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䵗㭝

䭌㌤䘻䉧㍘⑇™䭌㌤䘻䰾㑳㭔䁟䍖䭌䉧 1.6m╔╪┫䬾ㅳ㙀䕫㩜⑫②䉀䵛
㝏佇䀱㑑䈬䵑䉧㔤⑦⑩䩤㵾㡷㍘㝏⑲㌫䠯⑆␤⑫℣䭜䩤㵾㡷㍘㝏⑇™㤭㭫䱮⑊䩤㵾㡷㍘
┷┹╆╠⑇␢⑫䨣㽴䅘㘦䱲䩤㵾㡷㍘㝏 (MCAO)③䍏䤽䱌䩤㵾㡷㍘㝏 (GLAO)㤽
䀮⑲㠡䘤⑆␤⑫℣㠡䘤Ω䁟㝗䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫㹰䩳䤬䵗⑇␢⑪™
②䭜㠦㕦⑇™MASS-DIMM(Multi-Aperture Scintillation Sensor with Differential

Image Motion Monitor; Kornilov et al. 2007)⑨⑫䔷䨸䉦㹥㙵䉧㔤㹱䵰㥢䕙╗╭╕┡
┤╫䈬䑪⑲㥔⑃⑆␤⑫℣

MASS™┵┤┺せ⑊⑫䨣㽴㌫㡽⑲䵑␤⑆ 1⑄䀱┷╳╁╬ℼ┷╧╳⑲䈬䑪⑫
⑈⑇™䍏䤽䱌䥕㙡⑲㵼㥢䕙 0.5-16km⑇䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫⑲䙀⑫℣
DIMM™1⑄䀱⑲ 2⑄严⑬㌫㡽⑲䑌⑆㑑䈬⑈ 2⑄䀱䅼䅪䉐䔪⑊㵅
㼴䵉⑩⑩䉧㔤㹱䵰䉧 (┷ℼ┤╳┰)⑲䈬䑪⑫℣MASS-DIMM 2⑄䅵
䍖⑩㤽䀮⑬⑆⑪™1⑄䱀⑫␤㤱䀱㡷⑇䘱㭾䈬䑪⑲㥔␦℣DIMM⑇䙀⑩⑬⑫┷ℼ┤
╳┰™䉧㔤㹱䵰䄴⑆㥢䕙䕏⑫䁑䨬䍍䅪䕶™⑬⑩MASS⑇䙀⑩⑬䉧㔤
㹱䵰䉧⑲㠺㬻⑫⑈⑇™䍏䤽䱌⑩ 16km㹥㙵⑇䄴⑆㥢䕙䉧㔤㹱䵰䉧
⑲㕡②⑫⑈㉄䜽⑇␢⑫℣

MASS-DIMM䅵䍖䭜䉎㥱丩䔷䨸䉦 Cerro Tororo䔷䨸䉦き䵪⑆䀽㩮③⑲
㱚䵑™㡽㝂 28cm┷╥╟╃╈┫┻┰╬╳䬾ㅳ㙀 Celestron C11䕫㩜⑫②㴤䀵
⑲㥔⑃℣䈬䑪 2013䜯 9㝮⑩ 2014䜯 02㝮⑆™ 1㝮 7䙼–10䙼
⑉㥔⑃℣䔷䐺䥕㙡 0–1䕹䑸䕙䱀⑫㤱䀱⑲䑌䱫㑑䈬⑫⑈⑇™䱫䭨䉧㔤㹱䵰
㥢䕙╗╭╕┡┤╫⑈㭾㑖䩑㈽⑲䈬䑪™䄴 18䱫䈬䑪䀮㡹℣㝫㉌™䔷䨸
䉦㹥㙵䄴䉧㔤䵉⑩ 52% 䍏䤽䱌䥕㙡™17% 㥢䕙 0.5km™16% 㥢䕙 2km

㴸䍦⑆␤⑫⑈䨬⑃℣
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1 イントロダクション

1.1 本研究の目的

䭌㌤䘻䉧㍘⑇™䭌㌤䘻䰾㑳㭔䁟䍖䭌䉧 1.6m╔╪┫䬾ㅳ㙀䕫㩜⑫②佇
䀱㑑䈬䵑䉧㔤䵉⑩䩤㵾㡷㍘㝏⑲㌫䠯⑆␤⑫℣䩤㵾㡷㍘㝏⑈™䉧㔤䵉⑩⑨⑃⑆䵰
⑬䔷䉎㡷䝈䱌⑲™㠵䀵␤䝈䱌䐾┷┹╆╠⑇␢⑫℣㴾䵨䔷䨸䵑䩤㵾㡷㍘㝏
⑲㭈⑃佇䀱㑑䈬⑇™㑑䈬䉐㹝㙡䬵䝈䱌㬲㹈䵑䕀㠻 (㤱䀱™ㅒ䀱)䤬䵗⑈⑊
⑫②™㡂⑩⑬㭾㑼㑑䈬⑲㥔␦⑈⑇⑊␤™䭜䩤㵾㡷㍘㝏⑇佇䀱䭜䉎⑲
䝈䱌㬲㹈㡷㠻⑈⑫⑈⑇™䱤䉪⑲㉲㹃⑫⑈⑲㠡䘤⑆␤⑫℣㴾䵨㜿
䩤㵾㡷㍘㝏⑇™䩤䀵㭫䱮┵┤┺佇䀱㭫䐾㝂⑨⑪③㘹␤䱤䉪␢⑫℣⑇佇䀱┵┤
┺㭫䱮 (50”)⑲䩤㵾⑫②™㤭㭫䱮⑊䩤㵾㡷㍘㝏┷┹╆╠⑇␢⑫䍏䤽䱌䩤㵾㡷㍘㝏
(GLAO)™③䨣㽴䅘䝈䱌㘦䱲䩤㵾㡷㍘㝏 (MCAO)㤽䀮⑲㠡䘤⑆␤⑫℣㠡
䘤②™䰾㑳㭔㹥㙵䉧㔤䵉⑩䴭㡺㥢䕙⑲䐴⑫䤬䵗␢⑫℣⑇䭜㠦㕦⑇
™MASS-DIMM(Multi-Aperture Scintillation Sensor with Differential Image Motion

Monitor; Kornilov et al. 2007)⑲㭈⑃⑆™䔷䨸䉦㹥㙵䉧㔤䵉⑩㥢䕙䨬䥛⑲䈬䑪
℣

1.2 大気揺らぎ補償光学系

䩤㵾㡷㍘㝏™䍏㕥䉧㔤䵉⑩⑨⑫䝈䱌䵰⑬⑲╪┢╫┿┤╠⑇䩤䀵™㙵㑖䨬㉲
䜽㡾㹥⑲㱂㠽⑫┷┹╆╠⑇␢⑫℣㡷㍘㝏™䝈䱌┻╳┵™㉄䩑㝁㙀™䀩㡦┷┹╆
╠ 3⑄䵗䅇⑇㱧䀮⑪丩⑃⑆␤⑫℣䝈䱌┻╳┵™䝈䱌㜹⑤㙊丨⑲䈬䑪⑫⑈
⑇⑫℣䈬䑪╇ℼ┿䀩㡦┷┹╆╠䅷⑩⑬™䝈䱌┻╳┵⑇䈬䑪䝈䱌㹰䩳
⑩㉄䩑㝁㙀䴿⑫㼮㥦⑲㝗㬻⑫℣⑆䉧㔤䵉⑩⑲┭╣╳┻╫⑫⑨␦⑊㝁㉄䩑
㝁㙀⑲䩑㝁⑆™䉧㔤䵉⑩ㅆ㙁⑲䩤䀵⑫℣㥔䑸⑲䉧㔤䵉⑩㭾䑪㽴⑨⑪③
䅡㥔␦⑈⑇™╪┢╫┿┤╠⑇䉧㔤䵉⑩ㅆ㙁⑲䩤䀵䈳⑫⑈⑇⑫℣

䔷䨸䉦䔵㜿䔪⑊┷ℼ┤╳┰⑲ 1.8”™䉧㔤䵉⑩䅘䴭㡺㥢䕙⑲ 1km⑈㈾䑪⑫⑈™㴾
䵨䔷䨸䵑䩤㵾㡷㍘㝏䩤䀵㭫䱮┵┤┺䱳 3.5”⑈⑊⑫℣⑬佇䀱㭫䐾㝂⑨⑪③㘹␤
⑇™㴾䵨㜿䩤㵾㡷㍘㝏⑇佇䀱䄴䉎⑲䩤䀵⑫⑈⑇⑊␤℣䱤䉪⑲㉲㝨⑫
②™䍏䤽䱌䩤㵾㡷㍘㝏 (GLAO)™䨣㽴䅘䝈䱌㘦䱲䩤㵾㡷㍘㝏 (MCAO)⑈␤␦㤭㭫䱮⑊
䩤㵾㡷㍘㝏┷┹╆╠䈸㩟⑫℣GLAO™䁜䍏䅘䉧㔤䵉⑩⑲䩤䀵⑫䩤㵾㡷㍘
㝏⑇␢⑫℣䑣␤䅘⑇䝈䱌䵰⑬㤭␤㍑䕙䡏く䙢⑇ぬ䑪⑈⑊⑫⑇™䡳㹯㤭␤㭫
䱮䩤䀵㉄䜽⑇␢⑫℣䍏䤽䱌⑤㝺䨪⑨⑫䭠㬤⑇䵰丮䠯䀸⑫②™䉧㔤䵉⑩䉧
䥴䨬䍏䤽䱌㴸䍦⑆␤⑫℣⑨⑃⑆䁜䍏䅘䵉⑩㘯␤┵┤╈⑇™㤽䀮⑇㴽䨬
⑊䨬㉲䜽㡾㹥㑼䉔⑇⑫℣ぬ䩽MCAO™䨣㽴㥢䕙䉧㔤䵉⑩⑲䨬严⑆䈬䑪
™⑬⑬㥢䕙䉐ㅾ䨣㽴㉄䩑㝁㙀⑲㭈⑃⑆㤭␤㭫䱮⑇䝈䱌䩤㵾⑲㥔␦℣
⑨⑃⑆䨣㽴㥢䕙⑇䉧㔤䵉⑩䉧␤㭾™┷┹╆╠䵸䵑㑼䉔⑇⑫℣
㉄䩑㝁㙀⑲䨣㽴㭈␦②™GLAO⑨⑪③䅵䍖䉧㔬䱏⑊⑫㉄䜽䀭␢⑫℣℡
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㽞 1.1: 䩤㵾㡷㍘㝏㌵䜰㽞 [R. Davies and M. Kasper., 2012]

㽞 1.2: (㨸)GLAO㌵䜰㽞 (ㄦ)MCAO㌵䜰㽞 [R. Davies and M. Kasper., 2012]
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1.3 ピリカ望遠鏡

╔╪┫䬾ㅳ㙀™㱧㙀㡽㝂 1.6m㉄㭫/䁖㌰䬾ㅳ㙀⑇␢⑫℣㱧佇䀱㑑䈬⑲䱜䔪⑈
䬾ㅳ㙀⑇␢⑪™䉀䵛㝏佇䀱㑑䈬䵑㡷㍘䬾ㅳ㙀⑈⑆䀤㌦㩇䉧㕩⑇␢⑫℣䤽 1.1䬾
ㅳ㙀㱧⑊㭅䵍⑲㰨℣

䤽 1.1: ╔╪┫䬾ㅳ㙀㱧⑊㭅䵍

㝁㰰 ╪╃╁ℼ┯╬╁┢╳
㹇䕀╢ℼ╉ ┫┻┰╬╳㹇䕀 1⑄™╊┹╟┹㹇䕀 2⑄
䴭㡺㡽㝂 1600 mm

㥧䀮㹇䕀㕷严 19237.7 mm (F/12.0)

㽞 1.3: ╔╪┫䬾ㅳ㙀

6



╔╪┫䬾ㅳ㙀┫┻┰╬╳㹇䕀™䭌㌤䘻䉧㍘䉧㍘ㄡ䵽㍘㠦㕦ㄡ佇䀱ㄧ䍨┰╫ℼ╗
⑨⑃⑆㌫䠯⑬┹╚┯╈╫㬣䅼䅵䍖™MSI(Mulit-Spectral Imager)[Watanabe et al.,

2012]䕫㩜⑬⑆␤⑫℣MSI㱧⑊㭅䵍⑲䤽 1.2㔭㵒⑫℣MSI┫╡╩⑇␢⑫C9200-

13(䥍㸾╛╈╋┯┹)™EM-CCD(Electron Multiplying CCD : EM-CCD)⑲䵑␤⑆␤⑫℣
 CCD⑈ㅕ㸽㉄䩑╕┣╫┿ℼ (Liquid Crystal Tunable Filter : LCTF)⑲䵑␤⑫⑈
⑇™㉄㭫㙡䁖䁾㌰䝈䐹と␤⑆䈿䝈䐹㘹䉓と┹╚┯╈╫┤╡ℼ┸⑲䌻㭾㑖⑇㡺丨⑨
㬣䅼⑫⑈⑇⑫℣

䤽 1.2: MSI㱧⑊㭅䵍 [Watanabe et al.]

䝈䐹と 360–1050 nm

㭫䱮㍑
–╎ℼ╞╫╢ℼ╉ 3.3’×3.3’ (0.389”/pixel)

–㥢㉲䅼䕙╢ℼ╉ 56’×56’ (0.110”/pixel)

ㅕ㸽㉄䩑╕┣╫┿ℼ
–VIS 400–720 nm™∆λ ∼10 nm(@ 650 nm)

–SNIR 650–1100 nm™∆λ ∼10 nm(@ 900 nm)

㘹䉓と╕┣╫┿ℼ 360,365,370,380 ,390 nm (∆λ=10 nm)

㤭䉓と╕┣╫┿ℼ B,V,Rc,lc

CCD ┫╡╩ C9100-13 (䥍㸾╛╈╋┯┹)

┢╬┤┵┤┺ 512×512 pixel

╔┯┻╫┵┤┺ 16×16 µm
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1.4 サイエンスケース

䭌㌤䘻䉧㍘⑇㌫䠯䍦佇䀱㑑䈬䵑䉧㔤䵉⑩䩤㵾㡷㍘㝏™㹗⑊⑃䱚䀱㭫䐾㝂 (䱳
47”)⑲䩤㵾⑇⑫⑉㤭␤䩤䀵㭫䱮⑲㭽⑄℣⑨␦⑊㤭㭫䱮⑊䩤㵾㡷㍘㝏⑇㑼䉔⑬
⑫┵┤┨╳┹┱ℼ┹⑈⑆™䱚䀱䉧㔤䉐丮╗╭┻┹␢⑫℣

㉄㭫㡷⑇㠫⑫䱚䀱䤽䱌™䁖䘻䨿㥔⑊㽴㴽䉓 (═╳╉)䅶⑃⑆␤⑫℣⑬⑩═
╳╉䁖䘻䨿㥔⑊㘯␤䥷⑨⑃⑆㙨䁚⑩⑬⑆⑪™㥢␤┢╫╙╉═╳╉┾ℼ╳™䑣
␤┢╫╙╉═╳╉╙╫╈⑈㡆⑬⑆␤⑫℣䱚䀱䙮ぞ 10Ⅻ⑩䙮ぞ 20Ⅻ␢⑫╙╫
╈䙮䁖䘻╙╫╈ (SEB)⑈␤␤™㉄㭫䝈䐹⑇┢╫╙╉䩑㈽⑫℣ SEB䄴䉎⑇┢╫
╙╉㥢⑊⑫㠽㹝 SEBF⑈㡆⑬⑆⑪™㭾 SEB乙䁜⑆␤⑫┾ℼ╳⑈㙨䩌
⑇⑊␤⑉䌸㈽⑫℣SEBF䡳㹯䌻™㽴㝮㡥㕞㝣䜻㈽⑆㠵╙╫╈
䱡⑫㠽㹝 (SEBD)㔯⑫℣SEB 1–14䜯㑖㹵䉖⑲䩝⑁™SEBF 2–4㝮⑇
ぜ㥔⑫℣SEBF 1–3䜯㭽䈳⑫™㡥 SEBD㔯⑆ 2–3㝮⑇╙╫╈㴽䨬
䠯䌣⑫℣SEB┢╫╙╉䩑㈽㠶へ™ㅀ⑈㹥䅘╘┤┺㤽䈤⑤䀭㱁䩑㈽㠶へ⑇␢
⑫⑈㥍⑩⑬⑆␤⑫™㱾㑼䀭㉄䜽䀭⑤㍆䍊㌬⑇╀┤╊╟┯┹㠶へ⑊⑉䱀⑩
⑊⑃⑆␤⑊␤℣

㽞 1.4: (a)┢╫╙╉䑣␤SEB⑩⑬⑫℣ (B)㐰䄴SEBF䠯䌣䵍㭒⑩⑬⑫℣
SEBn⑈ SEBs™SEBF䍦⑇③┢╫╙╉䩑㈽㔯⑪␤乎と⑇␢⑫℣[Peres-Hoyos

et al.]
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㩇㙡⑇ 2009䜯 07㝮⑩ SEBF䠯䌣㭏⑪™2009䜯 11㝮 SEBFぜ㥔
㐰主⑈㍎䜧⑬⑆␤⑫℣㡥䱳 1䜯㑖 SEBF⑇␢⑪™2010䜯 11㝮⑩
SEBD㔯℣㭾╏╃╖╫ㄧ䍨䬾ㅳ㙀⑲㭈⑃ SEBF㑑䈬䁨㥔㠦㕦⑇㥔⑯⑬⑆
␤⑫℣[Peres-Hoyos et al., 2011]㑑䈬⑇™∼225nm™∼350nm™∼500nm™∼600nm™
∼890nm䝈䐹䉓⑲㭈␤™䱚䀱せ⑊⑫㥢䕙⑲㠫⑆␤⑫℣㽞 1.4 ∼225nm⑈ ∼350nm

䝈䐹と⑇㑑䈬㝫㉌⑇␢⑫℣∼350nm䝈䐹と™䈾䝈䐹と㑑䈬㝫㉌⑈䡦⑫⑈
䡳㹯䉧⑊┢╫╙╉䩑㈽㠫⑩⑬⑫℣ 2010䜯 04㝮⑩䱚䀱㥧⑊⑪™㐰䄴
 SEBF䠯䌣⑫⑇㹜㩙⑊䩑㈽㍎䜧⑇⑊⑃℣③ SEBF䠯䌣⑫⑇
┢╫╙╉䩑㈽⑲™䈿䝈䐹⑇㭾㑖䨬㉲䜽㥢␤╢╋┿╪╳┰㑑䈬⑲㥔␦⑈⑇⑬™
SEBFぜ㥔㑼㑖⑇ㅴ䐾䩽㡾䥷䈮⑲㕡②⑫⑈⑇⑫℣SEBF㍆䍊㌬⑇ㅴ䐾
䩽㡾丳㭒䘰⑲䱀⑩⑫⑈™䱚䀱䉐丮╗╭┻┹䵽㉲⑲㼼②⑫┹╆╃╗⑈
⑊⑫℣

㽞 1.5: (a)∼225nm┢╫╙╉䩑㈽ (b)∼350nm┢╫╙╉䩑㈽ (㵄㰴:┢╫╙╉™㈣㰴:䱚
䀱ぞ䕙)[Peres-Hoyos et al.]

