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WHENFIINERFEARX LT EZ G ERER R, £RCUMH R +
RETEREZNEA. AFIANMAXERFEEHALRAMNEAEZNHAT
HRZEWERTW K. 0 EMPET R MR RBEL RS ARNEE L P,
KRFHETROAEGERAEEANAFHEAARNESWEFERSF—RI|F
A, ERAXFMAFRXNETFEEATEHAXETGRAMER, N, E
ETHE AR TAT S, U — S RIAFREMRER RS, FNEED®. KD,
AArAning), R EE L HERTEI R EAG WS B LS, FEILP L
AN FERE—FETEYTM K, HEAUFERSF, EARNSFHERL—FW
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QBT AZTHEOIE (M), TRNAERATENER, TE6hXEH, EEAT
P, GehEF, !
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nd_Year_Built.png



20 4 90 FRES, HRFMIRXWMNEHHENT LU= 24 KXo E
WHEA—HHE 810 XLTE N = FHWHFENN R, FNLTEF AN
ik H, WA ANE CCD MAHMAsw, &RXIME PN BW KR,
Bl F 8RR AXARELET TIEFHFEL. BEEEHESEL
A, RATHENMMIIMTERGE. GRER, EFLF. BENALF. HE
FEHMATHE - HEHEROANEALEETE.

KkJUEFE, RXANEALKZ EF e, #FAUT—REELH) 65 KE
W, ME 30 KEMALREANEFHNEMEEN L N R; o
PLE e 2 K%, HE 48 RRETEH 0 E o) By R K.

Great Paris Exhibition

Telescope . 5
(lens at the same scale)
Paris, France (1900)
Yerkes Obser\ratory
(40" refractor Mul -Object Flber n

lens at the same scale) ~ gpectr

Williams Bay, Telescope Gran I Keck Telesco
Wisconsin (1893) Hebel Chlna E:g:m%s pReck Tele: Haagii
. Canary Islands, (1993/1996)

Spain (2007)

Hooker
%100 ") 200
Mt Wilson, Mt FB nmar 0
Califomia Callfumla
(198 Gemini North Subaru
£ Mauna Kea, Telescope Thirty Meter Telescope
3 @ Hawaii (1999) Mauna Kea, Mauna Kea, Hawaii (planned 2022)

‘).C: Hobby-Eberly Snuihern African Hawaii (1999)
(1979-1998) (1999 ) Davis Uﬂ'leﬂﬁnd
Multi Mirror Telescope Mountains, South Africa

Mount Hupklns Arizona Texas (1995) (2005)

Gemini Snuth
Chlle (2000)
BTA-G
Altazimuth elescope)
Zelenchuks RUSSIB
Large Binocular Telescope
. Mount Graham,

Arizona (2005) Large Synoptic
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Large Zenith Telescope El Perién, Chile
British CD}LZJI'ana Canada

Gaia

Earth-Sun L2 point Earth tralllng

(2014) solar orbit

(2009)

(planned 2020)

¥
European Extremel
LBngee Telescope v Halértnlfen
O . ‘o iieze cSAmES  nle,
Cerro Paranal, Chile
ble Space (1998-2000) e

James Webb 'I'EIesco

Space Telescope Low Ea
Earth-Sun L2 p0|nt
(planned 2018) (1990)

Magellan P Giant M llan Tel
“ as Campanas, Las Campanas Observatary,
Chile (200012002) Chile (planned 2020)

0 10 20 30ft
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=\ Ed) iy bl

2015 £ 5 A 21 H, HAAH#E0iEE 2015/16 W A M E (B 56 H:
KRR A o 2015/16 M 45 FE R IR BT Z: LRAS TR,
QEF R, REAREER L. BHEF; TERANEN TR aRE: Fr
Tk 7|1 MeerKAT A X Z ik, °

20014 F10 A7 H, WHETHBECQFHRER2XA T (2014 £ R ER K
A H|E, NPT ERTEEREEMBEAFEL (56 MEA . 3NEHE
), X BREAERMTERE T UTENR: dAEREREERZRMT
A, UEHEDRGHBENAL; ZBRAFRGEL T ERELH; RERR
FRIET R RENEF B3 RwTAERAH, BTN A £ E A
A ER ., XLRHEEEY R 8 M, HFE—TN: (1D KAXFMREKY
B mAFfn IRAM 30 K4t @ Em4E . A AR R AR 5 W3k . F 4 [ 4E fa
Javalambre XA E KX X & . YEBES AxX .0, hFE L m TLh=E, °

2014 8 A 2 H, % 40 mERZEEHFRXZE R4 (COSPAR) FALWEE
HRAFT R, EXNZERFABREA D HNEeHERFASN L, ®ZH
B ZF AR KT K EF| AR, A BKAn K BB R &M T 8k ok + F MK
REIML TR FIIANET HAEREERTETR. EEa%: - 2016-2018
F, SRR R EKA % S “ExoMars” K E T XA XM B ES (FEH L2 KN
“Exobiology on Mars”, * Z 5G4 T KK E £ 4 EWRIT. 7 KE TR
AR RBABRGEKENERESE) 5 - 2016 £, S i0 @ KM K B F H AF
W I & HLAG & 1B FF & #“BepiColombo” K Z R MTE (ZIEH ULEAFFFFRN
FeH WA F %) -2017 F, KAtk 5 fofn D 4 &> (Cunexrp-PT)
AFBEEE,; - 2019 4, KE<HHK-KB%K” Ulyna-Tno6) AZKFNE; - 2020
F, REEEZNEALERENIIEWAZ AL E; - 2021-2023 4, X 5t F 3K-
FIE” (Jlyma-Pecype) HEIKHMEH M EHFIEH; wHFHFRA, KPHET
2024 4 A EH K AR T -13E” (Doboc-Tpynr) HMlHE, LLEEMKT-FKE
FEERE MR ES,

2014 £ 3 A, ZERNERFH 3 LEBERH =FTARFIE, 27E2H

2http://www.dst.gov.za/index.php/media—room/latest—news/1386-science—and-innovation-driving—forces—for—

future-growth
3http://www.idi.mineco.gob.es/stfls/MICINN/Prensa/FICHEROS/2014/141007_N P_Consejo_ICTS.pdf

4http://www.cistc.gov.cn/introduction/info_4.asp?co|umn=222&id=85567
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BT Al TR, Fra2foaeEansg (SKA) , DUAKRE AN A
IMTERRES . REBFAREFMAHRT ERAWRXFIR SKA, %8
A 1191274 SKA ¥ 72 4R I A il A A T 2 57 pk £ 77 A4 B K & A
HE RS, UBANRRNFENERNEMEFRE., FTHERIEULE —HIE
EWREF—RIARAXFF M. RERNERRNE —HELTERZNTE. £
H—T4 N M EHTE - E, “MaEESFET 2024 £45, BW
EFRAEMEENTETE. FEEBFHERN 2500 7 K8, x4 11 A EE N
5 ERHEF. °
AABERZRWADEZRE LXK L

&1 REARFLERE

39.3 978 2024
30 655 postponed
24.5 368 2021

8 2020
8.4 35 2019

4 2018

1. BRMBAREZE

ESO 4 2R ey #% 3 B A 2 7048 11 X1 ”(Extremely Large Telescope, ELT) /& 4Bk
N A 2 17 4% (Buropean Extremely Large Telescope, E-ELT (39m) ), “30 *ﬁ
% ”(Thirty Meter Telescope, TMT) 1 B & £ ¥ 1 Z it 45 GMT(Giant Magellan
Telescope), =% & 4% % 20m-100m.

Bl #1 %1 2 # Overwhelmingly Large Telescope (OWL) (100m) , & T#H A
5% % & K, BF W MK A ZL T4 "(European Extremely Large
Telescope,E-ELT (39m) # &

Bk 4% A 2148 (European Extremely Large Telescope, E-ELT) 2 B M & 7
AX & (ESO) AEMNMEHAFAXERGE, BIFFATLEALL, THER
39 K, @ 800 AN SNAT/NG BT R, EE DTS E S K BT T
ABMNREALERENER. DOTHEE 117 12E 4

BRINR AL IAETH B ey # 3 TIEE 2012 £ 6 A kaHE, EELHFAH
BR. £EF—NBATEELZRFENERN )PP LERLFENEELF R A, BEFL

*http://news.sciencemag.org/europe/2014/03/u.k.-shower-money-three-big-science-projects
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https://en.wikipedia.org/wiki/European_Extremely_Large_Telescope
https://en.wikipedia.org/wiki/Thirty_Meter_Telescope

b B AR D, B 3 RS R UL R R 9 O S A AT SR -3

ZERFER RERIMT ENHEM U FRFIE, )”*?ﬁ%ﬁ?’rﬂﬁ;iﬁ/ﬁhﬂ%ﬂ PN
fRGE. BARE E@—ﬂ/@ﬂﬁnméﬁzi?m@?m% B A, 2 L T 2k
HATE, s RAMTEHRATWS AN, AR ETNEERAZRNAZECFATE.

2. = KRERE

“=Z T+ KZEm4E“ (Thirty Meter Telescope, TMT) T 2014 4 10 A & =E X
BEFNIFT KL EFTER, dxEH, mEA. BAR, vEH. BB, HESFHE
Z 53, TiF 2022 1247, TEMEA LN A 1012% T.

EtXE @G 492 ML N AFA R, THER 30 K/98 FER, XAH
BEREELF. BENAFURBTEHFEA. @3 zzE2nsk, FHFRA
B UL AR T 2 of A K 2 B, xR B B B A E AT N, R & [ #rE
B = AR,

2005412 A2 H, ERARGEREHET =T KEENER ZRFEAINF
Ak, WA FEE L FRITE R FTIENAL L — M F WA ITE . B &
REGEREINFWEGRERFIAETTIESZE, TS HEIEE,

3. ERRARERE

“K Z Y1 £ 1745 (Giant Magellan Telescope/GMT)T 2015 4 11 A 11 H &
EEATIRR, REMECEHE AW RN AL E, L TEARTFHER
27115 N BWEEFLE, BTEA 22 E#4e. LLANERaERKHEEA
R 510 E T, Tt w R I oLt E] A 2021 4R, 2 E R A\ IBAT BT A 2024 4

“REBRZLEZRE G4 T NER 84 KWER(HEAF —NNE&M), MAT/MEY
T 245 X EHR, MEXLAEET 214 X925, . ZE LA ZAAF <L

ERX eFHERE " AFTHEENMNEF .
lﬁékéﬂ%igﬁ]?Xju/)nﬂﬁﬁﬂﬁﬁ%d% HE . REWEFF R, FHEAR
FTFHFYEEMTERWAEL. BH . BEEf BRERNER, R RNE
REEL, ﬁ%ﬁi?%ﬁkﬁﬂ%?l\%ﬁ%%%ﬁno

4. FEERKFHETEH

F & B A A FH ¥ 7047 11 X1 (Chinese Giant Solar Telescope (CGST)) =& 4f xf“[#
XERKPAEM R EE CZRAK”, BREZNAFIWEME XTR S K2R E
Rdny. TE EAFZET 10 F 72 4 B 18] & 1% ik A 5F b= (8] o9 = A0 g 3k U &
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WEREW., BAERTEKFNARIIMtFEngG, SEHGFET FER/F
RAER AR FELZFHTHAN X, AT EECEH BN,

BRI ENARAEACLE BT “THMAMEL X, HEMNF 4 F a0
i, EFERAARAXAZFAHRFNTHRANER AL T&HE I E T — KA
L% %1 B E I & 4k

5. ROREFRKRETE

B3 AUBRRRETFREA

2015 £ 1 A, BAXF¥SF4RE L, aRBTFAFMEMATAAH
A2 5 IF & B — F e ¥ LSST (Large Synoptic Survey Telescope) Hy % 4 37 & A
nEeFWREngE, ZEXETNE HXEEXMFEL M IEHEE T I,
TR E 2021 FI % 5 A nn FHRAKENEG, EMARGERTHENE

nEeslREnGheRkEXERRENTEFRELLWES FONER
MEELREL, RAADRLFRRERFEWRE, BTN TFHFET, #
B F R — e mA A

A2 FURETFENENCHE PR TIRE O EEA— M

1o NEETT EAAMER EZEFL, ©8FEX AN BB K, X5
HRALKE A BE A7 I A 2 S 25 B AT 51 4 % T LR K BT

nEAFRRETHEN R LEFAIEF—HINUREETLA, 5
B3, ERHURBE I HERREN . CHEHN —KEFFE 1500 4
B E AL B A BE 7 4 RO R . 2015 AT, X AR ALBY FUE £ /= 5 1E T K
SRR, EEALHATH - MERNEENAATTEREI] TR T4
— M1 2000 F 7R, B RGBT A E CAE AT AR B AR 8 O T,
BAHARD LR RERFHREERERH B,
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6. SHRARKHETSH

FHAAFEZ s (The Advanced Technology Solar Telescope, ATST), &
*[E NSF R AT BT RN E A RS, REAL3ET, BMEEHENT
AZ LB, Tt 2018 AT K., &dbit F B R R B Haleakala, B.T 58 1+ 3
T.ATSTHE 4K, ZBATIRAERTWNRAIELFIA/IANERE (HA
RADBEMAMETEHXEARBARXE 1.6 X NST, HERXMAME) . T
KB ESE P, SIXATETERMEE N AF RR, 2Kk — B
Bk BAWMEAMLZRSE, Har, £ER LA ERTE +, RAREX
FEBE R EERANTEER AHE TG R Eir T LR E,



B8 EFr 8-10m MENF/AIREBIRE

—.  YIEEEE(KECK)

dlnZims (KECK) AR T 2MEMWEE (10 X)) WH 6 K4t 5%
——KECK-1 ## KECK-2 A k. LT AFHFERRFEN T LT, HK 4270
), 19.82636N 155.47501W,

g7 2 w4 (KECK) Z 1% 2 b1 % B in 48 2. L A % (University of California)
Fum N T 4% ( California Institute of Technology) % 3 #E % Hy, 1996 4
NASA .78 N T gl w24z (KECK) TiH .

