTs are starting to organize new workshops!
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2015 TMT Detailed Science Case
Newly updated, with contributions from 

150+ scientists

Skidmore et al. 2015, RAA, 15, 1945

(http://arxiv.org/abs/1505.01195)

Recent ISDT activities
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TMT “Key Project” concept proposals

• 23 proposals

• >1100 nights of observing time 

requested (!)

• 70% of proposals written by 
international teams

Recent ISDT activities
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Ongoing / future ISDT activities

Science	flow-down	from	DSC-2015

Warren	will	discuss	…

Future-generation	instrumentation	planning

TMT	and	SAC	hopes	the	ISDTs	will	actively	contribute	to	

planning	for	TMT’s	future	capabilities	beyond	first	light

ISDT	telecons,	discussions	at	Forum,	contributing	to	white	

papers....
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Science Flowdown of technical requirements from the 
2015 Detailed Science Case

TMT Future Leaders Workshop:
- Future Instrument micro-studies

- Combined DSC update and Science Flowdown process

Warren Skidmore
November 7, 2017

TMT Science Forum, Mysore



2

Science Flowdown of technical requirements from 
the 2015 Detailed Science Case

277 individual observing programs identified 
Input gathered for 214 programs from about 92 
ISDT members TMT.PSC.TEC.07.007.REL02  PAGE 1 

DETAILED SCIENCE CASE: 2015 April 29, 2015 
 

 

 
Thirty Meter Telescope 

Detailed Science Case: 2015 
 

International Science Development Teams 
& TMT Science Advisory Committee 
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Science Flowdown of technical requirements from the 
2015 Detailed Science Case
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Observing 
Mode Tracking Polarimetric 

sensitivity

Brightness
Level of 
source 

polarization

Total 
Wavelength 

Range of 
Interest

Spectral 
Resolution

Required 
Wavelength 

Coverage

Image 
Quality

Required 
spatial 

resolution

Image 
Quality Photometry

Acceptable 
polarization 

error

Not included 
in any 

collection for 
an instrument

Magnitude 
in specified 
wavelength 

band

%   (µm) (λ/Δλ)   (µm)

Radius for 
specified 
encircled 

energy (X% 
in Y arc sec)

Relative/ 
absolute

S/N per 
element

Analysis 
method

AP, OP, SS, 
OS, CA, PA

Precision 
(mag, 
km/s)

Stability 
timescale  (mas)

Strehl (S) 
/Contrast 
(C) ratio

% Precision 
(differential
/absolute)

Total Areal 
Coverage       

(sq. arcmin)

Field of 
view / 

observation 
(sq. arcmin)

AO guide 
object to 
science 
target 

distance 
(arcsec)

Field 
overlap         
(0-1)

Relative/ 
absolute

Precision 
(mas)

Stability 
timescale 
(years)

%L/%C Needs more 
information

Dwarf galaxy radial 
mass profile (radial 

velocities)
DSC 3.1.1

Jarah Evslin SL no 
requirement

V=23 
(classical 

dSph) or 24 
(UFD and 

field dSph)

Extended 40.00% 0.51-0.52, 
0.84-0.88 >3000

~0.02 
minimum

~0.4 ideally
Relative 10/A

CaT+MgT 
(dichroic 
splitter)

5 km/s 1000 500-
5000/year 124 0 10,000 per 

galaxy 4-40/year 1.00

3,600 
(classical 
dSphs) or 
18,000  
(others)

WFOS

Dwarf galaxy radial 
mass profile (proper 

motions)
DSC 3.1.1

Milky Way Satellite, 
Classical dSph radial 

mass profile from 
proper motions

Jarah Evslin MCAO

AO setup<1 
minute, 

shorter is 
better

H=22 Extended 20.00% 1.6 to 2.0
or 2.0 to 2.4

~5 
(broadband 
imaging)

110 (230 at 
H=21)

1000-
3000/run (1 

run per 2 
years)

0.5x0.5
Mosaicing 
necessary 

with 
astrometric 
precision 
preserved 
across the 

mosaic

>0 Relative 0,05 (0.02 at 
H=21) ~6 10,000 per 

galaxy
4,000-

12,000/run 1.00 ~6 yrs 2-3 60
Ideally WIRC, 
IRIS imager  

will do

Dwarf galaxy radial 
mass profile (proper 

motions)
DSC 3.1.1

Milky Way Satellite, 
ultra faint dwarf 

radial mass profile 
from proper motions

Jarah Evslin MCAO none H=23 Extended 40.00% 1.6 to 2.0
or 2.0 to 2.4

~5 
(broadband 
imaging)

108 (247 at 
H=22)

300-500/run 
(1 run per 3 

years)

0.5x0.5
Mosaicing 
necessary 

with 
astrometric 
precision 
preserved 
across the 

mosaic

0 Relative 0.05 (0.02 at 
H=22) 6 1,000 per 

galaxy
1,000-

2,000/run 1.00 6 yrs 3 300
Ideally WIRC, 
IRIS imager  

will do

Dwarf galaxy radial 
mass profile (proper 

motions)
DSC 3.1.1

Field and M31 
Satellite dSph

Jarah Evslin MCAO none H=25 Extended 40.00% 1.6 to 2.0
or 2.0 to 2.4

~5 
(broadband 
imaging)

142 (350 at 
H=24)

5-20/run (1 
run/6 years)

0.5x0.5
Mosaicing 
necessary 

with 
astrometric 
precision 
preserved 
across the 

mosaic

0 Relative 0.04 (0,015 
for H=24) 10 100-1000 per 

galaxy 20-80/run 1.00 10 yrs 2-3 18000
Ideally WIRC, 
IRIS imager  

will do

Dark Matter 
Substructure
DSC 3.1.2

Flux ratio anomalies 
in lensed AGN

Ran Li (not 
received)
Tomasso 
(provided 

input)

MCAO V~22, R~21 Extended 90% NIR
~0.45 >3500 1-2mu Relative ? 0.01 mag <100 >0.5 4x4" 4"x4" 0 relative 1.000 ~4 100 1.00

9x300s with 
sub-pixel 
dithering

Previous 
programs 

used an IFU 
data reduction 

pipeline.
Dark Matter 
Substructure
DSC 3.1.2

Flux ratio anomalies 
in lensed AGN

Chris 
Fassnacht MIRAO V~22, R~21. 

~3 mJy in N Extended 90%
MIR

7.5-14 
microns

~5 
(broadband 
imaging)

Relative ? 0.01 mag ~30 >0.5 10x10 arcsec 10x10 arcsec 0 Relative 1.000 ~4 ? 1.00 >900s

MICHI IFU or 
Imager.  

NOTE: JWST 
will probably 

do all known 4-

Dark Matter 
Substructure
DSC 3.1.2

Gravitational 
imaging

Chris 
Fassnacht MCAO+LGS 22 

mag/sqarcsec Extended 90%

NIR ~1.1 
microns

1.1 microns J 
1.6 microns H
2.2 microns 

K'

~5 
(broadband 
imaging)

 Relative ? 0.01 mag ~10 >0.5 40x40 arcsec 40x40 arcsec 0 Relative 0.5 25-100 25-100 1.00 K' ~82x180s
H ~22x300s

IRIS 33"x33" 
imager

Dark Matter Self-
Interaction Cross-

Section
DSC 3.1.3

Ian Del'Antonio
Marusa MCAO+LGS

Integrated 
flux of each 
lens cluster 
galaxy >17 

Mag@850nm
Strong lensed 

galaxy 
surface 

brightness 
21.5 

mag/sqarcsec
Weak lensed 

galaxies 
integrated 
magnitude 

>20

N/A ~10% 0.97-2.45

>3000 in K 
for 

spectroscopy
~3 for 

imaging

Absolute ?

S/N~50 for 
imaging

?km/s for 
velocity

~50/pix ? ~2.5x2.5 
arcmin

~2.5x2.5 
arcmin 0 ~4 ~4 ? IRMS imager 

and MOS

Baryonic power 
spectrum: 3D 

structure of IGM, Ly-
alpha forest
DSC 3.1.4

X (Ultra 
Sensitive) SL R~18 non extended Avoid Miky 

Way 0.3 to 0.65 80000 0.22 Relative 1000 0.1 km/s 1000 10000 <1 0 10 10 1.00 30000 HROS single 
object

Baryonic power 
spectrum: 3D 

structure of IGM, Ly-
alpha forest
DSC 3.1.4

X (PDF) SL R~22 non extended Avoid Miky 
Way 0.5 to 1.0 15000 0.1 Relative 40 3 km/s 1000 10000 <1 0 N/A N/A N/A 200 200 1.00 3600 WFOS Echelle 

mode

Baryonic power 
spectrum: 3D 

structure of IGM, Ly-
alpha forest
DSC 3.1.4

X 
(Tomography) SL R ~ 24 extended 

(small)
Avoid Miky 

Way 0.35 to 1.0 2000 0.15 Relative 5 10 km/s 1000 10000 60 0.1 120000 2000 1.00 3600
WFOS

Observation = 
1 mask

Dark Energy and 
Modified Gravity

DSC 3.1.5
Time Delay 

X 
(Tomography) SL R<23 extended 

(small)
Avoid Miky 

Way 0.35 to 1.0 5000 Relative 35 5 km/s 1000 10000 60 0.1 15000 100 1.00 15000
WFOS Echelle
Observation = 

1 mask

Dark Energy and 
Modified Gravity

DSC 3.1.5
Time Delay 

Cosmography
DSC 3.1.6

Tommaso 
(provided 

input)
Jo Jensen 

(time domain 
as well) Non-

expert

MCAO+LGS R~22 Extended 90 0.4-1.0 rest 
frame

~5 
(broadband 

imaging) and 
R>3500 for 
kinematics

1-2mu relative 20kms <100 >0.5 4x4" 4x4" Relative 10.000 100 1 4x900

One requires 
both imaging 

and 
spectroscopy

Cosmology from 
Clusters of Galaxies

DSC 3.1.7

X. Prochaska 
(Needs a chat 
with Warren)

MCAO J>21.5 
(R>26) 1 to 1.5 2000 Absolute ? ? 60 0.5 1800 2.3x2.3 0 10000 333 1.00 600

IRMS
Observation = 

1 mask 
configuration

Cosmology from 
Clusters of Galaxies

DSC 3.1.7
Ian Del'Antonio

MCAO+LGS,S
L and "AO 
improved"

V=24,27 Extended? ~25% ~0.7-2.4

R~1200 for 
redshifts, 

R>3500 for 
kinematics

~ 0.6-2.0 for 
spectra

80% in 1" 
optical 

assumed, 
80% in 0.5" 

NIR

Relative

~10 for 
redshifts, 
~40 for 
brightest 
cluster 

galaxies

~250km/s, or 
~30-40km/s 10

~1% if photo-
zs are 

required 
(differential?)

~1-2 30"x30" 0.1 relative 0.300 ~0.1 ~1000 1.00

The power of 
both 

tomography 
and strong 

lens mapping 
increases very 
significantly 

with 
resolution.   

IRIS is critical. 
However, 

strong lens 
feature 

matching will 
require at 

least colors, 
and any BCG 

velocity 
dispersions 
will need 

spectroscopy

Tests of General 
Relativity
DSC 3.1.8

Sanjeev Kalita MCAO+LGS K>24 Extended NA 1-1.6 and 
0.48 - 1.43 

~5 
(broadband 
imaging)

Single band 7 4" x 4" 4" x 4" 0 Relative 3.35 -9.82 
mas/yr 1.00

Observation 
every 2 

months for 
minimum of 5 

years.

?
In principle 

IRIS is 
eligible.

Spectra of WD to 
get WD mass in WD-

NS system

Shi Dai (with 
additions by 

Warren 
SL none R>24 Non extended 0.3 to 1.1

Minimum 
>4000

Ideal 10,000
? Absolute Worst 10km/s

Ideal <1km/s <100 No 
requirement 20

20 object x 
25 samples 
per object

1.00 ~100 days
4 days, 25 
samples in 
100 days

~300
Point source 

optical 
spectroscopy

Weak Grav. Micro 
lensing of 

background objects 

Shi Dai (with 
additions by 

Warren 
MCAO

V~28 (Red 
Dwarf)
J~26.5

Non extended J,H,K Imaging
~5

J, H or K 
separately

Diffraction 
limited 5x(0.5x0.5) 0.5x0.5 Relative <0.1 10 No 

requirement 1.00 15 days and 
more

Up to twice 
per night

IRIS imager 
for high 
precision 

Optical/UV emission 
from NS

Shi Dai (with 
additions by 

Warren 
SL NA 29 NA 99 Optical (blue) low <100 0.3 to 0.5 Absolute

2% per 
spectral 

resolution 
10 10 1.00 ~1000 NA - not 

being studied WFOS

Variation of 
fundamental 

physical 
constants
DSC 3.3

Variation of 
fundamental 

physical constants
DSC 3.3

Hongsheng 
Zhao MCAO+LGS

21.5 
mag/squarea

crsec
extended 0.5 to 1.1 Ideal 145000

Min 100000 ? Relative >100 0.5km/s 30 10x10 square 
arcmin 0 1000-10000 1.00 12h

High res 
optical multi-

object 
spectrograph

Uncovering 
primordial stellar 
systems with TMT

DSC 4.1.1

Ranga Ram 
Chary MCAO/MOAO 25-30AB 0.9-2.5 3000 0.9-2.5 Relative 3 to 5 ultradeep 

spectra 0.2 mag 10 S>0.5 100s 25 (10) Some ~100 25 - 250 25 (10) 1.00 14400 (10)

IRMS/IRMOS/I
RIS

HeII 1640 
emission line

Uncovering 
primordial stellar 
systems with TMT

DSC 4.1.1

Ranga Ram 
Chary SL ? ? ? ? ? 0.6-1.1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

unlikely to use 
seeing limited 
observations 

for 
reionization 

science

Detecting the 
sources of 

reioinization
DSC 4.1.2

Ranga Ram 
Chary MCAO/MOAO 24-29 0.8 - 2.5 1500 0.8-2.5 Relative 3 to 5 0.2 mag 25 S>0.5 3750 (10) 25 (10) Some ~100

150 - 1500 
(10) 150 (10) 1.00 14400 (10)

IRMOS, 
R=10Mpc 

bubbles at z = 
7, 10 bubbles 

w/ 15 
pointings / 

bubble
The process and 

history of 
reioinization
DSC 4.1.3

Ranga Ram 
Chary MCAO 24-29 0.8 - 2.5 10000-50000 0.8-2.5 Absolute 5 to 10 10 km/s 10 S>0.5 ~0.1 ~0.01 0 ~100 10s 10s 3600-10800s NIRES

The process and 
history of 

reioinization
DSC 4.1.3

Ranga Ram 
Chary MCAO/MOAO 22-26 0.8-1.6 2000 0.8-1.6 Relative 3 to 5 0.1 mag 10 S>0.5 ~0.1 ~0.01 0 ~100 10s 10s 1.00 28800 IRIS/IRMOS

Angular Sizes 
and the synergy 
with JWST and 
future space 

missions
DSC 4.2

Angular Sizes and 
the synergy with 
JWST and future 
space missions

DSC 4.2

Crystal Martin MCAO 27.5-29.5AB > 0.8 ~5000 >0.8 >10 per 
linewidth 10 km/s 5 - 100 S > 0.5 ~15 gal/sq 

arcmin IRIS IFU

Gravitational 
Lensing
DSC 4.3

Gravitational 
Lensing
DSC 4.3

Marie LB MCAO/MOAO
~27 

mag/arcsec^
2

1.0 - 2.5 ~5000 H or K Relative > 5

kInematics 
maps derived 

from 
emission lines

~ 30km/s < 30 mas S > 60% in K-
band 25 (10) Relative 100 < 100 1.00 IRIS/IRMOS

TMT and galaxy 
formation

Duncan Farrah - 
confirm SL 0.34-1.0 ? (high) ? HROS

TMT and galaxy 
formation

5.1.1

Duncan Farrah - 
confirm SL 0.34-1.0 ? (medium) ? WFOS

TMT and galaxy 
formation

5.1.1

Duncan Farrah - 
confirm MCAO 0.8-2.4 10000 J or H or K IRMS

TMT and galaxy 
formation

5.1.1

Duncan Farrah - 
confirm MCAO/MOAO 0.8-2.4 10000 J or H or K ~10mas IRIS, IRMOS

How does the 
distribution of dark 
matter relate to the 
luminous stars and 

MCAO/MOAO ? (medium) ? J or H or K ~10mas IRIS, IRMOS

How does the 
distribution of dark 
matter relate to the 
luminous stars and 

gas we see?
5.1.2

MCAO ? (medium) ? J or H or K IRMS

How does the 
distribution of dark 
matter relate to the 
luminous stars and 

gas we see?
5.1.2

MCAO ? (high) ? J or H or K NIRES

How does the 
distribution of dark 
matter relate to the 
luminous stars and 

gas we see?
5.1.2

SL 0.34-1.0 ? (high) ? HROS

How does the 
distribution of dark 
matter relate to the 
luminous stars and 

gas we see?
5.1.2

SL 0.34-1.0 ? (medium) ? WFOS

The Growth of 
Stars: Star-

Formation Histories, 
Dust, and Chemical 

Tadayuki SL 0.31-1.0 Min 5000 ? WFOS

The Growth of 
Stars: Star-

Formation Histories, 
Dust, and Chemical 

Evolution
5.1.3

See 6.3.1 also

Tadayuki MCAO ? (medium) ? J or H or K IRMS

The Growth of 
Stars: Star-

Formation Histories, 
Dust, and Chemical 

Evolution
5.1.3

See 6.3.1 also

Tadayuki SL 0.31-1.0 Ideal 100,000
Min 50,000 ? HROS

The Growth of 
Stars: Star-

Formation Histories, 
Dust, and Chemical 

Evolution
5.1.3

See 6.3.1 also

Tadayuki MCAO/MOAO ? (medium) ? J or H or K ~10mas IRIS, IRMOS

The formation of 
passive galaxies and 

the birth of the 
Mauro/Mariko MCAO/MOAO ? (medium) ? J or H or K ~10mas IRIS, IRMOS

The formation of 
passive galaxies and 

the birth of the 
Hubble Sequence

5.1.4

Mauro/Mariko SL ? ?

The formation of 
passive galaxies and 

the birth of the 
Hubble Sequence

5.1.4

Mauro/Mariko MCAO ? ? J or H or K

The Stellar Initial 
Mass Function, Early 
Black Holes and the 
Growth of Quasars

Ranga Ram 
Chary SL 22-28AB 0.3-1.0 R>2000 0.3-1.0 abs 3 to 5

standard 
wavelength, 

line flux 
calibration to 

0.5" Strehl>0.5 100s several sq 
arcmin Some ~0.1" ~100 10-100s 1 several hrs WFOS

The Stellar Initial 
Mass Function, Early 
Black Holes and the 
Growth of Quasars

5.1.5

Ranga Ram 
Chary MCAO 22-28AB 0.9-2.5 R>2000 yzJHK bands 

separately abs 3 to 5 same as 
above 10mas Strehl>0.5 100s several sq 

arcmin Some ~0.1" 20-30 10-100s 1 several hrs IRMS

The Stellar Initial 
Mass Function, Early 
Black Holes and the 
Growth of Quasars

5.1.5

Ranga Ram 
Chary SL 18-24AB 0.3-1.0 R>10000 

upto 50,000 0.3-1.0 relative 10 to ~100

bettter than 1 
part in 1E6 

for fine 
structure 
constants

QSO works 
needs years 0.5" few sq arcsec 0 ~0.1" 1 10-100s 1 repeat yearly shortest ~1hr 

for GRBs HROS

The Stellar Initial 
Mass Function, Early 
Black Holes and the 
Growth of Quasars

5.1.5

Ranga Ram 
Chary MCAO 18-24 AB 0.9-2.5

R>2000 for 
galaxies, 

R~50000 for 
QSOs

yzJHK relative 10 to 100 same as 
above years ~10mas High contrast few sq arcsec 0 ~0.1" 1 10-100s 1 repeat yearly ~1 hr for 

GRBs
IRIS IFU high 

spec. res.