䔷䨸䉦⑇䔵㜿䔪⑊┷ℼ┤╳┰䍍䱳 1.8”(@ 650nm)⑇␢⑫℣⑬䱚䀱ぞ䕙䩽㡾
㐹㬻⑫⑈䱳 4.3Ⅻ⑇␢⑫℣ SEB䡏く䱳 10Ⅻ⑊⑇™㠽㹵⑇㴽䨬⑊㙵㑖䨬㉲
䜽⑲䙀⑫⑈⑇⑊␤℣⑇䩤㵾㡷㍘㝏⑇㙵㑖䨬㉲䜽⑲™䱚䀱㽥䨿㕷严 1200km

䅪䕶⑫ 0.4”⑇㡾㹥⑫⑈⑇™SEB㑑䈬㴽䨬⑊㉲䅼䕙⑲㑼䉔⑇⑫℣
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2 MASS-DIMMによる大気擾乱の大きさの測定原理

2.1 シーイングとシンチレーション

䍏㹥䬾ㅳ㙀⑇㑑䈬⑲㥔␦⑈™㑑䈬䔷䉎䀱䅼⑤⑫℣⑬䉧㔤䵉⑩⑨⑪䔷䉎
⑩㡷䝈䱌䵰⑬⑆␦⑩⑇␢⑫℣䀱䅼⑤⑲䑪乌㈽③┷ℼ┤╳┰
⑇␢⑪™䀱䅼㔱䕙䨬䥛FWHM [arcsec]⑇䤽℣┷ℼ┤╳┰™Fried parameter(r0)

⑈␤␦║╩╡ℼ┿䍖㐹⑫⑈⑇⑫℣Fried parameter™䝈䱌䨿䱌⑇␢⑫⑈
⑊⑫㙵㑖┵┤┺⑇␢⑪™䉧㔤┷ℼ┤╳┰ (ǫ0) r0⑈ λ䡦⑇䤽⑈⑇⑫℣

ǫ0 = 0.98
λ

r0
(2.1)

䬾ㅳ㙀䵽䅛䔪⑊㍑䕙䨬㉲䜽™㑑䈬䝈䐹 λ⑈䬾ㅳ㙀㡽㝂 D䡦∼ λ
D ⑇䤽⑈⑇

⑫℣䬾ㅳ㙀㡽㝂⑲䉧⑬䨬㉲䜽㥢⑊⑫™㱂㩝 r0┵┤┺⑇㡽㝂 D
䘬䉇⑁⑈⑊⑪™┷ℼ┤╳┰⑉䨬㉲䜽䙀⑫⑈⑇⑊␤℣

┷╳╁╬ℼ┷╧╳⑈™䉧㔤䵉⑩䌻㭾㑖⑇䩑㈽⑫⑈⑨⑃⑆㔯⑫™␢⑫㙵㑖
䙢䔷䉎㡷乌䩑㈽⑇␢⑫℣ぬ䡌䔪™䀱␤⑆㠫⑫⑈⑲㭘℣

2.2 大気パラメータ

䙃䑪䉧㔤䅘⑇䵰丮㘯䕙™C2
n(㙾䁞丨㤽䈤㑘㽴)⑇䤽⑬⑫℣C2

n䌱がm−2/3

⑇␢⑫℣䵰丮㘯䕙㔨䁡™㝮™⑩䨬䌱が⑇䉧䩑㈽⑫℣┸┧╃╈㔤丮
㔯⑫㥢䕙 (∼10km)⑨⑪③㥢␤㥢䕙⑇™䵰丮㘯䕙㸮⑊⑪ 10−18m−2/3⑀⑈␤⑯⑬
⑆␤⑫℣C2

n⑲㭈⑃⑆™㰡㰰⑲䑪㕁⑫℣

㽞 2.1: C2
n╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km]™㈣㰴:C2

n[m
−2/3]) [K. Robert., 2000]
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J =

∫

path
C2

n(z)dz (2.2)

path™㑑䈬䔷䉎㡷䑌㉡䉧㔤䕁䝅㝐伩⑇␢⑫℣┷ℼ┤╳┰ (䀱䅼䉧)
J ⑇䤽⑈⑇⑫℣

r
−5/3
0

= 0.423(
2π

λ

2

J) (2.3)

2.3 MASS

䩤㵾㡷㍘㝏┷┹╆╠䀭䜽⑲㠫䁑③⑫②™┵┤╈㥢䕙⑈䉧㔤䵉⑩㹰䩳
䤬䵗⑇␢⑫℣䙃╪┢╫┿┤╠⑊䉧㔤║╩╡ℼ┿™┷┹╆╠⑲⑨⑪㡺㉌䔪⑫℣䉧
㔤䵉⑩⑲䈬䑪⑫䩽䬡⑈⑆™㔤㕥⑲㭈⑃䐴㨺⑤ SCIDAR⑊⑉␢⑫℣SCIDAR

⑈㡽㝂 1⍭お㹥䬾ㅳ㙀⑲㭈䵑⑆™2㵅䀱⑲㑑䈬⑆䉧㔤䵉⑩⑲䈬䑪⑫䩽䬡⑇
␢⑫℣⑬⑩䩽䬡㥢䕙䨬㉲䜽㥢␤䈬䑪⑲㥔␦⑈⑇⑫™㑑䈬㹲㝯䀩㡂
⑫⑇™㔤㕥⑤ SCIDAR㭾㑖䨬㉲䜽㥢␤䈬䑪⑲㥔␦⑈䙱␤℣⑇╪┢╫
┿┤╠⑇䉧㔤䵉⑩䈬䑪⑲㥔␦䅵䍖™V.Kornilov et al. 2003⑨⑃⑆㌫䠯⑬℣
㌫䠯⑬MASS䅪䉐䔪⑊䔷䉎┷╳╁╬ℼ┷╧╳䩑㈽⑩™䉧㔤䵉⑩⑲䈬䑪
⑫䅵䍖⑇␢⑫℣ㅴ䐾䩽㡾䨬㉲䜽 SCIDAR⑈䡦⑫⑈䡳㹯㸮␤™䱀⑫␤ 1⑄
㤱䀱⑲㭈␦⑈⑇╢╋┿╪╳┰㑑䈬㉄䜽⑈⑊⑫℣㽞 2.2⑨␦™MASS䉧㔤䵉⑩
㥢䕙ㅾ⑆™┷╳╁╬ℼ┷╧╳㙵㑖┹┱ℼ╫䉧⑊⑫⑈⑲䵸䵑⑆␤⑫℣
お㈼⑇™せ⑊⑫┢║ℼ╁╣ℼ⑲㭈⑃┷╳╁╬ℼ┷╧╳䵽佀⑲䁢䱀⑫℣
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㽞 2.2: 䉧㔤䵉⑩㥢⑨⑫㙵㑖┹┱ℼ╫䩑㈽

12



䵰丮䝞㱁䤸㵠䔪⑊䝈䱌䕁䝅䵽佀™㱥␤䁝䘰㙡㭷 (Rytov㙡㭷)㑰⑅␤⑆␤⑫℣䝈
䅪䉐㼶䥽⑲ χ⑈⑫⑈™䬾ㅳ㙀䘷䙢㡷㘯䕙 I 䨬䥛™㰡⑨␦䤽⑈⑇
⑫℣

I = I0exp(2χ) (2.4)

Rytov㙡㭷 χ << 1㭾䴭㡺⑇␢⑫℣㡷㘯䕙㰫䄳䉐㽴䨬㬶⑇␢⑫┷╳╁╬ℼ┷╧
╳㭘㽴㰡⑨␦䴿⑩⑬⑫℣

♒2

I ≈ 〈(lnI − 〈lnI〉)2〉 (2.5)

㘯䕙䨬㬶 (┷╳╁╬ℼ┷╧╳㭘㽴)™㙾䁞丨㤽䈤㑘㽴 C2
n⑈㵅㑘㽴 Q䁑⑲㥢䕙

⑇䁑䨬㰰⑈䕹␤℣㰡㰰⑇™䔷䐺㍑ γ⑇䈬䑪⑲㥍丸⑫②™㥢䕙 h䉥⑯
⑪ z = hsecγ⑈⑆␤⑫℣

♒2

I =

∫ Zmax

0

dzQ(z)C2

n(z) (2.6)

䁑䨬䬾ㅳ㙀㌫㡽 (z=0)⑩™䵰丮䅘⑇㩇䉧㕷严 Zmaz 䡏く⑇㱂㥔⑬⑫℣㵅
㑘㽴Q䵰丮┹╚┯╈╫⑈╕╬╍╫㉳䁞 2⑄㥠䁑⑲™㙵㑖㱾䝈㽴⑇䁑䨬③⑇
␢⑫℣

Q(z) = 9.62λ−2

∫
∞

0

dff−8/3sin2(πλzf2)A(f) (2.7)

㰰2.7A(f)┢║ℼ╁╣ℼ╕┣╫┿ℼ⑇␢⑫℣W(x,y)⑲┢║ℼ╁╣ℼ䘩㉡㑘㽴™W̃ (x, y)

⑲W(x,y)╕ℼ╪┨䩑㐹⑲㝁⑈⑫℣W̃ (x, y) = 0⑊⑫⑨␦䀵㔬㈽™㙵㑖㱾䝈
㽴䱌 f = (fx, fy)⑲㙋㩂䤸䐾℣㝫㉌ A(f)ぬ䡌㰰㰡㰰⑇䤽⑬⑫℣

A(f) = (2π)−1

∫
2π

0

dφ|W̃ (f, φ)|2 (2.8)

㰡┷╳╁╬ℼ┷╧╳⑲™2⑄┢║ℼ╁╣ℼW1™W2⑇䘱㭾㑑䈬⑈⑫℣㨹䨬
┷╳╁╬ℼ┷╧╳㭘㽴♒2

d™2⑄╕╩╃┯┹䡦㰫䄳䉐㽴䨬㬶⑈⑆䑪㕁⑬⑫℣

♒2

d = 〈(lnI1
I2

− 〈lnI1
I2
〉)2〉 (2.9)

㰰2.9㰰2.4⑲䉥䙾⑫⑈⑇™♒2

d = 4〈(χ1−χ2)
2〉⑲㕡②⑫⑈⑇⑫℣χ1(x)−χ2(x)

╕ℼ╪┨䩑㐹™┢║ℼ╁╣ℼ╕┣╫┿ℼせ⑊⑫╕ℼ╪┨䩑㐹㨹䨬⑈⑆㝗㬻
⑬⑫℣⑨⑃⑆ W̃ (fx, fy) W̃1(fx, fy)− W̃2(fx, fy)㨹⑈⑆䤽⑈⑇⑫℣2⑄
┢║ℼ╁╣ℼW1™W2 ⑇䘱㭾㑑䈬㭾┢║ℼ╁╣ℼ╕┣╫┿ℼ㰡⑨␦⑊
⑫℣

Ad(f) = (2π)−1

∫
2π

0

dφ|W̃1(f, φ)− W̃2(f, φ)|2 (2.10)

2⑄┢║ℼ╁╣ℼ㝁㹵⑲™䘱㼴ㅟ⑇㑄㹵┢║ℼ╁╣ℼ⑈⑫ (㽞 2.3)℣d⑲㌰ㅟ
䐾㝂™♅ d⑲䙢ㅟ䐾㝂⑈⑫⑈™┢║ℼ╁╣ℼ╕┣╫┿ℼ Ad(f)㰡⑨␦䤽⑬⑫℣

W̃1(f) =
1

1−♅2
[
2J1(πdf)

πdf
−♅2

2J1(πdf)

πdf
]2 (2.11)
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W̃2(f) =
2J1(♅πdf)

♅πdf
(2.12)

Ad(f) = (1−♅2)2[
2J1(πdf)

πdf
−♅2

2J1(♅πdf)

♅πdf
]2 (2.13)

⑇ J1 ╙╃┻╫㑘㽴⑇␢⑫℣㽞 2.3⑲㠫⑫⑈™␢⑫㥢䕙⑇㵅㑘㽴䑪㹯⑊⑃⑆
␤⑫⑈⑯⑫℣⑬㽞 2.4䑌⑪™㵅㑘㽴㥢䕙䩑㈽⑆③䉧䩑㈽⑫
䑣㱾䝈䀮䨬⑀⑩⑇␢⑫℣┢║ℼ╁╣ℼ╕┣╫┿ℼ═╳╉║┹╕┣╫┿ℼ㝁⑲
㱨⑃⑆⑪™⑬┷╳╁╬ℼ┷╧╳㙵㑖┹┱ℼ╫⑇␢⑫╕╬╍╫䠾㝂

√
λz⑈䘱䑸䕙⑇

␢⑫℣乣♋=500nm,z=1km㭾╕╬╍╫䠾㝂 2.2cm⑇␢⑪™㽞 2.3⑇ d=4cm
㵅㑘㽴 z=1km⑩䑪㽴⑊⑃⑆␤⑫⑈⑯⑫℣⑄⑪せ⑊⑫䐾㝂┢║ℼ╁╣ℼ
䅈㥧⑯⑇⑬⑬㘯䕙䅪㑘⑲㱨⑫⑈⑇™䵉⑩㥢䕙⑲㰱䩌⑫⑈⑇
⑫ [A.Tokovinin., 2002]℣

㽞 2.3: 䘱㼴ㅟ┢║ℼ╁╣ℼ㭾㨹䨬┷╳╁╬ℼ┷╧╳㭘㽴㵅㑘㽴℣♅=0.5d™♋
=500nm℣(㵄㰴:㵅㑘㽴 [1010m−1/3]™㈣㰴:㥢䕙 [km]) 㱂䁾:d=4cm™䝋䁾:d=8cm™䕀
䁾:d=16cm [A.Tokovinin., 2002]
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㽞 2.4: 㨹䨬┷╳╁╬ℼ┷╧╳㭘㽴㵅㑘㽴 3⑄㥠䁑䨬⑇䀮⑪丩⑃⑆␤⑫℣ ║
╯ℼ┹╚┯╈╫㥠 f8/3™╕╬╍╫╕┡┯┿ℼ㥠 sin2(πλzf2)™┢║ℼ╁╣ℼ╕┣╫┿ℼ
A(f) 㱂䁾:f8/3⑈ sin2(πλzf2)䁑 (z=4km) 䕀䁾:f8/3⑈ sin2(πλzf2)䁑 (z=6km) 䝋
䁾:4cm⑈ 2cm┢║ℼ╁╣ℼ╕┣╫┿ℼ Ad(f) [A.Tokovinin., 2002]

㰡㱂㩝㭈䵑⑫MASS㠶䵽⑄␤⑆䵽佀䔪䁢䱀⑫℣䵰丮䵽佀⑇㰰 2.5⑨
␦™┷╳╁╬ℼ┷╧╳㭘㽴䉐㽴䨬㬶㰰⑇䤽⑬⑫™㱂㩝䈬䑪⑇䈬䑪⑬┫
┦╳╈䍍 0⑇␢⑃⑪™䑪㹯⑊㡷⑇③┫┦╳╈䍍䩑䘰⑫⑇™MASS㝗㬻⑇
㱂㩝㭈䵑⑫┷╳╁╬ℼ┷╧╳㭘㽴㰡㰰⑇䤽⑬⑫℣

s2A = 〈∆I2A〉/〈IA〉2 (2.14)

IA┢║ℼ╁╣ℼ A⑲䑌⑆㱵㱨⑃㵖㑖䔪⑊㡷乌⑇␢⑪™∆IA IA䩑㈽乌⑇␢
⑫℣™㨹䨬┷╳╁╬ℼ┷╧╳㭘㽴③㰡⑨␦䤽⑬⑫℣

s2AB = 〈(∆IA
〈IA〉

− ∆IB
〈IB〉

)2〉 (2.15)

s2A⑈ s2AB ™C2
n(z)⑈䅪㑘䀭␢⑫⑇

s2k =

∫
Wk(z)C

2

n(z)dz (2.16)

⑈䤽℣k┢║ℼ╁╣ℼ™ 2⑄┢║ℼ╁╣ℼ䅈㥧⑯⑲㰨℣(2.16)㰰㵅
㑘㽴Wk(z)™k⑈㥢䕙䠿ㅾ⑲䤽⑆␤⑫℣㱥␤┳╫╢┴╭╕䵰丮⑇™㵅㑘㽴
┢║ℽ╁╣ℼ㝁㹵⑤䈬䑪⑬㡷┹╚┯╈╫き䈸⑫℣┢║ℼ╁╣ℼDA

⑈DB 㨹䨬┷╳╁╬ℼ┷╧╳㭘㽴™1/DB < |f | < 1/DA┷╳╁╬ℼ┷╧╳═╳
╉║┹㙵㑖╕┣╫┿ℼ䱲㍤⑲⑆␤⑫ぬ䩽⑇™┢║ℼ╁╣ℼDA┷╳╁╬ℼ┷╧╳㭘
㽴 |f | < 1/DA┷╳╁╬ℼ┷╧╳╭ℼ║┹╕┣╫┿䱲㍤⑲⑆␤⑫℣㴾⑃⑆™ㅟ
㝁┢║ℼ╁╣ℼ⑲㭈⑃MASS™┳╫╢┴╭╕䵰丮䍦㑖┹┱ℼ╫㐶䕙␢⑫℣

2⑄せ⑊⑫┢║ℼ╁╣ℼ㨹䨬┷╳╁╬ℼ┷╧╳㭘㽴⑇™䙢䈦┢║ℼ╁╣ℼ╕
╬╍╫䠾㝂⑇␢⑫

√
λz ⑨⑪③䉧⑊⑫㭾™㵅㑘㽴䕁䡂㕷严 z > zAB = D2

AB/λ⑇
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⑈⑳⑉き䈸⑊␤ (DAB = (DA +DB/2))℣⑬䈬䑪⑬㨹䨬┷╳╁╬ℼ┷╧╳㭘
㽴⑩䐾䁜䵰丮䁑䨬⑲㕡②⑫⑈⑲さ䰣⑫℣ぬ䩽⑇┷╳╁╬ℼ┷╧╳㭘㽴⑇™㵅
㑘㽴㸮␤䕁䡂㕷严 (z << D2/λ)㭾 z5/6 ™䉧␤䕁䡂㕷严 (z >> D2/λ)⑇
 z2䡦乣⑫℣䑌㹯┷╳╁╬ℼ┷╧╳㭘㽴⑇㥢␤㥢䕙㱥␤䵰丮⑈™䑣␤㥢䕙
㘯␤䵰丮⑲㙨䩌⑫⑈⑇⑊␤⑇™㨹䨬┷╳╁╬ℼ┷╧╳㭘㽴⑲㭈␦⑈⑇㥢䕙
⑈㙨䩌⑫⑈⑇⑫℣