& 4: KECK 4 31,

Pt 2w (KECK) L i m M K XAt # = (California Association for
Research in Astronomy) #1T &, fm il X CHF % 14 (California Association for
Research in Astronomy) = — /™ 3E & F| 48 22 . W B 8] g Am M 32 T % 2 (Caltech)
B B F A A4 ( the University of Hawaii System) . /u F| 4% & T A % (University
of California) #7 NASA 3k 4B, H = mF|4 B T A% (University of California)
Bk B E O E, NASA Bk 8 22k ey I & i,

gl ZmwE (KECK) BEE#M R 7 (W. M. Keck Foundation) 48 Bf

®http://www.keckobservatory.org/about/vision_and_mission
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9 1410 X TTIRIEM
& FEEER
<1977 Fop X BEFE A EILE
1979 i@ iF 10m £ im4E %t
+ 1983 Hoffman % B/ $50M
* 1983 Jerry Smith joins A& 4 51 H & ¥ A
* 1983 Keck 2t % Bf
<1983 HWREANLEZFENSHK
+ 1984 Hoffman 2
* 1984 i i UC-Caltech T B
* 1985 Keck # 4 %|{r
* 1985 IUH JF 42K
1990 A7k
* 1991 Keck 2 Fr#6 # %
* 1994 FF 464 F M|

* 1996 Keck 2 46 # = AL il

(—) KECK ## B47°

gl 72 2 5 7= 2010-2020 HA 8] By WL+ X £ B T DL T 4R
B AR KR4 (High angular resolution astrophysics)

& FEEAR, UV 3| K JFEEHE L. (Faint object, high-precision and

"http://www.keckobservatory.org/images/files/podcast/24_5479.pdf

®http://159.226.251.229/videoplayer/KeckObs_ProgramsSubcom_RFl.pdf?ich_u_r_i=2d085c2e5fef8a953de0

s_k_i_d=1&ich_u_n_i_t=1



highly-multiplexed spectroscopy from UV to K-band.)

FUEFFHEF A& (Flexibility to exploit emerging opportunities)

= 251547 (Highly efficient operations)

¥ I AR R R4S (Training the future leaders of the field)

(=) KECK &%#°
* 2: keeck BB FE5 %

AL 2% % H SHME

B 74 (Telescope) S it (Optical design) Ritchey-Chretien
£ (Mount) Altazimuth
K 1K® & (Overall height) 24.6 meters
K #z)E & (Total moving weight) 270 tons
% FEE (Total weight of glass) 14.4 tons

F4 (Primary mirror) %1t (Design) Actively controlled, segmented

hexagon

H 3 B (Equivalent diameter) 10 meters

B4 (Secondary
mirror)
Z TR (Dome)

£ (Instrumentation)

FAR (Figure)

F 4% & (Number of segments)
FH# A4 (Segment diameter)
T4 EE (Segment thickness)
F4 E&E (Segment weight)
HE#19[2 (Gap between segments)
T4 MK (Segment material)

Xt HE A (Light collecting area)
£ (Focal ratio)

FAR (Figure)

4% (Shape)

&, 3 (Height, Width)

# 3z EE (Moving weight)

FTFF Bt (Total air-replacement )
B LR BL (Visible band)
4140 3% Br (Infrared band)

B & 7 % (Adaptive Optics)

Concave hyperboloid
36

1.8 meters

75 mm

400 kg

3 mm

Zerodur low-expansion
glass-ceramic
76 square meters

f/1.75

Convex hyperboloid
Circular

30.8 x 37 meters

635 tons

5 minutes

0.3-1.0 micron

1.0 - 27.0 micron

1-5 micron IR

9http://spacecraftkits.com/KFacts.htmI
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(£) KECK (&#XK

® mNFERESKRAGH, EMEARERETTHNES, JwLTFEHT XM
# R H R

& NMMETA0 7 ETTHHI L F BN R G- A R A # 4 & 2000 K- B
Bt (AO), 2004 FELEAX & EHH T AZZEH AT EEHEN RS,

& HAMAEAEETANEEER KE, WREHRTLE, RATTEL
RA3HER,
(W) KECK /& #M &Y
% 3: KECK 4 Y&

Keck-1 Keck-2

B 09 E B U (HIRES) DEIMOS G 4 2 2 ity % B #r i
R B AL (LRIS) /N A SR R B AL CESTD

21 SN RN % B A7 K {-MOSFIRE # R AH (NIRC-2/A0)

s B (OSIRIS) P4 K (NIRSPEC)

KCWI (REZ%E)
NIRES (k%%

& 4. KECK ¥ mE &P & FOV

D& A BB FOV
DEIMOS (FHIE % ik VISIBLE BAND 3.6>3.6 arcmin
% BAR RSO (0.3-1.0 Micron)
/NI B X A gk & L VISIBLE BAND Guider Total FOV 3>3 arcmin;
(ESI) (0.3-1.1 Micron) A& AE R, (imaging mode ) T # FOV:

2>8 arcmin (full field)
2.1>3.5 arcmin (for 93154 mm filters)

10http://www.keckobservatory.org/a bout/instrumentation

11http://www2.keck.hawaii.edu/inst/index.php
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http://www2.keck.hawaii.edu/inst/hires/
http://www2.keck.hawaii.edu/inst/deimos/

B A3 O O R VISIBLE BAND A Canon 200 mm 1/1.8 lens provides a 45 by

(HIRES) (0.3-1.2 Micron) 60 arcsec field-of-view;
HIRES camera covers a 6.7 <diameter field of
view'?;
% - 3 = R A8 B3 X VISIBLE BAND 67.8 arcmin
(LRIS) (0.3-1.3 Micron)
HEMNEFRS NEAR-INFRARED

(ADAPTIVE OPTICS) (1-5 Micron)
STAEN £ B AR AL NEAR-INFRARED 6.1'x6.1'

-MOSFIRE (1-6 Micron)

8 = R LT B L NEAR-INFRARED
(NIRC-2/A0) (1-7 Micron)

W4T 4R (NIRSPEC)  NEAR-INFRARED
(1-8 Micron)

OH-Suppressing 4L 41 & NEAR-INFRARED
KR (OSIRIS) (1-9 Micron)

1. WASREE B AR

DEIMOS (The Deep Extragalactic Imaging Multi-Object Spectrograph) (K7
SNEFRBG S BARAEND ZEE MR EREHBOEAAEN, THAKE. &
TR, ZIREE RGN . 2002 FH T3 E| KECK-2 WA REAL. —K
BATUREE D 130 NE R L. F ‘Mega Mask’ T, # ] —FF4F 7R
EATIRE A, 7 LAAEE E D 1200 4 E ARk . DEIMOS .8 UCO/Lick X X &
Wit &, HFEAFE A Sandra M. Faber , T E 1% A & Dave Cowley,

% 5:DEIMOS B4y 82 fn e 3

Right Nasmyth platform, Keck Il; removable from focus
Capacity for two cameras fed from common collimator; only
one camera presently built

732°rotation (-330°< ROTPPOSN < +4029

Slit masks, all gratings and all filters

One guider; 3.6>3.6 arcmin FOV; slit-viewing and offset
modes are both available

Two-coordinate beam-steering with closed-loop feedback

Dispersion axis: ~20 px peak-to-peak image motion over 360
rotation

2HIRES: the high resolution echelle spectrometer on the Keck 10-m telescope, Vogt, S.S. et al., 1994, Proc.
SPIE, 2198, 362

13http://www2.keck.hawaii.edu/inst/deimos/

14http://www2.keck.hawaii.edu/inst/deimos/specs.html
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Spatial axis: ~6 px peak-to-peak image motion over 360
rotation
Precise amount varies among the sliders

<0.5 px image in each axis

11 slots in cassette, with one spot reserved for dedicated
focusing mask and 10 available for observer use;
cylindrical radius of curvature matched to focal plane curvature

Slit lets of arbitrary size and orientation

2 slots for 6>8 in gratings

Silvered flat mirror replaces grating

6.25>6.25 in glass filters;
7 slots; BMRIZ,, GG400, GG455, GG495, OG550

86.50 in

15.00 in

6.33 in for 10.95 m primary;
5.79 in for 10.02 m primary

f/2.358 for 11.00 m primary;
f/2.586 for 10.02 m primary

/1.29

0.00759 arcsec/m;
0.1185 arcsec per 15pm px

8192>8192 px (15 pm px);
2>4 mosaic of 2K>4K CCDs

11.40°

97% for lambda > 5200 A;
88% at 3900 A;
93% at 4400 A

85% at lambda > 5200 A;
77% at 3900 A
(including coatings and transmission)

% 6: DEIMOS # & & g8

Rectangular with 2 lopped-off corners;
sliver out of long side

16.7 arcmin>&.0 arcmin

0.4 arcmin>5.0 arcmin

0.1185 arcsec per px (15pm px)

4000 A - 10,500 A

BVRIZ + 2 user filters

40% (including telescope)

sigma=1.1 px in center, 1.4px at edge

15http://www2.keck.hawaii.edu/inst/deimos/specs.html
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http://www2.keck.hawaii.edu/inst/deimos/specs.html#table2_footnote1
http://www2.keck.hawaii.edu/inst/deimos/specs.html#table2_footnote2

800 e- per sec in V band at 21.0 mag

120-190 sec changeover between mirror and grating,
depending on slider

HE:
1. ~4000 AFBMIH.

2. FHAEI CCDH QE X 06 T ARSI HEHR, THAERAEBERER,
3. V ELEREAEINEVELEBEFENETEH L.

% 7: DEIMOS ¥ 3 2% i g 20

16.7 arcmin
16.3 arcmin
up to 130 slitlets with 1.5 arcsec gaps
up to 30°
0.1185 arcsec per px (15pm px)
4100 A -- 11,000 A

GG400, GG455, GG495, OG550

User selectable by choice of mask;
long-slits will provide variety of fixed widths
1.0 arcsec nominal, 0.5 arcsec good seeing

0.1 arcsec in both spectral and spatial axes

600 I/mm (7500 A blaze; aluminized);
830 I/mm (8640 A blaze; gold-coated);
900 I/mm (5500 A blaze; aluminzed);
1200 I/mm (7500 A blaze; gold-coated);
2 slots available

0.65 A/px, 0.47 Alpx, 0.44 Alpx, and 0.33 A/px
5300 A, 3840 A, 3530 A, and 2630 A
35A,25A 2.1 A and 1.1-1.6 A for 0.75 asec slit
29% (including telescope)

1.0e-persecatV =21.0

5forV =24.0;
12 for V = 23.0;
21 forvV =22.0

0.3-0.6 for R = 24.0;
0.6-1.2 for R = 23.0;
1.2-2.4 for R = 22.0;
2.2-4.6 for R = 21.0;

K% 45 CCD # QE 4 0.6 Fpr A R AT H 4E 4R .
157 th 45 B JR7E 3600 £ 4, 0.75 A& £ k48, 0.7 A £) & 5500 A #7 0.65 Alpx &1 T .
V & LAMEEE, %N 21.25 mag/arcsec.

