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Application of infrared star catalog in ground-based infrared
radiation measurement system

Huang Chen, Wang Jianjun, Gao Xin, Li Jianting
(Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China)

Abstract: The known infrared catalog has limited available quantity, limited coverage of waveband and
irradiance, low intensity distribution. This can not meet the need for astronomy calibration of existing
ground-based infrared radiation measurement system. According to the system detection waveband, IRAS,
WISE, 2MASS, AKARI four all sky surveys and their infrared star catalogs were selected. Considering
the impact of atmospheric dispersion and attenuation, the limiting detection capability of system in 1-3 um,
3-5pm, 8-10 wm and the limiting magnitude in corresponding point source catalog was calculated.
Searching in catalogs and selected stars which can be observed by system, results show that 4 599 stars in
1-3 wm, 125 stars in 3-5 pum, 1 stars in 8-10 wm were found. This work also provides a theoretical
basis for astronomical calibration and infrared star catalog application for domestic ground-based infrared
radiation measurement system.

Key words: ground-based infrared radiation measurement system; infrared star catalog;

astronomical calibration; infrared magnitude

W% B #E.2013-03-05; {1&1T HHB.2013-04-03
TEE B A7 BR (1987-), 55, BB 3¢ 01, 1, 22 S0 QUL 38 S 2% 6 S R P 0 4 T A B 58 A
Email: raulhuang2010@gmail.com



mailto:raulhuang2010@gmail.com

2902 oGk 1A

% 42 %

0 5] &

T UL FN AR A 2, RN [R] I B 2] ) RAA
TELLAMNEAR R AR/ i L DG A AT
(R A LIEA ) B B ER N U Bl 9 & LY AN A
ERCNTRE , WIAE AR AR, Iz N T R SO | 21
HPRGEIRAE AT LM A T, M EELT
ARSI e FR 40 2N T IR SO AR AT
i S 23 6] E bR 08 21 A S R 0 o 55, A A R s S
SRR, T 2R AR SR DU i RS ThR e . KR
SCBR A AR A P L 4 R s X 2L I i R G A T
GBI, B IAT AR SE T ARV E TR AR A
FERCRE A, EEZS B ) 3.6m
H 7t 5% (Advanced Electro-optical System, AEOS) it £
AR IR ZE AN AR I 2% NASA 1Y 3 Fz 5 K a8 41 4 iR
18455 (Spitzer Space Telescope) |- #5744 2T 4h 4 51 AH AL
(IRAC)S FLAT A R Gehr e R E B AnE 97, [E4h
it ZAERE R, O i b | 28 FE DL SR )
ELAMK NI T R0] 5= iUAT T 21845 B 2T A R
ST B SER LN . E N RIS R R
B AR R R B T i By BN A S AR AR
W20 T LA RN AR, ERRCHEREM T H
HTE NS ZALANERIT E 2T 22 E B R A iR
JA(NASA)2 wm 4= K%K (2MASS) 1) 2MASS f5 iU %
(Point Source Catalog, PSC) AR I i K5 (ESA)HY
Hipparcos £ ¢, JF & IR 3% H IR B FRR T4 %
21 A B (1~3 ), X T3 [l 6 21 A MR 3 S 21 4k
PRI BB vh B P 2T /1 (3~5 um) , K B £141M8~10 um)
AEIC I R R R T R R = 1, FRE
A b B 2T A1 R SRR I AR S A I 38 B DA R I 41 Ak
1~3 um LA 3~5 pm K ELI4h 8~10 wm Ry E, HiE
I, e 2 B AT B A2 ORI, A A B
IRAS WISE .2MASS AKARI 4 />4 75 38l 38 K311
HAENR SR RSR, AR BIEXT I I B 0 B AE AN ]
PRI OREE . A IR AR EL . KA
el , 108 R G0 A PRI 2 4 48 2 BT LA R 48
VRIS VER=A SR Ak Ao Sk AN O VA= Wi i B =SS

1 dheTEHKRES
TELLANIBE , T R LD AN S B Wi i, 53¢

b 5 O 00 49 B E JLAS AT BR A B, AR L0 A0 K 3
BRI Ay T2, Ho | 20 A0 4 2 3 AR T A= B 1)
AT = O S T N b e 2 N R S
SCHOAR S A R GE BB BeE ST R ICH AT E A
FEAY 4228 WRAT AR Rl 58 [ RS K R
(NASA)) IRAS \WISE . 2MASS Jz H A& F 8 fiig 25 fF 58
FF & HLF (JAXA)HY AKARI, 7F 425 388 K A 21 40 2
L FER IR AN (1~3 pm) LB 2MASS 7E 1.22 um |
1.65 pwm  2.18 pm A= Bl 1Y A5 U AL 3R (PSC) ; 78 Hr ik 21
A (3~5 pm) P B WISE 7E 3.4 pm 4.6 pm 4= i1 4
75 4 5 2% (All Sky Source Catalog) ; 7&K I 21 41 (8~
10 wm)EE B AKARI 7E 9 wm A B 85 75 & 26 (PSC)
HEAT A HT .