MASS 4⑄┢║ℼ╁╣ℼ␢⑫⑇™㝗 10㡄 sk⑲䈬䑪⑫℣䈬䑪 sk

⑈ 0.5™1™2™4™8™16km 6⑄䅘㥧⑯䵰丮䅘╢╇╫⑇╕┣╃╆┣╳┰⑲⑫
⑈⑇™㥢䕙⑈ C2

n⑲㝗㬻⑫℣㰡㰰™䵰丮╗╭╕┡┤╫㑰䭜⑈⑊⑫㰰⑇␢⑫℣

㽞 2.5: 㨸)4⑄┢║ℼ╁╣ℼ A™B™C™D㵅㑘㽴Wk(z)℣┢║ℼ╁╣ℼ A™B™C™
D䐾㝂⑬⑬ 1.9™3.2™5.6™8cm⑇␢⑫℣(ㄦ)4⑄┢║ℼ╁╣ℼ㨹䨬㵅㑘
㽴Wk(z)℣[V.Kornilov et al., 2007]

s = WJ (2.17)

Ji =

∫

ithlayer
C2

n(hi)dh (2.18)

s┷╳╁╬ℼ┷╧╳㭘㽴╙┯╈╫⑇␢⑫℣W  10⅟ 6㵅㥔乳⑇™J䵰丮╗
╭╕┡┤╫6⑄䵗䅇⑇䀮⑪丩⑃⑆␤⑫╙┯╈╫⑇␢⑫℣hi㵧™0.5, 1, 2, 4, 8, 16km⑇
␢⑫℣[V.Kornilovetal., 2007]
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2.4 DIMM

䤸㵠䔪⑊DIMM™2⑄严⑬㌫㡽⑇ 1⑄䀱⑩䙀⑩⑬⑫ 2⑄䀱䅼⑲㑑䈬⑫℣
⑆ 2⑄䀱䅼䅪䉐䔪⑊㵅㼴䵉⑩⑩™┷ℼ┤╳┰㐹㬻⑫⑈⑇⑫℣
⑇ 2⑄㌫㡽㡽㝂㑖䩽㡾䨿㥔⑊䩽㡾⑲ Longnitudal䩽㡾™⑬䐾㥔⑫䩽㡾⑲
Transverse䩽㡾⑈⑆™┷ℼ┤╳┰ 2⑄䩽㡾⑈㕡②⑫ (㽞 2.6)℣䅼䅪䉐䵉
⑩⑩┷ℼ┤╳┰⑲㝗㬻⑆␤⑫⑇™䬾ㅳ㙀╈╩╃┭╳┰┨╩ℼ⑤䥷⑊⑉⑨⑫╖
╬䉐⑫㐶䕙䡳㹯㸮␤℣⑨⑃⑆䡳㹯㱂䵑䔪⑊┷ℼ┤╳┰╢╋┿ℼ⑇␢⑫⑈㡀
⑫℣
お㈼⑇™DIMM⑇䙀⑩⑬⑫ 2⑄䀱䅼䅪䉐䵉⑩⑈┷ℼ┤╳┰㑘㜸㰰⑲䵽佀䔪

㽞 2.6: DIMM㌵丬㽞

䁢䱀⑫℣

䔷䉎⑩䩼㱍⑬㡷䁾䍏㕥䙏⑇䨿䱌䝈⑇␢⑫℣䍏㕥䉧㔤⑲䑌㉡⑫
⑈™䉧㔤㹱䵰ㅆ㙁⑲㱵⑆䝈䱌䵰⑬⑆␦℣䝈䱌䝈㝁⑲ z(x,y) ⑈⑫⑈™
䝈䱌が䅪㡭㨹 φ(x,y) ⑲㭈⑃⑆㰡㑘㜸㰰⑲䤽⑈⑇⑫℣

z(x, y) =
λ

2π
φ(x, y) (2.19)

㡷䁾㽊①䩽㡾⑈䝈䱌㽢䐾⑊⑇™x䩽㡾䕾䌣㍑䕙䩑䘰⑲ α⑈⑈™

α(x, y) = − ∂

∂x
z(x, y) = − λ

2π

∂

∂x
φ(x, y) (2.20)

⑈⑊⑫℣⑨⑃⑆ α㘦䨬㬶お㈼⑨␦䑪㕁⑇⑫℣

Bα(ξ, η) = 〈α(x, y), α(x + ξ, y + η)〉 (2.21)

(ξ,η) (x,y)⑩⑬乌⑇␢⑫℣が䅪㡭㨹㘦䨬㬶 Bα(ξ, η)③䑪㕁⑫℣

Bφ(ξ, η) = 〈φ(x, y), φ(x + ξ, y + η)〉 (2.22)
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(2.21)㰰⑈ (2.22)㰰⑩™㰡㑘㜸㰰⑲䘳㵐⑫⑈⑇⑫℣

Bα(ξ, η) = − λ2

4π2

∂2

∂ξ2
Bφ(ξ, η) (2.23)

⑇が䅪㤽䈤㑘㽴Dφ(r)⑲䘳䙾⑫℣が䅪㤽䈤㑘㽴Dφ(r)™䉧㔤㹱䵰⑇䙌ㅺ⑊⑃
䝈䱌㤽䈤⑲䑪乌䔪䤽䨪䵽乌⑇␢⑪™お㈼⑨␦䑪㕁⑬⑆␤⑫℣

Dφ = 〈|φ(x+ r)− φ(x)|2〉 (2.24)

φ(x) x⑇が䅪⑬乌⑇␢⑫℣⑬™䬾ㅳ㙀㌫㡽䱌㹥⑇㕷严 r严⑬ 2䕀が䅪
㨹⌲㹨䨿㙑⑈⑊⑃⑆␤⑫℣r = (ξ, η)⑇䤽Dφ(ξ, η)™㘦䨬㬶㰰⑲䵑␤⑆お㈼

㽞 2.7: 䝈䱌が䅪㨹

⑨␦䤽⑈⑇⑫℣

Dφ(ξ, η) = 2[Bφ(0, 0) −Bφ(ξ, η)] (2.25)

⑬ (2.23)㰰⑲䉥䙾⑆

Bα(ξ, η) =
λ2

8π2

∂2

∂ξ2
Dφ(ξ, η) (2.26)

⑈⑊⑫℣Kolmogorov䵰丮䵽佀㙉㵪䔪䕹䩽䀭㈾䑪⑨⑪™が䅪㤽䈤㑘㽴Dφ(ξ, η)㰡
⑨␦䴿⑩⑬⑫℣

Dφ(ξ, η) = 6.88(
r

r0
)
5

3 (2.27)

⑇ r =
√

ξ2 + η2⑇␢⑪™r0 Fried parameter⑇␢⑫℣(2.27)㰰⑲ (2.26)㰰⑲䉥䙾
⑫⑈™

Bα(ξ, η) = 0.087λ2r
−5/3
0

∂2

∂ξ2
[ξ2 + η2]5/6

= 0.145λ2r
−5/3
0

[(ξ2 + η2)−1/6 − 1

3
ξ2(ξ2 + η2)−7/6] (2.28)
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η = 0⑈⑫⑈™Longitudinal䩽㡾㘦䨬㬶㰰™ξ = d㑘㽴⑈⑆お㈼㰰⑇䤽
⑬⑫℣

Bl(d) = Bα(d, 0) = 0.097(
λ

r0
)
5

3 (
λ

d
)
1

3 (2.29)

ξ = 0⑈⑫⑈™Transverse䩽㡾㘦䨬㬶㰰™η = d㑘㽴⑈⑆お㈼㰰⑇䤽
⑬⑫℣

Bt(d) = Bα(0, d) = 0.145(
λ

r0
)
5

3 (
λ

d
)
1

3 (2.30)

⑨␦ Transverse䩽㡾㘦䨬㬶™Longitudinal䩽㡾㘦䨬㬶⑨⑪䱳 1.5䝜䉧␤䍍
⑈⑊⑫℣⑉⑁⑩③㡽㝂㑖㕷严 d-1/3㹨⑇㠺㽪⑫℣⑬ Borgnino et al. (1978)

⑨⑃⑆㱂㠳䔪㍎②⑩⑬⑆␤⑫℣⑬⑩㰰㴾␦⑈™㡽㝂㑖㕷严 d⑲ 0㙡⑅⑫
⑈Bα䠯㬶⑆␦⑈⑊⑫℣㱂㩝 d = 0⑇䍍™㌫㡽䨿㙑⑇䀩㡂⑬
⑫⑇䠯㬶⑊␤℣d = 0⑇䍍 Fried(1965, 1975)⑈ Tatarski (1971)⑨⑃⑆㰡
⑨␦䴿⑩⑬⑫℣

Bl(0) = Bt(0) = Bα(0, 0) = 0.179(
λ

r0
)
5

3 (
λ

D
)
1

3 (2.31)

D䬾ㅳ㙀㡽㝂⑇␢⑫℣

お㹥⑈⑩™䈬䑪⑬䀱䅼㵅㼴䅪䉐䔪⑊䵉⑩䨬㬶お㈼㰰⑇䤽⑬⑫℣

σ2

l (d) = 2[Bl(0) −Bl(d)] (2.32)

σ2

t (d) = 2[Bt(0)−Bt(d)] (2.33)

d ≥ D㭾™Longitudinal䩽㡾䨬㬶 σ2

l (d)

σ2

l (d) = 2λ2r
−

5

3

0
[0.179D−

1

3 − 0.0968d−
1

3 ] (2.34)

d ≥ D㭾™Transverse䩽㡾䨬㬶 σ2
t (d)

σ2

t (d) = 2λ2r
−

5

3

0
[0.179D−

1

3 − 0.145d−
1

3 ] (2.35)

お㹥 (2.34)㰰⑈ (2.35)㰰⑩™Longitudinal™Transverse䩽㡾⑬⑬Fried parameter

r0㕡⑫℣[M.Sarazin and F. Roddier., 1990]

㱂㩝DIMM⑇䈬䑪⑬⑫™㵅㼴⑇⑊䝈䱌 RMS㩇㸮⑇␢⑫が䍖™
Z-tilt(Zernike tilt) ⑇␢⑫℣㵅㼴⑈ Z-tilt 㡭㨹㸮␤™䰵㭫⑫⑈⑇⑊␤℣
⑨⑃⑆ Z-tilt⑲㥍丸⑆ r0㝗㬻⑲㥔␦䤬䵗␢⑫℣Conan et al. (2000)⑨⑃⑆㰡
㰰㕡②⑩⑬℣

σ2

l (d) = 0.340λ2r
−

5

3

0
[D−

1

3 − 0.570d−
1

3 − 0.040d−
7

3 ] (2.36)

σ2

t (d) = 0.340λ2r
−

5

3

0
[D−

1

3 − 0.855d−
1

3 − 0.030d−
7

3 ] (2.37)
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㑑䈬䉐㹝䔷䉎㥢䕙䑣⑊⑫⑉™䔷䉎⑩㡷⑨⑪䈿䉧㔤㹱䵰ㅆ㙁⑲
㱵⑫②™FWHM䍍䉧⑊⑫℣②䉧㔤䵉⑩䉧⑲㰨㭘䤸⑈⑆
┷ℼ┤╳┰⑲㕡②⑫㹬㥧™㹯䔷䐺㑑䈬䔷䉎␢⑫⑈㈾䑪⑆™䔷䐺㍑䩤䀵⑲㥔␦℣

ǫ
′

0 = (cosγ)−3/5ǫ0 (2.38)

γ䔷䐺㍑⑇␢⑫℣お㹥㰰⑲䵑␤⑫⑈⑇™DIMM⑇䙀䀱䅼㵅㼴䵉⑩ (σ2

l , σ
2
t )

⑩™┷ℼ┤╳┰⑲㕡②⑫⑈⑇⑫℣

2.5 MASS-DIMM

MASS-DIMMV.Kornilov㭡⑩⑨⑃⑆㌫䠯⑬䅵䍖⑇␢⑫ (㽞 2.8)℣㙡䜯⑇™䈿
䬾ㅳ㙀╗╭┸┧┯╈┵┤╈╆┹╈⑤䩤㵾㡷㍘㝏䀭䜽㠫䁑③⑪②㭈䵑⑬
⑆␤⑫℣MASS㥢䕙 0.5km⑩ 16km㹱䵰ㅆ㙁⑲㱵┷ℼ┤╳┰⑲䈬䑪™
DIMM䈬䑪┷ℼ┤╳┰䔷䉎㡷䑌㉡⑫䄴䉧㔤㹱䵰䁑䨬䍍⑇␢⑫℣⑨⑃⑆
(2.2)㰰⑲㭈⑃⑆™㥢䕙 0.5km⑇䁜䍏䅘 (Ground-Layer)㹱䵰㘯䕙⑲㕡②⑫⑈⑇
⑫℣

JGL = JDIMM − JMASS (2.39)

㰰 2.39㰰⑲㭈␤™DIMM┷ℼ┤╳┰⑈MASS┷ℼ┤╳┰⑩䐾䁜GL┷ℼ┤╳┰
⑲䈬䑪⑫⑈⑇⑫℣

♅GL = (♅5/3
DIMM −♅5/3

MASS)
3/5 (2.40)

㠺㬻⑲㥢␤䀺䕙⑇㥔␦②™MASS⑈DIMM⑇䈬䑪⑫㡷䘱䉧㔤⑲䑌㉡⑫䤬
䵗␢⑫℣㴾⑃⑆䘱㡷伩⑲㭈␦②™2⑄䅵䍖⑲㥧䉎⑆㭈䵑⑫℣⑨␦䑣
␤䵰丮䅘㹱䵰③㕡②⑫⑈⑇⑫⑇™MASS-DIMM䴥が䀭䱀⑩⑇␢⑫℣

㽞 2.8: MASS-DIMM㌰㑑
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3 ハードウェア

MASS-DIMM⑇™㹇䕀㕷严 2800-3000mm䬾ㅳ㙀㭈䵑㽤㸩⑬⑆␤⑫℣㨣㉳
䰾㑳㭔⑩Celestron C11⑈™䬾ㅳ㙀⑲䕫㩜㉄䜽⑊䁖䘻㔷⑇␢⑫㥢㘶䀽㩮㵪 EM-200

Temma2⑲㱚䵑℣DIMM䈬䑪䤬䵗⑊ CCD ┫╡╩™㥱丩䔷䨸䉦⑩ AVT

㱒 Prosilica GE-680⑲㱚䵑⑆㭈䵑⑆␤⑫℣䭜㹏⑇™䈬䑪㭈䵑⑫╏ℼ╉┦┧┢
⑈┽╕╈┦┧┢㹜㩙⑄␤⑆㵒⑫℣

3.1 MASSの光学系

MASS㡷㍘䝛䍖㽞 3.1㰨⑬⑆␤⑫℣䬾ㅳ㙀㌫㡽⑩䙾⑃⑆䔷䉎㡷™
╕┡╖╪ℼ╬╳┺ (FL)⑈㹇䕀┢║ℼ╁╣ℼ (FA)⑈䑌㉡⑆™㱍㵐䘷䱌䘳䙾⑆␤⑫
Segment mirror(PSU)⑈␤␦╟╩ℼ䠿㱍⑫℣PSU 4⑄䘱㼴ㅟ㹵┢║ℼ╁╣ℼ
™4䩽㡾⑬⑬㜹␤⑆␤⑫㑄㹵╟╩ℼ┷┹╆╠⑇␢⑫ (㽞 3.2)℣⑬⑬┢║ℼ
╁╣ℼ䰾㹎㸮␤䩽⑩ A™B™C™D⑈⑆␤⑫℣PSU⑇ 4䩽㡾䨬㍤⑬㡷䁾
 RA–RD⑇㩆䠿㱍™䉐ㅾ㡷䕅㭒䅽䝜㑉 (PMT) A–D䙾㱍⑫℣PSU⑬
⑬┢║ℼ╁╣ℼ™㡟␤䉐⑆䱳 8Ⅻ㜹␤⑆␤⑫℣⑨⑃⑆ RA⑩ RD⑇䱳 30Ⅻ
㜹␢⑫℣

MASS┢║ℼ╁╣ℼ A–D䙾㱍䘷䅼䉧™䬾ㅳ㙀⑈╬╳┺┷┹╆╠㡷㍘䝜
丨㜸㽴 kき䈸⑫℣乣㡽㝂 28cm™F/10䬾ㅳ㙀⑈㹇䕀㕷严-100mm™+75mm
╕┡╖╪ℼ╬╳┺┷┹╆╠⑇™䝜丨㜸㽴 k = 16.0⑈⑊⑫℣㭾MASSPSU䐾
㝂⑈⑬䉐ㅾ⑫䙾㱍䘷䅼䉧⑲䤽 3.1㔭㩜⑫℣k╕┡╖╪ℼ╬╳┺㹇䕀
㕷严⑲䩑⑫⑈⑇™㡷㍘㝏䔬㽴䍍䐴䀰⑫⑈⑇⑫℣

䤽 3.1: PSU䐾㝂™㱍㵐䘷䅼䐾㝂

Aperture PSU䐾㝂 [mm] 䙾㱍䘷䅼䐾㝂 [mm]

A 1.27 20.3

B 2.16 34.6

C 3.86 61.8

D 5.41 86.6
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㽞 3.1: (㹥)MASS-DIMM⑲㈣⑩㠫㭾MASS㡷㍘䝛䍖℣(㈼)MASS-DIMM⑲㹥
⑩㠫㭾MASS㡷㍘䝛䍖℣LF -℡╕┡╖╪ℼ╬╳┺™FP–㹇䕀䱌™FA–㹇䕀┢║ℼ
╁╣ℼ™ExP–㱍㵐䘷䱌™RA,RB,RC,RD–re-imaging mirror™PMT A,B,C,D–㡷䕅㭒䅽䝜
㑉 [V.Kornilov et al., 2007]

㽞 3.2: Segment mirror [V.Kornilov et al., 2007]
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3.2 DIMMの光学系

DIMM㡷㍘䝛䍖㽞 3.1㰨⑆␤⑫℣MASS㱍㵐䘷䱌⑇ PSU䠿㱍㡷⑲
䵸䵑⑆␤⑫™DIMM DM1,DM2䠿㱍㡷䁾⑲ MR⑇ CCD䙾㱍⑆␤⑫℣
DM1,DM2PSU⑈䡦⑆䐾㝂䉧␤™DM1™DM2,PSU䄰䱌␢⑫╞┹┯ (ME04D)