4. FFBHNERRL AR R E 3600 A4, 1.0 AA A, £ 7000 A A1 1200G A
T. RIEEEE, T4 tEZANE.

TBE:
1. HEKENNFEMNEEZE.
2.
3

16http://www2.keck.hawaii.edu/inst/deimos/specs.html
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http://www2.keck.hawaii.edu/inst/deimos/specs.html#table2_footnote3
http://www2.keck.hawaii.edu/inst/deimos/specs.html#table3_footnote1
http://www2.keck.hawaii.edu/inst/deimos/specs.html#table3_footnote2
http://www2.keck.hawaii.edu/inst/deimos/specs.html#table3_footnote3
http://www2.keck.hawaii.edu/inst/deimos/deep2_s2n.html
http://www2.keck.hawaii.edu/inst/deimos/deep2_s2n.html
http://www2.keck.hawaii.edu/inst/deimos/specs.html#table3_footnote4

NS A SR BRAR A

ESI (The Echellette Spectrograph and Imager, /¥4 4 8 3 5UFr & & DO
BT RSB B, 70 e 55 KR iRy S48 g L, 1999 FH &Rk
KECK-2 24 1y £ E# M E 2 4. ESI 1 UCO/Lick KX &ikitZ#, HFA

XK A J.S. Miller, TiH # 3t A 4 Dave Cowley,

X8 ESIBAZAS%K

0.725 mm/arcsec

0.154240.0010 arcsec/pixel

0.39-1.1 microns

MIT-LL 2048>4096 CCD, 15 micron pixels

QE of 10% (at 0.32 m), 61% (0.4 m), 82% (0.5 m), 80% (0.6 m),
77% (0.7 m), 69% (0.8 m), 45% (0.9 m), 11% (1.0 m)

Leach 2 DSP programmable

Single or dual amplifier; slow, normal, and fast (the default)
modes

39 sec (dual-amp, default [fast] speed)
70 sec (simgle amp, default speed)

2.5 electrons/pixel (normal readout speed)

175 lines/mm, 32.3<blaze angle

Two prisms, first used in double-pass mode.

Three, only first (slit wheel) in focal plane.
Five "slots" in each wheel. Each slot can accomodate up to three
filters. Normally one slot is left clear in each wheel.

Xe, HgNe, CuAr, quartz

Slit viewing with offset field

10241024 Photometrics PXL CCD

Total FOV 3>3 arcmin.

0.233 arcsec/pixel

50>50 mm filters, initially only ND filter provided.

0.39-1.1 microns

As low as 22.4 km/sec (FWHM) using 0.3 arcsec slit

20 arcsec

0.3,0.5,0.75, 1.0, 1.25, 6 arcsec
(all on same slit plate, selectable using mask in second wheel)

As low as 22.4 km/sec (FWHM) using 0.3 arcsec slit
None

17http://www2.keck.hawaii.edu/inst/esi/
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0.39-1.1 microns

R=6000 (0.39 microns) to R=1000 (1.1 microns)

8 arcmin

0.5, 0.75, 1, 1.25, 6 arcsec (each on a separate slit plates).
Currently only the 1 and 6 arcsec slits are available.

None needed; dispersion provided by prisms, which have no
higher-order spectra.

Not available initially.

2>8 arcmin (full field)
2.1>3.5 arcmin (for 93x154 mm filters)

0.154240.0010 arcsec/pixel

B, V, R, | (93x154 mm; 128>212 arcsec FOV)
full-field R filter (2>8 arcmin FOV)

holders for two 100100 mm filters (138138 arcsec)
holders for three 50>60 mm filters (69>69 arcsec)

intelligent Galil controllers, parallel stage control

Sun Ultra 2, OpenWindows

FIGDISP with tcl/tk GUI

Dashboard (tcl/tk-based)

IRAF, IDL, Vista, custom echelle reduction software

3. BRI

& 43 = M DU HIRES(High Resolution Echelle Spectrometer) 2 KECK
ZRFERA . AMMEKE R HE % HIRES # &k X % ¥ & KECK-2 i K& A AL,
B — /AT M B 48k (grating post dispersion) &9 A 4 B K& L. HIRES
ENHE LT BAAS e RNEeE N HeREE EE#HNEE. HIRES 310
KRR T RERZUELI, v, RIMTERN, KBEEELEA WAL
¥

HIRES (High Resolution Echelle Spectrometer) & — etz X 8. M
WA, A 0.3 f 1 oKk B4 E, RASE T RBIFHRERFTHET,
(B2 JU-F B A B9 WL 2 40 o 2 4 - 3 22 K 29 7 25000 77 85000 2 [A] B 4£FR AR o [
KK 4% (order separation) 4-H7 6 F1 43 ffb 2 8], Frblakss ek Z L LS
ZME . HIRES a1 A& L k&M e (multi-slit capability) .

M ¥ LB A B & HIRESD = # B & HIRESTr. HIRESb #7 HIREST % | 1~

18http://www2.keck.hawaii.edu/inst/hires/
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Bl X o WA A 45, XA A K BOWMBEAT T 4, £ 4200 % P& B9
RAE. AWE, WHZEAT T

& 9: BAPEMLEMN HIRES i 55"

12'

1 x 3 mosaic; 12'by 48" in total size; 52.6 gr mmMIN1, R-2.8
echelles.

2 x 1 mosaic, 24' by 16 ' in size

a large (30" aperture) /1.0, all spherical, all fused silica,
catadioptric system with superachromatic performance. It spans
the entire chromatic range from 0.3 (mu) to beyond 1.1 (mu) ,
delivering 12.6-micron (rms) images, averaged over all colors and
field angles, without refocus.

a thinned, backside-illuminated, Tektronix 2048 x 2048 CCD with
24-micron pixels, which spans the spectral region from 0.3 (mu) to
1.1 (mu) with very high overall quantum efficiency.

67,000, % CCD pixel R R4

39,000 arcseconds

13% at 6000 angstrom

A Canon 200 mm 1/1.8 lens provides a 45 by 60 arcsec
field-of-view;
HIRES camera covers a 6.7 <diameter field of view;

& T HEEMAE N (HIRES) W EEA XX HF:
> APERBR:

HIRES: the high resolution echelle spectrometer on the Keck 10-m
telescope, Vogt, S.S. et al., 1994, Proc. SPIE, 2198, 362

> FERERR:
An Overview of Science Results from HIRES: the First 6 Years. Vogt, S.S.,

2002, ASPC, 270, 5

> HBEREMEES:

HIRES: the high resolution echelle spectrometer on the Keck 10-m telescope,Vogt, S.S. et al., 1994, Proc.
SPIE, 2198, 362

17



Relative Flux Calibration of Keck HIRES Echelle Spectra. Suzuki, N., et al.,
2003, PASP, 115, 1050

> HIRES BXHE%
A comparison of exposure meter systems for three exo-planet hunting
spectrometers: Hamilton, HIRES, and APF.
Kibrick, R.1., et al., 2006, Proc. SPIE, 6274, 58

The Light Path of the High-| \ Echelle Spectrograph
f 'gzn Collimator 3. Echelle Grating
\ B
[\ 2 3 . 1
2a. \/ e e == ‘_ _ 1 _
Collimator = = == 1. Viewing Slit
= ‘/"""- 6. Mirror
4. Cross Disperser B = q\ /
5. Correction Lenses . 4 y
&l 5:HIRES &# R & HE
4. ARG PR BB L
1K 43 = ik #% 0% & L (LRIS, The Low Resolution Imaging Spectrograph) £ —
MY &, TIEER W E B, #Eax7E KECK-1 el ZE A& m 4k, 7 LUk

BUF # P E KRy g E R, 12 FLH red arm A7 a blue arm,  FT LLER
ERLERWNEEHRS BEHERE, ERARMERRK, Ko #E k%D (LRIS)
m 4m JN 3 T (Caltech) #3i%, JH 15 A % Bev Oke A2 Judy Cohen, /5 & Later
James McCarthy 2 Chuck Steidel 5 % >t X LRIS 3 ¢ blue side.

A RS R E (two arm) 20, M BEARHLY DL B T, FRE Ay HiE
s [ %7 3200-10,000 Angstroms., 7 f £ =X (L, ) T 89 H47 (FOV, field of view)
# 2 6>7.8 arcmin.

20http://www2.keck.hawaii.edu/inst/lris/
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% 10: RAHERBAEN (LRIS) £H 5%

6>7.8 arcmin
JE# %3t a mosaic of two LBNL 2k x 4k (JE #41% 1T, 2010 & 7%
K& E CCD Hill &),

F4% Ja: high resistivity CCD detectors with a pixel scale of 0.135
"[pixel

a mosaic of 2 2Kx4K Marconi CCDs and the pixel scale is 0.135
"/pixel

the UBVGRI passbands, a small number of narrowband imaging
filters

HEPNMHTUFF—NEEHFEESE Z BEARERNK. M (20k) fitg
W () J DL A & S8 3% % 50% 0 R M 300 % 5000 By 43, 7 @ £
TRk M E AR T R K lmikNE .

& RAHFERBHEN (LRIS) WEEMXXE:

» "The Keck Low Resolution Imaging Spectrometer”, Oke, J.B., et al.. 1995,
PASP, 107, 375.

» "The low-resolution imaging spectrograph red channel CCD upgrade: fully
depleted, high-resistivity CCDs for Keck", Rockosi et al.. 2010 SPIE 7735
26.
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Ilﬂp DQ‘:" Field Lens Cal | imackos
l__ 1

5lit Mask

faireet s

Angle
13,88 ||
Havelen Blue Filter
[ o.00]ul- -
[_o.o0]u —[Ze7s 1w
MSHawve Len
) Blue Focus
[ o.00]mi-
[Erear e Lampe
Red Filter 53,9¢ | [-18.5¢ | Hg| He|l A Cd| 2ol H
e o000 0O
- Hg Me Ar Cd Zn Hal
Fed Focus

‘ CND...‘ 5ET| QUIT ‘

A6 Ko HERELEN (LRIS) FHEA

5. HENIGHERS

KECK Z 1488 B i % % 4. (ADAPTIVE OPTICS) &4 F R4, 4
#| % Natural Guide Star Adaptive Optics (NGSAO) % % #fn Laser Guide Star
Adaptive Optics(LGSAO) % 4t, KECK-1 #1 KECK-2 ‘%% ¥ X B 2 4. Laser
Guide Star Adaptive Optics(LGSAO) % 4t ¥ Al T 7 Keck 1l £ NIRC2 #2 NIRSPAO
FufE Keck | 87 OSIRI & 2 Al . KECK-1 A F F#H &, %H 2 ERF A,
KECK-2 %3 7 — &5 Ll P& % 4. >

B ML F R AL LEF 1000 KR R RBAMEANS E XX B AR EL
FRERERERET ABENRA, EEGRERE 10 £ 20 ££,

http://www2.keck.hawaii.edu/optics/aodocs/ApplOptVol43_290ct2004.pdf

20



% 11: NGSAO 4

T E B4 (Median to good seeing, on-axis)

R mag. K-band Strehl H-band Strehl
7.0 0.58 0.40
11.0 0.54 0.37
13.0 0.50 0.33
135 0.47 0.31
14.0 0.40 0.20
14.5 0.32 0.15
15.0 0.22 -

15.5 0.12
16.0 0.05

& Natural Guide Star Adaptive Optics (NGSAO) # % X &

> Keck NGS AO performance:M.A. van Dam et al. 2004, Appl. Opt., 43,
5458-5467.

> Adaptive Optics Developments at Keck.Wizinowich, P., et al. 2004, Proc.
SPIE Glasgow.

> Keck NGS AO first light paper:Wizinowich, P., et al. 2000, PASP 112,
315-319.

» "Characterization of adaptive optics at Keck Observatory: part 1", SPIE,
Glasgow, 2004

» "Characterization of adaptive optics at Keck Observatory", SPIE, San Diego,
2003
> SPIE August 2003, San Diego Presentation

Laser Guide Star Adaptive Optics (LGSAO) % %t & KECK-2 £+ L 5 NIRC2
(Near Infrared Camera) . NIRSPAO (Near Infrared Spectrometer) Bt & 4il, 7
KECK-1 £ LL5 OSIRIS B4 W, %

Laser Guide Star Adaptive Optics( LGSAO) % 4t | F| 4138 ot 3% % 2 #. & 90 km
AR ERWNET, mE—FAEEE”, #7F KECK By B & ¥ & 407 U
FLP K 2 70-80%HY B 4%, R WO BY B & 2 RE AL 1% 89 B A% .

13 N & T, LGSAO % 4t 7= 4 #9 K-band Strehl ratios %7 30%-40%,

22http://www2.keck.hawaii.edu/optics/lgsao/
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http://www2.keck.hawaii.edu/optics/aodocs/ApplOptVol43_29oct2004.pdf
http://www2.keck.hawaii.edu/optics/aodocs/kaon263.pdf
http://www2.keck.hawaii.edu/optics/aodocs/PWetal2000PASPvol112_315.pdf
http://www2.keck.hawaii.edu/optics/aochar/Glasgow.pdf
http://www2.keck.hawaii.edu/optics/aochar/Glasgow.pdf
http://www2.keck.hawaii.edu/optics/aochar/spieart.pdf
http://www2.keck.hawaii.edu/optics/aochar/spieart.pdf

UM F] mg =18 B9 Kk, 2

& RIS HPH

(4 Tip-tilt starsto R=19.2

(A Tip-tilt stars to 72" (fg & X% off optical axis (OSIRIS).

