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AR AZATHAIAE HAABE7 ¢ ANge] Aoz AT 3E T334 7vhd KAON-
ICS(KAO Near-Infrared Camera System)E 7]3#3ta glc). o]2jdh 7] A8 A+ Yoz

M FEe BAGAEUS} 24 ER] 2H YA (1-5um) & 2202 AFH o2 AT

KAONICS] 71% s} W= J, H, K, L o tia] o 7] £33} 29-¢ AL8 3} PWV(Precipitable

Water Vapour)ol B 715388 Adgow, 27 s WA &5 &4 $3& A

Aok A A, F HEY 25 2A04 QAN FEo] A5siel, 42 M2 E BE S

7H2 deke 8-S Uk

ABSTRACT

Korea Astronomy Observatory(KAQ) has been developing the KAONICS, KAO Near-
Infrared Camera System, which will be used for near-infrared observations in the
ground-based telescopes of Korea. As a phase-A study for this work, we investigated
observational environments at the Sobaeksan Optical Astronomy Observatory(SOAQ)
and the Bohyunsan Optical Astronomy Observatory(BOAQ) quantitatively. In the
J, H, K, and L bands, atmospheric transmission was calculated mainly depending on
the PWV(Precipitable Water Vapour), and limiting magnitudes were computed for
the SOAO and the BOAOQ, respectively. We conclude that these observatories have

similar observing capabilities and domestic observations are possible in near-infrared.
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1L.M B

A2 ARHA AN E BE7eo L2 A& HAM FET Ropol] §2 d77F i3] A=
A gen, MARR o A &3 FEF A S AP YUt) o]A A9} BB &=
HEATFHEIAANE AL BF(BAT Y 1997) % vtBo 2 AFA A3TE38 YA s e
KAONICS(KAO Near-Infrared Camera System)E 7438t QIt}. o]0 L3 A3 AFLZA 4
LAHAENG REFHEY LA L o] 8Y A8 st 4 A2 Hd A2 HF Y 2A E
AA Y #Z AAE AN HAA BFoAE 7HAF BEAA 23HA G HEE 93 B
AL U719 @A BA 5 oS 3 BAFEC] 9F%E vA 7] 2ol AA FZol dolA w2 )
3 3EE 2o g fEle olHE 2SS 1 FFHA A4S TIHA IAE B2 T
AE 7otz @t of AFoAe A ZAYH Gl I ERE T2 JFL v A
7 $371FE 2ABEL, o} & o] 43te] KAONICSY] 7| &3 532l J, H, K, L =0 tj 3
WIS E #5 AT S At vlastuat st

I

rfr

P

2. ZHYM JHolM2 71T

21th7| B2 57|

AABLFE o] 8T AN BHNA 7)ol 2EE 571 7] S5 7] 43 BEAlg 3
L AN 24 7] ERHEY WEE E 3% ”]73_]5} £3], A&7 €l HA W)
72 E48 BA FoA g 7] @ A= 2.3 — 13umolA 713 2 ¥lFE A3, 13um o] A A =

a7 %Z* AL o A AtH(McLean 1997). 2322 ZHH FAZA di7] 59 5715

BE= A] 1@ 5 o] of ghet.

dntR o2 7] F 457 FS SH3E AREN 773 F PWV(Precipitable Water Vapour)

A8t PWVE ‘:H7] 9 AA #5717 A A2 A Ho) FAL do] 2ol FoHH,
mm G2 FAE T th7] 5 £571FL 7|20 & FLFo v ER 195 A Fgoeg 4
E 45y, $d A5 vt A2 FY3A B, AE A3t wel 5 A U8t AE
o) A3 cH(Wallace et al. 1984, o] &3 2] 2000). 7] F $5 719 o] 2 X (scale height)+= <F
2kmo]7] g 2o PWVE 1157} solA42 F733] 244 3ol (Traub & Stier 1976). WelA Mauna
Kea%h 22 1% dkm o1 42) $& 4 44o] Bk 4] A4 B2BHE ATBE

