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6 䉨 1㹏 ⑏␸②⑋

䭜╆┭┹╈⑇⑏™MOIRCS⑎䈿䔷䉎䨬㡷 (MOS)╇ℼ┿⑲ IRAF (Image Reduction and Analysis

Facility) ␪⑨⑓™␽⑎ python┤╳┿ℼ╕┧┤┹⑇␢⑫ PyRAF⑲䵑␤⑆╇ℼ┿⑎䀰䱳⑈㉲䁏⑲㥔

␦㱪㵧⑎ぬ乣⑲㰨␷⑆␤⑞␹℣䙉㱔⑏㑰䭜䔪⑊ UNIX┳╞╳╉™PyRAF③␷␯⑏ IRAF⑎㭈␤

䩽™╘╫╗⑎㠫䩽䕹⑏␹⑇⑋㴬䙀␷⑆␤⑫␳⑈⑲䅛䑪␷⑆␤⑞␹℣

┵╳╗╫╇ℼ┿⑋⑏™䈿䔷䉎䨬㡷⑋⑨⑃⑆䨣㽴⑎㥢䁖䩽䩐ぜ⑎㙤㉏⑎㔱䁾㑑䈬⑲㥔⑃␿╇ℼ┿⑲

㩎䵑␷⑆␤⑞␹℣㴾⑃⑆™䨣㽴⑎䔷䉎⑎┹╚┯╈╫␬㬣⑩⑬⑆␤⑫╇ℼ┿␫⑩䱜䔪⑎䔷䉎⑲䁚⑪㵐

␷™䨣㽴䭧⑎╕╬ℼ╠⑲㵅⑍㥧⑯␻™㠡㵐␵⑬␿㔱䁾⑎䈬䑪⑲㥔␦␳⑈⑲䱜䔪⑈␷⑞␹℣␷␫␷⑊

␬⑩™䈿␯⑎㱪㵧⑏™ぬ䡌⑋㙡䁖㌰䁾⑎䑣䨬㬶 (R ∼ 500− 2000)┹╪╃╈䨬㡷╇ℼ┿㉲䁏⑲㥔␦

⑈␭⑎㬲㥍⑋⑊⑫③⑎⑈㑼䉔␷⑞␹℣

⑊␪™䭜╆┭┹╈⑇㉲䁢␷⑆␤⑫㱪㵧⑋⑄␤⑆⑏PyRAF㑄㘭⑇㌫䠯␵⑬␿MCSMDP (MOIRCS

MOS Data Pipelines) ⑲㭈⑃⑆㰫䘰㈽␵⑬⑆␤⑞␹℣㐬䭶⑋MCSMDP⑲䵑␤␿㰫䘰╪╀┯┷╧

╳⑎㱪㵧⑋⑄␤⑆③⑞⑈②⑆␤⑞␹℣䭜╆┭┹╈⑏™㰫䘰╪╀┯┷╧╳⑎䵸䵑㱔⑋⑈⑃⑆③䍦㽈⑲

䵽㉲␹⑫㵵␱⑋⑊⑫␳⑈⑲㑼䉔␷⑆␤⑞␹℣

䭜╆┭┹╈⑏™⅖␹⑐⑫㴩⑎㍘㤻 2010⅗⑎╆┭┹╈⑈␷⑆㥖㭕⑎㕈䁮䍒䴵⅊㕾䕔㬺㙈䉧㍘ 㽀㬳䔷

䨸䉦䁬䱧ぷ⅋␬㩮䀮␷⑞␷␿℣┵╳╗╫╇ℼ┿⑏™␹⑐⑫䬾ㅳ㙀㘦䘱䵸䵑㑑䈬 S07A-083 (SMOKA

⑋┢ℼ┫┤╖㩑⑟) ⑎╇ℼ┿⑋㉃␨⑆™䘱㑑䈬 PI⑎㴩㬳䀵㤬㭡 (䕬䭌䉧㍘䉧㍘ㄡ䵽㍘㠦㕦㉊ 䔷䨸

㍘䁬㤶 㵚㘵㱸) ⑋㑑䈬⑋㭈䵑␷␿╞┹┯╇┶┤╳╕┡┤╫ (MDP╕┡┤╫) ⑲䑳㘡␷⑆␤␿⑀␤

␿③⑎⑲㭈䵑␷⑆␤⑞␹℣╇ℼ┿⑎ぬ䥴⑏™Yoshikawa et al. 2010 [5]⑋㵐䡇␵⑬⑆␤⑞␹℣

䭜╆┭┹╈⑎㩮䀮⑋␢␿⑪™⅖␹⑐⑫㴩⑎㍘㤻 2010⅗⑎䀤佃㽍⑲䰳②⑩⑬␿㥱丩䔷䨸䉦╏╯┤㑑

䈬㵪™㡷䁖㌰㠦㕦䥴™䔷䨸╇ℼ┿┻╳┿ℼ⑎㌧䵍⑋㐶㱕␷⑞␹℣

㕈䁮䍒䴵

㕾䕔㬺㙈䉧㍘㽀㬳䔷䨸䉦䁬䱧ぷ

2010䜯 12㝮 14䙼
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8 䉨 2㹏 MOIRCS MOS䨬㡷╇ℼ┿

2.1 MOIRCS

MOIRCS (Multi-Object InfraRed Camera and Spectrograph) ⑏™␹⑐⑫䬾ㅳ㙀⑎┫┻┰╬╳

㹇䕀⑋㱨⑪䥕␱⑩⑬⑫㑑䈬䅵䍖⑇™㙡䁖㌰䁾 (0.9–2.5µm) ⑎䝈䐹と⑇⑎㬣䅼␪⑨⑓䨬㡷㔡䜽⑲㭽

⑁⑞␹℣㬣䅼䅵䍖⑈␷⑆⑏™Y JHKs⑎㤭䉓と╕┣╫┿⑈㍆㱯⑎㘹䉓と╕┣╫┿⑲䡷␨™4′ × 7′⑎

㭫䱮⑲㑑䈬␹⑫␳⑈␬⑇␭⑞␹℣ぬ䩽™䨬㡷䅵䍖⑈␷⑆⑏™┰╪┺╠␪⑨⑓ VPH┰╪┺╠⑲㭈⑃

␿䑣䨬㬶 (R ∼ 700)™䍦䨬㬶 (R ∼ 1500)™㥢䨬㬶 (R ∼ 3000) 䨬㡷㑑䈬⑲㥔␦␳⑈␬⑇␭⑞␹℣䤽

2.1⑋MOIRCS⑎䨬㡷╢ℼ╉⑇䵸䵑㉄䜽⑊┰╪┺╠⑎䨬㬶⑈䝈䐹と⑋⑄␤⑆⑞⑈②⑞␹℣䨬㡷╢ℼ

╉⑎㭾⑏™㹇䕀䱌⑋䨣㽴⑎┹╪╃╈⑲䁚⑃␿┹╪╃╈╞┹┯⑲䍖␭™䱳 40䔷䉎䑸䕙⑎䈿䔷䉎䨬㡷㑑

䈬⑲㥔␦␳⑈␬⑇␭⑞␹℣␳⑬⑏™␹⑐⑫䬾ㅳ㙀⑎㉄㭫⑎䈿䔷䉎䨬㡷䅵䍖™FOCAS (Faint Object

Camera and Spectrograph) ⑈䘱䵍⑎㔡䜽⑇␹␬™MOIRCS⑎┹╪╃╈╞┹┯⑏™䙃⑋ 2µmお㹥

⑎䝈䐹⑇㠲䍸⑋⑊⑫䅵䍖⑊⑉␫⑩⑎䜮浕㱍⑲䵞␨⑫␿②⑋™䝶␤┢╫╟⑎䡄⑋㉃㤩␵⑬™㑑䈬䅵䍖

⑎䈾⑎䥴䨬⑈䘱䵍⑋ 100K䑸䕙⑞⑇乤㕑␵⑬⑆␤⑞␹℣

䤽 2.1: MOIRCS⑇䵸䵑㉄䜽⑊┰╪┺╠ a

┰╪┺╠ 䝈䐹と [µm] 䝈䐹䨬㉲䜽 [R] b 䨬㬶 [Å/pixel] 䡷㥍

zJ500 0.9–1.78 700 5.57

HK500 1.3–2.5 640 7.72 H═╳╉⑎䝈䐹

820 K═╳╉⑎䝈䐹

R1300 1.16–1.34 1500 1.91 J═╳╉™4㰡㡷c

1.45–1.80 1600 2.61 H═╳╉™3㰡㡷c

2.00–2.40 1500 3.88 K═╳╉™2㰡㡷c

V PH − J 䍦㼴䝈䐹␬ 1.23 3050 0.96 䝈䐹┷╕╈␢⑪d

V PH −H 䍦㼴䝈䐹␬ 1.65 2940 1.31 䝈䐹┷╕╈␢⑪d

a 㱂㩝⑋╗╭╝ℼ┶╫⑲㵱␯⑈␭⑏␹⑐⑫⑎Web╚ℼ┸⑲义␯䙉⑟™䤬䵗⑋ㅾ␸⑆┵

╝ℼ╈┵┤┨╳╆┣┹╈⑋䅪䍌␷⑆␯⑀␵␤℣
b┹╪╃╈䥽␬ 0.′′5⑎㭾℣
c ぬ⑄⑎┰╪┺╠⑋ J, H, K═╳╉␽⑬␾⑬⑎╕┣╫┿⑲┪ℼ╀ℼ┽ℼ╈╕┣╫┿⑈␷

⑆㥧⑯␻™4㰡㡷™3㰡㡷™2㰡㡷⑲㴦␦⑨␦⑋⑇␭⑆␤⑞␹℣㰡㽴␬㹥␬⑫⑛⑉㡺丨

␬㈼␬⑪⑞␹⑎⑇™J═╳╉⑎㡺丨⑏ K═╳╉⑎䠾䨬お㈼⑋⑊⑪⑞␹℣
d㙵㑖䩽㡾⑋⑉⑎が䍖⑋┹╪╃╈⑲䁚⑫␫⑋⑨⑃⑆™䍦㼴䝈䐹␬䩑㈽␷⑞␹℣䩑㈽乌⑏

┰╪┺╠™╁╣╳╍╫⑋⑨⑃⑆せ⑊⑪⑞␹℣㹜㩙⑏␹⑐⑫⑎Web╚ℼ┸⑲㬲㹈␷⑆

␯⑀␵␤℣

MOIRCS⑏䙳⑄⑎㠡㵐㑯┢╬┤™HAWAII-2⑋⑨⑃⑆╇ℼ┿⑲㱨䙀␷⑞␹℣HAWAII-2⑏2048 pixel×
2048 pixel⑎╕┩ℼ╞╃╈⑲㭽⑄HgCdTe⑎㠡㵐㑯⑇␹℣MOIRCS⑎㹇䕀䱌⑇⑎┵╳╗╪╳┰╬ℼ

╈⑏™㬣䅼╢ℼ╉™䨬㡷╢ℼ╉⑈③ 0.′′117/pixel ⑇␹℣MOIRCS⑋䙾⑃␿㡷⑏™䬾ㅳ㙀⑎㹇䕀䱌

⑇䙳⑄⑎㭫䱮⑋䨬㍤␵⑬␿㡥™䙳⑄⑎㡷㍘㝏⑇␽⑬␾⑬⑎㠡㵐㑯⑋䩌ℹ⑋㝫䅼␵⑬⑞␹℣␽␳⑇™

䨬㡷╢ℼ╉⑇㭫䱮⑎䌼⑎䩽⑎䔷䉎⑇③┹╚┯╈╫⑲䈪␨⑩⑬⑫⑨␦⑋™䍦㼴␫⑩㸯␷䙢䈦⑘␺⑩
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㽞 2.1: MOIRCS⑎䙳⑄⑎㠡㵐㑯⑈䨬㡷╢ℼ╉㭾⑎┹╚┯╈╫⑎乣℣㥵␤䐹䩽㝁␬┹╪╃╈™䝲䠴

␭⑎䐹䩽㝁␬┹╚┯╈╫℣䝶␤┰╬ℼ⑎ 乎と␬┹╪╃╈⑲䁚⑫␳⑈␬㉄䜽⑊乎と℣┹╚┯╈╫⑏

x㰴⑎䩽㡾⑋䨬㬶␵⑬™㠡㵐㑯 1⑇⑏ x㩂䤸␬䅽␨⑫⑋㴾⑃⑆䝈䐹␬䌻␯⑊⑪™㠡㵐㑯 2⑇⑏␽⑎

㕕⅊VPH-J⑈VPH-H⑇⑏䨬㬶⑎䩽㡾␬㕕⑋⑊⑫⅋℣䝲⑈䝶␤┰╬ℼ⑎乎と␬㬣䅼╢ℼ╉⑇㑑䈬㉄

䜽⑊㭫䱮℣䨬㡷╢ℼ╉⑎┹╚┯╈╫⑏㠡㵐㑯䄴䉎⑋㤭␬⑫␳⑈␬⑇␭⑫␬™┹╪╃╈⑲䁚⑫が䍖⑋

⑨⑃⑆⑏㠡㵐㑯␫⑩⑏⑟㵐␹␳⑈③␢⑫℣

␷␿が䍖⑋㠡㵐㑯␬䍖␫⑬⑆␤⑞␹℣␽⑎␿②™㬣䅼╢ℼ╉⑇⑏㽞 2.1 ⑎⑨␦⑋䍦㼴䈦⑎䱳 0.′5

(∼ 300 pixel) ⑎乎と⑋⑏㡷␬䙾⑩⑊␯⑊⑃⑆␤⑞␹℣㽞⑎䍦⑇⑏䙳⑄⑎㠡㵐㑯␬严␷⑆䥁␫⑬⑆

␤⑞␹␬™䍦㼴⑎乎と␬㑑䈬⑇␭⑊␤⑈␤␦さ䰣⑇⑏␢⑪⑞␻⑳℣䬾ㅳ㙀⑎㹇䕀䱌⑇㭫䱮␬䙳⑄⑋

䨬㍤␵⑬⑆␤⑫⑎⑇™䙳⑄⑎㠡㵐㑯⑋㱌⑫ 4′ × 3.′5⑎乎と⑏⑛⑜伢䈳␷⑆␤⑞␹℣

2⑄⑎㠡㵐㑯⑏™㽞 2.1⑎䑌⑪㠡㵐㑯 1™㠡㵐㑯 2⑈㡆⑐⑬⑞␹℣㑑䈬䅵䍖⑎╝┸┷╧╳┢╳┰

╫ (PA) ␬ 0䕙⑎㭾⑋䙮⑋䵨⑫⑎␬㠡㵐㑯 1™䭌⑋䵨⑫⑎␬㠡㵐㑯 2⑇␹℣䨬㡷╢ℼ╉⑎㭾⑏™x

㰴⑎䩽㡾⑋䨬㬶␵⑬⑫⑎⑇™y㰴⑋ㅨ⑃⑆┹╪╃╈␬䍖␫⑬⑞␹℣䨬㬶⑎䩽㡾⑏㠡㵐㑯⑋⑨⑃⑆せ

⑊⑪⑞␹℣㠡㵐㑯 1⑏ x㩂䤸␬䅽␨⑫⑋㴾⑃⑆䝈䐹␬䌻␯⑊⑪™㠡㵐㑯 2⑏␽⑎㕕⑇␹℣㠡㵐㑯⑲

䩂⑙␿⑈␭⑋䙢䈦␬䌻䝈䐹™㌰䈦␬䐹䝈䐹⑈⑊⑫⑨␦⑊㡾␭⑇␹℣␿⑀␷™VPH-J⑈ VPH-H┰

╪┺╠⑏䨬㬶䩽㡾␬㕕⑋⑊⑪⑞␹℣

MOIRCS⑎㑑䈬䅵䍖⑋䥕␤⑆⑎㹜㩙⑏䅵䍖佀䨸 (Suzuki et al. 2008 [4])⑲™䵸䵑㉄䜽⑊㑑䈬╢ℼ╉

䕹⑎㹜㩙⑏␹⑐⑫䬾ㅳ㙀⑎Web╚ℼ┸ (http://naoj.org/Observing/Instruments/MOIRCS/index.html)

⑲㬲㹈␷⑆␯⑀␵␤℣
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䈾⑎␹⑐⑫䬾ㅳ㙀⑎㑑䈬䅵䍖⑈䘱䵍⑋™MOIRCS⑎╇ℼ┿⑏ FITS (Flexible Image Transport

System) ╇ℼ┿㝁㰰⑎╕┡┤╫⑋㍊䜼␵⑬⑞␹℣㠡㵐㑯䭨⑋ 1⑄␺⑄╇ℼ┿╕┡┤╫⑲䀸䀮␹⑫␿

②™1㉳⑎╇ℼ┿㱨䙀⑋䉐␷⑆ 2⑄⑎ FITS╕┡┤╫␬䀸䀮␵⑬⑞␹℣╇ℼ┿╕┡┤╫⑋⑏™␹⑐

⑫䬾ㅳ㙀⑎䀩㡦┷┹╆╠⑋⑨⑃⑆ぬさ⑎╕╬ℼ╠ ID␬䥕␱⑩⑬™⅖(╕╬ℼ╠ ID).fits⅗⑈␤␦䰾

䄰⑎╕┡┤╫䰾⑋⑊⑪⑞␹℣╕╬ℼ╠ ID⑏™乣␨⑐MCSA00057429⑎⑨␦⑋┢╫╕┡╙╃╈⑈

㽴㭺␫⑩䀮⑪⑞␹℣⅖MCS⅗⑏╇ℼ┿␬MOIRCS⑋⑨⑃⑆㱨䙀␵⑬␿␳⑈™⅖A⅗⑏╇ℼ┿␬㑑䈬

䅵䍖␫⑩䐾䁜䀸䀮␵⑬␿䀸╇ℼ┿⑇␢⑫␳⑈⑲さ䰣␷⑞␹℣␽⑎㡥⑭⑎ 8㝥⑎㽴㭺␬╇ℼ┿䭨⑋㵧

䡖⑋㼶⑩⑬⑫䑌␷䡖㥦⑋⑊⑃⑆␪⑪™MOIRCS⑎╕┡ℼ┹╈╩┤╈␫⑩㨣䱫⑎㑑䈬⑞⑇™䘱␸㽴

㭺⑲㭽⑄╇ℼ┿⑏␢⑪⑞␻⑳℣⑞␿™㠶䈧™㠡㵐㑯 1␫⑩䙀⑩⑬␿╇ℼ┿⑏㑱㽴™㠡㵐㑯 2␫⑩䙀

⑩⑬␿╇ℼ┿⑏㙶㽴⑋⑊⑫⑨␦⑋䡖㥦␬㼶⑩⑬⑞␹℣

FITS╕┡┤╫⑋⑏™㍆╔┯┻╫⑇㠡㵐␵⑬␿㑑䈬╇ℼ┿⑎䈾⑋™㑑䈬␬⑉⑎⑨␦⑊㹲㝯⑇㥔⑯

⑬␿⑉⑎⑨␦⑊╇ℼ┿␫™⑈␤⑃␿╇ℼ┿⅊╡┿╇ℼ┿⅋⑲㍊䜼␹⑫␿②⑎ FITS╘╃╀␬䙾⑃⑆

␤⑞␹℣FITS╘╃╀⑏┭ℼ╯ℼ╉™䍍™䍭㱡⑎ 3⑄⑇㤽䀮␵⑬⑫┫ℼ╉┤╡ℼ┸⑎䩂⑓⑋⑊⑃⑆

␤⑞␹℣MOIRCS⑎㹬㥧™㑑䈬╢ℼ╉⅊㬣䅼™╭╳┰┹╪╃╈䨬㡷™䈿䔷䉎䨬㡷⅋⑋⑨⑃⑆⑉⑎

⑨␦⑊┭ℼ╯ℼ╉⑎┫ℼ╉┤╡ℼ┸⑲ FITS╘╃╀⑋㑞②⑫␫␬㝨⑞⑃⑆␤⑞␹℣乣␨⑐™䁨⑛⑉

⑎╕╬ℼ╠ ID⑏㑑䈬╢ℼ╉⑋㤴⑩␺┭ℼ╯ℼ╉⅖FRAMEID⅗⑈␤␦┫ℼ╉┤╡ℼ┸⑋㍊䜼␵⑬

⑆␪⑪™㈾⑋╕┡┤╫䰾⑲䩑㤹␷⑆␷⑞⑃⑆③╕╬ℼ╠ ID␬㈿⑇␢⑃␿␫␬⑯␫⑫⑨␦⑋⑊⑃⑆

␤⑞␹℣MOIRCS⑎ FITS╘╃╀⑋㑞⑞⑬⑫㹰䩳⑎␦⑁™䙃⑋MOS╢ℼ╉⑋㑘㜸␹⑫㵅䵗⑊③

⑎⑲䤽 2.2⑋㰨␷⑞␹℣

FITS╕┡┤╫⑏䔷䨸䨬䱮⑎㠦㕦㱔™┢╞╁╥┢⑎㑖⑇㤭␯㭈⑯⑬⑫╇ℼ┿㝁㰰⑎␿②™䙉⑟㵱

␭⑎␿②⑎┽╕╈┦┨┢③㽴䈿␯䵑さ␵⑬⑆␤⑞␹℣䭜╆┭┹╈⑇⑏™IRAF/PyRAF⑲䵑␤␿

FITS╕┡┤╫⑎䙉⑟㵱␭⑎㭅䩽⑋⑄␤⑆㡥⑎㹏⑇䁢䱀␷⑞␹℣FITS╇ℼ┿㝁㰰␪⑨⑓␽⑬⑲〷

␦┽╕╈┦┨┢™㕚⑓␹⑐⑫䬾ㅳ㙀⑎╇ℼ┿⑋䥕㉃␵⑬⑫ FITS╘╃╀⑎㹜㩙⑋䥕␤⑆⑏™㥱丩䔷

䨸䉦䔷䨸╇ℼ┿┻╳┿ℼ␬䠯㥔␹⑫ FITS⑎㱪ぺ␭⑲㬲㹈␷⑆␯⑀␵␤℣FITS⑎㱪ぺ␭⑏┪╳╩

┤╳ (http://www.fukuoka-edu.ac.jp/˜kanamitu/fits/index.html) ⑇③䙾㱪㉄䜽⑇␹℣
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䤽 2.2: MOIRCS⑎㱧䵗⑊ FITS╘╃╀

┭ℼ╯ℼ╉ 䍍⑎乣 䡷㥍

FRAMEID MCSA00057430 ╕╬ℼ╠ ID℣䀸╇ℼ┿⑎╕┡┤╫䰾⑈䘱␸℣

EXP-ID MCSA00057429 伪㵐 ID℣䘱㭾⑋╇ℼ┿⑲㬣⑃␿㠡㵐㑯 1⑎╕╬ℼ╠ ID⑈䘱␸℣

DET-ID 2 㠡㵐㑯⑎ ID℣1␫ 2℣

OBS-MOD SPEC MOS 㑑䈬╢ℼ╉℣㬣䅼⑏ IMAG™╭╳┰┹╪╃╈䨬㡷⑏ SPEC℣

DATA-TYP OBJECT ╇ℼ┿┿┤╗℣䈾⑋™DARK, DOMEFLAT, INSTFLAT⑊⑉℣

OBJECT CDFN MASK01 㑑䈬⑎⑈␭⑋㭘䑪␷␿┿ℼ┲╃╈䰾℣

SLIT CDFN1 ┹╪╃╈╞┹┯䰾℣┵╝ℼ╈┵┤┨╳╆┣┹╈␬䰿䰾␹⑫℣

DISPERSR HK500 㭈䵑␷␿┰╪┺╠⑎䰾䄰

EXPTIME 900.050 伪㵐㭾㑖℣

K DITWID 3.000 㑑䈬⑋㭈䵑␷␿╇┣┶䥽℣

K DITCNT 1 ╇┣┶⑎㈿䕀䱜⑎╇ℼ┿␫℣䨬㡷⑏ 1␫ 2℣

DATE-OBS 2010-12-14 㑑䈬⑲㌫㭏␷␿㭾⑎ UT⑇⑎䙼䥕℣

HST-STR 22:25:30.234 㑑䈬⑲㌫㭏␷␿╏╯┤㭾㑖⑇⑎㭾㥯℣

UT-STR 08:25:30.234 㑑䈬⑲㌫㭏␷␿ UT㭾㥯℣

2.2 近赤外線分光観測

㙡䁖㌰䁾䨬㡷㑑䈬1⑏™㉄㭫㡷⑎䨬㡷㑑䈬⑈㑰䭜䔪⑋⑏䘱␸⑇␹⑎⑇ FOCAS䕹™㉄㭫㡷⑎䑣䨬

㬶䨬㡷㑑䈬⑎╇ℼ┿㉲䁏⑋㭈⑯⑬⑫䩽䬡䕹⑲⑛⑈⑳⑉␽⑎⑞⑞䔬䵑␹⑫␳⑈␬⑇␭⑞␹℣␷␫␷⑊

␬⑩™㙡䁖㌰䁾䙃䴭⑎っ␤␬␤␯⑄␫␢⑪⑞␹℣⑞␺⑏™MOIRCS⑲㭈⑃⑆㥔␦㙡䁖㌰䁾䨬㡷㑑

䈬⑎䙃䐧⑋⑄␤⑆™䈾⑎␹⑐⑫⑎㑑䈬䅵䍖⑈⑎っ␤⑲㰨␷⑊␬⑩䁢䱀␷␿␤⑈㭗␤⑞␹℣䈾⑎㑑䈬

䅵䍖⑎╆┭┹╈③㬲㹈␷⑊␬⑩䡦㍓␷⑆䵽㉲␷⑆③⑩␨⑬⑐⑈㭗␤⑞␹℣

FOCAS⑤ Suprime-Cam䕹™㉄㭫⑎㑑䈬⑋㭈⑯⑬⑫┷╪┳╳⑎CCD (Charge Coupled Device)

⑏ 1µmお㹥⑎䝈䐹⑇⑏㐶䕙␬䰵␯⑊⑫␿②™⑨⑪䐹␤䝈䐹⑎㡷⑋㐶䕙⑎␢⑫䠾䘳䉎㝫㸽⑲䵑␤⑞

␹℣MOIRCS⑏™HAWAII-2⑈㡆⑐⑬⑫ HgCdTe 㝫㸽⑎㠡㵐㑯⑲㭈䵑␷⑆␤⑞␹℣ぬ䡌⑋义␯㭈

⑯⑬⑫┷╪┳╳⑎㝫㸽⑈䡦⑙⑫⑈䀽䈤㔻㵑␬㽊⑳⑇␪⑩␺™䙃⑋MOIRCS⑇㭈䵑␹⑫ HAWAII-2

⑏㵩㑼⑎䉧╕┩ℼ╞╃╈㙡䁖㌰䁾㠡㵐㑯⑇␢⑫␿②™䉧␭⑊㐶䕙╠╩⑤™㐶䕙⑎䰵␤╔┯┻╫⅊═╃

╉╔┯┻╫⅋䕹™CCD⑈䡦⑙⑆䅇䀭␬义␯⑊␤䥴䨬③␢⑪™╁╃╗䭨⑎㡄䀭⑎っ␤③䉧␭␤⑇␹℣

⑞␿™┷╪┳╳⑈⑏せ⑊⑪␳⑎⑨␦⑊㝫㸽⑇⑏䕅㉙䔾䅷␬㥔␨⑊␤⑎⑇™╞╫╁╗╬┯┵⑲㭈⑃⑆

╔┯┻╫䭨⑋䕅㉙⑲䙉⑟㵐␹䩽䬡⑲㭈䵑␷⑞␹℣␳⑎␿②™伪㵐⑎䄰㡥⑋䙉⑟㵐␷⑲㥔␦╀╖╫┵

╳╗╪╳┰⑎㱪䬡⑲㭈␤㔡㌣┷╣╃┿ℼ䰵␷⑇伪㵐㭾㑖⑲㝨②⑩⑬⑫⑎③䙃䐧⑎ぬ⑄⑇␹℣

㙡䁖㌰䁾⑎䝈䐹と⑇⑏™䍏㕥⑎䉧㔤䍦⑎㽥㹸㔤 (H2O) ⑤䙳㭀㈽䌺䅇 (CO2) ⑋⑨⑃⑆ㄧ䍨␫⑩

⑎㡷␬㕛㱽␵⑬⑆␷⑞␤⑞␹℣␽⑎␿②™㑑䈬㉄䜽⑊䝈䐹␬⅖䉧㔤⑎䅫⅗⑈㡆⑐⑬⑫䝈䐹䉓⑋㡂

⑩⑬⑞␹℣㽞 2.2⑋╞┦╊┱┢㬳䐺⑇⑎䉧㔤⑎䘩㉡丨⑈MOIRCS⑇㭈⑯⑬⑫㤭䉓と╕┣╫┿⑎䘩

1䭜╆┭┹╈⑇⑏䙃⑋䍇⑪␬䰵␤㡂⑪™㙡䁖㌰䁾⑈⑏MOIRCS⑇㑑䈬㉄䜽⑊ 0.9–2.5µm⑎䝈䐹と⑲㭘␹␳⑈⑋␷⑞␹℣
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㉡㙊䁾⑲㰨␷⑞␹℣␳⑎⑨␦⑋㙡䁖㌰䁾㬣䅼㑑䈬䵑⑎╕┣╫┿⑏䉧㔤⑎䅫⑋㥧⑯␻⑆䁟㝗␵⑬⑞