䉧⑇䀩㡂⑬⑫℣⑨⑃⑆㱂㩝㙀⑈⑆㭈⑯⑬⑫䐾㝂╞┹┯┵┤┺ 5.5mm
き䈸⑫℣k=16.0㭾™䙾㱍䘷䅼䐾㝂 88mm⑇␢⑫℣ 2⑄╞┹┯㡽㝂㑖㕷
严 12.1mm⑇␢⑪™䙾㱍䘷䱌⑇ 194mm䉐ㅾ⑫℣

㽞 3.3: MASS-DIMM⑲㹥⑩㠫㭾DIMM㡷㍘䝛䍖℣LF –╕┡╖╪ℼ╬╳┺™FP–
㹇䕀䱌™FA–㹇䕀┢║ℼ╁╣ℼ™ExP–㱍㵐䘷䱌™DM1™DM2–DIMM re-imaging mirror™
MR–䁞⑪䩖╟╩ℼ™PMT A-D–㡷䕅㭒䅽䝜㑉

㽞 3.4: (㨸)DM1™DM2™PSU (ㄦ)╟╩ℼ䄰䱌╞┹┯⑲䍖␤䵍㭒
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3.3 MASS-DIMMの光学系

⑇™MASS-DIMM㡷㍘㝏㹜㩙⑄␤⑆㵒⑫℣MASS-DIMM⑲㤽䀮⑫䥴䥊
⑈⑬䉐ㅾ⑫䡖㥦⑲™䤽 3.2㔭㩜⑫℣MASS-DIMM䄴䉎㽞⑲㽞 3.5⑈㽞 3.6
㰨℣

㽞 3.5: MASS-DIMM䈦䱌 [V.Korinilov et al.,2007]
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㽞 3.6: MASS-DIMM䍇䱌㽞 [V.Korinilov et al.,2007]
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䤽 3.2: 䥴䥊䰾⑈䉐ㅾ⑫䡖㥦

䡖㥦 䥴䥊䰾

ME01A Device base

ME01B Box cover

ME01C Main beam

ME01D Bottom tie

ME01E Optics bench

ME01F Segmentator cover

ME01G CCD camera interface

ME02 Fabry lens unit

ME02A Mount ring

ME02B Fabry lens tube

ME02C Positive lens holder

ME02D Negative lens holder

ME02E Locking nut

ME02F Fixing nut

ME02G Fixing nut

ME03A Eyepiece socket

ME03B Viewer tube

ME03C Viewer socket

ME03D Locking nut

ME03E Viewer cup

ME04A PSU support

ME04B DIMM mirror plates

ME04C MASS segmentator holder

ME04D Aperture mask

ME04E PSU locking plate

ME04F Pupil control tool

ME04G Pupil control tool

䡖㥦 䥴䥊䰾

ME05A Support

ME05B Mirror holder

ME05C Clamping cramp

ME05D Illuminators plate

ME05E Right axis

ME05F Knob axis

ME05G Swithing knob

ME05I Bushing nut

ME05J Left axis

ME05K switch spring

ME06A Field aperture

ME06B Aperture support

ME06C Central blind

ME06D Folding mirror support

ME06E Spring cover plate

ME07A MASS mirrors socket

ME07B Mirrors cover plater

ME07C PMTs side blind

ME08A PMT house

ME08B Detectors cover

ME08C PMT separator

ME08D Shutter blade

ME08H Shutter cramp

ME08F Shutter lever

ME08G Shutter axis

ME08H Electronics frame
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╕┡╖╪ℼ╬╳┺™䬾ㅳ㙀㹇䕀䱌⑨⑪③䄰が䍖⑆␤⑫℣⑬⌱䭧䙌╬╳┺
⑈⌱䭧ㅺ╬╳┺⑲䅈㥧⑯⌲䭧╬╳┺┷┹╆╠⑇␢⑫ (㽞 3.7)℣╬╳┺㑖㕷严⑲
䩑⑫⑈⑇™䬾ㅳ㙀⑈MASS-DIMM⑲㥧⑯䄴䉎㡷㍘㝏䴭㡺㹇䕀㕷严䩑㈽
⑫ (㽞 3.8)℣ME02C䙌╬╳┺╛╫╀ℼ⑇␢⑪™ME02Dㅺ╬╳┺╛╫╀ℼ⑇␢⑫℣
ME02D⑲ME02C䉐⑆㡷㰴㹥䘰⑈⑇™㥧㝗㹇䕀㕷严⑲䩑㈽⑫℣ME02F

⑈ME02G╬╳┺╛╫╀ℼ⑲╭╃┯⑫②㭈⑯⑬⑫℣

㽞 3.7: ╕┡╖╪ℼ╬╳┺ [V.Korinilov et al.,2007]

㽞 3.8: ⌲䭧╬╳┺㑖㍖ d䉐⑫㥧㝗㹇䕀㕷严䩑㈽ (䙌╬╳┺㹇䕀㕷严+75mm™
ㅺ╬╳┺㹇䕀㕷严-100mm) [V.Korinilov et al.,2007]
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ME01EOptical bench⑇␢⑫ (㽞 3.9)℣ 3⑄㵅䵗⑊╦╋╃╈␢⑫℣1⑄
䱜MASS re-imaging mirrors RA™RB™RC™RD⑇␢⑫℣2⑄䱜╕╪╃╗╟╩ℼ⑇
␢⑫ VM⑇␢⑫℣⑬┢┤╔ℼ┹⑇㑑䈬䔷䉎㭫䱮䙢䙾⑃⑆⑫⑲㍎䜧⑫②™
㹇䕀䱌䄰䍖⑬⑆␤⑫℣3⑄䱜㹇䕀䱌╦╋╃╈ FA⑇␢⑫℣㹇䕀䱌┢║ℼ╁╣ℼ FA

™㥊⑪䱲㍤⑲㉌⑆␤⑫℣䴾䨬⑊┹┫┤㡷⑤┳╞㱽㨹⑲㠺⑩②™FA⑲䘳
䙾⑫⑈⑇㭫䱮⑲䀩㡂⑆␤⑫℣FA䱳 4䥃㍑䐾㝂⑇␢⑫℣

㽞 3.9: Optical bench [V.Korinilov et al.,2007]

ME03(Viewer)™ME03A(┢┤╔ℼ┹┽┱╃╈)⑈ME03B(viewer tube)™ME03C⑇
㤽䀮⑬⑆␤⑫ (㽞 3.10)℣┢┤╔ℼ┹┽┱╃╈ 11

4
┤╳╁ (┢╡╪┫╳┵┤┺)㔬㍊⑇

␢⑫℣㑑䈬䉐㹝䀱⑲㠫⑄⑫②™12–15mm㹇䕀㕷严⑲㭽⑄┢┤╔ℼ┹㽤㸩⑬
⑫℣

㽞 3.10: Viewer [V.Korinilov et al.,2007]
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ME04(Optical plate)™MASS╟╩ℼ⑇␢⑫ PSU⑈™2䭧DIMM╟╩ℼ DM1™
DM2┢╩┤╡╳╈⑲あ䑪⑫②╗╬ℼ╈⑇␢⑫ (㽞 3.11)℣PSUME04C╛
╫╀ℼ⑇╭╃┯⑬⑆␤⑫℣DM1™DM2╭╃┯ME04B╛╫╀ℼ⑇╭╃┯⑬
⑆␤⑫℣ME04D㱍㵐䘷䱌╞┹┯⑇␢⑪™╞┹┯⑲㜹⑫⑈⑇™Optical plate

╟╩ℼ⑲㡷㰴䉐⑆䐴䀰⑫⑈⑇⑫℣

㽞 3.11: Optical plate [V.Korinilov et al.,2007]

䕅㔤╢┸╥ℼ╫⑇␢⑫ME08™MASS㠡㵐㑯⑇␢⑫ PMT⑈䕅㔤㝏⑇㤽䀮⑬⑆
␤⑫ (㽞 3.11)℣ME08A™4⑄ PMT⑈㔡㌣㰰┷╣╃┿ℼ㑞⑬⑆␤⑫℣PMT
䥍㸾╛╈╋┯┹ R7400⑲㭈䵑⑆␤⑫℣㔡㌣㰰┷╣╃┿ℼ⌲䭧䔴㽏⑈╛ℼ╫⑇㤽
䀮⑬⑆⑪™ME08G(┷╣╃┿ℼ╎╖)⑇┷╣╃┿ℼ⑲㌫䩄⑫⑈⑇⑫ (㽞 3.13)℣
PMT⑲䐾䁜㡷⑩䭉②™䈬䑪お㌰⑇┷╣╃┿ℼ㹯䩄②⑆⑊⑬⑊⑩
⑊␤℣

㽞 3.12: Electronics module [V.Korinilov et al.,2007]
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㽞 3.13: ╞╋╥┢╫┷╣╃┿ℼ

3.4 アライメント

MASS-DIMM䅈丩⑆㤩䑸㭾™⑈⑳⑉㡷㍘┢╩┤╡╳╈㥔⑯⑬⑆␤⑫℣
MASS-DIMM⑲䬾ㅳ㙀㱨⑪䥕⑫㭾™␤⑄┢╩┤╡╳╈⑲㥔␦䤬䵗␢
⑫℣⑇™䈬䑪䄰㥔⑃┢╩┤╡╳╈䩽䬡⑲䁢䱀⑫℣

3.4.1 MASS光学系のアライメント

PSU㡷㰴䉐⑫㜹⑈㉳䔾㰴䐴䀰⑲㥔␦℣㩮㙈䬾ㅳ㙀㱨⑪䥕㥔␦℣
㭏②ME08(䕅㔤╢┸╥ℼ╫)⑲MASS-DIMM⑩㌰℣㰡ME01B(┵┤╉┫═ℼ)⑈
ME01F(䑬┫═ℼ)™FL(╕┡╖╪ℼ╬╳┺)⑲㌰ (㽞 3.14)℣╓ℼ╠⑲ FA䐾䁜䙾㱍
⑆™MASS re-imaging mirror RA™RB™RC™RD╓ℼ╠䕶⑃⑆␤⑫㍎䜧
⑫℣䕶⑃⑆␤⑊␤㹬㥧™ME04(Optical plate)ME04C 2⑄ぺ╍┸™1⑄㈡
╍┸⑲㭈⑃⑆™re-imaging mirror╓ℼ╠䕶⑫⑨␦ PSU㜹⑈㉳䔾㰴⑲䐴䀰
⑫ (㽞 3.11)℣PSU 4⑄┢║ℼ╁╣ℼ䍦⑇┢║ℼ╁╣ℼ D㩇③䉧␤⑇™RD

㩇③䍭さ⑊⑬⑊⑩⑊␤℣

3.4.2 DIMM光学系のアライメント

┢╩┤╡╳╈䄰™ME06C⑲㌰⑆℣MASS-DIMM⑲䬾ㅳ㙀㱨⑪䥕
⑆™䬾ㅳ㙀⑲䱀⑫␤㡷㠻㡾⑆℣ME04(Optical plate) 4⑄ぺ╍┸™4⑄㈡
╍┸⑲㭈⑃⑆™DIMM╟╩ℼDM1™DM2㜹⑲䐴䀰⑫⑈⑇⑫ (㽞 3.11)℣
⑬⑩╍┸⑇ CCD╕╬ℼ╠㱌⑃⑆␤⑫ 2⑄┤╡ℼ┸⑲䍦ㅻ㭽⑃⑆⑫℣⑆
2⑄┤╡ℼ┸⑲␢⑫䑸䕙严⑨␦™CCD╕╬ℼ╠䉐⑆㽥䨿㽢䐾⑊⑫⑨␦䐴䀰
⑫ (㽞 3.15)℣
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㽞 3.14: ME01B⑲㌰䵍㭒

㽞 3.15: DIMM┢╩┤╡╳╈
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3.4.3 ファブリーレンズのアライメント

FL(╕┡╖╪ℼ╬╳┺)╕┩ℼ┫┷╳┰⑲㥔␦℣㥔䑸䬾ㅳ㙀㱨⑪䥕⑆㥔␦℣䬾
ㅳ㙀⑲㭶䄰䰵㡂ㅳ⑫℣MASS-DIMM⑩ME01B(┵┤╉┫═ℼ)⑈ME01E(Optical

bench)™ME04(Optical plate)⑲㱨⑪㌰⑆™䉥⑯⑪ pupil control unit⑲㱨⑪䥕⑫
(㽞 3.16)℣⑬╞┹┯⑲䑌⑆䙾㱍䘷┤╡ℼ┸⑲㠫⑫⑈⑇⑫℣䬾ㅳ㙀⑲䝲␤䩉
㡾⑆™䬾ㅳ㙀㌫㡽㝂䄴䉎⑲㹈⑩⑨␦⑫℣ME01A㈡╍┸⑇MASS-DIMM

⑲㜹⑆™䙾㱍䘷䅼╞┹┯╛ℼ╫䉐⑆㙑䕹⑊⑫⑨␦⑫℣䬾ㅳ㙀㌫㡽㝂™
╕╩╃╈⑇䥔䘩䱀⑊③ (䑪㔬⑊⑉)⑲䍖℣pupil control unit⑲䑌⑆䨪䉎┤╡ℼ
┸⑲㑑㬡⑫℣FL䀵╕┩ℼ┫┷╳┰⑬⑆␤⑊⑬™┤╡ℼ┸╜┱⑆㠫
⑫℣⑨⑃⑆┤╡ℼ┸┷╣ℼ╗⑊⑫⑨␦™FL⑲䐴䀰⑫

㽞 3.16: Pupil control unit [V.Korinilov et al.,2007]
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3.4.4 システムの倍率係数

お㹥┢╩┤╡╳╈⑲㥔⑃㡥™㩇㡥䝜丨㜸㽴 k䈬䑪⑲㥔␦℣䈬䑪 FL┢╩
┤╡╳╈䈳⑈⑊⑫℣pupil control unitME04H⑲㱨⑪㌰⑆™CL2(╬╳┺)㘯␤
㡷⑲䕶⑆⑫⑈™䬾ㅳ㙀㌫㡽䥴䨬 ME04D╞┹┯┤╡ℼ┸䕪㱍⑬⑫ (㽞 3.17)℣
┤╡ℼ┸䐾㝂⑲╎┮┹⑇䈬䑪⑫℣㭾™┤╡ℼ┸┨╃┸䥴䨬⑩⑬
⑆␤⑊␤⑈⑲㍎䜧⑫℣䝜丨㜸㽴䈬䑪⑬┵┤┺⑩㝗㬻⑫⑈⑇⑫℣

㽞 3.17: 㱍㵐䘷䅼

3.5 本測定での変更点

㨣㉳䈬䑪⑇㭈䵑⑫MASS-DIMM™㥱丩䔷䨸䉦╏╯┤㑑䈬㵪㵪䴭⑆␤⑫MASS-

DIMM MD26(䀽䈤䡖㥦)⑲㱚䵑⑆␤⑫℣MD26™Meade LX-200䬾ㅳ㙀⑈ SBIG

㱒 CCD ┫╡╩⑇␢⑫ ST-2000㭈䵑⑲䄰䑳⑈⑆䀩㩮⑬⑆␤⑫℣䈬䑪⑇
Celestron C11 䬾ㅳ㙀⑈ Prosilica 㱒 CCD ┫╡╩⑇␢⑫ GE-680 ⑲㭈䵑⑫②™
MD26␤⑄䥴䥊⑲㱨⑪䉘℣䩑㤹䥴䥊䀽㽞䥕伿 A㔭㩜⑫℣

MD26 CCD ┤╳┿ℼ╕┧ℼ┹ (ME01G)™SBIG㱒 ST-2000㭅䵍⑲䄰䑳⑈
䁟㝗⑇␢⑫℣㨣㉳䈬䑪⑇㭈䵑⑫ GE-680C╞┦╳╈⑊⑇™C╞┦╳╈䵑┤╳
┿ℼ╕┧ℼ┹ (ME01G)⑲㩮䀮 (㽞 6.3)℣⑆ CCD ┫╡╩⑲䔬䁚⑊が䍖⑇㭟②⑫
②㭟②乘 (ME01H)⑲㩮䀮 (㽞 6.4)℣Meade㱒䬾ㅳ㙀⑈ Celestron㱒䬾ㅳ㙀
╞┦╳╈䥴䉧せ⑊⑫⑇™MD26╞┦╳╈╪╳┰ (ME02A)⑲䩑㤹 (㽞
6.1)℣㭾╞┦╳╈╪╳┰ (ME02A)╍┸が䍖⑲㑖っ⑆䁟㝗②™MD26
䁜䈳⑫⑈⑇⑊⑃⑇™MASS-DIMM䭜䉎⑈╞┦╳╈╪╳┰ (ME02A)⑲┢
╀╗┿ℼ⑇㝒⑆␤⑫ (㽞 6.2)℣
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3.6 望遠鏡

·Celestron C11

㽞 3.18: Celestron C11

䤽 3.3: 䬾ㅳ㙀㭅䵍

㡽㝂 280mm (11┤╳╁)

㡽㝂䡦 F/10

㹇䕀㕷严 2800mm

┵┤┺ 䐹䱳 600mm™㌰㝂䱳 320mm

㵅 䱳 12kg

 Celestron C11䬾ㅳ㙀™MASS-DIMM䉐⑆㩇䔬⑊㡷㍘║╩╡ℼ┿⑲㭽⑄䬾
ㅳ㙀 1⑄⑈⑆㕳⑩⑬⑆␤⑫ [V.Kornilov et al. 2007]℣
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3.7 赤道儀

·㥢㘶䀽㩮㵪 EM-200 Temma2

㽞 3.19: EM-200 Temma2

䤽 3.4: 䁖䘻㔷㭅䵍

㝁㰰 2㰴╢ℼ┿ℼ䙢䈢™╉┤╄㰰䁖䘻㔷
䁖㝐䡹䘰,䁖ぞ䡹䘰 ┹╆╃╔╳┰╢ℼ┿ℼ⑨⑫䕅䘰㙮䘰
䕫㩜㱁乌 䱳 16kg

䭜䉎㱁乌 䱳 15.5kg (═╩╳┹┦┨┤╈䩌)

䕅㠻䕅〵 䑪㍊DC24V

㰫䘰䘳䙾 ║┽┳╳⑲䁜䈳⑫⑈⑨⑪㉄䜽

䤽 3.4⑇㔭㩜⑬⑆␤⑫䑌⑪™EM-200 Temma2䴾䴵⑲㭽⑃⑆ C11⑲䕫㩜⑫⑈
㉄䜽⑇␢⑫℣㨣㉳䈬䑪⑫䁖䘻㔷䵸䕀⑈⑆™PC䔷䨸䵑┽╕╈┦┧┢⑲
䵸䵑⑆䁖䘻㔷⑲䀩㡦⑇⑫⑈㕳⑩⑬⑫℣DIMM䈬䑪⑇™CCD┽╕╈┦┧
┢⑲㭈䵑⑆╪┢╫┿┤╠⑇㭫䱮䙢䵍㭒⑲㍎䜧⑫⑈⑇⑫℣䈬䑪⑇䡳㹯㘹␤
㭫䱮⑲㭈␦②™㽴䨬⑇㑑䈬䉐㹝㤱䀱㉨䱌⑩ぜ䘰⑆␦℣⑇┽╕╈┦┧┢
⑩䁖䘻㔷⑲䀩㡦⑆™㽴䨬 1䕙㤱䀱⑲㭫䱮䍦㼴䙾⑬⑫⑈⑇㡺丨⑨䈬䑪⑲㥔␦
⑈㉄䜽⑈⑊⑫℣㨣㉳䈬䑪⑇™┢┹╈╭┢ℼ╄㱒䔷䨸䵑┽╕╈┦┧┢™┹╆╩╊
╓┲ℼ┿ℼ Ver.9⑲㭈䵑℣
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3.8 CCD カメラ