The Census of 
Baryons and the 

Baryon Cycle
John O'Meara SL R < 24.5 0.32 - 1.0 R~5000 0.32 - 1.0 Absolute ~30 OS ~60 km/s for 

single lines N/A N/A N/A ~15000 ~40 N/A N/A N/A N/A 15,000 ~750 1 N/A N/A ~3600 WFOS

The Census of 
Baryons and the 

Baryon Cycle
5.1.6

Anand 
(provisional) MCAO ? (medium) ? J or H or K several 100 ? IRMS

The Census of 
Baryons and the 

Baryon Cycle
5.1.6

Anand 
(provisional) MCAO/MOAO ? (medium) ? J or H or K ~10mas IRIS, IRMOS

Spatial dissection of 
forming galaxies

DSC 5.1.7
See 6.3.1 also

Marie LB NGSAO/MCA
O/MOAO

~25 
mag/arcsec^

2 1.0 - 2.5 4800 J or H or K Relative (10) > 5

kInematics 
maps derived 
from nebular 
emission lines 

or stellar 
absorption 
features

30 km/s (10) < 25 mas S = 0.5 (7) 275 (10) 25 (10) 0.00 (10) Relative (10) 100 (10) 1400 (10) < 140 (10) 1.00 14400 IRIS/IRMOS

Morphological and 
Kinematic Growth of 

Galaxies
5.1.1 (error in 

Mike Pierce MCAO/MOAO 26.0 < mu < 
29.8 1.0 - 2.5 ~6000 J, H, K Relative

5 in H-alpha 
continuum, 
15-30 in H-

alpha

20 km/sec 2 hours 50 mas 0.4 62.5 sq. 
arcmin

30 x 30 
arcsec 0 Relative 0.05 arcsec 2 hours 250

250 
moderated by 
mulitplexing 
with IRMOS

1 NA NA 7200 IRIS, IRMOS

Morphological and 
Kinematic Growth of 

Galaxies
5.1.1 (error in 

number sequence in 

Mike Pierce MCAO 26.0 < mu < 
29.8 1.0 - 2.5 ~6000 J, H, K Relative

5 in H-alpha 
continuum, 
15-30 in H-

alpha

20 km/sec 2 hours 50 mas 0.4 62.5 sq. 
arcmin

30 x 30 
arcsec 0 Relative 0.05 arcsec 2 hours 250

250 
moderated by 
mulitplexing 
with IRMS

1 NA NA 7200 IRMS

Morphological and 
Kinematic Growth of 

Galaxies
5.1.1 (error in 

Mike Pierce SL 0.32-1.0 ~5000 ? several 100 ? WFOS

Morphological and 
Kinematic Growth of 

Galaxies
Mike Pierce MCAO 20.7 (I) - 

25.6 (H) J, H, K ~6000 J, H, K Relative ~20
20 km/sec, 
5% for line 

indices
2 hours 0.1 arcsec 0.4 60 2x2 arc min

4 
observations/

field
Relative 0.1 arsec 2 hours 1500 60 1 NA NA 7200 IRMS

Morphological and 
Kinematic Growth of 

Galaxies
Mike Pierce SL 20.7 (I) - 

25.6 (H) I (0.6 - 1.0) ~6000 I Relative ~20
20 km/sec, 
5% for line 

indices
2 hours 0.8 arcsec 60 2x2 arc min

4 
observations/

field
Relative 0.1 arsec 2 hours 1500 60 1 NA NA 7200 WFOS

Morphological and 
Kinematic Growth of 

Galaxies
Mike Pierce SL 0.34-1.0 ? ? WFOS

Morphological and 
Kinematic Growth of 

Galaxies
5.1.1 (error in 

Mike Pierce MCAO/MOAO 23 < mu < 
26 J, H, K 4000 - 5000

~0.05 
microns or
J, H or K 

separately

Relative 20 to 50
15 km/sec, 
5% for line 

indices
2 hours 50 mas 0.4 62.5 sq. 

arcmin
30 x 30 
arcsec 0 Relative 0.1 arsec 2 hours 250

250 
moderated by 
mulitplexing 
with IRMOS

1 NA NA 7200 IRIS, IRMOS

Morphological and 
Kinematic Growth of 

Galaxies
Mike Pierce MCAO ? (high) ? J or H or K NIRES

Morphological and 
Kinematic Growth of 

Galaxies
5.1.1 (error in 

number sequence in 
DSC)

The Impact of 
Galaxy Mergers

Mike Pierce MCAO/MOAO ? (medium) ? J or H or K ~10mas IRIS, IRMOS

Feedback and the 
Physics of Galaxy 

Quenching
Duncan Farrah SL log Lya ergs/s 

=41 at z=3 0.33-2.5 5000 0.33-2.5 >30 100 km s-1 100mas >3600 ~tens NA Relative <100mas NA >100 (per 
mask)

Sufficient to 
assemble 

samples of 
15,000

Population 
surveys to 

study 
Feedback and the 
Physics of Galaxy 

Quenching
5.1.2

Duncan Farrah MOAO log Lya ergs/s 
=43 at z=3 0.33-1.5 20,000 0.33-1.5 >100 20 km s-1 <100mas NA 1 Relative 100 NA 15,000

Targeted 
studies of 

small samples

Feedback and the 
Physics of Galaxy 

Quenching
5.1.2

Duncan Farrah MCAO
log Lya ergs/s 
=43 at z=0.2 

to 6
0.8 - 2.4 5000  J or H or K >100 20 km s-1 ~10mas 0.33x0.33 IRIS IFU

The Influence of 
Local and Large-

Scale Environment

Warren to 
derive from 

DSC
SL i>24 0.8 - 1.0 Min 5000 0.8 - 1.0 Absolute >5 min OS Better than 

60km/s 500mas ~800 >64 Several 1000 Few 100 ~900 WFOS

The Influence of 
Local and Large-

Scale Environment
5.1.3

Introductory 
paragraphs

Warren to 
derive from 

DSC
MCAO/MOAO i>24 0.8-2.4 Min 5000 0.8-2.4 Absolute >5 min OS Better than 

60km/s ~10mas ~2x2 arc sec Few 100

Few 100 with 
IRIS

Less with 
IRMOS 

multiplexing

~900 IRIS, IRMOS

The Influence of 
Local and Large-

Scale Environment
5.1.3

Introductory 
paragraphs

Warren to 
derive from 

DSC
MCAO i>24 0.8-2.4 Min 5000 0.8-2.4 Absolute >5 min OS Better than 

60km/s 100mas ~800 ~2x2 arc 
mins Several 1000 Several 100 ~900 IRMS

The Influence of 
Local and Large-

Scale Environment
5.1.3

Warren to 
derive from 

DSC
SL V~25 

mag/arc sec 0.34-1.0 ~11500

0.05 between 
640nm to 
690nm

0.1 between 

Relative

~1000 at 
Halpha

~20 in the 
continuum

? several 100 ? ~600s WFOS

The Influence of 
Local and Large-

Scale Environment
5.1.3

Evolution of Satellite 
Galaxies

Warren to 
derive from 

DSC
MCAO/MOAO ~25 mag/arc 

sec 0.8 - 2.4 ~8000 ~0.25 Relative ~20 ~10mas ? several 100 ? ? IRIS, IRMOS

The Influence of 
Local and Large-

Scale Environment
5.1.3

Spatial distributions 

Warren to 
derive from 

DSC
MCAO/MOAO 0.8 - 2.4 >4000 min ~0.3 ~10mas ~1x1 arc min ~1x1 arcsec 

per IFU several 100 ? ? IRIS, IRMOS

TMT and the IGM
5.2.2

Direct from 
DSC SL R ~ 24.5 0.32-1.0 ~5000 ? ~30 ~3600 ~40 several 100 ?~100 WFOS

TMT and the IGM
5.2.2 John O'Meara SL R < 26.5 0.32 - 1.0 ~1500 0.32 - 0.5 Absolute ~5 OS ~60 km/s for 

single lines N/A N/A N/A 3600 (1 Sq. 
degree) 24 0.01 N/A N/A N/A ~50,000 ~600 1 N/A N/A ? WFOS

TMT and the IGM
5.2.2 John O'Meara SL

R < 21.0  (for 
S/N 30 

@R=25,000, 
t=6hrs) 
heavily 

dependent on 
S/N 

requirements
)

0.32-1.0

25,000 < R < 
100,000

Rarely need 
>50,000

0.32 - 1.0 N/A
30 - 1,000 

per resolution 
element

OS

Depends on 
the S/N of 

the extracted 
spectra. 

Longterm 
stability more 

important 
than accuracy 

on cm/s 
scales

Years (at 
lower 

accuracy than 
planet RV 

work)

N/A N/A N/A N/A N/A N/A N/A N/A

Hundreds at 
low S/N,  10 

or less at 
high S/N

Same as 
number of 
samples, 

since single 
slit 

observations

1 N/A N/A 21600 HROS

TMT and the IGM
5.2.2

Anand 
(provisional) MCAO 5000 ? J or H or K ~10mas IRIS IFU

TMT and the IGM
5.2.2

Anand 
(provisional) MCAO ~100 ? J or H or K ~10mas

IRIS 
Narrowband 

imaging
TMT and the CGM

5.2.3
(Studying the CGM 
in 2+ dimensions)

Direct from 
DSC SL R ~ 26.5 0.32-0.65 ~1000 0.32-0.65 Absolute ~5 ~15000 ~40 Varied 120,000 ~1000 1 WFOS

TMT and the CGM
5.2.3

(Studying the CGM 
in 2+ dimensions)

John O'Meara SL R < 24.5 0.32 - 1.0 R~5000 0.32 - 1.0 Absolute ~30 OS ~60 km/s for 
single lines N/A N/A N/A ~15000 ~40 N/A N/A N/A N/A 15,000 ~750 1 N/A N/A ~3600 WFOS

TMT and the CGM
5.2.3

(Studying the CGM 
in 2+ dimensions)

John O'Meara SL R ~ 24.5 0.32-1.0 50,000 >1000 HROS

TMT and the CGM
5.2.3

(Studying the CGM 
in 2+ dimensions)

Anand 
(provisional) MCAO/MOAO ?R ~ 26.5 ? (medium) ? J or H or K ~10mas several 100 ? IRIS, IRMOS

TMT takes General 
Relativity tests into 

an unexplored 
regime

DSC 6.1.1 

Daryl Haggard 
leading, 

contacting 
Andrea Ghez

MCAO
(IRIS 

Imager)
- 20<K<22

<1 arc sec
Stellar point 

sources

NA 
(Observations 

of galactic 
center)

0 2-2.4 ~6 (K band) K >50% in 
0.001" Relative

>30 
minimum, 

>50 
preferred

PA or CA - 10 yrs <10 S=0.5? 1-3% goal
<10% req.

0.4 ideal
0.3 min per 
observation

0.4 ideal
0.3 min 0 to 10" up to > 0.8 Relative 0.050 10 - 240 over 20 

yrs 1.00 N/A

Few weeks 
ideal

~2 months 
requirement

20 yrs 240 in 20 yrs ? N/A IRIS Imager

TMT takes General 
Relativity tests into 

an unexplored 
regime

DSC 6.1.1 

Daryl Haggard 
leading, 

contacting 
Vishal Kasliwal

MCAO
(IRIS IFU) - 20<K<22

<1 arc sec
Stellar point 

sources

NA 
(Observations 

of galactic 
center)

0 2-2.4 ~9000 ideal
>4000 min K >50% in 

0.001" Relative

>30 
minimum, 

>50 
preferred

OS 1 km/s ideal
10 km/s min 10 yrs <10 S-0.5? ? 0.00018 per 

observation 0.00018 0 to 10" ? Relative 0.050 10 - 240 over 20 
yrs 1.00 N/A

Few weeks 
ideal

~2 months 
requirement

20 yrs 240 in 20 yrs ? N/A IRIS IFU

How the GC black 
hole interacts with 

its unusual 
environment 
DSC 6.1.2 

Mike Rich MCAO
(IRIS IFU)

80% time 
resolved 20<K<22

Cluster is >1 
arcsec of 
crowded 
stellar 

sources

NA 
(Observations 

of galactic 
center)

~Few % 1-2.4 > 3000

2 - 2.4 min.
JHK bands 
seperately 

goal

60% in 0.01" Relative >30 min.
 >50 ideal OS 10 km/s Few years < 15 S>0.5 0.05 mag 0.0054 with 

multiple visits

0.00018 
(baseline 
IRIS IFU 

FOV)

0 to 10" up to 0.3 Relative 0.050 10
10-100 stars 

per 
observation

30 fields with 
multiple visits 1.00 <1 hour

~10 min 
(coordination 

between 
radio & Xray)

20 yrs

Variable from 
few minutes 

to a few 
months

 300-1200 
sec   N/A IRIS IFU

How the GC black 
hole interacts with 

its unusual 
environment 
DSC 6.1.2 

Mike Rich
MCAO

(spectro-
polarimetry)

80% time 
resolved

20<K<22
1 to 10 mJy

<1 arc sec, 
crowded

Stellar point 
sources

NA 
(Observations 

of galactic 
center)

0-20% linear, 
variable 1-2.5 500 min.

1000 goal

1-2.4 goal
H+K ideal

K min.
80% in 0.03" Absolute >10 ? <0.1% 

30 km/s
Months to 

years < 15 S>0.5 0.03 mag 0.0054 with 
multiple visits

0.00018 
(baseline 
IRIS IFU 

FOV)

0 to 10" - Relative 0.050 10 -
500 goal per 
field, multiple 

fields
1.00 >30 mins

~10 mins (if 
coordinating 
with X-ray 

obs)

~2 nights
30 sec 

exposure goal
60 sec max

10 sec ideal
<60 sec max 0.10% Polarimeter on 

an IFU

Proper Motions 
around SMBHs in 

the Nearest Galaxies
DSC 6.1.3

Tuan Do
MCAO
(IRIS 

Imager)
- 12<K<30

<1 arc sec, 
crowded

Stellar point 
sources

- 0 Z, J, H, K ~6 (K band) K - Relative 100 PA - >10 yrs < 15 S = 0.5 - 0.7 1-3% goal
<10% req. >53 0.44 min to 4 

goal 0 to 10" > 0.1 Relative 0.015 goal
0.05 req. >10

1e3 - 1e5 
stars

40 Galaxies
120 1.00 - yearly 10 yrs 20 60 to 600 - IRIS Imager

Proper Motions 
around SMBHs in 

the Nearest Galaxies
DSC 6.1.3

Tuan Do MCAO
(IRIS IFU) - 12<K<22

<1 arc sec, 
crowded

Stellar point 
sources

- 0 Z, J,H, K > 3000

0.05 medium 
band min
0.3 broad 
band goal

>50% in 
0.001" Relative 40 OS 10 km/s 10 yrs < 15 - - 0.022 0.00018 0 to 10" 0 Relative 0.050 10

100 stars per 
galaxy

40 galaxies
120 1.00 - yearly 10 yrs 120 600 to 9000 - IRIS IFU

DYNAMICAL 
DETECTIONS AND 

DEMOGRAPHICS OF 
SMBHS
DSC 6.2

Tuan Do MCAO
(IRIS IFU) - 12<K<22 extended 

source

80% 
averaged 

over entire 
sky

- 0.8 - 2.5 ~9000 ideal
>4000 min

0.05 medium 
band min
0.3 broad 
band goal

>50% in 
0.001" Relative 40 OS 2-5 km/s - 10 S = 0.5 - 0.14 0.00028 0 to 10" 0 - - - 250 500 1.00 - - - - 600 to 9000 - IRIS IFU

 Towards a complete 
census of black 
holes in nearby 

galaxies
DSC 6.2.1

?Ho,?Lauer MCAO ? - 1.95-2.42 8000 ? ?Absolute ~67 km/s 9 S = 0.5 ? 0.05 0.0001 ? 0 Relative - ?500 500 1.00 - - - - 20*900 - IRIS IFU

The most massive 
black holes in 

brightest cluster 
galaxies

DSC 6.2.2 

Chris O'Dea 
leading

Lal, ?Kharb, 
?Gopakumar

MCAO ? - 1.95-2.42 2000 min
4000 ideal ? ?Absolute ~67 km/s 9 S = 0.5 ? 0.05 0.0001 ? 0 Relative - ?500 500 1.00 - - - - 20*900 - IRIS IFU

Intermediate-mass 
black holes
DSC 6.2.3 

Aaron Barth MCAO -
I ~ 13-17 

mag, H ~ 11-
15 mag

<1 arcsec

80% 
averaged 

over entire 
sky

M33 & IC 342 
minimum

0 1.95-2.42 8000 Min
10,000 ideal

~2.28-2.35 
for z~=0 
targets

60% in 0.01"

Relative for 
radial 

velocity, 
absolute for 

velocity 
dispersion

>30 
minimum, 

>50 
preferred

SS

<1 km/s for 
spatially 
resolved 
velocity 

dispersion

- 9 S = 0.5 - <0.05 0.0001 30 0 Relative - - ~20

~20 (one 
target at a 
time, no 

multiplexing)

1.00 N/A N/A N/A N/A 20*900 N/A IRIS IFU

Calibration of the 
black hole mass 
scale in active 
galactic nuclei

DSC 6.2.4

Erin Hicks 
leading with 
Matt Malkan 

checking

MCAO - K ~ 11-16

Host: 
Extended (> 

1 arcsec)
AGN: non-

extended (< 
1 arcsec)

Targets 
visible in all 
directions

0
1.95-2.42 

min  0.8-2.5 
ideal

4000 min and 
ideal

~2.28-2.35 
min ~2.12 

ideal for z=0 
targets

60% in 0.01"

Relative for 
radial 

velocity, 
absolute for 

velocity 
dispersion

>30 
minimum, 

>50 
preferred

SS ~32 km/s - 9 S = 0.5 - <0.1 0.0001 30 0 Relative - - ~40

~40 (one 
target at a 
time, no 

multiplexing)

1.00 N/A N/A N/A N/A 20*900 N/A IRIS IFU

COEVOLUTION OF 
SUPERMASSIVE 

BLACK HOLES AND 
GALAXIES; AGN 
FUELING AND 

FEEDBACK
DSC 6.3

?Ho MCAO ? - ?0.8 - 2.5 ?4000 ?J, H, K 
separately

?80% in 
0.03" ?Absolute ?100 km/s 9 S = 0.5 ? 0.005 0.0001 ? 0 Relative ?2 ?50 50 1.00 - - - - 20*900 - IRIS IFU

The cosmic 
evolution of small 
and moderate-size 

SMBHs
DSC 6.3.1 

Akiyama, 
Nagisa SL - 0.94uJy at 

0.6um not extend
target visible 

in all 
directions

- 0.31-1.0 ~1000

0.31-1.0 
simultaneous 
but separate 

blue/red 
arms

NA Absolute 10 OS a few 100 
km/s - seeing size NA 10% 2000 14x14 ideal - 0 Relative - - 100 AGN

10 with 10 
AGN/observat

ion
1.00 - - - -

6*600 to 
achieve min. 