␹␬™䨬㡷㑑䈬⑎㩝③䘱䵍⑋䉧㔤⑎䅫⑋㔤⑲⑄␱⑫䤬䵗␬␢⑪⑞␹℣乣␨⑐™HK500┰╪┺╠⑏

1.3–2.5µm⑎䝈䐹⑲䘱㭾⑋㑑䈬␹⑫␳⑈␬⑇␭⑞␹␬™H ═╳╉⑈ K ═╳╉⑎㑖⑇␢⑫ 1.9µm

䄰㡥⑎䝈䐹⑎┹╚┯╈╫⑏䉧㔤⑋㕛㱽␵⑬⑆䍏㹥␫⑩⑏⑛⑈⑳⑉㑑䈬␹⑫␳⑈␬⑇␭⑞␻⑳℣

㽞 2.2⑋⑏MOIRCS⑇㑑䈬␵⑬␿䝘㝊㡷③ぬ㵯⑋╗╭╃╈␵⑬⑆␤⑞␹℣䝘㝊㡷⑎㱧䵗⑊㠻⑏

䉧㔤䍦⑎OH⑤O3␫⑩⑎䱫㡷㔱䁾⑇␹℣䉧㔤⑎㕛㱽䘱䵍™㑑䈬␷␿␤┹╚┯╈╫␬㘯␤䱫㡷㔱䁾

⑈䘱␸䝈䐹⑋⑊⑃⑆␷⑞␦⑈䝘㝊╎┤┺␬䉧␭␹␮⑆㑑䈬⑇␭⑊␯⑊⑃⑆␷⑞␤⑞␹℣FMOS⑈

⑏せ⑊⑪™OHS (OH Suppressor) ⑎⑨␦⑊䱫㡷㔱䁾⑲䵞␨⑫㔡㤽␬⑊␤␿②™╇ℼ┿䀰䱳⑎㩝⑋

┽╕╈┦┨┢㵨䵽⑇䱫㡷㔱䁾⑲㵼␤⑆⑤⑫䤬䵗␬␢⑪⑞␹℣

ぬ䩽™OH䱫㡷㔱䁾⑎䝈䐹⑏⑨␯䐴⑙⑩⑬⑆␤⑫␿②™㙡䁖㌰䁾⑎䨬㡷㑑䈬⑇⑏OH䱫㡷㔱䁾⑲

䝈䐹㍓䀵⑋㭈␦␳⑈␬⑇␭⑞␹℣␽⑎␿②™㉄㭫⑎㑑䈬䅵䍖⑎⑨␦⑋䝈䐹㍓䀵䵑⑎╩╳╗⑲䩌⑋㬣

⑫䤬䵗␬⑛⑈⑳⑉␢⑪⑞␻⑳℣␽␳⑇™䱫㡷⑎┫┦╳╈␬㠡㵐㑯㹥⑇ saturate␷⑊␤䑸䕙⑋伪㵐

㭾㑖⑲䐴䀰␹⑫䤬䵗␬␢⑪⑞␹℣䑣䨬㬶䨬㡷┰╪┺╠⑇䔵㜿䔪⑊伪㵐㭾㑖⑏ 10–15䨬䑸䕙⑋⑊⑪

⑞␹℣␿⑀␷™䱫㡷⑎㘯䕙⑏㭾㑖䩑䘰␬䉧␭␯™㡥㵒␹⑫ A-Bぺ␭⑇␢⑫䑸䕙䝘㝊㡷⑲ぺ␯␿②

⑋⑏③␦㸯␷䌻␤伪㵐㭾㑖␬义␤␫③␷⑬⑞␻⑳℣

㔱䁾⑎ㅆ㙁␬㘯␤ぬ䩽⑇™䝘㝊㡷⑎␦⑁伢䈳㡷⑏䡦㍓䔪㸮␵␤␳⑈␬⑯␫⑪⑞␹℣IRCS ⑤

COMICS ⑎⑨␦⑋ 3µm ⑨⑪③䐹␤䝈䐹⑲㑑䈬␹⑫䅵䍖⑎㹬㥧⑏™䉧㔤⑤䬾ㅳ㙀␫⑩⑎䜮浕㱍

␬㘯␯⑊⑪⑞␹␬™MOIRCS⑎㹬㥧⑏䅵䍖䙢⑇䘷⑋乤␿␤㥊⑪⅊cold stop⅋⑲䍖␯␳⑈⑋⑨⑃⑆

2.5µmお㈼⑊⑩⑐䜮䝘㝊⑎ㅆ㙁⑲䵞␨⑫␳⑈␬㉄䜽⑇␹℣␷␫␷⑊␬⑩™䑣䨬㬶┰╪┺╠⑎㑑䈬

⑇⑏㭄⑃␿䜮䝘㝊⑤䨬㉲␷␭⑬⑊␤䱫㡷㔱䁾⑎ㅆ㙁⑇™═╃┯┰╩┦╳╉╪╟╃╈⑋⑊⑫␳⑈␬㝐

㠳䔪⑋䍎⑩⑬⑆␤⑞␹℣

㉄㭫⑎㑑䈬⑋䡦⑙⑫⑈㙡䁖㌰䁾⑎㑑䈬⑏乲㭋③䁵␯™╕╩╃┯┹㍓䀵⑋㭈␦␿②⑎䤸㵠䀱⑎┫┿

╭┰③㴼䨬⑋䀰䡷␵⑬⑆␤⑞␻⑳℣䙃⑋™8m┯╩┹⑎䬾ㅳ㙀⑇㑑䈬㉄䜽⑊ぅ␤䔷䉎⑎䨬㡷䤸㵠䀱

⑎┫┿╭┰⑏㨣⑎⑈␳⑭␢⑪⑞␻⑳℣␳⑬⑋⑄␤⑆™⑉⑎⑨␦⑋╕╩╃┯┹㍓䀵⑲㥔␦␫⑏㡥⑎㹏

⑇㕄佀␷⑞␹℣

㙡䁖㌰䁾㑑䈬⑤™␽⑎␿②⑎㠡㵐㑯⑋⑄␤⑆⑎㹜㩙⑏™Ian McLean⑎”Electronic Imaging in

Astronomy; Detectors and Instrumentation” [2]⑋㹜␷␤⑇␹℣㘽䰣⑎␢⑫䩽⑏㬲㹈␷⑆⑟⑆␯⑀

␵␤℣

2.3 MOIRCS MOS観測

MOIRCS⑎MOS㑑䈬⑎㱪㵧⑏™㑰䭜䔪⑋⑏㉄㭫⑎┹╪╃╈╞┹┯䈿䔷䉎䨬㡷䅵䍖⑇␢⑫FOCAS

⑈䘱␸⑇␹℣㑑䈬㱔⑏™㑑䈬⑎䄰⑋㭫䱮⑎⑉␳⑋┹╪╃╈⑲䁚⑫⑎␫™䕹⑲㝨②⅊╞┹┯╇┶┤╳⅋™

㑑䈬㵪␬␽⑬⑋㴾⑃⑆┹╪╃╈╞┹┯⑲㩮䀮␷⑞␹℣␽␷⑆™㑑䈬⑎㩝⑋⑏╇┶┤╳␷␿䑌⑪⑎㭫

䱮⑋䬾ㅳ㙀⑲㡾␱™┹╪╃╈╞┹┯⑲㹇䕀䱌⑋䘳䙾␷⑆㑑䈬⑲㌫㭏␷⑞␹℣␳⑎䁡⑇⑏™MOIRCS

MOS㑑䈬⑎㵠䡷⑈㑑䈬⑎丮⑬⑋⑄␤⑆™╇ℼ┿䀰䱳⑲␹⑫㹥⑇䍎⑃⑆␪␤␿䩽␬义␤␳⑈⑲⑞⑈

②⑆␪␭⑞␹℣
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㽞 2.2: 㨸⑎㰴: ╞┦╊┱┢㬳䐺⑇⑎䉧㔤⑎䘩㉡丨⅊╀╃┷╥䁾⅋⑈™MOIRCS ⑎╕┣╫┿⑎䘩㉡

㙊䁾⅊J : 䁄⑎㱂䁾™H: 乐⑎㱂䁾™Ks: 䁖⑎㱂䁾⅋℣ㄦ⑎㰴: MOIRCS⑇㑑䈬␷␿䝘㝊㡷⅊㥵⑎㱂

䁾™䉧㔤㕛㱽␬㘯␤䥴䨬⑏㹊丬⅋℣

2.3.1 観測準備

┹╪╃╈╞┹┯⑲╇┶┤╳␹⑫␿②⑋⑏™䱜䤸⑈⑊⑫乎と䥕㙡⑋⑄␤⑆™䱜ふ⑈⑊⑫䔷䉎␬㴽

䨬⑋㠡㵐㉄䜽⑊㬣䅼╇ℼ┿⅊╗╬┤╡ℼ┸⅋␬䤬䵗⑋⑊⑪⑞␹℣㭫䱮䙢⑎┹╪╃╈␬䀵㍎⑋䱜䤸⑎

䔷䉎⑋㹨⑫␿②⑋™╗╬┤╡ℼ┸⑎╇ℼ┿⑏™␹⑐⑫䬾ㅳ㙀⑎㹇䕀䱌⑇⑎䅼⑲䀵㍎⑋㩆㠽␹⑫䤬

䵗␬␢⑪⑞␹℣㭫䱮⑎╇┣┹╈ℼ┷╧╳䩤䀵⑤╔┯┻╫┹┱ℼ╫⑎䥔䑪䀭⑊⑉⑲䵞␨⑫␿②⑋⑏™

MOIRCS㰫㽈⑎㬣䅼╢ℼ╉⑇㱨䙀␷␿╇ℼ┿⑲㭈䵑␹⑫⑎␬㑑䈬⑲䀮㡹␵␻⑫␿②⑋⑏㩇③㍎㱂

⑊䩽䬡⑇␹℣

㘦䘱䵸䵑⑇MOIRCS⑎MOS㑑䈬⑋㩎䉲␵⑬⑫⑈™╗╬┤╡ℼ┸╳┰⑎㭫䱮⑎㩂䤸⑈╝┸┷╧

╳┢╳┰╫ (PA) ⑲㝨②⑫⑨␦⑋┵╝ℼ╈┵┤┨╳╆┣┹╈␫⑩ PI⑎㠵⑋伢䵭␬䵨⑞␹℣PI⑏™

㩂䤸⑈ PA⑲㭘䑪␷™┵╝ℼ╈┵┤┨╳╆┣┹╈⑏␽⑬⑋㴾⑃⑆䈾⑎㘦䘱䵸䵑㑑䈬⑎␹␭㑖㭾㑖

⑋╗╬┤╡ℼ┸╳┰⑎╇ℼ┿⑲㱨䙀␷™╞┹┯╇┶┤╳⑲㥔␨⑫⑨␦⑋㑊し㵨䵽␷⑆ PI⑋䅷⑪⑞

␹2℣

╞┹┯╇┶┤╳⑏™mdp╕┡┤╫⑈㡆⑐⑬⑫╆┭┹╈╕┡┤╫⑲㩮䀮␷⑞␹℣␳⑎╆┭┹╈╕┡

┤╫⑏┹╪╃╈⑎㩂䤸⑤┹╪╃╈⑎䉧␭␵™㍑䕙⑊⑉␬㔭㵒␵⑬␿╕┡┤╫⑇™FOCAS⑇㭈⑯

⑬⑫䨪⑈䘱␸╕┩ℼ╞╃╈⑇␹℣mdp ╕┡┤╫⑎㩮䀮⑲㭙ㅧ␹⑫ wmdp moircs ⑈␤␦┽╕╈␬

╏╯┤㑑䈬㵪⑇㡸㌫␵⑬⑆␤⑞␹⑎⑇␽⑬⑲䵸䵑␹⑫⑎␬䩘䵸⑇␹℣䀸䀮␷␿MDP╕┡┤╫⑏™

wmdp moircs⑲㭈⑃⑆㑑䈬㵪⑎┹╪╃╈⑲䁚⑫䅵䍖⅊╬ℼ┶ℼ┫╃┿ℼ⅋␬䙉⑟㱨⑬⑫╕┩ℼ╞╃

╈⑎╕┡┤╫⅊sbr╕┡┤╫⅋⑋䩑㐹␵⑬⑞␹℣␳⑎㭾™乤㕑⑋⑨⑃⑆┹╪╃╈╞┹┯␬㵌①乌␬

2╗╬┤╡ℼ┸╳┰⑇䈾⑎㽍⑎㑑䈬㭾㑖⑲③⑩␦␳⑈⑋⑊⑫␿②™㰫䨬⑎㑑䈬⑎㭾⑋⑏㰡⑎ MOS 㑑䈬⑎㽍⑎␿②⑎╗
╬┤╡ℼ┸╳┰⑎㭾㑖⑲䑳㘡␹⑫␳⑈⑋⑊⑃⑆␤⑞␹
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㝐㠳䔪⑊䍍␫⑩㥍丸␵⑬⑞␹℣

㑑䈬㱔␬㩮䀮␷␿╞┹┯╇┶┤╳⑎㹰䩳⑲㑑䈬㵪⑋䅷⑫⑈™㑑䈬㵪⑏™┢╫╟⑎䡄⑎㹥⑋㑑䈬㱔

␬╇┶┤╳␷␿䑌⑪⑋┹╪╃╈╞┹┯⑲㩮䀮␷⑞␹℣␽␷⑆™㑑䈬⑎䙼⑋ 100K⑋乤㕑␵⑬␿㹵䉖

⑇㭈␨⑫⑨␦⑋™㭶䄰⑋㑑䈬䅵䍖䙢⑎┹╭╃╈⑋┤╳┹╈ℼ╫␷⑆␪␭⑞␹℣

2.3.2 観測の流れ

╞┹┯╇┶┤╳⑲␷␿䑌⑪⑋䄴⑆⑎䔷䉎⑲┹╪╃╈⑋㹨␻⑫␿②⑋⑏™䬾ㅳ㙀⑲╇┶┤╳䑌⑪⑎

䩽㡾⑋䀵㍎⑋㡾␱⑫䤬䵗␬␢⑪⑞␹℣␽⑎␿②™䄴⑆⑎┹╪╃╈╞┹┯⑋⑏䘳䙾䵑⑎䀱⅊䕀㠻⅋⑲

6㡄お㹥䙾⑬⑫␿②⑎㑝␤㝪⑲╇┶┤╳␷⑆␪␭⑞␹℣㭫䱮䘳䙾⑎丮⑬⑲㽞 2.3⑋⑞⑈②⑞␹℣䉧䑱

⑎㹬㥧™␳⑎㩮㙈⑏义␯㐷⑬␿┵╝ℼ╈┵┤┨╳╆┣┹╈⑤㑑䈬㵪⑎䅵䍖┪╚╬ℼ┿␬㥔␤⑞␹℣

䘳䙾䵑⑎䀱␬㝪⑎㼿⑳䍦⑋䙾⑫⑈┰╪┺╠⑲䙾⑬⑆䨬㡷㑑䈬␬㌫㭏␵⑬⑞␹℣䨬㡷㑑䈬⑎㹬㥧

⑏™䙃⑋䐹㭾㑖⑋䕏⑃⑆䬾ㅳ㙀␬䱜䔪⑎乎と⑋䀵㍎⑋㡾␤⑆␤⑫䤬䵗␬␢⑪⑞␹℣␽⑎␿②™┬┤

╉䀱⑲㭈⑃␿┪ℼ╈┬┤╇┣╳┰⑲㥔␤⑞␹℣⑞␿™伪㵐䭨⑋䬾ㅳ㙀⑲┹╪╃╈⑋ㅨ⑃⑆䔷䉎␬┹

╪╃╈␫⑩㌰⑬⑊␤䑸䕙⑋㹥㈼⑋䘰␫␷⑞␹⅊╇┣┶╪╳┰⅋℣␳⑬⑏™䄰㵒⑎⑨␦⑋䱫㡷⑎㔱䁾

␬㭾㑖䩑䘰␹⑫␿②™㙡␤㭾㑖⑎╇ℼ┿䘱㭎⑇ぺ␭㬻⑲␷⑆䱫㡷⑲ぺ␯␿②⑇␹℣㠡㵐㑯㹥⑇⑎䔷

䉎⑎が䍖⑲䘰␫␹␳⑈⑋⑨⑃⑆™㉨䅼䘱㭎⑎ぺ␭㬻⑇䱫㡷⑲ぺ␯␳⑈␬⑇␭⑞␹℣㬣䅼㑑䈬⑈䘱䵍

⑋™㠡㵐㑯㹥⑎䨣㽴⑎が䍖⑋䘱␸䔷䉎⑲䍖␯␳⑈⑋⑨⑃⑆™═╃╉╔┯┻╫⑤㐶䕙╠╩⑊⑉⑎㝏䕽

䔪⑊㡭㨹⑲㝚㠺␹⑫䱜䔪③␢⑪⑞␹℣␿⑀␷™䨬㡷㑑䈬⑎㹬㥧⑏™䑌㹯⑏ 2䕀␷␫╇┣┶⑲㱨⑩⑊

␤␿②™㬣䅼㑑䈬⑋䡦⑙⑫⑈㡺㉌⑏䝶␤⑇␹3℣

䨬㡷㑑䈬⑎㹬㥧⑏䙃⑋䐹㭾㑖⑋䕏⑫␿②™┪ℼ╈┬┤╉⑲␷⑆␤⑆③䬾ㅳ㙀⑤㑑䈬䅵䍖⑎␿⑯⑟

⑇╞┹┯␫⑩䔷䉎␬㌰⑬⑆␭⑆␷⑞␦␳⑈␬␢⑪⑞␹℣1–2 㭾㑖⑋ぬ㉳䑸䕙⑏┰╪┺╠⑲㌰␷⑆㬣

䅼╇ℼ┿⑲㱨䙀␷™䘳䙾㝪⑎㼿⑳䍦⑋䀱␬䵨⑫⑨␦⑋䬾ㅳ㙀⑎╝┤╳╆┣╳┰⑲㴤䀵␷⑆㑑䈬⑲䈳

␱⑞␹℣

2.3.3 較正用データ

㑑䈬⑎㩝⑋㱨䙀␷⑆␪␯⑙␭㍓䀵䵑╇ℼ┿⑏お㈼⑎䑌⑪⑇␹℣

ダーク 䝘㝊⑎╎┤┺⑎䩽␬╀ℼ┯⑋䡦⑙⑆⑏⑫␫⑋㭙䝛䔪⑊␿②™䑌㹯⑏╇ℼ┿䀰䱳⑋⑏㭈䵑␷

⑞␻⑳␬™㑑䈬㌫㭏䄰⑋㠡㵐㑯⑎㹵䉖㍎䜧⑎␿②⑋㱨䙀␷⑞␹℣

フラット 䱀␱䩽␫䴼䩽⑋㭈䵑␹⑫┹╪╃╈╞┹┯⑲䬾ㅳ㙀⑎㹇䕀䱌⑋䘳䙾␷⑆╉ℼ╠╕╩╃╈⑲

㬣⑪⑞␹℣㠡㵐㑯⑎㐶䕙╠╩⑀␱⑇⑊␯™┹╪╃╈㉃㤩㭾⑎䥽⑎┨╩ℼ䕹⑲䩤䀵␹⑫㹥⑇㵅

䵗⑇␹℣╉ℼ╠╕╩╃╈⑲㬣⑫㭾⑈┿ℼ┲╃╈⑲㑑䈬␹⑫⑈␭⑇⑏™╞┹┯⑎䙾⑬䐾␷⑤䬾

ㅳ㙀⑎㭑䀪⑎っ␤⑋⑨⑫ 6pixel䑸䕙⑎╞┹┯が䍖⑎␺⑬␬㔯␭⑫⑎⑇™␽⑬␬㔤⑋⑊⑫㹬㥧

⑏┿ℼ┲╃╈⑋㡾␱␿㹵䉖⑇╕╩╃╈╗╭ℼ╖⑲㹇䕀⑋䙾⑬⑆╕╩╃╈⑲㱨⑫䩽䬡③␢⑪⑞

␹⅊䡳㹯⑋㭾㑖␬㍝␫⑫⑎⑇㩇㙡⑏㭈⑯⑬⑞␻⑳⅋℣

34䕀㱨⑫╢ℼ╉③䵑さ␵⑬⑆␤⑞␹␬™ぬ㉳⑎㑑䈬┷ℼ┱╳┹⑎㭾㑖␬䡳㹯⑋䐹␯⑊⑫⑎⑲䡲␱⑫␿②⑋⑛⑈⑳⑉㭈䵑
␵⑬⑞␻⑳



2.3. MOIRCS MOS㑑䈬 15

波長較正 䱀␱䩽␫䴼䩽⑋䡦㍓㡷㠻⅊┳╳║╪┾╳╩╳╗⅋⑲㭈⑃⑆䝈䐹㍓䀵䵑⑎╇ℼ┿⑲㱨䙀␹

⑫㹬㥧␬␢⑪⑞␹℣䄰㵒⑎䑌⑪ OH䱫㡷⑲㭈⑃⑆䝈䐹㍓䀵⑲␹⑫␳⑈␬㉄䜽⑊⑎⑇⑛⑈⑳⑉

㭈⑯⑬⑞␻⑳℣OH䱫㡷⑲㭈⑃␿䩽␬䬾ㅳ㙀⑎㭑䀪⑎っ␤⑋⑨⑫┹╪╃╈⑎␺⑬␬㔯␭⑊␤

⑎⑇䀵㍎⑇␹℣

標準星 A0V㜿䀱⑎⑨␦⑋™㕛㱽䁾␬㸯⑊␯╢╇╫㈽␷⑤␹␤䀱⑲㑑䈬␷⑞␹℣㉄㭫⑎䨬㡷䤸㵠䀱

⑎⑨␦⑊┫┿╭┰␬䀰䡷␵⑬⑆␤⑊␤␿②™╢╇╫⑲㭈⑃⑆╕╩╃┯┹㍓䀵⑲␹⑫䤬䵗␬␢

⑪⑞␹℣䱀␱䩽␫䴼䩽⑎䝶䱀⑎㭾㑖䉓⑋㱨䙀␷⑞␹␬™䉧㔤⑎㕛㱽乌⑎䩑㈽␬㔤⑋⑊⑫⑈␭

⑏䱫䠾㨢⑋③㱨䙀␹⑫⑎␬㍎㱂⑇␹℣㭾㑖㹊丬⑎␿②™┿ℼ┲╃╈䵑⑎MOS╞┹┯⑎㹥⑇

⑉⑬␫⑒⑈⑄䔬䕶⑊┹╪╃╈⑲䄪⑳⑇䨬㡷␷⑞␹℣
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sky image sky + mask image sky + mask image

detector 1

detector 2

Mask

install

Spectroscopy
        start !

