ELECTRONIC IMAGING IN ASTRONOMY
Detectors and Instrumentation

11. Electronic imaging at infrared wavelengths
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11.6.1 IR XEFRTDEER

o AIARED IRREFZICIIHRNZ L H B,
o BICIERICT ZUENHDD

o TN IR XFEMBL (ZnS. ZnSe) IERIFZBE S 720,
& TAFETE IRTERSBIERYE (CaFy. BaFy) TIRENAY TS
5,

o EMETHDEMEXEZMILELH D,

o MELNLEMRL ZDDRE/NY 7ILIZEFE =IRemitter IZH 5,
"ifit's black it must be cold, if it's white then make it gold.”

] 7}'/74 I\Lizzﬁo

e Special infrared black paint: Parsonsblack, Aeroglaze, Nextel
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11.6.1 IR XEFRTDEER
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Fig 1: Mclean HRE & Y
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11.6.1 IREEFKTDH R

o HEMDRIF" coldstop” % B  BIBMRAMIEICTE %,
=coldstop DH M4 XELERDH 1 X5 EhbtE 2 &, EREBEROENL
NS DEXFRVWHREIRIT S,
=Lyot stop

o Coldfilter I(FFERDIE ICEE. ETHEHARL,

o MHNIRAEERID closed- cycle refrlgerators TiThha,

e

(o)
X v
—

Lyot Stop

Occulting Spot
Fig 2: http://1lyot.org/background/coronagraphy. html
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11.6.2. IR camera Dl

@ Short-wave mer-cad-tel (cutoffat 2.5 um) %' popular

@ LNg-cooled cameras (256 x256 or 1,024 x 1,024 pixels) (& CCD @3> b
A—> CR&ICIEFTE S,

o CCDD&DICKYKREWVWHAXZITIE multiplearrays Z W3,

@ University of Hawaii's ULBCam
(2.2 m (88-inch) telescope on Mauna Kea)
Mosaic of four 2,048 x 2,048 HgCdTe (H2-RG) arrays
from Teledyne
developed by Don Hall
JWST near-infrared camera (NIRCam) O 7=®ICHEFE I TW 2 iRER%
FoTW3,
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11.6.2. IR camera Dl

o HAWK-I
o for Nasmyth focusof UT4 (ESO D 4 DD 8mVLTs D3 B5D—D
in Chile)
o 4 DM 2Kx2KHgCdTe array(P LEDD H2 414 7
from Teledyne) (0.9 pm-2.5 um)
o HALIEEEN (high-throughput) R HERT 7.5'x7,5" DIRE
e Wide Field Cameras (WFCAM) for the 3.8 m UKIRT
o four2Kx2K HgCdTe arrays
o UKIDSS & WS FEWH—XA THWLNS,
o EWHEBFEREREEFETOTL—MRT—IDEDICKEL AT
W3
o forward Cassegrain position IZi[E T %
o BT FEH LN KR Schmidt camera ZFAWVLWT W3
o NEWFIRM (New Extremely Wide-Field IR Mosaic)
o 5um FTREDHDIRARADAXS
o NOAO 4 m telescope on Kitt Peak
o four closed-butted 2K x 2K InSb arrays from Raytheon
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11.6.3. IR TO 7 Ji2r

o AIRDEDERER. FL—T1 VI AW,
STL—T4v7, AFHR) Y b, TRTOXZFRERRBIIAE SN
DUENDHD

o A1)y NADFIRA R WERSD TIE OH IERAZEHIC A D,

Fig 3: Mclean #&& & Y (NIRSPEC)
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11.6.3. NIRSPEC

@ cross-dispersed infrared echelle spectrograph
(REEEFAD NIR(1-51m) THE—D cross-dispersed)
o Keck Terescope
@ 1,024x1,024 InSb array from Raytheon
o TRIRERMEICEE,
= BAFAN—E., = AERFEEFFADORICEITFSN S,
= ftbd 5 DD@EIFE O V) v U THER,
o RENKELDTREAREZRSITLEDLY,
o A/L BBRRICIEZ LIS, PILIZ U LMY OMEANKEC BB EDIC
¥,
o BREWEANL LU AHNNVERBOINEWRA NS Y T2FT5
o RERDHKBIIEOLNZIRENDHY. TRXTDEDND coldshield TEHD
hBSFZ/<,
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11.6.3. ZDfth® IR Spectrometers

e CRIRES

o VLT

o BUWANRY MLRRE

o ANRY MLIE 4 DD 512x1,024 InSb array (Raytheon) IZIED' 2
e MICHELLE (MIR)

e 7-26 pmimager and spectrometer
e Gemini-N 8 m telescope
e 320x240Si:As IBC array (Raytheon)
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11.6.4. Integral field techniques

o ZLDEFRANATIZFAO VAT LEEBIEDN TV,
o AETIX IR HD% < @ Integral field techniques AREI N TW 3,