PWV &7 "ol o8 1A 7 ok 713 49t By e gy &dz £33 1= o)
% (specific humidity)S A28 PWV-E 3= Ao (39S 1968, 1971). W2 &9 g A
A 371 Al the +F7 AFe vl on gt e o JEE AHEEo] 1.65um W=}
1.87um =X Bl ¥Fo] A7 FEHE&E S48 PWVE 23k o5 4 B FF 23 7](Westphal
1975)+<= Cerro Tololo, Chacaltaya, Kitt Peak, Lemmon, Mauna Kea, McDonald, Palomar, Sacra-
mento Peak, San Pedro Martir, White Mountain, Wyoming 5 9 ZM #Z AlolE9 F7}
o]l AL-8=] 9 tH(Westphal 1975, Beckers et al.1979). Bl &4 ¥4 Z Hcl A s w2 123
5 HF EF7)E o) 83 PWV A Folth o & E9] Kitt Peak McMath ¥ 32 grating spectro-
graph& A}-8-3 1.0832um(Wallace & Livingston 1984), FTS(Fourier Transform Spectrometer)& At
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I8 1. 4 AYE €49F PWV. A4S 234 9 294 42HY: Kitt Peak(Wallace et al.(1984)9] 213 1
Fz). AAL F32AY FA Y o)L, BAHL FEAY BA 4 o} §.

43} 2.1882um, 2.1905um, 2.1946m(Wallace et al. 1984) H.O4 #& R PWV &4 ¢ 9 o] &
3k HMd A=A B 35 ZA49) G| dd £ A E vadd AR F A=
o, dl& Eo] Kitt Peak¥} Tucson Z3 #Z4, Mauna Kea®} Hilo FZ4 5 vl 23 2 AT A
GE2HE AYstiE & 9dAF T Qo (Wallace et al. 1984), 43 29 A2 275 Aoz
Z WE 3t (Greve 1978). ©] Jo= PWV &3 Wyl 71494 &5, GPSE 1438 e 3l
th 713994 5L T ool BolA+ ¥d Y& A £X A o] 8F § ItH(o| €%
9] 2000). GPSE |83 W2 GPS 459 Y7ZF AFEAE 0]83dd PWVE FHE 5 o
W &3 AU F4E A8 AF FoItHERAEZ 9 2001). A5k, FA 29437 LA E &
271719 BA 2 A5 RFo2 oA A% FFLP L ol 8377t ET a2 LElE 7
AT BAN} 52 EYPLRRE PWVE 3322 @) o] A2 ARY o]&4R 2EE o4
FPWV 24 Aot F4F(1968) = B71x 24 &40 griEd #F AR E N ¢
guet S5 AL ol&H2E=-PWV AL &, 7F&ellE 4 (1), dFelE 4 (2), A& 4
(3)o 2 TR Al o] At 23 M= 2£12% olth FH Ao Ao AFE BE
FAE40 ARE uIFoE 8, AF, 7129 BAYLE 4 (9)F, ALd+e A (5)E FHAHTS
T 1971). °] A4t 2 WA= £10% °lo

In(W) = 0.0393 x Ty — 1.155 (1)
In(W) = 0.0393 x Ty — 1.273 ()
In(W) = 0.0393 x Ty — 1.204 (3)



456 MOCN et al.

1. W &£51%

PWV BRSNS BEAM  Kitt Peak
AE(HDA) 25mm 33 mm 24 mm
AZ(A4) 42mm 50 mm 3.4 mm

In(W) = 0.0361 x Ty — 1.108 (4)
In(W) = 0.0361 x Ty — 1.221 (5)

A7l W 4F 7 PWV(S9: cm), Ty A XA EFF 0]€ 3 25(9S):°F)ojt}. o] H &
EE 7R AUFEERE A4S £ ok S 2940 A9 1978'd 197 1980d 129714
295 AL SA4% 7|2 L AUEs A5(HE T A8 1982)F, RAAY A9 1993 d
495 € 1994d 397hA BEA AEUA 238 71 R AUEE 2}3(7‘7‘\%‘ 1994)€ 7}HA 3
B Z2 Y Psy 1L.O(ZFU L HFAPA AZ)E 018319 o]&H =& AL Axd
ol£A 259 PWV FAAL feve} 8 A FAAL G A FAAE E o Ao
3 Adelle 2 27 vk Al A3 3" 1904 2 Je 1 ok

