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0.004 Wavefront Bdxed DM TT+DM Corrected WF PSF
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—Emm [+ R BFEARMEBIFEMNEBEREZR A N 5O 11m RN IFRMNB =FZ2R( 7RI
VIRV T /XTI UV /)l F—v/mmmji=zaX ju’'cc v.oJ I v/ 0jJ)l—F—v/Mm)=aZ 1u O /NVUIE
1|: LR,

0.59um & 20um TOREZILDEWNIE 1.6% LHELY,

ZhickyY., BWWEERTHEEZAE L. RUOERTCABEZMIE L CERT
BT EDBEMITES
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i | Roe, 2002, PASP, 114, 450
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1.2 KRDMEE | KRDEFRES T DZREEE

KEOBEES T, BIFRESTFXOOTIIVIERICRD. KEWZEERT—)LD
BEoEFEKRT d“U D, BRE L OBED/INT—ARYT ~UiE

®(l) o (2/1)7/3
fcefcLe KREWRSZ—)U (10m order) E/NEWRST —)U (mm order) ICZNZNA Y
AT HH B,
BB TET & Dy(f) =< |$(x) — (x +&)|> >= 2 /3
£G5B, ChlEREDBINEESEDAEEEE X BEH.
HEMREZHIIRT 2ERE L THENT N TR 2R (anisoplanatism) B3 < DT,
BENFRDMREZEE X BRICIIEERHE BV DHMEFITH 5,

SRR ECRRILTcRRFES E &%WW#AQ >~ D—Hl,

AQinst/SIMAO/4gs_anime.gif
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Altitude [km]

12 KRDOME | KADEHRFESEOKRETLEREST

TETERY A P TRAESNEARIDEFIRES EDFEDHZ TORITTY,
TR TIFAERDEVBEICIED LIE C2dh ITIZ>TW %, &EAMmEICE
LELEREBRENIMICHED LIEZRDTLENTES,
Z DY A FTHIFRD 5500m LIFDMRBDMDDAREEHRENT EHDH

Median profiles

——— T1 - Tolar

T2 — Armazones:
_______ T3 — Tolonchar 7
T4 - SPM 1

—_—_—— T6 — Mauna Kea

10 20 30
C,2(h)dh/107™* [m'/?]

o BRI FT T TIETORDDARKEEHARKEL,

Height
(km) C2dhim!/3)
25%ile Median 75%ile Mean
13N Mauna Kea: 121,801 total profiles, 2005 Jun—2008 Feb
0.0 ..o 1.38e-13 241e-13 4.29¢-13 3.63c-13
05 . 1.22e-20 S.11e-15 4.21e-14 7. 71e-14
LO o 1.88e-16 2.46¢-15 [.13c-14 4.03¢-14
20 3.26e-17 8.98¢c-16 1.18c-14 2.55¢-14
40 4.81e-15 1.72e-14 4.12¢-14 3.48¢-14
8.0 ...l 4.34e-16 6.21e-15 3.35c-14 3.07e-14
16.0 ...l 1.27¢-14 2.03e-14 3.48c-14 3.02e-14
Els et al. 2009, PASP, 121, 527
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7r'7—l—/-r7m7°|—| 7A) L AFEAN 77 AS ﬂzﬁﬁ*hm«(ﬁ*h#;—lv,\qkz

/7 7/ VJ/I—I// 1 JV/ETRTT O U\ 1BIEIRIZAVITTREAE K60 Do

RMSHTARZ A BRI s LTERT E TORD L SIch S, EHA N ST E r5/3
112 L CRMSHAREIEAE 55 . TOMEEL BT AHDOREDLTENSE
IHEDENZHDRE S, NEVERETEVEE CEIT A ITMELEREL
THEIARRAIER T BT EQHES, DY, EIRBRAY— 4>6ﬁ42mﬁuo
AOERBEE TCORMEEEZ DIFEARELMBELBET ZREND S,
BO_WIWXIII["""\'_

2C% dh = 6x10-13 (m'/?)