INTEGRAL FIELD UNITS

FOCALPLANE  Spectrograph Input

lang =
e 0 0 o =
Lenslet e e o o o >
e o e s ==
B s o o o =
fir 71 FINAL
Fiber Bundle ayind

Fig 4: Mclean HRE & Y
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11.6.4. OSIRIS

Keck telescope T AO BIC&RE{IEINhTW3,
UCLA T JamesLarkin IZ& - TR

Lenslet A=

2Kx 2K HgCdTe (H2) detector

Keck 10 m telescope @ AO ¥ R 7 AIC & > T FEREIXEIIRRA T

0.053"
RERDERREIX R ~ 4,000
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11.6.4. Integral field spectroscopy

o EFIFHIEBNITANY
= § T D tiny spatial location D AR K
WIZE>TTETWEBHLHL
e AvEa—¥—TOJZLICL>TENTE
NDOARY MLAHESIh, ZhEhOzE
Al L DAIEDTE 5 IC data cube AT stack &
nTW< (strawsinabox),
o straw ZIREHT E AR MLHBLN S,
o box =HZHEMEBE T > TEENILRS
EZDHERETOD fieldimage HE5N 5,
o straw ICA>D TR LEDES &
broadband image IZ72 %

o OH IEfRDHEN K E 1IKRRD image &R
{Z&T, OHERD / 1 XL[R1T 5,
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11.6.4. Integral field spectroscopy

Telescope Spectrograph Spectrograph

focus input output
o o oo /’V/,/,,/,;
Lenslets a8 8 o
il Datacube
28 & o8 r
Lenslets Tibres slit
: ——
+ fibres A
il
In.lage Mimors |, [ Slit
slicer
3
4

12314

Fig 6: https://www.dur.ac.uk/cfai/spectroscopy/
introductiontointegralfieldspectroscopy/

HEIE (KX 45E) SEEERFZ Mclean €3 2017/7/12 18 / 30


https://www.dur.ac.uk/cfai/spectroscopy/introductiontointegralfieldspectroscopy/
https://www.dur.ac.uk/cfai/spectroscopy/introductiontointegralfieldspectroscopy/

Contents

@ 11.7 The impact of infrared arrays
@ 11.7.1 Ground-based observing

HEIE (KX 4E) SRR Mclean £ 3 2017/7/12 19/ 30



11.7.1 2MASS

ERARHEBORRICE DR EL Y FENT—RA
50,000 Bl TZE LK% H1/8—, 2arcsec DZE[E 7 fFRE
Mike Strutskie and many other group
Z2O® 1.3m BixiR

o db33k: Mt. Hopkinsin Arizona (1997 & 6 B ~)

o EE¥Bk: Cerro Tololoin Chilel (1998 & 3 A ~)
@ 3 DM 256x256 HgCdTe infrared array

o TRENA J(1.25 um),H(1.65 um)K(2.17 um) A KIS

e timedelay integration: sky-scanning D, BISE%{EIT THREZBEET %

o TEBEMIE 7.85
o —MEICTOFTAEETYEVY
o RAEMIZS/N=10TJ=158H =151 K, = 14.3
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11.7.1 2MASS / DENIS

@ 2MASS All-Sky Catalog
o digital atlas: 4 million 8x 16 arcmin atlasimage (% f28E 4 arcsec)
e pointsource catalog: ~ 300 millionstars DIERERMEE 7 F v 7 R
o extended source catalog: 1,000,000 EL_E®D galaxies & nebulae
e DENIS
o F¥IRDIETRAY —~A
o ZODHFMNY K (J:1.25um & K:2.16 pm) &E—DDAR/NY R
(1:0.82 um)
o Chile, LaSilla iZ#% % ESO @ 1 m £izsx
e 1996~2001
o [RAEM Gunn —i = 18.5, J =16.5, K, =14.0
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11.7.1 UDKIDSS

@ UKIRT Infrared Deep Sky Survey

o XD 7,500 FFHE. BEWRET, JHK% K =183 T,

] £j 0)-&_/\\\40
o Large Area Survey (LAS): 4000 sq. degs, K=18.4, extraGalactic (# L
o Galactic Plane Survey (GPS): 1800 sq. degs, K=19.0, Galactic (%)
e Galactic Clusters Survey (GCS): 1400 sq. degs, K=18.7, Galactic (#k)
o Deep Extragalactic Survey (DXS): 35 sq. degs, K=21.0, extraGalactic