S/N
- WFOS

The cosmic 
evolution of small 
and moderate-size 

SMBHs
DSC 6.3.1 

Akiyama, 
Nagisa MCAO -

[OIII]em: 
1.5e-17, 1.0e-

18 
[erg/s/cm2] 
at 1um, at 

2um, 
respectively. 
Rest3000A 
continuum: 
0.13uJy at 

1.2um

AGN:point 
source, host: 

extend
>75% - 0.8-2.5 ~1000 J, H, K, 

separately
>50% in 
0.015" Absolute 10 OS a few 100 

km/s - ~15 S = 0.5 10% 600 8x8 ideal 30 arcsec 0 Relative - - 100 AGN
10 with 10 

AGN/observat
ion

1.00 - - - -
20*900 to 

achieve min. 
S/N

- IRMS

THE GALACTIC 
CENTER BLACK 

HOLE: OUR 
UNIQUE 

LABORATORY 
FOR UP-CLOSE 

STUDY 
DSC 6.1

DYNAMICAL 
DETECTIONS 

AND 
DEMOGRAPHICS 

OF SMBHS
DSC 6.2

COEVOLUTION 
OF 

SUPERMASSIVE 
BLACK HOLES 

AND GALAXIES; 
AGN FUELING 

AND FEEDBACK
DSC 6.3

Early Galaxies 
and Cosmic 
Reionization

DSC 4.1

DSC Section DSC sub-section

Nature of Dark 
Matter

DSC 3.1

Physics of 
extreme objects - 

Neutron Stars
DSC 3.2

# of 
observation

s

Rate        
(sidereal = 

1.00)
Baseline  

Cadence  
(observatio

ns / 
baseline)

Duration / 
observation 
(seconds)

Geometry

ToO 
response 

time

Multiplexing

Comments
SL/SL(AcO)
/NGSAO/M
CAO/MOAO
/MIRAO/Ex

AO

Extended 
(>1 arc sec) 

or non 
extended 

<1 arc sec)

Sky 
coverage %

Flux / Radial Velocity Astrometry

Sample Size

Spatial Parameters

Time critical 
tolerance

ISDT 
contributor
(Add name)

Required 
efficiency

Target parameters Spectral Parameters Synoptic Signature

The Intergalactic 
Medium

5.2

The age of 
Maturity and 
Quiescence
5.1 (error in 

number 
sequence in 

DSC)

THE PEAK ERA 
OF GALAXY 
ASSEMBLY

5.1

The cosmic 
evolution of small 
and moderate-size 

SMBHs
DSC 6.3.1 

Nagisa Oi MCAO - ~0.5uJy in K SMBH:no/ 
host:yes >75% - 0.8 - 2.5 4000 J, H, K 

separately
>50% in 
0.001" Absolute 5sigma OS 100 km/s - 9 S = 0.5 10% 0.005 0.0001 30arcsec 0 Relative 2.000 - 50 50 1.00 - - - - 20*900 - IRIS IFU

The first generation 
of accreting MBHs 

DSC 6.3.2 

Yue Shen and 
Tohru Nagao. 
Checked by 
Linhua Jiang

MCAO - Down to 
J~24.5 AB

Non-
extended 

point source

Targets 
visible in all 
directions

0 0.8 - 2.5 4000

~0.25 min
Consecutive 

wavebands to 
create broad 
coverage - 

goal
0.8-2.5 - 

wish

80% in PSF Relative >10 OS <100 km/s 10 yrs 10 S = 0.5 - - 0.0001 30arcsec 0 Relative 2.000 - 30 30 1.00 - - - - 12*900 - IRIS IFU

Feeding and 
feedback of AGNs

DSC 6.3.3 

Erin Hicks and 
Francisco 

Muller-Sanchez
Comments 

received from 
Tohru Nagao

MCAO - K ~ 11-16

Host: 
Extended (> 

1 arcsec)
AGN: non-

extended (< 
1 arcsec)

Targets 
visible in all 
directions

-
1.9-2.4 min, 

+1.3-1.9 
ideal

R~1000 
minimum

R~2000 ideal

K min, +H 
ideal 60% in 0.01"

Relative for 
radial 

velocity, 
absolute for 

velocity 
dispersion

>30 
minimum, 

>50 
preferred

SS ~32 km/s - 9 S = 0.5 - < 0.05 0.0001 40 0 Relative 2.000 - ~40

~40 (one 
target at a 
time, no 

multiplexing)

1.00 N/A
Coordination 
with ALMA 

ideally
N/A N/A 20*900 N/A IRIS IFU

Distinguishing star 
formation in the 
host galaxies of 

AGNs
DSC 6.3.4 

Vivian U, 
Nagisa Oi

Discussing with 
Packham & 
Imanashi 
(Nagisa to 

check)

MCAO - 0.2mJy in H

Host: 
Extended (> 

1 arcsec)
AGN: non-

extended (< 
1 arcsec)

>75% <5% 0.8 - 2.5 R ~ 4000 JHK 
separately

>40% in 
0.01" Absolute >10 sigma OS ~100 km/s - 8 S > 0.4 10% 0.05 0.001 30 0 Relative 10 - 50 50 1 - - - - 20*900 - IRIS IFU

Distinguishing star 
formation in the 
host galaxies of 

AGNs
DSC 6.3.4 

Packham, 
Imanishi

Cooperating 
with U and Oi

MIRAO - 0.1mJy <1 arcsec
Targets 

visible in all 
directions

1-5%, Linear 3.2-13um (-
26um goal)

R=4000 
minimum

R=8000 goal

L, M, N (and 
Q goal) 

seperately

Diffraction 
limited with 
strehl >50%

Absolute 300 or 3 
sigma

Spectroscopy
Spectro-

polarimetry
0.05mJy - 70

Diffraction 
limited with 
strehl >50%

10% 0.005 ~5"x5" 30arcsec 0 Relative 2.000 - 50 50 1.00 - None - - ?3600 0.50% MICHI IFU

Binary and merging 
SMBH in the nearby 

Universe
DSC 6.3.5

Francisco 
Muller-

Sanchez, Yue 
Shen and 
Enrigue to 
collaborate

(Input received 
from Yue)

MCAO -
?Down to 0.1 
mJy/arcsec^

2
<1 arcsec

Targets 
visible in all 
directions

?up to 10% NIR Imaging J, H or K 80% in PSF Absolute ? ?Imaging 
polarimetry ?0.05 mag - 10 S = 0.8 - 0.0001 30arcsec 0 Relative 0.050 - 30 30 1.00 -

?Synergistic 
with other 

facilities but 
not time 
critical?

- - ? ?<2% ?NIR Imaging 
polarimeter

DUST AND THE 
STRUCTURE OF 
THE CENTRAL 

DUST AND THE 
STRUCTURE OF THE 
CENTRAL ENGINE

Imanishi, 
Packham

MIRAO 
imager - 0.1mJy <1 arcsec

Targets 
visible in all 
directions

1-5%, Linear 3.2-25um ~5
L, M, N (and 

Q goal) 
seperately

Diffraction 
limited with 
strehl >50%

Absolute 300 or 3 
sigma

Imaging, 
polarimetry 0.05mJy - 70

Diffraction 
limited with 
strehl >50%

10% 0.005 ~5"x5" 30arcsec 0 Relative 2.000 - 50 50 1.00 -
Possible 

coordination 
with ALMA

- - ?7200 <2% MICHI Imager

DUST AND THE 
STRUCTURE OF 
THE CENTRAL 

DUST AND THE 
STRUCTURE OF THE 
CENTRAL ENGINE

Imanishi, 
Packham MIRAO IFU - 0.1mJy <1 arcsec

Targets 
visible in all 
directions

1-5%, Linear 3.2-25um R~1000
L, M, N (and 

Q goal) 
seperately

Diffraction 
limited with 
strehl >50%

Absolute ? OS 10% - 70
Diffraction 

limited with 
strehl >50%

10% ~5"x5" MICHI IFU

DUST AND THE 
STRUCTURE OF 
THE CENTRAL 

ENGINE
DSC 6.4

DUST AND THE 
STRUCTURE OF THE 
CENTRAL ENGINE

DSC 6.4

Enrigue Lopez-
Rodriguez MCAO -

As faint as 
the sensitivy 
of the TMT 

can go

Host: 
Extended (> 

1 arcsec)
AGN: non-

extended (< 
1 arcsec)

Targets 
visible in all 
directions

<5% NIR (1-2.4)
imaging or 
IFU with 

polarimeter
1-2.5

(AO 
obs./80% in 

PSF)
Absolute > 382 OP, SS better than 

500 km/s - 10 S = 0.8 absolute 0.05 0.0001 20 0 absolute 0.050 10 30 30 1.00 - - year 30 <7200 <0.5%
NIR Imaging- 
and spectro-
polarimeter

Time variability, 
probing the 

structure and 
processes in the 
central engine

DSC 6.5

Time variability, 
probing the 

structure and 
processes in the 
central engine

DSC 6.5

 Ranga-Ram 
Chary & Sarah 

Gallagher - 
Reverberation 

mapping

SL (WFOS)
ToO - griz<24

non-extended 
point source
Host galaxy 

seen in some 
cases

southern 
hemisphere 

bias - 
discoveries 
from LSST

0-30%L 0.3-1.0 ~2000 0.3-1.0
Seeing 
limited

80% in 0.4"
Absolute 20 OS Better than 

500 km/s

30 minutes
Stochastic 

(min to 
years)

1000 - 10% -
Slit length of 
several arc 

sec
- - - - - 50 single 

objects 50x240 1.00 <1 day 1 day

365 days 
(few days to 

a few 
months)

~1/hr 3600 sec N/A WFOS
follow-up

Time variability, 
probing the 

structure and 
processes in the 
central engine

DSC 6.5

Time variability, 
probing the 

structure and 
processes in the 
central engine

DSC 6.5

Vishal Kasliwal
With input 

from Ashish 
Mahabal

Enrigue Lopez-
Rodriguez

From DSC 9.9 - 
Variability

MCAO

As faint as 
the detection 

limit with 
TMT

Host galaxy 
seen in some 

cases
Variable NIR

Spectro-
photometry

?~1000

Better than 
1000 km/s

Stochastic 
(min to 
years)

1% relative 8 hours

Few minutes 
required

Few seconds 
is very useful

NIR spectro-
photometry

Time variability, 
probing the 

structure and 
processes in the 

Time variability, 
probing the 

structure and 
processes in the 

Ranga-Ram 
Chary & Sarah 

Gallagher - 
Variability

MCAO 70% 
minimum

(15-22 in 
JHK) N/A

~80% 
averaged 

over entire 
sky

0-30%L 0.8-2.4
(~500)
Spectro-

polarimetry

1.5-2.2 
simultaneousl

y

AO obs.
80% in PSF Absolute >100 Spectro-

polarimetry
Better than 
1000km/s

>1 yr 
minimum

~5 yr ideally
10 >0.7 1% absolute -

Few arc sec 
slit length 

min.
30 arcsec - - - - 50 single 

objects 120x50 1.00 ~1 day Simultaneous 
with CTA 8 hours Few minutes ?3600s (0.5%L) NIR spectro-

polarimeter

Time variability, 
probing the 

structure and 
processes in the 
central engine

DSC 6.5

Time variability, 
probing the 

structure and 
processes in the 
central engine

DSC 6.5

Enrigue Lopez-
Rodriguez

From DSC 9.9 - 
Variability

SL 70% 
minimum

(17-20 in R)
To the 

sensitivity 
limit of TMT 

at these 
wavelengths

Host galaxy 
seen in some 

cases
All-sky 0-30%L Optical

(~500)
Spectro-

polarimetry
0.3-1.0

Seeing 
limited

80% in 0.4"
retaltive >382 SS Better than 

1000km/s

>1 yr 
minimum

~5 yr ideally
NA NA 1% absolute - - - - - - - 20 2400 total for 

20 targets 1.00 NA Simultaneous 
with CTA 8 hours

Few minutes
3 minutes 

ideally
(0.5%L)

Optical 
spectro-

polarimeter

Time variability, 
probing the 

structure and 
processes in the 
central engine

Time variability, 
probing the 

structure and 
processes in the 
central engine

R. Chary - TDE
MCAO (IRIS 

Imager)
ToO

- J<24 point source

southern 
hemisphere 

bias - 
discoveries 
from LSST

N/A 0.8-2.4 Broadband 
imaging

1 micron 
going from1-

2 microns
- Absolute 10 CA, PA - ~1 yr 10 S>0.5 10% ~800 ~0.35 req. 30 arcsec 0 Relative 0.050 ~1 yr 50 TDEs 50 per TDE 1.00 ~1 week Req.

~2 days Goal several days

365 days 
(few days to 

a few 
months)

Initially 2 
days, 

eventually 2 
weeks

3600 sec N/A

IRIS Imager
measure the 

accurate 
position

Time variability, 
probing the 

structure and 
processes in the 

Time variability, 
probing the 

structure and 
processes in the 

Masaomi 
Tanaka

From DSC 9.8 - 
TDEs

SL (WFOS)
ToO griz < 26 non-extended 

point source NA Optical ~2000 0.3-1.0 Absolute 20 OP, OS Better than 
500 km/s - 50 single 

objects 50 1.00 ~ 1 hour

365 days 
(few days to 

a few 
months)

Initially 2 
hours and 

slowing to 2 
days

3600 sec WFOS
follow-up

Diffusion (sinking) 
of heavy elements 

in the outer parts of 
stars

Viktor Khalak
Some input 
from Wako 

Aoki and Aruna 

SL - V>17 <1 arcsec, 
stellar target

Any metal-
poor globular 

clusters
- 0.31-1.0 >60,000 0.36-0.7 -

Relative 
(continuum 
normalized 

spectra)

~100 Min
~200 goal OS <1km/s -

Targets are 
single point 

sources
- - - - - - - - - 1000 1000 1.00 - - - HROS

Evolution of massive 
stars with low 
metallicity: 

observational probes
7.1.2

Open
(Initial input 
from Aruna 
Goswami)

SL
?Massive 

stars at 18 
Mpc

?Optical ?Medium WFOS

Validation of 
theoretical scenarios 

for low-mass star 
formation at 

extremely low 
metallicity through 

observations
7.1.3

Sebastian 
Lepine SL 14<V<18 <1 arcsec, 

stellar target
Scattered 
objects - 0.3-1.0 R=2000 to 

4000 0.35-0.60 -

Relative 
(continuum 
normalized 

spectra)

~100 10 km/s
Targets are 
single point 

sources
? 1,000 1,000 1.00 ? - WFOS

Validation of 
theoretical scenarios 

for low-mass star 
formation at 

extremely low 
metallicity through 

observations
7.1.3

Sebastian 
Lepine SL 14<V<18 <1 arcsec, 

stellar target
Scattered 
objects - 0.3-1.0 R~30,000 0.35-0.60 -

Relative 
(continuum 
normalized 

spectra)

~100 1 km/s
Targets are 
single point 

sources
- 100 100 1.00 - HROS

Astrophysics of rare 
objects
7.1.4.

Viktor Khalak
Some input 
from Wako 

Aoki and Aruna 
Goswami

SL V>16 <1 arcsec, 
stellar target - 0.32-1 >60,000 0.36-0.7 -

Relative 
(continuum 
normalized 

spectra)

>60 OS 0.1 km/s -
Targets are 
single point 

sources
- - - - - - - - - 1000 1000 1.00 - - - HROS

Astrophysics of rare 
objects
7.1.4.

Viktor Khalak
Some input 
from Wako 

Aoki and Aruna 
Goswami

MCAO V>16 <1 arcsec, 
stellar target - 0.8-2.5 >60,000 1-2.4 -

Relative 
(continuum 
normalized 

spectra)

>60 OS 0.1 km/s -
Targets are 
single point 

sources
- - - - - - - - - 1000 1000 1.00 - - - NIRES

The Initial-Final 
Mass Relation - 

Version 2.0
DSC 7.1.5

Jeff Cummings 
(via Jason 

Kalirai)
SL - V > 21 non-extended Any cluster - 0.36 microns 

and greater
~1000 to 

2000 0.36-0.55 - absolute >25 SS - - Targets are 
point sources - -

Distant 
cluster Field 

(~400)
100 N/A 0 - - - 100

As many as 
required to 

cover most of 
the cluster

1.00 - - - - WFOS

1) A targeted study 
of star clusters

Richard de 
Grijs MCAO - ~21.1 <1 arcsec Any cluster - 1-2.4 ~5 (broad 

band filters)
JHK 

separately 7 Any (cluster 
centres)

Any (cluster 
centres) N/A

As many as 
required to 

cpver most of 
IRIS imager

2) A serendipitous 
survey of low mass 
binaries in the field

Sebastian 
Lepine NGSAO J<22 <1 arcsec Serendipitous NIR ~10 S>0.9 0 Relative 10.000 10 10,000 10,000 1.00 NFIRAOS WFS

Star cluster formation 
and evolution and their 

environmental 
dependence
DSC 7.3.1

Richard de 
Grijs SL - V < 23 < 1 arcsec Any galaxy - 0.845 to 

0.865 R>40,000 CaII triplet ~ 100 Better than 
6.5 km/s N/A Any YMC Any YMC N/A HROS

Star cluster formation 
and evolution and their 

environmental 
dependence
DSC 7.3.1

Richard de 
Grijs SL - V < 23 < 1 arcsec Any galaxy - 0.32-1.0 ~5 (broad 

band filters) ~100 800 100
Optical 

imaging as 
done with HST

Globular Clusters: 
their origin and 

evolution

Richard de 
Grijs MCAO - V < 22 > 1 arcsec

Any 
extragalactic 

GC
- NIR 2 broad-band 

filters
As wide as 
possible 7 differential: 

high precision 

Any 
extragalactic 

GC

Any 
extragalactic 

GC
N/A IRIS imager

Infrared 
counterparts of X-

ray sources in 
globular clusters: 

Shalima P. + 
Rupjyoti Gogoi MIRAO IFU - V<23 > 1 arcsec

Any 
extragalactic 

GC
- 5 to 24 > 40000

N band min
Ideal single 

filters
Absolute ~100 0.05 mag - ~100 - >0.1 5"x5" min 0 - - - 15 min

20 ideal
15 min
20 ideal 1.00 - - ? - MICHI IFU

Probing oldest stars 
in the Milky Way

DSC 7.4.1
Wako Aoki SL <15V<21 <1 arcsec, 

stellar target - 0.31-1.0

40000 
minimum
>50000 
ideally

~0.0015 
minimum

Relative 
(continuum 
normalized 

spectra)

~100
Targets are 
single point 

sources
0 100 100 1.00 <14400 HROS

Mass Distribution of 
First Generation 

Stars
DSC 7.4.2

Wako Aoki SL <15V<21 <1 arcsec, 
stellar target - 0.31-1.0

40000 
minimum
>50000 
ideally

~0.0015 
minimum

Relative 
(continuum 
normalized 

spectra)

>100
Targets are 
single point 

sources
0

1000(not 
only with 

TMT)
100 1.00 <14400 HROS

Dissecting the 
Galactic halo: ages 
and metallicities of 

old, nearby lowmass 
stars and white 

dwarfs
DSC 7.5.1

Sebastian 
Lepine SL I<24 <1 arcsec, 

stellar target ~50% 0.31-1.0 R=5,000-
10,000 0.5-1.0 Absolute >30 10-20 km/s

Targets are 
single point 

sources
? 5,000 5,000 1.00 ? HROS

Planetary nebulae as 
tracers of 

substructures in 
nearby galaxies

DSC 7.5.2

Letizia 
Stanghellini.