(Alignment stars come 
to each hole center)

Detect star positions Detect hole positions

Telescope
shift/rotate

Telescope shift
MOIRCS PA rotation

Precision pointing

Rough pointing

(Calcuration of shift/rotate)

㽞 2.3: MOS㑑䈬⑇⑎㭫䱮䘳䙾⑎㱪㵧⅊䕬䌫 2006, 䕬䭌䉧㍘䝮㭎佀䨸⅋
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3.1 MOIRCS MOSデータ整約の流れ

䨬㡷╇ℼ┿⑎䀰䱳㱪㵧⑏™㉲䁏⑤╇ℼ┿⑎䙢䵆™䱜䔪䕹⑋⑨⑃⑆䵍ℹ⑊䩽䬡␬␢⑪⑞␹℣␳␳⑇⑎

MOS╇ℼ┿㉲䁏⑏™䡳㹯⑋ㅳ䩽⑎㙤㉏⑋␢⑫䕅严乎と␫⑩⑎㔱䁾 (Hα)⑲㠡㵐␷™␽⑎䝈䐹␫⑩䁖

䩽䩐ぜ⑲㕡②™Hα╕╩╃┯┹⑲䈬䑪␹⑫™⑈␤␦␳⑈⑲䱜䔪⑈␷⑞␹℣␽⑎␿②⑋⑏™䨣㽴⑎䭧㽴

⑎╕╬ℼ╠⑲䈭␷㥧⑯␻⑆ 2㰡㠵┹╚┯╈╫⑎ S/N⑲㹥␲⑊␯⑆⑏⑊⑪⑞␻⑳℣␽␳⑇™⑞␺⑏ x

㰴⑲䝈䐹™y㰴⑲㙵㑖䩽㡾⑋䉐ㅾ␵␻⑆␢⑪™╇ℼ┿⑎䌱が␬ specific flux (Fλ [erg s−1 cm−2 Å−1])

⑈⑊⑫⑨␦⑊䙳㰡㠵┹╚┯╈╫⑋䀰䱳␷⑞␹℣␽⑎㡥⑇™䙳㰡㠵┹╚┯╈╫␫⑩㔱䁾⑲䌵␷⑆䈬䑪

⑲㥔␤⑞␹℣␳␳⑇⑏™㑑䈬╇ℼ┿⑲䙳㰡㠵┹╚┯╈╫⑘䀰䱳␹⑫⑎⑋⑉⑎⑨␦⑊㩮㙈⑲㥔␦⑎␫

⑎丮⑬⑲䁢䱀␷⑞␹℣㰡㹏⑇™⑉⑎⑨␦⑋╇ℼ┿䀰䱳⑲㽊②⑫␫⑲ IRAF⑎䅠㩮⑲䑉␤␫␱⑊␬⑩

㱂㴬␷⑞␹℣

MOS䨬㡷╇ℼ┿⑎䀰䱳⑏㑰䭜䔪⑋⑏┷╳┰╫┹╪╃╈䨬㡷䅵䍖⑎┹╪╃╈䨬㡷╇ℼ┿⑎㉲䁏⑈

䘱␸⑇␹℣␿⑀␷™ぬ䭧⑎╕╬ℼ╠⑋䨣㽴⑎┹╪╃╈⑎╇ℼ┿␬㹨⑃⑆␤⑫␿②™ぬ䭧⑎╕╬ℼ╠

䄴䉎⑋㘦䑌⑋㥔␦㱪䈳␭⅊㘦䑌㵨䵽⅋⑈™㡄䩌⑎┹╪╃╈⑋䁚⑪㵐␷⑆␫⑩㥔␦㱪䈳␭⅊㡄䩌㵨

䵽⅋⑎䙳⑄⑋䨬␫⑬⑞␹℣╇ℼ┿㉲䁏⑎丮⑬⑲㽞 3.1⑋㰨␷⑞␹℣

㘦䑌㵨䵽⑏お㈼⑎⑨␦⑊丮⑬⑋⑊⑪⑞␹℣

バッドピクセル・宇宙線処理 䀸╇ℼ┿⑲㠫⑫⑈䱫㡷⑎㔱䁾␬义␯㠫␨⑞␹␬™␽⑬お㌰⑋┫┦╳

╈⑎䡳㹯⑋㥢␤╔┯┻╫␬␤␯⑄␫␢⑫␳⑈␬⑯␫⑪⑞␹℣␳⑬⑩⑎╔┯┻╫⑏␽⑎⑞⑞⑋

␷⑆␪␯⑈䈭␷㥧⑯␻⑎㭾⑋╎┤┺⑈⑊⑃⑆␷⑞␤⑞␹⑎⑇™䁨⑋⑄⑖␷⑆␪␯䤬䵗␬␢⑪

⑞␹℣㠶へ⑏™㠡㵐㑯⑋㡇䴭⑎═╃╉╔┯┻╫⅊╪╋┢╪╆┣␬䙃⑋〭␤③⑎™㹯⑋┼╭┫

┦╳╈⑎③⑎™㹯⑋㥢␤┫┦╳╈⑎③⑎⅋⑈™╕╬ℼ╠䭨⑋㡇䴭⑎ㄧ䍨䁾⑋⑨⑫┫┦╳╈⑇

␹℣╕╬ℼ╠␴⑈⑎ㄧ䍨䁾⑲㠡㵐␷™㑻䍎⑎═╃╈╔┯┻╫⑎╞╃╗⑈㥧⑯␻™␳⑬⑩⑲㙡

␯⑎╔┯┻╫⑎䍍⑇䩤㐰␷⑞␹℣

A-Bスカイ引き 㙡䁖㌰䁾⑎䝘㝊㡷⑎㱧⑇␢⑫䱫㡷㔱䁾⑏㭾㑖⑋⑨⑃⑆䩑䘰␹⑫␿②™㙡␯⑎㭾㑖

⑇㬣⑃␿╕╬ℼ╠䘱㭎⑇ぺ␭㬻␷⑆䱫㡷⑲ぺ␯⑈␤␦␳⑈⑏␹⑇⑋㵒⑙⑞␷␿℣␳␳⑇™䘱

␸╇┣┶┻╃╈䙢⑇㬣⑃␿╇ℼ┿䘱㭎⑲ぺ␭㬻␷™䉧㬨䝄⑋䱫㡷⑲ぺ␭㕮⑪⑞␹℣

フラットフィールド 䅵䍖⑎㡷㍘㝏⑤㠡㵐㑯䕹⑋㔯へ␹⑫㐶䕙⑎╠╩⑤™┹╪╃╈㉃㤩㭾⑎䥽┨╩ℼ

⑲䩤䀵␷⑞␹℣㍓䀵䵑╇ℼ┿⑎䁡⑇㵒⑙␿䑌⑪™╉ℼ╠╕╩╃╈⑤╕╩╃╈╗╭ℼ╖⑊⑉™

ぬ䵍⑊㡷㠻⑲㬣⑃␿╕╩╃╈╕╬ℼ╠⑲㩮䀮␷™␽⑎㉨䅼⑇㍤⑪㬻␷⑞␹℣

ゆがみ補正 ぬ䡌䔪⑋™䬾ㅳ㙀™䅵䍖⑎㡷㍘㝏⑲䑌⑃⑆㠡㵐㑯㹥⑋⑇␭⑫㉨䅼⑋⑏⑦␬⑟␬䀸␸⑞

␹℣㙡䁖㌰䁾䨬㡷╇ℼ┿⑎㹬㥧™䱫㡷㔱䁾⑲⑞⑃␹␰⑋␹⑫⑈␤␦㤩䑸⑇⑦␬⑟␬䩤䀵␵⑬

⑞␹␬™㬣䅼䵑⑎⑦␬⑟䩤䀵╇ℼ┿╙ℼ┹␬䵑さ␵⑬⑆␤⑞␹⑎⑇™䁨⑋␢⑫䑸䕙⑦␬⑟⑲

䩤䀵␷⑆␪␭⑞␹℣

㘦䑌㵨䵽␬㴪⑯⑫⑈™┹╚┯╈╫⑲䔷䉎䭨⑋㡄䩌⑋䁚⑪㵐␷⑞␹℣䁚⑪㵐␷␿┹╚┯╈╫⑋䉐␷

⑆お㈼⑎⑨␦⑊㡄䩌㵨䵽⑲㥔␤⑞␹℣

波長較正 㠡㵐㑯㹥⑎㩂䤸⑈䝈䐹⑎㑘㜸⑲㕡②™䝈䐹␬ x㩂䤸⑎ぬ㰡㑘㽴⑋⑊⑪™y㩂䤸␬┹╪╃

╈䩽㡾⑎㙵㑖㩂䤸⑋䉐ㅾ␹⑫⑨␦⑋㉨䅼⑲䩑㐹␷⑞␹℣OH䱫㡷㔱䁾⑏␢⑩␫␸②䝈䐹␬⑯

␫⑃⑆␤⑞␹⑎⑇™␳⑬⑲䵸䵑␷⑞␹℣
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スカイ引き A-B┹┫┤ぺ␭⑇䉧㬨䝄⑋䝘㝊㡷␬ぺ␫⑬⑆␤⑞␹␬™㉨䅼⑲㠫⑫⑈⑞⑀䱫㡷␬㭄⑃

⑆␤⑫␳⑈␬⑯␫⑪⑞␹℣OH䱫㡷⑎䩑䘰⑋⑨⑃⑆ A-B┹┫┤ぺ␭⑇ぺ␭␭⑬⑆␤⑊␤䀮䨬

⑇␹℣␽␳⑇™㙵㑖㩂䤸䩽㡾⑋㭄⑪⑎䝘㝊㡷⑲╕┣╃╈␷⑆ぺ␭㬻⑲␷⑞␹℣

足し合わせ ┹┫┤ぺ␭⑞⑇⑎㵨䵽⑲䘱␸╕┣ℼ╫╉⑲㑑䈬␷␿䄴⑆⑎╕╬ℼ╠⑋㥔⑃␿㡥⑇™䄴

⑆⑎╕╬ℼ╠⑲䈭␷㥧⑯␻⑞␹℣

フラックス較正 䤸㵠䀱⑎╇ℼ┿⑲㭈⑃⑆ 2㰡㠵┹╚┯╈╫㹥⑎┫┦╳╈⑲䝈䐹䕶␿⑪⑎╕╩╃┯

┹ (Fλ [erg sec
−1 cm−2 Å−1])⑋䐾␷⑞␹℣

3.2 MCSMDP

MCSMDP (MOIRCS MOS Data Pipelines) ⑏ MOIRCS╓╫╀⑎ぬ㽍⑇␢⑫㕾䕔㬺㙈䉧㍘㽀

㬳䔷䨸䉦⑎㕈䁮䍒䴵␬㌫䠯⑲㥔⑃⑆␤⑫MOIRCS MOS╇ℼ┿䀰䱳䵑⑎ PyRAF┹┯╪╗╈║╃

┱ℼ┸⑇␹℣㕾䕔㬺㙈䉧㍘⑎┵ℼ═ℼ㹥1™③␷␯⑏╏╯┤㑑䈬㵪Web╚ℼ┸⑎╪╳┯␫⑩㰫䴳⑋

╀┦╳╭ℼ╉␷⑆㠦㕦⑋䵸䵑␹⑫␳⑈␬⑇␭⑞␹℣㑰䭜䔪⑋㡄㽍⑎㠦㕦䵑䕓⑋㌫䠯⑲␷␿③⑎⑲㡸

㌫␷⑆␪⑪⑞␹⑎⑇™䤬␺␷③䄴⑆⑎╇ℼ┿⑋䔬䁚⑊㵨䵽␬⑇␭⑫⑈⑏㡂⑪⑞␻⑳␬™␢⑫䑸䕙⑏

ぬ䡌⑎╇ℼ┿⑇㭈⑯⑬⑫␳⑈⑲䅛䑪␷⑆㩮⑃⑆␢⑪⑞␹℣③␷␴㰫㽈⑎㠦㕦⑇㭈⑃⑆⑟⑆㔤⑅␤␿

䥔㙱㥧⑤㉾䄱う⑊⑉␢⑪⑞␷␿⑩␴伢䵭䐺␱⑫⑈㤬␤⑇␹℣

3.2.1 IRAFとPyRAF

IRAF (Image Reduction and Analysis Facility) ⑏䔷䨸╇ℼ┿⑎䀰䱳Ω㉲䁏⑎␿②⑋┢╡╪┫⑎

NOAO (National Optical Astronomical Observatories) ␬㌫䠯␷␿┽╕╈┦┨┢⑇␹℣NOAO⑎

┵ℼ═ℼ2␫⑩䰵乁⑇╀┦╳╭ℼ╉␷⑆㭈䵑␹⑫␳⑈␬⑇␭⑞␹℣IRAF⑎䉐佃䔪┳╞╳╉┤╳┿ℼ

╕┧┤┹ (cl⑈㡆⑓⑞␹)㹥⑇䘰㩮␹⑫䈿␯⑎┳╞╳╉㜲 (┿┹┯⑈㡆⑓⑞␹)␬䵑さ␵⑬⑆␪⑪™

NOAO⑎㑑䈬䅵䍖⑀␱⑇⑊␯™䀤㌦䍦⑎䈿␯⑎㑑䈬㵪⑇ IRAF⑲䵸䵑␷␿㉲䁏┹┯╪╗╈␬㌫䠯

␵⑬⑆␤⑞␹℣

PyRAF⑏ IRAF⑎┿┹┯⑲ Python⑈␤␦䡆䵑⑎┹┯╪╗╈㡀㡬㹥⑇䘰␯⑨␦⑋␷␿┳╞╳╉

㡀㡬⑇™NASA⑎ STScI (Space Telescope Science Institute) ␬㌫䠯␷™䰵乁⑇䝛䥛3␷⑆␤⑞␹℣

PyRAF⑏ cl⑎䉥䉘⑈⑊⑫╦ℼ┶ℼ╕╬╳╉╪ℼ⑊┳╞╳╉╩┤╳⑲䑳㘡␷™IRAF⑇⑇␭⑫␳⑈

⑏㑰䭜䔪⑋ PyRAF⑇③㉄䜽⑇␹℣␽⑬⑀␱⑇⑊␯™PyRAF┿┹┯⑏ Python┹┯╪╗╈⑈␷⑆

㔭㵒␹⑫␳⑈␬⑇␭⑫␿②™䬭䥙⑊㉊㍘㝗㬻䵑⑎ Python╩┤╖╩╪⑲䵸䵑␷⑆ IRAF⑎㵨䵽⑲䵆

し⑋㍈䐥␹⑫␳⑈␬⑇␭⑞␹℣

MCSMDP⑏䈿㽴⑎ PyRAF┿┹┯⑇㤽䀮␵⑬⑆␪⑪™PyRAF⑎┳╞╳╉╩┤╳㹥⑇䘰㩮␷⑞

␹℣㠽㩟⑎ MCSMDP⑎㌫䠯㑄㘭⑏ IRAF version 2.14.1 (lnux䡇)™PyRAF version 1.9⑇␹4℣

䙃⑋ PyRAF⑎㤹㼷䥑䕙␬㥢␤⑎⑇™⑊⑫⑙␯㩇㼷⑎㑄㘭⑇䘰㩮␹⑫⑨␦⑋㌫䠯⑲䈳␱⑆␤⑞␹℣

1http://www.cc.kyoto-su.ac.jp/˜tomohiro/MCSMDP/
2http://iraf.nao.ac.jp/iraf/web/
3http://www.stsci.edu/resources/software hardware/pyraf
42010䜯 11㝮⑋ IRAF version 2.15␬╪╪ℼ┹␵⑬⑞␷␿℣PyRAF⑇⑎䘰㩮⑏⑞⑀㡸㰰⑋┵╝ℼ╈␵⑬⑆␤⑊␤⑨

␦⑇␹℣
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㌫䠯㑄㘭⑏ Ubuntu Linux 10.4⑇␹␬™㬰䉫⑎㉲䁏㑄㘭⑲㑞②⑆ IRAF/PyRAF␬䘰␯㑄㘭⑊⑩

⑉␳⑇③䘰␯⑈㭗␤⑞␹℣

3.2.2 必要なソフトウエア

MCSMDP⑎䘰㩮⑋⑏™お㈼⑎┽╕╈┦┨┢␬䤬䵗⑇␹℣㑄㘭⑋⑨⑃⑆⑏™㌫䠯㑄㘭║╃┱ℼ┸

(Ubuntu Linux⑊⑩ *-dev║╃┱ℼ┸䕹) ␬䤬䵗⑋⑊⑫㹬㥧␬␢⑪⑞␹℣㭈䵑␷⑆␤⑫㑄㘭⑎║╃

┱ℼ┸㑉䵽┷┹╆╠ (apt, yum䕹) ⑲䵸䵑␷⑆™䔬㔹™┤╳┹╈ℼ╫⑲␷⑆␯⑀␵␤℣

IRAF, Python stsci python⑋䤬䵗⑈␵⑬⑫═ℼ┸╧╳⑎③⑎⑲┤╳┹╈ℼ╫␷⑆␯⑀␵␤℣

stsci python PyRAF⑲㑞① python╢┸╥ℼ╫㜲⑇␹℣STScI⑎Web┵┤╈␫⑩╀┦╳╭ℼ╉

␷⑆┤╳┹╈ℼ╫␷⑞␹℣┤╳┹╈ℼ╫䩽䬡⑏䘱Web┵┤╈⑲㬲㹈␷⑆␯⑀␵␤℣IRAF,

Python⑲㑞②™PyRAF⑎䘰㩮⑋䤬䵗⑈␵⑬⑫┽╕╈┦┨┢③┤╳┹╈ℼ╫␷⑆␯⑀␵␤℣

ds9, xpa Harvard-Smithonian Center for Astrophysics⑎Web┵┤╈5⑇䝛䥛␵⑬⑆␤⑞␹℣xim-

tools⑏┵╝ℼ╈␵⑬⑆␤⑞␻⑳℣

RO Python Package ╯┷╳╈╳䉧㍘⑎Russel Owen㭡␬㌫䠯™䝛䥛6 ␷⑆␤⑫Python╢┸╥ℼ

╫⑇␹℣Python⑎ setuptools␬┤╳┹╈ℼ╫␵⑬⑆␤⑫㹬㥧⑏™easy install⑲㭈⑃⑆┤╳

┹╈ℼ╫␹⑫␳⑈③㉄䜽⑇␹℣

お㈼⑎┽╕╈┦┨┢⑏╇ℼ┿䀰䱳⑋⑏䤬䵗␢⑪⑞␻⑳␬™㔱䁾⑎㉲䁏⑲␹⑫┿┹┯⑲䵸䵑␹⑫⑈

␭⑋⑏䤬䵗⑋⑊⑪⑞␹℣

matplotlib ┰╩╕䥁㉨⑎ python╢┸╥ℼ╫⑇␹℣㡸㰰┵┤╈7⑇䝛䥛␵⑬⑆␤⑞␹℣䈿␯⑎Linux

╇┣┹╈╪╓╥ℼ┷╧╳⑋③㑞⑞⑬⑆␤⑞␹℣

scipy ㉊㍘㝗㬻╩┤╖╩╪⑎ python╢┸╥ℼ╫⑇␹℣㡸㰰┵┤╈8⑇䝛䥛␵⑬⑆␤⑞␹℣䈿␯⑎

Linux╇┣┹╈╪╓╥ℼ┷╧╳⑋③㑞⑞⑬⑆␤⑞␹℣

ipython python⑲┤╳┿╩┯╆┣╖⑋㭈䵑␹⑫␿②⑎┷┧╫⑲䑳㘡␹⑫╗╭┰╩╠⑇␹℣PyRAF

⑎╕╭╳╈┨╳╉⑈␷⑆③㭈䵑⑇␭™PyRAF⑎┳╞╳╉╩┤╳⑨⑪③㔡䜽␬䬭䥙⑇␹℣㡸

㰰┵┤╈9⑇䝛䥛␵⑬⑆␤⑞␹℣䈿␯⑎ Linux╇┣┹╈╪╓╥ℼ┷╧╳⑋③㑞⑞⑬⑆␤⑞␹℣

R, rpy ╕╪ℼ⑎䕽㝗㉲䁏┽╕╈┦┨┢⑈␽⑎ python┤╳┿ℼ╕┧┤┹⑇␹℣␽⑬␾⑬™㡸㰰┵

┤╈1011 ⑇䝛䥛␵⑬⑆␤⑞␹℣䈿␯⑎ Linux╇┣┹╈╪╓╥ℼ┷╧╳⑋③㑞⑞⑬⑆␤⑞␹℣

5http://hea-www.harvard.edu/RD/ds9/
6http://www.astro.washington.edu/users/rowen/ROPackage/Overview.html
7http://matplotlib.sourceforge.net/
8http://www.scipy.org
9http://ipython.scipy.org/moin

10http://www.r-project.org/
11http://rpy.sourceforge.net/
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3.2.3 インストール

⑞␺™MCSMDP⅊┹┯╪╗╈䭜䉎⅋⑈™MDPDB⅊㍓䀵䵑╇ℼ┿╙ℼ┹⅋⑲MCSMDP⑎┵┤

╈␫⑩╀┦╳╭ℼ╉␷™䜤さ⑎╇┣╬┯╈╪⑋䔸㌫␷⑞␹12℣␳␳⑇⑏™home╇┣╬┯╈╪䐾㈼

⑇䔸㌫␷⑆␤⑫⑈␷⑞␹℣

$ wget http ://www. cc . kyoto−su . ac . jp /˜ tomohiro /MCSMDP/MCSMDP v1 0 1 . tgz

$ wget http ://www. cc . kyoto−su . ac . jp /˜ tomohiro /MCSMDP/MDPDB v1 0 1 . tgz

$ ta r xvfz MCSMDP v1 0 1 . tgz

$ ta r xvfz MDPDB v1 0 1 . tgz

MCSMDP⑎╇┣╬┯╈╪⑋䙾⑪™setup.sh⑲㱂㥔␷⑞␹℣

$ cd MCSMDP v1 0 1

$ . / setup . sh

ログインシェルが bash, ksh, sh, zshの場合13

╛ℼ╠╇┣╬┯╈╪⑎.bash profile (bash⑎⑈␭) ⑞␿⑏™.profile (ksh, sh, zsh⑎⑈␭) ╕┡┤

╫⑎㩇㡥⑋お㈼⑲㔭㵒␷⑞␹℣

source ${HOME}/MCSMDP v1 0 1/ e t c /mcsmdp . sh

ログインシェルが tcsh, cshの場合

╛ℼ╠╇┣╬┯╈╪⑎.cshrc╕┡┤╫⑎㩇㡥⑋お㈼⑲㔭㵒␷⑞␹℣

source ${HOME}/MCSMDP v1 0 1/ e t c /mcsmdp . csh

3.2.4 解析の準備

㩮㙈䵑⑎╇┣╬┯╈╪⑲㵠䡷␷™mcsmdp⑲㔯䘰␷⑆⑟⑞␷⑧␦℣mcsmdp⑲㵩②⑆㱂㥔␹⑫

╇┣╬┯╈╪⑇⑏™㱂㥔␹⑫╇┣╬┯╈╪⑇ iraf⑎㑄㘭䁟䑪␬㥔⑯⑬⑞␹℣mkiraf ⑲㱂㥔␹⑫␫

⑲䨹␫⑬⑞␹⑎⑇™╪┿ℼ╳┭ℼ⑲㈡␷⑆␯⑀␵␤14℣␷⑐⑩␯䉔⑄⑈™pyraf┷┧╫ (- ->)␬㔯

䘰␷⑞␹℣

$ mcsmdp

mkiraf ? ( yes ) :

. . .

−−>
12お㈼™“$” ␫⑩㭏⑞⑫㥔⑏ bash ⑎╗╭╳╗╈⑋┳╞╳╉⑲䙾乏␷⑆␤⑫␳⑈⑲さ䰣␷⑞␹℣
13␳␳⑇⑏™䔷䨸╇ℼ┿┻╳┿ℼ⑎㉲䁏㑄㘭⑎㹬㥧⑋⑄␤⑆䁢䱀␷⑞␹℣䵸䵑␹⑫㑄㘭⑋⑨⑃⑆™䔬䁚⑊䁟䑪⑲㥔⑃⑆␯
⑀␵␤℣

14mkiraf ⑋⑄␤⑆⑏ iraf ⑎╉┭╥╡╳╈⑲㬲㹈␷⑆␯⑀␵␤℣㰫䘰⑇ mkiraf ⑲㱂㥔␵⑬⑫⑎⑲䬾⑞⑊␤㹬㥧⑋㡂⑪™
“no” ⑈䕺␨⑆␯⑀␵␤
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┷┧╫␬㔯䘰␷␿⑩™mcsmdp⑈䉇⑁㥾⑳⑇™mcsmdp┿┹┯⑲䙉⑟㥾⑳⑇␯⑀␵␤15℣

−−> mcsmdp

. . .

−−>

pyraf┷┧╫⑏ IRAF⑎ cl䘱䵍™䉐佃䔪⑋┳╞╳╉⑲䉇⑁㥾⑳⑇䅠㩮␷⑞␹℣pyraf㰫䉎⑎䅠㩮

䩽䬡⑎䁢䱀⑏䭜╆┭┹╈⑎䱜䔪␫⑩㌰⑬⑞␹⑎⑇㹜㩙⑏㹊␭⑞␹␬™␳␳⑇⑏㰡㹏␫⑩⑎㱂㴬⑲

㽊②⑫㹥⑇㑰䭜䔪⑊䅠㩮䩽䬡⑋⑄␤⑆㑊䌱⑋⑞⑈②⑆␪␭⑞␹℣㹜㩙⑏ STScI␬䝛䥛␹⑫ “The

PyRAF Tutrial”16 ⑊⑉⑲㬲㹈␷⑆␯⑀␵␤℣

䭜╆┭┹╈⑇┿┹┯⑲㱂㥔␹⑫㹬䱌⑇⑏™␽⑎┿┹┯⑎║╩╡ℼ┿╪┹╈⑲㰨␷⑆␤⑞␹℣乣␨

⑐™mdpdisplay⑎║╩╡ℼ┿╪┹╈⑲䤽㰨␹⑫⑋⑏お㈼⑎⑨␦⑋␷⑞␹℣

−−> l pa r mdpdisplay

f i l e = ”HK500 MODS11−0390 f l . f i t s ” Image ( l i s t ) to be loaded

( frame = 1) Display frame to be loaded

( mult i f rame = no ) Increment frame number f o r image l i s t ?

( s c a l e = ” l i n e a r ”) s c a l e type

( smode = ” z s c a l e ”) s c a l e mode

( z1 = INDEF) minimum g r e y l e v e l to be d i sp layed

( z2 = INDEF) maximum g r e y l e v e l to be d i sp layed

(cmap = ”BB”) c o l o r map

( i nv e r t = no ) i nv e r t c o l o r map?

(mode = ” a l ”)

⑞␺™║╩╡ℼ┿╪┹╈⑲╆┭┹╈⑋㰨␵⑬␿⑨␦⑋䩔㴸␷⑞␹℣䩔㴸␹⑫⑈␭⑏お㈼⑎⑨␦⑋␷

⑞␹℣

−−> epar mdpdisplay

␹⑫⑈™㽞 3.2⑎⑨␦⑊║╩╡ℼ┿┨╇┣┿␬㔯䘰␷⑞␹℣║╩╡ℼ┿䰾⑋㍧㡌 “()”␬⑄␤⑆

␤⑫㍆㥠䱜⑲™║╩╡ℼ┿╪┹╈⑎䑌⑪䩔㴸␷⑞␹℣iraf⑈䘱䵍™㍧㡌␬⑄␤⑆␤⑫║╩╡ℼ┿⑏

ㄣ␷║╩╡ℼ┿⑇ pyraf╗╭╳╗╈␫⑩䉐佃䔪⑋㱂㥔␹⑫㹬㥧③䱀㰨䔪⑋䍍⑲䴿␨⑫䤬䵗⑏⑊␯™

epar⑇䩔㴸™䩝䈸␵⑬␿䍍␬㭈⑯⑬⑞␹℣䩔㴸␬㴪⑯⑃␿⑩™┨╇┣┿⑎㹥䥴⑋䩂⑳⑇␤⑫╜┿╳

␫⑩™“Save & Quit”⑲┯╪╃┯␹⑫⑈™䩔㴸␷␿䍍⑲䩝䈸␷⑆ pyraf╗╭╳╗╈⑋䱡⑪⑞␹℣

䭜╆┭┹╈⑇⑏㭈䵑␷⑞␻⑳␬™䈾⑎╜┿╳⑋⑄␤⑆③⑞⑈②⑆␪␭⑞␹℣“Execute”⑏™┨

╇┣┿⑋䙾乏␵⑬⑆␤⑫䍍⑲␽⑎⑞⑞㭈⑃⑆┿┹┯⑲㱂㥔␷⑞␹℣“Unlearn”⑏™䩔㴸␵⑬␿║

╩╡ℼ┿⑲╇╕┩╫╈⑎䍍⑋䱡␷⑞␹℣“Cancel”⑏䩔㴸␷␿䍍⑲䩝䈸␻␺⑋䝋㑾␷⑆┨╇┣┿⑲

㴪主␷⑞␹℣ㄦ䌼⑎ “Mdpdisplay Help”⑏┿┹┯⑎╘╫╗⑲䤽㰨␹⑫╜┿╳⑇␹␬™㭄䜰⑊␬⑩

MCSMDP⑇⑏╘╫╗╉┭╥╡╳╈⑲䀰䡷␷⑆␤⑊␤⑎⑇㈿③䤽㰨␵⑬⑞␻⑳℣䑌㹯⑎ iraf⑎┿┹

┯⑎㹬㥧⑏╘╫╗╉┭╥╡╳╈␬䩌䅫⑇䤽㰨␵⑬⑞␹℣

15iraf ⑇⑏™loginuser.cl ⑋䙉⑟㥾⑟␿␤┿┹┯⑲㔭㵒␷⑆␪␯⑈™㱂㥔㭾⑋㰫䘰䔪⑋䙉⑟㥾⑞⑬⑫⑎⑇␹␬™⑉␦⑤⑩
pyraf ⑎┿┹┯⑇␽⑬⑲⑤⑫⑈┨╩ℼ⑲㔯␳␷⑆␷⑞␦⑨␦⑇␹℣

16http://stsdas.stsci.edu/stsci python epydoc/docs/pyraf tutorial.pdf
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㽞 3.2: mdpdisplay⑎║╩╡ℼ┿┨╇┣┿

┿┹┯⑎㱂㥔⑏™pyraf╗╭╳╗╈㹥⑇㥔␤⑞␹℣䁨⑛⑉⑎┨╇┣┿⑇㍧㡌⑎䥕␤⑆␤⑊␫⑃␿

║╩╡ℼ┿⑏␽⑎㵧䡖⑇䩂⑙⑫䤬䵗␬␢⑪⑞␹℣⑞␿™㍧㡌⑎䥕␤⑆␤␿ㄣ␷║╩╡ℼ┿③™“║

╩╡ℼ┿䰾=䍍”⑈␤␦㝁㰰⑇║╩╡ℼ┿┨╇┣┿⑋㭘䑪␷⑊␫⑃␿䍍⑲㭘䑪␹⑫␳⑈③⑇␭⑞␹℣

␳⑎䍍⑏䩝䈸␵⑬␺™1㉳⑎㱂㥔㡂⑪⑇␹℣

−−> mdpdisplay MCSA00057147 . f i t s frame=2

mcsmdp⑲㴪主␹⑫㭾⑏™“.exit”⑈䙾乏␷⑆␯⑀␵␤℣

−−> . e x i t

$

参考・ipythonモードでの起動

mcsmdp⑎㱂㥔㭾⑋- -ipython┪╗┷╧╳⑲䥕㉃␹⑫⑈™pyraf┷┧╫⑎䉥⑯⑪⑋お㈼⑎⑨␦⑊

ipython┷┧╫␬㔯䘰␷⑞␹℣

$ mcsmdp −−ipython

. . .