11 ORI BIZBERAIMER

21 4 K C P& (Infrared Astronomical Satellite
IRAS) , ZLAN K3 TR IRASIHE S5 — R R FE 21 4h B it
BE, T 1983 4F 1 H & 4HFH4 78 12 um 25 um 60 pm |
100 wm € B XF 96% 45 Sk 48 & . IRAS {155 24
BALFE — LA SR LR (PSC), —AN/INRE 45 H 2
F(SSS), KA LLAMEIR . Hb 204 s R 3R (PSC)
BT 245889 i H b A9 7 B AN G B, /N S5
BRALE T 16 740 Fi H b5 A7 & FWOGE R .

KM £r Hh 48 F 0 2% (Wide-field Infrared
Survey Explorer, WISE)® F 2009-12-14 % 8 F=5 , 1E
3.4 pm 4.6 um 12 pm .22 um 4 4> % BE g T X
99% 7S Ik I R, WISE @ K REIEERE T KT
99% My s B, A& A RIS 18 240 i 4= )% Bt
FITS #% 2L &5 £ , 563,921 584 i H 5 iy 7 & H1l
HEE

2 pm KK 2MASS(Two Micron All Sky Survey),
2MASSERI I & = B A Sk B im s, — B0 T3
[ 7Y B % W A Z& 8 M Hopkins 1, — & i T2
Tololo 11, 7£ J(1.25 um) (H(1.65 pm) (Ks(2.17 pwm)ik
B[R] UL 7 55 T 99.998% 1 K 25 . 2MASS BRIl i
ERBEEIRAS . — D 470,992,970 A
HArm & MMDGE B sRER, SmERERESR
T 99.997%HY K=, — AL 1,647,599 iR H
bR A & I R R A # R 1Y J IR AL 3% (Extended
Source Catalog, XSC); — /U &g 4.121 439 IH
J, H Fl Ks B9 FITS # =X E15 45

LA R TR (AKARDT T 2006 45 2 H &



% 11 %

BE USSR EAANA LI BHNZTEALE TG SR 2903

CBF, fE 9 um % 18 pwm i BE 96-97% %8 BT T
PR LA 148 2% AKARIJIRC S A% 1.0 A, £
1% 870973 4~ HAR AL B AN GAR B, Hirb 844 649 4~
9um U B HARAN 194551 4~ 18 um I BE H b, 168227 4~
FEW AN B AT 1 B H A
1.2 O5HE%E
E 2 1) 21 A5 5 5k 3 R FH PRS2 Jansky, AT FR
Jy, Ko 1Jy=10"*W-m=2-Hz'=F,, F, 3t —J By
R AR
F,-107%.c/N=F, (1)
R SRR R R RIR Y 52
PR A5 B AR X AR SE FE - TAR 1, R A
o, SERE R, T RIS AL AR RN IR
PR A A R R SR H IR R,
m,-m,=-2.5Ig(E./E,) (2)
L TR ¢ /N W R A e e B i [ D S
j‘j:
F,=F,- 1029 (3)
WRIEC A SR AINER L 0 BREN
BRI B Fo, VT I N AR TR B FL AR AR
3 (L) 1T K B A 7 o H 2T A1 4 S e B8 PR, A
F1~3 flin,

RIIRASERZKE 0 EEEHRE
Tab.1l Zero-magnitude radiant intensity of IRAS

catalog
Noncolor-corrected Color-corrected
Band/pm
Flly FRJ/W-cm2-m* F/lly F/W-cm?2-pm?
12 40.141 8.363E-17 29.966 5.616E-17
25 8.886 4.265E-18 6.288 3.018E-18
60 1.447 1.206E-19 1.085 9.051E-20
100 0.421 1.264E-20 0.386 1.159E-20

R2WISEERZHEER O ESEHNEE
Tab.2 Zero-magnitude radiant intensity of WISE

catalog
Band/pm FJ/ly FJW-cm=2. pm™
3.4 306.68 7.959E-15
4.6 170.66 2.410E-15
12 29.045 6.051E-17
22 8.28 5.132E-18

& 3 IRAS #1 AKARI ER & RER 0 EEREHBE
Tab.3 Zero-magnitude radiant intensity of 2MASS
and AKARI catalog

