TMTIARE fEEL
D FEBNC T Tz E=

Bl 1= GRAEK)




TMT-Analyzer for Galaxies in the Early universe . TMT-AGE
B4 i
JLBUYF AO I X 23044 T O KRNI (i) 75 5
BUINZERE (~ TMT / IRMOS)



TMT-Analyzer for Galaxies in the Early universe . TMT-AGE
B4 i
JLBU AO I & 25k T O KRR (1fi) 77 )E
BLAEE (~ TMT / IRMOS)

1. AJilif% 1-5 OFEONTBhEDEILOFEE L |
SR i3 O BB FE D R W

2. HJilits 6 Z@ A % & 9 i)W ogmIcE
1> 2 5B RD X J1 = A L OfiW)

3. K Jilif 8 B A 5 X 5 M /AGNDEY



1. AN TPRE S OME VR

Turbulent / High-density
disks at high-z

Typical galaxy seen
in the local universe

Very compact Clumpy
galaxies at galaxies at
high-z high-z
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Example image of a massive galaxy at z=1.0

Even if we put this galaxy at z=1.5, TMT IFU
spectroscopy can detect Ha-line / stellar continuum
from the colored regions shown below.

(10h SN=10 R=3,000)

Gas dynamics Stellar dynamics
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e Rest-frame UV features
of star-forming galaxies

Average of rest-UV spectra of

z~3 star-forming galaxies
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—weeen o Low-ion 1S abs line:
o D « Distribution and dynamics of
= _ neutral gas
- — High-ion IS abs line:
e Distribution and dynamics of
lonized gas
— Stellar emission:

0.4

e High-mass star contents
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— Nebular emission:
 Galaxy rest-frame
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Shapley et al. 2003
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1. Spatially-resolved spectroscopy of z=1-5 galaxies.
- WELAFICLOIEZERDHEREDSRAE D K
— 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
— ILREF MEAFICIIEREDS KA, 1
| 5F1EI10)‘HE7'|:75\19§L\,&§§73/\—
— 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.
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Point Spread Function
with tomographic AQO in the wide-field mode

Narrow-field mode (“*Laser Tomography Multi Layer AQ”

linear

T log

0~ 60” 120” 180" 240” 3007
« Ensquared Energy within 0.05” ~50% up to 30"

Wide-field mode (“Multi-Object AO”

0~ 60" 120" 180" 240" 300"

« Ensquared Energy within 0.05” ~50% up to 150" (25 time larger area)
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Tomographic AO on-sky demonstration : RAVEN

* On-sky demonstrator of tomography AO system on the Subaru telescope



Tomographic AO on-sky demonstration : RAVEN

Pick-off Arms
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Tomography AO on-sky demonstration : RAVEN
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No AO

Partly corrected

Tomography AO

AQO correction
with target itself
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» Tomography matrix are constructed
with

1. Configurations of the reference

light sources
2. Turbulence height profile

Cannot be fully separated with the limited
<— Mmeasurements.

Turbulence height profiles are used to set
<— up the turbulence layer altitudes and

strength of each layer

3. Wind height profile (for
predictive estimation)

S
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Tomographic AO ingredient I :
Turbulence height profile

Ono et al. 2016

« Turbulence height profile can be estimated with taking cross-
correlation between two WEFSs monitoring two different reference
stars.



Altitude [km]

Tomographic AO ingredient I :
Turbulence height profile
 Real-time turbulence height profiling with cross-correlation of
multiple WFSs.
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Tomographic AO ingredient II :
Wind profile

« Wind direction and velocity of each turbulence layer can be estimated with
cross-correlation of wavefront sensor data at two different time steps.

Estimated

Phase Temporal Correlation
120ms 240ms 360ms
Tomographic

Reconstruction . r !
120ms 240ms 360ms
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Ono 2016




Tomographic AO ingredient II :
Wind profile

33ms 66ms 100ms

ﬂ H n n « Cross-correlation ff5 5% (5) &2k
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Tomographic AO ingredient II :
Wind profile

« Result of a real-time wind profiling above Subaru.

Ono 2016
20/36
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» “Cross-check” tomography estimation with the WFS measurements
from tomography WEFSs and the WES in the target optical path :
“Learn & Apply” method.

_——
/1 Measurements

Required
% .
- correction

HLHEHE LGRS 2016
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Maunakea TIIFFICHIZRE O S E iy i

 Fraction of ground-layer component (<0.5km) measured by
RAVEN data with SLODAR algorithm.

Ono et al. 2016, MNRAS
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Diagnostic lines for high-z galaxies

Most of the redshifted UV diagnostic lines fall within 700-
1800nm for galaxies at z>5-9.
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Number density

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

e Number density of luminous z~6-7 LBGSs is not so high.

Filled squares from Bouwens et al. 2014,
V-dropout for z~5, i-dropout for z~6, and Y-dropout for z~7



Tomography matrix construction
with the real-time measurement

« Tomography matrix are constructed with

 Configurations of the reference light sources

» Turbulence height profi

« Wind height profiles

The last two parameters are estimated ih real-time
atomospheric monitoring with the same WFS
measurements

Updates every 10 min

How to check whether the derived tomography matrix is
optimal or not ?
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