·Prosilica GE-680

㽞 3.20: Prosilica GE-680(Allied Vision Technologies Canada Inc. ⑨⑪)

䤽 3.5: CCD┫╡╩㭅䵍

䴭㡺㉨䅇㽴 480(H) × 640(W)

┻╳┵ℼ┵┤┺ 1/3┤╳╁
┻╫┵┤┺ 7.4µm

╬╳┺╞┦╳╈ C

A/D 12bit

伪㵐㭾㑖 25µs-60s

㩇䉧╕╬ℼ╠╬ℼ╈ 205fps

╗╪┢╳╗┲┤╳ 0dB-24dB

㵅乌 169g

┵┤┺ 39mm(㵄) ™51mm(㈣)™80mm(䐹)

┤╳┿ℼ╕┧ℼ┹ Gigabit Ethernet

DIMM䈬䑪⑲㥔␦②™㥢␤╕╬ℼ╠╬ℼ╈⑄㴽䨬䌻␤伪㵐㭾㑖⑇㬣䅼⑇⑫
CCD┫╡╩䤬䵗⑈⑊⑫℣┫╡╩㩇㸮伪㵐㭾㑖 25µs⑇␢⑫℣ PC⑩䡳㹯
严⑬⑈⑭⑇䈬䑪⑲㥔␦②™䵆乌䉧␤㉨䅼╇ℼ┿⑲㥢䈮⑇䔾䅷⑇⑫ Gigabit

EthernetDIMM䈬䑪⑇䉧⑊䵸䕀⑇␢⑫℣

お㈼⑇CCD┫╡╩䙉㵐╎┤┺™┲┤╳™䬾ㅳ㙀䅵䍥⑈╔┯┻╫┹┱ℼ
╫䈬䑪⑄␤⑆㔭㩜⑆␤⑫℣⑬⑩║╩╡ℼ┿™㡥㵒⑇㔭㩜⑫ DIMM┷ℼ┤
╳┰㝗㬻②䤬䵗⑈⑊⑫℣╕╬ℼ╠䈬㡷™1㰡㵨䵽™䔷䨸㉨䅼╇ℼ┿㉲䁏┽
╕╈┦┧┢ NOAO/IRAF⑲䵑␤℣
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㽞 3.21: CCD㐶䕙㙊䁾 (Allied Vision Technologies Canada Inc. ⑨⑪)

3.8.1 読出しノイズ

䙉㵐╎┤┺⑈™CCD䍟䁑䕅㉙⑲䙉㵐⑈䠯䀸⑫╩╳╀╠╎┤┺
⑇␢⑫℣䙉㵐╎┤┺™2䭧═┤┢┹╕╬ℼ╠⑩㕡②⑫⑈⑇⑫℣

Read noise[ADU] =
σB1−B2√

2
(3.1)

㰰 (3.1)⑲㭈␤™CCD䙉㵐╎┤┺ [ADU]⑲䈬䑪℣

DIMM䈬䑪⑇㭈䵑╗╪┢╳╗┲┤╳ (12dB,16dB,18dB,20dB,24dB) ⑈™䡦㍓
② 0dB㭾䙉㵐╎┤┺⑲䈬䑪℣ぅ㰼⑇═┤┢┹╕╬ℼ╠⑲㱨䙀™䙢 2

䭧╕╬ℼ╠㨹╕╬ℼ╠┫┦╳╈䤸㵠䩐㨹 σB1−B2
⑲㕡②⑫℣⑇═┤┢┹╕

╬ℼ╠™CCD㩇㸮䁑䨬㭾㑖⑇␢⑫ 2.5µs⑇㱨䙀⑆␤⑫℣㝫㉌䤽 3.6㔭㩜⑆␤
⑫℣

䤽 3.6: 䈬䑪䙉㵐╎┤┺ [ADU]

╗╪┢╳╗┲┤╳ [dB] σB1−B2
Read noise[ADU]

0 10.03 ± 0.02 7.090 ± 0.013

12 35.59 ± 0.10 25.17 ± 0.07

16 51.70 ± 0.19 36.56 ± 0.13

18 62.04 ± 0.18 43.87 ± 0.13

20 74.27 ± 0.22 52.52 ± 0.15

24 113.5 ± 0.4 80.24 ± 0.29
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3.8.2 ゲイン (A/D変換係数)

CCD┲┤╳⑈™CCD䍟䁑⑬䕅㉙乌⑲ AD䩑㐹⑲㥔␦㩝™䕅㉙乌⑈㵐乏㼮
㥦䩑㐹㜸㽴⑇␢⑫ (e−/ADU)℣┲┤╳G[e−/ADU]㭾™I[e−]⑩ V[ADU]㕡⑫℣

V = GI (3.2)

䙉㵐╎┤┺⑨⑫䨬㬶䍍⑲ σr
2⑈⑫⑈™┫┦╳╈䨬㬶䍍⑲ σI

2™㰡㑘㜸㰰⑇
䤽⑈⑇⑫℣

σI
2 = I + σr

2 (3.3)

㰰 (3.3)㰰 (3.2)⑲䉥䙾⑫⑈

σV
2 =

V

G
+ σr

2 (3.4)

㴾⑃⑆┫┦╳╈⑈䨬㬶䍍 1㰡䩽䑸㰰㜹⑩™CCD┲┤╳⑲㕡②⑫⑈⑇⑫℣
お㈼㹜㩙⑊䈬䑪䩽䬡⑲㰨℣

䙉㵐╎┤┺䈬䑪㭾⑈䘱™DIMM䈬䑪⑇㭈䵑╗╪┢╳╗┲┤╳⑈ 0dB

㭾┲┤╳䈬䑪⑲㥔⑃℣䈬䑪あ䑪㡷㠻䤬䵗⑊⑇™あ䑪㈽䕅㠻⑲㭈⑃⑆
10mAあ䑪䕅丮⑲丮 LED⑲㭈䵑℣LED㡷⑲㙑ぬ⑄㠺㡷⑫②™
LED⑈CCD㑖㽞⑨␦㍈㬶䡄⑈╈╬ℼ┷╳┰╚ℼ║ℼ⑲㘴⑳⑀℣CCD
伪㵐㭾㑖⑲䩑⑆㬣䅼⑫⑈⑇™╕╩╃╈╕╬ℼ╠┫┦╳╈䍍⑲䩑⑆␤⑫℣═┤┢
┹╕╬ℼ╠⑲㱨䙀⑆™䈬㡷䄰╕╩╃╈╕╬ℼ╠⑩㠺㬻⑆␤⑫℣40pixel×40pixel

乎と⑲⑈⑪™䍦⑇䨬㬶⑈┫┦╳╈⑲㝗㬻⑆␤⑫℣㈣㰴┫┦╳╈™㵄㰴䨬㬶⑲
⑈⑪™1㰡㑘㽴⑇╕┣╃╆┣╳┰℣ 1㰡㑘㽴䁚䩒™䨬㬶䍍䙉㵐╎┤┺
⌲㹨䅪䕶⑫⑇™䄰㥠⑇䈬䑪䙉㵐╎┤┺⑲ b䍍䴽②䉥䙾⑆␤⑫℣
㜹㕕㽴⑩┲┤╳⑲㕡②℣

䤽 3.7: 䈬䑪┲┤╳ [e−/ADU]

╗╪┢╳╗┲┤╳ [dB] Gain[e−/ADU]

0 2.517 ± 0.059

12 0.5839 ± 0.0155

16 0.3196 ± 0.0103

18 0.2567 ± 0.0113

20 0.1835 ± 0.0072

24 0.09890 ± 0.00615
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㽞 3.22: ╗╪┢╳╗┲┤╳ 0dB┲┤╳ [e−/ADU] (㈣㰴:┫┦╳╈ [ADU]℣㵄㰴:䨬㬶
[sigma2])
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㽞 3.23: ╗╪┢╳╗┲┤╳ 12dB┲┤╳ [e−/ADU] (㈣㰴:┫┦╳╈ [ADU]℣㵄㰴:䨬㬶
[sigma2])
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㽞 3.24: ╗╪┢╳╗┲┤╳ 16dB┲┤╳ [e−/ADU] (㈣㰴:┫┦╳╈ [ADU]℣㵄㰴:䨬㬶
[sigma2])
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㽞 3.25: ╗╪┢╳╗┲┤╳ 18dB┲┤╳ [e−/ADU] (㈣㰴:┫┦╳╈ [ADU]℣㵄㰴:䨬㬶
[sigma2])
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㽞 3.26: ╗╪┢╳╗┲┤╳ 20dB┲┤╳ [e−/ADU] (㈣㰴:┫┦╳╈ [ADU]℣㵄㰴:䨬㬶
[sigma2])
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㽞 3.27: ╗╪┢╳╗┲┤╳ 24dB┲┤╳ [e−/ADU] (㈣㰴:┫┦╳╈ [ADU]℣㵄㰴:䨬㬶
[sigma2])
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╗╪┢╳╗┲┤╳䉧⑊⑬⑊⑫⑉™䙃 24[dB]⑇™┫┦╳╈䍍 1500[ADU]

お㈼⑇䨬㬶䍍䡳㹯䉧␤℣┲┤╳䉧␤⑈䙉㵐╎┤┺ [ADU]ㅆ㙁䉧
⑊⑫™䈬䑪䨬㬶䍍䙉㵐╎┤┺䱳 5䝜䉧⑇␢⑫℣⑨⑃⑆䙉㵐╎
┤┺⑇™䨬㬶䍍䉧䁢䱀⑄⑊␤℣䈾 CCD㐶䕙╠╩⑤™♃䍍䁟
䑪⑊⑉㥍⑩⑬⑫™㠽㹵⑇㠶へ⑲䙃䑪⑇⑆␤⑊␤℣

╗╪┢╳╗┲┤╳䌱が [dB]⑊⑇™gain[dB] = 20log10(y/x)⑈䤽⑈⑇⑫
(x䙾乏™y㵐乏)℣y/x䅽䥽丨⑇␢⑪™CCD┲┤╳ [e−/ADU ]㕕㽴⑈䉐ㅾ⑫℣
䈬䑪┲┤╳䍍⑲┰╩╕╗╭╃╈⑆™㑘㽴⑲㭈⑃⑆╕┣╃╆┣╳┰⑲㥔⑃
(㽞 3.28)℣╕┣╃╆┣╳┰㝫㉌™㑘㽴 gain[dB] = 18.2015log10(2.51927/Gain)⑈⑊⑃
℣㝫㉌ dB㡸㰰⑈㭷⑨␦⑊㝁⑲㱨⑫②™䈬䑪⑬┲┤╳䍍䉧㑖
っ⑃⑆␤⑊␤⑈䨬⑃℣⑨⑃⑆ DIMM┷ℼ┤╳┰㝗㬻⑇™䈬䑪┲┤╳
䍍⑲㭈䵑⑆␤⑫℣
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㽞 3.28: 䈬䑪┲┤╳╕┣╃╆┣╳┰㝫㉌ (㈣㰴:╗╪┢╳╗┲┤╳ [dB]℣㵄㰴:┲┤╳
[e−/ADU ])
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3.8.3 ピクセルスケール

2013䜯 11㝮 05䙼™Celestron C11䬾ㅳ㙀MASS-DIMM⑲㱨⑪䥕㭾 CCD

┫╡╩╔┯┻╫┹┱ℼ╫⑲™2㵅䀱⑲䵑␤⑆䈬䑪℣䈬䑪䵑␤ 2㵅䀱™⑁⑧
␦㩂┢╫╓╬┪⑇␢⑫℣┢╫╓╬┪™V䕹㕩 3䕹⑈ 5䕹 2⑄䔷䉎⑩䀮⑪丩⑃
⑆⑪™䔷䉎㑖㕷严 34.49[arcsec](2012䜯)⑇␢⑫ (http://ad.usno.navy.mil/wds/)℣

㽞 3.29: 㬣䅼┢╫╓╬┪┤╡ℼ┸

0.5ms伪㵐㭾㑖⑇™┢╫╓╬┪⑲㬣䅼 (㽞 3.29)℣IRAF⑇ 100䭧┤╡ℼ┸⑲㉃㬻
⑆™imexam┿┹┯⑇ 2⑄䀱㵅㼴⑲㬻㵐℣⑆┢╫╓╬┪䔷䉎㕷严 [arcsec]

⑲㕡②㵅㼴㑖㕷严⑇㍤⑫⑈⑇™╔┯┻╫┹┱ℼ╫ [arcsec/pixel]⑲㬻㵐℣㝗㬻
㝫㉌™╔┯┻╫┹┱ℼ╫┵┤┺ 0.658[arcsec/pixel] ⑇␢⑃℣㡥㵒 DIMM┷ℼ
┤╳┰㝗㬻⑇™╔┯┻╫┹┱ℼ╫䍍⑲㭈䵑℣
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3.9 ソフトウェア

3.9.1 Turbina version 2.06

MASS䀩㡦⑈䈬䑪™Kornilov㭡⑩㌫䠯 Turbina⑲㭈䵑℣MASS䅵䍖
┳╳╈╭ℼ╫™╇ℼ┿㱨䙀™⑆╇ℼ┿㉲䁏⑲㥔␦℣MASS╇ℼ┿ 1䨬㑖⑲ 1

┻╃╈⑈⑆〷␦℣PMT伪㵐㭾㑖㽴ms⑇™伪㵐㑖㽴䥃╙ℼ┹┿┤╠⑲䁟⑆
␤⑫℣

MASS⑇䈬䑪⑲㥔␦㵧㵸⑈⑆™㭏② Initialization(Tool menu-Initialization)

⑲㥔␦℣⑬™Turbina⑲丩⑁㹥⑫㥔⑯⑊⑆⑊⑩⑊␤䤬㽜㩮㙈⑇␢⑫℣
㰡䀱⑊␤乎と䬾ㅳ㙀⑲㡾⑆™═╃┯┰╩┦╳╉䈬䑪⑲㥔␦ (Measurements-

Background)℣㡥䈬䑪䉐㹝䔷䉎⑲䘳䙾™䉐㹝䔷䉎⑲䀱╪┹╈⑩䄪䉲⑫ (File-

Show star)℣䉐㹝䘳䙾⑇⑆␤⑫╕╩╃┯┹㍎䜧⑲㡥 (Measurements-Flux

estimation)™MASS䈬䑪⑲㌫㭏⑫ (Measurements-Run measurement)℣

3.9.2 VimbaViewer　 version 1.2

AVT㱒VimbaViewer™DIMM䈬䑪䵑CCD⑇␢⑫Prosilica GE-680䀩㡦┽╕╈
┦┧┢⑇␢⑫℣┽╕╈┦┧┢⑇™CCD伪㵐㭾㑖™FPS™╗╪┢╳╗┲┤╳™bit㽴™
╔┯┻╫乎と⑲䩑⑫⑈㵐䵨⑫℣DIMM䈬䑪™5䨬㑖⑲ 1┻╃╈⑈⑫℣10[fps]

⑇伢䈳㬣䅼⑲⑆␤⑫⑇™1┻╃╈␢⑪ 3000䭧㉨䅼╇ℼ┿⑲〷␦℣㬣䅼┤╡ℼ
┸╇ℼ┿ bin╕┡┤╫⑇㵐乏⑬⑫℣㑑䈬㴪主㡥™bin╕┡┤╫⑲ 1┻╃╈⑈
⑈②⑆ FITS┭╥ℼ╖䩑㐹⑫℣

3.9.3 ステラナビゲーター version 9

㨣㉳䈬䑪⑇㭈䵑䁖䘻㔷™㥢㘶䀽㩮㵪EM-200 Temma2™㭔䡎䔷䨸┽╕╈⑈䁜
䈳⑫⑈⑇┳╳╈╭ℼ╫⑫⑈⑇⑫℣②㭈䵑䔷䨸┽╕╈┦┧┢™
┹╆╩╊╓┲ℼ┿ version 9⑇␢⑫℣┽╕╈┦┧┢⑇䁖䘻㔷䑉䡸┹╔ℼ╉䩑㤹 (㤱
䀱䑉䡸╎ℼ╞╫┹╔ℼ╉╢ℼ╉™╏┤┹╔ℼ╉╢ℼ╉)™䁖㝂䁖ぞ䩽㡾ぜ䘰™⑆
㰫䘰䘳䙾⑲㥔␦⑈⑇⑫℣Celestron C11㹇䕀㕷严 2800mm⑈䐹™䁖䘻㔷┬
┤╉⑲㥔⑃⑆␤⑊␤⑇™10䨬⑉㝐⑄⑈㭫䱮⑩㑑䈬䔷䉎␤⑊⑊⑃⑆␦℣
 CCD┤╡ℼ┸⑲㭈⑃⑆㭫䱮䙢䵍㭒⑲╪┢╫┿┤╠⑇㍎䜧⑫⑈⑇⑫⑇™
㭾ℹ┹╆╩╊╓┲ℼ┿⑇䁖䘻㔷⑲䘰™㭫䱮䍦㼴㑑䈬䔷䉎⑲䙾⑬䐾⑆␤⑫℣

3.10 データ送信受信の流れ

䈬䑪⑇™㽞 3.30⑨␦┱ℼ╖╫⑲䁜䈳⑆␤⑫℣䈬䑪㔡㑯㈰䙢␢⑫ PC⑈╇ℼ
┿⑤⑪⑈⑪⑲㥔␦℣MASS-DIMM╇ℼ┿䅷㱵㼮 RS485┱ℼ╖╫⑇㥔⑯⑬⑫℣CCD

Gigabit Ethernet™╏╖⑲㭈⑃⑆䍦㝑⑆␤⑫℣䁖䘻㔷┷╪┢╫╇ℼ┿⑲㭔䡎
╇═┤┹┵ℼ═ (NPORT)⑇┤ℼ┵╍╃╈䩑㐹⑆™╍╃╈╯ℼ┯⑲㉰⑆┹╆╩╊╓
┲ℼ┿⑈╇ℼ┿䅷㱵㼮⑲㥔⑃⑆␤⑫℣
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㽞 3.30: 㔡㩠䝛䁾㽞