In [ 1 ] :
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ipython┷┧╫╢ℼ╉⑲㭈䵑␹⑫⑈␭⑏™╕┡┤╫˜/.ipython/ipythonrc-pyraf⑋お㈼⑎㔭㵒⑲

䑉㉃␷⑆␯⑀␵␤℣③␷␳⑎╕┡┤╫␬䈸㩟␷⑊␤⑈␭⑏™㹥㔭┳╞╳╉⑇ぬ䕙 ipython╢ℼ╉⑎

mcsmdp⑲㔯䘰␷™“Ctrl+D”⑇㴪主␹⑫⑈㰫䘰䔪⑋╕┡┤╫␬䀸䀮␵⑬⑞␹℣

import mod pylab

e x e c f i l e p y l ab i n i t . py

ipython┷┧╫⑇⑏matplotlib⑊⑉⑎ python⑎┰╩╕䥁㉨╄ℼ╫⑲䵸䵑⑇␭⑫⑨␦⑋⑊⑃⑆␤

⑞␹℣pyraf┷┧╫⑎䩽␬┪╪┸╊╫⑎ IRAF⑎ cl⑋㙡␤䅠㩮⑋⑊⑪⑞␹⑎⑇™䭜╆┭┹╈⑇⑏™

㱧⑋ pyraf┷┧╫⑎䩽⑲㭈䵑␷⑞␹℣
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第4章 データ整約実習
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4.1 データの準備

㩮㙈䵑⑎╇┣╬┯╈╪⑲㵠䡷␷™お㈼⑎䵗乎⑇┵╳╗╫╇ℼ┿⑲┳╔ℼ␷⑞␹1℣

$ mkdir −p /mfs02a/tomohrys/MCSMDP work # 㩮㙈╇┣╬┯╈╪䰾⑏㍆㰫㝨②⑫

$ cd /mfs02a/tomohrys/MCSMDP work

$ cp /mfs01b/tomohrys/MCSMDP sample/∗ .∗ .

┵╳╗╫╇ℼ┿⑋⑏™㍈䐥㭒␬mdp, fits⑎ 2㱯习⑎╕┡┤╫␬㑞⑞⑬⑆␤⑞␹℣

㍈䐥㭒␬mdp⑎╕┡┤╫⑏MDP╕┡┤╫⑈㡆⑐⑬⑫╆┭┹╈╕┡┤╫⑇␹℣┹╪╃╈╞┹┯

⑎╇┶┤╳㹰䩳␬㔭㵒␵⑬⑆␪⑪™㑑䈬㱔⑏㑑䈬⑎䄰⑋␳⑎╕┡┤╫⑲㩮䀮␷⑆㑑䈬㵪⑋┹╪╃╈

╞┹┯⑎㉃㤩⑲き䵪␷⑞␹℣␳⑎╕┡┤╫⑏™㡥⑇╇ℼ┿╕┡┤╫␫⑩㍆┹╪╃╈⑎┹╚┯╈╫⑲

䁚⑪㵐␹⑈␭⑋㭈䵑␷⑞␹℣

㍈䐥㭒␬ fits⑎╕┡┤╫␬™FITS╕┡┤╫⑈㡆⑐⑬⑫╇ℼ┿╕┡┤╫⑇␹℣⑉⑎⑨␦⑊╇ℼ┿

␫⑲mcsmdp⑲㔯䘰␷⑆䅡䈮㠫⑆⑟⑞␷⑧␦℣hselect⑈␤␦┿┹┯⑲㭈␦⑎␬䩘䵸⑇␹℣

$ mcsmdp

−−> mcsmdp

−−> h s e l e c t ∗ . f i t s $I ,OBS−MOD,DATA−TYP,OBJECT,DISPERSR yes

MCSA00057015 . f i t s SPEC MOS OBJECT DOMEFLAT HK500

MCSA00057016 . f i t s SPEC MOS OBJECT DOMEFLAT HK500

MCSA00057017 . f i t s SPEC MOS OBJECT DOMEFLAT HK500

. . .

MCSA00057114 . f i t s SPEC OBJECT M53735(A0V: J8 . 9 : H8 . 9 :K8 . 9 ) HK500

MCSA00057116 . f i t s SPEC OBJECT M53735(A0V: J8 . 9 : H8 . 9 :K8 . 9 ) HK500

MCSA00057147 . f i t s SPEC MOS OBJECT CDFN MASK02 HK500

MCSA00057148 . f i t s SPEC MOS OBJECT CDFN MASK02 HK500

MCSA00057149 . f i t s SPEC MOS OBJECT CDFN MASK02 HK500

. . .

OBS-MOD⑏㑑䈬╢ℼ╉⑇™㨣㉳⑏⑛⑈⑳⑉␬䈿䔷䉎䨬㡷╢ℼ╉ (SPEC MOS)⑋⑊⑃⑆␤⑞

␹℣┷╳┰╫┹╪╃╈䨬㡷╢ℼ╉ (SPEC)⑎╇ℼ┿⑏䤸㵠䀱⑎╇ℼ┿⑇␹℣DATA-TYP⑏㱨䙀␷

␿╇ℼ┿⑎┿┤╗⑇™DOMEFLAT⑈⑊⑃⑆␤⑫⑎␬╉ℼ╠╕╩╃╈⑎╇ℼ┿⑇␹℣OBJECT⑏

㑑䈬䔷䉎䰾™DISPERSR␬㭈䵑␷␿䨬㬶䅇㭒⑇㨣㉳⑏䄴⑆ HK500⑋⑊⑃⑆␤⑞␹℣

╇ℼ┿䀰䱳⑎㱪䈳␭⑋䙾⑫䄰⑋™␳⑬⑩⑎╇ℼ┿⑲䨬习␷⑆╕┡┤╫⑎╪┹╈⑲㩮⑃⑆␪␭⑞

␹℣␳␳⑇③ hselect⑲㭈␤⑞␹2℣

−−> h s e l e c t MCSA∗ . f i t s $I

”OBJECT = ’DOMEFLAT’ & @’DET−ID ’ = 1” > f l a t 1 . l s t

−−> h s e l e c t MCSA∗ . f i t s $I

”OBJECT = ’DOMEFLAT’ & @’DET−ID ’ = 2” > f l a t 2 . l s t

1┵╳╗╫╇ℼ┿⑏ http://www.cc.kyoto-su.ac.jp/˜tomohiro/MCSMDP/MCSMDP sample.tbz ⑋③䍖␤⑆␢⑪
⑞␹

2㭦䱌⑎䕔㥧⑇䁞⑪䩖␷⑆␤⑞␹␬™㱂㩝⑏ぬ㥔⑇䉇⑁㥾⑳⑇␯⑀␵␤℣お㈼③䘱䵍⑈␷⑞␹℣
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−−> h s e l e c t MCSA∗ . f i t s $I

”OBJECT = ’CDFN MASK02’ & @’DET−ID ’ = 1 & K DITCNT = 1” > obj1a . l s t

−−> h s e l e c t MCSA∗ . f i t s $I

”OBJECT = ’CDFN MASK02’ & @’DET−ID ’ = 1 & K DITCNT = 2” > obj1b . l s t

−−> h s e l e c t MCSA∗ . f i t s $I

”OBJECT = ’CDFN MASK02’ & @’DET−ID ’ = 2 & K DITCNT = 1” > obj2a . l s t

−−> h s e l e c t MCSA∗ . f i t s $I

”OBJECT = ’CDFN MASK02’ & @’DET−ID ’ = 2 & K DITCNT = 2” > obj2b . l s t

flat1, flat2⑏␽⑬␾⑬㠡㵐㑯 1, 2⑎╉ℼ╠╕╩╃╈⑇␹℣obj1a, obj1b⑏㠡㵐㑯 1⑎┪╖┸┧┯

╈╇ℼ┿⑇™␽⑬␾⑬ A䕀™B䕀⑇␹℣obj2a, obj2b⑏䘱␸␯㠡㵐㑯 2⑎┪╖┸┧┯╈╇ℼ┿⑇

␹℣䤸㵠䀱⑎╇ℼ┿⑏ 2䭧⑀␱⑊⑎⑇™╪┹╈⑎㩮䀮⑏㹊丬␷⑞␹℣お㈼⑇⑏™␳⑬⑩⑎╕┡┤╫

╪┹╈⑲㭈⑃⑆╇ℼ┿䀰䱳⑲㽊②⑞␹℣㨣㉳⑎㱂㴬⑋㭈␦䔷䉎⑎┹╪╃╈⑏㠡㵐㑯 1⑎㹥⑋␤⑞␹

⑎⑇™㠡㵐㑯 1⑎䩽⑲乣⑋㽊②⑞␹␬™㠡㵐㑯 2③䘱䵍⑇␹⑎⑇㍆㰫㭮␷⑆␯⑀␵␤℣

4.2 共通処理

4.2.1 バッドピクセル、宇宙線の検出・補間

ㄧ䍨䁾⑎㠡㵐⑋⑏ craverage⑈␤␦┿┹┯⑲㭈␤⑞␹℣␳⑎┿┹┯⑏™㱾⑪⑎╔┯┻╫⑎䨿㙑⑋

䉐␷⑆┫┦╳╈␬㥢␤╔┯┻╫⑲ㄧ䍨䁾⑈␷⑆㠡㵐␷™㑻䍎⑎═╃╉╔┯┻╫╞┹┯⑋䑉㉃␷␿╞

┹┯╕┡┤╫⑲㩮䀮␷⑞␹℣═╃╉╔┯┻╫╞┹┯⑏ 0⑈ 1⑎䍍⑇䭤②⑩⑬⑆␤⑫㉨䅼╕┡┤╫

⑇™1⑎㹬㵪␬═╃╉╔┯┻╫⑎㹬㵪⑲䤽␷⑆␤⑞␹℣┿┹┯⑎㹜㩙⑏╘╫╗⑲㬲㹈␷⑆␯⑀␵␤℣

⑞␺™ㄧ䍨䁾Ω═╃╉╔┯┻╫╞┹┯⑎╪┹╈⑲㩮䀮␷⑞␹℣㈿⑇③㤽␤⑞␻⑳␬™␳␳⑇⑏

“BPM”⑈␤␦╇┣╬┯╈╪⑎㈼⑋㠵⑎╇ℼ┿╕┡┤╫⑈䘱␸䰾䄰⑇㍈䐥㭒⑲ “.pl”⑋䩑␨␿╕┡

┤╫⑈␷⑞␹℣╕┡┤╫╪┹╈⑎㩮䀮⑋⑏ sed⑈␤␦ UNIX┳╞╳╉⑲㭈␤⑞␹℣⑞␿™“BPM”

╇┣╬┯╈╪⑲㩮䀮␷⑞␹℣

−−> ! sed ’ s / \ ( . ∗ \ ) \ . f i t s /BPM\/\1\ . p l / ’ obj1a . l s t > bpm1a . l s t

−−> ! sed ’ s / \ ( . ∗ \ ) \ . f i t s /BPM\/\1\ . p l / ’ obj1b . l s t > bpm1b . l s t

−−> mkdir BPM

㑻䍎⑎═╃╉╔┯┻╫╞┹┯⑏㑑䈬㵪⑇䵑さ␵⑬⑆␤⑞␹⑎⑇™␽⑬⑲㭈䵑␷⑞␹℣㨣㉳⑎╇ℼ

┿䵑⑎═╃╉╔┯┻╫╞┹┯⑏ MCSMDP ⑎║╃┱ℼ┸⑋③㑞⑞⑬⑆␪⑪™㠡㵐㑯 1 䵑␬ md-

pdb$bpm/nlbpm1 FF64r.fits™㠡㵐㑯 2䵑␬mdpdb$bpm/nlbpm2 FF64r.fits⑇␹℣␳⑬⑲™㹥⑇

䵑さ␷␿═╃╉╔┯┻╫╞┹┯⑎╕┡┤╫䰾⑋⑊⑫⑨␦⑋┳╔ℼ␷⑆␪␭⑞␹℣craverage⑏䙾乏

␵⑬␿═╃╉╔┯┻╫╞┹┯⑲㭈␤™㑻䍎⑎═╃╉╔┯┻╫⑲㵼␤␿乎と␫⑩ㄧ䍨䁾⑎㝗㬻⑲㥔⑃

⑆㠵⑎═╃╉╔┯┻╫╞┹┯⑋䑉㉃␷⑞␹℣

−−> imcopy mdpdb$bpm/nlbpm1 FF64r . f i t s ,mdpdb$bpm/nlbpm1 FF64r . f i t s ,

mdpdb$bpm/nlbpm1 FF64r . f i t s ,mdpdb$bpm/nlbpm1 FF64r . f i t s @bpm1a . l s t

−−> imcopy mdpdb$bpm/nlbpm1 FF64r . f i t s ,mdpdb$bpm/nlbpm1 FF64r . f i t s ,

mdpdb$bpm/nlbpm1 FF64r . f i t s ,mdpdb$bpm/nlbpm1 FF64r . f i t s @bpm1b . l s t
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epar⑇お㈼⑎⑨␦⑋ craverage⑎║╩╡ℼ┿⑲䩔㴸␷⑞␹℣

input = ”” L i s t o f input images

output = ”” L i s t o f output images

( crmask = ””) L i s t o f output cosmic ray and ob j e c t masks

( average = ””) L i s t o f output block average f i l t e r e d images

( sigma = ””) L i s t o f output sigma images

( navg = 15) Block average box s i z e

( n r e j = 100) Number o f high p i x e l s to r e j e c t from the average

( nbkg = 5) Background annulus width

( n s i g = 10) Box s i z e f o r sigma c a l c u l a t i o n

( var0 = 0 . 0 ) Variance c o e f f i c i e n t f o r DNˆ0 term

( var1 = 0 . 0 ) Variance c o e f f i c i e n t f o r DNˆ1 term

( var2 = 0 . 0 ) Variance c o e f f i c i e n t f o r DNˆ2 term

( c rva l = 1) Mask value f o r cosmic rays

( l c r s i g = 100 .0 ) Low cosmic ray sigma out s id e ob j e c t

( h c r s i g = 10 . 0 ) High cosmic ray sigma out s id e ob j e c t

( crgrow = 0 . 0 ) Cosmic ray grow rad iu s

( ob jva l = 0) Mask value f o r ob j e c t s

( l o b j s i g = 10 . 0 ) Low ob j e c t d e t e c t i on sigma

( hob j s i g = 5 . 0 ) High ob j e c t d e t e c t i on sigma

( objgrow = 0 . 0 ) Object grow rad iu s

craverage⑲㱂㥔␷⑞␹℣

−−> c raverage @obj1a . l s t ”” crmask=@bpm1a . l s t

−−> c raverage @obj1b . l s t ”” crmask=@bpm1b . l s t

㰡⑋™fixpix⑈␤␦┿┹┯⑲㭈⑃⑆™㩮䀮␷␿═╃╉╔┯┻╫╞┹┯⑋㴾⑃⑆═╃╉╔┯┻╫䥴

䨬⑲䩤㑖␷⑆䭤②⑞␹℣㨣㉳⑎㉲䁏⑇⑏™┹╚┯╈╫⑏㙵㑖䩽㡾⑋䑙␷⑆╕╩╃┯┹⑲䈬⑫⑎⑇™

䝈䐹䩽㡾⑎㹰䩳⑏䩑␨⑊␤⑨␦⑋™㙵㑖䩽㡾⑇␢⑫ Y㰴䩽㡾⑎⑟⑋ㅨ⑃⑆䁾㝁䩤㐰␷⑞␹℣

䁨⑛⑉⑈䘱䵍⑋㵐乏╕┡┤╫╪┹╈⑲㩮䀮␷⑞␹℣␳␳⑇⑏╕┡┤╫䰾⑎䘬⑋ “cr”⑲䥕␱␿③

⑎⑲ㄧ䍨䁾㵨䵽㩑⑟⑎╕┡┤╫⑈␷⑞␹℣

−−> ! sed ’ s /\ ( .∗\ ) / cr \1/ ’ obj1a . l s t > c rob j1a . l s t

−−> ! sed ’ s /\ ( .∗\ ) / cr \1/ ’ obj1b . l s t > crobj1b . l s t

fixpix⑏䙾乏╕┡┤╫⑲㵱␭㐹␨⑫⑎⑇™␳⑎╪┹╈⑎╕┡┤╫䰾⑎╕┡┤╫⑋┳╔ℼ␷⑆␪␭

⑞␹℣

−−> imcopy @obj1a . l s t @crobj1a . l s t

−−> imcopy @obj1b . l s t @crobj1b . l s t



4.2. 㘦䑌㵨䵽 31

epar⑇お㈼⑎⑨␦⑋ fixpix⑎║╩╡ℼ┿⑲䩔㴸␷⑞␹℣

images = L i s t o f images to be f i x ed

masks = L i s t o f bad p i x e l masks

( l i n t e r p = ”INDEF”) Mask va lue s f o r l i n e i n t e r p o l a t i o n

( c i n t e rp = ”1”) Mask va lue s f o r column i n t e r p o l a t i o n

( verbose = no ) Verbose output ?

( p i x e l s = no ) L i s t p i x e l s ?

fixpix⑲㱂㥔␷⑞␹℣

−−> f i x p i x @crobj1a . l s t @bpm1a . l s t

−−> f i x p i x @crobj1b . l s t @bpm1b . l s t

参考・MCSMDPでの宇宙線・バッドピクセル処理

ㄧ䍨䁾Ω═╃╉╔┯┻╫╞┹┯⑎㵨䵽⑏㱪㵧␬䨣㬨⑊⑎⑇™␳␳⑇⑏㑊丬㈽␷␿䩽䬡⑲䁢䱀␷

⑞␷␿℣MCSMDP⑇⑏™crrejection⑈␤␦┿┹┯⑲䵑さ␷⑆お㈼⑎⑨␦⑊㱪㵧⑇㵨䵽⑲␷⑆␤

⑞␹℣

1. 䀸╇ℼ┿␫⑩ㄧ䍨䁾⑲㠡㵐 (ㄧ䍨䁾 1)

2. A-B╚┢⑎䅪䩽⑇㍤⑃␿╕╬ℼ╠⅊A䕀⑊⑩ A/B⅋␫⑩ㄧ䍨䁾⑲㠡㵐⅊ㄧ䍨䁾 2⅋

3. ㄧ䍨䁾 1, ㄧ䍨䁾 2, ═╃╉╔┯┻╫╞┹┯⑎╕╬ℼ╠⑇ OR⑲㱨⑃⑆㥧䀮␷␿ㄧ䍨䁾Ω═╃

╉╔┯┻╫╞┹┯⑲㩮䀮␹⑫

4. 㙵㑖䩽㡾⑋䩤㑖

5. 㠡㵐㑯㹝㡂㘭㌦⑎╔┯┻╫⑲䝈䐹䩽㡾⑋䩤㑖

ㄧ䍨䁾 2╕╬ℼ╠⑲㩮⑫⑎⑏™㙡䁖㌰䁾⑎䨬㡷╇ℼ┿⑏䱫㡷㔱䁾⑎┫┦╳╈␬㭙䝛䔪⑊⑎⑇䀸

╇ℼ┿⑀␱⑇⑏ㄧ䍨䁾⑎㠡㵐␬䙱␷␯™䘱䑸䕙⑎䱫㡷㔱䁾┫┦╳╈⑲㭽⑃␿╕╬ℼ╠⑇㍤⑫␳⑈⑋

⑨⑃⑆ㄧ䍨䁾⑲䥢␭丩␿␻⑫␿②⑇␹℣㱂㩝™㠡㵐␵⑬⑫ㄧ䍨䁾⑎㽴␬䈿㸯䅽␨⑞␹␬™⑞⑀䥔㴽

䨬⑇␹℣ㄧ䍨䁾⑎㠡㵐⑎║╩╡ℼ┿⑎╁╥ℼ╋╳┰™㱪䬡⑎㉾义⑏㭄␵⑬␿㉝䉪⑎ぬ⑄⑇␹℣

㠡㵐㑯㹝㡂㘭㌦⑋⑏ 1╔┯┻╫䥽⑎㝤㑖␬␢⑪⑞␹␬™㵄䩽㡾⑎㝤㑖⑏㨣⑎䩽䬡⑇⑏䩤㑖␹⑫␳

⑈␬⑇␭⑞␻⑳℣␽␳⑇™␳⑎╔┯┻╫⑋㡂⑃⑆䝈䐹䩽㡾⑋䩤㑖␷⑆␤⑞␹℣

crrejection⑲㭈␦⑈␭⑏™お㈼⑎⑨␦⑋║╩╡ℼ┿⑲䁟䑪␷⑞␹℣

inimage1 = ”” input frame at A po s i t i o n

inimage2 = ”” input frame at B po s i t i o n

outimage1 = ”” output frame at A po s i t i o n

outimage2 = ”” output frame at B po s i t i o n

bpm = ”” badpixe l mask

( navg = 15) Block average box s i z e
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( n r e j = 100) Number o f high p i x e l s to r e j e c t from the average

( nbkg = 5) Background annulus width

( n s i g = 10) Box s i z e f o r sigma c a l c u l a t i o n

( var0 = 0 . 0 ) Variance c o e f f i c i e n t f o r DNˆ0 term

( var1 = 0 . 0 ) Variance c o e f f i c i e n t f o r DNˆ1 term

( var2 = 0 . 0 ) Variance c o e f f i c i e n t f o r DNˆ2 term

( l c r s i g = 100 .0 ) Low cosmic ray sigma out s id e ob j e c t

( h c r s i g = 10 . 0 ) High cosmic ray sigma out s id e ob j e c t

( crgrow = 0 . 0 ) Cosmic ray grow rad iu s

( bpmdir = ”BPM”) d i r e c t o r y name to s t o r e bad p i x e l masks

crrejection⑲㱂㥔␷⑞␹ (␳␳⑇⑏™㨣㩮⑃␿╕┡┤╫⑲㹃␵⑊␤⑨␦⑋ “cr2*”⑈␤␦╕┡┤

╫⑋㵐乏␷™═╃╉╔┯┻╫╞┹┯⑏ “BPM2”⑈␤␦╇┣╬┯╈╪⑋䙾⑫⑨␦⑋␷⑆␤⑞␹)℣

−−> ! sed ’ s /\ ( .∗\ ) / cr2 \1/ ’ obj1a . l s t > cr2ob j1a . l s t

−−> ! sed ’ s /\ ( .∗\ ) / cr2 \1/ ’ obj1b . l s t > cr2obj1b . l s t

−−> c r r e j e c t i o n @obj1a . l s t @obj1b . l s t @cr2obj1a . l s t @cr2obj1b . l s t

mdpdb$bpm/nlbpm1 FF64r . f i t s bpmdir=”BPM2”

4.2.2 A-Bスカイ引き

㰡⑋™A䕀⑈ B䕀⑎╚┢⑇┹┫┤⑲ぺ␭㬻␷⑞␹℣imarith⑈␤␦┿┹┯⑲㭈␤⑞␹℣㝫㉌⑎

╕┡┤╫⑏䁨䘬⑋ “ab”⑲䥕␱⑫␳⑈⑋␷⑞␹℣

−−> ! sed ’ s /\ ( .∗\ ) / ab \1/ ’ c rob j1a . l s t > abobj1a . l s t

−−> imar i th @crobj1a . l s t − @crobj1b . l s t @abobj1a . l s t

4.2.3 ドームフラットの作成とフラットフィールド

⑞␺™╉ℼ╠╕╩╃╈⑎╇ℼ┿␫⑩╉ℼ╠╕╩╃╈⑲㩮䀮␷⑞␹℣imcombine⑎║╩╡ℼ┿⑲お

㈼⑎⑨␦⑋䩔㴸␷⑞␹℣

input = L i s t o f images to combine

output = L i s t o f output images

( headers = ””) L i s t o f header f i l e s ( op t i ona l )

( bpmasks = ””) L i s t o f bad p i x e l masks ( op t i ona l )

( re jmasks = ””) L i s t o f r e j e c t i o n masks ( op t i ona l )

( nrejmasks = ””) L i s t o f number r e j e c t e d masks ( op t i ona l )

( expmasks = ””) L i s t o f exposure masks ( op t i ona l )

( s igmas = ””) L i s t o f sigma images ( op t i ona l )

( imcmb = ”$I ”) Keyword f o r IMCMB keywords
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( l o g f i l e = ”STDOUT”) Log f i l e

( combine = ”median ”) Type o f combine operat i on

( r e j e c t = ” s i g c l i p ”) Type o f r e j e c t i o n

( p r o j e c t = no ) Pro j e c t h i ghe s t dimension o f input images ?

( outtype = ” r e a l ”) Output image p i x e l datatype

( ou t l im i t s = ””) Output l im i t s ( x1 x2 y1 y2 . . . )

( o f f s e t s = ”none ”) Input image o f f s e t s

(masktype = ”none ”) Mask type

(maskvalue = ”0”) Mask value

( blank = 0 . 0 ) Value i f the r e are no p i x e l s

( s c a l e = ” exposure ”) Image s c a l i n g

( zero = ”none ”) Image zero po int o f f s e t

( weight = ”none ”) Image weights

( s t a t s e c = ””) Image s e c t i o n f o r computing s t a t i s t i c s

( expname = ”EXPTIME”) Image header exposure time keyword

( l t h r e s h o l d = INDEF) Lower th r e sho ld

( hthre sho ld = INDEF) Upper th r e sho ld

( nlow = 1) minmax : Number o f low p i x e l s to r e j e c t

( nhigh = 1) minmax : Number o f high p i x e l s to r e j e c t

( nkeep = 1) Minimum to keep ( pos ) or maximum to r e j e c t ( neg )

( mcl ip = yes ) Use median in sigma c l i p p i n g a lgor i thms ?

( l s igma = 3 . 0 ) Lower sigma c l i p p i n g f a c t o r

( hsigma = 3 . 0 ) Upper sigma c l i p p i n g f a c t o r

( rdno i s e = ”0 . ” ) c c d c l i p : CCD readout no i s e ( e l e c t r o n s )

( gain = ”1 . ” ) c c d c l i p : CCD gain ( e l e c t r o n s /DN)

( s no i s e = ”0 . ” ) c c d c l i p : S e n s i t i v i t y no i s e ( f r a c t i o n )

( s i g s c a l e = 0 . 1 ) Tolerance f o r sigma c l i p p i n g s c a l i n g c o r r e c t i o n s

( p c l i p = −0.5) p c l i p : P e r c e n t i l e c l i p p i n g parameter

( grow = 0 . 0 ) Radius ( p i x e l s ) f o r ne ighbor r e j e c t i o n

imcombine⑲㱂㥔␷⑞␹℣

−−> imcombine @f lat1 . l s t HK500 CDFN2 Domeflat1 . f i t s

␳⑎⑞⑞⑇③╕╩╃╈╕╬ℼ╠⑈␷⑆㭈␨⑞␹␬™┫┦╳╈␬䉧␭␤␿②␳⑎╕╩╃╈⑇㍤⑫⑈

┪╖┸┧┯╈⑎╇ℼ┿⑎┫┦╳╈␬㸮␵␯⑊⑃⑆␷⑞␤⑞␹℣␽⑎␿②™䉧䉎 1⑋㙡␤┫┦╳╈⑋

⑊⑫⑨␦⑋㍤⑪㬻⑲␷⑆␪␭⑞␹℣

−−> imar i th HK500 CDFN2 Domeflat1 . f i t s / 10000 .

