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Uncorrected full field

Figure 1| The core of M3 imaged in the K band in two 60-s exposures in

May 2009. a, The full 110"’ field of our infrared camera in the native seeing
limit of 0.7", on a logarithmic intensity scale. b, d, Two smaller 27" regions of
the same image, indicated by the boxes in a, shown on a truncated linear

scale in which bright stars appear saturated but which reaches the noise floor
and brings out the faintest observable stars: one (b) is centred on the tip—tilt
star, indicated by the arrow, and the other (d) is positioned to show the edge

Stalcup 2006, Ph.D Thesis

Central and edge subfields
Uncorrected

GLAO corrected

of the field. ¢, e, In a second 60-s exposure of the same two regions, taken

with GLAO running at 400 Hz, and shown on the same linear scale as b and
d, the stellar image width is reduced to 0.3"" and the PSF morphology is very
similar across the whole field of view. For reference, we highlight a star in the

corrected image with K-band magnitude my = 16.5, detected at a signal-to-
noise ratio of 26. In the uncorrected image, stars must be 2 mag brighter to be
seen at the same signal-to-noise ratio. 20

Hart et al. 2010, Nature, 466, 727
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Figure 2 | Comparison of open-loop and closed-loop near-infrared image
widths. a, In the K band, the corrected stellar images in M34 show no more
significant variation in FWHM versus separation from the tip—tilt star (spectral
type Al, my = 10.0) across the PISCES field than they do in the seeing limit. The
horizontal dotted lines represent the average corrected FWHM (red; 0.22"") and
uncorrected FWHM (blue; 0.61'', about median for the site). In both cases, the
FWHM was measured for all stars detected with a signal-to-noise ratio greater
than 20, which yielded sample sizes of 13 and 25 in the open- and closed-loop
cases, respectively. b, The stars’ placement in the field. Red points indicate stars
measured in closed loop, and blue points indicate those measured in both open
loop and closed loop. ¢, Radial profiles of the GLAO-corrected images,
normalized to unit peak intensity, in the ], H and K wavebands have FWHMs of
0.29",0.29"" and 0.22"’, respectively. The remarkable degree of simi]arit?l
between the ] and H profiles is, we believe, attributable to statistical fluctuations
in the seeing. Also shown, for comparison, are the seeing-limited K-band image
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1 . Turbulence height profile

Cannot be fully separated with the
limited measurements.

Turbulence height profiles are used to
set up the turbulence layer altitudes
and strength of each layer

2 . Wind height profile (for
predictive estimation)
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Tomography AO ingredient I :
Turbulence height protfile
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Ono et al. 2016

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

 Real-time turbulence height profiling with cross-correlation of

WFS 1-2 WFS 2.3 WFS 3-1
multiple WFSs.
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Tomography 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.
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Ono 2016




Tomography AO ingredient II :
Wind profile

 Result of a real-time wind profiling above Subaru.
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Figure. 6.12: Wind speed profile on June 23-24th, 2015.
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(1) Au-Si eutectic bonding (4)SiOz Dry Etching (CHFs)

-
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(3) Mirror chip handle layer etching

AU/Cr

50



RIENCF DRFRTRIZDSHRE

RZEEDHEEEIC K D
AN F

RN BIEIF

eEENETZT 14—
E T

R
MEMS, Z:E 1% i85

51



KX

=

=RET .

ZRZETSATAEETWNS,
70V b REYLDHT

ra

r,g\,

LB

/

2I$FEADE

1 &=

H.

i

1y

[

FREH—DE

e LCORFEIE?

R FEFARICEEES ?
FOAIIFEMICESHDAT L

AARIEZEICFEHLTEH LWL,

%2%1&75\ 5 :_% 1)

ERE,

E 857D E LK%

A SNpL e

REDIULS LIFANTE

L—

BAEITD?

52



ERRDRGOZRZHIT TOET,

AR RIMEE BT — o3y T
INETTI—o Y3y T0ERI
http://gopira.jp/siryo.html
PSRBT EHHFKET,

BARMENLFFRXER
CNETDT—02 3y TOERIE
https://sites.google.com/site/jpnaobase/meeting

hoRBTENERET,

FRRZDRWERDE £ &HIT !

53


http://gopira.jp/siryo.html
https://sites.google.com/site/jpnaobase/meeting

2030FERICHEIFT
o] (AARNE RN ZE DR E DR
MEE->TWVWET, o

20 £ E T0 — A wa L EEZAR =T N—F
201 8% 2He6H

2030 EA O TR A L 2 0F e E I m T B Rr s

HEFARKGERER G, FFFDOY T 7% 7 7 —F = LT, 2020 FfEE
[T E SN 30m 1M - SEH TMT OBBNAS, 2.5m NERARHEE SPICA DIT5H
EIFICHES . BROXFFARKLENTFOLRI v a v 2 YO LS CREL, Rl

FREEN KD D HEF DS

HEFRMERIGEREDERICHEOENZ !
http://gopira.jp
gopira-adm@gopira.jp

[2030FRDAFFENERNFZE Z S - 2018FF -
9/10-9/12 EII KX E=E | CRE

54


http://gopira.jp/
mailto:gopira-adm@gopira.jp

—-

A _Ha
—= )
A3

e #8347 U7z Subaru/RAVEN 7122 = 7 b & Univ. Victoria (Canada),
NRC (Canada), Subaru telescope, & HIb K2ZDW 1 TirbN E Lz,

First run in May 2014.



	スライド番号 1
	レーザーガイド星を用いた補償光学
	スライド番号 3
	今日の内容
	今日の内容
	補償光学の原理：概念図
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	大気の性質：大気の屈折率の温度、波長依存性
	大気の性質：大気の屈折率のむら
	大気の性質：大気の屈折率揺らぎによる位相差の大きさ
	補償光学についての 3 つの誤解？
	補償光学の点像関数の形を模式的に書くと、
	 補償性能の指標：ストレル比と点像関数
	補償性能を決める要因：フィッテイング誤差
	補償性能を決める要因：レーザーガイド星と �Tip-Tilt ガイド星
	スライド番号 20
	スライド番号 21
	スライド番号 22
	今日の内容
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	トモグラフィー補償光学での点像関数
	トモグラフィー補償光学で実現する可視光補償光学
	トモグラフィー補償光学で可視光補償光学の実現へ
	高い空間分解能で見えてくるもの
	スライド番号 34
	スライド番号 35
	広視野・多天体補償光学をTMTで
	今日の内容
	補償光学の中の「トモグラフィー」�の難しさ
	スライド番号 39
	Tomography AO ingredient I : �Turbulence height profile
	スライド番号 41
	Tomography AO ingredient II : �Wind profile
	Tomography AO ingredient II : �Wind profile
	スライド番号 44
	スライド番号 45
	スライド番号 46
	スライド番号 47
	スライド番号 48
	スライド番号 49
	スライド番号 50
	補償光学の開発現場の多様性
	天文学を見直す：宇宙装置開発も一分野
	装置開発の現場の議論を続けています。
	2030年代に向けて�可視赤外線天文学の将来計画の議論�が始まっています。
	謝辞