SL multi-
object optical 
spectroscopy

V~22 for M31
V~26 for 

Virgo
Point sources

Key targets in 
northern 

hemisphere
few%

0.3-0.6 and 
0.55-1.0 
(overlap 

necessary)

>=5000 0.3727 Absolute >10 OP ~5%
50 km/s Point sources 1000 8x3 or 5x5 0

500 PNe in 
M31

100 in 5 
other 

galaxies

40 assuming 
25 per 

pointing
1.00 1800 WFOS

Chemical tagging of 
individual stars and 

Galactic sub-
structures
DSC 7.5.3

Sebastian 
Lepine SL V<20 <1 arcsec, 

stellar target ~50% 0.31-1.0 50,000 0.35-0.80

Relative 
(continuum 
normalized 

spectra)

>100 1 km/s
Targets are 
single point 

sources
5,000 5,000 1.00 HROS

Kinematics of the 
Local Group
DSC 7.6.1

 Jarah Evslin + 
Matt Taylor MCAO

H=21 (Milky 
Way satelite) 
H=24 (other 

Local 

non-extended 
but very 
crowded

20% - 1.6 - 2.4 broad band 
filters

H, K 
separately - Relative

50 (Milky 
Way) 100 

(other 
galaxies)

? lambda/D s=0.5 -

MW: 20-
60/run (1 run 
per 2 years)   
Other: 2-

0.55x0.55 0 Relative 0.100 MW: 6 Other: 
10

100 per 
galaxy in 50 

galaxies
100/run 1.00 MW: 3 yrs 

Other: 5 yrs 2 per field MW: 30  
Other: 3,000 - IRIS imager

Internal dynamics of 
dwarf-spheroidal 
galaxies: density 
profiles of dark 

 Jarah Evslin + 
Matt Taylor SL no 

requirement

V=23 
(classical 

dSph)
- 40% - 0.51-0.52, 

0.84-0.88

>3000
Possible 

CaT+MgT 
dichroic

0.1 Relative 10/A OS 5 km/s - 1000 - - 500-
5000/year 124 - 0 - - - 10,000 per 

galaxy 4-40/year 1.00 - -

3,600 
(classical 
dSphs) or 
18,000  

- WFOS MOS

Internal dynamics of 
dwarf-spheroidal 
galaxies: density 
profiles of dark 

matter halo

 Jarah Evslin + 
Matt Taylor MCAO

AO setup<1 
minute, 

shorter is 
better

H=22 (Milky 
Way satelite) 
H=25 (other 

Local 
Galaxies) 

non-extended 
but very 
crowded

40% - 1.6 - 2.4 broad band 
filters

H, K 
separately - Relative

100 (Milky 
Way) 150 

(other 
galaxies)

CA,PA - 3 visits in 6 
years lambda/D s=0.5 -

MW: 1000-
3000/run (1 

run per 2 
years)   

Other: 5-

0.55x0.55 0.01 Relative

Milky Way: 
0.05 Other 
galaxies: 

<0.04

MW: 6 Other: 
10

MW: 
10,000/gal
Other: 100-
1000/gal.

MW: 4,000-
12,000/run 
Other: 20-

80/run   

1.00 MW: 6 yrs 
Other: 10 yrs 2-3 per field

MW: 60  
Other: 
18,000

- IRIS imager

The mass of the 
Milky Way
DSC 7.6.3

 Jarah Evslin + 
Matt Taylor SL V=23 <1 arcsec, 

stellar target 50% - 0.51-0.52, 
0.84-0.88

R>30,000 
minimum
R~60,000 

0.15 min.
0.5 (0.4-0.9) 

goal
Relative >10/Ang. OS ~0.3 km/s -

Seeing 
limited point 

sources 
- - -

Targets are 
individual 

point sources
- 0 - - - 200 200 1.00 - - ? - HROS

The mass of the 
Milky Way
DSC 7.6.3

 Jarah Evslin + 
Matt Taylor MCAO H=21 <1 arcsec, 

stellar target 50% - 1.6 - 2.4 broad band 
filters

H, K 
separately - - 50 CA/PA - 5 years lambda/D s=0.5 - ~400

0.55x0.55 
Min

1x1 goal
~30 0 Relative 0.050 5 years 200 2x200, 5 

years apart 1.00 - - ? - IRIS imager

Luminosity-
metallicity and mass-
metallicity relations 

 Jarah Evslin + 
Matt Taylor SL - V < 24.5

<1 arcsec, 
crowded 

stellar targets
80% - 0.31-1.0 7500 >0.3 ? ? >10 OS <0.5km/s -

Seeing 
limited point 

sources 
- - <20 per 

target <20 - 0 - - -
100s of stars 

per dwarf 
target

~10 1.00 - - ? - WFOS

Luminosity-
metallicity and mass-
metallicity relations 
for dwarf galaxies 

 Jarah Evslin + 
Matt Taylor MCAO - Ks ~ 25

<1 arcsec, 
crowded 

stellar targets
90% - YJHK 1.0-2.4 ~8000 ? ? ?

~3 for each 
individual 

spectra that 
are then 

OS <0.5km/s -
Few arc sec 

between 
stars.

0.75 in Ks - few 10s 2 ~30 0 - - -

several 10s-
100s of stars 

per 10s of 
galaxies

~10 1.00 - - ? - IRMS

Milky Way satellites 
and dark matter 

distribution
DSC 7.6.5

 Jarah Evslin + 
Matt Taylor SL -

V=23 
(classical 

dSph) or 24 
(UFD and 

- - - 0.51-0.52, 
0.84-0.88

>3000 min
5000 ideal 0.05 ? Relative >10/A OS <2.5km/s -

Seeing 
limited point 

sources 
- - 500-

5000/year 124 - 0 - - -

1000 stars 
per galaxy x 

several 
galaxies

50 per galaxy 
x several 
galaxies

Assume 20 

1.00 - -

3,600 
(classical 
dSphs) or 
18,000  

- WFOS

Milky Way satellites 
and dark matter 

distribution
DSC 7.6.5

 Jarah Evslin + 
Matt Taylor SL -

V=23 
(classical 

dSph) or 24 
(UFD and 

- - - 0.32-1 30,000 min
50,000 ideal 0.5 ? Absolute ? OS <1km/s ideal

1 km/s max -
Seeing 

limited point 
sources 

- - - - - - - - -

~100 per 
galaxy x 
several 
galaxies

~100 per 
galaxy x 
several 
galaxies

1.00 - - ? - HROS

Milky Way satellites 
and dark matter 

distribution
DSC 7.6.5

 Jarah Evslin + 
Matt Taylor MCAO -

V=23 
(classical 

dSph) or 24 
(UFD and 

Crowded 
point sources 40.00% - 1.6-2.4 30,000 min

50,000 ideal 0.5 ? Absolute ? OS <1km/s ideal
1 km/s max - ~100 s=0.5 - - - ~30 - - - -

~100 per 
galaxy x 
several 
galaxies

~100 per 
galaxy x 
several 
galaxies

1.00 - - 300 - NIRES

Velocity anisotropy 
of distant Milky Way 

halo: evidence of 
accretion event

 Jarah Evslin + 
Matt Taylor MCAO - H=21 <1 arcsec, 

stellar target
95% average 

over sky ` 1.6 - 2.4 ~5 (broad 
band filters)

H, K 
separately - - 200 CA/PA -

~5 years 
between 

observations
lambda/D s=0.5 - 3x200x33"x3

3"
33"x33" 

minimum ~30 0 Relative 0.020 5 200 200 1.00 5 years - 120 - IRIS imager

The Milky Way halo 
streams and the 

Galaxy’s 
gravitational 

potential
DSC 7.6.7

 Jarah Evslin + 
Matt Taylor SL - V=23 Resolved 

stellar targets - - 0.51-0.52, 
0.84-0.88 >5,000 0.05 ? Relative 20/A OS 3 km/s -

Seeing 
limited point 

sources 
- - 2500 124 - 0 - - - 200 stars

20 with 
multiplicity of 

10
1.00 - - 3600 - WFOS

The Galactic halo 
formation: is the 
Milky Way halo 

formed by 
disrupting accreted 

dwarf galaxies?
DSC 7.6.8

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input
Sivarani will 
take a look 

7/26

SL V<22? <1 arcsec, 
stellar target ?0.32-1.0 ?>40,000 ?

Relative 
(continuum 
normalized 

spectra)

>50 ? ?
Targets are 
single point 

sources

Targets are 
single point 

sources
0 ? ?equal to 

sample size 1.00 ? ?HROS

Nucleosynthesis in 
stars

DSC 7.7.1

Input from 
Wako Aoki

Open for other 
volunteers for 

SL V<20 <1 arcsec, 
stellar target 0.31-1.0 R>50,000 

(90,000� 0.31-0.7

Relative 
(continuum 
normalized 

spectra)

~200 ? ?
Targets are 
single point 

sources

Targets are 
single point 

sources
0 100? equal to 

sample size 1.00 <14400 HROS

Li and Big Bang 
Nucleosynthesis

DSC 7.7.2

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input
Sivarani will 
take a look 

7/26

SL V<22 <1 arcsec, 
stellar target 0.4-1.0

R>50,000 
(90,000� 0.6-0.7

Relative 
(continuum 
normalized 

spectra)

~200 ? ?
Targets are 
single point 

sources

Targets are 
single point 

sources
0 100? equal to 

sample size 1.00 <14400 HROS

C, N, O elements 
and Be puzzle

DSC 7.7.3

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input
Sivarani will 
take a look 

7/26

SL V<20 <1 arcsec, 
stellar target 0.31-1 R=40,000 0.31-0.5

Relative 
(continuum 
normalized 

spectra)

~100 ? ?
Targets are 
single point 

sources

Targets are 
single point 

sources
0 100? equal to 

sample size 1.00 <7200 HROS

C, N, O elements 
and Be puzzle

DSC 7.7.3

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input
Sivarani will 
take a look 

7/26

MCAO ?V<20 <1 arcsec, 
stellar target ?0.8-2.5 R=40,000 1.0-2.5

Relative 
(continuum 
normalized 

spectra)

?~100 ? ?
Targets are 
single point 

sources

Targets are 
single point 

sources
0 100? equal to 

sample size 1.00 ?<7200 NIRES

Isotopic abundance 
ratios and the origin 
of heavy elements

DSC 7.7.4

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input
Sivarani will 
take a look 

7/26

SL V<20 <1 arcsec, 
stellar target 0.35-0.7 R~100,000 0.35-0.7

Relative 
(continuum 
normalized 

spectra)

>200 ? ?
Targets are 
single point 

sources

Targets are 
single point 

sources
0 20? equal to 

sample size 1.00 <14400 HROS

Cosmo-chronometry
DSC 7.7.5

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input
Sivarani will 
take a look 

7/26

SL V<20 <1 arcsec, 
stellar target 0.32-0.7 R>50,000 0.35-0.7

Relative 
(continuum 
normalized 

spectra)

>100 ? ?
Targets are 
single point 

sources

Targets are 
single point 

sources
0 50? equal to 

sample size 1.00 <7200 HROS

Probing the onset of 
AGB stars 

contribution to the 
Galactic chemical 
enrichment using 

isotopic ratios of Mg
DSC 7.8.1

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input
Sivarani will 
take a look 

7/26

SL V<20 <1 arcsec, 
stellar target 0.35-0.7 R~100,000 0.4-0.7

Relative 
(continuum 
normalized 

spectra)

>200 ? ?
Targets are 
single point 

sources

Targets are 
single point 

sources
0 100 equal to 

sample size 1.00 <7200 HROS

Probing chemical 
evolution in Local 

Group dwarf 
galaxies

DSC 7.8.2

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input
Sivarani will 

SL 18<V<21 <1 arcsec, 
stellar target 0.35-1.0 ~50,000 0.4-1.0

Relative 
(continuum 
normalized 

spectra)

100 ? ?
Targets are 
single point 

sources
- 3 - 200? 40? 1.00 14400 HROS

Probing chemical 
evolution in Local 

Group dwarf 
galaxies

DSC 7.8.2

Open for other 
volunteers 
Some input 
from Wako 

Aoki

MCAO - V~20 <1 arcsec, 
stellar target ? - K ~25,000 min K ?

Relative 
(continuum 
normalized 

spectra)

60 ? ? -
Targets are 
single point 

sources
? - -

Targets are 
single point 

sources
~30 - - - - ? ?equal to 

sample size 1.00 ?14400 - NIRES

Abundance 
anomalies in Ultra-
Faint Dwarf galaxies

DSC 7.8.3

Input from 
Wako Aoki

Open for other 
volunteers for 

additional input

SL 16<r<21 <1 arcsec, 
stellar target 0.35-1.0 >15,000 0.4-1.0

Relative 
(continuum 
normalized 

spectra)

>~50 ? ?
Targets are 
single point 

sources
3 0 - - - 100? 20? 1.00 14400 HROS

Abundance 
anomalies in Ultra-
Faint Dwarf galaxies

? SL r=20-21 ?optical ~15,000 ? ~50 ? >3x3 ? WFOS

Resolved stellar 
populations as 

tracers of galaxy 
evolution
DSC 7.8.4

Smitha 
Subramanian
Checks and 

input by others 
are welcome

MCAO

K<28.5 
(crowding 

limited mag. 
for surface 

brightness of 
19.3 

mag/sq.arcse
c)

Stellar 
targets, but 
inner regions 

of target 
galaxies can 

be very 
crowded

75-80% 
averaged 

over entire 
sky

- 0.8-2.4 ~5 (broad 
band filters)

J & K 
separately ?

Relative with 
local 

standards

S/N~5 or 
sufficient for 
10% to 20%

OP

Photometric 
accuracy with 
AO of 10% to 

20%

- lambda/D ?

Photometric 
accuracy with 
AO of 10% to 

20%

~75 each for 
J & K

~1 ideal
~0.3 min

Many fields 
per galaxy

~30 0 to 0.05 - - -

~10 fields 
per galaxy 
per filter

J & K with 
20,000 stars 

per field
15 galaxies

~10 fields 
per galaxy 
per filter

J & K with 
20,000 stars 

per field
15 galaxies

1.00 - -

13 hours of 
integration to 

reach a 
limiting 

magnitude of 
28.5 mag in 

Ks band

- IRIS imager

Reconstructing the 
star formation 

histories of nearby 
galaxies

DSC 7.8.5

Smitha 
Subramanian
Checks and 

input by others 
are welcome

MCAO

K<28.5 
(crowding 

limited mag. 
for surface 

brightness of 
19.3 

mag/sq.arcse

Stellar 
targets, but 
inner regions 

of target 
galaxies can 

be very 
crowded

75-80% 
averaged 

over entire 
sky

- 0.8-2.4 ~5 (broad 
band filters)

J & K 
separately ?

Relative with 
local 

standards

S/N~5 or 
sufficient for 
10% to 20%

OP

Photometric 
accuracy with 
AO of 10% to 

20%

- lambda/D ?

Photometric 
accuracy with 
AO of 10% to 

20%

~75 each for 
J & K

~1 ideal
~0.3 min

Many fields 
per galaxy

~30 0 to 0.05 Relative - -

~10 fields 
per galaxy 
per filter

J & K with 
20,000 stars 

per field
15 galaxies

~10 fields 
per galaxy 
per filter

J & K with 
20,000 stars 

per field
15 galaxies

1.00 - -

13 hours of 
integration to 

reach a 
limiting 

magnitude of 
28.5 mag in 

Ks band

- IRIS imager

Time-resolved 
history of the 

galaxies in the Local 
Volume: the TMT 

era
DSC 7.8.6

Pauline Barmby MCAO ?K<29 50% at 
galactic pole - 0.8-2.4 ~5 (broad 

band filters)
J & K 

separately ? ? <5% - lambda/D <5% ?

~1 ideal
~0.3 min

Many fields 
per galaxy

~30 0 to 0.05 Pauline to 
update

~10 fields 
per galaxy 
per filter

J & K with 
20,000 stars 

per field
15 galaxies

1.00 ? ?IRIS imager

Probing LSB and 
BCD galaxies: star 
formation, chemical 

evolution, dark 
matter

DSC 7.8.7

Mousoumi Das MCAO -
K<29 (for 

extreme LSB 
like Malin1)

Extended  80% - NIR ?IFU 5 ? ? ? ? - 10 ? ?
~5"x5" 

(0.007 sq 
arcmin)

~30 0 to 0.1 relative >10 - ? ? 1.00 - - ? - IRIS IFU

Probing LSB and 
BCD galaxies: star 
formation, chemical 

evolution, dark 
matter

DSC 7.8.7

Mousoumi Das MOAO - M<14 Extended  80% - NIR ?multi-IFU ? ? ? ? 5 km/s - 10 ? ?