HK500 CDFN2 Domeflat1 . f i t s
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㰡⑋™┪╖┸┧┯╈╕╬ℼ╠⑈䘱␸⑨␦⑋ fixpix⑇═╃╉╔┯┻╫⑎㵨䵽⑲␷⑆␪␭⑞␹℣║╩

╡ℼ┿⑏䁨⑛⑉⑈䘱␸⑇␹℣

−−> f i x p i x HK500 CDFN2 Domeflat1 . f i t s mdpdb$bpm/nlbpm1 FF64r . f i t s

㩮䀮␷␿╉ℼ╠╕╩╃╈╕╬ℼ╠⑇™A-B┹┫┤ぺ␭␷␿╇ℼ┿⑲㍤⑪⑞␹℣㝫㉌⑎╕┡┤╫⑏

䁨䘬⑋ “fl”⑲䥕␱⑫␳⑈⑋␷⑞␹℣

−−> ! sed ’ s /\ ( .∗\ ) / f l \1/ ’ abobj1a . l s t > f l o b j 1 a . l s t

−−> imar i th @abobj1a . l s t / HK500 CDFN2 Domeflat1 . f i t s @f lob j1a . l s t

4.2.4 ゆがみ補正

┤╡ℼ┸╳┰╇ℼ┿䵑⑎⑦␬⑟䩤䀵╇ℼ┿╙ℼ┹⑲㭈⑃⑆⑦␬⑟䩤䀵⑲㥔␤⑞␹℣geotran⑎║

╩╡ℼ┿⑲お㈼⑎⑨␦⑋䁟䑪␷⑞␹℣

input = Input data

output = Output data

database = Name o f GEOMAP database f i l e

t rans forms = Names o f coord inate t rans forms in

database f i l e

( geometry = ” geometr ic ”) Transformation type ( l i n e a r , geometr ic )

( xin = INDEF) X o r i g i n o f input frame in p i x e l s

( y in = INDEF) Y o r i g i n o f input frame in p i x e l s

( x s h i f t = INDEF) X o r i g i n s h i f t in p i x e l s

( y s h i f t = INDEF) Y o r i g i n s h i f t in p i x e l s

( xout = INDEF) X o r i g i n o f output frame in

r e f e r e n c e un i t s

( yout = INDEF) Y o r i g i n o f output frame in

r e f e r e n c e un i t s

(xmag = INDEF) X s c a l e o f input p i c tu r e in p i x e l s per

r e f e r e n c e un i t

(ymag = INDEF) Y s c a l e o f input p i c tu r e in p i x e l s per

r e f e r e n c e un i t

( x ro ta t i on = INDEF) X ax i s r o t a t i on in degree s

( y ro ta t i on = INDEF) Y ax i s r o t a t i on in degree s

( xmin = INDEF) Minimum r e f e r e n c e x value o f output

p i c tu r e

(xmax = INDEF) Maximum r e f e r e n c e x value o f output

p i c tu r e

( ymin = INDEF) Minimum r e f e r e n c e y value o f output

p i c tu r e
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(ymax = INDEF) Maximum r e f e r e n c e y value o f output

p i c tu r e

( x s c a l e = 1 . 0 ) X s c a l e o f output p i c tu r e in r e f e r e n c e

un i t s per p i x e l

( y s c a l e = 1 . 0 ) Y s c a l e o f output p i c tu r e in r e f e r e n c e

un i t s per p i x e l

( n co l s = INDEF) Number o f columns in the output p i c tu r e

( n l i n e s = INDEF) Number o f l i n e s in the output p i c tu r e

( xsample = 1 . 0 ) Coordinate s u r f a c e sampling i n t e r v a l

in x

( ysample = 1 . 0 ) Coordinate s u r f a c e sampling i n t e r v a l

in y

( i n t e r p o l an t = ” l i n e a r ”) In t e rpo l an t

( boundary = ” constant ”) Boundary extens i on ( neares t , constant ,

r e f l e c t , wrap )

( constant = 0 . 0 ) Constant boundary extens i on

( f l ux con s e rv e = yes ) Preserve image f l u x ?

( nxblock = 512) X dimension o f working block s i z e in

p i x e l s

( nyblock = 512) Y dimension o f working block s i z e in

p i x e l s

( verbose = yes ) Pr int messages about the p rog r e s s o f

the task

geotran⑲㱂㥔␷⑞␹℣㝫㉌⑎╕┡┤╫⑏䁨䘬⑋ “gc”⑲䥕␱⑫␳⑈⑋␷⑞␹℣

−−> ! sed ’ s /\ ( .∗\ ) / gc \1/ ’ f l o b j 1 a . l s t > gcobj1a . l s t

−−> geotran @f lob j1a . l s t @gcobj1a . l s t

mdpdb$geomap/mcsd i s tc r r1 f eb07new . dbs mcsd i s tc r r1 f eb07new .gmp

␳␳⑇™geotran ⑎⑦␬⑟䩤䀵╇ℼ┿╙ℼ┹⑏™MDPDB ⑋㑞⑞⑬⑆␤⑫③⑎⑲㭈⑃⑆␤⑞

␹℣mdpdb$geomap/mcsdistcrr1 feb07new.dbs™mcsdistcrr1 feb07new.gmp␬㠡㵐㑯 1䵑™md-

pdb$geomap/mcsdistcrr2 feb07new.dbs™mcsdistcrr2 feb07new.gmp ␬㠡㵐㑯 2 䵑⑎ database™

transform⑇␹3℣

4.3 データの切り出し

㰡⑎┻┯┷╧╳␫⑩⑎㩮㙈⑏™䔷䉎䭨⑋㡄䩌⑋㵨䵽⑲␷⑆␤␭⑞␹℣␽⑎␿②™㡄䩌⑎䔷䉎⑎┹

╚┯╈╫⑲䩌⑎╕┡┤╫⑋䁚⑪㵐␷⑞␹℣

3␳⑬お㌰⑎㭾㑼⑎╇ℼ┿䵑⑎⑦␬⑟䩤䀵╇ℼ┿╙ℼ┹␬䤬䵗⑊㹬㥧⑏™MCSRED ⑋㑞⑞⑬⑆␤⑫③⑎⑲㭈䵑␷⑆␯
⑀␵␤℣
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MCSMDP⑎┿┹┯⑇␢⑫maskplot⑲㭈⑃⑆™MDP╕┡┤╫⑲⑦␬⑟䩤䀵㩑⑟㉨䅼⑎㹥⑋╗

╭╃╈␷⑞␹℣

−−> maskplot CDFN MASK02.mdp image=gcflabcrMCSA00057147 . f i t s raw+

╞┹┯╇┶┤╳⑎㭾⑈䀸╇ℼ┿⑇⑏㩂䤸⑎⑈⑪䩽␬せ⑊⑫⑎⑇™␳␳⑇⑏䉧㬨䝄⑋㩂䤸䩑㐹␷⑆

㥧⑯␻⑆␤⑞␹℣␽⑎␿②™┹╪╃╈⑎䀵㍎⑊が䍖⑋⑏╗╭╃╈␵⑬⑆␤⑞␻⑳␬™⑉⑎┹╚┯╈

╫␬⑉⑎䔷䉎␫⑲㙨䩌␹⑫⑋⑏䱲⑋丩⑄⑈㭗␤⑞␹℣

␳⑎㥖㴬⑇⑏™䔷䉎MODS11-0390⑲䀰䱳␹⑫␳⑈⑋␷⑞␹℣╕┡┤╫╪┹╈⑲㩮䀮␷␿㡥⑇™

imcopy␷⑞␹℣䁚⑪㵐␹㩂䤸⑏㍆㰫㍎䜧␷⑆␯⑀␵␤℣␳⑎㭾™┹╪╃╈⑎举䌼⑋㑘㜸⑎䰵␤╇ℼ

┿␬䙾⑩⑊␤␳⑈⑏③⑁⑭⑳⑇␹␬™┹╪╃╈⑲䌻␯␷␹␮⑊␤␳⑈⑋③㔤⑲⑄␱⑆␯⑀␵␤℣

−−> ! sed ’ s / \ ( . ∗ \ ) \ . f i t s /\1 MODS11−0390\. f i t s / ’ gcobj1a . l s t >

gcMODS11−0390. l s t

−−> ! sed ’ s /\ ( .∗\ ) /\1 [∗ , 1 7 55 : 1 840 ] / ’ gcobj1a . l s t > cut . l s t

−−> imcopy @cut . l s t @gcMODS11−0390. l s t

4.4 個別処理

4.4.1 波長較正

␳␳⑇⑏™┹╚┯╈╫⑎ X㰴⑈䝈䐹⑎䉐ㅾ⑲㕡②⑞␹℣㙡䁖㌰䁾⑎╇ℼ┿⑎㹬㥧™㑑䈬㉄䜽⑊

䝈䐹䄴䉎⑋䕏⑃⑆OH⑎䱫㡷㔱䁾␬䘱㭾⑋㑑䈬␵⑬⑞␹⑎⑇␽⑬⑲䵸䵑␷⑞␹℣␳␳⑞⑇㵨䵽␷⑆

␭␿╇ℼ┿⑏™A-B┹┫┤ぺ␭⑋⑨⑃⑆┹┫┤⑎㔱䁾␬ぺ␭㬻␵⑬⑆␷⑞⑃⑆␤⑞␹⑎⑇™┹┫┤

⑎㔱䁾⑲ぺ␭㬻␷⑊␤┹╚┯╈╫⑲㩮䀮␷⑞␹℣お㈼⑎⑨␦⑋␷⑞␹℣

−−> ! sed ’ s /\ ( .∗\ ) / f l s k y \1/ ’ c rob j1a . l s t > f l s k y1a . l s t

−−> imar i th @crobj1a . l s t / HK500 CDFN2 Domeflat1 . f i t s @f lsky1a . l s t

−−> ! sed ’ s /\ ( .∗\ ) / gc \1/ ’ f l s k y1a . l s t > gcsky1a . l s t

−−> geotran @flsky1a . l s t @gcsky1a . l s t

mdpdb$geomap/mcsd i s tc r r2 f eb07new . dbs mcsd i s tc r r2 f eb07new .gmp

−−> ! sed ’ s / \ ( . ∗ \ ) \ . f i t s /\1 MODS11−0390\. f i t s / ’ gcsky1a . l s t

> gcskyMODS11−0390. l s t

−−> ! sed ’ s /\ ( .∗\ ) /\1 [∗ , 1 7 55 : 1 840 ] / ’ gcsky1a . l s t > cut . l s t

−−> imcopy @cut . l s t @gcskyMODS11−0390. l s t

identify⑈␤␦┿┹┯⑲㭈␤⑞␹℣identify⑏™␢⑫㥔⑎┹╚┯╈╫⑲䝈䐹䩽㡾⑋䁚⑪㵐␷™␽

⑎㹥⑇㠡㵐␵⑬␿㔱䁾⑎ X㩂䤸⑈™㭘䑪␷␿䝈䐹⑎╪┹╈⑎䝈䐹⑲䘱䑪␷⑞␹℣㭏②⑎␤␯⑄␫

⑲㱪⑇㭘䑪␹⑫⑈™㰫䘰䔪⑋╕┣╃╈␷⑆㭄⑪⑎㔱䁾⑲㠡㵐™䘱䑪␷⑞␹℣║╩╡ℼ┿⑲お㈼⑎⑨

␦⑋䁟䑪␷⑞␹℣

images = Images conta in ing f e a t u r e s to be

i d e n t i f i e d
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c r va l = Approximate coord inate ( at r e f e r e n c e

p i x e l )

c d e l t = Approximate d i s p e r s i o n

( s e c t i o n = ”middle l i n e ”) Sec t i on to apply to two dimens iona l

images

( database = ”database ”) Database in which to record f e a tu r e

data

( c o o r d l i s t = ”mdpdb$ohlist / l ist NS HK500 ”) User coord inate l i s t

( un i t s = ””) Coordinate un i t s

(nsum = ”20”) Number o f l i n e s /columns/bands to

sum

in 2D images

(match = −3.0) Coordinate l i s t matching l im i t

( maxfeatures = 50) Maximum number o f f e a t u r e s f o r

automatic i d e n t i f i c a t i o n

( zwidth = 100 .0 ) Zoom graph width in user un i t s

( f type = ” emis s ion ”) Feature type

( fwidth = 8 . 0 ) Feature width in p i x e l s

( c r ad iu s = 5 . 0 ) Center ing rad iu s in p i x e l s

( th r e sho ld = 0 . 0 ) Feature th r e sho ld f o r c en t e r i ng

(minsep = 2 . 0 ) Minimum p i x e l s epa ra t i on

( func t i on = ”chebyshev ”) Coordinate func t i on

( order = 4) Order o f coo rd inate func t i on

( sample = ”∗”) Coordinate sample r e g i on s

( n i t e r a t e = 10) Re j ec t i on i t e r a t i o n s

( l ow r e j e c t = 3 . 0 ) Lower r e j e c t i o n sigma

( h i g h r e j e c t = 3 . 0 ) Upper r e j e c t i o n sigma

( grow = 0 . 0 ) Re j ec t i on growing rad iu s

( autowr i te = no ) Automatica l ly wr i t e to database

( g raph i c s = ” stdgraph ”) Graphics output dev i c e

( cu r so r = ””) Graphics cu r so r input

( a idpar s = ””) Automatic i d e n t i f i c a t i o n a lgor i thm

parameters

section⑇⑉⑎㥔⑲㭈␦␫™nsum⑇㈿㥔䈭␷㥧⑯␻␿③⑎⑲㭈␦␫⑲㭘䑪␷⑞␹℣coordlist␬

䘱䑪⑋㭈䵑␹⑫OH䱫㡷⑎╪┹╈⑇␹℣Rousselot et al. (2000) [3] ⑎䱫㡷┢╈╩┹␫⑩ HK500┰

╪┺╠⑎䝈䐹㍓䀵⑋䔬䕶⑊③⑎⑲䄪⑳⑀③⑎␬MCSMDP⑋㑞⑞⑬⑆␤⑞␹⅊㽞 4.1⅋℣

お㈼⑎⑨␦⑋ identify⑲㱂㥔␷⑞␹℣

−−> i d e n t i f y gcflskycrMCSA00057147 MODS11−0390. f i t s
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㽞 4.2⑎⑨␦⑊┰╩╕┣╃┯┦┤╳╉┦␬䤽㰨␵⑬™䉐佃䔪⑋㵨䵽⑲㥔␤⑞␹℣㈣㰴␬ X㰴⑎╔

┯┻╫⑇™㵄㰴⑏™␳␳⑇⑏㉨䅼⑎䍦㼴⑎㥔␫⑩ 20╔┯┻╫䥽⑇䈭␷㥧⑯␻␿┫┦╳╈⑋⑊⑃⑆

␤⑞␹℣┭ℼ╜ℼ╉␫⑩┳╞╳╉⑲䉇⑃⑆䅠㩮␷⑞␹⑎⑇™㱧⑊┳╞╳╉⑲䤽 4.1⑋⑞⑈②⑆␪␭

⑞␹℣

䤽 4.1: identify⑎㱧⑊┳╞╳╉┭ℼ

┭ℼ 䘰㩮

m ┫ℼ┽╫⑎㙡␯⑎㔱䁾⑲㠡㵐␷™䝈䐹⑲㭘䑪␷⑞␹℣

d ┫ℼ┽╫⑎㙡␯⑇䘱䑪␵⑬⑆␤⑫㔱䁾⑲㩯㵼␷⑞␹℣

c ┫ℼ┽╫⑎㙡␯⑇䘱䑪␵⑬⑆␤⑫㔱䁾⑎㩂䤸⑲䤽㰨␷⑞␹℣

w ┹╚ℼ┹⑋䈳␱⑆┦┤╳╉┦┳╞╳╉⑲䙾乏␷⑞␹⅊㈼㔭⅋℣

f ╕┣╃╈╢ℼ╉⑋䙾⑪⑞␹⅊㡥㵒⅋℣

l ╪┹╈␫⑩㰫䘰䔪⑋㔱䁾⑲㠡㵐␷™䘱䑪␷⑞␹℣

q identify⑲㴪主␷⑞␹℣

? ┳╞╳╉⑎╪┹╈⑲┿ℼ╟╊╫⑋䤽㰨␷⑞␹℣

┦┤╳╉┦┳╞╳╉

b ┫ℼ┽╫⑎㹬㵪␬┰╩╕⑎㈼䌼⑋⑊⑪⑞␹℣

t ┫ℼ┽╫⑎㹬㵪␬┰╩╕⑎㹥䌼⑋⑊⑪⑞␹℣

x X㰴⑋⑄␤⑆┺ℼ╠␷⑞␹℣

y Y㰴⑋⑄␤⑆┺ℼ╠␷⑞␹℣

? ┦┤╳╉┦┳╞╳╉⑎╪┹╈⑲┿ℼ╟╊╫⑋䤽㰨␷⑞␹℣

⑞␺™“m”⑇㱧⑊㔱䁾⑲䄪⑳⑇䘱䑪␷⑆␤␭⑞␹℣㽞 4.1␫⑩™䱜丩⑄㔱䁾⑲ 5㡄␯⑩␤䄪⑓™

␽⑬⑋䉐ㅾ␹⑫㔱䁾⑎␽⑐⑇ “m”⑲㈡␷⑞␹4℣䝈䐹⑲䨹␫⑬⑫⑎⑇™␽⑎㔱䁾⑎䝈䐹⑲䉇⑁㥾⑟

⑞␹℣䀰㽴䥴䨬⑞⑇䉇⑁㥾①⑈ぬ䡖㙡␤㽴㭺⑎㔱䁾⑲╪┹╈␫⑩䄪⑳⑇␯⑬⑫⑎⑇™㸮㽴䕀お㈼⑞

⑇䄴⑆䉇⑁㥾①䤬䵗⑏␢⑪⑞␻⑳℣

5㡄⑛⑉䄪⑳⑀㵪⑇ “f”⑲㈡␹⑈™㩂䤸╕┣╃╆┣╳┰⑎╢ℼ╉⑋䙾⑪™㽞 4.3⑎⑨␦⑋⑊⑪⑞

␹℣㈣㰴␬䝈䐹™㵄㰴␬╕┣╃╈␷⑆␤⑫㑘㽴␫⑩⑎㭄⑪⅊residual⅋⑇␹℣3㰡⑎ Chebychev䈿

㥠㰰⑇╕┣╃╈␷⑆␤⑞␹5℣㰡㽴⑤╕┣╃╈␹⑫䈿㥠㰰⑊⑉⑏␳␳⑇䉐佃䔪⑋䩑㤹␹⑫␳⑈③⑇␭

⑞␹℣␳⑎㩂䤸╕┣╃╆┣╳┰⑎╢ℼ╉⑏ identifyお㌰⑇③ iraf⑇㩂䤸⑎䈿㥠㰰╕┣╃╈⑲㥔␦㹬

㵪⑇⑏义␯㭈⑯⑬⑞␹℣╕┣╃╆┣╳┰╢ℼ╉⑇⑎㱧⑊┳╞╳╉⑲䤽 4.2⑋⑞⑈②⑆␪␭⑞␹℣

4H ═╳╉⑋␢⑫䱀⑫␤ 4 䭜⑏䱀⑫␹␮⑆┵╁⑫␳⑈␬䈿␤⑎⑇䡲␱⑆␯⑀␵␤℣㨣㉳⑏㠡㵐㑯 1 ⑎╇ℼ┿⑎㉲䁏⑲␷
⑆␤⑞␹⑎⑇™X ␬䉧␭␯⑊⑫⑋⑄⑬⑆䝈䐹␬㸮␵␯⑊⑃⑆␤⑫␳⑈⑋䍭さ␷⑆␯⑀␵␤℣

5order=4 ⑈⑊⑃⑆␤⑞␹␬™iraf ⑎ order ⑏㰡㽴⑇⑏⑊␯㥠⑎㽴⑲䤽␹⑎⑇㽴㍘⑇㡀␦㰡㽴⑏ order-1 ⑋⑊⑪⑞␹℣
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㽞 4.2: identify⑎┰╩╕┣╃┯┦┤╳╉┦

䤽 4.2: identify⑎╕┣╃╆┣╳┰╢ℼ╉⑎㱧⑊┳╞╳╉┭ℼ

┭ℼ 䘰㩮

h,i,j,k,l ┰╩╕⑎㵄㈣⑎㰴⑲䩑␨⑞␹℣

f ╇ℼ┿⑲㩆╕┣╃╈␷⑆┰╩╕⑲㩆䥁㉨␷⑞␹℣

d ┫ℼ┽╫⑎㙡␯⑎䕀⑲╕┣╃╆┣╳┰␫⑩㵼㌰␷⑞␹℣

u ╕┣╃╆┣╳┰␫⑩㵼㌰␷␿䕀⑲䥼㍨␷⑞␹℣

c ┫ℼ┽╫⑎㙡␯⑎䕀⑎㩂䤸⑲䤽㰨␷⑞␹℣

s ╕┣╃╆┣╳┰⑋㭈␦┵╳╗╫⑲乎と㭘䑪␷⑞␹℣

z 乎と㭘䑪⑲㉲㵼␷⑞␹℣

:order n ╕┣╃╆┣╳┰⑎㰡㽴⑲ n-1⑋䩑㤹␷⑞␹℣

:function 㑘㽴䰾 ╕┣╃╆┣╳┰⑋㭈␦䈿㥠㰰⑲䩑㤹␷⑞␹℣

:niterate sigma rejection⑲㥔␦㉳㽴⑲㭘䑪␷⑞␹℣

:low reject sigma rejection⑎㈼䈦⑎␷␭␤䍍⑲㭘䑪␷⑞␹℣

:high reject sigma rejection⑎㹥䈦⑎␷␭␤䍍⑲㭘䑪␷⑞␹℣

q ╕┣╃╆┣╳┰╢ℼ╉⑲䠴␱⑆㠵⑎㉨䱌⑋䱡⑪⑞␹℣

? ╕┣╃╆┣╳┰┳╞╳╉⑎╪┹╈⑲┿ℼ╟╊╫⑋䤽㰨␷⑞␹℣
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㽞 4.3: identify⑎╕┣╃╈╢ℼ╉

␳␳⑇™“q”⑲㈡␹⑈㩇㵩⑎⑨␦⑋䱡⑪⑞␹␬™㈣㰴␬䝈䐹⑋⑊⑃⑆␤⑫␳⑈⑋㔤⑅␯⑇␷⑧␦℣

㨣™╕┣╃╈␷␿㑘㽴⑲㠵⑋㝗㬻␵⑬␿䍍⑋⑊⑃⑆␤⑞␹℣␵⑩⑋ “l”⑲㈡␹⑈™䱫㡷╪┹╈⑋␢

⑫㭄⑪⑎㔱䁾⑲㰫䘰䔪⑋䘱䑪␷⑞␹℣

㩆⑓ “f”⑲㈡␷⑆╕┣╃╈╢ℼ╉⑋䙾⑪™义␤╕┣╃╈⑋⑊⑃⑆␤⑫␫⑉␦␫⑲㍎䜧␷⑞␹℣HK500

┰╪┺╠⑎㹬㥧™7.72 [Å/pixel]⑇␷␿⑎⑇™RMS␬㽴Å䑸䕙⑋⑊⑃⑆␤⑬⑐㴼䨬⑇␹℣“q”⑲㈡

␷⑆╕┣╃╈╢ℼ╉⑲䠴␱™③␦ぬ䕙 “q”⑲㈡␹⑈ identify⑲㴪主␷⑞␹℣␳⑎㭾™

Write f e a t u r e data to the database ( yes )?

⑈䨹␫⑬⑞␹⑎⑇™return┭ℼ⑲㈡␷⑞␹℣␳⑬⑋⑨⑃⑆™database╇┣╬┯╈╪⑎㈼⑎╕┡

┤╫ (database/idgcflskycrMCSA00057147 MODS11-0390)⑋䘱䑪␵⑬␿㔱䁾⑈㩂䤸⑎䉐ㅾ⑎㹰䩳

␬㵱␭㥾⑞⑬⑞␹℣

␳␳⑞⑇⑎㩮㙈⑇™㉨䅼⑎䍦㼴⑎㥔⑋⑄␤⑆⑏╔┯┻╫⑈䝈䐹⑎䉐ㅾ␬䥕␭⑞␷␿␬™┹╚┯╈

╫⑎䄴⑆⑎㥔⑇␽⑎䉐ㅾ␬䀮⑪丩⑄⑈⑏㡂⑪⑞␻⑳℣㠡㵐㑯⑈┹╪╃╈⑎䅪䉐䔪⑋㉳䔾␷⑆␤␿

⑪™㡷㍘㝏⑋⑨⑫䅼⑎佄⑟⑋⑨⑃⑆┹╚┯╈╫␬㙊␬⑪⑞␹℣

reidentify⑈␤␦┿┹┯⑲㭈␦⑈™identify⑇䍦㼴⑎㥔⑋⑄␤⑆㔱䁾⑲䘱䑪␷™╕┣╃╈␷␿╇ℼ

┿╙ℼ┹⑲㠵⑋™㹥㈼⑎㥔⑇㰫䘰䔪⑋㔱䁾⑲䘱䑪␷⑞␹℣reidentify⑎║╩╡ℼ┿⑲お㈼⑎⑨␦⑋

䁟䑪␷⑆㱂㥔␷⑞␹℣
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r e f e r e n c e = Reference image

images = Images to be r e i d e n t i f i e d

answer = ”yes ” Fit d i s p e r s i o n func t i on

i n t e r a c t i v e l y ?

c r va l = Approximate coord inate ( at r e f e r e n c e

p i x e l )

c d e l t = Approximate d i s p e r s i o n

( i n t e r a c t i v e = ”no”) I n t e r a c t i v e f i t t i n g ?

( s e c t i o n = ”middle l i n e ”) Sec t i on to apply to two dimens iona l

images

( newaps = yes ) Re iden t i f y ape r tu r e s in images not in

r e f e r e n c e ?

( ov e r r i d e = yes ) Overr ide prev ious s o l u t i o n s ?

( r e f i t = yes ) Re f i t coo rd inate func t i on ?

( t r a c e = yes ) Trace r e f e r e n c e image?

( s tep = ”20”) Step in l i n e s /columns/bands f o r

t r a c i ng an image

(nsum = ”20”) Number o f l i n e s /columns/bands to sum

( s h i f t = ”0 . ” ) Sh i f t to add to r e f e r e n c e f e a t u r e s

(INDEF to search )

( search = 0 . 0 ) Search rad iu s

( n l o s t = 100) Maximum number o f f e a t u r e s which may

be l o s t

( c r ad iu s = 5 . 0 ) Center ing rad iu s

( th r e sho ld = 0 . 0 ) Feature th r e sho ld f o r c en t e r i ng

( add f ea ture s = no ) Add f e a t u r e s from a l i n e l i s t ?

( c o o r d l i s t = ”mdpdb$ohlist / l ist NS HK500 ”) User coord inate l i s t

(match = −3.0) Coordinate l i s t matching l im i t

( maxfeatures = 50) Maximum number o f f e a t u r e s f o r

automatic i d e n t i f i c a t i o n

(minsep = 2 . 0 ) Minimum p i x e l s epa ra t i on

( database = ”database ”) Database

( l o g f i l e s = ” l o g f i l e ”) L i s t o f l og f i l e s

( p l o t f i l e = ””) Plot f i l e f o r r e s i d u a l s

( verbose = yes ) Verbose output ?