(£}3) Dither of up to 5" with LGS on-target.

(£}3) Dither of up to 36" with LGS on-axis.

(fLE f) Position angle mode for stars R<17.5, when (X E# %) pupil
rotation <2 7min

& Laser Guide Star Adaptive Optics (LGSAO) FEAM XX FE:

» Science

Wizinowich, P., 2013, PASP, 125, 798.
» Overview

Wizinowich, P, et al. 2006, PASP, 118, 297.
» Performance Characterization

M.A. van Dam et al. 2006, PASP, 118, 310.
» Performance of K2 WFC upgrade

M.A. van Dam et al. 2007, KAON 4809.
» LGS AO Astronomy

Liu, SPIE 2006 Proc., 6272-16
» LGS AO Operations

Le Mignant et al., SPIE 2006 Proc., 6270-12

» LGS AO Operations

23http://www2.keck.hawaii.edu/optics/aodocs/PASPOG_MvD.pdf

24http://www2.keck.hawaii.edu/optics/lgsao/performance.htmI

22



Le Mignant et al., SPIE 2006 Proc., 6272-1
» Angular anisoplanatism in LGS AO

van Dam et al., SPIE 2006 Proc., 6272-106
» Laser Traffic Control

Summers et al., SPIE 2006 Proc., 6272-143

6. AAMRAZ BHreig

AAEN % B AR KN (MOSFIRE) , 2 —MEAWESREMNE, U
WELHEBNHEUTHAREALEELE . EE NN T UFLEEA L 46
MNER AR E AR, FEBIERKTX 46 £ Bir AR, YEHFEE —AH
WAL B R R, 1Z U EE T A E = WA B AL T LUE 6min 2 4 E 3T E 4
TETE MR, 2

LI AMEI % B AR L AL (MOSFIRE) T 2012 44 % 35 & KECK-1 1k £
MWE AL, Z I #EEH UCLA, CIT, 1 UCSC A 1EE#E .

%k 12: N FEN £ BEAFLEN (MOSFIRE) 2%

6.1'x6.1'

Teledyne H2RG HgCdTe detector with 2K x 2K pixels

Up to 46 slits using a unique cryogenic robotic slit mask system
that is reconfigurable electronically in under 5 minutes

25http://www2.keck.hawaii.edu/inst/mosfire/

26http://www.keckobservatory.org/about/instrumentation
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B 7: aAEN S B AR KX (MOSFIRE) 1@ &

7. BEAGELAMNRARL

FLAMENL ZRAEN TAE A R 2 mE W B E N L F R AE LSRR E
WEEREAHRNBEEGA S, RANETFERE: KAHARGKNBRGRE
FRAE, FRAMEZRABNTE, Ao TEREERNFES,

NIRC2 L4 g DU A Bl 5 B 4T 09 B 1 J k% R 41kt A9, NIRC2 fr
T Keck Il B2 H T F &M AA N HETIEE 13580k, BE=ATHAHEN,
1% 10, 20, 40 ZEADIG R =M. BAEAR VIR SR 18 ML E,
EFEAMENREREMAG L. —NFITHEE A SR EARM. <&
B OLEE BT FEK Y ZE E . RIS £ 1024x1024 # Aladdin-3 InSb [£7], A g/
BB 32 E .
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8. LAY

TSR E RN FERAR B OB EE R A THRARF QM E KT
KA, BEENMER. ERER. BHERARZ, EfE, EEWEMKERM
Fo WS HENE NI I BT822 &'+ 0B Mot . st
B H UCLA # 2L /MA I F kit A dil1E, 2 T1E4E 0.95-5.5 pm Y & 4 3 X 3%
o EHI AR N ©=0.43 A B 4 25000, R 4 0,800, [7] B3R it R 4 2500
R HEER ., T/ RN E 3 MRMNEHK: —MrER CCD & £ ffm
B & EMN.— 1-2.5 um B LT 5k 48 WL A8 AL A — A 1024 x 1024 21417

9. OH HMH| LAt G It IEAX

OH % 4L b g B X (OSIRIS) Z MR AT | B M L¥ R 5 L ey
AN, RPN ERNES R KRG . ZET UHER OH 4T RAE
TH#H, AT UHRN L2 w5 10 FHEKR, ZHNEXRARERETREREH
INEF IR, o RIAE T Y B 10 K ATHRIR, EHREATE (2],
H, and K) & 9 # % i 2 3% % (R~3800), 4 #9141 1# 2048x2048 41 5 & 7| 1% 2|
REZA, FRFNTE AO BArEE%,

10. FAFERIS A

KCWI LA 1| (9& W EEHE &, &7 LR WL E(350-1050 nm)
BaBERS KN, BAEYRENAGEGrHE, HEERH L.

&2 & (very high efficiency)

WK=&k (extremely accurate sky subtraction)

B E G 3% (flexible image resolution)

FE i 43 % (flexible spetral resolution)

7 {E 8 IDL #3242 (convenient IDL-based data reduction pipeline)

St 4 (Optical Characteristics) 28

27http://www2.keck.hawaii.edu/inst/kcwi/

28http://www2.keck.hawaii.edu/inst/kcwi/specs.html
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% 13: KCWI 44U

350 to 560 nm (acceptable performance to 700 nm)

20 arcsec x (8.3, 16.5, or 33) arcsec selectable

1.375 arcsec/pixel

0.15 arcsec/pixel

225 mm

5200 mm

Cylindrical fold mirror

14.5 mm

0.25, 0.5, 1 mm selectable

150 mm

2160 mm

305 mm

VPH, 250 x 350 mm, selectable

e2v 4kx4k, 15 microns pixel, thin, AR-coated CCD

~ 10 microns RMS (seeing-limited)

m— Spherical Dichroic

Cylindrical Collimator

Fold Mirror g

FM1 Gratings e -l w KFBM N

N FM2
.
Red Camera
From - 1| and Detector
telescope - 7
= p—

\ Blue Camera

and Detector

FM3 Blue Filter

B 8: KCWI ZXME
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11, JEATAMNTBE Al 43 e 12

LTS/ B8 B 48 i NIRES (Near-Infrared Echelette Spectrometer) 2 4~
EHEYTE N EE T ERO R D WITLLAAEN . ©F A BRI
/D“Jz\zﬁ, LSRR AR F AN R B FA, — AN 1.8 x L8 K F AR AL
&% E . NIRES £ TripleSpec 7£ APO 3.5m #= Palomar 5m # % [% . 7 Pls Keith
Matthews ## Tom Soifer #1475 T, @ m M E T ¥ e 2 &, i+ XIT 2016 F i,
8 % > #: Wilson et al. 2004, SPIE, 5492, 1295

B 9: NIRES E®EE

=, BREHABEHSUBARU)®

5n E A4 (Subaru Telescope) £ HAERAX A XEE KR EEW
82 KO BEA¥LEREG, UELWRHEHN —REHA®%. BRARKANE
TR %

GEAEREMNTERREN L LWL L, B4R ERs, BREE
K 4139 k., FERZRFEWERERN 82K, EHE 15X, BREHEEAZA

29http://www2.keck.hawaii.edu/inst/nires/

30 http://space.lamost.org/explore/planetarium/subaru.htm
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MEFHETSG. @ TRATEFETHA, BERAF 20 EX. XAZTHKEHE
ULE #l1E, E27228%, SEEIRENENL 149K, FEZRT EHARFMELE
B R G

& 10: 52 HETEHA
FEFAERGE N ANNES, TEEELNY F20, FEEKERELY
F12.2, BN HTHE m B 9 F12.6. BN EmERERAMTFALE, &4 222
kK, EA 555, FUANERENE, FEAZRGENETRATEER, &
A3 K, AR A0 K, HFETIHLRARE, UKEZARIEL. 0 TEA,
ZERFEUNE LR ER—mEERA G4, T 1991 44 A i@,
1999 4 1 A E RT3 ATR SN, EAEKKEITLET,

(—) SUBARU #}# B 47%
AX¥FARIREAEREE ARERETEH, TAALNEA, RIAE
FUNE—RERAT K, HELMTERG UL £ 4 RIE.
(=) SUBARU #4# K*
EERBIRBEH R, T 3 £ 82 KB, WA EHAEIE 4 &,
BRI RPERELET —,
& E=31%% (Active Optics)

261 MLBFHEBRANRTHFEE, FERFERERNERFHERFRT T X,
RREARAENNF, EREAKEEZRGER T ZFETTUME, B

31 http://space.lamost.org/explore/planetarium/subaru.htm
32 http://subarutelescope.org/Introduction/overview.html

33 http://subarutelescope.org/Introduction/tech.html
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HERBRNEEMTRER,
& WE#BEE (Accurate Tracking)

v ERERER RGN ERE AN ERERVNE L, LLFEE 500 i, L&
il E T HEEN L RIS, F15 T GE LL R /N EE TR Fr v A B .
WA T ELR R IR B A dE A .

& EEHIERD R (Cylindrical Enclosure to Reduce the Turbulence)

on E A B AE XA T BAER S x T AL B S Rt o Uit s 52 5 A it
EAEN KA, X E S EAER IS IRA 7 T AN E] i .

& 4 uE (Time Saving Innovations)

i A oE — MRAE AR, K T AUT E IR G, A A A AR
iﬁ%%lo EEEROIET, B30 DA By TAR Vi b B 7 B 58 Ak T1F

¢ {F# (Maintenance)

BPNRFELRERERSERER . ZWET UH T KT RE KA HH
KW, UWEBR KL, ERFFLAHEE, EHEERFRCENRAE,

(£) SUBARU &% #*

B RM (Telescope size )

e &/ (Height) :22.2m
e A E (Maximumwidth) :27.2m
« E& (Weight) :555t

*4 (Primary mirror )

HA A% (Effective diameter) :8.2m

E £ (Thickness) : 20 cm

Z& (Weight) :22.81t

A ¥ (Material) : ULE (ultra-low thermal expansion glass)
FH & EIRZ (Mean surface error) : 14 nm

£ (Focal length) :15m

R AT % (Reflectivity)

3 http://www.naoj.org/Observing/Telescope/Parameters/
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http://subarutelescope.org/Observing/Telescope/Parameters/Reflectivity/

Foci

e« X E A& (Primary focus) : F/2.0 (with corrector)

e FERMEE (Cassegrain focus) : F/12.2

e WEFHE L (Nasmythfoci) : F/12.6 (optical) and F/13.6
(infrared)

M# (Enclosure )

. [EEMIZTAETSERE (Cylindrical enclosure rotating with
telescope)

e EE (Height) :43m

e JREEf (Diameter at base) : 40 m

e EE& (Weight) :2000t

o 4ME (Outer wall) : Aluminum panel

(W) SUBARU B #LR®
TERZEmEER 82K E, TURBAFI FLUIS2TEREM L,
% 14: SUBARU %3k A4

& C(Instrument) 42-3#% (Resolution) BEKE (Slit BEHE (Pixel
length) scale)

COMICS 10000 (0.33") 40" 0.165"

EMOS 500-2200 (1.2"; fiber 30", multi

diameter)

FOCAS 250-7500 (0.4") 6, multi 0.1"

HDS 100000 (0.38") 10",60" 0.13"

IRCS 50-1400 (0.15-0.90™) 21" ,54" 0.020",0.052"

IRCS 5000-20000 (0.14-0.55") 4.8-9.6" 0.060"

MOIRCS 640-1600 (0.5") multi 0.117"

3 http://www.naoj.org/Observing/Instruments/

30


http://subarutelescope.org/Observing/Telescope/Parameters/PFU/
http://subarutelescope.org/Observing/Instruments/COMICS/index.html
http://subarutelescope.org/Observing/Instruments/FMOS/index.html
http://subarutelescope.org/Observing/Instruments/FOCAS/index.html
http://subarutelescope.org/Observing/Instruments/HDS/index.html
http://subarutelescope.org/Observing/Instruments/IRCS/index.html
http://subarutelescope.org/Observing/Instruments/IRCS/index.html
http://subarutelescope.org/Observing/Instruments/MOIRCS/index.html

* 15:

SUBARU g & gk 7

¥ (Instrument)

M3 (Field of view)

#% £ B (Pixel scale)

WEHE (Filters)

COMICS 42" x 32" 0.133" 15
FOCAS 6' diameter 0.1" 14
IRCS 21,54" 0.020",0.052" 18
MOIRCS 4'x7 0.117" 3
Suprime-Cam 34'x 27 0.20" 12
HSC 1.5 degree diameter 0.16" 5
™ 5 L] L] » BN ll L) L) L e El II L]
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& 11: SUBARU &MU ERM B & & 2 Fx

= HEXEZHVL)