3 sq arc min 
patrol field 

for 
deployable 

IFUs

?~20
 Patrol field of 

IFUs may 
remain fixed

relative >10 - ? ? 1.00 - - ? - IRMOS

Resolving Extreme 
Star Formation 
Environments in 

Luminous Infrared 
Galaxies at Low 

Redshift
DSC 7.8.8

Some input 
from Mousoumi 

Das
Open for other 

volunteers

MCAO -

for High-z 
(z~3) LIRGs 

at10^11 
Lsun   For 

local LIR K~9 
(e.g. n6240)

Extended  80% ? 1-2.4
R=4000 
minimum

R=8000 goal
~0.1 ? ? ? - 8 ? ? 10"x10" ideal

3"x3" min ~30 ~0.1 relative >10 - ? ? 1.00 - - ?3600 - IRIS IFU

Resolving Extreme 
Star Formation 
Environments in 

Luminous Infrared 
Galaxies at Low 

Redshift
DSC 7.8.8

Some input 
from Mousoumi 

Das
Open for other 

volunteers

MIRAO - M<11 mag 
(e.g. n6240) Extended  80% ?

mid-IR, N-
band
7-25

?high ?2.5 ? 5 sigma ? < 5 km/s - 70 ? ? 25"x25" ideal
12"x12" min ?~50 ~0.1 relative >10 - ? ? 1.00 - - ? - MICHI IFU

IMF vs environment
DSC 8.2.1 Don Figer

MCAO (IRIS 
Imager) to 

get 
luminosity 
functions

Brightest 
K=10

Faintest 
K=27.5

Point sources NA JHK 5 J, H or K NA rel: 0.05 mag 
error 10 NA 0.05 mag NA

7
diffraction 
limit at J

?0.5 0.05 mag

7.5 in each 
filter

(30x30" 
fields)

Target size 
~30" 15 NA NA NA NA

About 30 
clusters
For each 

cluster, a few 
thousand 

stars in J, H 
& K, plus I if 
extiction is 

low

~30 in each 
filter 1.00 NA NA NA NA ? NA

IRIS Imager 
to get star 

colors

IMF vs environment
DSC 8.2.1 Don Figer

MCAO (IRIS 
IFU) to get 

spectral types

Brightest 
K=10

Faintest 
K=27.5

Point sources NA JHK 4000 J, H or K 80% in 0.01" NA 50 NA 10 km/s NA
7

diffraction 
limit at J

NA NA 0.04
Target size 

~30"
Can be tiled

15 NA NA NA NA

About 30 
clusters
For each 
cluster, 
several 

hundred stars 
in J, H & K

~20x30 tiled 
in each filter 1.00 NA NA NA NA ? NA

IRIS IFU to 
get spectral 

types

Kinematic evolution
DSC 8.2.2

Indulekha 
(same info as 
8.2.1 above)

MCAO (IRIS 
Imager) to 

get 
luminosity 
functions

Brightest 
K=10

Faintest 
K=27.5

Point sources NA JHK 5 J, H or K NA rel: 0.05 mag 
error 10 NA 0.05 mag NA

7
diffraction 
limit at J

NA 0.05 mag

7.5 in each 
filter

(30x30" 
fields)

Target size 
~30" 15 NA Relative ~50 micro 

arc sec > 1 1/2 years

About 30 
clusters
For each 

cluster, a few 
thousand 

stars in J, H 
& K, plus I if 
extiction is 

low

~30 in each 
filter 1 NA NA NA NA

At least 1800 
to 3600 

seconds per 
observation

NA

IRIS Imager 
to get star 

colors - mass 
determination 

as in DSC 
8.2.1 and 

proper 
motions as in 

8.3.2

Kinematic evolution
DSC 8.2.2

Indulekha 
(same info as 
8.2.1 above)

MCAO (IRIS 
IFU) to get 

spectral types

Brightest 
K=10

Faintest 
K=27.5

Point sources NA JHK 4000 J, H or K 80% in 0.01" NA 50 NA 10 km/s NA
7

diffraction 
limit at J

NA NA 0.04
Target size 

~30"
Can be tiled

15 NA NA NA NA

About 30 
clusters
For each 
cluster, 
several 

hundred stars 
in J, H & K

~20x30 tiled 
in each filter 1 NA NA NA NA

At least 1800 
to 3600 

seconds per 
observation

NA

IRIS IFU to 
get spectral 
types - mass 
determination 
a la DSC 8.2.1

Kinematic evolution
DSC 8.2.2

Indulekha and 
Keivan Stassun

MCAO 
(NIRES)

Brightest 
K=10

Faintest 
K=27.5

Point sources NA 1-2.5 100,000 1-2.5 80% in 0.01" Relative 30 OS 0.1 km/s NA 100 NA - - - 15 NA NA NA NA

About 30 
clusters
For each 

cluster, a few 
hundred stars

~300x30 1 NA NA NA NA

At least 1800 
to 3600 

seconds per 
observation

NA

MCAO NIRES 
to get radial 
velocity with 
precision to 

resolve typical 
cluster 

dispersion of 
~1 km/s

GAIA is used 
to get the 

proper motion 
to 1km/s, TMT 
IRIS Imager 
can get to 
0.1km/s

Kinematic evolution
DSC 8.2.2

Indulekha, 
Keivan Stassun 

and Mark 
Giampapa

SL (WFOS)

Brightest 
K=10

Faintest 
K=27.5

Point sources NA 0.31 - 1.0 >2500 min
~5000 ideal

0.4 min 
(0.6-1.0) 95% in 0.4" Relative ~20 OS

0.1 km/s 
from cross-
correlation

NA Seeing 
limited NA NA

100 sq arc 
min for the 

largest 
clusters

~2000 stars 
per cluster

4x4 sq arc 
min min.

9x9 sq arc 
min ideal.

NA
~0.1 to 1.0 

depending on 
FoV

About 30 
clusters, 

~2000 stars 
per cluster

~20 per 
cluster 1.00 NA NA NA NA

At least 1800 
to 3600 

seconds per 
observation

NA

SL (WFOS) to 
get radial 

velocity with 
up to 0.1 

km/s velocity 
resolution

Kinematic evolution
DSC 8.2.2

Keivan Stassun 
and Mark 
Giampapa

MIRAO
MICHI

K = 19 to 
reach 

moderately 
obscured low-
mass brown 
dwarfs at 

ages of few 
Myr at Orion 

distance 
(~400 pc)

Point sources NA 0.8 - 1.6 
micron 100,000

IJH 
individually or 
simultaneous

80% in 0.01" Relative 30 OS 0.1 km/s - 100 NA - - - 30 NA NA NA NA

About 5 
clusters, a 

few hundred 
targets per 

cluster

At least 2-4 
for exploring 
multiplicity in 
each cluster

1 NA NA 1 yr 3/year

At least 1800 
to 3600 

seconds per 
observation

NA

MICHI to get 
precision 

radial 
velocities to 
low-mass 

brown dwarfs 
and resolving 
typical cluster 
dispersion of 

~1 km/s
GAIA is used 

to get the 
proper motion

Multiplicity
DSC 8.2.3 Priya Hasan

MCAO
IRIS Imager
Sec. 8.2.3 
Para. 2, 3

V~5-20 Point sources NA JHK
~5

Broadband 
Imaging

At least 2 
bands 

seperately

Absolute 
using local 
standards

> 100 NA - NA

7AU at 2Kpc
Difraction 

limited at <= 
1 micron

NA 10% absolute 2'x2' ideal
0.4'x0.4' min. 15 ~0.05-0.1

Relative 
between 
binary 

components

~50 micro 
arc sec >2

15-20 
clusters, each 

with a few 
thousand 

stars

20X 20" tiles 
for each filter 1 NA NA NA

1/yr for 3 
years to get 
binary orbit 
constraints

variable NA

MCAO IRIS 
Imager to get 

masses, 
precision 

astrometry 
and velocities

Multiplicity
DSC 8.2.3 Tom Hayward SL (HROS) V ~ 5 - 17 Point Sources NA BVR 50000 BVR 

individually Absolute >100 NA
~10 km/s
(6 km/s 
ideal)

NA 500? - 10% abs - 5" long Slit - NA NA NA NA
~ 5 clusters x 
20 stars per 

cluster?
~200 1 NA NA ~ 7 - 3000 

days
daily to 
annual 60 - 3600 NA HROS 

spectroscopy

Multiplicity
DSC 8.2.3 Tom Hayward MCAO 

(NIRES) H ~ 5 - 17 Point Sources NA JHK 50000 JHK 
individually Absolute >100 NA

~10 km/s
(6 km/s 
ideal)

NA 14 diff limit 
at H 20% 10% abs - 2" long Slit 15? NA NA NA NA

~ 5 clusters x 
20 stars per 

cluster?
~200 1 NA NA ~ 7 - 3000 

days
daily to 
annual 60 - 3600 NA NIRES 

Spectroscopy

Multiplicity
DSC 8.2.3 Tom Hayward ExAO ? Point Sources NA JHK ? JHK 

individually Absolute >10 NA ~0.1 mag NA 14 80% 10% abs ~ 5 x 5" - NA Relative Many years, 
sep & PA ~100 ~100 1 NA NA many years ~ annual NA PFI

Multiplicity
DSC 8.2.3 Tom Hayward MIRAO 

Imaging ? Point Sources NA LMNQ LMNQ 
individually Absolute >10 NA ~0.1 mag NA 133 10% abs ~ 5 x 5" 15? NA Relative Many years, 

sep & PA ~100 ~100 1 NA NA many years ~ annual 600? NA MICHI 
Imaging, IFU

Multiplicity
DSC 8.2.3 Tom Hayward MIRAO Spect ? Point Sources NA LMNQ ??high LMNQ 

individually Absolute >10 NA ~0.1 mag NA 133 10% abs 5" long slit 15? NA Relative NA ~100 ~100 1 NA NA days to years daily to 
annual 600? NA MICHI Hi-res 

spectroscopy

Formation of High-
Mass Stars
DSC 8.3.1

Ryan Lau and 
Mizuho 

Uchiyama

MCAO 
preferably 

with 
coronograph

Typically K 
<=15, J <= 

17

Non-
extended NA J, H, K Broadband 

Imaging
JHK 

individually Absolute >10 NA ~0.1 mag few years 7 - 10% abs ~sq arcmin ~5 x 5 '' - 0 - - Few years ~100 ~100 1.00 - - few years
observations 
a few years 

apart
?

IRIS Imager, 
ideally with 
coronograph

Formation of High-
Mass Stars
DSC 8.3.1

Ryan Lau and 
Mizuho 

Uchiyama

MIRAO 
preferably 

with 
coronograph

~1 - 100 Jy extended NA L, M, N, Q Broadband 
Imaging

LMNQ 
individually Absolute >10 NA ~0.1 mag few years 33 - 10% abs ~sq arcmin ~5 x 5 '' - 0 - - Few years ~100 ~100 1.00 - - few years

observations 
a few years 

apart
?

bMICHI 
Imager ideally 

with 
coronograph

Formation of High-
Mass Stars
DSC 8.3.1

Ryan Lau and 
Mizuho 

Uchiyama

MIRAO with 
>30" 

chopping
~1 - 100 Jy extended NA L, M, N, Q Broadband 

Imaging
LMNG 

individually Absolute >10 NA ~0.1 mag few years 165 - 10% abs
5 x 5' (size of 
massive HII 

region)
30 x 30'' - 0 - - Few years ~100 ~100 1.00 - - few years

observations 
a few years 

apart
?

Long 
wavelength 

MIR imaging. 
>30 arcsec 
chop throw 

would be ideal

Formation of High-
Mass Stars
DSC 8.3.1

Ryan Lau and 
Mizuho 

Uchiyama

MCAO
IFU

typically K 
<= 15

Non-
extended NA J, H, K 9000 2 - 2.4 

microns Absolute >10 NA ~1 km/s few years 7 - 1% rel ~sq arcmin ~5 x 5 '' - 0 - - Few years ~100 ~100 1.00 - - few years
observations 
a few years 

apart
? IRIS IFU

Formation of High-
Mass Stars
DSC 8.3.1

Ryan Lau and 
Mizuho 

Uchiyama
MIRAO >~1 Jy Non-

extended NA L & N 30,000 ~12.8 um 
line Absolute >10 NA ~0.1 km/s few years 66 - 1% rel ~sq arcmin ~5 x 5 '' - 0 - - Few years ~100 ~100 1.00 - - few years

observations 
a few years 

apart
? MIR 

Spectrometer

Formation of Brown 
Dwarfs and 

Planetary-mass 
objects

DSC 8.3.2

Peregrine 
McGehee

MCAO (IRIS 
IFU) K = 13 to 21 Point Sources NA NA 1-2.5 4000 K 80% in 0.01" Absolute >10 OS ~10 km/s NA Diffraction 

limit at K 0.8 at K < 1% abs ? ~0.5"x0.5" 30 max
15 ideal - - - ~10

~30 star 
formation 
regions

? 1.00 - - - - ? - Possibly NIR 
IFU or MOS

Formation of Brown 
Dwarfs and 

Planetary-mass 
objects

DSC 8.3.2

Peregrine 
McGehee

MCAO (IRIS 
Imager) K = 19 to 27 Point Sources NA NA J, H, K Broadband 

Imaging K 80% in 0.01" Absolute >10 OP ~0.01 mag NA Diffraction 
limit at K 0.8 at K < 1% abs 40 to 150 ~33"x33" 30 max

15 ideal - Relative ~50 micro 
arc sec ~10

~30 star 
formation 
regions

500-800 
fields for 
each SFR

1.00 - - 10 3 years ? -
Possibly NIR 
multicolor 
imaging

Planet formation vs. 
host star properties

DSC 8.5.1

Misato 
Fukagawa + 

Lalitha Sairam
exAO NIR (K) ~10mag J-K

extended 
based on 

protoplanetar
y disc

Typically 5%, 
up to 10-25% K 4000 K Absolute

10 per pixel 
for typical 
target with 

H~17

ADI few km/s few years
<15@K for 

30 mas inner 
working angle 

?S = 0.9

?C = 106 1% relative ~0.05 ~1"x1" - 0 - - few years ~50 ~50x3 1.00 - - few years ~1 yr ? -
PFI or IRIS 
IFU with 

coronagraph

Planet formation vs. 
host star properties

DSC 8.5.1

Misato 
Fukagawa + 

Lalitha Sairam

exAO MIR (L)
(bMICHI) ~10mag J-K extended typically 5% 

L L 4000 L Absolute >10 per pixel ADI few km/s few years

<24@L for 70 
mas inner 

working angle 
requirement

?S = 0.9

?C = 106 1% relative ~0.2 ~2"x2" - 0 - - few years ~50 ~50x3 1.00 - - few years ~1 yr ? -

bMICHI with 
coronograph 

would be 
optimum

Gas dissipation 
timescales
DSC 8.5.2

Misato 
Fukagawa

MIRAO high 
spectral 

resolution IFU

~0.1 Jy at 5 
and 12 

micron for 
cont, need 

line 
sensitivity of 
1E-19 W/m2 

(for total, 
FWHM~5-40 

km/s)

Non-
extended

Up to a few 
% 4 - 13 (L, N) ~30,000

0.02 microns 
to cover [Ne 
II] 12.8, CO 
4.7 micron, 
individually

? Absolute >10 OS 10 km/s NA <100 NA 10% absolute ~0.5 ~0.001 
(~2"x2") ~30 0 NA NA NA 500 500 1.00 NA NA NA NA ~3600 NA

MIRES/NIRES - 
bMICHI

PWV < 1 mm 
at least 10% 

of time is 
desirable

Site elevation 
> 2440m

Resolution and 
Strehl are 
really for 

spectroscopic 
efficiency

Star Clusters
DSC 7.3

The First Stars
DSC 7.4

The Structure of 
the Milky Way 
and Nearby 

Galaxies
DSC 7.5

Stellar 
Astrophysics

DSC 7.1

Kinematics and 
Dynamics of the 
Milky Way and 

Nearby Galaxies
DSC 7.6

COEVOLUTION 
OF 

SUPERMASSIVE 
BLACK HOLES 

AND GALAXIES; 
AGN FUELING 

AND FEEDBACK
DSC 6.3

Star formation 
at the extreme 

ends of the 
mass function

DSC 8.3

Conditions for 
Planet Formation

DSC 8.5

Chemical 
evolution: The 

Milky Way, Local 
Group and 

nearby galaxies
DSC 7.8

Developing a 
predictive theory 
of star formation

DSC 8.2

Cosmic 
Chemistry
DSC 7.7

Binary 
Population: The 

Binary 
Frequency of 
Field Stars
DSC 7.2

Gas dissipation 
timescales
DSC 8.5.2

Misato 
Fukagawa

MIRAO high 
spectral 

resolution IFU

~0.1 Jy at 5 
and 12 

micron for 
cont, need 

line 
sensitivity of 
1E-19 W/m2 

(for total, 
FWHM~5-40 

km/s)

Non-
extended

Up to a few 
% 4 - 13 (L, N) ~100,000

0.02 microns 
to cover [Ne 
II] 12.8, CO 
4.7 micron, 
individually

? Absolute >10 OS, PA 3 km/s Many years <100 >50% strehl 
ideally

?<10% 
relative ~0.1 ~0.001 

(~2"x2") ~30 0 Relative <1 mas Many years
100 (shared 
with program 

8.7)
300 1.00 NA NA Months to 

many years
At least once 

per year ~3600 NA

MIRES/NIRES - 
bMICHI

PWV < 1 mm 
at least 10% 

of time is 
desirable

Site elevation 
> 2440m

Resolution and 
Strehl are 
really for 

spectroscopic 
efficiency

Disk Structure by 
Planets

DSC 8.6.1
Takayuki Muto MIRAO

~10mag in J-
K (star)

~0.1 
mJy/asec^2 

(disk)

2 arcsec faint 
disk with 

bright central 
star

May need 
LGS for 

fainter central 
stars

50% at 
Galactic pole Up to 5% 4 - 13

20-100
multiband 
imaging, 

ideally with 
polarimetry

Imaging 
science

~99.9% in 
0.1sec Absolute

>10 per pixel 
minimum
>100 ideal

ADI
DP possibly 1uJy Few years <100-10

400x0.007=3 
sq arcmin
(for survey 

scale 
programs, 

e.g., Taurus.)

0.007
(5x5 arcsec 

extent of one 
disk)

- 0 - - Goal 10 years
Requ.6 years 400 400 1.00 Few years

Observations 
a few years 

apart
10800 Requ. 0.1%

Goal 0.02%

MIRES imager 
mode - 
bMICHI

PWV < 1 mm 
at least 10% 

of time is 
desirable

Site elevation 
> 2440m

Resolution and 
Strehl are 
really for 

spectroscopic 
efficiency

Disk Structure by 
Planets

DSC 8.6.1
Takayuki Muto ExAO with 

LGS

~10mag in J-
K (star)

~0.1 
mJy/asec^2 

(disk)
J~28 for 
planet

2 arcsec faint 
disk with 

bright central 
star

Disk may be 
up to 5 
arcsec 

diameter
May need 
LGS for 

fainter central 
stars

50% at 
Galactic pole Up to 5% Y, J, H, K

~20 filter
17 to 70 JHK 

IFU
Up to 70,000

0.3 min 
(imaging)

0.9-2.4 ideal 
(IFU)

~99.9% in 
0.1sec Absolute

>10 per pixel 
minimum
>100 ideal

ADI

0.1 km/s
vKep=10km/
s at 10AU, 

but may not 
need to 

resolve the 
full 

spectroscopic 
feature

1uJy
1mJy/asec^2 

* 
(0.1asec)^2 / 

(10=S/N)

Few years <10 ~1% relative

400x0.007=3 
sq arcmin
(for survey 

scale 
programs, 

e.g., Taurus.)

0.007
(5x5 arcsec 

extent of one 
disk)

- 0 - - Goal 10 years
Requ.6 years 400 400 1.00 Few years

Observations 
a few years 

apart
10800 - PFI/SEIT with 

LGS

Disk Structure by 
Planets

DSC 8.6.1
Takayuki Muto ExAO with 

polarimetry

~10mag in J-
K (star)

~0.1 
mJy/asec^2 

(disk)
H~28 for 

planet

2 arcsec faint 
disk with 

bright central 
star

May need 
LGS for 

fainter central 
stars

50% at 
Galactic pole Up to 5% Y, J, H, K

~20 filter
17 to 70 JHK 

IFU
Up to 70,000

0.3 min 
(imaging)

0.9-2.4 ideal 
(IFU)

~99.9% in 
0.1sec Absolute

>10 per pixel 
minimum
>100 ideal

ADI
DP possibly

0.1 km/s
vKep=10km/
s at 10AU, 

but may not 
need to 

resolve the 
full 

spectroscopic 
feature

1uJy
1mJy/asec^2 

* 
(0.1asec)^2 / 

(10=S/N)

Few years <10

400x0.007=3 
sq arcmin
(for survey 

scale 
programs, 

e.g., Taurus.)