(%)

o Ultra Deep Survey (UDS): 0.77 sq. degs, K=23.0, extraGalactic (7F)

o WFCAM ZAWTIT I,

80
40
20

0 b=

-20

~40

Declination

o Ll

P P VT PRI | l(f TR NN T
20 15 10 il
Right ascension
Fig 7: http://www.ukidss.org/surveys/surveys.html
W (KX 4 F) SEEFR Mclean £ 3 2017/7/12 22/ 30


http://www.ukidss.org/surveys/surveys.html

1 11.7.1 VISTA

o B¥IKDI Y —~R4

o Tt A X 0.34arcsec D 67 million pixel ZFF o> 7= EFKHA A

o K749 —2Z,Y, J, H, Ks. HEEHT7 1LY — 1.18 um

e 16 M@ HgCdTe VIRGO detector Z#AHEHLE/H X 5 (McLean,
Figurell.18)

o ¥5T f/1. AEIL VT £/3.25

Fig 8: http://www.eso.org/public/teles-instr/paranal-observatory/
surveytelescopes/vista/surveys/
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11.7.2 SOFIA

@ Stratospheric Observatory for Infrared Astronomy (SOFIA)
o EiniE
o 2.7m DMWHREL SR
o XHHHRE! (chopping) ElSE
o AR
o FPI(Focal Plane Imager): optical guiding camera
o WFI(Wide Field Imager) % FFI(Fine Field Imager) & {EF &8

o RARKEBICDWVWTIIHHESR

Optical System of the SOFIA Telescope

/
S1 Flange.
Nasmyth Tube
Nominal Entrance
Eposl IR-Beam  Visibie Beam to FPI picie)
\ A (1 /1L, Whliror
- (Tertiary)
Al

- - e
———— Visible Mirror
(Tertiary)

Primary Mirror

Fig 9:
https://www.sofia.usra.edu/science/sofia-overview/sofia-telescope
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11.7.3 NICMOS

@ Near-Infrared Camera and Multi-Object Spectrograph

@ Hubble Space Telescope

0 3DDBWE A ATERE >TWD, TNENH B~ ICHEBFICERE
TZ %,

o HRlICHELNIE/ 141X, BQED
256 x 256-pixel HgCd Te (2.5 um) array (Teledyne)

o HLEHLEEAE LTERKREBREMD., 717 —DFM 4.5+ 0.5 DFKE
=thermalshort IZ& V) camera3 DERMFMMBO D& Th, FmhRE<
AN
=1999F 1 AN 5 2002 F3 AXTHEAL ST,
=NICMOS Cooling System (NCS) TH#:R

o HST DEHFEIEHEZRDDHIC ~ 20°C
= INDHMETO HST FADOHIKICR S
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11.7.3 Spitzer Space Telescope

NASA

e 2003 8 A 25 HICH T B LIS
beryllium mirror
e 0.85m
o /12
e 55K
3-180 um DIRIEAIFE. 5-40 pm D9, 50-100 pm DI
REXED
o IRAC: 3.6,4.5,5.8,8um ODEEERFICEAD 4 F vV RIVAAS
o IRS: WERRDEFEDH. REROEBESOHZFIE542DEY 21—
e MIPS: 24,70, um (5 arcmin), ~200 um(0.5%5 arcmin)

(]
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11.7.3 AKARI

e 6 6 6 o o

JAXA
2006 £5 B
IRAS LLRD AR —N 1 FHE
6 K IZA% L7 68.5cm EBixiR
R IE 1.7-180 um
KiE
o FIS (Far-Infrared Surveyor): 50-80, 60-110, 110-180, 140-180 um M 4 D
(AN

o IRC(InfraRed Camera): NIR(1.7-5.5 um), MIR-S(5.8-14.1 um),
MIR-L(12.4-26.5 xm)

2007 £ 8 H 26 HICEATH o =RIEANY D LxFWE] > /=,
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11.7.3 WISE

o NASA’s Wide-field Infrared Survey Explorer

@ 4 DD/ R:3446,12,22 ym

0 40cm DAY Y LAEEFERF v+ VOB ORIGEEET 22 F v~
75—

e 8DLULEDMELNLZENTN 11 BT OED = 2KRD 99% ULt%
&2,

e FOV=47arcmin TEZ I A —ILIiF 2.75" /pixel

o HgCdTe & Si:Asarray. 1,024x1,024 pixels

e WISE (32009 & 12 B~2011 %2 A
e NEOWISE & LT 2013 £ 9 AN S5 EH
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