60
| r, = 0.11m (0.5um)

40 —

20

RMS phase difference (um)

O__JIJIIIII_..\..\\.|__
O 20 40 60 80 100

Distance (m)
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1.3 fH{EMEEEDIEIR | IRERRE & 1B1ERIEK

ENEIFADTL BHDEEHDEANTWAD. ENFITBETEhZEEM | FHM
FTAHNTA=RELT. ADTK BHDEEDIZFAT &EDBENLEHFD _FFITEH
R (root mean square) = & %, INZKHEERE * KHEsRZE (Wave Front Error) &S,
B BRX COHDAHEE p(x) LRI LE KHERER

2 =< 5 [ [é(x) — dol?dx >

ERT, RDRAZA FCRI KDICIOFRmREIFEA b LIVEEER G LTS,
HEERZE T FEDMAEDIEIEREAEL

Dy (€) =< |$(x) — p(x +£)[2 >
CTEHMlmd 5 EHHFES,
HOAFED B D ARSI |

Ry(8) =< |9(x)(x +€)[* >
Tohl). 1EEREME 5 EEERIE

Dy(&) =< |¢p(x)* > + < |p(x + &)|? > +2 < |p(x)p(x + &)| >
= 214(0) — 214 (€)

THIGT %o
HEREFRETCERIFELEAVDHOERLER L AR TERIHZEN DS, UE
CHRLIEGBEITERRICHKITZT %,

PO K ZKADIRE L URERFEZ BV CHET 2KADACRITERIC(IZEA
OEFLIEVDT. EECRLUOFEREIFRRICKSTTWEHETES, 17




1.3 fH{EMEEEDIEIR | IREREE A b LIVEE

(PRI ZZER L Tcima D PSF DE— V(B L EIRICERR ENS PSF DE—V{ED L%
ARUIVEEERS,

A b LIV EERRE D INE DB ITIEME TR Lo gmRE & SR=exp(—o?) THf
Y %o

[l CRmEREIC L CAMBEE o? IFRRICKET . &> TEE 2.2um TSR=0.9
DIZE CTHIEE 0.7 um Tl SR=04 ICLHE 550N,

LH L. BRZEIRT 2HBEICTKEREP A b LJVEIFANIZ KU,
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1.3 fEMREDIEIR ¢ X b LIV E SREEK

WAWAERX +LUIVEED S 15:EE%L PSF Ofl%Z <9, 30m LizE K- band ’CUDEEIE'J%':ME Licyzal—3 )

NCrr—m 4 M-\ 14 Yl La nT, /2 1 —L 1 - _9|_

> h ‘91?‘9/“/4._ FoF Cdd ’)\ X|0) 1] JQ(/EKI.U7F9‘):'EH(LX‘J}IL,\ 9 5. BHA & & IOQ scale C Z‘ZZI—\ WADT
IR ETN TS,

ARUIVEDRE 2 Teh 5 EE DT PSF HREX B DT T WD TINSIE—HITH S,
HENFERD PSF ISHEEHINNTWBAT EV—A VT DEENZRD/\O—DSEBREINE T EHNZL A
JIVHD 7 TCEhENS,

EE (£ 0.12"x0.12" [C AB I x)VF—, EE21Z 0.24"X0.24" ICABITXIVF—D % 9 (E_ED/ N ILDOEA),

SR=0.89 SR=0.74 SR=0.64 SR=0.53 SR=0.41
EE=77 EE=67 EE=59 EE=51 EE=41
EE2=83 EE2=73 EE2=66 EE2=60 EE2=55

. SR=0.20 SR=0.10 SR=0.05 SR=0.02
EE=33 EE=21 EE=0.20 EE=7 EE=5 19
EE2=52 EE2=32 EE2=40 EE2=20 EE2=13

Maos/TMT_MOAOG6_psf_images.gif, NFIRAOS1_psf_images.gif
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IoY—o1IV - TR ITT7ITRIVF—

ERRICERIDFHEEILCAMRICIEZ A M LIVETIEEEE LICK WT ERZL, TV —J)b - T
VAT ITIRIVF—(BEHROSNCEODPRICKEDID S EENTEITDEIENADTWVWSD)
ICEDWCEHMET B2 &EHZ W, RLCR LUIVEETE PSF DFIEWAWAHVIEBDTA LIV
tbE T H— IV T XIVF—IF 111 R TIEEWLA TIC—RE R T,
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- f{EMERE

14 FHEMRZRODER : T v TA VIR

E/\ Jm

FARDRFE) Th %,
- TOXOKRISERIICTFREINDIRFHEKEZEDERZERT, YIal—r3
Y CEHEINEREZDNA (BUA 8m. EHA 30m) TRd .