0.007
(5x5 arcsec 

extent of one 
disk)

- 0 - - Goal 10 years
Requ.6 years 400 400 1.00 Few years

Observations 
a few years 

apart
10800 Requ. 0.1%

Goal 0.02% PFI/SEIT

Growth of Planets
DSC 8.7

Misato 
Fukagawa

NGSAO/MCA
O/ExAO

~40-90 mJy 
in cont., 1E-
22 W/m2 for 

total line

Non-
extended - up to 5 % 1 - 2.5 ~4000

1 - 2.5 
micron ideal 
(IFU) (Paβ, 

Brγ)
JHK 

separately 
min

? Absolute >10 OS (,SDI) ? Many years ~10 >~50% 
ideally

<10% 
absolute 0.2 ~0.001 

(~2"x2") - 0 Relative <~1 mas Many years 200 300 1.00 - - a month to 
many years

months ~ 
many years 

apart (if 
detected at 

the first 
epoch)

~3600 NA IRISImager/ 
IFU or PFI

Growth of Planets
DSC 8.7

Misato 
Fukagawa MIRAO

~0.1 Jy at 5 
and 12 

micron for 
cont, need 

line 
sensitivity of 
1E-19 W/m2 

(for total, 
FWHM~5-40 

km/s)

Non-
extended - up to a few 

% 4 - 13 (L, N) ~100,000

[Ne II] 12.8, 
CO 4.7 
micron,

individually

? Absolute >10 OS,PA 3 km/s Many years <100 >~50% 
ideally

<10% 
relative 0.2 ~0.001 

(~2"x2") - 0 Relative <1 mas Many years 200 (shared 
with 8.5.2) 600 1.00 - -

few months 
to many 

years

at least once 
per year ~3600 NA

"MIRES/NIRES 
- bMICHI

PWV < 1 mm 
at least 10% 

of time is 
desirable

Site elevation 
> 2440m

Resolution and 
Strehl are 
really for 

spectroscopic 
efficiency"

Growth of Planets
DSC 8.7

Misato 
Fukagawa MIRAO ~0.1 Jy in N Non-

extended - up to a few 
%

N min
N & Q ideal Imaging N (,Q)

individually ? Absolute 10
PSF 

subtraction, 
deconvolution

? Many years <100 - 10-20% 
absolute 0.35 ~0.007 

(~5"x5") - 0 Relative ~30 mas Many years 50 50 1.00 - - 1 year to 
many years

one ~ many 
years apart 
(if detected 
at the first 

epoch)

~3600 NA MICHI Imager

Snowline and 
Beyond

DSC 8.8.1

Mitsuhiko 
Honda

MIRAO with 
coronograph -

>14 
mag/arcsec^
2 in L-band

<1 - >1% L L,M,N(,Q) 10-100 IMG./Low-R 
SPC. ? ? >10 ADI - Few years ~0.03 >0.5(S) ? ~0.25 ~0.0025

often object 
itself can be 
used as AO 
guide star

- Absolute ? Few years 100 100 1.00 - - Few years
Observations 
a few years 

apart
? ~0.5%

bMICHI IFU or 
Imager with a 
set of narrow 
band filters

Snowline and 
Beyond

DSC 8.8.1

Mitsuhiko 
Honda ExAO -

>18 
mag/arcsec^
2 in K-band

<1 - >1% L H & K 10-100 IMG./Low-R 
SPC. ? ? >10 ADI - Few years ~0.03 >0.5(S) ? ~0.25 ~0.0025

often object 
itself can be 
used as AO 
guide star

- Absolute ? Few years 100 100 1.00 - - Few years
Observations 
a few years 

apart
? ~0.5% IRIS IFU or 

Imager or PFI

Snowline and 
Beyond

DSC 8.8.1

Mitsuhiko 
Honda

MIRAO
bMICHI -

>14 
mag/arcsec^
2 in L-band

<1 - >1% L L,M,N(,Q) 100,000 High-R SPC. 
single band ? ?Absolute >10 ? ? Few years ~0.03 >0.5(S) - ~0.25

~0.0025 
made of 140 
0.022" wide 

slices

often object 
itself can be 
used as AO 
guide star

- - - - 100 100 1.00 - - Few years
Observations 
a few years 

apart
? - bMICHI 

spectrometer

Snowline and 
Beyond

DSC 8.8.1

Mitsuhiko 
Honda

MCAO 
(NIRES) -

>18 
mag/arcsec^
2 in K-band

<1 - >1% L H & K 100,000 High-R SPC. 
single band ? ?Absolute >10 ? ? Few years ~0.03 >0.5(S) - ~0.25

~0.0025 
made of 300 
0.01" wide 

slices

often object 
itself can be 
used as AO 
guide star

- - - - 100 100 1.00 - - Few years
Observations 
a few years 

apart
? - NIRES

Formation and 
Evolution of Pre-
biotic molecules

DSC 8.8.2

? MIRAO ? ?<1 ? 7 - 14 Both 10,000 
and 100,000 ? ? ? ? ? 3 km/s ~0.03 ? ~0.0025 0 100 100 1.00 ? 7200

MIRES
Max PVW < 5 

mm
Resolution and 

Strehl are 
really for 

spectroscopic 
efficiency

Formation and 
Evolution of Pre-
biotic molecules

DSC 8.8.2

Matt Richter MIRAO
bMICHI - 30 mJy in N <1

Targets along 
galactic 

plane, plenty 
of guide stars

NA

2.85 to 13.7 
microns req.  
To 20 um as 

goal

50,000 to 
100,000

L, M & N 
seperately Strehl > 50% Relative 30 to 300

SS, OS, SDI, 
spectro-

astrometry
0.3 -

Diffraction 
limited from 

2.85 and 
longer

>0.5(S) <20% 
absolute - ~0.0025

NA
Target used 
as guide star

- Relative 0.100
Single target 
observed for 

8 hours

~100 target, 
multiple 

observations 
per target

~300
Multiple 

observations 
per target

1.00 - - - - 600 to 7200 
seconds - bMICHI 

spectrometer

Characterizing high-
z Type Ia 

Supernovae: 
Towards a Better 
Standard Candle

DSC 9.1.1

Masaomi 
Tanaka MCAO - H ~ 24

Host galaxy 
seen in some 

cases

50% averged 
over entire 

sky
< 1% 1-2.4 ~2000 1-2.4

MCAO 
80%/0.06 

arcsec
Absolute flux >20 SS 0.2mag several 

months ~60 NA 3% relative

~0.03 for 1 
observation 

of 100 
targets

~1/3600 - - - - - 100

5000 over 
several 

months for 
100 targets

1.00 60 to 180 
minutes - a few months

1 observation 
every few 

days
1800 -

IRIS IFU
Gives host 

galaxy 
information 
such as SFR 

as well as SNE 
spectrum

Characterizing high-
z Type Ia 

Supernovae: 
Towards a Better 
Standard Candle

DSC 9.1.1

Masaomi 
Tanaka MCAO - H ~ 24 non-extended 

point source

50% averged 
over entire 

sky
< 1% 1-2.4 ~1000 1-2.4

MCAO 
80%/0.06 

arcsec
Absolute flux >20 OS 0.2mag several 

months ~60 NA 3% relative - 8" slit length - - - - - 100

5000 over 
several 

months for 
100 targets

1.00 60 to 180 
minutes - a few months

1 observation 
every few 

days
1800 - IRMS

Unveiling The 
Explosion 

Mechanism of Type 
Ia Supernovae

DSC 9.1.2

Keiichi Maeda
MCAO (IRIS 

IFU)
ToO

H ~ 21- 22 non-extended 
point source 50% < 1% J for Mg, but 

J-K prefered >1000 J/H/K > 20 ~ 20 as the 
initial case

~ 100 (5 
epochs each)

same night
<4hrs week

2 obs / day to 
1 obs per few 

days
1800 IRIS IFU

Unveiling The 
Explosion 

Mechanism of Type 
Ia Supernovae

DSC 9.1.2

Keiichi Maeda MCAO (IRMS)
ToO H ~ 21 - 22 non-extended 

point source 50% < 1% J for Mg, but 
J-K prefered >1000 J/H/K > 20 ~ 20 as the 

initial case
~ 100 (5 

epochs each)
same night

<4hrs week
2 obs / day to 
1 obs per few 

days
1800 IRMS 

spectroscopy

Unveiling The 
Explosion 

Mechanism of Type 
Ia Supernovae

DSC 9.1.2

Keiichi Maeda SL (WFOS)
ToO V ~ 21 - 22 non-extended 

point source 50% < 1% 0.33-1.0 >700 0.33-1.0 > 20 ~ 20 as the 
initial case

~ 100 (5 
epochs each)

same night
<4hrs week

2 obs / day to 
1 obs per few 

days
1800 WFOS

Unveiling The 
Explosion 

Mechanism of Type 
Ia Supernovae

DSC 9.1.2

Keiichi Maeda
MCAO (IRIS 

IFU)
Late-time

H ~ 24 non-extended 
point source 50% < 1% J, H for Fe > 700 J/H/K > 20 ~ 20 as the 

initial case
~ 40 (2  

epochs each) Not required ~ 2 year 2 obs / year 3600 IRIS IFU

Unveiling The 
Explosion 

Mechanism of Type 
Ia Supernovae

DSC 9.1.2

Keiichi Maeda MCAO (IRMS)
Late-time H ~ 24 non-extended 

point source 50% < 1% J, H for Fe > 700 J/H/K > 20 ~ 20 as the 
initial case

~ 40 (2 
epochs each) Not required ~ 2 year 2 obs / year 3600 IRMS 

spectroscopy

Unveiling The 
Explosion 

Mechanism of Type 
Ia Supernovae

DSC 9.1.2

Keiichi Maeda SL (WFOS)
Late-time V ~ 23 non-extended 

point source 50% < 1% 0.33-1.0 > 700 0.33-1.0 > 20 ~ 20 as the 
initial case

~ 60 (3 
epochs each) Not required ~ 3 year 2 obs/ year 3600

250 SNIa at 1 
< z < 3 + 

host galaxy 
properties

WFOS

Identifying The 
Shock Breakout 
of Core-Collapse 

Supernovae
DSC 9.2

Identifying The 
Shock Breakout of 

Core-Collapse 
Supernovae

DSC 9.2

Nozomu 
Tominaga and 
Pete Roming

SL
ToO g'<27.5 non-extended 

point source

One seeing 
limited target 

per FOV
100%

NA 0.3-1.0 <500 0.7

Seeing 
limited

80%/0.4 
arcsec

Absolute flux >20 OS 0.2mag several 
months NA NA

1% absolute 
flux 

calibration

local 
standards are 

needed

local 
standards are 

needed
NA 0 absolute 50.000 several 

months 250 250 1.00

<1 hour 
(ideally)

<1 night (at 
least)

NA 4 nights

1-2 hour 
sampling 

during nights 
1 to 4

~1800sec NA WFOS

Tracing the high-z 
Universe with 
Supernovae

DSC 9.3

Nozomu 
Tominaga and 
Pete Roming

SL
ToO g'<27.5 non-extended 

point source

One seeing 
limited target 

per FOV
100%

NA 0.3-1.0 <500 0.7

Seeing 
limited 

80%/0.4 
arcsec

Absolute flux >20 OS 0.2mag several years NA NA
1% absolute 

flux 
calibration

local 
standards are 

needed

local 
standards are 

needed
NA 0 absolute 50.000 several years 200 200 1.00

<10 days
(<10 days for 

high z)
(<1 day for 

low z)

NA <1 year Single 
observation ? NA WFOS

Tracing the high-z 
Universe with 
Supernovae

DSC 9.3

Nozomu 
Tominaga

MCAO
ToO J~26.0 non-extended 

point source

One AO 
target per 

FOV
>50%

NA 0.3-2.5 <500 0.4
MCAO 

80%/0.06 
arcsec

Absolute flux >20 OS 0.2mag several years NA Not a driving 
requirement

1% absolute 
flux 

calibration

local 
standards are 

needed

local 
standards are 

needed

Not a driving 
requirement 0 absolute 50.000 several years 200 200 1.00 NA <1 year Single 

observation ? NA IRMS 
spectroscopy

Characterizing 
the 

Circumstellar 
environment 

around 
Supernovae - 
Clues to the 

Identity of the 
Progenitor 
Systems
DSC 9.4

Characterizing the 
Circumstellar 

environment around 
Supernovae - Clues 
to the Identity of 
the Progenitor 

Systems
DSC 9.4

Keiichi Maeda SL R~19.0-20.0 non-extended 
point source 50% < 1 % 0.33-1.0 ~7500

Full range 
0.33 to 1.0 

simultaneousl
y

> 20 ~ 10 as the 
initical case

~ 30 (3 
epochs each) 1.00 ~1 day week once in 1-2 

days 3600 WFOS

Identification and 
Investigation of 

Gravitational-Wave 
Sources
DSC 9.5

Varun Bhalereo 
(Nino also 

contributing)
SL 22-25 in i & z not extended 

point source N/A 0.33-1.0 ~500 0.33-1.0

Seeing 
limited

80%/0.4 
arcsec

absolute >10 OS 400km/s N/A 10 N/A 3% relative 0 relative 20 300 1.00 <1 day 1-2days 15 days Once per day 1800-3600 WFOS

Identification and 
Investigation of 

Gravitational-Wave 
Sources
DSC 9.5

Varun Bhalereo 
(Nino also 

contributing)

MCAO (IRIS 
IFU)
ToO

21-24 in JHK not extended 
point source N/A 0.8-2.4

~2000 
minimum

~4000 ideal
0.8-2.4

Seeing 
limited

80%/0.4 
arcsec

relative >20 OS 50km/s N/A 10 N/A 3% relative ? relative 20 300 1.00 <1 day 1-2days 15 days Once per day 1800-3600 IRIS IFU

Understanding 
Progenitors of 

Gamma-ray Bursts: 
Connection to 

Supernovae and 
Kilonovae
DSC 9.6

Masaomi 
Tanaka

MCAO (IRIS 
IFU)
ToO

23-26 in JHK non-extended 
point source NA 0.8-2.4 ~1000 0.8-2.4

MCAO 
80%/0.06 

arcsec
Absolute 20 OP, OS Better than 

500 km/s NA NA NA 3% relative 0 relative 50.000 NA 20 20 1.00 <1 day 30 days Once per day 3600 sec

IRIS IFU
short GRBs 
and high-z 
long GRBs

 

Understanding 
Progenitors of 

Gamma-ray Bursts: 
Connection to 

Supernovae and 
Kilonovae
DSC 9.6

Masaomi 
Tanaka

SL (WFOS)
ToO griz < 26 non-extended 

point source NA 0.33-1.1 ~600 0.3-1.0

Seeing 
limited

80%/0.4 
arcsec

Absolute 20 OP, OS Better than 
500 km/s NA NA NA 3% relative relative 50.000 NA 20 20 1.00 <1 day 30 days Once per day 3600 sec

WFOS
low-z long 

GRBs

Probing The 
High-z Universe 
with Gamma-ray 

Bursts
DSC 9.7

Probing The High-z 
Universe with 

Gamma-ray Bursts
DSC 9.7

Nino Cucchiara 
and Pete 
Roming

MCAO ToO R~20-22, 
JHK~19-21

NIR
(0.7-2.5 
microns)

~100
(1000)

(0.7-2.5 
microns goal)

0.8-2.4 
microns 
required

20 OP, OS Relative ~5 minutes 2 days

1-4 
observation 
within first 
hour, 1-2 
within the 
following 2 

days

~10 seconds 1%(L),0.5%(
C) IRIS IFU

Studying Tidal 
Disruption Events 
and Supermassive 

Black Holes
DSC 9.8

Masaomi 
Tanaka

MCAO (IRIS 
Imager)

ToO
JHK < 24 non-extended 

point source NA NIR Imaging J or H or K 10 Relative 50.000 NA 50 50 1.00 ~ 10 days NA

Single 
observation 
to search for 
TDE location

3600 sec

IRIS Imager
measure the 

accurate 
position

Studying Tidal 
Disruption Events 
and Supermassive 

Black Holes
DSC 9.8

Masaomi 
Tanaka

SL (WFOS)
ToO griz < 26 non-extended 

point source NA Optical ~2000 0.3-1.0 Absolute 20 OP, OS Better than 
500 km/s 50 50 1.00 ~ 1 hour

365 days 
(few days to 

a few 
months)

Initially 2 
hours and 

slowing to 2 
days

3600 sec WFOS
follow-up

Time domain studies 
of AGN and Blazar 

Variability
DSC 9.9

Enrigue Lopez-
Rodriguez SL 70% 

minimum

(17-20 in R)
To the 

sensitivity 
limit of TMT 

at these 
wavelengths

Host galaxy 
seen in some 

cases
All-sky 0-30%L Optical

(~500)
Spectro-

polarimetry
0.3-1.0

Seeing 
limited

80% in 0.4"
retaltive >382 SS Better than 

1000km/s

>1 yr 
minimum

~5 yr ideally
NA NA 1% absolute - - - - - - - 20 2400 total for 

20 targets 1.00 NA Simultaneous 
with CTA 8 hours

Few minutes
3 minutes 

ideally
(0.5%L)

Optical 
spectro-

polarimeter

Time domain studies 
of AGN and Blazar 

Variability
DSC 9.9

Enrigue Lopez-
Rodriguez MCAO 70% 

minimum

(15-18 in 
JHK)

To the 
sensitivity 

limit of TMT 
at these 

wavelengths

Host galaxy 
seen in some 

cases
All-sky 0-30%L NIR

(~500)
Spectro-

polarimetry
1.0-2.4 AO obs. 

80% in PSF relative >382 SS Better than 
1000km/s

>1 yr 
minimum

~5 yr ideally
NA NA 1% absolute - - - - - - - 20 2400 total for 

20 targets 1.00 NA Simultaneous 
with CTA 8 hours

Few minutes
3 minutes 

ideally
(0.5%L) NIR spectro-

polarimeter

Time domain studies 
of AGN and Blazar 

Variability
DSC 9.9

Vishal Kasliwal
With input 

from Ashish 
Mahabal

SL

As faint as 
the detection 

limit with 
TMT

Host galaxy 
seen in some 

cases
Variable Optical

Spectro-
photometry
Moderate

Better than 
1000 km/s

Stochastic 
(min to 
years)

1% relative 8 hours

Few minutes 
required

Few seconds 
is very useful

Optical 
spectro-

photometry

Time domain studies 
of AGN and Blazar 

Variability
DSC 9.9

Vishal Kasliwal
With input 

from Ashish 
Mahabal

MCAO

As faint as 
the detection 

limit with 
TMT

Host galaxy 
seen in some 

cases
Variable NIR

Spectro-
photometry

?~1000

Better than 
1000 km/s

Stochastic 
(min to 
years)

1% relative 8 hours

Few minutes 
required

Few seconds 
is very useful

NIR spectro-
photometry

Investigating the 
Dissipative Process 

in Cataclysmic 
Variable Accretion 

Discs and Disc 
Evolution During 
Outburst Cycles

DSC 9.10.1

Warren 
Skidmore SL

Ideal 90%
Minimum 

25%

V~17.5
Some as 
bright as 

V~15

non-extended 
point source

50% averged 
over entire 

sky
<4% 0.33-1.0 4000 min

8000 ideal 0.33-1.0

Seeing 
limited

80%/0.4 
arcsec

Absolute ~100 OS 75 km/s 1 night NA NA
1% absolute 

flux 
calibration

- - - - - - - 20 20 1.00 >2 hrs

5 minutes for 
start/end of 
20 minute 
run around 

eclipse

Multiple sets 
of 2 to 5 hour 
observations 
spread over 

several 
months

1 visit per 
week

50ms 
required

20ms ideal
NA

Optical 
spectro-

photometry - 
WFOS

Investigating the 
Dissipative Process 

in Cataclysmic 
Variable Accretion 

Discs and Disc 
Evolution During 
Outburst Cycles

DSC 9.10.1

Warren 
Skidmore SL

Ideal 90%
Minimum 

25%
V~15 non-extended 

point source

50% averged 
over entire 

sky
<4% 0.33-1.0 40,000 min

110,000 ideal 0.33-1.0

Seeing 
limited

80%/0.4 
arcsec

Absolute ~100 OS 30 km/s 1 night NA NA
1% absolute 

flux 
calibration

- - - - - - - 10 10 1.00 >2 hrs

5 minutes for 
start/end of 
20 minute 
run around 

eclipse

Multiple sets 
of 2 to 5 hour 
observations 
spread over 

several 
months

1 visit per 
week

50ms 
required

20ms ideal
NA

Optical 
spectro-

photometry - 
HROS

Revealing the 
Geometry and 
Populations of 

Classical Novae
DSC 9.10.2

Anupama, 
Kamath, Guy, 

Paula
MCAO K>15 Non-

extended All-sky <4% NIR
Spectro-

photometry
5000-30,000

1.0-2.5

seeing limited 
80%/0.4 

arcsecSeeing 
limited 

80%/0.4 
arcsec

Absolute ~50 SS 100 km/s
5-10% 

absolute flux 
calibration

? 1.00 ~4 hrs ToO 180 days

Every 1-5 
days 

(depending 
on the nova 
speed class)

? ?