Band/pm FJ/ly FJ/W-cm=2-um
1.22 1631 3.287E-13
2MASS 1.65 1049.7 1.157E-13
2.18 655 4.135E-14
9 56.262 2.084E-16
AKARI
18 12.001 1.111E-17

2 ASMESTNE RGERNEE S 537

2.1 HWNFHEXSES
75 (i) H A AE R 00 75 ¥ b B AR o — SR EOBE B
Z HLBEE AR 50 RS X R 0 BE 7 A9 52 e 3= 244 B 7
X H ARG S VR ECEE RN R, = BB 2R AR
SR AKX R .
5|=f’-A9=2.44%‘”=2.44AF (4)

P R RGBT A0 N E BB A2 ;D
M RG O, ST F RN 2 KRG, E ik
I K U AT A A SR EOBE AR 4 S N T 15 wm
24 pm 1 49 pm, 254G H RS B 1 R S VR HE,
PRI 75 23 (8] 73 e BRI | A7 553 A B 0 AR 3 B[]
PSR i B AR BRI, 3T F 8508 2 b R4 B
B LG A R BB Y B AR 4 AR /N T 39 pm . R
INT 35 wm KA /N T 58 wm X T e &
K LA A5 I R ST 43 51k 30 wm 15 pum T 24 pm
PRI 2% W6 2 H bR e IR T AR e 8 2%2 Bk Bn]
DA R T
22 REELESH

ST AN S A RS i ek R o 32 R e R D
SN LL AN SRR BRI o 8 T SRS I AR AR 2140 i
i R ER 2 B BRI 5T T i
I R DX OAS ) 2 20 At . v I B K i il B R
SR, Nk 4~6 iR,

R4 13pm KBRARBMAXRKELE
Tab.4 Atmospheric transmittance at different
elevations at 1-3 um

Observation Summer Winter
elevation Transmittance Transmittance
30° 0.50 0.59
45° 0.54 0.64

60° 0.56 0.66
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Tab.5 Atmospheric transmittance at different
elevations at 3-5 pm

Observation Summer Winter
elevation Transmittance Transmittance
30° 0.35 0.50
45° 0.41 0.55
60° 0.44 0.58

xR 6 8~10pm B AR MAXKELER
Tab.6 Atmospheric transmittance at different

elevations at 8-10 pm

Summer Winter

Observation

elevation Transmittance Transmittance
300 0.46 0.62
45° 0.54 0.69
60° 0.58 0.72
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Tab.7 Minimum value of infrared radiation
detection system at 1-3 pum

Observation Summer Winter
elevation E,./W-m= E,./W-m=
30° 8.48x10™" 7.19x10¢
45° 7.85x101 6.63x101
60° 7.57x101 6.43x101
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Tab.8 Minimum value of infrared radiation

detection system at 3-5 um

Observation Summer Winter
elevation E,./W-m= E,./W-m=
30° 2.46x101 2.43x10™1
45° 2.96x101 2.21x101
60° 2.76x101 2.09x101

R B LLAMETT RS R 24 um, ¥ R G5
113 0.64, A S b T3 R G0 K IR D e
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Tab.9 Minimum value of infrared radiation

detection system at 8-10 pm

Observation Summer Winter
elevation E,./W-m= E,./W-m=
30° 11.68x10°" 8.66x10"
45° 9.95x101 7.78x101
60° 9.26x101 7.46x1071
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Tab.10 Magnitude of system minimum detective
at 2MASS

Summer

Observation Winter

elevation 1 25 um 1.65 um 2.18 wm 1.22 pm 1.65 um 2.18 pm
30° 472 359 247 490 3.7  2.65
45° 481 3.67 256 499 3.86 2.74
60° 485 371 260 502 3.89 2.77

x 11 2% WISE WREFTIRUES
Tab.11 Magnitude of system minimum detective

at WISE
Observation Summer Winter
elevation 3.4 pm 4.6 pm 3.4 pm 4.6 pm
30° 2.03 0.73 2.04 0.744
45° 1.83 0.529 2.14 0.847
60° 1.90 0.605 2.20 0.907
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Tab.12 Magnitude of system minimum detective

at AKARI
Observation Summer Winter
elevation 9 um 9 um
30° -3.62 -3.29
45° -3.44 -3.18
60° -3.37 -3.13
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Tab.13 Result of star catalog selected

Star Band Low Star Band Low

catalog /pm limit/m Result catalog /pm limit/m Result
1.22 <4.72 3.4 <1.83
WISE 125
2MASS 1.65 <3.59 4599 4.6 <0.529
2,18 <2.47 AKARI 9 <-3.62 1
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Fig.1 Maps of selected stars in 2MASS
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Fig.2 Maps of selected stars in WISE
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Fig.3 Maps of selected stars in AKARI
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