15 2o A AW AH1378m)- Kitt Peak(1938m)oll H)3) ol PWV7L o & A2 2 oAts
A T SHoAE &AWAHES 37°)°] Kitt Peak(E9 32°) ) £7) W Eo) PWV 7&/\ is

7} gt Aol AL He] H4 PWV(4.2mm)+= Kitt Peak(3.4mm) 2t 47 2 +Fojy o]

8 £229 PWV7ZF A5+ A7)+ 2 - 37§ 9 & Kitt Peaks] A¥ Fx o E3}3it). UI% Arizona
o] AMEY FF2 W oFH(Warner 1977)2 Kitt Peak?] PWV(24mm)E 433 3713
A A9 AH25mm) Bl R & FE7HA] AS 8 REAS 1 5(1124m) 8 A =(E9 36°)7 2% &
PRk gold PWVZH T & 202 o448 4+ Uk XEA9) AL E 4 PWV(5.0mm)+ 4
AH4.2mm) B o} 7 TR oA F %J_Oll—:— H o 33mm7tA F743ch A Fo) WE W g ¢@II*J
F vz 4 $£E PWVZFFAHE 7170 94 2- 3709 F = 2 Kitt Peakoll v]3) "4 7
th 9 27 E % 18 A el Yt

22047| £Entg

7] B3 2dg AHESte] 2AAA R HALAEY 43 A7) F&d AN, B3
A ZALMN FE Aol E F9] 3} Kitt Peak A Z T2 A4t 212 7|E o2 v I35 7]
£33 2 d o= IRTRANS4(Traub & Stier 1976), ATRAN(Lord 1992), ATMO(Grossman 1989) 5-©]
Aed, e o] RAE FA ATMOE AHR-3td of 7] £3-&2 Ak ATMOS] Al A3+
IRTRANS42] A4 A3} (http://www.jach.hawaii.edu/JACpublic/UKIRT /astronomy/calib/atmos-
index.html #=x) ¥ ATRANS 74t A7 (Cox 2000) WL} 2 xtol7} YTk L= o] B
& FolA ATMO 2d-2 AHg8to tf7] £3-&8& ALY ATMO 07k 43382 #5A
o A, PWV, 33 AL el &R A= Ax, A=, IV AFgHY, 403 AR += 57
128° 27'27.3504", £9] 36° 56’ 3.8843", I 1377.99m(http://www.kao.re.kr/~soback #Z) H &
Abe] 92+ £ 7 128° 58’ 35.68", 9] 36° 0 53.19", TE 1124m(http://www.boao.re.kr X, Kitt

ok
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E 2. KAONICS 33tA9 &8,

Bta s J-Band H-Band K,-Band! L-Band
FAZ(NHA x 2) ~ 90% ~ 90% ~ 90% ~ 90%
YA (FEH x 1) > 95% > 95% > 95% > 95%
Offner(M A} x 3) > 83% > 83% > 83% > 83%
Blocking filter 1 ~ 9% ~ 90% - -
Band-pass filter 1 ~ 80% ~ 80% ~ 80% ~ 80%

KAONICS >57% > 57% > 63% > 63%
74 3+KAONICS > 52% > 52% > 57% > 57%

1K short band: 1.99 ~ 2.31 ym, K-bandd] v]s)A w7 93 BAte] o] Ho}.

Peak?] ¥ x]= A7 111° 36'53.475", B9 31° 57’ 11.990", L= 1938m(http://www.nas.edu/bpal/
US_Radio.Astronomy_Observatories.htm #R)E AHE3ch 294 4 BH A PWVE &9
ol x4 3 AAE AL F o, Kitt Peakd] PWVE EF7] F&og 243 AAE
AHERT AR AR 2 g kA A3A A AT A Fol W PWVEE HSIAIZIEA ],
H, K, L = Zrzto) of 3t o 7] £3-&-& AL 28E 494, BE A, Kitt Peakel] ojaf 24z 2
g2, 293, 1Y 49 vetda Yt =3, 2 S Ao AR A Wl g dy] £33
& AL AT 28 5(PWV7ZE A 4 34mmd W) ek 23 6(PWV7E 2o 33mm Y o)} 2o} 1A
A7 E45, & B AFHY 1=7 HE€5E O] S0 ZagE & £ Ak

