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Galaxies in the Early universe
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Three Science Drivers for | MT-AGE

|. How is the internal structure of local galaxies
established !

BHEDIMONE MG X ED K S ITHEV  Leh ?

2. What is going on in galaxies in the early universe ?
FHIPIHOMNETED K S BHREHEZ > T0EM ?

3. Hunting for galaxies/AGNs at z>6
FH IO & AGNOEE 2119 .



|. How is the internal structure of
local galaxies established ?

Turbulent / high surface-density
disks at high-z

Typical galaxy seen in the
local universe

Very compact
galaxies at high-z

Clumpy galaxies at
high-z



|. How is the internal structure of
local galaxies established ?

Missing information :
“stellar dynamics” and its cosmological evolution.

TMT can measure the local stellar dynamics of galaxies at z>1.
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Requirements (High-Res and High-Sen modes)

1. Spatially-resolved spectroscopy of z=1-5 galaxies.

— High spatial and spectral resolution deployable multi-
IFU spectroqraph covering wide target field.

— 0.05x0.05" sampling IFUs with 2" FoV
— R=10,000 spectroscopy for v~30km/s

2. Integrated spectroscopy of z>5 galaxies.
3. Follow-up spectroscopy of candidates of z>8 galaxies

— Wide-field high-sensitivity (moderate AQ correction)
multi-object spectrograph in short NIR wavelength
range

— 0.3x0.3" - 0.5"x0.5" aperture integrated spectroscopy

— R=3,000 (5A resolution, 2A/pix) for
absorption/emission lines with rest-frame EW of 1A.




Tomographic AO system

In the classical AO system, integrated wavefront distortion is measured with
one light source, i.e. turbulence layers are degenerated.

In the tomographic AO system, multiple hght sources are used to estimate
the turbulence layer at each altitude separately.
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Comparison between PSFs with different AO systems
MCAO correction (NFIRAOS)

MOAO correction (outer region~GLAO correction)




AO performance prediction

e Green : TMT-IRMOS (r=2.5" FoV with MOAO correction)
e Red circle : TMT-wide field AO ~ GLAO-like correction

« (Red square : TMT-wide field AO with a new algorithm
under an ideal condition)
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AQO-correction in wide field = GLAO+MOAQO
TMT focal plane

Ground-Layer Adaptive Optics

R-theta pick-off opt-mechanics
for 20 objects in the corrected FoV

Multi-Object AO correction
for each science path independently




Ground-layer AO optical design
* d=10" FoV AO optical design.

|
tweeter™
MRy O T THIE

JEIUNGESEIE
FiT R

TMT Focal
Plane




Pick-off Opt-mechanics Mock-up
 Classical r-theta pick-off arm system.
20 pick-off arms will be put around the corrected focal plane.

VLT KMOS (w/0 AO)




Overview of the optical path

.

High Spatial Resolution

Low Spatial Resolution
Sampling 0.15" x 0.15”
(Short-wavelength range)

Sampling 0.05” x 0.05"
(Long-wavelength range)

Enlarger: x0.77

Enlarger: x2.34
Cold-stop

Integral Field Unit
250um width image slicer
5mm x 5mm with 20 slices

x20 objects



Overview of the optical path

F-conversion
Slicer output: slit-length 224 mm

5 objects into 4

spectrographs

Collimator
Dispersion element 4 spectrographs

Detector 15um 4K x 4K



Spectrograph trade study (F2.5 / F8)

 Optical design studies for F2.5 spectrograph with slit length
of 240mm by Optcraft.
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Wide-field AO development path

* We kicked-off laser tomography AO experiments with a JSPS
funding as the first step of the wide-field AO systems.

v |. Tomography AO correction with 3 NGSs : RAVEN

® 2. Laser Tomography AO experiment with 4 LGSs :

» Install 4 LGSs + WFSunit ULTIMATE-START

3. Laser Tomography AO correction
» Installing high-order DM

4. Ground-layer AO system : ULTIMATE-Subaru
» Installing adaptive 2ndry

5. Wide-field multi-AO system : TMT-AGE
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Laser head @ Center section (~300kg)
Beam control @ LLT

Mirror-base
relay @ Top ring
(~80kg)

Mirror-base
relay @ Truss
(~100kg)

Electric
cabinet @NsIR
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Wide-field AO development path

* We kicked-off laser tomography AO experiments with a |SPS
funding as the first step of the wide-field AO systems.

v |. Tomography AO correction with 3 NGSs : RAVEN

® 2. Laser Tomography AO experiment with 4 LGSs : ‘

> Install 4 LGSs + VWFSunit ULTIMATE-START
3. Laser Tomography AO correction

> Installing high-order DM 2L Q1A RA R —B I

4. Ground-layer AO system : ULTIMATE-Subaru
» Installing adaptive 2ndry

5. Wide-field multi-AO system : TMT-AGE



ADDITIONAL SLIDES



Targets of Multi-IFU Observations
4000A in J-band

>10 objects in
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Baseline Detection limits - integrated J-band

) J band E1250nmj Polnt Source

J- band (1250nm), Extended Source (R,=0.1")

. .-9@{}[5}:.( 40{ﬂ=ames}m? Ofhl---

24 *;Rea(ﬂ Nerse =1 E}{e{ﬁxeﬂ

! - ——

Total Myg [mag]

-t Total throughput= 022

ieemg A -

7] S S— 3000 bmﬂedteﬂ 500--GLAO —B -

MDP&G - -

- Point source

S S 900[sIx40fframies=10[h]. Seeing - 4 -

R o R=2000 binned to-R=500- GLAO—E- :

T SR SN=10- e MOAO —&— -
i BA oeenenanneed Readmeﬁewlg{eﬁpmel]

Total throughput=-0.22--- -----------------

"""""""" -'""""T"""t""""i':'I—"-'.".Z"_"_"I'_'"_"_"'_"_""
GRSt s . ..

7 Galaxies at z>5
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— Red (MOAQO), blue (GLAO), green (seeing-limit) lines show
the detection limits for each system with different aperture size.

— SN=10 for continuum with 10h integration
— R=3,000 spectroscopy binned to R=500
— Typical size of z>5 galaxies: effective radius of 0.1”



Number density

« Red (MOAO), blue (GLAQO), green (seeing-limit) lines show
the detection limits for each system.

* Number density of luminous z~6-7 LBGs is not so high.
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Filled squares from Bouwens et al. 2014,
V-dropout for z~5, i-dropout for z~6, and Y-dropout for z~7