EAZmE (VLT) 2 ERMNE A AXEEEFAEZEN AR ALFLERE,
F &R 2k i £ ULE 130 T RMMEM R X E, HH TIE4ET 1986 4, #
KIS ET,
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http://subarutelescope.org/Observing/Instruments/COMICS/index.html
http://subarutelescope.org/Observing/Instruments/FOCAS/index.html
http://subarutelescope.org/Observing/Instruments/IRCS/index.html
http://subarutelescope.org/Observing/Instruments/MOIRCS/index.html
http://subarutelescope.org/Observing/Instruments/SCam/index.html
http://subarutelescope.org/Observing/Instruments/HSC/index.html

HAEm4E (VLT) B4 AW 82 X DR EmGHK, HAWER IR
ik 16 K. 4 EETER T UEMESR, W UHAREF THNBTELHE
Will, ENEALTBENEHFE ORI H 82K, EEH 22, FI8EX, T4
ZETHISONMESN BN ENRF R G, EREXERAEZENEE, REEE
# 100 #f, A70 s EWALEIEF A 0.05 Z K EWEE L, TUREHE,

& 12: VLT 4%

F—REZMFEAM (Antuw) 7 1998 FH# K, 1999 F4 AEXEH. F X
P4 A% (Kueyen) T 1999 4 3 A # ik, 2000 4 4 A EX R, £ =2Px
#H 1+ F (Melipal) £ 2000 F 1 A#Z ik, FHELmELE (Yepun) T 2000
7 RE K, 2005 451 2006 £, KM HFRAX A EE AL TEA FHMEERT
460718 XN HBERE, (154682 K EMHEERHAREAZRET
FOC(VLTD » EAEmEWER TEDT 2012 4 2 A A2 H % Ko

(<) VLT #% B4
& NI EFHFERSEK
& BEITRFHFE LBELHE
& FNEHTERTY R
® ETERANRESHWEMELE
& WL ARREZEMNFTEREMEE
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¢ FREANKEERARAELMMBERSZ A WERAR, BFERAEN
o e B B

& NEREANF, HAREERGMERTER TN £

& H— RN EEE, NEEAGEN 6 AN B ER

& FTHRASMTERG, HRERMENANZHHEATRANFRMAESL

& 55T AFE R RAEIR

(=) VLT ##7ak

® mEFHFH

HTFRMNEFALEEN TN A X E MG /RAXEHERENGELE
B, PR RF R B AERR T S EEmE K, o BN EARKERN
X, %1% 2011 FeiE W REBEFE,

® F-RKAMEER
ERERFERBTE—KRAMTENE G, xFTENRERRENLA,

St& — R B UL 55 By ROCR AL A H R LB IZ AT,

& AIMTERERAARWEEINE

EREAETE, F— RN T BEHIRN XA SMTEH AR ZHYM
GlI214b TE, Y HETE A E X EENMEN, EEXHWLEFFEL XA,
A XA T ERRAAEARLT R EARELIEREN = HEM R AL Z
B, WM ASMT E EE R G897

& FHEENMINE
EARZZFERRIAMT LI0 LR EFTRNERFE AR T, KALS

AUk R SCH ZOR A% 40 M0 3E T A5 BB SO s E 2 A

& FEHEFE-NEESFHINILE

AXFFRRAEREZRFERAAFHFLASALERARTNER, MALRIAE —
REEFEELTWRAVIEE. MZWd TE-—REENTOIRRTEL L, &
FHNETFOLTETRLEEN, ARWERT . Z—TERATRITERWA L
HEEZHRE, MTENRSEEXLEREIZTH.
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(£) VLT 288K

ERERFRAMNZFRORE AL HE, UTLIRANHETERE, XA E
ENEE, ¥ UAMEAFREERINTEMRZLK.

T4 A0 ZimsmiEE, VLT WA R EGFEL T OBRELE (CIR) -
EXEMENET RBHAN P ORESEALZRENILE. T 5% R EEN
FEA&E, 04 AFH FWHM (144 5) 7 500nm By K 78 % R T K B A,
H®REFF4EEE CIR 280/ t, FBRE 60 242 EEMT 50%, ME=F/F
CIR tWE ¥ #B 1L 80%. #" CIR S48 E X @E: L¥ike. 2o BEEN
BOE. RSRERLETREENNRAER . RESHRFERZEWAZH, B
FESEEEENETREREST], £ 0.4 ADBRNE . 5% BN AT FiE@Er
FET, BREEE KM RMER, CIR HEX B A HME. 90%K T A # X
HHEFHE RN AMFIHT VLT TR —LEXWHZERE T2 KBH. KT
REXABH, HLTRBWEE, L FREANERABRGREEZ )T 10 Ao D
BHFNT . R ELA L, TRATHERN CIR ENFET LSBT 2K E
&2 X K/ 5%,

HTHBRERENLELEMEE, BEAREHAERRTA S0 £, X
BEXEE e B R E M E G R ERG B 10%, L RRAETEL
5%.

0.3-25 kK ELERELWEEAENT VLT XA AR FEFEEZXEE
W T2 BRI ERR. e EHX. EETm2ETE, 032 #K
BRI EFHEILX &5 E 5 55 91%. 86%. 65%, 7 E Xt 2 NE
THEEY 0.85 ok ik & T4 Al H 41K T 91%. 86%. 65%, iHE#kKeT 2
WK BB 5 R B4 BIK 4%, 5%. 10%. *fF UV kv 2imss, Kl T=
ERAUBEZHN.

MTHEVLT B ERAMN, BHNEEAAREEEAEEZN, & 70 KTNA
BN, TAERNETERG RS HBERENAE 32 AKTEME T &
FEAn A 7 45 A0 60 E R g AME R T REAE 35 A B AR AL & E 0.1
R, HEEAAEE R LA FTRASADRIMEZEHFTRA 15 AP T
B3 1 AAT

FERAEAMEN R TR R FEA T BB ETE, T URF 05 MK TH 7
ZH 010 AP EREN BT E, HREELE 20 Ay CGHBIE TSN
K10 AL AAESE R, ke IBILFRNEE AL 4MEE 20 H. 4T 1EF
AeEMERFRAT T 15s ifE S H (A § 2R EAL 1 /Netet BB iREE, 212
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THEMMERELT 005 AP TEZ, wWRIFETHEIENMANEER, 2z
FEHEHEREIFABRSEZIN IS Z—

M R TR mE R R A EF A4 M Ly 0.1 2] 30 AKX,
%F /b BHz 1 80%M & & = IR B E . TR (NT 10s) kK H# (KT 10s)
MHEER, A5 T 10 AVERTHEN 7 =4 7% 0.12%4 0.3%, EKT 10
AR EILT AR #77 24 A1 A 0.012 A5 F2 0.030 At), BT ETHE T LLEE
AUAEHA05ET70 E. SRTMAAT 60 F, AFLASTERA —FIFT.

SERRESRET BWEATERN, UTL XE&WEENLF A SMAEIH
FRIREBTESZ L HRNEE 0.6 AP, 2.2 HUK 2| 0.55 HOK B By
B, BEN ARG W TR RGN, £ 045 AP EANE T LUK % 1 4K 2 0.55
WKEE . NEWNSFETLUE K EEREEZHNBEZRED 35%, (EEFN
I RATR 7| /R LR £ T 5

EARELFEREENFERZLRT — M E TERGHEA, 5L
29 F. CEAETHZTAG OL¥. Ik, EREFMHE) MIFEEFR O
A.HE) o XERA—MEFAANTERTINETRAETF L4 T oA

(W) VLT B3ME
BEAERE (VLT) EREFELFaE 13,

VLTI (2015)

M 13: 2 AETmE (VLT) NELH
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M, AREEEEWLBT)®

F#E AR WL T4 (Large Binocular Telescope, %5 % LBT) 2% & £ 1%
EE—NMELHORBARMNELELE, SR IF 118K, L TEEHLFZAT
M AL XL ERR A .

ARFHEZFERLFNA K, E— N2 EEETE, 255 FHEAAK
XER EETRAERASFE. TR EMI A%, LTFZIAS, FHARAE.
BEBMIAZE. HRAREAF, AERLAY, 2HAY¥. BEERAX¥R%.
ERFMERTE, LBTWEREGEREEZR. EAMNMEEXFTZLTE 3/4
W a, 18 AR TRHTHAANRZEMNLAE, A4 18 A EM L
AFFEMITAFEET, BENTHEHEREE L2 0ET,

B 14: AX 274 (LBT)

ARBERFEH R A MERBER L, ELH 1142, RETANZHRAF &
HERXEHWBEALRZRFEN. AN ETHENEEEGRN—NEL, ERUEN
118 K, HELZKTEHAFMEENAF R L. WREAXLFTHMN, AXH
YRFENRAANFERY T —E0EN 228 AWLTE., ZREHLINEY
%, BEEHRE 23 KWEHNE L, Wl W EHA T AwE RO,

FEABRNELETE LBT % —HE4 T 2004 F 10 A HZ ik, 4 2005 F
10 A 12 BN, Yot RA— AN rRANEA, F UM & B+ iy i2 e 2
o BB EHE 2006 F 1 A LK T, 2006 49 A 18 HI MM, T 2007
FERKFT e E G, 2008 F, U2 MEHERBZANERE, ABERELGFH
BrRAHRA, RXFEFRATTUERAF RS UM TR AR HERNFHAT £,
CH2NEGRQIRERNERFEERE T HYTENERIVERNE R LA

3 http://news.sciencenet.cn/htmlnews/2013/7/280035.shtm
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H, UWRER 75 (R ERFEHRATE, ¥

(—) LBT &% 847

LBTWEHRAERTSG 8. 4 KWEHER—MNEL, £ H—111.8
KBTS, B 2 2.8 K EREW 4P A L TH WA R4 T 1989
EEE R 1992 &, RAMAEKE (ERZETMN, EAFD RZHNE
WL E, BETANES RS ER— T4, 1997 £E LW LBTB A&
ZHRMIAY, ZBREFSERZBNNGELRE. REREREEBAANT R,
37 2002 £ B REETFIZAM .

(=) LBT##Fak

BERETUNMNE T T RE SR, CHBERE RS AEE
T4, B A EN L E A SR 10 2.

1 F LBT 448 P15 35 407 & 1.02 12 3% 48 B4l % JB o 89 NGC 2770 #3272
=, BRERT, BERMNTURZLEFTEAR ML LS GEETRTH
BEEMEE.

(Z) LBT B3N8

W AE (Instruments available )

7 http://baike.baidu.com/view/10453929.htm
38 http://ast.noao.edu/facilities/other/Ibt

39http://www.lbto.org/instruments.html
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LBCRed —
—8

hermal IR Nuller /
Beam Combiner
e =

S ™ LBC Bluc
LINC/NIRVANA > e
~ : ~ e LUCIFER |
Near IR/ Visible _ e YroTEmT
Beam Combiner \ LUCIFER 2

\\\
FPEPSI1

MODS | — \’

B 15: AREEEE (LBT) ERNELH

% 16: ARFEZTE (LBT) N&ESHK

Table 1. LBT Instrument Parameters

Instrment Foeal Modes Spectral Spectral Field Pixel
Station Coverage Resolution | of view seale
{peam )
LBC-Blue Prime Direct CCD UB,V, g.r 4-50 27" 27 011224
LBC-Red VR ILrizY
LUCIFER Front-Bent | Timager, Longslit, MOS | z, I, H, K, K, | 20008500 | 47 x 4" | 07120725
AO I, H K, K, ~30,000 | 307x 30" 0015
MODS-Blue | Direct F/15 | Iuager, Longslit, MOS (.32-0.65 100-1540 &' 6 07125
MODS-Red 0.55-1.1 100-1730
LBTI Center-Bent | Nulling/Fizean Tnterf ®14 100 127 0.018
Fizean Interf 1.5-5 350 20" 0.011
LINC Rear-Bent Fizean I, H, K, 5-20 10-207 0.006
NIRVANA Interferometer
PEPSI Rear-Bent Spectroscopy 0.39-1.1 40,000 o | 075174 0.165
Direct F/15 Spectropolarimetry 300,000
B  WMFRXEBERRE"

HFAXE (GEMIND 2 AER TR T, £EXE. gk, BEH,
MREMBERZRAZEN RFTRXENEREHCTEARAFWNERRA
BHAENENT fk. ERFTAXEMTH AR 2715 KavwgzL LT E, B

" http://www.gemini.edu/sciops/?q=sciops
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ZHIHFH500 2B IANTFAXENTERRNEN T L,

WF KX G W E BN A KF R R4 (the Association of Universities
for Research in Astronomy, Inc.) . £&. m& A, £, BH. FMREME K&
A¥, FIRE AEKEE (limited-term partners) H ¥ AF| T, 2 [E K-GMT A4
TE A ANE

B 16 mXFTETHE

B17: AR FETHE

(—) GEMINI #£ B ##

& HERRITERETHRERANEGTE

& HEREREWELANN: BRI RESHE R bR ERRE LA E
(=) GEMINI £ &%5%

EH &% R Al 55 A 1700 & B4 T K
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F17: RFAXGETFEELASK
|

RIEM M
(Ritchey-Chretien Cassegrain)

GN Zemax model | GS Zemax
model (GN=MK/Mauna Kea and GS=CP/Cerro
Pachon).

| 8.1m

| 20cm

| 22,200 kg

| 15.6 nm (rms)

| 1.0m

| 54kg

Gemini N mirror 17 nm (rms) . Gemini S mirror
13 nm (rms)

| 200 Hz

ARERRBMLEAME 3Hz, K18 15 AT, 87%
=W

128.12 m (f/16).