Elements / 30m Aperture

1000

100

Residual WFE (nm)

10° 10% 1000
B | | s g
L 7
B Ve
e
- Bm 12x12  _ “subary/ __O.]l
I 30m 64x64 o 2 AO36
- y = Subaru/ ==() 5
AO188
/
B e
B e
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= 7
o | HEIn Ll Ll

100 1000 104

Aperture / Elements (cm?)

AOQinst/SIMAO/number_rms.pdf
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Strehl Ratio

1.4 f{EMEEE RO S ER | RFADEMICK S 1EaEDR E

BATA REZRBWEED AO DRFEICK B MHEDLEE, AAllX Subaru/AO36
36 =F. AfllE Subaru/A0188 188 EF., BIBL\AA REDIBAITIE T + v 7 1 >
JREICEWREFEDHZWVALEIBEVA b LUILLEDEREN TV S, TIX2ERER
@*{FE_%(‘&?%’(“L&U\/r:E)I/7EJ’EHZ£%72}5HL\'CL\%U)’C“”ﬁﬁd)&—*‘/‘d)??i&c‘:Lat 1 %
1 _)I(_\ iy CLE7E 0N,

1

*k K—band

Strehl ratio

o2 04 06 0.8

0.35
S o J-band
o.3} o H-band || N
o o K-band *
o :
0.25[ 8 1 "
o -
0.2 .
o p_—
o.1s5} & ] N
i ' *
0.05 3 8 o
&8 a B
o o F--N o
o 11 12 13 14 15 16 17 18
A© guids starmagnituds (Rebana 8 9 10 11 12 13 14 15 16

Oya et al. 2004, SPIE, 5490, 409 Guide star R—mag

Minowa et al. 2010, SPIE, 7736, 77363N
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From Subaru web page



1.4 f{EMEEE RH B ER : anisoplanatism & FERE

Angular anisoplanatism Focal anisoplanatism Time delay Chromatic anisoplanatism

-—_———

I
|
|
|
|
|
| I
|
|
|
|
|
|
I

-

A FEDFREZ—T v b AL REDSEHERTHS. A4 FRDAIEEZ—T v b REEICKV AL FEERE
DAEHREZDT EICEKD, EEFTBHTLlcLB, \DHWETRBEELIHZTE X—7 v FDIBHRGEST
IC& 5, e T N7

AO/anisoplanatisms.pdt

~ HOFEEEAET DHAEREC. 2—7 v FOMOFEHNEDHAEEZETLHT,
ZD2EHDPNAWNALGER TIND T &K > THEMEENHIRIT NS,

—- INSOMRIFKTOEEREM & FEREDREZTNZTNDIGEICHTIXSHTERT S
Z & CEHMmHR S,

Dy (&) =< |¢(x) — d(x + &)|* >

0% =< 2 [ [16(x) — ¢o|?dx >
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1.4 fE(EMRER RH B ER : Angular anisoplanatism

HA FEOARER—T v bDOABAOLGELS T &ITKS anisoplanatism,
AT EERZ EOKITRT,
Keck AO (&£ : BSAHA FE. B L—T—H4 FE) DIHFEE TORITRTY,

1.07 :
_08r 1 HA FEHLSENBICLIzD>TENFEIFA FLIVEED
S o6l 1 IhELKBEBDEHBELER, £H5S LGS T Tip-Tilt DIE
R | ZBRWeE D, LGS T Tip-Tilt DIEZFRLME DT NGS
S 04l 1 Tip-Tilterror Z&HEcEHD. NGS DIFH. LGS DIFA.
7 : 1 NGSI[THERB EZEBEADEPHTH S,

02t 1 Van Dam et al. 2006, SPIE

0.0t f

0 10 20 30 40 50 60
Angle (arcsec)

09/10/05 M11 isoplonatism (NGS)

0.6F T

0.52— §

[+

0.3f

Strehl
Lee o
<

K—band Strehl

02f o 8

0.1 Isoplanatic angle ~45"

0‘12— — 0.0; . . ‘ - ]
S o 5 10 15 20 25
T Isoplanatic distance (arcsec)

Angular offset (")
25
Van Dam et al. 2006, PASP, 118, 310




1.4 fH(EMRE % R S EMR : Focal anisoplanatism

- FTIBEREAOI18B TERAA FEZRW GG E L—T—HA4 FEZBWIGS
DA~ LIVEEDEEER,
- L—Y—H4 FEZBUVWFEIEO— %R (Focal Anisoplanatism) [C& > TR ML