3.11 DIMMのデータ処理

MASS⑈っ␤™DIMM┷ℼ┤╳┰㝗㬻䈬䑪㡥⑈②⑆㥔⑃℣MASS╇ℼ
┿ 1┻╃╈ 1䨬㑖⑊⑇™DIMM┷ℼ┤╳┰③ 1┻╃╈ 1䨬㑖™㝗 600䭧㉨䅼╇ℼ
┿⑲㭈⑃⑆㝗㬻℣

㵅㼴㝗㬻™x㰴⍹㰴䨬⑆㥔⑃℣⍸㰴㵅㼴㰡⑨␦䑪㕁⑬⑫℣

xG = I−1

tot

∫
xI(x, y)dxdy (3.5)

⑇ Itot╔┯┻╫㘯䕙㥧㝗⑇␢⑫℣㨣㉳DIMM㵅㼴㝗㬻⑇™Windowing
䩽䬡⑲㭈⑃℣Windowing™䀱䅼䍦㼴⑩␢⑫䑸䕙䡏く┦┣╳╉┦⑲䁟䑪™
䡏く䙢⑇㵅㼴㝗㬻⑲㥔␦䩽䬡⑇␢⑫℣Windowing䀱䅼䍦㼴⑈™䀱䅼╔ℼ┯䍍
 x,y㩂䤸⑇␢⑫℣Windowing⑇㵅㼴㰡⑨␦㝗㬻⑫℣

xw =

∑
window xijIij∑
window Iij

(3.6)

DIMM㝗㬻⑇ window㭍㍑㝁㝁⑲⑈⑃⑆␤⑫℣㵅㼴㝗㬻⑇™window䙢
╎┤┺ㅆ㙁⑇㵅㼴┨╩ℼ㔯⑫℣╎┤┺䨬㬶䍍™䅼䅪䉐䔪⑊㵅㼴䵉⑩
䨬㬶⑇␢⑫ (2.34)㰰™(2.35)㰰㉃⑯⑪™䈬䑪┷ℼ┤╳┰䍍〭⑊⑃⑆␦℣
⑇╎┤┺䨬㬶⑲㠫䁑③⑪™㵅㼴䵉⑩䨬㬶⑩㠺㬻⑫⑈⑇䀵㍎⑊┷ℼ┤╳
┰䍍⑲㝗㬻⑫℣

σc =
1

I2
0

∑

i,j

(xi,j − cx)
2(R2 + Ii,j/G) (3.7)

R䙉㵐╎┤┺ [ADU]⑇™GCCD┲┤╳ [e−/ADU]⑇␢⑫℣ cx㵅㼴
が䍖⑇␢⑪™I0window䙢╔┯┻╫㘯䕙㥧㝗⑇␢⑫℣
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㽞 3.31: DIMM┤╡ℼ┸℣䁖␤㭍㍑㝁 window℣㵅㼴㝗㬻⑇ 20pixel×20pixel䡏
く⑲㱨⑃⑆␤⑫℣

3.12 測定場所

䭌㌤䘻䉧㍘䉧㍘ㄡ䵽㍘㠦㕦ㄡ䥭䈰䔷䨸䉦㩂䤸䕬㝐 142.5Ⅻ™䭌ぞ 44.4Ⅻ™䤸㥢㌤
䠴 151m⑇␢⑫℣MASS-DIMM䈬䑪㹬㵪™䔷䨸䉦 2㌬╆╩┹⑇␢⑫℣㝺䨪
䩉⑇䠯䀸⑫䵰丮ㅆ㙁⑲㠺⑩②™╆╩┹䍦ㅻ⑇䈬䑪⑲㥔⑃℣

㽞 3.32: 㔡㩠⑲䔸㌫䵍㭒
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4 測定結果

2013䜯 09㝮⑩ 2014䜯 02㝮⑆™ 1㝮䱳 10䙼㑖䈬䑪⑲㥔⑃℣
䈬䑪⑲㥔⑃䙼⑈™䈬䑪䀮㡹䙼⑲㝮⑈⑇䤽 4.1㝇⑫℣⑇䈬䑪䀮㡹
䙼⑈™MASS⑈DIMM举䩽䈬䑪╇ℼ┿⑲ 1㉳⑇③䙀⑩⑬䙼⑈⑲㭘℣

䤽 4.1: 2013䜯䈬䑪㝫㉌

䈬䑪㑼㑖 䈬䑪䀮㡹䙼 䈬䑪䙼㽴 䀮㡹䙼㽴

2013

09/13–09/22 17,18,19,20,21,22 11䙼㑖 6䙼
10/15–10/25 16,17,18,19,21,22,23 11䙼㑖 7䙼
11/05–11/15 05,11,13,15 11䙼㑖 4䙼
12/09–12/17 16 9䙼㑖 1䙼
2014

02/03–12/12 04,05,07,08,12 10䙼㑖 5䙼

䄴 52䙼䍦 23䱫䈬䑪䀮㡹℣䭜㹏⑇™㝫㉌⑲䩳㥰⑫℣⑊䄴䉎⑈②
⑈㥍㬡㰡㹏⑇㥔␦℣

㝫㉌⑇┰╩╕㵄 2⑄䩂⑳⑀┰╩╕⑈™┰╩╕㵄 3⑄䩂⑳⑀┰╩╕⑲㔭㩜⑆
␤⑫℣1⑄䱜┰╩╕⑄␤⑆䁢䱀⑫℣㹥┰╩╕䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫⑇␢⑪™
⑬C2

n㭾㑖䩑䘰⑲╗╭╃╈③⑇␢⑫℣6⑄㥢䕙⑇╗╭╃╈⑆␤⑆™䁄㼧
0.5ⵒ™䁖㼧 1ⵒ,乐㼧 2km,㈫㼧 4km,䕭㼧 8km,⑆㽥㼧 16km C2

n⑇␢
⑫℣㈼┰╩╕䈬䑪┷ℼ┤╳┰㭾㑖䩑䘰⑇␢⑫℣䕭䁾MASS⑇䈬䑪MASS

┷ℼ┤╳┰™乐䁾DIMM⑇䈬䑪DIMM┷ℼ┤╳┰™⑆䁄䁾 (2.39)㰰⑨⑃
⑆㕡②⑩⑬ GL┷ℼ┤╳┰⑲䤽⑆␤⑫℣
2⑄䱜┰╩╕™䈬䑪┷ℼ┤╳┰╒┹╈┰╩╠⑇␢⑫℣㹥┰╩╕DIMM┷ℼ
┤╳┰™㼿⑳䍦┰╩╕ MASS┷ℼ┤╳┰™㈼┰╩╕ GL┷ℼ┤╳┰╒┹╈┰╩
╠⑇␢⑫℣┰╩╕ㄦ㹥™┷ℼ┤╳┰䍦ㅻ䍍⑈䨿㙑䍍⑲㔭㩜⑆␤⑫℣┰╩╕ 2

⑄╔ℼ┯␢⑫㹬㥧™┷ℼ┤╳┰⑲㥢␤䍍⑈䑣␤䍍 2⑄䨬⑆™⑬⑬⑇䍦ㅻ
䍍⑈䨿㙑䍍⑲㕡②⑆␤⑫℣
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4.1 2013年 09月 17日

20㭾 43䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™23㭾 50䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱℣18㭾⑩ 21㭾 30䨬⑇㉷䀲⑀⑃™23㭾 30䨬
⑇ㅀ䑌㉡⑆␤℣㡥ㅀ䑌㉡⑈㉷䀲⑲㈿䕙㜫⑪䩖⑆␤⑫℣00㭾␢⑪
㐰䄴ㅀㄣ⑬⑆␤™䀲⑬⑫㠫㥾⑊⑃⑇㑑䈬⑲㴪主℣

䤽 4.2: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 3.10 ± 0.37 3.05

MASS 1.93 ± 0.43 1.90

GL 1.90 ± 0.40 1.98

䤽 4.3: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 3.02 × 10−13 ± 6.38 × 10−14 3.00× 10−13

8 6.46 × 10−14 ± 6.96 × 10−14 3.97× 10−14

4 1.72 × 10−13 ± 1.49 × 10−13 1.26× 10−13

2 9.72 × 10−13 ± 5.64 × 10−13 9.26× 10−13

1 1.59 × 10−13 ± 2.51 × 10−13 7.02× 10−14

0.5 2.11 × 10−13 ± 2.55 × 10−13 8.96× 10−14
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㽞 4.1: (㹥)2013 䜯 09㝮 17䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.2: 2013䜯 09㝮 17䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.2 2013年 09月 18日

21㭾 42䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™23㭾 29䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱℣䴼䩽⑩ㅀ䈿™20㭾⑭ 10䨬⑉ㄫ㥟⑃⑆␤
℣21㭾⑩䀲⑬㭏②⑇㑑䈬⑲㌫㭏™21㭾 40䨬⑩㡼␤ㅀ䨤⑯⑬⑇㑑
䈬⑲䍦㭟℣23㭾⑩㸯㭾㑖㉷䀲⑊⑃⑇ 30䨬㑑䈬⑲㥔⑃℣02㭾 30䨬⑩
⑯䀲⑬㭏②⑆㑑䈬䔷䉎㭫䜧⑇⑇™ㅀ䑌㉡䈿⑃㑑䈬⑲㩆㌫℣

䤽 4.4: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 2.27 ± 0.36 2.24

MASS 1.73 ± 0.51 1.54

GL 0.87 ± 0.28 0.98

䤽 4.5: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 1.20 × 10−13 ± 2.86 × 10−14 1.20× 10−13

8 3.76 × 10−14 ± 4.06 × 10−14 2.37× 10−14

4 1.12 × 10−13 ± 7.13 × 10−14 1.04× 10−13

2 5.10 × 10−13 ± 2.64 × 10−13 5.58× 10−13

1 6.56 × 10−14 ± 7.20 × 10−14 2.48× 10−14

0.5 7.95 × 10−13 ± 7.08 × 10−13 7.20× 10−13
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㽞 4.3: (㹥)2013 䜯 09㝮 18䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.4: 2013䜯 09㝮 18䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.3 2013年 09月 19日

18㭾 41䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)⑲㬲㹈䀱℣18㭾 30䨬⑩╇
╍╖㠫⑆␤⑇㑑䈬⑲㌫㭏™ㅀ䑌㉡䈿⑃℣21㭾⑩㡼␤ㅀ䨤⑯⑬
⑆™㑑䈬䔷䉎㍎䜧⑇⑊⑃⑇㑑䈬⑲䁚⑪㹥℣

䤽 4.6: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 2.44 ± 0.33 2.47

MASS 0.79 ± 0.12 0.76

GL 2.00 ± 0.12 1.97

䤽 4.7: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 9.97 × 10−14 ± 2.55 × 10−14 8.95× 10−14

8 2.23 × 10−14 ± 2.24 × 10−14 1.54× 10−14

4 1.23 × 10−13 ± 7.20 × 10−14 8.54× 10−14

2 1.48 × 10−13 ± 6.72 × 10−14 1.42× 10−13

1 2.09 × 10−14 ± 3.09 × 10−14 5.86× 10−15

0.5 3.11 × 10−14 ± 2.76 × 10−14 2.55× 10−14
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㽞 4.5: (㹥)2013 䜯 09㝮 19䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.6: 2013䜯 09㝮 19䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.4 2013年 09月 20日

04㭾 18䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱℣䴼䩽⑩␢⑪
㡼␤ㅀ䨤⑯⑬⑆␤⑆™㑑䈬⑇⑊⑃℣23㭾⑩㽴 10䨬⑉ㄫ㥟⑃⑆␤℣04

㭾⑩䀲⑬㭏②⑇™㑑䈬⑲㌫㭏℣04㭾 45䨬⑭⑇㑑䈬⑇™ㅀ䑌㉡
䈿⑃℣

䤽 4.8: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 3.33 ± 0.05 3.31

MASS 1.26 ± 0.30 1.26

GL 2.67 ± 0.00 2.67

䤽 4.9: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 2.67 × 10−14 ± 5.35 × 10−14 2.45× 10−21

8 2.44 × 10−16 ± 6.91 × 10−16 1.64× 10−22

4 6.07 × 10−14 ± 1.22 × 10−13 2.17× 10−21

2 1.14 × 10−13 ± 2.42 × 10−13 1.86× 10−21

1 1.62 × 10−14 ± 2.54 × 10−14 3.80× 10−16

0.5 7.11 × 10−15 ± 8.93 × 10−15 4.11× 10−15
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㽞 4.7: (㹥)2013 䜯 09㝮 20䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.8: 2013䜯 09㝮 20䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.5 2013年 09月 21日

18㭾 47䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™0㭾 02䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱℣18㭾⑩ 21㭾⑇䝶␤ㅀ䨤⑯⑬⑆␤™╢╋┿ℼ
⑫㴽䨬⑊㡷乌⑇␢⑃②䈬䑪⑲㥔⑃℣㡥ㅀ⑊⑊⑪㉷䀲⑊⑃™01

㭾 30䨬㨢⑩䡳㹯㡼␤ㅀ䨤⑯⑬⑇䈬䑪⑲䍦㭟℣02㭾 30䨬⑩ 03㭾㨢⑇
ㅀ䥑䡋䑌㉡⑆␤㙏䉐㹝䔷䉎㠫⑆␤⑇™ㅀ㝤㑖⑲䅀⑃⑆䈬䑪⑲䈳
℣

䤽 4.10: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.41 ± 0.15 1.31

2.10 ± 0.27 2.09

MASS 0.75 ± 0.18 0.72

GL 1.32 ± 0.31 1.25

䤽 4.11: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 8.38 × 10−14 ± 1.82 × 10−14 8.00× 10−14

8 1.38 × 10−14 ± 1.64 × 10−14 8.20× 10−15

4 5.70 × 10−14 ± 4.88 × 10−14 4.28× 10−14

2 1.86 × 10−13 ± 1.12 × 10−13 1.65× 10−13

1 2.87 × 10−14 ± 4.79 × 10−14 5.07× 10−15

0.5 1.47 × 10−14 ± 2.43 × 10−14 2.35× 10−16
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㽞 4.9: (㹥)2013 䜯 09㝮 21䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.10: 2013䜯09㝮21䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.6 2013年 09月 22日

18㭾 20䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™00㭾 28䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼䴼䩽⑩ㅀ㸯⑊㉷䀲⑇␢⑃℣
 00㭾⑩┬┹䠯䀸℣┬┹䝶㑑䈬䔷䉎㭫䜧⑇②㑑䈬㉄䜽⑇␢⑃
™䬾ㅳ㙀㝫伪⑇䜨⑬⑆␦②㑑䈬⑲䍦㭟℣04㭾⑭⑯┬┹⑈⑬
⑇™10䨬⑉㑑䈬⑲㥔⑃℣

䤽 4.12: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.17 ± 0.13 1.19

2.11 ± 0.45 2.06

MASS 0.51 ± 0.10 0.49

1.02 ± 0.19 0.98

GL 1.41 ± 0.52 1.32

䤽 4.13: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 1.10 × 10−13 ± 5.26 × 10−14 1.07× 10−13

8 6.53 × 10−14 ± 6.16 × 10−14 4.65× 10−14

4 1.11 × 10−13 ± 1.51 × 10−13 3.85× 10−14

2 3.09 × 10−14 ± 3.94 × 10−14 1.69× 10−14

1 4.64 × 10−15 ± 1.86 × 10−14 1.05× 10−18

0.5 8.28 × 10−14 ± 1.17 × 10−13 3.38× 10−14
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㽞 4.11: (㹥)2013䜯 09㝮 22䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.12: 2013䜯09㝮22䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.7 2013年 10月 16日

03㭾 19䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼⑈
⑳⑉㑑䈬⑲㥔⑊⑃℣䴼䩽⑩ㄫ㥟⑃⑆␤℣3㭾 20䨬⑩ㅀ⑈⑬⑆㉷䀲⑊⑃
⑇™04㭾㉡⑇㑑䈬⑲㥔⑃℣

䤽 4.14: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.86 ± 0.18 1.90

MASS 1.13 ± 0.04 1.12

GL 1.06 ± 0.11 1.09

䤽 4.15: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 1.89 × 10−13 ± 4.87 × 10−15 1.88× 10−13

8 5.11 × 10−14 ± 3.00 × 10−14 6.67× 10−14

4 5.60 × 10−14 ± 5.74 × 10−14 3.34× 10−14

2 4.06 × 10−13 ± 3.54 × 10−14 3.87× 10−13

1 4.81 × 10−14 ± 5.82 × 10−14 7.40× 10−15

0.5 9.37 × 10−15 ± 1.02 × 10−14 7.84× 10−15
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㽞 4.13: (㹥)2013䜯 10㝮 16䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.14: 2013䜯10㝮16䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.8 2013年 10月 17日

03㭾 58䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼䴼䩽
㨢㸯䀲⑬⑆␤™䁖䘻㔷䕅㠻┱ℼ╖╫䍇䁾⑆␤㴤䵽㭾㑖⑲䵗℣
㡥ㅀ㡼㑑䈬䔷䉎㍎䜧⑇⑊⑃™04㭾⑩㉷䀲⑊⑃⑇™䝶䱀⑇㑑
䈬⑲㥔␦⑈⑇℣

䤽 4.16: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 2.00 ± 0.32 2.02

MASS 1.01 ± 0.42 0.87

GL 1.50 ± 0.23 1.56

䤽 4.17: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 5.82 × 10−14 ± 1.33 × 10−14 5.40× 10−14

8 6.21 × 10−15 ± 1.54 × 10−14 6.88× 10−22

4 1.64 × 10−14 ± 1.86 × 10−14 8.25× 10−15

2 2.05 × 10−13 ± 8.05 × 10−14 1.98× 10−13

1 4.78 × 10−14 ± 3.95 × 10−14 4.04× 10−14

0.5 3.99 × 10−13 ± 4.71 × 10−13 1.49× 10−13
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㽞 4.15: (㹥)2013䜯 10㝮 17䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.16: 2013䜯10㝮17䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.9 2013年 10月 18日

19㭾 34䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™23㭾 26䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼⑨䀲⑬⑆␤②™䐹㭾㑖㑑䈬⑲㥔
␦⑈⑇℣䴼䩽⑩ 01㭾 30䨬⑇ㅀ⑊␤㉷䀲⑇␢⑃™㡥䐫⑇┬┹
䠯䀸⑆␤⑫℣⑬⑉䜻␤┬┹⑇⑊⑃⑇㑑䈬䈳⑆␤⑫™┬┹䜻⑊⑫
㭾㑖㑑䈬⑲ぬ㭾䍦䍇⑆␤⑫℣

䤽 4.18: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.80 ± 0.40 1.74

MASS 0.72 ± 0.28 0.65

GL 1.59 ± 0.43 1.54

䤽 4.19: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 4.80 × 10−14 ± 1.62 × 10−14 4.36× 10−14