( g raph i c s = ” stdgraph ”) Graphics output dev i c e

( cu r so r = ””) Graphics cu r so r input
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( a idpar s = ””) Automatic i d e n t i f i c a t i o n a lgor i thm

parameters

−−> r e i d e n t i f y gcflskycrMCSA00057147 MODS11−0390. f i t s

gcflskycrMCSA00057147 MODS11−0390. f i t s

␳⑬⑋⑨⑃⑆™䍦㼴␫⑩㹥㈼⑋ 20╔┯┻╫䍖␭⑋䈭␷㥧⑯␻™␽⑬␾⑬⑎㥔⑇㔱䁾⑲䘱䑪␷␿

③⑎␬╇ℼ┿╙ℼ┹⑋䑉㉃␵⑬⑞␷␿6℣⑄⑞⑪™╇ℼ┿╙ℼ┹⑋⑏䱫㡷⑎㹬㵪⑇⑎ X,Y㩂䤸⑈䝈

䐹⑎䉐ㅾ␬㔭㵒␵⑬⑆␤⑫␳⑈⑋⑊⑪⑞␹℣␳⑬⑩⑎䉐ㅾ␹⑫䕀⑲㭈⑃⑆ 2㰡㠵⑇╕┣╃╈␹⑫␳

⑈⑋⑨⑃⑆™㉨䅼㰫䉎⑎ X㰴⑲䝈䐹⑋™Y㰴⑲┹╪╃╈⑎㙵㑖䩽㡾⑋䉐ㅾ␵␻⑫␳⑈␬⑇␭⑞␹℣

␳⑎╕┣╃╈⑲㥔␦┿┹┯␬ fitcoords⑇␹℣fitcoords⑎║╩╡ℼ┿⑲お㈼⑎⑨␦⑋䁟䑪␷⑞␹℣

images = Images whose coo rd ina t e s are to be f i t

( f i tname = ””) Name f o r coord inate f i t in the

database

( i n t e r a c t i v e = yes ) Fi t coo rd ina t e s i n t e r a c t i v e l y ?

( combine = no ) Combine input coo rd ina t e s f o r a

s i n g l e f i t ?

( database = ”database ”) Database

( d e l e t i o n s = ” d e l e t i o n s . db”) De l e t i on l i s t f i l e ( not used i f nu l l )

( f unc t i on = ”chebyshev ”) Type o f f i t t i n g func t i on

( xorder = 4) X order o f f i t t i n g func t i on

( yorder = 3) Y order o f f i t t i n g func t i on

( l o g f i l e s = ”STDOUT, l o g f i l e ”) Log f i l e s

( p l o t f i l e = ” p l o t f i l e ”) Plot l og f i l e

( g raph i c s = ” stdgraph ”) Graphics output dev i c e

( cu r so r = ””) Graphics cu r so r input

function⑈ xorder⑋⑄␤⑆™identify, reidentify⑇义␤╕┣╃╈⑋⑊⑃␿③⑎⑲䙾⑬⑆␤⑞␹℣

お㈼⑎⑨␦⑋㱂㥔␷⑞␹℣

−−> f i t c o o r d s gcflskycrMCSA00057147 MODS11−0390

identify⑎㭾⑈㭷␿⑨␦⑊╕┣╃╆┣╳┰⑎┰╩╕␬㠽⑬⑞␹␬™┳╞╳╉␬㸯␷っ␤⑞␹℣fit-

coords⑎㱧⑊┳╞╳╉⑲䤽 4.3⑋⑞⑈②⑆␪␭⑞␹℣fitcoords⑇⑏™X㰴™Y㰴⑎㩂䤸⑲䩑␨⑊

␬⑩╕┣╃╈␬䀵␷␤␫⑉␦␫⑲㍎䜧␷™䤬䵗⑋ㅾ␸⑆╕┣╃╈⑎║╩╡ℼ┿⑲䩑㤹␷⑞␹℣

6interactive=yes ⑈␷⑆㱂㥔␹⑫⑈㙱䉎䔪⑋㈿⑲⑤⑃⑆␤⑫⑎␫␬义␯䨬␫⑫⑈㭗␤⑞␹
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䤽 4.3: fitcoords⑎㱧⑊┳╞╳╉┭ℼ

┭ℼ 䘰㩮

x[key],y[key] ␽⑬␾⑬™X㰴™Y㰴⑲ key⅊㈼㔭⅋⑋䉐ㅾ␹⑫䍍⑋䩑㤹␷⑞␹℣

r ┰╩╕⑲㩆䥁㉨␷⑞␹℣

f 䴿␨⑩⑬␿║╩╡ℼ┿⑇╕┣╃╈⑲㱂㥔␷⑞␹℣

:order n ╕┣╃╆┣╳┰⑎㰡㽴⑲ n-1⑋䩑㤹␷⑞␹℣

:function 㑘㽴䰾 ╕┣╃╆┣╳┰⑋㭈␦䈿㥠㰰⑲䩑㤹␷⑞␹℣

q fitcoords⑲㴪主␷⑞␹℣

? ╕┣╃╆┣╳┰┳╞╳╉⑎╪┹╈⑲┿ℼ╟╊╫⑋䤽㰨␷⑞␹℣

[key] ⑎䍍

x X㩂䤸

y Y㩂䤸

z 䘱䑪␷␿㔱䁾⑎䝈䐹

s ╕┣╃╈␷␿㭾⑎䝈䐹

r ╕┣╃╈⑎㭄㨹 (s-z)

乣␨⑐™“xxyy”⑈㈡␷⑆␫⑩ “r”⑈␹⑫⑈™㈣㰴␬X㩂䤸™㵄㰴␬Y㩂䤸⑈⑊⑃⑆䘱䑪␷␿㔱

䁾⑎䨬䥛⑲䤽㰨␷⑞␹℣identify⑈ reidentify␬⑉⑎⑨␦⑋㔱䁾⑲䘱䑪␷␿␫␬⑯␫⑪⑞␹℣㉨䅼

䄴䉎⑋㤭␯䨬䥛␷⑆␤⑫␳⑈⑲㍎䜧␷⑆␯⑀␵␤℣

X 㰴⑎╕┣╃╈⑎㍎䜧⑲␹⑫⑋⑏™X 㰴⑲ x 㩂䤸™Y 㰴⑲╕┣╃╈⑎㭄㨹⑋␷⑞␹ (“xxyr”)℣

xorder⑲䩑␨⑆╕┣╃╈␷⑊␬⑩™㭄㨹⑎ RMS⑀␱⑇⑊␯䄴䉎⑋䉧と䔪⑊║┿ℼ╳␬䰵␤␫⑲㍎

䜧␷⑆␯⑀␵␤℣乣␨⑐ 2㰡㑘㽴⑎⑨␦⑊║┿ℼ╳␬␢⑫㹬㥧™㰡㽴⑲ 2⑄㹥␲⑫⑈␽⑎║┿ℼ╳

␬㹃␨⑞␹℣䉧と䔪⑊║┿ℼ╳␬㵐⑊␤™㩇③䑣␤㰡㽴⑋⑊⑫⑨␦⑋㭘䑪␷⑞␹℣䘱䵍⑋™X㰴⑲

y㩂䤸™Y㰴⑲╕┣╃╈⑎㭄㨹⑋␹⑫⅊“xyyr”⅋⑈™Y㰴⑎╕┣╃╈⑎㍎䜧␬⑇␭⑞␹℣㍎䜧␬㴪

⑯⑃␿⑩™q⑲㈡␷⑆ fitcoords⑲㴪主␷™㝫㉌⑲╇ℼ┿╙ℼ┹⑋㵱␭㵐␷⑞␹℣

␳␳⑞⑇⑎㩮㙈⑇⑏™1䭧䱜⑎╕╬ℼ╠ (MCSA00057147)␫⑩㠡㵐␷␿䱫㡷㔱䁾⑲㭈⑃⑆䩑㐹

䵑⑎╕┣╃╈㑘㽴⑲㕡②⑞␷␿℣MOIRCS⑇⑏䅵䍖⑎␿⑯⑟⑋⑨⑃⑆㑑䈬䍦⑋㩇䉧⑇ 3╔┯┻╫䑸

䕙™╞┹┯⑈㠡㵐㑯⑎䅪䉐が䍖␬ぜ䘰␹⑫␳⑈␬䍎⑩⑬⑆␤⑞␹℣㴾⑃⑆™㠷䰩⑋⑏䄴⑆⑎╕╬ℼ

╠⑇䱫㡷㔱䁾⑎䘱䑪⑲␷⑆㹬㵪⑲㥧⑯␻⑫䤬䵗␬␢⑪⑞␹7℣╕╬ℼ╠㽴③␽⑬⑛⑉䈿␯⑊␤⑎⑇™

␳␳⑇⑏ 1䭧䱜⑎╕╬ℼ╠⑇㕡②␿╕┣╃╈⑲㠵⑋™䄴⑆⑎╕╬ℼ╠⑎⑦␬⑟䩤䀵⑲␷⑞␹℣

fitcoords⑇㕡②␿╇ℼ┿╙ℼ┹⑲㠵⑋㉨䅼⑎䩑㐹⑲㥔␦┿┹┯␬ transform⑇␹℣transform⑎

║╩╡ℼ┿⑲お㈼⑎⑨␦⑋䁟䑪␷⑞␹℣

input = Input images

output = Output images

f i tnames = Names o f coord inate f i t s in the

database

(minput = ””) Input masks

7MCSMDP ⑏㰫䘰䔪⑋␽⑬⑲㥔␦⑨␦⑋⑊⑃⑆␤⑞␹℣
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㽞 4.4: ⑦␬⑟䩤䀵䄰㡥⑎ 2㰡㠵┹╚┯╈╫⅊㹥:䩤䀵䄰™㈼℧䩤䀵㡥⅋

(moutput = ””) Output masks

( database = ”database ”) I d e n t i f y database

( in t e rp type = ” l i n e a r ”) I n t e r p o l a t i o n type

( x1 = INDEF) Output s t a r t i n g x coord inate

( x2 = INDEF) Output ending x coord inate

(dx = INDEF) Output X p i x e l i n t e r v a l

( nx = INDEF) Number o f output x p i x e l s

( x log = no ) Logar ithmic x coord inate ?

( y1 = INDEF) Output s t a r t i n g y coord inate

( y2 = INDEF) Output ending y coord inate

(dy = INDEF) Output Y p i x e l i n t e r v a l

( ny = INDEF) Number o f output y p i x e l s

( y log = no ) Logar ithmic y coord inate ?

( f l u x = yes ) Conserve f l u x per p i x e l ?

( blank = INDEF) Value f o r out o f range p i x e l s

( l o g f i l e s = ”STDOUT, l o g f i l e ”) L i s t o f l og f i l e s

お㈼⑎⑨␦⑋ transform⑲㱂㥔␷⑞␹℣㝫㉌╕┡┤╫⑎䁨䘬⑋⑏ “tr”␬䥕␯␳⑈⑋␷⑞␹℣

−−> ! sed ’ s /\ ( .∗\ ) / t r \1/ ’ gcMODS11−0390. l s t > trMODS11−0390. l s t

−−> trans form @gcMODS11−0390. l s t @trMODS11−0390. l s t

gcflskycrMCSA00057147 MODS11−0390

transform䄰㡥⑎㉨䅼⑲ ds9⑋䤽㰨␷⑆䡦⑙⑆⑟⑞␷⑧␦⅊㽞 4.4⅋℣䩤䀵䄰⑏䱫㡷㔱䁾␬㱐②⑋

⑊⑃⑆␤⑞␹␬™䩤䀵㡥⑏ Y㰴⑋ㅨ⑃⑆⑞⑃␹␰⑋⑊⑃⑆␤⑫␳⑈␬⑯␫⑪⑞␹℣䨬㬶⑎䩽㡾③

㕕⑋⑊⑃⑆␤⑫␳⑈⑋㔤␬⑄␯⑈㭗␤⑞␹℣⑞␿™transform␷␿㡥⑎ FITS╕┡┤╫⑋⑏╘╃╀

⑋䝈䐹㍓䀵⑎㹰䩳␬䑉㉃␵⑬⑫⑎⑇™┫ℼ┽╫⑲䕶⑆␿㹬㵪⑎䝈䐹␬ ds9⑎ information panel⑋

䤽㰨␵⑬⑫⑨␦⑋⑊⑪⑞␹℣

−−> mdpdisplay gcflabcrMCSA00057147 MODS11−0390. f i t s frame=1

−−> mdpdisplay trgcflabcrMCSA00057147 MODS11−0390. f i t s frame=2
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4.4.2 残りスカイ引き

䁚⑪㵐␷⑎䄰⑋ A-B╚┢⑇┹┫┤⑲ぺ␤␿⑋③␫␫⑯⑩␺™⑞⑀䱫㡷㔱䁾␬㭄⑃⑆␤⑫⑨␦⑋

㠫␨⑞␹℣␳⑬⑏™A-B╚┢⑎㑑䈬⑲␷⑆␤⑫㑖⑋┹┫┤⑎┫┦╳╈␬䩑㈽␷⑆␷⑞⑃␿␳⑈␬

㠶へ⑇␹℣␳␳⑇⑏™␳⑎ぺ␭㭄⑃␿┹┫┤⑲㙵㑖䩽㡾⑋䈿㥠㰰⑇╕┣╃╈␷⑆ぺ␭⑞␹℣䄰⑎䁡

⑇™transform⑲㭈⑃⑆Y㰴␬㙵㑖䩽㡾⑋ぬ䍗␹⑫⑨␦⑋䩤䀵␷␿⑎⑋⑏™␳⑎┹┫┤ぺ␭⑲⑤⑪

⑤␹␯␹⑫⑈␤␦䱜䔪③␢⑪⑞␹℣␳⑬⑋⑨⑃⑆™Y㰴䩽㡾⑋╕┣╃╈␹⑫⑀␱⑇┹┫┤⑲ぺ␯␳

⑈␬⑇␭⑫␫⑩⑇␹℣

background⑈␤␦┿┹┯⑲㭈␤⑞␹℣お㈼⑎⑨␦⑋ background⑎║╩╡ℼ┿⑲䁟䑪␷™㱂㥔

␷⑞␹℣㝫㉌⑎╕┡┤╫⑋⑏䁨䘬⑋ “bg”␬䥕␭⑞␹℣

input = Input images to be background

subtracted

output = Output background subtracted images

( ax i s = 2) Axis a long which background i s f i t

and subtracted

( i n t e r a c t i v e = yes ) Set f i t t i n g parameters i n t e r a c t i v e l y ?

( sample = ”∗”) Sample o f po in t s to use in f i t

( naverage = 1) Number o f po in t s in sample averag ing

( func t i on = ”chebyshev ”) F i t t i n g func t i on

( order = 3) Order o f f i t t i n g func t i on

( l ow r e j e c t = 3 . 0 ) Low r e j e c t i o n in sigma o f f i t

( h i g h r e j e c t = 3 . 0 ) High r e j e c t i o n in sigma o f f i t

( n i t e r a t e = 3) Number o f r e j e c t i o n i t e r a t i o n s

( grow = 0 . 0 ) Re j ec t i on growing rad iu s

( g raph i c s = ” stdgraph ”) Graphics output dev i c e

( cu r so r = ””) Graphics cu r so r input

−−> ! sed ’ s /\ ( .∗\ ) / bg \1/ ’ trMODS11−0390. l s t > bgMODS11−0390. l s t

−−> background @trMODS11−0390. l s t @bgMODS11−0390. l s t

㱂㥔␹⑫⑈┰╩╕䅫␬㠽⑬⑆ Fit column⑲䨹␫⑬⑞␹℣␳␳⑇⑏™╕┣╃╈⑎㹲㝯⑲㝨②⑫⑎

⑋㍎䜧␹⑫␿②⑎X㩂䤸⑲䙾乏␷⑞␹℣ds9⑋䤽㰨␵⑬␿┹╚┯╈╫⑲㠫⑊␬⑩™┹╚┯╈╫⑎䍦

㼴䥕㙡⑇™䱀⑫␤䱫㡷㔱䁾␬㭄⑃⑆␤⑫乳⑲㭘䑪␷⑞␹℣

㽴㭺⑲䙾乏␹⑫⑈™㭘䑪␷␿乳⑋ㅨ⑃⑆ 1㰡㠵⑋䁚⑪㵐␷␿┫┦╳╈⑈™┿┹┯⑎║╩╡ℼ┿⑋

㭘䑪␷␿㹲㝯⑇╕┣╃╈␷␿㑘㽴␬╗╭╃╈␵⑬⑞␹℣␳⑎╗╭╃╈⑲㠫⑊␬⑩╕┣╃╆┣╳┰⑎

㹲㝯⑲㭘䑪␷⑞␹℣background⑎┰╩╕䅫⑇㭈䵑␹⑫┳╞╳╉⑏ identify⑎╕┣╃╆┣╳┰╢ℼ

╉⑈⑛⑜䘱␸⑇␹℣

ぺ␱㭄⑪⑎┹┫┤⑏™㜹␭⑋㉃␨⑆㑋⑤␫⑊圿㙊␬㠫␨⑫䑸䕙␬䈿␤⑎⑇™╕┣╃╈␹⑫㑘㽴⑏

2㰡 (order=3) ⑎╕┣╃╈⑇义␤␯⑩␤⑀⑈㭗␤⑞␹℣䱀⑫␤伢䈳㡷␬㠫␨⑆␤⑫㹬㥧⅊䤸㵠䀱⑊

⑉⅋⑤™┹╚┯╈╫⑎䁚⑪㵐␷⑎㭾⑋䌼⑎䩽⑋㑘㜸⑊␤╇ℼ┿␬䙾⑃⑆␷⑞⑃␿㹬㥧䕹⑏™╕┣╃

╈␬␽⑬⑩⑋ぺ⑃䐥⑩⑬⑆␷⑞␤⑞␹⑎⑇™“s”⑇╕┣╃╈⑋㭈␦乎と⑲㭘䑪␹⑫⑎␬义␤⑇␹℣
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╕┣╃╈⑋㭈␦乎と㭘䑪③㑞②⑆™␳␳⑇㭘䑪␷␿㹲㝯⑏䄴⑆⑎乳⑇䘱␸㹲㝯␬㭈⑯⑬⑞␹℣1

⑄⑎乳⑇㭘䑪␷␿㡥 “q”⑇䠴␱⑞␹␬™㩆⑓ Fit column⑲䨹␫⑬⑞␹℣䈾⑎ column⑇③䱤䉪⑊

␤␳⑈⑲㍎䜧␷⑆␯⑀␵␤℣

㴪⑯⑃␿⑩™㝫㉌⑎㉨䅼⑲ ds9⑋䤽㰨␷⑆␭⑬␤⑋┹┫┤␬ぺ␱⑆␤⑫␳⑈⑲㍎䜧␷⑞␹℣

4.5 足し合わせ

┹╚┯╈╫⑲䈭␷㥧⑯␻⑞␹℣㨣™㵨䵽␷⑆␤⑫ 4䭧⑎╇ℼ┿⑏™␽⑬␾⑬ A-B ⑎╚┢⑇┹┫

┤ぺ␭⑲␷␿③⑎⑇␷␿℣⑄⑞⑪™A䕀⑎╇ℼ┿⑀␱⑇⑊␯™B䕀⑎䨬⑎╇ℼ┿⑏╍┬╆┣╖⑊┷

┰╊╫⑈␷⑆㱌⑃⑆␤⑫⑏␺⑇␹℣␽␳⑇™╗╩┹╞┤╊┹⑲⑒⑃␯⑪䩖␷␿㉨䅼⑲㩮⑪╇┣┶␷

␿䨬⑀␱␺⑩␹⑈™A䕀⑎╇ℼ┿⑋㉃␨⑆ B䕀⑎╇ℼ┿③䈭␹␳⑈␬⑇␭™8䭧䨬⑎┷┰╊╫⑲䈭

␹␳⑈␬⑇␭⑞␹℣

⑞␺™╇┣┶䥽䨬␺⑩␷⑆ B䕀⑎┷┰╊╫⑲ A䕀⑈䘱␸㹬㵪⑋ぜ䘰␷⑞␹℣╇┣┶䥽⑏╘╃╀

⑋㵱␫⑬⑆␤⑫⑎⑇™お㈼⑎⑨␦⑋㍎䜧␷⑞␹℣

−−> h s e l e c t @bgMODS11−0390. l s t ”$I ,K DITWID” yes

bgtrgcflabcrMCSA00057147 MODS11−0390. f i t s 3 .000

bgtrgcflabcrMCSA00057151 MODS11−0390. f i t s 3 .000

bgtrgcflabcrMCSA00057159 MODS11−0390. f i t s 3 .000

bgtrgcflabcrMCSA00057163 MODS11−0390. f i t s 3 .000

␹⑙⑆ 3䥃⑎╇┣┶⑲㼶⑃⑆␤⑫␳⑈␬⑯␫⑪⑞␷␿℣MOIRCS⑎╔┯┻╫┹┱ℼ╫⑏ 0.117

arcsec/pixel⑊⑎⑇™3.0/0.117 ∼ 26pixel␺⑩␷⑞␹℣䀰㽴⑋␷␿⑎⑏┵╖╔┯┻╫⑎ぜ䘰␬␢⑫

⑈䴾㝗⑊䙢䅞␬䙾⑫␿②⑇␹℣imshift⑲㭈␤⑞␹℣

−−> ! sed ’ s /\ ( .∗\ ) / sh \1/ ’ bgMODS11−0390. l s t > shMODS11−0390. l s t

−−> im sh i f t @bgMODS11−0390. l s t @shMODS11−0390. l s t 0 26

㰡⑋™┷╕╈␷␿㉨䅼⑎䥤㥦⑲⑒⑃␯⑪䩖␷⑞␹℣imarith⑲㭈␤⑞␹℣

−−> ! sed ’ s /\ ( .∗\ ) / ng \1/ ’ shMODS11−0390. l s t > ngMODS11−0390. l s t

−−> imar i th @shMODS11−0390. l s t ∗ −1 @ngMODS11−0390. l s t

㩇㡥⑋™imcombine⑲㭈⑃⑆㉨䅼⑲䈭␷㥧⑯␻⑞␹℣㨣㉳⑏㉨䅼⑎䭧㽴␬␽⑬⑛⑉䈿␯⑊␤⑎

⑈™䑙␷␭⑬⑆␤⑊␤ㄧ䍨䁾┤╙╳╈␬␫⑊⑪⑎㽴␢⑪⑞␹⑎⑇™䈭␷㥧⑯␻⑏median⑲㱨⑫␳

⑈⑋␷⑞␷␿℣お㈼⑎⑨␦⑋ imcombine⑎║╩╡ℼ┿⑲䁟䑪␷™㱂㥔␷⑞␹℣

input = ”” L i s t o f images to combine

output = ”” L i s t o f output images

( headers = ””) L i s t o f header f i l e s ( op t i ona l )

( bpmasks = ””) L i s t o f bad p i x e l masks ( op t i ona l )

( re jmasks = ””) L i s t o f r e j e c t i o n masks ( op t i ona l )

( nrejmasks = ””) L i s t o f number r e j e c t e d masks℡℡℡℡℡℡

℡℡℡℡℡℡℡
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( op t i ona l )

( expmasks = ””) L i s t o f exposure masks ( op t i ona l )

( s igmas = ””) L i s t o f sigma images ( op t i ona l )

( imcmb = ”$I ”) Keyword f o r IMCMB keywords

( l o g f i l e = ”STDOUT”) Log f i l e

( combine = ”median ”) Type o f combine operat i on

( r e j e c t = ” s i g c l i p ”) Type o f r e j e c t i o n

( p r o j e c t = no ) Pro j e c t h i ghe s t dimension o f input

images ?

( outtype = ” r e a l ”) Output image p i x e l datatype

( ou t l im i t s = ””) Output l im i t s ( x1 x2 y1 y2 . . . )

( o f f s e t s = ”none ”) Input image o f f s e t s

(masktype = ”none ”) Mask type

(maskvalue = ”0”) Mask value

( blank = 0 . 0 ) Value i f the r e are no p i x e l s

( s c a l e = ” exposure ”) Image s c a l i n g

( zero = ”none ”) Image zero po int o f f s e t

( weight = ” exposure ”) Image weights

( s t a t s e c = ””) Image s e c t i o n f o r computing s t a t i s t i c s

( expname = ”EXPTIME”) Image header exposure time keyword

( l t h r e s h o l d = INDEF) Lower th r e sho ld

( hthre sho ld = INDEF) Upper th r e sho ld

( nlow = 1) minmax : Number o f low p i x e l s to r e j e c t

( nhigh = 1) minmax : Number o f high p i x e l s to r e j e c t

( nkeep = 1) Minimum to keep ( pos ) or maximum to

r e j e c t ( neg )

( mcl ip = yes ) Use median in sigma c l i p p i n g a lgor i thms ?