JVLEIE T D %,
- l 77—
. | TT guide star Rmag = 13.8 |
© - EL = 70 deg
o k ¥ - 0.8 -
o - o
20 3 pu _ -
g o " % . s 0.6
% ; >|< ': g 04 | . -
@ + 1 &
L k R<10 4 i |
St. 10<R<13" 02 o
L + 13<R<151 @ 1
QLl_l_l_l_l_l_l_l_l_l_l_l_l_l_l_n_l_l_l_ 0 MU ISR RPE TP B
1 2 3 4 S 1 2 3 4 5
Wavelength
Wavelength [um] avelength [um]
Minowa et al. 2010, SPIE, 7736, 77363N Minowa et al. 2012, SPIE, 8447, 84471F
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14 HESREZADSER | L—Y—HA FEL Tip-Tit A1 F£

- LY —HA REDBAICEAEEITE LI BB > CATIES T TE LS Tip-
Tilt D ISR ENDDTAKIES ED Tip-Tit kR ZEHET 5 EHHEREL, D
ROTRTI AR SIBONT FEERDERIBE. 4 L

— \\/

7 U L& ~90km L—H%—A414FE

HERAKZ[DE ~16km T

b
5
il
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Tip-Tilt 4 FETH/\—TES M : Tilt-anisoplanatism
TORNSITTAA FENSDEEREICK > TEL S SRDOBAD T 77 2 — = EMBIITK & Tz
ED(ERBOIREN T EIEEEEV), JKOFETTSROBDEZZZ TR S
(SR~0.6)Kf. —DDTT HA RETH/\—TEHEHFIEXT IHSHF R0 TEEDEE

E13 %,

SR Tilt—Aniso

1

0.8

0.6

0.4

1.4 fEMteE T RO S ER :

A I:“_: [ [ [ [ [ [ [ [ | [ [ [ | [ [ [ | [ [ [ |
—\::'., k Red: 8m, Blue: 30m |
- llll -
—“'. Sol.K, Dot.J, DasV |
Y r0=0.18m, h=4km |
SN -
- _I I"._— N N
N _
o ]
— ‘\ I"I. —_
i \ ]
- \ A _
i \ N _
L \ N _
SN =
i | | | | | | | r I__h I._h l_lz-_ _l__ I__' I____I_'__| =t = —'l— _-i——lL—l——j
0 20 40 60 80 100 120

Distance (arcsec)

Clfiles/smoao/TAplot.eps : calculation following Sandler et al. 1994



1.4 fHEEREZROBER | L—H—HA FREXFEEAAAIANL YD 1

1 @D TT-guide E2H0\H/\—F 5T 7 IFERATEH R=60"12E, T5EEDHEFEL LT 1000
stars/sq.deg I2ENE, TOXICHHEMBEE COEHT Y FHEEZDE. DIa< &£E V=24mag,
Jvega=21mag, Kvega=20mag IZ2EICEET 2HEDLH D, TNTNDRHLETOEDHT > ML —

M &Sl EDERRREOHIRI0MsHh 5EZ 5 &

RAB=24mag : 10.1 photons/30ms/8.2m/3000A

|AB=24mag : 7.7 photons/30ms/8.2m/3000A

JAB=22.4mag (Jvega=21.4magq) : 23.8 photons/30ms/8.2m/3000A
HAB=22.2mag(Hvega=20.7mag) : 21.4 photons/30ms/8.2m/3000A

KAB=22mag (Kvega=20mag) : 18.7 photons/30ms/8.2m/3000A

R CTHEVWSNSHZEBL A RE: RAB=18mag : 28 photons/ms/8.2m/1000A)

Galactic pole fEIF COW K DHD/INY FTDEHV >V
INTEGRAL Infante et al. 1994

Yoshii et al. 1987 ) P —r———— . .
f—_ - Minezaki et al. 1998
* PRESENT DATA r
o JARVIS & TYSON 1981 2 A A R
= o
& T SPHEROID S o 10E= —
= = E =
T = - - -
;! DISK ‘;" ol T - n
§ of | § o F L .
= = E
= INTERMEDIATE —. 2 ]
< s 10 f =
2 I _ ~Nr E E { -
7] = ]
EVARI N T P fee
L 1 alle 1 1
ol I L | ! 19 20 21 22 23 10 12 14 16 1829 20