1.610 arcsec/mm.

WA 10 Ao JREHSm . T AL Mk o

| g E35%

BNty

LB R TEE 12.0 £ 49 B % 4 2003mm.
IR # X T/EFE 3.5 i HA N 1124.6mm

(Z) GEMINI 24H K

MhAF T IR B E TR AT B B R R AR 0k B B T T R AR

it R HILL N S M B

(D FNERF20ERENEFTRHRESE 120 MEEXRE L, TUEETR

IRER A B R DB (R 5 T B R

(2) 1 KERWE ZF 7 3T iR 8y tip-tilt BUEE ), E5F RIKG&RD
EFRABERBFXAERNFEHERFERE AR R FEE R T EHE
GEH, REEMATTUERETEREXNERAZH A KB ILRIHEAELZR

HEFHE L.

(3) FANETEANFRERNEHET] UKL 10 K, UMEAEH E7RHGH

FRAAAEURRTEET L7 2 AWRE S E /N EHLE.
(b ZmFEHEEF BENLF R,
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VTLT AN BB B R 6 5 R G 7] DLIR IR K R I 38 i B LR AR, B BT R
TATH IR CRE AR B RS~ £ EBRH A 5-10 )

FANERERBRARANZRFEEERFNLI G4 CFAELHNEZS)
DUBRRBRMBRAFTANRTREEZRGHEEER (M2 EREEANMES S
BRI B R AT HIED REH . BRENETF I RBROERFERD T 2-3
BRI R A ENIRHEER K AT 400nm LG L BEBHREALER S,
EERWETRD T HALW AR KT EETF I F L EHERAA

N—

AETHE,

(W) GEMINI E3aflE
*18: LXFAXEEHRNE

LB # 4T Sk 4T 4 H

& e

GMOS (% B #7,
K 4 IFU St &
B A0

NIRI (1-5pm & # |-

) GCAL (1% % E A7 # )

GRACES (0.4-1.
Opm & 7% % ot
#X)

ALTAIR (1% & 8 $k/%
HEEEHENAFR
%)

NIFS (1.0-2.5pm R |-
- )

GNIRS (1-5pm &k
%0 0.9-2.5pm K X |”
& 8Ok 1% A AR
BT L)

H#E RN E

TEXES*(1
0-20pm & 4 9% | -
LA
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http://www.gemini.edu/sciops/instruments/?q=node/10003
http://www.gemini.edu/sciops/instruments/?q=node/10018
http://www.gemini.edu/sciops/instruments/?q=node/10369
http://www.gemini.edu/node/12131
http://www.gemini.edu/sciops/instruments/?q=node/10230
http://www.gemini.edu/sciops/instruments/?q=node/10115
http://www.gemini.edu/sciops/instruments/?q=node/10238
http://www.gemini.edu/sciops/instruments/?q=node/10231

%19: BXTFAX & ERNE

Rk & 4 4 4T 4t H At
wENHE

GMOS (% H#F,

: et GCAL
‘\&% IFU St & & | - (b%%ij‘ﬂ?iﬁ)
0
GSAOI| (& #E R BAL GeMS(% 24
- R %ZEH£EEN AT |- WEHENAF R
Z 55“GeMS”) 4)

GPI (B3 B 4% R iR |
(AR L5 3% )

FLAMINGOS-2 (K 4 %
&)

LRSS

DSSI/Speckle(47 4t .
IR A ) | EOSND(F 27 % i )

A EREFCEEHEGMT)Y

AZH L4 (Giant Magellan Telescope, GMT) % 35 72 i 7 3Kk 1A 44 #7 K
X &, LTEAEREFNRANAL 115 N B, Fit4E 2020 £ 5 T8 AWt ERwE
REXF, FETWimE AZTE X" (Extremely Large Telescope, ELT) ,
ELT J1H T ZWAA“BIMNE A Lm4” (European Extremely Large Telescope,
E-ELT) , “30 7}:£L %2 (Thirty Meter Telescope, TMT) .

AETRLERFEEETNEZSAMMWESR, MITAHE LT 245m WEH,
MEXLAERT214m WER M XEEZTHENELN 2 EINANEN4E,
HERAEROERFF, RENLLOEEE %,
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http://www.gemini.edu/sciops/instruments/?q=node/10625
http://www.gemini.edu/sciops/instruments/?q=node/10369
http://www.gemini.edu/sciops/instruments/?q=node/10235
http://www.gemini.edu/sciops/instruments/?q=node/10236
http://www.gemini.edu/?q=node/11549
http://www.gemini.edu/sciops/instruments/?q=node/10234
http://www.gemini.edu/sciops/instruments/?q=node/11935
http://www.gemini.edu/sciops/instruments/?q=node/10239

AEHWLTEN T NER 8.4m WEFHE A A LA R4 255 —
B 1ANEF, B 6 ML EREE . KA ESE 0 6 A5 1 40 B 4,
BRENEEAE W, ERRM T E AR, KX AR E LR XL FBEK.
6 /NI 5 Eﬂg}ﬂéﬁ%ﬁﬁﬁ%%%ﬂﬁ HOOEE R RE LR B BT f E R R AL L UL,
RARTAREERRNRALEAELYT —TEEY 256 AWERHZRE,
aE%éﬁUﬁj{fu%é THEH 45 &, REFNEHALR B3 AZEZTHEN 10

II
g o

& 18:GMT &% &

FETHEMAFHEHERARXEGHBERE N AFEETRNMNE . F—
H#E T 2005 4 11 A 3 H aééﬁﬁi%k)ﬂimﬁko ® R EE 2012 4 1 F 14
HékE ik, MEHER# L., &= F1tXE 2013 F %%, FEFEA 20
w3, SRR 12-13 Al T X B E TN T2 HE M B AT frkiet — & &,
EAGE—NMERFEERT 1255, & 2L L 1-2 Fryet & ERER.

(—) GMT ## B #%

BTH, “kEUARAXEREBAGEAS, FEGEIFTHFEERTE
AU R, B, BERERERNEN, URETANRESER.

(=) GMT #4# K"

AZTRERFERARENRITRBRE—RINGE S cRETENHE 5
Bk — A K IR AR BT . 6 B 8.4 KB F 27 R I 1 4
BHOH BRI S, R 235 KE BN ELMERH 80 R --EWERLRT N
368 Tk, AZTRLERHERSHTHNLRBENIBRENTE. MAZTRE

a2 http://www.gmto.org/resources/
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TG 1F K& i B BT 5 A R LA BR 6 A5 1Y

HTENMNEENH oA E R T, HhRTN T R maN. 2F0W—
Wit —# R, &% ¥ ikE| 14mm.

TEREE 60 E A XA EE O ARIEAE 3 B T A E ™ % ot
BFEX, NTHREXBHEX, §—NMEaAZAHERITERNZE, XLNE
R S A7 DL 3T B T AE

e U X b e T8 T B S AR T R B AME B T R R R OE T L TR
HENNEEE, MeRitWAMEE R —EWAAA, AELITENA KA R
M., MErdERkEmwaEaw®s), TYOCREs= URITNE T,

KEER PERTEW, BER2EMFANREEE. BHENET T LUHITER
RA, EEXANRWERRALET 38K, MELTHHEANEEWHETH
W RBT, AHE LR E PR E T UEZE KX HEXNAWKAE, L7 LA
TTHRAEENTE.

THFSINFAA T ERBATRONERUREER LR E:

& HARER ML K& B E R, B DR & 7 bR = A

GRRTRR

& FOLREROCT DL S R E e A B B AR B E, AT A EE S
kAT B

& Wy, BB CHIE M 05 KevE g, KA RE AN MR E R
ENHRE.

() GMT B

AEU NI RN EELRN T AT EREE XA AN ENTF8 T
Wb EA M T, REANLREE I REN R EUR R BEN Y RS
W RAICE, TEEMR L0 E &Rt 48 M A 5.

http://www.gmto.org/resources/
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(W)

GMT A2 = h*

% 20:GMT SPIE & X

Proc 7735

Ground-based and Airborne Instrumentation for Astronomy 111

Proc 7735-025

GMTNIRS (Giant Magellan Telescope near-infrared spectrograph): design
concept  Authors: Lee, S. etal.

Proc 8444

Ground-based and AirborneTelescopes IV

Proc 8444-022

Progress on the Structural and Mechanical Design of the Giant Magellan
Telescope  Authors: Sheehan, M. et al.

Proc 8444-029

GMT Enclosure Wind and Thermal Study  Authors: Farahani et al.

Proc 8444-030

Vibration mitigation for wind-induced jitter for the Giant Magellan
Telescope  Authors: Glaese, R. M. et al.

Proc 8444-052

Giant Magellan Telescope: Overview  Authors: Johns, M. et al.

Proc 8444-075

Phasing Metrology System for the GMT  Authors: Acton, S.D. et al.

Proc 8444-114

Modeling seismic behavior of static supports of Giant Magellan
Telescope  Authors: Kan, F. W. et al.

Proc 8444-117

Development of a fast steering secondary mirror prototype for the Giant
Magellan Telescope  Authors: Cho, M. K. et al.

Proc 8446

Ground-based and Airborne Instrumentation for Astronomy 1V

Proc 8446-050

The instrument development and selection process for the Giant Magellan
Telescope  Authors: Jacoby, G. et al.

Proc 8446-301

GMTNIRS mechanical design  Authors: Beets, T. A. et al.

Proc 8446-289

MANIFEST instrument concept and related technologies  Authors:

Goodwin, M. et al.

Proc 8446-058

The GMACS spectrograph for the Giant Magellan Telescope  Authors:

DePoy D. L etal.

Proc 8446-293

Conceptual optical design for GMACS, a wide-field, multi-object, moderate
resolution optical spectrograph for the Giant Magellan Telescope  Authors:
Barkhouser, R. H. et al.

Proc 8446-294

Optomechanical design concept for GMACS: a wide-fi eld multi-object
moderate resolution optical spectrograph for the Giant Magellan
Telescope  Authors: Smee, S. A. et al.

Proc 8446-052

The GMT-CfA, Carnegie, Catolica, Chicago Large Earth Finder (G-CLEF): a
general purpose optical echelle spectrograph for the GMT with precision radial
velocity capability  Authors: Szentgyorgyi, A. et al.

Proc 8446-053

The GMT integral-field spectrograph (GMTIFS) conceptual
design  Authors: McGregor, P. J. et al.

Proc 8446-059

NIRMOS: a wide-field near-infrared spectrograph for the Giant Magellan
Telescope  Authors: Fabricant, D. G. et al.

Proc 8446-060

TIGER: a high contrast infrared imager for the Giant Magellan
Telescope  Authors: Hinz, P. M. et al.

Proc 8447

Adaptive Optics Systems Il1

Proc 8447-043

Design of a truth sensor for the GMT laser tomography adaptive optics
system  Authors: van Dam, M. et al.

Proc 8447-054

The Giant Magellan Telescope adaptive optics program  Authors: Bouchez,

A. etal.

Proc 8447-057

Wavefront sensor design for the GMT natural guide star AO
system  Authors: Esposito, S. et al.
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http://www.gmto.org/SPIE_2012/Lee_GMTNIRS_SPIE_2010.pdf
http://www.gmto.org/SPIE_2012/Lee_GMTNIRS_SPIE_2010.pdf
http://www.gmto.org/SPIE_2012/GMT_Structure_final.pdf
http://www.gmto.org/SPIE_2012/GMT_Structure_final.pdf
http://www.gmto.org/SPIE_2012/1340895643679_ENC_Paper_-_SPIE_2012_-_Rev_E.pdf
http://www.gmto.org/SPIE_2012/8444-52.pdf
http://www.gmto.org/SPIE_2012/1340895644639_GMTO_SPIE_8444_075.pdf
http://www.gmto.org/SPIE_2012/1340895644703_Jacoby_SPIE2012_8446-50.pdf
http://www.gmto.org/SPIE_2012/1340895644703_Jacoby_SPIE2012_8446-50.pdf
http://www.gmto.org/SPIE_2012/Beets_GMTNIRS_8446-301.pdf
http://www.gmto.org/SPIE_2012/Goodwin_MANIFEST_2012_8446-289.pdf
http://www.gmto.org/SPIE_2012/DePoy_GMACS_SPIE_8446-58_manuscript.pdf
http://www.gmto.org/SPIE_2012/Szentgyorgyi_G_CLEF_Paper_SPIE2012_final.pdf
http://www.gmto.org/SPIE_2012/Szentgyorgyi_G_CLEF_Paper_SPIE2012_final.pdf
http://www.gmto.org/SPIE_2012/Szentgyorgyi_G_CLEF_Paper_SPIE2012_final.pdf
http://www.gmto.org/SPIE_2012/McGregor-SPIE2012-7.pdf
http://www.gmto.org/SPIE_2012/McGregor-SPIE2012-7.pdf
http://www.gmto.org/SPIE_2012/Fabricant_NIRMOS_SPIE2012-1.pdf
http://www.gmto.org/SPIE_2012/Fabricant_NIRMOS_SPIE2012-1.pdf
http://www.gmto.org/SPIE_2012/1340895643986_GMTO_SPIE_8447_54_v1.pdf

Proc 8447-135

The Giant Magellan Telescope Laser Tomography Adaptive Optics
System  Authors: Conan, R. et al.