( l s igma = 3 . 0 ) Lower sigma c l i p p i n g f a c t o r

( hsigma = 3 . 0 ) Upper sigma c l i p p i n g f a c t o r

( rdno i s e = ”0 . ” ) c c d c l i p : CCD readout no i s e ( e l e c t r o n s )

( gain = ”1 . ” ) c c d c l i p : CCD gain ( e l e c t r o n s /DN)

( s no i s e = ”0 . ” ) c c d c l i p : S e n s i t i v i t y no i s e ( f r a c t i o n )

( s i g s c a l e = 0 . 1 ) Tolerance f o r sigma c l i p p i n g s c a l i n g

c o r r e c t i o n s

( p c l i p = −0.5) p c l i p : P e r c e n t i l e c l i p p i n g parameter

( grow = 0 . 0 ) Radius ( p i x e l s ) f o r ne ighbor r e j e c t i o n

(mode = ” a l ”)
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−−> imcombine @bgMODS11−0390. l s t ,@ngMODS11−0390. l s t HK500 MODS11−0390

㡥⑏™㍆䔷䉎⑋⑄␤⑆䘱␸⑨␦⑋䔷䉎⑎䁚⑪㵐␷™䝈䐹㍓䀵⑈⑦␬⑟䩤䀵™䈭␷㥧⑯␻⑲㥔␤

⑞␹℣

4.6 フラックス較正

┹╚┯╈╫╇ℼ┿⑎䍍⑏™1╔┯┻╫䕶␿⑪™1伪㵐䕶␿⑪⑎┫┦╳╈⅊ADU⅋⑋⑊⑃⑆␤⑞␹℣䔷

䉎␫⑩⑎╕╩╃┯┹⑲䈬䑪␹⑫␿②⑋⑏™␳⑬⑲䝈䐹䕶␿⑪⑎╕╩╃┯┹ (Fλ [erg sec
−1 cm−2 Å−1])

⑋␷⑞␹℣␳⑎␿②™␢⑩␫␸②䱀⑫␵␬䨬␫⑃⑆␤⑫䤸㵠䀱⑲┿ℼ┲╃╈䔷䉎⑲㑑䈬␷␿⑎⑈㙡

␤㭾㑖⑇™┿ℼ┲╃╈䔷䉎⑈⑛⑜䘱␸㥢䕙⑋␢⑫③⑎⑲㑑䈬␷⑞␹℣

䉧㔤⑎㕛㱽⑤䬾ㅳ㙀Ω䅵䍖䕹⑎㡺丨⑊⑉⑋⑨⑃⑆™ㄧ䍨␫⑩⑤⑃⑆␭␿㡷㭒⑏䄴⑆␬㠡㵐㑯⑋䙏

␯⑯␱⑇⑏␢⑪⑞␻⑳℣␳⑬⑩⑏™䝈䐹⑋き䈸␹⑫⑈㥍␨⑩⑬⑞␹⑎⑇™䙃⑋䨬㡷㑑䈬⑎㹬㥧⑏

䝈䐹⑎㑘㽴⑈␷⑆┫┦╳╈⑈╕╩╃┯┹⑎㑘㜸⑲㕡②⑫䤬䵗␬␢⑪⑞␹℣㑑䈬␵⑬⑫┫┦╳╈⑲

Nobs(λ)™䔷䉎⑎䭜䵨⑎╕╩╃┯┹⑲ Fλ,int™䉧㔤⑎㕛㱽⑤䬾ㅳ㙀Ω䅵䍖䕹⑎㡺丨⑲R(λ)⑈䍖␯⑈™

お㈼⑎⑨␦⑊㑘㜸⑇␢⑫⑈㥍␨⑞␹℣

Nobs(λ) = R(λ)× Fλ,int (4.1)

㉄㭫⑎㹬㥧™䔷䉎⑎䭜䵨⑎╕╩╃┯┹⑋⑄␤⑆™䈿␯⑎䨬㡷䤸㵠䀱⑎╩┤╖╩╪␬⑇␭⑆␤⑞␹

␬™㙡䁖㌰䁾⑎㹬㥧⑏␽⑬␬␢⑪⑞␻⑳℣␽␳⑇™┹╚┯╈╫㜿␬⑯␫⑃⑆␤⑫䀱⑲㑑䈬␷™␽⑎

┹╚┯╈╫㜿⑎䵽佀䔪⑊╢╇╫⑲㭈䵑␷⑞␹℣㽥䅇⑎㕛㱽䁾⑲㵼␱⑐䡦㍓䔪⑎⑃⑚⑪␷␿┹╚┯╈

╫⑲㭽⑄ A㜿䀱␬␷⑐␷⑐㭈⑯⑬⑞␹℣╢╇╫┹╚┯╈╫⑏™㨣㉳⑏ Castelli (2004) [1]⑲㭈⑃⑆

㩮䀮␷␿③⑎⑲䵑さ␷⑞␷␿8℣

⑞␺™䤸㵠䀱⑎╇ℼ┿⑲┪╖┸┧┯╈⑎㭾⑈䘱␸⑨␦⑋䀰䱳␷⑆ 2㰡㠵┹╚┯╈╫⑲㩮⑪⑞␹℣

䄰⑎䁡⑞⑇⑲㬲㥍⑋␷⑆㩮㙈␷⑆␯⑀␵␤℣┪╖┸┧┯╈⑎╇ℼ┿⑈せ⑊⑪㘯␤伢䈳㡷␬㱵␫⑃⑆

␤⑫⑎⑇™┹┫┤ぺ␭⑎㭾⑋䔷䉎⑎㡷⑎䥴䨬⑲䡲␱⑫␳⑈⑊⑉⑋㔤⑲⑄␱⑆␯⑀␵␤℣㩮䀮␷␿ 2

㰡㠵┹╚┯╈╫⑎╕┡┤╫䰾⑲ HK500 M53735.fits⑈␷⑞␹℣

2㰡㠵┹╚┯╈╫␫⑩伢䈳㡷⑎䥴䨬⑲䁚⑪㵐␹␿②⑋⑏™apall⑈␤␦┿┹┯⑲㭈␤⑞␹℣apall

⑏™㱧⑋ 2⑄⑎㵨䵽⑲㥔␤⑞␹℣1⑄䱜␬伢䈳㡷⑲䁚⑪㵐␹┢║ℼ╁╣⑈䝘㝊䥴䨬⑎㝨䑪™2⑄䱜

␬伢䈳㡷⑎╈╬ℼ┹⑈䁚⑪㵐␷⑇␹℣␽⑬␾⑬⑎║╩╡ℼ┿⑏䉐佃䔪⑋㝨②⑞␹⑎⑇™╇╕┩╫╈

⑎⑞⑞™お㈼⑎⑈␪⑪㱂㥔␷⑆␯⑀␵␤℣␤⑭␤⑭䨹␫⑬⑞␹␬™㑰䭜䔪⑋ ‘yes’⑇䕺␨⑬⑐义␤

⑇␹℣

−−> apa l l HK500 M53735 . f i t s

Recenter ape r tu r e s f o r HK500 M53735? ( ’ yes ’ ) :

Res i ze ape r tu r e s f o r HK500 M53735? ( ’ yes ’ ) :

Edit ape r tu r e s f o r HK500 M53735? ( ’ yes ’ ) :

8㽥䅇⑎㕛㱽䁾⑲㔤⑋␷⑊␱⑬⑐㥵䉎浕㱍⑇③㉄䜽⑇␹℣╢╇╫⑎㕛㱽䁾⑎䥽⑏™㑑䈬⑎䝈䐹䨬㉲䜽⑋ㅾ␸⑆⑊⑞⑩␻
⑫䤬䵗␬␢⑪⑞␹␬™㨣㉳⑎㑑䈬䵑⑋㩮䀮␷␿③⑎⑲䵑さ␷⑆␤⑞␹℣
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㽞 4.5: apall⑎┰╩╕㉨䱌℣(㨸㹥: ┢║ℼ╁╣ℼ⑈═╃┯┰╩┦╳╉⑲㝨②⑫┰╩╕⑎㵩㑼㉨䱌℣

ㄦ㹥: ═╃┯┰╩┦╳╉⑲㝨②⑫㉨䱌℣㨸㈼: ┹╚┯╈╫⑲╈╬ℼ┹␹⑫䈿㥠㰰⑲㝨②⑫㉨䱌℣ㄦ

㈼: 㩇㴪䔪⑋䙀⑩⑬␿┹╚┯╈╫℣)

⑞␺™┢║ℼ╁╣ℼ⑈═╃┯┰╩┦╳╉⑲㝨②⑫␿②⑎┰╩╕␬䤽㰨␵⑬⑞␹⅊㽞 4.5 㨸㹥⅋℣

┢║ℼ╁╣ℼ⑏㰫䘰䔪⑋㠡㵐␵⑬™㝨②⑩⑬⑞␹⑎⑇™“b”⑲㈡␷⑆═╃┯┰╩┦╳╉⑲䁟䑪␷⑞

␹⅊㽞 4.5 ㄦ㹥⅋℣␳⑎㉨䱌⑇⑏™═╃┯┰╩┦╳╉⑲䁟䑪␹⑫㹬㵪⑲ “s”⑇㭘䑪␷⑞␹℣┢║ℼ

╁╣⑎举䈦⑎䔬䕶⑊㹬㵪⑲㭘䑪␷⑞␹℣“q”⑇㩇㵩⑎┰╩╕⑋䱡⑪™③␦ぬ䕙 “q”⑇┢║ℼ╁╣⑲

㝨②⑫┰╩╕⑲㴪主␷⑞␹℣

Trace ape r tu r e s f o r HK500 M53735?

Fit t raced p o s i t i o n s f o r HK500 M53735 i n t e r a c t i v e l y ?

Fit curve to aper ture 1 o f HK500 M53735 i n t e r a c t i v e l y

㰡⑋™┹╚┯╈╫⑲╈╬ℼ┹␹⑫┰╩╕␬䤽㰨␵⑬⑞␹⅊㽞 4.5 㨸㈼⅋℣㠡㵐␵⑬␿┢║ℼ╁╣

⑎䐺䕀␬䈿㥠㰰⑇╕┣╃╈␵⑬⑞␹℣┹╚┯╈╫⑎䁚⑪㵐␷⑏␳⑎䈿㥠㰰⑋ㅨ⑃⑆㥔⑯⑬⑞␹⑎⑇™

“s”⑇╕┣╃╈⑋㭈␦䡏く⑲™“:order”⑇╕┣╃╈⑎㰡㽴䕹⑲䐴䀰␷⑆™㭄㨹␬㸮␵␯⑊⑫⑨␦⑋

␷⑞␹℣

Write ape r tu r e s f o r HK500 M53735 to database ?

Extract aper ture spec t r a f o r HK500 M53735?

Review ext rac t ed spec t r a from HK500 M53735?

㩇㡥⑋™䁚⑪㵐␷␿┹╚┯╈╫␬䤽㰨␵⑬⑞␹⅊㽞4.5ㄦ㈼⅋℣㝫㉌⑎╕┡┤╫⑏™HK500 M53735.ms.fits

⑎⑨␦⑊䰾䄰⑋⑊⑃⑆␤⑫⑏␺⑇␹℣␳⑬␬™㹥⑎㰰⑎ N(λ)⑋⑊⑪⑞␹℣
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㰡⑋™␳⑬⑲╢╇╫┹╚┯╈╫⑇㍤⑃⑆R(λ)⑲㕡②⑞␹℣MCSMDP⑋㑞⑞⑬⑫┿┹┯™rescurve

⑲㭈䵑␷⑞␹℣お㈼⑎⑨␦⑋║╩╡ℼ┿⑲㭘䑪␷⑞␹℣

stddata = ”” one−D standard s t a r data

stdmag = Vega magnitude o f the standard at mag f i l t e r

output = ”” output re sponse curve

( mag f i l t e r = ”mdpdb$f i l t e r /2mass K . f i t s ”) t r ansmi s s i on curve o f f i l t e r f o r stdmag

(moddata = ”mdpdb$standard/A0V g50 . spc ”) standard s t a r model spectrum

( vegamodel = ”mdpdb$f i l t e r / a l p h a l y r s t i s 0 0 3 . f i t s ”) Vega model spectrum

╢╇╫┹╚┯╈╫⑎╇ℼ┿ (A0V g50.spc)⑎䈾⑋™K═╳╉⑇⑎Vega䕹㕩⑈䕹㕩⑲㝨②⑫␿②

⑎╕┣╫┿ℼ㙊䁾™Vega䕹㕩␫⑩╕╩╃┯┹⑋䐾␹␿②⑎ Vega╢╇╫┹╚┯╈╫⑲㭘䑪␷⑞␹℣

䄴⑆MDPDB⑎䍦⑋㑞⑞⑬⑆␤⑞␹℣

㨣㉳⑏™HIPPARCOS䀱䤽⑎ A0㜿䀱™M53735⑲㑑䈬␷⑞␷␿℣K═╳╉⑇⑎䕹㕩⑏ 2MASS

⑎┫┿╭┰␫⑩ 8.856⑈⑯␫⑪⑞␹℣␽␳⑇™お㈼⑎⑨␦⑋㱂㥔␷⑞␹℣

−−> r e s cu rve HK500 M53735 .ms . f i t s 8 .856 resc CDFN2 HK500 . f i t s

resc CDFN2 HK500.fits␬™R(λ)⑋⑊⑪⑞␹9℣

㩇㡥⑋™┪╖┸┧┯╈⑎ 2㰡㠵┹╚┯╈╫⑲R(λ)⑇㍤⑃⑆™╕╩╃┯┹㍓䀵␷␿ 2㰡㠵┹╚┯

╈╫⑲䙀⑞␹℣MCSMDP⑎┿┹┯™mdpfcalib⑲㭈␤⑞␹℣␳⑎┿┹┯⑏™䘱㭾⑋伪㵐㭾㑖⑇㍤⑃

⑆ 1䥃䕶␿⑪⑎┨╍╫┮ℼ (=╕╩╃┯┹⅋⑋䐾␷⑞␹℣

−−> mdpfcal ib HK500 MODS11−0390. f i t s resc CDFN2 HK500 . f i t s

HK500 MODS11−0390 f l . f i t s

╕╩╃┯┹㍓䀵㩑⑟╇ℼ┿™HK500 MODS11-0390fl.fits⑎䌱が⑏™[erg sec−1 cm−2 Å−1]⑋⑊⑃

⑆␤⑞␹℣

9═┤╊╪╆ℼ╖╫ FITS ⑋⑊⑃⑆␤⑫⑎⑇ ds9 ⑇䐾䁜㠫⑫␳⑈⑏⑇␭⑞␻⑳℣
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5.1 赤方偏移を求める

␳⑎㑑䈬⑇⑏™䈿㼧⑎䈬㡷╇ℼ┿⑲䵑␤⑆™z ∼ 2⑎䀱㝁䀮㙤㉏␬㭽⑄䀱␫⑩⑎伢䈳㡷⑎䙃䐧⑲

⑈⑩␨⑫┫╩ℼ⑋⑨⑃⑆㑑䈬␹⑫䔷䉎⑲䄪⑳⑇␤⑞␹ (Yoshikawa et al. 2010 [5])℣␳⑎㑑䈬⑎䱜

䔪⑏™␳⑬⑩⑎㥢䁖䩽䩐ぜ⑎㙤㉏⑎㔱䁾⑲䐴⑙⑫␳⑈⑇␹℣⑞␺⑏™䈭␷㥧⑯␵⑬␿ 2㰡㠵┹╚┯

╈╫␫⑩㔱䁾⑲㠡㵐␹⑫⑈⑈③⑋™␽␳␫⑩䔷䉎⑎䁖䩽䩐ぜ⑲㕡②⑞␹℣

⑞␺™2㰡㠵┹╚┯╈╫⑲ ds9⑋䤽㰨␷⑆™㔱䁾⑲䌵␷⑆␯⑀␵␤℣␳⑎╕╬ℼ╠⑏ A-B⑎ぺ

␭㬻⑲␷⑆␤⑫⑎⑇™䭜䨪⑎㔱䁾⑇␢⑬⑐╝┸╆┣╖⑇㱵␫⑃⑆␤⑫㔱䁾⑎㹥㈼⑋╍┬╆┣╖⑋ 2

⑄⑎㔱䁾␬㠫␨⑫⑏␺⑇␹℣㔱䁾⑈㭗⑯⑬⑫③⑎␬㠫⑄␫⑃␿⑩™␽⑎䝈䐹⑈㙵㑖䩽㡾⑎㩂䤸⅊Y

㩂䤸⅋⑲╡╢␷⑆␯⑀␵␤℣

−−> mdpdisplay HK500 MODS11−0390 f l . f i t s frame=1

㰡⑋™㔱䁾⑎㵅㼴⑎䝈䐹⑲㕡②⑞␹℣splot⑈␤␦┿┹┯⑲㭈␦⑈™2㰡㠵┹╚┯╈╫⑲ 1㰡㠵

㈽␷⑆╗╭╃╈␷™␽⑎㹥⑇┹╚┯╈╫⑎䵍ℹ⑊㵨䵽⑲㥔␦␳⑈␬⑇␭⑞␹℣⑞␺⑏™お㈼⑎⑨␦

⑋ splot⑲㱂㥔␷⑞␹℣

−−> s p l o t HK500 MODS11−0390 f l . f i t s ⅊㔱䁾⑲㠡㵐␷␿㙵㑖䩽㡾⑎㩂䤸⅋

splot⑎㱧⑊┳╞╳╉⑲䤽 5.1⑋⑞⑈②⑞␹℣㩇㵩⑎㉨䱌⑇⑏™ぺ㽴⑇㭘䑪␷␿㩂䤸⑋⑄␤⑆™1╔

┯┻╫䥽⑇䁚⑪㵐␷␿┹╚┯╈╫⑲™㈣㰴⑲䝈䐹⑈␷⑆䤽㰨␷⑆␤⑞␹℣␽␳⑇™⑞␺⑏ “:nsum”

⑇㙵㑖䩽㡾⑋䈭␷㥧⑯␻⑞␹℣ds9 ⑋䤽㰨␷␿ 2㰡㠵┹╚┯╈╫⑲㠫⑊␬⑩䔬䕶⑊䥽⑲㝨②⑞␹

␬™5␫ 7╔┯┻╫䑸䕙␬义␤⑇␷⑧␦℣

㰡⑋™┦┤╳╉┦┳╞╳╉ (“w”)⑤™“a”⑲㭈⑃⑆䁨⑛⑉㔱䁾⑲㠡㵐␷␿䝈䐹⑎⑈␳⑭⑲㍈䉧␷

⑞␹℣䱜䔪⑎㔱䁾␬䤽㰨␵⑬␿⑩™“k”⑲㭈⑃⑆䈬䑪␷⑞␹℣㔱䁾⑎㨸䈦⑈ㄦ䈦⑋┫ℼ┽╫⑲㭽⑃

⑆␤⑃⑆ “k”⑲㈡␹⑈™␽⑬␾⑬⑎㹬㵪⑲┼╭⅊伢䈳㡷⑞␿⑏䝘㝊⅋⑈␷⑆™␽⑎㑖⑋␢⑫㔱䁾⑲

Gaussian⑇╕┣╃╈␷⑞␹℣╕┣╃╈㝫㉌⑏┰╩╕⑎┦┣╳╉┦㈼䥴⑋™䍦㼴䝈䐹™╕╩╃┯┹™

䕹㉁䥽™FWHM⑎㵧⑇䤽㰨␵⑬⑞␹℣

HK500┰╪┺╠⑇⑈⑩␨⑩⑬⑫䝈䐹⑏ 1.3µm␫⑩ 2.5µm⑀⑃␿⑎⑇™␳⑎㙤㉏␬㱂㩝⑋ z ∼ 2

⑎㙤㉏⑀⑈␹⑫⑈™䁅㭟㝏⑎䝈䐹⑇ 6000Å䥕㙡⑎㉄㭫㡷⑎㔱䁾⑲㠡㵐␹⑫␳⑈␬⑇␭⑫⑏␺⑇␹℣

䤽 5.2⑋㙤㉏™AGN⑇㠡㵐␵⑬⑫㉄㭫と⑎㱧⑊䝈䐹⑲╪┹╈␷⑆␪␭⑞␹1℣㸯⑊␯⑈③ 2⑄⑎㔱

䁾␬㱵␫⑃⑆␤⑫⑏␺⑇␹⑎⑇™␳⑎䤽⑎㔱䁾⑈㱂㩝⑋㱵␫⑃␿㔱䁾⑎䝈䐹⑲䡦⑙⑊␬⑩™␳⑎䔷

䉎⑎䁖䩽䩐ぜ⑲㽤䑪␷™␽⑬␾⑬㈿⑎㔱䁾␫⑲䘱䑪␷⑆␯⑀␵␤℣

1␽⑬␾⑬⑎㉊㍘䔪⑊さ䰣⑋䥕␤⑆⑏␳⑎╆┭┹╈⑎䡏く⑲䐶␨⑫⑎⑇㹊丬␷⑞␹℣
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䤽 5.1: splot⑎㱧⑊┳╞╳╉┭ℼ

┭ℼ 䘰㩮

a 䝈䐹⑋䉐␷⑆㍈䉧␹⑫℣㍈䉧䤽㰨␷␿␤䝈䐹⑎㨸䌼⑈ㄦ䌼⑋┫ℼ┽╫⑲ぜ䘰␷™

␽⑬␾⑬⑇ “a”⑲㈡␹℣

w ┹╚ℼ┹⑋䈳␱⑆┦┤╳╉┦┳╞╳╉⑲䙾乏␷⑞␹⅊㈼㔭⅋℣

k 㔱䁾⑎ Gaussian╕┣╃╈℣╕┣╃╈␷␿㔱䁾⑎㨸䈦⑈ㄦ䈦⑋┫ℼ┽╫⑲ぜ䘰␷™

␽⑬␾⑬⑇ “k”⑲㈡␹℣

s ┹╚┯╈╫⑋┹╠ℼ┸╳┰⑲␫␱⑫℣⅊┹╠ℼ┸╳┰⑎┫ℼ╍╫┵┤┺⑲䨹␫⑬⑫⅋

q fitcoords⑲㴪主␷⑞␹℣

? ╕┣╃╆┣╳┰┳╞╳╉⑎╪┹╈⑲┿ℼ╟╊╫⑋䤽㰨␷⑞␹℣

:nsum n 㙵㑖䩽㡾⑋ n╔┯┻╫䈭␷㥧⑯␻⑞␹℣

䤽 5.2: 㱧⑊㉄㭫と⑎㔱䁾

㔱䁾 䝈䐹 [Å] 䡷㥍

[SII] 6716, 6731 㘯䕙䡦 1:1

Hα 6563 㽥䅇⑎═╫╞ℼ㝏乳

[NII] 6548, 6583 Hα⑎举但™㘯䕙䡦 1:2

[OIII] 4959, 5007 㘯䕙䡦 1:3

Hβ 4861 㽥䅇⑎═╫╞ℼ㝏乳

5.2 赤方偏移とフラックスから光度を求める

splot⑇㔱䁾⑎䝈䐹™╕╩╃┯┹⑲㕡②⑞␷␿⑎⑇™Hα㔱䁾⑎㡷䕙⅊䌱が㭾㑖䕶␿⑪⑋䩼㵐␵⑬

⑫┨╍╫┮ℼ⅋⑲㕡②⑆⑟⑞␷⑧␦℣╕╩╃┯┹ (F )⑈㡷䕙 (L)⑎㑘㜸⑏™お㈼⑎⑨␦⑋䴿␨⑩⑬

⑞␹℣

L = F × 4πd2L(z) (5.1)

dL(z)⑏㡷䕙㕷严⑇™ㄧ䍨佀⑲㈾䑪␹⑫⑈䁖䩽䩐ぜ⑎㑘㽴⑈␷⑆㕡⑞⑪⑞␹℣㡷䕙㕷严⑎㹜㩙⑏™

ㄧ䍨佀⑎㘵㉊㵱⑊⑉⑲㬲㹈␷⑆␯⑀␵␤℣MCSMDP⑋™㡷䕙㕷严⑎㝗㬻⑲␹⑫┿┹┯⑲㩮⑃⑆␢

⑪⑞␹⑎⑇㨣㉳⑏␽⑬⑲䵸䵑␷⑞␹℣䁖䩽䩐ぜ␬ 2⑎㹬㥧™お㈼⑎⑨␦⑋㱂㥔␷™1⑄䱜␬㡷䕙㕷

严⑇␹℣

−−> cosmology 2 .0

Luminosity Distance (m) : 4 .800 e+26

Angular Diameter Distance (m) : 5 .333 e+25

Look−Back Time( yr ) : 1 .024 e+10



56 䉨 5㹏 ╇ℼ┿㉲䁏㱂㴬

参考・輝線の光度について

㔱䁾⑎㡷䕙⑋⑄␤⑆䡳㹯⑋䌱㵣⑊䥴䨬⑀␱⑲⑞⑈②⑞␷␿␬™␳⑬⑀␱⑇⑏䥔㴽䨬⑇␹℣乣␨

⑐™Hα⑎㡷䕙␫⑩㙤㉏⑎䀱㝁䀮丨⑲㕡②⑫㹬㥧™お㈼⑎⑨␦⑊䕀⑋㔤⑲⑄␱⑫䤬䵗␬␢⑪⑞␹℣

アパーチャ

㨣™㙵㑖䩽㡾⑋䔬䕶⑊┢║ℼ╁╣⑇䑙␷⑆ 1㰡㠵┹╚┯╈╫⑋␷⑞␷␿␬™␳⑬␬㙤㉏⑎⑉␳⑲

㠫⑆␤⑫⑎␫⑲㥍丸⑋䙾⑬⑫䤬䵗␬␢⑪⑞␹℣⑞␿™┹╪╃╈⑎䥽⑇䀩㡂␵⑬⑆␷⑞⑃⑆␤⑫䨬␬

␢⑫␫③␷⑬⑞␻⑳℣

銀河系での星間減光

㉦ℹ⑎㙤㉏㝏䙢⑇⑉⑎䑸䕙䀱㑖㽐⑋⑨⑫䀱㑖㠺㡷⑲㱵␱⑆␤⑫␫⑲䐴⑙⑞␹℣ㅳ䁖㌰䁾䩼㱍⑊⑉

␫⑩™㙤㉏㝏䙢⑎╀┹╈乌⑎䨬䥛⑏䍎⑩⑬⑆␤⑞␹℣NED⑎Extinction Calculator 2 ⑇䐴⑙⑫␳⑈

␬⑇␭⑞␹℣㼼䌵㨺乎と⑎㹬㥧™㠵ℹ䀱㑖㠺㡷␬㸯⑊␤㹬㵪␬䄪⑐⑬⑆␤⑫㹬㥧␬䈿␯™㙡䁖㌰䁾⑇

⑎㕛㱽乌③㸮␵␤⑎⑇™㔤⑋⑊⑩⑊␤㹬㥧␬䈿␤⑈㭗⑯⑬⑞␹℣㨣㉳⑎乎と⑇⑏E(B−V ) = 0.011

䕹䑸䕙⑇␹℣

目標の銀河での星間減光

㑑䈬␵⑬⑆␤⑫╕╩╃┯┹⑏䱜䤸⑎㙤㉏⑎䍦⑎䀱㑖㽐⑋⑨⑃⑆㕛㱽␵⑬⑆␤⑫␳⑈␬㥍␨⑩⑬⑞

␹℣䙃⑋™㥢䁖䩽䩐ぜ⑎㙤㉏␬㥔␦㝣␷␤䀱㝁䀮⑋⑨⑃⑆™㙡䬵⑨⑪③䈿␯⑎㽐␬䀸䀮␵⑬⑆␤⑫

⑈㥍␨⑩⑬⑫⑎⑇™␳⑎㡺㉌⑲䐴⑙⑫␳⑈⑏㵅䵗⑇␹℣℡

2http://nedwww.ipac.caltech.edu/forms/calculator.html
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付 録A MCSMDPによる自動リダク
ション
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A.1 全体の流れとMCSMDPの特徴

␳␳⑇⑏™MCSMDP⑎┹┯╪╗╈⑲㭈⑃⑆䠾㰫䘰⑇䨬㡷╇ℼ┿⑲䀰䱳␹⑫䩽䬡⑋⑄␤⑆䁢䱀␷

⑞␹℣㑰䭜䔪⑊丮⑬⑏㽞 3.1⑈䘱␸⑇␹␬™㘦䑌㵨䵽™㡄䩌㵨䵽⑎䥴䨬⑎㵨䵽⑋␽⑬␾⑬mdpproc,

mdpcombine⑈␤␦┿┹┯⑲㭈䵑␷⑞␹℣

MCSMDP⑏™䭜╆┭┹╈䍦⑇㉲䁢␷␿㵨䵽⑋㉃␨™㩮㙈㡺丨⑲㹥␲⑫™㔱䁾㠡㵐⑎ S/N⑲㹥

␲⑫™┨╩ℼ⑲䤾㉁␹⑫⑊⑉⑎䱜䔪⑇お㈼⑎⑨␦⑊㤩䥗⑲␷⑆␤⑞␹℣

宇宙線・バッドピクセル処理 䭜䨸䍦⅖㬲㥍⅗⑋㰨␷␿⑨␦⑋™A-B╚┢⑲䵸䵑␷␿ㄧ䍨䁾㠡㵐™

㠡㵐㹝㡂㘭㌦⑎╔┯┻╫⑎䩤㐰㵨䵽⑲㥔␦

スペクトルの切り出し MDP╕┡┤╫⑎㩂䤸⑲䵸䵑␷⑆┹╚┯╈╫⑎㰫䘰䁚⑪㵐␷⑲㥔␦℣

波長較正:各フレームでのOH夜光同定 ␢⑫䔷䉎⑎┹╚┯╈╫⑇ 1⑄䱜⑎䔷䉎⑎ OH䱫㡷⑲䘱䑪

␹⑫⑈™␽⑬⑲╪╕┡╬╳┹⑋␷⑆␽⑎䈾⑎╕╬ℼ╠⑇③␽⑬␾⑬⑇䘱䑪⑲㥔␦℣㑑䈬䍦⑋

䝈䐹䩽㡾⑋╞┹┯-㠡㵐㑯⑎䅪䉐が䍖␬␺⑬␿䨬⑋㑘␷⑆㰫䘰䔪⑋䩤䀵␹⑫℣

波長較正:自動OH夜光同定 1⑄䱜⑎䔷䉎⑋䉐␷⑆㱪䘰⑇OH䱫㡷⑎䘱䑪⑲㥔⑃␿㡥⑏™␽⑬⑲╪

╕┡╬╳┹⑋␷⑆䈾⑎䔷䉎⑇⑏㰫䘰⑇䘱䑪⑲㥔␦℣

スカイフレームの作成 㘦䑌㵨䵽™㡄䩌㵨䵽⑎举䩽⑇┹┫┤ぺ␭⑲␷⑊␤╕╬ℼ╠⑲㩮䀮␷™multi-

extention FITS (MEF)╕┡┤╫⑈␷⑆ 2⑄䱜⑎ extention⑋┹┫┤╕╬ℼ╠⑲䥕㉃␹⑫℣

エラーの推定 ╕╩╃┯┹㍓䀵⑎㭾⑋┹┫┤╕╬ℼ╠⑎┫┦╳╈⑲㠵⑋┹┫┤⑎ Poisson╎┤┺⑲

㽤䑪␷™3⑄䱜⑎ extention⑋╎┤┺╕╬ℼ╠⑲䥕㉃␹⑫℣

SPECFITによる輝線フィット STSDAS⑋㑞⑞⑬⑫ specfit⑈␤␦┿┹┯⑲䵸䵑␷⑆ [NII]-Hα⑎

⑨␦⑋ HK500┰╪┺╠⑇⑏䨬严␬䙱␷␤㔱䁾⑲䨣㽴⑎ Gaussian⑇䘱㭾⑋╕┣╃╈␹⑫℣╕

╩╃┯┹䕹⑎┨╩ℼ⑎㽤䑪⑋┹┫┤⑎ Poisson╎┤┺⑲䵸䵑␹⑫℣

┨╩ℼ⑎㽤䑪⑋⑄␤⑆䩤䈭␷⑆␪␭⑞␹℣MOIRCS⑇䈾䔷䉎䨬㡷⑋㭈䵑␹⑫┹╪╃╈⑏™⑊⑫

⑙␯䈿␯⑎䔷䉎⑲╞┹┯⑋㩜␻⑫␿②⑋┨╩ℼ⑲㽤䑪␹⑫⑎⑋㴼䨬⑊䐹␵⑲㱨⑫␳⑈␬⑇␭⑞␻

⑳℣␽␳⑇™┹┫┤ぺ␭⑲␷⑊␤╕╬ℼ╠⑲㩮䀮␷⑆™␽⑎ Poisson┨╩ℼ⑲㡭㨹⑎㽤䑪䍍⑈␷⑆

㩎䵑␷⑞␹℣

╎┤┺╕╬ℼ╠⑇⑏お㈼⑎⑨␦⑊㝗㬻㰰⑇┨╩ℼ⑲㽤䑪␷⑞␹℣

σi =

√
g × xi

g
× 1

r
=

1

r

√

xi

g
, (A.1)