2 (] 20 24 28
K (mag)
V (mag) J { 9



1.4 F{EMERZROBZER | L—Y—HA FEAFRERAACHNL YD 2

8m &5
30ms

30m &8
100ms

BEWEZTT A FELELTRWVWSHEIKII/NY 77502 B/ A XHHNTL %, CFHT webpage
HHE D TEZ 1) MaunaKea TD/N\w 7 757> RDOEES & (VegaZilk). 2) 0.5"x0.5"CDEES &
3)0.2"x0.2" THEES E. 4) 0.1"'X0.1" COES &, 4) FREEND/IN\Y 7757 RHEFE. 5 BIDA
TA RCRAA TN Y DZHIRT BDIEDICEREINDSHA REDHFE. 6) HA REDHFEHE
INY G959 ROXFEDRT Y > /A XD ERITRT

BJfREClE 0.5"x0.5" DmElE L thER. IR TlF@ME SN ES,AE R 5 On-instrument WFS Z{x7E L T
0.2"x0.2" or 0.1"x0.1" OB L b L TH <. FDERIE 8m EimiE. NDERIL 30m EEi=iE,

1.0’x1.0” 0.5"x0.5” 0.2"x0.2” 0.1"x0.1” Dbg/30ms  GS/30ms GS/sqrt(bg)

R-band 20.3 218 23.8 25.3 76 10.1 1.15
I-band 19.2 20.7 22.7 24.2 161 7.7 0.61
J-band 14.8 16.3 18.3 19.8 1037 23.8 0.74
H-band 13.4 14.9 16.9 18.4 2825 21.4 0.40
K-band i2.6 141 16.1 176 —> 1078 18.7 0.57

1.0°x1.0” 0.5"x0.5” 0.2"x0.2” 0.1"x0.1” bg/100ms GS/100ms GS/sqrt(bg)

R-band 20.3 21.8 23.8 25.3 3403 449 7.7
I-band 19.2 20 22.7 24.2 7166 343 4.1
J-band 14.8 16.3 18.3 128 N 11629 1060 9.8
H-band 13.4 14.9 16.9 18.4 31666 956 5.4 .

K-band 12.6 14.1 16.1 17.6 — 48117 836 3.8



2. {#HENFD 3+1 EDHES
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21 EEEY— vy 7NV MR VEREC Y —COREHEEK

RA7ALYXT7 A" ITRHT BB 0T NOBRIEE (S1x, S1y) EBER T 2REDR( \YEITRI)IC
X3 L C Fried Geometry & Hudgin Geometry D 2 fFEDEBHNALN S NS, TNZNDR TDRE
EDOMEE wil, w12, w21, w22 £KRT, AlEELSREDOLMEOBRIEZNTNTOIDL S ICE

FWOHFNEDICIE w1, wi2, w21, w22 ZARWN5, ¥ v v 7/ M VBEIORE L > —DIFEICIEH
BEEDHD xy AEDFEDIEE ZBIE L TL B DT Fried Geometry B IGEERH R LY,
Hudgin Geometry DK < xy TEGASHFADIEETZRE L TWS DI TlEEL, fzfZL. Fried
Geometry CTlE&ihd 57w 7IVE— RHRIETELGVBELH S,

Fried Geometry

Hudgin Geometry,
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&3
W3,

W21

S1

S1,
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2.2 AJEAZ R ¢ TMT Z28%E LfcBFICER T NS EHRAI

Element count

1024 = 32x32 (goal: 4096 = 64x64)

Pitch

300 ~ 1,000 um

Aperture size

10~ 30mm (goal: 20~ 60mm)

Fill factor 98%
Actuator yield > 99%
Stroke (overall) 20 um
Stroke (at highest spatial freq.) 4 um

Surface roughness (RMS)

< 20nm (goal: <10nm)

Flatness (controlled; RMS) < 20 nm

Bandwidth > 100Hz

First resonance > 1kHz

Hysteresys < 0.1%

Reflective surface Gold (Silver) w/ overcoat
Uniformity of surface reflectivity +1% RMS

Stability < 4nm

Repeatability < 4nm

Resolution < 4nm

Maximum drive voltage < 300V

Operating temperature

-5°C ~ +15°C (goal: -30°C ~ +30%C)

Relative Humidity

0~90 %

Altitude

0~ 4500 m

42



2.2 A/ EH R ¢ MEMS iz AW -2 R2FrIER R

o ZHRFDOMEMSAIZEHER [C DL TIXIRIKTIE Boston Micromachines MDIHiE
BEHE-O>TWS, EFHORKIZ25mmA 4092 FF. A tAO—23.5um,
EYF400umTdh3b, 17y i LT14nm rms CRE%=BIRATEE,
Dead 7V F 21T — X DE=EMZ HFVIRTIE 1 wIZEEDH Y. Wafer DAED
[MiZE). 300V DBEFEICKSEmEME T 7 F 1 T —2BEDOIMGH]. EFE[E]
BRONRULHEREE T > T3,

| I_m_l |

Continuous mirror
(smooth phase control)