8 8.08 × 10−18 ± 8.63 × 10−17 3.19× 10−22

4 1.22 × 10−15 ± 4.34 × 10−15 4.97× 10−22

2 3.14 × 10−14 ± 3.62 × 10−14 2.22× 10−14

1 1.06 × 10−14 ± 1.73 × 10−14 4.17× 10−15

0.5 2.69 × 10−13 ± 2.62 × 10−13 1.72× 10−13
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㽞 4.17: (㹥)2013䜯 10㝮 18䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.18: 2013䜯10㝮18䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.10 2013年 10月 19日

19㭾 35䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™22㭾 57䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼䙃䉧⑊ㅀ⑊™あ䑪⑆╇ℼ┿⑈
⑬℣ 00㭾 00䨬⑩䜻␤┬┹䠯䀸⑇™㑑䈬⑲ぬ㭾䍦㭟℣01㭾⑩┬
┹䝶⑊⑃⑇㑑䈬⑲㩆㌫™03㭾⑩㩆䜻⑊⑪™㑑䈬䔷䉎㠫⑊⑊⑃
⑇㑑䈬⑲㴪主℣

䤽 4.20: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.65 ± 0.33 1.59

MASS 0.66 ± 0.23 0.62

GL 1.47 ± 0.34 1.37

䤽 4.21: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 4.34 × 10−14 ± 1.41 × 10−14 4.26× 10−14

8 1.54 × 10−16 ± 9.22 × 10−16 4.64× 10−22

4 3.29 × 10−15 ± 9.02 × 10−15 7.03× 10−22

2 1.64 × 10−14 ± 2.02 × 10−14 1.24× 10−14

1 2.99 × 10−14 ± 6.74 × 10−14 9.06× 10−15

0.5 2.11 × 10−13 ± 1.53 × 10−13 1.69× 10−13
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㽞 4.19: (㹥)2013䜯 10㝮 19䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.20: 2013䜯10㝮19䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.11 2013年 10月 21日

01㭾 09䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼⑈
⑳⑉㑑䈬⑲㥔⑊⑃℣䴼䩽⑩ 00㭾㉡⑇㡼␤ㅀ⑇䨤⑯⑬⑆␤℣㡥ㅀ
⑊⑊⑪㉷䀲⑊⑃⑇㑑䈬⑲㌫㭏™02㭾⑩㑑䈬䔷䉎ㅀ㐰䄴ㄣ⑬⑆
⑃℣

䤽 4.22: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 3.16 ± 0.43 3.17

MASS 3.11 ± 0.25 3.05

GL 1.57 ± 0.86 1.57

䤽 4.23: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 9.93 × 10−14 ± 2.63 × 10−14 1.00× 10−13

8 1.70 × 10−14 ± 1.72 × 10−14 1.19× 10−14

4 1.68 × 10−13 ± 4.32 × 10−14 1.73× 10−13

2 9.12 × 10−13 ± 1.63 × 10−13 9.71× 10−13

1 7.37 × 10−13 ± 2.06 × 10−13 7.57× 10−13

0.5 2.53 × 10−12 ± 5.73 × 10−13 2.40× 10−12
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㽞 4.21: (㹥)2013䜯 10㝮 21䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.22: 2013䜯10㝮21䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.12 2013年 10月 22日

18㭾 26䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™21㭾 38䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䴼䩽⑩┬┹䠯䀸⑆␤™䔷䐺䥕㙡ㅆ㙁
㸯⑊␤⑈㥍㑑䈬⑲㌫㭏℣䱫ㅀ䑌㉡⑈⑳⑉⑊⑃™㝫㙉┬┹ぬ
䡕䍦䠯䀸⑆␤℣03㭾⑩㑑䈬䔷䉎㠫⑊⑊⑃⑆␦⑉™┬┹䜻⑊⑃℣

䤽 4.24: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 3.87 ± 1.16 3.70

MASS 1.84 ± 0.51 1.84

5.24 ± 0.62 5.38

GL 2.34 ± 0.66 2.38

䤽 4.25: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 7.79 × 10−14 ± 2.47 × 10−14 6.99× 10−14

8 5.37 × 10−15 ± 1.01 × 10−14 2.29× 10−21

4 5.41 × 10−14 ± 5.49 × 10−14 3.79× 10−14

2 3.16 × 10−13 ± 2.93 × 10−13 1.90× 10−13

1 5.43 × 10−13 ± 5.38 × 10−13 3.46× 10−13

0.5 3.89 × 10−12 ± 3.69 × 10−12 1.69× 10−12

81



0.25

0.5

1

2

4

8

16

A
lt
it
u

d
e

 [
k
m

]

1
0

-1
2
 m

-2
/3

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 4.5

 5

 5.5

 6

 6.5

 7

 7.5

 8

18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00

s
e
e
in

g
 [

a
rc

s
e
c
]

 JST

1
0

-1
2
 m

-2
/3

DIMM Seeing
MASS Seeing

GL Seeing

㽞 4.23: (㹥)2013䜯 10㝮 22䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.24: 2013䜯10㝮22䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.13 2013年 10月 23日

21㭾 40䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™23㭾 26䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼③ 10㝮 22䙼⑈䘱™䴼䩽⑩┬┹䠯
䀸⑆␤℣䄰䙼⑨⑪③䜻㑑䈬㔡㑯㝫伪䍸⑃⑇™㑑䈬⑲㥔⑯⑊⑃℣21

㭾 30䨬⑩┬┹䝶⑊⑃⑇™㑑䈬⑲㌫㭏 23㭾⑩㩆┬┹䜻⑊⑃℣

䤽 4.26: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.47 ± 0.12 1.46

MASS 0.56 ± 0.08 0.55

GL 1.31 ± 0.13 1.30

䤽 4.27: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 7.95 × 10−14 ± 1.51 × 10−14 7.56× 10−14

8 2.07 × 10−14 ± 2.68 × 10−14 6.75× 10−15

4 6.01 × 10−15 ± 7.01 × 10−15 2.32× 10−15

2 2.50 × 10−14 ± 2.27 × 10−14 2.12× 10−14

1 1.32 × 10−14 ± 1.85 × 10−14 7.59× 10−15

0.5 4.27 × 10−14 ± 2.32 × 10−14 4.60× 10−14
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㽞 4.25: (㹥)2013䜯 10㝮 23䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.26: 2013䜯10㝮23䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.14 2013年 11月 05日

20㭾 26䨬⑩⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™22㭾 16䨬⑩⑧④㩂┫╚╩
(㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣18㭾⑭䀲⑬⑆␤⑇™╔┯┻╫┹┱ℼ╫
䈬䑪②┢╫╓╬┪⑲㬣䅼⑆␤℣㡥⑯⑀┬┹䠯䀸℣䙼⑈
⑳⑉╇ℼ┿⑲⑈⑬⑆␤⑊␤℣ㅀ③䑌㉡⑆⑪™ㅀ㸯⑊㑑䈬䔷䉎㠫⑫㭾㑑䈬⑲
㥔⑃⑆␤⑫℣

䤽 4.28: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.91 ± 0.44 1.79

MASS 1.25 ± 0.34 1.33

GL 1.31 ± 0.38 1.16

䤽 4.29: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 5.79 × 10−14 ± 3.58 × 10−14 5.11× 10−14

8 2.45 × 10−14 ± 3.21 × 10−14 7.60× 10−15

4 3.34 × 10−14 ± 3.93 × 10−14 1.95× 10−14

2 1.39 × 10−13 ± 1.03 × 10−13 1.20× 10−13

1 7.20 × 10−14 ± 6.04 × 10−14 5.71× 10−14

0.5 5.60 × 10−13 ± 3.26 × 10−13 4.95× 10−13
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㽞 4.27: (㹥)2013䜯 11㝮 05䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.28: 2013䜯11㝮05䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.15 2013年 11月 11日

02㭾 06䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䴼䩽⑩㡼␤
ㅀ⑇䨤⑯⑬⑆␤⑆™21㭾⑩ㄫ㥟⑪㭏②℣01㭾 30䨬⑩䀲⑬㭏②⑇㑑䈬⑲㌫
㭏℣㭾㑖㝐⑄⑄⑬⑆ㅀ䑌㉡㸯⑊⑊⑪™㡥䝶䱀⑇㉷䀲⑇␢⑃℣

䤽 4.30: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 2.04 ± 0.48 2.08

3.82 ± 0.36 3.84

MASS 1.23 ± 0.33 1.15

2.99 ± 0.31 3.05

GL 1.43 ± 0.44 1.41

䤽 4.31: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 1.42 × 10−13 ± 4.03 × 10−14 1.39× 10−13

8 1.95 × 10−14 ± 2.13 × 10−14 1.46× 10−14

4 2.52 × 10−13 ± 1.64 × 10−13 2.00× 10−13

2 8.38 × 10−13 ± 5.33 × 10−13 5.55× 10−13

1 2.85 × 10−13 ± 4.87 × 10−13 4.41× 10−14

0.5 4.81 × 10−13 ± 7.29 × 10−13 9.29× 10−14
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㽞 4.29: (㹥)2013䜯 11㝮 11䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.30: 2013䜯11㝮11䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.16 2013年 11月 13日

03㭾 03䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼⑈
⑳⑉㑑䈬⑲㥔⑆␤⑊␤℣䴼䩽⑩ㅀ⑃⑆⑪™䄰䠾䱫㑑䈬䔷䉎⑩⑬⑊⑃
℣02㭾 30䨬⑭⑩䀲⑬㭏②™⑯ㅀ䑌㉡⑆␤℣

䤽 4.32: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 2.51 ± 0.15 2.50

MASS 0.92 ± 0.11 0.90

GL 2.21 ± 0.22 2.18

䤽 4.33: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 6.57 × 10−14 ± 1.04 × 10−14 6.72× 10−14

8 8.97 × 10−15 ± 1.25 × 10−14 4.21× 10−15

4 5.90 × 10−14 ± 1.23 × 10−14 5.30× 10−14

2 1.32 × 10−13 ± 2.73 × 10−14 1.34× 10−13

1 4.93 × 10−14 ± 3.61 × 10−14 4.13× 10−14

0.5 2.55 × 10−13 ± 6.78 × 10−14 2.27× 10−13
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㽞 4.31: (㹥)2013䜯 11㝮 13䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.32: 2013䜯11㝮13䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.17 2013年 11月 15日

05㭾 30䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䙼③⑈
⑳⑉㑑䈬⑲㥔⑆␤⑊␤℣ㅀ㸯⑊⑊⑪㭏②䝶䱀㭏⑃⑆⑩⑀⑃™㑑䈬
⑲㌫㭏⑆╇ℼ┿⑲⑈⑃⑆␤⑫℣

䤽 4.34: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.91 ± 0.21 1.94

MASS 1.00 ± 0.17 1.01

GL 1.38 ± 0.08 1.35

䤽 4.35: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 6.06 × 10−14 ± 2.47 × 10−15 6.06× 10−14

8 2.12 × 10−14 ± 1.07 × 10−14 1.97× 10−14

4 1.89 × 10−14 ± 1.34 × 10−14 1.56× 10−14

2 9.63 × 10−14 ± 1.69 × 10−14 9.01× 10−14

1 8.54 × 10−17 ± 7.12 × 10−17 6.24× 10−17

0.5 3.17 × 10−13 ± 1.15 × 10−13 3.38× 10−13
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㽞 4.33: (㹥)2013䜯 11㝮 15䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km],㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.34: 2013䜯11㝮15䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.18 2013年 12月 16日

18㭾 57䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣12㝮㑑䈬
9䙼㑖㥔⑃™䀲⑬⑯ 1䙼⑀⑃℣䄰䠾䱫ㅀ䑌㉡䈿™㥧㑖⑲䅀⑃⑆
㑑䈬⑲䈳℣00㭾⑲㉡⑫⑈™ㅀ㸯⑊⑊⑪あ䑪⑆╇ℼ┿⑲㱨⑬⑫⑨␦⑊⑃℣

䤽 4.36: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 2.65 ± 0.28 2.63

MASS 2.42 ± 0.31 2.37

GL 0.91 ± 0.37 0.94

䤽 4.37: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 1.23 × 10−13 ± 1.94 × 10−14 1.30× 10−13

8 6.41 × 10−14 ± 4.04 × 10−14 5.61× 10−14

4 4.22 × 10−13 ± 1.22 × 10−13 4.59× 10−13

2 8.79 × 10−13 ± 2.63 × 10−13 8.29× 10−13

1 3.04 × 10−13 ± 2.76 × 10−13 1.82× 10−13

0.5 1.19 × 10−12 ± 4.44 × 10−13 1.29× 10−12
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㽞 4.35: (㹥)2013 䜯 12 㝮 16 䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km], ㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.36: 2013䜯12㝮16䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.19 2014年 02月 04日

22㭾 25䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)™00㭾 58䨬⑩㩂╬┰╫┹ (㭫
䕹㕩 1.4䕹)™⑆ 02㭾 52䨬⑩␦␤㩂┢ℼ┯╈┥╫┹ (㭫䕹㕩-0.04䕹)⑲㬲㹈䀱
⑆␤⑫℣䙼䴼䩽⑩䝶䱀㌫㭏⑇™ㅀ䑌㉡⑊㉷䀲⑇␢⑃℣

䤽 4.38: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 2.42 ± 0.53 2.39

MASS 1.17 ± 0.37 1.06

GL 1.84 ± 0.70 1.83

䤽 4.39: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 9.70 × 10−14 ± 2.86 × 10−14 9.28× 10−14

8 4.55 × 10−14 ± 3.00 × 10−14 4.73× 10−14

4 1.08 × 10−13 ± 8.18 × 10−14 1.10× 10−13

2 5.25 × 10−13 ± 3.42 × 10−13 4.10× 10−13

1 4.99 × 10−14 ± 1.42 × 10−13 7.55× 10−16

0.5 4.71 × 10−14 ± 7.15 × 10−14 1.43× 10−14
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㽞 4.37: (㹥)2014 䜯 02 㝮 04 䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km], ㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.38: 2014䜯02㝮04䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.20 2014年 02月 05日

20㭾 24䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䴼䩽⑩ㅀ
䑌㉡䈿䈬䑪㨤䙱⑇␢⑃™20㭾⑭⑩ㅀ乌㸯⑊⑊⑪㬲㹈䀱㭫䜧⑇⑫
⑨␦⑊⑃⑇䈬䑪⑲㌫㭏℣ 1㭾㑖㡥䜻␤ㅀ䩕⑪⑲䨤␤™㡥䈬
䑪⑲㥔␦⑈⑇⑊⑃℣

䤽 4.40: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 3.16 ± 0.61 3.16

MASS 2.35 ± 0.32 2.42

GL 1.50 ± 0.39 1.55

䤽 4.41: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 1.01 × 10−13 ± 1.22 × 10−14 9.89× 10−14

8 4.95 × 10−14 ± 3.83 × 10−14 4.88× 10−14

4 3.63 × 10−13 ± 9.60 × 10−14 3.54× 10−13

2 9.94 × 10−13 ± 2.88 × 10−13 1.03× 10−12

1 2.09 × 10−13 ± 1.99 × 10−13 1.48× 10−13

0.5 9.90 × 10−13 ± 4.38 × 10−13 1.06× 10−12
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㽞 4.39: (㹥)2014 䜯 02 㝮 05 䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km], ㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.40: 2014䜯02㝮05䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.21 2014年 02月 07日

01㭾 34䨬⑩␦␤㩂┢ℼ┯╈┥╫┹ (㭫䕹㕩-0.04䕹)⑲㬲㹈䀱⑆␤⑫℣1㭾
⑭⑩㉷䀲⑊⑪™䝶䱀㌫㭏㭾⑇ㅀ䑌㉡㠫⑩⑬⑊⑃℣

䤽 4.42: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 3.66 ± 0.38 3.58

MASS 1.77 ± 0.37 1.75

GL 2.96 ± 0.40 2.91

䤽 4.43: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 1.09 × 10−13 ± 2.54 × 10−14 1.04× 10−13

8 4.53 × 10−14 ± 2.53 × 10−14 4.46× 10−14

4 5.75 × 10−14 ± 3.64 × 10−14 5.73× 10−14

2 4.04 × 10−13 ± 1.11 × 10−13 3.94× 10−13

1 2.81 × 10−13 ± 1.61 × 10−13 2.88× 10−13

0.5 7.70 × 10−13 ± 4.66 × 10−13 6.72× 10−13
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㽞 4.41: (㹥)2014 䜯 02 㝮 07 䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km], ㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)

109



 0

 5

 10

 15

 20

 25

 30

 35

 40
F

re
q
u
e
n
c
y

Average = 3.66 ± 0.38 [arcsec]
Median = 3.58 [arcsec]

DIMM Seeing

 0

 5

 10

 15

 20

 25

 30

 35

 40

F
re

q
u
e
n
c
y

Average = 1.77 ± 0.37 [arcsec]
Median = 1.75 [arcsec]

MASS Seeing

 0

 5

 10

 15

 20

 25

 30

 35

 40

 0  0.5  1  1.5  2  2.5  3  3.5  4  4.5  5  5.5  6

F
re

q
u
e
n
c
y

Seeing [arcsec]

Average = 2.96 ± 0.40 [arcsec]
Median = 2.91 [arcsec]

GL Seeing

㽞 4.42: 2014䜯02㝮07䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.22 2014年 02月 08日

18㭾 53䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)⑲㬲㹈䀱⑆␤⑫℣䴼䩽⑩䝶␤
ㅀ㹯䑌㉡⑆␤℣23㭾⑩ㅀ䜻⑊⑃⑇™䈬䑪⑲䍦㭟℣

䤽 4.44: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 4.39 ± 0.86 4.25

MASS 2.65 ± 0.38 2.64

GL 3.08 ± 1.09 2.95

䤽 4.45: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 5.45 × 10−14 ± 1.25 × 10−14 5.54× 10−14

8 3.99 × 10−14 ± 3.96 × 10−14 2.95× 10−14

4 1.33 × 10−13 ± 6.02 × 10−14 1.22× 10−13

2 1.42 × 10−13 ± 8.54 × 10−14 1.38× 10−13

1 7.81 × 10−14 ± 1.20 × 10−13 1.43× 10−14

0.5 2.87 × 10−12 ± 7.03 × 10−13 2.76× 10−12
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㽞 4.43: (㹥)2014 䜯 02 㝮 08 䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km], ㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.44: 2014䜯02㝮08䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.23 2014年 02月 12日

22㭾 13䨬⑩⑧④㩂┫╚╩ (㭫䕹㕩 0.08䕹)™⑆ 03㭾 33䨬⑩␦␤㩂
┢ℼ┯╈┥╫┹ (㭫䕹㕩-0.04䕹)⑲㬲㹈䀱⑆␤⑫℣䙼䴼䩽⑩䝶␤ㅀ㹯䑌
㉡⑆␤℣00㭾⑭⑩ㅀ䡳㹯䜻⑊⑪™䈬䑪⑲ぬ㭾䍦䍇℣04㭾⑩䨤⑃⑆
␤䜻␤ㅀ⑊⑊⑃⑇™䝶䱀㌫㭏㭾⑇䈬䑪⑲㩆㌫℣