3 g 7] £3-& A4 2322 e, 2% FE Al 293} Mauna Kea €] A2 ®(Tokunaga
et al. 2002)°] W&l A5 AL2 YoM, J, I, K, L H=d 37 7] F3ES A4bs] Bt
3 AFE 329 77 29 8o Y itk A7 H, K =+ 7 U7 F3E &
e & Meune Kea FE| 2] Xo]7} AL AT JME & e 471 4L 3FEHLS
22 3¢ vi7] F3& o] Mauna Kea FE]of| v|3] Wt 28] L W= F2ol] ALHd+: Aol 7t
RAA T PWVZE AL 5 2ol £F 2E ] BF tf7] F320] o RolAth =38, Kitt Peak,
HAL 2l o8 B3 W= AAgle] ¥ 7] F3&o] vk 28 vEhd PWV H 49
A F-ewt B £389 Aol 2A Yol HolAw HAR 22 ££9 7] B3-&o] FAH
+ 71ZH& Kitt Peako] 4 AF & H# o] ujs 453] Art

3. &5 BAISE AL

7] E3g AT HEo] £l ANAREYL RIAJBARY AN BE A58 WA A
T2 AIES FE7 dAEE AEE2 7P AR A P 93 FAH(background thermal
radiation) & TP ew, A% of F3u(S/N)7} 100] E of 2% 7@ Aoz AdYch a9
T, ol ARl FEHE 2L A2 FZAEATANA A Fo 9+ KAONICSE 7|2
2 13§ 32A Bk A4S KAONICS AA At e el £ & 29} Zo] o4
Hu, M=y B oo ® 33 2ok g BA 3A $973 43 AL AF 2307)9) OH of
71%, d7] 43 BAZ2 e 4 vk 2z A4S gL the detdA TR JeHh

AN, $9739 93 B 39749 3233 RANA Yo s 97 BAE gu @ fe

offi



NIR OBSERVING CONDITIONS AT THE BOAO AND THE SOAO 461

E 3. KAONICS e 7 49,

e J-Band H-Band K,-Band L-Band
FAS A (um) 125 1.64 2.15 3.50
‘!HE%(pm) 0.16 0.29 0.32 0.60

¥ 4. KAONICS ¥i=8 A4 =7].

AR Visual! J-Band H-Band K,-Band L-Band
SOAO(%7 A7 0.61m, £7 274 0.18m)? 2.0" 1.67" 1.58" 1.49" 1.36"
BOAO(%7 37 1.8m, 7 &7 0.585m)? 1.5" 1.25" 1.18" 1.12" 1.02"

17120 d4dels 383 FE(AAT 2 1997)
2% #) 0] x| http://www.kao.re.kr/~sobaek #Z
344 9(1997) KAO 714RTA 3%

ZFA3 2739 478 EAE Planck A RAIAQ A (6) 2 2R E] A A3}
Ba(Tier) = 1.1910 x 108172 /(4387 7/OTeet) _ 1) (W m ™ 2pm ™ sr™Y) (6)

A7 N A £ pm B2 2R W= AR UG (R 3 BR), Tt FEF 3
A% 2749 22X AULEK BAE Y4BT 02 BAZ A2 YAHE 23T 279
EA ZHAE o A (1)L LA AT

Ftel :B)‘(Ttel)'AA'E'T'Q [W m_2] (7)

o719l - AxE = Z(bandwidth)& 2 v S THE 3 2X). & T4 279 928 (emissivity) &
Austy] 9 0.1 o] YH L, 7= BEAY FFEE v E & 2014 KAONICS T 5348
&3] AR O YA ZHsolid angle) 22X 2 33 9 2] A4 2 7](seeing size) S o] &3}
of diddtch A4 27 gubF oz 2702 of ul# Fh(Glass 1999). & 4= AWAFHET(SOAQ)
gt HEAHEZWN(BOAO)Y 7HAF 492 7 AN 718 71E22 A A4S ¥& YD
Atk