Segmented mirror
(uncoupled control)

Boston Micromachines, AO4ELT2 presen, webpage. 43



2.2 AR ¢ MEMS itz AW E R FAER R

« MEMS TEEZ S5 EEDIEMIC IRIS-AO (Berkeley) hhdp 5, IRIRTIEE
FEDEwAIE 163 85T 489 ZFHIEDLHZEAK, AO—2 5um, EvF
600um, R—LNX—IDBROBIHEINTULEL, |

! 133 LTI
IEmnIIInIISIIINIanIaR s

Rigid
High-Quality
Mirror —
Segment

Bondsites

Actuator
Platform

Electrodes

Temperature
Insensitive
Bimorph
Flexure

Figure 11. Photograph of a PTT489 deformable-mirror chip prior to optical coating.

Number Number
of of Max Max Min. Freq. | Inscribed | Avail-
Model # | Actuators | Segments Stroke | Tilt Angle | Response Aperture ability
PTT111-5 111 37 5 um +5 mrad 2 kHZ 3.5mm v
PTT111-8 111 37 8 um +8 mrad 2 kHZ 3.5mm Q2,10
PTT489-5 489 163 5 um +5 mrad 2 kHZ 7.7 mm v
PTT489-8 489 163 8 um +8 mrad 2 kHZ 7.7 mm Q3, 10"

* Beta availability

IRIS AO web page
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22 AR ¢ SRFAERE

e MEMS Tl&HEWLH ALPAO DB 7 F 1 T— 2 DR EZRHEEE LEEHY/ VR,
277 &F. 1.2mm iR, EZEMBERECTIE+-60um X FO—7 ., SZERAR
HTIEZD1/51BE., BESLTIE3um A bO—7, EFHHEDPEZDT
HNIEEA FO—7BICIIRL. EZVDEDELY EMEL,

ALPAO web page. AO4ELT2 booth
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220]EER | ETVERFZRAWVCSRFAIENE 1

EIVEZRWIREeDZEFERESE LT VLT/SPHERE Ofl, CILAS TEEITHLL
T3, 41x41EF. 180mmERE. 5SmmEYF, BEBSLDODA O—21E >Tum,

SAXO status

e DM integration (CILAS DM developed
in framework of Opticon/FP6/JRA1)

' —— - First interferogram
DM in front of Zygo, and power supply

Beuzit et al. 201 1@AO4ELT2 46



22 0]EREE : EIVERFZRAVCEZRFRAIERE 2

o EITVZEAVWEBEEDIRIAE LT Palomer/PALM3000 dfll, Xinetics 3388
=T, 66X66%FN1.8mMmMEYF TN T—TUITONKZEIRZ &>
TWd, BESLDOXX O—2(F 1.2um,

PSK

f,}

\

| -#:| -
BN\
Figure 2. Left: The 3388-actuator deformable mirror cabled for optical testing in the laboratory at Xinetics Inc.

Right: Zygo interferometer surface map of the deformable mirror with actuators spelling “P3K”. The surtace
actuation 1s ~100 nm.

Bouchez et al. 2008, SPIE



2.2 AJER 8 | Al KRR

- SERBORIBERAIZERBICTEILEEHETONTWVNS, TDFE. BHAKEVDTEFHEZIEYPTZ
EHHRD, FLAIBZAIERFEICT 5T & THELZICHESI RERFEIEPLTHELGLLEY.,
REDBZBEDRZE LEELPSOEEMHZ RS THRELEH S,

- RAROAAMINVERW 7 7F11—2%FERALTWS, VLT 1170

LBT 672
MMT 336

A.D.S. international homepage
Gallieni 2013, AO4ELT3 presentation
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23 L—Y—HF: L—U—L—H—,F bUILL—H—

L—H—H4 FELELTHWONSKRICIESDEZAL—)—#ELZFIRALL—
)—L—H—LEZDF NIV LBZRET ST NIV LL—F—DHH B,

L=U—L—H—RL—V—HEZFATScdH. KIDBEICX>THSENRE
V. EZITKIEEY 2—VI3EL< T 5, RAMNICIE 8-12km EZTORELZAWLS,
HA FEDSEZFIET BB L—F—IF/NIVATEY . INNVADZRAZIVTICE
HECRAL Y —TOREEITD,