␳␳⑇™xi⑏┹┫┤╕╬ℼ╠⑎┫┦╳╈™g⑏㠡㵐㑯⑎┲┤╳⅊e−ADU−1⅋™r⑏ response curve

⅊ADUerg−1 sec cm2 Å⅋⑇␹℣

␵⑩⑋™1㰡㠵┹╚┯╈╫⑋䑙␷␿⑈␭™お㈼⑎⑨␦⑊㝗㬻㰰⑇┨╩ℼ⑲㽤䑪␷⑞␹℣

σobj =

√

2Σobjσ2
i

texp
, (A.2)

texp ⑏伪㵐㭾㑖™㜸㽴
√
2⑏™A-B┹┫┤ぺ␭䨬⑲㥍丸␷⑆␤⑫␿②⑇␹℣
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A.2 実際の処理

A.2.1 フラットフレーム

mkdflat⑈␤␦┿┹┯⑲㭈䵑␷⑞␹℣㍆║╩╡ℼ┿⑎さ䰣⑏お㈼⑎⑈␪⑪℣

infile 䙾乏╕┡┤╫╪┹╈

outfile 㵐乏╕┡┤╫䰾

bpm ═╃╉╔┯┻╫╞┹┯ (MDPDB⑋␢⑫③⑎⑲㭈␦)

offfile ╉ℼ╠╩┤╈␬┪╕⑎㭾⑎╕╬ℼ╠℣䰵␤⑈␭⑏㹊丬㉄䜽℣

normilize ╕╩╃╈⑎䍍␬䉧␭␹␮⑊␤⑨␦⑋㔬㍊㈽␷⑆␪␯䍍℣䄴䉎⑎ imstat⑲㱨⑃␿⑪␹⑫

⑈┹╪╃╈⑎䰩䕙⑋⑨⑃⑆䍍␬䉥⑯⑃⑆␷⑞␦⑎⑇™䔬䕶⑋㭘䑪␷⑞␹℣

お㈼⑎⑨␦⑋㱂㥔␷⑞␹℣

−−> mkdflat @f lat1 . l s t HK500 CDFN2 Domeflat1 . f i t s

mdpdb$bpm/nlbpm1 FF64r . f i t s

A.2.2 テンプレートファイル作り

⑞␺™mktemplate⑈␤␦┹┯╪╗╈⑲㭈⑃⑆╪╀┯┷╧╳⑎╆╳╗╬ℼ╈╕┡┤╫⑲㩮⑪⑞␹℣

㑰䭜䔪⑋⑏™␳␳⑇㩮⑃␿╆╳╗╬ℼ╈╕┡┤╫⑎䙢䵆⑲ pyraf㑄㘭⑎䍦⑇㱂㥔␷⑆␤␭⑞␹℣

⑞␺™mktemplate⑎䁟䑪╕┡┤╫⑲䩔㴸␷⑞␹℣MCSMDP⑎┤╳┹╈ℼ╫╇┣╬┯╈╪⑋␢

⑫mktemplate.conf⑲┫╬╳╈╇┣╬┯╈╪⑋┳╔ℼ␷™␽⑬⑲䩔㴸␷⑞␹℣␽⑎␢⑈™␽⑎䁟䑪

╕┡┤╫⑲ぺ㽴⑈␷⑆mktemplate⑲㱂㥔␹⑫⑈™䤸㵠㵐乏⑋╆╳╗╬ℼ╈␬㵐乏␵⑬⑫⑎⑇䔬䕶

⑊╕┡┤╫⑋䩝䈸␷⑆␯⑀␵␤℣

−−> copy MCSMDP$doc/mktemplate . conf .

−−> ! v i mktemplate . conf

−−> mktemplate mktemplate . conf > l og . py

mktemplate.conf╕┡┤╫⑎䍦㽈⑏お㈼⑎䑌⑪⑇␹℣bash⑎┹┯╪╗╈⑇䩑㽴⑋䍍⑲䙾⑬⑫㹬㥧

⑈䘱␸䨸䬡⑇␹℣“=”⑎䄰㡥⑋⑏┹╚ℼ┹⑲䙾⑬⑊␤⑨␦⑋™“$”⑲䙾⑬⑫⑈␭⑏┨┹┱ℼ╗┷ℼ

┱╳┹⑲㭈␦⑨␦⑋␷⑆␯⑀␵␤℣

## parameters

c o o r d l i s t=”mdpdb\ $ o h l i s t / l ist NS HK500”

mdpf i l e=”CDFN MASK02.mdp”

p r e f i x=”HK500”

# c a l i b r a t i o n data f o r chip1

bpm1=”mdpdb\$bpm/nlbpm1 FF64r . f i t s ”
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f l a t 1=”HK500 CDFN2 Domeflat1 . f i t s ”

gdb1=”mdpdb\$geomap/mcsd i s tc r r1 f eb07new . dbs”

gmp1=”mcsd i s tc r r1 f eb07new .gmp”

# c a l i b r a t i o n data f o r chip2

bpm2=”mdpdb\$bpm/nlbpm2 FF64r . f i t s ”

f l a t 2=”HK500 CDFN2 Domeflat2 . f i t s ”

gdb2=”mdpdb\$geomap/mcsd i s tc r r2 f eb07new . dbs”

gmp2=” mcsd i s tc r r2 f eb07new .gmp”

㍆䩑㽴⑎さ䰣⑏お㈼⑎䑌⑪⑇␹℣

coordlist 䝈䐹㍓䀵⑋㭈␦╪┹╈

mdpfile ╞┹┯╇┶┤╳╕┡┤╫

prefix 㩇㴪 2㰡㠵┹╚┯╈╫╕┡┤╫⑎䘬⑋䥕␯䨸㭺乳℣prefix + ” ” + MDP╕┡┤╫㹥⑎䰾

䄰 + ”ḟits”⑋⑊⑫

bpm[12 ]═╃╉╔┯┻╫╞┹┯䰾

flat[12 ]╕╩╃╈╕┡┤╫䰾

A.2.3 共通処理

mktemplate.sh␬䀸䀮␷␿╕┡┤╫⑎⑈␪⑪㱂㥔␷⑞␹℣

お㈼⑎乣⑎⑨␦⑋™㍆╁╣╳╍╫™╇┣┶䕀␴⑈⑋╕┡┤╫╪┹╈⑲䵑さ␷⑞␹℣AB␬䉐ㅾ␹

⑫⑨␦⑋╪┹╈⑎䍦⑎㵧䡖⑋䍭さ␷⑆␯⑀␵␤℣㑑䈬㭾⑎䕔㥧⑇™A⑀␱ (B⑀␱)⑋⑊⑃⑆␤⑫

㹬㥧⑏™㵅䨣␷⑆③㤽⑯⑊␤⑎⑇㭾㑖␬㙡␤ B(A)䕀╕╬ℼ╠⑲䩂⑙⑆␯⑀␵␤℣

h s e l e c t @ f i l e s . l i s t $I ”@’DET−ID ’ = 1 & K DITCNT = 1” > f i l e s 1 a . l i s t

h s e l e c t @ f i l e s . l i s t $I ”@’DET−ID ’ = 1 & K DITCNT = 2” > f i l e s 1 b . l i s t

h s e l e c t @ f i l e s . l i s t $I ”@’DET−ID ’ = 2 & K DITCNT = 1” > f i l e s 2 a . l i s t

h s e l e c t @ f i l e s . l i s t $I ”@’DET−ID ’ = 2 & K DITCNT = 2” > f i l e s 2 b . l i s t

mdpproc⑲㱂㥔␷⑞␹℣

unlearn mdpproc

i r a f . mdpproc . bpmask=”mdpdb$bpm/nlbpm1 FF64r . f i t s ”

i r a f . mdpproc . gdb=”mdpdb$geomap/mcsd i s tc r r1 f eb07new . dbs”

i r a f . mdpproc . gmp=”mcsd i s tc r r1 f eb07new .gmp”

i r a f . mdpproc . f l a t=”HK500 CDFN2 Domeflat1 . f i t s ”

mdpproc @obj1a . l s t @obj1b . l s t

㝫㉌╕┡┤╫⑏Multi Extention FITS (MEF)╕┡┤╫⑋⑊⑃⑆␤⑆™0䡖␬ ab┹┫┤ぺ␭㩑

⑟⑎╇ℼ┿™1䡖␬┹┫┤⑲ぺ␤⑆␤⑊␤╇ℼ┿ (╎┤┺㠫䁑⑪™䝈䐹㍓䀵䵑)⑋⑊⑃⑆␤⑞␹℣
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A.2.4 データの切り出し

mdptran⑲㭈䵑␷⑆MDP╕┡┤╫⑎㩂䤸⑲ FITS╕┡┤╫⑎㩂䤸⑋㥧⑯␻⑞␹℣お㈼⑎⑨␦⑋

㱂㥔␷⑞␹℣

−−> mdptran CDFN MASK02.mdp CDFN MASK02tr1 .mdp

gcflabcrMCSA00057147 . f i t s

1⑄䱜⑎ぺ㽴␬┪╪┸╊╫⑎MDP╕┡┤╫™2⑄䱜␬䩑㐹㡥⑎MDP╕┡┤╫⑎╕┡┤╫䰾™3

⑄䱜␬㑰㵠⑋␹⑫㉨䅼⑎ FITS╕┡┤╫⑇␹℣

㱂㥔␹⑫⑈™maskplot⑈䘱䵍⑋ ds9⑋ FITS╕┡┤╫␬䤽㰨␵⑬⑆␽⑎㹥⑋┹╪╃╈⑎䉧㬨䝄

⑊㹬㵪␬╗╭╃╈␵⑬⑞␹℣┿ℼ╟╊╫⑋™

s e l e c t shape then return or ’q ’ to qu i t :

⑈™䤽㰨␵⑬⑞␹⑎⑇™䔬䕶⑊┹╪╃╈⑲┯╪╃┯␷⑆䄪䉲㹵䉖⑋␷⑞␹℣䄪䉲␷␿⑩™┿ℼ╟

╊╫⑎㹥⑇ return┭ℼ⑲㈡␷⑞␹℣␹⑫⑈™┿ℼ╟╊╫⑋™

c l i c k the ob j e c t p o s i t i o n :

⑈™䤽㰨␵⑬⑞␹⑎⑇™ds9⑎㹥⑇䁨⑛⑉⑎┹╪╃╈⑋䉐ㅾ␹⑫┹╚┯╈╫␫⑩™䱀⑫␤䱫㡷⑎

㼿⑳䍦⑲┯╪╃┯␷⑞␹⅊HK500┰╪┺╠⑎㹬㥧™16692Å⑎䱫㡷␬ぬ䡖义␤⑇␹⅋℣␹⑫⑈™㩇

㵩⑈䘱␸⑨␦⑋┹╪╃╈⑎䄪䉲⑋䱡⑫⑎⑇™䘱䵍⑋┹╪╃╈⑈䱫㡷⑎䉐ㅾ⑲┯╪╃┯⑇㭘䑪␷⑆

␤⑃⑆␯⑀␵␤℣␳⑎㭾™䱫㡷⑏䤬␺䘱␸䝈䐹⑎䨪⑲䄪⑖⑨␦⑋␷⑆␯⑀␵␤℣

┹╪╃╈⑏䄴⑆䄪⑖䤬䵗⑏䰵␯™㩇䑣⑇③ 3㡄™4∷ 5㡄␯⑩␤䄪⑙⑐义␤⑇␹℣⑞␿™㉨䅼⑎

䍦␫⑩䩐⑩␺⑋⑞⑳⑙⑳⑊␯䄪⑖⑨␦⑋␷⑆␯⑀␵␤℣䔬䕶⑊㽴⑲䄪⑳⑀⑩™┹╪╃╈⑎䄪䉲䉔⑁

⑎㭾⑋ ‘q’+return⑲㈡␷⑞␹℣␹⑫⑈™MDP╕┡┤╫⑎㩂䤸␬䐴䀰␵⑬™ds9⑎㹥⑋┹╪╃╈␬

╗╭╃╈␷⑊␪␵⑬⑞␹℣㝫㉌⑋䱤䉪⑊␱⑬⑐™

type q to wr i t e mdp database to f i l e :

⑋™‘q’+return⑲㈡␷⑆␯⑀␵␤℣MDP╕┡┤╫⑋㵱␭㵐␵⑬⑞␹℣␳⑎㭾™q お㌰⑲㈡␹⑈

㝫㉌␬䝋㑾␵⑬⑆㩇㵩⑋䱡⑫⑎⑇䍭さ␷⑆␯⑀␵␤℣

␳⑎㩂䤸⑲㥧⑯␻␿MDP╕┡┤╫⑲㭈⑃⑆ cutspec⑈␤␦┿┹┯⑲㭈␦⑈™お㈼⑎⑨␦⑋┪╖

┸┧┯╈䰾⑲㭘䑪␹⑫⑀␱⑇┹╚┯╈╫⑲䁚⑪㵐␹␳⑈␬⑇␭⑞␹℣⑞␿™㰡⑎㡄䩌㵨䵽⑇㭈␦

mdpproc⑏™䘱䵍⑋┪╖┸┧┯╈䰾␫⑩㰫䘰䔪⑋┹╚┯╈╫⑲䁚⑪㵐␷⑞␹℣

−−> cutspec @gcobj1a . l s t CDFN MASK02tr1 .mdp name=ALE03 205

A.2.5 個別処理

mdpcombine⑲㭈⑃⑆⑉⑬␫ぬ⑄⑎┹╚┯╈╫⑎䝈䐹㍓䀵⑲㱪䘰⑇㥔␤⑞␹℣mdptran⑋⑨⑃⑆

ds9⑋╗╭╃╈␵⑬␿┪╖┸┧┯╈䰾⑲㠫⑊␬⑩™㼿⑳䍦䩕⑪⑎┹╪╃╈⑲䄪⑓⑞␹℣4⑄䱜⑎ぺ

㽴⑋㱪䘰⑇䝈䐹㍓䀵␹⑫┹╪╃╈⑎┪╖┸┧┯╈䰾⑲㭘䑪␷⑞␹℣
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−−> unlearn mdpcombine

−−> i r a f . mdpcombine . c o o r d l i s t=”mdpdb$ohlist / l ist NS HK500”

−−> i r a f . mdpcombine . ymin=42

−−> i r a f . mdpcombine . ymax=2003

−−> mdpcombine @gcf lab1 . l i s t CDFN MASK02tr1 .mdp HK500 MODS11−0390

MODS11−0390 id mode=manual

1⑄䱜⑲ “id mode=manual”⑇㱂㥔␷␿㡥⑏™␳⑬⑲╪╕┡╬╳┹⑋␷⑆㰫䘰䔪⑋OH䱫㡷⑲䘱

䑪␷⑞␹℣mktemplate⑎㵐乏⑋⑏お㈼⑎⑨␦⑊ sed┳╞╳╉␬㔭㵒␵⑬⑆␤⑞␹℣␳⑬⑏™MDP

╕┡┤╫⑎㔭㵒␫⑩™mdpcombine⑇㱂㥔␹⑙␭┳╞╳╉⑲䀸䀮␹⑫③⑎⑇␹℣

! awk ’{ pr in t $8 } ’ CDFN MASK02tr1 .mdp | sed ’ s /\ ( .∗\ ) /mdpcombine\
\@gcflab1 \ . l i s t \ ’CDFN MASK02’ t r1 \ .mdp\ ’HK500 ’ \1 \1/ ’

お㈼⑎⑨␦⑋mdpcombine⑎║╩╡ℼ┿⑲䁟䑪␷␿㡥⑇™㍆┪╖┸┧┯╈⑋䉐␹⑫mdpcombine

⑎㥔⑲㵧䡖⑋㱂㥔␷⑆␤␭⑞␹℣

−−> i r a f . mdpcombine . id mode=’auto ’

−−> i r a f . mdpcombine . refname=’MODS11−0390 ’

−−> i r a f . mdpcombine . b g i n t e r=no

−−> mdpcombine @gcf lab1 . l i s t CDFN MASK02tr1 .mdp HK500 MODS11−0094

MODS11−0094

A.2.6 標準星解析、フラックス較正

㘦䑌㵨䵽⑏䑌㹯⑎MOS╇ℼ┿⑈䘱␸⑨␦⑋mdpproc⑲㭈⑃⑆㵨䵽␷⑞␹℣

mdpcombine③⑛⑈⑳⑉䘱␸⑨␦⑋㭈␤⑞␹␬™MDP╕┡┤╫⑏㭘䑪␻␺⑋䐾䁜 ymin, ymax

⑇┹╪╃╈㹥㈼⑎㩂䤸⑲䁟䑪␷⑆┹╚┯╈╫⑲䁚⑪㵐␷⑞␹℣

−−> unlearn mdpproc

−−> i r a f . mdpproc . bpmask=”mdpdb$bpm/nlbpm2 FF64r . f i t s ”

−−> i r a f . mdpproc . gdb=”mdpdb$geomap/mcsd i s tc r r2 f eb07new . dbs”

−−> i r a f . mdpproc . gmp=”mcsd i s tc r r2 f eb07new .gmp”

−−> i r a f . mdpproc . f l a t=”HK500 CDFN2 Domeflat2 . f i t s ”

−−> mdpproc MCSA00057114 . f i t s MCSA00057116 . f i t s

−−> unlearn mdpcombine

−−> i r a f . mdpcombine . c o o r d l i s t=”mdpdb$ohlist / l ist NS HK500”

−−> mdpcombine gcflabMCSA00057114 . f i t s INDEF HK500 M53735 M53735

id mode=manual c o o r d l i s t=”mdpdb$ohlist / l ist NS HK500”

ca l f rame=”INDEF” ymin=900 ymax=1030

䤸㵠䀱⑎╇ℼ┿⑏㡷乌⑎㸯⑊␤┪╖┸┧┯╈⑎╇ℼ┿⑋䡦⑙⑆䀸╇ℼ┿⑇③┹╚┯╈╫␬䱀⑫␤

⑎⑇™㔤⑲䥕␱⑫䕀␬␤␯⑄␫␢⑪⑞␹℣
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• idenfity⑇䝈䐹㍓䀵⑲␹⑫⑈␭⑋™䱫㡷⑲䘱䑪␹⑫⅊㠡㵐㑯㹥⑎⅋㥔⑋┹╚┯╈╫␬㩜⑃⑆

␤⑫⑈™䱫㡷⑲㠫⑄␱⑩⑬⑞␻⑳℣id section║╩╡ℼ┿⑇™”line #”⑈␷⑆䱫㡷⑎䘱䑪⑋㭈

␦㥔⑲㱪⑇㭘䑪␷⑆␯⑀␵␤℣

• background⑇ぺ␱㭄⑪䱫㡷⑲ぺ␯㭾⑋™䝘㝊⑲╕┣╃╈␹⑫䡏く⑲㱪⑇㭘䑪␷⑆␯⑀␵␤℣”s”

⑇㭘䑪␷⑞␹℣

␳⑎㡥™apall⑇ 1㰡㠵㈽␷™rescurve⑇╬┹╝╳┹┫ℼ╖⑲㕡②™mdpfcalib⑇䝈䐹㍓䀵㩑⑟ 2

㰡㠵┹╚┯╈╫⑋␹⑫㱪㵧⑏䘱␸⑇␹℣␿⑀␷™apall⑏MEF╕┡┤╫⑲㵨䵽⑇␭⑊␤⑎⑇ぬ⑄

䱜⑎┨┯┹╆╳┷╧╳⑀␱⑲ imcopy⑇㱨⑪㵐␷⑞␹℣MEF╕┡┤╫⑲ mdpfcalib⑋䙉⑟㥾⑞␻

␿㹬㥧™䄰㵒⑎⑨␦⑊┨╩ℼ㝗㬻⑲␷⑞␹℣

−−> imcopy HK500 M53735 . f i t s [ 0 ] HK500 M53735 0 . f i t s

−−> apa l l HK500 M53735 0 . f i t s

−−> r e s cu rve HK500 M53735 0 .ms . f i t s 8 .856 resc CDFN2 HK500 . f i t s

−−> mdpfcal ib HK500 MODS11−0390. f i t s resc CDFN2 HK500 . f i t s

HK500 MODS11−0390 f l . f i t s

A.2.7 スペクトルの 1次元化と輝線フィット

␳␳␫⑩㈼⑏matplotlib⑎┰╩╕䅫⑲㭈␦␿②™mcsmdp⑲ ipython╢ℼ╉⑇㔯䘰␷⑞␹℣

$ mcsmdp −−ipython

mdp2dplot⑈mdpextract⑈␤␦ 2⑄⑎┿┹┯⑲㭈␤⑞␹℣mdp2dplot⑏™2㰡㠵┹╚┯╈╫⑲

ぺ㽴⑋㭘䑪␷⑆™㭘䑪␷␿䍦㼴䝈䐹 (center)™䝈䐹䡏く (width)⑋⑄␤⑆™nsum╔┯┻╫㙵㑖䩽

㡾⑋䈭␷㥧⑯␻⑆䤽㰨␷⑞␹℣

mdpextract⑏™SPECFIT␬䤬䵗⑈␹⑫㔱䁾⑎䑪㕁╇ℼ┿╙ℼ┹╕┡┤╫⑲㰫䘰䔪⑋䀸䀮␷⑆䨣

㽴⑎㔱䁾⑎䘱㭾╕┣╃╈⑲㥔␤⑞␹℣㔱䁾⑎㱯习⑏ fittype⑇㭘䑪␷™㨣⑎⑈␳⑭ “Halpha” ([NII]-

Hα)™ “OIII” ([OIII]-Hβ)™“emission”⅊䌱ぬ⑎㔱䁾⅋⑲┵╝ℼ╈␷⑆␤⑞␹℣SPECFIT⑏䉐佃

䔪⑊┰╩╕⑲㭈⑃⑆╕┣╃╈⑎║╩╡ℼ┿⑲㝨②⑞␹℣SPECFIT ⑎╘╫╗⑲㬲㹈␷⑆␯⑀␵␤℣

⑞␿™╕┣╃╈␬␦⑞␯␤␯⑨␦⑋㵩㑼䍍⑲㝨②⑫䤬䵗␬␢⑪⑞␹␬™␳⑬⑏㈿䕙③㭮␷⑆␦⑞␯

␤␯䍍⑲䌵␷⑆␯⑀␵␤℣

㩇㡥⑋™mdpextract⑇䁚⑪㵐␷␿╕┡┤╫⑲③␦ぬ䕙mdp2dplot⑎ぺ㽴⑈␷⑆㭘䑪␹⑫⑈™╙

┹╈╕┣╃╈⑎㑘㽴⑈⑈③⑋┰╩╕⑋╗╭╃╈␷⑞␹℣

㭈䵑乣⑏お㈼⑎䑌⑪⑇␹℣

In [ 1 ] : mcsmdp

In [ 2 ] : unlearn mdp2dplot

In [ 3 ] : i r a f . mdp2dplot . x l ab e l=r ’ $\ lambda {\rm obs} \ l e f t [\AA\ r i g h t ] $ ’
In [ 4 ] : i r a f . mdp2dplot . y l ab e l=

r ’ $F \ lambda \ , [\ t imes10 ˆ{−18}\ , e rg \ ,cmˆ{−2} s ˆ{−1}\AAˆ{−1}]$ ’
In [ 5 ] : i r a f . mdp2dplot . bottomplot=Fal se
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In [ 6 ] : i r a f . mdp2dplot . y s c a l e=1e18

In [ 7 ] : i r a f . mdp2dplot . l i n e l i s t =”mdpdb$ l ine l i s t / nebu lae t ex . ga ia ”

In [ 8 ] : i r a f . mdp2dplot . l i n ew id th=1

In [ 9 ] : i r a f . mdp2dplot . l i n e a l pha=1

In [ 1 0 ] : i r a f . mdp2dplot . l s t y l e =’k−−’

In [ 1 1 ] : i r a f . mdp2dplot . ymin=0

In [ 1 2 ] : mdp2dplot HK500 MODS11−0390 f l 59 21990 width=800 nsum=5

In [ 1 3 ] : mdpextract HK500 MODS11−0390 f l 59 21990

HK500 MODS11−0390 f l Ha lpha width=800 nsum=5 sub f r a c =0.5 sub fwhm=42

In [ 1 4 ] : mdp2dplot HK500 MODS11−0390 f l Ha lpha 59 21990 p l o t f i t+

ymin=0 width=800

In [ 1 5 ] : pylab . s a v e f i g ( ’HK500 MODS11−0390 f l Ha lpha . png ’ )

␳⑎䑌⑪⑋㱂㥔␹⑫⑈㽞 A.1⑎⑨␦⑊╗╭╃╈␬䙀⑩⑬⑞␹℣



A.2. 㱂㩝⑎㵨䵽 67

21600 21700 21800 21900 22000 22100 22200 22300
�obs

[
�
A]

0.0

0.5

1.0

1.5

2.0

F

�

[	

1
0


1
8
er
g
cm




2
s


1

� A




1
]

[N
II
]�

6
5
8
3

H




[N
II
]�

6
5
4
8

6444 6474 6503 6533 6563 6593 6623 6653
rest frame wavelength [A]

MODS11-0390 [21590.0A:22390.0A][57:61]

㽞 A.1: mdp2dplot⑇╗╭╃╈␷␿ 1㰡㠵┹╚┯╈╫⑈╕┣╃╈㝫㉌℣