䤽 4.46: ┷ℼ┤╳┰䨿㙑䍍⑈䍦ㅻ䍍

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

DIMM 1.81 ± 0.29 1.80

MASS 1.13 ± 0.27 1.12

GL 1.24 ± 0.27 1.28

䤽 4.47: C2
n䨿㙑䍍⑈䍦ㅻ䍍

㥢䕙 [km] 䨿㙑䍍 [m−
2

3 ] 䍦ㅻ䍍 [m−
2

3 ]

16 8.94 × 10−14 ± 3.09 × 10−14 8.17× 10−14

8 6.15 × 10−14 ± 4.87 × 10−14 6.22× 10−14

4 7.72 × 10−14 ± 8.26 × 10−14 3.90× 10−14

2 6.94 × 10−14 ± 6.21 × 10−14 5.94× 10−14

1 7.64 × 10−14 ± 6.87 × 10−14 6.54× 10−14

0.5 3.82 × 10−13 ± 2.58 × 10−13 3.34× 10−13
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㽞 4.45: (㹥)2014 䜯 02 㝮 12 䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km], ㈣㰴:JST

䁄:0.5ⵒ™䁖:1ⵒ,乐:2km,㈫:4km,䕭:8km,㽥:16km) (㈼)┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:See-

ing[arcsec], ㈣㰴:JST 䕭䁾:MASS ┷ℼ┤╳┰, 乐䁾:DIMM ┷ℼ┤╳┰, 䁄䁾:GL ┷ℼ┤
╳┰)
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㽞 4.46: 2014䜯02㝮12䙼┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])

(㹥)DIMM┷ℼ┤╳┰ (䍦)MASS┷ℼ┤╳┰ (㈼)GL┷ℼ┤╳┰
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4.24 MASSデータの再処理

䉧䉎䈬䑪䙼⑇™ㅀ䑌㉡䈿㠫⑩⑬℣ㅀ䑌㉡⑫⑈䀱⑩㡷㵖㭾㠺㡷
⑬⑫⑇™┷╳╁╬ℼ┷╧╳⑲䈬䑪⑫MASS╇ℼ┿䉧⑊ㅆ㙁⑲䴿⑆␤⑫㉄
䜽䀭␢⑫℣⑨⑃⑆MASS䈬䑪⑬┫┦╳╈䍍潧䍍⑲䁟䑪⑆™ㅀ⑨⑫ㅆ㙁⑲
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㽞 4.47: 09㝮 21䙼MASS⑇䈬䑪⑬┫┦╳╈䍍 [ADU]㭾㑖䩑䘰 (㵄㰴:┫┦╳╈
䍍 [ADU]™㈣㰴:JST)

㽞 4.47䁖䁾 09㝮 21䙼䈬䑪⑬MASS┫┦╳╈䍍㭾㑖䩑䘰⑲䤽⑆␤⑫℣
┫┦╳╈䍍┢║ℼ╁╣ℼ A–D䈬䑪⑬╕╩╃┯┹䍍⑲㥧㝗℣䙼™18

㭾⑩ 00㭾⑇⑁⑧␦㩂╇╍╖ (㭫䕹㕩 1.25䕹)™00㭾⑩⑧④㩂┫╚╩ (㭫䕹
㕩 0.08䕹)⑲㬲㹈䀱⑈⑆␤⑫⑇™00㭾䩕⑪⑇┫┦╳╈䍍䉧䩑㈽⑆␤⑫℣
乐䁾╇╍╖┨┢╞┹⑩䴽䈬⑬⑫┫┦╳╈䍍㠺㸯丨⑲™䁄䁾┫╚╩┨┢╞┹
⑩䴽䈬⑬⑫┫┦╳╈䍍㠺㸯丨⑇␢⑫ (y2㰴)℣18㭾 40䨬⑩ 20㭾 20䨬⑇™
02㭾 30䨬⑩ 03㭾⑇䈬䑪⑬┫┦╳╈䍍䴽䈬⑬⑫┫┦╳╈䍍⑨⑪③㸮™
ㅀ䑌㉡䈿␤⑈⑯⑫℣21㭾⑩ 01㭾 10䨬⑇ㅀ䑌㉡⑈⑳⑉㠫⑩⑬⑊␤
™䱳 10䨬䕹㑖㍖⑇┫┦╳╈䍍䉧䵮⑁㥾⑳⑇␤⑫℣⑬䬾ㅳ㙀㝫伪⑨⑫
㠺㡷⑇␢⑫℣㝫伪㹬㥧╉╩┤╤ℼ㈹䥷⑇㝫伪⑲䵞℣

㬲㹈䀱⑇䕹㕩せ⑊⑫⑇™䙼㬲㹈䀱⑈潧䍍⑲䁟䑪℣潧䍍䁟䑪™
MASS⑇䈬䑪⑬┫┦╳╈䍍╒┹╈┰╩╠⑲㭈䵑℣㽞 4.48 09㝮 21䙼䈬䑪
⑬㬲㹈䀱╇╍╖㭾┫┦╳╈䍍╒┹╈┰╩╠⑲™㽞 4.49㬲㹈䀱┫╚╩
㭾┫┦╳╈䍍╒┹╈┰╩╠⑲䤽⑆␤⑫℣2⑄㽞㘦䑌⑆╒┹╈┰╩╠ㄦ䈦
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䉧╔ℼ┯丩⑃䨬䥛㠫⑩⑬™䨬䥛㨸䈦⑩㽾䱮㤭⑃⑆␤⑫℣㨸䈦
㽾䱮ㅀ⑨⑫㠺㡷⑤䬾ㅳ㙀㝫伪⑨⑫ㅆ㙁⑀⑈㥍⑩⑬⑫℣
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㽞 4.48: 09㝮 21䙼䈬䑪⑬┫┦╳╈䍍 [ADU]╒┹╈┰╩╠ (㬲㹈䀱╇╍╖℡
18:47–23:54) (㵄㰴:䥑䕙™㈣㰴:┫┦╳╈䍍 [ADU])
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㽞 4.49: 09㝮 21䙼䈬䑪⑬┫┦╳╈䍍 [ADU]╒┹╈┰╩╠ (㬲㹈䀱┫╚╩℡
24:02–26:59) (㵄㰴:䥑䕙™㈣㰴:┫┦╳╈䍍 [ADU])
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潧䍍䁟䑪™ㄦ䈦䨬䥛䍥䱜℣╔ℼ┯⑩ㄦ䈦㽾䱮⑇⑈䘱㑖
㍖⑲╔ℼ┯⑩㨸䈦⑈⑪™╔ℼ┯⑲䍦㼴⑈㨸䈦⑩ㄦ䈦⑇䡏く⑇䤸㵠䩐㨹
♒⑲㝗㬻⑫℣⑆╔ℼ┯⑩㨸䈦 4♒が䍖⑆␤⑫┫┦╳╈䍍⑲潧䍍⑈℣䑌㹯
䀵㔬䨬䥛 3♒⑇ 99.7ⅳ⑲䙀⑫™┷ℼ┤╳┰䩑䘰②䨬䥛䀵㔬䨬䥛⑈
㡂⑩™╔ℼ┯㨸䈦⑈ㄦ䈦⑇䉐㹎⑇␢⑫⑉␦③⑯⑩⑊␤℣潧䍍⑲㥢
⑬⑫⑉MASS䈬䑪㝫㉌义⑊⑫⑇™䉧㠫䁑③⑃⑆ 4♒℣㠷
䰩┨┢╞┹⑨⑫䉧㔤㠺㡷③␢⑫™ㅀ⑤㝫伪⑨⑫㠺㡷䩽䡳㹯䉧䔷䐺䥕
㙡㤱䀱⑲䈬䑪䉐㹝⑈⑆␤⑫⑇™潧䍍䁟䑪⑇䰵㭫⑆␤⑫℣

09㝮 21䙼⑇╇╍╖⑇ 968[ADU]™┫╚╩⑇ 2313[ADU]⑲潧䍍⑈℣䤽 4.48™
㩆㵨䵽MASS┷ℼ┤╳┰䍍㔭㩜⑬⑆␤⑫℣┷ℼ┤╳┰䍍㬲㹈䀱⑈
⑆␤⑫℣潧䍍⑨⑪③㥢␤┫┦╳╈䍍⑇䈬䑪⑬┷ℼ┤╳┰义␤™潧䍍⑨⑪③䑣␤┫┦
╳╈䍍㑞⑬⑆␤⑫┷ℼ┤╳┰〭␤⑈䤽㠽⑫℣䤽⑩™╇╍╖⑈┫╚╩举䩽⑇
䱀⑩⑊┷ℼ┤╳┰䨿㙑䍍㉾䄱㠫⑩⑬⑫⑇™ㅀ⑊⑉⑨⑫㠺㡷MASS䈬䑪
㝫㉌䉧⑊ㅆ㙁⑲䴿⑆␤⑫⑈䱀⑩⑊⑃℣

䤽 4.48: 09㝮 21䙼㩆㵨䵽㡥MASS┷ℼ┤╳┰℡ (潧䍍⑨⑪③㥢␤┫┦╳╈䍍⑇䈬䑪
⑬┷ℼ┤╳┰义␤™潧䍍⑨⑪③䑣␤┫┦╳╈䍍㑞⑬⑆␤⑫┷ℼ┤╳┰〭␤⑈
⑫℣)

┷ℼ┤╳┰ 䨿㙑䍍 [arcsec] 䍦ㅻ䍍 [arcsec]

╇╍╖ (义␤) 0.69 ± 0.15 0.68

╇╍╖ (〭␤) 0.96 ± 0.50 0.88

┫╚╩ (义␤) 0.80 ± 0.17 0.79

┫╚╩ (〭␤) 1.46 ± 0.76 1.35

㩆㵨䵽⑫䄰䵰丮╗╭╕┡┤╫⑈㩆㵨䵽㡥䵰丮╗╭╕┡┤╫㽞 4.50⑈
㽞 4.51⑇㠫⑩⑬⑫℣举㽞⑲䡦㍓⑫⑈™䙃㥢䕙 0.5km⑇㠫⑩⑬⑫䙍䠯䔪⑊䵰丮㘯䕙
䅽䉧䰵⑊⑃⑆␤⑫⑈䨬⑫℣
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㽞 4.51: 㩆㵨䵽㡥 09㝮 21䙼䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫ (㵄㰴:㥢䕙 [km]™㈣㰴:JST)

120



4.25 MASS-DIMM測定のまとめ

䭜㠦㕦⑇™MASS-DIMM⑲㭈⑃⑆䔷䨸䉦㹥㙵䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫䈬䑪⑲
㥔⑃℣㝫㉌ 2013䜯 09㝮–2014䜯 02㝮㑑䈬⑇™㝗 23䙼╇ℼ┿⑲㱨䙀⑫⑈
⑇℣䤽 4.49䈬䑪MASS┷ℼ┤╳┰™DIMM┷ℼ┤╳┰™GL┷ℼ┤╳┰
䄴╇ℼ┿䍦ㅻ䍍⑲㔭㩜⑫℣䙼⑈┷ℼ┤╳┰㭾㑖䩑䘰┰╩╕⑲㽞 4.52
㔭㩜⑫℣

䤽 4.49: 䄴┷ℼ┤╳┰╇ℼ┿䍦ㅻ䍍 [”]

䍦ㅻ䍍 [”]

DIMM┷ℼ┤╳┰ 2.13

MASS┷ℼ┤╳┰ 1.12

GL┷ℼ┤╳┰ 1.54
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㽞 4.52: 䙼⑈┷ℼ┤╳┰㭾㑖䩑䘰 (㵄㰴:┷ℼ┤╳┰ [arcsec]™㈣㰴:㝮/䙼)

䔷䨸䉦⑇ 2010䜯 14㉳ DIMM⑨⑫┷ℼ┤╳┰䈬䑪㥔⑯⑬⑆␤⑫℣㭾
㝫㉌™Median=1.77”⑇␢⑃℣㉡㕮╇ℼ┿⑈㨣㉳䈬䑪㝫㉌⑲䡦㍓⑫⑈™㨣㉳
䈬䑪⑇䙀⑩⑬┷ℼ┤╳┰䉧㠫䁑③⑩⑬℣GL┷ℼ┤╳┰Median 1.54”⑇
␢⑪™(2.2)㰰⑩DIMM┷ℼ┤╳┰⑈䵰丮㘯䕙䡦 JGL/JDIMM ∼0.52⑇␢⑫⑈
㕡②⑩⑬⑫℣⑨⑃⑆㨣㉳䈬䑪⑇™䔷䨸䉦㹥㙵䉧㔤䵉⑩ 52% 䁜䍏䅘㴸䍦
⑆⑪™GL䩤䀵⑀⑇ 2.13ⅉ⑩ 1.12ⅉ⑇┷ℼ┤╳┰㉾䄱㑼䉔⑇⑫℣
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㽞 4.53: 䙼⑈┷ℼ┤╳┰╒┹╈┰╩╠ (㵄㰴:䥑䕙™㈣㰴:┷ℼ┤╳┰ [arcsec])
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㰡┰╩╕ (㽞 4.54)™䈬䑪 C2
n  1䙼⑈䍦ㅻ䍍⑲™㥢䕙⑈╗╭╃╈

③⑇␢⑫℣㽞 4.54䙼⑈ C2
n䍦ㅻ䍍⑲㕡②™䤽 4.50㰨™䤽 4.50⑈䤽

4.49㝫㉌⑩™㥢䕙⑈䉧㔤䵉⑩䡦丨⑲䤽 4.51⑈②℣䁜䍏䅘䄴䉧㔤䵉
⑩䠾䨬㴸䍦⑆␤⑫㝫㉌⑈㝫㉌⑩™㥢䕙 0.5km䔷䨸䉦㹥㙵䄴䉧㔤䵉⑩
 17% ⑲™㥢䕙 2km 16% ⑲䁪②⑆␤⑫⑈䱀⑩⑊⑃℣
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㽞 4.54: 䙼⑈䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫䩑䘰 (㵄㰴:㥢䕙 [km]™㈣㰴:㝮/䙼)

䤽 4.50: 䄴䈬䑪䙼 C2
n䍦ㅻ䍍 [m−2/3]

㥢䕙 [km] 䍦ㅻ䍍 [m−2/3]

16 8.17× 10−14

8 1.54× 10−14

4 4.28× 10−14

2 1.65× 10−13

1 2.48× 10−14

0.5 1.72× 10−13
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䤽 4.51: 㥢䕙⑈䉧㔤䵉⑩䡦丨

㥢䕙 [km] 䉧㔤䵉⑩䡦丨

GL-16 1.00

16 0.78

8 0.01

4 0.04

2 0.16

1 0.02

0.5 0.17

GL 0.52

GL䉧㔤䵉⑩ 09㝮⑩ 02㝮䨿㙑䔪⑊㑳䴿 52% ⑇␢⑃™GL䉧㔤䵉⑩
㑳䴿⑲㝮⑈╗╭╃╈⑆⑫⑈䡳㹯㑳䴿䩑䘰⑆␤⑫⑈䱀⑩⑊⑃ (㽞
4.55)℣GL㑳䴿 3㍤⑲䁚⑃⑆␤⑫䙼③␢⑪™㽞⑩GL䩤䀵⑇⑈⑳⑉

 0

 0.2

 0.4

 0.6

 0.8

 1

13/08 13/09 13/10 13/11 13/12 14/01 14/02

J
G

L
 /
 J

D
IM

M

Year/Mouth

㽞 4.55: 㝮⑈GL䉧㔤䵉⑩㑳䴿䩑䘰 (㵄㰴:䄴䉧㔤䵉⑩䍦 GL䉧㔤䵉⑩
䡦丨™㈣㰴:䜯/㝮) 㝮⑈╇ℼ┿䕀㸯⑊␤⑇䁖䕀䨿㙑™┨╩ℼ═ℼ㩇䉧㩇㸮⑇
䤽⑆␤⑫℣

㉾䄱⑬⑊␤䙼③␢⑫⑈⑯⑃℣
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5 まとめ・今後の課題

㨣㉳䈬䑪⑇㌫䠯䍦䩤㵾㡷㍘㝏㤽䀮㠡䘤②™2013䜯 09⑩ 2014䜯 02

㝮⑆MASS-DIMM䈬䑪⑲㥔⑃℣㝫㉌ 09–02㝮䨿㙑䔪⑊䉧㔤㹱䵰㥢䕙╗
╭╕┡┤╫⑩™䔷䨸䉦㹥㙵䄴䉧㔤䵉⑩ 52% 䍏䤽䱌䥕㙡™17% 㥢䕙 0.5km

™16% 㥢䕙 2km㴸䍦⑆␤⑫⑈䨬⑪™㥢䕙⑈䔵㜿䔪⑊䉧㔤䵉⑩㍤
㥧⑲㕡②⑫⑈⑇℣GL䉧㔤䵉⑩㝮⑈⑇䉧䩑䘰⑆⑪™GL䩤
䀵⑇┷ℼ┤╳┰㉾䄱⑇⑊␤䙼③␢⑫⑈䱀⑩⑊⑃℣お㹥⑈
⑩䩤䀵㭫䱮 50ⅉ⑯⑃⑆㉄㭫㡷 0.5♌m⑇ 0.4ⅉ┷ℼ┤╳┰㉾䄱⑲䱜䤸⑈⑫㌫䠯
䍦䩤㵾㡷㍘㝏㤽䀮™GL䉧㔤䵉⑩䩤䀵䡦㵅⑲MCAO䔬䁚⑀⑈㥍
⑩⑬⑫℣

㨣㡥㉝䉪⑈⑆ 03㝮お㥟③㑑䈬⑲㥔␤™㩇㴪䔪㨣㉳䈬䑪╇ℼ┿⑲㑞② 1

䜯䨬╇ℼ┿⑲㭈⑃⑆™䔵㜿䔪⑊䰾㑳䉧㔤㹱䵰㥢䕙╗╭╕┡┤╫⑲㕡②␤℣╗╭
╕┡┤╫㸭䵨䩤㵾㡷㍘㝏䀭䜽㠫䁑③⑪␤⑆㵅䵗⑊║╩╡ℼ┿⑊⑫℣⑆
䩤㵾㡷㍘㝏䀭䜽㠡䘤䍥㱪␤⑈㥍⑆␤⑫℣
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6 付録A

䭜㠦㕦䕶⑃⑆™䩑㤹MASS-DIMM䥴䥊䀽㽞⑲㔭㩜⑫℣

㽞 6.1: Mount ring (ME02A)

㽞 6.2: ME02A┢╀╗┿ℼ
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㽞 6.3: C-mount Camera interface (ME01G)

㽞 6.4: Retainer ring (ME01H)
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