ThIYLL—Y—TIIHRARDFT PV LBDESETHA FEDSETHREY,
HKXZ I0km EZETHB, fcfcL. F MUV LEDEETBRFICIIREEEND S,

e Subaru LGS 4.0W on-sky 10.5mag (R-band)
e Gemini-South LGS 50W

L—)—L—H—DAH—RICIL™MTHEDH. A1 FEHNTESEITHMEVLDTH
ICKERFETIEI—VIROEEZRZITPIT LV, HMREBHENLFZRDEK S ITHRED
BESERANZAELIEWEZRIEL—) —L—Y—TH+59Th %,
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24 )7 IV 2 A LEtEE I GPU ZAW Y AT A

TMT OfERFRZZEZATIZS. U7 IV 2 A LOHIEZTIHABERKICERVSARENHERE
 RE

64x64 RFDHENFREEZ ZAIHE. BHICIE 4096x2 (x, y) DFEtE VT —DRIE NT b
VD5 4096 RFDRIEREZDHIENY bV AR T 524EHH 5,

8192x4096 175 £ 81927 M ILDENIEZ1#EIC1000E: R T 2w EL H Y. SHEEREL
L/-(30Gfpstci‘:|-lb\j-%o

9274y KR—FGPUZBWLESIEFE GPGPU H ) 7 IV Z 1 LETEEICAWVL S Nigs T L
%, HEEDHFE LTIIMEREET 1Tips BERENTWV D, GDETHT—RELEDEE
DR MIVRY 7 EGEOTWAH. e EHE LU,

a7 | X—RZ oy | AT HFHRIE
NVIDIA Tesla C2070 148 1.15GHz 144GB /sec
NVIDIA GeForce GTX 690 | 3072 0.84GHz 288GB/sec
NVIDIA Kepler K20X 2688 0.73GHz 250GB /sec
Intel Xeon Phi 5110P 60 1.10GHz 320GB/sec

51
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3 MENFERINTA—ZANR—X [ 2{ADINT A — 2 &

- FFIREEGED. FIFBEEERP,. BERRERPOEEEZRT. VAMIOYT)—F
TlEiLy, 30m EmiFEL —F—H A REENZF Tl focal anisoplanatism DFhEH KX
E <., IRIKRD SCAO TlET+ai5 gL HA LY, LTAO, MCAO ik TN 3,

=t (=L 1EPR{#H{E YL EXAO
?,;@gﬁﬁb Subaru/SCEXAO
2L —H—HA1 RTD VLT/Sphere
EO— > 5hE Gemini/GPI
gt Palomer/Palm3000
~5AX NLIVEE (~0.9) LBT/ASM
A Magellan/MagAO
TMT/PFI SITE
EELT/EPICS  sowmssiommisseas: MCAO
T < — VLT/MAD (eng)
7'[;—%%;6;3.1?,0‘0 Gemini/Gems
Keck/NGAO TMT/NFIRAOS ZXRAEMHENE: MOAO
GMT/LTAO E-ELT/MICADO Subaru/RAVEN (eng)
WHT/CANARY (eng)
BHEHIGHENS: SCAO TMT/I;-RI?IA_%SIE’A-@?_E—AGE
REDZL DIV AT L
A% - R o
SL—Y—f1 FETORESNE (L E e CLAO
~ RS (>105 ) , G
Subaru/Ultimate
LBT/GLAO

MMT/GLAO 53
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Eposite 2012, Gemini-North AO WS presentatio%5



3.2 {RFRAHEYEE H - Palomar/Palm3000

Palomar XX& 5.1m Z&45,

64x64,32x32 EFD v v 7NV R ViEERE T —,

3000 EFDEI V7 I F 1 T—2ERAWVWRIZEREE (Xinetics),
GPU ZFHW D) 71V 2 1 LEtEE,

N DEE

June 02, 2012 September 25, 2012
64.6% Strehl 84.3% Strehl

56
Dekany 2013 AO4ELT3 presentation
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3.2 MR #E{EEE : Gemini/GPI
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3.3 BBBMIELFR | SCAO LDLEE

LGS AO system
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3.3 BEEHIZMEILE | Gemini / GEMS

- HRTUDHTDEBDNa L—F—HA FEDITE LT,
- ADERIGKEt Y —ICKSBEDRFZETT .