Optical and 
NIR 

photometry 
and 

spectroscopy

Revealing the 
Geometry and 
Populations of 

Classical Novae
DSC 9.10.2

Anupama, 
Kamath, Guy, 

Paula
SL V>15 Non-

extended All-sky <4% 0.33-1.0
Spectro-

photometry
5000-30,000

0.33-1.0

seeing limited 
80%/0.4 

arcsecSeeing 
limited 

80%/0.4 
arcsec

Absolute ~50 SS 100 km/s
5-10% 

absolute flux 
calibration

? 1.00 ~4 hrs ToO 180 days

Every 1-5 
days 

(depending 
on the nova 
speed class)

? ? HROS / NIRES

Revealing the 
Geometry and 
Populations of 

Classical Novae
DSC 9.10.2

Anupama, 
Kamath, Guy, 

Paula
MCAO K>15 Non-

extended All-sky <4% NIR
Spectro-

polarimetry
5000-30,000

1.0-2.5

seeing limited 
80%/0.4 

arcsecSeeing 
limited 

80%/0.4 
arcsec

Absolute ~50 SS 100 km/s
5-10% 

absolute flux 
calibration

? 1.00 ~4 hrs ToO 180 days

Every 1-5 
days 

(depending 
on the nova 
speed class)

? 0.1%L Optical / IR 
polarimetry

Revealing the 
Geometry and 
Populations of 

Classical Novae
DSC 9.10.2

Anupama, 
Kamath, Guy, 

Paula
SL V>15 Non-

extended All-sky <4% 0.33-1.0
Spectro-

polarimetry
5000-30,000

0.33-1.0

seeing limited 
80%/0.4 

arcsecSeeing 
limited 

80%/0.4 
arcsec

Absolute ~50 SS 100 km/s
5-10% 

absolute flux 
calibration

? 1.00 ~4 hrs ToO 180 days

Every 1-5 
days 

(depending 
on the nova 
speed class)

? 0.1%L
Optical /IR 

spectropolari
metry

Revealing the 
Geometry and 
Populations of 

Classical Novae
DSC 9.10.2

Anupama, 
Kamath, Guy, 

Paula

ExAO 
(>=10mas 

mask)
ToOExAO 

(>=10mas 
mask)
ToO

m>11 ?? All-sky <4% 0.33-2.5 IFU? Around 6563 Diffraction 
limited ? ? ?200 km/s

5 for 
>=10mas 

mask
0 ? 1.00 <24  hrs ~15 days 

from outburst 180 days

Every 2 - 15 
days 

(depending 
on the nova 
speed class)

? ?

ExAO/PFI 
>=10 mas 

mask
?1st light 

coronographE
xAO/PFI >=10 

mas mask
?1st light 

coronograph

Revealing the 
Geometry and 
Populations of 

Classical Novae
DSC 9.10.2

Anupama, 
Kamath, Guy, 

Paula
SL m>15 Non-

extended All-sky <4% 0.33-2.5 5000-8000 0.33-1.0

Seeing 
limited

80%/0.4 
arcsec

Absolute 20 to 50 SS 100 km/s NA
5% absolute 

flux 
calibration

? 1.00 24 hrs ~2  hours

Multiple 
observations 
over several 

months

Every 1-7 
days 

(depending 
on the speed 

class)

WFOS

Cepheid Variables in 
nearby (D<50Mpc) 

hosts of SNe Ia
DSC 9.11

Lucas Macri MCAO (IRIS 
Imager) K<26.8 Non-

extended

All-sky
~90% 

averaged 
over the sky

0 JHK Imaging 1.1-2.3 TMT std for 
AO

Relative 
photometry 50 OP 0.02 mag "100 days" Diffraction 

limited
TMT std for 

AO
Relative to 

2% 200

4 sq. arcmin 
per galaxy
Tiled from 

0.5 sq. 
arcmin 
images

TMT std 0 - - -
50 galaxies

100 Cepheids 
per galaxy

At least 10 
returns to 
each field

1.00 N/A
+- 1 night for 

a given 
observation

"100 nights"

Every 2-5 
nights 

(logarithmic 
spacing)

120 0 IRIS Imager

Cepheid Variables to 
10 Mpc

DSC 9.11
RR Lyrae to 1 Mpc

Lucas Macri MCAO (IRIS 
Imager) K<28 Non-

extended

All-sky
~90% 

averaged 
over the sky

0 JHK Imaging 1.1-2.3 TMT std for 
AO

Relative 
photometry 50 OP 0.02 mag "7 days" Diffraction 

limited
TMT std for 

AO
Relative to 

2% 200

4 sq. arcmin 
per galaxy
Tiled from 

0.5 sq. 
arcmin 
images

TMT std 0 - - -
50 galaxies

100 Cepheids 
per galaxy

At least 10 
during a 

single night 
with a few 

more on the 
next 2 nights

1.00 N/A

Main part of 
the program 
would use a 
whole night, 

so N/A. 
Follow up 

observations 
over next two 
nights can be 
done at any 

point of night

"3 nights"

1 entire 
night, then a 

few more 
observations 
spread over 2 
next nights

3600 0 IRIS Imager

TMT's Role in the 
Doppler Study of 

Exoplanets
10.1.1

?
Not started SL V>16.5 - ? Optical >100,000 ? ?80% in 0.4" Relative ? ?OS ?<1 m/s ?>5 yrs ?0.25" S = 0.3-0.6 ? ?Slit length - - ?  ~hundred 

stars
? Few 

hundred total 1.00 ?~1 week 5 yrs ? ?<1800 - HROS

TMT's Role in the 
Doppler Study of 

Exoplanets
10.1.1

?
Not started MCAO V>16.5 - ? NIR >100,000 ? ?80% in 

0.02" Relative ? ?OS ?<1 m/s ?>5 yrs ?0.01" S = 0.3-0.6 ? ?Slit length - - ?  ~hundred 
stars

? Few 
hundred total 1.00 ?~1 week 5 yrs ? ?~3600 - NIRES

TMT's Role in the 
Doppler Study of 

Exoplanets
10.1.1

Landscape in 2022

?
Not started MIRAO V>16.5 - ? ?MIR >100,000 ? ?80% in 

0.06" Relative ? ?OS ?<1 m/s ?>5 yrs ?0.03 S = 0.3-0.6 ? ?Slit length - - ?  ~hundred 
stars

? Few 
hundred total 1.00 ?~1 week 5 yrs ? ? - MIRES

Limits to Doppler 
studies due to 
stellar activity

10.1.3

?Eric Gaidos
Other 

volunteers 
welcome

SL V>16.5 - ? Optical >100,000 ? ?80% in 0.4" Relative ? ?OS ?~0.1m/s ?>5 yrs ?0.25" S = 0.3-0.6
?2% 

spectrophoto
metry

?Slit length - - ?  ~hundred 
stars

? Few 
hundred total 1.00 ? ?~1 hr

?few nights 
over 6 
months

1/hour for 8 
hours ?<1800 - HROS

Limits to Doppler 
studies due to 
stellar activity

10.1.3

?Eric Gaidos
Other 

volunteers 
welcome

MCAO V>16.5 - ? NIR >100,000 ? ?80% in 
0.02" Relative ? ?OS ?~0.1m/s ?>5 yrs ?0.01" S = 0.3-0.6

?2% 
spectrophoto

metry
?Slit length - - ?  ~hundred 

stars
? Few 

hundred total 1.00 ? ?~1 hr
?few nights 

over 6 
months

1/hour for 8 
hours ?~3600 - NIRES

Exoplanet Imaging 
at First-Light with 
NFIRAOS and IRIS 

of Young
Gas-Giants
DSC 10.2.2

Stan Metchev 
lead

Check with 
Thayne and 

Eric

High contrast 
with 

NFIRAOS, 
LGS and IRIS

- Host star I>9 - - ? 1-2.4? ~4000? 0.4? ? Absolute ? ADI+SDI ? ?>5 yrs ?Diffrection 
limited?

?S = 0.9

?C = 106 ? 0.07? 0.5"x0.5" 
IFU? - 0 Absolute ~0.001"? ?>5 yrs 100? 10 per 

target? 1.00 - ? ?>5 yrs

?~1 visit to 
each target 

every 2 
months?

? -
NFIRAOS with 
LGS and IRIS 

IFU

Exoplanet Imaging 
with TMT ExAO: 

Rocky Planets and 
Planetesimals
DSC 10.2.3

Stan Metchev 
lead

Check with 
Thayne and 

Eric

1). exAO 
PFI/SEIT IFU ? - - ? ?0.9-1.9 ?>300

1.1-1.4
Around 1.27 
O2 feature

? Absolute ? ADI+SDI ? ? ?0.01" IWA?

?S = ?

?C = 107 to 

109

? ? 0.5"x0.5" 
IFU? - 0 - - - 100? 1 per target? 1.00 - ? - - 18000 -

exAO PFI or 
SEIT IFU to 
look for O2 
feature at 

1.27 micronsExoplanet Imaging 
with TMT ExAO: 

Rocky Planets and 
Planetesimals
DSC 10.2.3

Stan Metchev 
lead

Check with 
Thayne and 

Eric

2). exAO PFI 
or SEIT 
imager

? - - ? ?JHK? ~5 imaging H? ? Absolute ? ADI ? ? ?0.01" IWA?
?S = ?

?C > 108 ? ? ? - 0 - - - ?~10 1 per target? 1.00 - - - - ? -

exAO PFI or 
SEIT imager 
in NIR with 
0.01" IWA

Exoplanet Imaging 
with TMT ExAO: 

Rocky Planets and 
Planetesimals
DSC 10.2.3

Stan Metchev 
lead

Check with 
Thayne and 

Eric

3). exAO NIR 
imager/polari

meter
? - - ?5% ?JHK? ~5 imaging ? ? Absolute ? ADI

DP possibly ? ? ?0.01" IWA? ? ? ? ? - 0 - - - ?~10 1 per target? 1.00 - - - - ? ?

exAO PFI or 
SEIT 

imager/polari
meter in NIR

Exoplanet Imaging 
with TMT ExAO: 

Rocky Planets and 

Stan Metchev 
lead

Check with 
3). exAO MIR ? - - ?5% ?4-13? ?~5 or more

Imaging ?Single band ? Absolute ? ADI ? ? ?0.01" IWA? ? ? ? ? - 0 - - - ?~10 1 per target? 1.00 - - - - ? - exAO mid-IR 
imager

Transit photometry 
and low-dispersion 

spectroscopy

?
Not started SL ?~80% ?V~14 - - ? ?0.34-1 ?5000 ?0.2 ?80% in 0.4" Relative ? ?OS ?<1% ?Few years - - - ?Several 

hundred >40 - - - - - ?~100
~8000 for all 

targets
~80 per 

1.00 - ?~10 min ?Few hours ?few minutes ?few minutes -
WFOS multi-
object time 

resolved 

Transit photometry 
and low-dispersion 

spectroscopy
DSC 10.3.2

?
Not started SL or MCAO ?~80% ?K~12 - - ? ?0.8-2.4 ?5000 ?0.4 ?80% in 0.1" Relative ? ?OS ?<1% ?Few years - - - ?Several 

hundred
>>4

Ideal ~40 ? - - - - ?~100

~8000 for all 
targets
~80 per 
target

1.00 - ?~10 min ?Few hours ?few minutes ?few minutes -

IRMS type 
intrument 

multi-object 
time resolved 

moderate 
resolution 

High Dispersion 
Spectroscopy
DSC 10.3.3

Eric Gaidos MCAO ?~80% ?K~5 - - ? ? ?40000 ? ?80% in 
0.01" Relative ? ?OS <1km/s ?Few years - - - - ?Slit length ? - - - - ?~20 ?~80 per 

target 1.00 - ?~10 min ?Few years ?few minutes ?few minutes -
NIRES 

Transmission 
spectroscopy

High Dispersion 
Spectroscopy
DSC 10.3.3

Eric Gaidos MIRAO ?~80% ?K~5 - - ? ? ?40000 ? ?80% in 
0.03" Relative ? ?OS <1km/s ?Few years - - - - ?Slit length ? - - - - ?~20 ?~80 per 

target 1.00 - ?~10 min ?Few years ?few minutes ?few minutes -
MIRES/MICHI 
Transmission 
spectroscopy

High Dispersion 
Spectroscopy
DSC 10.3.3

Eric Gaidos SL ?~80% ?V~5 - - ? ?0.76 - 0.77 ?40000 ?~0.02 ?80% in 0.4" Relative ? ?OS <1km/s ?Few years - - - - ?Slit length - - - - - ?~20 ?~80 per 
target 1.00 - ?~10 min ?Few years ?few minutes ?few minutes -

HROS
"Transmission 
spectroscopy"

Characterization of 
Transit Planet Hosts

10.3.4

?
Not started MCAO - ?K~12 - - ? ? ?40000 ? ?80% in 

0.01" Relative ? ?OS <1km/s ?Few years - - - - ?Slit length ? - - - - ?100 4 per target 1.00 - ?~few days ?Few years
?One visit 
every few 
months

?few minutes - NIRES RV 
spectroscopy

Characterization of 
Transit Planet Hosts

10.3.4

?
Not started ExAO - ?K~12 - - ? ?JHK? ~5 imaging H? ? Absolute ? ADI ? ? ?0.01" IWA?

?S = ?

?C > 108 ? ? ? - 0 Relative >>30 ?Few years ?100 1 per target 1.00 - - - - ? -
exAO PFI or 
SEIT imager 
in NIR with 

?
Not started MCAO - H~18 - 50%@ 

galactic pole ? ?JHK? ~4000 J, H or K ?75% in 
0.009" Absolute >10 SS 0.01 mag ?Few years 0.009 ~1000 @ 2 

lambda/D 1% 0.05 ~0.001 ? 0 Relative <4 mas ?Few years 50 50 1.00 Weeks - ?Few years - ? - IRIS IFU

Asteroid 
composition/link to 

meteorites
DSC 11.1.1

Bin Yang 
(confirmed) SL ideally <20% 

overhead 8<V<24
point-source 
& extended 
(up to 0.6")

Ecliptic 1-10% L 0.3-1mic 100-1000 0.8 60% in 0.2" Relative 10 SL 1% 
(differential) 10' - 0 relative 5 - 10 1 1.0200 1-6 month

once per 
month/once 

per 1/6 
rotational 

1800-3600 <0.5%L WFOS

Asteroid 
composition/link to 

meteorites
DSC 11.1.1

Bin Yang 
(confirmed)

MCAO/MGSA
O

ideally <20% 
overhead 8<V<24

point-source 
& extended 
(up to 0.6")

Ecliptic 1-10% L 1-2.4mic 100-1000 0.8-1.5 60% in 0.2" Relative 10
diffraction 
limited in 

some cases
50% Strehl 1% 

(differential) 10' 60" 0 relative 5 - 10 1 1.0200 1-6 month

once per 
month/once 

per 1/6 
rotational 

phase

1800-3600 <0.5%L IRIS/IFU, 
NIRES

Asteroid 
composition/link to 

meteorites
DSC 11.1.1

Bin Yang 
(confirmed)

MCAO/NGSA
O

ideally <20% 
overhead 8<V<24

point-source 
& extended 
(up to 0.6")

Ecliptic 1-10% L 3-15mic 100-1000 0.8-2.5 60% in 0.2" Relative 10
diffraction 
limited in 

some cases
50% Strehl 1% 

(differential) 10' 60" 0 relative 5 - 10 1 1.0200 1-6 month

once per 
month/once 

per 1/6 
rotational 

1800-3600 <0.5%L MIRES

Active asteroids
DSC 11.1.2 Karen Meech MCAO/NGSA

O 14<V<24 extended
<0.8 Ecliptic 0.8-2.5mic 10000

diffraction 
limited in 

some cases
1.0020 IRMOS

Asteroid satellites
DSC 11.1.3 Franck Marchis NGSAO, ExAo 8<V<20 Some 

extended 0.8-2.5mic 10-1000 diffraction 
limited 1.1000 IRIS/IFU, PFI

Physical properties 
of the outer belt 

asteroids
DSC 11.1.4

Bin Yang 
(confirmed)

MCAO/NGSA
O

ideally <20% 
overhead 14<V<24

point-source 
& extended 
(up to 0.2")

Ecliptic 1-10% L 0.3-15mic 100-1000 1.0-4.0 60% in 0.2" Relative 10
diffraction 
limited in 

some cases
50% Strehl 1% 

(differential) 10' 60" 0 relative 5 - 10' 1 1.0200 1-6 month

once per 
month/once 

per 1/6 
rotational 

phase

1800-3600 <0.5%L
WFOS, 

IRIS/IFU, 
NIRES, MIRES

Kuiper Belt Objects
DSC 11.1.5 Tsuyoshi Terai NGSAO 17 < V < 26 non-extended 1-2.5 10 1.0-2.5 Relative 50 diffraction 

limited 1 10" 30 KBOs 1.0002 IRIS imager

Kuiper Belt Objects
DSC 11.1.5 Tsuyoshi Terai NGSAO 17 < V < 26 non-extended 1.4-2.5 ~1000 1.4-2.5 Relative 5 diffraction 

limited 20 KBOs 1.0002 IRIS IFU

Centaurs
DSC 11.1.6

Alternate - 
Shalima

(Karen Meech - 
original)

NGSAO 14<V<24

non-extended
(~0.02" for 
the largest, 

closest 
examples)

1-2.5 50 diffraction 
limited ? 1.0020 IRIS imager

Centaurs
DSC 11.1.6

Alternate - 
Shalima

(Karen Meech - 
original)

NGSAO 14<V<24

non-extended
(~0.02" for 
the largest, 

closest 
examples)

1-2.5 ~1000 diffraction 
limited ? 1.0020 IRIS IFU

Comets
DSC 11.1.7 Jing-Yang Li MCAO 10.0 - V -17

arcsec - 
arcmin

0.2 (nucleus) 
to 60 (inner 

tail)

All sky None 2.8-5.0
300,000 ideal

100,000 
minimum

2.8-5.0 Relative 10 1 hour seeing limited 1% 
differential 2' 1.0200 <0.5%L NIRES

Comets
DSC 11.1.7

Warren from 
the DSC SL 10.0 - V -17

arcsec - 
arcmin

0.2 (nucleus) 
to 60 (inner 

tail)

All sky None 0.4 to 1.0
300,000 ideal

100,000 
minimum

SL Relative 10 2 hour seeing limited 1% 
differential 2' 1.0200 <0.5%L HROS

Comets
DSC 11.1.7 Jing-Yang Li SL OK, MCAO 10.0 - V -17

arcsec - 
arcmin

0.2 (nucleus) 
to 60 (inner 

tail)

All sky None 1-2.5 10000 1-2.4 Relative 10 1 hour seeing limited 1% 
differential 2' 1.0200 <0.5%L IRMOS

Comets
DSC 11.1.7 Karen Meech SL 10.0 - V -17 a few arcsec 0.5-1.0 40000 ? 1.0200 HROS

Source of Planetary 
Volatiles

DSC 11.1.8
Karen Meech MCAO/NGSA

O 14<V<24 extended
<0.8 Ecliptic 0.8-2.5mic 10000

diffraction 
limited in 

some cases
1.0020 IRMOS

Vortices and 
Thermal Waves

DSC 11.2.2
Mike Wong MCAO/NGSA

O

Low
Large nods 

required from 
planet to sky 

to avoid 
scattered 

light.
>30" every 

10-100 
seconds.