Proc 8447-136

Optical designs of the LGS WFS system for GMT-LTAO  Authors: Wang,
M. et al.

Proc 8447-137

Design and Predicted Performance of the GMT Ground-Layer Adaptive Optics
System  Authors: Hinz, P. M. et al.

Proc 8447-138

The Giant Magellan Telescope phasing system  Authors: Bouchez, A. et al.

Proc 8447-187

A prototype phasing camera for the Giant Magellan Telescope  Authors:
Kanneganti, S. et al

Proc 8447-202

GMT AO System Requirements and Error Budgets in the Preliminary Design
Phase  Authors: Trancho, G. et al

Proc 8449

System Engineering

Proc 8449-005

Systems Engineering Implementation in the Preliminary Design Phase of the
Giant Magellan Telescope  Authors: Maiten, J. et al.

Proc 8450

Technology Advancements

Proc 8450-031

SCOTS: a large dynamic range reverse Hartmann test for Giant Magellan
Telescope primary mirrors  Authors: Su, P. et al.

Proc 8450-090

Production of 8.4 m segments for the Giant Magellan Telescope  Authors:

Martin, H. M. et al.

Proc 8451

Modern Technologies in Space and Ground-based Telescopes and
Instrumentation Il

Proc 8451-131

GMT software and controls overview  Authors: Filgueira J. M. et al.

Proc 9145-47

Overview and Status of the Giant Magellan Telescope Project  Authors:
Bernstein R. A. et al.

Proc 9147-341

The MANIFEST fibre positioning system for the Giant Magellan
Telescope  Authors: Lawrence J. S. et al.

Proc 9147-78

A preliminary design for the GMT-consortium large Earth finder
(G-CLEF)  Authors: Szentgyorgyi A. et al.

Proc 9148-31

The Giant Magellan Telescope Adaptive Optics Program  Authors: Bouchez

A.H.etal

Proc 9148-38

Wide field adaptive optics correction for the GMT using natural guide
stars  Authors: van Dam M. A. et al.
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End-to-end observatory software modeling using domain specific languages
overview  Authors: Filgueira J. M. et al.

£, Bl HEAEEEHETY

ZF - 147 24 (Hobby-Eberly Telescope, % E # HET) I T #E#& %
MW ERERNRLE, DFERK 92K, RAXLERRT I THEZIERT
Ping., ER-REALZTEETEHN 11 KF 12 X\ B W@, FHUE 9.2
K, BFE13.08 K, EXEMR 77.6 Frrk, B9l Hk/\AFMKWTHEHHET R,
BNTHREER LK, ES5JEX, FTE KR IHIEF Ko

4 http://baike.baidu.com/view/4908399.htm
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http://www.gmto.org/SPIE_2012/1340895646790_spie_8447-135.pdf
http://www.gmto.org/SPIE_2012/1340895645195_spie_8447-136.pdf
http://www.gmto.org/SPIE_2012/1340895647316_GMTO_SPIE_8447_138_v2.pdf
http://www.gmto.org/SPIE_2012/1340895645043_SPIE-AOPC.pdf
http://www.gmto.org/SPIE_2012/1340895647601_Trancho_2012SPIE.pdf
http://www.gmto.org/SPIE_2012/1340895647601_Trancho_2012SPIE.pdf
http://www.gmto.org/SPIE_2012/1340895646112_SPIE2012-8449-5.pdf
http://www.gmto.org/SPIE_2012/1340895646112_SPIE2012-8449-5.pdf
http://www.gmto.org/SPIE_2012/Software_and_Controls_Review.pdf
http://www.gmto.org/SPIE_2014/2014-SPIE-Overview-Bernstein-9145-47-final.pdf
http://www.gmto.org/SPIE_2014/ProcSPIE2014_MANIFEST_V0.3-2.pdf
http://www.gmto.org/SPIE_2014/ProcSPIE2014_MANIFEST_V0.3-2.pdf
http://www.gmto.org/SPIE_2014/G-CLEF_Paper_Submitted_140527_ASz.pdf
http://www.gmto.org/SPIE_2014/G-CLEF_Paper_Submitted_140527_ASz.pdf
http://www.gmto.org/SPIE_2014/2014-SPIE-9148-31.pdf
http://www.gmto.org/SPIE_2014/2014-SPIE-9148-38_glao.pdf
http://www.gmto.org/SPIE_2014/2014-SPIE-9148-38_glao.pdf
http://www.gmto.org/SPIE_2014/2014-SPIE-9152-58.pdf
http://www.gmto.org/SPIE_2014/2014-SPIE-9152-58.pdf
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R FEETE LWL EEEXN KR fﬁ%ﬁéL%%EﬁﬁLﬁﬂ%@ﬁ
W, mt%%taéiéaﬁTﬁ%¢ﬁ MR KN E ﬁh%%
12 &, T e R =56 B 2 A 25-10 £ 20 421470 £ 40 4, &K IR EZE A M 45
DB 25 N F AR EETRENERANE, ERRLEFENIERE,
FETHAQBNMEFBL, BANAFHEE TRF3N. ZREETNEHZ 25.8 XK,
% 3034 k, BMME A —ANEEN 273 kWEHENY, ATHEZEN S
N,

T 1996 4 12 A 10 HIk & E R WMl (FFt) , 1997 4 10 A 8 HENFEA,
71997 49 A 6 HA7 1999 4 10 A 1 z [ w4 FR"Y .

(—) HET #+% B 4%

& IEAT A AL & H] AT AT

& WA HET e Wl E AR K&, W&, THE— K, A 18 EZ Al
o R UL B B AR KR R E s g AN L B, BBl E— K, & 18
& Z RT B AR K A B T B B R AN AL

& T H AR KK VT AR EY IR BR A (]

4 http://www.as.utexas.edu/mcdonald/het/het_gen_01.html

8 http://hydra.as.utexas.edu/?a=help&h=20
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& 4T RE|—E e ey W B, T LR RATEOWM E T, KA L3
AR A E RN B G
& (/A HET EEFH Fit B & 7 LRk &5 R — M 3 FU 42 HBR B 8] B9 R v

HET #4889 22 L6 4 4 7 A B

* FNE, EEAXRARERNENMNEZRETREZRLTF, 12
TG B2 R 2 3 K T BB U] RER T B B B OR, RATHE S B IR AT A 4
ERFHEH.

o EE_ME, TEAXARERIMATNE A ES HET wRE X5 4
Z R R SRR HET W ZH A, B A8 6 I 20 JTRE 45 htopx2
PAle RITERBEE, TEHARAAANZAFTEMHEERXFXRKR,
ERFEAXFZOUREEFA, FRETRTARFRENSR, AEREMT
R LA R AR A R A

(=) HET £ &4 %>

& | (Pointing)

HET AN ERffemEER T30 A, HHmE R EAHEESEA 2 fok
WMEHASES, X#ELHE 8 MEARFANWEE, RESEFEAPFONMLE
(X=0, Y=0) T i. BN HET ZAH KT EMLT 10 AL, Fraey B
KR (T REW, 0B NZAMEIAE, D#EEEE.

& KE (Tracking)

Hal, HET REFIRZAMEN 1L A4, INMNRERBT HAALMESE, X
WINA B EH IR ENELE, S TALHKEAR, B35 mEHSEE

TR EAr, BEAMES LT AR AT

vV mE: RErxoRiiAEIf

49 http://hydra.as.utexas.edu/?a=help&h=9

30 http://hydra.as.utexas.edu/?a=help&h=21
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vV BE: REAENBRWEL, REEGNGEFS;HBE L
RIEZHNAEEME F. FEHRTARLHARMERE (RA) FIks
(DEC) WEAMEZE (A4,

& X% (Acquisition)

LRS:f# Fl LRS s, RBEHRIR 23 2%, KRBT AZREWNEH, wEE,
K, fix, N TAFHEET, KEEI I RE A aREENLE, RE

GNP R, R AR RERE, wRAVNELEAERRELFE, &
B E AR, RN EAMETUIE: 3 ANKELFERENSE EGEHE AT,
B A 50 U AT HE ok A0 BT R B B AT Xy 24T

HRS: A L E & E b NP AT R LT, EERFE 16 %,
ESWT16%, 2% T 195 0 KRG A B B EARID, © ¥ UARID AL E .
NTREMENFGEESNER (B TH 18 E%) , LRS REREFLEEHEE —
BERLF O, LEEEEHARFERTFOEA MR EREFMA LRS &
o BNRENMEHITE, BFEWUBIANMLE., XA EHE I 5-8 5471k
E B

& BF%HE (FE) (Auto-Guiding)

£ LRS f1 HRS B, #Z HARAKLTLERFE, FHEMENKIATE LRS B %
&AL 2 40%.

T LRS S AN (LRS #%) , ERHATHEINNTELANIRESE
£ 18 FELFH 17 AV, INEFHWREEETE EWMADNEN. T L8
WEEREREBE., SHNTE 24x2.4 A4, FONLE LRS B4 .0,

HEEHA (HRS #%) , £RBAZHEFINTEEIMIRESE 185
HEATH LT A, INEFHEERTE LWMARN, X THLEHWSEE
BEREBE. REUTRE 22 AL, FOA7%E LRS BIB4 F.0,

HEREFRE—NHSERNEE, RRE-AEHEFRLE. BTREE
o= (RA f2 DEC fats, £ALAMI440) , Irs T RAIAEE T4 IE
x e R,

& XE& (Focus)

HET W R EEA T AL EE —FENR LT AL FE LRS WEEBEk#Z .
KA —FHENAA AN LETHAR TR RERBEE KT 2L E
B R, ERENGELE YN, LHEEZHREN L.
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W RIEEF SAMS RE, XANREHEAFE & —MT EURFEEHA
Bk, BRMBRARE-REMEHEER,

LRS: REXZRFR: g FEANFTABEFN, AEHET LRS #—
MEEHEREEAN., EEHAEARL0LZRSKEE, MBS RTFHE
BT RKE—ANEI A, FTURRM 6 NEEFF . £ KM, X4
SERLEARE ONT16%) , TUFEAFENFELATTRERBE. Y
EAEE, HH Irs T @AM o5 SR A 7 7

HRS: &/M%E4T, RMREZ S EFEAENF HRS & E, #FAKE
£ HRS K¥BE M AEERE T K. ANANFEILEE, REWMALLTEN
HEATE (FIREMEN) Th. Bal, EAmEHREE 005 2K, £— KA
MAAE, REAFENFEL2FHELABE, WRBEXS =, BT 16%,

(=) HET #4H# K™
& 4% (The Primary Mirror)

EFHEH L ANAEE 6 AHER, HFN6 AP —1F F—i4 1 KK, E 250 Ibs
(B . B EERTREGN6 AW LM =2 ERAE, HETLUIL
B(218nm) EKHL 13, ERFEEKY, GRIVESE, wXFR 26X, HE
£05mm M. —MMEREBMTEEFEEN T, BETFESR 26m, £ HET &
W H TR, R RE N F0 (CCAS = see-cass) . 1M, HimEH
e 45 2| CCAS 3, HATEANMEZ WA #ERIFE, BN 0 EaRMEF.