@ & MCAO Remote Real Time Display
File Miew Set Help

SUB. intensity DiMs commands

9

TT=(+0.000,+0.000)
r(0.50um)=0.0cm
Strehl(1.65um)=0%
Jitter=[55,49] mas
Noise=318 mas
Flux=86 ph/fr/pix

L]
l

4

442/1000 | time=1745.57s | FP5=13, 263kB/s
Zernikes variance & r0 v Slopes histogram v

Zernike coefficient rms, noise and r0 Slopes Histogram

r r0 = infty (0.500 mic, WFS1, client) 7]
F Strehl = 99.6% (1.650 mic, WFS1, client)

—-_

: 1]

Zern. coef rms [nm]
numberin bin
I T T T N T T T B BB

[ Zernike rms from WFS H
L

Zernike rms from BOTH )
1 I P

10.0 -1 0 1
Zernike number Slopes [arcsec]

~

RTD Contrels
A

x=15 y=1 (0) value=0

S B usa eth1 1P No Address

om Gemini website




3.3 BEEHIZMEILE | Gemini / GEMS

- RHOE (#EH 59km, 4.5km, Okm) [CHIZDAIER 8% AN THEZTT D,

CNREP / LGSWFS

61
Neichel 2011, Gemini North AO worksl‘resentaion




3.3 BB HZM(ENTE | Gemini / GEMS

- ELREFICOc > T—HREPSFHIE SN T LS,

— Classical AO DIZFRIIHFEBDERHA FEEL LTEHALHZED PSF Z R LTW
%, COBEIKIEIHA FEDH S AFRICEGHIMHBEUTTWLS,

Gemini Observatory GeMs- GSAOI flrstllght e P | NGC288, H band
. . T ’ ; ¢ y 13mn exposure
. 1 . . T R ; Field of View 87"x87"
4 3 Wilees 11 SR 1 FWHM = 0.080"
1 d : ) FWHM rms = 0.002"

62

Seeing limited
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3.4 hREBMENLFE | MMT
- AIZEIEE. L—U—L—Y— vy IV —ZBV R EBRE

Eye.

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 myg = 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. 64

Hart et al. 2010, Nature, 466, 727



3.4 HIREWMHEIF * MMT

- BER275ADRFOPTHE Y —RERHEHFSNTLS,

* GLAO corrected
I © Uncorrected

0.6’9___0____0'3___&&'

0.0 L 1 L 1 L 1 1

X e X
0.2 P%— X —x— g —xX¥ =X, R

L 1 L L
0 10 20 30 40 50
Field angle (")

60

Hart et al. 2010, Nature, 466, 727

c 1.0
- — K with GLAO
0.8 e H with GLAO
' —— J with GLAO
i = = K uncorrected
- 0.6} —— K diffraction limit
.‘%’
= o
o
= 04}
02F | 7~
s
0_0 1 A/-\. A —
0 0.2 0.4 0.6 0.8
Field angle (")

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 A1, mg = 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 J, H and K wavebands have FWHMs of
0.29'",0.29'" and 0.22"’, respectively. The remarkable degree of similarit§5
between the J and H profiles is, we believe, attributable to statistical fluctuations
in the seeing. Also shown, for comparison, are the seeing-limited K-band image



3.4 REBMHEINZE . Subaru / Ultimate-Subaru

- TWRBEEFETHLAZRIRZ AV CHREBMENFROIRRICEIT AR HEA
TW3%,
- ERAIZEIROTLIYIFVERETIL,

ULTIMATE-SUBARU

_ with Wide-Field Ground-Layer Adaptive Optics

NAQ.J/Subaru Telescope
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3.5 ZKEFH(EIE - Subaru/RAVEN

e 3EDBRAHA FEETEDL—F—HA FEZAELTIEIT S 71 —#EERTTS, 2@
DX % [EEFC Subaru/IRCS TEEAIT 3,

o BEARBICIIHEMNEABRERIED-HDRHAHFEEB THSH. BREBEHNDOERAEITS,

o REEY M) T7KETHFLITFHRT, 2014 FEICIZFT7—A 514 FOFE,

DM CL_
WEFS

To IRCS

From Dave Andersen

Room
for
LGS-
WEFES

Beam
from the
telescope



3.5 ZKEFH(EIE - Subaru/RAVEN

- 3EDBAHNA FELTEHOL—F—AHA4 FEZAELT M EI ST 1+ —HE:
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