V 5.4 mag/sq 
arcsec

Highly 
extended up 

to 50.
Smallest 2.2"

Planet 
features 

could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

4.0-5.3 50000 ~1 diffraction 
limited

Relative OK, 
Absolute best >50 AP, SS, OS, CA 0.5 mag, 

6 km/s 30 sec diffraction 
limited

S = 50% 1% rel., 
10% abs.

Few arcsec if 
using Io, zero 

if using a 
planet feature

n/a relative 5 mas n/a n/a ~50–120/ 
target

1.02 and +/- 
0.00005 for 
WFS if using 
moons as AO 
guide stars

29 yr

Upto a few 
minutes, e.g. 

300s.
Total 

integration 
can be hours, 
e.g. 40,000s.

n/a

NIRES
Needs non-

sidereal 
tracking of 
planet and 
differential 

WFS tracking 
of moons.

Vortices and 
Thermal Waves

DSC 11.2.2
Mike Wong MCAO Low V 5.4 mag/sq 

arcsec

Highly 
extended up 

to 50.
Smallest 2.2"

Planet 
features 

could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

0.5-3.0 few 1000 ~1 diffraction 
limited

Relative OK, 
Absolute best >50 AP, SS, CA 0.5 mag, 

60 km/s 5 min diffraction 
limited

S = 50% 1% rel., 
5% abs. ~1 sq arcsec <1 sq arcsec

Using Io as 
source and 
AO guide 

object

n/a relative 5 mas n/a n/a ~50–120/ 
target

1.02 and +/- 
0.00005 for 
WFS if using 
moons as AO 
guide stars

29 yr

Upto a few 
minutes, e.g. 

300s.
Total 

integration 
can be hours, 
e.g. 40,000s.

L = 0.5% 
(optical) IRIS IFU

Vortices and 
Thermal Waves

DSC 11.2.2
Mike Wong MCAO Low V 5.4 mag/sq 

arcsec

Highly 
extended up 

to 50.
Smallest 2.2"

Planet 
features 

could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

0.5-3.0 50 ~1 diffraction 
limited

Relative OK, 
Absolute best >50 AP, SS, CA 0.5 mag 5 min diffraction 

limited
S = 50% 1% rel., 

5% abs. ~1 sq arcmin ~1 sq arcmin

Using Io as 
source and 
AO guide 

object

n/a relative 5 mas n/a n/a ~50–120/ 
target

1.02 and +/- 
0.00005 for 
WFS if using 
moons as AO 
guide stars

29 yr

Upto a few 
minutes, e.g. 

300s.
Total 

integration 
can be hours, 
e.g. 40,000s.

L = 0.5% 
(optical) WIRC

Revealing the 
Geometry and 
Populations of 

Classical Novae
DSC 9.10.2

Improving the 
Hubble Constant 
and Measuring 
Extragalactic 

Distances 
(Cepheid and RR 
Lyrae variables)

DSC 9.11

Understanding 
the Nature of 

Type Ia 
Supernovae

DSC 9.1

Tracing the high-
z Universe with 

Supernovae
DSC 9.3

Identification 
and 

Investigation of 
Gravitational-
Wave Sources

DSC 9.5

Disk-Planet 
Interaction
DEC 8.6

Mapping the pre-
biotic landscape 

in proto-
planetary diskc

DSC 8.8

Transiting 
Exoplanets
DSC 10.3

Gravitational Microlensing
DSC 10.4

Primitive Bodies
DSC 11.1

Doppler 
detection of 
planetary 
systems
DSC 10.1

Direct detection 
and 

characterization 
of exoplanets

DSC 10.2

Conditions for 
Planet Formation

DSC 8.5

Understanding 
Progenitors of 
Gamma-ray 

Bursts: 
Connection to 

Supernovae and 
Kilonovae
DSC 9.6

Studying Tidal 
Disruption 
Events and 

Supermassive 
Black Holes

DSC 9.8

Time domain 
studies of AGN 

and Blazar 
Variability
DSC 9.9

Investigating the 
Dissipative 
Process in 

Cataclysmic 
Variable 

Accretion Discs 
and Disc 

Evolution During 
Outburst Cycles

DSC 9.10.1

Growth of 
Planets
DSC 8.7

Vortices and 
Thermal Waves

DSC 11.2.2

Enquired with 
Mike and Tom 
Greathouse 
13th June

MIRAO Low V 5.4 mag/sq 
arcsec

Highly 
extended up 

to 50.
Smallest 2.2"

Planet 
features 

could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

6.0-10.0

>20000 
minimum. 
Higher is 
better, 

3x10^6 is 
the dream

diffraction 
limited

Absolute 
position 
known to 

better than 
half 

diffraction 
limit

Few arcsec if 
using Io, zero 

if using a 
planet feature

1.02 and +/- 
0.00005 for 
WFS if using 
moons as AO 
guide stars

Upto a few 
minutes.

Total 
integration 

can be hours.

MICHI

Planetary 
Seismology from 
Impacts on Giant 

Planets
DSC 11.2.3

Mike Wong MCAO Low

V 5.4 mag/sq 
arcsec 

(Jupiter)
V 9.4 

mag/arcsec 
(Neptune)

Highly 
extended up 

to 50.
Planet 

features 
could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

0.5-3.0 50 ~1 diffraction 
limited

Relative OK, 
Absolute best >50 AP, SS, OS, CA 0.5 mag 5 min diffraction 

limited
S = 50% 1% rel., 

5% abs. ~1 sq arcsec ~1 sq arcsec

Using Io as 
source and 
AO guide 

object

n/a relative 5 mas n/a n/a ~20/event

1.02 and +/- 
0.00005 for 
WFS if using 
moons as AO 
guide stars

<1 yr

Upto a few 
minutes, e.g. 

300s.
Total 

integration 
can be hours, 
e.g. 40,000s.

WIRC, IRIS 
Imager

Planetary 
Seismology from 
Impacts on Giant 

Planets
DSC 11.2.3

Mike Wong MCAO Low

V 5.4 mag/sq 
arcsec 

(Jupiter)
V 9.4 

mag/arcsec 
(Neptune)

Highly 
extended up 

to 50.
Planet 

features 
could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

0.5-3.0 4000 ~1 diffraction 
limited

Relative OK, 
Absolute best >50 AP, SS, OS, CA 0.5 mag 5 min diffraction 

limited
S = 50% 1% rel., 

5% abs. ~1 sq arcmin ~1 sq arcmin

Using Io as 
source and 
AO guide 

object

n/a relative 5 mas n/a n/a ~20/event

1.02 and +/- 
0.00005 for 
WFS if using 
moons as AO 
guide stars

<1 yr

Upto a few 
minutes, e.g. 

300s.
Total 

integration 
can be hours, 
e.g. 40,000s.

IRIS IFU

Magnetospheres and 
Auroras

DSC 11.2.3

Enquired with 
Mike and Tom 
Greathouse 
13th June

GLAO

V 5.4 mag/sq 
arcsec 

(Jupiter)
V 9.4 

mag/arcsec 
(Neptune)

Highly 
extended up 

to 50.
Planet 

features 
could be used 
as AO guide 

sources.

Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0.50-1.0 few 1000 diffraction 
limited

Absolute 
position 
known to 

better than 
half 

diffraction 
limit

~1 sq arcsec ~1 sq arcsec

Using Io as 
source and 
AO guide 

object

1.02 and +/- 
0.00005 for 
WFS if using 
moons as AO 
guide stars

Upto a few 
minutes.

Total 
integration 

can be hours.

WFOS

Source of Internal 
Heat In Uranus and 

Neptune
DSC 11.2.4

Best estimates 
of 

requirements 
based on DSC 
descriptions

GLAO

V 8.3 mag/sq 
arcsec 

(Uranus)
V 9.4 mag/sq 

arcsec 
(Neptune)

highly 
extended up 

to 3

Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0.5-1.0 ~5000
0.4" (good 
seeing or 
GLAO)

Slit length 
30" 1.0030

Upto a few 
minutes.

Total 
integration 

can be hours.

WFOS

Source of Internal 
Heat In Uranus and 

Neptune
DSC 11.2.4

Best estimates 
of 

requirements 
based on DSC 
descriptions

MCAO

V 8.3 mag/sq 
arcsec 

(Uranus)
V 9.4 mag/sq 

arcsec 
(Neptune)

highly 
extended up 

to 3

Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

1.0-2.5 ~50 diffraction 
limited 20-50% ~0.15'x0.15' ~0.15'x0.15' 1.0030

Upto a few 
minutes.

Total 
integration 

can be hours.

IRIS Imager

Source of Internal 
Heat In Uranus and 

Neptune
DSC 11.2.4

Best estimates 
of 

requirements 
based on DSC 
descriptions

MCAO

V 8.3 mag/sq 
arcsec 

(Uranus)
V 9.4 mag/sq 

arcsec 
(Neptune)

highly 
extended up 

to 3

Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

1.0-2.5 ~50,000 diffraction 
limited 20-50% Slit length 

30" 1.0030

Upto a few 
minutes.

Total 
integration 

can be hours.

NIRES

Source of Internal 
Heat In Uranus and 

Neptune
DSC 11.2.4

Mike Wong

SL
GLAO 

preferred
Visible AO if 

possible

Low

V 5.4 mag/sq 
arcsec 

(Jupiter)
V 9.4 

mag/arcsec 
(Neptune)

Highly 
extended up 

to 50.
Planet 

features 
could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

0.4 to 1.0 50-50000 ~1

~0.1"
diffraction 
limited if 
possible

Relative OK, 
Absolute best >50 AP, SS, OS, CA 0.5 mag, 

6 km/s 5 min

~0.1"
diffraction 
limited if 
possible

~20% 1% rel., 
5% abs. 0.03 <0.03

Using Io as 
source and 
AO guide 

object

n/a relative 5 mas n/a n/a n/a 1.0030

Upto a few 
minutes.

Total 
integration 

can be hours.

IRIS IFU

Source of Internal 
Heat In Uranus and 

Neptune
DSC 11.2.4

Mike Wong MCAO Low

V 5.4 mag/sq 
arcsec 

(Jupiter)
V 9.4 

mag/arcsec 
(Neptune)

Highly 
extended up 

to 50.
Planet 

features 
could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

0.8 - 2.4 50-50000 ~1 diffraction 
limited

Relative OK, 
Absolute best >50 AP, SS, OS, CA 0.5 mag, 

6 km/s 5 min diffraction 
limited

S = 50% 1% rel., 
5% abs. 0.03 <0.03

Using Io as 
source and 
AO guide 

object

n/a relative 5 mas n/a n/a n/a

NIR 
spectroscopy 
with IFU or 

spectrograph

Source of Internal 
Heat In Uranus and 

Neptune
DSC 11.2.4

Mike Wong MIRAO with 
polarimetry Low

V 5.4 mag/sq 
arcsec 

(Jupiter)
V 9.4 

mag/arcsec 
(Neptune)

Highly 
extended up 

to 50.
Planet 

features 
could be used 
as AO guide 

sources.

Coverage 
needed along 
the ecliptic.
Scattered 
light from 

Jupiter 
(Mv~2.5) 
reduces 

effectiveness 
of AO WFS 
when using 

Galilean 
moons or 

NGS close to 
planet.

0-5% in near 
IR 

(kemp+1978)
; 0–50% in 

optical 
(smith+toma

sko 1984)

~2.5 - 5.3 50-50000 ~1 diffraction 
limited

Relative OK, 
Absolute best >50 AP, SS, OS, CA 0.5 mag, 

6 km/s 5 min diffraction 
limited

S = 50% 1% rel., 
5% abs. 0.03 <0.03

Using Io as 
source and 
AO guide 

object

n/a relative 5 mas n/a n/a ~330–660/ 
target 1.0001 Decades

Upto a few 
minutes, e.g. 

300s.
Total 

integration 
can be hours, 
e.g. 40,000s.

L = 0.5% 
(optical)

MIRAO 
spectroscopy 

with 
polarimetry

Titan
DSC 11.3.1 Caitlin Griffith NGSAO, 

MCAO  V =9 0.8" 1.0-2.5 50-5000 1.0050 a few 
seconds IRIS, NIRES

Titan
DSC 11.3.1 Caitlin Griffith

Planetary 
atmospheres
DSC 11.3.2

Tom 
Greathouse MCAO

"-2 V to 
(Mars)

-5 V (Venus) 

25 (Mars)
45" (Venus) 1-2.4 ~1000 J or H or K diffraction 

limited 40% (MCAO)

1.03 with 
other minor 

variable 
components

0.1 IRIS IFU

Planetary 
atmospheres
DSC 11.3.2

Tom 
Greathouse MCAO

"-2 V to 
(Mars)

-5 V (Venus) 

25 (Mars)
45" (Venus) 1.0-5.0 ~10000 K or L or M diffraction 

limited 40% (MCAO)

1.03 with 
other minor 

variable 
components

0.1 NIRES

Planetary 
atmospheres
DSC 11.3.2

Enquired with 
Mike and Tom 
Greathouse 
13th June

MIRAO
"-2 V to 
(Mars)

-5 V (Venus) 

25 (Mars)
45" (Venus) 7-17.2 ~1000-10000

Bands around 
7.8, 10.53, 
12.21, 13.6, 

17.04

diffraction 
limited 40% (MCAO)

1.03 with 
other minor 

variable 
components

0.1 MICHI

Volcanism (Io)
DSC 11.3.3 Franck Marchis MIRAO V~5mag 1.2" 5 to 20 ~1000 5mic-20 diffraction 

limited 80% 1.0200 0.1 MICHI

Rocky Planets 
and moons
DSC 11.3

Giant Planets
DSC 11.2

Science Flowdown of technical requirements from the 
2015 Detailed Science Case
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Science Flowdown of technical requirements from the 
2015 Detailed Science Case

277 individual observing programs identified 
Input gathered for 214 programs from about 92 
ISDT members 

~9x increase in information compared to 2009
Need to gather more information

Turn orange cells to white

Continuing communication with some ISDTs and with 
individuals
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Science Flowdown of technical requirements from the 
2015 Detailed Science Case

Developed document to support development of 
ideas for 2nd generation instruments

Informing WFOS slicer/fiber downselect process

 
 
 
 
 
 
 

 
 
 

COLLECTION OF TECHNICAL 
REQUIREMENTS FOR POTENTIAL 2ND 

GENERATION INSTRUMENTS FROM THE 
2015 TMT DETAILED SCIENCE CASE 

SCIENCE FLOWDOWN 
TMT.PSC.DRD.09.001.DRF02 

 
 
 
 

October 27th, 2017 
 
 
 
 

Draft
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TMT Future Leaders Workshop
Future Instrument micro-studies

Develop instrument ideas
6 teams of 7 people developed instrument science cases and 
architectures

Downselect by the SAC
Mini-SAC of 7+ establish science priorities and carry out 
instrument downselect

Feasibility, requirements and science cases
Teams reformed to develop 3 selected ideas

A lot of overlap and ideas that mesh with 2nd

Generation Instrument White Paper development
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TMT Future Leaders Workshop
Future Instrument micro-studies

MPICS – Multi-Purpose Infrared Configurable Spectrograph
30” FOV@0.01”, R~5000, 0.7-2.4μm, IFU fiber bundle + single fibers

HRNIISpec – High Resolution Near-IR Imaging Spectrograph
1.5”x1.5” IFU@0.01”, R~75,000, 1-2.5μm, exAO coronagraph, high throughput

MOHRIS – Multi-object Optical High Resolution Imaging Spectrograph
0.3-1μm, many-IFUs 1’x1’FOV@0.01”, R~5000, optical AO

TREXS – TMT high Resolution EXoplanet Spectrograph
0.8-5um, R~100K (3km/s), 10”x10” FOV with 0.05” fibers

Wide Coverage Spectrograph for Transient Objects
0.3-2.4μm, 8”x8” IFUs with ~0.3”, multiple spectroscopic channels, ~1 min cadence

UFS – Ultra-Fast Spectrograph
0.3-1μm, R~5000, ~few ms cadence, set up <10 min, single object, no AO
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TMT Future Leaders Workshop
Future Instrument micro-studies

Science priorities
Exoplanet atmospheres with IFUs, surface mapping of hot Jupiters, cloud 
structure and biomarkers and biosignatures of exoplanets around M stars
Globular clusters and dwarf galaxies through the nearby universe, resolved 
stars in the nearby systems, the bulk properties of distant unresolved systems 
in environments different than the nearby volume
Are GCs in the local group the same as those in the very local volume and can 
GCs give us information on the conditions in the primordial universe and 
early universe? 
Galaxy formation and evolution for z~1-2, decomposing the bulge and disk 
for low surface brightness targets
Gas outflows and inflows, the relation to AGN activity and star formation and 
enrichment of the CGM for galaxies at redshifts of z~1-4
Stellar evolution and the lives of stars. Dust production around stars, star 
formation
Time domain faint transients

Notably missing from these priorities
Properties of Dark Matter and Dark Energy, Evolution of the Fundamental 
Constants, Solar System Science
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TMT Future Leaders Workshop
Future Instrument micro-studies

Fast-SHOOTER
1ms (optical), 1s (NIR)
0.3-2.4μm, R~5000 (goal 10,000)
GLAO ready for single object

MOHRIS
0.3 - 1 μm MOAO, 1000 R~5000 IFUs
FOV: 1’x1’, ~0.01” spatial resolution

TREXS
exAO, 0.8-4 microns
R ~ 100,000 (~3 km/s) echelle
10” diameter FOV seeing limited
single and multimode fiber bundles 
combinations

Splinter 
session
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TMT Future Leaders Workshop
Combined DSC update and Science Flowdown

process
Design a template to collect science case and technical 
requirements

Web based wiki for DSC text and structure, including drop down 
menus for technical parameters

Devise a process to develop a science case that includes 
equitable input from across the partnership

Process preparation includes:
ISDT recruitment across the partnership, science areas and career levels
Prepare supporting descriptions of instruments, operations, etc.
Each partner produces internal science case and cases brought together at a 
cross partner meeting or forum
Tools to support activities by each ISDT
Tiered reviews – each chapter by the relevant ISDT, cross ISDTs, instrument 
teams, SAC and Board

Ideas that are being considered by the project office