HFHoE TEF €3 EAbe] A 39 s 4 (8)F 2ol Hol 23 BA) i Z
z+ A AkgE ge] #ol ok

Niet = Fret/Epn - t- (Ap + As) [photons] (8)

A71AA t= HR AIZHE UBHU I, 4,9 A, & F33 239 93 & dujdith Ens 32 149
o] MR E et S, hefAe Ao TS o ¢ 3tod A4t

ERE, AT 157 d4<20 OH t 7132 F0H3AE H2oA s n $4 8 714es
A= A7 ASA et R 2 LR A w7 A2 02 AlFol o SojA Het. 583, 1-3um
33 GQeHq F2 ZsA ez s e I, H, K, A=A = naldof 30 L i=o A= 24
g4 ek £ 5= FHOA Zud wi=d OH th7|2e] B3 E ) 2H(Cox 2000, Matsumoto et
al. 1994), #& JAZHAL 2719 AF)o 2 YAE = Y52 AL 43E HEAHE 9} 49
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E 5. OH th7] 329 &7]9} S,

J-Band H-Band K,-Band
OH airglow[mag arcsec™ 2] 15.6 13.8 15.5
SOAO flux[W m™?) 4.292 x107%%  1.322x107'® 1.101 x 107'®
BOAO flux[W m~%] 2.405 x 107'%  7.376 x 107'%  6.223 x 10~7

6. 719 4A BAL BEE.
J-Band H-Band K,-Band L-Band

AE(FHh) 0.15 0.10 0.20 0.50
AL(H2) 0.05 0.05 0.15 0.30

ArAEd ol tha] Jehd 2 ok 71 A, afad Efe] Al 277 REAA R o) vs) < 1.39)
37] gFl MH*WEE}MMH E8927 9 3A vegAg HFHor AE7 A E B
AtgEE o 7)o A7 774 BA T F HolnE HIALARUANA o AXA At

AAZ, 712l 48 BAe FEAR 4F9 d7]d AAAA FEHE 43 BAg 282 9
gt o 7] @4 B9 b3 Z8% 4AA 3719 diZ|d A S FE 2=+ NFEH
HEIA 200K A% e 2o &84 QIth(McLean 1997). 2 dF o= w73 @& BEA2 93 &
Zofl disll F o] 2AE 4337 Aste] 78 BAY & 258 AEX A SH T 7124 4]
3 10 K @ Aoz ZFFsgct A4t g2 99 4 (6), (7), (8) AAB T KAzt FEA Y £
E(r)2 THE4L 285 AN A2gg a2dor 3, FF WY A £ WP ALgh
q71e] HEE(e)S 2™ 7, 84 F1sd Azt l=dR % 67 2

metA], 2R JgoAX FEE £ de 9 AASFS ohE A9) (0= RE ALt
2+ sk

Mstar = 2.510g(Fuega/Fstar) [mag] (9)
star = (S/N)- \/Eph/(t Ap)- \/(1 + As[Ap) - Fiet + Fop + Fatmo [W m-2] (10)

A7) mgrer= (S/N)E 7FA) = B 375 F(limiting magnitude) ©) I, Frepas 2A A

A 71EEo] HE 055 Vegad #HEFT o] S 0|u(F 7 FZX, Cox 2000), Fotert (S/N)
£ 7ML BASTE meterd EF20Ith t& AE719 FE AL, Fret, Fon, Fatmot 244 BY
Aol 93 dAEAEHA, OH U7]3e] 82, 719 dFEAEHro|th 2= FE719
€ A7 W3l OE FAE7ts @A 7HAEFe HEE A, TEF3Y =3 EE L8 2
Hex 263K, 273 K, 283 K d Aol diafl A v+8 AWk 17 9, 10, 11, 12+ 22 ], H, K,, L

E 7. 718 057 Vegaol tist £~

J-Band H-Band K,-Band L-Band
Ny [photons s~ Im~2pm™1]  2.02 x 10° 9.56 x 10° 4.66 x 10° 1.17 x 10°
flux (W m~2] 2.674 x 10717 1754 x 1071%  7.863 x 10™!?  2.274 x 101!
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