FARKKRFRT ARG R ESHEOFEER, FRNALTFERIT LM
AMEFI AW s e, L6 A B B AR KR A, KOS 4 ae 1 1T BT R BV LR A
. AN HET ZZHWFREAZH, EHWEFHENT AREFHAN, X742
BT ZEHBFEA, WEAMEMT ZTENXEESL, ELE, HET W-TFHE L
Bk BR BR R BT AR R T

& HRE (Tracking)

EEAREH, HAMIREHE, ZRFELFREC(]. XEBFRIN LT
A (azimuth) fEH F HEEs) (FE, altitude) 89Nk % k. IR
WA — R, BENEREE MMk, FE2RGW IR RFER
FHEME L, HET REAREALRE LA A . ERREHIREET—

31 http://www.as.utexas.edu/mcdonald/het/het_gen_03.html
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MERHFEEELE 13 KIEH N ) UG 7E R HET £ A L@ i HHEHRE.
EAEREER LR, CREITEIANBARMNE L, RERNE T UB 3k
B, FEREHANTEERNHYMCE,

RERBREZREER, CHEeREMBEA-NRAZE, WREHEZTW,
RESEERTITTHRINFE LB EZRG TRENMEF. E2, FTEK
HH, BEYERE. REHLTE 6 HLTABA T ELAREMRE. X4
HREERKFE A 10 MEAZ A AR E —MEE

Efbm NS AERES L, EWEEL 8tons (8 ¥) . AHFEMA, HFH
T, BELENALS (RENCT HET TEHHTE) L HEREL

& Lg% (Spectroscopy )

HET # A RMotiEs. EF A LEN, K. FREL2HEE (Low,
medium and highResolution Spectrograph, LRS, MRS and HRS) . {4 # & J i
B (LRS) frFHE#E LW FE L. MRS ft HRS i T 2% T A F 5 K A H
TEE, Bt MEE, XML EG T LUENE R EAERET S, #EA]
RFMELSEZRENNEF E,

& HHRHXIHAN (Queue Scheduled Observing)

HET 24T — MRt XM, ARG T, EXEHNET, EAFAER
ERMI R X ERFEFERXFRZNERES, AATHH B AWM X 89 R 5.
KAZATHEA X HET 2R 6E 8 H A ¢ 7 A ZEAB EHIN, RANRF
. AW BETRT ZRFEARZHAET O FHEIRERENE R I
PR 7 o g AR AR E 1 0K, i oy 28 37 2 I 9 BRER S, A5 2 6 O & 1 )
RCE A0 E H 3 F B E AR R RO E R A KA I, £ 7 EmRIA L€,

HIHXANFREL WL R TURTRIEE, BAFFERXFEZHR
AV B 8] R B, TEETHERT FRNE A Ry e E, =, F5F
FLI 32 5 B oy W AR 5577 8 B AR 5 A IR, 38 5 T B0 1 R RO RO 3 Y
T A E RS RN

& #%& (Amazing Truss)

HET Wi 2 R B &4 AR RN EMEIS N I E Rt XERWUMTEX
BARGRREFZ —, WEHAT/EE Wuerzburg #9 MERO T #l#%, H#E#K
W%, TEHE TR E MR ENET R, wAAWEF, MERO #4F
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LA EBER AN —H o,
£ 383 N R A 1747 XM K. RO RFTUEHE, XAERFE
%ET}_ 0.0004 ¥ ~F, AZ9A KL A&H 1/10 A4, Ezz %| Texas &7, M7 &4 M
RAE, EMETREETNEGE N FAHEERCE L, MEHKEMLT 008 %
ﬂLo

Inslall ing the nrst 3 segments

% 20: HET #7432

EERBEHNRLE, EHHEH—NFEZRK, 4B MERO & i & 6 ME
WA K, £ HET BT 27000 HEWER T, HERNETHRR 25 X
(millimeters) .

(W) HET /&AL 8%

32 http://hydra.as.utexas.edu/?a=help&h=3
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Ny mIBFAREEE (GTC) ¥

A AR F| A ALY 3 4% (Gran Telescopio Canarias)fi T At 24 Bk & & 89 W 2 1 5 2
—: T HE AT RO RIS I 4 :28°45724 N R 2 J:17°53 31°W, ¥4k £ 3k 2300 X,

WHRTBF. EHRPELAF. ERFEILHAEAFEFRER., 2007 F7
A 14 HF T, 2009 4 3 A% T,

K 21: mHAFALEZTE (GTC)

(—) GTC 2 &%%

K EE ) 400 "%
ETHMWEEN 17T
A Y R E =73 m2

H Y EHE=169.9m
MAE=0.82 Z K/ K
FEEMEER
REEE=5100 AT

2000 2 T B9 L2

1100 A T A B LK EF3EF
1200 AT, HEEEDE

** http://www.gtc.iac.es/GTChome.php
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800 /- JT By PLE AR AR S Fun I 38 J7 4 %
WF=E % A 15 I 54 E
WEFERMKEL

K # = E=1000 AT

E=5 0By

SRR

PUHEE 3 F=2400 AT

B AT HE=T00 AT EEE
W= 20 2 &7

GTC B3N &

(=)

1-25
Wk

04-1
Wk

%k 21: mAMAB BTG RNE

CassE sh S E#H & %5 E s
I, %1 CIRCE £ = &35 # 5 2019
4 & 31 MIRADAS 3|3k

2019 4F = #§ MIRADAS %34,

LA P
T 2016 4 4 A %%
2016 £ 9 A FF#4i54T

LA
2016 4 12 F %%

0.36- @A {HLE 7.8x7.8 AL
1% 2009 & F 43547 FE-, - FE-EE ARG
K pm #2018 4 # 21 GTCAO B|3A it 4 B E & &

HE, REHFE E Cassegrain  HE 4 K AXENE

3B (fit 7 2019 4 F #) Kbk Fn £ B AR i

J6 3 43 2 300-2500

8-25 @A FE 26 x 19 A M

WK 2012 F£FF 4IEAT B K gk A L 3

pm ¥ 75 2016 £ 4 | EMIR 2|38t K 43 F 175-1300
WEIE, 2017 4E P HAFE Folded g An b R 4k &

1-25 JEEps (B2 EikKE) 34x3.4 NN
Wk 2015 4 9 A FEiEAT R Ik
pm ¥ Fn CanariCam £ Z &3k, HE HALILEF

6x6 A4 WF

T - 5 R B

Kkt £ BEAr ki, BLV
T, B 4k 4k

i 49 % 3500-4000

04-  JEHEMNE (AC) BREAT L F
0.7 7 2016 F£iX (T B
K pm 2016 4 9 A 54T K 4 #E=E 25000

35x35 A4 (MOS #)
14x 12 204 (IFU X))
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http://www.gtc.iac.es/instruments/osiris
http://www.gtc.iac.es/instruments/canaricam
http://www.gtc.iac.es/instruments/circe
http://www.gtc.iac.es/instruments/emir
http://www.gtc.iac.es/instruments/megara

pm 2017 & 4 A 54T

1-25 H@AFNE
WK #2018 g
pm 2019 % A5 4T

1-25 EL@EAPNE
Bk 2019 £ # % %
pm 2020 4 F #1547

KAk F

& B 2 A 4 F B & £ 100 A~ B
A&, K4 ¥ % 6000-20000
BEF R 3 %

b 4 #E % 1500-30000

F1 GTC BE N AF B TLEA, /T
B AR TR Bk

&A% (3 20x20 =% 40x40 A 4
Mogtigs (HE 26x24 A
VoK kD)

%% 20 Bir, 4 4x12 An
&% 20 BAFHI £ B R L
i 43 E 20000

. BEIEXREESE (Southern African Large Telescope(SALT))

7 3F A 2 i 4 (Southern African Large Telescope(SALT)) 4 2 T 2005 4 k&,
T 2011 4 9 A4 NEM . M 2000 £F 46, mETEE. HE. £FEMAHTE
ZHEHRAREE, EATHUFELANEERALEGREF FRRIANEDR
hFERGE—FEALREERSE (SALT) . ZERFE /| TEEEEXETE
EEH A ARHET) 2 XTENER. TRV EAER L1 KW EXARHERET.
ERCHRFRZHTTEFHRITUE s A A EEZWE LT,

ATATAYRY, |
VA,
) AATAVAVAVG N
I AVAVAYAY )
‘!A(AYA\ A

B 22:% 3 X 2 &4 (SALT)
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http://www.gtc.iac.es/instruments/frida
http://www.gtc.iac.es/instruments/miradas

(—) SALT 2 &45%

TER 25 KWFERH, EH 30 v, R RERITHK; B RTHK
WG U ESOREDEENNEE. FHELFNL1Im NAZETE 1K
AN, KRB —RBMEKRT 11 KEERHVWNE T EFFRERAN. FA4E
EAREHRAMBED GFF i —k, FE AN BT, X MM —A
BREBH. ENANERAGERBER T REMAR TR K EEES TR
Wz EmE W ErE. BN EERMARNAME L ETHRARER
FHER R E.

SALT #n HET # 4 — A~ &5 H Aot 2 % 1 B By it Ar Keck 2% K 1L,
FEHRAEEFNHER, IANEF R TGN ERIARSE T ER,
SALT RHAEF & — N HHWEH, MAEMPELRE LN FEL MK

(Cassegrain) Zm4 %, /> SALT REA SN 1k 6 ##, 91 44 Fl &9 K 4t
FHRES], FE—N 6AFMHER, KT 4 11x9.8 meters. N T AMERKY =
%, B4R 4-% 3 W £ ZRIE (spherical aberration corrector, SAC) , X 7] DA
REREN, FHETE, EZENATN8 AL

91 MREENENEREK R BN SIS K, BRE. MAREEHE
7 (tip, tilt fo piston) , XA LLiE YHEE (HE) MA1ELG A2 ET
T, AANRETRERVE, AN THETHEl R OME R HACEH R A E
FREAMBNAE. B I, 2 EFE AT kAR [ T Ay & 25 T30 Ay i 0 B (G
#) £ R # F 0 (Center of Curvature Alignment Sensor, CCAS) . #otE T4 7
BNXE, MENENEFRANLE. A HESE (stacking) "HHLE L HFE
055 15 AT 75 KAt 42 B9 AR A AR EER A5

LGN G — AT AE B WM T E, EFERNNHAE, FEFRFEEENE
KEeERAAA, AXERWEGESERRTRE, AURALTEEMCE
SAC fr £ B # . X F1 Arecibo ft B2 WHEWIZT LM, AKX FHAENEAF
MEZREAWANEF D, ERCAAGUT EELE. 5 I ToWNEHNWER
FHR, HHE AU RPN RENAERBETRERAR, WRD T ERFEE
WEA SR SALT HEZ89 37 ERTNA, xTx# W= (Magellanic clouds)
£ FAMAE, B & T 5T 250 B B9 77 £ f A R AR e ¥, SALT ¥ LUYLIN Sutherland
sh B R E A S KEA

(=) SALT B3 E
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AREEAXEGEETELEF, BET FEMFREZRE RN R R B HE
7, BRI RARENBERZHERRAE GO TAZRBT FLEEMIFRS
REERNLGEN, AMENAADET TERBRTRE LI WET SR, £
e 3R TG B R A
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B SR
TRAMPRAXERERHTEER.
#H 1 WARXLRERBHTE A

*
- B | eH -
T H 4 K FHEH | ERHEH W | BX % K B PI
L (UsSD>
#
Support for the Kitt Peak National . Association of .
United L Charles Mattias
Observatory (KPNO) WIYN 3.5-meter NSF 992980 2016/1/1 2018/12/31 | 2016 Universities for Research .
. States . Mountain;
Telescope Facility in Astronomy, Inc.
Support for the Kitt Peak National . Association of .
United L Charles Mattias
Observatory (KPNO) Mayall 4-meter NSF | 3100000 2016/1/1 2018/12/31 | 2016 Universities for Research .
. States . Mountain;
Telescope Facility in Astronomy, Inc.
MRI Development: Upgrading NIRSPEC for a . . . o
. . United | California Association for .
Renaissance in IR Spectroscopy at the W. M. NSF | 1351813 2015/10/1 2018/1/31 | 2015 . Sean Adkins;
States Research in Astronomy
Keck Observatory
Cosmic-ray Physics with IceCube NSF | 413999 2015/9/1 2018/8/31 2015 | United | University of Delaware Thomas Gaisser;
States
A Complete Census of the Quasar Population NSF | 85238 2015/9/1 2018/8/31 2015 | United | University of Arizona Xiaohui Fan;
in the Large Survey Era States
Leading CanariCam Science Team Mid-IR NSF | 127805 2015/9/1 2018/8/31 2015 | United | University of Florida Charles Telesco;
Astronomy at the 10.4-m GTC States
CAREER: Radio and gravitational-wave NSF | 528000 2015/9/1 2020/8/31 2015 | United | Texas Tech University Alessandra Corsi;
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emission from the largest explosions since the
Big Bang

States

MRI: Development of Adaptive Optics NSF | 1118493 | 2015/9/1 2018/8/31 2015 | United | Georgia State University Theo ten
Upgrade for the CHARA Array - Phase Il States Research Foundation, Inc. | Brummelaar;
Balancing Gas Loss, Star Formation, and NSF | 89000 2015/9/1 2018/8/31 2015 | United | Vijayaraghavan Rukmani | Rukmani

Black Hole Activity in Cluster Galaxies States Vijayaraghavan;
Tracking the Metamorphosis of Galaxy NSF | 381534 2015/8/15 2018/7/31 2015 | United | Johns Hopkins University | Jennifer Lotz;
Structures States

E: wREFEONWHEXRHERAMNTRELTE Em B REER, FRARN.
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